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Intro duction

The WP5report summarizesthe main outcomes obtainefiom the analyss carried out bythe
numericaimodel developed in WPA3]. For all the fluids, CO2, H2 and N&everakonfigurationhave
beeninvestigated by theATLAS geomechanicalofiware in the 3D setting described iWWP4. This
analysis aimgo investigate conservatively the most critical factors in relation tofault failure

(reactivation, in fact, can occur with aseismic sli.facilitatethe comparison with the KEN1
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project, the same maioonfiguratios have been used:

T

ReferencR]:t hi s configuration representsilttshe 01
characterized by the same settings use®i#MO1 for Scenariold4] and already described

in WP4. Table1 summarizes the value of the major parameters used in these reference
scenarios

Configuratioh [C1]: this configuration is characterized by the same settings used iIR(KEM
for Scenarid0 [4]: cohesion = 0 barF3 fault dip = +65andcompartment offset = 100n;

The values adopted in reference test cafalflel) have been used for the other parameters
Configuration 2 [C2ihis configuration is characterized by the same settings used iR(KEM
for Scenarioll M. static friction angle = 20°; F3 fault dip = +65°; viscous caprock and
compartment offset = 100n. The values adopted neference test casel@blel) have been
used for the other parameters

Configuration 3 [C3ihis configuration is characterized by the same settirsgsl in KEMD1

for Scenariol24]: cohesion = 0; F3 fault dip = +65°; viscous caprock and compartment
offset = 100m. The values adopted in referemtest case Table1) have been used for the
other parameters

Configuration 4 [C4his configuration is characterized by the same settings used iR(KEM
for Scenario134]: cohesion = 0; F3 fault dip = +65°; compartment offset = 100m angd.&

= 20 GPa. The values adopted in reference test cdablél) have been used for the other
parameters

Configuration 5 [C3his configuration is characterized by the same settings used ir(KEM
for Scenariol4 4 static friction angle = 20°; F3 fault dip = +65°; viscous caprock;
compartment offset = 100n and Esnor = 20 GPa. The values adopted in nefiece test

case Tablel) have been used for the other parameters
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Tablel: Model parameterization for the reference test case.

PARAMETER VALUE
F3 dip 90°
Offset Om

q 0°
M1 0.74
M2 0.83
cohesion 20 bar
static friction angle 30°
Eeservoi 11 GPa
Ezechstein (DE€lOW 1800m) 20 GPa
Ezechstein (from 1800m to 1500m) 35 GPa
Eoverburden 10 GPa
Einderburden 30 GPa
Zechstein linear elastic
a 0.86
N reservoir 0.15
N zechstein 0.30
N overburden 0.25
N underburden 0.20
p Average bet
the sides of the fault
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Two storage scenarios have been analyagdefined in WP3:
1 Caselunrealistic storagescenario (in terms of WGIR/WGPR) consideg a large delta
pressure andh narrow storage stage
1 Case2realistic storage scenario (in terms of WGIR/WGPR)
In addition the possibility of includingeochemical effectas defined in WP21] and WP4 is also
considered:
1 Weakenin§W]: the Young Modulus is decreased by 30% during the injection stage;
1 HardeningH]: the Young Modulus is increased by 30% duringitiection stage;
The sammary scheme ahe analyzeaonfigurations anthe coding methodor eachscenarioare

shown inFigurel.

Fluids Configurations Storage Cases Geochemical effects

e CO2  w Reference[R] = Casel = Hardening[H] |
- - Combinationl [CI] < a2 4 - Weakening [W]
= N2 = Combination2 [C2]

=  Combination3 [C3]

= Combination4 [C4] Scenario coding

=  Combination5 [C5] CO2-R-Casel-H

Figurel: ummary scheme dhe analyzedonfigurations and coding method of single scenario

