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AGENDA

Introduction

Overview

What can we obtain from cuttings?

Core analysis used for petrophysical interpretation
The main role of core analysis in petrophysics
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» Recording
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presentation
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» Question and answer after the presentation (2
sessions)



INTRODUCTION
¥ EDUCATION

XY
< University of Miskolc, Hungary
MSc Petroleum Geoengineering (2017 — 2019)

-~

M |nstitut Teknologi dan Sains Bandung, Indonesia
~ BSc Petroleum Engineering (2010 — 2014)

¥ WORK EXPERIENCE

Reservoir characterization experience scopes in conventional reservoirs (clastic,

carbonate, naturally fractured basement) and unconventional organic-rich shale
reservoir.

MOL Hungary — Petroleum Engineer (2020 - Now)

*Focused on subsurface aspects (petrophysics and reservoir engineering)
LEMIGAS - Reservoir Engineer & Petrophysicist (2017 & 2019)
*Affiliated projects with Repsol, Pertamina, Petronas, and Ophir.

LAPI ITB — Jr. Reservoir Engineer (2014-2016)
*Affiliated project with Pertamina




ABOUT PRESENTER
E’ Selected Publication

Over 20 pUincationS Including four peer-reviewed journals have been published and presented in various well-known international

conferences of SPE, AAPG, SPWLA, EAGE, IPTC and URTeC in the USA, Asia, and Europe. The result works are available in ResearchGate, OnePetro, and
Google Scholar.

e Naturally Fractured Basement Reservoir Characterization in a Mature Field (SPE ATCE 2021, Dubai, UAE)

e An Automated and Robust Solution of K-Means Cluster Analysis Based on Most Frequent Value Approach (EAGE Annual 2021, Amsterdam, Netherland)

o New Approaches of Porosity-Permeability Estimations and Quality Factor (Q) Characterization based on Sonic Velocity, Critical Porosity, and Rock Typing. (SPE-ATCE
2019, Calgary, Canada)

o Systematic Influences of Internal Pore Structure on Compressional Sonic Velocity and Seismic Quality Factor in Sandstone (EAGE Annual CE 2019, London, UK)

o A Water Saturation Interpretation Model for Organic-Rich Shale Reservoir: A Case Study of North Sumatra Basin (URTeC 2018, Houston, TX, USA)

® Rock Typing and Shale Quality Index Method Based on Conventional Log: A Case Study for Organic-Rich Shale in the North Sumatra Basin (SPWLA JFES 2017, Chiba,
Japan)

e K-Mean Cluster Analysis for Better Determining the Sweet Spot Interval of the Unconventional Organic-Rich Shale: A Case Study (Contemporary Trends in
Geoscience Journal vol. 7(2), Poland)

o Estimation of Fluid-Fluid Contact and the Transition Zone: A Case Study of Low Contrast Resistivity Zones. (IPTC 2016, Bangkok, Thailand)

© AWARDS

Winning morethan 14 international and national competitions mainlyin Asiaand Europeregion for petroleum
engineeringand geosciencespecializations.

Competitions: Special Honors:

. 31 place of World Championship SPE ATCE Student Paper Contest, Canada. . Csokas Janos Award - Article of the year in Hungary

. 15t Place SPE Student paper contest Europe region 2019, Poland. 2020

. 1stPlace 1SZA 2019 (Meeting of Young Geoscientist), Hungary. . Academic Honorary Medal “GOLD” 2019 University of

. 15tPlace Petro-tournament SPE ASEC 2019, Croatia. Miskolc

. 15tPlace paper contest at 11" Geosymposium of Young Researchers ,Silesia 2018, . The Best Young Geoscientist 2019 in Hungary by MGE
Poland. . Best presenter awards from Geo-Log Kft in ISZA 2019.

. 15t Place the Scientific Research Conference of the University of Miskolc (TDK), Hungary e Best presenter awards by OTDK XXXIV for Physics,
. 3 Place Scientific Poster at the SPE ASEC 2019, Croatia. Mathematics, and Earth Science Sections



Petrophysical Scene

g g
3 irssdspomirees
;g;" i%l—* ,m‘ il Open hole logs:
%H 2 - Resistivity
%-‘ -1 Mudlog [f - Nuclear
FIEEl data - Acoustic
- Other
Y
Corrections:
- invasion
- layering
- deviation
]
— Static model — Volumetrics

FEWD  wireline

L]

»

Dynamic model

m Drilling Data
Mud Logging (cuttings, shows...)
Coring (drill core / sidewall samples)
m Log Data
Open Hole Logs (wireline / while drilling)
Cased Hole Logs
+
m Other supplementary data (well test data, borehole
seismic, offset wells, field studies, prior evaluation

reports, FDP etc.) 1

Petrophysical Evaluation



Mud Logging - Introduction

Mudlog from the well site
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Mud Logging - Introduction

*Rock type and lithological composition

4 *Color
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https://wiki.aapg.org/Grain_size
https://wiki.aapg.org/Core_description#Maturity
https://wiki.aapg.org/Porosity
https://wiki.aapg.org/Petroleum

Mud Logging - Limitation

O Depthaccuracy of + 5 meters

The cuttings are transported to surface by mud flow which
varies depending upon the volume of annulus and circulation
rate (lag time).

U Rock fragments from various depths are mixed when they
reach the surface.

The rate of transportation of rock cuttings also depends upon
their size and density resulting in mixing of cuttings from
various depths.

O Unstable Shales contaminate the rock cuttings

The caving shales higher up the wellbore contaminate the
cuttings from the lower depths.




Alur siklus

Dimana Peran Petrofisika?

Rangkaian kegiatan Geology, Geophysics, darn Engineering dalam industri migas

Geophysics
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What is Petrophysics?

