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Texas Seismicity — USGS/ANSS catalog M>=3.0
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Fort Worth Basin Seismicity

SMU-operated North Texas Seismic Stations
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Fort Worth Basin Seismicity - Azle

“|Azle 2013-2016

TexNet ¢ CISR Azle earthquakes 2014-16, DeShon. Azle conceptual model, Hornbach (2015)
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Fort Worth Basin Seismicity — Venus and Irving
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Irving/Dallas Earthquake Sequence 2014 - 2016
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Texas Seismicity waiter et al., in prep
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Texas Shale Basins and Injection

TAMEST Shale Task Force
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Texas Geology T i R DT

Many known subsurface fault systems
that are poorly documented publically
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Induced Seismicity Mechanisms

A geologic fault, of crack,
batween two sactions of rock is
held in place by “normal’ stress-

wnannn s KEY FACTORS:

sheer siresses that would slide

the sections along the crack.

When wastewater i incted it

ﬁpmmhmwa. i i
s fault in situ

That change can aliow

seismicity

pressur reservoir hydraulic
perturbation capacity and continuity

These factors are dynamically coupled...

Scientific American, Anna Kuchment, 2016
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Faults - most of the recent earthquakes are occurring along undocumented faults

TexNet 9 CISR

Walsh and Zoback, in press
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Faults — not simple planes

Schopfer et al., 2006
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Faults — not simple planes

Schopfer et al. (2006)
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Earthquake magnitude, fault size, rupture distance

Great: can cause serious damage and loss of life in areas several hundred kilomsters across.
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Required Basics - Stress

Sv > SHmax > Shmin
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Texas Stress Map
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Injection and Pore Pressure

Fort Worth Basin area injection

Cumulathre Manthly Injection Volumes and Average Maonthly Rates per Well, Texas Ol & Gas
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Injection and Pore Pressure

Injected Water

aquifer — aquifer
— water
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Injection and Pore Pressure
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Injection Intervals are Hydrologically Complex

Time (ms)

Elebiju et al., 2010 Abad, 2013
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Pore Pressure Perturbations May Spread Far and Fast
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Need to Move from Associative to Mechanistic Analyses
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Need to Include Comprehensive Geological Controls

Fort Worth Basin 3D model

W .

Top Ellenburger surface Characterization of injection intervals
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Synthesis of Key Factors (fictitious example)

Low Hazard Factor High
faults few lots
fault movement history not since Archean | EQs last night
fault size small big
fault geometry non-planar planar
fault complexity complex simple
fault cohesion high low
fault friction high : low
fault rupture style creeps i slips fast
stress architecture isotropic anisotropic
stress magnitude low high
disposal zone character and pore pressure low high
disposal zone connectivity not connected | connected
disposal zone volume large : small
disposal zone/basement strat connectivity not connected ' connected
disposal zone/basement fault connectivity not connected connected
pore pressure low high

fault reactivation potential w0 .
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TexNet Seismic Network and CISR Research

TexNet
Will monitor, locate, and catalog seismicity across Texas, capable of Total = $5.97MM

detecting and locating earthquakes with magnitudes 2M2.0 using the new ‘I

backbone network and improve investigations of ongoing sequences by
deploying temporary seismic monitoring stations and conducting site-
Peﬂogﬂota oration ﬁ .." .
Government " bhpbilliton ~ OXY

specific assessments.
and Regulators . N
AL E éeogresources PIONEER
Y NATURAL RESOURCES
Chevron  ConocoPhillips

ndustry = Ex¢onMobl "

Center for Integrated Seismicity Research

CISR will conduct fundamental and applied research to better understand
naturally occurring and potentially induced seismicity and the associated
risks, and to discern strategies for communicating with stakeholders and
responding to public concerns regarding seismicity.

Public and
Educators

Academia

TexNet 9 CISR
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The TexNet Seismic Network
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TexNet and CISR Research (13+ active projects)

UT Bureau of Economic Geology
UT Institute for Geophysics
UT Petroleum and Geosystems Engineering

UT Moody College of Communications
UT Civil, Architectural, and Environmental Engineering
TAMU Petroleum Engineering

UT Psychology SMU Geology and Geophysics
TexNet and permanent and velocity EQ locations, EQ focal advanced source
Sei | portable seismic=——- ' -\« —= calibrated magnitudes, =—— % oo characterization
elIsmology networks t catalog, maps I
]

i
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A

site to basin
fluid budgets

Geologic & . ud

: stress magnitude
Hydrqloglc characterization (SCITS)‘ >
Description
Geomechanics  static fault basin-scale

and Reservoir
Modeling

sensitivity e reservoir models
analysis for Pp estimation

' Y v

site-specific site-specific coupled fault
poroelastic reservoir flow rupture and
scenario models models permeability models

Seismic Hazard
and Risk
Assessment
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TX Vs map

Seismic Risk data on risk

Social Science of EQs
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TexNet and CISR Research Timeline

. network procurement and installation —
. network management and data stream

. R&D products to improve network performance

. EQ compilations and characterizations

. fault mapping and disposal zone characterizations
. seismic risk communication and outreach

Ft Worth Basin Integrated Study
local seismic networks and EQ studies |

. basin-scale fluid budgets and pore pressure |

. stress characterization (Stanford)

. fault characterization *

. 3D basin geo and hydrologic and modeling

. fault reactivation analysis and mapping |

. reservoir modeling of seismicity mechanics |

. assessment of basin seismogenic potential

OO WNE

O~NOUTAhWNE

Greater West Texas Basin Integrated Study
1. local seismicity base-line studies and analyses
2. *integrated geological characterization
3. assessment of basin seismogenic potential

Eagle Ford Operating Area Integrated Study
1. local seismicity base-line studies and analyses
2. *integrated geological characterization
3. assessment of basin seismogenic potential

Panhandle Seismicity Study
1. seismicity analysis (existing and TA stations) —
2. *integrated geological characterization —
3. assessment of basin seismogenic potential (—

*integrated geological characterization

TexNet 9 CISR
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Closing Thoughts

a physical understanding of possible linkages between oil and gas operations and
earthquakes is the first real step to mitigating these effects

Data Needs

better earthquake data in areas of natural and induced activity
better controls on fault presence and characteristics, can’t rely only on EQ seismicity

better controls on disposal zone pore pressure and pressure history from down-hole data

Collaboration Needs

fluid flow simulations for pore pressure estimation need to be far more comprehensive
and include realistic geological controls and boundary conditions

subsurface integrated and mechanistic models that are shared and revisited by
interdisciplinary groups

models for fault-triggering mechanisms based on more complete physical descriptions

development of resource assessments for disposal capacity of select Texas basins

TexNet - CISR



