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siltclay bound water

(1) .
a .
GRI=(GRobs-GRelean)/( GRshale-GRelean)
Shale Fraction=0.33*(4 “}-1) GRI i ndexX
GRobs
GRor=GRpps*(11+0.04* (mwt-8.3))*(1+0.06*(cal-8))
mwt | b/ US gal
c al
GRIcor=(GReor-GRejean)/( GRshale-GRelean)
—Ranson, R.C., 1f9®r5Smattramctdwalluati

Wiley & Sons, | nc.

Clean Sand GRclean
GRelean
a Lithology Parameter N
N = (1.0 =@ neutron)/(P buk — 1.0)
b Lithology Parameter N
c GRshale  GRglean
b . S p e c tGraanimay

potassium

i sotopesThorium Spectral Curve

Th Curve FshTHz(TH'THclean)/(THshale' THclean)
K Curve FshK:(K'Kclean)/ (Kshale‘ Kclean)
(2) . SP

FshSP:(SP'SPcIean)/(SPshale' SPclean)



(3). Density-Neutr WMet Clay Poi nt
6

FshDN=(® N—P p)/ (P nwe —P pwe)

®y Nutron

®pDensity

®nwve, BDwe Densi ty- Neut Weh Clay Point

(4) . Density-Soni et Clay Point
FshDS:(CD s/Cp -d D)/CD swc/Cp -d DWC)
cp=MAX(1.0,0 ty/100) ot msec/ ft

1 gamma- gamma density | og

Pp=P mPBPmPF

pm Mmatri x depBliuyd gensity
gamma- gammayde

100 % density
| og Clay Corection
Matr i X
a. Fsb* (P m— P sn)

b . €% *Pw-—pPn
c. MatrixMixed LithopwgyFE*p))
F;

Op=[PmPBe) Fn* (Pm—Psn) 1[ (Pm-pPFI + (1
Sw) *Pbw-pn ]
density | olPEFogLi thoDensity Looc¢
A pha



2 Neutron log

Neutron log

Neutron log

3 sonic | og
®s=(d tos O tm)/ (O tr O ty)
sonic | og
Matri X
(DS=[(6 to tm) _Fsh* (6 tsh -0 tm) ][ (6 tf—6 tm)] + _( &)
* dth-O0t) ] tAnd(&* )

www.spec2000.net

efeCt evoposy

tot al porosity
b, — (connate water)
®,. —bound water
o, — (connate water) hydrc

bound water

Porosity — Ternary Diagram

1. Water bound to clays alfects
the measurament.

2. The wet clay point is found
by plotting points with a high 08—
gamma-ray value. 07—

3. Any data point projected
parallel 1o the sandstone-

0=

a—

wet clay line defines thD -
effective porosity for that na—]  EFFECTIVE
sample point. o] POROSITY

4, [Effective porosity is the
porosity of the pore spaces 4
This may be subdivided into B
useful macro-porosity and i
useless micro-porosity.

CATA POINT
a— 100 WET CLAY
ESTIMATED SHALE FRACTION

—

| IR

[T |
2 3 a4 0% 06 -ll1 08 09 ]

i .F\inl|
SANDSTORE

f Fa> 70 %

]


http://www.spec2000.net/

Porosity — Ternary Diagram

Making the clay corrections using an
independent estimate of the shale
fraction will not necessarily place the
point on the line of unit slope.

The position will be influenced by the H\(';rlj-gocmaons
presence of heavy minerals which will " T,
generally require the point to move up N ;f,j‘.!;ALs
whilst light hydrocarbons will require

the point to be corrected downwards.

o
.......

The PEF curve can be used as an
independent measure of the sand,
limestone and dolomite percentages
and be used to correct for these
separately.

SANDSTONE POINT

WATER POINT

DATA POINT

100% WET CLAY

Sand Point

Water Point Heavy Mineral

by Dy Sand Point

Water Point

Porosity — Ternary Diagram

The dry clay point is

determined from tabulated 0.9—

values for the bulk density and 08—

matrix density of shales. 07—

@, varies depending on the 0.6~

mineralogy and varies between

about -0.12 and —0.18. The @p 0 rora

point moves parallel to the @ 04—  POROTY

axis. o : 0.3

Projecting a data point parallel 02 DATA POINT

to the sandstone — dry clay line 0.1 100% WET CLAY

to intersect the sandstone

water line determines the total %h =L LA & bk & 1o
porosity. SANDSTONE 100% DRY GLAY @,

Fsh >

70 %




Porosity

The measurements are first corrected for shaliness. The wet clay
point can be found by only plotting data points with a high shale
fraction. The ellipse represents 1 SD for data F,,>70%

Porosity
The values are then corrected for the gas effect.