Petrophysical Measurement
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©CPI Course 2018, MOL Group

Acoustics
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Core Analysis
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Properties
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How the cores are taken?

©CPI Course 2018, MOL Group

Drilling

Size of cuttings

Coring

#— Inner barrel

N
Bit face Fluid
or crown

Core catcher

Size of Cores

1x3mm Length: 9/18/27m
Diameter: 10 - 20cm
Powder
L charge
Wireline 9
sidewall
coring gun

Formation

Hydraulic
drill motor
Recovered
Retractable core
high speed

drill bit

Core storage __
tube

Formation




W hat Information that you

Slabbed Core

v Photograph

v Sedimentology
v Lithology

v’ Stratigraphy

Thin Section

v' Detail Pore Structure

v Diagenesis

v Porosity Type

v" Environmental
evidence

Small Sample

v Grain Size Distribution

v Mineral analysis

v’ X-ray and SEM analysis

v’ Bio-dating and
association
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Calibration of Log Interpretation

can obtained from Core?

Routine Core Analysis

v’ Porosity

v' Permeability

v Grain Density

v As-received saturation

Special Core Analysis

v’ Capillary Pressure

v Relative Permeability

v' Electrical Properties

v Acoustic Properties

v/ Compressive
Properties

v’ Clay chemistry effects

v’ Specific Test

Advance Core Analysis

v  NMR

v’ Digital Rock Physics

v Organic content and
maturation
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v Grain Density
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v' Electrical Properties

v Acoustic Properties

v/ Compressive
Properties

v’ Clay chemistry effects

v’ Specific Test

Advance Core Analysis

v  NMR

v' Digital Rock Physics

v' Rock Mechanics

v Organic content and
maturation



Slabbed Core

v" Photograph v Testing

v Sedimentology v’ Taste and Lick
v Lithology

v’ Stratigraphy
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Slabbed Core

v Photograph

v Sedimentology

v Lithology & structure
v’ Stratigraphy
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Figure 18, FMI image log with defined fault zone (yellow marked) together with core phote of the
2ome. Relative direction of the hanging wall and fost wall indicate 2 trust faslt
mevement type ot this isterval, (Core photo unit is 18cm and image log wale 120)

Figere 1%, FMI image log with calcite comented nedule, Image Jog shows that the nodale has naot
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bioturbation pattern bn the bottom of the image Jog. (Core photo it is Hocm sad image log seale
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W hat Information that you can obtained from Core?

Slabbed Core

v Photograph

v Sedimentology
v Lithology

v' Stratigraphy

Thin Section

v' Detail Pore Structure
v Diagenesis

v Porosity Type

v" Environmental

evidence
Small Sample

v" Grain Size Distribution

v Mineral analysis

v’ X-ray and SEM analysis

v’ Bio-dating and
association

Routine Core Analysis

v’ Porosity

v Permeability

v Grain Density

v As-received saturation

Special Core Analysis

v’ Capillary Pressure

v Relative Permeability

v’ Electrical Properties

v Acoustic Properties

v' Compressive
Properties

v’ Clay chemistry effects

v’ Specific Test

Advance Core Analysis

v NMR

v' Digital Rock Physics

v' Rock Mechanics

v Organic content and
maturation



Thin Section

v' Detail Pore Structure

v Packing
v
v

= The permeability of a
formation varies according
to its packing

= The packing can form
different structures (cubic,
tetragonal, etc.)

= It can also be poorly sorted
grain packing in which the
sediments have varying
grain size

Pore size distribution, packing.
grain size, sorting, porosity, and
mineral abundances, fabric, rock
classification, porosity varieties
and abundances.

Determination of shale wlume,
shale distribution, porosity
varieties and abundances with a
discussion of diagenesis,
diagenetic sequence, porosity
origins and dewvelopment, controls
on porosity and permeability.
Point count data is presented in
tabular form with colour
photomicrographs accompanied
by detailed descriptions.

el ol

©CPI Course 2018, MOL Group



Thin Section

v' Detail Pore Structure
v

v
v

Pore size distribution, packing,
grain size, sorting, porosity, and
mineral abundances, fabric, rock
classification, porosity varieties
and abundances.

Determination of shale wlume,
shale distribution, porosity
varieties and abundances with a
discussion of diagenesis,
diagenetic sequence, porosity
origins and dewvelopment, controls
on porosity and permeability.
Point count data is presented in
tabular form with colour
photomicrographs accompanied
by detailed descriptions.

©CPI Course 2018, MOL Group

Grain size

= The permeability of a
formation varies according
to its grain size

= Porosity is independent of
grain size!

= Larger the grain size,
greater the permeability



Thin Section

v Detail Pore Structure
v
v
v

Sorting

Pore size distribution, packing,
grain size, sorting, porosity, and
mineral abundances, fabric, rock
classification, porosity varieties
and abundances.

= The permeability of a formation
varies according to its sorting

Determination of shale wlume,
shale distribution, porosity
varieties and abundances with a
discussion of diagenesis,
diagenetic sequence, porosity
origins and development, controls sorting
on porosity and permeability.

Point count data is presented in

tabular form with colour

photomicrographs accompanied

by detailed descriptions.

©CPI Course 2018, MOL Group



Thin Section

v

v

v’ Porosity Type

v" Environmental
evidence

ySolutiontenlarge
ptercrystalline pores
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Fabric-selective Not fabric-selective Fabric-selective or not

Fracture Breccia

Intraparticle

Channel

Intercrystal

Moldic

Burrow

Fenestral

Shelter Shrinkage

*Cavern applies to man-sized or
larger pores of channel or vug
shapes

Growth-
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Thin Section

v Detail Pore Structure

v' Diagenesis

v’ Porosity Type

v" Environmental
evidence

Pore size distribution, grain size,
sorting, porosity, and mineral
abundances, fabric, rock
classification, porosity varieties
and abundances.

