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This addendum modifies information in the following sections of the Muddy Run II Final Mitigation 
Plan submitted in January 2013:  

• Page 3, Section 2.2.2 – Project Components and Structure (Table 2),  
• Page 17, Section 3.1 – Site Protection Instrument Summary Information (Table 5),  
• Page 38, Section 5 – Determination of Credits (Table 13), 
• Pages 45-49, Section 7.2.1 – Stream Restoration Approach,  
• Page 47, Figure 12a – Conceptual Design (East), 
• Appendix A – Site Protection Instruments (Easement plat sheets 1, 12, and 13), and 
• Appendix D – Project Plan Sheets (Index sheet and sheets 6, 11, 12, 35, 38, and 39). 

 
The changes to the Mitigation Plan described herein are limited to the design of Reach 1 and Reach 
3a-1. Reach 3a (3,440 LF) has been divided into two segments; Reach 3a-1 (730 LF) represents the 
portion of Reach 3a to which design changes were made, and Reach 3a-2 (2,710 LF) represents the 
unchanged portion of Reach 3a.  
 
The design adjustments were necessitated by difficult landowner negotiations that resulted in a 
smaller allowable easement than previously agreed to on the Hatcher parcels. This was offset by 
increasing easement area on the Riley parcel. The design adjustments affect two percent of the 
original total project length, and still provide the originally intended functional uplifts through 
headwater valley restoration and stream restoration. These changes result in 105 SMUs less than the 
contract amount of 10,375 SMUs. The net total easement size increased by 0.03 acres (from 37.62 
acres to 37.65 acres), and the total SMUs generated decreased by 216 SMUs (from 10,486 SMUs to 
10,270 SMUs). The original project design included an excess of 111 SMUs. The proposed stream 
lengths, SMUs, and easement acreage by parcel are shown in Tables 1 and 2, and in Figure 1 below. 
Table 1 in this document replaces Table 2 and Table 13 in the Mitigation Plan. Table 2 in this 
document replaces Table 5 in the Mitigation Plan. Figure 1 in this document replaces Figure 12a in 
the Mitigation Plan. 
 
p. 46, Section 7.2.1: 
 

• Reach 1 (STA 0+44 to STA 4+45) – One of three headwater reaches within the project 
totaling approximately 401 linear feet of headwater valley restoration. This reach is flat with 
agricultural fields to the west and woods to the south and east. The reach begins at a gully 
feature just downstream of an existing headwater valley system. The proposed valley is 
located east of the existing ditch in disturbed hardwoods. 
 

• Reach 3a-1 (STA 0+00 to STA 8+31) – Eastern most reach along the primary drainage 
feature totaling 730 linear feet of Priority 1 restoration. Both Reaches 1 and 2 outlet at the 
upstream end of the reach. Reach 3a-1 has a farm path along its entirety on the east bank, and 
flows through active agricultural fields and forested areas. This reach is constrained to a 
narrow meander pattern mostly within the existing ditch footprint. Restoration will include 
full buffer and floodplain connection. 
 

• Reach 3a-2 (STA 9+96 to STA 37+36) – This portion of Reach 3a is unchanged from the 
initial design. 
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p. 49, Section 7.2.1: 
 
Reach 1 
Headwater valley restoration approach is proposed for Reach 1. The existing channel/ditch will be 
backfilled, and flow will be directed from its current position along the tree line back to the east 
through a mixed stand of low quality pines and disturbed hardwoods, down to the confluence with 
Reaches 2 and 3a-1. A 150-foot wide forested buffer will be planted throughout the reach. The 
upstream limit of Reach 1 will tie into an existing headwater valley system comprised of intermittent 
sections of single and multiple channels. This system will be used as a reference site for incorporating 
a small baseflow channel into the headwater valley restoration design. The existing vegetation will be 
enhanced with appropriate tree species. Individual high-quality specimen trees will be preserved 
when possible. 
 
Reach 3a-1 
Priority Level I restoration is proposed on Reach 3a-1. The restoration approach on this reach will 
include constructing a meandering channel within the footprint of the existing channel and raising the 
profile to allow frequent access to the floodplain. While the revised layout is significantly different 
from the previous layout, the design parameters of the revised layout fall within the range of 
parameters developed from the reference reach. Since the proposed cross-sectional area and overall 
slope did not change with the revised layout, no additional modeling was required. 
 
One existing 36” CMP culvert crossing is located along this reach. The culvert will be removed and 
replaced in-line with the proposed stream to allow the landowners to access portions of their 
respective properties to the west of the project site. Priority Level I restoration is appropriate for this 
channel because it is the only mitigation approach that will address bed and bank instability, establish 
a forested riparian buffer, and significantly enhance aquatic habitat. Diffuse flow structures will be 
constructed where existing agricultural ditches enter the easement area.  
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Table 1.  Muddy Run II Project Components – Stream Mitigation. 

Reach Mitigation Type Stationing Existing 
Length (LF) 

Proposed 
Length (LF)* 

Mitigation 
Ratio SMUs 

Reach 1 Headwater Valley 0+44 to 4+45 438 401 1:1 401 

Reach 2 Headwater Valley 0+00 to 5+04 504 504 1:1 504 

Reach 2 P1 Restoration 5+00 to 17+31 1,223 1,369 1:1 1,369 

Reach 3a-1 P1 Restoration 0+00 to 8+31 831 730 1:1 730 

Reach 3a-2 P1 Restoration 9+96 to 37+36 2,470 2,710 1:1 2,710 

Reach 3b P1 Restoration 37+36 to 56+78 N/A 1,852 1:1 1,852 

Reach 3c Enhancement I 56+78 to 64+15 737 707 1:1.5 471 

Reach 4 P1 Restoration 0+00 to 2+04 120 172 1:1 172 

Reach 5a P1 Restoration 0+00 to 18+04 1,602 1,774 1:1 1,774 

Reach 5b Enhancement II 18+04 to 22+05 401 401 1:2.5 160 

Reach 6 Enhancement II 12+60 to 15+77 317 317 1:2.5 127 

  Total 8,643 10,937  10,270 
*The proposed lengths represent the total proposed channel length minus the length of the proposed channel associated with 
crossings (easement breaks). 
 
Table 2. Project Parcel Landowner Information 

PIN Landowner County Acreage 
336900261466 EBX-NEUSE I, LLC Duplin 1.99 
336900266455 EBX-NEUSE I, LLC Duplin 1.08 
336900167209 EBX-NEUSE I, LLC Duplin 2.28 
335900966225 EBX-NEUSE I, LLC Duplin 0.003 
335900965215 EBX-NEUSE I, LLC Duplin 0.55 
336900352864 Futreal, Johnny Adrian Duplin 12.11 
336900445188 Hatcher, Danny Guy, et al. Duplin 1.02 
336900457397 Hatcher, Danny Guy, et al. Duplin 1.37 
336900161443 Holland, Thomas J. & Wife Kay D. Holland Duplin 1.85 
336900273089 Lanier, Michael Carlo Duplin 0.31 
336900548408 Riley, Patricia M Duplin 5.80 
336900053754 Smith, Auline L. & Worth L. Landen Duplin 5.03 
336900041738 Smith, Auline L. & Worth L. Landen Duplin 3.02 
335900953810 Smith, Jim Duplin 0.79 
336900178403 Wood, Jesse David And Wife Mary Ann Wood Duplin 0.45 

    TOTAL 37.65 
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MUDDY RUN II MITIGATION PROJECT
NCEEP PROJECT ID #95354

JANUARY 2014
LOCATION: DUPLIN COUNTY, NORTH CAROLINA

VICINITY MAP
NTS

DESIGN CONSULTANT

ENVIRONMENTAL BANC & EXCHANGE, LLC
909 CAPABILITY DRIVE, SUITE 3100

RALEIGH, NC 27606

REACH MITIGATION TYPE PROPOSED LENGTH (LF) SMUs

1 HEADWATER VALLEY RESTORATION

2 HEADWATER VALLEY RESTORATION

2 P1 RESTORATION

3A P1 RESTORATION

3B P1 RESTORATION

3C ENHANCEMENT I

4 P1 RESTORATION

5A P1 RESTORATION

5B ENHANCEMENT II

6 ENHANCEMENT II

TOTAL 10,937 10,270

MITIGATION TYPE PROPOSED LENGTH (LF) SMUs

HEADWATER VALLEY RESTORATION

P1 RESTORATION

ENHANCEMENT I

ENHANCEMENT II

TOTAL 10,937 10,270

WETLAND MITIGATION TYPE AREA (AC) WMUs

A RESTORATION

B RESTORATION

TOTAL 4.92 4.92
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Zone 2

Common Name Scientific Name
Percent

Composition

River birch Betula nigra 15%

Green ash Fraxinus pennsylvanica 20%
Swamp tupelo Nyssa biflora 10%

Laurel oak Quercus laurifolia 15%
Overcup oak Quercus lyrata 20%
Bald cypress Taxodium distichum 20%

Zone 3

Common Name Scientific Name
Percent

Composition

Green ash Fraxinus pennsylvanica 20%
Swamp tupelo Nyssa biflora 20%

Laurel oak Quercus laurifolia 20%
Overcup oak Quercus lyrata 20%
Bald cypress Taxodium distichum 20%

Zone 1

Common Name Scientific Name
Percent

Composition

River birch Betula nigra 10%

Green ash Fraxinus pennsylvanica 10%
Swamp tupelo Nyssa biflora 5%

Laurel oak Quercus laurifolia 20%
Overcup oak Quercus lyrata 20%

Swamp chestnut oak Quercus michauxii 10%

Water oak Quercus nigra 5%
American sycamore Platanus occidentalis 10%

Bald cypress Taxodium distichum 10%

Permanent Riparian Seed Mix

Common Name Scientific Name
Percent

Composition
Bushy Bluestem Andropogon glomeratus 15%
Sedge, Fringed Carex crinita 10%
Sedge, Tussock Carex stricta 5%
Virginia Wildrye Elymus virginicus 15%

Purple Lovegrass Eragrostis spectabilis 10%
Switchgrass Panicum virgatum 20%

Little Blue Stem Schizachyrium scoparium 20%
Eastern Gamagrass Tripsacum dactyloides 5%

Live Staking and Live Cuttings Bundle Tree Species

Common Name Scientific Name Stakes/LF

Silky dogwood Cornus amomum 1
Silky willow Salix sericea 1

Black willow Salix nigra 1

NOTES:
1. Bare root planting is proposed for all areas within the easement not
designated for live staking or live cuttings bundles.

2. Bare root planting density is approximately 680 stems per acre.

3. Live cuttings bundles are proposed along the outside of meander bends,
Adjacent to pools.

4. Live cuttings bundle species shall include silky willows or black willows.

5. Live stakes are proposed along both banks of straight reaches adjacent to
pools.
6. Permanent riparian seed mix shall be applied to all disturbed areas within
the conservation easement at a rate of 25 lbs/acre.
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EXECUTIVE SUMMARY 
 
This mitigation plan has been written in conformance with the requirements of the following: 
 

 Federal rule for compensatory mitigation project sites as described in the Federal Register Title 
33 Navigation and Navigable Waters Volume 3 Chapter 2 Section § 332.8 paragraphs (c)(2) 
through (c)(14), and 

 NCDENR Ecosystem Enhancement Program In-Lieu Fee Instrument signed and dated July 28, 
2010. 

These documents govern NCEEP operations and procedures for the delivery of compensatory mitigation. 
The Muddy Run II Stream Restoration Project is located within an agricultural watershed in Duplin 
County, North Carolina, approximately six miles south of Beulaville. The stream channels have been 
heavily impacted by channelization and agricultural practices. The project will involve the restoration and 
protection of streams in the Muddy Creek watershed. The purpose of this restoration project is to restore 
and enhance a stream/wetland complex located within the Cape Fear River Basin.  
 
The project lies within USGS Hydrologic Unit Code 03030007060010 (USGS, 1998) and within the 
North Carolina Division of Water Quality (NCDWQ) Cape Fear River Subbasin 03-06-22 (NCDENR, 
2002). The Muddy Run II project is located directly adjacent to the Muddy Run project currently in 
development. The Muddy Run II Mitigation Project will be located on stream reaches upstream of Muddy 
Run Reach 3 and downstream of Muddy Run Reach 1c.  
 
The Muddy Run II project consists of six unnamed tributaries to Muddy Creek, but the project has been 
divided into nine distinct reaches for design purposes. Reach 1 is one of the upstream-most portions of the 
project; it begins on the edge of an existing agricultural field and extends to STA 04+97. Similarly, Reach 
2 is one of the upper-most portions of the stream project. It begins in a disturbed forest corridor between 
several agricultural fields and extends to STA 18+73. Reach 3a starts at the confluence of Reaches 1 and 
2 (STA 00+00) and flows north north-west through a disturbed hardwood buffer and several agricultural 
fields before being partially diverted to enter Reach 3b near STA 37+36. Reach 3b flows to the north and 
west where it flows into Reach 3c at STA 56+78. Reach 3c flows through a pine plantation to STA 
64+15, where it flows into Reach 3 of the Muddy Run project. Reach 4 is a perennial channel that flows 
through a forested area from a ditch draining an agricultural field. Reach 4 flows into Reach 3A at STA 
18+36. Reach 5a consists of the main stem beginning at STA 00+00 where it adjoins with Reach 1C of 
the Muddy Run project. Reach 5a flows north and flows into Reach 5b at STA 18+04. Reach 5b is the 
most downstream reach of the project, ending at the right-of-way for State Highway 41. Reach 6 begins in 
a forested area south of Reach 5 and flows in a northerly direction to the confluence with Reach 5a near 
STA 8+70. Two areas containing drained hydric soil were identified for restoration, located along Reach 
3b and Reach 5a. 
 
The site consists of farmland, concentrated animal feeding operations (CAFO), and wooded areas. The 
total easement area is 37.6 acres, 20.6 acres of which are wooded. The remaining area is agricultural or 
clear-cut. The wooded areas along the corridor designated for restoration are classified as disturbed 
deciduous forest, and invasive species are prevalent throughout. Several ditches exist throughout the 
project and flow into the main channel. Each ditch contributes to the overall design discharge of the 
channel. All existing channels are degraded to a point where they no longer access their floodplain, water 
quality is poor, and aquatic life is not supported. Little habitat is available to support aquatic life, and the 
channels are not maximizing their potential to filter nutrients because they are entrenched.  
 
The objective for this restoration project is to restore wetland areas and design a natural waterway through 
a stream/wetland complex with appropriate cross-sectional dimension and slope that will provide function 
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and meet the appropriate success criteria for the existing streams. Accomplishing this objective entails the 
restoration of natural stream characteristics, such as stable cross sections, planform, and in-stream habitat. 
The floodplain areas will be hydrologically reconnected to the channel to provide natural exchange and 
storage during flooding events. The design will be based on reference conditions, USACE guidance 
(USACE, 2005), and criteria that are developed during this project to achieve success. Additional project 
objectives, such as restoring the riparian buffer with native vegetation, ensuring hydraulic stability, and 
eradicating invasive species, are listed in Section 1 along with several other project objectives. 
 
The stream design approach for Muddy Run II is to combine the analog method of natural channel design 
with analytical methods to evaluate stream flows and hydraulic performance of the channel and 
floodplain. The analog method involves the use of a “template” stream adjacent to, nearby, or previously 
in the same location as the design reach. The template parameters of the analog reach are replicated to 
create the features of the design reach. The analog approach is useful when watershed and boundary 
conditions are similar between the design and analog reaches (Skidmore, et al., 2001). Hydraulic 
geometry was developed using analytical methods in an effort to identify the design discharge.  
 
The headwater valley restoration approach is proposed along Reaches 1 and 2. The existing 
ditches/channels will be plugged and then backfilled to the extent possible such that cut and fill is 
balanced along the reach. Priority Level I restoration is proposed on Reaches 2, 3a, 3b, 4, and 5a. For the 
majority of the restoration reaches, the channel will be rerouted from its current location to adjacent 
natural valley features.  
 
Enhancement Level I is proposed for Reach 3c. This will include grading a floodplain bench, bank 
stabilization treatment, and habitat improvements. Enhancement Level II is proposed for Reaches 5b and 
6, where minor bank grading and habitat improvements are proposed.  
 
Wetland restoration will occur adjacent to stream Reaches 3b and 5a. The approach is to reconnect the 
floodplain wetland to the stream, fill ditches, create shallow pool habitat, rough the floodplain surface, 
and plant appropriate small stream swamp vegetation. A water balance analysis indicates that sufficient 
hydrology should be present for four weeks at the beginning of the growing season.  
 
After completion of all construction and planting activities, the site will be monitored on a regular basis, 
and a physical inspection of the site will be conducted a minimum of twice per year throughout the seven 
year post-construction monitoring period, or until performance standards are met. These site inspections 
will identify site components and features that require routine maintenance. Success criteria on the 
headwater valley reaches will include documented surface flow and vegetative success. The measure of 
stream restoration success will be documented bankfull flows and no change in stream channel 
classification. Sand bed channels are dynamic and minor adjustments to dimension and profile are 
expected. The hydrology success criterion for the site is to restore the water table at the site so that it will 
remain continuously within 12 inches of the soil surface for at least nine percent of the growing season 
(approximately 22 days) at each groundwater gauge location during normal rainfall years.  The measure 
of vegetative success for the site will be the survival of at least 210 7-year old planted trees per acre at the 
end of year five of the monitoring period. Annual monitoring data will be reported using the EEP 
monitoring template.  
 
Upon approval for closeout by the Interagency Review Team (IRT), the site will be transferred to the 
State of North Carolina (State). The State shall be responsible for periodic inspection of the site to ensure 
that restrictions required in the conservation easement or the deed restriction document(s) are upheld. 
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1 RESTORATION PROJECT GOALS AND OBJECTIVES 

The North Carolina Ecosystem Enhancement Program (EEP) develops River Basin Restoration 
Priorities (RBRP) to guide its restoration activities within each of the state’s 54 cataloging units. 
RBRPs delineate specific watersheds that exhibit both the need and opportunity for wetland, stream 
and riparian buffer restoration. These watersheds are called Targeted Local Watersheds (TLWs) and 
receive priority for EEP planning and restoration project funds.  
 
The 2009 Cape Fear River Basin Plan identified HUC 03030007060010 as a Targeted Local 
Watershed (http://portal.ncdenr.org/c/document_library/get_file?uuid=e16e9d5a-a385-41ec-8969-
44c8e10369ba&groupId=60329). The watershed is characterized by 52 percent of agricultural land 
use area with Impaired for aquatic life because of a Fair benthic community rating. Aquatic habitat 
was good at the site, suggesting that the water quality is degraded. There are 98 animal operations and 
one NPDES wastewater discharge in the watershed that may be the source of the degraded water 
quality.  
 
The 2009 Cape Fear RBRP identified water quality and animal operations as major stressors within 
this TLW. The Muddy Run II Stream and Wetland Restoration Project was identified as a Stream and 
Wetland opportunity to improve water quality, habitat, and hydrology within the TLW. 
 
The project goals address stressors identified in the TLW and include the following:  

 Nutrient removal, 
 Sediment removal, 
 Reducing runoff from animal operations,  
 Filtration of runoff, and 
 Improved aquatic and terrestrial habitat. 

 
The project goals will be addressed through the following project objectives:  
 

 Establishing riparian buffer areas adjacent to CAFOs, 
 Converting active farm field to forested buffers, 
 Stabilization of eroding stream banks, 
 Reduction in stream bank slope, 
 Restoration of riparian buffer bottomland hardwood habitats, and 
 Construction of instream structures designed to improve bedform diversity and trap detritus. 

 
The proposed Muddy Run II stream mitigation project will provide numerous ecological and water 
quality benefits within the Cape Fear River Basin. While many of these benefits are limited to the 
project area, others, such as pollutant removal and improved aquatic and terrestrial habitat, have more 
far-reaching effects. Expected improvements to water quality, hydrology, and habitat are outlined in 
Table 1.  
 
. Many of the project design goals and objectives, including restoration of riparian buffers to decrease 
runoff from CAFOs and improve terrestrial habitat, and construction of instream structures to 
improve habitat diversity, will address the degraded water quality and nutrient input from animal 
operations that were identified as major watershed stressors in the 2009 Cape Fear RBRP. 
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Table 1. Design Goals and Objectives 
Benefits Related to Water Quality 

Nutrient removal 

Benefit will be achieved through filtering of runoff from adjacent CAFOs through buffer areas, 
the conversion of active farm fields to forested buffers, improved denitrification and nutrient 
uptake through buffer zones, and installation of diffuse flow structures where existing ditches 
enter the proposed conservation easement. 

Sediment removal 
Benefit will be achieved through the stabilization of eroding stream banks and reduction of 
sediment loss from field areas due to lack of vegetative cover. Channel velocities will also be 
decreased through a reduction in slope, therefore decreasing erosive forces. 

Increase dissolved 
oxygen concentration 

Benefit will be achieved through the construction of instream structures to increase turbulence and 
dissolved oxygen concentrations and lower water temperature to increase dissolved oxygen 
capacity. 

Runoff filtration 
Benefit will be achieved through the restoration of buffer areas that will receive and filter runoff, 
thereby reducing nutrients and sediment concentrations reaching water bodies downstream.  

Benefits to Flood Attenuation 

Water storage 
Benefit will be achieved through the restoration of buffer areas which will infiltrate more water 
during precipitation events than under current site conditions.  

Improved groundwater 
recharge 

Benefit will be achieved through the increased storage of precipitation in buffer areas, ephemeral 
depressions, and reconnection of existing floodplain. Greater storage of water will lead to 
improved infiltration and groundwater recharge. 

Improved/restored 
hydrologic connections 

Benefit will be achieved by restoring the stream to a natural meandering pattern with an 
appropriately sized channel, such that the channel’s floodplain will be flooded more frequently at 
flows greater than the bankfull stage.  

Benefits Related to Ecological Processes 

Restoration of habitats 
Benefit will be achieved by restoring riparian buffer habitat to appropriate bottomland hardwood 
ecosystem. 

Improved substrate and 
instream cover 

Benefit will be achieved through the construction of instream structures designed to improve 
bedform diversity and to trap detritus. Stabilization of stream banks will provide an overall 
decrease in the amount fine materials deposited in the stream. 

Addition of large woody 
debris 

Benefit will be achieved through the addition of wood structures as part of the restoration design. 
Such structures may include log vanes, root wads, and log weirs. 

Reduced temperature of 
water due to shading 

Benefit will be achieved through the restoration of canopy tree species to the stream buffer areas. 

Restoration of terrestrial 
habitat 

Benefit will be achieved through the restoration of riparian buffer bottomland hardwood habitats. 

 

2 SITE SELECTION 

2.1  Directions to the Project Site 

The Muddy Run II Stream and Wetland Site is located in Duplin County approximately 1.4 miles east 
of Chinquapin, NC (Figure 1). To access the Site from the town of Chinquapin, travel east on 
Highway 50, take the first left onto Pickett Bay Road (SR 1819), go 1.1 miles, then turn left onto 
Kenney Crawley Road. This private road is gravel and will split just past the residential house on the 
right. Keeping to the left will take you to the Reaches 3b, 3c, 5a, 5b, and 6. Going to the right at the 
split will take you to Reaches 1, 2, 3a, and 4.  
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2.2 Site Selection 

2.2.1 USGS Hydrologic Unit Code and NC DWQ River Basin 

The site is located in the Cape Fear River Basin within Cataloging Unit 03030007 (NCDWQ sub-
basin 03-06-22). The project is located within the Cape Fear River Basin (8-digit USGS HUC 
03030007, 14-digit USGS HUC 0303007060010) (USGS, 1998) and the NCDWQ Cape Fear 03-06-
22 sub-basin (NCDWQ, 2002) (Table 2 and Table 3).  

2.2.2 Project Components and Structure 

 Table 2. Muddy Run II Project Components - Stream Mitigation 

Reach Mitigation Type Stationing 
Existing 
Length 

(LF) 

Proposed 
Length 

(LF) 

Mitigation 
Ratio 

SMUs 

Reach 1 Headwater Valley 0+54 to 4+97 438 443 1:1 443 

Reach 2 Headwater Valley 0+00 to 5+04 504 504 1:1 504 

Reach 2 P1 Restoration 5+04 to 18+73 1,223 1,369 1:1 1,369 

Reach 3a P1 Restoration 0+00 to 37+36 3,301 3,581 1:1 3,581 

Reach 3b P1 Restoration 37+36 to 56+78 NA 1,852 1:1 1,852 

Reach 3c Enhancement I 56+78 to 64+15 737 707 1:1.5 471 

Reach 4 P1 Restoration 0+00 to 2+04 120 204 1:1 204 

Reach 5a P1 Restoration 0+00 to 18+04 1,602 1,774 1:1 1,774 

Reach 5b Enhancement II 18+04 to 22+05 401 401 1:2.5 160 

Reach 6 Enhancement II 12+60 to 15+77 317 317 1:2.5 127 

   8,643 11,152  10,486 

 
Table 3. Muddy Run II Project Components – Wetland Mitigation 

Wetland Mitigation Type 
Mitigation 
Area (ac) 

Mitigation 
Ratio 

WMUs 

WA Restoration 3.60 1:1 3.60 

WB Restoration 1.32 1:1 1.32 

 Total 4.92  4.92 

 

2.2.3 Historical Land Use and Development Trends 

Aerial imagery and information provided by the property owners indicate that the subject site has 
been used extensively for agricultural purposes and that the location of the stream has not changed in 
over 50 years (Figure 4 and Figure 6; Table 4; additional historical aerial imagery is available in 
Appendix B). From 1949 to 1987, the land was primarily used for agriculture crop production. A 
network of drainage ditches made it possible to farm these flat, sandy fields. Between 1987 and 1993, 
two CAFOs (hog farms) were added to the Brown parcels. These hog operations consisted of four hog 
houses and one waste lagoon per site. The 1998 aerial photography shows that these CAFOs were 
expanded between 1993 and 1998. The western hog farm operation added four additional hog houses 
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and one waste lagoon. The eastern hog farm had grown to a total of six hog houses and two waste 
lagoons. Little has changed since 1998 in regards to the development of the project site and nearby 
surrounding property. The area remains in an agricultural community with some neighboring property 
forested. Several watershed characteristics, such as groundwater, vegetation, surface drainage, and 
potentially soil parameters, have been modified. Soil structure and surface texture have been altered 
from intensive agricultural operations, and, although most of the soils characterized on the site are 
classified as poorly drained, the ditching system has caused these soils to be effectively drained. 
 
Table 4. Historical Land Use and Development Trends 

Date Land Use and Development Observations* 

1949 
Conditions consist of ditched agricultural fields throughout the project area except where 
the confluence of Reaches 3c and 5a is proposed. This area is forested. 

1965 
Land use conditions have changed very little; however, there is a noticeable reduction in 
the drainage ditch network.  

1987 
The forested corridor where the confluence of Reaches 3c and 5a is proposed has been 
logged and converted into agricultural fields.  

1993 
Two CAFO (hog farm operations) have been added to the project vicinity. These 
operations consist of four houses and one waste lagoon per site. 

1998 
On the western hog farm operation, four additional hog houses and one waste lagoon 
have been added. The eastern hog farm operation has also added two hog houses and one 
additional waste lagoon. 

2010 Depicts current site conditions. 

* Observations based on aerial imagery and landowner communication 
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2.3 Vicinity Map 
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2.4 Watershed Map 
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2.5 Soil Survey 

The Muddy Run II site is located in the Coastal Plain Physiographic Province. The watershed is 
underlain by the Castle Hayne aquifer. The Castle Hayne aquifer is composed of limestone, sandy 
limestone, and sand. It is the most productive aquifer in North Carolina. The topography of the area is 
generally flat with elevations ranging from 39 to 60 feet.  
 
The Duplin County Soil Survey depicts a limited number of soil types as present within the project 
area (Figure 3). The four series present are Foreston loamy fine sand, 0 to 2 percent slopes, 
Goldsboro loamy sand, 0 to 2 percent slopes, Noboco loamy fine sand, 0 to 2 percent slopes, and 
Rains fine sandy loam, 0 to 1 percent slopes. Of the four mapped soil series that occur throughout the 
project, the majority consists of two series, Goldsboro loamy sand and Rains fine sandy loam. These 
soils formed in loamy and sandy marine deposits or fluvial sediments. The Foreston soils are 
moderately well drained and have moderate permeability. The seasonal high water table ranges from 
24 to 42 inches. Theses soils are located on slight rises within broad, flat inter-stream divides. The 
Goldsboro soils are moderately well drained, and have moderate permeability. Runoff is negligible to 
medium. The seasonal high water table ranges from 24 to 36 inches. Theses soils are located on the 
hill slope summit and shoulder. This soil unit is typically cultivated. The Rains soils are poorly 
drained and have moderate permeability. Runoff is negligible. The seasonal high water table ranges 
from 0 to 12 inches. Theses soils occur across flats, depressions and Carolina bays. None of these 
soils are subject to ponding, and only Rains may experience flooding. The Natural Resource 
Conservation Service (NRCS) considers Rains soils to be hydric when undrained. The remaining soils 
mapped on the site contain small inclusions of hydric soil. 
 
A detailed soil investigation of the site verified the existence of sandy soils similar to Rains 
throughout much of the project. The investigation also identified hydric soil indicators in areas having 
a lower elevation. The most common indicator is S5 – Stripped Matrix. Many areas within the 
cultivated fields appear to have fill or deposition present, and the resulting buried horizons would 
meet hydric indicator criteria. The fill in these areas appears to be spoil from excavated channel or 
ditch combined with slope deposition resulting from cultivation practices.  
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2.6 Current Conditions Plan View 
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2.7 Historical Condition Plan View 
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2.8 Site Photographs 

 
  

 
Facing upstream on headwater Reach 1. 
6/25/2012 

 

 
Facing upstream on Reach 2. 6/25/2012 

 
 

 
Facing upstream on Reach 3a. 6/25/2012 

 
 

 
Facing upstream on Reach 3b. 9/03/2011 

 
 

 
Facing downstream on headwater Reach 3c. 
6/26/2012 

 
 

 
Facing upstream on Reach 4. 6/26/2012 
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3 SITE PROTECTION INSTRUMENT 

3.1 Site Protection Instrument Summary Information 

The land required for the construction, management, and stewardship of this mitigation project 
includes portions of the following parcels (Table 5). A copy of the land protection instrument(s) is 
included in Appendix A. 
 

 
Facing upstream Reach 5a. 6/26/2012 

 
 

 
Facing downstream on Reach 5b. 6/27/2012 

 
 

 
Facing downstream on Reach 6. 6/26/2012 
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Table 5. Project Parcel and Landowner Information 
PIN Landowner County Acreage 

336900261466 EBX-NEUSE I, LLC Duplin 1.99 
336900266455 EBX-NEUSE I, LLC Duplin 1.08 
336900167209 EBX-NEUSE I, LLC Duplin 2.28 
335900966225 EBX-NEUSE I, LLC Duplin 0.003 
335900965215 EBX-NEUSE I, LLC Duplin 0.55 
336900352864 Futreal, Johnny A. Duplin 12.24 
336900457397 Hatcher, Danny G., et al. Duplin 1.46 
336900445188 Hatcher, Danny Guy & et al. Duplin 1.52 
336900161443 Holland, Thomas J. & Kay D. Holland Duplin 1.85 
336900273089 Lanier, Michael C. Duplin 0.31 
336900548408 Riley, Patricia M Duplin 5.05 
336900053754 Smith, Auline L. & Worth L. Landen Duplin 5.03 
336900041738 Smith, Auline L. & Worth L. Landen Duplin 3.02 
335900953810 Smith, Jim Duplin 0.79 
336900178403 Wood, Jesse D. & Mary A. Wood Duplin 0.45 

    TOTAL 37.62 

4 BASELINE INFORMATION 

4.1 Watershed Summary Information 

4.1.1 Drainage Area 

The easement totals 37.6 acres and is broken into nine reaches. The land use in the project watershed 
is approximately 38 percent cultivated, 32 percent evergreen forest, 15 percent shrub/scrub, 6 percent 
bottomland forest/hardwood swamp, 5 percent mixed forest, 2 percent developed, and 2 percent 
managed herbaceous cover. Reach 1 has a drainage area of 68 acres; it begins at the start of the 
restoration project (STA 0+00) and extends west to STA 4+97. Reach 2 has a drainage area of 115 
acres; it begins at STA 0+00 and extends to STA 18+73. Reach 3a (Sta. 0+00 to 37+36) begins at the 
confluence of Reaches 1 and 2 and has a drainage area of 227 acres. Currently, Reach 3a continues to 
flow north and away from the project site within a historically channelized canal excavated beneath 
Ludie Brown Road, a natural divide, and into Muddy Creek. Topographic survey, LiDAR, historic 
aerial photos, and landowner communication have confirmed that the natural flow pattern of Reach 3 
was to the west and eventually flowed into the Muddy Run project (Figure 5). The proposed design 
will redirect flow in a westerly direction from Reach 3a to Reach 3b. The proposed alignment follows 
along a relic drainage feature that coincides with existing low topography to the west as exhibited by 
LiDAR (Figure 5). 
 
Reach 3b has a proposed drainage area of 313 acres and flows west into Reach 3c. Reach 3c has an 
existing drainage area of 74 acres (proposed drainage area is 360 acres) extending north to south and 
flows into Reach 3 of the Muddy Run project. Reach 4 has a drainage area of 45 acres and flows from 
the east into Reach 3a. Reach 5a begins at the downstream limit of the Muddy Run project, flows into 
Reach 5b, and has an existing drainage area of 424 acres (proposed drainage area is 774 acres). Reach 
5b has an existing drainage area of 583 acres (proposed drainage area is 889 acres) and terminates at 
NC HWY 41. Reach 6 has a drainage area of 77 acres and flows from the south into Reach 5a. 
(Figure 2).  
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The NC HWY 41 crossing was modeled to verify that the culvert would still function as designed 
given the increase in drainage due to restoring flow to the historic drainage path along Reach 3b. The 
NC Department of Transportation (NCDOT) design storm for the culvert is the 50-year flow, and 
model results show that the culvert capacity exceeds the proposed 100-year flows. The culvert 
analysis is provided in further detail within Section 6 below.  

4.1.2 Surface Water Classification  

The current State classification for the Muddy Run II restoration reaches is undefined. Reaches 5a 
and 5b are the main stem of the project, which runs directly into Muddy Creek. Muddy Creek is 
defined as Class C Sw (NCDWQ, 2005). Class C waters are suitable for aquatic life, secondary 
recreation, and agricultural usage. The Sw is a designation for swamp waters—waters that have low 
velocities and other natural characteristics that are different from adjacent streams. 

4.1.3 Endangered/Threatened Species  

Plants and animals with a federal classification of endangered or threatened are protected under 
provisions of Sections 7 and 9 of the Endangered Species Act of 1973, as amended. Rare and 
protected species listed for Duplin County, and any likely impacts to the species as a result of the 
project construction, are discussed in the following sections.  
 
The US Fish and Wildlife Service (USFWS) database (updated 22 September 2010) lists one 
endangered species for Duplin County, North Carolina: red-cockaded woodpecker (Picoides 
borealis). The American alligator (Alligator mississippiensis) is listed as Threatened due to similarity 
of appearance, but is not protected. No protected species or potential habitat for protected species was 
observed during preliminary site evaluations. 
 
In addition to the USFWS database, the NC Natural Heritage Program (NHP) GIS database was 
consulted to determine whether previously cataloged occurrences of protected species were mapped 
within one mile of the project site. Results from NHP indicate that there are no known occurrences 
within a one-mile radius of the project area. Based on initial site investigations, no impacts to 
federally protected species are anticipated as a result of the proposed project.  
 
WK Dickson submitted a request to USFWS for review and comments on the proposed Muddy Run 
II Stream Restoration Project on June 7, 2012 in regards to any potential impacts to threatened and 
endangered species. No response was received within a 30-day period; therefore, it is assumed that 
the initial determination of no effect to endangered and threatened species will result from the 
proposed project. 
 
The proposed project offers some potential to improve or create suitable habitat for several Federal 
Species of Concern. Habitat may be improved or created for species that require riverine habitat by 
improving water quality, in-stream and near-stream forage, and providing stable conditions not 
subject to regular maintenance. Improved stream habitat may benefit American eel (Anguilla 
rostrata) and broadtail madtom (Noturus sp. cf. leptacanthus). 

4.1.4 Cultural Resources 

Cultural resources include historic and archeological resources located in or near the project area. WK 
Dickson completed a preliminary survey of cultural resources to determine potential project impacts. 
No architectural structures or archeological artifacts have been observed or noted during surveys of 
the site for restoration purposes. In addition, the majority of the site has historically been disturbed 
due to agricultural practices and channel modifications. 
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WK Dickson submitted a request to the NC State Historic Preservation Office (SHPO) to search 
records to determine the presence of any areas of architectural, historic, or archaeological significance 
that may be affected by the Muddy Run II Stream Restoration Project on June 7, 2012. In a letter 
dated July 3, 2012 (Appendix 3), the SHPO stated that they had “conducted a review of the project 
and are aware of no historic resources which would be affected by the project.” 

4.2 Reach Summary Information 

The project area is comprised of two easement areas separated by the previously awarded Muddy Run 
easement. The upper drainage originates in headwater valleys (Reach 1 and Reach 2) that confluence 
to form Reach 3a. An intact reference headwater valley is located upstream of the proposed Reach 1 
restoration and will serve as a reference system. Reach 3a flows generally to the north and Reach 4 
flows into Reach 3a from the east. Reach 3a was historically channelized and conveyed beneath 
Ludie Brown Road and into Muddy Creek. Topographic survey, historic aerial photos, and landowner 
communication have confirmed that the natural flow pattern of Reach 3a was to the west and 
eventually into the previously awarded Muddy Run project. The proposed mitigation will reconnect 
Reach 3a to the historic drainage way. All Muddy Run II stream channels are unnamed tributaries to 
Muddy Creek and ultimately the Northeast Cape Fear River (Figure 2). The Muddy Run II 
Mitigation Site is not located in a FEMA mapped floodzone (Figure 10). NCDWQ Stream 
Classification Forms and USACE Stream Quality Assessment Worksheets were completed at 
representative locations throughout the project area and are included in Appendix B. Results of the 
preliminary data collection are presented in Figure 4, and the Existing Conditions Summary Table 
and the Stream Morphology Table are in Appendix B. 
 
Reach 1 is currently an incised excavated intermittent ditch with moderately unstable banks and 
severely oversized channel. Reach 1 lacks a forested buffer and banks. The bed appears to be 
aggrading. LiDAR mapping (Figure 5) and historic aerial photography (Figure 6) document the 
presence of a valley feature. 
 
Reach 2 is a greatly oversized intermittent channel located in a disturbed, forested corridor. Spoil 
piles are present along either side of the channel, indicating past dredging. LiDAR mapping (Figure 
5) and historic aerial photography (Figure 6) document the presence of a valley feature. 
 
Reach 3a is an incised, excavated, perennial channel with a disturbed hardwood buffer. The banks are 
moderately unstable and lack mature hardwood vegetation. 
 
Reach 3b was diverted from its historic flow pattern to promote drainage for agricultural production. 
The reach currently flows from Reach 3a to the north and east, away from the project site. The 
existing perennial channel is deeply incised and has unstable banks. The buffer lacks mature 
hardwoods due to logging and agricultural activities. Reach 3b will be rerouted to the west along a 
shallow historic drainage feature through a forested area consisting of pines and hardwoods. LiDAR 
mapping (Figure 5) documents the presence of a valley feature to the west of existing Reach 3a/3b. 
 
Reach 3c is an incised but stable channel through a pine plantation with a mature hardwood 
component on the channel banks and top of bank. The channel is stable and exhibits some 
meandering within its banks. 
 
Reach 4 is a small, stable, perennial channel. The channel was likely dredged and straightened 
historically, but is stable and slightly oversized. The buffer and channel banks include mature 
hardwood vegetation. 
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Reach 5a is an oversized perennial channel. Banks are moderately unstable and bedform diversity is 
low. Bank vegetation includes some hardwoods and invasive species along the left bank and active 
agricultural fields along the right bank. 
 
Reach 5b is the downstream-most reach on Muddy Run II and also conveys all flow from the Muddy 
Run Stream Mitigation Project. This perennial channel is incised, has moderately unstable banks, and 
a forested buffer. The active channel is meandering within the oversized, dredged channel. 
 
Reach 6 is a greatly oversized intermittent channel located in a forested corridor. Large spoil piles are 
present adjacent to the channel, indicating past dredging. LiDAR mapping and historic aerial 
photography documents the presence of a valley feature. 
 
In general, the streams do not typically function to their full potential. Having been channelized in the 
past and ditched to drain nearby field for row crops, the streams do not access their floodplains as 
often as they naturally would have prior to the farm operations. In some cases, the streams are 
hydraulically unstable, causing erosion and undercutting of the banks. Habitat along the majority of 
the restoration reaches is poor in that there is little woody debris or overhanging vegetation for fish 
cover or protection for other aquatic species. Vegetative diversity and habitat diversity is poor along 
the reaches, as well, and offers little benefit to the wildlife in the area. Site photographs and 
morphological parameters are located in Appendix B. 

4.2.1 Channel Classification 

The streams have been classified as intermittent and perennial streams using the NCDWQ Stream 
Identification Form version 4.11 (Appendix B) and are predominantly G5c or F5 stream types as 
classified using the Rosgen stream classification system (Rosgen, 1994). The design reaches have 
been separated into nine distinct sections that are described in Section 4.2.3. Channel characteristics 
are summarized in Table 6. 

4.2.2 Discharge 

Estimating flows (discharge) for Muddy Run II is difficult due to the existing network of ditches and 
low, depressional areas located throughout the site. Several models, regression equations, and the 
Coastal Plain regional curves were used to develop existing discharges. Land use and slope were 
considered when the discharge calculations were developed. All hydraulic and hydrologic analyses 
are discussed in Section 7.3.1. Data and analysis of the hydrologic and hydraulic models are included 
as Appendix C.  

4.2.3 Channel Morphology  

4.2.3.1 Reach 1 

Reach 1 has a drainage area of 0.11 square miles (68 
acres), and flows in a northerly direction adjacent to a 
cultivated field. The planform of this G-type channel is 
generally straight and is entrenched throughout. The 
current cross sectional area is 41.9 square feet with 
approximate dimensions of 14.7 feet wide and 2.9 feet 
deep. The existing length of Reach 1 is 438 linear feet, 
and the dominant bed material is fine sand. The 
gradient of the reach is approximately 0.0043 ft/ft. The 
reach is severely oversized and exhibits moderately Upstream view of Headwater Reach 1. 
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unstable banks. The riparian buffer is forested along the east bank and a sparse along the west. The 
channel scored 24.75 points on the NCDWQ Stream Identification Form (Version 4.11).  

4.2.3.2 Reach 2 

Reach 2 is a greatly oversized intermittent channel located in a disturbed, forested corridor. Reach 2 
is approximately 1,727 linear feet, and flows west to its confluence with Reach 1. It has a drainage 
area of 0.18 square miles (114 acres). Reach 2, an F-type channel, is typically 16.2 feet wide and 2.5 
feet deep. Spoil piles are located adjacent to the channel, a result of past dredging. This indicates that 
during channelization, the stream was dug exceedingly deep to aid in draining the adjacent fields. The 
average cross sectional area is approximately 41.2 square feet. The existing slope of Reach 2 is 
0.0021 ft/ft, and the dominant bed material is fine sand. The channel scored 24.75 points on the 
NCDWQ Stream Identification Form (Version 4.11).   

4.2.3.3 Reach 3a 

Reach 3a begins at the confluence of Reaches 1 and 2 and flows northwest and ends at approximate 
STA 33+75. Reach 3a has a drainage area of 0.36 square miles (227 acres) and has a width and depth 
of 15.4 feet and 1.4 feet, respectively. The existing cross-sectional area is approximately 22.2 square 
feet. The existing slope is 0.0016 ft/ft and has little to no buffer on either side of the channel. This 
reach is classified as a F5 stream type and has an existing length of 3,301 linear feet. Reach 3a is an 
incised, excavated, perennial channel with a disturbed hardwood buffer. The banks are moderately 
unstable and lack mature hardwood vegetation. The channel scored 36.5 points on the NCDWQ 
Stream Identification Form (Version 4.11).  

4.2.3.4 Reach 3b 

Reach 3b was diverted from its historic flow pattern to promote drainage for agricultural production. 
The reach currently flows to the north and east across a natural divide (Ludie Brown Road) and into 
an unnamed tributary of Muddy Creek. LiDAR mapping, historic aerial photography, landowner 
interviews, and on-site survey confirm the historic flow pattern was to the west and eventually flowed 
into the Muddy Run project.  
 
The proposed alignment for Reach 3b begins behind a CAFO (existing STA 33+75), and flows 
southwest where it follows along a relic flow path to Reach 3c (STA 47+78). Reach 3b has a 
proposed drainage area of 0.52 square miles (333 acres), and the relic channel features exhibit a width 
and depth of 5.6 feet and 0.7 feet, respectively. The existing cross-sectional area is approximately 2.5 
square feet with a slope of 0.0023 ft/ft. The riparian buffer is well-established with a mix of pines and 
hardwoods. This reach is classified as a C5 stream type and has an existing length of 464 linear feet.  

4.2.3.5 Reach 3c 

Reach 3c is an incised but stable channel through a pine plantation with a mature hardwood 
component on the channel banks and top of bank. The channel is stable and mendering within its 
banks. Reach 3c is approximately 737 linear feet, and flows south to the Muddy Run Site. It has a 
drainage area of 0.58 square miles (370 acres). Reach 3c, an F-type channel, is typically 16.7 feet 
wide and 2.2 feet deep. The average cross sectional area is approximately 36.5 square feet. The 
existing slope of Reach 3c is 0.0022 ft/ft, and the dominant bed material is fine sand. The channel 
scored 40.5 points on the NCDWQ Stream Identification Form (Version 4.11).  

4.2.3.6 Reach 4 

Reach 4 is a small, stable, perennial channel. The channel was likely dredged and straightened 
historically, but is stable and slightly oversized. The buffer and channel banks include mature 
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hardwood vegetation. Reach 4 is approximately 120 linear feet, and flows southwest to Reach 3a. It 
has a drainage area of 0.07 square miles (46 acres). Reach 4, a G-type channel, is typically 11.0 feet 
wide and 1.6 feet deep. The average cross sectional area is approximately 17.0 square feet. The 
existing slope of Reach 4 is 0.0034 ft/ft, and the dominant bed material is fine sand. The channel 
scored 32.0 points on the NCDWQ Stream Identification Form (Version 4.11).  

4.2.3.7 Reach 5a 

Reach 5a is an oversized perennial channel. Banks are 
moderately unstable and bedform diversity is low. 
Bank vegetation to the south includes some 
hardwoods and invasive species, while the buffer to 
the north is an active agricultual field. Reach 5a is 
approximately 1,602 linear feet, and flows northwest 
to Reach 5b. It has a drainage area of 1.21 square 
miles (774 acres). Reach 5a, a G-type channel, is 
typically 18.4 feet wide and 2.6 feet deep. The 
average cross sectional area is approximately 47.8 
square feet. The existing slope of Reach 5a is 0.0024 
ft/ft, and the dominant bed material is fine sand. The 
channel scored 35.5 points on the NCDWQ Stream 
Identification Form (Version 4.11).  

4.2.3.8 Reach 5b 

Reach 5b is the downstream-most reach on Muddy Run II, and also conveys all flow from the Muddy 
Run project. This perennial channel is incised, and has moderately unstable banks. The active channel 
is meandering within the oversized, dredged channel. Reach 5b is approximately 401 linear feet, and 
flows northwest to Highway 41. It has a drainage area of 1.42 square miles (908 acres). Reach 5b, a 
G-type channel, is typically 17.0 feet wide and 2.9 feet deep. The average cross sectional area is 
approximately 49.3 square feet. The existing slope of Reach 5b is 0.0015 ft/ft, and the dominant bed 
material is fine sand. The channel scored 37.5 points on the NCDWQ Stream Identification Form 
(Version 4.11).  

4.2.3.9 Reach 6 

Reach 6 is a greatly oversized intermittent channel located within a forested corridor. Reach 6 is 
approximately 317 linear feet, flows north to its confluence with Reach 5a, and has a drainage area of 
0.12 square miles (77 acres). Reach 6, a G-type channel, is typically 13.0 feet wide and 3.2 feet deep. 
Spoil piles are located adjacent to the channel along both banks, a result of past dredging. This 
indicates that during channelization, the stream was dug exceedingly deep to aid in draining the 
adjacent agricultural land. The average cross sectional area is approximately 42.3 square feet. The 
existing slope of Reach 6 is 0.0024 ft/ft, and the dominant bed material is fine sand. The channel 
scored 20.75 points on the NCDWQ Stream Identification Form (Version 4.11).   
 

Upstream view of Reach 5a. 



Muddy Run II Stream and Wetland Restoration • USGS HUC 03030007 
Draft Final Mitigation Plan • Duplin County, North Carolina • June 2013  

WK Dickson & Co., Inc.   
  

23

Table 6. Summary of Existing Channel Characteristics 

Reach 
Drainage 
Area (Ac) 

CSA1 
(ft2) 

Width 
(ft) 

Mean 
Depth (ft) 

Width:Depth 
Ratio 

Sinuosity Slope (ft/ft)

1 68 41.9 14.7 2.9 5.2 1.0 0.0043 

2 114 41.2 16.2 2.5 6.4 1.0 0.0021 

3a 227 22.2 15.4 1.4 10.7 1.0 0.0016 

3b 27 2.5 5.6 0.4 14.8 1.0 0.0023 

3c 74 36.5 16.7 2.2 7.6 1.0 0.0022 

4 46 17.0 11.0 1.6 7.1 1.0 0.0034 

5a 424 47.8 18.4 2.6 7.1 1.0 0.0024 

5b 583 49.3 17.0 2.9 5.7 1.0 0.0015 

6 77 42.3 13.0 3.2 4.8 1.0 0.0024 
1CSA= cross-sectional area (measured from top of bank) 

4.2.4 Channel Stability Assessment 

A modified version of the channel stability assessment method (CSA) provided in “Assessing Stream 
Channel Stability at Bridges in Physiographic Regions” by Johnson (2006) was used to assess 
channel stability for the Muddy Run II existing channels and reference reach. This method may be 
rapidly applied on a variety of stream types in different physiographic regions having a range of bed 
and bank materials.  
 
The original CSA method was designed to evaluate thirteen stability indicators in the field. These 
parameters are: watershed characteristics, flow habit, channel pattern, entrenchment/channel 
confinement, bed material, bar development, presence of obstructions/debris jams, bank soil texture 
and coherence, average bank angle, bank vegetation/protection, bank cutting, mass wasting/bank 
failure, and upstream distance to bridge. As this method was initially developed to assess stability at 
bridges, a few minor adjustments were made to remove indicators that contradict stability 
characteristics of natural channels in favor of providing hydraulic efficiency at bridges. First, the 
“channel pattern” indicator was altered such that naturally meandering channels scored low as 
opposed to straightened/engineered channels that are favorable for stability near bridges. Secondly, 
the last indicator, “upstream distance to bridge,” was removed from the assessment as bridges are not 
a focus of channel stability for this project. Lastly, the “bed material” indicator was removed since all 
project streams are sand bed channels and would subsequently score high (poorly), as this indicator 
focuses on coarse substrate. The eleven indicators were then scored in the field, and a rating of 
excellent, good, fair, or poor was assigned to each project reach based on the total score. See 
Appendix B for the CSA field form. 
 
The CSA results (scores and ratings) for the Muddy Run II project and reference reaches are provided 
in Table 7. Project Reaches 1, 2, 3a, 5a, 5b, and 6 all received “Fair” ratings, while Reaches 3c and 4 
received a “Good” rating. Overall, the existing project streams appear to be physically stable as there 
is little active erosion present; however, all channels have been straightened and entrenched, and 
some are actively maintained. These characteristics are reflected in the poor CSA scores for channel 
pattern and bank vegetation/protection. Each reach also scored poorly for watershed characteristics 
since the surrounding land use is dominated by agriculture activities or recent clear cutting up to top 
of bank (Figure 8).  
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Table 7. Channel Stability Assessment Results 

  Reach 
1 

Reach 
2 

Reach 
3a 

Reach 
3c 

Reach 
4 

Reach 
5a 

Reach 
5b 

Reach 
6 

Reference 
Reach 

1 
Watershed 
characteristics 

6 8 7 4 6 9 8 9 4 

2 Flow habit 9 9 10 4 5 6 5 10 1 

3 Channel pattern 9 11 11 5 7 11 8 7 2 

4 
Entrenchment/channel 
confinement 

10 11 11 8 6 11 10 11 1 

5 Bed material NA NA NA NA NA NA NA NA NA 

6 Bar development 10 10 10 7 7 10 7 7 1 

7 
Obstructions/debris 
jams 

4 3 1 5 5 2 3 4 5 

8 
Bank soil texture and 
coherence 

9 9 9 11 10 11 10 9 3 

9 Average bank angle 7 9 7 11 7 11 8 11 4 

10 
Bank 
vegetation/protection 

8 3 10 3 3 8 5 7 4 

11 Bank cutting 7 2 3 3 4 7 4 6 2 

12 
Mass wasting/bank 
failure 

7 1 3 3 4 6 2 5 3 

13 
Upstream distance to 
bridge 

NA NA NA NA NA NA NA NA NA 

 Score 86 76 82 64 64 92 70 95 30 
 Rating* Fair Fair Fair Good Good Fair Fair Fair Excellent 

* Excellent (0 < Score <= 33), Good (33 < Score <= 66), Fair (66 < Score <= 99), Poor (99 < Score <= 132) 

  

4.2.5 Bankfull Verification 

Bankfull is difficult and often times impossible to accurately identify on actively maintained channels 
and agricultural ditches. The usual and preferred indicators rarely exist, and other factors may be 
taken into consideration in order to approximate a bankfull stage. Other factors that may be used are 
wrack lines, vegetation lines, scour lines, or top of a bankfull bench; however, complete confidence 
should not be placed on these indicators. Throughout the entire project, the channel is generally 
entrenched and actively maintained, which means bankfull indicators were very limited or non-
existent. Therefore, bankfull stage was estimated by using Coastal Plain Regional Curves and other 
hydrologic analyses, existing cross-sections, and in-house spreadsheets to estimate bankfull area and 
bankfull discharge.  

4.2.6 Vegetation 

Current land use around the project is primarily agriculture and forestry. Land use immediately 
surrounding the project consists of concentrated animal feeding operations (CAFO), row crop 
production, animal waste spray area, and forestry. The CAFOs consist of 14 active hog houses and 
eight active poultry houses. There are four lagoons storing waste that is sprayed on fields adjacent to 
proposed restoration reaches. The remaining channels are adjacent to cultivated fields or disturbed 
forested areas. The landscape has been contoured to increase surface runoff and eliminate surface 
ponding to enhance production and increase mechanized access. Natural channels and valleys have 
been excavated to promote further drainage. Ditches have been constructed to remove surface water. 
 
The cultivated fields are alternated annually between corn and soybeans. The actively managed hay 
fields appear to be Bermuda or similar perennial warm season grass over-seeded with a cool season 
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grass. The forested community is young, mixed pine hardwood forest and is influenced by local 
elevation changes. The upper reaches of the project have the most cross-sectional elevation 
differences, ranging up to 3 feet at the edges of the easement. The higher elevations areas are 
typically dominated by loblolly pine (Pinus taeda) and have a dense understory. Elevation changes 
are low within the cultivated field along Reach 3b. Forested areas in these lower and wetter 
landscapes have a mix of loblolly pine and hardwoods or are predominately hardwoods. The 
hardwood species include willow oak (Quercus phellos), laurel oak (Quercus laurifolia), tulip poplar 
(Liriodendron tulipifera) and sweet gum (Liquidambar styraciflua). A mid-story layer is comprised 
of water oak (Quercus nigra), tulip poplar, red maple (Acer rubrum), and swamp chestnut oak 
(Quercus michauxii). Shrubs and woody vines are locally dense and include sweet bay (Magnolia 
virginiana), redbay (Persea borbonia), American holly (Ilex opaca), large gallberry (Ilex coriacea), 
wax myrtle (Morella cerifera), and swamp greenbriar (Smilax laurifolia). Some exotics were noted, 
including Chinese privet (Ligustrum sinense) and Japanese honeysuckle (Lonicera sempervirens). 
The only common herbaceous plant observed is giant cane (Arundinaria gigantea). All naturally 
vegetated areas were classified by their community type, and their boundaries were approximately 
located on field maps (Figure 9). Detailed observations of vegetation species, soils, and hydrology 
were recorded in each community type. Table 7 describes each natural community. Table 8 describes 
each natural community. 
 
Table 8. Natural Community Summary 

Existing Community 
Percent of 
Study Area 

Natural Community  
(Schafale and Weakley Community) 

Agriculture – Pasture/Hayfields 18 NA 

Agriculture – Row Crops 21 NA 

Bottomland Hardwood Forest 13 NA 

Concentrated Animal Feeding Operation 5 NA 

Clear-Cut 3 NA 

Mixed Pines/Hardwoods 22 Mesic Mixed Hardwood Forest-Coastal Plain 

Pine Plantation 13 NA 

Residential 5 NA 

4.2.7 Quantitative Habitat Assessment  

A quantitative habitat assessment was performed in November 2011 on the reference reach and in 
June 2012 for existing Muddy Run II Reaches 3a, 5a, and 5b to measure the volume of woody debris 
and fish cover. These data were used to establish a baseline for measuring functional uplift and as a 
tool to determine the placement and volume of woody debris in the design reaches. The total available 
woody debris (not buried) in the design reaches exceeds the reference reach on a per linear foot basis. 
In addition, surveys conducted pre- and post-construction in the restoration reach will enable EBX to 
quantify habitat deficiencies and habitat gains over time.  
 
The length of each sample reach was thirty to forty times the base-flow wetted width of the channel 
with a minimum reach size of 150 feet. The sample reach was divided into ten transects spaced 
evenly over the entire reach. Transect length was five feet upstream and five feet downstream of the 
transect midpoint, and extend the full width of the channel. Parameters measured at each transect 
were small woody debris (SWD), fish cover, substrate material, and riparian composition. At each 
transect, the channel bed form was noted and an average width and depth recorded. The following is 
an analysis of the habitat assessment data. 
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4.2.7.1 Small Woody Debris Methods and Results 

Small woody debris was measured at the reference reach in order to design SWD habitat structures 
similar to those found in the reference reach (Appendix B). SWD greater than 0.2 inches in diameter 
were measured in each reference reach transect. Large woody debris was eliminated from analysis 
since these are analogous to structures such as log vanes and log toes currently applied to most 
restoration designs.   
 
