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What is fracking?




Fracking is a completion method used to
enhance production.
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. < Fracture

7 fluids to cra

e Explosives

i

— Black powder — Nitrog
— Nitroglycerine
— ANFO
e Energized Liquids
Water
Diesel
Carbon dioxide

Propane

FracFocus.org




. An oil or.gas T
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-and a seal.

Marbles (sediment)

Porosity — space to
hold fluid

Permeability —
“Coqnectednggq!’u .

:
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Seal — (Jar & gasket) e
forms a trap
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Rocks with little porosity or permeability
often form seals.

Much like trying to
squeeze a brick, shale
must be fractured to
recover the oil and gas

it contains.




Horizontal fractures radiate from the
wellbore in shallow wells.

Fractures tend to be
horizontal following
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Vertical fractures radiate from the
wellbore in deeper wells.

Fractures tend to be
vertical following path &
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Now for some physics: Why is a
leak unlikely?

e Overcome capillary
forces

* Displace fluids

* Avoid dilution




After the well is drilled, shale gas
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reservoirs require fracture stimulation.

e Energized fluids (under pressure) enter existing
fracture and pore system

e Pressure causes the rock to fail
— Opens a new fracture

— Increases effective surface area connected to the
well

e Sand added to prop the new fracture open
e Release pressure to recover fluid and gas
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Multi-stage Ported Completion
Tool

Ball seats and forces
blue sleeve to slide
! into open position

KS




Why frac wells?




Lower 48 st
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Shale plays

[ current plays
[ | Prospective plays
Stacked plays

— Shallowest youngest
= |ntermediate depth/ age
=— Deepest/ oldest

Basins

* Mixed shale &
chalk play
** Mixed shale &
limestone play
***Mixed shale &
tight dolostone-
siltstone-sandstone




. Annual consumption (2011)
—24.3 Tcf

e Shale.gas proved reserves
-~ 97.4 Tcf '

» Technically recoverable shale gas
=862 Tcf: |

* Gas In place
— 3,000 Tcf




What chemicals are used?
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Hydraulic fracturing uses mostly water
with some sand.

Scale
Inhibitor,

. 0.0264%
Biocide,

0.0495% , .

" 15% HCl,
_ 0.0579%

Friction \ \ Gelling

Reducer, N

0.0955% Agent,

0.0167%

/ Oxidizing
Other Breaker,

0.2% . | 0.0007%
nzyme

Breaker,
0.0004%

http://www.eqt.com/docs/pdf/FluidCompositions/Sample%20Fluid%20Composition-Halliburton.pdf g_@




Information on the additives is available

http://www.chk.com/Media/MarcellusMediaKits/Marcellus_Hydraulic_Fracturing_Fact_Sheet.pdf g_GS)




How is water protected?

~




Typical Well
Construction 1,000s of ft.
(not to scale)

Reservoir




In Kentucky, fresh water resources are
protected by KRS 353.

e Adopted 1960
Surface

e Requires
x Depth to -
- Permit

nroatect
=

Elevation

— Construction
standards

The drinking water — Drilling records
standard is 600 — Plugging
ppm TDS or less.

10000 ppm TD8"

Hopkins (1966) Fresh-saline water interface map (available online at KGS)




Spill Prevention Control and Counter Measures




What can go wrong?




Things can go wrong and fluids can
contaminate groundwater.

e Bad well construction (casing &
cement)

— Including domestic water supply wells

e Frac out of zone

— Encounter an unexpected fracture or old well bore
— Kentucky plugging fund

e Induced seismicity

— Barnett, Texas
— Fayetteville, Arkansas




The U.S. EPA has investigated degraded
water quality

e Famous incidents

— Pavillion, WY, 2011
— Dimock, PA, 2008-2010

e Findings
Lack of baseline data

Found diesel & gasoline in USDWs

Cabot in PA
e Activities affected USDWs
e Signed consent order to remediate
e Fulfilled their obligations (2011)

EPA calls for transparency on chemicals used




Reports of burning water have been
investigated by EPA and state regulators.

e Famous incidents
— Gasland (film), CO
— Parker County, TX
e Findings
— Gas is commonly co-produced with water from shallow
aquifers
Historic occurrences predate fracking by centuries
Natural
Flawed data collection and analysis
Poor water well construction?




