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The results of all these tests are included in the Appendix of this report. The
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PURPOSE AND SCOPE

Pressuremeter tests were performed in two (2) borings near Waxahachie, Texas for the
purposes of determining some of the properties of the bedrock in which the super
conducting supercollider tunnel will be constructed. The pressuremeter tests were
performed during the time interval of December 14 to 30, 1989. Eleven pressuremeter
tests were performed within the Taylor Marl. eight tests were performed within the
Austin Chalk. and three tests within the Eagle Ford Shale. For each of these
pressuremeter tests. the initial pressuremeter modulus and reload modulus were
calculated. Where possible, the horizontal pressure at rest, the yield pressure, and

the limit pressure were estimated.

GEOTECHNICAL TEAM

The geotechnical team that was assembled to conduct the pressuremeter tests consisted
of three members; i.e., Southwestern Labs, STS Consultants, Ltd. and Professor

Jean-Louis Briaud. The contribution of each of these members is described below.

1. Southwestern Labs provided two drill rigs, plus the associated crews and field
geologists for coring and logging the bedrock and for preparing the boreholes for
pressuremeter testing. Bruce Bailey of Southwestern Labs was the leader of the

team, and directed the field operations.

Two borings were completed at opposite sides of the proposed tunnel and these
borings are labeled BE-2 and BF-6. The logs of these borings, along with the

location diagram are included in Appendix A of this report! A detailed discussion



of the drilling methods that were used to advance the boreholes is included in

Appendix B.

STS Consultants, Ltd. conducted the pressuremeter tests (PMT) in the field. Mr.
Norman Seiler of STS Consultants performed the tests and recorded the data. In
addition. Mr. Seiler conducted all of the calibration tests at ground surface
prior to insertion of the pressuremeter into the corehole for the actual
performance of the tests within the bedrock. The pressuremeter data is included
in Appendix C. Mr. Seiler’'s observations of the pressuremeter testing and
borehole preparation procedures are included in Appendix B. Mr. Robert Lukas
assisted Professor Briaud in the pressuremeter interpretation and prepared this

final report.

Professor Jean-Louis Briaud was responsible for plotting of the test data gathered
by STS Consultants. From this data, the pressuremeter modulus and reload modulus
were calculated. Estimates were also made of the horizontal pressure at rest. the
yield pressure and the limit pressure. All of the pressuremeter field data, plus
the graphical plots of pressure versus diameter change are included Appendix C.
Professor Briaud provided the pressuremeter interpretation and assisted in the

report preparation.

PRESSUREMETER DESCRIPTIONS

Two pressuremeters were used at this site; an Elastmeter 100, manufactured by Oyo

Corporation and the Probex I, manufactured by Roctest, Inc. The control leads for the

Oyo pressuremeter were only 300 feet long, which limited this unit to the testing at

depths of 300 feet or less. The Probex 1 was available in loﬁger control leads. and

this unit was used to conduct three pressuremeter tests at depths on the order 300 to

360 feet below grade. A brief description of each of the pressuremeters follows.
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Oyo Elastmeter 100 - This is a monocell /pressuremeter, inflated pneumatically with
radius measurement by two feeler arms at/the center of the probe. The probe is 72 mm
(2.83 in) in diameter and 700 mm ((2.76 in) in length. This unit has lateral testing
capabilities up to 200 tsf (2,778 psi). Diameter readings are taken to the nearest .01

mm. This pressuremeter was used for nineteen of the pressuremeter tests.

Probex 1 - This is a monocell pressuremeter, inflated hydraulically with volume
measurements to indicate displacement. The probe is 74 mm (2.91 in) in diameter and
470 mm (18.5 in) in length. The limitation of this unit for lateral pressure testing
is 300 tsf (4,167 psi). Three pressuremeter tests were performed with the Probex |

unit.

All of the pressuremeter tests were pressure controlled tests. In general. the tests
were performed with one unload-reload cycle to obtain a reloading modulus. At four
pressuremeter test locations. the probe was deflated after the unload-reload cycle and
then the probe rotated through various degrees of azimuth and another cycle was

performed to detect if there was anisotropy in the rock.

DATA REDUCTION

The raw data obtained in the field was corrected for membrane resistance and system
compressibility to obtain the final corrected pressuremeter curves. These curves are
presented in the Appendix C as P versus AR/R curves where P is the pressure against
the borehole wall, R is the radius of the deflated probe and 4R is the increase in

probe radius.

For each test, where possible, a first loading modulus E_, a first reload modulus E_,
were calculated and the horizontal at-rest pressure, P, the yield pressure. P ., and

the limit pressures, p . were estimated. These terms are illustrated on a typical
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pressuremeter curve in Figure 1. The modulus was obtained from the straight part of
the PMT curve upon loading and is actually a shear modulus, G. The modulus was then
converted to an equivalent E value by assuming a Poisson’s ratio of 0.33. Other values
of Poisson’s ratio could be used but unless site specific values are known. a value of

0.33 is customary for pressuremeter modulus conversion from G to E.

2

2

[-]

E=( +v) 8P %‘_—fA—B
where v is Poisson’s ratio. 8P is the increase in pressure over the straight part of
the PMT curve, 8R, and AR, are the relative increase in probe radius corresponding to
the beginning and ending points of this straight part, respectively. The at-rest
horizontal stress. P_, was estimated to be at the maximum curvature of the initial
portion of the PMT curve. Some consider the at-rest horizontal stress to be as high as
the beginning of the straight line portion of the PMT curve. The actual value may lie
somewhere in between. The yield pressure, Py , is the pressure at which the creep
begins to increase. and corresponds to the end of the straight line portion of the PMT
curve. The limit pressure, P, is defined as the pressures corresponding to the point

on the PMT curve where the initial volume of the cavity is doubled.

PRESSUREMETER TEST RESULTS

The pressuremeter test results are summarized in Table 1. The initial in-place



horizontal stress P_. is shown, but should be used with caution. The method of
estimating P, by inspection of the pressuremeter curve is prone to considcrable error.
At the present time, there is no accepted method for determining P, from the shape of

the pressuremeter curve.

Both the limit pressure, P,

and the yield pressure, P are shown in Table I.
Unfortunately, both the Austin Chalk and Taylor Marl deposits were so stiff that the
limitations of the pressuremeter equipment were reached before the limit pressure was
obtained. Even the creep pressure had not yet been reached in the Austin Chalk before
the limitation of the pressuremeter testing equipment was reached. Thus. it is not
possible to compare the various formations on the basis of either the limit pressure or

the creep pressure.

Perhaps. the most reliable measurement of the three rock formations that could be used
for comparison purposes is the initial loading modulus. All of the pressuremeter tests
were able to be extended upward into the elastic range of deformation within the rock
from which the initial modulus values could be obtained. The reload modulus could also
be used for comparison, but because of the high value of reload modulus, some of the
values given are at the limit of the pressuremeter measurements. The variation in

initial and reload modulus values with depth is shown in Figures 2 and 3.

Based upon a comparison of the initial modulus values, certain conclusions regarding

the properties of these three rock formations can be reached.