Transects were identified as either shallow or pool bed form types resulting in three pools and ten 
shallows measured at the reference reach. Measurements of SWD were summed for each bed form 
type and divided by the number of corresponding transects to get the average volume of SWD per 
pool or shallow. The average volume was then divided by the average transect area to get the volume 
of SWD per square foot. The average design reach bed form area was calculated by assuming a length 
of ten feet (based on reference transects) and multiplying that by the average bottom cross section 
width. The average volume was multiplied by the ratio of average reference reach transect area to the 
average area in the design reach to obtain the volume of SWD to be installed at each fixed pool and at 
select locations along the design shallows.  
 
WK Dickson currently uses wattles, dead brush, and woody debris bundles in the design of 
restoration channels. Based on the reference reach SWD analysis, these SWD structures will be 
concentrated in pool habitats and throughout shallows in volumes and size classes similar to those 
found in the reference reach. Wattles are woody branch structures tied together and embedded into 
the bank so that the free ends stick out into the wetted channel. Dead brush structures are shrub or tree 
tops that are anchored to the bottom of the channel. Woody debris bundles are bundles of sticks one 
to four inches in diameter and one to four feet long that are anchored to the streambed. Although root 
wads serve as bank stability structures, they also provide a significant amount of SWD volume to the 
restoration reach. The average volume of each SWD structure is presented in Table 9. A combination 
of structures listed in Table 9 will be used in the design to attempt to achieve the calculated average 
volume per bed form type listed in Table 10. 
 
Table 9. Average volume (cubic inches) of SWD structures used in the design reach 

SWD Average Volume 
Woody Debris Bundle 509 

Dead Brush 589 
Wattle 42 

Root Wad 562 
Leaf Pack 120 

 
Table 10. Small Woody Debris calculations for the reference and design reach 

Channel 
bed 

form 

Total 
volume 

(in3) 

Average 
volume in 
reference 
reach (in3) 

Percent 
of WD 

Average volume 
to be applied to 
design Reach 3a 
(U/S) per 10 LF 
of channel (in3) 

Average volume 
to be applied to 
design Reach 3a 
(D/S) per 10 LF 
of channel (in3) 

Average volume 
to be applied to 
design Reach 3a 
(D/S) per 10 LF 
of channel (in3) 

Shallow 3219 460 39% 679 938 1132 
Pool 5115 1705 61% 1705 2273 2766 
Total 8334 2165 100% 2384 3212 3898 

 
In addition to the habitat assessment conducted at the reference site, Reaches 3a and 5a of the project 
site were assessed in order to measure representative habitat gains over time post-construction. Based 
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on these assessments, there is a large disparity of SWD volume between the reference reach and the 
design reaches (Chart 1). 
 

 
Chart 1. Average volume (cubic inches) of SWD per assessed reach. This chart represents existing conditions 
in all assessed reaches. 
 
Woody debris collected in streams provides habitat for macroinvertebrates, fish, and amphibians, and 
increases stream productivity by retaining carbon in the channel. While it would be difficult to 
replicate the volume and spatial distribution of SWD found in the reference channel, this quantitative 
habitat assessment provides guidance for improving habitat conditions through specifically placed 
and sized SWD structures, and provides a means for assessing functional gains over time. WKD has 
included these structures in the design plans (Appendix D). 

4.2.7.2 Fish Cover Methods and Results 

Fish cover measurements were taken at each transect along the reference reach and Muddy Run II 
Reaches 3a, 5a, and 5b. Fish cover area was visually calculated within the ten-foot transect length. 
Fish cover types include small woody debris and brush, aquatic macrophytes, overhanging vegetation, 
undercut banks, and boulders. For each transect a percentage of total fish cover and individual cover 
type areas were calculated (Chart 2). Location and general habitat data was recorded for each fish 
cover measurement to assess spatial distribution. 

0

100

200

300

400

500

600

700

800

900

Reference Reach Muddy Run II Reach 3A Muddy Run II Reach 5A Muddy Run II Reach 5B

A
ve

ra
g

e 
V

o
lu

m
e 

p
er

 T
ra

n
se

ct

Assessed 200' Reaches

Average SWD Per Reach



Muddy Run II Stream and Wetland Restoration • USGS HUC 03030007 
Draft Final Mitigation Plan • Duplin County, North Carolina • June 2013  

WK Dickson & Co., Inc.   
  

28

 
Chart 2. Average percent of fish cover per channel bed form type in the reference reach 
 
The fish cover analysis revealed that the average area of fish cover is nearly three times as high in 
Muddy Run II Reach 3a as in the reference reach. This is because the streambed along the assessed 
portion of Reach 3a was mostly covered by macrophytic vegetation and was devoid of any significant 
woody debris or undercut banks. As Muddy Run II Reach 5b is located in a heavily forested area, this 
reach exhibited a larger area of fish cover, primarily in the form of undercut banks and woody debris. 
Muddy Run II Reach 5a presented very little fish cover habitat that can be attributed to a poor buffer 
along the north bank and active channel maintenance. Fish cover from low growing brush will 
increase in the restoration reaches after the riparian planting occurs. Woody debris structures will also 
provide additional fish cover habitat and resting areas for fish swimming upstream. 

4.2.7.3 Substrate Composition 

Substrates were divided into eight classes as follows: coarse/fine particulate organic matter, 
silt/clay/muck, fine sand, coarse sand, gravel, cobble, boulder, and bedrock (Chart 3). Channel width 
and water depth were measured at each transect in four equally spaced intervals from bank to bank. 
Substrate coverage was visually determined between widths measured at each major change in 
substrate type. 
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Chart 3. Comparison of substrate composition between the reference reach and the restoration reaches.  
 
The substrate composition analysis revealed that the reference reach has slightly more organic matter 
substrate (C/FPOM) than Reaches 5a and 5b, and significantly more than Reach 3a. These differences 
may be attributed to a couple of factors including the maturity and close proximity of riparian plants 
to the reference reach and Reaches 5a and 5b, and channelization of Reach 3a which typically results 
in flushing of organic matter and a lack of carbon retention. Macroinvertebrate abundance and 
diversity has been tied to the ability of a channel to retain carbon. Several design structures and 
vegetation plantings can be used to increase organic substrate composition. Constructed leaf packs 
will be installed in select locations for immediate macroinvertebrate colonization. SWD bundles will 
serve to collect organic matter flowing downstream increasing carbon retention. By adding sinuosity 
and creating a better floodplain connection, adding SWD in select locations, and creating pool 
habitats, substrate composition will more closely resemble reference reach conditions. 

4.3 Wetland Summary Information 

4.3.1 Existing Wetlands 

The US Fish and Wildlife Service National Wetland Inventory Map (NWI) does not depict any 
wetlands within the project site (Figure 7). A wetland delineation was performed in June 2012. 
Wetland boundaries were delineated using current methodology outlined in the 1987 Army Corps of 
Engineers Wetland Delineation Manual (DOA 1987) and Regional Supplement to the Corps of 
Engineers Wetland Delineation Manual: Atlantic and Gulf Coastal Plain Region (Version 2.0) (U.S. 
Army Corps of Engineers 2010). Soils were characterized and classified using the Field Indicators of 
Hydric Soils in the United States, Version 7.0 (USDA-NRCS 2010). Wetland boundaries were 
marked with sequentially numbered wetland survey tape (pink/black striped). Flag locations were 
surveyed under the direction of a Professional Licensed Surveyor (PLS) with GPS and conventional 
survey (Figure 4).  
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Table 11. Existing Wetlands Parameter and Characteristics 
Parameters Wetland 1 Wetland 2 

Size of Wetland within Easement 
(Acres) 

0.29 2.23 

Wetland Type Riparian Riverine Riparian Riverine 

Mapped Soil Series Goldsboro Rains 

Drainage Class Moderately well Poorly 

Hydric Soil Status Yes Yes 

Source of Hydrology Runoff  Runoff 

Hydrological Impairment Ditched / Incised channel / Berm Diverted Channel Flow 

Native Vegetation Community Forested Forested 

Percent composition of 
exotic/invasive species 

5% <1% 

4.3.1.1 Wetland 1 

This wetland is located along Reach 3a on the right bank. The current land use is forested along the 
dredged channel just downstream of Reach 4, which divides this wetland. This wetland is seasonally 
saturated. Hydrology is primarily runoff that collects within a shallow depression and restricted by 
berms along the dredged channels. This wetland is 0.29 acres. 

4.3.1.2 Wetland 2 

This wetland is located along Reach 3b on both sides of the channel. The current land use is mature 
forest. The stream through this wetland is diverted from its historic flow pattern to promote drainage 
for agricultural production. This wetland is seasonally saturated. Hydrology is currently due to its 
lower landscape position collecting runoff. Large flood events likely inundate this wetland on a 
limited basis. This area may also experience limited groundwater discharge. This wetland is 2.23 
acres. 
 
A jurisdictional determination of the wetlands has not been made by the US Army Corps of Engineers 
(USACE), but the USACE has visited the restoration site. Wetland forms are included in 
Appendix B. Onsite wetlands include riparian wetlands along Reach 3a/Reach 4 and along both sides 
of Reach 2C (Figure 4).  

4.3.2 Existing Hydric Soil 

In addition to the two jurisdictional wetland areas, four areas containing hydric soil are located within 
the proposed project easement (Figure 4). Two areas are forested and may be hydrologically restored 
or enhanced by the restoration, but are not proposed for credit. The remaining two areas are located 
within the cultivated fields and are proposed to be restored. Soils and hydric indicators are similar 
within each land use type. The typical hydric soils are sandy textured and underlain by a clayey 
subsoil. The most common hydric indicator is Sandy Redox (S5). Some areas were observed to meet 
Depleted Matrix (F3), Depleted Below Dark Surface (A11) or Dark Surface (S7). In the lower 
landscape positions a clayey subsoil is found.  
 
The Muddy Run II Mitigation Site offers a total ecosystem restoration opportunity. As such, the 
wetland restoration is closely tied to the stream restoration. The proposed wetland restoration is 
located on the floodplains adjacent to the proposed stream restoration of Muddy Run II. All proposed 
wetlands are near deeply incised and dredged stream channels. Some wetland areas also have adjacent 
ditching that further lowers the water table.  
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The Goldsboro soils are moderately well drained, and have moderate permeability. Runoff is 
negligible to medium. The seasonal high water table ranges from 24 to 36 inches. Theses soils are 
located on the hill slope summit and shoulder. This soil unit is typically cultivated. The Rains soils 
are poorly drained and have moderate permeability. Runoff is negligible. The seasonal high water 
table ranges from 0 to 12 inches. Theses soils occur across flats, depressions and Carolina bays. The 
Natural Resources Conservation Service (NRCS) considers Rains soils to be hydric when undrained. 
Soil series descriptions are discussed in Section 2.5. Soil profiles are listed on the wetland forms 
(Appendix B). Soils found in the wetland areas can be described as Goldsboro and Rains soils.  
 
Within the project, the majority of the soil map units are Rains, with some areas mapped as 
Goldsboro or Foreston. Hydric soils within the proposed wetland restoration areas were verified 
through auger borings by a licensed soil scientist (Appendix B). Hydric soils are located in Rains or 
Goldsboro map units. Based on vegetation, soil, and hydrology indicators, it appears that these areas 
are inundated or saturated for most of the growing season in a typical year. The wetlands are 
depressional or topographic low areas. They are impacted by the spoil material along the channel and 
the access path, creating an artificial barrier between the wetland and channel. Field indicators of 
wetland hydrology include water stained leaves, saturated soil within one foot of the surface, crayfish 
burrows, and mapped hydric soils. An extensive ditch network and agricultural surface modifications 
have significantly affected wetland hydrology. Table 12 summarizes the sizes of the two proposed 
wetland restoration areas. 
 
Table 12. Proposed Hydric Soils Parameter and Characteristics 

Parameters Wetland A Wetland B 

Size of Wetland within Easement 
(Acres) 

3.60 1.32 

Proposed Wetland Type Riparian Riverine Riparian Riverine 

Mapped Soil Series Goldsboro Rains 

Drainage Class Moderately well Poorly 

Hydric Soil Status Yes Yes 

Source of Hydrology Runoff / overbank flows Runoff / overbank flows 

Hydrological Impairment Ditched/Incised channel Ditched/Incised channel 

Native Vegetation Community Cultivated Cultivated 

Percent composition of 
exotic/invasive species 

N/A N/A 

 
Two areas of hydric soil are proposed for wetland restoration for a total of 4.92 acres. The existing 
areas for proposed wetland restoration have been historically disturbed and lack the typical vegetation 
of hardwood wetlands. Disturbance includes clearing and grubbing, cultivation, ditching, and 
crowning. The wetlands are cultivated row crop and are effectively drained.  
 
Areas of wetland restoration are determined by areas having available hydric soil that are located 
within areas negotiated with land owner. Acreages are limited due to design parameters and limiting 
acres to where restoration of wetland hydrology is expected to occur within 12 inches of soil surface. 
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4.3.2.1 Proposed Wetland WA 

This wetland is located along the downstream portion of Reach 3a. The current land use is row crop 
production along the dredged channel. The adjacent stream channel is deeply dredged with a farm 
road constructed between the cultivated wetland and the channel.  

4.3.2.2 Proposed Wetland WB 

This wetland is located along the downstream portion of Reach 5a, below the downstream end of the 
Muddy Run project. The current land use is row crop production along the right bank of the dredged 
channel. A pine plantation is present along the left bank. Ditches are present and the adjacent stream 
channel is deeply dredged with a farm road constructed between the cultivated wetland and the 
channel. 

4.4 Regulatory Considerations and Potential Constraints 

4.4.1 Property Ownership, Boundary, and Utilities 

There are no constraints to increasing stream bed elevations at the Muddy Run II Mitigation Site. 
Several crossings will be upgraded or constructed to provide full landowner access to isolated 
properties. One existing crossing will be removed entirely. Existing poultry houses will slightly 
confine the proposed buffer restoration on the northern end of the project. The channel will be 
restored such that a full 50-foot riparian buffer is restored on both banks. The Muddy Run II site is 
not located within five miles an air transport facility.  



Muddy Run II Stream and Wetland Restoration • USGS HUC 03030007 
Draft Final Mitigation Plan • Duplin County, North Carolina • June 2013  

WK Dickson & Co., Inc.   
  

34

 
 



Muddy Run II Stream and Wetland Restoration • USGS HUC 03030007 
Draft Final Mitigation Plan • Duplin County, North Carolina • June 2013  

WK Dickson & Co., Inc.   
  

35

 
  



Muddy Run II Stream and Wetland Restoration • USGS HUC 03030007 
Draft Final Mitigation Plan • Duplin County, North Carolina • June 2013  

WK Dickson & Co., Inc.   
  

36

4.4.2 Site Access 

There are no access constraints to the Muddy Run II site. To access the Site from the town of 
Chinquapin, travel east on Highway 50. Take the first left onto Pickett Bay Road and go 1.1 miles. 
Turn left onto Kenney Crawley Road. This road is gravel and will split just past the residential house 
on the right. Keeping to the left will take you to the Reaches 3b, 3c, 5a, 5b, and 6. Going to the right 
at the split will take you to Reaches 1, 2, 3a, and 4. The site protection instrument can be found in 
Appendix A. 

4.4.3 FEMA/ Hydrologic Trespass 

Hydrologic trespass is a not a major concern for this project. The Muddy Run II Restoration Site is 
outside of any FEMA floodway area (Figure 10). The Site is mapped as Zone X, which indicates that 
there is 0.2 percent annual chance of flooding. While designing the Muddy Run II project, appropriate 
measures were taken to reduce the chances of hydrologic trespass of the adjacent agricultural fields 
and animal operations. The adjacent land use will not be affected by the proposed design, and the 
property owners have been notified of any potential impacts from hydrologic trespass within existing 
ditches. No detrimental impacts are expected beyond the easement limits. Landowner communication 
indicates Reach 5 is subject to flooding due to backwater from the downstream Muddy Creek.  
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5 DETERMINATION OF CREDITS 

Table 13. Muddy Run II Project Components – Stream Mitigation 

Reach Mitigation Type Stationing 
Existing 
Length 

(LF) 

Proposed 
Length 

(LF) 

Mitigation 
Ratio 

SMUs 

Reach 1 Headwater Valley 0+54 to 4+97 438 443 1:1 443 

Reach 2 Headwater Valley 0+00 to 5+04 504 504 1:1 504 

Reach 2 P1 Restoration 5+04 to 18+73 1,223 1,369 1:1 1,369 

Reach 3a P1 Restoration 0+00 to 37+36 3,301 3,581 1:1 3,581 

Reach 3b P1 Restoration 37+36 to 56+78 NA 1,852 1:1 1,852 

Reach 3c Enhancement I 56+78 to 64+15 737 707 1:1.5 471 

Reach 4 P1 Restoration 0+00 to 2+04 120 204 1:1 204 

Reach 5a P1 Restoration 0+00 to 18+04 1,602 1,774 1:1 1,774 

Reach 5b Enhancement II 18+04 to 22+05 401 401 1:2.5 160 

Reach 6 Enhancement II 12+60 to 15+77 317 317 1:2.5 127 

   8,643 11,152  10,486 

 
Table 14. Muddy Run II Project Components – Wetland Mitigation 

Wetland Mitigation Type 
Mitigation 
Area (ac) 

Mitigation 
Ratio 

WMUs 

WA Restoration 3.60 1:1 3.60 

WB Restoration 1.32 1:1 1.32 

 Total 4.92  4.92 

 

6 CREDIT RELEASE SCHEDULE 

All credit releases will be based on the total credit generated as reported by the as-built survey of the 
mitigation site. Under no circumstances shall any mitigation project be debited until the necessary DA 
authorization has been received for its construction or the District Engineer (DE) has otherwise 
provided written approval for the project in the case where no DA authorization is required for 
construction of the mitigation project. The DE, in consultation with the Interagency Review Team 
(IRT), will determine if performance standards have been satisfied sufficiently to meet the 
requirements of the release schedules below. In cases where some performance standards have not 
been met, credits may still be released depending on the specifics of the case. Monitoring may be 
required to restart or be extended, depending on the extent to which the site fails to meet the specified 
performance standard. The release of project credits will be subject to the criteria described as 
follows: 
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Table 15. Forested Wetlands Credits 
Monitoring 
Year

Credit Release Activity
Interim 
Release

Total 
Released

0 Initial Allocation - see requirements below 30% 30%

1
First year monitoring report demonstrates performance 
standards are being met.

10% 40%

2
Second year monitoring report demonstrates performance 
standards are being met.

10% 50%

3
Third year monitoring report demonstrates performance 
standards are being met.

10% 60%

4
Fourth year monitoring report demonstrates performance 
standards are being met.

10% 70%

5

Fifth year monitoring report demonstrates performance 
standards are being met; Provided that all performance 
standards are met, the IRT may allow the NCEEP to 
discontinue hydrologic monitoring after the fifth year, but 
vegetation monitoring must continue for an additional two 
years after the fifth year for a total of seven years.

10% 80%

6
Sixth year monitoring report demonstrates performance 
standards are being met.

10% 90%

7
Seveth year monitoring report demonstrates performance 
standards are being met, and project has received close-out 
approval.

10% 100%

 
 
Table 16. Stream Credits 
Monitoring 
Year

Credit Release Activity
Interim 
Release

Total 
Released

0 Initial Allocation - see requirements below 30% 30%

1
First year monitoring report demonstrates performance 
standards are being met.

10% 40%

2
Second year monitoring report demonstrates performance 
standards are being met.

10%
50%

(65%*)

3
Third year monitoring report demonstrates performance 
standards are being met.

10%
60%

(75%*)

4
Fourth year monitoring report demonstrates performance 
standards are being met.

10%
70%

(85%*)

5
Fifth year monitoring report demonstrates performance 
standards are being met, and project has received close-out 
approval.

15% 100%

 
*additional 15% credit release following second bankfull event in separate years 

6.1 Initial Allocation of Released Credits 

The initial allocation of released credits, as specified in the mitigation plan can be released by the 
NCEEP without prior written approval of the DE upon satisfactory completion of the following 
activities: 

a) Approval of the final Mitigation Plan 
b) Recordation of the preservation mechanism, as well as a title opinion acceptable to the 

USACE covering the property 
c) Completion of project construction (the initial physical and biological improvements to the 

mitigation site) pursuant to the mitigation plan; Per the NCEEP Instrument, construction 
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means that a mitigation site has been constructed in its entirety, to include planting, and an 
as-built report has been produced. As-built reports must be sealed by an engineer prior to 
project closeout, if appropriate but not prior to the initial allocation of released credits. 

d) Receipt of necessary DA permit authorization or written DA approval for projects where DA 
permit issuance is not required. 

6.2 Subsequent Credit Releases 

All subsequent credit releases must be approved by the DE, in consultation with the IRT, based on a 
determination that required performance standards have been achieved. For stream projects a reserve 
of 15% of a site’s total stream credits shall be released after two bank-full events have occurred, in 
separate years, provided the channel is stable and all other performance standards are met. In the 
event that less than two bank-full events occur during the monitoring period, release of these reserve 
credits shall be at the discretion of the IRT. As projects approach milestones associated with credit 
release, the NCEEP will submit a request for credit release to the DE along with documentation 
substantiating achievement of criteria required for release to occur. This documentation will be 
included with the annual monitoring report. 

7 MITIGATION WORK PLAN 

7.1 Target Stream and Wetland Types 

7.1.1 Reference Stream Studies 

7.1.1.1 Target Reference Conditions 

The restoration site is characterized by agricultural and forestry practices. Several ditches and 
underdrains exist in the watershed and contribute to the project site. Physical parameters of the site 
were used, as well as other reference materials, to determine the target stream type. An iterative 
process was used to develop the final information for the site design. 
 
To develop the target reference conditions, physical site parameters were reviewed. This included the 
drainage area, land use, soils mapping units from the Duplin County Soil Survey for the watershed 
and site, typical woody debris and habitat available and for the area, as well as general topography. 
The “Classification of the Natural Communities of North Carolina” was also used to narrow the 
potential community types that would have existed at the site (Shafale and Weakley, 2003). 
 
Targeted reference conditions included the following: 
 

 Located within the Physiographic Region – Outer Coastal Plain, 
 Similar drainage area, 
 Similar land use onsite and in the watershed, 
 Similar watershed soil types, 
 Similar site soil types, 
 Ideal, undisturbed habitat – several types of woody debris present, 
 Similar topography, 
 Similar slope, 
 Pattern common among coastal plain streams, and 
 Minimal presence of invasive species. 
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7.1.1.2 Reference Site Search Methodology 

All the parameters used in Section 4.1 were used to find appropriate reference stream sites. Obtaining 
property owner information and owner authorization for access was another factor in locating suitable 
reference sites for the project. For this project, there was no predetermined amount of reference sites 
needed as long as the site was suitable and met nearly all the parameters. Eight potential reference 
sites were visited, and their characteristics were noted. It is difficult to find reference sites on the 
coastal plain because many have been disturbed by farming or urban development. Most streams tend 
to be modified ditches and may have some of the characteristics that are sought in a reference, but too 
few to make it an ideal reference for the project site. One reference stream site that proves to be ideal 
in both geomorphology and habitat is located approximately six miles southeast of the restoration site 
in a wooded corridor. 
 
A GIS-based search was initially conducted for the identification of reference stream sites in the outer 
coastal plain. The GIS process was based on a search through quadrangle maps, aerial photography, 
and topography. Drainage areas for each reference site were delineated. Soils and land use were 
considered for each site, as well as accessibility and location in comparison to the restoration reach. 
Once sites were identified, all eight sites were visited and assessed. Many of the references were 
affected by farming practices, dense invasive species, and disturbed or altered floodplains along the 
streams. This was the case for a few of the sites visited, and, therefore, the sites were not considered. 
One site was identified for use as a reference site. 

7.1.1.3 Reference Watershed Characterization 

The reference stream flows northwest and drains into Cypress Creek (Figure 11). The reach that was 
surveyed and analyzed is approximately 300 feet long. The drainage area for the unnamed tributary to 
Cypress Creek (UT) is 0.47 square miles (300 acres). The land use in the watershed is characterized 
by mostly southern yellow pine (86 percent), bottomland hardwood forest/hardwood swamps (6 
percent), broadleaf evergreen forest (3 percent), managed herbaceous cover (3 percent), and 
cultivation (2 percent). Site photographs of the reference stream are located in Appendix B. 
 
The current State classification for the UT to Cypress Creek is undefined. However, Cypress Creek is 
defined as Class C Sw (NCDWQ, 2005). Class C waters are suitable for aquatic life, secondary 
recreation, and agricultural usage. The Sw is a designation for swamp waters—waters that have low 
velocities and other natural characteristics that are different from adjacent streams. Using Rosgen 
stream classification, the stream is classified as a E5 stream type. 
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7.1.1.4 Reference Soils Characterization 

The soils found in and around the reference reach are mapped as Muckalee, Blanton, and Murville, all 
of which are hydric soils. Muckalee is a Hydric B, loam soil, typically found on slopes ranging from 0 
to 1 percent slopes. Blanton is a Hydric B sandy soil, found on flats, marines, and terraces with slopes 
from 1 to 6 percent. Murville soils are mucky fine sand generally found in depressions with slopes of 
0 to 2 percent. The soils immediately adjacent to the reference reach have similar characteristics and 
properties to the soils found at the Muddy Run II Restoration Site. 

7.1.1.5 Reference Discharge  

Several hydrologic models/methods were used to develop a bankfull discharge for the reference site. 
Existing drainage area, land use, slope, roughness, and cross-sectional area were all factors 
considered when performing the calculations. Using a combination of Coastal Plain Regional Curves, 
in-house spreadsheet tools, and a project specific regional flood frequency analysis, the existing 
discharge was found to be around 12 cubic feet per second (ft3/s). See Section 7.3 for a more detailed 
description of the hydrologic analyses performed for this project. 

7.1.1.6 Reference Channel Morphology  

In comparison to the restoration reaches, the reference reach is smaller when comparing pattern, 
dimension and profile, which is the reason for using a scaling factor for the design. The scaling factor 
is based on the smaller bankfull area of the reference channel. Since the reference stream was smaller, 
it was necessary to scale up the analog reach in order to use it for design. The new reach would then 
have the necessary dimensions of that of a bigger stream similar in size to the existing channel that 
would correspond to the larger drainage area. The stream was typically five to eight feet wide and one 
to two feet deep. The cross sectional area was typically around 6.7 square feet with a width to depth 
ratio around 9.0.  

7.1.1.7 Reference Channel Stability Assessment 

The reference reach was stable and showed no evidence of incision or erosion in the portion that was 
surveyed and analyzed. The stream appeared to maintain its slope and had sufficient amounts of 
vegetation to secure its banks. Riparian buffer widths exceeded fifty feet on each side. The CSA 
results (scores and ratings) for the reference reach is provided above in Table 7 (Section 4.2.4). The 
reference reach received an “Excellent” rating as the channel demonstrates a stable meandering 
pattern and a well vegetated riparian buffer.   

7.1.1.8 Reference Bankfull Verification 

Typical indicators of bankfull include vegetation at the bankfull elevation, scour lines, wrack lines, 
vegetation lines, benches/inner berm, and point bars. Throughout the entire length of the reference 
reach, bankfull is located at the top of bank elevation. The accuracy of this bankfull stage is verified 
by the Coastal Plain Regional Curves using existing cross sections to calculate area and discharge. 
Evidence that can further support the location of bankfull is the lack of any bench or berm features 
within the channel, and wrack lines present within the floodplain.   

7.1.1.9 Reference Vegetation 

The reference reach riparian community is characteristic of a coastal plain small stream swamp 
community. This community is approximately 15 to 20 years old, as evidenced by the representative 
diameter at breast height (DBH) measurements. This community was determined to have had past 
disturbance altering the species composition. Most of the canopy species recorded are high dispersal 
species and have been observed to occur near the restoration site. The following table lists the 
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coverage estimates and species encountered. The right bank is denoted as RB and the left bank is 
denoted as LB. 
 
Table 17. Tree Communities at the Reference Reach for Muddy Run II 

Transect Location 
Percent 

Coverage 
Percent 

Evergreen 
Percent 

Deciduous 
Representative 

DBH (") 
Species 

1 

LB 80 15 85 8 
Nyssa biflora, Magnolia virginiana, Ilex opaca, 
Acer rubrum, Liriodendron tulipifera  

RB 90 15 85 12.5 
Liriodendron tulipifera, Liquidambar 
styraciflua, Nyssa biflora, Ilex opaca, 

2 

LB 65 10 90 9 
Liriodendron tulipifera, Ilex opaca, 
Liquidambar styraciflua 

RB 80 10 90 15 
Liquidambar styraciflua, Nyssa biflora, 
Liriodendron tulipifera  

3 

LB 90 10 90 10 
Nyssa biflora, Acer rubrum, Liriodendron 
tulipifera, Ilex opaca, Magnolia virginiana 

RB 60 30 70 7 
Ilex opaca, Magnolia virginiana, Nyssa biflora, 
Liquidambar styraciflua 

4 

LB 85 10 90 10 
Liquidambar styraciflua, Liriodendron 
tulipifera, Ilex opaca 

RB 35 50 50 3 
Ilex opaca, Magnolia virginiana, Liquidambar 
styraciflua 

5 

LB 90 10 90 8 
Liriodendron tulipifera, Magnolia virginiana, 
Acer rubrum, Fagus grandifolia, Nyssa biflora, 
Liquidambar styraciflua 

RB 60 25 75 9 
Nyssa biflora, Liquidambar styraciflua, Ilex 
opaca, Liriodendron tulipifera  

6 
LB 90 10 90 8 

Liriodendron tulipifera, Magnolia virginiana, 
Acer rubrum, Fagus grandifolia, Nyssa biflora, 
Liquidambar styraciflua 

RB 70 50 50 6 Magnolia virginiana, Ilex opaca, Nyssa biflora 

7 

LB 75 10 90 10 
Liriodendron tulipifera, Acer rubrum, Ilex 
opaca, Q. michauxii 

RB 60 40 60 8 
Ilex opaca, Liriodendron tulipifera, 
Liquidambar styraciflua  

8 

LB 55 20 80 7 
Liriodendron tulipifera, Acer rubrum, Pinus 
taeda, Ilex opaca, Ligustrum japonicum 

RB 80 40 60 6 
Quercus nigra, Liriodendron tulipifera, Ilex 
opac, Acer rubrum 

9 

LB 70 25 75 10 
Nyssa biflora,Ilex opaca, Liriodendron 
tulipifera, Pinus taeda 

RB 80 20 80 6 
Liriodendron tulipifera , Ilex opaca, Quercus 
nigra, Acer ruburm 

10 

LB 60 25 75 11.5 
Nyssa biflora,Ilex opaca, Liriodendron 
tulipifera, Pinus taeda 

RB 80 15 85 11 
Pinus taeda, Quercus michauxii,Ilex opaca, 
Acer rubrum, Liquidambar styraciflua, 
Liriodendron tulipifera, Ligustrum japonicum 
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It is anticipated that a local seed source for these high dispersal species is present and will disperse 
across much of the mitigation site. These species are often found in early successional communities 
and quickly fill disturbance gaps. Because many of these high dispersal species often become 
aggressive in these sites, they are not included in the Restoration Planting List (Section 7.2.3). 
Hardwood species typical of the target community was observed in adjacent and nearby communities, 
and were judged to be more appropriate for this site. 

7.1.1.10 Habitat Assessment – Woody Debris 

The habitat assessment for the reference stream channel is included in the quantitative habitat 
assessment discussion for Muddy Run II within Section 4.2.7.  

7.1.2 Reference Wetland Studies 

Reference wetlands were not studied for similar hydrology or habitat. A reference wetland site 
adjacent to the stream evaluated for habitat was evaluated for species composition, but was 
determined to be impacted by timber management and was not a suitable community to reference. A 
reference wetland will be determined before construction is complete so groundwater monitoring can 
begin before or at the same time as wetland restoration monitoring.  

7.2 Design Parameters 

7.2.1 Stream Restoration Approach 

Stream restoration efforts along the tributaries to Muddy Creek will be accomplished through a 
combination of analytical and analog and/or reference reach-based design methods. The result will be 
a combination of Priority Level I stream restoration and headwater valley restoration. The cross-
section geometry, planform, and profile will be modified to restore appropriate capacity and sinuosity 
to the channelized, sand bed streams. The Priority Level I stream restoration will incorporate the 
design of a single-thread meandering channel, with parameters based on data taken from NC Coastal 
Plains Regional Curve tables and from reference sites described herein. Approximately 8,780 LF of 
stream channel will be reconstructed. An additional 947 LF of headwater valley restoration will bring 
the total restoration SMUs to 9,727. Enhancement Levels I and II will be applied to an additional 
1,425 linear feet of channel that are relatively stable and forested.  
 
Stream buffers throughout the project site will be restored and protected in perpetuity. Proposed 
mitigation for the Muddy Run site involves headwater valley restoration and Priority Level I stream 
restoration. The proposed mitigation design divides the site into three distinct drainage features 
consisting of six design reaches (Figure 12). Priority Level I restoration is proposed on five reaches 
and headwater valley restoration is proposed on two reaches.  
 
Priority I restoration reaches will typically include a meandering stream pattern constructed to mimic 
the natural planform of low-gradient, sand bed channels. The proposed sinuosity is 1.1, which is 
based on local reference reach conditions, existing site constraints, and hydraulic modeling. As a 
result of the restoration of planform and dimension, frequent overbank flows and a restored riparian 
buffer will provide the appropriate hydrology and sediment transport throughout this coastal plain 
watershed.  
 
Headwater valley restoration will follow current regulatory guidance and published research. This 
restoration approach will result in a fully vegetated valley bottom following natural existing contours. 
Any ditches or channels present will be backfilled and stabilized. Vegetation will be restored across 
the entire headwater valley.  
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Muddy Run II has been broken into the following design reaches: 
 

 Reach 1 (STA 0+54 to STA 4+97) – One of three headwater reaches within the project 
totaling approximately 443 linear feet of headwater valley restoration. This reach is flat with 
agricultural fields to the west and woods to the south and east. The reach begins at a gully 
feature just downstream of an existing headwater valley system. 

 
 Reach 2 (STA 0+00 to STA 18+73) – Eastern most reach of the project totaling 

approximately 504 linear feet of headwater valley restoration and 1,369 linear feet of Priority 
1 restoration. Agricultural fields are located to the north and south of the reach, outside of a 
forested buffer.  

 
 Reach 3a (STA 0+00 to STA 37+36) – Eastern most reach along the primary drainage 

feature totaling approximately 3,581 linear feet of Priority 1 restoration. Both Reaches 1 and 
2 outlet at the upstream end of the reach. Reach 3a has a farm path along its entirety on the 
east bank and flows through active agricultural fields and forested areas. Reach 4 flows into 
this reach near STA 19+50. 

 
 Reach 3b (STA 37+36 to STA 56+78) – Middle reach along the primary drainage feature 

totaling approximately 1,852 linear feet of Priority 1 restoration. The upper section of Reach 
3b adjacent to turkey houses and pastures before entering a forested area to the west.  

 
 Reach 3c (STA 56+78 to STA 64+15) – Western-most reach totaling approximately 707 

linear feet of Enhancement Level I. This reach is flat, is surrounded by forest comprised of a 
mix of pines and hardwoods, and flows into Reach 3 of the Muddy Run project.  
 

 Reach 4 (STA 0+00 to STA 2+04) – Short reach totaling approximately 204 linear feet of 
Priority 1 restoration. This reach flows through a forested buffer down to Reach 3a. 

 
 Reach 5a (STA 0+00 to STA 18+04) – Western reach beginning at the downstream end of 

the Muddy Run project totaling approximately 1,774 linear feet of Priority 1 restoration. This 
reach is flat with agricultural fields to the north and woods to the south.  

 
 Reach 5b (STA 18+04 to STA 22+05) – Western-most reach totaling approximately 401 

linear feet of Enhancement Level II. This reach is flat and has a forested buffer along both 
banks. 
 

 Reach 6 (STA 12+60 to STA 15+77) – One of three headwater reaches within the project 
totaling approximately 317 linear feet of Enhancement Level II. This reach is flat with 
agricultural fields to the east and woods to the south and west.  
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Reach 1 
Headwater valley restoration approach is proposed for Reach 1. The existing channel/ditch will be 
backfilled, and flow will be directed from its current position along the tree line back to within the 
historic valley location down to the confluence with Reaches 2 and 3a. A 100 foot wide forested 
buffer will be planted throughout the reach. The upstream limit of Reach 1 will tie into an existing 
headwater valley system comprised of intermittent sections of single and multiple channels. This 
system will be used as a reference site for incorporating a small baseflow channel into the headwater 
valley restoration design.  
 
Reach 2 
Similar to Reach 1, headwater valley restoration is proposed for the upper section of Reach 2. The 
existing channel will be backfilled with existing spoil material located along adjacent to the channel, 
a result of previous dredging activities. Areas within the 100 foot buffer that are disturbed or lack 
riparian vegetation will be planted. Grade control structures will be installed along three ditches that 
enter Reach 2 at the upstream end of the project. These structures will raise the upstream channel bed 
elevations slightly to tie in existing ditches to the project reach. An existing CMP culvert located 
along the upstream section will be removed and replaced outside the easement (upstream) to continue 
to allow the landowner access to all areas of his property. Priority 1 restoration is proposed for the 
majority of Reach 2. Restoration activities will involve relocating the channel to the north through an 
existing wooded area consisting primarily of pines a few hardwoods. Existing spoil piles located 
along the channel banks will be removed and used to fill the existing ditch. Diffuse flow structures 
will be installed along several ditches that outlet to the reach from both the north and south. The 
structures will attenuate and disperse flows as the existing ditches enter the proposed easement. 
 
Reach 3a 
Priority Level I restoration is proposed on Reach 3a. The restoration approach on this reach will 
include relocating the channel on either side of its current location to follow the natural valley and 
removing the adjacent roadbed to allow continuous access to the floodplain. Two existing 36” CMP 
culvert crossings are located along this reach. Each culvert will be removed and replaced in-line with 
the proposed stream to allow the landowners to access portions of their respective properties to the 
west of the project site. Reach 3a will flow in a northwesterly direction until it reaches a property line. 
At this point, the existing ditch that continues to flow in a northerly direction will be plugged and a 
diversion structure installed. The structure is designed to pass 100 percent of baseflow and small 
storms through the project, and divert up to 70 percent of storms larger than the 25-yr storm to the 
existing ditch and offsite. See Section 7.3.1.1 (Stream Hydrologic Analysis) for hydraulic analysis 
details.  
 
Just downstream of the diversion structure, the channel will be relocated just south of several turkey 
houses, and will flow in a westerly direction as Reach 3b. The network of ditches surrounding the 
turkey houses appear to cross a small ridge, directing flow away from the project area. An additional 
culvert crossing is proposed where flow will be diverted to the west at the turkey houses. Priority I 
restoration is appropriate for this channel because it is the only mitigation approach that will address 
bed and bank instability, establish a forested riparian buffer, and significantly enhance aquatic habitat. 
Diffuse flow structures will be constructed where existing agricultural ditches enter the easement 
area.  
 
The diversion structure is proposed at the downstream end of Reach 3a to alleviate and prevent 
flooding caused be rerouting flow and increased drainage areas, to provide continued flow through 
the existing ditch for storms larger than bankfull (design) events, and to reduce impacts from 
proposed grading activities. Per discussions with Mr. Lanier (owner of parcel northwest of proposed 
structure), larger storm events overtop the existing ditch flowing to the north. This flooding may be 
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attributed to inefficiencies with existing structures and ditch alignments in conjunction with low 
gradients. The culvert associated with the gravel access road that leads from Ludie Brown Road to the 
turkey houses outlets perpendicular to the receiving ditch that flows to the northeast and under Ludie 
Brown Road. This ditch continues to the northeast and crosses Route 111, where it flows to the north 
into Muddy Creek. By diverting up to 70 percent of higher flows through the existing ditch and 
offsite, existing flooding issues will be reduced adjacent to the turkey houses. This diversion also 
decreases potential flooding impacts that would occur if 100 percent of storm events were passed 
through the proposed channel, Reach 3b. There are several residential parcels within zero to 200 feet 
of the proposed easement along Reach 3b. Because the topography is very flat through this area, the 
flooding associated with the majority of storm events greater than bankfull would negatively impact 
these parcels. 
 
Finally, by diverting a percentage of the proposed higher flows, flooding impacts will also be reduced 
along Reaches 5a and 5b and at the existing HWY 41culvert at the downstream end of the project. 
Currently, agricultural fields are present along the north side of Reach 5a. By reducing high flows, the 
flooding extent and duration will be reduced; thus, preventing adverse impacts to crops. If 100 
percent of higher storm events were allowed to pass through the project, significant grading would be 
required to cut floodplain terraces/benches to relieve flooding of the adjacent agricultural fields. 
 
Reach 3b 
Priority Level I restoration is proposed on Reach 3b. The restoration approach on this reach will 
include relocating the channel in a westerly direction through an open pasture. The pasture area has 
been extensively modified and substantial grading will be required. The proposed design then moves 
the channel to a historic drainage way as observed on LiDAR and historical aerial photographs 
(Figures 5 and 6).The flow path will then be connected to a small relic channel identified in the 
forested area west of the pasture. Subsequent topographic survey confirmed positive drainage along 
the relic channel which follows a low lying feature observed on LiDAR. The restoration approach 
will include some minor grading to enlarge the existing channel and to create a diverse bed habitat by 
constructing pools. Log grade control structures will be installed at the confluence with Reach 3c and 
at the connection to the relic channel. Small, mechanical equipment and hand tools will be used to 
minimize damage to the existing forested buffer. A livestock protected culvert crossing is proposed 
near the existing pasture along an existing farm path to allow the landowner uninterrupted access to 
his property.  
 
Reach 3c 
Enhancement I is proposed on Reach 3c as it flows through a forested area downstream from Reach 
3b to Reach 3 of the Muddy Run Stream Mitigation Project. A grade control structure will be 
installed at the upstream end to stabilize the transition from an existing agricultural ditch to the stable 
channel. A crossing is proposed along the upper section to allow the landowner access to both sides 
of his property. Enhancement activities will include removing portions of exising spoil piles located 
along top of banks, cutting floodplain benches and laying back banks, and installing woody debris 
habitat structures. Diffuse flow structures will also be constructed at the downstream limit where 
existing agricultural ditches enter the easement area. Invasive species management will be performed 
throughout the buffer, and any bare or disturbed areas will be planted with native riparian vegetation.  
 
Reach 4 
Priority 1 restoration is proposed on the downstream end of Reach 4 as it flows through a forested 
area below a ditch draining an agricultural field. A grade control structure will be installed at the 
upstream end to transition from the existing ditch to a stable channel. The lower section of the reach 
will be constructed into an E-type channel before its confluence with Reach 3a. Invasive species 
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management will be performed throughout the buffer, and any bare or disturbed areas will be planted 
with native riparian vegetation.  
 
Reach 5a 
Priority Level I restoration is proposed on Reach 5a. The channel will be relocated north of its current 
location into the adjacent agricultural field. The existing ditch will be backfilled and plugged at any 
locations that may cross the proposed channel. The upstream end of the reach will tie into Reach 1C 
of the Muddy Run Stream Mitigation Project. The proposed single-thread channel will flow through 
proposed wetland WB beginning approximately 300 feet downstream of the Muddy Run project. A 
CMP culvert crossing will be installed in-line with the proposed design near the middle of the reach 
to allow the landowners access to the adjacent parcels. Priority I restoration is appropriate for this 
channel because it is the only mitigation approach that will address bed and bank instability, establish 
a forested riparian buffer, and significantly enhance aquatic habitat.  
 
Reach 5b 
Enhancement Level II is proposed on Reach 5b. Several log grade controls and woody debris 
structures will be installed along the bed to increase aquatic habitat and bed diversity. The right bank 
along the reach will be laid back and spoil piles along the tops of banks will be removed using small 
equipment to minimize impacts to the existing buffer. Additionally, invasive species management 
will be performed throughout the buffer, and any bare or disturbed areas will be planted with native 
riparian vegetation.  
 
Reach 6 
Enhancement Level II is proposed for the downstream section of Reach 6 (STA 12+60 to STA 
15+77). The right and left banks will be laid back, and the channel will be backfilled using spoil 
located adjacent to the channel such that positive drainage is maintained throughout the reach down to 
the confluence with Reach 5a. Invasive species management will be performed throughout the buffer 
where enhancement is proposed, and any bare or disturbed areas will be planted with native riparian 
vegetation. A 50 foot wide buffer will be provided along the upper section of Reach 6 (STA 3+64 to 
STA 12+60); however, no enhancement activities are proposed through this section other filling 
portions of the channel. This additional easement is being provided to account for any hydrologic 
impacts that may occur as a result of the proposed enhancement activities. 

7.2.1.1 Design Discharge 

Based upon the hydrologic analysis described in Section 7.3.1.1 below, design discharges were 
selected that fall on the low end of flows between the results of the 1.1 and 1.5-year flood frequency 
analysis for each reach. The selected flows are 7ft3/s, 15ft3/s, 10ft3/s, 5ft3/s, and 44ft3/s for Reaches 2, 
3a, 3b, 4, and 5a, respectively. These discharges will provide frequent inundation of the adjacent 
floodplain. 
 
The design discharges were selected based on the following rationale: 

 The calculated bankfull discharge for the analog/reference reach closely matches the results 
of the 1.1-year flood frequency analysis, 

 The results of the Hydraflow Hydrographs for the 1-year storm fell between the results of the 
1.1 and 1.5-year flood frequency analysis,  

 The results of the 1.1-year flood frequency analysis matched well with the NC regional curve 
(Doll et al., 2003), and 

 Selecting design discharges between the 1.1 and 1.5-year storm events allows frequent 
inundation of the floodplain, while also preventing adjacent active agriculture land from 
flooding at a high frequency.  
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7.2.1.2 Design Methods  

There are three primary methods that have demonstrated success in stream restoration: analog, 
empirical, and analytical. All three methods have advantages and limitations, and it is often best to 
utilize more than one method to address site-specific conditions or to verify the applicability of design 
elements. Combinations of analytical and analog methods were used to develop the stream designs for 
Muddy Run II.  
 
Analytical Approach 
Analytical design is based on principles and processes considered universal to all streams, and can 
entail many traditional engineering techniques. The analytical approach utilizes continuity, roughness 
equations, hydrologic and hydraulic models, and sediment transport functions to derive equilibrium 
conditions. Since the project is located within a rural watershed, restoration designs are based on 
hydrologic and hydraulic analyses, including rainfall-runoff models to determine design discharges 
coupled with reference reach techniques. 
 
Analog Approach 
The analog method of natural channel design involves the use of a “template” or reference stream 
located near the design reach, and is particularly useful when watershed and boundary conditions are 
similar between the design and analog reaches (Skidmore et al., 2001). In an analog approach, the 
planform pattern, cross-sectional shape, longitudinal profile, and frequency and locations of woody 
debris along the analog reaches are mimicked when developing the design parameters for the subject 
stream. A scaling factor was calculated from the survey data in order to correctly size the planform 
design parameters for the project site. The scaling factors for each design reach were derived from the 
design cross-sectional area and topwidth of each reach as follows: 
 

1. The appropriate bankfull cross-sectional area (ABKF) of each design reach was calculated 
using an in-house spreadsheet based on Manning’s Equation. The input parameters included 
the design discharge as determined by the hydrologic analysis described above, and proposed 
slope based on site conditions and the sinuosity measured for the analog reach.  

 
2. The cross-sectional shape was adjusted within the spreadsheet to replicate the width-depth 

ratios and side slopes surveyed along the analog reach, while also maintaining the ABKF 
necessary to convey the design discharge.  
 

3. The scaling factor is determined from the ratio of the design topwidth to the analog topwidth 
(Table 18). For this project, several sections and planform geometry were obtained at the 
analog site, resulting in an average width of 7.8 feet.  
 

4. Pool cross-sectional areas were calculated using the analog approach. Design ABKF areas were 
determined using the measured analog ratios of shallow ABKF to pool ABKF as applied to the 
design ABKFs. The pool cross-sectional shape was adjusted within the in-house spreadsheet as 
described above in step 2.  
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Sod mats blanket the top of bank of this stream in Bertie 
County.  

Table 18. Scaling Factors for Sizing Planform Design Parameters 

Reach 
Drainage 
Area (ac) 

Proposed Bankfull 
ABKF (ft2) 

Design 
Topwidth (ft) 

Analog Reach 
Topwidth (ft) 

Scaling 
Factor 

2 114 5.9 7.6 7.8 1.0 

3a (U/S) 209 8.7 9.2 7.8 1.2 

3a (D/S) 254 15.7 12.4 7.8 1.6 

3b 333 8.3 9 7.8 1.2 

4 46 3.3 5.6 7.8 0.7 

5a 730 22.7 15.0 7.8 1.9 

7.2.1.3 Typical Design Sections 

Typical cross sections for shallows and pools are shown on the design plan sheets in Appendix D. 
The cross-section dimensions were developed for the three design reaches by using an in-house 
spreadsheet described above. The cross-sections were altered slightly to facilitate constructability; 
however, the cross-sectional area, width to depth ratio, and side slopes were preserved. Typical pool 
sections include pools located on straight reaches and pools on meander bends. 

7.2.1.4 Typical Meander Pattern 

The design plans showing the proposed channel alignment are provided in Appendix B. The meander 
pattern was derived directly from the analog reach and sized using the scaling factors described in 
Table 18. The analog meander pattern was altered in some locations to provide variability in pattern, 
to avoid onsite constraints, to follow the valley pattern, and to make the channel more constructible. 
The morphologic parameters summarized in Table 18 and Appendix D was applied wherever these 
deviations occurred. 

7.2.1.5 Longitudinal Profiles 

The design profiles are presented in Appendix 
D. These profiles extend throughout the entire 
project for the proposed channel alignment. The 
profiles were designed using the analog reach 
bed features that were sized with the scaling 
factors. The bed slopes and bankfull energy 
gradients were determined for each design reach 
based on the existing valley slope and the 
sinuosity of the design reach. Log structures will 
be utilized in the design to control grade, divert 
flows, and provide additional habitat diversity 
and stability. 

7.2.1.6 In-Stream Structures 

Structures will be incorporated into the channel design to provide additional stability and improve 
aquatic habitat. Native materials and vegetation will be used for revetments and grade control 
structures where applicable. Additionally, woody debris will be placed throughout the channel at 
locations and at a frequency that is similar to those mapped in the analog reaches. The analog reach 
has woody debris throughout the length of the channel, providing grade control for shallows and 
forcing scour pools. Woody habitat features installed will include leaf packs, dead brush, woody 
debris bundles, root wads, and wattles. Sod mats harvested onsite will be installed along stream banks 
during construction if and when feasible. Sod mats will only be harvested and used if comprised of 
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appropriate vegetation. The use of sod mats that include aggressive turf grasses will be not be used. 
Sod mats (see photo above) are natural sections of vegetation taken from existing banks and adjacent 
areas during construction, and generally range between 0.75 to 1.0 feet in thickness. Before 
installation, proposed banks are graded lower than specified to accommodate the thickness of the mat. 
The mats are placed on top of the bank to act as a natural stabilizer of native species, and they grow 
much faster than the combination of coir fiber matting and seeding (see detail Appendix D). Other 
bank stability measures include the installation of cuttings bundles at three to five foot intervals along 
the tops of banks, live staking, root wads, and log toes. Typical details for proposed in-stream 
structures and revetments are in Appendix D. 

7.2.2 Wetland Restoration Approach 

The Muddy Run II Mitigation Site offers a total ecosystem restoration opportunity. As such, the 
wetland restoration is closely tied to the stream restoration. The proposed wetland restoration is 
located on the floodplains adjacent to the proposed stream restoration of Muddy Run II and Muddy 
Run. There are two sites adjacent to Muddy Run II. All proposed wetlands are near deeply incised 
and dredged stream channels. Some wetland areas also have adjacent ditching that further lowers the 
water table.  

7.2.2.1 Wetland Restoration Summary 

Wetland restoration activities will include plugging existing ditches, restoring microtopographic 
features (less than 6 inches depth) by surface roughing, creating macrotopographic features (wetland 
depressions), planting wetland species, and removal of an existing farm road. This roadbed interrupts 
surface flow to and from the channel. Grading and surface roughing will include adding micro- and 
macro-topography on the floodplain to create hydrologic retention and encourage species 
diversification. The surface depressions will be generally linear and approximately parallel the 
channel. Many of the surface depressions will be irregular to increase edge habitat. Combined with 
the proposed stream restoration these actions will result in a sufficiently high water table and flood 
frequency to support hydrophytic vegetation and wetland hydrology, resulting in restored riverine 
wetlands.  
 
The primary restoration activities will include constructing a stream channel that floods the adjacent 
wetlands frequently (as described above) and construction of ditch plugs. A typical ditch plug will be 
15 feet wide and extend above the ditch bank elevation approximately six inches. Plugs are to be 
constructed of compacted fill (clay or sandy clay) in 12 inch lifts with the upper 18 inches minimally 
compacted to facilitate plant growth. Plugs are spaced such that successive plugs are no more than 12 
inches in elevation below the next plug up gradient. Where plugs may impact adjacent ditches 
(outside of the proposed conservation easement) the top of plug elevation will be equal to the existing 
ditch invert outside of the easement to prevent hydrologic trespass. The existing stream channel will 
be partially filled. The unfilled areas will provide deeper pools for increased storage and create 
diverse habitat. The farm road adjacent to the existing stream will be removed, graded to match 
surrounding contours, disced, and planted.  

7.2.2.2 Proposed Wetland Hydrology 

The Muddy Run II Stream and Wetland Mitigation site was once a Coastal Plain small stream swamp 
subject to prolonged inundation as indicated by soils mapping, historical aerial photography, and 
personal communication with landowners. Both proposed wetland restoration areas were historically 
cleared and the streams channelized prior to 1958 based upon the historical NRCS aerial 
photography. Based upon similar landscape position the project site was likely a Coastal Plain small 
stream swamp.  
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The restoration plan for the Muddy Run II wetlands consists of reconstructing the stream channel 
with a higher bed elevation and plugging existing drainage ditches. The ditch plugs will lengthen 
wetland hydroperiods by halting artificial subsurface drainage and preventing rapid surface drainage. 
The stream design parameters will reconnect the stream to the floodplain and provide seasonal 
overbank flows. These periodic flows will provide surface and subsurface hydrology support to the 
newly created Coastal Plain small stream swamp system. This periodic flooding is vital to sustain 
plants and wildlife characteristic of riverine wetlands (Ainslie, 2002). 
 
The drainage area for the upstream portion of the project for Wetland A is approximately 0.90 square 
miles and for Wetland B 1.90 square miles. The restored wetlands will have a variable flooding 
regime due to the small size of the drainage area. Modeling of the stream design indicates that a 2.8 
inch six-hour rainfall event will produce an out-of-bank flow. Analysis of daily rainfall totals 
indicates that a 2.29 inch or greater daily rainfall total occurs on average two times per year. Chart 4 
presents a chart of the historic rainfall data and corresponding number of out of bank events expected 
with current design parameters. The wetland restoration areas should experience seasonal out of bank 
flooding on average 1.17 times per year. The anticipated flood events range from zero to four events 
per year. This periodic flooding is vital to sustain plants and wildlife characteristic of riverine 
wetlands (Ainslie, 2002). In the absence of inundation, groundwater levels should remain near the 
surface due to reduced artificial drainage, increased infiltration, and elevated stream bed elevation.  
 
The use of historic rainfall and stream modeling to estimate flood events demonstrates that the 
wetland restoration area will be subject to inundation and function as a riverine wetland system. 
However, limitations with the rainfall data set did not allow for statistically rigorous analysis of 
flooding depth or return interval. Supplemental to the above discussion a conventional water balance 
was performed. 
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Chart 4. Historic rainfall events sufficient to produce overbank flow in restored stream 
 

7.2.2.3 Soils 

Hydric soils within the proposed wetlands were verified through auger borings by a licensed soil 
scientist (Appendix B). The majority of the soil map units are Rains with two mapped as Goldsboro. 
The stream channel bed will be raised, reconnecting the floodplain with seasonal out-of-bank flows. 
Raising the stream bed will also lessen the “dry shoulder” effect near the stream channel. BMPs will 
treat stormwater flows from offsite ditches prior to entering the wetlands. A preliminary assessment 
of hydrologic trespass was performed on the site. It appears that the adjacent agricultural fields are 
topographically elevated sufficient to provide drainage onto the floodplain without impacting existing 
drainage. Restoration activities will include: 
 

 Reconnecting low lying areas of hydric soil with the floodplain through stream restoration; 
 Plugging/filling agricultural drainage ditches to raise the seasonal groundwater elevations; 
 Planting native tree and shrub species commonly found in small stream swamp ecosystems; 

and 
 Creating a rough soil surface to aid in infiltration and storage by ripping and discing. 

 
These hydrology restoration activities will result in an elevated seasonal high water table, increased 
flood frequency and duration, and increased precipitation infiltration across all of the restored 
wetlands. 
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It is estimated that riverine wetland restoration will be 4.92 acres. Minor grading along the restored 
channels is proposed to remove fill excavated from channel dredging. No fill is proposed beyond 
plugging previously excavated channels and ditches. Soils in the wetland restoration area will be 
tested for fertility, and soil amendments may be specified as needed. These wetlands expand habitat 
along the easement and provide habitat diversity. Once constructed, these wetlands will be monitored 
to document the success of hydrologic and vegetative restoration.  
 
Wetland WA 
Hydrology will be restored by removing dredge material along the channel and ditch, plugging the 
ditch, and raising the streambed elevation to bring the water table closer to the ground surface.  
 
Wetland WB 
Hydrology will be restored by removing dredge material along the channel and raising the streambed 
elevation, bringing the water table closer to the ground surface.  
 

7.2.3 Natural Plant Community Restoration 

7.2.3.1 Plant Community Restoration 

The restoration of the plant communities is an important aspect to the restoration of the site. The 
selection of plants is based on what was observed at the reference reach, species present in the forest 
surrounding the restoration site, and what is typically native to the area. Several sources of 
information were used to determine the most appropriate species for the restoration project. The 
reference stream is located within a disturbed Coastal Plain Small Stream Swamp – Blackwater 
subtype. Dominant species included sweetgum (Liquidambar styraciflua), tulip poplar (Liriodendron 
tulipifera), swamp tupelo (Nyssa biflora), and red maple (Acer ruburm) in the canopy. Shrubs 
included sweetbay (Magnolia virginiana), American holly (Ilex opaca). The absence of bald cypress 
(Taxodium distichum) likely indicates past logging with poor regeneration at the site. The reference 
site was chosen due to the stability of the channel, the physical structure of the forest community, and 
to evaluate stream habitat. The species present are indicative of early successional species that have 
high dispersal rates. The mitigation site also supports many species typical of this community type 
due to its past disturbance history. Timber management is likely responsible for the absence of 
cypress. Typically, a Coastal Plain Small Stream Swamp would be located along the stream banks 
and adjacent floodplain of the proposed restoration site.  
 
