Over 1,000,000 hydraulic fracturing
stimulations within the USA without
compromising fresh groundwater:
True or False?
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Dear Mike:

The answer is true according
to state officials responding to
a 2009 Ground Water
Protection Council poll.
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If true, why is there such a
disconnect between state officials
and the public?

e People simply do not understand the
mechanics of groundwater flow,
recharge, contaminant transport, or
the fact that most of what they need
to worry about in their well comes in
from above, not below.

E-mail: A hydrologist working for the federal government to T.E. (September 2, 2010)




Getting the gas

wwewmaes Typical Marcellus horizontal well
Ground water PR .

A (drinking) _ Above
ool he = = -“q"-i‘l‘q::‘l ':t'l S

Sources of “serious
environmental impact”:
muddy water,
poor cement jobs,
stray gas,

surface spills

8000 feet

Below

frac fluid left behind
in the Marcellus

Frac Fluid
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Getting the gas

wwames— Typical Marcellus horizontal well

<5;:3Above

engineered pathways
to ground water

Ground water
(drinking)

with these society can
discover what went
wrong and how to

corrected it.

8000 feet

Below

natural pathways
to groundwater

with these remediation
is impossible!

Frac Fluid




Getting the gas

wwaaes Typjcal Marcellus horizontal well

Ground wat 5 ey
\ “°L2§rm”,ﬁﬁ]§§ If the state regulators are
wrong, the genie is

already out of the bottle!

3 o Frack, the Genie
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 (natural pathways)

BRRRR | If the state regulators are

correct, nature keeps the
genie in the bottle!
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E-mail: A hydrologist working for the federal government to T.E.
(September 2, 2010)

* People simply do not understand

Darcy’s Law

And the extent to which the Earth is capable of keeping Frack, the Genie, in its bottle!




Objectives of Today’s Talk:

To show how a better understanding
of Darcy’s Law might assure a public
searching for peace of mind regarding
nature’s ability to protect ground
water from frac fluid, & , buried

deep within the Marcellus and other
gas shales (‘below’ ).



. When bringing

Darcy’s Law to the
attention of the public,
geologists face the
“Einstein challenge”

******

| | Simplifying a complicated
B  theory so that the public
= can understand and
embraced it.



Who was Darcy?

Darcy built a water
distribution system
that was pressurized
by gravity and
Henry Darcy delivered water to

much of Dijon, a
French city.

Born June 10, 1803
Died January 3, 1858




Model for Darcy’s Water System

(gravity drives water downbhill)
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Model for flow through a pipe

(gravity drives water downbhill)

Rosier
| thgb Input pressure
Spring Q\

P
, low | output pressure

An early lesson

Q
= flow rate _—  Dijon |
that applies to

the Marcellus: 1. Water flows only when input pressure exceeds
output pressure




Rotate model for flow through a pipe

(high pressure is required to drive water uphill)

Another o
lesson that
applies to the
Marcellus:

= flow rate

2. input pressure must be relatively higher than
output pressure if water is to flow against gravity!



The Earth is like Darcy’s water
system but filled with marbles
(sand grains)

A third lesson that
applies to the Marcellus

3. Marbles
(sand grains) get
in the way of flow.
This makes
smaller than flow
In an open pipe.




Large & Weak

Like Jean-Luc Pecard’s Q,

the GWPC’s Q has omnipotent powers
(when small like humans)

It’s all about Q

Small & Powerful



Large & Weak

e Asmaller Q, a stronger lock!

Small & Powerful



Large & Weak

With the advent of
fracking, the GWPC
needs a new slogan:

GROUNDWATER
I

PROTECTION is small Q

So what about the Earth makes @Q small?

Small & Powerful



Q'S power over Frac, the

Genie, is expressed in Darcy’s Law, an
algebraic equation that describes flow
through a porous rock

A= cross section of flow (area) Q
L length of flow (

P]ugb= high pressure Q T h|gh PIOW )
= low pressure /LlL

J = viscosity (property of fluid) Q: ﬂ oW rate

K = permeability (property of the rock)

1y

ow



Over 1,000,000 hydraulic fracturing
stimulations within the USA without
compromising fresh groundwater

***********************************

The response of the States to the
GWPC poll means that flow rate, - ,
for frac fluid along natural gathway

must be very small.

GROUNDWATER




The algebra to makesmall?

(small {small)

(large ) large ) (smal)

Q= flow rate



The algebra to make Q small?

o

et

grains

water

KA
ﬂ'—(

Q= flow rate

A= cross section of flow (area)

L- length of flow

Plu;gb' 1)10W= pressure difference
J = viscosity of fluid

K = permeability of the rock

Phigh - Iow)

Number Size

small
large
small
large

small




Always remember

e When szgb' P, =0 (pressure difference),

e O —»zero and there can be no flow!

