D. Steven Tipton, PE
J. Daniel Arthur, PE, SPEC, and David Alleman
November 17-19, 2015
224 [nternational Petroleum Environmental Conference
Denver, CO
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Oklahoma’s Water Conundrum

=\\/hat sources of fresh water can be used for
drilling and completion operations?

="\What are the disposal options for flowback and
produced water?

"Primary Salt Water Disposal (SWD) may be shut in
due to seismic activity

S z«ﬂm %_
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Questions to Consider

" How much water is being used to drill and complete a well?
=" Where can the water be found to drill and complete a well?
" How much produced water will be disposed of in Oklahoma?
=" What is the best way to dispose of produced water?

" How many injection wells are there in Oklahoma?

" |s disposal of produced water into Arbuckle SWD wells causing
earthquakes?

=" What are the alternatives to using Arbuckle SWD wells?
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Well.

= \Water is used as a base fluid in drilling, completion, and
production operations.

= \Water will be produced, recycled, injected, mixed, cleaned, and
reinjected.

= Water’s use, protection, and disposal are emotionally charged
subjects in many communities.
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of oil and gas operations.
Consider this:

No Water
No Hydraulic Fracturing

No Oil and Gas Resource
Plays
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CIMARRON
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Woodford Shale Play
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= Surface water from naturally
occurring or man made ponds
and streams
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= Canadian River

= SCOOP Water Sources

= Crescent Pipeline from Washita
River

=  Rush Creek
= Landowner Ponds
= Select Pipeline from Washita River

= Lake Fuqua (no longer available
until drought breaks)
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U.s. Drought Menitor July 28, 2009 LS. Drought Monitor July 27, 2010 U.S. Drought Monitor July 26, 2011 U.S. Drought Monitor July 31,2012
Oklahoma e Oklahoma o Oklahoma T s 87 Oklahoma Wl e

U.5. Drought Monitor July 30, 2013 U.S. Drought Monitor  July 29,2014 U.5. Drought Monitor April 14, 2015 .S, Drought Monitor July 28, 2015
Oklahoma il -Ld Oklahoma s o Oklahoma i b
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U.S. Drought Monitor

Oklahoma

November 3, 2015
{Released Thursday, Nov. 5, 2015)

Valid 7 am. EST

Intensity:
D0 Bpnonn alty D ry
D1 Moderste Drowght
- D2 Severe Drought
- D3 Extrem e Drought

I o e oeptional Diought

The Drought Mordtor focuses on broad-scale
conditions. Local conditions may vary See
accompanying text sumemary for forecast

Source: US Drought Monitor
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fresh water
Aquifers dry up

Landowner ponds dry up
OWRB limits water use
Have to transport water longer

distances

U.8. Drought Monitor

Oklahoma

(Ralcased Thursday, Apr. 16, 2015)

g Of

hitp:fidroughtmonitor.unl edul

B o2 soves Droig TH% (rangny WAnG i TEaRE AN

carin Local cordlan
CComERNg fRT UMY o4 foreeant
Waaanis
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= Use water from non-potable or saline aquifers
= Use grey water from municipal treatment plants
= Use recycled produced water
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ickwater — 10 to 25,000 barrels per stage
= Linear gel — 4 to 8,000 barrels per stage
= Cross linked gel — 4 to 6,000 barrels per stage

= How much load water is recovered?
= STACK—10—-180% - Most wells are in the 15
to 45% range.

= SCOOP — 25 to 180% - Most wells are in the 25
to 75% range.
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= Salt water disposal wells
= Recycle produced water

" Treat produced water for
beneficial reuse
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B Produced
W Flowback

Source: Bosque Systems, LLC
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Figure 1: Claas |l Injection Wells

= Oklahoma has 10,629 Class Il
wells. o

Total: 160,851

" |n Oklahoma, approximately 900
Class Il wells inject produced i g ko g i e s -

fewer Uhaa 40 modiends of Sepmic sty Mad werd foit il the murface

water into the Arbuckle. Ty B e T Ky olie iy

Source: www.energytomorrow.org
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Injection Well Location in Oklahoma

Legend

= Injection Wel 2013
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*

Legend

Data from All UIC Well Sheet

Arbuckle Formation Injection Well Location in Oklahoma
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" Process Water

e Process to recycle for
future completions

* Process water for other
beneficial use
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Earthquakes in Oklahoma in 2008

