R EP ORT

SUNSET LANDING
PROPERTY WIND AND

WAVE ANALYSIS

Project No. 201527

Chebeague Island, ME

611 Access Road
—— Stratford, CT 06615
c Tel: 203.377.0663
Fax: 203.375.6561

ROBERGE ASSOCIATES

Coastal Engineers, LLC



Sunset Landing Property

Wave Analysis

Chebeague Island, ME

11-30-15

Table of Contents

Section

V.

Appendix A

Description

Introduction
Environmental Conditions
a.  Water Surface Elevation
b. Wind Climatology

c. Bathymetry

Deepwater and Nearshore Wave
Characteristics

Conclusions

Drawings

ROBERGE ASSOCIATES COASTAL ENGINEERS, LLC

Page Number

[EEN

= wN P

16

18



611 Access Road
“ — Stratford, CT 06615
c Tel: 203.377.0663
Fax: 203.375.6561

ROBERGE ASSOCIATES
Coastal Engineers, LLC

November 30, 2015

Milone & MacBroom, Inc
100 Commercial Street — Suite 417
Portland, Maine 04101

Attention:

Reference:

Dustin Roma

Sunset Landing Property Analysis — Chebeague Island, ME

Dear Mr. Roma:

Per your request and in accordance with our April 23, 2015 agreement, Roberge Associates Coastal
Engineers (“RACE") herein provides you with this Report of Findings for our site-specific wave study at
the potential ferry landing on Chebeague Island, ME.

Introduction

The following narrative is intended to provide Milone & MacBroom, Inc with a description
of the analysis performed to determine the wave conditions at the site of a potential ferry
landing. This report includes:

. Statistically significant water surface elevations including the 0.2%, 1%, 2%, and
10% chance of recurrence.

° Assessment of wind speed data based upon historical records from the Portland
International Jetport and NOAA Data Buoy 44007.

o Engineering computations to identify deepwater and nearshore wave characteristics

for applicable directions of origin.
Environmental Conditions

Wind generated waves are defined by their height, length, and period. These characteristics
can be measured at a given location and are determined by the following factors:

o Water depth (determined from stillwater elevation and local bathymetry)
. Wind speed and duration
. Distance over which wind blows (Fetch)

Water depth, wind speed, duration, and fetch length are used as design conditions to
determine wave height, length, and period. The environmental conditions at the site,
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including the water surface elevations, the wind climatology, and bathymetry of the site are
discussed in the following sections.

a. Water Surface Elevation

Stillwater elevation is defined as the elevation of the water without the presence of wave
action, but including storm surge. The stillwater elevation reflects astronomical tides as
well as storm surge typical of the Atlantic Ocean.

RACE reviewed the November 5, 2013 FEMA Preliminary Flood Insurance Study (FIS)
No. 23005CV001A for Cumberland County, ME. This FIS characterizes the most current
statistically significant water surface elevations including the 0.2%, 1%, 2%, and 10%
chance of recurrence. These statistical water surface elevations are listed below in Table
1: Statistical Water Surface Elevations.

Return Period Annual Chance of Water Elevation
(YR) Recurrence (ft NAVD 88)
10-yr 10% 8.1
50-yr 2% 8.7
100-yr 1% 9.1

500-yr 0.20% 9.7
100-yr TWL 1% 10.1

Table 1: Statistical Water Surface Elevations

The water elevations listed above are the stillwater levels (SWL) for the given return
period, with the exception of the 100-yr total water level (TWL) listed in the last row of
Table 1. The TWL is the sum of the 100-yr SWL plus wave setup, or the super elevation
of the water surface due to the presence of breaking waves. The study was initiated
offshore of the site in a section of the reach where wave setup does not occur. Waves
were transformed based on depths determined from the stillwater elevations and local
bathymetry described in the following sections.

