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People living near a geothermal drilling project in fault-riddled
northern California are worried about more earthquakes after a
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similar project triggered a major jolt in Switzerland. A seismologist
explains the forces at work

By#Katherine#Harmon#on#June#29,#2009
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Despite the promise of cheap, clean power, geothermal energy development may be on shaky ground.
There have been rumblings from residents and scientists alike that drilling deep to tap naturally
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occurring heat could cause bigger earthquakes.

Already on edge about temblors, northern California locals are eying an expansive new geothermal
project proposed by a company called AltaRock that's going to be boring down more than two miles
(3.2 kilometers). The area near the town of Anderson Springs—about 90 miles (150 kilometers) north
of San Francisco—is home to natural geothermal vents (nicknamed The Geysers by early visitors who
saw the steam vents there) and has been exploited for its natural energy-generating capacity for the
better part of the last century. Starting in the 1970s, as technology improved, engineers started to
crank up the production levels. Small earthquakes began shortly thereafter.

Just a few years ago, a now-infamous geothermal project in Basel, Switzerland, which drilled three
miles (4.8 kilometers) into Earth's crust, set off a magnitude 3.4 earthquake, rocking the town and
shutting the operation down entirely, The New York Times recalled recently.

Drilling has even been fingered as the cause of a massive 2006 mud volcano in Java, which displaced
more than 30,000 people after a gas exploration project went awry. "We are more certain than ever
that the Lusi mud volcano is an unnatural disaster," Richard Davies of the Center for Research into
Earth Energy Systems at Durham University in England said in a statement after investigating the
incident.

The U.S. Department of Energy has already chipped in $36 million for AltaRock's project, and in an
effort to drive down the price of renewable energy Google has anted up $6.25 million, the Times
reported.

But will these deep holes—and deep-pocketed investors—trigger the next big one? To find out, we
spoke with U.S. Geological Survey Earthquake Hazards Team seismologist David Oppenheimer, who
is based in Menlo Park, Calif., just a couple hours south of the area.

[An edited transcript of the interview follows.]

How does geothermal drilling work?
The traditional geothermal drilling process has been to drill into the sandstone that has water in its
pore spaces. When they drill into the rock, there's a surge of steam—just like popping a lid off a soda
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bottle—then the steam rises and spins a turbine.

At The Geysers, they have been condensing 25 percent of the steam and introducing it back into the
reservoir to keep the water levels up.

About a million years ago, there was a magmatic intrusion (protovolcano) that didn't make it to the
surface. Under the surface is a rock called felsite—you can think of it like granite; it's the heat source
for the sandstone.

The new project is going to exploit the felsite directly. But there's no water in the felsite, so they drill,
then they pipe water under strong pressure and flow rate, to fracture the rock. They'll be using
earthquake-monitoring equipment and will send cameras down the hole to see which direction the
fractures were occurring. Then they drill a second hole to intersect the new fracture.

So the potential is to extract much more heat, but you have to create your own fractures and you have
to introduce water.

If the new fractures are triggering earthquakes, how do they control them?
What they need to do, from an engineering perspective, is keep the size of the fractures small. So they
will control the [water] flow rates and pressures to make sure it doesn't become a runaway
earthquake.

We've been monitoring [The Geysers] since 1975. All the earthquakes we see there are [human]
induced. When they move production into a new area, earthquakes start there, and when they stop
production, the earthquakes stop.

They've been inducing earthquakes since the 1960s, and the largest has been less than a [magnitude]
4.5. Earthquakes are occurring in many, many fractures. So that's very different than if you go south
to the Bay Area with the San Andreas Fault. For earthquakes larger than 6.0 to happen, you need a big
fault. Therefore, it's unlikely they'll intersect a large fault and trigger a larger earthquake.

The threshold goal for the earthquakes is 2.0 or lower. They don't want a repeat of Basel, Switzerland.

How is geothermal drilling different from other energy projects like natural gas or oil? 
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There are some similarities to oil fields. In oil fields for secondary recovery, they inject water into the
ground to try to force more oil out. Frequently, though, oil fields aren't located in tectonically active
areas.

So why don't they do geothermal drilling somewhere that isn't prone to earthquakes?
In Texas, you don't have the heat source. If you drill all the way to the outer core, there will be molten
rock. But nobody knows how to do that. In tectonically active areas, you have more heat sources (from
failed volcanoes and the like).

There is some geothermal potential all over the country if we're talking about geothermal for heating
—but not necessarily for spinning large turbines.

