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Intro duction  

The WP5 report summarizes the main outcomes obtained from the analyses carried out by the 

numerical model developed in WP4 [3]. For all the fluids, CO2, H2 and N2, several configurations have 

been investigated by the ATLAS geomechanical software in the 3D setting described in WP4. This 

analysis aims to investigate, conservatively, the most critical factors in relation to fault failure 

(reactivation, in fact, can occur with aseismic slip). To facilitate the comparison with the KEM-01 

project, the same main configurations have been used: 

¶ Reference [R]: this configuration represents the òreferenceó in the current analysis. It is 

characterized by the same settings used in KEM-01 for Scenario1d [4] and already described 

in WP4. Table 1 summarizes the value of the major parameters used in these reference 

scenarios;  

¶ Configuration 1 [C1]: this configuration is characterized by the same settings used in KEM-01 

for Scenario10 [4]: cohesion = 0 bar; F3 fault dip = +65° and compartment offset = 100 m; 

The values adopted in reference test case (Table 1) have been used for the other parameters. 

¶ Configuration 2 [C2]: this configuration is characterized by the same settings used in KEM-01 

for Scenario11 [4]: static friction angle = 20°; F3 fault dip = +65°; viscous caprock and 

compartment offset = 100 m. The values adopted in reference test case (Table 1) have been 

used for the other parameters; 

¶ Configuration 3 [C3]: this configuration is characterized by the same settings used in KEM-01 

for Scenario12 [4]: cohesion = 0; F3 fault dip = +65°; viscous caprock and compartment 

offset = 100 m. The values adopted in reference test case (Table 1) have been used for the 

other parameters; 

¶ Configuration 4 [C4]: this configuration is characterized by the same settings used in KEM-01 

for Scenario13 [4]: cohesion = 0; F3 fault dip = +65°; compartment offset = 100m and Ereservoir 

= 20 GPa. The values adopted in reference test case (Table 1) have been used for the other 

parameters; 

¶ Configuration 5 [C5]: this configuration is characterized by the same settings used in KEM-01 

for Scenario14 [4 static friction angle = 20°; F3 fault dip = +65°; viscous caprock; 

compartment offset = 100 m and Ereservoir = 20 GPa. The values adopted in reference test 

case (Table 1) have been used for the other parameters. 



 
 

 

 

 5 M3E srl, Spin-off dellõUniversit¨ degli Studi di Padova 

via Giambellino 7, 35129 ð Padova, Italy  

Partita IVA: 04573020288   

R.E.A.: n° 400761 

E-mail: info@m3eweb.it  

Website: www.m3eweb.it   

 

 

Table 1: Model parameterization for the reference test case. 

PARAMETER VALUE 

F3 dip 90° 

Offset 0 m 

q  0° 

M1 0.74 

M2 0.83 

cohesion 20 bar 

static friction angle 30° 

Ereservoir 11 GPa 

EZechstein (below 1800m) 20 GPa 

EZechstein (from 1800m to 1500m) 35 GPa 

Eoverburden 10 GPa 

Eunderburden 30 GPa 

Zechstein linear elastic 

a  0.86 

n reservoir 0.15 

n Zechstein 0.30 

n overburden 0.25 

n underburden 0.20 

æPf 
Average between æP at 

the sides of the fault 
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Two storage scenarios have been analyzed as defined in WP3 [2]: 

¶ Case1: unrealistic storage scenario (in terms of WGIR/WGPR) considering a large delta-

pressure and a narrow storage stage; 

¶ Case2: realistic storage scenario (in terms of WGIR/WGPR); 

In addition, the possibility of including geochemical effects, as defined in WP2 [1] and WP4, is also 

considered: 

¶ Weakening [W] : the Young Modulus is decreased by 30% during the injection stage; 

¶ Hardening [H]: the Young Modulus is increased by 30% during the injection stage; 

The summary scheme of the analyzed configurations and the coding method for each scenario are 

shown in Figure 1. 

