MITIGATION PLAN

FULL DELIVERY PROJECT TO PROVIDE STREAM RESTORATION
CAPE FEAR RIVER BASIN CATALOGING UNIT-03030003

CARBONTON DAM – DEEP RIVER WATERSHED
RESTORATION SITE

PREPARED FOR:

ECOSYSTEM ENHANCEMENT PROGRAM
RALEIGH, NORTH CAROLINA

JUNE 2006

MITIGATION PLAN
FULL DELIVERY PROJECT TO PROVIDE STREAM RESTORATION
CAPE FEAR RIVER BASIN CATALOGING UNIT-03030003
CARBONTON DAM – DEEP RIVER WATERSHED
RESTORATION SITE

PREPARED FOR:

ECOSYSTEM ENHANCEMENT PROGRAM
RALEIGH, NORTH CAROLINA

PREPARED BY:
RESTORATION SYSTEMS, LLC
PROJECT MANAGER: GEORGE HOWARD
1101 HAYNES STREET SUITE 107
RALEIGH, NORTH CAROLINA 27604
AND
ECOSCIENCE CORPORATION
PROJECT MANAGER: MATT CUSACK
1101 HAYNES STREET, SUITE 101
RALEIGH, NORTH CAROLINA 27604

JUNE 2006

EXECUTIVE SUMMARY
INTRODUCTION
In order to provide stream channel restoration in the Cape Fear River Basin (Hydrologic Unit 03030003),
Restoration Systems, LLC (RS) has removed Carbonton Dam located at the juncture of Chatham, Lee,
and Moore Counties, North Carolina (Figure 1, Appendix A). The Carbonton Dam was identified and
recommended for removal by the North Carolina Dam Removal Task Force (DRTF), a coalition of
federal and state government agencies. The DRTF recommends large-scale dam removal as an
appropriate and desirable form of compensatory stream mitigation. This dam removal was planned and
designed according to constructs outlined in Determining Appropriate Compensatory Mitigation Credit
for Dam Removal Projects, March 22, 2004 (USACE Public Notice 3/23/04). This guidance was
developed by the U.S. Army Corps of Engineers (USACE), U.S. Fish and Wildlife Service (FWS),
Environmental Protection Agency (EPA), N.C. Division of Water Quality (NCDWQ), and the N.C.
Wildlife Resource Commission (NCWRC).
The former Carbonton Dam was located on the Deep River approximately 9 miles west of Sanford, North
Carolina. The Deep River is a 4th-order river with a watershed upstream of the former dam location of
approximately 1,000 square miles.
The on-site construction activities have freed approximately 126,673 linear feet of the Deep River and
associated tributaries from the impounding effects of the dam. As a result of previously impeded
streamflow within these reaches, water quality, aquatic communities, and rare and endangered species
habitat were adversely impacted. Impacts to water quality within the former Site Impoundment included
low dissolved oxygen concentrations, high temperatures, and increased sedimentation. The degraded
water quality that has been documented within the Site Impoundment and attributed to the impounding
effects of the dam prompted NCDWQ to list portions of the Deep River within the former Site
Impoundment on the Year 2006 303(d) list of impaired water bodies. The aquatic communities within the
former Site Impoundment were representative of an impounded, lentic condition rather than a natural
free-flowing river system. Rare and endangered mussel and fish habitat was extirpated or greatly
diminished within formerly impounded areas.
Many ecological and water quality benefits are anticipated as a result of the dam removal. The
reintroduction of the characteristic river flow conditions to the former Site Impoundment is expected to
increase dissolved oxygen concentrations and enhance sediment transport, thereby improving water
quality. Aquatic communities within formerly impounded reaches are expected to transition towards
those characteristic of unimpeded, lotic conditions. Rare and endangered species habitat is expected to
expand and improve within previously impounded areas.
DAM REMOVAL
The Carbonton Dam was removed in a manner that minimized potential impacts to water resources both
upstream and downstream of the dam. Gradual dewatering and phased sediment management were
undertaken to avoid introducing anoxic water and nutrient-rich sediments into the receiving Deep River
reaches downstream. Following removal, the dam site was stabilized with coir fiber matting, live-staked,
and hydro-seeded to prevent bank erosion.
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Numerous construction practices were undertaken to avoid impacts to aquatic species in the vicinity of
the dam site throughout the removal process. Coffer dams were installed adjacent to equipment access
points along the channel to avoid sediment erosion into the water column. Oil adsorption booms were
installed downstream of active construction areas to prevent machine oil from washing further
downstream. Fortunately, no hydraulic line breaks occurred during equipment operation in the river.
MITIGATION GOALS
The desired result of this project is ecological improvement within the former Site Impoundment through
restoration of a natural, lotic flow conditions.
The specific goals of this project include:
•

Restoration of approximately 126,673 linear feet inundated river and stream channels to natural
free-flowing conditions.

•

Restoration of previously inundated shallow water habitat for the Cape Fear shiner (Notropis
mekistocholas), a federally endangered species of freshwater fish.

•

Reduction or prevention of stratified water temperature profiles typical of deepwater habitats and
seasonal declines in dissolved oxygen concentrations below levels measured in reference reaches.

•

Restoration of appropriate in-stream substrate.

•

Restoration of upstream and downstream fish passage, and reconnection of currently disjunct
populations of rare aquatic species of concern.

•

Restoration of lotic mussel habitat.

•

Improvement in the diversity and water quality tolerance metrics for benthic macroinvertebrate
communities.

•

Provide compatible legal and public recreational opportunities at the site of the former dam.

•

Provide academic grade data and/or peer-reviewed publications regarding the ecological
consequences of large dam removal.

The removal of the Carbonton Dam is a large-scale compensatory mitigation project consistent with state
and national regulatory support for environmentally beneficial dam removal. North Carolina is a leader in
removing dams to improve watersheds and the environment. The Quaker Neck and Cherry Hospital dams
were removed in 1998, and the Rains Mill dam was removed in 1999. Mike Wicker, the sponsor of the
Quaker Neck dam removal project received the 2001 Governor’s Conservationist of the Year award and
the project was widely publicized nationwide for its environmental benefits. The USACE and N.C.
Division of Water Resources are planning to remove the Eno River Dam as an environmental restoration
Section 206 project. Additionally, the North Carolina Clean Water Trust Fund has partnered with
Piedmont Triad Water Authority to remove the Cedar Falls Dam upstream of this project on the Deep
River. RS successfully removed the Lowell Mill dam in early 2006 on the Little River in Johnston
County, North Carolina as part of a full delivery restoration project sponsored by the N.C. Ecosystem
Enhancement Program (NCEEP).
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MONITORING PLAN
The project will be monitored for five years following dam removal. Primary success criteria of the
project include improvements in: 1) rare and endangered aquatic species, 2) water quality, and 3) the
aquatic community (Table 1). Reserve success criteria include: 1) downstream benefits below the dam,
and 2) human values (Table 1).
A monitoring plan has been developed that will evaluate the project for the criteria specified above.
Monitoring stations have been established within the former Site Impoundment and in upstream and
downstream reference areas. Cross-sectional surveys, channel substrate analyses, and habitat assessment
will be performed at each station to verify improvements in aquatic habitat. Sampling sites for aquatic
species (benthic macroinvertebrates, fish, mussels, and snails) have also been established within the
former Site Impoundment and in reference areas to catalogue changes in the aquatic community.
NCDWQ Ambient Monitoring Station (AMS) data will be collected to demonstrate improvements in
water quality. Annual Monitoring Reports summarizing project monitoring data will be submitted to EEP
each monitoring year for review.
Table 1. Stream Mitigation Units (SMUs)1 to be generated by removal of the Carbonton Dam.
Channel Restored
Mitigation
Primary Success Criteria
(feet)
Ratio
SMU
1) Rare and Endangered Aquatic
126,673 feet of freeSpecies
flowing river and
2) Water Quality,
0.7:1
88,671
tributaries under the crest
3) Improved Aquatic Community
pool
Reserve Success Criteria
Downstream Benefits
Below the Dam
Human Values
1) Scientific value
2) Human recreation

1

Channel Restored
(feet)

Mitigation
Ratio

SMU

~ 500 feet below dam

0.7:1

350

-----

Up to 20
percent bonus

Up to 25,335

Total Potential SMUs

114,356

Total Commited SMUs

90,494

Primary success criteria will be monitored to verify and confirm positive changes to functional criteria as outlined in this report
and in the Dam Removal Guidance. Reserve criteria will be monitored for possible augmentation of the primary SMUs.
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MITIGATION REPORT
FULL DELIVERY PROJECT TO PROVIDE STREAM RESTORATION
CAPE FEAR RIVER BASIN CATALOGING UNIT-03030003
CARBONTON DAM - DEEP RIVER WATERSHED
RESTORATION SITE
1.0 INTRODUCTION
In order to provide compensatory stream mitigation credits in the Cape Fear River Basin (Hydrologic
Unit 03030003), Restoration Systems, LLC (RS) has removed Carbonton Dam located at the juncture of
Chatham, Lee, and Moore Counties, North Carolina (Figure 1, Appendix A). To successfully
accomplish the goals of the project, RS enlisted the services of several firms, which have provided
scientific and engineering expertise in support of their effort. These firms include EcoScience
Corporation (ESC), Backwater Environmental (BE), The Catena Group (TCG), and Milone &
MacBroom, Inc. (MMI) of Connecticut.
The North Carolina Dam Removal Task Force (DRTF), a coalition of federal and state government
agencies, recommends large-scale dam removal as an appropriate and desirable form of compensatory
stream mitigation. DRTF participants have prioritized dams in North Carolina to identify those dam
removal projects that would result in the greatest ecological benefit (Appendix B). The Carbonton Dam
was designated as the second-highest priority privately owned dam for removal in North Carolina. The
dam removal was planned and designed according to the guidelines and protocols outlined in Determining
Appropriate Compensatory Mitigation Credit for Dam Removal Projects, March 22, 2004 (USACE
Public Notice 3/23/04). This guidance was developed cooperatively by the U.S. Army Corps of
Engineers (USACE), Fish and Wildlife Service (FWS), Environmental Protection Agency (EPA), N.C.
Division of Water Quality (NCDWQ), and the N.C. Wildlife Resource Commission (NCWRC).
1.1 PROJECT LOCATION
The former Carbonton Dam was located on the Deep River approximately 9 miles west of Sanford, North
Carolina (Figures 1 and 2, Appendix A). The Deep River is a 4th-order river with a watershed upstream
of the former dam location of approximately 1,000 square miles. For the purposes of this document, the
5.5-acre land parcel that supports the dam will be hereafter referred to as the “Site.” All proposed
construction activities mentioned in this report occurred on-Site, unless specifically mentioned otherwise.
The on-Site construction activities freed approximately 126,673 linear feet of the Deep River and
associated tributaries from the impounding impact of the dam. These benefited stream reaches will be
hereafter referred to as the “Site Impoundment.” The limits of the Site Impoundment have been identified
as any stream reach of the Deep River or associated tributaries located above the Carbonton Dam with a
thalweg elevation less than 227.6 feet above mean sea level (MSL)
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1.2 PRE-EXISTING CONDITIONS
1.2.1 Watershed Characteristics
The former Carbonton Dam and its associated river and streams are located within the Piedmont
physiographic region and the Triassic Basin ecoregion of North Carolina. This ecoregion is characterized
by irregular plains with low rounded hills and contains less relief and wider valleys than other areas of the
Piedmont. Soils contain more clay than is typical in neighboring ecoregions due to the Lower Mesozoic
sedimentary parent material that consists of unmetamorphosed shale, sandstone, mudstone, siltstone and
conglomerates (Horton and Zullo 1991). The clay has a high shrink-swell capacity (Griffith et al. 2002).
Because of the unusual geology and minor relief, streams in this ecoregion are characterized by low base
flows.
The Deep River originates in the southeast corner of Forsyth County and the southwest corner of Guilford
County and flows southeast through Randolph County before flowing into Moore County. Urban
development is high in the headwaters of the Deep River near the communities of the Triad (Greensboro,
Winston Salem, and High Point), but generally decreases along the length of the river as it flows towards
the former Carbonton Dam.
The former Site Impoundment is part of Cape Fear local subbasin 03-06-10 (NCDWQ 2005). Land use
within the subbasin is characterized by mature upland forest and pine plantations (71 percent), agriculture
(17 percent), early successional forest (4 percent), and bottomland forest (4 percent). Elevations adjacent
to the former Site Impoundment range from a low of approximately 228 feet National Geodetic Vertical
Datum (NGVD) at the crest of the former dam to a high of 392 feet NGVD at the top of a ridge on the
north side of the river near the upper limits of the former Site Impoundment.
1.2.2 Dam and Impoundment
The dam was a concrete masonry structure built early in 1921. The Site Impoundment formerly covered
approximately 116 acres with water depths up to 25 feet and bank-to-bank pond widths from 150 to 260
feet. The project facilities included: 1) 16-foot high by 260-foot long buttressed concrete spillway, which
included a concrete ogee spillway on the northern bank; 2) powerhouse including two 500 megawatts
(MW) turbine/generator units; and 3) overhead transmission lines 200 yards in length. The designed
purpose of the dam was to supply local communities with power for domestic and industrial purposes.
The power generated from the Site was interconnected with the Little River plant and provided electric
power to the towns of Liberty, Cumnock, and Siler City. Carolina Power and Light (CP&L) acquired the
plant in 1927. The Federal Energy Regulatory Commission (FERC) issued a license for the construction
FERC Project Number 3155 in 1982. The Project license was subsequently transferred to the Cox Lake
Carbonton Associates. Personal communication with Mr. Mike Allen, the most recent owner and
operator of the dam, suggests that the intended method of operating the dam was to fill the pool, then
fully open the turbine gates and peak the power generation capacity of the plant until the Site
Impoundment was drained. The gates would then be closed, and the Site Impoundment would be allowed
to refill. Once full, the process began yet again. This mode of operation severely disrupted the river
ecosystem. Rapidly changing river levels would have resulted in substantial stress to aquatic
communities, while subjecting the downstream channel to incision and bank erosion. These stresses were
exacerbated during the summer when the river naturally has low flow, higher temperatures, and low
dissolved oxygen. At the time of its removal, the dam was still capable of operating in this manner, but
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was prevented from doing so by regulations that restrict the operation of the hydroelectric facility today.
Before ceasing operation, the dam was restricted to engaging the turbines only when the river stage was
sufficient to power the turbines without draining the impoundment. These restrictions were the result of
both energy-related and environmentally based regulations.
The former Site Impoundment occurred within the channel of the Deep River, which is characterized by
steep banks with occasional areas of bank failure in locations where mature trees have been toppled by
storms or flood flows. The majority of the banks were forested with riparian vegetation typical of the
region, such as box elder (Acer negundo), green ash (Fraxinus pennsylvanica), and sycamore (Platanus
occidentalis). The lentic flow that characterized the Site Impoundment resulted in a stratified water
column, where velocities were low near the surface, and stagnant at depths below the crest of dam
elevation. Water depths persisted up to 25 feet, and water clarity ranged from 1 to 5 feet. The water
quality varied seasonally, with low dissolved oxygen, elevated fecal coliform levels, stratified
temperatures, and high chlorophyll-a levels resulting in habitat impairment within the Site Impoundment
occurring during the summer due to warmer temperatures and lower river base flow. Using the
classification system described by Cowardin et al. (1979), the former Site Impoundment was classified as
a lacustrine, limnetic water body with an unconsolidated bottom characterized by mud outside of the relict
channel (L1UB3), but characterized by gravel and sand within the thalweg (L1UB1/2).
The upstream limits of the impounding effect of the former Carbonton Dam were located in the field in
2005 in support of the generation of the Restoration Plan (Restoration Systems 2005). The former Site
Impoundment limits were identified through interpolation of remote sensing data generated specifically
for this project by GeoData Corporation. The GeoData mapping products (hi-resolution mapping) were
commissioned by RS, and consist of hi-resolution color-infrared stereoscopic aerial photography (dated
January 2005) and 2-foot interval hypsographic contours generated from the aerial photography. The hiresolution mapping was generated and verified using multiple ground control stations, which were further
used to calculate water surface elevations throughout the Site Impoundment. Through interpretation of
the channel depth from cross-section data, channel bed elevations were tied into the hi-resolution
mapping using Trimble Geo-XT sub-meter Global Positioning System (GPS) coordinates, and the
upstream limits of waters affected by the former dam were determined. The upper limits of selected
waters were visited, field-verified, and photographed to verify the method of determining the limits of the
impoundment described above, and applied to all affected reaches.
1.2.3 Deep River Below Carbonton Dam
Multiple transits of the Deep River below the former dam occurred in 2005 during pre-removal
monitoring activities. These investigations provided an evaluation of the reference condition of the Deep
River with lotic flow. The reference reach was evaluated from the Site, downstream to the crossing of
Rosser Road, north of US 421. The channel below the former dam has steep banks that are well
vegetated with riparian vegetation similar to the communities adjacent to the former Site Impoundment.
Flow ranges from sluggish in the summer months to velocities that exceed 5 feet/second in riffle areas
during higher flows. The lotic river ranges from approximately 120 to 160 feet in width, with water
depths up to approximately 5 feet. During baseflow, water clarity typically extends to the bed depth
except in deeper pool areas. The substrate consists of boulders, cobble, gravel, and sand with the particle
distribution skewed towards coarser materials in riffles and finer substrate in pools. Using the
classification system described by Cowardin et al. (1979), the Deep River below the former dam is best
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classified as a lower perennial, riverine system with a stream bed of cobble and gravel and sand
(R2SB3/4).
1.2.4 Water Resources
1.2.4.1 Best Usage Classification
North Carolina streams have been assigned a best usage classification by the NCDWQ, which reflects
water quality conditions and potential resource usage. Unnamed tributaries receive the same
classification as the named streams into which they flow. The upper reaches of the former Site
Impoundment of the Deep River are currently classified as WS-V HQW before reaching the confluence
with Big Governor’s Creek. Downstream of the confluence with Big Governor’s Creek, the Deep River
changes to WS-IV. A classification of WS-V indicates waters protected as water supply sources, which
are generally upstream of and draining to WS-IV waters. WS-V has no categorical restrictions on
watershed development or wastewater discharges. The supplementary classification HQW identifies
waters for protection that maintain quality higher than state water quality standards. A classification of
WS-IV indicates waters used as water supply sources for drinking, culinary or food processing purposes
for those users where a WS-I, -II, or -III classification is not feasible. WS-IV waters are generally
located in moderately to highly developed watersheds or protected areas. Big Governor’s Creek,
McLendon’s Creek, and Lick Creek are all classified as C. A classification of C indicates waters that are
suitable for aquatic life propagation and survival, fishing, wildlife, secondary recreation, and agriculture.
All other tributaries associated with the former Site Impoundment assume the best usage classification of
the nearest classified, downstream water.
1.2.4.2 Water Quality
Water quality parameters within the former Site Impoundment have been measured at regular intervals by
the Upper Cape Fear River Basin Association (UCFRBA) and by NCDWQ at an Ambient Monitoring
Station (AMS) located near N.C. Highway 42 (NC42) at the Carbonton Dam. Water quality parameters
that are monitored include temperature, specific conductivity, dissolved oxygen, pH, fecal coliform,
chlorophyll-a, turbidity, and total suspended solids (TSS). According to these data, fecal coliform and
dissolved oxygen periodically attain levels that are detrimental to native aquatic communities. The most
recent NCDWQ AMS data indicate that the former Site Impoundment and associated main tributaries are
support-threatened or not-supporting their intended uses, and were proposed for listing on the NC 2006
Section 303(d) list.
1.3 RESTORATION SUMMARY
1.3.1 Mitigation Goals
The desired result of this project is ecological improvement within the former Site Impoundment through
restoration of natural, lotic flow conditions. The ecological improvement will be evaluated through
sampling that will examine the former Site Impoundment for measurable benefits in aquatic fauna
diversity or tolerance, improved water quality, and the re-development of habitat and possible habitation
by federally protected species. Several criteria will be evaluated to demonstrate the reestablishment of
conditions representative of a lotic environment, including flow conditions, water chemistry, and aquatic
community changes. These criteria will be monitored in order to demonstrate the achievement of certain
goals of the project.
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The specific goals of this project include:
• Restoration of approximately 126,673 linear feet inundated river and stream channels to natural
free flowing conditions.
•

Restoration of previously inundated shallow water habitat for the Cape Fear shiner (Notropis
mekistocholas), a federally endangered species of freshwater fish.

•

Reduction or prevention of stratified water temperature profiles typical of lentic, deepwater
habitats and seasonal declines in water dissolved oxygen levels below levels measured in
reference reaches.

•

Restoration of appropriate in-stream substrate.

•

Restoration of upstream and downstream fish passage, and reconnection of currently disjunct
populations of rare aquatic species of concern.

•

Restoration of lotic mussel habitat.

•

Improvement in the diversity and water quality tolerance metrics for benthic macro-invertebrate
communities.

•

Provide compatible legal and public recreational opportunities at the Site of the former dam.

•

Provide academic grade data and/or peer-reviewed publications regarding the ecological
consequences of large dam removal.

The removal of the Carbonton Dam is a large-scale compensatory mitigation project consistent with state
and national regulatory support for environmentally beneficial dam removal. North Carolina is a leader in
removing dams to improve watersheds and the environment. The Quaker Neck and Cherry Hospital dams
were removed in 1998, and the Rains Mill dam was removed in 1999. The Quaker Neck dam removal
project received the 2001 Governors Conservationist of the Year award and was publicized nationwide
for its environmental benefits. The USACE and N.C. Division of Water Resources are planning to remove
the Eno River Dam as an environmental restoration Section 206 project. Additionally, the North Carolina
Clean Water Trust Fund has partnered with Piedmont Triad Water Authority to remove the Cedar Falls
Dam upstream of this project on the Deep River. RS successfully removed the Lowell Mill dam in early
2006 on the Little River in Johnston County, North Carolina as part of a full delivery restoration project
sponsored by the N.C. Ecosystem Enhancement Program (NCEEP).
The demolition of the Carbonton Dam is expected to generate at least 90,494 Stream Mitigation Units
(SMUs) for use by NCEEP. The majority of the credits by this project will be generated by evaluating the
ecological benefits that occur in the Deep River over the five-year monitoring period post-removal.
Bonus factors include downstream benefits and human values such as recreation and scientific research.
Table 1 displays the amount of SMU credits that are proposed associated with this project. The primary
success criteria are being monitored in accordance with the DRTF guidance (Appendix B). The
mitigation ratios have also been derived from the DRTF guidance. The amount of channel restored was
determined through methods described in Section 1.1.2 and the Restoration Plan (Restoration Systems
2005). The number of SMUs were determined by multiplying the amount of channel impacted by the
mitigation ratios. While up to 114,356 SMUs may potentially be created in accordance with the DRTF
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guidance, the project will only be evaluated for the amount of credit that is committed to NCEEP. Any
reserve credit may be used to offset any potential loss of credits from other aspects of the project.
Table 1. Stream Mitigation Units (SMUs)1 to be generated by removal of the Carbonton Dam.
Channel Restored
Mitigation
Primary Success Criteria
(feet)
Ratio
SMU
1) Rare and Endangered Aquatic
126,673 feet of freeSpecies
flowing river and
2) Water Quality,
0.7:1
88,671
tributaries under the crest
3) Improved Aquatic Community
pool
Reserve Success Criteria
Downstream Benefits
Below the Dam
Human Values
3) Scientific value
4) Human recreation

1

Channel Restored
(feet)

Mitigation
Ratio

SMU

~ 500 feet below dam

0.7:1

350

-----

Up to 20
percent bonus

Up to 25,335

Total Potential SMUs

114,356

Total Commited SMUs

90,494

Primary success criteria will be monitored to verify and confirm positive changes to each functional criterion as outlined in this
report and in the Dam Removal Guidance. Reserve criteria will be monitored for possible augmentation of the primary SMUs.

