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Super Typhoons have damaged wind farms in
China and Japan

Maemi 2003

o " Photo: Ishisaki (From Eqecat Brochure)

i, i Active yaw controls failed or could not keep

Saomai 2006 up with turbulence from complex terrain
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Hurricane Sandy
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Impacts

® Wind farms can withstand hurricanes
provided yaw controls remain active

® Jurbine resistance to hurricanes based
on risk and design conditions
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® Risk

® Return Period Winds
® On site station data not sufficient to determine return periods

® Short records and gaps in historical data prevent extreme wind
climate assessment

® Modeling needed to simulate longer period wind records
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“In the most vulnerable areas now being considered by developers, nearly half the
turbines in a farm are likely to be destroyed in a 20-y period”
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Exaggerating?

Quantifying the hurricane risk to

offshore wind turbines

Stephen Rose®, Paulina Jaramillo™', Mitchell J. Small*®, Iris Grossmann®, and Jay Apt**
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Hurricane wind fields needed to
assess risk to offshore wind farms
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In their paper in PNAS, Rose et al. (1) applied a statistical model
to estimate hurricane wind losses to wind turbines over a 20-y
typical wind farm lifetime. They combined a county annual
landfall frequency probability density function with a generalized
extreme value (GEV) fit of maximum wind speeds to model the
expected 20-y losses attributable to hurricane activity at four R T R T R T TR T R T
hypothetical offshore wind farm sites. Man-in-Box NW Gulf 10 min Wind Speed

T . = .
We found one error and three major flaws in this dp- Fig. 2. Scatterplot of maximum landfall winds at wind farm locations {y axis)

proach, which lead to an order of magnitude overestimation compared with the peak life cycle wind speed for the same hurricane while
of risk: in the northwest Gulf of Mexico.
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® Rose et al approach:

50 Turbine farm offshore Galveston

: . (no yaw control):
®
Collect peak Intensity of “Likely” (30% chance) loss of 24

every hurricane in box turbines over 20 years

1851-2008

® fit peak intensity data to
Generalized Extreme Value : 05t 5 Vot Siogee

89C S°%. - pep 92A SN2 b

distribution ; * f (WA oA Y,

® Fit annual GLS landfall
frequency distribution with
Poisson distribution

® Simulate thousands of
years of activity

® Each landfall strikes entire
(county sized) wind farm
with peak intensity

An engineering model computes the wind loading on
a turbine mast and whether it buckles or not
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Powell and Cocke:

® Replaying all storms affecting Galveston1900-2010:

® | oss of two turbines per 20 years (no yaw control)
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® Stochastic models are available to assess risk

Map of Form M2-8
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Figure 39, 100- and 250-year return period wind speeds at Florida ZiP Codes for open terrain wind
CAPpOsUre.
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Risk

® Stochastic modeling based on observed
tropical cyclone climate

® |ifecycle of each hurricane modeled
® Thousands of years simulated

® Winds from each event used to estimate
return periods and losses
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® Design Conditions
® Current Standards
e |EC 61400-3
e DNV-RP-C205

e API RP 2A-WSD
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® VWind and Oil/Gas-
based standards

Reference Norwegian sea data
for wind profile and turbulence
assessments

Froya location (63 N) data
applicable to hurricane areas?

Winds in Froya study did not
reach hurricane conditions
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Standards

® |EC 61400-3 12.3 Assessment of wind conditions, DNV-RP-C205

e |EC: “The roughness of the sea surface increases with wind speed and
thus the turbulence intensity will increase as a function of wind speed.”

e ABS: Offshore Wind Turbine Installations, APl RP 2A-WSD

® Profile Power law (Alpha 0.14) implies constant roughness with wind speed
(equivalent to open terrain over land),

® “For strong wind conditions, such as a hurricane” Profile log law
(Froya) has no roughness dependence

® Turbulence intensity increase with wind speed, no roughness dependence
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Design Conditions: What'’s a hurricane really like!?

Isabel 131 1853Z
WS 30m/s -
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Photo provided by Michael Black, AOML
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Hurricane Bonnie Waves

Scanning radar SOk A e
Altimeter L '
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Storm moving NW

Bold lines are wave
direction,
length: wave length
width: sig. wave ht.
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Photo provided by Michael Black, AOML
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Photo provided by Michael Black, AOML
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In extreme winds the sea state completely changes:
an emulsion (sea in air and air in sea)

Roughness (friction) properties change

Turbines designs need to be based on actual hurricane conditions
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GPS sonde probes sample near-surface wind conditions
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GPS Sonde Trajectories
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Thousands of sondes in hurricanes over the past decade
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Open ocean mean wind profiles

Wind profiles exhibit less shear in extreme winds
Roughness levels off and then decreases with wind speed

4000

, LAVAVAY)
1

>

[>

N
o

-49 MBL'I 6

o

-69 MBL

—A—
- 30-39 MBL
| A

> > > b

> > > > > o>

[>

Wind Speed (m/s) Wind Speed (m/s)

Wednesday, July 17, 13

20 March 2003

M. Powell, NOAA WPA Webinar 7-17-2013



Hurricane Wind Profiles (Open Ocean)
O

Observed b Power Law Froya Profile

(log fit to Wy (triangles) (1
GPS sonde Cat 3 9 (Squares)
measurements) ()

Height (m)
3

Wind Speed (m/s)

Extrapolate from Surface: winds 14% too high
Extrapolate from 100 m downward, Power law |3%, Froya 30% too low
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Turbulence intensity in Hurricane Bob (1991)
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Wind farms will be in coastal waters
Do open ocean conditions still apply?

