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I. OVERVIEW

A. INTRODUCTION

Governor Henry D. McMaster set our beautiful state on course to address challenges associated
with flooding and extreme weather systems through the creation of the South Carolina
Floodwater Commission by Executive Order 2018-50 on October 15, 2018. In the last four years,
South Carolina has experienced very serious episodes of flooding along the coast, rivers, and
low-lying interior areas as a result of rains, storms, and hurricanes that highlight the need for a
statewide plan to accommodate and mitigate flooding impacts in the state. Coastal communities
are experiencing increasing numbers of disruptive “sunny day flooding,” or “nuisance flooding,”
during normal tidal cycles, due to higher sea level and health risks resulting from both coastal
and freshwater flooding are posing a threat to South Carolina citizens. Problems with excess
Vibrio bacteria and toxins from cyanobacteria in freshwater systems are being exacerbated by
natural disasters, such as nuisance flooding along the coast and inland (University of South
Carolina, n.d.).

It is vital to mitigate flooding to lessen the negative impacts to our state's economy in order to
facilitate growth, promote tourism and assist communities and businesses struggling

from repeated flooding events, and protect the health and wellbeing of our citizens. A
coordinated national, state, local and community effort is necessary and appropriate to facilitate
the interaction between all levels of government and private and academic sectors to address
these issues. The South Carolina Floodwater Commission is constituted to serve as a vehicle to
research, evaluate, share and coordinate measures and ideas being considered.

The commission is charged with developing short-term and long-term recommendations to
alleviate and mitigate flood impacts to the state, with special emphasis on cities,

communities and enterprises located on or near the coast and rivers across South Carolina.
Relevant studies, data, reports and expert and lay opinions on storm water management and use,
urbanization impact, coastal shoreline fluctuation, project and operational financing,
affordability, available grants, appropriate partnerships, and the impacts on neighboring cities,
counties and states are being considered to ensure that a comprehensive, executable strategy is
adopted.

B. RECENT HISTORY OF FLOOD EVENTS, AND FLOOD VULNERABILITY IN
SOUTH CAROLINA

Four major flooding disasters affected South Carolina in the period between 2012 to 2018:
Hurricane Joaquin and the Historic Flood (2015), Hurricane Matthew (2016), Hurricane/Tropical
Storm Irma (2017), and Hurricane Florence (2018). The South Carolina Emergency Operations
Division (SCEMD) has compiled the following statistics on the impact of each event on our
state.
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1. HURRICANE JOAQUIN AND THE HISTORIC FLOOD (2015)

Hurricane Joaquin and the Historic Flood in 2015, one of the most destructive events since
Hurricane Hugo in 1989, impacted over 100,000 citizens across South Carolina. Approximately
20,000 citizens were evacuated from their homes by flooding as South Carolina received 26
inches of accumulated rainfall, causing nine rivers to flood, and resulting in a devastating 19
fatalities. The National Flood Insurance Program (NFIP) paid out over $140 million, Small
Business Administration loans were over $166 million, and upwards of $283 million in
commercial insurance payments

(South Carolina Emergency Management Division, 2018). FEMA granted 23 of South
Carolina’s 46 counties individual and household assistance upwards of $90 million, with
approximately $116 million obligated public assistance grants to 35 counties (Federal
Emergency Management Agency, 2015).

FIGURE 1: SC Disaster Declaration — Historic Flood
(Federal Emergency Management Agency, 2015).
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2. HURRICANE MATTHEW (2016)

In 2016, Hurricane Matthew became the first Category 1 storm to demand an evacuation of the
coast, since Hurricane Floyd in 1999. South Carolina experienced 15 inches of rain causing
flooding in five rivers. 350,000 citizens were forced to evacuate the coast with 5 fatalities. The
most devastating storm event in recent years, infrastructure repair throughout South Carolina
cost nearly $320 million, while Small Business Administration loans were over $60 million.
Additionally, the NFIP paid over $166 million and commercial insurance payments totaled over
$878 million (South Carolina Emergency Management Division, 2018). FEMA paid
approximately $40 million to over 11,000 individuals and families in 25 counties and obligated
over $239 million to public assistance in 26 different counties throughout the state (Federal
Emergency Management Agency, 2016).

FIGURE 2: SC Disaster Declaration — Hurricane Matthew
(Federal Emergency Management Agency, 2016).
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3. HURRICANE/TROPICAL STORM IRMA (2017)

While only causing an evacuation of the barrier islands along South Carolina’s coast,
Hurricane/Tropical Storm Irma affected 47,000 citizens throughout the state. About nine inches
of rainfall led to flooding conditions in four rivers. Four deaths are attributed to the storm.
Hurricane/Tropical Storm Irma led to an estimated $43 million in repairs to infrastructure, with
$120 million paid in commercial insurance, and another $55 million in NFIP payments (South
Carolina Emergency Management Division, 2018). No FEMA payments were made to
individuals or families, but approximately $29 million was obligated to be made available
throughout all counties in the state (Federal Emergency Management Agency, 2017).

FIGURE 3: SC Disaster Declaration — Hurricane/Tropical Storm Irma
(Federal Emergency Management Agency, 2017).
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4. HURRICANE FLORENCE (2018)

Two-thirds of the coast was evacuated for Hurricane Florence, a Category 1 hurricane, which
caused severe damage to the Eastern portion of South Carolina. Almost 190,000 citizens were
left without power, while another 8,000 were displaced to shelters, with a total of nine fatalities.
While Hurricane Florence caused only a limited coastal surge, significant inland flooding
affected 15,000 residents. Six rivers rose to flood levels after the storm dropped 23 inches of rain
in some areas. Ten stream and river gauge locations in South Carolina and 18 in North Carolina
experienced the highest water levels ever recorded (US Geological Survey, 2018). The cost to
repair infrastructure is estimated at $135 million, with Small Business Administration loans of
over $50 million. Commercial insurance payment to assist with recovery were about $200
million, while NFIP paid over $100 million (South Carolina Emergency Management Division,
2018a). FEMA granted over $24 million to more than 5,000 individuals and families through 8
counties in South Carolina, and obligated upwards of $38 million in public assistance grants in
19 counties (Federal Emergency Management Agency, 2018).

FIGURE 4: SC Disaster Declaration — Hurricane Florence
(Federal Emergency Management Agency, 2018).
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S. SUMMARY OF EVENTS

These four events have collectively resulted in 37 deaths and 1,634 homes destroyed or
experiencing major damage, some repeatedly in more than one storm. An additional 146,017
homes received moderate to minor damage. Flooding resulted in the breach or failure of 81
regulated dams throughout South Carolina. Combined FEMA payments to individuals exceeded
$150 million and the total cost of infrastructure repairs is estimated at $680 million, with an
estimated total loss of $320 million in tourism dollars.

6. VULNERABILITY TO FLOODING
a. Geography

South Carolina ranks 40th in size among the states, with an area of 32,020 square miles,
including 1,008 square miles of inland water and 72 square miles of coastal waters over which it
has jurisdiction. The coastline of South Carolina is approximately 187 miles in length, and is
characterized by 2,876 miles of tidal shoreline, and over 500,000 acres of coastal marshes, which
is the most salt marsh acreage of any US Atlantic Coast state (South Carolina Coastal Council,
1979). There are 6 major estuaries along the S.C. coast, and 40 barrier islands running parallel to
it (Hayes et al., 2008). The state’s mean elevation is 350 feet.

Three geographic land areas define South Carolina; the Atlantic Coastal Plain, the Piedmont, and
the Blue Ridge. Two thirds of South Carolina is covered by the Atlantic Coastal Plain, from the
Atlantic Ocean extending to the west, approximately to a line followed by US Highway 1 from
Cheraw to Aiken. The land rises gradually from the southeast to the northwest. To the northwest
of the Atlantic Coastal Plain is the Piedmont. The Piedmont is marked by higher elevations, from
400 to 1,200 feet above sea level and reaching 1,400 above sea level on its western edge. The
border between the Piedmont region and the Atlantic Coastal Plain is called the Fall Line to mark
the line where the upland rivers “fall” to the lower Atlantic Coastal Plain. The Blue Ridge covers
the northwestern corner of South Carolina. This region is part of the larger Blue Ridge Mountain
Range that extends from southern Pennsylvania south to Georgia (South Carolina Emergency
Management Division, 2018b).

South Carolina’s climate is humid and subtropical, with long, hot summers and short, mild
winters. The subtropical climate of South Carolina arises from the combination of the state’s
relatively low latitude, its generally low elevation, the proximity of the warm Gulf Stream in the
Atlantic, and the Appalachian Mountains, which in winter, help to block cold air from the
interior of the United States.

Rainfall is abundant and well distributed throughout South Carolina. Most of the state receives,
on average, 49 inches of precipitation per year (South Carolina — SCIWAY, 2019). The Pee Dee,
Santee, Edisto, and Savannah River systems drain the state, flowing from the highlands to the
sea.
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b. Flooding

Flooding is the most frequent and costly natural hazard in the United States, causing almost
4,000 deaths since 1950. About 75% of presidential disaster declarations are related to flooding.
Most fatalities are due to people driving into flooded areas.

Floods are generally the result of excessive precipitation over a span of days, intense rain in a
short period of time, river overflow, or failure of water structures (dams, levees). Floods may be
broadly classified into two categories, as either general floods or flash floods. General floods are
usually long-term events that may last for several days. Riverine and coastal flooding fall under
general flood types. Flash floods are caused by locally heavy rains in areas where water runs off
quickly, moving at very high speeds. Flash floods can cause severe damage as the floodwater is
able to pick up debris, uproot trees, destroy buildings, and damage bridges and roads. Urban
flooding and dam/levee failure fall under the flash flooding type. Flash floods are killer floods,
often catching people unaware in their vehicles when bridges and roads are washed out.

There are five distinctive types of flooding in South Carolina (South Carolina Emergency
Management Division, 2018b):

1. Flash flooding: rapid onset events which occur from short, heavy rainfall, accumulating in
areas faster than the ground is able to absorb it. Urban flooding can occur because of impervious
surfaces (streets, roads, parking lots, residential and business areas that inhibit ground water
absorption causing runoff).

2. Riverine flooding: this occurs when an increase in water volume within a river channel causes
an overflow onto the surrounding floodplain.

3. Coastal flooding: water pushed inland as a result of higher tides associated with storm surge,
wind-driven waves, and heavy rainfall produced by hurricanes, tropical storms, and other coastal
storms.

4. Local drainage problems: can occur anywhere in the State where the ground is flat, where
the drainage pattern has been disrupted, or where channels or stormwater drains have not been
maintained or have been overwhelmed by factors such as changes in land use (e.g., impervious
surfaces).

5. Dam/levee failure: each dam in the State has the potential to fail and suddenly release its
impounded water, flooding the land downstream. The threat from dam failure increases from
aging dams, and when additional dams are built for retention basins and amenity ponds in new
developments.

C. Location

Floodplains are “flat areas adjacent to streams and rivers that are prone to flooding.” Though
flooding could occur anywhere in the state, given the correct atmospheric circumstances or an
inappropriate level of upkeep to drainage systems or other methods of flood control, it is the
floodplains that are most likely to experience flood events. Floodplains are classified by the
frequency that flooding could inundate the area. A 10-year floodplain will have a 10% chance
flooding within a year’s time, while a 100-year floodplain will have a 1% percent probability
within that same year, and a 500-year floodplain will have a 0.2% chance. Though it is not likely
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to experience two or more floods in these various floodplains, it is not an impossibility (South
Carolina Emergency Management Division, 2018b).

d. Impacts

Based on data from the National Oceanic and Atmospheric Administration (NOAA), South
Carolina is ranked seventh among all states in coastal flooding vulnerability, even though our
state ranks 23" in total population. 400,000 people throughout the state are at risk of inland and
coastal flooding throughout the state, especially in communities situated in hazardous low-lying
areas (PurocClean, 2017).

A permanently installed tide gauge in Charleston Harbor has measured sea level rise at a rate of
1.07 feet/century since 1901 (NOAA, 2018). Recent studies by NOAA indicate different sea
level rise scenarios in the future based on varying rates of land-based ice melt, and project an
accelerating rate of sea level rise over time. The low, intermediate, and high projections for
Charleston in 2050 are 0.67, 1.36, and 2.54 feet above current water levels, respectively. The
southern US Atlantic coast, including South Carolina, is experiencing faster sea level rise than
the global average, due to weather cycles and regional oceanic changes (Yale, 2018).

FIGURE 5: NOAA et al. 2017 Relative Sea Level Change Scenarios for Charleston, SC
(US Army Corp, 2017).

South Carolinians are already experiencing impacts from sea level rise, resulting in more days of
flooding in our coastal communities. These impacts can include both “sunny day” floods during
normal tidal cycles, as well as higher storm surges which are on top of higher sea levels. During
the 1970’s, exceptionally high tides and storm surges caused an average of two flood days per
year in Charleston. In the 2010-2015 period, flood days in Charleston have risen to an average of
25 times per year. Projections show that the number of flooding days could rise to as many as
180 times a year by 2045 (NOAA, 2016). This high tide flooding results in flooded roads and
properties, regularly disrupting commuting and other daily activities. The Medical University of
South Carolina located on the Charleston peninsula, the region’s only Level One Trauma Center,
has stated that it’s operations may soon be compromised by flooding, and in 2017 they had to
acquire a “high water” military vehicle to transport staff between buildings during flooding
incidents (Wildeman and Johnson, 2019).
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FIGURE 6: Observed and Predicted “Minor Coastal Flooding” in Charleston
(City of Charleston, 2015).

In October 2015, instruments at the Charleston International Airport showed a record-breaking
rainfall of 20 inches over the course of three days, more than had ever been recorded during the
site’s 77-year history (City of Charleston, 2015).

South Carolina’s 2,876 miles of tidal shoreline experience an annual average of 50-52 inches of
rain per year (South Carolina State Climatology Office, n.d.). With threats from natural wave
energy, storm surges, longshore currents, and impact of hurricanes and tropical storms, coastal
erosion is a mounting problem along our shores. Rates vary drastically across the state (Hayes et
al., 1979). While recent years have shown the beaches in Georgetown to have an average erosion
rate of 2-3 feet per year, Morris Island off the shore of Folly Beach has experience 30-50 feet of
erosion per year (Erosion Data, 2015).

Moving away from oceanfront beaches, approximately 57% of our extensive salt marsh
shorelines are eroding, at an average rate of 0.55 meter/year (1.8 ft/year), due to a variety of
causes (Jackson, 2017). Our state’s extensive salt marshes provide significant protection for
coastal communities. Salt marshes act as “horizontal seawalls” reducing wave height and
absorbing storm tides (Narayn et al., 2017). As salt marshes erode, coastal communities are more
vulnerable to flooding and storm damage.

A 26% chance exists that an unelevated house in a floodplain will be damaged in the course of a
30-year mortgage. Though all waterways do not have explicit floodplains, any waterway has the
potential to flood (Erosion Data, 2015).

A significant percentage of all South Carolina lands fall within floodplains designated as

“Special Flood Hazard Areas” by the Federal Emergency Management Agency (FEMA) — over
40% along the coast and 20% statewide (Federal Emergency Management Division, 2019):
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TABLE 1: DHEC/OCRM: Horry, Georgetown, Charleston, Berkeley, Dorchester,
Colleton, Beaufort, Jasper.

Region Acres in % of Acres in % of Total Acres in | Total % of
100-Year | Regionin | 500-Year | Regionin | Special Flood | Regionin
Floodplain | 100-Year | Floodplain | 500-Year | Hazard Areas Special
Floodplain Floodplain Flood Hazard
Areas
Coastal 1,850,128 39% 141,641 3% 2,004,769 42%
Counties*
Statewide | 3,827,509 19% 181,238 0.9% 4,008,747 20%

7. EPIDEMIOLOGICAL AFFECTS OF FLOODING

The health risks resulting from both coastal and freshwater flooding pose a significant threat to
South Carolina citizens, that many might be wholly unaware. Much of the problem lies with the
threat posed by Vibrio bacteria and in toxins from cyanobacteria in freshwater systems. The
problems caused by climate related natural disasters, such as nuisance flooding along the coastal
and inland flooding, only further exacerbate the adverse effects to human health posed by such
threats (University of South Carolina, n.d.).

Vibrio bacteria, found along the coast of South Carolina, can cause serious infections, leading to
hemorrhage and edematous skin on extremities. The CDC has estimated approximately 8,000
Vibrio related infections resulting in 57 deaths on an annual basis in the United States. The
foremost cause of death associated with eating raw shellfish is a strain of Vibrio bacteria, totaling
50% of all United States death related to eating seafood. Other strains of Vibrio bacteria can
infect open wounds, often during recreational activities along the coast. Vibrio infections have
only shown a persistent increase in the last decade (Deeb, 2011). Likewise, cyanobacteria form
harmful algal blooms (HABs) pose threats to ecological and human health, including a risk to
crops watered with surface waters and inland aquaculture. HABs may even impact the
commercial and recreational fishing throughout inland waterways. (Brooks et al., 2018).

The Southeastern US is the most rapidly urbanizing region in the United States with population
growth exceeding 50% for most states in the region over the last 30 years (Cleven et al. 2005;
Scott et al., 2006, 2012). Indeed, the fastest growing cities on the east coast are allocated in
South Carolina- Myrtle Beach, Charleston and Hilton Head. Urbanization results in changes in
landscape ecology that increases imperviousness and resulting alterations in the hydrological
cycle, increasing runoff of nonpoint source runoff pollution including increased levels of
nutrients, microbes and chemical contaminants (Scott et al., 2006). This may result in increased
levels of nutrients within aquatic ecosystems which then may result in overgrowth and changes
in the speciation of the algae, moving from beneficial algal species such as diatoms and
dinoflagellates to more cyanobacteria, many of which cause Harmful Algal Blooms (HABs)
which produce toxins which then may impact swimmers and result in foul/tainted drinking water.

Increased extreme weather associated with climate change such as increased temperatures and
drought may further exacerbate this condition. Sandifer and Walker (2019) reported that the U.S.
has experienced 230 weather- or climate-related (“natural”) disasters that each exceeded $1
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Billion in damages since 1980, with a total economic cost of $1.5 Trillion (10). These include
hurricanes and other severe storms, tornados, droughts, freezes, wildfires, etc. (Figure 7).

FIGURE 7: Numbers and types of natural disasters, 1950-2012, not including biological
disasters [From Learning and Guha-Sapir cited in Sandifer and Walker, 2018).
Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical
Society].

HAB events may occur as a result of natural disasters. Recently the state of Florida had an
extended marine and freshwater HAB (FW HAB) event which lasted for > 17 months and closed
beaches from Sarasota, Florida on the west coast all the way around south Florida and up the east
coast to Cape Kennedy, greatly impacting coastal tourism and marine fisheries. Backer et al.
(2015) reported on HAB related illnesses in the US from 2007-2011 as 4,534 events were
reported in Harmful Algal Bloom-related Illness Surveillance System (HABISS). Most reported
HAB events were detected during routine monitoring (93.6%), as bloom reports (2.6%), health
events (2.5%) and fish kills (1.3%) were less common in occurrence. Also, most HAB events (n
= 3499 or 77% of the reports) occurred in freshwater (e.g. lakes, rivers, streams, and ponds)
habitats with the remaining reports occurring in brackish (n =973 or 21%); marine (n = 82 or
2%) or unknown water body types (n= 172 or 4%). Cyanobacteria were the most common type
of organism reported (73%) in samples analyzed for organism taxonomy. States most commonly
reported Anabaena spp. (20% of samples), Aphanizomenon spp. (7% of samples), and
Microcystis spp. (7% of samples). More recent data from 2015, indicated 252 FW HAB events
were observed in the US with approximately 70% occurring in July and August (Ravencroft,
2016).

Key forcing factors for the development of FW HABs may include (1) climate change and often
associated droughts; (2) Anthropogenic activities including nutrient enrichment, hydrological
modifications resulting in increased discharges of contaminants from effluent and stormwater
discharges associated with urban and agricultural runoff; (3) natural resource extraction; and (4)
salinization and de-salinization changes in water quality (Anderson et al., 2002; Moor et al.,
2008; O’Neal et al. 2012; Paerl and Paul, 2012). Many HAB forming species are invasive and/or
opportunistic and take advantage of altered habitat conditions in developed regions (Brooks et
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al.2011). HAB pollution impacts are not as predictable as are those from conventional chemical
contaminants; interactions among multiple factors, both natural and anthropogenic, determine the
severity to which a HAB will occur in a specific waterbody and can affect the magnitude of toxin
production [regions (Brooks et al.2011) Brooks et al ( 2016) provided evidence that freshwater
HABs may be the greatest public health threat in freshwater ecosystems in the US.

The EPA found in their Lake Study that most HAB events occur in freshwater lakes throughout
the US and that 33% of 123,000 lakes had cyanobacterial HAB species and blooms. Many of
these freshwater species produce toxins that affect the liver, kidney and central nervous system
when ingested from either drinking water or contact recreation.

In 2018 the South Carolina Department of Health and Environmental Control tested for
microcystin in lakes throughout the state and found detectable levels in several lakes including
Lake Wateree but all below levels of concern for public health. Researchers at the University of
South Carolina have also found levels of Lyngbya in Lake Wateree which produces a
neurotoxin. This toxin is held internally within the algae and is not released unless the plant is
stressed, or the cell wall is lysed. Bloom conditions within Lake Wateree have shown this HAB
species is increasing in growth throughout much of the lake and has changed the pH of the lake
as a result.

Lake Wateree is at the end of a chain of several lakes managed by Duke Energy. Often, during
impending hurricanes or flood events, large volumes of water are released prior to the event to
prevent flooding, which may lower the pH in the lake. There is a concern that these more acidic
conditions may stress or damage the Lyngbya and allow the toxins to be released. Further
ongoing research is being conducted by researchers at the University of South Carolina to
investigate this situation. The neurotoxins produced by Lyngya are highly toxic and a potential
health concern if released from the algae.

The University of South Carolina has begun a research partnership with Baylor, The College of
Charleston, The Citadel, and the University of Maryland’s Environmental Science Center, to
form the NIEHS Center for Oceans and Human Health and Climate Change Interactions
(OHHC2I). The center is examining how climate and natural disasters, like flooding, affect the
Vibrio bacteria and cyanobacteria and their adverse impact on human health. Collectively the
OHHC?2I has begun detailed projects to further investigate the impact or Vibrio bacteria and
HBAs, and to study other long-term impacts and educate the public (University of South
Carolina, n.d.).

C. POPULATION GROWTH: BUILT AND NATURAL INFRASTRUCTURE

1. POPULATION GROWTH AND URBAN EXPANSION

South Carolina has had steady population growth since the 1700’s. Currently, our state’s
population is growing 1.06% per year, which ranks 18th in the US (South Carolina Population,
2019). Demographic projections show continued growth in our state. This growth has
unquestionably increased prosperity and opportunities. At the same time, it has significant
consequences for flood management and resilience.
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TABLE 2: South Carolina’s Population Growth Projections
(United States Census, 2018; University of Virginia, 2018).

YEAR POPULATION INCREASE PERCENT
OVER 2018 INCREASE
OVER 2018
2018 5,084,127 -—- -—-
2025 5,457,700 373,573 7.34%
2030 5,730,490 646,363 12.7%
2040 6,352,502 1,268,375 24.9%

Because most of our state’s growth will be in urban and suburban areas, we will experience a
large expansion of these land uses, as illustrated in the table and figures below. This has
significant consequences for flood management and community resilience. As in most of the US,
the size of urban areas in our state grows faster than the population growth rate. Studies project
that from 2018 to 2100 we will add 5.8 Million acres of urban/suburban land uses, covering 39%
of the state (Terando et al, 2014).

GROWTH OF URBAN & SUBURBAN LAND USES IN SOUTH CAROLINA:

TABLE 3: Growth of Urban & Suburban Land Uses in South Carolina
(SOURCE: Terando et al., 2014).

YEAR AREA OF PERCENT INCREASE PERCENT
URBAN & OF STATE OVER 2010 INCREASE OF
SUBURBAN IN URBAN & (ACRES) URBAN &
LAND USES SUBURBAN SUBURBAN
(ACRES) LAND USES LANDS OVER
2010
2010 1,900,000 9% - -
2050 4,400,000 22% 2,500,000 132%
2100 7,700,000 39% 5,800,000 305%
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FIGURE 8: Urbanization Across SC Showing Urbanized Lands in 2010 and Projected
Urbanization in 2050 and 2090
(Terando et al., 2014).

The South Carolina coast is experiencing especially rapid population growth. In the 2012-2017
period, three coastal regions were in the Top 25 US metropolitan areas with the fastest
population growth:

#23: Hilton Head Island — Bluffton — Beaufort: 14.7% growth

#12: Charleston — North Charleston: 16.2% growth

#2: Myrtle Beach — Conway — North Myrtle Beach: 22.6% growth
(United States Census Bureau, 2018)

The urban/suburban land uses in these three coastal regions will expand especially fast, as
illustrated for the Tri-County Charleston region in the following figure. These areas are going to
present special challenges for flood management and resilience, because our coastal region has
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the greatest amount of land in floodplains and is most likely to be impacted by tropical storms
and hurricanes.

FIGURE 9: Projected Urbanization for Berkley, Charleston, and Dorchester Counties, SC
(Terando et al., 2014).

Expanding urban areas create a number of challenges to flood management and community
resilience. Larger urban areas expand the acreage of impervious surfaces (road, roofs, etc.).
Expanded impervious surfaces significantly increase both the amount and the speed of
stormwater runoff during rain events. This increases flooding risk, especially where older
stormwater drainage systems or dams may have been designed and built for a less urbanized
environment. In addition, expanding urban areas increase the pressure to develop in floodplains
and wetlands, which eliminates the natural sponges that absorb and slow down floodwaters.
Floodplain development puts people and investments directly in the path of floodwaters.

At the same time, there is an opportunity presented by the investments that state and local
governments will be making in infrastructure to support our state’s growing population, as well
as the investments that will be made by the private sector in development. Flood resilience and
flood-risk reduction should be considered as these new roads, public facilities, homes and
businesses are located, designed and built. Older infrastructure and buildings will also have to be
rebuilt or upgraded in many places. This also presents an opportunity to advance resilience and
reduce flood risk if they are rebuilt with resilience and flood risk reduction in mind.
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Incorporating “nature-based solutions” into the location, design and construction of new or
rebuilt development, as discussed in the following section, may also increase resilience and
reduce flood risk.

2. NATURAL INFRASTRUCTURE OPPORTUNITIES

Natural resources such as salt marshes, beach dunes, oyster reefs, forests, wetlands, river
floodplains, and protected open space have widely documented values to increase the resilience
of adjacent and downstream human communities by reducing flood risk. For example, just 15
feet of salt marsh can absorb 50% of wave energy from storm surge (Shepard et al., 2011). One
acre of intact floodplains can prevent up to $1,800 in flood damage from rising rivers
(Opperman, 2014). Over a year, a single mature tree is capable of absorbing thousands of gallons
of rainwater. Nature and nature-based solutions are often underappreciated and underutilized
tools for flood mitigation. Nature-based solutions use nature, often in concert with engineered
systems, to mimic or restore natural processes such as water flow and water storage. By using
nature, damages and impacts are minimized and communities can recover more quickly from
disasters and impacts.

South Carolina is blessed with an abundance of natural resources, which should be utilized to our
benefit for flood mitigation. These natural resources have been well documented for their
economic benefit to the state in terms of tourism and recreation. Coastal tourism is responsible
for about 27% ($9 billion) of the $33.4 billion of economic activity produced by all of South
Carolina’s natural resource-based sectors (Willis and Straka, 2017). South Carolina would
benefit from recognizing their flood mitigation value as well and working towards preserving
and restoring natural areas to protect human communities and create healthier environments.

a. Salt Marsh

Coastal South Carolina contains 20% of all the salt marsh on the U.S. East Coast, around
500,000 acres (South Carolina Depart of Natural Resources, 2014). Salt marshes act as
“horizontal seawalls” by reducing wave energy and wave height and have added benefits of
acting like sponges to absorb floodwaters (Shepard et al., 2011). These expansive salt marshes
are a major natural asset that can help buffer coastal communities from flood and storm damage.
However, recent studies have shown that our state’s salt marshes are eroding and shrinking in
many areas due to a variety of causes, including coastal development, sea level rise, and erosion
induced by increased storm activity and human activity such as boat traffic. More than half of the
state’s shoreline (>4,600 miles) is eroding, at an average rate of 1.8 ft every year (Jackson,
2017). This loss increases the risk of storm damage and the costs of flooding to coastal
communities as this highly valuable natural resource dwindles. Protection and restoration of our
marshes will provide upland land protection for future marsh migration pathways as sea level
rises.

b. Forests

South Carolina is approximately 67% forested as of 2017 (Lambert et al., 2019). The state’s
forest cover was stable from 1968-2006 (South Carolina’s Forest, 2019), though recent
inventories document losses of 16,320 acres in 2016 (Brandeis et al., 2017) and 56,800 acres in
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2017 (Lambert et al., 2017). Forest land is a critical form of natural infrastructure, as it regulates
infiltration and runoff. For example, 1 inch of rainfall on an acre of forest will produce 750
gallons of runoff, while a 1-acre parking lot will produce 27,000 gallons (Penn Station, 2015).
Forests also maximize water infiltration into soil compared to other land covers. For example, a
Florida study found soil infiltration rates reduced from 15-26 inches of rainfall/hour to 0-7 inches
of rainfall/hour when forest soil was compacted, but not paved, for urban uses (Gregory et al.,
2006). Forests also prevent rainfall from reaching streams and rivers by intercepting rainfall and
evaporating it back into the atmosphere. Loblolly pine plantations, for example, intercept an
average of 15% of annual rainfall when various states of growth and thinning are accounted for
over time (Gavazzi et al., 2016). Retention of South Carolina’s forest lands to the extent possible
and retain or re-establish tree canopies in developed areas will aid in flood resiliency.

C. Wetlands and Floodplains

Wetlands and floodplains are natural sponges that absorb floodwaters and reduce floodwater
velocity, leading to reduced impacts. However, expanding populations and urban areas are
increasing pressure to build in floodplains and wetlands, only putting more people and structures
at risk. Current FEMA data indicates that over 3.8 million acres of the state are in a 100-year
Special Hazard Flood Area (SHFA). An additional 181,238 acres lie in the 500-year SHFA. In
the eight coastal plain counties designated by the Office of Ocean and Coastal Resource
Management, 1.85 million acres are in the 100-year SHFA and 181,238 acres are in the 500-year
SHFA. This indicates that 42% of these coastal counties are at a high risk for flooding.

As of 1989, South Carolina had retained 73% of its historic wetland acreage which is
significantly above the average of 47% in the lower 48 states. Nevertheless, South Carolina was
still losing 2,920 acres of wetland per year (Dahl, 1999). Comparison of 2001 vs. 2016 National
Land Cover Data (NLCD) for South Carolina shows that South Carolina continues to lose
wetlands at a slightly reduced rate of 2,574 acres per year, primarily to urban development
(Multi-Resolution Land, 2016).

One cost-effective flood management and resilience strategy is to retain existing wetlands and
floodplains and incentivize development in less risky areas to maintain the natural function of
floodplains and wetlands. Recent events also clarify the need to more completely map 100- and
500-year floodplains. Current FEMA maps in many rural areas only define Special Hazard Flood
Areas as 100-year or 500-year, but do not provide base flood elevation zones upon which to base
community planning or response.

d. Beaches and Dunes

South Carolina beaches and barrier islands are dynamic environments that despite accumulation
of sand, naturally or otherwise, can face significant erosion. South Carolina beaches function as
critical habitat for wildlife and are vital to the state’s coastal tourism industry. For example,
visitors to Folly Beach, SC, generate $17 million in state and local taxes and $5 million in
federal taxes (Rhodes and Pan, 2015). Healthy beach and dune systems also provide a natural
buffer and storm surge protection for beachfront communities. The beachfront at Folly Beach
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protects $500 million in property, beach access, and infrastructure, which generates $11.6
million in property taxes for state and local governments (Rhodes and Pan, 2015).

e. Nature-Based Solutions

Nature-based solutions are tools we can utilize to enhance natural functions of water flow and
storage in our environment. These tools range from the strategic preservation and restoration of
natural areas such as those listed above, but also include more engineered solutions such as
constructed wetlands, living shorelines, and using dredged sediment in beneficial ways such as
thin-layer placement in marshes.

TABLE 4: Natural Based Solutions.

Floodplain preservation —

Maintain functions and values of
floodplains, such as allowing for the
storage and conveyance of water
through existing and natural flood
conveyance systems.

Stream restoration —

Restore the natural state and
functioning of the river system in
support of biodiversity, recreation,
flood management and landscape
development.

Living shorelines —

An erosion control strategy that
incorporates native wetland vegetation
alone, or in combination with structural
elements like natural fiber logs, bagged
oyster shell, or rock.

Pipe and culvert retrofits —

Retrofitting roads and the water
conveyance structures, such as culverts,
ditches, and drains, that are undersized
to adequately convey water in
developed areas.

Wetland restoration —

Restore a former or degraded wetland's
physical, chemical, or biological
characteristics to return its natural
structure and function.

Constructed wetlands —

An artificial wetland to treat wastewater
or stormwater runoff or may also be
designed as a mitigation step for natural
areas lost to land development.

Beneficial use of sediment —

Using sediment (i.e. sand or mud)
dredged from waterways in an
environmentally beneficial way, such as
increasing marsh elevation, rather than
confining in a disposal site.

Property buyout and restoration —

The acquisition of flood-prone
properties. Once the property has been
purchased, buildings are removed, and
the land can be restored to a natural
state with the potential for habitat
restoration.

Low impact development —

An integrated, comprehensive approach
to land development or redevelopment
that works with nature to manage
stormwater as close to its source as
possible.

Nature-based solutions are often highly cost-effective. South Carolina should incorporate these
options into planning and projects to reduce flood risk and increase resilience.

D. DEVELOPING A HOLISTIC & INTEGRATED FRAMEWORK TO REDUCE

FLOOD RISK

Flooding is one of the most dangerous and threatening hazards to South Carolina’s citizens,
communities, and economy. Distributions of flood losses and fatalities across South Carolina are
driven by structural failure and physical vulnerabilities. Flooding is not solely a result of rainfall
levels and storms. Regions can be impacted due to variations in topography, regional land-use
(including the extent of impervious surfaces), watershed soil composition, blockage to water
flow from road crossings or other developments, operation and condition of upstream dams, the
condition and operation of ditches and stormwater infrastructure, and humidity conditions. A
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necessity exists for flood control design and structural modification to mitigate damage along
South Carolina’s floodplains in an effort to prevent extensive damage and devastation throughout
the state to “erodible, low-lying land” and low-income communities (Ashley et al., 2008).

FIGURE 10: Probability vs. Consequence
(South Carolina Emergency Management Division, 2018).

For South Carolina, the risks are heightened by the fact that 42% of the coastal counties and 20%
of the state are in “Special Flood Hazard Areas” designated by FEMA. Looking forward, the
projections for expansion of urban and suburban land uses across the state could put more people
and economic assets at risk in flood-prone areas.

Flooding in South Carolina often has a great impact on the state’s most vulnerable citizens. The
Center for Disease Control’s Social Vulnerability Index (SVI) denotes the resilience of
communities when challenged with external pressures on human health, including the impact of
natural disasters like flooding. Areas that rank higher under the SVI require more support in
preparing themselves for natural disaster and greater efforts in recovering in their aftermath
(CDC, 2018). A National Environmental Public Health Tracking Network analysis measuring
the SVI by overall percentile of vulnerability in 2016, shows that 16 counties ranking the
ninetieth percentile, as seen below (Center for Disease Control, 2016).
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FIGURE 11: Social Vulnerability by Overall Percentage Rank, 2016
(Center for Disease Control, 2016).

Reducing flood-risk and increasing resilience requires a very wide range of programs and
actions, that must be deployed over a great range of time scales and geographic scales (urgent to
long-term; local to watershed to statewide). The number of factors that influence flooding, and
their interactions, requires a highly integrated approach to reduce flood risk and build resilience,
based on high-quality science and data that is widely shared and available. Flood risk
management is best addressed as a complex network of issues spanning from flood hazard
prediction, societal consequences, measures for regional strategies, and proven techniques for
risk reduction.

Due to this multi-faceted problem, management of flood risks in South Carolina needs
systematization and integration. In order for South Carolina’s state and local governments to
provide the best possible flood protection, we will need to develop a holistic plan.

An accurate recognition of flood risk and its drivers are crucial for effective flood preparedness
and management. A new holistic integrated framework for flood strategies and resilience across
South Carolina, along floodplains and spanning our coast is crucial for the capacity to resist,
absorb, and recover from flood disaster and high economic damage.

1. SIMILAR APPROACHES

South Carolina is not alone in facing these challenges, and we can learn from the experience and
initiatives of other states. In response to severe storms and coastal flooding, a number of states
and regions have initiated new approaches to reduce flood risk and increase resilience. There are
important lessons and principles that can be learned from these initiatives. In these examples,
state and local governments have found that the most successful approaches are integrated and
holistic, and bridge traditional boundaries.
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Louisiana Watershed Initiative (Council on Watershed, 2018)

After years of historic rain events and damage from hurricanes, this initiative was developed by
Louisiana to take steps to better understand the risks that flooding poses to the state, as well as
create obtainable solutions at both state and community levels. Five state agencies comprise the
“Council on Watershed Management Agencies.” A key principle of this initiative is that it is
organized around river basin (watershed) boundaries, recognizing that water flows and flooding
do not follow political boundaries. The governor of Louisiana has allocated $1.2 Billion in post-
disaster funding from US Dept. of Housing and Urban Development to the Louisiana Watershed
Initiative, to be spent under a comprehensive plan. The funding will be distributed and spent
based on plans and actions designed around watershed boundaries, encouraging cross-boundary
collaboration. The initiative includes the following programs:

o Watershed Monitoring, Mapping, and Modeling
Developing and exploring topographic, bathymetric, and surveys of river
crossings data, along with discerning critical areas in waterways that remain
unmonitored by the U.S Geological Survey, to gain more data on current flood
problems so that stakeholders and decision makers can better develop effective
solutions. Using this data, as well as any other information that could address
flooding risks to the state, hydraulic and hydrologic watershed models can be
created to pinpoint solutions for reducing risk. The goal is to develop high-quality
hydrologic data and models that are accurate, shared across agencies, transparent
and accessible.

o Cost Share Assistance and Coordination
Developing cost-share programs to mitigate hazard damages, potentially through
grants to fund projects dedicated to reduction and resilience projects. Recognizing
that many under-resourced local governments do not have the capacity to develop
high-quality, actionable hazard mitigation and flood-risk plans, the Watershed
Initiative will make capacity-building grants.

e Building Collaboration and Trust
Taking steps to build trust, cooperation, and collective action; and bridging
boundaries that have traditionally separated agencies and units of government.

o Watershed- Based Programs and Projects
Using watersheds as the geographic units for action, supporting resiliency
and recovery by developing programs to help alleviate that risk and cost to the
state and help citizens return from the damage sustained by them. This spans
economic development, to improving watersheds and restoring waterways, to
assisting in building capacity across state agencies and groups to support in the
assistance of mitigation wherever possible.

e Recognition of the Role of Natural Resources
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Including floodplain conservation and restoration in resilience plans, recognizing
that the natural beneficial functions of floodplains go hand in hand with flood risk
management.

Large Scale Projects and Programs

Creating clear and obtainable objectives for recognizing, selecting, and funding
major projects that will further the goals of the state to see major flooding
reduction impacts at a regional level.

High Water Mark Initiative (High Water, 2017)

This program was developed in Monmouth County, New Jersey to help mitigate further damage
to communities in the wake of Superstorm Sandy.

Increase Public Awareness Through Signage

By designing and placing signage that will appropriately inform communities of
the risk and dangers present to areas during events that have exacerbated flooding
conditions, there can begin a visible outreach into areas around the state.

Community Rating System Program

Developing a rating system that will work to rank communities based on their
susceptibility to flooding. Through identification and assessment of risks,
communities will hopefully begin to develop better means of reduction and
resilience through creditable means within the rating systems itself, like low
density zoning, better stormwater management techniques, or open space
preservation.

State of Texas Plans for Resilience and Disaster Recovery

Overview

Local Infrastructure Program (Hurricane Harvey recovery) (Texas General,
2018)

Creating an effective plan for the use of funds, such as HUD Community
Development Block Grant Disaster Recovery (CDBG-DR) funding, to plan for
flood control and drainage repair and improvements, restore damages
infrastructure, demolition and rehabilitation of public or private commercial and
industrial buildings, stricter code enforcement, and increasing public services (job
training, healthcare, child care, etc.), elevating and floodproofing nonresidential
structures where possible, or any other economic development.

Texas Coastal Resiliency Master Plan (Texas Coastal, 2019)

The Texas General Land Office (GLO) was authorized to “restore, enhance and
protect the state’s coastal natural resources.” The GLO developed the Texas
Coastal Resiliency Master Plan in 2017 and updated it in 2019. The “scope of the
Plan is focused on nature-based projects to enhance coastal resiliency.” The Plan
recognizes the critical role and integration of both natural and build infrastructure
to sustain the multiple values that the coast provides. In developing the Plan, the
GLO conducted a comprehensive analysis of existing data and information to
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identify gaps; and use a comprehensive scientific foundation to set priorities and
guide funding decisions.

Texas has used more than $1 Million of federal HUD-CDBG-DR funding in
developing its Coastal Resiliency Master Plan.

Southeast Florida Regional Compact to Advance Resilience Solutions Through Regional Action
(Southeast Florida, 2019)

e Four counties in southeastern Florida formed the regional compact in 2010. The
combined population of the region is 6.3 Million people.

e The four counties have worked together to develop a regional action plan. The
plan is a “framework for concerted regional action rather than a set of directives,”
and it “identifies vulnerabilities, prioritized actions, and integrated policy
initiatives.”

City of Charleston Sea Level Rise Strategy (City of Charleston, 2015)

e Reinvest
By strategically investing in infrastructure and necessary physical resources,
including levees, better drainage systems, and participating In the National Flood
Insurance Program’s Community Rating System, there could be major
improvements to public health, safety, and quality of life.

e Respond
Addressing the issues of flooding and the danger posed to citizens through various
initiatives. These projects could be both internal, such as strengthening
communication between government entities, installing flood gauges in high risk
flooding areas, or purchasing more effective rescue equipment, or external, by
working with groups like the U.S. Army Corp of Engineers to create flood
protection studies or with individual areas to address specific flooding needs.

® Ready
Creating a better system of coordination and collaboration between state agencies
and developing working groups of public and private stakeholders to prepare for
future flooding events.

2. RECOMMENDED PRINCIPLES FOR AN INTEGRATED FRAMEWORK ON
FLOOD MANAGEMENT IN SOUTH CAROLINA

The SC Floodwater Commission recommends that the state adopt a comprehensive and
integrated structure and plan to reduce flood risk and increase resilience, in order to deliver
effective programs to our state’s citizens. An integrated and holistic approach is recommended in
order to be cost-effective. The state is receiving hundreds of millions of dollars from
congressional post-disaster appropriations. This federal funding presents a unique opportunity
for our state to maximize the funding’s effectiveness.
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Currently, responsibility for flood risk management is divided among numerous state and local
agencies including: SC-EMD, SC Disaster Relief Office, DOT, DHEC, DNR, SC National
Guard; plus local agencies for law enforcement, emergency response, floodplain management,
flood insurance compliance, land use and zoning, stormwater management. The staff in these
organizations all have a sincere desire to deliver effective flood management and resilience. In
the absence of an integrated plan and structure, intentionally designed, our state may not deliver
what is the optimum results that are both needed and possible.

Based on the work of the Floodwater Commission and its ten Task Forces, we recommend the
following principles as the foundation to design and implement a comprehensive and integrated
approach to reduce flood risk and increase resilience.

RECOMMENDED PRINCIPLES:

Overview

Flood management plans and actions should be based on watershed boundaries,
recognizing that water flows and floods do not follow jurisdictional or political lines.

Decisions and actions should be based on high-quality, shared and integrated
hydrologic and hydrographic models that are derived from increased data collection;
the data and models should be transparent and freely accessible to all stakeholders.

Building the capacity of local governments to develop science-based and actionable
flood management plans and hazard mitigation plans should be a priority, especially
for under-resourced communities. It does little good for one local jurisdiction to have
high-quality plans if the upstream jurisdiction does not.

Success will depend on collaboration. Collaboration must take place between state
agencies to bridge boundaries, as well as between the state and local governments.
Collaboration is essential to build trust among all stakeholders, which leads to
partnerships, coordination and more effective programs. Collaboration should also be
explicitly encouraged with key federal agencies (i.e. US Army Corps of Engineers,
US Geological Survey, NOAA).

Ongoing opportunities for public participation and education should be developed to
encourage collaboration and build trust.

Flood management programs should recognize the beneficial functions of natural
floodplains, salt marshes, beach dunes, forests, living shorelines and other natural
features to reduce flood risk, as well as the co-benefits they deliver for recreation,
forestry, tourism, fisheries, and wildlife. “Nature-based solutions” should be
considered included in the design of flood control projects whenever possible in order
to increase resilience and be cost-effectiveness.