2.0

DAM REMOVAL

With the exception of Sections 2.1 (“Pre-Removal Aquatic Species Surveys”) and 2.6 (“Impacts to Water
Resources”), information for this section was provided by MMI and incorporated into the document by
ESC. MMI was responsible for construction plan development, including phased dewatering and
construction activities, for the Carbonton Dam removal. ESC has written sections 2.1 and 2.5 with
supporting information received from the TCG and BE.
2.1

PRE-REMOVAL SURVEYS

Dewatering management strategies were developed from pre-dewatering dissolved oxygen measurements,
impounded sediment toxicity analyses, and precautionary federally protected species surveys below the
dam, all of which were performed in October 2005.
2.1.1 Precautionary Federally Protected Aquatic Species Surveys
Precautionary aquatic surveys for federally protected species were performed at the Site by TCG.
Surveys were performed to catalog protected species within the immediate construction footprint of the
dam removal effort, and to identify other aquatic species expected to re-colonize the former Site
Impoundment upon dam removal and subsequent restoration of lotic flow. Sampling methodologies for
fish are outlined in Sections 3.2.5,. Table 2 displays aquatic species surveyed during pre-removal
monitoring activities at the Site.
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This sampling was performed within the tailrace directly below the Carbonton dam. The area consists
primarily of bedrock adjacent to the dam and shallow gravel shoals and bars, with sparse patches of water
willow present. The site was seined for fish, but due to high water velocity, mussel surveys were not able
to be conducted. Seine hauls were conducted up to the dam over the bedrock areas. This site contained
several lotic-adapted shiner species, including eight Cape Fear shiner. These individuals were captured
along a sand bar in moderate current.
Table 2: Aquatic Species Found at the Tailrace of the Carbonton Dam
Scientific Name
Common Name
Abundance/CPUE
~
Freshwater Snails and Clams
Relative Abundance
Corbicula fluminea
Asian clam
common
~
Freshwater Fish
Relative Abundance
Cyprinella analostana
satinfin shiner
uncommon
Cyprinella nivea
whitefin shiner
uncommon
Dorosoma cepedianum
gizzard shad
uncommon
Nocomis leptocephalus
bluehead chub
uncommon
Notropis alborus
whitemouth shiner
common
Notropis altipinnis
highfin shiner
common
Notropis amoenus
comely shiner
rare
Notropis hudsonius
spottail shiner
uncommon
Notropis mekistocholas
Cape Fear shiner
common (8)
Notropis procne
swallowtail shiner
abundant
Notropis scepticus
sandbar shiner
common
Notemigonus crysoleucas
golden shiner
common
An informal Section 7 consultation was conducted with the FWS. The FWS concluded that project
implementation as designed, along with strict adherence to BMPs would satisfactorily minimize the risk
of take to the Cape Fear shiner.
Several measures were taken during dam removal to minimize potential impacts to water resources
(Section 2.5), including rigorous sediment and erosion control methods in both the terrestrial and aquatic
environments at the Site. It is anticipated that habitat for rare and protected species will be substantially
enhanced as a result of the dam removal at the Site, and that these species will be free to colonize the
upstream Deep River and contributing tributary reaches previously impeded by the dam.
2.1.2 Precautionary Sediment Toxicity Analyses
In October 2005, RS funded the FWS toxicologist, John Augspurger, PhD, to perform Phases I and II
sediment toxicity sampling in accordance with FWS established protocols. The entire report of Dr.
Augspurger’s work is included in Appendix C. An excerpt from his report is provided below:
Seven sediment samples from within the impounded reach of Carbonton Dam on the
Deep River (Moore, Chatham and Lee Counties, North Carolina) were collected in
October 2005 and analyzed for elemental contaminants. Ninety-six percent of all
elemental contaminant results were less than threshold effects concentrations (TECs,
concentrations below which adverse effects to sensitive aquatic organisms should not
occur) and are therefore considered toxicologically insignificant. No samples results
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exceeded the probable effects concentrations (PECs, concentrations above which
adverse effects to sediment dwelling organisms may be expected). Two of the seven
nickel results (or about four percent of the overall sample results) fell between the TEC
and PEC screening values, but they were near the low end of this range (at or below the
geometric mean of the screening values). Based on review of existing data (tier 1) and
results of sediment chemistry (tier 2), contamination in surface sediments behind
Carbonton Dam is unlikely to be a concern, either in-place or upon mobilization. From
a toxicological perspective, no additional sediment analyses are needed.
2.2

DEWATERING

Phased and controlled dewatering (lowering) of the Site Impoundment was implemented to ensure water
level control during project implementation. The dam removal process was developed to include a
dewatering phase in order to utilize the safest and most environmentally sound methods to prepare for
dam removal. Phased dewatering was initially proposed in the Restoration Plan (Restoration Systems
2005). The Carbonton Dam contained mud gates and head gates that were planned to be used as water
control devices to facilitate the phased dewatering without the need to breach the dam spillway. The
dewatering sequence planned for initial dewatering of the Site Impoundment to the maximum extent
possible through the mud gates of the powerhouse. This was facilitated by directing flow through the
existing mud gates located in the southern water well of the powerhouse structure, as well as through the
turbine draft tubes in the southern water well. The mud and head gates allowed dewatering to occur in a
controlled and reversible manner until the substrate could be evaluated to ensure that the project could
continue as planned.
The dewatering of the Site Impoundment was initiated on October 15, 2005. Once the Site Impoundment
had been drained, the planning team had better access to the Site, which facilitated project planning. The
dewatering of the Site Impoundment facilitated:
1. More comprehensive engineering evaluations of the powerhouse and dam
2. Exposure of sediment and substrate behind the dam spillway and within the former Site
Impoundment to facilitate development of a substrate management plan
3. Reduction of the potentially hazardous conditions present at the Site when the Site
Impoundment was full and the dam was under pressure.
4. Enhanced sediment transport and substrate reorganization within the Site Impoundment
from re-established lotic flow.
5. Recruitment of riparian vegetation along stream banks within the former Site
Impoundment.
6. Inspection of the bridge piers at NC42.
As the final step to complete the dewatering of the Site Impoundment, creation of a breach in the dam was
initiated on November 11, 2005. The breach was created on the main buttress spillway, and extended
from the powerhouse north and included spillway cells 1-5 (see Page 8 of As-Built Drawings, Appendix
D).
2.2.1 Coordination
To reduce potential downstream aquatic impacts, RS and the resource agencies agreed that October 15,
2005 was the earliest date to begin dewatering. This was to ensure there was a lower water temperature,
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higher dissolved oxygen, and lower biochemical oxygen demand (BOD) in the Site Impoundment and
river below the dam. The Carbonton Dam is a former hydroelectric generating facility that falls under the
licensing authority of the Federal Energy Regulatory Agency (FERC), which has control over
decommissioning and demolition of licensed dams. Therefore, coordination of the dewatering approach
and timing involved local, state, and federal resource agencies.
2.2.2 Powerhouse Preparation
Before dewatering began the previous dam owner refurbished the powerhouse head gates, the southern
turbine draft tube, and the mud gates to enable discharge of the Site Impoundment through the
powerhouse in a controlled manner. The head gates were rearranged so that the southern water room (wet
well) could be closed off and repairs could be made to the mud gates to make them operational. The
southern turbine was also removed, and its draft tube fitted with two fabricated "flap" covers, each
covering one-half the tube diameter (Photo 1). Excess trash was dredged behind the intake trash racks to
facilitate free flow to the full depth of the trash rack and head gates. Prior to this, sediment and woody
debris had blocked all but the upper one- to four-feet of the southern trash racks.

Photo 1: Repaired mud gates and flap covers on draft tube
In southern water well
Source: Restoration Systems 2005

2.2.3 Dewatering
Once the Site had been prepared, final coordination and approval was sought from regulatory agencies for
dewatering of the Site Impoundment. The Restoration Plan (Restoration Systems 2005) described that the
dewatering was primarily going to occur through the mud gates. However, during the preparation
activities within the powerhouse, it was determined that the initial dewatering should be directed through
the southern wet well draft tube by raising the new flap covers, which allowed river discharge through the
submerged exit race on the downstream side of the powerhouse. The southern draft tube, with the new
flap covers, was deemed to provide better control over the initial dewatering, in case a situation arose that
forced the cessation of the dewatering process. In addition, by raising and lowering the flap covers, there
was sufficient control to throttle the discharge as desired. While water from the Site Impoundment was
being discharged through the powerhouse, the trash racks protecting the water wells required nearly
continuous cleaning to reduce blockages and pressure (head) loss at the upstream end of the powerhouse
(Photos 2 and 3).
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Photo 3
Photo 2
Photos 2 and 3.Cleaning trash racks protecting southern
water well during dewatering
Source: Restoration Systems 2005

Dewatering exclusively through the southern draft tube continued until the end of October 2005, when the
level in the water room fell to the top of the draft tube (approximately four feet above the bottom of the
water well). Due to the dewatering pathway through the powerhouse, approximately three feet of
pressure (head) loss occurred while draining exclusively through the southern draft tube. Thus, the lowest
level that the Site Impoundment could be drained through the southern draft tube was still several feet
higher than the minimum level possible in the southern wet well. Although much of the sediment that
had accumulated immediately behind the dam became visible, the water level of the Site Impoundment
was still too high to facilitate inspection of the powerhouse and the spillway, and also too high to allow
for satisfactory investigation of the substrate behind the spillway. To reduce the level of the Site
Impoundment further, the mud gates located at the base of the southern water well were raised to increase
flow through the powerhouse (Photos 4 and 5).

Photo 5
Photo 4
Photos 4 and 5. Dewatering through the mud gates within the powerhouse
November 2005
Source: Restoration Systems
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The addition of the mud gates to the dewatering pathways improved the drainage of the Site
Impoundment; however, the limited flow capacity available through the powerhouse caused the river to
remain elevated for several days whenever a rainstorm occurred. Without the ability to pass the entire
river stage through the powerhouse, the Site Impoundment could not be fully drained, which prolonged
the dewatering and complicated the dam removal effort because the dam remained under pressure from
the head of the Site Impoundment. In order to demolish the dam during the fall/winter of 2005-2006, it
was necessary to complete the staged dewatering, investigations, and substrate management as soon as
possible. Prolonged high water in the Site Impoundment threatened the progress of the dam removal,
which might have been delayed until the next annual low-water period (i.e., late summer/fall 2006).
The 2005 pre-dewatering surveys described in the Restoration Plan (Restoration Systems 2005) indicated
that the dam spillway consisted of a reinforced-concrete slab supported by vertical buttresses on the
downstream (east) side. The 1921 construction photographs depicted three mud gates resting against the
upstream (west) face of the spillway that appeared to be approximately 15-foot-wide concrete slabs.
Additional reconnaissance was performed after the initial dewatering on the downstream (east) side of the
dam spillway, which revealed at least one mud gate was in place. The operability of the mud gates
located on the dam spillway was unknown, since the sediment wedge behind the dam covered them. The
decision was made to uncover at least one gate to determine whether it could be successfully opened to
increase the discharge from the Site Impoundment and contribute to the staged dewatering.
In early November 2005, a tracked backhoe was used to uncover the southernmost mud gate on the dam
spillway and slide the gate aside (Photo 6). This action successfully increased the river discharge by a
substantial amount, further dewatering the Site Impoundment. Consultations with the FWS and other
resource agencies ensued to discuss the contingency of locating and opening the other two mud gates that
were located on the dam spillway. The project planning team believed that opening the other two gates
would facilitate dewatering of the Site Impoundment much more efficiently, and would provide additional
flow capacity for higher river stage events. It was determined that the increased capacity could facilitate
the substrate investigations, dam demolition planning, and dam demolition activities, even at higher river
stages. All three mud gates located on the dam spillway were ultimately removed, contributing to the
dewatering of the Site Impoundment by mid-November (Photo 7). Once all three spillway mud gates
were opened, further inspection of the spillway revealed that an approximate four-foot

Photo 6. Uncovered mud gates on dam spillway

Photo 7. Dewatering through mud gates on
dam spillway
Source: Restoration Systems 2005
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high concrete ledge at the base of the mud gate openings restricted the river discharge and caused a
backwater into the impoundment. The project planning team determined that the Site Impoundment
could be lowered nearly another four feet if the ledge was removed, which would eliminate the head loss
though the mud gates on the dam spillway. Additional coordination was undertaken with the resource
agencies to determine whether the dam spillway should be breached in addition to the ongoing dewatering
effort through the mud gates. After the successful coordination with the local agencies and FERC,
approximately 85 feet of the southern end of the spillway (cells 1 through 5 [See Sheet 8, Appendix C])
were demolished using backhoes and a backhoe-mounted hydraulic hammer (Photo 8). These fully
removed cells of the spillway restored the Deep River to lotic conditions during normal base flow periods
(Photo 9).

Photos 8 and 9. Constructed notch in cell 1-5 on the southern end of the buttress spillway
Source: Restoration Systems 2005

After successful dewatering of the former Site Impoundment, the project planning team had full access to
the river behind the dam, which facilitated a more complete substrate investigation, additional river stage
capacity after rain events, and a lower water surface elevation to complete demolition planning efforts and
facilitate demolition of the spillway.
2.3

SUBSTRATE MANAGEMENT

An important aspect of the dam demolition process was the study, planning, and disposal of large woody
debris, trash, sediment, and old dam construction materials that were present within the river channel
immediately adjacent and upstream of the dam spillway. Before and during dewatering, the substrate was
characterized between the spillway and the NC42 bridge by performing:
•
•
•
•
•
•

Hand probing of substrate (mid March 2005).
Fathometer recordings, noting woody or timber remains, and/or hard bottom (stone or bedrock)
veneers and possible crib dam (mid March 2005).
Underwater SCUBA investigations of the bottom, including the locations of the suspected timber
mass and crib dam locations (early August 2005).
Visual inspection and characterization.
Hand probing with augers and soil samplers.
Tests pits in the spillway sediment wedge using a track excavator.
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During project planning coordination, side-scan sonar, bottom-penetrating radar, and bottom-penetrating
sonar from UNC-Wilmington were considered prior to the dewatering effort to evaluate the character of
the submerged substrate. However, equipment problems and the timing/availability of the equipment
prevented substrate investigation using these methods.
The August 2005 dive inspection of the river bottom between the NC42 bridge and the spillway found
that the substrate appeared to consist of mud, rip-rap-sized rock, woody remains, sediment, and at least
one bedrock outcrop. Turbid water made precise identification of the substrate impossible, but divers
encountered what appeared to be the top of a timber and rock structure that was similar to crib dams seen
in 1921 photographs of the dam and powerhouse construction.
After successful dewatering of the Site Impoundment occurred in late November 2005, the following
types of substrate were revealed within the former Site Impoundment:
•

•
•
•

Woody remains from logs, brush, tree trunks, and other items that had washed down the Deep
River and accumulated into a 1/4-acre woody debris "island" above and below the NC42 bridge
(Photo 11).
Timber and rock remaining from the crib cofferdams that were used during the spillway and
powerhouse construction during the 1920’s.
Bedrock outcrops along the north riverbank.
Sand and fine to medium gravel that had been transported down the Deep River and settled into a
wedge covering the face of the spillway (Photo 10).

The spillway sediment wedge was investigated using test pits, soil augers, and visual physical
characterization. The upstream river substrate was also investigated by hand probing and soil augers
where possible. The major feature encountered was the large woody debris island, which extended from
just above the NC42 highway bridge to approximately 100 feet above the spillway sediment wedge (see
Sheet 6, Appendix D). The debris island was composed of tree trunks, tree limbs, sand, and gravel. The
debris island was a concern because of the perceived risk that a high river stage could dislodge and
transport the debris downstream, possibly causing blockages in the Deep River below the dam Site.

Photo 10. Substrate behind dam spillway after

Photo 11. Woody debris island near NC42 bridge
dewatering
Source: Restoration Systems 2005
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The substrate evaluation resulted in a determination of which materials would be removed from the river
channel before demolishing the remaining spillway. It was desirable to remove as much of the woody
debris as possible that lay on the substrate island below the NC42 bridge. However, the spillway
sediment wedge was composed of mostly sand, and fine and medium gravel, which could be used to
provide excellent bed load for the sediment-starved Deep River below the dam Site. In consultation with
the FWS and other resource agencies, it was determined that the best action would be to allow the
material in the spillway sediment wedge to reenter the river system in an incremental manner by
removing the woody debris from the debris island and replace it with the substrate from the spillway
sediment wedge. This was accomplished by:
1. Removing as much of the woody debris island as was practical. To minimize undesirable
downstream impacts during the work, the operation was restricted to above the low waterline.
Also, no heavy equipment would operate in the vicinity of the NC42 bridge, because of
concerns working in the North Carolina Department of Transportation (NCDOT) right-ofway and potential damage to the bridge piers.
2. Removing the sediment wedge from behind the spillway and depositing it on top of the debris
island so that the sand and gravel could be reintroduced into the Deep River during elevated
river stage events that will erode the island.
3. Temporarily relocating the woody debris to an upland site north of the spillway, and cutting
or burning the wood at a later date.
4. Removing and disposing of the timbers from the former crib dam, and reusing the stone from
the crib wherever possible.
In all, approximately 1,500 cubic yards of woody debris were removed from the debris island above the
spillway. In addition, the NCDOT cooperated with the substrate management by removing the woody
debris in the vicinity of the NC42 bridge. Operating from the bridge, the NCDOT crew used a grapple to
snag tree trunks and limbs to haul them up to the bridge for disposal.
The sediment wedge behind the spillway consisted of approximately 2,000 cubic yards of sand and fineto-medium gavel that was relocated onto the debris island to facilitate slow reintroduction into the river
system.
2.4

DAM REMOVAL

The process for the demolition of the Carbonton Dam was carefully planned from beginning to end. One
of the most important aspects of the planning was the coordination that occurred between RS, the
engineer (MMI), the contractor (BE), and the resource agencies. Since many aspects of the dam removal
couldn’t be planned beforehand, adaptive management of the demolition was used because the exact
engineering obstacles could not be foreseen and presented themselves in the field during the demolition
process.
Pre-demolition activities included a survey of the dam site by a licensed blasting firm before finalizing the
demolition plans. The survey confirmed that it was not feasible to remove the spillway or powerhouse
using explosives, and it was decided to instead demolish the dam using conventional demolition methods
and equipment.
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Before demolition began, state government representatives approached RS with a plan to retain the
powerhouse as an amenity in the future public park that will be located along the south riverbank. After
consultation with FERC, the powerhouse was removed from the demolition plan until the final disposition
of that structure could be determined.
Site activities began in October 2005, when BE began repairing the southern water room in the
powerhouse for dewatering. For demolition purposes, the site activities began in December 2005 and
included the installation of erosion and sedimentation controls, as well as the construction of the northern
equipment access road from NC42 to the north bank of the Deep River.
The Carbonton Dam spillway was removed in a staged approach. Each step of the demolition process
was carefully considered, which often resulted in a field-based adaptive management. Considerations
included worker safety, impacts to water quality, disturbances to aquatic resources, and ease of
demolition. Pre- and post-demolition river velocities were also modeled to evaluate potential scour on the
NC42 bridge piers. The model was used to determine the potential for substrate transport and bank
erosion in the vicinity of the dam once it was removed.
Construction equipment access was established from both the south and the north (see Sheet 3,
Appendix D). The primary demolition staging area was located on the north bank, in a cleared area
outside the highest bank of the Deep River. Heavy equipment was removed from the river channel on a
daily basis in case of unexpected high river flows.
The staging area on the southern bank was generally limited to operations during dewatering and removal
of equipment in the powerhouse. All of the spillway demolition, removal of material from the woody
debris island, and the sediment/substrate excavation, relocation, and grading was accomplished from the
north staging area. The north access was also used for removing the concrete rubble from the river and
transporting it to the south side of the Deep River.
Demolition activities began when the spillway was breached at the end of November 2005. Demolition
occurred in stages from the powerhouse toward the northern bank, with tracked backhoes operating
upstream of the dam spillway on top of the sediment wedge and bedrock (Photos 12 and 13). During the
demolition, large concrete rubble pieces were transported to the staging area above the river via tracked
trucks.

Photos 12 and 13. Two stages of spillway breach to facilitate dewatering
Source: Restoration Systems 2006
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The buttress spillway was completely demolished and removed by February 3, 2006. Approximately 800
cubic yards of concrete in the spillway were removed from the river, and portions of the spillway concrete
were used to construct a toe wall (Photo 14). This revetment was built along the toe of the southern bank,
directly upstream of the powerhouse where the slope was re-graded and the riverbed was dredged to
prepare for dewatering (Photo 15).

