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1.0 INTRODUCTION

This Sediment Capping Work Plan (SCWP) presents the remedial activities that will be completed by
South Carolina Electric and Gas Company (SCE&G) to address the tar-like material (TLM) that exists
within a portion of the Congaree River in Columbia, South Carolina as shown on Figure 1-1. This work
plan, and its’ component work plans, will be reviewed and approved by the South Carolina Department of
Health and Environmental Control (SCDHEC) in consultation with other agencies and project
stakeholders.

There has been a considerable amount of work undertaken in support of this project, which is available in
the Administrative Record and can be found on DHEC's website at the following location:
http://www.scdhec.gov/HomeAndEnvironment/Pollution/CleanUpPrograms/OngoingProjectsUpdates/Con
gareeRiverSediment/AdministrativeRecord/. The Administrative Record is also available for review at the
main branch of the Richland County Public Library located at 1431 Assembly Street, Columbia, SC
29201.

In a letter dated August 16, 2016, SCE&G was requested by SCDHEC to pursue the sediment capping
alternative for various reasons detailed in the letter (Appendix A). The SCDHEC letter also provides an
excellent summary of the record and events that led to the decision to implement the capping alternative
to address the TLM-impacted sediments within the Congaree River.

In summary, efforts to achieve approval for the removal of TLM-impacted sediments via the cofferdam
approach were exhausted and it became apparent that there was no removal method that would meet all
the criteria necessary for obtaining the permit. The agency concerns regarding potential risks and
negative effects of using a cofferdam to isolate the removal area could not be overcome. As an
alternative approach, SCE&G attempted to demonstrate the efficacy of using 1-cubic yard sandbags
while completing a pilot project (primarily intended to address the potential unexploded ordnance issues)
which was referred to as the Field Demonstration Project (FDP). The FDP Documentation Report was
submitted to the agencies on July 12, 2016 and provides the findings of Phase 1. The use of the 1-cubic
yard bags during the FDP proved to be unsuccessful and the agencies’ convictions against the use of a
three-phase rock cofferdam were further solidified. The flood event of October 2015 clearly validated the
agency concerns and risks associated with installing a cofferdam to facilitate the removal action.

Based on the USACE permitting process, the capping work is also referred to as Phase 2.
11 Project Description

This Sediment Capping Project requires the placement of a physical barrier in the form of an engineered
capping system over the impacted sediment within the project area. Figure 1-2 provides the limits of the
engineered cap. The area to be capped is approximately 100,000 square feet or approximately 2.3 acres
of the river sediment. The actual location, orientation and manufacturer of the capping materials will be
confirmed during the bidding process and in consultation with the selected construction contractor.
Generally, the proposed Sediment Capping Project will consist of:

o Removal of the existing sandbar to facilitate capping and provide a more gradual transition to
surrounding bottom surface contours;
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e Removal and replacement of existing rocks, boulders, tree stumps, etc. [to the extent feasible] to
facilitate placement of the ACB mats; and

e Placement of an engineered cap (i.e., geotextile and articulated concrete blocks [ACB mats]) over
the 2.3 acre impacted sediment area.

Additionally, please note that the capping materials will also be installed from the bottom of the existing
access road (i.e., approximate end of the pavement at the boat ramp) westward, into the river and
integrated with the actual sediment cap, as shown in Figure 1-2. This extra boat ramp area is:

o Approximately 60 feet wide and 100 feet long (6,000 square feet);
e Has been a long-term, chronically-susceptible area for erosion due to run-off; and

e Must be addressed to help prevent future erosion under the planned sediment cap.

After construction activities are completed, an annual monitoring and inspection program will be
implemented (Appendix R).

1.2 Regulatory Background

In June 2010, the occurrence of TLM within the Congaree River was reported to SCDHEC. Preliminary
testing conducted on the material by SCDHEC and SCE&G indicated that the material may be
attributable to the Huger Street former manufactured gas plant (MGP) that was operated by predecessor
companies of SCE&G beginning in the early 1900s and ending in the 1950s. The location of the former
MGP and the general site location are shown on Figure 1-1. A brief summary of the various regulatory
background information is provided below.

SCDHEC — SCDHEC-BLWM and SCE&G agreed to investigate and delineate the extent of TLM within
the Congaree River under an existing Voluntary Cleanup Contract (VCC #02-4295-RP) for the former
MGP site located at 1409 Huger St [please refer to the Administrative Record for additional information on
the VCC].

USACE — SCE&G has been working with the USACE to obtain the appropriate permits to work within and
adjacent to the Congaree River. On September 22, 2016, SCE&G submitted a Joint Application (JA) and
Pre-Construction Notification (PCN) [Appendix F] for the Sediment Capping Project [USACE Project
Number: SAC-2011-01356-6NO]. The approval to conduct the sediment capping project under the
Nationwide Permit #38 — Cleanup of Hazardous and Toxic Waste was provided on October 18, 2017 and
is included in Appendix F. This approval is based on the information provided in the JA/PCN and permits
the project to be completed as proposed in the JA/PCN and this SCWP.

SHPO/SCIAA — This project will also involve potential historic and cultural resource management
activities. Therefore, the USACE and SCE&G have been working closely with the South Carolina
Institute of Archeology and Anthropology (SCIAA) and the State Historical Preservation Office (SHPO) to
develop an appropriate approach to recover and preserve any potential historical properties that may be
located within the project area and from the submerged lands of the State of South Carolina. The
Memorandum of Agreement (MOA) between and among the USACE, SCE&G and SHPO/SCIAA and the
corresponding support plans are provided in Appendix E.
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The Permits and Approvals are discussed in detail in Section 2.4.
1.3 Evolution of the Sediment Capping Alternative

After the delineation activities were completed, SCDHEC requested that SCE&G conduct an Engineering
Evaluation/Cost Assessment (EE/CA) to discuss potential remedial alternatives to address the TLM-
impacted sediment. The Final EE/CA was submitted to SCDHEC on January 15, 2013 and was
approved on February 7, 2013 [please refer to the Administrative Record]. The EE/CA presented a
detailed evaluation of the following alternatives:

e Alternative 1 - No Action;
e Alternative 2 - Monitoring and Institutional Controls;
e Alternative 3 - Sediment Capping and Institutional Controls; and

e Alternative 4 - Removal and Off-Site Disposal.

In March 2013, DHEC identified a preferred cleanup alternative for the Congaree River sediments and
soils as No. 4 — Removal of the TLM and Impacted Sediments. As discussed in Section 1.0, SCE&G
worked with local, state and federal agencies, and multiple environmental consultants, to the exclusion of
all other previously identified alternatives (including capping) for six years to find a way to implement
Alternative 4. Unfortunately, there simply is no method for sediment removal that will meet all of the
requirements of the permitting agencies, specifically the Corps of Engineers and other federal agencies.
Sediment capping is a standard practice that has been commonly used and proven effective. The
purpose of capping is to prevent material from moving, and SCE&G would continue to monitor the capped
area to make sure it is working properly.

In the letter dated August 16, 2016, (Appendix A) SCDHEC reached the following conclusion:

The Department has reevaluated the available options presented in the EE/CA and has
determined that based on the construction and permitting limitations, it is not feasible to conduct a
removal of the TLM / impacted sediment in the Congaree River. Therefore, it is the Department’s
determination that the best remedy for the site is capping of a modified removal area. The
primary objective of the capping approach is to limit or prevent human exposure to impacted
sediments within the Modified Removal Area. The Department requests SCE&G pursue
Alternative 3 — Sediment Capping and Institutional Controls as provided in the final EE/CA
(approved by the Department in February 2013). SCE&G should begin the design and permit
process for the capping alternative as soon as possible.

1.4 Sediment Capping Objectives
The sediment capping objectives are very straight forward:

e The primary objective is to limit or prevent human exposure to the TLM impacted sediments
within the MRA area. The physical barrier of the cap will greatly reduce the potential for human
health exposure by serving to prevent direct contact with the TLM material in the near-shore,
more-accessible areas; and
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e The secondary objective is to prevent re-suspension and potential downstream migration of the
impacted sediment.

The following overall goals and objectives were presented in the EE/CA and will be attained by
implementing this SCWP:

e Reduce or eliminate the potential for human health or environmental impacts related to the TLM
identified in the project area;

e Physically remove, treat or isolate TLM and TLM-containing sediment and river bottom debris
from within the project area to the extent practicable;

e Prevent re-suspension and downstream migration of impacted material into currently un-impacted
areas;

e Reduce the potential for flux of dissolved constituents into the water column;
e Conduct activities in a manner that reduces impacts to the river resources and habitat;

e Utilize the best available techniques and equipment based on the actual conditions encountered
in the project area;

e Restore the project area as close to its original pre-remediation conditions as practicable; and

e Safely conduct the scope of work with as minimal of an impact on the surrounding community and
river environment as practicable.

1.5 Overview of this Sediment Capping Work Plan

This SCWP will describe the anticipated overall approach to safely and efficiently install the sediment cap,
while adhering to the appropriate federal, state and local requirements. This work plan will serve as a
guide for implementation. However, providing SCE&G and their contractor(s) maximum flexibility during
implementation of this plan is critical to effectively address unforeseen difficulties and/or extreme weather
conditions.

Numerous regulatory agencies, as well as other various stakeholder groups, have had input into this
project and Section 2.4, Permits and Approvals, provides additional detailed information regarding this
input. Many of the details presented herein for addressing the capping of the TLM were developed based
on various agency submittals, applications and/or in response to comments received from the public
notification process.

Due to the complexity of this multi-faceted project, this SCWP has been written to briefly describe each
project component and then refers the reviewer to an appendix that contains a specific plan, permit
application or other work product that provides additional details for a particular issue (i.e., Riverbank and
Shoreline Restoration Plan). This approach has the advantages of:

¢ Allowing the overall plan to be presented in a concise format;
e Providing sufficient detailed information in the standalone documents; and

o Facilitating the review and approval process for the appropriate component plans.
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For example, the Navigation Plan (Appendix O) will be submitted to the U.S. Coast Guard (USCG) for
review and approval now that the permit from the U.S. Army Corps of Engineers (USACE) has been
received. [By regulation, USCG can only review the Navigation Plan after the USACE Permit has been
received.]

If any changes, modifications or other responses to comments are required during the review process,
each specific plan, submittal or permit application will be revised and re-inserted into the Final SCWP.

1.6 Additional Recent Studies Completed Within the Project Area

In March 2017, SCDHEC conducted surface water sampling activities to determine if the Congaree River
water was impacted by constituents from the TLM-impacted sediment. The SCDHEC sampling plan and
the complete analytical results of the sampling activities are available in the Administrative Record. A
total of 14 surface water samples were collected from within the project area and tributaries of the
Congaree River. A figure and a table from the report depicting the sampling locations are provided in the
report in Appendix A. No MGP-related constituents were detected in these samples collected by
SCDHEC.

SCE&G has since developed a Surface Water - Sampling Analysis Plan (SW-SAP) [Appendix S] based
on the SCDHEC plan and will continue to collect surface water samples every six months for the near
future. The SCE&G SWSP was approved on July 21, 2017. The intent of the sampling program is to
replicate SCDHEC's efforts and collect comparable data from similar locations at routine intervals. The
first SCE&G event was completed in September 2017 and confirmed no detections of constituents were
observed. Based on the results from these events, the TLM located in the sediments does not appear to
be impacting the surface water of the Congaree River.

In addition, the Aquatic Biology Section of SCDHEC conducted an aquatic macroinvertebrate
bioassessment in the Congaree River to determine if sediment impacted by coal tar is having an adverse
impact on the indigenous macroinvertebrate fauna in the vicinity of the project area. The study was
conducted in June 2017 and determined that the macroinvertebrate community from the project area was
comparable to the upriver control area. Both areas received a bioclassification score of 4.5 (excellent) on
the Carolina Biocondition Scale. The Aquatic Macroinvertebrate Bioassessment completed by SCDHEC
is available in the Administrative Record and a summary of the conclusions are provided in Appendix A.

Completion of these recent studies by SCDHEC provides important additional information and
independent verification that the TLM is not adversely contributing to impacts in either the surface water
or the macroinvertebrate community that inhabits the sediment within the project area. This information
also provides further justification for the appropriateness of the capping approach.

2.0 SEDIMENT CAPPING ALTERNATIVE
2.1 Sediment Capping Area Details

The Congaree River is a broad shallow river with numerous bedrock assemblages that are visible above
the water level at normal river flows. The river slope in the vicinity of the project area is approximately
2.10 feet/mile (USACE, 1977). The river depth varies in the project area due to the variability of the
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bedrock river bottom elevations and the more recent sediment deposition from the upriver breech in the
Columbia Canal experienced during the flood of October 2015 (See Section 2.1.1). The bottom
elevations fluctuate from an approximate high of 116 feet MSL to approximately 109 feet MSL in the area
to be capped. All elevations are referenced to NAVD '88. Figure 1-2 provides the bathymetric contours
for the river bottom and the topographic contours of the eastern shoreline. Please note these contours
are pre-new-sediment deposition contours (see Section 2.1.1). Average river flow elevation is
approximately 116.5 feet MSL with a historical range of approximately 110 to 152 feet in elevation.

The project area abuts the eastern shoreline, which rises sharply from the water's edge in most places
due to a steep bank that varies in height from approximately 5 to 20 feet depending on location. The
ground slopes more gently to the east once the top of the riverbank is reached with an approximate 28
feet increase in land surface elevation over approximately 500 feet. Gist Street is the first paved land
surface encountered to the east of the project area. The riverbank is forested in the project area with
vegetative cover consisting of various trees and tall native grasses and shrubs. The undergrowth is
periodically maintained and trimmed in the vicinity of the wooden scenic overlook and river walkway
(Figure 1-2) and is much thicker and overgrown further south.

Access to the river at the project site is available by a partially paved access road, which extends from the
intersection of Senate and Gist Streets to the river. This access road is also referred to as the boat ramp.
The Senate Street alluvial fan (Figure 2-1), a key, sometimes submerged, land feature in this area, is
located at the end of the access road / boat ramp. The alluvial fan is a relatively flat portion of the project
area that extends out into the river and appears to have developed over time from upland sediment
deposition. At normal, or lower water levels, the alluvial fan area is exposed as dry land. It may be the
main access point during completion of future field activities unless another access point is required by
the contractor or the adjacent land area is not available.

As seen on the aerial photograph presented in Figure 2-1, directly north and upriver of the alluvial fan is
designated as the northern project area and it is the widest part of the area to be capped at approximately
200 feet in width. It contains the sand bar, which is slated for removal during the capping installation.
Directly upstream of the sand bar is the boulder field, which constitutes the northern border of the MRA.
South of the alluvial fan is known as the southern project area and the width of capping is reduced to
between 50 and 100 feet in this area.

As shown on Figure 2-2, multiple sediment borings were installed along the eastern edge of the
Congaree River during the TLM delineation. TLM impacts ranged in thickness from none detected to
4.90 feet in thickness at location M6. In general, the thickest layer of TLM is located westward, directly
out into the river from the alluvial fan and directly downstream of that location. The extreme northern and
southern portions of the project area exhibited TLM deposits of much lesser thicknesses. For a full
description of the extent of impacts please refer to the Project Delineation Report submitted in March of
2012, contained in SCDHEC's administrative record. It is also important to note that the
boring/delineation data was collected prior to the major storm event of October 2015, as described below.

2.1.1 Major Storm and Flooding Event of October 2015

While conducting the Phase 1 MRA - Field Demonstration Project (FDP) [the FDP is described in greater
detail in section 2.1.4], a significant storm event occurred in the Columbia area that resulted in extreme
amounts of precipitation runoff to the Congaree River drainage basin. The City of Columbia received
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12.5 inches of rain within a 5-day period. On October 4, 2015, the river crested at 31.81 feet (based on

the river gage located directly across from the MRA), which corresponds to an approximate elevation of

145 feet (NGVD '29). The last time river levels exceeded this elevation was in 1936 (33.34 feet) and the
river has only exceeded this elevation a total of seven times since 1893. The highest historic crest was

39.80 feet in 1908.

Because of the significant flooding event that occurred in October 2015, the Columbia Canal located
directly upstream of the project area was breeched and released hundreds of thousands of tons of
sediment downstream into the project area and beyond. This sediment was deposited as the flood
waters subsided and a significant portion of the new sediment is still in place over the MRA today. Figure
2-3 was created by conducting a bathymetric survey of the project area after the storm event utilizing an
echo sounder and comparing the resulting river bottom contours to the pre-storm event contours. The
figure illustrates that the project area underwent a significant bathymetric change because of the storm
and new sediment deposition. The top of sediment elevation increased after the storm by a range of
approximately 0 to 5.5 feet, depending on the location. As a result, most of the project area is covered
with an additional layer of new, un-impacted sediment, which will further enhance the cap, once installed
and provide an additional “natural cap” to areas outside the MRA.

Also, due to the breach in the Columbia Canal, the hydroelectric dam is no longer functional and the
absence of water flow from the dam has allowed the new sediment to remain south of the Gervais Street
Bridge. The additional sediment deposit in this area has resulted in the establishment of a new shoreline,
which is quickly becoming vegetated, as shown on Figure 2-1.

2.1.2 Recent Aerial Imagery within the Phase 2 Area to be Capped

Figure 2-1 provides a recent (September 2016) detailed aerial photograph of the project area taken
utilizing a low-flying remote-controlled drone. The photo clearly shows the project area components
including the boulder field to the north, sand bar and the newly deposited sediment along the shoreline,
which is a result of down-river sediment migration and the breech of the Columbia Canal.

2.1.3 Historical Areas Within / Adjacent to the Phase 2 Area

There are numerous historical and archaeologically significant areas located in the vicinity of the project
area. A Cultural Resources Identification Survey (CRIS) was conducted by TRC (Appendix E) that
covered the overall planned project area and the general vicinity. In addition, potential historical sites
were researched using ArchSite, which is a geographic information system (GIS) maintained by SHPO
and SCIAA.

Two separate National Historic Register sites are located in the general vicinity of the project area along
with numerous archeological sites. The historical registered sites consist of the Gervais Street Bridge and
the Columbia Canal. Both properties are shown on Figure 2-4 and listed on Table 2-1. The Gervais
Street Bridge is located directly upstream of the project area. Implementation of the capping project is not
expected to adversely impact the Gervais Street Bridge. Figure 2-4 shows that the approximate location
of the Columbia Canal. Although the planned capping activities are located adjacent to the historical
designation area as defined by the National Register, project related activities are not expected to
adversely impact this historic property.
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The cultural resources survey identified several archeological sites located in the vicinity of the area to be
capped and the adjacent project support area. These historically significant areas are shown on Figure 2-
4 with their applicable descriptions and site ID numbers. Possible ruins from a saw mill (site ID:
38RD224) and a former structure foundation (site ID: 38RD234) are located directly adjacent to and
partially within the project area. Consistent with the approved plans (Appendix E), the site archeologist
will locate these areas in the field and they will be avoided and protected to the extent practicable during
completion of sediment capping project. An underwater deposit of historic items (site ID: 38RD234) is
also located within the planned capping area. The placement of the engineered cap will further isolate
and will serve to protect these areas. An archeologist will also be on-site to properly document and
secure any potential historical items, if encountered during the planned capping activities. The items will
be transferred to SCIAA/SHPO, in accordance with the approved plans and MOA (Appendix E).

As shown on Figure 2-4, the Civil War era dump site (site ID: 38RD286) located within and adjacent to
the river will be the archeological area most affected by the capping approach. The presence of the Civil
War dump site presents two primary issues or concerns for completing the overall sediment remediation
project. The concerns consist of:

e The potential for the artifacts to be unexploded ordnance (UXO); and

e Recovering and properly conserving any historical artifacts encountered within the project area.

SCE&G, SCDHEC and the USACE have invested considerable time and effort into addressing these
issues.

To mitigate the first issue, multiple UXO management plans were developed to specify the potential
management of such items. These plans were submitted to the USACE for review and approval and are
included as Appendix D and further described in Section 3.0. As the project has evolved to the sediment
capping approach, the previously approved UXO management plans were reviewed, revised and
subsequently approved in early 2017 by the USACE to reflect the specific details pertaining to the
capping approach (Section 3.2 and Appendix D).

Regarding the second issue, the cap will be placed directly on top of the undisturbed sediment and is not
expected to uncover or expose any other historical items. Based on numerous prior artifact recovery
efforts, both properly sanctioned and/or undocumented, it is estimated that only a minimal amount of
historically significant items may still exist within the planned project area. Since SCE&G intends to
minimize sediment disturbance as much as possible, any underlying historical items, should they be
present, will not be observed. In the event that any historical items are identified during completion of the
project, the on-site archeologist will document the finding and secure the item for transmittal to
SCIAA/SHPO in accordance with the approved plans and agreements (Appendix E).

2.1.4 Field Demonstration Project Implementation Results

The field work associated with the Field Demonstration Project (FDP) was initiated in the fall of 2015.
Completion of the FDP was hampered by significant rainfall events within the Congaree River drainage
basin and subsequent severe increases in the river level elevations. The storm and flooding of early
October 2015 and the related breach of the Columbia Canal resulted in the deposition of thousands of
tons of “new” sediment in the river and shoreline of the project area. However, several key findings into
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the potential UXO component of the project were identified and are applicable to the proposed future
capping options. The findings include:

e No potential UXO or historically significant items were identified on the adjacent landside area;
e Of the 51 previously identified Magnetic Anomalies investigated — Zero (0) were UXOs;

e 5 'negative finds’ — meaning nothing was found at the previously identified metal anomaly location
(i.e., no object found at approximately 10% of the locations);

e There was a relatively large amount of “cultural debris” (i.e., metallic junk) unearthed; and

e Evaluating the metal anomalies was a time consuming and meticulous process due to the volume
of subsurface metallic debris that existed within the study area.

The FDP Documentation Report was submitted to the agencies on July 12, 2016 and provides the
complete details and findings of the completed field work. The findings are also provided on Figure 2-5.

2.2 Overview of the Sediment Capping Alternative

The project objective is the placement of a physical barrier in the form of an engineered capping system
over the majority of impacted sediment to prevent human contact. Figure 1-2 provides the limits of the
planned capping area. The area, as shown on Figure 1-2, is approximately 100,000 square feet or
approximately 2.3 acres.

Based on the design criteria included in the engineering evaluation discussed in Section 2.2.1, the cap
will consist of a geotextile fabric material overlain by articulated concrete blocks (ACBs) connected
together to form a mat. The ACBs will be placed from approximately the 116-foot elevation line and they
will extend westward, out into the river for approximately 50 to 200 feet, depending on the location. The
deployment scenario provided in this work plan has been developed for planning purposes, the precise
location, orientation, placement techniques and construction/deployment sequence will be at the
discretion of the construction contractor and will likely be dictated by actual field conditions encountered
during construction.

With an average river flow elevation for the general project area of approximately 116.5 feet (based on
data from 2010 to 2014), most of the ACBs will be placed below normal river flow elevations, except for
the erosion prevention area on the boat ramp. The openings in the ACBs, also referred to as cores or
cells, will be visible through the water, at low water levels. Even with the underlying geotextile material, it
is anticipated that the capping system will settle a few inches into the soft sediment. It is also anticipated
that the open cells within the ACB mats will fill with deposited clean sediment [from the top] over time and
result in a more natural looking surface. ACB mats will be visible, subject to any future sediment
deposition.