The numerical results are shown in termstbe variationversustime of the maximum=|tj/t |,

which representghe main outcome of the KEM1 project and maximum sliding ...,on the five
faults FAF5 Figure2). In particular, he maximum is computed at the element levakdescribed
in WP4.To facilitate comparison with the results presented in the k&Mproject, instead of time,
reference will be made to the loading step: January 1, 2022 and January 1, 2CGEpaod to
loading step 0 and loading step 20, respectively.
In the following we refer to the stages listed belgkrigure3):

1 Primary Production (PP)pressure decreasein the reservoir as a result of methane

production;

1 Storage(ST):pressure recoveryn the reservoir due to the storage of CO2 and N2;
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Cushion Gas (CG) injectiomressure recoveryin the reservoir due to the cusbn gas

injection of H2;
Underground H2 Storage (UHS) cyclesasonal pressure fluctuation in the reservoir as a

result of the seasonal storage (U¥5J and production (UH®) of H2;

The report is subdivided in the following sections:ahalysis of COZ&cenarios 2) analysis of H2

scenarios and 3) analysis of N2 scenarios.

? ‘ = = ‘i - /t/
=z |

Figure2: axonometric view of the five faults 5.

Primary Production (PP) Underground Hydrogen Storage (UHS) cycles

rF s
Reservoir

Pressure

Seasonal Production (UHS-P)

Seasonal Storage (UHS-S)

>

Time

Figure3: Sketch of the main stages during the reservoir lifespaerims of pressure change over time
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1 Analysis of CO2 scenarios

The geomechanical scenarios carried out for the CO2 storage are reportédlahe2. The pressure
change imposeih the two reservoir blocks is shown iRigure4. The results of the numrical model
are provided in the following subsection in terms of evoluti@rsustime of the maximum critical

index : max and maximum slidinga.

Table2: Analyzed scenarider the CO2 storage.

Name Fluid|Configuratior] Storage CaseGeochemical effectg
C0O2-C1-Casel{ CO2 Ci1 Casel NO
C0O2-C1-Case2 CO2 C1 Case?2 NO
C0O2-C2-Casel{ CO2 Cc2 Casel NO
C0O2-C2-Case2 CO2 C2 Case?2 NO
C0O2-C3-Casel CO2 C3 Casel NO
C0O2-C3-CaseZ CO2 C3 Case2 NO
C0O2-C4-Casel{ CO2 C4 Casel NO
C0O2-C4-Case2 CO2 C4 Case2 NO
CO2-C5-Casel| CO2 C5 Casel NO
CO2-C5-CaseZ CO2 C5 Case2 NO
CO2-R-Casel | CO2 R Casel NO
CO2-R-Case2 | CO2 R Case?2 NO
CO2-R-Casel-HCO2? R Casel H
CO2-R-Case2-HCO2? R Case2 H
CO2-R-Casel-W 02 R Casel W
CO2-R-Case2-WCO2 R Case?2 W
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Figured: CO2 storage:average reservoir static pressuvstime.

1.1 Reference

The CO2R (for both storageCasel andtorageCase? represents the referencéor the analysis
of the CO2 storage It is characterized by the same settinged in KEM)1 for Scenariold and
already described in WRP4&'able 1 summarizes the value of the major parameters used in these
reference scenariogrigure5 providesthe behaviorvsloading stepof ... for each of the F&F5
faults. For bothstorage scenarios, the index approaches a critical condition only at the endPéf
(loading step = 10), reaching the critical valyg=1 on faults F1 and FDuring this stage the
reservoir compactionincreases the shear stress along the fautile the reservoircontraction
unloads the normal stres3hen, he faults are stabilizeak the beginning of th&T: . ., decreases
because the shear stress along the fault is unloaded due to the expansion of the resks\ibie.
CO2 storage continues, the shear stress is loaded witlke opposite sign, reaching a relative
maximum at the end of the injection stadéne same considerations hold for both Casel &ate2
Notice that fault F3 remains stable{=0) for the entire simulation because of symmetry

conditions.
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Figures: Comparison between COR for Casel andCase2, and evaluation ofaxat increasing loading steps
for fault F F5. Note that due to symmetry F1 and F2, as well as F4 and F5, behave identically.

