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ABSTRACT:

The paper presents the Kriging technique
based on Matlab environment applied to
interpolate the value of all points in the
interpolation range from porosity values obtained
from 13 wells of lower Miocene reservoir, ST Xam
oil field. The MATLAB function meshgrids are used
to create the interpolated cell (cell-Kriging) instead
of point discrete interpolation. After selecting the
Variogram model with nugget values and the
correlation threshold (in scope), the next step is
Kriging porosity values which regression
permeability values. Finally, displays the values in
the cells and interpolated coordinates X, Y,
respectively. With input data the first mission is to
analyze this set, select the necessary parameters
and removal of useless data, and assess the
scope of application of each type of data. Then

combine the document with wellogging
interpretation results to determine reservoirs and
the layered in which filter out the corresponding
data averaging and conducting. Based on the
selected average value of the corresponding
products in each well for each subclass, calculate
the results of an empirical Variogram model as the
basis for Kriging weighted matrix. The last work is
to calculate error and evaluate the reliability of the
Kriging results. The error of porosity model are
minor and distributed apropriately with kriging
range. However the results are numerous
correlation. The permeability experiment results
are collected just from 03 points, therefore the
ultimate solution is recurred porosity from porosity
Kriging results.

Key words: Kriging, Co- Kriging, MATLAB, Variogram, interpolation, algorithm, porosity and

permeability model, recurring.

INTRODUCTION

The Cuu Long basin is an Early Tertiary rift basin

located off the southeast coast of Vietnam. The basin
extends over Block 01, 02, 15-1, 15-2, 09-1, 09-2, 09-3,
16 and 17 and covers an area of approximately 56,000

General information to lower Miocene sandstone
reservoir, ST Xam oil field
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km2. ST Xam Field locates on Block 15-1, North -
Northeast of Cuu Long Basin in Vietnam continental
shelf. Block 15.1 spread over an area of 4,600km?
(Figure 01). On the basis of the assessment made of
geological data, geophysical and these results allow
commercial discovery announced May 8/2001 ST Xam
Field.

)' VIETNAM

o

Figure 1: The Location of ST Xam Field

Stratigraphy of ST Xam oil field includes
formations from Quaternary sediments to the pre-
Tertiary basement rocks among them geology
characteristics, paleontologists, sedimentary
environment, the oil and gas potential are illustrates in
Figure 02.

'CENOZOIC STRATIGRAPHY - CUU LONG BASIN
BLOCK 151

Figure 2: The Stratigraphic column of ST Xam oil Field.

Early Miocene Bach Ho Formation/ “B 1” Sequence
distributes from 1650 + 1750mSS to 2080-2110mSS
approximately which thickness varies from 410-440m
to 490m respectively.

The “B1” Sequence consists of interbedded
sandstone, siltstone, shalestone and divided into two
sections: Upper Bach Ho extends down to Intra Lower
Miocene Unconformity and Lower Bach Ho extends to
the top sequence C.

Upper Bach Ho Formation: The Upper Bach Ho
consists of the Rotalia Bed (Bach Ho Shale) on topmost
part with predominantly shalestone and the lower part
with interbedded shalestone, sandstone and siltstone.

Lower Bach Ho Formation: The Lower Bach Ho
formation from Intra Lower Miocene Unconformity to
top Sequence C consists of interbedded sandstone,
siltstone and shalestone.

The uncertainty during interpolate porosity and
permeability of clastic reservoir

Uncertainty quantification is an increasingly
important aspect of many areas of computational
science. Weather forecasting, global climate modelling,
complex engineering designs such as aircraft systems,
all porosity and permeability have needs to make
reliable prediction and these predictions frequently
depend on features that are hard to model at the required
level of detail [6].

The properties of reservoir, and specifically
prediction of uncertainty in major physical properties
oil reservoirs, is another area where accurate
quantification of uncertainties in predictions is
important because of the critical decision made. In the
oil industry, predictions the porosity and permeability
of oil reservoirs are difficult to make with confidence
because, although the reservoir properties can be
determined with reasonable accuracy, the fluid flow is
controlled by the unknown rock permeability and
porosity. The rock properties can be measured by taking
samples at wells, but this represents only a tiny fraction
of the total reservoir volume, leading to significant
uncertainties in porosity and permeability predictions.

