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1.0 INTRODUCTION 

This report summarizes the rock mechanics investigation 

performed by the Henry Krumb School of Mines of Columbia University 

during the Summer of 1991 under the PB/MK Team Contract tSC-AOO-

1037. A comprehensive field investigation was planned and executed 

in order to characterize quantitatively the state of in situ stress 

at the Exploratory Shaft (ES) site in Ellis County, TX, where a 

large scale underground chamber is to be constructed as a part of 

the Superconducting Super Collider (SSC) Project. The SSC facility 

will include more than 60 miles of tunnel of 14 foot diameter and 

approximately 30 shafts in addition to the interaction halls. The 

interaction hall is 105 ft wide, 120 ft high, and approximately 300 

ft long, and the roof of the hall is to be approximately 90 ft 

below ground. It will house a detector designed to analyze 

subatomic particles generated as opposing beams of protons collide 

at an energy level of 40 trillion electron volts. The location of 

the ES site is within the SSC Campus site given in Figure 1, which 

also provides an idea about the relative position of the SSC 

facility with respect to the Dallas-Fort Worth metroplex. 

The primary objective of the investigation was to determine 

the magnitudes and orientations of the principal stresses at the 

depths where the interaction hall is to be constructed. The cross 

sectional view of a design of the interaction hall given in Figure 

2 illustrates the configuration of the underground opening and the 
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structure of the roof and the floor of the excavation. The large 

dimension of this underground opening and the sensitive 

experimental equipment to be housed in the hall require a thorough 

understanding of the state of the in situ stresses at the site. 

The data and information to be obtained from the investigation are 

to be used for the design of the interaction hall and other 

associated underground excavations. 

Ho •• : SeII ...... Ue 

FIGURE 1. Diagram showing the location of the sse facilities south 

of the Dallas-Fort Worth area 
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FIGURE 2. Cross sectional view of the interaction hall to be 

constructed near the test location 

1.1 Site Geology and Rock Characteristics 

The geology at the site is well explored and thoroughly 

understood. In the test area, the Austin chalk overlies the Eagle 

Ford shale disconformably. These sedimentary formations are 

essentially flat; they strike north-northeast and dip less than a 
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degree southeastward. The transition from the Austin chalk to 

Eagle Ford shale formation occurs at about 200 feet below ground at 

the test location. The Austin chalk is light to medium gray 

argillaceous chalk with interspersed thick bedded marl and 

calcareous shale. The Eagle Ford is typically dark, bluish gray 

shale with abundant fossils and is substantially weaker than the 

Austin Chalk. The mechanical property data obtained during the 

exploration phase are summarized below (extracted from the RTK 

Reports GR-66 and GR-67): 

TABLE 1, Summary of mechanical properties obtained in laboratory 
core testing 

Mean Values 
Austin Chalk Eagle Ford Shale 

Unconfined compressive strength (psi) 

Brazilian tensile strength (psi) 

Elastic modulus (psi) 

Total density (pcf) 

2,100 

240 

140 

280 

120 

0.8 x 105 

136 

The rock mass quality of the rock in the area is good; about 

86% of the cores obtained show ROD values over 90%, which suggests 

that the majority of the cores can be rated excellent; however, the 

low strength of the Eagle Ford Shale is considered a potential 

concern for the stability of the excavated structure. Of 

particular concern is the stability of the bottom portion of the 

excavation, which will be in the Eagle Ford Shale as shown in 
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Figure 2. The mean unconfined compressive strength value of the 

shale, 280 psi, obtained in laboratory core testing raises a 

question about the ability of the rock mass to withstand the stress 

concentration caused by excavating the opening. The rock stress at 

the location of the interaction hall is expected to be relatively 

low considering the shallow depth and the flat surface and 

subsurface topography in the area. A quanti tati ve understanding of 

the stress state is essential for meaningful modelling of the 

interaction hall excavation. 

1.2 Test Program 

A decision was made to conduct a series of hydraulic 

fracturing tests to determine the magnitudes and orientations of 

the stresses at the location of the interaction hall. Two 

boreholes, PBIR-17A and PBIR-lSA, were drilled specifically for the 

determination of the rock stresses at the ES site. A total of 

thirteen hydraulic fracturing tests were conducted during the 

period of August 24 through August 30, 1991. This report documents 

the findings of the field and laboratory tests. 

The test program was designed to obtain the site data 

pertinent to the state of in situ stresses at the Exploratory Shaft 

location adjacent to the interaction hall site. Hydraulic 

fracturing tests were executed in two vertical boreholes drilled at 

the site. Ten or more tests were planned to be conducted in these 
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boreholes, which are approximately 300 feet apart. 

program was executed in the following sequence: 

The test 

1) Selection of Test Intervals 

2) Borehole Examination Prior to Hydraulic Fracturing Tests 

3) Hydraulic Fracturing Tests 

4) Borehole Televiewer Examination After Hydraulic Fracturing 

Tests 

Detailed descriptions of the test procedures are provided in the 

following section. 

2.0 DESCRIPTION OF FIELD TESTS 

2.1 Selection of Test Intervals 

Test intervals were selected after an examination of the cores 

and core logs obtained from Boreholes PBIR-17 and PBIR-15. These 

boreholes were approximately 20 feet away from the test boreholes. 

The rock conditions observed in these boreholes were assumed to be 

very similar to those at the test boreholes. Seven test intervals 

were selected in PBIR-17A, and five in PBIR-15Ai they are: 

Borehole PBIR-17A 

( 1 ) 90.5' - 93.5' Austin Chalk 

(2) 127.0' - 130.0' Austin Chalk 

(3) 141. 0' - 144.0' Austin Chalk 

( 4 ) 166.0' - 169.0' Austin Chalk 

(5) 201. 0' - 204.0' Eagle Ford Shale 
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(6) 251. 0' - 254.0' Eagle Ford Shale 

(7) 262.0' - 265.0' Eagle Ford Shale 

Borehole PBIR-15A 

( 1) 94.5' - 97.5' Austin Chalk 

(2) 151. 5' - 154.5' Austin Chalk 

(3) 193.5' - 197.5' Austin Chalk 

(4 ) 245.5' - 248.5' Eagle Ford Shale 

(5) 268.5' - 271.5' Eagle Ford Shale 

These test intervals were relatively fracture-free and the borehole 

segments above and below the test intervals were also in good 

competent conditions. It was expected that they would cause any 

difficul ties in packer setting and pressurization of the intervals. 

2.2 Borehole Examination Prior to Hydraulic Fracturing 

The borehole TV camera method was used initially to confirm 

that the test intervals were free from undesirable preexisting 

fractures and that they were suitable for test operation. A 

borehole TV camera with a wide angle optical lens and a light 

source was used initially. The method was proven to be 

ineffective, because the camera lenses were covered easily with the 

fine particles floating in the water in the borehole resulting in 

a blackout of the screen. An attempt was made to remove the water 

from the borehole by compressed air. The borehole PBIR-17A was 

examined by TV Camera after removing the murky water to the depth 
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of approximately 150 ft from ground level. The borehole wall was 

videotaped while the camera was lowered from the borehole collar to 

the test depths. The tape was carefully examined to detect a 

possible obstruction or previously undetected discontinuity planes 

near the selected test intervals. The videotape record revealed 

features on the borehole wall such as indentation marks made by the 

rotary drill bit along with other features. The resolution of the 

borehole TV camera appeared suffiCient, but failed to identify 

fractures that could affect the hydraulic fracturing test 

operation. Further examination of the tape revealed that the 

surface of the borehole was covered by the residual of the murky 

water, similar to mud cake, which masked the fine features on the 

boreholes. The failure to identify the fractures was primarily due 

to the excessive amount of particles of finely ground rock 

deposited on the borehole surface. 

This method was replaced by the Acoustic Borehole Televiewer 

method after completing the first series of tests in the PBIR-17A. 

The televiewer is an ultrasonic borehole scanning device that 

produces a magnetically oriented image of the pattern of acoustic 

reflectivity on the borehole wall (paillet and Kim, 1987). The 

operational principle of this logging method is provided in 

APPENDIX D. The acoustic televiewer logging method was used to 

examine the borehole conditions after the hydro-fracturing 

operation for PBIR-17A and was used both before and after the 

operation for PBIR-15A. The method yielded encouraging results and 

10 



helped in the selection of test intervals and in the interpretation 

of test results. A complete record of the acoustic televiewer 

logging is presented in APPENDIX C. 

2.3 Hydraulic Fracturing Tests 

General Background: The hydraulic fracturing technology 

originated in the petroleum industry as a well stimulation method 

in the 1950's and has been widely used for production enhancement 

in oil and gas wells ever since. The use of hydraulic fracturing 

for rock stress determination was advocated by Fairhurst and Kehle 

in the 1960's. It took some time for the method to reach a level 

of maturity. In the 1970's the method was applied for the first 

time to the design of major underground structures. The method at 

that time was considered a reasonable way of estimating the rock 

stresses for engineering purposes despite some uncertainties 

associated with the interpretation of pressure data. In the 1980's 

the technology underwent further refinements through theoretical 

and field investigations and began to receive a wide acceptance in 

industry. The technology reached a pOint that an ASTM standard and 

an ISRM suggested Method were established as an international 

standard. 

There exist a variety of hydraulic fracturing methods. The 

method used for in situ stress measurement is commonly referred to 

as micro-hydrofracturing (or ~-HF) to differentiate it from massive 
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hydrofracturing practiced for production enhancement. The Jl-HF 

operation consists of sealing off a segment of a small diameter 

borehole, typically 3 to 8 inches in diameter, and pressurizing a 

sealed-off segment of the borehole with water until fracture 

develops. For the sse tests, a 3 inch diameter borehole was used 

wi th a straddle packer system with provisions to control and 

monitor the packer pressure on the surface during the 

pressurization operation. 

shown in Figure 3a. 

A schematic diagram of the packer is 

Interpretation of Pressure Data: As the fluid pressure is 

increased in the test interval the initial tangential compressive 

stress around the-borehole is decreased. When the induced tensile 

stress in the tangential direction to the borehole wall reaches the 

tensile strength of the rock surrounding the borehole, borehole 

rupture occurs. The fluid pressure at the test interval is 

continually monitored during the pressurization cycles on the 

surface. The fracture occurs in a perpendicular direction to the 

direction of the least principal stress because the least amount of 

work is needed for the fracture to develop and propagate in the 

direction. At the moment of borehole rupture the interval pressure 

decreases sharply. This peak pressure is referred to as borehole 

breakdown pressure, Pb , and is related to the least and the 

greatest horizontal stresses (oh and 0H)' the tensile strength, To 

of the rock and the formation pore pressure Po as follow. 

Pb = (30 h - 0H) + To - Po (1) 
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Pressurization is continued briefly after the initial borehole 

breakdown occurs allowing the induced fracture to propagate farther 

away into the rock formation. Then, pressurization is abruptly 

ceased and the pressure acting in the normal direction to the 

fracture monitored. This phase of the operation is called the 

shut-in. The pressure achieved immediately after the shut-in 

reaches a level close to the minimum principal stress since a 

pressure equilibrium is reached. This pressure is referred to as 

instantaneous shut-in pressure, or the shut-in pressure, Pisi • 

0h = Pisi (2) 

By substituting equation (2) to (1) we can obtain 0H. 

(3) 

The tensile strength, To' which is also referred to as hydraulic 

fracturing tensile strength or borehole rupture strength, can be 

obtained by testing cores retrieved from the test intervals in the 

laboratory by subjecting the core specimens to similar loading 

conditions found in field testing. The hydraulic fracturing 

tensile strength can also be assumed to be equal to the difference 

between breakdown pressure, Pb , and fracture reopening pressures, 

Pf2 , as suggested by Bredehoeft and others (1976). The latter 

method of data reduction is commonly called the fracture reopening 

method, and we use this method for the initial data reduction 

presented in this report. This method is consistent with the ISRM 

Suggested Method. 

