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Figure 4-7. Crack (smooth joint breakage) distribution during time period
between 750 and 800 seconds (injection period).

28



 Mainfault
” /

y Main fault
y 4

A}
y ‘. Intersection btw
‘ Injection and Main faults

’ ’
t=800sec & t=825sec 0

 Mainfault
” /

’ ’
t=850sec & t=875sec &

’
t=900sec &

Figure 4-8. Crack (smooth joint breakage) distribution during time period
between 800 and 900 seconds (post injection period).
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5. Discussion

In this section, we provide comparison between the model results and the
experiment results; similarity in Section 5.1, discrepancy in Section 5.2. In
addition, we provide also a discussion regarding comparison of the model
results with the results of other research teams who participated in Task B
work.

5.1. Similarity

Both the model results (Figure 4-4) and the experiment results (Figure 4-5)
share several key similarities, highlighting the model’s ability to simulate the
fault dynamics.

In both figures, the monitored pressure at the Main fault shows a delayed
response, indicating that the pressure takes time to build up enough to
activate the Main fault. This lag between the injection and monitored
pressures demonstrates how the Main fault is activated by the injection
process. The general trend of the pressure propagation and subsequent
decrease in pressure is consistent in both the model and the experiment.

The displacement behavior at the Injection fault is also similar between the
model results and the experiment. In both cases, the displacements (North,
West, and Up directions) measured at the injection point show a general
increase during the injection phase and a decrease as the injection pressure
drops. The West component consistently shows the most significant
displacement in both the model and the experiment, indicating that the fault
responds most strongly in that direction. Furthermore, the sharp drop in
displacement when the injection pressure decreases is observed in both sets
of results, suggesting that the mechanical response of the Injection fault to
pressure changes follows a similar pattern, regardless of whether it is
modeled or measured in the field.

At the monitoring point on the Main fault, the displacement behavior shows
consistent trends in both the model and experiment. Initially, the
displacements remain stable in all directions, but as the pressure at the Main
fault increases, the displacements begin to shift. In both cases, the West
component shows the largest displacement compared to the North and Up
components, indicating that the Main fault experiences more significant
movement in this direction. The general pattern of delayed displacement—
occurring only after the pressure increase at the Main fault—further supports
the idea that the Main fault is activated by the fluid injection at the Injection
fault in both the model and the experiment.

Overall, both the model results and the experiment results demonstrate the
same general behavior: the injection at the Injection fault causes pressure
propagation and delayed activation of the Main fault, with displacements
following similar trends in both cases. The West direction consistently
shows the largest displacement in both the model and the field data, and the
timing of fault activation is similar.
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5.2. Discrepancy

Displacements at the injection point — pressure dependency and model—
experiment contrast

The key observation from the experimental data is that the displacement
evolution at the injection point closely follows the stepwise injection
pressure history. Each pressure increment is accompanied by a
corresponding stepwise displacement response, demonstrating a strong and
direct dependency of fault slip on injection pressure. This pressure-
controlled behaviour is clearly expressed in all displacement components,
with the largest response observed along the fault (West component).

An exception occurs just prior to ~800 s, where a temporary pressure drop is
observed without a corresponding reduction in displacement along the fault.
Instead, displacement continues to increase and reaches its maximum during
this interval. This apparent decoupling between pressure and displacement is
interpreted as the result of critical opening of the injection fault, which
allows fluid to escape toward the Main fault while the injection fault
undergoes its principal slip phase between approximately 800 and 1100 s.
This slip is maintained even as pressure partially relaxes and only begins to
decrease once the injection pressure is deliberately reduced after ~1100 s.
The subsequent displacement reduction occurs in a stepwise manner, again
mirroring the imposed pressure decrease.

These observations indicate that injection pressure is the dominant
controlling parameter for slip at the injection point. The experimental
response is largely reversible. Displacement increases with pressure and
decreases systematically as pressure is lowered, suggesting elastic—frictional
behaviour with limited permanent deformation.

In contrast, the numerical model fails to reproduce this strong pressure
dependency. The modelled displacements do not reflect the stepwise
pressure evolution and appear largely decoupled from the injection protocol.
Furthermore, the model predicts a stronger response in the North (across-
strike) component than in the West (along-strike) direction, which is
unexpected given the fault geometry and suggests that the anticipated quasi-
isotropic fault behaviour is not properly represented. Additionally, the
modelled deformation is largely irreversible, with displacements not
recovering upon pressure reduction, in clear contrast to the predominantly
reversible response observed in the experiment.

