scitation.org/journal/apc

2nd International Conference
on Earth Science, Mineral, and Energy

Yogyakarta, Indonesia * 3 October 2019

Editors * Johan Danu Prasetya, Tedy Agung Cahyadi,
Isara Muangthai, Lilik Eko Widodo, Aldin Ardian,
Syafrizal Syafrizal and Robbi Rahim

@
’ 2nd INTERNATIONAL CONFERENCE ON EARTH SCIENCE, T

MINERAL AND ENERGY s s s ssm— — R TeCmT

72
o)
=
U
O
O
O
o
e
)
©
O
c
o
e
L
=
o
O
=
-

AllP

Publishing



imamse
Pencil

imamse
Sticky Note
VOLUME


7))
()
£
u
()
(O}
O
(@)
P S
al
Q
()
-
(O]
.
o
-
)
O
o
<

AlPP

Publishing

scitation.org/journal/apc

Volume 2245

2nd International Conference
on Earth Science, Mineral, and Energy

Yogyakarta, Indonesia ¢ 3 October 2019

Editors « Johan Danu Prasetya, Tedy Agung Cahyadi,
Isara Muangthai, Lilik Eko Widodo, Aldin Ardian,
Syafrizal Syafrizal and Robbi Rahim

COMIL 2019 @

2nd INTERNATIONAL CONFERENCE ON EARTH SCIENCE, e
MINERAL AND ENERGY MINERAL TECHNOLOGY




file Edit View History Bookmarks Tools Help [ e T ——— o e

SIMPPM Universitas Trisakti x EE AIP Conference Proceedings: Vo X
g

« C @ O e] https://aip.scitation.org/toc/apc/2245/1 B w Q, Search @ =
£F Most Visited () Getting Started !]Web Slice Gallery [ From Internet Explorer [ From Internet Explorer [ Other Bookmarks

|2245 < || submit | "

Browse Volumes 2ND INTERNATIONAL CONFERENCE ON EARTH
SCIENCE, MINERAL, AND ENERGY
2465 (2022) ~
2413 (2022) ~ Conference date: 3 October 2019
T a. Indonesi
2467 (2022) e ttess—3Jehan-Danu-Prasetya, Teay Agung Cahyadi, Isara Muangthai, Lilik Eko
Widodo, Aldin Ardian, Syafrizal Syafrizal and Robbi Rahim
2471(2022) ~ Volume number: 2245
Published: Jul 8, 2020
2432 (2022) ~ DISPLAY: 20 50 100 all
2466 (2022) ~
PRELIMINARY
2454 (2022) ~
2506 (2022) v ﬁ No Access . July 2020

Preface: 2nd International Conference on Earth Science,

File Edit View History Bookmarks Tools Help &

by SIMPPM Universitas Trisakti x AIP Conference Proceedings: Vo % +

& C @ 08 https://aip.scitation.org/toc/apc/2245/17size=all B ¥ Q Search ® =
¥ Most Visited () Getting Started [] Web Slice Gallery [ From Internet Explorer [ From Internet Explorer [ Other Bookmarks
ey = — ~
1911 (2017) g
VOLCANIC SCIENCE
1901(2017) v

1909 (2017) v Tuly 2020

The influence of tectonic forces on the coupling ratio of

1908 (2017, . .
(2017 v sand Z-600, Keutapang formation, North Sumatra Basin
1906 (2017) - Imam Setiaji Ronoatmojo, Muhamad Burhannudinnur and Grace Stephani Titaley
|P Conference Proceedings 2245, 100001 (2020); https://doi.org/10.1063/5.0006950
1904 (2017) v
1905 (2017) - SHOW ABSTRACT i PDF a E-READER ADD TO FAVORITES SHARE EXPORT CITATION
1898 (2017) v
a Mo Access . July 2020
1907 (2017) v Distribution of acidic condition of river water from the Ijen

active volcano crater in Banyupait River Asembagus



imamse
Pencil

imamse
Sticky Note
ISBN


72
o)
=
O
0
7
%,
o
e
o
©
Y|
c
o
e
L
c
o
O
o
-

The influence of tectonic forces on the
coupling ratio of sand Z-600, Keutapang
formation, North Sumatra Basin

Cite as: AIP Conference Proceedings 2245, 100001 (20204 https://doi.org/10.1063/5.0006950]@
Published Online: 08 July 2020

Imam Setiaji Ronoatmojo, Muhamad Burhannudinnur, and Grace Stephani Titaley

£ Y
L \
L ]
N\

View Online Export Citation

ARTICLES YOU MAY BE INTERESTED IN

Designing pressure drawdown test on heavy oil well
AIP Conference Proceedings 2245, 090014 (2020); https://doi.org/10.1063/5.0007494

The use of critical porosity concept for P-wave velocity estimation: A field case
AIP Conference Proceedings 2245, 070026 (2020); https://doi.org/10.1063/5.0006857