The restoration site has a relatively uniform topography. Based on observations of the reference 
community and the communities surrounding the mitigation site, a single riparian and wetland 
community is appropriate. Three planting zones will be utilized. The zones vary slightly in species 
composition and percentage to ensure appropriate species are planted for the expected hydrologic 
regime. The variation more closely mimics the natural range seen in this community type. Therefore, 
Coastal Plain Small Stream Swamp will be the target community type and will be used for all areas 
within the project, as well as for buffer around the site. The plant species list has been developed and 
can be found in Table 19. The high dispersal species include red maple, tulip poplar, and sweetgum. 
Species with high dispersal rates are not included because of local occurrence and the high potential 
for natural regeneration. It is anticipated that a local seed source for these species is present and they 
will disperse across much of the mitigation site. Because many of these high dispersal species often 
become aggressive in these sites, they are not included in the planting list. 
 
The restoration of plant communities along Muddy Run II will provide stabilization and diversity. For 
rapid stabilization of the stream banks (primarily outside meanders), silky dogwood, silky willow, 
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and black willow were chosen for live stakes along the restored channel because of their rapid growth 
patterns and high success rates. Willows will also be quicker to contribute organic matter to the 
channel. Willows grow at a faster rate than the species planted around them and stabilize the stream 
banks. When the other species are bigger, the black willow and silky willows will slowly stop 
growing or die out because the other species would outgrow them and create shade that the willows 
do not tolerate. The live stake species will be planted along the outside of the meander bends three 
feet from the top of bank, creating a three-foot section along the top of bank. The live stakes will be 
spaced one per linear foot with alternate spacing vertically. See Appendix D for a detailed planting 
plan. A second planting zone will utilize species common in wetter conditions will be specified in the 
shallow pools and wettest portions of the wetland and in the Headwater Wetlands. The Headwater 
Wetlands will be approximately 15 feet wide and trees will be planted on an alternating diamond grid. 
 
Table 19. Proposed Plant List 

Bare Root Planting Tree Species - Riparian Areas 

Common Name Scientific Name Wetland Indicator* Percent Composition 

River birch Betula nigra FACW 10% 

Green ash Fraxinus pennsylvanica FACW 10% 

Swamp tupelo Nyssa biflora OBL  5% 

Laurel oak Quercus laurifolia FACW 20% 

Overcup oak Quercus lyrata OBL 20% 

Swamp chestnut oak Quercus michauxii FACW 10% 

Water oak Quercus nigra FAC  5% 

American sycamore Platanus occidentalis FACW 10% 

Bald cypress Taxodium distichum OBL 10% 

    

Bare Root Planting Tree Species - Wetland Areas 

Common Name Scientific Name Wetland Indicator* Percent Composition 

River birch Betula nigra FACW 15% 

Green ash Fraxinus pennsylvanica FACW 20% 

Swamp tupelo Nyssa biflora OBL 10% 

Laurel oak Quercus laurifolia FACW 15% 

Overcup oak Quercus lyrata OBL 20% 

Bald cypress Taxodium distichum OBL 20% 

  

Bare Root Planting Tree Species - Wetland Depressions 

Common Name Scientific Name Wetland Indicator* Percent Composition 

Green ash Fraxinus pennsylvanica FACW 20% 

Swamp tupelo Nyssa biflora OBL 20% 

Laurel oak Quercus laurifolia FACW 20% 

Overcup oak Quercus lyrata OBL 20% 

Bald cypress Taxodium distichum OBL 20% 

Planting density approximately 680 bare root stems per acre. 
Planted on a diamond grid to limit preferential linear flow. 

 

Live Staking and Live Cuttings Bundle Tree Species 
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Common Name Scientific Name Wetland Indicator* Percent Composition 

Silky dogwood Cornus amomum FACW 45% 

Silky willow Salix sericea OBL 45% 

Black willow Salix nigra OBL 10% 
*National Wetland Indicator Status from Draft Rating 2012-Atlantic Gulf Coastal Plain. 

7.2.3.2 On-Site Invasive Species Management 

Some invasive species have been noted on the site. They include Chinese privet (Ligustrum sinense) 
and Japanese honeysuckle (Lonicera sempervirens). These invasive species are common but not 
limited to any confined location. The movement of topsoil will also stir up weed seeds, but most will 
be inhibited by the raising of the water table on the site. It will be important during monitoring site 
visits to check for any significant encroachment of invasive species and to develop a plan of action to 
control any such problem. 

7.2.4 Best Management Practices 

Due to the rural nature of this project, individual stormwater best management practices (BMPs) will 
not be required. However, diffuse flow structures will be applied at locations where ditches or other 
forms of concentrated flow enter the conservation easement. Under existing conditions, concentrated 
runoff (untreated) from adjacent sprayfields enters the project channels through a network of ditches. 
By diffusing flow through the buffer, the runoff will be treated by proposed buffer vegetation. These 
structures will consist of a pool (forebay) located just outside the conservation easement that will 
attenuate runoff combined with grading and stabilization techniques that will diffuse flow upon 
entering the buffer. All diffuse flow structures will be installed within the conservation easement so 
that landowners will not have access to the structures. Failure or maintenance of the structures is not 
anticipated as these structures will be installed in low-gradient areas, and the areas proposed to 
diffuse flow will be well vegetated and matted. 
 
Stormwater management issues resulting from future development of adjacent properties will be 
governed by the applicable state and local ordinances and regulation. It is recommended that any 
future stormwater entering the site maintain pre-development peak flow. Any future stormwater 
diverted into the project should be done in a manner as to prevent erosion, adverse conditions, or 
degradation of the project in any way. 

7.2.5 Soil Restoration 

After construction activities, the subsoil will be scarified and any compaction will be deep tilled 
before the topsoil is placed back over the site. Any topsoil that is removed during construction will be 
stockpiled and placed over the site during final soil preparation. This process should provide 
favorable soil conditions for plant growth. 

7.3 Data Analysis 

7.3.1 Stream Data Analysis 

7.3.1.1 Stream Hydrologic Analysis 

Hydrologic evaluations were performed for the design reaches using multiple methods to determine 
and validate the design bankfull discharge and channel geometry required to provide regular 
floodplain inundation. The use of various methods allows for comparison of results and eliminates 
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reliance on a single model. Peak flows (Table 20) and corresponding channel cross-sectional areas 
were determined for comparison to design parameters using the following methods: 
 

 Regional Flood Frequency Analysis, 
 Intellisolve’s Hydraflow Express Hydrographs, 
 NC and VA/MD Regional Curves for the Coastal Plain, and 
 USGS regional regression equations for rural conditions in the Coastal Plain, and 

 
Regional Flood Frequency Analysis 
A flood frequency analysis was completed for the study region using historic gauge data on all nearby 
USGS gauges with drainage areas less than 6,400 acres (10 mi2) which passed the Dalrymple 
homogeneity test (Dalrymple, 1960). This is a subset of gauges used for USGS regression equations. 
Regional flood frequency equations were developed for the 1.1-, 1.5-, and 2-year peak discharges 
based on the gauge data. Discharges were then computed for the design reach. These discharges were 
compared to those predicted by the discharge regional curve and USGS regional regression 2-year 
discharge equations. 
 
Intellisolve’s Hydraflow Express Hydrographs 
Hydraflow Express was used to simulate the rainfall-runoff process and establish peak flows for the 
watersheds. This model was chosen over the U.S. Army Corps of Engineers model HEC-1 because it 
allows the user to adjust the peak shape factor for the Coastal Plain conditions. Using a standard Type 
III distribution in HEC-1, the model will use a 284 peak shape factor, which is the outdated standard 
for a coastal environment. This results in conservatively high peak flows that may not be appropriate 
for a stream restoration design. NRCS staff has recommended using peak shape factors between 60 
and 100 for the Coastal Plain. Hydraflow Express allows the user to make this adjustment to the peak 
shape factor.  
 
Regional Curve Regression Equations 
The North Carolina Coastal Plain regional curves by Doll et al (2003) and Sweet and Geratz (2003) 
and the Virginia/Maryland (Krstolic et al., 2007) Coastal Plain regional curves for discharge were 
used to predict the bankfull discharge for the site. The NC regional curves predicted flows that are 
similar to those predicted by the 1.1-year flood frequency, while the VA/MD curves are comparable 
to flows predicted by the 1.5-year flood frequency equation. The regional curve equations for NC 
discharges by Doll et al. (2003) (1) and Sweet and Geratz ( 2003) (2) and VA/MD (3) discharges are: 
 
(1)    Qbkf=16.56*(DA)0.72   (Doll et al., 2003) 
(2)    Qbkf=8.49*(DA)0.76   (Sweet and Geratz, 2003) 
(3)    Qbkf= 28.3076*(DA)0.59834  (Krstolic et al., 2007) 
 
Where  Qbkf=bankfull discharge (ft3/s) and DA=drainage area (mi2). 
 
USGS Regional Regression Equations 
USGS regression equations estimate the magnitude and frequency of flood-peak discharges (Gotvald, 
et al., 2009). The regression equations were developed from gauge data in different physiographic 
regions of the Southeastern United States. For this analysis, there was only concern for the 2-year 
return interval. The equation for the rural Coastal Plain (Hydrologic Region 4) is: 
 
(4)    Q2=60.3*(DA)0.649 
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Table 20. Peak Flow Comparison 

Reach 
Drainage 
Area (Ac) 

Hydraflow 
Hydrographs 

Q1 

FFQ 
Q1.1 

FFQ 
Q1.5 

NC 
Regional 

Curve Q (1)

NC 
Regional 

Curve Q (2) 

VA/MD 
Regional 

Curve Q (3) 

Regional 
Regression 
Eqns. Q2 

Design/ 
Calculated 

Q 

Analog 285 --- 11 23 9 5 18 36 13 

1 68 --- 3 7 3 2 7 14 3 

2 114 7 4 11 5 2 10 20 7 

3a 227 14 9 20 8 4 17 26 15 

3b 333 20 12 25 10 5 18 38 10* 

3c 370 25 14 18 11 6 20 42 NA 

4 46 3 2 5 2 1 6 11 5 

5a 730 54 28 48 18 10 31 66 44 

5b 908 65 33 56 21 11 34 75 NA 

6 77 3 3 8 4 2 8 15 NA 

* Design discharge is based on the installation of a split flow structure at the downstream end of Reach 3a as analyzed with 
EPA SWMM. 
 
The fact that the regional curves predict flows similar to the 1.1-year flood frequency analysis 
indicates that the bankfull flows occur in the region with a frequency of approximately once a year. 
The developers of the NC Coastal Plain regional curves report an average recurrence interval of 1.12 
years for the gauged streams included in their study.  
 

7.3.1.2 Channel Stability and Sediment Transport Analysis  

An erosion and sedimentation analysis was performed to confirm that the restoration design creates a 
stable sand bed channel that neither aggrades nor degrades over time. Typically, sediment transport is 
assessed to determine a stream’s ability to move a specific grain size at specified flows. Various 
sediment transport equations may be easily applied when estimating entrainment for gravel bed 
streams; however, these equations are not as effectively applied to sand bed channels where the entire 
bed becomes mobile during geomorphically significant flows. Therefore, more sophisticated 
modeling techniques were used to analyze the stream design for this project. The following methods 
and functions were utilized during the sediment transport analysis: 
 

 Stable Channel Design Function – Copeland Method (HEC-RAS), 
 Shear Stress, and 
 Velocity. 

 
Stable Channel Design 
Design cross-section dimensions as determined from the analog approach were evaluated using the 
stable channel design functions within HEC-RAS. These functions are based upon the methods 
presented in the SAM Hydraulic Design Package for Channels developed by the USACE Waterways 
Experiment Station. The Copeland Method was developed specifically for sand bed channels (median 
grain size restriction of 0.0625 mm to 2 mm) and was selected for application at Muddy Run II. The 
method sizes stable dimensions as a function of slope, discharge, roughness, side slope, bed material 
gradation, and the inflowing sediment discharge. Results are presented as a range of widths and 
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slopes, and their unique solution for depth, making it easy to adjust channel dimensions to achieve 
stable channel configurations. The stable design output parameters are listed in Table 21. The results 
are acceptable and match closely with the design reach parameters.  
 
Table 21. Stable Channel Design Output 

Reach Q (ft/s3) 
Bottom 

Width (ft) 
Depth (ft) 

Energy 
Slope (ft/ft) 

Composite 
n value 

Velocity 
(ft/s) 

Shear Stress 
(lbs/ft2) 

2 7 3 1 0.0017 0.041 1.22 0.12 
3a (U/S) 14 4 1.2 0.0026 0.039 1.66 0.17 
3a (D/S) 16 5 1.6 0.0005 0.039 0.95 0.05 

3b 10 4 1.2 0.0014 0.041 1.24 0.11 
4 5 3 0.8 0.005 0.035 1.78 0.18 
5a 44 6 1.9 0.0013 0.040 1.87 0.20 

 
Shear Stress Approach 
Shear stress is a commonly used tool for assessing channel stability. Allowable channel shear stresses 
are a function of bed slope, channel shape, flows, bed material (shape, size, and gradation), 
cohesiveness of bank materials, and vegetative cover. The shear stress approach compares calculated 
shear stresses to those found in the literature. Shear stress is the force exerted on a boundary during 
the resistance of motion as calculated using the following formula: 
 

(1)  = RS          
 = shear stress (lb/ft2) 
 = specific gravity of water (62.4 lb/ft3) 
R = hydraulic radius (ft) 
S = average channel slope (ft/ft) 
 

Table 22. Comparison of Allowable and Proposed Shear Stresses 

Reach 
Proposed Shear Stress 

at Bankfull Stage 
(lbs/ft2) 

Critical Shear Stress 
(lbs/ft2) 

Allowable Shear Stress1 

Sand/Silt/Clay 
(lbs/ft2) 

Vegetation 
(lbs/ft2) 

2 0.07 >0.003 0.03 to 0.26 0.2 to 0.95 

3a (U/S) 0.15 >0.003 0.03 to 0.26 0.2 to 0.95 

3a (D/S) 0.04 >0.003 0.03 to 0.26 0.2 to 0.95 

3b 0.08 >0.003 0.03 to 0.26 0.2 to 0.95 

4 0.15 >0.003 0.03 to 0.26 0.2 to 0.95 

5a 0.08 >0.003 0.03 to 0.26 0.2 to 0.95 

1(Fischenich, 2001) 

 
Review of the above table shows that the proposed shear stresses for the Muddy Run II design 
reaches fall between the critical shear stress (shear stress required to initiate motion) and the 
allowable limits. Therefore, the proposed channel should remain stable. 
 
Velocity Approach 
Published data are readily available that provide entrainment velocities for different bed and bank 
materials. A comparison of calculated velocities to these permissible velocities is a simple method to 
aid in the verification of channel stability. Table 22 compares the proposed velocities calculated 
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using Manning’s equation with the permissible velocities presented in the Stream Restoration Design 
Handbook (NRCS, 2007).  
 
Table 22. Comparison of Allowable and Proposed Velocities 

Reach 
Manning’s “n” 

value 
Design Velocity (ft/s) 

Allowable Velocity1 (ft/s) 
Fine Sand Coarse Sand 

2 0.045 1.2 2.0 4.0 

3a (U/S) 0.045 1.7 2.0 4.0 

3a (D/S) 0.045 0.9 2.0 4.0 

3b 0.045 1.3 2.0 4.0 

4 0.045 1.6 2.0 4.0 

5a 0.045 1.4 2.0 4.0 
1(NRCS, 2007)  

 
Sediment Supply 
In addition to the stability assessment, a qualitative analysis of sediment supply was performed by 
characterizing watershed conditions.   A combination of field reconnaissance and windshield surveys, 
existing land use data, and historical aerial photography were analyzed to assess existing and past 
watershed conditions and to determine if any changes occurred that would significantly impact 
sediment supply.  As discussed in Section 2.2.3, the land use throughout the site and watershed has 
changed little since 1949; and current land use is composed of approximately 47% forest cover, 38% 
cultivated land, 6% residential and 15% a mix of clear cut, CAFOs and pasture.  Since 1949, there 
have been two significant land disturbing events.  One occurred between 1965 and 1987, when 
forested areas near Reaches 3c and 5a were cleared and converted to agricultural land. The other 
event occurred after 2010 when the forested area adjacent to Reach 3a and Wetland 1 was clear cut.  
Overall, the project watershed is stable, is largely forested and all developed areas are located along 
the edges of the watershed boundary.  Land use has remained relatively constant within this rural 
watershed, and significant land disturbing activities are not anticipated for the future. 
 
A large percentage of the cultivated areas are located in the middle and lower portions of the project 
watershed, adjacent to Reaches 3a and 5a. Observations and assessments of these reaches show no 
signs of aggradation or degradation and that the streams are physically stable. Much of the 
headwaters (Reaches 1 and 2) of the project area are a mix of forest and cultivation, where most of 
the forested areas are found adjacent to and/or upstream of these reaches.  These headwater reaches 
along with Reaches 3c, 5b, and 6 also show no signs of aggradation or degradation.  All of the 
existing streams appear to be physically stable and show little to no signs of deposition, indicating 
that the reaches are able to effectively transport the sediment supplied by their respective watersheds. 
It is anticipated that sediment supply will decrease as buffers are enhanced and widened, and flow 
from existing agricultural ditches will be diffused before entering the proposed channel.  Since sand 
bed streams are mobile and therefore more sensitive to changes in flow and sediment regimes, a 
design approach has been used where the proposed channel is designed to maintain geometry and 
handle stresses slightly greater than what will be applied under the design conditions. Additionally, 
grade controls have been integrated throughout the design to provide vertical stability.   

7.3.1.3 Hydraulic Analyses 

Hydraulic evaluations were performed for the design reaches, the NC HWY 41 culvert, and the 
proposed diversion structure on Reach 3a. These analyses were performed to confirm that the 
restoration designs will convey the design discharge, provide more frequent overbank flooding, and 
that significant structures will perform as designed.  
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HEC-RAS Analysis 
A hydraulic analysis was performed to confirm that the restoration design results in a channel that 
will convey the design discharge and provide for frequent flooding of the adjacent riparian floodplain 
and wetlands. Channel characteristics including cross-sectional dimension, slope, and roughness, 
were used to analyze and adjust design parameters calculated by the analog/reference reach approach. 
 
HEC-RAS was used to perform the hydraulic analysis. This model is a hydraulic model developed by 
the US Army Corps of Engineers’ Hydrologic Engineering Center to perform one-dimensional (1-D) 
steady and unsteady flow calculations. The model uses representative geometric data (cross-sections) 
and hydraulic computation routines.  
 
Design cross-sectional dimensions determined through the analog/reference reach approach were 
evaluated using the 1-D steady flow analysis component and the channel design functions within the 
HEC-RAS Model (Version 4.0.0). The cross-sectional dimensions for reaches 2, 3a, 3b, and 5a were 
iteratively adjusted based on the model results to produce a channel design that will regularly flood 
the adjacent riparian areas. Model results are presented in Appendix C. The results are organized by 
reach, discharge, and STA number and include water surface elevation, velocity, flow area, stream 
power, and shear stress. 
 
Flow Diversion Structure 
EPA SWMM was used to analyze flows and to model a diversion structure to be installed at the break 
between Reaches 3a and 3b. EPA SWMM is a model that simulates the rainfall-runoff process and 
evaluates the hydraulic capacity of storm water and river systems. It was selected due to its ability to 
model a system of open channels, to model in-stream structures, and to account for routing effects of 
the channel and overbank storage areas.  
 
The proposed structure will convey 100 percent of baseflow and small storms to Reach 3b and to 
subsequent downstream project reaches. Higher flows, approximately 70 percent of flows greater than 
the 10-year storm event, will be diverted to the north and away from the project along the existing 
flowpath of Reach 3a. See Table 23 for model results of the split flow analysis. Details of the flow 
diversion structure are provided in Appendix D. 
 
Table 24. Split Flow Analysis Results 

Flow Path 
2-yr Flow 

(cfs) 
10-yr Flow 

(cfs) 

25-yr Flow 
Goldsboro 

(cfs) 

100-yr Flow 
(cfs) 

North (overflow) 16 76 120 253 

West (Reach 3b) 14 37 54 78 

West (% of total Flow) 47% 33% 31% 24% 

 
NC HWY 41 Culvert 
The NC HWY 41 crossing was modeled to verify that the culvert would function as designed given 
the increase in drainage due to restoring flow to the historic drainage path along Reach 3b, an 
increase from 583 (0.9 sqmi) acres to 889 acres (1.4 sqmi). HY-8, a hydraulic culvert analysis and 
design model distributed by the FHWA, was used to analyze and model proposed flows at the NC 
HWY 41 crossing.   
 
The NC HWY 41 culvert hydraulic design report/analysis was obtained from the NCDOT 
Sampson/Duplin County Bridge Maintenance group. Analysis of the report shows that a drainage area 
of 1.4 mi2 was used to design the culvert. This drainage area matches the total proposed drainage area 
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for the Muddy Run II project as delineated on the Chinquapin, NC USGS 7.5-minute quadrangle; 
therefore, the existing culvert appears to be sized to handle flows from the proposed project.  
 
To confirm that the existing culvert will be able to handle project flows, HY-8 was used to model the 
proposed flows generated from USGS regional regression equations for the rural Coastal Plain. The 
NCDOT design storm for primary roads is the 50-year flow. Model results show that the culvert 
capacity exceeds the USGS regional regression 50-year flow of 446 cfs, and the proposed 100-year 
flow (accounts for high flows leaving system at proposed diversion structure) does not overtop NC 
HWY 41. The NC HWY 41 culvert hydraulic design report and results from the culvert analysis and 
are provided in Appendix C.  

7.3.2 Wetland Data Analysis 

7.3.2.1 Wetland Hydrologic Analysis 

In general, hydrology of a small stream swamp wetland system is derived from seasonal or temporary 
overbank flooding of the adjacent stream channel and seasonal high water table elevation controlled 
by the stream water surface elevation. Many resources describe the duration and frequency of 
flooding as highly inconsistent. As described by Schafale and Weakley (1990), small stream swamp 
systems have highly variable flow regimes with floods of short duration and periods of very low flow; 
however, smaller watersheds lead to a more variable flooding regime. Additionally, the influence of 
channel overbank flow may vary seasonally to yearly in magnitude, duration, and frequency (WRP 
Technical Note HY-EV-2.1, 1993). It may be anticipated that the majority of flooding of riverine 
wetlands occurs during the winter months and the early portions of the growing season. Surface water 
of riverine wetlands may be present for extended periods during the growing season and usually 
greater than 14 consecutive days, but is typically absent by the end of the growing season in most 
typical years (EPA, 2006). Field indicators of surface inundation include water-stained leaves, drift 
lines and water marks on trees (EPA, 2006). In the absence of surface water, the water table is often 
near the ground elevation.  
 
Due to the direct relationship between stream flow and riverine wetland hydrology, the proposed 
stream was designed to provide periodic overbank flow within the bounds of the proposed wetland. 
Because of the expected inconsistent frequency of flooding, an analysis of hydrologic input was 
performed to determine the ability of the smaller local watershed to sustain a positive water balance at 
the proposed wetland restoration sites.  

7.3.2.2 Wetland Water Balance 

Runoff from the local watershed will also provide hydrologic input and will provide the opportunity 
for nutrient and pollutant removal in these wetlands. The proposed wetland restoration consists of two 
sites; one is located adjacent to the restoration Reach 3b, and the other is located adjacent to Reach 5. 
To determine the general input to each proposed wetland from their local watershed in terms of 
providing significant hydrology that is needed to sustain saturated conditions, a general water balance 
analysis was performed.   
 
In order to determine suitable hydrology for the proposed Wetland Creation/Enhancement Coastal 
Plain Small Stream Swamp, existing hydrologic conditions were evaluated through a water balance 
analysis. This water balance is a model for water depths and potential drawdown for the proposed 
wetland construction and is used to determine the net hydrologic input to each proposed wetland.  A 
watershed approach was applied, and the methods outlined in Planning hydrology for constructed 
wetlands (Pierce, 1993) were followed.  
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The water balance presented in this report was determined from the following equation:  
 

S = P + R – ET – I.  
 
Where S is storage, P is precipitation, R is runoff, ET is evapotranspiration, and I is infiltration 
(Pierce, 1993). All values were calculated in acre inches per month. A positive storage indicates the 
groundwater is expected to be within 12 inches of the surface. It is expected that regular occurrences 
of overbank flooding will provide significant hydrologic input into these wetlands that is not shown 
in these water balance calculations. The design allows for areas of ponding and inundation, but stream 
elevations and site drainage prevent the ponding from being greater than 12 inches. The maximum 
storage is limited because of the drainage, and the equation does not account for these losses, nor 
allow monthly carryover of storage because it starts over each month. This type of water balance 
estimates the months where a positive storage supports the proposed wetland hydrology. Each 
component of the water balance was determined by the following criteria.  
 
Precipitation  
Daily precipitation data and temperature data from the Warsaw (COOP) weather station has been 
compiled for a 28-year period of record from January 1, 1984 through September 31, 2012 (The 
North Carolina State Climatologist http://www.nc-climate.ncsu.edu/; Attachment A). The Warsaw 
Station was used, as it is the closest station to the site with a large portion of the records available. 
Data was unavailable for a total of 18 months throughout the 330 months of record, primarily before 
1996. Average monthly precipitation values were then calculated from these data and applied to the 
water balance calculations.  
 
Precipitation only calculates runoff from the small local watershed to the wetland restoration. The 
larger drainage area encompassed by the adjacent channel is not evaluated, but will contribute 
overbank flows to provide additional input to wetland hydrology.  
 
Evapotranspiration  
A long-term record of weather data for the area is missing or not collected. Daily precipitation and 
temperature data from the Warsaw (COOP) weather station has been compiled for a 28-year period of 
record from January 1, 1984 through September 31, 2012 (The North Carolina State Climatologist 
http://www.nc-climate.ncsu.edu/). An alternative estimate for Evapotranspiration was calculated 
based on daily temperatures using a method defined by Richard Allen, et al. (2006). 
 

ETo = 0.0023(Tmean +17.8) (Tmax -Tmin )0.5Ra 
 
Where;  

ETo reference crop evapotranspiration [mm day-1] 
Tmean daily mean air temperature [°C] 
Tmax daily maximum air temperature [°C] 
Tmin daily minimum air temperature [°C] 
Ra extraterrestrial radiation [MJ m-2 day-1] 

 
Values of Ra for different latitudes are given in a table provided by the authors, where values “deviate 
from values that are averaged over each day of the month by less than one percent for all latitudes 
during non-frozen periods ...” 
 
Runoff Calculations 
Runoff onto the wetland creation/enhancement site was determined using the TR-55 Curve Number 
Method as described by Pierce 1993. This was done by first determining the amount of rainfall 
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required over a 24-hour period to produce runoff (Q) for the drainage area. Q is measured in inches of 
rainfall. The drainage area was delineated using 7.5 Minute USGS topographic quadrangle for Drake, 
North Carolina (Figure 2).  
 
The value of Q for the drainage area was then subtracted from daily precipitation values over the 
period of record. Those days that returned positive values (i.e. runoff occurred) were then summed to 
return the total amount of runoff (R) produced within the watershed area. The equation for calculating 
runoff is as follows: 
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Where P24 is the maximum rainfall occurring in a 24-hour period (over the period of record), CN is 
the composite curve number, and S is the storage capacity of the soil. A composite curve was 
calculated by subdividing the watershed with respect to soil hydrologic group and land use, then 
determining the appropriate curve number for each subdivision using tables published by the USDA 
(1986). The area and curve number were multiplied, summed and divided by the total watershed area 
to calculate the composite curve number as described below.  
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By this method, the composite curve number for the proposed wetland creation/enhancement site was 
81.1.  

 
P24 

A 24-hour rainfall record was determined using precipitation data. The maximum 
climatological-day precipitation over the 27-year period of record, excluding tropical storms, 
occurred on June 6, 1994, with 6.6 inches of rainfall. No rainfall was recorded on June 5 or 
June 7, 1994 and therefore the maximum adjacent-climatological-day precipitation is 6.6 
inches. 

 
P24 = (max. climatological-day P) + .5(max. adjacent-climatological-day P) 
P24 = (6.6 in) + 0.5(0.0 in) 
P24 = 6.6 in 
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Using this value, the runoff produced by each rain event was calculated by subtracting the 
minimum 24-hour rainfall amount needed to produce runoff (Q) from the amount of 
precipitation (P) on each day. Those events that return positive values (i.e. runoff occurred) 
are then summed to return the amount of runoff (R) produced by each acre in the watershed. 
These values are then averaged by month for the entire period to give the average monthly 
runoff for the watershed. Once runoff values were calculated for the drainage area, it was 
necessary to adjust these values to reflect the amount of water seen on the site as follows:  
 

R = (Watershed Runoff) * (Watershed Area) / (Site Area) 
 
Runoff for each wetland is summarized in Appendix C.  
 

Infiltration 
The proposed wetland creation/enhancement area is mapped as Rains and Goldsboro soil. Soil boring 
in these areas indicates the soil is closer to Rains. The Rains mapping unit is poorly drained and has 
loamy surface underlain by clayey subsoil found in lower landscape positions. The Goldsboro 
mapping unit is moderately well drained and has loamy surface underlain by clayey subsoil found in 
higher landscape positions.  
 
Infiltration into the soil on the site was based upon the permeability range (0.0 to 0.05 in/hr) indicated 
for hydrologic soil group D soils (USDA 1986). During months where the seasonal high water table 
is above 12 inches, the infiltration was assumed to be negligible and was set to zero. The Rains soil 
typically has a seasonal high water table from December through April ranging from zero to 12 
inches in depth. Infiltration is calculated by converting permeability from centimeters per second 
(cm/sec) to inches per month (in/mo). Infiltration is expected to be low or near zero during these 
months, and was set at zero for the water balance Calculation. 
 
Hydrograph  
The calculated data has been compiled and a hydrograph has been plotted illustrating the monthly 
average flow of water in and out of the proposed wetland construction area (Chart 5). These values 
are represented in acre-inches. Results of this analysis indicate that there is a period of drawdown 
during the months of April until November. These results also indicate that runoff and direct 
precipitation will, in average years, provide adequate wetland hydrology during the early part of the 
growing season in the wetland restoration area.  
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Chart 5. Wetland restoration hydrograph 
 
Conclusions 
This water balance analysis was conducted to evaluate the existing hydrology of the proposed 
wetland restoration area and to determine if the proposed wetland design is appropriate for this site. 
The modeling presented in this report indicates that there is sufficient hydrology at appropriate times 
of the year to support wetland vegetation.  
 
Field observations indicate that existing conditions of the proposed wetland restoration area include 
hydric soils and proximity to the floodplain. These observations suggest that overbank flows from the 
restored stream channel will play a significant role in overall site hydrology. However, without more 
detailed data with regards to the fluctuating groundwater table, this information is unreliable and also 
unpredictable. Therefore, conducting a water balance analysis assures a minimum water source to the 
site. Based upon the channel design, it is expected that regular occurrences of overbank flooding will 
provide significant hydrologic input into these wetlands that is not shown in these water balance 
calculations. 

7.4 Mitigation Summary 

Natural channel design techniques have been used to develop the restoration designs described in this 
document. The combination of the analog and analytical design methods was determined to be 
appropriate for this project because the watershed is rural, the causes of disturbance are known and 
have been abated, and there are minimal infrastructure constraints. The original design parameters 
were developed from the measured analog/reference reach data and applied to the subject stream. The 
parameters were then analyzed and adjusted through an iterative process using analytical tools and 
numerical simulations of fluvial processes. The designs presented in this report provide for the 
restoration of natural Coastal Plain sand-bed channel features and stream bed diversity to improve 
benthic habitat. The proposed design will allow flows that exceed the design bankfull stage to spread 
out over the floodplain, restoring a portion of the hydrology for the existing wetlands.  
 
A large portion of the existing stream will be filled using material excavated from the restoration 
channel and from the farm path built adjacent to the channel. However, many segments will be left 
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partially filled to provide habitat diversity and flood storage. Native woody material will be installed 
throughout the restored reach to reduce bank stress, provide grade control, and increase habitat 
diversity.  
 
Forested riparian buffers of at least fifty feet on both sides of the channel will be established along the 
project reach. An appropriate riparian plant community, a Coastal Plain Small Stream Swamp – 
Blackwater subtype community, will be established to include a diverse mix of species. Three zones 
will be used depending upon expected hydrologic conditions. Replanting of native species will occur 
where the existing buffer is impacted during construction. 
 
Reductions in nutrients and other pollutants will be achieved with the buffer restoration work, 
providing substantial benefits to the watershed. The proposed Muddy Run II Mitigation Site is an 
expansion of the ongoing Muddy Run mitigation project. This proposed restoration is hydrologically 
connected. Wetlands WA and WB are proposed adjacent to the stream restoration of the Muddy Run 
II Mitigation Site. A water balance analysis indicates that adequate hydrology will be present.  

8 MAINTENANCE PLAN 

EBX shall monitor the site on a regular basis and shall conduct a physical inspection of the site a 
minimum of once per year throughout the post-construction monitoring period until performance 
standards are met. These site inspections may identify site components and features that require 
routine maintenance. Routine maintenance should be expected most often in the first two years 
following site construction and may include the following: 
 

Component/Feature  Maintenance through project close-out  

Stream 

Routine channel maintenance and repair activities may include 
chinking of in-stream structures to prevent piping, securing of loose 
coir matting, and supplemental installations of live stakes and other 
target vegetation along the channel. Areas where stormwater and 
floodplain flows intercept the channel may also require 
maintenance to prevent bank failures and head-cutting. 

Wetland 

Routine wetland maintenance and repair activities may include 
securing of loose coir matting and supplemental installations of live 
stakes and other target vegetation within the wetland. Areas where 
stormwater and floodplain flows intercept the wetland may also 
require maintenance to prevent scour. 

Vegetation 

Vegetation shall be maintained to ensure the health and vigor of the 
targeted plant community. Routine vegetation maintenance and 
repair activities may include supplemental planting, pruning, 
mulching, and fertilizing. Exotic invasive plant species shall be 
controlled by mechanical and/or chemical methods. Any vegetation 
control requiring herbicide application will be performed in 
accordance with NC Department of Agriculture (NCDA) rules and 
regulations. 

Site Boundary 

Site boundaries shall be identified in the field to ensure clear 
distinction between the mitigation site and adjacent properties. 
Boundaries may be identified by fence, marker, bollard, post, tree-
blazing, or other means as allowed by site conditions and/or 
conservation easement. Boundary markers disturbed, damaged, or 
destroyed will be repaired and/or replaced on an as-needed basis. 

Road Crossing 
Road crossings within the site may be maintained only as allowed 
by Conservation Easement or existing easement, deed restrictions, 
rights of way, or corridor agreements. 
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9 PERFORMANCE STANDARDS 

The success criteria for the Muddy Run II Site stream restoration will follow accepted and approved 
success criteria presented in the USACE Stream Mitigation Guidelines and subsequent NCEEP and 
agency guidance. Specific success criteria components are presented below. 

9.1 Stream Restoration Success Criteria 

9.1.1 Bankfull Events 

Two bankfull flow events must be documented within the seven-year monitoring period. The two 
bankfull events must occur in separate years. Otherwise, the stream monitoring will continue until 
two bankfull events have been documented in separate years.  

9.1.2 Cross Sections  

There should be little change in as-built cross-sections. If changes do take place, they should be 
evaluated to determine if they represent a movement toward a less stable condition (for example 
down-cutting or erosion), or are minor changes that represent an increase in stability (for example 
settling, vegetative changes, deposition along the banks, or decrease in width/depth ratio). Cross-
sections shall be classified using the Rosgen stream classification method, and all monitored cross-
sections should fall within the quantitative parameters defined for channels of the design stream type.  

9.1.2.1 Digital Image Stations 

Digital images will be used to subjectively evaluate channel aggradation or degradation, bank erosion, 
success of riparian vegetation, and effectiveness of erosion control measures. Longitudinal images 
should not indicate the absence of developing bars within the channel or an excessive increase in 
channel depth. Lateral images should not indicate excessive erosion or continuing degradation of the 
banks over time. A series of images over time should indicate successional maturation of riparian 
vegetation. 

9.2 Wetland Success Criteria 

The NRCS does not have a current WETs table for Duplin County upon which to base a normal 
rainfall amount and average growing season. The closest comparable data was determined to be from 
Sampson County. The growing season for Sampson County is 242 days long, extending from March 
17 to November 14, and is based on a daily minimum temperature greater than 28 degrees Fahrenheit 
occurring in five of ten years.  
 
Because of the surface roughing and shallow depressions, a range of hydroperiods are expected. The 
water balance indicates that the site will have a positive water balance in the early part of the growing 
season for four to five weeks, on average. The hydrology success criterion for the site is to restore the 
water table at the site so that it will remain continuously within 12 inches of the soil surface for at 
least nine percent of the growing season (approximately 22 days) at each groundwater gauge location 
during normal rainfall years. Overbank flooding events will provide additional inputs that may extend 
the hydroperiod in some years. 
 
Gauge data will be compared to reference wetland well data in growing seasons with less than normal 
rainfall. In periods of low rainfall, if a restoration gauge hydroperiod exceeds the reference gauge 
hydroperiod, and both exceed five percent of the growing season, then the gauge will be deemed 
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successful.  If a gauge location fails to meet these success criteria in the five year monitoring period, 
then monitoring may be extended, remedial actions may be undertaken, or the limits of wetland 
restoration will be determined. 

9.3 Vegetation Success Criteria 

Specific and measurable success criteria for plant density within the riparian buffers on the site will 
follow NCEEP Guidance. Vegetation monitoring plots will be a minimum of 0.02 acres in size, and 
cover a minimum of two percent of the planted area. Vegetation monitoring will occur annually in the 
fall of each year. The interim measures of vegetative success for the site will be the survival of at 
least 320 three-year old trees per acre at the end of Year 3, 260 five-year old trees at the end of Year 
5, and the final vegetative success criteria will be 210 trees per acre at the end of Year 7.  

9.4 Scheduling/Reporting 

A mitigation plan and as-built drawings documenting stream restoration activities will be developed 
within 60 days of the planting completion on the mitigation site. The report will include all 
information required by NCEEP mitigation plan guidelines, including elevations, photographs and 
sampling plot locations, gauge locations, and a description of initial species composition by 
community type. The report will also include a list of the species planted and the associated densities. 
Baseline vegetation monitoring will follow CVS-NCEEP Protocol for Recording Vegetation Version 
4.0. Level 1 and Level 2 monitoring will be conducted. The baseline report will follow Baseline 
Monitoring Report Template and Guidance version 2.0 (10/14/10). 
 
The monitoring program will be implemented to document system development and progress toward 
achieving the success criteria. The restored stream morphology will be assessed to determine the 
success of the mitigation. The monitoring program will be undertaken for five years or until the final 
success criteria are achieved, whichever is longer. 
 
Monitoring reports will be prepared in the fall of each year of monitoring and submitted to NCEEP. 
The monitoring reports will include all information, and be in the format required by NCEEP in 
Version 2.0 of the NCEEP Monitoring Report Template. 

10 MONITORING REQUIREMENTS 

Annual monitoring data will be reported using the EEP monitoring template. The monitoring report 
shall provide a project data chronology that will facilitate an understanding of project status and 
trends, population of EEP databases for analysis, research purposes, and assist in decision making 
regarding project close-out. The success criteria for the Muddy Run II Site stream mitigation will 
follow current accepted and approved success criteria presented in the USACE Stream Mitigation 
Guidelines, NCEEP requirements, and subsequent agency guidance. Specific success criteria 
components are presented in Table 25. Monitoring reports will be prepared annually and submitted to 
EEP. 
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Table 25. Monitoring Requirements 
Required Parameter Quantity Frequency Notes 
 Pattern As per April 2003 USACE 

Wilmington District Stream 
Mitigation Guidelines 

Baseline Additional surveys will be 
performed if monitoring indicates 
instability or significant channel 
migration 

 Dimension As per April 2003 USACE 
Wilmington District Stream 
Mitigation Guidelines 

Baseline, 
Years 
1,2,3,5, 
and  7 

Surveyed cross sections and bank 
pins 

 Profile As per April 2003 USACE 
Wilmington District Stream 
Mitigation Guidelines 

Baseline Additional surveys will be 
performed if monitoring indicates 
instability 

 Surface Water 
Hydrology 

As per April 2003 USACE 
Wilmington District Stream 
Mitigation Guidelines 

Annual Crest Gauges and/or Pressure 
Transducers will be installed on 
site; the devices will be inspected 
on a quarterly/semi-annual basis to 
document the occurrence of 
bankfull events on the project 

 Groundwater 
Hydrology 

 Annual Groundwater monitoring gauges 
with data recording devices will be 
installed on site; the data will be 
downloaded on a quarterly basis 
during the growing season 

 Vegetation  Annual Vegetation will be monitored using 
the Carolina Vegetation Survey 
(CVS) protocols 

 Exotic and 
Nuisance 
Vegetation 

 Annual Locations of exotic and nuisance 
vegetation will be mapped 

 Project 
Boundary 

 Semi-
annual 

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

 Stream Visual  Annual Semi-annual visual assessments 
 Wetland 

Visual 
 Annual Semi-annual visual assessments 

 

10.1 As-Built Survey 

An as-built survey will be conducted following construction to document channel size, condition, and 
location. The survey will include a complete profile of Thalweg, water surface, bankfull, and top of 
bank to compare with future geomorphic data. Longitudinal profiles will not be required in annual 
monitoring reports unless requested by NCEEP or USACE. Stream channel stationing will be marked 
with stakes placed near the top of bank every 100 feet.  

10.2 Visual Monitoring 

Visual monitoring of all mitigation areas will be conducted a minimum of twice per monitoring year 
by qualified individuals. The visual assessments will include vegetation density, vigor, invasive 
species, and easement encroachments. Visual assessments of stream stability will include a complete 
streamwalk and structure inspection. Digital images will be taken at fixed representative locations to 
record each monitoring event as well as any noted problem areas or areas of concern. Results of 
visual monitoring will be presented in a plan view exhibit with a brief description of problem areas 
and digital images. Photographs will be used to subjectively evaluate channel aggradation or 
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degradation, bank erosion, success of riparian vegetation, and effectiveness of erosion control 
measures. Longitudinal photos should indicate the absence of developing bars within the channel or 
an excessive increase in channel depth. Lateral photos should not indicate excessive erosion or 
continuing degradation of the banks over time. A series of photos over time should indicate 
successional maturation of riparian vegetation. 

10.3 Cross Sections  

Permanent cross-sections will be installed at a minimum of one per 20 bankfull widths with half in 
pools and half in shallows. All cross-section measurements will include bank height ratio and 
entrenchment ratio. Cross-sections will be monitored annually. There should be little change in as-
built cross-sections. If changes do take place, they should be evaluated to determine if they represent 
movement toward a less stable condition (for example down-cutting or erosion), or are minor changes 
that represent an increase in stability (for example settling, vegetative changes, deposition along the 
banks, or decrease in width/depth ratio). Bank height ratio shall not exceed 1.2, and the entrenchment 
ratio shall be no less than 2.2 within restored reaches. Channel stability should be demonstrated 
through a minimum of two bankfull events documented in the seven-year monitoring period.  

10.4 Bank Pin Arrays 

Bank pin arrays will be used as a supplemental method to monitor erosion on selected meander bends 
where there is not a cross section. Bank pin arrays will be installed along the outer bend and upstream 
third and downstream third of the meander. Bank pins will be installed just above the water surface 
and every two feet above the lowest pin. Bank pin exposure will be recorded at each monitoring 
event, and the exposed pin will be driven flush with the bank. 

10.5 Surface Flow 

Headwater valley restoration areas will be monitored to document intermittent or seasonal surface 
flow. This will be accomplished through direct observation, photo documentation of dye tests, and 
surface flow gauges.  

10.6 Wetland Hydrology 

Wetland hydrology will be monitored to document hydric conditions in the wetland restoration 
areas.  This will be accomplished with automatic recording pressure transducer gauges installed in 
representative locations across the restoration areas and reference wetland. The gauges will be 
downloaded quarterly and wetland hydroperiods will be calculated during the growing season.  Gauge 
installation will follow current regulatory and EEP guidance. Visual observations of primary and 
secondary wetland hydrology indicators will also be recorded during quarterly site visits. 

10.7 Vegetative Success Criteria 

Vegetative monitoring success criteria for plant density within the riparian buffers on the site will 
follow NCEEP Guidance dated 7 November 2011. Vegetation monitoring plots will be a minimum of 
0.02 acres in size, and cover a minimum of two percent of the planted area. The following data will 
be recorded for all trees in the plots: species, height, planting date (or volunteer), and grid location. 
Monitoring will occur each year during the monitoring period. The interim measures of vegetative 
success for the site will be the survival of at least 320 3-year old trees per acre at the end of Year 3 
and 260 5-year old trees per acre at the end of Year 5. The final vegetative success criteria will be the 
survival of 210 trees per acre at the end of Year 7 of the monitoring period. 
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Invasive and noxious species will be monitored and controlled so that none become dominant or alter 
the desired community structure of the site. If necessary, EBX will develop a species-specific control 
plan. 

10.8 Remedial Actions 

The Mitigation Plan will include a detailed adaptive management plan that will address how potential 
problems are resolved. In the event that the site, or a specific component of the site, fails to achieve 
the defined success criteria, EBX will develop necessary adaptive management plans and/or 
implement appropriate remedial actions for the site in coordination with NCEEP and the review 
agencies. Remedial action required will be designed to achieve the success criteria specified 
previously, and will include identification of the causes of failure, remedial design approach, work 
schedule, and monitoring criteria that will take into account physical and climatic conditions. 

11 LONG-TERM MANAGEMENT PLAN 

Upon approval for closeout by the Interagency Review Team (IRT), the site will be transferred to the 
State of North Carolina (State). The State shall be responsible for periodic inspection of the site to 
ensure that restrictions required in the conservation easement or the deed restriction document(s) are 
upheld. Endowment funds required to uphold easement and deed restrictions shall be negotiated prior 
to site transfer to the responsible party. 
 
The NCDENR Division of Natural Resource Planning and Conservation’s Stewardship Program 
currently houses EEP stewardship endowments within the non-reverting, interest-bearing 
Conservation Lands Stewardship Endowment Account. The use of funds from the Endowment 
Account is governed by North Carolina General Statute GS 113A-232(d)(3). Interest gained by the 
endowment fund may be used only for the purpose of stewardship, monitoring, stewardship 
administration, and land transaction costs, if applicable. The NCDENR Stewardship Program intends 
to manage the account as a non-wasting endowment. Only interest generated from the endowment 
funds will be used to steward the compensatory mitigation sites. Interest funds not used for those 
purposes will be re-invested in the Endowment Account to offset losses due to inflation. 

12 ADAPTIVE MANAGEMENT PLAN 

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

1. Notify the USACE as required by the Nationwide 27 permit general conditions.  
2. Revise performance standards, maintenance requirements, and monitoring requirements as 

necessary and/or required by the USACE.  
3. Obtain other permits as necessary.  
4. Implement the Corrective Action Plan.  
5. Provide the USACE a Record Drawing of Corrective Actions. This document shall depict the 

extent and nature of the work performed.  
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13 FINANCIAL ASSURANCES 

Pursuant to Section IV H and Appendix III of the Ecosystem Enhancement Program's In-Lieu Fee 
Instrument dated July 28, 2010, the North Carolina Department of Environment and Natural 
Resources has provided the U.S. Army Corps of Engineers Wilmington District with a formal 
commitment to fund projects to satisfy mitigation requirements assumed by EEP. This commitment 
provides financial assurance for all mitigation projects implemented by the program. 
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, t
he

 G
ra

nt
ee

 
sh

al
l, 

ex
ce

pt
 a

s 
pr

ov
id

ed
 b

el
ow

, 
no

tif
y 

th
e 

G
ra

nt
or

 i
n 

w
rit

in
g 

of
 s

uc
h 

br
ea

ch
 a

nd
 t

he
 

G
ra

nt
or

 s
ha

ll 
ha

ve
 n

in
et

y 
(9

0)
 d

ay
s 

af
te

r 
re

ce
ip

t 
of

 s
uc

h 
no

tic
e 

to
 c

or
re

ct
 t

he
 d

am
ag

e 
ca

us
ed

 b
y 

su
ch

 b
re

ac
h.

  I
f t

he
 b

re
ac

h 
an

d 
da

m
ag

e 
re

m
ai

ns
 u

nc
ur

ed
 a

fte
r n

in
et

y 
(9

0)
 d

ay
s, 

th
e 

G
ra

nt
ee

 m
ay

 e
nf

or
ce

 t
hi

s 
C

on
se

rv
at

io
n 

Ea
se

m
en

t 
by

 b
rin

gi
ng

 a
pp

ro
pr

ia
te

 l
eg

al
 

pr
oc

ee
di

ng
s 

in
cl

ud
in

g 
an

 a
ct

io
n 

to
 r

ec
ov

er
 d

am
ag

es
, 

as
 w

el
l 

as
 i

nj
un

ct
iv

e 
an

d 
ot

he
r 

re
lie

f. 
 T

he
 G

ra
nt

ee
 s

ha
ll 

al
so

 h
av

e 
th

e 
po

w
er

 a
nd

 a
ut

ho
rit

y,
 c

on
si

st
en

t w
ith

 it
s 

st
at

ut
or

y 
au

th
or

ity
:  

(a
) 

to
 p

re
ve

nt
 a

ny
 im

pa
irm

en
t o

f 
th

e 
Ea

se
m

en
t A

re
a 

by
 a

ct
s 

w
hi

ch
 m

ay
 b

e 
un

la
w

fu
l 

or
 i

n 
vi

ol
at

io
n 

of
 t

hi
s 

C
on

se
rv

at
io

n 
Ea

se
m

en
t; 

(b
) 

to
 o

th
er

w
is

e 
pr

es
er

ve
 o

r 
pr

ot
ec

t i
ts

 in
te

re
st

 in
 th

e 
Pr

op
er

ty
; o

r (
c)

 to
 s

ee
k 

da
m

ag
es

 fr
om

 a
ny

 a
pp

ro
pr

ia
te

 p
er

so
n 

or
 

en
tit

y.
  N

ot
w

ith
st

an
di

ng
 th

e 
fo

re
go

in
g,

 th
e 

G
ra

nt
ee

 re
se

rv
es

 th
e 

im
m

ed
ia

te
 ri

gh
t, 

w
ith

ou
t 

no
tic

e,
 to

 o
bt

ai
n 

a 
te

m
po

ra
ry

 r
es

tra
in

in
g 

or
de

r, 
in

ju
nc

tiv
e 

or
 o

th
er

 a
pp

ro
pr

ia
te

 r
el

ie
f, 

if 
th

e 
br

ea
ch

 i
s 

or
 w

ou
ld

 i
rr

ev
er

si
bl

y 
or

 o
th

er
w

is
e 

m
at

er
ia

lly
 i

m
pa

ir 
th

e 
be

ne
fit

s 
to

 b
e 

de
riv

ed
 fr

om
 th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
an

d 
th

e 
G

ra
nt

or
 a

nd
 G

ra
nt

ee
 a

ck
no

w
le

dg
e 

th
at

 
th

e 
da

m
ag

e 
w

ou
ld

 b
e 

irr
ep

ar
ab

le
 a

nd
 r

em
ed

ie
s 

at
 l

aw
 i

na
de

qu
at

e.
 T

he
 r

ig
ht

s 
an

d 
re

m
ed

ie
s 

of
 th

e 
G

ra
nt

ee
 p

ro
vi

de
d 

he
re

un
de

r s
ha

ll 
be

 in
 a

dd
iti

on
 to

, a
nd

 n
ot

 in
 li

eu
 o

f, 
al

l 
ot

he
r 

rig
ht

s 
an

d 
re

m
ed

ie
s 

av
ai

la
bl

e 
to

 G
ra

nt
ee

 i
n 

co
nn

ec
tio

n 
w

ith
 t

hi
s 

C
on

se
rv

at
io

n 
Ea

se
m

en
t. 
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B
.

In
sp

ec
tio

n.
  T

he
 G

ra
nt

ee
, i

ts
 e

m
pl

oy
ee

s 
an

d 
ag

en
ts

, s
uc

ce
ss

or
s 

an
d 

as
si

gn
s, 

ha
ve

 
th

e 
rig

ht
, 

w
ith

 r
ea

so
na

bl
e 

no
tic

e,
 t

o 
en

te
r 

th
e 

Ea
se

m
en

t 
A

re
a 

ov
er

 t
he

 P
ro

pe
rty

 a
t 

re
as

on
ab

le
 t

im
es

 f
or

 t
he

 p
ur

po
se

 o
f 

in
sp

ec
tio

n 
to

 d
et

er
m

in
e 

w
he

th
er

 t
he

 G
ra

nt
or

 i
s 

co
m

pl
yi

ng
 w

ith
 th

e 
te

rm
s, 

co
nd

iti
on

s a
nd

 re
st

ric
tio

ns
 o

f t
hi

s C
on

se
rv

at
io

n 
Ea

se
m

en
t. 

C
.

A
ct

s 
B

ey
on

d 
G

ra
nt

or
’s

 C
on

tr
ol

. 
 N

ot
hi

ng
 c

on
ta

in
ed

 i
n 

th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t s

ha
ll 

be
 c

on
st

ru
ed

 to
 e

nt
itl

e 
G

ra
nt

ee
 to

 b
rin

g 
an

y 
ac

tio
n 

ag
ai

ns
t G

ra
nt

or
 fo

r a
ny

 
in

ju
ry

 o
r 

ch
an

ge
 i

n 
th

e 
Ea

se
m

en
t 

A
re

a 
ca

us
ed

 b
y 

th
ird

 p
ar

tie
s, 

re
su

lti
ng

 f
ro

m
 c

au
se

s 
be

yo
nd

 th
e 

G
ra

nt
or

’s
 c

on
tro

l, 
in

cl
ud

in
g,

 w
ith

ou
t l

im
ita

tio
n,

 f
ire

, f
lo

od
, s

to
rm

, a
nd

 e
ar

th
 

m
ov

em
en

t, 
or

 f
ro

m
 a

ny
 p

ru
de

nt
 a

ct
io

n 
ta

ke
n 

in
 g

oo
d 

fa
ith

 b
y 

th
e 

G
ra

nt
or

 u
nd

er
 

em
er

ge
nc

y 
co

nd
iti

on
s t

o 
pr

ev
en

t, 
ab

at
e,

 o
r m

iti
ga

te
 si

gn
ifi

ca
nt

 in
ju

ry
 to

 li
fe

 o
r  

da
m

ag
e 

to
 

th
e 

Pr
op

er
ty

 re
su

lti
ng

 fr
om

 su
ch

 c
au

se
s. 

D
.

C
os

ts
 o

f 
E

nf
or

ce
m

en
t. 

 B
ey

on
d 

re
gu

la
r 

an
d 

ty
pi

ca
l 

m
on

ito
rin

g 
ex

pe
ns

es
, 

an
y 

co
st

s 
in

cu
rr

ed
 b

y 
G

ra
nt

ee
 in

 e
nf

or
ci

ng
 th

e 
te

rm
s 

of
 th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t a
ga

in
st

 
G

ra
nt

or
, i

nc
lu

di
ng

, w
ith

ou
t l

im
ita

tio
n,

 a
ny

 c
os

ts
 o

f r
es

to
ra

tio
n 

ne
ce

ss
ita

te
d 

by
 G

ra
nt

or
’s

 
ac

ts
 o

r o
m

is
si

on
s 

in
 v

io
la

tio
n 

of
 th

e 
te

rm
s 

of
 th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
sh

al
l b

e 
bo

rn
e 

by
 G

ra
nt

or
. 

E
.

N
o 

W
ai

ve
r.

  
En

fo
rc

em
en

t 
of

 t
hi

s 
Ea

se
m

en
t 

sh
al

l 
be

 a
t 

th
e 

di
sc

re
tio

n 
of

 t
he

 
G

ra
nt

ee
 a

nd
 a

ny
 f

or
be

ar
an

ce
, 

de
la

y 
or

 o
m

is
si

on
 b

y 
G

ra
nt

ee
 t

o 
ex

er
ci

se
 i

ts
 r

ig
ht

s 
he

re
un

de
r i

n 
th

e 
ev

en
t o

f a
ny

 b
re

ac
h 

of
 a

ny
 te

rm
 se

t f
or

th
 h

er
ei

n 
sh

al
l n

ot
 b

e 
co

ns
tru

ed
 to

 
be

 a
 w

ai
ve

r b
y 

G
ra

nt
ee

. 

V
. 

M
IS

C
E

L
L

A
N

E
O

U
S 

A
.

Th
is

 in
st

ru
m

en
t s

et
s 

fo
rth

 th
e 

en
tir

e 
ag

re
em

en
t o

f 
th

e 
pa

rti
es

 w
ith

 r
es

pe
ct

 to
 th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t a
nd

 su
pe

rs
ed

es
 a

ll 
pr

io
r d

is
cu

ss
io

ns
, n

eg
ot

ia
tio

ns
, u

nd
er

st
an

di
ng

s
or

 a
gr

ee
m

en
ts

 r
el

at
in

g 
to

 t
he

 C
on

se
rv

at
io

n 
Ea

se
m

en
t. 

 I
f 

an
y 

pr
ov

is
io

n 
is

 f
ou

nd
 t

o 
be

 
in

va
lid

, 
th

e 
re

m
ai

nd
er

 
of

 
th

e 
pr

ov
is

io
ns

 
of

 
th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
an

d 
th

e 
ap

pl
ic

at
io

n 
of

 s
uc

h 
pr

ov
is

io
n 

to
 p

er
so

ns
 o

r c
irc

um
st

an
ce

s 
ot

he
r t

ha
n 

th
os

e 
as

 to
 w

hi
ch

 it
 

is
 fo

un
d 

to
 b

e 
in

va
lid

, s
ha

ll 
no

t b
e 

af
fe

ct
ed

 th
er

eb
y.

 

B
.

G
ra

nt
or

 i
s 

re
sp

on
si

bl
e 

fo
r 

an
y 

re
al

 e
st

at
e 

ta
xe

s, 
as

se
ss

m
en

ts
, 

fe
es

, 
or

 c
ha

rg
es

 
le

vi
ed

 u
po

n 
th

e 
Pr

op
er

ty
. G

ra
nt

ee
 sh

al
l n

ot
 b

e 
re

sp
on

si
bl

e 
fo

r a
ny

 c
os

ts
 o

r l
ia

bi
lit

y 
of

 a
ny

 
ki

nd
 r

el
at

ed
 t

o 
th

e 
ow

ne
rs

hi
p,

 o
pe

ra
tio

n,
 i

ns
ur

an
ce

, 
up

ke
ep

, 
or

 m
ai

nt
en

an
ce

 o
f 

th
e 

Pr
op

er
ty

, e
xc

ep
t a

s e
xp

re
ss

ly
 p

ro
vi

de
d 

he
re

in
. U

pk
ee

p 
of

 a
ny

 c
on

st
ru

ct
ed

 b
rid

ge
s, 

fe
nc

es
, 

or
 o

th
er

 a
m

en
iti

es
 o

n 
th

e 
Pr

op
er

ty
 a

re
 t

he
 s

ol
e 

re
sp

on
si

bi
lit

y 
of

 t
he

 G
ra

nt
or

.  
N

ot
hi

ng
 

he
re

in
 s

ha
ll 

re
lie

ve
 th

e 
G

ra
nt

or
 o

f 
th

e 
ob

lig
at

io
n 

to
 c

om
pl

y 
w

ith
 f

ed
er

al
, s

ta
te

 o
r 

lo
ca

l 
la

w
s, 

re
gu

la
tio

ns
 a

nd
 p

er
m

its
 th

at
 m

ay
 a

pp
ly

 to
 th

e 
ex

er
ci

se
 o

f t
he

 R
es

er
ve

d 
R

ig
ht

s. 