 

 

Figure 1: Summary scheme of the analyzed configurations and coding method of single scenario 

 

The numerical results are shown in terms of the variation versus time of the maximum ̝=|t|/t L, 

which represents the main outcome of the KEM-01 project, and maximum sliding ɻmax on the five 

faults F1-F5 (Figure 2). In particular, the maximum ̝ is computed at the element level as described 

in WP4. To facilitate comparison with the results presented in the KEM-01 project, instead of time, 

reference will be made to the loading step: January 1, 2022 and January 1, 2042 correspond to 

loading step 0 and loading step 20, respectively. 

In the following we refer to the stages listed below (Figure 3): 

¶ Primary Production (PP): pressure decrease in the reservoir as a result of methane 

production; 

¶ Storage (ST): pressure recovery in the reservoir due to the storage of CO2 and N2; 
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¶ Cushion Gas (CG) injection: pressure recovery in the reservoir due to the cushion gas 

injection of H2; 

¶ Underground H2 Storage (UHS) cycles: seasonal pressure fluctuation in the reservoir as a 

result of the seasonal storage (UHS-S) and production (UHS-P) of H2;  

 

The report is subdivided in the following sections: 1) analysis of CO2 scenarios; 2) analysis of H2 

scenarios and 3) analysis of N2 scenarios. 

 

 

Figure 2: axonometric view of the five faults F1-F5. 

 

 

Figure 3: Sketch of the main stages during the reservoir lifespan in terms of pressure change over time. 
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1 Analysis of CO2 scenarios  

The geomechanical scenarios carried out for the CO2 storage are reported in Table 2. The pressure 

change imposed in the two reservoir blocks is shown in Figure 4. The results of the numerical model 

are provided in the following subsection in terms of evolution versus time of the maximum critical 

index ̝ max and maximum sliding ɻmax. 

 

Table 2: Analyzed scenarios for the CO2 storage. 

 

  

Name Fluid ConfigurationStorage CaseGeochemical effects

CO2-C1-Case1 CO2 C1 Case1 NO

CO2-C1-Case2 CO2 C1 Case2 NO

CO2-C2-Case1 CO2 C2 Case1 NO

CO2-C2-Case2 CO2 C2 Case2 NO

CO2-C3-Case1 CO2 C3 Case1 NO

CO2-C3-Case2 CO2 C3 Case2 NO

CO2-C4-Case1 CO2 C4 Case1 NO

CO2-C4-Case2 CO2 C4 Case2 NO

CO2-C5-Case1 CO2 C5 Case1 NO

CO2-C5-Case2 CO2 C5 Case2 NO

CO2-R-Case1 CO2 R Case1 NO

CO2-R-Case2 CO2 R Case2 NO

CO2-R-Case1-HCO2 R Case1 H

CO2-R-Case2-HCO2 R Case2 H

CO2-R-Case1-WCO2 R Case1 W

CO2-R-Case2-WCO2 R Case2 W
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Figure 4: CO2 storage: average reservoir static pressure vs time. 

 

1.1 Reference  

The CO2-R (for both storage Case1 and storage Case2) represents the reference for the analysis 

of the CO2 storage. It is characterized by the same setting used in KEM-01 for Scenario1d and 

already described in WP4. Table 1 summarizes the value of the major parameters used in these 

reference scenarios. Figure 5 provides the behavior vs loading step of m̝ax for each of the F1-F5 

faults. For both storage scenarios, the  ̝index approaches a critical condition only at the end of PP 

(loading step = 10), reaching the critical value m̝ax=1 on faults F1 and F2. During this stage the 

reservoir compaction increases the shear stress along the fault while the reservoir contraction 

unloads the normal stress. Then, the faults are stabilized at the beginning of the ST: m̝ax decreases 

because the shear stress along the fault is unloaded due to the expansion of the reservoir. As the 

CO2 storage continues, the shear stress is loaded with the opposite sign, reaching a relative 

maximum at the end of the injection stage. The same considerations hold for both Case1 and Case2. 