Fracture Orientation The orientation of the hydraulically 
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induced fracture is detected by impression packers, a borehole 

televiewer, a borehole TV camera, or by a combination of these. We 

used the impression packer method as a primary means of detecting 

the fracture orientation. The method utilizes a single element 

packer with a wrapped-around impression sleeve made of semi-cured 

rubber. The packer is lowered to the test interval and pressurized 

slightly above the fracture reopening pressure level to take the 

impression of the fracture. The magnetic compass equipped with a 

down hole camera is used to determine the orientation of the 

fracture. The schematic diagram of the packer is given in Figure 

3a and 3b. 

Impression PacKer Layout Straddle Packer Layout 
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FIGURE 3. Schematic diagram of the straddle packer and the 
impression packer used for the test series 
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Test Sequence: The first borehole PBIR-17A was drilled to a 

level 210 ft below surface, which was approximately the bottom of 

the Austin Chalk formation, and a series of four fracturing tests 

were conducted. Then the borehole was deepened to approximately 

the 260 ft level and the tests in Eagle Ford Shale were conducted. 

Similar procedures were used for PBIR-15A. This test sequence was 

designed to minimize the time the test intervals in Eagle Ford 

Shale was exposed to water because of the possibility of borehole 

closure due to swelling of the shale. 

Pressure transducers used for monitoring the interval pressure 

and the packer pressure were calibrated against the Precision Heise 

dial gage, which .was factory calibrated one month prior to the 

field test. This procedure assured the precision of the pressure 

level to the level of a few psi. The packer assembly was lowered 

to the predetermined test interval and the packer was set at a very 

low pressure level, typically 100 to 200 psi, to ensure that the 

packer setting pressure would not induce undesirable fracture by 

the packer setting section. Then the interval was pressurized 

while carefully observing the response of the packer pressure. In 

most of the cases the packer pressure rose above the interval 

pressure indicating that the packer is effectively sealing the test 

interval and no leakage is occurring. The interval pressures, the 

packer pressures and the flow rates were recorded continually 

during the entire period of tests. Test data were recorded in a 

four channel strip chart recorder for test control and visual 
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inspection. Data were also digitized and displayed in a monitor 

and recorded in a hard disc of an IBM PC-AT computer for an in-

depth data analysis. Figure 4 shows the strip chart recorder and 

the monitor used for real time display of the pressure and flow 

data during the test. 

FIGURE 4. Data acquisition system used for real time display of 

pressure and flow data. 
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The pressurization is continued while maintaining the flow 

rate at an approximately constant level. When the interval 

pressure reaches a critical level borehole breakdown occurs which 

is manifested by a sudden drop of interval pressure. The 

pressurization is continued to ensure that the fracture propagates 

sufficiently further away from the borehole; then the pump is shut-

in, followed by repeated pressurization and shut-in to obtain more 

representative shut-in data. Several cycles of pressurization are 

performed in each test. Then the fracture impression is taken. In 

a few test intervals more than one impression operation was needed, 

which delayed the test progress substantially. 

2.4 Borehole-Televiewer Survey After Hydraulic Fracturing 

The decision to employ the borehole televiewer log was made 

after the initial attempt to identify the fractures using the 

borehole TV camera method described earlier. The borehole 

televiewer log provides a high resolution acoustic picture of the 

borehole wall and has been successfully used in borehole conditions 

similar to the sse site to delineate the fractures in the borehole 

wall. The method has been used successfully for detecting wellbore 

breakouts (Paillet and Kim, 1987) and for delineating hydraulic 

fractures (Avasthi et al. 1991). The log is created from the 

amplitude of the reflected televiewer signal, which provides an 

indication of the roughness of the surface, and thereby the 

fracture in the wellbore surface is detected. Further details 
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about the operational principles and characteristics can be found 

in the paper attached in APPENDIX D. The televiewer log detects 

open fractures readily, but not closed hair-line fractures. Frac-

propants are used in certain conditions to enhance the probability 

of obtaining the fracture images after hydraulic fracturing. We 

employed the method primarily because of the anticipated 

difficulties of obtaining good fracture impressions in Eagle Ford 

Shale due to its weak strength. The method was used in PBIR-15A 

before and after hydraulic fracturing tests and for PBIR-17A after 

fracturing operations in selected intervals. 

The borehole televiewer log provided sharp images of the 

borehole wall including the details of preexisting fractures. It 

identified unexpected features, which were concluded to be drilling 

induced fractures. They are presented in the following section and 

APPENDIX C. Although the resolution of the televiewer log was 

sufficient to identify the majority of fractures, it produced 

relatively weak traces of hydraulically induced fractures created 

by our test operation. The traces of hydro fractures could only be 

confirmed with the help of fracture impressions obtained by 

impression packers. Both impression packers and the borehole 

televiewer are reliable methods of logging fractures, but the 

successful implementation of the methods requires an experience on 

particular geologic conditions; in another wards, the methods are 

operator sensitive. In our tests, we relied primarily on 

impression traces for determining the orientations of fractures. 
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3.0 TEST RESULTS 

A large amount of data was collected during the field 

investigation. They included borehole logging data, pressure and 

flow data and fracture orientation data. In this section a summary 

of the data analyzed by the methods described in section 2.3 and 

the information pertinent to the discussion of the results are 

presented. All other data are presented in APPENDICES A-D. 

A typical data set from one test interval comprises: 1) interval 

pressure vs time curves, 2) packer pressure vs time curves, 3) flow 

rate vs time curves (flow-out and flow-back), 4) fracture 

impressions, and -5) other borehole and core logging data. Among 

these data the interval pressure vs time curves are the most 

crucial data, and receive the most attention during the analysis 

process. The packer pressure data are used primarily during test 

operation to assure proper functioning of the packer system at the 

downhole condition. Therefore, we present the interval pressure 

data only in this section. 

3.1 Pressure and Flow Data 

One example data set obtained from PBIR-17 A is given in 

Figures Sa, 5b and 5c. These data are from the Eagle Ford Shale 

formation at a depth of 252.5 ft. The plot on the top of the 

figure is the flow rate vs time curve and the one on the bottom is 
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the interval pressure vs time curve. The flow curves provide 

indications regarding when the pressurization cycles initiated and 

stopped precisely. It also provides a good indication of a'change 

in flow rate. As shown in the first cycle, the borehole breakdown 

occurred as the pressurization of the interval approached a flow 

rate of 0.1 gpm, which indicates a hydraulically tight condition in 

the interval. A clear borehole breakdown followed by fracture 

propagation is apparent with continuing pressurization. Shutting-

off the pump yields the instantaneous shut-in pressure. Second and 

ensuing pressurization cycles yield fracture reopenings and 

consequent shut-in pressures. After five pressurization cycles two 

more cycles were conducted; one at an extremely slow flow rate and 

one at a high flo~ rate. Then the tests were concluded in the test 

interval. 

Careful examinations and analyses of pressure and flow data 

from each cycle at expanded scales helped reconstruct fracture 

behavior during test operation and provided good indications of 

shut-in pressures and fracture reopening pressures. In Figures Sb 

and Sc, two individual plots at an expanded scale used for in-depth 

data analysis are presented to augment our explanations. These 

plots represent the first and the last cycles of pressurization. 

The shut-in pressures could be identified in these figures with the 

help of the flow data. The data analyzed in this fashion according 

to the methodology provided in the earlier section are summarized 

in Table 2. 
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Table 2: Results of Preliminary Analysis of Hydraulic fracturing 
Test Results 

Borehole ID PBIR-17A 

Test Depth "v 

(feet) (psi) (psi) (psi) 

92.0 

128.5 

142.5 

252.5 

263.5 

89 

125 

139 

245 

256 

Borehole ID 

140 

220 

210 

270 

320 

IR15A 

Test Depth "v "h 
(feet) (psi) (psi) 

112.0 109 170 

153.0 149 (160)1 

181. 0 

247.0 

270.0 

176 

240 

262 

160 

270 

280 

150 

280 

300 

390 

410 

210 

270 

350 

1.6 

1.8 

1.5 

1.1 

1.3 

1.6 

0.9 

1.1 

1.1 

1.7 

2.2 

2.2 

1.6 

1.6 

2.0 

1.2 

1.4 

1.1 

1.3 

1.4 

1.4 

1.3 

1.2 

1.0 

1.3 

Rock Type 

Austin Chalk 

Austin Chalk 

Austin Chalk 

Eagle Ford Sh 

Eagle Ford Sh 

Rock Type 

Austin Chalk 

Austin Chalk 

Austin Chalk 

Eagle Ford Sh 

Eagle Ford Sh 

Vertical stress (gravity induced stresses, calcula~ed using 
the mean unit weight of the overburden, 140 Ibs/ft ) 
Minimum horizontal stress (obtained from instantaneous shut-
in pressures) 
Maximum horizontal stress (calculated under the assumption 
that the differences between the borehole break-down pressure 
and the fracture reopening pressure are equivalent to the 
borehole rupture strength 

1, Obtained from instantaneous shut-in pressures 
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3.2 Fracture Orientation 

The fractures induced by pressurization of the sealed-off test 

interval by frac fluid provide the directions for minimum and 

maximum horizontal stresses. A complete delineation of the induced 

fracture is desirable to determine the mean orientation of the 

induced fracture. We used impression sleeves long enough to cover 

the pressurization interval to obtain the fracture impression. 

Five intervals provided impressions clear enough to determine the 

fracture orientations. All five impressions were from the Austin 

Chalk formation. Attempts to take fracture impressions in Eagle 

rord Shale did not produce useful results. Instead they caused 

difficulties in retrieving the impression packers which was 

attributed to either overinflation of the packer element due to 

excessive deformation during the pressurization or swelling of the 

shale. The borehole televiewer method was also used to complement 

the impression packer method. The televiewer log provided 

additional data supporting the fracture induced by the hydraulic 

fracturing operation. The images of fractures detected by the 

televiewer logging were not always convincing and were not very 

defensible. However, certain features such as the drilling induced 

fractures, as presented in Figure 6, were distinctively clear and 

a nearly complete profile of the fractures were obtained, which 

helped interpret the hydraulic fracturing data. Fracture 

impressions obtained are given in APPENDIX B and the mean 

orientations obtained from these impressions are summarized in 

Table 3. 
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TABLE 3. Summary of fracture orientation data obtained from traces 
of fracture impressions 

Borehole 1D 

Test Depth 

(Feet) 

92.0 

128.5 

142.5 

252.5 

263.5 

Borehole 1D 

112.0 

153.0 

181. 0 

247.0 

270.0 

PB1R-17A 

Fracture type 

Horiz./Vert. frac. 

Vert. fracture 

Vert. fracture 

No frac. impress. 

No frac. impress. 

PB1R-15A 

Vert. fracture 

Horiz. fracture 

Vert. fracture 1 

No frac. impress. 

No frac. impress. 

Orientation 

N37W 

N36E 

N40E 

N29E 

Rock Type 

Austin Chalk 

Austin Chalk 

Austin Chalk 

Eagle Ford Shale 

Eagle Ford Shale 

Austin Chalk 

Austin Chalk 

Austin Chalk 

Eagle Ford Shale 

Eagle Ford Shale 

I, Drilling induced fracture, Packer unable to seal the interval 
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FIGURE 6. Borehole televiewer image obtained at 180 to 190 foot 

interval in PBIR-ISA prior to hydraulic fracturing test showing 

drilling induced fractures 
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3.3 Borehole Rupture Strength (Hydraulic Fracturing Tensile 

Strength) 

Laboratory testing of the cores obtained from the test 

intervals under similar downhole conditions provide borehole 

rupture strength data. If the scale effect of the test specimens 

are properly accounted for, laboratory hydraulic fracturing data 

can yield representative borehole rupture strength data. This 

procedure could help reduce the uncertainties associated with 

calculating the maximum horizontal stress. Ratigan (1982, 1990) 

and Haimson (1990) discuss the effect of the specimen size on 

hydraulic fracturing data analyses. 

