Eastern Shore of Virginia Hazard Mitigation Plan

CHAPTER 6: COASTAL FLOODING

INTRODUCTION

On October 28, 2012, Hurricane Sandy — it was still a hurricane as it raked the Eastern Shore of Virginia — had not
yet reached its full strength, and yet it left an estimated $6.3 million in property damage (National Climatic Data
Center Storm Events Database) and displaced more than 25 families (A-NPDC 2013 Annual Report].

Sandy went on to be the second largest Atlantic storm on record, making landfall in southern New Jersey on
October 29 (FEMA, Hurricane Sandy FEMA After-Action Report, 2013), with catastrophic results. Despite the
damage to the Eastern Shore, area residents were fortunate. Had Sandy followed a slightly different course and
moved up the Chesapeake Bay or stalled off the coast as originally forecast, the results for the bay, and the
economy and residents that rely on its bounty, could have been tragically different (“Ecological impacts of
Hurricane Sandy on Chesapeake & Delmarva Coastal Bays, Dennison,” W.C. et. al.). A nine-foot storm surge would
have been calamitous for land, and the sediment washed into the Chesapeake Bay would have been equally
cataclysmic for aquaculture and other water-based economic sectors (ibid).

Flooding accounts for more than 70 percent of federally-declared disasters (Government Accountability Office),
but hurricanes are not the only source of flooding for the Eastern Shore. Different types of storms and the paths
they take, often exacerbated by tide cycles and low-lying elevations, can all affect the extent of coastal flooding.
Add to this global and relative sea level rise, and the causes of coastal flooding become still more complex and
interwoven.

Chapter 1 provided a review of major storms in the Eastern Shore’s history — all tropical cyclones and nor’easters.
However, other storms and events can cause coastal flooding, and the causes are not always easily sorted out.

Strong onshore winds, offshore low pressure systems, changes to ocean currents, and high astronomical tides, or
any combination of these, can also cause coastal floods that disrupt schools, local businesses, and transportation

routes, as was the case on October 2, 2015.

Figure 1: Flooding on Drummondtown Rd. (right), Atlantic Ave. (left), Oct. 2, 2015. Photo Credit: A-
NPDC staff

On that day, Hurricane Joaquin’s center was still in the vicinity of the Bahamas. A “cut-off low aloft” had developed
over the southern U.S. and was fed by a steady stream of moisture from Joaquin. Complicating matters were gales
blowing in from New England associated with a strong pressure gradient that only accelerated as Joaquin moved
northward, and the already-occurring perigean spring tide (the extra-high tide that occurs when spring tide
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coincides with the point where the sun, moon, and earth are in nearly full alignment, maximizing their gravitational
pull). It was the combination of the astronomical high point in the tide cycles, gales from the pressure gradient,
and some swell from Joaquin as it moved northward, even though the storm remained well offshore, that
contributed to the flooding seen in Figure 1. (“Hurricane Joaquin, 28 September — 7 October, 2015 (AL112015);”
www.nhc.noaa.gov/data/tcr/AL112015_Joaquin.pdf) Recorded storm surge on Oct. 2 at Wachapreague was 3.9
feet; Kiptopeke recorded a storm surge of 3.2 feet.

Table 1 provides a recent history of coastal flooding events that were not included in the Chapter 1 list. The events
were taken from the NOAA’s National Climatic Data Center storm events database. Data reinforce that while
hurricanes other tropical cyclones (tropical storms and tropical depressions) are predominant storm types causing
coastal flooding, other conditions, such as coastal low pressure systems, tides cycles, and a rapidly-moving cold
front also brought coastal flooding.

This chapter examines in detail the natural forces and conditions that cause flooding, and the human systems used
to gauge their impacts and protect against harm to lives and property. The quantitative assessment of risks posed
by flooding will be found in the local chapters, beginning with

Table 1: Coastal Flooding Events from NOAA National Climatic Data Center Storm Events Database
1996-2015

Coastal Flooding Events Affecting the Eastern Shore of Virginia 1996-2015
Excluding Hurricanes, Tropical Storms, and Nor'Easters

Property
Event Damage (in | Crop Damage
Date Category 2015 55) (in 2015 $3) |Description Source
COASTAL Flooding at high tide in some streets and yards of the town of Oyster. The
4/17/2003|FLOODING 50 S0|water an Broadwater Circle was over a foot deep. NOAA, National Climatic Data Center
Strong onshore winds resulted in major coastal flooding during high tide.
COASTAL Tidal departures were 4 to 5' above normal. The Chincoteague causeway was
10/6/2006|FLOODING $76,419 $0|closed due to high water. NOAA, National Climatic Data Center
An intense low pressure system off the North Carolina coast combined with
an upper level cutoff low to provide very strong winds, heavy rains, and
COASTAL moderate coastal flooding. Strong onshore winds caused moderate coastal
11/22/2006|FLOODING $117,568 $0|flooding during high tide. Tidal departures were about 3' above normal. NOAA, National Climatic Data Canter
Coastal low pressure produce moderate to severe coastal flooding. The peak
tide height at Kiptopeke was 6.04'abova MLLW. Several streets, homes and
businasses were flooded in low lying areas close to or directly exposed to the
Chesapeake Bay and Atlantic Ocean. lce accumulations reached 1" in some
COASTAL places, causing widespread power outages that lasted up to 10 days in some
12/19/2003|FLOODING 511,048 50| places. NOAA, National Climatic Data Center
A rapidly moving cold front produced an abrupt shift in very strong winds
COASTAL pushing water into inlets and causing moderate to severe coastal flooding
12/21/2012|FLOODING 5154,850 $0|across portions of Accomack County. NOAA, National Climatic Data Center
Intense low pressure moving off the mid-Atlantic coast produced very strong
northeast winds and contirubted to coastal flooding on the seaside side of
Accomack County. Chincoteague causeway was impassable with 2' of water
over the roadway; numerous other roads in Chincoteague impassable. Winds
COASTAL downed trees, produced minor structural damage, and caused scattered
3/6/2013|FLOODING 513,226 50|power outages. NOAA, National Climatic Data Center
Strong high pressure over New England produced strong onshore winds over
the Mid-Atlantic. The strength and duration of the onshore winds, together
with high astronomical tides, and swells from Hurricane Joaquin near the
COASTAL Bahamas, produced moderate coastal flooding along the Atlantic Coast and  |NOAA, National Climatic Data Center
10/2/2015|FLOODING 50 $0|Chesapeake Bay. A tidal departure of 3'-4' resulted in moderate flooding. (data from tidal guages)
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NATURAL FORCES AND CONDITIONS