Notice that fault F3 remains stable (̝max=0) for the entire simulation because of symmetry 

conditions.  
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Figure 5: Comparison between CO2-R for Case1 and Case2, and evaluation of ̝max at increasing loading steps 

for fault F1- F5. Note that due to symmetry F1 and F2, as well as F4 and F5, behave identically. 

1.2 Hardening  

Since a hardening behavior has been observed for rocks exposed to CO2, a hardening scenario has 

been evaluated for the reservoir rock, increasing the Young Modulus during the injection phase by 

30%. Figure 6 and Figure 7 provide the behavior vs loading step of m̝ax for each of the F1-F5 faults, 

except for fault F3, which remains stable (̝max = 0) for the entire simulation due to symmetry 

conditions. The results are compared with the reference test cases. For storage Case1, the fault 

criticality index is slightly decreased at the end of the CO2 storage. For storage Case2, stability 

increases especially during the first half of the storage stage. Figure 8 shows the time behavior of 

the fault maximum sliding ɻmax. computed for the five faults. Faults F1, F2, F4, and F5 activate at 

loading step = 3. Note that sliding begins before the ̝max reaches the critical value of 1: this is because 

m̝ax is averaged between two neighboring elements, as explained in WP4. The maximum sliding is 

reached at loading step = 10, end of PP. 
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Figure 6: CO2-R-Case1-H: m̝ax vs loading step for each fault. Note that due to symmetry F1 and F4 behave 

identically to F2 and F5, respectively. 

 

 

Figure 7: CO2-R-Case2-H: ̝ max vs loading step for each fault. Note that due to symmetry F1 and F4 behave 

identically to F2 and F5, respectively. 

 

 

Figure 8: CO2-R-H: Maximum sliding ɻmax vs loading step.  
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1.3 Weakening  

Since a weakening behavior has been observed for the rock exposed to CO2, a weakening scenario 

has been evaluated for the reservoir rock, decreasing the Young Modulus during the injection phase 

by 30%. Figure 9 and Figure 10 provide the behavior vs loading step of m̝ax for each of the F1-F5 

faults, except for fault F3, where the ̝max is equal to zero due to geometrical symmetry of the fault 

system. The results are compared with the reference test cases. For Case1, the fault criticality index 

is slightly increased at the end of the CO2 storage. For Case2, stability decreases especially during 

the first half of the storage stage. Figure 11 shows the time behavior of the fault maximum sliding 

mɻax. computed for the five faults. Faults F1, F2, F4, and F5 activate at loading step = 3. The maximum 

sliding is reached at loading step = 10. 

 

Figure 9: CO2-R-Case1-W: ̝ max vs loading step for each fault. Note that due to symmetry F1 and F4 behave 

identically to F2 and F5, respectively. 

 

Figure 10: CO2-R-Case2-W: m̝ax vs loading step for each fault. Note that due to symmetry F1 and F4 

behave identically to F2 and F5, respectively. 
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Figure 11: CO2-R-W: Maximum sliding ɻmax vs loading step. 

 

1.4 Configuration1  

Configuration 1 is based on the following hypothesis: 

¶ cohesion = 0 bar; 

¶ F3 fault dip = +65°; 

¶ Compartment offset = 100 m; 

The values adopted in reference test case (Table 1) have been used for the other parameters. Figure 

12 and Figure 13 provide the behavior vs loading step of ̝ max for each of the F1-F5 faults. The results 

are compared with the reference test cases. The changes in the fault dip makes the system to lose 

symmetry. Consequently, faults F1 and F2 do not behave the same anymore. The compartment 

offset plays a major negative effect also on faults F4 - F5. ̝ max on fault F3 increases due to the increase 

in shear stresses, with values up to 0.75 at the end of PP. The results highlight that during PP critical 

conditions for fault reactivation develop earlier respect to the reference scenario due to cohesion 

reduction. At the end of the ST stage, m̝ax in fault F1 displays lower values than in the reference 

scenario, while on faults F2-F4-F5 the ̝max is higher. The decreasing/increasing behavior of ̝ max during 

the storage stage is more emphasized for storage Case2. As expected, at the end of the ST stage, 

Case1 and Case2 show the same values of m̝ax. 
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Figure 12: CO2-C1-Case1: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

Figure 14 provides the time behavior of the fault maximum sliding ɻmax for the two storage cases.  

