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 Maine Geological Survey Maine’s History of Sea-Level Changes 
Introduction  (continued) 

We do know that in Maine, land-level adjustments 
were very important during and soon after the last 
Ice Age, the latest Pleistocene, from about 14,000 
to 10,000 years ago. During our present geologic 
epoch, the Holocene, which represents the past 
10,000 years, global sea-level changes were the 
dominant effect. Nevertheless, there is some 
evidence that local earthquake activity and 
distortions of the land surface that are not 
accompanied by large earthquakes may be 
warping the coast. 
 
Figure 2 depicts Maine's local relative sea-level 
curve for the past 14,000 years. We know from 
other studies, involving radiocarbon dating that 
world-wide (eustatic) sea level was some 110 
meters (360 ft) below present about 14,000 years 
before present (BP). However, since the weight of 
local ice sheets over 1000 m (3300 ft) thick had 
bowed down the Earth's crust, the level of Maine's 
coast was actually below the local sea level. 
Eustatic sea level was low, but rising at this time. 
Thus, Figure 2 shows relative sea level 70 m (230 
ft) above present.  

Maine Geological Survey 

Figure 2.  Maine's local relative sea-level 
curve for the past 14,000 years.  
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Sea Level Variability by Month Bar Harbor 1947-2023
 = Minimum      = Maximum

 = Current Year      = Historical Average

Annual Sea Levels NOAA Station 8413320 Bar Harbor 1947-2023
1947-2023 average: 2.35±0.12 mm per year or 0.77 ft (9.25 in) per century
1993-2023 average: 3.54±0.53 mm per year or 1.16 ft (13.93 in) per century

January 2023
was the

1st highest since 1947
This is up from December 2022

which was the
2nd highest since 1947

Sea Level Rise Trends

Short Term (1993-2023)
3.54 mm/yr or 1.16 ft/century

Long Term (1947-2023)
2.35 mm/yr or 0.77 ft/century

Sea level differences for 2023 from the long-term average (Bar Harbor
1947-2023) as compared with maximum values

Annual Sea Levels Referenced to 2000, NOAA Station 8413320, Bar
Harbor 1947-2023

 = Low      = Intermediate      = High Scenarios 
 = Long Term Trend

NOTE: The intermediate scenario is the "commit to manage" and the high scenario is the
"plan to prepare" level in the Maine Won't Wait Climate Plan. Low, Intermediate, and High

scenarios are based on Sweet et al., 2017.

Historical Hours Above King Tide Level for Bar Harbor
 = Historical     = Long Term Average = 25.3 hours/year   

Predicted Hours Above King Tide Level for Bar Harbor
 = With 0.8 feet of Sea Level Rise     = With 1.5 feet of Sea Level Rise

NOTE: For the purpose of this analysis, King Tide is defined as water levels that reach to within 5% of the Highest Astronomical Tide, or greater.

Station Collection Years

Change from Last Month

From 2nd to 1st

SLR Trend (1993-2023)

3.54 mm/year

Maine Sea Level Rise Dashboard
Select Station: Bar Harbor



Recent
6 X Increase 

in Severe 
Storm 

Frequency

Upper 10% Storm Surges in Camden Maine1

(Units in feet)

Date Predicted2 Measured2 Height Abv 
MSL3 Freeboard4 Rank

2022-12-24 12.58 12.89 7.47 2.71 20
2022-12-23 12.37 14.19 8.76 1.41 5
2022-01-17 10.54 12.81 7.39 2.79 21
2020-11-16 12.96 13.30 7.87 2.30 17
2020-04-10 12.64 14.09 8.67 1.51 6
2018-01-04 12.69 14.26 8.84 1.34 3
2007-04-16 11.96 13.44 8.02 2.16 15
1990-12-04 12.62 13.88 8.45 1.72 8
1987-01-02 12.44 13.81 9.08 1.79 9
1979-01-28 12.78 14.02 9.29 1.58 7
1978-02-07 12.50 14.35 9.63 1.25 2
1978-01-09 12.46 14.46 9.74 1.14 1
1976-03-16 12.22 12.98 8.26 2.62 19
1972-02-19 11.33 12.50 7.78 3.10 22
1963-01-27 11.70 13.57 8.85 2.03 12
1959-12-29 12.72 14.20 9.48 1.40 4
1958-04-07 11.92 13.04 8.31 2.56 18
1953-02-16 12.03 13.50 8.78 2.10 14
1945-12-20 12.60 13.69 8.97 1.91 11
1944-11-30 12.03 13.74 9.02 1.86 10
1940-04-21 12.19 13.43 8.70 2.17 16
1931-03-04 11.86 13.51 8.79 2.09 13