Analysis of extensive use of variable split components on flexible gross split scheme
AIP Conference Proceedings 2245, 070022 (2020); https://doi.org/10.1063/5.0010241

Lock-in Amplifiers IS
up to 600 MHz

AIP Conference Proceedings 2245, 100001 (2020); https://doi.org/10.1063/5.0006950 2245, 100001

© 2020 Author(s).


https://images.scitation.org/redirect.spark?MID=176720&plid=1085724&setID=379066&channelID=0&CID=358604&banID=519893954&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=a9535e29d1c2cd1e986d12f7504a5dc481499373&location=
https://doi.org/10.1063/5.0006950
https://doi.org/10.1063/5.0006950
https://aip.scitation.org/author/Ronoatmojo%2C+Imam+Setiaji
https://aip.scitation.org/author/Burhannudinnur%2C+Muhamad
https://aip.scitation.org/author/Titaley%2C+Grace+Stephani
https://doi.org/10.1063/5.0006950
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0006950
https://aip.scitation.org/doi/10.1063/5.0007494
https://doi.org/10.1063/5.0007494
https://aip.scitation.org/doi/10.1063/5.0006857
https://doi.org/10.1063/5.0006857
https://aip.scitation.org/doi/10.1063/5.0010241
https://doi.org/10.1063/5.0010241
imamse
Pencil

imamse
Sticky Note
DOI


The Influence of Tectonic Forces on the Coupling Ratio of
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Abstract. The tectonic mechanism is a mechanism that involves tectonic conditions in the area which affects the
dynamics of poroelasticity. Elastic modulus in the porous medium will go through change along with fluid dynamics.
The loading factor in the tectonic mechanism is followed by the tectonic forces. The aim of this study is to learn the
impact of a tectonic mechanism on the coupling ratio during oil production and water injection. The objective zone of
this study is a part of thrust fault regime, which is changed to be strike-slip fault regime. The sand reservoir of Z-600 is
in the transition condition so that the dominance of Sy, and Sp,;,,;, has a strong influence on a coupling ratio change. The
fluid dynamics occurring during this period are oil production and water injection. Observations were made on
mechanical properties and pore pressure changes. The coupling ratio estimation starting from 1994 until 2017 refers to a
historical production matching, which demonstrates a rock strength response in the variation of existing tectonic regime
position. Mohr diagram analysis was done, based on the Coulomb failure criterion. It reveals that pore pressure change is
not always equal to the change in stress difference or deviatoric stress, due to the nature of irreversible porosity change
during fluid dynamics. The horizontal stress might cause shear-tensile failure, it initiates a sanding problem potential.

Keywords: tectonic mechanism, coupling ratio, rock strength, shear-tensile failure, sanding problem

INTRODUCTION

A homogeneous material modifies shape vertically and horizontally under a constant burden whilst the horizontal
stress is zero, and the vertical stress in each location is equal to the overburden pressure. If the horizontal stress
components are compressive and equal to a fixed ratio of the top-burden and the side boundaries, the Poisson ratio
v is a material constant which generates stress ratios:

Shmin/SV = V/(l - V) (1)

The situation of fixed stable with vertical load is similar to the non-tectonically influenced basins, which increase
linearly with depth. The geomechanical properties heterogeneity causes a different stress ratio and the principal
stress axis rotation. Fault plane disrupts homogeneous tendencies in stress. Tectonic processes generally insert
compressive stress or tensile stress to the horizontal component. The expansion of the model to reduce horizontal
stress can return a compressive (positive) stress into a tensile (negative) stress, while the compressive boundaries
can enlarge the horizontal stresses so that it exceeds the vertical stress and develop the maximum principal stress [1].

Pore pressure is the pressure value measured in pore fluid. It is mostly due to the weight of top-burden, but fluid
run along with compaction can reduce pore pressure. The pressure is usually smaller than lithostatic pressure. In
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porous rock that can not be compacted, the lithostatic pressure and the pore pressure are both equal to the top-
burden. Fluid outflow tolerates grain rotation to a more compacted platform, which reduces pressure and porous
porosity [2]. So, the difference between lithostatic pressure and pore pressure is a amount of compaction. Ideal
compaction does not reduce pore pressure to zero. Instead, the hydrostatic pressure remains is equal with the weight
of the overlay water column. In general, hydrostatic pressure is defined as part of pore pressure that does not
contribute to water flow. The hydrostatic zero level can be ascertained arbitrarily, because it is only a gradient and
not an absolute value of pressure that rules the flow of pore water. The groundwater table is not proper as a constant
reference level, because this varies on the basin scale. Conversely, sea level is used as a hydrostatic zero level. The
hydrostatic pressure is then equivalent to the weight of the water column measured by the level of seawater and
therefore depends on the density of seawater and pore. It should be underlined that hydrostatic pressure is a
theoretical pressure. It is not measurable pressure for the ideal solid layer or slow sedimentation [3, 4, 5, 6].