In our analysis the borehole rupture strengths were assumed to 

be equal to the difference between the initial breakdown pressure 

and the fracture reopening pressures. This method is commonly 

adopted in cases where core specimens from the test intervals are 

not available. Even when a limited number of core specimens are 

available, the difficulty of obtaining laboratory hydraulic 

fracturing tensile strength values and making necessary adjustments 

of the laboratory measured strength values to account for the scale 

effect tend to favor the use of the fracture reopening method. 

The significance of the potential errors, caused by estimating 

the borehole rupture strength based on various methods, vary 

depending upon the relative differences between the magnitudes of 
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in situ stresses and the borehole rupture strength. If the stress 

magnitudes are much greater than the borehole rupture strength the 

error will be rather insignificant. The results we obtained from 

the Exploratory Shaft site indicate, however, that the measured 

stresses are of the same order of magnitudes as the borehole 

rupture strength; they are all in the neighborhood of a few hundred 

psi. This suggests that the potential error due to the effect of 

borehole rupture strength cannot be neglected. 

We have conducted laboratory tests of core specimens obtained 

from the test intervals to assess the possibility of obtaining the 

representative size/strength relationships of Austin Chalk and 

Eagle Ford Shale. Specimens were approximately 2 inches in 

diameter and 4 1/2 inches in height. A 1/4 inch hole was drilled 

at the center of the cylinder face to a depth of 3 inches to the 

sample. The top of the drilled hole was lined with epoxy to 

minimize stress effects caused by the a-ring seals of the pressure 

tube that was to be fitted onto the specimen. The interval between 

the bottom of the hole and the pressure tube was 2 1/2 inches. 

The laboratory hydraulic fracturing test was performed by 

sealing this 2 1/2" borehole interval by the pressure tube with 0-

ring seals and pressurizing the sealed-off interval with hydraulic 

fluid, using a hand pump. Initially, the tests were performed on 

dry samples of Austin Chalk. The borehole rupture strengths 

obtained from eleven tests were rather high; they ranged from 550 
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to 1,700 psi with a mean value of 1090 psi. All fractures occurred 

vertically with the exception of one specimen which fractured 

horizontally due to the presence of a large horizontally deposited 

fossil in the plane of fracture. The test results are summarized 

in Table 4. 

TABLE 4. Laboratory Hydraulic Fracturing Test Results 
(Dry Specimens) 

BOREHOLE DEPTH VERTICAL LOAD BOREHOLE RUPTURE 
(Feet) (Lbs) STRENGTH (Psi) 

PBIR-15 130-135 350 1,200 

150-155 100 1,600 

165-170 100 1,700 

190-195 200 1,450 

PBIR-17 90-95 150 850 

90-95 200 700 

140-145 250 1,150 

140-145 100 550 

160-165 250 1,100 

200-205 250 1,100 

200-205 200 600 

To better reproduce the in situ conditions, the remaining 

specimens were immersed in water for approximately two hours. 

During this period, the surface texture of the specimens began to 
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change gradually to clay-like appearances. Some specimens 

exhibited swelling and flaking and several specimens began disking 

in horizontal planes as they were removed from the water container. 

The specimens which remained intact after the water immersion were 

tested in a similar manner to the previous tests with dry 

specimens. The test results are summarized in Table 5. 

TABLE 5. Laboratory Hydraulic Fracturing Test Results 
(Wet Specimens) 

BOREHOLE 

PBIR-15 

PBIR-17 

DEPTH 
(Feet) 

150-155 

150-155 

155-160 

190-195 

90-95 

200-205 

VERTICAL LOAD 
(Lbs) 

350 

350 

500 

300 

800 

500 

BOREHOLE RUPTURE 
STRENGTH (PSi) 

500 

450 

250 

400 

400 

250 

Test results of wet specimens were noticeably different from those 

of the dry specimens; the strengths were substantially lower. The 

mean strength of the wet specimens was only 375 psi, which was 

about one third of the strength of dry specimens. Failure modes 

were also distinctively different in the wet specimens. Fractures 

occurred both horizontally and vertically, usually as a combination 

of both. It was difficult to deduce in which direction the 
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fractures first developed. In one instance, the specimen showed 

sieve like holes through which leaks propagated, thus precluding 

further pressurization. Most of the specimens appeared intact 

after borehole ruptures occurred. The fracture developed in the 

sides of the specimen and borehole pressure was released before 

complete splitting of the specimen was achieved. 

This mean tensile strength value, obtained from laboratory 

hydraulic fracturing tests, compare favorably to laboratory 

Brazilian tension tests conducted by the PB/MK Team using specimens 

obtained near the Exploratory Shaft site which are presented in 

Figure 7. The Brazilian tension test results of PBIR-lSA and PBIR-

l7A cores we obtained also compare favorably to the data reported 

in Figure 7. A summary of our Brazilian test results are presented 

in Table 6, for comparison purposes. 
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FIGURE 7. Brazilian tension test results obtained by the PB/MK Team 
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TABLE 6. Brazilian tension test results of room dried specimens 

from PBIR-15A and PBIR-17A cores. 

BOREHOLE DEPTH 
(Foot) 

NUMBER OF BRAZILIAN TENSILE STRENGTH 
SPECIMENS (Psi) 

PBIR-15A 

PBIR-17A 

135-140 

150-155 

155-160 

190-195 

125-130 

200-205 

5 

3 

17 

4 

5 

16 

250 

300 

380 

220 

490 

190 

Ini tially, we intended to use laboratory test results to 

estimate borehole rupture strengths for the test intervals in which 

we conducted field hydraulic fracturing tests. We did not use this 

procedure after reviewing the our laboratory data and comparable 

data found in open literature. Most recent published data 

(Haimson, 1990) indicate that Indiana Limestone which has somewhat 

similar characteristics to Austin Chalk showed a strength decrease 

from 1600 psi to 300 psi as borehole diameters increased from 1/4 

inch to 1 1/4 inch, whereas a granite showed a strength decrease 

was from 1700 psi to 1200 psi. This conspicuous variability among 

various rock types did not allow us to arrive at a defensible 

size/strength relationship based on the limited test results we 

obtained in Austin Chalk core specimens. 

33 



We also have carried out a series of Brazilian tension tests 

on three sets of quartz-biotite schist samples to arrive at a means 

of assessing the size strength relationships. We used three 

specimen sizes, 1 1/2, 3 and 6 inches in diameter and found that 

the strength size relationships could be forecast using the theory 

of extremes (Yegulalp and Kim, 1992). A plot showing the results 

of this analysis is given in Figure 7. We believe the strength 

size relationship of Austin Chalk.could be estimated using the same 

methodology if a sufficient number of tests could be done under the 

representative in situ conditions. The test results we obtained 

exhibited an extreme sensitivity to water and the sample population 

was rather insufficient to make a meaningful analysis of results to 

arrive at the siz~ strength relationship. 
ur---------------------------------------------------~ 
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FIGURE 8. The effect of scale on the mean and the scale parameter 
of the extremal distribution obtained from quartz-biotite schist 
tests (Yegulalp and Kim, 1992) 
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4.0 SUMMARY AND DISCUSSIONS 

A series of hydraulic fracturing tests were conducted in two 

boreholes in the Exploratory Shaft site near the interaction hall 

location. Tests were conducted at depths from 92 feet to 270 feet 

below ground level. Out of the thirteen tests attempted, ten tests 

yielded meaningful results. The results were analyzed using the 

ISRM Suggested Method and were presented in the previous section. 

The test results are critically discussed in light of their planned 

use for the design of the interaction hall and other facilities. 

The test results obtained from the field measurement, show a 

consistent trend with a minor variation. The results of analysis 

indicate that the stress magnitudes measured at the ES site range 

from 90 psi (at 92 ft. level, the shallowest level of measurement) 

to 410 psi (at 263.5 ft. level, close to the deepest level of 

measurement), which are fairly low, as anticipated. The vertical 

stress is the least principal stress, and the maximum and minimum 

horizontal stresses are the greatest and the intermediate principal 

stresses. The diffe~ences between the principal stresses are 

within or about 100 psi, which is relatively small. The ratios of 

the maximum horizontal stress (oH) to the vertical stress (ov) 

range from 1.2 to 2.2, and the ratio of 0h over 0v' 0.9 to 1.8. 

These results indicate that the state of in situ stress at the 

Exploratory Shaft site is fairly low in magnitude. The mean stress 

ratio of 0H/ov' 2.0 for the Austin Chalk formation is attributed to 
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denudation of overlying sedimentary deposits that had occurred in 

the region after the initial deposition of the Austin Chalk 

formation. It should be noted, however, that CJH' the maximum 

horizontal stress is a computed value and is considered less 

reliable than CJh' the minimum horizontal stress which is measured 

by shut-in operations. Although the CJH/CJv values are higher than 

2.0 the absolute magnitudes of the stresses are in the range of 100 

to 300 psi in the Austin Chalk formation, which falls under the 

category of low stress. The stress ratios ~ 2.0 in the near 

surface environment are not unusual for rock formations (Hook and 

Brown, 1980, p.100). High Ko values have also been observed in 

over-consolidated soil formations near the surface (Lefebvre et aI, 

1991). The CJH/ov values for the Eagle Ford Shale formation 

underlying the Austin Chalk range from 1.2 to 1.6 and average 1.45. 

The lower CJH/CJv in the Eagle Ford Shale is attributed to long-term 

relaxation due to the more compliant nature of the shale. The 

stress anisotropy ratios in horizontal planes, CJH/CJh' range from 

1.0 to 1.4, which also supports the interpretation that the stress 

state in the area is relatively homogeneous. 

The orientation of the maximum horizontal stress was 

consistently northeast trending, N35E to be specific, with the 

exception of one test at the 128.5 ft. level. This orientation is 

subparallel to the trends of the regional fault system, which 

feature steeply dipping normal faults, i.e. Mexia-Talco Faults and 

other minor faults observed near Milford (Figures 9 and 10). The 
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stress state in the Gulf coast stress province is most likely due 

to the result of sedimentary loading and not tectonic forces 

(Zoback and Zoback, 1980). 
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FIGURE 9. Location of geologic setting of structural features near 

Milford. 

This measured stress orientation at the Exploratory Shaft site 

is very different from previously reported stress orientations in 

West Texas with a few exceptions. Stress orientation data obtained 

recently in the McElroy oil field in Crane-Upton County in West 

Texas (Avasthi et ale 1991) show a west to west-northwest direction 

which was observed at a 3000 ft. depth. 

the 

37 

Other published data in 



STRUCTURAL GEOLOGY 
O~_.::;50 ___ '_OO ___ '.50 MILJ:S 

OUACHITA FOLD BELT 

Source: Modified from Oetking. P·F '959. 
GeologICal Highway Map of Texas: OaUas GeologIcal Society 

FIGURE 10. Map showing regional structural setting of Texas and 

general location of the sse site. 

Permian Basin also indicate similar trends of east-west to N70W 

(Zoback and Zoback, 1980). Other data obtained in the region data 
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summarized below (Lindner and Halpern, 1978). These data do not 

correlate with the data we obtained at the Exploratory Shaft site 

probably because of the differences in rock types, the local 

geology, and the depths of measurements. 