1.2 Hardening

Since a hardenirlgehaviorhas been observed fapcks exposed to CO2, a hardening scenahias
been evaluated for the reservoir rockjcreasinghe Young Modulus during the injection phase by
30%.Figure6 andFigure7 provide the behaviorvsloading stef . ..., for each of the FIF5 faults,
except for fault F3, which remains stable,{x = 0) for the entire simulation due to symmetry
conditions.The results are compared with the reference tesisesFor storageCase] the fault
criticality index is slightlydeaeasedat the end of the CO2 storage. FastorageCase?2, stability
increases especially during the first half of sherage stagel-igure8 showsthe time behaviorof

the fault maximum sliding... computed for the five faults. FaslF1, F2, F4, and F5 activate at
loading step = ANote that sliding begins before thg.,reaches the critical value of 1: this is because

-max IS @averaged betweemwb neighboring elements, as explained in WPde maximum sliding is

reached at loading step 0, end of PP
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Figure6: CO2-R-CaselH: . max vsloading step for each fault. Note that due to symmetrydflF4 behave
identicallyto F2 and F5, respectively
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Figure7: CO2-R-Cas&-H: . max vsloading step for each fault. Note that due to symmetry F1 and F4 behave
identicaly to F2 and F5, respectively.
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Figure8: CO2-R-H: Maximum sliding max vsloading step
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1.3 Weakening

Since aveakenindgehaviorhasbeen observed for the rock exposed to CO2weeakeningcenario

has been evaluated for thieservoir rock, decreasing the Young Modulus during the injection phase
by 30% Figure9 and Figurel10 provide the behaviorvsloading stepof . .. for each of the F&5
faults, except for fault F3, where thg.is equal to zero due to geometrical symmetry of the fault
systemThe results a& compared with the reference tesasesFor Caselthe fault criticality index

is slightly increasedt the end of the CO2 storage. For Case2, stability decreases especially during
the first half of the storage stagEigurell showsthe time behaviorof the fault maximum sliding

1 nax.computed for the five faults. FasiEl, F2, F4, and F5 activate at loading step = 3. The maximum

sliding is

reached at loading sted &
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0.6 1
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Figure9: CO2-R-CaselW: . max vsloading step for each fault. Note that due to symmetry F1 and F4 behave
identically to F2 and F5, respectively.
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behave identicallto F2 and F5, respectively.
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Figurell CO2-R-W: Maximum slidingmax vsloading step.

1.4 Configurationl
Configuration 1 is based on the following hypothesis:

1 cohesion = 0 bar;

1 F3fault dip = +65°;

1 Compartment offset = 100n;
The values adopted in reference test casalflel) have been used for the other parametefsgure
12 andFigurel3 providethe behaviowsloading stef . ... for each of the F&F5 faultsThe results
are compared with the reference test cas@se changes in the fault dip makes the system to lose
symmetry. Consequently, faults F1 and F2 do not behave the same anyFrhereompartment
offsetplays a major negative effedsoon faultsF4- F5 . ,,,0n fault F3 increases due to the increase
in shear stresses, with values up to 0.75 at the enB®fThe results highlight thaturingPPcritical
conditions for fault reactivation develop earlier respect to the reference scenario due to cohesion
reduction. At the end of theST stage . nain fault F1 displays lower values than in the reference
scenario, whil®n fauls F2F4F5 the. . is higherThe decreasing/increasitghaviorof . ., during
the storage stage is more emphasifed storageCase2 As expected, at the end of th8T stage,

Casel and Case?2 show the same values,Qf
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Figurel2 CO2-C1-Casel: naxVsloading stegdfor each fault. Note that duéo symmetry F4 and F5 behave
identically.

Figurel4 provides the timebehaviorof the fault maximum sliding,., for the two storage cases.

For storage Casel, the sliding starts decreasing after loading step 10 (@ilwlile it decreases

later on for Case2, once theritica state has been reached.