Table 1 references the North American Vertical Datum of 1988 (NAVD 88). All
elevations identified in this report can be assumed to be referenced to NAVD 88, unless
otherwise noted. Elevations of mean higher high water (MHHW), mean high water
(MHW), National Geodetic Vertical Datum of 1929 (NGVD 29), mean low water
(MLW), and mean lower low water (MLLW) are listed below in Table 2: Tidal Datums.
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Tidal Datum | Elevation (ft NAVD 88)

MLLW -5.25

MLW -4.91

NAVD 88 0.00

NGVD 29 0.68

MHW 4.22

MHHW 4.65

Table 2: Tidal Datums

MHHW, MHW, MLW, and MLLW were determined from the nearest NOAA Tide
Station No. 8418150 in Portland, ME. The NGVD 29 was determined using the National
Geodetic Survey (NGS) Orthometric Height Conversion program, VERTCON, and is
provided for use in comparing aged reports, maps, and relevant historical references.

b. Wind Climatology

Wind data was collected from NOAA Data Buoy 44007 and from Portland International
Jetport Station 14764. NOAA Buoy 44007 is a 3-Meter Discus Buoy and data from
12/31/1995 until 12/31/2014 is available. Data from the Portland International Jetport is
available from 1950 t01972. A combined wind rose displaying wind speed from the
direction of origin is displayed below in Table 3: Wind Rose Portland International
Jetport & Station 44007.
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Table 3: Wind Rose Portland International Jetport & Station 44007
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The wind rose shows that the predominant winds at this site blow from the South and the
West, and are also common from the Northwest. About 0.3 % of the wind recorded was
calm, and approximately 30 % is between 7 and 11 knots. Less than 3% of the wind
recorded was above 22 knots. The wind class distribution is displayed below in Table 4:
Wind Class Frequency Distribution.
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Table 4: Wind Class Frequency Distribution
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The NOAA Buoy data set which contains more recent data was also evaluated separately
from the Portland Jetport data. The results are displayed in Table 5: Wind Rose Station
44007.

________________
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Table 5: Wind Rose Station 44007

This rose affirms that the predominate winds at the site blow out of the South, West and
Northwest. The data from this buoy was also segregated by Meteorological Seasons to
observe any seasonal variation that may occur. Meteorological Seasons remain constant
from year to year and are defined as:

. Spring — March 1* to May 31

. Summer — June 1* to August 31

. Fall — September 1° to November 30"

. Winter — December 1% to February 28" (or 29" in a Leap Year)
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The seasonal variations of the winds from NOAA Buoy 44007 are shown in Tables 6 —
9.
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Table 6: Wind Rose Station 44007 - Spring
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Table 7: Wind Rose Station 44007 — Summer
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Table 8: Wind Rose Station 44007 — Fall
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Table 9: Wind Rose Station 44007 — Winter

The seasonally segregated wind rose data shows that winds in the summer are the calmest
and blow from a predominantly southerly direction with the majority of the winds
between 4 and 11 knots. The winter winds were the strongest and blew predominantly out
of the west/northwest. The majority of the winds during the winter were between 11-17
knots. Fall and spring winds had a predominantly southerly component, and the majority
of the winds fell between 7 and 17 knots.
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The greater distance over which wind blows, the larger the wave that will be generated.
The area over which the wind blows is referred to as the fetch and is characterized by a
length or fetch distance. The fetches of the given wind directions are given below in
Table 10: Fetch Distance.

Direction (deg from North) | Fetch Distance (ft)
0 11,660
22.5 14,400
45 Overland Fetch
67.5 Overland Fetch
90 Overland Fetch
112.5 Overland Fetch
135 Overland Fetch
157.5 Overland Fetch
180 2,020
202.5 4,950
225 16,750
247.5 27,790
270 18,820
292 7,760
315 19,780
337.5 8,010

Table 10: Fetch Distance

These fetch distances are the distance to land at the given bearing. Islands that were
longer than 1/5" the wave length (maximum 132”) are considered to interfere with waves,
and the fetch was not extended beyond these points (Det Norske Veritas Environmental
Conditions and Environmental Loads Classification Notes No. 30.5, 1991). Waves were
computed using various wind speeds over the fetch distances. It is possible to experience
longer fetches between the given bearings, however the radial fetches given is intended to
give a range of conditions expected. It should be noted that the longest fetch comes at a
bearing of 228° and is approximately 38,000°.