The different oilfields depletion can produce the different coupling between pore pressure and Sy,in, this
coupling is also called stress-depletion response of reservoirs or reservoir stress path. Three mechanisms regulate
reservoir stress path are normal compaction, normal faulting, and poroelasticity. It delivers the equation for ASp,;,,;,/
AP for each mechanism. Reservoir depletion, which results in a pore pressure reduction initiates the mean effective
stress to increase. Thus, normal compaction is mechanical compaction caused by irreversible porosity reduction due
to the mean effective stress increasing [7, 8, 9]. Then, the sediments suffer normal compaction during production by
losing irreversible porosity. Normal faulting defines the active faulting in rocks due to reservoir depletion.
Poroelastic mechanisms are based on Biot's poroelasticity theory following pore pressure coupling equation [10]:

1-2v
1-v

ASpmin/AP = a (2)

with the Biot-Willis coefficient a, defined as (1 - Kd/Kg) where K is the drained bulk modulus and K, is the bulk

modulus of the grains.
In this paper, the effect of this tectonic background to the stress ratio change will be studied, it has an impact on
the coupling ratio during the hydrocarbon production and water injection takes place.

MATERIALS AND METHODS

The objective of this study is Rantau shallow structure. This structure is located approximately 135 kilometers to
the northwest from Medan (North Sumatera, Indonesia). This oil field has been produced since 1928 through R-01
well drilled by BPM and currently has 566 wells. It had been ever reached oil production peak in 1973 (32,477
BOPD and gas 27.4 MMSCFD). Before re-activated the shallow zone, it only produced 868 BOPD average from
23 wells [11]. Rantau Field is a part of North Sumatra Basin. Meanwhile, the Keutapang Formation (Late Miocene —
Early Pliocene) is identified as a product of deltaic sedimentation. It consists of shale interbedded with sandstone
varies in size from fine sand to pebble conglomerate. The thickness of Keutapang Formation is 700 m to 1500 m in
East Aceh [12].

The island of Sumatra, tectonically, is a part of Sunda Shelf which is separated from Eurasian Plate by Malacca
Strait. Longitudinal parallel with Sumatra Island in the western part is subduction zone, Indo-Australian Oceanic
Plate overlaid by Eurasian Continental Plate. It is associated with the volcanic arc, together with the huge structural
zone, Semangko Fault, which places the physiographic position, Bukit Barisan. Lifting has been going on since
Early Eocene to present. There are three deformations, namely Pre-tertiary Deformation, Tertiary Deformation, and
Quarter Deformation. However, a little bit knowledge of the Paleozoic (Tapanuli Group) structure which includes
Bahorok Formation, probably NW-SE structure is associated with the direction of cleavage axial planar from Kluet
Formation which is consist of schist and gneiss. Tertiary Deformation is characterized by the presence of a
transcurrent fault structure, namely the Simpang Kanan Monocline, which has similar direction with Pre-tertiary
Deformation. The presence of NW-SE structure can trace this deformation. Some derivatives from Simpang Kanan
Monocline also appeared on the surface, and some are still active today. Quaternary Deformation occurs in
Pleistocene, which is a continuation of lifting period with a similar axis with the direction of Bukit Barisan and
transcurrent fault (Simpang Kanan Monocline) [13].

Fig. 1a points out the principal NE-SW stress after the initial tectonic period and continues to the present. The
Rantau structure is divided into several compartments, which are bounded by general direction NE-SW oblique
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faults while the fold axis direction is NW-SE (Fig. 1b). This hydrocarbon structure is still actively produced and
even to be enhanced by carrying out water injection activities on several structural heights, such as occur in the
South-Eastern part of the block. Water injection successfully increases pore pressure as observed from the

production data [14, 15].

SW NE

ALUR STWAH NAn
GAS FILLD OL ACAS NELDS
(PEUTU REEF) [PEUTU REEF)

(b)

FIGURE 1. The Rantau Field structure is observed in SW-NE section (a); this structure is divided into several compartments,
which is bordered by NE — SW oriented fault plane (b). These faults are mostly oblique strike-slip faults. Our objective is in the
South-Eastern part of this structure (red box).

There are 114 wells data available to characterize pore pressure and mechanical properties. But, not all of data

were used to build initial model, it is only 43 wells from 1994 to 2017, after periodized according to the seismic data
acquisition year with 8% cut-off in pore pressure change between years. The next step is to do initial mechanical
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modeling with the support of seismic data through the physical properties co-variance analysis, where the initial
physical properties relationships are examined, such as the relationship between velocity and pressure. It is needed
to consider most robust relationship between physical properties.