The resulting maximum sliding is slightly smaller than that computed in(KEEspecially for F3:

this is due to the different numerical formulatiosedfor the fault modelling, as explainedWP4.

A mesh refinement is necessary to get the same vahmgever,the refinement would have made

the computation heavier without giving additional information regarding the critical situation, defined

by . max Which is the focus of the project.
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1.5 Configuration2

Configuration 2 is based on the followihgpothesis:

i Static friction angle = 20°;

1 F3fault dip = +65°;
1 Viscous caprock
1

Compartment offset = 100n;

UNIVERSITA
DEGLI STUDI
DI PADOVA

The valuesdopted in reference test cas€dblel) have been used for the other parametefsgure

15 andFigurel6 providethe behaviowsloading stepf . .« for each of the FI5 faultsThe results

are compared with theeference test casefn general, théehaviorof . ...« is similar to that observed

with the C1 configurationThe effect ofthe viscous overand sideburdenis slightly visible at the

end of ST stage foCaselonly. . ha Slightly increases for all the faults except for f&8that shows

an oppositebehavior Overall, the viscous effect has not a majofluence on the instability of the

faults
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Figurel5: CO2-C2-Casel: hax VSloading steps for each fault. Note that due to symmetry F4 and F5
behave identically
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Figurel6: CO2-C2-Case2: nhax VSloading step for each fault. Note that due to symmetry F4 and F5 behave
identically.

Note that for storage Casez2 ., Showsanunusuabehavioron F1 and F2 due ta changeof the

element that experiences the most critical condition.

The behaviorof 1 4 for both storagecases is provided iRigurel?.
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Figurel7: Maximum sliding maxvsloading step
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1.6 Configuration3

Configuration 3 is based on the following hypothesis:

M cohesion=0;

1 F3fault dip = +65°;

1 Viscous caprock

1 Compartment offset = 100n;

UNIVERSITA
DEGLI STUDI
DI PADOVA

The valuesdopted in reference test cas€dblel) have been used for the other parametefsgure

18 andFigurel9 providethe behaviowsloading stef . .« for each of the FI5 faultsThe results

are compared with theeference test casefn general, théehaviorof . ...« is similar to that observed

with the previousconfiguratios. Respects t@onfigurationC2, the maximum value of,., during

the storage stagis smallerthe decrease iffriction angleplays a major role respect to théecrease

in cohesion

The behaviorof 4 ,,for both storage cases is providétgure20.
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Figurel8: CO2-C3-Casd. : 5« Vsloading step for each fault. Note that due to symmetry F4 and F5 behave
identically.
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Figurel9: CO2-C3-Cas&: . nax Vsloading step for each fault. Note that due to symmetry F4 and F5 behave

identically.
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Figure20: Maximum sliding max vsloading step.
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1.7 Configuration 4
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DI PADOVA

Configuration 4 is based on the following hypothesis:
T c=0;
F3 fault dip = +65°;

1
1 Compartment offset = 100m,;
ﬂ Ereservoir = 20 Gpa

The valuesdopted in reference test cag€ablel) have been used for the other parametefsgure

21 andFigure22 providethe behaviowsloading stepf . .. for each of the FIF5 faultsThe results

are compared with theeference test casefkespect to the previous configurations, the values of

of .. are smaller: he increased reservoir stiffness enhances fault stability by redulceng

compaction and contraction of the reservoir

The behaviorof 4 . for is provided inFigure23. Because the critical condition 6f,a iS never

reached, the displacements for this configuration are smaller.
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Figure21 CO2-C4-Casd.: . o« vsloading step for each fault. Note that due to symmetry F4 and F5 behave

identically.
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Figure22 CO2-C4-Case2: max Vsloading step for each fault. Note that due to symmetry F4 and F5 behave
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Figure23: Maximum sliding max Vs loading step.
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1.8 Configuration 5
Configuration 5 is based on the following hypothesis:

i Staticfriction angle = 20°;

