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1.0 Purpose and Need

1.1 Project Authorization

The Myrtle Beach Project was authorized for construction by Section 101 of the Water
Resources Development Act of 1990, Public Law 101-640, dated November 28, 1990 (WRDA 90).
"(20) MYRTLE BEACH, SOUTH CAROLINA.-The project for storm damage reduction, Myrtle Beach,
South Carolina: Report of the Chief of Engineers, dated March 2, 1989, at a total cost of $59,730,000,
with an estimated first Federal cost of $38,820,000 and an estimated first non-Federal cost of
$20,910,000, and an average annual cost of $1,215,000 for periodic nourishment over the 50-year
life of the project, with an estimated annual Federal cost of $790,000 and an estimated annual non-
Federal cost of $425,000." Section 934 of the Water Resources Development Act of 1986 (WRDAS6),
Public Law 99-662, authorized the Government to extend the Federal participation in periodic beach
nourishment until 2046.

The authorized U.S. Army Corps of Engineers (USACE) project required the construction of a
protective beach in three separate reaches, North Myrtle Beach (Reach 1), Myrtle Beach (Reach 2),
and Garden City/Surfside Beach (Reach 3). The total project reach was 25.3 miles (Figure 1). Periodic
nourishment is required every 10 years at Reach 1, and every 8 years with one 10-year effort at
Reaches 2 and 3. In addition to being separable reaches, each reach also has different sponsors.
Reach 1 Sponsor is the City of North Myrtle Beach, Reach 2 Sponsor is the City of Myrtle Beach, and
Reach 3 Sponsor is Horry County. For the current project, funding is only available for Reach 3
(Garden City/Surfside Beach).

1.2 Renourishment Trigger

The project’s trigger point for renourishment is met when 25% of the project length has
storm berm width less than 25% of the design berm. Recent monitoring reports from the respective
sponsors show the reaches have varied success. In Reach 3, 17 of the 29 monitored stations
(approximately 59%) reached or exceeded the renourishment trigger point (Table 1).

Table 1. Project Reach Lengths that have met or Exceeded Renourishment Trigger Point

REACH REACH LENGTH (LINEAR | REACH LENGTH MEETING | PERCENT OF PROJECT
FEET) TRIGGER POINT (LINEAR FEET) | MEETING TRIGGER

Reach 3 40,656 24,000 59%

All Sponsor annual monitoring reports were submitted prior to October 2015. This is
significant because the state experienced a historic flooding event October 1-5, 2015. The event was
a combination of Hurricane Joaquin and a front that resulted in the state experiencing both intense
wave activity and historic rainfall. This was exacerbated by a recent perigean spring tide.
Subsequently, the state experienced severe flooding (both inland and coastal), a series of
impoundment failures, and coastal erosion.
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Figure 1. Myrtle Beach Shore Protection Project

As a result of this event, all three Reaches experienced significant losses when compared to
their pre-storm condition surveys. The Preliminary Damage Assessments submitted by the Sponsors
for all three Reaches documented significant impacts. The City of North Myrtle Beach reported losses
of 80%, 50%, and 60% of their dunes along the northern third, middle third, and southern third of
Reach 1, respectively, with multiple washouts and little dune left during high tides. Horry County
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reported losses of 70% of the dunes in Reach 3. The City of Myrtle Beach did not provide numerical
estimates, but provided photo documentation of significant impacts. Subsequently, all three
sponsors requested assistance for recovery under Public Law (PL) 84-99. USACE completed Project
Information Reports (PIRs) for all three Reaches. While no PL 84-99 funding was received for the
project, USACE was informed that FY 16 funding was only available to complete Reach 3 of the larger
project.

1.3 Environmental Compliance

This Environmental Assessment (EA) represents a supplement to the position of the USACE,
Charleston District and the Bureau of Ocean Energy Management (BOEM) [formerly the Minerals
Management Service (MMS)] regarding the environmental effects associated with the renourishment
of Garden City/Surfside Beach, South Carolina (Reach 3 of the Myrtle Beach Project).

USACE has previously described the affected environment and evaluated environmental
effects with the Myrtle Beach Storm Damage Reduction Project in its Feasibility Report on Storm
Damage Reduction (USACE, 1987), Environmental Assessment Beach Erosion Control Study (USACE,
1987b), Environmental Impact Statement (USACE, 1993a), General Design Memorandum (USACE,
1993b), and Environmental Assessment (2007) (Appendix 7). In 1996, the MMS also prepared an EA
covering the initial nourishment of Surfside Beach using Federal Outer Continental Shelf (OCS) sand
from the Surfside borrow area (MMS, 1996). The 1993 Environmental Impact Statement (EIS) and
2007 EA are incorporated in this document by reference and can be found in their entirety in
Appendix 7. Pursuant to the National Environmental Policy Act of 1969 (NEPA), this EA describes the
affected environment and evaluates new information from the previous environmental
documentation. Its purpose is to update potential environmental effects resulting from the issuance
of a new negotiated lease for sand within the previously identified borrow area, and to determine if
the proposed action, in light of new information, would have a significant effect on the human
environment and whether an EIS must be prepared.

The USACE, in cooperation with BOEM, identified and reviewed new information to
determine if any resources should be re-evaluated or if the new information would alter effects
determinations. While this EA further supports and elaborates on the analyses and information
presented in existing NEPA documents, it does not change the conclusions of any of those prior NEPA
analyses. Pursuant to 43 Code of Federal Regulations (CFR) 46, the analyses are still deemed valid
and are incorporated by reference. No new information was identified that would lead to a
determination of significantly different impacts or would necessitate a major revision of the impacts
analyses previously prepared or related to the Myrtle Beach Storm Damage Reduction Project and
required preparation of an EIS.

The USACE and BOEM have integrated the process of NEPA compliance with other
environmental requirements, including the Coastal Zone Management Act (CZMA), Endangered
Species Act (ESA), Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), and
National Historic Preservation Act (NHPA). The USACE has served in the role of lead Federal agency
for environmental compliance activities, while BOEM has acted in a cooperating role.
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1.4 Incorporation by Reference

This document is intended to communicate new environmental information and update the
coordination between a number of Federal and State regulatory agencies. All other findings from the
aforementioned documents are still valid, however are not reiterated in this EA. Specific details for
the project are provided in the following reports and are hereby incorporated by reference in
accordance with NEPA (Appendix 7):

US Army Corps of Engineers. 1993. Final Environmental Impact Statement for the Myrtle
Beach and Vicinity Shore Protection Project, Horry and Georgetown Counties, South
Carolina. USACE Charleston District. January 1993.

US Army Corps of Engineers. 2007. Final Environmental Assessment: Myrtle Beach Storm
Damage Reduction Project. North Myrtle Beach, Myrtle Beach, and Horry County, SC. July
2007.

2.0 Description of the Proposed Action

The Myrtle Beach project consists of three separable reaches which have previously been
constructed simultaneously at each nourishment project. Currently, funding has only been made
available for Reach 3 (Garden City/Surfside), and therefore, this Environmental Assessment will only
evaluate the effects related to this Reach of the Myrtle Beach Storm Damage Reduction Project.

The proposed project at Reach 3 consists of a protective storm berm and an advanced
nourishment construction berm. The protective storm berm reduces damages expected to occur
during severe storm events. The advanced nourishment berm acts as a buffer for the protective
storm berm against long term erosional forces. The protective storm berm has a top elevation of 6.0
NAVD 88 and a crest width of ten feet. The fore slope of the protective berm is 1 vertical to 20
horizontal down to natural ground. The advance nourishment berm sits adjacent the protective
storm berm. The advance nourishment berm has a top elevation of 6.0 NAVD 88. The fore slope of
the advance nourishment is 1 vertical to 5 horizontal down to elevation 2.0 NAVD 88 then a variable
fore slope down to the existing beach profile (Figure 2). At select locations, the plan includes dune
grass and dune fencing. Where possible, USACE would like to plant seabeach amaranth (Amaranthus
pumilus) as a small component of the dune grass planting. USACE and BOEM are currently consulting
with the USFWS on this possibility. The length of the dune and beachfill for the project is
approximately 40,300 feet. Project maps depicting the plan view of the project extent can be found
in Appendix 1.
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Figure 2. Representative profile for Reach 3

The project is anticipated to be constructed with a hopper dredge, booster pump, and land-
based heavy equipment (i.e. bulldozers and front-end loaders); however, the use of a cutterhead
dredge remains a possibility. SC Department of Natural Resources (SCDNR) and Coastal Carolina
University (CCU), responsible for monitoring project impacts, have previously recommended the
continued use of a hopper dredge of borrow areas associated with the Myrtle Beach project to
minimize benthic impacts and foster quicker benthic recovery.

The borrow area for Reach 3 was identified in the March 1993 General Design Memorandum
for the project as the Surfside Borrow Area (Figure 3). Portions of it have been used in the past for
the 1998 and 2007/2008 nourishment projects. The area extends from two to five miles offshore and
comprises approximately six square miles. The site is generally featureless and data indicates that it
is relatively homogenous and sandy. This borrow area will serve as the source of sand for the current
project. The mean phi size of the material in the borrow area is 1.77; the percent passing the #200
sieve is 5.1%; and the average usable depth is 4.5 feet. It is anticipated that approximately 700,000 cy
of sand will be needed to complete this renourishment project to the full design template.

Figure 3 shows the areas within the borrow area that dredged material was removed for
placement along Reach 3 in 1998 and 2007/2008. In 2005, borrow area investigations determined
that the Surfside borrow area contained at least 15.2 million cubic yards (cy) of beach-compatible
material. The 2007/2008 renourishment project borrowed 857,633 cy from the borrow area. Based
on the volume calculations from 2007, there is sufficient quantity of material within the Surfside
borrow area to complete the proposed renourishment of Reach 3. The dredge will remove the sand
to a depth not to exceed 10 feet within the borrow areas. The borrow area will be divided into
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dredging zones and the contract specifications will require the contractor remove material
completely from one borrow zone prior to moving to another borrow zone.

Figure 3. Garden City/Surfside (Reach 3) Project Extent and Surfside Borrow Area

Coastal Carolina University performed bathymetric monitoring associated with the 2007
renourishment. Their results indicated that the borrow area used in 2007 accreted approximately
452,660 cy within 1 year post-construction (Figure 4) (McCoy et al., 2010). SCDNR performed
monitoring of the physical characteristics of the infill following construction. While the Surfside
borrow area was not specifically monitored, results from Little River and Cane South borrow areas
indicate that beach compatible material (e.g., < 10% fines) was accreting. These data indicated that
the previously dredged portion of the borrow area may have recharged with beach compatible
material and may be able to be used again because the borrow areas are roughly the same distance
from shore and have no large estuarine sources of fine grained material. While the historic data
indicate that the borrow area has sufficient quantity for this periodic nourishment effort, detailed
borrow area investigations were completed to determine if the previously dredged areas have
recharged with beach-compatible material. Figure 5 shows the locations of the 2006 vibracores that
were performed, as well as the locations of the 2016 targets. The geotechnical refinements included
both bathymetric surveys and vibracores to determine the amount and quality of the material. The
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intent of this effort was to maximize the most efficient use of the borrow area for the continued
longevity of the project. After review of the data, USACE and BOEM have selected a refined borrow
area entirely in the OCS for this current project that meets the suitability requirements for the beach
(Figure 6). The borrow area analysis results are described in Section 4.8 and details are provided in
Appendix 4. While roughly 700,000 cy are anticipated to be dredged from the borrow area, a BOEM
lease is anticipated for up to 1,000,000 cy to account for any deviations.

Figure 4. Surfside borrow area post dredging +1 year change map (CCU 2009)
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Figure 5. Vibracore Locations in Surfside Borrow Area

Figure 6. Refined Borrow Area for Garden City/Surfside Renourishment Project
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The beach renourishment is anticipated to start in the fall/winter of 2016/2017 and continue
24 hours per day, 7 days per week for a period of approximately 2-3 months including mobilization.

Sand fencing will be placed along the landward edge of the nourishment fill to promote dune
growth (Figure 6). Native vegetation will be planted to further expedite dune formation and
stabilization, as well as creating beach dune habitat. Fencing will be installed according to sea turtle
friendly design standards specified in the SC Department of Health and Environmental Control —
Office of Ocean and Coastal Resource Management (SCDHEC- OCRM) “How to Build a Dune”
brochure. Similar sand fencing was completed in the 1998 project and the 2007/2008 project. Work
is expected to take place only during daylight hours and a limited amount of equipment, such as
small backhoes and tractors, is expected to be used on the beach. Sand fencing will be installed per
the USACE Charleston District’s standard design with 5.5-foot spacing between panels. The planting
matrix will consist of the following plants: bitter panicum (Panicum amarum “Northpa”), sea oats
(Uniola paniulata), seashore elder (lva imbricate), and saltmeadow cordgrass (Spartina patens).
Sweet grass (Muhlenbergia “filipes”) will be planted on the toe of the backside of the dune system.
The plants will be spaced two feet on center, and rows will be spaced at two to four feet depending
on which plant species is in the row. Fertilizer will be placed in the hole at the time of planting. As
stated earlier, USACE would like to plant seabeach amaranth as a small component of the planting
matrix since it is within the historic range of the plant. Details of this are being consulted on with the
USFWS and a Biological Opinion is anticipated by August 15, 2016.

Figure 7. Sand Fencing Typical Design
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This project will protect infrastructure and restore and preserve dry sand and dune habitat
used by shorebirds and endangered species, such as nesting sea turtles. Impacts of beach
nourishment projects are relatively well understood. When projects are designed properly and the
appropriate mitigation measures are incorporated, the impacts are limited to a minimal temporal
and spatial extent.

The borrow area is located in Federal waters (>3 nautical miles offshore) on the OCS,
therefore BOEM is acting as a cooperating agency on this NEPA document. The BOEM portion of this
proposed action is the issuance of a negotiated agreement to authorize use of the new sand borrow
source so that the USACE, along with the projects local sponsor, can obtain the necessary sand
resources for the renourishment effort.

3.0 Alternatives Analysis

As previously mentioned, an assessment was performed in accordance with NEPA in the
early 1990’s and documented within an Environmental Impact Statement (USACE, 1993a). This
document fully evaluated the alternatives for the Storm Damage Reduction Project. Since the project
is authorized for 50 years of Federal involvement, these alternatives are still considered valid and
were not reevaluated in the 2007 Environmental Assessment, nor will they be reevaluated here. This
section serves to re-evaluate the precise source of material since options are available within the
existing larger borrow area.

3.1 No Action

Due to the erosion that has occurred along the Grand Strand and because of the Federal
Government’s commitment to renourish the beach when necessary over the life of the project, the
No Action alternative was rejected.

3.2 Use Previously Un-dredged Sand from State Waters

Sufficient sand exists in the Surfside borrow area to dredge only virgin sites in state waters.
However, this alternative was eliminated from further analysis for the following reasons:

1. USACE would like to avoid dredging entirely new areas of sand within a designated borrow
area if previously dredged areas have recharged with beach-compatible sands.

2. May involve greater impact to benthic habitat.

3. Does not fully consider the potential for increased erosion of the beaches due to
climatological changes and effects from sea level rise. Increased erosion could increase the
amount of material needed for future beach nourishments, which may not be available from
un-dredged portions of the Surfside borrow area.

3.3 Use Previously Un-dredged Sand from the OCS

The Surfside borrow area has sufficient sand to dredge only virgin sites within the OCS
portion of the borrow area. However, for the same reasons mentioned in Section 3.2, this alternative
was eliminated from further consideration.

10
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3.4 Use Sand from Previously Dredged Portions of Borrow Area

Not enough sand exists to only use previously dredged areas in the Surfside borrow area;
therefore, this alternative was eliminated from further consideration.

3.5 Combination of Previously Dredged and Un-dredged Sand

This is the most environmentally acceptable alternative because it maximizes the
opportunity to use sand that has recharged within the previously dredged areas of the Surfside
borrow area. It also has the least environmental impacts because it minimizes impacts to previously
undredged benthic habitat.

4.0 Environmental Consequences

4.1 Water Quality

Temporary degradation of water quality will occur at both the dredging site (i.e., offshore
impacts) and the nourishment site (i.e., onshore impacts) due to re-suspension of silt material.
Regarding beach placement impacts, multiple studies have been conducted on past beach
nourishment projects to determine the extent and duration of elevated suspended solids levels
downcurrent of a dredge’s discharge pipe along the placement site. In general, elevated
concentrations were limited to within an area 1,300 to 1,650 feet of the discharge pipe in the swash
zone. Given that the beach fill material proposed for this project has a low amount of fine-grained
sediment, it is expected that the turbidity plume generated at the placement site would be
comparable to those reported in similar projects: concentrated within the swash zone, dissipating
between 1,000 to 2,000 feet alongshore; and short term, only lasting several hours.

Regarding offshore impacts from dredging operations, studies of past hopper dredge projects
indicate that the extent of the sediment plume is generally limited to between 1,650 to 4,000 feet
from the dredge and that elevated turbidity levels are generally short-lived (on the order of an hour
or less). The length and shape of the plume depend on the hydrodynamics of the water column and
the sediment grain size. Usually, this plume is mostly the result of overflow of the hopper bin and
not at the suction end of the dredge’s drag arm. Monitoring studies done on the impacts of offshore
dredging indicate that sediments suspended within the water column during offshore dredging are
generally localized and rapidly dissipate or settle out when dredging ceases (Naqvi and Pullen 1982,
Bowen and Marsh 1988, Van Dolah et al. 1992). Given that the dominant substrate at the borrow
sites is sand, it is expected that any disturbed sediment would settle rapidly and cause less turbidity
and oxygen demand than finer-grained sediments. No appreciable effects on dissolved oxygen, pH,
or temperature are anticipated, because the dredged material has low levels of organics and low
biological oxygen demand. Additionally, dredging activities would occur within the open ocean
where the hydrodynamics of the water column are subject to mixing and exchange with oxygen-rich
surface waters. Any resultant water column turbidity would be short term (i.e., present for
approximately an hour) and would not be expected to extend more than several thousand feet from
the dredging operation. Accordingly, it is anticipated that the project would have only minor water
quality impacts at the offshore borrow areas.

11
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The original nourishment project was granted a water quality certification by the South
Carolina Department of Health and Environmental Control (SCDHEC) on November 19, 1993. On
March 30, 2007, SCDHEC issued another water quality certification with the following conditions:

1. All necessary measures must be taken to prevent oil, tar, trash, debris, and other
pollutants from entering the adjacent waters or wetlands during construction.

2. Only clean sand, free of all potential sources of pollution, must be used for beach
nourishment.

3. Sand used for the project must consist of appropriate grain sizes to be compatible for
beach nourishment.

4, Sand used must be at least 80% sand.

5. The permittee must adhere to any recommendations of the US Fish and Wildlife
Service (FWS) and/or the SCDNR to protect any identified threatened and/or endangered
species and the habitats of such species in the area of the proposed project.

SCDHEC has temporarily waived the requirement for water quality certification for beach
nourishment projects (see Appendix 5); therefore, a new/updated water quality certification is not
needed for this renourishment project. Regardless, USACE is committed to ensuring that all previous
conditions will continue to be adhered to during project construction.

4.2 Endangered/Threatened Species

Coordination was previously conducted in compliance with the Endangered Species Act (ESA)
with the submission of a Biological Assessment (BA) to the FWS in September, 2006. The FWS
Biological Opinion (BO) was received in January 2007. Both documents are present in their entirety
in Appendix 7. For this renourishment effort, consultation is ongoing with the FWS. A new BA was
recently prepared and submitted to the FWS for this project (Appendix 2). Its purpose is to evaluate
new species and habitat listings since the 2007 project; based on the analysis provided in the BA, the
following determinations have been made:

e |t has been determined that the proposed project is not likely to adversely affect the
manatee.

e |t has been determined that the proposed project is not likely to adversely affect Kemp’s
ridley, leatherback, or hawksbill sea turtles.

e |t has been determined that the proposed project will have no effect on the shortnose
sturgeon.

e |t has been determined that the proposed project is not likely to adversely affect the Atlantic
sturgeon.

e It has been determined that the proposed project is not likely to adversely affect the piping
plover.

12
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e It has been determined that the proposed project is not likely to adversely affect the rufa red
knot.

e It has been determined that the proposed project is not likely to adversely affect seabeach
amaranth.

e It has been determined that the proposed project will have no effect on critical habitat for
the wintering piping plover.

e |t has been determined that the proposed project may adversely affect the nesting
loggerhead and green sea turtle and any resulting hatchlings.

e |t has been determined that the proposed project will have no effect on critical habitat for
the loggerhead sea turtle.

e |t has been determined that the proposed project will not adversely modify critical habitat
for the North Atlantic right whale.

The following protective measures were presented in the report. Please see Appendix 2 for
more details.

West Indian Manatee

When work occurs during the manatee migration period, personnel will be advised that
there are civil and criminal penalties for harming, harassing, or killing manatees. The Contractor may
be held responsible for any manatee harmed, harassed, or killed as a result of vessel collisions or
construction activities. Failure of the Contractor to follow these specifications is a violation of the
ESA and could result in prosecution of the Contractor under the ESA or the Marine Mammals
Protection Act (MMPA). The standard manatee conditions will be implemented from 15 April to 31
October, if construction takes place during these months. The Contractor will be instructed to take
necessary precautions to avoid any contact with manatees. If manatees are sighted within 100 yards
of the dredging area, all appropriate precautions will be implemented to insure protection of the
manatee. The Contractor will stop, alter course, or maneuver as necessary to avoid operating
moving equipment (including watercraft) any closer than 100 yards of the manatee. Operation of
equipment closer than 50 feet to a manatee will necessitate immediate shutdown of that equipment.

North Atlantic Right Whale

Since the construction is anticipated to be scheduled during the right whale migration period,
personnel will be advised that there are civil and criminal penalties for harming, harassing, or killing
right whales. The Contractor may be held responsible for any whale harmed, harassed, or killed as a
result of vessel collisions or construction activities. Failure of the Contractor to follow these
specifications is a violation of the ESA and could result in prosecution of the Contractor under the
ESA or the MMPA. The time when most right whale sightings occur in the area is December, January,
and February. The Contractor will be instructed to take necessary precautions to avoid any contact
with whales. If whales are sighted within 1,000 feet of the borrow area, all appropriate precautions
will be implemented to ensure protection of the whale. In addition, the Contractor will stop, alter

13
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course, or maneuver as necessary to avoid operating moving equipment (including watercraft) any
closer than this distance.

Sea Turtles

If work occurs during the sea turtle nesting period, in order to minimize impacts to nesting
sea turtles and emerging hatchlings, a beach monitoring and nest relocation program for sea turtles
will be implemented. This program will include daily patrols of sand placement areas at sunrise,
relocation of any nests laid in areas to be impacted by sand placement, and monitoring of hatching
success of the relocated nests. Sea turtle nests will be relocated to an area suitable to both the FWS
and the SCDNR. The USACE will perform any necessary maintenance of beach profile (tilling and
shaping or knocking down escarpments) during construction and prior to each nesting season.

During construction of this project, staging areas for construction equipment will be located
off the beach to the maximum extent practicable. Nighttime storage of construction equipment not
in use shall be off the beach to minimize disturbance to sea turtle nesting and hatching activities. In
addition, all dredge pipes that are placed on the beach will be located as far landward as possible
without compromising the integrity of the existing or reconstructed dune system. Temporary
storage of pipes will be off the beach to the maximum extent possible. Temporary storage of pipes
on the beach will be in such a manner so as to impact the least amount of nesting habitat and will
likewise not compromise the integrity of the dune systems (placement of pipes perpendicular to the
shoreline will be recommended as the method of storage).

During construction of this project, all on-beach lighting associated with the project will be
limited to the immediate area of active construction only. Such lighting will be shielded, low-
pressure sodium vapor lights to minimize illumination of the nesting beach and nearshore waters.
Red filters will be placed over vehicle headlights (i.e., bulldozers, front end loaders). Lighting on
offshore equipment will be similarly minimized through reduction, shielding, lowering, and
appropriate placement of lights to avoid excessive illumination of the water, while meeting all US
Coast Guard and Occupational Safety and Health Administration (OSHA) requirements. Shielded, low
pressure sodium vapor lights will be highly recommended for lights on any offshore equipment that
cannot be eliminated.

New coordination with the National Marine Fisheries Service (NMFS) with regard to marine
species protected under the ESA was not conducted due to the existence of a Regional Biological
Opinion (RBO) for the South Atlantic Region. The USACE previously determined that the use of a
hopper dredge may adversely affect sea turtles. NMFS has concurred with this determination in their
1995/1997 RBO and July 30, 2009, concurrence, and determined that take resulting from hopper
dredging activity will not jeopardize the continued existence of any sea turtle species. The USACE
notified NMFS of its intent to utilize the RBO for this proposed renourishment by letter and email on
April 11, 2016. The RBO addresses dredging operations and provides guidance and requirements on a
state by state basis. The RBO and the terms and conditions outlined within it can be viewed via the
internet at: http://155.82.164.219/Applications/OPJ/A067 DQM/ODESS/ODESS Public/documents/

1997SADBO.pdf.
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The USACE determination is that the proposed project will either have “no effect” or “is not
likely to adversely affect” all listed species except for the loggerhead and green sea turtle. Because
the beach nourishment work may impact nesting sea turtles or emerging hatchlings, we determined
that the proposed project “may effect and is likely to adversely affect” the loggerhead sea turtle;
however, we do not believe the proposed project will jeopardize the species. USACE and BOEM are
currently in consultation with the USFWS and a Biological Opinion is anticipated by August 15, 2016.

4.3 Coastal Zone Consistency (CZC)

The existing Grand Strand Storm Damage Reduction Project satisfied the restrictions and
guidelines of the South Carolina Coastal Management Program pursuant to the Coastal Zone
Management Act (CZMA). The 2007 project also received a Coastal Zone Consistency Determination
on April 24, 2006. Since it has been approximately ten years since the last coordination with the
agency (SCDHEC-OCRM) that enforces the provisions of CZMA in South Carolina, a letter of intent,
the CZC checklist, and this EA were sent to SCDHEC-OCRM to request CZC (Appendix 3). The letter of
intent was later modified via email and requested concurrence for the remaining life of the project
(approximately 30 years). SCDHEC-OCRM conditionally concurred with the project on July 25, 2016
(Appendix 6 — Agency Correspondence).

4.4 Coastal Barrier Resources System (CBRS)

There are no CBRS units near the project area. SC-03 (Huntington Beach) is the closest and is
approximately two miles south of the south end of the proposed project.

4.5 Essential Fish Habitat (EFH)

An EFH Assessment was completed for the 2007 project as required by the Magnuson-
Stevens Fishery Conservation and Management Act of 1976, as amended through 1996 (Magnuson-
Stevens Act). The objectives of this EFH Assessment were to describe how the actions of the USACE,
their non-Federal sponsors, and BOEM potentially influence the quality of habitat designated by
NMFS and the South Atlantic Fisheries Management Council (SAFMC). The EFH Assessment describes
fish, coral, and benthic species common to the sandy borrow and nearshore areas and hardbottom
habitats and discusses the potential impacts of the proposed action on those species. The EFH
Assessment and the Conservation Recommendations from NMFS are contained in Appendix 7. NMFS
responded to the EFH Assessment by letter stating that:

Beaches and nearshore areas along the Grand Strand provide habitat for numerous species
that serve as prey for finfish and crustaceans that have economic and recreational
importance, such as southern flounder (Paralichthys lethostigma), Florida pompano
(Trachinotus carolinus), summer flounder (Paralichthys dentatus), red drum (Sciaenops
ocellatus), spot (Leiostomus xanthurus), bluefish (Pomatomus saltatrix), white shrimp
(Litopenaeus setiferus), and blue crab (Callinectes sapidus). Sea turtles also are common in
the nearshore coastal waters of the project area, and the beach is used by sea turtles,
including the threatened loggerhead sea turtle (Caretta caretta), for nesting. The influx of
transient fauna and heightened biological activity in the late spring and summer through late
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fall necessitates certain work limitations if significant harm to living marine resources is to be
avoided. Ideally, beach nourishment should be restricted to winter months when possible.

The South Atlantic Fishery Management Council (SAFMC) provides detailed information on
types and locations of EFH in a comprehensive amendment that applies to all fishery
management plans prepared by the SAFMC. The amendment was prepared in 1998 as
required by the Magnuson-Stevens Act. SAFMC has identified the surf zone of ocean beaches
as EFH for sub adult and adult red drum. As juvenile red drum develop into sub adults and
adults, they utilize and become concentrated in progressively higher salinity estuarine and
beachfront surf zones where their prey is most abundant. Areas of hard bottom habitat also
are present within the project area, and the SAFMC has designated hard bottom habitat as
EFH for snapper-grouper species and coastal migratory pelagic species. The importance of
hard bottom habitat is also addressed in the SAFMC’s policy (dated March 2003) on
protecting EFH from large-scale coastal engineering projects, which stresses the importance
of examining cumulative impacts to this EFH.

Adjacent to the project area, there is a designated EFH - Habitat Area of Particular Concern (HAPC)
known as Hurl Rocks. Hurl Rocks was designated as an HAPC after the initial construction of the
Grand Strand Project.

In 2007, NMFS concluded that adverse impacts were likely to result from the nourishment
project and provided 4 conservation recommendations. USACE responded to these
recommendations with the following measures to avoid, mitigate or offset adverse impacts of the
project:

1. “To the extent practicable, construction activities will take place in seasons of limited
biological activity. Currently, the plan is to begin construction in the month of November,
2007. This date was chosen in an attempt to avoid seasonal activity of certain biological
resources. Constraints associated with the cost and time of building this project make it
impractical to perform construction only during the December to April window as
recommended.

2. No-dredging buffers of at least 600 feet have been prescribed around all hard bottom areas
within the defined borrow sites. This prohibition extends to mooring, anchoring, laying of
submerged pipeline, and lowering of spuds within the exclusion zone. In addition, all areas of
the defined Essential Fish Habitat-Habitat Area of Particular Concern known as Hurl Rocks
have been given the same protections.

3. The Charleston District has gone to great lengths to identify suitable borrow material that is
compatible with the existing beach material. Methods employed to identify compatible sands
include side scan sonar and vibra-core borings. In addition, it has been stipulated that
unsuitable material (clay, mud, and debris) that is inadvertently dredged will be removed
from the disposal area and disposed of in an approved land fill.

4. Asyour review has affirmed, the Charleston District has gone to significant lengths and
expense to identify and document impacts to EFH before, during, and after the nourishment
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cycle. After the final report by the South Carolina Department of Natural Resources, if it is
determined that significant impacts to EFH have occurred as a result of this project, the
Charleston District will consult with NMFS to determine the appropriate action.”

A four-year study by the CCU Center for Marine and Wetland Studies in association with the
SCDNR and USACE concluded that offshore habitats had not been significantly impacted by dredging
conducted for the initial beach fill (McCoy et al., 2011). The study found that while some areas of
hard bottom experienced deposition and burial, other hard bottom habitats were uncovered due to
erosion of their surface sediments. Consequently, the dredging and placement activities were found
to have only marginally greater impacts on hard bottom habitat than the system’s own natural
variability (Ojeda et. al, 2001).

The Grand Strand hosts one of the few significant aggregations of nearshore hard bottom
habitats in South Carolina, portions of which are considered EFH (e.g., Hurl Rocks), as defined in the
Magnuson-Stevens Fishery Conservation and Management Act. Monitoring associated with the
2007/2008 renourishment project was conducted one year pre-nourishment and one year post-
nourishment to assess impacts of migrating beach fill on habitat-structuring invertebrate
communities in these hard bottom areas (Burgess et al., 2011). Twenty-one sites were established in
two parallel strata extending from approximately one kilometer (km) north of the Myrtle Beach State
Park to approximately five km south of the park using a Before-After-Impact-Reference design.
Stations directly adjacent to the unnourished park shoreline were designated as “reference,” and
stations along the nourished beach north and south of the park were designated as “impact.” Each
station was equipped with a biological monitoring array containing eight settlement tiles and four
hard bottom monitoring transects. The tiles were deployed on a steel frame in the fall of 2007 and
replaced every six or twelve months through the fall of 2009. The tiles were retrieved and analyzed
for total surface cover of various sessile invertebrate taxa. At each site, four 5.0-meter transects
were video surveyed, and sessile fauna in the video were identified to the lowest practical taxonomic
or structural/functional group. Invertebrate communities on recruitment tiles were dominated by
early-successional, fast-growing taxa such as tubiculous polychaetes, bryozoans, hydroids,
amphipods, and bivalves.

Both recruitment and video data were analyzed using Analysis of Variance (ANOVA) to
determine whether invertebrate recruitment at impact and reference areas responded differently
between the before and after time periods. The amount of total surface cover on recruitment tiles
was greater after nourishment than before nourishment and was generally greater overall at stations
adjacent to nourished sections of the beach. Several specific taxa present in some recruitment tile
sub-habitats (e.g., top versus bottom surface, high versus low elevation) showed a pattern of
differential recruitment success between the reference and impact areas following nourishment;
however, these responses were not consistent across taxa or sub-habitats. Invertebrate communities
on natural hard bottoms were dominated by slow-growing, late-successional octocorals and sponges.
All of these taxa showed a tendency to increase in density at reference areas following nourishment
while decreasing or remaining constant at the impact areas. None of these changes were statistically
significant, likely due to very strong spatial and temporal variability in hard bottom communities in
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the region. Overall, there was little statistically significant evidence to suggest that invertebrate
recruitment or community composition were impacted within one year of the completion of
nourishment. The SCDNR monitoring report suggested that future efforts to examine the impacts of
nourishment on the hard bottoms of the Grand Strand should reduce study complexity (types and
configurations of deployments) and increase sample size to improve impact detection.

Since the proposed project is similar in scope and impacts as the 2007 project and based on
post-project monitoring, no significant changes to EFH have occurred since the last project, USACE
considers the EFH conservation recommendations to still be valid. On June 30, 2016, NMFS
commented via letter that they were neither supportive of nor in opposition to the proposed project.
USACE and BOEM have satisfied the requirements of the Magnuson-Stevens Act.

4.6  Archeological and Cultural Resources

Federal undertakings will comply with the Archaeological and Historical Preservation Act of
1974 (16 USC 469-469c), the Abandoned Shipwreck Act of 1987 (PL 100-298; 43 USC 2101- 2106),
The National Historic Preservation Act of 1966, as amended (54 USC 2106) and the Advisory Council
on Historic Preservation’s implementing regulations 36 CFR Part 800 (protection of Historic
Properties). Section 106 of the National Historic Preservation Act (NHPA) requires Federal agencies to
provide the Advisory Council on Historic Preservation with a reasonable opportunity to comment on
a Federal undertaking. The placement of sand on beaches and the use of sand from offshore borrow
areas are typically subjected to cultural resources investigations in order to locate potentially
significant resources, including historic properties for purposes of NHPA Section 106 review. Previous
investigations revealed that there are no historical or archaeological resources within the beach
nourishment zone which would be affected by the placement and movement of sand. In 2006, an
archaeological survey was completed for the Surfside borrow area and one potentially significant
feature was identified. The anomaly will be avoided with a minimum buffer of 200 feet. In a letter
dated April 19, 2007, the State Historic Preservation Officer (SHPO) concurred with this approach and
provided a NHPA Section 106 concurrence, which is still considered valid. If any new areas will be
dredged, archaeological investigations will occur and the SHPO will be consulted for compliance with
Section 106 of the NHPA. Additionally, the contractor will be required to perform side scan sonar and
magnetometer surveys prior to construction and establishment of a pipeline corridor placement.
SHPO has no further concerns with the project (Appendix 6 — Agency Correspondence). USACE and
BOEM compliance with Section 106 of the NHPA is complete.

4.7 Beach Benthic Impacts

Due to the handling and pumping activities, the dredged sand would likely be devoid of live
benthos. As a result, the recovery of benthos at the placement area would rely on immigration of
adult organisms from adjacent undisturbed areas, as well as larval colonization from the water
column. However, raising the elevation of the existing beach from intertidal to dry beach would
effectively limit the landward extent of water-driven organismal transport. In the longer term, the
re-establishment of an elevated beach berm would reduce the extent of the more biologically diverse
intertidal zone.
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Recovery time of benthos within the surf zone is expected to be more rapid than the
offshore borrow area given the dynamic conditions within the nearshore and surf zones. Studies
have shown that the recovery time for benthos ranged from approximately two to six months when
there is a good match between the fill material and the natural beach sediment. In the case of the
proposed project, the fill material would not be substantially different (though slightly coarser) than
native material; therefore, it is expected that recovery time would be similar to the two to six month
estimate.

In a monitoring program performed along with the 2007 nourishment project (Bergquist et
al., 2011a), the Surfside/Garden City section was evaluated to determine the impact on, and recovery
of, sediment characteristics and a dominant beach indicator species, the ghost crab Ocypode
quadrata. The sediment characteristics and ghost crab population densities and size structures were
studied at two stations representing nourished beach bounded by two stations representing non-
nourished reference beach using a Before-After-Control-Impact (BACI) study design. Sediments
became coarser and shellier in both nourished and reference areas following renourishment,
suggesting the changes were due to background changes in sediment characteristics rather than to
the placement of beach fill. All sediment characteristics post-nourishment were well within the range
that is typical for Grand Strand beaches further indicating either a good match of borrow area
sediments to pre-nourishment beach sediment or recovery of beach sediment to pre-nourishment
conditions within three months. Overall densities of ghost crabs as well as adult, juvenile, and new
juvenile size classes indicated few differences in the responses of nourished and reference areas
following nourishment. The data collected here indicated that factors other than renouishment may
have been more important in determining changes in ghost crab densities over the course of this
study. Two recommendations were suggested based on study outcomes: 1) maintain the careful
matching of borrow sediments to the receiving beach, and 2) focus future environmental monitoring
efforts on addressing the consequences of the sediment and/or biological changes detected in this
and similar monitoring programs. Results of this monitoring effort confirm that impacts of beach
nourishment on invertebrate species is short term and relatively minor, especially for ghost crab
populations.

4.8 Borrow Area Compatibility Analysis and Selection

As stated early, USACE performed an analysis of borrow area sediment quality to determine
an optimum dredging site for this project (Appendix 4). The analysis consisted of re-evaluating
existing 2006 vibracore and lab data, analyzing new bathymetry data, and evaluating 38 newly
collected vibracore data. The new vibracores were collected in April of 2016 with a 4-inch diameter
steel sampling barrel. All material was field classified in accordance with the Unified Soils
Classification System, and samples were selected for lab analysis based on major vertical
stratigraphic changes. A total of 172 samples were sent to a laboratory for gradation testing to verify
field classification (American Society for Testing and Materials [ASTM] D2487), determine particle
size distribution (ASTM 6913), and percent shell, limestone and fines passing the #200 sieve. Samples
containing silty-clayey sands were designated for additional hydrometer analysis (ASTM D422-63).
USACE then evaluated the data within gINT and ArcGlIS.
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Five dredge zones are recommended for use to achieve the desired project sand quantities
(Figure 6). Dredge elevations were selected primarily on basis of allowing continuous dredging
operations perpendicular to the shoreline, and in avoiding unsuitable fine-grained material. In
general, a buffer of about 1-foot was applied to each dredge cut utilizing the subsurface cross
sections (See Appendix 4). The following information summarizes the results in each of the 5 zones:

Zone 1: % Sand = 96.9%
% Fines passing #200 Sieve = 2.1%
% Shell =0.1%
% Limestone = 0%

Zone 2: % Sand = 97.3%
% Fines passing #200 Sieve = 1.7%
% Shell = 0.8%
% Limestone = 0%

Zone 3: % Sand = 94.3%
% Fines passing #200 Sieve = 1.5%
% Shell = <4.2%
% Limestone = 0%

Zone 4: % Sand = 93.8%
% Fines passing #200 Sieve = 2.4%
% Shell = 3.8%
% Limestone = 0%

Zone 5: % Sand = 96.0%
% Fines passing #200 Sieve = 2.0%
% Shell = 2.0%
% Limestone = 0%

4.9 Borrow Area Benthic Impacts

Understanding the impacts and recovery of borrow sites is important in the long term
management of offshore sand resources. An impact analysis was conducted as part of the 2007
project in order to address potential changes that may occur in the project area resulting from
excavating material from within the identified borrow areas. This analysis focused on impacts to
coastal processes by using the steadystate spectral wave model (STWAVE), and concluded that the
wave height changes and effects on coastal processes were not significant.

Dredging of sediments from borrow areas, whether in state waters or within the OCS, will
remove benthic marine invertebrates. Polychaetes, amphipods, oliogchaetes, pelecycpods, and
decapods are major infaunal assemblages inhabiting the borrow areas. Sessile benthic organisms
may be buried by resuspended and redeposited sandy sediments. Hardbottom areas in and adjacent
to the borrow areas, that support complex communities described above, have been identified by
surveys performed in 2005 and will be avoided.
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Recovery of infaunal communities after dredging has been shown to occur through larval
transport of recruits from adjacent areas, along with juvenile and adult settlement, but can vary
based on several factors including seasonality, habitat type, size of disturbance, and species’ life
history characteristics (e.g., larval development mode, sediment depth distribution). Although
studies have shown that while recovery rates are variable, the abundance and diversity of benthic
infauna within the borrow areas frequently returns to pre-nourishment levels relatively quickly, often
within post-dredging recovery periods of 1 to 2 years. Most studies indicate that dredging had only
temporary effects on the infaunal community, and in some studies, differences in infaunal
communities were attributed to seasonal variability or to hurricanes rather than to dredging.

In a study performed following the 2007/2008 nourishment project, the Cane South and
Little River borrow areas were evaluated for both surficial sediment composition and benthic
community recovery (Bergquist et al., 2011b). The Surfside borrow area was not studied due to
limited resources at the time, but the results are presented here because the locations of the borrow
areas are similar in physical and biological environments and are also within the Long Bay area of
South Carolina. The study used a BACI design in order to document the changes in two of the borrow
areas used for the renourishment project relative to a non-impacted control site. All areas were
sampled multiple times before and after dredging in order to assess the recovery of the resources.
Samples were analyzed for percent sand, silt, clay, CaCOs, organic matter content, and sand grain size
distribution. The remainder of each sample was analyzed for the benthic community structure. Each
benthic infauna sample was sieved, preserved, and identified to the lowest taxonomic level under
microscopes.

The borrow areas responded differently to dredging. The Little River borrow area
experienced minor changes in sediment composition. The Cane South borrow area saw a significant
increase in silt/clay content, sand phi size, and organic matter after dredging relative to the reference
area. After twelve months post-dredging, the differences between the reference area and the
borrow area were no longer significant. The changes in sediment composition at both areas were
similar to those changes that occurred during the 1996 initial nourishment project. In 1996, Cane
South was dredged with a pipeline cutterhead dredge. Jutte et al. (1999) hypothesized that the
cutterhead dredge excavates deeper holes which leaves little native surficial sediments and inhibits
recovery. A hopper dredge excavates shallow cuts and can leave ridges that can facilitate quicker
recovery of the borrow area. The 2007 project used a hopper dredge at all borrow areas which
suggests that other factors could play into borrow area recovery, such as season, local sediment
characteristics, oceanographic conditions, etc. The changes in sediment characteristics in both
borrow areas were smaller than many other southeastern US borrow areas (Bergquist et al. 2011b).
This could have to do with the lack of a large estuarine source of fine material. The sediment
characteristics measured in the Grand Strand borrow areas during the current study generally fell
within the range of values typical of offshore sand deposits in the region (Bergquist et al. 2011b,
Jutte et al 1999, 2001a,b). The percent sand in all borrow areas remained greater than 10% at all
post-dredging sampling events.
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4.10 Hazardous, Toxic and Radioactive Waste (HTRW)

There are currently no known HTRW producers adjacent to the project site or any entity that
discharges toxic effluent nearby. Since the project has been constructed multiple times, there is
minimal risk of encountering HTRW on the beach face or in the borrow area.