Historical production matching is used to bring fundamental physical properties such as porosity at the initial
pore pressure value to the current pore pressure. It will bring consequences to the transformation of initial strain to
the current strain. Every strain transformation will reflect stress change that can be identified as the stress ratio
change between horizontal stress and vertical stress as shown in Eq. 1 above, reflected by the change of v.
Meanwhile, a pore pressure change is directly revealed from historical matching from production data by an updated
reservoir simulation. If there has not been a match between production data and pore pressure data, so it needs to be
re-iterated until both are genuinely matching. Thus, mechanical properties and physical properties can be updated as
well. This repetition is carried out so that the actual coupling ratio, which is used as the observation object with the
accurate Mohr diagram. Validation is also accomplished using core, which is observed in the laboratory with both
uniaxial and triaxial measurement.

There are two aspects, regarding above explanation, tectonic regimes and pore pressure. Are there
interdependent or independent? It might be reflected from internal and external dynamics of the reservoir body,
which affects coupling ratio. If the internal dynamics of the reservoir body in the loading mechanism will oppose
vertical load that is identic to overburden pressure itself. Conversely, the resistance is aimed at the horizontal force
in the tectonic mechanism.

Schematically, several steps carried out in this study are described in the following workflow (Fig. 2), where
input data is originated from well data and seismic data.

Mechanical Earth Model

Historical Production (initial)

. Matchmg -Elastic Meodulus
-Reservoir Simulator .
-Stress (Sv, Shmax, Shmin)
“2600 -Strain (V, Hmax, Hmin)
-Block A g !

-Porosity, Permeability, Sw

Reservoir Zone Evaluation
(Preliminary)
-Injector - Producer Pathway
-Verify with production

problems

L

Iterative Coupling/Updated
Porosity

-Z600
-Block A

YES
Reservoir Zone Evaluation

(Post Coupling)
-Injector - Producer Pathway
-Verify with production
problems

FIGURE 2. Workflow

RESULTS AND DISCUSSION

Based on the seismic cross-section and other geophysical data, it appears clearly that some thrust faults are
obtained, even the oblique strike fault slip is revealed on the surface. The result of elastic modulus and strain
calculation illustrate that the tectonic regime near the surface is a thrust fault regime, where Sypyax > Shmin > Sv-
The deeper Sy value will increase with increasing overburden pressure, but never exceeds Sypq,- The cross-over
point position between two tectonic regimes at a depth approximately 450 meters means that Z-600 target layer
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placed at the strike-slip tectonic regime where Si; > Spnin, this condition is still under the tectonic mechanism,
because the Sy, value is still smaller than the Sy 4, value.

Once Spmin > Sy, therefore v is higher than when Sy, < Sy, it means that the material is facing compaction
due to top-loading will reduce the rate of Sp;,,;, increase, where Sy, reflects the Sy, response. The Sypq, Vvalue
in this case is triggered by the tectonic activity of burden from the Indo-Australian Oceanic Plate towards Eurasian
Continental Plate, where it is quite intensive in the northern end of Sumatra Island, as evidenced by the large scale
earthquakes found in this area, which is moment tensor describes once the Thrust Fault Regime produced the Aceh
Tsunami in 2004; likewise another earthquake occurred on land.

Fig. 3 shows S, curve and Sy,,;, curve intersect but both never cut Syuq, curve; this indicates that horizontal
force is still dominant to influence; however, the deeper vertical force influence can not be ignored. In this case,
there are two types of deviatoric stress, namely deviatoric stress before intersection point, which is the difference
between Sypq, and Sy and the deviatoric stress after intersection point which is between Sypq, and Sppin. The
deviatoric stress which is mentioned later, it will be reviewed considering the Z-600, which is placed below that
point. Physically, the higher value of deviatoric stress will describe the more rigid property with higher rock strength
values. In this case, we can observe that deeper deviatoric stress is more significant. Thus, when we observe
coupling ratio change; therefore, Sy, value also incidentally reflects the value of deviatoric stress changes,
because Sy, value as the least principal stress affects rock strength value; or in other words, Sy, value will be
very susceptible in determining mechanical properties. Accordingly, the dynamics of physical properties will be
observed throughout time changes. The dynamics can be either hydrocarbon production or water injection, which
causes pore pressure change.

3500

3000

2500

=——SHmax (P-377)

S\(\(({\“ ——Shmin  (P-377)

. 2000
; —SV (P-377)
a — SHMax  (P-396)
E 1500 = Shmin  (P-396)
1 SV (P-396)
t-> CROSS-OVER POINT SHmax  (P-404)
1000 ——Shmin  (P-404)
sV (P-404)

500

FIGURE 3. The stress curves at depth variation of several wells, which include Sy, Symax > and Sppin. It shows that Sy and
Shmin curves intersect, which indicates tectonic regime-changing.

