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Ocean waves
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Types of Waves
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Seismic
Gravit disruption, Wind
Disturbing force & 2 e >
landslides
: Gravity Surface tension
Festoring force — — | =
Tide Tsunami Seiche Wind wave Capillary wave
Type of wave = - | = = | = | = | —
(ripple)
Present day seismic

Future seismic?

Amount of enargy
in ocean surface

100,000 sec 10,000 sec 1,000 sa¢c 100 sec 10 sec 1sec 110 sec 1100 sec
(1 1/4 days) (3 hn) (17 min)

[

Period
1 10 100
(time, in seconds, for two
successive wave crests to
pass a fixed point)
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Frequency
© 2002 Brooks/Cole (waves per second)
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Wave Type Typical Wavelength Disturbing Force
Wind wave 60-150 m (200-500 ft) Wind over ocean
seiche Largea, variable; a function Change in atmosphearic

Seismic sea wave
(tsunami)

Tide

of basin size
200 km (125 mi)

', circumference of Earth

pressure, storm surge, tsunami

Faulling of seafloor, volcanic
eruption, landslide

Gravitational attraction,
rotation of Earth
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Amphidromic points — Coriolis and interference

GOT99.2 NASA/GSFC

R Ray
Space Geodesy Beanch
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Nova Scotia, Canada — 16 meters difference

The ?@ ﬁeyé Tides

Where are the
HIGHEST tides?

facts:

= The highest tides on planet
Earth occur near Wolfville, in
Nova Scotia's Minas Basin. The
water level at high tide can be
as much as 16 metres (52 feet)
higher than at low tide.

m Overview

Th € ea rth ’S 3 \g » What causes the tides?

the Bay of Fundy?

» Where are the world's
highest tides?
m Tide Times
m Tidal Bore
. Hi
L]

The world's highest tides occur in the Bay of Fundy's Minas
Basin. The Minas Basin is in Nova Scotia, Canada. Wolfville,
nearly an hour later each day) Nova Scotia is at the _head of the Minas VBasir'w and S0 is
because of the changing perha_ps the best place in the _world to see its highest tides.
position of the Moon in its orbit Specific places to see these tides are under the "Where are

Hha TEnbhant Tidaal Gl

= High tides happen every 12
hours and 25 minutes (or

Highest Tide Tidbits
Credits

Top five (average tidal range):

- Bay of Fundy, Canada : 14.5 m
- La Rance, France :13.5m
- Bristol Channel, UK :12.3 m
- Anchorage, Alaska : 9.0m
- Liverpool, UK : 83m
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TSUNAMI

The 9.1 Sumatra-Andaman earthquake 26th December 2004

Indian Ocean Tsunami model t =2 hr 4 min (2 min mesh)

MSiE

entawa sechor

Model data at 2 hr S min
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Earthquakes > 5
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Sumatra-Andaman earthquake 26th December 2004
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Global seismograms of the Sumatra-Andaman earthquake

Distance (1 degree ~ 111 km)
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Sri Lanka

!
Sunda Trench

N

Tsunami wavefield 1 hour after the 9.1 earthquake

Source: USGS
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The 9.1 Sumatra-Andaman earthquake 26th December 2004
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Seiche: standing waves in a closed ocean/lake
caused by air pressure or wind

Suggested by hydrologist Francois-Alphonse Forel (professor in medicine) in 1890
(Lake Geneva)

Lol

Seiche ~— ﬂ Merian’s formula

Example: L = 10 km, average height = 100 m => T = 630 seconds ; 10 minutes

Lake seiches can occur very quickly: on July 13, 1995, a big seiche on Lake Superior
caused the water level to fall and then rise again by three feet (one meter) within
fifteen minutes, leaving some boats hanging from the docks on their mooring lines

when the water retreated.
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Wikipedia:

