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Measurements from the Lab

Shear Modulus
e

St =ud '
ress = | Stress<KAVOL 1 o _EAL

VoL

Pore Fluid
Ky

Matrix Material
Kma

Remove pore fluid, allow pore spaces to be open to air.
Now, squeeze rock.
Dry-rock bulk modulus, Kﬂr?. is measured.

Total bulk modulus:
K=flK, K_,.K

mat dr'."o‘ g }

2 ( sheMwordu)l us ( buMbkdul us
(From Hilte

(K=f (& o &, .. )Mavko and Nu
1998 Gassmann, 1951
K=Kgy B°M

B=1 Kay Kma
UM=B ©YKmum O/K

Kma solid modulus Kdry empty frame modulus K; fluid modulus @ :porosity



bul k mo d tdlyunse §(/1cOm matri x
6 0 matri 0 0.9 2

1.0 0.021

. 38

Ke
Gregory, 19 Reuss average

1/ Ks =Sw/ Kprine (1 S\N) I Kgas
Kees 1810  Kpine  2.510°
Voi gt average

Ki =Sw* Kprine (1 Sw)* Keas

P S

1P S (b) ( K)

Vp:m VS:r_n
V r r

K: GPa (gigapascal s)
?2(dens)i tgym/3c m
velocity k m/ s

2.P S

(BtGassmanwn) Theor

P

Bi-GassmannBlloaqr \ 9Gr6e @g by ,
1977, equation 21~30

P S matri x sol i

bul k modui{usock



S
P
Faust

1953 P

Ve a(Rd)

ac constamtresi st dvdetpyt h

At a bR®

abc constant

At bR McCoy and Smith, 19709

P

P Gardner' s equa
Lindseth'slOdgwati on

a. Gardner's equation
p a PV
a 0. 23b0.52

a, b P

Castagnaas) Gardner's

equati on

Sand: p 0. 20W2°"



Sal e:
Li mespofe?24W32°°

p O.

2 OV42°°

Dol ompt 6: 2W6*°

Anhydrp t0e.:60

160

b.Lindseth's equation
Ve a( Ve b
a 0.3083400 ft/ sec
C. P Castagna
1 P CastagngCastagna, 199
p =a*Vp'+b*Vp+c W¥elocity Bhit: Km/
Coefficient | Limestone | Dolomite | Sandstone Shale Anhydrite
a -0.0296 -0.235 -0.0115 -0.0261 -0.0203
b 0.4610 0.390 0.261 0.3730 0.3210
C 0.9630 1.242 1515 1.4580 1.7320
MinVp 35 4.5 15 15 4.6
Max Ve 6.4 7.1 6.0 5.0 7.4
P S Castagna
2 S CastagngCastagna, 19 ¢
Ve= a**V b¥ +c Ve(l ocity Bhit: Km/
Coefficient | Limestone | Dolomite | Sandstone Shale Cod
a U e e -0.232
Std error 0006 | @ ------ | e | e 0.012
b 1.017 0.583 0.804 0.770 1.542
Std error 0.048 0.037 0.009 0.020 0.064




C -1.030 -0.078 -0.856 -0.867 -1.214
Std error 0.088 0.104 0.106 0.120 0.014
R squared 0.911 0.874 0.984 0.979 0.966
# samples 129 37 136 32 143
MinVp 15 4.0 15 15 15
Max Vp 6.5 7.0 6.1 59 35
( ) b/ sV (6)
V! sV 2.0 Mo sV 2.0

Gardner and HaGrreigso,r yl 618 7 7 )

0~0. 4 V! sV
VWl sV
W/ sV1.42~1.96 W/ sV
1. 310.6 6 V! sV
3~30 W/ sV
W/ sV e/ sV
P El astic
modul us, poissot s rati o, P
Koefoed(1955) Harvey (1993
( 3
(transverse stra@(ln®dngi tudi n,
strain) Vp/! Vg
o

o=(y -2)/2(y -1) vy =(a /B ¥ =K/y +4/3

10
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! | Weathered Layer, g
ottt B | 1§
v ' i L
_P I I _: _.‘:r E_ : Limestone
vs ___._L_______:._ e .._-::"*i':—l- _____ = (1.2 = Sandsione
Gas Sands : b : (Muad)
O, 2 : =
| i
d 1 = F’J i | 3 '
0 : : .3 .4 5 2 8
Pﬂ'i!@ﬂﬂ'! HH“D e ﬁ Aller Harvey, |99, Leading Edge
3 VP/ VS
0~0
0.5
0. 4
el sV
3
(Fluid Substitution)

