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1.Keep the Net Pay

2. Drop the Structure to Force
the Sand Base Touching
O/W Contact

4th Editing Model

W 8 fiisn f%
(1129) » #

gap?—ﬂ%%b FZAERBLI
g

’ié%@%¢%a
AR E A (e d )6 ]
(3" Editing Model-1207)
LR NI B S U 2= oy it B Lol

3rd Editing Model

Net Pay of3rd Editin

DUndeﬂnw

¥ 3 EMTE NS
b R B s B X R

4 AR

vb- Bf_;‘-fw

999 686 977 963 959 450 841 83 823 @14 606 @96 BAT A7 869 A60 651 B4 B33 BI4 8IS 603
541 B‘IH Bfln Bfln 541 em bal 6?1 3“1| B-IH B‘IU B-IH B‘IH Efln sfln 541 6@1 6a| b-:l sqi bzln EszuI
Sand
‘rvn-Lw}ﬂu,q_h_w !.129
BE50 3
1vur.wu|ur' rm'—-.\
LST ¥
LMMii}
O VLFI‘EHI‘ - 1179
(Clay_Stone A%

80504

™D Ifel

91004

8150+

FO ¥

(1214) 7 i 45w &
4] A 1129 2 1207 & Surface 2.

SLE

i wﬂ'-&..rw:nwma -"
. __

A «f“"‘ 2 m ;m

% i ik

Fl!l& o



Me, 23w wgafpeiap k(B 10 =B o & Laap &2 2 3
Moving Average, Triangulation, Polynomial Fit, Least Squares,
Minimum Curvature, Inverse Distance % o % & & & * ¥ H st eh
Kriging #c5"pF > 2 2w ¢ ogberig £ § 72 4p e (B 10) o 453 2 >
Kriging #-5¢ enfe B €3 2w (B 10 - B BEAPHER S 57w
SR FHEAIY MUV AL > ARl 4w e o

Standard Methods Geostatistical Methods

distance only distance and direction

)/

© 2006 Quantitative Geosciences, LLP 1

® 10 zﬁs*\l’\ﬁ: g Fr i Kriging fN L B o AAPIES E o &

s

L L O 0 B EBEE X KT Rt e B oghiEag
P RIFHRTF]D ghite N g o b TG Kriging O3 R H R
e AR RA e d e RiEB T e e IR
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KT oty B B B BE L BRAL KT
HEEL e e B R PR R F

o o B F 0 LB iLE s A o 2T TR
(Simulation) % &fC3pF > 7~ 7 & 5 BEE & TS R - B3R
% WL e A2 F R+ R (Monte Carlo) > # T FianE * BlIA
- FRE TR BAETY L BRI B HRSF E
honor # * T4 (hard data)> & E® > w iy § o & F 83 ofC
# 4 % Unconditional Simulation # Conditional Simulation = #& -

o RS % & F honor # T R o {8 K 47 F honor # T REEL o A H 4G
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@f’fz%’ﬁ%} »# T FmnE > Bl % Spatial Model (Variogram) o #

# ¥ B % (structure, properties) » 4 & ¥ H % 2w

np e Fa gl 3 SBk(Variogram) A 45 Bt e 2 0 35

/ ?ff‘f‘“?”‘ H e B2 B E AR 2 Y RIR T B A

B 27 %R Jlic(Variogram) A 47 ficft o M T T i

R R RS IRS RO 0 B RS A T S BGK ToR E e TR
ERERERAR IR ] R YA

~ ~ Univariate Data =y it

EORlAw it TR R AR K AR A G o B g0
Wit BF S BB ’}4’5@’;4 FEE - RELHEI Y DL SRR 2 Y
- B > B k4 (B 11~15)- 2 > B- ez > {5 -Mean(® 11) -Median( ®]
12) ~ Mode ~ Standard Deviation ~ F# H R & % — # B p o ff F
(Confidence Interval) 35+ A3 &2 = Bt (B 16) -

(1). Mean

Mean, m
= the arithmetic average of all data values
= sensitive to erratic values (outliers):

m=X, +X,+. +X = 2 X,

mean

Bl 11 Univariate Data 2 Mean (Yarus, J. M., 2006. Quantitative
Geoscience, LLP) -
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(2) Median % Range
Median, M

= midpoint of the observed values if they are arranged in increasing
order. Half of the values are below and half of the values are above
the median.

= on the cumulative probability distribution function (cdf) plot, the
median is the value on the x-axis that corresponds to 50% (or P50) on
the y-axis.

= not sensitive to how far away values are from the center

+—————— Range

Less Than

50% 50% 0.25

mediai 0.00

] 12 Univariate Data -7 Median 2 Range (Yarus, J. M.,
2006. Quantitative Geoscience, LLP) -

(3) Mode

Mode
= the value that occurs most frequently.

= the class with the tallest bar on a histogram gives a quick
idea of the mode value.

= Sensitive only to the value with the highest frequency

mode
mode

n

.

No change in mode even though
distributions are very different

i8] 13 Univariate Data 7 Mode (Yarus, J. M., 2006.
Quantitative Geoscience, LLP) -

(4) Variance

Measures of Spread
= Variance
= Average squared distance of the data about the mean
= Very sensitive to outliers

s2 = Z(Xi_m)2
n-1

®] 14 Univariate Data =7 Variance 3+ & - Variance # % Univariate
Data 23 [F & i 3847428 om % 232 T 35E - (Yarus, J. M.,
2006. Quantitative Geoscience, LLP)
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(5) Standard Deviation(& % £ % )

Measures of Spread
= Standard deviation

= Expressed in the same units as the data
= Standard deviation is the square root of the variance.

Standard
Deviation

mean

B 15 Univariate Data =7 V &8 X2+ 5 o {82 ¥ 7 (L £
Univariate Data 2-3 & 4 i+ 38442 /& - m % Univariate Data 2+
¥ Ti9E o B A L Variance snF 35L& - (Yarus, J. M.,
2006. Quantitative Geoscience, LLP)

2. el FA R AL G i 3 B g

# Univariate Data &% 4 s euem > p AR 5 5 - e & Bl A

IR BMAG 0 PRTBE - $WELF AT IO 2 LB Y Hr
o v - REWFEDE R o £HF A FhE - R

AT B83%T féﬁﬂ-‘iﬂi_ A BAREEL i
FI(R 16) 5 94. 5%nF A N mapT 5% = ~ A
B > 2t =B = Confidence Interval 5 99. Then R AT 5 E
i‘"\f"%—:—f@*ﬁﬂ—ﬁpﬁ-éﬁ?% ,Zx*_ﬁﬁvﬁ-&]}{]/ﬂ\l’#%r;#ﬁ:
Lognormal 2} . o

= 68% of the data lie within one standard deviation of the mean
» 95% of the data lie within two standard deviations of the mean

The Normal Distribution is the ideal
distribution because if we know the
mean and the standard deviation,
it's shape is perfectly predictable.
Most of the statistical test we
perform assume that the data are

from a normal distribution. If not =—10.683 —>=

we will need to transform the data, | 0.954

temporarily, to perform certain test = - 0.997 ! —
and procedures. -3 -2 -1 0 1 2 3