4.11 Air, Noise, and Aesthetics

These issues were addressed in the 1993 EIS (Appendix 7) and while the findings are still
considered valid, they are re-analyzed here to update the documentation. Temporary increases in
exhaust emissions from construction equipment are expected during the construction of the
proposed project at Garden City/Surfside Beach; however, the pollution produced would be similar
to that produced by other large pieces of machinery and would be readily dispersed. All dredges
must comply with the applicable US Environmental Protection Agency (EPA) standards. The air
quality in Horry and Georgetown Counties, South Carolina, is designated as an attainment area. A
conformity determination is not required for this project because of the following reasons: 1) it is
located in an attainment area; 2) the direct and indirect emissions from the project fall below the
prescribed de minimus levels; and 3) the ambient air quality for the impacted Counties has been
determined to be in compliance with the National Ambient Air Quality Standards.

Noise in the outside environment associated with beach construction activities would be
expected to minimally exceed normal ambient noise in the project area. However, construction noise
would be attenuated by background sounds from wind and surf. In-water noise would be expected in
association with the dredging activities. Specifically, noise associated with dredging could occur from
(1) ship/machinery noise—noise associated with onboard machinery and propeller and thruster
noise, (2) pump noise—noise associated with pump driving the suction through the pipe, (3)
collection noise—noise associated with the operation and collection of material on the sea floor, (4)
deposition noise—noise associated with the placement of the material within the barge or hopper,
and (5) transport noise—noise associated with transport of material up the suction pipe.

Reine et al. (2012) found that the majority of underwater sounds produced by hydraulic
cutterhead dredging operations were of relatively low frequency (< 1000 Hz). Their study was
conducted during rock fragmentation and therefore represented a worst case scenario. The source
level was estimated to be between 170 and 175 dB re 1uPa@1-m. These sound levels decreased with
increasing distance from the source. The authors determined that the area of influence was limited
to less than 100 m from the source. At 100 m, received levels were less than 150 dB re 1uPa rms.
NMFS is developing new guidelines for determining sound pressure level thresholds for fish and
marine mammals. However, based on existing studies, NMFS’ current thresholds for determining
impacts to marine mammals is between 180 and 190 dB re 1 uPa for potential injury to cetaceans
and pinnipeds respectively, and 160 dB re 1 uPa for behavioral disturbance/harassment from an
impulsive noise source, and 120 dB re 1 uPa from a continuous source. Reine et al. (2012) found that
the 120 dB re 1uPa proposed threshold was exceeded by ambient noises in their study area. Based
on reviews by Popper et al. (2006) and Southall et al. (2007), it is unlikely that underwater sound
from conventional dredging operations can cause physical injury to fish species.
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Aesthetics will not be impacted because the project is the continuation of a long term storm
damage reduction project and is only designed to rebuild the originally constructed beach, so the
presence of construction equipment both offshore and on the beach would be temporary.

4.12 Irreversible and Irretrievable Commitments

An irreversible commitment of resources is one in which the ability to use and/or enjoy the
resource is lost forever. Other than the use of fuel, equipment and supplies, there would be no
irreversible commitment of resources.

4.13 Cumulative Impacts

Cumulative impacts were fully evaluated in the 2007 EA. The following paragraph
summarizes the conclusion of that impact assessment:

“A relatively small segment of the South Carolina coastline and nearshore, including the
borrow areas, are likely to be affected by the proposed action. The impact area would not
increase significantly since portions of the areas proposed for dredging and fill have
previously been dredged or had sand deposition. On a statewide scale, the existing and
approved placement sites are well distributed in northern, central and southern parts of the
state. It is unlikely that cumulative impacts from space crowded perturbation are occurring
or will occur due to the construction of this project. The analysis suggests that the potential
impact area from the proposed and existing actions is small relative to the area of available
similar habitat on a vicinity, statewide, and basin basis. Also, for some species, such as sea
turtles and seabeach amaranth, beach projects may provide additional habitat or improve
existing habitat by replacing beach material lost to erosion. Invertebrates are expected to
recover in and adjacent to the borrow areas.”

4.14 Environmental Monitoring

For the 2007/2008 project, coordination with NMFS and SCDNR resulted in an agreement to monitor
biological recovery and hard-bottom habitat impacts for two years post-construction. The purpose
of this sampling and analysis was threefold:

o Document changes in beach profile and determine the ecological impacts on and
recovery rates of sediment characteristics and burrowing ghost crabs on nourished beaches.

o Determine the impacts on nearshore hard-bottom habitats and biological
recruitment to those habitats.

. Document the impacts on and recovery of native bathymetry, sediment
characteristics, and benthic infaunal communities in sand borrow areas

USACE and BOEM held a meeting with the resource agencies to discuss the future of the
monitoring efforts along the Myrtle Beach project, and in this case, Reach 3. Where funding is
possible, USACE will coordinate a monitoring effort to:

23



Myrtle Beach Reach 3 Storm Damage Reduction Project
Final Environmental Assessment August 2016

1. Determine the impacts of dredging on fish and turtle use of the borrow area and
surrounding areas prior to, during and 1 to 1.5 years after dredging, and

2. Perform bathymetric and habitat mapping to assess and identify hard bottom habitats
and sand resources within and surrounding the proposed borrow area.

3. Track the movement of nearshore sediments to better understand the evolution of the
nourishment project.

5.0 Conclusions

The proposed action does not constitute a major Federal action significantly affecting the
quality of the human environment; therefore, the preparation of an Environmental Impact
Statement (EIS) is not required.

6.0 Preparers and Points of Contact

The following people were responsible for the preparation of this EA:

* Mr. Mark Messersmith
U.S. Army Corps of Engineers
Charleston District
69A Hagood Avenue
Charleston, SC 29403
(843) 329-8162
Mark.J).Messersmith@usace.army.mil

Dr. Jennifer Culbertson

Department of the Interior

Bureau of Ocean Energy Management Headquarters
Division of Environmental Assessment

45600 Woodland Road

Sterling, Virginia 20166

(703) 787-1742

Jennifer.Culbertson@boem.gov

*Any comments or questions regarding this EA should be addressed to this individual
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1.0 BACKGROUND AND AUTHORIZATION

The U.S. Army Corps of Engineers (USACE) and the Bureau of Ocean Energy Management
(BOEM) are acting as cooperating agencies in the analyses required by the National Environmental
Policy Act (NEPA), Endangered Species Act (ESA), and other federal laws governing environmental
protection. This Biological Assessment (BA) has been prepared by USACE in cooperation with the BOEM
in order to meet the federal agency consultation requirements of Section 7 of the ESA. This document
evaluates the effects of the proposed beach renourishment project on federally listed and proposed
threatened and endangered species under the jurisdiction of the United States Fish and Wildlife Service
(USFWS) and the National Marine Fisheries Service (NMFS). Consultation with NMFS is not required
because in-water impacts of the project are covered by the NMFS South Atlantic Regional Biological
Opinion (NMFS 1997).

The Myrtle Beach Storm Damage Reduction Project was authorized for construction by Section
101 of the Water Resources Development Act of 1990, Public Law 101-640. Section 934 of the Water
Resources Development Act of 1986 (WRDAS86), Public Law 99-662, authorized the Government to
extend the Federal participation in periodic beach nourishment until 2046. The final Environmental
Impact Statement (EIS) was completed in January 1993 with the Record of Decision (ROD) being signed
on 1 November 1993.

The authorized project calls for construction of a separate protective beach in three separable
reaches, North Myrtle Beach (Reach 1), Myrtle Beach (Reach 2), and Garden City/Surfside Beach (Reach
3). The total project reach is 25.4 miles (Figure 1).



Figure 1. Myrtle Beach Storm Damage Reduction Project Reaches and Borrow Areas

Initial construction of North Myrtle Beach (Reach 1) was completed in May 1997. Initial
placement consisted of 57.7 cubic yards per linear foot along 8.6 miles of beach. This quantity includes
material for the protective berm, advanced nourishment and overfill ratio, for a total placement of
2,622,900 cubic yards. Future re-nourishment of 490,000 cubic yards was planned for every ten years.
Initial construction of Myrtle Beach (Reach 2) was completed in December 1997. Initial placement
consisted of 47.1 cubic yards per linear foot along 9.0 miles of beach. This quantity includes material for
the protective berm, advanced nourishment and overfill ratio, for a total placement of 2,250,000 cubic
yards. Future re-nourishment of 440,000 cubic yards was planned for every eight years with the final
nourishment being 550,000 cubic yards for the last ten years of the project life. Initial construction of
Surfside/Garden City Beach (Reach 3) was completed in November 1998, with approximately 1,517,494
cubic yards of sand was placed along 7.7 miles of beach in Horry and Georgetown Counties extending



from 1.2 miles south of the Horry/Georgetown County line to Myrtle Beach State Park in Horry County.
Future re-nourishment of 360,000 cubic yards was planned for every eight years with the final
nourishment being 450,000 cubic yards for the last ten years of the project life.

Along with long term coastal erosion processes, the 2005 hurricane season resulted in
significant coastal erosion. As a result of erosion caused by Hurricane Ophelia, the Grand Strand Storm
Damage Reduction project qualified for restoration under the authority of Public Law 84-99. In
2007/2008 approximately 902,725 yards (Reach 1), 1,497.975 yards (Reach 2), and 857,633 yards (Reach
3) of Federal outer continental shelf (OCS) sand from Little River, Cane South, and Surfside borrow
areas, respectively, was used to re-nourish 25.3 miles of shoreline along the Grand Strand. Material was
excavated from borrow areas located within the OCS and therefore the Bureau of Ocean Energy
Management (BOEM) was a partner on the project. Section 8(k) of the Outer Continental Shelf Lands
Act (OCSLA) grants BOEM the authority to convey, on a noncompetitive basis, the rights to OCS sand,
gravel, or shell resources for shore protection, beach or wetlands restoration, or for use in construction
projects funded in whole or part or authorized by the federal government. In July 2007, BOEM issued
USACE a noncompetitive lease for extraction of marine minerals from the Little River, Cane South, and
Surfside Borrow Areas.

The project’s trigger point for re-nourishment is when 25% of the project length has storm berm
width less than 25%. Recent monitoring reports from the respective Sponsors show the reaches have
varied success. For the 2015 Sponsor Monitoring Reports, 36 of the 42 monitored transects in Reach 1
(the City of North Myrtle Beach) had met the re-nourishment trigger (88% of the Reach length). In
contrast Reach 2 (the City of Myrtle Beach), had no monitoring locations that approached the trigger
point. The average berm width for this Reach was 69.6 feet, with only 875 feet of project
(approximately 2%) meeting the trigger point. (This was limited to the Withers Swash area.) This reach
has lost approximately 15% of the material placed during the last re-nourishment. With respect to Reach
3, 17 of the 29 monitored stations (approximately 59%) reached or exceeded the re-nourishment trigger
point (60% of the Reach length) (Table 1). Despite the resiliency of Reach 2, when all three reaches are
combined, the Project has met its official trigger point for re-nourishment, as shown in the table below.
This project was first operational in 1998 (base year). As a result, the remaining project life is now 32
years. For the current project, funding is only available for Reach 3 (Garden City/Surfside Beach).

Table 1. Project Reach Lengths Met or Exceeded Re-nourishment Point

Reach Reach Length (If) Reach Length Meeting Trigger Point (If)
Reach 3 40,656 24,000

2.0 PROPOSED PROIJECT

The Myrtle Beach project consists of three separable reaches which have previously been
constructed simultaneously at each nourishment project. Currently, funding is only available for Reach
3, Garden City/Surfside, and therefore, this Biological Assessment will only evaluate the effects related
to Reach 3 of the Myrtle Beach Storm Damage Reduction Project.



The proposed project at Reach 3 consists of a protective storm berm and an advanced
nourishment construction berm. The protective storm berm reduces damages which will occur during
severe storm events. The advanced nourishment berm acts as a buffer for the protective storm berm
against long term erosional forces. The protective storm berm has a top elevation of 6.0 NAVD 88 and a
crest width of 10 feet. The fore slope of the protective berm is 1 vertical to 20 horizontal down to
natural ground. The advance nourishment berm sits adjacent the protective storm berm. The advance
nourishment berm has a top elevation of 6.0 NAVD 88. The fore slope of the advance nourishment is 1
vertical to 5 horizontal down to elevation 2.0 NAVD 88 then a fore slope of 1 vertical to 20 horizontal
down to the bottom. At each location, the plan includes dune grass and dune fencing. Where possible,
USACE would like to plant seabeach amaranth as a small component of the dune grass planting. The
length of the dune and beachfill for the project is approximately 40,300 feet.

The project is anticipated to be constructed with a hopper dredge, booster pump, and land
based heavy equipment (i.e. bulldozers and front-end loaders); however, the use of a cutterhead dredge
remains a possibility. Monitoring of project impacts performed by SCDNR and CCU have previously
recommended the continued use of a hopper dredge of borrow areas associated with the Myrtle Beach
project to minimize benthic impacts and foster quicker benthic recovery.

The borrow area for Reach 3 was identified in the March 1993 General Design Memorandum for
the project as the Surfside Borrow Area (Figure 2). Portions of it have been used in the past for the 1998
and 2007/2008 nourishment projects. The area extends from 2 to 5 miles offshore and comprises
approximately 6.0 square miles. The site is generally featureless and data indicates that it is relatively
homogenous and sandy. This borrow area will serve as the source of sand for the current project. The
mean phi size of the material in the borrow area is 1.77; the percent passing the #200 sieve is 5.1%; and
the average usable depth is 4.5’.

Figure 2 shows the areas within the overall borrow area that dredged material was removed for
placement along Reach 3 in 1998 and 2007/2008. In 2005, borrow area investigations determined that
the Surfside borrow area contained at least 15.2 million cubic yards of beach compatible material. The
2007/2008 renourishment project borrowed 857,633 cy from the borrow area. Based on the volume
calculations from 2007, there is sufficient quantity of material within the site to complete the proposed
renourishment of Reach 3. The dredge will remove the sand to a depth not to exceed ten feet within the
borrow areas. The borrow area will be divided into dredging zones and the contract specifications will
require the contractor remove material completely from one borrow zone prior to moving to another
borrow zone.



Figure 2. Garden City/Surfside (Reach 3) Project Extent and Surfside Borrow Area

Bathymetric monitoring associated with the 2007 renourishment indicated that the borrow area
used in 2007 accreted approximately 452,660 CY within 1 year post-construction (Figure 3). SCDNR
performed monitoring of the physical characteristics of the infill following construction. While the
Surfside borrow area was not specifically monitored, results from Little River and Cane South borrow
areas indicate that beach compatible material (e.g., < 10% fines) was accreting. These data indicate that
the previously dredged portion of the borrow area may have recharged with beach compatible material
and may be able to be used again. While the historic data indicate that the borrow area has sufficient
qguantity for this periodic nourishment effort, detailed borrow area investigations are ongoing to
determine if previously dredged areas have recharged with beach compatible material. Figure 4 shows
the locations of the 2006 vibracores that were performed as well as the locations of the 2016 targets.
The ongoing geotechnical refinements include both bathymetric surveys and vibracores to determine
the amount and quality of the material. The intent of this effort is to maximize the most efficient use of
the borrow area for the continued longevity of the project. If suitable material is not located in
previously dredge areas, undredged portions of the larger identified borrow area with known beach
compatible material will be used. This information will be shared with resource agencies prior to
construction.



Figure 3. Surfside borrow area post dredging +1 year change map (CCU 2009)

Figure 4. Vibracore Locations in Surfside Borrow Area




The beach renourishment is anticipated to start in the winter of 2016/2017 and continue 24
hours per day, 7 days per week for a period of approximately 4-5 months including mobilization.

Sand fencing will be placed along the landward edge of the nourishment fill to promote dune
growth (Figure 5). Native vegetation will be planted to further expedite dune formation and
stabilization, as well as creating beach dune habitat. Fencing will be installed according to sea turtle
friendly design standards included in OCRM’s “How to Build a Dune” brochure. Similar sand fencing was
completed in the 1998 project and the 2007/2008 project. Work is expected only during daylight hours
and limited amount of equipment such as small backhoes and tractors is expected to be used on the
beach. Sand fencing will be the Corps’ Charleston District standard design with 5.5’ spacing between
panels. The planting matrix will consist of the following plants: bitter panicum (Panicum amarum
“Northpa”), sea oats (Uniola paniulata), seashore elder (lva imbricate), and saltmeadow cordgrass
(Spartina patens). Sweet grass (Muhlenbergia “filipes”) will be planted on the toe of the backside of the
dune system. The plants will be space 2 feet on center, and rows will be spaced at 2 to 4 feet depending
on which plant species is in the row. Fertilizer will be placed in the hole at the time of planting. As stated
earlier, USACE would like to plant seabeach amaranth as a small component of the planting matrix since
it is within the historic range of the plant.

Figure 5. Sand Fencing Typical Design

This project will protect infrastructure and will restore and preserve dry sand and dune habitat
used by shorebirds and endangered species, such as nesting sea turtles. Impacts of beach nourishment



projects are relatively well understood and when designed properly the impacts are limited to a minimal
temporal and spatial extent.

3.0 PRIOR CONSULTATIONS

Formal Section 7 consultation was conducted in 1992 regarding the Myrtle Beach project. The
conclusion of the biological opinion rendered by the U.S. Fish and Wildlife Service (FWS) at that time
determined that the nourishment, as proposed, had the potential to effect but was not likely to
jeopardize the continued existence of the loggerhead sea turtle (Caretta caretta). The conclusion of
the Biological Opinion rendered by the FWS was that the dredging project was not likely to adversely
affect sea-beach amaranth (Amaranthus pumilus). For the 2007/2008 project, USACE submitted another
Biological Assessment to the USFWS requesting formal consultation for impacts to sea turtles. The
USFWS submitted a Biological Opinion (BiOp) on January 19, 2007. The BiOp determined that the
following species were not likely to be adversely affected: sea-beach amaranth, piping plover, West
Indian manatee, Kemp’s ridley sea turtle, and hawksbill sea turtle. The USFWS concluded that the
project was not likely to jeopardize the continued existence of the loggerhead, green, or leatherback sea
turtles. The USFWS submitted several Terms and Conditions for USACE to adhere to.

4.0 LIST OF SPECIES

4.1 U.S. Department of Interior

The following species have been listed by the U.S. Department of Interior as occurring or
possibly occurring along beaches in Georgetown or Horry County, South Carolina.

Key
E = Federally endangered

T = Federally threatened
CH = Critical Habitat

* = Contact NMFS for more information on this species

Common Name Scientific Name Status Occurrences
West Indian manatee Trichechus manutus E Known
Piping plover Charadrius melodus T,CH Known
Kemp's ridley sea turtle Lepidochelys kempii* E Known
Leatherback sea turtle Dermochelys coriacea* E Known
Loggerhead sea turtle Caretta caretta T,CH Known
Green sea turtle Chelonia mydas* T Known
Shortnose sturgeon Acipenser brevirostrum* E Known



Atlantic sturgeon Acipenser oxyrhynchus oxyrhynchus* E Known

Sea-beach amaranth Amaranthus pumilus T Known

4.2 The National Marine Fisheries Service

The following list shows the threatened (T) and endangered (E) species and critical habitats for
NMFS species found in South Carolina waters. All in-water work is covered under the existing regional
Biological Opinion (NMFS, 1997) and the ongoing consultation between USAC, BOEM and NMFS for a
new South Atlantic Regional Biological Opinion.

Listed Species

Common Name Scientific Name Status Date Listed

Marine Mammals

Blue whale Balaenoptera musculus E 12/02/70
Finback whale Balaenoptera physalus E 12/02/70
Humpback whale Megaptera novaeangliae E 12/02/70
Right whale Eubaleana glacialis E, CH 12/02/70
Sei whale Balaenotera borealis E 12/02/70
Sperm whale Physeter macrocephalus E 12/02/70
Turtles

Green sea turtle Chelonia mydas T* 07/28/78
Hawksbill sea turtle Eretmochelys imbricata E 06/02/70
Kemp’s ridley sea turtle Lepidochelys kempii E 12/02/70
Leatherback sea turtle Dermochelys coriacea E 06/02/70
Loggerhead sea turtle Caretta caretta T, CH 07/28/78
Fish

Shortnose sturgeon Acipenser brevirostrum E 03/11/67
Atlantic sturgeon Acipenser oxyrhynchus oxyrhynchus E 02/06/12

Species Proposed for Listing: None
Designated Critical Habitat: North Atlantic Right Whale, Loggerhead Sea Turtle
Proposed Critical Habitat: None

Candidate Species: None



5.0 GENERAL EFFECTS ON LISTED SPECIES/CRITICAL HABITAT

Since all aspects of the proposed work will occur on the ocean beach or on a marine shoal, the
project will not affect any listed species occurring in forested or freshwater habitats. Thus, the bald
eagle, red-cockaded woodpecker, wood stork, Canby’s dropwort, Pondberry, chaff-seed will not be
affected by this construction effort.

Species that could be present in the project area during the proposed action are the shortnose
and Atlantic sturgeons, and the hawksbill, Kemp’s ridley, leatherback, loggerhead, and green sea turtles.
However, loggerheads are the primary sea turtle nesters in this area. The West Indian manatee rarely
visits the area; however, some sightings have been recorded over the years. The piping plover winters
in this area and critical habitat has been designated south of the project area at Murrell’s Inlet. Further,
there are no known populations of sea-beach amaranth in the project area; however, the project
footprint is within the historic range of the plant. On the open ocean, the blue, finback, humpback,
right, sei and sperm whales are occasionally sited and are subject to influence by vessel traffic.

6.0 SPECIES ASSESSMENTS

6.1 Manatee

West Indian manatees are massive fusiform-shaped animals with skin that is uniformly
dark grey, wrinkled, sparsely haired, and rubber-like. Manatees possess paddle-like forelimbs, no hind
limbs, and a spatulate, horizontally flattened tail. Females have two axillary mammae, one at the base of
each forelimb. Adults are about 10 feet in length and weigh 800-1200 pounds (USFWS, 2010). Newborns
average 4 to 4% feet in length and about 66 pounds (Odell 1981).

The West Indian manatee (Trichechus manatus) was listed as endangered on March 11, 1967,
under a law that preceded the Endangered Species Act of 1973, as amended (16 USC 1531 et seq.).
Additional Federal protection is provided for this species under the Marine Mammal Protection Act of
1972, as amended (16 USC 1461 et seq.). The manatee population in the United States is confined
during the winter months to the coastal waters of the southern half of peninsular Florida and to springs
and warm water outfalls as far north as southeast Georgia (USFWS, 1996). However, during the summer
months, they may migrate as far north as coastal Virginia on the East Coast and as far west as Louisiana
on the Gulf of Mexico (USFWS, 1991).

a. Status. Endangered

b. Occurrence in Immediate Project Vicinity. SC DNR indicates that manatees have been

observed in SC since 1850. From 1850-2004 there have been 1117 records of manatees were
documented in SC. These data suggest that manatees are infrequent Vvisitors in SC
(http://www.dnr.sc.gov/manatee/dist.html, Figure 6). However, in 2012, the SCDNR online reporting

system noted that manatee sightings were reported beginning in April and lasting until October. In 2014,
the USFWS recorded 4 sightings of manatees in Georgetown County and 8 in Horry County (Mark
Caldwell, USFWS personal communication). There is no designation of critical habitat for the West
Indian manatee in SC.
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Figure 6. Manatee Sightings in SC 1850 to 2004

c. Project Impacts.

(1) Habitat. Typical coastal habitats utilized by manatees which are found within South
Carolina include coastal tidal rivers, salt marshes, and vegetated bottoms where they feed on the
aquatic vegetation and, in some cases, smooth cordgrass (Spartina alterniflora) (USFWS 2007). Project
related impacts to estuarine and nearshore ocean habitat of the area associated with the placement of
sediment on the beach should be minor and direct impacts to specific habitat requirements will be
avoided.

(2) Food Supply. Specific food sources utilized by the manatee in South Carolina are
unknown; however, the manatee diet in Florida consists primarily of vascular plants and is likely the
same in South Carolina, including aquatic vegetation and salt marsh grasses. The proposed action will
involve negligible change to the physical habitat of the beach and nearshore environment with no
known impacts to aquatic vascular plants and overall estuarine and nearshore productivity should
remain high throughout the project area. Therefore, potential food sources for the manatee should be
unaffected.

(3) Relationship to Critical Periods in Life Cycle. Since the manatee is considered to be an

infrequent summer resident of the South Carolina coast, the proposed action should have little effect on
the manatee since its habitat and food supply will not be significantly impacted. The Corps will
implement precautionary measures for avoiding impacts to manatees from associated transiting vessels
during construction activities, as detailed in the “Guidelines for Avoiding Impacts to the West Indian
Manatee” established by the USFWS.
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(4) Effect Determination. Since the habitat and food supply of the manatee will not be

significantly impacted, overall occurrence of manatees in the project vicinity is infrequent, all dredging
will occur in the offshore environment, and precautionary measures for avoiding impacts to manatees,
as established by USFWS, will be implemented for transiting vessels associated with the project, the
proposed action is not likely to adversely affect the west Indian manatee. To ensure the protection of
manatees, all Federal and contract personnel associated with this project will be instructed on the
potential presence of manatees and the need to avoid vessel or plant collisions with manatees.
Construction that takes place in the warmer months will abide by the Standard Manatee Construction
Conditions (FL Fish and Wildlife Commission 2005).

6.2 Kemp’s ridley, leatherback, loggerhead, green, and hawksbill sea turtles

a. Status. There are five species of sea turtles on the Atlantic Coast, Kemp’s ridley sea turtle
(Lepidochelys kempii), Leatherback sea turtle (Dermochelys coriacea), Loggerhead sea turtle (Caretta
caretta), Green sea turtle (Chelonia mydas), and the Hawksbill sea turtle (Eretmochelys imbricata).
These five species of sea turtles are protected by the Convention on International Trade in Endangered
Species (CITES). They are also listed as endangered or vulnerable in the Red Data Book by the
International Union for the Conservation of Nature (IUCN). The hawksbill, Kemp's ridley and leatherback
were listed as endangered by the U. S. Endangered Species Act in 1973. The green turtle and the
loggerhead were added to the list as threatened in 1978. A final rule to establish 9 Distinct Population
Segments for the loggerhead sea turtle was established in 2001 (76 FR 58868). The Northwest Atlantic
Ocean DPS is within the range of the proposed project.

b. Critical Habitat. The USFWS has designated critical habitat for nesting loggerheads in South
Carolina (Federal Register/ Vol. 79, No. 132. July 10, 2014). There is no designated critical habitat in the
project vicinity. The closest designated habitat is LOGG-T-SC-01 “North Island” which is approximately
18 miles south of the project area. NMFS designated critical habitat for the loggerhead sea turtle in a
final ruling on July 10, 2014 (FR Vol. 79, No. 132). This ruling established critical habitat for 5 habitat
types based on their Physical or Biological Features (PBFs) and the Primary Constituent Elements (PCEs)
that support the PBFs: nearshore reproductive, overwintering, breeding, migratory, and sargassum.
None of these habitat types are located in or near the project area.

c. Background. Sea turtles vary in size from an average of 75 pounds for the olive ridley (does
not occur in the project area) to the giant leatherback, which may exceed 800 pounds. Modified for
living in the open ocean, they have paddle-like front limbs for swimming. The thick neck and head
cannot be drawn back into the body. Sea turtles also have special respiratory mechanisms and organs to
excrete excess salt taken in with seawater when they feed.

Detailed life history information associated with the in-water life cycle requirements for sea
turtles and a subsequent analysis of impacts from the proposed dredging activities is provided within
the following NMFS Section 7 consultation document:

National Marine Fisheries Service. 1997. Regional Biological Opinion for the
Continued Hopper Dredging of Channels and Borrow Areas in the Southeastern
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United States. U.S. Department of Commerce, National Oceanic and
Atmospheric Administration, Silver Spring, Maryland

d. Occurrence in Immediate Project Vicinity. Of the five listed species of sea turtles, only the

loggerhead is considered to be a regular nester in SC. However, in September 1996, a green sea turtle
nested on Garden City Beach and another also nested on Garden City Beach in September 2002.
Leatherback nests were recorded on Huntington Beach State Park in 2000, at Botany Bay in June 2003,
on Folly Beach in July 2003, and on Edisto Beach in 2009. During the last renourishment project in 2007
and 2008, USACE implemented a monitoring program for sea turtle nesting activity at the Myrtle Beach
and North Myrtle Beach Reaches of the overall project. Garden City/Surfside was not monitored
because nourishment took place in the winter at that Reach. A total of 21 nests (all loggerheads) were
found, 16 in Myrtle Beach and 5 in North Myrtle Beach. Nests in Myrtle Beach were relocated to Myrtle
Beach State Park and nests from North Myrtle Beach were relocated to Waites Island. Nests from Myrtle
Beach and North Myrtle Beach had an average hatch success rate of 79% and 38%, respectively. The
success rate from North Myrtle Beach was skewed from the fact that 3 of the 5 nests were washed away
during erosion from Tropical Storm Hanna that heavily impacted Waites Island (0% success). Grand and
Beissinger (1997) found that the average in situ hatch success in South Carolina is 72.3%. Excluding the
three nests that were damaged from erosion, both project reaches exceeded the average hatch success
rate.

Figure 7 and Table 2 show the history of sea turtle nesting at Garden City and Surfside Beaches
over the last 7 years (SCDNR unpublished data).

Figure 7. Garden City/Surfside Beach and sea turtle nesting locations (2007-2015)
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Table 2. Turtle nesting in Garden City and Surfside Beaches from 2009 through 2015

. Observed False
Year Project Beach Nests Crawls
2009 Garden City 0 0
2010 Garden City 5 2
2011 Garden City 6 4
2012 Garden City 16 4
2013 Garden City 10 6
2014 Garden City 6 11
2015 Garden City 7 1
2009 Surfside 1 0
2010 Surfside 2 0
2011 Surfside 5 3
2012 Surfside 7 2
2013 Surfside 1 1
2014 Surfside 0 0
2015 Surfside 1 0

The 2007 Biological Opinion was issued for loggerhead, green and leatherback sea turtles.
USFWS used historic nesting data as an estimate of the number of nests that could be affected by the
project. The following table was provided to show the average number of nests that could be taken
(Table 2).

Table 2. Average Number of Sea Turtle Nests that could be taken (USFWS 2007 Myrtle Beach BiOp)

SPECIES NESTS* TAKE TYPE CRITICAL
HABITAT
AFFECTED
loggerhead sea turtle 12.94 harm/harassment none
green sea turtle 0.29 harm/harassment none
leatherback sea turtle 0 none none

SCDNR data over the last several years has shown that green sea turtles are nesting along these
beaches every other year. For the Garden City/Surfside proposed project, it appears like the average
nesting rate is higher for green sea turtles and is approximately 2 nests per year for this reach, while the
number of nesting loggerheads per year is approximately 7.14. The average nesting density over the last
7 years has been 0.81 nests/mile/year. No leatherbacks were observed nesting along Garden City or
Surfside Beaches over the last 7 years.
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Table 2. Turtle nesting by Species at Garden City and Surfside Beaches from 2009 through 2015

Number | False
Beach Year Species
P of Nests | Crawls
2009 Loggerhead 0 0
Green 0 0
Loggerhead 1 0
2010 EE
Green 4 2
Loggerhead 6 4
2011 E8
Green 0 0
Loggerhead 11 2
Gar.den 5012 g8
City Green 5 2
2013 Loggerhead 10 6
Green 0 0
2014 Loggerhead 0 0
Green 6 11
2015 Loggerhead 6 1
Green 1 0
Loggerhead 1 1
2009 E8
Green 0 0
Lo head 1 0
2010 EEETNEa
Green 1 0
2011 Loggerhead 5 2
Green 0 0
surfside | 2012 Loggerhead 7 0
Green 0 0
L h 1 1
2013 oggerhead
Green 0 0
Lo head 0 0
2014 ggernea
Green 0 0
5015 Loggerhead 1 0
Green 0 0

e. Current Threats to Continued Use of the Area. In addition to affecting the coastal human

population, coastal sediment loss also poses a threat to nesting sea turtles. A large percentage of sea
turtles in the United States nest on nourished beaches (Nelson and Dickerson 1988a), therefore,
nourishment has become an important technique for nesting beach restoration (Crain et al. 1995). Most
of the project area has experienced consistent erosion over the last decades.
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The primary threats facing these species worldwide are the same ones facing them in the
project area. Of these threats, the most serious seem to be loss of breeding females through accidental
drowning by shrimpers (Crouse, et al. 1987) and human encroachment on traditional nesting beaches.
Research has shown that the turtle populations have greatly declined in the last 20 years due to a loss of
nesting habitat along the beachfront and by incidental drowning in shrimp trawl nets. It appears that the
combination of poorly placed nests coupled with unrestrained human use of the beach by auto and foot
traffic has impacted this species greatly. Other threats to these sea turtles include excessive natural
predation in some areas and potential interactions with hopper dredges during the excavation of
dredged material. With the exception of hopper dredges, none of the dredge plants (i.e., pipeline
dredges) proposed for potential use in the construction of this project are known to take sea turtles.

f.  Project Impacts. The areas of affected environment for this proposed project are the borrow
area (an approximately 6 mi2 site and located between 2 and 5 miles offshore) (see Figure 2) and the
placement of approximately 1.7 million cubic yards of sand along 40,656 feet of beach along Garden City
and Surfside Beaches (see Figure 2). This sand placement will result in an increase in the size of the dry
beach, conversion of existing intertidal beach to dry beach and shifting the intertidal zone seaward from
its existing location, and conversion of some subtidal beach to intertidal beach and shifting the subtidal
zone seaward from its existing location.

In order to avoid periods of peak sea turtle abundance during warm water months and minimize
impacts to sea turtles in the offshore environment, beach placement of sediment will be targeted to
occur outside of the South Carolina sea turtle nesting season of 1 May through 31 October, where
practicable. The South Atlantic Regional Biological Opinion (SARBO) authorizes year round hopper
dredging at borrow areas in South Carolina. However, the Charleston District will attempt to complete
the project within the winter months to avoid impacts to nesting turtles and minimize impacts to turtles
in the offshore environment. This assessment only analyzes impacts to nesting sea turtles. Offshore
impacts to turtles are covered in the SARBO.

In the event that construction activities extend into the nesting season (i.e. weather, equipment
breakdown, logistics, etc.), all available data associated with the nesting activities within the project area
will be utilized to consider risks of working within the nesting season. Upon evaluation of site-specific
conditions, if nourishment beach activities extend into a portion of the nesting season, monitoring for
sea turtle nesting activity will be considered throughout the construction area including the disposal
area and beachfront pipeline routes so that nests laid in a potential construction zone can be bypassed
and/or relocated outside of the construction zone prior to project commencement. The location and
operation of heavy equipment on the beach within the project area will be limited to daylight hours to
the maximum extent practicable in order to minimize impacts to nesting sea turtles.

(1) Beach Placement. Post-nourishment monitoring efforts have documented potential

impacts on nesting loggerhead sea turtles for many years (Fletemeyer 1984; Raymond 1984; Nelson and
Dickerson 1989; Ryder 1993; Bagley et al. 1994; Crain et al. 1995; Milton et al. 1997; Steinitz et al. 1998;
Trindell et al. 1998; Davis et al. 1999; Ecological Associates, Inc. 1999; Herren 1999; Rumbold et al. 2001;
Brock 2005; and Brock et al. 2009). Results from these studies indicate that, in most cases, nesting
success decreases during the year following nourishment as a result of escarpments obstructing beach

16



accessibility, altered beach profiles, and increased compaction. A comprehensive post-nourishment
study conducted by Ernest and Martin (1999) documented an increase in abandoned nest attempts on
nourished beaches compared to control or pre-nourished beaches as well as a change in nest placement
with subsequent increase in wash-out of nests during the beach equilibration process.

As suggested by the historical literature, there are inherent changes in beach characteristics as a
result of mechanically placing sediment on a beach from alternate sources. The change in beach
characteristics often results in short-term decreases in nest success and/or alterations in nesting
processes. However, when done properly, beach construction projects may mitigate the loss of nesting
beach when the alternative is severely degraded or non-existent habitat (Brock et al. 2009). This section
of the South Carolina coast is a relatively low density nesting area. As stated earlier, the nesting density
from 2007-2015 in Reach 3 was 0.81 nests/mile/year. At the south end of Garden City Beach (near
Murrells Inlet) the nesting density has still only been 1.71 nests/mile/year (SCDNR unpublished data).

i. Pipe Placement. In the event that construction operations extend into the sea turtle
nesting season pipeline routes and pipe staging areas may act as an impediment to nesting females
approaching available nesting habitat or to hatchlings orienting to the water’s edge. If the pipeline route
or staging areas extend along the beach face, including the frontal dune, beach berm, mean high water
line, etc., some portion of the available nesting habitat will be blocked. Nesting females may either
encounter the pipe and false crawl, or nest in front of the pipeline in a potentially vulnerable area to
heavy equipment operation, erosion, and washover. If nests are laid prior to placement of pipe and are
landward of the pipeline, hatchlings may be blocked or mis-oriented during their approach to the water.

Though pipeline alignments and staging areas may pose impacts to nesting females and
hatchlings during the nesting season, several measures can be implemented to minimize these impacts.
If construction activities extend into the nesting season, monitoring will be done in advance to
document all nests within the beach placement template. Construction operations and pipeline
placement could be modified to bypass existing nests. If bypassing is not a practical alternative for a
given project, the relocation of nests outside of construction areas would be implemented. Throughout
the period of sea turtle nesting and hatching, construction pipe that is placed on the beach parallel to
the shoreline should be placed as far landward as possible so that a significant portion of available
nesting habitat can be utilized and nest placement is not subject to inundation or wash out.
Furthermore, temporary storage of pipes and equipment can be located off the beach to the maximum
extent practicable. If placement on the beach is necessary, it will be done in a manner so as to impact
the least amount of nesting habitat by placing pipes perpendicular to shore and as far landward as
possible without compromising the integrity of the existing or constructed dune system.

ii. Slope and escarpments. Beach nourishment projects are designed and constructed

to equilibrate to a more natural profile over time relative to the wave climate of a given area. Changes in
beach slope as well as the development of steep escarpments may develop along the mean high water
line as the constructed beach adjusts from a construction profile to a natural beach profile (Nelson et al.
1987). Though escarpment formation is a natural response to shoreline erosion, the escarpment
formation as a result of the equilibration process during a short period following a nourishment event
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may have a steeper and higher vertical face than natural escarpment formation and may slough off
more rapidly landward.

Though the equilibration process and subsequent escarpment formation are features of most
beach projects, management techniques can be implemented to reduce the impact of escarpment
formations. For completed sections of beach during beach construction operations, and for subsequent
months following as the construction profile approaches a more natural profile, visual surveys for
escarpments and slope adjustments could be performed. Escarpments that are identified prior to or
during the nesting season that interfere with sea turtle nesting (exceed 18 inches in height for a distance
of 100 ft.) can be leveled to the natural beach for a given area. If it is determined that escarpment
leveling is required during the nesting or hatching season, leveling actions will be coordinated with the
project sponsor.

iii. Incubation Environment. Physical changes in sediment properties that result from

the placement of sediment, from alternate sources, on the beach pose concerns for nesting sea turtles
and subsequent nest success. Nesting can be affected by insufficient oxygen diffusion and variability in
moisture contenct levels within the egg clutch. Additionally, nest temperature can affect the sex ratio of
developing turtles. Eggs incubated at constant temperatures of 28°C or below develop into males. Those
kept at 32°C or above develop into females. Therefore, the pivotal temperature, those giving
approximately equal numbers of males and females, is approximately 30°C (Yntema and Mrosovsky
1982). Matching borrow site sands with the native beach sands is extremely important to maintain
consistency. As addressed previously, the borrow site sand and native beach sands have historically
been shown to be compatible. USACE is evaluating specific areas within the borrow site for dredging and
will share this information with resource agencies, including USFWS, when available. Only beach
compatible sands will be used.

iv. Lighting. Artificial beachfront lighting from buildings, streetlights, dune crossovers,
vehicles and other types of beachfront lights has been documented in the disorientation (loss of
bearings) and misorientation (incorrect orientation) of hatchling turtles. Artificial lighting on beaches
also tends to deter sea turtles from emerging from the sea to nest; thus, evidence of lighting impacts on
nesting females is not likely to be revealed by nest to false crawl ratios considering that no emergence
may occur (Mattison et al. 1993; Witherington 1992; Raymond 1984). The presence of artificial lighting
on or within the vicinity of nesting beaches is detrimental to critical behavioral aspects of the nesting
process including nesting female emergence, nest site selection, and the nocturnal sea-finding behavior
of both hatchlings and nesting females. The impact of light on nesting females and hatchlings can be
minimized by reducing the number and wattage of light sources or by modifying the direction of light
sources through shielding, redirection, elevation modifications, etc. (Figure 8). If shielding of light
sources is not effective, it is important that any light reaching the beach has spectral properties that are
minimally disruptive to sea turtles like long wavelength light. The spectral properties of low-pressure
sodium vapor lighting are the least disruptive to sea turtles among other commercially available light
sources.
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Figure 8. Beach lighting schematic

During beach placement construction operations associated with the proposed project, lighting
is required during nighttime activities at both the hopper dredge pumpout site and the location on the
beach where sediment is being placed. In compliance with the US Army Corps of Engineers Safety and
Health Requirements Manual (2008), a minimum luminance of 30 Im/ft2 is required for dredge
operations and a minimum of 3 Im/ft2 is required for construction activities on the beach. For dredging
vessels, appropriate lighting is necessary to provide a safe working environment during nighttime
activities on deck (i.e. general maintenance work deck, endangered species observers, etc.). During
beach construction operations, lighting is generally associated with the active construction zone around
outflow pipe and the use of heavy equipment in the construction zone (i.e. bulldozers) in order to
maintain safe construction operations at night.

USFWS has expressed concerns that on newly nourished beaches where the elevation of the
beach berm is raised for coastal storm damage reduction purposes, it is possible that lighting impacts to
nesting females and emerging hatchlings from adjacent lighting sources (streets, parking lots, hotels,
etc) may become more problematic as shading from dunes, vegetation, etc. is no longer evident (Brock
2005; Brock et al. 2009; Ehrhart and Roberts 2001). In a study on Brevard county beaches, Brock (2005)
found that loggerhead hatchling disorientations increased significantly post-nourishment. This was
attributed to the increase in light sources not previously visible to be seen by hatchlings as a result of
the increase in profile elevation combined with an easterly expansion of the beach.

If beach construction activities extend into the sea turtle nesting and hatching season, all
lighting associated with project construction will be minimized to the maximum extent practicable while
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maintaining compliance with all Corps, U.S. Coast Guard, and OSHA safety requirements. Direct lighting
of the beach and near shore waters will be limited the immediate construction area(s). Lighting aboard
dredges and associated vessels, barges, etc. operating near the sea turtle nesting beach shall be limited
to the minimal lighting necessary to comply with the Corps, U.S. Coast Guard, and OSHA requirements.
Lighting on offshore or onshore equipment will be minimized through reduced wattage, shielding,
lowering, and/or use of low pressure sodium lights, in order to reduce illumination of adjacent beach
and nearshore waters will be used to the extent practicable.

