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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Wind Intensity and Direction

Station NTKM3 - Climatic Summary Plots for wind speed
Mean and Standard Deviation Plot

Prevailing Winds:

NTKM3 AVERAGE WIND SPEED ( KNOTS) 1172008 - 122012

«  NOAA National Data Buoy Center Station NTKM3 - = : : T : é
8449130 - Nantucket Island, MA (a land station), available : ®
for the period of November 2008 through December S * : 2 3
2012. The data includes: a) 2-minute average wind :
Speed by mon.l.h; b) 5_Second gUS.I- Speed by morTI-h; C) _ |1 ] el R R P P SRR RPER ST R ] ERET R
peak gust speed; and d) 2-minute average wind speed 5 ® $ H ®
by direc-l-ion. X_T 2, oY TP XE SR KERSE TR PRSIV Eoes H SR FENSES PR} SRR PR U R LT ESPRC S SR PRI LT
«  Mean monthly wind speed: between 5 and 10 knofs (+/- E P
6 to 12 mph) s I
+ One standard deviation: upper bound & fo 15 knots (+/- | i il
to 17 mph) &
-
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Extreme waves, wind, water levels - two characteristic
coastal storm types
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«':t&i: \ v " ” . 1 : ( '

4A’f::'

Extratropical Nor'easters Tropical Cyclones (Hurricanes)

"

Surface Weather Map at 7:00 AM. E.S.T.
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Wind Intensity and Direction

Ex.l-reme WindSZ Wind Gust Freqg Curve (data up to Setp 2016)

) . # Al Direction Annual Max &  Annual Max of Gust
«  Nantucket Airport - Nantucket Island, MA (a land station), Annual Max Gust - GEV Fit  eeeeeees 1-min SPD (converted; 1/1.23)

available for the 71 year record. The data includes: = === All Direction Wind Freq
100 - 100

a)1/2-minute average wind speed by month; b) 3-
second gust speed by month; c) peak gust speed; and . | 50
d) 2 -minute average wind speed by direction. =
- Directional Wind speeds: _ e £
Direction Maximum Wind Occurrence g g
Speed (mph)’ Date % 60 L 50 =
North Wind (315 fo 459) 64 17/13/2014 s |
East Wind (45° - 1359) 60 6/20/1974 20 0 g
South Wind Freq (135° - 225 72 9/2/1984 "‘
o) 40 - 40
West Wind Freq (225° - 315 61 2/17/1982 10 L 3p
°) 1 10 100 1000
All Direction Wind 72 9/2/1984 Recurrence Interval (yr)
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Wind Intensity and Direction
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North Wind (315 to 45)
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Figure 3 — GZA GEV analysis of Nantucket Airport Wind Speeds (1-minute, 10-meter); ASCE/SEI 7-10
converted wind speeds shown for comparison
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Tidal Datums

ft-MLLW f-NAVD88

MHHW 3.57 1.53

. ] MHW 3.23 1.19
Prevailing Water Levels: o 5o -

« NOAA Nantucket Tide Station 8449130 MSL 177 027

MTL 1.72 -0.32

MLW 0.2 -1.84

Sixton o« Tema/Watws [mimls e Metmarmngeal Ot Pryn Crsanograpty MLLW O _204

Nantucket Island, MA - Station ID: 8449130

Entatiiahied et D4 1363
Today's Tides (LST)
Tune Meestan 0‘E
Precont inualason Sap 18, 19590 N IR
S 2000 |
Water Lewol Max (ref MHH) 430 % Cot 30, 199 —
Warter Levent Mim {red MLLWY) 2144 Feb 12, 1961 Z1 A hgh 7t !
Mean Range I T2 Aam 0w oEn
Doutnad Rangs 15T R 2z high 35
Lattuche M1TTN BIE PM ce 004
Longlude rsEwW
NOAA Charts 1241
Mat See Cievaton 711 above MSL

Nantucket Island, MA

7 more statan phodos avaiatre cieh fo
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Extreme Water Levels

Extreme Water Levels:

