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Abstract

In our studies, we analyzed geological, geophysical, and petrophysical data sets (DS) from different wells and in oil fields of Campos Basin,
Southeastern Brazil, to assess the carbonate reservoirs’ physical properties. Beside this, we examine the ability of artificial intelligence
techniques (AIT) in deriving petrophysical parameters as porosity and permeability of these reservoirs starting from conventional logs. The
purpose of these studies is to test our hypothesis that it is possible to achieve a more accurate profile of the distribution of the properties of
reservoirs through a qualitative and quantitative analysis of integrated DS and AIT. Our results show that the integration of both DS and AIT to
greatly enhance the petrophysical evaluation, indicating that the studies in reference wells can be extended to the rest of the wells of the oil
fields, to have a more complete view of the carbonate reservoirs.
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Post-Salt Carbonates
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Geological context

= Depositional model el Campos Basin
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Available information 1st Qilfield

(3 wells)
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_Available information 1st Qilfield

(3 wells)

500 um

1 mm

Oncolitic/peloidal  grainstone with Oolitic  grainstone with aggregates.

intergranular and vugular porosity Intergranular porosity (25 - 30%).

(25%). Presence of open subvertical fractures
stained with oil.

Micro oncolitic/oncolitic grainstone,
rare ooliths and peloids. Intergranular
and vugular porosity (25%).

Grainstones Porous oolitic/microoncolitic. Optimal
partly enlarged by dissolution.

intergranular porosity,




Available information 2" Qilfield

— Well logs of 27 boreholes;

— lithofacies information for all wells;
— basic petrophysics core data for 3 wells.

100 120

sure {psig)

80

Capillar Pres:
40

Porous Volume Fraction (%)

20
18
16
14
12
10

[ E e

(uonoely) uogeInies Jagepn

u...||..| || 1

0,01 0,05 0,1 1255 751025
Pore Thrnat (mm)

EFAC

=20

120

140




George Nocchi

Work flow 1 - 1st oilfield

Reservoir identification

v

Petrophysical data: reference well
(Conventional logs, NMR & images logs, Laboratory @
tests (NMR, PCHg, Retort, etc.) & Formation tests)

v

Reservoir zoning: reference well

¢ Not good

Calibration between NMR
data: laboratory and log

v

Correlation with other
wells (blind tests)

> Finish
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Permeabilty (mD)
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Lithofacies and Petrophysical Units
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® Unit8
fix}=Log(K)=0.976486+0.0856044 ' Phi

Unit7
fix)=Log(K)=1.76083+0.0488975"'Phi

e Unit6
f(x)=Log(K)=1.19598+0.066082"Phi

e Units
fx)=Log(K)=1.16176+0.0607385"Phi
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fix)=Log(K=1.04914+0.0538939"'Phi
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f(x)=Log(K)=0.650497+0.0608961'Phi
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f(x)=Log(K)=-0.608593+0.0902384 3" Phi
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f(x)=Log(K)=-1.38709+0.0657763"Phi

Flux Units

R2=1

R2=0.996538

R2=0.903586

R2=0.902424

R2=0.854863
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R2=0.835478

R2=0.643288
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Porosity

-

FZ | minimod8C | dmarimedec | 0BT | g dec
Total Porosity
1 016354 019182 0.0 EhESD 017138
2 0.18379 026519 0023246 0.21206
3 0.7 187 028587 0TIE 028848
4 01768 0226 0019035 0.7
5 0L1TEE 026004 D0ZXTE 0204
6 021564 0.20031 0027022 0.24158
T 0.14042 038 0035357 0.24098
8 0.23072 02628 D.0045759 0.24039
9 0.13312 0.27508 0007524 015747
Porosity associated to FFI
1 000055 0.13583 0010558 0.11608
> 0, 123E8 oATea s 01468
3 0.13309 024443 009326 0.20652
4 18458 R L (1080 0. 156045
5 0.144458 0.17772 0010444 0.16626
[ 0.186538 020983 L21T4E 0 1eed1
T 0 a0z 021841 0.02855 017342
8 0.19654 022278 0.(085258 0.21028
9 0.(RHEED 0.16783 0022167 0.15236
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Comparison between petrophysical model and formation test
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Wor.k flow 2 _ 151. Oilfield Marcelo Torres

Image Logs I'_ﬂ;ﬂgRs Conv. Logs Core data
Imager processing HIST T2DIST (30 Bins LITHO,
(Static-Dinamic) _ ¥ { ) — fﬁgﬁi <« | K, PHI
Y MRGC
Normalization (Raw Data)| analyse { !
Y ¥ K_TEX | [K_NMR
Parameter =
extraction NMR _EFAC
¥ I
Map extraction A
MRGC (1D)
The methodology could be simplified in just
* two steps:
Texture detection 1. Obtain . electrofac!es models  using
MRGC conventional logs, image logs (textures),
NMR logs (pore-size distribution)
+ 2. Apply the eletrofacies models previously
generated to improve the estimation of
TE}{-IEFAC permeability in the reservoirs.

MRGC = Multi Resolution Graph Clustering
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Texture estimation from image logs

— A statistical texture model proposed by Gagalowiccz (1983) was used
which is defined by the moments of the first and second orders of the image,
i.e., histogram (H) and auto covariance function (M2).

