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Abstract

Effectiveness of fracture stimulation techniques is controlled by the heterogeneous and anisotropic nature of rocks. Sedimentologic and stratigraphic
models, the interaction of present-day and induced stress, and rock material properties, which are constrained by composition and mineral
distribution, nature of primary sedimentary fabric, and presence and orientation of preexisting planes of weakness, can explain rock behavior.

The Barnett Shale in the Fort Worth basin is dominated by siliceous mudstone to claystone with a clay-mineral and cryptocrystalline quartz matrix.
Laminated argillaceous lime mudstone and skeletal, argillaceous lime packstone are also abundant and several other facies are less common. Facies
distributions in the central and eastern part of the basin are related to their location relative to advancing shale wedges and differ between proximal,
distal, axial, and fringe depositional settings.

Fracability is a function of material brittleness and ductility, which can be inferred from Young’s modulus and Poisson’s ratio. We calculate values
from bulk density and acoustic slowness well-log measurements and incorporate unconfined compressive strength (UCS) and internal friction angle
(IFA) strength parameters with these constants. Hand-held penetrometer and micro-rebound hammer (MRH) measurements are used to estimate UCS
and IFA. These measurements are performed at a frequency and scale as to be reconcilable with well logs and detailed petrographic, fabric and TOC
data and allow calibration of petrographic data and indices of brittleness and ductility with log readings.

To address the behavior of shale reservoirs, we integrate qualitative and quantitative data. These data include core and thin section descriptions,
penetrometer and MRH readings, description of present-day stress field, using a stress-strength equilibrium stress polygon approach, which includes
estimates of overburden stress, maximum horizontal stress, minimum horizontal stress, and direction of maximum horizontal stress. Using stress
estimates, fracture orientation data from borehole image logs, and pore pressure estimates, we calculate pressures needed to reactivate favorably
oriented preexisting planes of weakness in shear. This approach establishes a means of calibrating lithology with well log response, allows correlation
between lithology and rock strength, and predicts fracability based on these features and the nature of the in situ stress field.
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Facies

® Facies A - Laminated spicular mudsione
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Given: Mud Weight (static) =3015 psi, Pore Pressure =3270 psi,
Sv =6592 psi, SH =6225 psi, SHaz =115 degrees, Sh = 4140 psi

. Planer Mechanical Discontinuities: Dip Magnitude, Strike Direction Vs. Reactivation (Closure) A
Pressure / Stress (  psi ) aka, "Fault Plane Pressure","Crack Pressure”, or (Pf)
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Brittleness (B): Core (Mullen) Vs. Log (Mullen)
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FRACABILITY INDEX MODEL
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Fracability Index (Fl) = {Brittleness Index (Bl) + Stressed Fracture Index (SF1)}/ 2 : i . S - 55 ( : 1S With ¢ ticks’ | ! " ) . )
Fl = (Bl + SFl)/2 60
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1. Brittleness Indexes (BI) [——> Scaling Issue Flag
A.Point CountData ——————>Extract: V ,,,, Vg0 Veacos & Vouner } = Bg & B,

B. Micro Mechanical Data = B, }
BI

C. LogData=B,,
2. Stressed Fracture Index (SFI)

A. Determine present day stresses via Stress Polygon: S, 8, 5,,,,S,, &P} ]

B. Construct Reactivation Table (RT) of reactivation pressures (P, as a function of dip and strike.

C. Observe dip and strike of fractures (borehole imagery, core, out croup).
D. Assign a value of reactivation pressures from RT to each dip-strike pair per observed fracture.

E. Calculate SFI from the distribution of reactivation pressures obtained in previous step.
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Pf = Fracture reactivation pressure, Pp = Pore pressure,
[Laurentia [ Sh = Minimum horizontal stress, Sv = Vertical stress, NP = Net-pressure,
A= (Sh + NP), B = Fault avoidance factor
Core Depth, MD, ft 55-,
Laurenta






