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Method

Buland, A., and H. Omre, 2003, Bayesian linearized AVO inversion: Geophysics, 68, 185-198.
Buland, A., et al, 2008, Bayesian lithology and fluid prediction from seismic prestack data:
Geophysics, 73, C13-C21.

1)
2)

3)
4)

6)
7)

8)

Define categorical facies classes. 7 Rock p h A ics
Specify the rock properties by likelihood functions p(m|f) for
each facies.

Specify spatial prior probabilities p(f) for the facies. o
Derive the prior model p(m) for the elastic parameters fmb In |t|a| mOdel
equation 7. /

Approximate the elastic prior model with a Gaussian model

p.(m). . Well tie

Estimate the seismic wavelet and the noise covariance.

Calculate the solution of the Bayesian AVO inversion using <—— Deterministic inversion
equations 8.

Calculate the posterior facies probabilities using equations <—— Bayesian facies

11-14.

classification




The background

« Odin field, Norwegian sector, North Sea

* Frigg formations sands capped by lower Eocene shales

« Up to 80m high porosity sand

« 4-way closure appears to be submarine fan enhanced by
differential compaction.




Data conditioning
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Pcube: Bayesian Inversion

Rock physics
[ classes ] Horizons ]
Pr|or model]

[Conditioned angle]
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Buland and Omre, Geophysics
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Well work: synthetics

Selsmlc near
angle stack
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Well work: synthetics

Seismic near In-situ synthetic Brine synthetic

angle stack
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Well work: litho-classes
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Well work: litho-classes
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Well work: wavelets _—
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Angle stacks, 4°-12°

T Startup Project QC Processing Interpretation-Processing Workflow Utilities Windows Settings Help

EFEEN

% Cursor Read Out

b/ OOB L4

World X 454494.24
World Y 6660542.72
Inline 27575
Crossline 16327.4
Time 2.39058
Seismic Amplitude -2308.09

Inline 27575 5 [26943 - 27937]

# 11 - Angle_stack_12_20_InvArea
# 13 - Angle_stack_20_28_InvArea
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| 30% > [0-100] | Inverse Range

[«) Angle_stack_12_20_InvArea [+]
Angle_stack_20_28_InvArea

[«] Angle_stack_28_36_InvArea

[e] Prior_Prob_New3_HardSand

[«] Prior_Prob_New3_oilSand

[@] Prior_Prob_New3_Overburden

[«] Prior_Prob_New3_Shale
[e] Prior_Prob_New3_Softsand
@[e Base_Tert
|| Top_Balder
| Top_Frigg
[] Top_Lista
2] well
30/10-2
30/10-3

[&] Polvaon Selection

16, 7DID 16,650
I L

16,600
L

16,550 16,450
L L

1.500

2.000

2.500

K|

# 9 histogram
® Seismic Amplitude histogram

E | Set as Volume specific histogram

0.

1
5
0.

58676.9
T

20,000 30,000 20,000 50,000



Angle stacks, 12°-20°

T Startup Project QC Processing Interpretation-Processing Workflow Utilities Windows Settings Help

EEzxFedmubd oos LN
% Cursor Read Out 16,700
World X 454474.80 —
World Y 6660551.49
Inline 27575
Crossline 16329.1
Time 2.28415
Seismic Amplitude -2543.79
Inline 27575 5 [26943 - 27937] 1.500]
# 9 - Angle_stack_04_12_InvArea

# 11 - Angle stack 12 20 InvArea
# 13 - Angle_stack_20_28_InvArea
# 15 - Angle_stack_28_36_InvArea

2.000

% Masks
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Transparency | [l Range |
| 30% > [0-100] | Inverse Range
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[«] Prior_Prob_New3_oilSand
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[e] Prior_Prob_New3_Softsand
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Angle stacks, 20°-28°

T Startup Project QC Pi i Interpr ing Workflow Utilities Windows Settings Help

i -8 x
EzxHeHwb oos LA

X Cursor Read Out 16,700 16,650 16,600
World X 454960.65 e !
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Angl

T Startup Project QC Processing

e stacks, 28

Interpretation-Processing Workflow Utilities Windows Settings Help
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OS24 '

% Cursor Read Out 16,700 16,650
World X 451178.80 — L
World Y 6662038.08
Inline 27575
Crossline 16618.4 o
Time 1.98807
Seismic Amplitude 4888.26

