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This report presents the results of the rock mechanics testing and analyses, performed on core plugs from the Bargo No. 2 well located in Knox County, KY for Rosewood Resources, Inc.

The rock mechanics testing and analyses conducted include:

· Triaxial compressive strength tests

· Static Young’s modulus and Poisson’s ratio

· Ultrasonic velocities (compressional and shear wave velocities)

· Dynamic Young’s modulus and Poisson’s ratio

Triaxial compressive strength tests were performed on 6 samples taken from conventional cores and 3 rotary sidewall core samples at confining pressures of 930 psi and 1,300 psi to determine static and dynamic mechanical properties.  Ultrasonic velocities were measured at the hydrostatic condition before applying differential stress.   Three additional samples (all from 2065.8 ft) were deformed at confining pressures of 200 psi, 750 psi and 2,100 psi to perform Mohr-Coulomb failure analysis.  All samples were tested under saturated conditions, using 2% KCl solution as the saturant.

The triaxial compressive strengths of the samples recovered from depth ranging from 1,998 ft to 2,127 ft (including one rotary sidewall core sample) ranged from 9,245 psi to 14,025 psi at the confining pressure of 1,300 psi.  The static Young’s modulus ranged from 1.83x106 psi to 3.57x106 psi with static Poisson’s ratio ranging from 0.20 to 0.35.  Ultrasonic velocities were measured at the initial confining pressure before applying differential stress and the corresponding dynamic elastic parameters were calculated.  At the initial confining pressure 1,300 psi, the ultrasonic velocities of the samples ranged from 11,044 ft/sec to 16,256 ft/sec for the compressional waves and from 6,295 ft/sec to 9,259 ft/sec for the shear waves.  The dynamic Young’s modulus at the initial confining pressure ranged from 3.38x106 psi to 7.81x106 psi, with a dynamic Poisson’s ratio ranging from 0.22 to 0.31.
Mohr-Coulomb failure analyses were conducted from the results of the five triaxial compressive strength tests.  The total compressive strengths were plotted against confining pressure, Mohr semicircles were constructed, and the Mohr-Coulomb failure envelope was fit to the Mohr semicircles.  The angle of internal friction determined for the samples from 2065.8 ft was 28.9 degrees corresponding to the coefficient of internal friction of 0.55.  The cohesion of the samples was 2,864 psi.  The unconfined compressive strength determined from the Mohr-Coulomb failure analysis was 9,700 psi.

The triaxial compressive strengths of the two rotary sidewall core samples recovered from 1535.9 ft (sample no. 8R-RM) and 1599.9 ft (sample no. 4R-RM) were 19,100 psi and 21,450 psi, respectively, at the confining pressure of 930 psi.  The static Young’s modulus was 6.03x106 psi and 5.70x106 psi for samples no. 8R-RM and no. 4R-RM, respectively, with static Poisson’s ratio of 0.40 and 0.33.  Ultrasonic velocities measured for samples no. 8R-RM and no. 4R-RM at the initial confining pressure were 17,041 ft/sec and 17,331 ft/sec, respectively, for the compressional waves and 9,086 ft/sec and 9,522 ft/sec for the shear waves.  The dynamic Young’s modulus at the initial confining pressure were 7.49x106 psi and 8.42x106 psi for samples no. 8R-RM and no. 4R-RM, respectively, with a dynamic Poisson’s ratio of 0.30 and 0.28.

The results of the Mohr-Coulomb failure analysis are plotted in Figure 1.  The results of the triaxial compressive strength tests, which include compressive strength, static Young’s modulus and static Poisson’s ratio, are summarized in Table 1.  The axial strain and radial strain curves for each test are presented in Figures 2 through 10, together with the testing conditions.  The results of the ultrasonic velocity measurements at the initial confining pressures and the corresponding dynamic elastic parameters are summarized in Table 2.

