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=  Objective:
To attenuate swell noise and high amplitude spikes.
=  Procedure:

Below 20 Hz, swell noise is attenuated using Joint Low-Rank and Sparse Inversion*.
Above 20 Hz, spikes are attenuated using FX deconvolution from designed start time.

= Display:

Test line: Seq 018 (Gun 1 Cable 2); Sequence 039 (Gun 2 Cable 1).
Display: Selected shot gathers, stacks, and amplitude maps.

= Observation and Recommendation:

Swell noises have been attenuated after joint low-rank and sparse inversion together with FX
deconvolution process without hurting primaries. Hence it is recommended to use in production.

* Sternfels, R., Viguier, G., Gondoin, R. and Le Meur, D, 2015, Multidimensional simultaneous random plus erratic noise attenuation and
interpolation for seismic data by joint low-rank and sparse inversion: Geophysics, 80, No 6, WD129-WD141.
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Seq 039
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Seq 039: 2D Stack before SNA

LINESEQ 39 / CROSSLINE

?0% 1096 1689 2282 2875 3468 4061 4654 5247 5840 6433 7026 7619 8212 8805 9398 9991 10584

= Mild swell noise and
high amplitude spikes
on this line.

1096 1689 7026 7619 8212 8805 9991 10584
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Seq 039: 2D Stack after SNA

LINESEQ 39 / CROSSLINE

?0% 1096 1689 2282 2875 3468 4061 4654 5247 5840 6433 7026 7619 8212 8805 9398 9991 10584 39

= Mild swell noise and
high amplitude spikes
on this line.

1096 1689 2282 4061 4654 5247 6433 7026 7619 8805 9991 10584
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Seq 039: Difference Before - After

LINESEQ 39 / CROSSLINE

?0% 1096 1689 2282 2875 3468 4061 4654 5247 5840 6433 7026 7619 8212 8805 9398 9991 10584 39

° = No primary damage is
observed on removed
noise.

503 1096 1689 2282 2875 3468 4061 4654 5247 5840 6433 7026 7619 8212 8805 9398 9991 10584
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Seq 039: 2D Stack Zoomed In Location

LINESEQ 39 / CROSSLINE

?0% 1096 1689 2282 2875 3468 4061 4654 5247 5840 6433 8805 9398 9991 10584

1096 1689 2282 4654 8212 9398 10584
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Seq 039: Zoomed 2D Stack before SNA

LINESEQ 39 / CROSSLINE

7523 7757 7991 8225 8459 8693 8927 9161 9395 9629 9863 10097 10331 10565 10799 110?39

7055 7289

Primaries are masked
by swell noise and
high amplitude
spikes.

7055 7289 7757 7991 8225 8459 8693 8927 9161 9395 9629 9863 10097 10331 10565 10799 11033
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Seq 039: Zoomed 2D Stack after SNA

LINESEQ 39 / CROSSLINE
7055 7289 7523 10097 10331 10565 10799 110?39

7991 8225 8459 8693 8927 9161 9395 9629 9863

ss®" Removing swell noise
and high amplitude
spikes reveals
primaries underneath,
with linear noise.

7055 7289 7757 7991 8225 8459 8927 9395 9629 9863 10097 10331 10565 10799 11033
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Seq 039: Difference Before - After

LINESEQ 39 / CROSSLINE

7055 7289 7523 7757 7991 8225 8459 8693 9395 9629 9863 10097 10331 10565 10799 110?39

s»s®" No primary damage is
observed on removed
noise.

7055 7289 7523 7757 7991 8225 8459 8693 8927 9395 10097 10331 10565 10799
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= Seq 039: Full Window Amplitude Spectrum of 2D Stack
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= Seq 039: Selected Shot Gathers before SNA

SHOTRECORD [ CABTR
?20101105 211 1 371 260&01 1 C annel 468

RMS amplitude map




== Seq 039: Selected Shot Gathers after SNA

SHOTRECORD [ CABTR
?20101105 211 1 371 260&01 1 C annel 468

'RMS amplitude map
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Seq 039: Difference Before - After

SHOTRECORD /[ CABTR

?20101106 42?4010156 260&01 4&80101 -

211 316 161 266 371 111 216 321

° = No primary damage is
observed on removed
noise.
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Seq 018: 2D Stack before SNA

LINESEQ 18 /[ CROSSLINE

;98 673 1287 1901 2515 3129 4357 4971 5585 6199 6813 7427 9269 9883 10497 18

= Heavy swell noise
and high amplitude
spikes on this line.
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59 673 2515 3129 3743 4357 4971 5585 6199 6813 7427 8041 8655 9269 9883 10497
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Seq 018: 2D Stack after SNA

LINESEQ 18 /[ CROSSLINE

;98 673 1287 1901 2515 3129 4357 6199 6813 7427 8041 8655 9269 9883 10497

= Heavy swell noise
and high amplitude
spikes on this line.