C
.

A
ny

 n
ot

ic
es

 s
ha

ll 
be

 s
en

t b
y 

re
gi

st
er

ed
 o

r 
ce

rti
fie

d 
m

ai
l, 

re
tu

rn
 r

ec
ei

pt
 r

eq
ue

st
ed

 
to

 t
he

 p
ar

tie
s 

at
 t

he
ir 

ad
dr

es
se

s 
sh

ow
n 

he
re

in
 o

r 
to

 o
th

er
 a

dd
re

ss
es

 a
s 

ei
th

er
 p

ar
ty

 
es

ta
bl

is
he

s i
n 

w
rit

in
g 

up
on

 n
ot

ifi
ca

tio
n 

to
 th

e 
ot

he
r. 
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D
.

G
ra

nt
or

 s
ha

ll 
no

tif
y 

G
ra

nt
ee

 in
 w

rit
in

g 
of

 th
e 

na
m

e 
an

d 
ad

dr
es

s 
an

d 
an

y 
pa

rty
 to

 
w

ho
m

 t
he

 P
ro

pe
rty

 o
r 

an
y 

pa
rt 

th
er

eo
f 

is
 t

o 
be

 t
ra

ns
fe

rr
ed

 a
t 

or
 p

rio
r 

to
 t

he
 t

im
e 

sa
id

 
tra

ns
fe

r 
is

 m
ad

e.
  

G
ra

nt
or

 f
ur

th
er

 a
gr

ee
s 

th
at

 a
ny

 s
ub

se
qu

en
t l

ea
se

, d
ee

d,
 o

r 
ot

he
r 

le
ga

l 
in

st
ru

m
en

t b
y 

w
hi

ch
 a

ny
 in

te
re

st
 in

 th
e 

Pr
op

er
ty

 is
 c

on
ve

ye
d 

su
bj

ec
t t

o 
th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t h
er

ei
n 

cr
ea

te
d.

 

E.
Th

e 
G

ra
nt

or
 a

nd
 G

ra
nt

ee
 a

gr
ee

 th
at

 th
e 

te
rm

s 
of

 th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t s

ha
ll 

su
rv

iv
e 

an
y 

m
er

ge
r 

of
 t

he
 f

ee
 a

nd
 e

as
em

en
t 

in
te

re
st

s 
in

 t
he

 P
ro

pe
rty

 o
r 

an
y 

po
rti

on
 

th
er

eo
f. 

F.
Th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t a
nd

 R
ig

ht
 o

f 
A

cc
es

s 
m

ay
 b

e 
am

en
de

d,
 b

ut
 o

nl
y 

in
 

w
rit

in
g 

si
gn

ed
 b

y 
al

l 
pa

rti
es

 h
er

et
o,

 o
r 

th
ei

r 
su

cc
es

so
rs

 o
r 

as
si

gn
s, 

if 
su

ch
 a

m
en

dm
en

t 
do

es
 n

ot
 a

ff
ec

t 
th

e 
qu

al
ifi

ca
tio

n 
of

 t
hi

s 
C

on
se

rv
at

io
n 

Ea
se

m
en

t 
or

 t
he

 s
ta

tu
s 

of
 t

he
 

G
ra

nt
ee

 
un

de
r 

an
y 

ap
pl

ic
ab

le
 

la
w

s, 
an

d 
is

 
co

ns
is

te
nt

 
w

ith
 

th
e 

pu
rp

os
es

 
of

 
th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t. 
 T

he
 o

w
ne

r o
f t

he
 P

ro
pe

rty
 s

ha
ll 

no
tif

y 
th

e 
U

.S
. A

rm
y 

C
or

ps
 o

f 
En

gi
ne

er
s i

n 
w

rit
in

g 
si

xt
y 

(6
0)

 d
ay

s p
rio

r t
o 

th
e 

in
iti

at
io

n 
of

 a
ny

 tr
an

sf
er

 o
f a

ll 
or

 a
ny

 p
ar

t 
of

 t
he

 P
ro

pe
rty

. 
 S

uc
h 

no
tif

ic
at

io
n 

sh
al

l 
be

 a
dd

re
ss

ed
 t

o:
 J

us
tin

 M
cC

or
kl

e,
 G

en
er

al
 

C
ou

ns
el

, U
S 

A
rm

y 
C

or
ps

 o
f E

ng
in

ee
rs

, 6
9 

D
ar

lin
gt

on
 A

ve
nu

e,
 W

ilm
in

gt
on

, N
C

 2
84

03
 

G
.

Th
e 

pa
rti

es
 r

ec
og

ni
ze

 a
nd

 a
gr

ee
 th

at
 th

e 
be

ne
fit

s 
of

 th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t 

ar
e 

in
 g

ro
ss

 a
nd

 a
ss

ig
na

bl
e 

pr
ov

id
ed

, h
ow

ev
er

, t
ha

t 
th

e 
G

ra
nt

ee
 h

er
eb

y 
co

ve
na

nt
s 

an
d 

ag
re

es
, 

th
at

 i
n 

th
e 

ev
en

t 
it 

tra
ns

fe
rs

 o
r 

as
si

gn
s 

th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t, 

th
e 

or
ga

ni
za

tio
n 

re
ce

iv
in

g 
th

e 
in

te
re

st
 w

ill
 b

e 
a 

qu
al

ifi
ed

 h
ol

de
r u

nd
er

 N
.C

. G
en

. S
ta

t. 
§ 

12
1-

34
 e

t s
eq

. a
nd

 §
 1

70
(h

) o
f t

he
 In

te
rn

al
 R

ev
en

ue
 C

od
e,

 a
nd

 th
e 

G
ra

nt
ee

 fu
rth

er
 c

ov
en

an
ts

 
an

d 
ag

re
es

 th
at

 th
e 

te
rm

s 
of

 th
e 

tra
ns

fe
r o

r a
ss

ig
nm

en
t w

ill
 b

e 
su

ch
 th

at
 th

e 
tra

ns
fe

re
e 

or
 

as
si

gn
ee

 w
ill

 b
e 

re
qu

ire
d 

to
 c

on
tin

ue
 in

 p
er

pe
tu

ity
 th

e 
co

ns
er

va
tio

n 
pu

rp
os

es
 d

es
cr

ib
ed

 in
 

th
is

 d
oc

um
en

t. 

V
I. 

Q
U

IE
T

 E
N

JO
Y

M
E

N
T

 

G
ra

nt
or

 r
es

er
ve

s 
al

l 
re

m
ai

ni
ng

 r
ig

ht
s 

ac
cr

ui
ng

 f
ro

m
 o

w
ne

rs
hi

p 
of

 t
he

 P
ro

pe
rty

, 
in

cl
ud

in
g 

th
e 

rig
ht

 to
 e

ng
ag

e 
in

 o
r p

er
m

it 
or

 in
vi

te
 o

th
er

s 
to

 e
ng

ag
e 

in
 o

nl
y 

th
os

e 
us

es
 o

f 
th

e 
Ea

se
m

en
t A

re
a 

th
at

 a
re

 e
xp

re
ss

ly
 re
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in

co
ns

is
te

nt
 

w
ith

 
th

is
 

C
on

se
rv

at
io

n 
Ea

se
m

en
t, 

an
d 

th
e 

rig
ht

 o
f 

ac
ce

ss
 to

 th
e 

Ea
se

m
en

t A
re

a 
fo

r 
su

ch
 p

ur
po

se
s 

in
cl

ud
in

g 
or

ga
ni

ze
d 

ed
uc

at
io

na
l 

ac
tiv

iti
es

 
su

ch
 

as
 

si
te

 
vi

si
ts

 
an

d 
ob

se
rv

at
io

ns
.  

Ed
uc

at
io

na
l u

se
s 

of
 th

e 
pr

op
er

ty
 s

ha
ll 

no
t a

lte
r 

ve
ge

ta
tio

n,
 h

yd
ro

lo
gy

 o
r 

to
po

gr
ap

hy
 o

f 
th

e 
si

te
.

D
.

V
eg

et
at

iv
e 

C
ut

tin
g.

  
Ex

ce
pt

 a
s 

re
la

te
d 

to
 t

he
 r

em
ov

al
 o

f 
no

n-
na

tiv
e 

pl
an

ts
, 

di
se

as
ed

 o
r d

am
ag

ed
 tr

ee
s, 

or
 v

eg
et

at
io

n 
th

at
 d

es
ta

bi
liz

es
 o

r r
en

de
rs

 u
ns

af
e 

th
e 

Ea
se

m
en

t 
A

re
a 

to
 p

er
so

ns
 o

r n
at

ur
al

 h
ab

ita
t, 

al
l c

ut
tin

g,
 re

m
ov

al
, m

ow
in

g,
 h

ar
m

in
g,

 o
r d

es
tru

ct
io

n 
of

 a
ny

 tr
ee

s a
nd

 v
eg

et
at

io
n 

in
 th

e 
Ea

se
m

en
t A

re
a 

is
 p

ro
hi

bi
te

d.

E
.

In
du

st
ri

al
, R

es
id

en
tia

l 
an

d 
C

om
m

er
ci

al
 U

se
s. 

 A
ll 

in
du

st
ria

l, 
re

si
de

nt
ia

l 
an

d 
co

m
m

er
ci

al
 u

se
s a

re
 p

ro
hi

bi
te

d 
in

 th
e 

Ea
se

m
en

t A
re

a.

F.
A

gr
ic

ul
tu

ra
l U

se
.  

A
ll 

ag
ric

ul
tu

ra
l u

se
s 

ar
e 

pr
oh

ib
ite

d 
w

ith
in

 th
e 

Ea
se

m
en

t A
re

a 
in

cl
ud

in
g 

an
y 

us
e 

fo
r c

ro
pl

an
d,

 w
as

te
 la

go
on

s, 
or

 p
as

tu
re

la
nd

.

G
.

N
ew

 C
on

st
ru

ct
io

n.
  

Th
er

e 
sh

al
l b

e 
no

 b
ui

ld
in

g,
 f

ac
ili

ty
, m

ob
ile

 h
om

e,
 a

nt
en

na
, 

ut
ili

ty
 p

ol
e,

 to
w

er
, o

r o
th

er
 st

ru
ct

ur
e 

co
ns

tru
ct

ed
 o

r p
la

ce
d 

in
 th

e 
Ea

se
m

en
t A

re
a.

H
.

R
oa

ds
 a

nd
 T

ra
ils

.
Th

er
e 

sh
al

l b
e 

no
 c

on
st

ru
ct

io
n 

of
 r

oa
ds

, t
ra

ils
, w

al
kw

ay
s, 

or
 

pa
vi

ng
 in

 th
e 

Ea
se

m
en

t A
re

a.
  

I.
Si

gn
s.

N
o 

si
gn

s s
ha

ll 
be

 p
er

m
itt

ed
 in

 th
e 

Ea
se

m
en

t A
re

a 
ex

ce
pt

 in
te

rp
re

tiv
e 

si
gn

s 
de

sc
rib

in
g 

re
st

or
at

io
n 

ac
tiv

iti
es

 a
nd

 th
e 

co
ns

er
va

tio
n 

va
lu

es
 o

f t
he

 E
as

em
en

t A
re

a,
 s

ig
ns

 
id

en
tif

yi
ng

 th
e 

ow
ne

r o
f t

he
 P

ro
pe

rty
 a

nd
 th

e 
ho

ld
er

 o
f t

he
 C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
si

gn
s 

gi
vi

ng
 d

ire
ct

io
ns

, o
r 

si
gn

s 
pr

es
cr

ib
in

g 
ru

le
s 

an
d 

re
gu

la
tio

ns
 f

or
 th

e 
us

e 
of

 th
e 

Ea
se

m
en

t 
A

re
a.

J.
D

um
pi

ng
 o

r 
St

or
in

g.
D

um
pi

ng
 o

r 
st

or
ag

e 
of

 s
oi

l, 
tra

sh
, a

sh
es

, g
ar

ba
ge

, w
as

te
, 

ab
an

do
ne

d 
ve

hi
cl

es
, a

pp
lia

nc
es

, m
ac

hi
ne

ry
, o

r a
ny

 o
th

er
 m

at
er

ia
l i

n 
th

e 
Ea

se
m

en
t A

re
a 

is
 

pr
oh

ib
ite

d.

5

K
.

G
ra

di
ng

, 
M

in
er

al
 U

se
, 

E
xc

av
at

io
n,

 D
re

dg
in

g.
Th

er
e 

sh
al

l 
be

 n
o 

gr
ad

in
g,

 
fil

lin
g,

 e
xc

av
at

io
n,

 d
re

dg
in

g,
 m

in
in

g,
 d

ril
lin

g;
 re

m
ov

al
 o

f t
op

so
il,

 sa
nd

, g
ra

ve
l, 

ro
ck

, p
ea

t, 
m

in
er

al
s, 

or
 o

th
er

 m
at

er
ia

ls
.

L
.

W
at

er
 Q

ua
lit

y 
an

d 
D

ra
in

ag
e 

Pa
tt

er
ns

.
Th

er
e 

sh
al

l 
be

 n
o 

di
ki

ng
, 

dr
ai

ni
ng

, 
dr

ed
gi

ng
, 

ch
an

ne
lin

g,
 f

ill
in

g,
 l

ev
el

in
g,

 p
um

pi
ng

, 
im

po
un

di
ng

 o
r 

di
ve

rti
ng

, 
ca

us
in

g,
 

al
lo

w
in

g 
or

 p
er

m
itt

in
g 

th
e 

di
ve

rs
io

n 
of

 s
ur

fa
ce

 o
r 

un
de

rg
ro

un
d 

w
at

er
 i

n 
th

e 
Ea

se
m

en
t 

A
re

a.
  N

o 
al

te
rin

g 
or

 ta
m

pe
rin

g 
w

ith
 w

at
er

 c
on

tro
l s

tru
ct

ur
es

 o
r d

ev
ic

es
, o

r d
is

ru
pt

io
n 

or
 

al
te

ra
tio

n 
of

 th
e 

re
st

or
ed

, e
nh

an
ce

d,
 o

r c
re

at
ed

 d
ra

in
ag

e 
pa

tte
rn

s 
is

 a
llo

w
ed

.  
A

ll 
re

m
ov

al
 

of
 w

et
la

nd
s, 

po
llu

tin
g 

or
 d

is
ch

ar
gi

ng
 in

to
 w

at
er

s, 
sp

rin
gs

, s
ee

ps
, o

r 
w

et
la

nd
s, 

or
 u

se
 o

f 
pe

st
ic

id
e 

or
 b

io
ci

de
s 

in
 th

e 
Ea

se
m

en
t A

re
a 

is
 p

ro
hi

bi
te

d.
 I

n 
th

e 
ev

en
t o

f 
an

 e
m

er
ge

nc
y 

in
te

rr
up

tio
n 

or
 s

ho
rta

ge
 o

f a
ll 

ot
he

r w
at

er
 s

ou
rc

es
, w

at
er

 fr
om

 w
ith

in
 th

e 
Ea

se
m

en
t A

re
a 

m
ay

 te
m

po
ra

ril
y 

be
 u

se
d 

fo
r 

go
od

 c
au

se
 s

ho
w

n 
as

 n
ee

de
d 

fo
r 

th
e 

su
rv

iv
al

 o
f 

liv
es

to
ck

 
an

d 
ag

ric
ul

tu
ra

l p
ro

du
ct

io
n 

on
 th

e 
Pr

op
er

ty
.

M
.

Su
bd

iv
is

io
n 

an
d 

C
on

ve
ya

nc
e.

  
G

ra
nt

or
 v

ol
un

ta
ril

y 
ag

re
es

 t
ha

t 
no

 s
ub

di
vi

si
on

, 
pa

rti
tio

ni
ng

, o
r 

di
vi

di
ng

 o
f 

th
e 

un
de

rly
in

g 
Pr

op
er

ty
 o

w
ne

d 
by

 th
e 

G
ra

nt
or

 in
 f

ee
 s

im
pl

e 
(“

fe
e”

) 
th

at
 is

 s
ub

je
ct

 to
 th

is
 E

as
em

en
t i

s 
al

lo
w

ed
.  

U
nl

es
s 

ag
re

ed
 to

 b
y 

th
e 

G
ra

nt
ee

 in
 

w
rit

in
g,

 a
ny

 fu
tu

re
 c

on
ve

ya
nc

e 
of

 th
e 

un
de

rly
in

g 
fe

e 
an

d 
th

e 
rig

ht
s 

co
nv

ey
ed

 h
er

ei
n 

sh
al

l 
be

 a
s 

a 
si

ng
le

 b
lo

ck
 o

f p
ro

pe
rty

. A
ny

 fu
tu

re
 tr

an
sf

er
 o

f t
he

 fe
e 

si
m

pl
e 

sh
al

l b
e 

su
bj

ec
t t

o 
th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t. 
 A

ny
 tr

an
sf

er
 o

f 
th

e 
fe

e 
is

 s
ub

je
ct

 to
 th

e 
G

ra
nt

ee
’s

 r
ig

ht
 o

f 
un

lim
ite

d 
an

d 
re

pe
at

ed
 in

gr
es

s 
an

d 
eg

re
ss

 o
ve

r 
an

d 
ac

ro
ss

 th
e 

Pr
op

er
ty

 to
 th

e 
Ea

se
m

en
t 

A
re

a 
fo

r t
he

 p
ur

po
se

s s
et

 fo
rth

 h
er

ei
n.

N
.

D
ev

el
op

m
en

t R
ig

ht
s. 

 A
ll 

de
ve

lo
pm

en
t r

ig
ht

s 
ar

e 
pe

rm
an

en
tly

 re
m

ov
ed

 fr
om

 th
e 

Ea
se

m
en

t A
re

a 
an

d 
ar

e 
no

n-
tra

ns
fe

rr
ab

le
.

O
.

D
is

tu
rb

an
ce

 o
f 

N
at

ur
al

 F
ea

tu
re

s. 
 A

ny
 c

ha
ng

e,
 d

is
tu

rb
an

ce
, 

al
te

ra
tio

n 
or

 
im

pa
irm

en
t o

f 
th

e 
na

tu
ra

l f
ea

tu
re

s 
of

 th
e 

Ea
se

m
en

t A
re

a 
or

 a
ny

 in
te

nt
io

na
l i

nt
ro

du
ct

io
n 

of
 n

on
-n

at
iv

e 
pl

an
ts

, t
re

es
 a

nd
/o

r a
ni

m
al

 sp
ec

ie
s b

y 
G

ra
nt

or
 is

 p
ro

hi
bi

te
d.

Th
e 

G
ra

nt
or

 m
ay

 re
qu

es
t p

er
m

is
si

on
 to

 v
ar

y 
fr

om
 th

e 
ab

ov
e 

re
st

ric
tio

ns
 fo

r g
oo

d 
ca

us
e 

sh
ow

n,
 p

ro
vi

de
d 

th
at

 a
ny

 s
uc

h 
re

qu
es

t i
s 

no
t i

nc
on

si
st

en
t w

ith
 th

e 
pu

rp
os

es
 o

f t
hi

s 
C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
an

d 
th

e 
G

ra
nt

or
 o

bt
ai

ns
 a

dv
an

ce
 w

rit
te

n 
ap

pr
ov

al
 fr

om
 th

e 
N

.C
. 

Ec
os

ys
te

m
 E

nh
an

ce
m

en
t P

ro
gr

am
, w

ho
se

 m
ai

lin
g 

ad
dr

es
s 

is
 1

65
2 

M
ai

l S
er

vi
ce

s 
C

en
te

r, 
R

al
ei

gh
, N

C
  2

76
99

-1
65

2.
 

II
I. 

 
G

R
A

N
T

E
E

 R
E

SE
R

V
E

D
 U

SE
S 

A
. 

R
ig

ht
 o

f A
cc

es
s, 

C
on

st
ru

ct
io

n,
 a

nd
 In

sp
ec

tio
n.

  T
he

 G
ra

nt
ee

, i
ts

 e
m

pl
oy

ee
s a

nd
 

ag
en

ts
, s

uc
ce

ss
or

s 
an

d 
as

si
gn

s, 
re

ce
iv

e 
a 

pe
rp

et
ua

l R
ig

ht
 o

f A
cc

es
s 

to
 th

e 
Ea

se
m

en
t A

re
a 

ov
er

 t
he

 P
ro

pe
rty

 a
t 

re
as

on
ab

le
 t

im
es

 t
o 

un
de

rta
ke

 a
ny

 a
ct

iv
iti

es
 t

o 
re

st
or

e,
 c

on
st

ru
ct

, 
m

an
ag

e,
 m

ai
nt

ai
n,

 e
nh

an
ce

, 
an

d 
m

on
ito

r 
th

e 
st

re
am

, 
w

et
la

nd
 a

nd
 a

ny
 o

th
er

 r
ip

ar
ia

n 
re

so
ur

ce
s 

in
 th

e 
Ea

se
m

en
t A

re
a,

 in
 a

cc
or

da
nc

e 
w

ith
 r

es
to

ra
tio

n 
ac

tiv
iti

es
 o

r 
a 

lo
ng

-te
rm

 
m

an
ag

em
en

t p
la

n.
 U

nl
es

s 
ot

he
rw

is
e 

sp
ec

ifi
ca

lly
 s

et
 fo

rth
 in

 th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t, 

th
e 

rig
ht

s g
ra

nt
ed

 h
er

ei
n 

do
 n

ot
 in

cl
ud

e 
or

 e
st

ab
lis

h 
fo

r t
he

 p
ub

lic
 a

ny
 a

cc
es

s r
ig

ht
s.



6

B
. 

R
es

to
ra

tio
n 

A
ct

iv
iti

es
. 

Th
es

e 
ac

tiv
iti

es
 i

nc
lu

de
 p

la
nt

in
g 

of
 t

re
es

, 
sh

ru
bs

 a
nd

 
he

rb
ac

eo
us

 v
eg

et
at

io
n,

 in
st

al
la

tio
n 

of
 m

on
ito

rin
g 

w
el

ls
, u

til
iz

at
io

n 
of

 h
ea

vy
 e

qu
ip

m
en

t t
o 

gr
ad

e,
 fi

ll,
 a

nd
 p

re
pa

re
 th

e 
so

il,
 m

od
ifi

ca
tio

n 
of

 th
e 

hy
dr

ol
og

y 
of

 th
e 

si
te

, a
nd

 in
st

al
la

tio
n 

of
 n

at
ur

al
 a

nd
 m

an
m

ad
e 

m
at

er
ia

ls
 a

s 
ne

ed
ed

 t
o 

di
re

ct
 i

n-
st

re
am

, 
ab

ov
e 

gr
ou

nd
, 

an
d 

su
bt

er
ra

ne
ou

s w
at

er
 fl

ow
. 

C
. 

Si
gn

s. 
 T

he
 G

ra
nt

ee
, 

its
 e

m
pl

oy
ee

s 
an

d 
ag

en
ts

, 
su

cc
es

so
rs

 o
r 

as
si

gn
s, 

sh
al

l 
be

 
pe

rm
itt

ed
 to

 p
la

ce
 s

ig
ns

 a
nd

 w
itn

es
s 

po
st

s 
on

 th
e 

Pr
op

er
ty

 to
 in

cl
ud

e 
an

y 
or

 a
ll 

of
 th

e 
fo

llo
w

in
g:

  
de

sc
rib

e 
th

e 
pr

oj
ec

t, 
pr

oh
ib

ite
d 

ac
tiv

iti
es

 w
ith

in
 th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
or

 id
en

tif
y 

th
e 

pr
oj

ec
t b

ou
nd

ar
ie

s a
nd

 th
e 

ho
ld

er
 o

f t
he

 C
on

se
rv

at
io

n 
Ea

se
m

en
t. 

D
. 

Fe
nc

es
.  

Th
e 

G
ra

nt
ee

, i
ts

 e
m

pl
oy

ee
s 

an
d 

ag
en

ts
, s

uc
ce

ss
or

s 
or

 a
ss

ig
ns

, s
ha

ll 
be

 
pe

rm
itt

ed
 t

o 
pl

ac
e 

fe
nc

in
g 

on
 t

he
 P

ro
pe

rty
 t

o 
re

st
ric

t 
liv

es
to

ck
 a

cc
es

s. 
 A

lth
ou

gh
 t

he
 

G
ra

nt
ee

 is
 n

ot
 re

sp
on

si
bl

e 
fo

r f
en

ce
 m

ai
nt

en
an

ce
, t

he
 G

ra
nt

ee
 re

se
rv

es
 th

e 
rig

ht
 to

 re
pa

ir 
th

e 
fe

nc
e,

 a
t i

ts
 so

le
 d

is
cr

et
io

n.

IV
.

E
N

FO
R

C
E

M
E

N
T

 A
N

D
 R

E
M

E
D

IE
S 

A
.

E
nf

or
ce

m
en

t.
To

 a
cc

om
pl

is
h 

th
e 

pu
rp

os
es

 o
f 

th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t, 

G
ra

nt
ee

 is
 a

llo
w

ed
 to

 p
re

ve
nt

 a
ny

 a
ct

iv
ity

 w
ith

in
 th

e 
Ea

se
m

en
t A

re
a 

th
at

 is
 in

co
ns

is
te

nt
 

w
ith

 th
e 

pu
rp

os
es

 o
f t

hi
s E

as
em

en
t a

nd
 to

 re
qu

ire
 th

e 
re

st
or

at
io

n 
of

 su
ch

 a
re

as
 o

r f
ea

tu
re

s 
in

 th
e 

Ea
se

m
en

t A
re

a 
th

at
 m

ay
 h

av
e 

be
en

 d
am

ag
ed

 b
y 

su
ch

 u
na

ut
ho

riz
ed

 a
ct

iv
ity

 o
r u

se
. 

U
po

n 
an

y 
br

ea
ch

 o
f 

th
e 

te
rm

s 
of

 t
hi

s 
C

on
se

rv
at

io
n 

Ea
se

m
en

t 
by

 G
ra

nt
or

, t
he

 G
ra

nt
ee

 
sh

al
l, 

ex
ce

pt
 a

s 
pr

ov
id

ed
 b

el
ow

, 
no

tif
y 

th
e 

G
ra

nt
or

 i
n 

w
rit

in
g 

of
 s

uc
h 

br
ea

ch
 a

nd
 t

he
 

G
ra

nt
or

 s
ha

ll 
ha

ve
 n

in
et

y 
(9

0)
 d

ay
s 

af
te

r 
re

ce
ip

t 
of

 s
uc

h 
no

tic
e 

to
 c

or
re

ct
 t

he
 d

am
ag

e 
ca

us
ed

 b
y 

su
ch

 b
re

ac
h.

  I
f t

he
 b

re
ac

h 
an

d 
da

m
ag

e 
re

m
ai

ns
 u

nc
ur

ed
 a

fte
r n

in
et

y 
(9

0)
 d

ay
s, 

th
e 

G
ra

nt
ee

 m
ay

 e
nf

or
ce

 t
hi

s 
C

on
se

rv
at

io
n 

Ea
se

m
en

t 
by

 b
rin

gi
ng

 a
pp

ro
pr

ia
te

 l
eg

al
 

pr
oc

ee
di

ng
s 

in
cl

ud
in

g 
an

 a
ct

io
n 

to
 r

ec
ov

er
 d

am
ag

es
, 

as
 w

el
l 

as
 i

nj
un

ct
iv

e 
an

d 
ot

he
r 

re
lie

f. 
 T

he
 G

ra
nt

ee
 s

ha
ll 

al
so

 h
av

e 
th

e 
po

w
er

 a
nd

 a
ut

ho
rit

y,
 c

on
si

st
en

t w
ith

 it
s 

st
at

ut
or

y 
au

th
or

ity
:  

(a
) 

to
 p

re
ve

nt
 a

ny
 im

pa
irm

en
t o

f 
th

e 
Ea

se
m

en
t A

re
a 

by
 a

ct
s 

w
hi

ch
 m

ay
 b

e 
un

la
w

fu
l 

or
 i

n 
vi

ol
at

io
n 

of
 t

hi
s 

C
on

se
rv

at
io

n 
Ea

se
m

en
t; 

(b
) 

to
 o

th
er

w
is

e 
pr

es
er

ve
 o

r 
pr

ot
ec

t i
ts

 in
te

re
st

 in
 th

e 
Pr

op
er

ty
; o

r (
c)

 to
 s

ee
k 

da
m

ag
es

 fr
om

 a
ny

 a
pp

ro
pr

ia
te

 p
er

so
n 

or
 

en
tit

y.
  N

ot
w

ith
st

an
di

ng
 th

e 
fo

re
go

in
g,

 th
e 

G
ra

nt
ee

 re
se

rv
es

 th
e 

im
m

ed
ia

te
 ri

gh
t, 

w
ith

ou
t 

no
tic

e,
 to

 o
bt

ai
n 

a 
te

m
po

ra
ry

 r
es

tra
in

in
g 

or
de

r, 
in

ju
nc

tiv
e 

or
 o

th
er

 a
pp

ro
pr

ia
te

 r
el

ie
f, 

if 
th

e 
br

ea
ch

 i
s 

or
 w

ou
ld

 i
rr

ev
er

si
bl

y 
or

 o
th

er
w

is
e 

m
at

er
ia

lly
 i

m
pa

ir 
th

e 
be

ne
fit

s 
to

 b
e 

de
riv

ed
 fr

om
 th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
an

d 
th

e 
G

ra
nt

or
 a

nd
 G

ra
nt

ee
 a

ck
no

w
le

dg
e 

th
at

 
th

e 
da

m
ag

e 
w

ou
ld

 b
e 

irr
ep

ar
ab

le
 a

nd
 r

em
ed

ie
s 

at
 l

aw
 i

na
de

qu
at

e.
 T

he
 r

ig
ht

s 
an

d 
re

m
ed

ie
s 

of
 th

e 
G

ra
nt

ee
 p

ro
vi

de
d 

he
re

un
de

r s
ha

ll 
be

 in
 a

dd
iti

on
 to

, a
nd

 n
ot

 in
 li

eu
 o

f, 
al

l 
ot

he
r 

rig
ht

s 
an

d 
re

m
ed

ie
s 

av
ai

la
bl

e 
to

 G
ra

nt
ee

 i
n 

co
nn

ec
tio

n 
w

ith
 t

hi
s 

C
on

se
rv

at
io

n 
Ea

se
m

en
t. 

B
.

In
sp

ec
tio

n.
  T

he
 G

ra
nt

ee
, i

ts
 e

m
pl

oy
ee

s 
an

d 
ag

en
ts

, s
uc

ce
ss

or
s 

an
d 

as
si

gn
s, 

ha
ve

 
th

e 
rig

ht
, 

w
ith

 r
ea

so
na

bl
e 

no
tic

e,
 t

o 
en

te
r 

th
e 

Ea
se

m
en

t 
A

re
a 

ov
er

 t
he

 P
ro

pe
rty

 a
t 

re
as

on
ab

le
 t

im
es

 f
or

 t
he

 p
ur

po
se

 o
f 

in
sp

ec
tio

n 
to

 d
et

er
m

in
e 

w
he

th
er

 t
he

 G
ra

nt
or

 i
s 

co
m

pl
yi

ng
 w

ith
 th

e 
te

rm
s, 

co
nd

iti
on

s a
nd

 re
st

ric
tio

ns
 o

f t
hi

s C
on

se
rv

at
io

n 
Ea

se
m

en
t. 
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C
.

A
ct

s 
B

ey
on

d 
G

ra
nt

or
’s

 C
on

tr
ol

. 
 N

ot
hi

ng
 c

on
ta

in
ed

 i
n 

th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t s

ha
ll 

be
 c

on
st

ru
ed

 to
 e

nt
itl

e 
G

ra
nt

ee
 to

 b
rin

g 
an

y 
ac

tio
n 

ag
ai

ns
t G

ra
nt

or
 fo

r a
ny

 
in

ju
ry

 o
r 

ch
an

ge
 i

n 
th

e 
Ea

se
m

en
t 

A
re

a 
ca

us
ed

 b
y 

th
ird

 p
ar

tie
s, 

re
su

lti
ng

 f
ro

m
 c

au
se

s 
be

yo
nd

 th
e 

G
ra

nt
or

’s
 c

on
tro

l, 
in

cl
ud

in
g,

 w
ith

ou
t l

im
ita

tio
n,

 f
ire

, f
lo

od
, s

to
rm

, a
nd

 e
ar

th
 

m
ov

em
en

t, 
or

 f
ro

m
 a

ny
 p

ru
de

nt
 a

ct
io

n 
ta

ke
n 

in
 g

oo
d 

fa
ith

 b
y 

th
e 

G
ra

nt
or

 u
nd

er
 

em
er

ge
nc

y 
co

nd
iti

on
s t

o 
pr

ev
en

t, 
ab

at
e,

 o
r m

iti
ga

te
 si

gn
ifi

ca
nt

 in
ju

ry
 to

 li
fe

 o
r  

da
m

ag
e 

to
 

th
e 

Pr
op

er
ty

 re
su

lti
ng

 fr
om

 su
ch

 c
au

se
s. 

D
.

C
os

ts
 o

f 
E

nf
or

ce
m

en
t. 

 B
ey

on
d 

re
gu

la
r 

an
d 

ty
pi

ca
l 

m
on

ito
rin

g 
ex

pe
ns

es
, 

an
y 

co
st

s 
in

cu
rr

ed
 b

y 
G

ra
nt

ee
 in

 e
nf

or
ci

ng
 th

e 
te

rm
s 

of
 th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t a
ga

in
st

 
G

ra
nt

or
, i

nc
lu

di
ng

, w
ith

ou
t l

im
ita

tio
n,

 a
ny

 c
os

ts
 o

f r
es

to
ra

tio
n 

ne
ce

ss
ita

te
d 

by
 G

ra
nt

or
’s

 
ac

ts
 o

r o
m

is
si

on
s 

in
 v

io
la

tio
n 

of
 th

e 
te

rm
s 

of
 th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
sh

al
l b

e 
bo

rn
e 

by
 G

ra
nt

or
. 

E
.

N
o 

W
ai

ve
r.

  
En

fo
rc

em
en

t 
of

 t
hi

s 
Ea

se
m

en
t 

sh
al

l 
be

 a
t 

th
e 

di
sc

re
tio

n 
of

 t
he

 
G

ra
nt

ee
 a

nd
 a

ny
 f

or
be

ar
an

ce
, 

de
la

y 
or

 o
m

is
si

on
 b

y 
G

ra
nt

ee
 t

o 
ex

er
ci

se
 i

ts
 r

ig
ht

s 
he

re
un

de
r i

n 
th

e 
ev

en
t o

f a
ny

 b
re

ac
h 

of
 a

ny
 te

rm
 se

t f
or

th
 h

er
ei

n 
sh

al
l n

ot
 b

e 
co

ns
tru

ed
 to

 
be

 a
 w

ai
ve

r b
y 

G
ra

nt
ee

. 

V
. 

M
IS

C
E

L
L

A
N

E
O

U
S 

A
.

Th
is

 in
st

ru
m

en
t s

et
s 

fo
rth

 th
e 

en
tir

e 
ag

re
em

en
t o

f 
th

e 
pa

rti
es

 w
ith

 r
es

pe
ct

 to
 th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t a
nd

 su
pe

rs
ed

es
 a

ll 
pr

io
r d

is
cu

ss
io

ns
, n

eg
ot

ia
tio

ns
, u

nd
er

st
an

di
ng

s
or

 a
gr

ee
m

en
ts

 r
el

at
in

g 
to

 t
he

 C
on

se
rv

at
io

n 
Ea

se
m

en
t. 

 I
f 

an
y 

pr
ov

is
io

n 
is

 f
ou

nd
 t

o 
be

 
in

va
lid

, 
th

e 
re

m
ai

nd
er

 
of

 
th

e 
pr

ov
is

io
ns

 
of

 
th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t, 
an

d 
th

e 
ap

pl
ic

at
io

n 
of

 s
uc

h 
pr

ov
is

io
n 

to
 p

er
so

ns
 o

r c
irc

um
st

an
ce

s 
ot

he
r t

ha
n 

th
os

e 
as

 to
 w

hi
ch

 it
 

is
 fo

un
d 

to
 b

e 
in

va
lid

, s
ha

ll 
no

t b
e 

af
fe

ct
ed

 th
er

eb
y.

 

B
.

G
ra

nt
or

 i
s 

re
sp

on
si

bl
e 

fo
r 

an
y 

re
al

 e
st

at
e 

ta
xe

s, 
as

se
ss

m
en

ts
, 

fe
es

, 
or

 c
ha

rg
es

 
le

vi
ed

 u
po

n 
th

e 
Pr

op
er

ty
. G

ra
nt

ee
 sh

al
l n

ot
 b

e 
re

sp
on

si
bl

e 
fo

r a
ny

 c
os

ts
 o

r l
ia

bi
lit

y 
of

 a
ny

 
ki

nd
 r

el
at

ed
 t

o 
th

e 
ow

ne
rs

hi
p,

 o
pe

ra
tio

n,
 i

ns
ur

an
ce

, 
up

ke
ep

, 
or

 m
ai

nt
en

an
ce

 o
f 

th
e 

Pr
op

er
ty

, e
xc

ep
t a

s e
xp

re
ss

ly
 p

ro
vi

de
d 

he
re

in
. U

pk
ee

p 
of

 a
ny

 c
on

st
ru

ct
ed

 b
rid

ge
s, 

fe
nc

es
, 

or
 o

th
er

 a
m

en
iti

es
 o

n 
th

e 
Pr

op
er

ty
 a

re
 t

he
 s

ol
e 

re
sp

on
si

bi
lit

y 
of

 t
he

 G
ra

nt
or

.  
N

ot
hi

ng
 

he
re

in
 s

ha
ll 

re
lie

ve
 th

e 
G

ra
nt

or
 o

f 
th

e 
ob

lig
at

io
n 

to
 c

om
pl

y 
w

ith
 f

ed
er

al
, s

ta
te

 o
r 

lo
ca

l 
la

w
s, 

re
gu

la
tio

ns
 a

nd
 p

er
m

its
 th

at
 m

ay
 a

pp
ly

 to
 th

e 
ex

er
ci

se
 o

f t
he

 R
es

er
ve

d 
R

ig
ht

s. 

C
.

A
ny

 n
ot

ic
es

 s
ha

ll 
be

 s
en

t b
y 

re
gi

st
er

ed
 o

r 
ce

rti
fie

d 
m

ai
l, 

re
tu

rn
 r

ec
ei

pt
 r

eq
ue

st
ed

 
to

 t
he

 p
ar

tie
s 

at
 t

he
ir 

ad
dr

es
se

s 
sh

ow
n 

he
re

in
 o

r 
to

 o
th

er
 a

dd
re

ss
es

 a
s 

ei
th

er
 p

ar
ty

 
es

ta
bl

is
he

s i
n 

w
rit

in
g 

up
on

 n
ot

ifi
ca

tio
n 

to
 th

e 
ot

he
r. 

D
.

G
ra

nt
or

 s
ha

ll 
no

tif
y 

G
ra

nt
ee

 in
 w

rit
in

g 
of

 th
e 

na
m

e 
an

d 
ad

dr
es

s 
an

d 
an

y 
pa

rty
 to

 
w

ho
m

 t
he

 P
ro

pe
rty

 o
r 

an
y 

pa
rt 

th
er

eo
f 

is
 t

o 
be

 t
ra

ns
fe

rr
ed

 a
t 

or
 p

rio
r 

to
 t

he
 t

im
e 

sa
id

 
tra

ns
fe

r 
is

 m
ad

e.
  

G
ra

nt
or

 f
ur

th
er

 a
gr

ee
s 

th
at

 a
ny

 s
ub

se
qu

en
t l

ea
se

, d
ee

d,
 o

r 
ot

he
r 

le
ga

l 
in

st
ru

m
en

t b
y 

w
hi

ch
 a

ny
 in

te
re

st
 in

 th
e 

Pr
op

er
ty

 is
 c

on
ve

ye
d 

su
bj

ec
t t

o 
th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t h
er

ei
n 

cr
ea

te
d.
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E.
Th

e 
G

ra
nt

or
 a

nd
 G

ra
nt

ee
 a

gr
ee

 th
at

 th
e 

te
rm

s 
of

 th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t s

ha
ll 

su
rv

iv
e 

an
y 

m
er

ge
r 

of
 t

he
 f

ee
 a

nd
 e

as
em

en
t 

in
te

re
st

s 
in

 t
he

 P
ro

pe
rty

 o
r 

an
y 

po
rti

on
 

th
er

eo
f. 

F.
Th

is
 C

on
se

rv
at

io
n 

Ea
se

m
en

t a
nd

 R
ig

ht
 o

f 
A

cc
es

s 
m

ay
 b

e 
am

en
de

d,
 b

ut
 o

nl
y 

in
 

w
rit

in
g 

si
gn

ed
 b

y 
al

l 
pa

rti
es

 h
er

et
o,

 o
r 

th
ei

r 
su

cc
es

so
rs

 o
r 

as
si

gn
s, 

if 
su

ch
 a

m
en

dm
en

t 
do

es
 n

ot
 a

ff
ec

t 
th

e 
qu

al
ifi

ca
tio

n 
of

 t
hi

s 
C

on
se

rv
at

io
n 

Ea
se

m
en

t 
or

 t
he

 s
ta

tu
s 

of
 t

he
 

G
ra

nt
ee

 
un

de
r 

an
y 

ap
pl

ic
ab

le
 

la
w

s, 
an

d 
is

 
co

ns
is

te
nt

 
w

ith
 

th
e 

pu
rp

os
es

 
of

 
th

e 
C

on
se

rv
at

io
n 

Ea
se

m
en

t. 
 T

he
 o

w
ne

r o
f t

he
 P

ro
pe

rty
 s

ha
ll 

no
tif

y 
th

e 
U

.S
. A

rm
y 

C
or

ps
 o

f 
En

gi
ne

er
s i

n 
w

rit
in

g 
si

xt
y 

(6
0)

 d
ay

s p
rio

r t
o 

th
e 

in
iti

at
io

n 
of

 a
ny

 tr
an

sf
er

 o
f a

ll 
or

 a
ny

 p
ar

t 
of

 t
he

 P
ro

pe
rty

. 
 S

uc
h 

no
tif

ic
at

io
n 

sh
al

l 
be

 a
dd

re
ss

ed
 t

o:
 J

us
tin

 M
cC

or
kl

e,
 G

en
er

al
 

C
ou

ns
el

, U
S 

A
rm

y 
C

or
ps

 o
f E

ng
in

ee
rs

, 6
9 

D
ar

lin
gt

on
 A

ve
nu

e,
 W

ilm
in

gt
on

, N
C

 2
84

03
 

G
.

Th
e 

pa
rti

es
 r

ec
og

ni
ze

 a
nd

 a
gr

ee
 th

at
 th

e 
be

ne
fit

s 
of

 th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t 

ar
e 

in
 g

ro
ss

 a
nd

 a
ss

ig
na

bl
e 

pr
ov

id
ed

, h
ow

ev
er

, t
ha

t 
th

e 
G

ra
nt

ee
 h

er
eb

y 
co

ve
na

nt
s 

an
d 

ag
re

es
, 

th
at

 i
n 

th
e 

ev
en

t 
it 

tra
ns

fe
rs

 o
r 

as
si

gn
s 

th
is

 C
on

se
rv

at
io

n 
Ea

se
m

en
t, 

th
e 

or
ga

ni
za

tio
n 

re
ce

iv
in

g 
th

e 
in

te
re

st
 w

ill
 b

e 
a 

qu
al

ifi
ed

 h
ol

de
r u

nd
er

 N
.C

. G
en

. S
ta

t. 
§ 

12
1-

34
 e

t s
eq

. a
nd

 §
 1

70
(h

) o
f t

he
 In

te
rn

al
 R

ev
en

ue
 C

od
e,

 a
nd

 th
e 

G
ra

nt
ee

 fu
rth

er
 c

ov
en

an
ts

 
an

d 
ag

re
es

 th
at

 th
e 

te
rm

s 
of

 th
e 

tra
ns

fe
r o

r a
ss

ig
nm

en
t w

ill
 b

e 
su

ch
 th

at
 th

e 
tra

ns
fe

re
e 

or
 

as
si

gn
ee

 w
ill

 b
e 

re
qu

ire
d 

to
 c

on
tin

ue
 in

 p
er

pe
tu

ity
 th

e 
co

ns
er

va
tio

n 
pu

rp
os

es
 d

es
cr

ib
ed

 in
 

th
is

 d
oc

um
en

t. 

V
I. 

Q
U

IE
T

 E
N

JO
Y

M
E

N
T

 

G
ra

nt
or

 r
es

er
ve

s 
al

l 
re

m
ai

ni
ng

 r
ig

ht
s 

ac
cr

ui
ng

 f
ro

m
 o

w
ne

rs
hi

p 
of

 t
he

 P
ro

pe
rty

, 
in

cl
ud

in
g 

th
e 

rig
ht

 to
 e

ng
ag

e 
in

 o
r p

er
m

it 
or

 in
vi

te
 o

th
er

s 
to

 e
ng

ag
e 

in
 o

nl
y 

th
os

e 
us

es
 o

f 
th

e 
Ea

se
m

en
t A

re
a 

th
at

 a
re

 e
xp

re
ss

ly
 re

se
rv

ed
 h

er
ei

n,
 n

ot
 p

ro
hi

bi
te

d 
or

 re
st

ric
te

d 
he

re
in

, 
an

d 
ar

e 
no

t 
in

co
ns

is
te

nt
 w

ith
 t

he
 p

ur
po

se
s 

of
 t

hi
s 

C
on

se
rv

at
io

n 
Ea

se
m

en
t. 

 W
ith

ou
t 

lim
iti

ng
 t

he
 g

en
er

al
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APPENDIX B 
 
 

Baseline Information Data 
 

Muddy Run USACE Routine Wetland Data Forms 
Mapped Soil Series and Boring Logs 
Muddy Run NCDWQ Stream Determination Data Forms 
Reference Reach NCDWQ Stream Determination Data Forms 
Muddy Run II NCDWQ Habitat Assessment Data Forms 
Muddy Run II Aquatic Habitat Assessment 
Channel Stability Assessment Forms 
EDR Report 
Project Site and Reference Site Photographs 
Environmental Screening and Resource Agency Correspondence 

Muddy Run II CE 
Farmland Conversion Impact Rating (Form AD 1006) 
FEMA Floodplain Checklist 
Muddy Run II Correspondence 
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WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region 
 
Project/Site:                                                                                             City/County:                                                           Sampling Date:                              

Applicant/Owner:                                                                                                                                     State:                     Sampling Point:                               

Investigator(s):                                                                                         Section, Township, Range:                                                                                         

Landform (hillslope, terrace, etc.):                                                           Local relief (concave, convex, none):                                       Slope (%):                  

Subregion (LRR or MLRA):                                                  Lat:                                                 Long:                                                       Datum:                     

Soil Map Unit Name:                                                                                                                                        NWI classification:                                               

Are climatic / hydrologic conditions on the site typical for this time of year?  Yes               No               (If no, explain in Remarks.)  

Are Vegetation            , Soil             , or Hydrology              significantly disturbed?            Are “Normal Circumstances” present?   Yes               No              

Are Vegetation            , Soil             , or Hydrology              naturally problematic?             (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS –  Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes                 No               
Hydric Soil Present?  Yes                 No               
Wetland Hydrology Present? Yes                 No               

 
Is the Sampled Area 
within a Wetland?                   Yes                   No                

Remarks: 
 
 

HYDROLOGY 
Wetland Hydrology Indicators:  Secondary Indicators (minimum of two required) 
Primary Indicators (minimum of one is required; check all that apply)                                                           Surface Soil Cracks (B6) 
       Surface Water (A1)        Water-Stained Leaves (B9)        Sparsely Vegetated Concave Surface (B8) 
       High Water Table (A2)        Aquatic Fauna (B13)        Drainage Patterns (B10) 
       Saturation (A3)        Marl Deposits (B15) (LRR U)        Moss Trim Lines (B16) 
       Water Marks (B1)        Hydrogen Sulfide Odor (C1)        Dry-Season Water Table (C2) 
       Sediment Deposits (B2)        Oxidized Rhizospheres on Living Roots (C3)        Crayfish Burrows (C8) 
       Drift Deposits (B3)        Presence of Reduced Iron (C4)        Saturation Visible on Aerial Imagery (C9) 
       Algal Mat or Crust (B4)        Recent Iron Reduction in Tilled Soils (C6)        Geomorphic Position (D2) 
       Iron Deposits (B5)        Thin Muck Surface (C7)        Shallow Aquitard (D3) 
       Inundation Visible on Aerial Imagery (B7)        Other (Explain in Remarks)        FAC-Neutral Test (D5)   
Field Observations: 
Surface Water Present? Yes             No             Depth (inches):                           
Water Table Present?  Yes             No             Depth (inches):                           
Saturation Present?    Yes             No             Depth (inches):                          
(includes capillary fringe) 

 
 
 
Wetland Hydrology Present?    Yes                 No              

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available: 
 
Remarks: 
 

 

Muddy Run Duplin Nov 29, 2011

EBX NC A/B upland

G Lankford

floodplain none 0%

LRR T/MLRA 153A 34.83033 -77.79163

Rains fine sandy loam, 0 to 1 percent slopes none

Site recently clear-cut. Vegetation is mostly absent. Previous site visits prior to clear-cutting indicated canopy vegetation
as dominantly hydrophytic. Dredged channel and shallow ditches drain surface waters and lower groundwater elevation
near drainage features.

19 inches
14 inches

Print Form

Appears to have slightly higher topography and sandy textured soils.
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VEGETATION – Use scientific names of plants.       Sampling Point:                        
Dominance Test worksheet: 
Number of Dominant Species   
That Are OBL, FACW, or FAC:                              (A) 
 
Total Number of Dominant    
Species Across All Strata:                               (B) 
 
Percent of Dominant Species 
That Are OBL, FACW, or FAC:                              (A/B) 

 
Prevalence Index worksheet: 
       Total % Cover of:                    Multiply by:        
OBL species                        x 1 =                       
FACW species                        x 2 =                       
FAC species                        x 3 =                       
FACU species                        x 4 =                       
UPL species                        x 5 =                       
Column Totals:                        (A)                          (B) 

         Prevalence Index  = B/A =                              
Hydrophytic Vegetation Indicators:  
       Dominance Test is >50% 
       Prevalence Index is 3.01 
       Problematic Hydrophytic Vegetation1 (Explain) 
 
1Indicators of hydric soil and wetland hydrology must 
be present, unless disturbed or problematic. 

Definitions of Vegetation Strata: 
 
Tree – Woody plants, excluding woody vines, 
approximately 20 ft (6 m) or more in height and 3 in. 
(7.6 cm) or larger in diameter at breast height (DBH). 
 
Sapling – Woody plants, excluding woody vines, 
approximately 20 ft (6 m) or more in height and less 
than 3 in. (7.6 cm) DBH. 
 
Shrub – Woody plants, excluding woody vines, 
approximately 3 to 20 ft (1 to 6 m) in height.  
   
Herb – All herbaceous (non-woody) plants, including 
herbaceous vines, regardless of size.  Includes woody 
plants, except woody vines, less than approximately  
3 ft (1 m) in height. 
  
Woody vine – All woody vines, regardless of height.  
  
 

                           Absolute    Dominant  Indicator 
Tree Stratum  (Plot size:                               )                         % Cover    Species?    Status   
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
6.                                                                                                                                               
7.                                                                                                                                               
                                                                                                               = Total Cover 
Sapling Stratum  (Plot size:                               ) 
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
6.                                                                                                                                               
7.                                                                                                                                               
                                                                                                              = Total Cover 
Shrub Stratum  (Plot size:                               ) 
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
6.                                                                                                                                               
7.                                                                                                                                               
                                                                                                              = Total Cover 
Herb Stratum  (Plot size:                               ) 
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
6.                                                                                                                                               
7.                                                                                                                                               
8.                                                                                                                                               
9.                                                                                                                                               
10.                                                                                                                                             
11.                                                                                                                                             
12.                                                                                                                                             
                                                                                                              = Total Cover 
Woody Vine Stratum  (Plot size:                               ) 
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
                                                                                                              = Total Cover 

Hydrophytic  
Vegetation 
Present?                 Yes                 No              
 

Remarks:  (If observed, list morphological adaptations below). 

A/B upland

4

75%

57%

20 ft radius

Ulmus alata
Quercus michauxii

FAC
FACU+
FACW

1%
1%
1%

Ligustrum sinense

20 ft radius
3%

Centella asiatica
FACU

FACW
1%
1%

Eupatorium capillifolium

20 ft radius
2%

Toxicodendron radicans
Smilax smallii

1%
1%

FAC
FACU

2%

Site is recent clear-cut. Recent forest vegetation was forested. Site is currently slash and windrows. A few stumps are
sprouting.
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SOIL                                                      Sampling Point:                        

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 
 Depth                    Matrix                                           Redox Features                              
 (inches)           Color (moist)            %           Color (moist)             %         Type1       Loc2           Texture                             Remarks                           

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          
1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.          2Location:  PL=Pore Lining, M=Matrix. 
Hydric Soil Indicators:  Indicators for Problematic Hydric Soils3: 
       Histosol (A1)        Polyvalue Below Surface (S8) (LRR S, T, U)        1 cm Muck (A9) (LRR O) 
       Histic Epipedon (A2)        Thin Dark Surface (S9) (LRR S, T, U)        2 cm Muck (A10) (LRR S) 
       Black Histic (A3)        Loamy Mucky Mineral (F1) (LRR O)        Reduced Vertic (F18) (outside MLRA 150A,B) 
       Hydrogen Sulfide (A4)        Loamy Gleyed Matrix (F2)        Piedmont Floodplain Soils (F19) (LRR P, S, T) 
       Stratified Layers (A5)        Depleted Matrix (F3)        Anomalous Bright Loamy Soils (F20) 
       Organic Bodies (A6) (LRR P, T, U)        Redox Dark Surface (F6)           (MLRA 153B) 
       5 cm Mucky Mineral (A7) (LRR P, T, U)        Depleted Dark Surface (F7)        Red Parent Material (TF2) 
       Muck Presence (A8) (LRR U)        Redox Depressions (F8)        Very Shallow Dark Surface (TF12) (LRR T, U) 
       1 cm Muck (A9) (LRR P, T)        Marl (F10) (LRR U)        Other (Explain in Remarks) 
       Depleted Below Dark Surface (A11)        Depleted Ochric (F11) (MLRA 151)  
       Thick Dark Surface (A12)        Iron-Manganese Masses (F12) (LRR O, P, T)          3Indicators of hydrophytic vegetation and 
       Coast Prairie Redox (A16) (MLRA 150A)        Umbric Surface (F13) (LRR P, T, U)             wetland hydrology must be present, 
       Sandy Mucky Mineral (S1) (LRR O, S)        Delta Ochric (F17) (MLRA 151)             unless disturbed or problematic. 
       Sandy Gleyed Matrix (S4)        Reduced Vertic (F18) (MLRA 150A, 150B)  
       Sandy Redox (S5)        Piedmont Floodplain Soils (F19) (MLRA 149A) 
       Stripped Matrix (S6)        Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D) 
       Dark Surface (S7) (LRR P, S, T, U)  
Restrictive Layer (if observed): 
     Type:                                                                  
     Depth (inches):                                                 

 
 
Hydric Soil Present?     Yes                 No              

Remarks: 
 

 

 

A/B upland

0-4

14-21

10 YR 4/2

10YR 4/2 85%

10 YR 5/2

7.5 YR 2.5/2

4%

2%

C

C

M

M

SL

SL
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WETLAND DETERMINATION DATA FORM – Atlantic and Gulf Coastal Plain Region 
 
Project/Site:                                                                                             City/County:                                                           Sampling Date:                              

Applicant/Owner:                                                                                                                                     State:                     Sampling Point:                               

Investigator(s):                                                                                         Section, Township, Range:                                                                                         

Landform (hillslope, terrace, etc.):                                                           Local relief (concave, convex, none):                                       Slope (%):                  

Subregion (LRR or MLRA):                                                  Lat:                                                 Long:                                                       Datum:                     

Soil Map Unit Name:                                                                                                                                        NWI classification:                                               

Are climatic / hydrologic conditions on the site typical for this time of year?  Yes               No               (If no, explain in Remarks.)  

Are Vegetation            , Soil             , or Hydrology              significantly disturbed?            Are “Normal Circumstances” present?   Yes               No              

Are Vegetation            , Soil             , or Hydrology              naturally problematic?             (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS –  Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes                 No               
Hydric Soil Present?  Yes                 No               
Wetland Hydrology Present? Yes                 No               

 
Is the Sampled Area 
within a Wetland?                   Yes                   No                

Remarks: 
 
 

HYDROLOGY 
Wetland Hydrology Indicators:  Secondary Indicators (minimum of two required) 
Primary Indicators (minimum of one is required; check all that apply)                                                           Surface Soil Cracks (B6) 
       Surface Water (A1)        Water-Stained Leaves (B9)        Sparsely Vegetated Concave Surface (B8) 
       High Water Table (A2)        Aquatic Fauna (B13)        Drainage Patterns (B10) 
       Saturation (A3)        Marl Deposits (B15) (LRR U)        Moss Trim Lines (B16) 
       Water Marks (B1)        Hydrogen Sulfide Odor (C1)        Dry-Season Water Table (C2) 
       Sediment Deposits (B2)        Oxidized Rhizospheres on Living Roots (C3)        Crayfish Burrows (C8) 
       Drift Deposits (B3)        Presence of Reduced Iron (C4)        Saturation Visible on Aerial Imagery (C9) 
       Algal Mat or Crust (B4)        Recent Iron Reduction in Tilled Soils (C6)        Geomorphic Position (D2) 
       Iron Deposits (B5)        Thin Muck Surface (C7)        Shallow Aquitard (D3) 
       Inundation Visible on Aerial Imagery (B7)        Other (Explain in Remarks)        FAC-Neutral Test (D5)   
Field Observations: 
Surface Water Present? Yes             No             Depth (inches):                           
Water Table Present?  Yes             No             Depth (inches):                           
Saturation Present?    Yes             No             Depth (inches):                          
(includes capillary fringe) 

 
 
 
Wetland Hydrology Present?    Yes                 No              

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available: 
 
Remarks: 
 

 

Muddy Run Duplin Nov 29, 2011

EBX NC AB-wet

G Lankford

floodplain none 0%

LRR T/MLRA 153A 34.83033 -77.79163

Rains fine sandy loam, 0 to 1 percent slopes

Site recently clear-cut. Vegetation is mostly absent. Previous site visits prior to clear-cutting indicated canopy vegetation
as dominantly hydrophytic. Dredged channel and shallow ditches drain surface waters and lower groundwater elevation
near drainage features.