Normal or Gaussian Distribution

Bl 16 52825 £ g 35k A & chts 5 B i (Yarus, 2006) o
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3. Univariate Data 2L2 %% 2 et & 1+ (B 17)

Facies 1

All Facies

Count

poro

Facies 2

poro

B] 17 Univariate Data BE3# 3 e el g t2 47 o § HBREH A 55 B
Ak 4 (Facies 1 2 Facies 2) p# > & = BlenA R & 120t o
(Yarus, J. M., 2006. Quantitative Geoscience, LLP)

4. Support Effect—F # B8 & KRR fH 7 B frig = A3t A P18 %
% (% 18)

| 1
l

?} 18 Suppert Effect T RERd 2 (lxl) (27X27)§€ P e

TR KR ¥~ E > B4 T Range # F R EFAL R

14



Core Plug fr= ] Log #1iRl ¥ ?‘#*mi?—'— » 70 B F)3 b Suppert Effect »
Core Plug 2 Suppert Volume -] ~ 238 % < | 2P| Log #7ip| ¥ T e
Suppert Volume = ~ {&#:%% /|

= ~ Bivariate Data 4y it

1. Covariance—& & = S # T 2 Bl M 5% 7 X D FH R F & @R o

Covariance

= a statistic measuring the correlation between all points of two
variables (e.g., porosity and acoustic impedance).

COVX,y = ; (Xi—m, ) (Y- my)

n

= The magnitude of the covariance statistic is dependent upon
the magnitude of the two variables.

= Value is strongly affected by extreme pairs (outliers)

= No real feeling for how “good” the relationship is between X
and Y

i8] 19 Bivariate Data =7 Covariance (Yarus, J. M., 2006.
Quantitative Geoscience, LLP) -

2. Correlation Coefficient(4p B % #)—( %] 20~ 8] 23)

Correlation Coefficient (r)
= Normalized version of the covariance
= Values range between 1 and -1

COVARIANCEX,Y r=1
S I e —
SX " SY >
.
- . X ®

« S = standard deviation of attribute X > 1 o

+ S = standard deviation of attribute Y d
= r=0

X

@ 20 Bivariate Data =4p i 7% #czt 5 (Yarus, J. M., 2006.
Quantitative Geoscience, LLP) -
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As p increases

. the slope of the regression line
increase

.the dispersion around the
regression line decrease

Bl 21 49 B A8t | fo5 % BB 44ca, M 4 (Dubrule, 2003) -

)| b)

n -

JD ®© 0
'E' * :C E 4
g x *e® g
2 $ - g
= . <
'E * e 12
£l :
g 1 g '

LT ]
.3 © et .
0 1 0 3 0 1 F } 1 5
Seismic attribute Seismic attribute

Correlation coefficient | Apparent correlation of 0.93 |
reduced from 0.93 to 0.42 caused by two outliers

due to two outliers

when the majority of the
data are uncorrelated

B 22 4p B rdic s ) 7 5 X R ok iE B (outliers) (Dubrule,
2003) - = B & j‘#ﬂfﬁg‘f“} # 0.93> wmﬁl FREp s "Ei
042 + Bl R A4pM M rF 2 FiE P> + 2 50093
(Dubrule, 2003) -
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Prediction bias

aona.

Porosity Percent

29000 31000 33000 35000 37000,

Seismic Acounstic Impedance Seismic Acoustic Impedance

Bl 23 d' M S fodp s 2 Ap B 5 £ 4p M (Yarus, J. M., 2006.
Quantitative Geoscience, LLP) -

3. Linear Regression

Bkt (1) PHREREELEE S (QF BRI b - g
[: S ;LF’*mFsé@l“*(@ 24) o & FER T RypHp AP B TR
BaE o d BY - REILFY - Fdeo 0Bl 23 Ao 0 RPIEIATE
gl QLRGN S 5 I B . S L o = Ry N il =
PR G SRS TR o A R PofR B2 - PR (R
FEdR) » R 2 B e P u’sﬁ{”%&b#&rf* £ 4p B L
R HEE ) RREFL AT EGE R F)E A (B 24 +
B) o RIS mla%‘vﬁi:a %fi(blased)m»aﬁ o ipfA R RT o e
% H O B A3 en 2 (Colocate Cokriging) & iz 34 M 5 &4 & > R4
BFLAAGWA T frREEF B M EOR IR ARL
(unbiased) iz & o
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V.

Unbiased Biased

The Linear Regression Model is valid e & L il | .
under the following conditions: 1) the . .
sample data randomly collected, and 2) ki g -
the data are ndependent, that is, there = fbs * » . a ° & ® 0O * .
is no spatial relationship (cormrelation) - . ° - . . .
between the value of a property . e s . e &
measured at one location when "
compared to the same property * . . ® L
measured at another location. . . .o
This model is NOT designed to make L . & S L . &
maps, thus it can often impart a severe : AT ] . io 2 3
estimation bias because it can not P : :
account for the spatial relationship Colocate Cokniging Linear Regression
inherent in many of the properties we N o T —— .
measure in the petroleum industry. The i | J 4 « = |
equation uses only 1 secondary plece of | = 3 L i
information at a time when making the | = = 5 "
i wh . s 8 = -
pradiction (estimate). g i “ ab LN = : 5
There is good news, however, With a =0.000-= =.|.'.‘: - 2 .
slight modification of the assumption, = o w, o X s AT 1l
we can extend the Linear Regression I c -1 * ’
Model into the Spatial Domain. The new |5 A % -3 .
method s called Collocated Cokriging. ) i - y 3 s o
R U L o e e s T TR T gl
h Measured Porosity IMeasured Porosity

B 24 si+Ee & e ip B2 i A (Yarus, J. M., 2006. Quantitative Geoscience,
LLP) -

% R #-$% (Spatial Modeling)

FRERGOD DRt L E I F R R (R RS RS S B
fEdu~ -R4F & 5 X)ehie » £ & 7 % & (uncertainty) 2 ¥ 5 & (reliability) -

# 3 52v 4 % Deterministic(¥ - f2)% Stochastic( % #.f%)5 f& - igut
m%?”kﬁgéﬂkﬁﬂﬁ#ﬂ’éﬁi@ﬁﬁo%ﬁﬁ%&ﬁﬁﬁ
gLz § M p > 2 Fa i (regionalized) S ]

wsq»

}, ( OnthIty){”‘ > e },} 570 ‘QPB o % = 2 D= IR FR LN N A e
TR ¢ 2 4 (Bl 25) o B HER T E 0 3 R doB A 3k ghg 2
el ’Neﬁ‘“&l%‘m‘&/,}ﬁ BT E'&ﬁ:%ﬂt’ﬁ—ii‘"’ ’?frffr_,;“"év\‘%’?°
R R AT E T R R BT YRR R T B
»H_(heterogeneity)fr%@ il 4 (connectivity) o

\‘2

=
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= Spatial Continuity
Geologic surfaces and features
have different scales and
directions of continuity.
A variogram is the metric which
describes the anisotropic behavior
of a regionalized variable.

Variograms can be caloulated from
discrete data or gridded data. The
analysis is done by calculating the
average squared difference between
pairs of measurements at different
separation intervals. The results are
presented as a graph of variance
against separation interval.

