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Abstract

Shale plays are an extremely difficult arena in which to explore. Lack of heterogeneity is not the only problem. The Eagle Ford play, for
example, has numerous hydrocarbon sources and multiple stacked zones, which result in mixed drilling success. Conventional logging
technologies provide important information during drilling as to the presence of hydrocarbons. However, these logging technologies do not
measure hydrocarbons directly, but rather measure hydrocarbon proxies and infer hydrocarbon presence and phase based on this data. These
technologies, while sophisticated, can lack specificity and sensitivity when trying to accurately identify hydrocarbons. This case study shows
how Downhole Geochemical Logging was used to create a granular hydrocarbon profile throughout the well. This enabled identification of
optimum selection for placement of the horizontal well. Additionally, cutting analysis from the lateral well enabled identification of lateral
sweet spots containing higher porosity and hydrocarbon intensity. The data was also able to aid the client in determining the optimum number
of fracture stages required for the lateral well resulting in a potential savings of approximately $600,000 while maintaining similar production.

In the lateral well, the data helped to:

e Improve production by focusing lateral placement in hydrocarbon & porosity rich zones
e Reduce completion costs by optimizing the number of fracing stages
¢ Identify when drilling efforts were in or out of the target formation

In the vertical well, the data helped to:

Clearly distinguish between various hydrocarbon phases (i.e. gas, condensate, or oil)
Infer separate sources in the San Miguel, Austin Chalk, and Lower Eagle Ford Fms
Identify by-passed pay

Infer seals at the top of the Anacacho Fm and Eagle Ford Fm

Infer there was no seal between the San Miguel Fm and the Olmos Fm
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¢ Infer there was no seal throughout the Eagle Ford, Buda, and Del Rio Fms
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Downhole Geochemical Logging ‘ ‘

« Cuttings are collected in polypropylene jars,
directly from the shaker table during drilling

 Mud blanks are also collected as well

» Analyses normally done in 2 weeks

1,000 time more sensitive than traditional methods

Focuses on hydrocarbon fluids in various
zones

» Measures from the C, to C,, carbon range

« Easily differentiates between multiple
phases

* ldentifies reservoir compartmentalization

 |dentify by-passed pays

Does this work with all drilling muds? R
> No — Not with Diesel-based muds @) iEoon

IMAGING,L.c



Conventional Hydrocarbon Analyses I ‘I ‘

AGI range C2 - C20

/

Geochem Lab range of C15 - C35

/

* 20

Traditional gas range of C1 —
C5



An Eagle Ford Case Study



Location & Stratigraphic Information | h ‘

Geologic Column
South Texas

Escondido
Olmos

San Miguel
Anacacho

Gulfian

Austin Chalk

Buda
Del Rio
Georgetown
Edwards / Stuart City
Glen Rose

CRETACEOUS

Comanchean
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Coahuilan

Hosston

The Maverick Basin in Dimmit County
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Hierarchical Cluster Analysis ‘ | ‘

Hierarchical Clustering

HCA #1 GrOUpS Method = Ward
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Depth in feet

Depth Profile with Fingerprints

Select signatures from various zones showing different

( } hydrocarbon signatures and differing intensities.
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Water Saturation Plot | ‘ | ‘

The Benzene/Hexane
ratio can be a Sw proxy
at times.
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separated by shale breaks

Highest zone of water
saturation.




Depth in feet

Depth Profile with Fingerprints

, Select signatures from various zones showing different
f‘ hydrocarbon signatures and differing intensities.
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OIl Alteration Plot ‘ | l

The geochemistry data seems to indicate a separate

This C6 ternary plot shows
that the Eagle Ford
samples are more typical
of an unaltered oll
signature, and there
appears to be increased oil
alterations (i.e. water
washing and/or
biodegradation) as you
move through the Austin
Chalk & San Miguel.

e San Miguel
@ Austin Chalk
e Eagle Ford

source for the San Miguel Fm.
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Depth Profile with Fingerprints | || ‘

Depth profile by summed mass, color-coded by HCA group, with Fm tops and TIC profiles
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Hydrocarbon Intensity Relates to Porosjty

Porosity vs Hydrocarbon Intensity in the
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Lateral Placement and
Optimization



Selected Lateral Placement | h l
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Lateral Placement and Hydrocarbon Ricnness h ‘
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Optimizing Frack’ing
Stages & Placement



Lateral Hydrocarbon Richness
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Optimizing Fracking Stages | ‘| ‘

8 Frac stages at $200,000
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Optimizing Fracking Stages | h ‘

5 Frac stages at $200,000

each = $1.0 mm ($600K less)
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Conclusions ' ‘

AGI Downhole Geochemical Logging data can help to:

* Increase production by focusing laterals in zones with the best hydrocarbon richness (i.e.
most productive zones) and best porosity. Since DGL is measuring hydrocarbons, not a
proxy, DGL intensity readings directly reflect hydrocarbon richness. In unconventional wells
DGL hydrocarbon intensity can also reflect porosity.

* Reduce completion costs by optimizing the number and placement of fracking stages.

* Infer vertical compartmentalization and seals. Numerous DGL studies have shown that
DGL data can definitely infer seals through hydrocarbon signals that return to baseline or
noting changes in hydrocarbon signals from one formation to another. This can provide
powerful information for completion strategies.

* Identify by-passed pay. With its 1000-fold lower detection limit, DGL can easily detect by-
passed pays missed my e-logs and other technologies. As a result, this can increase your
reserve estimations.

» Identify water saturated zones or oil/water contacts. Since aromatics (i.e. benzene) are
much more water soluble than alkanes (i.e. hexane) this ratio serves as an excellent proxy for
water saturation.




In a Permian well we showed hydrocarbons in
every single sample in every formation.

But, only 15% of the samples showed elevated
(i.e. economic) levels of hydrocarbons.

So, it's not just about drilling and completing wells
as fast as you can — that's yesterday’s paradigm.

It's about completing laterals effectively to make the
most money possible with each and every well.

Thank Youl!
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