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Abstract

Data is a powerful tool. It can be both overwhelming to the point of being ignored, and addictive, creating tendencies to overanalyze. In the
fast-paced business world, successful leaders know the ability to make quick adjustments to workflows can make a huge difference to bottom
lines. Data analysis is what identifies trends that seem to be working and that need to be changed.

It is no different in the oil and gas business, and many different industry specific software packages have been developed to try to handle the
huge amounts of data that come in from daily operations. However, the key to success is in full scope integration of data from different fields
of study. The use of the use multidisciplinary analytical methodologies has become a necessity in order to provide descriptive and predictive
models to complement conventional geological, geophysical, and engineering analysis in unconventional resources plays.

The challenge is to unveil relationships and opportunities buried in mountains of geological, geophysical, and engineering data, collated at
various scales: in depth as well as in time. This presentation will cover methodologies that can be used to integrate data collected in these
various aspects, and review lessons learned from some of the most important unconventional shale plays in the U.S. such as: the Barnett Shale,
Eagle Ford Shale, Haynesville Shale, and Utica Shale, in order to discover connections between the available input variables without explicit
knowledge of the physical behaviors of the system.
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(Unconventional) APPLICATION OF
ANALYTICS

The data suggests that proximity to a natural gas well is correlated with lower housing
prices.

Table 1: Distance to Well and Property Price per Square Foot
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CLUSTERING ANALYSIS ALGORITHMS &
TECHNIQUES

« Classification
 Fuzzy Logic
e Supervised
e Unsupervised
e K-means
« SOM
e Hierarchical
 Regression
e Linear
* Principal Component Analysis
 Non-Linear
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LINEAR vs. NON-LINEAR CORRELATION
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ANN vs. Non-Linear Regressions
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OBJECTIVE

" The figure shows the low permeability oil-
saturated Woodford Shale, and relates the
. fracture size and length with a road speed
. limit, indicating that the higher the fracture
size (the wider the road), the greater the
. permeability (or speed limit).

= ) T -
racture setA ---- M 15 o »  Barnett
T

| Shale
SPEED
LIMIT

Fracture set B wm = 50

Due to the low permeability, it is necessary apply enhanced recovery techniques, such
1 inches as hydraulic fracture stimulation or steam injection to extract the gas molecules from
the rock matrix and achieve gas production.

Finding areas in the shale play that are “brittle” is important in the
development of a fracture fairway large enough to connect the

highest amount of “rock volume” during the hydraulic —
fracturing process.
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WHAT IS BRITTLENESS?
BRITTLE DUCTILE

BRITTLENESS is the
measurement of stored f R Ductile
energy before failure, and is
function of:
Rock strength
lithology
texture
effective stress
temperature
fluid type

Fracturs

Stress

Strain

diagenesis
TOC Higher the magnitude of the
SINIRIAS\=SSRINIS QIS Bl, the more brittle the rock

the most widely used
parameter for the quantification
of rock brittleness.

IS

0. = Compressive strength

ﬁ dfl"lnglnfoat = Tensile strength
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HOW DO TO QUANTIFY BRITTLENESS???

BRITTLENESS

_ Qz
- Qz+Ca+Cly

BI B Qz + Dol
Wang(2009) = 3> 4 Dol + Ca + Cly + TOC

V= Vpay
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Vmin — Vimax

GEOLOGY GEOMECHANICAL
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) .
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BRITTLENESS INDEX (Mineralogy)
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BRITTLENESS AVERAGE (Elastic parameters)
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CALIBRATION GEOLOGIC AND

PARAMTERS

GAMMA RAY TOTAL ORGANIC CARBON
GR
160 &350 160 ECD 1
Quartz i ;
= = Limestone
£ £
2T s 3=
& | High § [High TG
LIMESTONE
oy SHALE ' Upper and Lower
] 2y All formations 0 Low TOC Barnett Shale
0 Ap 160 0 P 160
[GPa]lg/em’] [GPa]lg/lem?]
(a) (bé
BRITTLENESS INDEX
BRITTLENESS INDEX
160 ne: 4 160 -
- ’-:.r/
33 o2
& PN 8
Upper and Lower Upper and Lower
[ Barnett Shale ol Barnett Shale
0 Ap 160 0 p 160
[GPallgicm?] [GPallglem?]
(c) (d)
e Well log
R drillinginfo

better, faster decisions

Copyright © 2014, Drilling Info, Inc. All right reserved. All brand names and trademarks are the properties of their respective companies.