Additionally, capping materials will also be installed from the bottom of the existing access road (i.e.,
approximate end of the pavement at the boat ramp) westward, into the river and integrated with the actual
sediment cap. A conceptual layout utilizing typically sized 8 foot x 20 foot articulated mats is shown in
Figure 2-6. With this placement plan, approximately 660 mats will be required to adequately cover the
MRA. A cross-sectional view of the proposed cap in a portion of the northern project area is provided on
Figure 2-7.
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Field implementation of the capping alternative will require land based construction support activities that
will include improving access to the project area for personnel, equipment and delivery of capping
materials. The anticipated improvements are shown on Figure 2-8.

It should be noted that if the land area on the east side of the river imnmediately adjacent to the project
area is not available at the time of construction, alternate project support plans will be submitted for
review and approval. The location of the landside support area has no effect on the capping work as
described in this SCWP.

Once the cap is installed, construction equipment, work pads, and non-permanent road construction
materials will be completely removed from the river and the disturbed river bank and shoreline will be
restored to pre-existing conditions, to the extent practicable, in accordance with the Appendix K
Riverbank and Shoreline Restoration Plan.

221 Sediment Cap Conceptual Design

A Conceptual Design of Sediment Capping Options was developed by Rizzo Associates (Rizzo), which is
included in Appendix B. Rizzo utilized conservative flow velocity assumptions and specific project area
details to determine a stable, long-term capping solution for the project area. The recommended design
is presented for implementation in this SCWP.

Based on the design criteria included in the evaluation, the engineered cap will consist of a geotextile
fabric material overlain by articulated concrete blocks (ACBs) connected together to form a mat. The
individual concrete mats (ACBs) are approximately 20 feet long, 8 feet wide and 8 inches thick. The 8-
inch thickness of the blocks was determined by Rizzo to be acceptable to withstand the conservative
maximum flow velocities, based on the assumptions stated in the conceptual design. For the evaluation,
Rizzo utilized the ArmorFlex® ACB’s. Appendix C provides specifications for an equivalent, readily
available ACB mat product manufactured by SHORETEC®. The actual product and manufacture of the
ACB’s will be determined in consultation with the construction contractor. At a minimum, the actual cap
materials used for construction will meet or exceed the criteria used in the conceptual design evaluation.

2.2.2 Erosion Control Area

As previously stated, capping materials will also be installed from the bottom of the existing access road
(i.e., approximate end of the pavement at the boat ramp) westward, into the river and integrated with the
actual sediment cap, as shown in Figure 2-6. This erosion control area is approximately 60 feet wide and
100 feet long (6,000 square feet), and has been a long-term, chronically-susceptible area for erosion due
to high velocity runoff down the Senate Street Extension. Extending the concrete mats and geotextile up
into this area will guard against future erosion, potential undermining of the cap and create a seamless
transition from the Senate Street Extension asphalt roadway into the capped area.

2.3 Justification for Extent of Capping

The decision on the location and the extent of the engineered cap was made based on the intent to cover
as much of the deposits of TLM as practical, and to isolate the areas where the potential for human
exposure is greatest due to activities such as swimming or wading. As a result, the area located directly
adjacent to the alluvial fan was identified as the primary cap location since it is easily accessed by
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recreational river users, is relatively shallow during normal river flows and contains the majority of the
TLM impacted sediment.

Figure 2-2 provides the sediment sampling locations and the approximate thicknesses of the TLM
identified in the sediment borings. Figure 2-1 provides a recent aerial photograph that shows current
project area features. The exposed bedrock is visible in most of the area and the sediment thicknesses
are minimal (approximately 0.25 feet). Because of the minimal TLM impacts and shallow sediment
thickness, the northern border of the sediment capping area was established just south of the boulder
field.

As can be seen on Figure 2-2, the engineered cap will cover the majority of the sediment sample
locations where appreciable thicknesses of TLM were identified. This is the case in the northern and
central portions of the project area where some of the thickest deposits are located. TLM occurrence is
more pronounced nearer the shoreline in the southern project area and thins out quickly in the borings
located further away from shore in the deeper water. As a result, the engineered cap was reduced in
width and located nearer to the shoreline. The decision to limit the cap placement to the area adjacent to
the eastern shoreline was made for the following reasons:

1. Human access to this area is limited due to a steep banked shoreline and deeper water at normal
flows (approximately 7 to 8 feet deep during normal flows);

2. Significantly lesser amounts of TLM were identified in borings N9 and M10; and

3. Additional thickness (approximately 3 to 4 feet inside the project area and up to approximately 5
feet outside of the project area) of newly deposited sediment resulting from the “superstorm” is
serving as a “natural cap” for these locations (Figure 2-3).

Borings located to the south and downstream of the MRA, such as M12, M13, N13 and L13, show lesser
thicknesses of TLM and are in deeper water (4 to 10 feet at normal river flows), which will limit their
potential for human contact. As can be seen from Figure 2-3, these sediment boring locations are also in
the area where the newly deposited sediment ranges from 0.5 to 3 feet in thickness.

Following this rationale, it is apparent that the engineered cap will be sufficient to satisfy the primary
objectives of limiting or preventing human exposure to the TLM impacted sediments in the most readily
accessible areas. Generally, areas that are not to be capped were found to contain minimal TLM impacts
and are located in deeper water, which limits human access ability.

The cap will also prevent re-suspension and potential downstream migration of the significant majority of
impacted sediment. Areas outside of the engineered cap are currently “naturally capped” due to the layer
of deposited sediment in low velocity areas that will serve to hold the impacted material in place.

2.4 Permits and Approvals

Several pre-construction permit submittal and approval activities are in the process of being completed.
As previously discussed, the USACE provided approval to complete the sediment capping activities as
described herein under the Nationwide Permit 38. The approval is provided in Appendix F. In addition to
the SCDHEC Bureau of Land and Waste Management (BLWM) approval of this SCWP, other permits,
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approvals or agreements that are or may be required for implementation of the sediment cap alternative
include:

o Verification of SCDHEC Water Quality Certification (401 Permit — received on October 24, 2017);

e Comprehensive Stormwater Pollution Prevention Plan (C-SWPPP) National Pollutant Discharge
Elimination System (NPDES) permit approval from the City of Columbia and SCDHEC for land
disturbance activities associated with the access improvements and construction of the landside
support zone is discussed in Section 2.4.1;

e Acceptance of removed material (sandbar) for disposal at the Waste Management Richland
County Landfill, as described in Section 2.4.2; and

e USGC review and approval of the Navigation Plan, as described in Section 2.4.3.

2.41 SCDHEC NPDES Permit and City of Columbia Land Disturbance Permit

SCE&G will develop and submit a C-SWPPP to SCDHEC and the City of Columbia prior to mobilization.
The approval is currently anticipated to be in the form of authorization under a South Carolina NPDES
General Permit for Storm Water Discharges from Construction Activities (Permit Number SCR10000).
The final permit submittal and the issued permit will be provided in the final documentation report for the
capping project. All construction activities will be completed in accordance with the requirements
identified in the approved C-SWPPP.

2.4.2 Waste Disposal Approvals

SCE&G anticipates transporting any waste material to the Waste Management Richland County Landfill
located in Elgin, SC. The material will include impacted or unimpacted material from the sand bar
removal and other excavations along with debris such as rock, brick, concrete rubble, urban debris or
other metal or wood debris that may be encountered. Disposal facilities utilized by SCE&G are typically
audited and pre-approved by SCE&G’s Corporate Environmental Services personnel. Material excavated
and transported off-site will be manifested in accordance with applicable requirements. Richland County
landfill was the facility utilized for disposal of the coal tar impacted material from the former Huger Street
MGP Site.

Previously, sample analytical data from the TLM impacted sediment samples collected during the
investigation was used to characterize the material for disposal and obtain facility acceptance. The
existing waste profile will be re-certified. Disposal facility material acceptance documentation and any
disposal manifests will be provided in the final documentation report.

2.4.3 Navigation Plan Approval

The USCG will be provided the Navigation Plan (Appendix O). The Navigation Plan was developed in
accordance with the guidelines from the “U.S. Coast Guard Aids to Navigation System” publication and
through consultation with the U.S. Coast Guard District Seven Aids to Navigation and Waterways
Management Office. The plan provides specific methods for notifying boaters and other users of the river
in the vicinity of the construction site (upriver and downriver) and the need to take appropriate measures
to avoid the active construction area. It provides the specific methods for demarcating the area to be
avoided and the buoy/signage/lighting scenario for the project. Completion of the project will have no
adverse impact on navigation in the Congaree River.
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25 Sediment Cap Construction Elements

SCE&G has agreed, through consultation with subject matter experts and governmental agencies, to limit
the potential “in-river” construction season to May through October in order to eliminate the potential for
disturbance of aquatic organism spawning activities that may occur in the vicinity of the project area. As
a result, intrusive activities within the confines of the river will only take place during the agreed upon
timeframe. Landside preparation activities can occur outside of the May to October timeframe and will
likely commence soon after receipt of the above listed approvals. The following sections provide a
general overview of the construction activities (Section 2.5.1) followed by more detail regarding the main
components of the project (2.5.2 through 2.5.5). Section 3 and the attached appendices provide
additional information in the form of individual support plans that cover the specific project related
implementation activities.

2.5.1 General Sequence of Capping Activities

As stated above, initial site activities will likely include establishing an office compound and improving
access to the sediment work area. Once these activities are completed, the mussel relocation contractor
will mobilize to relocate mussels from the project area to another suitable location within the river. The
Mussel Relocation Plan (Appendix G) provides specific details pertaining to this aspect of the project.
This activity will be completed before beginning intrusive activities within the river, most likely during the
last part of April.

Next, the sediment contactor will mobilize the specialized equipment and the initial capping components
to the site. Initial work in the river will consist of the UXO team evaluating the sand bar area for any
potential UXOs. After the area has been “cleared”, excavation of the sand bar will commence. Access
platforms will be constructed and placed in the river as needed. Cap installation will begin and will likely
entail utilizing varying methods of access and placement depending on the location, river flow, depth of
water, etc. Due to the dynamic river environment and significant variations in flow depth resulting from
precipitation events, work will likely be periodically delayed when river levels are too high to effectively
place the capping materials.

Once the cap has been installed, the construction equipment and means of access will be removed from
the river and restoration of the disturbed areas will be completed including restoration of the river bank
and the landside support zone and the office compound.

2.5.2 Site Preparation and Site Operations

The following details regarding the anticipated project site preparation and support activities were based
primarily on the previously (and successfully) executed FDP work plan. Also, many of the attached
project support plans contained within the various appendices assume a similar use of the adjacent
landside area. However, it should be noted, that SCE&G may need to implement an alternate
contingency plan for project access and support should this area not be available at the time of
construction. In the event that the adjacent landside area is not available, SCE&G will submit an
Alternate Site Operations Plan (Alternate SOP). The Alternate SOP will not affect any of the capping
objectives.

The Site Operations Plan (Appendix L) is intended to provide general procedures to safely and effectively
implement the proposed sediment cap. Although the project is relatively straight forward, several site
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preparation activities will take place prior to initiating the cap placement activities. The conceptual
approach to the site operations plan is summarized on Figure 2-8. Some variations to the plan may
occur, depending on site conditions encountered at the time of implementation. The actual layout for site
operations will be finalized at the discretion of field personnel, provided SCE&G, SCDHEC and the
appropriate property owner concur with any significant modifications.

Site preparation and operations will involve the following activities:

e Landside support zone construction including site security and fencing, capping material and
equipment staging areas;

e Establishment of an office trailer area;
e Erosion and sedimentation controls;
e Work zones; and

e Utility clearance and management.

A gravel covered parking and office area will be established prior to initiation of the work. Utility and
communication lines will also be installed as required. Figure 2-8 provides a conceptual layout for the
fencing and office trailer locations should the adjacent property be available.

Access improvements will be a critical component of the overall project. In general, access areas will be
graded to reduce the slope and geotextile and gravel will be placed to provide a stable area for equipment
to traverse. The access road locations are shown for illustrative purposes only and access will be
improved only where needed to minimize disturbance of the river bank and riparian corridor.

2.5.3 Erosion Control and C-SWPPP Implementation

Prior to any land disturbance activities, the best management practices (BMPs) identified in the C-
SWPPP) will be installed. The C-SWPPP will be submitted for approval to the City of Columbia prior to
starting work. Once reviewed and approved it will be strictly adhered to during completion of the project.
The anticipated BMP requirements will be minimal since land disturbance activities are expected to be
limited and of short duration. Disturbed land will either be quickly stabilized by the addition of gravel, for a
staging area, or reseeded to establish ground cover. Typical BMPs will include installation of a
construction entrance, and the use of silt fence and erosion control socks at the limits of the land
disturbance areas to contain sediment in the work area. Typical temporary road construction will likely
consist of deploying a geotextile material over an area and placing crushed stone on top of the geotextile.
Dust control measures such as a water truck and a street sweeper will be utilized to maintain the work
area and the site entrance during completion of the project. Dusty conditions or mud/silt tracked beyond
the site entrance will be addressed immediately.

2.5.4 Sand Bar Removal and Filling of Low Areas

The sand bar thickness ranges from approximately 1 to 2 feet above the bedrock with a top elevation of
approximately 116 feet. As shown on Figure 2-2, the sand bar area was previously sampled and found to
be unimpacted by the TLM at the sample locations. Removal of the approximate 1-2 feet of material via
excavation will allow for the sediment cap to be installed and for it to be below the normal water level
(116.5 feet) during typical flow periods. This will improve the aesthetics of the completed project.
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The removed material will be transported off-site for disposal. It is anticipated that an excavator, dragline
or crane will be utilized to remove the sand bar once access to the area is established. Total suspended
solids (TSS) monitoring and best management practices (BMPs) intended to reduce silt suspension and
downstream movement will be instituted during removal of the sand bar and the other filling activities, etc.
The TSS Monitoring Plan in Appendix H provides additional details on these activities and the Site
Operations Plan (Appendix L) provides details regarding the on-site staging and handling of sand bar
material.

Some portions of the project area may require limited grading of existing sediment to facilitate an even or
smooth and continuous mat placement (e.g., the sandbar removal). Conversely, some small, irregularly
shaped depressions in the river bottom may need to be filled to allow the mats to adequately cover the
underlying sediment. To the extent practicable, clean, imported backfill will be used to fill low areas to
minimize disturbance to the existing bottom sediment. These types of filling operations are anticipated to
be minimal but may be required because the ACB mats need to be in direct contact with the subgrade or
destabilizing processes (i.e., erosion or channeling under the mats) may result.

In addition, large submerged trees, moveable boulders and other obstructions located within the planned
cap area will be temporarily removed and replaced in the approximate original locations. Temporary
removal will facilitate cap placement and replacement will maintain the original aquatic habitat
characteristics of the project area.

2.5.5 Placement of Geotextile and Articulated Concrete Mats (ACMs) and Blocks
The following text describes the placement of the cap materials, subject to any logistical or technical
changes required by the contractor, or necessary at the time of construction.

The exact placement method for the cap will depend on a variety of factors including the location and
flow/depth and river characteristics at that particular section of the project area. Mat deployment is
anticipated to proceed generally from north to south. As planned, small platform barges will be brought
onto the site. After the barges are assembled on dry land and fastened together, they will be pushed into
position in the river with heavy machinery. Temporary timbers will likely be used to facilitate movement
and leveling of the barges. Figure 2-8 provides an illustration of the work area and mat placement
operations.

The ACB mat placement scenario will include a crane and/or excavator working from the shore and the
secured barge platforms or “work pads”. The temporary access roads constructed near or in the existing
river bank will permit the equipment to access and place the cap material over the project area. These
roads may be either moveable timber or reinforced fiberglass “mud mats” that will permit equipment
movement without sinking into the sediment. The capping material will likely be staged on flat bed trailers
and transferred to the work area for deployment by the crane or excavator, as needed. For portions of
the project area located near the shoreline (southern project area), the ACB mats will likely be placed with
the equipment from the shoreline. Disturbing the actual river bank will be minimized.

The general sequence of activities will include constructing access roads with timbers or mats,
deployment of the silt curtain or berm constructed of big sand bags around a designated work area,
construction of the work platforms and installation of the engineered cap system. TSS monitoring both
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above (for background measurements) and below (for real-time monitoring) the work area will be
conducted, as needed, during intrusive activities.

For the ACB mats that are deployed on the eastern, or landside edge of the cap, it is anticipated that a
small anchor trench will be excavated, and the edge of the mats will be laid into the anchor trench. The
anchor trench will help secure the mats on the slope, improve the transition from native sediment to cap
material and serve to prevent erosion under the mats from upslope run-off areas.

The geotextile material will likely be pre-cut and affixed to the bottom of the concrete mats (with some
additional material left on the edges for overlap) in the landside support zone to facilitate placement. This
method of deployment will allow for the mat and geotextile to be lifted and placed as a unit in one motion
as was successfully utilized by SCE&G at another river capping project in South Carolina. In areas where
large boulders or severely uneven river bottom sections prevent the effective use of the mats, pieces of
geotextiles and singular concrete blocks (i.e., singular ACBs or “blocks”) will be hand placed.

Placement of the geotextile and ACB mats will continue up the bank to the east, as seen on Figure 2-6,
until tie-in with the existing asphalt roadway (Senate Street Extension) is complete. Grading of the mat
extension area will likely be required to create a smooth transition area from the end of the asphalt
roadway to the main mat placement area. The upland mats will be filled with imported fill material and will
be temporarily seeded to promote vegetation and reduce tripping and foot entrapment hazards.

2.6 Site Restoration Activities

It is SCE&G'’s intent to complete the project with as minimal of an impact to the project area and the
landside support zone as practical. Restoration activities will consist of removing all temporary
construction improvements and re-grading and re-vegetating all disturbed areas.

2.6.1 Cap Area

Site restoration activities within the capped area will be minimal and will likely be limited to replacement of
any temporarily relocated boulders, trees or other natural objects back into their approximate original
locations, once the capping material is in place. The locations of these objects will be documented before
they are moved so that they can be replaced once the cap is installed. This activity will preserve some of
the project area’s natural habitat characteristics.

2.6.2 Riverbank/Shoreline

SCE&G is committed to preserving as much of the current riverbank/shoreline, as practicable. Portions of
the riparian corridor not slated for disturbance will be demarcated with flagging or fencing to ensure that
they are not damaged by heavy equipment movement. This preservation technique will be a key
component of the overall project.

In areas where shoreline impacts are unavoidable, SCE&G will conduct restoration activities, which will
include recreating the approximate shoreline slope, stabilization of the bank via riprap and/or
bioengineered solutions and restoration of vegetative cover, where practicable. The Riverbank and
Shoreline Restoration Plan (Appendix K) provides details relating to potential restoration activities.
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2.6.3 Landside Support Zone Area

SCE&G reserves the option to submit an Alternative Site Operations Plan should the adjacent property be
unavailable at the time of construction. Construction and operation of the landside support zone will likely
require clearing and grading activities to establish access roads, material and equipment storage and
laydown areas. SCE&G will strategically locate material laydown and storage areas in areas that will limit
the need for clearing and grading activities, as much as practical.

All landside disturbed areas not designated by the property owner to be left in place will be restored by
removing equipment, materials, structures, etc. followed by final grading and re-establishment of
vegetative cover. A conceptual scenario showing complete restoration of the adjacent property is
provided on Figure 2-9. The details associated with final reconstruction of the landside support zone will
be included in the C-SWPPP and subsequently approved by the City of Columbia. In general, the gravel
and geotextile material utilized to construct the roads and laydown/storage areas will be removed and
transported off-site for disposal. Final grading will be conducted, and vegetative cover re-established
utilizing an SCDHEC approved seed mixture. Erosion and sedimentation control measures will be left in
place until stabilization of disturbed areas is deemed complete.

Responsibility for landside components left in place, at the discretion of the property owner, will be
transferred to the property owner once restoration activities are completed.

2.7 Post—Construction Monitoring/Mitigation Plan

Following successful completion of the project, SCE&G plans to conduct a period of monitoring of the
sediment cap to ensure that its integrity is maintained and that it remains in place, as designed. The Post
Construction Monitoring/Mitigation Plan (Appendix R) includes semi-annual visual inspections of the cap
for the first year and annually for five additional years. The purpose of the inspections is to identify
maintenance items or any potential areas of concern (i.e., erosion issues, undermining, etc.). Deposition
of river born natural debris such as sediment, trees, limbs and other natural objects is expected and will
serve to re-establish the aquatic habitat and a more natural appearance in the capped area. These items
will be left in place on the cap unless they are deemed to potentially pose a threat to the cap’s integrity.

In this case, they may be removed during the inspection and maintenance activities, if necessary. If
structural faults or other issues with the cap are identified SCE&G will develop plans to mitigate the
issues as quickly as possible.

3.0 PHASE 2 - MRA SUPPORT PLANS

Sections 1.0 and 2.0 have provided background and general information on the planned sediment
capping activities. Section 3.0 introduces the site-specific support plans that are provided as appendices
to this document. The support plans provide details pertaining to the major components of the project.
This approach has the advantages of:

e Allowing the overall plan to be presented in a concise format;
e Providing sufficient detailed information in the standalone documents; and

e Facilitating the review and approval process for the appropriate component plans.
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In general, the MRA support plans include the following categories:

e Site Worker Protection;
e Community Relations / Public Information Plans;
e Unexploded Ordnance (UXO) Management; and

¢ Implementation Plans.

3.1 Health and Safety Plan

The Health and Safety Plan or HASP (Appendix J) is the primary source of safety related information for
worker protection for the project and includes a project specific evaluation of the potential hazards and
the corresponding control and mitigation activities. Task specific hazard matrices are included as are air
monitoring frequencies and action levels, personnel responsibilities, training requirements and emergency
procedures. All personnel working at the site will be given a HASP briefing and will review the HASP
prior to conducting work on the site. In accordance with the HASP, routine air monitoring measurements
will be obtained during any intrusive excavation operations, such as removal of the sand bar, to assure a
safe working environment.

3.2 Community Relations / Public Information Plans

The Project Natification Plan (Appendix M) provides the steps that SCE&G, USACE and SCDHEC will
take to notify the public near the project area, third party stakeholders, local officials and emergency
response agencies of anticipated major project milestones or changes, etc. It will ensure timely
notification of important project details, as required, throughout completion of the project. In addition, the
Public Safety Plan (Appendix N) provides a summary of the project’s specific safety management
practices.

The Traffic Control Plan is provided as Appendix P. It provides the specific details regarding site access
during completion of the project and the prescribed routes that project related traffic will utilize to access
the project area. Since the capping project will be a relatively low impact activity, it is not expected to
increase traffic significantly in the area surrounding the site. However, implementation of the plan will
ensure that site-related traffic will take the safest routes into and away from the site. SCE&G will ensure
that all drivers utilize the routes specified in the Traffic Control Plan and will periodically monitor
transportation operations to maintain compliance with the Plan. SCE&G will also respond to complaints
or issues from the residents and businesses in the project area.

Although not expected to be a concern due to the limited intrusive activities associated with the proposed
sediment cap installation, a Community Air Monitoring and Odor/Dust Control Plan was developed. The
Plan is provided in Appendix Q, and establishes work area and site perimeter air monitoring procedures.
These procedures will be implemented during intrusive activities only, to ensure that site related
constituents of concern are routinely monitored, documented and controlled [if required] throughout
completion of the project. The plan also specifies actions that will be taken to control dust from site
roads, such as operation of a water truck.
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3.3 UXO Management Plans

With respect to the potential UXOs and/or historical items in the project area, SCE&G believes that any
artifact and/or UXO that may have been present in the area to be capped is likely covered by an
additional layer of sediment (of varying thickness) deposited during the flood of 2015. Placement of the
engineered capping materials on top of the project area is intended to NOT disturb potential UXOs or
historical items and once installed, the engineered cap will provide an added layer of protection or
isolation with respect to potential human contact.