USGS & National Research Council:
fracking rarely causes quakes.

e Risk is higher for wastewater

_ disposal and injection wells

! e Waste injection is safe and

Tl regulated to protect fresh water

— Many thousands of disposal wells
— Few dozens with potential problems

e No property damage

 No injuries or fatalities

% U.S. EPA UIC Class II
s e ot water.epa.gov/type/groundwater/uic/class2/index.cfm I@S \




Why horizontal wells?




A vertical well intersects only a small part
of the reservoir volume.




A horizontal well intersects much more of
the reservoir volume.




Horizontal wells minimize surface impact of

-

drilling.

Many surface locations

Many underground laterals

K5




What is happening in

Kentucky?
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Natural springs and seeps affect water
quality. :

More than 1,000 places are
named for oil, gas, & salt parks,
springs, licks, forks, & rivers

Lack of baseline water quality data and water well construction
standards makes it difficult to distinguish nature from surface
spills and other pollution.




Fracture stimulation has been used in %i_
Kentucky for more than 200 years =

e 1806: John R. Shaw describes using explosives
to improve water wells

1888: 1% use of explosive fracturing in oil wells
(“shot”)

1966: Hydraulic fracturing
— 1946: 15t in U.S. (Kansas)

1972: Nitrogen (and foam) frac

Since late 1970’s shale gas wells in Kentucky
have been stimulated with nitrogen

K5







In the 1850s, shale gas produced with
brine was used as fuel to make salt.




In 2011, 35 Kentucky counties
reported natural gas production.

2011: 124 Bcf*

* Severance tax was paid on 245 Bcf of raw gas, proportions of

natural gas and NGL is estimated.
KGSy




Kentucky Natural Gas Production

1980 1985 1990 1995 2000 2005 2010




Horizontal Wells in Kentucky

1,274 total
1,177 since 1/1/2007, 92%




Acid/Foam Fracture Stimulation

Date

06/20/2007

Date

06/20/2007

Date 06/20/2007

Date

06/20/2007

Date

06/20/2007

FracType Variable Foam

FracType Variable Foam

FracType¢ Vanable Foam

FracType Variable Foam

FracType Variable Foam

Zone Lower Huron | Zone Lower Huron Zone Lower Huron | Zone Lower Huron | Zone Lower Huron
# of Perfs port collar ¥ of Perfs port collar # of Perfs port collar ¥ of Perfs port collar ¥ of Perls port collar
From/To 6,579— 6,579 | From/To 6,197~ 6,197 | From/To 5,790~ 5790 | From/Te 5,468— 5468| From/Te 5,059— 5,059
BD Press 2,850 | BD Press 2,001 | BD Pres 2,236 | BDPress 2,848 | BD Press 2,032
ATP Psi 3,475 ATP Pal 3,595 ATP Psi 3,085 ATP Pdl 3,070 ATP Psi 3,020
Avg Rate 46 Avg Rate S0 Avg Rate 50 Avg Rate 50 Avg Rate 50
Moax Press Pui 4,067 Max Press Psl 4,223 Max Press Psi 3,570 Max Press Psl 3,711 Max Press Pl 3,386
ISIP Psi 0-| ISIPPsi 0 | ISIPPsi 0 | ISIPPsh 0 | ISIP Psi 0
1OminSIP Smin. | 10minSIP S$min. | 10minSIP () Smin. | 10minSIP ( Smin | 10minSIP Smin. |
Frac Gradient 0.00 Frac Gradlent 0.00 | Frac Gradient 0.00 Frac Gradient 0.00 | F¥rac Gradient 0.00
Sand Proppant 50120 | Sand Proppant 502.92 | Sand Proppant 504.36 | Sand Proppant 501.97 | Sand Proppant 501.37
Water-bbl 328 Water-bbl 330°| Water-bbl 202 Water-bbl 303 Water-bbl 274
SCF N2 962,043 | SCFN2 892 454 SCF N2 849,660 SCF N2 804,447 SCFN2 831,270
Acid-gal 1,350 gal | Acid-gal 1,300 gal Acid-gal 1,300 gal Acid-gal 1,300 gal Acid-gal 1;280  gal
J%MSA I%MSA I%MSA I%MSA J%MSA