Do these little earthquakes help relieve any building pressure to help stave off larger
quakes? 
Unfortunately that's a myth.

Does deeper drilling mean stronger earthquakes?
The more important issue is how big a fracture is—how big an earthquake are they generating. If they
intersect an existing fracture, and it's ready to go, they can trigger a bigger earthquake.

For the residents of Anderson Springs, [the lack of] depth is a problem. The reason they feel so many
earthquakes is because they're so close to the fractures—about 1.2 miles (two kilometers) above [the
fracture]. The farther away or deeper the drilling [is], the less likely they are to feel them.

What are the chances this deep geothermal drilling near The Geysers could set off one
of the larger faults, like the San Andreas?
Here's what we know: You can think about The Geysers—the upper three miles (4.8 kilometers) of
crust—as a sponge, and the sponge is wet. Now we're taking fluid out of the sponge, and we're taking
heat out of the sponge. When you dry out a sponge, it contracts. The Geysers is contracting. From the
data, we can see it pulling in, which means that it's changing the stress field around it.

Surrounding the field are some active faults, which have the capacity for some larger earthquakes. So
one day one of the tectonic faults is going to move. People are going to ask the question: Did the
shrinkage of The Geysers cause the movement of the fault? If that's the case then we have a larger
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issue.

Are there concerns about other, long-term impacts of these deep-drilling projects?
I think the primary undesirable factor is the earthquakes. We have 35-plus years of information, and
it hasn't been benign, but they haven't triggered any real damage. But look at hydropower dams and
coal power plants—they all have their advantages and disadvantages. Here, they've been able to
control emissions of sulfur and radon. I think the downside is pretty small—except if you live in
Anderson Springs.

Rights#&#Permissions

A B O U T  T H E  A U T H O R ( S )

Katherine&Harmon

Recent&Articles

What's#in#Your#Wiener?#Hot#Dog#Ingredients#Explained

The#Puzzle#of#Pancreatic#Cancer:#How#Steve#Jobs#Did#Not#Beat#the#Odds—but#Nobel#Winner#Ralph#Steinman

Did

Are#Zombie#Bees#Infiltrating#Your#Neighborhood?

https://www.scientificamerican.com/article/geothermal-drilling-earthquakes/#
https://blogs.scientificamerican.com/observations/whats-in-your-wiener-hot-dog-ingredients-explained/
https://www.scientificamerican.com/article/pancreatic-cancer-type-jobs/
https://blogs.scientificamerican.com/observations/are-zombie-bees-infiltrating-your-neighborhood/
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvfx-KMVZxshIwDpvVLRJ7A7-y-BEmd9voifaWmtx2Tr_C_jAIUugEQknDvNOpcwc9pFjnYpYRDJXaREgi00whj69DYNVRw9jACHZc29t7kY_zfl68u-NRcLolsGCPKX5gelGjoOU0vjmA5dsA71x3YwGmNGjJHrSZcbyLYNc5eqTSPt6bulDa2BOGCZtWG67tLZvGyW2cInyvtIgC8fhr75DCtet9gVKOHOOtRxZxefXmW0K_mabvSKYpIUM8l_axaoRMIzAz25ZzI-9lWC43nbbNQefbnxjYUKwTg0A&sig=Cg0ArKJSzFOw38jpqQz7&adurl=https://www.knowablemagazine.org/%3Futm_source%3DSCIAM%26utm_medium%3DBanner%26utm_campaign%3DKAWRNS%26utm_content%3DCuriosity


3/5/18, 9:27 AMHow Does Geothermal Drilling Trigger Earthquakes? - Scientific American

Page 8 of 11https://www.scientificamerican.com/article/geothermal-drilling-earthquakes/

LATEST NEWS

A D V E R T I S E M E N T

Pride#May#Come#before#a

Fall]]but#Only#Metaphorically

The#Business#Case#for#a#Data

Refinery

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvfx-KMVZxshIwDpvVLRJ7A7-y-BEmd9voifaWmtx2Tr_C_jAIUugEQknDvNOpcwc9pFjnYpYRDJXaREgi00whj69DYNVRw9jACHZc29t7kY_zfl68u-NRcLolsGCPKX5gelGjoOU0vjmA5dsA71x3YwGmNGjJHrSZcbyLYNc5eqTSPt6bulDa2BOGCZtWG67tLZvGyW2cInyvtIgC8fhr75DCtet9gVKOHOOtRxZxefXmW0K_mabvSKYpIUM8l_axaoRMIzAz25ZzI-9lWC43nbbNQefbnxjYUKwTg0A&sig=Cg0ArKJSzFOw38jpqQz7&adurl=https://www.knowablemagazine.org/%3Futm_source%3DSCIAM%26utm_medium%3DBanner%26utm_campaign%3DKAWRNS%26utm_content%3DCuriosity
https://www.scientificamerican.com/article/pride-may-come-before-a-fall-but-only-metaphorically/
https://blogs.scientificamerican.com/observations/the-business-case-for-a-data-refinery/