Predicting porosity and permeability of oil and gas
reservoirs is a challenging problem. The reservoir rocks
tend to be a complex mixture of many components, with
experimentally determined core properties and other
approaches are likely to be heterogeneity.

The major source of uncertainty for all major
physical properties is lack of knowledge of the
formation properties. The fluids flow through a porous
matrix whose porosity (ability to store fluid) and
permeability (resistance to flow) are unknown [5]. Both
porosity and permeability vary across the reservoir, with
variations determined by the geological processes that
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deposited the reservoir and subsequent processes such
as deposition and cementation of the rock grains. The
most direct way to measure porosity and permeability is
to take a core sample while drilling a well — usually
around a 3 in. length of rock whose properties are
measured in the laboratory [7]. This means that the
sampling for these fundamental properties that can vary
dramatically across a reservoir is very limited. It is also
possible to use indirect methods such as logging,
interpolation which sample a greater, although still
extremely limited volume.

In fundamentally, there are several interpolation
techniques, such as: Nearest Neighbour, Moving
Average, Inverse Distance, Kriging.

Based on the interpolation purposes (to predict the
distribution of porosity and permeability) and available
data, in this research the Kriging technique is chosen to
interpolate.

General procedure for interpolating the porosity and
permeability values of Lower Miocene sandstone
reservoir, ST Xam oil field as follows: Select data points
(control points-the well) surrounding the point at which
you want an estimate and then estimate unknown point
as a weighted linear combination of surrounding data.

The objective application and data base

The Kriging interpolation applied for top (A layer)
of Lower Miocene formation, ST Xam oil field; The
data base for Kriging interpolation of porosity and
permeability values icluding here after:

The wellog data: supplying the variation of porosiry
by depth. The wellog intepretation data: supplying the
data to recognize the reservoir and their zonation. The
core analysis data: supplying the porosity and
permeability values and their relationships (in clastic
reservoir only).

The Kriging interpolation colaborating with Matlab

Based on input data, the first mission is analyzing
data, filtering the request set, and get out the useless
data, assess the application scope of each data type.
Afterwards synthesis the data with wellog interpretation
data in order to determine the potential reservoir and
their layers, filtering and dividing in to aproriate zone,
at last take normalization.

Form average value of separate layer in each well,
calculating to determine: the experiment Variogram
model which will be used as fundamental for Kriging
weighted matrix.

The last target is calculated the error and assess the
certainty range of Kriging results.

The work flow is summerized in (Figure 03).

@ @
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Assess the
reliability of the

’ v

Identifying Kriging
reservoir and lavers interpolating

. v

Model actual
experimental

Input data analysis

averagismed

Generate M-averagism file of X, Y
and Z(X,Y)