Determination of shale wolume,
shale distribution, porosity
varieties and abundances with a
discussion of diagenesis,
diagenetic sequence, porosity
origins and development, controls
on porosity and permeability.
Point count data is presented in
tabular form with colour
photomicrographs accompanied
by detailed descriptions.

Innovative Petrophysical Evaluation Workflow Enhances Production:
A case study from Barmer Basin, NW India
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W hat Information that you can obtained from Core?

Slabbed Core

v Photograph

v Sedimentology
v Lithology

v' Stratigraphy

Thin Section

v’ Detail Pore Structure
v" Diagenesis

v' Porosity Type

v" Environmental

evidence
Small Sample

v Grain Size Distribution

v Mineral analysis

v’ X-ray and SEM analysis

v’ Bio-dating and
association

Routine Core Analysis

v’ Porosity

v Permeability

v Grain Density

v As-received saturation

Special Core Analysis

v’ Capillary Pressure

v Relative Permeability

v’ Electrical Properties

v Acoustic Properties

v' Compressive
Properties

v’ Clay chemistry effects

v’ Specific Test

Advance Core Analysis

v NMR

v' Digital Rock Physics

v' Rock Mechanics

v Organic content and
maturation



Small Sample

v' Grain Size Distribution
v

4 SEM analysis
v

Pore Volume
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Small Sample

v

v/ Mineral analysis
v X-ray

v

CALCULATED WHOLE ROCK MINERAL WEIGHT PERCENT RELATIVE CLAY ABUNDANCE
- | wew SL?:::’::'E ’%‘ LI;:EL arnz. PLAG ALK CALCITE ANKERIT) FE SID. PYR. | ARAGONITE [CLAYS| ILLITE KAOL. SMEC. ILL |CHLORIT]
FELD. | FELD. E DOLO. SMEC. E
1 |5N-63B | 366.00 | R2 | Shale | 24.1 09 34 00 00 0.2 26 03 0.0 685 69.60 2070 0.0 30 6.7
2 |5R-63B|504.00 | P | Shale | 32.0 21 34 0.0 00 | 00 | 33 01 0.0 59.1 | 54.80 30.50 0.0 | 147 0.0
3 |5R-63B | 623.00 | K | Shale | 18.0 0.0 24 0.0 00 | 00 | 32 10 0.0 754 | 56.20 37.40 0.0 6.4 0.0
4 | 5R-638 | 730.00 | D | Shale | 26.6 19 0.7 1.70 0.0 0.0 0.6 16 0.0 66.9 44.70 4470 0.0 10.6 0.0
5 |5R-63B|754.00 | D | Shale | 30.1 0.0 11 0.0 00 | 00 | 06 0.6 0.0 67.6 | 45.00 37.90 00 | 171 0.0
6 | 3P-558 | 600.00 | P4 | Shale | 47.7 14 6.9 0.0 0.0 0.0 0.9 33 0.0 39.8| 59.80 23.80 0.0 5.1 113
7 | 5G-217 | 471.70 | R3 | Shale | 62.0 20 3.0 10 00 1.0 3.0 30 1] 25 40.00 32 12 0 16
8 |5G-21Z | 480.75 | R4 | Shale | 62.0 20 3.0 10 0.0 10 30 20 0 25 48.00 32 12 o 8
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W hat Information that you can obtained from Core?

Slabbed Core

v Photograph

v Sedimentology
v Lithology

v' Stratigraphy

Thin Section

v’ Detail Pore Structure
v" Diagenesis

v' Porosity Type

v" Environmental

evidence
Small Sample

v" Grain Size Distribution

v Mineral analysis

v’ X-ray and SEM analysis

v’ Bio-dating and
association

Routine Core Analysis

v’ Porosity

v Permeability

v Grain Density

v As-received saturation

Special Core Analysis

v’ Capillary Pressure

v Relative Permeability

v’ Electrical Properties

v Acoustic Properties

v' Compressive
Properties

v Clay chemistry effects

v’ Specific Test

Advance Core Analysis

v NMR

v' Digital Rock Physics

v Rock Mechanics

v Organic content and
maturation



ROUTINE CORE ANALYSIS
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Routine Core Analysis Data (

RCA)