1. The stiffest deposit at the site is the Austin Chalk and the weakest deposit at
the site is the Eagle Ford Shale. The Taylor Marl is intermediate in stiffness
between these two. The average initial modulus for the Austin Chalk. Taylor Marl
and Eagle Ford Shale is 950 ksi, 474 ksi, and 153 :ksi, respectively.  In
calculating the average initial modulus within the marl, the tests above a depth

of 90 feet were excluded for reasons outlined in item 2 below. On a relative
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TABLE 1. PRESSUREMETER TEST RESULTS
Depth P, PY P, E * E PMT Rock
Boring  (ft) (psi) (psi) (psi) (ksi) (ksi) Type Type
BF-6 58 55 800 1350 65 108 oYO Marl
63 50 250 1250 50 109 " "
69 30 800 1450 96 175 " "
123 20 1000 >2100 301 384 " "
125.5 35 1000 >2300 595 796 " "
128.5 50 1000 >1900 (546)0 587 " "
(425)90
188.5 50 1000 >2300 470 629 " "
208.5 60 1600 >2300 446 565 " "
278.5 40 1300 >2400 553 636 " "
288 - 1500 >3000 365 428 Probex "
297 40 1600 >2500 564 675 oYo "
348 - 3500 >4500 1217 1019 Probex Chalk
358 - 2500 >4000 559 552 Probex "
BE-2 40 50 > 1150 >1150 (1207)280 2347 0oYO Chalk
(1207)340
(1207)40
(1785)280
46.5 50 > 1350 >1350 482 439 " "
89.5 15 > 1950 >1950 (|275)280 " "
(1939)340
(1937)40
(1939)280
99.5 30 > 2300 >2300 864 2027 " "
125 65 > 1950 >1950 (425)280 2345 " "
(375)340
(451)40
(388)280
132 30 > 2250 >2250 672 1312 " "
142 80 800 1350 126 328 " Shale
167 100 1200 >1950 163 316 " "
198.5 800 1950 171 353 " "

140

For tests where the probe was deflated and rotated, the number in parentheses is the
modulus, the number after the parentheses is the azimuth of the direction of the PMT

feeler arms.

This value is outside the accuracy of this instrument and is therefore questionable.



scale. the marl is 3.1 times stiffer than the shale, and the chalk is 6.2 times

stiffer than the shale.

2. Below a depth of about 90 feet, the initial modulus within the marl ranges from
300 to 595 ksi with an average of 474 ksi. Above a depth of 90 feet. the initial
modulus within the marl is only on the order of 65 to 96 ksi. and this is
attributed to weathering or unloading of this deposit over a period of time.
thereby reducing its stiffness. Within each zone (above 70 feet and below 100
feet). the modulus values are grouped within narrow bands indicating consistent

pressuremeter test results, thereby ruling out testing errors.

3. At the four locations where pressuremeter tests were performed at varying degrees
of azimuth, similar initial modulus values were obtained and this would be
indicative of a relatively homogeneous property in different horizontal

directions.

CORRELATIONS WITH PUBLISHED DATA

Articles pertaining to pressuremeter testing in weak rocks were reviewed to see what
pressuremeter parameters were obtained in similar types of formations. In addition.
some of the published articles contained correlations between modulus values obtained

by the pressuremeter plate load tests, and laboratory tests.

Table 2 summarizes some of the published information pertaining to modulus values. The
black shale from Reference 1 was found to have an initial modulus of 10 to 125 ksi,
with an average of 52 ksi. This is significantly less than the modulus determined for
the Eagle Ford Shale, which ranged from 125 to 170 ksi with an average of 153 ksi. The
testing on the black shale was performed in 1970 using a conventional soil

pressuremeter which has limitations on the lateral stresses that can be transmitted to

-10-



the ground. so it is possible that the pressuremeter tests on the Black Shale are not

truly representative.

Table 2

Pressuremeter Tests in Weak Rock

Rock Water Content Initial Modulus ksi Reload Modulus ksi

Type Range Avg. Range Avg. Range Avg. Source
Black Shale 9.5-12.0 10.5 10-125 52 -- - 1
Keuper Marl 12-20 -- 29-73 61 44-174 90 2
Mudstone 5-15 -- 58-217 145 102-544 303 3

Clay Shale 13-20 19 60-237 132 4
Reference:

1. Compressibility Characteristics of Shales Measured by Laboratory and In-situ Tests -
A.J. Hendron, Jr., G. Mesri, J.C. Gamble and G. Way, ASTM STP477, 1970

2. Pressuremeter Testing, Methods and Interpretation - R.J. Mair and D.M. Wood.
Butterworths, 1987, Chapter 5

3. The Triassic Rocks with Particular Reference to Predicted and Observed Performance of
Some Major Foundations, A.C. Meigh, Geotechnique 26, No. 3, p 391-452, 1976.

4. Predicted and Measured Performance of a Foundation - J.L. Briaud. C.F. Roba. W.T.
Johnson, R. Halverson, Drilled Piers and Caissons 11, ASCE, p 43-56. 1985.



Pressuremeter tests within the Keuper Marl indicate an initial modulus ranging from 29
to 73 ksi. with an average of 61 ksi. These tests correlate very well with the
pressuremeter tests within the upper 100 feet from ground surface at the SSC site on
the Taylor Marl, where the initial pressuremeter modulus ranged from 50 to 96 ksi, with
an average of 70 ksi. However. the lower Taylor Marl had a significantly higher

initial tangent modulus indicating a less degree of weathering.

Tests on the Mudstone from Reference 3 indicates an initial tangent modulus range of 58
to 217 ksi, with an average of 145 ksi. The mudstones are described in Reference 3 as
a Marl that is only slightly calcareous. Thus, comparison of this deposit couid be
made with the Taylor Marl at the SSC site. It appears that the Mudstone has an initial

tangent modulus somewhere between the weathered and the unweathered Taylor Marl.

Meigh( 3 compared elastic moduli obtained from pressuremeter tests, plate loading
tests, laboratory triaxial and consolidation tests for the Keuper Marl. Figures 77 and
78 shown on the attached sheet are from this reference and indicate the variation in
the modulus with the method of testing. In both of these figures, the pressuremeter
modulus is typically higher than the modulus measured from either the triaxial or the
plate loading test. This trend was also observed by Meigh( > for tests performed on
other weak rock such as the siltstones and mudstones. Other authors have found a
similar result with the pressuremeter moduli being greater than the moduli determined
from plate loading tests or other laboratory tests. The lower moduli from the
laboratory tests is attributed to sample disturbance. There appears to be a closer

correlation between the moduli from plate loading tests and from pressuremeter tests.

The results from reference 4 obtained in shale at San Antonio closely match the data
for the Eagle Ford Shale at the SSC site. In the San Antonio project, 80 feet deep
drilled shafts with 13 feet diameter bells were supporting 2,000 ton column loads. No

measurable settlement was recorded.
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On the basis of the comparison of the tests at the SSC site with the published
literature, it is concluded that the pressuremeter modulus values are similar, although
higher at the SSC site. This may be due to less weathering of the rock at the SSC
site. because the tests were performed at relatively great depths below grade, and the
use of rock pressuremeter testing equipment which can test the rock to higher lateral

stresses.

SIGNIFICANCE OF TEST RESULTS

The most significant test value obtained from the pressuremeter testing is
considered to be the initial and reload modulus. These modulus values can be used
to predict deformations within the rock mass from either tunneling operations,
excavations, or from loading, such as with new foundations. For the tunnel and
excavations, it will probably be necessary to use a finite element program

incorporating the modulus values in order to predict deformations.

Another value of the pressuremeter testing was to show the relative stiffness of
the various rock deposits. Using the the stiffness of the Eagle Ford Shale as a
value of 1, the stiffness of the Taylor Marl is 3.1 times greater than the Shale,
and the stiffness of the Austin Chalk is 6.2 times stiffer than the Shale. Thus,
to limit deformations during tunneling or from loading, the most favorable
deposits at this site would be the Austin Chalk and the Taylor Marl. The least
favorable would be the Eagle Ford Shale.

