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Oil and Gas Development in Oklahoma

The SCOOPand STACK plays are the focus
of mostnew oil and gas development.
These plays are still relatively immature, and
companies are still determining optimal
drilling and stimulation designs in orderfor
the areato compete with other more mature
plays for capital.

in orderto promote development, challenges
must be overcome suchas procuring
available watersupplies and managing
volumes of waste water generated from
production cost effectively.

The STACK

R
Marathon Qil



Stack/Scoop Production and Water

Overall, WOR (waterto oil ratio) Jis expectedto be less than 3 with some areas notreturningall of
the original stimulation water

Water productionis highestfrom new wells with water rates decliningfairly quickly
Costis a key driver of water managementand reuse

.S Onshore Oil Production by Basin: Dec2018
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Lifecycle of Water Management in the Oilfield
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RISK MANAGEMENT

Produced Water Management

*» DevelopmentPlan

* Quantity and Quality of
produced water

* Availability and logistics of
disposal options

+ Storage and treatment
requirements forreuse
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Supply Considerations

In Okiahoma, industry uses a variety of
sourcesforfrac waterincluding; surface
water, groundwater and recycled
produced water

in general, existing sources of waterare
usedwhen a play is early in development
and/or operator acreageis disaggregated

Lease requirements and the ability to use
layflat lines to transport water are critical
factors when determininga viable supply
source

Water constraints and/or water stress
in the focus area

a

Water Use for Hydraulic Fracturing per Well
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Water Stress

Western Oklahoma has the highest water
stress rankingin the state with the Ogallala
aquiferexperiencinga9 ft declineover15yrs
and Rush Springsaquiferdecliningby 7 ft in
the same period

Physical Water Stress for OklahomaRegion
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Disposal Landscape

Development of midstream water management companies has allowed water haul to pipe
conversionfor smaller operators and those with disaggregatedacreage

Low water cuts in the new plays resultin better capital management through multi-operator
use of disposal/reuseinfrastructurein a volatile commodity environment

Strain on existing infrastructure, both supply and disposal, is driving innovation

in the reuse space
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Produced Water Quality and Quantity
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Legislative Momentumto Advance Reuse

NM-546 The Produced Water Act intends to encourage the reuse and recycling of produced water,

particularly for use within the oilfield to relieve stress on available water supplies and disposal
infrastructure.

The Act created necessary clarity to encourage investment in the recycling and reuse of produced water considering ability to
transact (possessory interest/ownership) and liability.

The Produced Water Act also took the first step in clanfying regulatory oversight for produced water use within the state.

The Act prevents landowner's from forcing the use of fresh water when treated water is available or charging tariffs to transport
recycled water on State Surface lands.

The Produced Water Act was widely supported by state regulators, industry, agriculture, and environmental groups. It passed
unanimously the House of Representatives and by a large majority in the Senate.

TX HB 2767/3246 The purpose of both bills was to clarify ownership issues of produced water and
provide some limitation for tort liability when transferring produced water for reuse.

2767-Allowed for the ownership of produced water for the purpose of treatment and reuse to be transferred from the generator
to the treatment company, etc. with limited protection for tort liability

3246-Clarified that ownership of produced water resides with the operator (oniginally) to cover the situation of internal reuse of
produced water by a single operator

TX HB 2771 Required TCEQ to seek delegation of authority for NPDES discharges from the EPA by 2021

R
MarathonQil



Existing Produced Water Use Within the Oilfield

Companies have innovated to be able to use higher salinity source water in their fracturing
operations openingthe door to limited treatmentrecycle and alternative water sourcing from

brackish resources

Key Factors for Successful Reuse:

Consolidation of enough produced water (either stored or pipelined) to provide an adequate supply source, typically
50,000 BPD of water dependent upon frac design. Duration is dependent upon the number of wells to be fraced

Frac design and produced water quality
Treatment requirements: dependent upon the need to store, cost of tfreatment, disposal ability for waste generated

LOGISTICS: Proximity to the well site and the ability to run temporary lines are critical considerations that impact
the cost of the job
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Supplementation of State Water Resources

Oklahoma's forward thinking regarding alternative use for
produced water providesthe state with options forthe most
water stressedregion of the state

The western half of Oklahoma is west of the 98" meridian
which qualifies the state to utilize both 40 CFR Part435 and
437 of the Clean Water Act.