B125 p AR P s b Y A IBIR R Y A 2 2 e fE(Yarus, J. M.,
2006. Quantitative Geoscience, LLP) -

I ~ %% 3 #(Variogram)
1 %8 Scom- B2 fp M 2 f 2k

FREAP TP ZIRRFEELL DAY - Bl 26 1 %
P m#icz FE SN o R - A Fie(lag)chiEz v - g EcE 0 2 EH
AR hT 2 (c) BTy RERELFE R £ AR fe ¥
2h¥c(n) > T 5 3% lag 0% B i@ (variogram) - — 4k lag e iz lag
increment 1% #cik b3 4o > B 26 1 lag increment 5 500 2 % > B R &
g8 % B 5 lagincrement 52 1-2-3-4~5(B 26Q) - * & lag iEd4
P M E R R ERS > T EFA R %E ko & B lag iE
el 2 ¥8E £ £ T > (squared difference) (¥ » £ = cloud of
points B(®] 26 C) - ¥ R SnFecho 77 MG > et Bl 26e S d A
Bi-~0R~180 R R B SBs 5 pF > Lagid e ;4 - B 26 f 5 ¢
TAFLC0R~IB EAFRE S8t EF o Lag @ B 8 o B 26
sl PARA 45 R~1B R FRE St B Lag it gt 58 o
R - BRI E R fd AR B S MR e o A0
PREALZIFAGORAEFIE IR > w B x LHFFLAEALE

(tolerance) » % — = = % B St 5 P > F %+ & 4 tolerance angle &
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T RN R (B 27) - B2 lag increment ehE & LFEE L AR A R (lag
tolerance)- % % — Lag (h)# lag tolerance @ % » ¥ 2£#r5 tolerance angle
T RPN BoiREL I NP E A RZ R E O 0 R IR
band width e i 4} iz dt ® & 2 4 $H 27 2 REPH A 7 o Llag 2
h~ &8 545" chfefgbBiT s A d AP 23 Bl o

-

b C 1 n
. o :
y B 2
e : (M)="——ZIZ;—Z i4n)]
‘ g 2n =1
£
o
[x]
+ g- |
. v =0 xo04—Lag Distance
. e f s
= LN
h - J
-— - E
******* E
e I O e < | g
) . E
-'l - o - }
) h_iﬁ___‘___ﬁ___‘d PR R 0 s (000 1500 2000

Lag Distance

B126 %8 &z 255 & (Yarus, J. M., 2006) -

Points  within  this
area are accepted as
lying a distance h
from origin (at a
data location).

z - » East
B 27 % 2 St & 2 lag tolerance ~ angle tolerance ~ band width z_%
(Yarus, J. M., 2006) -
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CRE SRR Rl T A R

fﬁ%ﬁ’»ﬁg&ﬁﬁﬁlf%ﬁﬂ Variogram » — L 3 2 e e A= T f
ek w0 B 3T iE - I i g 0 Bie(Spherical, Exponential, Gaussian,
Nugget % )##t o kT = v i Variogram % 1% > g 7 T F s 5
4R RGE-HATHR SR £ o B 28 B Slk? v lag R R
Variogram &3 + = 5 0.25 > 7},‘6;;3;\ Nugget »c /i » — 4 & & 47 T4
* L g ek 3 (random noise) o —"z AT ERE s g Y R R
R gt I % (W 29) « BRI T fwﬁ?ﬂéipiﬁﬁﬁﬂgﬁuw§,
¥ £ Ak S 4p B 2. Nugget >/ - & correlation range p 2o % B S idic
WA F T TR g e 3% 8 Aenal A% (4o Exponential
S ) > FORLM AT B e AR o F o2 i MA FARE (4
Gaussian &0 #c) » T A 3 B g A% o Variogram niE d lag
= 0 B4 5g Iag Hj4vm B4 B3] Variogram B 4pe4F T ehpEgE > fL 5
Range » f3 & BhfrP~4k BLAV R+ > Range fF » AR 5 3 7 4P B > B4R BEen
£ % % o Variogram B 44% L ¢ Variogram & » £ % Sill -

Anatomy of the variogram

——————————————————————— C
o 0k 1 — - ] T—s -

sill = data variance —

/,/

1.5f - -
Range

= .
e 1.0
' . Correlation range
y or scale
/
p
0.5p / .
s

nugget effect

0.0 - - -

0. 400. 800. 1200. 1600. 2000. 2400. 2800. 3200.
distance

B 28 % & S gy B4 % B it (Yarus, J. M., 2006) -

21



Bl129 p AR o FRkim > 5 &2 widd

FHRRERAGUTH ARLI PR R IT ARBRI O LR
FRERIRNE TS
- Sl kI o Rdrk iR CREPIL GRS BRERF > T L b x

R AR #c] 3F %
H

Scales of Continuity

o,
Fewe 5, e T

Directions of Continuity

Aok 5 RGNS R 1R i

Nugget < #(Yarus, J. M., 2006) -

Z o)

% 3 3 ficr/ Variogram Map(®] 30 + @)
IR ELZIFAG O plde - L 52 HE 2 2@ R Sk
BEP e BRI EEEFE A e B ERORER S
Bl MY 73 o A+ @ w2 Range (X Range)frs -] i 4 142
w 2 Range (Y Range)¥ 4R i i [Fl e gh 2 :@;ng(g] 31) » Kriging i& &

PE o E B R o O B R RL B E5 5

2004000

Variogram 1 SEISMIC AI

B 30 % £ S¥c 2 Variogram Map(+ B]) = ;% % 4 7 (Yarus, J. M., 2006) -

Minimum direction

Maximum direction
of Continuity

1
1400

1
S00

Distance (m}
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Search ellipse

x S
“ B & - | parameters depend
upon:
N L% / B * data density
./ ’// » variogram parameters
= 4 = spatial scales
a .r"!l // 3&" » anisotropy ratio
LN TXLAT [/ " azimuth
P A / SQ\./}/
/ % /:7,? ™ ~k /é— Kriging: a Linear Estimator
=
L/ // [ Y Z,=AX + A X, + AX
X 5 X/ Data Points: X, X,, ..., X,
i I 1A Weights: Ay Ay, ..., A,

/| A
/ 4
S 2006 Quantirative Geosciences, LLP.