Photo 14. Bank toe
Photo 15. Regraded southern bank of the Deep
protection created from dam
River behind the powerhouse. Slope was revegetated
spillway debris
Source: Restoration Systems 2006

The remaining concrete from the spillway buttresses and face slab was broken into football-size pieces
and transported to a staging area above the southern riverbank. There, the broken and crushed concrete
remains are temporarily stored, and will be used as fill for rough grading the park site or as base material
for parking lots and other areas.
During demolition, RS decided to avoid demolition of the concrete ogee spillway that was constructed on
bedrock at the left riverbank was retained (Photo 16). The ogee spillway is 30 feet long, and its base lies
above the normal flow of the river and will not interfere with the flow conditions or with the
reintroduction of sediment from the substrate island back into the river. Retaining the ogee spillway
saves an element of the historic Carbonton Dam, and it will be visible from the future public park on the
south riverbank (Photo 17).
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Photo 16. After dam removal, the ogee spillway was
retained
Source: EcoScience Corporation 2006

Photo 17/ Ogee spillway in pre-removal photo
Source: Restoration Systems 2005

A structural evaluation of the powerhouse is underway, the results of which will help determine the
ultimate use of the powerhouse and what structural repairs are necessary for it to be used as a conference
center/retreat associated with the future public park. Power generators and other ancillary equipment on
the third floor of the powerhouse were removed by the dam owner and disposed of or salvaged as
appropriate. The power line across the Deep River over the former spillway still exists and will be
removed by RS once a final plan for the powerhouse is proposed, in conjunction with the park
development on the south bank.
All but de minimus material was retrieved from the riverbed during the demolition activities, and to
protect rare, threatened, and endangered species below the dam, all activities were performed from above
the spillway.
2.5

DAM SITE STABILIZATION

The many bedrock outcroppings and steep slopes along the north side of the river limited heavy
equipment access to a single construction driveway above the spillway. This area was re-graded and
replanted after demolition was completed.
The banks of the Deep River at the powerhouse site were graded and temporarily reinforced with coir
fiber erosion control matting. The banks were hydro-seeded once grading operations ceased and exposed
slopes were planted with live stakes. The sand and gravel island below the NC42 bridge was also graded
and seeded.
In addition to using the concrete waste material as fill in the disposal areas, concrete slabs were used to
create toe protection and a temporary revetment wall to stabilize the riverbank immediately upstream of
the powerhouse. The final configuration of that riverbank will depend on how the powerhouse is
modified to retain it as an amenity of the new public park. It is likely that the riverbank will be re-graded
once the final disposition of the powerhouse is decided, and will then be stabilized with erosion control
matting and hydoseeding.
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RS also purchased an additional three acres adjacent to the powerhouse site on the south side of the Deep
River, which will be incorporated into the site that will become the new public park. The park plans are
being finalized, but they will include removing the driveway that leads to the powerhouse and re-grading
and landscaping of the area between NC42 and the top of riverbank.
2.6

IMPACTS TO WATER RESOURCES

Throughout the dam removal process, several construction practices were undertaken to minimize
potential impacts to water resources. All appropriate terrestrial sediment and erosion control measures,
including silt fencing and rock outlets were installed in the upland portions of the Site.
Within the active Deep River channel, coffer dams were installed adjacent to fill and excavations areas in
the dam vicinity to prevent sediment from entering the channel to the maximum extent practicable.
Additionally, just downstream of the active construction area, a sediment containment boom was installed
across the river to retain and/or slow down sediment, thereby preventing it from remaining suspended in
the water column downstream of the project area.
Oil adsorption booms were placed around the perimeter of areas within the channel where heavy
equipment was used. The booms are effective in retaining any oil and fuel spillage and partitioning spills
from the water column. Additionally, marine-grade hydraulic oil, which is approved for use in the ocean,
was used in equipment on-Site to minimize any impacts to the river in the event of a spill (none were
reported by BE or observed during dam removal).
Coir fiber matting was installed along re-graded/exposed bank areas to minimize erosion into the channel.
These areas were hydro-seeded and live-staked to further enhance stability.
3.0 MONITORING PLAN
The monitoring activities described herein will document the success in meeting the stated mitigation
goals. Year 1 monitoring is already underway, and will be performed annually through the five-year
period or until success criteria are achieved. Each year, an Annual Monitoring Report will be produced to
document improvements in water quality, the aquatic community, rare and endangered species, and
cultural resources within the former Site Impoundment.
3.1 MITIGATION MONITORING METHODS
3.1.1 Channel Cross Sections
A network of 51 cross-sections was established within the region of the former Site Impoundment during
Year 2005 baseline monitoring (see Figure 3, Appendix A). These cross-sections are located on the
Deep River and its tributaries at stations established prior to dam removal. Thirty-three (33) permanent
channel cross-sections have been established throughout the former Site Impoundment and on tributaries
where functional restoration is expected to occur. Seventeen (17) permanent cross-sections have been
established on reference reaches above and below the former Site Impoundment to facilitate success
evaluation of the project. One cross-section has been established immediately downstream of the Site to
monitor changes in bankfull channel dimension to assess the “downstream benefits below the dam”
reserve success criterion. Each cross-section location was surveyed in 2005 (pre-removal), and will
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subsequently be revisited annually throughout the monitoring period. Pre-removal survey data will be
compared to post-removal data to assess changes in the channel dimensions as the natural, unimpeded
hydrologic conditions return to the river.
Both complex and simple cross-sections have been performed. Complex cross-sections are performed on
stream reaches in which stream width is too large for successful data collection using simple techniques.
These cross-sections are often performed at stations where access via boat is practical and utilize some
combination of total station or laser level equipment. Simple cross-sections are performed on narrow
stream reaches with challenging access and utilize level measuring tapes and a pocket rod. Narrow
stream width allows a simple cross-section to be performed without the use of surveying equipment.
3.1.2 Sediment Grain Size Distribution
Sediment grain size distribution was analyzed at all 51 monitoring stations in 2005. Sediment samples
collected from within the Site Impoundment and within the reference reaches were collected or analyzed
prior to dam removal. These data will be used to identify the restoration of habitat for lotic-adapted
benthic macroinvertebrates, fishes, mussels, and snails.
Sediment grain size distribution will be assessed at each channel cross-section location. For water depths
less than 3 feet (i.e., areas where water is not prohibitively deep to prevent wading), 100-count pebble
counts will be performed consistent with the Wolman method (Rosgen 1994).
For deeper water areas, the bulk material method will be used to assess sediment grain size distribution
(Photo 18). This method entails using a Ponar (or similar) dredge to take five sediment samples evenly
spaced along each monitoring cross-section. Sediment from each of the five dredge samples will be
combined in one composite sample and sorted using sieves to determine the sediment grain size
distribution by weight.

Photo 18. Sediment sampling within the Site Impoundment
Source: EcoScience Corporation 2005

3.1.3 Photography and Videography
Digital photography and videography data were collected to document pre-removal baseline conditions.
These data will continue to be collected during the monitoring period and will be used to support success
evaluation for stream and river physical properties and endangered aquatic species, stream stability, and
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habitat assessment criteria. A video transect was also performed prior to dewatering to serve as a
resource for comparison following dam removal. The transect was correlated to sub-meter GPS and
extends from the former dam Site to a point approximately 10 miles upstream within the Site
Impoundment.
At each cross-section station, four photographs will be taken: one facing upstream from the cross-section
center, one facing downstream, one from the left bank towards the right bank, and one from the right bank
towards the left bank. Videography will consist of a brief narrated panorama at each cross-section center.
Throughout the course of post removal monitoring, additional riffle areas that were previously submerged
by the Site Impoundment are expected to become visible. These areas will be photographed and located
with GPS technology. These areas will also be visited annually during post-removal monitoring to assess
the anticipated enhanced habitat within the former Site Impoundment as a result of dam removal.
3.1.4 Flow Velocity
Flow velocity was analyzed at all 51 monitoring stations during 2005 (Photos 19 and 20). Using similar
methods, flow velocity measurements will be made at each monitoring station during each subsequent
year of the monitoring period. It is anticipated that flow velocities will increase in each formerly
impounded stream reach and that variability in flow between pools and riffles will be established. To
collect these data, a Swoffer velocity probe is used to measure the velocity in five different locations
along the channel cross-section of each station. The probe measurement is made 1 foot below the water
surface. If water depths exceed 4 feet, then two measurements are made at each location, where the first
measurement is made 1 foot below the water surface, and the second measurement is made 1 foot above
the channel bottom.

Photo 19. Impounded (lentic)

Photo 20. Lotic reference
Source: EcoScience Corporation 2005

Due to the large number of stations, it is impossible to sample them all at the same river stage. Thus, the
data are compared to a daily standard that is sampled from the Site each day that other stations are being
visited.
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3.1.5 Benthic Macroinvertebrates
Benthic macroinvertebrates were collected at seventeen (17) of the monitoring stations in 2005. The preremoval Year 2005 monitoring occurred in April and May. The stations sampled for benthic
macroinvertebrates occur on the Deep River and its tributaries, in both the former Site Impoundment and
in reference lotic reaches. The sampling method utilized was the Standard Qualitative Method as
described in NCDWQ (2003), with modification for deep water (boat) sampling implemented within the
Site Impoundment and deep pools in reference reaches (Photos 21 and 22). It is expected that deep water
sampling will be used less frequently during future sampling efforts. All collected samples during the
monitoring period will be sent to a NCDWQ certified laboratory for identification.

Photos 21 and 22. Sweep net and rock wash sampling for
benthic macroinvertebrates at a reference station
Source: EcoScience Corporation 2005

3.1.6 Fishes
Fish sampling was performed by TCG, and their personnel have provided the ensuing text in this subsection, with minor modification by ESC for inclusion in the document. During the pre-removal Year
2005 sampling period, fish surveys were conducted at five lotic stations located outside of the former Site
Impoundment (Figure 3, Appendix A). Fish surveys were not conducted within the former Site
Impoundment as it was determined, in conjunction with FWS, that these lentic areas contain a predictable
suite of impoundment-adapted species that have been previously documented by the NCWRC and FWS,
and therefore should not require an initial inventory.
The methods utilized in Year 2005 included a three-person team that performed fish surveys with access
to the Site Impoundment provided via canoe or powerboat. The length of river channel surveyed at each
sampling station was 200 meters, but was 400 meters at the sampling station immediately downstream of
the former dam (Section 2.1.1). The midpoints of each survey site were recorded using a hand-held
Garmin etrex Vista GPS unit. All reference station locations were accessed via canoe, and similar survey
methods were employed. All future sampling during the monitoring period is anticipated to utilize
methods as modified for encountered habitats as described herein. Additional sampling stations within
the former Site Impoundment will be established, and the data will be compared against data collected by
the NCWRC and the FWS from the former Site Impoundment.
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In wadeable water, seine netting was the primary method used to sample fish, as it is the most effective
survey method for the targeted Cape Fear shiner (the shiner). Seine netting is an effective method in
shallow riffles and runs, as well as shallow pools; generally the preferred habitat of the shiner. This
method is not as effective in deeper pools or riffles with a very strong current, therefore fish species
preferring these habitats were not effectively sampled. Other sample methods included capturing fish in
hand held dip nets against the shoreline or bottom structures as well as visual census surveys. Visual
census survey methods using mask/snorkel were also employed. These methods often provide more
accurate estimates on abundance of some species than more traditional methods, such as mark recapture
and depletion (Hankin and Reeves 1988, personal observations).
Each habitat type in a given survey reach was sampled at least once. Seine hauls were performed by
dragging the net upstream through the riffle/run. Pools were sampled by the team making fast pulls in a
downstream direction and herding fish towards the banks, or sand/gravel bars. All captured fish were
placed into water buckets until they could be identified to species level and counted. Specimens that did
not recover from the sampling methods were preserved in 95-percent ethanol. Additionally, some shiner
species were collected and preserved in 95-percent ethanol for laboratory identification to confirm field
identification. The remaining fish were released. Habitat notes were recorded at each collection site.
Each fish species observed or captured was assigned a designation of the following categories of relative
abundance: abundant, common, uncommon and rare. Fish surveys will be conducted using these methods
at selected stations (See Figure 3, Appendix A) during the monitoring period.
3.1.7 Mussels
Mussel sampling was performed by TCG, and their personnel have provided the ensuing text in this subsection, with minor modification by ESC for inclusion in this document. Ten sampling locations were
established from a sub-set of all the stations used for channel geomorphology data collection.
A three-person survey team was used to survey for mussels at each of 10 stations (Figure 3,
Appendix A). Watercraft (canoes, powerboats) were used to access all of the sites surveyed in the Deep
River. The length of each survey site was 200 meters. The midpoints of each survey site were recorded
using a hand-held Garmin etrex Vista GPS unit.
All appropriate habitat types within a given survey reach were searched thoroughly via visual surveys
using glass bottom buckets (batiscopes) and/or mask/snorkel in the shallow water habitats and SCUBA at
each of the impounded sites. Tactile methods were also employed when appropriate. Where SCUBA was
used, one of the three person survey team members provided surface support to the two divers. All
species of freshwater bivalves were recorded and returned to the substrate. Searches were also conducted
for relict shells, and the presence of a shell was equated with presence of that species, but not factored
into the Catch per Unit Effort (CPUE) by species. CPUE is defined as the number of individuals found
per person hour of search time. All species that are monitored by the NC Natural Heritage Program
(NCNHP) were measured (total length). Representative photographs were taken of each collected mussel
species. These methods will be used by TCG in each monitoring event during the five-year monitoring
period.
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3.1.8 Snails
Snail sampling was performed by TCG, and their personnel have provided the ensuing text in this subsection, with minor modification by ESC for inclusion in the document.
Snail surveys were conducted at 10 stations in conjunction with the mussel survey efforts with similar
methodology, as described in Section 3.1.7. Snails were hand picked from rocks and woody debris. Dip
nets were used, where appropriate, to sift through leaf packs. Following each timed search, collected
snails were identified to the species level and each species was assigned a relative abundance rating to
correspond to the survey site. These methods will be used by TCG in each monitoring event during the
five-year monitoring period.
3.1.9 Habitat Assessment
Habitat assessment data was collected at all 51 monitoring stations to evaluate aquatic habitat to support
improvement in community populations. Forms that evaluate the quality and character of the sampled
habitat niches were completed to provide a comparable score that describes the habitat available at that
station. Prior to dam removal, habitat assessment data were collected at all monitoring cross-sections and
will be compared to data collected annually throughout the five-year monitoring period. Changes in the
biotic community are anticipated as the natural lotic flow conditions are restored to the Deep River and its
previously impounded tributaries, thereby diversifying available benthic habitats.
3.1.10 Water Quality
The AMS data from the NC 42 station will be compared to the monthly sampling that occurs at a
reference station in Ramseur, NC. Thus, the conditions at the time of sampling at each monitoring station
will be documented relative to the dam Site, and the data from the dam Site will be comparable to at least
ten years of consistent monthly monitoring by the NCDWQ. This technique will allow for detection of
substantial differences between water quality parameters between the pre- and post-removal conditions of
the former Site Impoundment, as well as a comparison to a reference reach of the Deep River. Year 2005
pre-removal data from each monitored station will be compared to post-removal data in order to assess
changes in water quality as lotic conditions return to the river.
4.0

MAINTENANCE AND CONTINGENCY PLAN

Stream bank areas of the Deep River that were disturbed at the Carbonton Dam Site as a result of dam
removal activities will be evaluated throughout the five-year monitoring period for signs of erosion. Any
areas of erosion observed will be stabilized with coir fiber matting and re-seeded with appropriate
seasonal erosion control grasses to prevent additional erosion.
It is anticipated that changes in the Deep River base level as a result of dam removal within the former
Site Impoundment may result in bank erosion along some reaches of the Deep River or its tributaries. In
order to monitor potential erosion, the former Site Impoundment will be reconnoitered following
discharge events equal to or greater than 1500 cubic feet per second (cfs) as measured at the Ramseur
USGS gage station (gage # 02100500). Observed areas of erosion will be documented with photography
and/or videography. Additionally, the substrate island comprised of sediments that were removed from
behind the dam spillway will also be monitored after any event > 1500 cfs . The substrate island was
designed and built with the expectation that sediments will migrate downstream from the island area to
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the sediment starved areas of the Deep River located downstream.
correlated evaluations will be to monitor the rate of erosion.

The purpose of the discharge

Erosion evaluation results will be made available to regulatory agencies, and if necessary, a management
plan of action will be developed through coordination between RS, their sub-consultants, and the
commenting agencies. The written summaries from each erosion event that occurs during each year of
monitoring will be available in an appendix of each respective annual monitoring report.
5.0 MITIGATION SUCCESS CRITERIA
The success criteria presented herein have been designed to facilitate success determination in accordance
with the dam removal guidance (Appendix B). Mitigation success criteria for the parameters outlined in
the monitoring protocols above (Section 3.0) are summarized in Table 3. Improvements in desirable
water quality parameters, a measurable improvement in species diversity or pollutant intolerance indices
for lotic adapted aquatic species, or restoration of habitat for the federally endangered Cape Fear shiner
will be used to evaluate the success of this project. The remaining monitoring data will not be used as
specific success criteria by themselves, but will supplement other collected data to evaluate the success of
the water quality, endangered species, or aquatic habitat criteria.
Evaluation of improvements in water quality within the former Site Impoundment will be based on
comparisons of pre-removal baseline and monitoring period data for: 1) ambient water quality parameters,
and 2) pollution tolerance and species diversity of aquatic organisms. A similar comparison of baseline
and monitoring period data will be used to judge improvements to the aquatic community. Specific data
used in this analysis are: overall species diversity, diversity of sensitive invertebrate species (EPT taxa),
and habitat evaluation parameters. Improvements to the habitat available to rare and endangered species
will be evaluated though comparisons of requisite habitat parameters (flow, substrate, vegetation, clarity)
to conditions that become established within the former Site Impoundment as the Deep River returns to
lotic conditions. Based upon anticipated coordination with the FWS, success for the rare and endangered
species criterion may be derived through transplantation of aquatic populations of rare mussels, the
discovery of specimens of the Cape Fear shiner, or through perceived connection of the previously
disjunct populations of the shiner, and/or documentation of established habitat within the limits of the
former Site Impoundment.
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Table 3. Mitigation success criteria.
Criterion
Primary
success
criteria:

Re-introduction of rare
and endangered aquatic
species

Anticipated
Change/Result
Unknown
Improvement/expansion

Benthic biotic indices

Decrease (i.e., improve)

AMS dissolved oxygen
data

Increase within former
Site Impoundment
(must be ≥ 5.0 mg/L or
consistent with
reference station data)

Ephemeroptera,
Plecoptera, and
Trichoptera taxa, total
number of benthic taxa

Increase (i.e., converge
with reference station
data)

Fish, Mussel, and Snail
community data

Demonstrated shifts in
communities from
lentic to lotic character

Downstream benefits
below dam

Deep River bankfull
channel within formerly
eddied/scoured areas
below dam

Narrowing/increased
stabilization of channel

Scientific value

Published research

Successful completion

Public recreation

Construction of planned
on-Site park

Successful completion

Improved water quality

Improved aquatic
community

Reserve success
criteria:

Parameter
Presence/absence of
rare/endangered
individuals
Rare/endangered species
habitat

5.1 WATER QUALITY
5.1.1 Ambient Monitoring Stations Network
Aside from the in situ sampling occurring at each monitoring cross-section, physical water quality
parameters are currently collected at an AMS located within the former Site Impoundment at NC42,
immediately upstream of Carbonton Dam. These data have been obtained from NCDWQ, and data
coverage exists on a monthly basis back at least 10 years. Data collected by the AMS are not standard for
all samples, but are always sampled at 0.1 meter depth and can include: water temperature (ºC), dissolved
oxygen (mg/L), pH (field measured), conductance at 25ºC (µmhos/cm), turbidity (NTU), fecal coliform
bacteria (number of colonies/100 milliliters), suspended residue (total suspended solids)
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(milligrams/Liter), ammonia as nitrogen (milligrams/Liter), total Kjeldahl nitrogen (milligrams/Liter),
nitrite and nitrate as nitrogen (milligrams/Liter), total phosphorus (milligrams/Liter), and assorted metals.
These data will provide acceptable coverage of physical water chemistry and parameters throughout
monitoring activities. Water quality trends from these data, and comparisons made against the state
standards established by NCDWQ’s “Redbook” will be used to support success evaluation.
5.1.1.1 Dissolved Oxygen
Dissolved oxygen AMS data were collected on a monthly basis and analyzed for the period of time
between March 16, 1992 and October 14, 2005. The NCDWQ standard for dissolved oxygen in Class
WS-IV waters is an instantaneous value of no less than 4.0mg/L, or a daily average of no less than 5.0
mg/L. Table 4 provides the minimum, maximum, and mean values for dissolved oxygen, as well as the
number of samples the recorded value fell below the state standard.
Table 4. Summary of dissolved oxygen data recorded at NC42 over the Carbonton Dam impoundment between
March 16, 1992 and October 14, 2005.

Minimum Value
Maximum Value
Mean Value
Number of Samples Below State Standard

1.1 mg/l
15 mg/l
8.07 mg/l
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Graphs 1 and 2 depict the dissolved oxygen levels within the Site Impoundment and at a reference
location on the Deep River in Ramseur. From visual interpretation of these graphs, it can be seen that the
reference station at Ramseur has no recorded dissolved oxygen levels that fell below 5 mg/L, while the
Site Impoundment had 22 (see also Table 4).
Throughout the five-year monitoring period following dam removal, it is expected that mean dissolved
oxygen values recorded at NC42 will increase as the river returns to lotic conditions. It is also expected
that the number of days below the state standard will decrease as free-flowing conditions replace lake-like
flows.
Dissolved oxygen concentrations fluctuate seasonally, with higher concentrations characteristic of winter
months and lower concentrations of summer months. In order to achieve success criteria, the AMS
station within the former Site Impoundment must consistently measure dissolve oxygen concentrations
greater than or equal to 5.0 mg/L. Exceptions to this criterion will be made if dissolved oxygen
concentrations measured at the reference station are also below 5.0 mg/L within the same sampling
timeframe.
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Graph 1. Recorded dissolved oxygen levels at NC42 over the Deep River from March 16, 1992 through
October 14, 2005.
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Graph 2. Recorded dissolved oxygen levels at Ramseur on the Deep River from March 16, 1992 through
October 14, 2005.
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5.1.1.2 Temperature
Water temperature is important because of its influence on aquatic species and water chemistry.
Stratification of water temperature is related to seasonal fluctuations of air temperature and has a nonlinear relationship with dissolved oxygen saturation. Warmer water holds less oxygen than cool water. In
the summer months, water temperature is greater and available oxygen is decreased. The stratification of
water temperature was measured within the Site Impoundment during the 2005 monitoring period.
Temperature values recorded in the Site Impoundment prior to dewatering demonstrated a stratified
temperature regime, and the low flow behind the dam also contributed to the variable temperatures.
Values recorded in the top 1 foot of the river were higher than those recorded near the streambed. This
difference, combined with a low dissolved oxygen concentration, can be stressful on aquatic species.
Water temperature values will be gathered at each station throughout the five-year monitoring period. As
free flowing water replaces the previously impounded river, stratified water temperatures are expected to
be either absent or greatly reduced, and high temperatures in combination with low dissolved oxygen are
not expected to occur. In order to achieve success, the former Site Impoundment cannot exceed the state
standard of 90 degrees Fahrenheit during the monitoring period. Exceptions to this criterion will be made
if the temperature at the reference station is also above 90 degrees Fahrenheit within the same sampling
timeframe.
5.1.1.3 Fecal Coliform
Fecal coliform AMS data was collected and analyzed for the period of time between March 16, 1992 and
October 14, 2005. The NCDWQ standard for fecal coliform in Class WS-IV waters is an average value
of no more than 200/100ml in any 30-day period. Table 5 shows the minimum, maximum, and mean
values for fecal coliform, as well as the number of samples the recorded value exceeded the state
standard.
Table 5. Summary of fecal coliform data recorded at NC42
over the Carbonton Dam impoundment between March 16, 1992
and October 14, 2005.

Minimum Value
Maximum Value
Mean Value
Number of Samples Exceeding State Standard

3 /100ml
6300 /100ml
396.66 /100ml
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Fecal coliform levels within most of the available reference AMS stations also show elevated fecal
coliform levels during various periods. This suggests that the dam removal may improve, but will not be
capable of preventing fecal coliform levels from exceeding the state standard within the former Site
Impoundment. Larger watershed scale issues face the Deep River regarding this metric. These data will
be monitored over the 5 year period, but no success criteria are proposed.
5.1.2 Biotic Indices
After identification of collected macroinvertebrates, the North Carolina Tolerance Values or Hilsenhoff
Tolerance Values were assigned to each of the collected species. These Tolerance Values range from 0
for organisms very intolerant of organic wastes to 10 for organisms very tolerant of organic wastes. The
biotic indices of each station sampled for benthic macroinvertebrates were tallied, and then summary data
were generated for comparison between impounded and reference stations. These summary data are
provided in Table 6, and depict that the mean biotic index of the impounded stations is 0.93 higher than
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the mean of the reference stations. Success for this particular mitigation goal is defined as follows: the
mean biotic index of the impounded stations must be within one standard deviation of the mean biotic
index of the reference stations. For this project to be deemed successful for the Water Quality criterion of
credit determination, the mean biotic index of the impounded stations will need to be at or below 6.65.
Table 6. Benthic Macroinvertebrate Summary Data from Year 2005
IMPOUNDED
STATIONS

REFERENCE
STATIONS

Biotic Index

Biotic Index

High

7.97

6.91

Low

5.67

4.78

Mean

6.83

5.90

Median

6.79

5.99

Standard Deviation
Standard Deviation of Reference
mean
(Success Criterion)

0.83

0.75

6.65

5.2 AQUATIC COMMUNITIES
To determine success for the Aquatic Communities habitat criterion, the former Site Impoundment will be
monitored for benthic macroinvertebrates, fishes, mussels, and snails, as well as the quality of available
microhabitats that develop.
5.2.1 Benthic Macroinvertebrates
To determine the success of the project for the re-establishment of an appropriate benthic
macroinvertebrate community, several indices of community health will be utilized. Table 7 provides the
summary data for the benthic macroinvertebrate stations that were sampled in the Site Impoundment, as
well as in the reference reaches both within the Deep River and its major tributaries. The comparative
metrics utilized for the success evaluation include the total number of organisms collected, the total taxa
represented in the samples, the richness (diversity) of taxa from the Ephemeroptera (mayflies),
Trichoptera (caddisflies), and Plecoptera (stoneflies) orders (hereafter referred to as EPT taxa), and the
biotic index of organic waste tolerance. Upon evaluation of the pre-dewatering data (Table 7), the total
number of organisms does not appear to be a viable metric for evaluating the success of the project for
two reasons. First, healthy aquatic systems are characterized by high abundance and high diversity, but
then transition to high abundance with low diversity once impaired. Thus, the total number of organisms
can be high regardless of the quality of water or diversity of available habitats. Second, the methods
utilized were the Standard Qualitative Method (NCDWQ 2003); therefore, the absolute abundance is not
appropriate for comparison. However, a comparison of the community diversity, the richness of EPT
taxa, and the biotic indices of stations from the Site Impoundment and reference reaches indicate that the
there is the potential for measurable improvement for which the Site Impoundment can be monitored to
determine the success of the project in restoring a viable and diverse benthic macroinvertebrate
community.
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Table 7. Benthic macroinvertebrate summary data from Year 2005 collections.