GassmannAMO51)

5a

Hi | I-RHY

Gassmann

W p

bul k mogaul uBo(iKgt ,

5b
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Min

Max

L € AW2=0

No transverse change

_—AW/W
~ALL

_—AW/W
AL/L

0.5

CDh,

(from Hi'Bter man

2001)
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A=Ky ¥oma )
VE =My + 4 Aligey + : LB
P¥p dry * Hgry {1_4,_““ DAy T —_—
—————— -+ =

Dry Rock Fluid

= S-wave velocity

= P-wave velocity

= density

= porosity

= dry-rock bulk modulus

= dry-rock shear modulus = [,

= bulk modulus of matrix material (grain)
= bulk modulus of pore fluid

Vp = [(Kegy + 43 ) 112 v= K
i
Vg = [Hggr/ P17

1 _(1-9)  (8y)@), (1-5,)(%)
K Kes L Ky

Lower Limit (Reuss) Upper Limit (Voigt)

Wy = Ny/Ky + Nafip + .. +H K, Ky =MNyKy + NoKp + .+ Ny

L = Wiy + Moy # o+ Nl Pl = Mgy # Mafly + .+ Npp p=0-8)n,, +1S)(8)pas+ (1- S ) duyn
N; = volumelric porcentage of component | Suspension Models

1) All water: =1, 5, =1

2) Pore-fluid (water & hydrocarbon). ¢ =1
Mot = (Hr + 11y /2 3) Ocean bottom sediments (water & grains): 5, =1

5 Gassmann (a) bul k modul us(b)
bul k modul(ucs)( Fr om, Hi |l ter man,
modulius ( KWodo( 1 955) Bat zI| e
and Wang 5¢c
3 Gassmann Dry Rock Tr

FIl uid Rock Trem4000ft
Fl ui d Theerfaf
N e Pa’

4000ft AV O

13



FI tHl ui d 14000f°f t
Fl ui d TNeerfaf
N e Pa
AV O

Sol-Bdl i d

3a Gassmann Dry RockFITuiedn Tr em

4000dfetpt h
?a2(frcrn;1 Ro c)k ?a?(efrrr om FI uiltsle‘lazem)
We t 4 . P a 5.@Pa 9. 62
Ga g 4. P a 0. GPa 4. 572

3b Gassmann Dry RockFITuiedn Tr em
1400d8¢epth

?2a(from Dry)R&FkfToemF| uiNe Pa’e/m)

We t 36.85 GPa 2.4 GPa 39. 2[5
Ga g 36.85 GPa 0.5 GPa 37. 3|5
AV O
PG( -

Geophone

hydrophone
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(scal er)

Inmegral

Basic
Wawvelet

15t
Derivative

!

2nd
Derivative

-

- ---.’
T

- Ydzz2 e

Timing Bed Scalar Shape Limit

— Thick 1 Basic b A
4x=b

ATV Thin - Derivative | b < L8

| hbed

H b

FaEaj Ramp Intagral [ S
dnb

bikib

b = bed thickness
Hpert = Whag X Dominant Period

(From Hilterman, 2001)

Timing Sealer Shaps Limit
3 Area G : i
g Dol ke ! Deptheig,g
Bx Yolume Small Area &
Toma g Dbt | 20 Derlvative s B
N = Wiy T DOMiInant Parlod &, = V,, ¥ Dominant Period

(b)

Geometry Scalar

. | ;s T°F
-"L-,. Anticline [1 . DFI]
WA A | Decrease
ek - [_1 =
R/ Gentle | a
J D Syncline [1=-E
T ] Increage
L S r o.5
R/ L]
‘_,' D Synecline I1-DR| =Tl
L R | | Inorease |
—r— e l 1 5
2] |
Ry Syncline 1-BYR | B
o R ] Decreass