1. Still water levels
2. Interpolated from NOAA recorded water levels at Bar Harbor and Portland 
https://tidesandcurrents.noaa.gov/datums.html?id=8418150
3. MSL = Mean Sea Level
4. Relative to USGS benchmark at Camden Yacht Club wharf

6 Storms
4 years
1.2/Yr

16 Storms
86 years

0.2/yr
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23 December, 2022
Still water level 14.2’ 

Wave amplitude 2’-4’ (h1/3)

Buoy Speed kts Gust kts Press hPa
MIMS1 Matinicus 28.2 33.6 982.9
44032 Mid Maine Shelf 33.4 45.9 980.7
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Property Damage –
Municipal $305K, Private $?? 
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2050 Risk:
30% chance 
of exceeding 
Dec 23 Storm 
surge by 5.2’

2023.02.15 Bennett Marine Systems Engineering, LLC

Dec ‘22 Storm 8 hrs
Jan ‘78 Storm 48 hrs
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FEMA 100 Yr Storm Event
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NATIONAL FLOOD INSURANCE PROGRAM
FLOOD INSURANCE RATE MAP

NOTES TO USERS
For information and questions about this Flood Insurance Rate Map (FIRM), available products associated with
this FIRM, including historic versions, the current map date for each FIRM panel, how to order products,
or the National Flood Insurance Program (NFIP) in general, please call the FEMA Map Information eXchange at
1-877-FEMA-MAP (1-877-336-2627) or visit the FEMA Flood Map Service Center website at https://msc.fema.gov.
Available products may include previously issued Letters of Map Change, a Flood Insurance Study Report,
and/or digital versions of this map. Many of these products can be ordered or obtained directly from the website.

Communities annexing land on adjacent FIRM panels must obtain a current copy of the adjacent panel as well
as the current FIRM Index. These may be ordered directly from the Flood Map Service Center at the number
listed above.

For community and countywide map dates, refer to the Flood Insurance Study Report for this jurisdiction.

To determine if flood insurance is available in this community, contact your Insurance agent or call the National
Flood Insurance Program at 1-800-638-6620.

Basemap information shown on this FIRM was provided in digital format by the United States Geological Survey (USGS).
The basemap shown is the USGS National Map: Orthoimagery. Last refreshed October, 2020.
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This map complies with FEMA's standards for the use of digital flood maps if it is not void as described below.
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Consequences • Property Damage
• Wave impact 
• High velocity flow 

erosion and scour 
• Floating debris

• Direct Economic Impact
• Lost revenue
• Repair cost
• Downtime

• Lost Economic 
Opportunity
• Deferred investment
• Disruption of 

commerce
• Cost of 

reconstruction

• Reduced Revenue
• 75 downtown 

merchants
• 100 waterfront 

properties
• 12 charter sailing 

vessels
• 15 commercial 

fishing vessels
• 10,000+ tourist 

visits
• 2,000+ regional 

jobs
• $220M waterfront 

valuation
• $1,750M Town 

valuation
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Mitigation

• Individual Actions
• Harden

• Reinforce
• Deflect/Absorb

• Raise Up
• Retreat

• Community Action
• Coordinated Planning
• Breakwater for Outer 

Harbor

What Is BFE, And How To What Is BFE, And How To 

Design For Flood And WindDesign For Flood And Wind

There is excitement associated with ownership of a piece of paradise.  Ensure that you have a good understanding
of all its associated costs, your personal risk tolerance, and insure your property adequately, so that you can
continue to sleep at night and enjoy it for years to come.

Seaside
Home
Design,
LLC

Even if there hasn't been rain inEven if there hasn't been rain in

months...months...

Federal Insurance Rate Maps (FIRM or digital: DFIRM)
delineate flood hazard zones for coastal communities. 

Zones determine insurance rates, and home design.  
FIRM maps are used by your Banker, Designer and
Builder, Municipality, Insurance Agent, Land Surveyor,
and Engineer, all assisting with definition of a home’s
position and elevation relative to the shoreline.  

