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Using log data to evaluate horizons

Basin model from Ettensohn (1985)
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Different basins are unique in log response. The mineral makeup of the matrix, the

rock structure, and the fluid in the pore space all influence the different logging
sensors.

Each basin uses different techniques to evaluate their reservoir.



What is the correct logging suite?

Traditional Logging
Mineralogy

Imaging

Acoustics

Magnetic Resonance
Sampling

Cased Hole FE options
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TRADITIONAL LOGGING

TRIPLE COMBO
Identification & Volumetric Analysis

eldentifying Formations
*Water Saturation
*Gas Bearing Zones
*Porosity

*Resistivity

«Gamma Ray
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MINERALOGY

GEM

Evaluate complex mineralogy %
Elemental Yields:
H, C, O, Mg, Al, Si, S, ClI, K, Ca, —
Ti, Mn, Fe, and Gd

Shale Quality

Shale Classification

Improved Answers

Better Correlation
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The GEM mineralogical and petrophysical interpretation provides a detailed
evaluation of mineralogy, saturations, and porosity.

This interpretation is performed utilizing the GEM elemental weight percent, bulk
density, neutron, spectral gamma ray, and resistivity logging data.

The addition of the GEM data to the traditional logging data allows for a more
detailed estimate of the major and accessory minerals making up the strata.



IMAGING

Electric and Acoustic Imaging
Crisp, high resolution, digital images ~ lin resolution

XRMI — Fresh to salt mud system
OMRI — Mineral based mud system
CAST - Images in both mud systems

eCharacterize the Reservoir
*Bedding Features

eldentify Fractures
*Natural
eInduced

eFault Identification

*Better Well Placement
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Key Benefits

Recognizes features beyond resolution of conventional logs including permeability
barriers, sand attributes, clasts, vugs and more

Complements or replaces whole core

Quantifies important reservoir characteristics such as lithology, porosity, water
saturation, permeability, fluid profile and flow potential when integrated with other
logs and well information

Identifies thin bed pay that cannot be seen with conventional logs, particularly in
geologically younger, unconsolidated formations

Increases success rate in multiwell developments by answering questions about
sedimentology and structural and stratigraphic analyses, which serves to enhance
reservoir management decision making

Optimizes design of completion programs in order to be more efficient and cost
effective.

67% coverage of 8" BH



XRMI IMAGING - Examples
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Acoustics

Fullwave and WaveSonic Dipole Sonics

Characterize Rock Properties
Mechanical Properties
Rock Strength
Stress in the Rock
Anisotrophy
Synthetic for Seismic
Velocity models for MS

Well placement
Lateral Orientation
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The WaveSonic tool measures fast and slow shear wave travel times, P-wave
slowness, compressive fluids in pore space, and anisotropy orientation. The tool
also calculates minimum and maximum principal stresses and stress field
orientation

The waveform data from the WaveSonic™ crossed dipole sonic tool is analyzed
with the anisotropy waveform processing model to obtain the fast and slow shear
wave travel times and their orientation in the formation. The anisotropy analysis
processing engine is a simultaneous inversion technique which uses all 64 dipole
waveforms,from the in-line and crossed-line transmitter-receiver arrays.

The minimum and maximum principal stresses and stress field orientation are
calculated by combining oriented slowness data with overburden and pore pressure
data. Sonic anisotropy and the orientation of the anisotropy can be used to
determine the orientation of fractures.

Benefits of the WaveSonic
Young’'s Modulus
Poisson’s Ration

Benefit to drilling

*bit selection

swell placement
*horizontal placement
*mud programs

scement programs.
Benefits to completion
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Magnetic Resonance

MRIL

Fluids first measurement

Lithology Independent Porosity
Fluid Typing

Effective Free Fluid

Shale Perm

Claybound & Capillary Bound Water

Direct Measurement of Unflushed
Gas (w/ Neutron / Density)
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MRIL acquisition sequences (activation-sets) specifically designed for T1 -T2 data
acquisition were used to acquire data in this well. The activation-sets are designed
to maximize logging speed and provide an appropriate method for acquiring T1 -T2
NMR data.

A 2D fluid characterization is applied as a NMR-only fluids model for evaluating the
NMR data with a 2D inversion of simultaneous T1 -T2 data. The primary application
of this method is methane identification and quantification.



Sampling

Excellent recoveries in the NE

RSCT

XRD Minerology %
Fluid Sensitivity Test
Acid Solubility

Total Organic Carbon

Porosity & Perm
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You have the data — Now what?

Challenge:

« Tying all the data together in one place that
is usable, and presenting it in a manner
that is functional.

Solution:
* ShaleLOG

1 HALLIBURTON

11



ShaleLOG ™ Engineering Tool for

Stimulation Design

b

Zone Brittleness Thickness | Closure Stress | Frac Barrier |  Frac Width @ 100 BIM
% feet psi inches
A 153 400 6134 Yes Nong
B 56 8 4650 No 0038
¢ 18 103 6261 Yes None
A D 5 9 5150 No 0038
E 18 85 6350 Yes None
B F 2 40 6040 Yes None
G I3 350 5600 No 0038
C
D Brittleness
E Frac Barrier
Gas Effect
Poisson’s Ratio
Youngs Modulus
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Looking at the information acquired from the vertical test to develop a horizontal drilling program that maximizes
the delivery of the reservoir.

Now that you have developed your horizontal drilling program and executed on that program, how do you
deliver consistently better than average results?

Once you have landed your well, how do you know how well you stayed within the target horizon, or how do you
know the horizon did not change itself?

Sperry’s LWD or tool pushing Halliburton OH tools down the lateral the best method to get the most accurate
data. There is a cost and associated risk with these services.

If risk or cost is too great for horizontal FE, an option is Cased Hole formation evaluation.
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Pulsed Neutron Logging

TMD-L, RMT, & TMD-3D

Known as the Cased Hole Triple Combo
Direct measurements
Gamma Ray
Sigma
Ratio of Near to Far
Ratio of Inelastic
Water Saturation
Lithology Identification
Silica & Calcium Yields
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The pulsed neutron has been around a while, but shales are really an ideal
environment to run the tool.
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ShaleLOG using Pulsed Neutron

Brittleness, Effective Porosity, Free Gas, & TOC

CHI Model Triple Combo Data

Stress Horizontal In & Out of Primary

Ease of

Fracture Lithology

Free Gas Effective

. Porosity
Brittleness
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Target Interval
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Summary of available sensors

Traditional Logging
Mineralogy

Imaging

Acoustics

Magnetic Resonance
Sampling

Cased Hole FE options
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QUESTIONS?

Michael Rehl Melinda Carpenter
District Ops Mgr — NE Account Representative
Wireline and Perforating Wireline and Perforating
michael.rehl@halliburton.com melinda.carpenter@halliburton.com
724-966-3310 Office 724-317-7126 Cell

724-263-4387 Cell
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