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More evidence for (and against)
groundwater contamination by shale gas
Studies in Pennsylvania and Arkansas find that geology dictates risks.
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Shale gas well pad in Pennsylvania.

Robert B. Jackson

Few topics in the realm of energy are as publicly charged today as fracking, the process by which
natural-gas-bearing layers of shale are hydraulically fractured to create pathways for the gas to be
extracted. To some, it’s simply a major boon to the US economy and energy independence. To others,
it’s a short-sighted resource grab that will leave drinking water resources poisoned for decades. As
research in areas where fracking is already prevalent has slowly plodded ahead, what we’ve learned
hasn’t fit neatly into either of the black-and-white narratives of the political debate. The realities have,
unsurprisingly, been complicated.

A pair of recent papers provides an example, finding different results in areas of Pennsylvania and
Arkansas where shale gas is currently being produced.

Problems in Pennsylvania

The first provides an update to an earlier study in northeastern Pennsylvania, where the Marcellus
Shale has been a hot target for the natural gas industry. That study analyzed water samples from 68
private wells; methane gas was found to be more prevalent in wells close to shale gas extraction sites.
The work implied that the natural gas wells were somehow enabling the migration of natural gas
upwards into the drinking water aquifer.

The study was not without its critics, and the researchers returned to the area to collect more data in
the hopes of answering the question more clearly. While methane is the primary component of natural
gas, it can also be generated by bacteria. To help differentiate such “biogenic” methane from natural
gas, they also tested for ethane and propane, longer chain hydrocarbons not produced by bacteria, and
carbon isotopes in the gases. They also sampled 81 new water wells for additional compounds and
isotopes.

Pulling all their data together, the correlation between methane concentration and proximity to a shale
gas well held. Though ethane and propane were less commonly detected (concentrations are typically
much lower than methane), the same correlation appeared there. The carbon isotopes in all the high
methane samples also indicated a natural gas source, though a few of the low methane samples
appeared to be biogenic.

By looking at the carbon isotopes in methane, ethane, and propane, as well as helium-4 in the
samples, they were even able to characterize whether it looked like natural gas from the deeper
Marcellus Shale or from slightly shallower layers (which also contain some natural gas). They found
some of both, which could indicate that both shallower and deeper natural gas is making its way toward
the surface due to imperfections in the seals around the gas wells.

It’s not impossible that some of that gas could be naturally present. Natural gas has long been bubbling
up with the briney water at a nearby salt spring (an interesting feature at the center of a separate study
we covered). But this can't explain all the findings. The gas at the spring fell in with the group
resembling shallower sources. And the correlation with proximity to natural gas wells would not be
expected for naturally occurring gas in this region.

All clear in Arkansas

While those results strengthen the case for natural gas migrating into groundwater as a result of the
shale gas activities, a similar study in northern Arkansas tells a different story. The same group of
researchers, working together with the United States Geological Survey, looked at 127 private wells in
an area where the Fayetteville Shale is being tapped for natural gas.

There, methane was not a significant issue, with only one sample coming in high (of the 51 tested for
methane). What little methane was detected showed no correlation with proximity to shale gas wells.
The carbon-isotope signature of that methane also looked more like bacteria-generated methane than

renewal

Facebook releases “Conceal,” a
lightweight tool to make
Android apps safer

Judge slams Prenda for
“sophistry” in defamation suit
sanction

Planets’ chaotic orbits shook
up asteroids like a snow globe

Satya Nadella brings technical
skill and enterprise strength,
but what’s the consumer

story?

Marcellus Shale
Lease Law
www.marcellusexpert.com

All your Marcellus Shale questions
answered. Free legal consultation.

