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earthquakes caused by
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Fact?

* N * N * N I (006 to 2011, CO2 from fossil fuels

4t A WIS declined by 7.7% due to substitution of
—

o X ey Shale gas for coal in power stations

...but more greenhouse gas

emissions due to ‘fugitive I
emissions’ of methane
associated with fracking?




Contestable areas in shale gas

Does shale gas use too much

water?
Do shale gas

wells . Does fracking
contaminate cause dangerous

groundwater? earthquakes?

Does fracking
Does shale gas cause produce Is shale gas

subsidence? dangerous lower carbon
di tivity?
radioactivity than coal?

| Shale gas I
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I’'m going to show you how the ‘science gauge’ can be applied to some of these contestable issues.



SOME SHALE AND FRACKING BASICS



Shale

Grey or black, soft
Fine grained

70% of the world’s
surface rocks are

sedimentary; 50%
of those are shale

Lots of organic
matter (up to 10%)



0.5 mm across




Where the organic matter comes from

Ancient woods

" O\ Plant material

Mud collecting



3 km

4 km

Shale burial makes gas



Gas in sandstone and shale

hale grains

sandstone

| 1 mm



Fracking

Cracks the shale

e High pressure water
or nitrogen, 350-700
bar

 Sand pumped in to
hold cracks open










o & o Flowback tanks AN
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Truck carrying proppant




Does shale gas use too much
water?
Do shale gas

wells
Does fracking

contaminate cause dangerous

groundwater? earthquakes?

Does fracking
Does shale gas cause produce Is shale gas

subsidence? dangerous lower carbon
radioactivity?
10aCHIVILY than coal?

DO SHALE GAS WELLS CONTAMINATE
GROUNDWATER?

SOME BASICS



Types of underground methane

Shale gas well

Water wells
Water wells

biogenic methane
released by bugs

Thermogenic

methane released by
fracking




Distinguishing biogenic and thermogenic
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Marcellus, Pennsylvania

; )f#l :
Murullul l‘.‘untn hrmrﬂ:h and Hnmn:h..

B N4 ffé N

-

Marcellus Shale area: New
research shows an estimated
500 trillion cubic feet of natural
0as fies within the rodk.

Devonian Bladd Shale
Succession: The Marcellus
Shale comprises part of this
large formation.
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Contamination from fracking?
Osborn et al. 2011, Duke University

Methane contamination of drinking water
accompanying gas-well drilling and

hydraulic fracturing
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e Measured methane content
and 613C

* Higher methane
concentrations in water
wells close to shale gas wells

o &13C suggests thermogenic

* Authors then say ‘likely to be
shale gas from the fracking’



Thermogenic methane unrelated to fracking?
Molofsky et al. 2013

G  Looked at some of the
Osborn et al data
Evaluation of Methane Sources in Groundwater

in Northeastern Pennsylvania ¢ AISO at ba Sehne Water
I G A S e data: historical records

with higher concentrations observed in valleys vs. upland areas and in association with calcium-sodium
bicarbonate, sodium-bicarbos
concentrations are best comelated 10 topographic and hydrogeologic features, rather than shale-gas extraction. In L4

addition. our assessment of isotopic and molecular analyses of hydrocarbon gases in the Dimock Township suggest

e S e s effervescing natura
the annular spaces of local gas wells, as opposed 1o Marcellus Production gas. Combined, these findings suggest

that the methane concentrations in Susquehanna County water wells can be expla

M

e s AR R N Sp rin gs an d water wells
Introduction ighetglioscongob g Bt back to the late 1700s.

Significant media attention has been focused on the
potential for methane impacts in dnnking water wells
locuted within areas of hydraulic fracmring sctiviies — Appali
for shale-gas development. Distinguishin mong the elevated methane concentrations in water wells in Susque-
various sources of methane gas that may affect drinking hanna County are the result of regional impacts from
setivities (e.g., Osbom et al, 2001). To

al scale, methune

. and sodium-chloride rich waters —indicating that, on o reg

ation of

wed without the

of shal

s extraction on grosndwater resources in the

hian basin. Ciher researchers have suggested that

% extract

water wells requires proper assessment of background  shale

conditions. In this study, we review the results of test this hypothesis, we hove evaluated data from the sam-

oundwater quality surveys, in pling and testing of 1701 water wells thro

background methane and

conjunction with g wnd historical information, to hanna County 10 assess the prevalence and distribution
develop a better understanding of the potential sources of  of methane concentrations in groundwater. We have also
methane levels in drinking water wells in Susquehanna  evaluated isotopic and molecular analyses of hydrocarbon
County in northeastern Pennsylvanio gases in the Dimock Township of Susquebanna County,