Figure 3: The work flow of Kriging combine with Matlab

Modelization with Matlab

Analyzing and preparing the input data
a) Reservoir data filtering with depth

The wellog interpretation results of lower Miocene
reservoir, ST Xam oil field indicated there are abudant
04 sandy layers: A, C, E, G with intersected by thin
shale layers (figure 04) [1]. Therefore the interpolative
Kriging need to appropriate with data of each layer. The
dividing and filtering of layers are description in
(Figure 04, 05 and 06);
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Figure 4: Wellog interpretation data of Lower Miocene
reservoir
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Swl: W50 THE GRAPH OF POROSITY-PERMEABILITY RELATIONSHIP BY
DEPTH CH_GR_filt  CH_NPHIfi DT_filter P4OH_UNC_f VCL filter PHIE filte SW_Filter_
M GAPI U US/F OHMM dec dac dec CORE DATA
1717.625 56.5697 03285 -999 0.7845 1 0 1
171775 56.3409 03268 -999 0.8466 1 0 1 Hesioor
1717.875 56,1683 03231 -9%3 0.9474 1 0 1] : ] ]
1718 56.1089 0.319 -999 1.0578 1 0 1 °
1718.125 56.1646 0.3155 -999 115 1 0 1 « «
1718.25 56,2835 03136 -993 1.18%4 1 0 1 M 4! '
1718.375 56,3887 03126 -999 11627 1 0 1 < 44
1718.5 56,4463 03134 -9%3 11051 1 0 1 .,"
1718.625 56.4473 03147 -999 1.0509 1 0 1 . S
171875 564263 03155 -999 10131 1 0 1 Al : § : ‘
1718.875 56.4492 03143 -999 0.9982 1 0 1 ° “
Log(i)= 23 34088 x PHI 3 477972
1719 56.528 03117 -999 1.0049 1 0 1 Comelation Coett: 0907
1719.125 56,6016 0.3087 -9%3 10125 1 0 1
1719.25 56.6254 0.3054 -999 0.9761 1 0 1 2 :
1719.375 56,5603 03028 -9%3 09238 1 0 1 .
1719.5 56.4082 03018 -999 0.8909 1 0 1 L] <
1719.625 56.3346 0.3026 -999 0.8782 1 0 1 ‘
1719.75 56,6322 03034 -9%3 0.8785 1 0 1 °
1719.875 574322 03023 999 09235 1 0 1 ’“ “ o “ o 2 = " - “
1720 58.8284 02983 -999 0.9859 1 0 1 " . " " '
d)  The porosity and permeability normalization by
Figure 5: Determine the data set appropriated with lower layers
Miocene reservoir
Well Phi K .
[ LT m\i :’m“# ~ A 0.201494 16.79057 ;:rempe‘;ﬁ:g and
AL . i i - = 2A 0.179791 5.230009 normalization for
; H S 2Ad 0.233324 92.89895 Alayer.
] I 2As 0.243755 162.733
e H 1B 0.250728 236.7173
L — - 2B 0.246367 187.2569
= B G 3o oe 03 os 3B 0.262564 447.1869
s f e H & o= 4B 0.27099 703.3438
e - ; < o 5B 0.245026 174.2384
ot Il L ; 2 || 6B 0.282267 1289.362
my ‘ B = i 7B 0.275885 915.0001
T P e ] = 12B 0.239842 131.8709
EES : HH il P f 13B 0.253205 270.4311

Figure 6: The porosity appropriated with layers in Al

reservoir Triagle Kriging

b)  Build up the histogram for data set of Al strata 1 he ojectives and algorithm

and A layer (Figure 07) e Ojectives: Based on the porosity values of 03

) Figure No. 1 wells: 1A, 1B, 4B, the porosity at P point is interpolated
T e com e (the position of P point is chosen coincided with well
3B in which known values) (Figure 09).

( Figure No. 1
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Figure 7: Porosity histogram of Al strata (a) and A layer (b) PR NSRS SR S A S S S S i
c) The porosity-permeability relationship by core i i S At At e A A 1
: BT e S S S R -
analysis. B
14868 [P LT _
Based on the core analysis results, primary P I SN S N A w |
. . .. . - 27.099
relationship between porosities and permeability are e
. " 78898 8.7 8702 8704 8706 B708 871 8712 8714 8T16
determined here after: Log (K) = 23.34086.PHI — 10°

3.477972 (Figure 08).
(Fig ) Figure 9. The position of 3 wells and interpolating points
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e The algrorithm:

The interpolation value at P point detrmined by
equation [2]:

2(P)=3 4,2 (u,)
= ®

The Ao calculated from equation series:

Ay(hy) + Ay (h,) + 2y (hg) =y(hy)
Ay (hy) + Ay (hy,) + 47 (hy) =y (hye)
Ay (hyy) + Ay (hs,) + Ay (hyg) = 7 (Ngp )

In such the condition satisfied:
A+, +4;,=1

To assess the errors, the Lagrange would added
Lagrange Multipliers:

Ay (hy) + A4y (h,) + Ay (h) + A=y (hy)
Ay () + 4y (h,) + Ay (Nye) + A =y (hye)
Ay (hey) + 2,7 (h,) + Ay (hgg) + A =y (e )
A+A4+24,+0=1

Transform in to matrix:

y(hy) v(hy) r(hg) 1) [ 4| |r(hg)
7(he) 7(hg) y(hyg) 1 4| | y(hg)
y(hay) 7(hy,) w(hg) 1] [ A | |7(hs)

1 1 1 0|12 1
A*B = C => B = C*A’ = C*inv(A) ()

The Variogram values calculated by formula (2) and
absolute linear model (due to the number of data are
restriction only 03 sets).