Photo Courtesy NFIP

Design

Considerations

Seaside Home Design provides residential design for those pursuing our
alternative lifestyle; that of Life on the Coast!   More often than not, clients are not
familiar with the peculiarities of building on the island.  Part of my calling entails
educating prospective residents about building and construction issues unique to
the island.  I often consult with clients who are unfamiliar with the topic, so worth
revisiting is the requirement for Flood and Windstorm Insurance in addition to
conventional Homeowners' Insurance policy.

Whether buying or building, be aware that Galveston Island falls into FEMA Flood
Hazard Zones, and is governed by Texas Department of Insurance for Windstorm
coverage.  Texas Homeowners Policies EXCLUDE flood loss, and federal grants are
available only if the community is declared a disaster area by the President.  Our
lives here on the coast seem priceless most days of the year.  Once or twice a year,
when the insurance bill arrives, we wonder whether it is enough, or too much -
coverage, not price!  The appearance of a tropical storm in the gulf is another day
we question our home's insurance coverage!  By then it may be too late to change.

Federal Insurance Rate Maps (FIRM or digital: DFIRM) delineate flood hazard zones
for coastal communities.  Zones determine insurance rates, and home design. 
FIRM maps are used by your Banker, Designer and Builder, Municipality, Insurance
Agent, Land Surveyor, and Engineer, all assisting with definition of a home’s
position and elevation relative to the shoreline and mean sea level.   Flooding can
occur inland, as we’ve seen in other counties and states.  However, flood levels,
velocity, and wave action in coastal areas tend to be more damaging than inland
flooding.  Homes in coastal areas must be designed and constructed to withstand
higher wind loads and more extreme conditions, therefore, will cost more to
design, build, repair, maintain, and insure, due to exposure to this environment.

Engineering requirements, applicable to coastal flood and wind zones, assist in
ensuring that construction and repairs are a success, and that a building resists
damage over its lifetime.  FEMA construction guidelines identify that flat or low-
sloped roofs are subject to increased uplift, which can result in damage to
interiors.  In Galveston, flat roofed buildings demonstrated some of Ike's worst
affects.  Moderately sloping hip roofs are most desirable to combat this effect. 

Base FloodBase Flood

ElevationElevation

 Base Flood Elevation
(BFE) defines the
expected elevation of
floodwater and wave
effects during that 1%
chance in any given year,
of a 100-year flood.
 Residences must be built
above the BFE, and
habitable use of enclosed
areas below is prohibited,
and can lead to
additional damage and
loss.  Your boathouse
structure, and below the
BFE, your garage and
contents, or enclosed
foyer, is constructed to
be “break-away” and is
uninsured. 

Flood Zones are generally
referred to as “V” or “A”.  
In simplest terms, zones

are defined as:

“V” and “VE” zone:  Closest to shore or floodway, and subject to wave action and
high-velocity flow and erosion during a 100-year flood.

“A” and “AE” zone:  Subject to flooding during a 100-year flood, with conditions
less severe than the V zone. 

“X” zone:  areas not expected to flood during a 100-year flood. 

Current A and V zone definitions include the suffix “E” (e.g. AE, or VE), and a
numeric value, defining the BFE actual Elevation of risk, above mean sea level.  

Flood insurance requirements are most stringent in V zones.  Comparing
equivalent houses constructed to current windstorm and flood code:  a home or
property owner in A zone may pay $500 annually, and the owner across the street
in V zone may pay close to $5000, for the same coverage.  

The result of an intensive study after hurricane Ike, Galveston county,
Texasexperienced changes to its FEMA Flood Maps due to Ike’s damage from
extreme high water and wave action.  The maps which indicated some areas
historically zoned as “AE” or “A” zone have been demoted to “VE” zone, due to the
damages suffered during Ike.  Alternatively, other areas previously identified as
“VE” zone will be upgraded to “AE” zone on maps which were approved and are
effective beginning August 15, 2019.   This was not a unique occurrence to
Galveston and surrounding areas, as FEMA periodically undertakes review and
revision of areas all across coastal areas.

 
If considering a home or lot, and all other factors are similar, it may pay to spend
more for property that possesses AE zone over VE zone.  Evaluate your long-term
costs associated with higher rates and risk.  Over time, owners of the riskiest sites
may additionally spend thousands more on maintenance and erosion control. 
Beachfront and bayfront views are fabulous; though these locations (and others)
will have you paying a premium for flood insurance and protection.  