Total
Organisms
403.00
97.00
223.33
207.00

IMPOUNDED
Total EPT
Taxa Richness
62.00 10.00
18.00 1.00
39.78 5.89
43.00 6.00

Biotic
Index
7.97
5.67
6.83
6.79

Total
Organisms
1168.00
237.00
549.75
404.00

REFERENCE
Total
EPT
Taxa
Richness
70.00
24.00
41.00
14.00
54.88
19.13
56.00
19.00

Biotic
Index
6.91
4.78
5.90
5.99

High
Low
Mean
Median
Standard
Deviation 96.69
12.02 2.76
0.83
340.66
10.33
3.14
0.75
Success
Criterion ------44.55 15.99
6.65
Table 7 demonstrates that the mean total taxa of the formerly impounded stations needs to increase by
4.77 species to be quantitatively similar to the reference mean. Additionally, the mean EPT richness of
the formerly impounded stations needs to increase by 10.1 species to be quantitatively similar to the
reference mean. The biotic index of the two sample types will be compared for water quality, but water
quality success is expected to also benefit the aquatic community.

5.2.2 Fish
Fish sampling data will be used to support success evaluation for the improved aquatic community and
rare and endangered aquatic species criteria (Table 1). Data obtained from pre-removal fish surveys at
the 5 survey stations will be compared by CPUE for a qualitative change to the 11 stations (Figure 3,
Appendix A) that will be sampled over the post-removal monitoring period. It should be noted that only
the lotic stations were sampled pre-removal for fishes, and that Figure 3 depicts all 11 stations that will be
sampled during the five-year monitoring period. The data will also be evaluated for a quantitative
difference in abundance and diversity between stations located in the former Site Impoundment and
reference stations. Success criteria will be achieved if survey data at stations within the former Site
Impoundment indicate a shift in fish community composition towards free-flowing, lotic conditions
characteristic of reference survey stations. Such evaluations will be performed by TCG personnel.
For the rare and endangered aquatic species criterion, the documented presence of rare fish fauna,
especially the Cape Fear shiner, in areas previously characterized as the Site Impoundment will be used to
evaluate success. If no individuals of rare fish taxa are observed within the post-removal monitoring
period, habitat analyses will be used as a surrogate.
5.2.3 Mussels
Mussel sampling data will be used to support success evaluation for the aquatic community and rare and
endangered aquatic species criteria (Table 1). Data obtained from pre-removal mussel surveys at the 11
survey stations (Figure 3, Appendix A) will be compared by CPUE for a qualitative change.
Additionally, taxonomic data will be evaluated for a quantitative difference in abundance and diversity
between stations located in the former Site Impoundment and reference stations. Success criteria will be
achieved by survey data at stations within the former Site Impoundment indicating shifts in mussel
community composition towards free-flowing, lotic conditions characteristic of reference survey stations.
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Achievement of success criteria will be evaluated by TCG personnel to determine if fish communities
within the former Site Impoundment are transitioning towards those characteristic of lotic conditions.
For the rare and endangered aquatic species criterion, the documented presence of rare mussel fauna in
areas previously characterized as the Site Impoundment will be used to evaluate success. If no
individuals of rare mussel taxa are observed within the post-removal monitoring period, habitat analyses
will be used as a surrogate.
5.2.4 Snails
Snail sampling data will be used to support success evaluation for the aquatic criterion (Table 1). Data
obtained from pre-removal snail surveys at the 11 stations (Figure 3, Appendix A) will be compared by
CPUE for a qualitative change. Additionally, the data will be evaluated for a quantitative difference in
abundance and diversity between stations located in the former Site Impoundment and reference stations.
Success criteria will be achieved by survey data at stations within the former Site Impoundment
indicating shifts in snail community composition towards free-flowing, lotic conditions characteristic of
reference survey stations. Achievement of success criteria will be evaluated by TCG personnel to
determine if fish communities within the former Site Impoundment are transitioning towards those
characteristic of lotic conditions.
5.2.5 Habitat Assessment
Habitat assessment data will be used to support success evaluation for the Aquatic Community and
Threatened and Endangered Aquatic Species criteria. Habitat Assessment scores, sediment size class, and
flow velocity data will be used to support improvement in aquatic community populations as well as
demonstrate the presence of habitat for the Cape Fear shiner. It is anticipated that the habitat NCDWQ
Habitat Assessment Form scores will quantitatively increase as the physical parameters of the Site
Impoundment become more indicative of a lotic flow conditions. Thus, success evaluation will be based
upon comparisons of quantitative habitat values between the former Site Impoundment and those of the
lotic reference stations. More specifically, success is defined as a perceived progression of the former
Site Impoundment habitat values toward those of the lotic reference stations.
Sediment Size Class Distribution
The pre-removal sediment size class sampling confirmed that there is a distinct difference in the grain
sizes of impounded reach substrates when compared to the reference stations. This relationship is true for
both the main stem of the Deep River and its tributaries. The median grain size (D50) is 22.16 mm (79percent) coarser in the reference reaches of the Deep River than reaches sampled from within the Site
Impoundment. For tributaries, the median grain size is 2.69 mm (97-percent) coarser in the reference
reaches than tributary reaches within the Site Impoundment. Table 8 provides the distribution of
sediment grain sizes for both reference and impounded reaches of the Deep River and its tributaries. The
D16 value is a metric that describes the sediment size where 84-percent of all sampled grains were larger,
the D50 value is the median grain size, and the D84 value is a metric that describes the sediment size
where only 16-percent of all sampled grains were larger. In combination, these metrics allow
comparisons of the smaller, median, and larger grain size classes between the impounded and reference
reaches.
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Table 8. Mean Values of Size-class Indices for Impounded and Reference Stations on the Deep River and
Tributaries
Impounded Stations
D16
(mm)
3.67

Deep River
D50
D84
(mm)
(mm)
5.73

11.88

D16
(mm)

Reference Stations

Tributaries
D50
D84
(mm) (mm)

0.08

0.10

2.19

D16
(mm)
2.59

Deep River
D50
D84
(mm)
(mm)
27.89

104.11

D16
(mm)
0.17

Tributaries
D50
D84
(mm) (mm)
2.79

13.82

It is anticipated that the D16, D50, and D84 values from within the former Site Impoundment will all
coarsen over the monitoring period. No specific quantitative threshold is currently proposed for this
metric; however, these data will be valuable in determining the re-establishment of appropriate habitat for
fishes, mussels, and specific feeding guilds of macroinvertebrates.
Flow Velocity
The pre-removal flow velocity measurements confirmed the lentic flow conditions within the Site
Impoundment as described in the Restoration Plan (Restoration Systems 2005). Additionally, the flow
data describe the distinct difference between the flow conditions of reference and impounded stations.
Table 9 provides the Year 2005 flow data that demonstrate a substantial difference between flow
conditions at lentic and lotic stations.
Table 9. Summary of data for measured flow velocities within the Site Impoundment and reference reaches. These
data include the maximum, minimum, mean (average), and standard deviation flow velocities. For each flow
regime, summary data are provided for one-foot below the water surface [surface] and one-foot above the stream
bottom at stations with a maximum depth greater than 4-feet [depth].
Site Impoundment
Reference Reaches
Max Flow
Max Flow
Velocity
Velocity
(m/sec)
(m/sec)
Max Flow Velocity
Max Flow Velocity
[surface]
[depth]
(m/sec) [surface]
(m/sec) [depth]
0.29
1.51
HIGH
0.16
0.34
0.00
0.00
LOW
0.00
0.00
0.07
0.62
MEAN
0.03
0.03
0.09
0.57
Standard Deviation
0.04
0.07

5.3 PROTECTED SPECIES
Some populations of fauna and flora have been in, or are in, the process of decline due to either natural
forces or their inability to coexist with human activities. Federal law (under the provisions of the
Endangered Species Act of 1973, as amended) requires that any action likely to adversely affect a species
classified as federally protected, be subject to review by the FWS. Other species may receive additional
protection under separate state laws. Informal Section 7 consultation with the FWS resulted in their
concurrence with a “Not Likely to Adversely Affect” for the project. The FWS has written
correspondence (see Appendix E) that supports this project and indicates that the Section 7 consultation
has already been completed based on their preliminary understanding of how the project was to proceed.
RS consulted with the FWS on behalf of the Cape Fear shiner, throughout the dewatering and demolition
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process, and the agency agrees with the biological conclusions provided during the Restoration Plan
(Restoration Systems 2005).
As stated in the monitoring success criteria for fish and mussels (Sections 5.2.2 and 5.2.4), the
documented presence of any rare species within the former Site Impoundment throughout the five-year
monitoring period will constitute success in fulfilling the rare and endangered aquatic species criterion. If
no individuals of rare taxa are observed within the post-removal monitoring period, habitat analyses will
be used as a surrogate.
5.4 BONUS FACTORS (CULTURAL RESOURCES)
The term “cultural resources” refers to prehistoric or historic archaeological sites, structures, or artifact
deposits over 50 years old. “Significant” cultural resources are those that are eligible or potentially
eligible for inclusion in the National Register of Historic Places. Evaluations of site significance are
made with reference to the eligibility criteria of the National Register (36 CFR 60) and in consultation
with the North Carolina State Historic Preservation Office (SHPO). A file search was conducted at two
SHPO offices (the Office of State Archaeology [OSA] and the Survey & Planning Branch) in order to
determine whether cultural resource investigations have been conducted within the project vicinity, and to
determine whether significant cultural resources have been documented within the Site Impoundment.
As described in the Restoration Plan (Restoration Systems 2005), the demolition of the Carbonton Dam
was evaluated by SHPO. The dam and powerhouse were evaluated through a National Register eligibility
determination. The resulting study determined the facility was eligible for listing in the National Register
under Criterion A, and certain mitigation measures were necessary prior to its removal.
RS has concurred with a Memorandum of Agreement (MOA) between the SHPO and the USACE.
Mitigation measures were performed by RS to offset the impacts to these historic structures. These
measures included a photographic recordation of the dam and the planned installation of an interpretive
display recalling the history of the dam once the park (see Section 5.4.1) is developed on the Site. In
addition, in an effort to be sensitive to the need for a permanent record of the structure, RS has generated
an architectural survey drawing of the dam and powerhouse. The original commitment to undertake these
measures and the successful implementation has allowed RS to obtain a letter of concurrence for Section
106 approval from SHPO (Appendix F).
5.4.1 Public Recreational Usage
RS has retained a landscape architect who is developing a basic park concept in coordination with the
Deep River Parks Association (DRPA). The DRPA is a non-profit 503(c)(3) Corporation that presently
owns and operates a public park in Lee County and manages McIver’s Landing at Planck Road. The
proposed park boundary at the Site will protect approximately 5 acres of river floodplain and contain
approximately 715 linear feet of public-access frontage on the Deep River. The intention is that the Site
be a passive recreation area consisting of vehicle parking, picnicking sites, bank fishing, and improved
access to the river’s edge where for kayakers and canoeists. Figure C (Appendix A), Park Concept
Plan, depicts a preliminary footprint of the park and the facilities that RS will provide before turning the
land over to the TLC. The proposed park is still in the planning phases, and the details and
implementation will be completed prior to the end of the monitoring period. The amount of credit to be
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derived from the successful implementation of the park has not yet been determined, but will be used to
offset any potential loss of credits from other aspects of the project.
Additionally, once the park has been designed and implemented, RS will place interpretive signs at the
park to memorialize the Carbonton Dam, and describe the cultural and natural history of the area. RS has
received interest from N.C. Department of Cultural Resources to place identical signs at the nearby House
in the Horseshoe State Historic Site which is located on the former Site Impoundment Historic
construction photographs, schematics of the dam, and modern pictures of the dam removal will likely be
incorporated into the interpretive message.
5.4.2 Scientific Research
The former Site Impoundment is subject to a study by Adam Riggsbee, Phd and a UNC Chapel Hill PhD
Candidate Jason Julian. RS has provided UNC with funding for any research project the University
deems necessary. The projects that have been undertaken by the Candidates involve the physical
processes that control the availability of light near the river bottom, and how the available light affects
primary and secondary productivity. The research may be beneficial in measuring the positive impacts to
biological productivity that occurs from lowering the water levels after dam removal to facilitate light
penetration to the river bed. Additional research investigates the role of sediment suspensions (resulting
from dam removal) on nutrient and organic matter availability within the downstream water column. This
research is still underway, and the details of the study and its findings will be completed prior to the end
of the monitoring period. The amount of credit to be derived from the successful support of this research
by Restoration Systems has not yet been determined, but will be used to offset any potential loss of
credits from other aspects of the project.
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Preliminary Evaluation of Sediment Chemistry Data (Tier 2) for Deep River
near Carbonton Dam
USFWS, Raleigh Field Office
Summary
Seven sediment samples from within the impounded reach of Carbonton Dam on the Deep River
(Moore, Chatham and Lee Counties, North Carolina) were collected in October 2005 and
analyzed for elemental contaminants. Ninety-six percent of all elemental contaminant results
were less than threshold effects concentrations (TECs, concentrations below which adverse
effects to sensitive aquatic organisms should not occur) and are therefore considered
toxicologically insignificant. No samples results exceeded the probable effects concentrations
(PECs, concentrations above which adverse effects to sediment dwelling organisms may be
expected). Two of the seven nickel results (or about four percent of the overall sample results)
fell between the TEC and PEC screening values, but they were near the low end of this range (at
or below the geometric mean of the screening values). Based on review of existing data (tier 1)
and results of sediment chemistry (tier 2), contamination in surface sediments behind Carbonton
Dam is unlikely to be a concern, either in-place or upon mobilization. From a toxicological
perspective, no additional sediment analyses are needed.

Background
One issue to address at dam removal sites is the nature and extent of any contaminated sediments
in the impounded reach. In September 2005, the U.S. Fish and Wildlife Service’s Raleigh Field
Office distributed a draft report, Tier 1 Preliminary Evaluation of Sediments within the
Carbonton Dam Impounded Reach, Moore County, North Carolina. That document reviewed
existing information on the potential for sediment contamination in the impounded reach of the
Deep River upstream of Carbonton Dam. Information reviewed included sources of
contamination, pathways of contaminant transport, and the physical nature of the sediments
behind the dam. We were fortunate to find high quality sediment chemistry for Deep River
sediments upstream and downstream of Carbonton Dam (Howard 2003, NCDWR 2005). The
review indicated no major pollutant sources or contaminant concerns upstream of the dam.
Although a strong argument could be made that tier 2 testing was not necessary based on the
results of this tier 1 assessment, it was recommended that a limited number of samples be
collected and analyzed to generate site-specific data on the chemical and physical quality of the
sediments behind Carbonton Dam. The recommendations and a draft sediment sampling and
analyses plan were circulated to regulatory agencies for review (USFWS 2005) prior to
implementation of the sediment sampling. The following summary presents the sediment
sampling methods, analytical results, and an interpretation of the findings.
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Methods
Sample locations:
Factors considered in determining the number and location of samples included the absence of
contaminant concerns in record reviews and the intent of the sampling (to provide current
analytical data to support the inference of low contaminant burdens based on historical data).
Physical factors considered included the area of potentially affected sediments behind the dam,
distribution of sediments, and the length / breadth of the impounded reach. Seven sites spanning
the entire impounded reach were sampled (Table 1 and Figure 1). Three of these were from
behind the dam with the remaining samples further upstream in the impounded reach at quiescent
areas, such as inside channel bends, where fine-grained sediments (which have the greatest
potential to accumulate contaminants) would settle.
Sediment sample collection:
Samples were collected 10/10/05 and 10/11/05. A stainless-steel petit Ponar dredge was used to
collect the top 5 to 10 cm of sediment; multiple grabs were collected and composited to form one
sample at each site. The composite of the grab samples was homogenized by stirring with a
stainless-steel spoon in a stainless-steel bucket. Debris (e.g., sticks, leaves, rocks bigger than
~0.1 cm3) were removed during homogenization. Collection equipment was thoroughly cleaned
(ambient water rinse, detergent and water scrub, distilled / demineralized water rinse, 10% nitric
acid rinse, and a final rinse with distilled / demineralized water) before sampling each site.
Aliquants of the homogenate were put into certified clean I-Chem Research glass jars with
Teflon-lined lids. An aliquant was also put into a 4-L HDPE container in the event that
additional testing is conducted. Samples were stored in a cooler on ice (~ 4 oC) in the field and
frozen upon reaching the Service lab in Raleigh until they were delivered to the analytical lab on
10/12/05. Samples were collected, transported, and stored under chain of custody.
Sediment chemical analyses:
Chemical and Environmental Technologies, Inc. (CET) of Cary, North Carolina performed the
analyses. CET has the North Carolina Laboratory Certification for the requested analyses.
Sediment samples were analyzed for elemental contaminants (As, Cd, Cu, Cr, Hg, Ni, Pb and
Zn) by inductively coupled plasma mass spectrometry, inductively coupled plasma atomic
emission spectrometry, and cold vapor atomic absorption. Sediment particle sizes were
determined by sieve series, and percent organic carbon (volatile organic solids) determined by
loss on ignition. Particle size and organic carbon help with interpretation of the other chemistry
data. Analyses were accompanied by batch-specific quality control / quality assurance samples
(blanks, spikes, and duplicates).

Results
The report from CET is reprinted in Appendix A and summarized here. Review of quality
control samples (laboratory blanks, spiked samples, and duplicates) indicates good analytical
precision and accuracy for this batch of samples.
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Figure 2 (with sub-figures a through h for each element) is a comparison of the elemental
contaminant results to freshwater sediment quality guidelines (MacDonald et al. 2000). These
consensus-based threshold effects guidelines were established to provide lower bound
concentrations below which adverse effects to sensitive aquatic organisms should not occur
(Threshold Effects Concentrations, or TECs) and an upper range of concentrations above which
adverse effects to sediment dwelling organisms may be expected (Probable Effects
Concentrations, or PECs).
Ninety-six percent of all values evaluated were less than the TECs; these are presumed to be
toxicologically insignificant. This category included all the data for arsenic, cadmium,
chromium, copper, mercury, lead, and zinc. No samples exceeded the PECs for any elemental
contaminant, meaning there were no samples of obvious toxicological concern. The only TEC
exceedences were for nickel analyses in two samples. We computed a geometric mean of the
nickel TEC and PEC and defined it as a “median effects concentration”, or “MEC”. The nickel
concentrations in the two samples are at or below the MEC (Figure 2g).

Discussion
There are no federal or North Carolina sediment quality criteria or standards, but the freshwater
sediment quality guidelines of MacDonald et al. (2000) are very useful. The State of Florida
recommends these for use as guidance in many of their programs, including evaluation of
dredged material and risk assessment of contaminated sites (MacDonald et al. 2003). In a review
by experts on sediment assessment, sediment quality guidelines like those used here were found
to offer good utility in site assessment (Wenning and Ingersoll 2002).
From Figure 2, it is apparent that none of the samples exceeded the PECs. This means there
were no sediment contaminant concentrations of obvious concern. Ninety-six percent of all
elemental contaminant results were also less than the TECs, concentrations below which adverse
effects to sensitive aquatic organisms should not occur, and are therefore considered
toxicologically insignificant. Two of the seven nickel results (or about four percent of the
overall sample results) fell between the TEC and PEC screening values, but they were near the
low end of this range (at or below the geometric mean of the screening values). If the TEC is
thought of as a threshold below which no adverse effects are expected to occur, and the PEC is
the likely effects concentration, the geometric mean of these two is an estimate of the
concentration where adverse effects may begin to be observed. This “median effects
concentration” or “MEC”, while not a construct of the original guidelines, appears useful as an
initial screen of data in the middle category. We note also that this approach is consistent with
how the U.S. Environmental Protection Agency summarizes chronic toxicity data in their water
quality criteria program (Stephan et al. 1985). In that guidance, the geometric mean of a No
Observed Effect Concentration and Lowest Observed Effect Concentration for a compound of
interest can be used as a Maximum Allowable Toxicant Concentration, again with the idea that
the lowest concentration of interest is somewhere between the no effect and likely effect
concentrations. The two Deep River samples that exceeded the TEC were at or below the MEC.
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Based on the results of the tier 1 review (USFWS 2005) and tier 2 sampling, contamination in
surface sediments behind Carbonton Dam is unlikely to be a concern, either in-place or upon
mobilization. No additional sediment analyses are warranted at this time. This assessment is
limited to the toxicological properties of the sediments evaluated. It does not address the
potential physical impacts of sediment mobilization.
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Deep River Sediment Collection
Samples collected by Tom Augspurger, USFWS on 10/10/05 and 10/11/05 (with help from
Mike Wicker, USFWS, and Jay Sinclair, Restoration Systems, on 10/11/05)
Carbonton 1 – Right bank (facing downstream) at inside bend about 0.5 miles
downstream from RR trestle (10/10/05; 12:05 pm)
N 35.48331˚
W 079.38183˚
Carbonton 2 – Left bank (facing downstream) at inside bend of Horseshoe, about 1 mile
downstream from confluence with McLendon Creek (10/10/05; 1:00 pm)
N 35.45689˚
W 079.37730˚
Carbonton 3 – Left bank (facing downstream) at inside bend about 0.3 miles
downstream from Adam Riggsbee’s secondary veg site (10/11/05; 9:40 am)
N 35.47768˚
W 079.35184˚
Carbonton 4 – Right bank (facing downstream) at inside bend just upstream of boat
ramp (10/10/05; 3:15 pm)
N 35.51424˚
W 079.35104˚
Carbonton 5 – Left bank (facing downstream) near Adam’s primary veg site between
Hwy 42 bridge and dam (10/11/05; 10:30 am)
N 35.52015˚
W 079.34752˚
Carbonton 6 – Right bank (facing downstream) in front of powerhouse (10/11/05; 12:30 pm)
N 35.51958˚
W 079.34750˚
Carbonton 7 – Right bank (facing downstream) at inside bend between boat ramp and
Hwy 42 bridge (10/11/05; 1:00 pm)
N 35.51955˚
W 079.34905˚
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Figure 1. Deep River Sediment Sampling Points, October 2005
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Figure 2 (a-h). Elemental contaminant concentrations of sediments collected within the Carbonton
Dam impounded reach. For each element, results are compared to threshold-effects concentration
(TEC) guidelines of MacDonald et al. (2000) -- values below which adverse effects to sensitive
aquatic organisms should not occur, and probable effects concentrations (PECs) -- values above
which adverse effects to sediment dwelling organisms may be expected. Figure g) also has a
“median effects concentration” (MEC), the geometric mean of the TEC and PEC, for reference.
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provided are the sample-specific detection limits (i.e., arsenic and cadmium are known to be less
than these values)
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Figure 2 (cont.)
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Figure 2 (cont.)
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Figure 2 (concluded)

g) Nickel Concentrations
PEC = 48.6

Nickel (ppm, dry weight)

50
40

MEC = 33.2

30

TEC = 22.7

20
10
0

1

2

3

4

5

6

7

Carbonton Impounded Reach Sediment Sample ID#

h) Zinc Concentrations
Zinc (ppm, dry weight)

500
450
400
350
300
250
200
150
100
50
0

PEC = 459

TEC = 121

1

2

3

4

5

6

7

Carbonton Impounded Reach Sediment Sample ID#

10

Appendix A. Analytical Chemistry Report and Chain of Custody Forms

APPENDIX D: AS-BUILT DRAWINGS

Carbonton Dam Mitigation Report

Chatham, Lee, and Moore Counties, North Carolina
Appendix D

AS BUILT DRAWING
(N.I.C.)

Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

307B Falls Street
Greenville, South Carolina 29601
(864) 271-9598 Fax (864) 271-4135
www.miloneandmacbroom.com



AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

JD

LEE & CHATHAM COUNTIES, NORTH CAROLINA

307B Falls Street
Greenville, South Carolina 29601
(864) 271-9598 Fax (864) 271-4135
www.miloneandmacbroom.com



DEEP RIVER
CARBONTON DAM RESTORATION SITE

SPILLWAY DEMOLITION
KWK

JGM

AS SHOWN
DEC 13, 2005

AS BUILT DRAWING
Issued

2691-01

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

demo.dwg

8 of 11

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

AS BUILT DRAWING
Issued

5 / 19 / 06

This sheet depicts “record conditions” obtained from the contractor,
Backwater Environmental, and the owner's surveyor, K2 Design, Inc.,
and as observed in the field. Milone & MacBroom, Inc. does not
attest to the accuracy of information obtained from others.

APPENDIX E: SECTION 7 COORESPONDENCE

Carbonton Dam Mitigation Report

Chatham, Lee, and Moore Counties, North Carolina
Appendix E

APPENDIX F: SECTION 106 COORESPONDENCE

Carbonton Dam Mitigation Report

Chatham, Lee, and Moore Counties, North Carolina
Appendix F

MITIGATION PLAN - ADDENDUM
FULL DELIVERY PROJECT TO PROVIDE STREAM RESTORATION
CAPE FEAR RIVER BASIN CATALOGING UNIT 03030003
CARBONTON DAM – DEEP RIVER WATERSHED
RESTORATION SITE
Chatham, Lee, and Moore Counties, North Carolina

PREPARED FOR:

NCDENR - ECOSYSTEM ENHANCEMENT PROGRAM
1652 Mail Service Center
Raleigh, North Carolina 27699-16152

AUGUST 2006

.

_____________________________________________________________________________________

MITIGATION REPORT – ADDENDUM
CARBONTON DAM – DEEP RIVER WATERSHED
RESTORATION SITE

The following are responses to the North Carolina Ecosystem Enhancement Program’s (EEP) comments
(dated July 28, 2006, see attached) concerning the Carbonton Dam– Deep River Watershed Restoration
Site Mitigation Plan (dated June 2006) prepared by Restoration Systems, LLC (RS) and EcoScience
Corporation (ESC). EEP comments are in bold.
The EEP requests the following information be submitted as addenda to the mitigation plan:
1. A table of habitat assessment results from pre-dam removal.
Habitat assessment data was collected at all monitoring stations prior to dam removal to evaluate aquatic
habitat to support improvement in community populations. The North Carolina Division of Water Quality
Habitat Assessment Field Data Sheet was completed to evaluate the quality and character of the sampled
habitat niches and to provide a comparable score that describes the habitat available at each station.
Habitat assessment data will be collected throughout the monitoring period at all monitoring stations to
support success evaluation for the improved biotic community. Table A of this Addendum displays the
habitat assessment results from pre-dam removal monitoring (Year 2005).
2. A table of fish, snail, and mussel results from pre-dam removal.
Fish, mussel, and snail sampling was performed by The Catena Group during the pre-dam removal Year
2005 sampling period. Sampling will be performed throughout the monitoring period to support success
evaluation for the improved aquatic community. The Catena Group has provided the ensuing text that
includes tables of pre-dam removal sampling results for fish, mussels, and snails.
3. A map showing the locations for all of the above sample sites (pre-dam removal).
Monitoring activities described in the Mitigation Plan for pre-dam removal sampling stations are mapped
on Figure 3 of the Mitigation Plan. Monitoring activities will be performed throughout the monitoring
period at the same station locations shown in Figure 3. The field effort for all monitoring stations consists
of one of the four following combinations as displayed in Figure 3: General data collection and Crosssection, Cross-section and Fish/Mussel/Snail Sampling, Cross-section and Macroinvertebrate sampling,
and Fish/Mussel/Snail Sampling.
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Table A. Habitat Assessment Results for Pre-Dam Removal Monitoring
Impounded Stations
NCDWQ Habitat
Station
Assessment Field Data
Sheet Score
1
28
2
38
3
45
4
45
5
43
6
37
7
36
8
47
9
39
10
59
11
53
20
28
21
18
22
23
23
30
24
37
27
47
29
43
30
53
31
48
32
38
34
50
36
31
38
50
40
51
41
42
42
49
43
42
47
56
48
46
49
46
50
51
51
50
MEAN
42.39
SCORE

Reference Stations
NCDWQ Habitat
Station
Assessment Field Data
Sheet Score
12
75
14
39
15
58
16
59
17
48
18
55
19
61
25
54
26
58
33
76
35
42
37
65
39
53
44
63
45
61
52
76
53
76
54
53
MEAN
59.56
SCORE
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Carbonton Dam –Deep River Watershed Restoration Site
Pre-Removal Aquatic Species Surveys
Prepared By: The Catena Group

1.0 INTRODUCTION
The impacts to aquatic fauna from artificial impoundments are well documented. Dams
have been shown to result in declines in fish biodiversity and fisheries (Nehlsen et al.
1991, Martinez et al. 1994, Moyle and Leidy 1992, LaRoe et al. 1995, Quinn and Kwak
2003, Santucci et al. 2005; and others) and are identified as a major factor in the decline
of freshwater mussels (Williams et al., 1993 Bogan 1993, Neves 1993). The construction
of dams can indirectly impact freshwater mussel species, which require fish hosts to
complete their life cycles, by posing a barrier to fish migration. The construction of the
Petitcodiac River Causeway in 1968, resulted in the extirpation of the dwarf
wedgemussel (Alasmidonta heterodon) from Canada, because the causeway restricted the
migration of the diadromous Inner Bay of Fundy stock of Atlantic salmon (Salmo salar),
which serves as the fish host for the dwarf wedgemussel in this region (Locke et al.
2003). Fish populations can also be greatly impacted by dam construction reducing both
numbers and biodiversity (Nehlsen et al. 1991, Moyle and Leidy 1992 LaRoe et al. 1995,
Santucci et al. 2005). Dam construction on the Cape Fear River system has been
identified as the most significant factor causing the decline of the federally endangered
Cape Fear shiner (Notropis mekistocholas) and has resulted in isolation of the remaining
populations (USFWS 1988). Morita and Yokota (2002) showed that damming of
waterways in Japan created population isolation of many fish species including the whitespotted char (Salvelinus leucomaenis) and that most of the small fragmented populations
were not viable.
Restoration Systems, LLC (RS) is coordinating the demolition and removal of Carbonton
Dam, a hydro facility located on the Deep River along the Chatham/Lee/Moore county
line, with the goal of restoring the impounded stretch of the Deep River and its tributaries
to pre-impoundment conditions. The existing dam currently separates two populations of
the Cape Fear shiner. The removal of Carbonton dam is projected to result in the
restoration of more than 9.5 river miles (RM) of the mainstem Deep River; significant
portions of three major tributaries, McLendons Creek, Big and Little Governors Creeks;
as well as fifteen smaller tributaries within the Cape Fear River Basin. The dam removal
project is anticipated to restore significant additional, habitat for the federally endangered
Cape Fear shiner, several species of rare mussels, and other riverine aquatic species. The
project is expected to serve as a mitigation bank for future activities within the Cape Fear
River Basin.
Based on the restoration success criteria recommended by the U.S. Fish and Wildlife
Service (FWS), the expectations of the interagency dam removal task force, and the goals
of RS, documenting the effectiveness of the restoration initiative requires that a baseline
of existing aquatic fauna within the project area be established and then monitored for
changes in composition after the dam is removed. Meeting this goal involves two phases:
Phase I. Pre-dam removal surveys in order to establish a baseline of fish, mussels, and
macro-snails present in impounded and nearby free-flowing reaches.
Phase II. Post-dam removal surveys in the restored reaches to detect/document changes
in fish, mussel, and macro-snail composition for a five-year period.

The Catena Group, Inc. (TCG) was contracted by RS to complete the Phase I aquatic
fauna surveys for the project. This report provides a detailed summary of the survey
efforts undertaken for this project.
2.0 TARGETED RARE AND PROTECTED SPECIES DESCRIPTIONS
Since rare and protected species restoration is one of the criteria that may be used to
determine the success of dam removal, the following rare species with the potential to
occur within the Cape Fear River Basin, were targeted for this study (Table 1).
Descriptions of these federally protected, Federal Species of Concern (FSC), and North
Carolina-state listed species are provided below.
Table 1. Rare Aquatic Species Documented from Upper Cape Fear River Basin
Scientific Name
Alasmidonta undulata
Alasmidonta varicosa
Amboplites cavifrons**
Elliptio roanokensis
Etheostoma collis
Fusconaia masoni
Lampsilis cariosa
Lasmigona subviridis
Moxostoma sp. 3
Strophitus undulatus
Toxolasma pullus
Villosa constricta
Villosa delumbis
Villosa vaughniana

Common Name
triangle floater
brook floater
Roanoke bass
Roanoke slabshell
Carolina darter
Atlantic pigtoe
yellow lampmussel
green floater
Carolina redhorse
creeper
Savannah liliput
notched rainbow
Eastern creekshell
Carolina creekshell

Taxa
Group
Mussel
Mussel
Fish
Mussel
Fish
Mussel
Mussel
Mussel
Fish
Mussel
Mussel
Mussel
Mussel
Mussel

Federal
Status*
~
FSC
FSC
~
FSC
FSC
FSC
FSC
FSC
~
FSC
~
~
FSC

NC
Status*
T
E
SR
T
SC
E
E
E
PE
T
E
SC
SR
E

* Federal and North Carolina status defined in Appendix A
** Not native to basin

2.1 Targeted Federally Protected Species
Notropis mekistocholas (Cape Fear shiner)
Status: Endangered
Listed: September 26, 1987
Characteristics
The Cape Fear shiner is a small, moderately stocky Cyprinid described by Snelson
(1971). The fish’s body is flushed, pale, silvery, yellow, with a black band running along
the side. The fins are yellowish and somewhat pointed. The upper lip is black and the
lower lip bears a thin black bar along its margin.

The Cape Fear shiner is distinguished from all other Notropis by having an elongated
alimentary tract with two convolutions crossing the intestinal bulb. This is believed to be
an adaptation for herbivorous feeding (Snelson 1971, USFWS 1988).
Distribution and Habitat Requirements
Current distribution of the Cape Fear shiner is limited mainly to small stretches of the
Deep, Haw, and Rocky rivers of the Cape Fear River basin. It is possible that it has
always been rare and restricted in range; however a reduction in the historical range has
been demonstrated (USFWS 1988). Approximately 17 RM of the Deep, Haw, and Rocky
Rivers have been designated as federal Critical Habitat for the Cape Fear shiner (50 CFR
Vol. 52 No. 186).
Typical habitat for the Cape Fear shiner has been described as slow pools, riffles, and
slow runs over gravel, cobble, and boulder substrates (Snelson 1971, Pottern and Huish
1985). It has been suggested that essential spawning habitat for this species is associated
with water willow (Justicia americana) beds, as Catch per Unit Effort (CPUE) were
higher in water willow beds (NCWRC 1995), however recent micro-habitat studies did
not support an association with water willow during the spawning season (Howard 2003).
Water willow may still provide protection from predators as well as water velocity
refugia for depositing eggs (Howard 2003).
Threats to the Species
The restricted range and small population sizes make this species vulnerable to
catastrophic events, such as toxic chemical spills (USFWS 1988). Inundation of habitat
and restriction of flow regimes, which have resulted from multiple dam construction
projects in the Cape Fear system, is likely the most significant factor that contributed to
the species decline (USFWS 1988). Sedimentation of habitat, particularly that of water
willow beds, also threatens the species.
2.2 Targeted Federal Species of Concern
Federal Species of Concern (FSC) are defined as species that are under consideration for
listing as Threatened and Endangered, but for which there is insufficient information to
support the listing. FSCs are not afforded protection under the Endangered Species Act
and are not subject to any of its provisions, including Section 7, until they are formally
proposed or listed as Threatened or Endangered. However, since the status of these
species is subject to change, FSCs should be included for consideration during the
planning process of a project in the event that they become listed.
2.2.1 Alasmidonta varicosa (brook floater)
Federal Status: Federal Species of Concern
State Status: Endangered

Characteristics
Shells of the brook floater are long and rhomboid in outline with a yellowish to greenish,
smooth perisotracum. Shell surfaces are partly to completely covered with dark, greenish
rays which become obscured with age. The posterior slope of the shell is flattened and
slightly concave with numerous, low corrugations or varicose ridges.
Distribution and Habitat Requirements
Described by Lamarck (1819) from the Schuylkill River in Philadelphia County,
Pennsylvania, this species ranges from the lower St. Laurence River basin, south to the
Atlantic drainages of South Carolina. It is found in riffle habitats in small streams to
moderate-sized rivers, usually associated with gravel/cobble substrate in strong current.
Threats to Species
While still common in some areas, the species has experienced significant declines
throughout its range. Like with many freshwater mussel species, the cumulative effects
of several factors, including sedimentation, point and non-point discharge, and stream
modifications (impoundments, channelization, etc.) have contributed to the decline of this
species throughout its range. This species is listed as Endangered1 in North Carolina
2.2.2 Ambloplites cavifrons (Roanoke bass) Cope 1868
Federal Status: Federal Species of Concern
State Status: Significantly Rare
Characteristics
This member of the sunfish family (Centrachidae) was described from the head waters of
the Roanoke River, in Virginia by Cope (1868). Along with the similar rock bass
(Ambloplites rupestris), it is often referred to as “redeye bass, or “goggle eye”, as it has a
large red eye. The Roanoke bass has large terminal mouth with a short (150-235 SL),
robust body, that is dark olive brown in color, with many dark spots and lateral stripes
that are silvery to pale-green. It has five to six (usually six) anal spines (most centrachids
have three), and a rounded pectoral fin. It is a popular “game” fish in some areas of its
range.
Distribution and Habitat Requirements
This species has a relatively small native range, being known from the Chowan and
Roanoke River Basins in Virginia south through the Tar-Pamlico and Neuse River Basin
in North Carolina (Lee et al. 1980). This species was stocked into the upper Cape Fear
River Basin between 1973, and 1975, by the NCWRC (Menhinick 1991). Although
1

North Carolina Listed Endangered (E) defined as a species that is in danger of extinction throughout all
or a significant portion of its range

stocking was discontinued, a reproducing population persists in the Deep River
(Menhenick and Braswell 1997). It occurs in medium size streams to large rivers, but has
experienced major declines throughout much of its range and has been extirpated from
the upper Roanoke.
Threats to Species
The decrease in range and population numbers of this species has been attributed to
impoundments, pollution, and siltation of habitats (Jenkins and Burkhead 1993). The
extirpation from the upper Roanoke is suggested to be attributable to the introduction of
the rock bass into this area (Jenkins and Burkhead 1993). It is considered Significantly
Rare in North Carolina.
2.2.3 Etheostoma collis (Hubbs and Cannon 1935) pop 2 (Carolina darter-eastern
Piedmont population)
Federal Status: Federal Species of Concern
State Status: Special Concern
Characteristics
The Carolina darter (a small fish) was described in South Carolina (Hubbs and Cannon
1935). Three allopatric taxa have been recognized in the E. collis group (Collette 1962):
E. collis lepidinion in the Roanoke, Neuse, and Cape Fear drainages, E. c. collis in the
Pee Dee drainage and the Catawba system of the Santee drainage; and E. saludae from
the Saluda system of the Santee drainage. Jenkins and Burkhead (1993) noted that no
populations from individual drainages exhibit distinctive taxonomic characters, and thus,
use the name E. collis for the broadened species. In North Carolina, two populations are
recognized (LeGrand et al. 2004): population 1 (central Piedmont population), which
corresponds to E. c. collis and population 2 (eastern Piedmont population), which
corresponds to E. c. lepidinion.
The Carolina darter is a small (31-60 mm) nondescript darter that has a yellow-brown
body covered in eight to fourteen dark blotches along the midside, with a yellowish white
venter. Its eyes are nearly on the top of its head and it has a rounded caudal fin with three
dark blotches at the base.
Distribution and Habitat Requirements
This population of the Carolina darter (eastern Piedmont) ranges from the Roanoke River
Basin south to the Cape Fear River Basin in North Carolina. It inhabits small to
moderate size streams and small rivers, in areas of low current velocity. Preferred
substrate is usually characterized as sand or mud, usually in or near aquatic vegetation
(Rhode et al. 1994).

Threats to Species
Geographic isolation in addition to threats from development, water quality impacts, and
habitat alterations (channelization, impoundments, etc.) has been identified as threats to
this species (Warren et al. 2000). This species is of Special Concern in North Carolina.
2.2.4 Fusconaia masoni (Atlantic pigtoe) Conrad 1834
Federal Status: Federal Species of Concern
State Status: Endangered
Characteristics
The Atlantic pigtoe (a mussel) was described by Conrad (1834) from the Savannah River
in Augusta, Georgia. Shells of the Atlantic pigtoe are subrhomboidal in outline, with a
parchment-like yellow to dark brown periostracum. The posterior ridge is very distinct,
and the umbos extend well above the dorsal margin.
The Atlantic pigtoe is a tachytictic (short-term) breeder, brooding young and releasing
glochidia in early summer. The bluegill (Lepomis macrochirus) and shield darter
(Percina peltata) have been identified as potential fish hosts for this species (O’Dee and
Waters 2000).
Distribution and Habitat Requirements
The Atlantic pigtoe ranges from the Ogeechee River Basin in Georgia north to the James
River Basin in Virginia. It occurs in medium size streams to large rivers, but has
experienced major declines throughout its entire range. The preferred habitat for this
species is a substrate composed of gravel and coarse sand, usually at the base of riffles;
however, it can be found in a variety of other substrates and habitat conditions (personal
observations).
Threats to Species
Threats to this and many other freshwater mussel species are similar to those described
above for the brook floater. Williams et al. (1993) list this species as Endangered. There
appears to be sufficient data to warrant elevation of the Atlantic pigtoe to Candidate
status in the very near future (John Fridell, Recovery Biologist USFWS, Personal
Communication). It is listed as Endangered in North Carolina.
2.2.5 Lampsilis cariosa (yellow lampmussel) Say 1817
Federal Status: Federal Species of Concern
State Status: Endangered

Characteristics
The yellow lampmussel (a mussel) was described by Say (1817) from the Schuykill River
near Philadelphia, Pennsylvania (Say 1817). The waxy-yellow shell is obovate in
outline, with a rounded anterior margin and slightly curved posterior margin and is rarely
rayed. Like other members of this genus, this species is sexually dimorphic, with the
shell of the male being more elongate and the female more rounded, particularly in the
posterior margin.
Distribution and Habitat Requirements
The yellow lampmussel extends from the Ogeechee River in Georgia north to Nova
Scotia, Canada, and westward in the St. Lawrence River Basin to the lower Ottawa River
and Madawaska River drainages, Canada (Johnson 1970). It occurs in small size streams
to large rivers, but has experienced major declines throughout its entire range. The
preferred habitat for this species is a substrate composed of sand and gravel, but it may
also occur in substrates of silt, cobble, and bedrock crevices.
Threats to Species
Threats to this and many other freshwater mussel species are similar to those described
above for the brook floater. Williams et al. (1993) list this species as Endangered
throughout its range. It is listed as Endangered in North Carolina.
2.2.6 Lasmigona subviridis (green floater) Conrad 1835
Federal Status: Federal Species of Concern
State Status: Endangered
Characteristics
The green floater (a mussel) was described by Conrad (1835) from the Schuykill River in
Lancaster County Pennsylvania. The small mussel species has a thin slightly inflated
subovate shell that is narrower in front, higher behind. The dorsal margin forms a blunt
angle with the posterior margin. The shell is dull yellow or tan to brownish green,
usually with concentrations of dark green rays.
Distribution and Habitat Requirements
The green floater occurs along the Atlantic slope from the Savannah River in Georgia
north to the Hudson River in New York, as well as in the “interior” basins (New,
Kanawah, and Wataugua Rivers) of the Tennessee River basin. It occurs in small size
streams to large rivers, in quiet waters or pools, or eddies, with gravel and sand
substrates. It has experienced major declines throughout its entire range.

Threats to Species
Threats to this and many other freshwater mussel species are similar to those described
above for the brook floater. Williams et al. (1993) list this species as Threatened. It is
listed as Endangered in North Carolina.
2.2.7 Moxostoma sp 3 (Carolina redhorse)
Federal Status: Federal Species of Concern
State Status: Proposed Endangered
Characteristics
This undescribed species of sucker is most closely related to the golden redhorse
(Moxostoma erythrurum). Like other members of the genus it has a large horizontal
mouth with fleshy lips, with 12 rows of scales around the caudal peduncle. It has a long
slender body, with light orange pectoral, anal and pelvic fins. The taxonomy and life
history of this species is being studied by R.E. Jenkins of Roanoke College.
Distribution and Habitat Requirements
The Carolina redhorse appears to be restricted to a relatively short reach of the Great Pee
Dee River in North Carolina and South Carolina and the Deep River of the Cape Fear
River Basin in North Carolina. Very little is known of its habitat requirements other than
it is found in medium-sized rivers with moderate gradient, usually in deep pools.
Threats to Species
Given its limited natural distribution, and the degree of habitat modification that has
taken place in the Pee Dee and Cape Fear River basins, the Carolina redhorse is highly
vulnerable to extinction (Wayne Starnes NCSM, personal communication). This species
is considered a G1 species (Globally Imperiled) and warrants federal protection
(NatureServe 2006).
The undescribed Carolina redhorse is known from the Yadkin-Pee Dee and Cape Fear
River basins in North Carolina. Comparative studies are being conducted by Robert
Jenkins of Roanoke College and Wayne Starnes of the North Carolina State Museum of
Natural Sciences (NCSM) in order to formally describe this species (R.E. Jenkins and
Wayne Starnes, personal communication). Currently, the best known population is from
the Deep River near the project area. Based on its apparent restricted range and current
threats, the Carolina redhorse merits endangered status (John Fridell USFWS personal
communication). The Carolina redhorse is currently considered State Rare (Proposed
Endangered) in North Carolina.