Perez, 2013, Brittleness estimation
from seismic measurements in
Unconventional reservoirs:
Application to the Barnett Shale:
Ph.D. Dissertation, The University of
Oklahoma.

Perez, R. and K. Marfurt, 2014,
Mineralogy-Based Brittleness
Prediction from Surface Seismic
Data: Application to the Barnett Shale
(Manuscript ID: INT-2013-0161)

16



UNCONVENTIONAL MULTI-VARIATE ANALYSIS — Roderick Perez A., Ph.D.

CALIBRATION OF BRITTLENESS TO ELASTIC
ROCK PROPERTIES VIA MINERALOGY LOGS
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CALIBRATION GEOLOGIC AND GEOMECHANICAL

PARAMTERS
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BRATION GEOLOGIC AND

GEOMECHANICAL PARAMTERS
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BRITTLENESS INDEX FROM LOGS
GAMMA 1p BRITTLENESS
RAY [Gpallgicm?] [Gpalig/cm?] [DimIeNn[s)iI(E):I(Iess]
0 [9API] 300 | 15 65 | 20 650 0 0.65
8.0XX | T P—— —
(D) = L
©
5 =
_—_ 3| faGp,up, GR)
z E - z o
3 gl
= a Brittleness Index:
% — = ; — Blwangeom = 5255 -(E ZZ f (gly TTOC
- ' =
|
8,5XX , , P————— ‘
‘ v 'Response
R drillinginfo Predictors
better, faster decisions Copyright © 2014, Drilling Info, Inc. All right reserved. All brand names and trademarks are the properties of their respective companies. 21

©Roderick Perez, Ph.D.



UNCONVENTIONAL MULTI-VARIATE ANALYSIS — Roderick Perez A., Ph.D.

LINEAR CORRELATION
GEOLOGICAL GEOMECHANICAL
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PRINCIPAL COMPONENT ANALYSIS
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LINEAR REGRESSION RESULTS
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SEISMIC ATTRIBUTES — 2D colorbar visualization
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SEISMIC ATTRIBUTES — 2D colorbar visualization
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SEISMIC ATTRIBUTES + Microseismic
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SEISMIC ATTRIBUTES + Microseismic
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BRITTLENESS INDEX VOLUME + ENGINEERING
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BRITTLENESS INDEX VOLUME + ENGINEERING
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750.00 @ ABARTA OIL & GAS, |
() ALLIANCE PETROLE

Marcellus

700.00 @ ALPHA SHALE RESL
) AMER OIL & GAS LL
€50.00 @ AMERICAN ENERGY
) ANADARKO
@ ANTERO RESOURC
600.00 @ ANTERO RESOURC
@ ANTERO RESOURC
550.00 @ ATLAS RESOURCES
@ BAKER GAS INC
500.00 @ BARBARA A & FRED
@ BASE PETROLEUM, |
450,00 @ BECK ENERGY COR
@ BLACKROCK ENTER
400.00 ©BLXINC
@ BRAXTON OIL & GAS
@ BUCKEYE OIL PROD
350.00 @ BURNETT OIL COMP
@ CABOT OIL & GAS C
300.00 @ CAD ENERGY CORP
@ CAIN, FRANCIS E.
250.00 @ CAMPBELL OIL & GA
@ CARRIZO
@ CHESAPEAKE
20000 @ CHEVRON
@ CHIEF OIL & GAS LL
150.00 @ CHRIS GLADE OIL &
@ CITRUS ENERGY CO
100.00
50.00
0.00