B 31 &~ 4> %2 Range fri | i F 14> w2 Range ¥ 4R
AL 02 msh o Kriging & 8 pF > & B 85 e o
s 5T ¢ PR BL2_fE F 355 F (Yarus, J. M., 2006) -
3. B3 ¥k f2 (Decomposition)

Bl 32407 » PR E L5 Rl - Rl B4 G (S S
) 2otz AW E RAF ALY oAb F g (trend) 0 A% R S
APHER I FEFIN hiod @ Ao vasriogram i S lag BEHEIF 3
dem e 0 B T TR R Skl M A Sill e jeima FALL
Foe RASTOR Y GBS ROTI 0 AR Sl R R I RN
WA Rz FMA T G RASERY s BT AR Slicd R H
Te >t EFFRIN chd 5o

B

ks §

B 32 % £ S #icens f2(Decomposition) (Yarus, J. M., 2006)
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A Velocity Smoothing Example (Coleou, 2001)

Raw velocity residuals = aT-b

Compaction removed
Extrapolated to prevent edge effect

Three features:

. checkboard pattern indicating noise

. alternating strips from acquisition
imprint

. low-frequency lateral variation

=i B scale (-200,+200)m/s
Bl 33 26 RZTIPIALL TR - RPE &3 B B G4 PRI g
2 - ETEAM B A s £ 232 (L T & “Stationary vs.
Non-stationary” P ) o M g8 2 4k o & A F130 = AW % ¢
(1)checkboard pattern ; (2)alternating strips from acquisition
imprint ; (3)low-frequency lateral variation °

Moving Average High-Low Frequency Filter
(Coleou, 2001)

High frequencies Low frequencies

e
& Scale (-100,+100)m/s

G/EAGE DISC 2003
B 34 B 33 £ & BAEA 4L F S Noving Average Jadt B 6 Low
frequency =ug B & Bl b o iE ke amEE v E 2 ",f o
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Decomposition in Three Components (Coleou, 2001)

a Noise (Nugget Effect) b Small range along inlines

Scale (-100,+100)m/s Scale (-100,+100)m/s

SEG/EAGE DISC

DECOMPOSITION IN THREE COMPONENTS (2)
(COLEOU, 2001)

C Long range (low frequency) d Original

i ¢ i " ‘
._'_Scale (-100,+100)m/s ® =« & Scale (-200,+200)m/s

B30 * b stz g ZREPAKLELELZBAE
(1) Noise (Nugget Effect) (® 3ba) ; (2) Small range along
inline (strips) (® 35b); (3) Long range (Low frequency) (I
) e ZBAERZEE ENRLELELEEZRAETHASLEL(H
35d) - Long range (Low frequency)s:g B 4~ w B > © % 4 &
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4. Stationary vs. Non-stationary

PR R R B T A RS B e AP %

-t £

#o 24 - B

al random function or

% 4k
3

g E Y AR 2 NS A 42 4 E (residu

component) & = > P s EE AT F A G FoARM LD

(correlated in space) © 4o pt % kit B § 7 B
T_E s LI

Y 4 e 2 ’ 2
s 7R R Jh o suit m

U g BTHCRIHE 5 Stationary Model (B 36) @ 4e% gt

BT AR R B AR Sl > p 3 FHCAIAE 5 Non-Stationary Model e

Stationary Model 2. % £ & #c7% A Sill » Non-Stationary Model #r &
Sill & & o ’}*“*Lm

ve3t e Non-Stationary Model §=i#@ %t3i3* Surface
Trend # 47 = £ 8 > AR AR L B TR R o o '*F,z 2_ NI AR
T AL m Y EpRlE ”‘«dzy AL E AT REL T
L AR BRI o T8 & Stationary 2 Non-Stationary 7% & » 423
RS R kg o B 3T Z i M FRIE FEAFT ARG
Stationary 3] > e &4 B W enp & @ 3

R ¢ AR P ERAE Y
% Non-Stationary #-3]: &4 F P # & 2 3 IR 5 Stationary #3] °

KRIGING WITH OR WITHOUT TREND
STATIONARITY

nonstationary

stationary

Kriging with a

Kriging with a
linear-trend model

constant-trend model

B 36 Stationary vs. Non-stationary #-%| (Dubrule, 2003) -
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Danian Maastachtian ]
: R1 unit ]
’ = upper | lower
e
s
IR A
3 300 rﬁ | A . OO
o {u th.n fw n
= __ J\f-ﬂ’ : HJ'l vﬂn ‘\\ﬂj’
§ 2001 - o’ A
£ <007 v ; - | ¥
e
e
(o] - |
& q0.0 - ,
e £400 6500 6600 6700 3 6800 6900

Measured depih (Feet below KB)
Bl 37 F k48 &_Stationary #¢ Non-Stationary % 4 » i 230 i+ B4k
¢ & % 5 (Dubrule, 2003) -

= ~ Kriging
1. Kriging 3+ & f 32

RI38 A b ERHG RE (L) = BERE(Z, Ly, Za)F R B
SHEE (A1, Ao, 13) AT Lo 24,2y L3t pi B E 0 BB
REBEF I RG22 2 @57 2@ <] o dok 18R S8l #4508
(isotropic) » A Kriging 3+ ¥ ﬁh‘" TEM B BEni) ) AT HER
S #ic? lag FEHE = ] (h1o=942 m ~ ho=621 m ~ h30=1005m ~ h12=1107 m ~
h13=1853 m ~ hps=1472 m)( B 39) - B 38 4E"L > f258¢ » (G 2 FEEZ &
lag JE#L2 #73 = ¥ 8¥¥ 9 Covariance & ° Covariance(h) & ¥ ik 5
Covariance(h)= Sill - A(h)zZ M %3¢ » d $ B Sfkgkt 8 1 (B
39) - B 38 B> A5 ¢ > G s T AR 39 + 7 & 2 Covariance ¥
lag distance 2z S #®® %2 lag % hj “T¥# /&2 Covariance @& °
Ci(Cyr ~Co2 ~Cag)dez sk » 5 ¥ 2 3B Sill 2 -
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The slope and constant terms are replaced by a covariance matrix which
informs the system about the spatial relationships between the data points
themselves and between the data points and the unsampled location (grid

node)
Z =
= . . " &2 o
XI The mvi'li_'_"ce matrix = m
c — — .
, Z, Cu Cp Ca 1 A Co
3 (& C
-y a Cn 23 1 A, Cos
x =
C C
a1 Gaz 13 1 Ay Cos
1 1 1 0 K 1
'. Information about surrounding
7 data points
1 Known (C;) Unknown (A)  Known (C )
@) 38 Kriging & /= 2 (Yarus, J. M., 2006) -
'zz [191} ' Spherical Variogram
} (5ill=14.67; Range=3000]
[ HET e s s s s -
A o Y |
P S 2
1 ¢ )
v &
*_ ¥ N o
,l'r B4l | N
i A z- .-:’_ 000 : - - -
25 L1 s Z, [16.3) oo 1000 2000 3000 £000
II|II.-" N ‘__!..J"" Distance
R |
z3{|25;n]| | What is used during Kriging
HEN l
N ER (N
?Uh”: (i Zwl S Sphierical Covariance
’ ! \ 7 a 2 L a e (Sill=14.67; Range=3000)
- . E 1 Covariance = Sill — Ay,
C, = il of model + any Hugget term 2
h = Distance between dafa points and node E
a = Range of model 0.00 + T T T Y

il 1000 2000 3000 4000

L Distance

@ 39 Kriging 3+ & ¢ ](Yarus, J. M., 2006) -
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h

. % B 3 cniE 8 4 Kriging & %

5
2 75

B 40~R 43 5 - 2FREEHEY 2 %R S8 Kriging 3-8 & 5%
PR A4~ 46 5 ¥ - EE AT 7 B %R S Kriging 3 E %
oo B 47~B 49 5 ¥ - Kriging 2+ 5 & bt fie o

Spherical Isotropic Model

2500.

1500.

1000

500.