2.2.8 Toxolasma pullus (Savannah liliput)
Federal Status: Federal Species of Concern
State Status: Endangered
Characteristics
This species was described by Conrad (1838) from the Watree River, South Carolina
(Johnson 1970). This very small mussel reaches a maximum size of 35 mm TL. Like
other members of this genus, this species is sexually dimorphic, with the shell of the male
being more elongate and pointed, and the female more rounded and truncate in the
posterior margin. The ventral margin is generally straight in males, and rounded in
females. The periostracum is usually blackish, or olivish with obscure fine green rays.
The nacre of the shell is bluish white with a purplish iridescence.
Distribution and Habitat Requirements
The Savannah liliput ranges from the Altamaha River Basin in Georgia to the Neuse
River Basin in North Carolina. It may be extirpated from the Neuse River Basin (Bogan
2002). This species is typically found near the banks of streams and ponds in mud or
sandy substrate.
Threats to Species
Threats to this and many other freshwater mussel species are similar to those described
above for the brook floater. Williams et al. (1993) lists this species as Threatened. It is
considered Endangered in North Carolina.
2.2.9 Villosa vaughniana (Carolina creekshell)
Federal Status: Federal Species of Concern
State Status: Endangered
Characteristics
This species was described from Swaney’s Creek near Camden, South Carolina (Lea
1838). Like other members of this genus, this species is sexually dimorphic, with the
shell of the male being more elongate, and the female more inflated and rounded in the
posterior margin. The periostracum is usually dark yellow brown with many green,
unbroken rays. The shell of this species is generally thicker, with more prominent
pseudocardinal teeth than the similar eastern creekshell.
Distribution and Habitat Requirements
The Carolina creekshell ranges from the Santee River Basin in South Carolina north to
the Cape Fear River Basin in North Carolina. This species is typically found near the
banks in shaded shallow pools of small streams and in muddy or silty gravel (Bogan and
Alderman 2004).

Threats to Species
Threats to this and many other freshwater mussel species are similar to those described
above for the brook floater. Williams et al. (1993) lists this species as Special Concern.
It is considered Endangered in North Carolina.
2.3 Targeted State Listed and Rare Species
North Carolina Endangered, Threatened and Special Concern species have legal
protection status in North Carolina under the State Endangered Species Act administered
and enforced by the North Carolina Wildlife Resources Commission. Species listed as
Significantly Rare and Watch List species are not afforded any protection.
Alasmidonta undulata (triangle floater)-This mussel species was described from the
Schuykill River near Philadelphia (Say 1817). Its range extends from the Catawba River
in North Carolina north to the lower St. Lawrence River. The shell shape is subtriangular
to ovate and inflated. The anterior and ventral shell margins are rounded. The
periostracum is yellowish green with broad green or black rays. This species is
considered Special Concern throughout its range (Williams et al. 1993). It is considered
Threatened in North Carolina.
Elliptio roanokensis (Roanoke slabshell)-The Roanoke slabshell was described from the
Roanoke River (exact location unknown) by Lea (1838). The reported range of this
mussel species extends from the Connecticut River in Massachusetts south to the
Savannah River in Georgia (Walter 1954). Based on shell morphologies, Johnson (1970)
synonimized this and 100 other species into the Elliptio complanata complex, however it
is now widely recognized as being a valid species. The periostracum is generally very
smooth, often with placations (furrows), and reddish yellow in color. Shells of this
species reach lengths exceeding 150 mm. This species is listed as Threatened in North
Carolina. Williams et al. (1993) list this species as Special Concern.
Strophitus undulatus (creeper)-This mussel species was described from the Schuykill
River near Philadelphia (Say 1817). Its range extends from throughout much of the
Interior River Basin and Atlantic Slope regions. The shell is elliptical to rhomboid in
outlined and somewhat inflated. The anterior end is rounded and the posterior end is
bluntly pointed. The periostracum is yellowish green to brown, with dark green rays.
Williams et al. (1993) consider this species to be Stable; however it is considered
Threatened in North Carolina.
Villosa constricta (notched rainbow)-This mussel species was described by Conrad
(1838) from the North River in Rockbridge County Virginia. It is reported to occur from
the James River Basin in Virginia south to the Catawba River Basin in North Carolina
(Johnson 1970). The shell is fairly small and short, and sub elliptical in outline. The
beaks are generally not elevated. The periostracum is shiny yellowish green to black
occasionally having dark green rays. Like other members of the genus, the notched
rainbow is sexually dimorphic, however the marsupial swelling of the females is

generally small compared to other species. Williams et al. (1993) lists this species as
special concern. It is also considered Special Concern in North Carolina.
Villosa delumbis (eastern creekshell)- This mussel species, described by Conrad (1834)
from small streams near the Cooper River, South Carolina, ranges from Ocmulgee River,
Georgia north to the Cape Fear River in North Carolina. It has a generally thin shell that
is ovate in outline. Like other members of this genus, this species is sexually dimorphic,
with the shell of the male being more elongate, and the female more rounded and
swollen, particularly in the posterior margin. The periostracum is yellow with numerous
green rays that are broken along the prominent growth lines. Williams et al. (1993)
consider this species to be stable; however it is considered Significantly Rare in North
Carolina.
3.0 SURVEY EFFORTS
Pre Survey Investigation
Prior to conducting field surveys, a review was conducted of previous surveys in the
project area. The North Carolina Natural Heritage Program (NCNHP) systematic
inventory (database) of rare plant and animal species, NCWRC database of North
Carolina fauna, and other available biological inventories conducted within the project
area were consulted.
The pre-survey database search revealed records of Cape Fear shiner, Carolina redhorse,
yellow lampmussel, and notched rainbow in the Deep River both upstream and
downstream of the Carbonton dam. The Carolina redhorse has also been documented
within the impounded portion of the Deep River, and the Atlantic pigtoe has been
recorded upstream of the impoundment.
Aquatic Surveys
Surveys for freshwater mussels, fish, and snails were conducted April-October, 2005, by
the following personnel from The Catena Group on the listed dates:
Tom Dickinson – 4-20, 4-22, 5-5, 5-25, 6-1, 8-25, 8-26
Tim Savidge – 4-20, 4-22, 5-5, 5-25, 10-20, 10-22
Shay Garriock – 5-5, 6-1, 8-25, 8-26
Michael Wood – 6-1
Sharon Snider – 4-20
Kate Montieth – 4-22, 8-25, 8-26
Steve Melin – 5-25, 10-20
Alex Adams – 10-20
Chris Sheats -10-22

The surveys were conducted at 18 sampling locations (listed in Table 2 by general site
location, survey date, survey type, and GPS location). Figure 1 shows the approximate
midpoints of each survey location listed in Table 2.
Table 2. Pre Dam Removal Survey Locations
TCG
Site #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Site Location
Deep River-upstream-1 (Howard
Mill Rd)
Deep River-upstream-2 (Island
Channel/Howard Mill Rd)
Deep River-upstream-3 (NC 22)
Deep River-upstream-4 (Tyson’s
Creek)
Deep River-upstream-5 (GlendonCarthage Rd)
Deep River-impoundment-1
Deep River-impoundment-2
Deep River-impoundment-3
Deep River-impoundment-4
Deep River-downstream-1
(Tailrace)
Deep River-downstream-2
Deep River-downstream 3 (Plank
Road)
Deep River-downstream 4 (US
421)
Deep River-downstream 5
(Rosser/Cummock Rd)
McLendons Creek-upstream
(Cool Springs Rd)
McLendons Creek-impoundment
Big Governors Creek-upstream
(Underwood Rd)
Big Governors Creekimpoundment

Survey
Type*
M, F, S
F
M, F, S

Survey
Date(s)
8/25/2005,
10/20/2005
10/20/2005

GPS Location
35.50311ºN, -79.58303ºW
35.50162ºN, -79.58331ºW

M, F, S

8/25/2005,
10/20/2005
8/25/2005,
10/20/2005
4/20/2005

35.49102ºN, -79.41919ºW

M, S
M, S
M, S
M, S
F

4/22/2005
4/22/2005
4/22/2005
4/22/2005
5/25/2005

35.48269ºN, -79.38307ºW
35.46126ºN, -79.38965ºW
35.47855ºN, -79.35072ºW
35.49891ºN, -79.33601ºW
35.5198ºN, -79.34719ºW

M, F, S
M,F,S

35.52488ºN, -79.33158ºW
35.55487ºN, -79.28666ºW

M, F, S

5/25/2005
8/26/2005,
10/22/2005
8/26/2005,
10/22/2005
8/26/2005,
10/22/2005
5/5/2005

35.44977ºN, -79.42318ºW

M, S
M, F, S

6/1/2005
5/5/2005

35.45894ºN, -79.39803ºW
35.4583ºN, -79.36951ºW

M, S

6/1/2005

35.47434ºN, -79.3564ºW

M, F, S

M,F,S
M,F,S

35.47842ºN, -79.52077ºW
35.49417ºN, -79.44673ºW

35.54573ºN, -79.25275ºW
35.56945ºN, -79.24425ºW

*M (mussel survey), F (Qualitative fish assessment), S (snail survey)
Survey site locations

were correlated with pre-selected data collection sites identified by
RS, when possible, although time and accessibility constraints influenced survey
locations in some instances. Most importantly, survey site locations were chosen in the
field in areas with physical characteristics that represented the best available habitat for
the target fauna. In impounded reaches, site selection was based on the presence of rock
outcrops or other indicators suggesting good habitat conditions for the target species prior
to impoundment. These sites will be established as post-removal monitoring stations.

4.0 METHODOLOGY
Aquatic species surveys were conducted at 18 sites:
• Four sites within the current reservoir pool in the Deep River created by
Carbonton Dam (Sites 6-9)
• Four sites upstream of the reservoir pool in the Deep River (Sites 1-4)
• Five sites downstream of the dam in the Deep River (Sites 10-14)
• One site within the current reservoir pool in McLendons Creek
• One site above the reservoir pool in McLendons Creek
• One site within the current reservoir pool in Big Governors Creek
• One site above the reservoir pool in Big Governors Creek (Figure 1).
Power boat and canoe were used to access many of the sites, while the other sites were
accessed via bridge crossings or other access points (e.g. public park access, dam site).
Typically a three-person survey team was used to perform the aquatic inventories at each
site. The visual survey component (primarily mussel/snails) of the inventory surveys was
conducted first at each site, followed by the active capture (fishes) component.
The length of each survey site was approximately 200-300 feet, with the exception of Site
10, which occurred in a 30 feet length of the tailrace immediately below the dam, in very
swift current. Due to the high water velocity only active capture (fish) surveys were
conducted at this site. The midpoints of each survey site were recorded using a hand-held
Garmin etrex Vista GPS unit.
4.1 Visual (SCUBA, Mask/Snorkle and Bathyscope) Methods
Specific visual searches were conducted for freshwater mussels, fish, and freshwater
snails. The survey team spread out across the stream into survey lanes to provide total
width coverage as they ascended the stream. All appropriate habitat types within a given
survey reach were searched thoroughly via visual surveys using primarily mask/snorkel,
and occasionally glass bottom buckets (bathyscopes) in the shallow water habitats and
SCUBA at the sites in the impounded reach (Sites 6-9, 16,18). Tactile methods were also
employed when appropriate. Where SCUBA was used, one of the three person survey
team members provided surface support to the divers.
All species of freshwater bivalves were recorded and returned to the substrate. Searches
were also conducted for relict shells. The presence of a shell was equated with presence
of that species, but not factored into the Catch per Unit Effort (CPUE), which is defined
as the number of individuals found per person hour of search time. All species that are
monitored by the NC Natural Heritage Program (NCNHP) were measured (total length).
Snails were hand picked from rocks and woody debris. Dip nets were used, where
appropriate, to sift through leaf packs. Following each timed search, collected snails
were identified to the species level and each species was assigned a relative abundance
rating to correspond to the survey site.

Active searches for mussels and snails were also conducted by turning over rocks and
lifting submerged rootmats. Each person conducting visual surveys also used small
hand-held dip nets, or mesh bags to capture species. All fish species captured or
observed using these methods were identified and recorded with notes made regarding
their relative abundances.
4.2 Active Capture (Seine Netting/Dip Netting/Hook and Line) Methods
After visual surveys were completed, a combination of seine netting and hand-held dip
netting was used to capture fish. These methods were used at each of the upstream and
downstream survey sites (Sites 1-5, 10-15, 17). Active capture fish surveys were not
conducted within the impounded locations, as water depths were too deep to employ
similar methodologies as those used at the other sites. Additionally, it was determined in
conjunction with USFWS that these lentic areas contain a predictable suite of
impoundment-adapted species and therefore would not require an initial inventory. Fish
species observed while conducting visual surveys within the impounded sites were
recorded and assigned a relative abundance based on the number of individuals seen at
the site.
As with the visual surveys, the survey team began at the downstream point of the survey
site and proceeded upstream. Seine netting was the primary method used to sample fish,
as it is the most effective survey method for the targeted Cape Fear shiner. Seine netting
is an effective method in shallow riffles and runs, as well as shallow pools; generally the
preferred habitat of the Cape Fear shiner. This method is not as effective in deeper pools
or riffles with a very strong current, therefore fish species preferring these habitats were
not effectively sampled. Other sample methods included capturing fish in hand held dip
nets against shoreline or bottom structure as well as visual census surveys. Visual survey
census methods using mask/snorkel were also employed. These methods often provide
more accurate estimates on abundance of some species than more traditional methods,
such as mark recapture and depletion (Hankin and Reeves 1988, personal observations).
All habitat types present in each survey reach were sampled using the following method,
surveyors moving upstream at 3-4 meter intervals until the entire length of the habitat
type (riffle/run, pool) was sampled. This process was performed in the middle of the
channel and close to each bank, in order to survey the entire habitat. This method was
effective in riffle and run habitats of shallow to moderate depths, but was fairly
ineffective in deep runs, and wide deep pools.
All captured fish were placed into a water bucket until they could be identified, counted,
and released. The length of time necessary to identify, count, and release the fish
depended upon the number of fish in the bucket and their condition. Any fish that did not
recover from the sampling were preserved in 95% ethanol. Habitat notes were recorded
at each collection site. A relative abundance was assigned to each species captured or
observed at each site.

Hook and line fishing with spinner baits was also employed at a few locations. This was
not a primary method of sampling and mainly used for recreation while accessing survey
sites and during the time between Visual and Active Capture Methods. It did not produce
any species that were not detected using other sampling methods.
5.0 RESULTS
A total of 32 fish species, at least 16 freshwater mussel species, 4 aquatic snail species,
and 2 freshwater clam species were located during the combined survey efforts (Table 3).
Mussels were found at all sites that were surveyed for mussels except the impounded
section of Big Governors Creek (Site 18). Mussel surveys were not conducted at the
Tailrace site (Site 10) or the Deep River Island Channel-upstream (Site 2); however,
relict shells of mussels were observed at these two sites. The Cape Fear shiner, was
located at two upstream sites in the Deep River (Sites 1 and 3) and two sites in the Deep
River downstream of the dam (Sites, 10 and 13).
Table 3. Aquatic Species Found in Carbonton Dam Pre-Removal Surveys
Scientific Name
Freshwater Mussels
Alasmidonta undulata
Alasmidonta varicosa
Elliptio angustata
Elliptio complanata*
Elliptio icterina*
Elliptio producta
Elliptio roanokensis
Elliptio sp.
Elliptio spp.*
Lampsilis cariosa
Pyganadon cataracta
Strophitus undulatus
Toxolasma pullus
Uniomerus carolinianus
Utterbackia imbecillis
Villosa delumbis
Villosa vaughniana
Freshwater Snails and clams
Campeloma decisum
Corbicula fluminea
Elimia catenaria
Helisoma anceps
Hydrobidae
Psidium sp.
Freshwater Fish
Ameiurus natalis
Amboplites cavifrons
Cyprinella analostanus
Cyprinella nivea

Common Name
~
triangle floater
brook floater
Carolina lance
Eastern elliptio
variable spike
Atlantic spike
Roanoke slabshell
lanceolate elliptio
elliptio mussels
yellow lampmussel
Eastern floater
Creeper
Savannah liliput
Florida pondhorn
paper pondshell
Eastern creekshell
Carolina creekshell
~
pointed campeloma
Asian clam
gravel elimia
Two-ridge rams-horn
Hydrobiade snail
A fingernail clam
~
yellow bullhead
Roanoke bass
satinfin shiner
whitefin shiner

Sites
~
3,5,7,12
1,3,5,
14
1-17
3,5,11,14,15,17
5,6,11,15
6,11,12
6,11,12
14
1,4,5,6,11,14
7,9
1,3,4,5,
3
3,6,7,8,9,11,14,15
9
1,2,3,11,12,13,14,15
12
Sites
1,3,4,6,7,8,11,13,17
All
1,3,4,5,14
3,4
4,17
15
Sites
3
1
1,10
1,10,11,12

Dorosoma cepedianum
Erimyzon oblongus
Esox americanus
Etheostoma flabellare
Etheostoma olmstedi
Etheostoma serriferum
Fundulus rathbuni
Gambusia holbrookii
Ictaluridae
Lepomis auritus
Lepomis cyanellus
Lepomis macrochirus
Luxilus albeolus
Micropterus salmoides
Minytrema melanops
Moxostoma pappillosum
Nocomis leptocephalus
Notemigonus crysoleucas
Notropis alborus
Notropis altipinnis
Notropis amoenus
Notropis hudsonius
Notropis mekistocholas
Notropis procne
Notropis scepticus
Noturus insignis
Percina crassa
Scartomyzon sp. nov.
Semotilus atromaculatus

gizzard shad
creek chubsucker
redfin pickerel
fantail darter
tesseslated darter
sawcheek darter
speckled killifish
eastern mosquitofish
Catfish
redbreast sunfish
green sunfish
Bluegill
white shiner
largemouth bass
spotted sucker
V-lip redhorse
bluehead chub
golden shiner
whitemouth shiner
highfin shiner
comely shiner
spottail shiner
Cape Fear shiner
swallowtail shiner
sandbar shiner
margined madtom
Piedmont darter
brassy jumprock
creek chub

10
2
17
3,4,
1,2,3,4,6,11,12,13,14,15,17
17
12,13,14
1,2,3,4,5,12,13,14
6,7
2,4,5
2,3,4
1,2,3,4,5,6,7,8,11,13,15,17
1,2,15
5,6,8,9,11,13,17
2,3,4
2,3,4
2,3,10,11,15,17
10
3,4,5,10,11,12,13,14,15
1,3,4,10,11,15
10
1,2,3,4,5,10,11,12,13,14,15
1,3,10,13
1,2,3,4,5,10,11,12,13,14,15
1,2,3,4,5,10,11,12,13,14
3,5,
1,3,5,6,11,12,15
2,3
2

* Referred to collectively as Elliptio spp. at Site 14

Relative abundance for fish, freshwater snails, and freshwater clam species were
estimated using the following criteria:
• Very abundant: > 30 collected at survey station
• Abundant: 15-30 collected at survey station
• Common: 6-15 collected at survey station
• Uncommon: 3-5 collected at survey station
• Rare: 1-2 collected at survey station
• Patchy: indicates an uneven distribution of the species within the sampled site.
CPUE was calculated for each freshwater mussel species located per site and refers to the
number of individuals of that species found per one person hour of survey time. Survey
results for each site are further described below.
Site 1 (Deep River-upstream-1):
This site occurs upstream of Howard Mill Road (SR 1456) in a series of boulder and
cobble dominated riffles and runs, with small pools formed on the upstream of large
boulders. Moderate sized beds of water willow (Justichia americana) occur in much of
the surveyed site. Timed mussel searches were conducted for 5 person hours and fish

were sampled until no new species were collected (approximately 1.5 hours). The
targeted Cape Fear shiner (1 individual) and Roanoke bass (1 individual) were collected
at this site.
Table 4. Site 1: Aquatic Species Found
Scientific Name
Freshwater Mussels *
Alasmidonta undulata
Alasmidonta varicosa
Elliptio complanata
Elliptio icterina
Lampsilis cariosa
Strophitus undulatus
Villosa delumbis
Freshwater Snails and Clams
Campeloma decisum
Corbicula fluminea
Elimia catenaria
Helisoma anceps
Hydrobiidae
Freshwater Fish
Amboplites cavifrons
Cyprinella analostanus
Cyprinella nivea
Etheostoma olmstedi
Gambusia holbrookii
Lepomis macrochirus
Luxilus albeolus
Notropis altipinnis
Notropis hudsonius
Notropis mekistocholas
Notropis procne
Notropis scepticus
Percina crassa

Common Name
~
triangle floater
brook floater
eastern elliptio
variable spike
yellow lampmussel
Creeper
Eastern creekshell
~
pointed campeloma
Asian clam
gravel elimia
two-ridge rams horn
Hydrobiide snail
~
Roanoke bass
satinfin shiner
whitefin shiner
tesseslated darter
Eastern mosquitofish
Bluegill
white shiner
highfin shiner
spottail shiner
Cape Fear shiner
swallowtail shiner
sandbar shiner
Piedmont darter

Abundance
#/CPUE
1 shell
1 (0.20/hr)
210 (42.0/hr)
Shells
7 (1.40/hr)
2 (0.40/hr)
4 (0.80/hr)
Relative Abundance
patchy uncommon
Abundant
Abundant
Common
Uncommon
Relative Abundance
rare (2)
Uncommon
Uncommon
Common
Uncommon
Common
Common
Common
Common
rare (1)
Abundant
Common
Common

* The notched rainbow (Villosa constricta) recorded at this site in 1997 (Personal observations)

Site 2 (Deep River-upstream-2-(Island Channel/Howard Mill Road):
This site occurs within an overflow channel formed along the right descending bank of
the Deep River just upstream of Howard Mill Road (SR 1456) at approximately
35.5051°N, 79.5847°W. The site is connected with Site 1; however, it was treated as a
separate site due to the different characteristics than the main river channel. The island
channel receives significant flows during high water periods, but also appears to receive a
small amount of flow from the river during low flow. In addition, a small intermittent
stream joins the channel in mid course. Habitat in the channel consists of shallow riffles
and small pools of moderate (3 feet) depth. Gravel, sand, and cobble dominate the
substrate, and multiple sand/gravel bars occur throughout the channel. This is the only
location that the creek chubsucker and the creek chub were found during this survey
effort. Live freshwater mussels were not observed in this channel, however shells of the

eastern elliptio and the eastern creekshell were found. The Asian clam is fairly common
in the channel.
Table 5. Site 2: Aquatic Species Found
Scientific Name
Freshwater Mussels
Elliptio complanata
Villosa delumbis
Freshwater Snails and Clams
Campeloma decisum
Corbicula fluminea
Freshwater Fish
Erimyzon oblongus
Etheostoma olmstedi
Gambusia holbrookii
Lepomis auritus
Lepomis cyanellus
Lepomis macrochirus
Luxilus albeolus
Minytrema melanops
Moxostoma pappillosum
Nocomis leptocephalus
Notropis hudsonius
Notropis procne
Notropis scepticus
Scartomyzon sp. nov.
Semotilus atromaculatus

Common Name
~
Eastern elliptio
Eastern creekshell
~
pointed campeloma
Asian clam
~
creek chubsucker
tesseslated darter
Eastern mosquitofish
redbreast sunfish
green sunfish
bluegill
white shiner
spotted sucker
V-lip redhorse
bluehead chub
spottail shiner
swallowtail shiner
sandbar shiner
brassy jumprock
creek chub

Abundance
#/CPUE
Shells
1 shell
Relative Abundance
Uncommon
Common
Relative Abundance
rare (2)
Common
Common
rare (1)
rare (1)
rare (2)
Common
Common
rare (1)
Uncommon
Common
Common
Uncommon
Common
very abundant

Site 3 (Deep River-upstream-3):
This site occurs in the vicinity of the NC 22 crossing of the Deep River and is
characterized by a series of small vegetated islands with multiple channels. Substrate
consists of boulders and cobble, with accumulations of gravel in the shallow runs. Large
water willow beds are present throughout the site. Timed mussel searches were
conducted for 3 person hours and fish were sampled using seine netting and dipnetting
for approximately 1 hour. The targeted Cape Fear shiner was abundant in every seine
haul and the decision was made to cease survey activities at this site, to limit disturbance
to this species.

