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Abstract

Seismic data provide evidenabout hydrocarbon deposition, geologieadd geophysicalsubsurfaceinformation
including geomechanical aspects. Deriving and understanding geomechanical propediesidsfor reservoir
managemenas it canavoid drilling and productiomelated problms that cause environmentaipactsassociateavith
landsubsidence and uplifthe Poison's ratio (PR), Young Modulus (YM), and elastic moduk feservoir blockvere
estimated using 3D seismic pstack data and well data. 3D Mechanical Earth Models (MEM) were also developed using
the well logs, seismic horizons, and drilling data. Seismic-dat&wved geomechanical propertiwerecompared with

the mechanical earth models for the first time fos freld. Welltie analysis was used for inversion of 3D seismic data
to extract detailed waveform and amplitudéormation The brittleness index of the subsurface layeas estimated,
which isacritical rock property that provides information aboutkbardness and fragy phenomenonThebrittleness

index has a diverse range fror85%, with significant contrast at shallow zones. PR and YM models generated from 3D
MEM and seismic data have average values of-0.2 and 5- 28 GPa with significantantrast from shales and
carbonates. The studgcommendshat the drilling through these problematic zosksuldbe avoided to avoid wellbore
problemsthat cause challengé@s maintaining wellbore integrity and reservoir managenierihe NorthHeera fiedl,
Mumbai OffshoreBasin

Keywords- Seismic inversion Well-tie analysis,Geomechanical propertiedlechanical earth modelfkeservoir
management.

1. Introduction

Oil and gas drilling and production from offshore fieldse always associated with high
environmerdl risks. There aresequential phases (drilling, production/injectiarll-intervention
jobs, hydrofracturing in oil field developmentandthere ardifferent risk factors for each phase
(Rana, 2008)Big oil companiesnvest billiongn safetyand toredu@ environmental risksThough
pinnacle safety measures were folloywee witnessed catastrophasl and gas drilling disasters
from the Piper Alfa(1988)to Deepwater Horizof2010) tragediesausing damage to humbfe
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and the environment. Most oil and gas accidents amusedmainly by human error or
misinterpretation of subsurface pressub#gling through abnormalanes and missing the planned
well trajectories causes immedigi®blemsas well adater effecs like wellborecollapse and land
subsidenceAn appropriate multdimensionajeomechanicatudy based omlifferent datawvhich
investigates the causes of past accideats address drillingoroblems and minimize/avoid
associategénvironmental ris& In recent yeargheimportance of geomechanical studiesreased
worldwide.Geomechanical analysis oblibore and reservoflystemsas to undergoheappraisal
stage taheabandonment stadds essentiaio avoid/address drilling and productioglatedssues.
Proper geomechanical analysis can avoid catastrophic events during drilling and field development
by identifying the weak zones and abnormal pressure zones. Gentose@upports geophysical
studies, mainly drilling and reservoir engineering. Stadif both shallow and deeper subsurface
farealways associated with-gitu stresses. The precise calculation and analysis of-Hiielistress
help improve drilling engineering and reservoir engineering aspects.

In-situ rock properties are estimatedrfr the elastic waves from seismic data and well (Bger

et al., 1992)Loadingtestsand ultrasonic tests from the laboratgpyovide static and dynamic
elastic properties of a rock. There are many complicaiinrdved inreservoir geomechanical
studies andone of them is the availability of the data (Dusseault, 2009ugh rock properties

are calculated from seismic data, well logs, drilling data, and lab tests individually, an integrated
approach to estimate and analyze geomechanical pexpertalways preferable. Seismic waves
provide lateral informatioaboutthe subsurface where the survey was carried out.

A seismic survey is a constant tool for subsurface mapping and characterization from exploration
to abandonment. Mechanical propestiof the rock are estimated from the compressional waves
and shear waves of the recorded seismic data. Synthetic acoustic waves are generated from the 3D
seismic data using wetle analysis. In this study, wiaverted 3D prestack seismic data of the
North-Heera field. In general, seismic sources on the ground generate mechanical waves that travel
through the layers of the formation arah berefleciedand recorddby the geophones (receiggr

placed at a desirable distance from the source on the s(ifideani and Kessinger, 2003). Two