Overall, the experimental results demonstrate a clear, physically intuitive
relationship between injection pressure and fault slip at the injection point,
while the modelling results do not capture this fundamental dependency.
Given that the experimental behaviour is dominated by a single controlling
factor—Afluid pressure—this discrepancy suggests that the pressure—slip
coupling should be more readily reproducible in the model and highlights a
key limitation of the current modelling approach at the injection fault.

Displacement at the monitoring point — reversible vs. irreversible

Figures 4-4c and 4-5c show the modelled and experimental displacement
components (North, West, and Up) at the monitoring location on the Main
fault. Both datasets indicate a pronounced hydromechanical response
coincident with the arrival of elevated fluid pressure at approximately 800 s,
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marking activation of the Main fault. However, the subsequent displacement
evolution differs between the experiment and the numerical model.

The West (along-fault) component exhibits the most pronounced contrast. In
the experiment, the West displacement increases sharply at around 800 s,
reaches a peak, and then gradually decreases to zero. This behaviour
indicates a largely reversible slip response, where fault displacement is
closely coupled to pressure evolution and progressively relaxes as pressure
dissipates. In contrast, the model predicts a sharp increase in West
displacement at the same time but then maintains a nearly constant offset for
the remainder of the simulation. This response implies an irreversible
displacement, with the system rapidly reaching and remaining at a new
equilibrium state after fault activation.

A similar contrast is observed in the North (across-strike) component. The
experimental data show a sudden negative displacement following fault
activation, accompanied by short-term oscillations before gradual
stabilization. These oscillations suggest ongoing stress redistribution and
frictional adjustment within the fault zone. In the model, however, the North
displacement evolves smoothly and stabilizes rapidly, again reflecting a
simplified mechanical response with limited post-activation adjustment.

The Up (vertical) component further highlights these differences. In the
experiment, vertical displacement develops progressively and partially
recovers with time, consistent with a dynamic redistribution of stresses
following fault activation. In the model, the Up component shows an abrupt
downward shift that stabilizes almost immediately, mirroring the irreversible
behaviour observed in the horizontal components.

Overall, the rate of recovery and stabilization distinguishes the two
responses. The numerical model exhibits rapid stabilization of all
displacement components following fault activation, producing permanent
offsets that do not recover as pressure decreases. This behaviour is likely
controlled by the assumed post-failure friction coefficient (0.5) assigned to
the smooth-joint contacts, which restricts further slip once the fault is
activated. In contrast, the experimental results demonstrate a gradual,
pressure-dependent, and largely reversible displacement evolution, reflecting
the influence of complex frictional behaviour, material heterogeneity, and
ongoing stress redistribution within the in-situ fault system.

These differences indicate that, while the model captures the timing of Main
fault activation, it does not reproduce the reversible, pressure-controlled slip
behaviour observed experimentally at the monitoring point.

5.3. Comparison with other research teams in Task B

Figure 5-1 presents the pressure simulation results from two models: ENSI
(OpenGeoSys5) and LBNL (3DEC). Both models exhibit a similar pattern,
where the pressure at the monitoring point on the Main fault increases
sharply around 800 seconds, reflecting the fault’s activation. However, after
this point, the models diverge. The ENSI model shows a gradual decline in
pressure following activation, whereas the experimental results indicate a
more rapid decrease in pressure. The LBNL model also shows a sharp
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increase in pressure, but the post-activation pressure curve is missing,
leaving uncertainty about the fault’s behavior after the initial pressure rise.

When compared with the PFC3D model results shown in Figure 4-4, there is
a strong similarity in two key aspects: 1) a sharp pressure increase occurs
due to the activation of the Main fault, and 2) there is a pressure decline in
the post-activation phase, where the migrated fluid dissipates rapidly along
the Main fault and the intersecting Third fault. These similarities highlight
consistent hydromechanical responses across different modeling approaches
during fault activation and fluid migration phases.

Step 3: Pressure at Monitoring Point (Major Fault)
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Figure 5-1. Results of ENSI and LBNL modelling using OpenGeoSys5 and
3DEC, respectively.

Figure 5-2 presents the displacement results at the injection point from three
different models: ENSI (OpenGeoSys5), DynaFrax/SSM (PFC3D), and
LBNL (3DEC). As shown in the figure, there is a significant discrepancy
between the models. The Task B Final Report suggests that part of this
difference from the experimental results may be due to the influence of the
elastic response of the borehole, which was not considered or corrected for
in the models. This elastic response could have affected the field data and
led to variations in the model outputs.