Coreno. | Sample Depth Kg, hor. {1/Pm, hor| KI, hor [ Kg, vert. |1/Pm, vert] KI, vert. | Por., hor.§ Por., vert.| Por. sum. So Sw Gr.dens. | Gr.dens. Lithological description
no. (m) (mD) (mD) (mD) (mD) (%) (%) (%) (%) (%) hor. (g/cc)|vert. (g/cc
1 1 3837 13.8 0.662 115 17 2.66 Sst.It-Brn.M-gr.Ang.W-cmt.Fr-sit.mtrx.frac.w/Mic,Pyr,Calc,C,
1 2 3837.25 | NMP NMP 14.8 2.67 A.Afis.Cl/Mic-lam.w/o fracw/Dol,Sid,Cl.
1 3 3837.55 25.2 0.746 214 3.94 0.495 3.16 10.8 2.69 A.AVW-cmt.w/o fis.Cl/Mic-lam.incr Dol.
1 4 3837.8 1.02 0.495 0.694 12.8 27 A.A.F/M-gr.frac.Slty.incr Pyr.
1 5 3837.88 18.8 52.9 36.4 2.68
1 6 3838 524 0.976 491 16.4 2.69 A.A.Sb-ang.Fr-cmt.P-srt.fisw/o frac,Sky.decr Dol
1 7 3838.25 274 0.968 253 16.5 2.66 AAW-cmt.Fr-sitw/o fis.decr Pyr.
1 8 38385 1130 0.992 1080 1100 0.989 1040 17.2 2.66 AAM-gr.
1 9 3838.75 442 0.978 412 16.9 2.66 AAFIM-gr.
1 10 3838.92 19.5 725 11 2.68
1 11 3839 19.3 0.693 16.3 20.1 2.66 AAstyl.
1 12 3839.2 0.298 0.495 0.189 10.3 2.93 A.A.Pyr-sst.C-lam.w/o styl.
1 13 3839.4 6.54 0.54 5.36 1200 0.99 1140 12.7 3.03 A.Aw/o C-lam.
1 14 3839.75 593 0.984 557 19 2.66 A.A.Sst.M-gr.
1 15 3839.92 8.6 239 52.4 2.74
1 16 3840 0.151 0.495 0.092 9.9 291 Sst.Gry.F-gr.Sh-ang.VW-omt.W-sit. Mtrx.w/Pyr It-Cl, Mic.
1 17 3840.2 260 0.969 238 20.6 2.63 AAlt-Brn.F/M-gr.styl.
1 18 3840.45 168 0.936 152 17.6 0.693 14.8 21 2.66 AA.
1 19 3840.75 317 0.971 293 22.7 2.64 AA.
1 20 3840.94 24.4 61.6 21.7 2.64
1 21 3841 44.8 0.808 38.9 21.9 2.69 A.A.Crs-gr.VP-srt.incr Pyr,C.
1 22 3841.2 207 0.969 189 20 2.63 A.AM-gr.Fr-sit.decr Pyr.
1 23 3841.45 65 0.88 57 19.4 0.693 16.4 22.1 2.62 A.A.F/M-gr.decr C.
1 24 3841.75 50.4 0.855 43.7 17.7 2.63 AAslty.Styl.
1 25 3841.93 13.9 31.7 434 2.63
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Session 1 — Break



W hat Information that you

Slabbed Core

v Photograph

v' Sedimentology
v Lithology

v’ Stratigraphy

Thin Section

v Detall Pore Structure
v Diagenesis

v’ Porosity Type

v" Environmental

evidence
Small Sample

v" Grain Size Distribution

v/ Mineral analysis

v X-ray and SEM analysis

v’ Bio-dating and
association

Calibration of Log Interpretation

can obtained from Core?

Routine Core Analysis

v’ Porosity

v Permeability

v Grain Density

v' As-received saturation

(SDeciaI Core Analvsis\

.

v' Capillary Pressure

v’ Relative Permeability

v' Electrical Properties

v Acoustic Properties

v/ Compressive
Properties

v’ Clay chemistry effects

J

Advance Core Analysis

v  NMR

v' Digital Rock Physics

v' Rock Mechanics

v Organic content and
maturation



SPECIAL CORE ANALYSIS

|

Coring Process

Cleaning and Drying

v '

Electrical Capillary Pressure Wettability
measurement
. » Amott
» Formation Factor (a& m) » Porous Plate > USBM
» Resistivity index (n) » Centrifuge
» MICP

v

v

Relative Permeability

> Gas-Oill
» Gas-Brine
> Water-Oil

!

Acoustic
measurement

» P & S Waves Velocity
> P & S Waves Attenuation

\ 4

Compressive
Properties
» Poisson Ratio

» Young Modulus
> Brittleness Index

|

Clay Chemistry
Effect

» Cation Exchange Capacity (CEC)
» Swelling Test



SPECIAL CORE ANALYSIS

Electrical
measurement
» Formation Factor (a&m) | » ; ;
» Resistivity index (n) > >
l v l



Electrical Measurement

n a.RW

V ¢m' Rt

Gus Archie (ca.1942)



Electrical Measurement

Sw = 100%
® = 100%

©CPI Course 2018, MOL Group



Electrical Measurement

Sw = 100%
D < 100%

Ro = Rt > Rw

©CPI Course 2018, MOL Group



Formation Factor (FF)

Ly F low
(= 10)

0 GSOQ DS

F moderate

[5) o =
SC /9
%%{%D"(g {ﬁ/?
>
F high
¥ (=300)

First Law
Ro=F-R,

F=R, /R, = ¢

F

< 0

3

Formation resistivity
factor (FRF)
Resistivity of

100 % brine
saturated rock

Brine resistivity (Qm)

Porosity
Cementation factor

©CPI Course 2018, MOL Group

100

Each point
represents
a separate
core sample




Electrical Measurement

Sw = 100%
D < 100%

Ro = Rt > Rw

©CPI Course 2018, MOL Group



Electrical Measurement

Sw < 100%
D < 100%

©CPI Course 2018, MOL Group



Resistivity Index (RI)

Second Law

R,=1-R,
R

Rt:_o
S,
1

I=5n

©CPI Course 2018, MOL Group

I=R,/R, =S,

Resistivity index
Resistivity of
partly brine
saturated rock
Resistivity of
fully brine
saturated rock

Water saturation
Saturation exponent

100

10

All points are
measured on
the same
core sample

0.1

S 1.0




Understanding - Archie

Ry
‘g s
RO B n Cl.RW
Rt Swn w V ¢m Rt

©CPI Course 2018, MOL Group



Understanding - Archie

_ Struktur & Geometri Pori
Saturation exponent L
“_n Wettablhty

a is not a tourtousity! l Morgan & Pirson (1964).
. Andersen (1986)
a Archie’s = 1

Salinity

Rw

Temperature

Rock Packing (Archie,1942)
Struktur & Geometri Pori (Aguilera, 1976)

Permeability (Raiga Clemencau, 1977)
= Grain shape (Atkins & Smith, 1961)
Pressure (Glanvile, 1959)