TROPICAL CYCLONES: HURRICANES, TROPICAL STORMS, AND TROPICAL
DEPRESSIONS

Hurricanes occupy a place in legend and lore to those whose lives and ancestry are tied to the Eastern Shore of
Virginia. Accounts of the tempests date back to the mid-1600s, recording sinking ships, scattered cargo,
demolished settlements, and re-carved landscapes. Shipwrecks themselves testify to of some of these “dreadful”
and “tremendous” storms, as they were colorfully named.

Hurricanes are but one type of tropical cyclone: Organized, rotating systems of clouds and thunderstorms
originating in tropical or subtropical waters. They typically form during the months of June through November and
feed off of the warm tropical waters present in the ocean during this period (National Hurricane Center).
Categories of tropical cyclone are distinguished by wind speed.

e Tropical depressions have a maximum wind speed of 38 mph.

e Tropical storms have a wind speed between 39 — 74 mph.

e  Hurricanes have a wind speed 75 mph or higher.
Hurricanes are further rated by the Saffir-Simpson Wind Scale from 1 to 5 based on the hurricane’s sustained wind

speed (Table 2). This tool helps to estimate potential property damage and threat to human life from winds.

Table 2: Saffir-Simpson Hurricane Wind Scale

Category Sustained Winds Types of Damage Due to Hurricane Winds

Very dangerous winds will produce some damage: Well-
constructed frame homes could have damage to roof, shingles,
vinyl siding and gutters. Large hranches oftrees will snap and
shallowly rooted trees may be toppled. Extensive damage to
power lines and poles likely will result in power outages that could
last a few to several days.

Extremely dangerous winds will cause extensive damage:

T4-95 mph
1 G4-82 Kkt
119-153 km/'h

95-110 mph Well-constructed frame homes could sustain major roof and siding
2 83-95 Kkt damaage. Many shallowly rooted trees will be snapped or uprooted
1654-177 km/h and block numerous roads. Near-total power loss is expected with

outages that could last from several days to weels.
Devastating damage will occur: Well-built framed homes may

3 111-129 mph incur major damage or removal of roof decking and gable ends.
(major) 96-112 Kkt Many trees will be snapped or uprooted, blocking numerous
! 178-208 km/h roads. Electricity and water will be unavailable for several days to
weeks after the storm passes.
Catastrophic damage will occur: Well-built framed homes can
sustain severe damage with loss of most of the roof structure
4 130-156 mph andfor some exterior walls. Most trees will be snapped or
{major) 113-136 Kt uprooted and power poles downed. Fallen trees and power poles
! 209-251 km/h will isolate residential areas. Power outages will last weeks to
possibly months. Most of the area will be uninhabitable for weeks
or months.
Catastrophic damage will occur: A high percentage of framed
5 157 mph or higher homes will be destroyed, with total roof failure and wall collapse.
(major) 137 ktor hig_her Fallen tree_s and power poles will i_snlate residential areas. Power
! 2582 kmv/h or higher outages will last for weeks to possibly months. Most of the area

will be uninhabitahle for weelks or months.

Source: National Hurricane Center
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The scale is not an indicator of the extent of flood damage that can be expected, but winds do affect flooding in

two ways. First, they drive wave action and push waters onshore. Secondly, with larger tropical storms, the storm’s

“THERE HAPPENED A MOST VIOLENT STORM IN
VIRGINIA WHICH STOPPED THE COURSE OF
ANCIENT CHANNELS AND MADE SOME WHERE
THERE NEVER WERE ANY.”

LETTER BY A*“MR. SCARBURGH”, TRANSACTIONS OF ROYAL
SOCIETY OF LONDON, 1694, REGARDING THE ACCOMACK
STORM OF 1693

Figure 2: Paths of tropical and extra-tropical systems with
75 statute miles of Painter, Virginia, 1842-2013. Source:
NOAA Digital Coast, Historical Hurricane Tracks

low pressure elevate the water and then push it
ahead creating an elevated storm surge at the
leading edge of the storm.

Figure 2 is a compilation of the tropical cyclones
that have tracked within 75 miles statute miles
of Painter, Virginia, more or less the center
point of the Eastern Shore, from 1842 to 2013
as catalogued by NOAA, and identified by
category.