GROUNDWATER

Zero pressure difference = Wl
PROTECTION




Problems from ABOVE:
These are genies that can be
managed even though they are
out of the bottle

Meth-Mud,
enie from above




Problem #1 from ABOVE:
How to drill a series 17.5 inch pilot holes through soil
without muddying the local groundwater for weeks if not months?

T e
—

\\ | P high™ high pressure

Plow = low pressure

| | : south of Troy, Bradford County, PA




If Q is large, its
power is weak!

— MEth'MUd, i s s, e
Genie from above L

|H

Q says, “Mankind, you are on your own with Meth-Mud. | can’t help



o

Penn State research
south of Sunbury, -
Northumberland County, PA &

o =
e STV =




methane blowing up from 972 feet







The Principle of Buoyancy

Fluids stack by density with less dense fluids rising to the top.

Lesson: the force of buoyancy sets
up a pressure difference when fluids
are NOT stacked by density!

wwwww

Safe Drinking Water v. Shale Gas



Darcy’s equation during
Penn State’s coring
operation

methane blowing up from 972 feet

Before drilling low rock permeability
(x) keeps methane in place much like

asin aglass jaror agenieina
bottle!

After drilling the force of buoyancy\
blows (i.e., drives) gas to the surface!
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2010 Report to EPA .

RIVERKEEPER

Bl rd e

SEPTEMBER 2010

METH-MUDDIED COMMUNITIES

Case Studies of the Environmental Impacts by Industrial Gas Drilling



< >
RIVERKEEPER
SEPTEMBER 2010

According to "Fractured Communities”, Meth-Mud had a

significant “"environmental impact” about once* for every
150** Marcellus wells between 1/2008 and 8/2010.

(excluding the Dimock cluster)!
Problems * counting only

from ik Marcellus wells
above

= ' ** # DEP violations
% about 1:1

Some would say that this is a really good record for a
very complex and difficult industry!
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out once™ for every
and 8/2010.



If industry can

learn to keep FUtu re Report tO EPA
Meth-Mud in its
bottle in the next
couple of years,
then a future
environmental
activist report
might look like
this!
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SEPTEMBER 2012

GENIE-FREE COMMUNITIES

Case Studies of the Good Practices by Industrial Gas Drilling



_(2 RIVERKEEPER Testimony to U.S.

Environmental Protection Agency
(September 13, 2010)

 We propose the following topics for Science
Advisory Board consideration during advisory
process:

— The adverse impacts to groundwater supplies
associated with hydraulic fracturing; including but
not limited to potential contamination through

existing geological faults and fractures! &
These are natural pathways :f .

What does Darcy’s Law have to say |« "

about flow along natural pathways?
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Getting the gas

T Lowdown, | DiSiiitch

g " dispatch.com
rich and stingy

i Energy companies just figuring out how to coax natural gas http://www.dispatch.com/live/content/science/stories/2008/03/11/Sci_shale.
. | e e e ART_ART_03-11-08_B4_A99I7HO.htmI?print=yes

100 By Kevin Mayhood
s THE COULVELE DEAATEH
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‘m-umm

ora time, Ohio was located just
south of the equatar and areas of
the state were coverd by & warm,
shaliow sea filled with ancient al-
gae, plankion, fishes and sharks.

Over eons, the Eanh's plates and equator
shifted, the plants and animals died, the sea
dried up, layers of sadimant farmed and the el
mud ar the bortom of the geologic pile became
compressed by time and incredible pressure.

Fast-forward to mday and that shale, buried
deep beneath eastem Ohio, West Virginia. up-
state ew York and pans of Pennsylvania, con-
ains something energy companies are dying Lo
reach — narural gas.

Companies have drilled in these stares with
modest resulis for decades, but news ofan un-
{apped reservair has energy companies talking
So cloes a method for geting it out of the
ground, in some places 6,000 et deep.

“1ts just gating staned,” said Terry Engelder,
a Fenn State geclngist who has studied the shale
for30 years.

InJanuary he and Gary Lash, a geologistat

3ed the Siate University of Mew tork a1 Fredonia,
Depthofs ———= announced that the reservair could contain
;:":wm’ 50 trillion cubic fest of natral gas warth
$409 billion,

Penn State geologlst Terry Engelder says there s abaut $400 Hilion
See SHALE Page BS ‘worth of natural gas waking (o be tapped in pans of four staes,

Down — way down — then sideways What’s the true scale of

H

as resources trapped s shals deposits.

| Frack, the Genie’s, bottle?
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ke, ¥ 5,000 ta 8,000 fest helow PI’eVlOUS PlCtU re
the ground. Ting pores in

the shale comain large
amounts of netuial gas.
The lager becomes thicksr
om sast, begin-
ning at about 50 fest thick
in aastam Dhio ta more
than 100 fest in north-
canral Pennyhania.
» How muct An estinzted
VIRGINIA 50 tillion cubic feet of
natural gos is trapped in
the finy pores in the shale.
Not all of it is recoverable.
The LS. uses 23 tillion
cubic feetof natral gas
sach yzar

» Getting it: Horizonta|

drilling could tap the

natursl gas in thofle.

