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Introduction (23 years ago!)
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Introduction

The concept of dual-source, in sequential mode, is the standard in 3D
streamer acquisition

Simultaneous sources has been introduced, both in various streamer and
iIn ocean bottom acquisition concepts, for increased sampling and
efficiency

An increased need for better sampling in the crossline direction
= Usually well sampled in the inline direction (6.25 m bin distance along streamers)

= More sparse in x-line direction (18.75 m up to 50 m bin distance in between streamers)

Why not revisit the use of triple-source in 3D streamer acquisition?

Concept tested in the 1980’s but without commercial success

2016: Low noise solid streamers, longer streamers, dynamic range is
iIncreased, continuous recording, deblending techniques available in
processing
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Introduction
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X-line bin-size

= Always a trade-off between size of streamer spread, i.e. efficiency, and

good enough sampling, i.e. small enough x-line bin-size.

X-line Bin-Size versus Streamer Separation
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= Better spatial sampling will give better imaging of complex structures.
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Re-configuration to triple-source
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v An extra source will add more sub-surface coverage lines
In between the streamers.

v"No wave-field reconstruction, or interpolation, the extra
coverage lines are actually measured.
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X-Line Bin-Size (worst case scenario)

Max. un-aliased frequency as a function of bin-size for a given dip and velocity
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Efficiency and resolution with no. of sources

X-Line Spacing as a Function of Spread Width and
Number of Sources
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Why this test?

= Explore how easy it was in real life to change the available 6 sub-arrays
onboard a 3D vessel from 3 sub-array dual-source into 2 sub-array triple-
source configuration?

» What data quality would we obtain by changing the sources in this way?
= How to operationally manage triple-source in standard 3D acquisition?

= Can we use the triple-source configuration in future standard 3D
acquisition AND can we fire all three sources off in simultaneous mode?

» How many sources can we separate/deblend and what about frequencies?
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Acquisition parameters
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= Streamers: 12 x 100 m x 6000 m = Streamers: 12 x 100 m x 6000 m
= Slant12m—-30m = Slant12m—-30m
= Shot-point interval: 18.75 m (37.5 m) = Shot-point interval: 12.5 m
= Timing for shots: Sequential = Timing for shots: Dither: +/- 300 ms
» Bin-size: 6.25 m x 25 m * Bin-Size: 6.25 m x 25 m
= Source depth: 7 m = Source depth: 7 m
» Record length 8.2 seconds (cont. rec.) = Record length 5.4 seconds (cont. rec.)
= Fold: 80 = Fold: 240
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FLIP-FLOP-FLAP
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Acquisition parameters
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Conventional Dual-Source Triple-Source Sequential
= Streamers: 12 x 100 m x 6000 m = Streamers: 12 x 100 m x 6000 m
= Slant12m—-30m = Slant12m—-30m
= Shot-point interval: 18.75 m (37.5 m) = Shot-point interval: 12.5 m (37.5 m)
= Timing for shots: Sequential » Timing for shots: Sequential
» Bin-size: 6.25 m x 25 m * Bin-Size: 6.25 m x 16.66 m
= Source depth: 7 m = Source depth: 7 m
» Record length 8.2 seconds (cont. rec.) = Record length 5.4 seconds (cont. rec.)
= Fold: 80 = Fold: 80
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DITHERING 3-SOURCES RECORDING
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DITHERING 3-SOURCES RECORDING
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Acquisition parameters

-
N

12
1
10

-
-

-—
o

9 9
8 8
7 o2 7
6 o' @ Q 6
; .
3 3
2 2
! 1
Conventional Dual-Source Triple-Source Simultaneous
= Streamers: 12 x 100 m x 6000 m = Streamers: 12 x 100 m x 6000 m
= Slant12m—-30m = Slant12m—-30m
= Shot-point interval: 18.75 m (37.5 m) = Shot-point interval: 12.5 m
= Timing for shots: Sequential = Timing for shots: Dither: +/- 300 ms
» Bin-size: 6.25 m x 25 m * Bin-Size: 6.25 m x 16.66 m
= Source depth: 7 m = Source depth: 7 m
» Record length 8.2 seconds (cont. rec.) = Record length 5.4 seconds (cont. rec.)
= Fold: 80 = Fold: 240
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Re-configuration of sources
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Signatures and spectra
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Power spectra
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Test sequences
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Test sequences

Sequence Type Sim Ops
69 Dual source, flip-flop None
109 Dual source, flip+flop Dithered
111 Triple source, flip-flop-flap None
112 Triple source, flip+flop+flap  Dithered
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Summary table