6 inches
6 inches

Print Form

Appears to have retained sufficient hydrology due to shallow ditches, clayey subsoil, and nearly level topography.



US Army Corps of Engineers                      Atlantic and Gulf Coastal Plain Region – Interim Version 

VEGETATION – Use scientific names of plants.       Sampling Point:                        
Dominance Test worksheet: 
Number of Dominant Species   
That Are OBL, FACW, or FAC:                              (A) 
 
Total Number of Dominant    
Species Across All Strata:                               (B) 
 
Percent of Dominant Species 
That Are OBL, FACW, or FAC:                              (A/B) 

 
Prevalence Index worksheet: 
       Total % Cover of:                    Multiply by:        
OBL species                        x 1 =                       
FACW species                        x 2 =                       
FAC species                        x 3 =                       
FACU species                        x 4 =                       
UPL species                        x 5 =                       
Column Totals:                        (A)                          (B) 

         Prevalence Index  = B/A =                              
Hydrophytic Vegetation Indicators:  
       Dominance Test is >50% 
       Prevalence Index is 3.01 
       Problematic Hydrophytic Vegetation1 (Explain) 
 
1Indicators of hydric soil and wetland hydrology must 
be present, unless disturbed or problematic. 

Definitions of Vegetation Strata: 
 
Tree – Woody plants, excluding woody vines, 
approximately 20 ft (6 m) or more in height and 3 in. 
(7.6 cm) or larger in diameter at breast height (DBH). 
 
Sapling – Woody plants, excluding woody vines, 
approximately 20 ft (6 m) or more in height and less 
than 3 in. (7.6 cm) DBH. 
 
Shrub – Woody plants, excluding woody vines, 
approximately 3 to 20 ft (1 to 6 m) in height.  
   
Herb – All herbaceous (non-woody) plants, including 
herbaceous vines, regardless of size.  Includes woody 
plants, except woody vines, less than approximately  
3 ft (1 m) in height. 
  
Woody vine – All woody vines, regardless of height.  
  
 

                           Absolute    Dominant  Indicator 
Tree Stratum  (Plot size:                               )                         % Cover    Species?    Status   
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
6.                                                                                                                                               
7.                                                                                                                                               
                                                                                                               = Total Cover 
Sapling Stratum  (Plot size:                               ) 
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
6.                                                                                                                                               
7.                                                                                                                                               
                                                                                                              = Total Cover 
Shrub Stratum  (Plot size:                               ) 
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
6.                                                                                                                                               
7.                                                                                                                                               
                                                                                                              = Total Cover 
Herb Stratum  (Plot size:                               ) 
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
6.                                                                                                                                               
7.                                                                                                                                               
8.                                                                                                                                               
9.                                                                                                                                               
10.                                                                                                                                             
11.                                                                                                                                             
12.                                                                                                                                             
                                                                                                              = Total Cover 
Woody Vine Stratum  (Plot size:                               ) 
1.                                                                                                                                               
2.                                                                                                                                               
3.                                                                                                                                               
4.                                                                                                                                               
5.                                                                                                                                               
                                                                                                              = Total Cover 

Hydrophytic  
Vegetation 
Present?                 Yes                 No              
 

Remarks:  (If observed, list morphological adaptations below). 

SB 1

4

6

67%

Platanus occidentalis
Acer rubrum

FAC
FACW-
FAC

1%
1%
1%

Ligustrum sinense

FACU1%Eupatorium capillifolium

Toxicodendron radicans
Smilax smallii

1%
1%

FAC
FACU

Site is recent clear-cut. Recent forest vegetation was forested. Site is currently slash and windrows. A few stumps are
sprouting.



US Army Corps of Engineers                      Atlantic and Gulf Coastal Plain Region – Interim Version 

SOIL                                                      Sampling Point:                        

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 
 Depth                    Matrix                                           Redox Features                              
 (inches)           Color (moist)            %           Color (moist)             %         Type1       Loc2           Texture                             Remarks                           

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                          
1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.          2Location:  PL=Pore Lining, M=Matrix. 
Hydric Soil Indicators:  Indicators for Problematic Hydric Soils3: 
       Histosol (A1)        Polyvalue Below Surface (S8) (LRR S, T, U)        1 cm Muck (A9) (LRR O) 
       Histic Epipedon (A2)        Thin Dark Surface (S9) (LRR S, T, U)        2 cm Muck (A10) (LRR S) 
       Black Histic (A3)        Loamy Mucky Mineral (F1) (LRR O)        Reduced Vertic (F18) (outside MLRA 150A,B) 
       Hydrogen Sulfide (A4)        Loamy Gleyed Matrix (F2)        Piedmont Floodplain Soils (F19) (LRR P, S, T) 
       Stratified Layers (A5)        Depleted Matrix (F3)        Anomalous Bright Loamy Soils (F20) 
       Organic Bodies (A6) (LRR P, T, U)        Redox Dark Surface (F6)           (MLRA 153B) 
       5 cm Mucky Mineral (A7) (LRR P, T, U)        Depleted Dark Surface (F7)        Red Parent Material (TF2) 
       Muck Presence (A8) (LRR U)        Redox Depressions (F8)        Very Shallow Dark Surface (TF12) (LRR T, U) 
       1 cm Muck (A9) (LRR P, T)        Marl (F10) (LRR U)        Other (Explain in Remarks) 
       Depleted Below Dark Surface (A11)        Depleted Ochric (F11) (MLRA 151)  
       Thick Dark Surface (A12)        Iron-Manganese Masses (F12) (LRR O, P, T)          3Indicators of hydrophytic vegetation and 
       Coast Prairie Redox (A16) (MLRA 150A)        Umbric Surface (F13) (LRR P, T, U)             wetland hydrology must be present, 
       Sandy Mucky Mineral (S1) (LRR O, S)        Delta Ochric (F17) (MLRA 151)             unless disturbed or problematic. 
       Sandy Gleyed Matrix (S4)        Reduced Vertic (F18) (MLRA 150A, 150B)  
       Sandy Redox (S5)        Piedmont Floodplain Soils (F19) (MLRA 149A) 
       Stripped Matrix (S6)        Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D) 
       Dark Surface (S7) (LRR P, S, T, U)  
Restrictive Layer (if observed): 
     Type:                                                                  
     Depth (inches):                                                 

 
 
Hydric Soil Present?     Yes                 No              

Remarks: 
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Muddy Run II Existing Conditions Summary
Reach 1 Reach 2 Reach 3a Reach 3b Reach 3c Reach 4 Reach 5a Reach 5b Reach 6

L
ef

t B
an

k

Buffer Type Herbaceous Mature 
Hardwood

Herbaceous Mature 
Hardwood

Mature 
Hardwood

Mature 
Hardwood

Other Woody 
Cover

Other Woody 
Cover

Other Woody 
Cover

Buffer Condition Disturbance Invasives Disturbance Stable Stable Stable Disturbance Stable Stable

Bank Vegetation No Mature 
Hardwoods

Mature 
Hardwood

No Mature 
Hardwoods

Mature 
Hardwood

Mature 
Hardwood

Mature 
Hardwood

Mature 
Hardwood

Mature 
Hardwood

Mature 
Hardwood

Bank Stability Moderately 
Unstable

Moderately 
Unstable

Moderately 
Unstable

Stable Stable Stable Moderately 
Unstable

Stable Moderately 
Unstable

R
ig

ht
 B

an
k

Buffer Type Mature 
Hardwood

Mature 
Hardwood

Herbaceous Mature 
Hardwood

Other Woody 
Cover

Mature 
Hardwood

Herbaceous Other Woody 
Cover

Other Woody 
Cover

Buffer Condition Invasives Invasives Stable Stable Stable Stable Invasives Invasives Stable

Bank Vegetation No Mature 
Hardwoods

Mature 
Hardwood

No Mature 
Hardwoods

Mature 
Hardwood

Mature 
Hardwood

Mature 
Hardwood

No Mature 
Hardwoods

Mature 
Hardwood

Mature 
Hardwood

Bank Stability Moderately 
Unstable

Moderately 
Unstable

Moderately 
Unstable

Stable Stable Stable Moderately 
Unstable

Stable Moderately 
Unstable

Bed Stability Aggrading Aggrading Aggrading Aggrading Stable Stable Aggrading Stable Aggrading

Channel Size Oversized Oversized Oversized Oversized Appropriately 
Sized

Appropriately 
Sized

Oversized Oversized Oversized

NC DWQ Stream Identification (V4.11)
Geomorphology 9.0 8.0 18.0 12.5 19.0 14.0 16.0 17.0 8.0
Hydrology 7.5 8.5 7.5 5.5 10.0 8.0 9.0 10.0 6.5
Biology 8.25 8.25 11.0 5.25 11.5 10.0 10.5 10.5 6.25
Total Score 24.75 24.75 36.5 23.25 40.5 32.0 35.5 37.5 20.75
Classification Intermittant Intermittant Perennial Intermittant Perennial Perennial Perennial Perennial Intermittant 
USACE Stream Quality Assessment Worksheet
Physical 19 17 20 45 31 36 22 21 23
Stability 8 12 9 16 14 14 8 7 13
Habitat 3 6 3 12 8 11 4 9 7
Biology 3 2 7 5 6 11 5 11 2
Total Score 33 37 39 78 59 72 39 48 45
Proposed 
MitigationType

Headwater 
Valley 

Restoration

Headwater 
Valley 

Restoration

Priority 1 
Restoration

Priority 1 
Restoration

Preservation Preservation Priority 1 
Restoration

Enhancement II Headwater 
Valley 

Restoration





Muddy Run II Reference Reach Aquatic Habitat Assessment

Transect Habitat Location Position
Diameter 

(ft)
length (ft)

Diameter 

(in)
Radius (in) length (in)

Volume 

(in)

1 shal mid sub 0.08 0.65 0.96 0.48 7.8 5.64

1 shal mid sub 0.1 0.70 1.2 0.6 8.4 9.50

1 shal mid sub 0.03 2.00 0.36 0.18 24 2.44

2 shal rb sub 0.02 0.70 0.24 0.12 8.4 0.38

2 shal mid sub 0.03 0.30 0.36 0.18 3.6 0.37

2 shal mid sub 0.05 0.70 0.6 0.3 8.4 2.37

2 shal mid sub 0.02 0.90 0.24 0.12 10.8 0.49

2 shal lb par sub 0.02 1.50 0.24 0.12 18 0.81

2 shal mid sub 0.03 1.00 0.36 0.18 12 1.22

2 shal lb sub 0.04 1.10 0.48 0.24 13.2 2.39

2 shal mid sub 0.05 0.90 0.6 0.3 10.8 3.05

2 shal rb sub 0.05 1.30 0.6 0.3 15.6 4.41

2 shal mid sub 0.05 1.30 0.6 0.3 15.6 4.41

2 shal mid par emb 0.05 1.50 0.6 0.3 18 5.09

2 shal lb emb 0.1 1.30 1.2 0.6 15.6 17.63

2 shal mid sub 0.2 1.00 2.4 1.2 12 54.26

2 shal mid sub 0.03 2.10 0.36 0.18 25.2 2.56

2 shal lb sus/sub 0.03 3.20 0.36 0.18 38.4 3.91

2 shal lb sub 0.04 1.80 0.48 0.24 21.6 3.91

2 shal mid sub 0.05 1.90 0.6 0.3 22.8 6.44

2 shal rb sus/sub 0.05 2.70 0.6 0.3 32.4 9.16

2 shal across sus/sub 0.1 1.80 1.2 0.6 21.6 24.42

2 shal lb sus/sub 0.1 2.00 1.2 0.6 24 27.13

2 shal across sus/sub 0.1 3.00 1.2 0.6 36 40.69

2 shal rb sus/sub 0.15 2.00 1.8 0.9 24 61.04

2 shal lb sus 0.02 4.00 0.24 0.12 48 2.17

3 pool lb sub 0.02 0.80 0.24 0.12 9.6 0.43

3 pool mid sub 0.03 0.60 0.36 0.18 7.2 0.73

3 pool lb par sub 0.02 1.20 0.24 0.12 14.4 0.65

3 pool rb sub 0.15 1.30 1.8 0.9 15.6 39.68

3 pool rb emb 0.25 1.60 3 1.5 19.2 135.65

3 pool rb sus 0.03 3.00 0.36 0.18 36 3.66

3 pool mid emb 0.10 3.00 1.2 0.6 36 40.69

3 pool lb emb 0.15 2.00 1.8 0.9 24 61.04

3 pool rb sus 0.30 2.00 3.6 1.8 24 244.17

3 pool lb sus/sub 0.30 3.00 3.6 1.8 36 366.25

3 pool rb sus 0.05 6.00 0.6 0.3 72 20.35

4 shal mid sub 0.03 0.45 0.36 0.18 5.4 0.55

4 shal mid sub 0.05 0.25 0.6 0.3 3 0.85

4 shal mid sub 0.10 0.45 1.2 0.6 5.4 6.10

4 shal mid sub 0.02 0.90 0.24 0.12 10.8 0.49

4 shal mid sub 0.02 0.90 0.24 0.12 10.8 0.49

4 shal mid sub 0.05 1.25 0.6 0.3 15 4.24

4 shal mid sub 0.03 3.00 0.36 0.18 36 3.66

5 pool lb par 0.03 0.80 0.36 0.18 9.6 0.98



Muddy Run II Reference Reach Aquatic Habitat Assessment

Transect Habitat Location Position
Diameter 

(ft)
length (ft)

Diameter 

(in)
Radius (in) length (in)

Volume 

(in)

5 pool mid sub 0.10 0.50 1.2 0.6 6 6.78

5 pool mid sub 0.03 0.90 0.36 0.18 10.8 1.10

5 pool mid sub 0.03 1.60 0.36 0.18 19.2 1.95

5 pool mid sub 0.02 2.00 0.24 0.12 24 1.09

5 pool mid sub 0.04 2.00 0.48 0.24 24 4.34

5 pool mid sub 0.07 2.60 0.84 0.42 31.2 17.28

5 pool mid sub 0.10 2.00 1.2 0.6 24 27.13

5 pool mid sub 0.10 2.70 1.2 0.6 32.4 36.62

5 pool mid sub 0.20 2.30 2.4 1.2 27.6 124.80

5 pool rb sus 0.30 2.00 3.6 1.8 24 244.17

5 pool rb sus/sub 0.35 3.00 4.2 2.1 36 498.51

5 pool lb sus/sub 0.40 2.20 4.8 2.4 26.4 477.48

5 pool lb par sub 0.40 2.80 4.8 2.4 33.6 607.70

5 pool rb‐mid sus‐emb 1.80 3.00 21.6 10.8 36 1318.50

5 pool mid float 0.02 3.70 0.24 0.12 44.4 2.01

5 pool mid‐rt par sub 0.05 4.00 0.6 0.3 48 13.56

5 pool mid‐rt sub 0.08 3.50 0.96 0.48 42 30.39

5 pool rb sus 0.40 3.60 4.8 2.4 43.2 781.33

6 shal mid sub 0.03 0.40 0.36 0.18 4.8 0.49

6 shal rb sub 0.03 0.83 0.36 0.18 9.96 1.01

6 shal mid sub 0.05 0.35 0.6 0.3 4.2 1.19

6 shal lb sus/emb 0.07 0.60 0.84 0.42 7.2 3.99

6 shal mid sub 0.10 0.50 1.2 0.6 6 6.78

6 shal mid emb/sub 0.13 0.60 1.56 0.78 7.2 13.75

6 shal mid sub 0.03 1.30 0.36 0.18 15.6 1.59

6 shal mid sub 0.05 1.50 0.6 0.3 18 5.09

6 shal mid sub 0.08 0.90 0.96 0.48 10.8 7.81

6 shal mid sub 0.10 1.00 1.2 0.6 12 13.56

6 shal mid sub 0.15 0.95 1.8 0.9 11.4 28.99

6 shal lb sus 0.15 1.40 1.8 0.9 16.8 42.73

6 shal rb float 0.25 1.60 3 1.5 19.2 135.65

6 shal lb emb 0.40 1.00 4.8 2.4 12 217.04

6 shal mid sub 0.03 1.75 0.36 0.18 21 2.14

6 shal rb sus 0.03 1.80 0.36 0.18 21.6 2.20

6 shal rb sub 0.03 1.85 0.36 0.18 22.2 2.26

6 shal mid sub 0.05 2.20 0.6 0.3 26.4 7.46

6 shal mid sub 0.05 2.60 0.6 0.3 31.2 8.82

6 shal across sus 0.35 3.00 4.2 2.1 36 498.51

7 shal mid sub 0.03 0.50 0.36 0.18 6 0.61

7 shal mid sub 0.05 0.80 0.6 0.3 9.6 2.71

7 shal mid sub 0.10 0.50 1.2 0.6 6 6.78

7 shal mid sub 0.02 1.00 0.24 0.12 12 0.54

7 shal mid sub 0.03 1.00 0.36 0.18 12 1.22

7 shal lb sus 0.25 1.00 3 1.5 12 84.78

7 shal mid par 0.02 3.00 0.24 0.12 36 1.63



Muddy Run II Reference Reach Aquatic Habitat Assessment

Transect Habitat Location Position
Diameter 

(ft)
length (ft)

Diameter 

(in)
Radius (in) length (in)

Volume 

(in)

7 shal mid sub 0.03 2.00 0.36 0.18 24 2.44

7 shal lb sus 0.30 2.00 3.6 1.8 24 244.17

8 pool mid sub 0.04 0.70 0.48 0.24 8.4 1.52

8 pool rb sub 0.03 1.60 0.36 0.18 19.2 1.95

8 pool rb sub 0.03 2.10 0.36 0.18 25.2 2.56

9 shal mid sub 0.05 0.40 0.6 0.3 4.8 1.36

9 shal rb sub 0.05 0.60 0.6 0.3 7.2 2.03

9 shal mid emb 0.05 0.60 0.6 0.3 7.2 2.03

9 shal mid sub 0.05 0.80 0.6 0.3 9.6 2.71

9 shal mid sub 0.10 0.75 1.2 0.6 9 10.17

9 shal mid sub 0.12 0.60 1.44 0.72 7.2 11.72

9 shal lb par 0.19 0.40 2.28 1.14 4.8 19.59

9 shal mid sub 0.20 0.40 2.4 1.2 4.8 21.70

9 shal lb par 0.25 0.70 3 1.5 8.4 59.35

9 shal mid sub 0.03 1.10 0.36 0.18 13.2 1.34

9 shal mid par 0.06 1.60 0.72 0.36 19.2 7.81

9 shal mid sub 0.04 2.00 0.48 0.24 24 4.34

9 shal rb sub 0.06 2.50 0.72 0.36 30 12.21

9 shal rb emb 0.50 2.10 6 3 25.2 712.15

10 shal rb emb 0.10 0.50 1.2 0.6 6 6.78

10 shal lb sub 0.10 0.60 1.2 0.6 7.2 8.14

10 shal mid sub 0.10 0.70 1.2 0.6 8.4 9.50

10 shal lb par 0.15 0.80 1.8 0.9 9.6 24.42

10 shal mid sub 0.20 0.65 2.4 1.2 7.8 35.27

10 shal mid sub 0.15 2.50 1.8 0.9 30 76.30

10 shal across emb 0.22 2.90 2.64 1.32 34.8 190.40

10 shal across emb 0.30 2.80 3.6 1.8 33.6 341.83



Muddy Run II Reach 3A Aquatic Habitat Assessment

Transect Habitat Location Position Diameter length Diameter (in) Radius (in) length (in)
Volume 

(in)

T‐1 Run RB Bed 0.05 0.30 0.6 0.3 3.6 1.02

T‐1 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54

T‐1 Run Mid Par 0.05 1.30 0.6 0.3 15.6 4.41

T‐1 Run Mid Bed 0.05 0.25 0.6 0.3 3 0.85

T‐1 Run Mid Bed 0.05 0.35 0.6 0.3 4.2 1.19

T‐1 Run Mid Bed 0.03 0.15 0.36 0.18 1.8 0.18

T‐1 Run Mid Bed 0.03 0.52 0.36 0.18 6.24 0.63

T‐1 Run Mid Bed 0.03 0.40 0.36 0.18 4.8 0.49

T‐1 Run RB Sus/ Emb 0.06 3.00 0.72 0.36 36 14.65

T‐1 Run Mid Emb 0.03 0.45 0.36 0.18 5.4 0.55

T‐2 Run Mid Bed 0.05 1.35 0.6 0.3 16.2 4.58

T‐2 Run RB Sus/ Emb 0.03 1.30 0.36 0.18 15.6 1.59

T‐2 Run Mid Bed 0.03 0.50 0.36 0.18 6 0.61

T‐3 Run RB Emb 0.02 1.10 0.24 0.12 13.2 0.60

T‐3 Run RB Emb 0.04 1.10 0.48 0.24 13.2 2.39

T‐3 Run Mid Bed 0.05 0.40 0.6 0.3 4.8 1.36

T‐4 Run Mid Bed 0.06 0.70 0.72 0.36 8.4 3.42

T‐4 Run Mid Emb 0.06 0.50 0.72 0.36 6 2.44

T‐5 Run LB Sus  0.05 2.50 0.6 0.3 30 8.48

T‐5 Run LB Sus 0.03 2.10 0.36 0.18 25.2 2.56

T‐5 Run LB Sus 0.02 1.90 0.24 0.12 22.8 1.03

T‐5 Run LB Sus 0.07 6.00 0.84 0.42 72 39.88

T‐6 Run RB Sus 0.03 1.90 0.36 0.18 22.8 2.32

T‐6 Run RB Sus 0.03 1.00 0.36 0.18 12 1.22

T‐6 Run RB Sus 0.02 1.70 0.24 0.12 20.4 0.92

T‐6 Run Mid Bed 0.03 0.60 0.36 0.18 7.2 0.73

T‐6 Run Mid Emb 0.03 0.45 0.36 0.18 5.4 0.55

T‐7 Run Mid Bed 0.03 2.80 0.36 0.18 33.6 3.42

T‐7 Run Mid Emb 0.08 1.50 0.96 0.48 18 13.02

T‐8 Run RB Sus 0.03 1.20 0.36 0.18 14.4 1.46

T‐8 Run Mid Bed 0.04 0.70 0.48 0.24 8.4 1.52

T‐8 Run Mid Bed 0.04 0.30 0.48 0.24 3.6 0.65

T‐8 Run Mid Bed 0.03 0.50 0.36 0.18 6 0.61

T‐9 Run RB Sus 0.05 3.00 0.6 0.3 36 10.17

T‐9 Run Mid Bed 0.03 2.00 0.36 0.18 24 2.44

T‐9 Run LB Sus 0.02 2.00 0.24 0.12 24 1.09

T‐9 Run LB Sus 0.03 3.10 0.36 0.18 37.2 3.78

T‐9 Run Mid Sub 0.02 3.20 0.24 0.12 38.4 1.74

T‐9 Run Mid Sub 0.10 1.30 1.2 0.6 15.6 17.63

T‐9 Run Mid Sub 0.10 1.10 1.2 0.6 13.2 14.92

T‐9 Run Mid Bed 0.10 3.00 1.2 0.6 36 40.69

T‐9 Run Mid sub 0.03 1.20 0.36 0.18 14.4 1.46

T‐9 Run Mid Bed 0.02 0.60 0.24 0.12 7.2 0.33

T‐9 Run RB Bed 0.20 0.35 2.4 1.2 4.2 18.99

T‐10 Run Mid Bed 0.02 3.30 0.24 0.12 39.6 1.79

T‐10 Run Mid Bed 0.04 7.00 0.48 0.24 84 15.19

T‐10 Run Mid Bed 0.03 2.80 0.36 0.18 33.6 3.42



Muddy Run II Reach 5A Aquatic Habitat Assessment

Transect Habitat Location Position Diameter length Diameter (in) Radius (in) length (in)
Volume 

(in)

T‐10 Run Mid Sub 0.02 4.50 0.24 0.12 54 2.44

T‐10 Run Mid Sub 0.03 2.10 0.36 0.18 25.2 2.56

T‐10 Run LB Sus 0.02 1.50 0.24 0.12 18 0.81

T‐10 Run LB Sub 0.02 1.30 0.24 0.12 15.6 0.71

T‐10 Run RB Sub 0.03 1.40 0.36 0.18 16.8 1.71

T‐10 Run LB Sus 0.06 1.70 0.72 0.36 20.4 8.30

T‐10 Run RB Sus 0.02 5.00 0.24 0.12 60 2.71

T‐10 Run RB Sus 0.04 1.50 0.48 0.24 18 3.26

T‐10 Run LB Sus 0.02 0.70 0.24 0.12 8.4 0.38

T‐10 Run LB Sus 0.02 1.00 0.24 0.12 12 0.54

T‐10 Run Mid Sub 0.02 4.00 0.24 0.12 48 2.17

T‐10 Run RB Sus 0.05 1.00 0.6 0.3 12 3.39

T‐10 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09

T‐10 Run Mid Sub 0.05 4.00 0.6 0.3 48 13.56

T‐10 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09

T‐10 Run LB Sus 0.02 3.50 0.24 0.12 42 1.90

T‐10 Run RB Sus 0.04 1.70 0.48 0.24 20.4 3.69

T‐10 Run Mid Sub 0.04 1.60 0.48 0.24 19.2 3.47

T‐10 Run RB Sus 0.10 2.00 1.2 0.6 24 27.13

T‐9 Run RB Sus 0.50 0.70 6 3 8.4 237.38

T‐9 Run Mid Sub 0.04 2.00 0.48 0.24 24 4.34

T‐9 Run Mid Sub 0.02 1.80 0.24 0.12 21.6 0.98

T‐9 Run Mid Sub 0.04 3.80 0.48 0.24 45.6 8.25

T‐9 Run Mid Sub 0.05 3.00 0.6 0.3 36 10.17

T‐9 Run Mid Sub 0.05 2.70 0.6 0.3 32.4 9.16

T‐9 Run Mid Sub 0.04 3.50 0.48 0.24 42 7.60

T‐9 Run Mid Sub 0.05 1.70 0.6 0.3 20.4 5.77

T‐9 Run Mid Sub 0.03 2.10 0.36 0.18 25.2 2.56

T‐9 Run Mid Sub 0.02 1.30 0.24 0.12 15.6 0.71

T‐9 Run Mid Sub 0.02 3.90 0.24 0.12 46.8 2.12

T‐9 Run Mid Sub 0.02 1.50 0.24 0.12 18 0.81

T‐9 Run LB Sus 0.03 2.40 0.36 0.18 28.8 2.93

T‐9 Run RB Sus 0.03 2.40 0.36 0.18 28.8 2.93

T‐8 Pool RB Sus 0.02 0.50 0.24 0.12 6 0.27

T‐8 Pool RB Sus 0.05 1.00 0.6 0.3 12 3.39

T‐8 Pool RB Sus 0.05 12.00 0.6 0.3 144 40.69

T‐8 Pool RB Par Sub 0.10 1.40 1.2 0.6 16.8 18.99

T‐8 Pool Mid Sub 0.20 0.70 2.4 1.2 8.4 37.98

T‐8 Pool Mid Sub 0.10 1.15 1.2 0.6 13.8 15.60

T‐7 Run RB Emb 0.03 1.00 0.36 0.18 12 1.22

T‐7 Run Mid Sub 0.10 0.70 1.2 0.6 8.4 9.50

T‐7 Run LB Sus 0.03 2.00 0.36 0.18 24 2.44

T‐7 Run RB Sus 0.03 1.00 0.36 0.18 12 1.22

T‐6 Pool Mid Sub 0.05 3.20 0.6 0.3 38.4 10.85

T‐6 Pool Mid Sus 0.03 0.80 0.36 0.18 9.6 0.98

T‐6 Run Mid Sub 0.02 3.00 0.24 0.12 36 1.63

T‐6 Run Mid Emb 0.10 3.00 1.2 0.6 36 40.69

T‐6 Run Mid Emb 0.04 2.50 0.48 0.24 30 5.43

T‐6 Run Mid Emb 0.15 6.00 1.8 0.9 72 183.12

T‐6 Run Mid Sub 0.05 1.50 0.6 0.3 18 5.09



Muddy Run II Reach 5A Aquatic Habitat Assessment

T‐6 Run Mid Sub 0.04 0.40 0.48 0.24 4.8 0.87

T‐6 Run Mid Sub 0.03 0.50 0.36 0.18 6 0.61

T‐6 Run Mid Sub 0.02 0.35 0.24 0.12 4.2 0.19

T‐6 Run Mid Sub 0.05 0.35 0.6 0.3 4.2 1.19

T‐6 Run Mid Sub 0.03 1.60 0.36 0.18 19.2 1.95

T‐6 Run Mid Emb 0.04 2.00 0.48 0.24 24 4.34

T‐6 Run Mid Emb 0.05 1.50 0.6 0.3 18 5.09

T‐6 Run Mid Sub 0.13 0.18 1.56 0.78 2.16 4.13

T‐6 Run Mid Sub 0.08 0.30 0.96 0.48 3.6 2.60

T‐6 Run Mid Emb 0.15 2.50 1.8 0.9 30 76.30

T‐6 Run Mid Sub 0.03 3.00 0.36 0.18 36 3.66

T‐6 Run Mid Sub 0.05 0.90 0.6 0.3 10.8 3.05

T‐6 Run Mid Sub 0.02 0.70 0.24 0.12 8.4 0.38

T‐6 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54

T‐6 Run Mid Sub 0.02 0.35 0.24 0.12 4.2 0.19

T‐6 Run Mid Emb 0.03 6.00 0.36 0.18 72 7.32

T‐6 Run RB Sus 0.03 2.50 0.36 0.18 30 3.05

T‐6 Run RB Sus 0.02 2.20 0.24 0.12 26.4 1.19

T‐6 Run RB Sus 0.02 2.50 0.24 0.12 30 1.36

T‐6 Run RB Sus 0.04 0.80 0.48 0.24 9.6 1.74

T‐6 Run RB Sus 0.02 0.85 0.24 0.12 10.2 0.46

T‐5 Run LB Sus 0.02 1.10 0.24 0.12 13.2 0.60

T‐5 Run LB Sus 0.02 2.20 0.24 0.12 26.4 1.19

T‐5 Run LB Sub 0.03 2.40 0.36 0.18 28.8 2.93

T‐5 Run LB Sub 0.03 1.40 0.36 0.18 16.8 1.71

T‐5 Run LB Sus 0.05 3.80 0.6 0.3 45.6 12.89

T‐4 Run LB Sus 0.02 1.70 0.24 0.12 20.4 0.92

T‐4 Run Mid Sub 0.05 2.50 0.6 0.3 30 8.48

T‐4 Run LB Sus 0.05 0.90 0.6 0.3 10.8 3.05

T‐4 Run Mid Sub 0.05 0.70 0.6 0.3 8.4 2.37

T‐3 Run Mid Sub 0.03 2.00 0.36 0.18 24 2.44

T‐3 Run LB Sus 0.06 6.00 0.72 0.36 72 29.30

T‐3 Run Mid Sub 0.02 1.80 0.24 0.12 21.6 0.98

T‐3 Run Mid Sub 0.02 2.50 0.24 0.12 30 1.36

T‐3 Run RB Sus 0.02 0.50 0.24 0.12 6 0.27

T‐2 Run Mid Sub 0.05 3.00 0.6 0.3 36 10.17

T‐2 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09

T‐2 Run Mid Sus 0.05 1.40 0.6 0.3 16.8 4.75

T‐2 Run Mid Sus 0.10 1.60 1.2 0.6 19.2 21.70

T‐2 Run Mid Sub 0.50 6.00 6 3 72 2034.72

T‐2 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54

T‐2 Run Mid Sub 0.02 1.80 0.24 0.12 21.6 0.98

T‐2 Run Mid Emb 0.03 2.00 0.36 0.18 24 2.44

T‐2 Run Mid Sub 0.03 0.65 0.36 0.18 7.8 0.79

T‐2 Run Mid Emb 0.07 0.45 0.84 0.42 5.4 2.99

T‐2 Run Mid Sub 0.02 0.17 0.24 0.12 2.04 0.09

T‐2 Run Mid Sub 0.02 0.45 0.24 0.12 5.4 0.24

T‐2 Run Mid Sub 0.50 0.40 6 3 4.8 135.65

T‐2 Run LB Sub 0.04 1.90 0.48 0.24 22.8 4.12

T‐2 Run RB Sus 0.02 0.80 0.24 0.12 9.6 0.43

T‐2 Run RB Sus 0.02 2.00 0.24 0.12 24 1.09



Muddy Run II Reach 5A Aquatic Habitat Assessment

T‐2 Run RB Sus 0.02 1.00 0.24 0.12 12 0.54

T‐2 Run LB Sus 0.03 0.70 0.36 0.18 8.4 0.85

T‐2 Run LB Sus 0.02 1.30 0.24 0.12 15.6 0.71

T‐1  Run LB Sus 0.03 2.30 0.36 0.18 27.6 2.81

T‐1 Run Mid Sub 0.03 3.30 0.36 0.18 39.6 4.03

T‐1 Run LB Sus 0.02 2.50 0.24 0.12 30 1.36

T‐1 Run RB Sus 0.02 1.80 0.24 0.12 21.6 0.98

T‐1 Run Mid Par sub 0.03 3.60 0.36 0.18 43.2 4.39

T‐1 Run LB Sus 0.02 2.00 0.24 0.12 24 1.09

T‐1 Run LB Sus 0.02 2.00 0.24 0.12 24 1.09

T‐1 Run LB Sus 0.03 5.50 0.36 0.18 66 6.71

T‐1 Run LB Sus 0.02 1.70 0.24 0.12 20.4 0.92

T‐1 Run LB Sus 0.03 0.30 0.36 0.18 3.6 0.37

T‐1 Run LB Emb 0.03 2.30 0.36 0.18 27.6 2.81



Muddy Run II Reach 5B Aquatic Habitat Assessment

Transect Habitat Location Position Diameter length Diameter (in) Radius (in) length (in)
Volume 

(in)

T‐10 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54

T‐10 Run Mid Emb 0.05 1.50 0.6 0.3 18 5.09

T‐10 Run Mid Emb 0.06 2.80 0.72 0.36 33.6 13.67

T‐10 Run Mid Sub 0.04 0.30 0.48 0.24 3.6 0.65

T‐10 Run Mid Sub 0.05 0.90 0.6 0.3 10.8 3.05

T‐10 Run Mid Sub 0.13 2.30 1.56 0.78 27.6 52.73

T‐10 Run Mid Emb 0.10 2.00 1.2 0.6 24 27.13

T‐10 Run Mid Sub 0.04 0.60 0.48 0.24 7.2 1.30

T‐10 Run Mid Sub 0.06 1.40 0.72 0.36 16.8 6.84

T‐10 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09

T‐10 Run RB Emb 0.13 3.20 1.56 0.78 38.4 73.36

T‐10 Run Mid Sub 0.03 2.00 0.36 0.18 24 2.44

T‐10 Run Mid Par Emb 0.20 3.90 2.4 1.2 46.8 211.61

T‐10 Run Mid Sub 0.02 0.50 0.24 0.12 6 0.27

T‐10 Run RB Sus 0.03 1.40 0.36 0.18 16.8 1.71

T‐10 Run RB Sus 0.03 0.35 0.36 0.18 4.2 0.43

T‐10 Run RB Sus 0.04 1.50 0.48 0.24 18 3.26

T‐10 Run RB Sus 0.03 0.70 0.36 0.18 8.4 0.85

T‐10 Run Mid Sub 0.04 1.00 0.48 0.24 12 2.17

T‐10 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54

T‐9 Run Mid Sub 0.04 1.50 0.48 0.24 18 3.26

T‐9 Run Mid Sub 0.02 2.40 0.24 0.12 28.8 1.30

T‐9 Run LB Sus 0.05 5.00 0.6 0.3 60 16.96

T‐9 Run Mid Sub 0.04 3.00 0.48 0.24 36 6.51

T‐9 Run Mid Sub 0.03 2.50 0.36 0.18 30 3.05

T‐9 Pool Mid Sub 0.02 2.00 0.24 0.12 24 1.09

T‐9 Run Mid Emb 0.02 1.00 0.24 0.12 12 0.54

T‐9 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54

T‐9 Run Mid Emb 0.02 2.50 0.24 0.12 30 1.36

T‐9 Run Mid Sub 0.03 0.50 0.36 0.18 6 0.61

T‐9 Run Mid Sub 0.05 2.00 0.6 0.3 24 6.78

T‐9 Run Mid Sub 0.40 2.80 4.8 2.4 33.6 607.70

T‐9 Run LB Emb 0.05 2.90 0.6 0.3 34.8 9.83

T‐9 Run LB Sus 0.10 2.50 1.2 0.6 30 33.91

T‐9 Run LB Sus 0.03 4.00 0.36 0.18 48 4.88

T‐9 Run Mid Emb 0.02 0.60 0.24 0.12 7.2 0.33

T‐9 Run Mid Emb 0.02 2.00 0.24 0.12 24 1.09

T‐9 Run LB Sus 0.10 0.30 1.2 0.6 3.6 4.07

T‐9 Run RB Sus 0.03 3.00 0.36 0.18 36 3.66

T‐9 Run RB Sus 0.03 1.20 0.36 0.18 14.4 1.46

T‐9 Run RB Sus 0.03 2.00 0.36 0.18 24 2.44

T‐9 Run Mid Emb 0.02 3.60 0.24 0.12 43.2 1.95

T‐8 Run Mid Sub 0.05 9.00 0.6 0.3 108 30.52

T‐8 Run Mid Sub 0.02 2.50 0.24 0.12 30 1.36

T‐8 Run Mid Sub 0.02 2.80 0.24 0.12 33.6 1.52

T‐8 Run Mid Sub 0.04 4.00 0.48 0.24 48 8.68

T‐8 Run Mid Sub 0.03 0.70 0.36 0.18 8.4 0.85

T‐8 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54

T‐8 Run RB Sus 0.02 1.30 0.24 0.12 15.6 0.71

T‐8 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09



Muddy Run II Reach 5B Aquatic Habitat Assessment

T‐8 Run Mid Sub 0.06 1.40 0.72 0.36 16.8 6.84

T‐8 Run Mid Sub 0.02 3.80 0.24 0.12 45.6 2.06

T‐8 Run RB Sus 0.03 1.20 0.36 0.18 14.4 1.46

T‐8 Run RB Sus 0.02 1.80 0.24 0.12 21.6 0.98

T‐8 Run RB Sus 0.02 1.30 0.24 0.12 15.6 0.71

T‐8 Run RB Sus 0.05 4.00 0.6 0.3 48 13.56

T‐8 Run RB Sus 3.00 2.00 36 18 24 8294.40

T‐8 Run LB Sus 0.50 0.50 6 3 6 129.60

T‐8 Run Mid Sub 0.30 4.00 3.6 1.8 48 488.33

T‐8 Run Mid Sub 0.05 10.00 0.6 0.3 120 33.91

T‐8 Run Mid Sub 0.02 20.00 0.24 0.12 240 10.85

T‐7 Run Mid Sub 0.05 1.00 0.6 0.3 12 3.39

T‐7 Run Mid Sub 0.02 3.00 0.24 0.12 36 1.63

T‐7 Run Mid Sub 0.07 0.90 0.84 0.42 10.8 5.98

T‐7 Run Mid Sub 0.20 1.70 2.4 1.2 20.4 92.24

T‐7 Pool Mid Sub 0.03 10.00 0.36 0.18 120 12.21

T‐7 Run Mid Emb 0.05 2.80 0.6 0.3 33.6 9.50

T‐7 Run Mid Sub 0.04 1.00 0.48 0.24 12 2.17

T‐7 Pool LB Sus 0.05 3.50 0.6 0.3 42 11.87

T‐7 Pool Mid Sub 0.02 6.00 0.24 0.12 72 3.26

T‐7 Pool Mid Sub 0.06 1.70 0.72 0.36 20.4 8.30

T‐7 Run Mid Sub 0.04 5.00 0.48 0.24 60 10.85

T‐7 Run Mid Sub 0.04 4.00 0.48 0.24 48 8.68

T‐7 Run RB Sus 0.03 3.00 0.36 0.18 36 3.66

T‐7 Run Mid Emb 0.05 1.00 0.6 0.3 12 3.39

T‐7 Run Mid Sub 0.10 2.50 1.2 0.6 30 33.91

T‐7 Run Mid Sub 0.04 6.00 0.48 0.24 72 13.02

T‐7 Run Mid Emb 0.15 1.30 1.8 0.9 15.6 39.68

T‐7 Run Mid Emb 0.05 1.60 0.6 0.3 19.2 5.43

T‐7 Run Mid Emb 0.04 3.50 0.48 0.24 42 7.60

T‐7 Run Mid Sub 0.03 1.00 0.36 0.18 12 1.22

T‐7 Run Mid Sub 0.03 4.00 0.36 0.18 48 4.88

T‐7 Run Mid Emb 0.15 2.00 1.8 0.9 24 61.04

T‐7 Run Mid Sub 0.70 3.00 8.4 4.2 36 1088.64

T‐7 Run RB Sus 0.04 4.00 0.48 0.24 48 8.68

T‐7 Run RB Sus 0.04 4.00 0.48 0.24 48 8.68

T‐7 Run Mid Par Emb 0.25 3.00 3 1.5 36 254.34

T‐7 Run Mid Sub 0.10 3.00 1.2 0.6 36 40.69

T‐7 Run RB Sus 0.02 4.00 0.24 0.12 48 2.17

T‐7 Run Mid Sub 0.05 4.00 0.6 0.3 48 13.56

T‐6 Pool Mid Sub 0.04 7.00 0.48 0.24 84 15.19

T‐6 Pool Mid Sub 0.04 1.60 0.48 0.24 19.2 3.47

T‐6 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09

T‐6 Run RB Sus 0.05 3.00 0.6 0.3 36 10.17

T‐6 Run RB Emb 0.10 5.00 1.2 0.6 60 67.82

T‐6 Run Mid Emb 0.08 3.00 0.96 0.48 36 26.04

T‐6 Run Mid Emb 0.05 1.00 0.6 0.3 12 3.39

T‐6 Run Mid Emb 0.10 1.30 1.2 0.6 15.6 17.63

T‐6 Run Mid Sub 0.07 2.00 0.84 0.42 24 13.29

T‐6 Run LB Emb 0.06 1.50 0.72 0.36 18 7.32

T‐6 Run Mid Sub 0.05 1.40 0.6 0.3 16.8 4.75



Muddy Run II Reach 5B Aquatic Habitat Assessment

T‐6 Run RB Emb 0.15 3.00 1.8 0.9 36 91.56

T‐6 Run RB Sus 0.02 3.00 0.24 0.12 36 1.63

T‐6 Run RB Emb 0.10 3.00 1.2 0.6 36 40.69

T‐5 Pool Mid Sub 0.03 1.50 0.36 0.18 18 1.83

T‐5 Run Mid Sub 0.10 0.90 1.2 0.6 10.8 12.21

T‐5 Run Mid Sub 0.05 4.00 0.6 0.3 48 13.56

T‐5 Run Mid Sub 0.05 10.00 0.6 0.3 120 33.91

T‐5 Run Mid Sub 0.02 3.50 0.24 0.12 42 1.90

T‐5 Run Mid Sus 0.05 5.50 0.6 0.3 66 18.65

T‐5 Pool Mid Sub 0.05 7.00 0.6 0.3 84 23.74

T‐5 Pool Mid Sub 0.03 4.00 0.36 0.18 48 4.88

T‐5 Pool RB Emb 0.10 1.00 1.2 0.6 12 13.56

T‐5 Pool Mid Emb 0.30 3.00 3.6 1.8 36 366.25

T‐5 Run Mid Sub 0.10 6.50 1.2 0.6 78 88.17

T‐5 Run Mid Emb 0.10 4.50 1.2 0.6 54 61.04

T‐5 Run Mid Emb 0.05 3.50 0.6 0.3 42 11.87

T‐5 Run Mid Bed 0.30 1.00 3.6 1.8 12 122.08

T‐5 Run Mid Sub 0.03 2.00 0.36 0.18 24 2.44

T‐5 Run Mid Emb 0.06 4.80 0.72 0.36 57.6 23.44

T‐5 Run LB Emb 0.15 2.10 1.8 0.9 25.2 64.09

T‐5 Run Mid Sus 0.10 1.50 1.2 0.6 18 20.35

T‐5 Run Mid Emb 0.10 1.20 1.2 0.6 14.4 16.28

T‐5 Run Mid Sub 0.03 4.00 0.36 0.18 48 4.88

T‐5 Run Mid Sub 0.04 8.00 0.48 0.24 96 17.36

T‐5 Run RB Sus 0.05 6.00 0.6 0.3 72 20.35

T‐5 Run Mid Sub 0.50 1.60 6 3 19.2 542.59

T‐4 Run RB Sus 0.02 2.00 0.24 0.12 24 1.09

T‐4 Run RB Sus 0.10 7.00 1.2 0.6 84 94.95

T‐4 Run Mid Emb 0.70 3.00 8.4 4.2 36 1994.03

T‐4 Run Mid Sub 0.05 6.00 0.6 0.3 72 20.35

T‐4 Run Mid Sus 0.03 4.00 0.36 0.18 48 4.88

T‐4 Run RB Sub 0.04 3.00 0.48 0.24 36 6.51

T‐4 Run Mid Sub 0.05 3.00 0.6 0.3 36 10.17

T‐4 Run Mid Sub 0.06 3.00 0.72 0.36 36 14.65

T‐4 Run Mid Sub 0.05 3.50 0.6 0.3 42 11.87

T‐4 Run Mid Sub 0.04 5.00 0.48 0.24 60 10.85

T‐4 Run Mid Emb 0.04 4.00 0.48 0.24 48 8.68

T‐4 Run Mid Emb 0.20 3.00 2.4 1.2 36 162.78

T‐4 Run Mid Sus 0.10 2.00 1.2 0.6 24 27.13

T‐4 Run RB Sus 0.07 4.00 0.84 0.42 48 26.59

T‐4 Run RB Sus 0.05 4.00 0.6 0.3 48 13.56

T‐4 Run RB Sus 0.07 3.50 0.84 0.42 42 23.26

T‐4 Run Mid Sub 0.20 2.50 2.4 1.2 30 432.00

T‐3 Run Mid Sub 0.03 1.00 0.36 0.18 12 1.22

T‐3 Run Mid Sub 0.03 0.80 0.36 0.18 9.6 0.98

T‐3 Run Mid Sub 0.02 0.90 0.24 0.12 10.8 0.49

T‐3 Run RB Sus 0.04 5.00 0.48 0.24 60 10.85

T‐3 Run RB Sus 0.20 4.00 2.4 1.2 48 217.04

T‐3 Run RB Sus 0.04 3.50 0.48 0.24 42 7.60

T‐3 Run Mid Emb 0.03 1.30 0.36 0.18 15.6 1.59

T‐3 Run Mid Sub 0.10 5.50 1.2 0.6 66 74.61



Muddy Run II Reach 5B Aquatic Habitat Assessment

T‐3 Run Mid Sub 0.02 3.00 0.24 0.12 36 1.63

T‐3 Run Mid Sub 0.02 4.00 0.24 0.12 48 2.17

T‐3 Run Mid Emb 0.06 1.50 0.72 0.36 18 7.32

T‐3 Run RB Sus 0.02 1.40 0.24 0.12 16.8 0.76

T‐3 Run LB Sus 0.02 2.00 0.24 0.12 24 1.09

T‐3 Run Mid Sub 0.60 3.70 7.2 3.6 44.4 1806.83

T‐3 Run Mid Emb 0.07 4.50 0.84 0.42 54 29.91

T‐3 Run RB Sus 0.05 2.00 0.6 0.3 24 6.78

T‐3 Run Mid Emb 0.20 1.00 2.4 1.2 12 54.26

T‐2 Run Mid Sub 0.10 3.60 1.2 0.6 43.2 48.83

T‐2 Run Mid Sub 0.20 4.50 2.4 1.2 54 244.17

T‐2 Run Mid Sub 0.03 2.00 0.36 0.18 24 2.44

T‐2 Run Mid Sub 0.03 1.70 0.36 0.18 20.4 2.08

T‐2 Run RB Sus 0.05 10.00 0.6 0.3 120 33.91

T‐2 Run RB Sus 0.10 3.00 1.2 0.6 36 40.69

T‐2 Run RB Sus 0.15 10.00 1.8 0.9 120 305.21

T‐2 Run RB Sus 0.40 20.00 4.8 2.4 240 4340.74

T‐2 Run Mid Sub 0.04 2.00 0.48 0.24 24 4.34

T‐2 Run RB Sus 0.03 4.00 0.36 0.18 48 4.88

T‐1  Run Mid Sub 0.10 6.50 1.2 0.6 78 88.17

T‐1 Run Mid Sub 0.16 3.90 1.92 0.96 46.8 135.43

T‐1 Run Mid Emb 0.13 2.00 1.56 0.78 24 45.85

T‐1 Run Mid Sub 0.10 4.00 1.2 0.6 48 54.26

T‐1 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54

T‐1 Run Mid Emb 0.10 2.00 1.2 0.6 24 27.13

T‐1 Run Mid Sub 0.05 4.00 0.6 0.3 48 13.56

T‐1 Run Mid Sub 0.03 0.40 0.36 0.18 4.8 0.49

T‐1 Run Mid Sub 0.08 6.00 0.96 0.48 72 52.09

T‐1 Run Mid Sub 0.03 1.50 0.36 0.18 18 1.83

T‐1 Run Mid Sub 0.05 2.20 0.6 0.3 26.4 7.46

T‐1 Run Mid Sub 0.03 2.50 0.36 0.18 30 3.05

T‐1 Run Mid Sub 0.06 2.20 0.72 0.36 26.4 10.74

T‐1 Run Mid Sub 0.04 4.00 0.48 0.24 48 8.68

T‐1 Run Mid Sub 0.02 4.00 0.24 0.12 48 2.17

T‐1 Run Mid Sub 0.05 1.80 0.6 0.3 21.6 6.10

T‐1 Run RB Sub 0.02 1.50 0.24 0.12 18 0.81

T‐1 Run Mid Emb 0.04 1.60 0.48 0.24 19.2 3.47

T‐1 Run Mid Sub 0.02 2.30 0.24 0.12 27.6 1.25

T‐1 Run Mid Sub 0.02 0.60 0.24 0.12 7.2 0.33

T‐1 Run Mid Sub 0.03 0.90 0.36 0.18 10.8 1.10

T‐1 Run Mid Emb 0.03 2.50 0.36 0.18 30 3.05

T‐1 Run LB Sus 0.02 4.00 0.24 0.12 48 2.17

T‐1 Run Mid Sub 0.03 2.30 0.36 0.18 27.6 2.81



Transect Location Coverage %E %D DBH Species

1 LB 80 15 85 8 bay sp, black gum, Am. Holly, RM, TP

1 RB 90 15 85 12.5 TP, SG, Am holly, black gum

2 LB 65 10 90 9 TP, Am holly, SG

2 RB 80 10 90 15 SG, black gum, TP

3 LB 90 10 90 10 black gum, RM, TP, Am holly

3 RB 60 30 70 7 SG, Am holly, bay, black gum

4 LB 85 10 90 10 SG, TP, Am holly

4 RB 35 50 50 3 Am holly, green briar, cane, bay, SG

5 LB 90 10 90 8 TP, bay sp, RM, beech, sw. gum, black gum

5 RB 60 25 75 9 black gum, SG, Am holly, TP

6 LB 90 10 90 8 TP, bay sp, RM, beech, sw. gum, black gum

6 RB 70 50 50 4‐6 bay, holly, black gum

7 LB 75 10 90 10 TP, RM, Am. Holly, swamp chestnut oak

7 RB 60 40 60 8 Am holly, TP, SG

8 LB 55 20 80 7 TP, red maple, loblolly, Am. Holly, privet

8 RB 80 40 60 6 water oak, TP, Am holly, RM

9 LB 70 25 75 10 Luael oak, Am. Holly, tulip poplar, loblolly

9 RB 80 20 80 6 TP, Am holly, water oak, RM

10 LB 60 20/25 75 11.5 Luael oak, Am. Holly, tulip poplar, loblolly

10 RB 80 15 85 11 loblolly, Sw. ches. Oak, Am holly, RM, SG, TP, privet

Transect Location Coverage %E %D DBH Species

1 LB 65 0 100 4 privet, tulip poplar, sycamore

1 RB 20 0 100 1 privet, black willow

2 LB 20 0 100 1.5
swamp chestnut oak, sweetbay, sycamore, privet, devils 

walking stick

2 RB 40 0 100 3 water oak, privet, black willow, sycamore

3 LB 40 0 100 2 privet, sweetgum, tulip poplar, sycamore

3 RB 20 0 100 1.5 privet, water oak, black willow, red maple

4 LB 55 2 98 2
red mulberry, American holly, sweetgum, privet, swamp 

chestnut oak, tulip poplar

4 RB 30 0 100 1.5 black willow, privet, green ash

5 LB 80 0 100 3.5 privet, swamp chestnut oak, sweetgum, tulip poplar

5 RB 20 0 100 3 red maple, sycamore, American elm

6 LB 75 0 100 2.5
swamp chestnut oak, sweet bay, sweetgum, privet, 

ironwood

6 RB 25 15 85 2 privet, sweetgum, sycamore, loblolly

7 LB 75 0 100 3 swamp chestnut oak, ironwood, tulip poplar, sycamore

7 RB 20 0 100 2.5 sycamore, swamp chestnut oak, black cherry, elderberry

8 LB 70 50 50 2 holly, swamp chestnut oak, loblolly, water oak

8 RB 35 10 90 4 sycamore, tulip poplar, loblolly, sweetgum

9 LB 55 0 100 2.5
American elm, water oak, swamp chestnut oak, sweetgum, 

red maple

9 RB 40 0 100 4.5 tulip poplar, red maple

10 LB 65 20 80 2.5 privet, sycamore, loblolly, sweetgum, water oak

10 RB 0 0 100 0 cultivated field‐ no trees

Muddy Run II Reference Reach Riparian Buffer

Muddy Run II Reach 3A Riparian Buffer



Transect Location Coverage %E %D DBH Species

1 LB 55 3 97 3 water oak, red maple, sweetgum, laurel oak, loblolly

1 RB 0 0 0 0 Agricultural field and grass covered road

2 LB 45 15 85 3.5 privet, water oak, red maple, sweetgum, loblolly

2 RB 0 0 0 0 Agricultural field and grass covered road

3 LB 50 5 95 3.5 red maple, privet, laurel oak, sweetgum, loblolly

3 RB 0 0 0 0 Agricultural field and grass covered road

4 LB 60 0 100 3 sweetgum, red maple, water oak, tulip poplar

4 RB 0 0 0 0 Agricultural field and grass covered road

5 LB 70 5 95 4 sycamore, sweetgum, red maple, water oak, loblolly

5 RB 0 0 0 0 Agricultural field and grass covered road

6 LB 65 3 97 5
red maple, privet, sweetgum, swamp chestnut oak, 

sycamore, water oak, tulip polar, loblolly

6 RB 0 0 0 0 Agricultural field and grass covered road

7 LB 65 3 97 4 red maple, loblolly, sweetgum, American elm, water oak

7 RB 0 0 0 0 Agricultural field and grass covered road

8 LB 50 7 93 4
privet, sweetgum, red maple, loblolly, swamp chestnut oak, 

water oak

8 RB 0 0 0 0 Agricultural field and grass covered road

9 LB 55 5 95 4 tulip poplar, red maple, water oak, loblolly

9 RB 0 0 0 0 Agricultural field and grass covered road

10 LB 45 5 95 6
red maple, loblolly, sycamore, water oak, tulip poplar, 

sweetgum

10 RB 0 0 0 0 Agricultural field and grass covered road

Transect Location Coverage %E %D DBH Species

1 LB 85 5 95 6 loblolly, red maple, sweetgum, red bay

1 RB 20 0 100 2 red maple, privet, sycamore, sweetgum

2 LB 90 5 95 4 sweetgum, loblolly, water oak, red maple, green ash

2 RB 15 10 90 2 sycamore, privet, loblolly, muscle wood

3 LB 85 5 95 4
sweetgum, laurel oak, loblolly, red maple, water oak, 

swamp chestnut oak

3 RB 10 15 85 1.5 red maple, loblolly, privet

4 LB 85 5 95 5
loblolly, red maple, sweetgum, laurel oak, sycamore, water 

oak

4 RB 10 0 100 1 black walnut, privet, sweetgum

5 LB 85 5 95 4
loblolly, sweetgum, red maple, swamp chestnut oak, laurel 

oak, water oak

5 RB 10 0 100 2 privet, red maple, sycamore

6 LB 85 15 85 5
loblolly, red maple, sweetgum, tulip poplar, swamp chestnut 

oak, sycamore

6 RB 10 0 100 2 privet, black walnut, red maple

7 LB 85 15 85 5 sweetgum, sycamore, loblolly, laurel oak, red maple

7 RB 5 0 100 1 privet, black walnut, red maple

8 LB 80 10 90 5
loblolly, water oak, loblolly bay, sycamore, swamp chestnut 

oak

8 RB 5 5 95 2 privet, loblolly, red maple

9 LB 80 5 95 4 red maple, sweetgum, loblolly, green ash, American elm

9 RB 5 2 98 2.5 privet, red maple, loblolly

10 LB 75 5 95 4 sweetgum, loblolly, American elm, tulip poplar

10 RB 10 5 95 1 privet, red maple, loblolly

Muddy Run II Reach 5A Riparian Buffer

Muddy Run II Reach 5B Riparian Buffer



Transect Width Length Cover Type Location Notes Area (ft²)

1 0.6 9 under cut LB 5.4

1 0.4 1 root RB 0.4

2 0.3 1.5 under cut LB 0.5

2 3 3 overhang/dead brush RB 9.0

3 1.5 3 overhang veg RB 4.5

3 0.5 4.4 root overhang RB 2.2

3 0.4 1 under cut RB 0.4

3 0.4 0.5 root overhang LB 0.2

4 1 3 overhang veg RB 3.0

5 0.7 10 root overhang/cut LB 7.0

5 0.4 6.5 root overhang/cut RB 2.6

5 2 2 overhang veg RB 4.0

5 4 3 overhang veg RB 12.0

5 1 4 overhang veg LB 4.0

5 2 2 overhang veg LB 4.0

6 0.5 1 root overhang RB (in water) 0.5

7 0.6 0.8 log overhang LB (in water) 0.5

7 0.3 2 log overhang LB (in water) 0.6

8 4.6 3.9 overhang veg RB 17.9

8 0.25 4 under cut bank RB 1.0

9 0.3 0.5 stick overhang LB 0.2

9 0.3 0.5 stick overhang LB 0.2

9 0.3 1 under cut LB 0.3

9 3 3.7 veg/brush overhang RB 11.1

10 1 1.2 veg overhang RB 1.2

10 0.2 1.5 under cut RB 0.3

10 0.4 1.5 under cut RB 0.6

10 2 2 veg overhang RB 4.0

Transect Width Lenth Cover Type Location Notes Area (ft²)

1 3 10 aquatic vegetation chan 19.5

2 4.1 10 aquatic vegetation chan 18.5

3 5.4 10 aquatic vegetation chan 24.3

4 6 10 aquatic vegetation chan 48.0

5 6.5 10 aquatic vegetation chan 65.0

6 6 10 aquatic vegetation chan 51.0

7 6.2 10 aquatic vegetation chan 43.4

8 5.6 10 aquatic vegetation chan 22.4

9 6 10 aquatic vegetation chan 1.8

10 5.1 10 aquatic vegetation chan 45.9

Muddy Run II Reach 3A Fish Cover

Muddy Run II Reference Reach Fish Cover



Transect Width Lenth Cover Type Location Notes Area (ft²)

1 5.2 10 Aquatic vegetation chan 18.2

2 3.7 10 Aquatic vegetation chan 14.8

3 4 10 Aquatic vegetation chan 24.0

3 4 10 Undercut bank 24.0

4 4.4 10 Aquatic vegetation chan 17.6

5 4.5 10 Aquatic vegetation chan 27.0

6 5.7 10 Aquatic vegetation chan 17.1

6 5.7 10 Undercut bank 17.1

7 4.5 10 Aquatic vegetation chan 22.5

8 4.7 10 Aquatic vegetation chan 7.1

9 4.9 10 Aquatic vegetation chan 9.8

10 5 10 Aquatic vegetation chan 2.5

Transect Width Lenth Cover Type Location Notes Area (ft²)

1 6.4 10 Undercut bank 1.8

2 5.7 10 Undercut bank 2.0

3 5.3 10 Undercut bank 0.6

3 5.3 10 Log chan 0.4

4 5 10 log edge (sub) chan 0.3

4 5 10 debris (sus) chan 0.8

4 5 10 Undercut bank 1.6

6 5.4 10 root (sus) chan 0.4

7 6.5 10 Undercut bank 7.2

8 6 10 Undercut bank 2.8

8 6 10 log   chan 0.9

8 6 10 sus/sub woody debris chan 9.3

9 6.2 10 log edge chan 0.2

10 6.1 10 Undercut bank 0.3

Muddy Run II Reach 5A Fish Cover

Muddy Run II Reach 5A Fish Cover
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Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data
Resources, Inc. It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from
other sources. NO WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL
DATA RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report "AS IS". Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor
should they be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I
Environmental Site Assessment performed by an environmental professional can provide information regarding the environmental risk for any
property. Additionally, the information provided in this Report is not to be construed as legal advice.