: The technalggfakes

I o b advantage™ shale's
tengeficy 1 fracture sasily
efiden presure, forming
cracks that un paipen-
dicular to hurizantal wells,

2

Steel casing is run through the
3| wllbors aad pirferasing i
selected intarvals. Watsr snd.
\ ‘sand ore purmped dawn th well
\ athigh pressura.

MARCELLUS SHALE

Safe Drinking Water v. Shale Gas
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Getting the gas

How a herizental well works

Ground Water o o] I oxar daxxma

@rinking) 73 = COnﬁguration
of a Marcellus
Well
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Frac Fluid
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Darcy’s Law

® | _ Distance the fluid
might flow.
% W — minimum = 6000 - 7000 ft.

— Maximum = 10s to 100s of
— miles.

Big numbers in the denominator make for small Qs!/
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Looking South
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Briefind!
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Assesst
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New York City Department of
Environmental Protection
www.nyc.gov/dep

Impact Assessment of Natural Gas Production
in the New York City Water Supply Watershed



The essential quality of the
. I a frx | H*‘ "ii \'1' II h 1” ‘ E'= -
Environmental Engineers & Sciantists

A joenl venhere

FINAL IMPACT ASSESSMENT REPORT,

is captured in figure 4-1 on page 42.

the TOP Ten!



Background for understanding Fig. 4-1:
Water within the earth is stratified by buoyancy

The Principle of Buoyancy

Lesson: Fluids stack by density with
less dense fluids rising to the top.

wwwww

Safe Drinking Water v. Shale Gas



gas
| works

it T s o o l'] DX L IED
A Ground Water ! L
(drinking) * 1.00 g/m
Ground Water 1.002 g/ml
(drinking but mineralized & tastes bad)
Salty Water _|
(unfit for drinking) = ¢
Fis]
()
()
G
3 Loagm|
o 1.03 g/ml
©0
Brine ]
(saturated with salt & unfit for drinking) | {

Lesson: Stacking of
fluids by density is
stable as indicated by
the persistence of fresh
water in wells.

Frac Fluid i
WV (sand, acid, polymers, organic compounds)

> 1.3 g/ml P




gas
| works

T X KT r]nTt‘r“

\ Ground Water ju
(drinking) ©

1.00 g/ml

Ground Water
(drinking but mineralized & tastes bad)

1.002 g/ml

Salty Water _|
(unfit for drinking)

PUTRET

A U T

8000 feet

Brine ]
(saturated with salt & unfit for drinking) | {

1.03 g/ml

Lesson: Force of
Buoyancy does not
operate when fluids in
the Earth’s outer crust
stack by density.

Frac Fluid

> 1.3 g/ml

V (sand, acid, polymers, organic compounds)

an Stata sty Unlia Sitas Gavingien Surs

This is a zero flow

situation with no

force to drive frac
fluid to the surface!




gas
| works

T X KT r]nTt‘r“

A Ground Water ju
(drinking) ©

1.00 g/ml L

Ground Water
(drinking but mineralized & tastes bad)

1.002 g/ml

Salty Water _|
(unfit for drinking)

PUTRET

L

8000 feet

Brine ]
(saturated with salt & unfit for drinking) | {

1.03 g/ml

Frac Fluid

> 1.3 g/ml

V (sand, acid, polymers, organic compounds)

0 Sizta Unhertty, sl Sikes Gavingienl Surs

Lesson: the long-term
stability of density-
stratified crust is one of
the greatest assurances
that frac fluid is not a
threat to ground water.

Q to Zero

GROUNDWATER
m

PROTECTION




Another mechanism to achieve a stable density stratification

Rayleigh-Taylor instability

e gravity acts on a dense fluid above a fluid
of lesser density.

This model is particularly
applicable when moving fluids up
a fault or fracture in the absence

of an external pressure differential




Technical Problems?:
This is figure 4-1 on page 42 of
the Hazen and Sawyer report
Impact Assessment of Natural Gas
Production in the New York City

Water Supply Watershed

December 2009
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Why would there be upflow?

/

Technical Problem #1.

The use of lineaments as a
basis for mapping crustal
faults is extraordinarily
controversial. Outside of the
Clarendon-Linden fault zone
of WNY, listric faults cutting
the from the basement up
through the Devonian section
are extremely rare in outcrop!
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L

DEPTH (feet)

-3, 000

=4 000

5,000

pmms Fresh Water Flow
e High TDS/Saline

Waier Mlow
= SR S ey sy T
¥ & T 3 x 1 T
) i 2 e i
e : =
i :
DISTANCE [feet)

Why would there be upflow?