Howard Glasscock Field, north-central Texas 

Measurement Depth 1550 ft Stress orientation N73E 

Marble Falls, south Texas 

Measurement Depth 1050 ft Stress Orientation N67W 

Measurement Depth 0 ft Stress Orientation N33W 

Hockley Salt Mine near Houston, Texas 

Measurement Depth 1500 ft Stress Orientation N58E 

5.0 Recommendations for further studies 

Principal stress magnitudes and orientations are not expected 

to vary substantially within the boundary of the sse site. None-

theless, considering the low strengths of the host rocks, and the 

scale and the sensi tivi ty of the interaction hall, more field 

stress measurements are highly recommended. Additional tests will 

enhance the confidence level of our understanding of the state of 

in situ stress and will provide a more reliable and defensible 

engineering parameters for design of the facility. The following 

specific tests and analyses are recommended. 

(1) Hydraulic fracturing tests at the IR4 site 
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The state of stress at the lR4 site may be different from 

those at the ES site although a substantial difference is not 

expected. However, even a small difference in stress magnitudes 

and orientations may affect design decisions and it would be highly 

desirable to have correct site data for such a crucial underground 

facility. 

(2) Determination of hydrofracturing tensile strength 

As discussed previously, the field data analyzed by the 

fracture reopening method can be improved by conducting laboratory 

tests to determine quantitatively the statistical parameters 

affecting the scale effect. This will allow us to determine more 

accurately the hydraulic fracturing tensile strength. A sensiti-

vity analysis can be performed to substantiate or justify the need 

to conduct a series of laboratory tests. 

(3) Determination of rock mass design parameters by laboratory 

tests 

The experience we gained during the test program and the 

examination of cores obtained from the Exploratory Shaft site 

indicate the host rock is remarkably homogeneous, and led us to 

believe that the rock mass properties needed for the design of 

various excavations could be rationally determined by laboratory 
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testing. The relatively low strengths of the host rock make it 

possible to conduct a great number of tests of large laboratory 

test specimens. Austin Chalk and Taylor Marl are considered 

unusually suitable rock types to check the proposed methodolOgy 

because of their homogeneous nature and their excellent rock mass 

quality. Preparation and testing of one foot cube (or larger) 

specimens can be accomplished at a reasonable cost. By conducting 

a statistically meaningful number of tests one could arrive at a 

defensible and rational design basis. Considering these factors 

and the engineering significance of the structures to be 

constructed it is considered prudent to invest efforts to conduct 

large-scale laboratory tests. 
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Appendix A: Interval Pressure vs Time records obtained from 
PBIR-17A and PBIR-15A 
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Appendix B: Traces of Fracture impressions 
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Appendix C: Pre- and Post-Fracturing Acoustic Televiewer Records 
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Appendix D: Interpretation and Application of borehole 
Televiewer surveys by T. J. Taylor (Reprint) 



SPWLA TW~NTY.FOURTH At./NUAL LOGGING SYMPOSIUM, JUNE 27-30, ,~;: 

Ih7ERPRETATION AND APPLICATION OF 
BOREHOLE TELEVIE'WER SURVEYS 

by 

'I. J. Taylor 

ABSTRACT 

A borehole ~eleviewer log is comparable ~o a picture of a continuous core 
and may yield even more information since it is a picture of ~he cores 
host enviro~ent; i.e., ~he inside of ~he borehole as it exists in ~he 
subsurface. Important relationships are preserved which can be los~ when 
cores are brough~ ~o the surface. Fractures, bedding planes, vugs and 
lithology changes are identifiable on borehole ~eleviewer logs. 

The televiewer has had li~ited usage since being in~roduced by Mobil in 
1969. However, ~echnical improveoen~s in equipment and ioproved logging 
techniques now make it possible to run borehole ~el~~;ewer logs routinely 
in many of ~he major fractured reservoirs in the U.S. and Canada. 

A normal televiewer-log is formed from ~he ampli~ude of ~he reflected 
televiewer signal. The ~ravel time of ~he signal from ~he sonde ~o the 
borehole wall and back ~o the sonde has recently been used ~o form a 
second log: ~he Transit Time Log. Bo~h logs used toge~her provide much 
more useful information about ~he surface of the borehole than is obtain-
able from a conventional televiewer log alone. In~erpretation problems 
due to noncircular boreholes and eccentered logging sondes are easily 
overcome using ~he combination of amplitude and transi~ ~ime logs. 

Examples are given ~o demonstrate the potential use of both logs. 
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INTRODUCTION 

The borehole televiewer creates a high resolution acoustic picture of the 
borehole wall which has primarily been used for fracture detection and 
casing inspection (Zemanek, 1969; Wiley, 1981). Major open hole applica-
tions for the borehole televiewer include (1) borehole geometry determina-
tion, (2) determination of formation dip and direction. and (3) evaluation 
of hydraulic fracture treatments. Originally introduced by Mobil in 1969, 
the tool has undergone several improvements which have made the tool more 
valuable. The most significant improvement has been the creation of the 
Transit Time Log ~hich is presented as a companion to the original Ampli
tude Log. A more accurate interpretation of the televiewer log is pos-
sible with the Transit Time Log since the troublesome affects of borehole 
geometry and sonde centering can be considered. 

BACKGROUND 

The Televiewer Signal 

The televiewer signal waveform is shown in Figure I and consists of: 
(1) a pulse (Tx) which represents firing of the transducer, and (2) the 
reflected acoustic signal (Rx). Amplitude is a measure of the strength of 
the reflected signal and is represented on the Y axis. While interval 
transit time, a measure of the time require~ for the signal (Rx) to travel 
from the transducer to the reflecting surface (wall of the hole) and back 
to the transducer is represented on the X-axis. The transmitter is 
rotated 3 times per-second and transmits and measures approximately 1500 
pulses per inch of travel at the optimum logging speed of 5 feet per 
minute. 

Log Presentation 

A normal televiewer log is a recording of variations in signal strength 
(amplitude) which is presented as an.acoustic picture of the inside of the 
wel1bore as if it were split vertically along magnetic north and laid out 
flat. Ideal logging conditions consist of a centered logging sonde in a 
circular wellbore as illustrated in Figure 2a. In this example, the cir-
cumference of the borehole is perpendicular to the path of sound pulses 
coming from the logging sonde and any change in amplitude (signal 
strength) will be related to the physical properties of the reflecting 
surface which is the wall of the borehole. Where the open fracture is 
shown intersecting the wellbore there is no wellbore surface to reflect 
the signal back to the sonde. Therefore, the fracture appears on the 
televiewer log (Figure 2b) as two black vertical lines. Figure 2b is an 
actual televiewer log that was recorded with the borehole geometry shown 
in Figure 2a. 
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!nter!lreta t ion 

Images on a televiewer log will be true images of features at the wall of 
the borehole as long as the logging sonde is centered in a round borehole. 
Noncircular boreholes and/or eccentered logging sondes produce false 
images which can be mistaken for images that are characteristic of the 
formation. Interpretation can be improved if sonde position and borehole 
geometry a re known. Sonde posi tion and borehole shape, hOliever, cannot be 
determined" from variations in signal strength which are recorded on the 
conventional amplitude log. but can be determined from interval transit 
time. 

Interval transit time, unlike amplitude varies only as the time required 
for a signal to travel from the logging sonde to the borehole wall. These 
interval transit time measurements are equivalent to measurements of the 
distance from the logging sonde to the wall of the hole and can be used to 
describe the shape of the borehole and also the pOSition of the logging 
sonde in the borehole. 

Noncircular Borehole 

The effects of an elliptical borehole on the televiewer signals are 
illustrated in Figure 3a. When a logging sonde is in the center of a 
borehole, which is elongated in the north-south direction, the signal 
reflected from the north and south sides will be diminished in amplitude 
compared to the sign~l from the east and west sides. The surfaces on the 
northeast, the southeast, the southwest, and the northwest sides are not 
perpendicular to the sound pulses coming from the sonde so these surfaces 
reflect the incident signal away from the sonde resulting in no signal or 
a reduced signal being received at the logging sonde. 

Interpretation is enhanced by displaying amplitude and transit time logs 
side by side as shown in Figure 3b. The gray scale is defined at the top 
of each log. On the Ampiitude Log, white represents a strong signal and 
dark represents a weak signal or no Signal. On the Transit Time Log the 
gray scale is designed so that the lack of a signal return is easily 
distinguished from a weak signal. The transit time distance 
representation is white for far, dark for near, and black for no signal. 

The Transit Time Log in Figure 3b shows a major axis that is oriented 
northwest-southeast which is identified by two ~hite vertical stripes that 
are 180 0 apart. The dark vertical stripes (near Signal), also 180 0 apart, 
define the minor axis. The black areas identify tlno signal" areas and 
represent areas between the near and far surfaces. 
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Eccentricallv Positioned Logging Sonde 

Figures 4a and 4b illustrate a logging sonde that is off-center to~ard tbe 
west in a round borehole. Signals are reflected away from the logging 
sonde at all surfaces except the surfaces on the east and west sides which 
are perpendicular to the incident sound pulses. Just as in the case of 
the elongated borehole example, signal strength ~ill vary due to 
variations in path length and to surfaces ~bicb are not perpendicular to 
the signal travel path. 

The logs shown in Figure 4b were recorded in a round borehole deviated 
120 -14 0 to the East. There is not enough information available from the 
Amplitude Log to describe and identify the black anomalies that extend in 
the vertical direction. The Transit Time Log supplies the required 
information. A near surface (dark) is defined on the west side of the 
hole and a far surface (white) is indicated on the east side. A "no 
signal" area occurs in the interval between the near and far surfaces. 
This is a typical response for a logging sonde in a deviated, round 
borehole, since logging sondes tend to position tbemselves closer to the 
low side in a deviated hole. 

APPLICATIONS 

Borehole Geometry 

The borehole televiewer can make about 1500 transit time measurements per 
vertical inch of borehole. These measurements are equivalent to distance 
measurements and can be used to describe the shape of a borehole witb an 
accuracy and resolution not possible with conventional calipers. 

Borehole shape is commonly described using the two independent caliper 
measurements from a 4-arm dipmeter tool. Boreholes are considered to be 
round if the two calipers read the same and elliptical if tbey read 
differently. Studies of borehole televiewer logs reveal that noncircular 
boreholes are usually elongated, but are not truly elliptical in shape. 
Transit time measurements usually show boreholes eroded or elongated on 
opposite sides with no erosion indicated around the remaining 
circumference as illustrated in Figure Sa. 

Figure 5b is an example of a borehole that has elongated along the 
north-south axis. The white speckled appearance (alternately no signal 
and far signal) along the north-south axis on the Transit Time Log 
describes a rugose surface wbich is the condition one expects when 
elongation or erosion occurs • 

. Note that the. direction of elongation does not change from tbe bottom to 
the top of the log. Studies of over 200 borehole televiewer logs reveal 
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that: "(1) borehole elongation normally occurs in a preferred direction 
over the entire logged interval, and (2) the direction of elongation is 
generally the same for all wells in a given area. 

Figure 6 is also an example of north-south borehole elongation but elonga-
tion has occurred over fewer intervals. The small black intervals on the 
north and sou~h sides of the borehole are identified as eroded or elon-
gated intervals because they show a consistent trend. At a depth of 9126 
in Figure 7 borehole elongation can' be identified because the orientation 
is the same in other wells in the area and because elongation in the same 
direction has occurred further up the hole. 

The logs in Figures 6 and 7 also show the relation of vertical fracture 
azimu~h to the direc~ion of borehole elongation. All fractures observed 
on the televiewer logs in this area are oriented normal to the direction 
of elongation. 

Fracture Detection 

Fractures are identified on the Amplitude Log by a distinctive image ~hich 
is produced by variations in the strength of the televiewer signal. An 
open fracture produces an image because no signal is returned to the log-
ging"sonde and a filled fracture produces an image if there is sufficient 
acoustic contrast between the filling material in the fracture and the 
host rock to produce a weaker reflected signal. Therefore, an open frac-
ture canno~ be distingu'ished from a filled fracture on the Amplitude Log 
because they both produce similar dark images. 