For storage Case1, the sliding starts decreasing after loading step 10 (end of PP) while it decreases 

later on for Case2, once the critical state has been reached. 

The resulting maximum sliding is slightly smaller than that computed in KEM-01, especially for F3: 

this is due to the different numerical formulation used for the fault modelling, as explained in WP4. 

A mesh refinement is necessary to get the same values, however, 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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Figure 13: CO2-C1-Case2: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

 

Figure 14: Maximum sliding ɻmax vs loading step. 
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1.5 Configuration2  

Configuration 2 is based on the following hypothesis: 

¶ Static friction angle = 20°; 

¶ F3 fault dip = +65°; 

¶ Viscous caprock; 

¶ Compartment offset = 100 m; 

The values adopted in reference test case (Table 1) have been used for the other parameters. Figure 

15 and Figure 16 provide the behavior vs loading step of ̝ max for each of the F1-F5 faults. The results 

are compared with the reference test cases. In general, the behavior of ̝ max is similar to that observed 

with the C1 configuration. The effect of the viscous over- and side-burden is slightly visible at the 

end of ST stage for Case1 only: m̝ax slightly increases for all the faults except for fault F3 that shows 

an opposite behavior. Overall, the viscous effect has not a major influence on the instability of the 

faults. 

 

 

Figure 15: CO2-C2-Case1: ̝ max vs loading steps for each fault. Note that due to symmetry F4 and F5 

behave identically.   
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Figure 16: CO2-C2-Case2: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

Note that for storage Case2, m̝ax shows an unusual behavior on F1 and F2 due to a change of the 

element that experiences the most critical condition. 

The behavior of mɻax for both storage cases is provided in Figure 17. 

 

 

Figure 17: Maximum sliding ɻmax vs loading step. 
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1.6 Configuration3  

Configuration 3 is based on the following hypothesis: 

¶ cohesion = 0; 

¶ F3 fault dip = +65°; 

¶ Viscous caprock; 

¶ Compartment offset = 100 m; 

The values adopted in reference test case (Table 1) have been used for the other parameters. Figure 

18 and Figure 19 provide the behavior vs loading step of ̝ max for each of the F1-F5 faults. The results 

are compared with the reference test cases. In general, the behavior of ̝ max is similar to that observed 

with the previous configurations. Respects to configuration C2, the maximum value of ̝max during 

the storage stage is smaller: the decrease in friction angle plays a major role respect to the decrease 

in cohesion. 

The behavior of mɻax for both storage cases is provided Figure 20. 

 

Figure 18: CO2-C3-Case1: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 
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Figure 19: CO2-C3-Case2: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

 

Figure 20: Maximum sliding ɻmax vs loading step. 
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1.7 Configuration 4  

Configuration 4 is based on the following hypothesis: 

¶ c = 0; 

¶ F3 fault dip = +65°; 

¶ Compartment offset = 100m; 

¶ Ereservoir = 20 GPa; 

The values adopted in reference test case (Table 1) have been used for the other parameters. Figure 

21 and Figure 22 provide the behavior vs loading step of ̝ max for each of the F1-F5 faults. The results 

are compared with the reference test cases. Respect to the previous configurations, the values of 

of m̝ax are smaller: the increased reservoir stiffness enhances fault stability by reducing the 

compaction and contraction of the reservoir. 

The behavior of mɻax for is provided in Figure 23. Because the critical condition of ̝max is never 

reached, the displacements for this configuration are smaller. 

