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Abstract

This presentation reviews the new technologies used in shale plays and other unconventionals, and it places them within a context of workflows
and processes. Unconventional plays have become successful due to the implementation of new technologies, which include new methods for
exploring for preferentially enriched (and exploitable) hydrocarbon stratigraphic units, horizontal drilling, hydraulic fracturing, innovative
proppants, specially formulated drilling and fracturing fluids, and analytics.

With capital expenditures slated to rise 20% in 2018 among U.S. shale producers, the need is greater than ever for excellent decision-making
tools, knowledge, and information. Here are new developments in 2018 among U.S. shale operators (Cunningham, 2018):
e Capital Expenditures for shale operators are slated to increase 20% in 2018.
Many companies are funding their increased CapEx spending through sales of their non-core assets.
Buying the divested acreage represents an opportunity for companies to build new companies.
Large companies are at a great advantage in shale plays due to economies of scale and knowledge.
Smaller operators need $70 / bbl oil to be profitable, while larger companies can be profitable at $40 - $50.
Many companies are on a path to becoming "pure play" operators in the Permian basin.

What are the implications?
e Alternative ways to pay for operations: Debt and equity financing are expensive, and you may lose control of your destiny.
e Opportunities emerge in times of acreage optimization: Financing the 20% increase in capital expenditure by selling non-core assets
can be effective. It also creates an opportunity for other companies to launch new initiatives.
Optimizing Operations: Efficiency, cost-cutting, and economies of scale are key factors.
Geology More Critical Than Ever: One must understand the reservoir very well in order to drill and complete efficiently. Geology is
critical, and it needs to be integrated with other information.
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e Optimizing Experience via the “Pure Play”: Pure Plays are efficient and they allow operators to take advantage of their specialized
knowledge and experience. However, they are not diversified, and there are vulnerabilities that have to do with being concentrated in a
single play.

¢ Avoiding the technology “stand-alone” mindset: Knowing where and when to deploy new technologies can make all the difference
in recovering more hydrocarbons, and also minimizing costs. Clear workflows need to be developed with the understanding that new
technologies are not "stand-alones" and must be incorporated carefully.
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TYPES OF UNCONVENTIONAL PLAYS
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SUCCESSFUL UNCONVENTIONAL PLAYS

Shale plays in the Lower 48 state
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WORKFLOWS & NEW TECHNOLOGIES

Example: Using drones

® For optimal results . .
. P ’ and robotics for site development and

technologies in the
workflows

= New technologies are
never ‘‘stand-alones’”




METHODS: EXPLORATION PHASE

® Petroleum Systems and Regional Geology
® Sequence Stratigraphy

® Core Analysis and Petrophysics
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METHODS: EVALUATION PHASE
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METHODS: DRILLING & COMPLETION PHASE

® Horizontal and vertical wells
m Geosteering
= Well placement

® Hydraulic fracturing

Halliburton's SmartWWell® system intelligent completion technology helps operators to optimize production
without costly well intervention. Reliable and fit-for-purpose SmartWVell systems enable operators to collect,
transmit and analyze downhole data; remotely control selected reservoir zones; and maximize reservoir
efficiency. http://www.halliburton.com/en-US/ps/well-dynamics/well-completions/intelligent-
completions/default.page’node-id=hfgel9vs&nav=en-US_completions_public
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METHODS: PRODUCTION

® Production logging

® Productive data
analysis and
optimization

m Analytics

INFOGRAPHIC

Achieving top performance
with CYPHER® Service

powered by DecisionSpace®
Unconventionals




ISSUES & KEY PARAMETERS: EXPLORATION PHASE

® Total Organic Content (TOC)

® Thermal Maturity / Vitrinite Reflectance

= Adsorption

m Expulsion vs retention

m Reservoir continuity / heterogeneity
® Preferential enrichment (sweet spots)

m Seismic Attributes



ISSUES & KEY PARAMETERS: EVALUATION PHASE

® Geomechanics (Young’s Modulus /
Poisson’s Ratio)

® Mineralogy and lithofacies
m Pore architecture / porosity typing
® Fracture characterization

® Stress anisotropy



ISSUES & KEY PARAMETERS: DRILLING &
COMPLETION PHASE

Fracture Height

|

= Wellbore stability
® Well spacing

N Late ral Ien gth - |

Fracture Width

® Proppant type and quantity
® Number of frac stages

® Perf clusters

® Fracture conductivity

® VWater issues & environment




ISSUES & KEY PARAMETERS: PRODUCTION

® Simulation

" Optlmlzatlon l Anchor Hangers
| Refractu ring A OlId Perf Clusters Gap between refrac liner and
S ‘ base casing about /10 in.
Y . New Perf Cl

= Artificial lift STt
= Water management
= Flowback

management Cement 51/2-in. Base casing  41/4-in. FracSET refrac liner

® History matching
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CONSIDERATIONS: WELL SPACING