Seiches have been observed in seas such as the Adriatic Sea and the Baltic Sea, resulting
in flooding of Venice and St. Petersburg respectively. The latter is constructed on
drained marshlands at the mouth of the Neva river. Seiche-induced flooding is common
along the Neva river in the autumn. The seiche is driven by a low pressure region in the
North Atlantic moving onshore, giving rise to cyclonic lows on the Baltic Sea. The low
pressure of the cyclone draws greater-than-normal quantities of water into the virtually
land-locked Baltic. As the cyclone continues inland, long, low-frequency seiche waves
with wavelengths up to several hundred kilometers are established in the Baltic. When
the waves reach the narrow and shallow Neva Bay, they become much higher —
ultimately flooding the Neva embankments.28l Similar phenomena are observed at
Venice, resulting in the MOSE Project, a system of 79 mobile barriers designed to
protect the three entrances to the Venetian Lagoon.
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Observed seiche at Lake Erie 2003
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Factors Affecting Wind Wave
Development

Changng %o
Ripples 1o chop Fully ?egbped X &h's
’__,.»_.'

to wind waves
e

-

E—

Direclion of
wava advanca

O 2002 Brocka/'Cole
1

a dwidan of Thomson Laarning Inc.
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Sinusoidal waves on deep water (Lighthill, 1978)
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Sinusoidal waves on deep water

Direction of Propagation

Wave Length

@\ Wave Height depth

Particle Orbital M otion

Still Water Level

Bottom

Source: Patrick Holmes, Imperial College
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It is never as simple.... '

Net mass transport after one period \

Orbits of water particles are not quite closed -- net displacement = STOKES DRIFT

© 2002 Brooks/Cole
a division of Themsen Learning, Inc.

ROSE 2013



M3: Marine receivers

The dispersion relation for ocean waves

Period (s)
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2
1

o° = gk tanh kd

k:2ﬂ72- | \

40 50 gb
Wavelength (m)

10 20 30

Ocean wave period versus wavelength for various
water depths (20, 30 and 100 m)
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Pressure variation below ocean waves

Surface elevation:

= —CO0S271
= (

H

)

X t
AT

Pressure vary with x and z:

P

£Y

cosh2z(d —z)/ A
+Z

cosh2zd /A

A =wave length
H = wave height

T = wave period

d = water depth

z = depth

g = gravity (9.8 m/s?)

Source: Patrick Holmes, Imperial College
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A = wave length

Particle velocities H = wave height
T = wave period
d = water depth

Particle velocities (horizontal and vertical): z = depth
g = gravity (9.8 m/s?)

u=owH cosh2z(d ~2)/ 4 cos(2z(x/L—-t/T)

2sinh27d /[ A
sinh2z(d-z)/ A
2sinh2zd [ A

V=wH sin(2z(x/L—-t/T)

For deep water, both pressure and velocities decay exponentially and at same rate, so
there is no practical differences in the decay rate between the two.

Source: Patrick Holmes, Imperial College
ROSE 2013



Depth (m)

Pressure response factor
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0 LLL{ T T LLLLLL{ T T LLLLLL{
5ﬁ |
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Pressure response
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Dynamic pressure versus streamer depth assuming
40 m wavelength
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Modeled dynamic pressure below a sinusoidal ocean wave

1000 Wavelength = 40 m
Waveheight = 2.7 m
Water depth = 100 m

500

dP (microbar)
o

-500

Streamer depth =30 m
-1000 Streamer depth =40 m

| | | |

|
0 10 20 30 40 50 60 70 80 90 100
x (m)

Group summation and low cut filters will reduce the noise effect
significantly
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Langmuir circulation layer; Irving Langmuir 1927

Typical depth of this circualtion layer is less than 20 m

Langmuir: Water motion is 3D

ROSE 2013
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eaks caused by Langmuir circulation
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478 Deep Sea Research Part A. Oceanographic

Ly
S8 Research Papers
- ﬂ r'-._t‘_v_ih Volume 35, Issue b, May 19838, Pages 711-731, 733737, 730747

Langmuir circulation within the oceanic mixed layer

Robert A. Weller, James F. Price

" 'Wonds Hole Cceanographic Institution, Woods Hole, MADZ2543, US A

Regions of convergent surface flow were located with surface drifters. In these
regions the downward vertical and downwind horizontal components of the flow
were comparable in size and, at times, in excess of 20 cm s™L. This downwind,
dowmwelling flow was jet-like in structure, with the maximum velocity located
below the surface. Away from the downwelling regions and in the lower half of the
mixed layer below the convergence zones, the flow associated with the Langmuir
cells was an order of magnitude smaller and not well resolved in these experiments.
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Dynamic pressure versus streamer depth assuming 40
m wavelength (5 sec period) — water depth 60 m