 
BFE is the MINIMUM elevation the lowest horizontal member of the structural may
be set and be insurable.  FEMA 499 recommends “freeboard”; that the lowest
horizontal structural member should be elevated above the BFE by another 2 feet,
and IRC requires a minimum of 1 foot above BFE.  FEMA has adopted a new term:
 Design Flood Elevation, or DFE, to describe this higher elevation.   Insurance costs
can be reduced by exceeding design and construction practices.   An Elevation
Certificate or Natural Ground (or Hub) Letter, provided by a registered public land
surveyor (RPLS), defining the ground level, Flood Zone and BFE, is required prior to
construction, and again after completion of construction, prior to receipt of
occupancy permit.  Ask to see the Elevation Certificate or Natural Ground Letter
when considering your purchase.

Photo image courtesy of FEMA

TowardFloodsource

100-yea

WereCrest

ElevalionABRE

Mason

LONESInonzonIal

freeboard

ExceedingNFIPElevationRequirementsinCoastalAZonesandVZones

Figure7.RecommendedconstructioninCoastalA
ZoneandVZone.

Photos courtesy of NFIP

Four to five feet of erosion below this house near the end of

the seawall resulted in it being torn down after Ike

Catastrophic damage to Galveston beach house a result of

hurricane Ike, this house was later demolished

HOME

GALLERY

READY TO BUILD

CUSTOM DESIGNS

"OCEAN WALK" 2021

"WHITE WATER" 2020

"HERON" 2019 DESIGN

"BEACH COMBER" 2018

"DOLPHIN" 2017 DESIGN

"SOUTHERN BREEZE" - 2015

"WINDSWEPT" 2014 PLAN

CONTACT SHD, LLC

FAQ - BFE EXPLAINED

CLIENT COMMENTS
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Next Steps

• Public awareness
• Energize Public Support

• Town Manager/Select 
Board support
• Public Statements
• Petition

• Develop Harbor 
Resiliency Plan
• State grant?

• Fund breakwater 
feasibility study - $500K
• State, Federal?
• Private funding?

• Funding: Water 
Resources Development 
Act1 (WRDA)
• Build off feasibility Study
• Target FY 2024 WRDA
• Meet with Congressional 

Representatives
• Develop Funding 

Proposal(s)

1. https://www.epw.senate.gov/public/index.cfm/the-water-
resources-development-act-of-2022
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Back-Up
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Breakwater Status 

• 1st attempt 1946
• 2nd attempt 1969
• 3rd attempt 2017
• U.S. Army Corps of 

Engineers (ACOE) 
Continuing Authorities 
Program (CAP)
• Capped at $10 million
• Authorized by ACOE
• Federal Interest 

Determination Completed
• Camden project 

deauthorized 2022

• Recourse AOCE General 
Investigations (7001) 
Program 
• Authorized by Congress
• Not capped

• Requirements:
• Federal interest
• Economically justified
• Environmentally 

acceptable
• Locally Sponsored – Town 

of Camden
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As can been seen in Figure 3�1... wave heights 
at the project site are dominated by wave 
energy propagating in from the ocean.

9 

plot of wave height in Penobscot Bay with the project area highlighted with a zoomed in 
selection.    

Figure 3 1. Maximum monthly significant wave height plot (meters) – December 

As can been seen in Figure 3 1, the model results appear to show that the wave heights at the 
project site are dominated by wave energy propagating in from the ocean.  The larger wave 
heights shown in red, starting in the Gulf of Maine, feed into the two main channels of the bay 
and progressively diminish.  Based on the model output image it appears the HS at Camden 
Harbor is approximately 2 meters or 6.6 feet.  Rounding this wave height up results in a 
significant wave height of 7.0 feet.  It must be kept in mind that these were significant wave 
heights and by wave statistics the Hmax would be nearly double Hs so 14 feet, and the H1/10 

would be 1.27 X Hs or 8.9 feet.  Once again rounding up the H1/10 wave height is 9.0 feet.  H1/10 is 
typically used for calculating stable armor stone size and Hmax is used for calculating design 
forces on rigid structure type protection. 

During the Texas A&M study a statistical analysis was performed to determine the 30 year 
return period wave height for Penobscot Bay.  The results of this analysis are shown in Figure 3
2, with a zoomed in area of Camden Harbor provided.  This figure was taken directly from Dr. 