Table 6. Site 3: Aquatic Species Found
Scientific Name
Freshwater Mussels
Alasmidonta undulata
Alasmidonta varicosa
Elliptio complanata
Strophitus undulatus
Toxolasma pullus
Unimoerus carolinianus
Villosa delumbis
Freshwater Snails and Clams
Campeloma decisum
Corbicula fluminea
Elimia catenaria
Helisoma anceps
Freshwater Fish
Ameiurus natalis
Etheostoma flabellare
Etheostoma olmstedi
Gambusia holbrookii
Lepomis cyanellus
Lepomis macrochirus
Minytrema melanops
Moxostoma pappillosum
Nocomis leptocephalus
Notropis alborus
Notropis altipinnis
Notropis hudsonius
Notropis mekistocholas
Notropis procne
Notropis scepticus
Notorus insignis
Percina crassa
Scartomyzon sp. nov.

Common Name
~
triangle floater
brook floater
eastern elliptio
creeper
Savannah liliput
Florida pondhorn
Eastern creekshell
~
pointed campeloma
Asian clam
gravel elimia
Two-ridge rams horn
~
yellow bullhead
fantail darter
tesseslated darter
Eastern mosquitofish
green sunfish
Bluegill
spotted sucker
V-lip redhorse
bluehead chub
whitemouth shiner
highfin shiner
spottail shiner
Cape Fear shiner
swallowtail shiner
sandbar shiner
margined madtom
Piedmont darter
brassy jumprock

Abundance
#/CPUE
1 (0.33/hr)
4 (2/hr)
358 (119.33/hr)
2 (0.67/hr)
1 (0.33/hr)
7 (2.33/hr)
18 (6.0/hr)
Relative Abundance
Uncommon
Abundant
Abundant
patchy uncommon
Relative Abundance
rare (2)
Common
Uncommon
Common
Uncommon
Common
very abundant
rare (1)
Common
Common
Uncommon
Common
very abundant (>100)
Common
Common
Common
Common
rare (1)

Site 4 (Deep River-upstream-4):
This site occurs below the mouth of Tyson’s Creek and is characterized as a swift,
gravel/cobble dominated, run of moderate depth on the left descending side of the river,
with a small depositional island creating a shallow sand dominated run/riffle and pool
channel along the right descending bank. A large amount of coarse sand was being
carried through the site during the site visits. Timed mussel searches were conducted for
2.5 person hours and fish were sampled until no new species were collected
(approximately 1.5 hours).

Table 7. Site 4: Aquatic Species Found
Scientific Name
Freshwater Mussels
Elliptio complanata
Lampsilis cariosa
Strophitus undulatus
Freshwater Snails and Clams
Campeloma decisum
Corbicula fluminea
Elimia catenaria
Helisoma anceps
Hydrobiidae
Freshwater Fish
Etheostoma flabellare
Etheostoma olmstedi
Gambusia holbrookii
Lepomis auritus
Lepomis cyanellus
Lepomis macrochirus
Minytrema melanops
Moxostoma pappillosum
Notropis alborus
Notropis altipinnis
Notropis hudsonius
Notropis procne
Notropis scepticus

Common Name
~
eastern elliptio
yellow lampmussel
creeper
~
pointed campeloma
Asian clam
gravel elimia
two-ridge rams horn
Hydrobiid snail
~
fantail darter
tesseslated darter
Eastern mosquitofish
redbreast sunfish
green sunfish
bluegill
spotted sucker
V-lip redhorse
whitemouth shiner
highfin shiner
spottail shiner
swallowtail shiner
sandbar shiner

Abundance
#/CPUE
63 (25.2/hr)
1 (0.5/hr)
2 (0.8/hr)
Relative Abundance
patchy uncommon
Abundant
Abundant
patchy uncommon
Abundant
Relative Abundance
Uncommon
Common
Common
rare (1)
Uncommon
Common
Common
rare (1)
Common
Uncommon
Common
Common
Uncommon

Site 5 (Deep River-upstream-5):
This site included one of the first riffles upstream of the impoundment effects of the
Carbonton dam and is located in the vicinity of Glendon Carthage Road (SR 1006). The
area searched consisted of a riffle and flows into a slow moving pool of moderate depth.
Depths sampled ranged from less than one foot to approximately five feet in the pool,
however SCUBA was not necessary to effectively survey for the target mussel species.
Substrates were dominated by sand and gravel, although cobble areas were common in
the riffle. Silt-clay banks overlain with gravel and cobble were vegetated and mostly
stable, providing some of the best mussel habitat in the surveyed reach. A series of small
vegetated sand bar islands occurred in the river at this site near the left descending side of
the river. Timed mussel searches were conducted for 4.5 person hours and fish were
sampled until no new species were collected (approximately 1.5 hours).

Table 8. Site 5: Aquatic Species Found
Scientific Name
Freshwater Mussels *
Alasmidonta undulata
Alasmidonta varicosa
Elliptio complanata
Elliptio icterina
Elliptio producta
Lampsilis cariosa
Strophitus undulatus
Freshwater Snails and clams
Corbicula fluminea
Elimia catenaria
Freshwater Fish
Etheostoma flabellare
Etheostoma olmstedi
Gambusia holbrookii
Lepomis auritus
Lepomis macrochirus
Micropterus salmoides
Notropis alborus
Notropis hudsonius
Notropis procne
Notropis scepticus
Noturus insignis
Percina crassa

Common Name
~
triangle floater
brook floater
eastern elliptio
variable spike
Atlantic spike
Yellow lampmussel
Creeper
~
Asian clam
gravel elimia
~
fantail darter
tesseslated darter
Eastern mosquitofish
redbreast sunfish
bluegill
largemouth bass
whitemouth shiner
spottail shiner
swallowtail shiner
sandbar shiner
margined madtom
Piedmont darter

Abundance
#/CPUE
2 (0.44/hr)
2 0.44/hr)
153 (34.0/hr)
23 (5.1/hr)
5 (1.1/hr)
1 (0.22/hr)
2 (0.44/hr)
Relative Abundance
common
patchy common
Relative Abundance
common
common
rare
rare
common
rare
common
common
abundant
common
common
common

* The Atlantic pigtoe (Fusconaia masoni) has been recorded at this general location (Site 5 - near Glendon
Carthage Road) in the early 1990s (NCNHP database search).

Site 6 (Deep River, impoundment-1):
This was the furthest upstream site within the Carbonton impoundment. Mussel surveys
were conducted near a large rock outcrop on the left descending side of the river.
Substrates were dominated by gravel/cobble and were interspersed with large boulders.
Visual surveys were conducted using SCUBA at depths averaging 6 feet (maximum 12
feet) for 1.17 person hours. This site had the highest mussel diversity and abundance of
the impounded sites. Fish surveys were not conducted at this site; however, a number of
fish species were observed and noted during the mussel surveys.

Table 9. Site 6: Aquatic Species Found
Scientific Name
Freshwater mussels
Elliptio complanata
Elliptio producta
Elliptio sp.
Elliptio roanokensis
Uniomerus caroliniana
Lampsilis cariosa
Freshwater Snails and Clams
Corbicula fluminea
Campeloma decisum
Freshwater Fish
Etheostoma olmstedi
Lepomis macrochirus
Micropterus salmoides
Percina crassa
Ictaluridae

Common Name
~
eastern elliptio
Atlantic spike
lanceolate elliptio
Roanoke slabshell
Florida pondhorn
yellow lampmussel
~
Asian clam
Pointed campeloma
~
tesseslated darter
Bluegill
largemouth bass
Piedmont darter
Catfish

Abundance
#/CPUE
75 (64.0/hr)
5 (4.3/hr)
5/ (4.3/hr)
1/ (0.85/hr)
8/ (4.4/hr)
1 shell
Relative Abundance
common
common
Relative Abundance
present*
present*
present*
present*
present*

* Species was observed at site, but relative abundance could not be estimated due to poor conditions for
visual surveys

Site 7 (Deep River, impoundment-2):
This impoundment site was located downstream of an island that divided the channel, just
below the confluence of McLendons Creek. The substrate consisted of a gravel/sand bar
below the surface covered with scattered large cobbles and boulders. Depths searched
averaged approximately 6 feet (maximum depth 11 feet). SCUBA surveys were
conducted for 1.17 person hours. Fish surveys were not conducted at this site; however, a
few fish species were observed and noted during the mussel surveys. The eastern elliptio
was the most abundant mussel found with the Florida pondhorn next in abundance. An
individual eastern floater, a species well adapted to lentic conditions, was also found.
Table 10. Site 7: Aquatic Species Found
Scientific Name
Freshwater mussels
Alasmidonta undulata
Elliptio complanata
Pyganadon cataracta
Uniomerus caroliniana
Freshwater Snails and Clams
Corbicula fluminea
Campeloma decisum
Freshwater Fish
Lepomis macrochirus
Ictaluridae

Common Name
~
Triangle floater
eastern elliptio
eastern floater
Florida pondhorn
~
Asian clam
pointed campeloma
~
bluegill
catfish

Abundance
#/CPUE
1 (0.44/hr)
57 (46/hr)
2 (0.88/hr)
8 (4.40/hr)
Relative Abundance
Common
Common
Relative Abundance
present*
present*

* Species was observed at site, but relative abundance could not be estimated due to poor conditions for
visual surveys

Site 8 (Deep River, impoundment-3):
This site was located just downstream of a large, nearly 180º bend in the river near a
significant rock outcrop. Average search depths were approximately 10 feet (maximum
depth 20 feet). Substrates were dominated by sand and gravel with some cobble and silty
areas present. Only two mussel species were found. SCUBA searches were conducted
for 1 person hour. Fish surveys were not conducted at this site; and few fish were
observed during the mussel survey, which was likely due to the poor water clarity.
Table 11. Site 8: Aquatic Species Found
Scientific Name
Freshwater mussels
Elliptio complanata
Uniomerus caroliniana
Freshwater Snails and Clams
Campeloma decisum
Corbicula fluminea
Freshwater Fish
Lepomis macrochirus
Micropterus salmoides

Common Name
~
eastern elliptio
Florida pondhorn
~
pointed campeloma
Asian clam
~
bluegill
largemouth bass

Abundance
#/CPUE
24 (24/hr)
10 (10/hr)
Relative Abundance
Rare
Common
Relative Abundance
present*
present*

* Species was observed at site, but relative abundance could not be estimated due to poor conditions for
visual surveys

Site 9 (Deep River, impoundment-4):
This site is less than two RMs upstream of the Carbonton dam. Flow was virtually nonexistent when compared to the other impoundment sites, and an accumulation of silt
covered most substrates, including rock outcrops. Average search depth was
approximately 11 feet (maximum depth 15 feet). Mussel searches were conducted for
0.83 person hours. Fish surveys were not conducted at this site; and few fish were
observed during the mussel survey, which was likely due to the poor water clarity. Fairly
large numbers of Florida pondhorn were located at this survey site along with the only
occurrence of paper pondshell found during the survey effort. The majority of mussels
found at this site occurred along the sloping clay banks just below the water’s edge.
Table 12. Site 9: Aquatic Species Found
Scientific Name
Freshwater Mussels
Elliptio complanata
Pyganadon cataracta
Uniomerus caroliniana
Utterbackia imbecillis
Freshwater Fish
Micropterus salmoides

Common Name
~
eastern elliptio
eastern floater
Florida pondhorn
paper pondshell
~
largemouth bass

Abundance
#/CPUE
2 (2.4/hr)
3 (3.6/hr)
20 (24.1/hr)
1 (1.2/hr)
Relative Abundance
present*

* Species was observed at site, but relative abundance could not be estimated due to poor conditions for
visual surveys

Site 10 (Deep River, downstream-1):
This site was located within the tailrace directly below the Carbonton dam. The area
consists primarily of bedrock adjacent to the dam and shallow gravel shoals and bars,
with sparse patches of water willow present. The site was seined for fish, but due to high
water velocity, mussel surveys were not able to be conducted. Seine hauls were
conducted up to the dam over the bedrock areas. This site contained several lotic-adapted
shiner species, including eight Cape Fear shiner. These individuals were captured along
a sand bar in moderate current.
Table 13. Site 10: Aquatic Species Found
Scientific Name
Freshwater mussels
Elliptio complanata
Freshwater Snails and Clams
Corbicula fluminea
Freshwater Fish
Cyprinella analostana
Cyprinella nivea
Dorosoma cepedianum
Nocomis leptocephalus
Notropis alborus
Notropis altipinnis
Notropis amoenus
Notropis hudsonius
Notropis mekistocholas
Notropis procne
Notropis scepticus
Notemigonus crysoleucas

Common Name
~
eastern elliptio
~
Asian clam
~
satinfin shiner
whitefin shiner
gizzard shad
bluehead chub
whitemouth shiner
highfin shiner
comely shiner
spottail shiner
Cape Fear shiner
swallowtail shiner
sandbar shiner
golden shiner

Abundance
#/CPUE
Shells
Relative Abundance
Common
Relative Abundance
Uncommon
Uncommon
Uncommon
Uncommon
Common
Common
Rare
Uncommon
common (8)
Abundant
Common
Common

Site 11 (Deep River, downstream-2):
This site represents the first major riffle/run habitat below Carbonton dam. Searches
were concentrated within this relatively shallow riffle and run ranging from less than 1
foot to 3 feet deep. Substrate was dominated by cobble, gravel, and sand with silt-clay
banks. Areas of exposed bedrock were also present. Fairly high accumulations of silt
were observed on the substrate throughout much of the site. Timed mussel searches were
conducted for 5.25 person hours and fish were sampled until no new species were
collected (approximately 1.0 hours).

Table 14. Site 11: Aquatic Species Found
Scientific Name
Freshwater Mussels
Elliptio complanata
Elliptio icterina
Elliptio producta
Elliptio roanokensis
Lampsilis cariosa
Elliptio sp.
Uniomerus caroliniana
Villosa delumbis
Freshwater Snails and Clams
Corbicula fluminea
Campeloma decisum
Freshwater Fish
Cyprinella nivea
Etheostoma olmstedi
Lepomis macrochirus
Micropterus salmoides
Nocomis leptocephalus
Notropis alborus
Notropis altipinnis
Notropis hudsonius
Notropis procne
Notropis scepticus
Percina crassa

Common Name
~
eastern elliptio
variable spike
Atlantic spike
Roanoke slabshell
yellow lampmussel
lanceolate elliptio
Florida pondhorn
eastern creekshell
~
Asian clam
pointed campeloma
~
whitefin shiner
tesseslated darter
bluegill
largemouth bass
bluehead chub
whitemouth shiner
highfin shiner
spottail shiner
swallowtail shiner
sandbar shiner
Piedmont darter

Abundance
#/CPUE
109 (20.8/hr)
2 (0.38/hr)
5 (0.95/hr)
5 (0.95/hr)
1 (0.2/hr)
6 (1.14/hr)
23 (4.4/hr)
3 (0.57/hr)
Relative Abundance
Common
Common
Relative Abundance
Uncommon
Uncommon
Rare
Rare
Common
Common
Uncommon
Uncommon
Abundant
Common
Common

Site 12 (Deep River-downstream-3):
This site occurs in the vicinity of the Plank Road (SR 1007) crossing of the Deep River,
and was accessed via the Triangle Lands canoe access. A moderately deep (3 feet) run
occurs along the left descending bank and a vegetated island forms a shallow riffle/run
channel along the right bank. A large pooled area occurs at the head of the island. The
substrate in the runs is predominately sand and gravel. Cobble and gravel, with deposits
of silt, occur in the pooled areas. Timed mussel searches were conducted for 3.75 person
hours and fish were sampled until no new species were collected (approximately 1.5
hours).

Table 15. Site 12: Aquatic Species Found
Scientific Name
Freshwater Mussels *
Alasmidonta undulata
Elliptio complanata
Elliptio roanokensis
Lampsilis cariosa
Elliptio sp.
Villosa delumbis
Villosa vaughniana
Freshwater Snails and Clams
Corbicula fluminea
Freshwater Fish
Cyprinella nivea
Etheostoma olmstedi
Fundulus rathbuni
Gambusia holbrookii
Notropis alborus
Notropis hudsonius
Notropis procne
Notropis scepticus
Percina crassa

Common Name
~
triangle floater
Eastern elliptio
Roanoke slabshell
yellow lampmussel
lanceolate elliptio
eastern creekshell
Carolina creekshell
~
Asian clam
~
whitefin shiner
tesseslated darter
speckled killifish
Eastern mosquitofish
whitemouth shiner
spottail shiner
swallowtail shiner
sandbar shiner
Piedmont darter

Abundance
#/CPUE
1 (0.27/hr)
152 (40.53/hr)
1 shell
0.2
1 shell
2 (0.53/hr)
1 (0.27/hr)
Relative Abundance
Common
Relative Abundance
Common
Uncommon
rare (2)
Common
Common
Common
Common
Uncommon
Uncommon

*The notched rainbow (Villosa constricta) has also been reported from this site (Johnson 1970).

Site 13 (Deep River-downstream-4):
This site occurs in the vicinity of the US 421 crossing of the Deep River. Large amounts
of woody debris have accumulated throughout the river in this location, creating
numerous sand bars within the channel. The majority of the substrate in this area is
dominated by unconsolidated sands; however, gravel troughs occur at the base of the clay
banks on both sides of the river, which provide the most suitable habitat for mussels in
this section of river. Timed mussel searches were conducted for 3.0 person hours and
fish were sampled until no new species were collected (approximately 1 hour).
One well worn (frayed fins) Cape Fear shiner was captured at this location.

Table 16. Site 13: Aquatic Species Found
Scientific Name
Freshwater Mussels
Elliptio complanata
Villosa delumbis
Freshwater Snails and Clams
Campeloma decisum
Corbicula fluminea
Freshwater Fish
Etheostoma olmstedi
Fundulus rathbuni
Gambusia holbrookii
Lepomis macrochirus
Micropterus salmoides
Notropis alborus
Notropis hudsonius
Notropis mekistocholas
Notropis procne
Notropis scepticus

Common Name
~
Eastern elliptio
eastern creekshell
~
pointed campeloma
Asian clam
~
tesseslated darter
speckled killifish
Eastern mosquitofish
bluegill
largemouth bass
whitemouth shiner
spottail shiner
Cape Fear shiner
swallowtail shiner
sandbar shiner

Abundance
#/CPUE
61 (20.33/hr)
1 (0.33/hr)
Relative Abundance
patchy uncommon
Common
Relative Abundance
Common
Common
Common
Common
uncommon
Abundant
Abundant
rare (1)
Abundant
Common

Site 14 (Deep River-downstream-5):
This site occurs upstream of the Roser/Cummock Road (SR 2153/1400) crossing of the
Deep River, and was accessed from the County park. The site is characterized by a long
boulder/cobble dominated riffle with very swift flow, and a long gravel and sand run of
moderate depth (2-3 feet). Small pools have formed upstream of woody debris
accumulated along the clay banks. Timed mussel searches were conducted for 3.0 person
hours and fish were sampled until no new species were collected (approximately 2
hours).

Table 17. Site 14: Aquatic Species Found
Scientific Name
Freshwater Mussels
Elliptio angustata
Elliptio complanata
Lampsilis cariosa
Uniomerus carolinianus
Villosa delumbis
Freshwater Snails and Clams
Campeloma decisum
Corbicula fluminea
Elimia catenaria
Freshwater Fish
Etheostoma olmstedi
Fundulus rathbuni
Gambusia holbrookii
Notropis alborus
Notropis hudsonius
Notropis procne
Notropis scepticus

Common Name
~
Carolina lance
Eastern elliptio
yellow lampmussel
Florida pondhorn
eastern creekshell
~
pointed campeloma
Asian clam
gravel elimia
~
tesseslated darter
speckled killifish
Eastern mosquitofish
whitemouth shiner
spottail shiner
swallowtail shiner
sandbar shiner

Abundance
#/CPUE
1 (0.33/hr)
140 (46.67/hr)
1 shell
2 (0.67/hr)
3 (1.0/hr)
Relative Abundance
patchy uncommon
Abundant
patchy uncommon
Relative Abundance
Common
Uncommon
Common
Abundant
Abundant
Abundant
Abundant

Site 15 (McLendons Creek, upstream):
This site was located on the largest of the Deep River tributaries impounded by the
Carbonton dam. It was sampled for fish, mussels, and snails upstream of the
impoundment effect (near the Cool Springs Road crossing). The wide floodplain
surrounding the site is forested and natural. The stream is approximately 10-12 meters
wide with very stable, vegetated banks. Substrate is dominated by sand and gravel with
an occasional rock outcrop present. Gravel runs provided excellent mussel habitat.
Mussel searches were conducted more than 200 meters below Cool Spring Road to a
point just above the road crossing. Fish were collected in a riffle pool area above the
road crossing. Survey depths averaged 1.5 feet deep with a maximum depth of 3 feet.
Mussel searches were conducted for 3.5 person hours and fish were sampled until no new
species were collected. Five species of mussels were collected, including the state rare
eastern creekshell. Two freshwater clam species, the Asian clam, and a native pea clam
(Sphaerium sp.) were common at this site. Fish species collected included six species of
shiner.