=) ® Annual Maximum (1965- 2018)
« Data Sources: § " ® Annual Max Adjusted with SLR 5
+  NOAA Nantucket Tide Station 2 ‘
- FEMA FIS and FIRMs =8 . _* :
«  USACE North Atflantic Coast Comprehensive 2 @ : ‘ . o
Study (NACCS) 24 ®, °° o® » e o83 s °
g o e © e %o e o L ] ]
o, ooe ° i e ? %o * 3 8
. § .. oo’ *%ee 8« ° e ® @ 8 s
«  Coastal Flooding Components: ES3 o® E w?® —a = o
O
+  Stillwater elevations = e
O
*  Wind-generated waves § :
«  Wave set-up S
|
+  Wave crest elevation 2 o 2 = S = Q
o~ o~ O~ O~ o o o
«  Wave condition (breaking or non-breaking) N . - N 5 = =
Year
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Extreme Water Levels
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Extreme Water Levels

13 :
< Observed Monthly Maximum - Onginal Data Data Secrce v 10y )v!eo;\ost!i;lwo'er E‘%o;;m SWEL 100 yr 500 yr
12 ‘l_ < Observed Monthly Maximum -Sea Level Rise-Adjusted Tide Data [ I I ! = USACE NACCS
i _‘_ stilwater Frequency Curve (Original Annual Max) 3 f ! ! i (7380 3.3 48 5.2 5.6 3.8 6.9
stfilwater Frequency Curve (SLR-Adjusted Annual Max) ’ | I = T o 9187 33 48 52 5.5 5.8 69
3 10 + ~ © - BasePlus? éTides_Statistics @ Point 7380 ———1 | 10082 33 48 5.1 5.5 5.8 7.1
8 : } — = ' o o ¢ — ] | 116 33 48 5.1 58 65 8.1
= 7 = T i s
z : —— ‘ ====E= 1 s 33 49 5.4 63 7.1 B
.:_ 8 : — 11— ' - — ! — NOAA Tide Station
= 1 I ! 1 I 1 I I  — 3.4 4.6 50 5.4 6.0 7.0
% /V t FEMA Transect 25
> - ! { !
-2‘ 6 ; p—— 8483 = 3.6 & 5. 6.1 B.é
S I I =
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—l L S—
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3 / =
2
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1 10 100 1,000
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Figure 11: Combined Stillwater Flood-Frequency Data from Multiple Data Sources
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Sea Level Rise

NOAA et al. 2017 Relative Sea Level Change Scenarios for : NANTUCKET ISLAND
12
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Predicted Sea Level Rise (NOAA 2017)

NCAA2017 Exireme
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Relative Sea Level Trend
8449130 Nantucket Island, Massachusetts

8445130 Nantucket Isiand, Massachusetts 363 +/~ 036 mm/yr

< Linear Refatwve Sea Level Trend

— Upper 955 Confidence Interval

== Lower 355 Coafdence ntenal
Monthly mean sea level with the

SN NINE I = T m e s ® e e - am - W W W . I~

1910 120 1930 1960 1%50 1560 1970 1 19%0 008 016 0N

Observed Sea Level Rise (avg. 0.14
in/yr; 0.12 ft/10 years; 1.2 feet/100-
years)

Low Int-Low Int Int-High  High  Extreme
2020 - - - - - -
2030 0.16 0.26 0.56 0.85 1.12 1.28
2050 0.53 0.69 1.35 2.0 2.76 3.18
2070  0.85 1.15 2.30 3.45 4.79 5.81
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Effect of Sea Level Rise on Extreme Water Levels

Data Source Mean Stillwater Elevation (SWEL)
1yr 10 yr 20 yr 50 yr 100 yr 500 yr

USACE NACCS 7380

Year 2020 3.3 4.8 5.2 5.6 5.8 6.9
Year 2030 3.9 5.4 5.8 6.2 6.4 7.5
Year 2050 4.7 6.2 6.6 7.0 7.2 8.3
Year 2070 5.6 7.1 7.5 7.9 8.1 7.2

Table é6: Predicted Water Levels for different Recurrence Infervals af Nanfucket assuming NOAA 2017
Intermediate SLR Projection
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Study Results (Metocean Data Analysis): Wave Simulation Nantucket Harbor

Significant Wave Height (ft)
15.0

133 |
=11-? Waye refraction at Point
1'110,0 .
b

ot 72 Nave heights in harbor controlled by
17 1 2 ocalwind windfield (northeast fetch)
0.0 - ““overharbor , not deepwater ocean
Wave Direction ' Tawells/waves

20.00 ft
D.00 ft

During extreme coastal

flood conditions,

“ overtopping and breach of
. barrier beaches s possible
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Elevation (ft, NAVD88)