In order to determine design wave conditions, a wind speed of 22 knots over the fetch
distances for the various directions noted in the tables was utilized to calculate wave
heights. 22 knots was used as it is a speed that is capable of generating waves, and can
also still be expected from any direction in a given year. In addition, wind speeds from
ASCE 7-05, Figure 6-1C were used to determine a larger episodic event. Figure 6-1C
shows that the 50-yr, 3-second gust for the site is 100 MPH (87 knots). This wind speed
was multiplied by a factor of 1.07 per the ASCE 7-05 guidelines to determine a 100-yr
wind speed of 107 MPH (93 knots).
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C.

Bathymetry

Bathymetry also has an effect on wave transformation. Waves interact with the bottom
and change shape and length as they approach the shoreline. Knowledge of the local
bathymetry is essential for determining how waves will interact with the shoreline and
nearby structures.

Unprocessed XYZ data from a hydrographic survey performed on October 30, 2014
between 13:28 and 14:30 GMT was provided to RACE by Ms. Emily Norton a NOAA
Coastal Management Fellow at the Maine Coastal Program. Per Ms. Noroton, the points
provided were depths that had not been corrected for tidal height and no QA/QC was
performed.

RACE corrected the data using information from the observed water levels at the
Portland Tide Station. Points were not individually time stamped, and an average of the
water level during the time the data were collected (13:28 and 14:30 GMT on October 30,
2014) was used to determine the elevation of the grade. There was a 0.3’ change in the
water level during this time period. In addition, per Ms. Noroton, there is an additional
error of 0.2’ associated with the equipment used to collect the data. RACE transformed
the unprocessed bathymetric data into contour lines referencing the NAVD 88 vertical
datum. These contours are only reliable within the 0.5 error as discussed above.
Contours can be seen in Drawing 1: Site Overview of Appendix A.

Figure 1: Bathymetric Data shows the extent of the data collected during the
hydrographic survey. Bottomelevation ranged from approximately -17 NAVD 88 to -31’
NAVD 88. The survey was supplemented with the 2006 Federal Emergency Management
Agency Topographic LIiDAR: Cumberland and York Counties, Maine data such that
waves could be transformed all the way to shore.
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Scatter Module Z

Figure 1: Bathymetric Data
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Deepwater and Nearshore Wave Characteristics

Deepwater waves were computed using the Wind Speed & Wave Growth application of the
Automated Coastal Engineering System 4.03 (ACES). Wind speed, duration, and direction are
the primary inputs in to this model. The longer the duration and the fetch and faster the wind
blows, the larger the wave grows. The wind speeds and fetches discussed in the previous
sections above were input for each direction and the offshore wave was generated. The
offshore deepwater wave heights and periods for the 22 knots wind speed are displayed
below in Table 11: Wave Height, Period, and Direction (22 Knots) and the offshore
deepwater wave height for the 100-yr condition are displayed below in Table 12: Wave
Height, Period, and Direction (100-yr, 93 Knots). These waves were assumed to propagate
in the direction of the blowning wind used to generate them and were not to transform until
the deepwater boundary of the collected hydrographic data was intersected.

These waves were then transformed from the deepwater boundary to the shore and
approached the location of the potential ferry landing. Per RACE’s conversation with Mr.
Dustin Roma, the ferry landing was assumed to be located around the center of the collected
data. Its presumed location is referenced in Drawing 1: Site Overview of Appendix A.

As waves approach the shoreline, the wave crest closer to the shore in shallower water starts
to slow down and will lag behind the wave crest that remains in the deeper water. This
process is called refraction and describes the bending of the wave as it approaches the shore.
The waves also shoal and break as they approach the shore. Shoaling begins when the wave
enters shallower water. The wave speed and length decrease causing the height of the wave to
increase. When the wave becomes too steep it breaks, dissipating a portion of its kinetic
energy.