The B matrix calculated with the weighted results
similarly, hence the value at point P determined here
after:

ZXP) =MLy + 2L 5+ AL

The square power varian:

s* = 4y (hy,) + Ay (hy,) + Ay (hy, ) + A
The solution

Porosity Kriging:
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Post Kriging porosity at P:
PhiE = 0.2353

Emor: 00436

(Real value: P=3B

PhiE 55= 0.2625)

Post Kriging permeability at P:

K =344.5138mD

Error 431.2972

(Real recurence value: P=3B

K 33 = 447.1869mD)

Build up the porosity and permeability distribution
from 13 well data

Objectives and methods

a) The objectives: Applying the interpolating
cell-Kriging in order to interpolate the value of all
points in sphere of interpolation from data of 13 wells
(Figure 10), particularly in A layer, lower Miocene
reservoir, ST Xam oil field.

: T
-)'Figure No. 1 DER
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Figure 10: The distribution of 13 well samples

b) Methods: Based on interporating algorithm
from three wells concerned in 4 item, the other points
were interporated with much more data, the critical
matters are applying meshgrid funtion in Matlab to
create interpolating cell-Kriging instead of point
interpolated.

Appropriating with 13 position, the algorithm
divided cell system from 31x31, 61x61 to 121x121
(event higher if needed).

The appropriating syntax for 31x31 cell system here
after:
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R =
linspace(868500,871500,31)  %868500:100:871500,
xi=100

Q = linspace(1155400,1157200,31);
[Xg1,Xg2] = meshgrid(R,Q);

Following step is applied the reshape function to
transfer the network co-ordinate to vector one, serving
for calculation by equations of concerned algorithm
(item 4.1).

The calculation results of Variogram with exposed
on graph could not performe the present function of
Variogram which appropriated with the porosity,
therefor all models needed to used by applying the usual
Variogram: Linear, Spherical, Exponential, Gaussian,
as the supervision tools for experiment the Gaussian
model (the results are presented in Figure 11) [3].

File Edit View Insert Tools Window Help
Ded& A A/ 220

Variogram thuc nghiem

T T T

@ Variogram

25 - Sperical

— - Exponential S
Linear it

501, — Gaussian IR SO N N oA

Gamma
~

’

Sie

@

0 L
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Khoang cach h

Figure 11: The experiment Variogram model

After Varigram models are determined with
apropriation nugget, sill, and correlation intervals (in
revision range), next step is Kriging for porosity in order
to recur the permeability value. At last performe all
values by interpolating cells and appropriative X and X
co-ordinate.

The porosity distribution model
a) Build up Variogram model

The experiment Variogram is executed on distance
couple one: G =0.5*(Z1 - Z2)"2;

The calculation results for all data couple are
Variogram Fuzzi logic (Figure 12):

B Figure No. 1 :EE

File Edit Wiew Insert Tools Window Help
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T R S Lo .
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= : b LT : :
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e T e N

. PR . :
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0 AP L : "

0 500 1000 1500 2000 2500 3000
Khoang cach

Figure 12: The Variogram Fuzzy logic

The lag distance is determined by equation =
345.825805317015 and the number of lag distances are
7, the received results are experiment Variograms
(Figure 11).

The appropriations with Variograms are 4 models:
Linear, Spherical, Exponential and Gaussian types in
which Gaussian is the selected choice due to most
appropriation with performing graph.

b) Kriging

The meshgrid function is applied to generate
interpolative grid 31x31, 61x61 and 121x121, after
Kriging the received results are (Figure 13):

Ty i
- Figure No. 1 __gm
File Edit View Insert Tools Window Help

DS A A, 20
% 10° Ket qua Kriging Do Rong
15
“—— :
e}
1157 5
5 o 30
1.1585 25
< <]
- o <) @ 20
o 15
1.156
10
o @

o @ B

M | —
o
-5

8.665 8.69 8695 8.7 8.705 871 8715
R 1o’

Figure 13: The porosity Kriging results for meshgrid 31x31

The square power varian of Kriging (Figure 14):
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Figure 14: The square power varian of Kriging

The raw Kriging results supplied the porosity values
smaller then O or too large (compared to sandstone
formation), therefore its needed to correlate by adding
cut-off value in to syntax in order to re-filter cell-
Kriging results.