The detailed plans developed to address potential UXO management issues for the FDP are still relevant
and will be adhered to for implementation of the capping alternative, with only a minor modification as to
when the plans are implemented as discussed below. The four “UXO” plans were included within the
PCN for the FDP and are included in this SCWP (Appendix D):

o Draft Final Work Plan for Munitions Response Removal Action and Construction Support (revised
in January 2017);

e Explosives Safety Submission, Munitions and Explosives of Concern, Removal Action and
Construction Support;

¢ Diving Operations Plan; and

¢ Diving Safe Practices Manual.

As stated earlier, the existing UXO plans that were successfully executed for the FDP program were
revised to reflect the capping approach and have subsequently been approved by the appropriate
USACE-UXO personnel (Appendix D). As part of the review for the various aspects of the capping
approach, the USACE-UXO team developed two new “MEC [Material of Explosive Concern]
Assessments”:

e The first assessment evaluates the actual placing of the capping materials; and

e The second assessment evaluates the sand bar excavation activities.

Based on these assessments, the installation of the capping materials indicates a “low probability” of
encountering MEC and the removal of the sand bar has a “moderate to high probability” of encountering
MEC.

Therefore, all work will be completed in accordance with the approved plans as listed above and
contained in Appendix D. For implementation purposes, SCE&G plans to have one member of the UXO
team and one member of the archeologist’s staff present on-site during construction activities. Should
either the UXO team member (or the archeologist’s representative) observe any UXO and or artifact or
other item or issue of concern (or historical significance), the capping/construction work will immediately
stop, and the plans described above will be implemented to the maximum extent practicable. Work will
not be restarted until all parties are satisfied that the intent of the plans has been fulfilled.

The UXO team will be present to pre-screen the sand bar area prior to excavation.
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3.4 Implementation Support Plans

3.4.1 Mussel Relocation Plan

Advanced screening of the MRA will be completed to preserve indigenous freshwater mussels that may
be present within the project footprint. In 2006 a reconnaissance survey was conducted by Alderman
Environmental Services, Inc. to assess the freshwater mussel populations within Lake Murray and the
lower Saluda and upper Congaree Rivers in support of the Saluda Hydroelectric Project (FERC No. 516).
The findings of the survey were summarized in the “Reconnaissance Survey of the Freshwater Mussel
Fauna of the Lower Saluda and Congaree Rivers, Lake Murray, and Selected Tributaries (Alderman
Environmental Services, Inc. 2006). The survey included two locations in the upper Congaree River that
were within or directly adjacent to (downstream) the planned project area.

As a result of the previous findings from the Alderman survey, SCE&G recognizes that no threatened or
endangered mussels are likely present within the project area. However, several sensitive mussel
species are likely to exist within the planned area to be capped. In order to complete the project with as
minimal of a negative impact to the Congaree River resources as practicable, SCE&G plans to conduct
mussel relocation operations prior to initiating “in-river” construction activities.

The anticipated mussel relocation activities are explained in detail in the Mussel Relocation Plan provided
in Appendix G. Mussels located within the planned footprint of the sediment cap will be collected and
relocated by divers before “in-river” construction operations begin.

3.4.2 Real-Time Water Quality Monitoring

Sediment containment during active construction will be a critical element of the project. Mitigation plans
include deploying a floating silt curtain around the active work area and/or placement of large sands bags,
similar to those used during implementation of the FDP. [Although the large sand bags were not effective
for water isolation purposes, they should aid in sediment containment efforts.] The sand bags will likely be
placed directly downstream of the active work zone, perpendicular to the flow direction, to collect and help
prevent downstream migration of sediment. Real-time, total suspended solids (TSS) monitoring will also
be conducted, as specified in the TSS Monitoring Plan (Appendix H), to monitor the following areas:

e An up-stream, (background) zone;
e The active construction work area;
e An entrained sediment reduction area (i.e., mixing zone); and

e A down-stream monitoring area.

The purpose of the monitoring would be to compare background TSS levels with downstream TSS levels
to detect a significant increase [with allowance for an acceptable sediment mixing and deposition zone],

which would trigger additional controls or the modification of current construction practices to reduce the
downstream TSS levels.

3.4.3 Water Management Plan

Since installation of the engineered cap is going to be a relatively non-intrusive activity, management of
impacted water from site-related activities is not currently anticipated. However, as a contingency,
SCE&G will construct a water management system on-site in order to be prepared should the need arise

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/capping info/CAP WP/CAP Work Plan.docx



Draft Sediment Capping Work Plan Page 21
Congaree River Sediments, Columbia, SC November 2017

to containerize and properly dispose of water impacted by TLM. The Water Management Plan (Appendix
I) provides details pertaining to these contingency measures.

4.0 SCHEDULE CONSIDERATIONS

Table 4-1 provides a planned schedule of activities for the project. Key components of the schedule
include:

e Obtain required permits and approvals;
e Contractor selection;

e Support zone construction;

¢ Mussel Relocation; and

e Construction of the sediment cap.

Support zone activities are expected to begin in early 2018. In keeping with the agreed upon “in-river”
construction time frame, the mussel relocation operation and mobilization of the sediment contractor,
equipment and capping materials will begin in early May 2018. Barring any major delays or frequent river
level related shut downs, the “in-river” construction work is expected to be completed by the end of
October 2018.

5.0 REPORTING

Routine communications will be maintained between SCE&G and SCDHEC (and other agencies as may
be required) throughout the project. Written project reports will be provided to SCDHEC during
implementation and after completion of the cap installation. The reporting approach will include:

e Issuing weekly progress reports, with photographs of completed activities submitted via e-mail;
and

e Submitting a Final Sediment Capping Documentation Report.

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/capping info/CAP WP/CAP Work Plan.docx



TABLES



TABLE 2-1

LISTING OF HISTORIC PLACES AND ARCHAEOLOGICAL SITES

Congaree River Sediments
Columbia, South Carolina

Notes:

Historic Place*? Location Levelof ) eqof Significance
Significance
Gervais Street Bridge Spans Congareg River in West State Architecture
Columbia, SC
East bank of the Broad and
. Congaree Rivers from the diversion .
Columbia Canal dam to the southern railroad bridge National Industry
in Columbia, SC
Archaeological Site® Location ID#
L East bank of the Congaree River
Ung?gﬁ;egecgﬂlrnw;rt:ra at the outfall of Unnamed 38RD286
P Tributary #1 into Congaree River
. . L East bank of the Congaree River
Possible Rum'\j”ﬁf Briggs' Saw south of the Gervais Street Bridge| 38RD224
and Unnmamed Tributary #1
Late 19th to Early 20th East bank of the Congaree River
Century Structure Foundation south of the Senate Street 38RD234
House Extension boat launch
Underwater Deposit of . .
Historic Ceramics and Metal Eastern portion of Congaree River 38RD278
. south of the Alluvial Fan
Artifacts
Eastern bank of the Congaree
19th to 20th Century Bottle River just Southeast of the Total | 38RD223
Dump/Landfill .
Project Area
Expanded Boundary of Eastern portion of the Congaree
Underwater Civil War Era River from the Gervais Street | 38RD286
Ordnance Dumpsite Bridge to Unnamed Tributary #2

1. Table includes properties near to or coinciding with the Congaree River Sediment Project and
included on the National Register of Historic Properties.
2. Historic Place Source: South Carolina Institute of Archeology and Anthropology & South Carolina
Department of Archives and History.
3. Archaeological Site Source: Cultural Resources Identification Survey for the Congaree Sediment
Removal Project provided by TRC.
4. Figure 2-4 provides location of areas listed above.

Table 2-1 Historic Properties 102317

10/30/2017



TABLE 4-1
CONGAREE RIVER SEDIMENT CAPPING PROJECT SCHEDULE

Congaree River Sediments
Columbia, South Carolina

Anticipated Date

Description

October 18, 2017

SCE&G receives USACE NWP-38 (permit) to install the cap

December 1, 2017

SCE&G submits the Sediment Capping Work Plan (SCWP) to SCDHEC

December 2 - December 31, 2017

Review/Comment/Revise SCWP

January 15, 2018

SCDHEC - Public meeting to discuss elements of the SCWP

January 16 - February 16, 2018

Review/Comment/Revise SCWP

February 28, 2018

SCDHEC - Approval of the SCWP

February 1, 2018

Submit Comprehensive Storm Water Polution Prevention Plan (C-SWPPP) to the City of Columbia

March 15, 2018

Mobilization for the field work
Establish site operations and security measures, access improvements, equipment and material procurement

May 1, 2018

Start "in-the-river" construction activities

May - July 30, 2018

Cap - northern area

August 1 - September 30, 2018

Cap - southern area

October 1, 2018

Site restoration activities

October 31, 2018

Demobilization and project completion

January 31, 2019

Submit final documentation report

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/capping info/CAP WP/Table 4-1 schedule(113017)
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APPENDIX A
SCDHEC CORRESPONDENCE AND RECENT STUDIES

A-1 SCDHEC Letter Requesting SCE&G to Pursue a Capping Alternative, August 16, 2016
A-2 SCDHEC Surface Water Results, April 7, 2017
A-3  Excerpts from the SCDHEC Macroinvertebrate Bioassessment, July 7, 2017
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SCDHEC Letter Requesting SCE&G to Pursue a Capping Alternative, August 16, 2016
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SCDHEC Surface Water Results, April 7, 2017



Healthy People. Healthy Comimunities.

April 7, 2017

Mr. Robert Apple

Environmental Division

South Carolina Electric and Gas Company
4077 Haywood Rd

Mills River NC 28759

RE: Surface Water Monitoring Results
SCE&G Fleet Maintenance Site (Congaree River)
Columbia, South Carolina

Dear Mr. Apple,

The State Voluntary Cleanup Program with the assistance of the Site Assessment Section
coliected surface water samples on March 21, 2017, on the eastern side of the Congaree River
from approximately the Gervais Street Bridge to the Blossom Street Bridge. Samples were
collected in approximately 200 foot intervals around 15-25 feet from the river's edge. Additional
samples were coliected from tributaries flowing into the river and a background sample was
collected upgradient of the Fleet Maintenance MGP Site in a stream running through Memorial
Park.

Sampling results were received by the Department on April 4, 2017. With the exception of one
detection of bis(2-Ethylhexyl)phthalate, all other samples yielded no detections. This detection
is a common laboratory contaminant and is suspected to be a false detection. Additionally, a
duplicate sample was collected at this location at the same time as the original sample and
laboratory results were non-detect for all constituents for the duplicate sample.

The Department requests that South Carolina Electric and Gas submit a work plan that
proposes a schedule and locations for regular surface water sampling in the Congaree River.
This pian should be submitted to the Department by July 1, 2017,

If you have any questions or comments please contact me at (803) 898-0747 or
cassidga@dhec.sc.gov.
Sincerely,

4% /WD

State Voluntary Cleanup Program

Bureau of Land and Waste Management
S.C Department of Health and Environmenta!l Control

2600 Bull Street, Columbia, SC 29201 (803) 898-2432 www.scdhec gov
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Projected Lab ,
Completion Date: April 21, 2017

Ejna{ Report Completion |y r.0 51 2017
ate:

VOCs
SVOCs

collected.

A7. Quality Objectives and Criteria

All water samples collected in this study will be analyzed for the following:

MS/MSD samples will be collected based on the number of samples.. A water temp blank will be
prepared for each day in the field for the respective media and one preservative blank will also be

Refer to SCDHEC Site Assessment Program Level QAPP.

A8. Special Training/Certifications
Refer to SCDHEC Site Assessment Program Level QAPP

A9. Documents and Records

Refer to SCDHEC Site Assessment Program Level QAPP.

All field observations, measurements and sampling activities supporting the field investigation will be
recorded and documented according to the SESD Operating Procedure for Logbooks, SESDPROC-010-

R3 and the SCDHEC SOP&QA Manual.

SECTION B: Data Generation and Acquisiti

B1. Sampling Design
Refer to SCDHEC Site Assessment Program Level QAPP,

Sample Number Sample Media Analyses Location/Rationale
CR-SW-01 \Z07:% Location: Taken from outfall from Under
e Surface Water SVOA Gervais Street.
CR-SW-02 VOA Location: At the outfall of the stream that
Surface Water SvoaA runs from the outfall to the Congaree river.
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Location: Taken from an area upgradient of
the Gervais street bridge.

CR-SW-03 VOA
Surface Water SVOA Rationale: This point is to set a background
concentration in an area that does not have
coal tar in the sediment.
Location: Taken from off the sandbar where
VOA coal tar deposits have been previously
CR-SW-04 Surface Water SVOA identified.
Rationale: To determine water quality and
potential impacts from coal tar.
Location: Taken approximately 200 feet
VOA downstream of CR-SW-04.
CR-SW-05 Surface Water SVOA :
‘ Rationale: To determine water quality and
potential impacts from coal tar.
_ Location: Taken approximately 200 feet
VOA downstream of CR-SW-05
CR-SW-06 Surface Water SVOA .
Rationale: To determine water quality and
potential impacts from coal tar.
Location: Taken approximately 200 feet
CRASW-07 VOA downstream of CR-SW-06.
Surface Water SVOA Rationale: To determine water quality and
potential impacts from coal tar.
Location: Taken approximately 200 feet
VOA downstream of CR-SW-07.
CR-SW-08 Surface Water SVOA
Rationale: To determine water quality and
potential impacts from coal tar.
Location: Taken approximately 200 feet
VOA downstream of CR-SW-08.
CR-SW-09 Surface Water SVOA
Rationale: To determine water quality and
potential impacts from coal tar,
Location: Taken approximately 200 feet
VOA downstream of CR-SW-009.
CR-SW-10 Surface Water SVOA
Rationale: To determine water quality and
potential impacts from coal tar.
Location: Taken approximately 200 feet
VOA downstream of CR-SW-010.
CR-SW-11 Surface Water SVOA

Rationale: To determine water quality and
potential impacts from coal tar.
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Location: Taken approximately 200 feet
downstream of CR-SW-11.

CR-SW-12
Rationale: To determine water quality and
potential impacts from coal tar
Location: Taken approximately 200 feet
downstream of CR-SW-12.

CR-SW-13

Rationale: To determine water quality and
potential impacts from coal tar.

Volume, Holding Time, and Preservation Requirements. See SCDHEC Site Assessment Program Level QAPP

Maps or Diagrams with sample locations: See Attached

B2. Sampling Methods, General Procedures
Refer to SCDHEC Site Assessment Program Level QAPP.

B3. Sampling Handling and Custody

All samples will be handled and custody maintained in accordance with the SCDHEC Site Assessment Program
Level QAPP

B4. Analytical Methods

SESD: Suggested references are found at http://epa.gov/regiond/sesd/asbsop/asb-loqam.pdf

CLP: Suggested references are found at www.epa.gov/superfund/programs/clp.

Level 3 QA/QC will be used.

Other:

B5. Quality Control

Field: Refer to SCDHEC Site Assessment Program Level QAPP

Laboratory: Refer to SCDHEC Site Assessment Program Level QAPP and selected CLP QA/QC
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B6. Instrument/Equipment Testing, Inspection and Maintenance

Refer to SCDHEC Site Assessment Program Level QAPP

B7. Instrument/Equipment Calibration and Frequency

Refer to SCDHEC Site Assessment Program Level QAPP

B8. Inspection/Acceptance for Supplies and Consumables

Refer to SCDHEC Site Assessment Program Level QAPP.

B9. Non-direct Measurements:

Refer to SCDHEC Site Assessment Program Level QAPP

B10. Data Management

The project manager will be responsible for ensuring that all requirements for data management are met.
All data generated for this field investigation, whether hand-recorded or obtained using an electronic data
logger will be recorded, stored and managed according to the following procedures:

SESD Operating Procedure for Control of Records, SESDPROC-002-R3.
SESD Operating Procedures for Logbooks, SESDPROC-010-R3.

Refer to SCDHEC Site Assessment Program Level QAPP
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C1. Assessments and Response Actions

Assessments will be conducted during the field investigation according to the SESD Operating
Procedure for Project Planning, SESDPROC-016-R1 to ensure the QAPP is being implemented as
approved. The Project Manager is responsible for all corrective actions while in the field.

Refer to SCDHEC Site Assessment Program Level QAPP.

C2. Reports to Management

The SCDHEC Project Manager (PM), Greg Cassidy, will be responsible for notifying the appropriate
SCDHEC Program Manager if any circumstances arise during the field investigation that may adversely
impact the quality of the data collected. SCDHEC PM will prepare said report and send to Program
Manager for review.

_ SECTIOND: Data Validation and Usability

D1. Data Review, Verification, and Validation

Refer to SCDHEC Site Assessment Program Level QAPP

D2. Verification and Validation Methods

Refer to SCDHEC Site Assessment Program Level QAPP

D3. Reconciliation with User Requirements

Refer to SCDHEC Site Assessment Program Level QAPP.

**Footnotes; This Quality Assurance Project Plan (QAPP) has been prepared and approved according to the EPA Requirements for
Quality Assurance Project Plans (EPA QA/RS EPA/240/R-01/003), U.S. Environmental Protection Agency, Office of Environmental
Information, Washington, DC, March 2001(USEPA, 2001). This document will be used to ensure that the environmental data
collected for this project are of the type and quality for the intended purposes.
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A-3

Excerpts from the SCDHEC Macroinvertebrate Bioassessment, July 7, 2017
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500 Penn Center Bovlevard

Pittsburgh, PA 15235, USA

‘ Phone: {412) 854-9700
Fax: {412) 854-9749

www rlzzoassoc.com

March 23, 2016
Project No. 11-4708

Mr. William Zeli via email: WZeli@apexcos.com
Apex Companies, LLC

1600 Commerce Circle

Trafford, PA 15085

LETTER REPORT
CONCEPTUAL DESIGN OF SEDIMENT CAPPING OPTIONS
CONGAREE RIVER REMEDIATION
CoOLUMBIA, SOUTH CAROLINA

Dear Mr. Zeli:

This Letter Report presents the results of RIZZO Associates (RIZZ0O) engineering evaluation and
conceptual design of sediment capping options for the Congaree River Remediation Project. Our
services for this Project were performed in accordance with our January 22, 2016 proposal
submitted to Apex Companies, LLC (Apex).

1.0 PROJECT UNDERSTANDING

Apex is currently working with South Carolina Electric & Gas (SCE&G) on a sediment
remediation project in Columbia, South Carolina. The area to be remediated is located on the
left bank of the Congaree River immediately downstream of the Gervais Street Bridge. A test
program for evaluating the presence of metal anomalies was performed during fall 2015 and
Apex is currently evaluating options for capping contaminated sediment in-place. Challenges
with the Project include an uneven river bottom with boulders and rock outcrops, variable water
levels, and swift currents in the Project area.

If any of the Project information described in this Letter Report is incorrect or has changed,

please contact RIZZO immediately so that we can revise or amend the recommendations
provided within, if appropriate.
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2.0 DESIGN CRITERIA

Design Criteria were established for the conceptual design in RIZZO’s February 5, 2016 (R1ZZO
Letter L38) letter to Apex. The following design criteria were considered during the development
of the conceptual design options:

1. Flow Velocity: Previous HEC-RAS one-dimensional modeling of the existing river
channel performed by R1ZZO was reviewed to estimate the maximum water velocity in
the area of remediation. Previous analysis considered the 100-year, 50-year, and 10-year
floods, as well as several lower flow conditions. Table 2-1 shows the maximum velocity
in the area of interest for different flow conditions analyzed. The maximum velocity in
the remediation area is 15.2 feet per second (ft/s) with a water surface of 128 feet (ft),
National Geodetic Vertical Datum 1929 (NGVD29). To ensure the cap can withstand
expected velocities, an approximately 20 percent increase was considered for the
conceptual design. The capping options were evaluated assuming a maximum water
velocity of 18 ft/s.

TABLE 2-1
MAXIMUM WATER VELOCITY IN PROJECT AREA

FLow CONDITIONS MAX VELOCITY (FT/S)
100-year Flood 10.5
50-year Flood 9.6
10-year Flood 8.1
128-ft Water Elev. 15.2
123-ft Water Elev. 8.4
120-ft Water Elev. 5.4
116.6-ft Water Elev. 2.7

2. Design Life: The capping needs to be a permanent (50 years or more) installation with
little or no maintenance required. Only remediation options that met this requirement
were considered.

3. Area to Cap: The capped area is expected to be the area shown on the Apex drawing titled
“Targeted Removal Area to Be Capped” dated December 30, 2015. The cap is intended
for containment of contaminated sediment and not for erosion control; therefore it is not
required to extend the cap up the embankment beyond the normal water surface. A top
elevation of 116.0 ft has been selected for the limits of remediation. The conceptual
design includes extending the cap beyond the 116.0 ft limit in the area of the boat ramp for
added erosion protection.
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4, Appearance and Functionality: The area being capped has been a popular fishing and
boating area, and includes an existing boat launch. The cap needs to be aesthetically
pleasing, including the portion of the cap that is exposed above water during normal flow
conditions.

The following factors are not part of the design criteria for the Project but were evaluated as part
of the conceptual design:

1. Ease of Installation: Installation methods and restrictions are considered in the conceptual
design, including the amount of equipment and time that would be required in the river
and the ability of the option to accommaodate the hard, uneven river bottom. To satisfy
U.S. Army Corps of Engineers (USACE) requirements, the length of time working in the
river should be less than six months to be considered a temporary encroachment on the
river.

2. Anchoring: The cap needs to be secured in place. Feasibility and cost of different
anchoring methods were taken into consideration, as well as the variable river bottom
conditions that may be encountered during installation.

3. Cost: Cost was considered in development of the conceptual design alternatives.
Installation methods and associated cost were considered in addition to material cost. A
budgetary cost estimate has been developed for each option.

3.0 EVALUATION OF CAPPING OPTIONS

3.1 CAPPING ALTERNATIVES

Two alternatives were considered for the conceptual design of the cap. They included capping
the contaminated area with articulated concrete blocks (ACBSs) or with an erosion control mat.

ACBs, such as Contech ArmorFlex, are a flexible matrix of concrete blocks of uniform size,
shape, and weight. Though they can be hand placed, they are typically interconnected with steel
or synthetic cables to provide ease of installation and allow for them to conform to variations in
the surface where they are being applied. An open-cell design for ACBs allows for placement of
soil and seeding, allowing for vegetative growth; or for filling with rockfill or gravel to promote
underwater habitats. ACBs provide hard armor erosion control and are well suited for shoreline
protection, channel lining, and boat ramps (Photograph 3-1).
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PHOTOGRAPH 3-1
INSTALLATION OF ACBs ALONG SHORELINE

Source: Project Profile, “Lake Wabamum Shoreline Protection,” Nilex Civil Environmental
Group, February 2012.

Erosion protection mats are a flexible turf reinforcement mat (TRM) for scour and erosion
protection and slope stabilization. ArmorMax, by Propex Operating Company, is a two-part
system. It combines PyraMat, a woven three-dimensional high performance turf reinforcement
mat (HPTRM), and Type B1 percussion driven earth anchors (PDEAS). The mat is flexible and
has high tensile strength. The mat surface is specially designed to interlock with the soil
substrate and promote vegetative growth. These systems are well suited for shoreline protection,
channel lining, and surficial slope stabilization (Photograph 3-2).
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PHOTOGRAPH 3-2
INSTALLATION OF EROSION PROTECTION MAT
ALONG CHANNEL SLOPE

Source: Propex Operating Co., LLC, <http://propexglobal.com/Geo-Solutions/Product-
Tour/ArmorMax>, Date accessed: February 4, 2016.