The Workshop 1 manual details many of the equations used
for the corrections

Wet Clay Point



Porosity
Lastly the matrix and heavy mineral correction

The corrected points lie on the sand-water line of unit slope.

Gas Eftect (OB OR Heavy Mineral
Matrix dp Dy



3. Wolunre Fracti on

Qay orrecti on, Gas Effect Co
Heavy Mineral Correcti on Neutronlog
sonic bg \ol une

Fractions

PEREodithol ogy-Density Log
M neral Correctioml|l ume Fract.

Mineral Correction

Matrix fractions in a two - forer -
or three mineral matrix -

are found from the
position of the data
points on plots such as
the one shown here.

!"
a

o
M
¥

K~ FELDEPAR
QUARTZ

g
o

"

-
T
£
3
L]

Once the percentages
of the mineral are
known the F, ., Fi,
and F,, are determined

»
-
1

ANHYDRITE

APFAREHT MATRIX DEMETTY (OENGms)
-
o s
%

dthe h : s.0 - Kadlmave MONTHORELONSYE
E ]
igr retcfilone?ev-\(,:é?r;nirtzld 2.9 Lo gy S CmoAms,
. P T T T T T T T ™
and applied. . APPARENT MATRIX CROSS SECTION fomat .

10



Mineral Correction

Note that the shale and
dolomite points at the
downward tip of the triangle
are almost identical. This
requires a priori knowledge
of the minerals from, say,
the mud log.

For this data the sand /
calcite percentages are
revised.

Volume Fractions

MiFsdsy - a8ou VLS ©
FE39 = F53%
- -1 3500 -
= -
-] 5350
FS34>] ! LT
i o i
ES3ik ES3il
MPFS20] 56 MFS20
FS20 y Foa o
y kEES1S
Mineral Correction Volume Fractions Mineral

Correction Volume Fractions

11



Ar chsi eEquati on:
F=1{"® R=F R Si'=R/ R
Rz Composite Resistivity

1/ wR®R (@& R+ P (& W

D, D e R

Rk ConnateR&Waitetri ywi ByuiRd Rasiesti vity
F Formation Resistivity Factor
m Cementation FactPomr oSlit3d~ExPonert
St Water Sat urTaottiaoln Pionr 8, Spacwet sa
n Sat urExtpioommrenti n~slamdd and ~2.0 in

R True Resistivity of Rock, I . e. d

Smn:F* wR R- F=J R.\R > Smnz W WR
water wet n=2- Sy=VvR wR

Ra= R @" m log R log® Sl ope
RNZ RNa |:shGR
Ry Rw

Dual Water — Dual Porosity

An R, trend is defined.

R, is estimated from the
trendline at FshGR=0 and
R, is estimated from the
trendline when FshGR=1

R, is also found from DST
samples

12



Density bg Vel ocity bg
Vel ocity Log checkshot

BuntechZtein

Depth Imaging  Depth Conversion

Incidence Angle
checkshot
Vel oict yog L
Tick Marks Tick Mark micorsecond
Noise Cycle Skip
Spikes Full
Waveform Sonic Log P S
Shear L®tgqoel ey Log S
P S mode
conversion St onel ey Log Permeability Log

natural fractures Shear Log AVA
Vy/ Vs

a. Fault’s Formula
\V4 q K1xR I/KZXZI/K3
R; shallow reading resistivity log Z depth
K1, K2, K3 constant determined by regression analysis from

other wells
K1 2000~3400, if depth measured in feet

13



K2 and K3 6 for young clastic sequences
b. Smith Formula
1/ Vinoa  K4XRS®
K4, K5are constants determined by regression analysis for other
wells
7. Desity Log
Desity Log
Desity Log

a. V, (K, 4nB3p. 7

K, apparent or average Bulk Modelus

N . apparent Shear Modulus of the rock

p . apparent Density of the rock
b. p 023V VinKft/sec;

p  1.741V’®  Vin m/sec;

C. Desity Log
Desity
c. Gardener Equation

d. Velocity Log Lindseth’s Relationship
V 0.308(Imp) 3460 Imp

Gardener Equation

14



° Coherent random

(1)

2)

(3) Scaling
Velocity dependant scaling may boost multiple amplitude, if so , use t*
scaling.