« Part 435 allows for discharge of treated oilfield waste water to waters of the
US for beneficial reuse. 435 is only allowed west of the 98™" meridian

« Part 437 allows for discharge of treated oilfield waste by centralized waste
treatment facilities

Use of treated water appliedto the surfacefor dustcontrol,
agriculture purposes, grassland restoration, stock use, etc.
would be subjectto ODEQ rules and requirements, which must
meet orexceed EPA standards
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Lower 48 Produced Water Quality

Percentage of Produced Water Reused by Basin

B8 88838

Baknen Cllahoma  Di/Nobrars  Eagle Ford  Haynervlie  Appalachia Permian

Feuse Percentage for Key BEasins (18 reporied companies)
hitpziwin. gwpe. orpdstesdefsuifile sfile = Produced 3 20WsterH B0RWIRE 20 Renor
203 20Dt alP A0 ise pof

ey v st | ket e ™ T e b 1 e e St Aty et R B e o pEmpra e A

s Y P T Py M o B e

wny
12 BHps A WWW. SMENcangensCISRoes. O/ Qa0 soIence-Cument susing-produced-water MarathonQil




Existing Produced Water Use Outside the Oilfield

Produced water has beenused in several states for agriculture or wildlife benefit. These historic
uses have predominantly focused onlower TDS (<20,000 ppm) produced water due to the ability
to manage TDS through blendingand/orcost effective desalination.

A reuse program (outside the oilfield) should consider waste streams generated by the treatment
processand identify disposal options. A total cost perusable barrel versusalternativemethods
of management should be compared alongwith operational and risk considerations

Examples:
= Thousands of acres inthe Powder River Basin (Wyoming and Montana) are irmigated using treated produced water
to restore range land/livestock forage and provide livestock/wildlife water
= Aquifer storage and recovery in Wellington, Colorado

= 16 billion gallons of low TDS, treated produced water is used in California for irrigation of crops for human
consumption (conventional wells)
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Range of Produced Water Quality
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Available Treatment Technologies (Fit for Purpose Reuse)
Visual Representation of Treatment Technologies and their Average Capabilities for Constituent Remaoval

Considerations:

+  What quality does the water needto be for
the desireduse

Environmental and health assessment

+ Costoftreatmentincreases substantially as
treatmentmoves from the left to the right

11/ M) Sy PaajOusg (Ei0 ]
-
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Environmental and Health Risk Assessments
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Research Efforts and Studies

Department of Energy

$100MM Energy-Water Desalination Hub-Focus on early-stage R&D for energy efficient and cost-competitive desalination
technologies and for treating non-draditional water sources. Led by NAWI (20 University consortium that includes NMSU,

CSM, Rice, UT, Texas A&M and 4 national labs)

Texas A&M Agrilife Research

Agricultural Reuse of Treated Produced Water-Evaluated cotton growth and yield response to irrigating with treated
produced water blended with groundwater and determine the effect on soil chemical properties (West Texas focus). MNeed
to conduct additional study with differing blend ratios and alternate crops

Study chose cotton (salt tolerant crop)

Blended water 4:1 ratio, GW:reated produced water

Treated water TDS was 98 ppm, GW was 3218ppm, blended water 2470ppm

Ssummary-rrigating with treated produced water blended with groundwater did not reduce cotton yield or lint quality

and reduced soil salinity parameters
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Final Thoughts

Creative use of a waste productcanleadto
lower costs and more sustainable operations
for the unconventional oil and gas industry.

Water midstream infrastructure attracted by
unconventional operations can be leveraged
by conventional operatorsto reducetheir
operating costs.

Thoughtful application of technology
coupledwith robust regulation and
monitoringmay providea droughtresistant
supplemental state water resource.
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Q&A
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