0
Water depth: 60 m
101 Wave length: 40 m l
Wave height: 2.7 m
20 =
E
£ 30- -
Q.
L
()
40+ -
50+ -
/ 20 microbar at the sea bed! However, frequency 0.2 Hz!
60 . | 1 TS | | 12 1 L L T 13 1 1 FS 1T | |4 1 I L O I .
10 10 10 10 10

Dynamic pressure (microbar)
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Particle velocity versus depth assuming 40 m
wavelength — water depth 60 m

10~

S0

Water depth: 60 m
Wave length: 40 m
Wave height: 2.7 m

Vertical velocity

Horizontal velocity

| | II[ | 1 IIIIIII

60

10° 10 10

Vertical velocity (m/s)

10
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Amplitude (dB)

Amplitude (dB)

Amplitude (dB)

M3: Marine receivers

Typical swell noise observed on seismic data has a period of 1 s

0 100 200 14.

Ocean waves with 1 second period =>
wavelength of 1.6 m

Period (s)

0 | | | | 1 ] | |
6

100 200
Frequency (Hz)
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Dynamic pressure and velocity fields decay
exponentially as a function of water depth

| | x | x | | |
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

Relative velocity or pressure

Strongly dependent on ocean wavelengths (5, 25 and 100 m shown above)
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Depth (m)
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Logarithmic version of previous plot

10

20
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10 107 . 10" 10
Relative velocity or pressure

10
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Waveheights at Gullfaks 2012

(%3
_ Y P 3 A
PP . ..
- » . . X ek
. .ot
»
0.3.’0 *
. *\ » » y
-
* e L h LIV T
VO E e et tas WO
. . »
. L se, e, ** s Q
= * - ¥ * . ear QI_O
A
-
o et % . 1
» L o
* & * \-0- »
2 * oute
0‘00 S -
- rae
» “wlt e ®e o
. .y JQ”Q‘C
acao.a\‘c-
. e, "
) ol
L S A 2
-
S A o)
- o ooy o O ohnco — 10
- ooont&n’tt » N
o L e cf . .
*# * -
. e,
o, |
o »,
* .y
LR P . ]
e -
se, *™% _
-
. *
et
2t .
s * T »o G
PO by & R .O
| =2 b - Y IO
% . w0 s (N
. * . L AR 4
aSo»ooJa » A.I—
“uc 00000000 !
. S 8 4% 4 ~
Ll V2 o
- iy * 5
JUPR N T Y
il
-
3 =
- * od
. L2
et @ o N
¥ o ©
= LI i =0
DI = o
s v
C".Q‘O
oo‘.‘no L
ey Wy g W - i
- g * - -
B Ltae .0 -
ol T
3 Tave, . .,
0
LI £ %l
aOoo - »
. ae -ﬁco . . |
»
i s % & B
AT tal o
*, Tesy e ~
- . ol
. & - o
» *
- )
. W .
o o 3 b bt
* &:‘0.0 .Q“‘
.
» we » 4
0.0.‘0
A * s
* . Pl
bl P RPURE
-t - %
¢ 't 2 e s *
2 & *e ® = % s »
. % . * * L ” .
L
. & ﬂo -
> i £ -‘0
»
= » e T, vt 1O
v AR : To)
- ﬁ ’00
L ™ . 'auy o s
. ., " PR
N Qzu . *n
- »
L i . ., o **
e,
» . * * L el s v
ey g ¥ -
- . . At
. taocamtc
* S CQQ .. " . - .
. » % e
e . .
LA A s
PO ) Q'docc
% "Qa._ . * wer |
| | | S ot s | | | (@)
O » 0 (o] <t (8] N -~ &)
—

11

ROSE 2013



30

Wind speed at Gullfaks 2012
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Waveheights at Gullfaks 2012 — smoothed
(operator length: 14 days)