59 1287 1901 3129 3743 4357 6199 6813 7427 8041 8655 9269 9883 10497
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LINESEQ 18 /[ CROSSLINE

;&3 673

59 673
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Seq 018: Difference Before - After
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No primary damage is
observed on removed
noise.




Seq 018: 2D Stack Zoomed In Location

LINESEQ 18 /[ CROSSLINE

;98 673 1287 1901 2515 3129 3743 4357 4971 5585 6199 6813 7427 8041 8655 9269 9883 10497 18

59 673 1287 1901 3129 3743 4357 4971 5585 6199 6813 7427 8041 8655 9269 9883
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Seq 018: Zoomed 2D Stack before SNA

LINESEQ 18 /[ CROSSLINE
18

7079 7313 7547 7781 8249 8483 9185 9419 9653 9887 10121 10355 10589 10823

T Ry g I Primaries are masked
e by swell noise and
high amplitude
spikes.

7079 7313 7547 8249 8483 9419 9653 9887 10121 10355 10589 10823
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Seq 018: Zoomed 2D Stack after SNA

LINESEQ 18 /[ CROSSLINE

7079 7313

7079
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Removing swell noise
and high amplitude
spikes reveals
primaries underneath,
with linear noise.




Seq 018: Difference Before - After

LINESEQ 18 /[ CROSSLINE

7079 7313 7547 7781 8015 8249 8483 8717 8951 9185 9419 9653 9887 10121 10355 10589 10823

\‘H" yl

\1 |
"rr A “"w

' “;'\‘\ (! ‘
1 | | '“\ "||||'|H' “"‘

% l‘ ’M “W”UP'H ”{‘f‘\w‘ly‘u”l “1 jy “‘l"“h‘| H J) ‘H Il ‘|“" |
U ‘ll' li 'M ||’”||m'“l”'mﬂ' / ‘” i )VMIH ’nu'l,‘\‘ "'\‘w ‘Jn‘ il g ""l"\ ( i ,um.. t| »1’ | “l I
M‘ H\]W ll)' “ ”\ I H I '\ w.l\'hl!t | 'f\”m. ‘IM‘WIM il (ALY ’}w il

’l i )‘\‘ ‘,HL \l ||$ Ml” Wi |\ ‘ | 1

‘ \ " \1‘,. \/ (I ” HV ? "‘ I{NIM IV LA \,H(,H""
NI \W I A il l}\‘ ‘ "l“ \ \ H‘il {1 bl‘J ‘!"1“ IR

I i 1) H “l'ﬁ\ LUW 1’|L ‘wlt ‘ |\ | l i ‘ ‘

.75 fﬂ'“ "l‘ “‘U M }l W yN‘u lt()‘ l.”‘hlnw wlw ’“}\" ‘IN I\ H f’ ||||||) ‘W | ‘“wl' “ l\l H\‘ l"‘l ‘Mh ‘H'\ )‘, “ u“ it | (il
| l”‘\ ’» \‘l'i‘\\" ,I |||| ||\ "r\”i w\]’”“ l[ ’| ;"‘ “l{, “U"lf/‘wl ‘1,| wh 'w” H. 'MW il '||‘ Il '11,",‘~“‘ HH} "‘J" ‘I|"» ,

‘ 1‘ " |\ ’ l | | "\l' I “ | *' 1 "“”U jiny H\w’l i ‘ | ." | | 1% i

) l I f'll'h Al "\ nwﬁ “h!‘ | M’“’J 1‘\| Il‘ ' ‘M"M’ \'H“ I U" 11[",\ ‘( H\ | ‘J‘I I “‘ | ‘ | I '\ I l' . ‘

7079 7313 7547 7781 8015 8249 8483 8717 8951 9185 9419 9653 9887 10121 10355 10589 10823
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3.75

No primary damage is
observed on removed
noise.




= Seq 018: Full Window Amplitude Spectrum of 2D Stack
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Seq 018: Selected Shot Gathers before SNA

SHOTRECORD / CABTR
180102, - . 41 220102 . 3720102 1 Channel 468
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Strong multiple
diffractions




Seq 018: Selected Shot Gathers after SNA

SHOTRECORD [ CABTR

180102 a1 2 a1 220102 s 1 Channel 468

RMS amplitude map
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Seq 018: Difference Before - After

}80102105 211 42?0010255 371 220&02 111 4%40102 61

0 m

No primary damage is
observed on removed
noise.
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