(2) Dredging Impacts. The effects of dredging are evidenced through the degradation of

habitat and incidental take of marine turtles. Channelization of inshore and nearshore habitat and the
disposal of dredged material in the marine environment can destroy or disrupt resting or foraging
grounds (including grass beds and coral reefs) and may affect nesting distribution through the alteration
of physical features in the marine environment. Hopper dredges are responsible for incidental take and
mortality of marine turtles during dredging operations, however the use of turtle deflectors on the drag
heads has dramatically reduced the incidence of “takes”. Other types of dredges (clamshell and
pipeline) have not been implicated in incidental take (NMFS and USFWS, 1991). Incidental takes of sea
turtles by hopper dredges comes under the jurisdiction of NOAA Fisheries and is covered by a separate
Biological Opinion (NMFS, 1997).

(3) Summary Effect. This project is not being designed to enhance turtle habitat; however,
because turtles may attempt to nest here and false crawls may occur due to the lack of suitable habitat,
it has been determined that the project may adversely affect the loggerhead and green sea turtle
populations. Upon completion of the project, the total area of suitable nesting habitat will be increased.

Placement of the dredged material is anticipated to occur during the months of November
through April; however, it is possible that the start of construction work will be delayed until nesting
season or that completion of the project will be delayed and construction will extend into the nesting
season. If any construction work occurs during sea turtle nesting season, then the following precautions
will be taken to minimize the effects to sea turtles:

e If any construction of the project occurs during the period between May 1 and September
15, the dredging contractor will provide nighttime monitoring along the beach where
construction is taking place to ensure the safety of female turtles attempting to nest. Cease
construction activities if a sea turtle is sighted on an area of beach scheduled for fill until the
turtle returns to the ocean. A buffer zone around the female will be imposed in the event of
an attempt to nest.

e |f any construction of the project occurs during the period between May 1 and September
15, daily nesting surveys will be conducted starting either May 1 or 65 days prior to the start
of construction, whichever is later. These surveys will be performed between sunrise and
9:00 A.M. and will continue until the end of the project, or September 15, whichever is
earlier. Any nests found in the area that will be impacted by construction activities will be
moved to a safe location. The nesting surveys and nest relocations will only be performed
by people with a valid South Carolina DNR license.
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e For construction activities occurring during the period May 1 through October 31, staging
areas for equipment and supplies will be located off of the beach to the maximum extent
possible.

e For construction activities occurring during the period May 1 through October 31, use of
heavy equipment will be limited to the area undergoing renourishment.

e For construction activities occurring during the period May 1 through October 31, all on-
beach lighting associated with the project will be limited to the minimum amount necessary
around active construction areas to satisfy Occupational Safety and Health Administration
(OSHA) requirements.

e For construction activities occurring during the period May 1 through October 31, use
predator proof trash receptacles to minimize presence of species that prey upon hatchlings.

e USACE will adhere to all terms and conditions of the South Atlantic Regional Biological
Opinion which evaluates in-water impacts on sea turtles, sturgeon and large whales.

e The USFWS and SCDNR will be notified immediately if a sea turtle, nest, or hatchlings are
impacted by the construction.

Immediately after completion of the project, the Corps of Engineers will perform tilling to a
depth of at least 24 inches in order to reduce compaction associated with newly placed sand. Visual
surveys for escarpments along the project area will be made immediately after completion of the
project and prior to May 1 for 3 subsequent years, if needed. Results of the surveys will be submitted to
the USFWS prior to any action being taken. Since the project should not occur during the sea turtle
nesting season, escarpment leveling will not be performed until immediately prior to the nesting season.
The USFWS will be contacted immediately if subsequent reformation of escarpments exceeding 18
inches in height for a distance of 100 feet occurs during nesting and hatching season. This coordination
will determine what appropriate action must be taken. An annual summary of escarpment surveys and
action taken will be submitted to the USFWS.

Adherence to the above precautions should minimize the effects to nesting loggerhead sea
turtles and emerging loggerhead sea turtle hatchlings. The monitoring and relocation program will
minimize potential adverse effects to nesting sea turtles. Completion of the project will recreate lost
habitat and protect existing turtle nesting habitat as well as the structures on the island. However,
because of the possibility of missing a sea turtle nest during the nest monitoring program or
inadvertently breaking eggs during relocation, it has been determined that the proposed project is likely
to _adversely affect the loggerhead and green sea turtles for beach placement activities. This

determination has been made per USFWS ESA Consultation Handbook and states that, “in the event the
overall effect of the proposed action is beneficial to the listed species, but also is likely to cause some
adverse effects, then the proposed action “is likely to adversely affect” the listed species.” The project
will have no effect on critical habitat (either terrestrial or marine) for loggerhead sea turtles. Since

leatherback nesting has been documented in the past but is not common, the proposed project may
affect but is not likely to adversely affect the leatherback sea turtle for beach placement activities.

There will be no effect on all other sea turtle species for beach placement activities. Since all in water
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dredging activities are addressed and covered by reference in the 1997 NMFS SARBO, no additional sea
turtle consultation with NMFS is required.

6.3 Shortnose sturgeon

Detailed life history information associated with the life cycle requirements for shortnose
Sturgeon and a subsequent analysis of impacts from the proposed dredging activities are provided
within the following Section 7 consultation document:

National Marine Fisheries Service. 1997. Regional Biological Opinion for the Continued
Hopper Dredging of Channels and Borrow Areas in the Southeastern United States. U.S.
Department of Commerce, National Oceanic and Atmospheric Administration, Silver
Spring, Maryland

a. Status. Endangered

b. Occurrence in Immediate Project Vicinity. The Shortnose Sturgeon occurs in Atlantic

seaboard rivers from southern New Brunswick, Canada to northeastern Florida, USA. They typically
inhabit estuarine and riverine habitats and are not often found offshore. SCDNR reports that in SC they
inhabit Winyah Bay Rivers, those that drain into Lake Marion, The Santee, Cooper and Savannah rivers,
and the ACE Basin.

Studies have shown that the shortnose sturgeon exists in many of the large coastal river systems
in South Carolina. Little is known about the shortnose sturgeon population level, life history or ecology.
Their status is probably due to exploitation, damming of rivers and deterioration of water quality.
Because there is no coastal river associated with this project, there is a lack of suitable freshwater
spawning areas for the sturgeon in the immediate project area.

C. Current Threats to Continued Use of the Area. Pollution, blockage of traditional spawning

grounds, and over fishing are generally considered to be the principal causes of the decline of this
species.

d. Project Impacts.

(1) Habitat. The shortnose sturgeon is principally a riverine species and is known to use
three distinct portions of river systems: (1) non-tidal freshwater areas for spawning and occasional over
wintering; (2) tidal areas in the vicinity of the fresh/saltwater mixing zone, year-round as juveniles and
during the summer months as adults; and (3) high salinity estuarine areas (15 ppt salinity or greater) as
adults during the winter. Habitat conditions suitable for juvenile and adult shortnose sturgeon could
occur within the estuaries behind the project area; however, spawning habitat should lie well outside of
the project area and should not be affected by this project. The presence of juvenile shortnose sturgeon
is not likely due to high salinity. Adults are found in shallow to deep water (6 to 30 feet) and, if present,
would be expected to occupy the deeper waters during the day and the shallower areas adjacent to the
deeper waters during the night (Dadswell et al. 1984).

(2) Food Supply. The shortnose sturgeon is a bottom feeder, consuming various
invertebrates and stems and leaves of macrophytes. Adult foraging activities normally occur at night in
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shallow water areas adjacent to the deep-water areas occupied during the day. Juveniles are not known
to leave deep-water areas and are expected to feed there. The foraging ecology of the shortnose
sturgeon is not known for any portion of its range, and little information exists on the animal's food
habits (SCDNR, 2009a). Dredging for this project will occur at a borrow site located offshore; therefore,
shallow water feeding areas will not be affected by the project.

Effect Determination. Since shortnose sturgeons rarely inhabit coastal ocean waters, and tend

to stay closer to the freshwater/saltwater divide, it is unlikely that the shortnose sturgeon occurs in the
project area along the beachfront of Garden City/Surfside Beach. Because there is not a large coastal
river associated with this project, there is a lack of suitable freshwater spawning areas for the sturgeon
in the immediate project area. However, should it occur, its habitat would be only minimally altered by
the proposed project. Any shortnose sturgeon in the area should be able to avoid being taken by a slow
moving pipeline dredge or hopper dredge. Although hopper dredges have been known to impact
shortnose sturgeons, dredging for this project will occur in offshore environments, outside of its habitat
range. Therefore, impacts from dredges are not anticipated to occur, but are covered by reference in
the 1997 NMFS SARBO. For beach placement activities it has been determined that the proposed project
will have no effect on shortnose sturgeon.

6.4 Atlantic Sturgeon

a. Status. Endangered.

Within the Federal Register dated February 6, 2012 (Volume 77, Number 24), NMFS issued a
final determination to list the Carolina and South Atlantic distinct population segments (DPSs) of Atlantic
sturgeon (Acipenser oxyrinchus oxyrinchus) as endangered under the Endangered Species Act (ESA) of
1973, as amended. This final rule was made effective April 6, 2012. NMFS had not designated any
“critical habitat” for this species at the time this document was prepared. Since the Atlantic sturgeon is
found within the project area, the purpose of this section is to address project impacts on this
potentially listed species.

b. Occurrence in Immediate Project Vicinity. Although specifics vary latitudinally, the general

life history pattern of Atlantic sturgeon is that of a long lived, late maturing, estuarine dependent,
anadromous species. The species’ historic range included major estuarine and riverine systems that
spanned from Hamilton Inlet on the coast of Labrador to the Saint Johns River in Florida (Murawski and
Pacheco 1977; Smith and Clungston 1997).

Atlantic sturgeon spawn in freshwater, but spend most of their adult life in the marine
environment. Spawning adults generally migrate upriver in the spring/early summer; February-March in
southern systems, April-May in mid-Atlantic systems, and May-July in Canadian systems (Murawski and
Pacheco 1977; Smith 1985; Bain 1997; Smith and Clungston 1997; Caron et al. 2002). In some southern
rivers, a fall spawning migration may also occur (Rogers and Weber 1995; Weber and Jennings 1996;
Moser et al. 2000. Atlantic sturgeon spawning is believed to occur in flowing water between the salt
front and fall line of large rivers, where optimal flows are 46-76 cm/s and deep depths of 11-27 meters
(Borodin 1925; Leland 1968; Crance 1987; Moser et al. 2000; Bain et al. 2000). Sturgeon eggs are highly
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adhesive and are deposited on the bottom substrate, usually on hard surfaces (e.g., cobble) (Gilbert
1989; Smith and Clungston 1997).

Juveniles spend several years in the freshwater or tidal portions of rivers prior to migrating to
sea (Gilbert 1989). Upon reaching a size of approximately 76-92 cm, the subadults may move to coastal
waters (Murawski and Pacheco 1977; Smith 1985), where populations may undertake long range
migrations (Dovel and Berggren 1983; Bain 1997; Van den Avyle 1984). Tagging and genetic data
indicate that subadult and adult Atlantic sturgeon may travel widely once they emigrate from rivers.
Subadult Atlantic sturgeon wander among coastal and estuarine habitats, undergoing rapid growth
(Dovel and Berggren 1983; Stevenson 1997). These migratory subadults, as well as adult sturgeon, are
normally captured in shallow (10-50m) near shore areas dominated by gravel and sand substrate (Stein
et al. 2004). Coastal features or shorelines where migratory Atlantic sturgeon commonly aggregate
include the Bay of Fundy, Massachusetts Bay, Rhode Island, New Jersey, Delaware, Delaware Bay,
Chesapeake Bay, and North Carolina, which presumably provide better foraging opportunities (Dovel
and Berggren 1983; Johnson et al. 1997; Rochard et al. 1997; Kynard et al. 2000; Eyler et al. 2004; Stein
et al. 2004; Dadswell 2006). Because there is not a large coastal river associated with this project, there
is a lack of suitable freshwater spawning areas for the Atlantic sturgeon in the immediate project area.

c. Current Threats to Continued Use of the Area. According to the Atlantic sturgeon status

review (Atlantic Sturgeon Status Review Team, 2007), projects that may adversely affect sturgeon
include dredging, pollutant or thermal discharges, bridge construction/removal, dam construction,
removal and relicensing, and power plant construction and operation. Potential direct and indirect
impacts associated with dredging that may adversely impact sturgeon include entrainment and/or
capture of adults, juveniles, larvae, and eggs by dredging and closed net sea turtle relocation trawling
activities, short-term impacts to foraging and refuge habitat, water quality, and sediment quality, and
disruption of migratory pathways.

d. Project Impacts.

(1) Habitat and Food Supply. Dredging activities can impact benthic assemblages either

directly or indirectly and may vary in nature, intensity, and duration depending on the project, site
location, and time interval between maintenance operations. However, the relatively small size of the
proposed borrow area, it’s distance from major riverine inlets, and the short duration of disturbance will
limit any disruption of food supply to the Atlantic sturgeon.

(2) Relationship to Critical Periods in Life Cycle. Analyses of the surficial and sub-bottom

sediments have been conducted within the proposed borrow areas to assure compatibility with the
native sediment. Several vibracore samples were taken to document the physical characteristics of the
sediment relative to depth and sub-bottom geophysical surveys were conducted to correlate the
physical samples with the underlying geology layers of the borrow area. These data are used to evaluate
quality and quantity of sediment relative to depth so that post-dredging surface sediments are not
different from pre-dredging conditions. Assuming similarity in post dredging composition of sediment,
no long term impacts to sturgeon from alterations physical habitat (i.e. changes in benthic substrate) are
expected.
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(3) Effect Determination. Atlantic sturgeons have been taken by hopper dredges in the past

and to lesser extent mechanical dredges. Therefore, the proposed dredging activity will have no effect if
performed by a cutterhead dredge and may affect and is likely to adversely affect the Atlantic

sturgeon if performed by a hopper dredge. Since USACE has initiated consultation with NMFS on a new

regional Biological Opinion which covers dredging of borrow areas, no additional Atlantic sturgeon
consultation with NMFS is required.

Endangered species observers (ESOs) on board hopper dredges as well as trawlers will be
responsible for monitoring for incidental take of Atlantic sturgeon. For hopper dredging operations,
dragheads as well as all inflow and overflow screening will be inspected for sturgeon species following
the same ESO protocol for sea turtles. Furthermore, all ESOs on board trawlers will be capable of
identifying Atlantic sturgeon as well as following safe handling protocol as outlined in Moser et al. 2000.

6.5 Sea beach Amaranth

a. Status. Threatened

Sea beach amaranth (Amaranthus pumilus) is an annual plant historically native to the barrier
island beaches of the Atlantic coast from Massachusetts to South Carolina. No other vascular plant
occurs closer to the ocean. The species was federally listed as threatened by the U.S. Fish and Wildlife
Service in 1993 (USACE, 2001). Seabeach amaranth is listed as threatened and of national concern in
South Carolina.

Germination takes place over a relatively long period of time, generally beginning in April and
continuing at least through July. Upon germinating, this plant initially forms a small-unbranched sprig
but soon begins to branch profusely into a clump, often reaching a foot in diameter and consisting of 5
to 20 branches. Occasionally a clump may get as large as a yard of more across, with hundreds of
branches. The stems are fleshy and pink-red or reddish, with small rounded leaves that are 1.3 to 2.5
centimeters in diameter. The leaves are clustered toward the tip of the stem, are normally a somewhat
shiny, spinach-green color, and have a small notch at the rounded tip. Flowers and fruits are relatively
inconspicuous and are borne in clusters along the stems. Flowering begins as soon as plants have
reached sufficient size, sometimes as early as June in the Carolinas but more typically commencing in
July and continuing until their death in late fall or early winter. Seed production begins in July or August
and reaches a peak in most years in September; it likewise continues until the plant dies (USACE, 2001).

Seabeach amaranth occurs on barrier island beaches, where its primary habitat consists of
overwash flats at accreting ends of islands and lower foredunes and upper strands of non-eroding
beaches. It occasionally establishes small temporary populations in other habitats, including sound side
beaches, blowouts in foredunes and in dredged material placed for beach renourishment or disposal.
Seabeach amaranth appears to be intolerant of competition and does not occur on well-vegetated sites.
The species appears to need extensive areas of barrier island beaches and inlets, functioning in a
relatively natural and dynamic manner. These characteristics allow it to move around in the landscape
as a fugitive species, occupying suitable habitat as it becomes available (USACE, 2001).

b. Occurrence in Immediate Project Vicinity. Historically, seabeach amaranth occurred in 31

counties in 9 states from Massachusetts to South Carolina. It has been eliminated from six of the States

25



in its historic range. The only remaining large populations are in North Carolina. Surveys in South
Carolina found that the number of plants along our coast dropped by 90% (from 1,800 to 188) as a result
of Hurricane Hugo, subsequent winter storms and beach rebuilding projects that occurred in its wake.
South Carolina populations are still very low and exhibit a further downward trend although 1998 was a
better year than most with 279 plants identified along the coast. It is possible that the abundant rainfall
associated with El Nino in the spring of 1998 produced a larger than normal population. The remaining
populations in areas with suitable habitat are in constant danger of extirpation from hurricanes,
webworm predation, and other natural and anthropogenic factors (USACE, 2001). At the present time,
there are no known populations of seabeach amaranth in the project area.

c. Current Threats to Continued Use of Area. Seabeach amaranth cannot compete with dense

perennial beach vegetation and only occurs in the newly disturbed habitat of a high-energy beach. It
occurs on barren or sparsely-vegetated sand above the high water line, an area classified as marine
wetland. This habitat usually disappears completely when seawalls or other hard structures are built
along the shoreline. This loss of habitat from seawall construction and global sea level rise are thought
to be major factors in the species' extirpation throughout parts of its historic range. It has been
postulated that estuarine and coastal shore plants will suffer some of the most significant impacts as a
result of global climate changes. Coastal development will prevent these species from migrating up
slope to slightly higher ground if sea levels rise. To a large extent, this is already occurring as beaches
are being fortified to prevent erosion. Beach renourishment projects eliminate existing plants if
conducted during the summer and may bury the seed needed to reestablish the plant the following year
if conducted during the winter. However, beach renourishment projects often rebuild the habitat this
species requires. Fortification with seawalls and other stabilization structures or heavy vehicular traffic
may eliminate seabeach amaranth populations locally. Any given site will become unsuitable at some
time because of natural forces. However, if a seed source is no longer available in adjacent areas,
seabeach amaranth will be unable to reestablish itself when the site is once again suitable or new
favorable habitat is created. In this way, it can be progressively eliminated even from generally favorable
stretches of habitat surrounded by permanently unfavorable areas (USACE, 2001).

Effect Determination. Because there are no known populations of seabeach amaranth in the

project area, there is also no known viable seed source. As such, the proposed project may effect, but is
not likely to adversely affect sea beach amaranth. However, USACE has discussed with the USFWS the
possibility of trying to plant the foredune area of the dune vegetation planting matrix with seabeach
amaranth in select areas. USACE is requesting conservation recommendations should this be a viable
option.

6.6 Piping plover and designated piping plover critical habitat

a. Status. Threatened.

Piping plovers are small shorebirds approximately six inches long with sand-colored plumage on
their backs and crown and white under parts. Breeding birds have a single black breast band, a black bar

across the forehead, bright orange legs and bill, and a black tip on the bill. During the winter, the birds
lose the black bands, the legs fade to pale yellow, and the bill becomes mostly black.
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The piping plover breeds on the northern Great Plains, in the Great Lakes region, and along the
Atlantic coast (Newfoundland to North Carolina); and winters on the Atlantic and Gulf of Mexico coasts
from North Carolina to Mexico, and in the Bahamas West Indies.

Piping plovers nest along the sandy beaches of the Atlantic Coast from Newfoundland to North
Carolina, the gravelly shorelines of the Great Lakes, and on river sandbars and alkali wetlands
throughout the Great Plains region. They prefer to nest in sparsely vegetated areas that are slightly
raised in elevation (like a beach berm). Piping plover breeding territories generally include a feeding
area, such as a dune pond or slough, or near the lakeshore or ocean edge. The piping plover winters
along the coast, preferring areas with expansive sand or mudflats (feeding) in close proximity to a sandy
beach (roosting). The primary threats to the piping plover are habitat modification and destruction, and
human disturbance to nesting adults and flightless chicks. A lack of undisturbed habitat has been cited
as a reason for the decline of other shorebirds such as the black skimmer and least tern (USACE, 2001).

The piping plover is an occasional visitor along the South Carolina coast during the winter
months and individuals are occasionally sighted in the project area. However, there are no large
wintering concentrations in the state. Piping plovers are considered a threatened species under the
Endangered Species Act of 1973, as amended, when on their wintering grounds. The species is not
known to nest in the project area; however, it may winter in the area. The USFWS has designated 15
areas along the South Carolina (SC) coast as critical habitat for the wintering populations of the piping
plover. This includes approximately 138 miles of shoreline along the SC coast along margins of interior
bays, inlets, and lagoons. There is a designated critical habitat to the south of the project at Murrells
Inlet. However, there is no designation for any of the project area footprint. Public reporting of piping
plover activity in the Garden City/Surfside area of South Carolina has been sparse (ebird.org, 2016).

Figure 9. Piping plover reported sightings on ebird.org.
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Effect Determination. Direct loss of nests from the disposal of the dredged material will not

occur, as the species is not known to nest in the project area. Piping plover foraging distribution on the
beach during the winter months may be altered as beach food resources may be affected by disposal of
material. Such disruptions will be temporary and of minor significance since the birds can easily fly to
other loafing and foraging locations. Placement of material may provide additional foraging habitat for
the piping plover. For these reasons, it has been determined that the proposed project is not likely to
adversely affect the piping plover.

6.7 Rufa Red Knot

a. Status. Threatened

Rufa red knots (Calidris canutus rufa) are medium-sized shorebirds approximately 9 to 11 inches
long. Red knots have a proportionately small head, small eyes, and short neck, and a black bill that
tapers from a stout base to a relatively fine tip. The bill length is not much longer than head length.
Legs are short and typically dark gray to black, but sometimes greenish in juveniles or older birds in
nonbreeding plumage. Nonbreeding plumage is dusky gray above and whitish below. Juveniles
resemble nonbreeding adults, but the feathers of the scapulars (shoulders) and wing coverts (small
feathers covering base of larger feathers) are edged with white and have narrow, dark bands, giving the
upperparts a scalloped appearance. Breeding plumage of red knots is a distinctive rufous (red). The
face, prominent stripe above the eye, breast, and upper belly are a rich rufous-red to a brick or salmon
red, sometimes with a few scattered light feathers mixed in. The feathers of the lower belly and under
the tail are whitish with dark flecks. Upperparts are dark brown with white and rufous feather edges;
outer primary feathers are dark brown to black. Females are similar in color to males, though the rufous
colors are typically less intense, with more buff or light gray on the dorsal (back) parts (USFWS, 2013a).

Each year red knots make one of the longest distance migrations known in the animal kingdom,
traveling up to 19,000 mi annually. This migration occurs between the red knot’s breeding grounds in
the Canadian Arctic and several wintering areas, including the Southeast United States, the Northeast
Gulf of Mexico, northern Brazil, and Tierra del Fuego at the southern tip of South America (“Winter” is
used to refer to the nonbreeding period of the red knot life cycle when the birds are not undertaking
migratory movements.). During both the northbound (spring) and southbound (fall) migrations, red
knots use key staging and stopover areas to rest and feed. Southbound red knots tend to be less
concentrated than during either their northbound migrations and in their wintering areas (USFWS,
2013a).

Red knots undertake long flights that may span thousands of miles without stopping. As red
knots prepare to depart on long migratory flights, they undergo several physiological changes. Before
takeoff, the birds accumulate and store large amounts of fat to fuel migration and undergo substantial
changes in metabolic rates. In addition, leg muscles, gizzard, stomach, intestines, and liver all decrease
in size, while pectoral muscles and heart increase in size. Due to these physiological changes, red knots
arriving from lengthy migrations are not able to feed maximally until their digestive systems regenerate,
a process that may take several days. Because stopovers are time-constrained, red knots require
stopovers rich in easily digested food to achieve adequate weight gain (USFWS, 2013a).
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Red knots generally nest in dry, slightly elevated tundra locations, often on windswept slopes
with little vegetation. Breeding areas are located inland, but near arctic coasts. Nests may be scraped
into patches of mountain avens (Dryas octopetala) plants, or in low spreading vegetation on hummocky
ground containing lichens, leaves, and moss. Female red knots lay only one clutch (group of eggs) per
season, and, as far as is known, do not lay a replacement clutch if the first is lost. The usual clutch size is
four eggs, though three-egg clutches have been recorded. The incubation period lasts approximately 22
days from the last egg laid to the last egg hatched, and both sexes participate equally in egg incubation.
After the eggs hatch, red knot chicks and adults quickly move away from high nesting terrain to lower,
wetland habitats. Young are precocial, leaving the nest within 24 hours of hatching and foraging for
themselves. Females are thought to leave the breeding grounds and start moving south soon after the
chicks hatch in mid-July. Thereafter, parental care is provided solely by the males, but about 25 days
later (around August 10) they also abandon the newly fledged juveniles and move south. Not long after,
they are followed by the juveniles (USFWS, 2013a).

Red knots are a specialized molluscivore, eating hard-shelled mollusks, sometimes
supplemented with easily accessed softer invertebrate prey, such as shrimp and crab-like organisms,
marine worms, and horseshoe crab eggs. Red knots do not necessarily prefer hard-shelled mollusks (in
fact they do not, when given the choice), but they are specialized in finding and processing such prey.
Due to this specialization, red knots have less ability to find the actively crawling soft-bodied worms and
small crustaceans on which other sandpiper species specialize. Foraging activity is largely dictated by
tidal conditions, as red knots rarely wade in water more than 0.8 to 1.2 in deep. Due to bill morphology,
red knots are limited to foraging on only shallow-buried prey, within the top 0.8 to 1.2 in of sediment.
Red knots and other shorebirds that are long-distance migrants must take advantage of seasonally
abundant food resources at migration stopovers to build up fat reserves for the next non-stop, long-
distance flight. During the migration period, although foraging red knots can be found widely
distributed in small numbers within suitable habitats, birds tend to concentrate in those areas where
abundant food resources are consistently available from year to year. A prominent departure from
typical prey items occurs each spring when red knots feed on the eggs of horseshoe crabs, particularly
during the key migration stopover within the Delaware Bay of New Jersey and Delaware. The Delaware
Bay serves as the principal spring migration staging area for the red knot because of the abundance and
availability of horseshoe crab eggs. Horseshoe crab eggs are a superabundant source of easily digestible
food. Horseshoe crabs occur along the Atlantic coast from Maine to Florida, along Florida’s Gulf coast,
and along Mexico’s Yucatan Peninsula. Within this geographic range, horseshoe crabs are most
abundant between Virginia and New Jersey, with the largest population occurring in Delaware Bay.
Each spring, adult horseshoe crabs migrate from deep bay waters and the Atlantic continental shelf to
spawn on intertidal sandy beaches. Beaches within estuaries are preferred spawning areas because
they are low energy environments and are protected from the surf. Horseshoe crab spawning generally
occurs from March through July, with the peak spawning activity occurring around the evening new and
full moon high tides in May and June. Horseshoe crabs and surface egg availability are not found in
similar densities in other areas on the Atlantic coast, which may explain why shorebirds concentrate in
the Delaware Bay. Besides supporting red knots, Delaware Bay supports high numbers of other
shorebird species, and ranks among the 10 largest shorebird migration staging sites in the Western
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Hemisphere. Outside of Delaware Bay, horseshoe crab eggs are eaten opportunistically when available
in nonbreeding habitats but are not considered a primary food resource for red knots in these areas.
Delaware Bay provides the final Atlantic coast stopover for a significant majority (50 to 80 percent) of
the red knot population making its way to the arctic breeding grounds each spring. Red knots stopping
in Delaware Bay depend on horseshoe crab eggs to achieve remarkable rates of weight gain. No single
stopover area is more important for the red knot than the Delaware Bay because the nutritive yield of
the bay is so high. The timing of the arrival of red knots and other shorebirds in Delaware Bay typically
coincides with the annual peak of the horseshoe crab spawning period. Red knots in Delaware Bay rely
almost entirely on horseshoe crab eggs to support their very high rates of weight gain. Research has
provided strong evidence that a majority of red knots stop at the Delaware Bay during the spring
migration, and that these birds are highly reliant on a superabundance of horseshoe crab eggs to gain
weight during their stopover period. On the breeding grounds, the red knot’s diet consists mostly of
terrestrial invertebrates, though early in the season, before insects and other macroinvertebrates are
active and accessible, red knots will eat grass shoots, seeds, and other vegetable matter (USFWS,
2013a).

Red knots are restricted to ocean coasts during winter, and occur primarily along the coasts
during migration. Habitats used by red knots in migration and wintering areas are similar in character,
generally coastal marine and estuarine (partially enclosed tidal area where fresh and salt water mixes)
habitats with large areas of exposed intertidal sediments. In North America, red knots are commonly
found along sandy, gravel, or cobble beaches, tidal mudflats, salt marshes, shallow coastal
impoundments and lagoons, and peat banks. In the southeastern U.S., red knots forage along sandy
beaches during spring and fall migration from Maryland through Florida. In addition to the sandy
beaches, red knots also forage along peat banks and tidal mudflats during migration. Along the Atlantic
coast, dynamic and ephemeral features are important red knot habitats, including sand spits, islets,
shoals, and sandbars, often associated with inlets. From South Carolina to Florida, red knots are found
in significantly higher numbers at inlets than at other coastal sites (USFWS, 2013a).

Red knots occupy all known wintering areas from December to February, but may be present in
some wintering areas as early as September or as late as May. Wintering areas for the red knot include
the Atlantic coasts of Argentina and Chile (particularly the island of Tierra del Fuego that spans both
countries), the north coast of Brazil (particularly in the State of Maranhdo), the Northwest Gulf of
Mexico (discussed below) from the Mexican State of Tamaulipas through Texas (particularly at Laguna
Madre) to Louisiana, and the Southeast United States from Florida (particularly the central Gulf coast) to
North Carolina. Smaller numbers of knots winter in the Caribbean, and along the central Gulf coast
(Alabama, Mississippi), the mid-Atlantic, and the Northeast United States. The core of the Southeast
wintering area (i.e., that portion of this large region supporting the majority of birds) is thought to shift
from year to year among Florida (particularly the central Gulf coast), Georgia, and South Carolina.
However, the geographic limits of this wintering region are poorly defined. Although only small
numbers are known, wintering knots extend along the Atlantic coast as far north as Virginia, Maryland,
and New Jersey. Still smaller numbers of red knots have been reported between December and
February from Long Island, New York, through Massachusetts and as far north as Nova Scotia, Canada.
Small numbers of red knots also winter along the central Gulf coast (Florida Panhandle, Alabama,
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Mississippi, and eastern Louisiana). Red knots occupy the southernmost wintering areas, in Tierra del
Fuego, from late October to February, with some birds arriving as early as late September. Birds
wintering in the Caribbean or the United States typically stay later, through March or even May. Birds
wintering in the Southeast seem to arrive in November, while birds wintering in Texas seem to arrive
much earlier, in late July or August. Major spring stopover areas along the Atlantic coast include Rio
Gallegos, Peninsula Valdés, and San Antonio Oeste (Patagonia, Argentina); Lagoa do Peixe (eastern
Brazil, State of Rio Grande do Sul); Maranhdo (northern Brazil); the Virginia barrier islands; and Delaware
Bay. However, large and small groups of red knots, sometimes numbering in the thousands, may occur
in suitable habitats all along the Atlantic and Gulf coasts from Argentina to Massachusetts (USFWS,
2013a).

Some red knots from the Southeast-Caribbean wintering area, and from South American
wintering areas, utilize spring stopovers along the Southeast United States, from Florida to North
Carolina. The length of stopover at these locations is generally believed to be brief; although data exist
showing that some stopovers last for several weeks. Red knots typically use mid-Atlantic stopovers from
late April through late May or early June. The stopover time in Delaware Bay is about 10 to 14 days.
From Delaware Bay and other mid-Atlantic stopovers, birds tend to fly overland directly northwest to
the central Canadian breeding grounds, with many stopping briefly along the shores of James and
Hudson Bays. Knots that winter in Tierra del Fuego tend to work their way up the South America
Atlantic coast, using stopover sites in Argentina and Uruguay before departing from Brazil (USFWS,
2013a).

Important fall stopover sites include southwest Hudson Bay (including the Nelson River delta),
James Bay, the north shore of the St. Lawrence River, the Mingan Archipelago, and the Bay of Fundy in
Canada; the coasts of Massachusetts and New Jersey and the mouth of the Altamaha River in Georgia;
the Caribbean (especially Puerto Rico and the Lesser Antilles); and the northern coast of South America
from Brazil to Guyana. However, birds can occur all along the coasts in suitable habitat. In the mid-
Atlantic, southbound red knots start arriving in July. Numbers of adults peak in mid-August and most
depart by late September, although data shows that some birds stay through November. Migrant
juveniles begin to appear along the U.S. Atlantic coast in mid-August, occurring in much lower numbers
and scattered over a much wider area than adults. Several studies suggest that adult red knots fly
directly to South America from the eastern seaboard of the United States, arriving in northern South
America in August (USFWS, 2013a).

The primary threats to the red knot are loss of both breeding and non-breeding habitat; reduced
prey availability throughout the non-breeding range; potential for disruption of natural predator cycles
on the breeding grounds; and increasing frequency and severity of asynchronies (i.e., mismatches) in the
timing of their annual migratory cycle relative to favorable food and weather conditions (USFWS,
2013b).

The red knot is a regular visitor along the South Carolina coast during both the spring and fall
migrations. Flocks of over 1000 birds have been observed in the spring with lesser numbers being
observed in the fall. The red knot also uses the South Carolina coast as a wintering area. Public
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reporting of red knot activity in the Garden City/Surfside area of South Carolina has been sparse
(ebird.org, 2016).

Figure 10. Red knot reported sightings on ebird.org

Effect Determination

Placement of the dredged material is anticipated to occur during the winter months. Direct loss
of nests from the disposal of the dredged material will not occur, since the species does not nest in the
project area. Red knot foraging distribution on the beach during the spring and fall migrations and
winter months may be altered as beach food resources may be affected by placement of material along
the project area; however, this impact is expected to be minor since most birds use areas outside of the
immediate project area. In addition, previous studies of beach nourishment projects have shown a
short term impact to the beach and surf zone infaunal community with a recovery within six months
(SCDNR, 2009b). Due to the expected short term impacts to the beach infaunal community and since
the number of red knots in the immediate project area is limited, it has been determined that the
proposed project may affect but is not likely to adversely affect the rufa red knot.

6.6 Blue (NOAA Fisheries list), finback, humpback, right, sei, and sperm

whales

The blue whale reaches lengths of up to 100 feet. Blue whales have weighed up to 160 tons.
They feed on small shrimp-like crustaceans. The whales consume up to eight tons of these animals a
day during their feeding period. A blue whale produced the loudest sound ever recorded from an
animal, and some scientists have speculated that they may be able to remain in touch with each other
over hundreds of miles. The number of blue whales in the southern hemisphere was severely depleted
by whaling. Due to commercial whaling the size of the population is less than ten percent of what it
was.
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The finback whale is the second largest whale, reaching lengths of up to 88 feet and weighs up
to 76 tons. The finback whale because of its crescent-shaped dorsal fin, and obvious characteristic, is
easily seen at sea. Depending on where they live, finback whales eat both fish and small pelagic
crustaceans, and squids. It sometimes leaps clear of the water surface, yet it is also a deeper diver than
some of the other baleen whales. The finback's range is in the Atlantic from the Arctic Circle to the
Greater Antilles, including the Gulf of Mexico. In the Pacific Ocean the Finback ranges from the Bering
Sea to Cape San Lucas, Baja California.

The humpback whale reaches a maximum length of about 50 feet long and a maximum weight
of about 37.5 tons. They are mostly black, but the belly is sometimes white. Flippers and undersides of
the flukes are nearly all white. They are migratory. They eat krill and schooling fish. In the Atlantic they
migrate from Northern Iceland and Western Greenland south to the West Indies, including the Northern
and Eastern Gulf of Mexico. In the Pacific Ocean they migrate from the Bering Sea to Southern Mexico.
The humpback is one of the most popular whales for whale watching on both the east and west coasts.
Scientists estimate that there are 10,000 humpbacks worldwide, only about 8% of its estimated initial
population.

The sei whale is one of the largest whales. It can reach a length of 60 feet and a weight of 32
tons. They feed primarily on krill and other small crustaceans, but also feed at times on small fish. The
sei whale is the fastest of the baleen whales and can reach speeds of more than 20 miles per hour. In
the Atlantic Ocean the Sei whale ranges from the Arctic Circle to the Gulf of Mexico. In the Pacific Ocean
the Sei whale may range from the Bering Sea to Southern Mexico. The Sei whale is endangered due to
past commercial whaling.

Unlike the other great whales on the endangered species list, the sperm whale is a toothed
whale. It is the largest of the toothed whales reaching a length of 60 feet in males and 40 feet in
females. Sperm whales are noted for their dives that can last up to an hour and a half and go as deep as
2 miles under the surface. It is the most abundant of all the endangered whales, with an estimated
population of two million. Sperm whales feed mainly on squid, including the giant squid. They range in
the Atlantic Ocean from the Arctic Circle to the Gulf of Mexico. In the Pacific Ocean the sperm whale
ranges from the Bering Sea to Southern Mexico. The sperm whale was almost hunted to extinction for
its oil (spermaceti). This oil was used in the manufacture of ointments, cosmetics, and candles. The
sperm whales usually inhabit the offshore waters.

The right whale is the most endangered species of whale off of the U.S. coasts. The right whale
got its name because it was the "right" whale to hunt. It was slow moving and floated after being killed.
Current estimates indicate that presently no more than a few hundred exist. Right whales can reach a
length of 60 feet and a weight of 100 tons. Although the species has been internationally protected
since 1937, it has failed to show any signs of recovery.

Right whales have been observed along the eastern coast of North America from the Florida
Keys north to the Gulf of St. Lawrence in Canada. They are found in relatively large numbers around
Massachusetts and near Georges Bank in the spring, and then they migrate to two areas in Canadian
waters by mid-summer. Most cows that give birth in any given year travel in the winter to the coastal
waters of Georgia and Florida to calve and raise their young for the first three months. The Bay of
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Fundy, between Maine and Nova Scotia, appears to serve as the primary summer and fall nursery
hosting mothers and their first-year calves. The calf will stay with its mother through the first year and it
is believed that weaning occurs sometime in the fall. Calves become sexually mature in about 8 years.
Females are believed to calve about every three to four years. Sightings of right whales and their
occurrence in the inshore waters of the State, although very rare, are generally assumed to represent
individuals seen during this migration.

Right whales feed primarily on copepods and euphausids. They swim very close to the
shoreline, often noted only a few hundred meters offshore. Because of their habit of traveling near the
coast, there is concern over impacts resulting from collisions with boats and ships. Some right whales
have been observed to bear propeller scars on their backs resulting from collisions with boats (NMFS,
1984). Destruction or pollution of right whale habitat is not known to be a problem in the project area.

Critical Habitat.

The proposed action area falls within a small portion of the critical calving habitat for NARWs.
NMFS defines in the rule (81 FR 4837) the physical features that are essential to the conservation of the
NARW as being: “(1) Sea surface conditions associated with Force 4 or less on the Beaufort Scale; (2) Sea
surface temperatures of 7°C to 17°C; and (3) Water depths of 6 to 28 meters, where these features
simultaneously co-occur over contiguous areas of at least 231 km? of ocean waters during the months of

Ill

November through Apri NMFS notes that the critical habitat was designated based in part on 2
models that predict calving habitat, and that the habitat extends from New Smyrna, FL to Cape Fear, NC
between 10 and 50 km from shore (Figure 11). NMFS also notes that the essential features of NARW
calving habitat may require special management considerations because of: offshore energy
development, large-scale offshore aquaculture operations, and global climate change. The concern with
the first two of these is more in fragmenting habitat than any changes to the 3 PCE’s. Infrastructure that
could limit the availability of essential features such that NARWSs are not able to move about could have
a negative impact on calving critical habitat. NMFS also identified 5 categories of activities that have the
potential to affect essential features. One of these is USACE maintenance dredging or permitting of

dredging and disposal activities under the Clean Water Act.
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Figure 11. North Atlantic right whale (NARW) critical habitat area for the southeastern calving whales
(81 FR 4837 / NOAA-NMFS-2016-01633)

The proposed project consists of the dredging and placement of material for beach placement;
however, this activity is unlikely to adversely affect essential habitat features of the right whale calving
area. Excavation and disposal of dredge material does not affect water temperature or sea surface
roughness. Water depth would only be slightly modified by the dredging of borrow areas and disposal
of dredge material at designated sites. The proposed action would occur only in relatively small areas of
the overall critical habitat. Changes in water depth within entrance channels, offshore disposal sites, or
borrow areas are not likely to affect the selectability of calving habitat features by right whales, nor will
the actions significantly alter the PCEs or create an impediment to migration through the calving
grounds. USACE and BOEM have evaluated the rule for NARW critical habitat and have determined that
the proposed action will have discountable effects on the new NARW designated critical habitat. USACE

35



and BOEM are currently consulting with NMFS on this designation on a regional level and no
consultation is needed for this BA.

Effect Determination

Of these six species of whales being considered, only the right whale would normally be
expected to occur within the project area during the construction period; therefore the other species of
whales are not likely to be affected. The majority of right whale sightings occur from December through
February. Since the proposed work is expected to occur during this time period, the dredge will be
required to have endangered species observers standing watch on the bridge of the dredge to look for
whales during construction. The presence of a hydraulic cutter-head pipeline or hopper dredge in this
area should pose no direct impacts to the right whale, however, when relocating, the dredge and any
supporting vessels are required to alter course and stop if necessary to avoid approaching whales. If
whales are spotted during the day within 10 miles of the dredging operation, then the dredge is
required to reduce transit speed at night, should it need to relocate during that time period. Corps
contract specifications expressly require avoidance of right whales. For these reasons, it has been
determined that the project as proposed is not likely to adversely affect the right whale. (The 29

October 1997 “National Marine Fisheries Service, Regional Biological Opinion on Hopper Dredging along
the South Atlantic Coast” has jurisdiction on right whale effects)

7.0 SUMMARY OF PROTECTIVE MEASURES

West Indian Manatee

When work occurs during the manatee migration period, personnel will be advised that there
are civil and criminal penalties for harming, harassing, or killing manatees. The Contractor may be held
responsible for any manatee harmed, harassed, or killed as a result of vessel collisions or construction
activities. Failure of the Contractor to follow these specifications is a violation of the Endangered
Species Act and could result in prosecution of the Contractor under the Endangered Species Act or the
Marine Mammals Protection Act. The standard manatee conditions will be implemented from 15 April
to 31 October, if construction takes place during these months. The Contractor will be instructed to
take necessary precautions to avoid any contact with manatees. If manatees are sighted within 100
yards of the dredging area, all appropriate precautions will be implemented to insure protection of the
manatee. The Contractor will stop, alter course, or maneuver as necessary to avoid operating moving
equipment (including watercraft) any closer than 100 yards of the manatee. Operation of equipment
closer than 50 feet to a manatee will necessitate immediate shutdown of that equipment.