Category 5 Hurricane
Category 4 Hurricane
Category 3 Hurricane
Category 2 Hurricane
Category 1 Hurricane
Tropical Storm
Tropical Depression
Extra-Tropical

Not Applicable

One disadvantage of using a mileage buffer to
look at storm threats is that it ignores the
massive scale of tropical cyclones. One glaring
absence from Figure 2 is Hurricane Sandy; its

storm-force winds extended over 1,000 miles in diameter, yet it did not register in Figure 2, as it only depicts

tropical cyclones that passed within 75 miles of Painter. Figure 3 traces the path of Sandy from its formation in the

Caribbean until it dissipated entirely east of Cleveland. At its nearest point, the eye was more than 100 miles away-

and that was near Chincoteague after Sandy had begun to turn west and was no longer a hurricane.

Yet Sandy managed to cause more than $6 million in damage across the Eastern Shore, including significant

damage in Cape Charles, Saxis, Sanford, Tangier, and other bayside locations, in addition to losses on
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Figure 3: Track of Hurricane/Post-Tropical Cyclone
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Chincoteague. Although sustained winds did not
reach a tropical storm strength on the Eastern
Shore, the flow of the existing wind and impact on
tides, similar to a severe nor’easter, is responsible
for the damage from Sandy.

Likelihood of Recurrence: The long time frame of
Figure 2 does not provide a sense of the frequency
of tropical cyclones over the short term. In its study
of recurrent flooding in Tidewater Virginia, the
Virginia Institute for Marine Science (VIMS), citing a
NOAA report, asserts that a tropical storm, or its
remnants can be expected to affect Virginia every
year, with hurricanes every 2.3 years.

NOR’EASTERS

Nor’easters are cyclonic storms that form along the
Atlantic Coast of North America when the polar jet
stream reaches the Atlantic and meets warmer air
pushed up from the Gulf of Mexico and southern
Atlantic. They typically develop within 100 miles of
the coastline between Georgia and New Jersey and
are strongest and most frequent between
September and April (NOAA).

Some of the most damaging floods the Eastern
Shore has experienced have been from nor’easters,
which tend to move more slowly than hurricanes,
lasting through multiple tide cycles. Further
exacerbating the flooding, the storms sometimes
occur in pairs, with one flood not fully receding
before the next nor’easter flooding begins.

Some nor’easters are seared in the memories of
Eastern Shore residents as much as or more so than
hurricanes: storms like the devastating Ash
Wednesday storm of 1962 and the nor’easters of
November and December 2009. With the exception
of “The Perfect Storm,” nor’easters do not tend to
receive the same public excitement as hurricanes,
but they can pack the same winds, catastrophic
flooding, and severe coastal erosion.
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Notorious Nor'easters

Ash Wednesday Storm
March 6-8, 1962

The Ash Wednesday storm
moved north over the Eastern
Shore and then reversed
course moving south, bringing
several days of coastal
flooding. Waves from
Chincoteague Bay broke on
the high school, splashing the
roof. Main Street flooded. Five
homes were destroyed, and
almost 1,000 homes were
inundated by floodwaters. One
hundred of the famous
Assateague ponies were killed.
The island’s seafood industry,
while damaged, survived, but
the poultry industry did not.
Other coastal communities
also were flooded during this
storm. (Flood Reports of the

1962 Ash Wednesday Storm,
USACE)

Northeaster of March 28-29,
1984 The storm'’s track over the
lower Chesapeake Bay caused
the worst tidal flooding in
Accomack County since the
1962 Ash Wednesday storm.
Gusts of 50 mph were
recorded and towns on the
bayside were inundated with
water. Saxis and Onancock
were inundated with as much
as five feet of water. Tangier
Island saw a foot of water over
75 percent of the island. East
Point, Chesconessex, Mears
and Sanford were all flooded.
(Accomack County
Community Rating System
application)

Coastal Flooding

Other notorious nor’easters, including the so-called “Nor-Ida”
nor’easter of November 2009, which formed from the
remnants of Hurricane Ida, and during which tides exceeded
levels experienced during Hurricane Isabel.

Likelihood of Recurrence: Nor’easters occur with sufficient
frequency to provide a high level of confidence they will
continue to be a significant coastal flooding threat.

ASTRONOMICAL TIDES

Note: Information in this section sourced from NOAA Ocean
Service

Astronomical tides on their own rarely cause more than
nuisance flooding, but high astronomical tides combined with
storms can worsen coastal flooding. To understand how this
happens, it is helpful to understand astronomical tides.

Astronomical tides result from the gravitational pull of the sun
and the moon on the earth’s oceans, causing the oceans to
bulge. Because the moon is closer to the earth than the sun, its
effect on tides is greater.

As the moon makes its monthly orbit around the earth, and the
earth makes its yearly orbit around the sun, the oceans are
pulled back and forth as the bodies’ positions relative to one
another change, causing tides go in and out.

