Slickwater vs. Crosslink Gels:
Identifying Which Frac Fluid Works
Better with Produced Water
(A Recycllng Case Study)
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freshwater constraints + disposal constraints = need to recycle
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Slickwater vs. Crosslink Gels

Friction Reducer can be Gel Compatibility is an issue
effected
Friction reducer can be Difficult to adjust gel on the fly

adjusted on the fly
Little sensitivity to blend rate  High sensitivity to blend rate
Fluid consistency not an issue  Fluid consistency is an issue

No Boron concerns Boron is a concern
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Permian Basin Slickwater Recycle Rate

% Recycled Fluid per Well
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Permian Basin Slickwater: FR vs. Recycle Rate
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Pe rmia n Basin Slickwater: HZO vs. Biocide vs. Chlorine Dioxide
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| WaterTreatment Technology | #ofWells | FR Concentration, % in mass
22 0.0123
9 0.0146
27 0.0042
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Cross-linked gel fluids
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Cross-linked gel fluids

* Gel Compatibility can be
maintained over narrow range.

 TSS, TDS, Chlorides and Boron
are all issues.

* Once Gel recipe is developed
water quality must remain in a
narrow range to maintain gel
compatibility

e Control of water quality is
paramount
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Need for Fluid QA/QC on X-linked Gel Fracs

* Pre-frac circulation, pretest water, define blend
 Blend to correct ratios

 Monitor water quality real time

e Synchronize water transfer with pumping company




Pre-Frac
TESTING

* Blended Water Gel Compatibility Test
e Water Source- Freshwater and Produced

e Chloride
* Boron
* TDS
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Pre-Frac

TESTING

Consistent Water
Quality

e Calibrate Pumps- Fresh &
Produced

Gel frac recycle
and control system

 Baseline TDS, Chlorides
and Boron

e Chloride concentration
optimized for clay
stabilization
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Pre-frac circulation

Pre-Frac
TESTING

Gel frac recycle

and control system * Engineer chemistry to
match the fluid

* Agitate water

* Collect samples
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Why circulate?

Bacteria levels
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Circulation Options
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X F Ra c Real-time measurement

SYSTEM Total dissolved solids

Gel frac recycle ullelrels
and control system

Boron

General Water Quality
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X_ F Ra c Pump control

SYSTEM e Control pump RPMs

Gel frac recycle e Control blend ratios
and control system

* Adjust blends on-the-fly
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Case study — Permian Basin

e 130,000 bbl frac
 75% freshwater
e 25% produced fluid
* Results

* Volumetric ratios

* Boron
e Chloride
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Volumetric ratios
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Boron levels
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Potassium chloride (KCl) equivalency
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Gel Concentration vs.

Recycle Rate

Gel Concentration, % in mass
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0.223 0.017:1
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Hydrozonix EF80

e Versatile bacteria treatment

 On-the-fly treatment onsite

No negative impact on chemical compatibility
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