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=} B3 Water Study Objectives

Provide comprehensive assessment of Permian Basin water
utilization to address future water management approaches.

|. Derive estimates of future:
= Water use
= Water production
= Available disposal capacity

Il. Assess water management business structure:
= Range of appropriate solutions
= |dentification of best practices
= Consideration of appropriate economies of scale
" Impacts of technology



|.  Permian Basin water budget (study inputs/assumptions):
= Oil & gas production forecast
= Water use forecast
= Water production forecast

ll. Current activities:
= Water production validation
" Pressure forecasts



:3 Oil+Gas Production Forecast



:3 Forward Price Curves
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:3 Permian Basin Operator Breakevens
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:3 Permian Basin Production Scenarios
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:3 Water Use Forecast



:3 Water Use Forecast Methodology
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:3 Water Use (2017)
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Permian Basin Forecasted Water Use
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:3 Water Production Forecast



:3 Permian Basin Forecasted Water Production
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:3 Production and Use Comparison
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:3 Summary of Findings to Date

* Production economics in the Permian Basin are generally sub-S55
half-cycle breakeven in many Tier 1 and Tier 2 areas.

* Given the likelihood that prices fluctuate between $55 and $75 for
the foreseeable future, water demand for hydraulic fracking will
be between 0.9 and 1.8 Bbbls per year.

* Dependent on number and location of new wells, produced water
volume is expected to exceed maximum water demand by 3x-5x
for the given production scenarios.

* Over the next decade, 35-60 B bbl of water in excess of water use
for hydraulic fracturing will need to be managed. Reuse is, at best,
a partial solution.
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:3 Current activities



:3 Water Production Validation
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production and WOR.

Solaris DJK 48 SWD 1

2017  10/1/2017

900
800
700
600
500
400

300

200

100

0
8/1/20 9,

7 rl 12017

B Skimmed Water
(P18 Reported)

B Injected Water
{H10 Reported)

11/1/2017

B Produced Water

(DI Modeled)

= TX Injection Well

Result List
Show All
Lock All

Operator:

B weil Name:
API#
Permit Status:

Injection Status:

Summary

Display Leases On M2l

Producer

DIAMONDBACK E&P LL

Sort: AP I

Documents

DI O/G Wells DI O/G Permits  NM Injection/Disposal

a Filters
RN R T L

DI O/G Wells

™ 2 pata JdiAnalytics 1l Clear

TX Injection Well DI O/G Permits

SOLARIS |
DJK 48 sV
42-329-41)

Approved | | g show All 2
i | - &= Data

Lock All Sort:

Resuilt List

i Analytics Tl Clea

1 TX Injection Well
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API#: 42-461-39276 uic# 108988
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COG OPERATING LLC
HENRY RESOURCES LLC
ENCANA OIL & GAS(USA) INC.
PARSLEY ENERGY OPERATIONS, LLC
OXY USAWTP LP
ENDEAVOR ENERGY RESOURCES LP.
XTO ENERGY INC.
LEGACY RESERVES OPERATING LP
ROFF OPERATING COMPANY, LLC
SABALO OPERATING, LLC
BREITBURN OPERATING LP.
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:3 Permian Basin Pressure

GUIDONER  San Andres Kill Mud Weight

ENERCY

16.0

* Empirical/anecdotal evidence suggests s
increasing pressure and seismic activity 140
due to subsurface produced water
disposal. o
* Pressures increases are expected to be s ="
both local (generally transitory) and ,
L. . “The San Andres Problem” (Guidon)
d I1stri b utEd (mo re pe rsiste nt)’ Online Source: http://www.aade.org/app/download/7247547316

/Th+SanAndresProblem_Permian+AADE_5-10-18.pdf

influenced by the rate of fluid injection,
the cumulative volume of fluid injection,
and associated rock properties.

* Basin-wide description/prediction of
spatial and temporal pressure is currently
hindered by lack of aggregation/analysis
of available geologic and injection data.




=) Pressure/Rate Limits

Permian Basin (Texas)
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:3 Pressure Modeling for Capacity Estimation

* B3 is using industry standard
groundwater flow simulation software to
generate pressure forecasts at Basin and
subarea scales.

* Models to account for static/dynamic
formation and fluid properties and be
calibrated to historical fluid
injection/pressure response.

e Results intended to be used to address

the nexus of localized, near-wellbore Phi-H Upper DMG
pressure perturbations due to active Inputs:

injection and larger-scale, background e Basin structure

pressure changes attributed to « Basin stratigraphy

cumulative disposal. * Basin rock and fluid properties

* Injection rates/cumulative volumes
 Downhole pressure

* Well properties/distribution
22



:3 Appendices



:3 Absolute Water Disposal (2010-2017)
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=) Relative Water Disposal (2010-2017)
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