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Outline

Presentation has divided into 3 parts:

 AVO Analysis

Using the Geoview tutorial dataset

* Pre-stack Inversion
Using the Geoview tutorial dataset

« Post-stack Inversion

Seismic Data: Maui 3D
Well Data: Maui 1, Maui 5, Maui 6 and Maui 7



1. AVO Analysis

(Geoview tutorial dataset)



Angle Gather
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View 1 Trace Data: super_gather View 2 Trace Data: angle_gather-2

Color Data: Inddent Angle (velodty from: velocity field inversion) Color Data: Incident Angle (velodty from: velocity field inversion)
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Color data represent the incident angle and maximum angle for Angle Gather is 30 degree.



AVO Gradient Analysis

View 1 Trace Data: super_gather Gradient Curves a x
w3 T ma A K Q) B e e Sradient vs Intercept S
i
Clnff:Et {m) ;‘; 251 445 647 Gradient Curves: A/ {Twwo Term Aki-Richards)
0 ol S B Time 55 o, oo S AT TR e e e g luid effect b f ir???
H. Ampitude . ’ . g Fluid effect base of reservoir???
f] 1 \|, 1 1 f f f A g ‘ .
g ! =
SO Base reservoir e : B .
i : .
1 20000 L = 748
oo Y = =
] T30 2
i . i s
R A g & -
NI o S et Background trend ||,
L)) g i i
5000 b am e o =
" = i
u i gt o
550 L4 & g = to—td il 549
g =
= & 499
00 Event 1 S 5
-10000 2
- 448
PN g ot = Class lll AVO . s
=
Event 2 8 o
Horizon-3 . g T
700 Top reservoir : ‘
-25000—— | i i | | T TEven Z m
2 f 1 1 f f I I i Ea 300
Time (ms) T T T T T T T g, "
0 50 100 150 200 250 300 350 400 450 500 550 600 650 g T
View 1: Offset(m), Event 1 max 29.88 degs at offsst 547 m, Event 2 max 29,76 degs ot offset 647 m
S = Legend 5000 -10000  -5000 0 5000 10000 15000 20000 25000
o:1 2w 71 2 W Viewd Event 1 B View! Event 2
Intercept
Analysisz Volume: super gather 0.30
Gradient Curves: A/B (Two Term Aki-Richards) @ .
Regional trend
Event 1: Time= &26.00ms, Correlation= 0.8790, A=-T065.0537, B=-68452.9609, Max Angle= 29.8B8 "-__ " 0.8
Event 1: Vint= 2536.09, Vrms= 2180.62 e uid effect
Event 2: Time= &36.00ms, Correlation= 0.9391, A= 13848.5586, B= 48249.8047, Max Angle= 29.76
Event 2: Vint= 2574, Vrms= 2187.08 E
0.06 -
[
% <0ffset (m) > <Bmplitude Event 1> <Emplitude Event 2> 0.0 %
g
1 53 —7263 14334 TR 5
2 118 -8821 14414 g
3 185 -6587 13659 <
1 251 -8364 15138 o
5 317 -13085 18571
6 383 -14307 18341
- -0, 30
7 442 18708 21518 0.3 -0 -0.06 U006 0.8 0.%
8 515 -16463 20735
k] 581 -23713 25638 Rp
10 647 -21701 24230

0.20
015 Sand clss
2 1
3 T om
o 0.10 JE——
)
. 0.05
c
s _
g = SCCE
§ 4 0.00 ey
3} | o
[ — S=~a ~
S R ~
3 0.05 NN
2 hS N A
S S PR —h
= e .
= 0.10 L"“"—"—'&_h S A
g \"'9\ \\
\\ \\
® 015 oo
~
~
~
-0.20 T T -
0 5 10 15 20 25 30 35
Incidence angle, 6 (degrees)
0.20
I |
0.16
0.12
0.08
lass |
0.04
0.00 -
0.04
012 Pl
Class Il 1 %
0.18 :
i Pl v
-0.20 :
020 -0.16 012 008 -0.04 000 004 008 012 016 020

AVO Intercept (A)

* Class lll AVO anomaly with amplitudes increasing for both the trough at the top of the sand (red) and the

peak at the base of the sand (green).

* The fit of the AVO curves is extremely good. Correlation for event -1 is 87% and event-2 is 93%.