6
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waveheight (m)
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Comparing waveheights and wind velocity at Gullfaks 2012
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Gullfaks 2012 - correlation between wind speed and wave heights

Relation between waveheight and wind
velocity (modified from Kinsman, 1965):

H=aU’+b

a=0.0246; b=1.0m
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Mountain waves: USS RAMAPO - 1933 Pacific Ocean

Source: Ned Mayo

In February, 1933, the USS Ramapo, a 146 meter (478 ft) Navy oiler found itself
in an extraordinary storm on its way from Manila to San Diego. The storm lasted
7 days and stretched from the coast of Asia to New York, producing strong winds
over thousands of miles of unobstructed ocean. Driven from behind by winds on
the order of 60 knots, the crew had time to carefully observe the nearly sinusoidal
mountainous waves. An officer on the deck observed the crest of the wave
approaching from behind just over the level of the crow's nest while the stern of
the ship was at the trough of the wave. Subsequent scaling yielded the height of
34 meters for the wave.

Observing officer

The USS Ramapo encounters C'O;".s on bridge of ship
waves as high as a ten-story L / Ship length
building. l 146 m =478

Wavelength/waveheight ratio = 10

ROSE 2013
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USS RAMAPO

\
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Low frequency part of wave spectra

Pierson-Moskowitz spectrum:

S(®) =%:emj

Peak frequency decreases with wind speed:
- 0.9¢
U

fP

Energy[Ft?]

LI

20.6 m/s _

18.0 m/s =
154 m/s

12.9 m/s
10.3 m/s

0.10

d >4 P —
0.15 0.20 0.25

Frequency [Hz]

Wave spectra of a fully developed sea for different wind speeds according to

Moskowitz (1964).
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Torsethaugen, 1993: double peak model

10,000

1,000

Spectral density (m %s)

L=
—
=
L]

0,010

ur

0,001

=
=
=
=

Spectral density (m s)

0,10

1,00
Frequency (Hz)

Statfjord data: Hs=2.5m; T=5.3 s

Wavelength: 44 m
Steepness = 2.5/44 = 0.057

Statfjord data: Hs=2.6 m; T=16.8 s

Wavelength: 450 m
Steepness = 2.6/450 = 0.0057
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Foam (mixture of water and sand) on shore after a
storm in Aberdeen
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MarineBioPhotograpl
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Source: Columbia University and other ROSE 2013



Observations

* The noise created by the mass distribution effects of
a sinusoidal surface wave decays exponentially and is
negligible for frequencies above 1-2 Hz

* Langmuir layer extends down to 20 m, and create
helix type of water circulation



Measuring noise on streamers

Photo: Kongsberg Maritime



Marine seismic noise — field experiment
Haltenbanken, Seres project 1988-1989

Streamer depth: 9-12 m, 3 km streamer, 120 channels, birds at traces:
1,13,25,37,49,61,73,85,97,109
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N
'E Data-set Record Swell Wind Sea state Low cut Filter
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W ,,;-/\ 1 58-62 1 m no 0.5 in
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RMS AMPL ITUDE (MICROBAR)
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RMS-average for records 63-67 good weather

O
Far offset Filter: 5.3 Hz (18 dB/oct to 128 Hz (72 dB/oct)
.
4 BIRDS
Near offset
w .
Notice the sligth decrase (red
dashed line) in noise level away
- from the ship (trace 120 is closest
to the vessel)
Conventional fluid filled streamer
N
v Ambient noise on midstreamer
- traces is ~ 0.5 microbar !
(@]
i I

o 22 40 e 8  ©0 120
TRACE NUMBER

Data from the SERES Marine Seismic Noise Project 1989
ROSE 2013




RMS AMPLITUDE (MICROBAR)

M3: Marine receivers

Comparing the optimal noise records with
some weather noise records: sird noise is still visible

Data-set Record Swell Wwind Sea state Low cut Filter
1 53-57 0.5 m 12 kts 3 in
2 94-98 2 m 12 kts 2 in
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Amplitude (dB)
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Sea state is more important than swell size

s | 1 1 1
=— - Trace 20, sea state 3, 0.5 m swell
."—:.’_J_
= - Records 53-57 . - - |-
?... L .é .......... -
??__ .
= . : : L
. T T T T 1
0 50 100 150 200 250

Frequency (Hz)

Amplitude (dB)

10

0

0 -20 -10

~

-60 -50 -40 -

e | 1 1

. Trace 20, sea state 2, 2 m swell

-
200 250
Frequency (Hz)

Indication that rough seas with relative small wave heights create
more noise than a calmer sea with larger swells

Same wind speed for the two measurements

Noise generated by motion and cavitation close to sea surface?