INTRODUCTION

The Rock Mechanics Laboratory at OMNI Laboratories, Inc. provides core-based testing and engineering analysis services to optimize reservoirs and enhance production.  The core-based rock mechanics data and engineering analyses can be used to solve costly problems in drilling, completion and production.  The Rock Mechanics Laboratory provides laboratory data and analysis for applications to hydraulic fracture design, wellbore stability, sand production, and other reservoir engineering and geophysical applications.  The laboratory testing and analysis currently offered include uniaxial and triaxial compressive strength tests, ultrasonic velocity determination, pore volume compressibility test, acoustic velocity anisotropy test, thick-wall cylinder test, creep test at elevated temperature over extended period, Brazilian tensile strength test, dynamic and static elastic parameters, formation stresses, frac gradient, Mohr-Coulomb failure analysis, and critical drawdown pressure analysis.

DESCRIPTION OF TEST METHODS

Triaxial compressive strength tests were performed on 6 samples taken from conventional cores and 3 rotary sidewall core samples at confining pressures of 930 psi and 1,300 psi to determine static and dynamic mechanical properties.  Ultrasonic velocities were measured at the hydrostatic condition before applying differential stress.   Three additional samples (all from 2065.8 ft) were deformed at confining pressures of 200 psi, 750 psi and 2,100 psi to perform Mohr-Coulomb failure analysis.  All samples were tested under saturated conditions, using 2% KCl solution as the saturant.

TRIAXIAL COMPRESSIVE STRENGTH TEST

Procedures for Triaxial Compressive Strength Test 

Triaxial compressive strength tests were conducted in a standard triaxial pressure vessel within a servo-controlled 1,000,000 lbf loading frame.  Axial stress and confining pressure were independently controlled using two electro-hydraulic servo-controlled feedback systems.  Two linear variable differential transducers (LVDT), attached to the endcaps recorded axial displacement.  Radial displacement measurements were recorded with two clip gauges (strain gauged, aluminum half circular bands), which were mounted at the center of the sample opposing 90( each other.  Axial load was measured with an internal load cell and confining pressure was measured throughout the test with a hydraulic pressure transducer.

The general procedures for triaxial compressive test are summarized in the following:

a) A right cylindrical plug is cut from the sample core and their ends ground parallel according to International Society for Rock Mechanics (ISRM) and American Society for Testing and Materials (ASTM) standards.  A length to diameter ratio of 2:1 is recommended to obtain representative mechanical properties of the sample, which is also recommended by ASTM and ISRM.  Physical dimensions of the specimen are recorded and the specimen is saturated with simulated formation brine.

b) The specimen is then placed between two endcaps and a heat-shrink Teflon jacket is placed over the specimen and secured to the endcaps with wire ties.

c) Two LVDTs for axial strain and two clip gauges for radial strain are mounted in the endcaps and on the lateral surface of the specimen, respectively.

d) The specimen assembly is placed into the pressure vessel and brought into the contact with a loading piston that allows application of axial load.

e) Confining pressure is increased to the desired hydrostatic testing pressure.

f) Measure ultrasonic velocities at the hydrostatic confining pressure.

g) Increase axial load at a constant rate until the specimen fails or axial strain reaches a desired amount of strain while confining pressure is held constant.

h) Reduce axial stress to the initial hydrostatic condition after sample fails or reached a desired axial strain.

i) Reduce confining pressure to zero and disassemble sample.

Data Analysis for Triaxial Compressive Strength Test

The axial stress is determined by dividing the measured load by the initial cross-sectional area of the specimen.  Differential axial stresses are plotted against both axial strain (L (= (L/Lo, where Lo is the initial length and (L is the length change) and radial strain (R (= (D/Do, where Do is the initial diameter and (D is the diameter change).  Differential stress ((d) is defined as the difference between the total axial stress ((1) and the confining pressure (Pc).  For the sign conventions, compressive stress and contraction (shortening) are considered positive.  Therefore, positive axial strain indicates a shortening of the specimen length and negative radial strain indicates an increase of the specimen diameter during the test.

The ultimate compressive strength of the specimen is determined by the differential stress ((d) at failure or maximum differential stress achieved during the test plus the confining pressure.  However, it should be noted that the differential stresses ((1 – Pc) are plotted in the stress-strain curves.  Static Young’s modulus (Es) is determined by the linear-least-square slope of the linear part of the differential stress versus the axial strain curve at a stress level that is about 40% of the maximum differential stress.  Likewise, static Poisson’s ratio ((s) is determined by the linear-least-square slope of the radial strain versus the axial strain curve at the same interval as the Young’s modulus is determined.