The limited amount of pressuremeter testing at various degrees of azimuth
indicates that the rock formations are relatively homogeneous in a horizontal

direction, although more testing along these lines is warranted.

In-situ horizontal stresses were predicted from the pressuremeter, but the
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accepted procedure for interpretation of the horizontal stress from pressuremeter

testing is still lacking. so these values should be used with caution.

The yield pressures obtained from the pressuremeter tests indicate the stress

level above which creep of the rock becomes a serious problem.

The compressive strength of the rock can be estimated by a correlation to the
limit pressure. Also, the residual undrained shear strength can be calculated
from the large strain portion of the pressuremeter curve. These values may be

useful in slope stability calculations.

RECOMMENDATIONS FOR FUTURE TESTING

The pressuremeter testing that has been done to date has been undertaken in only two
boreholes. Some variation in test parameters will probably be experienced in other
portions of the site, and additional pressuremeter testing is recommended. It is our
understanding that an instrumented test shaft will be installed in the near future to
provide additional property information regarding the various rock formations. As part
of this test shaft installation, it is recommended that additional pressuremeter tests

be performed. These tests could include:

Pressuremeter tests prior to shaft construction within the various rock formations
through which the instrumented shaft will be installed, with tests being performed
at various degrees of azimuth to obtain more information regarding the horizontal
anisotropy. The pressuremeter tests should focus on the determination of the rock
properties, including creep properties, at the pressure levels anticipated during
construction and the duration of the SSC structural elements. These tests should

model construction sequence and the associated stress path.
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Within the test shaft. a horizontal hole could be bored for a distance of 4 to §
feet beyond the extent of the shaft from which a horizontal pressuremeter test can
be performed to compare with vertical pressuremeter tests to determine what
variation in moduli there might be from horizontal to vertical positioning of the

pressuremeter.

Tests should be performed at the bottom of the test shaft to be compared with
tests prior to excavation to document the change in pressuremeter parameters due

to overburden removal.

Pressuremeter tests can be performed within each rock formation for an extended
period of time while holding the pressure constant to see if there is any creep in
the rock during this time interval. These tests could be done during loading or
unloading to obtain the unloading creep response of the rock. This would be

especially important for the Eagle Ford Shale.

Both the Oyo Elastmeter and the Roctest Probex 1 worked well at the site and are
recommended for future use. The stress range imposed on the rock mass by new
construction, including unloading or loading, are anticipated to be well below the

highest stress imposed by the Elastmeter and Probex 1.

Within the stiffer formations such as the Austin Chalk, high capacity rock
pressure tests could be performed. There is a device called the Goodman Jack
which exerts horizontal pressures up to 9,000 psi, or approximately 3 times higher
than the upper limit of the Oyo 100 Elastmeter. By having a higher lateral stress
capability, the pressuremeter curve can be extended much further and perhaps even

to the limit pressure in these stiffer formations.
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GENERAL QUALIFICATIONS

The pressuremeter testing that was undertaken as part of this study is limited in
extent and should be considered appropriate only for the locations at which the tests
were made. Additional testing has been suggested and we would welcome the opportunity

to perform this additional testing for you if so desired.

The pressuremeter test parameters have been calculated in accordance with Standard
Pressuremeter Procedures as outlined by ASTM Standard D-4719. The prediction of
movements or performance of various facets of the SSC project are beyond the scope of
this report. We welcome the opportunity to use the pressuremeter data in conjunction
with a finite element program to predict movements if provided with information on

construction sequence and loading.
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LOG GF BORING BORING NO: BE2 PG 1 OF 6
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LOG OF BORING BE 2
- BORING NO: PG 2 OF 6
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i LOG OF BORING
PROJECT: BORING NO: gp o PG ;5 OF 4
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CLIENT: The Earth Technology Corporation E 2,175,700 feet
GROUND EL:
TASK NO.: 17 674.0 feet
DATE: 2/13- 1/9JYPE: NX Core CASED TO: 30.0' CONTRACTOR: SwL -(89-192)
w SAMPLE LEGEND WATER INFORMATION
w =z
= x| T (- |~ | ©o8xzw |z | 5= SPLIT SPGON
| 8 |Fa& « z . |z .| T @ ] T= 2" THIN WALL
Y| @ (w3 = 33 38 §l§ S |%u TUBE Seep. 1 of 6
Eul = 2] & |Ex|s&| ZIEGZ [22] U= 3” THIN WALL
w w (% uw W =W 2
o 2 u & o hzlo |2 TUBE
n & x C= NX ROCK CORE
ToP (BOT. DESCRIPTION OF STRATUM
. 80.0 LIMESTONE (Austin Chalk) medium, fresh, sound,
light gray with occasional argillaceous layers
and fossil partings.
~ 85
c-9 91 91
‘ ) 0.0
— 90 ‘
‘I_— 90.0
— 95
rxc-10 100 | 95
-moderately argillaceous layer, medium gray,
at 98.2'-99.1'
L 100 100.0 12-15-90
- 100.0 12-16-90
-moderately argillaceous layer, medium gray,
- gradational contact at 103.1' to sharp contact
c-11 at 103.5'
— 10 - -very argillaceous layer, dark gray, sharp
T contact at 105.5' to gradational contact
- 99 96 -at 105.7' .
s s ~slightly argillaceocus layer, medium gray,
gradational contacts at 108.2'~109,9' -
L 110.0 -80° open, rough, calcite filled (1"), fracture
~1opoT at 110.5' - )
110.0 -moderately argillaceous layer, medium gray,
= : gradational contacts at 112.6'-113.3"
~fossil parting at 11l4.6'
— 115 c-12 100 | 95 . .
-moderately argillaceous layer, medium gray,
sharp contact at 117.5' to gradational contact
at 118.3"'
120.¢
— 120 pC T T
T 120.¢
.
AL
o g

DRILLING GEOLOGIST __ Mike Granger  ASSISTANT _ 4455, ~~~ CHECKED BY__ clep Bommarito

Shawn Wood
3-7-90



LOG OF BORING

BIRING NO: zp, PG , OF ¢

PROJECT: superconducting Supercollider N 281.050 feet
- ’
CLIENT: The Earth Technology Corporation LOCATION: E 2,175,700 feet
GROUND EL:
TASK NO.: 17 674.0 feet
'Lom-:: 12-13/  TYPE: KX Core CASED TO: 30.0' CONTRACTOR: Sul
w SAMPLE LEGEND WATER INFORMATION
w Qe =
= el 2 . |~ | 28xw |z | S$= SPLIT SPOON
- 8 |-4 @ Z . |2 .| S=ww g | T= 2% THIN WALL See p. 1 of 6
- o & ] < 0T

mull 8 jus = og1e8| 25,2 |25 TUBE

aw| > |g2 o Cx |G| I hwn= {2+ | U= 3" THIN WALL

o v %d W a (o |G, = TUBE

l by I x C= NX ROCK CORE

; TaoP |BQT. DESCRIPTION OF STRATUM

} GRS (
LI 120.¢ LIMESTONE (Austin Chalk) medium,  fresh, sound,
L LX light grav with occasional argillaceous layers

: h s and trace pyrite

iL fﬁ!l -trace pyrite at 124.2' and 124.6'

12515 A -slightly argillaceous layer, medium gray

[ oo o1 84 | B84 gradational contacts at 125.3'-127.0'

;L LI’