Susguehanna County has expenienced substantial gas  an area of focused sampling by the Pennsylvania Depan-
extraction activities in the Marcellus shale since 2006, ment of Environmental Protection (DEP) and the US.
Prior 1o that time. there wus not a significant history of Environmental Protection Agency, to delermine whether

reporied methane concentrutions above the Pennsylvania

* getion level (7000 pg/L) in local water wells exhibit

'Carresponding au GSI Environmental Inc, Houston, T4 [
Imatofsky@gsi-net.com signotures consistent with Marcellus production gases, or
51 Environmental Inc., Houston, TX 77373,
*Cabot Ol and Gas Corporation, Pittsburgh, PA 16376,
Received May 2012, aceepted February 2013, 3
2013, Cabat Dil and Gas Corporation Our rescarch indicates that shale-gas extraction has
Graundwater & 2013, Nationzl Ground Wa!
dod: 10,1111 /gwat.

overlying Middle and Upper Devonian gases sampled in

annular spaces of local gas wells

ssociation not resulted in regional impacts on groundwater quality

in Susquebanna County, a finding which suggests that

NGWA.org Vol. 51, No, 3-Groundwater-May-June 2013 [pages 333-348) 333

Dec 2011



Thermogenic methane related to topography?
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Molofsky et al. (2013).



Methane signature indicates layers above Marcellus
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Another look at the water wells

Jackson et al. 2013
Duke University Group

Increased stray gas abundance in a subset of drinking

water wells near Marcellus shale gas extraction Stat|st|ca I Iy S|gn |f|Ca Nt eV|dence
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More recent research
Darrah et al. 2014

Llewellyn et al. 2015

e groundwater supply

contamination incident

* additives probably

derived from drilling or
hydraulic fracturing fluid

were present in
srolindwater

Evaluating a groundwater supply contamination

®—

incident attributed to Marcellus Shale gas development
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Noble gas and methane
Suggests leakage at
intermediate depth due
to casing and cement
problems

Moble gases identify the mechanisms of fugitive gas
contamination in drinking-water wells overlying the
Marcellus and Barnett Shales
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Noble gas, methane and
other geochemistry
Outside shale gas areas
Diffusison of deep shale
gas into shallow aquifers
helped by neotectonic
fracturing

m PR ——— =
. ScheraDirect Lt e .
<A Hain
[P * ——————
The evalution of Devonian Eydracathon gases m shallow

ugguifers of the porthern Appalachian Hasinc Imights
from imlegratmg soble g and hydrocarbon geocheeniviry

Themnas H. Thar R ul [T 1.-u-'n.-; r
Mgthasiel B Warne ™", Colis §, Whyte ™, Tikr i
it




- Outside Pennsylvania

§ e o g e

{ Applied Geochemistry
AN

Geocthemxal and setopic varations in shalknw groundwater in areas 'l' —— Arka n Sa S

ol the Fayerteville Shale developiment, nonhi-central Arkan

127 drinking water wells

Fayetteville shale 4000 wells drilled since 2004
very low concentrations of methane

biogenic, not thermogenic

Shale gas wells do leak but only a small number...
And mostly in Pennsylvania....
Water contamination most likely from leaky wells - not fracking



Modelling studies...

2015 2015 2015

Comraints on Upwaed Migration of Hydraufic

Reagan et al. 2015 Nowamooz et al. 2015 Birdsell et al. 2015 Flewwlling & Sharma 2014 Cai & Ofterdinger 2014

Production will * Modelling * Much * Where there * Bowland
reduce chance of hypothetical previous is an upward Shale discrete
stray gas decommission modelling gradient, fracture
* reduction of ed shale gas studies permeability model
free gas well neglected is low, upward Crack size
* lowering of For the imbibition flow rates are affects
reservoir poorest and low, and likelihood of
pressure cementation production mean travel upward
scenario, overestimate times are long migration
maximum stray d the (often
gas within 1 likelihood and >1000000
year after well guantity of years).
closure. stray HF
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Does shale gas use too much
water?
Do shale gas

wells Does fracking

contaminate cause dangerous

groundwater? earthquakes?

Does fracking
Does shale gas cause produce Is shale gas
subsidence? dangerous lower carbon

radioactivity?
Y than coal?

IS SHALE GAS ‘LOWER CARBON’ THAN
COAL?

SOME BASICS
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If 1400 natural gas power stations were substituted for an equal number of coal-fired power
stations then this would save one wedge of CO2 emissions



Source US EIA

Fuel

Coal (anthracite)

Coal (bituminous)

Coal (lignite)

Coal (subbituminous)
Diesel fuel & heating oil

Gasoline
Propane

Natural gas

Pounds of CO, emitted per
million BTU of energy

228.6

205.7
215.4
214.3

161.3

157.2
139

117



Open flowback tanks

But what about methane?