When compared with the revised PFC3D model results shown in Figure 4-4,
our model results, specifically the three-component displacement at the
injection point, fall within the range of 0-50 microns during the period of
pressure increase. However, our model results show a distinct difference
from the other teams’ models during the post-activation period. This
suggests that the activation of the Main fault had a significant impact,
mechanically and hydraulically altering the initial conditions at the injection
point.
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Step 3: Relative displacement of anchors at the injection point (Minor Fault)
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Figure 5-2. Results of ENSI, DynaFrax/SSM, and LBNL modelling using
OpenGeoSys5, PFC3D, and 3DEC, respectively.

Figure 5-3 presents the displacement results at the monitoring point from
two different models: ENSI (OpenGeoSys5) and LBNL (3DEC). The figure
shows a similar trend in the displacement evolution between the two models,
indicating a general alignment in the initial mechanical response.

However, when compared with the revised PFC3D model results shown in
Figure 4-4, our model results, specifically the three-component displacement
at the monitoring point, show a distinct difference from the results of the
other teams. Notably, our model exhibits strong residual displacement
behavior. As previously mentioned, this strong residual displacement is
likely due to the friction coefficient setting of 0.5, which governs the post-
breakage slip of the smooth joint contact.

Additional tests varying the friction coefficient to 0.2, 0.3, and 0.4—lower
than the final setting of 0.5—produced unsatisfactory results in matching the
pressure response at the monitoring point. This suggests that the progressive
failure of the smooth joints around the injection point significantly impacts
the behavior of the Main fault, and the friction coefficient plays a critical
role in governing this interaction and the overall fault mechanics.

Step 3: Relative displacement of anchors at the monitoring point (Major Fault)
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Figure 5-3. Results of ENSI and LBNL modelling using OpenGeoSys5 and
3DEC, respectively.
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6. Conclusions

This study, conducted as part of Task B of the Decovalex2019 project,
aimed to simulate and analyze a fluid injection-induced fault slip experiment
at the Mont Terri Underground Research Laboratory (URL) in Switzerland.
By comparing the results of a numerical model with the experimental data,
we gained insights into the similarities and differences in how fluid
migration and mechanical responses are captured in simulations versus in-
situ fault systems.

Pressure Response in the Main Fault

Both the model and the experiment demonstrated a sharp increase in
pressure at the monitoring point on the Main fault around 800 seconds,
marking the onset of fluid migration from the Injection fault and activation
of the Main fault. However, the experiment results showed a more abrupt
and faster dissipation of pressure, while the model exhibited a more gradual
decline, indicating slower fluid migration and pressure dissipation in the
fault model. This suggests that the model could be refined to better capture
the fluid retention and faster dynamics observed in natural fault systems,
especially the physical involved in the post-activation.

Shear Displacement at the Main Fault

The shear displacement curves at the monitoring point in the Main fault
show a similar pattern of rapid increase during the fluid migration event, but
the model results stabilize quickly after the peak displacement, while the
experiment shows a gradual decline in shear displacement. The experiment
highlights more sustained mechanical activity in the Main fault after fluid
injection, indicating that in-situ fault systems may continue to experience
post-activation slip even after the peak pressure has dissipated. The model
captures the initial slip well but under predicts the ongoing post-activation
slip mechanical processes.

Shear Displacement at the Injection Fault

The experimental results demonstrate a clear pressure-controlled slip
behaviour at the injection point, with shear displacement closely tracking the
stepwise injection pressure and exhibiting largely reversible elastic—
frictional response. In contrast, the numerical model does not reproduce this
fundamental pressure—slip coupling, instead predicting smoother, largely
irreversible displacement that is weakly linked to the injection protocol and
inconsistent with the expected slip direction. This mismatch indicates that
the current modelling approach does not adequately represent pressure-
driven fault mechanics at the Injection fault and requires refinement to
capture the dominant controlling role of fluid pressure and fault
heterogeneity.

Future work

The findings of this study suggest that while the numerical model is capable
of fault dynamics such as fluid-induced fault activation, refinements are
needed to improve the simulation of displacement evolution at the Injection
fault. Specifically, incorporating more detailed fault characteristics, such as
heterogeneity and variability in material properties, could lead to a better
match with experimental data.
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