: I

p——eed T T Y

| S—

— 130 120,

- hjlij 130.0 131.4 -gradational contact-

) A

| Bo SHALEY LIMESTONE (Transition) medium, fresh,

Ayt C-14 sound, extremely argillaceous, dark gray with

Al 70 | 70 abundant fragments of fish bones, teeth and
—135 other fossil debris

136,
136.9¢
132.1 -sharp contact-

140 C-15 oo —
SHALE (Eagle Ford) soft, fresh, sound, fissile,
dark gray with occasional septarian concretions

‘L 143, and trace pyrite

143.9
b~ 145
C-16 49 49
F—ISL 150.
150.b -15° smooth, open, fracture with trace pyrite
° at 152.9' -
-septarian concretions (") at 153.1 and 153.6'

155 c-17 100 97
-septarian concretion (') at 156.8'

-trace pyrite at 158.0°'

160 160.9

160.p

DRILLING GEOLOGIST Mike Granger ASSISTANT

Jim Lu CHECKED 8Y Clem Bommarito

‘Shawn Wood
3-7-90



LOG OF BORING

PROJECT:

CLIENT: The Earth Technology Corporation
TASK NO.: 17

Superconducting Supercollider

BORING NO: BE-2 pG 5 QOF 6

OCAT : N 281,050 feet
L 10N:  E 5,175.700 feet

GROUND EL:

674.0 feet
DATE: 1213/ =~ TYPE: WX Core CASED TO:  30.0' CONTRACTOR: SuL (89-192)
w SAMPLE LEGEND WATER INFORMATION
w =z
z | | |$= E = |= | 98zw |z | S=SPLIT SPOON
- o "'m E . E N <:°_I & . T=2 THIN WALL See P- 1 of 6
Tw| @ = x Q ol o (=] TR TUBE
w3 (WS - SQwiLel 2= n H
auw| > ;z o Ta Tx :mm-— g;— U= 3 THIN WALL
] =9 a8 e la | BZHe |2 TUBE
n u x C= NX ROCK CORE
TOP {BOT. DESCRIPTION OF STRATUM
160. SHALE (Eagle Ford) soft, fresh, sound. fissile,
dark gray with occasional limestone and shaley
T limestone layers, calcite veins, septarian
- concretions, fossil partings, and traces of pyrite
i C-18 20 20
[-l65
70 170.( -pyrite nodules (1"-1") from 170.3'-171.0'
1 Trob -fossil partings at 172.0', 173.2' and 175.0'
‘ .
L
=175 c-19| 100 | 100
-trace pyrite at 177.1'
180 180. -septarian concretions at 180.6'-182.6'
180.p
-limestone layer (5"), with numerous (ir-1)
- 185 radial calcite veins and trace pyrite, sharp
Cc-26 100 | 98 contact at 185.2'-185.7'
-pyrite nodules (}") at 185.9'
190 1 -shaley limestone, light gray, sharp contacts -
n at 194.3'-195.2"'
1%0.0 -fossil parting at 194.9'
195 C-21 59 59
200 200.0
200.(

DRILLING GEOLGGIST Mike Granger ASSISTANT

Jim Lu CHECKED BY Clem Bommarito

Shawn Wood
3-7-90



LOG OF BORING

BSRING NO: BE2 PG 6 OF 6

PROJECT:
Superconducting Supercollider LOCATION: N 281,050 feet
CLIENT: The Earth Technology Corporation E 2,175,700 feet
TASK NO.: 17 GROUND EL: 47,0 feet
‘r DATE: 1233/ = TYPE:  NX Core  CASED TO: 30.0' CONTRACTOR: oo (go-19)
w SAMPLE LEGEND WATER INFORMATION
w =
z | | |%s g £ | | 28=zw |z | S=SPLIT SPOON .
=t B In8| = |Bo|Ea| 3508 |Eo| T inuan™ YA | seeprofs
w Q 1= [+
st | = |2 & |S2|S2| ZF=5E (22| U= 3° THIN WALL
u “w g w T ja Y 3z TUBE
=] = Q nire ($
b w C= NX ROCK CCRE
TOP {BOT. DESCRIPTION OF STRATUM
200-9 SHALE (Eagle Ford) soft, fresh, sound, fissile,
dark gray with occasional fossil partings
[
\_205
r‘ZOu c-22 8 85 -fossil parting at 208.0'
> 230.4
20 C-23p10.0],., 4 92 | 92
L—u
S Bottom of exploration at 211.0'
—215
220
=2 25
—230
—-235
240
DRILLING GEOLOGIST Mike Granger ASSISTANT Jim Lu CHECKED BY Clem Bommarito

Shawn Wood
3-7-90
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LOG OF BORING BORING NO:BF-6 PG 1 OF 10 |
PROJECT: Superconducting Supercollider l

LOCATION: N 238,075 feet
CLIENT: The Earth Technology Corporation E 2,255,063 feet

TASK NGO 17 GROUND EL:456.3 feet

DATE: 12-11-89/TYPE: pNx/NxB Core CASED TO: 40.0' CONTRACTOR:  SwL (89-192)

]
w SAMPLE LEGEND WATER INFORMATION |
w Qo =
= S =z — | | o8xu |2 | S= SPLIT sPaoN
-1 4 —w < z .|z . 5"'&% w | T= 2% THIN WALL Begin drilling with water from
Ful @ we z WolWol o "0 |%u TUBE ground surface. Unable to
bwl 2122 = ciae2l ZFLZ (o] U= 3" THIN WALL determine parameters of
W w (% - w Wt E%Ew Z TUBE subsurface water table.
e b e wi T | c= NX ROCK CORE
TOP |BOT. DESCRIPTION OF STRATUM
~
\\ CLAY, sandy, traces of rounded gravel fragments,
\ roots, tan and brown
\ 10
\ CLAY, silty with embedded medium to coarse
~ 5 \ gravel, traces of sand, brown to dark brown
§ CLAY, shaly, jointed, mottled, tan and gray
— 10 §
15 §
- 20 §
30 §
- 35 \ 35.0
CALCAREOUS SHALE (Taylor Marl) soft, fresh,
fissile, slightly calcareous, dark gray with
38.0 occasional thin carbonate seams
40 C1 40 100 100
N 40.0

DRILLING GEOLOGIST Shawn Wood ASSISTANT Dale Brown CHECKED BY ciem Bommarito
Shawn Wood



DRILLING GEOLOGIST

(o]
L_OG F BOBING BORING NO: BF-6 PG 2 QF 10
PRCJECT: Superconducting Supercollider
. LOCATION: N 238,075 feet
CLIENT: The Earth Technology Corporation E 2,255,063 feet
GROUND EL: 456.3 feet
DATE: 12.11-397 TYPE: Nx/NxB Core  CASED TO: 40.0  CONTRACTOR: suL (89-192)
w SAMPLE LEGEND WATER INFORMATION
u =
= el Z |- |~ | 28xwn |z | S=SPLIT SPOON
=~ 8 |Fy c Z .|z .| T=PY W | T=2" THIN WALL See page 1 of 10
Eul 2 lw3| E 188|88| 28,8 |1k TuBE
cul ¥ |32 o T |Ex| <Sn= |2+ U=3" THIN WALL
u “ & u a |8 | REu, = TUBE
- u = C= NX ROCK CORE
TOP |BOT. DESCRIPTION OF STRATUM
40.0 CALCAREOUS SHALE (Taylor Marl) soft, fresh,
fissile, slightly calcareous, dark gray
with occasional thin carbonate seams and
fossil partings
45 c2 89 | 89
50 L0.0
50.0
~ 55 c3 98 | 98
- 1 i 1)
60.0 fossil parting at 59.6
—60
60.0
Ch 75 § 75
64.0
5 64.0
) 791 79
L—?O 70.0
70.0 : .
-very calcareous shale, light gray from
72.6'-77.5"
-fossil parting at 74.6'
75 cé 75 | 75
80 80.0
80.0
Shawn Wood ASSISTANT Dale Brown

