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To be or not to be
multiGaussian?
The danger of parsimony
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To be or not to be
multiGaussian?
A reflection on stochastic
hydrogeology

Advances in Water Resources, 1998
(136 cites)
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MARIETHOZ ET AL.: PERFORMING MULTIPLE-POINTS SIMULATIONS

a) Training image b) Simulation
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Ensemble Kalman Filter
with non-Gaussian prior ensemble
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The standard EnKF |

Transformation functions

The NS-EnKF




State Vector

Flow Model
)

Transformed
Conductivity Ensemble

Normal Score Transforms

Observation Head

Transformed Simulation
Head Ensemble

Transformed
Observation Head

Ensemble Kalman Filter

i

Updated Transformed
Conductivity Ensemble

i

Updated Transformed
Head Ensemble

Updated

Conductivity Ensemble

——————

Updated

Head Ensemble

Updated State Vector



Frequency

Initial InK
. Number of Data 8000000

0_0700_: mean -4.51
- . std. dev. 1.28
- — coef. of var undefined
0.0600__ | maximum -0.47
] u upper quartile -3.08
i median -4.90
0.0500__ B lower quartile -5.52
- ] B minimum -7.98
0.0400 ] L
0.0300 - | 0
0.0200 _7 ]
0.0100
O.OOOO N 1 1 1 1 l 1 I 1 1 l 1 1 l 1 1 1 l I 1 1 l 1 1 1 l 1 1 1 1 l 1 1
-8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 -1.00
InK Scenario 2
. B Number of Data 8000000
0.0700 ] mean -4.45
- — std. dev. 1.23
. — coef. of var undefined
0.0600__ maximum -0.41
| | upper quartile -3.07
7 | median -4.84
0-0500__ s lower quartile -5.43
- i m minimum -7.79
(@) - |
$ 0.0400_7 B |
) ] |
o i
3] i
L 0.0300_7 | i ]
0.0200 _] [
0.0100_1
0.0000 _-
1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 1 I 1 1

-8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 -1.00
InK



A) Reference facies

400

(B) Reference [nK

b pyid AR ¥
- = N ey s

i

sand .
£ -:'*. e LR S
. : > T
\; == g{ 7 3 =
9‘#}‘ .l T
g MK : L -
= — wmt
: R
ay — .
3 . _J 5
00 ‘-‘ > | ] - 50
e x(m)
(D) Boundary conditions and well configuration
(C) InK data to be conditioned Impermeable
400. -2.00 400 m
° o o o (s} [+ o [+] o -]
o) o o) o o)
w28 #29 wal #31 waz
] o o L] o L] o 0 ] o [+) | -3.00
200 ) o o O o
- a 524 #25 526 #27
o o o [+ o o o o o o 8
=3 o) . o e o e o e ©
[ -4.00 g #19 ®37 #20 #38  #21 ®IY F#22 80 #23
3 o o o o s] [+ o [+} ] L+
200 Q o © o ©
7 8’ #15 #16 #17 #18
o o o] [+ o o o [+ o o
[ -5.00 ® O e © ® o ® ©o e ©
" #10 #33 #11 #34 #12 ®3I5 #13 #2136 #14
| o o o o o (] o 4] o [+] o
100. 3 o © ¢ ¥
: o [+ L] ] o] [+] o [+ =] o *-6'00 #5 odd #8 #9
o} (3] &} 3} o
#1 #2 #3 #4 #5
A o o o o o o o [+} o L]
0. -7.00
Ls Ll . B I Ll LE R Ll l’ L2 L3 Ll L ‘I' L3 L3 Ll LJ ]' L3 L L L 0
0. 100. 200. 300. 400. 500. Impermeable
_(E) Reference InK
] - Number of Data 8000
N mean -4.43
0.06 | - std. dev. 1.31
i - coel. of var undefined
i maximum -1.40
0'05—_ s - upper quartile -3.13
| B madian -4.91
b - N lower quartile -5.56
§, 0.04 | ~ -1 | minimum -7.39
g ] R
€ 003 ~
LL - -
0.02. - i _
0.01_]
0.00 Jerl UL - s d Al e
8.00 -7.00 -6.00 -5.00 400 -3.00 -2.00 -1.00

InK

-2.00

L -4.00

L -5.00

L-5.00

-7.00

MO} JUBJSUOD

Pwege-

500 m



Initial InK r550 , Initial InK mean -2.00

-4.00

-6.00




Initial InK r550 , Initial InK mean -2.00

-4.00

-6.00







Piezometric head (m)

Initial ensemble (Piezometer #6)
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Scenario 2: Standard deviation t1
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Conclusions

® A marginal transformation helps a lot
® Even if there are not hard data
® There is lot of info in the transient heads

® | am not a normal guy
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Replace cokriging

® [ry to use multiple point geostatistics to capture higher-
order statistics

® We do not have a training image of forecast errors
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Multiple small
training Images

Look for a data event including both
permeability and pressure in the ensemble
of realizations
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Pressure

500 realizations after 20 time steps
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Conclusions

® Method to include transient state data into multiple point
simulation for history matching

® |ncluding pressure in the data event requires considering
the location in the updating

® Replace a large single training images by many smaller
ones associated with a flow solution with wells and
boundary conditions
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