3.2 ANALYSIS AND FINDINGS
3.2.1 ACB Evaluation

R1ZZO performed an analysis, following guidelines established by the Federal Highway
Administration (FHWA), to determine an appropriate size and style of ArmorFlex block. Failure
condition for ACBs is described in the guidelines as the local loss of intimate contact between
the revetment and the subgrade it protects. The loss of contact can result from one or more of the
following destabilizing processes:

e Ingress of flow beneath the armor layer
e Loss of subgrade soil through gradual piping
e Enhanced potential for rapid saturation and liquefaction of subgrade soil

e Loss of block or group of blocks from the revetment

The design guidelines are based around the ACB’s hydraulic stability performance. They utilize
a discrete particle approach to evaluate a single block within the overall matrix. The single block
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is evaluated for overturning, with the results being compared to a minimum factor of safety,
which is based on the site conditions and intended application. A minimum factor of safety of
1.40 has been selected for the analysis. This value was selected based in part upon the low
consequence of failure and the river conditions. Since HEC-RAS modeling has already been
performed for the Site, a low degree of uncertainty in design values yields a lower recommended
minimum factor of safety.

Two sizes of open-cell ArmorFlex block were evaluated based on the manufacturer’s
performance data: Class 50 (6-inch thick) and Class 70 (8.5-inch thick). Both blocks have a
nominal area of 15.5-inch by 17.4-inch per block. The evaluation calculations are included in
Attachment C. It was determined from the analysis that the Class 50 block yielded a factor of
safety of 1.34, which does not meet the minimum value. The Class 70 block yielded a factor of
safety of 1.85, which does meet the minimum required value. Therefore, the conceptual design
uses a Class 70 ArmorFlex block for the ACB mats.

3.2.2 Erosion Control Mat Evaluation

The initial selection of PyraMat and ArmorMax systems was determined using the Erosion
Control Product Selection Guide from Contech engineering Solutions (Contech, 2012). The
chosen option is based on the selection guide, a maximum velocity of 18 ft/sec, and a minimum
design life of 50 years. From review of the manufacturer’s data (Propex, 2015), the PyraMat
system on its own is capable handling velocities up to 25 ft/sec and shear stress of 16 Ib/ft> when
in a fully vegetated state and there is good bonding with the substrate. Typical installation
includes trenching and backfilling around the perimeter and the installation of 12-to-24 inch steel
pins placed on 12-inch center over the entire area. When combined with the Type B1 percussion
driven earth anchors to form the ArmorMax system, there are structural application benefits.
Anchors are embedded up to 5 ft, and provide additional surficial slope stabilization. They do
not, however, provide any performance improvement related to the maximum velocity.

According to manufacturer’s data for PyraMat and ArmorMax systems, the channel surface
should be uniform and smooth, having all rocks, clods, vegetation or other objects removed so
that ArmorMax comes in direct, intimate contact with the channel surface. Based on
manufacturer’s data, the PyraMat and ArmorMax systems provide sufficient performance against
design velocities, but they are not suited for the irregular and rocky conditions in portions of the
Project area.
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R1ZZO has determined that the erosion control mats are not suited for capping the contaminated
sediment along the river bed due to anchoring and bonding requirements. Neither the sediment
layer nor the rocky bottom is sufficient for anchoring. There are also concerns with achieving
the proper interlocking with the substrate to allow the erosion control mats to perform under the
design velocities. Therefore, the conceptual design of the erosion control mats has not been
developed further.

The erosion control mats could be installed above the normal water surface, in conjunction with
the ACBs, if erosion protection of the river bank above the normal water surface elevation is
required.

40 CONCEPTUAL DESIGN

A conceptual design has been developed for capping the contaminated sediment with ACBs. This
design includes the placement of Class 70, open-cell, ArmorFlex ACB mats within the river
channel to the extents of the proposed sediment capping area, provided in Apex’s Drawing
“Targeted Removal Area to be Capped” (CONG354, dated December 30, 2015). The ACB mats
will cover the river bottom below elevation 116.0 ft. The ACB mats will also extend up the bank
of the river to approximately elevation (EL) 124.0 ft in the area of the boat access ramp for
protection in areas of prior erosion. Figure 1 in Attachment A shows the limits of capping for the
conceptual design.

The river bottom in the Project area includes rocky outcrops, boulders, and sediment. For proper
placement of the ACB mats, rockfill will be used to fill in large holes or low spots within the
remediation area as required, and geotextile fabric will be attached to the underside of the mats
prior to placement. Large rocks or boulders may be temporarily moved to allow placement of the
mats. In the event it is not practical to move or cover a rock outcrop or boulder, the feature will
be left exposed and the ACB mat will be modified to fit around the feature. This may include the
hand placement of ACBs, as needed. Figure 2 in Attachment A shows a profile of the ACB mat
installed along the embankment slope and river channel bottom. The design includes placement
of rock in a portion of the capped area, following installation, to help promote sturgeon habitat.

4.1 ANCHORING

The ACB mats will be anchored at the shoreline edge with an anchor trench. A minimum of two
blocks will be turned down in the trench and covered with soil. See Figure 3 in Attachment A
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for a detail of the anchor trench installation. Soil is recommended for the trench backfill based on
the relatively shallow slopes at the Site. The backfilled soil will be seeded for a clean and
aesthetically pleasing transition between the ACB mats and the embankment. Blocks above and
around the normal water level will also be filled in with soil and seeded.

The edges of the mat located upstream, downstream, and parallel to the river flow will not have
any additional treatment or anchoring. The perimeter blocks do not require any anchoring based
on the results of the ACB stability calculation.

4.2 INSTALLATION

It is expected that the ACB mats will be installed using a spreader bar as shown in Photograph
4-1. The span for the spreader bars span can range from 16 feet to up to 40 feet and can be sized
for the site specific conditions. A crane or excavator can be used to lift the spreader bar and
ACB mats.

PHOTOGRAPH 4-1
INSTALLATION OF ACBs BY CRANE

Source: Contech Engineering Solutions, Project Profile, “Sunny Point Marina,” Sunny Point,
North Carolina, Installed June 2003.
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For the Congaree site, a crane or excavator will likely install the mats near the shoreline and in
shallow water while operating from the shore or from shallow water near the bank. The area to
be capped extends a maximum of approximately 200 feet into the Congaree River, with depths
up to 11 feet under normal conditions. Therefore, some of the installation will be performed
using an excavator or crane operating from a portable platform or a temporary access road in the
water.

We estimate that it would take approximately 12 to 16 weeks to complete the installation. This
estimate is dependent on the contractor, the number of crews they operate, and favorable weather
and river conditions.

5.0 QUANTITY AND BUDGETARY LEVEL COST ESTIMATES

A material quantity and cost estimate has been developed for the ACB mat option and is
included in Attachment B. We estimate the cost of an ACB mat capping system will be
approximately $3.57 million with the estimate influenced by the type of placement as described
below.

For the cost estimate we have estimated that approximately 50 percent of the installation will be
done by land and/or in relatively shallow water and that approximately 50 percent will be done
by portable platform or a temporary access road in the water. The cost for land placement was
estimated at 1.25 the cost of the ACB product. The cost of placement from the water was
estimated at 2 to 2.5 times as much as the cost of the ACB product, so this ratio has a significant
impact on the overall cost of the Project.

6.0 REFERENCES

1. Propex, 2015, Propex, “Product Data, ArmorMax for Erosion Control,” Propex Operating
Company, LLC, 2015.

2. Contech, 2012, Contech, “Erosion Control Product Selection Guide,” Contech
Engineered Solutions LLC, 2012.
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7.0 SUMMARY

An evaluation of two proposed capping options for the Congaree River Remediation was
conducted and a conceptual design was developed. We recommend that the articulated concrete
block mats be considered for the capping of the Congaree River sediment.

If you have any questions or require any additional information, please contact me at
412-825-2015 or email me at kevin.cass@rizzoassoc.com.

Respectfully submitted,
RI1ZZO Associates

Kevin Cass, P.E.
Senior Project Engineer

Attachments

KRC/JDD/sdr
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PC D

ENGINEERS & CONSULTANTS

Congaree River Remediation
Conceptual Cost Estimate
Capping with ACB Mats

Item Description Estimated Quantity | Unit of Measure | Unit Cost Total Estimated Cost (COMBO)
1.0 Mobilization/Demobilization
1.1 Mobilization/Demobilization (10% of cost) 1 | Lump Sum | $300,000.00 $300,000
Sub Total 1.0 $300,000
2.0 ACB Mat Installation
2.3 ACB Mat including Geotextile 104,400 SQ-ft $8.60 $897,840
2.4A 50% Installation from Land (1.25 of product cost) 1.25 LS $448,920.00 $561,150
2.4B 50% Installation from Water (2.5 of product cost) 2.50 LS $448,920.00 $1,122,300
2.5 Rock Fill Placement (for low spots) 400 cy $100.00 $40,000
2.6 Earthwork (Trench) and refill 389 cy $40.00 $15,560
2.7 Soil Backfill and seeding 40 CcYy $42.00 $1,680
2.8 Rock for habitat (based on 2-inch gravel in 50% of holes) 750 cy $45.00 $33,750
Sub Total 2.0 $2,672,280
Sub Total $2,972,280
Contingency (20%) $594,456
Total $3,566,736
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1.0 STATEMENT OF PURPOSE

The purpose of this calculation is to evaluate two different options for the capping of
contaminated sediment in the Congaree River, just downstream of the Gervais Street
Bridge, in Columbia, SC. From previously determined design criteria, articulated
concrete block systems (ACBs) and erosion control mats have been chosen for
evaluation. The ACBs are evaluated based on manufacturer’s data and design guidelines
in the Federal Highway Administration’s (FHWA) Hydraulic Engineering Circular (HEC)
No. 23 (FHWA, 2009). For conceptual design purposes, the erosion control mats are
evaluated based on manufacturer’s performance data only.

2.0 DESCRIPTION OF METHODOLOGY USED

The total contaminated sediment area runs approximately 1,650 feet along the east
bank, starting downstream of the Gervais Street Bridge, and terminating at the inlet of a
small unnamed tributary (referred to as Tributary No. 2). The area of interest for this
evaluation is between river station 267750 (Section N) and river station 265610 (Section
EX-5) of the previous HEC-RAS model (RIZZO, 2014). Several design criteria influence
the selection of capping solutions, including maximum velocity and service life.

Previous HEC-RAS one-dimensional modeling of the existing river channel performed by
RIZZ0O was reviewed to estimate the maximum water velocity in the area of
remediation. Previous analyses considered the 100-year, 50-year, and 10-year floods
(RI1ZZO, 2014), as well as several other lower flow conditions (RIZZO, 2015). The
maximum velocity in the remediation area was determined to be 15.2 feet per second
(ft/sec) for a water surface elevation of 128 feet, National Geodetic Vertical Datum 1929
(NGVD29). To ensure that the cap can withstand the expected velocities, an
approximate 20% increase in velocity is applied to the design. Therefore, the cap is
designed to withstand a maximum water velocity of 18 ft/sec.

The capping is required to be a permanent (50 years or more) installation with little or
no maintenance required. Therefore, only capping solutions that meet this minimum
requirement have been considered. For the evaluation of the ACBs, ArmorFlex by
Armortec Erosion Control Solutions has been selected. Two sizes of ACBs were selected
for initial evaluation. The ACBs are evaluated using design equations from HEC No. 23
(FHWA, 2009). For the evaluation of the erosion control mats, ArmorMax by Propex
Operating Company has been selected. Erosion control mats are evaluated based on
the manufacturer’s data.

2.1 EvALUATION OF ARMORFLEX ACB

2.1.1 |Initial Block Selection

ACBs are a flexible matrix of concrete blocks of uniform size, shape, and weight. Though
ACBs can be hand placed, they are typically interconnected with steel or synthetic
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cables to provide ease of installation and to allow for the matrix of blocks to conform to
variations in the application surface. The initial selection of ArmorFlex block is
determined using the Erosion Control Product Selection Guide from Contech engineered
Solutions (Contech, 2012b). Based on the selection guide and a maximum velocity of 18
ft/sec, the Class 50 (6-inch thick) and Class 70 (8.5-inch thick) ArmorFlex blocks are
evaluated. The open-cell variation has a smaller mass and is therefore conservatively
considered for evaluation.

Evaluation using HEC No. 23

The FHWA has established guidelines and equations for the design of articulated
concrete block systems (FHWA, 2009). The design guidelines are based around the
ACBs hydraulic stability performance. Failure condition for ACBs is described in the
guidelines as, “the local loss of intimate contact between the revetment and the
subgrade it protects.” The loss of contact can result in one or more of the following
destabilizing processes:

e Ingress of flow beneath the armor layer
e Loss of subgrade soil through gradual piping
e Enhanced potential for rapid saturation and liquefaction of subgrade soil

e Loss of block or group of blocks from the revetment

FHWA (2009) provides design guidance and equations for two types of applications:
bank revetment (or bed armor) and pier scour. The procedures for bank revetment are
followed for this evaluation. The design guidelines utilize a discrete particle approach to
evaluate a single block within the overall matrix. The single block is evaluated for
overturning and compared to a minimum Factor of safety (SF), which is determined
based on the application. A minimum SF of 1.40 has been selected for this evaluation
for channel bed or bank protection. Armortec has published design guidance
(Armortec, 2002) that is based on HEC No. 23 (FHWA, 2009) and was reviewed during
the evaluation.

The evaluation of ACBs can be outlined in the following steps from FHWA, 2009:
1. Determine a Target Factor of Safety
2. Calculate Design Shear Stress
Obtain ACB Properties

3

4. Calculate Drag and Lift force due to protrusion

5. Calculate Stability Number for Block on a Horizontal Surface
6

Calculate Angle between Side Slope projection of Submerged Block Weight and
the Vertical
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7. Calculate projection of Submerged Block Weight

8. Calculate Angle between Block Motion and the Vertical

9. Calculate Angle between Drag Force and Block Motion
10. Calculate Stability number for a Block on a Sloped Surface
11. Calculate the Submerged Weight of each Block

12. Calculate the Factor of Safety for each Block

Design inputs are summarized in Section 4.0 and the equations are presented in
Appendix A. The numerical calculations were performed using Microsoft Excel. The
Excel worksheets and detailed numerical calculations are presented in Appendix A.

EVALUATION OF EROSION CONTROL MATS

Erosion control mats provide scour and erosion protection and slope stabilization.
ArmorMax, by Propex Operating Company, is a two-part system comprised of PyraMat,
a woven three-dimensional High Performance Turf Reinforcement Mat (HPTRM), and
Type B1 percussion driven earth anchors (PDEAs). The mat is flexible and has high
tensile strength. The mat surface is specially designed to interlock with the soil
substrate and promote vegetative growth.

The initial selection was determined using the Erosion Control Product Selection Guide
from Contech engineering Solutions (Contech, 2012b). The chosen option is based on
the selection guide, a maximum velocity of 18 ft/sec, and a minimum design life of 50
years. This evaluation will also consider the PyraMat on its own, without anchors.

ASSUMPTIONS AND JUSTIFICATION

1. All elevations are referenced to the National geodetic Vertical Datum of 1929
(NVGD29).

2. The design life of the capping solution should be permanent (minimum 50
years).

3. Maximum velocity is determined based on existing hydraulic analysis of the
reach with an applied 20% increase to ensure that the cap can withstand the
expected velocities.

4. A channel bed slope of 0.05 ft/ft is assumed for the area of evaluation for the
Congaree River.

5. Avalue of 0.5-inch is assumed for the height of block protrusion above the
ACB mat. This is based of design examples from the HEC No. 23 guidelines
(FWHA, 2009).
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6. The channel side slopes and maximum depth are estimated issuing cross-
section data from previous HEC-RAS analyses, and are determined assuming
capping will be applied up to an elevation of 116.0 ft.

4.0 CALCULATION INPUT

The evaluation of ACBs will consider ArmorFlex open-cell Class 50 (6-inch height)
and Class 70 (8.5-inch height) blocks. Table 4-1 summarizes the design inputs
used for this evaluation and the reference sources.

TABLE 4-1: DESIGN INPUTS

Input Value Reference Source

Design Velocity 18 ft/sec RIZZO, 2015
Maximum Depth 26.4 ft RIZZO, 2015
Side Slope 3.8H:1V RIZZO, 2014
Channel Bed Slope 0.05 ft/ft Assumption 4
Slope of Energy Grade Line 0.0007624 RIZZO, 2015
Channel Top Width 1062.58 ft RIZZO, 2015

ACB Dimensions see Appendix A Contech, 2012a

Critical Shear Stress on Horizontal see Appendix A Contech, 2012b

Submerged Weight of each Block see Appendix A Contech, 2012b
Height of Block protrusion above ACB Mat 0.5in FHWA, 2009

Design Velocity — based on a maximum velocity of 15.2 ft/sec with an approximate 20%
increase.

Maximum Depth — the maximum channel depth within the area of analysis from the
existing conditions cross-sections.

Side Slope — the maximum side slope within the area of analysis from the existing
conditions cross-sections.

Channel Bed Slope —the slope of the channel bed along the area of analysis.

Slope of Energy Grade Line — the energy grade line slope at the cross-section where the
maximum velocity was determined.

Channel Top Width — the average channel top width from within the area of analysis
from the existing conditions cross-sections.

ACB Dimensions — The length, width and height of the ArmorFlex blocks.

Critical Shear Stress on Horizontal — the critical shear stress for a given ACB on a
horizontal surface, provided by Armortec.

Submerged Weight — the submerged weight of a given ACB, provided by Armortec.
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Height of Block Protrusion above ACB Mat — the height that a single block may protrude
from the ACB mat. Used for the calculation of additional drag force. Estimated from
FHWA guidelines.

NUMERICAL CALCULATIONS

See Appendix A for the ACB evaluation Excel worksheets.

CALCULATION OUTPUT
Not Applicable

RESULTS

ACB RESULTS

Table 7-1 summarizes the results of the ACB evaluation.

7-1: ARMORFLEX ACB EVALUATION RESULTS

Input Value

Target Factor of Safety 1.40

Factor of Safety for Class 50 Block (6-inch) 1.34
Factor of Safety for Class 70 Block (8.5-inch) 1.85

EROSION CONTROL MAT FINDINGS

From review of the manufacturer’s data (Propex, 2015), the PyraMat system on its own
is capable handling velocities up to 25 ft/sec and shear stress of 16 Ib/ft?, when in a fully
vegetated state and there is good bonding with the substrate. When combined with the
Type B1 percussion driven earth anchors to form the ArmorMax system, there are
structural application benefits. Anchors are embedded up to 5 feet, and provide
surficial slope stabilization. They do not provide any improvement to the maximum
velocity.

PyraMat has a design life of up to 50 years. The ArmorMax system has a design life of
up to 50 years or greater. These erosion control mats are intended for application on
soil substrates and are not suited for installation on rocky surfaces.

CONCLUSION/SUMMARY

The results in Table 7-1 show the Class 70 block meets and exceeds the target factor of
safety of 1.40. The Class 50 block does not meet the target factor of safety under the
design conditions. According to manufacturer’s data for PyraMat and ArmorMax
systems, the channel surface should be uniform and smooth, having all rocks, clods,
vegetation or other objects removed so that Armormax comes in direct, intimate
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contact with the channel surface. Based on manufacturer’s data, the PyraMat and
ArmorMax systems provide sufficient performance against design velocities, but they
are not suited for the irregular or rocky conditions of the Congaree River.

Therefore, the initial conceptual design should be performed using the Class 70, open-
cell ArmorFlex ACB mats. Erosion control mats, such as PyraMat or ArmorMax, may still
be suited for the river bank, above the waterline, where sufficient soil may exist for
proper anchoring and bonding.
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Not used, for information only

Not used, for information only

assumed channel slope for area of evaluation

Section of reach is fairly straight

Not used, for information only

assumed based on high velocities (figure 8.2, FHWA, 2009 )
assumed based on low risk from failure (figure 8.2, FHWA, 2009 )
assumed based on model geometry (figure 8.2, FHWA, 2009 )

Section of reach is fairly straight, therefore radius is assumed to

Channel discharge, Q (cfs) 148000
Cross section average velocity, V. (ft/s) 8.7
Maximum velocity, Ve, (ft/s) 18.0
Maximum depth, y (ft) 26.4
Side slope, H:V 3.8
deg 14.74
Bed slope, S, (ft/ft) 0.05
deg 2.86
Slope of energy grade line, S¢(ft/ft)] 0.0007624
[average] Channel top width, T (ft) 1062.58
Radius of curvature, R (ft) N/A
density of concrete, y. (pcf) 140
mass density of water, p (slug/ft?) 1.94
density of water, v, (pcf) 62.4
1. Target Factor of Safety
Base Factor of Safety, SFg 14
multiplier based on consequence of failure, X 1
multiplier based on model uncertainty, Xy, 1
1.4
2. Calculate Design Shear Stress
>>10
1.05
(psf) 1.32
3. Obtain ACB Properties
ArmorFlex Open Cell Block Class 50 Class 70
length, | (in) 17.4 17.4
width, w (in) 15.5 15.5
height, h (in) 6.0 8.5
submerged weight, W(lb) 47.8 75.3
[1/2 block height] moment arm, / ; (in) 3.0 43
[distance center to corner] moment arm, !, (in) 11.7 11.7
[8/10 block height] moment arm, / 5 (in) 4.8 6.8
[distance center to corner] moment arm, [, (in) 11.7 11.7
Critical shear stress for block on horiz surface, t. (psf) 26.6 35.5
4. Calculate Drag and Lift force due to protrusion, F,' and Fy'
height of block protusion above ACB mat, Az (in) 0.5 0.5
block width normal to flow, b (in) 23.3 233
(Ib) 25.43 25.43

greatly exceed the top width of the channel
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5. Calculate Stability Number for Block on a Horizontal Surface, n,

0.049520528 | 0.0371055

6. Calculate Angle between Side Slope projection of Submerged Block Weight and the
Vertical, 0

10.76 10.76

7. Calculate projection of Submerged Block Weight, ag

0.97 0.97

8. Calculate Angle between Block Motion and the Vertical, B

11.31 7.74

9. Calculate Angle between Drag Force and Block Motion, &

67.93 71.51

10. Calculate Stability number for a Block on a Sloped Surface, n,

0.04 0.03

11. Calculate the Submerged Weight of each Block, Wy

47.80 75.30 |previously provided by Armortec, 2002

12. Calculate the Factor of Safety for each Block

SF= 1.34 1.85
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FHWA, 2009

ASTM Standard D-6684 also specifies minimum strength properties of geotextiles according
to the severity of the conditions during installation. Harsh installation conditions (vehicular
traffic, repeated lifting, realignment, and replacement of mattress sections, etc.) require
stronger geotextiles.

8.3  APPLICATION 1: HYDRAULIC DESIGN PROCEDURE FOR ACB SYSTEMS FOR
BANK REVETMENT OR BED ARMOR

8.3.1 Hydraulic Stability Design Procedure

The hydraulic stability of ACB systems is analyzed using a "discrete particle" approach. The
design approach is similar to that introduced by Stevens and Simons (1971) as modified by
Julien (1995) in the derivation of the "Factor of Safety" method for sizing rock riprap. In that
method, a calculated factor of safety of 1.0 or greater indicates that the particles will be
stable under the given hydraulic conditions and site geometry (e.g., side slope and bed
slope). For ACBs, the Factor of Safety force balance has been recomputed considering the
weight and geometry of the blocks, and the Shields relationship for estimating the particle’s
critical shear stress is replaced with actual test results (Clopper 1992).