ROSE 2013



RMS AMPLITUDE (MICROBAR)

M3: Marine receivers

Strong weather noise — 33 knots sea state 6-7

&

——:RECORDS 1-5

Average 10 microbar

~— —RECORDS 63-67
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Bird noise not visible,
more head and tail noise
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M3: Marine receivers

Typical weather noise (black) compared to
the ambient noise (white)

Amplilufe (dB)

20

) o | l i

~ Low frequency signal strength is 10 microbar (20 db)

1
1

0

0 -30 -20 -10

- wm—{ = = == 4 s a s = e P

=50 -

Frequency (Hz)

ROSE 2013



Amplitude (dB)

M3: Marine receivers

Records in rough weather (wind speed 33 knots, gale)

0 10 20
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=30 -20

-50 -40

Time (s)

TRACE 20

-
RECORDS 1-5

|

3 I e | A 1

- Low frequency signal strength |
. is 10 microbar (20 db) 3

RECORDS 63-67

I T
50 100

Frequency (Hz)

Observe periods up to 2 seconds => 6 m
wavelength

A=6m
Modeled response at 9 m H=1m
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d=100m
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M3: Marine receivers

Noise records at 6 and 15 m, conventional
and new streamer

— Conventional Streamer =——NGS

Frequency (Hz)
0 20 40 60 80 100 120
8.00
7.00 —w
6.00

5.00

Amplitude (uBar/Hz)
3

(8]
o
o
f
- el

2.00 \\

1.00 -
‘M

0.00 = ——

Courtesy of PGS
ROSE 2013



RMS microbars

M3: Marine receivers

Solid streamers

Outer PUjacket | Cylindrical Sentinel
Y hydrophone module

Foam flotation jacket
with embedded
hydrophone modules

1 00 T T T T
= solid liguid > '
=Ta ll ’ Strain member
80 Foam isolating hydrophone
from strain member
7O
Source: www.cgg.com
50 - -

1 1 1 1 1 1 1
[a] 50 100 150 200 250 300 350 400
Trace Mumber

Noise comparison of solid streamer (left) and fluid filled streamer (right) measured

for moderate seas. From Dowle, SEG, 2006.
ROSE 2013



M3: Marine receivers

Ocean wavelength of 1.6 m (1 s period) decay with depth

Assume that noise level at surface is 0.1 bar=> 101> barat 8 m

Depth (m)
T
|

| | | | | |
10 14 -12 10

10 10 10 100 107 10 10 10
Relative velocity or pressure

CONCLUSION: This type of noise is rarely observed in seismic data, because the
period is rarely larger than 1 second..

ROSE 2013



Turbulent flow around a streamer (Elboth et al.,,
Geophysics 2010)

a) § Dye release

¢5 cm

_—
Towing direction

A
=

b)

Towing direction

Streamer
diameter
5cm

Dye outlets

Figure 2. (a) The single hole outlet arrangement. A slight bend to-
ward the nozzle is imposed to release the dye in an area where we

hope there are minimal flow interactions with the arrangement (cf. Figure 3. Snapshots of a seismic streamer cable in the ocean. (a)
the zoomed inset). (b) The four-hole nozzle outlet, which was Cross-section view visualized by a single hole dye release. (b)
hooked onto the streamer cable. Three-dimensional view by a multihole dye release.