069
109
111

112

Dual No Flip-Flop 18.75 3480 80
Dual Yes (Dither +/-300 ms) Flip+Flop 12.50 3480 240
Triple No Flip-Flop-Flap 12.50 2495 & 1970 80

Triple Yes (Dither +/-300 ms)  Flip+Flop+Flap 12.50 2495 & 1970 240

Deblending: Enhanced Adaptive Subtraction method (EAS)

Liu, Z., Wang, B., Specht, J., Sposato, J.and Zhai Y. [2014] Enhanced adaptive subtraction method for simultaneous source
separation, 84" Annual International Meeting, SEG Expanded Abstracts, 115-119

Liu, Z., Wang, B., Langhammer, J., Specht, J., Egger, C. and Zhai Y. [2015] A Case Study of Simultaneous Data Separation
with Enhanced Adaptive Subtraction Method: Offshore West of Shetland Island, 77t EAGE Conference & Exhibition.
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Seq. 069 Example of shots conventional shooting (flip-flop)

File Display Edit Zoom Tools Output Broadcast Plot Help
ion ! P
I Section BN 2[3]4]5] Seq 069

Shot 331 331 331 331 331 331 331 331 331 331 331 331 331 331 331 331 332 332 332 332 332 332 332 332 332 332 332 332 332 332 332 332 332 332 332 332 332
Chan 4321 4411 4501 4591 4681 4771 4861 4951 5041 5131 5221 5311 5401 5491 5581 5671 1 91 181 271 361 451 541 631 721 811 991 1081 1171 1261 1351 1441 1531 1621 1711 1801 1891

--10,2600
-=9,4280
5990
L7710
49420
. 1130
42840
--4,4550
=3,6260
-2,7970
-1,9690
=1,1400
=0,3108
+0,5180
+1,3470
+2,1760
+3,0050
+3,8340
+4,6620
+5,4910
+6,3200
+7,1490
+7,9780
+8,8070
+9,6360

=
> Inc |3 Win |}
5, T2: 2642, Amp: 0.131 Seismic — | |/pdata/pdatal?/A_PRIMA_TESTING/BB14_SIMSOURCE/00_DATA/N11_ HEADFIXDATA/Sey 069
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Seq. 109: Example of shots dual-source with dithered time (+/- 300 ms)

File Display Edit Zoom Tools Output Broadcast Plot Help
i 2 P
I Section [1 RN 3] 4]5] Seq 109

Shot 2664 2664 2664 2664 2664 2664 2664 2664 2664 2664 2664 2664 2664 2664 2664 2664 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665 2665
Chan 4321 4411 4501 4591 4681 4771 4861 4951 5041 5131 5221 5311 5401 5491 5581 5671 1 91 181 271 361 451 541 631 721 811 901 991 1081 1171 1261 1351 1441 1531 1621 1711 1801 1891

2 shotsina
record

--15,5000

+14,5600

=
> | Inc |3 Win |}
| > Timer |2 Shot: 2664, Chan: 4624, T2: 586, Amp: 0.2445 Seismic — | |/pdata/pdatal?/A_PRIMA_TESTING/BB14_SIMSOURCE/00_DATA/N11_ HEADFIXDATA/Sey 109
i Stop| |3 p
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Seq. 112: Example of shots triple-source with time dithered (+/-300 ms)
File Display Edit Zoom Tools Output Broadcast Plot Help
I Section [1[2]3 [N 5] Seq 112
Shot 2511 2511 2511 2511 2511 2511 2511 2511 2511 2511 2511 2511 2511 2511 2511 2511 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512 2512

Chan 4321 4411 4501 4591 4681 4771 4861 4951 5041 5131 5221 5311 5401 5491 5581 5671 1 91 181 271 361 451 541 631 721 811 901 991 1081 1171 1261 1351 1441 1531 1621 1711 1801 1891

3 shotsina
record

/)

)

+13,9300

5
Inc |3 Win |}
t: 2511, Chan: 5029, T2: 926, Amp: 0.2679 Seismic 1 | |/pdata/pdatal7/A_PRIMA_TESTING/BB14_SIMSOURCEA00_DATA/11_HEADFIXDATA/Seq 112
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Seq. 111: Example shots of triple-source flip-flop-flap

File Display Edit Zoom Tools Output Broadcast Plot Help
i 3 P
I Section [1[2 JEN 4] 5] Seq 111