Salinity (Core data)

m IS not m
a cementation factor!
Called as Porosity exponent




In-Situ Rw Estimations

10

Resistivity

logRy = logR,, —m - log ®

| 0.01
0.01 0.1 1

Porosity
©CPI Course 2018, MOL Group



In-Situ Rw Estimations

 Pickett-plot

Ry

Re= Ge

logR; = logR,,—m:-log® —n-logs$,,

©CPI Course 2018, MOL Group

Resistivity

| 0.01

0.1 1
Porosity



Quick-Look in Nutshell

42 — Neutron (Ipu)—-18
0——GR (api)——150 2.0 — Density (g/cc) —3.00.2—Resistivily (km)—20

S 2050
Fan {
Identify gas zone

from D/N
separation

2100

- —’Vv\\/—
S

Evaluate net
sand from GR
2150

; ; =R
L Evaluate () Identify water ¢
from Density zone and
N assess R,

""\/\/‘\,

i

2200
©CPI Course 2018, MOL Group



SPECIAL CORE ANALYSIS

Capillary Pressure

» Porous Plate > >
; > >

» Centrifuge >

» MICP

YV V
Y



Capillary Pressure Data

I T I 100000
Reservoir samples
10.0 Vélat_egfir o = 70 dynes/cm.
50 ||
Curve Perm., 0
8.0 Ho. e _
l \ 1 11.2 | 0.147

7.0 2 34.0 0.174 1 —
- \ \ 3 157. 0.208 é
a 6.0 — P
2 4 569. | 0.275 5
3 @
a 50 v
a
Z
4.0 _2
g

A
ND
2.0 \

1.0 P

[/

. ‘
0 10 20 30 4 e 7

0 5 60 70 80 90 100 100.0 10.0 10
Sw, %

Mercury Saturation (%)



SCAL - Capillary Pressure Concept

ﬂ:ombining Egs. (1), (2), and (3) \

results in the equation below :

_ [constant, x acos6 x (S,,) "]

|Cow = po) (VE79)]

o

constantsz(pr—pO)G/k/®)l_1/b

s, = |

ocos6

J

Each rock type has its own equations for H and S,

Saturation Height Function (SHF)



SCAL - Capillary Pressure Concept

PC |

Free air
)

End of transition zone

Water — air — contact
Free Water Level (FWL)

Q Saturation Height Function (SHF)

constantsz(pM,—pO)G/k/@)]_l/b

ocos6

5. = |

\



Height above free water level

Free air
"""""""""""""""""" 1-\------------------- End of transition zone
---------------------------- Water — air — contact
Sw Free Water Level (FWL)

Water saturation,

Saturation Height Function (SHF)
constant_xH(pr—po)G/k/@)]_l/b

gcosO

5. = |



SCAL - Capillary Pressure Application

Reservoir
ats,,

Capillary

PC(Sw) Depends on k,(|) i)

Mobile
Water O/Water

Transition

. i Core  Pore Petrophysical GammaRay  Flow s Coriad
fors L@ Plugs Types Data Log Units UW&\P il

Imducible (S_..) (Pore Entry Pressure)

Capillary
¢' vs k Pressure

p
-‘g ~¢— Well bore
JE— ~ Hi. Quality | 5
A ] ( L
e — | .‘
Fe
[~ g 0 :
|
——
L]
|
. — 3
ot
S I\_)’ OIJ
P ™ . k Accumulation 1 Top Transition
{ ) - 2 L —_—t
Fiae & Irreducible  Transition 1 OillWaterconFacl
P I — —  Barriers to fluid flow (hydraulic units)
— kN e— T Water

Light colors indicate transition zones
1. ) Dark colors indicate reservoir at irreducible saturation



SCAL - Capillary Pressure Application

PRESSURE WATER SATURATION STRUCTURE

WELL
Resistivity log

£ =
=} —
! i
l
I
|
80 100%
-~
\J Pressure
FWL = Free water level Swi = irreducible water saturation
OWC = Oil water contact TZ = Transition zone
OWC(P) = Productive oil water contact Pe = Capillary entry pressure - oil begins to invade pore spaces
Sw = water saturation Pd = Capillary displacement pressure - cil invades connected pore

spaces (usually approximates to the OWC(P)




Case study of SHF

Scale :1:200 M-02
DE: Well 018(4) DEPTH (4176 FT - 4275 FT) F220% 1:34
1 2 3 4 5 6 7 8 9 10
DEFTH ~ TVDSS GrC (GAF) LLDC {OHVIV) RHOC (G/C3) Sw ab Test PHIT (Dec) Perm_NLR (mD) RockType () Sw _SHF (Dec)
(FT) 0 00 02 200. 167 267 05 0.001 10000 4 ommm 81— — 0
CALI (IN) LLSC {OHVIV) NFHIC (VAV} Poro Core (dec) Perm Core (mD) Sw irr_Core (dec)
6. 16. 02 200. 06 0. 05 L] L] L] 0.001 . . & 10000 1 e e+ » 0.
SP (W) MSFLC (OHMM) ND ()
40— 120 02 ——————— —— 200 06 ————-01

4180 Qo = 1,004 bopd
WC = 6%
4120 .
RFT @ 4192 ft-MD
FP =1286 psi
4200 FPG=0.3086
psi/ft
4140
4220 .
4160
4240 OWC=-4174.3ft
b Vi