FeAJuAODFEAJWAODFAJWAODFANWAODFAWAODFAJWAODFeEAJWAODFeAJWAODFeAIJAODFeAIJ AODEFeA
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 @1 Q2 Q3 Q4 Q1 Q2 Q3 4 1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 G4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 o4 @1 Q2
2004 2005 2006 2007 2008 2009 2010 2Mm 2012 2013 2014

ProductionDate Hierarchy [Mcl'rlh?
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Preduction

UNCONVENTIONAL MULTI-VARIATE ANALYSIS — Roderick Perez A., Ph.D.

PRODUCTION HISTORY
Woodford

1,100.00

Woodford

1.000.00
900.00
800.00
700.00
600.00
500.00
400.00
300.00
200.00

100.00

0.00

Au Mo Fe Ma Au No Fe Ma Au No Fe Ma Au Mo Fe Ma Au No Fe Ma Au MNo Fe Ma Au Mo Fe Ma Au No Fe Ma Au No Fe Ma Au Mo Fe Ma Au Mo Fe Ma Au No Fe Ma Au Mo Fe Ma
Q401023 4 QA1 A2 Q304001 QA2QA3 M4 A A2A30401Q20Q3 Q0401 QA2Q3 Q4 Q1 QAQ2Q3Q40Q1Q20Q3040Q10Q2 Q3040140203 04010Q20304 Q1 Q20Q3 Q4 Q1 Q2
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014

ProductionDate Hierarchy (Mnmhg
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Coler by:

operator

@ ALTA NATURAL RES
@ AMERICAN ENERGY
@ AMOCO PRODUCTIO
@ ANDERSON-PRICHA
@ ANTERO RESOURC
@ AVATAR ENERGY LL
@ BLUESTEM PIPELIN
@ BNK PETROLEUM(U
@ CANAAN RESOURC
@ CBL RESOURCES LL
@ CENPAT OPERATIN
@ CENTERPOINT ENG
@ CENTREX OPERATI
@ CHAPARRAL ENERG
@ CHARTER DAK PRO
) CHESAPEAKE

@ CHEVRON

) CIMAREX ENERGY C
@ CITATION OIL AND G
@ CLARK ALAN

@ CONTINENTAL

@ CONTINENTAL EXPL
@ CORNERSTONE E &
@ COTTON PETROLEU
@ CROW CREEK OPER
@ CUESTA PETROLEU
@ DARRELL'S DRILLIM
@ DAVIS OIL PRODUC
@ DAVIS OPERATING
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UNCONVENTIONAL MULTI-VARIATE ANALYSIS — Roderick Perez A., Ph.D.

PRODUCTION SCENARIO ANALYSIS
Workflow

Type Curve Inputs

Production Scenario

R dr|II|ng|nfo
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UNCONVENTIONAL MULTI-VARIATE ANALYSIS — Roderick Perez A., Ph.D.

PRODUCTION SCENARIO ANALYSIS
Barnett Sh ale Peak Monthly Rate Gas (Mcf)
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UNCONVENTIONAL MULTI-VARIATE ANALYSIS — Roderick Perez A., Ph.D.

PRODUCTION SCENARIO ANALYSIS
Barnett Shale

I Gas Production & Type Curve Type Curve Variable Average |([Median |Well Count |Value

-~ [Peak Rate Oil (Bbl / Day) |18 o ||19.534 |lo

1,500 | |
1,400 [Peak Rate Gas (Mcf/ Day) [1551 1286 Jj1esaa 2% | |
|

1,300 |b-Factor [1.28 121 |[le.294 [[1.21 |

1,200 . .
00| (E[fj;ig"(‘;f‘“”“a' Secant Decline |5 of 51 %  [5.204 50 %
1,000 -4}
oo
TO0 \I
i
|\
A00
300
200
100
0

Blue - Type Curve  Green - Well Count

Purple - Average ...
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