North Atlantic Right Whale

Since the construction is anticipated to be scheduled during the right whale migration period,
personnel will be advised that there are civil and criminal penalties for harming, harassing, or killing right
whales. The Contractor may be held responsible for any whale harmed, harassed, or killed as a result of
vessel collisions or construction activities. Failure of the Contractor to follow these specifications is a
violation of the Endangered Species Act and could result in prosecution of the Contractor under the
Endangered Species Act or the Marine Mammals Protection Act. The time when most right whale
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sightings occur is December, January, and February. The Contractor will be instructed to take necessary
precautions to avoid any contact with whales. If whales are sighted within 1000 feet of the borrow area,
all appropriate precautions will be implemented to insure protection of the whale. In addition, the
Contractor will stop, alter course, or maneuver as necessary to avoid operating moving equipment
(including watercraft) any closer than this distance.

Sea Turtles

If work occurs during the sea turtle nesting period, in order to minimize impacts to nesting sea
turtles and emerging hatchlings a beach monitoring and nest relocation program for sea turtles will be
implemented. This program will include daily patrols of sand placement areas at sunrise, relocation of
any nests laid in areas to be impacted by sand placement, and monitoring of hatching success of the
relocated nests. Sea turtle nests will be relocated to an area suitable to both the USFWS and the
SCDNR. The Corps will perform any necessary maintenance of beach profile (tilling and shaping or
knocking down escarpments) during construction and prior to each nesting season.

During construction of this project, staging areas for construction equipment will be located off
the beach to the maximum extent practicable. Nighttime storage of construction equipment not in use
shall be off the beach to minimize disturbance to sea turtle nesting and hatching activities. In addition,
all dredge pipes that are placed on the beach will be located as far landward as possible without
compromising the integrity of the existing or reconstructed dune system. Temporary storage of pipes
will be off the beach to the maximum extent possible. Temporary storage of pipes on the beach will be
in such a manner so as to impact the least amount of nesting habitat and will likewise not compromise
the integrity of the dune systems (placement of pipes perpendicular to the shoreline will be
recommended as the method of storage).

During construction of this project, all on-beach lighting associated with the project will be
limited to the immediate area of active construction only. Such lighting will be shielded, low-pressure
sodium vapor lights to minimize illumination of the nesting beach and nearshore waters. Red filters will
be placed over vehicle headlights (i.e., bulldozers, front end loaders). Lighting on offshore equipment
will be similarly minimized through reduction, shielding, lowering, and appropriate placement of lights
to avoid excessive illumination of the water, while meeting all U.S. Coast Guard and OSHA requirements.
Shielded, low pressure sodium vapor lights will be highly recommended for lights on any offshore
equipment that cannot be eliminated.

8.0 SUMMARY EFFECT DETERMINATION

This assessment has examined the potential impacts of the proposed project on designated habitat and
listed species of plants and animals that are, or have been, present in the project area. Both primary
and secondary impacts to habitat have been considered. Based on the analysis provided by this
document, the following determinations have been made.

e It has been determined that the proposed project is not likely to adversely affect the manatee.

e |t has been determined that the proposed project is not likely to adversely affect Kemp's ridley,
leatherback, or hawksbill sea turtles.
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e |t has been determined that the proposed project will have no effect on the shortnose sturgeon.
e It has been determined that the proposed project will not adversely affect the Atlantic sturgeon.

e It has been determined that the proposed project is not likely to adversely affect the piping
plover.

e It has been determined that the proposed project is not likely to adversely affect the rufa red
knot.

e It has been determined that the proposed project is not likely to adversely affect seabeach
amaranth.

e |t has been determined that the proposed project will have no effect on critical habitat for the
wintering piping plover.

e |t has been determined that the proposed project may adversely affect the nesting loggerhead
and green sea turtle and any resulting hatchlings.

e |t has been determined that the proposed project will have no effect on critical habitat for the
loggerhead sea turtle.

e |t has been determined that the proposed project will not adversely modify critical habitat for
the North Atlantic right whale.
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Coastal Zone Consistency Coordination




DHEC OCRM State Coastal Zone Consistency (CZC) Certification
Request Form

Project Name:
Garden City / Surfside Beach Renourishment Project

Applicant Information: Agent/Engineer Information:
Contact Name Mark Messersmith Contact Name
Address 69A Hagood Ave, Charleston, SC 29403 Address
Phone # 843-329-8162 Phone #
E-mail mark.j.messersmith@usace.army.mil E-mail
Site details:
Location/Address:
Garden City and Surfside Beach, SC
County: TMS: N/A
Type of Permit Requested: Name of Permitting Authority(s):
(ex. Landfills, Mining, Wastwater, etc.) (ex. DHEC Bureau of Water)
Coastal Consistency Certification SCDHEC - OCRM

Description of Proposed Activity(s):

@ including total disturbed area, name of and distance to nearest waterbody, and onsite non-jurisdictional wetland

impacts and acreage.
The proposed project is a periodic renourishment and consists of a protective storm berm and an
advanced nourishment construction berm. The protective storm berm reduces damages which will
occur during severe storm events. The advanced nourishment berm acts as a buffer for the protective
storm berm against long term erosional forces. The protective storm berm has a top elevation of 6.0
NAVD 88 and a crest width of 10 feet. The fore slope of the protective berm is 1 vertical to 20
horizontal down to natural ground. The advance nourishment berm sits adjacent the protective storm
berm. The advance nourishment berm has a top elevation of 6.0 NAVD 88. The fore slope of the
advance nourishment is 1 vertical to 5 horizontal down to elevation 2.0 NAVD 88 then a variable fore
slope down to the existing bottom. At each location, the plan includes dune grass and dune fencing.
The length of the dune and beachfill for the project is approximately 40,300 feet.

All applicable Project Policy Checklist(s) that apply to the proposed project must be submitted with this request form.
(See www.scdhec.gov/environment/ocrm/czc for available Policy Checklists)

5/9/2016
Submitted By: Date:

DHEC 0478 (03/2013) SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL



Policy Group X - Erosion Control

ST PROSPER

Project Name: Garden City / Surfside Beach Renot
TMS: N/A

* Policies excerpted from the GAPC Section of the CZMP as well as Chapter X.

The Agency’s Coastal Zone Consistency (CZC) certification review of all activities within the Coastal Zone that require
a State permit will be based on the policies contained within the project based checklists. For the CZC request to be
complete, you must answer the questions contained within the policies segment relative to your project by checking off
all that apply. More than one checklist may apply to your project based on the plan proposal. For example, a road or
highway project might also require dredging and filling of coastal wetlands.

A) Funding Policies:

Required: Will the expenditure of public funds for beach and shore erosion control measures project or plans...

a. [@ be limited to beach or shore erosion control only in areas, communities, or on barrier islands to which the
public has full and complete access (as defined in the shoreline access segment of the program)?

O oris this N/A?

b. [ be limited to beach erosion control practices deemed by CZC Staff to be consistent with the Beach Erosion
Control Policies, in this section and the overall Policies of the CZMP, and any applicable rules and regulations
promulgated pursuant to the Act?

O oris this N/A?

c. [@ provide adequate consideration and demonstration is being given to the erosion control problems and
needs of each coastal county based on the relative benefits of the particular project?

O oris this N/A?

d. @ give consideration to the extent to which the proposal will maximize the protection of public health, safety,
and welfare?

O oris this N/A?

e. [@ give consideration to the full range of alternative erosion control measures which are possible, including
no action? Before decisions are made, consideration must be given to the long and short-range costs and
benefits of the various alternatives.

O oris this N/A?

f. @@ give consideration to the long and short-range costs and benefits of various alternatives?

O oris this N/A?

g. O propose the removal or modification of existing publicly-funded control structures based on the applicable
policies in this section and determination that the structure has an adverse impact on the public interest, as
mandated by Section 48-39-120(C) of the CTWA?

[d oris this N/A?

h. [ be consistent with the Priority of Uses of each listed Geographic Areas of Particular Concern (GAPCs) as
discussed in the Geographic Areas of Particular Concern (GAPCs) Polices and Priority of Uses document
located on the Resources section of the CZC webpage?

O oris this N/A?
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Required:

As applicant or agent, having completed all appropriate checklists and having read the applicable polices, | certify that
this project is consistent with the South Carolina Coastal Zone Management Program based on the information outlined
above and supplemental information attached.

Signature and date

B. General Considerations:

Required: Will your proposed erosion control project or plans ...

a. [@ consider the type of materials, their useful life expectancy along with anticipated maintenance and re-
placement costs?

O oris this N/A?

b. [ consider the economic justification of the proposed project in comparison with available erosion control
alternatives including consideration of the anticipated damage and economic loss due to failure?

O oris this N/A?

c. [@ consider the rate of rise or fall of sea level at the location?

O oris this N/A?

d. [@ consider sediment transport and sand budget in the project area?

O oris this N/A?

e. O consider the extent of up or downdrift damage due to installation or lack of installation of the erosion
control structure?

B oris this N/A?

f. consider the extent to which the project fits into a comprehensive shore protection program for that par-
ticular stretch of beach, aimed at preserving the beach profile in its present slope and configuration?

O oris this N/A?

g. [@ be consistent with the Priority of Uses of each listed Geographic Areas of Particular Concern (GAPCs) as
discussed in the Geographic Areas of Particular Concern (GAPCs) Polices and Priority of Uses document
located on the Resources section of the CZC webpage?

O oris this N/A?

Required:

As applicant or agent, having completed all appropriate checklists and having read the applicable polices, | certify that
this project is consistent with the South Carolina Coastal Zone Management Program based on the information outlined
above and supplemental information attached.

Signature and date
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C. Erosion Control Policies:
1. Seawalls, Bulkheads and Revetments (outside of Critical Areas):

Required: Will your proposed bulkhead and revetment project or plans...

a. 0O consider a comprehensive program to insure the proposed structure does not cause adverse effects to
adjoining property owners or appreciably accelerate erosion in the general area?

or is this N/A?

b. O avoids interfering with existing or planned public access unless other access is provided?

or is this N/A?

c. O avoid scouring where appropriate?

@ oris this N/A?

d. O consider utilizing natural features rather than artificial protection?

[@ oris this N/A?

e. [ demonstrate that the revetment materials are appropriate for use?

@ oris this N/A?

f. O ensure that the proposed groins will not interfere with public access?

[ oris this N/A?

g. 0O be consistent with the Priority of Uses of each listed Geographic Areas of Particular Concern (GAPCs) as
discussed in the Geographic Areas of Particular Concern (GAPCSs) Polices and Priority of Uses document
located on the Resources section of the CZC webpage?

B oris this N/A?

Required:

As applicant or agent, having completed all appropriate checklists and having read the applicable polices, | certify that
this project is consistent with the South Carolina Coastal Zone Management Program based on the information outlined
above and supplemental information attached.

Signature and date
2. Sand Dune Management (outside of Critical Areas):

Required: Will your proposed dune management project or plans...

a. [g] utilize non-structural means for private and public projects in restoring and stabilizing dunes?

[ or is this N/A?

b. [2] to the extent possible keep the secondary dunes intact to insure protection of adjoining areas against flooding
during storms?

O oris this N/A?

c. [c] establish buffer areas, where feasible, to allow for frontal dune growth and movement?

[ oris this N/A?
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O contain plans for dune restoration, reconstruction or stabilization?

O oris this N/A?

B limit dune reconstruction in areas above the existing berm line or in line with existing primary oceanfront
dunes? Dunes should be constructed using only native material (sand) of the appropriate grain size and
stabilized with native vegetation. Consultation is encouraged with NRCS in determination of plant materials
most suitable for dune stabilization.

O oris this N/A?

O demonstrate that walkover structures will not interfere with existing public access?

O oris this N/A?

O be consistent with the Priority of Uses of each listed Geographic Areas of Particular Concern (GAPCs) as
discussed in the Geographic Areas of Particular Concern (GAPCSs) Polices and Priority of Uses document
located on the Resources section of the CZC webpage?

O oris this N/A?

Recommended policies to consider with dune management projects:

a. DHEC-OCRM recommends that local governments in shoreline areas institute shorefront construction back lines
as part of their land planning activities and or local building codes, subdivision regulations, or zoning ordinances.

b. Private property owners and developers are encouraged to consult with OCRM or with technical consultants to
learn the erosion trends and shoreline dynamics in their particular area before initiating construction.

Required:

As applicant or agent, having completed all appropriate checklists and having read the applicable polices, | certify that
this project is consistent with the South Carolina Coastal Zone Management Program based on the information outlined
above and supplemental information attached.

Signature and date

DHEC 0488 (03/2013)




Policy Group VIII - Dredging

Project Name: Garden City / Surfside Beach Renot
TMS: N/A

The Agency’s Coastal Zone Consistency (CZC) certification review of all activities within the Coastal Zone that require
a State permit will be based on the policies contained within the project based checklists. For the CZC request to be
complete, you must answer the questions contained within the policies segment relative to your project by checking off
all that apply. More than one checklist may apply to your project based on the plan proposal. For example, a road or
highway project might also require dredging and filling of coastal wetlands.

A) Dredging:

Required: Will your proposed dredging project or plans...

a. [@ (if proposed in a productive shellfish area) occur only during closed shellfishing season to the extent feasible?

O oris this N/A?

b. E keep suspended sediments to a minimum by incorporating the weirs and silt curtains to minimize water quality
degradation unless the activity is consistent with other dredging policies (as well as those for manufacturing or
other industrial activities)?

O oris this N/A?

c. [ avoid reducing water circulation, water currents, mixing, flushing or salinity in the immediate area?

O oris this N/A?

d. [@ avoid the dredging of new canals which involves permanent alteration of valuable wetland habitats unless
the plan demonstrates that no feasible alternative exists or an overwhelming public interest? Explain the feasible
alternatives that will be implemented in the summary section below.

O oris this N/A?

e. [@ avoid establishing a canal resulting in the creation of waterfront lots from inland property (dead-end canals
as well) unless it can be demonstrated there will be no significant environmental impacts?

O oris this N/A?

f. O be consistent with the Priority of Uses of each listed Geographic Areas of Particular Concern (GAPCs) as
discussed in the Geographic Areas of Particular Concern (GAPCs) Polices and Priority of Uses document located
on the Resources section of the CZC webpage?

O oris this N/A?

Recommended policies to consider in designing and locating dredging projects:
a. None.
Required:
As applicant or agent, having completed all appropriate checklists and having read the applicable polices, | certify that

this project is consistent with the South Carolina Coastal Zone Management Program based on the information outlined
above and supplemental information attached.

Signature and date
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B. Dredged Material Disposal:

Required: Will your proposed dredging disposal project or plans...

a. 0O avoid placing dredged material on high value natural habitats such as salt, brackish or freshwater wetlands;
submerged vegetation; oyster reefs or tidal guts to the maximum extent feasible?

[ oris this N/A?

b. [@ demonstrate that any proposed upland dredge material disposal sites be stabilized and maintained where
necessary to prevent erosion and direct water run-off?

O oris this N/A?

c. O avoid blocking natural channels with dredged material where water disposal is necessary while minimizing
impacts to existing water circulation?

O oris this N/A?

d. [@ consider temporal aspects of spoil deposition such as impacts on spawning seasons, fish migrations, waterfow!
nesting and wintering areas, and mosquito control?

O oris this N/A?

e. [ consider minimizing negative impacts on valuable terrestrial wildlife or vegetative habitats for upland dredge
disposal sites?

O oris this N/A?

f. [ be consistent with the Priority of Uses of each listed Geographic Areas of Particular Concern (GAPCs) as
discussed in the Geographic Areas of Particular Concern (GAPCs) Polices and Priority of Uses document
located on the Resources section of the CZC webpage?

O oris this N/A?

Recommended policies to consider in designing impoundments:

a. Consideration for future maintenance of the spoil area, for example, development of spoil islands which have
been found to be beneficial for terrestrial habitat and migratory waterfowl.

b. Abandoned sand or gravel pits in proximity to a dredge site, where spoil can be more adequately contained,
should be used for disposal areas.

c. Consideration for reuse of spoil disposal sites, such as development of public parks or recreational areas.

d. Consideration for the mining of spoil areas so as to extend their life expectancies.

e. Prior to major dredging projects, the economic and environmental feasibility for alternative use of the dredged
material should be studied. The physical and chemical characteristics of the spoil should be determined in order
to decide the most appropriate disposal options. Spoil suitable as fill material for residential, commercial or
industrial development should be utilized for such uses. Spoil shells can be used to stimulate oyster production
or for dike construction Beach renourishment and spoil disposal are related issues and should be addressed
concurrently.

Required:
As applicant or agent, having completed all appropriate checklists and having read the applicable polices, | certify that

this project is consistent with the South Carolina Coastal Zone Management Program based on the information outlined
above and supplemental information attached.

Signature and date
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C. Underwater Salvage

Required: Will your proposed underwater salvage project or plans...

a. O include any plans for dredging and dredge material disposal associated with a salvage operation and shows
proper disposal in an approved spoil disposal facility?

B oris this N/A?

b. @ be consistent with the Priority of Uses of each listed Geographic Areas of Particular Concern (GAPCs) as
discussed in the Geographic Areas of Particular Concern (GAPCs) Polices and Priority of Uses document
located on the Resources section of the CZC webpage?

O oris this N/A?

Recommended policies to consider for underwater salvage operations:
a. None.
Required:
As applicant or agent, having completed all appropriate checklists and having read the applicable polices, | certify that

this project is consistent with the South Carolina Coastal Zone Management Program based on the information outlined
above and supplemental information attached.

Signature and date

DHEC 0487 (03/2013)



Policy Group XIV — Beach and Shoreline Access

— oy
PROMOTE PROTECT PROSPER

Project Name: Garden City / Surfside Beach Renot
TMS: N/A

* Policies excerpted from the GAPC Section of the CZMP.

The Agency’s Coastal Zone Consistency (CZC) certification review of all activities within the Coastal Zone that require
a State permit will be based on the policies contained within the project based checklists. For the CZC request to be
complete, you must answer the questions contained within the policies segment relative to your project by checking off
all that apply. More than one checklist may apply to your project based on the plan proposal. For example, a road or
highway project might also require dredging and filling of coastal wetlands.

A. Shoreline Access:

Required: Will your proposed access project or plans...

a. [@ be consistent with Agency policy that fully supports, furthers, and encourages the protection and expansion of
public access to shoreline areas in the coastal zone?

O oris this N/A?

b. O avoid having a negative effect on existing access to tidal and submerged lands, navigable waters and beaches
or other recreational coastal resources?

O or is this N/A?

C. take into account the extent of impact on the following aspects of quality or quantity of the following valuable
coastal resources:

public recreational lands - conversion to other uses without adequate replacement, interruption of existing public
access, or degradation of environmental quality in these areas?

O oris this N/A?

d. @ (forerosion control projects in communities or on barrier islands) to which the public has full and complete access
that is being funded by public monies?

O or is this N/A?

e. [@ be consistent with Agency policy that recognizes the highest priority for expenditure of public funds for acquisi-
tion of new parks and recreation areas in the coastal zone is given to areas which offer full and complete access
to the public?

O oris this N/A?

f. B consist of improved access to existing publicly-owned recreation areas, particularly barrier islands, which cur-
rently only afford access by boat and are appropriate for more intensive use? (This should include access to the
area via ferry or provision of boat landings and other facilities; and also access across or through the area to the
beach-front via paths or walkways.

O or is this N/A?

g. 0O include a ferry as this type and extent of public access must be determined based on the human “carrying capacity”
of the area in its natural state in order to protect natural beach features and other environmentally sensitive areas?

B or is this N/A?
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h. E contain lateral beach access-ways consisting of walkover structures or staggered pathways at natural breaks in
the dunes to prevent disruption of sand dunes or vegetation?

O or is this N/A?

i. consider additional parking spaces in upland areas adjacent to beaches as well as consider alternatives of remote
parking sites (on or off island) connected to the beach by public transportation authorized weekend and holiday use?

O or is this N/A?

j. @ (forlocal government projects in the coastal zone, particularly beachfront communities) incorporate considerations
for public access into their local ordinances and comprehensive plans (especially subdivision regulations) which can
influence the location and design of new development that might affect public access?

O oris this N/A?

k. O (for private developers in beach areas) consider the benefits not only for the public but for protecting private
property interests to include reasonable public beach areas and access-ways in plans for new developments?

O or is this N/A?

I. @ (for State and local governments planning recreational sites) include consideration of alternatives to actual ocean-
front areas, i.e. rivers and estuaries, in order to offer other options for recreation and to relieve growing pressure
on ocean-front communities?

m. O consider joint-use public docks, public boat ramps and landings in an environmentally suitable location to meet
the needs of recreational boating?

O or is this N/A?

n. [ consider pedestrian access and fishing catwalks on all new bridges and roadways and recommends their addi-
tion to existing structures where possible?

O oris this N/A?

o
O

consider the preservation of existing public shellfish grounds?

(=]

or is this N/A?

p. O be consistent with the policies for park facilities, marinas, boat ramps, docks and piers, if applicable?
@ or is this N/A?
g. [@ be consistent with the Priority of Uses of each listed Geographic Areas of Particular Concern (GAPCSs) as dis-

cussed in the Geographic Areas of Particular Concern (GAPCSs) Polices and Priority of Uses document located on
the Resources section of the CZC webpage?

O or is this N/A?

Recommended policies to consider in designing shoreline access projects:

a. Itis recommended that abandoned bridges and railroad trestles be left standing to serve as fishing piers
when safety considerations permit. Costs of maintenance may be offset by leasing the structures to a county or
local government. It has been suggested in the Resource Policies section that railroad rights-of-way be allowed
to serve as access points whenever possible. (Il (D) of the Resource Policies)

b. Inthe planning and design of all public access areas, full consideration should be given to assure access
opportunities to elderly and handicapped visitors.

Required:
As applicant or agent, having completed all appropriate checklists and having read the applicable polices, | certify that

this project is consistent with the South Carolina Coastal Zone Management Program based on the information outlined
above and supplemental information attached.

Signature and date

DHEC 0492 (03/2013)




Appendix 4

Geotechnical Survey of Surfside Borrow Area




Wilmington District was contracted by Charleston District in March of 2016 to collect vibracore
samples approximately 6 to 8 miles offshore (east southeast) of Surfside Beach, which is part of
the greater Myrtle Beach area (Figure 1). The Surfside Borrow Area (Figure 1) is a federally
permitted sand resource borrow site, which has been mined for sand during the initial project
construction in 1998, and a subsequent renourishment cycle in 2008. The purpose of the
investigation is to re-evaluate the quality and volume of beach compatible material within the
Surfside Borrow Area as part of the periodic federal mandated environmental assessment, and to
provide dredging guidance to plans and specifications as the project prepares for its third
renourishment cycle.

Wilmington District re-evaluated existing 2006 vibracore and lab data to identify trends in the
spatial distribution of sediments and to identify data gaps. The distribution of lab-verified beach
compatible material was mapped along with the location of protected hard grounds and
archeological sites using ArcGIS software (Figure 2). A Charleston District single-beam
condition survey dated 25JAN16 was used for the bathymetric baseline for all mapping and
modelling products. Sand compatibility spreadsheets from the 2006 borrow site evaluation were
then utilized to generate a sand isopach map to contour thickness of suitable beach fill material in
an effort to determine trends in usable (SP, SP-SM) sand (Figure 3). Relatively thick sequences
of sand (contoured green to blue) were identified using the 2006 data, in the central portion of
the borrow area, seaward of the 3-mile jurisdictional line between state and federal waters. Also
of note is the prevalence of undesirable material such as silty/clayey sand and rock (contoured
red) partially within, and adjacent to dredging zones utilized by the project. In 2006, the PDT
designated dredging areas (labeled Zones 1-3) based upon the 2006 boring data. Zone 1 was
dredged during the last nourishment cycle. The configuration of these zones was reassessed in
2016 to optimize dredging volume-performance. Spacing between the 2006 borings varied
between approximately 1320 feet and 2640 feet, which induces high risk in evaluating borrow
site volume of desirable beach fill material. As a result, Wilmington District proposed drilling
program that provided additional borings to reduce data gaps, and to reduce the risk and
uncertainty in mining the current borrow site for beach compatible sand.

The Wilmington District mobilized equipment and personnel from Wilmington NC to Myrtle
Beach, SC March 28, 2016. Work began on March 29, but unexpected wind-sea conditions
resulted in operational delays until April 3. Vibracoring operations were completed on April 4,
with a total of forty-four vibracores drilled. The location of the 2016 vibracores relative to the
2006 vibracores are shown on Figure 4. The drilling operations focused on the northern corner,
center, and previously identified dredge sub-areas (Zones 1-3) from the 2008 dredging contract.
Thirty-eight vibracores were designated to be advanced to a depth of 10-feet, with five
designated to be advanced to 20-feet below ocean bottom. All vibracores were collected using a
4-inch diameter steel sampling barrel that contains a hard plastic liner to contain the sample. The
vibracore is advanced to the desired penetration depth below the ocean bottom or refusal,
whichever is first encountered. Vibracore refusal is generally defined by Wilmington District as
less than 1-foot of penetration in three minutes. The ocean bottom depth of each vibracore was
tide corrected using verified tidal data from NOAA tide station #8661070 (Springmaid Pier, SC).
All boring elevations are referenced to MLLW.



The vibracores were transported to Wilmington District where they were cut open and the soils
and stratigraphy were examined and logged by a District geologist. All soils were field classified
in accordance with the Unified Soils Classification System. Soil samples were selected for lab
testing adjacent to major vertical stratigraphic changes. No photographic logs were made for this
project. Soil samples representative of the maximum dredge prism were selected from each core
and designated for testing. A total of 172 soil samples were sent to a commercial geotechnical
laboratory for gradation testing in order to verify field classification (ASTM D2487), determine
particle size distribution (ASTM 6913), and percent shell, limestone and fines passing the #200
sieve. Samples containing silty-clayey sands were designated for additional hydrometer analysis
(ASTM D422-63). All drilling and field classification data was consolidated within a gINT
database in order to produce the drilling logs. Drilling logs from the 2016 and previous 2006
investigations are provided in Attachment 1. Laboratory soils gradation results from both 2016
and 2006 investigations are provided in Attachment 2.

The 2006 and 2016 vibracore and lab data was then combined and used to map the distribution
of material/soil types laterally across the borrow area (Figure 5). The increased number of data
points shows a concentration of suitable material within the central portion of the borrow area,
seaward of the 3-mile line designating federal waters. A cluster of borings containing significant
amounts of non-beach compatible material was also identified within the center of Dredge Zones
1 through 3 (see Figure 5). The thickness of suitable beach-fill material was defined for each
boring (both 2006 and 2016), and was then contoured using ArcGIS software to produce an
isopach map showing sand thickness (Figure 6), and a bottom elevation surface of suitable
material referenced to MLLW. Thick sequences of suitable beach fill material (contoured green
and blue) were identified within federal waters seaward of the archeological shipwreck within
the northwestern portions of zones 2 and 3 (See Figure 6). The thickness of suitable beach fill
material thins significantly seaward from the center of Dredge Zones 1-3 to the borrow site
boundary. A total of five subsurface profiles were taken (southeast to northwest) across the
borrow site to characterize the lateral variability within the subsurface. Through an iterative
process of characterization and dredge zone refinement, the final recommended dredge zones
and maximum dredge elevations are presented in Figure 7, along with the subsurface cross-
sections used to develop them.

Five dredge zones are recommended for use to achieve the desired project sand quantities (See
Figure 7). Dredge elevations were selected primarily on basis of allowing continuous dredging
operations perpendicular to the shoreline, and in avoiding unsuitable fine-grained material. In
general, a buffer of about 1-foot was applied to each dredge cut utilizing the subsurface cross
sections. However, a few borings do contain cuts that lie less than 1-foot above unsuitable
material, but the risk was deemed acceptable in order to achieve the desired quantities.

Recommended Dredge Zone 1 is characterized in cross section by subsurface fence diagram A-
A’ (Figure 8). The 2016 bathymetric condition survey (upper) and bottom isopach (lower)
surfaces are shown in profile. A maximum dredge elevation of -29 feet MLLW was selected
based on the controlling factor of a continuous layer of silt (ML) at elevation -29.8 feet MLLW.
Material within the recommended dredging prism is suitable for beach fill and is characterized as
poorly graded sand (SP) and poorly graded sand with silt (SP-SM), and is shaded stippled red for
reference.



Recommended Dredge Zone 2 is characterized in cross section by subsurface fence diagram B-
B’ (Figure 9). The 2016 bathymetric condition survey (upper) and bottom isopach (lower)
surfaces are shown in profile. A maximum dredge elevation of -30 feet MLLW was selected to
maximize material volume uptake during dredging. The maximum dredge elevation is controlled
by the presence of excessively silty sand (25.3% fines passing #200 sieve) in boring SS-16-V-23
at approximately elevation -31.5 feet MLLW. Material within the recommended dredge prism is
suitable for beach fill and is characterized as being primarily poorly graded sand (SP) with
isolated lenses of poorly graded sand with silt (SP-SM). The soils in the dredging prism are
shaded stippled red for reference.

Recommended Dredge Zone 3 is characterized in cross section by subsurface fence diagram C-
C’ (Figure 10). The 2016 bathymetric condition survey (upper) and bottom isopach (lower)
surfaces are shown in profile. A maximum dredge elevation of -29 feet MLLW was selected to
maximize material volume uptake during dredging. The maximum dredge elevation is controlled
by the presence of a thick horizon of clay (field classified elastic silt) in boring SS-06-V-35 at
elevation -30.1 feet MLLW. This silt-clay horizon appears to be somewhat laterally continuous
and appears also in boring SS-16-V-25 at elevation -29.7 feet MLLW. Material within the
recommended dredge prism is suitable for beach fill and is characterized as being primarily
poorly graded sand (SP) with isolated lenses of poorly graded sand with silt (SP-SM). The soils
in the dredging prism are shaded stippled red for reference.

Recommended Dredge Zone 4 is characterized in cross section by subsurface fence diagram D-
D’ (Figure 11). The 2016 bathymetric condition survey (upper) and bottom isopach (lower)
surfaces are shown in profile. A maximum dredge elevation of -29 feet MLLW was selected to
maximize material volume uptake during dredging. The maximum dredge elevation is controlled
by the presence of an elastic silt horizon in boring SS-31-V-31 at elevation -29.7 feet MLLW.
Though this boring lies outside the recommended dredge zone, it is useful in identifying the
presence of laterally continuous subsurface strata. Material within the recommended dredge
prism is suitable for beach fill and is characterized as being poorly graded sand (SP) interbedded
with poorly graded sand with silt (SP-SM). The soils in the dredging prism are shaded stippled
red for reference.

Recommended Dredge Zone 5 is characterized in cross section by subsurface fence diagram E-
E’ (Figure 12). The 2016 bathymetric condition survey (upper) and bottom isopach (lower)
surfaces are shown in profile. A maximum dredge elevation of -29 feet MLLW was selected
avoid unsuitable material present towards the northwestern end of the dredge cut. The maximum
dredge elevation is controlled by the presence silt and clayey sands found in borings SS-16-V-
44, SS-16-V-28, SS-16-V-36 and SS-16-V-29 between elevations -31.7 and -29.8 feet MLLW.
Though several borings lie outside the recommended dredge zone, they are deemed useful in
identifying the presence of laterally continuous subsurface strata. Material within the
recommended dredge prism is suitable for beach fill and is characterized as being primarily
poorly graded sand (SP). The soils in the dredging prism are shaded stippled red for reference.



In conclusion, a thorough subsurface investigation was conducted by Wilmington District in
order to provide high quality engineering design products to Charleston District. Five
recommended dredge zones are provided for plans and specifications to provide dredging
guidance in the next renourishment (Figure 13). A total of forty-four drilling logs with requisite
lab data will be compiled with existing data and submitted for plans and specifications.
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US Army Corps
of Engineers
Wilmington District

SOILS AND SUBSURFACE FENCE REPORT
Surfside Borrow Subsurface Cross-Section Zone 1

Legend: USCS Field Classified Soils

USCS Poorly-graded Sand

.]] with Silt

_ USCS Poorly-graded Sand

D]] USCS Silty Sand

USCS Poorly-graded Gravel

SURFSIDE 2016 SB CS with Silt
DATE: 16/06/14 18:27 PROJECT NAME _ Garden City-Surfside Storm Damage Reduction Project MLLW Not Sampled
SCALE: AS SHOWN PROJECT LOCATION SURFSIDE BORROW
DRAWN BY: ~ ——— - BOTTOM ELEVATION FIGURE 8
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US Army Corps SOILS AND SUBSURFACE FENCE REPORT Legend: USCS Field Classified Soils Water B uscs Poorly-graded sand | | || uscs sity sand

of Engineers

wilmington District  Surfside Borrow Subsurface Cross-Section Zone 2 surrsipe 2016 secs [T USCS Poor-oraded Sand NN s sin W) uscs Low Prastiiy Ciay

DATE: 16/06/14 18:47 PROJECT NAME _ Garden City-Surfside Storm Damage Reduction Project MLLW
SCALE: AS SHOWN PROJECT LOCATION SURFSIDE BORROW

DRAWN BY: — — — — - BOTTOM ELEVATION FIGURE 9
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US Army Corps
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Wilmington District
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SOILS AND SUBSURFACE FENCE REPORT
Surfside Borrow Subsurface Cross-Section Zone 4

PROJECT NAME _ Garden City-Surfside Storm Damage Reduction Project

SCALE:

AS SHOWN

Legend: USCS Field Classified Soils

=
Water

SURFSIDE 2016 SB CS - USCS Elastic Silt
MLLW

PROJECT LOCATION

DRAWN BY:

SURFSIDE BORROW

— e - BOTTOM ELEVATION
USABLE

_ USCS Poorly-graded Sand D]] USCS Silty Sand
.]] USCS Poorly-graded Sand @ N
ot Sampled

with Silt

FIGURE 11
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SCALE: AS SHOWN PROJECT LOCATION SURFSIDE BORROW
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FIGURE 13
640000 NOTES Q)harleston District )/
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ATTACHMENT 1: DRILLING LOGS




Boring Designation SS-16-V-01

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2.

HOLE NUMBER
SS-16-V-01

LOCATION COORDINATES
N 638182.87 E 2623384.97

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING . €e hemarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1801 hrs. : 4/3/16 @ 1803 hrs.
6. THICKNESS OF OVERBURDEN 6.2' 16. ELEVATION TOP OF BORING -24.3' MLLW
7. DEPTH DRILLED INTO ROCK 0.0' 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 6.2’ Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ol REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , efc e ¢ ‘;isgniﬁigm)o
NN 0.0' TO -24.3' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
M
A NOTE 2: Top of vibracore is logged as being at
k] "Ocean Bottom". When Run is greater than
= , Recovery, the difference i ict
00| _OCEANBOTTOM AT 243 MLLW g Focoveny; the diferonce s depiced a5
-24.3 SP-SM: Gray, poorly graded sand with silt, fine S1
| -grained, moist. —05— VIBRACORE BORING
From: 0.0' to 6.2
Ran: 6.2' Rec: 4.5
Core Run
6.2'
2.0 20—
Recovery S-2
728% |55 LAB CLASSIFICATION
-27.3 - - — —3.0—Sample Lab [------- % Content ------- |
— Dark gray, lean clay with gravel, medium plasticity, s-3 ID Class. Shell #200 Fines Limestone
] angular gravel particles, moist. L 35— 51 Sp 69 25 0
— S-2 SP 0 4.6 0
288 407 4', coarse -grained, gravel. S-3 Not Tested
: —] Assumed Not Recovered NOTE: Soils are Visually Lab Classified in _
— Accordance with ASTM-D2487. Percent Passing
] #200 Sieve and Percent Shell are Determined in
— Accordance with ASTM-D6913.
-30.5 6.0—

BOTTOM OF BOREHOLE AT 6.2 ft

SOILS ARE FIELD VISUALLY CLASSIFIED

ACCORDANCE WITH THE UNIFIED SOIL

CLASSIFICATION SYSTEM

(6.2-6.7) Bit Sample Collected-Very stiff ML or

IN MH soil.

COMPLETION NOTE: Terminated hole at
refusal depth of 6.2' below depth ocean
bottom.

Wilmington District
Geotechnical Section

Drafted By: Kelley Kaltenbach
Date Drafted:4/29/2016

Reviewed By: Kelley Kaltenbach
Date Checked: 6/9/2016
VERSION: Final

SAW FORM 1836-A (VIBRACORE BORING)

JUNE 2016
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Boring Designation SS-16-V-02

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT ] ] ] 9. COORDINATE SYSTEM * HORIZONTAL ! VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NAD83 : NADS3 : MLLW
Myrtle Beach, South Carolina 10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL
2. HOLE NUMBER ! LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL
SS-16-V-02 : N 637158.69 E 2624706.88 S/B SNELL Vibracore
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED I UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING i €e hemarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : -l OF BORING 14/3/16 @ 1826 hrs. : 4/3/16 @ 1828 hrs.
6. THICKNESS OF OVERBURDEN 6' 16. ELEVATION TOP OF BORING -25.3' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 6.0’ Jason Koenig, Geologist
Elev | pEPTH | LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ] REMARITS donth of
- Drilling time, wat , deptl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # ( M'I'e;%emz ‘g’?c eflf ‘;isgniﬁsgm)o
0.0' TO -25.3' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
, R , the diff i ict
" OCEAN BOTTON AT -25.3 MLLW o] e i rence f devied o
-25.3 ’ SP-SM: Gray, poorly graded sand with silt, fine S1 ’
-| -grained, trace shell fragments, moist. 05— VIBRACORE BORING
From: 0.0' to 6.0
Ran: 6.0' Rec: 4.8'
Core Run
- . 6.0 —1.8—
2.0 .| 1.8, little shell fragments, moist. s-2
Recovery L o3|
80.0% ' LAB CLASSIFICATION
-28.1 e
— ML: Dark gray, sandy silt, low plasticity, trace fine S'-3 Sample Lab [------ % Content ------- |
] sand, little shell fragments, very stiff, moist. | 33— ID Class. Shell #200 Fines Limestone
_] S-1 SP 0 23 0
— S-2 SP-SM 0.3 5.1 0
4.0—] | ,,_| S3  NotTested
| 4.2', nonplastic, trace shell fragments, stiff. sa | S Not Tested
-30.1 ] —4.7— . . L
NOTE: Soils are Visually Lab Classified in
] Assumed Not Recovered. Accordance with ASTM-D2487. Percent Passing
— #200 Sieve and Percent Shell are Determined in
N Accordance with ASTM-D6913.
-31.3 e |
i BOTTOM OF BOREHOLE AT 6.0 ft ] )
(6—6.5)_ Bit Sample Collected-Very stiff ML or
SOILS ARE FIELD VISUALLY CLASSIFIED IN MH soil.
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 6.0' below depth ocean
bottom.
Drafted By: Kelley Kaltenbach Reviewed By: Kelley Kaltenbach
Date Drafted:4/29/2016 Date Checked: 6/9/2016
Wilmington District VERSION: Final
Geotechnical Section
SAW FORM 1836-A (VIBRACORE BORING) Boring Designation SS-16-V-02 SHEET 1 of 1
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Boring Designation SS-16-V-03

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER :
SS-16-V-03 :

LOCATION COORDINATES
N 636049.7 E 2626747.43

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY

USACE, Wilmington District

12. TOTAL SAMPLES

: DISTURBED : UNDISTURBED
: 1 : 0

4. NAME OF DRILLER

Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER

See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1849 hrs. : 4/3/16 @ 1850 hrs.
6. THICKNESS OF OVERBURDEN 8.7" 16. ELEVATION TOP OF BORING -24.5' MLLW
7. DEPTH DRILLED INTO ROCK 0.0' 17. TOTAL CORE RECOVERY FOR BORING  N/A
. - 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 8.7' Jason Koenig, Geologist
Elev | pEPTH | LEGEND FIELD CLASSIFICAT!O!\I OF MATERIALS % CORE | BOX OR oriling timZEv’\\/Aa/?gfss depth of
(ML;'W) (fel;at) ¢ (Desc;lptlon) REC SAM':LE A weathering', etc., if sigr‘1ificant)

0.0' TO -24.5 WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than

, Recovery, the difference is depicted as
0.0 OCEAN BOTTOM AT '.24'5 MLLW 0.0— "Assumed Not Recovered".
-24.5 SP: Gray, poorly graded sand, fine -grained, trace S1
shell fragments, moist. —0.5— VIBRACORE BORING
From: 0.0' to 8.7
Ran: 8.7' Rec: 8.1'
Core Run
8.7
2.0 20—
Recovery| g.2
9B1% L o5 LAB CLASSIFICATION
Sample Lab [------ % Content ------- |
-28.0 D Class. Shell #200 Fines Limestone
. | s | &
SP-SM: Light gray, poorly graded sand with silt, 5 St sp 01 2.6 0
& : . S-3 | S-2 SP 2.8 2.9 0
4.0 -| fine -grained, few shell fragments, medium to 20— o
-28.8 coarse-grained shell and shell fragments, moist >3 P 06 3. 14
: 7 : 9 : gments, : —a43— S-4  SC 0.6 399 0
| SM: Tan to gray, silty sand, nonplastic, soft. S-4 | s-5 SM 385 17.4 0
— : —48— S-6 Not Tested
298 ] . S-7 Not Tested
. | cq |
MH: Gray, gravelly elastic silt with sand, S-5 e ] L
nonplastic, some shell fragments, soft, medium to | o |NOTE: Soils are Visually Lab Classified in
-30.5 6.0 coarse-grained shell fragments e o—] Accordance with ASTM-D2487. Percent Passing
- - | |- - - - — S'-6 #200 Sieve and Percent Shell are Determined in
] .| SM: Gray, silty sand, fine -grained, some shell | s_|Accordance with ASTM-D6913.
31.3 — . fragments, coarse-grained shell and shell :
fragments. 6.8
MH: Dark gray, elastic silt with sand, medium _537_
plasticity, trace fine sand, trace shell fragments, '
very stiff.
-326 | 8.0
N Assumed Not Recovered.
-33.2
BOTTOM OF BOREHOLE AT 8.7 ft ) )
(8.7-9.2) Bit Sample Collected-Very stiff ML or
SOILS ARE FIELD VISUALLY CLASSIFIED IN MH soil.
ACCORDANCE WITH THE UNIFIED SOIL

CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 8.7' below depth ocean
bottom.
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Boring Designation SS-16-V-04

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-04 :

N 633273.77 E 2629162.39

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 4.3'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1454 hrs. : 4/3/16 @ 1455 hrs.
16. ELEVATION TOP OF BORING -30.6' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 4.3'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

FIELD CLASSIFICATION OF MATERIALS
(Description)
d

ELEV DEPTH |LEGEND
(MLLW) (feet)
a b c

0 REMARKS
/OF‘?S(?E Sli(l\jllél_og# (Drilling time, water loss, depth of
e f weathering, etc., if significant)

9
NOTE 1: Ocean Bottom elevation Is referenced

0.0' TO -30.6' WATER

== to MLLW using verified tidal data from NOAA
T tide station #8661070 (Springmaid Pier, SC).
] NOTE 2: Top of vibracore is logged as being at
= "Ocean Bottom". When Run is greater than
NN Recovery, the difference is depicted as
= =3 "Assumed Not Recovered".
e
A~ VIBRACORE BORING
0.0 == OCEAN BOTTOM AT -30.6' MLLW 00— From:0.0'to 4.3'
-30.6 I - | SM: Dark gray, silty sand, fine -grained, trace 5.1 | Ran:4.3'Rec: 3.5'
N | -| shell fragments, some silt strata or lenses, trace
B - | clay, soft, interbedded silt and sand strata, wet. —0.5—
| L 10—
N ‘| 1', Gray, trace shell fragments. S-2 LAB CLASSIEICATION
_ 15 |sample Lab [— % Content ------- [
| % D Class. Shell #200 Fines Limestone
20— i S-1 SM 2 39.7 0
| Recovery S-2 SM 0 19.4 0
| 81.4% S-3 GM 0 227 35.6
] NOTE: Soils are Visually Lab Classified in
-33.6 | . ~ |Accordance with ASTM-D2487. Percent Passing
P GM: Gray, silty gravel, fine gravel, dense, weak _g-os_ #200 Sieve and Percent Shell are Determined in
341 BS )°/~ cementation, contains gravel-sized fragments of Accordance with ASTM-D6913.
.- ~g=lnl i argilliceous weakly cemented limestone. 7 —3.5—
| Assumed Not Recovered.
4.0—
-34.9 —

CLASSIFICATION SYSTEM

BOTTOM OF BOREHOLE AT 4.3 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL

(4.3-4.8) Bit Sample Collected-Large shell and
very stiff ML or MH soil.