Secalaryy = S}:alarm, v Si'cm'armm:
Phase;n = Phasepp + Phaseg gy

ta)




()
1. Fl-Bl did

FI u-FHui d S
(Fl ui g 8:

_ palis 0SB4 —pqitqcOSHs

RC (6
(1) palip COSB4 + pyiiq COSHp

¢ = P-wave velocity

Jello (?) p = density

sin By sin B,
4 g

Snell'sLaw :

8 FI-BEIl di d
(from Hilterman, 2001)
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P 5000ft9®O0Oft/ s

8 33?27 1.0
3327 90
180 9
6 3 90
FI uvFHui d
P (PPRefl ectHoad Wave.

(@)

Fluid 1
oy = 5000 ft/s p=1.0

oy = 9000 ftis py =1.0
| Flugz

Incident Angle

(b)

oy = 5000 ft/s, py = 1.0 gmiem?, i, =0 fifs
FEFEEE o
tiy = 9000 ft/s, py = 1.0 gmiem?, B, =0 fifs

a=0 Oepgy = 34

PP reflection flattened with static corrections.

9 a P 5000f t90sO00f t / s
9b
(from Hilter man,
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Sobodid

Sol-Bdl i d P
(taansi mitted wa

Zoepprtiz Equation (1919)
( 1D

Reflected S-Wave
P Incident P-Wave : P

& AP
# Reflected P-Wave
A Little Bit of Geomatry...
Snall's Law
Medium 1 oy 4y fhy -
Medium 2 T -_“z_nF'_z_?-l'_a sinf, . sin = sing, g sing,
_ T R S oy oz By B
o= P-Wave Velocity ==& TP
P = Density Transmitted P-Wave

fi= s-Wave Velocity

“WTransmitied 5-Wave

Modified from J.M. Graul, 1999

sin 4, COS ¢, - gin 6, COS 0y AP '| — &lin 8,y
cos i, sin ¢y - cos By —sin g RS | - cos i,
2
ity pafipeey pafizy |
sin 26, cos 2i4 sin 26, - cos 203 =
3 |
| Py pqfyg Py LLg w20
By Pgity Pafta
| |cos 2y -~ "sin2¢ - cos 2¢ sin 26 |
. oy ; ity 2 Pylq - .TE | \ cos 2‘:'1 !

AP = Reflected P-wave
RS = Reflected S-wave
TP = Transmitted (refracted) P-wave
TS5 = Transmitted (refracted) S-wave

10 Sol-5dl i d
Zoepprtiz Equation (191

19



11b , d
(9 P

( P P 2.5
(incidenc® anégl e=(0
, h)
( 1lc)
(9 S ( 11d)
( 1le ~h)
§ L=
E.
= | -
x, = 10000 fifs @ 2 ©
i, = 5773 fi/s -
p, = 2,93 gmicm? | Magnitude vs. Incident Angle | [
e, = 25000 ft's
[, = 14434 fis
g
E
&
-
oty = 10000 ft's, p, = 2.40 gm/em3, i, = 5773 fi/s
e (L, = 25000 ftfs, p, = 2.93 gmicm?, b, = 14434 fi/s
H .
< o 23 Head Wave| 71
Head Wave . .
s N LV
el I;_.W-"""' L Statie Shifted
Incident Angle | Head WEUEI Tt Dl PP Arrival
ity | Head Wave
TP i1 T BBy
' ' : 4~ PS Converted
(from Hilterman, 2001)
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30 %) PP
0° 30

PP - ( 12e)
PP - ( 12a)
(pol arity)

Model

2.40 gmicm?
10000 ftfs
5800 fuis

©F

py = 2.64 gmicm? REFLECTION
‘;! = 1T35ﬂnﬂnﬂf:}'rﬁ COEFFICIENT
by = s -

INCIDENT ANGLE (f)

tt; = 10000 fifs, p, = 2.40 gm/em?, i, = 5800 ft/s

0 = 13000 fi's, p, = 2.64 gmiem?, fi, = 7500 fi/s

Amplitude

Incident Angle

i
i
!