The porosity cut-off values are 5+35% and 15+32%
applied for 61x61 cell grid and 121x121 cell grid
respectively.

The over cut-off values assigned are Null area
(NaN), this technique could performed the Kriging
range and the porosity distribution would much
apparently in the case of bigger cell grids.

(The results of possible cut-off and core cut-off
value presented in figure 15, 16 respectively).

w1’ Kt qua Kriging

o (o)
o]

1.1565

o =]

F 2 o0
1158 ©
oo .
(o]

1 1555 =

10
BEB5  BED 069 a7 B7s 87l 6715
X

PRI

Figure 15: The porosity Kriging results after correlation of
possible cut-off values (61x61 grid)

1157

1.1565

1.156

1.1555 -
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Figure 16: The porosity Kriging results after correlation
of core cut-off values (121x121) grid)

The permeability distribution is able to generate by
two methods:

. Recurring—Kriging: The primary
permeability values are recurred from 13 wells and
hence to conduct Kriging.

. Kriging — Recurring: The permeability is
recurred from porosity Kriging.

Based on calculation results, the Recurring —
Kriging methods from input data recurrence were not
acceptable, therefore the Variogram generation do not
perform the standard model (the experiment
fundamental also improve the porosity Variogram is
Gaussian model). Hence the chosen method is Kriging-
recurring.

In order to recur the permeability from porosity
Kriging, the first step is determined the cut-off value of
porosity by core analysis (Figure 17).

The cut-off value of porosity by core analysis:
if Zg(k)<0.15 Zg(k)=0.15; end

if Zg(k)>0.32 Zg(k)=0.32; end

The recurring equation is:

Zg(k) = sum(E(1:n,1).*2)/100;

Zg(k) = 10M(Zg(K)*23.34086 - 3.477972);

The permeability Kriging- recurring results are
performed in Figure 17a (31x31 cell grid) and 17b
(611x61 cell grid).

This result error could not recurred from porosity
Kriging errors, therefore the results will be compared
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with permeability data which collected from core
analysis (2A and 3A).

The Kriging from 03 wells: The interpolating point
are chosen coincide with location of well 3B in order to
experiment the Kriging technique and then assesment
the results and error.

The interpolating porosity value is 23.53%, the real
value is 26.25%, the error is |0.2353-0.2625|=0.0272
(smaller than Kriging 4.36%), quite satisfaction with
syntax point of view and acceptable; but the variance of
porosity after Kriging fairly large (from 19.17% to
27.89%) hence the certainty of such methods not surely
hight.

g Ket qua Kriging Do Tham

1157

1.1565

(@
e 31x3

1.1555

2685 850 2605 8.7 8705 871
X

w10’ ket qua Kriging Do Tham

(b)
61x6

8B 8@ 8E5 &7 676 871 875
K s’

Figure 17: The permeability Kriging-recurring results

Analysing and assesing the certainty of model

The interpolating permeability value is 344.5138
mD, the real value is 447mD, therefore the error is
acceptable, however the Kriging error is 431.292 mD,
higher than the interpolating value, hence the Kriging
results are unreliable. This situation coud be able
explanted by two reasons:

. The permeability value recurred from the
porosity (before Kriging) supplied the data with great
error, due to event the variance of porosity is minor but
lead to make the variance of permeability quite
significant (Figure 08).

. In the case the number of data is few, the
linear Variogram will make great error.

Conclusions and recommendation

The results of porosity distribution model: With the
amount of maximum data (13 wells), the post
correlation results of both potential cut-off values and
core cut-off values are reasonable. The error of model
are minor and distributed apropriately with Kriging
range. However the results are numerous correlation.
The parameters of Variogram are not performe the
expected approach. The data should much collected in
order to accuratimize the variogram form.

The results of permeability distribution model: The
experiment results are collected just from 03 points,
therefore the ultimate solution is recurred porosity from
porosity Kriging results. But this method do not allow
asses error of results due to not be able to recurring the
errors.

The ignorance of effects by depth difference of data
and lack to assign the porosity and permeability in to
appropriation facies are limitation of the method.