(A*B)

AVO Attribute Volume

Product (A%B)

0_a
Vo
e

Sim =

Inserted Curve Data: P-wa

Trace Data: Intercept (A) : &
357911 14 17 20 23 26 29 32 35 38 41 44 47 50 53 55 59 62 65 68

Color Data: Product (A%E) :

View 2

[

1

[i]
%0 T

Kline

Angle

well

LU L L L T L T A L
9 L A A L LU AN D
CCCLSCTOeeEil CL Ll L LIS (OOl L el d i it Uty

it DAL LR A 200

1 o EEAARLLELLERE (O ECAM

il

i

L
Iy
S
gkl

ok
s
vy
o
iRl
o
T
]
—
h
—
S
yA
=~
T
s
—

Lleieeeic) r2)

AR TECL L A T TR A E AR BV AR AR RRARANERARAR AL LAY

PLELELEAS CLE DL L L VAR A ST ML LY DRSS R DL ECERET ]

L L T

400

rerssiyi /j/))/)h‘ L3y

1111111

DDDDDDDDDDDDDDDDDDDDDDDDD

s b SRR RLRRETLL LT LTACT LAY

Y \\\\?\\\\

JIN] ‘Jé])))

J ))))))))))?)?)))))J))-))))3\3
et (e A L L L A ) )

T

S AN SN IV LV T DO R e T L E
L L Lot e A A T T ]

WD)

{
QU
CLLLEAB 0005 50 0 s A )

OO e Od

TR SR L S R A A A A R
L L1 R e 00 ) ] e 10 AN 0N

L

I

e i

b \\\\>\\\‘u )

T

T P e o arel 0 2 e e e el el 0 o)
LAV LLLARCIELL L AL R LAA LELEARRARAAAANASSN ”«

WAL TRURA LR LR TA TR LRI RAA L AR AR

450

A AR LLARAABAARAAACARA AR LR LG UL ACR AR LEATTL OO LR L]

LEEPINNbY]

NN ERINNDIRINIINNIINY)

FTADaNI
REERNINII

ST TAL

AERRRSALAAN RN
il

i

Top

LAARAAN

LR
R LR N

ARESIARY

i
0 T

LAAARERRREEETERACERNS AN )Y
SRNDREDY I ANNRR RN RRP RIS

PRSI AL E LT
L L L

550

S

&

MR A

220 Al ) L ke,
LSRR

G

D

.0

e
b

DSSSAECCULCC L LG LA

LAY

S

2 0 A

DI o ) 300 10 1 L

ALY

bl

W

A

b

) Base

Inline: 1 Xline: 10 Time {ms): 313 Trace Amp: -974.922 Color Amp: -5.7328e +006

700
750

Time (ms)

The color data is currently the product of intercept and gradient (A*B).

Since this is a class 3 AVO anomaly (High negative gradient and intercept), we can see a strong positive

response at the top and base of the reservoir at 630 ms.



Scaled Poisson’s Ratio Change (Aa+Bb)

View 2 Trace Data: Intercept (A) : avo_a Color Key
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*  Sum of A+B is propositional to the change in Poisson’s Ratio.

* Atthe top of the reservoir shows strong negative response (orange), indicating a drop in Poisson’s
Ratio (gas bearing zones have very low Poissson’s Ratio), while at the base of the reservoir a
positive response (yellow), indicating an increase in Poisson’s Ratio.



Cross-Plotting: Intercept vs Gradient

View 1 Trace Data: Intercept (4) : avo_a Cross Plot

Color Ke
Color Data: Cross Plot fzone) Gradient (B) vs Intercept (A) cloritey
Inserted Curve Data: P-wave Base Of Gas | =
Xine 24 27 30 33 3 39 42 45 48 51 54 57 60 63 56 69 72 75 78 81 84 87 90 93 9 99 102 105 108 111 114 117 =~ =" e ! ==
wel AVO_WELL p= T == =
= 0
g1 |
Zone3 3= o=
= 672
i
g
g Background Trend 562
g
g
1 :!. S 652
2 i
P— o 642
o 5
- I 632
8 1=
H
B 622
a
612
Zonel
602
Top of Gas
i - |
N S S S S S S O O o s e ——— — 592
|
i
L} 582
)
572
1 T T
5000 -20000 -15000 -10000 -5000 0 5000 10000 15000 20000
Intercept (4)

Cross-plotting the intercept versus the gradient (B), as shown on the left. As seen
in the figure below, the highlighted zones correspond to the top of gas sand (red),
base of gas sand (blue) and background trend (green).



