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[#2] Hydraulic fracturing: the EPA’s advisory board asks some tough questions….of the EPA 
 

In the US, oil and natural gas production are increasingly reliant on hydraulic fracturing.  The EPA’s 
review of its impact on drinking water supplies, and the response by the EPA’s Science Advisory Board, 
are the basis for this section.  A lot is at stake, since unconventional oil and natural gas reserves play a 
critical role in the energy future of the United States.  Here are some of the more important benefits of 
US unconventional shale gas production: 
 

• The ability to rely more on natural gas and less on coal9, whose environmental footprint is worse 
than natural gas on a variety of metrics (not just carbon), and which we wrote about here.   As 
stated in the Executive Summary, fuel switching from coal to gas was the primary factor driving 
down US CO2 emissions faster than other large CO2 emitting countries from 2000 to 2015 

• The ability to add more renewable energy to the grid, and respond rapidly with low-cost back-up 
power from natural gas when wind, solar and hydropower generation is low 

• The ability to develop natural gas-powered vehicles and trains with lower fuel costs than gasoline 
or diesel-powered counterparts, and with greater geopolitical fuel security  

• The ability to decommission certain nuclear power plants should their financial, security or 
environmental costs exceed tolerable levels (there is still no solution to spent-but-still-radioactive fuel 
rod treatment other than dry casks and above-ground immersion in storage pools) 

 

The chart below shows the US electricity mix with EIA projections to 2040, with our added assumption 
that natural gas gradually substitutes for certain nuclear power plants, including those already scheduled 
to close over the next decade10.  An electricity grid with less coal, less nuclear and more renewable 
energy would be highly dependent on abundant, low-cost natural gas. 
 

  

                                                 
9 Could “carbon capture and storage” effectively provide a lifeline to US coal reserves?  I doubt it.  I wrote about 
this in the 2017 Eye on the Market Outlook; see here. 
 
10 US nuclear power plants scheduled to close within the next decade include Pilgrim (MA), Diablo Canyon (CA), 
Three Mile Island (PA), Palisades (MI), Indian Point (NY) and Oyster Creek (NJ). 
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US: natural gas could provide a pathway for more 
renewable energy, less coal and less nuclear
% of total electricity generation
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Natural gas CO2 comparisons 
 

• electricity: natural gas emits 50% less 
CO2 per unit of energy when 
combusted in a natural gas plant 
compared with emissions from a 
typical coal plant 

 

• transportation: natural gas emits 
15%-20% less heat-trapping gases 
than gasoline per mile of travel when 
burned in a typical vehicle 
 

https://www.jpmorgan.com/directdoc/coalenvfootprint.pdf
https://www.jpmorgan.com/directdoc/coal_ccs.pdf
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Before getting into the EPA report on drinking water and the response by its advisory board, here’s some 
background on the rise in hydraulic fracturing, where shale gas and tight oil are located, water usage 
and the drilling depths of fractured wells.  
 

The rise of hydraulic fracturing.  The technique of hydraulic fracturing is used for both unconventional 
natural gas extraction and unconventional oil extraction.  The next two charts show the rise in tight gas, 
shale gas and tight oil, all of which depend on hydraulic fracturing: 
 

    
 

The US represents ~20% of global natural gas production and ~13% of global oil production.  However, 
the practice of obtaining natural gas from shale formations and oil from tight oil formations is almost 
exclusively a US phenomenon.   As of a couple of years ago, only 3 other countries engaged in the 
practice, and to a much smaller degree: 
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US oil production by type
Million barrels per day

Tight oil 
(unconventional)

Conventional

Shale gas Tight oil
bn cu ft per day mm barrels per day

US 37.34                  3.93                     
Canada 4.10                    0.47                     
China 0.50                    
Argentina 0.07                    0.02                     
Source: EIA. Shale data as of 2015. Tight oil data as of 2014.