. 0. 500 100011“0 . .
Map of Porosity
Model
2.0k _____ I —
1.5F
1.0F
0.5F

D'%. S00. 1000, 1500,

B 40 % £ I %c:E# Spherical Isotropic Model,
Kriging % % (Yarus, J. M.,

Spherical Anlsotroplc Model

a. LB
i S0, ECT T T T T T T TR TTT

Bl 41 % 2 %cE # Spherical Anisotropic Model,
f& 2. Kriging % % (Yarus, J. M., 2006) -

12
. Spherical Model
9
0 No Nugget
?
3
Kriging Error
1000, fad — =K —
2500 1.4
1.2
2000 1.0
a.4
1500 .
1000 0.4
0.2
500 a
o " "y
0. 500, 1000. 1500, 2000, 2500 3000 SEE
2 Nugget > 2.
2006) -
- T T ET T
# Nugget »<
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Gaussian Anisotropic Model

050 ooz
(s / o5
EET

1 1 di. 5
. 50, FICTE T IWD IR N I I0 EW FYTCN i, oo

B 42 % £ 5 HE # Gaussian Anisotropic Model, & 'Nugget
»z s 2. Kriging & % (Yarus, J. M., 2006) -

Gaussian Anisotropic Model with Nugget

nnnnn

S0,

&0,

&M,

100,

500,

— n I DI L L — 0.m
soo. 1om0. 150D, Iomm . =500, aoma. so0. aom. JSIU Iomn.

i8] 43 3%}1 30 #iciE % Gaussian Anisotropic Model, 7 Nugget
»z s 2. Kriging & % (Yarus, J. M., 2006) -

SPHERICAL

] 44 Cubic & 8} 5 7] *H 3B i o (2 B))» e T ¢ e 2500
FEMIrN IR A Ble f=p o2 spherical & ¥t (7 Kriging e % >
LAp¥te f2i% > e 21 IR0 2500 % @ 42 (Dubrule, 2003) o
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i8] 46

B 45 & #RiTa BEEOR G x4 L B > Cubic &k Kriging s

i

5
F % (=M =) 2 spherical it (7 Kriging e % > &t 3 F
FLEENIT el B i (% B v =) o (Dubrule, 2003)

sotropic spheric

= B 5 #* Isotropic Spherical & #ci& (7 Kriging s % » fip|s =
BB R M2 pedpid (Bulla-Eyes) o + Bl & 3 * 7 S AL R
Spherical & #cie 7 Kriging shig % » 2 RiEE 2 R IR > g 4w
m & (Dubrule, 2003) -
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s I Red: Scattered data | IElue: estimated grid ]
PO

¢

Bl 47 123 Nugget »z/i#h Spherical & #icie (7 &
BESR)E 2 227

> SO N PO
'?‘J-_’E_T“‘,F,'% ° lp—%‘éﬁ%<_}

&k & TR Kriging

oy &é?‘x;}i'ﬂ;‘_&.(t g

M) L Eg AR EEAPE T F o (Dubrule, 2003) - £ EE AT
- LB g AR ¥ kg o B4 Nugget o Kriging v & o
RH BRI TG R 2 RAST A AT i RURIT R i

300 . },-'_" S e
II.’ .
f_/ " —\_a
[ Red: Scattered data ] ] Blue: estimated grid I
400490

EAGE DISC 2003

P1

V. Bigault de

B 48 %8 12 & Nugget »c i e Spherical S8t & 2ok F L G R T
AL 42 % R Sl B Kriging s % (1 BIES)E T e Rk
Heh(zd ®a) > L X &R E B 4p 5 Noisy (Dubrule, 2003) -
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400 1

™ Red: Scattered data Blue: estimated grid

B 49 12 Pure Nugget i {7 z w5 & £ @& & 7 e Kriging 3+ &
BECRER)T 2 "RA TR @R) REERES RE
Bl * R ALIR %k(wiggles in contour lines) = 2 Nugget »c/ * 4 &
w5 » Pure Nugget &o#ic it % #3150 o 4 Pure Nugget & #ic it £ L 48
R Sl o Ao FREEATF AT AN > g Kriging 3t
¥ % = Trend-Surface Analysis » #75 =B~k 2L 2 4p e c4 £ (Dubrule,
2003) -

(e}
1N
iwxz

3. Kriging with an External Drift (KED)

RRBRIFTHEBETEFLERFEG > VAL - B2 e 0 F oo
FTHEE G L IFREEE 0 R 15',;2)%,1‘]&3394 o B FE 2 A AR
Wy mE st e AP Rl A - B AT AR 2 g R AR
% % (residual random function or component) & = &7 b 5F 8 qa4
TEAEZF AT 3 ek E(correlated in space) o 4% gtk SLit
ARF A T E 0 W it B THE o e FRAH G
Stationary Model » 4e % gt & 5uit crAB 4t 8 A1 S0l > ot 3 FHCAIAE 5
Non-Stationary Model - ¥ B3k » AR HE G VRS d BEE 6
MM SHE - AL BT 4 (B H0) o AP S Bk o B A
PR A ) 2 IR R e G Kriging 315 o @48 Kriging 3+
% > # % Kiriging with an External Drift (KED) - KED 4 universal kriging
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with a linear trend i & + £4p ke e KED # 44 % % Rp| T AL f2 4 o
FE - R o

Seismic Trend
& Residuals

Kriging ED large-range

Kriging ED small-range

Bl o0 FARHEs VA d FREE G chdUE It - AL E9TEF & o
PR S BB B TR R(ER R G ) 0 2 FREE S
Kriging 3+ & - i&4& Kriging 3+ % - # % Kriging with an External Drift
(KED) - (Dubrule, 2003) -

4. Bayesian Kriging

Bayesian Kriging € - f&— 4t 7 KED » ¢ pF ¢t e enF R e s B g
Bl A ERPM hon v L ERFIER K DT RSB G b4
PR G AT 30 B haUE b AR (linear external-drift) @ V(X,y)=Vo
+KT(xy) #EX ZFRHERE G DR RS - d PRI EFEE s
R R AR o et S 2R 4 (parabolic external-drift) : DEPTH(x,y)=
Vo T(x.y) + KT*(x.y) -

5. Cokriging (CK) & Collocated Cokriging (CCK)

Cokriging &# £ % & * chip & & 7 - Cokriging e+ % » 2% % & B
PHE PR S E S B R ERF o cross variogram(®) 50) -
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COKRIGING (DOYEN, 1988)

Porosity by regression from
1/(impedance)

Porosity by
CoKriging

Oistance (10m)
x

Bl o0 M7 > 2 EEZIHFATRIZ e (D TIVHFFH
“d Kriging 3+ % (a); (2) 02 ™ B e fupldrea st g & ‘«‘E'Jﬁs?%‘iél
1@@%%’%ﬁmﬁﬁ%ﬁmﬁ?ﬁ%’ﬁ“”%**%W
D) s @M TIEFFTRERPGRERAIERT R A
CoKriging :* & (c) - (Dubrule, 2003) -

T IV E e Zopli e Bl e T R 0 817 CoKriging 3t & BF
RB AL T R (B MR 0 - e BBk RO FORAR Y T
6 BRREEFITH R I ZRPIFTH X EHFHEZ G ERIEHF
T ooox FPt o Xu & A (Xu, et al., 1992)#& 21 > CoKriging 3+ &
o & BprdEEE Xo(interpolation location Xo) @ % = B S # &
B Xo 2o B0 AR ~ < nff it 7 f24r ki R Pl { 4R
T o A BEKX T 9 CoKriging 3+ & > £ % Collocate CoKriging  Xu #
A (Xu, et al., 1992)¢ :&—- # # 9! Markov Model(® 52) > Bk & &
% # T 2. cross—covariance Jn#icd fri & % #ceh covariance = VB o
Collocate CoKriging & #7132 2 TS (1) A& R & %

i
ETTNS
7
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Bz b Gl (2)1 & %R Sl (3)D B R #E Variance( ™
d 2> RAT) e

Markov-Bayes Method

Collocated Cokriging with additional assumptions

= Variogram is computed from secondary variable
(e.g., seismic data)

= The primary data (wells) variogram is a scaled
version of the seismic variogram: the scalar is the
variance ratio.

