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Agenda

What technologies and techniques are being
applied for Tight Gas and Shale Gas Exploration

and Development?

Pin Point completions

Microseismic

Clay Sensitivity

Water Management

Stimulation Equipment Improvements
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Applied PinPoint Technologies
10790.0 | 10824.5 27.2 27.9 0.1 3.1
10843.5 | 10856.3 9.5 10.2 0.1 1.1
10890.1 | 10923.2 30.5 30.2 0.1 4.0
10958.7 | 10981.0 22.31 22.64 0.13 3.02
10995.4 | 11028.5 29.86 30.19 0.16 4.47
11043.6 | 11085.6 38.39 37.73 0.14 5.50
11101.4 | 11115.8 14.44 14.76 0.13 1.86
11137.8 | 11156.5 18.70 19.03 0.17 3.27
11265.8 | 11300.5 31.83 32.49 0.14 4.39
11368.8 | 11380.2 11.48 9.84 0.15 1.44
11416.7 | 11422.6 5.91 6.23 0.16 1.02
11443.6 | 11467.8 21.00 21.66 0.12 3.01
11496.4 | 11509.8 13.45 13.78 0.14 1.94
11523.3 | 11576.8 42.64 42.00 0.13 5.43
11598.4 | 11619.4 21.00 20.34 0.14 2.88
11645.3 | 11653.5 8.2 8.5 0.118 1.00
11698.8 | 11721.5 20.3 21.0 0.128 2.54
11736.9 | 11775.3 36.1 35.4 0.092 3.53
11957.7 | 12013.5 43.6 43.6 0.139 6.17
12042.3 | 12060.7 14.1 13.8 0.135 1.78
12091.5 | 12112.5 21.0 20.3 0.098 1.99
12209.7 | 12238.5 24.0 24.6 0.086 2.10
12274.3 | 12293.0 16.4 17.1 0.091 1.54
12316.6 | 12331.0 14.4 14.1 0.080 1.12
12415.4 | 12523.0 66.9 77.4 0.068 4.51
2 Bis 12415.4 | 12523.0 66.9 77.4 0.068 451
12599.7 | 12698.5 95.2 91.2 0.072 6.54
1 Bis 12599.7 | 12698.5 95.2 91.2 0.072 6.54
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Figure 3.2—Formation stresses and preferred fracture
plane in the vicinity of a narmal fault

The principal stresses will detenmine the general direction
ofan induced hydraulic fracture. Away from the wellbore,
a hydraulically induced fracture will propagate perpen-
dicular to the minimum principal formation stress ina
plime defined by the maximum and intermediate principal
stress directions, For example, i the minimum principal
formation stress direction is horizontal, the preferred
fracture plane is vertical (Figures 3.3 and 3 4). IMthe
wverburden is the least principal formation stress,
horizontal fractures can be expecled (Figure 3.5).

The original relationship between the formation stresses
can be allered by Muid injection and withdrawal . An
example of this is the diatomite formation in California’s
et ey South Belridge field, which is being actively water-
fooded with a line-drive injector arransement. The
Figure 3.4—Formation stresses and praferred fracture Vouroatienn i extremely tisht, and veater ifectionhos
plane in the vicinity of a strike-slip fault significantly increased the pore pressure in the immediate
vicinity ofhydraulically fractured injectors. This pore-
pressure increase, which is limiled 10 the injector rows,

~“Complex Fractui
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Figure 1 - Fracrure growth and complexiry
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Stimulation Techniques

Pin Point Completions
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Coll Tubing Assited PinPoint Technologies

CobraMax SM H Fracturing Service CobraMax © HJA Service

New Tool Technolgy Improves the Ef ciency of Proven
CobraMax Service

CobraMax®HJA service improves the e ciency of CobraMax®
technology in several ways:

eImproves the process of setting proppant plugs to isolate intervals

*Reduces the time between intervals of a multi-stage fracturing
treatment

CobraMax ® DM Service

Enables Highlntensity Multistage Fracturing
with Proppant Concentration Control
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Horizontal Shale Exploration

Different Rock Properties
along the horizontal Require
to compartmentalize
completion based on rock
properties
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Regional and local Stress State Analysis

Less Complex Fractures
Planes of Weakness
needed to develop
complexity.

Possible issues during
completion

Be carefull with BHTP.
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Possible development of
complex fractures
Easier treatments
Maximize BHTP
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Strike Slip Regime (SH>Sv>Sh) Normal Stress Regime (Sv>SH>Sh)
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When initiating hydraulic fracture, The wellbore
will breakdown where Hoop stress is minimum.
Later and far from near wellbore, fracture will
reorientate depending on far field stresses

So, reservoir contact along the horizontal may end up having a strong
iInfluence on productivity as well as near wellbore conductivity.
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Shale Projects - Microseismic Inputs

Compare Frac Azimuth to image logs

Shmin and SHmax azimuth $
Analyze Frac Complexity P >
Analyze SRV to

Frac Volume

Rate

Frac Fluid Viscosity
Identify Frac Barriers
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Production History Match

The model is based on core data and
more than 15 wells with lab data to
calibrate the petrophysical model.

Frac geometry was defined based on
microseismic, tagged proppant and
temperature logs.
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Clay Sensitivity in Shale Formations
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Water Logistics for Unconventional

Reduce
Fresh Water usage
Transportation Time and Costs
Re-use water costs
Completion Time
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CleanStream Service & CleanWave ™

Halliburton-integrated process; Full frac solution
On-the-fly bacteria treatment at rates up to 100 bbl/min

Minimize environmental footprint with the reduction or complete
elimination of environmentally unfriendly biocide

Minimize exposure to hazardous biocides
Water recycling
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Equipment Innovation

Reduce NPT

Reduce Enviromental Foot Print
Cleaner energy (Natural Gas)
New Sand Castle Units
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Summary

What technologies and techniques are being
applied for Tight Gas and Shale Gas Exploration

and Development?
Pin Point completions
Microseismic
Clay Sensitivity
Water Management
Stimulation Equipment Improvements

HALLIBURTON

© 2009 Halliburton. All Rights Reserved. 17



Thank You
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