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= Discovered LUNU (now ;
Edvard Grieg) in 2007 using |-
old legacy poor seismic data
quality.

= Acquired Luno OBC data
(40sgkm) in 2008 / 2009. -
Showed much better data v .
(LF) - delineation

= 2009 — GeoStreamer >
Johan Sverdrup discovery

= 2010/11 — Broadseis,
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Benchmark line

broadsource, fwi, tohan
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Background & motivation Il

= Slant cable — curved or
straight? Development into a
linear straight slant in the
ghosted domain

= New ideas followed — straight
slant — 8-35m, mild slant
18-22m

= Notch diversity through
variable sea-state acquisition —
larger swell is better — notch is
not too deep

= How deep is deep? — is 30m
deep, is 50m deep, or even
more

Sverdrup

f\;'@

= More slant over shorter offsets




Variable cable depth profiles — Luno Benchmark Line

« Ghost notch diversity test — conventional hydrophone only

» Developing processing based deghosting solution

» Sea-state variability imitation test

Cable profiles

Cable depth [m]

/‘JV- 1000 2000 3000 4000 5000 Offset [m] 6000
VN

SeaBird Exploration
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Cable depth [m]

Streamer profiles — from basic to novel

= Flat: 8m, 25m, 35m & 60m

= Slants, straight: 8-35, 8-60

= Slants, non linear: 8-25-25, 8-35-35, 8-45-15, 8-60-60
= Snake: 25 +/- 10m

Cable profiles

0 1000 2000 3000 4000

Offset [m]
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Snake streamer design
= Mean average depth — 25m

= Periodicity, wavelength — 2000m

= Height of snake — +/- 10m (15-35m)

oooooooooooooooooooooooooooo

,," W w / Vi

{1 ﬁ" ’ ”
g C Mw i

y

5knots, 10km/h, 1000m/6min
Sinusoid with 12min duration

”Qo

i ¥

L



Outline

= Background & motivation
= Modeling & design

» The field experiment

= Data examples

= Conclusions, discussions and the road ahead

www.lundin-norway.no



Harrier Explorer

= 2D single streamer

= SEQ001 - 001A001 - Constant flat depth 8m
= SEQ002 - 002A002 - Constant flat depth 25m
= SEQ003 - 007A003 - Snake streamer +/-10 25+-10m
= SEQ004 - 003A004 - Constant flat depth (max) 35m
= SEQ005 - 004A005 - Linear slant — front to tail 8-35m
= 6000m offset = SEQ006 - 005A006 - 2.5km slant — then flat 8-25m
] Depth birds roughly = SEQ007 - 006A007 - 2.5km slant — then flat 8-35m
every 300m = SEQ008 — 008B/C009/010 — Constant flat depth ~ 60m
= SEQo011 — 009A011 — Linear slant — front to tail 8-60m
= SEQO012 — 010A012 — 2.5km slant — then flat 8-60m

= 2D single source at 7m
depth

SEQo013 — 011A013 — 2.5km slant 8-45m, up at last 1km,45-8

|
Centre of source |

Tallbuoy
RGPS

95.9m 246.2m,

6001.58m
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Last Hydrophone group |
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Bird Distance

Bird1 = | Flex
0.0
Birdg P73
Birdg  [P¥RS
Bird;  [EP¥®

1124.2
1423.8
Bird 8 1723.8
2023.4
Bird 10 2223.3
Bird 11 2323.4

24231
2523.3
2623.0
2723.2
2923.1

3222.6

: .
= With modern streamer —rre — T .

Streamer control

= Controlling the depth of
the single streamer is easy
for a fixed layout, but for a
moving snake the birds
has to all be adjusted
constantly and according
to the speed of the vessel
above ground.

controlling devices this is Bird 20 q122.3
an easy automated task — j;fi_'s
but with manual depth 50214
control this becomes a CET R ...
. .

very challenging task FE PO\
Bird 28 5997.9



SEQ 001
8m tow depth

SEQ 002
25m flat constant tow depth

3ISION d33a SIAY

34SION MOTIVHS SINY

SEQ 003
25m +/- 10 variable tow depth

SEQ 004
35m flat constant tow depth

SEQ 005
Linear slant 8m —35m

SEQ 006
2.5km slant 8m — 25m,

semmeeeinenflatat 25m
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‘Wavelet Wizard - Extract

The Computed Wavelet:

Computed Spectrum

Time (sec)

Frequency (Hz)
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‘Wavelet Wizard - Extract

The Computed Wavelet:
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Constant Flat Depth Comparisons
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Constant Flat Depth Comparisons
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Constant Flat Depth Comparisons

Computed Spectrum
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Slanted Comparisons
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Slanted Comparisons
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Slanted Comparisons
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The old days




A few years ago




A few years ago — moving deeper and deeper
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Variable cable depth profiles — Luno Benchmark line
* Processing based deghosting works well on all configurations
» Deeper is better (for low frequencies)

» Increasing the notch diversity has merit (more is better)

» Further conclusions — to be presented at EAGE

’,
Amsterdam/’14
Broadband for everyone — Increasing notch diversity using variable streamer profiles

Per Eivind Dhelie*, Jan Erik Lie, Vidar Danielsen (Lundin) and Aslak Mykiebostad (Seabird)

Cable profiles
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