3/5/18, 9:27 AMHow Does Geothermal Drilling Trigger Earthquakes? - Scientific American

Page 9 of 11https://www.scientificamerican.com/article/geothermal-drilling-earthquakes/

Americas Jubilee

Americas Next Bankruptcy? You'll Never Guess Who Might
Go Bankrupt Next In America

A#Promising#Backup#to#the

Honeybee#Is#Shut#Down

"My#Brain#Made#Me#Do#It"#is

Becoming#a#More#Common

Criminal#Defense

Worse#and#Worse:#The#Trump

Administration's#Continuing

War#on#National#Parks

SPONSORED & CONT ENT

The#Perovskite#Boom

N E W S L E T T E R

https://blogs.scientificamerican.com/observations/the-business-case-for-a-data-refinery/
https://www.scientificamerican.com/article/a-promising-backup-to-the-honeybee-is-shut-down/
https://www.scientificamerican.com/article/my-brain-made-me-do-it-is-becoming-a-more-common-criminal-defense/
https://blogs.scientificamerican.com/rosetta-stones/worse-and-worse-the-trump-administrations-continuing-war-on-national-parks/
https://www.scientificamerican.com/custom-media/pictet/the-perovskite-boom/


3/5/18, 9:27 AMHow Does Geothermal Drilling Trigger Earthquakes? - Scientific American

Page 10 of 11https://www.scientificamerican.com/article/geothermal-drilling-earthquakes/

Get smart. Sign up for our email newsletter.

S I G N & U P

Every
Issue.
Every
Year. 1845 -
Present
Neuroscience. Evolution.
Health. Chemistry.
Physics. Technology.

S U B S C R I B E
N OW !

https://www.scientificamerican.com/page/newsletter-sign-up/?origincode=2016_sciam_ArticleFooter_NewsletterSignUp&category=subjects/sustainability&idr=true&WT.ac=SA_Article_Footer_NewsletterSubscribe&wtaction=SA_SubmitForm_NewsletterSubscribe
http://www.scientificamerican.com/store/subscribe/scientific-american-magazine/?WT.ac=SA_ecom_SA_FooterPromo


3/5/18, 9:27 AMHow Does Geothermal Drilling Trigger Earthquakes? - Scientific American

Page 11 of 11https://www.scientificamerican.com/article/geothermal-drilling-earthquakes/

FOLLOW&US

Store

About

Press#Room

FAQs

Contact#Us

Site#Map

Advertise

Special#Ad#Sections

SA#Custom#Media

Terms#of#Use

Privacy#Policy

Use#of#Cookies

Scientific#American#is#part#of#Springer#Nature,#which#owns#or#has#commercial#relations#with#thousands#of

scientific#publications#(many#of#them#can#be#found#at#www.springernature.com/us).#Scientific#American

maintains#a#strict#policy#of#editorial#independence#in#reporting#developments#in#science#to#our#readers.

© 2018 SCIENTIFIC AMERICAN, A DIVISION OF NATURE AMERICA, INC.

ALL RIGHTS RESERVED.

https://www.instagram.com/scientific_american/?hl=en
https://www.youtube.com/user/SciAmerican
https://twitter.com/sciam
https://www.facebook.com/ScientificAmerican
http://rss.sciam.com/ScientificAmerican-Global
https://www.scientificamerican.com/store/
https://www.scientificamerican.com/page/about-scientific-american/
https://www.scientificamerican.com/pressroom/
https://www.scientificamerican.com/page/frequently-asked-questions/
https://www.scientificamerican.com/page/contact-us/
https://www.scientificamerican.com/page/sitemap
https://www.scientificamerican.com/mediakit/
https://www.scientificamerican.com/ad-sections/
https://www.scientificamerican.com/page/custom-media-and-partnerships/
https://www.scientificamerican.com/page/terms-of-use/
https://www.scientificamerican.com/page/privacy-policy/
https://www.scientificamerican.com/page/use-of-cookies/
http://www.springernature.com/us