COMPLETION NOTE: Terminated hole at
refusal depth of 4.3' below depth ocean
bottom.

Drafted By: Kelley Kaltenbach
Date Drafted:4/29/2016

Wilmington District
Geotechnical Section

Reviewed By: Kelley Kaltenbach
Date Checked: 6/9/2016
VERSION: Final
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Boring Designation SS-16-V-05

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-05 :

N 637191.44 E 2622466.53

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 4.2’

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1740 hrs. : 4/3/16 @ 1742 hrs.
16. ELEVATION TOP OF BORING -26.2' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 4.2

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

FIELD CLASSIFICATION OF MATERIALS
(Description)
d

ELEV DEPTH |LEGEND
(MLLW) (feet)
a b c

REMARKS
(Drilling time, water loss, depth of
weathering, etc., if significant)

% CORE | BOX OR
REC [SAMPLE #
e f

0.0' TO -26.2' WATER

OCEAN BOTTOM AT -26.2' MLLW

g
NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).

NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
Recovery, the difference is depicted as
"Assumed Not Recovered".

VIBRACORE BORING

CLASSIFICATION SYSTEM

0.0 - TR 0.0—1 From: 0.0' to 4.2'
-26.2 SP-SM: Gray, poorly graded sand with silt, fine S-1 S o P
-| -grained, trace shell fragments, moist. Ran: 4.2'Rec: 6.1
_05'_
LAB CLASSIFICATION
—COTZFFU" Sample Lab [------- % Content ------- |
2.0 ’ D Class. Shell #200 Fines Limestone
Recovery S-1 SP 0 0.6 0.1
- 145.2% —2.3— - -
2.3, few shell fragments. ° §32 g% g':ASM 8'3 2'411 ge 5
| g S- Not Tested
-29.3 . . e
— - —3.1—NOTE: Soils are Visually Lab Classified in
MH: Gray, elastic silt with sand, nonplastic, trace S-3  |Accordance with ASTMYD2487. Percent Passing
g?aevseir;?i(efg\?’r;g?rll(efrrl?gg}evcgkﬁ;rg:rlr?gnt ed |5 5—|#200 Sieve an_d Percent Shell are Determined in
siltstone, moist. Accordance with ASTM-D6913.
304 4.0
BOTTOM OF BOREHOLE AT 4.2 ft
(4.2-6.1) Vibracore sampling in excess of
SOILS ARE FIELD VISUALLY CLASSIFIED IN .| penetration depth. Possible causes are;
ACCORDANCE WITH THE UNIEIED SOIL _§_84_ pre-drive vibracore sampler settlement,

overdrive, excessive hydraulic infill of

53— surrounding material from bit vibration, or
localized particle dispersion within sampler.
(4.8-5.3) Sample of overdrive material take.
Field classified ML dark gray, silt low plasticity,
very stiff, dry.

(6.1-6.6) Bit Sample Empty.

COMPLETION NOTE: Terminated hole at
refusal depth of 4.2' below depth ocean
bottom.

Drafted By: Kelley Kaltenbach
Date Drafted:4/29/2016

Wilmington District
Geotechnical Section

Reviewed By: Kelley Kaltenbach
Date Checked: 6/9/2016
VERSION: Final
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Boring Designation SS-16-V-06

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-06 :

N 636234.55 E 2623656.55

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1703 hrs. : 4/3/16 @ 1704 hrs.
6. THICKNESS OF OVERBURDEN 5.5 16. ELEVATION TOP OF BORING -25.9' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. - 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 5.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ol REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , efc e ¢ ‘;isgniﬁigm)o
9
NN 0.0' TO -25.9' WATER NOTE 1: Ocean Bottom elevation is referenced
] to MLLW using verified tidal data from NOAA
T tide station #8661070 (Springmaid Pier, SC).
M
= =3 NOTE 2: Top of vibracore is logged as being at
7 "Ocean Bottom". When Run is greater than
] Recovery, the difference is depicted as
= "Assumed Not Recovered".
M
0.0 o OCEAN BOTTOM AT -25.9' MLLW 00— VIBRACORE BORING
-25.9 ’ SP-SM: Gray, poorly graded sand with silt, fine s-1 | From:0.0'to 5.5'
-| -grained, trace shell fragments, moist. Ran: 5.5' Rec: 4.7'
_05'_
LAB CLASSIFICATION
Core Run
20 55 Sample Lab [— % Content ------- |
. _ L o] : .
2.1', few shell fragments, trace silt, trace clay. Recovery| o SI—I_Dl gl;tss. Sohell #28% Fines Llrcr)lestone
L ,e—] S-2 SP-SM 47 7.7 0

-28.7 _ _ _ | 5g—1S3 SM 358 12.6 0

SM: Gray, silty sand, fine -grained, some shell s3 | S- GM 0 12.2 58
-| fragments.

-29.3 - —3.4—]NOTE: Soils are Visually Lab Classified in
GP-GC: Dark gray, poorly graded gravel with s-4 |Accordance with ASTM-D2487. Percent Passing
clay, fine to coarse -grained, some clay, little rock | ,__|#200 Sieve and Percent Shell are Determined in

4.0 fragments, weak cementation, contains very hard : Accordance with ASTM-D6913.
siltstone rock fragments within a clayey matrix,
moist.
-30.6
1 Assumed Not Recovered.
-31.4 —]
BOTTOM OF BOREHOLE AT 5.5 ft . .

(5.5-6) Bit Sample Collected-Very stiff ML or

SOILS ARE FIELD VISUALLY CLASSIFIED IN MH soil.

ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM

COMPLETION NOTE: Terminated hole at
refusal depth of 5.5' below depth ocean
bottom.
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Boring Designation SS-16-V-07

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS-16-V-07 :

N 635141.2 E 2625009.87

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1640 hrs. : 4/3/16 @ 1642 hrs.
6. THICKNESS OF OVERBURDEN 7.5' 16. ELEVATION TOP OF BORING -26.4' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. - 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 7.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ] REMARITS denth of
. Drilling time, wat , deptl
(ML;_W) (fel;et) . (Description) REC SAMITDLE # ( M'I'e;%emz ‘g’?c eflf ‘;isgniﬁsgm)o
d
0.0' TO -26.4' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
Recovery, the difference is depicted as
0.0 OCEAN BOTTOM AT -26.4' MLLW 00— "Assumed Not Recovered".
-26.4 ’ SP-SM: Light gray, poorly graded sand with silt, S1
-| fine -grained, trace shell fragments, moist. | 05— VIBRACORE BORING
From: 0.0' to 7.5
Ran: 7.5' Rec: 8.0'
Core Run
75
2.0 L5 o—]
Recovery|  S-2 LAB CLASSIFICATION
. —35—
. 2.6', Gray, some shell fragments, moist. S-3 |Sample Lab [— % Content -----—- |
—3.1— 1D Class. Shell #200 Fines Limestone
-29.8 | 34— S1 SP 09 21 0
] SM: Dark gray, silty sand, fine -grained, and shell sS4 | S2 SP 2.2 3.2 0
- -| fragments, moist. | 39— S-3 SP 72 347 0
4.0—] S-4  SP-SM 29.6 5.2 0
_l S-5 Not Tested
— S- Not Tested
-31.7 ] NOTE: Soils are Visually Lab Classified in
: | ; . —5.3—Accordance with ASTM-D2487. Percent Passing
N CL: Dark gray, gravelly lean clay, medium S-5 : . h
_ plasticity, little silt, with rock fragments, stiff, weak | e izoo ileve an_?hPAeégre'\rA\tDsggil:aare Determined in
6.0— cementation, gravel-sized siltstone rock fragments ccordance wi = :
- in clayey matrix, moist.
] L 70—
-33.9 — ?’5’_
BOTTOM OF BOREHOLE AT 7.5 ft ’ . L
(7.5-8) Vibracore sampling in excess of
SOILS ARE FIELD VISUALLY CLASSIFIED IN penetration depth. Possible causes are;
ACCORDANCE WITH THE UNIFIED SOIL pre-drive vibracore sampler settlement,
CLASSIFICATION SYSTEM overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(8-8.5) Bit Sample Collected-Very stiff ML or
MH soil.
COMPLETION NOTE: Terminated hole at
refusal depth of 7.5' below depth ocean
bottom.
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Boring Designation SS-16-V-08

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-08 :

N 634068.92 E 2626558.23

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 10.1'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1603 hrs. : 4/3/16 @ 1603 hrs.
16. ELEVATION TOP OF BORING -23.8' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.1'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ] REMARITS denth of
- Drilling time, watt , deptl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # ( M'I'e;%e'r?:% ‘g’fc eflf ‘;isgniﬁigm)o
NN 0.0 TO -23.8' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
" tide station #8661070 (Springmaid Pier, SC).
M
NN
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 " OCEAN BOTTOM AT -23.8' MLLW 00— Recovery, the difference is depicted as
-23.8 ' SP: Light gray, poorly graded sand, fine -grained, S.1 | "Assumed Not Recovered".
trace shell fragments, trace silt. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.1'
Ran: 10.1' Rec: 8.7
Core Run
10.1'
2.0 —2.0—
R v .
soey| S-2 |
LAB CLASSIFICATION
Sample Lab [------ % Content ------- |
1D Class. Shell #200 Fines Limestone
4.0 | 40— S-1 SP 1 2.6 0
s3 | S2 SP 0.3 3.1 0
—a45— S-3 SP 3.2 3 0
S- Not Tested
293 _ |NOTE: Soils are Visually Lab Classified in
H: Dark gray, elastic silt, nonplastic, Soft. _254_ Accordance with ASTM-D2487. Percent Passing
6.0 - _6'0._ #200 Sieve and Percent Shell are Determined in
) ' Accordance with ASTM-D6913.
8.0
-32.5
T Assumed Not Recovered.
-33.9 1100
BOTTOM OF BOREHOLE AT 10.1 ft . .
(10.1-10.6) Bit Sample Collected-Very stiff ML
SOILS ARE FIELD VISUALLY CLASSIFIED IN or MH soil.
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 10.1' below depth ocean
bottom.
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Boring Designation SS-16-V-09

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-09 :

N 633914.37 E 2624821.31

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 10.2'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1623 hrs. : 4/3/16 @ 1624 hrs.
16. ELEVATION TOP OF BORING -20.9' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.2'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ] REMARITS denth of
- Drilling time, watt , deptl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # ( \Ee;%emz ‘g’fc eflf ‘;isgniﬁggm)o
] 0.0' TO -20.9' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
M
NN
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 " OCEAN BOTTOM AT -20.9' MLLW 00— Recovery, the difference is depicted as
-20.9 ' SP: Gray, poorly graded sand, fine -grained, trace S.1 | "Assumed Not Recovered".
shell fragments. —0.5'—
VIBRACORE BORING
From: 0.0' to 10.2'
Ran: 10.2' Rec: 6.9'
Core Run
10.2'
Recovery
67.6%
. LAB CLASSIFICATION
| S:2 |sample Lab [— % Content ------- [
: 1D Class. Shell #200 Fines Limestone
S-1 SP 0.1 2.1 0.1
S-2 SP-SM 0.1 5.5 0
S-3 SP 0 3.8 0
S-4 SP-SM 2.9 7.9 0.2
S-Bit SP-SM  77.7 6.6 0
NOTE: Soils are Visually Lab Classified in
| 60— Accordance with ASTM-D2487. Percent Passing
6', trace silt. s’_3 #200 Sieve and Percent Shell are Determined in
977 l_6.5—]Accordance with ASTM-D6913.
== — —6.8'—
_-27.8 /] — SP-SM: Gray, poorly graded sand with silt, fine S-4
] -grained, few shell fragments.
u Assumed Not Recovered.
8.0—
31.1 10.0; 10—
BOTTOM OF BOREHOLE AT 10.2 ft S-Bit _ _
| 07— (_10.2-10.7) Bit Sample Collected. SM gray fine
SOILS ARE FIELD VISUALLY CLASSIFIED IN silty sand and shell fragments.
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 10.2' below depth ocean
bottom.
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Boring Designation SS-16-V-10

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER
SS-16-V-10

LOCATION COORDINATES
N 632532.61 E 2627132.23

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES

: DISTURBED : UNDISTURBED
: 1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER

See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING

VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED

] INCLINED : - OF BORING 14/3/16 @ 1543 hrs. : 4/3/16 @ 1545 hrs.
6. THICKNESS OF OVERBURDEN 7.9’ 16. ELEVATION TOP OF BORING -28.3' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A

18. SIGNATURE AND TITLE OF INSPECTOR

8. TOTAL DEPTH OF BORING 7.9’ Jason Koenig, Geologist

elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling timZEv'\vAagfss depth of

(ML;'W) (fe;t) ¢ (Desc;lptlon) REC SAM?LE “ weathering', etc., if sigr‘1ificant)

0.0' TO -28.3' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than

, Recovery, the difference is depicted as
0.0 OCEAN BOTTOM AT -28.3 Ml.-LW 0.0— "Assumed Not Recovered".
-28.3 SP-SM: Dark gray, poorly graded sand with silt, S1
-| fine -grained, trace shells, few shell fragments, 05— VIBRACORE BORING
trace silt, shells and medium to coarse-grained From- 00 t0 7.9'
-| shell fragments, moist. Ran: 7.9' Rec: 8.6'
Core Run
7.9
2.0
Recovery
-30.9 . 1089% 1 ] LAB CLASSIFICATION
— SM: Gray, silty sand, fine -grained, some shell S
— -| fragments. |_5.—|Sample Lab — % Content ------- |
] ' 1D Class. Shell #200 Fines Limestone
. S-1 SP 02 4 0
— S-2 SM 20.7 124 0
a6 | A0 S-3  Not Tested
: - - —4.3— S-
N ML: Dark gray, silt, nonplastic, trace shell s-3 S Not Tested
— fragments, very stiff, dry. —4.8—{NOTE: Soils are Visually Lab Classified in
] Accordance with ASTM-D2487. Percent Passing
— #200 Sieve and Percent Shell are Determined in
— Accordance with ASTM-D6913.
6.0—
| L 70—
— 7', little shell fragments, hard, shell content é_4
N increases with depth. | 75—
-36.2 —

BOTTOM OF BOREHOLE AT 7.9 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM

(7.9-8.6) Vibracore sampling in excess of
penetration depth. Possible causes are;
pre-drive vibracore sampler settlement,
overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(8.6-9.1) Bit Sample Collected-Very stiff ML or
MH soil.

COMPLETION NOTE: Terminated hole at
refusal depth of 7.9' below depth ocean
bottom.
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Boring Designation SS-16-V-11

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

SS-16-V-11 N 632059.09 E 2628308.55 S/B SNELL Vibracore
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED I UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING i ee ~emarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 1129 hrs. : 4/4/16 @ 1129 hrs.
6. THICKNESS OF OVERBURDEN 6.4’ 16. ELEVATION TOP OF BORING -28.4' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. - 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 6.4' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Description) REC SAMITDLE # Weat%erinz , efc e ¢ ‘;isgniﬁigm)o
d
NN 0.0' TO -28.4' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
A NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
= . Recovery, the difference is depicted as
0.0 e QCEAN BOTTOM AT '28'4. MLLW 0.0—{ "Assumed Not Recovered".
-28.4 SP: Light gray, poorly graded sand, fine -grained, S1
trace shell fragments, moist. 05— VIBRACORE BORING
From: 0.0' to 6.4
Ran: 6.4' Rec: 5.2'
-30.0
— —1.6—
— SP-SM: Gray, poorly graded sand with silt, fine Cof_ﬁun S-2
2.0— | -| -grained, few shell fragments, trace clay, medium L 51—
N - {to coarse grained shell. %“ 23—
) | 2.3, trace shell fragments. ' s-3 LAB CLASSIFICATION
] L g
—. Sample Lab [------ % Content ------- |
] 1D Class. Shell #200 Fines Limestone
—3.5— -
- '| 3.5', Grayish tan to dark brown, silty fine sand, and 5_54 g% gE-SM gg ég 8
327 40— . Svheetzll fragments, medium to coarse grained shell, 40— 5.3 SM 0 156 0
: _] : —4.3— S-4 SM 52.6 125 0
_ CL: Dark gray, lean clay, medium plasticity, trace S5 | s- Not Tested
— shell fragments, some mica, few gravel with rock —4.8—
-33.6 ] fragments, stiff, weak cementation, contains NOTE: Soils are Visually Lab Classified in
| \calcareous siltstone rock fragments, dry. Accordance with ASTM-D2487. Percent Passing
- Assumed Not Recovered. #200 Sieve and Percent Shell are Determined in
6.0— Accordance with ASTM-D6913.
-34.8 ]
BOTTOM OF BOREHOLE AT 6.4 ft . .
(6.4-6.9) Bit Sample Collected-Very stiff CH
SOILS ARE FIELD VISUALLY CLASSIFIED IN soil.
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 6.4' below depth ocean
bottom.
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Boring Designation SS-16-V-12

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

Myrtle Beach, South Carolina

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-12 :

N 630661.07 E 2629920.07

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED I UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING i ee ~emarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 1148 hrs. : 4/4/16 @ 1150 hrs.
6. THICKNESS OF OVERBURDEN 11.8' 16. ELEVATION TOP OF BORING -35.5"' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. - 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 11.8' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling timZEv’\\/Aa?eerTosss depth of
(ML;'W) (fel;at) ¢ (Desc;lptlon) REC SAM':LE A weathering', etc., if sigr‘1ificant)
A 0.0' TO -35.5' WATER NOTE 1: Ocean Bottom elevation is referenced
NN to MLLW using verified tidal data from NOAA
= tide station #8661070 (Springmaid Pier, SC).
M
m OCEAN BOTTOM AT -35.5' MLLW NOTE 2: Top of vibracore is logged as being at
TR 0.0—{ " i
-35.5 0.0 " | SP-SM: Gray, poorly graded sand with silt, fine to S-1 ROcean Bog}omd..ﬁWhen F\’_undls gr;eeger than
-| medium -grained, some shell fragments, medium o ":coveryd Net RI’ erenceclﬁ epicted as
to coarse-grained shell, moist. ssumed Not kecovered'.
Core Run VIBRACORE BORING
20 118 From: 0.0'to 11.8'
' Recovery Ran: 11.8' Rec: 12.6'
106.8%
-38.5 —3.0—
—] SM: Dark gray, silty sand, fine to medium S'-2
— -| -grained, trace shell fragments, few wood, moist. >~
4.0—] LAB CLASSIFICATION
— Sample Lab [------ % Content ------- |
I 1D Class. Shell #200 Fines Limestone
] S-1 SP 428 48 0
6.0— - 59— S-2 SM 01 175 0
- 5.9, no wood. s3 [S3 sMm 0 222 0
— "7 sS4 SP 0 4.5 0
427 —] S-5 SP 0 0.3 0
: - - —7.2— g 2
SP: Gray to light gray, poorly graded sand, fine to sS4 S SW-SM 0 114 32.9
8.0 medium -grained. """ INOTE: Soils are Visually Lab Classified in
Accordance with ASTM-D2487. Percent Passing
#200 Sieve and Percent Shell are Determined in
Accordance with ASTM-D6913.
_95'_
10.0 S0
-47.2 .
273 SM: Dark gray to gray, silty sand, medium \_S-G_/
-grained, with silt strata or lenses. e (11.8-12.6) Vibracore sampling in excess of
BOTTOM OF BOREHOLE AT 11.8 ft penetration depth. Possible causes are;
pre-drive vibracore sampler settlement,
SOILS ARE FIELD VISUALLY CLASSIFIED IN overdrive, excessive hydraulic infill of
ACCORDANCE WITH THE UNIFIED SOIL surrounding material from bit vibration, or
CLASSIFICATION SYSTEM localized particle dispersion within sampler.
(12.6-13.1) Bit Sample Collected-Very stiff CH
soil.
COMPLETION NOTE: Terminated hole at
refusal depth of 11.8' below depth ocean
bottom
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Boring Designation SS-16-V-13

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

SS-16-V-13 N 629563.65 E 2631402.34 S/B SNELL Vibracore
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED I UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING i ee ~emarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1033 hrs. : 4/3/16 @ 1033 hrs.
6. THICKNESS OF OVERBURDEN 10.4' 16. ELEVATION TOP OF BORING -41.1' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. - 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.4' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR il ﬁmREvr\vA/?RrrTs denth of
(ML;_W) (fel;et) . (Description) REC SAMITDLE # Weat%erin; efc e ¢ ‘;isgﬁiﬁigm)o
d
A 0.0'TO -41.1' WATER NOTE 1: Ocean Bottom elevation is referenced
7 to MLLW using verified tidal data from NOAA
= tide station #8661070 (Springmaid Pier, SC).
M
o , NOTE 2: Top of vibracore is logged as being at
0.0 ] OCEAN BOTTOM AT -41.1 MLLW 0.0— "Ocean Bottom". When Run is greater than
-41.1 SP-SM: Gray, poorly graded sand with silt, fine to S-1 | Recovery, the difference is depicted as
420 -| medium -grained, and shell fragments, few shells, v "Assumed Not Recovered".
: _ =trace mica, moist. —0.9—
] .| SM: Dark brownish gray mottled with black, silty Core R _%;.2_ VIBRACORE BORING
43.0 - . | sand, fine -grained, some organics, trace clay, T From: 0.0' to 10.4'
2.0— \moist. 19— Ran: 10.4' Rec: 11.3'
- ML: Gray, sandy silt, nonplastic, trace fine sand, Recovery | S3 |
-] trace mica, soft, moist.
] —3.3—
] 3.3, Brownish gray, few organics.
o] oray 9 LS4 | LAB CLASSIFICATION
E Sample Lab [------ % Content ------- |
-46.2 ; D Class. Shell #200 Fines Limestone
SP-SM: Gray, poorly graded sand with silt, fine to _5'_1_ S:l SP 697 28 0
o ined. litle mi hell f | S5 | S-2 ML 1.2 509 0
-| medium -grained, little mica, trace shell fragments, 0.0 S.3 cL 0 85 0
-47.3 | 6.0 moist. | 6o S4 SM 0 33.2 0
SP: Gray, poorly graded sand, fine to medium s6 | S5 SP 0 2.7 0
-grained, little mica, moist. o S-6 SP 0 1.6 0
S-7 SP 0 0.8 0
NOTE: Soils are Visually Lab Classified in
8.0 Accordance with ASTM-D2487. Percent Passing
#200 Sieve and Percent Shell are Determined in
| o—Accordance with ASTM-D6913.
9', trace mica, trace shell fragments. S'-7
_97'_
10.0
-51.5
BOTTOM OF BOREHOLE AT 10.4 ft i o
(10.4-11_.3) Vibracore sqmpllng in excess of
SOILS ARE FIELD VISUALLY CLASSIFIED IN penetration depth. Possible causes are;
ACCORDANCE WITH THE UNIEIED SOIL pre-drive vibracore sampler settlement,
CLASSIFICATION SYSTEM overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized patrticle dispersion within sampler.
(11.3-11.8) Bit Sample Empty
COMPLETION NOTE: Terminated hole at
refusal depth of 10.4' below depth ocean
bottom.
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Boring Designation SS-16-V-14

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS-16-V-14 :

N 629082.96 E 2632730.3

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1010 hrs. : 4/3/16 @ 1010 hrs.
6. THICKNESS OF OVERBURDEN 10.5' 16. ELEVATION TOP OF BORING -33.1' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. - 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ~ REMARKS
oL | e | (Descrpton) REC BAVPLE (g e, wate s, tepth
d
NN 0.0' TO -33.1' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
= tide station #8661070 (Springmaid Pier, SC).
M
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 " OCEAN BOTTOM AT -33.1' MLLW 00— Recovery, the difference is depicted as
-33.1 ' SP-SM: Light gray, poorly graded sand with silt, S.1 | "Assumed Not Recovered".
-| fine -grained, trace shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.5'
Ran: 10.5' Rec: 8.6
Core Run
10.5'
2.0
-35.5 Recovnery | g
— SM: Gray, silty sand, fine -grained, some shell 81.9% S'-2
1 .| fragments, few shells, medium to coarse-grained L 50— LAB CLASSIFICATION
| shell, moist.
— Sample Lab [------ % Content ------- |
] | g D Class. Shell #200 Fines Limestone
40—} .[ 3.8, and shale fragments, fine to coarse-grained sg3 |S1 SP 06 15 0
— shell. S |S2 spsm 648 91 0
1 S-3 SM 46.1 18 0
— S- SP 233 1 0
0 NOTE: Soils are Visually Lab Classified in
— Accordance with ASTM-D2487. Percent Passing
6.0—| #200 Sieve and Percent Shell are Determined in
R Accordance with ASTM-D6913.
-40.7 I I
SP-SM: Gray, poorly graded sand with silt, fine to sS4
8.0 -| medium -grained, trace coarse sand, trace clay. 81—
-41.7
— Assumed Not Recovered.
10.0—]
-43.6 |
BOTTOM OF BOREHOLE AT 10.5 ft ,
(10.5-11) Bit Sample Empty
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-15

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-15 :

N 632270.12 E 2624983.32

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 10.1'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 0948 hrs. : 4/4/16 @ 0951 hrs.
16. ELEVATION TOP OF BORING -23.7' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.1'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

shell fragments, trace silt, moist.

eiev | peptH |Lecend FIELD CLASSIFICATION OF MATERIALS o CORE | BOX OR ol REMARKS oot of
- Drilling time, water s tl

(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , efc e ¢ ‘;isgniﬁigm)o
NN 0.0' TO -23.7" WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
i tide station #8661070 (Springmaid Pier, SC).
M
== NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than

0.0 ] OCEAN BOTTOM AT -23.7' MLLW - Recovery, the difference is depicted as
237 : SP: Gray, poorly graded sand, fine -grained, trace S-1 Assumed Not Recovered".

957 VIBRACORE BORING
From: 0.0'to 10.1"
Ran: 10.1' Rec: 9.0'

Core Run
10.1'
2.0
Recovery
89.1% | .|
o LAB CLASSIFICATION
_30'_
Sample Lab [------ % Content ------- |
1D Class. Shell #200 Fines Limestone
S-1 SP 0 0.9 0
4.0 S-2 SP 1.9 17 0
-28.1 | 44 S8 SP-SM 10.8 10.2 0
- SP-SM: Gray, poorly graded sand with silt, fine 5.3 | S4 SM 0.1 238 22
-28.7 | |-] -grained, few shell fragments, trace shells, moist. 5] S-5 SP-SM 225 11.6 0
— SM: Dark gray, silty sand, fine -grained, few shell S-4 S- Not Tested
— ‘| fragments, little silt, moist. ~>5|NOTE: Soils are Visually Lab Classified in
6.0—1 Accordance with ASTM-D2487. Percent Passing
e #200 Sieve and Percent Shell are Determined in
— —6.4— i R
—t ‘| 6.4', Light gray, fine -grained, silty sand, and shell 5_45 Accordance with ASTM-D6913.
-30.6 i fragments. | oo
— CL: Dark gray, lean clay, medium plasticity, trace S-6
] silt, trace shell fragments, very stiff. 74
8.0—]
-32.7 1
— Assumed Not Recovered.
-33.8 100
BOTTOM OF BOREHOLE AT 10.1 ft
(10.1-10.6) Bit Sample Collected-Very stiff CL.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 10.1' below depth ocean
bottom.
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Myrtle Beach, South Carolina

Boring Designation  SS-16-V-16
DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OoF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-16 :

N 631345.24 E 2627736.43

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

THICKNESS OF OVERBURDEN 10.5'

5. DIRECTION OF BORING : DEG FROM : BEARING

VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED

] INCLINED : - OF BORING 14/4/16 @ 1107 hrs. : 4/4/16 @ 1110 hrs.
6. 16. ELEVATION TOP OF BORING -25.1' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.5'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

trace shell fragments, moist.

elev | pEPTH | LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR (Drilling tim‘zEv’\\I"a/?gffss depth of

(ML;'W) (fel;at) ¢ (Desc;lptlon) REC SAM':LE “ weathering', etc., if siglllificant)
NN 0.0' TO -25.1' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
" tide station #8661070 (Springmaid Pier, SC).
M
NN
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than

0.0 " OCEAN BOTTOM AT -25.1' MLLW 00— Recovery, the difference is depicted as
-25.1 ' SP: Light gray, poorly graded sand, fine -grained, 5.1 | "Assumed Not Recovered".

_05'_
VIBRACORE BORING
From: 0.0'to 10.5'
Ran: 10.5' Rec: 10.1'

Core Run
10.5'
2.0 —2.0—
R y -
S62% |52 |
LAB CLASSIFICATION
Sample Lab [------ % Content ------- |
1D Class. Shell #200 Fines Limestone
-29.1 4.0 L 40— S-1 SP 05 06 0
’ s SP-SM: Gray, poorly graded sand with silt, fine s-3 | S2 SP 15 2.7 0
298 | |-| -grained, few shell fragments, moist. _3?:_ S-3 SP-SM 47 7.2 0
ML: Dark gray, silt, nonplastic, trace fine sand, S gg moi $es:eg
trace clay, soft, moist. 52— oo Ngt ngtgd
S-7 Not Tested
315 6.0 NOTE: Soils are Visually Lab Classified in
: - P ——6-4— Accordance with ASTM-D2487. Percent Passing
- | GP-GM: Dark gray, poorly graded gravel with silt, S-5 : . h
fine to coarse -grained, little rock fragments, dense, | 6.0—] iZOOrgler:/e an_(t:ihPAeéc_:re'\rA\tDsggil;re Determined in
contains gravel-sized angular siltstone fragments, ccordance wi = .
wet. —7.4—
-33.0 °| 1 7.4, cobbles, and rock fragments, siltstone. _§96_
8.0 CL: Dark gray, lean clay, medium plasticity, few S.7
silt, little rock fragments, very stiff, contains —g.4—]
gravel-sized siltstone fragments.
-35.2_|10.0
356 ] Assumed Not Recovered.

CLASSIFICATION SYSTEM

BOTTOM OF BOREHOLE AT 10.5 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL

(10.5-11) Bit Sample Collected-Very stiff CH.

COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-17

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER :
SS-16-V-17 :

LOCATION COORDINATES
N 630423.23 E 2628735.15

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES

: DISTURBED : UNDISTURBED
: 1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER

See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1430 hrs. : 4/3/16 @ 1430 hrs.
6. THICKNESS OF OVERBURDEN 10.5' 16. ELEVATION TOP OF BORING -29.1' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ~ REMARKS
oL | e | (Descrpton) REC SAVPLES (Oring e, wter o dept o
d
0.0'TO -29.1' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is _Iogged as being at
0.0 : OCEAN BOTTOM AT _29_]T MLLW 0.0 Ocean Bottom g When Run is greater than
-29.1 SP: Dark gray, poorly graded sand, fine -grained, s.1 | Recovery, the difference is depicted as
trace silt, trace shell fragments, trace shells, wet. —u.5— "Assumed Not Recovered".
VIBRACORE BORING
Core Run From: 0.0"to 10.5'
-31.1 10.5' Ran: 10.5' Rec: 11.8'
: - - - - —2.0—
20 SM: Dark gray, silty sand, fine -grained, little shell  |Recovery| g.o
-| fragments, contains coarse-grained shell, moist. 112.4% —z.5—
LAB CLASSIFICATION
-33.2 | 4.0 ____ L 41—{Sample Lab [— % Content ------- [
SP-SM: poorly graded sand with silt, fine s3 | ID Class. Shell #200 Fines Limestone
| -grained, moist. “°—]S1 SP-SM 07 52 0
—, .g'_
4.9', fine to medium -grained, trace silt strata or §_4 S-2 SP-SM 65 99 0
: |ensesl wet. —5.4— S-3 SP-SM 4.3 6.9 0
S-4 SP-SM 115 9.7 0
6.0 S-5 SP 238 22 0
- S- SP 16.2 0.1 0
= - - —6.7—
SP: Light gray, poorly graded sand, fine to s.5 |NOTE: Soils are Visually Lab Classified in
medium -g(alned, some shell fragments, fine to —-«—]Accordance with ASTM-D2487. Percent Passing
coarse-grained shell, moist. #200 Sieve and Percent Shell are Determined in
8.0 Accordance with ASTM-D6913.
_95'_
10.0 0
-39.6
BOTTOM OF BOREHOLE AT 10.5 ft . .
(10.5-11.3) Vibracore sampling in excess of
SOILS ARE FIELD VISUALLY CLASSIFIED IN penetration depth. Possible causes are;
ACCORDANCE WITH THE UNIEIED SOIL pre-drive vibracore sampler settlement,
CLASSIFICATION SYSTEM overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(11.8-12.3) Bit Sample Empty
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-18

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS-16-V-18 :

N 629420.97 E 2630211.48

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 8.9'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1111 hrs. : 4/3/16 @ 1112 hrs.
16. ELEVATION TOP OF BORING -32' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.5'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

FIELD CLASSIFICATION OF MATERIALS
(Description)
d

ELEV DEPTH |LEGEND
(MLLW) (feet)
a b c

0 REMARKS
/OF‘?S(?E Sli(l\jllél_og# (Drilling time, water loss, depth of
e f weathering, etc., if significant)

0.0' TO -32.0' WATER

N NOTE 1: Ocean Bottom elevation is referenced
= to MLLW using verified tidal data from NOAA
= tide station #8661070 (Springmaid Pier, SC).
M
o , NOTE 2: Top of vibracore is logged as being at
32 0.0 \/\/\ .OCEAN B.OTTOM AT '32_-0 MLLW 0.0—{ "Ocean Bottom". When Run is greater than
- — | -|* | SM: Dark gray, silty sand, fine -grained, trace S-1 | Recovery, the difference is depicted as
411 shell fragments, moist. —Vs— wassumed Not Recovered".
-33.3 = — - —13—| VIBRACORE BORING
li SP-SM: Dark gray, poorly graded sand with silt, CoreRun| g 5 | From: 0.0 to 10.5'
-33.9 20-_I= L fine -grained, trace shell fragments, moist. A 105 =10 Ran: 10.5' Rec: 11.6'
—1 | 7| |SM: Gray, silty sand, fine to medium -grained, Recovery| S-3 |
—.] 1."|trace shell fragments, moist. 110.5% '
ot . LAB CLASSIFICATION
E. '. . Sample Lab [------- % Content ------- |
— | .- 1D Class. Shell #200 Fines Limestone
_ | S-1 SM 2.6 35.2 0
= .| L 55— S-2 SP-SM 1.8 8.5 0
—. I sS4 | S-3 SP-SM 323 8.1 0
6.0— .| | v S-4  SP-SM 472 9.9 0
_ |- S- SP-SM 138 9 0
] '. . NOTE: Soils are Visually Lab Classified in
|| Accordance with ASTM-D2487. Percent Passing
I |- #200 Sieve and Percent Shell are Determined in
8.0—f.1 |- Accordance with ASTM-D6913.
-41.3 . | s
' | SP-SM: Light gray, poorly graded sand with silt, S'-5
10.0 -| fine to medium -grained, few silt strata or lenses, % .0
425 ’ fines content decreases with depth, moist.

CLASSIFICATION SYSTEM

BOTTOM OF BOREHOLE AT 10.5 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL

(10.5-11.6) Vibracore sampling in excess of
penetration depth. Possible causes are;
pre-drive vibracore sampler settlement,
overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(11.6-12.1) Bit Sample Empty

COMPLETION NOTE: Terminated hole at
refusal depth of 8.9' below depth ocean
bottom.
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Boring Designation SS-16-V-19

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER
SS-16-V-19

LOCATION COORDINATES
N 627898.2 E 2631504.67

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING . €e hemarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 0951 hrs. : 4/3/16 @ 0952 hrs.
6. THICKNESS OF OVERBURDEN 10.2' 16. ELEVATION TOP OF BORING -32.9'MLLW
7. DEPTH DRILLED INTO ROCK 0.0' 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.2' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ol REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , ef‘C e ¢ ‘;isgniﬁsgm)o
NN 0.0' TO -32.9' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
" tide station #8661070 (Springmaid Pier, SC).
M
M
NN NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 " OCEAN BOTTOM AT -32.9' MLLW 00— Recovery, the difference is depicted as
-32.9 ' SP-SM: Tan to gray, poorly graded sand with silt, S.1 | "Assumed Not Recovered".
-| fine -grained, trace shell fragments, —0.5—]
medium-grained shell, moist. VIBRACORE BORING
4.2 From: 0.0' to 10.2'
-34. ] - - - - - 13— Ran: 10.2' Rec: 10.2'
] SM: Dark gray, silty sand, fine -grained, little shell | o qun| S-2
— -| fragments, loose, wet. 10.2° |—1.8—
2.0—
- Recovery
- 100.0%
— LAB CLASSIFICATION
_ = —33— Sample Lab [— % Content ------- |
— 3.3, some shell fragments. | S3 | ID  Class. Shell #200 Fines Limestone
20— %¥71S1  Sp-sm 123 52 0
— S-2 SM 6.5 22.9 0
| S-3 SM 8.4 145 0
— S-4 SM 219 14 0
] S- SP 0.9 4 0
:' _254_ NOTE: Soils are Visually Lab Classified in
6.0— . |_% o—Accordance with ASTM-D2487. Percent Passing
R .| 6', fine to coarse -grained, sand. "~ |#200 Sieve and Percent Shell are Determined in
N Accordance with ASTM-D6913.
8.0—}
-41.7 1
SP-SM: Gray, poorly graded sand with silt, fine
-| -grained, little mica, few shell fragments, moist. 93—
S-5
—9.8—
-43.1 |10.0

BOTTOM OF BOREHOLE AT 10.2 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM

(10.2-10.7) Bit Sample Empty

COMPLETION NOTE: Terminated hole at
refusal depth of 10.2' below depth ocean
bottom.
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Boring Designation SS-16-V-20

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER : LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

] INCLINED

: VERTICAL

OF BORING

SS-16-V-20 N 630671.42 E 2626990.81 S/B SNELL Vibracore
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See Remarks
5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : 15. DATE TIME GROUP. STARTED . COMPLETED

14/4/16 @ 1031 hrs. : 4/4/16 @ 1032 hrs.

6. THICKNESS OF OVERBURDEN 10.4'

16. ELEVATION TOP OF BORING

-23.4' MLLW

7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.4' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Description) REC SAMITDLE # Weat%erinz , efc e g ‘;isgni ﬁigm)o
d
0.0' TO -23.4' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
0.0 OCEAN BOTTOM AT -23.4' MLLW 00— "Ocean Bottom". When Run is greater than
-23.4 : SP-SM: Light gray, poorly graded sand with silt, s.1 | Recovery, the difference is depicted as
-| fine -grained, trace shell fragments, moist. —ou.5— "Assumed Not Recovered".
VIBRACORE BORING
Core Run From: 0.0' to 10.4'
20 10.4' Ran: 10.4' Rec: 11.1'
' Recovery
106.7% —2.5—
S-2
3.0U—
LAB CLASSIFICATION
4.0 Sample Lab [— % Content ------- |
1D Class. Shell #200 Fines Limestone
S-1 SP 15 038 0
5 Gra —5.0— S-2 SP 06 08 0
L oray. | S3 |s3  sp 33 25 0
’ S-4 SP 16.6 4.7 0
6.0 S-5 SM 33 252 0
S- Not Tested
.[6.7', Dark gray, wet. _é'i_ NOTE: Soils are Visually Lab Classified in
7 s Accordance with ASTM-D2487. Percent Passing
#200 Sieve and Percent Shell are Determined in
-315 | 8.0 | g Accordance with ASTM-D6913.
] SM: Dark gray, silty sand, fine -grained, few silt S5
- -| strata or lenses, trace shell fragments, wet. 50—
100} Y
338 | 0]
BOTTOM OF BOREHOLE AT 10.4 ft . .
(10.4-11.1) Vibracore sampling in excess of
SOILS ARE FIELD VISUALLY CLASSIFIED IN penetration depth. Possible causes are;
ACCORDANCE WITH THE UNIEIED SOIL pre-drive vibracore sampler settlement,
CLASSIFICATION SYSTEM overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(11.1-11.6) Bit Sample Empty
COMPLETION NOTE: Terminated hole at
refusal depth of 10.4' below depth ocean
bottom.
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Boring Designation SS-16-V-21

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER
SS-16-V-21

LOCATION COORDINATES
N 629380.92 E 2628780.78

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER S K
5. DIRECTION OF BORING ! DEG FROM { BEARING . ee Remarks
<] VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : OF BORING :4/3/16 @ 1128 hrs. : 4/3/16 @ 1128 hrs.
6. THICKNESS OF OVERBURDEN 10.5' 16. ELEVATION TOP OF BORING -30.7" MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ~ REMARKS
(MLaII_W) (feﬁet) . (Desc;iption) REC SAMI:LE # (D\;;g;%émz ngctf’if'gis;i(f’isgm)of
N 0.0' TO -30.7" WATER NOTE 1: Ocean Bottom elevation is referenced
7 to MLLW using verified tidal data from NOAA
oA tide station #8661070 (Springmaid Pier, SC).
M
NN
= NOTE 2: Top of vibracore is logged as being at
0.0 === OCEAN BOTTOM AT -30.7' MLLW 0.0—] "Ocean Bottom". When Run is greater than
-30.7 : | | SP-SM: Dark gray, poorly graded sand with silt, 5.1 | Recovery, the difference is depicted as
-| fine -grained, few shell fragments, medium to —u.s— "Assumed Not Recovered".
coarse-grained shell, shell content increasing with
-| depth, moist. VIBRACORE BORING
-32.2 Core Run—1.5— From: 0.0'to 10.5'
1 SM: Dark gray, silty sand, fine -grained, trace T105 | S22 Ran: 10.5' Rec: 11.3'
20— -| shell fragments, trace clay, loose, moist. —zu—]
] Recovery
I 107.6%
— LAB CLASSIFICATION
40— Sample Lab [------ % Content ------- |
— 1D Class. Shell #200 Fines Limestone
35.7 - S-1 SP-SM 31 6 0
. — ML: Dark gray, silt, nonplastic, trace shell o0 52 SM 14 236 0
| ﬁgjments soft. ' | S3 | S3 Not Tested
] ! ' ‘ S- Not Tested
6.0—
_] NOTE: Soils are Visually Lab Classified in
] Accordance with ASTM-D2487. Percent Passing
] #200 Sieve and Percent Shell are Determined in
] Accordance with ASTM-D6913.
8.0—
: —85'_
— S-4
] L oo
10.0—
-41.2 —

BOTTOM OF BOREHOLE AT 10.5 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM

(10.5-11.3) Vibracore sampling in excess of
penetration depth. Possible causes are;
pre-drive vibracore sampler settlement,
overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(11.3-11.8) Bit sample collected-Soft MH.

COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-22

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

Myrtle Beach, South Carolina

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-22 :

N 628368.43 E 2630295.4

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED I UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING i ee ~emarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 0932 hrs. : 4/3/16 @ 0935 hrs.
6. THICKNESS OF OVERBURDEN 10.5' 16. ELEVATION TOP OF BORING -31.7' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling timZEv’\\/Aa/?gfss depth of
(ML;'W) (fel;at) ¢ (Desc;lptlon) REC SAM':LE A weathering', etc., if sigr‘1ificant)
] 0.0' TO -31.7" WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
i tide station #8661070 (Springmaid Pier, SC).
M
—— “Gtean Boomt When Run s areater than
R N N v .
317 0.0 Sp: LQCP:EAN BOTITOMdAdT '331"? MtLLW 0.0— Recovery, the difference is depicted as
: =E: Light gray, poorly graded sand, fine to S-1 | "Assumed Not Recovered".
medium -grained, few shell fragments, moist. —0.5—
VIBRACORE BORING
From: 0.0' to 10.5'
Core Run Ran: 10.5' Rec: 9.9'
105
2.0
Recovery
94.3%
-34.4 ] - - - T
] SM: Dark gray, silty sand, fine -grained, trace S-2
— .| shell fragments, moist. —3.2— LAB CLASSIFICATION
| Sample Lab [------ % Content ------- |
4.0— 1D Class. Shell #200 Fines Limestone
- . L 44— S-1 SP 278 1.9 0
— . | 4.4, Gray, medium -grained, some shell fragments, s-3 | S2 SC 7.3 24.3 0
1 .| medium to coarse-grained shell, wet. —a4.9— S-3 SP-SM 316 95 6.2
] S- SP-SM 9.3 84 0
- NOTE: Soils are Visually Lab Classified in
G-Oi. Accordance with ASTM-D2487. Percent Passing
—] #200 Sieve and Percent Shell are Determined in
. Accordance with ASTM-D6913.
400 | 80 —8.3—
SP-SM: Light gray, poorly graded sand with silt, sS4
-| fine to medium -grained, no shell fragments, trace —8.8—
mica, wet.
-41.6
10.0— Assumed Not Recovered
-42.2 —
BOTTOM OF BOREHOLE AT 10.5 ft . .
(10.5-11) Bit sample collected-contains MH
SOILS ARE FIELD VISUALLY CLASSIFIED IN soil, some sand.
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-23

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-23 :

N 630812.59 E 2625827.88

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 9.5'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 0948 hrs. : 4/4/16 @ 0951 hrs.
16. ELEVATION TOP OF BORING -26.6' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 9.5

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

FIELD CLASSIFICATION OF MATERIALS
(Description)
d

ELEV DEPTH |LEGEND
(MLLW) (feet)
a b c

0 REMARKS
/OF‘?S(?E Sli(l\jllél_og# (Drilling time, water loss, depth of
e f weathering, etc., if significant)

0.0' TO -26.6' WATER

OCEAN BOTTOM AT -26.6' MLLW

NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).

NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than

] ) ; ) *
266 | 00 - |"| | SP-SM: Light gray, poorly graded sand with silt, g._ol 'Efbtescs%vneq;yd mgt(égigevgz(ﬁ depicted as
| |-| fine -grained, few shells, trace shell fragments, —3.6—] ’
' M&a'”eﬂ*”- moist owsil S-2 | VIBRACORE BORING
. \(,)v.go,stvretgray, trace shell fragments, few silt, trace 1.1 From: 0.0 10 9.5
! : Core Run Ran: 9.5' Rec: 10.3'
9.5'
2.0
Recovery
108.4%
-29.8 | g | LAB CLASSIFICATION
— SM: Gray, silty sand, medium to coarse -grained, 53
1 -| few shell fragments, wet. —3.7— Sample Lab [------- % Content ------- |
4.0— 1D Class. Shell #200 Fines Limestone
. S-1 SP 16.9 0.6 0
— S-2 SP-SM 9.9 87 0
. | 5g—] S-3 SP-SM 38 6 0
— 5', fine -grained, silty sand, little shell fragments, g_04 S-4 SM 253 20.3 0
_ -| wet. —>55— S-5 GC 155 144 46.8
6.0 S-6 Not Tested
- 1. |6.1', some shell fragments, moist. g_l5 S Not Tested
' H - —
l .| 6-4', and shell fragments, moist. S-6 |NOTE: Soils are Visually Lab Classified in
— 697 Accordance with ASTM-D2487. Percent Passing
—_ #200 Sieve and Percent Shell are Determined in
— Accordance with ASTM-D6913.
8.0—
-35.0 ] | g4
— CL: Dark gray, lean clay, nonplastic, trace silt, S.7
] trace fine sand, trace mica, stiff, few shell —8.9—
36.1 — fragments.

CLASSIFICATION SYSTEM

BOTTOM OF BOREHOLE AT 9.5 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL

(9.5-10.3) Vibracore sampling in excess of
penetration depth. Possible causes are;
pre-drive vibracore sampler settlement,
overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(10.3-10.8) Bit Sample Collected-Very stiff ML
or CL soil.

COMPLETION NOTE: Terminated hole at
refusal depth of 9.5' below depth ocean
bottom.
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Boring Designation SS-16-V-24

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS-16-V-24 :

N 630023.12 E 2626198.36

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 10.5'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 1010 hrs. : 4/4/16 @ 1010 hrs.
16. ELEVATION TOP OF BORING -26.5' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.5'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ~ REMARKS
MLLW) |- (feet . (Desc;iption) REC  |SAMPLE 4 (DVUQQ%QLTAZ ngctf’”'gis;ﬁi(f’iigm)of
0.0' TO -26.5 WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
0.0 OCEAN BOTTOM AT -26.5' MLLW 00— Recovery, the difference is depicted as
-26.5 ’ SP: Light gray, poorly graded sand, fine -grained, 5.1 | "Assumed Not Recovered".
trace shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.5'
Ran: 10.5' Rec: 9.0
Core Run
105
-286 | 2.0 o]
SP-SM: Light gray to gray, poorly graded sand %\l S
-| with silt, fine -grained, trace shell fragments, moist. L Se
LAB CLASSIFICATION
3', Dark gray, little shell fragments. Sample Lab T % Content - |
D Class. Shell #200 Fines Limestone
4.0 S-1 SP 9.2 01 0
S-2 SP 34 15 0
S-3 SP-SM 6.3 10.5 0
S- SP 47 4 0
_50'_
S-3 |NOTE: Soils are Visually Lab Classified in
55 Accordance with ASTM-D2487. Percent Passing
6.0 #200 Sieve and Percent Shell are Determined in
’ Accordance with ASTM-D6913.
: - . —7.9—
8.0 | 7.9, Light gray mottled with gray, few shell S
fragments. —g.4—]
-35.5
— Assumed Not Recovered.
10.0—
-37.0 —
BOTTOM OF BOREHOLE AT 10.5 ft .
(10.5-11) Bit Sample Empty
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation

SS-16-V-25

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

] INCLINED

: VERTICAL

OF BORING

2. HOLE NUMBER : LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL
SS-16-V-25 N 629229.45 E 2627252.34 S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0

4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : 15. DATE TIME GROUP. STARTED . COMPLETED

14/3/16 @ 1412 hrs. : 4/3/16 @ 1412 hrs.

16. ELEVATION TOP OF BORING

-25.1' MLLW

6. THICKNESS OF OVERBURDEN 10.3'
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , o e ¢ ‘;isgniﬁigm)o
] 0.0' TO -25.1' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
M
M
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 " OCEAN BOTTOM AT -25.1' MLLW 00— Recovery, the difference is depicted as
-25.1 ’ SP-SM: Light tan to light gray, poorly graded sand 5.1 | "Assumed Not Recovered".
-| with silt, fine -grained, trace shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.5'
Ran: 10.5' Rec: 7.8’
Core Run
105
2.0
Recovery
74.3%
LAB CLASSIFICATION
’| 3.2, Gray to tan. _222_ Sample Lab [------ % Content ------- |
I 37— ID Class. Shell #200 Fines Limestone
4.0 S-1 SP 3 1.6 0
S-2 SP-SM 53 6.2 0
-29.7 | e S-3 Not Tested
— ML: Dark gray, silt, nonplastic, trace shell s3 | S4 Not Tested
] fragments, soft, moist. 51— S- Not Tested
- NOTE: Soils are Visually Lab Classified in
-31.1 6.0 ] L 6.0—] Accordance with ASTM-D2487. Percent Passing
B SM: Dark gray, silty sand, fine to medium S.4 |#200 Sieve and Percent Shell are Determined in
1 -| -grained, little shell fragments, wet. | 6 Accordance with ASTM-D6913.
:. 7.1', Light gray to gray, silty fine sand, and shell
32,9 —. .| fragments.
8.0— Assumed Not Recovered.
— —8.8—
] S-5
] —9.3—
10.0—]
-35.6 —
BOTTOM OF BOREHOLE AT 10.5 ft .
(10.5-11) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.3' below depth ocean
bottom.
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Boring Designation SS-16-V-26

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-26 :

N 628512.07 E 2628167.6

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1147 hrs. : 4/3/16 @ 1147 hrs.
6. THICKNESS OF OVERBURDEN 10.5' 16. ELEVATION TOP OF BORING -27" MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. - 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , efc e ¢ ‘;isgniﬁigm)o
] 0.0' TO -27.0' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
M
M
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 " OCEAN BOTTOM AT -27.0' MLLW 00— Recovery, the difference is depicted as
-27 ’ SP: Light gray, poorly graded sand, fine to 5.1 | "Assumed Not Recovered".
medium -grained, little shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.5'
Ran: 10.5' Rec: 10.0
Core Run
10.5'
2.0
Recovery
95.2%
—2.7—
2.7, Light gray to dark grayish tan, trace silt. S0 LAB CLASSIFICATION
3 |sample Lab [— % Content ------- |
1D Class. Shell #200 Fines Limestone
4.0 S-1 SP 58 04 0
-31.3 | 45| S2 SP 9.7 32 0
MH: Brown, elastic silt, nonplastic, soft, moist. s3 | S3 Not Tested
—a8— S-4 Not Tested
S- Not Tested
-32.8 - NOTE: Soils are Visually Lab Classified in
SM: Dark gray, silty sand, fine to medium > _Accordgnce with ASTM-D2487. Percent Passing
6.0 .| “grained t?ac)é she)I/I fragments. _%34_ #200 Sieve and Percent Shell are Determined in
’ ’ Accordance with ASTM-D6913.
-34.4 ]
SP-SM: Gray, poorly graded sand with silt, fine to S'-5
8.0 -| medium -grained, and shell fragments, fine to —7.9—]
: coarse-grained shell.
-37.0
10.0— Assumed Not Recovered.
-37.5 —
BOTTOM OF BOREHOLE AT 10.5 ft .
(10.5-10) Bit Sample Empty
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-27

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS-16-V-27 :

N 629368.43 E 2629409.17

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 0912 hrs. : 4/3/16 @ 0912 hrs.
6. THICKNESS OF OVERBURDEN 10.5' 16. ELEVATION TOP OF BORING -31.4'MLLW
7. DEPTH DRILLED INTO ROCK 0.0' 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ] REMARITS denth of
- Drilling time, wat , deptl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # ( \;/Ielz:t%emz ‘g’fc eflf ‘;isgniﬁigm)o
NN 0.0' TO -31.4' WATER NOTE 1: Ocean Bottom elevation is referenced
7 to MLLW using verified tidal data from NOAA
= tide station #8661070 (Springmaid Pier, SC).
M
= NOTE 2: Top of vibracore is logged as being at
0.0 OCEAN BOTTOM AT -31.4' MLLW 00—] ‘Ocean Bottom". When Run is greater than
-31.4 : SP: Light gray, poorly graded sand, fine -grained, S1 Recovery, the difference is depicted as
trace shell fragments, moist. —u.5— "Assumed Not Recovered".
VIBRACORE BORING
Core Run From: 0.0"to 10.5'
20 10.5' Ran: 10.5' Rec: 11.2'
' Recovery
106.7%
-34.8 —3.4— LAB CLASSIFICATION
— " | - | | SM: Dark gray, silty sand, fine to medium S
4.0—1F | -| -grained, some shell fragments, trace shells, sy —] Sample Lab — % Content —--- |
—1 | -|* | medium to coarse-grained shell, wet. D Class. Shell #200 Fines Limestone
I S-1 SP 104 14 0
— | S-2 SW-SM 20.1 11.8 0
11 S-3 SP-SC 57.7 10.1 0
i S- SP 0.7 37 0
6.0—.] 1. = —6.0—
—1 7| °|" |6 Gray, some shell fragments, no shells. S-3 |NOTE: Soils are Visually Lab Classified in
1.1 1. [~ °°7 | Accordance with ASTM-D2487. Percent Passing
] ’ #200 Sieve and Percent Shell are Determined in
.00 Accordance with ASTM-D6913.
80—-|.]-
-41.0 10 —9.6—
- " | SP-SM: Light gray, poorly graded sand with silt, sS4
10.0 | |-| fine -grained, trace silt strata or lenses, trace shell —10.L'—
-41.9 1 | fragments, trace mica, 2" thick silt lens at 10.5',
moist. . N
(10.5-11.2) Vibracore sampling in excess of
BOTTOM OF BOREHOLE AT 10.5 ft penetration depth. Possible causes are;
pre-drive vibracore sampler settlement,
SOILS ARE FIELD VISUALLY CLASSIFIED IN overdrive, excessive hydraulic infill of
ACCORDANCE WITH THE UNIFIED SOIL surrounding material from bit vibration, or
CLASSIFICATION SYSTEM localized particle dispersion within sampler.
(11.2-11.7) Bit Sample Empty
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-28

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-28 :

N 629073.62 E 2622336.82

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

Geotechnical Section

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 0908 hrs. : 4/4/16 @ 0909 hrs.
6. THICKNESS OF OVERBURDEN 10.5' 16. ELEVATION TOP OF BORING -25.3' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. . 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling tiszv’\vA;?gTosss depth of
(ML;'W) (fel;at) ¢ (Description) REC SAM':LE A weathering', etc., if siglllificant)
d
0.0' TO -25.3' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
0.0 OCEAN BOTTOM AT -25.3' MLLW 00— Recovery, the difference is depicted as
-25.3 ’ SP: Light gray to tan, poorly graded sand, fine 5.1 | "Assumed Not Recovered".
-grained, little shell fragments, trace silt, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.5'
Ran: 10.5' Rec: 9.9'
Core Run
10.5'
2.0 - L5 o—]
2', Gray, few shell fragments. Recovery| §.2
943% | Hg |
28.4 . LAB CLASSIFICATION
SP-SM: Gray, poorly graded sand with silt, fine s3 Sample Lab [— % Content ------- [
-grained, few shell fragments, moist. —36— ID Class. Shell #200 Fines Limestone
4.0 S-1 SP 5 4.9 0
S-2 SP 4 2.8 0
S-3 SP-SM 8.2 7.7 0
-30.2 | 49| S4 SC 2.3 39 0
ML: Dark gray, sandy silt, nonplastic, little fine sa4 | S SM 02 143 0
sand, trace shell fragments, very soft, wet. 54—
NOTE: Soils are Visually Lab Classified in
6.0 Accordance with ASTM-D2487. Percent Passing
’ #200 Sieve and Percent Shell are Determined in
Accordance with ASTM-D6913.
-33.6 8.0 | g3
] SM: Dark gray to gray, silty sand, fine -grained, S'-5
— -| some silt strata or lenses, no shell fragments, 88—
] contains silt filled worm burrows, wet.
-35.2 |
10.0—
BOTTOM OF BOREHOLE AT 10.5 ft .
(10.5-11) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
Drafted By: Kelley Kaltenbach Reviewed By: Kelley Kaltenbach
Date Drafted:4/29/2016 Date Checked: 6/9/2016
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Boring Designation SS-16-V-29

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-29 :

N 627761.94 E 2627016.22

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 10.4'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1209 hrs. : 4/3/16 @ 1210 hrs.
16. ELEVATION TOP OF BORING -29' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.4'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

FIELD CLASSIFICATION OF MATERIALS
(Description)
d

ELEV DEPTH |LEGEND
(MLLW) (feet)
a b c

0 REMARKS
A)F%?gE Sli(l\jllél_og# (Drilling time, water loss, depth of
e f weathering, etc., if significant)

0.0' TO -29.0' WATER

OCEAN BOTTOM AT -29.0' MLLW

NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).

NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than

- - 0.0— ; ) =
-29 0.0 SP: Tan to light gray, poorly graded sand, fine 5.1 | Recovery, the difference is depicted as
-grained, few shell fragments, moist. —u.5— "Assumed Not Recovered".
VIBRACORE BORING
Core Run From: 0.0' to 10.4'
10.4' Ran: 10.4' Rec: 10.4'
— —2.0—
2.0 2', Gray, trace silt, little shell fragments. Recovery| .2
317 100.0% :5:7>|:
] ML: Dark gray, sandy silt, nonplastic, few fine s3
n sand, soft, wet. .
- W > LAB CLASSIFICATION
4.0—] Sample Lab [------ % Content ------- |
— 1D Class. Shell #200 Fines Limestone
] S-1 SP 7.5 18 0
— S-2 SP 121 36 0
— S-3 ML 19 547 0
] S- SP-SM  65.8 6.1 0
6.0—|
356 _] NOTE: Soils are Visually Lab Classified in
) SM G it d fine t ai ned —6.6— Accordance with ASTM-D2487. Percent Passing
. =M Lray, Siity sand, fine to meadium -grained, S-4 _|#200 Sieve and Percent Shell are Determined in
_l -| some shell fragments, medium to coarse-grained 1| Accordance with ASTM-D6913
] shell, wet. -
8.0—|
10.0—
-39.4 ]
BOTTOM OF BOREHOLE AT 10.4 ft .
(10.4-10.9) Bit Sample Empty
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM )
COMPLETION NOTE: Terminated hole at
refusal depth of 10.4' below depth ocean
bottom.

Drafted By: Kelley Kaltenbach
Date Drafted:4/28/2016

Wilmington District
Geotechnical Section

Reviewed By: Kelley Kaltenbach
Date Checked: 6/9/2016
VERSION: Final

SAW FORM 1836-A (VIBRACORE BORING)
JUNE 2016

Boring Designation SS-16-V-29 SHEET 10f1



Boring Designation SS-16-V-30

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT ] ] ] 9. COORDINATE SYSTEM ! HORIZONTAL ! VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW
Myrtle Beach, South Carolina 10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL
2. HOLE NUMBER  LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL
SS-16-V-30 © N 626066.28 E 2629978.3 S/B SNELL Vibracore
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING . €e hemarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 0853 hrs. : 4/3/16 @ 0854 hrs.
6. THICKNESS OF OVERBURDEN 7.9' 16. ELEVATION TOP OF BORING -30.1' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 7.9’ Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , efc e ¢ ‘;isgniﬁggm)o
0.0' TO -30.1' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
\ R , the diff i ict
OCEAN BOTTOM AT -30.1' MLLW | F ecovery, the difference is depicted as
0.0 . - 0.0 'Assumed Not Recovered".
-30.1 SP: Light gray, poorly graded sand, fine to S1
medium -grained, few shell fragments, moist. 05— VIBRACORE BORING
From: 0.0'to 7.9'
Ran: 7.9' Rec: 9.1'
Core Run
7.9
2.0
Recovery
115.2% LAB CLASSIFICATION
— - —3.0— Sample Lab [------ % Content ------- |
3, fine -grained. s-2 | ID Class. Shell #200 Fines Limestone
—35— S-1 SP 5.3 1.2 0
S-2 SP 131 23 0
4.0 S-3 SP 189 0.1 0
S-4 SP-SM 256 115 0
S- Not Tested
NOTE: Soils are Visually Lab Classified in
Accordance with ASTM-D2487. Percent Passing
#200 Sieve and Percent Shell are Determined in
6.0 | 6o Accordance with ASTM-D6913.
’ 6', Light gray to gray, fine -grained, trace silt, few S'-3
shell fragments. | 6.5—]
-37.5 ]
— SM: Gray, poorly graded gravel with silt, fine S'-4
-38.0 — .| -grained, silty sand, and shell fragments, few rock 79—
fragments, some silt, contains fine to ) —_
oarse-grained shell and siltstone fragments, wet. &g:t)f;t)ic\)/r:bégg?ge sgsn;?tl)llggcg]ug)ége:rse _Of
BOTTOM OF BOREHOLE AT 7.9 ft pre-drive vibracore sampler settlement,’
—9.0— overdrive, excessive hydraulic infill of
S'(Z\I(I:_g g‘sg AFI\IIEZLEDV?//IITSIEIJ#LHLEYUCI\II_IIAZISESDIFSIEOIIDLIN S-5_ | surrounding material from bit vibration, or
CLASSIFICATION SYSTEM localized particle dispersion within sampler.
(9.1-9.6) Bit sample collected-contains very
stiff MH soil.
COMPLETION NOTE: Terminated hole at
refusal depth of 7.9' below depth ocean
bottom.
Drafted By: Kelley Kaltenbach Reviewed By: Kelley Kaltenbach
Date Drafted:4/5/2016 Date Checked: 6/9/2016
Wilmington District VERSION: Final
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Boring Designation  SS-16-V-31
DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OoF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

Myrtle Beach, South Carolina

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-31 :

N 629833.93 E 2623570.85

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED I UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING i ee ~emarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 0850 hrs. : 4/4/16 @ 0850 hrs.
6. THICKNESS OF OVERBURDEN 10.5' 16. ELEVATION TOP OF BORING -23.1'MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , o e ¢ ‘;isgniﬁigm)o
] 0.0' TO -23.1' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
M
M
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 " OCEAN BOTTOM AT -23.1' MLLW 00— Recovery, the difference is depicted as
-23.1 ’ SP: Light gray to tan, poorly graded sand, fine 5.1 | "Assumed Not Recovered".
-grained, trace shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.5'
Ran: 10.5' Rec: 8.7
Core Run
105
2.0 . —2.0—
2', few shell fragments, trace silt. Recovery| g.2
829% | Hg |
LAB CLASSIFICATION
Sample Lab [------ % Content ------- |
270 1D Class. Shell #200 Fines Limestone
: —3.9— S-
4.0 SP-SM: Gray, poorly graded sand with silt, fine s-3 g% gg g; i'3 8
| -grained, trace shell fragments, moist. :3,2:: 53 SP-SM 41 9.7 0
4.6', Dark gray, few shell fragments. sS4 | S4 SP 8 5 0
: | 51— S-5 Not Tested
S- Not Tested
6.0 NOTE: Soils are Visually Lab Classified in
’ Accordance with ASTM-D2487. Percent Passing
-29.7 | 6—|#200 Sieve and Percent Shell are Determined in
MH: Tan to gray, sandy elastic silt, nonplastic, 5.5 [Accordance with ASTM-D6913.
little fine sand, trace shell fragments, very soft, wet. 71—
-31.3 8.0 P
SP-SM: Gray, poorly graded sand with silt, fine S'—6
-31.8 ] L-grained, trace shell fragments, moist. A —8.7—
—] Assumed Not Recovered.
10.0—]
-33.6 —
BOTTOM OF BOREHOLE AT 10.5 ft .
(10.5-11) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-32

Myrtle Beach, South

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

Carolina

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

SS-16-V-32

LOCATION COORDINATES
N 628574.12 E 2624569.31

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED I UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING i ee ~emarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1346 hrs. : 4/3/16 @ 1346 hrs.
6. THICKNESS OF OVERBURDEN 10.3' 16. ELEVATION TOP OF BORING -27.9' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.3' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling timZEv’\vAagfss depth of
(ML;'W) (fe;t) ¢ (Desc;lptlon) REC SAM?LE “ weathering', etc., if sigr‘1ificant)

0.0' TO -27.9' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than

0.0 O(_:EAN BO'I_'TOM AT -27.9' MLLW 0.0 Becovery, the difference is depicted as
-27.9 SP-SM: Dark greenish gray, poorly graded sand S1 Assumed Not Recovered".
-| with silt, fine -grained, trace shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.3'
Ran: 10.3' Rec: 10.3'
Core Run
10.3'
2.0 P - . . —2.0—
*| 2', Light gray, fine to medium -grained, sand, and  |Recovery| g.2
| | shell fragments, fine to coarse-grained shell, wet. 100.0% |_p 5
’ LAB CLASSIFICATION
Sample Lab [------ % Content ------- |
1D Class. Shell #200 Fines Limestone
-32.0 | 40 ] S-1 SP 36 2 0
SM: Light gray, silty sand, fine to medium g3 |32 SPSM 34 78 0
.| “grained, and shell fragments, few shells, fine to - 46— S3 SP 776 3 0
coarse-grained shell, wet. S- Not Tested
S- Not Tested
NOTE: Soils are Visually Lab Classified in
-33.9 6.0 _ : | 60— Accordgnce with ASTM-D2487. Percent P_assir_lg
MH: Dark gray, elastic silt with sand, nonplastic, S. |#200 Sieve and Percent Shell are Determined in
trace fine sand, soft, wet. |6 5—]Accordance with ASTM-D6913.
8.0
-36.5 | ge
SM: Dark gray, silty sand, fine to medium ’
| -| -grained, trace shell fragments, few shells, medium 91—
- | to coarse-grained shells.
-38.2 10.0
BOTTOM OF BOREHOLE AT 10.3 ft (10.3-10.8) Bit S le Emot
.3-10.8) Bit Sample Empty
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL

CLASSIFICATION SYSTEM )

COMPLETION NOTE: Terminated hole at
refusal depth of 10.3' below depth ocean
bottom.

Wilmington District
Geotechnical Section

Drafted By: Kelley Kaltenbach
Date Drafted:4/29/2016

Reviewed By: Kelley Kaltenbach
Date Checked: 6/9/2016
VERSION: Final

SAW FORM 1836-A (VIBRACORE BORING)

JUNE 2016

Boring Designation SS-16-V-32 SHEET 10f1



Boring Designation SS-16-V-33

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

Myrtle Beach, South Carolina

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-33 :

N 627669.45 E 2625472.41

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator
5. DIRECTION OF BORING : DEG FROM “BEARING 14. ELEVATION GROUND WATER See Remarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 0000 hrs. : 4/3/16 @ 0000 hrs.
6. THICKNESS OF OVERBURDEN 10.4' 16. ELEVATION TOP OF BORING -29.6"' MLLW
7. DEPTH DRILLED INTO ROCK 0.0' 17. TOTAL CORE RECOVERY FOR BORING  N/A
. . 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.4' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling timZEv’\vAa/?gfss depth of
(ML;'W) (fe;t) ¢ (Desc;lptlon) REC SAM?LE A weathering', etc., if sigr‘1ificant)
NN 0.0 TO -29.6' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
= tide station #8661070 (Springmaid Pier, SC).
NN
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 — OCEAN BOTTOM AT -29.6' MLLW 00— Recovery, the difference is depicted as
-29.6 -] .|" | SM: Gray, silty sand, fine -grained, little shell S.1 | "Assumed Not Recovered".
I | -| fragments, wet. —0.5—
ah ; —0.7—
;. |. 0.7, Light glray t?j'dark gray, some §he(|j| frﬁgltl‘nents, S-2 \é:(?rﬁéoc_g?oEl%aBING
=-1.7- trace gravel, medium to coarse-grained shell. —12— Ran: 10.4' Rec: 9.0'
— | - Core Run
—. .1 10.4'
2.0—
- 1 Recovery
= 86.5%
—+ 11" LAB CLASSIFICATION
111 Sample Lab [— % Content ------- |
-1 | D Class. Shell #200 Fines Limestone
40—+ 11 S1  SP-SM 6.2 119 0
— : S-2 SP-SM  14.3 10.2 0
_ 17 - . —a5— S-3 SM 456 134 0
—1-1|-|" | 4.5 Gray, fine -grained, few shell fragments. s3 | s4 SM 322 135 0
I 1.7 50— S- SP-SM 3 6.2 0
— R NOTE: Soils are Visually Lab Classified in
6.0 : Accordance with ASTM-D2487. Percent Passing
B 17 62 fnet i ined hell L—6.2—{#200 Sieve and Percent Shell are Determined in
— | -|" | 5.4, Tine to medium -grained, some she S-4 |Accordance with ASTM-D6913.
- | -| fragments, fine to coarse-grained shell. 67—
-37.8 80— | .|- | o
SP: Light gray, poorly graded sand, fine to S5
-38.3 — medium -grained, trace mica, wet. A 57—
—] Assumed Not Recovered.
10.0—
-40.0 1
BOTTOM OF BOREHOLE AT 10.4 ft .
(10.4-10.9) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.4' below depth ocean
bottom.
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Boring Designation SS-16-V-34

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-34 :

N 626048.4 E 2628566.51

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 0832 hrs. : 4/3/16 @ 0832 hrs.
16. ELEVATION TOP OF BORING -28.3' MLLW

o

THICKNESS OF OVERBURDEN 9.2'

17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR

7. DEPTH DRILLED INTO ROCK 0.0'

8. TOTAL DEPTH OF BORING 9.2' Jason Koenig, Geologist

Elev | pEPTH | LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ~ REMARKS
N (Descrion) REC SAVPLES (Oring e, wter o dept o
d
0.0' TO -28.3' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
, R , the diff i ict
OCEAN BOTTOM AT -28.3' MLLW | F ecovery, the difference is depicted as
0.0 . - 0.0 'Assumed Not Recovered".
-28.3 SP: Light gray to tan, poorly graded sand, fine S-1
-grained, trace shell fragments, moist. 05— VIBRACORE BORING
From: 0.0' to 9.2
Ran: 9.2' Rec: 7.1'
Core Run
9.2’
2.0 e - . . —2.0—
2', Light gray, fine to medium -grained. Recovery| g.2
2% L e LAB CLASSIFICATION
Sample Lab [------ % Content ------- |
1D Class. Shell #200 Fines Limestone
S-1 SP 15 0 0
| g9 S2 SP 144 1 0
4.0 3.9', Gray, fine -grained, trace silt, few shell s3 |S3 sP 85 3.1 0
fragments. L 44— S- SP 16.3 4.2 0
NOTE: Soils are Visually Lab Classified in
-33.6 Accordance with ASTM-D2487. Percent Passing
: y —5-3—#200 Sieve and Percent Shell are Determined in
SP-SM: Gray to dark gray, poorly graded sand S-4 .
-| with silt, fine -grained, some shell fragments, |5, |Accordance with ASTM-D6913.
6.0 medium to coarse-grained shell.
-35.4
N Assumed Not Recovered
8.0
-37.5 ]
BOTTOM OF BOREHOLE AT 9.2 ft . .
(9.2-9.7) Bit sample collected-contains rock
SOILS ARE FIELD VISUALLY CLASSIFIED IN fragments.
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 9.2' below depth ocean
bottom.

Reviewed By: Kelley Kaltenbach
Date Checked: 6/9/2016
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Boring Designation SS-16-V-35

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER : LOCATION COORDINATES
SS-16-V-35 i N 629538.22 E 2621223.77

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES

: DISTURBED : UNDISTURBED
: 1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

] INCLINED

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL :

14. ELEVATION GROUND WATER

See Remarks

: VERTICAL

15. DATE TIME GROUPR. STARTED
OF BORING :

: COMPLETED

14/4/16 @ 0828 hrs. : 4/4/16 @ 0829 hrs.

16. ELEVATION TOP OF BORING

-23.8' MLLW

6. THICKNESS OF OVERBURDEN 10.5'
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 10.5' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR (oriling timZEv’\\/Aa?(?rlTosss denth of
(ML;'W) (fel;at) ¢ (Desc;lptlon) REC SAM':LE “ weathering', etc., if sigﬁificgnt)
. 0.0' TO -23.8' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
" tide station #8661070 (Springmaid Pier, SC).
M
M
= NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0 ] OCEAN BOTTOM AT -23.8' MLLW 00— Recovery, the difference is depicted as
-23.8 ' SP: Light gray, poorly graded sand, fine -grained, S.1 | "Assumed Not Recovered".
trace silt, few shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.5'
Ran: 10.5' Rec: 9.9'
Core Run
10.5'
2.0
Recovery
943% | 55|
%02 LAB CLASSIFICATION
Sample Lab [------ % Content ------- |
1D Class. Shell #200 Fines Limestone
4.0 S-1 SP 54 16 0
S-2 SP 3.8 18 0
-28.3 i i _ —a5— S-3 Not Tested
CH: Bluish gray mottled with gray, fat clay, high s3 | s- Not Tested
plasticity, few fine sand, few shell fragments, soft, 50—
shell content increases with depth, wet. NOTE: Soils are Visually Lab Classified in
Accordance with ASTM-D2487. Percent Passing
6.0 #200 Sieve and Percent Shell are Determined in
’ Accordance with ASTM-D6913.
-30.6 —6.8—
— SM: Light gray, silty sand, fine -grained, trace S-4
I -| medium sand, some shell fragments, medium to 73—
| coarse-grained shell.
8.0—
-33.7 —
10.0— Assumed Not Recovered.
-34.3 —
BOTTOM OF BOREHOLE AT 10.5 ft .
(10.5-11) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.
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Boring Designation SS-16-V-36

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-36 :

N 628604.38 E 2623346.67

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 10.2'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1327 hrs. : 4/3/16 @ 1328 hrs.
16. ELEVATION TOP OF BORING -26.8' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.2'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ~ REMARKS
oW | e (Descpion REC BAVPLE (g e, wate s, tepth
d
. 0.0' TO -26.8' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
" tide station #8661070 (Springmaid Pier, SC).
M
NN
= NOTE 2: Top of vibracore is logged as being at
] "Ocean Bottom". When Run is greater than
0.0 ] OCEAN BOTTOM AT -26.8' MLLW 00— Recovery, the difference is depicted as
-26.8 ' SP: Dark gray, poorly graded sand, fine -grained, S.1 | "Assumed Not Recovered".
trace shell fragments, moist. L 05—]
VIBRACORE BORING
From: 0.0' to 10.2'
Ran: 10.2' Rec: 9.8'
Core Run
10.2'
2.0 A P
Besoven| S-2 |
-29.8 . LAB CLASSIFICATION
— gﬂ?lﬁdDggl;tg:ﬁzi,S?éndy silt, nonplastic, trace fine _253_ Sample Lab T % Content - |
- ' ' i D Class. Shell #200 Fines Limestone
40— S1 SP 61 28 0
— S-2 SP-SM 4.6 6.4 0
] S-3 Not Tested
-31.7 — | 49| S4 Not Tested
] SM: Dark gray, silty sand, fine -grained, silty sa4 | S Not Tested
— -| sand, and shell fragments, medium to | 54—
— coarse-grained shell, moist. NOTE: Soils are Visually Lab Classified in
6.0—1 Accordance with ASTM-D2487. Percent Passing
B #200 Sieve and Percent Shell are Determined in
1 Accordance with ASTM-D6913.
T 6.7', some shell fragments, shell content decreases g’_75
—r ‘| with depth. —7.2—
8.0—
-36.6 ]
-37.0 [10.0— Assumed Not Recovered.
BOTTOM OF BOREHOLE AT 10.2 ft . )
(10.2-10.7) Bit Sample Collected-SM silty
SOILS ARE FIELD VISUALLY CLASSIFIED IN sand, few shells.
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 10.2' below depth ocean
bottom.
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Boring Designation SS-16-V-37

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-37 :

N 628452.47 E 2620776.25

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 9.9'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 0809 hrs. : 4/4/16 @ 0810 hrs.
16. ELEVATION TOP OF BORING -26.1' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 9.9'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

Elev | pEPTH | LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling timZEv'\vAagfss depth of
(ML;'W) (fel;at) ¢ (Desc;lptlon) REC SAM':LE “ weathering', etc., if sigr‘1ificant)

0.0' TO -26.1' WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than

OCEAN BOTTOM AT -26.1' MLLW 00— Recovery, the difference is depicted as
-26.1 SP: Light gray to tan, poorly graded sand, fine 5.1 | "Assumed Not Recovered".
-grained, trace shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 9.9'
Ran: 9.9' Rec: 9.9'
Core Run
9.9’
Recovery
100.0% | 55|
2.5’ Gray. S-2 LAB CLASSIFICATION
-29.5 _ | 34—|Sample Lab [— % Content ------- [
SP-SM: Gray, poorly graded sand with silt, fine s3 | ID Class. Shell #200 Fines Limestone
-| -grained, trace shell fragments, moist. 39— S-1 SP 37 2 0
-30.3 : : A— 42— S2 SP 42 34 0
— SM: Gray, silty sand, fine -grained, silty sand, and s-4 | s-3 SP-SM 8 8.4 0
1 -| shell fragments, medium to coarse-grained shell, —a47— 5.4 SP-SM  37.2 8:2 0
— wet. S5 SP-SM 387 6.1 0
I —53— S- Not Tested
— S-5
6.0 —3>8—|NOTE: Soils are Visually Lab Classified in
e Accordance with ASTM-D2487. Percent Passing
I #200 Sieve and Percent Shell are Determined in
] Accordance with ASTM-D6913.
8.0—
-34.6 — | oo |
MH: Dark gray, elastic silt, nonplastic, few shell S6
fragments, soft, wet. —9.0—]
-36.0
BOTTOM OF BOREHOLE AT 9.9 ft .
(9.9-10.4) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL

CLASSIFICATION SYSTEM .

COMPLETION NOTE: Terminated hole at
refusal depth of 9.9' below depth ocean
bottom.

Drafted By: Kelley Kaltenbach
Date Drafted:4/29/2016
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Boring Designation SS-16-V-38

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER : LOCATION COORDINATES
SS-16-V-38 : N627501.75 E 2622333.83

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 10.5'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/3/16 @ 1308 hrs. : 4/3/16 @ 1309 hrs.
16. ELEVATION TOP OF BORING -28.7' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 10.5'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ~ REMARKS
(MLLW) |- (fee . (Description) REC [SAMPLE # e e o o
d
0.0' TO -28.7" WATER NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).
NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
0.0 OCEAN BOTTOM AT -28.7' MLLW 00— Recovery, the difference is depicted as
-28.7 ’ SP: Gray, poorly graded sand, fine -grained, trace 5.1 | "Assumed Not Recovered".
silt, trace shell fragments, moist. —0.5—]
VIBRACORE BORING
From: 0.0' to 10.5'
Ran: 10.5' Rec: 10.5'
Core Rlun
307 {50 — 0 ]
SP-SM: Gray, poorly graded sand with silt, fine Recovery| §.2
-| -grained, few shell fragments, medium-grained 100.0% |5 5|
shell, moist. LAB CLASSIFICATION
-32.2 | o] Sample Lab [------ % Content ------- |
] SM: Gray, silty sand, fine -grained, silty sand, and s3 | B Class. Shell #200 Fines Limestone
4.0—1 -| shell fragments, medium to coarse-grained shell, L 20— S-1 SP 31 23 0
— moist. S-2 SP 9.9 42 0
1 S-3 SP-SM 345 6.1 0
— S- SP 05 24 0
_ NOTE: Soils are Visually Lab Classified in
- Accordance with ASTM-D2487. Percent Passing
6.0—| #200 Sieve and Percent Shell are Determined in
R Accordance with ASTM-D6913.
-36.4 — L ]
8.0 SP: Gray, poorly graded sand, fine to medium S'—4
’ -grained, trace silt, trace shell fragments, fine to L—go—]
medium-grained shell, wet.
10.0
-39.2
BOTTOM OF BOREHOLE AT 10.5 ft .
(10.5-11) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 10.5' below depth ocean
bottom.

Drafted By: Kelley Kaltenbach
Date Drafted:4/28/2016
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Boring Designation

SS-16-V-39

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NADS3 : MLLW

Myrtle Beach, South Carolina

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-39 :

N 626538.78 E 2623957.93

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES

: DISTURBED : UNDISTURBED
: 1 : 0

NAME OF DRILLER

13. TOTAL NUMBER CORE BOXES 0

Prescott Pahl-Snell Crane Operator

5.

14. ELEVATION GROUND WATER

See Remarks

DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL :

: VERTICAL
] INCLINED :

15. DATE TIME GROUPR. STARTED
OF BORING :

14/3/16 @ 1248 hrs. : 4/3/16 @ 1249 hrs.

: COMPLETED

16. ELEVATION TOP OF BORING

-30.3' MLLW

6. THICKNESS OF OVERBURDEN 7.2'
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 7.2’ Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling timZEv’\vAagfss depth of
(ML;'W) (fe;t) ¢ (Desc;lptlon) REC SAM?LE A weathering', etc., if sigr‘1ificant)
NN 0.0 TO -30.3' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
M
A NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
0.0~ jm—{ _ OCEAN BOTTOM AT -30.3 MLLW 00— “Assumed Not Recoveredr. + o
-30.3 ’ SP-SM: Grayish green, poorly graded sand with S1 ’
. Silt, fine —gl’ained, moist. —0.5— VIBRACORE BORING
From: 0.0'to 7.2
Ran: 7.2' Rec: 5.9'
Core Run
7.2
-32.4 2.0 —2.1—
MH: Dark gray, elastic silt, nonplastic, with fine %‘l sS-2
sand, trace shell fragments, soft, wet. S e LAB CLASSIFICATION
Sample Lab [------ % Content ------- |
1D Class. Shell #200 Fines Limestone
S-1 SP 99 42 0
S-2 Not Tested
4.0 S-3 Not Tested
351 NOTE: Soils are Visually Lab Classified in
: - - - - —4.8— i - i
— SM: Dark gray, silty sand, medium -grained, little s-3 Qgggrg{:\nce W'éhPASTMtDSZhA'%7' Pelgce{‘nt P_aszlr_lg
-] -| shell fragments, medium to coarse-grained shell | ca | Ieve and Fercen el are Determined in
| wet ' ' 5.3—Accordance with ASTM-D6913.
-36.2 -
6.0—] Assumed Not Recovered.
-37.5 ]
BOTTOM OF BOREHOLE AT 7.2 ft . .
(7.2-7.7) Bit Sampled Collected-Soft MH soll,
SOILS ARE FIELD VISUALLY CLASSIFIED IN few shells.
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM
COMPLETION NOTE: Terminated hole at
refusal depth of 7.2' below depth ocean
bottom.

Drafted By: Kelley Kaltenbach
Date Drafted:4/28/2016
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Boring Designation SS-16-V-40

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-40 :

N 625046.36 E 2627701.45

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER

See Remarks

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL :

: VERTICAL

] INCLINED

15. DATE TIME GROUPR. STARTED
OF BORING :

: COMPLETED

14/3/16 @ 0805 hrs. : 4/3/16 @ 0806 hrs.

o

THICKNESS OF OVERBURDEN 8.9'

16. ELEVATION TOP OF BORING

-31.3' MLLW

17. TOTAL CORE RECOVERY FOR BORING

N/A

7. DEPTH DRILLED INTO ROCK 0.0'

8. TOTAL DEPTH OF BORING 8.9'

Jason Koeni

18. SIGNATURE AND TITLE OF INSPECTOR

, Geologist

FIELD CLASSIFICATION OF MATERIALS
(Description)
d

ELEV
(MLLW)
a

DEPTH
(feet)
b c

LEGEND

% CORE | BOX OR
REC [SAMPLE #
e f

REMARKS
(Drilling time, water loss, depth of
weathering, etc., if significant)

0.0' TO -31.3' WATER

OCEAN BOTTOM AT -31.3' MLLW

0.0'—

0.0

-31.3 SP: Gray, poorly graded sand, fine -grained, trace

silt, trace shell fragments, wet.