Post-disaster funding coming to South Carolina from congressional appropriations
should be managed in a unified state plan as much as federal rules and guidelines will

permit, and coordinated across the multiple sources (i.e. FEMA, HUD).
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The Floodwater Commission recommends that an effort begin to design a comprehensive and
integrated structure and plan needed for flood risk reduction and resilience. The principles
outlined above are the foundation that can guide this process. The comprehensive structure will
provide the necessary framework to integrate and implement the recommendations from the
Commission’s Task Forces.

E. FUNDING

The US Congress has passed special appropriations that direct “post-disaster” funding to South
Carolina as a result of the storms in 2015-2018. These funds far exceed any other source that is
available to the state to address flood risk and build resilience.

In the past four years, FEMA has obligated approximately $483 million to be made available for
total public assistance grants for potential relief for South Carolina residents affected by disaster
like Hurricane Joaquin and the Historic Flood, Hurricane Matthew, Hurricane/Tropical Storm
Irma, and Hurricane Florence. About $261 million of these funds is intended to go towards
Emergency work, while over $113 million are intended for permanent work funds. In 2015 and
2016, HUD granted South Carolina approximately $157 million for CDBG-DR to support
mitigation activities (HUD, 2018). Together, funds from FEMA and HUD could be used to
improve infrastructure and strengthen coordination between knowledge holders and decision
makers throughout South Carolina to mitigate the risk that future floods pose our beautiful state.
By using these funds to protect persons, property, and enterprises, we can make major impacts to
the threats posed to South Carolina citizens by coastal erosion, nuisance flooding, and
inland/river flooding.
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TABLE 5: FEMA Disaster Declaration chart, 2015-2018.

Event Total Individual | Total Housing Total Other Total Total Public Emergency Permanent
& Households Assistance (HA) Needs Individual Assistance Work Work
Program (IHP) - Dollars Assistance Assistance Grants (PA) - (Categories A- (Categories C-
- Dollars Approved* (ONA) - (TIA) - Dollars B) - Dollars G) - Dollars
Approved* Dollars Applications Obligated** Obligated** Obligated**
Approved* Approved*
Historic Flood $90,173,586.11 $78,309,657.45 $11.863,928.66 | 28,184 $116,370,286.11 | $50,586,170.52 $50,780,707.15
(FEMA, 2015)
Hurricane $39,826,354.31 $32,764,562.39 $7,061,791.92 11,662 $239,387,542.72 | $164,784,698.63 | $60,174,104.11
Matthew
(FEMA, 2016)
Hurricane/Tropical | n/a n/a n/a n/a $29,522,859.61 $17,757,810.74 $2,540,975.99
Storm Irma
(FEMA, 2017)
Hurricane $24,093,039.03 $21,126,398.95 $2,966,640.08 5,166 $38,675,259.83 $28,520,929.12 n/a
Florence
(FEMA, 2018)
Total $154,092,979.45 | $132,200,618.79 | $21,892,360.66 | 45,012 $483,955,948.27 | $261,649,609.01 | $113,495,787.25

* Dollars Approved: Assistance dollars approved but not necessarily disbursed.

** Dollars Obligated: Funds made available to the State via electronic transfer follow FEMA’s final review and
approval of Public Assistance projects; all may not be included here.

Some homeowners who have experienced significant and sometimes repeated damage to their
homes are committed to moving to higher ground but are often unable to do so due to limited
sources of funding. Many are forced to repair or rebuild in the same vulnerable locations and
become trapped in a cycle of repeated flooding and rebuilding.

The South Carolina Floodwater Commission is supportive of the type of legislation as contained
in a Bill pending in the SC Legislature regarding creation of a Resilience Revolving Fund Act.
The Bill, S.259 (by South Carolina Senators Goldfinch, Campsen, Kimpson, Senn and
Campbell) would establish a low interest revolving loan fund to help communities finance the
purchase of repetitive loss properties from homeowners volunteering to relocate (South Carolina
Resilience, 2019). The properties would be returned to open space in perpetuity and provides the
opportunity for the functions of the natural floodplain to be restored. This proposed program
provides a new mechanism for ensuring the health of floodplains and helping people who want
to move out of harm’s way, especially low- and moderate-income families and provide a source
of match funding for FEMA grants to local governments and leverages FEMA applications from

South Carolina to be more competitive in the federal process.

To incentivize successful flood buyout planning, loan forgiveness or a grant for up to 25% of a
loan could be offered if the community undertakes certain best practices— such as aiding
residents in relocating outside of the floodplain, relocating within the tax base, and completing
floodplain restoration. There is currently no other program like this in operation in the United
States. This program could provide a model for the rest of the nation.
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To date, this bill has received bipartisan support from the Governor and key members of the
South Carolina General Assembly. The bill favorably passed the Senate after a 44-1 vote and
will be considered by the General Government Subcommittee of the House Ways and Means
Committee in January 2020. If passed there is an opportunity to capitalize the Fund using federal
disaster recovery money, including the HUD Community Development Block Grant Disaster
Recovery (CDBG-DR) funding.

The comprehensive plan for flood risk reduction that the Floodwater Commission is
recommending should include a unified plan to utilize these funds as effectively as possible.
These funds will go further and accomplish more flood risk reduction if they are managed as part
of a unified plan.

Post-disaster funds come to South Carolina through more than one federal agency, including
FEMA and HUD. At the state level, they are also managed by multiple state agencies, or in some
instances go to specific local governments. The allowable uses of these funds, matching
requirements, and other regulations are different, depending on which “channel” they come
through. And, the geography where they can be spent is different, depending on which natural
disaster they are tied to. This creates a complex operating environment. Nevertheless, our state
will maximize the benefits to flood risk reduction and resiliency if we can coordinate the use of
these funds and manage them as part of a unified plan.

F. FLOOD INSURANCE

Promoting the Purchase of Private Flood Insurance

Over the last four years, flood waters have risen again and again in South Carolina, yet the
National Flood Insurance Program (NFIP) has not seen a significant rise in flood insurance
policies from the Palmetto State. It is time that South Carolinians take flooding seriously and
consider purchasing flood insurance.

A typical homeowners’ insurance policy or renter’s policy does not provide coverage for losses
due to rising waters. At present, most citizens do not consider the purchase of this important
coverage unless they are required to procure flood insurance by their mortgage company.

Through the October 2015 1,000-year flood as well as hurricanes Matthew, Irma, and Florence,
we’ve learned that rising waters don’t stay in high-risk areas. Too often, serious damage has
been experienced in areas never considered to be high risk on flood maps.

In order to protect personal assets and possessions from this serious risk, all South Carolina
citizens are encouraged to consider purchasing flood insurance. This coverage is most typically
purchased through the NFIP but is also available from some private insurance companies.

The South Carolina Floodwater Commission recommends that all insurance agents and real
estate agents talk to their clients about this important coverage. Further, the Commission
encourages all citizens to understand their risk and to make the best-informed decision for their
home and personal property.
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G. SUMMARY

A full report of each task force follows. The top takeaways of the task force report
recommendations include:

Key Recommendations

1. Continue and enhance development of operational models for addressing deferred
maintenance of the state’s drainage system. Various stakeholder groups are being
engaged for feedback on other flood and drainage projects. To date, the initial draft
contains 244 projects from 31 counties and will be ongoing.

2. Incentivize the use of green infrastructure as a cost-effective approach for managing and
reducing stormwater at its source, through such methods as tree canopies, stormwater tree
trenching, stormwater basins and stormwater wetlands. Planting of native vegetation
along the coast in conjunction with beach renourishment projects. Identify high-priority
floodplains, wetlands and open spaces through existing maps and analyses on a county by
county basis and maintain the flood storage capacity of floodplains, wetlands and critical
open space.

3. Construct 1-2 demonstration artificial reefs seaward of coastal areas experiencing
shoreline erosion in order to evaluate the impact of the engineered reef system and the
protection potential for similar reefs covering significant segments of the coast.
Additionally, continuation and investment in artificial oyster reefs to provide both erosion
resilience and protection for wetlands and an economic boost.

4. Stabilization of marsh edges by identifying locations coast-wide where living shorelines
and other emerging methods may be used to allow marshes to regrow where they have
been eroded, and replenish marshes not keeping up with sea-level rise. Identifying and
conserving transition areas for future marsh movement inland.

5. Consolidation of state resources to create greater efficiencies and cost effectiveness.
Coordination among multiple state agencies to develop a comprehensive, science-based
regulatory process to address the design of living shorelines and streamline permitting
processes where possible.

6. Grid protection through undergrounding of some distribution circuits and hardening the
overall transmission systems to increase the stability of the grid in areas along with
streamlining stricter vegetation management to protect the power lines. Additional Grid
protection through continued development of Distributed Energy Resources (DERs),
Microgrids and integrated planning.

7. Developing and coordinating of the sharing of available river modeling data, optimizing
the modeling and then utilizing these results for development planning, emergency
planning, and emergency operations. Shared modeling will allow South Carolina to
develop in an ecologically friendly manner that reduces the potential for damage from
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flooding. Build in control structures in the development and operate as part of the Smart
River Operations with the goal of preparing real time smart river topography for the
coordination of actions by states, counties, local authorities and private companies and
individuals based on modeling before during and after emergencies.

8. Ensuring that military facilities better withstand flooding and severe weather issues by
coordination with the Department of Defense (DoD) to make appropriate changes to
installation master planning, design, and construction standards including efforts to better
understand rates of coastal erosion, natural and built flood protection infrastructure, and
inland and littoral flood planning and mitigation.

9. Development of flood water channelization and the construction of reservoirs to assist
with flooding while providing regions with lakefront property, business and recreational
opportunities and energy.

10. Development of a capacity building program to assist under-resourced local governments
in identifying solutions and developing a plan and applying for federal funding.
Timeliness of the release of federal disaster funds allocated to the state from the recent
disaster relief bills is important to South Carolina’s recovery from the devastation of
storms. It is essential that efforts on initiatives to help recovery and preparation for the
future be coordinated and data collection be shared at all levels.
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I. INTRODUCTION

A. Coastal Erosion Overview

Most coastal areas in the United States are eroding (Thieler and Hammar-Klose, 2000) and the
geomorphology of the southeast United States makes it especially susceptible to erosion from
storms and sea level rise. The beaches along the Southeast states are largely composed of
unconsolidated sediment and the coastal plain is flat and only meters above sea level (Brandt
2009). Furthermore, most of the inner shelf of North and South Carolina is sediment starved with
a thin veneer of sediment overlying hardbottoms (Riggs et al. 1998, Barnardt 2009). This means
that small changes in the annual balance in the sediment budget can cause significant changes to
the nearshore and recreational beaches (Barnardt 2009).

Historically, the response to coastal erosion has been shoreline hardening or armoring (Dugan et
al. 2011). Shoreline hardening is the placement or construction of vertical hard structures, such
as seawalls or bulkheads, jetties (groins), and breakwaters, or slopped riprap along a shore to
prevent erosion and/or to mitigate flooding (Gittman et al. 2016). Roughly, 14% of the United
States shoreline and 50% of urban areas worldwide are hardened (Gittman et al. 2015).

While shoreline hardening can be locally effective at reducing erosion and limiting flooding, this
approach has negative impacts on the recreational beach and surrounding areas, beach access,
and wildlife (Table 1; Doody 2004, Seitz et al. 2006, Gittman et al. 2016, Williams et al. 2018).
Jetties modify the delivery and deposition of sediment, resulting in sediment accreting in some
areas and eroding in others. Seawalls and slopped riprap are very effective in preventing erosion
but modify wave reflection, often destabilizing the adjoining beach and eliminating the
recreational beach and eventually they will be overtopped by the sea. These solutions to erosion
are also expensive and often require additional maintenance. Furthermore, shoreline hardening
has negative impacts on the biodiversity and abundance of coastal organisms thereby reducing
the ecosystem services that coastal residents rely on (Gittman et al. 2016).

Many coastal communities have adopted soft stabilization of beaches (e.g. beach nourishment,
sand dune construction) as a better alternative to hard stabilization for arresting erosion and
protecting coastal infrastructure. Beach nourishment seeks to replace sand lost to erosion with
beach material, usually sand, and recreate lost beaches, while dune construction builds defensive
dunes. Large scale beach nourishment projects began about 50 years ago, though the first
recorded projects in the United States were in California in 1919 and on east coast barrier islands
in 1935 (Spreybroek et al. 2006 and references therein). Beach nourishment is often seen as the
only practical alternative, with minimal long-term environmental impact (Dean 2005,
Speybroeck et al. 2006), but it is expensive, requires periodic maintenance, and the
environmental impacts are not fully understood (Peterson and Bishop 2005).

Today, beach nourishment is the method of choice to protect coastal property and peoples, but
the long-term viability of this approach is open to question (Parkinson and Ogurcak 2018). In
addition to the construction costs that are steadily rising, there are other challenges to sustained
beach nourishment. These include unsuitable or inadequate sources of sand; coastal
geomorphology, which dictates the suitability of beaches for nourishment; the need to expand
nourishment to other shorelines, such as back barrier, embayments, etc.; and a full assessment of
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environmental impacts. In the face of sea level rise and increasing intensity and frequency of
coastal storms, it is reasonable to question if beach nourishment is the long-term, cost-effective
solution to protecting coastal communities (Parkinson and Ogurcak 2018).

TABLE 1: Pros and cons of different types of coastal erosion and flooding mitigation
structures (after Williams et al. 2018).

TYPES PROS CONS
Jetty/Groin 1. Effective in beach building 1. Local scour, increased erosion
Intercept long-shore 2. Valuable amenity down-drift
sand movement 3. Easy, quick construction 2. Requires sediment supply
3. Less effective at controlling
cross-shore sand movement
4. High potential maintenance cost
5. Negative impact on biota
6. Rip current generation
Seawalls 1. Effective in preventing erosion and 1. Poor energy absorption/high
Vertical/near vertical overtopping wave reflection
stone or concrete wall | 2. Resists wave exposure 2. May destabilize beach
3. Serve as a promenade, safe for public use 3. May require additional energy
4. Variety of designs absorbing apron
4. Negative impact on biota
5. Expensive
6. Limited sea access
Riprap 1. Good energy dissipation & hydraulic 1. Poor energy absorption & high
Sloped solid or open performance wave reflection
construction 2. Cheaper construction cost than solid 2. Expensive
structures 3. Negative impact on biota
3. Can reduce toe scour in conjunction with 4. May need additional input
seawalls 5. Limited sea access
4. Little maintenance
Sand Dunes 1. Aids energy dissipation 1. Highly susceptible to erosion
Artificial or natural 2. Amenity/wildlife value
Beach Nourishment/ | 1. Resembles natural beach 1. Periodic maintenance required
Replenishment 2. Expensive
Addition of sand to 3. Uncertainty surrounding impacts
replace material lost to on biota
erosion
Offshore Structure/ 1. Promotes beach build up/reduces erosion 1. Costly
Artificial reef 2. Little beach maintenance required 2. Navigation hazard/public safety
Sinking of natural or 3. Enhances biodiversity and organism risk
artificial material abundance 3. Construction limited to shallow
offshore water
4. Down-drift erosion possible
5. Possible water-quality reduction
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B. Beach Preservation

South Carolina has 300 km (187 miles) of coastline and because of its numerous bays, rivers, and
islands an effective shoreline of 4,628 km (2,876 miles) (coast.noaa.gov). This shoreline,
coupled with the rapid population growth that has occurred in South Carolina’s coastal counties
during the last few decades, places a large number of people and high-value infrastructure at risk
to coastal hazards. Shoreline counties account for approximately 25% of the state’s population
and support an annual $15 billion tourism industry and commercial and recreational fisheries
(Barnhardt 2009). The fall 2018 hurricanes and associated rainfall reinforced the region’s
susceptibility to storms and prompted an evaluation of measures to mitigate flood and storm
damage to coastal infrastructure and peoples.

Healthy beaches are vital to the South Carolina’s economy. These beaches, however,
simultaneously provide billions of dollars of flood risk reduction by protecting the tourism
infrastructure behind the beach and dune system. The beach and dune system is the first line of
defense when hurricanes threaten the South Carolina coast. The hotels, rental properties, tourist
attractions, and restaurants that allow for our state’s thriving beach tourism industry are protected
from storm flooding by the very beaches that attract their guests. As an added benefit, the
protective beach/dune system is a natural, living feature that provides critical habitat for coastal
species, such as sea turtles and shorebirds. Beaches are a water infrastructure project that serves
to diminish the effects of coastal flooding while enhancing opportunities for tourism and critical
habitat restoration.

Many metrics of beach health exist, but perhaps the most commonly used is the long-term
shoreline erosion rate. South Carolina has the highest average rate of shoreline erosion amongst
all the states in the Southeast Atlantic based on a long-term (>80 years) survey (Himmelstoss et
al. 2017). That survey revealed that 54% of the South Carolina beaches measured were eroding
at an average rate of 0.6 m/yr. (+0.4) which is the greatest average erosional shoreline change
among the southeast and Gulf of Mexico states. South Carolina also has the highest maximum
erosion rate among these states at 27.4 m/yr. (+0.4) at the north end of Cape Island based on a
short-term (20-50 years) survey (Himmelstoss et al. 2017). Figure 1 illustrates a map created by
the Hazard Vulnerability Assessment (HVA) tool, which includes statewide shoreline change
data that were provided by South Carolina’s Department of Health and Environmental Control
(DHEC) Ocean and Coastal Resource Management (OCRM) division. The maps were created
using an open-source geospatial tool called AMBUR (Analyzing Moving Boundaries Using R).
The shoreline change analysis used three-time steps: 1800s, 1930s, and 2000s. The change rate
utilized with the HVA tool was the End Point Rate (EPR). [Rates would be higher if calculated
from immediate post-nourishment to immediate pre-nourishment. With EPR, surveys may have
been conducted at any point in the beach nourishment cycle].
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FIGURE 1: Map of shoreline change rates. Shoreline Change Rate (SCR Rank) is defined
as follows: Very High: <-1 m/yr.; High: -0.2 to -1 m/yr.; Medium: -0.2 to 0.2 m/yr.; Low:
0.2 to 1 m/yr.; Very Low: 1 m/yr.

South Carolina’s DHEC-OCRM, has convened Blue Ribbon Panels focused on the state’s ocean
beaches over the last 30 years to address chronic beach erosion, gradual sea level rise, increased
shoreline development and population growth, and a lack of comprehensive beachfront planning
and management. Historically, erosion prevention in South Carolina was no different from other
areas and relied on shoreline hardening. Prior to 1988, there was limited regulation of coastal
development in South Carolina and seawalls and other means of shoreline hardening to arrest
erosion were permitted. Most hard stabilization of beaches occurred in the 1970s and 1980s
under the auspices of the South Carolina Coastal Zone Management Act (Barnardt 2009). The
lack of regulation of hard stabilization destroyed the integrity of the beaches. As a result, the
Beachfront Management Act (SCBMA; S.C. Code Ann. § 48-39-250 et seq.) was passed in
1988. The SCBMA prohibited hard stabilization and promoted the use of soft alternatives such
as beach nourishment and sand dune construction. The SCBMA established a baseline (usually
at the crest of the primary dune) and called for development no closer than where the line is
estimated to be in 40 years (i.e. 40 times the annual rate of erosion). Uneven rates of erosion
mean that beaches have different set back lines. The SCBMA also prohibits new construction of
hardened structures though older structures can be maintained. Amendments to the SCBMA in
1990 and 2002 permit exceptions to the building restrictions on a case-by-case basis and with a
limitation on the size of the structure to be constructed. South Carolina continues to prohibit hard
stabilization and in May 2019, the Governor of South Carolina successfully vetoed a bill that
would have allowed seawall construction to protect seventeen high-end houses at the DeBordieu
Colony, a wealthy development in Georgetown County (Johnson 2019).
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As described above, beach preservation is the common alternative to hard stabilization and
serves to restore the beach and dune system and its storm-surge-barrier, tourism, and ecosystem
functions. Beach preservation efforts have reduced coastal flood risk to the natural and built
environments along South Carolina’s beachfront since their widespread use beginning in the
1980’s. Beach preservation involves the implementation of coastal management techniques such
as beach nourishment, sand dune restoration (see below) using sand fencing and native
vegetation, beachfront construction control using setback lines and rebuilding rules, the landward
movement and/or removal of habitable structures whenever necessary and feasible, and the
conservation of undeveloped shorelines. The elements of beach preservation can inform the
state’s application of other flood reduction projects, like living shorelines and artificial reefs, in
the future.

1. Beach Nourishment

The predominant strategy to reduce oceanfront flooding and mitigate beach erosion in South
Carolina has been beach nourishment. Beach nourishment is the periodic pumping of sand onto a
beach to replace sediment lost from routine and storm-related waves and currents. One goal is to
add volume and width to the beach system in front of the dunes to help dissipate wave and
current energy front directly affecting coastal dunes and infrastructure. A second goal is to
support sand dunes, which provide a higher barrier to water driven waves, wind and pressure in
the form of storm surges. The first beach nourishment project in South Carolina was completed
in 1954 at Edisto Beach (Kana 2012). Since 1982, the state of South Carolina has spent just over
457 million dollars (in 2018 dollars) on beach nourishment (Beach Nourishment Viewer). This
expenditure placed nearly 60 million cubic yards of sand on approximately 950,000 ft. (180
miles) of shorefront in 76 separate projects. This represents 96% of the ocean coast because
many beaches have received nourishment more than once. Success has varied; some beaches are
significantly wider than they were in the 1980s while some are not significantly improved (Kana
2012). During the most destructive hurricanes of the 2000’s like Ivan, Katrina, Sandy, Matthew,
Irma, and Florence the communities that did not have a beach maintenance plan (for example,
regular renourishment) fared worse than their neighboring beach communities with beach
nourishment projects in place (with a wide beach and high dunes). Beach nourishment is
currently expensive and the cost of sand suitable for nourishment is increasing (Gopalakrishnan
et al. 2017). Additionally, beach nourishment is not a permanent fix, nationally beaches need to
be nourished about every 5 years.

2. Sand Dune Restoration

Sand dune restoration is another approach to mitigate the impact of erosion and flooding on
coastal infrastructure. Sand dunes form in areas with low long-term erosion rates and sufficiently
wide back beach areas over which the wind may blow and suspend sediment in the air (known as
aeolian sediment transport). Native vegetation and/or installed sand fencing then traps the wind-
blown sand causing the dunes to build over time in a cycle of vegetation burial and emergence.
Dune vegetation also helps bind the sediment within extensive root structures. Sand dunes
provide the additional elevation needed to prevent overtopping during major storm events. The
surge from recent hurricanes has breached South Carolina dune systems at weak points, such as
pedestrian walkways, which amount to a break in an otherwise continuous barrier (Figure 2).
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It has become common practice to include a sand dune restoration component in conjunction
with beach nourishment projects. The combination of these two elements yields a more
comprehensive beach preservation project.

FIGURE 2: Photograph taken from a high-rise hotel in North Myrtle Beach looking down

on the beach/dune system during the passage of Hurricane Matthew in October 2016. Note

the storm surge pouring into the public infrastructure by way of the low areas between the
dunes.

3. Beachfront Construction Control

The SCBMA established a jurisdictional "setback area" (bound by the baseline and setback line)
along the beach in which any construction would require a permit. The lines are used to regulate
new beachfront construction and are updated every 8 to 10 years. The policies and regulations
within the beachfront setback area are designed to protect the beach/dune system by
discouraging new construction in close proximity to the beach/dune system and by encouraging
those who have erected structures too close to the system to retreat from it.

State and local efforts to control beachfront development are directly applicable along South
Carolina’s estuarine shorelines. Some examples already underway include local planning efforts
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to identify critical infrastructure at risk to nuisance flooding, coastal storms, and marsh
degradation. Some communities are considering modifying development regulations to increase
freeboard, require setbacks and buffers, and reduce impermeable surfaces.

C. South Carolina’s Present Approach to Beach Preservation

Oceanfront flooding in South Carolina is not as prevalent as during the Hugo era thanks to the
implementation of beach preservation projects. Beach preservation efforts increased
dramatically following the passage of Hurricane Hugo. Over 20 million cubic yards of sand were
placed on South Carolina beaches in the 1990s, as compared to a total of about 10 million cubic
yards placed in the 50s, 60s, 70s, and 80s combined (Kana, 2012). Since the 1990’s, most South
Carolina beaches have been restored on regular intervals.

South Carolina has had a lot of experience with state beach project permitting, local community
funding strategies, and Federal/local coordination to implement beach preservation projects.
Only since 2015, however, South Carolina has shown a genuine commitment to funding beach
preservation projects at the state level. Of all the moving parts of these effective flood reduction
projects, local communities agree that state funding is today’s most critical challenge in South
Carolina beach preservation. A coalition of beach communities was formed in 2015 to advocate
for a dedicated state funding plan for beach preservation (South Carolina Beach Advocates or
SCBA, 2019). Three main beach preservation models exist today in South Carolina: The Federal
project, the state/local project, and the community association project (Table 2).

1. The Federal Project

The Grand Strand communities of North Myrtle Beach, Myrtle Beach, and Surfside Beach, as
well as the City of Folly Beach have 50-year agreements with the U.S. Army Corps of Engineers
(USACE). USACE manages and administers Coastal Storm Damage Reduction (CSDR)
projects that are cost shared with the communities and the state. For example, a Local
Cooperation Agreement between the USACE and the City of Folly Beach was justified in a 1991
report (USACE 1991) and executed on September 14, 1992. It allowed for the initial
construction of a 5.34 mile long Federal CSDR project in 1993.

In South Carolina, Federal projects require a non-Federal cost share of 15 to 35% depending on
location. In recent years, the state has split the non-Federal cost with the local communities
(Table 2). This is a common practice in other coastal states with a commitment to beach
preservation such as North Carolina, New Jersey, and Florida.

2. The State/Local Project

Beach communities with public beach access like Edisto Beach, Pawley’s Island, and parts of the
Isle of Palms collaborate with the state to cost share the public portions of their beach
preservation projects 50/50. Also included in this group are the South Carolina State Park
beaches, such as Edisto Beach State Park and Hunting Island State Park. Table 1 illustrates that
the state has played a significant role in state beach preservation in recent years.
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3. The Community Association Project

Finally, several of South Carolina’s beachfront communities are private, and not eligible for
public funds such as DeBordieu Colony Community Association, Seabrook Island Homeowners
Association, and the Wild Dunes Community Association. These communities hire private
consultants and raise funding within their communities through fees and property assessments.

D. Objective

Beach preservation is not limited to beach nourishment and sand dune restoration; other methods
exist for mitigating the effects of coastal erosion and flooding on coastal communities. These
include living shorelines, a form of soft or natural stabilization, and artificial reefs or submerged
breakwaters which is a hard engineering solution but one that is off the beach and does not have
many of the negative impacts incurred by armoring shores (Table 1; Harris 2009). The purpose
of our report is: to assess the suitability of artificial reefs for erosion and flood protection in
South Carolina by reviewing the current knowledge of artificial reefs and their potential to
protect beaches; to lay out a plan to deploy and evaluate the effectiveness of a test reef, and to
consider the issues involved in using artificial reefs on a large scale.
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TABLE 2: South Carolina’s Commitment to Beach Preservation Funding with Federal
Projects in blue, State/Local projects in pink, and Community Association projects in gray.

Nourishment

Project Name Local Sponsor Type of | Year | Total Cost* | State Cost
Project Share

Arcadian Shores Horry County Nourishment 2019 | $ 8,582,500 $ 4,291,250
Myrtle Beach Reach 1 USACE City of North Myrtle Beach Nourishment 2018 | § 6,500,000 $ 890,848
Myrtle Beach Reach 2 USACE City of Myrtle Beach Nourishment 2018 | $ 23,000,000 $ 450,000
Myrtle Beach Reach 3 USACE Horry & Georgetown Nourishment 2018 | $§ 36,500,000

Counties $ 2,400,000
Garden City + Huntington Beach | Georgetown County BU dredged 2017 | $ 6,350,000
State Park material $ -
Pawleys Island Groin Repair Town of Pawleys Island Groin Rehab 2019
Pawleys Island USACE Town of Pawleys Island Nourishment 2020 | $§ 35,428,571

$ 6,200,000

Isle of Palms Beach and Dune City, Community Assn, Nourishment 2018 | $ 13,575,568
Restoration* FEMA $ 2,982,603
Folly Beach USACE Nourishment | City of Folly Beach Nourishment 2018 | § 15,000,000
Folly Beach Groin Rehab City of Folly Beach Groin Rehab 2018 | $ 2,639,479 $ 1,319,739
Edisto Beach Town of Edisto Island, Nourishment 2017 | $ 12,141,685

SCPRT $ 6,070,843
Edisto Beach State Park SCPRT Nourishment 2017 | $ 3,126,038 $ 3,126,038
Edisto Beach Groin Extensions Town of Edisto Island Groin Rehab 2017 | $ 5,424,642 $ 2,712,321

$ $

Hunting Island State Park SCPRT Nourishment 2019 10,900,000 10,900,000
Total Since 2017* $ 200,168,483 $ 41,343,642

*Total cost includes the Federal, state, local, and private share of projects.

**]sle of Palms project contains a Community Association component at Wild Dunes.
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II. ARTIFICIAL REEF REVIEW

An artificial reef is a fabricated man-made underwater structure, typically built to promote
marine life in areas with a generally featureless bottom, to control erosion (Seaman, 2000), block
ship passage, block the use of trawling nets, or to improve recreational amenities such as surfing
or swimming. Centuries ago, sailors and seafarers recognized that sunken vessels and all sorts of
other objects that found their way to the sea floor would soon colonize with life. As early as the
1830s, curious individuals began purposefully building artificial reef structures off the coast of
South Carolina using log huts. Over 100 years later, in the 1950s, fishermen began sinking man-
made materials of opportunity or secondary use materials such as railcars, buses, tires, porcelain
toilets and a myriad of other objects to enrich marine life in local fishing areas (Jackson, 2012).
In the ensuing decades, marine resource managers, scientists and fishermen gradually became
more purposeful in artificial reef design, siting, construction and monitoring (Rosemond et al.
2018).

Many natural reefs function as submerged breakwaters and protect beaches in their lee (Harris
2009) and there is no reason a priori to suspect that artificial reefs would not function the same.
The use of artificial reefs for coastal erosion protection and ecosystem restoration has the added
potential to increase aquaculture and create new opportunities for recreational amenities.
Artificial reefs enhance the survival of marine life, providing food and shelter. Such habitats for
fish, flora, and invertebrates also attract larger marine life such as sea turtles, dolphins, sharks,
and rays, as well as fisherman and divers. Additionally, artificial reefs allow for an increase in
tourism and research opportunities, which stimulate local economies by creating jobs.

A. Purpose & Policy for Artificial Reef Protection

The National Artificial Reef Plan (33 USCS § 2103) was developed under direction of the
National Fishing Enhancement Act of 1984 by the Secretary of Commerce to promote and
facilitate responsible and effective artificial reef use based on the best scientific information
available to enhance fisheries. (United States Department of Commerce, National Artificial Reef
Plan) The continuous health of state and national fisheries to enhance economic growth are the
purpose of artificial reefs in areas that lack natural resources that promote concentrated
populations of marine life. Under the National Artificial Reef Plan parties must include
geographic, hydrographic, geologic, biological, ecological, social, economic, and other criteria
for sitting artificial reefs. In addition, mechanisms and methodologies for monitoring and
managing the use of artificial reefs are to be within requirements of permits issued under the
Construction and Management of Artificial Reefs Act (33 USCS § 2104), including, but not
limited to, credits for environmental mitigation and modified tax obligations. Design and
construction must ensure title to artificial reef construction material is unambiguous, and that
responsibility for maintenance and the financial ability to assume liability for future damages are
clearly established. The program is administered by the National Oceanic and Atmospheric
Administration (NOAA), which is part of the Department of Commerce.
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Florida, for example, has an established a program through the Florida Fish and Wildlife
Conservation Commission that put in place policies to enhance saltwater opportunities and to
promote proper management of fisheries resources (Fla Stat. § 379.249). This was done to
encourage the development of artificial reefs as well as for monitoring and evaluating such reefs
and their effectiveness. These policies are adaptable to incorporate artificial reefs used to
mitigate onshore erosion and flooding. The national government and state legislatures have
found that artificial reefs are a valuable resource that contributes ecologically, aesthetically, and
economically (Fla Stat. § 403.93345). This gives the legislature powers and authority to
construct and protect artificial reefs.

These policies provide authority with means to support comprehensive and coordinated
conservation and management of marine areas, and activities affecting them in a manner which
complements existing regulatory authorities. They also promote scientific research and long-
term monitoring of resources within these marine areas (National Marine Sanctuaries Act 16
USCS §1431(b) also administered by NOAA). This is to ensure that viable habitats are
maintained, restored, and enhanced as living resources by providing places for species that
depend upon these marine areas to survive and propagate. Federal agencies taking actions
pursuant to this must act in accordance with international law and with Presidential Proclamation
(Ronald Reagan)( Presidential Proclamation 5928), on the Territorial Sea of the United States of
America (43 USCS § 1331 et seq) Presidential Proclamation (Ronald Reagan)( Presidential
Proclamation 5030), on the Exclusive Economic Zone of the United States of America (43 USCS
§ 1453), and Presidential Proclamation (Bill Clinton) (Presidential Proclamation 7219), on the
Contiguous Zone of the United States of America (43 USCS § 1331 et seq).

B. History

1. Conference on Artificial Reefs and Related Aquatic Habitats (CARAH)

In the spring of 1974, a cohort of 250 international scientists gathered together in Houston, Texas
to discuss and deliberate the potential value of artificial reefs (NOAA, 2016). This gathering
represented the first international conference of its kind, focused exclusively on artificial reefs,
and was designed to bring colleagues of mutual interest together to improve the exchange of
information among persons interested in artificial reefs and focus international attention on the
potential use of artificial reefs in fishery management.

2. National Artificial Reef Plan (NARP)

National oversight of artificial reefs in U.S. waters did not exist until the early 1980s, even
though several states had programs in place. In recognizing the increased use of artificial reefs,
and the need for good practices, the National Fishing Enhancement Act of 1984 (H.R.5447)
directed the Department of Commerce, and by extension the National Oceanic and Atmospheric
Administration (NOAA), to develop a long-term, national plan to guide artificial reef
development in U.S. waters.
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The purpose of the national plan is to promote and facilitate responsible efforts to establish
artificial reefs in the navigable waters of the United States and waters superjacent to the outer
continental shelf as defined in 43 USC, Section 1331 (NOAA, 2016). The Act establishes
national standards for artificial reef development under the National Fishing Enhancement Act
for siting and construction, and subsequent monitoring and management in a way that will:

1. Enhance fishery resources to the maximum extent practical;

2. Minimize conflicts among competing uses of waters covered under this title and the
resources in such waters;

3. Minimize environmental risks and risks to health and property; and

4. Be consistent with generally accepted principles of international law and shall not create
any unreasonable obstruction to navigation.

A group of NOAA scientists in the National Marine Fisheries Service drafted the first ever
National Artificial Reef Plan in 1985, the latest revision to the National Artificial Reef Plan was
published in 2007 and emphasizes the use of the most recent and best information available.
The NARP provides state and local artificial reef program managers, policy makers and
interested parties with guidelines and resources on siting, construction, development and
assessment of artificial reefs. In addition, the Plan outlines the respective roles of Federal, state
and local governments in the permitting, oversight and ongoing management of artificial reefs.
Today approximately half of U.S. coastal states have artificial reef programs or strategic plans
based on guidance from the NARP (NOAA 2016). Despite the Federal government’s broad role,
there is currently no Federally coordinated program regulating artificial reef activities in U.S.
waters. Responsibility for artificial reef permitting and oversight is divided among five Federal
entities:

o U.S. Department of the Interior (DOI) through the U.S. Fish and Wildlife Service
provides funding for state artificial projects that enhance recreational fisheries resources.

o Department of Commerce (DOC) through NOAA provides a long-term National AR
Plan for responsible and effective artificial reef use.

o Department of Defense (DOD) through the U.S. Army Corps of Engineers is the lead
Federal agency for permitting artificial reefs.

o Department of Transportation (DOT) through the Maritime Administration has
provided surplus ships for artificial reef construction material.

o Environmental Protection Agency (EPA) oversees the placement of fill material or
structures used to create artificial reefs.
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C. Benefits and Challenges

The National Marine Sanctuaries Act (16 USCS § 1431) gives Congressional credence to the
tenet that historically this Nation has recognized the importance of protecting special areas of
public domain, but these areas have been almost exclusively above the highwater mark. Certain
areas of the marine environment possess these same important attributes that require Federal
programs where legislative protection is established to promote public awareness, understanding
and appreciation of these fragile marine environments for future generations. Protection of this
kind was realized in part using the Federal compliance with pollution control standards (42
U.S.C.S. § 4321). The Presidential Executive Order (William J. Clinton) (Executive Order
Number 13158), provided for additional protection for the purposes of the National Marine
Sanctuaries Act, and by utilizing the National Wildlife Refuge System Administration Act of
1966 (16 USCS § 668dd), National Park Service Organic Act (16 USCS § 1), National Historic
Preservation Act (16 USCS § 470), Coastal Zone Management Act (16 USCS § 1451),
Construction and Management of Artificial Reefs Act (33 USCS § 2104), and Endangered
Species Act of 1973 (16 USCS § 1531), to establish Marine Protected Areas (MPA) (to the
extent permitted by law and subject to the availability of appropriations through Department of
Commerce and the Department of the Interior and other pertinent Federal agencies (16 U.S.C.S.
§ 1431). Florida has codified these federal statutes for state waters under the Florida Coral Reef
Protection Act (Fla. Stat. § 403.93345), and enforced standards of liability under the Marine
Protection, Research and Sanctuaries Act (33 USCS § 1401) to protect the Nation’s only natural
coral reef system and Florida’s expensive artificial reefs.

Florida Fish and Wildlife Conservation Commission (FWC) codified a state artificial reef
program that is supported by grants, and financial and technical assistance to local governments
(Fla. Stat. Ann. § 379.249). Florida has one of the most active artificial reef programs among the
15 Gulf and Atlantic coastal states involved in artificial reef development. Because of its
extensive coastline and statewide involvement in reef activities, the Florida artificial reef
program is the only state program that is not exclusively run at a state agency level. FWC
depends on partnerships with local counties to hold reef permits and manage new reef
construction.

Since the 1940s, Florida has placed more than 3,330 planned public artificial reefs in state and
Federal waters and maintains a statewide database accessible to the public of all reef deployment

locations (FWC). Artificial reef construction objectives include:

1. Erosion Prevention

Artificial reef structures can be constructed and utilized in a variety of ways to prevent and
mitigate coastal erosion. Some are designed to force waves to deposit their energy offshore
rather than directly on the coastline. Other reefs are designed to hold sediment on beaches by
limiting the transfer of sediments within the reef. These reefs are custom designed for each
unique zone (Morang, A., et al., 2014).
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2. Recreational Dive Sites

Thousands of popular wreck diving sites throughout the world are built around shipwrecks sunk
as artificial reefs. Some of these wrecks were sunk deliberately to attract divers. The USS
Spiegel Grove and USS Oriskany in Florida, USS Indra and USS Aeolus in North Carolina, and
Bianca C in Grenada draw thousands of divers annually (Gerken, M. 2013). Other focused areas
considered as advantages of artificial reefs include:

1. Mitigation reefs to replace hard bottom habitat lost through activities such as beach re-
nourishment and damage caused by vessel groundings

2. Oyster reef regeneration
3. Enhancing recreational and charter fishing and diving opportunities
4. Increasing reef fish habitat
5. Facilitating reef related research
D. Surveys and Ecosystems Analysis

The bottom composition and character at an artificial reef site affect reef stability and longevity
and should be carefully evaluated in the site selection process. In most cases, soft sediments such
as clays, silts, and loosely packed sands should be avoided. Over time, reef materials may sink
into these sediments or become partially covered. Areas lacking in numbers or variety of species
may already have insufficient habitat to support an aquatic community, therefore reef developers
may avoid the need for lengthy environmental assessments (Fikes, R., 2013).

Marine Protected Areas

Federal inclusion in state waters to the extent permitted by law and subject to the availability of
appropriations, the Department of Commerce and the Department of the Interior, in consultation
with the Department of Defense, the Department of State, the United States Agency for
International Development, the Department of Transportation, the Environmental Protection
Agency, the National Science Foundation, and other pertinent Federal agencies were directed
under Executive Order 13158 to establish a national system of Marine Protected Areas (MPAs).
They were further directed to coordinate and share information, tools, and strategies, and provide
guidance to enable and encourage the use of the following in the exercise of each agency's
respective authorities to further enhance and expand protection of existing areas and to establish
or recommend new protected areas, as appropriate:

1. science-based identification and prioritization of natural and cultural resources for
additional protection;

2. integrated assessments of ecological linkages among MPAs, including ecological
reserves in which consumptive uses of resources are prohibited, to provide synergistic
benefits;

3. abiological assessment of the minimum area where consumptive uses would be
prohibited that is necessary to preserve representative habitats in different geographic
arecas of the marine environment;

Artificial Reef Systems 15



4. an assessment of threats and gaps in levels of protection currently afforded to natural and
cultural resources, as appropriate;

5. practical, science-based criteria and protocols for monitoring and evaluating the
effectiveness of MPAs;

6. identification of emerging threats and user conflicts affecting MPAs and appropriate,
practical, and equitable management solutions, including effective enforcement
strategies, to eliminate or reduce such threats and conflicts;

7. assessment of the economic effects of the preferred management solutions; and

8. identification of opportunities to improve linkages with, and technical assistance to,
international marine protected area programs.

To better protect beaches, coasts, and the marine environment from pollution, the Executive
Order also directed the Environmental Protection Agency (EPA), relying upon existing Clean
Water Act (33 USCS §§ 1251 et seq.) authorities, to propose new science-based regulations to
ensure appropriate levels of protection for the marine environment. Such regulations may include
the identification of areas that warrant additional pollution protections and the enhancement of
marine water quality standards.

NOAA created and maintains a Marine Protection Area Center under the terms of the Executive
Order, and also maintains a website in conjunction with the Department of Interior on the
subject.

1. Biological Effects

Administered by NOAA, the purposes and policies of title 16 USCS §§ 1431 are to identify and
designate as national marine sanctuaries areas of the marine environment which are of special
national significance and to manage these areas as part of the National Marine Sanctuary System.
Under this law NOAA has the authority for comprehensive and coordinated conservation and
management for established marine areas, and the activities that directly affect them, in a manner
which complements existing regulatory authorities to maintain the natural biological
communities within the marine sanctuaries, as well as to protect and as appropriate, restore and
enhance natural habitats, populations, and ecological processes. These policies are for natural
habitats, not man-made marine sanctuaries that, once in place become rooted into the biological
community where the structures are deployed; to enhance public awareness and understanding
for the appreciation and use of the marine environment, as well as the historical, cultural, and
archeological resources artificial reefs require protection within the National Marine Sanctuary
System.

The United Nations Convention on the Law of the Sea (“UNCLOS”) is the most comprehensive
international legal agreement for marine conservation to date. Most importantly, UNCLOS
shifted the legal assumption that the ocean is an inexhaustible commodity and adopted a
precautionary approach that treated the seas as a vulnerable resource worthy of human
stewardship (Sylvan, 2006). To fully protect and conserve reefs, management practices need to
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be updated, enhanced, or better put into action. To start, communication and exchanging of
information needs to be implemented and improved at all levels of reef management (Seaman,
2004; Gombos et al, 2010).

2. Impacts on Physical Environment

An environmental assessment that justifies the project site based upon minimum environmental
impact must be performed. The environmental assessment should include a description of
potential onsite, offsite, and cumulative impacts of the proposed artificial reef construction
project on vegetation, threatened or endangered species, fisheries, wildlife, water quality, and
cultural resources. Specifically, Project Site Selection and Environmental Assessment requires a
general location map using the most recent NOAA nautical chart showing:

1. The chart name, chart number, and date of chart;

2. The coastline adjacent to the proposed deployment location;

3. The bearing and distance (in nautical miles) from a described navigational marker or
distinctive topographical feature (e.g. mouth of inlet) to the proposed deployment
location.

4. Area of the permitted site in acres and/or square nautical miles;

5. Center and corner coordinates in latitude/longitude format as described in the Army
Corps of Engineers permit;

6. Minimum and maximum water depths (feet, MLW) for the permitted site; and

7. The location of the closest natural habitats (e.g., hardbottom) to the deployment site.

In addition, include a discussion of the availability of other relevant prior biological, or
environmental data associated with the proposed reef site or general reef vicinity, with
determinable factors of the range of wave height, current velocity, temperature, salinity,
visibility, tidal range, and other physical oceanography conditions and how those factors may
affect the project including:

1. A detailed description and discussion of the reef design and configuration, habitat
complexity, interstitial spaces, surface area, material placement and positioning.

2. A demonstration of the durability and stability of the reef material at the depth proposed
for placement based on prior field evaluations or stability analyses.

3. A written artificial reef monitoring and assessment plan.

The presence of at least one navigable inlet access point of the project site.

5. A demonstration of public support for the proposed artificial reef project, based upon
written letters or resolutions.

he
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I11. SHORELINE STABILIZATION UTILIZING ARTIFICIAL REEFS

The purpose of reef breakwaters is to reduce the hydraulic loading to a required level that
maintains the dynamic equilibrium of the shoreline (Penchev 2004). Reefs promote wave
breaking, reducing action on the shore, providing shoreline stability, restricting coastal erosion,
and preserving existing or artificially nourished beaches. Reef breakwaters are frequently used
when erosion control is needed. Water transfers its dynamic forces to the surrounding shoreline
whenever currents or wave movements occur. Particles within water beds and shorelines are
carried away and deposited elsewhere, resulting in sedimentation and erosion.