1 F3fault dip = +65°;

9 Viscous caprock;

1 Compartment offset = 100n;

' Beseor = 20 GPa
The valuesdopted in reference test cas€dblel) have been used for the other parametefsgure
24 andFigure25 providethe behaviowsloading stepf . .. for each of the FAF5 faultsThe results
are compared with theeference test caseskespect to the C2 configurations, that have the same
reduction in the friction angle, the values aof . ..., are smaller: lte increased reservoir stiffness
enhances fault stability by reducithgg compaction and contraction of the reservoifhis effect is

most evident on thedfaultsF4F5 The behaviorof 1 ., for is provided inFigure26.
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Figure24: CO2-C5-Casd.: « 5« Vsloading step for each fault. Note that due to symmetry F4 and F5 behave
identically.
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Figure25: CO2-C5-Case2: nhax VSloading step for each fault. Note that due to symmetry F4 and F5 behave

identically.
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2 Analysis of H2 scenarios
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The geomechanical scenarios carried out for Hi2 storage are reported iTable3. The pressure

change imposed in the two reservoir blocks is showifrigure27 andFigure28. The results of the

numerical model are provided in the followingbsection in terms of evolution in time of the

maximum critical indeX,., and maximum slidingyax.

Table3 Analyzed scenarios for thd2 storage.

Name Fluid{Configuration Storage CaseGeochemical effects
H2-C1-Casel | H2 Cl Casel NO
H2-C1-Case2 | H2 C1l Case2 NO
H2-C2-Casel | H2 C2 Casel NO
H2-C2-Case2 | H2 C2 Case2 NO
H2-C3-Casel | H2 C3 Casel NO
H2-C3-Case2 | H2 C3 Case2 NO
H2-C4-Casel | H2 C4 Casel NO
H2-C4-Case2 | H2 C4 Case2 NO
H2-C5-Casel | H2 C5 Casel NO
H2-C5-Case2 | H2 C5 Case2 NO
H2-R-Casel H2 R Casel NO
H2-R-Case?2 H2 R Case?2 NO
H2-R-Casel-W| H2 R Casel W
H2-R-Case2-W| H2 R Case?2 W
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Figure27: H2 storageCase 1 average reservoir static presswstime.
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Figure28: H2 storageCase 2 average reservoir static pressuwstime.
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2.1 Reference

The H2-R (for both storageCasel andtorageCase? represents the referencéor the analysis of
the H2 storagelt is characterized by the sangeomechanicaettings usedor the analysis of CO2
scenariosTablel summarizes the value of theainparameters used in these reference scenarios.
Figure29 provides thebehaviorvsloading stepof ... for each of the F&5 faultsIn general, e
behaviorof . . duringthe PPandCG injectionis similarto that compued with the storageCase?2

for CO2, sincethe pressurechangehistory is comparablef-or both H2 storage scenarios, the
index approaches a critical condition only at the endP&{loading step = 10), reaching the critical
value.»=1 on faults F1 and F2. During this stage the reservoir compaatioreases the shear
stress along the fault while the reservoir contraction unloads the normal stildsm, the faults are
stabilized in the first stage of tHeG injection:. .., decreasest the beginning of the injection stage
(loading step 10 to 3) because the shear stress along the fault is unloaded due to the expansion of
the reservoir.As the fluid injection continues, the shear stress is loaded with the opposite sign,
reaching a relave maximum at the end of the injection stagg..¢& 0.78 and. n.~= 0.5 for F1-F2

and F4F5, respectivelypPuring theUHScycles. . reaches relative maxioam valuesat the end of

the UHSS stagen both Casel and Casg2..,= 0.75 for faults FF2 and 0.51 for F&5) For Case

1 only, - maxdisplays a relative maximum alsdte end of theUHSP stagd. n.<around 0.8 for faults
F1-F2 and 0.65 for F&5).