2.0

4.0

-37.0

SP-SM: Gray, poorly graded sand with silt, fine to
-| medium -grained, few shell fragments,
medium-grained shell, wet.

6.0

8.0

8.3', some shell fragments, few silt, medium to

-40.2 -1 coarse grained-shell, grades vertically into fine

sand and shell fragments, wet.

—0.0—

Core Run
8.9'

Recovery
138.2%

NOTE 1: Ocean Bottom elevation is referenced
to MLLW using verified tidal data from NOAA
tide station #8661070 (Springmaid Pier, SC).

NOTE 2: Top of vibracore is logged as being at
"Ocean Bottom". When Run is greater than
Recovery, the difference is depicted as
"Assumed Not Recovered".

VIBRACORE BORING
From: 0.0'to 8.9'
Ran: 8.9' Rec: 12.3'

—3.5—]

—a.0—

—-5.7—]
S-3

—o..—

LAB CLASSIFICATION

Sample Lab
Class.

[------ % Content ------- |
Shell #200 Fines Limestone
SP 6.9 2.2 0
SP 3.5 2.7 0
SP 9.5 2.3 0
SP-SM 20.7 7.1 0.3
SP-SM 345 8.1 0.8

[}

S-

nuununun
HAOwWN P

NOTE: Soils are Visually Lab Classified in
Accordance with ASTM-D2487. Percent Passing
#200 Sieve and Percent Shell are Determined in
Accordance with ASTM-D6913.

_83'_
S-4

—5.5—

BOTTOM OF BOREHOLE AT 8.9 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM

—10.7—
S-5

—LlL.2—]

(8.9-12.3) Vibracore sampling in excess of
penetration depth. Possible causes are;
pre-drive vibracore sampler settlement,
overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(10.7-11.2) Sampled material from excessive
recovery. Lab classified SP-SM fine sand and
shell fragments, few wet medium grained
shells.

(12.3-12.8) Bit sample collected-contains rock
fragments.

COMPLETION NOTE: Terminated hole at

refusal depth of 8.9' below depth ocean
bottom.

Drafted By: Kelley Kaltenbach
Date Drafted:4/5/2016
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Boring Designation SS-16-V-41

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-41 :

N 629937.89 E 2629447.43

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

o

THICKNESS OF OVERBURDEN 11.1'

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 1252 hrs. : 4/4/16 @ 1253 hrs.
16. ELEVATION TOP OF BORING -30' MLLW

7. DEPTH DRILLED INTO ROCK 0.0'

17. TOTAL CORE RECOVERY FOR BORING  N/A

8. TOTAL DEPTH OF BORING 11.1'

18. SIGNATURE AND TITLE OF INSPECTOR
Jason Koenig, Geologist

elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR oriling timZEv’\\/Aeﬁ(?rlTosss depth of
(ML;'W) (fel;at) ¢ (Desc;lptlon) REC SAM':LE A weathering', etc., if sigr‘1ificant)
NN 0.0' TO -30.0' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
i tide station #8661070 (Springmaid Pier, SC).
M
M
= NOTE 2: Top of vibracore is logged as being at
] f "Ocean Bottom". When Run is greater than
30 0.0 — = _OCEA.N BOTTOM AT -30.0' MLLW 00— Recovery, the difference is depicted as
- — " | - | | SM: Gray, silty sand, fine to medium -grained, few S-1 | "Assumed Not Recovered"
1 -| shell fragments, medium to coarse-grained shell, —0.5— ’
. wet. VIBRACORE BORING
— From: 0.0'to 11.1"
] Core Run Ran: 11.1' Rec: 9.9'
— 111
2.0— : - . . . —2.0—
—. .| 2', little shell fragments, little silt, medium to Recovery| g.2
] coarse-grained shell. 89.2%
| LAB CLASSIFICATION
. —3.5—
] Sample Lab [------ % Content ------- |
40— D Class. Shell #200 Fines Limestone
] S-1 SM 446 175 0
— . - . —4.6— S-2 SP-SC 46.2 111 0
— _’| 4.6', some shell fragments, medium to s3 | s3 SM 164 16.4 0
] coarse-grained shell. —51— g SP-SM 8 9.1 0
:. NOTE: Soils are Visually Lab Classified in
6.0—] Accordance with ASTM-D2487. Percent Passing
—1 #200 Sieve and Percent Shell are Determined in
| Accordance with ASTM-D6913.
-37.5 | ]
SP: Gray, poorly graded sand, fine to medium sS4
8.0 -grained, trace silt, trace shell fragments, fine to —8.0—
medium-grained shell, wet.
-39.9
10.0— Assumed Not Recovered.
-41.1 —
BOTTOM OF BOREHOLE AT 11.1 ft .
(11.1-11.6) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM .
COMPLETION NOTE: Terminated hole at
refusal depth of 11.1' below depth ocean
bottom.

Drafted By: Kelley Kaltenbach
Date Drafted:4/29/2016
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Boring Designation SS-16-V-42

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 2 SHEETS
1. PROJECT ] ] ] 9. COORDINATE SYSTEM ! HORIZONTAL ! VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NAD83 : NADS3 : MLLW
Myrtle Beach, South Carolina 10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL
2. HOLE NUMBER  LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL
SS-16-V-42 © N 628469.13 E 2625747.1 S/B SNELL Vibracore
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING . €e hemarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : -l OF BORING 14/4/16 @ 1320 hrs. : 4/4/16 @ 1321 hrs.
6. THICKNESS OF OVERBURDEN 19' 16. ELEVATION TOP OF BORING -28.3' MLLW
7. DEPTH DRILLED INTO ROCK 0.0' 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 19.0' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR | REMARITS denth of
- Drilling time, wat , deptl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # ( M'I'e;%emz ‘g’?c f’if‘;isgniﬁsgm)o
NN 0.0 TO -28.3' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
M
A NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
00| _OCEANBOTTOM AT 283 MLLW g Focoveny; the diferonce s depiced a5
-28.3 ’ - || | SP-SM: Light gray to tan, poorly graded sand with S'-l ’
-| silt, fine -grained, trace shell fragments, moist. 05— VIBRACORE BORING
From: 0.0' to 19.0
Ran: 19.0' Rec: 20.0'
Core Run
19.0'
2.0 e
-30.7 AN %\{ 2.4"
_] SM: Dark gray, silty sand, fine -grained, trace = S LAB CLASSIFICATION
- -| shell fragments, moist. L2 o—|
— 9 29|sample Lab [— % Content ------- [
1 —33— ID Class. Shell #200 Fines Limestone
_| sS-3 | S-1 SP 1.8 2.4 0
- —3.8—] S-2 SP-SM 1.3 7.8 0
4-0j S-3 SM 1.5 15.9 0
_ s S-4 Not Tested
— 4.5', some shell fragments, fine to coarse-grained e, | S5 Not Tested
- .| shell X 9 S4 156  Not Tested
] : 5971 S-7  Not Tested
— S-8 Not Tested
— S-9 Not Tested
T S-10  Not Tested
6.0—
— NOTE: Soils are Visually Lab Classified in
| Accordance with ASTM-D2487. Percent Passing
— #200 Sieve and Percent Shell are Determined in
— Accordance with ASTM-D6913.
8.0; R ) . —8.0—
— .| 8', little shell fragments, fine to coarse-grained S-5
N shell. | 85—
— ) . —10.0—
10.0 — -| 10", few shell fragments, medium to coarse-grained S-6
] shell. | 10.5—
12011 1.
Drafted By: Kelley Kaltenbach Reviewed By: Kelley Kaltenbach
Date Drafted:4/29/2016 Date Checked: 6/10/2016
Wilmington District VERSION: Final
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Boring Designation

SS-16-V-42

BOTTOM OF BOREHOLE AT 19.0 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM

INSTALLATION SHEET 2
DRILLING LOG (Cont Sheet) Surfside Borrow Site OF 2 SHEETS
PROJECT COORDINATE SYSTEM ! HORIZONTAL ! VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane NADS3 MLLW
LOCATION COORDINATES ELEVATION TOP OF BORING
N 628469.13 E 2625747.1 -28.3'
Elev | pEPTH | LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS donth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , efc e ¢ ‘;isgniﬁigm)o
120
-40.6 ] —12.3—
SP-SM: Gray, poorly graded sand with silt, fine to S-'7
-| medium -grained, few clay strata or lenses, trace | 108
silt strata or lenses, trace organics.
14.0
—15.6—
16.0 _iff._
18.0
’ — . ) —18.6—
473 18.6', Light gray mottled with dark gray, fine s-9
* —T\-grained, no shell fragments. / —yoyp—

—19.6—
S-10

—zu.u—]

(19-20) Vibracore sampling in excess of
penetration depth. Possible causes are;
pre-drive vibracore sampler settlement,
overdrive, excessive hydraulic infill of
surrounding material from bit vibration, or
localized particle dispersion within sampler.
(20-20.5) Bit Sample Collected-Very stiff CH
soil.

COMPLETION NOTE: Terminated hole at
refusal depth of 19.0' below depth ocean
bottom.
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Boring Designation SS-16-V-43

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 2 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

Myrtle Beach, South Carolina

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

HOLE NUMBER

: LOCATION COORDINATES
SS5-16-V-43 :

N 627635.02 E 2624560.4

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

LS
©

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED : UNDISTURBED
USACE, Wilmington District : 1 : 0
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 0
Prescott Pahl-Snell Crane Operator 12 ELEVATION GROUND WATER See R K
5. DIRECTION OF BORING : DEG FROM : BEARING . €e hemarks
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : - OF BORING 14/4/16 @ 1336 hrs. : 4/4/16 @ 1338 hrs.
6. THICKNESS OF OVERBURDEN 19.9' 16. ELEVATION TOP OF BORING -28.1' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
. . 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 19.9' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS denth of
- Drilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , o e ¢ ‘;isgniﬁigm)o
NN 0.0' TO -28.1' WATER NOTE 1: Ocean Bottom elevation is referenced
1 to MLLW using verified tidal data from NOAA
] tide station #8661070 (Springmaid Pier, SC).
M
A NOTE 2: Top of vibracore is logged as being at
NN "Ocean Bottom". When Run is greater than
oA , Recovery, the difference is depicted as
0.0 e OCEAN BOTTOM AT -28.1 MLI.-W_ 0.0— "Assumed Not Recovered".
-28.1 SP-SM: Gray to tan, poorly graded sand with silt, S1
-| fine -grained, trace shell fragments, moist. 05— VIBRACORE BORING
From: 0.0' to 19.9'
Ran: 19.9' Rec: 16.5'
Core Run
19.9'
2.0
Recovery
-30.7 . 829% | ] LAB CLASSIFICATION
— SM: Gray, silty sand, silty fine sand, and shells, S
—1 1 | -|little silt, predominantly consists of shell hash, fine |3, |Sample Lab [------- % Content ------|
] - | to coarse-grained shell, wet. 1D Class. Shell #200 Fines Limestone
. . S-1 SP 2.9 15 0
— S-2 SP-SM 182 11.2 0
40— S-3 SM 36.4 26.1 0
| S-4 Not Tested
—1. S- Not Tested
. NOTE: Soils are Visually Lab Classified in
— Accordance with ASTM-D2487. Percent Passing
it #200 Sieve and Percent Shell are Determined in
6 0; | 6o Accordance with ASTM-D6913.
- S-3
] —6.5—
8.0—
-37.6 — | e
SP: Gray, poorly graded sand, fine to medium S'-4
10.0 -grained, no shell fragments, few clay strata or | 10.0—
lenses, wet.

B
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Boring Designation SS-16-V-43

DRILLING LOG (Cont Sheet)

INSTALLATION
Surfside Borrow Site

SHEET 2
OF 2 SHEETS

PROJECT
Garden City-Surfside Storm Damage Reduction Project

COORDINATE SYSTEM

. HORIZONTAL . VERTICAL

NAD83 MLLW

State Plane
LOCATION COORDINATES ELEVATION TOP OF BORING
N 627635.02 E 2624560.4 -28.1'
Elev | pEPTH | LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR Oriling REMARlTS donth of
- rilling time, water s tl
(ML;_W) (fel;et) . (Desc;lptlon) REC SAMITDLE # Weat%erinz , efc e ¢ ‘;isgniﬁggm)o
e SP: Gray, poorly graded sand, fine to medium
-grained, no shell fragments, few clay strata or
lenses, wet.
—13.0—
S-5
—13.5—
14.0
16.0
-44.6
N Assumed Not Recovered.
18.0—
-48.0 _
BOTTOM OF BOREHOLE AT 19.9 ft )
(19.9-20.4) Bit Sample Empty.
SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM )
COMPLETION NOTE: Terminated hole at
refusal depth of 19.9' below depth ocean
bottom.
Wilmington District
Geotechnical Section
SAW FORM 1836-A (VIBRACORE BORING) Boring Designation SS-16-V-43 SHEET 2 of 2

JUNE 2016



Boring Designation SS-16-V-44

Myrtle Beach, South Carolina

DIVISION INSTALLATION SHEET 1
DRILLING LOG South Atlantic Division Surfside Borrow Site OF 2 SHEETS
1. PROJECT 9. COORDINATE SYSTEM . HORIZONTAL . VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane - SC NADS83 NAD83 : MLLW

10. SIZE AND TYPE OF BIT4" Bit & Hydraulic Vibracore S/B SNELL

2. HOLE NUMBER

: LOCATION COORDINATES
SS-16-V-44 :

N 629552.51 E 2622060.07

11. MANUFACTURER'S DESIGNATION OF DRILL
S/B SNELL Vibracore

3. DRILLING AGENCY
USACE, Wilmington District

12. TOTAL SAMPLES : DISTURBED : UNDISTURBED

1 : 0

4. NAME OF DRILLER
Prescott Pahl-Snell Crane Operator

13. TOTAL NUMBER CORE BOXES 0

14. ELEVATION GROUND WATER See Remarks

[+5)
o>}

5. DIRECTION OF BORING : DEG FROM : BEARING
VERTICAL : VERTICAL : 15. DATE TIME GROUP. STARTED : COMPLETED
] INCLINED : OF BORING :4/4/16 @ 1400 hrs. : 4/4/16 @ 1401 hrs.
6. THICKNESS OF OVERBURDEN 15' 16. ELEVATION TOP OF BORING -23' MLLW
7. DEPTH DRILLED INTO ROCK 0.0" 17. TOTAL CORE RECOVERY FOR BORING  N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 15.0' Jason Koenig, Geologist
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR ~ REMARKS
(MLLW) |- (fee . (Description) REC [SAMPLE # e e o o
d g9
NN 0.0'TO -23.0' WATER NOTE 1: Ocean Bottom elevation is referenced
= to MLLW using verified tidal data from NOAA
NN tide station #8661070 (Springmaid Pier, SC).
M
M
h ] NOTE 2: Top of vibracore is logged as being at
7 "Ocean Bottom". When Run is greater than
" Recovery, the difference is depicted as
M
N "Assumed Not Recovered".
0.0 b——— OCEAN BOTTOM AT -23.0' MLLW 00—
-23 ' SP: Light gray to tan, poorly graded sand, fine s.1 | VIBRACORE BORING
-grained, trace silt, wet. .| From:0.0'to 15.0'
957 Ran: 15.0' Rec: 14.5'
Core Run
20 15.0' LAB CLASSIFICATION
Recovery Sample Lab [— % Content ------- [
—25— ID Class. Shell #200 Fines Limestone
S-2 | s1 SP 17 12 0
30— S-2 SP 16 28 0
S-3 SP-SM 33 75 0
S-4 Not Tested
S- Not Tested
4.0 NOTE: Soils are Visually Lab Classified in
Accordance with ASTM-D2487. Percent Passing
#200 Sieve and Percent Shell are Determined in
Accordance with ASTM-D6913.
-28.6 | co
] SM: Gray, silty sand, fine -grained, few shell sS3
6.0— -| fragments, medium to coarse-grained shell, wet. | e
-30.8 ] I
8.0 MH: Dark gray, elastic silt, nonplastic, trace fine sS4
sand, no shell fragments, soft. | ey

B
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Boring Designation

SS-16-V-44

BOTTOM OF BOREHOLE AT 15.0 ft

SOILS ARE FIELD VISUALLY CLASSIFIED IN
ACCORDANCE WITH THE UNIFIED SOIL
CLASSIFICATION SYSTEM

INSTALLATION SHEET 2
DRILLING LOG (Cont Sheet) Surfside Borrow Site OF 2 SHEETS
PROJECT COORDINATE SYSTEM * HORIZONTAL  : VERTICAL
Garden City-Surfside Storm Damage Reduction Project State Plane NADS3 MLLW
LOCATION COORDINATES ELEVATION TOP OF BORING
N 629552.51 E 2622060.07 -23'
elev | pEPTH |LEGEND FIELD CLASSIFICATION OF MATERIALS % CORE | BOX OR o REMARITS denth of
- Drilling time, water s tl
(MLaII_W) (fel;et) . (Description) REC SAMITDLE # Weat%erinz , ef‘C fif‘;isgniﬁigm)o
d
100
= MH: Dark gray, elastic silt, nonplastic, trace fine
sand, no shell fragments, soft.
—11.0—
S-5
—11.5—
12.0
14.0
-37.5
Assumed Not Recovered.
-38.0

(15-15.5) Bit Sample Collected-Very soft CH

soil.

COMPLETION NOTE: Terminated hole at
refusal depth of 15.0' below depth ocean

bottom.

Wilmington District
Geotechnical Section

SAW FORM 1836-A (VIBRACORE BORING)

JUNE 2016

Boring Designation SS-16-V-44

SHEET 2 of 2



ATTACHMENT 2: LAB GRADATION DATA
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TABLE 1
SUMMARY OF LABORATORY TESTING RESULTS
FOR GRAIN SIZE ANALYSIS

USACE WILMINGTON DISTRICT
GARDEN CITY/SURFSIDE COASTAL STORM DAMAGE REDUCTION PROJECT
CATLIN PROJECT NO. 216044

I\?SSIIBI\IIE?? SANMELE DE(th’)T H SHO/EOLL % LS [ USCS DG(?T/]?;N 34 | 3/8 | #4 #7 | #10 | #14 | #18 | #25 | #35 | #45 | #60 | #80 | #120 | #170 | #200 | #230
SS-16-V-01 S-1 0.0-0.5 6.9 0 SP 0.2/0.2/0.3 |100.0(100.0{100.0| 99.7 1 99.3 | 98.7 [ 979 96.5| 89.5| 75.1 | 48.3 | 122 40 | 26 | 25 | 24
SS-16-V-01 S-2 2.0-2.5 0 0 SP 0.2/0.2/0.1 ]100.0(100.0/100.0f 99.7 1 99.5| 99.1| 98.8 | 98.3| 97.2| 94.7| 87.0| 47.2| 126 | 50 | 46 | 4.3
SS-16-V-02 S-1 0.0-0.5 0 0 SP 0.3/0.2/0.1 |100.0(100.0{100.0] 99.7 1 99.5| 99.0 | 98.4 | 97.4| 942845614 (211 51 | 24 | 23 | 2.2
SS-16-V-02 S-2 1.8-2.3 0.3 0 |SP-SM| 0.2/0.1/0.1 |[100.0/100.0 99.7 | 99.5|99.2|98.9|98.4|97.7]|96.4 | 93.7]869([595]16.7| 56 | 51 | 4.9
SS-16-V-03 S-1 0.0-0.5 0.1 0 SP 0.3/0.2/0.2 ]100.0(100.0| 99.9 [ 99.3 | 98.7 | 97.6 | 96.1 | 92.8 | 83.9| 68.3 | 43.7 | 13.1| 43 | 2.7 | 26 | 2.6
SS-16-V-03 S-2 2.0-2.5 2.8 0 SP 0.3/0.2/0.1 ]100.0(100.0| 99.9 [ 99.7 1 99.4 | 99.0 | 985| 97.2| 93.0| 81.9| 59.3|199| 56 | 3.0 [ 29 | 2.8
SS-16-V-03 S-3 3.5-4.0 0.6 1.4 SP 0.2/0.2/0.1 |100.0( 98.1 | 98.0 | 97.7 ] 97.2 | 96.6 | 96.0 | 95.0| 93.3 | 90.2 | 80.9 | 429 105| 36 | 3.3 | 3.1
SS-16-V-03 S-4 4.3-4.8 0.6 0 SC NA 100.01 945 94.2(93.8 | 93.5]92.7]| 922 | 91.6 | 90.4 | 88.5| 84.1| 64.4| 459 | 40.3 | 39.9 | 39.5
SS-16-V-03 S-5 53-58 [ 385 0 SM NA 9951943879 |825]| 765|723 (689(659|633]|614|585(38.2(196| 175|174 | 17.2
SS-16-V-04 S-1 0.0-0.5 2.0 0 SM NA 100.0|1 98.3 | 98.0 [ 97.2 | 96.8 | 96.4 | 95.8 | 94.8 | 93.3 | 91.3 | 87.2 | 68.9 | 48.8 | 40.4 | 39.7 | 39.3
SS-16-V-04 S-2 1.0-1.5 0 0 SM NA 100.0/100.0{100.0( 99.9 | 99.8 |1 99.7 |1 995 99.2| 989 | 984 ]| 96.1 | 62.6 | 28.4 | 20.2 | 19.4 | 19.0
SS-16-V-04 S-3 3.0-3.5 0 35.6 GM NA 100.0| 76.0 | 64.4 [ 59.0 | 56.5 | 54.4 | 52.7 | 51.1 | 49.4 | 475 | 44.7 | 35.7 | 27.9 | 23.6 | 22.7 | 21.8
SS-16-V-05 S-1 0.0-0.5 0 0.1 SP 0.2/0.2/0.1 ]100.0(100.0| 99.9 [ 99.7 1 99.5| 99.0 | 98.3 | 97.4| 95.6 | 92.1 | 80.6 | 33.5| 58 | 0.8 [ 0.6 | 0.5
SS-16-V-05 S-2 2.3-2.8 9.3 0 ([SP-SM| 0.2/0.2/0.1 |[100.0( 98.1 ] 96.7 | 94.8| 929 90.7|885| 856|824 789 73.4|51.1|148]| 6.6 | 6.1 | 5.8
SS-16-V-05 S-3 3.1-3.6 0 36.5 GM NA 78.2|68.0|63.5]|61.4]|594|57.6(560(|544|527]51.0|48.1(39.1|299]|255]|24.1]|22.6
SS-16-V-06 S-1 0.0-0.5 0 0 SP 0.2/0.2/0.1 ]100.0(100.0/100.0 99.9 ] 99.7 [ 99.5| 99.2 | 98.6 | 97.1| 91.7| 751|276 | 46 | 04 [ 0.2 | 0.2
SS-16-V-06 S-2 2.1-2.6 4.7 0 ([SP-SM| 0.2/0.2/0.1 |[100.0f 99.7]98.8|97.2|953(93.3(916|89.8]|87.4|838(76.1|327]|110]| 82 | 7.7 | 7.5
SS-16-V-06 S-3 2.8-3.3 | 35.8 0 SM NA 90.3(88.0(|846|795]| 73.6|68.0|64.2|61.4|583]56.0|528(31.0(15.7|13.2]12.6| 12.0
SS-16-V-06 S-4 3.4-3.9 0 58.0 GM NA 63.3|51.8(420|383|352|329(31.1(29.7|281]268|248( 195|153 13.1] 122|115
SS-16-V-07 S-1 0.0-0.5 0.9 0 SP 0.3/0.2/0.2 99.3(199.3(99.1|989]|986|983(979(97.2|914]66.7|38.7 (121 38| 22| 21 | 21
SS-16-V-07 S-2 2.0-2.5 2.2 0 SP 0.2/0.2/0.1 ]100.0( 99.5]99.1 [ 98.9] 98.7| 98.5| 98.3| 97.8| 96.5|91.8| 745|293 72 | 34 | 3.2 | 3.2
SS-16-V-07 S-3 2.6-3.1 7.2 0 SP 0.2/0.2/0.1 ]100.0( 96.7 | 92.8 [ 89.6 | 87.9| 86.6 | 85.3| 83.9| 82.0| 79.0| 71.1| 425 119| 51 | 47 | 4.6
SS-16-V-07 S-4 3.4-3.9 | 29.6 0 [SP-SM| 0.3/0.2/0.1 86.3(84.7 (816|777 741|704 |678|658|634]609|544(251( 89| 55 ] 52| 50
SS-16-V-08 S-1 0.0-0.5 1.0 0 SP 0.3/0.2/0.2 ]100.0( 99.2 |1 99.0 [ 98.5] 98.1 | 97.6 | 97.0| 95.8| 90.0 | 74.7 | 49.2 | 142 | 44 | 27 | 26 | 25
SS-16-V-08 S-2 2.0-2.5 0.3 0 SP 0.2/0.2/0.1 |100.0( 99.8 [ 99.7 | 99.4]1 99.0| 98.7 | 98.3 | 97.7| 94.7 1 83.9| 628 224 57 | 3.3 | 31 | 31
SS-16-V-08 S-3 4.0-4.5 3.2 0 SP 0.2/0.2/0.1 |100.0(100.0( 99.7 | 99.3 1 98.9| 98.4 | 97.8|96.8| 944898 763|321 70| 33| 3.0 | 3.0
SS-16-V-09 S-1 0.0-0.5 0.1 0.1 SP 0.3/0.2/0.2 ]100.0(100.0| 99.9 [ 99.7 1 99.6 [ 99.5| 99.3| 98.7 | 934 | 76.3| 448 10.1| 3.3 | 21 [ 21 | 2.0
SS-16-V-09 S-2 3.0-3.5 0.1 0 |SP-SM| 0.3/0.2/0.1 [100.0/100.01 99.999.8|99.8|99.6|99.4(99.1]928(856|605(163| 74 | 56 | 55 | 54
SS-16-V-09 S-3 6.0-6.5 0 0 SP 0.2/0.2/0.1 |100.0{100.0{100.0| 99.9 ] 99.6 | 99.4 | 99.1 | 98.5| 96.7 | 91.7| 784 | 335 85 | 41 | 3.8 | 3.6
SS-16-V-09 S-4 6.8-6.9 2.9 0.2 [SP-SM| 0.2/0.2/0.1 ]100.0( 98.0| 96.9 | 94.8]| 924 89.0| 85.7|823| 785|742|66.4|354|127| 83 | 79 | 7.6
USACE; 216044 Table 1.xlIs CATLIN Engineers and Scientists

CATLIN Project No. 216044 Geotechnical Laboratory
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TABLE 1
SUMMARY OF LABORATORY TESTING RESULTS
FOR GRAIN SIZE ANALYSIS

USACE WILMINGTON DISTRICT
GARDEN CITY/SURFSIDE COASTAL STORM DAMAGE REDUCTION PROJECT
CATLIN PROJECT NO. 216044

SP-SM| 0.7/0.2/0.1 |100.0| 99.4]| 940 86.3| 79.4 | 71.2| 649 59.7 ] 55.0| 509 | 45.7|223)| 81 | 68 | 6.6 | 6.4
SP 0.2/0.1/0.1 ]100.0(100.0| 99.8 [ 99.2 |1 98.8 | 98.3 | 976 | 96.5| 94.2| 89.7| 80.4 | 543 | 145| 45 [ 40 | 3.8
SM NA 100.0|1 96,5 94.1(91.0| 88.4| 851|823 | 79.3| 742 | 67.1 ]| 56.7 | 30.4| 16.7 | 128 | 12.4 | 12.2
SP 0.2/0.2/0.1 ]100.0(100.0] 99.7 [ 99.3 1 989 98.5| 97.9| 96.8| 93.1|859| 705|344 80 | 29 [ 26 | 2.6

SP-SM| 0.2/0.1/0.1 ]100.0{100.0| 99.5| 98.3 | 975 96.4| 95.2 934 90.6 | 87.3|819(|650|226| 75| 6.8 | 6.4

SS-16-V-09 Bit ]10.2-10.7] O

SS-16-V-10 S-1 0.0-05| 0.2
SS-16-V-10 S-2 2.6-3.1 | 20.7
SS-16-V-11 S-1 0.0-05| 03
SS-16-V-11 S-2 1.6-2.1 4.8

SS-16-V-11 S-3 2.3-2.8 0 SM NA 100.0/100.0{100.0( 99.9 | 99.6 | 98.7 | 97.0| 93.9 | 88.1 | 79.7 | 65.9| 33.9| 20.1 | 16.0 | 15.6 | 15.3
SS-16-V-11 S-4 3.5-4.0 | 52.6 SM NA 100.0( 95.6 | 91.4 ( 84.9| 79.5| 73.1 | 68.3 | 64.6 | 60.8 | 55.7 | 47.4| 228 | 14.3 ]| 128 | 12.5| 12.3
SS-16-V-12 S-1 0.0-05 | 42.8 SP 0.6/0.2/0.1 ]100.0( 98.9 | 95.4 [ 89.5]| 83.3| 752|684 | 626 | 57.2|51.8|45.7|31.1|142] 55 | 48 | 4.3
SS-16-V-12 S-2 3.0-3.5 0.1 SM NA 100.0f 99.8 |1 99.2 | 97.8 | 95.2 | 89.7 | 80.5| 63.2 | 45.3 | 344 | 28.3 | 22.7| 18.7 | 17.7 | 175 | 17.2
SS-16-V-12 S-3 5.9-6.4 0 SM NA 100.0{100.0|100.0f 99.2 | 97.7 | 94.3 | 88.3 | 80.6 | 72.2 | 65.7 | 56.3 | 38.6 | 26.0 | 22.8 | 22.2 | 21.8
SS-16-V-12 S-4 7.2-7.7 0 SP 0.6/0.4/0.3 ]100.0(100.0| 99.7 [ 99.5] 98.1 [ 945 | 870 73.4]| 493 26.8| 10.1| 54 | 46 | 45 | 45 | 4.4
SS-16-V-12 S-5 9.5-10.0 0 SP 0.6/0.4/0.3 ]100.0(100.0| 99.8 [ 99.3 1 98.4 | 96.2| 90.9| 789 | 51.0| 23.8| 69 | 1.1 | 0.4 | 0.3 [ 0.3 | 0.3
SS-16-V-12 S-6 [11.7-122 O 329 [SW-SM| 1.1/0.4/0.1 7651 70.7 | 67.1 ] 653 643|624 (589|509 (39.3]|29.7(234]|206|179| 132|114 | 95

SS-16-V-13 S-1 0.0-0.5 | 69.7 SP 0.9/0.2/0.1 ]100.0( 98.1|94.6(89.0| 818 71.4|61.8|539|456|38.6|303|16.1| 59| 3.2 | 28 | 2.7

SS-16-V-13 S-2 0.9-1.4 1.2 SM/ML NA 100.0| 99.7 [ 98.6 [ 97.4]1 9591 93.8| 91.3 | 876|822 | 77.1 | 71.5( 65.8| 59.6 | 53.1 | 509 | 49.4
SS-16-V-13 S-3 1.9-2.4 CL NA 100.0/100.0{100.0(100.0{100.0| 99.8 | 99.7 | 99.3 | 98.7 [ 98.1 | 97.4| 965 94.2 | 88.1 | 85.0 | 82.1
SS-16-V-13 S-4 3.3-3.8 SM NA 100.0|100.0{100.0(100.0f1 99.9 | 99.6 | 99.1 | 98.3 | 96.8 | 95.2 [ 92.7 [ 875 56.4 | 39.0 | 33.2 | 29.0

SP 0.3/0.2/0.1 ]100.0(100.0/100.0 99.9 ] 99.7 | 98.7 | 96.5| 91.4| 83.2| 65.2 | 45.6 | 304 | 126 | 44 | 2.7 | 1.5
SP 0.4/0.3/0.2 ]100.0(100.0/100.0( 99.9 ] 99.6 | 98.2| 948 | 86.6 | 689 | 40.7 | 179 | 7.7 | 43 | 21 | 16 | 1.3
SP 0.5/0.3/0.2 |100.0{100.0{100.0| 99.9 ] 99.4| 98.1|945(853|61.1]|334|11.7| 45| 21| 11| 0.8 | 0.6
SP 0.2/0.2/0.1 ]100.0(100.0| 99.4 [ 98.3 | 97.2 | 95.8| 94.0| 915| 87.2| 823 | 704|372 72 | 1.8 [ 15 | 1.3
SP-SM| 1.1/0.2/0.1 ]100.0( 99.1 ]| 88.3 | 82.7] 75.1| 67.7| 58.0 | 49.6 | 439 39.2| 35.2| 242 125]| 94 | 9.1 | 8.8
SM NA 100.0|100.0f 97.9 | 92.8| 85.0| 76.2 | 65.8 | 57.4| 50.8 | 44.8 | 39.9 30.9| 20.6 | 18.1| 18.0| 17.8
SP 0.7/0.4/0.2 ]100.0(100.0| 98.8 [ 95.1 | 90.5| 78.7 | 69.9 | 58.2| 423|289 | 170| 6.2 | 20 | 1.2 [ 1.0 | 1.0
SP 0.2/0.2/0.1 ]100.0(100.0/100.0({100.0] 99.9 [ 99.8 | 99.7 | 99.4 | 98.0 | 92.0| 72.7 | 21.3| 34 | 1.0 [ 0.9 | 0.9
SP 0.2/0.2/0.1 ]100.0(100.0| 99.9 [ 99.6 1 99.4 [ 99.1 | 98.8 | 98.1| 96.2 | 91.0| 75.3|27.3| 5.0 | 1.8 [ 1.7 | 1.6
SP-SM| 0.2/0.1/0.1 |100.0/100.0| 98.6 | 96.9 | 959 94.8| 93.5(91.2| 87.3 | 82.0| 76.2 | 57.7| 25.8 | 11.0 | 10.2 | 10.0

SS-16-V-13 S-5 5.1-5.6
SS-16-V-13 S-6 6.2-6.7
SS-16-V-13 S-7 9.0-9.5
SS-16-V-14 S-1 0.0-05| 0.6
SS-16-V-14 S-2 24-29 | 64.8
SS-16-V-14 S-3 3.8-43 | 46.1
SS-16-V-14 S-4 7.6-8.1 | 23.3
SS-16-V-15 S-1 0.0-0.5 0

SS-16-V-15 S-2 2.5-3.0 1.9
SS-16-V-15 S-3 44-49 | 10.8

o|Oo|o|o|o

SS-16-V-15 S-4 5.0-5.5 0.1 2.2 SM NA 100.0|1 97.8 | 97.8 ( 97.4 | 97.1 | 96.5| 955 93.2 | 87.8 | 79.7 | 69.4 | 47.4| 31.1 | 24.2 | 23.8 | 23.5

SS-16-V-15 S-5 6.4-69 [ 225 0 [SP-SM 0.3/0.2/0 100.0(100.0| 98.5| 95.2 |1 91.1 | 86.1| 81.5| 77.5| 73.5| 69.0 | 61.1 ]| 29.2| 155] 119 11.6 | 11.3

SS-16-V-16 S-1 0.0-0.5 0.5 0 SP 0.3/0.2/0.2 ]100.0(100.0/100.0 99.8 1 99.5| 99.1| 985 | 97.1| 89.0| 73.0| 484 | 13.3| 25 | 0.7 [ 0.6 | 0.6
USACE; 216044 Table 1.xlIs CATLIN Engineers and Scientists

CATLIN Project No. 216044 Geotechnical Laboratory
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TABLE 1
SUMMARY OF LABORATORY TESTING RESULTS
FOR GRAIN SIZE ANALYSIS

USACE WILMINGTON DISTRICT
GARDEN CITY/SURFSIDE COASTAL STORM DAMAGE REDUCTION PROJECT
CATLIN PROJECT NO. 216044

SP 0.3/0.2/0.1 ]100.0(100.0] 99.7 [ 99.3 1 99.0 | 98.5| 98.0 | 97.0| 92.2| 79.0| 56.5| 204 | 4.7 | 28 | 2.7 | 2.6
SP-SM| 0.2/0.1/0.1 ]100.0(100.0| 99.4 [ 98.3 | 97.7 | 97.0| 96.3 | 95.0| 919 88.1| 83.2 | 67.8| 243 | 80 | 7.2 | 6.8
SP-SM| 0.2/0.1/0.1 ]100.0f 99.7 |1 99.3 [ 98.7 | 98.2 | 97.2| 95.7 | 93.0| 88.7| 85.1| 79.7| 60.1| 16.1| 57 | 52 | 4.9
SP-SM| 0.1/0.1/0.1 ]100.0(100.0| 97.7 [ 95.9 ] 95.1 | 94.2 | 93.4 | 92.3| 90.3 | 88.0| 84.2 | 68.8 | 33.7 | 11.3| 9.9 | 9.3
SP-SM| 0.2/0.2/0.1 ]100.0{100.0|100.0 99.8 | 99.6 [ 99.1| 98.2 | 96.7| 925|850 71.7|259| 88 | 7.1 | 6.9 | 6.8
SP-SM| 0.3/0.2/0.1 ]100.0( 99.8 |1 99.4 [ 98.1]|96.6 |94.3|91.2|86.6| 78.7| 67.7| 53.8|23.1|11.8] 99 [ 9.7 | 9.6

SP 0.5/0.2/0.2 ]100.0( 98.7 | 94.2 [ 89.4| 85.7| 80.0| 74.0| 67.6 | 60.1 | 525| 40.2 | 114 | 3.0 | 22 | 22 | 2.1

SP 0.5/0.2/0.2 ]100.0( 96.1 | 926 | 89.3 | 85.7|80.1| 74.1| 68.0| 60.0| 500|341| 6.1 | 05 ] 0.1 [ 0.1 | 0.0

SM NA 100.0|100.0f 99.7 [ 99.3 |1 98.8 | 98.4| 97.1 | 94.8 | 90.9 | 86.0 | 78.2 [ 54.7 | 40.9 | 35.7 | 35.2 | 34.9
SP-SM| 0.2/0.2/0.1 ]100.0f 99.9 [ 99.5[ 99.2| 98.8] 98.2| 97.3 | 959 | 93.8 [ 90.3| 79.0| 30.4 ] 105| 86 | 85 [ 8.4
SP-SM| 0.3/0.2/0.1 96.2]192.2]86.1|811|77.9|740| 70.7]| 67.7] 646 ] 61.2] 514|216 102 84 | 81 | 8.0
SP-SM|  0.6/0.2/0.1 ]100.0/100.0| 96.4 [ 90.0 | 83.5| 75.7 [ 69.1 | 63.1 | 57.6 [ 52.8 | 48.3 | 35.5| 16.9 [ 106 | 9.9 | 9.5
SP-SM| 0.5/0.3/0.1 ]100.0/100.0{ 99.9 [ 99.0 | 97.1 ] 92.3 | 86.2 | 74.6 | 56.8 [ 37.9 | 22.3| 13.4] 10.1] 9.2 | 9.0 | 8.8
SP-SM| 0.2/0.2/0.1 ]100.0/100.0| 99.8 [ 99.2 | 98.4 | 96.9 [ 94.6 | 90.7 | 84.4 | 77.8 | 69.7 | 446 | 12.1| 56 | 5.2 | 5.1

SS-16-V-16 S-2 2.0-2.5 15
SS-16-V-16 S-3 4045 | 47
SS-16-V-17 S-1 0.0-0.5 | 0.7
SS-16-V-17 S-2 2.0-2.5 6.5
SS-16-V-17 S-3 4.1-4.6 4.3
SS-16-V-17 S-4 4954 | 115
SS-16-V-17 S-5 6.7-7.2 | 23.8
SS-16-V-17 S-6 9.5-10.0( 16.2
SS-16-V-18 S-1 0.0-0.5 2.6
SS-16-V-18 S-2 1.3-1.8 1.8
SS-16-V-18 S-3 1.9-2.4 | 32.3
SS-16-V-18 S-4 5.5-6.0 | 47.2
SS-16-V-18 S-5 9.3-9.8 [ 13.8
SS-16-V-19 S-1 0.0-0.5 | 12.3

SS-16-V-19 S-2 1.3-1.8 6.5 SM NA 100.0/100.0f1 99.5 [ 97.3[94.8191.9 | 88.9| 84.7| 78.1 [ 69.4]|59.2 | 43.3| 27.4| 23.2| 229 | 22.7
SS-16-V-19 S-3 3.3-3.8 8.4 SM NA 96.6 | 88.6 [ 827 | 771]722]66.2|61.3[564[51.2]46.3]|41.4(29.817.2]148] 145|143
SS-16-V-19 S-4 5.5-6.0 | 21.9 SM NA 100.00 99.0 [ 96.3 [ 87.5]| 78.1 | 68.0 | 59.7 ] 50.4 | 43.0 | 36.1 [ 28.4 [ 20.8 | 15.3 | 14.2 | 14.0] 13.9

SP 0.3/0.2/0.1 ]100.0/100.0{ 99.2 [ 97.5[ 95.5]| 92.9| 89.3 | 84.5| 78.2 [ 69.3 [ 53.9|250| 7.7 | 44 | 40 | 3.8
SP 0.3/0.2/0.2 1100.0/100.0( 99.9 | 99.7 | 99.4 [ 98.9 [ 98.1 | 96.1 | 86.3 [ 67.8| 44.0| 11.4| 26 | 15 | 1.4 | 1.4
SP 0.3/0.2/0.2  ]100.0/100.0{100.0| 99.8 | 99.6 | 99.4 [ 99.0 | 98.0 | 92.1 [ 76.8 | 54.2 | 14.3| 2.4 [ 09 | 0.8 | 0.8
SP 0.2/0.2/0.1 ]100.0] 99.7 | 99.6 [ 99.4 [ 99.2 [ 99.0 | 98.6 | 98.1 | 96.7 | 93.0 [ 83.3 [ 54.9| 11.3]| 29 | 25 | 2.4
SP 0.2/0.1/0.1 89.3]187.9]86.8|855|84.8|84.0|83.0|81.7] 79.7] 76.3] 70.8 | 57.3|22.7| 5.7 | 4.7 | 4.2

SS-16-V-19 S-5 9.3-98 | 0.9
SS-16-V-20 S-1 0.0-0.5 15
SS-16-V-20 S-2 25-30 | 0.6
SS-16-V-20 S-3 5.0-55 | 3.3
SS-16-V-20 S-4 6.8-7.3 | 16.6

(e} flo) o) fo] lo} o} jlo) o] fol lo} o} jlo) lo] fol Jol lo} fol jo] o} lo} o} flo) fo] flo) o} o) fo]

