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AREAS OF APPLICATION AND IMPLEMEN

Geomechanics Analysis
Injection Well

A Exploration/Appramssgessment

A Drillingassessment/trajectidegign
A FieldDevelopmeRianningFDP)

A Productiomprovement/rigduction
A CCSassetperformance
A Storageassetintegrity

A Geothermadssetintegrity
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HIGHRESOLUTION METHOD FOR GSM

1-D Sonic Resolution Grid Resolution

3-D High Resolution
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GRONINGEN FIELD OVERVIEW

The Groningermas field was a naturalgas field in the
Groningen province at the northeastern part of

TheNetherlands

Withan estimate@,740billionm?® of recoverablaatural
gas,itwasthelargeshaturagjasfieldin Europendoneof

thelargesintheworld

Thegasfieldwasdiscovereih 1959

Gasextractioresultedn subsidencabovehefield From
1991 thiswasalsoaccompanidayearthquakesshicHed
to damageo housesandunrestamongesidentslt was

decidedo phaseutgasextractiorom20l14onwards
https://public.yoda.uu.nl/UU01/1QHOMW.html
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1StSTEP: GEOSTATISTICAL MODELLING

UseSonidata’ SparséModelling

UseSeismi®atal DenséModelling - b _' f
Creaté&SparsandDensé/ariograms _1 [, l% | | i |
CreateCrossVariogram N NI ! g"; 2
PerforniKriging/Cokriging I T NEEERAN) I
Generat8eismi€Cube BN 1 ‘ ;f’ :
Generated Model N7 -
A Size: 550+M cells f A Blind Test wells : 30+
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GEOSTATISTICAL SOLUTASANIC DATA COMPARISONS

@_wsm—l [TvD]
TVD =3
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ANALYTICAL SOLUTION
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ANALYTICAL SOLUTI®OMECHANICAL & STRENGTH PROPERTIES

| Young ~ s modulus cube |

| Density cube | | Shear Velocity cube |

ay

ipiiiiiiil

-

.
i

i
[

220
oo 2000

nnnnn

vP
Povelocity [kmis]
600
.: 478
—450
-425
~400
~315
~350

325

! 300

~275

~250

-225 i
20
nnnnn ! Friction angle cube

rGeomex Software Solutions @3 Ephesia Cons



ANALYTICAL SOLUTI®ORORE PRESSURE, STRESS & DRILLING GRAL

| Pore pressure prediction | | Minimum Horizontal stress |

| Fracture gradient
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RESERVOIR PORE PRESSURE P

REDICTION
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PP_Model_REF
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PORE PRESSURE PREDICTION REVIEW

Blue crosses denote data from global database 8 same data replicated in each well for trend validation
Green squares correspond to modelled pressure data for the field. Difference between modelled and measured is + 10%.
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ShminPREDICTION REVIEW

Black triangles denote data from global database 0 same data replicated in each well for trend validation
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NUMERICAL SOLUTION
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NUMERICAL MODEL BOUNDARY CONDIARINS O
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NUMERICAL MODELLING OF FAULTS USING EDFM

Fault surfaces definition
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NUMERICAL SOLUTI®MND PRODUCTION PRESSURES

1958 Pressure at Reservoir Top 2020 Pressure at Reservoir Top

van Oevereret al. (2017)
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