 

 

Figure 21 CO2-C4-Case1: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 
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Figure 22 CO2-C4-Case2: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

 

Figure 23: Maximum sliding ɻmax vs loading step. 
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1.8 Configuration 5  

Configuration 5 is based on the following hypothesis: 

¶ Static friction angle = 20°; 

¶ F3 fault dip = +65°; 

¶ Viscous caprock; 

¶ Compartment offset = 100 m; 

¶ Ereservoir = 20 GPa; 

The values adopted in reference test case (Table 1) have been used for the other parameters. Figure 

24 and Figure 25 provide the behavior vs loading step of ̝ max for each of the F1-F5 faults. The results 

are compared with the reference test cases. Respect to the C2 configurations, that have the same 

reduction in the friction angle, the values of of m̝ax are smaller: the increased reservoir stiffness 

enhances fault stability by reducing the compaction and contraction of the reservoir. This effect is 

most evident on the faults F4-F5. The behavior of ɻ max for is provided in Figure 26. 

 

 

Figure 24: CO2-C5-Case1: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically.   
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Figure 25: CO2-C5-Case2: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

 

Figure 26: Maximum sliding ɻmax vs loading step. 
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2 Analysis of H2 scenarios 

The geomechanical scenarios carried out for the H2 storage are reported in Table 3. The pressure 

change imposed in the two reservoir blocks is shown in Figure 27 and Figure 28. The results of the 

numerical model are provided in the following subsection in terms of evolution in time of the 

maximum critical index ̝max and maximum sliding ɻmax. 

 

Table 3 Analyzed scenarios for the H2 storage. 

 

 

  

Name Fluid ConfigurationStorage CaseGeochemical effects Status

H2-C1-Case1 H2 C1 Case1 NO done

H2-C1-Case2 H2 C1 Case2 NO done

H2-C2-Case1 H2 C2 Case1 NO done

H2-C2-Case2 H2 C2 Case2 NO done

H2-C3-Case1 H2 C3 Case1 NO done

H2-C3-Case2 H2 C3 Case2 NO done

H2-C4-Case1 H2 C4 Case1 NO done

H2-C4-Case2 H2 C4 Case2 NO done

H2-C5-Case1 H2 C5 Case1 NO done

H2-C5-Case2 H2 C5 Case2 NO done

H2-R-Case1 H2 R Case1 NO done

H2-R-Case2 H2 R Case2 NO done

H2-R-Case1-W H2 R Case1 W done

H2-R-Case2-W H2 R Case2 W done
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Figure 27: H2 storage Case 1: average reservoir static pressure vs time. 

 

 

Figure 28: H2 storage Case 2: average reservoir static pressure vs time. 

 

  



 
 

 

 

 26 M3E srl, Spin-off dellõUniversit¨ degli Studi di Padova 

via Giambellino 7, 35129 ð Padova, Italy  

Partita IVA: 04573020288   

R.E.A.: n° 400761 

E-mail: info@m3eweb.it  

Website: www.m3eweb.it   

2.1 Reference 

The H2-R (for both storage Case1 and storage Case2) represents the reference for the analysis of 

the H2 storage. It is characterized by the same geomechanical settings used for the analysis of CO2 

scenarios. Table 1 summarizes the value of the main parameters used in these reference scenarios. 

Figure 29 provides the behavior vs loading step of m̝ax for each of the F1-F5 faults. In general, the 

behavior of m̝ax during the PP and CG injection is similar to that computed with the storage Case2 

for CO2, since the pressure change history is comparable. For both H2 storage scenarios, the  ̝

index approaches a critical condition only at the end of PP (loading step = 10), reaching the critical 

value ̝ max=1 on faults F1 and F2. During this stage the reservoir compaction increases the shear 

stress along the fault while the reservoir contraction unloads the normal stress. Then, the faults are 

stabilized in the first stage of the CG injection: ̝ max decreases at the beginning of the injection stage 

(loading step 10 to 13) 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 relative maximum at the end of the injection stage. (m̝ax= 0.78 and ̝ max= 0.55 for F1-F2 

and F4-F5, respectively). During the UHS cycles, ̝ max reaches relative maximum values at the end of 

the UHS-S stage in both Case1 and Case2 ( m̝ax = 0.75 for faults F1-F2 and 0.51 for F4-F5). For Case 

1 only, m̝ax displays a relative maximum also at the end of the UHS-P stage ( m̝ax around 0.8 for faults 

F1-F2 and 0.65 for F4-F5). 