Table 3: Tidal Ranges at Eastern Shore Tidal Stations

Tidal Ranges
Great
Mean Tidal Diurnal
Range Change*

Seaside
Chincoteague Bay Inlet** n/a nfa
Wachapreague 4.02 451
Bayside
Chesapeake Bay Bridge Tunnel 255 2.30
Kiptopeke 2.60 2.94
Massawadox Creek** nfa nfa
Saxis** nfa nfa
*difference between highest and lowest
tides of the day
**Tidal gauges deployed by USGS in 2015
Source: NOAA Tides and Currents and waterdota. USG5 gov
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NOTORIOUS NOR’EASTERS

Halloween Nor’easter — Oct. 1991
Before going on to ravage New
England as told in the movie “The
Perfect Storm,” this nor’easter
unexpectedly hit the Eastern Shore
causing extensive damage to the
barrier islands. Many piers and a
motel were damaged, and many
residents did not react in time to
keep themselves from being
stranded. (Accomack County
Community Rating System
application)

Twin Nor’easters — Feb. 1998 Half of
Chincoteague was submerged, and
many Tangier residents could not
remember a storm with higher tides.
Roof damage was reported due to
high winds. (Accomack County
Community Rating System

application)

Nor’easters of Nov. & Dec. 2009 The
storms produced high winds, heavy
rains, power outages, tree damage,
flooded roadways, and persisting
over several tidal cycles, causing
extensive coastal flooding. The Town
of Chincoteague declared a local

emergency with 13 inches of rain and

4 to 5 foot storm surges that
battered the island and overtopped
the causeway. Overwash on
Assateague Island caused $450,000
in parking lot damage. A December
nor’easter brought up to an inch of
ice in places, leaving some without
power for up to 10 days.

In the normal course of a day, the NOAA official tide stations
record tidal differences between high and low tide of about three
feet on the bayside and four and a half feet on the seaside (Table
3).

During new and full moons, the earth, moon, and sun are nearly in
full alignment, and the gravitational pull of the moon and sun are
working together to cause the oceans to bulge more than usual.
New and full moons cause high tides to be slightly higher and low
tides to be slightly lower than average. These are known as spring
tides.

PERIGEAN-SPRING TIDE

Earth's yearly !
orbitaround sun

NEW MOON

Moon closest to Eart
monthly orbit (perigee)
Moon in alignment with sun

i —

orbit around Earth Moon between Earth and sun

FULL MOON @

Moon closest to Earth in
monthly orbit (perigee)

!
Earth's yearly >\
orbit around sun

Moon in alignment with sun

Earth between moon and sun

oceanservice.noaa.gov

Figure 4: Perigean Spring Tide. Source: NOAA Ocean Service

Every 28 days, the moon reaches its closest point to the earth,
known as a perigee, which also causes a larger tide. When perigee
coincides with a spring tide, three or four times each year, it is
referred to as a perigean spring tide (Figure 4), and the effect is to
expand the tidal range, as illustrated in Figure 5. Notice how the
length of line representing the difference between low tide and
high tide at the Kiptopeke tidal gauge is elongated approaching the
perigean spring tide on February 18.
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The converse of the perigee is the
Observed Water Levels at 8632200, Kiptopeke VA
From 2015/02/01 00:00 GMT to 2015/03/01 23:59 GMT apogee — the point in the earth’s
elliptical orbit where the earth is
farthest from the sun and the sun’s

N ( I l N ‘ gravitational pull on the earth is
A AA the weakest.

| v | ; !:. | !. Table 4 demonstrates some of

' v i" ! | ' i _ ‘ i ‘ ‘_ these effects with the moon and

: ' [ V V ‘ tide phases on the landfall
approach for some of the Eastern

00:00 00:00 00:00 00:00 00:00 0o0:00 00:00 00:00 4 H H
2/8 2/10 2/12 2014 2/16 2/18 2/20 2/22 Shore’s historic storms.
‘ — Predictions — Verified — Preliminary |

Figure 5: Perigean Spring Tide at Kiptopeke Tide Gauge. Source:
NOAA Tides and Currents

Table 4: Moon/Tide Phases Coinciding with Historic Eastern Shore Storms

Storm Phase of the Moon Perigee/Apogee
September 3, 1821 . :
First Quarter (Meap Tid A :
(The Great September Gust) trst Quarter (Neap Ticle) Pogee
.L"ﬂ.lgust 23,1933 Waxing Crescent — 3 Days from the New Moon In between
(The Chesapeake-Potomac Hurricane) (Spring Tide) =
Dl‘:tﬂ!)ﬂf 15, 1954 Waning Gibbous - 3 .Dag.':& from the Full Moon 2 Days afier the Perigee
{(Hurricane Hazel) (Spring Tide) :
March Gi-8+, 1962
Mew M Sprng Tid Perigee
{The Ash Wednesday Storm) ew Moon (Spring Tide) engee
Si:ptembcr 15416, 1999 Waxing Crescent — 6 Days from the New Moon A .
{(Hurricane Floyd) and 2 Diays to the First Quarter (Neap Tide) fpogee
. Waning Gibbous — 8 Days from the Full Moon | .
Seprember 184, 2003 (Hurricane Isabel) and 1 Day to the Third Quarter (Neap Tide) Apogee
MNOTE: The Ash Wednesday storm occurred dunng a pergean sprng tide. Both the new moon and the perigee occurred on
March 6th, 1962 the first day of the storm.

STORM SURGE

Note: information in this section is sourced from the National Hurricane Center.