If we review pore pressure change, it will appear pore pressure decreased from 1994 to 2014, ultimately in the
crest of structure, which is identified by green color changes to blue color and then increased from 2014 to 2017
which is identified from blue color changes to green (Fig. 4). It illustrates the oil production activities from 1994 to
2014 and water injection activities from 2014 to 2017. However, in the North-Eastern part remains unaffected by
water injection activities, where pore pressure continues to decrease. These dynamics will positively affect elastic
modulus and rock strength.
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FIGURE 4. Several maps of pore pressure distribution during 1994 to 2017. There is a fluid dynamics, either fluid draining or
water injection.

Furthermore, each principal stress values can be determined from the calculation of elastic modulus and strain,
so this can be related to the changes of pore pressure. Pore pressure changes have pore pressure implication on the
mechanical properties, which affects deviatoric stress circle pattern in the Mohr Diagram. The pore pressure addition
will move the circle to the left; and otherwise, the pore pressure reduction will move the circle to the right. The pore
pressure reduction, which is observed during the period 1994 to 2014, as shown in Fig. 5, so the circle moves to the
right and otherwise, the pore pressure addition during the period 2014 to 2017, so the circle moves to the left or
suffers a principal stress decrease. If it is more closely observed, the friction angle decreases firstly from 10.5° to 6°,
and then increases to be 21°, which normal stress decreasing, but shear stress increasing. Thus, it can be said here
that the potential failure occurs when facing shear stress.

It is interesting to discuss, if the pore pressure addition is occurring in loading mechanism so that the normal
vertical stress will resist the lateral shear stress deformation. This situation will also be counter-balanced by the
deviatoric stress value, which is the difference between Sypq, and Spmin- The increasing deviatoric stress values
will cause increased shear stress; and more considerable deviatoric stress value occurs in the relax basin, which is far
away from the tectonic activity. Furthermore, it is found in the tectonic mechanism that there is the shear failure,
which is caused by the addition of pore pressure. The pore pressure components which are similar direction with
shear tensor of horizontal stresses will strengthen these tensors. Consequently, the granules will shift and break
away.
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FIGURE 5. The change of deviatoric stress from (a) triaxial 1994, (b) triaxial 2014 and (c) triaxial 2017 on Mohr Diagram from
Z-600 at 561.98 meters depth. Data obtained from Well P-408.
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According to the coupling ratio distribution map as shown in Fig. 6, a dark blue color illustrates a low coupling
ratio, it means that there is a progression of pore pressure addition which is much higher than Sy, this is as
previously explained that shear failure has the potential to increase in a dark blue area. This tendency illustrates a
sanding problem potential. Therefore production scenario must be designed so that the drawdown pressure should
not exceed the shear-tensile failure. Thus, the estimation of coupling ratio is essential especially in strike-slip fault
tectonic regime and thrust fault regime; tectonic mechanism will increase the risk factor of the sanding problem,
which deviatoric stress addition will increase the risk factor.

Based on Eq. 2 which illustrates Biot-Willis coefficient a, defined as (1 —Ka Kg) where K, is the drained bulk

modulus and K is the bulk modulus of the grains, the smaller coefficient value, then K, and K, values will be
closer, or it has a lower porosity. It appears that even though pore pressure value increases, but it can not return the
porosity value. In tectonic mechanism, an increase of pore pressure does not loosen the bond, but it makes the
granular bond-slip laterally. Consequently, the granules will shift and break away. The grain size and sortation
pattern also demonstrate each different response such as sand and shale. Sand is very responsive to this matter.

However, rock strength seems to increase, in this case, but it turns out that shear-tensile failure will also increase.
Every failure will result in a sanding problem. We can not reduce water injection efforts, but we can reduce the
potential slightly by reducing drawdown pressure. The effect of the tectonic mechanism, the higher deviatoric stress,
the more it will increase shear-tensile failure, and this is not associated with pore pressure increase, but instead
associated with tectonic regime factors, Rantau Field has dominant tectonic factors, so that it will have a substantial
impact on the shallow layers, because the difference value between Syp4, and Sy or Sy 18 higher.

161.05 0 161.05

FIGURE 6. Coupling ratio map of Rantau Field shows a small value (dark blue color) indicates a water injection activity.