Variations in signal strength which produce images on an Amplitude Log 
will not affect the Transit Time Log. The Transit Time Log does not 
respond to variations in signal strength but does produces a black image 
when no signal is returned. Therefore, an image of a'fracture on the 
Amplitude Log plus an image on the Transit Time Log indicates an open 
fracture. An image on the Amplitude Log and no image on the Transit Time 
Log indicates a filled fracture. 

Open Fractures 

Figure 8 is an example of a vertical fracture which is interpreted as an 
open fracture. The dark outline of the fracture on the Amplitude Log 
indicates that little or no signal is reflec~ed ~o the logging sonde. The 
black outline on the Transit Time Log confirms that no signal ~as 
reflec~ed to the logging sonde, which means ~hat there was no reflecting 
surface normal to the incident signal, a condi~ion which is in~erpre~ed as 
ao open frac~ure. 

- ~ -
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igure 9 is an exa~ple of a fracture ~hich is interpreted as a partially 
~en fracture. A vertical fracture is visible on the Amplitude log, but 
~ere is no black image over most of the interval on the Transit Time Log. 
~e white outline of the fracture on the Transit Time Log between 
570-9580 indicates a far surface which is interpreted as a recessed sur-
ace inside a filled fracture. 

be varying width of the fracture in Figure 8 is an indication of erosion 
r spalling that has occurred and is another indication of an open frac-
ure. Laboratory studies and experience indicate that the televiewer will 
.ot detect fractures less than 1/32 inch ~ide (Zemanek, 1969). However, 
:ince open fractures do erode it is believed that fractures less than 
/32 inch and even hairline fracture often erode and become wide enough at 

-he surface of the ~ellbore to be detected by the televiewer. 

=-illed Fractures 

:igure 10 sholoo's a fractured interval from 4550-4565. Fractures in this 
interval are visible on the Amplitude log and also on the Transit Time log 
but only at the points where they enter and leave the borehole. ~~en an 
open or closed fracture cuts across a borehole, the points of entry and 
exit often show erosion or chipping. These fracture entry and exit points 
are also identified by their characteristic curved shape. Often only a 
single point, either point of entry or exit, is visible on the log. These 
single points may identify fractures, especially if they have the same 
orientation as o~her fractures that have been more clearly defined. An 
example is the point of exit at 4565 on the south side of the hole which 
is the same orientation as the exit points for the fractures at the top of 
the log. This point also has the characteristic shape for an exit point. 

The entire interval from 4570-4600 on the Amplitude log shows a weak 
signal (dark response). The corresponding interval on the Transit Time 
log is white (far signal) which indicates that the interval has eroded or 
is "washed out." Note the fracture at 4580. Although it is masked 
somewhat by erosion, identification is made because it has the same orien-
tation as the closed fractures at the top of the log. Fractures are also 
indicated in the interval 4591-4600. 

Hvdraulic Fracture Treatment Evaluation 

Figure 11 shows Pre-Fracture and Post-Fracture Logs from a top set or open 
hole completion. 

On the pre-fracture survey there is an indication on the Amplitude Log and 
the Transit Time log that a fracture enters the borehole at 8507. Another 
possible fracture is identifiable at 8557-8559 on the Amplitude log. 
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The post-frac~ure Amplitude Log sbows a vertical fracture from 8500-8520 
and from 8542-8565. Tbe ~racture intervals that are visible op the 
Transit Time Log and intervals tbat bave eroded identify the intervals 
receiving most of the fracture treatment. The intervals are: (1) 8502, 
(2) 8505-8507, (3) 8515-8520, and (4) 8547-8562. 

Diometer Aoolication 

Figure 12 shows a televiewer log from the Big Fork chert formation in 
soutb central Texas. Tbe fracture at 4850 can be identified as a fracture 
because it cuts across bedding planes and bas a different dip magnitude 
and direction. Dip trends and their relation to fractures and lithology 
are visually apparent on televiewer logs. 

A change in tbe frequency of dips, or dip magnitude or dip direction and 
the relation of these cbanges to a change in litbology is easily 
distinguished on televiewer logs. 

Formation E~aluation 

The borehole televiewer makes a contribution to formation evaluation which 
is similar to comparing a suite of conventional logs to cores. Figure 13 
is an GR-CAL-FDC-CNL log over the interval covered by the borehole 
televiewer in Figure 14. 

The most porous interval indicated by the FOC is 2707-2714. The GR and 
CNL shows the upper boundary ai 2706 and the lower boundary of the sand 
interval at 2714. There is 6 ft of porosity in this 8 ft sand with a thin 
shale stringer in the middle. The borehole televiewer supports this 
evaluation. 

The AmFlitude Log shows a dark interval which is caused by a weak signal 
from 2707-2713. The upper boundary is shown'at 2706 and the lower 
boundary is shown at 2713. The speckled areas on tbe Transit Time 
indicates the porous interval to be 2707-2711 and 2712-2713. The speckled 
area on the Transit Time log in this example indicates porosity; however, 
a speckled area often indicates a rugose surface whicb is due to erosion. 
An example of this occurs at 2668-2670. The Amplitude Log shows a uniform 
dark interval indicating a weak signal. The corresponding interval on the 
Transit Time Log has a speckled appearance. The speckled area is made up 
of alternate whi~e (far signal) and black (no signal) whicb is a typical 
response from an eroded shale interval. 

The caliper curve shows tbe largest reading in the intervals 2650-2652 and 
2672-2674 which corresponds to the two white (distant) intervals on the 
Transit Time Log which indicate an enlarged borebole. Tbe single shade of 
gray over tbese intervals indicates a round borehole and a centered 
logg"ing sonde. Erosion has occurred uniformally around tbe borehole. 
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CONCLUSIONS 

Application of in~erval transit time along ~itb amplitude measurements 
makes possible the determination of borehole shape and sonde posi~ion 
~hich greatly enhances interpretation. The ability to distinguish a lack 
of signal from a weak signal makes possible tbe identification of open 
fractures. 

The graphic display of borehole shape makes possible a visual 
determination of the direction of borehole elongation. When fractures are 
present the relation of fracture azimuth to borehole elongation is easily 
recognized. 

. 
The borehole televiewer is a useful and unique dipmeter device because dip 
magnitude and dip direction are calculated from bedding planes and 
fractures that are visible on the log. Trends and their relation to 
lithology are ~asily recognized. 

By running the borehole teleViewer before and after massive hydraulic 
fracture jobs, the orientation and height of hydraulically induced 
fractures can be determined. Zones receiving frac~ure treaLmen~ can be 
iden~ified by observing erosion or chipping that is ea~ily identified by 
comparing pre- and postfrac logs. 

The borehole televiewer.provides valuable information about the borehole 
~hich is helpful in evaluating the response of other logging tools. Bed 
boundaries, rugose surfaces, and borehole shape are all identified because 
they are visible on the log. 

S30BBART0158 
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Appendix E: Core logs for PBIR-17 AND PBIR-IS 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR17 
Cootract: SC-AOO-I033 
Sheet: 1 of 13 

Project: SUPERCONDUCfING SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: T. Flyno 
Date Start: 8/5/91 
Date Fmish: 8/20/91 Client Representative: Fischer/Stewart/Murphy 

Coordinates: N: 6804017.fJ7 It. E: 2452696.48 ft. 
Trend: - Plunge: -90.0 

Ground Elevation: 671.3 It. 
Total Depth Drilled: 305.0 It. 
Rig Type: Failing 1250 Drill Contractor: SOUTHWESTERN LABS. Driller: R.L Dixoo 

Methods: 
Drilling Without Sampling: N/A 
Sampling Soil: 3- disturbed sbelby sample from 0.0' to 1.5'. 
Drilling Rock: Water rotary with NX (4-) drag-type carbide core bit. 
Sampling Rock: NX split iooer core barrel 

Comments: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples taken from Austin 
Chalk & Eagle Ford Shale, single packer testing to.O' & 215.0', boring grouted upon completion. 

ELEV. DEPTH SAMPLE BLOWS 
(ft.) 

(r) 
(ft.) TYPE No. or 

SCS 
(depth) 

671.3 0 OS 1 PUSH 
(r-l.3') 

670-
C '2 

665-

660-

LEGEND/NOTES: 
Datum is NGVD 1929. 
Coordinates are Texas State Plane 

Coordinates, NAD 1983. 

REC RQO 

(X) (X) 

BLOWS" number of blows required to drive 
sample spoon 6· or distance shown. 

r " inches of soil sample recovery. 
REC " rock core recovery, in 'lb. 
ROD" Rock Quality DeSignation, in 'lb. 

SAMPLE DESCRIPTION 

a.A Y resid ual SOil.' brownish gray, trace of roots, pebbles, organic debris 

Bottom of Cav 1.5' 
UMESTONE (Austin Chalk) severely weathered, soft, tan to chalky white, 
with interbedded clay layers 
• Nn designation Cl not used with this borin, 

Bottom ofWuthered Umestone 3.5' 
UMESrONE (Austin Chalk) fresh, soft to medium hard, light gray with 
occasional 0.1' to 0.6' thick moderately argillaceous layers 

- medium gray, moderately argillaceous 12.2',·12.8', 

- medium gray, moderately argillaceous 13.7'g-13.8'g 

issued date: 11-7-91 

SAMPLElYPE 
SS = Standard Split Spoon 
OS " Disturbed Sample 
S " Undisturbed Shelby Tube Sample 
C " N·Size Rock Core 
CP " P·Size Rock Core 
P - Undisturbed Pitcher Barrel 
SCS " Special Core Sample 

Approved/Date 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR17 
Contract: SC-AOO-I033 
Sheet: 2 of 13 

Project: SUPERCONDUCIlNG SUPER COll.IDER 
Client: THE PB/MK TEAM 

Logged by: T. Flynn 
Ground Elevation: 671.3 It. 

ELEV. DEPTH SAMPLE BL~ REC RQD 
(r) 

(ft.) (ft.) TYpE No. or (X) (X) 
SCS 

(depth) 
15-

655-

650-

645-

640-

635-

SAMPLE DESCRIPTION 

UMESTONE (Austin OIalk) Cresh, soCt to medium hard, Iipt gray with 0.2' 
10 1.1' thick moderately to ~ry argillaceous layers 0.4' to 3.B' -pan 

- medium gray, moderately argillaceous 17.1',·17.8', 

- dark gray, ~ry argillaceous 21.2',-21.8', 

- medium gray, moderately argillaceous llS,-22.9', 

- dark gray, ~ry argillaceous 25.6',-26.7's 

- medium gray, moderately argillaceous 27.1',-27.55', 

- dark gray, ~ry argillaceous 31.4',-31.7', 

- medium gray, moderately argillaceous 33.2',-33.4', 

- medium gray, moderately argillaceous 34.5',-35.0', 

- medium gray, moderately argillaceous 38.6',-39.2', 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



Boring No.: PBIR17 
GEOTEST ENGINEERING, INC. BORING LOG Contract: SC-AOO-I033 

Sheet: 3 of 13 

Project: SUPERCONDUCI1NG SUPER COLLIDER Logged by: T. Flynn 

Client: THE PB/MK TEAM Ground Elevation: 671.3 fL 

ELEV. DEPTH SAMPLE BLOIolS REC RQO 

(ft.) (ft.) TYPE No. 
(r) 
or (X) (X) SAMPLE DESCRIPTION 
SCS 

(depth) 
40 C 8 100 100 UMESI'ONE (Austin Cialk) ClUh, 50ft to medillm h.~~t gray with 0.3' 

to 3.7' thick moderately to very argillaceous layers 0.6' to apart, occasional 

630-
fossiliferous layers 

41.4-43.15 
- dark gray, very argillaceous 42..0',-42..7', 

45-

625-

~ - fossiliferous 48.0'5-48.4', 

~ 
50 ~ 

C 9 100 100 :r::;: - medium gray, moderately argillaceous 50.0',-50.3', 

- § 620-

::r: 
:;:= - medium gray, moderately argillaceous 52..3',-53.0', :;:::r 
¢ 

55- ~ ;:r 
- medium gray, moderately argillaceous 55.5',-55.9', 

~ 615-

~ - dark gray, very argillaceous 58.0'5-58.6', 

~ - dark gray, very argillaceous 59.2'5-59.5', 
60 C 10 99 99 h-'-

~ - fossiliferous 60.85'5061.85', 
610- 61.1~7 h= 

~ tc:;: 
t::; 
t:::::::: - medium gray, moderately argillaceous 63.1',-63.85', 
;:= 
== -

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR17 
Contract: SC·AOO-I033 
Sheet: 4 of 13 

Project: SUPERCONDUCIlNG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: T. Flynn 
Ground Elevation: 671.3 It. 

