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Beyond ISS internal multiple attenuation
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Internal-multiple attenuation
algorithm

Aradjo et al.(1994),Weglein et al.(1997)

Spurious events removal

Predicting correct amplitude
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Early ideas
Ramirez(2005)

Elimination of first order
internal multiples generated
at the shallowest reflector

(1D normal incidence)
Herrera(2012)

The internal-multiple
elimination algorithm for all
reflectors for 1D earth offset

data

(This presentation)
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[ ISS internal multiple attenuation algorithm

The 1D normal incidence version of the internal multiple
attenuation algorithm is presented as follows:

h.[‘\[(]f) — / d:(’lk;bl(:)/ i d:IP_l’A.:’bl(:I) / (_]:l/(_)ik-;/rbl(:,,)

-0 - 00 2’ +¢
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ISS internal multiple attenuation algorithm
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reflector 2
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E ISS internal multiple attenuation algorithm j

&(t-z/c) l I =
reflector 1 '
R, Tos1 To1
reflector 2 X
R, v

The reflection data caused by an impulsive incident wave 6(t-z/c) is:

D(f) - Rl(s(t - tl) + 'T01R2T105(t — t2) + ...
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[ ISS internal multiple attenuation algorithm j

&(t-z/c) l I x
reflector 1 i
R, Tos1 To1
reflector 2 X
R, v

The reflection data caused by an impulsive incident wave 6(t-z/c) is:

Make a water speed migration of D(t) with %, = 2w
C

and pseudo-depths: 7z} = UL 7, = 92, ?

bl(Z) - R1(5(Z — 2:1) -+ T01R2T105(Z — 22) + -
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E ISS internal multiple attenuation algorithm

i

The ISS internal-multiple attenuation algorithm prediction is:

by(1)=RIRTG To8(t — (212 —11))
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[ ISS internal multiple attenuation algorithm

i

The ISS internal-multiple attenuation algorithm prediction is:

b+(t)=R\R3THTLS (1 — (2, —11))

The actual first order internal multiple is:

—R\R3To1 T1od (1 — (22 —11))
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[ ISS internal multiple attenuation algorithm j

The ISS internal-multiple attenuation algorithm prediction is:

b3(t)=RIRTG Tjo8(t — (26 —11))

The actual first order internal multiple is:

—R|R§T0|T|05(f — (2t —11))

The time prediction is precise, and the amplitude of the prediction
has an extra power of T,,T,, which is called the attenuation factor.
This factor is first noted by Weglein and Matson (1998)
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\/ VvV \] \-,/

1o \/Tw Ry It \/TIO - 1o \/\/Tlo x i TOITIO
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| difference
sub-events into ISS attenuator actual internal multiple The attenuation factor

A N O A

\ Tlﬂ TOl TlO T()l /Tm- \ R /T]() x _(.T01T10)2T12‘T21
= 42

T, 15 Rz T\ [T Ti2 T
Tzs\/T:sz R Ty VT32 Ry
R, i difference
sub-events into ISS attenuator actual internal multiple The attenuation factor
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[ The attenuation factor (1D normal incidence) j

A generalization of the attenuation factor(AF) is:
(1D normal incidence)

ToaTio (J=1)
AFj: N—1 ’ 7

I, (7275 07T (1< <)

AF; is the attenuation factor for first order internal multiples
with a downward reflection at the jt reflector.
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The attenuation factor (1D earth offset data)
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The attenuation factor (1D earth offset data)
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/=0

D(zg,z4,t) » D(ks, kg,w)
—2igsD(ks, kg, w)

cH
pd
~~
o
V)
%N
S
&
-
|

38



_

The attenuation factor (1D earth offset data)

i

reflector 1

reflector 2
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The attenuation factor (1D earth offset data)

i

reflector 1

reflector 2

<

b1(ks, kg, w) —2iqsD(ks, kg,w)

b (k,w) —2iqD(k,w)
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The attenuation factor (1D earth offset data)
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The attenuation factor (1D earth offset data)
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The attenuation factor (1D earth offset data)
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reflector 1

reflector 2
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[ The attenuation factor (1D earth offset data) j