Significant wave height 
(HS) at Camden Harbor is 
approximately 2 meters 
or 6.6 feet. Rounding this 
wave height up results in 
a of 7.0 feet. It must be 
kept in mind that these 
were significant wave 
heights and by wave 
statistics the Hmax would 
be nearly double Hs so 14 
feet, and the H1/10 
would be 1.27 X Hs or 8.9 
feet. Once again rounding 
up the H1/10 wave height 
is 9.0 feet. H1/10 is 
typically used for 
calculating stable armor 
stone size and Hmax is 
used for calculating 
design forces on rigid 
structure type protection.



1959 Breakwater Layout
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Similar diagrams were used to analyze the 1959 and the most recent 2012 proposed 
breakwater layout.  The appropriate diffraction diagrams were imported into ArcGIS, scaled by 
gap width/wave length and then overlaid on top of the structures.  From these overlays contour 
maps of the wave heights in protected area were made. 

4.2  1959 Breakwater Plan 

The layout of the breakwaters was mapped directly from the 1959 plan.  The 1959 report did 
not provide drawings that could be scanned and rectified but the layout was fairly easy to 
recreate given definable topographic and bathymetric features.  The gap, or entrance channel 
opening was also scaled from the drawings and a recreated scale provided structure length.  
Provided in Figure 4 2 is the 1959 layout, with the 2011 background photos provided by MEGIS, 
and the NOAA chart in the background providing bathymetric data.  Table 4 1 provides a list of 
the breakwater features and lengths with the corresponding labels being provided in Figure 4 2.  

 

Figure 4 2. Breakwater layout – 1959 
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Table 4 1. 1959 Breakwater Layout – Reach Lengths 

 

 

 

 

The level of protection or level of wave height reduction was determined by overlaying the 
appropriate gap diffraction diagram in ArcGIS (Figure 4 3).  The overlay allowed the creation of 
a contour map of the remaining, or resulting normalized wave height which was then used to 
make a contour map of the remaining wave height.  The significant wave height of 7 feet was 
used to determine H1/10 (as discussed in Section 3.1), which resulted in an incoming wave height 
of 9 feet.  The resulting wave contour map from the incoming 9 foot wave, propagating through 
the entrance gap can be seen in Figure 4 4.  

Figure 4 3. Gap diffraction diagram overlay – 1959 plan. 
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4.3  Breakwater Layout – 2012 Plan 

As shown in Section 4.2, the 1959 Plan barely provided enough protection to satisfy the less 
than 2 foot wave height threshold.  As shown later in Section 5.3, when wave transmission 
through and over the structure is considered this threshold is likely exceeded.  In an attempt to 
better utilize the existing shoal features and shallower water between Curtis Island and the 
mainland, a second breakwater layout was designed and is referred to as the 2012 plan.  The 
plan also includes a second opening to preserve the use of the North East Passage and to likely 
improve water quality.  The single opening in the 1959 plan would likely reduce water quality in 
the harbor and it could also cause hydrodynamic/hydraulic issues in the entrance channel/gap.  
As shown in Table 2 1, the tide range is 11 feet.  With this tide range a hydraulic head condition 
could be set up at the changing tides, which could cause significant currents.  This would have 
to be examined with a hydrodynamic 2 D numerical model. 

The proposed 2012 breakwater layout has been provided as Figure 4 5.  As with the 1959 plan, 
Table 4 2 provides the various feature lengths with the feature titles corresponding to the 
feature titles in Figure 4 5. 

Figure 4 5. Breakwater layout – 2012 
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Figure 4 7. Gap diffraction wave contour map (feet) Main Entrance – 2012 (incoming wave H1/10 
= 9 feet) 

 

Figure 4 8. Gap diffraction diagram overlay – 2012 (NE Entrance Channel) 
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Figure 4 9. Gap diffraction wave contour map (feet) NE Entrance – 2012 (incoming wave H1/10 = 
9 feet) 

As shown in Figures 4 7 and 4 8, the resulting wave heights were mapped separately and not 
added together.  Based on the orientation of the entrance channels it was very unlikely to have 
significant wave heights from both directions hitting the structure and migrating through the 
gaps coincidentally.  This is not impossible and the climatology would have to be looked in 
greater detail during a large scale study.  As shown in Figure 4 7, even with the further offset of 
the Main Entrance Channel/Gap, a significant amount of wave energy still impacts the northern 
mooring area.  