Oil & Gas production from shale gas and tight 
oil formations

Our fracturing focus: horizontally drilled wells 
 
While many conventional oil & gas wells are also subject to hydraulic fracturing, our focus here is mostly 
on onshore horizontal hydraulic fractures.  As shown on page 16, horizontal wells are highly water-
intensive, using 10x-14x the volume of water per well than directionally or vertically fractured wells.  
Horizontal wells are also growing in number.  In 2005, horizontally fractured oil and gas wells only 
represented 5% of the total fractures; by 2014, this had grown to 58%. 
   

Source: USGS/IHS universe of 370,000 wells drilled from 2000 to 2014. 
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Shale gas and tight oil locations.  Shale gas production and proven reserves are concentrated in a 
handful of states, with the greatest concentrations in Texas and Pennsylvania11.  You can also click here 
for a map showing current and prospective shale plays.  Tight oil production and proven reserves are 
primarily concentrated in two formations: Eagle Ford (TX) and Bakken (ND, SD, MT).  
 

       
 
 

Hydraulically fractured well depths.  The lowest drinking water depths are ~800 feet, and as shown 
in the next chart, fracturing generally occurs far below that level, with average well depths from 4,000 
to 12,000 feet below the surface12.  However, the chart also shows a small subset of shallower fractured 
wells at 2,000 feet and higher in states like Texas, Wyoming, Arkansas and Colorado.  There were 1,200 
of such shallow wells, equal to 3% of the observed sample.  These wells could pose risks since fractures 
can propagate upwards.  A 2012 paper13 found that the highest recorded upward propagation of a US 
hydraulically fractured well was ~2,000 feet (although this is unusual; the same paper estimated a 1% 
chance of a propagation over 1,200 feet due to natural protection from sedimentary rock). 
 

 

 
  

                                                 
11 In New York, due to a ban on hydraulic fracturing, there is no infrastructure or definitive development plan to 
extract natural gas resources in the state within five years.  As a result, New York’s shale gas fails to meet the EIA’s 
definition of proven reserves.  Some estimates place New York’s possible reserves as high as Ohio. 
 

12 The data shown are based on 44,000 well depth observations reported to FracFocus from 2008 to 2013. 
 

13 “Hydraulic fractures: How far can they go?”, Marine and Petroleum Geology, 2012, Davies et al, Durham 
University Energy Institute 
 

P
en

ns
yl

va
ni

a

Te
xa

s

W
es

t V
irg

in
ia

Lo
ui

si
an

a

O
kl

ah
om

a

O
hi

o

A
rk

an
sa

s

N
or

th
 D

ak
ot

a

C
ol

or
ad

o

A
ll 

ot
he

r s
ta

te
s

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Source: Energy Information Administration. 2015.

Where shale gas is produced
US shale gas production, billion cubic feet per year
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Where shale gas proven reserves exist
US proven shale natural gas reserves, trillion cubic feet
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https://www.jpmorgan.com/directdoc/shalemap.pdf
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Hydraulic fracturing and water usage.  Fracturing starts with water (freshwater, brackish water, 
municipal water, etc) mixed with sand and chemicals.  The mixture is injected at high pressure, creating 
small cracks in rock formations that allow gas and oil to escape and rise to the surface.   What also 
comes back up is a lot of water: “flowback water” (original fluid injected into the well), and “produced 
water”, which is naturally occurring and released from rock formations.  Over the lifetime of a fractured 
well, as much as 90% of returning water can be the produced water rather than the flowback water14 
(see chart).  This is important from an environmental perspective, since produced water can contain toxic 
substances: lead, arsenic, barium, chromium, uranium, radium, radon and benzene, and high levels of 
sodium chloride15.  Due to its composition, wastewater is usually recycled or reinjected underground16. 
 

 

 
The next chart shows water usage at some of the larger unconventional oil locations. The “mother of all 
produced water” locations is the Permian Basin, whose produced water-to-oil ratio was 6.5x in 2016, vs 
1.1x in the Bakken and 0.9x in Eagle Ford.  The final chart shows how horizontally fractured oil and gas 
wells account for an increasing share of water usage vs directionally and vertically fractured wells17.  
 