way travel time is the generated seismic wave's time to travel from the source to the receiver after
reflecting at the subsurface layers. Recorded reflection seismic survey data have several seismic
traces. A single saisic trace consists of the seismic wave's energy traveled in the earth's crust
recorded aa single geophone/hydphone (receiver) shown in Figutéb).
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e
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Figure 1. (a) Showsthe typical travel path of a seismic wave from source to the receiveubsarface, (b)
a single seismic trace with energy in it.
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Multiple shotswererecorded in a seismic reflection sundgydifferent methodsOne example is
common midpoint (CMP) gathering. The trase=ecorrected for Normal Move OYNMO) and
combined using CMP for recorded seismic traces to enhance noise to signal ratio. 3D seismic
acquisition is advantageous in geological structure imaging and adequate subsurface sampling for
defining geological aspects. In a 3D suredyhe areaof interest the source and geophonvesre

moved in xline and crosgine to complete a grid. 3D pigack data undergo almost the same stages

as the 2D seismic data processing methods but are complicated with 3D geometry, migration, and
velocity analysisWell-seismic data tie generates more stable velocity distributions, which helps
determine the #situ geomechanical properties of the basin/field (Dutta, 2002). Despite the
difference in seismic and log velocities frequency, welsmic ties create a atlon between
velocity and time aawell location (Soleymani and Riahi, 2012). Velocities are extracted from the
generated velocity cube using seismic sections. The advantage of 3D seismic data is that faults and
formations horizons are mapped accurateWich is considered to generate geomechanical
properties. On the other end, geomechanical properties calculated using well logs provide almost
the same results with minor variatioms values. Hence the comparison of geomechanical
properties from seismiand well logs gives field appkble geomechanical analysigell logs such

as sonic, density, caliper, gamma, and electiicgs are primary inputs for developing 1D
Mechanical Earth Models (MEM). Seismic horizamalfault lines, including 1D MEM, arevital
parameters for developing 3D MEMEhe Mechanical Earth Model is a numerical representation

of the state of stress and rock mechanical properties for a specific stratigraphic section in a field or
basin. Sedi ment ary r oaidk interdalafriction anglemBritllanéss IndexP o i s s ¢
(Bl), and Unconfined Compressivetréngth (UCS) are estimated and analyzed from
geomechanical properties for studying weak zones and subsidence of the platforms and wells. In
this study, geomechanical propegiestimated from seismic data and well logs are compared and
studied for an area of more than 200 sqg. km of the Ndetbra field, India

2. Methodology

2.1Field Geologicallnformation

This studyis based 08D seismic data and well logs are from the Naét#era field, located on the
western offshore of Indjas shown in Figre 4a). Thisis one of the largestil and gagroducing

fields in India.A few wells and platforms from this offshorelfi haveencountered subsidence
(Figure 2(b)) and upliftment(Figure 2(c)), causingsubstantiafinancial loss.This sedimentary
basinis characterized bglternative sedimentary deposition of shale and carbonate layers. Shallow
layer lithology consists of mainhhale and claystone from late Miocene to Holocene of an average
thickness of 600m with an average water depth of 30m at this block. Source rock is from the tertiary
epochsPaleocene to middle Miocemadcomposed of mainly carbonate (limestone) layers with
moderate yellow and a combination of yellgneen fluorescence. In this block, there are 8
formation layers from the seabed to the basement. Formhti®mainly composed of shale and
claystone with gamma values of 55API and above. Form&tian limestoe having vugular
porosity, where formatiof is a thin shale layer followed by layer (formatnwith a mixture of

shale and limestone.
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Figure 2. (a) Location map of the Northieera field in the Mumbai offshoréy) Noticeable subsidence
occurred in one of the platforms and we{tg, Upliftment of the offshore wells and platform in Mumbai
offshore.

Formation5 and 6 are the producing zones that have foraminiferal wackestone with patchy and
vuggy porosity. Formatios¥ has alternatively deposited layers of clay, shale, sand, and siltstone.
Finally, the basementonsists ofhard and greenish granitic layers (format&)n DGH India
provided these lithology details for this study. The lithostratigiapatawas analyzed initially

from the well logs, cores samples, and drill cuttings to include in the workffagurg 3) for
constructinghe geomechanicahodels.