ROSE 2013



M3: Marine receivers

Flow noise reduction from superhydrophobic surfaces Geophysics, 2012

Thomas Elboth', Bjorn Anders Pettersson Reif 2, @yvind Andreassen?, and Michael B. Martell®

BE fers o1s susm ina "“ e wed et aes ea.. .no| == oo Normal surface |-
: - A : SHS surface

ag - - noooDOOGoC e e m e A 0D 0O 5000080000 —

Noise level (dB re 1 p Pa)

451 H ; :;::;:I‘ g -
10 10 10

Frequency (Hz) ROSE 2013



M3: Marine receivers

Tug noise — increase with increasing towing depth?

sea surface

/\ hydrophone
\a”)

I MY /N

sea surface

/ \ hydrophone
Va

Increased angle between lead ins and the streamer
=> more tug noise

- Use of lead ins to decrease the angle => less near
offset coverage?

ROSE 2013



M3: Marine receivers

TUG NOISE

RAW SHOTS

lile Wiew Animation Dicking Help
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M3: Marine receivers

Site survey data — «random» swell noise
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M3: Marine receivers

5-15-100-130 Hz band pass filter

Time (ms)
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Still some swell noise visible
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M3: Marine receivers

Swell noise on site survey data
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Frequency spectra

M3: Marine receivers

——

ROSE 2013



M3: Marine receivers

Another problem for streamers: Barnacle growth...

ROSE 2013



M3: Marine receivers

Bubbles as mechanism for noise

WIND ROWS

BANDS OF

BREAKING
WAVES \\ INTENSE BAND
OF BUBBLES

BANDS OF

SEASONAL

THERMOCLINE INTERNAL

WAVES

Sea surface sound, ed. Kerman
ROSE 2013



Time (s)

hmplitude (dB)

10

0

-60 -30 -40 -30 -20 ~-10

Bird noise

TRACES 12 AND 13 (Records 63-67).

Record
63 64 65 66 67

T
0 50 100 150 200 250
Frequency (Hz)

M3: Marine receivers

Comparison between a bird trace (13) and the
neigbouring trace (12) —in time and frequency

domain.

Significant bird noise between 5-35 Hz

and 100-130 Hz...

ROSE 2013



M3: Marine receivers

R d .
- 64 %65 66 67 ... and bird trace 85 versus trace 84.

Time (s)

MR e
e
u

84 B85 84 B85 B84 B85 84 85 B4 85
Trace

Amplitude (d8)

0 50 180 1§0 280 2&0
Frequency (Hz)
ROSE 2013



Directional effects caused by wind
direction? ..., -

vy
whY

Frequency (Hz)
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e

NOISE F-K PERSPECTIVE VIEW
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C 1500
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c. 3500

app
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Fig.

M3: Marine receivers
All for science!!

1C DATA DISPLAY

Pne B RS HE
1.

1.2

|

1.4 4

1.6

1.8

2.0 }

20 Traces

4.5: Seismic data display of record 55 showing that

some of the noise is coherent.

SEISMIC VESSEL

Observed angle: 59°

ROSE 2013



kmplitude (dB)

-10

M3: Marine receivers
TRACE 20
Comparison between optimal noise gather and
= seastate 3 (12 knots wind speed) weather

== conditions - this is WEAK weather noise

' o i': (moderate breeze; moderate swell (1m))
ol i = =
; | § E$

Records 53-57

Time (s)

10
|-

0

|

EET DRSO U P * Weather noise is ~ white
: : : ' * 10dB increase

|

Mechanism: Rapid wave motion acts as
acoustic sources at the ocean surface —
TWO ways to attenuate this type of
noise: WAIT for perfect weather or tow
DEEPER

1

-60 -50 -40 -30 -20
|

T T T T T
0 50 100 150 200 250
Frequency (Hz)
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Noise level ([dBre 1 p Pa)

M3: Marine receivers

Comparing towing noise and weather noise

Changing the surface properties of the streamer attenuates noise below 10 Hz,

while weather noise is white

O5 [r coe et e e TP s s s s e | e e e Normal surface H
: S8 6 08 a0 : SHS surface

80 : ; Cow o

10° 10' 10
Frequency (Hz)

Elboth et al., 2012

kmplitude (dB)
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10

0

Records 53-57

I
o

T T
0 50 100 150 200 250
Frequency (Hz)

Landrg et al., 1989
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M3: Marine receivers

Background noise (RMS-microbar) at shallow (less than

100 m) waterdepth (seabed hydrophone)
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M3: Marine receivers