Considerations are also incorporated into the design procedure to account for the additional
forces generated on a block that protrudes above the surrounding matrix due to subgrade
irregularities or imprecise placement. The analysis methodology purposely omits any
restraining forces due to cables, because any possible benefit that cables might provide are
reflected in the performance testing of the block. Cables may prevent blocks from being lost
entirely, but they do not prevent a block system from failing through loss of intimate contact
with the subgrade. Similarly, the additional stability afforded by vegetative root anchorage or
mechanical anchoring devices, while recognized as potentially significant, is ignored in the
stability analysis procedure for the sake of conservatism in block selection and design.

A drainage layer may be used in conjunction with an ACB system. A drainage layer lies
between the blocks and the geotextile and/or granular filter. This layer allows "free" flow of
water beneath the block system while still holding the filter material to the subsoil surface
under the force of the block weight. This free flow of water can relieve sub-block pressure
and has appeared to significantly increase the hydraulic stability of ACB systems based on
full-scale performance testing conducted since the mid 1990s.

Drainage layers can be comprised of coarse, uniformly sized granular material, or can be
synthetic mats that are specifically manufactured to permit flow within the plane of the mat.
Granular drainage layers are typically comprised of 1- to 2-inch crushed rock in a layer 4
inches or more in thickness. The uniformity of the rock provides significant void space for
flow of water. Synthetic drainage nets typically range in thickness from 0.25 to 0.75 inches
and are manufactured using stiff nylon fibers or high density polyethylene (HDPE) material.
The stiffness of the fibers supports the weight of the blocks, thus providing large hydraulic
conductivity within the plane of the drainage net.

Many full-scale laboratory performance tests have been conducted with a drainage layer in
place. When evaluating a block system, for which performance testing was conducted with a
drainage layer, a drainage layer must also be used in the design. This recommendation is
based on the improvement in the hydraulic stability of systems that have incorporated a
drainage layer in the performance testing.

DG8.5
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8.3.2 Selecting a Target Factor of Safety

The designer must determine what factor of safety should be used for a particular
application. Typically, a minimum allowable factor of safety of 1.2 is used for revetment
(bank protection) when the project hydraulic conditions are well known and the installation
can be conducted under well-controlled conditions. Higher factors of safety are typically
used for protection at bridge piers, abutments, and at channel bends due to the complexity in
computing hydraulic conditions at these locations.

The Harris County Flood Control District, Texas (HCFCD 2001) has developed a simple
flowchart approach that considers the type of application, uncertainty in the hydraulic and
hydrologic models used to calculate design conditions, and consequences of failure to select
an appropriate target factor of safety to use when designing an ACB installation. In this
approach, the minimum allowable factor of safety is recommended based on the type of
application (e.g., bank protection, bridge scour protection, dam overtopping, etc). This base
value is then multiplied by two factors, each greater than 1.0, to account for risk and
uncertainty. Figure 8.2 shows the Harris County flow chart method for determining the target
factor of safety.

8.3.3 Design Method

Factor of Safety Method: The stability of a single block is a function of the applied hydraulic
conditions (velocity and shear stress), the angle of the inclined surface on which it rests, and
the weight and geometry of the block. Considering flow along a channel bank as shown in
Figure 8.3, the forces acting on a concrete block are the lift force F., the drag force Fp, and
the components of the submerged weight of the block, Ws, both into and along the plane of
the slope. Block stability is determined by evaluating the moments about the point O about
which rotation can take place. The components of these forces are shown in Figure 8.3.

The safety factor (SF) for a single block in an ACB matrix is defined as the ratio of restraining
moments to overturning moments:

l, Wsa,

SF=
€1WS\/1—a§ cosP+/5F, cosd+(,F +(5F, cosd+¢,F

Note that additional lift and drag forces F’. and F’p are included to account for protruding
blocks that incur larger forces due to impact. The design implications regarding a protruding
block are discussed in detail later in this section.

The moment arms (4, (5, (3, and (4 are determined from the block dimensions shown in Figure
8.4. In the general case, the pivot point of overturning will be at the downstream corner of
the block; therefore, the distance from the center of the block to the corner should be used
for both ¢, and 4. Since the weight vector acts through the center of gravity, one half the
block height should be used for ¢;. The drag force acts both on the top surface of the block
(shear drag) and on the body of the block (form drag). Considering both elements of drag,
eight-tenths the height of the block is considered a reasonable estimate of (5.
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Step 1: Determine SFy ]
based on application
SFg =(1.2t0 2.0)

NN

o

Guidance
Example Applications SFy
Channel bed or bank 1.2-1.
Bridge pier or abutment 1.5-1.
Overtopping spillway 1.8-2.

Step 2: Determine X, ]
based on consequence of

failure X = (1.0 to 2.0)

Consequence of Failure

Low

Medium

High

Extreme or loss of life

X5

o ®wm i

g Guidance >

Step 3: Determine X,
based on uncertainty in

Notes:

The intent of this flow chart is to provide
a systematic procedure for pre-
selecting a target factor of safety (SF;)
for an ACB system. No simple decision
support system can encompass all
significant factors that will be
encountered in practice; therefore, this
flow chart should not replace prudent
engineering judgment.

SFg is a base factor of safety that
considers the overall complexity of flow
that the ACB system will be exposed to.
SFg should reflect erosive flow
characteristics that can not be
practically modeled, such as complex
flow lines and turbulence. Xg is
multiplier to incorporate conservatism
when the consequence of failure is
severe when compared to the cost of
the ACB system. X, is a multiplier to
incorporate conservatism when the
degree of uncertainty in the modeling
approach is high, such as the use of a
simple model applied to a complex
system.

Gep 4: Calculate target \
factor of safety, SF, using

hydrologic/hydraulic modeling
X = (1.0 to 2.0) J

Guidance
Type of Modeling Used Xu
Deterministic
(e.g. HEC-RAS, RMA-2V) 1.0-1.3
Empirical or Stochastic (e.g.
Manning or Rational Equation) 1.4 - 1.7
Estimates 1.8-2.0

equation presented below

SF, =SF, X X,

where

SF; =target factor of safety
SF; =base factor of safety

Xc = multiplier based on
consequence of failure

Xy = multiplier based on
model uncertainty

_/

Figure 8.2. Selecting a target factor of safety (HCFCD 2001).
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Figure 8.3. Single block on a channel side slope with factor of safety variables defined.
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o0 Flow Direction
«0\‘6& <
€9 ) i
o \ (= % -Block Height
(&, T
-8/ . i
>’( £, 'AO Block Height
A. Plan view of block with design B. Profile view of block with design
moment arms shown moment arms shown

Figure 8.4. Schematic diagram of a block showing moment arms ¢4, (5, (3, and (.

The shear stress on the block is calculated as follows:

Tdes = Kb'szf (82)
where:
Tes = Design shear stress, Ib/ft?
Ko = Bend coefficient (dimensionless)
y = Unit weight of water, lo/ft’
y = Maximum depth of flow on revetment, ft
S = Slope of the energy grade line, ft/ft

The bend coefficient K, is used to calculate the increased shear stress on the outside of a
bend. This coefficient ranges from 1.05 to 2.0, depending on the severity of the bend. The
bend coefficient is a function of the radius of curvature R, divided by the top width of the
channel T, as follows:

K, =2.0 for 2= Ry/T

RC RC ?
K, =2.38-0.206| — |+0.0073 —= for 10 > RJ/T > 2 (8.3)
K, =1.05 for Ry/T 2 10
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Protruding Blocks: While some manufacturers developed design charts to aid in the design
of ACB systems, those charts generally are based on the assumption of a "perfect"
installation (i.e., no individual blocks protrude into the flow). In reality, some placement
tolerance must be anticipated and the factor of safety equation modified to account for
protruding blocks, illustrated in Figure 8.5. Because poor installation, or differential
settlement over time, can cause blocks to exceed the design placement tolerance, the actual
factor of safety can be greatly reduced and may lead to failure. Therefore, subgrade
preparation and construction inspection become critical to successful performance of ACB
systems. Blocks must not be placed directly on an irregular surface such as cobbles or
rubble. A suitably smooth subgrade can often be achieved by removing the largest blocky
materials and placing imported sand or road base material prior to placing the geotextile.

—

Figure 8.5. Sketch showing additional lift and drag forces on a protruding block.

The additional drag force on the block created by the protrusion is calculated as follows:

Fo = 5 C [82)op (Vi) 8.4
where:
F'o = Drag force due to protrusion, Ib
C = Drag coefficient assumed equal to 1.0
Az = Protrusion height, ft
Projected block width, ft
b = (Note: This width is typically taken as 2 times the moment arm L, ; see
Figure 8.4)
p = Mass density of water, slugs/ft’
Vees = Design velocity, ft/s

For typical revetment applications, the design velocity Vges is taken as the cross sectional
average velocity. If a detailed hydraulic analysis has been performed, a more representative
local velocity can be used for Vges.
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Lastly, the additional lift force due to the protrusion F’_ is assumed equal to the drag force
F'b. Both of these forces create additional destabilizing moments associated with a
protruding block.

Dividing Equation 8.1 by (;Ws and substituting terms yields the final form of the factor of
safety equations as summarized in Table 8.1. The equations can be used with any consistent
set of units; however, variables are indicated here in U.S. customary (English) units.

8.3.4 Layout Details for ACB Bank Revetment and Bed Armor

Longitudinal Extent: The revetment armor should be continuous for a distance which extends
both upstream and downstream of the region which experiences hydraulic forces severe
enough to cause dislodging and/or transport of bed or bank material. The minimum distances
recommended are an upstream distance of 1.0 channel width and a downstream distance of
1.5 channel widths. The channel reach which experiences severe hydraulic forces is usually
identified by site inspection, examination of aerial photography, hydraulic modeling, or a
combination of these methods.

Many site-specific factors have an influence on the actual length of channel that should be
protected. Factors that control local channel width (such as bridge abutments) may produce
local areas of relatively high velocity and shear stress due to channel constriction, but may
also create areas of ineffective flow further upstream and downstream in "shadow zone"
areas of slack water. In straight reaches, field reconnaissance may reveal erosion scars on
the channel banks that will assist in determining the protection length required.

In meandering reaches, since the natural progression of bank erosion is in the downstream
direction, the present limit of erosion may not necessarily define the ultimate downstream
limit. FHWA’s Hydraulic Engineering Circular No. 20, "Stream Stability at Highway
Structures" (Lagasse et al. 2001) provides guidance for the assessment of lateral migration.
The design engineer is encouraged to review this reference for proper implementation.

Vertical Extent. The vertical extent of the revetment should provide freeboard above the
design water surface. A minimum freeboard of 1 to 2 ft should be used for unconstricted
reaches and 2 to 3 ft for constricted reaches. If the flow is supercritical, the freeboard should
be based on height above the energy grade line rather than the water surface. The
revetment system should either cover the entire channel bottom or, in the case of
unlined channel beds, extend below the bed far enough so that the revetment is not
undermined by the maximum scour which for this application is considered to be toe
scour, contraction scour, and long-term degradation (Figure 8.7).

Recommended revetment termination at the top and toe of the bank slope are provided in
Figures 8.6 and 8.7 for armored-bed and soft-bottom channel applications, respectively.
Similar termination trenches are recommended for the upstream and downstream limits of
the ACB revetment.

DG8.11



Calculation Title: Congaree Sediment Capping

Calculation No.: 11-4708-F7

Revision No.:

0

Date: 3-21-2016
Page: 20 o0f 28

Table 8.1. Factor of Safety Design Equations for ACB Systems.

FL'=Fp'=0.5pb(AZ)(Vges )? (8.5)
7y = e 8.6
"7, (8.6)
tan@,
0 = arctan
(tanGJ (8.7)
ay =1/(cos6;)? — (sind, )2 (8.8)
cos(6y +0)
B =arctan 8.9
1 \11—a92 %9
(4+1J "2 |+sin(0, +6)
l3 No(l2/41)
§=90°-B-6 (8.10)
B (L4/l3)+sin(By+6+P)
b 0( (4 /0g)+1 ®.11)
W, = W(MJ (8.12)
Ye
SF = (ta/t4)ag
COSBW‘*‘WWN@)"‘(ESFDC;S\/S+Z4FL) (8.13)
1%%s

ag= Projection of Wg into
plane of subgrade
b= Block width normal to flow

(ft)

F'n, F'L = added drag and lift
forces due to protruding
block (Ib)

/.= Block moment arms (ft)
Yc= Concrete density, Ib/ft?
vw= Density of water, lb/ft®

V4es = Design velocity (ft/s)

W = Weight of block in air (Ib)

Ws = Submerged block weight
(Ib)

Az = Height of block protrusion
above ACB matrix (ft)

B=  Angle between block
motion and the vertical

6= Angle between drag force
and block motion

No = Stability number for a
block on a horizontal
surface

ni =  Stability number for a
block on a sloped surface

8= Angle between side slope
projection of Ws and the
vertical

o= Channel bed slope
(degrees)

0= Side slope of block
installation (degrees)

p=  Mass density of water
(slugs/ft®)

t.= Critical shear stress for

block on a horizontal
surface (Ib/ft?)
Tees = Design shear stress (Ib/ft?)
SF = Calculated factor of safety

Note: The equations cannot be solved for 6; = 0 (i.e., division by 0 in Equation 8.7); therefore,
a very small but non-zero side slope must be entered for the case of 8, = 0.
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Top Termination
Slope To Drain Trench
e
1 — ACB Revetment System

Channel Bottom
Minimum Radius of
Curvature Per Block
Manufacturer’s

Recommendations

Geotextile, Syt
Granular Bedding or Both

Figure 8.6. Recommended layout detail for bank and bed armor.

Top Termination

Slope To Drain Trench

ACB Revetment System

Minimum Radius of
Curvature Per Block
Manufacturer’'s

% Ambient Bed Elevation
Recommendations ‘

Toe Down Depth N 7
Based on Maximum T
Design Scour Depth

Figure 8.7. Recommended layout detail for bank revetment where no bed armor is required.
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8.3.5 Filter Requirements

The importance of the filter component of an articulating concrete block installation should
not be underestimated. Geotextile filters are most commonly used with ACBs, although
coarse granular filters may be used where native soils are coarse and the particle size of the
filter is large enough to prevent winnowing through the cells and joints of the ACB system.
When using a granular stone filter, the layer should have a minimum thickness of 4 times the
dso of the filter stone or 6 inches, whichever is greater. The ds, size of the granular filter
should be greater than one half the smallest dimension of the open cells of the system.
When placing a granular filter under water, its thickness should be increased by 50%.

The filter must retain the coarser particles of the subgrade while remaining permeable
enough to allow infiltration and exfiltration to occur freely. It is not necessary to retain all the
particle sizes in the subgrade; in fact, it is beneficial to allow the smaller particles to pass
through the filter, leaving a coarser substrate behind. Detailed aspects of filter design are
presented in Design Guide 16 of this document.

Some situations call for a composite filter consisting of both a granular layer and a geotextile.
The specific characteristics of the base soil determine the need for, and design
considerations of the filter layer. In cases where dune-type bedforms may be present at
the toe of a bank slope protected with an ACB system, it is strongly recommended
that only a geotextile filter be considered.

8.3.6 ACB Design Example

The following example illustrates the ACB design procedure using the Factor of Safety
equations presented in Table 8.1. The example is presented in a series of steps that can be
followed by the designer in order to select the appropriate ACB system based on a pre-
selected target factor of safety. The primary criterion for product selection is if the computed
factor of safety for the ACB system meets or exceeds the pre-selected target value. The
example assumes that hydraulic testing has been performed to quantify a critical shear
stress for that particular system. This problem is presented in English units only because
ACB systems in the U.S. are manufactured and specified in units of inches and pounds.

Problem Statement:

Meandering River has a history of channel instability, both vertically and laterally. A
quantitative assessment of channel stability has been conducted using the multi-level
analysis from Hydraulic Engineering Circular No. 20, "Stream Stability at Highway Structures”
(Lagasse et al. 2001). A drop structure has been designed at the downstream end of a
bendway reach to control bed elevation changes. However, there is concern that lateral
channel migration will threaten the integrity of the drop structure. An ACB system is
proposed to arrest lateral migration. Figure 8.8 presents a definition sketch for this example
problem.

The design procedure assumes that appropriate assessment of hydraulic and geomorphic
conditions has been made prior to the design process. The US Army Corps of Engineers’
HEC-RAS model has been used to determine the design hydraulic conditions for the project
reach. A velocity distribution across the cross section was calculated at River Mile 23.4
using HEC-RAS. Figure 8.9 presents the velocity distribution as determined using 9 flow
subsections across the main channel. The velocity distribution indicates that the maximum
velocity expected at the outside of the bend is 11.0 ft/s, which will be used as the design
value in the factor of safety calculations. The corresponding depth at this location, which is
the channel thalweg depth at the toe of the bank slope, is 8.4 feet.
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Table 2.3. Factor of Safety Equation Variables.
Submerged / @
Block Weight (1 (2 & L4 fs 0 degrees
Class (Lbs) (ft) (ft) (ft) (psf)
30-S 19.80 0.198 0.726 0.317 14.40
50-S 28.60 0.250 0.726 0.400 19.00
45-S 24.50 0.198 0.726 0.317 17.90
55-S 33.30 0.250 0.726 0.400 22.10
40 37.30 0.198 0.971 0.317 22.40
50 47.80 0.250 0.971 0.400 26.60
60 60.60 0.313 0.971 0.500 31.00
70 75.30 0.375 0.971 0.600 35.50
45 45.50 0.198 0.971 0.317 27.30
55 58.30 0.250 0.971 0.400 32.80
75 74.60 0.313 0.971 0.500 38.20
85 91.00 0.375 0.971 0.600 43.00
40-L 46.80 0.198 1.222 0.317 25.80
50-L 60.30 0.250 1.222 0.400 30.50
60-L 74.90 0.313 1.222 0.500 35.60
70-L 90.00 0.375 1.222 0.600 40.80
45-L 56.20 0.198 1.222 0.317 31.00
55-L 72.30 0.250 1.222 0.400 37.20
75-L 90.00 0.313 1.222 0.500 43.20
85-L 108.70 0.375 1.222 0.600 48.70
40-T 35.50 0.198 0.971 0.317 31.80
50-T 44.80 0.250 0.971 0.400 36.90
60-T 56.00 0.313 0.971 0.500 42.10
70-T 67.20 0.375 0.971 0.600 46.50

NOTE: Moment arms and critical shear stresses assume block orientation of the block with
the long axis parallel to flow.

Armorflex® Design Manual-Abridged Version
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'!‘ ARMORMAX' Product Data
/\

BY PROPEX ARMORMAX® FOR EROSION CONTROL
AR

The ARMORMAX® Anchor Reinforced Vegetation System (ARVS) for Erosion Control is an engineered solution used
for permanent erosion protection in vegetated and unvegetated applications. It is composed of two components:
PYRAMAT® High Performance Turf Reinforcement Mat (HPTRM) and Type B1 Percussion Driven Earth Anchors
(PDEAs). ArmorMax is available in green or tan to provide for an aesthetically pleasing solution with proven
performance. The PDEA component is specifically designed and tested for compatibility and performance with
PYRAMAT® to provide a system solution. Propex offers several PDEA options to provide the ARMORMAX® system
designed for specific challenges and needs. The expected design life of ARMORMAX® is 50 years because of its
superior UV resistance, resistance to corrosion, strength, and durability in the most demanding environments.

The PYRAMAT® component of ARMORMAX® has been tested and conforms to the property values listed below*
while manufactured at a Propex facility having achieved ISO 9001:2000 certification. Propex also performs
internal Manufacturing Quality Control (MQC) tests that have been accredited by the Geosynthetic Accreditation
Institute - Laboratory Accreditation Program (GAI-LAP).

The Type B1 Anchor model is used for permanent erosion protection applications and has a working load of up to
800 Ibs. The Type B1 Anchor consists a die cast aluminum anchor head, zinc-aluminum coated carbon steel cable,
a die cast zinc load-locking mechanism with a ceramic roller, and two aluminum ferrules. The bullet nose design of
the anchor head allows the anchor to penetrate PYRAMAT® resulting in minimal installation damage. The Type B1
Anchor is also designed with a recessed cavity so the top of the cable can be cut below the surface being
protected.

TESTED. PROVEN. TRUSTED

www.propexglobal.com
Propex Operating Company, LLC - 1110 Market Street, Suite 300 - Chattanooga, TN 37402
ph 800 621 1273 - ph 423 855 1466

ARMORMAX®, PYRAMAT®, LANDLOK®, X3®, GEOTEX®, PETROMAT®, PETROTAC®, REFLECTEX®, and GRIDPRO® are registered trademarks of Propex Operating Company, LLC.

This publication should not be construed as engineering advice. While information contained in this publication is accurate to the best of our knowledge, Propex does not warrant its accuracy or completeness. The ultimate customer and user of the
products should assume sole responsibility for the final determination of the suitability of the information and the products for the contemplated and actual use. The only warranty made by Propex for its products is set forth in our product data sheets
for the product, or such other written warranty as may be agreed by Propex and individual Propex ifi I i all other warranties, express or implied, including without limitation, warranties of merchantability or fitness for a
particular purpose, or arising from provision of samples, a course of dealing or usage of trade.

© 2015 Propex Operating Company, LLC
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'!‘ ARMORM A X PrOdUCt Data
/_\

BY PROPEX ARMORMAX® FOR EROSION CONTROL
A

PYRAMAT® PROPERTIES

PROPERTY | TEST METHOD | ENGLISH METRIC

ORIGIN OF MATERIALS

% U.S. Manufactured Inputs 100% 100%

% U.S. Manufactured 100% 100%

PHYSICAL

Thickness ° ASTM D-6525 0.40in 10.2 mm

Light Penetration (% Passing) ° ASTM D-6567 10% 10%

Color Visual Green or Tan

MECHANICAL

Tensile Strength 2 ASTM D-6818 4000 x 3000 Ibs/ft 58.4 x 43.8 kN/m

Elongation ° ASTM D-6818 40x35 % 40x35 %

Resiliency 2 ASTM D-6524 80% 80%

Flexibility * ASTM D-6575 0.534 in-Ib 616,154 mg-cm

ENDURANCE

UV Resistance % Retained at 6,000 hrs * ASTM D-4355 90% 90%

UV Resistance % Retained at 10,000 hrs * ASTM D-4355 85% 85%

PERFORMANCE

Velocity (Vegetated) 4.0 Large Scale 25 ft/sec 7.6 m/sec

Shear Stress (Vegetated) * ° Large Scale 16 Ib/ft? 766 Pa

Manning's n (Unvegetated) *° Calculated 0.028 0.028

Seedling Emergence 4 ASTM D-7322 296% 296%

ROLL SIZES 8.5 ft x 90 ft 2.6 mx27.4m

15.0 ft x MR 4.6 mx MR
TYPE B1 ANCHOR PROPERTIES

PHYSICAL ENDURANCE/ COMPONENT MATERIALS

Anchor Head Length 3.4in Anchor Head Die cast aluminum

Anchor Head Width 1.0in Cable Tendon Zinc-aluminum carbon steel

Anchor Head Bearing Area 2.5in” Load Bearing Plate Die cast zinc

Anchor Head Weight 0.1 Ibs Load-Lock Mechanism Die cast zinc w/ceramic roller
Crimped Ferrule Aluminum

PERFORMANCE MECHANICAL

Load Range (Cohesive through Non Cohesive Soils) Up to 500 Ibs Ultimate Strength 1,100 lbs

Embedment Depth Upto 5 ft Working Load 800 Ibs

NOTES:

1. The property values listed above are effective 07/13/2015 and are subject to change without notice.
2. Minimum average roll values (MARV) are calculated as the typical minus two standard deviations. Statistically, it yields a 97.7% degree of confidence that any samples taken from quality assurance testing

will exceed the value reported.
3. Maximum Average Roll Value (MaxARV), calculated as the typical plus two standard deviations. Statistically, it yields a 97.7% degree of confidence that any sample taken during quality assurance testing will

meet to the value reported.