ELEV. DEPTH SAMPLE 

(ft.) (ft.) TYPE No. 

65-

605-

BLOWS 
(r) 
or 
SCS 

(depth) 

70-l~C=+~1~14----------+-~+-~~~ 

600-

595-

590-

585-

SAMPLE DESCRIPTION 

IJMESl'ONE (Austin OIalk) fresh, sort to medium hard, light gray with 0.2' 
to 1.2' thick very argiUaceous to sort shale layers 2.0' to 4.4' .pan 
- darIc gray, very argillaceous 66.0',-66.4', 

- dark gray, very argillaceous '70.5',-'70.7', 

• dark gray, very argillaceous 73.8',.75.05', 

• dark gray, very argillaceous n.9'g-79.l'g 

- interbedded limestone and shale 83.5'g-85.0', 

- dark gray, very argillaceous 87.0's-88.2'$ 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR!7 
Contract: SC·AOO-I033 
Sheet: 5 or 13 

Project: SUPERCONDUCI1NG SUPER COILIDER 
Oient: TIlE PB/MK TEAM 

Logged by: T. Flynn 
Ground Elevation: 671.3 ft. 

ELEV. DEPTH SAMPLE BLOWS REC ROO 
(r) 

(ft.) (ft.) TYPE No. or (X) (X) 
SCS 

(depth) 
90 C 13 99 99 

580-

95-

575-

570-

105-

565-

107.6-109.4 

560-

SAMPLE DESCRIPTlON 

UMESTONE(Austin OIalk) fresh, soft to medium hard~li£ht gray with 0.1' 
to 1.2' thick moderately to very argillaceous layers 0.7' to ~S apan 

- medium py, moderately argillaceous 90.0',-90.3', 

- darlt py, very argillaceous 93.6'5-94.7', 

- darlt gray, very argillaceous 95.4'5-95.6', 

- medium py, moderately argillaceous 100.8',-101.1', 

- darlt gray, very argillaceous ~03.4',-I04.0's 

- darlt gray, very argillaceous 106.3'$oI06.7's 

- dark gray, very argillaceous 111.85',-111.95', 

- medium gray, moderately argillaceous 113.5'g-114.2'g 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR17 
Contract: SC·AOO-I033 
Sheet: 6 or 13 

Project: SUPERCONDUcrlNG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: T. Flynn 
Ground Elevation: 671.3 It. 

ELEV. DEPTH SAMPLE BLOWS REC ROD 
(r) 

(ft.) (ft.) TYPE No. or (X) (X) 
SCS 

(depth) 
115-

sss-

-

550-

122.7-124.35 

125-

545-

540-

135-

535-

SAMPLE DESCRIPTION 

UMESI'ONE (Austin OIalk) fresh sort to medium hard lildlt gny with 0.2' 
to 1.5' thick moderately to vel)' argillaceous layen; 0.6' to 2:1' apart 

- medium pay, moderately argillaceous 116.5',-117.6', 

- dart pay, vel)' argillaceous 120.3',-120.5', 

- medium pay, moderately Irgillaceous 122.3',-122.5', 

- dart pay, vel)' argillaceous 124.2',-124.35', 

- medium gray, moderately argillaceous 125.0',-126.2', 

- medium py, moderately argillaceous 128.9',-129.9', 

- medium py, moderately argillaceous 131.4',-132.1', 

- dart py, vel)' argillaceous 133.5'g-134.1', 

- medium py, moderately argillaceous. 13S.6',-136.6'g 

- medium gray, moderately argillaceous 137.7'g-139.2', 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR17 
Contract: SC-AOO-I033 
Sheet: 7 of 13 

Project: SUPERCONDUCIlNG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: T. Flynn 
Ground Elevation: 671.3 ft.. 

ELEV. DEPTH SAMPLE 
(ft.) (ft.) TYPE No. 

_ 1· .... C 18 

530-

145-

145.6-147.3 
525-

520-

-

155 ... 

515-

C 20 

510-

REC RQD 

(X) (X) 

100 

SAMPLE DESCRIPTION 

UMESTONE (Austin OIalk) fresh, 50rt to medium hard, light gray with 0.3' 
to 2.1' thick slightly to very argillaceous la~rs 0.6' to 2.0' apart, al50 0.6' thick 
bentonite la~r, medium angle fracture 

- medium gray, moderately argillaceous 141.7',-143.1', 

- medium gray, moderately argillaceous 144.0',-145S, 

- dark gray, very argillaceous 146.8',-147.85', 

- medium gray, moderately argillaceous 149.85',-150.7', 

• dark gray, very argillaceous 150.7',-151.1', 

;::r . 40 ~~g. fracture, planar. clean. fresh. smooth 151.8' 
~ - medium gray, moderately argillaceous 152.2',-153.4', 

5 
§ § , m,,"~ ,",y, m""'~.dy .... ,,_~ 1SS.4'"ISSA', 

= -medium gray, moderatelyargiliaceous1S7.2',-159.3', 

~ ::::r 
~ 
:;::I 

100 100 ~ 
:-'- - medium gray, slightly argillaceous 16OS,-162.0', 

~ 
~ § -medium gray, slightly argillaceous 162.6'g-163.6'g 

~ 
2: -medium gray, moderately argillaceous 164Sg-164.9', 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



~----------------------~------------~~-----------~ Boring No.: PBIR17 
CoDtract: SC·AOO-I033 
Sheet: 8 or 13 

GEOTEST ENGINEERING, INC. BORING LOG 

Project: SUPERCONDUCIlNG SUPER COUIDER 
ClieDt: THE PB/MK TEAM 

Logged by: T. FlynD 
Ground ElevatioD: 671.3 It. 

ELEV. DEPTH SAMPLE 

(ft.) (ft.) TYPE No. 

165--
505-

-

soo-

175-

495-

BLOIJS 
(r) 
or 

SCS 
(depth) 

165.0.167.0 

SAMPLE DESCRIPTION 

UMESIONE (Austin OIalk) fresh, soft to medium hard, liltht gray with 0.1' 
to 1.6' thick moderately argilfaceoU5 to shaley layers 0.1' to :r.s' apart, medium 
to high angle fractures, traCC5 pyrite 

- medium gray, moderately argillaceoU5 165.0',-166.6', 

- medium gray, moderately argillaccoU5 168.0',-169.0', . 

- pyrite nodulC$ 171.1' 
- medium gray, moderately argillaceous 171.4',-171.5', 

- medium gray, moderately argillaceoU5 173.75',-174.3', 

~ - .... y 1.,.,_ "'" .. '" pay 17S.0'~17S25·. 

~ g 
,...... - shaley layer, 50ft, dark gray 178.8'$oI78.9's r::;: -medium gray, moderately argillaccous 178.9',.179.9', 

~ 
1~-it-~~-r-------------r~~~~"~ C 22 100 100 ~ 

490-

182.4-184.4 

185-

1&5.6-187.2 
485-

~ - pyrite nodules 181.3' 
~ • medium gray, moderately argillaceoU5 181.7',-181.8', 

~ r::;: 
r::::: 
~ 
~ 

- medium gray, moderately argillaceous 184.5',-I84.7'g 
- SO deg. fracture, slickensides, planar, smooth, clean, Tresh 184.5' 
- medium gray, moderately arJP.llaccous 1&5.0'g-1&5.25'g 
- medium gray, moderately argillaceous 1&5.4'g-1&5.8'g 
- 30 deg. fracture, slickenSIdes, roulth, wavy, clean, fresh 1&5.65' 
- 70 deg. fracture, calcite tilled, fresh 1&5.9' S 

~ 70 f . . : - deg. racture, slickensides, planar, smooth, clean, fresh 187.4' 

~ 
:=I -70 deg. fracture, calcite tilled, wavy, fresh 188.5' 
;:r 
-'-:-

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



-------------....,...--------...,.--------,, 
GEOTEST ENGINEERING, INC. BORING LOG 

Boring No.: PBIR!7 
Contract: SC-AOO-1033 
Sheet: 9 or 13 

Project: SUPERCONDUcrING SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: T. F1yno 
Ground Elevation: 671.3 ft. 

ELEV. DEPTH SAMPLE BLOWS REC RQO 
(r) 

(ft.) (ft.) TYPE No. or (X) (X) 
SCS 

(depth) 
190 C 23 100 100 

480-

195-

475-

470-

205-

465-

207.8-209.6 

460-

SAMPLE DESCRIPTION 

UMESTONE(Austin OIalk) fresh, sofllo medium hard,lighl graywilh 0.6' 
to s:r thick model1llely argilraceous Iaye~ 1.6' 10 4.2' apart, occasional low 10 
high angle fl1lCtures 

_ 3S deg. fl1lctun:, slickensidC$, wavy, rough, clean, fresh 190.0' 
_ 6S deg. fl1lctun:, slickensidC$, planar, smoolh, clean, fresh 190.7' 
- 15 deg. fl1lctun:, slickensides, wavy, rough, fresh 192.6' 

- medium gray, model1llely argillaceous 195.3',-196.1', 

- medium gray, model1llely argillaceous 198.5',.199.5', 

- medium gray, model1llely argillaceous 203.7',-204.3', 

- medium gray, model1llely argillaceous 205.9',-206.5', 

- medium gray, model1llely argillaceous 210.0',-215.7', 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIRl7 
Contract: SC·AOO-I033 
Sheet: 10 or 13 

Project: SUPERCONDUCIlNG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: T. Flynn 
Ground Elevation: 671.3 n. 

ELEV. DEPTH 
I--~---l 

(ft.) (ft.) TYPE No. 

BLOWS 
(r) 
or 

SCS 

217.2.5-218.8 

222.0-223.6 

223.75-226. 

225.4-227.0 

233.15-234.2 

236.4-238.4 

REC RQI) 

(X) (X) SAMPLE DESCRIPTION 

LIMESTONE (Austin OIalk) rresh, 10ft to medium hard, Iipt gray 
- lignite scam, black 215.7'5-215.8', 
- medium gray, moderately argillaceous 215.8',.216.6', 

SHALEY LIMESTONE (FISh Bcd) fresh. medium hard, moderately 
argillaceous, dark gray, abundant rOGil fragments, arenaceous 

Top or Shale 218.8' 

SHA.U! (Eagle Ford) fresh, IOrt, fISSile, dark gray with oc:cuional interbedded 
carbonate layers and septanan concretions, traces or pyrite 

- limestone fragments 230.4S' 

- limestone rragments 232.2' 
- Iimestonc rragments 232.SS' 

- limestone fragments 233.4' 

-limestone rragments 234.7' 

- Iimestonc rragments 236.3' 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIRl7 
Contract: SC-AOO-I033 
Sheet: 11 or 13 

Project: SUPERCONDUCTING SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: T. Flynn 
Ground Elevation: 671.3 It. 

ELEV. 

(ft.) (ft.) TYPE No. 