The high tide generated by a storm that is above the predicted astronomical tide is known as storm surge. The
surge is produced by the force of the cyclone winds pushing the water ahead, along with the lesser force of the low
pressure. Figure 6 illustrates this effect.
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Wind and Pressure Components of Hurricane Storm Surge

Storm moﬁ»

Water on ocean-side
flows away withou
raising sea level much * As water approaches land
it “piles up* creating storm surge

EThe COMET Program

Figure 6: Wind and Pressure Components of Hurricane Storm Surge. Source: The Comet Program.
©1997-2015 University Corporation for Atmospheric Research. All Rights Reserved.

The bathymetry of the ocean and bay floors also greatly influence storm surge. Shallower gradients, such as those
along the bayside and seaside of the Eastern Shore, allow for greater storm surge. For example, a Category 1
hurricane may cause four to five feet of surge. However, the shape of the Chesapeake Bay “pinches” the water and
thereby make the surge grow in height on the bayside.

17 ft
storm tide

e 15 ft Surge

2 ft normal
high tide
Mean sea level

NOAAThe COMET Program

Figure 7: Storm Surge vs. Storm Tide. Source: NOAA/The COMET Program. ©1997-2015 University
Corporation for Atmospheric Research. All Rights Reserved.
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Storm surge is not the same as storm tide. Storm tide refers the water level rise attributable to the astronomical
tide plus the effects of the storm surge, as illustrated in Figure 7.

SEA LEVEL RISE AND COASTAL FLOODING

The consensus of scientists reporting to the Virginia General Assembly in January 2013 on recurrent coastal
flooding in southeast Virginia was that:

e sealevel rise is an established fact;
e water levels in Hampton Roads (including the Eastern Shore) have risen 1 foot over the last 80 years; and

e Hampton Roads should anticipate sea level rise of 1.5 feet over the next 20 to 50 years.
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Figure 8: Sea Level Rise Scenarios. Source: Adapted from 2013 VIMS Recurrent Flooding Study to
reflect local rates of land subsidence.

There is ample scientific evidence linking sea level rise to increasing global levels of greenhouse gases. Four sea
level rise scenarios were developed for the National Climate Assessment, based on a range of greenhouse gas
emissions. These scenarios were modified to account for land subsidence — the slow sinking of landforms - and
used by the Virginia Institute of Marine Science (VIMS) as the basis for estimates of sea level rise in southeast
Virginia. VIMS scientists later adapted these scenarios to reflect rates of land subsidence on the Eastern Shore. The
results of these scenarios are found in Figure 8.
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There are a number of factors
contributing to sea level rise, and

[

one way to examine them is by

Chesapeake

looking at eustatic, or global
causes, and isostatic, or relative
sea level rise from changes in the
land elevation.

RELATIVE SEA LEVEL
RISE

Relative sea level is the perceived
Atlantic

Ocean

water level as it relates to the
level of land. The discussion of
relative sea level rise in the lower
:i;gci::a Chesapeake region begins
approximately 35.5 million years
ago when a bolide, or object from
space, two to three miles in
diameter, struck near the area
that is now Cape Charles, creating

an impact crater roughly twice

the size of Rhode Island (Figure
Figure 9: A Bolide Bulls-Eye. Source: USGS 9). The crater, now underlying all
of Northampton County and
portions of southern Accomack County, and the sediments that have buried it, have continuously settled over
time, creating increased subsidence of landforms in the region (USGS Fact Sheet 049-98).

A second cause of subsidence is rebound of the earth’s crust from glaciers. Even though the Laurentide ice sheet
did not reach the lower Delmarva Peninsula, the weight of the ice as it pressed down caused the earth’s crust to
bulge in adjacent areas. As the ice retreated, and the pressure it exerted was relieved, the earth’s crust began to
rebound, the bulging areas began gradually sinking, and in fact are still trying to achieve a state of equilibrium
(USGS Circular 1392).

Two other factors that affect relative sea level rise to a lesser degree on the Eastern Shore are groundwater
withdrawal and tectonic changes. Subsidence from all sources range from 1.2 millimeters of subsidence per year at
Kiptopeke to 2 millimeters per year at southern Assateague (Holdahl and Morrison, 1974).

GLOBAL SEA LEVEL RISE

The increasing volume of water in the ocean is a global cause of sea level rise. As water trapped in glaciers and ice
sheets melts into the earth’s oceans, and water already in the ocean expands as the temperature increases, the
volume of water in the ocean increases, causing sea level to rise (VIMS).
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Scientists posit that another contributor to sea level rise could be changes to the Gulf Stream brought on by
warmer polar regions. A smaller difference in temperature between the Atlantic coast and the polar region slows
the cycle in which waters sink and move south as they are cooled, which in turn slows the rate at which they are
replaced by warmer waters drawn north (VIMS). The result of the sluggish cycle is higher tides in the mid-Atlantic,

as illustrated in Figure 10.

Gulf stream elevation gradient vs. coastal sea level

£ 2
] 7]
g 3
m i}
& -
0.10 = Baltimore --0.33
0154 — Annapolis L .0.49
== Solomons Island
0.207 === Gulf Stream strength in (m-1.3m)/100km -0.66
-0.25 T T T T T T T T - -0.82
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Figure 10: Sea level at elevation vs. Gulf Stream strength. Source: Ezer et al., 2013

The result of sea level rise is that it essentially raises the base flood elevation. The same VIMS study estimates 208
square miles of land in Accomack County is vulnerable to sea level rise over the next century, and another 186
square miles is vulnerable in Northampton County, along with increased threats from erosion and infrastructure

flooding.