2. Pre-stack Inversion

(Geoview tutorial dataset)



Pre-stack Inversion Workflow

Set up velocity
model

Angle Gather Input well data

Correlate the Extract Horizon
wells wavelet picking

Build initial Inversion Applying
model analysis inversion
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Velocity Field Model
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The purpose of this step is to define a velocity model, which will be used to
transform the offset dependent super gather into an angle gather.

Color display shows usable angles at the zone of interest out to about 30 degrees

and trace data is super gather.
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Wavelet Extraction

t

Gree Yoy 2 e n i @) ()
Amplitude Wavelet Time Response
1.00
0.50
L = = =]
0 = ==
L1 11 L -1 LT NN
[ I I I I I I I I TTTT [rTrrrprrT g I I I I I I I 1
-100 -80 -80 -f0 -60 -50 -40 -30 -20 -10 1] 10 20 30 40 50 &0 70 80 a0 100
Time {ms)
Amplitude Far angle wavelet Wavelet Amplitude and Phase Response Phase(degrees)
1.00 I F200
—100
0.50 —— 30
—-100
ol ettt _~200
1] 5 10 15 20 25 30 35 40 45 50 55 &0 B85 70 75 30 85 90 95 100
Frequency{Hz)
Legend
statistical_01_15 statistical_15_29 ———"FPhase (ava: 0)

== = = Phaze (avg: 0)

Statistical wavelet assuming zero phase data.

Since it is expected that high frequency energy continuously loss from near to far offset trace by trace,
but practically wavelet extraction per 15 degrees is sufficient.

Two wavelet are extracted for per 15 degrees, because the current angle gather range is 15 to 30
degrees.



Log Correlation
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We limit the window from 500-690ms considering our target location. Then correlation window
suggest lag 40ms for maximum correlation to get maximum correlation (47%).
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Initial Model

P Impedance S Impedance
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10/15 Hz high cut frequency filter has applied.
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Automatically derived trend lines

Inversion Analysis

Manually adjusted trend lines
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* Thered lines indicate the current linear trend and background trend relating the variables
Zp, Zs, and density.

* Geoview use this trend to reduce the non-uniqueness of the Pre-stack inversion process.
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Inversion Analysis
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From left to right, the display shows the inversion results (in red) overlaying the original logs (blue). To the
right, we see the synthetic traces calculated from these inversion (in red) followed by the original seismic
(in black). Finally, we see the error, which is the difference between the two previous results. The error is

small which indicate that the inversion is mathematically correct.
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Inverted volume: Al and Sl

i

* Al and Sl representative of Vp and Vs.
Magnitude of the velocity (velocity
controlled by modulus) play high role
than density in impedance calculation

Al = pV,
Sl = pVs

FEEC SR e G ORGSR NIRRT RREEERE ¢

View 1 Color Data: inverted_7s S-Impedance
(m/<)(a/cc))

* The low Al below Horizon 2 represents
the gas sand. But Sl value increase
because Vs doesn’t response to fluid.
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nverted volume: Vp/Vs

Color Data: inverted_VpVs
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Here is the ratio of P to S velocity. Notice the low ratio at the gas sand.
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Inverted volume: Lambda-mu-rho

Inverted
Lambda-rho (LR)

Inverted
Mu-rho (MR)

View 1 Color Data: Imr_inverted_vol LR
Inserted Curve Data: P-wave
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(GPa*® gfcc))

The LR and MR sections
derived from the Al and SI
inverted sections.

pp =SI°
Ap= Al* =28I*

Mu-rho gives the matrix value
of the rock and LR the fluid
value.