2
oo / FWL = - 4176.3 ftTVDSS
I
4260 P —
i
4200 -




Case study

Kalibrasi: Log Interpretation vs Core Data

Water DRHO_1 PHIA_SON_1 VAT _SWC_ 1
GR Porosity Permeability PoreThroat Saturation <075 % T oo vy P
Size PEF_1 PHIY_NS_1 PHIE_SWC_ 1 VOAL_SWC_1
o T =] 53 TV Tfee © IR T T
CAPILLARY PRESSURE
i . eraeycton SP_1 RO.1 RHOB_1 NPHI_1 PHIE_CORE 1 VAT _CORE_1
i - : rrre—ee———— R FoaaTh £ TRy 1o R R 05 T Ase * v T ol t v T
CR_1 DEPTH AM_1 NPHI T PHI%_DN_1 PHIT_1 VOIL_CCRE_1
o Teel o ooo| o reer [AETTTTGHITTEHGE|GE A i 23 VAT afr s TR
g _ DTt WSH_GR_1 PHA_DEN_1 i
1-8 ke . L e Porosity | - Sw
1 E 1 Routine Core
H - E i :
I : \: Tob B? Eprala : IRRE I SCAL DATA
, 3 5a T |5
| v 3 S
| P E :r [-—
Worcuny Somraon (%1 C 4 jn' g '.: 4
CHESS L
ATIREY {
FORE THROAT SZE DISTRIBUTION 2 ! } in
F / i 3 °
N i !
i & i :
N :
i S H &
§ (o H
| | |
H v i
i !
i Limss i | —
: H— {
| 3
i §
i i
I § = 4850 — '
ot §
L i
Fiiaat ‘
P ! !
H 3
4 i
Y L




SPECIAL CORE ANALYSIS

Wettability Relative Permeability
> » Amott » Gas-Oil
> » USBM » Gas-Brine
> » Water-Oill

YV V

'



RELATIVE PERMEABILITY CONCEPT

1 2 3
1.0
1 End point
Irreducible Water T
“
2 X
k
Erﬁ‘ﬁ point
Mobile Water k
rw
O Wetting phase saturation—— 1.0
1.0 <«——Non-wetting phase saturationO

Residual Oil



W ettability and Relative Permeability

Pengaruh permeabilitas absolut terhadap kurva k,

A WATEF-WET I OIL-WET o Perhatikan end point pada kedua

!/ gambar sebelah kitidan kanan.

o
)

<]
©

]

O o o
N

i

FREE WATER

[«]
»
RN

1
RELATIVE PERMEABILITY FRACTION
o
@

o o0 ©
- N W
\\
"\

- |, e

00l oee="T W . Svogna . .___]|
00 O1 02 03 04 05 06 07 o8 049°930

WATER SATURATION, FRACTION PORE SPACE

BOUND WATER FREE WATER




Application in Transition Zone

« Determine the distance vertically down from

By using this Equation, based on the midpoint of the dominant rock type.

krw _HwBy [ WC flow test data * RT -4 is the best rock type and expected to
k., M, B, \1—WC/ M-01, WC=47% > ky/k, =0.224 dominantly contribute to the fluids flow within
M-02, WC = 6% => ky/k, =0.016 the tested interval.
+ OWC was determined by this equation when
RT-4 Relative Permeability Ratio Sw = 100%
1000 0.356 x Sw—3:53 0
——1091 md H = i ZCOS » Above FWL
1 ] (ow — po)\/%
3 M-02) Well
2 10 -3.53
8 ,; _ 0.356 X 028173530 c0530) | g 41 Taken
s | ( 1069 from 4128.5 ft
= 1.021 — 0.757) | +555
ST Krw/Kro=0.224 0.238 TVDSS
E..7 = 47.80 ft M-02
Krw/Kro=0.016 (M-01) Well
0.01 - —-3.53
= 0356 X 0392735330 c0s(30) | o
Sw=0.281 | Sw=0.392 . 557 Taken from
oot 0 01 02 03 04 05 06 07 08 09 1 (1021 - 0.757) 0.263 4156 ft TVDSS
Sw, fraction =21.49ft (M-01) M-01

IPTC-18807-MS +Estimation of Fluid-Fluid Contact and the Transition Zone: A Case Study of Low Contrast Resistivity Zone « M.N. Ali Akbar



SPECIAL CORE ANALYSIS

YV V

| I !

Acoustic Compressive
measurement Properties
» P & S Waves Velocity » Poisson Ratio >
» P & S Waves Attenuation » Young Modulus >

> Brittleness Index



@ . PWAVE VELOCITY

Core §

IIII

»

Scale: 101 m

Pulse Generator
up to 300 V, 10 MHz

Compressor System
max. 400 MPa

Core Vp

Experiment done

P

Scale: 1T m

Sonic Log

-- All work

e

< g Seismic

Scale: 10 m

VSP/Checkshot

in different resolution --  uoterour | 40



Vp Measurement in Carbonate

g

emitter emitter

L e——

% &

Permeability (mD)
°

°
2

VP: 5100 m/s
K: 100 md
Por: 21% Size: 500 um
VP: 4500 m/s Complex: 35

receiver receiver

Size: 150 um
Complex: 80

Larger simple
pores = faster

After Weger and Eberli, 2009

smaller and
complex = slower




Correlating Vp vs. Permeabllity

CARBONATE
Correlation among P-wave velocity and Very good correlations when the rock
Permeability is too weak samples are grouped based on PGS

Ungrouped Data Grouped by PGS cross-plot

7000 8000
R2=0.9218 R?=0.8337 2/l
2 5
o 5000 _R 0.9481e il i . oo@ O.' R? = 0.8149
5000 RZ=0.9970 2 o' o ®@o —09535
< 4000 o) < %G : ‘o > R0
@ ~ .
3 8 4000 "0 ¢ .
2 b3 i
£ 3000 £ S0 R? = 0.9540
e y = 4167.3x00142 2
2000 R? = 0.0388 2000 |
1000 1000 € ©RTO3 @RT04 ®@RTO5 ©RTO6
ORTO7 ©ORT08 @RT09 @RT10
0 : : T 0 T T T
0.01 1 100 10000 0.001 0.1 10 1000 100000

Permeability (mD) Permeability (mD)

V, increases with Permeability in each Rock Type



Elastic Properties

~ _P — P Bulk modulus (B) is a measure of material
RYany @ resistance to change in volume. The parameter
P 3P B is inversely proportional to compressibility,
:.1;’{ 7 the higher the bulk modulus, the less
—1-1 compressible the material is.
.
- Shear Modulus or also known as modulus of rigidity is

a measure of material resistance to change in shape
due to solid-fluid interaction.




