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Elastic FWI on 3C-WVSP data
applied in unconventional reservoir setting

Parameterization analysis critical, based on
scattering radiation patterns & “contamination
kernels”

Six Isotropic-elastic parameterizations are
considered in the W-VSP configuration

Velocity / density outcompetes others in most
measures

Field data analysis largely bears out predictions
Setting: unconventional (heavy oil) land
reservoir. examine geological interpretability of
Poisson’s ratio, V./Vq ratio model constructions



Elastic FWI on 3C-WVSP data
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steepest
descent
update

Newton system:

Hessian

/ Newton

g = —HAm«—— update

...with multiple parameters:

H,. H.,s H,, | [ Am,

Hjg,
H,,

Hgs Hpg, Amg
H,s Hpy, Am,

produces a steepest descent update:

g. = “HyoAm, —H,sAmg — H,,Am,
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‘contamination kernels’



Synthetic analysis
P

a)
0.1F
§o.2
-
2 0.3
Q
()
0.4}
0.5
g/cm?®
d) e)
0.1
§0.2
£ 3.5 e
§ 03] - Initial ||
04} {1129 15 models [i2°
0.5 L R | Y-y S|
01 02 03 04 km/s 01 02 03 04 ks 01 02 03 04 gops

Distance (km) Distance (km) Distance (km)



Depth (km)

Initial models

d) e) f)
0.1

0.2

0.3} 1|35 2.4
0.4 1122 1.5

V V
0.5 1 | ——] 0 6
01 02 03 04 km/s 01 02 03 04 km/s
Distance (km) Distance (km)

2.3

2.0

1.7

01 02 03 04 glem®
Distance (km)

 Nonlinear conjugate

gradient updates
Wavelet assumed known e [10,20]Hz, [10,30]Hz,

[10,40]Hz, [10,50]Hz
o« <=10 its per band



Depth (km) Depth (km) Depth (km)

Depth (km)

o
w

S
»

©
—_—

o
w

o
)

0.1
Distance (km)

0.3

Ar'70=1.72e-11

-Total kernels

Contaminating
kernels

J

) Ky s
AP P=203e-10 AP ~F=109e-11
& Kgp I) Kyop
e j’/

—

05 0.1

AP=r'=2 46e-11

i

o

Density /

AP 7 =173e-11

0.3
Distance (km)

05 0.1

0.3
Distance (km)

05

velocity



Depth (km)

o
w

Depth (km)

o
o

e
—_—

©
w

Depth (km)

Depth (km)

0.1 0.3
Distance (km)

AIS —>pr.~=2.399-10

05 01 0.3

Distance (km)

05 01 03
Distance (km)

e.g., strong leakage
of pinto I,

Impedance /
density



Depth (km)
o

Depth (km)
o
w

0.5

iu

o
N

w

Dlstance (km)

0.1
Distance (km)

0.2

Density / velocity

bidossisd o N
1.5 25 3.5

0.3
km’%—" -wave (km/s)

Depth (km)

0.3 152535
K SP-w:swre (km/s)

241 \ i

1.5

1§06

01 02
Distance (km)

03 km,sos 1523

S-wave (km/s)

Depth (km)

0.1 0.2
Distance (km)

0.3

g s 1. 6 2. 0 2. 4
6 nbensﬁy (gz'cm‘)

0.1
0.2 02
2
£
0.3 24% 0.3
o
0.4 185 0.4
0.5 , _ __lost 05
01 02 03 05 1523 01 02 03

Distance (km)

S-wave (km/s)

Distance (km)

Density / modulus

3 1. 6 2 0 2. 4
enssty (g/em?)



0.8

Normalized model errors
o
s |

o
o

0.5

05

0.9}

VD
MD
LD
IPD
VIP-I

VIP-II

)| —_—

0.5

Model Error
VS lteration

40

80 120 160
Iterations

40

80 120 16
lterations

P

0.6}

0.5

| == Density / velocity

‘total |

40

80 120 160
Iterations

40

80 120 16(
Iterations



Elastic FWI on 3C-WVSP data

Western Canadian heavy oll reservolir
(producing)
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Elastic FWI on 3C-WVSP data

Western Canadian heavy oll reservolir
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Radial component
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P-wave velocity log available; smooth S-wave

log synthesized V,/Vq ratio

Elastic FWI recovers an S-wave velocity with
sharp rise 0.4-0.5km. Not in the logs or initial
model
Thus the data demand that the recovered
Vp/Vs curve drops dramatically in reservoir
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Conclusions

FWI is a production level technology in offshore velocity
model building (scalar, acoustic, sometimes anisotropic).

Goal: bring multi-parameter elastic FWI to the reservaoir.

Prediction of rock-physics / geologically interpretable
properties? Starting to look quite real.

Validation and appraisal: hopefully we start seeing cases like
this. But how to we create a framework where successes
and failures are understandable, efficiently computable?
Today’s talks.

How do we communicate potential to interpreters,
geologists, and engineers?
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