; Multipurpose Marine Cadastre

Frapased TCermieriine | e the Kllanlk Wind Cansar|
npfliciel Bladc Latersl Eyurdaras

L ol OULA "Blg ] goma

Bureprged Lande g0l Boandany

dcfivn Benorwahie Energy oo

Dffshom Wind
Projects

Contrary to DOE maps, Florida,
Alabama, and Mississippi all have
offshore wind resources

* DOE Offshore Wind
Demonstration Project locations
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Offshore Wind Farm Location State or Federal
Baronyx Offshore Cameron County near State
Port Isabel, TX (Rio Grande N and
S)
Fisherman’s Energy Atlantic City, NJ (3 miles offshore) | State
Dominion Virginia Power Virginia Beach Federal
Statoil North America (Hywind Boothbay Harbor State
Maine)
University of Maine (DeepCwind) | Monhegan Island State
Deepwater Wind Block Island (5 mi SE) State
Cape Wind Nantucket Sound (Horseshoe State
shoal)
Maryland Wind Energy Area See Fig. 1 Federal
Rhode Island Wind Energy Area See Fig. 1 Federal
New Jersey Wind Energy area See Fig. 1 Federal
Maryland Wind Energy Area See Fig. 1 Federal
Virginia Wind Energy Area See Fig. 1 Federal
Delaware See Fig. 1 Federal
North Carolina See Fig. 1 Federal
South Carolina See Fig. 1 Federal
Georgia Lease request for a MET mast off | Federal

Tybee Island

Listing of DOE funded demonstration projects and other offshore wind
developments planned or projected in state and federal waters
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DOE-NOAA partnership to
Collect data on coastal hurricane design conditions

o Tt m i r e

Schematic of NOAA P3 “piggyback” flight pattern showing hypothetical wind farm fly-by
with expendable launches at a 2 km interval for 20 km.

Photo: Dong Energy “Gunfleet Sands 1” farm off SE England.
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Collect wave, wind field, and oceanic data

JOURNAL OF ATMOSPHERIC ANDREA 0006 2003 at 1930z

Scanning radar altimeter: Directional wave spectrum,
significant wave height, individual wave imaging

Lili /data/0/sra/2002/021003/xyz172422.pbd, line 13682
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Expendables (Ex) and aircraft (A/C) measurement systems
required for conducting offshore wind farm experiment

Observing system Measurement Number Type

GPS sonde Pressure, 4-10 EX
Temperature,
Humidity, Velocity

AXBT Ocean temperature |2-4 Ex
profile

AXCP Ocean current profile |2-4 EX

Stepped Frequency | Surface wind speed |8-10 hour missions AIC

Microwave rain rate

Radiometer (SFMR)

NOAA wide-swath wave height and 8-10 hour missions |A/C

radar altimeter directional wave
spectrum

Airborne Doppler 3D wind velocity, rain | 8-10 hour missions | A/C

radar rate

Lower fuselage radar |reflectivity 8-10 hour missions |A/C

H*Wind Analysis of surface 8-10 hour missions | All available
wind field observations
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A comprehensive observational
framework will help inform design
conditions to help make sure offshore
wind farms withstand hurricanes
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Thanks!

Questions?

Photo: Eranti Engineering Oy http://www.erantiengineering.fi/pilot-wind-turbine.htm
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Extra Slides
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Sites: Galveston, NC, NJ, [ Wuricane Catecory
MA

We examine Galveston

Reproduce their results

Run a Simple wind model Fig. 1. Cumulative distribution function of the expected number of turbine |

towers buckled by a single storm as a function of wind speed. This models a

on a” I 900-20 I O Hurda_t hurricane with a Tl of 9% in a S0-turbine wind farm of NREL 5-MVW turbines

tracks within 200 km of (although their loss can cause other structural damage). To illus-
GLS trate the risk to a wind farm from hurricane force wind speeds,
we calculate the expected number of turbine towers that buckle in
a 50-turbine wind farm as a function of maximum sustained (10
min mean) wind speed, assuming that turbines cannot yaw during

Record max wind at each
location for each storm

Compute losses using Galveston Box
damage curve from PNAS > deg lat x 7 deg lon

paper
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®  Gulf of Mexico hurricane landfall intensities 1979-2008

® More realistic than max box intensities since offshore wind farms will be
close to shore
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Result: 8% chance Hurricanes would 2 U
collapse 25 or more turbines over a 20 e
year period avg. 6 per year

But this is still an overestimate!
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® Results: PNAS paper overestimated hurricane risk by an order of
magnitude

® Wind farm site peak wind speeds are ~ 64% of “peak-in-box”
Intensity

® For historical storms 1900-2010: Two turbines destroyed per 20 y
compared to 24/20y if storms landfall at “peak-in-box’ intensity
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® Limitations

® Error in their GEV fit (10 min vs | min)

’

® Assume each storm landfalls at peak “box’
Intensity

® Pre 1900 data (and GEV fits) are generally
not used for risk modeling (e.g FL

Commission)

® Did not consider that hurricane winds
vary spatially
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Charlie Neumann, 1952 Hurricane season

Navy recon squadron, JAX
400-600 ft (120-180 m)
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Profile Method:
Log Law for neutral stability
U=Uy/k Ln(Z/Zo)

Ln (Z)= (k/Uy) U+ Ln (Zo)
slope intercept
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