4. Typical Value.

5.  Maximum permissible velocity and shear stress has been obtained through vegetated testing programs featuring specific soil types, vegetation classes, flow conditions, and failure criteria. These conditions
may not be relevant to every project nor are they replicated by other manufacturers. Please contact Propex for further information.

6. Calculated as typical values from large-scale flexible channel lining test programs with a flow depth of 6 to 12 inches.

TESTED. PROVEN. TRUSTED

www.propexglobal.com
Propex Operating Company, LLC - 1110 Market Street, Suite 300 - Chattanooga, TN 37402
ph 800 621 1273 - ph 423 855 1466

ARMORMAX®, PYRAMAT®, LANDLOK®, X3%, GEOTEX®, PETROMAT®, PETROTAC®, REFLECTEX®, and GRIDPRO® are registered trademarks of Propex Operating Company, LLC.

This publication should not be construed as engineering advice. While information contained in this publication is accurate to the best of our knowledge, Propex does not warrant its accuracy or completeness. The ultimate customer and user of the
products should assume sole responsibility for the final determination of the suitability of the information and the products for the contemplated and actual use. The only warranty made by Propex for its products is set forth in our product data sheets
for the product, or such other written warranty as may be agreed by Propex and individual . Propex ifi I i all other warranties, express or implied, including without limitation, warranties of merchantability or fitness for a
particular purpose, or arising from provision of samples, a course of dealing or usage of trade.

© 2015 Propex Operating Company, LLC
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Tapered Series Tapered Series - Cross Section
BACKFILL WITH 4000 PS.. ArmorFlex Unit Specificuiion
GROUT, CONCRETE OR
APPROVED EQUAL Concrete | Open/Closed | Nominal Dimensions | Gross Area/ | Block Weight Open
2UNITMIN. - AREA OF COVERAGE Block Class | Cell L W " (sq. ft.) s T Area %
“/M ‘\‘ \/\/ WM T \M « 30s Open 130 |16 |475 [098 33-35 34-36 20
2 ‘1 50s Open 130 [11.6 |6.00 |0.98 4245 |43-46 |20
3
N 5 40 Open 174 155 |475 |1.77 59-64 |33-36 |20
S /@E; 50 Open 174 [155 [600 177 7682 [4346 |20
EEH S
GEOTEXILE SIS 70 Open 174 |155 (850 | 177 108-117 | 6166 |20
2 UNIT RAIN. \,P—% 2
bxisting Subgrade 40L Open 174 236 |475 (258 97-105 | 38-41 20
70L Open 174 236 |850 |258 174-188 | 68-73 |20
45s Closed 130 [11.6 |475 098 3942 3843 |10
55s Closed 130 116 |6.00 {098 50-54 49-55 10
45 Closed 174 155 |475 |1.77 71-77 {4043 |10
55 Closed 174 155 |6.00 |177 9198 |525 |10
Top of Slope - Standard Detail 8 Closed 174 155 [850 177 136-146 7783 |10
45L Closed 174 236 |475 |258 109-118 | 4246 |10
85L Closed 174 236 |850 |258 207-223 | 80-87 |10
High Velocity Application Block Classes
40T Open 174 (155 [475 |177 58-63 3335 |20
50T Open 174 [155 |6.00 |1.77 75-81 43-46 20
70T Open 174 |155 |850 |1.77 116-124 6570 |20
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(ft/s) Stress (Ib/ft) Wave Potential |No Wave Potential
Lag‘:’f" 12 months 5-6 20 10010 1.75
£
=
= Landlok 18 months 5-6 15 12510175
= (S2)
E Landlok
5 ) 24 months v 56 20 17510225
E dlok
4
Landlo 36 months 56 23 20010275
(@) (<157)
()
Landlok 450 Permanent 81018 21010 6.00t0 8.00 %
wa
£ = 3
E £ | Landlok 300 Permanent 61020 21012 v v 10.00 t0 15.00 F-q
bd
2 ermanent N
=2 | Pyramat 61025 21015 v v 1500102000 |NO
&= (up to 50 years) S
= ArmorM Permanent =
rmoriflax 61025 | 21018 v v 2000102500 [N
Anchored Reinforced System (Up t0 50 years) o
Armorflex 4"-11-15 4"-14-31 82.50t0 112.50
Permanent 6"-13-29 6"-19-37 v v 90.00 to 127.50
ACB Revetment System 9'-17-37 | 9"-22-48 97.50 10 135.00
Armorloc ) t 4210 48 525010 82.50
= Hand Placed ACB Revetment ermanen 6-1) 6 - 11 v v 75,0010 97.50
=
°<= System
2 24"-220 24" -38 300 45/ea.
= 48"-31.1 48"-76 37510 525/ea.
= -
A-Jacks Permanent 7o | 7o v N 900 to 1350/ec.
96" - 44.0 96" - 152 1650 to 2250/ea.
. Basket:: 100 t0 125/cy.
Gabions Permanent 16 20 v v Mattess: 3010 60/cy.
NOTES: 1. The above design recommendations should only be used as a “quick” reference tool for general project situations. Final selection of an appropriate product should be done by an experienced engineer and
should consider site-specific parameters such as climate, soil, geometry, vegetation selection, irrigation, and installation conditions.

2. Installed cost estimates range from large to small projects according to material quantity. The estimates include E.C. material, seed, labor and equipment.

3. For slopes steeper than 2H:1V, mechanical anchoring should be investigated

© 2012 Contech Engineered Solutions LLC

www.ContechES.com
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APPENDIX C
CAP MATERIALS SPECIFICATIONS















US 205NW

NTPEP APPROVED - GTX-2016-01-100. US 205NW is a nonwoven needlepunched geotextile made of 100% polypropylene
staple filaments. US 205NW resists ultraviolet and biological deterioration, rotting, naturally encountered basics and acids.
Polypropylene is stable within a pH range of 2 to 13. US 205NW will satisfy the requirements as outlined in AASHTO M-288-06
for Class 1 applications and meets the following M.A.R.V. values except where noted:

Property Test Method English Metric
Weight - Typical ASTM D-5261 8.0 oz/sy 271 g/sm
Tensile Strength ASTM D-4632 205 1bs 912 N
Elongation @ Break ASTM D-4632 50% 50%
Mullen Burst* ASTM D-3786* 350 psi 2,413 kPa
Puncture Strength* ASTM D-4833* 130 lbs 579 N
CBR Puncture ASTM D-6241 535 Ibs 2,381 N
Trapezoidal Tear ASTM D-4533 85 lbs 378 N
Apparent Opening Size ASTM D-4751 80 US Sieve 0.180 mm
Permittivity ASTM D-4491 1.35 Sec-1 1.35 Sec-1
Water Flow Rate ASTM D-4491 90 g/min/sf 3,657 1/min/sm
UV Resistance @ 500 Hours ASTM D-4355 70% 70%

Roll Size Roll Diameter Area Weight
12.5'x 360" 16.0 in 500 sys 270 lbs
15'x 300" 16.0 in 500 sys 270 lbs

* Historical averages (current values not available): Mullen Burst Strength ASTM D3786 is no longer recognized by ASTM D-35
on Geosynthetics as an acceptable test method. Puncture Strength ASTM D4833 is not recognized by AASHTO M288 and has
been replaced with CBR Puncture ASTM D6241.

This information is provided for reference only and is not intended as a warranty or guarantee. US Fabrics assumes no liability
in connection with the use of this information (1/2017).
US Fabrics, Inc. | 3904 Virginia Avenue | Cincinnati, OH 45227

Phone: (800) 518-2290 | Fax: (513) 217-4420 | email: info@usfabrics.com






3)

e) The rolled geotextile panel can now be lowered into position by unwinding the ropes.
i) On long slopes, it may be more effective to place the roll on the slope shoulder and
have the ropes hauled on board from a barge.
Immediately place a layer of rock on the geotextile to ballast it.

5.0 Anchoring

4)

If required, use key trenches or aprons at the crest and toe of the slope to anchor the ends of

the geotextile.
a) The anchor trench should be backfilled with soil and compacted on completion of the

geotextile installation.
b) It is recommended that the front of anchor trenches are rounded and smooth to reduce

stress on the geotextile.

6.0 Deep Water Installation

1)

Float the prefabricated panel out to sea.

2) Ballast it into position on the seabed by dropping rock from a barge onto the floating panel as
it sinks.
3) Prefabricated straps and weight pocket options.
a) Geotextiles can be manufactured with special straps sewn into the fabric to assist with
connection to installation rafts or similar.
i) Folds or pockets can also be sewn in the fabric to contain weights such as sinking
poles.
ii) Contact US Fabrics for more information.
(1) (800)518-2290
(2) info@usfabrics.com
4) Immediately place a layer of rock on the geotextile to ballast it.
7.0 Overlapping
1) Panel overlap widths are site specific and generally at the discretion of the site engineer.
a) A minimum overlap of 3 feet is recommended for under water geotextile placement.
2) Overlaps are required to ensure that all of the underlying soils are fully covered.
a) Keep in mind the geotextile can move during placement of the rock.
3) Marking the ends of the geotextile.

a) Spraying white lines on the fabric where the overlap occurs may be useful in some waters.
i) For example, 3 feet in from the edge of the panels.
c) Attaching floats to the edges of the rolled geotextile panel is another option.

US Fabrics, Inc. || 3904 Virginia Ave, Cincinnati, OH 45227 || (800)518-2290 || www.usfabrics.com



8.0 Storage

1) Geotextile rolls are wrapped in a UV protective cover.
2) If stored outdoors for a prolonged period, the geotextile should be elevated from the ground
and covered with a tarpaulin or opaque plastic.
a) Contractor should insure rolls are adequately protected from:
i) Moisture
ii) Ultraviolet radiation
iii) Chemicals that are strong acids or bases
iv) Temperatures in excess of 140°F
v) Animal destruction

This material Is presented for general information only. Always verify the suitabliity for a specific application with the project engineer. Where contradictions occur,
follow the instructions of the project engineer. There is no implied or expressed warranty regarding the installation procedures or the geosynthetic products in this
guide. Installation procedure and product choice is the sole responsibility of the contractor and contractor assumes all liability.

US Fabrics, Inc. || 3904 Virginia Ave, Cincinnati, OH 45227 || (800)518-2290 || www.usfabrics.com
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MUSSEL RELOCATION PLAN

CONGAREE RIVER SEDIMENTS
COLUMBIA, SOUTH CAROLINA

INTRODUCTION

South Carolina Electric and Gas Company (SCE&G) plans to complete a response action to address the
occurrence of a tar-like material (TLM) that is commingled with sediment along the eastern shoreline of
the Congaree River, just south of the Gervais Street Bridge in Columbia, South Carolina. The project
area location is shown on Figure 1. The TLM is believed to be a coal tar material that originated from the
Huger Street former manufactured gas plant (MGP) site, located approximately 1,000 feet to the
northeast of the project area (Figure 1). The proposed work is being performed by SCE&G at the
direction of South Carolina Department of Health and Environmental Control (SCDHEC) and is subject to
permits and approvals from the U.S. Army Corps of Engineers (USACE) and other agencies.

The primary objective is to limit or prevent human exposure to the TLM impacted sediments within the
project area. This will be accomplished through the placement of an engineered cap (i.e., geotextile and
articulated concrete blocks [ACB mats]) over the entire project area. The physical barrier of the cap will
greatly reduce the potential for human health exposure by serving to prevent direct contact with the TLM
material in the near-shore, more-accessible areas. The secondary objective of the project is prevent re-
suspension and potential downstream migration of the impacted sediment. Figure 2 illustrates the
planned capping approach.

PROJECT AREA PREVIOUS MUSSEL SURVEY RESULTS

In 2006 a reconnaissance survey was conducted by Alderman Environmental Services, Inc. to assess the
freshwater mussel populations within Lake Murray and the lower Saluda and upper Congaree Rivers in
support of the Saluda Hydroelectric Project (FERC No. 516). The findings of the survey were
summarized in the “Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower Saluda and
Congaree Rivers, Lake Murray, and Selected Tributaries (Alderman Environmental Services, Inc. 2006).
The survey included two locations in the upper Congaree River that were within or directly adjacent to
(downstream) the planned project area. Figure 2 shows these locations and Attachment A provides the
applicable survey report excerpts taken from the Alderman Report.

The first survey area (Station: 20060711.5) was located in the vicinity of the Senate Street alluvial fan,
which is centrally located within the planned area to be capped. This location will be impacted by project
operations. The second survey area (Station: 20060712.5) was located directly south (downstream) and
outside of the project area and is not expected to be impacted by the planned project activities.

Table 1 provides a summary of the live mussels encountered at these two locations and their current
global and state NatureServe ranks as listed on the South Carolina Department of Natural Resources
(SCDNR) Heritage Trust Program Rare, Threatened and Endangered Species and Communities List
(Attachment B). No federal or state threatened, endangered or candidate mussel species were identified
within the Congaree River during completion of the survey. A combined total of three mussel species
classified as rare by the SCDNR Heritage Trust Program were identified at the two survey locations that
were within or adjacent to the project area. These rare species have no legal protection under the federal
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or state endangered species laws but are tracked by the SCDNR Heritage Trust Program at the request
of the Program’s biologists.

A total of 33 live mussels of four different species were observed at the first location (Station:
20060711.5). Of the four species, two (Elliptio congaraea and Elliptio angustata) are considered rare by
SCDNR. The most abundant species identified at this location (Elliptio complananta) is not on the
Heritage Trust list.

A total of 21 live mussels of six different species were observed at the second location (Station:
20060712.5). Three of the six species observed (Elliptio angustata, Elliptio congaraea, Lampsilis
splendida) are designated as rare by SCDNR. Again, the unlisted Elliptio complananta was also
identified. As were the unlisted, Elliptio icterina and Elliptio roanokensis.

MUSSEL RELOCATION PLAN

As a result of the previous findings from the Alderman survey conducted in 2006, SCE&G recognizes that
no threatened or endangered mussels are likely present within the project area. However, a number of
sensitive mussel species are likely present. In order to complete the project with as minimal of a negative
impact to the Congaree River resources as practicable, SCE&G plans to conduct mussel relocation
operations prior to initiating “in-river” construction activities. The mussel relocation activities will include:

e Utilizing qualified personnel to conduct mussel survey activities, finalize project details and
complete/supervise the relocation field work;

e Conducting an initial reconnaissance and assessment of the planned project area (the planned
footprint of the cap plus a small buffer zone) and immediately downstream;

e Locating a suitable relocation area(s) with acceptable habitat characteristics within the Congaree
River as near as possible to the project site;

e Collecting and relocating the mussels identified within the planned footprint of the capping area,
to the extent practical; and

¢ Providing a summary of completed mussel relocation activities in the final report for the project.

The assessment and relocation activities will be conducted as close to the actual beginning of the
intrusive activities as feasible to reduce the potential for repopulation of the area prior to initiation of
construction.

Consultant Selection

SCE&G will procure the services of a qualified consultant with proven experience in successfully
completing freshwater mussel surveys, habitat assessment and relocation activities. Once selected, this
consultant will review project details and finalize the overall plan for mussel relocation.

Initial Reconnaissance and Assessment of the Project Area

The selected consultant will conduct an initial assessment of the project area to determine the
approximate number, species and other characteristics of the mussels that can be realistically relocated
prior to initiation of “in-river” construction activities. The surveyed project area will include the cap area

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/capping info/CAP WP/Appendices - Support Plans/Appendix G - Mussel
Relocation Plan/Mussel Relocation Plan 9-6-17.doc
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footprint and a small buffer along the outer perimeter of the cap. This buffer will account for small
changes in the final placement of the cap and for minor changes in river currents and hydraulic
characteristics that are expected to result from placement of the capping materials.

The information gathered from the assessment will be utilized to determine appropriate relocation areas
and other logistical components associated with the collection/relocation phase of the project.

Determine Suitable Relocation Areas

The relocation site(s) will be within the Congaree River and as near to the project area as possible.
Selection will be based on a number of criteria, including:

e The presence and abundance of other mussels;
e Specific habitat characteristics such as substrate and adjacent land uses;
e Flow and gradient characteristics; and

e Potential for future threats.

The Alderman survey area (Station: 20060712.5) located directly downstream of the project area
contains the same species of mussels found within the project area and may be a suitable relocation
point for some or all of the project area mussels. This location would be ideal, if suitable, due to its close
proximity to the project area.

Collect and Relocate Mussels

As currently envisioned, the mussel collection and relocation activities will likely be completed in one
mobilization, unless unsuitable river conditions (high and/or turbid flows) are encountered. A combination
of wading and diving will be necessary to adequately survey the majority of the project area.

The warmer months of the year are preferred for relocation and the mussel relocation expert will
determine the appropriate timeframe for completion of these operations based on the specific
requirements of the mussels identified in the project area. Spawning and glochidia release timeframes
will be avoided.

SCE&G plans to conduct as complete of a relocation effort as possible. Several factors may limit the
potential relocation activities. They include:

e The presence of significant TLM in the substrate surrounding mussel locations may necessitate
not disturbing these locations;

e Mussels that are coated with TLM will most likely be left in place because adequate
decontamination may not be feasible or will overly stress the animal. Tar coated mussels can not
be relocated to new unimpacted areas; and

e Other project related constraints (logistical, safety, etc.) may limit the overall relocation effort.
The mussel relocation expert will conduct and supervise the collection of the mussels from within the

specified area. An effort will be made to adequately survey all areas that will be impacted by the project.

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/capping info/CAP WP/Appendices - Support Plans/Appendix G - Mussel
Relocation Plan/Mussel Relocation Plan 9-6-17.doc
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More than one pass will likely be conducted depending on the expert’'s recommendations and other
project constraints.

The mussels will be gently removed, kept cool and moist and quickly transported to the relocation area.
Extreme fluctuations in temperature or other environmental factors will be avoided. Mussels will be
correctly placed within the relocation area. The number and species of mussels will be documented for
inclusion in the final report.

Reporting

The details of the mussel relocation activities will be provided in the final project report, which will
document the entire sediment capping operation. The documented activities will include:

¢ Results of the initial project area surveying activities;
e The relocation area characteristics and details from the relocation area decision process;
e Mussel collection, transport and relocation activities; and

e Limiting factors, if any.

REFERENCES

Alderman Environmental Services, Inc. 2006. Reconnaissance Survey of the Freshwater Mussel Fauna
of the Lower Saluda and Congaree Rivers, Lake Murray, and Selected Tributaries. Alderman Survey
Report.

Luzier, C. and S. Miller. 2009. Pacific Northwest Native Freshwater Mussel Workgroup. Freshwater
Mussel Relocation Guidelines.

U.S. Fish and Wildlife Services and Virginia Dept. of Game and Inland Fisheries. 2013. Freshwater
Mussel Guidelines for Virginia.

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/capping info/CAP WP/Appendices - Support Plans/Appendix G - Mussel
Relocation Plan/Mussel Relocation Plan 9-6-17.doc



TABLE 1

2006 FRESHWATER MUSSEL SURVEY RESULTS FOR PROJECT AREA*

Congaree River Sediments
Columbia, South Carolina

Station Species Common Name Num.b_er NatureServe Ranking
Identified Global Rank State Rank

20060711.5 Elliptio complanata Common Elliptio 23 G5 - Secure --
Elliptio congaraea Carolina Slabshell 1 G3 - Vulnerable S3 - Vulnerable

Elliptio roanokensis Roanoke Slabshell 1 G3 - Vulnerable --
Elliptio angustata Carolina Lance 8 G4 - Apparently Secure S3 - Vulnerable
20060712.5 Elliptio angustata Carolina Lance 2 G4 - Apparently Secure S3 - Vulnerable
Elliptio congaraea Carolina Slabshell 1 G3 - Vulnerable S3 - Vulnerable

Elliptio icterina Variable Spike 1 G5Q - Secure --

Elliptio complanata Common Elliptio 3 G5 - Secure --
Lampsilis splendida | Rayed Pink Fatmucket 1 G3 - Vulnerable S2 - Imperiled

Elliptio roanokensis Roanoke Slabshell 13 G3 - Vulnerable --

Notes:

* - Information obtained from Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower Saluda and Congaree
Rivers, Lake Murray and Selected Tributaries by John M. Alderman, Alderman Environmental Services, Inc. (October 2006)

- NatureServe Ranks taken from Rare, Threatened and Endangered Species Communities Tracked by the SCDNR

Heritage Trust Program.
- No federal or state threatened, endangered or candidate species were identified in the Congaree River during the survey.
- Elliptio complanata is not included on the SCDNR Heritage Trust Program list.

- The "Q" qualifier for Elliptio icterina represents "questionable taxonomy that may reduce conservation priority."