A study conducted by the A-NPDC during 2015 examined the implications of future sea level rise upon roads within
the region and the communities they serve. The study found that at just one foot of inundation — a threshold that
could be reached in the next 10 years — could put the majority of Tangier’s roads completely under water, disrupt
access to eight more communities, and limit access to two more. More about the study results can be found in
local chapters, beginning with Chapter 8.
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Vulnerability of Virginia’s Eastern Shore to Sea Level Rise

“Several communities in Accomack are considered vulnerable to sea level rise. The natural resource-based
agriculture and seafood industries of the region are being impacted as farmlands are experiencing increased
inundation and salt contamination and local seafood industries are experiencing problems created by
stormwater runoff and changing coastal dynamics. Accomack has three developed islands, Tangier, Saxis and
Chincoteague. In Tangier, approximately 90% of structures are in the 100-year flood plain, the entire island is
below the 5-ft contour, and severe shoreline erosion threatens the island. Saxis Island also has severe erosion
problems, and the northern portion of the island is very low-lying land. The evacuation route, a causeway
through the marsh, is at risk from both potential compaction of the road bed and erosion of the surrounding
marshes as well as recurrent flooding and sea level rise. Chincoteague is somewhat less vulnerable to erosion,
because it is located in the wave attenuated Chincoteague Bay, but is vulnerable to recurrent flooding and sea

level rise.

“Overall the risk to communities in Northampton County is lower than those in Accomack County. This is due in
a large part to topography; even the lowest lying town (Town of Cape Charles) is mostly above the 5-ft
elevation. However, it is still vulnerable to storm surges and stormwater flooding as drainage ditches become
tidal, reducing their capacity to handle stormwater. The lowest lying lands (the barrier islands) are largely
undeveloped. The primary impact from sea level rise is expected to be increased shoreline erosion.”

“Recurrent Flooding Study for Tidewater Virginia,” Virginia Institute of Marine Science, 2013.

ELEVATION

The elevation of land in relation to water levels must also be considered as a contributing factor in flooding.
Northampton and Accomack Counties are low-lying areas with the highest elevation in the town of Melfa at 60

feet above mean sea level.

In 2011, LiDAR (Light Detection and Ranging) elevation data was acquired for all of the Eastern Shore. LiDAR data is
collected by flying aircraft using light pulses to measure distance to earth. The data is the most accurate
comprehensive elevation data collected for the Eastern Shore of Virginia, accurate to within about six inches. In
2015, a second set of LiDAR elevation data was collected and further enhanced the region’s planning capacity.

The 2013 VIMS study considered anything under 4.5 feet to be potential recurrent flood zones (Figure 11).
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Potential Flooding Zones - Eastern Shore
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Figure 11: Potential Recurrent Flood Zones
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TYPE, LOCATION, AND EXTENT

FLOOD ZONES

A flood is a general and temporary condition where two or more acres of normally dry land or two or more
properties are inundated by water or mudflow. To identify a community’s risk, FEMA conducts a flood insurance
study, which is then used as the basis for maps that identify flood risk areas, called Special Flood Hazard Areas
(SFHA). The maps are known as Flood Insurance Rate Maps or FIRMs.

It should be pointed out that FIRMs and flood zones are regulatory tools used to set construction standards and
flood insurance rates, and are based on a flood that has a one percent chance of occurring in any given year.
Although storm surge is a factor in determining the extent of the flood zones depicted on FIRMs, a storm surge
map issued for a given storm is not the same, and a FIRM should not be counted on to determine potential storm
surge from a storm event.

V ZONES

V zones are the portion of the Special Flood Hazard Area (SFHA) that extends from offshore to the inland limit of a
primary frontal dune along an open coast, and any other area subject to high-velocity wave action. Within these
zones, damage from coastal flooding is from hydrodynamic force called velocity flow. This type of flow is known to
scour around buildings and to destroy structures in its path. In addition, velocity flow picks up debris and smashes
that debris into anything in its way. FEMA has identified areas where velocity flow from the 100-year flood event
would occur as V zones. These flows commonly damage or destroy any wall that is struck by this moving water.

Current floodplain management ordinances require that in V zones any new structure be built with its lowest
horizontal structural element to be elevated above the Base Flood Elevation. Further, no living space is to be put
below the Base Flood Elevation and any enclosures must have breakaway walls.

The debris carried by velocity flow can destroy a structure that is built to flood regulations. This debris commonly
includes parts of houses, decks, vehicles, propane or oil tanks, and any other objects that the floodwater picks up.
During Hurricane Isabel in 2003, six-ton riprap was swept-up from beaches and came to rest in front of houses.
Smaller riprap actually was swept through broken walls and came to rest inside of structures. If flood-borne debris
strikes or gets caught against the foundation of a post-FIRM structure, that structure could sustain severe damage
or destruction despite it being built to floodplain regulations.

Waves are another source of damage to structures in velocity flow areas. When waves break against a structure
the tremendous force can damage the walls. Waves commonly destroy decks as waves advance up a vertical wall
further than they would on a sloped surface.

(Source for this section: Coastal Construction Manual, 2011; local oral accounts from Hurricane Isabel)

A ZONES

A zones are areas where the one-percent-annual-chance flood would inundate, but waves would not exceed three
feet.
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A-zone construction must have the lowest floor positioned at or above the base flood elevation, and foundation
walls must be equipped with openings that allow floodwaters to enter and exit to equalize hydrostatic pressure
(Figure 12).