Note that the time integration step during UHS operations is reducennf 1 year to 0.1 year,

consistent with what was done in the KEDA project.
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Figure29 Comparison betweetd2-R for casel and case2, and evaluation,@f at increasing loading steps
for fault F F5. Note that due to symmetry F1 and F2, as well as F4 and F5, behave identically

2.2 Weakening

Since arock degradatiorhas been observed for roskexposed toH2, aweakeningscenariohas
been evaluated for the resvoir rock, decreasing the Young Modulus during @@ and UHS stages
by 30% Figure30 andFigure31 provides thebehaviorvsloading stepf . ., for each of the F&F5
faults(except for fault F3, where the, . is equal to zeradue to geometrical symmetry of the fault
system). The resultsare compared with the reference tesase. After PR overall stability is slightly
reducedduring the first half of theCG injectionstage During UHS cyclg increased instability is
noticed mainly at the end of theHSP stage when the pressuren the reservoir has théowest
value Figure32 provides the timebehaviorof the fault maximum sliding,., computed for the five

faults.
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Figure31 H2-R-Cas@-W: . ,ax VS loading step for each fault. Note that due to symmetry F4 and F5 behave
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2.3 Configuration 1
Configuration 1 is based on the following hypothesis:

1 c¢=0 bar;

1 F3fault dip = +65°;

1 Compartment offset = 100n;
The values adopted in reference test ca$alflel) have been used for the other parameteihe
simulation outcomes in terms of,.x vsloading stepare shown inFigure33 and Figure34. The
results are compared with the reference testdie results highlight that durirféP critical conditions
for fault reactivation develop earlier respect to the reference scenario due to cohesidunction,

for both H2 storage scenarios. Then, during CGexdisplays higher values than in the reference
scenarioduring CG injectionFinally, durin@HS for storage Casel.0n F1, F2 and FBS5reaches
relative maximm valuedoth at the end of theUHS S and UHSP stage: thesevaluescorrespond

to the highest and lowest value of the pressure in the reservaspectivelyFor storage Case2,
.maxON F1, F2 and FB5reaches a relative maximuamly at the end of theUHS Sstage Regarding
F3, br both storage cases,nax has arelative maximum at the end UHSstagesince the normal
stress on the fault is unloaded by the contraction of the two reservoir blocks.

Figure35 provides the timebehaviorof the fault maximum sliding,.«for the two cases.
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Figure33 H2-C1-Casel: o« vSloading step for each fault. Note that due to symmetry F4 and F5 behave

identically
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Figure34 H2-C1-Case2: max Vsloading step for each fault. Note that due to symmetry F4 and F5 behave

identically
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Figure35 H2-C1-Maximum sliding max vsloading step.

2.4 Configuration2
Configuration 2 is based on the following hypothesis:

9 Staticfriction angle = 20°;

1 F3fault dip = +65°;

1 Viscous caprock

1 Compartment offset = 100n;
The valuesadopted in reference test cas&dblel) have beerused for the other parametersihe
simulation outcome in terms of . 5 VSloading stepare shown inFigure36 and Figure37. The
results are compared with theeference test case$n general, thdehaviorof . .., is similar to that
observed with the C1 configurationith generally higher values gf,,due to the decrease in friction
angle The effect othe viscous overand sideburdenis slightly visible only at the end of CG injection
(from loading step 15 to loading step 18)yax Slightly increasesn faults F1F2 and F&ndhas an
opposite behavioon faults F4 and F®verall, the viscous effect has not a mainfluence on the
instability of the faultsNote that . .o, display amunusuabehavioron F1 and F2uring CG injection
due toachangeof the element that experiences the most critical condition.
The behavior of .., for both storage cases is providedhigure38. Fault reactivationand so sliding,

