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Objective

 The overall objective Is to understand the reservoir
connectivity and volumetrics

— Use Integrated approach to create a 3D dynamic
simulation model based on detailed static geologic and
petrophysical models.

— Incorporate and calibrate hydraulic fracture properties at
each well to approximate initial productivity.

— Simulate long-term dynamic flow to investigate volume
Influence of wells and the impact of geologic uncertainty
on early and long-time performance.



Dynamic Simulation Workflow

e Geologic Model Choices
— Distribution methods, (e.g. Objects), seismic constraints

e Seismic Constraints

— Sand probability distributions
e Petrophysical Constraints

— net pay, BVW, permeability, overburden impacts
 Initial Pressure Distribution

— representation of overpressure
« Hydraulic Fracture Representation

— Propped length, height, orientation and conductivity
 Dynamic Model Calibration

 Forecasts of Long-Term Performance



Location of Mamm Creek field

Mamm Creek



Geologic Model Choices (CU-Boulder)
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Integrated Seismic Constraints

RHO Vp Vs Thick Sand Probability
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Facies probabilities from multidimensional crossplots of seismic attributes
Reinaldo J. Michelena, Kevin S. Godbey, and Patricia E. Rodrigues
SEG Expanded Abstracts 29, 1377-1381 (2010).
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Predicted sand probabilities in newer wells

GR- Sand probability from seismic
Log

Big Kahuna

(Figure courtesy Steve Cumella from Bill Barrrett Corp.)



Petrophysical Calibration

Lithofacies Sand flag (phie>0.06) Irreducible water saturation
estimation using
Bulk Volume Water (BVW)
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Initial Pressure, Overburden and Permeability Correction

Phi-k from Core. Permeability

StreSS/PreSSU re distributed in geomodel is air perm at
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Model Area and Hydraulic Fracture Representation

Simulation Grid
Rotation for
Hydraulic fracture
representation
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SPE 116304: “Effective propped half-lengths
are significantly shorter than measured
hydraulic half-lengths.”

Area Borehole Breakout (Sait Baytok) &
nearby micro seismic (L. Weijers et. al.)

Simulated Hydraulic Fracture
(Red = hydraulic fracture)
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Near well perm boost for hydraulic fracture conductivity. Initial
fracture conductivity ~ 75 md-ft, xf~ 248ft >Fcd ~ 200. Minimal
permeability & porosity reduction with pressure depletion



Initial Gas-In-Place, BCF/Acre

Model Average Values Vertical Summation, OGIP
Area, acres 183
Net Pay Thickness, ft 570
Avg. Sg*Poro, % 4.97%
Net-Phih*Sg, ft 28.31
Avg. kx(air), md 0.0101
Avg. kx(mod), md 0.0011
Avg BG, RB/MSCF 0.9475
GIP, BCF 42

BCF/640 acres 148
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Calibrating to Rate Performance

Gas Rate (MSCF/Day)
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10 Acre Spacing: Long Term Recovery
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30-Year Recovery for 25 ft Intervals

Recovery after 30 years, “optimal”
Facies Proportion hydraulic fractures, 25~30 ft thickness
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Summary

* Geologic models created at Mamm Creek Field were the result of a
complex workflow of known concepts and a careful data analysis
and interpretation rather than a single algorithm that integrated all
the data automatically

« This integrated approach to characterization and simulation allowed
approximate matches to the character of pressure decline while still
ensuring consistency with petrophysical, geological, geophysical,
and engineering interpretations.

 The models are not overly simplistic allowing non-uniform
distribution of pressure depletion as seen in the field and thus
allowing more realistic assessment of infill well potential and long-
term recovery as compared to other engineering methods.

« The integrated characterization and simulation approach shows the
Importance of geologic controls on long-term recovery, providing a
data constrained methodology to assess optimal infill well spacing.
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