Inline
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Zp

T Startup Project QC Processing
= Y
2%+ €%

Interpretation-Processing Workflow Utilities Windows Settings Help

D OOB L 4

X Cursor Read Out
World X 452426.47
World Y 6661475.34
Inline 27575
Crossline 16508.9
Time 2.36602
Other 6892.36
Inline 27575 5 [26943 - 27937]

# 63 - Zp

% Masks
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Vp/Vs

T Startup Project QC P
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% CursorRead Out
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Zp 16 ms below Top Frigg

# 379 histogram
e Other histogram
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Shale posterior probability

T Startup Project QC Processing

EID 2 % %

% Cursor Read Out

World X 452006.69
World Y 6661664.67
Inline 27575
Crossline 16545.7
Time 1.85845
Probability 0.0182601
Inline 27575 5 [26943 - 27937]

# 48 - Rose_New3_Shale_PostProb

# 32 - Rose_New3_SoftSand_PostProb
# 36 - Rose_New3_HardSand_PostProb
# 40 - Rose_New3_0OilSand_PostProb

# 44 - Rose_New3_Overburden_PostPro
# 61 - Rose_UndefP

[T G

X Masks

Transparency = [l Range
30 % 5 [0-100] | Inverse Range

Group 161 "Combined Volume"
# 120 - Sculpt Zp

# 115 - Sculpt Vp/Vs

# 64 - Vp/Vs

#63-2p

Group 50 "PCube Inversion"
Angle_stack_04_12_InvArea
Angle_stack_12_20_InvArea
Angle_stack_20_28_InvArea
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Oil sand posterior probability

T Startup Project QC Processing Interpretation-Processing Workflow Utilities

b COB LN

Windows Settings Help

% Cursor Read Out 16,700 16,650 16,600 16,550 16,500 16,450 16,400 16,350 16,300
World X L 1 1 ! I L I 1 L I
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Probability 0
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# 32 - Rose_New3_softSand_PostProb
# 36 - Rose_New3_HardSand_PostProb
# 40 - Rose_New3 0Oilsand_PostProb
# 44 - Rose_New3_Overburden_PostPr
# 61 - Rose_UndefP
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® Masks -
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-[&| Group 50 "PCube Inversion”
[«] Angle_stack_04_12_InvArea
-[e| Angle_stack_12_20_InvArea

[« Angle_stack_20_28_InvArea [T
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(@] Angle_stack_28_36_InvArea
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Undefined class posterior probability

T Startup Project QC Processing Interpretation-Processing Workflow Utilities Windows Settings Help -8 x

z b OOB L/

Z%

% Cursor Read Out 1 16,650 16,600 16,550 16,500 16,450 16,400 16,350 16,300 16,250 16,200 16,150 16,100 16,050 16,000
World X 454362.09) T | L I 1 L f L L 1 L 1 L L L |
World Y 6660602.32
Inline 27575
Crossline 16339
Time 2.38375 -l
Probability 0.103949
Inline 27575 3 [26943 - 27937]

# 48 - Rose_New3_Shale_PostProb 1.500

# 32 - Rose_New3_SoftSand_PostProb
# 36 - Rose_New3_HardSand_PostProb
# 40 - Rose_New3_OilSand_PostProb

# 44 - Rose_New3_Overburden_PostPro
# 61 - Rose_UndefP

2.000

% Masks

2.500

Transparency = L Range
30 % » [0-100] | | Inverse Range

Group 161 "Combined Volume"|
# 120 - Sculpt Zp

# 115 - Sculpt Vp/Vs

# 64 - Vp/Vs

#63-2p

Group 50 "PCube Inversion"
Angle_stack_04_12_InvArea 1 &
Angle_stack_12_20_InvArea z
Angle_stack_20_28_InvArea (€T K1 03]
Angle_stack_28_36_InvArea
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Hard sand posterior probability

T Startup Project QC Processing Interpretation-Processing Workflow Utilities Windows Settings Help -8x
D -[@% b 0O 2.4

® Cursor Read Out 7 16,650 16,600 16,550 16,500 16,450 16,400 16,350 16,300 16,250 16,200 16,150 16,100 16,050 16,000

World X 451264.30 T L I 1 I I L I 1 I I I I ! 1

World Y 6661999.51

Inline 27575

Crossline 16610.9

Time 2.03719 -

Probability 0.152062

Inline 27575 3 [26943 - 27937]