Reef breakwaters are often constructed as rubble mound structures that include using special
shaped blocks, reef balls, geo-tubes to create artificial reefs and submerged sills. The distinction
between breakwaters and submerged sills can be made by noting their effects on waves and
sediment transport (Penchev 2004). Breakwaters reduce waves; submerged sills act as barriers to
shore-normal sediment motion. Artificial reefs are always submerged.

A submerged breakwater using artificial reefs can be designed so that waves break on the
structure, reducing the wave energy that reaches the shore (Harris 2009). This wave attenuation
is quantified by the wave transmission coefficient, which is the ratio of the transmitted wave
height to the incident wave height. During periods of smaller wave action little or no wave
attenuation occurs as waves pass over the structure, allowing for the normal coastal processes to
occur with little disruption and minimizing any adverse effects to the coastlines. During periods
of larger waves, the submerged breakwater forces the waves to break, reducing the wave energy
reaching the shore, and reducing the erosion of the coastlines.

Artificial reefs allow shoreline stabilization by mimicking the functionality of natural reefs.
Recent breakwater projects constructed using artificial reefs in shallow water reduce wave
energy reaching the shore. This provides possible recreational benefits associated with artificial
reefs, such as swimming, snorkeling, diving, fishing and surfing.

When waves break at an angle to the shoreline it can produce a longshore current that can
transport sand down the coast. The greater the angle of the waves to the shoreline the greater the
magnitudes of the longshore current and littoral transport of sand. As waves enter shallower
water, they bend to become parallel to the shoreline. For waves that travel across wide and
shallow breakwaters the wave refraction can reduce the magnitude of the longshore current and
sand transport, reducing sand losses from an area (Mead and Black, 2002) and assist with
shoreline stabilization due to the wave refraction effects.

Artificial submerged reefs need to respond to the growing demand for environmentally friendly
solutions to coastal protection (Penchev 2004). Submerged breakwaters must be designed and
constructed such that the structure is high enough to significantly reduce wave action and reduce
offshore losses; reduce longshore currents instead of increasing them; avoid creating zones with
high velocities with properly engineered placement of reefs; and consideration is given to any
potential hazards to coastal navigation.
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A. Engineering and Science of Artificial Reefs for Erosion Mitigation

The effect of artificial reefs varies with wave amplitude, wavelength, wave exposure, suspended
sediment concentration, and complexity of the substrate. The offshore submerged reef has the
capacity to be a very sophisticated with many adjustment factors. Offshore reefs can be
permanently submerged or located inter-tidal where the breakwater is periodically exposed. In
each case, the depth of the reef, its size and its position relative to the shoreline determine the
coastal protection level provided by the reef.

Due to the complexities in wave breaking, models are used to determine the wave transmission
coefficients for various materials. Reef break waters provide a sensitive engineering solution
targeted to maintain the dynamic equilibrium of the shoreline. A competent economical and
functional design method requires the knowledge of relationships linking wave transmission and
set-up behind the structure with freeboard, crest width, structure permeability, and other reef
parameters. The roles played by these parameters are still being studied.

Regarding wave transmission, several empirical formulae have been proposed. These formulae
derive from data collected from different laboratories. Design formulae have indicated a variety
of important variables associated with wave transmission over submerged breakwaters. The most
important physical variables that affect the transmission coefficient K; = H; / H; have been
identified as:

b - crest width of breakwater

d - freeboard

h - water depth (in front of the structure)

m - front slope (or other parameter for the shape) of the breakwater
n - permeability (or other parameter for permeability)

Dso - nominal material diameter of the cover layer

H; - incident wave height

H; - transmitted wave height

L - wavelength at local depth

Ahrens (1987) presented an empirical wave transmission design formula for submerged
breakwaters, where most of these parameters are included.

Van der Meer (1990) analyzed hydraulic model tests by Seelig (1980), Powell and Allsop
(1985), Daemrich and Kahle (1985), Ahrens (1987), Van Der Meer (1988).] (Penchev
2004).

Modern numerical models provide a good possibility to simulate the processes and to compute
hydrodynamic behavior in detail. Physical model studies are still a powerful tool to improve the
knowledge on the processes of interaction of waves with engineering structures. An essential part
of testing is to provide results of measurement of the transmitted wave height, and the wave
energy dissipation rate. Tests under irregular waves have proven that, for the given reef
construction, and a relative submergence of d/h = 0.15 the most part of the wave energy
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dissipates during the wave-structures interaction process, mainly due to the wave breaking.
Testing parameters (wave height, distance of breaking, as well as wave envelopes) have been
conducted estimating characteristics of waves breaking over reefs to measure the dissipation of
wave energy when breaking.

General design guidelines developed for offshore breakwaters by the U.S. Army Corps of
Engineers refer to the design wavelength and breakwater layout (length, offshore distance and
gap width), (ROSATI, 1990; CIRIA, 1991). Equations 1 and 2 below list those guidelines
suggested by ROSATI (King, D.M., et al., 2000).

(1) L>2xAsand L*X
(2) G\

where L = breakwater length, G = gap between adjacent breakwaters, X = breakwater distance
offshore, and A is wavelength, (subscript d for design wavelength and i for the wavelength of
incident waves).

The natural character of the shoreline must also be considered. When developing breakwaters or
deploying artificial reefs, all options to provide a complete solution need to be explored using a
sophisticated view of an interrelated protective system to achieve the desired outcome (Black,
2001).

B. Artificial Reefs in Practice

There are several reasons to consider the use of erosion control structures. The primary

reason is to reduce beach erosion on a case-by-case basis along the open coast. There are many
examples worldwide of erosion control structures that have been used to successfully retain sand
and control erosion (ASBPA 2011). In countries with limited resources beach sand and coral are
used for construction. Many times, sand or the lack of sand can be a problem and rock wall
structures are built that unnecessarily change the character of the beach permanently. In places
such as Bali and Indonesia where there is a split over the need for rock walls or groins, it is
generally cost determinative to what defense against erosion prevails; whereas in England, the
government has regulations in place to minimize changes to the natural character of the shoreline
to one of human control (Black, 2001). Japan’s coastline has been barricaded for wave protection
and tsunami protection.

The methods and types of shoreline protection depends on that country’s ecological views, such
as in Australia, New Zealand and the United States and the need to prevent erosion. One design
of artificial reef / groins that have been used to construct a breakwater is the Reef Ball. It can be
easily manufactured in various sizes, weights and features (Harris 2007). This is economical
because of their ease of fabrication using molds, ease of deployment and secondary use as habitat
for selected benthic and pelagic species.

In Australia and New Zealand, the development of a coastal industry has been induced for the
protection of the natural character of the shoreline. The government put in place strong
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management legislation through the Resource Management Act (1991). The unification of an
international group of coastal scientists, planners and legal advisers, plus strong cultural support
for protection of natural resources, has led to the establishment of the “Artificial Reefs Program”
in New Zealand (BLACK et al., 1997a). Submerged reefs off Australia’s coast have been
constructed using a cost-benefit analysis that shows the shoreline re-nourishment has been
projected to increased tourist revenue (Black, 2001). Recreational and public amenity can be
incorporated through surfing, diving, sheltered swimming, water games, fishing and marine
habitat. Additionally, the benefits of offshore reefs are relevant to coastal research by using a
series of natural examples, case studies and model simulations (FWC).

Holly Beach, Louisiana, is an example of a breakwater field combined with a beach nourishment
project in 2001 that is performing well. The sub-aerial beach was constructed using sands buried
in an offshore channel located about 3.5 miles offshore. Prominent salient sediment
deposition??( There was no relevant word here......please check with the author) has formed in
the lee of the emergent segmented breakwaters (Mann and Thomson, 2003). Within nourishment
projects, hot spot erosion areas are often good candidates for structures as they typically lose
sand and storm protection well before the scheduled renourishment of the beach. This usually
results in renourishing early and more frequently than planned and an increase in cost (Elko et
al., 2005). Structures can be introduced to slow the erosion or stop it from eroding altogether.
Long breakwater fields (10 or more breakwaters) will reduce both littoral transport and littoral
transport gradients but may not eliminate erosion within the field (Mann and Thomson, 2003). At
Holly Beach, monitoring showed that the littoral transport was reduced uniformly by the
breakwaters, but the littoral transport gradient was not eliminated. Therefore, erosion continued
within the breakwater field, albeit at a reduced rate, and thus required nourishment.
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IV. SOUTH CAROLINA’S ARTIFICIAL REEFS

Coral reefs are among the most biologically diverse and valuable ecosystems on Earth. An
estimated 25 percent of all marine life, including over 4,000 species of fish, are dependent on
coral reefs at some point in their life cycle. Approximately half a billion people globally depend
on coral reef ecosystems for food, coastal protection, and income from tourism and fisheries. The
coral reef structure buffers shorelines against waves, storms, and floods, helping to prevent loss
of life, property damage, and erosion. When reefs are damaged or destroyed, the absence of this
natural barrier can increase the damage to coastal communities from normal wave action and
violent storms (NOAA, https://oceanservice.noaa.gov/facts/coral protect.html).

Healthy coral reefs provide: habitat, feeding, spawning, and nursery grounds for over 1 million
aquatic species, including commercially harvested fish species; food for people living near coral
reefs, especially on small islands; recreation and tourism opportunities, such as fishing, scuba
diving, and snorkeling, which contribute billions of dollars to local economies; protection of
coastal infrastructure and prevention of loss of life from storms, tsunamis, floods, and erosion.
All of the services provided by coral reefs translate into tremendous economic worth. By one
estimate, the total net benefit per year of the world’s coral reefs is $29.8 billion. In the U.S., the
National Marine Fisheries Service estimates the annual commercial value of U.S. fisheries from
coral reefs alone to be over $100 million annually (2001). Reef-based recreational fisheries
generate another $100 million annually in the U.S (EPA, https://www.epa.gov/coral-reefs/basic-
information-about-coral-reefs).

Naturally occurring coral reefs exist in seven U.S. states and territories, including: Florida,
Puerto Rico, U.S. Virgin Islands, Hawaii, Guam, American Samoa, and the Commonwealth of
the Northern Mariana Islands. There are also coral reefs 100 miles offshore of Texas and
Louisiana in the Gulf of Mexico, living on the tops of geologic ‘mesas’.

An artificial reef is a manmade structure that may mimic some of the characteristics of a natural
reef. Marine resource managers also create artificial reefs in underwater areas that require a
structure to enhance the habitat for reef organisms, including soft and stony corals and the fishes
and invertebrates that live among them. There are now companies that specialize in the design,
manufacture, and deployment of long-lasting artificial reefs that are typically constructed of
limestone, steel, and concrete (NOAA, https://oceanservice.noaa.gov/facts/artificial-reef.html).

A. History of Artificial Reefs in South Carolina

The South Carolina Marine Artificial Reef Program was created in 1973 for the purpose of
enhancing recreational fishing and diving opportunities in the state's coastal waters and to
enhance marine and estuarine fishery stocks by increasing the amount of productive hard bottom
habitat on the ocean bottom. Only about 5-10 percent of the continental shelf off the
southeastern coast is comprised of naturally occurring live- bottom reef areas. These areas are
heavily exploited and often over-fished by recreational and commercial anglers. Creation of
artificial reefs provide a readily accessible habitat to relieve fishing pressure on these areas by
placing suitable, environmentally safe materials (usually concrete or steel) on permitted areas of
the ocean bottom. These materials then provide the hard substrate necessary for the formation of
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a live-bottom reef community (Martore, 2007).

The South Carolina Marine Artificial Reef Program has received Saltwater Recreational
Fisheries License revenues since inception of the Recreational Fisheries Stamp Program in 1991.
Prior to that time, the program was minimally staffed with state-supported personnel but had no
annually dedicated funds to support reef construction activities. Artificial reefs were constructed
solely through donated materials and services or through funds specifically appropriated for
individual projects. Since the addition of Fisheries revenues, reef materials became more evenly
distributed among coastal counties, more suitable reef materials could be manufactured or
purchased and the overall development of South Carolina's artificial reefs more effectively
managed (Martore, 2007).

There are 45 active public permitted fishing reef sites. Each reef site receives multiple material
deployments over time. Program development is measured by the total number of deployments
made each year. A single deployment is made up of any material placed on a reef site at any one
time, for example, the sinking of a vessel or placement of an individual barge load of material
such as culvert pipe or bridge rubble. From 1973 through 1991, the Marine Artificial Reef
Program averaged 5.7 material deployments per year. Since FY2008 there have been 111
deployments which include over 3000 concrete culvert pipes, over 100 concrete junction boxes,
352 designed concrete modules, over 1000 tons of concrete rubble, 48 miscellaneous steel
structures, 44 subway cars, 18 barges (40’ —260’), 7 boats/ships (24°-175) and 276 armored
personnel carriers (Martore, 2015).

New offshore reef sites have been permitted in areas of heaviest artificial reef usage or to
function in alternative capacities (i.e. Charleston Deep Reef — an Artificial Reef Marine
Protected Area), however, the total number of permitted artificial reef sites has deliberately been
kept at current levels. Several previous reef sites are no longer maintained while new sites are
permitted. The primary reason for discontinuing reef sites is a lack of production for several
inshore reefs (Martore, 2015).

Offshore reef areas range in size from 1200-foot circles for nearshore sites (26 acres) up to 1.5
nautical mile squares for those sites farthest offshore. The majority of offshore sites are half
nautical mile squares (206 acres). These dimensions encompass areas vast enough to
accommodate a tremendous amount of usable reef material. While some reef sites may appear to
contain large numbers of structures the actual footprint of those materials, even on the most
heavily constructed reef sites, is actually only 2-3% of the available permitted bottom, leaving a
great deal of room for further expansion on those sites. Underwater observations have shown that
the greater concentrations and complexity of materials hold greater densities of fish than lesser
developed areas. Therefore, from a biological standpoint, continued development and
enhancement of current reef sites will provide a greater return (Martore, 2015).

In addition to monitoring the physical characteristics of artificial reefs, information concerning

user populations is collected. Growth along South Carolina's coast results in an increasing strain
on our available natural resources. Artificial reefs help alleviate fishing pressure and user
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conflicts on existing productive areas by providing saltwater recreational anglers and divers with
productive habitats located at numerous and readily accessible locations. By maintaining this
information on artificial reef users, construction activities are able to better accommodate the
increase in participants.

Material deployments on all currently active, permitted artificial reefs since 2008 have averaged
nearly 15 reef deployments per year with the material distributed to almost every reef site off
every coastal county. The availability of different types of reef building materials has varied
widely through the years. While outdated and surplus steel-hulled vessels of various designs
were once fairly numerous, the rise in scrap metal prices has significantly limited their
availability. In contrast, an increase in roadway and construction projects around the state has
resulted in an abundance of surplus concrete structures like culvert pipe and junction boxes. A
wide variety of materials continue to be utilized on the state' s reef sites. A complete list of all
reef deployments including location and material type can be found online at
http://www.dnr.sc.gov/artificialreefs/docs/ReefGuide2015.pdf - Guide to South Carolina Marine
Artificial Reefs (South Carolina Department of Natural Resources, September 2015).
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FIGURE 3: Illustration from “Guide to South Carolina Marine Artificial Reefs”
(SCDNR - September 2015).
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I. Examples of SC Marine Artificial Reef Materials (Martore, 2015)

a) Steel-hulled Vessels

Since 2008, a total of 25 steel-hulled vessels have been sunk on the state's reef sites with each
coastal county receiving multiple vessels. These include deck barges ranging from 40 feet to 260
feet in length, recreational vessels such as a pontoon boat, shrimp trawlers, tugboats, and even a
175-foot coastal freighter. These vessels require differing amounts of cleanup and preparation
and, therefore, have different associated costs. In some instances, even a vessel that requires little
in the way of cleanup, like a deck barge, may incur greater towing costs depending on the
distance to an appropriate reef site. Significant funding is required to ensure relative equity in
vessel placement among the state's reef sites.

95-foot tugboat sunk on the Little River 80-foot trawler sunk on the
Offshore Reef. Comanche Reef.
FIGURE 4: Photographs of vessels used for marine artificial reefs in South Carolina
(Martore, 2015).

b) Concrete Material (Martore, 2015)

Concrete structures, both surplus and designed, are the most utilized material for artificial reef
construction in South Carolina, primarily because of their abundant availability across the state.
In most instances surplus materials like culvert pipe and concrete boxes are donated to the reef
program at no cost but must be trucked to dockside staging and loading areas. Marine towing and
deployment costs are the greatest expenses incurred with this type of material. In some cases,
such as with memorial reefs, individuals or organizations prefer to use designed materials like
reef cones or the patented Reef Balls and are willing to donate funds to the program in order to
do so. The reef program has utilized over 3000 surplus concrete structures, more than 350
designed concrete modules, and over 1000 tons of concrete rubble.

The wide range of shapes and sizes of concrete material has afforded the reef program the ability
to observe the effects of these parameters on fish assemblages.

All concrete material has proven to be effective in rapidly creating reef communities. The
similarity to natural limestone rock enables these structures to become quickly colonized by
marine invertebrates and to rapidly and effectively produce and hold a variety of important fish
species. Surplus concrete structures are available in a variety of shapes and sizes.
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FIGURE 5: Photographs of concrete being dropped in the Gulf of Mexico off of Marco
Island, Florida for the creation of artificial reef habitats (Naples Daily News, Jan. 2015).

Most designed concrete structures are equally effective in creating productive reef communities.

FIGURE 6: Photographs of designed concrete structures (The Reef Ball Foundation -
http://www.reefball.org).

c) New York City Subway Cars (Martore, 2015)

The New York City Transit Authority periodically retires older subway cars and, on some
occasions, offers them to states as artificial reef material. The initial deployment of 200 subway
cars off South Carolina in 2002-2003 was highly successful in creating a stable, productive
habitat that proved to be extremely popular with anglers and divers. In 2008 the city of New
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York once again offered states additional subway cars for reef material. The South Carolina
Marine Artificial Reef Program received 44 of these newer, slightly larger, stainless steel subway
cars that were deployed on the Bill Perry Jr. Reef which is located equidistant between Murrells
Inlet and Little River Inlet off Georgetown and Horry counties. This deployment received a great
deal of fanfare and publicity. Since this deployment the New York City Transit Authority has not
offered any additional subway cars to state reef programs, although they have not ruled out doing
so again in the future.

FIGURE 7: Photograph of New York City Subway car dropped in the Atlantic to become
an artificial reef (Adir Break, 2008. Photo by Stephen Mallon - https://www.6sqft.com/photo-
exhibit-shows-10-years-of-subway-cars-dropped-in-the-atlantic-ocean-to-become-artificial-

reezsz ).

d) Armored Military Vehicles (Martore, 2015)

Since 1997 DNR' s artificial reef program has conducted joint reef building projects with the
South Carolina Army National Guard (SCARNG). These projects, termed 'Reef-Ex' by the
military, are funded primarily by the Department of Defense; however , they require that SCDNR
contribute a percentage of the project, in the form of buoys, personnel time and underwater
surveys, all of which are paid for by Saltwater License funds. Since 2008, 276 armored personnel
carriers, as well as numerous 20-foot long steel container boxes and concrete culvert pipe, have
been contributed, cleaned, prepared by SCARNG and deployed on reef sites all along the coast.
Because of the design and construction of these military vehicles they have proven to be highly
stable and productive structures on the reef site.
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B. Permitting a Near Shore Artificial Reef Along the South Carolina
Coast

1. Guidance from SCDHEC OCRM

In 1977, The South Carolina Coastal Zone Management Act was passed by the General
Assembly of South Carolina to provide for the protection and enhancement of South Carolina’s
coastal resources. Under the Act, the South Carolina Department of Health and Environmental
Control (DHEC) has direct statutory authority within the eight coastal counties (Beaufort,
Berkeley, Charleston, Colleton, Dorchester, Georgetown, Horry and Jasper) for all structures and
alterations within the critical area, including coastal waters, tidelands, beaches and the
beach/dune system. DHEC is also empowered to review all state and federal permit applications
and activities to determine their consistency with the South Carolina Coastal Zone Management
Program.

DHEC’s Office of Ocean and Coastal Resource Management (OCRM) is the designated state
coastal management agency and is responsible for the implementation of the state’s Coastal
Management Program. Implementation includes the direct regulation of impacts to coastal
resources within the critical areas of the state including coastal waters, tidelands, beaches and
beach dune systems; and indirect certification authority over Federal actions and state permit
decisions with the eight coastal counties (SCDHEC Laws and Regulations: Coastal Zone).

To date, artificial reefs in SC have been constructed either offshore for habitat benefits or along
estuarine shorelines for the dual purpose of improving habitat and reducing erosion.

SC DHEC OCRM has provided the following guidance for the steps involved for permitting a
nearshore artificial reef along a South Carolina ocean beach.

The Department would review the proposal through our Major Special Critical Area Permit
process (see S.C. Code Ann. Section 48-39-290(D) and S.C. Code Ann. Regs. 30-15(F) (See
Appendix A).

In addition, the Department would evaluate the project based on the General Guidelines for
Beaches and the Beach/Dune System in S.C. Code Ann. Regs. 30-11(D), the Further
Guidelines, which apply to all projects in S.C. Code Ann. Regs. 30-11(C), and the regulations
applicable to jetties and offshore breakwaters found in S.C. Code Ann. Regs. 30-13(N) (See
Appendix A).

Reg. 30-13(N) specifically states:

(1) Jetties and offshore breakwaters interfere with the natural transport of sediment and
therefore require special permits. They shall only be permitted after thorough analysis of the
project demonstrates that there will be no negative effect on adjacent areas.

And,

A monitoring plan to assess post-project impact on adjacent areas must be approved by the
Department prior to the issuance of a permit.
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To comply with guidance from OCRM, a nearshore artificial reef would need to be designed by
a coastal engineer and be analyzed for potential local and downdrift impacts, would be evaluated
by other state and federal agencies, and would be subject to extensive monitoring requirements
(similar to current monitoring requirements for groins). The Department would likely apply
similar requirements as those for groins, found in R.30-15(G) (see Appendix A). To protect
against the potential for significant impacts from this type of structure along ocean shorelines,
any proposal would need to be extensively analyzed during the design process before being
submitted to the Department.

In the design phase of an artificial reef for wave attenuation, in addition to the coastal engineer’s
analysis of local and downdrift impacts, beach nourishment and longshore transport, an analysis
should be completed to address the following concerns:

Impacts to rare, threatened, endangered species

Impacts on commercial and recreational fisheries

Impacts to essential fish habitat

Effects on storm runoff and submarine discharge

Impacts on navigation

Impacts on Atlantic Training and Testing Area and minefield impact

Mmoo o

Additional state permits may be required including:

a. 401 Water Quality Certification
b. State Navigable Waters Permit
c. Coastal Zone Consistency Certification

2. Coordination and Certification with Other Agencies

In addition to state requirements, coordination with the following federal and other agencies and
entities must be considered:

National Marine Fisheries Service

U.S. Fish and Wildlife Service

U.S. Army Corps of Engineers

U.S. Coast Guard

Bureau of Ocean Energy Management

U.S. Navy’s Atlantic Fleet Training and Testing Area

South Atlantic Fishery Management Council

South Carolina Ports Authority

Atlantic States Marine Fisheries Council (Habitat Areas of Particular Concern)

®
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3. Coordination with Local Authorities

As with the construction of groins, coordination with, and written approval from, the local
government which has jurisdiction in the area where the proposed artificial reef is to be located is
required. In addition, a financially binding commitment, such as a performance bond or letter of
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credit may be required that is reasonably estimated to cover the cost of reconstructing or
removing the artificial reef and/or restoring the adversely affected beach through renourishment
may be required.
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V. THE ARMY CORPS OF ENGINEERS - ASSISTANCE

In 2013, the US Army Corps of Engineers (USACE) reported (US Army Corps of Engineers
2013), “Recent hurricane events have emphasized the increasing vulnerability of coastal areas to
natural disasters through the combination of changing climate, geological processes, and
continued urbanization and economic investment. Improving resilience—the ability to anticipate,
prepare for, respond to, and adapt to changing conditions and to withstand and recover rapidly
from disruptions with minimal damage—is a key objective of reducing risk....

Coastal risk reduction can be achieved through a variety of approaches, including natural or
nature-based features (e.g., wetlands and dunes), and structural interventions (e.g., seawalls and
breakwaters). Natural and nature-based features can attenuate waves and provide other
ecosystem services (e.g., habitat, nesting grounds for fisheries). However, they also respond
dynamically to processes such as storms, both negatively and positively, with temporary or
permanent consequences. Perhaps more well-known are the structural measures that reduce
coastal risks by decreasing shoreline erosion, wave damage, and flooding (US Army Corps of
Engineers 2013).

The Federal, state, local, NGO, and private sector interests connected to our coastal communities
possess a complementary set of authorities and capabilities for developing more integrated
coastal systems. The effective implementation of an integrated approach to flood and coastal
flood hazard mitigation relies on a collaborative, shared responsibility framework between
Federal, state, and local agencies and the public.” (US Army Corps of Engineers 2013).

Several authorities and missions of the USACE support U.S. coastal risk reduction through
measures that increase the resilience of coastal systems.

A. Army Corp of Engineers Authorities for Assistance

1. Section 22 - Planning Assistance to States

Section 22 of the Water Resources Development Act, commonly known as Planning Assistance
to States (PAS), is an authority granted to the U.S. Army Corps of Engineers to cooperate with
states, political subdivisions of states, and Federally recognized Native American tribes to
provide planning assistance in any matters related to water resources. No design or construction
is authorized under this program. Examples of services that can be performed under this
authority include water supply studies, stormwater management studies, watershed studies, water
resources and recreation planning, data collection, master drainage planning, surveying
floodplain inventories, and pipe network analyses (USACE — Section 22).

The program does not give the Corps the authority to complete detailed final designs or
construction activities.

Any non-Federal government entity can serve as the Sponsor for a PAS study. Project initiation
requires a letter to the District office requesting Corps assistance.
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All study costs are shared at a rate of 50% Federal, 50% Sponsor. The Sponsor may contribute
their share as in-kind services.

There is a spending cap of $5,000,000 Federal expenditure per state or tribe per fiscal year.
(Individual studies are typically funded for less than the maximum allowed.)

Annual Federal program limit is $45 million.

All studies are subject to availability of Federal appropriations.

PAS studies vary greatly in size and scope. Some can be completed in a few months from receipt
of funds, while others may take a full 12-18 months to complete. In some cases, multi- phased

studies can be completed over the course of 2 years, subject to availability of Federal funds.

2. Section 103 - Hurricane and Storm Damage Reduction

Section 103 of the 1962 River and Harbor Act gives the U.S. Army Corps of Engineers the
authority to plan, design and construct measures to provide protection to properties against
damages caused by storm driven waves and ocean currents. Section 103 projects cannot be
undertaken on private beaches or where no public access to the beach exists (USACE — Section
103).

Any non-Federal government entity can serve as the Sponsor for a Section 103 project. Project
initiation requires letter to the District office requesting Corps assistance.

The initial $100,000 of any Section 103 Feasibility Study is paid 100% by the Federal
government. All additional feasibility expenditures are cost shared at a rate of 50% Federal, 50%
Sponsor. The Sponsor may contribute work in kind for their share.

The Sponsor shall provide all necessary lands, easements, rights-of-way, and any relocation of
utilities necessary for project construction and subsequent operation and maintenance of the
project. Costs associated with these items may be creditable towards the non-Federal cash
contribution for the project.

The Design and Implementation Phase is cost shared 65% Federal and 35% Non-Federal.
There is a spending cap of $10 million of Federal expenditure per Section 103 project.
Annual Federal program limit is $30 million.

Section 103 feasibility studies can take approximately 24 to 30 months and include two major
milestones. The first milestone is a Federal Interest Determination document to be accomplished
with the first $100,000. The second milestone is a Major Subordinate Command Decision
Milestone (MDM) to discuss the selected alternatives for a potential construction project. The
outcome of the MDM and the feasibility study will be a Detailed Project Report. The feasibility
study includes all alternatives analysis, design work, NEPA compliance, and benefit-cost
analysis. Construction time varies depending on the project being implemented.
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3. Section 204 - Beneficial Use of Dredged Material

Section 204 of the Water Resources Development Act of 1992 gives the U.S. Army Corps of
Engineers the authority to implement projects for the protection, restoration and creation of
aquatic and ecologically related habitats in connection with the construction or maintenance
dredging of an authorized navigation project. (USACE — Section 204).

Any non-Federal government entity can serve as the Sponsor for a Section 204 project. In some
cases, non-government agencies may serve as Sponsors. Project initiation requires a letter to the
District office requesting Corps assistance.

The Feasibility Phase is 100% Federally Funded.

The Design and Implementation Phase is cost shared 65% Federal and 35% Non- Federal.
There is a spending limit of $10 million of Federal expenditure per Section 204 project.
Annual Federal spending limit is $50 million.

Section 204 feasibility studies can take approximately 12 to 24 months and include two major
milestones. The first milestone is a Federal Interest Determination document to be accomplished
with the first $100,000. The second milestone is a Major Subordinate Command Decision
Milestone (MOM) to discuss the selected alternatives for a potential construction project. The
outcome of the MOM and the feasibility study will be a Detailed Project Report. The feasibility
study includes all alternatives analysis, design work, NEPA compliance, and benefit-cost
analysis. Construct ion time varies depending on the project being implemented.

4. Section 205 - Flood Damage Reduction

Section 205 of the 1948 Flood Control Act gives the U.S. Army Corps of Engineers the authority
to plan, design and construct flood risk management projects. These projects can be structural
projects, such as modified channels, small reservoirs or small levees, or can be non-structural

measures such as raising structures in place or removing them from the floodplain (USACE —
Section 205).

Any non-Federal government entity can serve as the Sponsor for a Section 205 study. Project
initiation requires a letter to the District office requesting Corps assistance. All Section 205
Sponsors must comply with the Federal flood insurance plan and prepare floodplain management
plans within 1 year of project completion.

First $100,000 of the Feasibility Phase is 100% Federally Funded.

The remainder of the Feasibility Phase is cost-shared 50%/50%.

The Design and Implementation Phase is cost shared 65% Federal and 35% Non-Federal.
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The sponsor must contribute in cash a minimum of 5 percent of the total project cost. The
sponsor must also pay for and obtain all lands, easements, rights of way and relocations (LERR)
for the project.

There is a spending cap of $10 million of Federal expenditure per Section 205 project.
Annual Federal program limit is $55 million.
All studies are subject to availability of Federal appropriations.

Section 205 feasibility studies can take up to 2 years to complete and include two major
milestones. The first milestone is a Federal Interest Determination document to be accomplished
with the first $100,000. The second milestone is the Major Subordinate Command Decision
Milestone (MOM) to discuss the selected alternatives for a potential construction project. The
outcome of the MOM and the feasibility study will be a Detailed Project Report. The feasibility
study includes all alternatives analysis, design work, NEPA compliance, and benefit-cost
analysis. Construction time varies depending on the project being implemented.

5. Section 206 - Aquatic Ecosystem Restoration

Section 206 of the Water Resources Development Act of 1996, as amended, gives the U.S. Army
Corps of Engineers the authority to carry out aquatic ecosystem restoration projects if the project
will improve environmental quality, is in the public interest, and is cost effective. Most of
Section 206 projects include a combination of hydrologic manipulation, structural restoration,
and biological restoration. Section 206 project cannot be undertaken for the sole purpose of
improvement of water quality. There must be an aquatic ecosystem benefit other than improved
water quality (USACE — Section 206).

Any non-Federal government entity can serve as the Sponsor for a Section 206 project. In some
cases, non-government agencies may serve as Sponsors. Project initiation requires a letter to the
District office requesting the Corps' assistance.

First $100,000 of the Feasibility Phase is 100% Federally Funded.

The remainder of the Feasibility Phase is cost-shared 50/50%.

The Design and Implementation Phase is cost shared 65% Federal and 35% Non-Federal.

The Non-Federal sponsor cost share can be a combination of cash, Lands, Easements,
Rights-of-way, Relocations, and Disposal areas (LERROs) or work-in-kind. Work-in-kind may
be provided subsequent to the execution of a Project Partnership Agreement (PPA).

Project costs are limited to $10 million Federal investment per project.

Annual Federal program limit is $50 million per year.

All studies are subject to availability of Federal appropriations.

Section 206 feasibility studies can take up to 2 years to complete and include two major

milestones. The first milestone is a Federal Interest Determination document to be accomplished
with the first $100,000. The second milestone is a Major Subordinate Command Decision
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Milestone (MOM) to discuss the selected alternatives for a potential construction project. The
outcome of the MOM and the feasibility study will be a Detailed Project Report. The feasibility
study includes all alternatives analysis, design work, NEPA compliance, and benefit-cost
analysis. Construction time varies depending on the project being implemented.

B. Flood Plain Management Services

Under the authority provided by Section 206 of the 1960 Flood Control Act (PL 86-645), as
amended, the Corps of Engineers can provide the full range of technical services and planning
guidance that is needed to support effective flood plain management. General technical
assistance efforts under this program includes determining: site-specific data on obstructions to
flood flows, flood formation, and timing; flood depths, stages or floodwater velocities; the
extent, duration, and frequency of flooding; information on natural and cultural flood plain
resources; and flood loss potentials before and after the use of flood plain management measures.
Types of studies have been conducted under the FPMS program include flood plain
delineation/hazard, dam failure analyses, hurricane evacuation, flood warning, floodway, flood
damage reduction, stormwater management, flood proofing, and inventories of flood prone
structures (USACE — Flood Plain Management Services).

The program does not give the Corps the authority to complete detailed final designs or
construction activities.

Any non-Federal government entity can serve as the Sponsor for PAS. In some cases, non-
government agencies may serve as Sponsors. All it takes is a simple request to the District office
and a representative will discuss your problem with you and let you know if you qualify for the
program.

FPMS is 100% Federally Funded.
Other Federal agencies and private parties must pay 100 percent of the costs of all FPMS efforts.
All studies are subject to availability of Federal appropriations.

The process for FPMS assistance begins after a state, regional, local government, or Native
American Indian tribe requests Corps of Engineers assistance under the program. When funding
is available, the Corps of Engineers will work with the requesting organization to develop a
scope of work and assemble the appropriate study team for the effort being requested. At their
option, the requesting organization may provide voluntary contributions toward the requested
services to expand the scope or accelerate the provision of those services. All requestors are
requested to furnish available field survey data, maps, historical flood information, etc., to help
reduce the cost of services. The timeline depends on the complexity of the services required.
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VI IMPLEMENTATION AND DELIVERABLES

Establishment of an artificial reef is not a rapid process. As detailed above (Permitting a Near
Shore Artificial Reef along the South Carolina Coast), numerous permits are necessary before a
reef is authorized. Additional considerations will be necessary for an artificial reef which is
designed to impact beach stabilization (see Appendix A: South Carolina Statute and Regulations
Pertinent to Major Special Critical Area Permit Process for regulations regarding modification of
critical areas and placement of structures shoreward of the DHEC-established baseline). Once a
permit is issued, it may take an additional 12-18 months before a reef is in place. While artificial
reefs for shoreline protection have been implemented in other parts of the world, no artificial reef
to protect a large section of a coastline has been constructed and no reef to protect even a limited
section of shoreline has been deployed in South Carolina.

A number of challenges exist in order to construct an artificial reef in South Carolina for
shoreline protection:

Financial Analysis: Is an artificial reef for shoreline protection financially feasible? A detailed
economic analysis of the cost of a site-specific artificial reef(s) will need to be completed which
compares the cost of the proposed reef to current methods of protecting coastal populations and
infrastructure (e.g. beach nourishment, adaptation, and relocation), costs of maintaining the reef
and if necessary replacement, and the potential impacts on coastal economics (e.g. oil/gas/wind
development, commercial fisheries, tourism and recreation). As artificial reefs may only slow the
rate of beach erosion, the analysis should also include a combination of shoreline protection,
ongoing renourishment programs, and Living Shoreline solutions where appropriate.

Engineering Analysis: Is it possible to engineer a site-specific artificial reef that will effectively
reduce coastal erosion and flooding and protect coastal assets? The study will require an analysis
of the optimal location offshore, water depth, and depth below the sea surface [note this might be
different at different locations along the coast]; the most effective material and design for
construction; an analysis of the impacts of the reef(s) on hydrodynamics and negative down-drift
impacts on coastal geomorphology; a comparison of the reef’s expected effectiveness to other
options to mitigate or adapt to coastal changes; and the response of the reef to sea level rise.

Environmental Impact Analysis: What are the environmental impacts of a near-shore artificial
reef? Environmental concerns to be addressed include: impacts to rare, threatened, and
endangered species; modification of essential fish habitat; interference with fish, turtle, and
marine mammal migration; influences on submarine groundwater, piped discharge, and storm
water runoff; and any potential the proposed reef may have to concentrate pollutants (oil, trash,
fuel) near shore.

Navigation/Safety and National Security Analysis: What effects would a proposed near-shore
artificial reef have on navigation and national security? Navigation and issues relating to
National Security will need to be considered and addressed prior to installation of any proposed
artificial reef.
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Proposed Course of Action: Considering these questions for constructing an artificial reef along
the South Carolina Coast, we propose the following steps:

1.

Consolidate state assets that are devoted to studying and establishing artificial reefs along
the coast to mitigate erosion and flooding. Both OCRM and SCDNR Marine Resources
Division currently have extensive knowledge of artificial reefs in South Carolina for
marine/fishery purposes.

Determine to what extent the U.S. Army Corps of Engineers (USACE) can assist the
effort by helping to evaluate and assess the feasibility and effectiveness of an artificial
reef extending along significant portions of the South Carolina coast and to what extent
the USACE Authorities may be utilized to access federal funding for engineering studies.

Charge the South Carolina institutes of higher learning and other institutions of higher
learning across the United States to develop curricula to study the effects of submerged
breakwaters on wave energy dissipation for the purpose of utilizing the findings in
engineered artificial reefs in South Carolina.

Construct 1-2 demonstration reefs seaward of coastal areas experiencing erosion. This
would require:
a. Identifying suitable areas.
b. Conducting a study of the coastal morphology and hydrodynamics of the areas if
they do not exist.
c. Engineering an artificial reef(s).
d. Obtaining local, state, and Federal permits.

Construct and deploy the reef(s) and evaluate the impact of the reef for its desired effect
and for additional impacts as outlined above. Reefs should be studied for long enough to
include seasonal changes in coastal conditions and episodic events such as storms and
hurricanes.

In conjunction with 1, 2 and 3, coordinate with local municipalities and NGOs to address
their needs and concerns regarding the initial demonstration reef(s) and the potential for
reefs covering significant segments of the coast.

In conjunction with steps 1, 2, and 3, conduct the necessary studies to assess the
environmental impacts of an extensive, nearshore artificial reef.

Design additional reef(s) covering significant portions of the South Carolina coast based
on the results from the demonstration reefs.

The models for combining local, state, and federal funding for beach nourishment might be
adapted to construct artificial reefs. Legislation and regulatory amendments may be needed to
accommodate artificial reefs designed primarily for shoreline protection which are close enough
to shore and the sea surface to be effective in stabilizing beaches.
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As an alternative to designating DHEC/DNR the task of designing and deploying artificial reefs,
an institute could be established within the South Carolina University system devoted to studying
the ramifications of and working towards the establishment of an extensive artificial reef system.
This approach has the advantages of including an educational component in the process and
engaging geologists, biologists, engineers, attorneys, and policy experts in an interdisciplinary
effort. The charge of such a ‘center of excellence’ should also be broadened to include the work
of other Floodwater Commission task forces (e.g. Living Shorelines) and could greatly enhance
our general understanding of South Carolina’s coastal ecosystem beyond the study of methods
for floodwater control and mitigation.

A. Deliverables — Timeline
Short Term
e Determine the South Carolina State agency or entities responsible for the initial phases of the
study.

e Plan the demonstration reef(s).

e Initiate necessary state legislation/regulation changes.

e Acquire all necessary permits for the demonstration reef{(s).
e Acquire funding for construction.

Mid Term
e Deploy demonstration reef(s) and study their effectiveness and impacts.
o Initiate studies to address the economic, environmental, and social impacts of an extensive
artificial reef system.

Long Term
e Continue impact studies.
e Conclusions of Impact Studies of demonstration reef(s) — Economic, Environmental, and Social.
e Recommendations for expansion of reef systems.

B. Conclusion

Sea level rise and the projected increase in the frequency and severity of storms threaten South
Carolina’s coastal infrastructure and its billion-dollar recreation and tourist industry. South
Carolina is spending millions of dollars annually to protect its beaches and coastal systems and
these costs are only expected to increase. Artificial reef(s) and/or barrier breakwaters are known
to be effective at stabilizing beaches and mitigating coastal flooding. Artificial reefs have not
been used extensively in the United States and never in South Carolina, but they have the
potential to protect the coast with low environmental impact if designed and constructed
properly. South Carolina should take the necessary steps outlined in this report towards
developing an artificial reef system designed to stabilize its beaches and the infrastructure they
protect and the tourist industry they support.
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APPENDIX A

SOUTH CAROLINA STATUTE AND REGULATIONS PERTINENT TO MAJOR
SPECIAL CRITICAL AREA PERMIT PROCESS

S.C. Code Ann. Section 48-39-290(D) and S.C. Code Ann. Regs. 30-15

S.C. Code Ann. Section 48-39-290(D)

(D) Special permits:

(1) If an applicant requests a permit to build or rebuild a structure other than an erosion control
structure or device seaward of the baseline that is not allowed otherwise pursuant to Sections
48-39-250 through 48-39-360, the department may issue a special permit to the applicant
authorizing the construction or reconstruction if the structure is not constructed or reconstructed
on a primary oceanfront sand dune or on the active beach and, if the beach erodes to the extent
the permitted structure becomes situated on the active beach, the permittee agrees to remove the
structure from the active beach if the department orders the removal. However, the use of the
property authorized under this provision, in the determination of the department, must not be
detrimental to the public health, safety, or welfare.

(2) The department's Permitting Committee Coastal Division shall consider applications for
special permits.

(3) In granting a special permit, the committee may impose reasonable additional conditions and
safeguards as, in its judgment, will fulfill the purposes of Sections 48-39-250 through 48-39-360.
(4) A party aggrieved by the decision to grant or deny a special permit application may appeal
pursuant to Section 48-39-150(D).

S.C. Code Ann. Section 48-39-250 (Referenced in Section 48-39-290(D))

SECTION 48-39-250. Legislative findings regarding the coastal beach/dune system.

The General Assembly finds that:

(1) The beach/dune system along the coast of South Carolina is extremely important to the
people of this State and serves the following functions:

(a) protects life and property by serving as a storm barrier which dissipates wave energy and
contributes to shoreline stability in an economical and effective manner,

(b) provides the basis for a tourism industry that generates approximately two-thirds of South
Carolina's annual tourism industry revenue which constitutes a significant portion of the state's
economy. The tourists who come to the South Carolina coast to enjoy the ocean and dry sand
beach contribute significantly to state and local tax revenues;

(c) provides habitat for numerous species of plants and animals, several of which are threatened
or endangered. Waters adjacent to the beach/dune system also provide habitat for many other
marine species,

(d) provides a natural healthy environment for the citizens of South Carolina to spend leisure
time which serves their physical and mental well-being.

(2) Beach/dune system vegetation is unique and extremely important to the vitality and
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preservation of the system.
(3) Many miles of South Carolina's beaches have been identified as critically eroding.

(4) Chapter 39 of Title 48, Coastal Tidelands and Wetlands, prior to 1988, did not provide
adequate jurisdiction to the South Carolina Coastal Council to enable it to effectively protect the
integrity of the beach/dune system. Consequently, without adequate controls, development
unwisely has been sited too close to the system. This type of development has jeopardized the
stability of the beach/dune system, accelerated erosion, and endangered adjacent property. It is
in both the public and private interests to protect the system from this unwise development.

(5) The use of armoring in the form of hard erosion control devices such as seawalls, bulkheads,
and rip-rap to protect erosion-threatened structures adjacent to the beach has not proven
effective. These armoring devices have given a false sense of security to beachfront property
owners. In reality, these hard structures, in many instances, have increased the vulnerability of
beachfront property to damage from wind and waves while contributing to the deterioration and
loss of the dry sand beach which is so important to the tourism industry.

(6) Erosion is a natural process which becomes a significant problem for man only when
structures are erected in close proximity to the beach/dune system. It is in both the public and
private interests to afford the beach/dune system space to accrete and erode in its natural cycle.
This space can be provided only by discouraging new construction in close proximity to the
beach/dune system.

(7) Inlet and harbor management practices, including the construction of jetties which have not
been designed to accommodate the longshore transport of sand, may deprive downdrift
beach/dune systems of their natural sand supply. Dredging practices which include disposal of
beach quality sand at sea also may deprive the beach/dune system of much-needed sand.

(8) It is in the state's best interest to protect and to promote increased public access to South
Carolina's beaches for out-of-state tourists and South Carolina residents alike.

(9) Present funding for the protection, management, and enhancement of the beach/dune system
is inadequate.

(10) There is no coordinated state policy for post-storm emergency management of the
beach/dune system.

(11) A long-range comprehensive beach management plan is needed for the entire coast of South

Carolina to protect and manage effectively the beach/dune system, thus preventing unwise
development and minimizing man's adverse impact on the system.
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S.C. Code Ann. Regs. 30-15(F)

30-15. Activities Allowed Seaward of Baseline.