Table 18. Site 15: Aquatic Species Found
Scientific Name
Freshwater mussels
Elliptio complanata
Elliptio icterina
Elliptio producta
Uniomerus caroliniana
Villosa delumbis
Freshwater Snails and Clams
Corbicula fluminea
Sphaerium sp.
Freshwater Fish
Etheostoma olmstedi
Lepomis macrochirus
Luxilus albeolus
Nocomis leptocephalus
Notropis alborus
Notropis altipinnis
Notropis hudsonius
Notropis procne
Percina crassa

Common Name
~
eastern elliptio
variable spike
Atlantic spike
Florida pondhorn
Eastern creekshell
~
Asian clam
a fingernail clam
~
tesseslated darter
bluegill
white shiner
bluehead chub
whitemouth shiner
highfin shiner
spottail shiner
swallowtail shiner
Piedmont darter

Abundance
#/CPUE
286 (88.90/hr)
3 (0.85/hr)
2 (0.57/hr)
1 (0.28/hr)
3 (0.85/hr)
Relative Abundance
Common
Common
Relative Abundance
Common
Rare
Abundant
Common
Uncommon
Rare
Uncommon
Abundant
Common

Site 16 (McLendons Creek, impoundment):
This site is impounded and was surveyed for mussels downstream of the GlendonCarthage Road crossing. The channel is approximately 10 meters wide and has a wide,
natural floodplain. Substrate in this portion of McLendons Creek is dominated by thick
accumulations of silt and detritus with sloping clay banks, although some areas of gravel
were searched. Woody debris was heavy throughout the surveyed reach. Depths
averaged 4 feet, with 8 feet being the maximum depth reached. Mussel habitat was
marginal. One eastern elliptio was located during 1.33 person hours of SCUBA search
time. Fish surveys were not conducted at this site, and no fish species were observed
during the visual (mussel) surveys. The Asian clam was observed to be rare at this site.
Table 19. Site 16: Aquatic Species Found
Scientific Name
Freshwater mussels
Elliptio complanata
Freshwater Snails and clams
Corbicula fluminea

Common Name
~
Eastern elliptio
~
Asian clam

Abundance
#/CPUE
1 (0.75/hr)
Relative Abundance
Rare

Site 17 (Big Governors Creek, upstream):
This section of Big Governors Creek occurs in a wide, low-lying floodplain near the
Underwood Road crossing. While the site is outside of the recognized impoundment
area, the stream appears as slow moving slackwater, with only one ‘riffle’ area observed
downstream of the road crossing (likely result of construction rip-rap). Mussel surveys
were conducted for more than 200 meters, starting downstream of the road and ending
upstream near the confluence of Crawley Creek. Substrate was dominated by gravel and

mud, with a high concentration of detritus and woody debris. Mussel searches were
conducted for 2.25 person hours, with two species being found. Fish surveys were
conducted using seine netting and dip netting until no new species were collected
(approximately 1 hour). No shiner species were located during the fish surveys; however,
fish species typically associated with slow-moving swampy streams, such as the redfin
pickerel and sawcheek darter, were found only at this site.
Table 20. Site 17: Aquatic Species Found
Scientific Name
Freshwater mussels
Elliptio complanata
Elliptio icterina
Freshwater snails and clams
Corbicula fluminea
Campeloma decisum
Hydrobiidae
Freshwater fish
Esox americanus
Etheostoma olmstedi
Etheostoma serriferum
Lepomis macrochirus
Micropterus salmoides
Nocomis leptocephalus

Common Name
~
eastern elliptio
variable spike
~
Asian clam
pointed campeloma
Hydrobid snail
~
redfin pickerel
tesseslated darter
sawcheek darter
Bluegill
largemouth bass
bluehead chub

Abundance/CPUE
CPUE
40 (17.7/hr)
2 (0.89/hr)
Relative Abundance
Uncommon
Common
Rare
Relative Abundance
Common
Common
Uncommon
Common
Uncommon
Common

Site 18 (Big Governors Creek, impoundment):
This impounded site was surveyed for mussels downstream of Steel Bridge Road (SR
1625) crossing. The approximately 8 meter wide channel is surrounded by a low lying,
swampy floodplain. Substrate is dominated by silt and detritus and there are large
accumulations of woody debris within the channel. Depths reached 12 feet, but averaged
less than 5 feet. SCUBA searches were conducted for 1.5 person hours and no freshwater
mussels were found. Fish surveys were not conducted at this site, and no fish species
were observed during the visual (mussel) surveys. A few relict Asian clam shells were
observed; however no live individuals were recorded.
6.0 DISCUSSION
Qualitative surveys for various targeted aquatic species were conducted to provide a
baseline for the presence/absence of fish, freshwater bivalve and aquatic snail species at
specific locations in the section of the Deep River (and its tributaries) impounded by
Carbonton dam and those same water bodies in the immediate area above or below the
impounded reaches. Changes in faunal community composition should be monitored over
time following dam removal.
6.1 Freshwater Mussels
More species of freshwater mussels have been reported from the Cape Fear River Basin
(29) than any other river basin in North Carolina (Bogan 2002). Although no federally

protected mussel species are included in this fauna, as discussed above, several rare and
state listed species are known from the basin. At least 16 species of freshwater mussels
were found during this survey effort, including eight of the twelve targeted freshwater
mussel species.
With the exception of Site 18 (Big Governors Creek, impoundment), freshwater mussels
were found at all of the surveyed sites. The eastern elliptio was the most commonly
encountered species at all of but one of the sites (Site 9 Deep River impoundment-4),
where the Florida pondhorn was most common. Relative abundance (estimated by
CPUE) for the eastern elliptio was highest at Site 3 (Deep River-upstream-3) with 119.33
individuals located per hour of survey time, followed by Site 15 (McLendons Creek,
upstream) and Site 6 (Deep River impoundment-1), with 88.9 and 64.0 individuals
located per hour of survey time, respectively.
Eight of the eleven targeted mussel species listed in Table 1 were found during this
survey effort. The three targeted species not found are the Atlantic pigtoe, green floater
and notched rainbow. However, in the past, the notched rainbow has been found in the
vicinity of Site 1 and Site 12, and the Atlantic pigtoe has been found near Site 5. The fact
that these species were not detected during this survey effort, confirms their rarity in the
Deep River, and may even suggest possible extirpation from the river, as both species are
usually easily detectable where they occur (personal observations). The green floater has
never been reported in the Deep River, is known from only a few locations in the Cape
Fear River Basin, and has not been reported in recent years.
The survey results indicate that the un-impounded reaches of the Deep River generally
contained the highest species richness. Eight mussel species were found at Site 11 (Deep
River-downstream-2), followed by seven species at Site 3 (Deep River-upstream-3), Site
5 (Deep River-upstream-5) and Site 12 (Deep River, downstream-3), respectively. The
eight targeted “rare” mussel species were found primarily at un-impounded sites within
the Deep River (Table 21).

Table 21. Relative Abundance and diversity of mussels per survey site
Site
CPUE all # mussels # rare mussel # fish species
mussels
species*
species
1: Deep River-upstream-1
44.8/hr
5
4
13
(Howard Mill Rd)
2: Deep River-upstream-2 (Island
Channel/Howard Mill Rd) and
Site 10 Deep River-downstream-1
(Tailrace)
3: Deep River-upstream-3 (NC
22)
4: Deep River-upstream-4
(Tyson’s Creek)
5: Deep River-upstream-5
(Glendon-Carthage Rd)
6: Deep River-impoundment-1
7: Deep River impoundment-2
8: Deep River impoundment-3
9: Deep River impoundment-4
10: Deep River downstream-1

11: Deep River downstream-2
12: Deep River-downstream-3
(Plank Road)
13: Deep River-downstream-4
(US 421)
14: Deep River-downstream-5
(Rosser/Cummock Rd)
15: McLendons Creek-upstream
(Cool Springs Rd)
16: McLendons Creek
impoundment
17: Big Governors Creekupstream (Underwood Rd)
18: Big Governors Creekimpoundment

not
sampled for
mussels

130.33/hr

7

5

18

26.4/hr

3

2

13

41.77/hr

7

4

12

81.19/hr
58.12/hr
34.0/hr
31.32/hr

6
4
2
4

2
1
0
0

5*
2*
2*
1*

29.33/hr
41.86/hr

8
7

3
5

11
9

20.67/hr

2

1

10

48.67/hr

5

2

7

84.28/hr

5

1

9

0.75/hr

1

0

0*

18.67/hr

2

0

6

0.0/hr

0

0

0*

not
sampled for
mussels

The brook floater and creeper were found at three and four sites, respectively, upstream
of the reservoir pool (Sites 1, 3, and 5 and Sites 1, 3, 4 and 5). All of these sites are
characterized as having a significant amount of habitat complexity. The absence of these
species at the survey sites downstream of Carbonton Dam is most likely a reflection of
the rarity of these species in the Deep River, and the limited amount of habitat
complexity at some of the sampled downstream sites. Both of these species likely occur
in low numbers at scattered locales in the Deep River below Carbonton Dam. The
restoration of habitat within the reservoir pool may provide more potential habitat for
these species in the river.

The eastern creekshell was found at the majority of the un-impounded sites (Sites 1-3,
and 11-15) usually associated with shallow low velocity areas near the banks. Likewise,
the yellow lampmussel was found at a number of upstream and downstream sites (Sites 1,
4, 5, 6, 11, and 14). The occurrence at Site 6, within the impoundment is represented by
1 very weathered relict shell, indicating that this species may occur in low numbers in the
upper limits of the reservoir pool, where the lentic effect is diminished.
The state endangered Carolina creekshell and Savannah liliput were each represented by
only one individual during the entire survey effort. The occurrence of the Carolina
creekshell at Site 12 is somewhat of an oddity as this species is usually associated with
smaller water bodies. This species likely occurs at various locales in the Deep River in
low numbers, but is more likely to occur in larger numbers in tributaries to the river. The
removal of Carbonton Dam may provide potential habitat for this species in the restored
reaches of Big Governors Creek and McLendons Creek. The Savannah liliput was found
at Site 3. This is only the second individual of this species reported from the entire Deep
River subbasin. This species has only been reported at one other location in the Deep
River (Art Bogan, personal communication). The Savannah liliput is more commonly
associated with shallow water habitats with fine sediments and little to no current.
Although Site 3 is characterized as a swift flowing riffle/run habitat, the numerous beds
of water willow provide some hydraulic refugia and thus accumulate finer sediments,
providing suitable habitat for this species. This species is likely very rare in the Deep
River; however, it may be under sampled due to its diminutive size. If areas within the
impounded reach develop similar characteristics as those present at Site 3 following dam
removal, the Savannah liliput may be able to establish itself in these areas.
The impounded sites contain a less diverse, more lentic adapted mussel fauna than the
un-impounded sites. The eastern floater and paper pondshell most often associated with
lentic habitats were found only within the impounded portion of the Deep River. Species
richness and mussel abundance within the impounded portion of the river increased with
increasing distance upstream of the dam, suggesting a diminished lentic effect in the
upstream limits of the impoundment. Mussels found within the lower limits of the
impoundment Site 8 (Deep River, impoundment-3) and Site 9 (Deep River,
impoundment-4) respectively were found primarily along the banks just below the waters
edge, as the deeper habitats were heavily silted. In contrast the bottom substrates at the
upstream sites within the impoundment, Site 6 (Deep River, impoundment-1), and Site 7
(Deep River, impoundment-2) were relatively free of fine sediments and supported
comparatively high numbers of the eastern elliptio.
Noteworthy within the impoundment was the presence of a relatively old Roanoke
slabshell individual at Site 6. This marks the furthest upstream occurrence of this species
in the Cape Fear River Basin. The species was also found in low numbers downstream of
the dam at Sites 11 and 12. The Roanoke slabshell, considered Threatened in North
Carolina, is believed to have an anadromous fish host. The few individuals found during
this survey effort may be senescent individuals that existed in this reach before
construction of the many dams on the Cape Fear River, including the Carbonton dam, as
many mussel species are long-lived organisms. It may also be possible that a population

of this species is able to persist in very low numbers, by either using a less suitable fish
species as a host (resulting in lower transformation), or by using direct transformation
(bypassing the obligate fish host). Direct transformation has been reported in some
mussel species, but never within the genus elliptio.
6.2 Aquatic Snails and Freshwater Clams
The pointed campeloma was the most common aquatic snail found during the survey
efforts, being present at 9 of the 18 sites sampled. This species tolerates a wide range of
habitat conditions, including lentic habitats. The gravel elimia, a lotic riffle adapted
species was found exclusively in riffle habitats dominated by rocky substrates (Sites
1,3,4,5,14). Its apparent absence from the riffle habitat of Site 11 (Deep River,
downstream-2) may be attributed to the relatively high silt loads observed at this site. The
removal of the Carbonton dam will likely result in an increase of habitats occupied by
this species within the Deep River as some areas revert to riffle conditions.
Two clam species were found during the pre-removal surveys, the invasive and
ubiquitous Asian clam and a native fingernail clam. The Asian clam was found, usually
in large numbers, at all of the sites surveyed with the exception of Site 18 (Big Governors
Creek-impoundment), however, a few relict shells of this species were observed at this
site. Native fingernail clams were found only at Site 15 (McLendons Creek-upstream).
The apparent absence of fingernail clams at the other sites is more likely the result of not
being detected rather than being absent, as fingernail clams are fairly difficult to detect
without survey methods utilizing excavation of sediment.
6.3 Fish
At least 70 species of freshwater fish, including the federally endangered Cape Fear
shiner have been reported from the Upper (above the fall line) Cape Fear River Basin
(Menhenick 1991); at least ten of these are not native to the basin. The Carbonton dam
currently separates two populations of the Cape Fear shiner in the Deep River. A stated
goal of the dam removal project is to restore the habitat within the Deep River and its
tributaries impounded by the Carbonton dam to lotic conditions, thus reconnecting the
two isolated populations. Changes in fish community composition in response to dam
removal will be evaluated as part of the proposed removal. The Cape Fear shiner is the
main target species for this study. Other riffle adapted species will serve as surrogate
species to demonstrate habitat restoration success.
The impounded portions of the Deep River and its tributaries contain a predictable suite
of impoundment-adapted species and thus fish surveys were not conducted within the
impounded reaches. Additionally, the target species, the Cape Fear shiner is not found in
impounded reaches (Howard 2003).
As expected, shallow lotic species that exhibit affinities for rocky riffle/run habitats were
located at the un-impounded survey stations. Survey sites that contained the greatest
amount of habitat complexity (Sites 1-4) yielded the highest number of fish species (13,

15, 18 and 13 respectively. If Sites 1 and 2 are considered collectively as 1 site, fish
species number is 21. The fish composition between the un-impounded upstream and
downstream sites on the Deep River is fairly comparable, with the differences in species
composition likely attributable to differences in habitat complexity between sites.
Although fish surveys were not conducted in the impounded reaches, many of the species
found in the lotic habitats are not expected to occur, nor were they observed within the
impounded sites. The one exception to this was the presence of the Piedmont darter
within Site 6 (Deep River impoundment-1), the most upstream site within the
impoundment. The presence of this species which is more often associated with lotic
conditions, suggests a decreasing lentic effect at the upper limits of the impoundment.
Results from the mussel surveys further support this theory.
The targeted Cape Fear shiner was found at two sites upstream of the dam (Sites 1 and 3)
and two sites downstream of the dam (Sites 10 and 13). The two upstream sites are
characterized as habitats typically associated with Cape Fear shiner. This species was
found in great numbers at Site 3. Although the tailrace site (Site 10) differs from typical
habitats supporting Cape Fear shiner, the high velocities over rocky substrate created by
water being released from the dam mimic the rocky riffle habitats where this species is
usually found. The occurrence of this species at Site 13 is unusual given the lack of flow
and poor habitat conditions present at this site. The one individual found was in poor
condition (worn fins) and was possibly a vagrant from a congregation occurring in more
suitable habitat nearby.
The tailrace site (Site 10, Deep River downstream-1) contained the high numbers of
shiner species (10), including the Cape Fear shiner. However, the bluehead chub and
gizzard shad were the only other species captured at this site. Three individual gizzard
shad were collected immediately below the dam. This species is more often found within
impoundments, and its presence in the tailrace may be the result of individuals washing
over the dam. The shiner species occupy similar niches (within the water column), and
their large congregations below the dam may indicate that food resources (zooplankton)
are suspended and concentrated by the action of water coming over the dam. The lack of
other fish species at this site is consistent with reported reductions in species diversity
below impoundments (Quinn and Kwak 2003) and may be a function of high velocities
and scour. However, more demersal (having a close affinity to the bottom) species
(sunfishes, catfish, bass etc.), likely occur in this habitat, but were not detected during
this survey effort, as they are difficult to detect in these conditions exclusively using
seine netting methodologies, because they are able to seek cover under boulders in the
channel.
The differences in fish abundance between Site 15 McLendons Creek, upstream) and site
17 (Big Governors Creek, upstream), is likely attributable to a higher diversity of
microhabitats in McLendons Creek. The habitat and fish fauna present in the surveyed
portion of Big Governors Creek are more indicative of slow-moving swampy streams
than faster flowing rocky streams of the Piedmont.

The Roanoke bass was captured in low numbers at Site 1. This species is fairly intolerant
and has experienced declines throughout its natural range; however, the Deep River
population is a result of introduction efforts by the NCWRC in the 1970’s and carries no
conservation status. Although established in the Deep River, little is known of the
population in the Deep River, but it appears to be limited in numbers in the reach near
Carbonton Dam (Wayne Starnes, personal communication).
The targeted Carolina darter and Carolina redhorse were not found during this survey
effort. The Carolina darter is more commonly associated with smaller water bodies with
sandy substrates and was not expected to be found during this effort. The capture
methodologies used during this study are typically not conducive to capturing large
redhorse species, as they tend to congregate in deeper habitats, and are able to avoid
small seine nets. This species has been captured using boat-electrofishing at various
locales throughout the Deep River, including the Carbonton Dam reservoir reach (Wayne
Starnes, personal communication). Very little life history information is available for the
Carolina redhorse, thus it is difficult to speculate how this species will respond to dam
removal. Other similar redhorse species are known to be adversely affected by dam
construction (R.E. Jenkins, personal communication). The NCWRC and NCSM are
studying and monitoring the Carolina redhorse population in the Deep River.
As discussed earlier, electro-fishing was not used during this survey effort, in recognition
of the “Collection sensitive waters” designation of the Deep River by the NCWRC. A
more comprehensive survey effort conducted at various times throughout the year and
using multiple sampling methodologies (boat-electrofishing, backpack electrofishing,
seine netting etc.) is needed, particularly in the deeper habitats, to obtain a complete list
of all fish species occurring in the Deep River and its tributaries. However, the methods
used and the data collected is adequate for establishing fish fauna targeting the Cape Fear
shiner. These methods will also allow for the monitoring of changes in community
composition over time in response to dam removal.
7.0 ANTICIPATED IMPACTS FROM DAM REMOVAL
Potential beneficial and adverse impacts to the aquatic resources targeted in this study are
briefly addressed here.
7.1 Freshwater mussels
Freshwater mussels are expected to re-colonize the restored habitats within the reservoir
pool following removal of the Carbonton dam. However, re-colonization of freshwater
mussels to restored habitats may take several years due to their life history
characteristics: relatively immobile, slow growing and dependent on fish movement for
dispersal. Sietman et al. (2001) reported that mussel population recovery took up to 80
years in the Illinois River following extirpation around the turn of the 20th century and
recovery was dependent on the distance to source mussel populations as well as host fish
and water quality parameters. Abundant mussel and fish populations were documented

upstream and downstream of the existing dam, thus recruitment of many species into the
restored habitats can come from both directions.
The survey results demonstrate that presence of the targeted “rare” mussel species was
related to habitat complexity within a site. Restoration of the natural flow regime within
the former impoundment will likely result in greater habitat complexity in this reach,
which will in turn provide more available habitat for many of the targeted mussel species,
including the NC state endangered brook floater, Savannah liliput and yellow
lampmussel.
Mortality of mussels occurring within the impounded portion of the Deep River are
expected to occur following dam removal as waters recede and mussels are stranded and
are subject to desiccation and predation. Sethi et al. (2004) documented this following
dam removal in Koshkonong Creek in Wisconsin and was also observed on the Little
River in North Carolina following water draw down and partial dam removal (personal
observations). The mussel species occurring within the impounded portion of the Deep
River are widespread, common habitat generalists, or lentic-adapted species that would
not naturally occur in as large of numbers without the impoundment. The loss of these
individuals may be considered an acceptable impact, when considering the likely
beneficial impact of restoring lotic mussel species in this reach.
Localized adverse impacts to mussel populations may also occur downstream of
Carbonton dam. Sethi et al. (2004) documented significant mortality to mussels
downstream of the dam on Koshkonong Creek following removal. The initial pulse of
sediment that resulted from this dam removal, as well as continual deposition of fine
sediment caused by head cutting and unstable banks within the formerly impounded
section, were attributed to the loss of downstream mussel populations. Localized adverse
impacts to mussel populations occurring downstream of Carbonton dam are likely to
result from dam removal. The survey results indicate that the many of the mussel species
found during the survey effort are widely distributed in the Deep River. Thus, long-term
adverse impacts to mussel communities are less likely to occur as sufficient source
mussel populations occur in close proximity to the impacted areas.
7.2 Aquatic Snails and Freshwater Clams
Like freshwater mussels, aquatic snails occurring within the impoundment (pointed
campeloma, hydrobidae snails) may be subject to desiccation and predation following
dam removal. However, these organisms are more mobile than freshwater mussels and
may be able to retreat to deeper pools as the water levels recede.
The gravel elimia, a lotic riffle adapted species was found exclusively in riffle habitats
dominated by rocky substrates (Sites 1, 3, 4, 5, and 14). Although this species may be
adversely affected by downstream sedimentation to riffle habitats caused by dam
removal, overall the removal of the Carbonton dam will likely result in an increase of
available habitat for this species within the Deep River, as some areas revert to riffle
conditions.

Population levels of the ubiquitous Asian clam will likely not be affected either way by
dam removal, as it was found in high numbers in un-impounded as well as impounded
habitats.
7.3 Fish Populations, Primarily Cape Fear shiner
One of the desired goals of dam removal is to restore existing lentic habitats to their
natural lotic state and thus restore the appropriate, pre-impoundment aquatic faunal
community. Studies have shown that highly mobile organisms such as fish and organisms
with short life cycles (benthic macro-invertebrates) are able to quickly recolonize
restored lotic habitats following dam removal in mid sized streams in southern Wisconsin
(Kanehl et al. 1997, Stanley et al. 2002). In both of these instances, the return of the
desired species, smallmouth bass (Micropterus dolomieu) and lotic benthic macroinvertebrate assemblages, respectively, occurred in short periods of time following the
respective dam removals. Kanehl et al. (1997) demonstrated an increase in the desired
smallmouth bass populations within the former impounded reach, as well as in habitats
upstream of the former impoundment. These population increases were the result of
recruitment rather than by permanent migration of fish from other areas. Additionally,
populations of the undesired common carp (Cyprinus carpio) declined dramatically
following dam removal.
The pre-dam removal surveys, as well as other survey data within the Deep River system,
indicate that similar populations of lotic- adapted fish species occur within the unimpounded river reaches both upstream and downstream of Carbonton dam. Therefore
ample source populations exist both upstream and downstream to facilitate recruitment
into the restored reaches following dam removal. The removal of the dam is expected to
increase the available habitat for the targeted Cape Fear shiner, and connect the two
populations isolated by the dam. This increase in available habitat and the connection of
populations should result in an increase in population numbers and viability (more
genetic interchange, greater range, etc.) over time.
Although it is logical to assume recovery of lotic fish species into the restored reach,
which is viewed as a long-term beneficial impact, various short-term adverse impacts to
the fish community in the Deep River may also occur from dam removal. This is of
particular concern when considering the impacts to the federally endangered Cape Fear
shiner. In addition to impacts of conversion of lotic habitats to lentic habitats,
sedimentation and water quality degradation have also been identified as factors
adversely impacting the Cape Fear shiner (USFWS 1988, Howard 2003). The
accumulation of sediments behind dams is well documented, and the removal of dams
results in a release of sediment to downstream habitats. The fish fauna below the dam,
including the Cape Fear shiner could be adversely impacted by the pulse of sediment
released during water draw down and dam removal. Reductions in dissolved oxygen
(DO) may also occur downstream during removal as oxygen depleting organic sediments
are released. Additionally, concentrations of toxic substances which may have
accumulated in the sediments behind the dam may be released downstream impacting
aquatic organisms.

These potential impacts to the Cape Fear shiner were considered by the USFWS prior to
dam removal. With measures that were incorporated into the removal project that
avoid/minimize the potential for these impacts to occur, it was concluded that significant
adverse impacts were unlikely to occur.
As with the impounded portions of the Deep River, beneficial impacts to the fish
communities in the impounded portions of McLendons Creek and Big Governors Creek
are also likely to result following dam removal. As discussed previously, the suite of fish
species captured in the un-impounded portion of Big Governors Creek varies
significantly from those that were found in the Deep River and McLendons Creek. It is
not clear whether the fish community of the lower portion of Big Governors Creek will
be more influenced by the Deep River fauna, or the fauna currently present in the stream
above the reservoir pool. Although there is less habitat complexity in the un-impounded
portions of McLendons Creek than the Deep River, the fish faunas are fairly similar.
Colonization of the restored habitats in the lower portions of McLendons Creek will
likely occur from both upstream as well as from the Deep River.
8.0 RECOMMENDATIONS/FURTHER STUDY
This project is expected to result in significant benefits to the aquatic fauna in the Deep
River and its tributaries. Qualitative monitoring of the sites sampled during the preremoval surveys should occur after removal to document general changes in faunal
communities and demonstrate success. Fish communities at the sampling sites should
be monitored during the first year following removal. The results of the first-year
monitoring should be factored into the decision for future monitoring. Due to their
life histories, changes in mussel fauna associated with dam removal will likely not be
evident for at least four years post removal. Thus, it is recommended that the
freshwater mussel fauna be monitored at the pre-removal survey sites four years
following removal. Aquatic snails and freshwater clams will also be sampled during
this monitoring, as similar methodologies are used. The results of the 4-year
monitoring will determine if future monitoring is warranted.
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