= The cross-variogram is computed from the
correlation coefficient, r.

ALL MODELS HAVE THE SAME SPATIAL SCALES

@ 52 Markov Model i3k (Yarus, J. M., 2006) -

Collocated Cokriging by Baysian Updating of
Kriging (Doyen et al., 1996)

Kriging
Attribute A, Variance ¢ > Kriging Ok

Collocated Cokriging

B 53 Collocated Cokriging ¥ 4R % kriging 2 BRI FAMMEEE S5 2
weighted average - Weight factors F frat K3 &2 g pr il 2_4p Bl 14
iy B oo ApR il 2 P> Collocated Cokriging <7 5 kriging ; 4p B
“#cs 1 P > Collocated Cokriging & #/4v{+%t & (Dubrule, 2003) -
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000 2000 2000

Collocated Cokriging
Phi & AI

B 54 Kriging ¥# Collocate Cokriging vt $ie o = ] & £ T 3L 14 K iplék
T Kriging %% > Bl 5 34 B 5 R1£-(Phi) & Ropl g 8 Bk e de
(AD)it 7 Collocate Cokriging #h% % - (Yarus, J. M., 2006) -

Mo seismic constraint
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. 5oo. :I.IJIJI:I.:IEIJI:I.H:IIJIJ.EI:IIJ.!IJI:IIJ.D'
r=-0.3 r=-0.3

B 55 7Y 4 5 R4k 2 BOpliE 48 Bk redie 7 Collocate Cokriging p > ié *
7 Te 4p B fadict B % % et g o (Yarus, J. M., 2006) -
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0. 500, 1000.1500.2000. 500, 3000.
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7 Wells 14 Wells 55 Wells

B (Mulucgh ¥ [Meter] X [Meter

7 Wells 14 Wells

 owet
] 56 Collocate Cokriging(_t B)22 p 4& = 2 e (T Bl) - 2 #ic 5 & > ¥p
52 ni % 32848 4 > $F Collocate Cokriging 82 88 4r % + - (Yarus,

J. M., 2006) -

-~ ~ Stochastic Simulation

AT g R (Simulation) 7 SR BB (5 efE)

4L > ]

9% % > fLi Stochastic i c 4k G B ¥ A G B2 1 %‘MLF Rl
“’;‘ » * Stochastic = ;22 7 FafHE (Simulation) % = HApF >

TG B e FA S AR e B WL R 2 A2 FH
% (Monte Carlo) » # ™ Fiténi = B Are- &~ OF o I E
Td PR RS B EEE S EF honor # T T4 (hard data) -
EER S et § oo A ahficE 0 » % Unconditional
Simulation # Conditional Simulation = #& - = % %‘si#;i%% # 7 honor
# TR 84 40 F honor # T FE o A W E‘-f?“rﬁ W~ 2 TR
e > Bl % Spatial Model (Variogram) o
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1. Conditional Simulation

it Kriging (hp chE FRR YRR B L R I R RS

* - §&TF he - Conditional Simulation #r -8 & j& (7 # 34 fF e07
B R K~ FOR ehe R s3 F R (mean, variance, and
variogram) (] 57,58) - Conditional Simulation % 312§ 59 P -

[D

Lisbon

—— Reality

—— Kriging Estmate  Best Estmate
2 standard Dev. Stochastic

— 1 simulation

] 57 Conditional Simulation Hﬂrealization Lﬁfi%ﬁﬁ% »FALE i 0 B
BERRIA et Kriging BB BOYES) S Y w0 1 f £ - BHRERLP o
(Yarus, J. M., 2006) -

Conditional Simulation

i ¥h) = 320 000 Sph(8) .'

] 58 Conditional Simulation e Surface(§ ¢ )tp#>t Kriging =»
Surface(izd ) » $e§3¥ % - § Conditional Simulation % &%
(realization)=x #c% ¥+ F =t » ¥ realizations &L 35>
¥ % Kriging =% % (Dubrule, 2003) -
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How Conditional Simulation Works

Simulation 1

1. Krig transformed Variogram used
data onto a grid for all steps

iy

1.00

2000 F 7.7 k

.50 -
1000 f
0.25 F e
|:| 5
i i i i l:l. l:":l L 1 l
] 1000 2000 3000 0 1000 2000 3000

Diztance (n)

i 59a Conditional Simulation # 2 1 - (Yarus, J. M., 2006)

2. Perform unconditional simulation 3. Sample unconditional result at the
using data histogram and variogram well locations to create a new data
as in step 1, but not honoring the set. Compare to original transformed
well data. data values.

&000 - WE gt . 1w

-1LE8 -0 -0l iz 053 g 4Ba 50
- . LI ] LI -
-0.9 044 -0.B4-0. B2 0.22 p g -0.53

=000 - 20 e % o heat -0ed-0 11 g%y

05 0% 0en’e olar -tm ot

1000 | oo b 2 ot 0Bt it 1 b1

T Lug -0 %,
IJ..ET 1:ﬂ. I:I.-II.HI:I.-IT I:I..!EIJ
or 0F %0 o' PPN
1] 1aon E000 3000 o doon 2mu 00

i 59b Conditional Simulation # & 2~3 - (Yarus, J. M., 2006)
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4, Krig unconditional values

anm

200

10001

onto the grid using same
variogram as with step 1.

o Loog 000 anqo

5. Subtract Step 4 from Step 2 to
create the residual variance.

3000 - [8

200

1nm g |

0 1pon 000 a0no

] 59¢ Conditional Simulation # 2 4~5 - (Yarus, J. M., 2006)

6. Add residual variance
(Step 4) to the kriged
result of the transformed
data (Step 1)

oo F

2000 F

1000 ¢

] 1000 A000 000

Scale = standard deviation

=]
=

s
BOEEDERR

7. Back transform Step 6 so
the result is in terms of

percent porosity.

3000

zo00 b ke

1000 F

0 10po E0on oo

Scale = percent porosity

] 59d Conditional Simulation # 3¢ 6~7 - (Yarus, J. M., 2006)
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Simulation 2 follows the same process but the unconditional simulation is different

Step 2 Step 4

AN

an

i1.ma L i
L [5-] L T
A [ B-] b1l LT. M
9.6 L 51
i.E8 L2
1.5 14,
=m0 | L L3 =
[ =] [ L k]
0.1 i1
-1.18 (Tl
-1.51 [}
100 b -1 (-1~ -]
-1.04 L T
-1.E8 (-]
-3k BB
-4.58 m
ok -8k B nEy
1 L 5 2 s s L -1.00 - . - mmn
n Lo ] W L] L b ] fe ] _— a 18 ] ¥
Step 5 Step 6 Step 7

] 60 Conditional Simulation ¥ — i 5 &2 # 3% - (Yarus, J. M., 2006)
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A KRIGING EXAMPLE IN 3D (LAMY ET AL., 1998b)

Why should
the model be
smooth
precisely away
from the data
points?