C 30 

C 31 

32 

41 

BLO'tIS 
(r) 
or 

SCS 

240.8-242.3 

246.5-248.45 

251.9-252.95 

257.0-258.25 

260.4-261.15 

262.8-263.8 

REC RQD 

(X) (X) 

8S 

SAMPLE DESCRIPTION 

SHALB (Eagle Ford) fresh, soft, fISSile, darlc gray with occasional interbedded 
carbonate layers and 5Cptanan eoncRtions, traces of pyrite 

- 40 deg. fractuR, slickensides, wavy, clean, fresh 248.8' 

- 40 deg. fractuR, well healed 252.1' 
-limestone fragments 252.65' 

- limestone fragments 2S6.2S' 

- limestone fragments 257.0' 

- limestone fragments 258.8' 
-limestone layer 259.35'5-259.75', 
- shaley limestone 259.75',-26O.0'g 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
. Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIRl7 
Contract: SC-AOO-I033 
Sheet: U or 13 

Project: SUPERCONDUCI1NG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: T. Flyun 
Ground Elevation: 671.3 It. 

ELEV. DEPTH BLOWS 
(r) 

(ft.) (ft.) TYPE No. or 
SCS 

C 

265.9·267.9 

273.95-275.0 

277.7-278.9 

281.8-282.3 

287.2·288.7 

REC ROD 
(X) (X) SAMPLE DESCRIPTION 

SHALE (Eagle Ford) fresh, roft, rlSSiI~, dart gray with o;ccasional interbedded 
carix>nate layers and seplllnan concretions, traces or pynte 

• limestone fragments 21>7.9' 
• shaley limestone fragments 268.1'g-268.5'g 

• limestone concretion 275.6' 

• shaley limestone, light gray 278.85'5-279.6's 

• shaley limestone, medium gray 281.8'g·282.3'g 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR17 
Contract: SC·AOO·I033 
Sheet: 13 or 13 

Project: SUPERCONDUCIlNG SUPER COlLlDER Logged by: T. Flynn 
Ground Elevation: 671.3 fl. Client: THE TEAM 

ELEV. 

293.5-294.8 

299.8-300.6 

REC RQI) 

(X) (X) SAMPLE DESCRIPnON 

SHAlE (Eagle Ford) fresh, soft. fISSile:. dark gray with o;a::uional interbedded 
carbonate layers and septanan c:oncreUons, traces of pynte 

Bottom"of Exploration 305.0' 

Notes: Disturbed shelby sample 0.0' to 1.5', NX core 1.5' to 305.0', special core samples from Austin Chalk and 
Eagle Ford Shale, single packer testing 10.0' & 215.0'. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIRl5 
Contract: SC-AOO-l033 
Sheet: 1 or 13 

Project: SUPERCONDUCTING SUPER COLLIDER 
Client: THE PB/MK 1EAM 

Logged by: M. Granger 
Date Start: 8/22/91 
Date Fmish: 8/26/91 Client Representative: D. Murphy 

Coordinates: N: 6803758.61 It. E: 245294537 ft. 
Trend: - Plunge: -90.0 

Ground Elevation: 666.5 ft. 
Total Depth Drilled: 305.0 ft. 

Drill Contractor: SOUTHWESTERN LABS. Driller: J. Couch Rig Type: Gardner Denver 1000 

Methods: 
Drilling Without Sampling: Water rota!')' with 43/4- carbide wing bit from 1.5' to 5.0'. 
Sampling Soil: 3- disturbed shelby sample from 0.0' to 1.5'. 
Drilling Rock: Water rota!')' with NX (4W) drag-type carbide core bit. 
Sampling Rock: NX split inner core barrel. 

Comments: Disturbed shelby tube 0.0' to 15, rotary wash 15 to 5.0', NX core 5.0' to 305.0', special core 
samples taken from Austin Chalk and Eagle Ford Shale, packer testing waived, boring grouted 
upon completion. 

ElEV. DEPTH SAMPLE BLOWS REe ROO 
(r) 

(ft.) (ft.) TYPE No. or (X) (X) SAMPLE DESCRIPTION 
ses 

(depth) 
666.5 o DS 1 PUSH 

(r-l.l') 

665-

660-

655-

LEGEND/NOTES: 
Datum is NGVO 1929. 
Coordinates are Texas State Plane 

Coordinates, NAD 1983. 
BLOWS = number of blows required to drive 

sample spoon 6" or distance shown. 
r = inches of soil sample recovery. 
REC '" rock core recovery; in %. 
ROD", Rock Quality DeSignation, in %. 

a.AY, silty, light brown to tan with weathered limestone fragments 

Bottom or Oay 1.5' 
UMESI'ONE (All$tin OIalk), moderately weathered, medium hard, tan 

Bottom or Weathered Limestone 4.5' 

UMESI'ONE (All$tin Chalk) fresh, medium to moderatelybard, light gray 
with OS to 0.8' slightly to modera tely argillaccoll$ layen 1.7' to 1.9' apart 

- moderately argillaccoll$, medium gray 9.3g-9.8g 

- slightly argillaccoll$, light gray 11.5g-12.1g 

- moderately argillaceoll$, medium gray 14.0g-14.8g 
issued date: 11-5-91 

SAMPLE TYPE 
SS '" Standard Split Spoon 
OS ,. Disturbed Sample 
S ,. Undisturbed Shelby Tube Sample 
CaN-Size Rock Core 
CP = P·Size Rock Core 
P .. Undisturbed Pitcher Barrel 
SCS ,. Special Core Sample 

Approved/Date 



, , 
GEOTEST ENGINEERING, INC. I BORING LOG 

Boring No.: PBIRlS 
Contract: SC·AOO-I033 
Sheet: 1 or 13 

Project: SUPERCONDUCI1NG SUPER COLLIDER 
Oient: TIlE PB/MK TEAM 

Logged by: M. Granger 
Ground Elevation: 666.5 It. 

ELEV. DEPTH SAMPLE BLOIlS REC RQD 
(r) 

(ft.) (ft.) TYPE 110. or (X) eX) 
SCS 

(~th) 

650-

645-

640-

635-

630-

SAMPLE DESCRIPTION 

UMESI'ONE (Austin OIalk) fresh, medium to moderately hard] light gray, 
with 0.2' to 1.4' modenltely argillaceous to shalc:y layers 0.6' to 4 'apan 

- 'haley, medium gray 18.0g-18.4, 

- moderately argillaceous. medium gray 19.3g·19.9g 

- moderately argillaceous. medium gray 22.3g·23.', 

• shaley, medium gray 28.2g·29.2g 

• recovered 0.4' of C3 with C-4 

• shaley, dark gray 3O.8g·31.0g 

- moderately argillaceous, medium gray 32.2g·33.5g 

- moderately argillaceous, medium gray 36.1g-37.0g 

• moderately argillaceous, medium gray 39.1g-40.1g 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wash 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIRlS 
Contract: SC·AOO-I033 
Sheet: 3 or 13 

Project: SUPERCONDUCI1NG SUPER COU,IDER 
Client: THE PB/MK TEAM 

Logged by: M. Granger 
Ground Elevation: 666.5 n. 

ELEV. DEPTH SAMPLE 
(ft.) (ft.) TYPE No. 

625-

620-

615-

-
610-

605-

BLOWS 
(r) 
or 

SCS 
(depth) 

REC RQD 

(X) (X) SAMPLE DESCRIPTION 

UMESTONE (Austin Clalk) rresh, medium to mode~tcly hard, light gray 
with 0.4' to 1.5' slightly argillaceous to shaley layers 1.0' to 2.3' apart, oa:aslonal 
rOS$iliferous layers 

• moderately argillaceous, medium gray 42.6&-43.6& 

- moderately argillaceous, medium gray 45.9&-47.0g 

- moderately argillaceous, medium gray 48.8&-49.8& 

• moderately argillaceous, medium gray 52.1g-52.5s 

- moderately argillaceous, medium gray 54.7&-56.2g 

- fossiliferous 57.9g-59.0g 

- moderately argillaceous, medium gray 6O.0g~.6g 

- very argillaceous, dark gray 62. 7&-63.8g 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wash 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR15 
Contract: SC·AOO-l033 
Sheet: 4 or 13 

Project: SUPERCONDUCfING SUPER COLLIDER 
Clicnt: THE PB/MK TEAM 

Logged by: M. Granger 
Ground Elcvation: 666.5 It. 

ELEV. DEPTH SAMPLE 
(ft.) (ft.) TYPE No. 

65-. 
. 

600-

. 

70 C 8 

595-

75-

590-

585-

85-

580-

BLOWS REe 
(r) 
or (X) 
ses 

(~th) 

69.0-70.0 

81 

82.55-84.3 

RQD 
(X) 

~ 
81 

I 

SAMPLE DESCRIPTION 

UMESrONE (Austin Clark) fresh, medium to moderately hard, light pay 
with OS to 1.6' slightly argillaceous to sbaley layers 0.0' to il.s' apart 

- slightly argillaceous, light pay 65.0g-65.7, 

- shaley, darlc gray 67.0g-67.4, 
- moderately argillaceous, medium gray 67.4,-68.41 

- moderately argillaceous, medium gray 7O.0g-71.6, 

• numerous mechanical breaks 71.8-78.1 

- moderately argillaceous, medium gray 74.0g-75.5, 

- moderately argillaceous, medium gray 80.01-81.4, 

- moderately argillaceous, medium gray 83.1&-84.4& 

- slightly argillaceous, light gray 86.0&-86.5& 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wash 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



~------------------------~---------.------~------------~ 
GEOTEST ENGINEERING, INC. BORING LOG 

Boring No.: PBIRlS 
Contract: SC-AOO-l033 
Sheet: 5 or 13 

Project: SUPERCONDUcrING SUPER COILIDER 
Client: THE PB/MK TEAM 

Logged by: M. Granger 
Ground Elevation: 666.5 ft. 

ELEV. DEPTH SAMPLE BLOIoIS 
(r) 

(ft.) (ft.) TYPE No. or 

575-

570-

565-

560-

sss-

90 

-
95-

-

105-

C 10 

SCS 
(~th) 

113.6-115.0 

REC RQD 

(X) (X) 

100 100 

SAMPLE DESCRIPnON 

l.IMESl'ONE (Austin OIalk) Cresh, medium to moderately bard, IiEht ltal 
witb 0.3' to 2. 7'slightly to very argillaceous Iayen 0.6' to 4$ apart, also 0.3' 
bentonitic layer 
• moderately argillaceous, medium gray 9O.0g.91.0g 
• moderately argillaceous, medium gray 91.7,·92.0g 

• very argillaceous, dark gray 94.8,-95.3g 

• slightly argillaceous, light gray 97.0g-98.2c 

- bentonite to bentonitic shale, soCt, bluish gray to bluish green l00.2g.UlO.s, 

• Slipped 8.1' of C11, chewed up core trying to recover 

- fossil partings 112.5 
• moderately argillaceous, medium gray 112.3,·115.0g 

• fossil partings 113.6 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wash 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR15 
Contract: SC-AOO-I033 
Sheet: 6 of 13 

Project: SUPERCONDUCIlNG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: M. Granger 
Ground Elevation: 666.5 ft. 

ELEV. DEPTH SAMPLE 
(ft.) (ft.) TYPE No. 

115-

550-

545-

. 