3. Section- |: SeismicData Processing

Interest inseismic inversion methods has increaseer the last two decades for the reason that
seismic inversionobtains subsurface rock physical and elastic properties information from
continuous seismic data sets. Seismic inversion surrogates the signatuseniuf data associated
with subsurface data, analogous to the subsurface acoustic and impedance models. A seismic
inversion converts theontrastedseismic data to a modé¢hat confirms the geological and
petrophysical boundaries in the subsurf@¢eeken andDa Silva, 2001 Seismic inversion is
broadly divided into two categories: pasart and prestack. In the posstack seismic technique, a
single trace volume is converted into acoustic inaped (P impedance) using seismic data. The
pre-stack inversion techniqueseis multiple traces of a linear AVO model to transform seismic data
into acoustic impeahce.This studyused prestack inversion becausepitovides promising outputs

of Vy/Vs, shear impeahce and acoustic impethice which identify the lithology facies nme
precisely over posstack inversiorfMoghanloo et al., 2018; Veeken and Da Silva, 208B)pre
stack data ofhe Mumbai offshoreBasincovering 200krhareawas processed for corrections to
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obtaingeomechanical properties. Outpfrtsm the seismic inversion process help explain drainage
areas, identificationf sweet spots, and prospect ranking for field development. Seismic inversion
was performed on the pstack seismic da using Hampson and Raedl 9 software.Figure 3
shows the flow chart of the petack seismic inversion using the initial model. Here have done

the seismic inversion iteratively.

Seismic Pre-
stack angle Well-logs, Core
gather Data Tests
. . 1D Mechanical
Available Log | Well-Tie Earth Model Drilling,
data
Geological
Wavelet information
Selection
SPSI Geological
Simultaneous surfaces
Pre-stack 3D
Seismic Inversion Structural
Model
1 1 Faults lines,
Seismic horizons
Seismic Elastic 3D Grid
Properties
Geomechanical
Properties from 3D Mechanical
Seismic Earth Model
Analysis of rock
properties and stresses
estimated from seismic
data and well logs

Figure 3. Workflow for the geomechanicaroperties estimation from seismic and well log data.

A prestack inversion method combines Common Depth Point (CDP) gathers and Amplitude
Versus Gfset (AVO) effects(Richardsand Aki, 198Q. A significant difference is observed in
many cases dinmg partial stacking on the top layer amplitude of the reservoir. Primary waves hold
the lithology and the por#ll information, while the fluid contents do not influence transverse S
waves(Oz Yilmaz, 2001)Geomechanical pameters like the PR, YM, Shear modulaisgdLame
modulus are estimated from the seismic vejogdriations and the formation density. The 3D-pre
stack seismic inversion provides a bettederstandin@f the rocks physical properties (porosity,
saturatio, permeability) and elastic properties (SM, LM, YM, PR, BI).

3.1Simultaneous Prestack Seismic Inversion (SPSI)

Well to seismic tie is very significant for seismic data inversion and interpretation. A comparison
is made at the well location betwesgymthetic and seismic waves in the seismic inversion method.
In well-tie analysis, interpreting the reflectors’ waveform and amplitude at the well location
depends on the quality of well logs and seismic (&#doeri, 2018)Generally, for tying log data

to seismic data, impedance logs (sonic and density) are filtered by seismic w@relkbsvski et

al., 1998) Signalto-noise ratio, bandwidth, and data availability are essential segementgor
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well-tie (White andSimm, 2003) A few assumptions are made during wavelet extraction, such as
zerophase seismic data cube, Normal Random or Gaussian reflectivity series, and correctly
determining time bulishift of synhetic trace. Generally, wavelet extractifals into two
categories Auto Correlation (statistical method) and Weinkevinson (uss well data). A
minimum phase seismic wavelet was estimated from seismic data using statistical methods. This
wavelet was sed to generate the synthetic seismogram at well locations. All the six horizons in the
provided data were exported and loaded into the inversion project.

Inversion of seismic prstack data provides reliable compressional and shear velocities to predict
the subsurface's lithology and fluid properties. Weditbe (Hampson et al., 2008ahadasu et

al., 202) SPSI in this study because it is t@mprehensivinversionapproach ofSimmons and
Backus, 1996and(Buland andOmre, 2003)In the inversion procesa window is operated at the
selected welltie locations to examine the inversion paramefEns method generates the velocity
and density synthesiwhich helps to compathe actual velocity and density at the well locations.

3.2 Estimation of Elastic and Geomechanical Propertiesrom Seismic Data

Estimating elastic and geomechanical properties from seismic data provides insights into
geomechanicaspects during drilling and hydrofracturing. Futuristic problems productianed
subsidence of wellbores and lands can be analyzed from the rock models of the reservoir. P
impendence and-Enpendence derived from seismic inversion generate elastientiesomodels.