Al

km.g/s.cm 3 9 V

Bl 6la #ikreruKriging &% o ﬁig?l AL R (E B od B e R
(bulls-eyes) » 4] ¥ isolate iz ¢ =% - (Dubrule, 2003)

A SIMULATION EXAMPLE IN 3D (LAMY ET AL., 1998b)

Isn’t this model
more representative
of the
heterogeneities that
are likely to exist
between wells?

Al
km.g/s.cm 3

e
B 61 b #&red Conditional Simulation %% H ¥ — B realization °
(Dubrule, 2003)
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2. Collocate Cosimulation

4 Collocate Cokriging — 4% » Conditional Simulation ¥ 4r » % = %
fick I i {7 5% > L2 Collocate Cosimulation(#] 62)

COLLOCATED COSIMULATION EXAMPLE

Net to Gross maps (2 realizatlons} |

] 62 12 Collocate Cosimulation = 3% » i3 Net to Gross Maps =t & #c s 2P|
L2 rigF AL o (Dubrule, 2003)

3. 3%+ % (Monte Carlo)

F#+ E (Nonte Carlo) =i » # T FuahE » Mist- L #H» D
PO m A E D 2 E 2 EAE R B B GRS % & F honor #
(harddata) 7 g iz e = B My o ikgp 8 > B 744 2 Continuous

Density Function (cdf) > &R ~ " BP#E > RETEFIF T

—rfﬁ‘..

B I realizations °

4. Sequential Simulation

Sequential Simulation % % » A F AN B~ B /& (random path) - 4
o g AL Sodic ) — AT PSHRER IS 7 B (seed number 7 F ) 0 R

VLAP
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#5773 (B 63)- Sequential Simulation eh¥ - 44 5 > % - ¥ gk

il - (AT 18 0 BARL L © argh(known value) o * ATEEHBRER TP T

- B E IS

e

Quantitative

=== Sequential Simulation

/ \ . Well data

X
7 C .; / X Simulated value
// VL O Target node

fan
¢/

I:l Local neighborhood

L \ // O Primary ellipse

« Start with data at wells

« Random path through all locations

Wells

Random
path

Location to
be simulated

Y

® 63 Sequential Simulation =33+ & % 5§ # P~ 4% i /= (random path )- (Dubrule,
2003) -

45



SEQUENTIAL INDICATOR SIMULATION (SIS)
ALGORITHM

| 1. Draw random location between wells | [ 2 Krige P[I;1} at_r;ndom location ‘

3. Sample indicator with probability 0.7 ] 4. Merge sa-n-npled véh.u_a & draw

new location

SEG/EAGE DISC 2003

8] 64 Sequential Indicator Simulation % 32 (Dubrule, 2003) -

Fat AR (Stochastic Simulation) 2. £ F > i 7 >8] 65 -

CCEW i . .
===t Stochastic Simulation

Random Draw or Monte-Carlo Sampling m/

\ V) /
\ :
= Monte Carlo Simulation /7 W—l—‘ Hh

= No well data to be honored
= Input histogram only

= Any value on the histogram i
has an equal probability to o4 3
be selected G o' o

= Uses a “random” walk © O g
= Unconditional Simulation S Y o 2
= No well data to be honored o o
= Histogram Input o §
= Spatial model Input 50
= Conditional Simulation e
» Conditioned to the well data

= Honors histogram and
spatial Mode

B 65 = #%E % #¢ (Stochastic Simulation) 2. 2 F (Yarus, J. M., 2006) -
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A~ Pixel vs. Object Simulation

Pixels and Objects

Plan View

Pixel Object
= Qr'

Cross Section View
i "

] 66 Pixel 4= Object 5 7 # 2 Simulation & 32 % £ (Yarus, J. M., 2006)-

1. Pixel Based Simulation

Y Range

il w I

- o Turning Bands Simulation
s N W
'LQ < / CJGQ @ I00A Mnantstative (rencriencee TT D

B 67 Pixel Based Simulation § &|(Yarus, J. M., 2006) .
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2. Object Based Simulation

= ObJect Modeling

Facies Objects Rules
= Channels = Channels/Bars
= Splays = height
= bars = lengths
= Shale plugs ) :gths
= Sheet Sands

= Sequences

= Reefs « flooding surfaces
= Bioherms = type I
= Oolitic Bars = type II

\ = Etc. = etc.

[ 68 Object Based Simulation it 2_ 5t % 4~ i (facies object) ~ 2 2R
(rule) - (Yarus, J. M., 2006) -

2% Guide for Geologists

= Think about possible 3-D
Shapes of Deposit

= Think about possible
Stacking Pattern

/ Prisms

Basinward ~ Back —
Stepping  Stepping
a Prisms

n Digitate
Lobes

Sheets

] 69 Object Based Simulation #-4% 2 it §% 47 zi A5 (- B) % e
# (2 ®)- (Yarus,J. M., 2006) -

Vertical
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B ?ﬁ“i‘v‘ Rl de

A o B s Rplde s % g (background ) % ¥
R T ERAER LS (constraint) shfpd] s HE S P R (9
12~60 HZ) > Rl = 2 X3 RRRE T4 2 ‘*%mrg HEIRA o B
g R A3 4 47 e Variogram #3] (B 70) e

SCHEMATIC VERTICAL FREQUENCIES CONTROL IN
GEOSTATISTICAL INVERSION

» Statistical layer constraints (background) control low frequencies.

+ Seismic amplitudes control medium frequencies.

« Variogram model controls high frequencies.

background  seismic geostatistic

SEG/EAGE DISC 2003 L. Barens & E. Robein, TFEEUK Geoscience Research Centie  5-9

B 70 + sty Eplid 4 5 % 4 5 A 5 chg ] 7% (Dubrule, 2003)

Statistical layer

Horizontal variogram Wavelet .
constraints

, Amplitude | __Irnpgdance

Vertical covariance

0
0 |

-+ Mean _ 2*Standard deviation

20
Time (ms)

Bl 71 3 A3 Riplipdaz 4phd 2 ™ TR TR L (constraint)
3 S#ics 7 % gk 33 (Dubrule, 2003) -
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ANOTHER GEOSTATISTICAL INVERSION ALGORITHM
(GRIJALBA-CUENCA ET AL., 2000)

SEISMIC
3 simulation @ Synthetic Observed

&7
Y
¥ -

@ Randomly choose
next Grid Point

A <« Reject Residual

j . @

SEG/EAGE DISC 2003

Bl 71 ¥ Bt Rplifda 2 4p M 1 18 42(Dubrule, 2003) -
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Terminulnﬁ'

In compiling a list of geostatistical terminology we selected only the most commonly
encountered terms and have not attempted to duplicate Ricardo Olea's (1991) glossary
of terminclogy. The terms are defined as we use them in teaching geostatistics, so they
may be slightly different from Olea’s definitions.