The unsolved matter need to modelized by
specific software (such as Petrel, RMS) and experiment
in order to eliminate this shortcomings.
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Ap dung thuat toan Kriging trén méi trwérng
Matlab néi suy gia tri dd réng va dd tham
cua tang chira Miocen ha, mo Sw Ty Xam

e Trwong Quéc Thanh
e Thai Ba Ngoc

e Nguyén Xuan Kha

e Nguyén Xuan Huy

e PauVan Ngo

e Tran Van Xuan

e Nguyén Biurc Déng

e Nguyén Van Tuan

Trwdng Pai hoc Bach khoa, PHQG-HCM - tvxuan@hcmut.edu.vn

TOM TAT:

Bai bao trinh bay phuwong thic ap dung ky
thuét Kriging trén méi trurong Matlab dé ndi suy gia
trj cia céc diém trong pham vi ndi suy tir nhiing
gia trj d6 réng thu duoc & 13 giéng cda tdng chira
Miocen ha, mdé Sw Ttr Xdm. Chirc ndng meshgrids
MATLAB duoc tng dung dé tao ra cac té bao néi
suy (cell-Kriging) thay vi suy doan diém réi rac.
Sau khi mé hinh Variogram véi gia trj nugget va
nguwdéng twong quan (trong pham vi) da dwoc chon,
budc tiép theo 1a tir gid trj do réng Kriging tién
hanh héi quy gia trj d6 thdm. Cuéi cung, hién thj
cac gia trj trong toa dé hé toa do X, Y, tuong umg.
Tir dir liéu ddu vao nhiém vy déu tién 1a phan tich
thiét 1ap trong quan, chon céc thdng sé cén thiét
va loai bé cac di liéu vo ich, danh gia pham vi ap
dung cta timg loai di liéu. Sau dé két hop céac tai

liéu véi két qua minh gidi dia vat ly giéng khoan
xé&c dinh tdng va |6p chira tir dé tién hanh loc cac
dé¥ liéu trung binh twrong mg. Trén co sé trj trung
binh cda cac gia tri da duoc lyra chon tuong tng,
tr méi giéng tinh toan két qué cda md hinh
Variogram thyc nghiém cho timg phén 16p, lam co
s& cho gidi ma tran Kriging. Cong viéc cudi cling
4 tinh toan sai sé va danh gi4 do tin cdy cda két
qua Kriging. Sai sé cda mé hinh dé réng nhé va
phan bé tiém cén véi giéi han Kriging. Tuy nhién,
két qué tinh chju dnh hudng cda rat nhiéu méi
tuong quan. Céc két qua thi nghiém xac dinh dé
thdm chi thu thdp dwoc tir 03 giéng khoan, do dé
gidi phap xac dinh réng - thdm vong lap tor két qua
Kriging d6 réng la cén duoc &p dung.

Ter khéa: Kriging, Co-Kriging, MATLAB, Variogram, néi suy, thut toan, mé hinh dé réng va tham,

vong lap.
TAI LIEU THAM KHAO

[1]. Oil initial in place reserves estimation report
(2005), Cuu Long joint venture Company.

[2]. Caers, J. (2005). Petroleum Geostatistics, Society
of Petroleum Engineers.

[3]. Chambers, R.L. (2003). Geostatistical Reservoir
Modeling: Outcrop to Simulator, Quantitative
Geosciences LLP (QGSI). Presentations.

[4]. Martinezs, (2002). Computational Statistics
Handbook with MATLAB, Chapman & Hall/CRC.

[5]. Mike Christie, Vasily Demyanov, Demet Erbas
(2006). Uncertainty quantification for porous
media flows, Journal of Computational Physics
217.

Trang 164



TAP CHI PHAT TRIEN KH&CN, TAP 17, SO K5- 2014

[6]. M.A. Christie, J. Glimm, J.W. Grove, D.M. [7]. J.S. Archer, C.G. Wall (1986), Petroleum
Higdon, D.H. Sharp, M.M. Wood-Schultz, Error Engineering: Principles and Practice, Kluwer
analysis and simulations of complex phenomena, Academic Publishers
Los Alamos Sci. 29 (2005) 6-25.

Trang 165