350.0
290.0
230.0
— 170.0
— 110.0
— 50.0
— -10.0
— -70.0
— -130.0
-190.0

Waterfront/Coastal Engineering and Design



GLA Coastal Engineering Study
Metocean Data Analysis and Numerical Wave Modelin_g (Bathytopo Data)

» ‘ = 5 = b s .
R S A i & . o 5 -
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wa

w et L =3 - = N
\ - -~ - a = -
g .

ve Modeling (Bathytopo Data)
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Elevation (ft, NAVD88)

350.0
290.0
230.0
170.0
110.0
50.0
-10.0
-70.0
-130.0
-190.0
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

(Modeling Mesh)

~

e
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GLA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling (Modeling Mesh)
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G/ZA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling (Modeling Mesh)
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G/ZA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling
(Tidal Circulation Model: ADCIRC)

Depth-averaged CurrentVelocity (m/s)
2.0

mm 1.8
i
1.3
..
= 0.9
[l 0.7
= 0.4
0.2
0.00

Depth:averaged Current Velocity

4.70 m!s
0.00 mis

ADCIRC-simulated Peak Flood Tide Currents at: 04:00 Aug. 8, 1991
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UMASS Dartmouth wlel e 3008 DA w3y #9060 0 it
FVCOM Tidal Simulation

Finite -Volume Coastal Ocean Model (FVCOM)
developed by Chen et al. (2006a-b)

University of Massachusetts, Dartmouth, MA

Reference:
http://fvcom.smast.umassd.edu/resea
rch projects/Nsound/
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GLZA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling (Scenario Simulation Circulation Model: ADCIRC)

Water Surface Elevation (ft) ; Hurricane Bob (1991)

8.0
Day 18 06:00:00

| 4 after 1991-08-01
5.8
[ 47
3.6
2.4
1.3
0.2 -
-0.9
Py s

Wind Speed

44.29 mis
0.00 m/s

ADCIRC-simulaied Storm Surge and Wind during Hurricane Bob (1991)
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GLZA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Significant Wave Height {ft)

35.0

311 ' 2wt
I n « ‘\‘J . = SN
27.2 j

! 233 ;

1 194

D 15.6 A%
il

= 7.8

3.9

W

(Wave Model: SWAN)

Waterfront/Coastal Engineering and Design



GLA Coastal Englneermg STUdy Study Results (+/- 50 to 100-year; 70 mph 1-
Metocean Data Analysis and Numerical Wave Modeling minute, 10-meter wind)

Significant Wave Height (ft)
10.0

8.9
I 7.8
i,
o

Wave Direction.:
20.60 ft
0.00 ft =
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G/ZA Coastal Engineering Study Study Results (+/- 50 to 100-year; 70 mph 1-
Metocean Data Analysis and Numerical Wave Modeling minute, 10-meter wind)

Significant WaveHeight (ft}

£ e ey e . Points :

BT :
2.5

— N

T

1.0
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0.0 " - . e

. T

Wave Direction

20.00 ft g 3 e | o

0.00 ft =8 ° ; ; : Fointz Point1

o3 Ceiats

e

Pointd
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GZA Coastal Englneerlng STUdy Study Results (+/- 50 to 100-year; 70 mph 1-
Metocean Data Analysis and Numerical Wave Modeling minute, 10-meter wind)

Significant Wave Height @ -
45

l 40
I 35
= 3.0

=25
%0
15
“ 1.0
0.5
0.0

Wave Directiofil

10.00 ft
0.00 ft

(e
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GZA COOSTO' Englneerlng STUdy . Study Results: wave modeling consistent with
Metocean Data Analysis and Numerical Wave Modeling observed effects of wave fences on wave

transformation at Town Pier

Significant Wave Height (8 ‘
43 ey ‘ Existing Wave Fence during 100-year recurrence
4.0 s interval event with 98mph 1-minute sustained
I 15 e - S o L northeast wind and Elevation 6 feet NAVD88
I 4 " il N s St - RS Stillwater Elevation (White lines indicate the zone
i e 2 = of increased wave height due to structure effects
“Storm Damage Cone” observed by Town)

— 4
i !XU' <5
4 -
— &
1.0

0.5

0.0 S S e

Wave Directidp;;f ¢
10.00 ft
D.00 ft

£ ey o - x

e T

C W it
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GI/ZA Coastal Engineering Study