The following expressions are used for estingaelastic moduli of the rock.

Shear Modulus is calculated from the belgiwenexpressios
I m26 1)

O is shear moduwarues fionr nGaPtai,ondsanddenvsity (gm/ cc)
of the subsurface.
1 mz26  Ct 2

> is Lame's modul us i n GPa pare@ensitgof fermatianr(g/ceho d u | u ¢
and primary wave velocity (m/s) of the subsurface retbasly.

Poisson's ratio is calculated from the primary wave and the secondary wave velocities derived from
the seismic inversion model.

4 — 3)

3 is Poi sson'shkear and Lame's m@uligGPd). & ar e

8 CtZp (4)

E is Young's modulus in GPa, O and & are shear

Generally, vertical stress, minimum, and maximum horizontal stresses are estimated for-long 3D
seismic data. The subsurface stresses are estimated from the seismledathe seismic waves
intersected the rock at angles (340n the calculation of the principal stresses, a few assumptions
have made; those assumptions &adibration of estimated stresses, assumed the field stress
measurements are valid for this @rdifferential horizontal stresses create azimuthal anisotropy,
the elasticity of the rocks from this basin follows the linear slip theory and its assumptions. Based
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on the above assumptions, the results of principal stresses are estimated. The falleviireg
expression$or in-situ stress calculation:

A KU _ QwAE (5)
£ K — (6)
A A zg—m (7)

;i s over bu kidminimumtharizosta stresf n d is aximum horizontal stresses
calculated from seismic data. Where g is the accelerationduetogravijy(ft's)j i s t he r ock
derived from seismic inversion (gahdcgignorma i s Po
compliance. By definition, compliance is the ability of an object to yield elastically when a force

is applied. Using a widangle approach,\s calculatedDownton andRoure, 201Q) There are

other impotant rock physical parameters used during hydrofracturing studies, one of those
parameters is Differential Horizontal Stress Ratio (DHSR)¢ckvis given by below expression:

$(32 8)

hereln, agam@ miimum and maximum horizontal stresses derived from Equations (6) and (7).

4. Sectiont 1l

4.1 GeomechanicalProperties from Well-Logs

Geomechanicadtudies play a crucial role in developing tectonically active areas and addressing
the current problems in the industZoback, 2007)Change in the stresses due to production and
injection of fluids affect drilling, completion, and wellbore production improvement operatiens. In
stress changes in the formations affect casing integrity, compaction, and sagéoswvto shrink.
Changes in pore pressure, stresses, and mechanical rock properties impact field development and
production strategie3D MEM provides the stress, pore pressure, and elastic moduli for the
complete block between the wells and zones whel#s are not drilledVishkai et al., 2017)
Comprehensive analysis of 1D and 3D geomechanical models associated with triaxial tests helps
to achieve robust stress prediction and weak zones identificatioge@Dechanical models are
constructed by integrating geological models, petrophysical data, and drilling and completion data.
This study aims to develop an integrated approach by combining seismic surveys, experimental
rock analysis, and mechanical eartbdelingto address the possible causes of wellbore instability
and subsidence related to ppsvduction. Our study developed 1D and 3D geomechanical models
for the NorthHeera block in Mumbai offshore using the workflow showFigure 4.
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Figure 4. A detailed integrated workflow for developing 1D and 3D geomechanical models.

In the first step of the workflow, 1D Mechanical Earth Models for more thaoil4®ells were
created from this producing offshore platform. Detailed Mechanical Earth ModEls!)ldnalysis

carried out to avoid wellbore trajectories drilling through weak formation zones, which is discussed

in the work of(Ambati et al., 2021)According to the geomechanical terms, techanical earth

model is a numerical representation of stress and rock elastic properties for a specific stratigraphic

section of a well in a field or bas{Araujo et al., 2010)The estimation of i¥situ stresses for gas

and oil wells require almost the same data sets. Calculation of the pore pressure of gas wells
requires more attention as abnormal pressure pockets or zones may be encountered when drilling

through gas reservoifaregbe, 2017)Rock elastic properties from well logs astimated for the

entire wellbore length using governing equations by taking lithology into significant consideration.
Poison's ratio, Bulk modulus, Young's modulus are the elastic moduli determined for the wells, and

the governing equations for calculatiooare given by Equations (9), (10), and ({Hjner et al.,