4—Static Shifted
PP Arrival

\ .....m|u'n:-|rm'r||'irrr!!lllirrrlrrﬁ

PS Converled

Wave

(from Hilterman, 2001)
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(

) Zoepprtiz Equat

Zoepprtiz

i on

Equati on

Bortdel dAkD6&) RLOBABH(eY

(1985) Zoepprtiz

Equaggi)Bbonr t del d

Aki &
Richard P
S Shuey
Nb PG (1 nt er cheNdpt?s / (1-5)°
P-G (Gradi ¥atin and Hil er man(

Bortfeld: |
- Fluid » 4 Rigidity > |
: 2
1, [oapa cosﬂ1] [5u1ﬁ1] 2 a2 In(pz p1)
RC(0) = |ﬁ: + 1—Bz2)| 2+
2 cLyPq CGSH‘E (s 8 2) In {BZ B1J’
Aki & Richard: Rock Properties
2 ) _ 2
RC(6)~ (1 B amze |20l 1 (42) B (4B} gin2e
a2 p/ 2cos“e |\ o o p
Shuey: Angle Dependence
Near i Mid > - Far .
; A 1Aw 2 ooy |
RC(8)= Nig + ADNIP + sin® ¢ + {tsn b — sin ¢-]
ﬁ—sf o

Shuey: | Rearranged by Verm and Hilterman |
4—— MNear ————» Mid 44— Far ——*
RC(64)=( 1 = m : 1—4ﬂ2 sin® @ |+ [Acksin® = “'ﬂ, tan? 6 - 4[1 sin? 0

o p) ol \ (1- nF o

Acoustic Impedance Poisson's Ratio P-wave Velocity
0—»90" 158 + 8" 30— 90"

13 Bortdel dAEDP6&) Ri chaBH(U298QPS85mMm
and Hil ern Zoepprtiz

22



0~90
15-~°90 30-~°90
P 0~15

Bortfel d
(196Wang (1999

P S
(Ri gidwty, Fluid T&Rimgidity Te

1 Da Dr 2D .
RCO) = Cogt " * 2 Gz )
- ~ J H_J

Fluid Term Rigidity Term

RO®() : 0
a P

A (rigidity)

Bortfeld AVO

23



4 Bortfeld AV O

4000ft Depth

Mo del la (ft/s) ? s ( ) [3(ft/s)

Shale 7190 2.16 0 419 2684
(1wpt Sando00 2.11 0.403 282(
(1Bhrs Satd61 1.88 0.241 2956

9000ft Depth

Mo del | Z(ft/s ? s ( ) [3(ft/s)

Shale 8670 2.29 0.378 382§
(2wpt San@wo0o002.23 0.311 5233
(2Bas Saati23 2.08 0.221 5462

14000ft Depth

Mo t e 3 | af(ftls ? s ( ) [3(ft/s)

Shal el 101502. 4¢( 0.343 497(
(3®Wet Sanh3x5002.32 0.224 804¢
(3Bhs Samn3zl2882.21 0.182 8284

Bortfeld
FIl ui &l ui d Hi |l terman, P2001
14b ( Model 1)Fl ui &l uid
Rigidity Term
FIl ui d

24



=
(]

0.3+ 4 4 4 4 4 _,-
WET GAS |
Fluid-.
] || 4 Uid. || 1 [:1]
- R - “aad |~ Exact z
E e Pl - 2
= i} v =ﬂ, e T
3 _ _ “-Bortfeld £ b
L4 | -
Rigidity.~T~ | .
- L | | | DI - I
% IncidentAngle  50° 0°  IncidentAngle  50°

* Rigidity response is same for wet and gas models.
* Fluid term identifies pore-fluid co ntent

% ngldlt}' term function of I|thnlngy ‘;)\
—'h-.___\__'_'__,_,-o-'L—
l4a Bortfeld (
AVO ) (from Hilter man,

0.3 4000 ft. Depth 0.3 14000 ft. Depth
WET ) .WET [
© | e
]
2° = S 0 <
= ] ] =
E &
< £
0.3
o 0.3 et
GAS i |GAS "" Senet
@ '} - ” - .:.
zZ o 20 =
a T o
g E | _| | “Horifeld
= = = | Higidity
=0.3 | e A S g
Incident Angle Incident Angle