Metocean Data Analysis and Numerical Wave Modeling | Point |

Poigtd

% Poluts - 2 ” - Iz

Recurrence Interval (years) Significant Wave Heights (Hs) at SWAN Model Output Save Points at
Town Pier (in feet)
2 3 4 5
Prevailing Monthly Wind Speed 0.7 0.7 0.8 0.7
] 1.1 1.2 1.3 1.1
2 1.6 1.8 1.9 1.6
1.8 2.0 2.2 1.8
10 1.91t0 2.0 221023 231024 2010 2.1
25 211024 231028 241028 2.1 1o 2.5
50 22102.6 24103.0 251030 221027
100 221t02.7 2.5103.2 27 103.2 231028
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Perspective based on observed conditions: January 27, 2015 Nor’easter
Town Pier Domage
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January 27, 2015 Nor'easter Water Level, Wind and Wave Conditions

Water Level

-
-
— -
~ -~ » -
Eas
-

} / 'S : /" 1 / \'\\ \ / A / \ A -

 Peak water Level: 4.9 feet NAVDES

*  Maximum Sustained 1-minute 10 meter
Wind: +/- 35 to 40 mph

... * Wind Direction: North to Northeast

sw + Predicted Peak H. Wave Heights @ Pier: 2
to 2.5 feet

» Predicted Peak H .4 10 5 feet

e 0 Predicted peak wave crest elevation

e S o = (H.): 7 feet NAVD88
- Airtemperature o ——— + Predicted peak wave crest elevation
e A e R . TSI T (Hmox ): 8 TO 9 feet NAVDS88
. ~ 3 T =+ Annual Exceedance Probability: +/- 10-
— ottt e - year recurrence interval
. _Atmospheric pressure " « 2030 Annual Exceedance Probability: +/-

\//’-/ ] to 5-year recurrence interval

« 2050 Annual Exceedance Probability: +/-
<l-year recurrence interval
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GZA Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Street Scale - GZA Coupled
Coastal, Surface Flow,
Stormwater Infrastructure,
Groundwater Model

Interconnected Channel and
Pond Routing Model v4.0
(ICPR4)

GIZA Project Example;:
Queens, New York City

Model terrain (green)
with building
Y O A 8 ., i extrusions (orange)
.;-._::-:_:___- , i‘ . T i :. ;. Ond STOI’mWCITel’

S Al A i network (red).
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LEGEND:

2 Project Boundary 1 3.0- 4.0
Terrain []40-50
Elevation (ft) []50-60
HW-53-0 [C]60-70
BNo0-10 [70-80
E10-20 Hs80-90
EN20-30

GIZA Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Project Example: Queens, New York City
Interconnected Channel and Pond Routing Model v4.0 (ICPR4)

Extrusions

Breakiines

1D Node Interfaces

\ TR
“l\, .

Model terrain (left) with building extrusions, topographic breaklines, and

’:,_,,_-‘of

stormwater catch basin locations (right)




GZA Engineering Study

Metocean Data Analysis and Numerical Wave Modeling

Lan
_
-_~.

).117‘:? R0k

=S T -
=) 5&.‘1 oA e el O
SUMMARY OF ANALYSIS

Expectad 2050 flood inundation at peak hugh tide with 32" SLR and a
2050 5-yr, 24-hr rain event. No mitigation measure implementad

laxoeomno«)[:]m
DPM@(!BWM&"* lo-02s [l 20-
oo S an.0s a0,
e !ca 075 |l 40-

[ors-10

PI’OJeCT Exomple Queens, New YorI< C|’ry

[ Jo7s-14

Proposed Berm  Max Depth (feet) ] 1.0-20

- Detention Tanks [ | 0-0.25 I 20-30
@ Iintersection [ ]o2s-05 B 20-40
n Project Boundary |:| 05-075 |l 40-50

Model results show reduced pondlng through
implementing flood mitigation measures (shoreline
berms, tide gates, additional stormwater infrastructure)
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G/ZA Data Visualization: Coastal Flood Simulation, Long Wharf, New Haven, Ct
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G/ZA Data Visualization: Coastal Flood Simulation, Long Wharf, New Haven, Ct
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University of Florida: Data Visualization — Envision Nantucket

Envision Nantucket is a collaboration between the University of Florida Preservation Institute Nantucket, Nantucket Preservation Trust, and the Town of
Nantucket.
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GZA Data Visudlization: Coastal Flood Losses, East Hampton, New York

ﬂ Natural Hazards Risk Management NOAA nowCOAST USGS CMGP USACE FIMPRS East Hampton Google Earth Web FEMA FIS/FIRM NY GIS Gateway
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