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A Study on Inversion of Seismic Normal Reflection Data

Dong Woo Yang*, Seung Jin Yang* and Seong Hyeong Jang*

ABSTRACT : In this paper a numerical experiment is conducted to determine the low acoustic impedance of a
thin oil or gas reservoir from a seismogram by using the generalized linear inversion method. The seismo-
grams used are normal incident synthetic seismograms containing p-wave primary reflections, multiples, and
peg-leg multiples on the layers consisting of oil-, gas-, water-filled sandstone incased in shales. In this ex-
periment the acoustic impedance, the location of reservoir boundary, thickness, and source wavelet are as-
sumed initially and revised iteratively by the least-squares-error technique until the difference between the
seismogram and calculated one is very small. This experiment shows that the acoustic impedance and thick-
ness, about 10 m thick, can be determined by the inversion.
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Fig. 1. Primary and multiple reflections from interface 1.
Source and receiver are located at a position just above in-
terface 0 (Modified from Larner ef al., 1997).
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Fig. 2. Primaries, multiples, pegleg multiples from many in-
terfaces.
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Fig. 3. a) Seismic record, b) main (solid lime) and prob-
able (dsahed line) interfaces infered from (a).

(oasw)eun .
00 00}
1

(oosm)oum 1,
00004
1

00002

00002

A Axupg o2 33t} (Aki and Richard, 1980; Gjoy-
stal, ursin, 1981; wiggins, 1976; Cooke, Schneider,
1983) AA A% 247} P, =t~-m)<d A1&49 i (=1~
A S9-5R7] BolAe] Bzt 7158 S (P)etet
3 AA AF 848 PPl 7R R 7P A2 tal A
Atgl A gAdst 7158 S (Pl & | S (PYE S,

(P)E 71&2.2 3t Taylor 345 A7Hshd

aS(P)
= 0 1 . —PoO
Si(Pj) - S,(PJ )+ BP] I P.:Pj{) (PJ PJ )+
1 IS(P) . 0
o7 an2 lﬁ:PjO (Pj_Pj P+ - (15)

olet.

oS(P; .
S(P)-S(PY)=4S, % |P=Pj0 = J;(Jacobian),
. j !

P —PJ = AP.
] ] 1

233 ool DA WL et @ W A A YYo=
FA3H

AS=JAP+e, (16)

ojt}. e=0%1 A% (&, S(P)7F P9 1x4Q1 A=
AP=]" ASel| 9J&) WHE DA o] glo] APZE FElA = 3l
U et AZ e 23 Alg § AF 849 14 57t of
U1 e+00]28 ¢ (=e'e)7} a7t HA ks H4 A%
HHEA Al Mog APE FETh HA As Yl o
Gauss-Newton&l= (Menke, 1984; Strang, 1980)



632 IS

AP=(ITI) 1T AS a7

olth, &, ¢ AellA [J']|=0 (Singular)¥ W 2 73
4 gl3, o] dHe] ool 717 st HaEAY Ee
HHE Sl A ) ale] o] FojXih o] YHE B
28171 943l damped least-squares (ridge regression :
Marquart, 1963 ; Levenverg, 1944)2 o] &3t} =

AP=(JT + BI)1JTAS (18)

o] AolA B Fe g (o, p=0.1~0.0012! Damp-
ing Factor)e]x [= &9 Zo|ch £ sl FEAY
BRI A FEL&E FAE Hal Solx Bl
(SVD)E 3] APE A4H3tch (Lawson and Hanson,
1974; Golub, Reinch, 1970). £, jacobian 3Z J& o}
o} o] B3|,

J=UAVT

4 (1) okdel 4o % 4 Yt

AP=VA-'UTAS (19)

4714 Us € (column)8&47} J7Tel sgel (J°
JU=A U 61!%0]_71_ Ve d 847179 R Het A
2 PHoln A's 1/(A+B)E 842 dhe tlzhgHol
o} (Lines, Treitel, 1984). 4 (18)olu} 2] (19)& F+&
APel| 23 N2 AF84(PV=P+AP)E WHEHo
AR o] wHE-& AS=(0] & 97}x] FPFc}.