Shot 814 814 814 814 814 814 814 814 814 814 814 814 814 814 814 814 815 815 815 815 815 815 815 815 815 815 815 815 815 815 815 815 815 815 815 815 815 815
Chan 4321 4411 4501 4591 4681 4771 4861 4951 5041 5131 5221 5311 5401 5491 5581 5671 1 91 181 271 361 451 541 631 721 811 901 991 1081 1171 1261 1351 1441 1531 1621 1711 1801 1891

--7,1540
--6,5750
--5,9970
--5,4190
--4,8410
--4,2630
--3,6850
-=3,1070
=2,5290
-1,9510
-1,3730
=0,7948
-0,2168
+0,3613
+0,9394
+1,5170
+2,0950
+2,6740
+3,2520
+3,8300
+4,4080
+4,9860
+5,5640
+6,1420
+6,7200

> ,—Im 3 wm[jg—

ﬂ ﬂ Timer | 2 Stop 814, Chan: 4946, T2: 724, Amp: 0.8435 Seismic = | |/pdata/pdatal7/A_PRIMA_TESTING/BB14_SIMSOURCE/00_DATA/11_HEADFIXDATA/Seq 111
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Seq, 109: Common offset gather dual-source sim.

2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430
2694 2724 2754 2784 2814 2844 2874 2904 2934 2964 2994 3024 3054 3084 3114 3144 3174 3204




Seq. 109: Common offset gather dual-source sim.

2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430 2430
2694 2724 2754 2784 2874 2904 2934 2964 2994 3024 3054 3084 3114 3144 3174 3204

— EAS Deblending _




Seq. 109: Difference

2430 2430 2430 2430 2430 2430 2430 2430
2694 2724 2784 3054 3114 3144 3174 3204




Seq. 069: CDP’s NMO corrected dual-source sequential
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Seq. 109: CDP’s NMO corrected dual-source simultaneous
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Seq. 109: CDP’s NMO corrected dual-source simultaneous
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Seq. 109: Difference between input and deblended data
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Seg. 112: Near channel input data (Sim. triple)

Be Dghy Bt I Tk O Dnde B B | e Dgbs B DIm Tk Oupl et P By | B Dby B D Tk Oopt Bt Pt Hy

S1 (NO DELAY TIME APPLIED) S2 (DELAY TIME 2 APPLIED) S3 (DELAY TIME 3 APPLIED)

; T
A AT
BN A 3 i "M‘
e

S e
Ry A

-3 o e :
A A

R
P
A e

e e e

= e
ot P
,-Vr:" o
e

N o
e
pat

vy :
e
FeA R O
A AN
Y,

o

A

" S
i el
o e Okt
A M ST
M AR
v s

s a,@-w‘au';x*““’
f o

iy e & o g i o M i oA ! N ) v T Ve AT
il i : b AN I N ‘ i " e R\ RGN v il ¥ A AN G A e A
e o Tl i | e iy A I n A AN AR W i VR e i
o »ﬁwmmw B i e i i g Ao ey : Sy
o A Al o TS -y oo A i i "
e o oS v e Sy
/ i A o e A

o

i) %

ﬂﬂ MF wn 17T 57 S 2| 9 KA ADAPSUETSEQ L2 ST SHOV (DR 1 sl gt 1k T jﬂ mf’l—w ARG TR g 4025




Seg. 112: Near channel deblended (Sim. triple)
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Seqg. 112: Difference (Sim. triple)
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Seq 069: CDP’s NMO corrected dual-source sequential
R gl B Do Tk Ou B M By (M Dgls B Im ok Ol Dbt P By (B Djls B Dm T Ol B P

ey

e 2 il il b il il i il i lire i i il i} Line 9 i it} i il i il
i m it o 1 B [ il il i M il it il il ! i M it il m il it ol

) I

K rmﬁ iy LA




Seq 112: CDP’s NMO corrected triple-source simultaneous
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Seq 112: CDP’s NMO corrected triple-source simultaneous
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Simultaneous source increases fold, reduces aliasing
Triple-Source, Dithered
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Dual-source sequential vs dual-source simultaneous
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Dual-source vs triple-source sequential shooting
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Dual-source sequential vs triple-source simultaneous
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Conclusions

= Successful reconfiguration and operation of a triple-source setup, in both
sequential and simultaneous source mode

= \When compensating for signature differences, data quality from a dual-
source and a triple-source configuration, is similar.

» Simultaneous shooting, or overlapping records, will give us higher fold and
less aliasing in pre-stack domain

= EAS flow for deblending simultaneous source data, performs very good on
data from both dual- and triple-source mode

Why stop at three sources, we could do with more ?
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Adaptive Subtraction: Young Kim et al. 2009
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Enhanced Adaptive Subtraction (EAS): Liu 2015
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