F. Special Permits: The Department shall consider applications for special permits. Special
permits are to be issued only in situations where without such a permit, the property owner
would have no reasonable use of his property, or when an overriding public benefit can be
demonstrated. When issuing special permits, the Department shall consider the legislative
findings and policies as set forth in Sections 48—39-30, 48—39-250 and 48-39—-260. Specifically,
the following criteria shall serve as guidelines when issuing special permits:

(1) A structure cannot be constructed or reconstructed on a primary oceanfront
dune or on the active beach, and in the event that the beach erodes so that in the future
the permitted habitable structure is located on the active beach, the property owner
agrees to remove the structure at his own expense.

(2) There shall be no adverse impact on the stated policies of the Beachfront
Management Act, including the policies protecting the sand dunes and preservation of
the dry sand beach.

(3) The granting of a special permit shall not create a situation contrary to the
public health, safety or welfare.

(4) In determining whether or not a permit is contrary to the public health, safety
or welfare, the Department shall consider:

(a) whether or not the proposed structure would be constructed on
renourished beach;

(b) the erosion rate at the site;

(c) how soon the structure will be located on the active beach,

(d) whether or not the proposed structure meets American National
Standards Institute building standards, and/or

(e) the potential cumulative effect that similar structures will have upon
the beach/dune system.

S.C. Code Ann. Regs. 30—11. General Guidelines for All Critical Areas.

S.C. Code Ann. Regs. 30-11(C)

C. Further Guidelines: In the fulfilling of its responsibility under Section 48—39—150, the
Department must in part base its decisions regarding permit applications on the policies
specified in Sections 48—39-20 and 48—-39-30, and thus, be guided by the following:

(1) The extent to which long-range, cumulative effects of the project may result within the
context of other possible development and the general character of the area.

(2) Where applicable, the extent to which the overall plans and designs of a project can
be submitted together and evaluated as a whole, rather than submitted piecemeal and in a
fragmented fashion which limits comprehensive evaluation.

(3) The extent and significance of negative impacts on Geographic Areas of Particular
Concern (GAPC). The determination of negative impacts will be made by the Department in
each case with reference to the priorities of use for the particular GAPC. The priorities of use
are found in Chapter IV of the Coastal Management Program.
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S.C. Code Ann. Regs. 30-11(D)

D. General Guidelines for Beaches and the Beach/Dune System: In addition to the provisions of
the South Carolina Coastal Management Act of 1977, the policies of the South Carolina Coastal
Management Program, and applicable rules and regulations, the Department shall base its
decisions on activities in the beach/dune system on the findings and policies specified in Section
48—-39-250 and Section 48—-39-260 of the 1977 Coastal Zone Management Act, as amended, and
the following:

(1) The Department shall discourage new construction in the beach/dune system and
encourage those who have erected structures within the system to retreat.

(2) The Department shall promote soft-solutions to erosion within the context of a policy
of retreat of development from the shore and prevent the strengthening and enlargement of
existing erosion control structures.

(3) The Department shall promote public access to the beaches of this state.

(4) The Department shall consider state and local comprehensive plans. No permit shall
be issued which is inconsistent with the state plan, and all permits issued shall be consistent with
local plans to the maximum extent practicable.

(5) The Department shall be guided by the prohibitions against construction contained in
Section 48—-39-290 and Section 48—39—300 which are based upon the conclusion that ill-planned
development, whether habitable structures, recreational amenities, erosion control devices or
other man- made structures, will now and in the future adversely impact the fragile beach/dune
system. These structures interfere with the natural system and impact the highest and best uses of
the system. In order to protect the highest and best uses of the beach/dune system, the
Department, in its management capacity, shall encourage minimal development therein.

(6) The destruction of beach or dune vegetation seaward of the setback line is prohibited
unless there is no feasible alternative. When there is destruction of vegetation permitted seaward
of the setback line, mitigation, in the form of planting new vegetation to rectify the destruction is
required as a permit condition. In no event shall any part of a building be constructed on a
primary oceanfront sand dune.

S.C. Code Ann. Regs. 30—13. Specific Project Standards for Beaches and the Beach/Dune
System.

S.C. Code Ann. Regs. 30-13(N)

N. Erosion Control.

(1) Jetties and offshore breakwaters interfere with the natural transport of sediment and
therefore require special permits. They shall only be permitted after thorough analysis of the
project demonstrates that there will be no negative effect on adjacent areas. The following
standards shall apply:

(a) A bond may be required to ensure that necessary remedial steps are taken to
alleviate any adverse effects on adjacent areas caused by the installation of these
structures. These remedial steps may include redesign and reconfiguration of the
structures or even complete removal.

(b) A monitoring plan to assess post-project impact on adjacent areas must be
approved by the Department prior to the issuance of a permit.
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(c) Construction activities shall be scheduled so as not to interfere with nesting
and brood- rearing activities of sea birds, sea turtles, or other wildlife species.

(d) Where feasible, jetties shall be designed to provide public recreational fishing
opportunities.

(e) The applicant must have written approval from the local government which
has jurisdiction in the area where the project is proposed.

(2) Protection of Beaches and Artificial Beach Nourishment: The following requirements
apply to the Department’s consideration of projects for the renourishment of beaches:

(a) Careful study shall be given to the type (grain size and quality) of material
most suitable for nourishment of a particular beach area;

(b) Borrow areas and sand for artificial nourishment shall be carefully selected to
minimize adverse effects. Where possible, artificial beach nourishment shall be
performed in concert with inlet stabilization or navigation projects;

(c) Dredging in the borrow areas shall not be in conflict with spawning seasons
or migratory movements of significant estuarine or marine species. Nourishment of beach
areas shall be scheduled so as not to interfere with nesting and brood-rearing activities
of sea birds, sea turtles, or other wildlife species;

(d) All policies concerning dredging and filling cited at R.30—12(G) shall be
applied to beach nourishment proposals;

(3) Erosion Control Structures or Devices

(a) No new erosion control structures or devices are allowed seaward of the
setback line except to protect a public highway which existed as such on June 25, 1990.

(b) No erosion control structures, or devices may be incorporated as an integral
part of a habitable structure.

(c) Erosion control structures or devices must not be enlarged, strengthened, or
rebuilt but may be maintained in their present condition if not destroyed more than the
percentage allowed in Section 48—-39—290(B)(2)(b)(i), (ii) and (iii). Repairs must be made
with materials similar to those of the structure or device being repaired.

(d) Erosion control structures or devices determined to be destroyed more than
the percentage allowed in Section 48—39-290(B)(2)(b)(i), (ii) and (iii) must be removed
at the owner’s expense. Nothing in this section requires the removal of an erosion control
structure or device which existed on July 1, 1988, that protected a public highway.

(e) Erosion control structures or devices which existed on June 25, 1990, must not
be repaired or replaced if destroyed.:

(i) more than eighty percent above grade through June 30, 1995;
(ii) more than sixty-six and two-thirds percent above grade from July 1,

1995, through June 30, 2005.

(iii) more than fifty percent above grade after June 30, 2005. [See R.30—
14(D)(3)(c) and (d) for damage assessment.]

S.C. Code Ann. Regs. 30—15. Activities Allowed Seaward of Baseline.

G. Groins. Existing groins may be reconstructed, repaired, and maintained. New groins may
only be allowed on beaches that have high erosion rates with erosion threatening existing
development or public parks. In addition to these requirements, new groins may be constructed,
and existing groins may be reconstructed only in furtherance of an on-going beach
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renourishment effort which meets the criteria set forth in R.30—14.G, and in accordance with the
following:

(1) The applicant shall institute a monitoring program for the life of the project to
measure beach profiles along the groin area and adjacent and downdrift beach areas sufficient
to determine erosion/accretion rates. For the first five years of the project, the monitoring
program must include, but is not necessarily limited to:

(a) establishment of new monuments,
(b) determination of the annual volume and transport of sand; and
(c) annual aerial photographs.
Subsequent monitoring requirements must be based on results from the first five-year report.

(2) Groins may only be permitted after thorough analysis demonstrates that the groin will
not cause a detrimental effect on adjacent or downdrift areas. The applicant shall provide a
financially binding commitment, such as a performance bond or letter of credit that is
reasonably estimated to cover the cost of reconstructing or removing the groin and/or restoring
the affected beach through renourishment pursuant to subsection 30—15.G(3).

(3) If the monitoring program established pursuant to subsection 30-15.G(1) shows an
increased erosion rate along adjacent or downdrift beaches that is attributable to a groin, the
department must require either that the groin be reconfigured so that the erosion rate on the
affected beach does not exceed the pre-construction rate, that the groin be removed, and/or that
the beach adversely affected by the groin be restored through renourishment.

(4) Adjacent and downdrift communities and municipalities must be notified by the
department of all applications for a groin project.

(5) An adjacent or downdrift property owner that claims a groin has caused or is causing
an adverse impact shall notify the department of such impact. The department shall render an
initial determination within sixty (60) days of such notification. Final agency action shall be
rendered within twelve months of notification. An aggrieved party may appeal the decision
pursuant to the Administrative Procedures Act.

(6) In an area in which new groins have been permitted, or in an area in which existing
groins have been reconstructed or repaired, access along the beach from one groin compartment
to another must be maintained or improved. If access is impacted or eliminated, temporary
access around or over the groin must be established immediately. Within thirty days of
notification from the Department, a plan to provide permanent access around or over the groin
must be submitted by the entity responsible for the groin construction. This permanent access
plan must be implemented within ninety days of the Department approval.

(7) The applicant must have written approval from the local government which has
Jjurisdiction in the area where the project is proposed.
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I. CHARGE FROM THE SC FLOODWATER COMMISSION TO THE
LIVING SHORELINE TASK FORCE

The Living Shorelines (LSL) Taskforce was charged to identify the potential for Living
Shoreline applications towards:

1. Helping reduce erosional pressures being experienced along various types of shorelines
across the state;

2. Enhancing the resilience of properties and communities in the face of increasing vulnerability
to flooding;

3. Contributing to restoration of important ecosystem services in areas impacted by land use
change and erosional/storm pressures (e.g. habitat, water quality, sustainable natural resource
utilization etc.); and

4. Being incorporated within other flood mitigation strategies and associated engineering and
landscape modifications towards a more integrated systems-oriented approach to address
flood and other evolving changes to the state’s natural and human landscape.

The Task Force was to identify a series of resilience strategies to mitigate identified issues and
concerns and recommend actions in the near- and long-term to improve the resilience of South
Carolina in the face of increasing risk and vulnerability to flooding and other pressures in a
dynamic and changing world.
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II. INTRODUCTION

Living Shorelines seek to restore or enhance natural habitat functionality and resistance to
erosional pressures. They have traditionally been focused on estuarine and salt marsh settings
and designed to emulate coarser or partially cemented materials such as oyster bars that are
considerably more resistant to reworking and erosion by waves and currents than the surrounding
fine-grained materials found in mud-flats and adjacent habitats. Similarly, erosion resistant
vegetation features, such as the dense mats of plant roots found under salt marshes, that are
naturally resistant to erosion are also simulated. These living resources help bind sediment that
otherwise could be eroded routinely by wave and current energy. Living Shoreline applications
are an evolving and expanding option for managing estuarine shoreline erosion and associated
loss of property and habitat. Standardized best practices and permitting guidance is not yet
established for South Carolina.

Living Shorelines have also been created to restore and enhance habitats or ecosystem services
(e.g. water quality) that have been reduced from a range of pressures on coastal intertidal and
estuarine environments such as filling for development, dredging for navigation, storms, sea
level rise, wakes from boats, channelization of flows, change in sediment availability or physical
armoring of shorelines by bulkheading or rocky revetments.

With historical trends in population growth and urban expansion close to our state’s coastal,
estuarine and riverine environments, there is a high likelihood of building engineered “gray
infrastructure” in response to pressures of sea level rise, flooding, aging infrastructure and
proliferating development in sensitive or vulnerable areas. Various efforts to safeguard against
one pressure, such as ditching and channelizing waterways, or bulkheading and armoring
shorelines from erosion, may result in undesirable changes in other areas of concern for
communities and the state. As urban and suburban areas have expanded, we have built a massive
network of storm retention ponds across the state to manage local runoff, associated flooding and
water pollution, in order to mimic natural processes and function. The interest in Living
Shorelines is driven by a very similar conceptual approach to mimic natural features and
functions, and it may be applicable more broadly in the anticipated infrastructural needs to
address flooding and changing forces and landscapes in the future. It is possible that a more
systems-oriented strategy which replicates the natural system may find efficiencies and overall
reduction of costs by focusing on systemic challenges rather than on individual symptoms of a
changing system.

The state and nation are experiencing a change in flood-causing rain events. A shift has occurred
nationally from predominately ocean shoreline surge damage being the primary threat to, more
recently, inland flooding becoming a much more expansive challenge as experienced in South
Carolina over the last decade. This shift can largely be attributed to a change in the nature of
storm events, tracking and especially water volume associated with increased ocean and
atmospheric temperature. It should be stressed that the risks and threats to the immediate coast
have not diminished and still remain a primary concern to coastal states and the nation. The
increase of inland flooding events represents a considerable expansion of impact and cost
challenging our communities, environment and economy. The event driven impacts are
immersed within the long-term chronic flooding from sea level rise and “Sunny Day” coastal
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inundation. As a result, a range of actions and approaches are required to address the integrated
pressures upon our coastal, wetland, riverine and adjacent areas.

In most general terms, flooding issues at a given site are essentially a rate problem: more water is
delivered to a location than can be drained off further down the system. The range of potential
responses to reduce flood impacts are: 1) to enhance the residence time of water across the larger
watershed upland (reduce the rate of input), 2) increase the rate of removal of water out of the
location, 3) encourage building and zoning regulations that discourage vulnerable development,
or 4) adapt to the increasing probability a given area may flood periodically. The chronic rise of
sea level, as the ultimate base-level for drainage, greatly enhances the challenge and, in some
areas, may come to exceed realistic, cost acceptable strategies.

These are essentially the same issues that the state has been wrestling with along the ocean front
shoreline for several decades. Shoreline erosion is a challenge for coastal communities on long-
term and episodic time scales. There may be many parallels to consider with the environmental,
economic, legal, and public/private policies of the state’s experience managing its ocean
shoreline, as similar pressures and experiences are also progressively challenging other estuarine,
lake and river shorelines, and adjacent communities, economies and infrastructure across the
state.

This report explores Living Shoreline techniques, the regulatory framework for Living
Shorelines, as well as other diverse shoreline types to consider potential applications of Living
Shoreline concepts beyond the traditional estuarine/marsh system. Each of these three topics is
further sub-divided into three sections focused on identifying specific challenges, resilience or
mitigation strategies and near-, mid- and long-term recommended actions to address the
challenges and benefits defined by the overall charge of the Floodwater Commission. These
action items include: 1) improving the efficacy and establishing best practices for traditional
Living Shoreline applications in estuarine and marsh settings in South Carolina, 2) establishing
an effective and efficient regulatory structure and pathways to manage and permit Living
Shoreline applications in the state, and 3) identifying other areas or potential applications of
Living Shoreline approaches to mitigate undesirable outcomes in the broader range of shoreline
environments beyond marsh and estuarine settings.

As traditionally practiced, Living Shorelines have been established on very small and
local/private scales, largely reducing erosion locally in front of a given property or very small
stretch of marsh/creekfront. The scale of floods and changing forces threatening the state extend
well beyond the immediate coast and are proving extremely costly. The Task Force is mindful of
the scale of the challenge and worked to consider the upscale of the conceptual approach to
optimize its benefit in working to address the diverse impacts and pressures on the state.

It is also stipulated that the primary focus of the report is on traditional applications of Living
Shorelines in estuarine settings. Living Shorelines have been the focus of several multi-year
studies that are presently releasing results and recommendations. As a result, the Task Force
seeks to leverage the most recent work over the last few years that are best informed and tasked
with releasing specific results, assessments and recommendations. The potential broader
application of Living Shoreline concepts is intended to promote discussion across the various
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Task Forces and consideration of an integrated systems approach to the overall change in
flooding pressures and drivers across the state and nation.
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III. TRADITIONAL LIVING SHORELINE APPLICATIONS
Reducing Loss and Enhancing Function of Salt Marshes

A. Statement of the Issue and Associated Challenges

Salt marshes are an integral part of coastal ecosystems. They provide habitat for aquatic species,
filter nutrients from upland sources, and help reduce the impact of coastal storms by absorbing
wave energy. The presence of large areas of salt marsh has been documented to significantly
reduce the damage and costs caused by storms in nearby communities. Flood heights may be
reduced by higher bottom friction from vegetation, relief and bio-structures modifying flood
flows.

“One-acre of wetland can typically store about three-acre feet of water, or one million gallons.
For example, studies conducted after Superstorm Sandy concluded that salt marshes reduced
the cost of storm damage by $625 million with 1,400 miles of roads and highways protected
by wetlands. After reviewing 2000 storms in New Jersey, areas behind existing marshes have
experienced an average of 20% less property losses than areas where marshes have been lost.
And those benefits for damage reduction are much higher for properties at lower elevations.”

The Atlantic coastline of the United States is an especially high-risk area for storm-induced
flooding damage and this risk will continue to increase with climate change and increasing
development. Storm surge & sea level rise exacerbate this situation. Population growth and
urban development on these coastlines increase the risk by damaging ecosystems & impacting
natural defenses.

South Carolina is fortunate to have the largest acreage of salt marsh on the US Atlantic Coast —
about a half-million acres. Given that about 1.3 million people live on the coast in South
Carolina and about 49% of South Carolina’s population lives in the floodplain in Charleston
County, this buffering capability of the large marsh is crucial to protecting important
infrastructure. South Carolina has experienced 61 billion-dollar coastal hazards since 1980
South Carolina’s salt marshes are eroding and shrinking in many areas due to a variety of causes,
including coastal development, sea level rise, and erosion induced by increased storm activity
and human activity such as boat traffic. Coastal South Carolina experienced 3,773 square miles
of land cover change (17%), including a 21% increase in developed areas from 1996 to 2010.
More than half of the state’s shoreline (>4,600 miles) is eroding, at an average rate of 1-1.5ft
every year. Erosion was particularly severe in sounds, harbors and inlets that were exposed to
the sea, such as those formed by the Beaufort, Coosaw, Broad and Combahee rivers south of
Charleston. Nearly 80 percent of river banks had eroded over the long term. Some river banks
lost on average about 3 feet a year. This loss will increase the risk of storm damage and the costs
of flooding to coastal communities as this highly valuable natural resource dwindles.

Some South Carolina sheltered coastlines are stable and a few stretches gained ground. Coastal
wetlands adapt to changes in sea level and land use by accreting or losing sediment. Sporobolus
alterniflorus, the dominant plant in salt marshes, captures sediment as tides raise and lower,
leaving sediments behind. Marshes equilibrate at a relative elevation that depends on the rate of
sea level rise and local sediment supply, tidal amplitude, and biomass. For salt marshes to persist
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despite rising waters, they must grow upward at a rate equal to or greater than the rate of sea
level rise plus erosion.

Structural defense measures like shoreline armoring can be very costly and often have adverse
effects on coastal ecosystems. Hence, there is growing interest in cost effective risk reduction
measures that include natural and nature-based defenses and that simultaneously address habitat
conservation needs. In addition to the Army Corps NWP54 (the nationwide permit covering
construction and maintenance of living shorelines to control erosion in coastal areas), the
research and permitting standard that is currently under development by the Department of
Health and Environmental Control (DHEC) and the Department of Natural Resources (DNR)
will support a broader implementation of Living Shoreline projects adjacent to private parcels in
the near future. But as we look to the future we also need to address those areas where marshes
will be migrating or moving inland as seas rise. The Nature Conservancy has developed a
method to identify resilient coastal areas for the southeast where marshes can move as sea level
rises, and this mapped data was released in summer 2019. In most areas of the coast, we still
have time to act to sustain our valuable salt marshes. By preserving and restoring our marshes,
by stabilizing their edges, and ensuring inland movement paths we can maintain this natural
flood buffer that is so critical for our coastal communities.

B. Proposed Resilience Strategy

1) Complete a coast-wide assessment and spatial analysis to map where critical
infrastructure vulnerable to flood and storm impacts, shoreline erosion rates, and social
vulnerability data align. This will identify the most vulnerable and important areas where
salt marsh protection and restoration are most needed. Study oversight and participants
could include: SC Emergency Management Division, SC Disaster Relief Office, Dept. of
Transportation, Dept. of Health & Environmental Control, Dept. of Natural Resources,
The Nature Conservancy, academic institutions;

2) Identify locations coast-wide where Living Shorelines and other emerging methods
that restore natural habitats and natural processes will be most beneficial and cost-
effective to stabilize marsh edges, allow marshes to re-grow where they have been
eroded, and replenish marshes not keeping up with sea-level rise;

3) Assess the feasibility and benefits of additional methods to sustain vulnerable salt
marshes, such as thin-layer sediment application;

4) Identify funding sources for Living Shoreline and salt marsh protection and
restoration. For example, FEMA or HUD disaster mitigation funds, modifications to 404
wetland mitigation procedures to include living shorelines and salt marsh enhancement

(e.g., thin-layer sediment application);

5) Keep current intact marshes undeveloped into the future; and
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6) Identify and conserve transition areas for future marsh movement inland as sea level
rises.

C. Deliverables

1. Short-Term Deliverables

Develop a coast-wide analysis of critical infrastructure, shoreline and marsh erosion data, and
social vulnerability data to identify highest priority sites. Invite state agencies like EMD, DRO,
DOT, DHEC to be on a steering committee. Summer 2019

The Nature Conservancy (TNC) is conducted Phase I in summer 2019.

Literature review to determine the value of the marshes to reduce flooding and storm damage,
and the vulnerability of marshes to erosion and degradation.

Share The Nature Conservancy’s coastal resilience mapping data with partners in SC.

TNC, Land Trust Alliance & Open Space Institute held an information release meeting in
Charleston for the land trusts and government agencies in June 2019.

2. Mid-Term Deliverables

Incorporate TNC’s Living Shoreline Explorer on-line analytical tool in the public website for
South Carolina property owners to identify locations suitable for living shorelines. Fall/Winter
2020/2021.

Broaden discussion of what a Living Shoreline is in South Carolina. Include more materials (e.g.,
oyster castles) than those currently being considered in the DHEC regulation development, as
well as salt marsh enhancement methods such as thin layer sediment placement.

Organize a funding task force to identify and advance funding and financial incentives for Living
Shorelines, and salt marsh protection and restoration.

Use the coast-wide analysis to identify a vulnerable area suitable for a pilot large-scale Living
Shoreline project (e.g. ¥ - 1-acre oyster reef).

3. Long-Term Deliverables

Implementation and monitoring of Living Shoreline projects — both small and large scale.
Propose amendments to DHEC permitting process to include other materials (i.e. oyster castles).
Assess thin layer sediment placement as a method to build up eroding salt marshes; implement

and evaluate pilot projects using thin-layer sediment placement and other methods to restore and
sustain vulnerable salt marshes.

Living Shoreline 9



Utilize TNC’s coastal resilience mapping for the southeast in land planning and land
conservation within the coastal counties.

Install a large-scale project to protect and restore a vulnerable area of the SC coast.

Living Shoreline 10



IV. LIVING SHORELINE REGULATORY FRAMEWORK AND BEST
PRACTICES

A. Statement of the Issue and Associated Challenges

In low to moderate wave energy environments, such as South Carolina’s salt marshes and tidal
creeks and bays, nature-based Living Shorelines offer a more holistic solution to shoreline
stabilization than traditional hardened erosion control structures. Living Shorelines provide
numerous benefits including shoreline stabilization, protection of surrounding riparian and
intertidal environments, water quality improvement through upland runoff filtration, and habitat
for aquatic and terrestrial species. Protection benefits are also conferred to adjacent upland
property owners and coastal communities. Living Shorelines show promise in coastal South
Carolina as a tool to protect coastal areas from both short-term hazards (e.g., storms) and long-
term threats (e.g., sea level rise). Living Shorelines can also be incorporated into “gray
infrastructure” projects to improve effectiveness and provide natural habitat benefits. However,
South Carolina currently does not have specific project standards or regulations to guide the
permitting and construction of Living Shoreline projects within the estuarine environment.

The current regulations for shoreline stabilization in the estuarine environment only address
hardened (gray) erosion control structures including bulkheads and rip-rap revetments. Per the
existing regulations, erosion control structures are prohibited at sites that have an adequate marsh
buffer which serves to protect the upland shoreline from tidally induced erosion (S.C. Code
Regs. 30-12(C)(1)(c)). Where erosion control structures are permissible, they are required to
conform to the upland boundary, with allowances for up to 18 inches of channelward extension
when construction at the upland boundary is not feasible (S.C. Code Regs. 30-12(C)(1)(a)-(b)).
Living Shorelines are often built on the seaward edge of a salt marsh to protect both the marsh
and the adjacent uplands from the impacts of sea level rise and erosion. Erosion control
structures within the estuarine environment, including Living Shorelines, are authorized through
an individual Critical Area Permit issued by DHEC. Due to the complexities of Living
Shorelines, these installations are subject to more rigorous review under the current regulatory
framework.

B. Proposed Resilience Strategy

The lack of specific project standards or regulatory definition for Living Shorelines has resulted
in longer permit review times, loose design requirements, and potentially ineffective projects. To
address this gap, DNR, the ACE Basin National Estuarine Research Reserve (NERR), and
DHEC’s Office of Ocean and Coastal Resource Management (OCRM) are undertaking a multi-
year strategy to develop a comprehensive, science-based regulatory process to address the design
of Living Shorelines and streamline the permitting process where possible. This strategy includes
an ongoing research project involving the installation, monitoring and evaluation of oyster-based
Living Shoreline projects. The study will comprehensively analyze optional Living Shoreline
designs specifically suited to South Carolina and evaluate performance under varying physical
and environmental conditions.
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Information gathered from this study will be used to determine regulatory options to streamline
and simplify authorization of Living Shoreline installations. A streamlined permitting process
may encourage property owners to use Living Shorelines as an alternative to hardened erosion
control structures. This regulatory pathway will also address current requirements of placing
erosion control devices at the upland boundary. Establishing a framework to allow Living
Shorelines techniques to be installed at the seaward edge of the marsh provides a proactive
approach with benefits of creating marsh and flood protection, while reducing the negative
impacts that can result from hardening estuarine shorelines.

C. Deliverables

The following deliverables will be provided by the appropriate funding agency as part of the
current multi-year strategy.

1. Short-Term Deliverables

e Develop a Living Shorelines Guidance Document to provide research findings and
science-based guidance to inform related regulations, policy, and standards for the
evaluation and permitting of Living Shorelines.

Deliverable to granting agency — Summer 2019

2. Mid-Term Deliverables

e Continue monitoring of existing Living Shoreline projects to determine success and
performance of specific designs in various environments. Summer 2019 through 2020

3. Long-Term Deliverables

o Establish a regulatory definition of Living Shorelines and develop specific regulatory
project standards for the permitting of Living Shoreline projects in South Carolina.
2021

e Promote available tools and develop additional educational materials as needed to inform
property owners and marine contractors of benefits and installation techniques. 2021
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V. BROADER APPLICATIONS
Diverse Shoreline Types and “Systematic Engineering and
Infrastructure”
Potential Applications Beyond Estuaries/Marsh

A. Statement of the Issue and Associated Challenges

Application of the Living Shoreline concept of restoring or enhancing natural habitat
functionality and resistance to erosional pressures has traditionally been focused on estuarine and
salt marsh settings. There are, however, a wide range of other forms of shorelines more broadly
distributed across the state that collectively span all regions under pressure from flooding. These
include natural and constructed environments such as river flood plains, wetlands, storm-water
retention ponds, and lakes as well as open ocean shorelines. In addition to potential for erosion
and loss of land, restoration of enhanced shoreline habitats and associated ecosystem services
may play important roles in water and overall environmental quality locally.

The flooding issues being faced by our state are complex and interact as a mosaic of challenges
across South Carolina’s landscape operating on a range of time and spatial scales. Modifications
to adjust the rate of water flow from one part of the state affects areas both up- and downstream.
For large events, infusion of large volumes of runoff can also affect coastal ocean conditions
such as turbidity, nutrients, salinity, temperature and dissolved oxygen levels. These changes can
kill off valuable marine life such as oysters and finfish. Collectively, surface runoff and flood
waters may import bacteria and contaminants into the coastal zone. This can influence bacteria
levels along the immediate coast and trigger swimming restrictions and temporary beach closings
which similarly may threaten local populations and economies.

It is likely there will be considerable modifications of societal infrastructure to address increased
flooding and storminess. As a result, emphasis on the dual-benefit of Living Shorelines and other
habitat restoration applications should increasingly be considered within infrastructure changes
to address the systems-level challenges. Fully incorporating the broader costs and benefits of
potential modifications should be undertaken. Isolating respective costs and benefits of flood
mitigation and water quality, public and environmental health concerns may result in decisions
that are apparently cost-effective in the near term but prove costly and design-limiting for
subsequent approaches to address cascading effects in the long-term.

A fundamental challenge for addressing the flooding and associated issues charged to the
Commission and the Living Shorelines Task Force in particular is to stress the need to reduce to
a greater degree future development in areas which would significantly diminish the natural
storage capacity for large volumes of water within the system, and where rates of input exceed
the capacity of natural channels to move floodwaters effectively to the ocean as the ultimate
destination for the drainage of the state.

In its simplest form, river floodplains and wetlands naturally serve the functions of water storage

and filtration — they are nature’s sponges. Construction of Living Shorelines, or application of
Living Shoreline principles, seeks to re-establish some of those functionalities where their
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effectiveness relative to natural capacities is reduced. For large areas of the state, especially
along the I-95 corridor where flooding has been particularly hazardous there remain large areas
of undeveloped land able to contribute to these water and management functions.

A key challenge to the state is to avoid the elimination of areas serving critical functions for
natural storage and filtration of floodwaters — floodplains and wetlands. In its simplest form, this
would conserve and restore natural river floodplains and wetlands as Living Shorelines and
could proactively manage those natural assets as floodwater storage capacity required by the
changing weather/rainfall experienced across the state.

Another large-scale environment with Living Shoreline applications is the ten thousands of storm
water retention ponds and structures constructed across the state. These features are designed to
hold the first inch or two of rainfall on a given property for the purpose of nutrient cycling from
runoff and managing local drainage. A comprehensive review of storm water pond issues and
efficacies has recently been completed by researchers at USC-Baruch Institute and the S.C. Sea
Grant Consortium. This body of work should be leveraged in developing remedies for future
flooding and water management in the state.

South Carolina’s oceanfront shorelines are a vulnerable and dynamic environment. Many of
these shorelines are chronically eroding while others accrete or gain sand. Changes to the
shoreline occur over time due to ocean currents, rising sea levels and episodic storm events. The
primary mitigation strategy adopted by most coastal communities to address oceanfront erosion
has been beach nourishment. One of South Carolina’s state policies is to “promote carefully
planned nourishment as a means of beach preservation and restoration where economically
feasible” (SC Code §48-39-260(5)). Beach nourishment is the physical re-construction and
restoration of a volume of beach sand that is lost due to ocean currents or other coastal influences
that would otherwise result in a retreat and landward relocation of the oceanfront
shoreline/system.

Oceanfront sand dune systems play an important role as a source of mobile sand made available
to the active beach system during the heightened energy of storm events. A large, healthy
primary dune has also been shown to be one of the more effective defenses from modest scales
of storm surge and impact to coastal properties. Dune restoration efforts are effectively a Living
Shoreline application targeting reestablishing or enhancing oceanfront dunes. Typically, these
efforts include installation of sand fencing or dune grass plantings to emulate the natural capture
of wind driven sand within dune systems and the stabilization effect of vegetative root mass
within the dune. One key issue is the dependence of dune systems on having sufficiently wide-
open sandy surfaces landward of the highwater tide to allow effective wind-driven transport to
sustain dune systems. (Wind-driven transport is the first process of coastal dune formation and
involves the movement of and weathering of sand particles behind and parallel to the shoreline.)

In some areas, renourishment projects in South Carolina re-established sufficiently wide space
on a beach above the high tide line, where wind-driven sand movement enabled largely
functional dune systems to re-establish themselves and provide added protection of coastal
property and infrastructure. Such areas (e.g. central North Myrtle Beach) are the sites of
relatively low average rates of erosion and large-scale commitments to beach nourishment.
Within these communities and nourishment projects there are, however, local hotspots for
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erosion and associated narrowing of open, sandy beach area and dunes, where there is not the
same level of benefit against inundation during storms. Over the last decade, with the change in
relative storminess, the previously better-established dunes are also experiencing erosion and
loss of size and integrity in several areas. The track and character of the series of storms
impacting the coast over the last decade did not result in particularly large storm surges, but they
have modified the beach and dune systems morphology and stability, in some areas significantly
S0.

B. Proposed Resilience Strategies

1. Floodplains

There presently exist vast areas of the state composed of largely undeveloped flood plains and
wetland areas. The state and local communities should incentivize reduction of future risk and
cost by sustaining existing hydrologic storage and environmental quality functions of these vast
areas. Development that is permitted should be designed to be minimally impacted when the site
is flooded and isolated for extended periods.

a) Short-Term Deliverables

e [Engage state, county and local agencies, private sector mitigation experts, planners and
conservation organizations to expand annual public contributions and tax incentives,
along with a percentage of future disaster funding, to conservation and mitigation banks
targeting flood/erosion prone locations that have not yet been developed, as well as those
that have been flooded and experienced recurring flooding. Fall 2019

e Generate alternative land use models for flood prone areas where property owners could
derive a significant income stream for activities that would not be impacted by severe
flooding: Summer/Fall 2019

b) Mid-Term Deliverables

e Support a comprehensive economic analysis of the costs of flooding and various land use
decisions for South Carolina. This study should critically review all assumptions
historically considered in developing cost/benefit analyses. An update of assumptions and
costs based on the frequency and actual costs of disaster scale events over the last decade
should be included. A central question should be if, and at what point does, short-term
economic production become overtaken by long-term public and private costs. (See
https://www.ncdc.noaa.gov/billions/time-series)

2. Stormwater Retention Ponds and Other Short to Long Term Storage

A comprehensive inventory and assessment of storm water retention ponds was recently
completed by researchers at USC, Sea Grant and others. Such retention ponds seek to emulate
natural short- to mid-term storage capacity of modest rain events and water quality functions of
wetlands and flood plains. At present, there are estimated to be 14,000 stormwater retention
ponds in the SC coastal region. Recent research has called into question the efficacy of this
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significant modification of the state’s hydrology
(https://seagrant.noaa.gov/News/Article/ArtMID/1660/ArticleID/126/Stormwater-Ponds-in-
South-Carolina—Challenges-and-Opportunities ). There is an opportunity to build on the recent
body of work related to both the water quality and ecological functionality of this primary tool to
address local flooding associated with small to modest scale events. In addition, it would seem
an opportune time to consider the integrated effect on community, county and state hydrology
and prospects for modifications of this tool that is already heavily invested in and required as
part of permitting for development. As with estuarine shorelines, this issue is focused on
individual local structures and should consider the potential integrated effect across the broader
landscape. It is likely other types of water management devices such as large-scale reservoirs
may be considered in the future. In effect, that functionality already largely exists within the
broader flood plains; there may be opportunities to consider larger but distributed storm-water
retention capacities within uplands and developments.

a) Short-Term Deliverables

Engage South Carolina Sea Grant state researchers and environmental organizations to assemble
a panel to consider the potential for improvement in functionality and scale in water and
environmental quality management afforded by these systems. Fall 2019

That discussion should result in a prospectus for research/demonstration projects associated with
upcoming development efforts somewhere in the state for upscaled storm runoff management.

b) Mid-Term Deliverables
Demonstration project of upscaled runoff retention strategies on a community scale.
3. Ground Water

Ground water is another significant reservoir that can modulate runoff and affect flooding across
several spatial and temporal scales. Considerable concern and resources have gone into reducing
the amount of impervious surfaces that accelerate the discharge of local runoff downstream in
urbanized areas. In effect, increasing use of pervious surfaces whether through conservation or
materials used in roads, parking lots and other developed surfaces seeks to restore or enhance
natural infiltration of precipitation within a potentially large, but still finite, shallow groundwater
system. Slow flow of water through the groundwater system helps reduce the rates of initial
flows into the drainage network during events. The water eventually returns to the surfaced
drainage over the long term also helping to moderate water levels within the system during dry
periods.

One of the challenges of the change in rainfall events with the broader continued rise of the sea
and the base level for drainage of the state is that these trends reduce the capacity of local runoff
to be stored within groundwater and affects delivery to communities downstream. The net effect
from increased frequency or intensity of rain events is less capacity to absorb runoff into the
ground water system, especially in the coastal zone. At some point, local soils are saturated and
their effectiveness as a short-term storage for flooding is severely diminished.
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The effect of ditching and expediting surface water movement from one area to another has a
local effect on increasing efficiency of local groundwater table draining down basin. Historically,
such practice has had negative effects on adjacent wetlands. Nonetheless, ground water and other
local reservoirs such as storm water retention ponds may have expanded capacity to help
moderate rate of delivery of surface waters and reduce flooding downstream, at least up to some
levels of discharge. Another influence on these reservoirs is the amount and nature of vegetative
cover. Water uptake by plants and subsequent transpiration through plants to the atmosphere can
also significantly influence the local hydrologic cycle.

In addition to challenges of past development practices which increase rate of water delivery into
a given area or community run-through - ditching, placement of fill, impervious surface cover,
and impediments or restrictions to flow downstream - the reduction of forest and related
vegetative covers similarly contributes to the pressure. Efforts to try to restore some of these
natural functionalities by reduction of impervious surfaces, wetland restoration, reforestation and
distributing runoff to temporary storage are well in-line with the principles behind Living
Shorelines (this only broadens the concept of shorelines as the boundary between land and water
or saturated environments). Closer to sea level, which ultimately limits shallow groundwater
drainage, this capacity should be expected to continue to decrease over time regardless of surface
modifications in permeability and land use/cover due to sea level rise.

a) Short-Term Deliverables

Convene a panel of experts in storm water retention ponds, storm water management,
groundwater, wetland restoration and related areas to consider the potential of integrated
hydrologic management. The results would be a series of recommendations related to best

practices that are working, could work better and need to be significantly reconsidered. Fall
2019

4. Ocean Front Shoreline

Communities across the state and nation have committed to beach nourishment as a primary
means to combat the threat of erosion and flooding to coastal property and communities. Beach
nourishment seeks to modify the rate of sediment input to a section of the coast to replace
volume of sand lost from the cell from waves and currents to adjacent cells or the active beach
system as a whole. One of the first order defenses from property damage and coastal inundation
is the presence of a large, healthy sand dune complex forming a barrier to inundation well above
mean sea level. Beachfront sand dunes are an example of a Living Shoreline with which the state
has some experience and success. Parallels between oceanfront sand dunes and estuarine living
shorelines include dunes functioning as important flood reduction barriers and ecosystem
features, the presence of a dense growth of living dune vegetation and their roots which help
bind sediment.

Communities committed to maintaining sediment volume within the beach/dune system have

generally benefited in terms of reduced erosion and inundation to low-to-moderate storm surges.
Results are considerably better where there are relatively low long-term erosion rates such as the
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Grand Strand areas of South Carolina, where there is high ground directly behind the beach/dune
system and away from the influence of tidal inlets.

It is important to note that beach and dune restoration efforts are being sustained through large-
scale federal and state investments in the strategy. For example, both the Grand Strand and Folly
Beach nourishment projects are federal projects that have been congressionally authorized for a
50-year project life. In fact, the U.S. Army Corps of Engineers is in the process of a new
feasibility study to re-authorize the Folly Beach project for an additional 50 years. From a state
of South Carolina perspective, the state legislature has appropriated a total of $46M since FY 17
in beach nourishment efforts statewide.

Renourishment, however, does not directly address the elevation of the communities and
associated infrastructure related to relative sea level, which continues to rise placing increased
pressure on these systems. One of the best measures of protection afforded by beach/dune
systems is the relative height, width and health of the coastal dune field. Renourishment in many
areas seeks to re-establish the functionality of a healthy beach/dune system after that capacity has
been significantly degraded or lost. In many projects, coastal dunes exist largely from being
constructed as a part of nourishment project construction. Dunes are formed by physically
bulldozing sand from nourishment sand into elevated ridges which are supplemented by planting
dune grass vegetation or installing sand fencing to emulate the baffling effect of dune grasses
helping to trap windblown sands and build dune morphology.

Dunes are naturally formed by wind-driven processes that transport sand along the shore. These
wind-driven processes require the sand particles to be small enough to be picked up and
transported by the wind. In addition, dry sand is needed, and the upper beach needs to be high
enough in elevation to only experience infrequent inundation by tides. Frequent tidal inundation
will result in sand particles that are too wet and consolidated for the wind to move and will
inhibit dune formation

As aresult, an enduring challenge to nourishment strategies is for projects to be sufficiently large
enough to allow for a wide dry-sand beach to support wind-blown dune processes. Large-scale
nourishment projects along the Grand Strand and other sections of the South Carolina coast were
largely successful in initiating and then sustaining functional dune systems. Even those projects
with very favorable background erosion rates and coastal land elevations have experienced losses
over the last decade as the nature and frequency of storms impacting the coast has changed.

A challenge to reliance on beach nourishment approaches to erosion management and protection
of coastal infrastructure is to ensure projects are of sufficient scale to allow for constructed
beaches to adopt natural processes such as the building of dune sediment reserves over long
periods that are available during large but heretofore relatively infrequent events. The second
challenge is the recognition that barrier island settings are pressured from both the oceanfront as
well as the landward side of the island from rising sea level. Renourishment as typically
practiced to date does not address the progressive thinning and lowering of the land surface
relative to the long term rise of the sea nor the overall elevation of coastal communities and
infrastructure.
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As a result, renourishment and dune restoration strategies should be considered as mid-term
strategies to a long-term problem. It is important to note, these are effective only through
sustained and large-scale investments in the strategy. It is likely that for some areas these will
remain effective for decades to come. For other areas, the costs and relative benefits of
renourishment strategies are already approaching marginal returns particularly as increased
pressure from storms and competition for sand resources changes the cost of this form of
emulating a natural system. Regardless, rising sea levels present a longer-term and fundamental
threat to coastal property and economies. Continued review and update of the viability of holding
the ocean shoreline through these constructed environments should remain ongoing in the state.

The width of the high dry-sand beach and dune characteristics are a primary underpinning of the
health of coastal dune systems which form the state’s coastal defense from flooding from storm
surges and erosion. Efforts should be made to ensure renourishment projects are of sufficient
scale to allow for functional wind-driven processes to sustain and preferably build coastal dune
systems. This will have important design and planning influences on renourishment strategies,
efficacy and cost.

a. Short-Term Deliverables

Compile data on the relationship between high-tide dry-sand beach width and dune height,
function and integrity across South Carolina. This can be complied from historical LIDAR data
available in the state. Areas with insufficient sediment supply (nourishment) and maintained dry-
beach widths to support dune fields may not be expected to sustain past levels of protection and
benefit for the associated cost of this strategy; especially in the face of rising sea level. Fall 2019

Similar to estuarine and other environments that may be defined by a “shoreline”, the state’s
oceanfront is not well described as a line, but as a system where the dunes, subaerial beach,
nearshore bar and the shoreface all act in concert to support the beach system across multiple
temporal and spatial scales. To date, most defenses against coastal erosion are focused only on
the upper beach system. Broader consideration of the beach and coastal system is appropriate to
coordinate and optimize strategies and potential actions for other pressures on these systems (e.g.
water quality).

b. Mid-Term Deliverables

e Organize a funding task force to identify and advance funding and financial incentives
for oceanfront dune restoration and oceanfront buyouts to maintain the beachfront Living
Shoreline and to allow for future beach/dune system movement inland as sea level rises.

e Undertake an economic analysis of relative long-term costs of increasing mitigation bank
and other conservation support relative to long term impacts of flooding and other events

potentially designed for one level of risk which evolves and increases over time.

e Explore alternative economic activity that could occur in privately owned flood prone
areas such as tall tower wind energy production, carbon sequestration etc., that is less
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vulnerable to storms and rising sea level. Continue exploration and innovation towards
developing sustainable natural and human landscape management policies in the future.

e Using data determined in the first Short-Term Deliverable, develop state guidelines for
minimum beach width requirements for nourishment projects. Include a requirement for
a continuous dune feature in all state cost-shared nourishment projects.

e Reconsider Risk in Development Decisions. Many decisions are based on risk associated
with various kinds of impacts. Levels and aerial extent of large but relatively infrequent
events such as 100-yr flood levels are embedded in important design and insurance
projections. Risk is historically assigned by analysis of past behavior of the system over
the long-term. This assumption is being challenged as the system is evolving (base level
for watersheds is non-stationary and rising) and our weather/climate system is also
evolving and may no longer be well defined by past behavior (non-linear). At present
rates of change, the levels of risk for some large-scale infrastructure projects will
significantly change over the life cycle of many developments. As a result, new
construction can be expected to experience considerably higher levels of risk and cost
over the expected life of the construction. The state should re-evaluate risk and
cost/benefit decisions for infrastructure decisions, incentivization and investment of
public funds.

e Incentivize avoiding future risks in presently undeveloped low-lying flood prone areas
and watersheds and sustain the functionality of those environments as Living Shorelines
as long as possible.
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L. INFRASTRUCTURE

A. Overview

In the context of the Floodwater Commission, infrastructure is viewed as the drainage system
that conveys surface water from where it falls through various channels to a receiving body of
water within a drainage basin. The drainage system is typically a combination of natural
channels and man-made elements such as ditches, pipes and inlet structures.