Permits/Mussel Relocation Plan/Table 1

10/30/2017
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Attachment A

(Excerpts taken from “Reconnaissance Survey of the Freshwater Mussel Fauna
of the Lower Saluda and Congaree Rivers, Lake Murray, and Selected Tributaries
(Alderman Environmental Services, Inc. 2006)



Table 3. Freshwater mussels of the Saluda River (below L. Murray Dam), lower Broad

River, and upper Congaree River

Station Latitude Species | Live, Substrate’
Longitude Shells
20060711.1 | 34.05037 N None sa,g,Co,Bo
SaludaR. | 81.20573 W
20060711.2 | 34.04843 N None s,5a,G,co,bo,b
SaludaR. | 81.19653 W
20060711.3 | 34.02978 N None s,5a,G,co,bo
SaludaR. | 81.13944 W
20060711.4 | 34.00969 N None s,sa,g,c0,bo,b
SaludaR. | 81.07800 W
20060712.1 | 34.00639 N None 5,53,g,C0
SaludaR. | 81.06508 W
20060712.2 | 34.00714 N | Elliptio roanokensis 0,2 5,5a,g,c0,bo,b
Broad R. | 81.06232 W | Elliptio complanata 0,5
Villosa delumbis 0,1
Elliptio angustata 1,1
Lampsilis cariosa 1,0
20060712.3 | 34.00541 N Elliptio angustata 1,2 s,Sa,g
SaludaR. | 81.06282 W Villosa delumbis 0,2
(Broad R. Strophitus undulatus 0,1
washout
area)
20060712.4 | 33.98949N | Elliptio complanata 1,0 5,5a,g,c0,bo,b
Congaree | 81.04859 W
R. (Saluda
R. side)
20060711.5 | 33.99461 N | Elliptio complanata 23,-- 5,53,2,c0,bo
Congaree | 81.04913 W Elliptio congaraea 1,0
R. (Broad Elliptio roanokensis 1,0
R. side) Villosa delumbis 0,1
Elliptio angustata 8,--

34




Table 3 (continued). Freshwater mussels of the Saluda River (below L. Murray Dam),

lower Broad River, and upper Congaree River

Station Latitude Species |  Live, Substrate’
Longitude Shells
20060712.5 1 33.99111 N Elliptio angustata 20| s,sa,go,co,bob
Congaree | 81.04692 W Elliptio congaraea 1,0
R. (Broad Elliptio icterina 1,0
R. side) Elliptio complanata 3,0
Lampsilis splendida 1,0
Elliptio roanokensis 13,0
20060712.6 | 33.97967 N | Elliptio roanokensis 2,0 s,Sa,G,co,bo
Congaree | 81.04757 W Elliptio angustata 1,0
R. (Saluda
R. side)
20060712.7 | 33.98031 N | Elliptio complanata 5,0 S,Sa,G,co,bo
Congaree | 81.04546 W Elliptio congaraea 2,0
R. (Borad Strophitus undulatus 1,0
R. side) Elliptio roanokensis 19,0
Elliptio angustata 9,0
Lampsilis splendida 1,0
Lampsilis cariosa 2,0
Villosa delumbis 0,1
20060712.8 | 33.96535 N None -- s,sa,g
Congaree | 81.03777 W
R. (Saluda
R. side)
20060804.1 | 34.02287 N None - s,sa,g,co0,bo,B
Saluda R. | 81.10009 W
20060804.2 | 34.01835N None - s,sa,g,co,bo,b
Saluda R. | 81.09807 W
20060804.3 | 34.07949 N None -1 ¢,s,sa,g,co,bo,b
Rawls Cr. | 81.20251 W
20060804.4 | 34.03275 N None -- s,5a,g,c0,bo
12 Mile Cr. | 81.16173 W

*

35

s-silt, sa- sand, c-clay, co-cobble, b-bedrock, bo-boulder, g-gravel, r-roots, v-
vegetation, d-detritus, m-mud




PROJECT: Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower
Saluda and Congaree River, Lake Murray, and Selected Tributaries

STATION: 20060711.5jma

BIOLOGISTS: John M. Alderman
Joseph D. Alderman
Jennifer M. Summerlin

U.S. FISH AND WILDLIFE SERVICE ES PERMIT: TE065756-0

S.C. DEPARTMENT OF NATURAL RESOURCES AUTHORIZATION:

November 25, 2002

LOCATION: Congaree River, Lexington/Richland county line, South Carolina;

33.99461 N, 81.04913 W, see Figure 4

SURVEY DATE: July 11, 2006

SITE COMMENTS: -

HABITAT:

WATERBODY TYPE:
FLOW:

RELATIVE DEPTH:
DEPTH (%<2 FEET):
SUBSTRATE:
COMPACTNESS:

SAND/GRAVEL BARS:

WOODY DEBRIS:
BEAVER ACTIVITY:
WINDTHROW:
TEMPORARY POOLS:
CHANNEL WIDTH:
BANK HEIGHT:

River

Run, slack, pool
Very shallow

90

Silt, sand, gravel, cobble, boulder
Compact and normal
Present

Low

None

Low

None

300+ meters

Varies

141




HABITAT (cont.):

BANK STABILITY: Very stable

BUFFER WIDTH: Narrow to moderate
RIPARIAN VEGETATION: Wooded, shrub-brush, grass
LAND USE: Urban

PERCENT COVER: 0

WOODLAND EXTENT:  Not extensivc

NATURAL LEVEES: -

VISIBILITY: Slightly turbid

WATER LEVEL: Low

WEATHER: Sun-Cloud, hot

TECHNIQUES AND SURVEY TIME:

TECHNIQUES: Visual
SURVEY TIME: 0.5 person-hours
FRESHWATER MUSSELS:

Elliptio roanokensis — 1 live (93 mm)

Elliptio complanata — 23 live (78, 74, 71, 53, 66, 76, 60, 58, 63, 56, 55, 61, 62, 53, 55,
59, 58, 56, 58, 62, 48, 50, 36 mm)

Elliptio congaraea — 1 live (55 mm)

Elliptio angustata — 8 live (80, 69, 58, 67, 67, 58, 57, 58 mm)

Villosa delumbis — 1 old shell

OTHER DOCUMENTED TAXA:

Elimia catenaria - common
Corbicula fluminea
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PROJECT: Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower
Saluda and Congaree River, Lake Murray, and Selected Tributaries

STATION: 20060712.5jma

BIOLOGISTS: John M. Alderman
Jeffrey West
Joseph D. Alderman
Christopher S. Boring
Jennifer M. Summerlin

U.S. FISH AND WILDLIFE SERVICE ES PERMIT: TE065756-0

S.C. DEPARTMENT OF NATURAL RESOURCES AUTHORIZATION:
November 25, 2002

LOCATION: Congarce River, Lexington/Richland county line, South Carolina;
- 33.99111 N, 81.04692 W; see Figure 4

SURVEY DATE: July 12,2006

SITE COMMENTS: Broad River side of Congaree River

HABITAT:
WATERBODY TYPE: River
FLOW: Run, slack
RELATIVE DEPTH: Very shallow
DEPTH (%<2 FEET): 75
SUBSTRATE: Silt, sand, gravel, cobble, boulder, bedrock
COMPACTNESS: Normal
SAND/GRAVEL BARS: Present
WOODY DEBRIS: Low
BEAVER ACTIVITY: Evidence (gnawed sticks)
WINDTHROW: Low
TEMPORARY POOLS: -
CHANNEL WIDTH: 300+ meters

BANK HEIGHT: 2.5+ meters
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HABITAT (cont.):

BANK STABILITY: Very stable
BUFFER WIDTH: Moderate to wide
RIPARIAN VEGETATION: Wooded, shrub-brush
LAND USE: Urban

PERCENT COVER: 1

WOODLAND EXTENT: Intermediate
NATURAL LEVEES: -

VISIBILITY: Slightly turbid
WATER LEVEL.: Low

WEATHER: Sun-Cloud, hot

TECHNIQUES AND SURVEY TIME:

TECHNIQUES: Visual
SURVEY TIME: (.83 person-hours
FRESHWATER MUSSELS:

Elliptio roanokensis — 13 live (100, 111, 89, 91, 95, 108, 105, 95, 102, 107, 110, 89, 91
mm)

Elliptio complanata -3 live (93, 78, 73 mm) -

Elliptio congaraea — 1 live (61 mm)

Elliptio angustata -2 live (63, 66 mm)

Elliptio icterina — 1 live (72 mm)

Lampsilis splendida — 1 live male (67 mm)

Villosa delumbis — 1 old shell

OTHER DOCUMENTED TAXA:

Elimia catenaria - common
Corbicula fluminea
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Attachment B

Tracked Rare, Threatened and Endangered Species Communities List



Rare, Threatened, and Endangered Species and Communities Known to Occur in South Carolina

June 11, 2014

Scientific Name Common Name USESA Designation |State Protection |Global Rank |State Rank
Vertebrate Animals
Accipiter cooperii Cooper's Hawk G5 S3?
Acipenser brevirostrum Shortnose Sturgeon LE: Endangered SE: Endangered |G3 S3
Acris crepitans Northern Cricket Frog G5 S5
Aimophila aestivalis Bachman's Sparrow G3 S3
Ambystoma cingulatum Flatwoods Salamander LT: Threatened SE: Endangered |G2 S1
Ambystoma tigrinum tigrinum Eastern Tiger Salamander G5 S2S3
Aneides aeneus Green Salamander G3G4 S1
Apalone ferox Florida Softshell G5 SNR
Caretta caretta Loggerhead LT: Threatened ST: Threatened G3 S3
Charadrius wilsonia Wilson's Plover ST: Threatened G5 S3?
Clemmys guttata Spotted Turtle ST: Threatened G5 S5
Condylura cristata Star-nosed Mole G5 S3?
Corynorhinus rafinesquii Rafinesque's Big-eared Bat SE: Endangered [G3G4 S2?
Crotalus adamanteus Eastern Diamondback Rattlesnake G4 S3
Crotalus horridus Timber Rattlesnake G4 SNR
Cryptobranchus alleganiensis Hellbender G3G4 SNR
Dendroica virens Black-throated Green Warbler G5 S4
Desmognathus aeneus Seepage Salamander G3G4 SNR
Desmognathus marmoratus Shovelnose Salamander G4 S2
Egretta caerulea Little Blue Heron G5 SNRB,SNRN
Elanoides forficatus American Swallow-tailed Kite SC: Sp. of Concern SE: Endangered |G5 S2
Elassoma boehlkei Carolina Pygmy Sunfish SC: Sp. of Concern ST: Threatened G2 S1
Elassoma okatie Bluebarred Pygmy Sunfish G2G3 SNR
Etheostoma brevispinum Carolina Fantail Darter G4 S1
Etheostoma collis Carolina Darter G3 SNR
Etheostoma flabellare Fantail Darter G5 S1
Etheostoma hopkinsi Christmas Darter G4G5 S4
Etheostoma zonale Banded Darter G5 S17?
Eumeces anthracinus pluvialis Southern Coal Skink ST: Threatened G5T5 SNR
Falco peregrinus anatum American Peregrine Falcon ST: Threatened G4T4 SNR
Fundulus diaphanus Banded Killifish G5 S1
Glyptemys muhlenbergii Bog Turtle ST-Threatened G3 S1
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Scientific Name Common Name USESA Designation |State Protection |Global Rank |[State Rank
Gopherus polyphemus Gopher Tortoise C: Candidate SE: Endangered |G3 S1
Haliaeetus leucocephalus Bald Eagle ST: Threatened G5 S2
Heterodon simus Southern Hognose Snake G2 SNR
Hyla andersonii Pine Barrens Treefrog ST: Threatened G4 S2S3
Hyla avivoca Bird-voiced Treefrog G5 S5
Ictinia mississippiensis Mississippi Kite G5 S4
Kinosternon baurii Striped Mud Turtle G5 SNR
Kogia breviceps Pygmy Sperm Whale G4 SNA
Lampropeltis triangulum Milk Snake G5 S2
Lanius ludovicianus Loggerhead Shrike G4 S3
Lasiurus cinereus Hoary Bat G5 SNR
Lasiurus intermedius Northern Yellow Bat G4G5 SNR
Limnothlypis swainsonii Swainson's Warbler G4 S4
Melanerpes erythrocephalus Red-headed Woodpecker G5 SNR
Microtus pennsylvanicus Meadow Vole G5 SNR
Micrurus fulvius Eastern Coral Snake G5 S2
Mycteria americana Wood Stork LE: Endangered SE: Endangered [G4 S1S2
Myodes gapperi carolinensis Carolina Red-backed Vole G5T4 S2S3
Myotis austroriparius Southeastern Bat G3G4 S1
Myotis leibii Eastern Small-footed Myotis ST: Threatened G1G3 S1
Myotis lucifugus Little Brown Myotis G3 S3?
Myotis septentrionalis Northern Long-eared Bat G2G3 S4
Myotis sodalis Indiana Myotis LE: Endangered SE: Endangered |G2 S1
Napaeozapus insignis Woodland Jumping Mouse G5 S4?
Neotoma floridana Eastern Woodrat G5 S354
Neotoma floridana floridana Eastern Woodrat G5T5 S354
Nerodia floridana Florida Green Water Snake G5 S2
Notropis chiliticus Redlip Shiner G4 S1?
Ophisaurus compressus Island Glass Lizard G3G4 S1S2
Ophisaurus mimicus Mimic Glass Lizard G3 SNR
Parascalops breweri Hairy-tailed Mole G5 SNR
Pelecanus occidentalis Brown Pelican G4 S1S2
Phoca vitulina Harbor Seal G5 SNA
Picoides borealis Red-cockaded Woodpecker LE: Endangered SE: Endangered |G3 S2
Pituophis melanoleucus Pine or Gopher Snake G4 S3s54
Pituophis melanoleucus mugitus Florida Pine Snake G4T3 S2
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Scientific Name Common Name USESA Designation |State Protection |Global Rank |[State Rank
Plegadis falcinellus Glossy lbis G5 SHB,SNRN
Plethodon websteri Webster's Salamander SE: Endangered |[G3G4 S2
Pseudacris feriarum Upland Chorus Frog G5 S5
Pseudobranchus striatus Dwarf Siren ST: Threatened G5 S2
Pseudotriton montanus flavissimus Gulf Coast Mud Salamander G5T4 5354
Puma concolor Mountain Lion G5 SX
Puma concolor couguar Eastern Cougar LE: Endangered SE: Endangered [G5THQ SX
Rana capito Gopher Frog SE: Endangered |G3 S1
Rana palustris Pickerel Frog G5 SNR
Rana sylvatica Wood Frog G5 S3
Rhinichthys obtusus Blacknose Dace G5 S1
Sciurus niger Eastern Fox Squirrel G5 S4
Seminatrix pygaea Black Swamp Snake G5 SNR
Semotilus lumbee Sandhills Chub G3G4 S2
Sorex cinereus Masked Shrew G5 SNR
Sorex fumeus Smoky Shrew G5 S4
Sorex hoyi Southern Pygmy Shrew G5 S354
Spilogale putorius Eastern Spotted Skunk G4 S4
Sterna antillarum Least Tern ST: Threatened G4 S3
Sylvilagus aquaticus Swamp Rabbit G5 S2S3
Sylvilagus obscurus Appalachian Cottontail G4 S3
Tamiasciurus hudsonicus Red Squirrel G5 S3?
Thryomanes bewickii Bewick's Wren ST: Threatened G5 S1°?
Trichechus manatus Florida Manatee LE: Endangered SE: Endangered |G2 S1S2
Tyto alba Barn-owl G5 S4
Ursus americanus Black Bear G5 S3?
Vermivora bachmanii Bachman's Warbler LE: Endangered SE: Endangered |GH SX
Zapus hudsonius Meadow Jumping Mouse G5 SNR
Invertebrate Animals
Alasmidonta varicosa Brook Floater G3 SNR
Amblyscirtes reversa Reversed Roadside Skipper G3G4 SNR
Anodonta couperiana Barrel Floater G4 S1
Atrytone arogos Arogos Skipper G3 SNR
Autochton cellus Golden-banded Skipper G4 5254
Distocambarus youngineri Newberry Burrowing Crayfish G1 S1
Elimia catenaria Gravel Elimia G4 SNR
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Elliptio "angustata-producta” complex Carolina Lance-Atlantic Spike complex G3 S3
Elliptio congaraea Carolina Slabshell G3 S3
Lampsilis cariosa Yellow Lampmussel G3G4 S2
Lampsilis splendida Rayed Pink Fatmucket G3 S2
Lasmigona decorata Carolina Heelsplitter LE: Endangered SE: Endangered |G1 S1
Macromia margarita Margaret's River Cruiser G3 SNR
Polycentropus carlsoni Carlson's Polycentropus Caddisfly G2G3 S1S3
Pyganodon cataracta Eastern Floater G5 SNR
Speyeria diana Diana Fritillary G3G4 S3?
Strophitus undulatus Creeper G5 S2
Toxolasma pullus Savannabh Lilliput G2 S1
Utterbackia imbecillis Paper Pondshell G5 SNR
Villosa constricta Notched Rainbow G3 S1
Villosa delumbis Eastern Creekshell G4 S4
Villosa vibex Southern Rainbow G5Q S2
Animal Assemblage
Waterbird Colony GNR SNR
Vascular Plants
Acer pensylvanicum Striped Maple G5 S2
Aconitum uncinatum Blue Monkshood G4 S2
Aesculus parviflora Small-flowered Buckeye G3 S1
Agalinis aphylla Coastal Plain False-foxglove G3G4 S1
Agalinis auriculata Earleaf Foxglove G3 S1
Agalinis linifolia Flax Leaf False-foxglove G4? SNR
Agalinis maritima Salt-marsh False-foxglove G5 S1
Agalinis tenella G4Q SNR
Agarista populifolia Carolina Dog-hobble G4G5 S1
Agrimonia incisa Incised Groovebur G3 S2
Agrimonia pubescens Soft Groovebur G5 S1
Aletris obovata White Colicroot G4G5 S1
Allium cernuum Nodding Onion G5 S2
Allium cuthbertii Striped Garlic G4 S2
Amaranthus pumilus Seabeach Amaranth LT: Threatened G2 S1
Amorpha georgiana var. georgiana Georgia Leadplant G3T2 S1
Amorpha glabra Smooth Indigobush G4? S2
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Amorpha schwerinii Schwerin Indigobush G3G4 S1
Amphianthus pusillus Pool Sprite LT: Threatened G2 S1
Amphicarpum muehlenbergianum Blue Maiden-cane G4 S$2S3
Andropogon brachystachyus Short-spike Bluestem G4 S1
Andropogon gyrans var. stenophyllus Elliott's Bluestem G5T4 S1
Andropogon mohrii Broomsedge G4? S2
Anemone berlandieri Southern Thimble-weed G4? S1
Anemone caroliniana Carolina Anemone G5 SH
Anthaenantia rufa Purple Silkyscale G5 S2
Arabis missouriensis Missouri Rock-cress G5 S1
Arethusa bulbosa Bog Rose G4 SH
Aristida beyrichiana Beyrich's Three-awn G5? SNR
Aristida condensata Piedmont Three-awned Grass G4? S2
Aristida spiciformis Pine Barren Three-awned Grass G4 S2
Aristolochia macrophylla Pipevine G5 S2
Aristolochia tomentosa Woolly Dutchman's-pipe G5 S1
Arnoglossum muehlenbergii Great Indian Plantain G4 S1
Asclepias connivens Large-flower Milkweed G4? S1
Asclepias pedicellata Savannah Milkweed G4 S2
Asplenium bradleyi Bradley's Spleenwort G4 S1
Asplenium heteroresiliens Wagner's Spleenwort G2 S1
Asplenium monanthes Single-sorus Spleenwort G4 S1
Asplenium pinnatifidum Lobed Spleenwort G4 S1
Asplenium resiliens Black-stem Spleenwort G5 S1
Asplenium rhizophyllum Walking-fern Spleenwort G5 S2
Asplenium trichomanes Maidenhair Spleenwort G5 S2
Astragalus michauxii Sandhills Milkvetch G3 S3
Astragalus villosus Bearded Milk-vetch G4 S1
Bacopa cyclophylla Coastal-plain Water-hyssop G3G5 S1
Balduina atropurpurea Purple Balduina G2 S1
Balduina uniflora One-flower Balduina G4 S2
Baptisia lanceolata Lance-leaf Wild-indigo G4 S3
Betula alleghaniensis Yellow Birch G5 S1
Botrychium lunarioides Winter Grape-fern G4? S1
Boykinia aconitifolia Brook Saxifrage G4 S2
Burmannia biflora Northern Burmannia G4G5 S2
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Calamovilfa brevipilis Pine-barrens Reed-grass G4 S1
Calopogon barbatus Bearded Grass-pink G4? S2
Calopogon multiflorus Many-flower Grass-pink G2G3 S1
Camassia scilloides Wild Hyacinth G4G5 S2
Campanulastrum americanum Tall Bellflower G5 S1
Canna flaccida Bandana-of-the-everglades G4? S2
Cardamine dissecta Divided Toothwort G4? SNR
Cardamine flagellifera Blue-Ridge Bittercress G3 S2
Carex amphibola Narrowleaf Sedge G5 SNR
Carex appalachica Appalachian Sedge G4 S1
Carex austrocaroliniana South Carolina Sedge G4 S3
Carex basiantha Widow Sedge G5 S2
Carex biltmoreana Biltmore Sedge G3 S1
Carex canescens ssp. disjuncta Silvery Sedge G5T5 SNR
Carex chapmanii Chapman's Sedge G3 S1
Carex cherokeensis Cherokee Sedge G4G5 S2
Carex collinsii Collins' Sedge G4 S2
Carex communis var. amplisquama Fort Mountain Sedge G5T3 S2
Carex crus-corvi Ravenfoot Sedge G5 S2
Carex decomposita Cypress-knee Sedge G3G4 S2
Carex elliottii Elliott's Sedge G4? S1
Carex folliculata Long Sedge G4G5 S1
Carex gracilescens Slender Sedge G5? S1
Carex gracillima Graceful Sedge G5 S2
Carex granularis Meadow Sedge G5 S2
Carex hyalinolepis Shore-line Sedge G4G5 S2
Carex jamesii James' Sedge G5 S1
Carex manhartii Manhart Sedge G3G4 S2
Carex oligocarpa Eastern Few-fruit Sedge G4 SNR
Carex pedunculata Longstalk Sedge G5 S1
Carex plantaginea Plantain-leaved Sedge G5 S2
Carex prasina Drooping Sedge G4 S2
Carex projecta Necklace Sedge G5 SH
Carex radfordii Radford's Sedge G2 S3
Carex scabrata Rough Sedge G5 S2
Carex socialis Social Sedge G4 S1
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Carex stricta Tussock Sedge G5 S1
Carex woodii Pretty Sedge G4 S1
Carya myristiciformis Nutmeg Hickory G4 S2
Castilleja coccinea Scarlet Indian-paintbrush G5 S2
Caulophyllum thalictroides Blue Cohosh G4G5 S2
Cayaponia quinqueloba Cayaponia G4 S1?
Ceratiola ericoides Sandhills Rosemary G4 S1
Chamaedaphne calyculata Leatherleaf G5 SNR
Chasmanthium nitidum Shiny Spikegrass G3G4 S1
Chelone lyonii Pink Turtlehead G4 S2?
Chrysoma pauciflosculosa Woody Goldenrod G4G5 S1S2
Chrysosplenium americanum American Golden-saxifrage G5 S1
Cimicifuga americana Mountain Bugbane G4 SNR
Circaea lutetiana Southern Broadleaf Enchanter's G5 SNR
Nightshade
Circaea lutetiana ssp. canadensis Enchanter's Nightshade G5T5 S3
Cladium mariscoides Twig Rush G5 S1
Cladrastis kentukea Yellowwood G4 S1
Cliftonia monophylia Buckwheat-tree G4G5 SH
Collinsonia serotina Southern Horse-balm G3G4 S1
Collinsonia verticillata Whorled Horse-balm G3G4 S3
Comptonia peregrina Sweet Fern G5 S1
Convallaria majuscula American Lily-of-the-valley G4? S1
Coreopsis gladiata Southeastern Tickseed G4G5 SNR
Coreopsis integrifolia Ciliate-leaf Tickseed G1G2 S1
Coreopsis latifolia Broad-leaved Tickseed G3 S1
Coreopsis rosea Rose Coreopsis G3 S2
Cornus racemosa Stiff Dogwood G5? S1?
Croton elliottii Elliott's Croton G2G3 $2S3
Crotonopsis linearis Narrowleaf Rushfoil G5 SNR
Cuscuta cephalanthi Dodder G5 SNR
Cynanchum scoparium Leafless Swallow-wort G4 S1
Cyperus distinctus Marshland Flatsedge G4 S1
Cyperus granitophilus Granite-loving Flatsedge G3G4Q S1?
Cyperus lecontei Leconte Flatsedge G4? S1
Cyperus tetragonus Piedmont Flatsedge G4? S2
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Cypripedium pubescens Large Yellow Lady's-slipper G5 S3
Cystopteris bulbifera Bulblet Fern G5 S1
Cystopteris protrusa Lowland Brittle Fern G5 S2
Danthonia epilis Bog Oat-grass G3G4 S2
Dasistoma macrophylla Mullein Foxglove G4 S1
Delphinium carolinianum Carolina Larkspur G5 S1
Deschampsia flexuosa Crinkled Hairgrass G5 S1
Dicentra cucullaria Dutchman's Breeches G5 S1
Dicentra eximia Wild Bleeding-heart G4 S1
Dicerandra odoratissima Rose Balm G4G5 S1
Dichanthelium aciculare Broomsedge G4G5 SNR
Dionaea muscipula Venus' Fly-trap G3 S3
Diphylleia cymosa Umbrella-leaf G4 S2
Diplazium pycnocarpon Glade Fern G5 S1
Dirca palustris Eastern Leatherwood G4 S2
Dodecatheon meadia Shooting-star G5 S17?
Draba aprica Open-ground Whitlow-grass G3 S1
Draba reptans Carolina Whitlow-grass G5 S1
Dryopteris carthusiana Spinulose Shield Fern G5 S1
Dryopteris goldiana Goldie's Woodfern G4G5 S1
Dryopteris intermedia Evergreen Woodfern G5 S2
Echinacea laevigata Smooth Coneflower LE: Endangered G2G3 S3
Echinodorus tenellus Dwarf Burhead G5? S2
Eleocharis palustris Spike-rush G5 S1?
Eleocharis robbinsii Robbins Spikerush G4G5 S2
Eleocharis tricostata Three-angle Spikerush G4 S2?
Eleocharis vivipara Viviparous Spike-rush G5 S1
Elliottia racemosa Georgia Plume G2G3 SX
Elymus riparius Wild-rye G5 SNR
Enemion biternatum False Rue-anemone G5 S1
Epidendrum conopseum Green-fly Orchid G4 S3?
Eriocaulon texense Texas Pipewort G4 S1
Eriochloa michauxii Longleaf Cupgrass G3G4 S1
Eryngium aquaticum var. ravenelii Ravenel's Eryngo GAT2T3 S1
Euonymus atropurpureus Eastern Wahoo G5 S1
Eupatorium anomalum Florida Thorough-wort G2G3 S1?