A generalization of the attenuation factor(AF) is
(1D earth offset data)

o ToaTp (J=1)
i= 9 TV .
I, @205 0T T (1< <)

Each T is angle dependent and a function of incident angle.
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The structure of this presentation

ISS internal multiple
attenuation algorithm

Attenuation Factor

ISS internal multiple
elimination algorithm
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ISS internal multiple elimination

Internal-multiple Internal-multiple
algorithm algorithm

The amplitude difference
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[ ISS internal multiple elimination j

The reverse engineering way to remove first order internal multiples
is to build a new function in the second integral to remove the
attenuation factor.

bs(k,2q) = / dze®%p, (k, 2) / dz'e=29%' p, (k, 2') / dz" 297" b, (k, 2"")

—00 —00 2'+eo
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The reverse engineering way to remove first order internal multiples
is to build a new function in the second integral to remove the
attenuation factor.

bs(k,2q) = / dze®%p, (k, 2) / dz'e=29%' p, (k, 2') / dz"e29%" b, (k, 2")
—00 —00 2/ te2

1
{

Toi ] [Tie Ty\ /To Tl Im- Tor\ /Tho x (TorTho) Tho T2
\ / = -Ry,

Tiz\ [T R, Tiz | [T T S
12,‘\ Tso Ry Tl 0 s ol
[;4 Ry
sub-events into ISS attenuator actual internal multiple difference (AF)
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[ ISS internal multiple elimination j

The reverse engineering way to remove first order internal multiples
is to build a new function in the second integral to remove the
attenuation factor.

bs(k,2q) = / dzeziqzbl(k,z)/ dz'e_%qz/bl(k‘,z’)/ dz"e29%" b, (k, 2")

—00 —00 z2'+€e9

00 Z—E1 00

biM (K, 2q) = / dze*9%b, (k, 2) / d2'e= %9 Flb, (k,2)] dz"e?9%" by (K, 2"

—00 —00 2'+eq
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ISS internal multiple elimination

F[b,] <—
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ISS internal multiple elimination
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|: ISS internal multiple elimination :l
- b,

F[b,] <—

- AF
The amplitude of events in F[b,] should be:

R
AF;
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- b,

F[b,] <—

CAF<— T

The amplitude of events in F[b,] should be:
R! R

AF;,  (ToaTho)(T12T)? - - (Ti-2i-1Ti-1i-2)*(Ti-1,:T5.i-1)
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I: ISS internal multiple elimination :I
- b,

F[b,] <—

-AF<—T<— R

The amplitude of events in F[b,] should be:
R! R

AF,  (ToiTyo)*(T12T%)? - - (Ti—2i-1Ti-1i-2)*(Ti-1.i T i-1)
R’

1

(1= R)*(1 = R3)*--- (1= RE,)*(1 - RY)
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I: ISS internal multiple elimination

- b1
F[b1]<_"

Coupled terms
- AF T R of Rand R’

The amplitude of events in F[b,] should be:

R R;
AF,  (TnT)*(TioTo)? -+ (Ti—gi1Ti-1i-2)(Ti-1iT;i-1)
R
- R R (- R, - D)
_ R;
_(1 - R]R] - RéRz —rr = R;_lRi—l)2(1 - R?)
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- b1
F[b1]<_"

of Rand R’

The amplitude of events in F[b,] should be:

R R;
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R
- R R (- R, - D)
_ R;
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I: ISS internal multiple elimination

- b1
F[b1]<_"

of Rand R’

The amplitude of events in F[b,] should be:
R R;
AF,  (ToaT0)*(TyoTn )? - ‘I%I(T:'—Zi—lTi—l.i—2)2(Ti—l.iTi.i—l)
(1= R}*(1 = R3)*--- (1= R:,)*(1 - R})
R,
(1= RiRi— RyRy— - — R_ R (1 - BY)

/—5 z”—€

. AF < T < R Coupled terms

z,+s s 1 1 Z”+€ a7 2
/ dz”g(k, zll)ezq z / dzlllg* (k, zlll)e—’l,q z 3 R
z
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E ISS internal multiple elimination j