/

Technical Problem #2:
While it is true that the West
Delaware Tunnel offers a
depressed pressure head, to
create an effective pressure
difference on this scale the
tunnel and fault must be co-
axial. They are NOT!
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gverpressured I underpressured

[T
K

Why would there be upflow?

Surfsce Casing /

Technical Problem #3:

There is no artesian flow on
the upstream side of regional
streamlines because
downflow is underpressured!

E — ﬂ (Phigh - Plow)
)7 !

points downward and
away from ground water
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Why would there be upflow?

sandstones & Shales of the Ganesee, e Ty /

Somyss, & Wast Falls Groups
/ Technical Problem #4:

There is no buoyancy drive
because high TDS/Saline is
stable under fresh water!

LY

L

DEPTH (feet)

-3, 000

=4 000

pmms Fresh Water Flow
e High TDS/Saline

—
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Why would there be upflow?

Technical Problem #5.
By the “Principle of Viscosity”,
if a low viscoisty gas can NOT
migrate up the fault in 100s of
millions of year, a high
viscosity frac fluid is not going
to do thisitin a few
generations.

KA

' :@(Phigh — Plow)

M large: Q small
D=ZP
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underpressured

Why would there be upflow?

7

Technical Problem #6:

If seismic surveys show
fracture stimulations confined
in a zone under the Tully
throughout PA, why should
fracture stimulations under
the NYC watershed fracture
into overlying rock? Overlying
shale is ductile enough to
adsorb a 1% volume

expansion in the Marcellus.
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LY

DEPTH (feet)

-3, 000

=4 000

5,000

erpressured underpressured

Why would there be upflow?

/

Technical Problem #7.
Flowback immediately relieves

any differentual pressure that
the frac fluid may have had
during stimulation

D=ZP
.

— Ly e ey
[l L Lt e L

Sandytones & Shales of the Ganeses, :}‘:'I’""' it
Sonysa, & West Falls Groups /
b= Frosh Water Flow
P High TD5/5aline
Water flow
T et e e - gar L ;i
R = . i 1 1 It
b e e ks :
T = i { I
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DISTANCE [feet)
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DEPTH (feet)

erpressured underpressured

Why would there be upflow?

sandstones & Shales of the Ganesee, e Ty /

Somyss, & Wast Falls Groups
/ Technical Problem #8:

Production of gas leads to
pressure reduction in the
Marcellus and inward flow of
fluids

w=== Fresh Water Flow
P High TDS/Saline
Waier Mlow
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st O lmwrmre Timnimad
Surface Casing Sardstones & Shales of the Ganeses, i)

Sonysa, & Wast Falls Groups

Why would there be upflow?

/

Technical Problem #9:
Ever seen an inverted cone Of

pmms Fresh Water Flow
e High TDS/Saline

Water flow
=4 00
i s e e g 1 T ;
| ko = ' i { T
A —— L} | L L ]
I ey ; e et 1 I
'_“_|"_-'| + RO S HOys | % ¥ 1 [ 3 z 2 i
5 000 . S ey V) 1 = ¥ e - e
: : 2o . 4

depression around a
production well?
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= I (Phigh - Plow)

— Ly (e o
[l L Lt e L

HWZENAND SWVER €



Technical Problem #10:

Cartoons like this are probably
not a good idea, given the
gravity of the issues at hand!

DZP
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Punch Lines

e This is an example of the science produced
under the New York State moratorium on drilling

and hydraulic fracturing in the Marcellus of the
Southern Tier of the State.

e |f moratoria lead to such science, there is no
reason to conclude that they will be effective.

— Why: operators can only learn by experience which
is a collaboration among :

Landowners (especially those who carry an unfair burden), Regulators (DEP),
Environmentalists (Riverkeeper), Taxers Collectors (Gov. Rendell), Media (the eyes &
ears), Roughnecks (especially tough PA boys), and the policy markers (President Obama)!




Conclusions

The Responsibility Deficit

By DAVID BROOKS @ LI;(_‘G:
e —_ _ - e Without
Howard acknowledges, but it is better to live in an imperfect world o Lawyers

individual responsibility|than it is to live within a dehumanizing legal thicket

that seeks to eliminate ri@ihrough a tangle of micromanaging statutes.

PA-DEP, Ohio DNR, Railroad Commission, etc
regulate according to local conditions

EPA trying to keep Frac, the Genie, in his bottle when:

1. It can’t be done by engineering

2. Nature (Darcy’s Law) is doing the job anyway

3. EPA should be helping the States in dealing with
Meth-Mud, the Genie that can be governed by
engineering
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