Estimated noise (seabed hydrophone) — water
depth larger than 100 m
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M3: Marine receivers

Water depth < 100 m; 10 microbar on average —
some directional noise
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M3: Marine receivers
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M3: Marine receivers

The velocity of a sinusoidal ocean wave

1 2 /A =wave length
V= Q_ taﬂh(T) g = acceleration gravity

27 d = water depth

15

Velocity versus wavelength for 10, 20 and 100 m waterdepth 100 m

-
o

Velocity (m/s)

8]

| | |
0 10 20 30 40 50 60 70 80 90 100
Wavelength (m)
ROSE 2013



Amplitude (48)

Amplitude {dB)

Do we observe receiver ghosts for shot noise?
TRACE 20

TRACE 20
E | | 1 A B
41 10-14 seconds, full array - +
= - REcoRD 25 =
= RECORDS 63-67
2 ; , ; ]
| T 5
0 50 100 150 200 250
Frequency (Hz)
S 1 | 1 1
1 18-22 seconds, full array [
= B ©+ - RECORD 25 - : R
- TN |
; : | f WI'IVE “N’#*”«_

Frequency (Hz)

Amplitude (dB)

-60 -30 -40 -30 -20 -10

Amplitude (dB)

-60 -350 -40 -30 -20 -10

10

1

1

M3: Marine receivers

1

0

RECORDS 63-67

- 10-14 seconds, full array

RECORD 92 -

10

U |
200 250
Frequency (Hz)
1

... 18-22 seconds, full array |

RECORD 92

100

T
150

| LN
200 250
Frequency (Hz)

Observe notches around 60 Hz for all examples => 12 m streamer depth
Noise wavefield has a strong vertical component

ROSE 2013



Amplitude (dB)

Amplitude (dB)

10

M3: Marine receivers

Do we observe receiver ghost notches for weather noise?

0
1

-40 =30 -20 -10
e dae T 1

-30
I

| 1 AL 1

Trace 20, sea state 3, 0.5 m swell |-

. Records 53-57

-60

T 1
50 100 150 200 250
Frequency (Hz)

-30 -20 10 0

-40
|

-30

| 1 1 1

RECORDS 63-67

| I
50 100

Frequency (Hz)

— = | l 1 1
- =_ Trace 20, sea state 2, 2 m swell
£

.
0 50 100 150 200 250
Frequency (Hz)

Observe weak notches around 60 Hz for all
examples => 12 m streamer depth. Noise
wavefield has a vertical component

ROSE 2013



M3: Marine receivers

Do we observe receiver ghosts for ship noise?

Amplitude (dB)

-10

=50 -40 -30 -20

-60

Russian tanker, Admiral Chekov,
9 km away

RECORDS 63-67 Doee e T

LG I | T i
0 50 100 150 200 250
Frequency (Hz)

Amplitude (dB)

-10

=30 -40 -30 -20

-60

Small coastal ship, 3 km away

T l
200 250
Frequency (Hz)

No notches around 60 Hz — noise signal is predominantly horizontal — normal

modes? Huge difference between the two — caused by distance or different engines?

ROSE 2013
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M3: Marine receivers
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M3: Marine receivers

A----——--—-m-—-—.—---———...—.-—-.——-—-——-..,..._---_......—---..._.—_-——_,...__--------———---—

---“—F-———m“--t———----—t—“—---4—“!‘-“—-—4—-——----———“-—-.—-—w—---—'ﬂ-----—-n“'----

Descriptive
terms

Descriptive
terms

Height
in metres

—--——-—-———--————--—-————t———————mm-———-—-—————-—-—--—-—---n-n-m—---—c—----c—n-—n——--.—--—_.—

Calm (glassy)
Calm (rippled)

Smooth (wavelets)
Slight
Moderate

Rough
Very rough
High

Very high
Phenomenal

Height

in metres

0 - 0.1

0.1 - 0.5

0.5 - 1.25

1.25- 2.5

2.5 -

9 -14
214

No swell

Low swell,short or
average length

Low swell, long
Moderate swell, short
Moderate swell,
average length
Moderate swell, long
Heavy swell, short
Heavy swell,
average length
Heavy swell, long
Confused swell

ROSE 2013



Beaufort scale

Beaufort Descriptive

numbers

term

Wind speed
equivalent
(knots)

Specifications for
observations on board ship
(open sea)

10

m

Light Air

Light Breeze

Gentle breeze

Moderate breeze

Fresh breeze

Strong breeze

Near gale

Gale

Strong gale

Storm

Violent Storm

Hurricane

7-10

11-16

17-21

22-27

28-33

34-40

41-47

48-55

56-63

Sea like a mirror.