- b1
F[b,] < b,
Coupled terms
"AF<—T<— R «— of Rand R’ A
g
The amplitude of events in F[b,] should be:
R, R
AF;,  (ToTho)(ThoT2)? - - - (Ti-2i-1Ti-1i-2)*(Ti-1.:T5.i-1)
R
TR RP (- R )1 R
) R
" (L= RyRy — RyRy —---— R__,Ri_,)?(1 - R?)
/lz e dz”g(k,z”)eiq’z” /,z/ e dz"’g*(k, zm)e—z'q’z’” 3 Rlz

This term is an extension of the self-interaction term in Herrera(2012)

59



E ISS internal multiple elimination j

- b1
F[b,] < b,
Coupled terms
"AF<—T<— R «— of Rand R’ A
g
The amplitude of events in F[b,] should be:
R, R
AF;,  (ToTho)(ThoT2)? - - - (Ti-2i-1Ti-1i-2)*(Ti-1.:T5.i-1)
R
TR RP (- R )1 R
) R
" (L= RyRy — RyRy —---— R__,Ri_,)?(1 - R?)
/lz e dz”g(k,z”)eiq’z” /,z/ e dz"’g*(k, zm)e—z'q’z’” 3 Rlz

This term is an extension of the self-interaction term in Herrera(2012)
/z—e d2'byi(k, 2')e'?? /z " d2"g*(k,z"e %" ——> RiRi+ RyRy+---+ R._{R;
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|: ISS internal multiple elimination :l
- b,
F[b1] < —bl

Coupled terms
AP —T<— R — of Rand R’

Flby(k,2) Em'f f dz'dq’ x
e—;qz iq‘b(kz]

ll_fg ‘dz"’b;(k 3")31# ;”f dz’" (k zm)e i ;mlgll f! "+ dz"g(k z" ﬂm’;”fn dz"’y (k z"’) _qu:lH]
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ISS internal multiple elimination

F[b1]<_'

..bl

. AF < T < R Coupled terms

of Rand R’
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Construct function g in terms of b,:

. AF < T < R Coupled terms
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- b1
F[b1]<_"

of Rand R’

Construct function g in terms of b,:

R
(1-R)(1- Ry (1 - RL,)(1- R
) R
"1—-RR —RyRy— - — R_,Ri,

R; =

. AF < T < R Coupled terms
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] b1
F[b,] < b,
Coupled terms
"AF<—T<— R «— of Rand R’ A
. g <—b1
Construct function g in terms of b,:
R — R
" (I1-RH(A—R3)---(1—-Ri,)(1—-R))
_ R
" 1—RRy — R,Ry —---— R._,R;_,

z—€ P
/ dz'bl(k,z’)eiqlz,/ dz2"g*(k, 2")e="4%" > RiRy + RyRy + -+ R R

—00 2! —e¢
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] b1
F[b,] < b,
Coupled terms
"AF<—T<— R «— of Rand R’ A
. g <—b1
Construct function g in terms of b,:
R — R;
Y (I=R)(1-R3)---(1—-RI,)(1—R;)
_ i
“1—RR —RyRy— - — R_,Ri_,

z—€ P
/ dz'bl(k,z’)eiqlz,/ dz2"g*(k, 2")e="4%" > RiRy + RyRy + -+ R Ri

—00 2! —e¢

1 0o 0o e—iq’zeiq’z’b k1zf
g(k, Z) = %/ / dz’dqf 2y a i il 2t z]r.-(+!. )-H.l' . Py gt gt
—oo J—o0 1= [7 . d2"by(k, 2" )e’=" [7 7" dz""g*(k, 2" )e~1a
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ISS internal multiple elimination

F[b1]<_

..b1

LAF «— T R Coupled terms

of Rand R’

F[b,] <« b1
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I: ISS internal multiple elimination :l
- b,
FIb,] «— b,