Initial deepwater wave conditions and bottom slope were used to compute wave height and
direction as waves approached the shore. Table 11: Wave Height, Period, and Direction
(22 Knots) & Tableb12: Wave Height, Period, and Direction (100-yr, 93 Knots) also
show the wave heights and direction of the waves as they approach shore. Heights and
directions were tabulated at the landward boundary of the collected hydrographic data (El. -
177) and at the location of MLW (EI. -4.9”). Mean sea level was used to compute the 22 knots
case and the 100-yr SWL was used for the 100-yr wind case.
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WIND DIRECTION | OFFSHORE WAVE | OFFSHORE WAVE WAVE HEISHT/DIRECTION | WAVE HEIGHT/DIRECTION
(DES FROM NORTH) HEIGHT PERIOD AT GRADE = EL. -IT" |AT GRADE = MLW EL. -44'
(FT) (sEC) (FT/DES FROM NORTH) (FT/DES FROM NORTH)
o° 226 FT 270 SEC 2.2 F1/358° L& FT/228°
225° 253 FT 240 SEC 2.44 FT/336° 148 FT/3171°
45° MINIMUM IWAVE - OVERLAND FETCH
615° MINIMUM IWAVE - OVERLAND FETCH
q0° MINIMUM WAVE - OVERLAND FETCH
125° MINIMUM WAVE - OVERLAND FETCH
1359 MINIMUM IWAVE - OVERLAND FETCH
1515° MINIMUM WAVE - OVERLAND FETCH
180° ©4s FT 15 SEC 045 FT/80° 0.8 FT/IM5°
2025° 144 FT 2.03 SEC |48 FT/203° 0.B0 FT/223°
2259 273 FT 3.05 SEC 258 Fr/227° 2,09 F1/249°
2415° 281 FT 334 SEC 266 FT/249° 257 FT/262°
21o° 281 FT 334 SEC 268 FT/271° 272 Fr/2715°
2925° 186 FT 236 SEC 1.85 FT/297° 1770 FT/296°
359 281 FT 334 SEC 266 FT/314° 260 FT/302°
3315° 1.ed FT 238 SEC .88 FT/331° 151 ET/313°

Table 11: Wave Height, Period, and Direction (22 Knots)

WIND DIRECTION | OFFSHORE WAVE | OFFSHORE WAVE |WAVE HEIGHT/DIRECTION | WAVE Elemmlnﬁcﬂqn
ik I A - A s oyt
o° 4564 FT 342 SEC 3.45 F1/358° 231 F1/345°
225° 516 FT 361 SEC 496 FT/336° 198 FT/328°
45° MINIMUM WAVE - OVERLAND FETCH
&615° MINIMUM WAVE - OVERLAND FETCH
q0° MINIMUM WAVE - OVERLAND FETCH
125° MINIMUM WAVE - OVERLAND FETCH
135° MINIMUM WAVE - OVERLAND FETCH
15759 MINIMUM WAVE - OVERLAND FETCH
1&0° 193 FT 141 SEC 143 FTN80? Lal Frneo®
2025° 302 FT 257 SEC 3.0 FT/203° 244 FT/206°
2259 556 FT 3.86 SEC 526 FT/227° 45 FT/236°
2415° 102 FT 5.08 SEC 666 FT/251° 656 FT/258°
Z70° 540 FT 4.0l SEC 568 FT/Z70° 5.43 FT/272°
2925° 379 FT 2449 SEC 379 FT/292° 357 FT/292°
315° 6.04 FT 4.08 SEC 5718 FT/314° 357 F1/309°
33715° 385 FT 3.02 SEC 382 FT/3371° 3.47 FT/334°

Table 12: Wave Height, Period, and Direction (100-yr, 93 Knots)

ROBERGE ASSOCIATES COASTAL ENGINEERS, LLC
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The analysis shows that during typical conditions, waves will be on the order of 1’ to 3’.
More extreme events may generate larger waves on the order of 5’ to 7°.