CONCLUSIONS

It can be concluded that the tectonic mechanism can influence a fluid dynamics by the horizontal stress impact,
which is reflected from deviatoric stress. Moreover, pore pressure change is not always equal to the change of stress
difference or deviatoric stress change, due to the nature of irreversible porosity change during fluid dynamics. The
horizontal stress might cause shear-tensile failure, which strengthening pore pressure and it can initiate a sanding
problem potential. Even though we can not avoid pore pressure addition, but we can manage drawdown pressure to
keep away from sanding problem.
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Abstract. The tectonic mechanism is a mechanism that involves tectonic conditions in the area which affects the
dynamics of poroelasticity. Elastic modulus in the porous medium will go through change along with fluid dynamics.
The loading factor in the tectonic mechanism is followed by the tectonic forces. The aim of this study is to learn the
impact of a tectonic mechanism on the coupling ratio during oil production and water injection. The objective zone of
this study is a part of thrust fault regime, which is changed to be strike-slip fault regime. The sand reservoir of Z-600 is
in the transition condition so that the dominance of Sy and S, has a strong influence on a coupling ratio change. The
fluid dynamics occurring during this period are oil production and water injection. Observations were made on
mechanical properties and pore pressure changes. The coupling ratio estimation starting from 1994 until 2017 refers to a
historical production matching, which derrar.lrales a rock strength response in the variation of existing tectonic regime
position. Mohr diagram analysis was done, based on the Coulomb failure eriterion. It reveals that pore pressure change is
not always equal to the change in stress difference or deviatoric stress, due to the nature of irreversible porosity change
during fluid dynamics. The horizontal stress might cause shear-tensile failure, it initiates a sanding problem potential.

Keywords: tectonic mechanism, coupling ratio, rock strength, shear-tensile failure, sanding problem

INTRODUCTION

A homogeneous material modifies shape vertically and horizontally under a constant burden whilst the horizontal
stress is zero, and the vertical stress in each location is equal to the overburden pressure. If the horizontal stress
components are compressive and equal to a fixed ratio of the top-burden and the side boundaries, the Poisson ratio
v is a material constant which generates stress ratios:

Spmin/Sy = v/(1 = v) (1

The situation of fixed stable with vertical load is similar to the non-tectonically influenced basins, which increase
linearly with depth. The geomechanical properties heterogeneity causes a different stress ratio and the principal
stress axis rotation. Fault plane disrupts homogeneous tendencies in stress. Tectonic processes generally insert
compressive stress or tensile stress to the horizontal component. The expansion of the model to reduce horizontal
stress can return a compressive (positive) stress into a tensile (negative) stress, while the compressive boundaries
can enlarge the horizontal stresses so that it exceeds the vertical stress and develop the maximum principal stress [1].

Pore pressure is the pressure value measured in pore fluid. It is mostly due to the weight of top-burden, but fluid
run along with compaction can reduce pore pressure. The pressure is usually smaller than lithostatic pressure. In
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porous rock that can not be compacted, the lithostatic pressure and the pore pressure are both equal to the top-
burden. Fluid outflow tolerates grain rotation to a more compacted platform, which reduces pressure and p@fis
porosity [2]. So, the difference between lithostatic pressure and pore pressure is a amount of compaction. Ideal
compaction does not reduce pore pressure to zero. Instead, the hydrostatic pressure remains is equal with the weight
of the overlay water column. In general, hydrostatic pressure is defined as part of pore pressure that does not
contribute to water flow. The hydrostatic zero level can be ascertained arbitrarily, because it is only a gradient and
not an absolute value of pressure that rules the flow of pore water. The groundwater table is not proper as a constant
reference level, because this varies on the basin scale. Conversely, sea level is used as a hydrostatic zero level. The
hydrostatic pressure is then equivalent to the weight of the water column measured by the level of seawater and
therefore depends on the density of seawater and pore. It should be underlined that hydrostatic pressure is a
theoretical pressure. It is not measurable pressure for thdfk¥al solid layer or slow sedimentation [3, 4, 5, 6].
The different oilfields depletion can produce the different coupling between pore pressure and Sy, this
EBupling is also called stress-depletion response of reservoirs or reservoir stress path. Three mechanisms regulate
reservoir stress path are normal compaction, normal faulting, andfforoelasticity. It delivers the equation for ASy,,,i,,/
AP for each mechanism(§Reservoir depletion, which results in a pore pressure reduction initiates the mean effecfkR
stress to increase. Thus, normal compaction is ffichanical compaction caused by irreversible porosity reduction due
to the mean effective stress increasing [7, 8, 9]. Then, the sediments suffer normal compaction during production by
losing irreversible porosity. Normal faulting defines the active faulting in rocks due to reservoir depletion.
Poroelastic mechanisms are based on Biot's poroelasticity theory following pore pressure coupling equation [10]:
1-2v

ASpmin /AP = a—— (2

1-v

with the Biot-Willis coefficient @, defined as (1 —Ka K ) where K is the drained bulk modulus and K, is the bulk
a

modulus of the grains.
In this paper, the effect of this tectonic background to the stress ratio change will be studied, it has an impact on
the coupling ratio during the hydrocarbon production and water injection takes place.

MATERIALS AND METHODS

The objective of this study is Rantau shallow structure. This structure is located approximately 135 kilometers to
the northwest from Medan (North Sumatera, Indonesia). This oil field has been produced since 1928 through R-01
well drilled by BPM and currently has 566 wells. It had been ever reached oil production peak in 1973 (32,477
BOPD and gas 27.4 MMSCFD). Before re-activated the shallow zone, it only produced 868 BOPD average from
23 wells [11]. Rantau Field is a part of North Sumatra Basin. Meanwhile, the Keutapang Formation (Late Miocene —
Early Pliocene) is identified as a product of deltaic sedimentation. It consists of shale interbedded with sandstone
varies in size from fine sand to pebble conglomerate. The thickness of Keutapang Formation is 700 m to 1500 m in
East Aceh [12].