Coupled terms
"AF<—T<— R «— of Rand R’ A

F[b,] < b,

bIM (K, 2q) = / dze*9%b, (k, z) / dz'e=%9% Fby(k, 2')] / dz" e by (k, 2"

- 't+e2

Flby(k,2)] = & [, [ dz'dg’ x

Cr a1t
e~ 19" 21d' 2 bl(k,z')
P

T 7 77
[1_fz € dz'"by (k,z”)eiq,z” f y dz""" g* (k,zlll)e—iq/z/”]2[1_fz/ te dzllg(k’zll)eiq’z// fz te dz""" g* (k’z///)e—iq'z”’]
— 00 z —E& z' —E€ 154

2! —

e—iq'zeiq'z'bl (k, Z,)

1 oo oo
g(ka Z) — _/ / dz'dq' o — : 27 ;
27'(' —00 J—00 1 . f_ooE dz,,bl(k, Z”)e"’q/z” f +e dz,,,g*(k,z,”)e_zq/z///

2" —e
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ISS internal multiple elimination

Flow chart of the elimination algorithm

|

Input: data D(k,w) > bi(k,w) = —2igD(k,w)

-----

o) =g [ [ asad e et bk <)
) - z'—¢ 2" +e * il Il
27 ) oo J—so 1— f_oo dz”bl(k,z”)e’q 2 fz S dag (k, 2")e—id'

Fbi(k,z)] = o= [T [ d2/dg %

e —ig'z zq 2! bl(k,zl)

1- fz € dz""by (k, z//)ezq'z” fz +: dz"""g* (k, z///)e—zq’z’” [l_f:,/j': dz"g(k;,z”)eiq'z” f:///lje dz"" g* (k,z""")e

€

_m/z///]

l

biM (k,2q) = / dze9%b, (k, 2) / 4229 Py (k, )] dz" e b, (k, 2"
— 00 —o0 z/+e2
Output: internal multiples with correct time and amplitude b5 (k,29)
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ISS internal multiple elimination

Test 1

|

Test 1:

1D normal incidence
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ISS internal multiple elimination

Test 1—model

B

V=1500m/s

p=1.0g/cm?3

V=1700m/s

p=1.8g/cm?3

V=1700m/s

p=1.0g/cm?3

V=3500m/s

p=4.0g/cm?3

V=5000m/s

p=4.0g/cm?3

500m

1700m

2700m

5700m
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E ISS internal multiple elimination
Test 1

|

"est for perfect data.
Test for bandlimited data.
Test for data with white noise.
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|: ISS internal multiple elimination
Test 1—perfect data

|

A. Test for perfect data.
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ISS internal multiple elimination

Test 1—input data (1D normal incidence)

(s)

Time(s)g

A

| | | | f f | |

-0.3

0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
Amplitude
Amplitude

0.7
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ISS internal multiple elimination \
Test 1—perfect data, attenuation algorithm prediction
[ == tMyi5 | ——— data
, | ______ attenuation algorithm
Time(s) : .
- [N W N N S—
i |M323
45_,___-_: .............. ﬁ‘ ......................................... , .......................................
— IM,,3 and IMy,,
| j |E |;
-0.05 0.05

" Am plituee g

WIN R
1
<

oo

., . ;
o i W 7
7+ YAV

J M323

IM,;, IMy;5 M3,
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|: ISS internal multiple elimination :|
Test 1—perfect data, elimination algorithm prediction

-‘J :
- F3
35— """""""""""" i’ri\/fzu — data
, —  elimination algorithm
Time(s) 1 ; :
B IM3;
R T ---------------------------------------
5 — IM,;3and M3,
0i)5 \(‘) 0(5)5 Oi1
| Amplitude |

\ A A 7
/- W o W 7
\/ \/ \/ V'V

P3 IMZIZ IM213 IM312 IM323

WIN R
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[ ISS internal multiple elimination
Test 1—bandlimited data

|

B. Test for bandlimited data.
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|: ISS internal multiple elimination :|
Test 1—perfect data, attenuation algorithm prediction

|
DS
3.5_ ............................................... ........................... "-;9 ......... IIVI212 — data
5 _____ attenuation algorithm