during UHSoccurs only for storage Case2.
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identically
1.0 ~—w 10
0.9 0.9
0.8 0.8
0.7 0.7
0.6 0.6
g 0.5 3
E - >E< 0.5
0.4 04
0.3 03
0.2 —+— CO2-R-Case2 02
F1
0.1 —e— CO2-C2-Case2 01
B R R e 0.0
0123456 7 8 910111213 14151617 18 19
a) . b)
loading step
1.0 1.0
0.9 1 0.9
0.8 1 0.8 1
0.7 0.7 A
0.6 1 0.6 1
3 ©
£ 051 £ 0.5
> >
0.4 0.4
0.3 0.3 A
0.2 —— CO2-R-Case2 0.2
0.1+ —o— CO2-C2-Case2 F3 0.1
0.0 e e e L B e e e e e e N E 0.0
c) 012 3456 7 8 9101112131415 16 17 18 19 d)

loading step

—+— CO2-R-Case2

—e— CO2-C2-Case2 F2

0123 456 7 8 9101112131415 1617 1819
loading step

—+— CO2-R-Case2

—e— CO2-C2-Case2 F4-F5

e T e o LN S e e e e
012 3 45 6 7 8 9101112131415 1617 18 19
loading step

Figure37 H2-C2-Case2: max Vsloading step for each fault. Note that due to symmetry F4 and F5 behave
identically
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Figure38 H2-C2-Maximum sliding) max vstime.

2.5 Configuration 3
Configuration 3 is based on the following hypothesis:

 c=0;

1 F3fault dip =+65°;

1 Viscous caprock

1 Compartment offset = 100n;
The valuesadopted in reference test casé&dblel) have been used for the other parametefhe
simulation outcome in terms of,, vsloading stepsre shown inFigure39 and Figure40. The
results are compared with theeference test casesn general, thdehaviorof . .. is similar to that
observed with thepreviousconfiguratios. Respects to configuration C2, the maximum value,gf

during the storage stags smalle: the decrease in friction angle plays a major role respect to the
decrease ircohesion.

The behavior ot .., for both storagecases is provided iRigure41.
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Figure39 H2-C3-Casd.: . max Vsloading step for each fault. Note that due to symmetry F4 and F5 behave
identically
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Figure40 H2-C3-Case2: max Vsloading step for each fault. Note that due to symmetry F4 and F5 behave
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Figure41 H2-C3-Maximum sliding max vsloading step.

2.6 Configuration 4
Configuration 4 is based on the following hypothesis:

 c=0;

1 F3fault dip = +65°;

1 Compartment offset = 100n;

' Besevor = 20 GPa
The values adopted in reference test casalflel) have been used for the other parametelfsgure
42 andFigure43 providethe behaviowsloading stemf . .. for each of the F&5 faultsThe results
are compared with theeference test casefRespect to the previous configurations, the values of
of .. are smaller: he increased reservoir stiffness enhances fault stability by redulceng
compaction and comaction of the reservoirThe above considerations apply to both case scenarios.
The behavior oft . for is provided inFigure44. Because the critical condition 6f,a iS never

reached, the displacements for this configuration are smaller.
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Figure43 H2-C4-Case: . max vVsSloading step for each faullote that due to symmetry F4 and F5 behave
identically
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Figure44 H2-C4-Maximum sliding max vsloading step.

2.7 Configuration 5
Configuration 5 is based on the following hypothesis:

i Static friction angle = 20°;

1 F3fault dip = +65°;

1 Viscous caprock;

1 Compartment offset = 100n;

' Beservoir = 20 GPa
The valuesdopted in reference test caségblel) have been used for the other parameteffsgure
45 andFigure46 providethe behaviowsloading stef . . for each of the FAF5 faultsRespect to
the C2 configuration, that have the same reduction in the friction angle, the valuas. gf; are
smalér: the increased reservoir stiffness enhances fault stability by redti@ngpmpaction and
contraction of the reservoir This effect is most evident on théaults F4F5 The above
considerations apply to botktorage senarios

The behaviorof { ,.is provided in figureFigure4?7.
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Figure46 H2-C5-Case2: max VSloading step for each fault. Note that due to symmetry F4 and F5 behave
identically
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Figure47 H2-C5-Maximum sliding max Vs loading step.
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