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July 2013 - injection test
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July 2013 - acid jobs
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July 2013 - gas kick and well control

Injection test
12
9 9
6 6
3 3
I :
NG N o 2
Qv & S Qv
N N X
Time (days)
14 July

Pressure (MPa)

60

48

36

24

Injection test (175 m3)

Injection rate (I/s)

(%3]

15

Acid jobs
12
2 12
: 5
] 9 9 =
2 @
c >
6 7]
g
v o
Rl f
Q S & o o
SR R R DN
N Q N N N
Time (days)
17 July

Acid stimulations (290 m3)

Dominik Zbinden, Swiss Seismological Service, ETH Zurich

Time

60

48

36

24

Injection rate (I/s)

N. www.seismo.ethz.ch

12.00 am - gas kick

30t

3.00 pm - well control

Gas K
Well
. 24)
£
£
S 18f !
g 12t
>
Q
+=
6.

8.50 pm - seismicity
restarts
5.30 am - ML 3.5
ick/ 115 160
cointrd|
112 148
5 =
y 19 = 136 &
v c
1l 2 | S
6 2 24 g
= 5
3 112
\ 4
1o

Time (days)

19/20 July

Gas kick and well control

measures (700 m3)

Catalog of relocated events - Diehl et al., 2017
Pressures and injection rates - Wolfgramm (GTN), 2014

11 April, 2019

5



Modeling ‘ Results ‘ Conclusions N. www.seismo.ethz.ch

Introduction

Motivation and outline

Part I
Understanding possible physical mechanisms that led to the induced seismicity

- Single-phase hydro-mechanical model (TOUGH-FLAC - Rutqvist, 2011) with two scenarios:

hydraulic connection (fracture zone) vs. poroelasticity (mini-fracture)

Part 11
Understanding the potential influence of the gas on the induced seismicity

- Multi-phase fluid flow model coupled with a stochastic-geomechanical model (TOUGH2-Seed -
Rinaldi and Nespoli, 2017)
- Hydraulic connection is used to simulate gas kick, well control measures and evolution of

induced seismicity during the main sequence

2013, Stadt St.Gallen /
St.Galler Stadtwerke
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Introduction

—————————————————————————————————————————

Part I: TOUGH-FLAC model i
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Model calibration Wellbottom
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/

Mini fracture vs. full fracture Point of view

Stress change on the fault after 2 hours (shut-in)
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Full fracture (hydraulic connection)

Time evolution of pressure at fault
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Introduction

Part II: Gas kick and well control simulation

- Gas kick modeled assuming an overpressurized gas reservoir at depth (AP=13 MPa)
- Subsequent water injection (~700 m3 for about 15 hours)
- Fault seal is forced to break at t=0 at -4.5 km (onset of gas kick) and at t=0.7 d at -4.6 km

(restart of seismicity)
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Simulation of induced events

- Single realization with 20’000 seeds

- Strong increase of seismicity between 0.5 and 1 day due to fault seal opening
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Spatial distribution

Along fault plane
- Width of cloud: ~500 m

- Good agreement with
observations

Along dip
- Extension of cloud: ~400 m

- Model produces slightly
smaller and thinner cloud
(no stress transfer)

True vertical depth (km)

Catalog of relocated events -
Diehl et al., 2017

Geological model after Heuberger
et al., 2016
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Introduction

Temporal evolution

- The stochastic model cannot reproduce the aftershock sequence of the ML 3.5 event
- The model however fits the declustered sequence (window method - Gardner and Knopoff, 1974)

- Fault seal opening (permeability change) improves the fit between observation and simulation

with permeability increase due to seismicity w/o permeability increase
250 . . ; . 250

hd) —observed hd) —observed

o 200 & —declustered ~"192 realizations o 200 - —declustered ~"96 realizations

> —simulated > —simulated

g with 20’000 seeds g with 30’000 seeds
© 159, ML3.5 © 150 ML3.5

- -

- -

) )

= 100~ > 100+

+J +J

O O

= =

£ 507 1 £ 507

S \ ——| S \

o Jg_—-z 3

0 ' ' ‘ ' 0 ' ' ‘ '
0 2 4 6 8 10 0 2 4 6 8 10
Time (days) Time (days)

Dominik Zbinden, Swiss Seismological Service, ETH Zurich 11 April, 2019 16



Modeling ‘ Results ‘ Conclusions N. www.seismo.ethz.ch

Introduction

Temporal evolution

- The stochastic model cannot reproduce the aftershock sequence of the ML 3.5 event
- The model however fits the declustered sequence (window method - Gardner and Knopoff, 1974)

- Fault seal opening (permeability change) improves the fit between observation and simulation

with permeability increase due to seismicity w/o permeability increase
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Conclusions

- In St. Gallen, poroelastic effects may have induced the seismicity on a remote fault

- However, a hydraulic connection could have led to Coulomb stress changes that are about 3
orders of magnitude higher

- The timing and strength of the gas kick can be approximately reproduced using the same
fracture zone as a conduit

- The spatio-temporal evolution may be better reproduced by allowing permeability changes
within the fault seal during the seismic sequence

- The model suggests that the seismicity is mainly induced by the gas - this is probably only

one out of several possible models
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