Copyright 2012 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole
or in part, of any report or map of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other
trademarks used herein are the property of their respective owners.
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A search of available environmental records was conducted by Environmental Data Resources, Inc (EDR).
The report was designed to assist parties seeking to meet the search requirements of EPA’s Standards
and Practices for All Appropriate Inquiries (40 CFR Part 312), the ASTM Standard Practice for
Environmental Site Assessments (E 1527-05) or custom requirements developed for the evaluation of
environmental risk associated with a parcel of real estate.

TARGET PROPERTY INFORMATION

ADDRESS

HIGHWAY 111/LUDIE BROWN ROAD
CHINQUAPIN, NC 28521

COORDINATES

34.8343000 - 34˚ 50’ 3.48’’Latitude (North): 
77.7907000 - 77˚ 47’ 26.52’’Longitude (West): 
Zone 18Universal Tranverse Mercator: 
244790.5UTM X (Meters): 
3858022.5UTM Y (Meters): 
50 ft. above sea levelElevation:

USGS TOPOGRAPHIC MAP ASSOCIATED WITH TARGET PROPERTY

34077-G7 CHINQUAPIN, NCTarget Property Map:
1981Most Recent Revision:

AERIAL PHOTOGRAPHY IN THIS REPORT

2009, 2010Portions of Photo from:
USDASource:

TARGET PROPERTY SEARCH RESULTS

The target property was not listed in any of the databases searched by EDR.

DATABASES WITH NO MAPPED SITES

No mapped sites were found in EDR’s search of available ("reasonably ascertainable ") government
records either on the target property or within the search radius around the target property for the
following databases:

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

NPL National Priority List
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Proposed NPL Proposed National Priority List Sites
NPL LIENS Federal Superfund Liens

Federal Delisted NPL site list

Delisted NPL National Priority List Deletions

Federal CERCLIS list

CERCLIS Comprehensive Environmental Response, Compensation, and Liability Information System
FEDERAL FACILITY Federal Facility Site Information listing

Federal CERCLIS NFRAP site List

CERC-NFRAP CERCLIS No Further Remedial Action Planned

Federal RCRA CORRACTS facilities list

CORRACTS Corrective Action Report

Federal RCRA non-CORRACTS TSD facilities list

RCRA-TSDF RCRA - Treatment, Storage and Disposal

Federal RCRA generators list

RCRA-LQG RCRA - Large Quantity Generators
RCRA-SQG RCRA - Small Quantity Generators
RCRA-CESQG RCRA - Conditionally Exempt Small Quantity Generator

Federal institutional controls / engineering controls registries

US ENG CONTROLS Engineering Controls Sites List
US INST CONTROL Sites with Institutional Controls

Federal ERNS list

ERNS Emergency Response Notification System

State- and tribal - equivalent NPL

NC HSDS Hazardous Substance Disposal Site

State- and tribal - equivalent CERCLIS

SHWS Inactive Hazardous Sites Inventory

State and tribal landfill and/or solid waste disposal site lists

SWF/LF List of Solid Waste Facilities
OLI Old Landfill Inventory

State and tribal leaking storage tank lists

LUST Regional UST Database
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LUST TRUST State Trust Fund Database
LAST Leaking Aboveground Storage Tanks
INDIAN LUST Leaking Underground Storage Tanks on Indian Land

State and tribal registered storage tank lists

UST Petroleum Underground Storage Tank Database
AST AST Database
INDIAN UST Underground Storage Tanks on Indian Land
FEMA UST Underground Storage Tank Listing

State and tribal institutional control / engineering control registries

INST CONTROL No Further Action Sites With Land Use Restrictions Monitoring

State and tribal voluntary cleanup sites

INDIAN VCP Voluntary Cleanup Priority Listing
VCP Responsible Party Voluntary Action Sites

State and tribal Brownfields sites

BROWNFIELDS Brownfields Projects Inventory

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists

US BROWNFIELDS A Listing of Brownfields Sites

Local Lists of Landfill / Solid Waste Disposal Sites

DEBRIS REGION 9 Torres Martinez Reservation Illegal Dump Site Locations
ODI Open Dump Inventory
SWRCY Recycling Center Listing
HIST LF Solid Waste Facility Listing
INDIAN ODI Report on the Status of Open Dumps on Indian Lands

Local Lists of Hazardous waste / Contaminated Sites

US CDL Clandestine Drug Labs
US HIST CDL National Clandestine Laboratory Register

Local Land Records

LIENS 2 CERCLA Lien Information
LUCIS Land Use Control Information System

Records of Emergency Release Reports

HMIRS Hazardous Materials Information Reporting System

Other Ascertainable Records

RCRA-NonGen RCRA - Non Generators



EXECUTIVE SUMMARY

TC3337526.6s  EXECUTIVE SUMMARY 4

DOT OPS Incident and Accident Data
DOD Department of Defense Sites
FUDS Formerly Used Defense Sites
CONSENT Superfund (CERCLA) Consent Decrees
ROD Records Of Decision
UMTRA Uranium Mill Tailings Sites
MINES Mines Master Index File
TRIS Toxic Chemical Release Inventory System
TSCA Toxic Substances Control Act
FTTS FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide
                                                Act)/TSCA (Toxic Substances Control Act)
HIST FTTS FIFRA/TSCA Tracking System Administrative Case Listing
SSTS Section 7 Tracking Systems
ICIS Integrated Compliance Information System
PADS PCB Activity Database System
MLTS Material Licensing Tracking System
RADINFO Radiation Information Database
FINDS Facility Index System/Facility Registry System
RAATS RCRA Administrative Action Tracking System
IMD Incident Management Database
UIC Underground Injection Wells Listing
DRYCLEANERS Drycleaning Sites
NPDES NPDES Facility Location Listing
INDIAN RESERV Indian Reservations
SCRD DRYCLEANERS State Coalition for Remediation of Drycleaners Listing
PCB TRANSFORMER PCB Transformer Registration Database
COAL ASH EPA Coal Combustion Residues Surface Impoundments List
EPA WATCH LIST EPA WATCH LIST
COAL ASH DOE Sleam-Electric Plan Operation Data
2020 CORRECTIVE ACTION 2020 Corrective Action Program List
FINANCIAL ASSURANCE Financial Assurance Information Listing
COAL ASH Coal Ash Disposal Sites

EDR PROPRIETARY RECORDS

EDR Proprietary Records

Manufactured Gas Plants EDR Proprietary Manufactured Gas Plants

SURROUNDING SITES: SEARCH RESULTS

Surrounding sites were not identified.

Unmappable (orphan) sites are not considered in the foregoing analysis.
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Due to poor or inadequate address information, the following sites were not mapped. Count: 25 records. 

Site Name  Database(s)____________  ____________

KING FARMS TRUCK SPILL  LAST
MARIES GAS & GRILL  LUST, UST, FINANCIAL ASSURANCE
JARMAN OIL CO.  LUST, UST
RHODES GRILL  IMD, LUST, UST
HALLIE ALBERTSON RESIDENCE  LUST
MOORE’S GROCERY & GRILL  IMD, LUST
NORRIS LUV STATION  IMD, LUST
MARIE & BILLY’S GAS & GRILL  LUST TRUST
EARL BLIZZARD  UST
QUINNS SUPER VALUE  UST
JAMES T RAYNOR  UST
LINWOOD RALPH KENNEDY  UST
DESSIE THIGPEN  UST
HALL’S PETROLEUM EQUIPMENT CO  UST
MOORES MINI MART #3  UST
NC ARMY NATIONAL GUARD ARMORY  UST
JERRY’S  UST
COMMUNITY FOOD STORE  UST
MARTHA MOORE’S GROCERY  UST
TERRY’S SERVICE CENTER  UST
MOBLEY GROCERY  UST
NORRIS SERVICE STATION  UST
C.A. MILLER SALVAGE  RCRA-NonGen
MOULDING SOLUTIONS  RCRA-NonGen
MARIE AND BILLY’S GAS / GRILL  IMD

http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u362J131mqz7v4s3JmA9j758.SlAhWj55Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J134mqz1v4sAJmA2j755.Sl9hWj95Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J135mqz2v4s4JmA9j756.Sl9hWj45Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J132mqzAv4s6JmA9j759.Sl5hWj35Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u362J132mqz2v4s7JmA2j752.Sl9hWj55Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u361J136mqz8v4s7JmA6j75A.Sl9hWj45Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u361J137mqz3v4s1JmA5j759.Sl3hWj75Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u361J137mqz4v4s6JmA3j753.SlAhWj25Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J135mqz2v4s4JmAAj757.Sl2hWj15Zu1
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MAP FINDINGS SUMMARY

Search
TargetDistance Total

Database Property(Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

    0  NR     0      0      0    0 1.000NPL
    0  NR     0      0      0    0 1.000Proposed NPL
    0  NR   NR    NR    NR  NR   TPNPL LIENS

Federal Delisted NPL site list

    0  NR     0      0      0    0 1.000Delisted NPL

Federal CERCLIS list

    0  NR   NR      0      0    0 0.500CERCLIS
    0  NR     0      0      0    0 1.000FEDERAL FACILITY

Federal CERCLIS NFRAP site List

    0  NR   NR      0      0    0 0.500CERC-NFRAP

Federal RCRA CORRACTS facilities list

    0  NR     0      0      0    0 1.000CORRACTS

Federal RCRA non-CORRACTS TSD facilities list

    0  NR   NR      0      0    0 0.500RCRA-TSDF

Federal RCRA generators list

    0  NR   NR    NR      0    0 0.250RCRA-LQG
    0  NR   NR    NR      0    0 0.250RCRA-SQG
    0  NR   NR    NR      0    0 0.250RCRA-CESQG

Federal institutional controls /
engineering controls registries

    0  NR   NR      0      0    0 0.500US ENG CONTROLS
    0  NR   NR      0      0    0 0.500US INST CONTROL

Federal ERNS list

    0  NR   NR    NR    NR  NR   TPERNS

State- and tribal - equivalent NPL

    0  NR     0      0      0    0 1.000NC HSDS

State- and tribal - equivalent CERCLIS

    0  NR     0      0      0    0 1.000SHWS

State and tribal landfill and/or
solid waste disposal site lists

    0  NR   NR      0      0    0 0.500SWF/LF
    0  NR   NR      0      0    0 0.500OLI

State and tribal leaking storage tank lists

    0  NR   NR      0      0    0 0.500LUST
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MAP FINDINGS SUMMARY

Search
TargetDistance Total

Database Property(Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

    0  NR   NR      0      0    0 0.500LUST TRUST
    0  NR   NR      0      0    0 0.500LAST
    0  NR   NR      0      0    0 0.500INDIAN LUST

State and tribal registered storage tank lists

    0  NR   NR    NR      0    0 0.250UST
    0  NR   NR    NR      0    0 0.250AST
    0  NR   NR    NR      0    0 0.250INDIAN UST
    0  NR   NR    NR      0    0 0.250FEMA UST

State and tribal institutional
control / engineering control registries

    0  NR   NR      0      0    0 0.500INST CONTROL

State and tribal voluntary cleanup sites

    0  NR   NR      0      0    0 0.500INDIAN VCP
    0  NR   NR      0      0    0 0.500VCP

State and tribal Brownfields sites

    0  NR   NR      0      0    0 0.500BROWNFIELDS

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists

    0  NR   NR      0      0    0 0.500US BROWNFIELDS

Local Lists of Landfill / Solid
Waste Disposal Sites

    0  NR   NR      0      0    0 0.500DEBRIS REGION 9
    0  NR   NR      0      0    0 0.500ODI
    0  NR   NR      0      0    0 0.500SWRCY
    0  NR   NR      0      0    0 0.500HIST LF
    0  NR   NR      0      0    0 0.500INDIAN ODI

Local Lists of Hazardous waste /
Contaminated Sites

    0  NR   NR    NR    NR  NR   TPUS CDL
    0  NR   NR    NR    NR  NR   TPUS HIST CDL

Local Land Records

    0  NR   NR    NR    NR  NR   TPLIENS 2
    0  NR   NR      0      0    0 0.500LUCIS

Records of Emergency Release Reports

    0  NR   NR    NR    NR  NR   TPHMIRS

Other Ascertainable Records

    0  NR   NR    NR      0    0 0.250RCRA-NonGen
    0  NR   NR    NR    NR  NR   TPDOT OPS
    0  NR     0      0      0    0 1.000DOD
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MAP FINDINGS SUMMARY

Search
TargetDistance Total

Database Property(Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

    0  NR     0      0      0    0 1.000FUDS
    0  NR     0      0      0    0 1.000CONSENT
    0  NR     0      0      0    0 1.000ROD
    0  NR   NR      0      0    0 0.500UMTRA
    0  NR   NR    NR      0    0 0.250MINES
    0  NR   NR    NR    NR  NR   TPTRIS
    0  NR   NR    NR    NR  NR   TPTSCA
    0  NR   NR    NR    NR  NR   TPFTTS
    0  NR   NR    NR    NR  NR   TPHIST FTTS
    0  NR   NR    NR    NR  NR   TPSSTS
    0  NR   NR    NR    NR  NR   TPICIS
    0  NR   NR    NR    NR  NR   TPPADS
    0  NR   NR    NR    NR  NR   TPMLTS
    0  NR   NR    NR    NR  NR   TPRADINFO
    0  NR   NR    NR    NR  NR   TPFINDS
    0  NR   NR    NR    NR  NR   TPRAATS
    0  NR   NR      0      0    0 0.500IMD
    0  NR   NR    NR    NR  NR   TPUIC
    0  NR   NR    NR      0    0 0.250DRYCLEANERS
    0  NR   NR    NR    NR  NR   TPNPDES
    0  NR     0      0      0    0 1.000INDIAN RESERV
    0  NR   NR      0      0    0 0.500SCRD DRYCLEANERS
    0  NR   NR    NR    NR  NR   TPPCB TRANSFORMER
    0  NR   NR      0      0    0 0.500COAL ASH EPA
    0  NR   NR    NR    NR  NR   TPEPA WATCH LIST
    0  NR   NR    NR    NR  NR   TPCOAL ASH DOE
    0  NR   NR    NR      0    0 0.2502020 CORRECTIVE ACTION
    0  NR   NR    NR    NR  NR   TPFINANCIAL ASSURANCE
    0  NR   NR      0      0    0 0.500COAL ASH

EDR PROPRIETARY RECORDS

EDR Proprietary Records

    0  NR     0      0      0    0 1.000Manufactured Gas Plants

NOTES:

   TP = Target Property

   NR = Not Requested at this Search Distance

   Sites may be listed in more than one database
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MAP FINDINGSMap ID
Direction

EDR ID NumberDistance
EPA ID NumberDatabase(s)SiteElevation

NO SITES FOUND
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ORPHAN SUMMARY

City EDR ID Site Name Site Address Zip Database(s)

Count: 25 records.

BEULAVILLE          U004139610 EARL BLIZZARD RT 1 28518 UST
BEULAVILLE          U001196143 QUINNS SUPER VALUE RT 1 28518 UST
BEULAVILLE          U004139675 JAMES T RAYNOR RT 2 28518 UST
BEULAVILLE          U004139143 LINWOOD RALPH KENNEDY RT 2 28518 UST
BEULAVILLE          U004138789 DESSIE THIGPEN RT 2 28518 UST
BEULAVILLE          U004139051 HALL’S PETROLEUM EQUIPMENT CO RT 2 28518 UST
BEULAVILLE          U004138583 JARMAN OIL CO. HWY 24 E 28518 LUST, UST
BEULAVILLE          1010786765 C.A. MILLER SALVAGE 1127 NC 241 28518 RCRA-NonGen
BEULAVILLE          U001958842 RHODES GRILL HWY 41 &  HWY 28518 IMD, LUST, UST
BEULAVILLE          U001189500 MOORES MINI MART #3 HWY 41 S 28518 UST
BEULAVILLE          S111161184 HALLIE ALBERTSON RESIDENCE 2124 HWY 41 S 28518 LUST
BEULAVILLE          U001958939 NC ARMY NATIONAL GUARD ARMORY HWY 415 &  JACKSON AVE 28518 UST
BEULAVILLE          U004139530 JERRY’S BEULAVILLE HWY 28518 UST
CHINQUAPIN          U004138527 COMMUNITY FOOD STORE RT 1 28521 UST
CHINQUAPIN          U003561951 MARTHA MOORE’S GROCERY RT 1 28521 UST
CHINQUAPIN          U003562509 TERRY’S SERVICE CENTER RT 1 28521 UST
CHINQUAPIN          S105765983 MOORE’S GROCERY & GRILL RT 1      IMD, LUST
CHINQUAPIN          U001196918 MOBLEY GROCERY HWY 111 28521 UST
CHINQUAPIN          1014925468 MOULDING SOLUTIONS 2137 HWY 111 S 28521 RCRA-NonGen
CHINQUAPIN          S110628794 KING FARMS TRUCK SPILL 3186 HWY 41 S 28521 LAST
CHINQUAPIN          S106204826 NORRIS LUV STATION HWY 41      IMD, LUST
CHINQUAPIN          U001196990 NORRIS SERVICE STATION HWY 41 28521 UST
CHINQUAPIN          U003091488 MARIES GAS & GRILL 4463 NC HWY 50 28521 LUST, UST, FINANCIAL ASSURANCE
CHINQUAPIN          S106352291 MARIE & BILLY’S GAS & GRILL 4463 S NC HWY50      LUST TRUST
CHINQUAPIN          S105896153 MARIE AND BILLY’S GAS / GRILL 4463 S NC HWY 50      IMD
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http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J135mqz2v4s4JmAAj756.Sl4hWj15Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J135mqz2v4s4JmA9j756.Sl3hWj85Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J134mqz6v4s7JmA2j75A.Sl6hWj25Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J134mqz6v4s7JmA3j756.Sl1hWjA5Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u361J136mqz8v4s7JmA6j75A.Sl9hWj45Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J132mqz2v4sAJmA7j75A.Sl2hWj95Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.2Opw1u362J135mqzAv4s3JmA6j755.Sl7hWj95Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u362J131mqz7v4s3JmA9j758.SlAhWj55Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u361J137mqz3v4s1JmA5j759.Sl3hWj75Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J132mqz2v4sAJmA7j75A.SlAhWj15Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.VOpw1u361J134mqz1v4sAJmA2j755.Sl9hWj95Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u361J137mqz4v4s6JmA3j753.SlAhWj25Zu1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2H2GHV1pG381Vq34pm173S2W1Z4sql4d4C4EmM847v2YH.15Gl7fV515pX7p3d181y6CqX2C4b3ImJ2cHP2eGe1iVh4EpV4p3Z471J8Zqm6X4C3Tm37j7t0lS97QWatlZk2JHx2jGt1nV.TOpw2u361J136mqz9v4sAJmA7j752.Sl6hWj45Zu1


To maintain currency of the following federal and state databases, EDR contacts the appropriate governmental agency
on a monthly or quarterly basis, as required.

Number of Days to Update: Provides confirmation that EDR is reporting records that have been updated within 90 days
from the date the government agency made the information available to the public.

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

NPL:  National Priority List
National Priorities List (Superfund). The NPL is a subset of CERCLIS and identifies over 1,200 sites for priority
cleanup under the Superfund Program. NPL sites may encompass relatively large areas. As such, EDR provides polygon
coverage for over 1,000 NPL site boundaries produced by EPA’s Environmental Photographic Interpretation Center
(EPIC) and regional EPA offices.

Date of Government Version: 05/08/2012
Date Data Arrived at EDR: 05/10/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 5

Source:  EPA
Telephone:  N/A
Last EDR Contact: 05/10/2012
Next Scheduled EDR Contact: 07/23/2012
Data Release Frequency: Quarterly

NPL Site Boundaries

Sources:

EPA’s Environmental Photographic Interpretation Center (EPIC)
Telephone: 202-564-7333

EPA Region 1 EPA Region 6
Telephone 617-918-1143 Telephone: 214-655-6659

EPA Region 3 EPA Region 7
Telephone 215-814-5418 Telephone: 913-551-7247

EPA Region 4 EPA Region 8
Telephone 404-562-8033 Telephone: 303-312-6774

EPA Region 5 EPA Region 9
Telephone 312-886-6686 Telephone: 415-947-4246

EPA Region 10
Telephone 206-553-8665

Proposed NPL:  Proposed National Priority List Sites
A site that has been proposed for listing on the National Priorities List through the issuance of a proposed rule
in the Federal Register. EPA then accepts public comments on the site, responds to the comments, and places on
the NPL those sites that continue to meet the requirements for listing.

Date of Government Version: 03/30/2012
Date Data Arrived at EDR: 04/05/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 40

Source:  EPA
Telephone:  N/A
Last EDR Contact: 04/05/2012
Next Scheduled EDR Contact: 07/23/2012
Data Release Frequency: Quarterly

NPL LIENS:  Federal Superfund Liens
Federal Superfund Liens. Under the authority granted the USEPA by CERCLA of 1980, the USEPA has the authority
to file liens against real property in order to recover remedial action expenditures or when the property owner
received notification of potential liability. USEPA compiles a listing of filed notices of Superfund Liens.

Date of Government Version: 10/15/1991
Date Data Arrived at EDR: 02/02/1994
Date Made Active in Reports: 03/30/1994
Number of Days to Update: 56

Source:  EPA
Telephone:  202-564-4267
Last EDR Contact: 08/15/2011
Next Scheduled EDR Contact: 11/28/2011
Data Release Frequency: No Update Planned
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Federal Delisted NPL site list

DELISTED NPL:  National Priority List Deletions
The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) establishes the criteria that the
EPA uses to delete sites from the NPL. In accordance with 40 CFR 300.425.(e), sites may be deleted from the
NPL where no further response is appropriate.

Date of Government Version: 03/30/2012
Date Data Arrived at EDR: 04/05/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 40

Source:  EPA
Telephone:  N/A
Last EDR Contact: 04/05/2012
Next Scheduled EDR Contact: 07/23/2012
Data Release Frequency: Quarterly

Federal CERCLIS list

CERCLIS:  Comprehensive Environmental Response, Compensation, and Liability Information System
CERCLIS contains data on potentially hazardous waste sites that have been reported to the USEPA by states, municipalities,
private companies and private persons, pursuant to Section 103 of the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA). CERCLIS contains sites which are either proposed to or on the National Priorities
List (NPL) and sites which are in the screening and assessment phase for possible inclusion on the NPL.

Date of Government Version: 12/27/2011
Date Data Arrived at EDR: 02/27/2012
Date Made Active in Reports: 03/12/2012
Number of Days to Update: 14

Source:  EPA
Telephone:  703-412-9810
Last EDR Contact: 05/29/2012
Next Scheduled EDR Contact: 09/10/2012
Data Release Frequency: Quarterly

FEDERAL FACILITY:  Federal Facility Site Information listing
A listing of National Priority List (NPL) and Base Realignment and Closure (BRAC) sites found in the Comprehensive
Environmental Response, Compensation and Liability Information System (CERCLIS) Database where EPA Federal Facilities
Restoration and Reuse Office is involved in cleanup activities.

Date of Government Version: 12/10/2010
Date Data Arrived at EDR: 01/11/2011
Date Made Active in Reports: 02/16/2011
Number of Days to Update: 36

Source:  Environmental Protection Agency
Telephone:  703-603-8704
Last EDR Contact: 04/12/2012
Next Scheduled EDR Contact: 07/23/2012
Data Release Frequency: Varies

Federal CERCLIS NFRAP site List

CERCLIS-NFRAP:  CERCLIS No Further Remedial Action Planned
Archived sites are sites that have been removed and archived from the inventory of CERCLIS sites. Archived status
indicates that, to the best of EPA’s knowledge, assessment at a site has been completed and that EPA has determined
no further steps will be taken to list this site on the National Priorities List (NPL), unless information indicates
this decision was not appropriate or other considerations require a recommendation for listing at a later time.
This decision does not necessarily mean that there is no hazard associated with a given site; it only means that,
based upon available information, the location is not judged to be a potential NPL site. 

Date of Government Version: 12/28/2011
Date Data Arrived at EDR: 02/27/2012
Date Made Active in Reports: 03/12/2012
Number of Days to Update: 14

Source:  EPA
Telephone:  703-412-9810
Last EDR Contact: 05/29/2012
Next Scheduled EDR Contact: 09/10/2012
Data Release Frequency: Quarterly

Federal RCRA CORRACTS facilities list

CORRACTS:  Corrective Action Report
CORRACTS identifies hazardous waste handlers with RCRA corrective action activity.
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Date of Government Version: 08/19/2011
Date Data Arrived at EDR: 08/31/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 132

Source:  EPA
Telephone:  800-424-9346
Last EDR Contact: 05/15/2012
Next Scheduled EDR Contact: 08/27/2012
Data Release Frequency: Quarterly

Federal RCRA non-CORRACTS TSD facilities list

RCRA-TSDF:  RCRA - Treatment, Storage and Disposal
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Transporters are individuals or entities that
move hazardous waste from the generator offsite to a facility that can recycle, treat, store, or dispose of the
waste. TSDFs treat, store, or dispose of the waste.

Date of Government Version: 03/15/2012
Date Data Arrived at EDR: 04/04/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 41

Source:  Environmental Protection Agency
Telephone:  (404) 562-8651
Last EDR Contact: 04/04/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Quarterly

Federal RCRA generators list

RCRA-LQG:  RCRA - Large Quantity Generators
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Large quantity generators (LQGs) generate
over 1,000 kilograms (kg) of hazardous waste, or over 1 kg of acutely hazardous waste per month.

Date of Government Version: 03/15/2012
Date Data Arrived at EDR: 04/04/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 41

Source:  Environmental Protection Agency
Telephone:  (404) 562-8651
Last EDR Contact: 04/04/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Quarterly

RCRA-SQG:  RCRA - Small Quantity Generators
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Small quantity generators (SQGs) generate
between 100 kg and 1,000 kg of hazardous waste per month.

Date of Government Version: 03/15/2012
Date Data Arrived at EDR: 04/04/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 41

Source:  Environmental Protection Agency
Telephone:  (404) 562-8651
Last EDR Contact: 04/04/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Quarterly

RCRA-CESQG:  RCRA - Conditionally Exempt Small Quantity Generators
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Conditionally exempt small quantity generators
(CESQGs) generate less than 100 kg of hazardous waste, or less than 1 kg of acutely hazardous waste per month.

Date of Government Version: 03/15/2012
Date Data Arrived at EDR: 04/04/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 41

Source:  Environmental Protection Agency
Telephone:  (404) 562-8651
Last EDR Contact: 04/04/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Varies
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Federal institutional controls / engineering controls registries

US ENG CONTROLS:  Engineering Controls Sites List
A listing of sites with engineering controls in place. Engineering controls include various forms of caps, building
foundations, liners, and treatment methods to create pathway elimination for regulated substances to enter environmental
media or effect human health.

Date of Government Version: 12/30/2011
Date Data Arrived at EDR: 12/30/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 11

Source:  Environmental Protection Agency
Telephone:  703-603-0695
Last EDR Contact: 03/12/2012
Next Scheduled EDR Contact: 06/25/2012
Data Release Frequency: Varies

US INST CONTROL:  Sites with Institutional Controls
A listing of sites with institutional controls in place. Institutional controls include administrative measures,
such as groundwater use restrictions, construction restrictions, property use restrictions, and post remediation
care requirements intended to prevent exposure to contaminants remaining on site. Deed restrictions are generally
required as part of the institutional controls.

Date of Government Version: 12/30/2011
Date Data Arrived at EDR: 12/30/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 11

Source:  Environmental Protection Agency
Telephone:  703-603-0695
Last EDR Contact: 03/12/2012
Next Scheduled EDR Contact: 06/25/2012
Data Release Frequency: Varies

Federal ERNS list

ERNS:  Emergency Response Notification System
Emergency Response Notification System. ERNS records and stores information on reported releases of oil and hazardous
substances.

Date of Government Version: 10/03/2011
Date Data Arrived at EDR: 10/04/2011
Date Made Active in Reports: 11/11/2011
Number of Days to Update: 38

Source:  National Response Center, United States Coast Guard
Telephone:  202-267-2180
Last EDR Contact: 04/03/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Annually

State- and tribal - equivalent NPL

HSDS:  Hazardous Substance Disposal Site
Locations of uncontrolled and unregulated hazardous waste sites. The file includes sites on the National Priority
List as well as those on the state priority list.

Date of Government Version: 08/09/2011
Date Data Arrived at EDR: 11/08/2011
Date Made Active in Reports: 12/05/2011
Number of Days to Update: 27

Source:  North Carolina Center for Geographic Information and Analysis
Telephone:  919-754-6580
Last EDR Contact: 05/08/2012
Next Scheduled EDR Contact: 08/20/2012
Data Release Frequency: Biennially

State- and tribal - equivalent CERCLIS

SHWS:  Inactive Hazardous Sites Inventory
State Hazardous Waste Sites. State hazardous waste site records are the states’ equivalent to CERCLIS. These sites
may or may not already be listed on the federal CERCLIS list. Priority sites planned for cleanup using state funds
(state equivalent of Superfund) are identified along with sites where cleanup will be paid for by potentially
responsible parties. Available information varies by state.

Date of Government Version: 03/01/2012
Date Data Arrived at EDR: 04/03/2012
Date Made Active in Reports: 04/23/2012
Number of Days to Update: 20

Source:  Department of Environment, Health and Natural Resources
Telephone:  919-508-8400
Last EDR Contact: 04/03/2012
Next Scheduled EDR Contact: 07/02/2012
Data Release Frequency: Quarterly
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State and tribal landfill and/or solid waste disposal site lists

SWF/LF:  List of Solid Waste Facilities
Solid Waste Facilities/Landfill Sites. SWF/LF type records typically contain an inventory of solid waste disposal
facilities or landfills in a particular state. Depending on the state, these may be active or inactive facilities
or open dumps that failed to meet RCRA Subtitle D Section 4004 criteria for solid waste landfills or disposal
sites.

Date of Government Version: 03/14/2012
Date Data Arrived at EDR: 03/16/2012
Date Made Active in Reports: 04/23/2012
Number of Days to Update: 38

Source:  Department of Environment and Natural Resources
Telephone:  919-733-0692
Last EDR Contact: 04/23/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Semi-Annually

OLI:  Old Landfill Inventory
Old landfill inventory location information. (Does not include no further action sites and other agency lead
sites).

Date of Government Version: 10/14/2011
Date Data Arrived at EDR: 10/20/2011
Date Made Active in Reports: 11/23/2011
Number of Days to Update: 34

Source:  Department of Environment & Natural Resources
Telephone:  919-733-4996
Last EDR Contact: 04/17/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: Varies

State and tribal leaking storage tank lists

LUST:  Regional UST Database
This database contains information obtained from the Regional Offices. It provides a more detailed explanation
of current and historic activity for individual sites, as well as what was previously found in the Incident Management
Database. Sites in this database with Incident Numbers are considered LUSTs.

Date of Government Version: 02/03/2012
Date Data Arrived at EDR: 02/15/2012
Date Made Active in Reports: 03/20/2012
Number of Days to Update: 34

Source:  Department of Environment and Natural Resources
Telephone:  919-733-1308
Last EDR Contact: 05/16/2012
Next Scheduled EDR Contact: 08/27/2012
Data Release Frequency: Quarterly

LUST TRUST:  State Trust Fund Database
This database contains information about claims against the State Trust Funds for reimbursements for expenses
incurred while remediating Leaking USTs.

Date of Government Version: 01/13/2012
Date Data Arrived at EDR: 01/19/2012
Date Made Active in Reports: 02/10/2012
Number of Days to Update: 22

Source:  Department of Environment and Natural Resources
Telephone:  919-733-1315
Last EDR Contact: 04/12/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: Semi-Annually

LAST:  Leaking Aboveground Storage Tanks
A listing of leaking aboveground storage tank site locations.

Date of Government Version: 02/03/2012
Date Data Arrived at EDR: 02/15/2012
Date Made Active in Reports: 03/20/2012
Number of Days to Update: 34

Source:  Department of Environment & Natural Resources
Telephone:  877-623-6748
Last EDR Contact: 05/16/2012
Next Scheduled EDR Contact: 08/27/2012
Data Release Frequency: Quarterly

INDIAN LUST R9:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Arizona, California, New Mexico and Nevada
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Date of Government Version: 02/14/2012
Date Data Arrived at EDR: 02/17/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 88

Source:  Environmental Protection Agency
Telephone:  415-972-3372
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Quarterly

INDIAN LUST R4:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Florida, Mississippi and North Carolina.

Date of Government Version: 12/14/2011
Date Data Arrived at EDR: 12/15/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 26

Source:  EPA Region 4
Telephone:  404-562-8677
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Semi-Annually

INDIAN LUST R10:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Alaska, Idaho, Oregon and Washington.

Date of Government Version: 02/01/2012
Date Data Arrived at EDR: 02/02/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 103

Source:  EPA Region 10
Telephone:  206-553-2857
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Quarterly

INDIAN LUST R1:  Leaking Underground Storage Tanks on Indian Land
A listing of leaking underground storage tank locations on Indian Land.

Date of Government Version: 10/01/2011
Date Data Arrived at EDR: 11/01/2011
Date Made Active in Reports: 11/11/2011
Number of Days to Update: 10

Source:  EPA Region 1
Telephone:  617-918-1313
Last EDR Contact: 05/01/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Varies

INDIAN LUST R6:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in New Mexico and Oklahoma.

Date of Government Version: 09/12/2011
Date Data Arrived at EDR: 09/13/2011
Date Made Active in Reports: 11/11/2011
Number of Days to Update: 59

Source:  EPA Region 6
Telephone:  214-665-6597
Last EDR Contact: 04/23/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Varies

INDIAN LUST R7:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Iowa, Kansas, and Nebraska

Date of Government Version: 02/07/2012
Date Data Arrived at EDR: 02/17/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 88

Source:  EPA Region 7
Telephone:  913-551-7003
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Varies

INDIAN LUST R8:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Colorado, Montana, North Dakota, South Dakota, Utah and Wyoming.

Date of Government Version: 08/18/2011
Date Data Arrived at EDR: 08/19/2011
Date Made Active in Reports: 09/13/2011
Number of Days to Update: 25

Source:  EPA Region 8
Telephone:  303-312-6271
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Quarterly

State and tribal registered storage tank lists
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UST:  Petroleum Underground Storage Tank Database
Registered Underground Storage Tanks. UST’s are regulated under Subtitle I of the Resource Conservation and Recovery
Act (RCRA) and must be registered with the state department responsible for administering the UST program. Available
information varies by state program.

Date of Government Version: 02/03/2012
Date Data Arrived at EDR: 02/15/2012
Date Made Active in Reports: 04/05/2012
Number of Days to Update: 50

Source:  Department of Environment and Natural Resources
Telephone:  919-733-1308
Last EDR Contact: 05/16/2012
Next Scheduled EDR Contact: 08/27/2012
Data Release Frequency: Quarterly

AST:  AST Database
Facilities with aboveground storage tanks that have a capacity greater than 21,000 gallons.

Date of Government Version: 03/26/2012
Date Data Arrived at EDR: 03/26/2012
Date Made Active in Reports: 04/30/2012
Number of Days to Update: 35

Source:  Department of Environment and Natural Resources
Telephone:  919-715-6183
Last EDR Contact: 03/26/2012
Next Scheduled EDR Contact: 07/09/2012
Data Release Frequency: Semi-Annually

INDIAN UST R8:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 8 (Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming and 27 Tribal Nations).

Date of Government Version: 08/18/2011
Date Data Arrived at EDR: 08/19/2011
Date Made Active in Reports: 09/13/2011
Number of Days to Update: 25

Source:  EPA Region 8
Telephone:  303-312-6137
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Quarterly

INDIAN UST R7:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 7 (Iowa, Kansas, Missouri, Nebraska, and 9 Tribal Nations).

Date of Government Version: 02/07/2012
Date Data Arrived at EDR: 02/17/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 88

Source:  EPA Region 7
Telephone:  913-551-7003
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Varies

INDIAN UST R1:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 1 (Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont and ten Tribal
Nations).

Date of Government Version: 10/01/2011
Date Data Arrived at EDR: 11/01/2011
Date Made Active in Reports: 11/11/2011
Number of Days to Update: 10

Source:  EPA, Region 1
Telephone:  617-918-1313
Last EDR Contact: 05/01/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Varies

INDIAN UST R9:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 9 (Arizona, California, Hawaii, Nevada, the Pacific Islands, and Tribal Nations).

Date of Government Version: 11/28/2011
Date Data Arrived at EDR: 11/29/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 42

Source:  EPA Region 9
Telephone:  415-972-3368
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Quarterly
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INDIAN UST R4:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 4 (Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee
and Tribal Nations)

Date of Government Version: 12/14/2011
Date Data Arrived at EDR: 12/15/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 26

Source:  EPA Region 4
Telephone:  404-562-9424
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Semi-Annually

INDIAN UST R10:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 10 (Alaska, Idaho, Oregon, Washington, and Tribal Nations).

Date of Government Version: 02/01/2012
Date Data Arrived at EDR: 02/02/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 103

Source:  EPA Region 10
Telephone:  206-553-2857
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Quarterly

INDIAN UST R6:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 6 (Louisiana, Arkansas, Oklahoma, New Mexico, Texas and 65 Tribes).

Date of Government Version: 05/10/2011
Date Data Arrived at EDR: 05/11/2011
Date Made Active in Reports: 06/14/2011
Number of Days to Update: 34

Source:  EPA Region 6
Telephone:  214-665-7591
Last EDR Contact: 04/23/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Semi-Annually

INDIAN UST R5:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 5 (Michigan, Minnesota and Wisconsin and Tribal Nations).

Date of Government Version: 02/28/2012
Date Data Arrived at EDR: 02/29/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 76

Source:  EPA Region 5
Telephone:  312-886-6136
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Varies

FEMA UST:  Underground Storage Tank Listing
A listing of all FEMA owned underground storage tanks.

Date of Government Version: 01/01/2010
Date Data Arrived at EDR: 02/16/2010
Date Made Active in Reports: 04/12/2010
Number of Days to Update: 55

Source:  FEMA
Telephone:  202-646-5797
Last EDR Contact: 04/10/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: Varies

State and tribal institutional control / engineering control registries

INST CONTROL:  No Further Action Sites With Land Use Restrictions Monitoring
A land use restricted site is a property where there are limits or requirements on future use of the property
due to varying levels of cleanup possible, practical, or necessary at the site.

Date of Government Version: 03/01/2012
Date Data Arrived at EDR: 04/03/2012
Date Made Active in Reports: 04/23/2012
Number of Days to Update: 20

Source:  Department of Environment, Health and Natural Resources
Telephone:  919-508-8400
Last EDR Contact: 12/17/2110
Next Scheduled EDR Contact: 07/02/2012
Data Release Frequency: Quarterly
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State and tribal voluntary cleanup sites

INDIAN VCP R1:  Voluntary Cleanup Priority Listing
A listing of voluntary cleanup priority sites located on Indian Land located in Region 1.

Date of Government Version: 02/17/2012
Date Data Arrived at EDR: 04/03/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 42

Source:  EPA, Region 1
Telephone:  617-918-1102
Last EDR Contact: 04/03/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Varies

INDIAN VCP R7:  Voluntary Cleanup Priority Lisitng
A listing of voluntary cleanup priority sites located on Indian Land located in Region 7.

Date of Government Version: 03/20/2008
Date Data Arrived at EDR: 04/22/2008
Date Made Active in Reports: 05/19/2008
Number of Days to Update: 27

Source:  EPA, Region 7
Telephone:  913-551-7365
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

VCP:  Responsible Party Voluntary Action Sites
Responsible Party Voluntary Action site locations.

Date of Government Version: 03/01/2012
Date Data Arrived at EDR: 04/03/2012
Date Made Active in Reports: 04/23/2012
Number of Days to Update: 20

Source:  Department of Environment and Natural Resources
Telephone:  919-508-8400
Last EDR Contact: 04/03/2012
Next Scheduled EDR Contact: 07/02/2012
Data Release Frequency: Semi-Annually

State and tribal Brownfields sites

BROWNFIELDS:  Brownfields Projects Inventory
A brownfield site is an abandoned, idled, or underused property where the threat of environmental contamination
has hindered its redevelopment. All of the sites in the inventory are working toward a brownfield agreement for
cleanup and liabitliy control.

Date of Government Version: 09/30/2010
Date Data Arrived at EDR: 04/15/2011
Date Made Active in Reports: 05/04/2011
Number of Days to Update: 19

Source:  Department of Environment and Natural Resources
Telephone:  919-733-4996
Last EDR Contact: 04/12/2012
Next Scheduled EDR Contact: 07/23/2012
Data Release Frequency: Varies

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists

US BROWNFIELDS:  A Listing of Brownfields Sites
Brownfields are real property, the expansion, redevelopment, or reuse of which may be complicated by the presence
or potential presence of a hazardous substance, pollutant, or contaminant. Cleaning up and reinvesting in these
properties takes development pressures off of undeveloped, open land, and both improves and protects the environment.
Assessment, Cleanup and Redevelopment Exchange System (ACRES) stores information reported by EPA Brownfields
grant recipients on brownfields properties assessed or cleaned up with grant funding as well as information on
Targeted Brownfields Assessments performed by EPA Regions. A listing of ACRES Brownfield sites is obtained from
Cleanups in My Community. Cleanups in My Community provides information on Brownfields properties for which information
is reported back to EPA, as well as areas served by Brownfields grant programs.

Date of Government Version: 06/27/2011
Date Data Arrived at EDR: 06/27/2011
Date Made Active in Reports: 09/13/2011
Number of Days to Update: 78

Source:  Environmental Protection Agency
Telephone:  202-566-2777
Last EDR Contact: 04/03/2012
Next Scheduled EDR Contact: 07/09/2012
Data Release Frequency: Semi-Annually
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Local Lists of Landfill / Solid Waste Disposal Sites

ODI:  Open Dump Inventory
An open dump is defined as a disposal facility that does not comply with one or more of the Part 257 or Part 258
Subtitle D Criteria.

Date of Government Version: 06/30/1985
Date Data Arrived at EDR: 08/09/2004
Date Made Active in Reports: 09/17/2004
Number of Days to Update: 39

Source:  Environmental Protection Agency
Telephone:  800-424-9346
Last EDR Contact: 06/09/2004
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

DEBRIS REGION 9:  Torres Martinez Reservation Illegal Dump Site Locations
A listing of illegal dump sites location on the Torres Martinez Indian Reservation located in eastern Riverside
County and northern Imperial County, California.

Date of Government Version: 01/12/2009
Date Data Arrived at EDR: 05/07/2009
Date Made Active in Reports: 09/21/2009
Number of Days to Update: 137

Source:  EPA, Region 9
Telephone:  415-947-4219
Last EDR Contact: 03/26/2012
Next Scheduled EDR Contact: 07/09/2012
Data Release Frequency: No Update Planned

HIST LF:  Solid Waste Facility Listing
A listing of solid waste facilities.

Date of Government Version: 11/06/2006
Date Data Arrived at EDR: 02/13/2007
Date Made Active in Reports: 03/02/2007
Number of Days to Update: 17

Source:  Department of Environment &  Natural Resources
Telephone:  919-733-0692
Last EDR Contact: 01/19/2009
Next Scheduled EDR Contact: 04/19/2009
Data Release Frequency: Quarterly

SWRCY:  Recycling Center Listing
A listing of recycling center locations.

Date of Government Version: 02/06/2012
Date Data Arrived at EDR: 02/08/2012
Date Made Active in Reports: 03/20/2012
Number of Days to Update: 41

Source:  Department of Environment & Natural Resources
Telephone:  919-707-8137
Last EDR Contact: 05/21/2012
Next Scheduled EDR Contact: 08/20/2012
Data Release Frequency: Varies

INDIAN ODI:  Report on the Status of Open Dumps on Indian Lands
Location of open dumps on Indian land.

Date of Government Version: 12/31/1998
Date Data Arrived at EDR: 12/03/2007
Date Made Active in Reports: 01/24/2008
Number of Days to Update: 52

Source:  Environmental Protection Agency
Telephone:  703-308-8245
Last EDR Contact: 05/07/2012
Next Scheduled EDR Contact: 08/20/2012
Data Release Frequency: Varies

Local Lists of Hazardous waste / Contaminated Sites

US CDL:  Clandestine Drug Labs
A listing of clandestine drug lab locations. The U.S. Department of Justice ("the Department") provides this
web site as a public service. It contains addresses of some locations where law enforcement agencies reported
they found chemicals or other items that indicated the presence of either clandestine drug laboratories or dumpsites.
In most cases, the source of the entries is not the Department, and the Department has not verified the entry
and does not guarantee its accuracy. Members of the public must verify the accuracy of all entries by, for example,
contacting local law enforcement and local health departments.
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Date of Government Version: 10/07/2011
Date Data Arrived at EDR: 12/09/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 32

Source:  Drug Enforcement Administration
Telephone:  202-307-1000
Last EDR Contact: 06/04/2012
Next Scheduled EDR Contact: 09/17/2012
Data Release Frequency: Quarterly

US HIST CDL:  National Clandestine Laboratory Register
A listing of clandestine drug lab locations. The U.S. Department of Justice ("the Department") provides this
web site as a public service. It contains addresses of some locations where law enforcement agencies reported
they found chemicals or other items that indicated the presence of either clandestine drug laboratories or dumpsites.
In most cases, the source of the entries is not the Department, and the Department has not verified the entry
and does not guarantee its accuracy. Members of the public must verify the accuracy of all entries by, for example,
contacting local law enforcement and local health departments.

Date of Government Version: 09/01/2007
Date Data Arrived at EDR: 11/19/2008
Date Made Active in Reports: 03/30/2009
Number of Days to Update: 131

Source:  Drug Enforcement Administration
Telephone:  202-307-1000
Last EDR Contact: 03/23/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: No Update Planned

Local Land Records

LIENS 2:  CERCLA Lien Information
A Federal CERCLA (’Superfund’) lien can exist by operation of law at any site or property at which EPA has spent
Superfund monies. These monies are spent to investigate and address releases and threatened releases of contamination.
CERCLIS provides information as to the identity of these sites and properties.

Date of Government Version: 09/09/2011
Date Data Arrived at EDR: 09/16/2011
Date Made Active in Reports: 09/29/2011
Number of Days to Update: 13

Source:  Environmental Protection Agency
Telephone:  202-564-6023
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Varies

LUCIS:  Land Use Control Information System
LUCIS contains records of land use control information pertaining to the former Navy Base Realignment and Closure
properties.

Date of Government Version: 12/09/2005
Date Data Arrived at EDR: 12/11/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 31

Source:  Department of the Navy
Telephone:  843-820-7326
Last EDR Contact: 05/21/2012
Next Scheduled EDR Contact: 09/03/2012
Data Release Frequency: Varies

Records of Emergency Release Reports

HMIRS:  Hazardous Materials Information Reporting System
Hazardous Materials Incident Report System. HMIRS contains hazardous material spill incidents reported to DOT.

Date of Government Version: 10/04/2011
Date Data Arrived at EDR: 10/04/2011
Date Made Active in Reports: 11/11/2011
Number of Days to Update: 38

Source:  U.S. Department of Transportation
Telephone:  202-366-4555
Last EDR Contact: 04/03/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Annually

Other Ascertainable Records

RCRA-NonGen:  RCRA - Non Generators
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Non-Generators do not presently generate hazardous
waste.
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Date of Government Version: 03/15/2012
Date Data Arrived at EDR: 04/04/2012
Date Made Active in Reports: 05/15/2012
Number of Days to Update: 41

Source:  Environmental Protection Agency
Telephone:  (404) 562-8651
Last EDR Contact: 04/04/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Varies

DOT OPS:  Incident and Accident Data
Department of Transporation, Office of Pipeline Safety Incident and Accident data.

Date of Government Version: 07/29/2011
Date Data Arrived at EDR: 08/09/2011
Date Made Active in Reports: 11/11/2011
Number of Days to Update: 94

Source:  Department of Transporation, Office of Pipeline Safety
Telephone:  202-366-4595
Last EDR Contact: 05/08/2012
Next Scheduled EDR Contact: 08/20/2012
Data Release Frequency: Varies

DOD:  Department of Defense Sites
This data set consists of federally owned or administered lands, administered by the Department of Defense, that
have any area equal to or greater than 640 acres of the United States, Puerto Rico, and the U.S. Virgin Islands.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 11/10/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 62

Source:  USGS
Telephone:  888-275-8747
Last EDR Contact: 04/16/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: Semi-Annually

FUDS:  Formerly Used Defense Sites
The listing includes locations of Formerly Used Defense Sites properties where the US Army Corps of Engineers
is actively working or will take necessary cleanup actions.

Date of Government Version: 12/31/2009
Date Data Arrived at EDR: 08/12/2010
Date Made Active in Reports: 12/02/2010
Number of Days to Update: 112

Source:  U.S. Army Corps of Engineers
Telephone:  202-528-4285
Last EDR Contact: 03/12/2012
Next Scheduled EDR Contact: 06/25/2012
Data Release Frequency: Varies

CONSENT:  Superfund (CERCLA) Consent Decrees
Major legal settlements that establish responsibility and standards for cleanup at NPL (Superfund) sites. Released
periodically by United States District Courts after settlement by parties to litigation matters.

Date of Government Version: 12/01/2011
Date Data Arrived at EDR: 01/25/2012
Date Made Active in Reports: 03/01/2012
Number of Days to Update: 36

Source:  Department of Justice, Consent Decree Library
Telephone:  Varies
Last EDR Contact: 04/02/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Varies

ROD:  Records Of Decision
Record of Decision. ROD documents mandate a permanent remedy at an NPL (Superfund) site containing technical
and health information to aid in the cleanup.

Date of Government Version: 09/28/2011
Date Data Arrived at EDR: 12/14/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 27

Source:  EPA
Telephone:  703-416-0223
Last EDR Contact: 03/14/2012
Next Scheduled EDR Contact: 06/25/2012
Data Release Frequency: Annually

UMTRA:  Uranium Mill Tailings Sites
Uranium ore was mined by private companies for federal government use in national defense programs. When the mills
shut down, large piles of the sand-like material (mill tailings) remain after uranium has been extracted from
the ore. Levels of human exposure to radioactive materials from the piles are low; however, in some cases tailings
were used as construction materials before the potential health hazards of the tailings were recognized.
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Date of Government Version: 09/14/2010
Date Data Arrived at EDR: 10/07/2011
Date Made Active in Reports: 03/01/2012
Number of Days to Update: 146

Source:  Department of Energy
Telephone:  505-845-0011
Last EDR Contact: 05/29/2012
Next Scheduled EDR Contact: 09/10/2012
Data Release Frequency: Varies

MINES:  Mines Master Index File
Contains all mine identification numbers issued for mines active or opened since 1971. The data also includes
violation information.

Date of Government Version: 08/18/2011
Date Data Arrived at EDR: 09/08/2011
Date Made Active in Reports: 09/29/2011
Number of Days to Update: 21

Source:  Department of Labor, Mine Safety and Health Administration
Telephone:  303-231-5959
Last EDR Contact: 03/07/2012
Next Scheduled EDR Contact: 06/18/2012
Data Release Frequency: Semi-Annually

TRIS:  Toxic Chemical Release Inventory System
Toxic Release Inventory System. TRIS identifies facilities which release toxic chemicals to the air, water and
land in reportable quantities under SARA Title III Section 313.

Date of Government Version: 12/31/2009
Date Data Arrived at EDR: 09/01/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 131

Source:  EPA
Telephone:  202-566-0250
Last EDR Contact: 05/29/2012
Next Scheduled EDR Contact: 09/10/2012
Data Release Frequency: Annually

TSCA:  Toxic Substances Control Act
Toxic Substances Control Act. TSCA identifies manufacturers and importers of chemical substances included on the
TSCA Chemical Substance Inventory list. It includes data on the production volume of these substances by plant
site.

Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 09/29/2010
Date Made Active in Reports: 12/02/2010
Number of Days to Update: 64

Source:  EPA
Telephone:  202-260-5521
Last EDR Contact: 03/28/2012
Next Scheduled EDR Contact: 07/09/2012
Data Release Frequency: Every 4 Years

FTTS:  FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide Act)/TSCA (Toxic Substances Control Act)
FTTS tracks administrative cases and pesticide enforcement actions and compliance activities related to FIFRA,
TSCA and EPCRA (Emergency Planning and Community Right-to-Know Act). To maintain currency, EDR contacts the
Agency on a quarterly basis.

Date of Government Version: 04/09/2009
Date Data Arrived at EDR: 04/16/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 25

Source:  EPA/Office of Prevention, Pesticides and Toxic Substances
Telephone:  202-566-1667
Last EDR Contact: 05/23/2012
Next Scheduled EDR Contact: 09/10/2012
Data Release Frequency: Quarterly

FTTS INSP:  FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide Act)/TSCA (Toxic Substances Control Act)
A listing of FIFRA/TSCA Tracking System (FTTS) inspections and enforcements.

Date of Government Version: 04/09/2009
Date Data Arrived at EDR: 04/16/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 25

Source:  EPA
Telephone:  202-566-1667
Last EDR Contact: 05/23/2012
Next Scheduled EDR Contact: 09/10/2012
Data Release Frequency: Quarterly

HIST FTTS:  FIFRA/TSCA Tracking System Administrative Case Listing
A complete administrative case listing from the FIFRA/TSCA Tracking System (FTTS) for all ten EPA regions. The
information was obtained from the National Compliance Database (NCDB). NCDB supports the implementation of FIFRA
(Federal Insecticide, Fungicide, and Rodenticide Act) and TSCA (Toxic Substances Control Act). Some EPA regions
are now closing out records. Because of that, and the fact that some EPA regions are not providing EPA Headquarters
with updated records, it was decided to create a HIST FTTS database. It included records that may not be included
in the newer FTTS database updates. This database is no longer updated.
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Date of Government Version: 10/19/2006
Date Data Arrived at EDR: 03/01/2007
Date Made Active in Reports: 04/10/2007
Number of Days to Update: 40

Source:  Environmental Protection Agency
Telephone:  202-564-2501
Last EDR Contact: 12/17/2007
Next Scheduled EDR Contact: 03/17/2008
Data Release Frequency: No Update Planned

HIST FTTS INSP:  FIFRA/TSCA Tracking System Inspection & Enforcement Case Listing
A complete inspection and enforcement case listing from the FIFRA/TSCA Tracking System (FTTS) for all ten EPA
regions. The information was obtained from the National Compliance Database (NCDB). NCDB supports the implementation
of FIFRA (Federal Insecticide, Fungicide, and Rodenticide Act) and TSCA (Toxic Substances Control Act). Some
EPA regions are now closing out records. Because of that, and the fact that some EPA regions are not providing
EPA Headquarters with updated records, it was decided to create a HIST FTTS database. It included records that
may not be included in the newer FTTS database updates. This database is no longer updated.

Date of Government Version: 10/19/2006
Date Data Arrived at EDR: 03/01/2007
Date Made Active in Reports: 04/10/2007
Number of Days to Update: 40

Source:  Environmental Protection Agency
Telephone:  202-564-2501
Last EDR Contact: 12/17/2008
Next Scheduled EDR Contact: 03/17/2008
Data Release Frequency: No Update Planned

SSTS:  Section 7 Tracking Systems
Section 7 of the Federal Insecticide, Fungicide and Rodenticide Act, as amended (92 Stat. 829) requires all
registered pesticide-producing establishments to submit a report to the Environmental Protection Agency by March
1st each year. Each establishment must report the types and amounts of pesticides, active ingredients and devices
being produced, and those having been produced and sold or distributed in the past year.

Date of Government Version: 12/31/2009
Date Data Arrived at EDR: 12/10/2010
Date Made Active in Reports: 02/25/2011
Number of Days to Update: 77

Source:  EPA
Telephone:  202-564-4203
Last EDR Contact: 04/30/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Annually

ICIS:  Integrated Compliance Information System
The Integrated Compliance Information System (ICIS) supports the information needs of the national enforcement
and compliance program as well as the unique needs of the National Pollutant Discharge Elimination System (NPDES)
program.

Date of Government Version: 07/20/2011
Date Data Arrived at EDR: 11/10/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 61

Source:  Environmental Protection Agency
Telephone:  202-564-5088
Last EDR Contact: 03/26/2012
Next Scheduled EDR Contact: 07/09/2012
Data Release Frequency: Quarterly

PADS:  PCB Activity Database System
PCB Activity Database. PADS Identifies generators, transporters, commercial storers and/or brokers and disposers
of PCB’s who are required to notify the EPA of such activities.