a. Inverse Distance Scaling  Spherical Divergence Correction

A A xb/r

A amplitude at time zero

A amplitude at ti me t

b attenuation coefficient
b. Transmission Loss Scaling

A Agxe™

a VSP

a In  A(rl)/A(r2) /(r2-11)
ref: Iverson, W.P., 1987.Coming attenuation by Q and spherical
divergence:Geophysics, v. 52, no. 6, p. 740.
»a b
A Ax(b/r) ™

15



(attenuastciadn )ng
Ti me Vari an
Spectral Whitening

(4) Predictivanit prediction | ag

(5) Coherent
(6)
(7) DMO)
(8)
(9) NMO
(10) Range | +mited stack
(11) Coherency Fiantdeorm noi se
(12)
(13) Time variant spectral whiteni:H
(14)
2,5,11 f-IEiT I ter

2 .

(1)

(vibroseis dastpi) ng deconvol ut. i

Kl auder
(3) (4) scaling

(deconvolution)

(8)

16



Density Log

mat ch
1. Deterministi—-e
(constraint method)
(1))Spectr al D+vi si on
Wavelet = /| Reflectivity from

Aw(D)  AsD) Al
¢ @B @D

QWi ener F+Il ter

Reflectivity Trace * Operator
Operator * Wavelet 1
Ol dendwtal( d 98Ty eitel anldd &2 )ne -

(operat or ) Levinson

17



3).
{Error S(trace modé&l trace)

mo d e | trace wel | refl ection coef fi
Cooke and Sneildiereq 10Om8d3)Trei t el

a.Zero Phase Wavel et Ri cker Wavel et
b Kl auder or Sinc Wavel et s

c.Or mWhyel et
d. heSidwavel et wi t h Mi

|l engt h(Berkhout, 1973)
e. ARWMA el it oregr ee Moving Averag
(Hubral et al, 1980)

Error
We i nFeirl t er

— (unconisnttr a

met hod)

(white)
Vbroseis source

mari ne dat a

18



exotic sour
(weight drop, Poulter)

ZTransf or m
Homomor phi ¢c met hod bl ue
Wal den a(6do9BE8hn

a. Fr om Torcaocrer eAuatt i on
b . Ho mo nmoercpohnivco |l ut i on
Ulrych, ih®@&lanld Ul rych
ScheueWwWa@mar , Ul X85 h Mi xed
Phase (Ul rych, 19995:99dbveimkeading
C. Ma xi mum- Dielcoemovod ut i on
ARMA
d. Z-Transform

e. Einstein Deawomdvotl udTieotie cieques (Lea
Edge, January 2000)

(constr ai nt met hod

(unconstraint method)

det er mi meit fitoidd )

19



2 .

Re c urnsviewres+ 0 n

random

Lindth (B&au®)y (1979)
(recursive inversion)
Gardener (1B74)
pseudo sonic velocity tr:

rO=a(t dt) a®][at dt) a(t)] =5 a(t)/2 a(t) =Sln[a(t)]/25t

a()~a(exp o 2 'r(t) 6t  a(t)

(D).
band | i mitT@®Ed60 Hz
0~10Hz2) .
/
errors dpaftally
Opti mised I nversion
Opti mi sed I nversion (constraints)

(d eocm ot und

20



ranctonee

objectfiumet i on
(gradient based optimizati on)

(gbalopmigat i dn

(

constraintdinneemcbtb d oddet er mi ni sti ¢ me

(unconstrai nhhdmeehododmettatoidst i ¢ met h

(a). Z-transform

(b)) Maxi mumhbodeDeconvol uti on

(1) . Maxi mum-Li kel i hood Deconvol ut.

Ma x i mu m- L iCkeecloinhvoooldut i 0o n
saprse, |l arge, spike

spi ke

nNnorder autogiaeagsiaveame ( ARMA)

Z-transform

W(z) 2Bz 1)y [I-Zaz 'i]

21



n=4 W(z)  -0.76+1.59z' 0.82z° 0.0002z° /
1 22262' 1.7772% 04977 0.0457°

Ma xi mu m- L iCkeecloi nhvoooldut i on

spi ke constraint

PRC ected no .of non - zerospikes <
total no .of trace samples B

L1 norm sparse spike

opti miesregt h

2D problem

Algorithm

[Seismic Trace] = [Reflectivity] * [Seismic Wavelet] + [Noise]

If we start with a constrained wavelet of optimised length then
the only problem left is to find the reflectivity series which
minimizes the error or noise.