Time(s)

IIv|323

AB —"\ .............................................. RURTUURUUNNY IO ¥ W .............................................. -
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-041 -0.05 0 Am plitudéOS 0.1

A \ 7 N
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|: ISS internal multiple elimination :|
Test 1—perfect data, elimination algorithm prediction

' data
— elimination algorithm
Time(s) -
N . R . S S i
M35
T ) e e e Eenigs, T IM213andIM312 .............................................. g
-041 -0.05 0 Am pI Itu dé05 :

A \ 7 N
\ / \/\V VA \ N \
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P3 IM212 IM213 IM312 IM323 80
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[ ISS internal multiple elimination
Test 1—noise data

|

C. Test for data with white noise.
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|: ISS internal multiple elimination :|
Test 1—noise data, attenuation algorithm prediction

P, '
— data
— attenuation algorithm
Time(s) -
_ M35 _
A Bl R A R R R ............ _— ........................... }IMZlSandIMSIZ .............................................. =
=
-01 -0.05 0 Amplltudé05 0.1
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\ / \/\V VA \ N \
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|: ISS internal multiple elimination :|
Test 1—noise data, elimination algorithm prediction

— data
— elimination algorithm
Time(s) ~ -
M35, L
45_ ............................................... ..... : ............................. IM213and|M312 .............................................. —
=
-01 -0.05 0 Amplltudé05 0.1

A \ 7 N
\ / \/\V VA \ N \
\/ \/ \ VAV,

P3 IM212 IM213 IM312 IM323 83
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E ISS internal multiple elimination
Test 2

|

Test 2: 1D earth offset data for 2D
sources & receivers
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ISS internal multiple elimination

Test 2—model

1500m/s 1g/cm3

Om

600m

1400m
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ISS internal multiple elimination
Test 2—offset=0m
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50 50 16
w0 50
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ISS internal multiple elimination
Test 2—offset =200 m
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ISS internal multiple elimination

Test 2—offset = 800 m
> X
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ISS internal multiple elimination

Flow chart of the elimination algorithm

|

Input: data D(k,w) > bi(k,w) = —2igD(k,w)

-----

o) =g [ [ asad e et bk <)
) - z'—¢ 2" +e * il Il
27 ) oo J—so 1— f_oo dz”bl(k,z”)e’q 2 fz S dag (k, 2")e—id'

Fbi(k,z)] = o= [T [ d2/dg %

e —ig'z zq 2! bl(k,zl)

1- fz € dz""by (k, z//)ezq'z” fz +: dz"""g* (k, z///)e—zq’z’” [l_f:,/j': dz"g(k;,z”)eiq'z” f:///lje dz"" g* (k,z""")e

€

_m/z///]

l

biM (k,2q) = / dze9%b, (k, 2) / 4229 Py (k, )] dz" e b, (k, 2"
— 00 —o0 z/+e2
Output: internal multiples with correct time and amplitude b5 (k,29)

89



~

1SS internal multiple elimination j
A limitation that will be addressed in part 2

Provide the elimination
capability

The primaries
in data b,

The internal multiples ‘ will diminish the elimination

in data b, capability

90



[ 1SS internal multiple elimination j
A limitation that will be addressed in part 2
The primaries ‘ Provide the elimination
in data b, capability

The internal multiples ‘ will diminish the elimination
in data b, capability

—

It is the limitation of this elimination algorithm.
This limitation will be addressed in part 2.
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ISS internal multiple elimination
discussion and future plan

Towards internal multiple elimination:
where are we now? what are our next steps? when can you
anticipate being able to use this algorithm?

Current elimination algorithm is for an acoustic 1D earth for 2D
sources & receivers.

Develop elimination algorithm for an acoustic 1D earth for 3D point
sources & receivers.

Test the 3D point source 1D earth acoustic algorithm for an elastic
model. If it shows added value, then we will test it on field data
where the earth is close to 1D. If successful, we will distribute a
documented code to sponsors.