Date of Government Version: 11/01/2010
Date Data Arrived at EDR: 11/10/2010
Date Made Active in Reports: 02/16/2011
Number of Days to Update: 98

Source:  EPA
Telephone:  202-566-0500
Last EDR Contact: 04/17/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: Annually

MLTS:  Material Licensing Tracking System
MLTS is maintained by the Nuclear Regulatory Commission and contains a list of approximately 8,100 sites which
possess or use radioactive materials and which are subject to NRC licensing requirements. To maintain currency,
EDR contacts the Agency on a quarterly basis.

Date of Government Version: 06/21/2011
Date Data Arrived at EDR: 07/15/2011
Date Made Active in Reports: 09/13/2011
Number of Days to Update: 60

Source:  Nuclear Regulatory Commission
Telephone:  301-415-7169
Last EDR Contact: 03/12/2012
Next Scheduled EDR Contact: 06/25/2012
Data Release Frequency: Quarterly
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RADINFO:  Radiation Information Database
The Radiation Information Database (RADINFO) contains information about facilities that are regulated by U.S.
Environmental Protection Agency (EPA) regulations for radiation and radioactivity.

Date of Government Version: 01/10/2012
Date Data Arrived at EDR: 01/12/2012
Date Made Active in Reports: 03/01/2012
Number of Days to Update: 49

Source:  Environmental Protection Agency
Telephone:  202-343-9775
Last EDR Contact: 04/10/2012
Next Scheduled EDR Contact: 07/23/2012
Data Release Frequency: Quarterly

FINDS:  Facility Index System/Facility Registry System
Facility Index System. FINDS contains both facility information and ’pointers’ to other sources that contain more
detail. EDR includes the following FINDS databases in this report: PCS (Permit Compliance System), AIRS (Aerometric
Information Retrieval System), DOCKET (Enforcement Docket used to manage and track information on civil judicial
enforcement cases for all environmental statutes), FURS (Federal Underground Injection Control), C-DOCKET (Criminal
Docket System used to track criminal enforcement actions for all environmental statutes), FFIS (Federal Facilities
Information System), STATE (State Environmental Laws and Statutes), and PADS (PCB Activity Data System).

Date of Government Version: 10/23/2011
Date Data Arrived at EDR: 12/13/2011
Date Made Active in Reports: 03/01/2012
Number of Days to Update: 79

Source:  EPA
Telephone:  (404) 562-9900
Last EDR Contact: 03/13/2012
Next Scheduled EDR Contact: 06/25/2012
Data Release Frequency: Quarterly

RAATS:  RCRA Administrative Action Tracking System
RCRA Administration Action Tracking System. RAATS contains records based on enforcement actions issued under RCRA
pertaining to major violators and includes administrative and civil actions brought by the EPA. For administration
actions after September 30, 1995, data entry in the RAATS database was discontinued. EPA will retain a copy of
the database for historical records. It was necessary to terminate RAATS because a decrease in agency resources
made it impossible to continue to update the information contained in the database.

Date of Government Version: 04/17/1995
Date Data Arrived at EDR: 07/03/1995
Date Made Active in Reports: 08/07/1995
Number of Days to Update: 35

Source:  EPA
Telephone:  202-564-4104
Last EDR Contact: 06/02/2008
Next Scheduled EDR Contact: 09/01/2008
Data Release Frequency: No Update Planned

BRS:  Biennial Reporting System
The Biennial Reporting System is a national system administered by the EPA that collects data on the generation
and management of hazardous waste. BRS captures detailed data from two groups: Large Quantity Generators (LQG)
and Treatment, Storage, and Disposal Facilities.

Date of Government Version: 12/31/2009
Date Data Arrived at EDR: 03/01/2011
Date Made Active in Reports: 05/02/2011
Number of Days to Update: 62

Source:  EPA/NTIS
Telephone:  800-424-9346
Last EDR Contact: 06/01/2012
Next Scheduled EDR Contact: 09/10/2012
Data Release Frequency: Biennially

IMD:  Incident Management Database
Groundwater and/or soil contamination incidents

Date of Government Version: 07/21/2006
Date Data Arrived at EDR: 08/01/2006
Date Made Active in Reports: 08/23/2006
Number of Days to Update: 22

Source:  Department of Environment and Natural Resources
Telephone:  919-733-3221
Last EDR Contact: 07/01/2011
Next Scheduled EDR Contact: 10/17/2011
Data Release Frequency: No Update Planned

UIC:  Underground Injection Wells Listing
A listing of uncerground injection wells locations.
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Date of Government Version: 02/15/2012
Date Data Arrived at EDR: 02/17/2012
Date Made Active in Reports: 03/20/2012
Number of Days to Update: 32

Source:  Department of Environment & Natural Resources
Telephone:  919-807-6412
Last EDR Contact: 05/15/2012
Next Scheduled EDR Contact: 08/27/2012
Data Release Frequency: Varies

DRYCLEANERS:  Drycleaning Sites
Potential and known drycleaning sites, active and abandoned, that the Drycleaning Solvent Cleanup Program has
knowledge of and entered into this database.

Date of Government Version: 03/06/2012
Date Data Arrived at EDR: 03/28/2012
Date Made Active in Reports: 04/23/2012
Number of Days to Update: 26

Source:  Department of Environment & Natural Resources
Telephone:  919-508-8400
Last EDR Contact: 03/28/2012
Next Scheduled EDR Contact: 07/09/2012
Data Release Frequency: Varies

NPDES:  NPDES Facility Location Listing
General information regarding NPDES(National Pollutant Discharge Elimination System) permits.

Date of Government Version: 05/12/2011
Date Data Arrived at EDR: 05/13/2011
Date Made Active in Reports: 06/16/2011
Number of Days to Update: 34

Source:  Department of Environment & Natural Resources
Telephone:  919-733-7015
Last EDR Contact: 03/06/2012
Next Scheduled EDR Contact: 08/20/2012
Data Release Frequency: Varies

INDIAN RESERV:  Indian Reservations
This map layer portrays Indian administered lands of the United States that have any area equal to or greater
than 640 acres.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 12/08/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 34

Source:  USGS
Telephone:  202-208-3710
Last EDR Contact: 04/16/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: Semi-Annually

SCRD DRYCLEANERS:  State Coalition for Remediation of Drycleaners Listing
The State Coalition for Remediation of Drycleaners was established in 1998, with support from the U.S. EPA Office
of Superfund Remediation and Technology Innovation. It is comprised of representatives of states with established
drycleaner remediation programs. Currently the member states are Alabama, Connecticut, Florida, Illinois, Kansas,
Minnesota, Missouri, North Carolina, Oregon, South Carolina, Tennessee, Texas, and Wisconsin.

Date of Government Version: 03/07/2011
Date Data Arrived at EDR: 03/09/2011
Date Made Active in Reports: 05/02/2011
Number of Days to Update: 54

Source:  Environmental Protection Agency
Telephone:  615-532-8599
Last EDR Contact: 04/23/2012
Next Scheduled EDR Contact: 08/06/2012
Data Release Frequency: Varies

FINANCIAL ASSURANCE 1:  Financial Assurance Information Listing
A listing of financial assurance information for underground storage tank facilities. Financial assurance is intended
to ensure that resources are available to pay for the cost of closure, post-closure care, and corrective measures
if the owner or operator of a regulated facility is unable or unwilling to pay.

Date of Government Version: 09/23/2011
Date Data Arrived at EDR: 10/06/2011
Date Made Active in Reports: 11/01/2011
Number of Days to Update: 26

Source:  Department of Environment & Natural Resources
Telephone:  919-733-1322
Last EDR Contact: 05/16/2012
Next Scheduled EDR Contact: 08/27/2012
Data Release Frequency: Quarterly

FINANCIAL ASSURANCE 3:  Financial Assurance Information
Hazardous waste financial assurance information.
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Date of Government Version: 05/08/2012
Date Data Arrived at EDR: 05/09/2012
Date Made Active in Reports: 05/16/2012
Number of Days to Update: 7

Source:  Department of Environment & Natural Resources
Telephone:  919-508-8549
Last EDR Contact: 04/02/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Varies

FINANCIAL ASSURANCE 2:  Financial Assurance Information Listing
Information for solid waste facilities. Financial assurance is intended to ensure that resources are available
to pay for the cost of closure, post-closure care, and corrective measures if the owner or operator of a regulated
facility is unable or unwilling to pay.

Date of Government Version: 04/04/2012
Date Data Arrived at EDR: 04/05/2012
Date Made Active in Reports: 04/23/2012
Number of Days to Update: 18

Source:  Department of Environmental & Natural Resources
Telephone:  919-508-8496
Last EDR Contact: 04/03/2012
Next Scheduled EDR Contact: 07/16/2012
Data Release Frequency: Varies

COAL ASH:  Coal Ash Disposal Sites
A listing of coal combustion products distribution permits issued by the Division for the treatment, storage,
transportation, use and disposal of coal combustion products.

Date of Government Version: 12/31/2007
Date Data Arrived at EDR: 08/04/2009
Date Made Active in Reports: 08/17/2009
Number of Days to Update: 13

Source:  Department of Environment & Natural Resources
Telephone:  919-807-6359
Last EDR Contact: 05/07/2012
Next Scheduled EDR Contact: 08/20/2012
Data Release Frequency: Varies

COAL ASH DOE:  Sleam-Electric Plan Operation Data
A listing of power plants that store ash in surface ponds.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 08/07/2009
Date Made Active in Reports: 10/22/2009
Number of Days to Update: 76

Source:  Department of Energy
Telephone:  202-586-8719
Last EDR Contact: 04/16/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: Varies

2020 CORRECTIVE ACTION:  2020 Corrective Action Program List
This RCRA cleanup baseline includes facilities expected to need corrective action.

Date of Government Version: 11/11/2011
Date Data Arrived at EDR: 05/18/2012
Date Made Active in Reports: 05/25/2012
Number of Days to Update: 7

Source:  Environmental Protection Agency
Telephone:  703-308-4044
Last EDR Contact: 05/18/2012
Next Scheduled EDR Contact: 08/27/2012
Data Release Frequency: Varies

EPA WATCH LIST:  EPA WATCH LIST
EPA maintains a "Watch List" to facilitate dialogue between EPA, state and local environmental agencies on enforcement
matters relating to facilities with alleged violations identified as either significant or high priority. Being
on the Watch List does not mean that the facility has actually violated the law only that an investigation by
EPA or a state or local environmental agency has led those organizations to allege that an unproven violation
has in fact occurred. Being on the Watch List does not represent a higher level of concern regarding the alleged
violations that were detected, but instead indicates cases requiring additional dialogue between EPA, state and
local agencies - primarily because of the length of time the alleged violation has gone unaddressed or unresolved.

Date of Government Version: 12/31/2011
Date Data Arrived at EDR: 02/17/2012
Date Made Active in Reports: 03/01/2012
Number of Days to Update: 13

Source:  Environmental Protection Agency
Telephone:  617-520-3000
Last EDR Contact: 05/15/2012
Next Scheduled EDR Contact: 08/27/2012
Data Release Frequency: Quarterly
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COAL ASH EPA:  Coal Combustion Residues Surface Impoundments List
A listing of coal combustion residues surface impoundments with high hazard potential ratings.

Date of Government Version: 08/17/2010
Date Data Arrived at EDR: 01/03/2011
Date Made Active in Reports: 03/21/2011
Number of Days to Update: 77

Source:  Environmental Protection Agency
Telephone:  N/A
Last EDR Contact: 03/16/2012
Next Scheduled EDR Contact: 06/25/2012
Data Release Frequency: Varies

PCB TRANSFORMER:  PCB Transformer Registration Database
The database of PCB transformer registrations that includes all PCB registration submittals.

Date of Government Version: 02/01/2011
Date Data Arrived at EDR: 10/19/2011
Date Made Active in Reports: 01/10/2012
Number of Days to Update: 83

Source:  Environmental Protection Agency
Telephone:  202-566-0517
Last EDR Contact: 05/04/2012
Next Scheduled EDR Contact: 08/13/2012
Data Release Frequency: Varies

FEDLAND:  Federal and Indian Lands
Federally and Indian administrated lands of the United States. Lands included are administrated by: Army Corps
of Engineers, Bureau of Reclamation, National Wild and Scenic River, National Wildlife Refuge, Public Domain Land,
Wilderness, Wilderness Study Area, Wildlife Management Area, Bureau of Indian Affairs, Bureau of Land Management,
Department of Justice, Forest Service, Fish and Wildlife Service, National Park Service.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 02/06/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 339

Source:  U.S. Geological Survey
Telephone:  888-275-8747
Last EDR Contact: 04/16/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: N/A

EDR PROPRIETARY RECORDS

EDR Proprietary Records

Manufactured Gas Plants:  EDR Proprietary Manufactured Gas Plants
The EDR Proprietary Manufactured Gas Plant Database includes records of coal gas plants (manufactured gas plants)
compiled by EDR’s researchers. Manufactured gas sites were used in the United States from the 1800’s to 1950’s
to produce a gas that could be distributed and used as fuel. These plants used whale oil, rosin, coal, or a mixture
of coal, oil, and water that also produced a significant amount of waste. Many of the byproducts of the gas production,
such as coal tar (oily waste containing volatile and non-volatile chemicals), sludges, oils and other compounds
are potentially hazardous to human health and the environment. The byproduct from this process was frequently
disposed of directly at the plant site and can remain or spread slowly, serving as a continuous source of soil
and groundwater contamination.

Date of Government Version: N/A
Date Data Arrived at EDR: N/A
Date Made Active in Reports: N/A
Number of Days to Update: N/A

Source:  EDR, Inc.
Telephone:  N/A
Last EDR Contact: N/A
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

OTHER DATABASE(S)

Depending on the geographic area covered by this report, the data provided in these specialty databases may or may not be
complete.  For example, the existence of wetlands information data in a specific report does not mean that all wetlands in the
area covered by the report are included.  Moreover, the absence of any reported wetlands information does not necessarily
mean that wetlands do not exist in the area covered by the report.

CT MANIFEST:  Hazardous Waste Manifest Data
Facility and manifest data. Manifest is a document that lists and tracks hazardous waste from the generator through
transporters to a tsd facility.
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Date of Government Version: 05/21/2012
Date Data Arrived at EDR: 05/22/2012
Date Made Active in Reports: 05/31/2012
Number of Days to Update: 9

Source:  Department of Energy & Environmental Protection
Telephone:  860-424-3375
Last EDR Contact: 05/22/2012
Next Scheduled EDR Contact: 09/03/2012
Data Release Frequency: Annually

NJ MANIFEST:  Manifest Information
Hazardous waste manifest information.

Date of Government Version: 12/31/2010
Date Data Arrived at EDR: 07/20/2011
Date Made Active in Reports: 08/11/2011
Number of Days to Update: 22

Source:  Department of Environmental Protection
Telephone:  N/A
Last EDR Contact: 04/17/2012
Next Scheduled EDR Contact: 07/30/2012
Data Release Frequency: Annually

NY MANIFEST:  Facility and Manifest Data
Manifest is a document that lists and tracks hazardous waste from the generator through transporters to a TSD
facility.

Date of Government Version: 01/10/2012
Date Data Arrived at EDR: 02/09/2012
Date Made Active in Reports: 03/09/2012
Number of Days to Update: 29

Source:  Department of Environmental Conservation
Telephone:  518-402-8651
Last EDR Contact: 05/09/2012
Next Scheduled EDR Contact: 08/20/2012
Data Release Frequency: Annually

PA MANIFEST:  Manifest Information
Hazardous waste manifest information.

Date of Government Version: 12/31/2010
Date Data Arrived at EDR: 04/27/2012
Date Made Active in Reports: 06/05/2012
Number of Days to Update: 39

Source:  Department of Environmental Protection
Telephone:  717-783-8990
Last EDR Contact: 04/23/2012
Next Scheduled EDR Contact: 08/06/2012
Data Release Frequency: Annually

RI MANIFEST:  Manifest information
Hazardous waste manifest information

Date of Government Version: 12/31/2010
Date Data Arrived at EDR: 06/24/2011
Date Made Active in Reports: 06/30/2011
Number of Days to Update: 6

Source:  Department of Environmental Management
Telephone:  401-222-2797
Last EDR Contact: 02/27/2012
Next Scheduled EDR Contact: 06/11/2012
Data Release Frequency: Annually

WI MANIFEST:  Manifest Information
Hazardous waste manifest information.

Date of Government Version: 12/31/2010
Date Data Arrived at EDR: 08/19/2011
Date Made Active in Reports: 09/15/2011
Number of Days to Update: 27

Source:  Department of Natural Resources
Telephone:  N/A
Last EDR Contact: 03/19/2012
Next Scheduled EDR Contact: 07/02/2012
Data Release Frequency: Annually

Oil/Gas Pipelines: This data was obtained by EDR from the USGS in 1994. It is referred to by USGS as GeoData Digital Line Graphs
from 1:100,000-Scale Maps. It was extracted from the transportation category including some oil, but primarily
gas pipelines.

Electric Power Transmission Line Data
Source:  Rextag Strategies Corp.
Telephone: (281) 769-2247
U.S. Electric Transmission and Power Plants Systems Digital GIS Data

Sensitive Receptors: There are individuals deemed sensitive receptors due to their fragile immune systems and special sensitivity
to environmental discharges.  These sensitive receptors typically include the elderly, the sick, and children.  While the location of all
sensitive receptors cannot be determined, EDR indicates those buildings and facilities - schools, daycares, hospitals, medical centers,
and nursing homes - where individuals who are sensitive receptors are likely to be located.
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AHA Hospitals:
Source: American Hospital Association, Inc.
Telephone: 312-280-5991
The database includes a listing of hospitals based on the American Hospital Association’s annual survey of hospitals.

Medical Centers: Provider of Services Listing
Source: Centers for Medicare & Medicaid Services
Telephone: 410-786-3000
A listing of hospitals with Medicare provider number, produced by Centers of Medicare & Medicaid Services,
a federal agency within the U.S. Department of Health and Human Services.

Nursing Homes
Source: National Institutes of Health
Telephone: 301-594-6248
Information on Medicare and Medicaid certified nursing homes in the United States.

Public Schools
Source: National Center for Education Statistics
Telephone: 202-502-7300
The National Center for Education Statistics’ primary database on elementary
and secondary public education in the United States.  It is a comprehensive, annual, national statistical
database of all public elementary and secondary schools and school districts, which contains data that are
comparable across all states.

Private Schools
Source: National Center for Education Statistics
Telephone: 202-502-7300
The National Center for Education Statistics’ primary database on private school locations in the United States. 

Daycare Centers: Child Care Facility List
Source: Department of Health & Human Services
Telephone: 919-662-4499

Flood Zone Data: This data, available in select counties across the country, was obtained by EDR in 2003 & 2011 from the Federal
Emergency Management Agency (FEMA).  Data depicts 100-year and 500-year flood zones as defined by FEMA.

NWI: National Wetlands Inventory.  This data, available in select counties across the country, was obtained by EDR
in 2002 and 2005 from the U.S. Fish and Wildlife Service.

State Wetlands Data: Wetlands Inventory
Source: Department of Environment & Natural Resources
Telephone: 919-733-2090

Scanned Digital USGS 7.5’ Topographic Map (DRG)
Source: United States Geologic Survey
A digital raster graphic (DRG) is a scanned image of a U.S. Geological Survey topographic map. The map images
are made by scanning published paper maps on high-resolution scanners. The raster image
is georeferenced and fit to the Universal Transverse Mercator (UTM) projection.

STREET AND ADDRESS INFORMATION

© 2010 Tele Atlas North America, Inc. All rights reserved.  This material is proprietary and the subject of copyright protection
and other intellectual property rights owned by or licensed to Tele Atlas North America, Inc.  The use of this material is subject
to the terms of a license agreement.  You will be held liable for any unauthorized copying or disclosure of this material.
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geologic strata.
of the soil, and nearby wells.  Groundwater flow velocity is generally impacted by the nature of the
Groundwater flow direction may be impacted by surface topography, hydrology, hydrogeology, characteristics

  2.  Groundwater flow velocity.
  1.  Groundwater flow direction, and

Assessment of the impact of contaminant migration generally has two principal investigative components:

forming an opinion about the impact of potential contaminant migration.
EDR’s GeoCheck Physical Setting Source Addendum is provided to assist the environmental professional in

1981Most Recent Revision:
34077-G7 CHINQUAPIN, NCTarget Property Map:

USGS TOPOGRAPHIC MAP

50 ft. above sea levelElevation:
3858022.5UTM Y (Meters): 
244790.5UTM X (Meters): 
Zone 18Universal Tranverse Mercator: 
77.7907 - 77˚ 47’ 26.52’’Longitude (West): 
34.8343 - 34˚ 50’ 3.48’’Latitude (North): 

TARGET PROPERTY COORDINATES

CHINQUAPIN, NC 28521
HIGHWAY 111/LUDIE BROWN ROAD
MUDDY RUN II

TARGET PROPERTY ADDRESS

®GEOCHECK   - PHYSICAL SETTING SOURCE ADDENDUM®
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should be field verified.
on a relative (not an absolute) basis. Relative elevation information between sites of close proximity
Source: Topography has been determined from the USGS 7.5’ Digital Elevation Model and should be evaluated

SURROUNDING TOPOGRAPHY: ELEVATION PROFILES
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General WNWGeneral Topographic Gradient:
TARGET PROPERTY TOPOGRAPHY

should contamination exist on the target property, what downgradient sites might be impacted.
assist the environmental professional in forming an opinion about the impact of nearby contaminated properties or,
Surface topography may be indicative of the direction of surficial groundwater flow.  This information can be used to
TOPOGRAPHIC INFORMATION

collected on nearby properties, and regional groundwater flow information (from deep aquifers).
sources of information, such as surface topographic information, hydrologic information, hydrogeologic data
using site-specific well data. If such data is not reasonably ascertainable, it may be necessary to rely on other
Groundwater flow direction for a particular site is best determined by a qualified environmental professional
GROUNDWATER FLOW DIRECTION INFORMATION

®GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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Not Reported

GENERAL DIRECTIONLOCATION
GROUNDWATER FLOWFROM TPMAP ID

hydrogeologically, and the depth to water table.
authorities at select sites and has extracted the date of the report, groundwater flow direction as determined
flow at specific points. EDR has reviewed reports submitted by environmental professionals to regulatory
EDR has developed the AQUIFLOW Information System to provide data on the general direction of groundwater

AQUIFLOW®

 Search Radius: 1.000 Mile.

contamination exist on the target property, what downgradient sites might be impacted.
environmental professional in forming an opinion about the impact of nearby contaminated properties or, should
of groundwater flow direction in the immediate area.  Such hydrogeologic information can be used to assist the
Hydrogeologic information obtained by installation of wells on a specific site can often be an indicator
HYDROGEOLOGIC INFORMATION

YES - refer to the Overview Map and Detail MapCHINQUAPIN

NATIONAL WETLAND INVENTORY
NWI Electronic
Data CoverageNWI Quad at Target Property

Not ReportedAdditional Panels in search area:

37061C  - FEMA DFIRM Flood dataFlood Plain Panel at Target Property:

YES - refer to the Overview Map and Detail MapDUPLIN, NC

FEMA FLOOD ZONE
FEMA Flood
Electronic DataTarget Property County

and bodies of water).
Refer to the Physical Setting Source Map following this summary for hydrologic information (major waterways

contamination exist on the target property, what downgradient sites might be impacted.
the environmental professional in forming an opinion about the impact of nearby contaminated properties or, should
Surface water can act as a hydrologic barrier to groundwater flow.  Such hydrologic information can be used to assist
HYDROLOGIC INFORMATION

®GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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> 60 inchesDepth to Bedrock Max:

> 60 inchesDepth to Bedrock Min:

LOW     Corrosion Potential - Uncoated Steel:

Hydric Status: Soil does not meet the requirements for a hydric soil.

water table is more than 6 feet.
Well drained. Soils have intermediate water holding capacity. Depth toSoil Drainage Class:

excessively drained sands and gravels.
Class A - High infiltration rates. Soils are deep, well drained toHydrologic Group:

sandSoil Surface Texture:

AUTRYVILLE                    Soil Component Name:

The following information is based on Soil Conservation Service STATSGO data.
in a landscape. Soil maps for STATSGO are compiled by generalizing more detailed (SSURGO) soil survey maps.
for privately owned lands in the United States. A soil map in a soil survey is a representation of soil patterns
Survey (NCSS) and is responsible for collecting, storing, maintaining and distributing soil survey information
The U.S. Department of Agriculture’s (USDA) Soil Conservation Service (SCS) leads the National Cooperative Soil

DOMINANT SOIL COMPOSITION IN GENERAL AREA OF TARGET PROPERTY

Map, USGS Digital Data Series DDS - 11 (1994).
of the Conterminous U.S. at 1:2,500,000 Scale - a digital representation of the 1974 P.B. King and H.M. Beikman
Geologic Age and Rock Stratigraphic Unit Source: P.G. Schruben, R.E. Arndt and W.J. Bawiec, Geology

ROCK STRATIGRAPHIC UNIT GEOLOGIC AGE IDENTIFICATION

Stratifed SequenceCategory:CenozoicEra:
TertiarySystem:
EoceneSeries:
TeCode:    (decoded above as Era, System & Series)

at which contaminant migration may be occurring.
Geologic information can be used by the environmental professional in forming an opinion about the relative speed
GEOLOGIC INFORMATION IN GENERAL AREA OF TARGET PROPERTY

move more quickly through sandy-gravelly types of soils than silty-clayey types of soils.
characteristics data collected on nearby properties and regional soil information. In general, contaminant plumes
to rely on other sources of information, including geologic age identification, rock stratigraphic unit and soil
using site specific geologic and soil strata data. If such data are not reasonably ascertainable, it may be necessary
Groundwater flow velocity information for a particular site is best determined by a qualified environmental professional
GROUNDWATER FLOW VELOCITY INFORMATION

®GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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sandy clay loamDeeper Soil Types:

fine sandy loam
sandy clay loam
sand
loamy sandShallow Soil Types:

sandy loam
loam
loamy fine sand
loamy sandSurficial Soil Types:

sandy loam
loam
loamy fine sand
loamy sandSoil Surface Textures:

appear within the general area of target property.
Based on Soil Conservation Service STATSGO data, the following additional subordinant soil types may

OTHER SOIL TYPES IN AREA

Min:    4.50
Max:   5.50

Min:    0.60
Max:   2.00

Silty Sand.
Sands with fines,
SOILS, Sands,
COARSE-GRAINED

and Sand.
Clayey Gravel
200), Silty, or
passing No.
pct. or less
materials (35
Granularsandy loam85 inches58 inches 4

Min:    4.50
Max:   5.50

Min:    6.00
Max:  20.00

Silty Sand.
Sands with fines,
SOILS, Sands,
COARSE-GRAINED
sand.
Poorly graded
Clean Sands,
SOILS, Sands,
COARSE-GRAINED

and Sand.
Clayey Gravel
200), Silty, or
passing No.
pct. or less
materials (35
Granularsand58 inches41 inches 3

Min:    4.50
Max:   5.50

Min:    2.00
Max:   6.00

Silty Sand.
Sands with fines,
SOILS, Sands,
COARSE-GRAINED

and Sand.
Clayey Gravel
200), Silty, or
passing No.
pct. or less
materials (35
Granularsandy loam41 inches26 inches 2

Min:    4.50
Max:   6.50

Min:    6.00
Max:  20.00

Silty Sand.
Sands with fines,
SOILS, Sands,
COARSE-GRAINED
sand.
Poorly graded
Clean Sands,
SOILS, Sands,
COARSE-GRAINED

and Sand.
Clayey Gravel
200), Silty, or
passing No.
pct. or less
materials (35
Granularsand26 inches 0 inches 1

Soil Layer Information           

Boundary Classification

Permeability
Rate (in/hr)

Layer Upper Lower Soil Texture Class AASHTO Group Unified Soil Soil Reaction
(pH)

®GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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No Wells Found

STATE DATABASE WELL INFORMATION

LOCATION
FROM TPWELL IDMAP ID

Note: PWS System location is not always the same as well location.

No PWS System Found

FEDERAL FRDS PUBLIC WATER SUPPLY SYSTEM INFORMATION

LOCATION
FROM TPWELL IDMAP ID

No Wells Found

FEDERAL USGS WELL INFORMATION

LOCATION
FROM TPWELL IDMAP ID

1.000State Database
Nearest PWS within 1 mileFederal FRDS PWS
1.000Federal USGS

WELL SEARCH DISTANCE INFORMATION

SEARCH DISTANCE (miles)DATABASE

opinion about the impact of contaminant migration on nearby drinking water wells.
professional in assessing sources that may impact ground water flow direction, and in forming an
EDR Local/Regional Water Agency records provide water well information to assist the environmental

LOCAL / REGIONAL WATER AGENCY RECORDS

sandy clay
sand
stratified

®GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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Not ReportedNot ReportedNot ReportedNot ReportedBasement
Not ReportedNot ReportedNot ReportedNot ReportedLiving Area - 2nd Floor
0%0%100%0.488 pCi/LLiving Area - 1st Floor

% >20 pCi/L% 4-20 pCi/L% <4 pCi/LAverage ActivityArea

Number of sites tested: 8

Federal Area Radon Information for DUPLIN COUNTY, NC

             : Zone 3 indoor average level < 2 pCi/L.
             : Zone 2 indoor average level >= 2 pCi/L and <= 4 pCi/L.
     Note: Zone 1 indoor average level > 4 pCi/L.

Federal EPA Radon Zone for DUPLIN County:  3 

AREA RADON INFORMATION

®GEOCHECK   - PHYSICAL SETTING SOURCE MAP FINDINGS
RADON

®



TOPOGRAPHIC INFORMATION

USGS 7.5’ Digital Elevation Model (DEM)
Source: United States Geologic Survey
EDR acquired the USGS 7.5’ Digital Elevation Model in 2002 and updated it in 2006. The 7.5 minute DEM corresponds
to the USGS 1:24,000- and 1:25,000-scale topographic quadrangle maps. The DEM provides elevation data
with consistent elevation units and projection.

Scanned Digital USGS 7.5’ Topographic Map (DRG)
Source: United States Geologic Survey
A digital raster graphic (DRG) is a scanned image of a U.S. Geological Survey topographic map. The map images
are made by scanning published paper maps on high-resolution scanners. The raster image
is georeferenced and fit to the Universal Transverse Mercator (UTM) projection.

HYDROLOGIC INFORMATION

Flood Zone Data: This data, available in select counties across the country, was obtained by EDR in 2003 & 2011 from the Federal
Emergency Management Agency (FEMA).  Data depicts 100-year and 500-year flood zones as defined by FEMA.

NWI: National Wetlands Inventory.  This data, available in select counties across the country, was obtained by EDR
in 2002 and 2005 from the U.S. Fish and Wildlife Service.

State Wetlands Data: Wetlands Inventory
Source: Department of Environment & Natural Resources
Telephone: 919-733-2090

HYDROGEOLOGIC INFORMATION

AQUIFLOW       Information SystemR

Source:  EDR proprietary database of groundwater flow information
EDR has developed the AQUIFLOW Information System (AIS) to provide data on the general direction of groundwater

flow at specific points. EDR has reviewed reports submitted to regulatory authorities at select sites and has
extracted the date of the report, hydrogeologically determined groundwater flow direction and depth to water table
information.

GEOLOGIC INFORMATION

Geologic Age and Rock Stratigraphic Unit
Source: P.G. Schruben, R.E. Arndt and W.J. Bawiec, Geology of the Conterminous U.S. at 1:2,500,000 Scale - A digital
representation of the 1974 P.B. King and H.M. Beikman Map, USGS Digital Data Series DDS - 11 (1994).

STATSGO: State Soil Geographic Database
Source:  Department of Agriculture, Natural Resources Conservation Services
The U.S. Department of Agriculture’s (USDA) Natural Resources Conservation Service (NRCS) leads the national
Conservation Soil Survey (NCSS) and is responsible for collecting, storing, maintaining and distributing soil
survey information for privately owned lands in the United States. A soil map in a soil survey is a representation
of soil patterns in a landscape. Soil maps for STATSGO are compiled by generalizing more detailed (SSURGO)
soil survey maps.

SSURGO: Soil Survey Geographic Database
Source:  Department of Agriculture, Natural Resources Conservation Services (NRCS)
Telephone:  800-672-5559
SSURGO is the most detailed level of mapping done by the Natural Resources Conservation Services, mapping
scales generally range from 1:12,000 to 1:63,360. Field mapping methods using national standards are used to
construct the soil maps in the Soil Survey Geographic (SSURGO) database. SSURGO digitizing duplicates the
original soil survey maps. This level of mapping is designed for use by landowners, townships and county
natural resource planning and management.
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LOCAL / REGIONAL WATER AGENCY RECORDS

FEDERAL WATER WELLS

PWS: Public Water Systems
Source:  EPA/Office of Drinking Water
Telephone:  202-564-3750
Public Water System data from the Federal Reporting Data System.  A PWS is any water system which provides water to at

least 25 people for at least 60 days annually.  PWSs provide water from wells, rivers and other sources.

PWS ENF: Public Water Systems Violation and Enforcement Data
Source:  EPA/Office of Drinking Water
Telephone:  202-564-3750
Violation and Enforcement data for Public Water Systems from the Safe Drinking Water Information System (SDWIS) after

August 1995.  Prior to August 1995, the data came from the Federal Reporting Data System (FRDS).

USGS Water Wells: USGS National Water Inventory System (NWIS)
This database contains descriptive information on sites where the USGS collects or has collected data on surface
water and/or groundwater. The groundwater data includes information on wells, springs, and other sources of groundwater.

STATE RECORDS

North Carolina Public Water Supply Wells
Source:  Department of Environmental Health
Telephone:  919-715-3243

OTHER STATE DATABASE INFORMATION

NC Natural Areas: Significant Natural Heritage Areas
Source:  Center for Geographic Information and Analysis
Telephone:  919-733-2090
A polygon converage identifying sites (terrestrial or aquatic that have particular biodiversity significance.

A site’s significance may be due to the presenceof rare species, rare or hight quality natural communities, or
other important ecological features.

NC Game Lands:  Wildlife Resources Commission Game Lands
Source:  Center for Geographic Information and Analysis
Telephone:  919-733-2090
All publicly owned game lands managed by the North Carolina Wildlife Resources Commission and as listed in Hunting

and Fishing Maps.

NC Natural Heritage Sites: Natural Heritage Element Occurrence Sites
Source:  Center for Geographic Information and Analysis
Telephone:  919-733-2090
A point coverage identifying locations of rare and endangered species, occurrences of exemplary or unique natural

ecosystems (terrestrial or aquatic), and special animal habitats (e.g., colonial waterbird nesting sites).

RADON

State Database: NC Radon
Source: Department of Environment & Natural Resources
Telephone: 919-733-4984
Radon Statistical and Non Statiscal Data

Area Radon Information
Source: USGS
Telephone:  703-356-4020
The National Radon Database has been developed by the U.S. Environmental Protection Agency
(USEPA) and is a compilation of the EPA/State Residential Radon Survey and the National Residential Radon Survey.
The study covers the years 1986 - 1992. Where necessary data has been supplemented by information collected at
private sources such as universities and research institutions.
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EDR Historical Topographic Map Report

Muddy Run II

Highway 111/Ludie Brown Road

Chinquapin, NC 28521

Inquiry Number: 3337526.7

June 05, 2012



EDR Historical Topographic Map Report

Environmental Data Resources, Inc.s (EDR) Historical Topographic Map Report is designed to assist professionals in
evaluating potential liability on a target property resulting from past activities. EDRs Historical Topographic Map Report
includes a search of a collection of public and private color historical topographic maps, dating back to the early 1900s.

Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc.
It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO
WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA
RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report AS IS. Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor should they
be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I Environmental Site
Assessment performed by an environmental professional can provide information regarding the environmental risk for any property. Additionally, the
information provided in this Report is not to be construed as legal advice.

Copyright 2012 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map
of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks
used herein are the property of their respective owners.



The EDR Aerial Photo Decade Package

Muddy Run II

Highway 111/Ludie Brown Road

Chinquapin, NC 28521

Inquiry Number: 3337526.8

June 05, 2012



EDR Aerial Photo Decade Package

Environmental Data Resources, Inc. (EDR) Aerial Photo Decade Package is a screening tool designed to assist
environmental professionals in evaluating potential liability on a target property resulting from past activities. EDR’s
professional researchers provide digitally reproduced historical aerial photographs, and when available, provide one photo
per decade.

When delivered electronically by EDR, the aerial photo images included with this report are for ONE TIME USE
ONLY. Further reproduction of these aerial photo images is prohibited without permission from EDR. For more
information contact your EDR Account Executive.

Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc.
It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO
WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA
RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report AS IS. Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor should they
be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I Environmental Site
Assessment performed by an environmental professional can provide information regarding the environmental risk for any property. Additionally, the
information provided in this Report is not to be construed as legal advice.

Copyright 2012 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map
of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks
used herein are the property of their respective owners.



Date EDR Searched Historical Sources:
Aerial Photography	June 05, 2012

Target Property:
Highway 111/Ludie Brown Road

Chinquapin, NC 28521

Year Scale Details Source

1958 Aerial Photograph. Scale: 1"=750' Panel #: 34077-G7, Chinquapin, NC;/Flight Date: January 01, 1958 EDR

1974 Aerial Photograph. Scale: 1"=1000' Panel #: 34077-G7, Chinquapin, NC;/Flight Date: April 10, 1974 EDR

1977 Aerial Photograph. Scale: 1"=750' Panel #: 34077-G7, Chinquapin, NC;/Flight Date: January 22, 1977 EDR

1977 Aerial Photograph. Scale: 1"=750' Panel #: 34077-G7, Chinquapin, NC;/Flight Date: January 22, 1977 EDR

1983 Aerial Photograph. Scale: 1"=1000' Panel #: 34077-G7, Chinquapin, NC;/Flight Date: March 13, 1983 EDR

1998 Aerial Photograph. Scale: 1"=750' Panel #: 34077-G7, Chinquapin, NC;/Flight Date: February 01,
1998

EDR

1998 Aerial Photograph. Scale: 1"=750' Panel #: 34077-G7, Chinquapin, NC;/Flight Date: February 01,
1998

EDR

3337526.8
2



INQUIRY #:

YEAR:

3337526.8

1958

 = 750'



INQUIRY #:

YEAR:

3337526.8

1974

 = 1000'



INQUIRY #:

YEAR:

3337526.8

1977

 = 750'



INQUIRY #:

YEAR:

3337526.8

1977

 = 750'



INQUIRY #:

YEAR:

3337526.8

1983

 = 1000'



INQUIRY #:

YEAR:

3337526.8

1998

 = 750'



INQUIRY #:

YEAR:

3337526.8

1998

 = 750'



 Muddy Run II Site Photographs 

 
Facing upstream on headwater Reach 1. 
6/25/2012 

 

 
Facing upstream on Reach 2. 6/25/2012 

 
 

 
Facing upstream on Reach 3A. 6/25/2012 

 
 

 
Facing upstream on Reach 3B. 9/03/2011 

 
 

 
Facing downstream on headwater Reach 3C. 
6/26/2012 

 
 

 
Facing upstream on Reach 4. 6/26/2012 



 Muddy Run II Site Photographs 
 

 
Facing upstream Reach 5A. 6/26/2012 

 
 

 
Facing downstream on Reach 5B. 6/27/2012 

 
 



Historical Topographic Map

→

N
TARGET QUADTARGET QUAD
NAME: KENANSVILLE
MAP YEAR: 1948

SERIES: 15
SCALE: 1:62500

SITE NAME: Muddy Run II
 ADDRESS: Highway 111/Ludie Brown Road

Chinquapin, NC 28521
LAT/LONG: 34.8343 / -77.7907

CLIENT: WK Dickson
CONTACT: George Lankford
INQUIRY#: 3337526.7
RESEARCH DATE: 06/05/2012



Historical Topographic Map

→

N
TARGET QUADTARGET QUAD
NAME: CHINQUAPIN
MAP YEAR: 1981

SERIES: 7.5
SCALE: 1:24000

SITE NAME: Muddy Run II
 ADDRESS: Highway 111/Ludie Brown Road

Chinquapin, NC 28521
LAT/LONG: 34.8343 / -77.7907

CLIENT: WK Dickson
CONTACT: George Lankford
INQUIRY#: 3337526.7
RESEARCH DATE: 06/05/2012



EPA Radon Zones
Source:  EPA
Telephone:  703-356-4020
Sections 307 & 309 of IRAA directed EPA to list and identify areas of U.S. with the potential for elevated indoor
radon levels.

OTHER

Airport Landing Facilities: Private and public use landing facilities
Source:  Federal Aviation Administration, 800-457-6656

Epicenters: World earthquake epicenters, Richter 5 or greater
Source:  Department of Commerce, National Oceanic and Atmospheric Administration

STREET AND ADDRESS INFORMATION

© 2010 Tele Atlas North America, Inc. All rights reserved.  This material is proprietary and the subject of copyright protection
and other intellectual property rights owned by or licensed to Tele Atlas North America, Inc.  The use of this material is subject
to the terms of a license agreement.  You will be held liable for any unauthorized copying or disclosure of this material.
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Appendix A 
 

Categorical Exclusion Form for Ecosystem Enhancement 
Program Projects 

Version 1.4 
 
Note: Only Appendix A should to be submitted (along with any supporting documentation) as the 
environmental document. 

 
Part 1: General Project Information 

Project Name:       
County Name:       
EEP Number:       
Project Sponsor:       
Project Contact Name:       
Project Contact Address:       
Project Contact E-mail:       
EEP Project Manager:       

Project Description 
      
 
 
 
 
 

For Official Use Only 
Reviewed By: 
   

Date  EEP Project Manager 
 
Conditional Approved By: 
   

Date  For Division Administrator 
FHWA 

 
 Check this box if there are outstanding issues 

 
 
Final Approval By: 
 
 
 

  

Date  For Division Administrator 
FHWA 
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hagaine
Text Box
The mitigation project at the Muddy Run II Site will involve restoration of the historic condition of coastal plain small stream swamps. Stream buffers throughout the project area will be restored and protected in perpetuity. Priority Level I restoration is proposed on three reaches, headwater valley restoration is proposed on three reaches, Enhancement II is proposed on one reach, and preservation is proposed on two reaches. This will result in ecological improvements, including habitat restoration and a decrease in non-point source pollution from agricultural practices entering Muddy Creek.



Part 2: All Projects 
Regulation/Question Response 

Coastal Zone Management Act (CZMA)
1.  Is the project located in a CAMA county?  Yes 

 No 
2. Does the project involve ground-disturbing activities within a CAMA Area of 
Environmental Concern (AEC)? 

 Yes 
 No 
 N/A 

3. Has a CAMA permit been secured?  Yes 
 No 
 N/A 

4. Has NCDCM agreed that the project is consistent with the NC Coastal Management 
Program? 

 Yes 
 No 
 N/A 

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)  
1. Is this a “full-delivery” project?  Yes 

 No 
2. Has the zoning/land use of the subject property and adjacent properties ever been 
designated as commercial or industrial? 

 Yes 
 No 
 N/A 

3. As a result of a limited Phase I Site Assessment, are there known or potential 
hazardous waste sites within or adjacent to the project area? 

 Yes 
 No 
 N/A 

4. As a result of a Phase I Site Assessment, are there known or potential hazardous 
waste sites within or adjacent to the project area? 

 Yes 
 No 
 N/A 

5. As a result of a Phase II Site Assessment, are there known or potential hazardous 
waste sites within the project area? 

 Yes 
 No 
 N/A 

6. Is there an approved hazardous mitigation plan?  Yes 
 No 
 N/A 

National Historic Preservation Act (Section 106)
1. Are there properties listed on, or eligible for listing on, the National Register of 
Historic Places in the project area? 

 Yes 
 No 

2. Does the project affect such properties and does the SHPO/THPO concur?  Yes 
 No 
 N/A 

3. If the effects are adverse, have they been resolved?  Yes 
 No 
 N/A 

Uniform Relocation Assistance and Real Property Acquisition Policies Act (Uniform Act)
1. Is this a “full-delivery” project?  Yes 

 No 
2. Does the project require the acquisition of real estate?  Yes 

 No 
 N/A 

3. Was the property acquisition completed prior to the intent to use federal funds?  Yes 
 No 
 N/A 

4. Has the owner of the property been informed: 
* prior to making an offer that the agency does not have condemnation authority; and  
* what the fair market value is believed to be? 

 Yes 
 No 
 N/A 

Version 1.4, 8/18/05 7



 
 

 
Part 3: Ground-Disturbing Activities 

 

Regulation/Question Response 
American Indian Religious Freedom Act (AIRFA)

1. Is the project located in a county claimed as “territory” by the Eastern Band of 
Cherokee Indians? 

 Yes 
 No 

2. Is the site of religious importance to American Indians?  Yes 
 No 
 N/A 

3. Is the project listed on, or eligible for listing on, the National Register of Historic 
Places?  

 Yes 
 No 
 N/A 

4. Have the effects of the project on this site been considered?  Yes 
 No 
 N/A 

Antiquities Act (AA)
1. Is the project located on Federal lands?   Yes 

 No 
2. Will there be loss or destruction of historic or prehistoric ruins, monuments or objects 
of antiquity? 

 Yes 
 No 
 N/A 

3. Will a permit from the appropriate Federal agency be required?  Yes 
 No 
 N/A 

4. Has a permit been obtained?  Yes 
 No 
 N/A 

Archaeological Resources Protection Act (ARPA)
1. Is the project located on federal or Indian lands (reservation)?  Yes 

 No 
2. Will there be a loss or destruction of archaeological resources?  Yes 

 No 
 N/A 

3. Will a permit from the appropriate Federal agency be required?  Yes 
 No 
 N/A 

4. Has a permit been obtained?  Yes 
 No 
 N/A 

Endangered Species Act (ESA)
1. Are federal Threatened and Endangered species and/or Designated Critical Habitat 
listed for the county? 

 Yes 
 No 

2. Is Designated Critical Habitat or suitable habitat present for listed species?  Yes 
 No 
 N/A 

3. Are T&E species present or is the project being conducted in Designated Critical 
Habitat? 

 Yes 
 No 
 N/A 

4. Is the project “likely to adversely affect” the species and/or “likely to adversely modify” 
Designated Critical Habitat? 

 Yes 
 No 
 N/A 

5. Does the USFWS/NOAA-Fisheries concur in the effects determination?  Yes 
 No 
 N/A 

6. Has the USFWS/NOAA-Fisheries rendered a “jeopardy” determination?  Yes 
 No 
 N/A 

Version 1.4, 8/18/05 8



Executive Order 13007 (Indian Sacred Sites)
1. Is the project located on Federal lands that are within a county claimed as “territory” 
by the EBCI? 

 Yes 
 No 

2. Has the EBCI indicated that Indian sacred sites may be impacted by the proposed 
project? 

 Yes 
 No 
 N/A 

3. Have accommodations been made for access to and ceremonial use of Indian sacred 
sites? 

 Yes 
 No 
 N/A 

Farmland Protection Policy Act (FPPA)
1. Will real estate be acquired?  Yes 

 No 
2. Has NRCS determined that the project contains prime, unique, statewide or locally 
important farmland? 

 Yes 
 No 
 N/A 

3. Has the completed Form AD-1006 been submitted to NRCS?  Yes 
 No 
 N/A 

Fish and Wildlife Coordination Act (FWCA)
1. Will the project impound, divert, channel deepen, or otherwise control/modify any 
water body? 

 Yes 
 No 

2. Have the USFWS and the NCWRC been consulted?  Yes 
 No 
 N/A 

Land and Water Conservation Fund Act (Section 6(f))
1. Will the project require the conversion of such property to a use other than public, 
outdoor recreation? 

 Yes 
 No 

2. Has the NPS approved of the conversion?  Yes 
 No 
 N/A 

Magnuson-Stevens Fishery Conservation and Management Act (Essential Fish Habitat)
1. Is the project located in an estuarine system?  Yes 

 No 
2. Is suitable habitat present for EFH-protected species? 
 

 Yes 
 No 
 N/A 

3. Is sufficient design information available to make a determination of the effect of the 
project on EFH? 

 Yes 
 No 
 N/A 

4. Will the project adversely affect EFH?  Yes 
 No 
 N/A 

5. Has consultation with NOAA-Fisheries occurred?  Yes 
 No 
 N/A 

Migratory Bird Treaty Act (MBTA)
1. Does the USFWS have any recommendations with the project relative to the MBTA?  Yes 

 No 
2. Have the USFWS recommendations been incorporated?  Yes 

 No 
 N/A 

Wilderness Act
1. Is the project in a Wilderness area?   Yes 

 No 
2. Has a special use permit and/or easement been obtained from the maintaining 
federal agency? 

 Yes 
 No 
 N/A 
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M E M O R A N D U M   
      

720 Corporate Center Drive          Raleigh, North Carolina 27607         919.782.0495 tel.          919.782.9672 fax 

 

TO: Project File 20120090.00.RA  A 

FROM: Daniel Ingram 

DATE: August 9, 2012 

RE: Biological Evaluation for Muddy Run II EEP Wetland and Stream 
mitigation project in Duplin County 

 

 
Project Background 
The Muddy Run II Stream and Wetland Restoration Project is located within an agricultural 
watershed in Duplin County, North Carolina, approximately six miles south of Beulaville. The 
purpose of this restoration project is to restore and enhance a stream/wetland complex located 
within the Cape Fear River Basin. The Muddy Run II site has been identified by NC Ecosystem 
Enhancement Program to provide compensatory mitigation for unavoidable stream and wetland 
impacts.   
 
Project Description 
The Muddy Run II Mitigation Project will be located on stream reaches upstream of the Muddy 
Run Stream Restoration project. This site is currently cultivated land and managed forests 
surrounding tributaries to Muddy Creek. The stream channels have been straightened and 
channelized. The stream channels have been heavily impacted by channelization and agricultural 
practices. The project will involve the restoration and protection of streams and wetlands in the 
Muddy Creek watershed. 
 
The site consists of farmland, concentrated animal feeding operations (CAFO), and wooded areas. 
The total easement area is 43.8 acres, 23 acres of which are wooded. The remaining area is 
agricultural or clear-cut. The wooded areas along the corridor designated for restoration are 
classified as disturbed deciduous forest, and invasive species are prevalent throughout. Several 
ditches exist throughout the project and flow into the main channel. Each ditch contributes to the 
overall design discharge of the channel. All existing channels are degraded to a point where they 
no longer access their floodplain, water quality is poor, and aquatic life is not supported. Little 
habitat is available to support aquatic life, and the channels are not maximizing their potential to 
filter nutrients because they are entrenched. 
 
The objective for this restoration project is to restore wetland areas and design a natural waterway 
through a stream/wetland complex with appropriate cross-sectional dimension and slope that will 
provide function and meet the appropriate success criteria for the existing streams. Accomplishing 
this objective entails the restoration of natural stream characteristics, such as stable cross sections, 
planform, and in-stream habitat. The floodplain areas will be hydrologically reconnected to the 
channel to provide natural exchange and storage during flooding events. Additional project 



 

 

objectives, such as restoring the riparian buffer with native vegetation, ensuring hydraulic stability, 
and eradicating invasive species. 
 
Protected Species 
The US Fish and Wildlife Service (USFWS) database (updated 22 September 2010) lists one 
endangered species for Duplin County, North Carolina: red-cockaded woodpecker (Picoides 
borealis). The American alligator (Alligator mississippiensis) is listed as Threatened due to similarity 
of appearance, but is not protected. In addition to the USFWS database, the NC Natural Heritage 
Program (NHP) GIS database was consulted to determine whether previously cataloged 
occurrences of protected species were mapped within one mile of the project site. Results from 
NHP indicate that there are no known occurrences of federally protected species within a one-mile 
radius of the project area. No protected species or potential habitat for protected species was 
observed during preliminary site evaluations. 
 
Red-cockaded Woodpecker (Picoides borealis) 
Federal Status:  Endangered 
Federally Listed:  1970 
 
Red-cockaded woodpeckers (RCW) nest in large tracts of open pine stands with a minimum age of 
60-120 years.  Longleaf pine (Pinus palustris) is the most commonly utilized species for cavity 
trees; other species of southern pine are also acceptable.  Dense forests or forests with a large 
hardwood component are avoided.  Cavities for nesting and roosting are constructed in live pines 
60 years or older, and are occupied year-round.  Because cavities require a year or more to 
complete, each colony typically has several new cavities under construction at all times.  Old 
cavities may become unsuitable when a tree dies, sap flow decreases, or encroaching understory 
vegetation makes the cavity vulnerable to predators and competitors.  Suitable foraging habitat 
contains pines at least 30 years old.  Each red-cockaded woodpecker colony (one breeding pair 
plus one or more offspring from previous broods) requires foraging habitat containing at least 
8,490 square feet of pine basal area, with at least 6,350 trees 10 inches diameter at breast height or 
larger, and within 0.5 mile of the cavity tree cluster.   
 
A survey for suitable habitat within the project study area was conducted during general field 
surveys on November 7, 2011.  Investigators were Daniel Ingram and George Lankford.  Both 
investigators have over fourteen years experience in biological surveys.  Pedestrian surveys were 
conducted in the course of project site evaluation and natural community mapping.  Within the 
project study area, no suitable RCW nesting or foraging habitat is present. In addition to the 
USFWS database, the NC Natural Heritage Program (NHP) GIS database was consulted to 
determine whether previously cataloged occurrences of protected species were mapped within one 
mile of the project site. Results from NHP indicate that there are no known occurrences within a 
one-mile radius of the project area. Based on initial site investigations, no impacts to federally 
protected species are anticipated as a result of the proposed project.  
 
The forests found in the project area are fragmented and all have a large hardwood component 
with a dense understory.  Mature pines are present within dense hardwood understory growth and 
high climbing vines.  No active colonies are reported within three miles of the project area. Due to 
the lack of local active colonies and absence of suitable habitat within the project study area, a 
biological conclusion of “No Effect” is appropriate for this species. 
 
Biological Conclusion: No Effect 
 
The proposed project offers some potential to improve or create suitable habitat for several Federal 
Species of Concern. Habitat may be improved or created for species that require riverine habitat by 



 

 

improving water quality, in-stream and near-stream forage, and providing stable conditions not 
subject to regular maintenance. Improved stream habitat may benefit American eel (Anguilla 
rostrata) and broadtail madtom (Noturus sp. cf. leptacanthus). 





Muddy Run I Stream Restoration Project 
FEMA-EEP MRII_FEMA_Floodplain_Checklist.doc Page 1 of 4 

      
 

EEP Floodplain Requirements Checklist 
 
 
This form was developed by the National Flood Insurance program, NC Floodplain 
Mapping program and Ecosystem Enhancement Program to be filled for all EEP projects.  
The form is intended to summarize the floodplain requirements during the design phase 
of the projects.  The form should be submitted to the Local Floodplain Administrator 
with three copies submitted to NFIP (attn. Edward Curtis), NC Floodplain Mapping Unit 
(attn. John Gerber) and NC Ecosystem Enhancement Program. 

 
Project Location 

 
Name  of project: 
 

Muddy Run II Stream Restoration Project 

Name if streams or features: 
 

Unnamed Tributaries to Muddy Creek 

County: 
 

Duplin County, NC 

Name of river basin: 
 

Cape Fear River Basin 

Is project urban or rural? 
 

Rural 

Name of Jurisdictional 
municipality/county: 
 

Duplin County 

DFIRM panel number for 
entire site: 
 

Firm Panel 3368 
Map Number: 3720336800J 
Effective Date: February 16, 2006 

Consultant name: 
 

WK Dickson & Co., Inc. 
Daniel Ingram – Project Manager 

Phone number: 
 

(919) 782-0495 

Address: 
 
 
 

720 Corporate Center Drive 
Raleigh, NC 27607 
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Design Information 

 
Provide a general description of project (one paragraph).  Include project limits on a 
reference orthophotograph at a scale of 1” = 500”.    
 
Wk Dickson is designing Muddy Run I Stream Restoration Project in Duplin County, NC 
to provide stream mitigation units (SMUs) in the Cape Fear River Basin for the NC 
Ecosystem Enhancement Program (NCEEP).  Stream restoration activities include 
channel and floodplain grading of approximately 6, 800 linear feet of unnamed tributaries 
to Muddy Creek.    
 
Summarize stream reaches or wetland areas according to their restoration priority. 
 
 

Stream Reach Mitigation Type Total LF Priority 
Reach 1  Headwater Valley Restoration 497 HWV 
Reach 2 Headwater Valley Restoration 500 HWV 
Reach 2 Restoration 1,373 P1 
Reach 3a Restoration 3,624 P1 
Reach 3b Restoration 1,879 P1 
Reach 3c Enhancement 739 I/II 
Reach 4 Restoration 204 P1 
Reach 5a Restoration 1,810 P1 
Reach 5b Enhancement 395 II 

  Total: 10,931   

 
Floodplain Information 

 
 
Is project located in a Special Flood Hazard Area (SFHA)? 

Yes No
  

 
If project is located in a SFHA, check how it was determined: 

Redelineation
 

Detailed Study
 

Limited Detail Study
 

Approximate Study
 

Don't know
 

 
List flood zone designation:  
 
Check if applies: 

AE Zone
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Floodway

 

 
Non-Encroachment

 

 
None

 
A Zone

 

 
Local Setbacks Required

  
No Local Setbacks Required

 
 

 
If local setbacks are required, list how many feet: 
 
Does proposed channel boundary encroach outside floodway/non-
encroachment/setbacks? 
 

Yes No  
 
Land Acquisition (Check) 

State owned (fee simple)
 

Conservation easment (Design Bid Build)
 

Conservation Easement (Full Delivery Project)
 

Note: if the project property is state-owned, then all requirements should be addressed to 
the Department of Administration, State Construction Office (attn: Herbert Neily,     
(919) 807-4101)  
 
Is community/county participating in the NFIP program? 

Yes No
 

Note: if community is not participating, then all requirements should be addressed to 
NFIP (attn: Edward Curtis, (919) 715-8000 x369) 
 
Name of Local Floodplain Administrator: Randall Tyndall 
Phone Number: (910) 296-2102 
Email: randallt@duplincountync.com  
 

Floodplain Requirements 
 
This section to be filled by designer/applicant following verification with the LFPA 

No Action
 

No Rise
 

Letter of Map Revision
 

Conditional Letter of Map Revision 
(CLOMR)  
Other Requirements
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List other requirements: 
 
 
 
 
Comments: 
 
 
 
 
 
 
 
Name: __________________________  Signature:  __________________________      
 
Title: ___________________________ Date: ___________________________ 
 



June 7, 2012 
 
Renee Gledhill-Earley 
North Carolina State Historic Preservation Office 
4617 Mail Service Center 
Raleigh NC 27699-4617 
 
Subject: Environmental Review for Muddy Run II Site EEP wetland and stream mitigation project in 

Duplin County. 
 