The decrease in LR and the
increase in MR at the gas sand
zone.
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Vp/Vs

Cross plot: Al vs. Vp/Vs
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Cross plot: Al vs. Sl
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3. Post-stack Inversion

Seismic Data: Maui 3D
Well Data: Maui 1, Maui 5, Maui 6 and Maui 7



Post-stack Inversion Workflow

Input well Horizon Extract

Inversion ‘ Build initial ‘ Correlate
analysis model the wells

\ 4

Applying
inversion
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QC and Well Tie: Maui 1

- . . statistical nline
GR Densit Density P-wave ™ Drift curve FTTTTR T‘T” e
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3T L L T T
Track 5 Track 6 Track7 Track8 Trackd Track 10
[
g Correlation
Wavelet : statistical_200_1200t02500_180 7 | Current Corr: 0.791 Max Corr: 0.791 at time shift: 0 ms Synthetic : | Zero-Offset Synthetic hd
Amplitude Wavelet Time Response Ampltude Wavelet Amplitude and Phase Response Phase(degrees)
0.5 I 1
f ik 1o %
AN L
I I r
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]
0.5 B L
1 0 = 200
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e statistical_200_1200to2500_150 =—=—=Fhaze (avg: 180)

Wavelet were extracted by
statistical method.

Time window 1200ms to
2500ms and phase -180
degrees.

Correlation coefficient is 0.79

Density log edited using
Gardner’s Empirical
equation.
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QC and Well Tie: Maui 7

Calper_1 Density GR P-wave Resistivity P-wave Density D Drift curve | == ‘B—ZE Rz 0to2500_ Tnine 314
— ! — Edlted Edited i
Bit size_1 Density_3 Gamma Ray_1 P-wave_1 Resistivity_1 P-wavi edit_Maui7 *Density 2_edit_splice Depth-time_P-wave_1 Drif‘t_FZ_Maui_? Tf\r”:) (m)
Time (mg) in 38 LS gec 3 APL 150 1000 m/s 6000 .1 ohmm 100 1000 f 8000, L5 glec 3 200 ms(woW 2400 20 ms(TwoWayti 70y o 10 106 140 101 1415 1.4|2.2. N s;ﬂf; .
1400 H H AT RN,

] .| — E % 15 4 1 e siciogsd «-(.-:s,-:,‘grgr( _1500
1450 i = - = = 33 223 :

1 = | Caliper | == = = e \ ]
1500 i X % 1E H 1§ 3 ey 1600
E e i E ¥ j 1 Z

] & pd p
1600 E — \ (‘_ <<-:<< Gencacocosii

] 4«5« i [1800

4 = e L

] —2 il Fin — iji E
1650 it Size o [

] ; ‘ ‘ z | %« 2
L7003 é;——— BEE m %—“ ‘ s ey
1750 = ‘; :—zooo

1 ___} = = % 1 l 49421313 1] F
1800 [P zl H— H [-2100

1 % 3 Missing | E
1850 -1-1- ~q ar E2900

] E section = \ E

] = = [
1500 | L2300

1% 2 N ] i
1950 £

E = ; E2400
2000 Washout zone -5 | | :

] , | E-2500

] / w3 1 _gz | ] r
o ~d :—zsnn

1 T N [
2100 = H ] . ' T

] F = T p——un \ | = MauiHzn_Seisior} at 0700178 oo

] il == n
2150 ] L

] T | ’/ k& E

] | = * 2800
2200 H [

E = — ¥ n
22509 [l = - = ¥ :—zgoo
1 ] ! = \ :
2300 o = o= H = — | F-3000
] -~ — |l Ll L £
2350 11 1 1 11 ¥F S o

Track 2 Track 3 Track 4 Track 5 Track 7 Track 8 Track 9 Track 10 Maui3D
|
g Correlation
Wavelet : statistical_200_1200t02500_180 | Current Corr: 0.469 Max Corr: 0.469 at time shift: 0 ms Synthetic : | Zero-Offset Synthetic M

Correlation coefficient is 0.46
Density log edited using Gardner’s Empirical equation.
P-wave in missing section add by Faust’s equation and manual editing.
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QC and Well Tie : Maui 5
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Wavelet : statistical_200_1200to2500_180 ¥ ] Current Corr: 0,682 Max Corr: 0,682 at time shift: 0ms | Apply Shift | Synthetic: [Zew{ﬁset Synthetic

* Correlation coefficient is 0.68
* Density log edited using Gardner’s Empirical equation.

* P-wave in missing section add by manual editing.
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QC and Well Tie: Maui 6
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Wavelet : statistical_200_1200to2500_180 *

Current Corr: 0.787 Max Corr: 0.787 at time shift: 0 ms

tic : [Zero-OFFset yntheti

Correlation coefficient is 0.78

Density log edited using Gardner’s Empirical equation.

P-wave in missing section add by manual editing.
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* All of the charts show the almost similar trend.