# 48 - Rose_New3_Shale_PostProb 1.500 4

# 32 - Rose_New3_SoftSand_PostProb
# 36 - Rose_New3_HardSand_PostProb |

# 40 - Rose_New3_OilSand_PostProb
# 44 - Rose_New3_Overburden_PostPro
# 61 - Rose_UndefP

2.000

1 E——C D
% Masks

2.500

Transparency = L Range
30 % » [0-100] | | Inverse Range

@ {e| Group 161 "Combined Volume"|
):] # 120 - Sculpt Zp
|| # 115 - Sculpt Vp/Vs
# 64 - Vp/Vs
#63-2p
Group 50 "PCube Inversion"
Angle_stack_04_12_InvArea 1 &
Angle_stack_12_20_InvArea z
Angle_stack_20_28_InvArea (€T K1 03]
Angle_stack_28_36_InvArea
Prior_Prob_New3_HardSand # 36 histogram
Prior_Prob_New3_OilSand I
Prior_Prob_New3_Overburden ® Probability histogram 0.5
|@| Prior_Prob_New3_Shale

B 6 B
10000000

100

0 0.244725
T T

o
e | g ‘ .
q Prior_Prob_New3_Softsand E] Set as Volume specific histogram o 01 02 03 0.4 05 06 07 08
B le| Base Tert




oft sand posterior probability

T Startup Project QC Processing Interpretation-Processing Workflow Utilities Windows Settings Help -8 x

25 Bbd/O0OB LA
% Cursor Read Out 16,701 16,650 16,600 16,550 16,500 16,450 16,400 16,350 16,300 16,250 16,200 16,150 16,100 16,050 16,000
World X 454362.09 T | L I 1 L f L L 1 L 1 L L L | -
World Y 6660602.32
Inline 27575
Crossline 16339
Time 2.38375 -l
Probability 0.103949
Inline 27575 3 [26943 - 27937]
# 48 - Rose_New3_Shale_PostProb 1.500

# 32 - Rose_New3_SoftSand_PostProb
# 36 - Rose_New3_HardSand_PostProb
# 40 - Rose_New3_OilSand_PostProb

# 44 - Rose_New3_Overburden_PostPro
# 61 - Rose_UndefP

2.000

% Masks

2.500

Transparency = L Range
30 % » [0-100] | | Inverse Range

& [w| Group 161 "Combined Volume"|
[@] # 120 - Sculpt Zp

# 115 - Sculpt Vp/Vs

# 64 - Vp/Vs

#63-2p

Group 50 "PCube Inversion"
Angle_stack_04_12_InvArea 1 &
Angle_stack_12_20_InvArea z
Angle_stack_20_28_InvArea (€T K1 03]
Angle_stack_28_36_InvArea
Prior_Prob_New3_HardSand # 61 histogram

4 : 1
Prior_Prob_New3_OilSand o
Prior_Prob_New3_Overburden ® Probability histogram 0.53 i //\
Prior_Prob_New3_Shale 0.
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Overburden posterior probability

T Startup Project QC Processing Interpretation-Processing Workflow Utilities Windows Settings Help -8 x

25 Bbd/O0OB LA
% Cursor Read Out 16,701 16,650 16,600 16,550 16,500 16,450 16,400 16,350 16,300 16,250 16,200 16,150 16,100 16,050 16,000
World X 454047.25 T | L I 1 L f L L 1 L 1 L L L | -
World Y 6660744.32
Inline 27575
Crossline 16366.6
Time 2.2746 -l
Probability 0.058557
Inline 27575 3 [26943 - 27937]
# 48 - Rose_New3_Shale_PostProb 1.500

# 32 - Rose_New3_SoftSand_PostProb
# 36 - Rose_New3_HardSand_PostProb
# 40 - Rose_New3_OilSand_PostProb

# 44 - Rose_New3_Overburden_PostPro
# 61 - Rose_UndefP

2.000

% Masks

2.500 -

Transparency = L Range
30 % » [0-100] | | Inverse Range

& [w| Group 161 "Combined Volume"|
[@] # 120 - Sculpt Zp

# 115 - Sculpt Vp/Vs

# 64 - Vp/Vs

#63-2p

Group 50 "PCube Inversion"
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Blind Test
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