A

This is a linear problem and =
. Q
there are many available ®

algorithms. ’

REFLECTIVITY

(b)

(3Dr obl e m)

22



Algorithm
[Seismic Trace] = [Reflactivity] « [Seismic Wavelat] + [Nolsa]

If we start with a constrained wavealet but have failed to
optimisa the length of the wavelet than we have to oplimize
bath the reflectivity series and the length of the wavelet.
This is now a 3D rather than

20 problem and can be
illustrated by mapping

standard deviation (as a
measure of error) for wavaelat
length and reflectivity model. The
same algonthms can be used.

AAALLST T

WAVELET LENGTH

(dimension)’

(local minimum)

(Vin and Mosegaard, 1996)

Algorithm

[Seismic Trace] = [Reflectivity] = [Saismic Wavalat] + [Moisa]
It we start with an unconstrained wavelel or no wavelet then we
have more parameters to change.
Each parameter we include adds
to the dimension of the problem.
Concaptually a map of standard
deviation between the wavelels
and reflectivity series will have
many minima and we need to find
the lowest minimum which
reprasants the optimum solution.

STANDARD DEVIATION CONTOURS

S05 Ay

23



Mximnum- Li kel i hood Deconvol utii ¢

saprse, l ar g

spi ke (bl ocky)

(detail)

(2). Model Based I nversion

Mo d el Based

travel-time inversion
(Johann, 1999)

(hard constraint) (soft constraint)

Model Based Inversion

Duita e

The wavelet and model of i

reflectivity or acoustic T ;'
impedance are optimised so hctaclll
that the convolution predicts Enthatic

the observed data. @ ?';'}.% ”

Like previous problems use
M T Wald |
can be made of: Lo ™1 o v
Constraints

Global algorithms Yos ___‘
Ao Godland s Lamer nal

Lmadmyg Edge, kv, 68
el

24



(3). Stockastic Met hod

St oc kast i(mandom)

Monte-Carlo  Bayesian

20 200

deterministic method
(Duijndm,1988)

Stochastic Inversion

Attempts have been v
made at geostatistical Merge Seismic '/‘
inversion of seismic As a well trace
trace am p”tUdeS to —l /V'erﬁcal variogram
acoustic impedance Yes Simulate OfAlfrom wet
but reported results [no Al
do not enable an v \ i

Model
ngi'm::esilumn o be Campare = e Kotk vategen

Scheme used by Haas and Dubrule, 1994. The
seismic trace is chosen at random, the simulated
Al is constrained by the variograms.

Sparse Spike I nversion
Spaefi klaver e n

Mixi mum- Ldkel i
Deconvol uti®mar d&eSdnnversion

saprilsarge, spi ke
spi ke

L1 norm
(sparse spi ke)

25



L1 norm sparse spi
(g ) L2 norm sparse spike
L1 Norm
The L1 Norm method selects the sparser reflectivity series.
Mathematically it also behaves as a constraint.
p=(, L1 q = (0, sqrt3, 0)
L1 Norm = " |r} =3 =3
L2 Norm = [, X" r2]" =13 =13
p L1 nor i q L1 nor3m p/
L2 nov q L2 nor m V3 Oldenburgh
(1993) 20%
20%

Sparse Spike Inversion

Sparse Spike Inversion

26
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Lindseth’s V=0.308(pV) 3468

(a)
(Section Based Attribute), (Complex Trace
Analysis) (Gabor, 1946; Bracewell, 1965; Gramer and Leadbetter,
1967; Balch, 1971; Oppenheim and Schafer, 1975; Farnback, 1975; Taner
et al., 1979; 1991) (2)
(Event Based Attribute) (3)Time
slice Attribute (4)Volume Attribute

Taner et al., 1979

C(t)( )=S(1) ( ) 1S*(t) ( )

S(t) ( ) S*(Y)

S*(t) (Hilbert Transform) S(t) 90
(Lin, 1978) S(t)

(Fourier Transform)

C(t)(Oppenheim, 1975; Rabiner and Gold, 1975)

27



(reflection strength)
amp(t) = C(1) = [S()* (S*(1) 1"
(instantaneous phase)
B(t)=tan "[S*(t)/ S(1)]
(instantaneous frequency)

do) d S(t)* ds* (t)/dt — s* (t) * ds(t)/ ot

o(t) =~ = = tan"'[s* (t)/ S(1)] =

dt ot S*(t) + S** (1)

(weighted instantaneous frequency)

T Amp(t-7)*w(t—7)L(r)dr
o)==

o0

j Amp(t—7)* L(7)dr

Chen and Sidney (1997)
(Taner and Sheriff, 1977)

Mapping the Results

Amplitude turmed into
a gross sand thickness
map.