Minimum NFIP elevation requirement In Zone A

-«—— Toward flood source

100-year stlliwater
slevation

100-year wave crest
alevation = BFE

Wave trough -/ L Wave height < 3 feet Opening for

flood waters

Exceeding NFIP slevation raquirement In Zone A

-+—— Toward flood source /\
Freeboard \;L

Figure 12: Recommended Elevation for Buildings in Zone A Compared to Minimum Requirements
Source: FEMA Coastal Construction Manual, 2011

FEMA post-storm inspections have shown that coastal A zones are areas of increased damages. The A zone
regulation does not take into account the hazards of waves, hydrodynamic flow and erosion. Yet coastal A zones
can be subject to all of these hazards during a 100 year flood event.

Some of the coastal A zones may not experience these types of hazards but will suffer from damage from standing
water. Common types of direct damage include waterlogged and corroded building elements, waterlogged
furniture, damaged electronic appliances and equipment, damaged tanks from buoyancy forces, and contaminated
exteriors and interiors from black water. In addition, building materials may wick up floodwater to higher areas not
directly inundated (FEMA Coastal Construction Manual, 2011). All new construction must address these issues and
meet the Virginia Uniform Statewide Building Code.
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Damages from flooding increase rapidly with water depth. The National Flood Insurance Program provides an
online interactive flood damage estimation tool at floodsmart.gov. Based on estimates from this tool, just 1 inch of
water in a 1,000-square-foot home built on a slab with average furnishings would cause an estimated $10,600 of
damage — most of it in finished floors and carpet. At 6 inches of water, the damage estimate roughly double.

Former flood zone maps used still water to establish base flood elevations, not taking into account wave height
associated with storm surge. New FIRM maps effective in early 2015 incorporated this information, along with the
line of moderate wave action (LIMWA) — a line that delineates the approximate edge of 1.5-foot wave height,
which although not in a velocity zone, can still pose a significant hazard to properties constructed to AE-zone
standards (Accomack County Flood Insurance Study, 2015).

SECONDARY FLOOD HAZARDS

Secondary hazards associated with coastal flooding include water that contaminates wells. Floodwater commonly
becomes contaminated with pollutants. When this water level is above the elevation of a well’s air vent, the
contaminated water can flow into the well and render it unusable until the water is treated and in agreement with
state and federal health standards. Wells for public use are required to be tested regularly per state and federal
health regulations, but private wells are not held to the same standards. Therefore, private well owners are
responsible for tracking the water quality of their wells. In economically disadvantaged communities, private well
owners may not be able to afford the sampling needed to ensure adequate water quality.

On the Eastern Shore, several types of older wells are in use. The rarest type is the hand dug well. This well is
usually 10 to 12 feet deep and would have initially been used with a bucket. There are also shallow wells, less than
100 feet deep, that have a static water level near the top of the well and a non-submersible pump that pulls water
into a tank.

Deeper wells, greater than 100 feet, that were drilled prior to the 1970s, were designed in much the same way but
instead of just a pump located in the top of the well there is a second pipe running down to the static water level
capped by a packer with a venturi. The packers were most useful with metal pipes but in the 1970s most well pipes
were replaced with PVC and the packers could not easily maintain a seal against this material. These wells also
have low pumping rates and are hard to prime if power is lost (Written communication, Jon Richardson, Eastern
Shore Health District, May 10, 2016).

In most cases, since the 1970s, submersible pumps have been used. The well with this setup needs an air vent.
During a flood, water can enter the well through the air vent. Elevating this air vent above the Base Flood Elevation
is one of the best ways to avoid contaminated floodwater entering the well. (Written communication, Jon
Richardson, Accomack and Northampton Health Department, May 10, 2016). An NFIP flood policy will not cover
wells damaged by floods (NFIP Standard Flood Policy).

Septic tanks and septic systems are also not covered under an NFIP flood policy. When a flood is in the area of a
septic tank, the water will backflow from the drainfield into the tank causing the cushion of air at the top of the
tank to disappear. This means the tank can no longer handle flow from the structure and drainage will fail inside.
After the floodwater recedes a small cushion of air will redevelop and it is during this time that sewage can escape
the septic tank through the drainfield. This small cushion of air will allow the tank to accept wastewater from the
structure, but at the level of drainage inside the tank the water is poorer than it usually is. This poor quality water
containing sewage can escape into the drainfield (Written communication, Jon Richardson, Eastern Shore Health
District, May 10, 2016).
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Alternative sewage systems are much more susceptible to flood waters than conventional septic tank and drain
field (STE) systems because they, in most instances, rely on an above grade mound to dispose of wastewater. All of
the mound, or portions, could erode away during a flood event. Alternative systems also produce a higher quality
(cleaner) effluent than STE systems. In addition, they include electrical components to operate pumps and pre-
treatment tanks which can malfunction if exposed to flood waters. A pump malfunction would render the system
incapable of receiving wastewater from the home once that tank filled with wastewater. A failure of the pre-
treatment tank operation would result in wastewater of lesser quality to be dispersed to the mound which would
foul the distribution piping in the mound and could lead to premature mound failure. Pre-treatment tanks are also
susceptible to flooding (Written communication, Jon Richardson, Eastern Shore Health District, May 10, 2016).