Page 8 of 23



Scientific Name Common Name USESA Designation |State Protection |Global Rank |[State Rank
Eupatorium fistulosum Hollow Joe-pye Weed G5? SNR
Eupatorium recurvans Coastal-plain Thorough-wort G3G4Q S1?
Eupatorium resinosum Pine Barrens Boneset G3 S1
Eupatorium scabridum Rough Thoroughwort G3G5 S1
Eupatorium sessilifolium G5 SNR
Eupatorium sessilifolium var. vaseyi Thoroughwort G5T3T5 SNR
Eurybia avita Alexander's Rock Aster G3 S1
Eurybia spectabilis Showy Aster G5 SNR
Fimbristylis perpusilla Harper's Fimbry G2 S2
Fimbristylis vahlii Vahl Fimbry G5 S1
Forestiera godfreyi Godfrey's Privet G2 S1
Forestiera ligustrina Upland Swamp Privet G4G5 S2
Forestiera segregata Southern Privet G4 S1
Fothergilla major Mountain Witch-alder G3 S2
Frasera caroliniensis Columbo G5 S2
Galactia elliottii Elliott's Milkpea G5 S1
Galearis spectabilis Showy Orchis G5 S3
Gaultheria procumbens Teaberry G5 S3
Gaura biennis Biennial Gaura G5 S1
Gaylussacia baccata Black Huckleberry G5 S1
Gaylussacia mosieri Woolly Huckleberry G4 S1
Gentiana autumnalis Pine Barren Gentian G3 S2
Habenaria quinqueseta Long-horn Orchid G4G5 S1
Hackelia virginiana Virginia Stickseed G5 S1
Halesia diptera Two-wing Silverbell G5 S1
Halesia parviflora Small-flowered Silverbell-tree GNR S2
Helenium brevifolium Shortleaf Sneezeweed G4 S1
Helenium pinnatifidum Southeastern Sneezeweed G4 S2
Helianthemum georgianum Georgia Frostweed G4 S2
Helianthus eggertii Eggert's Sunflower G3 S1
Helianthus glaucophyllus White-leaved Sunflower G3G4 S2
Helianthus laevigatus Smooth Sunflower G4 S2
Helianthus porteri Porter's Goldeneye G4 S1
Helianthus schweinitzii Schweinitz's Sunflower LE: Endangered G3 S3
Helonias bullata Swamp-pink LT: Threatened G3 S1
Hepatica nobilis var. acuta Liverleaf G5T5 S3
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Heteranthera reniformis Kidneyleaf Mud-plantain G5 S1
Heuchera parviflora Little-leaved Alumroot G4 S2
Hexastylis naniflora Dwarf-flowered Heartleaf LT: Threatened G3 S3
Hexastylis sorriei Sandhills Heartleaf G1G2 S1
Hottonia inflata Featherfoil G4 S1
Hudsonia ericoides Golden-heather G4 S1
Hydrangea cinerea Ashy-hydrangea G4 S1
Hydrocotyle americana American Water-pennywort G5 S1
Hydrolea corymbosa Corymb Fiddleleaf G5 S1
Hydrophyllum canadense Blunt-leaf Waterleaf G5 S2
Hymenocallis coronaria Shoals Spider-lily G2Q S2
Hymenophyllum tayloriae Taylor's Fern G2 S1
Hymenophyllum tunbrigense Tunbridge Fern G4G5 S1
Hypericum adpressum Creeping St. John's-wort G3 S2
Hypericum harperi Harper's St. John's-wort G3G4 S2
Hypericum nitidum Carolina St. John's-wort G4 S1
llex amelanchier Sarvis Holly G4 S3
Impatiens pallida Pale Jewel-weed G5 S1
Ipomoea macrorhiza Large-stem Morning-glory G3G5 S1
Ipomoea stolonifera Beach Morning-glory G5? SNR
Ipomopsis rubra Red Standing-cypress G4G5 S2
Iris hexagona Walter's Iris G4G5 S1
Isoetes caroliniana Engelmann's Quillwort G3Q S1
Isoetes melanospora Black-spored Quillwort LE: Endangered Gl S1
Isoetes piedmontana Piedmont Quillwort G4 S2
Isoetes riparia River Bank Quillwort G5 S2
Isotria medeoloides Small Whorled Pogonia LT: Threatened G2 S2
Juglans cinerea Butternut G4 S3
Juncus abortivus Pinebarren Rush G4G5 S2
Juncus georgianus Georgia Rush G4 S2
Juncus gymnocarpus Naked-fruited Rush G4 S3
Juncus subcaudatus Woods-rush G5 S1
Juniperus communis Ground Juniper G5 SNR
Kalmia cuneata White-wicky G3 S2
Krigia montana False Dandelion G3 S2
Lachnocaulon beyrichianum Southern Bog-button G4 S2

Page 10 of 23



Scientific Name Common Name USESA Designation |State Protection |Global Rank |[State Rank
Lachnocaulon minus Small's Bog Button G3G4 S1
Lechea torreyi Piedmont Pinweed G4 SNR
Lepuropetalon spathulatum Southern Lepuropetalon G4G5 S2
Liatris gracilis Slender Gayfeather G5 S1
Liatris microcephala Small-head Gayfeather G3G4 S1
Licania michauxii Gopher-apple G4G5 S1
Lilaeopsis carolinensis Carolina Lilaeopsis G3G5 S2
Lilium canadense Canada Lily G5 S1
Lilium pyrophilum Panhandle Lily G2 S1
Lindera melissifolia Pondberry LE: Endangered G2G3 S2
Lindera subcoriacea Bog Spicebush G2G3 S3
Liparis liliifolia Large Twayblade G5 S1
Lipocarpha micrantha Dwarf Bulrush G5 S2
Listera australis Southern Twayblade G4 S2
Listera smallii Kidney-leaf Twayblade G4 S1
Lithospermum tuberosum Tuberous Gromwell G4 S1
Litsea aestivalis Pondspice G3? S3
Lobelia boykinii Boykin's Lobelia G2G3 S3
Lobelia sp. 1 Lobelia G3 SNR
Lonicera flava Yellow Honeysuckle G5? S2
Ludwigia lanceolata Lance-leaf Seedbox G3 S1
Ludwigia spathulata Spatulate Seedbox G2 S2
Lycopodium porophilum Rock Clubmoss G4 S1
Lycopodium tristachyum Deep-root Clubmoss G5 S1
Lycopus cokeri Carolina Bugleweed G3 S2
Lygodium palmatum Climbing Fern G4 S3
Lyonia ferruginea Rusty Lyonia G5 S1
Lysimachia asperulifolia Rough-leaved Loosestrife LE: Endangered G3 S1
Lysimachia fraseri Fraser Loosestrife G3 S3
Lysimachia hybrida Lance-leaf Loosestrife G5 S1
Macbridea caroliniana Carolina Bird-in-a-nest G2G3 S3
Magnolia cordata Piedmont Cucumber Tree GNRQ S1
Magnolia macrophylla Bigleaf Magnolia G5 S1
Magnolia pyramidata Pyramid Magnolia G4 S1
Melanthium virginicum Virginia Bunchflower G5 S2
Menispermum canadense Canada Moonseed G5 §2S3
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Minuartia godfreyi Godfrey's Stitchwort Gl SX
Minuartia uniflora One-flower Stitchwort G4 S3
Mitella diphylla Two-leaf Bishop's-cap G5 S1
Monarda didyma Oswego Tea G5 S2
Monotropsis odorata Sweet Pinesap G3 S2
Muhlenbergia filipes Bentgrass G57Q S354
Myriophyllum laxum Piedmont Water-milfoil G3 S2
Najas flexilis Slender Naiad G5 S1
Narthecium americanum Bog Asphodel C: Candidate G2 SH
Nestronia umbellula Nestronia G4 S3
Nolina georgiana Georgia Beargrass G3G5 S3
Nyssa ogeche Ogeechee Tupelo G4G5 S1
Oenothera linifolia Thread-leaf Sundrops G5 S1
Oenothera perennis Small Sundrops G5 S1
Ophioglossum petiolatum Longstem Adder's-tongue Fern G5 S1
Ophioglossum vulgatum Adder's-tongue G5 S2
Orbexilum lupinellum Sampson Snakeroot G3G4 S1
Orobanche uniflora One-flowered Broomrape G5 S2
Osmorhiza claytonii Hairy Sweet-cicely G5 S2
Oxypolis canbyi Canby's Dropwort LE: Endangered G2 S2
Oxypolis ternata Piedmont Cowbane G3 S1
Pachysandra procumbens Allegheny-spurge G4G5 S2
Panax quinquefolius American Ginseng G3G4 S4
Panicum webberianum A Panicgrass GNR SNR
Parnassia asarifolia Kidneyleaf Grass-of-parnassus G4 S2
Parnassia caroliniana Carolina Grass-of-parnassus G3 S2
Parnassia grandifolia Large-leaved Grass-of-parnassus G3 S2
Paronychia americana American Nailwort G3G4 SNR
Paspalum bifidum Bead-grass G5 S2
Pellaea atropurpurea Purple-stem Cliff-brake G5 S1
Pellaea wrightiana Cliff-brake Fern G5 S1
Peltandra sagittifolia Spoon-flower G3G4 S2
Phacelia bipinnatifida Fernleaf Phacelia G5 S1
Philadelphus hirsutus Streambank Mock-orange G5 S2
Physostegia leptophylla Slender-leaved Dragon-head G4? SNR
Pieris phillyreifolia Climbing Fetter-bush G3 S1
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Pilea fontana Springs Clearweed G5 SNR
Pinckneya pubens Hairy Fever-tree G4 S1
Pityopsis pinifolia Pine-leaved Golden Aster G4 S2
Plantago sparsiflora Pineland Plantain G3 S2
Platanthera integra Yellow Fringeless Orchid G3G4 S1
Platanthera integrilabia White Fringeless Orchid C: Candidate G2G3 S1
Platanthera lacera Green-fringe Orchis G5 S2
Platanthera peramoena Purple Fringeless Orchid G5 SX
Pleea tenuifolia Rush False-asphodel G4 SX
Poa alsodes Blue-grass G4G5 S1?
Polygala hookeri Hooker's Milkwort G3 S1
Polygala nana Dwarf Milkwort G5 S1
Polygala paucifolia Gay-wing Milkwort G5 S2
Ponthieva racemosa Shadow-witch Orchid G4G5 S2
Portulaca smallii Small's Purslane G3 S1°?
Portulaca umbraticola Wing-podded Purslane G5 S1
Potamogeton confervoides Algae-like Pondweed G4 S1
Potamogeton foliosus Leafy Pondweed G5 SNR
Prunus alabamensis Alabama Black Cherry G4 S1
Psilotum nudum Whisk Fern G5 S1
Pteroglossaspis ecristata Crestless Plume Orchid G2G3 S2
Ptilimnium nodosum Harperella LE: Endangered G2 S1
Pycnanthemum montanum Single-haired Mountain-mint G3G5 S3
Pycnanthemum nudum Pinelands Mountain Mint G5? S1
Pyxidanthera barbulata Well's Pyxie Moss G4 S2
Pyxidanthera brevifolia Well's Pixie-moss G3 S1
Quercus austrina Bluff Oak G4? S1
Quercus bicolor Swamp White Oak G5 S1
Quercus georgiana Georgia Oak G3 S1
Quercus myrtifolia Myrtle-leaf Oak G5 S1
Quercus oglethorpensis Oglethorpe's Oak G3 S3
Quercus similis Bottom-land Post Oak G4 S1
Quercus sinuata Durand's White Oak G4G5 S2
Ranunculus fascicularis Early Buttercup G5 S1
Ratibida pinnata Gray-head Prairie Coneflower G5 S1
Rhapidophyllum hystrix Needle Palm G4 S1
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Rhexia aristosa Awned Meadowbeauty G3G4 S3
Rhexia cubensis West Indian Meadow-beauty G4G5 S1
Rhododendron catawbiense Catawba Rhododendron G5 S1
Rhododendron eastmanii May White G2 S2
Rhododendron flammeum Piedmont Azalea G3 S3
Rhus michauxii Michaux's Sumac LE: Endangered G2G3 SX
Rhynchospora alba White Beakrush G5 S1
Rhynchospora breviseta Short-bristle Baldrush G3G4 S1
Rhynchospora careyana Horned Beakrush G4?Q S3
Rhynchospora cephalantha var. attenuata |Pocosin Beaksedge G5T3? S1
Rhynchospora globularis var. pinetorum Beakrush G5?T3? S1
Rhynchospora harperi Harper Beakrush G4? S1
Rhynchospora inundata Drowned Hornedrush G4? S2?
Rhynchospora leptocarpa Narrow-fruited Beaksedge G3 S1
Rhynchospora macra Beak Rush G3 S1
Rhynchospora oligantha Few-flowered Beaked-rush G4 S2
Rhynchospora pallida Pale Beakrush G3 S1
Rhynchospora pleiantha Brown Beaked-rush G2G3 S1
Rhynchospora scirpoides Long-beaked Baldrush G4 S1
Rhynchospora stenophylla Chapman Beakrush G4 S2
Rhynchospora tracyi Tracy Beakrush G4 S3
Ribes echinellum Miccosukee Gooseberry LT: Threatened Gl S1
Rorippa sessiliflora Stalkless Yellowcress G5 SNR
Rudbeckia heliopsidis Sun-facing Coneflower G2 S1S2
Rudbeckia mollis Soft-hair Coneflower G3G5 S1
Ruellia caroliniensis ssp. ciliosa Sandhills Wild Petunia G5T3T5 S1
Ruellia pedunculata ssp. pinetorum Stalked Wild Petunia G5T3T4 SH
Sabatia bartramii Bartram's Rose-gentian G4G5 S1
Sabatia kennedyana Plymouth Gentian G3 S2
Sageretia minutiflora Tiny-leaved Buckthorn G4 S3
Sagittaria fasciculata Bunched Arrowhead LE: Endangered G2 S2
Sagittaria graminea var. weatherbiana Grassleaf Arrowhead G5T3T4 S1
Sagittaria isoetiformis Slender Arrow-head G4? S3
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Sanguisorba canadensis Canada Burnet G5 S1
Sanicula trifoliata Large-fruited Sanicle G4 S1
Sarracenia rubra Sweet Pitcher-plant G4 5354
Sarracenia rubra ssp. jonesii Mountain Sweet Pitcher-plant LE: Endangered GAT2 S$1S2
Saxifraga careyana Carey Saxifrage G3 S1
Saxifraga micranthidifolia Lettuce-leaf Saxifrage G5 S2
Schoenolirion croceum Yellow Sunnybell G4 S1
Schoenoplectus erectus ssp. raynalii Sharp-scale Bulrush G4G5T4T5  |SNR
Schwalbea americana Chaffseed LE: Endangered G2G3 S2
Scirpus cespitosus var. callosus Tussock Bulrush G5TNR SNR
Scirpus etuberculatus Canby Bulrush G3G4 SNR
Scirpus subterminalis Water Bulrush G4G5 SNR
Scleria baldwinii Baldwin Nutrush G4 S2
Scleria reticularis Reticulated Nutrush G4 S1
Scutellaria parvula Small Skullcap G4 S$2S53
Sedum pusillum Granite Rock Stonecrop G3 S2
Senecio millefolium Piedmont Ragwort G2 S2
Shortia galacifolia Oconee-bells G2G3 S3
Sideroxylon lanuginosum Gum Bumelia G4G5 S1
Sideroxylon reclinatum Gum Bully G4G5 S1
Silene ovata Ovate Catchfly G3 S1
Silphium terebinthinaceum Prairie Rosinweed G4G5 S1
Sisyrinchium dichotomum Reflexed Blue-eyed Grass LE: Endangered G2 S1
Smilax biltmoreana Biltmore Greenbrier G4 S2
Solidago auriculata Eared Goldenrod G4 S1
Solidago bicolor White Goldenrod G5 S2
Solidago ptarmicoides Prairie Goldenrod G5 SNR
Solidago pulchra Carolina Goldenrod G3 S1
Solidago rigida Prairie Goldenrod G5 S1
Solidago verna Spring-flowering Goldenrod G3 S2
Spiranthes laciniata Lace-lip Ladies'-tresses G4G5 S1S2
Spiranthes longilabris Giant Spiral Ladies'-tresses G3 S1
Sporobolus curtissii Pineland Dropseed G3 S1
Sporobolus floridanus Florida Dropseed G3 S1
Sporobolus pinetorum Carolina Dropseed G3 S2
Sporobolus teretifolius Wire-leaved Dropseed G2 S1
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Stachys clingmanii Clingman's Hedge-nettle G2 S1
Stachys latidens Broad-toothed Hedge-nettle G4G5 S2
Stachys tenuifolia Smooth Hedge-nettle G5 S1
Stewartia ovata Mountain Camellia G4 S2
Stillingia aquatica Corkwood G4G5 S2
Stylisma pickeringii var. pickeringii Pickering's Morning-glory G4T3 S1
Symphyotrichum elliotii Elliott's Aster G4 S3
Symphyotrichum georgianum Georgia Aster C: Candidate G3 SNR
Symphyotrichum laeve Smooth Blue Aster G5 SNR
Symphyotrichum novae-angliae New England Aster G5 SNR
Syngonanthus flavidulus Yellow Pipewort G5 S2
Talinum mengesii Menge's Fame-flower G3 SNR
Thalia dealbata Powdery Thalia G4 S2
Thalictrum subrotundum Reclined Meadow-rue G1G2Q S1S2
Thelypteris ovata var. ovata Ovate Marsh Fern G3G5T3T4  |S1
Thermopsis mollis Soft-haired Thermopsis G4? S1
Tiarella cordifolia Heart-leaved Foam-flower G5 SNR
Tiarella cordifolia var. cordifolia Heart-leaved Foam Flower G5T5 S2
Tofieldia glabra White False-asphodel G4 S1S2
Torreyochloa pallida Pale Manna Grass G5 S1
Tradescantia virginiana Virginia Spiderwort G5 S1
Trautvetteria caroliniensis Carolina Tassel-rue G5 S3
Trepocarpus aethusae Aethusa-like Trepocarpus G4G5 S1
Trichomanes boschianum Bristle-fern G4 S1
Trichomanes petersii Dwarf Filmy-fern G4G5 S2
Trichostema sp. 1 Dune Bluecurls G2 SNR
Tridens carolinianus Carolina Fluff Grass G3G4 S1
Tridens chapmanii Chapman's Redtop G3 S1
Tridens strictus Long-spike Fluff Grass G5 S1
Trillium discolor Faded Trillium G4 sS4
Trillium grandiflorum Large-flower Trillium G5 S1
Trillium lancifolium Narrow-leaved Trillium G3 S1
Trillium oostingii Wateree Trillium Gl S1
Trillium persistens Persistent Trillium LE: Endangered Gl S1
Trillium pusillum var. pusillum Least Trillium G3T2 S1
Trillium reliquum Relict Trillium LE: Endangered G3 S1
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Trillium rugelii Southern Nodding Trillium G3 S2
Trillium simile Sweet White Trillium G3 S1S2
Trillium undulatum Painted Trillium G5 S2
Triphora trianthophora Nodding Pogonia G3G4 S2
Urtica chamaedryoides Weak Nettle G4G5 S2
Utricularia floridana Florida Bladderwort G3G5 S2
Utricularia macrorhiza Greater Bladderwort G5 S1
Utricularia olivacea Piedmont Bladderwort G4 S2
Vaccinium crassifolium Creeping Blueberry G4G5 SNR
Vaccinium crassifolium ssp. sempervirens Rayner's Blueberry G4G5T1 S1
Vallisneria americana Eel-grass G5 S1
Verbena simplex Narrow-leaved Vervain G5 S1
Veronicastrum virginicum Culver's-root G4 S1
Viola conspersa American Bog Violet G5 S1
Viola pubescens var. leiocarpon Yellow Violet G5T5 S2
Viola tripartita Three-parted Violet G5 SNR
Viola tripartita var. glaberrima Smooth Three-parted Violet G5T3? S1
Viola tripartita var. tripartita Three-parted Violet G5T3 S3
Waldsteinia lobata Piedmont Strawberry G2G3 S3
Warea cuneifolia Nuttall Warea G4 S1
Xerophyllum asphodeloides Eastern Turkeybeard G4 S2
Xyris brevifolia Short-leaved Yellow-eyed Grass G4G5 S1
Xyris chapmanii Chapman's Yellow-eyed Grass G3 S1
Xyris difformis var. floridana Florida Yellow-eyed Grass G5T4T5 S2
Xyris elliottii Elliott Yellow-eyed Grass G4 S2
Xyris flabelliformis Savannah Yellow-eyed Grass G4 S1
Xyris scabrifolia Harper's Yellow-eyed Grass G3 S1
Xyris serotina Acid-swamp Yellow-eyed Grass G3G4 S1
Xyris stricta Pineland Yellow-eyed Grass G4 S1
Xyris torta Twisted Yellow-eyed-grass G5 S1
Nonvascular Plants

Aneura maxima Aneura G4? SNR
Cheilolejeunea evansii Evan's Cheilolejeunea G1G2 S1
Jungermannia fossombronioides Jungermannia G4 SNR
Lophocolea appalachiana Appalachian Lophocolea G1G2Q S1
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Pellia appalachiana Appalachian Pellia G4 S1
Plagiochila caduciloba Gorge Leafy Liverwort G2 S1
Plagiomnium carolinianum Mountain Wavy-leaf Moss G3 S1
Porella japonica ssp. appalachiana G57T1 S1
Rhizomnium appalachianum Large-leaved Mnium G5 SNR
Fungus
Gymnoderma lineare Rocky Gnome Lichen LE: Endangered G3 S1
Communities
Atlantic coastal plain depression meadow [Depression Meadow G5 SNR
Atlantic maritime dry grassland Maritime Grassland G3G4 SNR
Atlantic white cedar swamp G2 S2
Bald cypress - swamp blackgum swamp Bald Cypress - Tupelo Gum Swamp G5 SNR
Bald cypress - tupelo gum swamp G5 S4
Bald cypress - water tupelo swamp Bald Cypress - Tupelo Gum Swamp G5 SNR
Barrier island pond complex Interdune Pond G3 SNR
Basic forest GNR S2
Bay forest G3G4 S3
Bay forest (allard) Bay Forest G5 SNR
Beech - magnolia forest Beech - Magnolia Hammock G4 SNR
Beech - magnolia hammock G5? S1°?
Bottomland hardwoods G5 S4
Brackish marsh G5 S5
Brackish marsh (allard) Brackish Marsh G5 SNR
Carya glabra - tilia americana var. Pignut Hickory - Southern Basswood - G2G3 SNR
caroliniana - acer barbatum [ trillium Southern Sugar Maple / Mottled
maculatum forest Trillium Forest
Celtis laevigata - tilia americana var. Sugarberry - Southern Basswood / Red G1G3 SNR
caroliniana [ aesculus pavia forest Buckeye Forest
Chestnut oak forest G5 S4S5
Coastal plain small depression pond Swamp Tupel