The island of Sumatra, tectonically, is a part of Sunda Shelf which is separated from Eurasian Plate by Malacca
Strait. Longitudinal parallel with Sumatra Island in the western part is subduction zone, Indo-Australian Oceanic
Plate overlaid by Eurasian Continental Plate. It is associated with the volcanic arc, together with the huge structural
zone, Semangko Fault, which places the physiographic position, Bukit Barisan. Lifting has been going on since
Early Eocene to present. There are three deformations, namely Pre-tertiary Deformation, Tertiary Deformation, and
Quarter Deformation. However, a little bit knowledge of the Paleozoic (Tapanuli Group) structure which includes
Bahorok Formation, probably NW-SE structure is associated with the direction of cleavage axial planar from Kluet
Formation which is consist of schist and gneiss. Tertiary Deformation is characterized by the presence of a
transcurrent fault structure, namely the Simpang Kanan Monocline, which has similar direction with Pre-tertiary
Deformation. The presence of NW-SE structure can trace this deformation. Some derivatives from Simpang Kanan
Monocline also appeared on the surface, and some are still active today. Quaternary Deformation occurs in
Pleistocene, which is a continuation of lifting period with a similar axis with the direction of Bukit Barisan and
transcurrent fault (Simpang Kanan Monocline) [13].

Fig. 1a points out the principal NE-SW stress after the initial tectonic period and continues to the present. The
Rantau structure is divided into several compartments, which are bounded by general direction NE-SW oblique
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modeling with the support of seismic data through the physical properties co-variance analysis, where the initial
physical properties relationships are examined, such as the relationship between velocity and pressure. It is needed
to consider most robust relationship between physical properties.

Historical production matching is used to bring fundamental physical properties such as porosity at the initial
pore pressure value to the current pore pressure. It will bring consequences to the transformation of initial strain to
the current strain. Every strain transformation will reflect stress change that can be identified as the stress ratio
change between horizontal stress and vertical stress as shown in Eq. 1 above, reflected by the change of v.
Meanwhile, a pore pressure change is directly revealed from historical matching from production data by an updated
reservoir simulation. If there has not been a match between production data and pore pressure data, so it needs to be
re-iterated until both are genuinely matching. Thus, mechanical properties and physical properties can be updated as
well. This repetition is carried out so that the actual coupling ratio, which is used as the observation object with the
accurate Mohr diagram. Validation is also accomplished using core, which is observed in the laboratory with both
uniaxial and triaxial measurement.

There are two aspects, regarding above explanation, tectonic regimes and pore pressure. Are there
interdependent or independent? It might be reflected from internal and external dynamics of the reservoir body,
which affects coupling ratio. If the internal dynamics of the reservoir body in the loading mechanism will oppose
vertical load that is identic to overburden pressure itself. Conversely, the resistance is aimed at the horizontal force
in the tectonic mechanism.

Schematically, several steps carried out in this study are described in the following workflow (Fig. 2), where
input data is originated from well data and seismic data.

Mechanical Earth Model
(Initial)
Elastic Modulus
-Stress (Sv, Shmax, Shmin)
Strain (V, Hmax, Hmin)

Por osity, Pprmoatulnt: , Sw

Historical Production
Matching
Reservoir Simulator
2600
Block A

Reservoir Zone Evaluation
(Preliminary)
-Injector - Producer Pathway
-Verify with production

problems

i

Iterative Coupling/Updated
Porosity

2600
Block A

Reservoir Zone Evaluation
E (Post Coupling)
-Injector - Producer Pathway
“Verify with production
problems

FIGURE 2. Workflow

RESULTS AND DISCUSSION

Based on the seismic cross-section and other geophysical data, it appears clearly that some thrust faults are
obtained, even the oblique strike fault slip is revealed on the surface. The result of elastic modulus and strain
calculation illustrate that the tectonic regime near the surface is a thrust fault regime, where Syp0. = Spmin = Sy
The deeper S, value will increase with increasing overburden pressure, but never exceeds Sy pq5- The cross-over
point position between two tectonic regimes at a depth approximately 450 meters means that Z-600 target layer
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placed at the strike-slip tectonic regime where Sy > Sp,,. this condition is still under the tectonic mechanism,
because the S}, value is still smaller than the Sy, value.