125-

540-

535-

. 
135-

530-

BLOWS REC RQO 
(r) 
or (X) (X) 

SCS 
(depth) 

131.9-133.1 

SAMPLE DESCRIPTION 

LIMESTONE (Austin CJalk) fresh medium to moderat~ly hard, light gray 
with 1.0' to 3.7' slightly to YCIY argjllac:cous layers 0.7' to z.s' apart, lDcdium to 
hid! angle fractures, trace cafcite. fossil partings 
- slightly argillac:collS, light gray 116.0g-IlO.7, 

- fossil partings 117.2 
- 4S de," incipient frac:ture 117.6 
- 45 de," incipient fracture 118.2 
- 45 de," incip'ient fracture 118.4 
- 1/2' calcite fragments 118.8 
- 7S de," fracture. closed, tight, 119.0-119.6 with intersecting 45 de," fracture, 
closed. tight at 119.1 
- fossil partings 119.3 
- 45 de, fracture, closed, tight 120.4 

- fossil partings 122.3 

- moderately argil1ac:collS, medium gray 123.2g-124.5, 

- moderately argillaceollS, medium gray 125.61-126.6, 

- moderately argillac:collS, medium gray 127.3g-128.5, 

• moderately argillac:collS, medium gray 130.1&-131.1, 

- fossil partings 131.9 
- very argillac:collS, dark gray 132.0g-133.6, 

- fossil partings 133.8 

- moderately argillac:cous, medium gray 135.6,-136.8, 

• moderately argillaceous, medium gray 137.9,.139.4, 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wasb 1.5' to 5.0', NX core 5.0' to 305.0', special COre samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIRlS 
Contract: SC·AOO-I033 
Sheet: 7 of 13 

Project: SUPERCONDUcrING SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: M. Granger 
Ground Elevation: 666.5 ft. 

ELEV. DEPTH SAMPLE BL~ REe RQD 
(r) 

(ft.) (ft.) TYPE No. or (X) (X) SAMPLE DESCRIPTJON 
(~~h) 

c is 

525-

144.3-145.0 
145-

520-

1:...,. C 16 

515-

155-

510-

,~ C 17 

505-

100 98 UMESTONE (Austin Olalk) fresh, medium to moderately hard, light gray 
with 0.2' to 2.3' slightly argillaceous to shalcy layers 0.0' to .14.7' apart, medium 
angle fractures, traces of pyrite, 0.9' bentonite layer 

100 

- moderately argillaceous, medium gray 140.7&-141.6& 

- shaleywith trace bentonite 142.4&-142.6, 
-45 deg. fracture, slickensides,planar, smooth, dean 143.0 
- moderately argillaceous, medium gray 143.0s-144.3, 

I Marlter~~' 

~ - 45 deg. fracture, open, smooth, clean 145.0 

5 

I 
100 § __ n.dy "';11.= ... m<d;_ ,..y l5Q.So-l5I.2c 

~ - mod<n,,'y '0;1""",,,- m«fi.m pay 15230-153-0& 

~ - slightly argillaceous, light gray 154.3&-155.91 

- slightly argillaceous, light gray 156.5,-158.8, 
- 1/4" pyrite nodule 157.1 
- 1/2" pyrite nodule 157.4 

92 92- - shale, soft, medium gray 160.3,-160.5, 

I - moderately argillaceous, medium gray 161.8,-163.3, 

- 1/2" pyrite nodule 162.9 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wash 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIRlS 
Contract: SC·AOO-I033 
Sheet: 8 or 13 

Project: SUPERCONDUCI1NG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: M. Granger 
Ground Elevation: 666.5 n. 

ELEV. DEPTH SAMPLE BLOWS REC RQI) 
(r) 

(ft.) (ft.) TYPE No. or (X) (X) 
SCS 

(depth) 
165-

· . 
500-

167.3-168.6 

~ 
170'~--~C~I~8~---------~~I00~~I00~~ 

495-
-

175-

490-

· 

485-
181.7-183.5 

· 

185-

480-

. 

SAMPLE DESCRIPTION 

LINES'l'ONE (Austin Clallc) fresh, medium to moderately hard light gray 
with 0:2' to 1.1' moderately argillaceous to ,haley layeJS 0.6' to 4.9' apan, traces 
oCpynte 

• 2· pyrite nodule 165.2 
- 5Iightly argillaceous, light gray 167.6,-168.2g 

- ,bale, 50ft, dark gray 168.75-168.9s 

- ,baley, dark gray 172.S5-172.9s 

- 1/2· pyrite nodule 173.2 

- moderately argillaceous, medium gray 177.8g-178.3, 

- moderately argillaceous, medium gray 178.7,-178.9, 

- moderately argillaceous, medium gray 181.5,-182.1, 

- moderately argillaceous, medium gray 182.7,-183.7, 

- moderately argillaceous, medium gray 187.2g-187.5g 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wash 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIRlS 
Contract: SC-AOO-I033 
Sheet: 9 of 13 

Project: SUPERCONDUCIlNG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: M. Gnuager 
Ground Elevation: 666.5 It. 

ELEV. DEPTH SAMPLE 8L~ REC RQD 
(r) 

(ft.) (ft.) TYPE 110. or (X) (X) SAMPLE DESCRIPTION 

415-

470-

465-

460-

. 

455-

190 

. 

195-

C 20 

SCS 
(depth) 

100 100 

I 

UMFSI'ONE (Austin Chalk) fresh, medium to moderately hard, light I"IY 
with 0.6' to 5.0' moderately to very argillaceous layers 0.6' to 4.0' apart 
- moderately argillaceous, medium gray 190.0&-191.0& 

- very argillaceous, darlc gray 193.0&-194.0& 

- moderately argillaceous, medium gray 198.0&-198.6g 

~~--~C4-2~1~-------+~9~~4--~~C~=n 200.0..201.6 

fi--

- moderately argillaceous, medium gray 2OO.0&·200.7g 

205-

g 
~ p 

~ 
~ 

- moderately argillaceous, medium gray 204.2g.20S.5g 

• moderately argillaceous, medium gray 206.1,-211.1& 

~ 
2101~--~C+-22~~------+-I~OO~--98=-r~~. 

210.2-211.2 p::= 

~1--~.,.==;i4.;~~4~~~;'i,i'=!:i~---· 
fossil detiris 

~ Sharp Contact 212.7' . 
E:;i== SHALE (Eagle Ford) fresh, soft, rlSSile, dark gray, with low to medium angle 
=- fractures 
=- -4S deg. incipient fracture 213.9 

~ _:20 d .. ". inr-inient fraMurf' "'4.7 &. "214.R 

Notes: Disturbed shelby sample 0.0' to IS', rotary wash IS' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.! PBIRlS 
Contract: SC·AOO-I033 
Sheet: 10 or 13 

Project: SUPERCONDUCIlNG SUPER COLLIDER 
Client: THE PB/MK TEAM 

Logged by: M. Granger 
Ground Elevation: 666.5 ft. 

ELEV. DEPTH 
I--r--l 

(ft.) (ft.) TYPE No. 
BLO'tIS 
(r) 
or 

REe RQO 

(X) (X) SAMPLE DESCRIPTION 

SHALE (Eagle Ford) fresh, soft, rlSSile, darlc gray with low to medium angle 
fractures, septarian concretions, 0.2' limestone layer 

.4S deg. incipient fracture 215.0 

.40 deg. fracture, slickensides, open, smooth, clean 215.6 
• 10 deg. fracture, slickensides, planar, smooth, clean 217.1 
- 40 deg. fracture, slickeniides, planar, smooth, dean 217.2 

• recovered 1.4' of C-22 with C-23 

- 45 deg. fracture, c105Cd, tiEht, 1/8· pyrite filling 224.8 
.4S deg. incipient fracture 22.5.1 
- 1/2" septarian concretion 225.7 

- 20 deg. fracture, slickensides. planar, smooth, clean 227.0 
- 1/2" septarian concretion 227.U 
- 1/2" septarian concretion 227.8 

- 40 deg. incipient fracture 228.6 & 228.8 

• recovered 0.5' of C-24 with C-2S 
- I" septarian concretion 230.3 

- 15 deg. incipient fracture 231.2 

- 45 deg. incipient fracture 232.1 

• 4S deg. fracture, slickensides, planar smooth, clean 233.1 & 233.4 

• I" septarian concretions 234.1, 234.7 & 234.9 

- I" septarian concretion 235.3 
.1/2" septarian concretion 235.7 
• traces of pyrite 235.8-236.3 

- 1" septarian concretion 237.1 
• fractured limestone layer 237.3s-237.5s with 1/8".1/4" calcite filling 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wash 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR15 
Contract: SC-AOO-I033 
Sheet: 11 of 13 

Project: SUPERCONDUCIlNG SUPER COLLIDER Logged by: M. Gnmger 
Ground Elevation: 666.5 ft. Client: mE PB/MK TEAM 

ElEV. DEPTH 
I--..--~ 

REC RQO 

(X) (X) 

241.4-242.5 

247.1-248.5 

250.2-251.7 

260.7-262.2 

SAMPLE DESCRIPTION 

SHALE (Eagle Ford) fresh, soft, fISSile, !Ian py with medium angle 
frac:tu1"C5, arcnaC'CO\I$ layer, traces of pynte 

- 45 de," fracture, slickensides, planar, smooth, dean 243.2 

.45 de," fracture, clo5cd, tight 144.0 

• reccM:red 1.7' of CZ7 with C28 

.40 de," incipient fnu:ture 246.1 & 246.3 

.45 deg. fracture, slic:kensidC$, planar, smooth, dean 247.0 

.45 de," incipient fracture 247.4 

• reccM:red 1.3' of C28 with C29 

• 1/4" pyrite scam 252.3 

• reccM:red 1.5' of C29 with C30 

.1" pyrite nodule 258.6 

• arenaceous 261l.Og-26O.5g 

• 3" pyrite stringer 261.6 

- 60 deg. incipient fracture 2626 

Notes: Disturbed shelby sample 0.0' to 15', rotary wash 15' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR15 
Contract: SC·AOO-I033 
Sheet: U or 13 

Project: SUPERCONDUCl1NG SUPER COLLIDER Logged by: M. Granger 
Ground Elevation: 666.5 ft. Client: THE PB/MK TEAM 

REC RQD 

(X) (X) 

1AS.7-7JJ7.2 

271.65-273.1 

m.l-m.5S 

34 

276.8-278.3 

281.4-282.9 

SAMPLE DESCRIPTION 

SHALE (Eagle Ford) fresh, soft. fISSile, dark gray with medium angle 
fractufC$, occasional 0.2' to 0.5' thick limestone Iayet$, trac:c pyrite 

- arenaceous 270.3g·m.l& 

- limestone, hard, light gray, 273.1$0273.6& 
- 40 de" fracture, slickensides, planar, smooth, dean m.7 

- 1/4· pyrite scam 275.75 

• recovered 0.5' of C-34 with C-3S 

- 4S deg. fracture, slickensides, planar, smooth, dean 287.0 
- 40 deg. fracture, slickensides. planar.!. smooth, clean 287.2 
- limestone, bard. light gray' 287..3s-28/.5s 
- traces of pyrite 287.7-288:3 

- 45 deg. fracture, slickensides, planar, smooth, dean 288.6 
- 4S deg. fracture, slickensides. planar, smooth, clean 288.8 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wasb 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 



GEOTEST ENGINEERING, INC. BORING LOG 
Boring No.: PBIR15 
Contract: SC·AOO-I033 
Sheet: 13 or 13 

Project: SUPERCONDUCI1NG SUPER COLLIDER Logged by: M. Granger' 
Ground Elevation: 666.5 It. Client: THE TEAM 

ELEV. DEPTH I----r~-I 

(ft.) (ft.) TYPE No. 

C 'n 

c 

BLOWS 
(r) 
or 

REC RQO 

(X) (X) SAMPLE DESCRIPnON 

SHAI.J! (Eagle Ford) rresh, soft, fISSile, darlc gray, trace pyrite 

• 1/4' pyrite seam 291.0 

• recovemf 1.2' of C37 with C38 

• recOYemf 3.4' of C38 with C '2ft 

Bottom or Exploration 305.0' 

Notes: Disturbed shelby sample 0.0' to 1.5', rotary wash 1.5' to 5.0', NX core 5.0' to 305.0', special core samples 
taken from Austin Chalk and Eagle Ford Shale, packer testing waived. 