CHECKED BY Clem Bommarito

Shawn Wood



LOG OF BORING

PROJECT BORING NO: BF-6 PG 3 OF 10
: ducting Supercollider
Superean & > LOCATION: N 238,075 feet
CLIENT: The Earth Technology Corporation E 2,255,063 feet
GROUND EL: 456.3 feet
TASK NO.: .,
DATE: 12-11-89/ TYPE: Nx/NxB Core  CASED TO: 40.0' CONTRACTOR: SwL (89-192)
g SAMPLE LEGEND WATER INFORMATION
w e z
= Y. < oocun : S= SPLIT SPOON
-4 té o "uz: . E . 5:&% b | T= 2% THIN waLL See page 1 of 10
EW| g |w3| E |£u|28| 222 (ob Juee
aw| > |2 o Cx|fc| <ffu= [+ U= 37 THIN WALL
u I w o |o nZzle | = TUBE
= w x C= NX ROCK CORE
TGoP |BGT. DESCRIPTION OF STRATUM
80.0 CALCAREOUS SHALE (Taylor Marl) soft, fresh,
fissile, slightly calcareous, dark gray with
occasional thin carbonate seams and fossil
partings
— 85 c? 92 | 92 -fossil parting at 86.9"
90.0
% 90.0
-fossil partings at 92.1' and 93.0'
95
Cc8 93 | 93
00 100.0
100.0
— 109 c9 91 | 91
-fossil parting at 107.9'
L08.0
~ 108.0]
1o C10 10.0 75 {75
110.0
-fossil partings at 114.4', 115.3', 116.8'
L. 115 Cl1 97 97 and 119.4'
120.4Q
120 120.0
DRILLING GEOLOGIST __ shawn Wood ASSISTANT __ pale Brown CHECKED BY Clem Bommarito

Shawn Wood
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LOG OF BORING

; BORING NQ: BF-6 PG # QF 10
PROJECT:  superconducting Supercollider
LOCATION: N 238,075 feet
CLIENT: The Earth Technology Corporation E 2,255,063 feet
GROUND EL: 456.3 feet
TASK NQ.: 17
DATE: 1}:&}:83/ TYPE: NX/NXB Core CASED TO: 40.0°' CONTRACTOR: SHL (89'192)
w SAMPLE LEGEND WATER INFCRMATION
w e =
2 1T 4 E olewn | S= SPLIT SPOON
Sl diFg| = |2.|Z2.|Sc8% |§ .| T=2" THIN waLL See page 1 of 10
wd w < a
T § wa - oLl e, © w TUBE
el £ |22 & |=2|z22| 2=HE 22| u= 3% THIN waLL
w w w 2
wlw e, w g R R, | TUBE
= W =+ C= NX ROCK CORE
TOP |BOT. DESCRIPTION OF STRATUM
120.0 CALCAREOUS SHALE (Taylor Marl) soft, fresh,
fissile, slightly calcareous, dark gray with
occasional carbonate seams and fossil partings
t-uzs c12 95 | 95
i
L
! 0.
i Y 130.
'30 130.9
L
[
— 135 C13 831 83
140 140.0
140.0f
= -fossil partings at 140.4', 140.7', 141.9'
145 Cc1e 991 99 144,27, 145.47, W6.7", 147.5', and 147.7°
150 150. 0 -fossil partings at 150.5', 154.2', 154.8',
- 1oU 150.0 155.5', 157.7' and 159.6'
155 C15 100 {100
160 160.0
160.0
DRILLING GEQLOGIST __ Shawn Wood ASSISTANT __ Dale Brown CHECKED BY Clem Bommarito

Shawn Wood
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LOG OF BORING
PROJECT: §uperconductmg Supercollider BORING NO: BF-6 PG 5 QF10
CLIENT: The Earth Technology Corporation LOCATION: 2 z’gggzggg Ei:'{
GROUND EL: 456.3 feet
TASK NO.: 17
DATE: 13:83:88 TYPE: Nx/NxB Core CASED TO: 40.0' CONTRACTOR: SwL (89-192)
w SAMPLE LEGEND WATER INFORMATION
w e =Z
=z el Z |- |- | 28xzw |z | s=SPLIT sPooN
| 8 |[Fa « z |z .| T=¥ lw | T=2" THIN WALL See page 1 of 10
Ul g w3l E 189183/ 22,8 |25 Tue
ow| = |#2 o x| Te| <hu= |2+~ U= 3" THIN WALL
ul n %d w e |a GE,“_’@ = TUBE
2 & C= NX ROCK CORE
TOP |BOT. DESCRIPTION OF STRATUM
160.0 CALCAREOUS SHALE (Taylor Marl) soft, fresh,
fissile, slightly calcareous, dark gray with
occasional thin carbonate seams and fossil
partings
165 Cl6 97 97
170 170.0 -fossil partings at 170.5', 174.6' and
170.0) 176.2°
l
L
—~175 Cl7 100 100
180.0
— 80
180.0¢
—185 c18 89| 8o
190 90,0 ~-fossil partings at 190.5' and 191.8'
190.0)
-carbonate seam at 194.1°'
195 c19 98| 98
200 000
200.0
DRILLING GEOLOGIST Shawn Wood ASSISTANT Dale Brown CHECKED BY Clem Bommarito

Shawn Wood



LOG OF BORING
PROJECT: Superconducting Supercollider B3RING NO: BF-6 PG 6 OF 10
. OCATION: 75
CLIENT: The Earth Technology Corporation Loc 2 2,%22:363 {.:::
GROUND EL: 456.3 feet
TASK NO.: 17 ee
DATE: 13233288/ TYPE: Nx/NxB Core  CASED TO: 40.0' CONTRACTOR: SwL (89-192) |
w SAMPLE LEGEND WATER INFORMATION
w =
a z o .
-3 . 4 < olacwn S= SPL1T SPOON
=l & |Fy < = = gy S .| T=2* THIN wALL See page 1 of 10
| 2 |w3| E 83|858| 22, 8|0 TUBE
cw| > |22 a e |fx| <hn= (2~ U=3" THIN WALL
w w nz’.a w o |a Rz, | < TUBE
= w - C= NX ROCK CORE
ToP |BOT. DESCRIPTION OF STRATUM
00.0 CALCAREQUS SHALE (Taylor Mari) soft, fresh,
fissile, slightly calcareous, dark gray with
occasional thin carbonate seams and fossil partings
—205 c20 9| 96
210 210.0
Flo.o
{
L
215 c21 98 | 98
220 220.9
20.0
—225 c22 98| 98
-thin carbonate seams, chalky white at
227.7' and 228.1'
;—23 e 230.4 -thin carbonate seams, chalky white at
p30. i 230.7', 233.2', 235.6', 237.4' and 238.4°
235 c23 99| 99
240 240.
240.0
DRILLING GEOLOGIST Shawn Wood ASSISTANT Dale Brown CHECKED BY Clem Bommarito