Shallow: Small slope for rigidity term
Rigidi = i
(Rigidity Juus = (Rigidity ey Deep: “Bortfeld” approximation not accurate

14b Bortfeld
( AVO )

(bm Hi Il terman, 2001)
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Term RigidityFTerd Term

FIl uid Term

RigidityFTerac Term

30
/ -
AV O
AV O
- AV O
9000 ( Mo®2gBortfeld
(9000 ) Zoeppr(i tl4a
) Rigidity
Fl uid FIl ui d
FIl ui d
( P I mpedance)
Rigidity Term S S (S
| mpedance) 9000 2 AVO
( 14a) Rigidity 1 Rigidity
( 14b)
1b Fl uid 2b Fl uid
9000 2b
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(

)

AVO

14000 Bortfeld
Zoeppritz (Model 14 )
Rigidity TernFluid Term

14000 3b AVO
Rigidity
AVO
1970 1973
Geophysical Society Loft htéd wgtyormand
detctoonof hydrocarbphysscal met hods
Sengbush (1983) Barry and

Shugart (1973) ( 15

15
and

(Barry

Shugart, 1973)
27
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() AVO

AV O

AV O

AV O

16

(NI

SHALE

WATER SAND

16

Reversal

5 Bright /

(=)
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GRADIENT, G

AV O

(Interceplradient)

(cluster) (background trend)
VYERRY (gas)
17 a b A
PG b
c AQ
AV O
(
) P-G
C d AOQ AVO
(
) P-G
q e AQ
PG Tight Gas Sand(Cas
al ., 1998)AW0
0.20
VpiVs<2 |1 I - 4
L 8 0.15
Vp/Vs>2%\g o ©
5 ‘s% % 0.107
czs v o%"' g — 0.057
S =—t—
i v % gj:_o.oo ,\b\
Lc) = 0.05-’\\
o e
¢ % ¢ *g g 0.104——
CLASS CLASS Il CLASS | "gg é -0.154 \d\
INTERCEPT, R, © v -0.20
17 AQ
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PG

Pr oma x G
17 PG P-G
(
2004) AV O
AV O G
AV O ( 18

i
T
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AV O

19( a) Zoepprittz (Shuey, 1985
Smith and Gi dWiogw,iIns8 72}y al . ,AMO83
AV O
19( a) N b
B H. QHi gher Or der) 19( b)
19( b Shuey
a 3 19( b) Wi ggins et al ., 1
N b
B AV O
A N b a B
H. O. (Higher Order) 19( ¢ )
( AVO)
P ( N S ( NI Shuey
2( NNP PR Sl ope Reflectivi
19( a) 19( b) Ni=1/Ra/a+Apl/p)
N K ) 19( d)
Nlgass Nlwe=7?acw +? 2w
?acw=12[(?a/a) cas (?a/Q) wel]
?22aw=12[(??/?) cas (?2/?) wel
FIl ui &  gi dity Zoeppritz
equatioBortfeld equation Fl ui d
P Fl ui d
P

Nlgass Nlwet Nlgass Nlwet

31



19

Shuey: (Rearranged)

z f s 2]
Hc{m__‘l!fil.uL-l'-P 1_4|3: gin?g | Aosin®8
e @ f1-af 2a

Smith at al.

\ p2 A 1 ap[ ap? |
RC(#)- 1["” &= * ["‘E' <%0 Jsin®o - ) tan’ o~ P sino
2le p leos?e oflB p 2p| (V]

Conventional:

acio)- 1[2%, "“"]. 180, Hf[z.s;i_zp
2| o P 2 )l B n

sin?f + ; A% 5in? o tan? o)
ix

RC({68) = NI cos?¢’ _ B ,sin?p + H.O. (P-wave) [Shuey]
RC(0) = N, + B,sin?0 + H.O. (P-wave) [Conventional]
RC(8) = Nipfcos®® + B, sin%s + H.O. (density) [Smith]

* NI, = Normal-incident reflection coefficient (P-wave)
» Bs = f(P-wave, S-wave and density)
* H.0. = Higher-order terms