Ripples with appearance of
scales, no foam crests.
Small wavelets still short.
Crests glassy and do not
break.

Large wavelets; crests
begin to break. Foam glassy.

Perhaps scattered white horses.

Small waves becoming

longer. Fairly frequent
white horses.

Moderate waves with
pronounced long form. Many
white horses. Perhaps spray.
Large waves beginning.
Extensive white foam crest.
Probably spray.

Sea heaps up and foam from
breaking waves blown in
streaks with wind.
Moderately high waves of
greater length. Spindrift and
well-marked streaks of foam.

High waves. Dense foam streaks.

Wave crests begin to topple.
Spray may effect visibility.
Very high waves with long
overhanging crests. Surface of
sea white. Tumbling of sea
heavy and shock-like.
Visibility affected.
Exceptionally high waves,
(small and medium-size

ships lost to view at times).
Sea completely covered in
fecam. Visibility affected.
Air filled with foam and
spray. Sea completely white
with driving spray.
Visibility very seriously
affected.

M3: Marine receivers

ROSE 2013



Amplitude (dB)

10

Iz
o

N
o

Ghost notches versus 1/f- noise

M3: Marine receivers
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Amplitude (dB)

M3: Marine receivers

Zoomed version of previous plot

Frequency (Hz)

Constant fight between noise and ghosts!!

ROSE 2013



Effects of time-varying sea surface in marine seismic data

Okwudili C. Orji’
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M3: Marine receivers

Geophysics, 2012
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Wavenumber spectra => dominant
wavelength ~170 m

Wavelength/waveheight ratio = 170/4 = 43 (s=1/43)

ROSE 2013



Zoom of Okwuduli et al.’s sea surface image
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M3: Marine receivers

Wave steepness (s)

Steepness : s = H/L

Significant waveheight: Average of 1/3 of waves present

Typical steepness values might ragne between s =1/15 to
s=1/150

If s >1/7 the wave breakes

ROSE 2013



M3: Marine receivers

Waveheight versus wind speed
Andreas and Wang, 2007
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M3: Marine receivers

Recorded noise from ship traffic

Ship Record Speed Distance Low cut Filter
"Admiral Chekov" 1-6 15 kts 5.5 miles in

" 7-20 " " out
Small coastal ship 21-50 13 kts 2 miles off in

RECORD 21
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0.7
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1.0
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M3: Marine receivers

38 000 ton Russian tanker with one single screw (5 blades)

- Apparent velocity increases with increasing
record number => angle between Chekov and

the streamer
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M3: Marine receivers

Estimating decay curves for noise versus distance
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M3: Marine receivers

Comparison with a seabed seismic data set

RMS AMPLITUDE (MICROBAR)

Admiral Chekov
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M3: Marine receivers

Frequency spectrum — Admiral Chekov (9 km)
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M3: Marine receivers

Comparison of RMS-levels for «Admiral Chekov (Russian
tanker)» and a small Norwegian coastal ship
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M3: Marine receivers

Frequency spectrum — coastal ship (3 km away)
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M3: Marine receivers

Frequency spectra - comparison

Tanker, 9 km away
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M3: Marine receivers

ESTIMATED POSITION OF SMALL COASTAL
SHIP RELATIVE TO STREAMER

RECORD 21 RECORD 31
Coastal ship Coastal ship
abeam trace 45 > abeam trace 18

PN

RECORD 41
Vessel
<® Fe - - o - - = : Streamer

Trace: 120 60 1
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4C seismic

Ocean bottom cables
Ocean bottom nodes

Trenched cables for permanent systems
— Fiber optic systems
— Electrical systems
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