Shawn Wood



LOG OF BORING
PROJECT: Superconducting Supercollider BIRING NO: BF-6 PG 7 OF10
: LOCATION: N 238,075 feet
CLIENT: The Earth Technology Corporation E 2,255:063 feet
GROUND EL: 456.3feet
TASK NO.: ,,
DATE: 12-T1"B97 1ypE: nx/NxB Core  CASED TO: 40.0'  CONTRACTOR: _ Sul (89-192)
w SAMPLE LEGEND WATER INFORMATION
w =z
z .
z &S = = | = g-‘-’-{g;’,’, z S= SPLIT SPOON See page 1 of 10
- 8 |8 z |z | S=RY jw | T=2" THIN wALL
EWl 2 |us| E |ou|28| 222 o] ya
nu| > [FZ o x| 2| ZI50LE (28] U= 3 THIN waLL
u w %-6 W o jla | RZH, |= TUBE
by u T C= NX ROCK CORE
Taop |BOT. DESCRIPTION OF STRATUM
240.4 CALCAREOUS SHALE (Taylor Marl) soft, fresh,
fissile, slightly to moderately calcareous,
dark gray to gray with occasional thin carbonate
— seams and fossil partings
= -thin carbonate seams, chalky white at
-245 C24 99| 99 241.0', 240.3', 247.0' and 248.5'
250 1250.0 -thin carbonate seams, chalky white at
250.4d 250.6', 252,8', 254.5', 255.2', 258.9'
L and 259.7°
—255 C25 100 j100
-thin carbonate seams, chalky white at
_260 260.0 260.2', 263.9', 264.0', 265.5' and
260.4 268.6"
-fossil partings at 264.5' and 267.9'
- 5
265 cee 7|91 -slightly calcareous layer at 270.5'-271.4’
270.0
270 270.4
-thin carbonate seams at 272.0' and 272.8'
-fossil parting at 273.1!
275 c27 o | o
-carbonate parting at 277.0°'
[ >g0 b80.0
280.0
DRILLING GEOLOGIST  Shawn Wood ASSISTANT Dale Brown CHECKED BY Clem Bommarito

Shawn Wood



[

F
Lac a BOR_ING BORING NO: pr.¢ PG g OF 1o
PROJECT: Superconducting Supercollider
. LOCATION: N 238,075 feet
CLIENT: The Earth Technology Corporation ! E 2,235,063 feet
' GROUND EL:
TASK NG.: 17 456.3 feet
DATE: 14-51-83/ TYPE: ny/NxB Core CASED TO: 40.0' CONTRACTOR: SwL (89-192)
w SAMPLE LEGEND WATER INFORMATICN
w =] 4
z Ly zZ ~ |~ | 98=zwn |2 | S=SPLIT SPOON
- g |~y x z 1z | TePW L | T=2" THIN WALL See page 1 of 10
= o S S <& X |a pag
Tw Q w= T oceldel e, © . TUBE
= o2 = e c2| F-5Z |92 u= 3¥ THIN waL
au| > z a G| uT| S gn— S = L
Wl Bl W (& (& | REE, E TUBE
b a C= NX ROCK CORE
TOP |BGT. DESCRIPTION OF STRATUM
280.0
CALCAREOUS SHALE (Taylor Marl) soft, fresh,
fissile, slightly to moderately calcareous,
dark gray to gray with occasional thin carbonate
:~ seams and fossil partings , ,
r__235 c28 88| 88 -§c8>;sg} partings at 280.1', 280.7', and
L_290 290.4 -fossil parting at 290.7'
90.0
| - -thin carbonate seams at 282.5' and 286.9'
- -thin carbonate seams at 292.3' and 298.9°
299 €29 91| 91
3 300, -thin carbonate seams at 300.4', 304.2°',
B00.0 306.6' and 309.4'
-fossil parting at 303.2'
305 c30 99| 99 -thin carbonate seam at 305.2'
310 310. -fossil parting at 310.6', 310.9' and
N 310.0 304.4'
315 c3 99| 9
L3 320.G
DRILLING GEOLOGIST __ shawn Wood ASSISTANT Dale Brown CHECKED BY  Clem Bommarito

Shawn Wood



LOG OF BORING BORING NO: PG OF
PROJECT:  Superconducting Supercollider : BF-6 9 10
. LOCATION: N 238,075 feet
CLIENT: The Earth Technology Corporation HOUND E 2,255:063 feet
GRGU S 456.3 t
TASK NG.: L fee
DATE: 13:33-88/ TYPE: y./NyB core CASED TG: 40.0' CONTRACTOR: SwL (89-192)
W [u& SAMPLE LEGEND WATER INFORMATION
w =
z el Z |- |- | 28xzwn [z | S= SPLIT SPOON
"l d gl = |Z.|Z .| EneY (W .| T=27 THIN WALL See page 1 of 10
Eu| 2 (w3| E |eo|t8| 222 |2k JueE
auw| > [#Z o Cx|Ta| <Gn= [2+| U=3" THIN WALL
W n 1B, w a ja | D2, = TUBE
by w x C= NX ROCK CORE
TQpP [BOT. DESCRIPTION OF STRATUM
320.4 CALCAREOUS SHALE (Taylor Marl) soft, fresh,
fissile, slightly to moderately calcareous,
dark gray to gray with occasional thin carbonate
seams .
~-thin carbonate seam at 324.3'
=325 C32 100 ;100 -slightly calcareous layer at 325.0'-325.6'
-thin, carbonate seams at 325.8', 326.1',
326.4', 327.6' and 328.8'
-possible slickensided fractures at 326.4'
327.6' and 328.8'
~ 330.d -fossil parting at 329.6'
—330 370 ~thin carbonate seam at 330.3'
335.9 -sharp contact-
-335{ c33 100 { 100 LIMESTONE (Austin Chalk) medium, fresh, sound,
11 light gray to dark gray with occasional
11 argillaceous layers, soft shale layers and fossil
- - partings
=
L3400 340.0
| 340.(
D S e
i S e
s
) S - {
I S -
B e
-34S 1 c3s 100 | 100
. SED SWS |
) T 4
T
P G -
. -
A G e |
350 o 350.(
Tt == 350.4
llr11
gt |
i Sl o
B D a | N . ' i
S ] -fossil partings at 354.9', 357.4', and
R o | 358.5"
- 335 x| c3s 100 | 100 .
ijx -calcareous shaley limestone layer at
- 357.0'-357.4'
===
I 1 360.0
L.3sn -
T
i .
. G =
n -
- S
T
DRILLING GEOLOGIST Shawn Wood ASSISTANT Dale Brown CHECKED BY Clem Bommarito

Shawn Wood



LOG OF BORING

PROJECT: Superconducting Supercollider BORING NG: BF-6 PG10 OF 10

. LOCATION: N 7
CLIENT: The Earth Technology Corporation E 2,%221863 g::_t

TASK NO.: 17 GROUND EL: 456 3feet

DATE: 13:31-83/ TYPE: Nx/NxB Core CASED TO: 40.0' CONTRACTOR: SwL (89-192)

w SAMPLE LEGEND WATER INFORMATION
w =
= Lol Z ~ |~ | @8xw |z [ s=SPLIT sPaoN
-1 8 (-4 o z.lz. TewWw iy | T= 2" THIN WALL See page 1 of 10
Ul 8 |u3| E |82|88| 282 |5 TuBe
ew| > |52 o Ce (S| shnu= (S~ U= 3" THIN WALL
S v %., u o |a hZzH, | = TUBE
v w T C= NX ROCK CORE
TGP {BOT. DESCRIPTIGON OF STRATUM
o . o
e 360.( LIMESTONE (Austin Chalk) medium, fresh, sound,
P slightly to moderately argillaceous, light gray
I to dark gray with occasional argillacecus layers,
e s soft shale layers and fossil partings
-
365|5L.T] 36 98 | 98
j . A =
s -
[ e o
s e
. Sl
| . e N
O 370.&
-370 LJdJT
IS o 370.4¢
. -
| Sy = §
i G -
| . e &
S S
lﬂél -slightly fo§si1iferous limestone from .
- 375{ 11 00 { 100 374.3'-374.8
55111 c 1 -fossil partings at 373.4', 373.6', 374.3',
i 376.4', 379.0', and 379.8'
| - s o
B §
'Iéi -45° smooth, tight, slickensided fracture at
| 3g0/nlak 380.¢ 380.0 380.0°
Bottom of Exploration at 380.0'
Monitor well installed upon completion
~ 385
-390
- 395
400
ORILLING GEOLOGIST Shawn Wood ASSISTANT  Dale Brown CHECKED By Clem Bommarito

