lvan Metocean Overview

m Focus on deep water for now
m Agenda

— lvan Wind/\Wave Hindcast

— Current Hindcast

— Wave/Wind measurements

— Historical perspective

— NWS Wind Forecasting

m Each talk followed by 5-min
guestions

[van Characteristics

Category 3-4 Hurricane
Central pressure 939 mb
Radius=20-30 nm

Max Wave H,,,~96 ft
Wind=92 kt (33 ft, 30 min)

API/RP-2A 100-year...
- dwH__ =712 ft

max

— Wind=87 kt (33 ft, 30 min)




Hindcast Methodology

m Modeling done by OWI

m Basic Steps

— Specify storm parameters
(time history of pressure, etc.)

— Run wind model to determine
wind field every 30 minutes

— Use modeled winds to drive
wave & surge models

— Validate against site
measurements

Wind & WWave Comparison
NDBC Buoy 42040

Hurricane van Hindcast
Measured vs. Hindcast Winds and Waves at 42040
5 5km OWI13G

Xito g Speedtmis) —— —— —— —— 20T, et
420h0 E N\

316 16 42039 E RN
LA ]

2041 529 @0 /Dﬂ& of 42 E e e
X X Windl Direction (okg from which)
% e

E L 1 L L I
Significant Wave Height (m)
E T

E .
Peak Wave Period (set)

E |
Wave Dirsction (deg from which)
L S s

I I I I I I
11104 912104 913104 914104 16104 916104




Wind & Wave Comparisons
at Marlin TLP.

Hurricane van Hinocast - Oceenweatner Inc. — Model
Measured vs. Hindcast Winols and Waves at Marlin + Platiorm West

= Platiorm South

Wind Bpeed (mis, 30min ave at 10 feters) MARLINW Data
T T : T T T T T T T T T T

ind Direction (cleg from which)

Significant Weve Heignt (m)

Peak Wave Period (sec)

MARLINW Date:

- ST

I I
916104 9116104 917104

Methods & models (Gumshoe)
same as used for APl RP2A.

Excellent comparisons with Ivan
measurements at buoys &
platforms

Gumshoe model works for Ivan
H o =96 ft; W ,=92 kt (33', 30 min)

m RP2A 100-yr:

H_ =71ft; W=87 kt (33, 30 min)

max




[van Current Hindcast

m Review Hurricane
Currents

m Hindcast Currents
from Ivan

m Design Implications?

Hurricane Current

Hurricane Current:

m Generated by local wind
stress

Strongest on right side in
DW (10’s of km wide)

Current peaks within 1-3
hours of max wind

Strong inertial
component persists 3-4
days
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Wind Stress

Current

l Momentum Transfer
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Hurricane-Loop Interaction

m Varying temperature
and salinity profile
has strong influence
on hurricane current

Joint hurricane-Loop
load cases likely
important for southern
DW areas

—— Background TS
—— Loop TS
. .
100 150 200 250 300
U (cm/sec)

Effect of Different Temperature and Salinity on
Hurricane Current profile

Hindcasting Abllity...

2.0

m Current hindcast
ability not as
developed as that for
winds, waves .

=

Little data to compare o mow w w w0 a0 w0
against, no profile
data above 30 m

Bulk mixed-layer

model does good job
in 5 of 6 comparisons
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ML Model Compared to Measurements, Hurricane
Frederic (Sept. 1979)




Hindcasting Ability

Rece nt d ata Sh OWS 0 Hindcast Currents, Hurricane Lili

substantial shear in 20| ‘ /
mixed layer a0
M-Y 1D profile 60

model compares o0
well in DW
De pth-fpd

Bathymetry needed 140
around shelf/slope 160 e

Models are very 180 — wv |

—— HYCOM
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Profiles Near Time of Peak Current Near Genesis

lvan Hindcasts

Commercial hindcast
available with HYCOM

Preliminary comparison
on slope with Navy

data shows reasonable

agreement

Bulk ML, M-Y 1D profile

analyses also

performed

No DW current data for Snapshot of lIvan HYCOM Currents
validation




Model Comparisons for Ivan in
DW.

Hindcast Currents, Hurricane Ivan

m Mixed-layer depth
and average speed
from Bulk ML, M-Y
1D profile models
similar
HYCOM mixed-
layer average
speed is similar,
but profile and ML
depth are 160 150 260 250 300

guestionable U (emisec)
Profiles Near Time of Peak Current in DW

Model Camparisons Continued

BU|k )Y L! M-Y 1D Comparing ML and M-Y Models for Ivan at Fixed Latitude
profile model predict
similar currents
across storm track

M-Y 1D predicts
higher mean speeds
on 100 m

HYCOM result o

includes Ulysses -905 -900 -895 -89.0 -885 -88.0 -875 -870 -865 -86.0 -855
Longitude

eddy currents, so

not shown
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Summary of Currents

Ivan model efforts hampered by
lack of data for validation

Bulk ML, M-Y 1D profile models
with limited prior validation yield
similar results for Ivan in DW

HYCOM results in DW are
guestionable — need to
investigate

M-Y 1-D profile model should be
used to derive criteria for shallow
draft platforms (Bulk ML model
suitable for spars)

Industry Site Measurements
at Marlin and Medusa

m Marlin TLP

— Wind at top of crane

— Wave radars on SE
(noisy) & SW sides

— High sampling rates
m Medusa Spar

— Wave radars on SE
(noisy) & NW sides

— High sampling rates




Wind Spectrum at Marlin

83.5 kts at 173 ft, 67.5 kts at 33 ft
15:30 - 16:30
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1-sec gust factor = 1.36
1-min gust factor = 1.15

102.2 kts at 170 ft, 81.5 kts at 33 ft
17:30 - 18:30

3500
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—— APl hifreq
—— Ivan at Marlin
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1-sec gust factor = 1.34
1-min gust factor = 1.14

*Gust factors agree reasonably well with NPD
*Earlier spectrum agrees with NPD model but later
spectrum is deficient in very low frequency energy

Wave Time Series at Marlin

lvan Waves at Marlin

Hmax=86.3

Hs,max=50.6 ft

——Hs

= Hmax

height (feet)

s+ Cmax

time (hours) on 15 Sep




Wave Time Series at Marlin
16:30 - 17:30 on 15 Sep

Ivan Waves at Marlin, 16:30 - 17:30 on 15 Sep

Wave Height Distribution
at Marlin




Wave Height Distribution
at Medusa

Platferm Damage at
Petronius and Pompano
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Petronius Platferm Damage

Damage at 54.1' — 57.4' above storm
water level (after accounting for 2.6’
storm surge, tide, and setdown)

H.=51.1"

Forristall distribution integrated over entire storm
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Wave / Platform Interaction

Model tests

80’ wave at Ekofisk

e s o patom saneae? " |

m Wind spectra fit standards

m No evidence of “freak”
(rogue) waves

m Distributions of measured
wave crests fit design
standards

m Damage provides no
compelling evidence for
criteria change
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