2008)

z
"oz d)

® ™ X ZCo 8

3dyn, Gayn, @nd Eyn are the dynamic Poisson's ratio, Bulk modulus, and Young's modylugs V

are the compressional wave

formation. UCS was estimated by different empirical equa(iGhang et al., 2006)y considering

lithology.

vel ocity

(9)
(10)
(11)

and

shear

In-situ stress estimation is essential for geomechanical analysis and interpretation. In our study,
lithology-based estimation of igsitu stress is very significant for the anisotropic formations

considering pore pressure, Youngsdulus, Poisson's ratio, and Biot cons{&ténton andDlson,
1999; Molaghab et al2017; Nurhandoko, 2019; Zhang afisang, 2017)Accuracy of horizontal
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stresses profiles improved by considering the poroelastic horizontal strain model determining the
magnitudes of minimum and maximum horizontal stresggen agAmbai et al., 2021)

Y —, —10 —- —_— - (12)
3 —A —)J0 —R —R (13)
R — — p 14)
R — p — (15)
Poi s interpreted pore pressure from wedttal | ogs,

stress, and E is Young's modulus. Harandy, are the compressional horizahstrain in the x
direction and extensional horizontal strain in thaingction.

The construction of 3D geomechanical models necessitates a considerable amount of knowledge
about lithology and geostatistics. Theordinates of th&D grid developedn this studyare X-

11475m, ¥12525m, and 2700m. The step length considered wags5n and ¥75m, covering

200km? area of the NortHeerafield. After creating the 3D grid over the structural model using

the wells, the elastic properties, strength parameters, and principal stvesspspulated in the

3D grid. The Kriging geostatistical methodias appliedo map the properties to the gid the
surfaces.Ordinary kriging is the general and most commonly used geostatistical method for
property mapping in surfaces and 3D grids, and it is more accurate than other kriging if@&#eods
Phamet al., 2019) This method estimatdhe value at a target point using a value at the nearest
point in the neighborhoo@ackernagel, 1995)

Using the property correlations and spatial locations between the target and referencéhpoints
kriging method gives hidir accurate interpolation estimatigrertl et al, 1976; Hodam et al.,
2017;Liu et al., 2017; Paramasivam avidnkatramanan, 2019YCS models were generatetea
generating a 3D grid, pore pressure, fractanelstreses.

5. Results and Discussion

Modekbased inversion helps generatéripedance and-Enpedance, whicltan befurther used
for generating rock property models. In our study;gieek data of the NortHeerafield was used
for modelbased inversion. Three vertical welgreused for the weltie and inversion analysis,
of whichtwo are exploratory wells (well & 2), and one iaproducing well (wel3). The inversion
process created synthetic density andaity waves and helped thecomparisonof synthetic data
at the well location.

Lameds parameters consist of two parameters wf
modul us (&) is also called a | ame first par a
formation. Shear modulus (u) is defined as shear stress to shearthigaaso focuses on the

material's stiffness matrix. The two parameters together provide information on the elastic
properties of homogeneous rock formation. Shear modulus calculated from the seismic data is
illustrated in Figure 5; property variationsnging from 1.2 to 2.4 GPa are noticed in the entire

volume.

1033 Vol. 6, No. 4, 2021



Ambati et al.:Seismic Driven Geomechanical Modeling of Uplited&d b si ded é | ll@ﬁﬁ

Seismic to well tie is the foremost step in seismic inversion and was carried out for angle stacks of
(5°-15°), (15°25°), and (2535°) by employing angldependent wavelets with two wavelet
edimation methods at each wellbore location. These statistical wavelets and synthetic seismograms
were generated by employing the reflectivity from logging dB&Macedo et al., 2017)With

this synthetic seismogram, seismic to widl operation was conducted in each location until a
better correlation between actual seistata and synthetic seismic data was obtajbeshget al,

2018) Then wellbased wavelets were estimated by finding the operator that convolved with the
well's reflectivity at each wellPalmeira and Farrell, 1982Jhe correlation between original dat

and synthetic data was found to be 0.915796. In the procedure, deterministic wavelets for other
wells were extracted. Inversion analysis was performed along with a target window between 0
4000ms for angle range-85 degrees for well. Based on inversibanalysis, we selected the best
wavelet which had the minimum error. Multiple checks were conducted on wells 2 and 3 for
extracting the wavelet before inversion, Zs, Dn, Vp/Vsratio are the primary outputs developed

from the SPSI inversion. The inv@s extracted parameters generate the rock elastic properties
and geomechanical properties for the basin or field. In this study, rock properties such as shear
modul us ( SM), Lameds modul us (LM), Poi ssonos
generatedrom the Equations (1) (4).