The largest waves correlated with the longest fetch directions. These include waves generated
from a bearing of 225° 247.5° and 292.5°. Waves were shown to bend towards shore, as
expected. The above information is displayed graphically on Drawing 2: Wind and Wave
Direction of Appendix A.

A wave was also generated over the longest fetch distance of 38,000 for both the 22 knot
case as well as the 93 knot case. Waves generated over such a great distance are fully
developed, i.e. they reach their maximum potential height. This wave has a height of 2.81°
and 3.34 seconds for the 22 knots case and 7.02” and 5.08 seconds for the 93 knots case. This
wave is approximated by the wave generated over the 247.5° bearing.

Conclusions

A site specific wave analysis has been conducted at the potential ferry landing site on
Chebeague Island, ME. Statistically significant water surface elevations including the 0.2%,
1%, 2%, and 10% were tabulated and wind data from the Portland International Jetport and
NOAA Data Buoy 44007 were analyzed. Engineering computations to identify deepwater
and nearshore wave characteristics based off of the wind, waterlevels, and fetch distances for
all applicable directions of origin were performed. In addition, the raw bathymetric data has
been transformed into contour lines referencing the NAVD 88 vertical datum.

The analyzed wind data shows that the majority of the wind is out of the South to Northwest,
or from a bearing of 180° to 315°, with typical speeds ranging between 1 to 22 knots. Waves
generated during typical conditions will be on the order of 1’ to 3°. A 3’ wave has a high
potential to cause operational problems for landing and launching boats. Such problems can
be mitigated with proper design. A wave attenuator structure may be added to the ferry
landing to reduce wave heights and render landing and launching less troublesome.

The largest waves are generated from a bearing of 225°, 247.5° and 292.5° all directions
from which the wind commonly blows. Winds in the summer are calmer, but the directions
from which they are commonly generated have longer fetches. Waves on the order of 1’ from
the southwest could still be expected during this summer season.

More extreme events may generate larger waves on the order of 5° to 7° with the largest
waves again being generated from a bearing of 225°, 247.5° and 292.5°. Waves of this size
have the potential to create large loads on structures and cause significant damage structures
that have not been engineered to withstand their impacts. Conservative design would mandate
that the design utilize the 7.02°/5.08 second deepwater wave to develop structural load
conditions.

ROBERGE ASSOCIATES COASTAL ENGINEERS, LLC 16
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The next steps in the design process would typically include comparative analysis with other
potential sites, preliminary design of structures, and consideration of other design conditions
that could influence the design.

The design conditions described above can be used to determine if a structure can be properly
sited such that waves can be attenuated properly and a vessel land and launch under
anticipated winds. Design loads can also be determined from the waves described above.
Alternative sites can also be analyzed to determine if a better site exists. Wind and wave
conditions for alternative sites can be compared to conditions described herein. This along
with other design considerations such as location, accessibility, etc. can be used to determine
the best site for the potential ferry landing site.

Ice may also be a concern at the site. While low energy sites make landing and launching
boats easier due to reduced wave action, they also have a higher potential for ice to form. Ice
can cause significant damage to structures by creating uplift and pile jacking loads, impact
loads from drifting ice, abrasion on structures, expansion forces in pockets, and impact loads.
Ice loads vary based on the thickness of the ice sheet, pile dimension and material used. Per
Gaythwaite’s Design of Marine Facilities for the Berthing, Mooring and Repair of Vessels,
2" Editon (ASCE 2004), a 12 steel pile would experience an uplift force of approximately
9000 Ib from a 1’ thick ice sheet and up to 33,000 Ib for a 2’ thick sheet.

If you have any questions or comments, please contact Devin Santa or me anytime at 203-377-0663.

Very truly yours,
ROBERGE ASSOCIATES COASTAL ENGINEERS, LLC

o %/1/{_/_/
/o~ Wi
Jill Pietropaolo

Coastal Engineer

Encl:
Drawings
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Appendix A: Drawings
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