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Well Stimulation Challenges

Consistent stage/treatment response

Mitigate offset frac-hits
Reduce screenout risk

Tailored pump schedule based on stage

characteristics
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Microseismic Map View

Demonstrated Variability

How do we proactively understand this variation and design the
completion to optimize frac and well performance?
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Drilling Data .... A New Direction
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MSE - Original versus Corrected
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Openhole Log Data Comparison

Powder River Basin example

—~ 7| e« Neutron/Density/GR/Dipole
Sonic

* N/D as “ground truth”

* Correlation between N/D and
MSE was excellent throughout

e Sonic UCS often had QC issues
that made it unreliable

* GR often insensitive
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LatScience

Facies Log Plot

MSE = UCS * Deff

Color Hardness MSE
HD1 0-20K
HD 2 20-30K
HD 3 30-30K
HD 4 S0-835K
HD 5 B5-135K
HD & 135-200K
HD 7 200K +
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Standard Engineered Completions
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1
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Color Hardness MSE
HD 1 0-20K
HD 2 20-30K
HD 3 30-50K
HD 4 50-85K
HD 5 85-135K
HD & 135-200K
HD 7 200K +
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Shift clusters to “like
rock”

Fact: Not all stages are
the same strength

Despite this, most
operators still complete
all stages with the same
treatment schedule




MSE vs. Nolte-Smith Plots

EAGLEFORD EXAMPLEi ‘
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MSE vs. Microseismic
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Stage 16
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Stage 13
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Stage 26
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MSE vs. Microseismic
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Impact of Variation in Fracture
Generation Type

* Frac Hits
* Poor rock volume stimulation/exploitation

Stages Example
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Wrap-Up

Ability to evaluate wells using existing drilling data
— No Hz logs needed
— Information is usually undervalued and readily available
— Corrected MSE is a proxy for rock hardness

MSE data can provide an opportunity to optimize the treatment design based on prevailing
fracture type to achieve:

— consistent stage/treatment response

— mitigate offset frac-hits

— improve stimulated rock volume

— improve production for the well and field

Factors that can be adjusted to impact stimulation based on MSE data:
— Stages/Clusters

o Number / Spacing / Placement
— Fracturing treatment
o Amount of Fluid / Type of Fluid / Proppant Amount / Proppant Size / Slurry Rate / Diverter
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