http://www.pnas.org/content/108/20/8172
http://arstechnica.com/science/2012/07/fracked-pennsylvania-shale-could-be-naturally-leaky/
http://googleads.g.doubleclick.net/aclk?sa=L&ai=CQg_rcsTxUvD8F6ni6gGP1oD4B6eA1IoFAAAQASAAUO2v7vf4_____wFgyZ6njNCk9A-CARdjYS1wdWItMzQ2NDA3MTg4MjM3NDg3M8gBAuACAKgDAaoEfU_QB36wYKuFwfW2ZeNX_6wldbqdzoo63yU_BqOoaLU2lRflC5sZ-eDT9D1xJEG3OAY-DkHoFTCGAKEke4eOcTUMLWmiENCpCZGC9lRmAT4Jf-EIQ-qmyaFDACuMPssnrGGVd_IqGCXa-pea_hFT69aYkHDMNur-Zoi7GwOe4AQBoAYU&num=0&sig=AOD64_0IIguJaMPtfGb8VA1EqX89RY0j9g&client=ca-pub-3464071882374873&adurl=http://arstechnica.com/jobs/
http://arstechnica.com/tech-policy/2014/02/patriot-act-author-absent-reform-well-halt-bulk-metadata-program-renewal/
http://arstechnica.com/security/2014/02/facebook-releases-conceal-a-lightweight-tool-to-make-android-apps-safer/
http://arstechnica.com/tech-policy/2014/02/judge-slams-prenda-for-sophistry-in-defamation-suit-sanction/
http://arstechnica.com/science/2014/02/planets-chaotic-orbits-shook-up-asteroids-like-a-snow-globe/
http://arstechnica.com/information-technology/2014/02/satya-nadella-brings-technical-skill-and-enterprise-strength-but-whats-the-consumer-story/
http://googleads.g.doubleclick.net/aclk?sa=L&ai=CRMm-b8TxUs-2FqzO0AH5pYDwAqTRl6NAxM_Z-xzAjbcBEAEgwf-EIFCFpaWcAWDJnqeM0KT0D8gBAagDAcgDgASqBL4BT9A33LQyuI8QWqMLn4oIxb_g1yCXbu7REPA1SWvrRKsG48SeATd3o3X-sfbg9Z1TvJG_Z2b3zhd1DtBjm-kCusQv8NG_0sMIx0otGAKwqpnB2E_NvKSTTe2kxXjryiRWGnYhFJzg-CmJjOOsPOKef3TiZX7_FxmfbI_O5XSrsLZJd_QgDr_ohQ-rFlIzrf-D_eU5JUXHhbkRvWJ_5mhhFs8E-ZoLia7cKG2Tn7ChXCysDJFFe3-R_Lhl3VQNNoAHtOeQHg&num=1&sig=AOD64_2aCLRzXoJ6Mel9NDO6812ORMskeQ&client=ca-conde_arstechnica&adurl=http://www.marcellusexpert.com
http://googleads.g.doubleclick.net/aclk?sa=L&ai=CRMm-b8TxUs-2FqzO0AH5pYDwAqTRl6NAxM_Z-xzAjbcBEAEgwf-EIFCFpaWcAWDJnqeM0KT0D8gBAagDAcgDgASqBL4BT9A33LQyuI8QWqMLn4oIxb_g1yCXbu7REPA1SWvrRKsG48SeATd3o3X-sfbg9Z1TvJG_Z2b3zhd1DtBjm-kCusQv8NG_0sMIx0otGAKwqpnB2E_NvKSTTe2kxXjryiRWGnYhFJzg-CmJjOOsPOKef3TiZX7_FxmfbI_O5XSrsLZJd_QgDr_ohQ-rFlIzrf-D_eU5JUXHhbkRvWJ_5mhhFs8E-ZoLia7cKG2Tn7ChXCysDJFFe3-R_Lhl3VQNNoAHtOeQHg&num=1&sig=AOD64_2aCLRzXoJ6Mel9NDO6812ORMskeQ&client=ca-conde_arstechnica&adurl=http://www.marcellusexpert.com
http://googleads.g.doubleclick.net/aclk?sa=L&ai=CRMm-b8TxUs-2FqzO0AH5pYDwAqTRl6NAxM_Z-xzAjbcBEAEgwf-EIFCFpaWcAWDJnqeM0KT0D8gBAagDAcgDgASqBL4BT9A33LQyuI8QWqMLn4oIxb_g1yCXbu7REPA1SWvrRKsG48SeATd3o3X-sfbg9Z1TvJG_Z2b3zhd1DtBjm-kCusQv8NG_0sMIx0otGAKwqpnB2E_NvKSTTe2kxXjryiRWGnYhFJzg-CmJjOOsPOKef3TiZX7_FxmfbI_O5XSrsLZJd_QgDr_ohQ-rFlIzrf-D_eU5JUXHhbkRvWJ_5mhhFs8E-ZoLia7cKG2Tn7ChXCysDJFFe3-R_Lhl3VQNNoAHtOeQHg&num=1&sig=AOD64_2aCLRzXoJ6Mel9NDO6812ORMskeQ&client=ca-conde_arstechnica&adurl=http://www.marcellusexpert.com


2/4/14 11:56 PMMore evidence for (and against) groundwater contamination by shale gas | Ars Technica

Page 3 of 4http://arstechnica.com/science/2013/06/more-evidence-for-and-against-groundwater-contamination-by-shale-gas/

← OLDER STORY NEWER STORY →

natural gas. Nothing else about the sampled wells indicated any sort of contamination by deep fluids.
They were even able to look at data from 43 wells sampled long before fracking started, finding no
differences in the things that were tested for.

So why the difference? Were the shale gas wells in Arkansas constructed more carefully? It’s possible,
but it’s more likely that the geology is responsible.

There’s a relatively thick barrier separating the drinking water aquifer there from the Fayetteville Shale
below. In Pennsylvania, the barrier rocks have been fractured somewhat by tectonic stresses, but the
Arkansas rocks have not experienced that level of deformation. That makes fewer potential pathways
for natural gas to flow through, decreasing the chances that any will migrate far enough to intercept
imperfections in the well seals and hitch a ride up the borehole.

Pennsylvania also has a history of traditional oil and gas extraction that northern Arkansas does not,
which means that many deep wells have been drilled in the past. Any wells that were not completely
filled after they were shut down could create additional shortcuts for fluids moving through the rock.

The question “Does fracking contaminate groundwater?” does not have a yes or no answer. It depends
on the specifics of the geology in the area and the specifics of the shale gas operation—which involves
both the work underground as well as the handling of fracking fluid at the surface. Though some wells
in Pennsylvania appear to be impacted by “stray gas”, none of the potentially harmful chemicals used
in the actual fracking fluid have shown up (though they have been seen in deeper groundwater
elsewhere). And in Arkansas, no groundwater impacts of any kind have been found. Each situation is a
little different.

PNAS, 2013. DOI: 10.1073/pnas.1221635110
Applied Geochemistry, 2013. DOI: 10.1016/j.apgeochem.2013.04.013   (About DOIs).

Scott K. Johnson / Scott is a hydrogeologist and educator. He joined the Ars science crew in 2011.
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