A community’s drainage system typically covers a large area and includes drainage elements
such as pipes, drop inlets, ditches, stream channels and retention/detention ponds before the
system empties into a larger body of water such as a river or lake. Since the system can be vast,
it will often involve many entities, each with their own level of responsibility with regards to
maintenance. It is common for a drainage system to involve privately-owned elements,
municipal-owned elements, county-owned elements, state-owned elements and occasionally,
elements that fall under the jurisdiction of the federal government.

B. Major Drainage Basins in South Carolina

There are four major river basins or watersheds in South Carolina: The Pee Dee, Santee, ACE
and Savannah.

FIGURE 1: SCDNR Major River Basins Map.

There are several rivers within the four major watersheds that convey water to the coast.
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FIGURE 2: South Carolina Rivers, Watersheds and River Basins.

C. Deferred Maintenance

As described earlier, a drainage system is typically a combination of natural channels and man-
made elements such as ditches, pipes and inlet structures.

A community’s drainage system typically covers a large area and includes drainage elements
such as pipes, drop inlets, ditches, stream channels and retention/detention ponds before the
system empties into a larger body of water such as a river or lake. Since the system can be vast,
it will often involve many entities, each with their own level of responsibility with regards to
maintenance. It is common for a drainage system to involve privately-owned elements,
municipal-owned elements, county-owned elements, state-owned elements and occasionally,
elements that fall under the jurisdiction of the federal government.

Deferred maintenance on any of the elements of the drainage system may impact the overall
performance of the drainage system. In order for the system to function at its full designed
capacity, it is necessary to ensure that the system is clean and clear of obstructions and make
repairs to any damaged element. Removal of debris, replacement of crushed pipes and re-
establishment of proper slopes on ditches are typical maintenance items encountered with
drainage infrastructure. Extraordinary maintenance items would also involve more complex
operations such as the removal of logs and other large debris from canals, creeks and rivers.
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FIGURE 3: SCDOT clearing accumulating debris adjacent to a major bridge
structure.

South Carolina has experienced multiple, successive natural disasters over the past several years
which has resulted in the accumulation of a significant amount of debris in some of our
communities, including within the drainage systems. The debris issue, coupled with deferred
maintenance, has the potential to impact the overall ability of the drainage system to effectively
convey water in some communities of the state.

D. Driving Results at the Local Level

The Infrastructure and Shoreline Armoring Task Force has determined that it is appropriate to
initially focus its efforts on formulating a systematic process to evaluate, prioritize and
coordinate locally identified needs relative to maintenance of the existing drainage infrastructure.
This systematic approach is designed to be locally driven and bring the various owners of the
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drainage infrastructure together in a collaborative manner in order to effectively and efficiently
address the prioritized needs. Resident and volunteer groups may also engage in these efforts.

A pilot program for these locally led task forces has been initiated in two counties: Charleston
and Marion. The task force in Charleston County was the first one established through the vision
of the legislative delegation in order to ensure proper communication and coordination amongst
the various governmental bodies and homeowners associations to resolve drainage concerns.
Marion County was selected in order to formulate a collaborative approach in counties with
small public works departments and limited local government funding available to tackle
drainage maintenance.

As mentioned earlier, a locally driven, systematic approach is needed in order to bring the
various owners of the drainage infrastructure together in a collaborative manner and prioritize
the work. This systematic approach is accomplished through the formulation of Local Task
Forces, which is comprised primarily of local and state government technical staff and charged
with identifying the areas of concern, prioritizing the needs, developing a work plan and working
collaboratively to resource the work plan.

The Charleston Local Task Force has been very successfully operating since its formation.
Through July 31, 2019, the Charleston Local task Force has completed work on 69 of the 93
drainage issues identified. Work plans have been developed and schedules have been set for 17
of the remaining 24 sites. The remaining 7 sites were recently identified and will need to be
vetted by the Local Task Force.

The Marion County Local Task Force has been focused on outfall ditch maintenance around the
entire county. This has resulted in collaboration in cleaning thousands of feet of ditches in the
county, removing a large amount of sediment below US 76 in Nichols, cleaning roadside ditches
in the Town of Sellers and partnering with the City of Marion on identifying collapsed drainage
pipes that need to be replaced. The Town of Nichols has recently taken proactive action by
purchasing a small mini-excavator, hired an operator and is addressing several deferred drainage
maintenance items.

While addressing deferred maintenance on the existing drainage system will not prevent flooding
during significant flooding events, it is expected to aid in properly draining communities during
normal weather events as well as enable floodwaters to recede at potentially faster rate in the
future.

E. Demonstration Project in Nichols, South Carolina

On June 15, 2019 the Governor’s Floodwater Commission held a demonstration project in the
Town of Nichols, South Carolina. The demonstration project showcased the power of the
locally-led task forces and their ability to successfully leverage in community volunteer groups
to assist with the work plans.
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The Nichols demonstration project engaged approximately 350 people and resulted in 25,000 ft
of roadside drainage cleaned, 1.5 miles of the main drainage canal cleaned and an undersized
culvert underneath Kemper Road was removed and replaced in the same day. Through this
collaboration, it is estimated that well over $500,000 was saved.

FIGURE 4: Nichols Canal: before and after Task Force June 2019 cleanup.

F.  Major Drainage Projects in Charleston

In addition to serving as one of the pilot program counties for the Locally-led Task Forces, the
City of Charleston has also been implementing several major drainage projects associated with
their comprehensive drainage master plan for the area.

The Forest Acres Drainage Improvement project is divided into two phases. Phase 1 was
completed in 2018, totaling $11.4 million. Phase 2 entails the installation of more pipes and
channels being opened (Tecklenburg, 2018). This project won the South Carolina American
Public Works Association 2018 Public Works Project of the Year Award. Started in 2011, the
estimated completion of the project is 2021 or 2022 and has been determined to be a gravity
system, which eliminates a pumping system. Estimated cost overall amounts to $20 million (City
of Charleston, n.d.).

The Huger and King Drainage Project began in 2018 and is projected to be completed by 2022.
Costing an estimated $800,000, this project will improve the area by lessening the flooding once
the final design has been approved for the system (City of Charleston, n.d.).
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The Market Street Drainage Improvement Project has been in the works since 1999. Expected to
be completed in 2023 or 2024, this tunnel and pump system has been designed to include the
renovations to the existing Concord Street Pump Station, over 4,000 linear feet of tunnel for 5
stormwater conveyance, an access shaft, three drop shafts, an emergency outfall, surface
collection, and improvements to the streets and sidewalks of Market Street. The tunnel that
connects Market Street to the Concord Street pump station has the ability to pump nearly 7.2
million gallons of water out of the city per hour. This project is estimated to cost $32.6 million
(City of Charleston, n.d.).

The Spring/Fishburne Drainage Improvement Project has been in progress since 1999 as well,
estimated to be completed between 2023-2024. With an estimated cost of $197.5 million, this
major tunnel system and pump project included mitigating the flooding in the Spring and
Fishburne Drainage Basins, as well as the US Hwy 17/Septima P. Clark Parkway, in addition to
neighboring streets and neighborhoods. With more than 500 acres being served in the western
peninsula, the completed development “will keep the Septima P. Clark Parkway open during
most rain events” (City of Charleston, n.d.). This drainage project comprises over 8,200 feet of
deep tunnel for stormwater conveyance, 8 drop shafts, a pump station that is able to pump more
than 360,000 gallons of water each minute (located between the Ashley Bridges on Lockwood),
a 550-foot long triple-barrel outfall into the Ashley River, more than 18,000 feet of new piping
for stormwater, over 500 new structures, and an improved and updated surface collection and
conveyance system (City of Charleston, n.d.).

G. Other Potential Flood Mitigation and Drainage Projects

While the main focus of the Infrastructure and Shoreline Armoring Task Force has been on
developing operational models for addressing deferred maintenance of the drainage system, the
task force also reached out to various stakeholder groups for feedback on other flood mitigation
and drainage projects. The initial survey resulted in a potential 244 projects from 31 counties at
an estimated cost of over $308 Million. This draft list needs be developed further and reviewed
to determine if the formulation of a locally led task force is the appropriate mechanism to further
vet some of these suggested projects. This is expected to be an ongoing process with most
counties holding multiple stakeholder meetings to identify projects. It is also important to note
that some of the communities have suggested pursuing targeted acquisition of repeat damaged
properties may be a reasonable and perhaps cheaper alternative than pursuing some of the
stabilization options. (See Appendix A for updated report of Local Floodwater and Drainage
Mitigation Projects as of October 14, 2019).
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TABLE 1: Initial draft list of potential flood mitigation and drainage projects as of

August 16, 2019

County/City Comments "::tliar:‘t;::t
Aiken County potentially will have a project or two TBD
Berkeley 4 County projects: water system upgrades, buyouts or diversion options, soil and hydrological study, dredging feasibility study 5;72860380
Calhoun 1 County Project: improve/regrade 2 roads, and repair or replace culverts $350,000
8 County Projects (some costs still TBD): demolition and rebuilding 2 county buildings, CORS-CRS, installing stream gauges, high
Charleston water marks, dredging, vulnerability assessment, water shed assessment $4,000,000+
Potentially will be additional municipal level projects
1 County Project-6 road culverts $525,000
Cherokee 1 City of Gaffney Project- 12 road culverts $920,000 $3,005,000
1 City of Blacksburg Project-1 bridge improvement and 1 catch basin Improvement $1,560,000
Chester 2 projects City of Chester: Storm Drainage Improvements and Equipment for maintenance $662,137
Chesterfield 2 Projects Town of Patrick: clean ditches and install headwalls and modify the drainage system $727,445
City of Columbia Gathering data. TBD
Clarendon 2 County Projects-River channelization and clean up, floodwater diversion TBD
Colleton 5 City of Edisto Beach projects: Groin maintenar?ce and repair, Beach Nourishment, -Arc Street/Billlow Drainage project, Fort $24:375,000
Street Drainage project, Lagoon system dredging
Darlington Project list received and being verified. $15,648,600
3 Projects County: Canals cleanup, Hydrology study $63,000
Dillon 3 Project Town of Latta: clean ditches $119,000 $767,000
4 projects town of Lake View: enlarge culverts, replace drain tiles $585,000
Dorchester TBD TBD
Fairfield 3 County Projects: dredge a road, purchase mobile generator, construct a dam $27,700,000
Florence 2 County Projects: Countywide hydrology study, buyout 14 homes $3,500,000
8 County Projects: $14,145,000
Georgetown $34,353,000
12 City of Georgetown Projects: Drainage system upgrades $20,208,000
Greenville 3 County Projects: Install a culvert and two bridges $858,000
Horry 7 County Projects: study raising 10 roads/ L\tlil;\lnézyg ic:srror\il\;e; ::es:;\%:;:eer\;vhgzzl to protect a road, diversion canal study, 3 $4,500,000
Lancaster 7 County Projects: maintain and/or upgrade dams, replace or retrofit cull\{e‘rts, install stream gauges, FEMA Floodplain study $68,107,400
update, and property acquisition.
Laurens 2 County Projects: New EOC/911 Center and generator for Wastewater Treatment Center $4,140,000
Lee 3 County Projects: hydrological/drainage studies, drainage ditch $275,000
Lexington 10 County Projects: 5 projects tocirlj;s;cr)tv;\;v;;iecrarteizzz—e éz::tlnrifjiz\t/i;vr:t:;x:zrenin;1;7;1;!;&:;;51- $208,983, 2 bridge retrofits, 3 $1,942,864.00
8 County projects: cleaning river and culverts, watershed / hydrology study
Marion 4 Projects town of Mullins: cleaning culverts and ditches, $7,810,000
1 project town of Nichols: clean ditches
Marlboro 4 County Projects: 3 projects to clean 4 creeks and 1 project to clean numerous roadsides $10,500,000.00
Newberry 1 City of Newberry Project: create a drainage basin to protect major water treatment facility and numerous neighborhoods. $4,000,000.00
Pickens Clemson University may have a project TBD
Richland 1 County Project: improve rural firefighting capabilities $812,000
Saluda 7 County Projects: hydrologic study, replace bridges, redesign pond relief pipes $2,235,000
Spartanburg 1 County Project: 9 Bridge replacements and a culvert replacement $10,261,000
Sumter 1 County Project: revise and implement FEMA Floodplain mapping TBD
Union 1 County Project: Updating Mitigation Plan for FEMA Approval $5,000
3 City of Rock Hill Projects $13,925,000
1 Rock Hill School District 3 Projects - Storm Drain repair $127,459
York 1 Town of Cover Project: property buyout $450,000 $16,907,459

1 York County Project: Creek Stabilization $605,000
2 City of Fort Mill Projects: bank stabilization and generators $1,800,000
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H.

Findings and Recommendations

The Infrastructure and Shoreline Armoring Task Force has determined that it is appropriate to
initially focus its efforts on formulating a systematic process to evaluate, prioritize and
coordinate locally identified needs relative to maintenance of the existing drainage infrastructure.
This systematic approach is designed to be locally driven and bring the various owners of the
drainage infrastructure together in a collaborative manner in order to effectively and efficiently
address the prioritized needs. Resident and volunteer groups may also engage in these efforts.

1.

Since the pilot program counties were strategically selected in order to establish urban
and rural models for eventual deployment on a larger scale across the various watersheds
and counties of the state, it is important to ensure that these locally led task forces are
operating effectively and remain committed to collaboration. To date, it appears that the
locally led Task Forces in the rural counties will need assistance in order to steadily fund
and resource their locally identified and prioritized work plans. Consideration should be
given to establishing options, such as grant or loan programs, for the rural counties to
engage in order to progressively advance their work plans in an efficient and effective
manner.

While the main focus of the Infrastructure and Shoreline Armoring Task Force has been
on developing operational models for addressing deferred maintenance of the drainage
system, the task force also reached out to various stakeholder groups for feedback on
other flood and drainage projects. The initial draft contains 244 projects from 31
counties at an estimated cost of over $308 Million. This draft list needs be developed
further and reviewed to determine if the formulation of a locally led task force is the
appropriate mechanism to further vet some of these suggested projects. This is expected
to be an ongoing process.
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II. SHORELINE ARMORING
A.  Background

Coastal erosion occurs when the shorelines gradually lose their sediment over time. This process
continually reshapes coastlines and can pose serious threats to coastal property. Coastal erosion
can result from any number of causes: sediment supply, geologic characteristics, changes in sea
level, and the effects of waves, currents, tides, and wind — depending on the location (NOAA,
2018). Across the U.S., approximate 350,000 structures sit within 500 feet of the country’s
shoreline (NOAA, 2018). While completely stopping erosion along the shore may be nearly
impossible, shoreline armoring can be an effective technique to help slow the threat that coastal
erosion poses to many citizens.

“Armoring” is the use of physical structures to mitigate the effects of coastal erosion (NOAA,
2018). Two types of shoreline armoring exist, hard and soft, though each has its own set of
advantages and drawbacks. Hard shoreline stabilization, including levees, seawalls, groins, and
various types of breakwaters, involves building physical objects to hold back ocean water and
prevent the loss of sediment (NOAA, 2018). Soft shoreline stabilization, including soil bio-
engineering, geotubes/geotextiles, and the use of dunes, often involves using mixed materials to

utilize more natural techniques and less invasive techniques to mitigate erosion (Cornell et al.,
n.d.).

While shoreline armoring can help prevent beaches, wetlands, and other intertidal areas from
receding, they also run the risk of disrupting coastal ecosystems and preventing sediment from
moving naturally (NOAA, 2018). Because of the significant detriment that armoring can cause to
coastal communities, the best designed armoring should be site specific, tailored to the specific
needs of that ecological area, to best mitigate the damage the armoring is at risk of causing.

B. Hard Structures

Hard structures are constructed along ocean, estuarine, and riverine shorelines in an attempt to
reduce flood- and storm-induced damage to infrastructure. Oceanfront structures are typically
built from non-naturally occurring materials including timber, steel, large stones, and concrete
(Cornell et al., n.d.). While these structures can prove effective to mitigate storm damage to
properties located behind them, their lifespan is typically limited to 50 years and they require
regular maintenance. Inland of the immediate coast, levees are typically constructed of natural
materials in combination with stone or some hardening. Levees’ simple task is to protect
infrastructure by keeping the river from flooding adjacent communities during high stage events.
(Cornell et al., n.d.).

1. Examples of Techniques

a. Levees

Levees are structures onshore that primarily protect low-lying areas from threats of flooding.
Levees are typically created using an embankment made of fine materials, usually sand or clay,
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covered in a surface of grass, asphalt, stones, or concrete to create a gentle slope to reduce the
erosion effects from waves (Cornell et al., n.d.).

FIGURE 5: Armored levee in the Netherlands at low tide (Cornell et al., n.d.).
b. Seawalls

Another type of onshore structure, seawalls help prevent or alleviate overtopping and flooding of
landscapes and shoreline structures from waves or storm surges. Seawalls are built parallel to the
coast, aiming to shore up its natural profile. When put in place to protect roads, houses, or
walking paths, the seawall structure can project vertically from the profile of the shore. Seawall
structures can vary from “vertical face structures such as massive gravity concrete walls, tied
walls using steel or concrete piling, and stone-filled cribwork to sloping structures with typical
surfaces being reinforced concrete slabs, concrete armor units, or stone rubble” (Cornell et al.,
n.d.). Bulkheads, revetments, and riprap are various other forms of seawall structures.

FIGURE 6: Waves breaking against a seawall in Galveston, TX (Cornell et al., n.d.).
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c. Groins

Groins are designed to alleviate erosion on stretches of natural or artificially nourished beaches,
with the sole purpose of mitigating longshore loss of sand or other shoreline materials. These
slender, straight structures are erected perpendicular to the pre-project beach. “The effect of a
single groin is the accretion of beach material on the updrift side and erosion on the downdrift
side; both effects extend some distance from the structure” (Cornell et al., n.d.). Groins are often
built in a sequential system, with a series of the structures placed intermittently down the
shoreline, though this can result in a “saw-tooth-shaped shoreline” (Cornell et al., n.d.).

FIGURE 7: Orthoimagery of the groins along Ocean City, NJ (Cornell et al., n.d.).
d. Detached Breakwaters

Principally designed to slow beach erosion, detached breakwaters are built parallel to the coast
just seaward of the shoreline in shallow waters. Breakwaters are typically made of solid concrete
structures, piled stones/concrete blocks, or mounds of rubble. Multiple detached breakwaters can
provide a substantial amount of protect to larger shoreline frontages, with each individual
structure reflecting and deadening some of the energy from incoming waves. The function is to
reduce wave height and interrupt sediment transport along the shore to reduce erosion. Typically,
material washed along the shore “moves into the sheltered area behind the breakwater where it is
deposited in the lower wave energy region” (Cornell et al., n.d.). This runs the risk of causing
salients and tombolos to be formed in a manner similar to pocket beaches, though these pockets
can cause a refraction of the waves to help in stabilizing the “pocket-shaped coastline” (Cornell
et al., n.d.).
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FIGURE 8: Orthoimagery of the offshore breakwaters and tombolos along East Ocean
View, Norfolk, VA (Cornell et al., n.d.).

e. Jetties

Used for the stabilization of navigational channels at tidal inlets and river mouths, jetties are
connected to the shore on one or either side of the channel, perpendicular to the coast and
stretching into the ocean. This confinement of stream or tidal flow makes it possible to reduce
shoaling along the channel, decrease the necessity for dredging, and can redirect the crosscurrent
where strong longshore currents are to lessen hazards to navigation. Jetties can improve the
maneuverability of ships by providing protection from strong waves (Cornell et al., n.d.).
Unfortunately, jetties can contribute to significant downdrift erosion if the sediment
accumulating on the updrift side is not artificially bypassed across the inlet (see the shoreline
offset in Fig 9).

FIGURE 9: Jetties at Indian River Inlet, DE with updrift accretion and downdrift erosion
(Cornell et al., n.d.).
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f. Geotubes/Geotextiles

While geotextiles are normally used in conjunction with other soil techniques (as mentioned
above) to help stabilize riverbanks and shorelines, geotubes are useful to aid in coastal
renourishment, especially in efforts to rebuild dunes. Vegetation can also be added to increase
soil stability. As time passes, sand blown from the shoreline accumulates along the seaward side
of the dune system, sorting itself into smaller dunes where additional plant life can grow.
Ultimately, this technique can be used to provide additional protection along coastal systems
from storm surges and waves (Cornell et al., n.d.). A geotube project along these lines was
implemented along Grand Isle Beach in Louisiana to help strengthen the shoreline. The U.S.
Army Corps of Engineers (USACE) used geotextile tubes in 2009 to help stabilize the dune
system with some significant success (Osborn Contract Services, n.d).

FIGURE 10: The geotube shown after it was positioned and filled with sand. Several
openings along the top allow for infilling using pumped sand. Water that may accumulate
will drain through the geotube mesh (Cornell et al., n.d.).

Infrastructure and Shoreline Armoring 13



FIGURE 11: Post-construction, a top layer of sand is added to cover the tube, as is
vegetation that can grow over time to provide a natural dune cover (Cornell et al., n.d.).

2. Disadvantages

Hard structure stabilization can be the most effective form of mitigating storm damage along a
coastline, although this comes at the high price of hindering recreational use of the beach and
negatively impacting the coastal ecosystem. Seawalls built on eroding beaches may protect the
coast but cause the beach at the base of the wall to erode away almost entirely. Likewise, groins
and jetties often result in accretion to one direction, by trapping sediment along the updrift side,
resulting in erosion on the downdrift side as longshore transport is interrupted. For this reason,
all states limit the use of coastal hard structures and typically encourage the use of soft solutions
like beach nourishment and dune building.

C. Soft Shoreline Structures

Soft shoreline armoring aims to use more environmentally friendly methods to help mitigate
coastal erosion while simultaneously enhancing the natural function of the shoreline itself. Most
soft armoring methods try to incorporate features that will allow natural processes, such as
sediment moving, to continue. Much like hard armoring techniques, soft armoring must be
planned specifically to each area. Differences in coastal geomorphology, specific sedimentary
transportation, physical processes, and local ordinances must be recognized. Groups like NOAA
Coastal Services Center have been promoting soft stabilization techniques over potentially
detrimental hard stabilization for years and have seen a fair amount of success in implementation
(Cornell et al., n.d.).

1. Examples of Techniques

a. Bioengineered Soil

The purpose of many soft armoring techniques aims not only to mitigate flooding and erosion,
but also to increase the natural value of the environment that is intended to be protected. Soil
bioengineering applies hybrid methods of geotextiles and/or plant life and can protect
streambanks while capitalizing on water quality and ecological benefits. This technique provides
root reinforcement within the soil and can help in modifying drainage patterns where applied.
Willows are often used, as they provide many ecological and aesthetic benefits, but would not be
useful in coastal settings. In some shoreline settings, coconut fibers (or coir logs) have been
utilized to in conjunction with native vegetation. When combined with other simple techniques,
like changing the slope angle of the shore, this type of fiber matting has been used to stabilize
banks and establish marsh fringes near the base of the slope (Cornell et al., n.d.).
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FIGURE 12: Phases of streambank stabilization (A) excavation of undesirable material, (B)
new topsoil added, and (C) the final product with stream banks overgrown with lush
vegetation (Cornell et al., n.d.).

b. Dunes

Sand dunes naturally work to protect coastal environments from erosion and provide a natural
supply of sand to beaches as they erode, while also creating a habitat for various plants and
animals. Many countries, including the U.S., employ dune protection programs to help maintain
and sustain these environments from intentional and unintentional human damage (Cornell et al.,
n.d.). South Carolina Department of Health and Environmental Control (SCDHEC) was given
direct statutory authority within 8 counties along the state’s coast (Beaufort, Berkeley,
Charleston, Colleton, Dorchester, Georgetown, Horry, and Jasper) for any alterations or
structures in areas within the coastal waters, tidelands, beaches and beach/dune systems that are

considered critical as noted by the South Carolina Coastal Zone Management Act passed in 1977
(DHEC, 2018Db).
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FIGURE 13: (A) Recently planted vegetation along a foredune and sand plain with
remnants of old sand fencing and enclosures to protect new vegetation from destruction by
foot traffic. (B) A view from the backdune with bushy plant growth and walkways to
restrict activity and traffic along the dunes (Cornell et al., n.d.).

c. Living Shorelines

Living shorelines are a green infrastructure technique using native vegetation alone or in
combination with low sills to stabilize the shoreline. Living shorelines provide a natural
alternative to hard shoreline stabilization methods like rip rap or bulkheads, and provide
numerous benefits including nutrient pollution remediation, essential fish habitat structure, and
buffering of shorelines from waves and storms. Research indicates that living shorelines are
more resilient than bulkheads in protecting against the effects of hurricanes (NOAA, 2019). The
recommendations within the Governor’s Floodwater Commission Living Shorelines Task Force
Report is expected to provide helpful information and guidance on potential deployment of this
innovative shoreline stabilization technique.

d. Beach Renourishment

Beach renourishment is by far the most common method of shoreline stabilization and storm
damage reduction on the oceanfront today in South Carolina and around the country. Beach
nourishment is the adding of sediment onto or directly adjacent to an eroding beach. This "soft
structural" response allows sand to shift and move with waves and currents. Dune restoration is
commonly carried out during a beach nourishment project as well.

A wide, nourished beach system absorbs wave energy, protects upland areas from flooding, and
mitigates erosion. The beach provides a buffer between storm waves and landward areas, and it
can prevent destructive waves from reaching the dunes and upland developments. When
sediment is naturally moved offshore from a nourished beach, it causes waves to break farther
from the shoreline, which weakens their energy before reaching the shore (US Army Corps of
Engineers, Institute for Water Resources).
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2. Disadvantages

Soft stabilization methods for shoreline armoring have many of the same benefits as hard
stabilization techniques, while also reducing some of the significant costs and environmental
impacts that hard armoring can present. However, soft armoring is not appropriate to be used in
high energy environments, will not be as effective in areas where shoreline hardening has
already occurred, can be more difficult to design and install than traditional hard armoring
structures, and has limited information on the effectives of living shorelines for various forms of
shorelines, energy regimes, and storm conditions (Cornell et al., n.d.).

D.  South Carolina Coastal Laws and Regulations

Following the national Coastal Zone Management Act in 1972, South Carolina developed the SC
Coastal Management Program in 1977 by authorizing the Coastal Tidelands and Wetlands Act
(CTWA) to balance development, conservation, and appropriate uses of the state’s coastal
resources (DHEC, 2018a). The CTWA includes everything from the policy to permit
construction along the coast to the State’s “Adopt-a-Beach Program.” In 1988, South Carolina
first adopted the Beachfront Management Act (S.C. Code Ann. § 48-29-250 et seq) to establish
statutory guidance and policies to direct all beachfront activities and decisions across the state.
One of the major requirements of the act is for counties and municipalities to coordinate with
DHEC’s Ocean & Coastal Resource Management (OCRM) to create beach management plans,
to be approved by the state and subsequently reviewed every five years. DHEC-OCRM uses
“baselines and erosion rate-based setback lines” when determining new beachfront construction
or the repair of previously existing buildings, structures, or erosion control implementations
(DHEC, 2018c).

DHEC-OCRM also handles all permitting for erecting structures seaward of the determined
baseline, including those used for erosion management. While seawalls are banned, other
existing structures, such as dikes or groins, may be repaired and new structures can be erected
with a permit approved by the department, though only in areas where there will be further beach
renourishment efforts.

Under S.C. Code Ann. §48-39-130(D) (2019), exemptions to permitting apply for the following:

e The accomplishment of emergency orders of an appointed official of a county or
municipality of the State, acting to protect the public health and safety, upon notification
to the department. However, with regard to the beach and dune critical areas, the
following techniques or a combination thereof, shall be used in accordance with
guidelines provided by the department are allowed pursuant to this item:

o Sandbags, provided that a bond is supplied to reasonably estimate and cover the
cost of removal;

o Sandscraping;

o Renourishment;
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o Any other technology, methodology, or structure pursuant Section 48-39-320(C),
provided that:
= The emergency order for use is only issued by the department; and
= A bond is supplied to reasonably estimate and cover the cost of removal;
or
o A combination of these techniques.

e Hunting, erecting duckblinds, fishing, shellfishing and trapping when and where
otherwise permitted by law; the conservation, repletion and research activities of state
agencies and education institutions or boating or other recreation provided that such
activities cause no material harm to the flora, fauna, physical or aesthetic resources of the
area.

e The discharge of treated effluent as permitted by law; provided, however, that the
department shall have the authority to review and comment on all proposed permits that
would affect critical areas.

e Dredge and fill performed by the United States Corps of Engineers for the maintenance
of the harbor channels and the collection and disposal of the materials so dredged;
provided, however, that the department shall have authority to review and certify all such
proposed dredge and fill activities.

e Construction of walkways over sand dunes in accordance with regulations promulgated
by the department.

e Emergency repairs to an existing bank, dike, fishing pier, or structure, other than
oceanfront erosion control structures or devices, which has been erected in accordance
with federal and state laws or provided for by general law or acts passed by the General
Assembly, if notice is given in writing to the department within seventy-two hours from
the onset of the needed repairs.

e Maintenance and repair of drainage and sewer facilities constructed in accordance with
federal or state laws and normal maintenance and repair of any utility or railroad.

e Normal maintenance and repair to any pier or walkway provided that such maintenance
or repair not involve dredge or fill.

e Construction or maintenance of a major utility facility where the utility has obtained a
certificate for such facility under “The Utility Facility Siting and Environmental
Protection Act”, Chapter 33 of Title 58 of the 1976 Code. Provided, however, that the
South Carolina Public Service Commission shall make the department a party to the
certification proceedings for utility facilities within the coastal zone.

e Dredging in existing navigational canal community development by individuals,
counties, or municipalities of manmade predominantly armored, recreational use canals
and essential access canals conveyed to the State or dedicated to the public for that
purpose between 1965 and the effective date of this act if the maintenance dredging is
authorized by a permit from the United State Army Corps of Engineers pursuant to the
Federal Clean Water Act, as amended, or the Rivers and Harbors Act of 1899. All other
department administered certifications for such dredging are deemed waived.
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E. Findings and Recommendations

The Infrastructure and Shoreline Armoring Task Force considered shoreline armoring and
stabilization methodologies that balance the needs of manmade protection with those of natural
systems. These areas may be found along the coast or the state’s inland waterways and could
involve areas of considerable development or critical infrastructure. Along the coast of South
Carolina, hard armoring such as the controversial construction of bulkheads, seawalls, and other
barriers have been debated at a policy level for many years. While this Task Force does not
desire to wade into the policy debate on hard armoring along the South Carolina coast, the Task
Force does desire to provide information on the tools in the shoreline armoring tool box.
Additionally, there may be opportunities to identify critical infrastructure and other key areas of
concern outside of the coastal zone that could benefit from a shoreline hardening project.

The goal for shoreline armoring for flood hazards is to promote public health, safety and general
welfare by minimizing public and private losses due to flood conditions in specific areas. Flood
management armoring should be strategically located, designed, constructed and maintained to
protect: the physical integrity of the shoreline and properties that may be damaged by alterations
to the geo-hydraulic system; water quality and natural groundwater movement; fish, vegetation
and other life forms and their habitat vital to the aquatic food chain; and recreation resources and
aesthetic values such as point and channel bars, islands and other shoreline features and scenery.
Hard armoring should be carefully considered as it typically alters the natural flow patterns of
sediment and water.

The City of Charleston is also leading efforts on this key issue for the state. The Storm Surge
and Sea Level Rise Protection Project initiated by the City of Charleston is estimated to be $52
million and involves the Battery Seawall undergoing reconstruction. The project will raise the
sea wall and its sidewalk to meet the sea level rise standards. Murray Boulevard will also be
upgraded to accommodate the adjustments. The streets will also be improved with upgrades to
the utilities, curbs, and pavement. The biggest priority and first location of new construction is
the western side of Tradd Street, where the seawall is in its worst condition (City of Charleston,
n.d.). The Low Battery Seawall Improvements Infrastructure project is currently underway,
having been started in 2015 with the hopes of being completed by 2025 or 2027.

1. Hard Shoreline Armoring

While there have been recent attempts in the state to seek exemption to the 1988 ban on seawalls,
the policy makers in South Carolina take a dim view of the use of these structures along the coast
of South Carolina due to well documented negative impacts to the recreational beach and
neighboring properties. This Task Force has sought to provide useful information on the various
hard shoreline armoring techniques, but we have not reevaluated state rule or regulation with
regards to the use of these structures.

2. Soft Shoreline Armoring
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Efforts to progress South Carolina’s use of soft shoreline armoring techniques have been
prominent in recent years. Collaborations between NOAA, various SC DNR departments, the
North Inlet-Winyah Bay National Estuarine Research Reserve, and ACE Basin National
Estuarine Research Reserve, have worked to construct oyster-reef-based living shorelines over
the last 15 years (NOAA, 2016). Pursuing similar projects, utilizing bioengineered soil and
geotextiles, as well as utilizing the recommendations developed by the “Living Shorelines” task
force are highly recommended as a more sustainable alternative to preserve the natural
ecosystems of coastal environments while also working to mitigate coastal erosions. Protecting
oceanfront property through beach nourishment continues to be the preferred approach of the
coastal communities in the State of South Carolina.
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I. SMART RIVERS

Executive Summary

As you read the Task Force’s report, it is tempting to view modeling as an end product and dam
security as a sperate subject. We have found modeling is just the beginning. Many agencies
have been modeling SC river and coastal flooding for many years. The effect of that modeling
has helped the state in very specific areas, but the data is not widely known or utilized. We must
begin sharing the data, optimize the modeling and then use the results for development planning,
emergency planning, and emergency operations. Shared modeling allows SC to develop in an
ecologically friendly manner that reduces the potential for damage from flooding. Control
structures can be built into development and operated as part of the Smart River Operations.
Operation of new and existing control structures must be coordinated across all levels of
government and the private sector. Keys to successful use of modeling lie in model
coordination, sharing and optimization; use of models to guide development; providing control
structures at every level to include automation according to the modeling; and coordination of
actions by states, counties, local authorities and private companies and individuals based on
modeling before, during, and after emergencies. The Task Force has some very specific findings
and recommendations. We acknowledge that this study is just the beginning of what should be a
continuing effort to incorporate the effects of water in an ever-changing environment into the life
of our state.

A. Overview

From 2015 through 2018, South Carolina (SC) experienced five wet hurricanes that deluged the
state in flooding from the coast to the mountains. The floods occurred over periods of hours to
days to several weeks. Flooding scenarios literally extended from the coast to inland to upland
areas for the same individual events. Unfortunately, the floods were in many cases poorly
forecasted and many lives and property were lost and destroyed. In response to these events and
the prospect of more to come, in December 2018, SC Governor Henry D. McMaster convened a
meeting and commissioned a team of State, Federal, industry and academic flood experts to
address the entire issue of flooding and all entailed. The Governor charged the group with
developing a deep study report, intended to detail the steps to be taken to prepare the state for
future events-in-kind. One of the Task Forces that the Governor created was that of Smart Rivers
and Dam Security (the TF-SR&DS). At a subsequent meeting of the TF-SR&DS, the Task Force
was split into two committees, one on Smart Rivers (C-SR) and one on Dam Security (C-DS).
Myra Reece of the SC Department of Health and Environmental Control (DHEC) was appointed
Chair of the C-DS and Len Pietrafesa of Coastal Carolina University (CCU) was appointed Chair
of the C-SR.

In addition to the massive flooding experienced across SC from the five recent hurricanes,
coastal flooding is now occurring during higher high tides, as so-called “nuisance flooding” and
the potential for coastal inundations due to offshore events, such as tsunamis and meteo-
tsunamis, also exists. Finally, public health issues cannot be overlooked as both floodwaters and
standing waters can result in conditions deleterious to the health of the public. These types of
events and conditions must be addressed as well. In order to assess the state of knowledge in
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natural hazard modeling for risk assessment, the Committee on Smart Rivers will also focus on
building a next-generation cyberinfrastructure and a community for modeling and analysis
practices, to better inform the citizenry of SC. As such, the Committee on Smart Rivers has
embarked on the Governor’s mission to make recommendations regarding the data sets, in
addition to what is already being collected and available on-line, and for numerical modeling and
model output real-time realizations that are necessary to “weather proof”” South Carolina from
future flooding events of all kinds.

This report will describe the charge and recommendations of the Smart River Committee of the
Task Force charged with studying and recommending various kinds of numerical modeling
architectures that should be adopted or developed for SC during periods of high intensity, wet,
atmospheric storms and other types of flooding events. The modeling is expected to cover
periods prior to the arrival of a storm and then during and following the storm’s passage. The
intention is to provide visualized, validated model guidance to emergency managers and decision
makers, up to the Office of the Governor, for informed planning and evacuation scenarios to save
lives and property of residents of SC utilizing cyberinfrastructure. The report will cover:

What defines a “Model”;

Explanation of the necessary models including purposes and limitations;

Coverage of current models;

Gaps in models and what is needed to fill in the gaps;

Needed models including areas that need to be modeled and new forms of modeling;
How to coordinate modeling and prevent or circumvent duplication;

Planning models versus Emergency Models;

Access to models and model output by all interested parties;

Existing data required to initialize the models and to validate the model outputs;
Additional data required to conduct the modeling;

Computer platforms required to conduct the modeling;

The likely team of players and their Roles in a sequential wiring diagram;
Examples of various model outputs;

The conduct of model retrospectives;

Real-time visualization of model outputs;

Hierarchy of players that will communicate and explain the model outputs;

Public health issues;

Utility of artificial intelligence;

Communication of model outputs;

Explanation of model outputs;

Estimated costs of the enterprise to fill the data gaps;

Estimated costs of the entire modeling enterprise;

Proof of application of the various models and model systems under prior well-
documented storm events such as Hurricanes Joachim (2015), Matthew (2016), Irma
(2017) Florence (2018) and Michael, by ways of example. One size does not fit all.
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It is of note that the Committee on Smart Rivers (C-SR) and the Committee on Dam Security (C-
DS) addressed four major topics and an overall goal, which emerged from its face-to-face
meetings and its conference calls. They are:

e The need to better integrate extreme events in flood modeling, broadly defined is critical.
Low-probability, high-magnitude events often dictate landscape form and have the
potential to reset the directionality for long-term change. However, presently existing and
operational models might not run on spatial or temporal scales that capture such a hazard.

e Human actions across SC can trigger or magnify natural flood hazards in an evolving
landscape. A “cyberinfrastructure” to better integrate multiple models and data is
required. For example, cascading natural flood hazards are common. Although many
single-hazard models exist, almost none are capable of integrating across hazards, which
is a necessity to truly assess risk. Coupling frameworks can accommodate for this.

o Interdisciplinary research is necessary. Modeling the evolution of landscapes for risk
assessment requires incorporating human dynamics. Human actions can trigger or
magnify natural hazards in an evolving landscape. There is value, therefore, in having the
human factor integrated or coupled to environmental models.

e Developing strategies for model testing, validation and benchmarking against natural
flood disasters, as they happen and immediately thereafter, with the recent explosion in
data acquisition, remote sensing data would provide insight into model uncertainty and to
what extent models can be implemented.

e The overall goal of the C-SR is to “weather proof” SC, in the sense of providing
validated trustworthy and dependable, advanced, visualized and detailed numerical model
output across SC.

So, where are the SC watersheds and rivers? Figures 1 and 2 illustrate those. Figure 3 shows
major highways in proximity to the rivers.
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FIGURE 1: The eight surface-water basins in South Carolina.

FIGURE 2: The SC Rivers and Lakes.
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FIGURE 3: The major highways and rivers of SC.

Models

The Definition of “numerical modeling”, as relates to flooding, is that numerical
models are mathematical models that use some sort of numerical time-stepping or
integration procedure to obtain the behavior of the entity being modeled, in this case
flooding, over time and space. The mathematical solution is generally represented by
a generated table and/or graph, but in the context of flooding the model would be
expected to be spatially and temporally expansive and diagnostic. Computational
modeling provides an essential tool to better understand the fundamental surface and
sub-surface processes causing natural hazards.

As such, computational modeling provides an essential tool to better understand the
fundamental surface and sub-surface processes causing natural hazards and their
effects on Earth’s surface change, especially where observations fall short. In general
this is virtually everywhere, even with remote sensing coverage. As such, Earth
surface and sub-surface models can contribute to quantitative pre-event risk
assessments. Yet such assessments are appropriate only if models capture the
important physical processes, are well tested and vetted, and are proven to be
accurate.

The models utilized for flooding, broadly defined, derive from the Navier-Stokes (N-
S) Equations which are highly non-linear and have non-linear boundary conditions.
Many reductions of the N-S Equations have been developed to simplify the tasks of
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finding solutions to these difficult equations, since non-linear equations do not yield
closed form solutions in general.

¢ Flood modeling can be deterministic, statistical or empirical in its basis, and is
intended to be used either retrospectively and diagnostically, to aid in understanding
of what occurred, or prognostically, to predict, i.e. forecast, what will occur.

e The intended purposes of numerical flood models are to diagnose what occurred
previously and to predict what will occur in the future. The intention of the
Committee on Smart Rivers is to provide visualized, three-dimensional spatially
intensive, hourly, time sequenced model output, superimposed on GIS and Google
Maps of SC at statewide to local community levels.

e A fundamental problem in the analysis of complex environmental systems, including
surface and groundwater systems, is the interplay of data and modeling, both when
testing fundamental theories and when calibrating models. Improving how data and
models are used has proven to be exceedingly difficult, however, partly because
models are commonly plagued by spurious numerically-based nonlinearities in
addition to fundamentally important process-based nonlinearities, and partly because
models are not used to as much advantage as they could be. One of the most difficult
problems is that though environmental model calibration methods are maturing to
include rigorous methods of relating models to the calibration data and the predictions
of interest, it is still often unclear how to attain good model predictive ability, as
needed for resource planning. A basic question is what level of model detail and
parameterization is likely to yield the most accurate predictions. Additionally, in
groundwater models, the use of geologic principles to constrain model characteristics
such as the geometry of interconnections and barriers is critical. Yet the geology is
often poorly known, leading to groundwater flow patterns that are often grossly in
error, and resulting errors in estimated parameter values. This then obscures the
ability to derive any general understanding of processes from a set of studies.

e The charge of the Smart River Committee seeks to improve how data and models are
used together to obtain useful system characterization and predictions by improving
the transparency and refutability of models. Transparency is improved by creating
and evaluating statistics that reveal observations important to parameters, and
observations, parameters, and system processes important to predictions and
prediction uncertainty. Evaluation of the statistics developed on the project and by
others is essential because of the proliferation of such statistics. At this point, nearly
every report employs a different set of statistics, making it nearly impossible for those
using models to compare different modeling efforts. In such an environment
transparency is often diminished instead of enhanced by the methods available.
Refutability is improved by closely considering data errors and model fit to data to
obtain a measure of model error. Evaluation of multiple alternative models is
encouraged to test hypotheses and include the views of many stakeholders in the
modeling process. The following list addresses a number of issues that the Smart
River Committee must consider, including:

e Limitations of models:
= Current models.
= Gaps in models.
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e What kinds of models are needed?

= Models of atmospheric state variables.

= Models of oceanic state variables.

= Models of hydrologic flows.

= Models of hydraulic flows.

= Models of river environmental variables

= Artificial Intelligence models.

* Emulation models.

= Ensemble modeling.

What are the geographic areas that need to be modeled?

What are the new forms of modeling?

How can modeling activities be coordinated to prevent duplication?

Are there planning models versus emergency models?

What models can data be assimilated into?

=  Will there be access to model outputs by all interested parties?

*  Who will provide explanations in understandable terms of model outputs to
Emergency Managers and the Governor’s Office?

= (Coordination of these communications.

C. Data and Data Gaps

What data are needed for the array of models and model systems, including data sources for data
assimilation, modeling, validation, including but not limited to: NOAA, USGS, NASA, Euro-
Met and non-federal assets: Table 1 includes archived and real-time data and also identifies
geographic data gaps.

TABLE 1: Data that will be used in SC flood modeling.

Data Source Usage
1 LiDAR topography and Federal, High accuracy LiDAR across all of SC
bathymetry state and would greatly improve all flood models,
local regardless of type and objective.

