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History of Fracture Simulation
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The Elements of Frac Design
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 Detailed petrophysical analysis of zone of interest

 Computation or estimation of elastic properties

 Determination of rock and fluid properties

 Interval averaging of log values for input into simulator

 Parameter testing to insure rock and fluid properties match 
well test results

 Transfer of rock and fluid properties into simulator and run 
simulation



Petrophysical Evaluation
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Parameters of Interest

 Water Saturation

 Porosity

 Permeability

 Clay Volume

 Lithology



Determining Elastic Properties (wells with log data)
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 Deterministic computations where compressional sonic, shear sonic, and 
density curve are measured over the zone of interest

 Computation of synthetic acoustics when DTS (shear acoustic log) and/or 
DTC (compressional acoustic log) are not acquired
– Estimated from other logs in the well (RHOB, NPHI, DTC, GR, etc.) (Synthetic Curve Generation)

– Generated using Deep Learning Models with Python Extensions (also using other curves)

– Determined from a detailed rock physics model constructed over zone of interest

 Empirical equations for estimation of elastic properties when minimal logs are 
present



Barnett Wells with Measured DTC and DTS
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Generate Synthetic DTS from Nearby Wells
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Deep Learning Model for Synthetic DTS
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Rock Physics Models for Elastic Properties
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Required inputs for rock physics modeling include lithology, porosity, water saturation, pressure, temperature, and 

fluid properties.  The aspect ratio is estimated based on lithology.



Deterministic Elastic Properties (Rock Physics Application)
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Computing Elastic Properties (Python Script)
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Empirical Estimation of Elastic Properties
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 Empirical options for estimation of 

Poisson’s Ratio and Young’s 

Modulus
 De-Hua Han

 Castagna

 Neutron

Multiplier to match 

known values when 

available



Bulk Moduli versus Vshale (Color Scale is Porosity)
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Barnett Shale

Marble Falls 

and Viola 

Limestones

Area used to 

estimate bulk 

moduli of clay



Biot’s Coefficient (Required Input for Some Simulation Packages)

Biot’s = 1 – Kdry/Ko where Ko is KVRH, the bulk moduli of the rock framework (Mavko, Mukerji, and Dvorkin, The Rock Physics Handbook, 1998)
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The full rock physics modeling 

for elastic properties enables 

estimated determination of 

Biot’s Coefficient along with 

the Poisson’s Ratio and 

Young’s Moduli.  The Stress 

computations were performed 

in FracRAT.



Frac Preparation Examples

 Mississippi tight gas sand example
– Cotton Valley formation, upper Jurassic age

– Low porosity clastic sandstones (very common case globally)

– Partially depleted after initial completion including frac

– Post frac tracer survey very useful

– Planned recompletion, never executed

 West Texas Unconventional example
– Spraberry Wolfcamp formations, Permian age

– High Kerogen content

– Uranium salts associated with high Kerogen volume rocks

– Actual frac design did not use analysis results
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Mechanicsburg Field, Mississippi
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Mississippi Tight Gas Sands
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Generate Modeled DTC and DTS
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Calculate Rock and Fluid Properties
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Post Frac Tracer Surveys
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Spraberry Wolfcamp Unconventional Example

The next section deals with design of a frac in an 
unconventional reservoir with minimal log suite.  No advanced 
acoustic data is available in any of these wells.  There is no 
cartographic data associated with these wells, so no Google 
Maps can be displayed.

FracRAT (a module of PowerLog) is used to generate the rock 
and fluid properties for input into the fracture simulation software 
package.  In this case we are using Mfrac for simulation.
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Elements of PowerLog Frac - MFrac Workflow
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PowerLogFrac Workflow
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Load well data into PowerLog, edit curves, process curves, generate new curve data, 

compute TVD, etc.

Select Curves and run 

AutoZAC

Create LogPlot with Selected 

Curves and run ZAC

Select Curve data and run FracRAT

FracRat ExporterGenerate Reports 

including net pay

Run MFrac

Export file and 

Preview
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Load well data, edit curves, process curves, generate new curve data, compute TVD, 

etc.

PowerLog: Petrophysical package



ZAC (Zone Average Calculator)
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FracRAT Module Setup Tab (Tab 1)
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Select the curve data for input and 

set up parameters for determining 

many of the essential parameters for 

use in frac simulation

Has multiple options for computing 

Vsh and calculating permeability 

including allowing externally 

generated curve data.
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FracRAT Module Rock Properties Tab (Tab 2)

Choose the methodologies for 

computing Poisson’s Ratio and 

Young’s Modulus and set a range for 

fracture toughness

Generates the rock properties
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FracRAT Module Fluid Loss Properties (Tab 3)

Input the physical parameters like 

compressibility and viscosity for the 

fluids in the reservoir and mud.

Generates the fluid loss properties
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FracRAT Module QC Tab (Tab 4)

Outputs the transient curves used in the 

generation of the rock and fluid 

properties.

Enables users to insure quality of results
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FracRAT Module Parameter Tuning Tab (Tab 5)

Important feature that will take known 

data from Minifrac Tests and give the 

user the ability to determine the exact 

input parameters required to match 

Minifrac results.

Essential in assuring valid simulation 

models



FracRAT Exporter
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MFrac Rock Properties 
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Frac Simulation Results
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Perforations, Frac Stages, and Production History
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Perforations

Frac Stages

are colored

intervals

Pence #1

35 Months Production
38,464 bbls oil
51,518 mmcf gas
56,012 bbls Water

Currently making
485 bbls/month oil

Bourne #3

22 Months Production
18,705 bbls oil
18,817 mmcf gas
39,797 bbls Water

Currently making
624 bbls/month oil



Simulation to Stimulation Workfow

 Generate a simulation model based on best available data

 Mini-fracs are required to calibrate simulation models

 FracRAT has parameter tuning to calibrate simulation models

 Calibrated simulation models accurately predict frac 

stimulation results
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Example style for optional footer
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Conclusion

 Perf and frac everything is still a common practice when completing unconventional 
reservoirs

 Frac simulations are often not run for lack of data and the time involved in 
generating the models

 Petrophysical parameters are important factors in frac stimulation (and simulation) 
design

 The elastic properties needed as inputs to frac simulation can be deterministically or 
empirically derived.

 Tools like FracRAT can reduce the time needed to generate frac simulations

 Frac simulations should result in more effective fracs and improved commercial 
results
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