For the NE Entrance Channel/Gap a worst case scenario is presented.  For the ease of analysis it 
was assumed the same ocean condition waves (same wave length/period) with the same gap 
width as the Main Channel/Gap would be present.  This saved time by not having to bring in 
different diffraction diagrams and start a fresh analysis.   As shown in the locally generated 
wave analysis in Section 3.2, the wave heights would be slightly less, but more importantly the 
wave period would be less.  This means the wave length would be less and therefore the overall 
wave energy entering the NE Channel/Gap.  Looking at the wave map for the NE Entrance 
Channel/Gap (Figure 4 9) there would be no wave impacts to the northern mooring area, but 
perhaps some to the south mooring area.  However, this is unlikely since the case shown is a 
worst case situation.  Also, as can be seen on the various harbor images in this report, there are 
shallow shoals just on the inside of the NE Channel/Gap.  This shoal would reduce wave height.  
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Identifying Coastal A Zones
Coastal A zones are not shown on present day Flood Insurance Rate Maps (FIRMs) or mentioned in a 
community’s Flood Insurance Study (FIS) Report. Those maps and studies show zones VE, AE, and X (or 
older designations V1-30, A1-30, B, and C). Therefore, until Coastal A Zone designations or wave height 
contours are incorporated into Flood Insurance Studies, the community official, designer, or owner will have to 
determine whether or not a site will be subject to Coastal A Zone conditions during the base flood. 

In order for a Coastal A Zone to be designated, two conditions are required: 

1) a water depth sufficient to support waves between 1.5 and 3.0 feet high, and 

2) the actual presence of wave heights between 1.5 and 3.0 feet. 

Condition 1 requires stillwater depths (vertical distance between the 100-year stillwater elevation and the 
ground elevation) of 2 to 4 feet at the site. 

Condition 2 requires wave heights at the 
shoreline greater than 1.5 to 3.0 feet 
(under the 100-year flood conditions), 
sufficient water depth between the 
shoreline and the site and few, if any 
obstructions (buildings, dense tree stands, 
etc.) that may block or dampen the waves, 
between the shoreline and the site. 

Figure 9 illustrates the relationships 
between the stillwater flood elevation, 
ground elevations, associated 1 percent 
annual chance (100-year) stillwater flood 
depths, ABFEs, and associated flood 
hazard zones (see Hurricane Katrina 
Recovery Advisory Reconstruction 
Guidance Using Hurricane Katrina Surge 
Inundation and ABFE Maps).

Figure 9. Cross-section showing 1 percent annual chance stillwater elevation, 
stillwater depth and ABFE, and inland limits of V Zone and Coastal A Zone.

 

 

 

Foundation Type
Base Flood Condition Present

Wave Heights Between 
1.5 and 3.0 Feet*

Velocity Flow, Erodible 
Soils Large Debris

no no no
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*Wave heights greater than 3.0 feet mapped as V Zone: fill, slab, crawlspace, wall foundations not permitted.

**Deep means sufficiently deep to withstand erosion and scour, including that induced by the presence of the foundation itself.

        (Users should read across from a foundation 
type to see under what soil and base flood conditions that foundation is acceptable. A foundation must 
be capable of resisting all base flood conditions likely to exist at the site, or it should not be used. For 
example, a properly constructed pier on a shallow footing will generally withstand 1.5- to 3.0-foot wave 
heights, but should not be used where soils are erodible, and where high velocity flow is possible, or where 
large floodborne debris may be present.)
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Figure 5 3. Wave transmission coefficients for wave height of 7 feet (Hs) 

Since the resulting wave height behind the structure is a result of both waves passing over the 
crest of the structures and around the structures, and those two factors are determined 
separately, the crest elevation was determined in conjunction with Sections 4.2 and 4.3.  In 
Sections 4.2 and 4.3, two structure layout proposals are presented with the first coming from 
the 1959 report and the second designed in this effort.  Based on this work, it was shown that 
to meet the 2 foot wave height requirement mentioned previously, for the northern mooring 
area, very little wave energy can pass over the breakwaters, otherwise the superposition of 
waves through the gap and over the structure would be too great.  The crest elevation would 
likely have to be higher than 7 feet based on the information provided in Figure 5 3.  However, 
it is possible additional protection/reduction in wave height will be provided by the distance of 
the north mooring area from the breakwaters, the probable protection from Curtis Island, and 
the NE Ledge.  This would have to be confirmed by a numerical wave model.  Considering the 
armor stone size is nearly 4 feet in diameter, a crest elevation of 2 feet above the design water 
level was chosen.   

 