Admiissibifity (of semivariogram models): for a given covariance model, the kriging
variance must be = 0, this condition is also known as positive definite.

Anisofropy. in geostatistics, anisotropy refers to covariance models that have major
and minor ranges of different distances (correlation scale or lengths). There are two
types of anisotropy: Geometric anisotropic covariance models have the same sill, but
different ranges; Zona/ anisotropic covariance models have the same ranges, but
different sills.

Auto-correlatiom: to compute a spatial covariance model for regionalized variable. It
measures a change in variance (variogram) or correlation (correlogram) with distance
and/or azimuth.

Biased estimates: there is a correlation between the standardized errors and the
estimated values (see Cross-Validation). A histogram of the standardized errors is
skewed. Either of these conditions suggest that there is a bias in the estimates, so that
there is a chance that one area of the map with always show estimates higher (or
lower) than expected.

Block Kriging: making a kriging estimate aver an area, for example estimating the
average value at the size of the grid cell. The grid cell is divided into a specified number
of sub-cells, a value is kriged to each sub-cell, and then the average value is placed at
the grid node.

Cokriging. the process of estimating a regionalized variable from two or more variables
using a linear combination of weights obtained from models of spatial auto-correlation
and cross-correlation. This is the multivariate version of kriging.

Conditional Simufation: a geostatistical method to create multiple equally probable
images of an regionalized variable based on a spatial model. It is conditional only when
the actual control data are honored. Conditional simulation is a variation of conventional
kriging or cokriging. By relaxing some of the kriging constraints (e.g. minimized square
arror), conditional simulation is able to reproduce the variance of the control data. The
final "map” captures the heterogeneity and connectivity mostly likely present in the
reservoir. Post processing conditional simulations produces a measure of error (standard
deviation) and other measures of uncertainty, such as iso-probability and uncertainty
maps.
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Correlograny. 3 measure of spatial dependence (correlation) of a regionalized variable
over some distance. The correlogram can also be calculated with an azimuthal
preference,

Cowvariance: the kriging system uses covariance, rather than the wvariogram or
correlogram values, to determine the kriging weights, X. The covariance is the sill minus
the variogram model (or zero minus the correlogram).

Coregionalization. the mutual spatial behavior between two or more regionalized
variables.

Cross-correlation: to compute a spatial cross-covariance model between two
regionalized variables. This provides a measure of spatial correlation between the two
variables.

Cross-Validatiom. a procedure to check the compatibility between a data set, its
spatial model and neighborhood design. This is used to check for biased estimates
produced by poor model and/or neighborhood design.

Drift: often used to describe data containing a trend. Drift usually refers to short scale
trends at the size of the neighborhood.

Estimation variance. the kriging variance at each grid node. This is a measure of
global reliability, not a local estimation of error.,

External Drift: when a secondary regionalized variable (e.g. seismic attribute) is used
to control the shape of the final map created by kriging or simulation. This is a
geostatistical linear regression technique that uses a spatial model of covariance.

Geostatistics: the statistics of spatially (or tempaorally) correlated data.
h-Scatterplot. select a value for separation distance, f, then plot the pairs Z;,, and
Zieshy as the two axes of a bivariate plot, the shape and correlation of the cloud is

related to the value of the variogram for distance, 1.

Histogram:. a plot, which shows the frequency or number of occurrences (Y-axis) of
data, falling into size classes of equal width (X-axis).

Iso-probabifity map. these maps are created by post processing conditional
simulations. The maps show the value of the regionalized variable at a constant
probability threshold, for example at the 10™, 50 (median), or the 90" percentiles.
These maps provide a level of confidence in the mapped results.

Kriging. method of calculating estimates of a regionalized variable using a linear
combination of weights obtained from a model of spatial correlation.

Kriging variance: see estimation variance
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Lag: a distance parameter used during computation of the experimental covariance
model. The lag distance typically has a tolerance of = one-half the initial lag distance.

Movwving neighborficod. a search neighborhood designed to use only a portion of the
control data point during kriging or conditional simulation.

Nested wvariogram model: a linear combination of two or more wvariogram
(correlogram) models. For example, a short-range exponential model combined with a
longer-range spherical model.

Nonconditional simulation: a method that does not use the control data during the
simulation process. A method quite often used to observe the behavior of a spatial
model and neighborhood design.

Nugget effect. a feature of the covariance model where the experimental points
defining the model do not appear to intersect at the origin. The nugget model shows
constant variance at all ranges, but is often modeled as zero variance at the control
point (well location).

Ordinary (co-)kriging: the local mean varies and is re-estimated based on the control
points in the search neighborhood ellipse (moving neighborhood).

Outfiers: from a statistical definition, these are data points falling outside about = 2.5
standard deviation of the mean value of the sample population. These could be the
result of bad data values or local anomalies.

Point Kriging: making a kriging estimate at a specific point, for example at a grid
node, or a well location.

Positive Definite: see admissibility

Random function: the random function has two components: (1) a regional structure
component manifesting some degree of spatial auto-correlation (regionalized variable)
and lack of independence in the proximal values of Z,, and (2) 2 local, random

component (random variable).

Random variable: created by some random process, whose values follow a probability
distribution, such as a normal distribution.

Range:. the distance where the variogram reaches the sill or when the correlogram
reaches zero correlation; also known as the correlation range or correlation scale.

Regionalized variable: a variable that has some degree of spatial auto-correlation and
lack of independence in the proximal values of Z.

Risk Maypr. see Uncertainty Map
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Simple kriging: the global mean is constant over the enfire area of interpolation and is
based on all the control points used in a unique neighborhood (or is supplied by the

user).

Semivariogram: a3 measure of spatial dependence (dissimilarity or increasing
variability) of a regionalized wvariable over some distance. The variogram can also be
calculated with an azimuthal preference. The semivariogram is commonly called
variogram. See also correlogram.

Sifl. the level of variance where the variogram reaches its correlation range. The
variance of the sample population is the theoretical sill of the variogram.

Stationarity. the simplest definition is that the data do not exhibit a trend. This implies
that a moving window average shows homogeneity in the mean and variance over the
study area.

Stochastic medeling: used interchangeably with conditional simulation, although not
all stochastic modeling applications necessarily use control data.

Unigue neighborhood: a neighborhood search ellipse that uses all available data
control points. The practical limit is 100 control points. A unique neighborhood is used
with simple kriging.

Uncertainty map: these are maps created by post processing conditional simulations.
A threshold value is selected, for example, 8 % porosity, an uncertainty map shows at
each grid node, the probability that porosity is either above or below the chosen
threshaold.

Variogran: see semivariogram

Variogram map: A graph of the variogram presented in plan view showing the
variance in all directions simultaneously. Differences in variance are depicted with
gradational colors or contours. The origin of the graph is in the center of the map, at
lag equals zero distance.

Weights: values determined during an interpolation or simulation that are multiplied by
the control data points in the determination of the final estimated or simulated value at
a grid node. To create a condition of unbiasness, the weights, 2, sum to unity for
geostatistical applications.

Suggested Reference

Olea, R. A., 1991, Geostalistical Glossary and Mulliingual Dictionary, New York, Oxford
University Press, 177 p.
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