Shawn Wood




APPENDIX B



APPENDIX B8 : DRILLING METHODS

The pressuremeter tests were conducted in shaft Borings
BE2 and BF6, roughly on opposite sides of the ring.
Specified intervals of 20 and 30 feet were designated for
pressuremeter tests in each of these borings as shown in
Figure B1. Both borings were specified to be N-cored
full depth with air-rotary used in the designated test
intervals to avoid wetting the penetrated rock test
depths.

Wide face core bits are typically used for 1local soft
rock coring to provide sufficient space for circulation
of drilling fluids. For NX core, these bits typically
result in an outside borehole diameter of 4.0 to 4.75
inches, depending on the bit used and the formation being
used. The pressuremeter used (OYO, Probex-l1l required a
snug fit in a nominal 3-inch outside diameter test hole.
The pressuremeter test results are very sensitive to the
quality (smoothness and diameter) of the borehole in the
test intervals. '

For both borings, a 6-inch inside diameter PVC surface
casing, seated into the top of the unweathered rock, was
grouted in place to minimize the potential for
groundwater infiltration from shallow depths
(particularly near the bedrock surface). The coring was
then advanced with wide-faced bits using air or water
rotary methods to the top of the designated test
interval. If drilling water or mud was utilized, this
was evacuated with air circulation after reaching this
depth.

In Boring BF6, an accumulation of water was noted at the
bottom of the borehole each morning as the hole was
advanced. This was estimated to be 6 to 12 inches deep
and was evacuated by air circulation prior to coring when
air was used. The borehole was then reamed to 5-inches
outside diameter with a tapered bit using air rotary
circulation to the top of the test interval to provide
adequate space for removal of drill cuttings in the test
intervals. The tapered bit provided a conical hole
bottom at the top of the test interval to help center the
smaller-diameter core barrels, with narrow-faced bits
used in the test intervals (Figure B2).

The stinger holes in the test intervals were cored with
Christensen Geoset bits with outside diameters of 2.98
and 3.03 inches. The smaller bit was used in the
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Austin Chalk and the larger bit in the Eagle Ford Shale
and Taylor Marl. Both bits enabled an N-size core sample
to be obtained. The rate of coring in the stinger holes
was very slow, ranging from 1 to 2 hours per 10-foot run
in the shale and marl. 1In these formations, attempts to
penetrate more than 10 feet at a time was discouraging.
Faster coring rates and greater overall penetrations
could be obtained in the Austin Chalk.

Except for the Eagle Ford Shale, it was possible to
maintain high bore recoveries. However, the core quality
was limited owing to numerous mechanical fractures and
this limited the usefulness of the core samples for
laboratory testing purposes. In the Eagle Ford Shale, no
core was recovered in the first 10-foot stinger hole, 20
percent was recovered in the second interval and 50
percent in the third and final attempt. Slight changes
in the drilling procedures and rates were believed to
have contributed to the increases in recovery.

The stinger holes were caliper logged with multiple
passes of a single feeler arm tool to verify the hole
condition and to help select suitable test depths, thus
minimizing the potential for rupturing the pressuremeter
membrane. The roughest borehole wall conditions occurred
in the Eagle Ford Shale and the only ruptured membrane
occurred in one of the Eagle Ford test depths. Oon
inspection, it was concluded that the rupture was
probably a result. of membrane wear in combination with
the general hole roughness at this depth. In general,
the quality of the borehole in the test intervals were
regarded as very good to excellent.

For many of the OYO tests, it was attempted to orient the
two feeler arms (diametrically opposed arms in one plane)
by marking the drill rods used to position the instrument
and recording the bearing of the markings at the ground
surface using a Brunton compass. In the first attempt,
hexagonal pinned drilling rods were used to maintain the
rod alignment. However, the pressuremeter instrument was
noted to have a tendency to "bond" to the sides of the
borehole after deflation (tight fit in Taylor Marl) and
during attempts to jerk the unit free, a pin was loosened
and some delay was necessitated to "fish" the tool from
the boring. Subsequently, threaded round rods were used
and these were first marked at the joints by tightening
the rod string on the ground prior to lowering the
instrument and re-tightening the rods to the marks as the
tool was lowered in the borehole. Although judged as
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less accurate in orienting than the hex-rod method, the
changes in rotation within a given test interval were
judged to be satisfactorily accurate for tool
orientation.

The drilling procedures used were regarded as
satisfactory for high-quality pressuremeter test results
for the Austin: Chalk ‘and the Taylor Marl. For future
attempts in the Eagle Ford Shale, a shorter "stinger"
hole length, say 5 to 7 feet might be considered. The
use of a tri-cone or wing-bit might also be tried for
drilling the stinger holes in this formation.

If higher quality core samples are required for the test
intervals, it is recommended that these be obtained from
an auxiliary borehole located at least 5 to 10 feet away
from the pressuremeter test hole. The auxiliary hole
could be advanced by air or water rotary methods to the
test/core depth with the <core obtained using water or
air rotary methods and a wide faced core bit. In
general, the water rotary methods result in a higher
guality core sample, in SWL's experience.
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OBSERVATIONS OF THE PRESSUREMETER ENGINEER

Mr. Norman Seiler of STS Consultants performed the pressuremeter tests at the SSC
project in Waxahachie, Texas. During the course of this time, Mr. Seiler observed the
drilling process and noted the condition of the borehole prior to testing. These

observations are as follows:

All of the boreholes were well prepared. Some experimentation was undertaken with
slightly different size core bits so as to prepare the proper size hole for
pressuremeter testing. There was a good fit of the pressuremeter probe into the
borehole which is important since a borehole too large or small in diameter would
result in a disturbed test.

In Boring BF-6, the borehole was completely dry and there was no water in the
borehole even after 24 hours delay in testing. At Boring BE-2, some water seepage
was encountered at the transition between the chalk and the shale at a depth of
135 feet. The shale cores at Boring BE-2 were observed to be wet in some places.
but the tests appeared normal. The boreholes did not squeeze even though the

shale was wet.

There was at least a three hour delay between drilling a formation and
pressuremeter testing. This delay was due borehole diameter logging that was
necessary in order to allow the pressuremeter to be inserted into the borehole at
the most favorable diameter location. At a few locations, there was up to 12
hours delay when the hole was cored late in the evening and then the diameter

logged early in the moming.

The difference in modulus values for pressuremeter tests run within the same

formation is most likely due to differences in consistency of the deposit that was



cored. All of the pressuremeter tests were run using the same procedure. and all
but three tests were undertaken using the OYO pressuremeter. The outer membrane
did not rupture. so all the tests were run with the same membrane. Before
performing each pressuremeter test, the system stiffness was calibrated and found

to be approximately the same.