22 H$ U JIE 29) £7|X 1M

Vg A 23 dig §4 ST 715
AaM e 4 AZe] SF AT A (B F
4 93-g 7ok gt

A% F, 7, A2 F AT g 27 7Hge
3t 7129 A Zo| Feo) Hla| Walele B2We AE
ZAARCR gt & AZAL E X (Fig. 3 #F)
ohg FQ A2 AA Wog 58 nHA AE C
%9 SAF (pV).225H nt+1F9 SFHASF (pV)un
< 2] (2)el 93

N 1+C, n1+Cy
PV =PV —(pV)og—l_ c (19)

o ©g}. 2 VE Ajole} Ze % %%% o w72
o5 whaL, 78 Shale] 1 (side lo
Aol7t Ae A% AR Fel O}Ur—i 29
& A% AARe A AA Moz PFas 1 89

349
Ase 2 ABAo] 39 £ ASE 2 Aoz 2
Fohm Qi A3k 4 3 A% £ AT 2E A5
£ 2% BARe] ohjekn BRwh

9 3 (W) 27] e aist 7154elA

Z A EZ 5y NFH F7] ToA Fa {(=1/T)E F
A8t F344 £ Ricker &,

W(t)={1-2(xnft)*} - EXP (-(mft)*) (20)

o2 73

4 (17) = 4 (18)°l &l APE ZH37] A3 E ]

aS(P.
(Jacobian matrix)2l &< Bu#A] J= [—%J
i

Pp
& Ao} Bt WS 7120l MBE AAU &
7} ng A% j=1-ne} P AAME} AzHde] YA T

(=Ztk)i} ata(e] A& AF FA de (=t/2V0) B 2
k=0

i

AE D (=Y d)E 94vD), j=n+1~2n9] PE X139 &
k=0

g Ael 3t Pewn® &9 F89 Fuigee} 33l o

<SPt pE

XIE ZAHH IxI0f CHEH B 0]2X]

A% BAAWE Fig. 37 Zo] 78S Al &4 245
71&e
S(t):w(t)*iajS(t—Tj) 21
i=1

olty. G714 W(t)& 4] (20)9 ¢ FH3olx, a= YA
AN 7HF e S AF L AFE A= el A (14) ==
2] (1422 AR ¥AL &9 Az TellA9) 2 Zo)
th. 223 8+ Dirac delta drolnd, * & g Ao
th ¢ A2 T, (P)E vl 71se Yoz sia4 why



eZE)

oE HURAE 7Y 5 U F

3s, [ oS,
: [: T ):ajW(t)*{ -8'(t-T)} (22)

olt}. 4] (22)9] 8(1)& 24K

&) = lim 22 (23)
=0 e

o2 #¥ (Butkov, 1968)8 9 9 49| v|&4] 8'(H)&

5(:);%‘;‘”@ (24)

o]t} (Cooke, 1981).
SE Als=ofl CiEt & oj&X]

245 7158 dehle 4 D9 aE 4 (D~4 )
o4 BEe] $% A% I (=P8 BAE G g
8 U2 4 glgoz W nEAE 48 ARy o)

P Al

o2 AFFT 714 Ale 999 2L g (d, 0.1~
0.001L)]t}. o] A W IR oA A A 238
A

dS, _ S(I,+AL-S,1) 25)

ThE0) ChEt B 0|2
@it 715 H¥] 249 Fr (2 vgad 4
(21 % 4 (22)914

% = {—4(nt)2f—[1—2(7rft)2(—2(n:t)2 E

R DY (26)

j=1
olt}. = 4 (25)2] ALTRAl AfE o] &3l F3t A
o2 Aillz "ot
TR 2EMH

BEA dibio g AAY Y& EIA HEHAL
W FE AARE 7& 5 devte AR 2] 98
Fig. 49] a)9} Zo] t=100 msoll Y& A FAHRE £

+AuAA R A AT 633

True Impedance Guessed Imped 6th i
¥ 08 % & % 8

- D L ! ! T
g
& B L SR -
i 8

g g

g 8

@ ® ©

Fig. 4. a) Ture boundary, b) initial guess of boundary lo-
cation c) boundary at the 6th iteration.
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Fig. 4.
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Fig. 6. a) Acoustic impedance of true, guessed and 4th
iteration, b) seismic trace for a).

Table. 1. Acoustic impedance of rocks and reservoirs

Velocity ~ Density Acoustic Impedance
Rocks

(Vp) mfsec  glem’  (m - g)/(sec - cm’)

Shale 2500 2.40 6000
Sandstone

Compact 3000 2.54 7620
Gas saturated 2400 2.00 4800
Oil saturated 2200 2.10 4620
Water saturated 2300 2.30 5290
Unconsolidated 1600 1.25 2000
sediment

Water 1500 1.00 1500
Granite 5000 251 13050
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Fig. 7. Acoustic impedances and boundaries of layers con-
taining a thin oil saturated sandstone bed. a) true, b) guess-
ed and c) inverted impedances and boundaries.
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Fig. 9. Acoustic impedances and boundaries of layers con-
taining gas-saturated, oil-saturated and water-saturated sand-
stone layers. a) true, 6) guessed and c) inverted impedances
and boundaries.
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Fig. 10. a), b) and c) are seismograms for a), b) and c) in
Fig. 9.
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guessed and c) inverted impedances and boundaries.
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