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

consistent with what was done in the KEM-01 project. 

  



 
 

 

 

 27 M3E srl, Spin-off dellõUniversit¨ degli Studi di Padova 

via Giambellino 7, 35129 ð Padova, Italy  

Partita IVA: 04573020288   

R.E.A.: n° 400761 

E-mail: info@m3eweb.it  

Website: www.m3eweb.it   

 

 

Figure 29 Comparison between H2-R for case1 and case2, and evaluation of m̝ax at increasing loading steps 

for fault F1- F5. Note that due to symmetry F1 and F2, as well as F4 and F5, behave identically. 

 

2.2 Weakening  

Since a rock degradation has been observed for rocks exposed to H2, a weakening scenario has 

been evaluated for the reservoir rock, decreasing the Young Modulus during the CG and UHS stages 

by 30%. Figure 30 and Figure 31 provides the behavior vs loading step of m̝ax for each of the F1-F5 

faults (except for fault F3, where the ̝max is equal to zero due to geometrical symmetry of the fault 

system). The results are compared with the reference test cases. After PP, overall stability is slightly 

reduced during the first half of the CG injection stage. During UHS cycles, increased instability is 

noticed mainly at the end of the UHS-P stage, when the pressure in the reservoir has the lowest 

value. Figure 32 provides the time behavior of the fault maximum sliding ɻmax. computed for the five 

faults. 
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Figure 30 H2-R-Case1-W: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

Figure 31 H2-R-Case2-W: m̝ax vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically.  

 

 

Figure 32 H2-R-W-Maximum sliding ɻmax versus loading step.  
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2.3 Configuration 1  

Configuration 1 is based on the following hypothesis: 

¶ c = 0 bar; 

¶ F3 fault dip = +65°; 

¶ Compartment offset = 100 m; 

The values adopted in reference test case (Table 1) have been used for the other parameters. The 

simulation outcomes in terms of ̝max vs loading step are shown in Figure 33 and Figure 34. The 

results are compared with the reference tests. The results highlight that during PP critical conditions 

for fault reactivation develop earlier respect to the reference scenario due to cohesion reduction, 

for both H2 storage scenarios. Then, during CG, m̝ax displays higher values than in the reference 

scenario during CG injection. Finally, during UHS for storage Case1, ̝ max on F1, F2 and F4-F5 reaches 

relative maximum values both at the end of the UHS-S and UHS-P stages: these values correspond 

to the highest and lowest value of the pressure in the reservoir, respectively. For storage Case2, 

m̝ax on F1, F2 and F4-F5 reaches a relative maximum only at the end of the UHS-S stage. Regarding 

F3, for both storage cases, ̝max has a relative maximum at the end UHS-P stage since the normal 

stress on the fault is unloaded by the contraction of the two reservoir blocks. 

Figure 35 provides the time behavior of the fault maximum sliding ɻmax for the two cases. 
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Figure 33 H2-C1-Case1: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

Figure 34 H2-C1-Case2: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically.  
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Figure 35 H2-C1-Maximum sliding ɻmax vs loading step. 