Elastic Properties

Young Modulus (E) or stiffness of the rocks are measured by the
ratio of the uniaxial stress against the resultant strain of the

sample

phenomenon in which a material tends to expand in
directions perpendicular to the direction of
compression.

' ‘ Poisson's ratio is a measure of the Poisson effect, the




Application

Young’s modulus Poisson’s ratio

V(352 - 412) %% — 2V
= sz — VSZ Z(V (172 __172) 2)
Normalization
Eprittie = % Ubrittle = U:a;jil?ir:in
Blsonic — EprittietVbrittle x 100%

Then, it is compared to calculated Bl
from rock composition

Q, + Dol
Qz+ Cal+TOC + Cly + Dol

Blysc =

Brittleness Index
[dimensionless])

0 Gamma Ray
AP

Brittleness index classification

350

(Perez, 2014)

1"
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SwArch (d ecl
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SW_RevTOC
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W hat Information that you can obtained from Core?

Slabbed Core

v Photograph

v Sedimentology
v Lithology

v' Stratigraphy

Thin Section

v’ Detail Pore Structure
v" Diagenesis

v' Porosity Type

v" Environmental

evidence
Small Sample

v" Grain Size Distribution

v Mineral analysis

v’ X-ray and SEM analysis

v’ Bio-dating and
association

P Proportion of megapores

ulative Intensity

Mescpargs

0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
T /ms

SEM/EDX

Mineralogy QEEEN

Routine Core Analysis

v’ Porosity

v Permeability

v Grain Density

v As-received saturation

Special Core Analysis

v’ Capillary Pressure

v Relative Permeability

v’ Electrical Properties

v Acoustic Properties

v' Compressive
Properties

v’ Clay chemistry effects

v’ Specific Test

Advance Core Analysis

v NMR

v' Digital Rock Physics

v" Rock Mechanics

v" Organic content and
maturation



Advance and Unconventional Core Analysis

v NMR
v

v
v

Traditional Sand-Shale Model - with HC

Rock Effective
Matrix Shale Porosity

Volume of
Hydrocarbons
Volume of
Rock Matrix
Volume Volume of
of Shale Water

A more more complete model

Shales make up the bulk of
sedimentary formations

Shales are made up of silt (fine
quartz and feldspar) and clay
The clays have immovable water
strongly bound to them (CBW)
The silts most commonly have
capillary water (low permeability)
CBW is usually very conductive

Fluids

Free Hydro-
Water Carbon

Capillary-
Bound
Water




Advance and Unconventional Core Analysis

v NMR

v
v
v

NMR Interpretation

Basic NMR Petrophysics

cBw BVI
Cutoff Cutoff

/Capillary / Free
Bound  \ /' Eid \
Viater b |/

10 100
Ty 0r Ty (ms)

P,(percent)

NMR Heavy Oil Analysis

High Intermediate Low
Molecular Molecular Molecular
Weight Weight Weight

O X e,

o :

RVOL.o

T2,cutoff

Gabor Hursan (2020) . SPE Distinguished Lecturer

ﬂ)’*

| Small Pores

Partial Poros

Fast
Relaxation Relaxation

2-D NMR Analysis

10 100 7 4096
T2 Intrinsic [ms] Apparent T2 [ms]

T2 (ms)




Advance and Unconventional Core Analysis

v  NMR
v
v
v
GR RES D-N SwW PHIE
{9 )| DEPTH] LITH_ | Raw:GR (gAPI) | Raw:RD (chm.m) Raw: ZDNC Detmin1:SW (Dec) Detmin1: PHIE (Dec) MREX Image
| £ (m) 0. 39 |S0. 220. 0.2 20. | 1.7 271 0. jos 0.
= o, | |,
= T2 I i o
- Uncertain || . Fluid saturation
computation
785 X
A independent of
resistivity
* Fluid typing
* Movable vs
B 500 irreducible water
1 * Porosity
G independent of
lithology effects
D |sos '
= || nnnnE iR
E E
810 = s
| 2 &
< g
F -3
815 FEIIZ } 1 W
. . D: Diffusivity CBW: Clay Bound Water
(S|man]untak, A. 2018) T2: NMR exp. decay BVI: Bulk Volume Irreducible (W)
BVM: Bulk Volume Movable (W)
2 16 128 1024 SG: Gas Saturation

Taint Fms

SO: Oil Saturation



Advance and Unconventional Core Analysis

v NMR
v

v
v

D-N

Sw

PHIE

Detmin1:SW (Dec)
1 o

Detmin L1 PALE (Dec)
05 o

o. | I

Detmin 1:BVW (Dec)
S —,

1

NMR allows:

* Fluid saturation
computation
independent of
resistivity

* Fluid typing

* Movable vs
irreducible water

* Porosity
independent of
lithology effects

Zone A flows 16 mmscfd wet gas (+110 bopd, 0 water)

GAS

o [CEPTR[LTH T | Raw:GR (aAp1) Raw:iRD (ohm.m) | Raw:ZDNC (g/cm3)
k (my |0 =3 |0 220, o2 20. | u7 27
600
A
605
610
B
615
€
620
D

(Simanjuntak, A. 2018)

WATER

E
g :
5L 9
5
- p—
a N |
D: Diffusivity CBW: Clay Bound Water
T2: NMR exp. decay BVI: Bulk Volume Irreducible (W)

BVM: Bulk Volume Movable (W)