    
 

  

                                                 
14 “Quantity of flowback and produced waters from unconventional oil and gas exploration”, Duke, August 2016 
 

15 “Chemical and Biological Risk Assessment for Natural Gas Extraction in New York”, SUNY Oneonta, 2011 
 

16 In places like Texas and Oklahoma, wastewater is often reinjected into deep underground wells (unused saline 
aquifers), while in Pennsylvania, wastewater is often recycled for re-use or sent to water treatment facilities.  Part 
of the disposal process involves solid material (“cuttings”) and not just liquids. 
 

17 “Hydraulic fracturing water use variability in the United States and potential environmental implications”, U.S. 
Geological Survey, Water Resources Research (American Geophysical Union), July 2015 
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What are the risks?  As long as hydraulically fractured wells are properly cemented when they go 
through water tables and deeper aquifers, there should in theory be no contamination of ground water, 
assuming strict protocols for proper tank and pond storage of produced water and requisite on-site 
cleansing.  However, given the number of wells involved (600,000 fractures in the US and Canada in 
201418), instances of contamination are statistically unavoidable.  Potential risks include a failure of 
cement surrounding the wellbore, and contamination of groundwater from accidents during transport, 
storage and disposal of fluids and wastewater.  
 

I have read peer-reviewed academic studies on specific instances of adverse environmental impacts from 
hydraulic fracturing, and to me as a layperson, they seemed conclusive and well-researched.  However, 
these studies were generally deemed inconclusive, dated or in some other way flawed by industry people 
I showed them to.  Similar differences are found in analyses of well failures and risks.  A professor from 
the Colorado School of Mines estimated that only 10 of 17,948 wells drilled from 1970 to 2013 in the 
Colorado Wattenberg Field failed.  In contrast, a 2017 study from UC Boulder found a 7% instance of 
wells in the Wattenberg field having critical well integrity issues.  In this piece, I am not going to opine on 
environmental impacts and risks; that’s what the EPA is supposed to do, which is why we review 
their findings, first released in 2015. 
 
The original 2015 EPA draft report on hydraulic fracturing and drinking water19 
 

The EPA examined hydraulic fracturing in depth and released a 998-page draft report in June 2015.  The 
draft gave hydraulic fracturing a mostly clean bill of health; at least that’s how it was interpreted in news 
reports commenting on it. The section that received the most attention: the Executive Summary, where 
the EPA concluded that while there are mechanisms through which fracturing can impact groundwater, 
they did not find evidence of widespread, systemic impacts; and that while they did find 
instances of contamination, they were “small compared to the number of hydraulically 
fractured wells”.   Some other observations from the EPA’s June 2015 report: 
 

• The EPA found that if their estimates were representative, spills could range from 100 to 3,700 spills 
annually, assuming 25,000 to 30,000 new wells fractured per year 

• Most wells used in hydraulic fracturing have casing and a layer of cement to protect drinking water 
resources. An EPA survey of wells hydraulically fractured by 9 companies in 2009/2010 estimated that 
3% of wells (600 out of 23,000) did not have cement across a portion of the cement casing 

• Of 225 produced water spills in one study, 8% reached surface water or groundwater 
 

  

                                                 
18 “Hydraulic fracturing”, C. Mark Pearson, Liberty Resources and IHS 
 

19 The EPA’s focus in the report was on drinking water resources and not on GHG emissions.  On the GHG issue, 
there’s a debate about methane leakage from natural gas wells.  Most research I have seen concludes that 
methane leakage is well below levels that would negate its GHG benefits vs coal:  
 

• The EPA estimates methane leakage of 1.5% - 2.5%. Recent studies concur with EPA findings, including a 
2015 paper which found average methane leakage rates of 1.0% - 2.1% in Haynesville (TX), 1.0% - 2.8% in 
Fayetteville (AR), and 0.2% - 0.4% in Marcellus (PA) 