For the Record: the NOAA —-NREL WRF
Atmospheric Forecast Model has datum
built into it; so LiDAR works well for
interactively coupled model systems

2 Ground station data (Figure 1) NWS and The moisture, wind, temperature, rainfall,
FAA snow and other meteorological data are

used for atmospheric modeling

3 WSD radar data NWS Radar data are used for estimating rainfall

4 Coastal water level data NOS Water level data are used for ocean
modeling

5 I0OS data NESDIS Could be used for modeling but non-
existent off SC

6 Marine buoy data; NDBC and | NDBC Buoy data are used for ocean

CCU/FAU | modeling but sparse and distant off SC.
However, three additional real-time
reporting Air-Sea Buoy Stations
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maintained by CCU/FAU

need to be established for advanced
oceanic-atmospheric modeling required for
Weather-Proofing SC

6 Satellite and other remote sensing | NESDIS Remote sensing data are used for flood
data NASA and | detection and model validation
others
7 Rainfall estimate data including NOAA GSD model output are used to drive
MRMS and HRRR ESRL/GSD | oceanic and hydrologic models
8 River gauge data and river USGS, River gauge data are used for hydrologic
environmental variables USC/CCU | model validation. There is a need for more
stream gauges. The state lacks a complete
coverage network of stream flow and
stream depth gauges and environmental
variables. At least 150 additional gauges
are needed in the watersheds
9 SEA EcoNET and MESO CCU, FAU | A real-time reporting station at ~ 70
(Figure 1) locations in SC. However, many more real-
time reporting stations are required across
SC to meet local needs. Nominally an
additional ~150 stations are necessary.
10 | SAR data and imagery NESDIS, SAR data can be used for Artificial
NASA, Intelligence retrospective and prognostic
Euro-Met studies
11 | Storm water pond survey data SC Sea- Stormwater ponds have impact on
(eight South Carolina coastal Grant hydrologic and hydraulic modeling. CCU
counties); studying roles of 20,000 Ponds in 8 SC
coastal counties during recent 5 storm
events and USC studying 6,000 Ponds in 2
SC coastal counties under different Sea
Level Rise (SLR) scenarios
12 | National Hydrography Dataset USGS Hydrograph data can be used for
hydrologic modeling validation
13 | Coastal elevation model data; NOAA Important for areas where the LiDAR data
Coastal relief model (CRM) data; are not available
ETOPOL global relief model
data;
Smart Rivers and Dam Security 8




FIGURE 4: The NWS, FAA and CCU-FAU SeaEcoNet Real-Time Monitoring Stations.

D. Existing Non-proprietary Community Models
Descriptions and Applications Appropriate to SC Floods *(Community implies that
the model codes are publicly available). Availability of codes for each model is listed
by institution or organization.

1. NOAA - SLOSH

A 2-D vertically averaged linearized numerical model, which solves the Shallow Water
Equations. It does not contain physically consistent bottom boundary conditions or fluid
mechanically correct inundation (wetting) or retreat (drying) boundary conditions. All water
level observations, including SLOSH storm surge heights, are referenced as height above a
vertical datum. A vertical datum is an established surface that serves as a reference to measure or
model heights and depths. Currently, the SLOSH model utilizes the National Geodetic Vertical
Datum of 1929 (NGVD29) and the North American Vertical Datum of 1988 (NAVDS8S). All
basins in the contiguous U.S. have been updated to NAVDS88. SLOSH does not contain
interactively coupled waves and is not interactively coupled with the atmosphere. It cannot
produce accurate prognostic results but can be run quickly as its physics is simply formulated. Its
wetting (inundation) and drying (retreat) schemes are simply line-of-sight, so are not
topographically, physically or mathematically based. The model was developed By C.
Jelesniansky in the early 1970’s based on the prior work of P. Weilander. Available from CCU.
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2. ACE - ADCIRC

A 2-D vertically averaged numerical model, which solves the Shallow Water Equations. It does
not contain physically consistent bottom boundary conditions nor fluid mechanically correct
inundation (wetting) or retreat (drying) boundary conditions. ADCIRC does not contain
interactively coupled waves. ADCIRC is not interactively coupled with the atmosphere. It cannot
produce accurate prognostic results but can be run quickly as its physics is simply formulated
and is not very accurate in real-time. It uses a finite difference spatial code. It was developed at
the University of Notre Dame. It can be run in an ensemble mode on a conventional laptop as the
model is simply formulated. Available from CCU.

3. POM

POM was developed at Princeton University and solves the 3-D Navier-Stokes primitive
equations. The POM model has realistic boundary conditions and inundation and retreat
schemes, adopted from the codes developed at North Carolina State University (NCSU). POM
uses a stretched coordinate spatial system. POM has been interactively coupled with waves and
the atmosphere by NCSU. It is quite accurate and can be coupled to waves, the atmosphere and
rivers. Available from CCU.

4. ROMS

ROMS, the Regional Ocean Model, was developed at Rutgers University and is a next-
generation POM. ROMS is more versatile than POM as it has plug-in capabilities with multiple
ecological modules and hydrologic modules, both very germane to issues related to high
intensity, severe storms and flooding. It has a different Bottom Boundary Layer Scheme than
POM. It is quite accurate and can be coupled to waves, the atmosphere and rivers, etc. CCU has
interactively coupled ROMS to the Weather Research Forecast Model (WRF) and the Shallow
Water Wave Model (SWAN) with wave breaking and reformation physics. WRF was used as it
was the operational backbone of the National Weather Service. Available from CCU.

3. EFDC

A primitive equation code, like POM and ROMS. It is very versatile. Available from the
University of Maryland-Eastern Shore (UMES).

6. FVCOM
A volume preserving primitive equation code. FVCOM has many plug-in ecological modules,

which could be important during the passage of high intensity, severe storms. FVCOM has been
interactively coupled to SWAN, the breaking wave model. Available from UMES.
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7. WRF-HYDRO

A model that simulates a wide range of hydrologic processes that cover a complete water cycle
including rainfall, soil moisture, evaporation, infiltration and exfiltration, subsurface flow base
flow, one and two spatial dimensional (1D and 2D) river channel flow, etc. The model is
employed as the basis for the U.S. National Water Model (NWM) and includes a land-surface-
model. WRF-HYDRO is a part of the CCU interactively coupled model system. WRF HYDRO
is a necessary component during flood events. Available from NCAR, NWS and CCU.

8. HEC-RAS

The HEC-RAS model was developed by the U.S. Army Corps of Engineers (USACE) and
models the hydraulics of water flow through natural rivers and other channels. Note that many
organizations and institutions employ HEC-RAS directly to model flooding, but the model
system does not utilize real time spatially and temporally precipitation information. As
quantitative precipitation estimates are very variable, even during storms, this is problematic.
HEC-RAS cannot physically connect to the Coast. Available from the USACE, USC and CCU.

9. NOAA National Water Model (NWM)

The core of this system is the National Center for Atmospheric Research (NCAR)-supported
community Weather Research and Forecasting Hydrologic model (WRF-Hydro) and ingests
forcing from a variety of sources including Multi-Radar/Multi-Sensor System (MRMS) radar-
gauge observed precipitation data, and High Resolution Rapid Refresh (HRRR) , Rapid Refresh
(RAP), Global Forecasting System (GFS) and Climate Forecast System (CFS) Numerical
Weather Prediction (NWP) forecast data. WRF-Hydro is configured to use the Noah-MP Land
Surface Model (LSM) to simulate land surface processes. Separate water routing modules
perform diffusive wave surface routing and saturated subsurface flow routing on a 250m grid,
and Muskingum-Cunge channel routing down National Hydrography Dataset (NHDPlusV2)
stream reaches. The system includes an analysis and assimilation configuration along with three
forecast configurations. USGS streamflow observations are assimilated into the analysis and
assimilation configuration and all four configurations benefit from reservoir inclusions.
However, the NWM cannot connect physically to the coast which limits its utility to inland
states. The code is available from NOAA and CCU.

10. CCU

Developed an Interactively-Coupled Numerical Model System for flood forecasting and
diagnostic assessments. The interactively-coupled numerical system mathematical architecture
(shown in Figure 5) is based on model elements that have been applied widely for coastal ocean
and coastal environment modeling and forecasting. Fortunately, a recent break-through in the
development has implemented a prototype river-ocean interaction process. The atmospheric
component of the CCU Interactively-coupled model system is the Weather Research and
Forecasting (WRF) model, a non-hydrostatic primitive equation model with comprehensive
atmospheric physics parameterization schemes. WRF is used by the NWS and worldwide to
simulate and forecast nearly the full suite range of weather events including hurricanes and
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severe rainfall events. The WRF code is available from NCAR, NWS and CCU. ROMS is the
ocean model, SWAN is the Waves model, WRF-HYDRO, the latter based on the NWM, and
HEC-RAS are the other components of the CCU Model System (the CCMS). We note that
SWAN includes wave breaking mechanisms and dissipation and computes irregular waves in
coastal environments, based on deep-water wave conditions, wind, bottom topography, currents
and tides and explicitly accounts for all relevant processes of propagation, generation by wind,
interactions between the waves and decay by breaking and bottom friction. Oceanic waves can
create and exacerbate coastal and inland flooding. Further, simply adding waves to current model
output is not fluid-mechanically correct. Rather, Pietrafesa showed (Figure 6) that for Hurricane
Hugo in 1989, interactively-coupled wave-current interactions was able to correctly model the
inundation in Charleston SC, in agreement with NWS validation data. Code available from CCU.

FIGURE 5: The CCU Interactively coupled Real-Time Numerical Model System (CCMS).

FIGURE 6: The important value of interactively coupling waves (SWAN) and currents
(POM, ROMS) in a numerical model system. The Upper Left shows the inundation of
Charleston Harbor and the Ashley, Cooper and Wando Riverbanks due to a Simple Wave
model. The Lower Left shows the real inundation from an interactively-coupled Wave
Current Model. The Right shows the true addition inundation between the Lower Left
Minus the Upper Left. It is significant. (Figure from an NC State Report of Pietrafesa to
NOAA, available upon request).
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Figure 7 depicts the ecological components of the ROMS (CCU) and FVCON (UMES) model
systems. The FVCON Ecological Modules are shown by way of example (ROMS are not).

FIGURE 7: CCU and FVCON Ecological Modules.

11. Wave Watch (WWIIID)

A NOAA linear wave model that can be run quickly but lacks complete physics, such as wave
breaking, dissipation, etc. Available from NOAA/NOS and CCU.

12. Artificial Intelligence Modeling

Al-based modeling of inundation and flooding requires Synthetic Aperture Radar (SAR) derived
satellite imagery and an area mapping framework and data preprocessing. The aims of the data
preprocessing are radiometric calibration and geometric correction. After the data preprocessing,
one must select the features within a SAR image that can be matched with known ground truth
from Copernicus EMS rapid mapping products to train and validate the developed algorithm.
USC and CCU both have active Al research and development programs.

13. Emulation Model

Probabilistic flood hazard assessment is a promising methodology for estuarine risk assessment
but currently remains limited by prohibitively long simulation times. However, through the
development of an emulator, or surrogate model, which replaces the simulator, with a statistical
representation that is able to rapidly predict estuarine variables relevant to flooding coastal
harbors and estuaries. This type of model is not recommended.
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14. Ensemble Modeling

The process of running two or more related but different analytical models and/or the same
model with different initial conditions, and then synthesizing the results into a single score or
spread in order to improve the accuracy of predictive analytics and data mining applications. In
predictive modeling and other types of data analytics, a single model based on one data sample
can have biases, high variability or outright inaccuracies that affect the reliability of its analytical
findings. Using specific modeling techniques can present similar drawbacks. By combining
different models or analyzing multiple samples of the same model, one can reduce the effects of
those limitations and provide better information. Running ensembles of complicated models,
such as the CCU Flood Model System requires a high capacity, high performing HPC platform
with dedicated processors.

15. Tsunami Modeling

Tsunamis are created by underwater earthquakes, underwater volcanic eruptions and underwater
landslides. These could strike the SC coastal and inland areas and require an offshore monitoring
network to be described below.

16. Meteo-Tsunamis

Tsunami-like water levels that can be triggered by atmospheric conditions and offshore weather.
These phenomena could have an impact on coastlines all along the East Coast of the U.S. They
can lead to persistent nuisance flooding events and many have gone unnoticed and are not well
documented. Nonetheless, in Figure 8, an estimate of the number of events/year and their
maximum amplitudes for the U.S. Eastern Seaboard based on a NOAA finding (pc. Dr. M. Peng,
NOAA/NOS) are shown.

FIGURE 8: Given (10) and (11), there is a need to create an Offshore SC Bottom
Pressure Sensor Alert System that will ring an alert that either a Tsunami or a
Meteo-Tsunami is incoming.
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17. Others

a. In addition to the models and studies already mentioned, if not already
incorporated, the report should note flood studies from College of
Charleston’s Low Country Hazards Center and the South Atlantic Coastal
Study from the US Army Corps of Engineers (USACE).

b. There is also the NOAA CI-FLOW program.
https://www.nssl.noaa.gov/news/factsheets/CI-FLOW_2014.10.16.14.pdf
In its inception, (Kelleher and Pietrafesa, 2000) the Coastal & Inland -
Flooding Observation & Warning (CI-FLOW) System was intended to be a
highly accurate, timely “Risk Forecast System”. In its present form, the
NOAA National Severe Storms Laboratory (NSSL) produces highly accurate
and real-time updated precipitation forecasts that are used to generate flood
maps for a number of southeastern states to drive CI-FLOW. Unfortunately,
the on-the-ground flood forecasts are produced via the utilization of the ACE-
ADCIRC Model (see D2 above) which produces fast but inaccurate results, as
it is a vertically averaged model with artificial bottom boundary conditions
and non-fluid mechanically correct wetting and drying schemes. The input
information is excellent, but the output information is actually dangerous and
puts people and property at risk.

c. River environmental variable models are available from the University of
Maryland-Eastern Shore.

E. Baseline Resilience Indicators for Communities (BRIC) and Hazard
Studies

The BRIC index considers six broad categories of community disaster resilience: social,
economic, community capital, institutional, infrastructural, and environmental at the county
level. Used as an initial baseline for monitoring existing attributes of resilience to natural
hazards, BRIC can be used to compare places to one another, to determine the specific drivers of
resilience for counties, and to monitor improvements in resilience over time. BRIC for SC is
shown for 2015 (Figure 9).
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FIGURE 9: BRIC for SC for 2015.

1. Hazard Prediction Studies

a) Overview

While Hazard Prediction capabilities have generally improved in the past decade, there are
serious issues. According to two recent reports [1, 2] from the National Academies of Sciences,
Engineering, and Medicine (NASEM), communication of incoming hazards, such as extreme
precipitation related flooding, via emergency alert and warning systems, have not kept pace with
advancements in cyberinfrastructure. The reports state that the evolution of SC hazard alert
systems will need to be informed jointly by both scientific and technical research and social and
behavioral science research. While research increasing the accuracy of NWS weather forecasts
has continued to improve, Federal and state-based hazard forecasts really have not. However
academic-based hazard forecasts have improved greatly. Thus, to make the best use of forecasts,
SC’s alert capabilities will need to evolve and progress as the capabilities of web-based model
output, smart phones and other mobile broadband devices improve and newer technologies
become available. This evolution will need to be informed by both physical scientific, technical
research and social and behavioral science research. To reduce risks, including loss of life,
national weather alert systems that incorporate social and behavioral sciences and new
technology must be developed. We note that social and behavioral science research seeks to
understand why people choose to drive in hazardous conditions despite receiving accurate
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weather forecasts and alerts. These reports recommend using this research to tailor alert
messages so that people in various socio-economic strata are more likely to heed impending
hazard condition warnings. This proposed storm-related research and development need will
push the collective research envelopes in the directions recommended by the NASEM.

This write-up addresses the utilization of cyberinfrastructure advancements to communicate what
needs to be further developed and implemented as highly accurate, validated forecasts of
impending hazards in the all counties of SC. An inter-actively coupled atmospheric-oceanic-land
numerical model system, with an embedded hydrological module, and with capabilities to
assimilate data from Federal and non-federal in-situ and remote observing systems would create
reliable forecasts for site-specific locales for flooding in SC. It is of note that this is especially
true for coastal states in general, since existing Federal agency water models do not connect their
watersheds downstream to the Atlantic or Pacific Ocean Basins, Gulf of Mexico or Great Lakes.
Pietrafesa et al (2019) finds that this is a serious flaw in the numerical model architectures and
results in seriously flawed prognostications of what can be explosive coastal, inland and upland
flooding over periods of hours to minutes to delayed floods of periods of days to weeks (Bao et
al., 2015).

Socioeconomic surveys, data analyses and the development of risk warning tools must also be
objectives. Our communities consist of multi-socio-economic groups of citizenry who respond to
information and hazard queues in different ways, both spatially and temporally. Given SC’s
recent experiences with Hurricanes Joaquin, Matthew, Irma, Florence and Michael, the CCU
team discovered that the ability to communicate experimental numerical model output to
decision makers was compromised and diminished by an inability to explain the model results
over the phone, particularly in timely ways as the event lingered and changed paths and
directions.

b) Proposed Course of Action

The Smart River Committee’s proposed course of action contains 9 sub-objectives and a 10%,
overall objective. They are:

1. Collect all ground-truth data, both geophysical and socio-economic, to document the
timing and amount of flooding which occurred during and following a series of five
recent floods due to five hurricanes from 2015 — 2018 which struck SC;

2. Determine data needs and propose additional data sources to fill the voids and cover the
state;

3. Utilize an interactively-coupled atmosphere, land, ocean, hydrology numerical model
system to couple all diagnostic and prognostic environmental physical model elements,
and to conduct ensemble retrospective studies, including Data Assimilation (DA) of the
five different hurricane flood events, from coastal to inland to upland;

4. Evaluate the utility of employing satellite imagery (e.g. SAR) and artificial Intelligence
(AI) to the five flood events to identify floodwaters on land throughout SC;

5. Employ on-the-ground socioeconomic data collection methodologies and tools to
interrogate and document the responses and needs of the various societal sectors affected
by the five flood events;
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6. Based on (1), (2), (3), (4), (5), develop societal risk warning tools;

7. Develop real-time ensemble numerical model output of incoming events on an hourly
basis, 7 days out;

8. Test the risk warning tools developed in (6) and the technology developed in (7) during
actual events if they occur over the period of this proposed study.

9. Achieve the overall objective of the creation a flood risk-warning visualization and
communication set of tools that would become operational for SC, and could serve as a
prototype model for other coastal states in-kind in the U.S.; and

10. Provide this capability to the state of South Carolina.

2. Overview

The 4™ Climate Assessment Report was released by the U.S. White House on 11/23/2018. The
report states, “Higher sea levels will bring more and worse coastal flooding, a warming ocean
will result in stronger storms and extreme heat waves will become longer and more frequent in
the Southeast (U.S.)”. The report lays out dire warnings for SC and the entire Southeast on the
coming impacts of the changing climate. “Throughout the southeastern U.S., there will be
numerous consequences for human health, the built environment and the natural world”. “The
number of extreme rainfall events is increasing, with the number of days the region has seen at
least 3 inches of rain/event/year at historic highs....with the potential to cost up to
$60B/year.....by 2045 Charleston could face nearly 180 tidal floods/year vs. 11 in 2014. By
2050, the Southeast is the region expected to have the most vulnerable bridges”. On Saturday,
11/24/2018, following Thanksgiving, the tide in Charleston hit ~ 9 feet, flooding roads and low-
lying areas around the entire city. These are very serious projections, based on facts, for a public
at risk.

3. Charge

The purpose of the work proposed by the Smart River Committee is to provide SC decision
makers with a new set of operationally based, easily communicated and easily accessible tools to
warn citizens and decision makers of statewide and local threats of flooding, using an easily
understandable index for emergency managers to communicate the level of risk that the public
can understand. This new warning tool can be designed to be downloaded as a free smartphone
app. Critically, the tool would enable more informed decision-making for ensuring the safety of
the SC’s coastal, inland and upland lives and property. We propose the development of a highly
accurate, local and socioeconomically-conscious flood risk tool. There are resources and assets
within the state that should be supported and utilized for this purpose.

Inaccurate or overstated scientific modeling of environmental and natural hazard flood risk can
have deleterious effects on public safety. When faced with a flood risk, for example, individuals
must assess whether and when to evacuate their homes or take other precautions. If citizens do
not take warnings or evacuation orders seriously, they may put themselves and others in danger.
The ways in which individuals calculate risk is complicated. For example, people take risk more
seriously if it is perceived to be close to them, but less seriously if it is a familiar risk rather than
a rare event (Pietrafesa et al., 2019). Individuals are more concerned about risks that receive
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media attention, but fear-based approaches to encourage citizen action may backfire (DeLameter
& Daniel, 2010). Moreover, individual risk assessment is taking place in a national cultural
context in which faith in experts is declining overall (Hildebrand, 2000). In the case of floods,
studies indicate people are less motivated to take precautions if scientific models have
overestimated risk in the past and/or if previous warnings about risk went unheeded with few or
no consequences. This underscores the need for increased accuracy in forecast modeling and
rapidly communicating risks associated with natural disasters (National Academies, 2018a;
National Academies, 2018b).

This lack of precision in flood forecasting presents significant risks to the safety of communities
and underscores the need for quicker, more accurate, and easier to understand information for
local and state decision-makers. Failure to predict significant flooding is of obvious concern, but
the risks associated with perpetually inflated forecasts could be equally damaging. Depending on
the storm, that decision could be an enormous mistake. The national communication package for
coastal surge, inundation, flood forecasting and inland terrain flood forecasting are deemed to be
presently insufficient to safeguard against these possibilities. The proposed innovation will
directly address current flood forecasting limitations with a rapid and updated communication
tool using a well configured smartphone app.

Storms such as Irma, which were initially forecast to follow a coastal track along the coast of SC,
instead turned and rerouted itself down the eastern side of the Appalachians and battered Atlanta
GA, Columbia and Greenville SC with heavy precipitation affecting the piedmont and
mountains, leading to inland and upland flooding. In these circumstances we have not improved
our ability to provide warnings of impending flooding to the present time. Moreover, a study of
hurricane-related damage in NC showed that 15% was due to storm surge, 25% was due to wind
and 60% was due to flooding (Hildebrand, 2000). While there is presently a NOAA flood risk
tool that projects “low, moderate and high risk of flooding”, there is not a more comprehensive
flood risk warning scale and a site-specific representation of the timing and amount of flooding
that can be communicated. It is of note that all Federal and state forecasts of coastal flooding in
SC during the passage of Florence in September 2018 were misleading and incorrect. This
created massive confusion among coastal residents and visitors to SC coastal counties. The SC
State Guard was at a loss to respond intelligently given the inadequate flood forecasts that were
being provided to the agency.

Accurately calculating and communicating risk, with visualized, time sequenced color-coded
templates of levels of water and timing of water flow can reduce injuries, fatalities, and property
damage associated with flooding in coastal states. There is a dearth of research on the importance
of effective messaging and public education in warning the public to prepare for and take action
during natural disasters (Beck, 2014; Delameter et al., 2010; Paul & Huang, 2004). What we do
know is that the warnings most often heeded are clear, specific, accurate and consistent (Terpstra
& Lindell, 2013)), and people are most likely to engage in protective action when warnings
clearly and accurately define vulnerability and convey a sense of personal efficacy to the public
(Sorensen, 2000; Blanchard-Boehm & Cook, 2004). Message delivery during a natural disaster is
complex. Disaster warnings are refracted through individual and community characteristics such
as age, race, gender, socio-economic status, health/ability status, culture, geography
(urban/rural), and even more factors (Pietrafesa et al., 2019; DeBoer, 2018; Cutter et al., 2003;
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Slovic, 1993). Creating a well-understood scale of impending flood risk maximizes the potential
to clearly communicate public vulnerability and recommended actions (i.e. evacuate vs shelter in
place) through multiple channels to a diverse population.

Despite its life saving potential, existing flood forecasting from the mountains to the piedmont to
the coast is extremely limited, and the early warnings from various sources are confusing at best,
and often contradictory, as evidenced by the recent passing of Hurricane Irma. As Irma bore
down on the Florida Keys and the mainland peninsula, high-resolution forecasts were
significantly hindered by a lack of on-the-ground information and inadequate numerical
modeling. Speculation concerning the anticipated surge on both the Atlantic Eastern Seaboard
and the Gulf of Mexico coastline ranged from 5 feet to 20 feet, rendering the forecasts of limited
value to community decision-makers and private citizens. And the range itself was incorrect. At
the same time, the potentially catastrophic impacts of “blow out tides” were not disseminated
through official channels. A similar storm with a different angle of approach and different
forward speed could cause such an extreme surge but not Irma. In fact, many locals refused to
leave as they considered these official forecasts to be lacking credibility and merit. A citizen who
evacuated Hurricane Irma’s path based on storm surge warnings, only to return home to little or
no flooding, after contending with limited fuel, limited shelter, and extraordinary traffic might
consider ignoring future surge forecasts. This can produce disbelief in future official forecasts
which could be disastrous. Exactly this occurred and is described above for eastern NC in 1999,
when 56 people died in localized flooding that was not forecast.

When disaster models underestimate risk and leave people in danger the results are obvious.
However, it also is imperative to limit the extent to which models overstate risk. Erosion of
public trust caused by inaccurate forecasting and communication may be devastating if
subsequent warnings are ignored. While some studies indicate public response to disaster
warnings may not diminish after a false alarm if the reason behind the discrepancy is clearly
explained, there is evidence that repeated false alarms decrease likelihood of people taking
protective action in the future. The most consistent predictors of preventative or protective action
consider risk, feeling of vulnerability, and previous experience (Paul & Huang, 2004; Blanchard-
Boehm & Cook, 2004; De Boer et al., 2013). If previous experiences with flooding are such that
risk and vulnerability have been overstated, persons may underestimate risk in the future and
thus be less likely to heed warnings or engage in protective action. Indeed, studies find that
knowledge or familiarity with environmental or natural hazards decreases protective action
(Beck, 2014; Cutter et al., 2003). Accurate prediction and communication of flood risk is
particularly important because many people already underestimate danger caused by flooding
(Blanchard-Boehm & Cook, 2004).

The storm surge forecasting during Irma’s recent passage through the FL peninsula was dismal,
at best. Reports from the Naples—Tampa Bay FL areas were that residents received advisories of
storm surge forecasts of 15' to 18” which continued throughout passage of the storm. These were
erroneous. While those FL west coast residents were fortunate in the case of Irma, a similar
storm with a different angle of approach, location relative to the coastline, and translational
direction and speed could cause extreme surges, inundation and flooding. We are also concerned
that if such a scenario should occur in the future, the public might think that the last time, when
they were informed that the surge would be 15' to 18', it was only several feet from storm related
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rainfall, they had evacuated for no reason at all. Thus, they might assume that the forecasts were
“crying wolf”. Depending on the storm, that could be a huge mistake. We propose to help correct
this existing situation.

Storm-induced coastal and inland flooding is a complex process that is affected by many factors
and not just wind speed, as was the basis for the original Saffir-Simpson Scale. From 1973 to
2009, storm-induced coastal flooding risk was represented and communicated via the Saffir-
Simpson Hurricane Scale (SSHS), which was developed in 1971 and introduced to the general
public in 1973. At the onset, the SSHS included the expected coastal flooding damage by
category. The scale was based on only one parameter, the maximum observed wind speed in a
tropical storm, a unique, easily understood and visionary concept. Unfortunately, due to the
complexity mentioned above, the SSHS did not correctly forecast coastal surge, inundation and
flood levels. The storm surge and coastal flooding forecasts associated with the SSHS, which
were based on worse case scenarios in overly idyllic coastal zone situations, were very
inaccurate. This deficiency in the SSHS was first realized in a pioneering study (Sheppard et al.,
2012). In that study, the speed of the alongshore wind component of the storm, with the coastline
to its right, was employed to create far more accurate coastal water levels during storm passage
then could the SSHS. While the scholarly publication provided a diagnostic and prognostic tool
for coastal surge, it did not suggest a risk scale. However, it showed that the SSHS was not a
good tool for predicting coastal and inland flooding and could not communicate incoming and
oncoming floods to the public with any confidence.

Our suggested modeling approach would be a numerical model system that generates coastal
surge, inundation, upland and inland flooding estimates, both spatially and temporally, in a GIS
format. The proposed system could rely upon existing numerical model systems, comprising a
suite of interlinked numerical simulation components, including, by way of example, the NWS
WREF atmospheric model (Janowitz et al., 2015), the oceanic ROMS and HY COM models (Bao
& Pietrafesa, 2004), the SWAN wave model (Pietrafesa et al., 2015), and the hydrologic WRF-
hydro model, all interactively coupled (Sheppard et al., 2012); see Figure 3. This model system
would also produce the predictions of the variables listed in Table 1 that would be cast as
presented above. The model system could be extended to assimilate storm surge information
from NWS, NOS and NDBC data sources, such as the NOAA Earth System Research
Lab/Global Systems Division (ERSL/GSD) MRMS Rainfall Estimate Output, which is
“operational”, along with High Resolution Rapid Refresh (and RAP) model(s) as they will be
used in real-time to provide critical rainfall estimates. The central simulation component is a
deterministic hydrological model coupled to atmospheric, coastal current/wave, and storm
surge/inundation models and to the land runoff, land absorption and water table flow hydrology-
based module that has been plugged into WRF (Bao et al., 2019).

An example of model river discharge output vs. actual observations is shown in Figure 10 (from
Dr. S. Bao at CCU). One important aspect of the storm surge/inundation model is that it provides
the hydrological model with a non-local, downstream boundary condition (BC). This BC,
consisting of coupled currents and waves, is ignored in current Federal hydrological models, yet
is critical for accurate flood forecasting well inland as it can “back up” the river systems. In
impervious environments it has been reported that 93% of the rainfall runs off into the adjacent
water bodies, streams, tributaries, rivers, harbors, etc., and 7% runs into the catch basins. But in
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heavily permeable soils, 97% is absorbed into the ground water table only to appear downstream
at a later date (Bao, 2015). When, where and how much are all important facts of information for
emergency managers and the public to know. These would be part of the downloadable
smartphone app. These model outputs would be cast into socio-economic GIS overlay(s) as a
function of locale and produce fast and easy to understand output.

FIGURE 10: Left panel is rainfall plus CCU Model River Discharge. Right panel is model
output vs. USGS data in four different SC Waccamaw River locales during the passage of
Joaquin 2015. (from Dr. S. Bao at CCU).

Examples of Street Level Flood Maps and Animations that could be created (Figures 11 and 12).

FIGURE 11: An example of an Animated Street Level Model Output of the proposed SC
Model System to be time and space sequenced and then communicated with GIS overlays
to the public using a smartphone app.
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FIGURE 12: Animated Output of flooding in Charleston (animation version available from
Dr. L. J. Pietrafesa at CCU).

As Table 2 indicates, to properly initialize water levels in both of these approaches, we must
account for changes in sea level along the coastline of SC. While sea level has been rising
globally (Janowitz & Pietrafesa, 1996), it has been rising more rapidly along the Southeastern
Coast than other coastal areas. Initializing coastal flood models with out of date “zero” water
levels at sub-regional scales can in and of itself result in an underestimation of coastal inundation
and flooding. Knowing the local SLR trend is necessary for adequately initializing the model
system. This is an example of a local fixed variable. High quality archived data are available
from the NOAA Center for Environmental Information (NCEI), and in real-time from NOS,
ready to be assimilated into a model system, such as the CCU model system. Examples of non-
fixed regional values are realistic rainfall estimates, which will be obtained from NOAA rainfall
potential projections; specifically from the MRMS, HRRR-RAP model system. Wave data can
be obtained from NOAA National Data Buoy Center (NDBC) on-line, real-time data. The
Astronomical Tides are well documented, are deterministic, and will be incorporated into the
model.
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TABLE 2: Factors potentially affecting storm-induced coastal, inland and upland flooding.
Note some are interrelated. DP = directly proportional. IP = inversely proportional. *

Highly Important)
No. Factor Note Relation  Importance
1 Storm Intensity max wind speed DP &
2 Storm Central Pressure IP
3 Sea Level Rise use modern datum, including Polar DP &
ice melting
4 Steric Effects long term effect, oceanic heat content DP *
5 Sea Level Variability Seasonal to Annual to Decadal to DP/IP e
Multi-Decadal Signals (depending
on phase)
6 Coastal Surface Gravity Oceanic, DP *
Waves
7 Precipitation Rainfall DP e
8 Storm Size DP *
9 Storm Translational 1P &
Speed
10 Tides Semi-Diurnal and Diurnal DP/IP (a *
fn of
phase)
11 Angle of Attack 0 deg. highest, and 90 deg longest N/A
fetch
12 Width of Shelf DP
13 Slope of Bottom 1P
14 Coastline Curvature DP to Concave, IP to Convex DP/IP
15 Slope of Land Geodas vs LiDAR topo data 1P &
16 Local Hydrology, Surface Conditions DP/IP e
Degree of TBD
Accommodation Space
17 Anthropogenic Factors

The proposed work will resolve this significant and challenging issue of communicating reliable
coastal flood risk information. Observational and model-generated data will be used to develop a
validated and localized “flood risk index”.

The main outcomes of this conceptual program are expected to be: 1) flood risk would be
estimated in terms of a “category” of potential flooding conditions, much as the SSHS category
scale; and 2) flood risk could be packaged, using GIS overlay templates, so that decision makers
and the public can easily understand the potential risk in their local areas and receive updated
information on a free downloadable smartphone app.

CCU has vast experience with transmitting data in real-time, via “cloud” technology and will
develop the methodology of the transmission of data and model results, from the flood risk
approach, in “near real-time”. This is of the utmost importance because data must be assimilated
in real-time for an incoming event or for a passing event to produce a reliable forecast. (It is of
considerable note that “near real-time” must be defined and will be defined during the period of
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the retrospective study phase of the project.) Data will be assimilated from the NWS observing
network, including NWS sites and WSD Radars in Charleston SC, Greenville SC and
Wilmington NC, and from the CCU SEA EcoNET.

This proposed approach has been triggered and catalyzed by recent hurricane events, the coastal
modeling advances at CCU, and is strengthened through the collaborative work between CCU
academic programs in Sociology and Marine & Coastal System Sciences that provides the
enabling foundation. In the coming decades, coastal states’ urban centers are expected to
continue to grow (Hildebrand, 2000; Maythen & Walklate, 2006; NOAA, 2017). The resulting
population density presents significant challenges to local and state governments. The ability of
state and local governments to efficiently prepare for and respond to heavy precipitation storm
events is critical in mitigating potential financial and human impacts. The proposed effort will
support significant progress toward the development of reliable storm monitoring and modeling.

4. Pond Retention Studies at CCU and USC

a. Pond Studies of Mr. H. Zhang of CCU

Part of the CCU PhD Dissertation of Mr. Hongyuan Zhang considers the role of the 20,000
ponds in the 8 SC counties (Figure 13) during the passages of Hurricanes Joaquin, Matthew,
Irma, Florence and Michael. This is funded by CCU and NSF Awards CSR 1714015 & CSR
1763294.

FIGURE 13: Eight SC Coastal Counties 20,000 Ponds-Role-Study of CCU PhD Student H.
Zhang under the direction of Drs. X. Li and S. Bao.
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b. Pond Studies of Dr. E. Goharian of USC

FIGURE 14a: Beaufort County Ponds.

FIGURE 14b: Charleston County Ponds.
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Tables 3 and 4 show ponds in Beaufort and Charleston counties under various future SLR

Scenarios.
TABLE 3
Beaufort County (2494 Ponds)
Area Number
% of #
SUBM % Area | of
SLR SUBM No Effect SUM No Effect | SubM SubM
9.4 34
132 8.1
18.7 15.6
SLR 4 |5612071 11239194 690 1804 33.3 27.7
SLR 5 | 6774545 10076720 868 1626 40.2 34.8
SLR6 | 7253123 9598142 984 1510 43.0 39.5
SLR 7 | 7587736 9263529 1058 1436 45.0 42.4
SLR 8 | 8770963 8080302 1145 1349 52.0 45.9
SLR9 | 9466386 7384879 1253 1241 60.6 50.2
SLR 10 | 10207469 6643796 1366 1128 60.6 54.8
TABLE 4
Charleston County (3724 Ponds)
Area Number
SUBM SUBM No % Area % of # of
SLR SUM No Effect | SUM Effect SubM SubM
6.8 4.4
13.4 11.5
SLR 3 | 4766329 13230320 | 794 2930 26.5 21.3
SLR 4 | 6283381 11713268 | 1172 2552 34.9 31.5
SLR 5 | 7534834 10461815 | 1447 2277 41.9 38.9
SLR 6 | 8543032 9453617 1689 2035 47.5 45.4
SLR 7 | 10099713 [ 7896936 1912 1812 56.1 51.3
SLR 8 | 10691151 | 7305498 | 2092 1632 59.4 56.2
SLRY9 | 11517863 | 6478787 | 2257 1467 64.0 60.6
SLR
10 12225574 | 5771075 | 2402 1322 67.9 64.5
Smart Rivers and Dam Security 27




5. Artificial Intelligence Studies are Being Conducted at Both CCU and USC

a)  CCU

This research is being conducted by PhD student D. Shen and is presently funded internally by
CCU and involves Drs. X. Li, S. Bao, L.J. Pietrafesa and P.T. Gayes.

Al-based modeling of inundation and flooding requires Synthetic Aperture Radar (SAR) derived
satellite imagery and an area mapping framework and data preprocessing. The aims of the data
preprocessing are radiometric calibration and geometric correction. After the data preprocessing,
one must select the features within a SAR image that can be matched with known ground truth
from Copernicus EMS rapid mapping products to train and validate the developed algorithm.
The flowchart of the data preprocessing is shown in Figure 15. It is worth mentioning that, if the
matched scene with the Copernicus EMS rapid mapping product is covered by two or more SAR
images, image mosaicking is also performed.

FIGURE 15: Flowchart of the preprocessing at CCU
b) AI-DCNN

The AI-DCNN framework is shown in Figure 16. The DCNN integrates the multi-dimension
information in a unified framework, and provides an end-to-end classification solution. The most
prominent classification features are not pre-designed by humans but rather are learned from the
data. The AI-DCNN design performs pixel-level classification. After the DCNN method
generates flood extend mapping, a high-resolution topography data set can be used for each
domain to get the floodwater depth mapping.

FIGURE 16: Flowchart of the CCU-DCNN design at CCU
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¢  USC

This Al work is funded internally at USC and is directed Dr. E. Goharian. The current state of
knowledge on developing early warning and monitoring systems for flooding mainly relies on
either gauge sensing or pre-developed flood risk maps. In response to the challenges we face in
detecting and monitoring flood events, especially in urban areas, in situ gauge measurements
which employ images provided by satellites, remote sensing (RS) observations, unmanned aerial
vehicles (UAV), and surveillance cameras would benefit flood detection, monitoring, and
modeling. Utilizing remote sensing observation for inundation mapping is currently an inevitable
part of the flood management process. RS-based flood monitoring is an elegant and practicable
solution for flood hazard analysis that can be broadly classified in active (radar satellite) and
passive (optical or near infrared satellite) imagery. For flood monitoring optical satellite images
e.g., Landsat ETM+/ TM and MODIS imagery are commonly implemented (Table 4).
Considering limitations of optical satellite, active imagery or synthetic aperture radar (SAR) is
all-weather operational and capable to observe during day/night. SAR has a large wavelength
e.g., X-band able to surpass the smaller cloud particles and snow particles. For flood monitoring
L, C and X band SAR is frequently used to detect water and non-water objects. Moreover, by
employing Al techniques, such as image detection and segmentation using convolutional neural
networks (CNN), we can process images and videos provided by satellites, surveillance cameras,
UAVs, and crowdsourced data, and can provide unique near real-time information and data for
multiscale hydrologic and hydraulics modeling (Figure 17). This system can detect and monitor
flood events and estimate post-flood damages as well. The system will be responsive to the
abrupt and fast-growing floods without any delay in sending signals and information about the
formation, inundation, and prediction of changes in flooding. Near real-time products will be
valuable to inform decision makers, update inundation maps, and for risk assessment.

TABLE 5: Summary on advantages and limitations of available space borne observations
for flood monitoring.

Satellite Type | Resolution | Public/ Operation | Advantages Limitations
images Commercial | period
MODIS 250 m or Public Terra (Dec | Among the publicly Coarser
- 500 m 1999 — available optical resolution
.0 present) satellites it has wide not
% Aqua band spectrum (36) to | sufficient to
= (May apply spectral indices | map urban
< 2002 — and 1 - 2 days orbital flood.
,E present) period to provide
4 frequent measurement.
[a W
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Satellite Type | Resolution | Public/ Operation | Advantages Limitations
images Commercial | period
LANDSAT 30-60m | Public July 1972 | Long temporal span, Cloud cover
—present | widespread availability | is a
and fine spatial significant
resolution make it challenge
appropriate to apply and often
urban or regional flood | required to
monitoring. engage a
suitable
cloud
masking
technique.
Sentinel 2 10 m Public June 2015 | Green and shortwaves | Pan
—present | infrared bands have sharping
resolution 10 and 20 m | algorithm
respectively that makes | requires
more appropriate to modification
apply spectral indices | due to
(MNDWI, NDWI) for | varying
water detection. band
resolution
1.e., 10 and
20 m.
VIIRS 375 m Public Oct 2011 SNPP/VIIRS has Flash floods
—present | moderate resolution are not well
(375 m) and large detected by
swath width (3000 km) | the
with no swath gap products.
while scanning global | The images
land surface. This also
satellite product sensitive to
improves MODIS cloud
multiple day composite | heights
flood mapping process | when cloud
to near real time flood | detection.
maps.
SMAP < |3kmor9 | Public Jan 2015 — | Usually soil moisture It represents
v 2 . .
2 9 km present increase before a flood | volumetric
2.9 event which is an soil
s indication of flood moisture
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Satellite Type | Resolution | Public/ Operation | Advantages Limitations
images Commercial | period
susceptibility. This rather the
indirect measurement | flooded
of soil moisture can area.
help to get the area of
inundation.
AMSR-E 5.4 km Public May The emissivity The extreme
2002- Oct | difference of rainfall
2011 polarization provides events can
an estimation of hamper the
fractional area of water | passive
surface. The microwave
difference of signal which
polarization can be may lead to
used to estimate error to
polarization ratio detect
which has an empirical | flooded
relationship with soil region.
moisture.
ALOS-2 100 m Commercial | May 2014 | When combined with | The L band-
—present | RADARSAT-2 the HH signal
cross-sensor image can | make
provide improved seasonal
detection of flooded disturbances
region with L band and | difficult to
HH polarization. differentiate
the land
classes in
floodplain.
Sentinel-1 5x20m Public Apr 2014 | It can provide frequent | Narrow
—present | measurement from swath width
bands VV and VH and long
polarization for flood | revisit
mapping. VV period may
polarization is more not be
effective to penetrate suitable to
canopy or tree trunks monitor a
that make sentinel 1 short term
A/B more effective to | flood event.
apply to floodplains The VH
having forested or polarization
R farmland. may provide
< .
A deficient
g signaling
_§ due to
s volume
'g scattering.
Q
RADARSAT- | < 3-100 m Commercial | 14 Dec, High resolution and 4 | Open water
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Satellite Type | Resolution | Public/ Operation | Advantages Limitations
images Commercial | period
2 2007- polarization bands i.e., | when
present VV, HV, HH, VH smooth HH
provide enhanced radar gets
flood water error in
detectability. signal that
precludes
HH band
application
to flood
detection.
TerraSAR-X 0.24-40 m | Commercial | Jun 2007 — | The satellite image has | The shadow
present sufficient high effect from
resolution and an man-made
alternative to aerial structures in
photography such as this satellite
LASER scanning. image
This satellite images requires
can be applied for complex
urban flood mapping masking
due to complex process or
landuse features of CrOsS Sensor
urban area. Moreover, | validation.
it has X band SAR and
5-200 km swath width
to cover large region. It
provides X band HH
polarized data which
often considered as
superior to other SAR
polarization.
ENVISAT 30-1000 m | Public June 1991 | This satellite was The
(ERS-1/2) - July found effective for thematic
2011 mapping seasonal adequacy on
flooding. The change the landuse
detection technique themes
can be individualized require
for this satellite for adjustment
mapping regional to
flood. It can also differentiate
supplement the ocean | water and
altimetry. non-water
pixel
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FIGURE 17: Multi-scale AI-Based Flood Detection and Monitoring System at USC

F.  The Hurricane Genesis & Outlook (HUGO) Program

The Need for a Hurricane Seasonal Outlook

There is considerable demand for a seasonal hurricane landfall prediction for the U.S. The storms
that most people really worry about are those that actually make landfall, which can have
significant or little correlation to the total number of storms in any given season. For example,
2010 was an extremely busy storm season, with 19 named storms including 12 hurricanes.
However no hurricane, and only one tropical storm, made landfall in the U.S. that year.

Yan (2006), Yan and Pietrafesa (2006), Yan, Pietrafesa, Bao and Gayes (2010) presented new
methodologies for selecting predictors to predict the overall North Atlantic Ocean Basin
(NAOB) Tropical Cyclone (TC) activity. The algorithms were quite accurate. In 2015, the team
began also predicting the number of hurricanes (NH) that would make landfall along the U.S.
Eastern Seaboard (the “ECLF”), and the U.S. coastline of the Gulf of Mexico (the “GMLEF”).
The forecasts have been very accurate. No other institution or organization makes such forecasts.
Integer numbers are predicted, not percentages.

The CCU team’s analysis of two-dimensional (2-D) climatic-oceanic and atmospheric data and
their correlations with North Atlantic hurricane activity provide a new way to identify hurricane-
related climate factors. Additionally, a new Atlantic Cyclone Energy (ACE) based methodology
addressed the seasonal landfall prediction challenge for the U.S. A set of mathematical models
applied with this methodology was tested and showed excellent hind-casting skills over the past
six decades on a year-by-year basis. The key to this new methodology is the classification of
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hurricane season types and the assumption that landfall hurricane distributions not only depend
on overall Atlantic hurricane activity (season types of hyperactive, active, above normal, near
normal, and below normal), but also on specific hurricane track-related climate parameters that
also correlate closely with overall hurricane activity. The statistics of ACE and hurricane activity
over the past 69 years (1950-2018), shows that landfall hurricane frequency is closely associated
with hurricane-track related climate factors and weather patterns that link up to overall hurricane
activity in the NAOB.