— The histogram allows the contrast of the texture to be kept, and the auto
covariance function supplies information in orientation and size of texture
primitives (Rabiller et al., 2001).

Histogram (H):
Where:

H(I)=%Z5(Xi—|) Mean: NZ%Z]\_(:X,-

Auto covariance (M2): . 2 13
VvV - 0 =— X, —
ariance v Ei (X, —py

M, (A)= Jbi (x, _ﬂE(HA —pt)
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Parameters extraction (Texture feature log)

Homogeneous texture I
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,., Based on the shape and appearance of the texture
Ei feature log, a descriptive analysis was carried out,
e showing that:

f%‘ Homogeneous textures have an appearance
a‘ dominated by the high frequency spectrum of the
2 feature log.

‘%; Heterogeneous textures show just the opposite;

they are represented by the low frequency marked
on the feature log.
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Texture features classification
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Extrapolation of permeability texture model of Well P1 to Well P2

FMI Texture Conv. logs Permeability EMI Text Permeability
Zones|  stati o |l exture del
tatic Eletrofacies | wY kL model Zones|  static Eletrofacie mode
FMI_IMG.IMAGE_STATIC CasESE LA IS IMAGE.. STATIC

LOGE_CONY.NPHI_1 PETBOFISICA.PEW_B
[tz 7 = pl-: | FECY] uo 1000}

PETROFISICAFERM _Z2
L0t E HD Fw 1o

UOTEXTURA_MRGC.EFA] |LOGE_CONY.RHDS_THERM_KNN1.FERM_PRED_ |
i ™l [ [ | [T L1V S [V HFAC,TEX,CON\/'AEFA_RM_KNNQ.%ERM_PREH%_E
1GT 1

O
: —— = —TEE] N E s w nf
Packstone] o ’ H () T RS D D i i e i il
" K CilH =
5 5 R - — = &= = | FTFET
Ll 2 o BL 4 2 Pcclﬁsﬁtone g = =
o Af BT = Al b =
Bl l . HEE L —ta3ss § = :
3 8 -‘\ o L ._ sl o] IR M -
. WG L e L B OE = = !
g =B B i - = . == ==
[ | TEE ; 5
i B _‘;;._" i - i [ g o = =
§ 8 = = e : ! ——
L . g PE N Graingtone i
& "= m &6 -
Sy 2 = = o - = = o e T T*
i = k | | - - = L]
Sru'n'zl%tone 4 ; .? &) = |
] ‘3- = : =7
= B inal , - =
2 [ | TRkl N ] : E e ki
1 = o : <
e 1 ,
Le Fo452 e g g B
| IRAE [ s = ==
| | ; = = & = B [ .
} [
. -
|| Cim%r’lstudu
o=l 000 | | | F &= &= =SSl o
| .
Cimnentodaly | -
10 .~ [
r J | i =
4 { +H
(VRS AR S ] S S S | = 53!

The light-blue textures represent the cemented levels which are very well characterized by
resistive events as seen on the image logs from Well P2



Pore Size from NMR logs
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The pore-size distribution was estimated
scaling of the T2Dist (30 bins) was created. For this process, a window size with step
length equal to the vertical resolution of the NMR log was used. The histogram was
calculated using the maximum and minimum limits of the entire log.

using the NMR log, from which a histogram up-
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Permeability with pore-size distribution
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Conventional
logs

Work flow 3 - 1st Qilfield

Artificial intelligent
techniques
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Comparison of simulations

System Reference well (Well P1) Blind test (Well P2)
POROSITY

MSE (pu?) Rating MSE (pu?) Rating
Fuzzy 0.00035048 4° 0.00182876 4°
Neural network 0.00017897 2° 0.00126872 3°
Average 0.00020668 3° 0.00123483 1°
Genetic algorithm | 0.00017390 1° 0.00124656 2°

PERMEABILITY

MSE (mD?) Rating MSE (mD?) Rating
Fuzzy 715519.9231 4° 2999840 4°
Neural network 488169.7611 2° 254018 1°
Average 528990.8120 ° 1108540 3°
Genetic algorithm | 385011.4734 1° 300658 2°
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Nelson Pereira Jr.

Work flow - 2 Qilfield

K| e
ROI = 0.0314\/; . Plot data and reservoir evaluation !

]

logS, = (ijﬂog a+logR, —logRt—mlog ¢), ' Archie linearization !
n

Vo

T T ' Archie parameters calculation !
X:(A A"‘él)A y1 E (@ mneRy) :

[

Reference well

Finish <——®— Blind test
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Capilar Pressure (psi)
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Swirr
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Conclusions

methodology shows that the r'esulhng |n1'er'pr'e1'ohon is
much more reliable.

-In the first oilfield, 'we reached similar models to
permeability and' porosity through different approaches -

flux zones and statistics Wl'l'h |moges logs.

- Also in this Ollfleld the flux zone results obtained from
static NMR. measurements or'e sumllar' to results of
dynamic formation tests.

- For the secoﬂd onlﬂmﬂgo S reservoir is shown
as an Archiée resét s “w ‘haracteristics of a
sandstone reservoir, as shown by the values of Archie
equation coefficients.
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