Legend
Earthquake Magnitude o 15 3 o 50 N
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Earthquakes in Oklahoma in 2009
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Earthquakes in Oklahoma in 2010

Legend
Earthquake Magnitude b b & N
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Earthquakes in Oklahoma in 2011
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Earthquakes in Oklahoma in 2012
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Earthquakes in Cklahoma in 2013
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Earthquakes in Oklahoma in 2014

|
| Cralg '_
—

:.mm ! N
| | Mayes J
Adal

WRgOner | cherokes,

Legend
Earthquake Magnitude i
- [ ] (=} L L] 0 15 30 B0 ]
et e A
Y Al A
Q@ﬁ@ ﬁ(\@ ‘;@PP‘ u"& Source: USGS Earthquake Hazards Program
B e
uq’s'. q?, B 'be_,

ALEONSULTING

GOVERNMINT RELATIONS « ENERGY - PLANNING - TECHNOLOGY
INGINHERING + FNVIRONMENTAL
Copy Write 1999-Present, ALL Consulting




Earthquakes in Oklahoma in 2015 till 11/05/15
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Arbuckle Formation Injection Well Lacation in Oklahoma
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SWD & EOR OK Injection Volume & Earthquakes in OK Counties
Primarily Affected by Earthquakes
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Sources: OCC UIC data base and USGS Earthquake Hazard Program
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had to be plugged back to 100 feet above basement
or curtail injection 50%.

September 12, 2014 — OCC changed rules for
Arbuckle injection wells from monthly to daily
volume and pressure reporting. Any well injecting
20,000 BWPD or more is required to have an annual
MIT.

2013 — “Traffic Light” system for disposal wells was
instituted as recommended by National Academy of
Sciences, which requires the review of permits for
SWD wells for proximity to faults, seismicity and
other factors.
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Earthquakes in Oklahoma from 2006 to 2015
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= July 28, 2015 — After 3 earthquakes
above 4 M,, near Crescent, OK, the OCC

contacted 3 operators of the SWD wells

in Logan County — 2 voluntarily shut in

their wells and the third curtailed
injection 50%.
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OCC actions to reduce earthquakes:

= Operational changes to 13 wells
= 4 wells Sl by OCC
= 1 well SI by Operator
= 9 wells have reduced injection volume

= Operators put on notice that changes may
be coming on 13 additional wells

A l l CONSULTING Source: Oklahoma Corporation Commission, 10/19/15
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operator:
=  Must have a public review,
= Must have temporary permit (6 months),
=  Must install Seismometers,
=  Must shut down if there is an increase in seismicity,

=  Must perform a reservoir pressure test every 60 days.

Daily recording of injected volume and pressure are
required by the OCC.

Weekly volume and pressure must be reported to the
OCC.

For wells injecting 20,000 BWPD or more, an MIT is
required every year.
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Factors Affecting Seismicity
from Injection

" Time between Injection and Seismicity

" Location of a potentially active fault with respect to an injection well
= Rate of injection

= Permeability of relevant strata

= Proximity of a fault that may fail
= Only a subset of faults found in crystalline basement are potentially active
= Significant earthquakes occurred in Oklahoma prior to 2009

= Potentially active faults in crystalline basement have much higher permeability
than in the surrounding basement rock

= Earthquake scaling laws demonstrate large earthquakes such as Prague (M,,5.6)
require slip faults tens of kilometers in extent
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Managing Injection Related
Seismic Issues

In Oklahoma injection of large volumes of produced water into the
Arbuckle appears to be triggering seismic activity in the crystalline
basement.

» Potential Solutions

= Reduce the total volume being injected into the Arbuckle (according to Walsh
and Zoback “establishing an arbitrary upper limit to injection rates of any
single well may not reduce the probability of triggering” earthquakes)

" |nject produced water back into zones depleted by previous production
" |nject produced water into zones which have impermeable barriers

" Treat and reuse the water for a beneficial purpose

® Treat and return the water to the environment

Reference — Walsh and Zoback, Science Adv. June 18, 2015
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= Treatment for discharge
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Questions?

THERE IS NO LIFE WITHOUT WATER.

BECAUSE WATER IS NEEDED
T0 MAKE COFFEE.

= Y,
A

T W,
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Annual Forum, September 28-30, 2015, Oklahoma City, OK.
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