CCU Prediction Categories
The following variables are predicted:

North Atlantic Accumulated Cyclone Energy (ACE)

The total number of “Named” Tropical Storms (TS)

The Number of Hurricanes (NH)

The number of Major Hurricanes (Saffir-Simpson Categories 3, 4, and 5) (MH)

The number of land-falling hurricane strikes along the U.S. Eastern Seaboard (ECLF)
The number of land-falling hurricane strikes along the U.S. Gulf of Mexico (GMLF)

Table 6 presents the CCU forecast ranges, CCU specific numbers and the CCU landfall
forecasts. The actual season outcomes are shown also. Finally, the Colorado State University and
NOAA Forecasts are presented in the two columns to the right. In summary, as shown quite
clearly in Table 6, the CCU forecasts greatly outperform NOAA’s and CSU’s in every category.
Plus, neither NOAA nor CSU predict the integer number of hurricane landfalls. CSU uses
regressions while NOAA employs an early version of Yan and Pietrafesa (2006) software. We
note also that the column marked by ** are the CSU landfall (August) forecasts from 2015-
2018).

[They are: a) 2015 PROBABILITIES FOR AT LEAST ONE MAJOR (CATEGORY 3-4-5)
HURRICANE LANDFALL ON EACH OF THE FOLLOWING COASTAL AREAS: 1) Entire U.S.
coastline -28% (average for last century is 52%;) 2) U.S. East Coast including Peninsula Florida -15%
(average for last century is 31%) 3); Gulf Coast from the Florida Panhandle westward to Brownsville -
15% (average for last century is 30%); b) CSU 2016 PROBABILITIES FOR AT LEAST ONE MAJOR
(CATEGORY 3-4-5) HURRICANE LANDFALL ON EACH OF THE FOLLOWING COASTAL
AREAS: 1) Entire U.S. coastline -50% (average for last century is 52%); 2)U.S. East Coast including
Peninsula Florida -30% (average for last century is 31%); 3) Gulf Coast from the Florida Panhandle
westward to Brownsville -29% (average for last century is 30%); ¢) CSU 2017 PROBABILITIES FOR
AT LEAST ONE MAJOR (CATEGORY 3-4-5) HURRICANE LANDFALL ON EACH OF THE
FOLLOWING COASTAL AREAS: 1) Entire U.S. coastline -62% (average for last century is 52%); 2)
U.S. East Coast including Peninsula Florida -39% (average for last century is 31%); 3) Gulf Coast from
the Florida Panhandle westward to Brownsville -38% (average for last century is 30%); and d) CSU 2018
PROBABILITIES FOR AT LEAST ONE MAJOR (CATEGORY 3-4-5) HURRICANE LANDFALL
ON EACH OF THE FOLLOWING COASTAL AREAS: 1) Entire U.S. coastline -39% (average for last
century is 52%); 2) U.S. East Coast Including Peninsula Florida -22% (average for last century is 31%);
3) Gulf Coast from the Florida Panhandle westward to Brownsville -21% (average for last century is
30%).]
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We note that CSU employs percentages for potential landfalls while CCU presents actual

integers. You do not purchase 39% of a car. You either get 0 or 1 or 2 and so on. This is the
Poisson Integer Mathematical Approach.

Table 6 displays the CCU team forecast (in red), the actual season outcomes (in black), the CSU
forecasts (in orange) and the NOAA forecasts (in blue) and their accuracy, or the lack thereof, all
in the past 4 years, 2015 —2018. We note that CSU adopted the CCU title of an “Outlook”. We

note that NOAA does not predict landfalls in any context. This work has been supported

internally by CCU.
TABLE 6
HUGO 69 Year Year CCU CCU CCU Actual NOAA
Predictions Average Forecast | Forecast | Order of Season
vs. Actual Range Number | Potential | Outcome
Outcomes Landfalls
for 2015,
2016 2017,
2018
By
Category
TS 12.0 2015 | 8-11 10 11 6-11
2016 | 11-15 13 15 12-17
2017 | 14-18 15 17 11-17
2018 | 11-18 15 14 9-13
NH 6.1 2015 |3-5 4 4 3-6
2016 | 6-10 7 7 5-8
2017 | 7-11 8 10 5-9
2018 |5-9 7 7 4-7
MH 2.6 2015 |1-2 1 2 0-2
2016 |2-5 3 3 2-4
2017 | 3-6 4 6 2-4
2018 | 2-5 3 2 0-2
ACE 102 2015 | 30-60 45 59 36-76
2016 | 120 - 145 129 80-110
2017 | 180 170 226 100-115
2018 | 110 - 120 120 45-90
180
100 - 140
ECLF 0.63 20015 |0-1-2 0 N/A
2006 |1-2-0 1 N/A
2017 |1-2-0 1 N/A
2018 |1-0-2 1 N/A
GMLF 0.95 2015 0-1-2 0 N/A
2016 1-2-0 1 N/A
2017 1-2-0 2 N/A
2018 1-0-2 1 N/A
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G. SC and NC (FIMAN and FRIS) Agencies That Utilize Model Qutput of
Flood Forecasting for Planning and Response

The South Carolina Emergency Management Division (SCEMD) uses flood modeling before,
during, and after hazard events to inform and guide support for disaster preparedness, mitigation,
response, and recovery activities. Flood modeling assists in identification of areas for which
increased preparedness and mitigation, including planning, public outreach, training, and hazard
avoidance or reduction efforts, are needed. In response and recovery, flood modeling that
incorporates real-time data provides projections to guide staging and deployment of response
resources, estimate flood damage, and identify areas in need of response and recovery support.

SCEMD recommends the following:

e South Carolina needs statewide LiDAR coverage. High accuracy LIDAR would
greatly improve all flood models, regardless of type and objective.

e The need for more stream gauges is essential. The state lacks a complete coverage
network of stream flow and stream depth gauges.

e In addition to the models and studies already mentioned, if not already incorporated,
the report should note flood studies from College of Charleston’s Low Country
Hazards Center and the South Atlantic Coastal Study from the US Army Corps of
Engineers (USACE).

e One goal should/would be to have a product/platform similar to North Carolina’s
Flood Inundation Mapping and Alert Network (FIMAN) and Flood Risk Information
System (FRIS) tools (Figures 18a, b). Such tools would allow users to track real time
potential flooding but also to model flood stages. (Flood Inundation, 2016)

FIGURE 18a: The Statewide coverage of NC.
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FIGURE 18b: The Zoom-In to one of the Green Dot Locations. The plan is to create a SC
In-Kind Flood Locale Click-On.

The Figure 18 type of Click-On Web-site could be in addition to the types of model output
shown in Figures 6, 7. Public Sites are: https://fiman.nc.gov/,
https://fris.nc.gov/fris/Home.aspx?ST=NC

e Other SC Agencies, TBD

H. Roles of Agencies and Organizations, and Coordination

e Al research and applications can be coordinated between CCU and USC.

e Pond Research can be coordinated between USC , CCU and others.

e Model system output can be coordinated by CCU and USC with the SCEMD, SCSG,
USGS, SCDNR, SCDHEC, and SCDOT

e Real-Time Numerical Model Ensemble Output will be provided by CCU to the Office of
the Governor of SC to be disseminated thereafter as per the order of the Governor

e The South Carolina Emergency Management Division (SCEMD) uses flood modeling
before, during, and after hazard events to inform and guide support for disaster
preparedness, mitigation, response, and recovery activities. Flood modeling assists in
identification of areas for which increased preparedness and mitigation, including
planning, public outreach, training, and hazard avoidance or reduction efforts, are needed.
In response and recovery, flood modeling that incorporates real-time data provides
projections to guide staging and deployment of response resources, estimate flood
damage, and identify areas in need of response and recovery support and will be provided
by CCU directly.

e The state of SC owns the $1M Coastal Explorer Vessel that is operated by CCU and
berthed at the North Myrtle Beach and Georgetown marinas. The Coastal Explorer can be
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used to deploy, recover and service the three offshore moorings at the direction of CCU
on behalf of the state.

e The SC River Gauge Network can be coordinated by CCU, USGS, and other agencies

e The Transportation Infrastructure Meteorological Network can be coordinated by CCU
and SCDOT.

A continuation of this discussion which is a detailed plan of action for the development of the
necessary accurate forecasting and communication tools provided in this section is included in
Appendix B to this report. It contains a detailed budget. There may be other participants which
should be considered for inclusion in the action plan. The plan was developed based on the
information made available to the Task Force during its deliberations. The Committee on Smart
Rivers considers Appendix B as its primary Deliverable.

SHORT-TERM DELIVERABLE

Provide for the distribution and installation of meteorological stations for all areas in the state
that currently are without these critical data. The stations are central to being able to support the
modeling effort required to respond to the existing and projected floodwater threat. The Task
Force recommends that the SC Legislature be approached and requested to provide the necessary
funding to support this fundamental requirement.
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II. DAM SECURITY/STATE OF SOUTH CAROLINA’S REGULATED
DAMS

A. Introduction to Dam Safety

South Carolina’s General Assembly passed the Dams and Reservoir Safety Act (S.C. Code
Section 49-11-110 through -260) initially in 1977 following a series of dam failures nationally.
Since 1996, the South Carolina Department of Health and Environmental Control (DHEC) has
been charged with implementation of the state’s Dam Safety Program.

The Act defines a dam as any artificial barrier, together with its accompanying structures,
including but not limited to dams, levees, dikes or floodwalls for the impoundment or diversion
of water or other fluids where failure may cause danger to life or property. Structures are
regulated if they meet any one of the following three criteria, unless it is subject to an applicable
exemption.

e Measures 25 feet in height from the invert of the receiving stream or natural ground

e (Capable of impounding 50-acre feet or more

o Smaller than either of the criteria above but failure of the dam would likely result in loss of
human life, regardless of size

The Act is implemented with the support of the South Carolina Dams and Reservoir Safety
Regulations (R. 72-1 through R. 72-9). Once a dam is determined to be subject to South
Carolina’s Dam Safety Program, DHEC’s next duty is to “classify” the dam based on the
structure’s potential for causing property damage or loss of human life in the event of failure or
improper operation of the dam or reservoir. “Hazards” may include homes, roads, critical
utilities (water, sewer, gas lines) that might be damaged or flooded when a dam fails. Like most
states, South Carolina’s regulations divide dams into one of three hazard classes:

TABLE 7
Hazard Classification Classification Description
High Hazard (Class 1) Dam failure would likely result in loss of life or

serious damage to home(s), industrial and
commercial facilities, important public utilities,
main highway(s) or railroads

Significant Hazard (Class II) Dam failure wouldn’t likely result in loss of life
but may damage home(s) industrial and
commercial facilities, secondary highway(s) or
railroad(s) or interrupt the service of relatively
important public utilities.

Low Hazard (Class I1I) Dams failure may cause minimal property
damage to others. Loss of life is not expected.

B. The Role of Dam Owners in Dam Safety

South Carolina’s Dams and Reservoir Safety Act places the owner of a dam or reservoir
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constructed in the state as the sole individual or entity that is responsible for maintaining the dam
or reservoir in a safe condition throughout the life of the structure. The Act defines an owner as
those who own, control, operate, maintain, manage, or propose to construct a dam or reservoir.
Dam ownership comes in many different and distinct formats and arrangements. These may
include:

e Dam or reservoir under ownership of a single individual, entity or political body

e Dam or reservoir ownership split between two parties where one may own portions or
parts of the dam or reservoir

e Dam or reservoir ownership where one entity/individual owns the earthen structure
and owns the body of water and outlet structure(s)

e Watershed dams where individual(s) own the property with the dam or reservoir;
however, through agreement, the structure is operated and maintained by a Watershed
District

e Dam or reservoir ownership is established through easement or other recorded
document to be the responsibility of multiple property owners surrounding the
impoundment

e Others

Throughout the life of a dam, it is imperative that the owner provide for or undertake proper
maintenance so that the dam is in a safe condition. Maintenance activities are generally
superficial and do not result in excavation into the earthen structure. Most routine maintenance is
performed by hand or with gasoline-powered machines (chainsaws, lawnmowers, etc.). Routine
maintenance is necessary to prevent the growth of trees and brush on the embankment and within
the spillway system. The vegetation in areas surrounding dams should be maintained in such a
manner to allow adequate visual inspection of the embankments, spillways and crest of dams.
Maintenance as is necessary to remove debris or other deleterious materials from the spillway
system. If gates or valves are operational, proper maintenance should include exercising the
control structure to insure it remains in good repair.

Once it has been determined through inspection that repair of a dam is necessary, it is the
owner’s responsibility to procure the services of a qualified South Carolina Professional
Engineer to develop a repair plan. The owner then must implement the plan under a permit
issued by DHEC’s Dam Safety program.

One of the most critical responsibilities of dam ownership comes when a dam is at imminent risk
of failure. The South Carolina Dams and Reservoir Safety Act requires owners of High and
Significant Hazard dams to develop and maintain an Emergency Action Plan (EAP). An EAP
guides dam owners through who to call and potential mitigation actions to take in the event of
imminent or actual dam failures. EAPs should include the names and phone numbers of residents
and business located in the potential flood wave inundation path, as well as contact information
for local and state emergency officials.
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C. Description of South Carolina’s Regulated Dams

The data provided below reflects the condition, age, ownership, hazard classification as reported
by DHEC to the U.S. Army Corps of Engineer’s National Inventory of Dams in August 2018.

TABLE 8
High 308
Significant 416
Low 1489
2213

Hazard Class

1600
1400
1200
1000
800
600

400
0

High Significant Low
FIGURE 19
TABLE 9

Age Range

100 + 154 19 38 97
80 -99 117 21 29 67
60 - 79 639 78 125 436
40 - 59 829 119 131 579
20 -39 250 36 47 167
19 - 28 1 9 18
Unknown 196 34 37 125
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TABLE 10: Average Age of Dams — 61 years

Irrigation 100 9 14 77
Flood Control 103 27 23 53
Water Supply 37 19 9 9
Recreation 1756 231 336 1189
Fire Protection, Stock, Or Small Fish 49 4 13 32
Pond

Fish and Wildlife Pond 39 4 2 33
Debris Control 7 0 6
Tailings 4 0 2 2
Other 99 6 13 80
Hydroelectric 5 4 1 0
Unknown 14 4 2 8

Primary Use of All Dams
0% 1%
2% 0% 0% ’_

i
[
FI |
} ‘ . = Flood Contro
= Water Supply
= Recreation
= Fire Protection, Stock, Or
Small Fish Pond
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m Tailings
u Other
= Hydroelectric

= Unknown
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TABLE 11

Local Government 82 29 15 38
Local Government & Private 77 28 6 43
Not Listed 12 4 3 5
Private 1943 233 | 373 1337
Public Utility 20 4 2 14
State 77 10 15 52
State & Local 2 0 2 0

Dam Ownership

_\3%»%1% 394%

\/

1%

= Local Government

= Local Government & Private
= Not Listed

= Private

= Public Utility

= State

m State & Local

FIGURE 21

Condition of State/Local Owned Dams

1%/—2%

m Satisfactory
= Fair

= Poor
» Unsatisfactory
= Not Rated

= No Rating

FIGURE 22: Example of how data may be sorted and evaluated across data values.

Smart Rivers and Dam Security 43



D. Dam Safety Incidents — Widespread Weather Events and Isolated
Severe Thunder Storms

Throughout the past decade, dam safety incidents caused by isolated severe storms, widespread
torrential rainfall and “sunny day” events have highlighted how rapidly the condition of a dam
may deteriorate to the point that failure is imminent, or failure occurs. Following is a synopsis of
key events at dams in South Carolina throughout the past decade:

Fall 2014 — Langley Pond Dam, Aiken County - Dam was found to be in failure mode due to
piping around and under primary spillway. Water level was lowered and has remained at a
significantly reduced level while it is undergoing repairs.

June 2015 — Old Mill Dam, Lexington County — A void was found adjacent to spillway. Water
level was lowered. It should be noted that the pond was drained at the time of the 2015 Historic
Rainfall. The impoundment refilled and breached as a result of that storm.

September 2015 — Upper Rockyford Lake Dam, Richland County — Void was found in the
auxiliary concrete chute spillway the week before the 2015 storm. The water level was reduced,
and dam owners downstream were alerted to potential for failure. Just as with Old Mill Dam in
Lexington County, the reservoir of the pond refilled and breached as a result of the storm.

October 2015 — Historic Rainfall, Statewide — Rainfall in excess of 20 inches impacted large
swaths of the state. As a result, 51 state-regulated dams and an untold number of un-regulated
dams were found to have failed.

September 2016 — Hurricane Matthew, Statewide — Hurricane Matthew tracked north and east
across the coastal plain of South Carolina. Rainfall accumulations from the storm exceeded 15
inches in the Pee-Dee and Grand Strand. The storm resulted in the failure of 20 regulated and 5
unregulated dams in the state.

March 2018 — Springwood Lake Dam, Richland County — A citizen reported a hole in the
roadway surface atop the dam crest. DHEC Dam Safety staff responded and found a large void
along the secondary spillway. The water level was lowered to reduce the potential for dam
failure.

May 2018 — Fiddlers Cove Dam, Oconee County — The dam was found to be at risk of failure
due to a separation in the primary spillway pipe near the outfall. The water level was lowered to
reduce the potential for dam failure.

September 2018 — Hurricane Florence, Statewide — Hurricane Florence made landfall in the
state in Horry County. The system tracked south and west through the state dropping rainfall
totals between 7 and 23 inches throughout the Pee Dee. The storm resulted in the failure of 11
state regulated dams.
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E. Role of Regulated Dams in Flood Management

The Watershed Protection and Flood Prevention Act (Public Law 83-566) authorized the
Secretary of Agriculture to provide technical and financial assistance to entities of state and local
governments and tribes (project sponsors) for planning and installing watershed projects. The
USDA agency responsible for program management is the Natural Resources Conservation
Service (NRCS). There are currently 106 PL-566 dams in the state regulated by DHEC’s Dam
Safety Program. While many dams provide some manner of flood protection to infrastructure,
residents, and businesses downstream, most regulated dams in South Carolina are not designed
to provide flood protection for a design storm event.

FIGURE 23: Watershed Protection and Flood Prevention Dams

F. Unregulated, Federally Regulated, and Out of State Dams

It is estimated that there are as many as 25,000 ponds, lakes and reservoirs in South Carolina.
Only a very small percentage, approximately 2300 of those, fall under the regulatory scope of
DHEC’s Dam Safety Program. Most of these are small impoundments with either a small dam or
that have been dug into the ground with no earthen embankment, particularly in South Carolina’s
coastal plain.
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Though small ponds and lakes may not be regulated by the state of South Carolina, during a
significant rainfall event, it is incumbent for the pond’s owner to coordinate releases with
downstream property and pond owners. Owners of these structures should also be aware that
although failure of the dam may not result in loss of life of damage to roads and other
infrastructure, the possibility remains that an uncontrolled release of water could result in
localized flooding or damage to their neighbor’s property.

On the opposite end of the size spectrum are the dams regulated or owned by the Federal Energy
Regulatory Commission (FERC), U.S. Army Corps of Engineers or other agencies. Examples of
these in South Carolina include the dams impounding Lakes Hartwell, Marion, Wateree, Murray,
Moultrie, and Murray. These dams were constructed in the early part of the twentieth century for
production of hydropower and flood control. It is critical during times of significant rainfall and
flooding that the operators of these dams must keep local emergency management officials, as
well as citizens, abreast of their status throughout the event.

Another group of dams with potential to impact the property and residents of South Carolina are
dams located on waterways in North Carolina that drain into South Carolina. During the recent
rash of significant rainfall events, there was heightened concern that these dams were at risk of
failure and could result in additional flooding within already swollen river systems in South
Carolina. Emergency and Dam Safety Officials in each state should keep lines of communication
open throughout significant rainfall events.
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III. SUMMARY OF FINDINGS

Group discussion exposed the consensus of the critical nature of sharing modeling across all
stakeholders. Modeling should not be used just to drive emergency operations but help all
stakeholders make appropriate development decisions. This Predictive Intelligence may be used
to guide development and property use, proactive preparation for water events, response to water
events and recovery from water events.

If modeling is to have the maximum effect, all forms of modeling must be examined and used in
applicable areas. The results must be shared among all stakeholders. Stakeholders include
individuals, private and public entities, whether large, medium or small, and government from
the local government to the federal government.

If properly shared, modeling data can guide the most important element of floodwater mitigation,
intelligent development. Intelligent development begins with good knowledge properly applied.
Most developers, to include statewide infrastructure, want a product that compliments the
environment and does not create problems. Water can be an asset or an uncontrolled destructive
force. Knowledge comes from proper modeling of the state as a whole and sharing this
knowledge through education. The state is in an excellent position to encourage coordinated
modeling at state agencies, universities and private organizations. To create this level of
coordination will require a full-time effort that is able to reach across all stakeholders and gain
their trust. This entity cannot be a regulatory or enforcement agency and not an agency that
actually performs the modeling. The purpose of this entity would be to coordinate and
disseminate the information.

Once the information has been developed and disseminated, it can be used by the stakeholders
for their own purposes. Local governments can use it to develop good zoning that compliments
state level efforts to control water quality and quantity. Private industry along with
environmental groups can use informational arguments to create smart development that meets
the desired results of all involved. Boeing in Charleston used such information from Palmetto
Green to drive an environmentally friendly expansion. The result of such planning resulted in
development welcomed by the total community rather than just a segment. More importantly, it
maintained the ecological balance that resulted in a betterment of the conditions rather than
development at the expense of the environment or worsening storm water effects.

Predictive Intelligence can be used to prepare for floodwaters. Models should be run
continuously for all areas of the state with different plausible scenarios. This information can be
used by municipalities, counties and the state to develop contingency plans for floodwaters.
These plans would not be just emergency plans but identifying areas that are vulnerable and
creating strategies to deal with those areas. Plans would include such things as areas that should
be under a conservation easement, areas that should be green space, the need for water control
structures, the need to revise infrastructure, etc. The modeling would also give a good look at
the value of coordination among dam owners, from private to FERC regulated. During the
recent flooding events, most owners prior to the floods did not coordinate with each other even at
the FERC level. The modeling information would give responsible agencies the information to
make regulatory changes and recommended legal changes. It could even drive coordinating
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private dam water release for water quality and quantity along major tributaries. It would
certainly provide conversation between state agencies, major dam owners and states about water
release coordination pre-, during and post events.

Multiple model runs can be used to actually prepare the emergency force for employment.
Rather than generating a list of generally needed capabilities, the modeling would drive the
actual quantities needed to mitigate certain scenarios. State resources can be applied against
those actual scenarios versus a general scenario to develop deltas in capabilities. Once an
emergency does occur, the plan that was driven and resourced by predictive intelligence can then
be applied across all available resources. This action would be an enhancement of the already
highly effective Predictive Intelligence Analysis Cell at the Emergency Management Division
made up of representatives from all applicable state agencies. This difference between the
current organization and the proposed organization is that the information would come from
many more sources and overcome the weaknesses of each individual model and be more readily
available.

The Task Force believes the key to dealing with flood waters and other natural events is
intelligent development by private and governmental entities that works with the environment to
control the quantity and quality of water and enables the channeling of those events where
possible. That intelligence should be coordinated by an entity that has the ability to influence
public and private partners to prepare the information. That entity should have no agenda other
than to provide the best information to all parties and to encourage collaboration across all
sectors. Other parties and agencies have the responsibility to properly respond to the information
provided by the modeling.
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APPENDIX A
GENERAL OVERVIEW OF SURFACE WATER MODELING
Background

Two principal types of models are used in South Carolina to evaluate surface waters and
impoundments (dams):
e Hydrologic
» Hydrologic models are used to quantify flows in a river system at any given point
using rainfall, evaporation, baseflow, surface runoff and flow (volume)
e Hydraulic
= Hydraulic models address physical properties of lakes and rivers such as depth
and flow (velocity and areal coverage). These models use topography, rainfall and
river/stream dynamics to predict the timing, crest height and duration of flood-
water. These models are applied in flood inundation evaluations to aid in
decisions for evacuations, evacuation routes, potential damage to structures and
long-term planning for flood risk.

Current Applications

Hydrologic Modeling
The Department of Natural Resources and Department of Health and Environmental Control
contracted CDM-Smith to produce basin-wide water allocation models (Surface Water
Allocation Model or SWAM) for eight sub-basins in South Carolina. This modeling effort has
also consolidated all the basin hydrologic data in one area. Data from this modeling application
such as Unimpaired Flow (UIF) simulations for streams, gauged and ungauged stream runoff
coefficients, and historic river gauge hindcasting of flow, historic gauge data and reservoir
operation rules can be valuable information that may save time and resources for future modeling
efforts.
e Water allocation models are hydrologic models and are developed to determine water
availability, test water management strategies, and evaluate impacts of future
withdrawals.

Hydraulic Modeling

The United States Army Corp of Engineers (USACOE), SC Department of Natural Resources
(SCDNR), and United States Geological Survey (USGS) have developed several Low Flow and
Flood Frequency studies and flow models for the Savannah River Basin over the years.
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APPENDIX B

I. A Comprehensive Modeling Effort That is Retrospective and
Diagnostic, Prognostic, Statewide and Locally Applicable in Real-Time

FIGURE 24: The Proposed Comprehensive SC Retrospective, Diagnostic and Prognostic
Model System (X LI and EG are Xiaofeng Li (LLC) and Erfan Goharian (USC),
respectively).

e Cost to Implement Figure 13 Al: $60,000/Year to X. Li; EG, USC Internal Support =
$60,000/Y ear Continuing.

e Cost to Implement the End-to-End Comprehensive Numerical Modeling System with
Ensembles (cf. #10, 11)

11. Automated Real-Time Data Assimilation into the Community Model
Systems

Shown in Figure 18, from the Data List in Item # 3 Above: 1-time Cost $100,000 dedicated
computer processors (@ CCU + Costs of $320,000/year X 2 years @CCU = $420,000 in Year 1
and $320,000 in Year 2.

III. Real-Time Visualization of Numerical Model Output:

e [-time cost of $50,000 @ CCU;
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e Continuing costs of technical support to operationalize the computational model
system shown in Figure 13 at $85,000/year.

IV. Data Needs to Drive the Modeling and Model Visualization Outputs of

the CCMS in Real-Time

e NOAA National Weather Service Stations: 3 land-based stations in 46 counties
available from: https://forecast-v3.weather.gov/obs?state=SC

e NOAA MESO CCU-FAU SEA EcoNet: ~ 70 land-based stations in 46 counties

e NOAA MESO CCU-FAU SEA EcoNet: 3 offshore perpendicular conventional CCU
met buoys with bottom pressure sensors

e Needs:

FAU Intelligent River Type River Gauges: 150 stations in all SC rivers. Cost at
$5,000/station = $750,000 1-time cost + continuing costs @ 2 full time field and
lab Instrument technicians @ $180,000/year + travel @ $10,000/year +
Instrument replacements @ $10,000/Y ear=

$750,000 1-time + continuing $200,000/year =

TOTAL of $950,000 in year 1 and $200,000/year thereafter.

150 - 1% Order SEA EcoNET ground stations along key transportation
infrastructure points @ $15,000/ station = $2,250,000 for equipment (1-time cost)
+ continuing costs @ 2 full time field and lab instrument technicians @)
$180,000/year + travel @ $10,000/year + Instrument replacements @
$10,000/year=

$2,250,000 1-time + continuing $200,000/year =

TOTAL of $2,450,000 in year 1 and $200,000/year thereafter.

3 met buoy stations with bottom pressure sensors in a perpendicular configuration
to detect incoming tsunamis and meteo-tsunamis and to drive the CCMS
Interactively coupled model system @ $100,000 (1-time cost) + continuing costs
@ $270,000/year instrument servicing (CCU), communications (FAU), ship costs
(CCU), and instrument replacements.

TOTAL of $370,000 in year 1 and $270,000/year, thereafter.

V. Risk Analyses Studies Required for Socio-Economically Designed

Information

e USC Socio-Economic Studies at $100,000/year for 2 years
e CCU Socio-Economic Studies at $100,000/year for 2 years
e Total costs of (a) + (b) = $400,000
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VI. Total Costs of Creating and Implementing an End-to-End Real-Time

SC Capability to Meet the Vision and Expectations of the SC

Floodwater Commission charge (Table 13)

TABLE 13
1.Instrumentation # Cost Per in | Total in Organizations
All Real-Time Dollars ($) | Dollars ($) | Assigned
Reporting
a. River Gauges 150 5,000 FAU | 750,000 USGS/CCU/FAU
b. Meteorological 150 15,000 2,250,000 CCU/FAU
CCU/FAU
c¢. Computer Processors 100 1,000 100,000 CCU
d. Visualization 1 50,000 50,000 CCU
TOTAL #1 3,150,000
1. Personnel Cost per | Years Total in $
year in §
2. For Creation of Validated | 320,000 2 $640,000 CCU/USC
Model Output of System
shown in Figure 13
3. For Model Output 85,000 Continuing | 85,000 CCU/USC
Visualization in Real-
Time
4. For 12¢ River 200,000 Continuing | 200,000 CCU/FAU
Instrumentation
Maintenance
5. For 12d Met Station 200,000 Continuing | 200,000 CCU/FAU
Instrumentation
Maintenance
6. For Artificial 60,000 Continuing | 60,000 CCU/USC
Intelligence in #5¢ in
Text
7. HUGO Outlook in 60,000 Continuing | 60,000 CCU
Item #7 in Text
8. Risk Analysis in 200,000 X 2 years 400,000 USC/CCU
Item #13 in Text each
9. Offshore Moorings for | 370,000 270,000 CCU/FAU
CCMS Forecasting and | In Continuing
Tsunami and Meteo- Year-1
Tsunami Detection
10. Ship to be used for Fuel Fuel Fuel SC/CCU
Item # 9 is the SC State
Owned Coastal
Explorer Vessel
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Housed at North
Myrtle and
Georgetown Marinas

11.YEAR -1 - COSTS 5,165,000 CCU/USC/FAU
12.YEAR - 2 COSTS 1,395,000 CCU/USC/FAU
13.CONTINUING COSTS 875,000 CCU/USC/FAU

VII. Roles of Agencies and Organizations, and Coordination

e Al research and applications can be coordinated between CCU and USC.

e Pond Research can be coordinated between USC, CCU and others.

e Model system output can be coordinated by CCU and USC with the SCEMD, SCSG,
USGS, SCDNR, SCDHEC, and SCDOT

e Real-Time Numerical Model Ensemble Output will be provided by CCU to the Office of
the Governor of SC to be disseminated thereafter as per the order of the Governor

e The South Carolina Emergency Management Division (SCEMD) uses flood modeling
before, during, and after hazard events to inform and guide support for disaster
preparedness, mitigation, response, and recovery activities. Flood modeling assists in
identification of areas for which increased preparedness and mitigation, including
planning, public outreach, training, and hazard avoidance or reduction efforts, are needed.
In response and recovery, flood modeling that incorporates real-time data provides
projections to guide staging and deployment of response resources, estimate flood
damage, and identify areas in need of response and recovery support and will be provided
by CCU directly.

e The state of SC owns the $1M Coastal Explorer Vessel that is operated by CCU and
berthed at the North Myrtle Beach and Georgetown marinas. The Coastal Explorer can be
used to deploy, recover and service the three offshore moorings at the direction of Dr.
P.T. Gayes of CCU on behalf of the state.

e The SC River Gauge Network can be coordinated by CCU, USGS, and other agencies

e The Transportation Infrastructure Meteorological Network can be coordinated by CCU
and SCDOT.
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I. INTRODUCTION

A. Background

Electrical power is typically generated through a variety of renewable and non-renewable means
and sent via transmissions lines to substations, which condense the voltage levels so power can
be supplied through distribution lines to end use customers. Generation, transmission, and
distribution are the three major systems involved in ensuring that customers will have reliable
power at all times.

FIGURE 1: Schematic of the US electrical power system, from generation to transmission
to distribution (National Parks Service, n.d.).

South Carolina’s bulk electrical, intermediate, and small voltage systems span over 16,700 miles
of transmission lines, sending power from power plants to the various networks. Approximately
125,000 miles of distribution lines across the state supply power directly to customers. Together,
these lines dispense power from the various power plants, supplying power from, nuclear, coal,
natural gas, hydroelectric, and renewable power sources around the state (South Carolina Energy
Office, 2019). Understanding the potential vulnerability of South Carolina’s electrical grid is
vital to assessing the outage problems that citizens stand to face and to building resiliency
within the state’s infrastructure.

The United States’ electricity delivery system is more than 100 years old and many of the
transformers, capacitators, and voltage regulators have been in place for several decades. This
infrastructure is fundamental but shows signs of an increasing difficulty to maintain as it
continues to age. In addition to this, several factors are having a significant impact on the state’s
energy grid, including: population and business growth, heavily concentrated in urban and
suburban areas; rapidly advancing technology in areas of renewables and distributed energy
resources -- new types of load and resources impacting grid; technology advancing rapidly
within devices and systems that operate and manage T&D grids; customer expectations and use
of grid are different from past generations; increase in environmental commitments from the
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international to local level; the number, severity, and impact of weather events on customers has
significantly increased; and the threat of physical and cyber-attacks on grid infrastructure is more
sophisticated and on the rise.

As a result, our current power grid faces demands to create a more reliable and resilient electrical
system, and continue hardening/securing the grid as new requirements come to light (Office of
Regulatory Staff, 2016). South Carolina has a unique opportunity to create a more resilient,
reliable, smart and modern energy grid for the benefit of all its citizens and the economy.

Weather related power outages remain the leading cause of outages on the bulk electrical system
(Swift Engineering, n.d.). Natural events, including severe storms and flooding, have
traditionally posed the greatest challenge to the reliability of the electrical grid (Marston, 2018).
A 2018 Department of Energy study noted that while severe weather only accounted for 51
percent of outage events, they affected 92.4 of all customers (DOE, 2018). A 2009 study noted
that an eight-hour interruption cost the average residential customer $10.60 but increased to
$5,195 for a small commercial customer and nearly $70,000 for a medium industrial customer
(Sullivan et al., 2009).

FIGURE 2: Threat Landscape: Electric Utility Sector (ConservAmerica, 2016).
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FIGURE 3: High and Moderate Risks for the Various Electrical System Components
(Marston, 2018).

While downed distributions lines can result in the simple loss of power to a handful of individual
customers at a time, the larger reality of the state’s electrical grid carries a far greater weight.
Prolonged outages can result in devastating effects to communities and their economies
throughout our state. As water treatment facilities begin to fail, raw sewage could be released
directly into local waterways, contaminating drinking water. Hospitals can be forced to evacuate
all of their patients with a risk to those in delicate conditions as power is lost. Cell phones and
internet accessibility can fail, making it difficult to communicate with those in flooded areas. In
urban areas, high rises can face struggles as large populations lose power at once; while in more
rural environments, well water will be difficult to recover. Elderly, disabled, and low-income
citizens may be hit harder than most as they, and the rest of South Carolina’s flood impacted
citizens, struggle to overcome the devastating effects that such natural disasters can impose
(Union of Concerned Scientists, 2015).

B. Identification

1. Generation

South Carolina produces about 170 trillion British Thermal Units (BTU), or approximately 208
thousand Megawatt hours (MWh), of energy annually. The majority of this, 59.3% comes from
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the state’s 5 nuclear power plants. Natural gas fired power plants provide 22.1% of South
Carolina’s power, while coal fired plants account for 12.6% of energy production, and petroleum
fired plants provide 0.1%. Collectively, renewable energy plants, such as hydroelectric, pumped
storage, biomass, and solar power, contribute only 6.7% of the state’s energy production (U.S.
Energy, n.d.). The majority of this power is used within the state, although some of it is
distributed beyond our borders to North Carolina (South Carolina Energy Office, 2019).

The existing nuclear generation fleet in the state is well prepared to address extreme flooding
events, as is Duke Energy’s Jocasse dam.

The Carnegie Endowment 2012 research study (Action and Hibbs 2012), determined that the
tsunami that caused Fukushima event was a one in a thousand-year event. After Fukushima,
Duke Energy and SCANA, along with the entire nuclear industry, were required by the NRC to
perform an extensive analysis for extreme flooding events at all nuclear stations. The extreme
flooding events assumed for the analysis far exceeded any known events in history including
assuming dam failures without any probable cause. Those events were used to develop
mitigation strategies to provide additional protect for nuclear sites. Those flooding mitigation
strategies have been incorporated into plant modifications and procedures as required by the
NRC for the industry Fukushima response. Action, J.M., Hibbs, M (2012, March). Why
Fukushima Was Preventable, The Carnegie Papers, Carnegie Endowment for the International
Peace. Retrieved from: https://carnegieendowment.org/files/fukushima.pdf

An independent study on the probability of a Jocassee dam failure determined that the
probability of a failure of the Jocassee dam is 2.6 in a million years (RAC Engineers &
Economist 2010). Based on the above studies, a failure of the Jocassee dam is 2600 times less
likely than the tsunami that caused the Fukushima event.

2. Transmission

Transmission lines within an electrical grid are primarily designed to transfer power over great
distances, usually from a power plant to areas with dense populations, like towns or cities
throughout the state. This high-voltage transmission system (HVTS) is comprised of many
control systems, switches, circuit breakers, and transformers, in addition to the towers and
conductors that are essential to moving large amounts of power. The transmission system also
requires a series of substations to step up power from generators and later to step it down to
distribute out to customers (Marston, 2018).

Transmission lines are higher in voltage and generally run along tall structures, often made of
wood, concrete or steel. These overhead lines themselves can fail as time progress, as can the
insulation and towers. Harsh weather conditions and a shift in climate can have a direct impact
on the structure of transmission towers. Wood towers can be more susceptible to rot after 40

years of continual service, while steel towers can corrode depending upon their location
(Dehghanian et al., 2018).
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Wood transmission towers are typically capable of 50-75 mph winds with the exception of large
trees fall from outside the existing rights-of-way. Such up-rooting can occur within wind speeds
of 30-50 mph given ground saturation levels. Concrete structures can typically bear wind load
above 100 mph, but the weight of concrete can make construction costly and difficult due to the
sheer weight of a solid concrete structure. Steel transmission is the most improved material for
transmission. Light, flexible, and sturdy steel structures, whether directly imbedded or bolted to
foundations provide wind loading up to 150 mph. Their slip-jointed construction also avoids the
weight of concrete poles. As long as these structures are not located in vulnerable areas, such as
high velocity water run areas, they do not represent a significant risk to the grid regarding a
flood. Finally, there are very limited underground electrical transmission facilities that would be
subject to the same risks as natural gas pipelines.

Substations can be prone to inundation and flood damage. South Carolina’s Lowcounty alone has
54 substations that could be susceptible to major damage from severe storms along the coast.
Replacing damaged substations can cost millions of dollars and take over a year to repair (Union
of Concerned Scientists, 2015).

3. Distribution

While damage to transmission lines are responsible for large scale power outages, damaged
distribution lines are more likely to cause service interruptions for individual customers
(Campbell, 2012). Distribution lines are lower in voltage and run along more traditionally
recognizable electric power poles. These lines are the final stage in transferring power to citizens
around the state. The distribution network within an electrical grid often encompasses medium-
voltage power lines, substations, pole-mounted transformers, low-voltage distribution wiring,
and meters (Dominion Energy, 2019). Eighty percent of electrical distribution lines are above
ground, with approximately 20% underground. Undergrounding has traditionally only been
implemented in high-density neighborhoods, representing a non-standard service. Impacts from
flooding to overhead distribution is minimal unless facilities are in vulnerable areas such as high
waterflow areas, resulting in sever erosion. Flooding, coupled with wind, can begin impacting
distribution when wind speeds reach up to 35-40 mph.

C. Comparison

In recent years, the System Average Interruption Duration Index or “SAIDI”, one of a number of
ways the industry measures reliability, has been trending up in South Carolina due to the factors
noted in section LA.

The U.S. Energy Information Administration reports that South Carolina had the highest number
of total outage duration hours for 2016. Hurricane Matthew caused clients to have an average of
20 hours of outage per customer. This number is striking in comparison to the year’s national
average of 4.2 hours per customer for outage occurrences (U.S. Energy, 2018). The 2018 Grid
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Modernization Index lists South Carolina at 34, with a score of only 23 out of 100 when looking
at state support of grid modernization, rate structures, customer outreach, data collection
practices, and deployment of modern grid technologies, like sensors and smart meters (GridWise
Alliance, 2018).

FIGURE 4: GridWise Alliance ranking of states by level of grid modernization (GridWise
Alliance, 2018).

D. Objective

To best mitigate flooding issues related to South Carolina’s electric grid, high priority should be
given to efforts directed towards hardening and modernizing the grid itself to make it more
reliable and more resilient. In doing so, there should be an emphasis on disaster prevention,
service survivability, and rapid recovery in the wake of disasters (Shea, 2018). South Carolina is
not behind on these issues. Several steps, by both public and private entities, have already begun
to start the process of hardening the gird and planning for disaster, keeping lights on, and
minimizing the danger, disturbances and economic impacts caused by power outages. By
focusing on the legislation and progress that has already been put in place, as well as looking
towards additional solutions, South Carolina can begin to reduce the vulnerabilities that place
many citizens in danger due to the loss of power during flooding events, and which can have a
devastating impact on the State’s economy.
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II. PLANNING FOR POWER OUTAGES

A. Life Cycle of a Power Qutage

FIGURE 5: Notional time series of a major power outage divided into six stages (National
Academies of Sciences, 2017).

1. Plan

The majority of time in the life cycle of a power outage is spent in the planning stage. Most
providers are generally aware of the threats their systems face and which areas within their
physical system are most susceptible to damage. By combining their own experience with data
from scientific services, such as the National Oceanic and Atmospheric Administration (NOAA)
or the National Weather Service, states can make informed predictions about pending threats.

During this period, both preventative and preparatory actions should be taken. Investments can
be made to harden distribution systems from storm and flooding damage, including installing
additional guy wires to overhead lines or undergrounding distribution lines to allow them greater
protection from potential damage in a severe weather event, replacing wood poles with hardened
steel and concrete poles, installing new technologies like self-optimizing grids, that can
intelligently shift power to avoid outages before they happen, and, in outage prone locations
where the benefits outweigh the cost, implement targeted undergrounding of overhead
distribution facilities.

Additionally, the transmission system must be maintained and hardened, for example, replacing
wood poles with more storm resilient concrete and steel structures, to keep up with the ever-
increasing demands required by customers. By entering into mutual assistance agreements with
other power suppliers to aid in recovery, investing in systems to share spare parts during disaster
scenarios, and coordinating restoration exercises and drills, utilities can mitigate the damage a
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recovery time to a transmission network. As smart grid technology develops, distribution and
transmission systems can be integrated into a cyber-physical network that will allow grids to
“fail gracefully” and avoid catastrophic levels of power outages by diverting power when needed
and making it easier to pinpoint areas that need repairs.

Utilities should also continue their efforts with local communities to coordinate preparation and
plan for recovery with the people most directly affected. By working seamlessly with local
emergency services, joint efforts can be made to integrate planning in preparation of potential
threats and coordinated recovery efforts. By engaging end use customers, utilities can also begin
to note the features and sites of critical loads throughout service areas and work to guarantee
suitable backup power when the need arises (National Academies of Sciences, 2017).

2. Prepare

Once a specific threat has been identified, such as the formation of a hurricane that is tracked to
make landfall, this phase begins. While some hazards have no advanced warnings, coastal and
inland flooding can often be predicted. During this phase, preparations from all parties can begin.
Utilities may begin to check for spare equipment, assess critical components, enact mutual
assistance agreements, or begin pre-staging supplies and repair crews in areas that are more
vulnerable to damage and outages. At generators, assessments can be made to the level of
generation available and additional reserve generation can be accessed if necessary. Operators at
these sites may also be able to evaluate the suitability of supply chains and various fuel stocks
and confirm the state of charge on any storage assets available. This is also the phase where
utilities should begin to contact any partnerships they have made with customers, disaster
response groups, and emergency management organizations. Customers can begin to prepare
backup generators and purchase fuel, while responders can begin to coordinate efforts to shorten
response time. This could also be a good time to engage distributed energy resource owners
(DERs), such as people with small scale solar power generators (National Academies of
Sciences, 2017).

3. Event

This phase can be dependent on the event itself. While some events, like earthquakes, are
relatively short in their duration, flooding can last for weeks at a time. The primary focus during
this phase is to monitor damage for the length of the event. If distribution systems are equipped
with digital sensors, then outages can be detected as they occur, whereas other utilities may need
to be contacted by customers to be aware that power has been lost. In generation and
transmission systems, operators can balance generation and load through rolling blackouts,
generation dispatch, and intentional islanding, where individual generators are left on to power a
location despite the grid power not being present. In some circumstances preparation may
continue, though this may be limited by the nature of the event (National Academies of Sciences,
2017).
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4. Endure

Depending on the length and nature of the event, restoration can begin immediately. In flood
scenarios however, time may have to pass before utility crews can make their way to affected
areas. Where cyber monitoring is available, utilities can continue to assess situations, allowing
them to prioritize repairs and create efficient schedules to enact efforts once the circumstances
allow the process to start (National Academies of Sciences, 2017).

5. Restore

Restoration is the most publicly visible phase of the timeline. When conditions allow this phase
to fully begin, utilities normally follow priorities to begin repairing outages. Despite best efforts,
when critical components are damaged, like essential transformers, power may only return at a
reduced rate until parts can be replaced. During this period, utilities normally make large efforts
to stay in contact with their customers, while simultaneously supporting field crews by supplying
essential materials, replacement parts, equipment to complete repairs, and experienced workers.
This period may often see utilities working with federal and state officials to waive regulations
or to allow the use of military resources. In some cases, where regions of the grid interconnect,
restoration will begin at the edge of the outage, while other instances may call for a black start,
restoring the grid without relying on any external transmission networks. If there are any DERs
available within affected areas, they may be used to aid in restoring power and may even be used
during blacks starts (National Academies of Sciences, 2017).