" |mpacts production

® Spacing developed in
conjunction with reservoir
quality and fracture design

Cross Bar Microseismic — Conclusions and Implications

Hypothetical Development Scheme Implied by Cross Bar Ranch Microseismic Study

Preliminary Microseismic Conclusions:

Middle Spraberry - Micro Sessmic indicates 10
wells across one mide

Middie
Sprabarry
Jo Mill - Micro Setsmic indicates undeveloped
Jo Ml gap between MS and 1S
Lower Lower Spraberry - Micro Selsmic Indicates 10
Spraberry wells across one mile

Dean - Micro Seismic indicates Dean s
covered by LS and WA stimulation

Wolfcamp A - Micro Selsmic indicates correct
spacing of 5 wells across one mile

Wolfcamp B ~ Micro Seismic indicates correct
spacing of 5 wells across one mile

Wolfcamp C

Wolfcamp D (Cling) - No data available for
Wollcamp D verification of spacing

(Chine)

% 1 Mile !

Potential for 40 horizontal wells across 1 mile section



CONSIDERATIONS: LATERAL LENGTH

® |mpacts the contact area
between the wellbore
and the formation

m A key determinant of
production

® Designed in conjunction
with number of stages

The Long Game

Wells being drilled in the Permian basin today are about 25 percent longer than they were at the
start of 2014

@ Average lateral length of horizontal wells completed in the Permian basin

7,500 feet
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Note: Data from 1Q2017 onward are estimates
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CONSIDERATIONS: FRACTURE SPACING

® Should be optimized with
several variables

m Consider reservoir quality
= Completion quality
® Proppant effectiveness

m | ikely frac height and
propagation

Operational Advancements Drive Improved | S Facsunasion cost
Bakken/Three Forks Well Performance & Economics lacremental Fracs Generating

Bo/Frac
(3)~EUR, BOF $/ : B
Total Well Cost (3)-EU &D Cost$/BOE ~$2.71,
2006 $3,800,000 127,000 bbls $37.40/BOE
T T 9500 Lateral 1 Frac Stage __ __ :: Pre-Swell Packers
2007 k‘ $4,383,000 236,000 bbls $23.21/BOE
L L L nx .

£.000° Lateral, 7 Frac Stages. 718%interval Early Swell Packers

Late
2008 $4,833,000 411,000 bbls $14.70/BOE
More Fracs/Smaller Frac Intervals

Early .
2009 $6,569,000 630,000 bbis $13.01/BOE

9,500' Lateral, 20 Frac Stages, 476%mterval  LONG Lateral/More Frac Intervals
Late $6,792,000 720,000 bbls $11.79/BOE
2009

9,600' Latorat, 24 Frac Stages, 400Vintervel More Fracs/Smaller Frac Intervals
1) BEXP estimated EUR for Olson ac stage long lateral.

2) BEXP estimate calculated based on frac stage versus EUR best line fit, given that no welis have been completed to date with 24 frac stages.
J) Wllizing current well cost estimates.
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CONSIDERATIONS: FRACTURING FLUIDS

® Fluids are used to create
fractures in the formation

Average Hydraulc Fracturing Fluid Composition for US Shale Plays

® They carry proppant into the
fractures to prop them up

m Slickwater most common

m Others: cross-linked gel, gas-
assisted, hybrid fluids



CONSIDERATIONS: CHEMICAL ADDITIVES

= Friction reducer e = S S S ——

m“ Injection Injection
= Oxygen scavenger L8 _te NI

m Scale inhibitor

m Surfactants
Surfactant

Polimer Solution

Drive Water



CONSIDERATIONS: INDUCED VS NATURAL

FRACTURES

® Open and closed fractures
® Fracture geometry
® Fracture complexity

® Fracture modeling to avoid
frac interference (FracGeo)

FIGURE 1. A) An equivalent fracture model was derived from
seismic curvature and used as input in the geomechanical
workflow. B) A strain map was derived after putting pressure
in 40 frac stages. Red values represent high strain values
indicating successful stimulation, while pink values represent
the estimated geomechanical asymmetric half-lengths based

on strain. (Source: FracGeo)
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CONSIDERATIONS: PERFORATIONS

® Placement
determination

®m Perforation clusters _

: S
m Distance between Horizontal )

well
perf clusters

Fracture plug

| S h ot d ens |ty Hydraulic fractures

in one stage

m Charge type



CONSIDERATIONS: PROPPANTS

" T)'Pe and amount of proppant Different Types of Proppants

m Sand proppant

The Hierarchy of Conductivity

] Coated PI"OPPantS / ce ramiC ‘r'WS‘EUR'P“’d“‘:‘“’""RR [é“;‘ HzclhestCondvm:mn‘t:fL
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Lowstrength -af 8 "“ = Tier 3
m Use as a mechanism for mawcee T