 

2.4 Configuration2  

Configuration 2 is based on the following hypothesis: 

¶ Static friction angle = 20°; 

¶ F3 fault dip = +65°; 

¶ Viscous caprock; 

¶ Compartment offset = 100 m; 

The values adopted in reference test case (Table 1) have been used for the other parameters. The 

simulation outcomes in terms of ̝ max vs loading step are shown in Figure 36 and Figure 37. The 

results are compared with the reference test cases. In general, the behavior of ̝ max is similar to that 

observed with the C1 configuration with generally higher values of m̝ax due to the decrease in friction 

angle. The effect of the viscous over- and side-burden is slightly visible only at the end of CG injection 

(from loading step 15 to loading step 18):  m̝ax slightly increases on faults F1, F2 and F3 and has an 

opposite behavior on faults F4 and F5. Overall, the viscous effect has not a major influence on the 

instability of the faults. Note that ̝ max display an unusual behavior on F1 and F2 during CG injection 

due to a change of the element that experiences the most critical condition. 

The behavior of ɻmax for both storage cases is provided in Figure 38. Fault reactivation, and so sliding, 

during UHS occurs only for storage Case2. 
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Figure 36 H2-C2-Case1: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically.  

 

 

Figure 37 H2-C2-Case2: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically.  
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Figure 38 H2-C2-Maximum sliding ɻmax vs time. 

 

 

2.5 Configuration 3 

Configuration 3 is based on the following hypothesis: 

¶ c = 0; 

¶ F3 fault dip = +65°; 

¶ Viscous caprock; 

¶ Compartment offset = 100 m; 

The values adopted in reference test case (Table 1) have been used for the other parameters. The 

simulation outcome in terms of ̝max vs loading steps are shown in Figure 39 and Figure 40. The 

results are compared with the reference test cases. In general, the behavior of ̝ max is similar to that 

observed with the previous configurations. Respects to configuration C2, the maximum value of m̝ax 

during the storage stage is smaller: the decrease in friction angle plays a major role respect to the 

decrease in cohesion. 

The behavior of ɻmax for both storage cases is provided in Figure 41. 
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Figure 39 H2-C3-Case1: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

Figure 40 H2-C3-Case2: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically.  
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Figure 41 H2-C3-Maximum sliding ɻmax vs loading step. 

 

2.6 Configuration 4  

Configuration 4 is based on the following hypothesis: 

¶ c = 0; 

¶ F3 fault dip = +65°; 

¶ Compartment offset = 100 m; 

¶ Ereservoir = 20 GPa; 

The values adopted in reference test case (Table 1) have been used for the other parameters. Figure 

42 and Figure 43 provide the behavior vs loading step of ̝ max for each of the F1-F5 faults. The results 

are compared with the reference test cases. Respect to the previous configurations, the values of 

of m̝ax are smaller: the increased reservoir stiffness enhances fault stability by reducing the 

compaction and contraction of the reservoir. The above considerations apply to both case scenarios. 

The behavior of ɻ max for is provided in Figure 44. Because the critical condition of ̝max is never 

reached, the displacements for this configuration are smaller. 
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Figure 42 H2-C4-Case1: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

Figure 43 H2-C4-Case2: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically.  
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Figure 44 H2-C4-Maximum sliding ɻmax vs loading step. 

 

2.7 Configuration 5  

Configuration 5 is based on the following hypothesis: 

¶ Static friction angle = 20°; 

¶ F3 fault dip = +65°; 

¶ Viscous caprock; 

¶ Compartment offset = 100 m; 

¶ Ereservoir = 20 GPa; 

The values adopted in reference test case (Table 1) have been used for the other parameters. Figure 

45 and Figure 46 provide the behavior vs loading step of ̝ max for each of the F1-F5 faults. Respect to 

the C2 configuration, that have the same reduction in the friction angle, the values of of m̝ax are 

smaller: the increased reservoir stiffness enhances fault stability by reducing the compaction and 

contraction of the reservoir. This effect is most evident on the faults F4-F5. The above 

considerations apply to both storage scenarios. 

The behavior of mɻax is provided in figure Figure 47. 
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Figure 45 H2-C5-Case1: ̝ max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically. 

 

 

Figure 46 H2-C5-Case2: ̝max vs loading step for each fault. Note that due to symmetry F4 and F5 behave 

identically.  
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Figure 47 H2-C5-Maximum sliding ɻmax vs loading step. 

  
