Depth [m]

Interval Velocity vs Depth
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« Average velocity in Maui-6 gives the lower velocity compare to others wells. It
may be because of younger formation at down dip location.
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Wavelet Extraction Using Well

Maui 5 Overlap: 1 and 6
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Wavelet for each well has extracted along the well based on final corrected time-depth function for time window

(1200ms to 2400m:s.

* Phase in Maui 1 and Maui 6 are close to -180 and in Maui 7 is -161. But time and frequency domain are very
worst (bad well logs).

* Average wavelet created using Maui 1 and 6 (Average phase is -174 degrees). .



Well Tie: Using Average Wavelet

Maui 1 Maui 7 Maui 5 Maui 6

wavelet_UW Maui_1 6 FW Inline 275 wavelet UW Maui_1 6 FW ; Inline 314 wavelet UW/_Mau_1 5 FW_, Tnline 507 wavelet UW_Maui_L 6 FW_: Inline 614
o J\/\J\[\«ww Tf\[,[, . "\/\‘J\/\A/\M o
from on from
K 157’] 1574 1573 1532 153
Tmegg W00 0 1000 MR MR ar Re| ey W0 W Lo s Tme () W EHESER IR w face
. ; 555«« [
1550 J [-1700 4(2?2—4 -

»\M.M

-—IBUD

s [1500
e

La00

Fzi

I

MM

2?533}3% -l - fE B
= =
i IRl
_ 1311% |

e o
i Eﬂi gg%%%g 52%%%333 ji}]}ﬁ
;;;s%%%gs;z i

] B s gl i

‘ssgﬁsggsﬁg '

=

&iﬁ(tiﬁﬁi{(ﬁ({i a0

} Eéﬁ : 22222 ::_._._‘:

Maui3D MauizD M 30 Maui3D
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Using average wavelet correlation coefficient slight increase in Maui 1, 5 and 6. But slight decrease in
Maui 7.

Correlation window: 1400ms-2400ms



Seismic data with the synthetics

cor
well

Time {ms)
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Synthetic traces using Density and P-wave log from individual wells.
Wavelet is average wavelet (-174 degree phase).

Well 1, 5 and 6 show pretty well matching and poor matching in well 7.
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Low Frequency Model

Impedance

View 1 del_F1P-Impedance

. . omputed Impedance P q
[ m/s) *(g/cc)
CoP 118 148 177 207 im 413 443 472 502 MaUI-7 879 708 Maul-s 5 915 944 974 1007 1044 1082 1119 1156 1193 1230 1268 1305 1342 1379 1416 1454 MaUI-G 40 - 170/
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Y
v > - &
.
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» Low frequency model of Al was generated by using corrected P-wave and density logs for time window

1000ms to 3000ms.
» High cut frequency 10/15 Hz
* Included wells to build model: Maui 1, Maui 5 and Maui 6
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Bandlimited
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Inversion Results comparison
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* Bandlimited provided the

more details volume.
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Inverted Section: Bandlimited

Resistivity_1 Gamma Ray_1 Computed Impedance  TVD (m)
ohm-m 100 AP 150 3000 (mfs)*(gjcd) from
Time (ms) T T T surface
2050
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» Cross-section show inverted Al passing through four wells which are overlaid with calculated Al (color)
and resistivity log.

» Target 1 and 2 both show the low Al and well log confirmed by high resistivity log.

+ Slight above the Target 2 shows a very low Al shale !!!
35



1600

1700

1300

1300

2000

2100

2400

2500

1600

1700

1300

1300

2100

|2400

2500

1600

1700

1800

1500

2000

2100

2200

2300

2400

2500

Computed
P-Impedance

1700

1300

1900

2100

2400

2500

e

MauiH

Inversion at each well, with the Al log (High cut filtered)

Impedance
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Applied High cut filter at well : 50/60 Hz
¢ The filtered Al at wells show the almost same results as Inverted result



Inversion Result: Al Slice

Al slice at Target 2

1 Time slice along Horizon Maui

Al slice at Target 1 e

Impedance

| @R
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* Inverted Al slice maps along Target 1 and Target 2. Extended area of Target 1 is relatively bigger than the Target 1.

+ Both target are related to structural high. Very low Al might related to gas sand. This result pretty similar with well
result of well 1 and 7 that are high resistivity at same level.

+ The proposed well based on low Al for both targets located at slightly down-dip and southeast direction from well

Maui 1. 37
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