Acoustic Velocities and Dynamic Elastic Parameters

Compressional (P) and shear (S) wave velocities were determined using a system composed of endcaps fitted with piezoelectric crystals, a pulser/receiver, and a high-speed digital oscilloscope.  The pulse transmission technique was used with 1MHz frequency for both P- and S-waves.  Ultrasonic velocities (compressional- and shear-wave velocities) were calculated from transit times for the compressional and shear waves after correcting sample length change due to the application of the confining pressure.

Dynamic elastic properties (Young’s modulus, Poisson’s ratio, bulk modulus, and shear modulus) were calculated from the measured compressional-wave velocity (Vp), shear-wave velocity (Vs) and bulk density ((b) of the specimen.  Dynamic Young’s modulus (Ed) is expressed as

Ed = [(b Vs2 (3Vp2 – 4Vs2)]/(Vp2 – Vs2).

Dynamic Poisson’s ratio ((d) depends on the ratio of the compression-wave velocity to the shear-wave velocity (Vp/Vs) and can be expressed as

(d = 0.5 [(Vp/Vs)2 – 2]/[ (Vp/Vs)2 – 1].
Dynamic shear modulus (Gd) is expressed as

Gd = (b Vs2.

Dynamic bulk modulus (Kd) is expressed as

Kd = (b (3Vp2 – 4Vs2)/3.
TEST RESULTS

Triaxial Compressive Strength Tests

The triaxial compressive strengths of the samples recovered from depth ranging from 1,998 ft to 2,127 ft (including one rotary sidewall core sample) ranged from 9,245 psi to 14,025 psi at the confining pressure of 1,300 psi.  The static Young’s modulus ranged from 1.83x106 psi to 3.57x106 psi with static Poisson’s ratio ranging from 0.20 to 0.35.
The triaxial compressive strengths of the two rotary sidewall core samples recovered from 1535.9 ft (sample no. 8R-RM) and 1599.9 ft (sample no. 4R-RM) depths were 19,100 psi and 21,450 psi, respectively, at the confining pressure of 930 psi.  The static Young’s modulus was 6.03x106 psi and 5.70x106 psi for samples no. 8R-RM and no. 4R-RM, respectively, with static Poisson’s ratio of 0.40 and 0.33.
Ultrasonic Velocities and Dynamic Elastic Parameters

Ultrasonic velocities were measured at the initial confining pressure before applying differential stress and the corresponding dynamic elastic parameters were calculated.  At the initial confining pressure 1,300 psi, the ultrasonic velocities of the samples recovered from depth ranging from 1,998 ft to 2,127 ft (including one rotary sidewall core sample) ranged from 11,044 ft/sec to 16,256 ft/sec for the compressional waves and from 6,295 ft/sec to 9,259 ft/sec for the shear waves.  The dynamic Young’s modulus at the initial confining pressure ranged from 3.38x106 psi to 7.81x106 psi, with a dynamic Poisson’s ratio ranging from 0.22 to 0.31.
Ultrasonic velocities measured for two rotary samples from 1535.9 ft (sample no. 8R-RM) and 1599.9 ft (sample no. 4R-RM) at the initial confining pressure were 17,041 ft/sec and 17,331 ft/sec, respectively, for the compressional waves and 9,086 ft/sec and 9,522 ft/sec for the shear waves.  The dynamic Young’s modulus at the initial confining pressure were 7.49x106 psi and 8.42x106 psi for samples no. 8R-RM and no. 4R-RM, respectively, with a dynamic Poisson’s ratio of 0.30 and 0.28.

Mohr-Coulomb Failure Analysis
Mohr-Coulomb failure analyses were conducted from the results of the five triaxial compressive strength tests.  The total compressive strengths were plotted against confining pressure, Mohr semicircles were constructed, and the Mohr-Coulomb failure envelope was fit to the Mohr semicircles.  The angle of internal friction determined for the samples from 2065.8 ft was 28.9 degrees corresponding to the coefficient of internal friction of 0.55.  The cohesion of the samples was 2,864 psi.  The unconfined compressive strength determined from the Mohr-Coulomb failure analysis was 9,700 psi.