Many significant lower values are noticed at the shallow depths df 200m. Figure 6 shows the
Lamebdbs parameter one (&). There is a contrast
depth of 606750m intervalhigher and lower values are noticed. Depth interval {&00m) is a
transition zone from shale to carbonate for ma
identified, as shown in Figure 7. The PR of the entire volume ranges from @428 Genslly

speaking, PR ranges from@5 in the sedimentary rocks, and PR in high porous carbonates is low
compared to shale formatighi and Zhao, 2014) Youngdés modul us vol ume ¢
seismic inversion resdltis shown in Figure 8; YM values from the volume have been observed to

be distributed from a range of 5.4 to 28.7 GPa. A combination of both higher and lower YM values

is observed at the shallow zones and the transition zone of shale and carbondtese3Brig a

vital rock property that helps in fracturing and other injection studies. It is generally measured as a
percentage known as the brittleness index (Bl). We have computed the BI of the subsurface layers

of the reservoir block using seismic da®.of this block varies with contrast ranging fron82

%; shallow layers are shale, and claystone possesses a-B0df2and the production zones are
carbonate and have a Bl ofl5 % shown in Figure 9. Sedimentary layers below the production
zones areomposed of basalt and granite with Bl above 25%. Overall, a significant contrast in the

Bl is noticed at the shallow depths and @B®m depth interval. (and depth between 650 and
900m). The approach of combining seismic, well logs, and drilling datdezhthe development

of 3D geomechanical models for an area of 200kigures 3 and 4 illustrate the methodology and
workflow used to build this 3D model for the offshore reservoir block. As a first step, we developed

1D MEM for 40 oil and gas producing wells. Overburden stress in 1D MEM was calculated from

the density log using Equation (5), and the horizontal stresses Shmin and SHmax were calculated
from Equations (12) (15). Calculation of rock properties from well logs is a litholbgsed
approach(Koutsabeloulis and Zhang, 200Bhang 2019) where we considered the congsan

based on the lithology of the surface and generated the rock properties using the governing
Equations (9) (11).

Five formation tops were used for creating a stratigraphic model, and 22 faults were incorporated

to create a watertight structural modalorder to cover the total thickness of the formation layers,
140 sublayers were created in the stratigraphic model. Eaclies@ has a different thickness but
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the same lithology and similar structure. A 3D structural grid was built using a hybdid gri
approach, which is the most reliable option for irregular topographies in subsurface modeling. Forty
wells drilled in this reservoir from different platforms were used for generating 3D geomechanical
models. Rock properties derived from thelD MEMs weasputated into the 3D grid using the
ordinary kriging approactAl-Ruwaili and Gardac, 2003; Fung et al., 1994; Janis et al., 2016)

3D elastic moduli (Young's modulus, Poison's ratio, Bulk modulus) models were created.

On first observation, the overburden pressure in Figure l1@o8s not show any significant

variation in the gradient or the spatial distribution. Minor variations in horizontal stresses were
observed with depth, and shal |l @w d3eOpOiphs=r, oclk |
1000psi without much deviatiofiom the normal shown in Figures 11 and 12 but significant
deviations in the stresses are seen at the depths of @WIOM.

Spatial variation in the geomechanical properties such as Young's modulus, Poisson's ratio, and
UCS are shown in Figure 13. In tB® model's crossection view at 650m depth, as shown in
Figure 11, a noticeable contrast in geomechanical properties distribution is observed. Young's
Modulus at this depth varies spatially between 5GB@Pa. The Poisson's Ratio varies between
0.320.45 at this depth, and UCS has the value of 7MBK&IPa at 650m, except the contour
indicates a low strength. Figure 14 illustrates the pore pressure distribution in the 3D grid, which
was achieved by the kriging interpolation method. Correlation of the welts necessary to
distribute pore pressure into the 3D volume.
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Figure 5. lll ustrates the shear modulus of the block calculated from the seismic inversion.
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Figure 6. lllustratesthe lame modulus of the subsurface layers of reservoir block calcdtaredhe
seismic inversion
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