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AN EMERGING ISSUE

Produced water management
(including flowback water) represents
a significant economic and technical
challenge for oil and gas production.

Produced water volumes associated
with Bakken petroleum system (BPS)
production in North Dakota have
increased dramatically since 2010."

Freshwater demand is projected to
surpass 700 million barrels by 2035.
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THE CHALLENGE

ND saltwater disposal (SWD) is already resulting in localized areas of high
pressure in the Inyan Kara.

—  >95% of SWD occurs in Inyan Kara Formation.
— Impacts economics and risk associated with oil and gas development.

¢ Intermediate casing string increases drilling cost by $300-$700k per
well due to Inyan Kara pressurization.

¢ Sufficient capacity to continue to meet SWD demand?
— 25,000 -70,000 additional wells forecasted to develop BPS.
— Essentially no recycling/reuse to date
Produced water treatment and reuse is constrained by:
— Variability and extremely high salinity
¢ ~ 250,000-350,000 mg/L TDS fluids.
— Large volume surface storage is challenged/constrained.

¢ Regulatory and environmental considerations w/ attendant costs.
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Average Daily Oil & Water Production and Market Price
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*96% of current production is from Bakken and Three Forks.



Fresh Water Use

* Industry freshwater use has
Increased:

— 2008: 13.5 million bbl

— 2019: 290 million bbl

* Fresh water used in drilling,
fracturing fluid makeup, and well
maintenance.

— Makeup water: 87% of
freshwater use for the last 5

years (based on Frac Focus reported

clean water and ND SWC industrial
water use)

— Maintenance water: 15

bbl/day/well to 50 bbl/day/well.
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Fresh Water Use
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Produced Water

« State produced water volumes
iIncreased four-fold since 2008
to ~700 million bbl/yr.

* Increasing volumes per well
and increasing water cut.

 Total dissolved solids (TDS) up
to 350,000 mg/L.
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Produced Water Disposal
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THE CHALLENGE
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Produced Water Disposal
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Looking Ahead

e Forecast more than double
volumes of produced water
by 2030.

» Based on data trends from
2017-20109.

« With 96% of current oil
production, Bakken primary
driver of these projections.
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Produced Water Disposal
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Produced Water Recycling Challenges and Opportunities

Challenges Opportunities

« High TDS * Relieve capacity constraints in Dakota.
 Economics need to work « Reduce localized pressure that has
 Prevention of spills iIncreased drilling costs.

* Waste handling « Reduce freshwater consumption.

* Centralized infrastructure » Value-add products: turning produced water
* Surface storage from waste to a valued product.
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GHCR CONCEPT
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POTENTIAL BENEFITS OF GHCR

Reduce net SWD.

Reduce magnitude and rate of
pressurization in disposal zone:

— Extended life of SWD wells.

— Reduced oil and gas development costs
associated with pressurization.

Provide means of displacing freshwater
demand, assuring water supply in event of
future curtailments on water appropriations.

Employs existing infrastructure.

P T D e < e T S
. GHCR deployed at scale could provide an innovative solution to the emerging
Enables Iarge-yolume stgrage and limitless challenge of Inyan Kara pressurization that will likely contribute to of $1.5 to $10
Su pply of ConS|stent-quaI|ty water for reuse. billion" in increased costs for Bakken development and SWD in the Williston Basin.

“If 20% of the projected remaining Bakken development is impacted by Inyan Kara pressurization.



While the GHCR concept appears promising, commercial demonstration and adoption
require diligent evaluation, technical validation, and the techno-economic feasibility
information that the proposed Stage | effort will provide.

Lacking an imminent threat to produced water management practices in North
Dakota, the proposed efforts are unlikely to be undertaken in the private sector

until such threats (e.g., constraint on SWD injection, freshwater limitations,
pervasive pressure impacts, and inflated drilling costs) are present.

The State and federal research programs supporting this effort are providing
foundational knowledge to understand and address emerging produced water
management challenges and supporting the development of sustainable produced
water management practices applicable to North Dakota and beyond.




Fall 2020 Quarterly Report Excerpt

* The composition of an extracted water sample collected from the BEST-E1 well on July 2, 2020 and compared
with the composition of a sample of Bakken Produced water prior to SWD injection collected from the Nuverra
Operated SWD facility. Preliminary analysis of these fluids suggest that the project has successfully extracted and
analyzed Bakken Produced water that was injected into, and has migrated more than 1500 ft through, the Inyan
Kara formation. Initial analysis of the extracted fluids support the hypothesis that geologic homogenizing and
conditioning of o1l and gas produced water could provide an effective means of conditioning in advance of
treatment and/or beneficial reuse applications. In addition there are several indications that biogenic reactions are
occurring within the formation which could be beneficial for addressing dissolved organics that have a tendency to
complicate treatment of produced waters. Work is ongoing to understand the efficacy of GHRC approach and
processes taking place in the geologic formation that can enable or inhibit subsequent treatment and recycling of
produced water for beneficial reuse applications.



Key Takeaways

* Oil and gas industry continues to handle increasing volumes of water.

* Emerging need for alternative produced water handling options to supplement the
Dakota.

« High TDS Bakken produced water is a primary challenge in treatment and reuse.
* New subsurface technique is being evaluated as an approach to recycling/reuse.
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