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» A limitation of the deterministic method is the result generated has difficulty capturing
the natural heterogeneity of reservoirs due to the smoothing effect.

»The sequential simulation technique provides a series of equal valid and possible
realizations that reflect the distribution of reservoir properties.

» One of the key steps to generate a realization is to build the probability density .
distribution based on the conditional mean and covariance at each unsampled location.

» Heiskanen and Moritz (1967) and Dermanis (1984) showed that least square prediction is
equivalent to a simple geostatistical system.

» Tarantola (2005) demonstrated that the least square problem can also be described as
the posterior Gaussian probability density distribution.

»Hansen et al. (2006) expanded Tarantola’s work to use two types datasets.

'{...J' UNIVERSITY OF CALGARY

-

¥4 FACULTY OF SCIENCE
Department of Geoscience




Methodology
] -

P(mla» b) = const. exp [_ E (m o ”m|a,b)Tz (m o ﬂm|a,b)]

m|a,b
where the conditional mean as
-1
ﬂmla,b = Hm + (Gcm) T (GCmCT + Cd) (d T ﬂd)

where the conditional covariance matrix
-1
Ymid = Cm — CnCT(GC,CT + C4) ~(d — pg)
_[a ~ [Caq U
d=,) €a= [cab cbb] Ha = [y
i.,andC,, are the mean and covariance of target object.
(dq] -Cdldz Cdldn- =8

»For multiple types of datasets d=|: [, Cy =] P Lug =1
dy. Caya,  Cana, Hn |

NSERC [ UNIVERSITY OF CALGARY

-

W4 FACULTY OF SCIENCE
Department of Geo




Methodology

» Rescaled Ordinary CoKriging (ROCK)

» We can extend rescaled ordinary cokriging from one to two secondary datasets :

n m p
U, = Zaiui +ij(vj —m, +mu)+;ck(xk —m_+m,)
i=1 j=1 -1

» The weights are computed using the matrix equation:

a Cuu Cuv Cu_x
b| |C, C, |C,
¢c| |lc. C. |C.
ViBRE A

S N NN

-1

C = well to 2" seismic covariance,
C.. = 15t seismic to 2" seismic covariance,
C.. = 2 seismic to 2" seismic covariance,

C.,..= unknown well to 2" seismic covariance.
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» ROCK with n secondary datasets
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Case study --- Blackfoot

Porosity %

0
o

Well location

16
B s ——
14
60 §11-08-
F12
L
E
< H
5 ; 08-08 09-08 ; 3 ;
A0 athasie " e 20808 01AT..... 09:17 -0
3 : i
- ; i
> 30 5 0416 §05-16
: = m12-16 8
200 0 SO AU SUR S
; u14-09 u13-16
6
10— ORI . N, SOOI S
0 | i I
0 20 40 60 80 100 120

X Location (m)

»12 wells are located in the seismic survey area
»The color indicates the average porosity value of each well in the target zone
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crossline 18 from the inverted volume

crossline 18 from the seismic volume

iiétéé&!(t(((((((tﬁ( i
¢

s

1t

AL EETTEETAETELAL LTI DARI LT T )
LD T e TR LR g LA

i d o]

e e e e s T T T T T D 1§33 Ve R

TR
i«

U«

L L L L e T e LT T )

PLTCEL DAL LR ELCELE LI LR e LT T EHHHHIHHJHHHHHHIWWHHHH)JH!M VA

i
FARLAER ML REEARRVAVARLATRARIARY

e
i

s

5
«
T Cygy

RTRAYAERARRAARARRARA L

s
)

«
&
i
e

QR

é«
(&
«
L
<\

(
“
&

(Ll
S
)
=

e
qru
I
-

«
il
(i
(O
W

s
e

g

)

5
)
S

:
;
i

(L
g
’

@
i
-

§§§
i

ié
i

(
‘<§ e

;-

)
)

100 7
)
<

22222222222té§§iié£iit$iiiﬁ
] \\ 22\
1050 | R % S<<S«

553;2%})2

S

ddee

NSERC "\::/" UNIVERSITY OF CALGARY
¥9) FACULTY OF SCIENCE




Case study

Amplitude of near-angle stack P-impedance inversion
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Result

9 realizations (SGS-extended ROCK) Porosity mean value map of all 100 realizations

Porosity %
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Comparison

Semi-variograms (SGS-extended ROCK)

Semi-variogram
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Comparison

» The difference of mean maps from 100 realizations between SGS-ROCK and SGS-LS

Porosity %
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» The difference between extended ROCK and Least Square (SCK)
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ZROCK(X) o ZSC‘K(X) — [WPrima'ry + WSecondaryl T WSecondaryZ] [mROCK(X)_mStationary]
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Conclusion

»We presented an approach to implement the sequential Gaussian
simulation(SGS) by extended Rescaled Ordinary CoKriging, which allows more
than one secondary variable to participate in the process.

» The comparison of semi-variograms demonstrates that the realizations created
by SGS-extended ROCK honor better to the prior information.

»The difference of mean maps shows that the SGS-Least Square is limited due to
the global mean.
» If local mean is higher than global mean, values are underestimated with SGS-LS.
» If local mean is lower than global mean, values are overestimated with SGS-LS
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