The results of the Mohr-Coulomb failure analysis are plotted in Figure 1.  The results of the triaxial compressive strength tests, which include compressive strength, static Young’s modulus and static Poisson’s ratio, are summarized in Table 1.  The axial strain and radial strain curves for each test are presented in Figures 2 through 10, together with the testing conditions.  The results of the ultrasonic velocity measurements at the initial confining pressures and the corresponding dynamic elastic parameters are summarized in Table 2.

Table 1.  Results of triaxial compressive strength, static Young’s modulus, and static Poisson’s ratio performed for samples from the Bargo No. 2 well.
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Table 2.  Results of ultrasonic velocities measured at hydrostatic pressure and dynamic elastic parameters calculated for samples from the Bargo No. 2 well.
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1-9V-RM 1998.00 1300 2.47 11287 88.60 6740 148.38 3.70 0.22 2.23 1.51

3-6V-RM 2042.50 1300 2.50 11454 87.30 6691 149.45 3.75 0.24 2.41 1.51

5-2BV-RM 2065.80 1300 2.57 11683 85.60 6507 153.68 3.73 0.28 2.77 1.46

5-2DV-RM 2065.80 1300 2.57 11669 85.70 6485 154.20 3.72 0.28 2.77 1.46

5-29V-RM 2092.10 1300 2.51 11044 90.54 6295 158.85 3.38 0.26 2.34 1.34

6-11V-RM 2105.50 1300 2.68 12947 77.24 6811 146.83 4.38 0.31 3.82 1.67

1R-RM 2127.00 1300 2.68 16256 61.52 9259 108.00 7.81 0.26 5.42 3.10

4R-RM 1599.99 930 2.68 17331 57.70 9522 105.02 8.42 0.28 6.49 3.28

8R-RM 1535.90 930 2.59 17041 58.68 9086 110.06 7.49 0.30 6.29 2.88
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Figure 1.  Result of Mohr-Coulomb failure analysis performed on samples from 2065.8 ft of the Bargo No. 2 well.
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Figure 2.  Axial and radial strain curves measured for Sample No. 1-9V-RM from the Bargo No. 2 well.
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Figure 3.  Axial and radial strain curves measured for Sample No. 3-6V-RM from the Bargo No. 2 well.

[image: image8.emf]Company Rosewood

Project Title Bargo No. 2

OMNI Project No. H-35468

Date August, 2006

Sample No. 5-2BV-RM

Depth (ft) 2065.80

Saturation State 2% KCl

Confining Pressure (psi) 1300

Pore Pressure (psi) 0

Compressive Strength (psi) 13046

Young's Modulus (x10

6

 psi)

1.83

Poisson's Ratio 0.20

Result of Triaxial Compressive Test

Stress-Strain Curves

0

3000

6000

9000

12000

15000

-0.010 -0.005 0.000 0.005 0.010 0.015

Differential Stress (psi)

Axial Strain Radial Strain


Figure 4.  Axial and radial strain curves measured for Sample No. 5-2BV-RM from the Bargo No. 2 well.
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Figure 5.  Axial and radial strain curves measured for Sample No. 5-2DV-RM from the Bargo No. 2 well.
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Figure 6.  Axial and radial strain curves measured for Sample No. 5-29V-RM from the Bargo No. 2 well.
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Figure 7.  Axial and radial strain curves measured for Sample No. 6-11V-RM from the Bargo No. 2 well.
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Figure 8.  Axial and radial strain curves measured for Sample No. 1R-RM from the Bargo No. 2 well.
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Figure 9.  Axial and radial strain curves measured for Sample No. 4R-RM from the Bargo No. 2 well.
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Figure 10.  Axial and radial strain curves measured for Sample No. 8R-RM from the Bargo No. 2 well.

Reported by:





Ohmyoung Kwon, Ph.D.








Supervisor, Rock Mechanics Lab








OMNI Laboratories, Inc.







Nancy Patti








Manager, Rock Mechanics Lab








OMNI Laboratories, Inc.

� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���








The interpretations or opinions expressed represent the best judgment of OMNI Laboratories, Inc. and assumes no responsibility and makes no warranty or representations, as to the productivity, proper operation, or profitableness of any oil, gas or any other mineral well.  These analyses, opinions or interpretations are based on observations and materials supplied by the client for whom this report is made.
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