Once Sypmin = Sy, therefore v is higher than when Sj,,;,, < Sy, it means that the material is facing compaction
due to top-loading will reduce the rate of Sy, increase, where Sy, reflects the Sypq, response. The Sypq, value
in this case is triggered by the tectonic activity of burden from the Indo-Australian Oceanic Plate towards Eurasian
Continental Plate, where it is quite intensive in the northern end of Sumatra Island, as evidenced by the large scale
earthquakes found in this area, which is moment tensor describes once the Thrust Fault Regime produced the Aceh
Tsunami in 2004; likewise another earthquake occurred on land.

Fig. 3 shows S, curve and Sj,;;;, curve intersect but both never cut Sy, curve; this indicates that horizontal
force is still dominant to influence; however, the deeper vertical force influence can not be ignored. In this case,
there are two types of deviatoric stress, namely deviatoric stress before intersection point, which is the difference
between Sypyq, and Sy and the deviatoric stress after intersection point which is between Sy, and Sp,i,. The
deviatoric stress which is mentioned later, it will be reviewed considering the Z-600, which is placed below that
point. Physically, the higher value of deviatoric stress will describe the more rigid property with higher rock strength
values. In this case, we can observe that deeper deviatoric stress is more significant. Thus, when we observe
coupling ratio change; therefore, S, value also incidentally reflects the value of deviatoric stress changes,
because S, value as the least principal stress affects rock strength value; or in other words, Sj,,,;,, value will be
very susceptible in determining mechanical properties. Accordingly, the dynamics of physical properties will be
observed throughout time changes. The dynamics can be either hydrocarbon production or water injection, which
causes pore pressure change.
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FIGURE 3. The stress curves at depth variation of several wells, which include Sy, Siymax » and Spmin. It shows that Sy and
Shmin curves intersect, which indicates tectonic regime-changing.

If we review pore pressure change, it will appear pore pressure decreased from 1994 to 2014, ultimately in the
crest of structure, which is identified by green color changes to blue color and then increased from 2014 to 2017
which is identified from blue color changes to green (Fig. 4). It illustrates the oil production activities from 1994 to
2014 and water injection activities from 2014 to 2017. However, in the North-Eastern part remains unaffected by

water injection activities, where pore pressure continues to decrease. These dynamics will positively affect elastic
modulus and rock strength.
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1994 Fiiction Angle=10.5
ay = 831.8 psi
7, = 182.3 psi
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Friction Angle= 21
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(c)

FIGURE 5. The change of deviatoric stress from (a) triaxial 1994, (b) triaxial 2014 and (c) triaxial 2017 on Mohr Diagram from
Z-600 at 561.98 meters depth. Data obtained from Well P-408.
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According to the coupling ratio distribution map as shown in Fig. 6, a dark blue color illustrates a low coupling
ratio, it means that there is a progression of pore pressure addition which is much higher than S, ;,, this is as
previously explained that shear failure has the potential to increase in a dark blue area. This tendency illustrates a
sanding problem potential. Therefore production scenario must be designed so that the drawdown pressure should
not exceed the shear-tensile failure. Thus, the estimation of coupling ratio is essential especially in strike-slip fault
tectonic regime and thrust fault regime; tectonic mechanism will increase the risk factor of the sanding problem,
which deviatoric stress addition will increase the risk factor. 4

Based on Eq. 2 which illustrates Biot-Willis coefficient «, defined as (1 —Ka Kg) where K, is the drained bulk

modulus and K, is the bulk modulus of the grains, the smaller coefficient value, then K, and K, values will be
closer, or it has a lower porosity. It appears that even though pore pressure value increases, but it can not return the
porosity value. In tectonic mechanism, an increase of pore pressure does not loosen the bond, but it makes the
granular bond-slip laterally. Consequently, the granules will shift and break away. The grain size and sortation
pattern also demonstrate each different response such as sand and shale. Sand is very responsive to this matter.

However, rock strength seems to increase, in this case, but it turns out that shear-tensile failure will also increase.
Every failure will result in a sanding problem. We can not reduce water injection efforts, but we can reduce the
potential slightly by reducing drawdown pressure. The effect of the tectonic mechanism, the higher deviatoric stress,
the more it will increase shear-tensile failure, and this is not associated with pore pressure increase, but instead
associated with tectonic regime factors, Rantau Field has dominant tectonic factors, so that it will have a substantial
impact on the shallow layers, because the difference value between Sy, and Sy or Sy, 18 higher.

WI0E 0 8108

FIGURE 6. Coupling ratio map of Rantau Field shows a small value (dark blue color) indicates a water injection activity.
CONCLUSIONS

It can be concluded that the tectonic mechanism can influence a fluid dynamics by the horizontal stress impact,
which is reflected from deviatoric stress. Moreover, pore pressure change is not always equal to the change of stress
difference or deviatoric stress change, due to the nature of irreversible porosity change during fluid dynamics. The
horizontal stress might cause shear-tensile failure, which strengthening pore pressure and it can initiate a sanding
problem potential. Even though we can not avoid pore pressure addition, but we can manage drawdown pressure to
keep away from sanding problem.
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