6. Recover

Once the grid has been repaired and service is once again restored, it is common for utilities and
officials to assess what caused various outages and recognize opportunities where future grid
performance can be enhanced. This becomes a crucial stage in the timeline, as the feedback
during recovery will affect future efforts in planning and preparation. With the predictable nature
of flooding events, this phase is one South Carolina can take particular advantage of as we
continue to prepare our electrical grid to be more resilient in the face of oncoming hazardous
events (National Academies of Sciences, 2017).

B. Disaster Preparedness

In the last ten years, NOAA estimates that the United States has seen 16 major flood events and
66 severe storms (measured as billion-dollar events), together totaling an average cost $5 billion
and resulting in 1,052 deaths. These events show no sign of slowing down. Severe storms have
increased in event frequency from 39.1% (1999-2009) to 57.9% in the last decade, while
flooding events have increased from 4.7% (1999-2009) to 14% (2009-2019) (NOAA, 2019). In
comparison, 2016’s Hurricane Matthew, accrued approximately $320 million in infrastructure
repairs, resulting in nearly 861,000 citizens losing power throughout the state.
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Mitigating damage to the electrical grid is a process that can stretch from small projects, like
updating tree trimming practices to be more effective, to large scale investments to update the
grid. Paying for these updates and advancements can, at times, seem like a costly measure, and
the fear that some of these costs may be passed directly on to consumers is not wholly
unfounded. However, it is important to understand that an analysis of 23 years of data from
Federal Emergency Management Division (FEMA), U.S. Economic Development
Administration (EDA), and U.S Department of Housing and Urban Development (HUD) shows
that, on average, every $1 spent on utility and transportation infrastructure saves $4 on recovery,
with savings on inland flooding equaling $8 for every $1 spent (National Institute of Building
Sciences, 2018). Many states have already begun to consider legislation related to disaster
preparedness and enact various strategies and plans relating to their electrical girds that could aid
in disaster prevention, service survivability, and rapid recovery.

1. Disaster Prevention

States have begun to mitigate extreme weather damage by encouraging investment in upgrades,
upkeep, and preparation for more resilient infrastructure. In some areas, this has looked like
requiring utilities within the state to create more thorough flood plans to better address
vulnerabilities within individual grids. Other states have asked the federal government to update
the standards for reliability and redundancy for better grid security (Shea, 2018).

Physical improvements to the grid also fall under this area of mitigation, including
undergrounding of transmission and distribution lines and further stabilizing towers with guy
wires. These solutions have many proponents. House Bill 3628 was introduced in 2019 to the
SC House of Representatives to require all electrical lines be buried under ground by 2025. The
practicality and cost of such solutions are often criticized. Estimated costs to bury one mile of
electric line would cost about $1 million (Shea, 2018). Underground lines have been noted to be
more susceptible to damage in flooding scenarios, and harder to repair as they must be unearthed
and reburied, before and after maintenance.

2. Service Survivability

Power loss in many scenarios may be inevitable. However, investing in solutions like backup
generators and microgrids can help keep some loads powered and active. This could be effective
at vital facilities, such as hospital or waste treatment plants, that stand the chance of facing loss
of power or evacuation during grid failure (Shea, 2018).

Connecticut has developed a post-Superstorm Sandy program that touches on microgrids in four
different areas. First it offered $18 million, and later a second round of $30 million, towards nine
critical facilities in the state. Second, it is including microgrids under the classification of
“energy improvements” that Connecticut’s green bank could finance. Third, it passed legislation
that allowed microgrids to be included under projects that local governments can develop as
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“energy improvement districts.” And finally, they passed legislation that allowed microgrids to
be considered in its Property Assessed Clean Energy financing program (Shea, 2018).

State legislatures across the country have also made requirements that critical facilities and new
residential developments must include backup generators. Natural gas-powered cogeneration has
also been incentivized in certain areas to anchor microgrids and depend on pipeline
infrastructure, which is normally more resilient than underground electric lines (Shea, 2018).

3. Rapid Recovery

Stunted recovery efforts can leave water systems in failure, cause food to spoil, and cause the
economy to come to a standstill. Quick recovery efforts are essential to responding to major
power outages. When power utilities are easier to access, recovery efforts often move swifter and
more efficiently. Creating more stringent requirements on the trimming of trees and vegetation
can lessen initial causes of outages and make recovery efforts quicker. Additionally, granting tax
breaks for out-of-state workers can help speed up recovery processes, by allowing additional
crews on the ground to help with efforts (Shea, 2018).
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I11. GRID MODERNIZATION

Grid modernization is simply the process of updating and enhancing the electrical grid with
software and communication technology that will allow it to better support the demands of a
growing and changing customer base (GridLab, 2019). Smart grid technology can allow utilities
to avoid outages altogether and assess and recover from damage related to natural disasters more
quickly than with prior technology. Grid operators can use such systems to make energy more
efficient for customers to use and allow for more effectual management of resources. By
utilizing smart meters, self-healing grid and other technologies, distributed generation, demand
response, and distribution management systems, amongst other resources, utilities can ultimately
create a more reliable and resilient electrical grid (Shea, 2018).

FIGURE 6: IEEE version of Smart Grid distributed generation, information networks, and
system coordination (Kienle & De Schryver, 2012).

While customers might have the concern that the cost of such improvements will be passed
solely to them through providers, some states have made additional funding available as an
incentive for utilities to begin smart grid advancements. Through legislation, states can pass laws

that will require utilities to make investments and deliberations that meet state appointed goals
(Shea, 2018).
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IV. ENERGY STORAGE

Electrical Energy Storage (EES) is the process by which electrical energy is converted into a
stored form which can later be converted back to useable energy when needed. This process
principally relies on batteries to store energy, a procedure that dates back to 1800 and first used
in 1929 at the Rocky River Pumped Storage plant in Connecticut. Energy storage projects in the
United States have increased by 174% between 2013-2018. California leads the country with
220 operation projects and storing the most power, accounting for 4.2 GW of the total 25.2 GW
of rated power in the U.S. (University of Michigan, 2018). Despite only having three projects,
South Carolina trails by only a small amount, storing 2.28 GW of rated power (DOE, n.d.).

FIGURE 7: U.S. Grid-Connected Energy Storage Projects by State in 2018 (University of
Michigan, 2018).

While there are multiple EES technologies in research and development, four main storage types
are currently deployed. Pumped Hydroelectrical Storage and Compressed Air Energy Storage are
capable of large-scale discharge but are limited by the geographical space they require, while
Advanced Battery Energy Storage and Flywheel Energy Storage have a lower power discharge
but not often limited by location. Pumped Hydroelectrical Storage projects, which generate
electricity by pumping water from low elevation to a high elevation reservoir and then releasing
the water back to the low reservoir through hydroelectric turbines, account for 94% of the United
States’ energy storage. Compressed Air Energy Storage stores compressed air in underground
caverns by heating pressurized air and expanding it in an expansion turbine. Advanced Battery
Energy Storage projects use a process similar to common, household batteries by storing
electrical energy in the form of chemical energy to later be drawn out as electricity again.
Finally, Flywheel Energy Storage is mostly used for power management as opposed to long-term
storage, storing electric energy by rotating a propeller in a frictionless enclosure to move power
to and from the grid (University of Michigan, 2018). The three EES projects in South Carolina
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are all Pumped Storage facilities, two near the Jocassee watershed and one near Fairfield (DOE,
n.d.).

FIGURE 8: Five Categories of Energy Storage Applications (University of Michigan, 2018).

The applications of EES projects are extremely diverse, affecting the grid systems, end users,
and electrical supply, amongst other uses. EES does not only help manage energy costs at a
potential savings to the consumer but can also help maintain power grids during severe weather
events and even assist in rapidly returning service after an outage, such as helping with black
starts. As storage technology advances to become more effective and economically feasible, their
value continues to rise; projected market potential sits around $228.4 billion in the United States.
Government investment has been made to increase research and development of EES projects. In
2010 California passed legislation to set and meet energy storage goals, setting a rated power
goal for investor-owned utilities.
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V. VEGETATION MANAGEMENT

“Vegetation management” generally refers to the process of maintaining trees, bushes, or other
plant life that grow in or along the border of right-of-ways (ROWs); utilities use the corridors to
provide power to end use customers. When the various ecosystems surrounding right-of-ways
begin to dangerously encroach upon transmission and distribution lines, they threaten cascading
failure across electrical systems. . Maintaining these ROWs not only can increase public safety
and help promote healthier woodlands but can also aid in mitigating damage to utility
infrastructure cause during natural disasters. Approximately 90,000 miles of transmission and
distribution are constructed in right-of-ways throughout the U.S. Forest Service and Bureau of
Land Management alone (Vegetation Management, 2017). In response to the need for greater
vegetation management in areas along the interstate transmission system, Federal Energy
Regulation Commission (FERC) has implemented FAC-003-4, a standard intended to prevent
vegetation related outages (Federal Energy Regulatory Commission, n.d). Mandating minimum
vegetation clearance distances determined by the voltage of the line in question, the standard
generally addresses seven requirements to help better mitigate damage to electrical transmission
lines:

Requirements R1 and R2

e Notes the distance to which vegetation should be trimmed away from
transmission lines to best protect the lines themselves.

Requirements R3

¢ Defines maintenance strategies and processes to be used by applicable
Transmission Owners and Generator Owners.

Requirements R4

e Encompasses the notification of dangerous conditions posed by the ecosystem.
This includes coordinating actions before, during, and after repairs of threats.

Requirements RS

e Noting preventative actions to take by an applicable system owner to stop the risk
of cascading system failure and extended outages.

Requirements R6

e Implements specific time periods for carrying out inspections of lines and systems
for vegetation threats.
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Requirements R7

e Requires the completion of yearly work plans to address threats from vegetation
(From Federal Energy Regulatory Commission, n.d.)

South Carolina has no state scheme in place to address the threat that vegetation poses to the
electrical grid within the state. While FERC FAC-003-4 only regulates what Generator and
Transmission Owners must do in regard to transmission lines, the distribution network in South
Carolina could be addressed in a similar manner. A study by Nowak and Ballard outlines the six
steps of the Integrated Vegetation Management system that could be applied:

FIGURE 9: Competent steps of Integrated Vegetation Management (Nowak & Ballard,
2005).

These general concepts would have utilities and legislatures focus on the ecosystems, including
plants and wildlife that surround electric lines, setting objectives to meet the needs of utilities
and shareholders alike to create a set of options that can be used to treat potential threats from
living systems that are naturally a part of most ROWSs. This process requires all parties to address
both the socioeconomic and environmental impacts that result in managing vegetation, so that
the appropriate treatments can be planned for each site specifically. When treatments of each
individual area are complete, the data gathered in the process should be collected and analyzed to
better plan for future maintenance (Federal Energy Regulatory Commission, n.d.).
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VI. FINDINGS AND RECCOMENDATIONS

A.  Flood Zone Mapping

NOAA, National Weather Service (NWS), and several other groups possess data driven maps
related to flooding across the United States. However, with more resources available to South
Carolina’s scientists, planners, and citizens, preparing for flooding disasters throughout the state
could become even more effective. In this regard, several mapping models could be emulated
throughout our state.

1. Flooding Inundation Mapping and Alert Network

The Flooding Inundation Mapping and Alert Network (FIMAN) provides rain and stage gauge
dates with real time inundation maps, impact data, and alerts. The goal of FIMAN is not only to
amass consistent data, but to help prevent property damage and loss of life through the
implication of its findings. Combining data from gauges operated by the North Carolina Division
of Emergency Management and U.S. Geological Survey (USGS), the system provides
information to the FIMAN website (fiman.nc.gov) and the NWS as well to assist their forecasts
and alerts (About, n.d.).

2. Coastal and Inland Flooding Observation and Warning Project

The Coastal and Inland Flooding Observation and Warning Project (CI-FLOW) uses radar and
rain gauges to create flood models that stretch from rivers all the way to the coast as a part of
NOAA’s National Severe Storm Laboratory (NSSL). After Hurricane Irene in 2011, CI-FLOW
predictions were tested against results from USGS and other partners to determine that “81% of
the high-water marks were within +/-0.5 meters of the predicted water levels.” The systems make
routine predictions of total water levels and of smaller components along North Carolina’s coast,
ultimately designed to protect life and property throughout the state during devastating storm and
flooding events (CI-FLOW, 2014). Unfortunately, this is only a 2-dimensional model so its
application is limited and because of underlying flaws in its physics’ platform, CI-FIOW is not
highly accurate. Still it could be a helpful tool if no other model is available. /NOTE: §1% with
a +/-0.5 meters of predicted water levels means that at any given site the prediction may be off
by as much as a meter. This could have serious implications for the amount of inundation given
the relatively flat coastal terrain in both Carolinas.]

3. Flood Risk Information System

The Flood Risk Information System (FRIS) creates a similar resource to provide data available
flood maps, hazard data, and assessments for North Carolina and Florida. FRIS uses LiDAR
information, as well as hydraulic and hydrologic models to provide accurate information (North
Carolina Flood, n.d.).
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4. The Hurricane Genesis and Outlook (HUGQO) Model and the Southeast Atlantic Econet
(SEA Econet)

The state of SC has an effective prototype model upon which to build -- the HUGO model
(Hurricane Genesis and Outlook). This 3-dimensional prototype model, developed and run by
the Burroughs and Chapin Center (Center) at Coastal Carolina University, is highly accurate in
predicting hurricane tracking, timing, and storm surge. The model incorporates the same
atmospheric drivers that CI-FLOW uses, NWS forecasts, produces hourly model output, and is
updated with every NWS advisory update, typically every 6 hours. These updates are then made
available for emergency managers during extreme weather events. The developing flood model
output assessments have been demonstrated to be within +/- 5 centimeters and in sync with the
actual timing of flooding. The advantages of the CCU model system over CI-FIOW and other
models cited are based on the accurate representation of the fluid dynamics of the fluid processes
versus grossly simplified representations. The Center is currently looking for funding to
continue developing a module for high resolution riverine flooding affecting not only the coast
but also inland areas.

The Center also operates the NWS’s Mesonet program for South Carolina, Georgia, and Florida
(Southeast Atlantic Econet or SEA Econet), and currently has a prototype map with all known
meteorological stations, river gauges, and state-supported environmental monitors incorporated.
A version of the map of the state is expected to be available for emergency managers and the
public this year. CCU will be seeking additional funds to link the model output with the map so
that potential inundation levels can be shown.

5. Recommendation

Elements of the North Carolina mapping and alert systems may be useful for South Carolina to
build upon by partnering with groups like USGS, NSSL or FRIS to gather more data from rivers
and coastal waterways. Creating better mapping and alert systems for floodplains throughout
South Carolina will allow more effective preparation to protect life and property during future
flooding scenarios. It is recommended that support be made available for the riverine model
being developed at CCU as well as the linkage between the model and the SEA Econet map.

B. Distributed Energy Resources (DERSs)

DERs “include demand response, efficiency programs, and other demand-side management
tools, solar photovoltaic installations, small wind turbines, combined heat and power, fuel cells,
micro-turbines, and storage devices such as large lithium batteries or grid-connected electric
vehicles (EVs)” (Distributed Energy Resources, n.d.). Between 2013 and 2015, 35% of U.S. total
energy capacity growth was supplied by DERs. In recent years, Denmark has moved from
centralized power generation to self-sufficient energy, primarily local combined heat and power
along with small wind farms (Distributed Energy Overview, 2015). This has been accomplished
in part by the inclusion of specific financial incentives, including tax and feed-in tariffs
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(Distributed Energy Overview, 2015). As it becomes more cost effective and the technology
allows for longer duration storage, battery and other energy storage technologies can help
address the intermittency of wind and solar renewable resources to produce both cleaner energy,
but also store energy to be used in the event of major power outages (OSHA, 2015).

1. Distributed Energy Resources Program Act

South Carolina’s Distributed Energy Resources Program Act was passed in 2014 (Act 236) to
address the growing need within the state to develop and integrate DERs. Since the passage of
the Act, South Carolina’s residential rooftop solar capacity has seen a 9000% increase from July
2015 to July 2018, rising from approximately SMW to 470MW. In part, this was accomplished
not only by Act 236, but by federal Investment Tax Credits for solar, state tax credits, the
declining cost of renewable energy, utility incentives, and the involvement of the Public Utility
Regulatory Policies Act of 1978 (PURPA). As of 2017, South Carolina was only second, behind
Florida, in installed residential rooftop solar capacity (see FIGURE 10) (Discussion of South
Carolina, 2018).

FIGURE 10: Residential Solar Installations in the Southeast. (Discussion of South
Carolina, 2018)
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2. Recommendation

While Act 236 has been essentially updated with the passage of Act 62 in 2019, continuing to
develop activity to benefit both the development of DERs and utility scale and dispatched energy
storage could be beneficial to mitigate power outages and bolstering the electric grid within
South Carolina.

C. Integrated Planning

Joint efforts between local governments, emergency services, utilities and community
stakeholders can help mitigate loss of life and property damage during natural disasters, such as
flooding or severe storms.

1. U.S. Department of Labor

The U.S. Department of Labor notes that a detailed evacuation plan should involve:
e What conditions or events will trigger the plan
e A defined chain of command
e Who will perform required emergency functions
e A communication plan
¢ Planned evacuation routes and evacuation procedures
e Measures to account for personnel, customers, and visitors
e All necessary equipment for personnel
e A process to review plans with all necessary individuals

Additionally, stakeholders should be made aware of all warning systems and their meanings
(Flood Preparedness and Response, n.d.). The Occupational Safety and Health Administration
(OSHA) provides resources to help businesses and their surrounding communities with their
“Evacuation Plans and Procedures eTool,” available through their website (n.d.).

2. Recommendation

Each community in South Carolina is recommended to have a clear and concise community plan
that will cover response to natural disasters and recovery efforts in their aftermath. Communities
should take special effort to include emergency services in this planning process to help ensure a
clear response and recovery effort from all parties involved.

D. Undergrounding

Undergrounding of electrical distribution lines has become common practice in recent years. In
modern urban areas, undergrounding has become a standard practice for distribution and end-
user lines. While some estimates of the process can be costly, studies note that when
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underground installation of electrical lines are entrenched with other utilities, like natural gas or
telephone, the cost can be significantly less. (Facts About Undergrounding, 2017).

1. SC House Bill 3628

Proposed 2019 House Bill 3628 would require that all electrical utilities operating in South
Carolina bury all new transmission lines beginning January 2, 2020 and bury all existing
transmission lines no later than January 1, 2025. This Bill could drastically decrease the states
risk of cascading outages from downed or damaged transmission lines but would be extremely
costly. In addition, 80% of all power outages are cause by damage to distribution lines. When
distribution lines are underground, there is a 10-fold improvement (NEI, 2009, slide 14). Though
the cost could be high, for example, a 2010 study showed that it would cost approximately $5.8
billion to underground the distribution lines around Washington D.C., despite that fact that 35%
of the projects would cost $4.7 billion while the other 65% would only be $1.1 billion. One
projection estimated that a $1 billion project to harden the grid in D.C. would increase customer
bills by an average of 3.2% over the course of seven years. Based on the inconsistent nature of
the costs associated with undergrounding distribution lines, some suggest that such projects be
assessed on an individual basis (Kury, 2017).

2. Recommendation

Current proposed legislation aims to underground transmission lines in hopes to prevent the
large-scale blackouts that stand the chance to leave many customers around the state without
power. Such a bill could be beneficial to mitigate such problems within the state due to flooding
and severe storms. A cost/benefit analysis should be undertaken prior to the implementation of
any such legislation. Additionally, encouraging the undergrounding of some distribution lines
could greatly increase the stability of the grid in areas where vegetation or other causes lead to
frequent outages.

E. Emergency Power Supply Systems

Loss of power to necessary facilities can be extremely detrimental to patients in medical facilities
and nursing homes in critical care and cause precarious evacuations to occur in hopes of
preserving lives. In the wake of Hurricane Irma, 12 Florida residents died due to heat stroke
when the power to their nursing facilities was off for several days (Allen, 2017).

1. SC House Bill 3282

House Bill 3282 of the 2019-2020 Session of the South Carolina Legislature would require
nursing homes and community care facilities to be equipped with an emergency generator. H.
3282, 2019 Leg., 123rd Sess. (S.C. 2019). In addition to healthcare facilities, some municipal
buildings, police stations, records facilities, fires stations, emergency dispatch centers, prisons,
mental health facilities, locations involving any number of hazardous materials, some highrises,
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and airport traffic control towers all have some varying need for emergency power (Midwest
Generators, 2017). For example, 2017 legislation in New Jersey proposed that emergency power
systems would be required in certain common areas of all new real estate developments and the
state would offset the cost with tax incentives. Such a concept could be applied to a wider scale
of necessary facilities around South Carolina.

2. Recommendation

Furthering legislation to require necessary facilities to have some form of backup generation will
help protect the essential systems that can be detrimentally affected in the case of natural
disasters. Backup generation can make the difference between life and death, whether by
powering hospitals to avoid dangerous evacuations or to keep emergency services active when
they are needed most.

F. Microgrids

Microgrids are small scale energy systems that are capable of maintaining stable service within a
limited area. Microgrids can be used to power very small communities, with operators sharing
power to others, or as a form of backup power to be used in case of emergencies. Microgrids are
in the early stages of technology development. For example, Duke Energy has installed a small
solar plus storage microgrid in Mount Sterling, North Carolina and is installing another in Hot
Springs scheduled to begin operation in the first quarter of 2020 to serve a remote mountain
community. The company is also working on installing a microgrid around the Anderson Civic
Center in Anderson County, South Carolina. When operational in 2020, the microgrid will
enable the Civic Center, which is the largest Red Cross shelter in the area to run off grid for more
than a day. These types of pilot programs should be encouraged by the State.

1. Recommendation

Developing legislation to expand the use of microgrids throughout South Carolina that could
increase the amount of renewable energy produced by the state and help increase service
survivability during natural disasters that threaten the security of a large distribution grid.

G. Vegetation Management

Tree-related outages make up 20%-30% of all electricity outages. Of those tree-related outages,
50% are caused by trees outside of the utility’s right-of-way. Trimming trees outside of the
rights-of-way could help improve reliability. As part of any review, a study of additional ways to
enable vegetation management should be conducted to improve electric reliability.
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H. Funding

Funding can prove to be one of the largest challenges to creating a more secure grid. Microgrids
and underground power lines can have a high upfront cost, though there benefits to could save
funds through years of mitigated damage and outage response costs.
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I. ISSUE STATEMENT

Introduction

South Carolina has experienced catastrophic flooding over the past decade, both related to large-
scale storm events and to sea level rise. Urbanization, deforestation, draining of wetlands, and
construction of impermeable surfaces have amplified flooding events across the state of South
Carolina. This has resulted in billions of dollars’ worth of damages across the state, and major
losses of beachfront along coastal areas where flooding has eroded beach and dune sand. This is
especially significant during tropical storms, hurricanes, and king tide events. Development
along beaches, rivers, and waterways is particularly susceptible to damage from flooding, and the
cost of damages will continue to increase if measures are not taken to address this flooding. The
South Carolina Floodwater Commission’s Landscape Beautification and Protection Task Force
will integrate urban and rural environmental aesthetics and risk reduction as a strategy in
response to the conflict between the conservation of green spaces and urban development.

Landscape beautification and protection are critical elements for the development of successful
and sustainable green infrastructure that can provide natural and man-made flood mitigation
benefits. Green infrastructure uses a nature-based approach to flood reduction by maximizing
flood retention benefits from wetlands, greenways, open spaces and other natural elements. The
design, installation, and maintenance of permanent landscaping around properties and public
rights-of-way allow for the transformation of raw property into a landscape that provides greater
efficiencies and a higher aesthetic value. Landscape beautification also provides value-added
opportunities to use plants in new ways to improve the local quality of life, instilling a greater
sense of “pride of place” and ownership among area residents and solidifying the connection
between people and their surrounding natural environment. Just as important, these investments
protect lives, property and economic livelihoods in both urban and rural parts of South Carolina.

Increased urbanization, the clearing of trees, draining of wetlands, and increased paved surfaces
have greatly exacerbated flooding in the state’s coastal and inland areas. In addition, chronic
erosion and the reduction of sand dunes along the state’s coastal communities have created
heightened vulnerabilities to tidal flooding, especially during tropical storms, hurricanes, and
king tide events.

A. Urbanization

Over the past two decades, South Carolina has become increasingly urbanized. New residents
poured into South Carolina’s coastal and upstate towns and cities in 2017, adding to a population
that has passed the 5 million-mark, new census estimates show in Figure 1 below. The surge in
population cemented Charleston’s recent title as the state’s largest city and gave Mount Pleasant
and Greenville some of the most rapid large city growth on the East Coast. The changes in land
use associated with urban development affect flooding in many ways. Removing vegetation and
soil, grading the land surface, and constructing drainage networks increase runoff to streams
from rainfall. As a result, the peak discharge, volume, and frequency of floods increase in nearby
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streams and river channels. Changes to stream and river channels during urban development can
limit their capacity to convey floodwaters. Roads and buildings constructed in flood-prone areas
are exposed to increased flood hazards, including inundation and erosion, as new development
continues. Information about streamflow and how it is affected by land use can help
communities reduce their current and future vulnerability to floods.

Streams are fed by runoff from rainfall moving as overland or subsurface flow. Floods occur
when large volumes of runoff flow quickly into streams and rivers. The peak discharge of a flood
is influenced by many factors, including the intensity and duration of storms and snowmelt, the
topography and geology of stream basins, vegetation, and the hydrologic conditions preceding
storm and snowmelt events.

Land use and other human activities also influence the peak discharge of floods by modifying
how rainfall is stored and delegated off the land surface into streams. In undeveloped areas such
as forests and grasslands, rainfall collects and is stored within vegetation, in the soil column, or
in surface depressions. When this storage capacity is filled, runoff flows slowly through soil as
“subsurface flow.” In contrast, urban areas, where much of the land surface is covered by roads
and buildings, have less capacity to store rainfall. Construction of roads and buildings often
involves removing vegetation, soil, and depressions from the land surface. The permeable soil is
replaced by impermeable surfaces such as roads, roofs, parking lots, and sidewalks that store
little water, reduce infiltration of water into the ground, and accelerate runoff to ditches and
streams. Even in suburban areas, where lawns and other permeable landscaping may be common,
rainfall can saturate thin soils and produce overland flow, which runs off quickly. Dense
networks of ditches and culverts reduce the distance that runoff must travel overland or through
subsurface flow paths to reach streams and rivers. Once water enters a drainage network, it flows
faster than either overland or subsurface flow.

With less storage capacity for water in urban basins and more rapid runoff, streams rise more
quickly during storms and have higher peak discharge rates than less urbanized areas. The total
volume of water discharged during a flood tends to be larger for urbanized areas. Differences in
urbanized streamflow cannot be attributed solely to land use, but may also reflect differences in
geology, topography, basin size and shape, and storm patterns (USGS).
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FIGURE 1: South Carolina city growth comparison.

B. Land Management Practices

Deforestation is the intentional or natural clearance of forests on a massive scale, often resulting
in damage to the quality of the land and adverse environmental effects. Deforestation directly
affects soil quality and the water cycle, while causing habitat loss and other environmental
changes, substantial flooding, cultural displacement, and agricultural and financial losses (Faiza
et al).

The forests are like a sponge, absorbing rainwater from storms while anchoring the soil and
releasing water at regular intervals, which can help moderate the destructive flood and drought
cycles that can occur when forests are cut. When forest cover is lost, flows quickly turn into
streams, raising river levels and flooding villages, towns, and agricultural fields downstream.

The forests of South Carolina provide a number of economic and societal benefits such as
manufacturing, employment, recreation, aesthetics, habitat, and environmental protection.
Demands on our forest resources, as well as threats to the future status of our working forests,
are as great as at any time in recent history. South Carolina is experiencing significant change in
the management and use of our woodlands. Population growth, ownership changes, residential
development, non-consumptive demands, and the presence or absence of markets for our forest
products will determine the future of South Carolina’s forests. To ensure that our forests can
meet the current and future economic, ecological, cultural, and recreational demands placed on
them, managers must focus their efforts on addressing changing landowner objectives,
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fragmentation, current and emerging markets, forest regulation, critical habitats, and
cultural/recreational concerns (SCFC).

Deforestation is a major contributor to the flooding equation because trees prevent sediment
runoff and forests hold and use more water than farms or grasslands. Some rainwater stays on the
leaves, and it may evaporate directly to the air - the more water used in the watershed, the less
remains to run off (Why Files, Flood of Evidence).

Tree roots increase soil permeability, resulting in (SCFC):

e Reduced surface runoff of water from storms;

e Reduced soil erosion and sedimentation of streams;
e Increased groundwater recharge; and

e Improved soil and water quality.

Deforestation carries another driver of flooding - the release of sediment. Vast amounts of
eroded soil wind up in riverbeds, shrinking channels and the river's ability to carry water without
flooding. Soil erosion, as a natural process, is accelerated by deforestation. Trees and plants offer
a natural barrier to water flow through their roots that anchor the soil and prevent it from
washing away. Trees help retain water and topsoil, which provide the rich nutrients to sustain
healthy forest life. When deforestation takes place, it results in decreased water absorption (Faiza
etal.).

FIGURE 2
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C. Wetland Vulnerability

Undeveloped floodplains, wetlands, and open space (in specific locations) naturally store
floodwaters. This critical function can reduce flood risks and increase resilience for nearby
human communities as well as downstream. Past and ongoing development, particularly in areas
of the state that are growing, has been built on floodplains, flood-prone areas and open space that
should be left undeveloped to serve as valuable floodwater storage areas. More of our state’s
floodplains and critical open space may be eliminated or altered as South Carolina’s population
grows and urban/suburban areas expand.

Loss of floodplains and floodwater storage areas puts people at risk, not only on those specific

lands but also on other lands where flooding is magnified due to loss of floodwater storage
capacity.

FIGURE 3: South Carolina Wetlands
(http://www.dnr.sc.gov/wildlife/wetlands/wetlandsmaps.html).
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The successful management of future wetlands for coastal retreat and realignment strategies will
require careful consideration of the effects of floodplain structures on time periods and depth of
inundation affecting below-ground storage capacity, soil surface elevation changes, discharge,
and the realistic movement of the water (Rodriquez).

Identifying high priority floodplains, wetlands, and open spaces through existing maps and
analyses on a county-by-county basis in order to reduce flood damage is of critical importance.
This may require new hydrologic and flooding models, or better synthesis of existing models that
are housed in various agencies or universities. Maintaining the flood storage capacity of
floodplains, wetlands and critical open space through outright purchases, conservation
easements, and tax credits that incentivize preservation will create the economic conditions for
achieving this objective.

FIGURE 4: South Carolina wildlife management areas (http://www.dnr.sc.gov/wma/).
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TABLE: 2012 National Resources Inventory
(https://www.farmlandinfo.org/statistics/south%20carolina).

1997-2002 2002-2007 2007-2012 1982-2012

Agricultural land converted to developed land 74,600 39,900 18,300 395,900
(acres)
Agricultural land at the beginning of the 3981,600 3,657,400 3,482,500 4,710,200

reporting period (acres)

Prime agricultural land at the beginning of the 1,821,600 1,696,600 1,623,600 2,071,900
reporting period (acres)

Forest land converted to developed land 230,900 134,600 83,500 922,400
(acres)
Other land converted to developed land 6,200 2,400 5,400 35,000
(acres)
Total surface area (acres) 19,939,300 19,939,300 19,939,300 19,939,300

D. Shoreline/Beach Erosion

Coastal erosion is the landward retreat of the shoreline in reaction to natural and human factors.
Beach-dune systems act as a barrier to coastal water intrusion for inland areas, but many of these
systems in South Carolina are eroding. Sand dunes, in particular, absorb the impact from high-
energy storms by protecting coastal development from the forces from wind and water.

Stabilization of Dunes
The stabilization of beach dunes is critically important to ensure the prolonged integrity of the
state’s beaches and to protect the homes and business communities in South Carolina. From

2917-2019, state and local governments have invested over $60 million in beach renourishment
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and restoration activities along South Carolina’s coast. In order to optimize the full potential of
these activities, it is critical for sand dune stabilization to be conducted in conjunction with beach
renourishment activities and maintained between renourishments.

Along the coast, the careful planning and planting of native coastal plants can help protect
property from storm damage and flooding. Coastal dunes provide a buffer against coastal hazards
such as wind erosion, wave overtopping, storm surges, and tidal inundation during storm events.
They also provide a natural source of sand to replenish the beach during periods of erosion. For
this reason, the emplacement and protection of coastal vegetation is important for the long-term
security of beach-front properties. Coastal dunes have three general vegetation zones based on
soil salinity that can vary in width or may even be entirely absent. Landward of the highest tides,
frontal zone (or Fore Dune) sites are stabilized by the sand trapping action of various
rhizomatous grasses and low growing forbs that are tolerant of salt spray

Trough areas and additional inland dunes may fall in the Fore Dune area. Landward of the
frontal zone area, the Mid Dune zone (also often called the shrub or scrub zone) supports less salt
tolerant grasses and forbs as well as shrubs and some trees. The forest zone (or Back Dune) is the
vegetation zone farthest from the ocean, and the vegetation in this zone transition from maritime
to non-maritime species. Marshland or grassy areas may occur between the Back Dune and
forest zone areas.

FIGURE 5 (https://www.kauriparknurseries.co.nz/secret-stabilising-saving-sand-dunes/).

Only a few plant species can tolerate the stresses of a dune environment, particularly frontal dune
sites. Fore Dune plants must be able to survive being buried by blowing sand, sand blasting, salt
spray, saltwater flooding, drought, heat, and low nutrient supply. Salt spray, by providing
potassium, sodium, calcium, and magnesium, is a major source of plant nutrients in dune soils. In
the absence of salt-bearing onshore winds, many coastal dune plants grow poorly or die. Many
plant species that occur on dune areas have developed specific attributes to help them survive
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these harsh environments. These include high growth rates, dense root systems, low profiles, and
high flower and seed production rates.

The Back Dune zone, a series of older dunes that are more stable and have higher organic matter,
occur landward of the Fore Dune area. When sufficient organic matter accumulates in dune
fields on the mainland or barrier islands, colonizing woody vegetation becomes established.
Many of the woody species found in dune fields are low growing and shrubby due to low
nutrient and drought conditions. Wind and salt spray can have a dramatic effect on the growth
and appearance of vegetation adjacent to the ocean. High winds and salt spray often prune the
terminal buds of the trees and shrubs growing on the dunes and result in salt-saturated,
windswept canopies. Salt exposure is just one of the many environmental factors that makes
coastal landscaping challenging. Selecting plants that are tolerant to salt exposure will increase
the rate of success. Salt tolerant plants can range from highly to moderately tolerant. High salt
tolerance plants will grow where they are subject to direct salt spray received along sand dunes
and adjacent to the oceanfront. Plants with a moderate salt tolerance will grow adjacent to the
beachfront, but are sheltered by higher salt tolerant plants, structures, or sand dunes.

Native dune species should require little maintenance after establishment. Sites should be
monitored for establishment of invasive species and weeded as necessary. All sites should be
protected as much as possible from foot and vehicular traffic.

Strategies will include:
Plant native vegetation along coastal Fore Dunes (part of the ‘frontal zone’).

This action is especially important following emergency orders when scraping results in a berm
that is in the location of the former primary dune or following beach nourishment. Under these
circumstances, the bare sand is highly susceptible to wind-blown sand transport. Vegetation
anchors this sand from being transported, thus preserving the sand the taxpayers paid for and
protecting the landward infrastructure from future flooding.

Standardize sand fencing regulations statewide.

In S.C. Code §48-39-10 Regulation 30-13.L.(1), there is general language about sand fence
requirements. This language states sand fence installation should be according to plans
established by Department staff. The Department staff language (OCRM — How to Build a
Dune) is “recommended” language, not prescriptive. The requirement for this shore protection
method should be prescriptive. In the absence of vegetation sand fencing is critically important
for stabilizing dunes. There may be circumstances where both are indicated.
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Beach Renourishment.

Beaches are a primary tourism asset for South Carolina’s coastal tourism industry. South
Carolina Parks, Recreation, and Tourism (SCPRT) estimates that approximately two-thirds of all
domestic visitor spending — totaling $8.6 billion — occurs within South Carolina’s coastal
counties. In addition, the state’s coastal destinations serve as primary destinations for much of
the state’s international visitation.

Recognizing the importance of these tourism assets and following the events of Hurricane
Joaquin, the king tides and flooding in 2015, SCPRT — at the direction of Governor Haley’s
office — collected information from the state’s coastal destinations regarding the amount of
erosion that had resulted from these events and the associated costs of renourishing the impacted
public beaches. Based on the information received, SCPRT estimated that the state had
approximately $40 million in beach renourishment needs, including both emergency and cyclical
renourishment needs.

In the FY 17 budget, SCPRT received $30 million in non-recurring appropriations for beach
renourishment. SCPRT Director Parrish and select staff members met with staff from DHEC-
OCRM and, utilizing background information from this meeting, developed a beach
renourishment financial assistance grant program, in which the state provides a 1:1 match for
local funds allocated for hard costs associated with beach renourishment projects. In the wake of
Hurricane Matthew in 2016, SCPRT again polled SC’s coastal destinations and estimated that
this event resulted in an additional $3 million in beach renourishment needs. In FY'18, SCPRT
received $5 million in non-recurring funding for the beach renourishment grant program, and an
additional $11 million in non-recurring funding in FY'19. To date SCPRT has received a total of
$46 million in non-recurring funds for the beach renourishment grant program.

Since 2016, SCPRT has provided approximately $18.4 million in grant funding to local
governments and $3.1 million to SC State Parks for beach renourishment projects. SCPRT has
awarded beach renourishment grant funds to the following local governments:

e Reach I - City of North Myrtle Beach ($890,848)

e Reach 2 - City of Myrtle Beach ($307,500)

e Reach 3 - Horry County (applying on behalf of Surfside & Garden City) ($2,400,000)
e Horry County (Arcadian Shores) ($4,291,250)

e Pawleys Island ($129,598.86)

e City of Isle of Palms ($2,982,603)

e City of Folly Beach ($1,319,739)

e Town of Edisto Beach ($6,070,842)

e Edisto Beach State Park ($3,126,037)
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SCPRT currently has two beach renourishment grant funding requests that are pending award
and allocation: a full renourishment project at Pawleys Island and new groin construction and
full renourishment at Hunting Island State Park.

The U.S. Army Corps of Engineers (USACE) has cost-sharing beach renourishment agreements
in place with the cities of Myrtle Beach, North Myrtle Beach, and Folly Beach, as well as Horry
County. In the case of the Reach 3 State Grant, these funds were used to match with local funds
to cover the local government cost responsibility of the agreement with USACE. The Folly
Beach grant provided funding for groin rehabilitation to supplement and enhance renourishment
work performed by USACE. The grant projects at North Myrtle Beach and Myrtle Beach
provided funding for dune restoration at these two locations, including the installation of dune
fencing and planting.
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II. OPPORTUNITIES

SC Floodplain Mapping Initiative

The citizens of South Carolina face significant hazards from floods and hurricanes, and more
than $7 billion in damages has occurred from flood and hurricane events in the last 25 years The
Federal Emergency Management Agency (FEMA) flood hazard maps are one of the essential
tools for flood hazard mitigation in the United States. Throughout the years, many of these maps
have become outdated, and significant areas of the country remain unmapped. Understanding
the need for current, accurate flood maps prompted the South Carolina Department of Natural
Resources to become a Cooperating Technical Partner (CTP) with FEMA in 1999. South
Carolina is committed to reducing flood risks within the state. Through the CTP program the
SCDNR works with FEMA to update flood hazard information for all of the state's 46 counties.

In 2002, South Carolina alone had over 75 communities that had not been mapped. In
recognition of the connection between flood mitigation, risk reduction, and reliable flood maps,
the President and the U.S. Congress provided substantial funding for Flood Map Modernization
starting in Fiscal Year 2002.

In 2009, FEMA transitioned to the Risk Mapping, Assessment, and Planning (Risk MAP)
program. Risk MAP builds on the flood hazard data and maps that were produced as part of the
Flood Map Modernization Program. The vision for Risk MAP is to deliver quality data that
increases public awareness and leads to action that reduces risk to life and property (SCDNR).

The goals for Risk MAP are as follows:

e Goal 1: Address gaps in flood hazard data to form a solid foundation for flood risk
assessments, floodplain management, and actuarial soundness of the National Flood
Insurance Program (NFIP.)

e Goal 2: Ensure that a measurable increase of the public's awareness and understanding of
risk management results in a measurable reduction of current and future vulnerability to
flooding.

e Goal 3: Lead and support state, local, and tribal communities to effectively engage in
risk-based mitigation planning resulting in sustainable actions that reduce or eliminate
risks to life and property from natural hazards.

e Goal 4: Provide an enhanced digital platform that improves management of limited Risk
MAP resources, stewards information produced by Risk MAP, and improves
communication and sharing of risk data and related products to all levels of government
and the public.

e Goal 5: Align Risk Analysis programs and develop synergies to enhance decision making
capabilities through effective risk communication and management.
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This program should be expanded to cover all vulnerable communities.

There are many opportunities to reduce flood potential by improving management of our
landscapes, both natural and man-made. As is frequently the case, the best opportunity to
manage or mitigate problems is prevention. This can be in the form of preserving natural areas or
preventing problems in the built environment.

A defining principle should be to allow our natural drainage systems to function as naturally as
possible. As the noted geomorphologist and hydrologist Luna D. Leopold famously said, “let the
rivers teach us” (Leopold Footnote comment). He argued that effective water management
required attention to geography, underlying geology, and climate, as well as economic and
political factors. That idea was somewhat revolutionary when he espoused it in the middle of the
last century but should not be so today.

Notwithstanding the need to consider natural factors, economic and political factors remain very
important, particularly in areas already harmed by significant flooding. Therefore, prevention in

areas already developed or being considered for development will be addressed first.

A. Prevention in the Built Environment

One of the most direct descriptions of stormwater management comes from the Sustainable
Sanitation and Water Management Toolbox (SSWM):

The overall culmination of techniques is used to reduce surface run-off from causing
flooding and dispersing pollutants. Stormwater management consists in detaining,
retaining, or providing a discharge point for stormwater to be reused or infiltrated into the
groundwater. It should best preserve or mimic the natural hydrologic cycle and fit within
the capacity of existing infrastructure.

There are numerous opportunities to influence the way we develop land and build buildings and
infrastructure. With the goal of reducing vulnerability to flooding in mind, such opportunities
should “best preserve or mimic the natural hydrologic cycle” to the degree possible. Individual
actions are also important; homeowners, as well as developers and government entities, can and
should be enlisted in efforts to prevent stormwater damage leading to water quality degradation
and, in many cases, flooding.

Many stormwater management techniques are well understood and may already be in plans and
codes of local governments. However, small units of government may lack the capacity to
design or enforce stormwater regulations or may not have felt the need for such regulations until
very recently. In larger jurisdictions, existing stormwater regulations may not be as strictly
enforced as would be ideal, and those regulations may not be as strong as necessary due to
compromises among stakeholders during their development. The following sections describe
opportunities to influence development with flood prevention in mind.
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1. Planning, Design, and Enforcement

Building codes, design standards and various ordinances and regulations can be evaluated and, as
appropriate, strengthened to ensure that new construction not only does not contribute to
increased flood risk, but maximizes protection from flood risk. Simply complying with
minimum federal and state requirements may not be sufficient as storms become more dramatic
and erratic. South Carolina law currently specifies nine required elements of a comprehensive
plan. Local government flood prevention and mitigation efforts could be enhanced by adding a
requirement for a resilience or natural hazard element. As an example, Florida’s comprehensive
planning law requires the plans to:

o Include development and redevelopment principles, strategies, and engineering
solutions that reduce the flood risk in coastal areas which results from high-tide
events, storm surge, flash floods, stormwater runoff, and the related impacts of sea-
level rise.

e FEncourage the use of best practices development and redevelopment principles,
strategies, and engineering solutions that will result in the removal of coastal real
property from flood zone designations established by the Federal Emergency
Management Agency.

o Identify site development techniques and best practices that may reduce losses due
to flooding and claims made under flood insurance policies issued in this state.

e Be consistent with, or more stringent than, the flood-resistant construction
requirements in the Florida Building Code and applicable flood plain management
regulations set forth in 44 C.F.R. part 60.

® Require that any construction activities seaward of the coastal construction control
lines established pursuant to s. 161.053 be consistent with chapter 161.

e FEncourage local governments to participate in the National Flood Insurance
Program Community Rating System administered by the Federal Emergency
Management Agency to achieve flood insurance premium discounts for their
residents.

Most flood mitigation plans contain references to enhanced building codes, stronger subdivision
regulations, new or strengthened development review procedures, and stronger stormwater
management regulations. Examples in South Carolina include the Central Midlands All Hazard
Mitigation Plan and the Richland County Gills Creek Watershed Mitigation Plan.

The Central Midlands plan addresses all hazards; examples of preventive activities in the plan
that are relevant to flood prevention and mitigation include:

e Considering areas subject to repetitive flooding for acquisition for parks and other permanent
open space.

e Revising floodplain mana