SG: Gas Saturation
SO: Oil Saturation




Advance and Unconventional Core Analysis

v

v Digital Rock Physics
v

Whole Core SEM/EDX
CT Mineralogy

FIB/SEM

300 ym 50 pm 15 ym 1pm 250 nm 1nm



CT Scan




Digital Core Analysis

(a) Estaillades (b) Ketton
’

ﬁ' 2 mm

{c) Mount Gambier

Pore-space images of three quarry carbonates: (a) Estalilades; (D) Ketton; (c) Mount

G The gos shown In cross lon In Figures 1(3), (b) and (c) have been
binarized into pore and grain. A central 10007 (Estallades and Ketion) or 350" (Mount
Gambiler) section has been The images show oaly the pore space,

(a) Estaillades (b) Ketton

Pore setworks extracted from the images shown previously: () Estailiades. (b) Ketto (¢)
Mourt Gambler. For ilustrative purposes, only & section of the Mount Gambier network i
shown. The pore space s represented a3 & lattice of wide pores (shown aa spheres)
connected By narTower throsts (shown as cyfinders). The size of the pore or throat
Indicates Be inscrided radius. The pores and Bwoats hawe angulsr crosssections —
normally & scalens triangie — with a ratio of area 1o perimeter sguared derived from Sw
POrespace imape



Digital Core Analysis

(h)

The pore space of the three p media sh in the previous figure: (a) bead pack; (b)
Benthelmer; (c) Portland. Then the pressure field for flow from left to right Is shown, with
red representing high values and blue low values: flow goes from high to low pressure.
The final row Wustrates the flow field, with the regi of highest flow indicated. While
flow is relatively uniform through the pore space of a bead pack, in the carbonate it is
confined to a few tortuous channels (from Bieljic of al, 2011).

Three-dimensional rendering of CO, after brine injection. Each unique CO; ganglion is
displayed as a different colour. Each ganglion is isolated, and so is trapped. Left
Bentheimer sandstone, middle Estaillades limestone, right Mount Gambier limestone. The
results from five experiments from each rock type are shown: the top left image shows the
fluid distribution after primary drainage, while the other five are shown after waterflooding.
The bottom row shows two-dimensional slices of the raw images. From Andrew et al.

(2014).




Advance and Unconventional Core Analysis s,

-
4 Trapping CO, \
v e I
v Organic content and g !
maturation g L1 \ L Analysis
2 ! . cycle
I 1
Volatilization ~Pyrolysis .| Time
olaexblin gn Cooling
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- - )
S1 52 5
™
I
i
! | Example
I F
| i ! of record
I
| |
i\ ! !
i\ I
SiT S | Sa >
I T Time
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Organic Matter

Advance and Unconventional Core Analysis

v
v
v Organic content and
maturation
1000 1000 1000 :
® owerBaong Formation ;E =
© Belumai Formation L gl02
g8
1500 1500 wo | B 8> “’
¢ of 8
(4 L @
o
Emm » gm o o Emn o 1000+ @ Lower Baong Formation 1000
.§ o f&. 0 "E ¢ @ Belumai Formation
31500 " ° Sm ° 'gzsau :
te 800 800
Y :
3000 3000 \ 3000 = >
o 8 \\a (&)
= 600 5, 600
* o £
3500 3500 3500 (j:) 3
00 01 10 100 1000 10 100 1000 1 10 100 g’ 2
51(mg/g rock) 52(mg/g rock) TOC (wtd) < 4004 S 400
= o (<]
o
©
>
i
Quality TOC (w3) Thermal maturation Ro 200 200
Poor <0.5 Inmature <0.6% )
Fair 0.5 to 1 0il window 0.6-1.1%
Good 1l to 2 Wet gas window 1.1-1.4% T T T 0
Very good 2 to 4 Dry gas window 1.4-~3.2% e Oxsoen in dexﬂ(ﬁgco /91.?80) e
Excellent >4 Gas destruction >~3.2% Yo 2




Advance and Unconventional Core Analysis

v

v

v Organic content and
maturation

Clean Formation Analysis

| umology_

Raw Data
y Logs Bulk
GR RhoB Deep Swt (Dual Water| Total Porosity
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Advance and Unconventional Core Analysis
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THANK YOU FOR YOUR ATTENTION!

“Petrophysics an exotic earth science, poorly understood

and rarely appreciated in the oil and gas industry”
Koko Kyi - Petrophysicist
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RESERVOIR MANAGEMENT PROCESS

Static Information Dynamic Information
¢ P >
DATA (‘.mlogy G ,' ics Geochemi Petrophysi G hani nnim Flowmetre  Well testing  Tracers  Production

. ' Drlllmg ' Qurwy =yl ' data

P“'d"d“m Well Test Tncer
INTERPRETATION | g Model Model Model Model Model Lonn Model Model
MODELS

ko9 A\ 4| v

Integration

| \ ‘/ /I ———————

MODEL FETmETR Reservoir Model - | Prediction of Well — | -
| Performance b i |
| Completion design I
| (Upscaling) ’ q Stimulation |
| Artificial lift |

SIS AT o0 | Simulation Model Improvement of Well —; !

RESERVOIR MODEL | Black Oil/Compositional/Thermal | Borkortnates TR

BEHAVIOUR | | |
— — — —  (History Matching) ‘ ~.

% Calibrated Simulation Model

£

8 Development Scenario . ‘ -

A )l i Tl AR S i (T e K e e A i i i e i o 1

é ' Prediction of Reservoir Performance '

§ l‘ipulim\l\\'dl"alu:ililicx .

Modave
= : e i bbbt e et ' (Decline Curve Analysis)
@ ' Prediction of Field Performance | g

' '
——————— |— g Production Infrastructure
E L \ v //_’-’_\
Economic Model &lmhh. Safety and Environment
____________________________ g -
'