Image courtesy of CARBO Ceramics
*original located here:
EfSl:h https://www.linkedin.com/pulse/different-types-

sym proppant-market-millicent-atieno
Solutions in Particle Sizing

delivering surfactant and
optimizing production

® Retsch Technology 2012 - 11
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PRODUCTION DRIVERS FOR WELL PERFORMANCE |

CONVENTIONAL, CONTINUOUS ACCUMULATIONS*

® Petroleum system and charge ‘ )
ac C e S S: Shale gas E: : Tight gas i

i'a

® Geochemistry (kerogen type,
maturity)

Conventional structural Conventional structural

| PO re P re S S u re gas accumulation oil accumulation

® Formation continuity (degree
of heterogeneity)

® Thickness

®m Fracture networks




PRODUCTION DRIVERS FOR WELL PERFORMANCE 2

® Matrix and fracture permeability

® Mechanical properties and stress
field

® Pore pressure and wellbore
stability

m Wettability

m Geosteering (staying in zone)
® Frac interference

Oil

N B

Sand

Oil Wet
Wetting Angle > 90 degrees

Oil

. -

Sand

Water Wet
Wetting Angle < 90 degrees

:

Neutrally;Wet
Wetting Angle = 90 degrees

oil
—  Wate
Sand

Totally Water Wet
Wetting Angle = 0 degrees
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MARCELLUS SUCCESS FACTORS

®m | argest volume of technically
recoverable natural gas in the
United States

= New technology solution?
Better reservoir modeling
that incorporates all the data
(production, well logs,
petrophysics, geomechanics)
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WOODFORD SUCCESS FACTORS

.....

® |mportant source rock for
Anadarko Basin

® Need to understand the xmm
relative “fracability” in the play T

D i

® New technology solution? New = D
: : : South Oklahoma | INw Tt
ways to identify thickness, TOC Woodford |
& brittleness - =1 Wnies I~

MDrygas [ Condensate BRI Ol 20 Woodford absent




EAGLE FORD SUCCESS FACTORS

m Different regimes with highly Cegle Ford Shale Play, S

Western Gulf Basin,

variable composition of
hydrocarbons (gas, liquids-rich,
oil)

= New technology solution?
Multiple designs for different

temperatures, better fluids and
proppants for high temperatures

~ South Texas ...




HAYNESVILLE SUCCESS FACTORS

® Pressure — using the right kind
of proppant

® Frac design for high-
temperature environments

= New technology solution?
ngh-tech ceramic proppants g PRSI ==
coated with surfactants s ool 17 —]

| Wayseswile Shale Contiontus G AU
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BAKKEN SUCCESS FACTORS

June 13, 2012 6:30 AM

® Highly variable thickness —
MUST stay in the zone

® Not all zones equally
frackable

® Harsh winter conditions

= New technology solution?
Robotics for better
geosteering




SPRINGER SUCCESS FACTORS

= An intercalated, thin-bedded shale 555 & crack
/ Sand Pla)l in Anadar’ko basin Leading Acreage Positions in Top-Tier Plays

FORMATION

= Excellent storage, but not always
recoverable

~970,000 Net Reservoir Acres "', G
N\ i

T STACK Meramec/Osage

el ~171,000 Net Acres'!)

STACK Woodford
~155,000 Net Acres

= New technology solution?
Artificial intelligence and “deep
learning” to reprocess well logs
for better depositional
environment modeling

SCOOP Woodford

~430,000 Net Acres'?
SCOOP Springer
~214,000 Net Acres
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VACA MUERTA SUCCESS FACTORS

El mayor descubrimiento de Repsol

B T h i C I(n e S S & TO C El yacimiento "Vaca Muerta” fue hallado el 7 de noviembre de 2011.

US$ 10.000 mills.

La inversion necesaria para

] F ra Ct u re n etwo r' I(S explotacion en primera fase ARGENTINA

22.807 :
: e vaca wcrts SR
® New technology solution? “Smart Fanas F v

fracs” that automatically adjust i

el yacimiento

NEUQUEN

CHILE

based on pressures and flowback 12.000

Los kilometros
cuadrados del lugar

chemistry i n
25%

m Experience since 2012 it eta 6

hasta la fecha
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OTHER SHALES" SUCCESS FACTORS

® Water solutions: Reprocessing to EARTHQUAKE MAP
avoid using too much water

Bartlesville
o

® “Smart injection mechanics” to : g e
avoid induced seismicity " it [,

® [nject with foam, CO?2, gas!? . a T
Sometimes works AREN - o e e

Earthquakes - 2011 Waste Water Disposal Wells
¥| Earthquakes-2016(YTD) | Earthquakes-2010
Earthquakes - 2015 Earthquakes - 2000 through 2009
99999999999999999999999999999999999999999
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
Earthquakes - 2012



CONCLUSIONS

m Bigger is not always better (frac
design)

m “Smarter” is always better

® Analytics are important at all
phases of exploration,
development, and production

= New chemicals, equipment are
making a difference