+ Assumption background o/p = 2 already made

RC(8) = NI, cos?d + 2(NI, - Nig) sind [Shuey]
RC(8) = Nl + (NI - 2Nl<) sin?6 [Conventional]
RC(6) = Nl /cos?0 - 2NIs sin?0 [Smith]

NI :(ﬂﬂ]z—(pﬂ}'
4 (po )y + (pot)y
.~ (B — (pB)
® " (pB) + (PP

Avtgw =12|(Ax Olgag — Ao u':}ll.'l'ETJ"" 0
dpaw =12[(8p Plass - (30/Plwer <0

Ranking
1 Normal Incident [ Nigys — Nlyer] = [ Aty + Apgw ]
2 Shuey [By gas~ By werl = [2A0g, ]
3 Conventional [ B, gas— By werl = [ Atigy -~ MPaw |
4 Smith ... [Bs gas— Bywerl = [ ~ 24pgw ]

(from Hilter man,
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(B, cas- B, we) 19( d) Shuey

(Brgas- BLwe=2?acw) N b
(?acw +??2cw)
(Wiggins et al ., 1983)
(Brcas- Bowa=?acw —_?GW)
Smith
- ( NI
2.Smith & Fdiudildowactor
Smit hGidl ow -
N b
N & N¥ NI (y)
Y
Fluid Factor
AF(tNK tIy N¥ t)
AF(t) AF(t)
NlGass Nlwet
SmithGidl ow
N & AV O
AV O
Smith
Sutherland(1996) vy 0. 63 FIl ui d
Factor
AV O Y -1. 92 AV O Y
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0.41 AVO % 0.57
3. LamBRUd(ap)

L a mbRdhaa 0 )

Goodway(1997) ha¥frdo c k ( AV O
) Ap
(ap)-2(Bp)? 4(aGassman equation

Fl uid TermDry Rock Trem
Gassman equation p:

(ap)’=p ( K+4 | PBary+HKoorefluid effect)

S

b:\/E
r

(Bp)=p (M ay

F D Korefiid et G= K/l ay*4 1 3 (a p )-G(B p)°
Koore-fiuid effect FDap)~G(Bp)" Goodway (1997
Ap (ap)’-2(Bp)? Gas s man
equat i Kubrud efe Dry RoKk M ary(
Dry Rock Oagy 0.125) G 2.33
Goodway (199%Dp (ap)®-2(Bp)°
Kiy/M ary=2/3 O ary

L a mbRihao
AV O (Si multaneous P
Stack I nversionFu(@dasoRock Trace
) P (PP mpedanxe) 9 mpedance)

Ap  (ap) -2Bp)'=(P mpedance)
2(9 mpeddnce)



4. A/ B

Al B ( 2D A

) ( 20 )
RMS (Ead'yY A/ B

B rms Amphtude ics

ﬁ?ﬂlﬁ: e
L

L li s s WL HiR S |15
IlﬂllTI'l'J-l'Ml.'IHI'Illl r i g 1 R RTE ™ vl 8 A  UHRAPTY LS RO WY o

A Sample Amplitude

T 4.0
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Aocas  Peices) AV O N |

AV O A/ B 10 AV O
A/ B 0.6 AV O Al B 0.7 21( a)
N | Al B AV O
AV O A/ B /
21( b)
Sl ope Reflectivity(PRR/( Bt B

Bs,wet) B PR

-3

Class A/B  Model Results
5 Large 10 Predicts Pore Fluid
2  Variable 0.6 Ambiguous
1 <1 0.7 Requires Good S/N

AB Maodel Results
Large 8 Predicts Pore Fluid
Large 2 Predicts Pore Fluid
1.2 Questionable

21 NI sl ope refl ecti vVA/tB
(from Hilterman, 2001)
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Properties Not Robustly
Extracted from Seismic

Density (gmicm)
Density (gmicm?)
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:

® Shale
B Wet Sand
A Gas Sand

S-wave Yalocity (ftis)
V¥, Ratio

2000 — "1+ M N (S U S —
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Properties Robustly
Extracted from Seismic
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Polsson's Ratio 5 In{S-wave Acoustic Impedance

® Shale
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Impadance = (ft's)(gm/cm?)
Modulus = density = (GPa){gm/cm?)