 
Dear Ms. Gledhill-Earley, 
 
The Muddy Run II Site has been identified by NC Ecosystem Enhancement Program to provide 
compensatory mitigation for unavoidable stream impacts. This site is currently agricultural land and 
managed pine forests surrounding tributaries to Muddy Creek. The stream channels have been 
straightened and channelized.   
 
WK Dickson requests review and comment on any possible issues that might emerge with respect to 
archaeological or cultural resources associated with a potential wetland and stream restoration project 
on the Muddy Run site (a USGS site map with approximate limits of conservation easement is 
attached). 
 
No architectural structures or archeological artifacts have been observed or noted during preliminary 
surveys of the site for restoration purposes.  In addition, the majority of the site has historically been 
disturbed due to agricultural practices and channel modifications.   
 
We ask that you review this site based on the attached location and project site maps to determine 
the presence of any historic properties. We thank you in advance for your timely response and 
cooperation. You may return the comment to my attention at the address below. Please feel free to 
contact me at dingram@wkdickson.com with any questions that you may have concerning the extent 
of site disturbance associated with this project. 
 
Sincerely, 

 
 
 
 

W.K. Dickson & Co., Inc. 
Daniel Ingram 
 

 



 
 

North Carolina Department of Cultural Resources 
State Historic Preservation Office 

Ramona M. Bartos, Administrator 
Beverly Eaves Perdue, Governor                          Office of Archives and History  
Linda A. Carlisle, Secretary                 Division of Historical Resources 
Jeffrey J. Crow, Deputy Secretary                                                                                                  David Brook, Director 

Location: 109 East Jones Street, Raleigh NC 27601     Mailing Address: 4617 Mail Service Center, Raleigh NC 27699-4617   Telephone/Fax: (919) 807-6570/807-6599 

 
July 3, 2012 
 
Daniel Ingram 
W.K. Dickson & Company, Inc. 
720 Corporate Center Drive 
Raleigh, NC  27607 
 
Re: Muddy Run II Wetland and Stream Mitigation, Duplin County, ER 12-0983 

Dear Mr. Ingram: 

Thank you for your letter of June 6, 2012, concerning the above project. 

We have conducted a review of the project and are aware of no historic resources which would be affected by 
the project. Therefore, we have no comment on the project as proposed. 

The above comments are made pursuant to Section 106 of the National Historic Preservation Act and the 
Advisory Council on Historic Preservation’s Regulations for Compliance with Section 106 codified at 36 CFR 
Part 800. 

Thank you for your cooperation and consideration. If you have questions concerning the above comment, 
please contact Renee Gledhill-Earley, environmental review coordinator, at 919-807-6579. In all future 
communication concerning this project, please cite the above-referenced tracking number. 

Sincerely, 

 

Ramona M. Bartos 
 



 
June 7, 2012 
 
Mr. Pete Benjamin  
US Fish and Wildlife Service 
Raleigh Field Office 
P.O. Box 33726 
Raleigh, NC  27636-3726 
 
Subject:  Project Scoping for Muddy Run II Site EEP wetland and stream mitigation project in Duplin 

County. 
 
 
Dear Mr. Benjamin, 
 
The Muddy Run II Site has been identified by NC Ecosystem Enhancement Program to provide 
compensatory mitigation for unavoidable stream impacts. This site is currently cultivated land and 
managed pine forests surrounding tributaries to Muddy Creek. The stream channels have been 
straightened and channelized.   
 
We have obtained an updated species list for Duplin County from the FWS web site 
(http://www.fws.gov/endangered/). The only threatened or endangered species for this county is the 
Red-cockaded woodpecker (Picoides borealis). We have determined that no suitable habitat for this 
species exists within the proposed project boundary.  
 
Please provide comments on any possible issues that might emerge with respect to endangered 
species, migratory birds, or other trust resources from the construction of a wetland and stream 
restoration project on the subject property. Maps showing the location and approximate limits of the 
conservation easement are enclosed.  
 
We thank you in advance for your timely response and cooperation.  You may return the comment to 
my attention at the address below. Please feel free to contact me at dingram@wkdickson.com with 
any questions that you may have concerning the extent of site disturbance associated with this 
project. 
 
Sincerely, 

 
W.K. Dickson & Co., Inc. 
Daniel Ingram 

 



June 6, 2012 
 
Amanda Schaller 
Kenansville USDA Service Center  
165 Agriculture Drive  
Kenansville, NC 28349 
 
Subject: Environmental Review for Muddy Run II Site EEP wetland and stream mitigation project in 

Duplin County 
 
 
Dear Ms. Schaller, 
 
The Muddy Run II Site has been identified by NC Ecosystem Enhancement Program to provide 
compensatory mitigation for unavoidable stream impacts. This site is currently agricultural land and 
managed pine forests surrounding tributaries to Muddy Creek. The stream channels have been 
straightened and channelized. According to the county soil survey, the site is mapped as Goldsboro 
loamy sand and Rains fine sandy loam. Current stream conditions demonstrate significant degradation 
with a high degree of incision because of straightening and channelization to promote agricultural 
activities.  
 
We are requesting that you please complete NRCS Form AD-1006 and return to my attention at the 
address below. Attached are AD-1006, a USGS map, a site map showing the approximate property 
lines and areas of potential ground disturbance, and a soil map. If we have not heard from you within 
45 days we will assume that prime, unique, statewide, or locally important farmland are not present 
and will not be affected by this project. 
 
We thank you in advance for your timely response and cooperation.  Please feel free to contact me at 
dingram@wkdickson.com with any questions that you may have concerning the extent of site 
disturbance associated with this project. 
 
Sincerely, 
 

 
 
W.K. Dickson & Co., Inc. 
Daniel Ingram 
 
Enclosures 

720 Corporate Center Drive 
Raleigh, NC 27607 
Tel. 919.782.0495 
Fax 919.782.9672 
www.wkdickson.com Transportation  �  Water Resources  �  Urban Development  �  Geomatics 

 



June 7, 2012 
 
Molly Ellwood 
Southeastern Permit Coordinator 
North Carolina Wildlife Resources Commission 
1701 Mail Service Center 
Raleigh, NC  27699-1701 
 
Subject:  Project Scoping for Muddy Run II Site EEP wetland and stream mitigation project in Duplin 

County. 
 
 
Dear Ms. Ellwood, 
 
The purpose of this letter is to request review and comment on any possible issues that might emerge 
with respect to fish and wildlife issues associated with a potential wetland and stream restoration 
project on the attached site (USGS site maps with approximate property lines and areas of potential 
ground disturbance are enclosed). The Muddy Run II Site has been identified by NC Ecosystem 
Enhancement Program to provide compensatory mitigation for unavoidable stream impacts. This site 
is currently cultivated land and managed pine forests surrounding tributaries to Muddy Creek.   
 
The Muddy Run II Site has been identified for the purpose of providing in-kind mitigation for 
unavoidable stream channel impacts. Several sections of channel have been identified as significantly 
degraded. The stream channels have been straightened and channelized.   
 
We thank you in advance for your timely response and cooperation. You may return the comment to 
my attention at the address below. Please feel free to contact me at dingram@wkdickson.com with 
any questions that you may have concerning the extent of site disturbance associated with this 
project. 
 
Sincerely, 

 
W.K. Dickson & Co., Inc. 
Daniel Ingram 
 
Enclosures 
 

 
720 Corporate Center Drive 
Raleigh, NC 27607 
Tel. 919.782.0495 
Fax 919.782.9672 
www.wkdickson.com Transportation  �  Water Resources  �  Urban Development  �  Geomatics 

 



 Reference Reach Site Photographs 

 
Facing upstream on Reference Reach at 
typical run cross section. 12/02/2011 

 

 
Facing downstream on Reference Reach at 
typical run cross section. 12/02/2011 

 

 
Facing upstream on Reference Reach at 
typical shallow. 12/02/2011 

 

 
Facing downstream on Reference Reach at 
typical shallow cross section. 12/02/2011 

 

 
Facing upstream on Reference Reach at 
typical pool cross section. 12/02/2011 

 
 

 
Facing downstream on Reference Reach at 
typical pool cross section. 12/02/2011 
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Mitigation Work Plan and Analyses 
 

Muddy Run II Morphological Parameters  
Muddy Run II Existing Conditions Profile Charts 
Reference Reach Existing Profile Charts 
Muddy Run II Stable Channel Design Output 
HEC-RAS Data Output
HY8 NCDOT NC41 Culvert 
Proposed Wetlands Water Budget  
 
 
 
 
 
 
 



Muddy Run II Morphological Parameters

MRII 1 MRII 2 MRII 3A MRII 3B MRII 3C MRII 4 MRII 5A MRII 5B MRII 6
Feature  Pool Run Shallow Run Run Run Run Run Run Run Run Run

Drainage Area (ac) 286 286 286 68 115 227 NA/313 74/360 45 424/774 583/909 77
NC Regional Curve Discharge (cfs) 9.3 3 5 8 NA/10 4/11 2 13/18 16/21 4
Design/Calculated Discharge (cfs) --- --- 13 --- --- --- --- --- --- --- --- ---

BF Width (ft) 10.9 8.9 7.0 4.8 8.1 6.9 7.1 8.0 4.2 6.7 9.9 6.9
Floodprone Width (ft) 100 100 100 8.7 10.2 8.1 >50 12.9 6.1 11.9 11.6 10.0

BF Cross Sectional Area (ft2) 11.4 8.4 5.0 2.3 4.1 2.8 2.4 3.9 2.1 6.6 11.1 6.2
BF Mean Depth (ft) 1.0 0.9 0.8 0.5 0.5 0.4 0.3 0.5 0.5 1.0 1.1 0.9

BF Max Depth (ft) 2.1 1.7 1.3 0.8 0.8 0.6 0.8 0.9 0.7 1.5 1.5 1.3
Width/Depth Ratio 10.4 9.5 8.8 9.6 16.2 17.3 20.9 16.0 8.4 6.7 9.0 7.7

Entrenchment Ratio 9.2 11.2 15.1 1.8 1.3 1.2 >2.2 1.6 1.5 1.8 1.2 1.4
Wetted Perimeter (ft) 12.8 9.7 7.4 5.2 8.3 7.1 7.4 8.3 4.6 7.6 11.4 7.8
Hydraulic Radius (ft) 0.9 0.9 0.7 0.4 0.5 0.4 0.3 0.5 0.4 0.9 1.0 0.8

Min Max Med --- --- --- --- --- --- --- --- --- Min Max Min Max Min Max Min Max Min Max Min Max
Channel Beltwidth (ft) 13.6 31.8 23.1 --- --- --- --- --- --- --- --- --- 14 32 17 39 22 53 16 38 10 24 27 64

Radius of Curvature (ft) 11.0 27.6 17.6 --- --- --- --- --- --- --- --- --- 11 28 13 34 18 46 13 33 8 21 22 55
Radius of Curvature Ratio 1.5 3.7 2.3 --- --- --- --- --- --- --- --- --- 1.5 3.7 1.5 3.7 1.5 3.7 1.5 3.7 1.5 3.7 1.5 3.7
Meander Wavelength (ft) 34.9 68.3 54.5 --- --- --- --- --- --- --- --- --- 35 69 43 84 58 113 42 82 26 51 70 137

Meander Width Ratio 1.8 4.2 3.1 --- --- --- --- --- --- --- --- --- 1.8 4.2 1.8 4.2 1.8 4.2 1.8 4.2 1.8 4.2 1.8 4.2
Profile

Shallow Length (ft) 3.1 30.7 12.6 --- --- --- --- --- --- --- --- --- 3 31 4 38 5 51 4 37 2 23 6 61
Run Length (ft) 2.2 33.2 11.3 --- --- --- --- --- --- --- --- --- 2 34 3 41 4 55 3 40 2 25 4 66
Pool Length (ft) 4.2 9.5 5.8 --- --- --- --- --- --- --- --- --- 4 10 5 12 7 16 5 11 3 7 8 19

Pool -to-Pool Spacing (ft) 17.5 59.8 36.3 --- --- --- --- --- --- --- --- --- 18 60 22 74 29 99 21 72 13 45 35 120

Valley Length (ft) 382 1678 3301 908 745 90 1620 383 1172
Channel Length (ft) 382 1678 3301 908 745 90 1620 383 1172

Sinuosity 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Water Surface Slope (ft/ft) --- --- --- --- --- --- --- --- ---

Channel Slope (ft/ft) 0.0043 0.0021 0.0016 0.0023 0.0022 0.0034 0.0024 0.0015 0.002427
Rosgen Classification G5c F5 F5 C5 F5 G5c G5c G5c G5c

*Habitat Index
 1 Bankfull stage was estimated using NC Regional Curve equations and existing conditions data
 2 Two different drainage areas and Regional Curve discharges are provided for some reaches.  The first area or discharge reflects existing condtions, the second reflects proposed. Subsequent dimensions are based on existing conditions.
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Muddy Run II Reference Reach Cross Section 2, Run (STA 1+84)
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Muddy Run II Reference Reach Profile
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Muddy Run II Reach 2

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = .50, D50(mm) = .20, D16(mm) = .062

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 7

Upstream Channel

    Sediment Concentration (ppm) 197.62

    Base Width (ft) 3.4

    Channel Slope (ft/ft) 0.0017

Left Right

    Side Slope  2.1 2.1

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Stable Channel

    Median Channel Width (ft) 7.6

    Valley Slope(ft/ft) 0.0027

Left Right

    Side Slope  2.1 2.1

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

1 1.3 0.002979 0.047 0.71 1.37 0.21 0.25 Lower

2 1.2 0.002144 0.0439 0.72 1.26 0.2 0.16 Lower

2 2.2 0.002143 0.044 0.72 1.26 0.15 0.3 Lower

3 1.1 0.001793 0.0412 0.71 1.22 0.21 0.12 Lower

4 1 0.001606 0.0386 0.69 1.2 0.21 0.1 Lower

5 0.9 0.001492 0.0364 0.65 1.19 0.22 0.08 Lower

5 1.9 0.00149 0.0364 0.65 1.19 0.15 0.17 Lower

6 0.8 0.001423 0.0345 0.62 1.18 0.24 0.07 Lower

7 0.7 0.00138 0.0329 0.58 1.17 0.25 0.06 Lower

8 0.6 0.001331 0.0312 0.55 1.16 0.26 0.05 Lower

8 1.6 0.001335 0.0312 0.55 1.16 0.16 0.14 Lower

9 0.6 0.001325 0.0299 0.51 1.15 0.26 0.05 Lower

10 0.5 0.001317 0.0291 0.49 1.15 0.27 0.04 Lower

11 0.5 0.00132 0.0286 0.46 1.14 0.28 0.04 Lower

11 1.5 0.001326 0.0283 0.46 1.14 0.16 0.12 Lower

12 0.5 0.001332 0.0275 0.44 1.13 0.29 0.04 Lower

13 0.4 0.001339 0.027 0.41 1.12 0.3 0.04 Lower

14 0.4 0.001363 0.0266 0.39 1.11 0.3 0.04 Lower

14 1.4 0.001358 0.0264 0.39 1.11 0.16 0.12 Lower

15 0.4 0.001377 0.026 0.38 1.1 0.31 0.03 Lower

*******Solution for Minimum Stream Power*******

10.2 0.5 0.001316 0.0289 0.48 1.15 0.28 0.04 Lower



Muddy Run II Reach 3a (U/S)

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = .50, D50(mm) = .20, D16(mm) = .062

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 14

Upstream Channel

    Sediment Concentration (ppm) 608.92

    Base Width (ft) 4.2

    Channel Slope (ft/ft) 0.0026

Left Right

    Side Slope  2.08 2.08

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Stable Channel

    Median Channel Width (ft) 9.2

    Valley Slope(ft/ft) 0.0032

Left Right

    Side Slope  2.08 2.08

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

1 1.6 0.005246 0.0474 0.83 1.99 0.28 0.53 Lower*

2 1.5 0.003653 0.0453 0.87 1.8 0.26 0.34 Lower*

3 1.4 0.003017 0.0431 0.87 1.72 0.26 0.26 Lower

4 1.3 0.002658 0.0411 0.85 1.68 0.26 0.21 Lower

5 1.1 0.002443 0.0392 0.83 1.66 0.27 0.17 Lower

6 1 0.002302 0.0375 0.79 1.64 0.28 0.15 Lower

6 2 0.002314 0.0374 0.79 1.63 0.2 0.3 Lower

7 1 0.002228 0.0358 0.75 1.62 0.29 0.13 Lower

8 0.9 0.002133 0.0344 0.72 1.61 0.3 0.12 Lower

9 0.8 0.002079 0.0333 0.69 1.6 0.31 0.11 Lower

10 0.8 0.00206 0.0325 0.66 1.59 0.32 0.1 Lower

11 0.7 0.002044 0.0315 0.63 1.58 0.33 0.09 Lower

12 0.7 0.002043 0.0308 0.6 1.56 0.34 0.09 Lower

13 0.6 0.002057 0.0299 0.57 1.55 0.34 0.08 Lower

14 0.6 0.002054 0.0295 0.55 1.54 0.35 0.08 Lower

15 0.6 0.002084 0.0288 0.52 1.52 0.36 0.07 Lower

16 0.5 0.002099 0.0284 0.5 1.51 0.36 0.07 Lower

17 0.5 0.002117 0.028 0.48 1.5 0.37 0.07 Lower

17 1.5 0.002118 0.028 0.48 1.5 0.21 0.2 Lower

18 0.5 0.002144 0.0275 0.46 1.49 0.37 0.07 Lower

*******Solution for Minimum Stream Power*******

11.5 0.7 0.002045 0.0307 0.61 1.57 0.33 0.09 Lower



Muddy Run II Reach 3a (D/S)

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = .50, D50(mm) = .20, D16(mm) = .060

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 16

Upstream Channel

    Sediment Concentration (ppm) 27.5

    Base Width (ft) 5.8

    Channel Slope (ft/ft) 0.0005

Left Right

    Side Slope  2.06 2.06

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Stable Channel

    Median Channel Width (ft) 12

    Valley Slope(ft/ft) 0.008

Left Right

    Side Slope  2.06 2.06

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

1 2.4 0.001051 0.0481 1.19 1.12 0.13 0.16 Lower

2 2.3 0.000778 0.0457 1.23 1.03 0.12 0.11 Lower

4 2 0.00058 0.0425 1.24 0.97 0.12 0.07 Lower

5 1.9 0.000529 0.0411 1.23 0.96 0.12 0.06 Lower

6 1.7 0.000494 0.0394 1.2 0.95 0.13 0.05 Lower

7 1.6 0.000468 0.0379 1.17 0.95 0.13 0.05 Lower

8 1.5 0.00045 0.0363 1.13 0.94 0.13 0.04 Lower

10 1.3 0.000425 0.0339 1.06 0.94 0.14 0.04 Lower

11 1.3 0.000416 0.0329 1.02 0.94 0.15 0.03 Lower

12 1.2 0.00041 0.0319 0.98 0.94 0.15 0.03 Lower

13 1.1 0.000405 0.0309 0.95 0.93 0.16 0.03 Lower

14 1.1 0.000398 0.0298 0.91 0.93 0.16 0.03 Lower

16 1 0.000394 0.0286 0.85 0.93 0.17 0.02 Lower

17 0.9 0.000397 0.0279 0.81 0.92 0.17 0.02 Lower

18 0.9 0.000395 0.0274 0.79 0.92 0.17 0.02 Lower

19 0.8 0.000397 0.0271 0.77 0.92 0.18 0.02 Lower

20 0.8 0.000398 0.0267 0.74 0.91 0.18 0.02 Lower

22 0.7 0.000403 0.0258 0.69 0.91 0.18 0.02 Lower

23 0.7 0.000403 0.0257 0.68 0.91 0.19 0.02 Lower

24 0.7 0.000409 0.025 0.65 0.9 0.19 0.02 Lower

*******Solution for Minimum Stream Power*******

15.7 1 0.000395 0.0288 0.86 0.93 0.17 0.02 Lower



Muddy Run II Reach 3b

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = .50, D50(mm) = .20, D16(mm) = .062

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 10

Upstream Channel

    Sediment Concentration (ppm) 174.55

    Base Width (ft) 4.2

    Channel Slope (ft/ft) 0.0014

Left Right

    Side Slope  2.09 2.09

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Stable Channel

    Median Channel Width (ft) 9

    Valley Slope(ft/ft) 0.0032

Left Right

    Side Slope  2.09 2.09

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

1 1.6 0.00271 0.0476 0.83 1.44 0.2 0.27 Lower

2 1.5 0.00194 0.0449 0.86 1.32 0.19 0.18 Lower

3 1.4 0.001607 0.0428 0.86 1.27 0.19 0.14 Lower

4 1.2 0.001427 0.0405 0.84 1.24 0.2 0.11 Lower

4 2.2 0.001441 0.0401 0.83 1.24 0.15 0.2 Lower

5 1.1 0.001318 0.0382 0.81 1.23 0.2 0.09 Lower

6 1 0.001247 0.0362 0.77 1.22 0.21 0.08 Lower

7 0.9 0.0012 0.0347 0.73 1.21 0.22 0.07 Lower

8 0.9 0.001166 0.0333 0.7 1.2 0.23 0.06 Lower

9 0.8 0.001126 0.0319 0.66 1.2 0.24 0.06 Lower

10 0.7 0.001115 0.0306 0.63 1.19 0.24 0.05 Lower

11 0.7 0.001112 0.0299 0.6 1.18 0.25 0.05 Lower

12 0.6 0.001104 0.0291 0.57 1.18 0.26 0.04 Lower

13 0.6 0.001114 0.0284 0.54 1.17 0.26 0.04 Lower

14 0.6 0.001115 0.0279 0.52 1.16 0.27 0.04 Lower

14 1.6 0.00112 0.0278 0.52 1.16 0.16 0.11 Lower

15 0.5 0.001122 0.0273 0.5 1.15 0.28 0.04 Lower

16 0.5 0.001137 0.0269 0.48 1.14 0.28 0.04 Lower

17 0.5 0.00115 0.0264 0.46 1.13 0.29 0.04 Lower

18 0.5 0.001159 0.0261 0.44 1.13 0.29 0.03 Lower

*******Solution for Minimum Stream Power*******

11.9 0.6 0.001105 0.0292 0.57 1.18 0.26 0.04 Lower



Muddy Run II Reach 4

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = .50, D50(mm) = .20, D16(mm) = .062

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 5

Upstream Channel

    Sediment Concentration (ppm) 1298.1

    Base Width (ft) 3

    Channel Slope (ft/ft) 0.005

Left Right

    Side Slope  2 2

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Stable Channel

    Median Channel Width (ft) 6

    Valley Slope(ft/ft) 0.006

Left Right

    Side Slope  2 2

    Roughness Eq   Manning Manning

    Roughness Value  0.042 0.042

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

1 0.9 0.005565 0.0372 0.51 1.9 0.35 0.32 Upper*

1 1.9 0.005525 0.0374 0.51 1.9 0.24 0.66 Upper*

2 0.8 0.005204 0.0366 0.5 1.84 0.37 0.25 Lower*

2 1.8 0.005207 0.0366 0.5 1.84 0.24 0.57 Lower*

3 0.7 0.004503 0.0346 0.48 1.78 0.39 0.18 Lower*

4 0.6 0.004172 0.0322 0.44 1.73 0.41 0.15 Lower*

4 1.6 0.004179 0.0324 0.44 1.73 0.24 0.41 Lower*

5 0.5 0.004061 0.0307 0.41 1.69 0.42 0.12 Lower*

5 1.5 0.004041 0.0307 0.41 1.69 0.24 0.38 Lower*

6 0.4 0.004022 0.0296 0.38 1.66 0.44 0.11 Lower*

7 0.4 0.004049 0.0285 0.35 1.63 0.46 0.1 Lower

7 1.4 0.004036 0.0288 0.35 1.63 0.24 0.35 Lower*

8 0.4 0.004109 0.0279 0.32 1.6 0.47 0.09 Lower

8 1.4 0.004087 0.028 0.32 1.6 0.24 0.35 Lower

9 0.3 0.004162 0.0275 0.3 1.58 0.48 0.09 Lower

10 0.3 0.004245 0.0269 0.28 1.55 0.5 0.08 Lower

10 1.3 0.00424 0.0269 0.28 1.55 0.24 0.34 Lower

11 0.3 0.004357 0.0263 0.26 1.52 0.5 0.08 Lower

11 1.3 0.004322 0.0264 0.27 1.53 0.24 0.35 Lower

12 0.3 0.004442 0.026 0.25 1.5 0.51 0.07 Lower

*******Solution for Minimum Stream Power*******

5.9 0.4 0.004002 0.0299 0.38 1.67 0.44 0.11 Lower*



Muddy Run II Reach 5a

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = .50, D50(mm) = .20, D16(mm) = .062

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 44

Upstream Channel

    Sediment Concentration (ppm) 501.43

    Base Width (ft) 7

    Channel Slope (ft/ft) 0.0017

Left Right

    Side Slope  2.11 2.11

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Stable Channel

    Median Channel Width (ft) 15

    Valley Slope(ft/ft) 0.0023

Left Right

    Side Slope  2.11 2.11

    Roughness Eq   Manning Manning

    Roughness Value  0.05 0.05

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

2 2.6 0.003108 0.0472 1.4 2.19 0.24 0.51 Lower*

3 2.5 0.002525 0.0457 1.43 2.06 0.23 0.4 Lower*

4 2.4 0.002193 0.0443 1.44 1.99 0.23 0.33 Lower

6 2.2 0.001818 0.0421 1.43 1.91 0.23 0.25 Lower

8 1.9 0.001623 0.0398 1.38 1.87 0.24 0.2 Lower

9 1.8 0.00157 0.0385 1.34 1.85 0.24 0.18 Lower

10 1.7 0.001515 0.0375 1.31 1.84 0.24 0.17 Lower

12 1.6 0.001438 0.0361 1.25 1.82 0.26 0.14 Lower

14 1.4 0.001378 0.0343 1.18 1.8 0.27 0.12 Lower

15 1.4 0.001362 0.0335 1.15 1.79 0.27 0.12 Lower

16 1.3 0.001366 0.0327 1.11 1.78 0.27 0.11 Lower

18 1.2 0.001343 0.032 1.06 1.77 0.28 0.1 Lower

20 1.1 0.00134 0.0313 1 1.75 0.29 0.09 Lower

21 1.1 0.001342 0.0307 0.97 1.74 0.29 0.09 Lower

22 1 0.001354 0.03 0.94 1.73 0.3 0.09 Lower

24 1 0.001349 0.0298 0.9 1.72 0.31 0.08 Lower

26 0.9 0.001363 0.0294 0.86 1.7 0.31 0.08 Lower

27 0.9 0.001384 0.0287 0.83 1.69 0.31 0.08 Lower

28 0.9 0.001379 0.0286 0.81 1.68 0.32 0.08 Lower

30 0.8 0.001396 0.0283 0.78 1.67 0.32 0.07 Lower

*******Solution for Minimum Stream Power*******

19.6 1.1 0.001341 0.0314 1.01 1.75 0.29 0.1 Lower



Muddy Run II Reaches 2, 3a, 3b, and 3c (HEC‐RAS Output)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

MRII‐2 29570 2YR 19 57.36 58.19 58.20 0.0023 1.31 30.40 69.11 0.04 0.09

MRII‐2 29570 10YR 52 57.36 58.53 58.57 0.0033 2.09 59.21 96.51 0.11 0.20

MRII‐2 29570 25YR 81 57.36 58.73 58.79 0.0038 2.55 79.68 108.14 0.18 0.28

MRII‐2 29570 Design Q 7 57.36 57.95 57.96 0.0016 0.83 15.99 54.47 0.01 0.04

MRII‐2 29260 2YR 19 56.64 57.28 57.03 57.32 0.0038 1.63 25.51 107.68 0.04 0.14

MRII‐2 29260 10YR 52 56.64 57.67 57.24 57.69 0.0025 1.82 86.84 194.35 0.04 0.15

MRII‐2 29260 25YR 81 56.64 57.90 57.24 57.93 0.0021 1.92 137.01 230.25 0.05 0.16

MRII‐2 29260 Design Q 7 56.64 56.97 56.85 57.01 0.0081 1.52 4.59 31.16 0.24 0.16

MRII‐2 28851 2YR 19 54.26 55.83 55.23 55.90 0.0032 2.17 10.27 22.97 0.20 0.21

MRII‐2 28851 10YR 52 54.26 56.52 55.89 56.62 0.0028 2.80 46.83 82.79 0.11 0.30

MRII‐2 28851 25YR 81 54.26 56.89 56.34 56.98 0.0026 3.06 80.24 106.79 0.12 0.33

MRII‐2 28851 Design Q 7 54.26 55.35 54.85 55.38 0.0024 1.39 5.04 7.01 0.14 0.10

MRII‐2 28454 2YR 19 53.34 54.98 54.31 55.01 0.0016 1.62 24.61 47.18 0.04 0.11

MRII‐2 28454 10YR 52 53.34 55.47 54.95 55.54 0.0026 2.57 51.32 74.17 0.11 0.26

MRII‐2 28454 25YR 81 53.34 55.73 55.15 55.82 0.0033 3.16 75.57 106.26 0.15 0.37

MRII‐2 28454 Design Q 7 53.34 54.45 53.93 54.48 0.0022 1.36 5.14 18.91 0.13 0.10

MRII‐2 28076 2YR 19 52.47 53.80 53.43 53.91 0.0068 2.70 10.22 47.89 0.17 0.35

MRII‐2 28076 10YR 52 52.47 54.52 54.08 54.58 0.0025 2.43 68.84 120.27 0.07 0.23

MRII‐2 28076 25YR 81 52.47 54.96 54.28 54.99 0.0015 2.25 132.93 221.80 0.03 0.18

MRII‐2 28076 Design Q 7 52.47 53.54 53.06 53.57 0.0026 1.44 4.86 6.91 0.16 0.11

MRII‐3a 26409 2YR 27 51.68 53.45 52.81 53.48 0.0015 1.63 37.39 53.74 0.04 0.10

MRII‐3a 26409 10YR 84 51.68 54.13 53.41 54.19 0.0021 2.61 82.49 92.66 0.12 0.23

MRII‐3a 26409 25YR 129 51.68 54.51 53.62 54.61 0.0028 3.41 135.05 188.94 0.12 0.37

MRII‐3a 26409 Design Q 14 51.68 53.11 52.50 53.16 0.0025 1.74 8.03 29.05 0.23 0.13

MRII‐3a 26306 2YR 27 51.40 53.26 52.53 53.30 0.0016 1.80 34.73 78.34 0.03 0.12

MRII‐3a 26306 10YR 84 51.40 53.89 53.34 53.95 0.0021 2.68 100.14 145.33 0.08 0.24

MRII‐3a 26306 25YR 129 51.40 54.27 53.57 54.33 0.0019 2.86 168.07 206.81 0.07 0.26

MRII‐3a 26306 Design Q 14 51.40 52.83 52.22 52.87 0.0025 1.75 8.01 26.99 0.23 0.13

MRII‐3a 26120 2YR 27 50.81 52.55 51.94 52.64 0.0034 2.44 13.57 53.14 0.18 0.23

MRII‐3a 26120 10YR 84 50.81 53.26 52.82 53.36 0.0030 3.15 72.67 90.04 0.17 0.33

MRII‐3a 26120 25YR 129 50.81 53.66 53.04 53.78 0.0030 3.56 119.26 142.62 0.17 0.40

MRII‐3a 26120 Design Q 14 50.81 52.22 51.63 52.27 0.0026 1.77 7.90 19.18 0.24 0.14

MRII‐3a 25930 2YR 27 50.20 52.00 51.33 52.05 0.0019 1.90 32.80 89.42 0.04 0.14

MRII‐3a 25930 10YR 84 50.20 52.88 52.12 52.92 0.0012 2.19 126.02 144.58 0.04 0.16

MRII‐3a 25930 25YR 129 50.20 53.16 52.33 53.23 0.0018 2.88 179.77 237.13 0.06 0.26

MRII‐3a 25930 Design Q 14 50.20 51.63 51.02 51.67 0.0025 1.75 8.01 24.32 0.23 0.13

MRII‐3a 25685 2YR 27 49.40 51.19 50.53 51.27 0.0030 2.37 12.48 31.82 0.29 0.22

MRII‐3a 25685 10YR 84 49.40 51.76 51.39 52.08 0.0073 4.73 28.47 70.39 0.72 0.77

MRII‐3a 25685 25YR 129 49.40 51.98 51.77 52.22 0.0062 4.72 70.45 86.98 0.56 0.73

MRII‐3a 25685 Design Q 14 49.40 50.84 50.22 50.89 0.0024 1.72 8.12 22.56 0.22 0.13

MRII‐3a 25487 2YR 27 48.85 50.41 49.99 50.48 0.0040 2.36 25.07 80.73 0.08 0.23

MRII‐3a 25487 10YR 84 48.85 51.02 50.67 51.08 0.0028 2.75 107.12 167.77 0.09 0.27

MRII‐3a 25487 25YR 129 48.85 51.42 50.84 51.46 0.0018 2.54 197.94 272.53 0.05 0.21

MRII‐3a 25487 Design Q 14 48.85 50.25 49.67 50.30 0.0027 1.80 7.78 32.82 0.25 0.14

MRII‐3a 25328 2YR 27 48.35 50.08 49.49 50.09 0.0012 1.44 65.80 172.78 0.01 0.08

MRII‐3a 25328 10YR 84 48.35 50.89 49.79 50.89 0.0005 1.27 282.32 333.67 0.01 0.05

MRII‐3a 25328 25YR 129 48.35 51.32 50.24 51.33 0.0004 1.27 449.25 424.52 0.01 0.05

MRII‐3a 25328 Design Q 14 48.35 49.74 49.17 49.79 0.0027 1.80 8.65 55.29 0.07 0.14

MRII‐3a 25144 2YR 27 47.85 49.89 48.98 49.91 0.0007 1.26 59.47 99.28 0.01 0.06

MRII‐3a 25144 10YR 84 47.85 50.76 49.71 50.78 0.0006 1.65 195.76 218.88 0.01 0.09

MRII‐3a 25144 25YR 129 47.85 51.22 49.93 51.24 0.0005 1.70 310.90 280.59 0.01 0.09

MRII‐3a 25144 Design Q 14 47.85 49.46 48.67 49.49 0.0013 1.41 13.85 70.25 0.02 0.08



Muddy Run II Reaches 2, 3a, 3b, and 3c (HEC‐RAS Output)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

MRII‐3a 24954 2YR 35 47.50 49.65 49.69 0.0014 1.89 46.98 102.50 0.03 0.13

MRII‐3a 24954 10YR 107 47.50 50.57 50.61 0.0010 2.16 183.49 228.98 0.03 0.14

MRII‐3a 24954 25YR 163 47.50 51.07 51.10 0.0008 2.17 327.69 349.92 0.02 0.14

MRII‐3a 24954 Design Q 16 47.50 49.09 49.14 0.0019 1.68 9.94 18.34 0.10 0.12

MRII‐3a 24710 2YR 35 46.87 49.35 48.06 49.38 0.000825 1.56 29.2 55.93 0.05 0.08

MRII‐3a 24710 10YR 107 46.87 50.3 48.96 50.34 0.000836 2.1 132.93 116.1 0.05 0.13

MRII‐3a 24710 25YR 163 46.87 50.81 49.51 50.86 0.000832 2.35 200.69 166.58 0.05 0.16

MRII‐3a 24710 Design Q 16 46.87 48.82 47.68 48.84 0.000593 1.06 15.16 23.32 0.05 0.04

MRII‐3a 24500 2YR 35 46.74 49.2 47.93 49.22 0.000595 1.32 51.92 65.65 0.02 0.06

MRII‐3a 24500 10YR 107 46.74 50.1 48.81 50.15 0.000865 2.1 124.96 97.75 0.06 0.13

MRII‐3a 24500 25YR 163 46.74 50.56 49.18 50.64 0.001178 2.73 177.04 151.99 0.08 0.21

MRII‐3a 24500 Design Q 16 46.74 48.69 47.56 48.71 0.000599 1.06 15.09 25.27 0.05 0.04

MRII‐3a 24218 2YR 35 46.56 49.02 47.75 49.05 0.000569 1.29 58.42 89.71 0.01 0.06

MRII‐3a 24218 10YR 107 46.56 49.86 48.62 49.9 0.000791 1.98 157.08 138.96 0.04 0.12

MRII‐3a 24218 25YR 163 46.56 50.28 49.05 50.33 0.000866 2.29 222.17 172.91 0.05 0.15

MRII‐3a 24218 Design Q 16 46.56 48.51 47.37 48.53 0.000597 1.06 15.11 28.1 0.05 0.04

MRII‐3a 24030 2YR 35 46.46 48.83 47.65 48.88 0.001047 1.69 26.34 73.41 0.04 0.1

MRII‐3a 24030 10YR 107 46.46 49.64 48.52 49.69 0.001134 2.29 133.11 141.41 0.05 0.16

MRII‐3a 24030 25YR 163 46.46 50.03 48.94 50.09 0.001268 2.68 199.51 204.59 0.06 0.21

MRII‐3a 24030 Design Q 16 46.46 48.37 47.28 48.39 0.00065 1.09 14.66 27.51 0.05 0.05

MRII‐3a 23829 2YR 35 46.33 48.68 47.52 48.7 0.000572 1.24 78.43 147.68 0.01 0.05

MRII‐3a 23829 10YR 107 46.33 49.52 48.41 49.53 0.000426 1.41 305.63 347.86 0.01 0.06

MRII‐3a 23829 25YR 163 46.33 49.92 48.72 49.94 0.000387 1.49 458.91 408.35 0.01 0.06

MRII‐3a 23829 Design Q 16 46.33 48.23 47.15 48.25 0.000674 1.11 14.47 56.45 0.05 0.05

MRII‐3a 23618 2YR 35 46.18 48.51 47.37 48.53 0.000606 1.26 69.9 111.88 0.01 0.06

MRII‐3a 23618 10YR 107 46.18 49.36 48.22 49.38 0.000641 1.73 203.5 188.42 0.02 0.09

MRII‐3a 23618 25YR 163 46.18 49.76 48.21 49.79 0.000704 2 293.24 261.85 0.03 0.12

MRII‐3a 23618 Design Q 16 46.18 48.02 47 48.04 0.000775 1.16 13.75 48.86 0.06 0.05

MRII‐3a 23414 2YR 37 46.05 48.2 48.27 0.001954 2.09 20.19 44.07 0.1 0.16

MRII‐3a 23414 10YR 114 46.05 48.84 49.03 0.003835 3.76 63.75 96.83 0.28 0.46

MRII‐3a 23414 25YR 173 46.05 49.16 48.73 49.39 0.004363 4.42 99.92 129.32 0.36 0.61

MRII‐3a 23414 Design Q 16 46.05 47.73 47.77 0.001436 1.5 11.98 11.09 0.14 0.09

MRII‐3b 23224 2YR 20 46.03 47.84 47.88 0.001398 1.65 20.73 72.49 0.02 0.1

MRII‐3b 23224 10YR 44 46.03 48.43 48.46 0.000951 1.75 65.9 80.04 0.03 0.1

MRII‐3b 23224 25YR 64 46.03 48.72 48.76 0.000955 1.94 90.34 83.32 0.05 0.12

MRII‐3b 23224 Design Q 10 46.03 47.42 47.44 0.001442 1.31 7.65 8.73 0.1 0.07

MRII‐3b 23011 2YR 20 45.73 47.58 47.62 0.001272 1.61 16.5 23.61 0.07 0.1

MRII‐3b 23011 10YR 44 45.73 48.18 48.24 0.001366 2.14 44.27 80.74 0.05 0.15

MRII‐3b 23011 25YR 64 45.73 48.47 48.54 0.001389 2.37 68.87 84.71 0.06 0.18

MRII‐3b 23011 Design Q 10 45.73 47.16 47.18 0.001261 1.24 8.04 8.91 0.08 0.07

MRII‐3b 22814 2YR 20 45.43 47.28 47.31 0.001286 1.61 16.53 23.02 0.07 0.1

MRII‐3b 22814 10YR 44 45.43 47.85 47.91 0.001418 2.15 46.82 84.27 0.05 0.16

MRII‐3b 22814 25YR 64 45.43 48.14 48.21 0.00138 2.34 74.06 100.33 0.05 0.18

MRII‐3b 22814 Design Q 10 45.43 46.86 46.88 0.001275 1.25 8 8.9 0.08 0.07

MRII‐3b 22613 2YR 20 45.17 46.99 47.03 0.001404 1.66 15.94 26.03 0.07 0.11

MRII‐3b 22613 10YR 44 45.17 47.48 47.56 0.001923 2.41 30.07 31.79 0.16 0.2

MRII‐3b 22613 25YR 64 45.17 47.69 47.81 0.002574 3.01 45.44 76.61 0.13 0.3

MRII‐3b 22613 Design Q 10 45.17 46.58 46.61 0.001336 1.27 7.87 8.84 0.09 0.07

MRII‐3b 22423 2YR 20 44.92 46.73 45.9 46.77 0.001372 1.63 18.12 39.72 0.05 0.1

MRII‐3b 22423 10YR 44 44.92 47.14 46.36 47.2 0.001808 2.26 56.99 172.52 0.03 0.18

MRII‐3b 22423 25YR 64 44.92 47.33 46.71 47.39 0.001806 2.43 103.4 290.53 0.02 0.2

MRII‐3b 22423 Design Q 10 44.92 46.33 45.62 46.35 0.001341 1.27 7.86 8.83 0.09 0.07



Muddy Run II Reaches 2, 3a, 3b, and 3c (HEC‐RAS Output)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

MRII‐3b 22225 2YR 20 44.74 46.29 46.36 0.003325 2.18 10.76 47.64 0.09 0.2

MRII‐3b 22225 10YR 44 44.74 46.67 46.75 0.002972 2.55 49.08 117.47 0.07 0.24

MRII‐3b 22225 25YR 64 44.74 46.86 46.94 0.002932 2.77 73.37 145.03 0.08 0.27

MRII‐3b 22225 Design Q 10 44.74 45.97 46.01 0.002437 1.58 6.33 8.07 0.18 0.11

MRII‐3b 22020 2YR 20 44.21 45.94 45.97 0.001158 1.44 37.08 112.06 0.01 0.08

MRII‐3b 22020 10YR 44 44.21 46.31 46.34 0.00131 1.83 86.87 187.94 0.02 0.12

MRII‐3b 22020 25YR 64 44.21 46.49 46.53 0.001397 2.03 124.2 222.32 0.03 0.14

MRII‐3b 22020 Design Q 10 44.21 45.59 45.62 0.001466 1.31 7.67 22.51 0.04 0.08

MRII‐3b 21812 2YR 20 43.87 45.67 45.7 0.001366 1.62 22.11 69.9 0.02 0.1

MRII‐3b 21812 10YR 44 43.87 45.99 46.03 0.001673 2.08 73.16 196.27 0.02 0.16

MRII‐3b 21812 25YR 64 43.87 46.15 46.2 0.001734 2.27 106.59 208.73 0.03 0.18

MRII‐3b 21812 Design Q 10 43.87 45.32 45.34 0.001176 1.21 8.24 9.06 0.08 0.06

MRII‐3b 21613 2YR 20 43.7 45.37 44.67 45.41 0.001613 1.64 32.14 151.7 0.01 0.11

MRII‐3b 21613 10YR 44 43.7 45.64 45.35 45.68 0.001945 2.07 80.68 214.49 0.02 0.16

MRII‐3b 21613 25YR 64 43.7 45.77 45.5 45.82 0.002187 2.34 111.83 245.03 0.04 0.2

MRII‐3b 21613 Design Q 10 43.7 45.04 45.07 0.001677 1.38 7.24 8.54 0.12 0.08

MRII‐3b 21412 2YR 20 43.25 44.23 44.23 44.54 0.02653 4.53 4.42 15.54 4.5 0.99

MRII‐3b 21412 10YR 44 43.25 44.66 44.66 44.84 0.01349 4.03 32.2 200.85 0.28 0.7

MRII‐3b 21412 25YR 64 43.25 44.73 44.73 44.89 0.014363 4.32 63.03 345.3 0.17 0.79

MRII‐3b 21412 Design Q 10 43.25 43.94 43.94 44.17 0.029564 3.83 2.61 5.85 3.04 0.79

MRII‐3c 21214 2YR 27 40.29 41.97 42.03 0.002385 1.98 13.65 12.26 0.31 0.16

MRII‐3c 21214 10YR 70 40.29 43.01 43.11 0.00203 2.5 28.02 15.26 0.53 0.21

MRII‐3c 21214 25YR 106 40.29 43.62 43.74 0.002008 2.8 37.85 17 0.71 0.25

MRII‐3c 21214 Design Q 16 40.29 41.57 41.62 0.00284 1.78 9 10.98 0.25 0.14

MRII‐3c 21020 2YR 27 39.43 41.58 41.63 0.001755 1.88 14.39 10.72 0.25 0.13

MRII‐3c 21020 10YR 70 39.43 42.6 42.71 0.002095 2.61 26.84 13.57 0.6 0.23

MRII‐3c 21020 25YR 106 39.43 43.2 43.33 0.002212 2.97 40.49 41.62 0.33 0.28

MRII‐3c 21020 Design Q 16 39.43 41.17 41.21 0.001608 1.56 10.26 9.59 0.16 0.1

MRII‐3c 20808 2YR 27 39.13 41.12 41.19 0.002495 2.13 12.7 10.27 0.38 0.18

MRII‐3c 20808 10YR 70 39.13 42.02 42.17 0.003138 3.02 23.17 12.8 0.96 0.32

MRII‐3c 20808 25YR 106 39.13 42.57 42.76 0.003375 3.47 30.54 14.31 1.38 0.4

MRII‐3c 20808 Design Q 16 39.13 40.77 40.82 0.002099 1.71 9.35 9.32 0.21 0.12

MRII‐3c 20600 2YR 27 38.93 40.23 40.37 0.007006 2.94 9.19 10.28 1.09 0.37

MRII‐3c 20600 10YR 70 38.93 41.17 41.35 0.004925 3.44 20.35 13.39 1.48 0.43

MRII‐3c 20600 25YR 106 38.93 41.71 41.94 0.004564 3.79 27.93 14.7 1.86 0.49

MRII‐3c 20600 Design Q 16 38.93 39.87 40 0.009777 2.79 5.74 9.06 1.04 0.37

MRII‐3c 20400 2YR 27 37.65 39.67 39.72 0.001741 1.8 15.02 12.2 0.23 0.13

MRII‐3c 20400 10YR 70 37.65 40.69 40.77 0.001771 2.31 33.49 21.92 0.32 0.18

MRII‐3c 20400 25YR 106 37.65 41.26 41.36 0.001788 2.57 47.15 25.91 0.42 0.22

MRII‐3c 20400 Design Q 16 37.65 39.26 39.3 0.001694 1.54 10.37 10.45 0.15 0.1

MRII‐3c 20200 2YR 27 37.49 39.29 38.46 39.35 0.002001 1.88 14.35 12.11 0.26 0.14

MRII‐3c 20200 10YR 70 37.49 40.3 39.08 40.39 0.002003 2.42 29.86 20.84 0.39 0.2

MRII‐3c 20200 25YR 106 37.49 40.87 39.46 40.98 0.002002 2.69 42.8 24.71 0.5 0.24

MRII‐3c 20200 Design Q 16 37.49 38.89 38.23 38.93 0.002002 1.63 9.83 10.4 0.18 0.11



Muddy Run II Reaches 5a and 5b (HEC‐RAS Output)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

MRII‐5a 4105 2‐YR 67 38.70 41.75 41.80 0.0057 1.80 42.99 39.21 0.59 0.73

MRII‐5a 4105 10‐YR 183 38.70 42.81 42.86 0.0051 2.23 153.63 306.89 0.19 0.97

MRII‐5a 4105 25‐YR 271 38.70 43.14 43.17 0.0041 2.13 288.41 628.97 0.11 0.85

MRII‐5a 4105 Design Q 40 38.70 41.29 41.33 0.0058 1.55 26.87 28.32 0.49 0.58

MRII‐5a 3900 2‐YR 67 38.37 41.17 41.24 0.0016 2.18 44.99 60.32 0.11 0.18

MRII‐5a 3900 10‐YR 183 38.37 42.12 42.24 0.0020 3.20 134.02 307.97 0.07 0.33

MRII‐5a 3900 25‐YR 271 38.37 42.54 42.64 0.0018 3.30 327.98 513.73 0.06 0.34

MRII‐5a 3900 Design Q 40 38.37 40.75 40.80 0.0015 1.79 22.31 14.90 0.23 0.13

MRII‐5a 3699 2‐YR 67 38.09 40.77 39.66 40.87 0.0022 2.47 30.61 60.20 0.22 0.23

MRII‐5a 3699 10‐YR 183 38.09 41.75 40.72 41.85 0.0018 2.99 170.73 196.01 0.10 0.29

MRII‐5a 3699 25‐YR 271 38.09 42.21 41.29 42.29 0.0016 3.14 314.92 469.16 0.06 0.31

MRII‐5a 3699 Design Q 40 38.09 40.44 39.32 40.49 0.0015 1.82 21.94 32.53 0.25 0.13

MRII‐5a 3509 2‐YR 67 37.83 40.56 39.41 40.59 0.0009 1.64 86.94 100.50 0.04 0.10

MRII‐5a 3509 10‐YR 183 37.83 41.54 40.44 41.59 0.0010 2.24 232.16 381.51 0.05 0.16

MRII‐5a 3509 25‐YR 271 37.83 42.00 40.44 42.05 0.0010 2.48 453.58 814.53 0.03 0.19

MRII‐5a 3509 Design Q 40 37.83 40.13 39.05 40.19 0.0017 1.88 21.23 45.26 0.27 0.14

MRII‐5a 3300 2‐YR 67 37.49 40.28 39.07 40.34 0.0015 2.12 50.17 171.94 0.10 0.17

MRII‐5a 3300 10‐YR 183 37.49 41.18 40.18 41.29 0.0020 3.17 124.01 553.49 0.19 0.33

MRII‐5a 3300 25‐YR 271 37.49 41.60 40.58 41.74 0.0022 3.66 186.79 667.54 0.21 0.42

MRII‐5a 3300 Design Q 40 37.49 39.77 38.72 39.83 0.0018 1.91 20.89 59.91 0.29 0.15

MRII‐5a 3099 2‐YR 67 37.16 39.91 38.74 40.00 0.0020 2.39 30.36 55.60 0.27 0.21

MRII‐5a 3099 10‐YR 183 37.16 40.81 39.74 40.90 0.0018 3.00 132.20 168.22 0.22 0.30

MRII‐5a 3099 25‐YR 271 37.16 41.14 40.25 41.28 0.0024 3.69 169.98 261.19 0.29 0.43

MRII‐5a 3099 Design Q 40 37.16 39.40 38.39 39.46 0.0019 1.97 20.32 32.46 0.31 0.16

MRII‐5a 2899 2‐YR 67 36.81 39.48 38.39 39.57 0.0023 2.50 29.02 53.78 0.28 0.24

MRII‐5a 2899 10‐YR 183 36.81 40.51 39.41 40.58 0.0014 2.63 148.59 118.26 0.18 0.23

MRII‐5a 2899 25‐YR 271 36.81 40.68 39.89 40.80 0.0024 3.59 162.10 127.46 0.46 0.41

MRII‐5a 2899 Design Q 40 36.81 38.99 38.04 39.06 0.0021 2.05 19.49 31.81 0.36 0.17

MRII‐5a 2700 2‐YR 67 36.52 38.62 38.10 38.83 0.0071 3.66 18.33 34.95 2.05 0.56

MRII‐5a 2700 10‐YR 183 36.52 39.47 39.16 39.96 0.0098 5.72 39.92 71.48 2.79 1.19

MRII‐5a 2700 25‐YR 271 36.52 39.99 39.67 40.18 0.0042 4.36 138.34 110.43 0.63 0.64

MRII‐5a 2700 Design Q 40 36.52 38.29 37.75 38.41 0.0053 2.85 14.01 31.46 1.03 0.36

MRII‐5b 2499 2‐YR 79 34.65 36.68 37.00 0.0115 4.55 17.36 13.43 3.99 0.88

MRII‐5b 2499 10‐YR 215 34.65 38.15 38.51 0.0055 5.00 60.51 39.93 1.78 0.84

MRII‐5b 2499 25‐YR 317 34.65 38.90 39.28 0.0045 5.37 92.89 46.95 1.85 0.89

MRII‐5b 2499 Design Q 54 34.65 36.24 36.56 0.0154 4.54 11.89 11.59 4.27 0.94

MRII‐5b 2301 2‐YR 79 32.79 35.72 35.86 0.0032 3.02 26.13 12.99 1.04 0.34

MRII‐5b 2301 10‐YR 215 32.79 37.22 37.53 0.0044 4.47 48.11 16.42 2.99 0.67

MRII‐5b 2301 25‐YR 317 32.79 37.93 38.36 0.0047 5.26 61.76 22.28 3.62 0.87

MRII‐5b 2301 Design Q 54 32.79 35.28 35.39 0.0029 2.62 20.62 11.95 0.71 0.27

MRII‐5b 2099 2‐YR 79 32.13 35.13 33.87 35.24 0.0030 2.65 29.76 18.13 0.74 0.28

MRII‐5b 2099 10‐YR 215 32.13 36.58 35.11 36.77 0.0030 3.53 60.94 24.03 1.51 0.43

MRII‐5b 2099 25‐YR 317 32.13 37.31 35.65 37.56 0.0030 4.00 79.60 30.45 1.77 0.52

MRII‐5b 2099 Design Q 54 32.13 34.71 33.54 34.79 0.0030 2.39 22.56 15.99 0.57 0.24
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Project: Muddy Run II Mitigation Site
Table Description: NC HWY 41 ‐ HY‐8 Analysis Results
Prepared By: FM & DK
Dated: Septmeber 4, 2012

Headwater 

Elevation (ft)

Total 

Discharge (cfs)

HWY 41 

Discharge (cfs)

Roadway 

Discharge (cfs)
Iterations

35.68 81 81 0 1
36.45 132.9 132.9 0 1
37.07 184.8 184.8 0 1
37.78 236.7 236.7 0 1
38.5 288.6 288.6 0 1
39.16 340.5 340.5 0 1
39.88 392.4 392.4 0 1
40.67 444 444 0 1
41.45 496.2 496.2 0 1
42.02 548.1 523.23 24.56 9
42.18 600 509.85 89.76 6
41.9 527.75 527.75 0 Overtopping

 NCDOT design storm for culvert is 50‐year flow.
 HY8 results show road overtopping at 527.75 cfs.
 USGS Regional Regression Q50 = 446 cfs.
 Approximate Q100 with flow diversion = 522 cfs.













Land Cover Watershed draining into upstream wetland
Watershed Acres CN Acres x CN
Developed/farmstead 0.63 86 53.8
Clear-Cut 5.28 77 406.7
Cultivated 2.78 80 222.1

Total Watershed Acres Composite 
CN

8.7 78.61

Monthy Runoff Averages (acre inches)
January February March April May June July August September October November December

Monthly Average
Runoff (Q) 

0.73 0.85 1.08 0.85 1.10 1.38 2.36 1.93 2.44 1.30 0.86 0.69

Wetland WA Drainage 
Basin Estimated Runoff

6.35 7.37 9.37 7.37 9.56 11.97 20.52 16.78 21.22 11.29 7.47 6.01

24-HR Rainfall Record Rainfall Needed for Runoff
CN = 78.61 P24 = 6.6 Q = 0.6898

HYDROGRAPH NET VALUES
Wetland A (Upstream)

January February March April May June July August September October November December Total
Precipitation 3.26 3.07 3.83 2.95 3.89 4.21 6.08 5.62 5.47 3.42 3.12 2.97 47.89
Evapotranspiration -1.72 -2.19 -3.63 -5.05 -6.26 -6.77 -6.81 -6.27 -4.75 -3.46 -2.27 -1.70 -50.87
Infiltration+ 0.0 0.0 0.0 0.0 -18.6 -18.6 -18.6 -18.6 -18.6 -18.6 -18.6 0.0 -130.20
Watershed Runoff 6.35 7.37 9.37 7.37 9.56 11.97 20.52 16.78 21.22 11.29 7.47 6.01 135.26
Total 7.89 8.25 9.57 5.26 -11.42 -9.18 1.20 -2.47 3.34 -7.35 -10.28 7.29 2.09

Precipitation data from Warsaw

ET data calcualated from weather data from Warsaw

+ based on estimated infiltration of 1millimeter per hour

WETLAND RESTORATION-MUDDY RUN II
COASTAL PLAIN SMALL STREAM SWAMP  

AVERAGE MONTHLY RUNOFF (Local Watershed)

Curve Number

Proposed Wetland WA Restoration Site 



References :  
The North Carolina State Climatologist; 6/11/2013
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Land Cover Watershed 5 draining into downstream wetland
Watershed Acres CN Acres x CN
Forested 1.11 55 61.1
Cultivated 3.80 85 323.0

Total Watershed Acres Composite 
CN

4.9 78.22

Monthy Runoff Averages (acre inches)
January February March April May June July August September October November December

Monthly Average
Runoff (Q) 

0.73 0.85 1.08 0.85 1.10 1.38 2.36 1.93 2.44 1.30 0.86 0.69

Wetland WA Drainage 
Basin Estimated Runoff 3.59 4.17 5.30 4.16 5.40 6.77 11.60 9.49 12.00 6.38 4.22 3.40

24-HR Rainfall Record Rainfall Needed for Runoff
CN = 78.22 P24 = 6.6 Q = 0.6898

HYDROGRAPH NET VALUES
Wetland B (Upstream)

January February March April May June July August September October November December Total
Precipitation 3.26 3.07 3.83 2.95 3.89 4.21 6.08 5.62 5.47 3.42 3.12 2.97 47.89
Evapotranspiration -1.72 -2.19 -3.63 -5.05 -6.26 -6.77 -6.81 -6.27 -4.75 -3.46 -2.27 -1.70 -50.87
Infiltration+ 0.0 0.0 0.0 0.0 -18.6 -18.6 -18.6 -18.6 -18.6 -18.6 -18.6 0.0 -130.20
Watershed Runoff 3.59 4.17 5.30 4.16 5.40 6.77 11.60 9.49 12.00 6.38 4.22 3.40 76.48
Total 5.13 5.04 5.50 2.06 -15.57 -14.39 -7.72 -9.76 -5.88 -12.26 -13.53 4.68 -56.70

Precipitation data from Warsaw

ET data calcualated from weather data from Warsaw

+ based on estimated infiltration of 1millimeter per hour

WETLAND RESTORATION-MUDDY RUN II
COASTAL PLAIN SMALL STREAM SWAMP  

AVERAGE MONTHLY RUNOFF (Local Watershed)

Curve Number

Proposed Wetland WB Restoration Site 



References :  
The North Carolina State Climatologist; 6/11/2013
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Muddy Run II Design Plan Sheets 
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