28



Instantaneous Frequency

There is often a dramatic loss of higher frequencies associaled
with gas charged sedimants. The prasance of gas acts as

hydraulic damper on the seismic energy and absorbs the high
frequencies.

Taner et al., Complex seismic trace analysis, Geophysics, June, 1979.

Average Amplitude

Average amplitude Met resanoir ey r% g

Hardage, 1996, 3D imaging of genetic sequence, Geophysics, v. 61, no.5.

Avarage instantaneous frequency Met reservoir

Hardage, 1996, 3D imaging of genetic sequence, Geophysics, v. 61, no.5.

29



(Coherence)

Coherency
Apar from instantaneous and average atiributes based on the
Hilbert transform there has been a number of attnbutes
introdwced based on coherency algorithms. Thase ook at the
similarity, or dis-similarity, of traces and local dip.

u

Dip and azimuth Curvatura Similarity

Gersztenkorn et al., Rooij and Tingdahi, 2002,
1999, Leading Edge, v. Leading Edge, v. 21, no.10
18,n0.9
(attribute
maps) (tI'CIld)
(multivariate)

classification map

classification map

Chen and Sidney (1997)
classification
map (cross-plotting)
(cross correlating)
rank
correlation Spwarman Rank-Order Correlation Coefficient
Kendall’s Tau (Cluster

Analysis)

30



Cluster Analysis

. ] "

b Y
Principle '-';;]I_‘::_'r- "ﬂ:'l'.: '

Component S LT

Analysis | +etaden

Correlate Altributes ol R

Dracapinkinngil
Anmlysis
-—

Verilicunionm

AL\

(D). Principle
Analysis)

(K.L. Transformation

-

Progection
Prrsuit or
[SODATA

Wl

translation rotation
( )
1991
m n
mxn
S (Covariance Matrix) (I/n-H)X'X

Components Vector) y; = Xv; y;
Y=(¥1, Y2, Y35 ¥n)) Vi
V=(V13V2)V33-"7Vn)) Vi

A% S

Value (Leon, 1998)

31

mx1

mx1

(Eigen Vector)

(variances)

(R

X

Component(Faconal y s

Principle Components method)

(Principle
Y mxn
W% mxn

(unit vectors)

Eigen




Eigen Value

( Principle Components)

Principle Component Analysis
The effect is best illustrated in

two dimensions where two
attributes are correlated.

CHLNGELLY

ATTRIBUTE 1

The new variables are
uncorrelated.

Principle Component Analysis

- -
The important values are the ﬁname
variances of the Principle 80 percentage
Components (often called g
Eigenvalues) and the 60 -2 PC,
proportion, or percentage, of K
the total variance in the 4=

- R | 40 8
seismic attributes accounted 3 « PC,
for by each of the Principle 8

20
Components.
0 L
PCi = ai1 Atrl ap Atl’z a3 AtI’3 ......... aAiN AtI'N
PC; yi  Atry Xmn N (column) ajy

32
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(2) . Projection Pursuit

Pregption tPur su

(cluster)
Projection Pur

(cluster)

Projection Pursuit

Having reduced the number of
variables to only two or three
Principle Components we are
now ready to try and divide the
data into clusters.

Projection pursuit seeks to find
the direction such that the
distribution of the projected data
points is maximally non-
Gaussian.

(feature extraction classification)

(mean) A (maximum variance)

mean A mean A

33



(3). Assign Data point to one of the

Projection Pursuit

threshold
confidence level confidence level
Dendogram
Dendogram Classification Map
Dendogram l,,%‘*f%
¢

Having defined the  letdcoeren for cluster mpere
clusters we now
have to assign
colours so that the
Lithology
Classification map i
will be meaningful. i
T O S oty imad ™o Lot 7t % d 2
por ra'y e Slml arl y ) mn;nm Ualu;s along X-:ﬁui! are ;inllnrll'.l;a

of clusters is the

dendogram.

5920 1.2481 _ 0.904
1.42

1,9360 | & .
2.1079 1.7640 1.0761
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The results of the cluster
analysis are mapped.

Confidence levels can be
attached to the clasification.

Well control is then used,
along with this classification
map to identify the distribution
of different lithologies.