• Richard Muller (Univ. of California,  Scientific Director of Berkeley Earth): leakage rates are below the 5.3% and 
12% levels that would negate GHG benefits of natural gas vs. coal when measured over 20 and 100 years 

• A team from Harvard, Stanford, MIT, NREL, LBNL and the Environmental Defense Fund concluded that 
“assessments using 100-year impact indicators show system-wide leakage is unlikely to be large enough to 
negate climate benefits of coal-to-natural gas substitution” 
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The 2016 EPA Science Advisory Board response 
 

However, the story doesn’t end there.  The EPA Science Advisory Board (SAB), composed of industry, 
academic and regulatory members, issued a 180-page review of the EPA draft in August 2016.  Its 
findings were supported by all 47 members of the SAB.  They raised issues and asked questions:   
 

• The SAB found the EPA draft report to be “comprehensive but lacking in several critical areas” 

• The SAB had concerns “regarding the clarity and adequacy of support for several major findings 
presented within the draft that seek to draw national-level conclusions regarding the impacts of 
hydraulic fracturing on drinking water resources. The SAB is concerned that these major findings as 
presented within the Executive Summary are ambiguous and appear inconsistent with the 
observations, data, and levels of uncertainty presented and discussed in the body of the draft”  

 

In response, the EPA released a final draft of its report in January 2017, which included point-by-point 
responses to the SAB.  The EPA removed the sentence on the left and added the one on the right:  
 
Original 2015 EPA draft, from Executive Summary 
 

Final EPA report January 2017, from Executive Summary 

“We did not find evidence that these mechanisms 
have led to widespread, systemic impacts on 
drinking water resources in the United States” 

“This report describes how activities in the hydraulic fracturing 
water cycle can impact -- and have impacted -- drinking water 
resources and the factors that influence the frequency and 
severity of those impacts” 
 

 
The EPA appears to have agreed with the SAB that its original conclusions weren’t sufficiently supported 
given the data gaps and uncertainties.  In addition, the SAB pointed out that they would like to see more 
follow-up on widely reported issues in certain towns in Texas, Wyoming and Pennsylvania, and asked the 
EPA to do more work on: 
 

• the probability and significance of failure mechanisms and water quality impacts (from poor 
cementation techniques, hydraulic fracturing operator error, migration of hydraulic fracturing 
chemicals from the deep subsurface and abandoned/orphaned oil and gas wells) 

• an expanded list of toxicity factors 

• the consequences of water withdrawal in areas with low water availability and frequent drought 

• concentration of contaminants in wastewater during successive reuse cycles 

• a list of best practices to minimize impacts on drinking water resources 
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I don’t know where this all goes from here, particularly given changes at the EPA and other 
political shifts since the election (i.e., a proposed 30% cut in EPA funding in the President’s 
budget).  One example: the House passed a bill20 (currently in the Senate) which in practice may 
discourage scientists from serving on the EPA Advisory Board.  Why?  Scientists that receive EPA funding 
for their research projects would no longer be allowed to serve on the Board. They also can not apply for 
EPA research grants within three years of the end of their service on the Board.   These changes appear 
to reflect the view that scientists getting EPA research grants are somehow “conflicted”.  The political 
balance between growth, employment and energy security on the one hand, and environmental safety 
on the other, has clearly shifted since the election.   
 

In the long run, the best outcome appears to be one in which: 
 

• the US retains the financial, geopolitical and environmental benefits of unconventional 
natural gas, and financial/geopolitical benefits of unconventional oil 

• existing safeguards at multiple stages of the hydraulic fracturing process are applied more 
universally to all operators 

• the EPA conducts additional research to highlight which practices entail the greatest degree 
of risk, with the goal of further reducing potential adverse environmental impacts 

 

That makes sense to me, since broader restrictions would require the US to either rely solely on its smaller 
conventional oil and natural gas reserves, or import more oil and gas from abroad.  
 
 

  

                                                 
20 The EPA Science Advisory Board Reform Act, HR1431.  
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