‘Fugitive’ emissions

On the ground
direct
measurements

Emissions
Shale gas from tank
well

L A 4 4
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Howarth et al. 2011 (Cornell
Uni)

direct measurements

3 to 8% of the total methane
production escapes to the
atmosphere through the lifetime
of every shale gas well

This is enough leaking gas to
really make a difference

Is shale gas is worse than
coal?
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Cathles et al. 2012 (Cornell Uni) rebuttal

A commcntary om = The groeahsise-gas fontpring
ol natural gas in shale Tormation™ by B.W. Howarth,
K. Santero, and Anthoay Ingraffea

Bamremis WL Caildes 1) rLarey Brewn = Viiss Tum -

ot High leakage rates of Howarth unrepresentative?
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from McKay and Stone (2013).
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Measurements of methane emissions at natural gas
production sites in the United States
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Allen et al. 2014 (Uni Texas)

Direct measurement of 190 shale gas sites
all over the US

leakage rate is about half of one percent
of gas production,

much less than the 3 to 8% estimated by
Howarth

Allen et al
<0.5%

Howarth et al
3to 8%




Energy Science & Engineering

RESEARCH ARTICLE

University of Texas study underestimates national methane
emissions at natural gas production sites due to instrument
sensor failure

Touché Howard
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* Allen et al. 2014

underestimated emissions

* They used the Bacharach

Hi- Flow® Sampler which
in previous studies has
been shown to exhibit
sensor failures

e The BHFS measurements

at these sites were too low
by factors of three to five



Yes, in Pennsylvania, but in a
small number of cases
Fracking doesn't seem to cause
it directly
Other areas of the USA don’t
seem to be affected
It might be to do with the

Do shale gas cement completion of the well

wells Does fracking

contaminate cause dangerous
groundwater? earthquakes?

Does fracking
Does shale gas cause produce Is shale gas

subsidence? dangerous lower carbon
radioactivity?
Y than coal?




Post truth

%+ Follow

lcebergs are disappearing because polar bears
= are eating them #alternativefacts

MARCH FOR SCIENCE



‘Science communicated in popular media leaves the public confused’

In the ‘post-truth’ world,
scientists risk further
marginalization in a society
that ‘...is increasingly
weighing evidence and
making decisions without
them’.
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Give the public the tools
to trust scientists
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‘Sense of wonder science

‘...imparts a sense of
wonder and fun about the
world, or answers big
existential questions. It’s in
the popularization of
physics through the
television programmes of
physicist Brian Cox and in
articles about new fossils
and quirky animal
behaviour on the websites
of newspapers. It is sellable
and familiar science...’.

‘...sellable and familiar...”



“...first, fat was bad and now it’s sugar...”

Does

‘sense of wonder science’
makes it harder for applied
scientists who work in the
area of socially-relevant
‘incremental’ science

‘It’s more difficult to talk
about science that’s
inconclusive, ambivalent,
incremental and even
political

If not communicated
carefully, the idea that
scientists sometimes ‘don’t
know’ can open the door to
those who want to contest
evidence!



The ‘deficit model’ of science communication

Royal Society 1985 — ‘The Public Understanding of Science’ The Public Understanding
of Science
the public doesn’t believe or care much about science The Royal Society 1985

because they aren’t being told about it efficiently enough

Social scientists who study communication, believe that
scientists worry far too much about the words they use and
the diagrams they show, and too little about finding out

about how their public or ‘publics’ think or feel. el i

Social scientist Ruth Dixon says that academics need ‘...to
question, with some humility, their own ‘deficit model’ of the
public understanding of politics’, and try to empathise a bit
with our chosen public.



Conclusions

e Science can be applied to the
contestable issues in shale gas

e Science is important to society and not
just big telescopes and synchrotrons!

 But when we talk about it to the public
we should use our (emotional)
intelligence!




Energy Science & Engineering

Shale gas in North America and Europe
[T —

b g 8 e ———— =t

MICHAEL STEPHENSON

iy T
[P R S —————

i b by ] o ' b e o by
S ion) S S
ey b g o by A 8 b 1w sy —
victuy et B o i = e

ke gt e | e e g v ey s e S
[ N -

Free summary paper —

br s ey e e s ey

Introduction

e

Mok 12 5 b e deeh o] md— wm b iy G e the B Lt e d m—

£ ek il o (| el by o g |

- e m—— The smgsery meprrd S mpies o e bl ks

e o, et ol Py e s g o i ey B il ey gy packed e e v
- T —
o s B p———

R T [ S W ——
L s g e = o e T S—r—
T ) e AR ) = —
ieiryre e sy ——. " A —— g -

Lol wisl mmaer wlwmr igtvi mdwm— v The o w1 w1 S et B i mine bas v e
e e L e

P p— -
P erepremerr ——
s by el o gl o e b
el o e vl Thes o sem e e vy s e g pre— L

——