HUMAN SYSTEMS

NATIONAL FLOOD INSURANCE PROGRAM (NFIP)

While NFIP flood insurance covers some losses associated with flood events, several types of property have no
available coverage under this program.

Although NFIP flood insurance has many exclusions and types of property not covered, some of the more
important ones to remember are wells, septic systems, land, seawalls, bulkheads, piers, wharves, containers,
decks, driveways, and walks. In addition to these, FEMA’s 38 General Property Form, Standard Flood Policy lists
several other types of property that will not be covered. Finally, NFIP flood insurance only covers flood damage,
not coastal erosion, rain damage, wind damage, or water spray. Past disasters have shown that many policyholders
while carrying flood insurance for the structure do not purchase flood contents insurance. In Hurricane Floyd,
several homes were not structurally damaged to a great degree, yet the contents were totally destroyed (local oral
accounts).

The federal government requires that all improved property in a SFHA with a federally backed mortgage be
covered with flood insurance. Contents coverage is not required unless it is part of the security of the mortgage.
Many buyers who are confronted with this requirement will obtain flood insurance for the structure but will opt
not to buy contents insurance to reduce the cost of closing on the property. After an event occurs, these
policyholders learn the costly consequences of this decision.

Although the 100-year base flood is a 1% chance in each year that it will occur, over 30-years (the standard
mortgage) a structure in an A or V zone will have a 26% chance of experiencing a 100-year flood. If that same
house lasts 70 years, the useful life of most buildings, it has a 51% chance of experiencing a 100-year base flood.
The 50-year flood event has a 45% probability of occurring within its floodplain over the course of a 30-year
mortgage and a 76% chance of occurring in 70 years. It is important to understand that a smaller flood such as the
50-year event could damage a structure, especially those built below the Base Flood Elevation. The 50-year still
water elevation for V zones ranges from 7.5 — 8.5” on the seaside and 3.8 — 7.4’ on the bayside. In addition, the 50-
year still water depth in Chincoteague Bay ranges from 4.8 — 6.0’.

Over time, buildings become more susceptible to hazards, so it is important to maintain coastal structures. The
predominant hazards in coastal areas are corrosion from salty air and wind driven salt spray, termites, moisture,
and sun-caused weathering. Regular maintenance lowers the risk of flood damage during a storm event. The 2011
FEMA Coastal Construction Manual recommends an annual inspection of foundation, exterior walls, porches,
walls, floors, windows and doors, roof, and attic using a checklist provided in the manual.
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COMMUNITY RATING SYSTEM

Localities volunteering to participate in the NFIP Community Rating System (CRS) have chosen to recognize and

encourage floodplain management activities that exceed the minimum NFIP requirements. The CRS is a voluntary

incentive program that rewards residents with reduced flood insurance premium rates as result of the

participating community’s actions pertaining to the three goals of the CRS: reducing flood losses, facilitating

accurate insurance rating, and promoting the awareness of flood insurance. Flood insurance premium rates are

discounted in increments of 5% for the ten different class ratings.

Accomack County, plus the towns of Cape Charles, Chincoteague, and Wachapreague participate in the Community

Ratings System. Information about savings through their participation in the program can be found in Table 5.

Table 5: Eastern Shore participation in Community Rating System
Source: FEMA, as reported by Wetlands Watch on Feb. 11, 2015

Community Rating System Parlicipation

Number ([Total NFIP  [Total CRS

of Policies [Premium Discount
Accomack County 2,789 32,344,251 3240.330
Cape Charles 337 3374411 $17.891
Chincoteague 954 $980,532| 3104.810
Wachapreague 109 $107,257 5,329
Eastern Shore 4,189 $3.808,451| $348.340

Communities participating in CRS
are rated A, B, or C based on the
number of repetitive losses. Each
category carries specific steps that
must be taken, with C requiring a
plan or repetitive loss analysis.
Accomack County is the only
community currently participating in
CRS that must take this step. As a
Category A, Cape Charles is required
only to submit information as
needed to update the repetitive loss
list. Chincoteague and

Wachapreague are Category B communities, and must take steps to identify the repetitive loss areas and

properties, but not in the level of detail required for Category C communities. Several other localities in the region

have expressed interest in joining the program but have not done so to date due to staff limitations.

REPETITIVE LOSS PROPERTIES

An insured property with two or more NFIP losses (occurring more than 10 days apart) of at least $1,000 each

during any 10-year period since 1978 is known as a repetitive loss property. A 2004 report of the U.S. Government

Accountability Office found 38 percent of NFIP claim costs were the result of repetitive loss properties. Between

the two counties, 73 repetitive loss properties have seen 208 losses with payments from the NFIP totaling nearly

$3.3 million for both structures and contents. These repetitive loss properties are addressed within the local

chapters, beginning in Chapter 8.

Chapter 6 | Page 19



	INTRODUCTION
	NATURAL FORCES AND CONDITIONS
	Tropical Cyclones: Hurricanes, Tropical Storms, and Tropical Depressions
	Nor’easters
	Astronomical Tides
	Storm Surge
	Sea Level Rise and Coastal Flooding
	Relative Sea Level Rise
	Global Sea Level Rise

	Elevation

	TYPE, LOCATION, AND EXTENT
	Flood Zones
	V Zones
	A Zones

	Secondary Flood Hazards

	HUMAN SYSTEMS
	National Flood Insurance Program (NFIP)
	Community Rating System
	Repetitive Loss Properties