HCI: Stomach acid ~ 0.5%, brick cleaner ~ 32 %







How do you verify it’s being

done properly?




Energy and Environment Cabinet
Department for Natural Resources

Divimion of il and Gas

| r—— T rv——

eilandgas.ky.gov

Division of Oil and Gas

The miz=ion of the Divizion of Oil and Gas is to regulate the crude oil and natural gas industry in the
Commonwealth; protect the correlative rights of mineral owners, fresh water zones and minable coal seams;
and conserve and protect oil and gas reserves in Kentucky.

The Divizion of Oil and Gas maintains a well history database for each well containing data relative to the

permit, operator, well location, pertinent dates and well completion. Currently, there are 138,226 wells stored Qlll'ck Links

online. This informatien iz shared with the Kentucky Geological Survey (KGS) to assist in the compilation of

oil and gas data. # Kentucky Geological Survey




Cement bond logs examine the annulus
between the borehole and the casing.

Nl e Specialized log
" analysis

¢ In Kentucky, not
required.to

. \become public
information
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Public records are available through
online services at www.uky.edu/kgs.
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Public records

Completion and stimulation

TYPE OF FRAC.
SHOT

WELL TREATMENT

Select Fire & HSC

TYPE SHOT.
sHOT INTERVAL _ Shale(1) =4197-4361 Shale(2) = 3873-4064

sHoT AmounT_ Bid Lime(3) =3420-3448

COMPLETION INTERVAL, PERFORATIONS OR OPEN HOLE
Shale(1) 4197-4361 20H

Shale(2) 3873-4064 20H )

FORMATION

w

INTERVAL

NO
NO

FORMATION INTERVAL

Big Lime (3) 3420-3448 22H

PLUGGED SHUT-IN —

TREATMENT
Shale(1) &(2) = N2 Big Lime = 65Q Foamed Acid

TYPE OF TREATMENT

(1)=12,(2)=6 (3)=95.3

ACID AMOUNT. BBLS. BBLS.
2ND STAGE

TOTAL FLUID (1)=12,(2)=6 _pg s (3)=95.3 ppis
2ND STAGE

roTAL NiTRoGEN._ (1)=901,400 (2)=901,100 (3)=271,000 scr

TOTAL SAND LBS



| Firefox
{ "} KGS Geologic Map Information Service

(- @ kgs.uky.edu/kgsmap/kgsgeoserver/viewer.asp

[’K Kentucky Geologic Map Information Service
: KGS Home = Maps, Pubs, B Data = Geologic Map Service
KENTUCKY

Kentucky Geological Suvey E Feedback | ;:ﬂ.-‘ Tutorials | (g About This Service | Geologic maps: a citizen's guide (pdf: 26 MB / divu: 2 MB)
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e Focus on well construction
— Oil and gas wells
— Domestic water supply

e SPCC Conclusions
e Support

— Disclosure — FracFocus.org

— Enforcement
e Division of Oil and G.a‘s 5

W
W

o Division-of Water

e Risk of earthquakes is small

— Injection is safe
— Probably new BMPs for siting, monitoring, &

operation ISQS >




Thank you:

e bnuttall@uky.edu o www.uky.edu/KGS
« (859) 323-0544
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Scan these tags with your smart phone
Get the free mobile app at http://gettag.mobi