SS-16-V-20 S-5 8.1-8.6 3.3 SM NA 100.0/100.0f 99.5 [ 98.6 [ 97.9] 96.9 ]| 959 | 94.6 | 93.0 [ 91.0 | 87.3 | 72.0| 50.7 | 27.0 [ 25.2 | 24.5
SS-16-V-21 S-1 0.0-0.5 3.1 SP-SM| 0.2/0.1/0.1 ]100.0{100.0{ 99.5| 98.9| 98.4 ]| 97.8| 97.4 | 96.9| 96.0 [ 94.4 | 90.4 | 82.2| 343 | 7.4 | 6.0 | 5.4
SS-16-V-21 S-2 1.5-2.0 14 SM NA 100.0{100.0{ 99.8 [ 99.3 ] 99.1 | 98.9 | 98.6 | 98.2 | 97.5| 96.3 [ 93.6 [ 83.3 | 62.5| 26.0 | 23.6 | 22.3
SS-16-V-22 S-1 0.0-05 | 27.8 SP 0.5/0.2/0.1 ]100.0/100.0| 99.6 [ 98.7 [ 97.3 | 93.5| 85.6 | 72.2| 59.4 [ 50.7 [ 40.6 | 19.2| 44 | 2.1 | 1.9 | 1.9
SS-16-V-22 S-2 2.7-3.2 7.3 SC NA 100.0/100.0( 98.8 [ 97.3 [ 955 93.3 |1 91.2| 885|844 789 70.9| 504 | 30.0| 246 | 243 | 24.1

SS-16-V-22 S-3 44-49 | 31.6 6.2 |SP-SM| 1.4/0.2/0.1 [100.0|/91.4|825| 74.6| 675|60.3|54.6|49.2|43.438.1(323]187]111| 9.7 | 95| 94

SS-16-V-22 S-4 8.3-8.8 9.3 0 |SP-SM| 0.5/0.3/0.1 |[100.0/100.0(99.9|98.7|96.5| 925|863 76.2|624|49.8]|269(13.7] 98 | 86 | 84 | 8.2

SS-16-V-23 S-1 0.0-05 | 16.9 0 SP 0.3/0.2/0.2 ]100.0(100.0| 99.5 [ 98,5 97.4 | 959 | 93.8| 90.2| 80.8| 65.8| 474 | 186 | 3.3 | 0.8 [ 0.6 | 0.6
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SP-SM| 0.2/0.1/0.1 ]100.0(100.0| 99.4 [ 97.6 | 96.5| 95.0| 93.1 | 90.3 | 86.2 | 82.3| 76.9 | 589 22.6 | 9.6 | 8.7 | 85
SP-SM| 0.3/0.2/0.1 ]100.0(100.0| 99.0 [ 94.2 | 88.8 | 77.1| 72.2 | 68.6 | 65.7 | 63.3 | 57.9| 27.2| 11.0| 6.6 [ 6.0 | 55
SM NA 100.0|1 98.9 | 94.4 ( 89.2| 85.0]| 80.2 | 76.9 | 746 | 725| 69.8 | 65.8 | 48.3| 32.1 | 23.2| 20.3 | 17.4
GC 17.5/0.2/0.1 | 61.2 | 53.6 | 48.2| 446|419 39.5(38.0| 36.9| 36.1|353|339|268|219|17.0]| 144|114
SP 0.3/0.2/0.2 ]100.0(100.0| 99.9 [ 99.5]1 98.8 | 97.4 | 95.7| 92.6 | 829 | 66.4| 43.9| 10.3| 16 | 0.2 [ 0.1 | 0.1
SP 0.2/0.2/0.1 ]100.0( 99.4 ] 99.4 [ 99.1] 989 98.6|98.2 | 97.6]| 96.3| 926 | 83.5|54.7| 100 1.8 | 1.5 | 1.4
SP-SM| 0.2/0.2/0.1 |100.0/100.0| 99.8 [ 99.1 ] 98.3 | 97.1 ]| 96.0 | 945] 926 90.3| 85.0 | 46.6 | 199 11.4| 105 10.1
SP 0.2/0.2/0.1 ]100.0(100.0| 99.8 [ 99.4 ] 99.1 | 98.6 | 98.0 | 97.4| 96.7 | 95.7| 89.0| 33.3| 6.7 | 42 | 40 | 3.9
SP 0.2/0.2/0.1 |100.0{100.0{100.0|100.0| 99.9 | 99.8 | 99.7(99.1| 951|849 |63.7(19.1| 43 | 1.8 | 16 | 16
SP-SM| 0.2/0.1/0.1 ]100.0(100.0| 98.7 [ 98.3 | 98.0 | 97.6 | 97.1 | 96.6 | 958 94.2| 91.1| 80.1| 269 | 7.2 | 6.2 | 55
SP 0.4/0.3/0.2 ]100.0{100.0| 99.6 [ 99.0 | 985 97.9| 96.8 [ 94.2 | 79.1 | 56.2| 375|149 | 27 | 06 | 04 | 0.4
SP 0.2/0.2/0.1 |100.0( 99.2 | 98.4| 976 96.9| 96.2 | 955|942 90.1]| 79.0| 648 | 259 6.1 | 3.3 | 3.2 | 3.1
SP 0.3/0.2/0.1 ]100.0(100.0| 99.5[98.9] 98.1| 969 | 95.4| 92.7| 855 | 76.2| 61.7|215| 3.6 | 1.5 [ 1.4 | 1.3
SW-SM| 0.3/0.2/0.1 [100.0| 97.3 | 92.6 | 879 845| 79.3| 750 71.3| 67.1 | 62.8 | 56.7 | 41.0| 184 | 12.2| 11.8 | 115
SP-SC 1.2/0.3/0.1 |100.0/100.0 97.8 | 90.3 | 79.4| 65.5 | 54.3 | 47.1| 40.7 | 35.6 | 30.1 | 19.0| 11.7 | 10.4 | 10.1 | 9.9
SP 0.3/0.2/0.2 ]100.0(100.0/100.0 99.8 1 99.4 [ 99.0 | 986 | 98.1 | 97.2| 92.7 | 52.7 | 116 | 53 | 40 [ 3.7 | 3.5
SP 0.2/0.2/0.1 |100.0(100.0{100.0| 99.5]1 98.9| 979 96.7 | 94.4| 88.3 | 80.6 | 654 (226 71 | 51 | 49 | 4.9
SP 0.2/0.2/0.1 ]100.0( 99.7 1 99.6 [ 99.4 ] 99.3 | 99.0| 98.7| 98.3| 975|949 86.0| 425 91 | 3.1 | 28 | 2.7
SP-SM| 0.2/0.2/0.1 ]100.0( 99.2]1 98.1 [ 97.3] 96.3| 955|948 | 94.0| 929(90.1| 725|23.1| 9.0 | 81 | 7.7 | 7.7
SC NA 100.0|100.0{100.0( 99.5]1 99.1 |1 98.4 | 98.0 | 97.7 | 97.3 | 96.5 | 93.3 [ 68.3 | 49.3 | 40.2 | 39.0 | 38.4
SM NA 100.0/100.0{100.0(100.0{100.0|100.0| 99.9 | 99.9 | 999 99.8 |1 98.8 | 42.3| 15.7 | 144 | 143 | 14.3
SP 0.3/0.3/0.2 |100.0( 99.9 | 99.6 | 99.4]99.1|98.7 | 97.7|93.2|836|66.1|279| 59 [ 22 | 19| 1.8 | 1.8
SP 0.2/0.2/0.1 ]100.0(100.0] 99.7 [ 99.0 ] 98.1 | 96.7 | 95.1 | 92.8 | 88.1 | 80.7 | 70.3 | 39.0| 87 | 39 [ 3.6 | 3.5
ML NA 100.0|100.0f 99.8 [ 99.3 |1 99.0 | 97.7 ]| 96.2 | 94.2 | 90.8 | 87.3 [ 82.8 [ 72.1 | 58.7 | 55.1 | 54.7 | 54.5
SP-SM| 2.0/0.4/0.1 88.0( 805 76.1]|69.1]|608]|49.7|41.7|366|327]298|270(152| 72 | 63 | 6.1 | 59
SP 0.4/0.2/0.2 |1100.0{100.0( 99.9 | 99.2 |1 985 96.7 | 93.1 | 83.8| 674 51.3|32.7| 86 | 24 | 1.3 | 1.2 | 1.2
SP 0.3/0.2/0.1 ]100.0(100.0| 99.9 [ 99.6 | 98.9 | 97.8 | 96.2 | 92.2 | 84.0| 749 | 588 | 20.8| 5.0 | 25 [ 23 | 2.2
SP 0.3/0.2/0.2 |1100.0{100.0f 99.3 | 97.5] 955 925 89.2 | 85.1| 784 ]| 70.4| 548|188 26 | 0.3 | 0.1 | 0.1
SP-SM| 1.3/0.2/0.1 ]100.0| 97.3189.5(81.8| 73.2|62.3|535(474]41.7(369|31.1(204] 135 11.7] 115 11.3
SP 0.3/0.2/0.2 |1100.0{100.0f 99.7 | 985 97.6 | 96.5| 95.2 | 92.3| 86.2| 79.1| 628 145 2.7 | 1.4 | 1.3 | 1.3
SP 0.2/0.2/0.2 ]100.0(100.0| 99.6 [ 99.1]1 98.5| 98.0| 97.3| 96.0| 92.7 | 85.6 | 66.7 | 154 | 2.6 | 1.1 [ 1.0 | 1.0

SS-16-V-23 S-2 0.6-1.1 9.9
SS-16-V-23 S-3 3.2-3.7 | 38.0
SS-16-V-23 S-4 5.0-5,5 | 25.3
SS-16-V-23 S-5 6.1-6.4 | 155 | 4
SS-16-V-24 S-1 0.0-0.5 9.2
SS-16-V-24 S-2 2.1-2.6 3.4
SS-16-V-24 S-3 5.0-5.5 6.3
SS-16-V-24 S-4 7.9-84 | 4.7
SS-16-V-25 S-1 0.0-05 | 3.0
SS-16-V-25 S-2 3.2-3.7 5.3
SS-16-V-26 S-1 0.0-0.5 5.8
SS-16-V-26 S-2 2.7-3.2 9.7
SS-16-V-27 S-1 0.0-0.5 | 10.4
SS-16-V-27 S-2 3.4-39 | 20.1
SS-16-V-27 S-3 6.0-6.5 | 57.7
SS-16-V-27 S-4 9.6-10.1| 0.7
SS-16-V-28 S-1 0.0-0.5 5.0
SS-16-V-28 S-2 2.0-25| 4.0
SS-16-V-28 S-3 3.1-3.6 8.2
SS-16-V-28 S-4 4.9-5.4 2.3
SS-16-V-28 S-5 8.3-88 | 0.2
SS-16-V-29 S-1 0.0-0.5 7.5
SS-16-V-29 S-2 2.0-25 | 121
SS-16-V-29 S-3 2.7-3.2 1.9
SS-16-V-29 S-4 6.6-7.1 | 65.8
SS-16-V-30 S-1 0.0-0.5 5.3
SS-16-V-30 S-2 3.0-35 | 131
SS-16-V-30 S-3 6.0-6.5 | 18.9
SS-16-V-30 S-4 74-79 | 256
SS-16-V-31 S-1 0.0-0.5 8.7
SS-16-V-31 S-2 2.0-2.5 6.7

(0]
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SP-SM| 0.2/0.2/0.1 |100.0f( 99.9 [ 99.7 ] 99.2 ] 98.8| 98.3 | 979 97.4|96.5]| 934|846 | 48.1|16.3| 10.0| 9.7 | 9.5
SP 0.2/0.1/0.1 ]100.0( 99.4 | 98.5[ 96.9] 958 | 94.7| 93.7| 92.8| 91.6 | 89.8| 85.1| 64.6 | 25.0| 58 [ 5.0 | 4.7
SP 0.2/0.1/0.1 ]100.0(100.0| 98.9 [ 98.2 ] 97.4 | 96.5| 95.0 | 92.7 | 89.4 | 86.0| 80.6 | 66.4 | 29.6 | 4.2 [ 2.0 | 1.3

SP-SM| 0.3/0.2/0.1 ]100.0( 99.7 | 946 | 87.7 ]| 81.7| 749 | 69.8 | 66.1 | 63.5| 61.4| 56.6 | 20.3| 9.7 | 81 [ 7.8 | 7.7
SP 3.0/0.7/0.2 71.2169.2|66.2|593]|521|426|355|30.7|273]249]|220(100| 42 | 3.2 | 3.0 | 2.9

SP-SM| 0.2/0.2/0.1 ]100.0{100.0{100.0( 99.5]| 985 96.5]| 93.8(90.8| 879 84.2| 75.7( 335| 16.4| 124 119 | 11.6

SP-SM| 0.2/0.2/0.1 ]100.0{100.0] 99.2 [ 97.6 ] 96.1 [ 93.5| 89.9 | 86.0| 82.1| 77.5| 67.8 | 249 13.3] 10.6 [ 10.2 | 9.9
SM NA 100.0|1 959 89.4  79.2 | 71.2 |1 62.9 | 56.3 | 50.7 | 44.7 | 39.6 | 34.2 | 27.3| 17.1 | 140 | 13.4 | 13.1
SM NA 100.0]1 99.8 | 98.6 [ 95.7[ 91.9| 875|835 | 78.7| 70.2 | 58.3 ]| 41.6 | 27.6 | 18.3 | 14.1 | 13.5| 13.1

SP-SM| 0.4/0.2/0.1 ]100.0(100.0] 99.5[ 98.5] 96.9 | 94.6 | 91.1 | 84.7| 73.2| 60.2| 421|205 10.1| 6.6 [ 6.2 | 5.9
SP 0.4/0.3/0.2 ]100.0(100.0| 99.9 [ 99.5]1 99.1 [ 98.0| 96.0 | 89.6 | 74.1|57.1|385| 96 | 1.2 | 0.1 [ 0.0 | 0.0
SP 0.5/0.2/0.2 ]100.0( 99.4 ] 98.8 [ 98.0] 97.3| 96.3| 946 | 91.0| 776 609|389 | 9.7 | 24 | 1.2 [ 1.0 | 1.0
SP 0.2/0.2/0.1 ]100.0( 99.7 1 99.3 [ 99.0] 98.3 | 97.5| 96.5| 94.7| 89.0 | 80.6 | 67.3 | 295| 64 | 3.3 [ 3.1 | 3.0
SP 0.3/0.2/0.2 ]100.0( 97.3 1949 (92.1]189.1|85.1|81.2|77.6| 72.7|67.6| 612|424 111]| 46 | 42 | 4.1
SP 0.2/0.2/0.2 ]100.0( 99.5]98.9 [ 985]98.1|97.7]| 97.3| 96.7| 948 | 885|66.3|168| 34 | 1.7 [ 1.6 | 1.5
SP 0.2/0.2/0.1 ]100.0(100.0| 99.9 [ 99.5] 99.2 | 98.8 | 98.3 | 97.6 | 96.5| 93.9| 80.3|33.8| 59 | 20 [ 1.8 | 1.7
SP 0.3/0.2/0.2 ]100.0(100.0] 99.7 [ 99.3 ] 98.7 [ 98.1| 97.3| 95.8| 91.9| 858 | 72.0| 27.1| 6.0 | 3.0 [ 2.8 | 2.7

SP-SM| 0.2/0.1/0.1 ]100.0(100.0| 99.3 [ 98.1 | 97.4 | 96.5| 95.4 | 93.6 | 91.2| 885|835 | 67.1| 25.7| 7.8 | 6.4 | 5.8
SP 0.2/0.2/0.1 ]100.0(100.0|100.0 99.8 1 99.6 [ 99.3 | 98.9| 98.1 | 95.7 | 90.8 | 80.2 | 34.8| 56 | 2.2 [ 20 | 1.9
SP 0.2/0.2/0.1 ]100.0(100.0| 99.9 [ 99.6 1 99.2 | 98.9 | 98.4 | 97.8 | 96.3| 925 83.4| 418 82 | 3.6 | 3.4 | 3.3

SP-SM| 0.2/0.1/0.1 ]100.0f 99.7 1 97.9 [ 96.3 ] 95.2 | 94.0| 928 91.1| 87.6 | 829 | 73.8| 44.4]1 20.9]| 98 | 84 | 8.0

SP-SM| 0.3/0.2/0.1 ]100.0( 99.4] 96.0 [ 89.5]| 83.6 | 77.0| 72.0| 68.5| 65.4 | 62.5| 57.5| 31.1| 10.8| 84 | 8.2 | 8.0

SP-SM| 0.8/0.2/0.1 ]100.0f( 96.0 | 92.0 [ 83.5] 76.5| 68.9 | 63.3 | 59.1| 55.6 529 485|196 79 | 6.2 [ 6.1 | 59
SP 0.3/0.2/0.1 ]100.0(100.0/100.0f 99.8 |1 99.6 | 99.3 | 98.9 | 98.2 | 96.6 | 93.8 | 86.2 | 428 | 75 | 26 [ 2.3 | 2.2
SP 0.2/0.2/0.1 ]100.0(100.0| 99.4 [ 98.8 1 97.8 | 96.3 | 94.5| 92.6 | 89.9 | 86.4| 80.0| 48.2| 99 | 45 [ 42 | 4.0

SP-SM| 0.3/0.2/0.1 ]100.0( 99.2 |1 939 86.8| 815|757 | 71.2| 67.7| 645|61.8| 563|249 79 | 63 [ 6.1 | 6.0
SP 0.5/0.3/0.2 ]100.0(100.0| 99.4 [ 97.3 |1 94.4 [ 89.4| 825 73.2 | 56.8 | 31.5| 10.7| 47 | 29 | 25 | 24 | 2.4
SP 0.2/0.2/0.1 ]100.0(100.0/100.0 99.9 ] 99.8 | 99.6 | 99.2 | 98.5| 97.0| 94.4| 87.2| 378 7.3 | 23 [ 20 | 1.9
SP 0.2/0.2/0.1 ]100.0( 99.7 1 99.1 [ 98.7 1 98.4 | 97.9| 97.1| 95.4| 89.0| 785 | 61.6 | 22.7| 46 | 24 [ 22 | 2.1
SP 0.2/0.2/0.1 ]100.0(100.0/100.0f 99.8 1 99.6 | 99.2 | 98.6 | 97.3| 93.4| 86.3| 73.0| 33.7| 7.0 | 3.0 [ 2.7 | 2.6
SP 0.2/0.2/0.1 ]100.0( 99.7 | 97.7 [ 95.2 1 926 | 88.2 | 82.6 | 77.4| 71.8 | 67.2| 62.0| 43.1| 89 | 2.7 [ 23 | 2.2

SP-SM| 0.7/0.2/0.1 ]100.0( 99.9 ]| 96.4 [ 91.4]| 86.2 | 78.1| 69.1 | 60.9 | 53.5| 47.8 | 40.6 | 228 10.0| 7.3 [ 7.1 | 6.9

SS-16-V-31 S-3 3.9-4.4 4.1
SS-16-V-31 S-4 4.6-5.1 8.0
SS-16-V-32 S-1 0.0-0.5 3.6
SS-16-V-32 S-2 2.0-25 | 34.0
SS-16-V-32 S-3 4.1-46 | 77.6
SS-16-V-33 S-1 0.0-0.5 6.2
SS-16-V-33 S-2 0.7-1.2 | 14.3
SS-16-V-33 S-3 45-5.0 | 45.6
SS-16-V-33 S-4 6.2-6.7 | 32.2
SS-16-V-33 S-5 8.2-8.7 3.0
SS-16-V-34 S-1 0.0-0.5 15
SS-16-V-34 S-2 2.0-25 | 144
SS-16-V-34 S-3 3.9-4.4 8.5
SS-16-V-34 S-4 5.3-5.8 | 16.3
SS-16-V-35 S-1 0.0-0.5 5.4
SS-16-V-35 S-2 2.5-3.0 3.8
SS-16-V-36 S-1 0.0-0.5 6.1
SS-16-V-36 S-2 2.0-2.5 4.6
SS-16-V-37 S-1 0.0-0.5 3.7
SS-16-V-37 S-2 2.5-3.0 4.2
SS-16-V-37 S-3 3.4-3.9 8.0
SS-16-V-37 S-4 4.2-4.7 | 37.2
SS-16-V-37 S-5 5.3-5.8 | 38.7
SS-16-V-38 S-1 0.0-0.5 3.1
SS-16-V-38 S-2 2.0-2.5 9.9
SS-16-V-38 S-3 3.5-4.0 | 345
SS-16-V-38 S-4 7.7-8.2 0.5
SS-16-V-39 S-1 0.0-0.5 2.5
SS-16-V-40 S-1 0.0-0.5 6.9
SS-16-V-40 S-2 3.5-4.0 3.5
SS-16-V-40 S-3 5.7-6.2 9.5
SS-16-V-40 S-4 8.3-8.8 | 20.7

(el lel o] o] lo] (o] fo] lo} [lo] (o] lo] lo) (o] fo] lo} o] (o] fo] o) (o] (o] Jo) flo] (o] (o] o) (o] o] o) o) (o]
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w

USACE; 216044 Table 1.xlIs CATLIN Engineers and Scientists
CATLIN Project No. 216044 Geotechnical Laboratory
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TABLE 1
SUMMARY OF LABORATORY TESTING RESULTS
FOR GRAIN SIZE ANALYSIS

USACE WILMINGTON DISTRICT
GARDEN CITY/SURFSIDE COASTAL STORM DAMAGE REDUCTION PROJECT
CATLIN PROJECT NO. 216044

I\?L?SIIBI\IIEGR SANMELE DE(E;— H SHO/EOLL % LS [ USCS DG(?T/]?S;N 34 | 3/8 | #4 #7 | #10 | #14 | #18 | #25 | #35 | #45 | #60 | #80 | #120 | #170 | #200 | #230
SS-16-V-40 S-5 [10.7-11.2[ 34.5 0.8 [SP-SM| 1.0/0.2/0.1 ]100.0f 99.2 | 96.9 | 89.4| 80.7 | 69.4| 60.5|53.1|459| 399|325 16.3| 10.6| 85 | 8.1 | 7.7
SS-16-V-41 S-1 0.0-0.5 | 44.6 0 SM NA 91.6|191.2(88.1]83.0| 77.3]| 69.1 | 61.2 | 54.7 | 48.7 | 43.2| 37.5| 25.4| 19.6 | 17.8 | 17.5| 17.2
SS-16-V-41 S-2 2.0-25 | 46.2 0 |SP-SM| 1.7/0.3/0.1 90.2 1883 [795]|71.6|64.6]56.6[49.3]|429(366]|315[272]|21.4[134]115]11.1( 10.8
SS-16-V-41 S-3 46-5.1 | 16.4 0 SM NA 100.0{ 99.6 | 97.6 | 92.7 | 87.5| 81.1 | 74.2 | 65.9| 57.3| 51.0 | 46.5] 40.3 | 21.8] 17.0 | 16.4 ] 16.0
SS-16-V-41 S-4 7.5-8.0 8.0 0 |SP-SM| 0.5/0.3/0.1 ]100.0(100.0{ 99.0 | 97.3| 95.3[91.8]|86.5| 76.1 | 58.3|36.7]| 208 14.1|105] 9.3 | 9.1 | 8.9
SS-16-V-42 S-1 0.0-0.5 1.8 0 SP 0.2/0.2/0.1 |100.0{100.0/100.0| 99.5 | 99.2 | 98.8| 98.2 [ 97.4| 95.2| 91.2 [ 825 | 45.1| 83 | 2.7 | 2.4 | 2.3
SS-16-V-42 S-2 2.4-2.9 1.3 0 |SP-SM| 0.2/0.1/0.1 ]100.0(100.0{ 99.8 | 99.2 | 98.8 | 98.0| 96.6 | 93.9[ 90.1 | 86.9| 82.1[66.9|274] 93 | 78 | 7.3
SS-16-V-42 S-3 3.3-3.8 15 0 SM NA 100.0] 99.9 | 99.8 [ 99.3[ 98.6 | 97.1 | 94.3 | 90.1 | 83.4| 76.5] 67.7 | 43.5| 29.9 | 16.9| 159 | 154
SS-16-V-43 S-1 0.0-0.5 2.9 0 SP 0.2/0.2/0.1 |100.0{100.0] 99.6 | 99.1 [ 98.8 | 98.3 | 97.6 [ 96.4 | 92.3 | 84.3| 68.9 [ 285| 51 | 1.7 | 1.5 | 1.4
SS-16-V-43 S-2 2.6-3.1 | 18.2 0 |SP-SM| 0.3/0.2/0.1 ]100.0[99.5|97.6| 93.7| 89.6|84.1]| 79.2| 74.8| 70.0]| 64.5| 53.7 | 21.1]13.1]| 114 11.2] 11.0
SS-16-V-43 S-3 6.0-6.5 | 36.4 0 SM NA 87.5]186.4(824]76.0| 70.1] 63.3[57.5]|524|47.8]| 43.6 | 40.1 ]| 36.7| 29.0]| 26.5] 26.1 [ 25.9
SS-16-V-44 S-1 0.0-0.5 1.7 0 SP 0.2/0.2/0.1 |100.0{100.0| 99.9 | 99.6 [ 99.3 ] 99.0 | 98.6 [ 98.1 | 95.8| 88.2 [ 69.1 | 21.0]| 34 | 1.4 | 1.2 | 1.2
SS-16-V-44 S-2 2.5-3.0 1.6 0 SP 0.2/0.2/0.1 |100.0{100.0| 99.9 | 99.7 [ 99.3 ] 99.0 | 98.7 [ 98.3| 97.5| 94.8 | 80.0| 26.9] 6.0 | 3.0 | 28 | 2.7
SS-16-V-44 S-3 5.6-6.1 3.3 0 |SP-SM| 0.2/0.1/0.1 [100.0] 99.9 995|989 98.2|97.6|97.1|96.6|96.0951]929(79.8]31.7| 88 | 75 | 6.9
LS = Limestone
NA = Not Applicable
USACE; 216044 Table 1.xlIs CATLIN Engineers and Scientists

CATLIN Project No. 216044 Geotechnical Laboratory
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Olive gray, poorly graded sand with few shells, SP Area Horry County, South Carolina

6.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-01

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.0-2.5 Gray, poorly graded sand, SP Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-01

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Greenish gray, poorly graded sand, SP

Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-02

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 1.8-2.3 Olive gray, poorly graded sand with silt and trace shells, SP-SM  ]JArea Horry County, South Carolina

0.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-02

Date 5/4/2016




100

v

l@‘ swncL*‘ i . r i lillimeters
N § Lﬂ i‘i‘%

Qo
—

90

80

NER \

PERCENT FINERBY WEIGET

w
o

20

10

kR 2
L 2

100

10 1

0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

0.1 % Shells

CATLIN Geotechnical Laboratory

0.0% Limestone

Boring No. SS-16-V-03

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

2.0-2.5

Olive gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

2.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-03

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 3.5-4.0 Olive gray, poorly graded sand with trace shells and limestone, SP |Area Horry County, South Carolina

0.6 % Shells

CATLIN Geotechnical Laboratory

1.4 % Limestone

Boring No. SS-16-V-03

Date 5/2/2016




100 \n 1US Standard Sieve Qpening in Millimeters
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 4.3-4.8 Olive gray, clayey sand with trace shells, SC Area Horry County, South Carolina

0.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-03

9.6% Silt and 30.3% Clay

Date 5/5/2016




1US Standard Sieve Qpening in Millimeters
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-5 5.3-5.8 Olive gray, silty sand with some shells, SM Area Horry County, South Carolina

38.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-03

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Dark gray, silty sand with trace shells, SM Area Horry County, South Carolina
2.0 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-04

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 1.0-1.5 Dark gray, silty sand with trace shells, SM Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-04

Date 5/3/2016




100 \n 1US Standard Sieve Qpening in Millimeters
90 \\
80 \\
0% \
70
Lo
[ ’\\
% 1R x
i 1°° Nl
2 B
%’ ) :@\T“ﬂ
Q
0\)
i T I
z W
Lo Q.F
% A\
5 \
i AD
a
30
Ja)
o
N
\D Qg‘;( R Mo

20
10

0

100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 3.0-35 Olive gray, silty gravel with sand and some limestone, GM Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

35.6 % Limestone

Boring No. SS-16-V-04

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Olive gray, poorly graded sand with trace limestone, SP Area Horry County, South Carolina
0.0 % Shells CATLIN Geotechnical Laboratory
0.1 % Limestone Boring No. SS-16-V-05
Date 5/3/2016




100 \n 1US Standard Sieve Qpening in Millimeters
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.3-2.8 Olive gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina

9.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-05

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 3.1-3.6 Olive gray, silty gravel with sand and some limestone, GM Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

36.5 % Limestone

Boring No. SS-16-V-05

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Light gray, poorly graded sand, SP Area Horry County, South Carolina
0.0 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-06
Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.1-2.6 Gray, poorly graded sand with silt and trace shells, SP-SM Area Horry County, South Carolina

4.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-06

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 2.8-3.3 Gray, silty sand with some shells, SM Area Horry County, South Carolina

35.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-06

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-4

3.4-3.9

Dark gray, silty gravel with sand, GM

Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

58.0 % Limestone

Boring No. SS-16-V-06

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Greenish gray, poorly graded sand with trace shells , SP Area Horry County, South Carolina

0.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-07

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.0-2.5 Greenish gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

2.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-07

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 2.6-3.1 Olive gray, poorly graded sand with few shells, SP Area Horry County, South Carolina

7.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-07

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 3.4-3.9 Gray, poorly graded sand with silt and some shells, SP-SM Area Horry County, South Carolina
29.6 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-07

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Greenish gray, poorly graded sand with trace shells , SP

Area Horry County, South Carolina

1.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-08

Date 5/3/2016
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Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

2.0-2.5

Greenish gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

0.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-08

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 4.0-4.5 Greenish gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

3.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-08

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Light gray, poorly graded sand with trace shells and limestone, SP JArea Horry County, South Carolina

0.1 % Shells

CATLIN Geotechnical Laboratory

0.1 % Limestone

Boring No. SS-16-V-09

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

3.0-3.5

Light gray, poorly graded sand with silt and trace shells, SP-SM

Area Horry County, South Carolina

0.1 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-09

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 6.0-6.5 Olive gray, poorly graded sand, SP Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-09

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 6.8-6.9 Gray, poorly graded sand with silt and trace shells, SP-SM Area Horry County, South Carolina

2.9 % Shells

CATLIN Geotechnical Laboratory

0.2 % Limestone

Boring No. SS-16-V-09

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
Bit 10.2-10.7 Light gray, poorly graded sand with silt and mostly shells, SP-SM  |Area Horry County, South Carolina

77.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-09

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Olive gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

0.2 % Shells

CATLIN Geotechnical Laboratory

0.0% Limestone

Boring No. SS-16-V-10

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

2.6-3.1

Olive gray, silty sand with little shells, SM

Area Horry County, South Carolina

20.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-10

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Greenish gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

0.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-11

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 1.6-2.1 Dark gray, poorly graded sand with silt and trace shells, SP-SM  JArea Horry County, South Carolina

4.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-11

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 2.3-2.8 Dark gray, silty sand, SM Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-11

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-4

3.5-4.0

Light gray, silty sand with mostly shells, SM

Area Horry County, South Carolina

52.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-11

Date 5/2/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Gray, poorly graded sand with some shells, SP Area Horry County, South Carolina

42.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-12

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

3.0-3.5

Dark gray, silty sand with trace shells, SM

Area Horry County, South Carolina

0.1 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-12

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 5.9-6.4 Dark gray, silty sand, SM Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-12

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-4

7.2-7.7

Light gray, poorly graded sand, SP

Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-12

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-5

9.5-10.0

Olive gray, poorly graded sand, SP

Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-12

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-6 11.7-12.2 Dark gray, well graded sand with silt and some limestone, SW-SM |JArea Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

32.9 % Limestone

Boring No. SS-16-V-12

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Dark gray, poorly graded sand with mostly shells, SP Area Horry County, South Carolina

69.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-13

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 0.9-1.4 Dark gray, silty sand/sandy silt with trace shells, SM/ML Area Horry County, South Carolina

1.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-13

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 1.9-24 Gray, lean clay with sand, CL Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-13

34.4% Silt and 50.8% Clay

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 3.3-3.8 Dark gray, silty sand, SM Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-13

23.7% Silt and 10.0% Clay

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-5 5.1-5.6 Light gray, poorly graded sand, SP Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-13

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-6 6.2-6.7 Dark gray, poorly graded sand, SP Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-13

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-7

9.0-9.5

Dark gray, poorly graded sand, SP

Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-13

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Olive gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

0.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-14

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.4-2.9 Dark gray, poorly graded sand with silt and mostly shells, SP-SM  |Area Horry County, South Carolina

64.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-14

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 3.8-4.3 Dark gray, silty sand with mostly shells, SM Area Horry County, South Carolina

46.1 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-14

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 7.6-8.1 Light gray, poorly graded sand with little shells, SP Area Horry County, South Carolina

23.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-14

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Olive gray, poorly graded sand, SP

Area Horry County, South Carolina

0.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-15

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.5-3.0 Olive gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

1.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-15

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS

Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3 4.4-4.9 Olive gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina

10.8 % Shells CATLIN Geotechnical Laboratory

0.0 % Limestone Boring No. SS-16-V-15

Date 5/4/2016
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* 5 48 VNP
‘ T a \; A=
oft \\
90 N
o \\
\

80 o \
. \

Q

w

2
B

g o

[

- \
©

2 \

[ad

L

} \
30 f,'\rfa

A
oYY

20
10

0

100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 5.0-5.5 Dark gray, silty sand with trace shells and limestone, SM Area Horry County, South Carolina
0.1 % Shells CATLIN Geotechnical Laboratory
2.2 % Limestone Boring No. SS-16-V-15

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-5 6.4-6.9 Light gray, poorly graded sand with silt and little shells, SP-SM Area Horry County, South Carolina
22.5 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-15

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Light gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

0.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-16

Date 5/3/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.0-2.5 Light gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

1.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-16

Date 5/9/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 4.0-4.5 Dark gray, poorly graded sand with silt and trace shells, SP-SM  JArea Horry County, South Carolina

4.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-16

Date 5/6/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Dark gray, poorly graded sand with silt and trace shells, SP-SM  JArea Horry County, South Carolina

0.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-17

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.0-2.5 Dark gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina
6.5 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-17

Date 5/9/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3

4.1-4.6

Olive gray, poorly graded sand with silt and trace shells, SP-SM

Area Horry County, South Carolina

4.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-17

Date 5/6/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-4

4.9-5.4

Dark gray, poorly graded sand with silt and few shells, SP-SM

Area Horry County, South Carolina

11.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-17

Date 5/6/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-5

6.7-7.2

Light gray, poorly graded with little shells, SP

Area Horry County, South Carolina

23.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-17

Date 5/6/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-6

9.5-10.0

Light gray, poorly graded with few shells, SP

Area Horry County, South Carolina

16.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-17

Date 5/6/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Dark gray, silty sand with trace shells, SM

Area Horry County, South Carolina

2.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-18

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

1.3-1.8

Olive gray, poorly graded sand with silt and trace shells, SP-SM

Area Horry County, South Carolina

1.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-18

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3

1.9-24

Dark gray, poorly graded sand with silt and some shells, SP-SM

Area Horry County, South Carolina

32.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-18

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 5.5-6.0 Olive gray, poorly graded sand with silt and some shells, SP-SM  JArea Horry County, South Carolina

47.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-18

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-5

9.3-9.8

Light gray, poorly graded sand with silt and little shells, SP-SM

Area Horry County, South Carolina

13.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-18

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Olive gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina

12.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-19

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 1.3-1.8 Olive gray, silty sand with few shells, SM Area Horry County, South Carolina

6.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-19

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3

3.3-3.8

Olive gray, silty sand with few shells, SM

Area Horry County, South Carolina

8.4 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-19

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 5.5-6.0 Olive gray, silty sand with little shells, SM Area Horry County, South Carolina

21.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-19

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-5

9.3-9.8

Gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

0.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-19

Date 5/5/2016




100 o ll{@ S i X i J illi N
Al \\
90 \
N \
80 \
70
o \
" \
& \
L
: \
3
- \
Z Q|
L v
= o \
®
: \
@
L
5 \
30
20
AD \
10 Q- \
o)
AV \% D o
0 ) (\Q\‘ A
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Greenish gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

1.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-20

Date 5/5/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.5-3.0 Greenish gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina
0.6 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-20

Date 5/5/2016




100

Q

A‘K Qianﬁq i > i i i S

90

o)

Q

80

PERCENT FINERSBY WEIGIZT

w
o

|

20

\

AP \

10

SR
o SR Jeee

100

10 1

0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3

5.0-5.5

Olive gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

3.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-20

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 6.8-7.3 Olive gray, poorly graded with little shells, SP Area Horry County, South Carolina

16.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-20

Date 5/6/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-5 8.1-8.6 Dark gray, silty sand with trace shells, SM Area Horry County, South Carolina
3.3 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-20
Date 5/6/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Dark gray, poorly graded sand with silt and trace shells, SP-SM  JArea Horry County, South Carolina

3.1 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-21

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 1.5-2.0 Dark gray, silty sand with trace shells, SM Area Horry County, South Carolina

1.4 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-21

Date 5/6/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Olive gray, poorly graded sand with some shells, SP

Area Horry County, South Carolina

27.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-22

Date 5/4/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.7-3.2 Dark gray, clayey sand with few shells, SC Area Horry County, South Carolina

7.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-22

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3

4.4-4.9

Olive gray, clayey sand with some shells and few limestone, SP-SM

Area Horry County, South Carolina

31.6 % Shells

CATLIN Geotechnical Laboratory

6.2 % Limestone

Boring No. SS-16-V-22

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-4

8.3-8.8

Olive gray, poorly graded sand with silt and few shells, SP-SM

Area Horry County, South Carolina

9.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-22

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Gray, poorly graded sand with little shells, SP

Area Horry County, South Carolina

16.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-23

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 0.6-1.1 Olive gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina

9.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-23

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 3.2-3.7 Olive gray, poorly graded sand with silt and some shells, SP-SM  JArea Horry County, South Carolina

38.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-23

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 5.0-5.5 Olive gray, silty sand with little shells, SM Area Horry County, South Carolina

25.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-23

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-5 6.1-6.4 Gray, clayey gravel with sand and little shells, GC Area Horry County, South Carolina

15.5 % Shells

CATLIN Geotechnical Laboratory

46.8 % Limestone

Boring No. SS-16-V-23

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Olive gray, poorly graded sand with few shells, SP

Area Horry County, South Carolina

9.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-24

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.1-2.6 Gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

3.4 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-24

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 5.0-5.5 Dark gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina

6.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-24

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-4

7.9-8.4

Light gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

4.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-24

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Light gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

3.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-25

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 3.2-3.7 Dark gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina

5.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-25

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Light gray, poorly graded sand with few shells, SP

Area Horry County, South Carolina

5.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-26

Date 5/17/2016




dard Sieve

100 \n pnening in Millimeters
Q- - ¢ . N
L NS 3 x
90 N
\
\
70
nc'\ \
Q-F \

20

: \

L

B
8

L

Z

LL

'_
)

]

x

L

a8
30

oN® l
. \\
10 \
QAP \
Q»“gﬁ ree
0
100 10 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.7-3.2 Light gray, poorly graded sand with few shells, SP Area Horry County, South Carolina
9.7 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-26

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Dark gray, poorly graded sand with few shells, SP

Area Horry County, South Carolina

10.4 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-27

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 3.4-3.9 Olive gray, well graded sand with silt and little shells, SW-SM Area Horry County, South Carolina

20.1 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-27

9.7% Silt and 2.0% Clay

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 6.0-6.5 |Dark gray, poorly graded sand with silty clay and mostly shells, SP-SCJArea Horry County, South Carolina
57.7 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-27
Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-4

9.6-10.1

Olive gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

0.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-27

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Greenish gray, poorly graded sand with trace shells, SP

Area Horry County, South Carolina

5.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-28

Date 5/13/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.0-2.5 Dark gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

4.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-28

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 3.1-3.6 Olive gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina

8.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-28

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 4.9-5.4 Dark gray, sandy clay with trace shells, SC Area Horry County, South Carolina

2.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-28

13.4% Silt and 25.7% Clay

Date 5/23/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-5

8.3-8.8

Gray, silty sand with trace shells, SM

Area Horry County, South Carolina

0.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-28

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Olive gray, poorly graded sand with few shells, SP

Area Horry County, South Carolina

7.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-29

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

2.0-2.5

Olive gray, poorly graded sand with few shells, SP

Area Horry County, South Carolina

12.1 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-29

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 2.7-3.2 Dark gray, sandy silt with trace shells, ML Area Horry County, South Carolina

1.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-29

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 6.6-7.1 Olive gray, poorly graded sand with silt and mostly shells, SP-SM |Area Horry County, South Carolina

65.8 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-29

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Olive gray, poorly graded sand with few shells, SP Area Horry County, South Carolina

5.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-30

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

3.0-3.5

Olive gray, poorly graded sand with little shells, SP

Area Horry County, South Carolina

13.1 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-30

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3

6.0-6.5

Olive gray, poorly graded sand with little shells, SP

Area Horry County, South Carolina

18.9 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-30

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 7.4-7.9 Dark gray, poorly graded sand with silt and little shells, SP-SM Area Horry County, South Carolina

25.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-30

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Olive gray, poorly graded sand with few shells, SP Area Horry County, South Carolina
8.7 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-31
Date 5/17/2016




100

LUcd Standard Si ingi illi s
FieA-Sendard .

A° TF*

90

@

80

]

PERCENT FINERSBY WEIGIZT

w
o

20

10

100

10 1

\'/)
>
$
ol
\
!
&

0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

2.0-2.5

Olive gray, poorly graded sand with few shells, SP

Area Horry County, South Carolina

6.7 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-31

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 3.9-4.4 Dark gray, poorly graded sand with silt and trace shells, SP-SM  JArea Horry County, South Carolina
4.1 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-31
Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 4.6-5.1 Dark gray, poorly graded sand with few shells, SP Area Horry County, South Carolina

8.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-31

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Dark gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

3.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-32

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-2

2.0-2.5

Gray, poorly graded sand with silt and some shells, SP-SM

Area Horry County, South Carolina

34.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-32

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3

4.1-4.6

Gray, poorly graded sand with mostly shells, SP

Area Horry County, South Carolina

77.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-32

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-1

0.0-0.5

Dark gray, poorly graded sand with silt and few shells, SP-SM

Area Horry County, South Carolina

6.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-33

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 0.7-1.2 Dark gray, poorly graded sand with silt and few shells, SP-SM Area Horry County, South Carolina

14.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-33

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-3 4.5-5.0 Dark gray, silty sand with some shells, SM Area Horry County, South Carolina

45.6 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-33

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-4

6.2-6.7

Dark gray, silty sand with some shells, SM

Area Horry County, South Carolina

32.2 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-33

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-5 8.2-8.7 Gray, poorly graded sand with silt and trace shells, SP-SM Area Horry County, South Carolina

3.0 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-33

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Olive gray, poorly graded sand with trace shells, SP Area Horry County, South Carolina

1.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-34

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-2 2.0-2.5 Dark gray, poorly graded sand with little shells, SP Area Horry County, South Carolina
14.4 % Shells CATLIN Geotechnical Laboratory
0.0 % Limestone Boring No. SS-16-V-34
Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS

Sample No.

Depth (ft)

Classification

Project Garden City/Surfside Coastal Storm Damage Reduction Proj.

S-3

3.9-4.4

Dark gray, poorly graded sand with few shells, SP

Area Horry County, South Carolina

8.5 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-34

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-4 5.3-5.8 Very dark gray, poorly graded sand with little shells, SP Area Horry County, South Carolina

16.3 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-34

Date 5/17/2016
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GRAIN SIZE IN MILLIMETERS
Sample No. | Depth (ft) Classification Project Garden City/Surfside Coastal Storm Damage Reduction Proj.
S-1 0.0-0.5 Gray, poorly graded sand with few shells, SP Area Horry County, South Carolina

5.4 % Shells

CATLIN Geotechnical Laboratory

0.0 % Limestone

Boring No. SS-16-V-35

Date 5/17/2016
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