Shear Rigidity » Density
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Bulk Modulus »

2 2 (from

Hi |l ter man, 2001)
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Al B
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: Conventional

Reflectivities are computed not extracted. =H

Conventional : RC(6) = NI, + B sin?(8)
Shuey : RC(6) = NI, cos?(6) + PR sin?(6)
Smith : RC(0) ~ Ni/cos?(6) + Bgg sin(0) [l -s.

3 [
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- 3
] w

B (gradient)
=

|

|

i
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== Shale Reflection
B Wet-Sand Reflection
A Gas-Sand Reflection

Poisson Reflectivity
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Castagrn&€astagna et al , 1998)
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Class 3 AVO 4000 ft Depth B IIILGE LR

Product NixPR enhances
U standout for Class 3 AVO
SV I anomalies ...

Slight enhancement for
Class 2, none for Class 1.

Class 1 AVO 14000 ft Depth

L

24 15
25 Hz Ricker AVO (from Hilter
2001)
24 CDP Shueyonventional
Smi t Bi &1 ow
25 NI PR Shuey
A B Convent Egoati on
NI Bg Smithi &l ow
Shuey N |
PR NI PR
AVO ( )
N | PR AVO
Convent EqonatioB Smit i &l ow Bg
Shuey PR
A B Shuey
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Class 3

Class 2

Class 1

25 ShueGonventi &mit Bi &1 ow

(from Hilterr
2001)
26 24 CDP Shuey NI PR
AV O (4000000@4000)
AV O N{P R

sModels: Class 1, 2 and 3 Class 3 AVO - 4000 ft depth
Sand

Shale

N [k

.1“. .,-"'f‘

NI and PR extracted from
model AVO responses

Normal Incidenca
MNormal Incidence

Shale
Sand

Poigson

- 8000 ft depth

@ Wet-Sand Reflection
A Gas-Sand Reflection

Mormeal Incidence
Marmal Incldence

[1]
Poigson Reflectivil

26 Shuey CDP NI PR (from
Hi |l ter man, 2001)
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AVO Processing A, B Crossplot

intercept

= W T
e al
Eifiin  Senty
”-'.E‘-'E e "ﬁi- T ¥
e
u:_ ﬁﬂ{..ﬁ} ﬁ::.!{ i

time in seconds
gradient

" 00 03 08
intercept

Slopes computed from
angles, not data

27 (A) (B) r aneédnoom s e
(from Cambois, 199

Stack Amplitude
Intercept Amplitude
Gradient Amplitude

A, B Crossplot Stack, B Crossplot
2.0 gas
i back d
background ackgroun Pl
1.0 :
5 S 0.0 M Y
o =1} '.'?" <
‘1.0
gas
sands
2.0 — —_— 20 .
0.2 -01 0.0 01 0.2 0.2 -DA 0.0 0.1 0.2
intercept stack

High correlation between
Aand B

Cambuois, 1998

Reduces correlation when
stack replaces A

P-G
random ndqiCaenboi s, 1998)

28 CDP
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2 . N MO

Spta(1987) AVO
NMO 29 P-G
N t) ( ) 4 NMO
N t) NMO
P-G
P-G
(Hendrickson, 1999)

Poor slope estimate Crossplot error

Input Model  Synthetic Gather  Estimaled
{with NMO errors)
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1 15 20
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) ]
i
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1

Rock proparty trend

Spratt, 1987 Hendrickson, 1999

29 NMO (Spratt;, 1987
Hendri cks)

30 AVO 90
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A©Q AV O

CDP ( NMO)
90
AV O
NMO NMO AV O
NMO AV O
AV O
Al Il en and Peddy
AV O
AV O

Class 2 Gas AVO Responses

Zero Phase

Mormal Incidance

Minimum Phase

Mormal Incidance
o
Normial Incidenca

._!'._

] - ? - 0
Polsson Raflectivik Poisson Rellectivit

30 (hilter man,
2001)
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Oriented Processing)
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