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Presentation and Panel

• Joshua Marrow, P.E.

– Partner Engineering and Science

– Structural / Seismic Engineering

• Kassandra McLaughlin

– Husch Blackwell

– Real Estate Law

• Joe Willoughby

– Frederiksen & Frederiksen

– Catastrophic Risk Insurance

• Tony Adamo

– Drash Consultants

– Geotechnical Engineering
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Presentation Topics

1. Earthquake Science 101 for Texans

2. Strong Correlation Between 

Hydraulic Fracturing and 

Earthquakes

3. Recent Earthquakes in the DFW 

Region

4. Earthquake Hazard is Relative and 

Uncertain

5. What the Future Holds

6. Panel Discussion and Questions
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CREW Dallas 

Part 1
Earthquake Science 101

for Texans
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Earthquake Terminology

• Earthquake Fault

– Strike-slip

– Thrust

– Intra-crustal

– Subduction zones

• Shaking Intensity

– Modified Mercalli Intensity(MMI)

– Perceived and observed
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Earthquake Terminology

• Magnitude

– Richter Scale

– Measure of total energy

– Logarithmic scale

– M4 = 31.6 X M3

– M6.0 is 1 million X M3.0

• Ground Motion Parameters

– Acceleration

– Velocity

– Displacement
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Sources of Earthquakes

• Naturally occurring

– Tectonic activity and faulting

– Volcanoes and subduction

• Human-made seismicity

– Mining blasts

– Explosions (controlled or 

otherwise)

– Heavy construction

– Oil drilling / fracturing

• “Human-induced”

– Waste water injection wells 

reactivating previously inactive 

(dormant) fault systems
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1997 UBC Seismic Zone Map – “Old School”
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USGS Seismic Hazard Maps – “New School”
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Significant Earthquakes in the US

Source:  USGS large historic earthquakes in the 48 contiguous states
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CREW Dallas 

Part 2
Strange Correlation -

Hydraulic Fracturing

and Earthquakes
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Hydraulic Fracturing – Class II Wells

Hydraulic Fracturing Well Head

Regulated by the Railroad 
Commission of Texas, not the EPA 
UIC Program like the rest of the 
United States
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Increasing Number of Earthquakes in Central States

• USGS finds 6x increase in M3.0 

or greater earthquakes

• Inconclusive data to categorize 

man-made versus naturally 

occurring
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Hydraulic Fracturing Regions

• Strong correlation between 

hydraulic fracturing and 

increased seismic activity

• Some recent hot spots

– Ohio

– Southern Illinois

– Arkansas

– Louisiana

– DFW metro

– Snyder – West Texas

– Timpson – East Texas

• As high as M4.9

Regions with hydraulic fracturing activity
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CREW Dallas 

Part 3
Recent Earthquakes

in the DFW Region
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DFW is Earthquake Country (after 2008)

Azle-Reno
2013-2014

Cleburne
2009

Irving
2014-Present

DFW
2009
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Texas Earthquake History

• 100 earthquakes in the last century, 

large enough to feel

• 5 quakes between M5 and M6

• El Paso and Panhandle expect M5.5 

to M6.0 every 50-100 years

>M3 Earthquakes from 1847 to 2012

Naturally occurring and human-induced
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Earthquakes are Frequent, Not Damaging

• Significant DFW Events

– 2008-2009 DFW sequence

– 2009 Cleburne sequence

• May 7, 2015 M4.0

– 2013-2014 Azle-Reno cluster

– 2014-2015 Irving cluster

• Considered “low” seismic region

• Funding is allocated to other, 

more prevalent natural disasters

– Floods

– Tornadoes

– Hurricanes

– Fires

– Drought

ANSS Seismic 
Monitoring 
Stations
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2013 – 2014 Azle Earthquakes
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2014 - 2015 Irving Earthquakes
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CREW Dallas 

Part 4
Earthquake Hazard is

Uncertain and Relative
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California Seismic Hazard Map
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USGS Recognizes Human-Induced Seismic Events

California, Oregon, 
Washington, Nevada Texas, Oklahoma

Tennessee, Arkansas, 
Missouri, Virginia, South 

Carolina
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Historic Earthquakes Drive Building Code Revisions

1927 UBC

1973 UBC

2000 IBC 1994 Northridge EQ

Early Codes were smaller (physically) 
and less complex (and lacked 
adequate seismic provisions)

The seismic provisions of the Codes become 
more comprehensive, incorporating lessons 

learned from past earthquakes.

1989 Loma Prieta EQ
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California Earthquakes = Spilled Wine

M6.0 South Napa Earthquake
Winery Damage
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CREW Dallas 

Part 5
What Does the

Future Holds
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This will NOT Happen
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DFW Earthquakes – The Lessons for CRE

1. Texas is not going to be beach front property someday

2. Earthquakes are not large enough to cause structural damage

– Minor architectural finish damage, at best

3. Prior property damage may be mistaken as earthquake damage

– Foundation movement due to expansive soils

– Windstorm damage

– Poor maintenance (weeds in existing cracks)

4. Older buildings are generally more vulnerable to shaking damage

– Masonry structures

– Wood frame structures with brittle plaster finishes

5. “Seismic zoning” not likely to change (no Alquist-Priolo)

6. University research lacks funding, conflict of interest with University 

donors.  Our understanding of this issue may suffer and drag on.

7. Uncertain if earthquakes will increase in number and size
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Improvements, One Step at a Time

• A good start is to cease placing Class II wells near known fault traces

– Very few injection wells have been linked to an increase in earthquakes

• Railroad Commission adopts well rule amendments, Nov 17, 2014

– Applicants for new wells to conduct a search of the U.S. Geological Survey seismic 

database for historical earthquakes within a circular area of 100 square miles 

around a proposed, new disposal well;

– Provides power to the Commission to terminate permits on wells contributing to 

seismic activity

– Operators may be required to disclose volumes and pressures annually if RRC 

determines a need

– Applicants provide additional boundary pressure calculations to demonstrate 

containment of disposal fluids in an area where conditions exist that increase the 

risk that fluids may not be confined

• Alternative waste water disposal solutions

– Treatment plants at the surface

– Other options are generally more expensive vs. injection wells



30CREW Dallas – May 20, 2015 – Slide #

CREW Dallas 

Part 6
Enough of Me…

Now to the Panel
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Panel Discussion and Attendee Questions

• Joshua Marrow, P.E.

– Partner Engineering and Science

– Structural / Seismic Engineering

• Kassandra McLaughlin

– Husch Blackwell

– Real Estate Law

• Joe Willoughby

– Frederiksen & Frederiksen

– Catastrophic Risk Insurance

• Tony Adamo

– Drash Consultants

– Geotechnical Engineering
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