Develop a 3D elimination algorithm directly from terms in the
inverse scattering series.
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I:Addressing the limitation of the current elimination algorithm:l

Data b, Internal—mulhple
algorithm
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I:Addressing the limitation of the current elimination algorithm:l

Data b, Internal—mulhple
algorithm

The primaries
in data b,

The internal multiples
in data b,

—

Provide the elimination
capability

will diminish the elimination
capability
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I:Addressing the limitation of the current elimination algorithm:l

Internal-multiple
The primaries ‘ Provide the elimination
in data b, capability

The internal multiples ‘ will diminish the elimination
in data b, capability

—

It is the limitation of this elimination algorithm.
This limitation will be addressed in part 2.
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[Addressing the limitation of the current elimination algorithmj

b’,=b,+b,

benefit from Chao Ma, et al (2012) Hong Liang, et al (2012)
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[Addressing the limitation of the current elimination algorithmj

b’;=b,+b;

benefit from Chao Ma, et al (2012) Hong Liang, et al (2012)

To Address the limitation of the elimination algorithm, we

use b,l instead of using b1 as the input data for
the ISS internal multiple elimination algorithm
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I:Addressing the limitation of the current elimination algorithm:l

current elimination
algorithm

Internal-multiple
algorithm
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I:Addressing the limitation of the current elimination algorithm:l

modified strategy for the
elimination algorithm

Internal-multiple
algorithm

Internal-multiple
algorithm
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EAddressing the limitation of the current elimination algorithnj

Numerical test

1D normal incidence numerical test
based on well log velocity data
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34-reflector model based on well log
velocity data

V=1581m/s

500m
V=1743m/s

600m
V=1861m/s

700m

3700m

V=3932m/s
3800m

V=4115m/s

(courtesy of Saudi Aramco)
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[Addressing the limitation of the current elimination algorithm
Numerical test—input data

05

— Input data |

15 e ———————

Time (s); ............................ ............................. I

Amplitude
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Addressing the limitation of the current elimination algorithm

Numerical test—prediction from attenuation algorithm

Time (s)s

45

— 1t order internal multiples in the data |
— prediction from attenuation algorithm

Amplitude
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Addressing the limitation of the current elimination algorithm

Numerical test—prediction from current elimination algorithm

0
05
1
1.5

2

Time (s)s

45

15t order internal multiples in the data

— prediction from current elimination algorithm

Amplitude
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|: Addressing the limitation of the current elimination algorithm j
Numerical test—prediction from modified elimination algorithm

0

— 15t order internal multiples in the data

s s e S RS ...........

—— prediction from modified elimination algorithm

Amplitude
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Addressing the limitation of the current elimination algorithm

input only primaries

Numerical test—prediction from current elimination algorithm with

/

N . — 1t order internal multiples in the data |
— prediction from elimination algorithm
e I PO .............................................. With input only primaries H
;1| R — ...................................................................................... s o e e st oo o ................................ )
P _________________________________________________________________________________ __________________________________ |
(S)z,s_ .................................. ................... ................................... =
L T ......................................................................................................... ................................ -
5 | | 1 |
% -4 2 0 2 4 6
x10°

Amplitude
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/Addressing the limitation of the current elimination algorit

Numerical test—prediction from attenuation algorithm

(Blow up)

hm

__—

Time(s)

2545

2555
-2

T I
g > — 1t order internal multiples in the data

e : — prediction from attenuation algorithm

Amplitude
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" Addressing the limitation of the current elimination algorithm )

Numerical test— prediction from current elimination algorithm

— (Blow up) L
— 15t order internal multiples in the data
Time(s) — — prediction from current elimination algorithm

2545

2555
-2

Amplitude

109



/Addressing the limitation of the current elimination algorithm\

Numerical test—prediction from modified elimination algorithm

— (Blow up) _

' % — 1%t order internal multiples in the data
—— prediction from modified elimination

Time(s) f =- algorithm

2535

2545

2555
-2

Amplitude
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[Addressing the limitation of the current elimination algorithm j

~

N—

the ISS internal multiple

—

elimination algorithm with the

limitation being addressed

__—

Internal-multiple
algorithm

Internal-multiple
algorithm
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