Confidence < 606 in biack areas

5. AV Bluster

(Poisson’s ratio) o Vy/
Vs V$  12[(1-20)/(1-0)]V,’ Vy/ Vs
Mul t i comp oOBeSht
V, Vs
Vs AV A
Poisson’s Ratio

(.5
Different lithologies exhibit

different Poisson's ratios, =z 04
g
Since Poisson's ratio is s 0.3 byl
related to the V, / V_ we = :
Mo 0.2 4 Sandstone

can use the V, / V, to B
distinguish different " ‘
lithologies — data are : e
subject to cluster analysis. {gas)

2 4 b R

"u-’r L O00 mfs

Ale Hurvay, 199], Leading Edge
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Seismic Lithoe¢lOsgyander, 1982)

P S

AVO Analysis

Optimization of the
macromodel is required
to determine the
absolute values of the
elastic parameters of
the rocks.

Calibration to well data
permits their definitive
interpretation.

The major pitfall is the

gnisotropy of the rocks.

P
P P SV
( Yu, 1 9AWA5)
Macromodel
Wavelet Vo Vep
or RC, o, p
s Model AVO Update
or AVA Model
A
A 4
Seismic | Combare
Gather P
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P (Ry) S (Ry) P (Typ)

S (Tps) 6 1 (P 1 0 2

Snell’s Law

sin 6, _ sin 6, _ sin @, _ sin @, (1)

« .. 5 [,

a B P S 1 2
Zeoppritz Linear Equation Bortfeld Approximations P
| ing, | pop =B

_ 2y - . Sin &, _ 2P~ PP

Row = Pr0, cos b, + pa, cos b, ( a, J 2 +ﬁ2{3(ﬂ1 ﬂ2)+2( Pyt P J} ''''''
.............................................................................. (2)
p (2)
2
1 P,0, cos O, sin 6, 2 P Ln(p,/ p,)

RC(@)~—L - 24— M2t 3

©) 2 n[plalcosﬁz}{ a, ](ﬂl ﬂz( +Ln(ﬂz/ﬂ1)] 3)

Fluid( ) Rigidity Factor( ) Aki &
Richards
2 2
RC(e)zl[l—%smze}A—p+ L Ao 35 B G (4)
2 a p 2cos°@ a a p
(App Aa/a AB/B)
Shuey
RC(6) ~ NI, J{AbNI S+ (ﬁi)z }sm2 9%%“(%“12 0 —sin’ 0) (5)
(6)

p : Average Density =(p +p 2)/2
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@ Q T Q

A o
AR
Ao
NI,
NI

Ao
B

Average P wave velocity = (0 +0 ;)/2
Average S wave velocity = (B 1B ,)/2
Average Poisson’s ratio = (0 +0 ,)/2
Incidence Angle of P Wave
Incidence Angle of S Wave

Difference in Density = p ,-p

Difference in P wave velocity = d ,-0
Difference in S wave velocity = [ -3 |
Difference in Poisson’s ratio = O ,-0 ;

12[A 0 /a +Ap /p ]
12[AB /B +Ap /p ]
B-2(1+B)[(1-20) / ( 1- o) ]
[(Aa/a)( Aoa) + App]

(5

RC(6)~ NI, +B,sin’9+H.O.(P-wave) Conventional

RC(0) ~ NI  cos® 0+ B,sin’ #+H.O(P-wave) Shuey  ............ (6)
RC(6) ~ NI , /cos® 0+ B, sin> 6+ H.O(P—wave) Smith
a=2p 0<30°
H.O. (6)
RC(0) ~ NI, + (NI, —2NI)sin® @ Conventional
RC(0) = NI jcos®> 0+2(NI )~ NI Jsin>6  Shuey — .....ccco... (7)

RC(0) =~ NI, /cos® 6 — 2Nl sin” @ Smith
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(Amplitude vs. Offset

(7)

RC(0)=P+G*sin’ 0

P G P

P G

AVO)

.......................................................

Conventional

CDP

-----------------------------------------------

( Intercept)

G

Amplitude Variation with Angle

Brine saturated clastic rocks
within a limited depth range
often show a well defined
relationship on an intercept /
gradient cross-plot. The
background trend depends on
Poisson’s ratio and deviations
from the trend are indicative of
the presence of gas. Much use
is made of this approach in
some basins but identifying the
trend can be difficult.
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Note that Class |V anomalies show
an increase in reflection coefficient
with angle in the presence of gas
whilst the other classes show a

decrease.
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