The only unexplainable difference that was observed in the field at the time of
pressuremeter testing was the different modulus calculated for the OYO and the
Probex-1 tésts which were performed at approximately the same elevation in
borehole .BG-6. Since the pressuremeter units are constructed differently. the
difference in modulus may be due to instrument variations. The OYO is inflated
with nitrogen and the change in diameter is measured with two feelers. whereas the

Probex-1 is inflated with water and volumetric readings are taken.

In the very stiff formation such as the marl or the chalk, it was observed that
the amount of diameter change was only slightly greater than the diameter change
during the calibration in the steel cylinder, so the calculation of modulus is
very sensitive to minor changes in diameter or volume. Thus, whenever the
calculated modulus values are over 500,000 to 750,000 psi, the accuracy of the
modulus calculation is not as precise as for the lower modulus material such as

the shale.
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PRESSUREMETER TEST RESULTS



SSC  BORING BF-6

TEST 4 58 FT

POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -0.78 0 36.06 0.00 0
2 0.85 - 40 37.10 2.89 -0
3 2.64 60 38.30 6.21 -4
4 3.48 80 38.87 7.80 8
5 3.62 100 38.97 8.06 27
6 3.70 120 39.02 8.21 46
7 3.75 140 39.05 8.30 66
8 3.83 200 39.10 8.43 125
9 3.9 300 39.16 8.60 224
10 4.08 400 39.24 8.83 323
11 4.21 500 39.32 9.05 422
12 4.34 600 39.40 9.26 521
13 4.50 700 39.50 9.53 620
14 4.64 800 39.58 9.76 719
15 4.83 900 39.70 10.10 818
16 5.04 1000 39.83 10.47 917
17 4.43 200 39.53 9.62 119
18 5.10 1000 39.92 10.71 916
19 5.53 1100 40.22 11.53 1014
20 6.19 1200 40.68 12.82 1111
21 7.62 1300 41.72 15.70 1203
22 9.79 1400 43.34 20.20 1289
23 11.86 1450 44 .94 24.62 1326
24 11.20 800 44 .50 23.40 680
25 9.40 200 43.18 19.75 91
Po = 55.0 psi Pl = 1350.0 psi Pl* = 1295.0 psi
Eo = 64592 psi Er = 107661 psi Eo/Pl* = 49.9




SSC  BORING BF-6

TEST 3 63 FT

POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -1.28 0 35.75 0.00 0
2 -1.01 20 35.91 0.46 11
3 0.00 60 36.55 2.24 27
4 0.12 80 36.62 2.45 45
5 0.19 100 36.66 2.57 63
6 0.25 120 36.70 2.67 82
7 0.46 200 36.83 3.02 159
8 0.63 300 36.92 3.29 257
9 0.91 400 37.09 3.77 353
10 1.17 500 37.25 4.21 450
11 1.05 200 37.22 4.12 151
12 1.30 500 37.35 4.50 448
13 1.61 600 37.55 5.05 S44
14 1.99 700 37.79 5.73 639
15 2.54 800 38.16 6.75 734
16 3.40 900 38.74 8.37 826
17 4.58 1000 39.55 10.64 917
18 6.34 1100 40,80 14.14 1007
19 8.70 1200 42,54 19.00 1093
20 11.97 1300 45.04 26.00 1172
21 11.22 700 44,52 24,56 577
22 9.31 200 43,11 20.61 89
Po = 50.0 psi Pl = 1250.0 psi Pl* = 1200.0 psi
Eo = 49492 psi Er = 108571 psi Eo/Pl*x = 41.2




SSC  BORING BF-6

TEST 11 69 FT

POINT D.I.R. PRESSURE CORRECTED A R/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -0.49 0 36.24 0.00 0
2. 0.75 40 37.04 2.19 7
3 2.07 60 37.91 4.60 7
4 3.73 80 39.05 7.74 8
5 3.83 100 39.11 7.92 27
6 3.86 120 39.13 7.97 47
7 3.89 140 39.15 8.02 67
8 3.95 200 39.18 8.11 126
9 4.03 300 39.22 8.23 226
10 4.13 400 39.28 8.38 325
11 4.23 500 39.33 8.53 424
12 4,34 600 39.40 8.71 523
13 4.46 700 39.47 8.90 622
14 4.59 800 39.54 9.11 721
15 4.75 900 39.64 9.38 820
16 4.40 200 39.51 9.01 122
17 4.80 900 39.72 9.59 819
18 4.99 1000 39.84 9.93 918
19 5.55 1100 40.23 11.00 1015
20 5.95 1200 40.51 11.77 1113
21 6.79 1300 41.11 13.43 1209
22 8.09 1400 42.06 16.05 1301
23 9.40 1500 43.03 18.74 1393
24 11.00 1550 44 .25 22.11 1433
25 10.28 800 43.78 20.81 687
26 8.41 200 42.43 17.08 98
Po = 30.0 psi Pl = 1450.0 psi Pl* = 1420.0 psi
Eo = 96409 psi Er = 175387 psi

Eo/Pl* = 67.9




SSC  BORING BF-6 TEST 25 123 FT
POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) ¢)) (psi)
1l -0.15 0 36.46 0.00 0
2 1.11 40 37.27 2.23 7
3 2.52 60 38.22 4.82 S
4 3.67 80 39.00 6.98 12
5 3.70 100 39.02 7.03 32
6 3.71 120 39.03 7.04 52
7 3.74 200 39.04 7.07 132
8 3.86 500 39.08 7.18 431
9 3.99 800 39.12 7.31 730
10 4.15 1100 39.19 7.49 1029
11 4.36 1400 39.29 7.78 1328
12 4,25 800 39.34 7.90 727
13 4.01 200 39.23 7.61 129
14 4.13 800 39.25 7.67 728
15 4.42 1400 39.40 8.05 1326
16 4.69 1700 39.55 8.49 1624
17 5.11 2000 39.82 9.22 1920
18 5.53 2150 40.10 10.00 2068
19 5.52 1950 40.12 10.04 1868
20 5.16 1100 39.95 9.58 1019
21 4.55 200 39.61 8.65 123
Po = 20.0 psi Pl = psi Pl* = psi
Eo = 300509 psi Er = 384361 psi Eo/Pl* =

12



SSC BORING BF-6 TEST 24 125.5 FT
POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mmn) (%) (psi)
1 -0.25 0 36.39 0.00 0
2 0.89 40 37.13 2.01 9
3 2.33 60 38.09 4.65 6
4 3.80 80 39.09 7.42 10
5 3.83 100 39.11 7.47 30
6 3.85 120 39.12 7.50 49
7 3.90 200 39.15 7.56 129
8 3.97 500 39.15 7.58 429
9 4.09 800 39.19 7.69 728
10 4.20 1100 39.23 7.78 1028
11 4.35 1400 39.29 7.95 1327
12 4.28 800 39.36 8.15 726
13 4,10 200 39.30 7.97 127
14 4.17 800 39.28 7.93 727
15 4.39 1400 39.37 8.19 1326
16 4,54 1700 39.45 8.39 1625
17 4.76 2000 39.57 8.73 1923
18 5.16 2300 39.82 9.42 2220
19 5.33 2350 39.94 9.74 2269
20 5.32 2100 39.96 9.79 2019
21 5.08 1300 39.87 9.56 1219
22 4.47 200 39.56 8.69 123
Po = 35.0 psi Pl = psi Pl* = psi
Eo = 594801 psi Er = 796484 psi Eo/Pl* =
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SSC BORING BF-6 TEST 23 128.5 FT
POINT D.I.R. PRESSURE CORRECTED dR/RO CORRECTZD
NUMBER RADIUS PRESSURZ
(mm) (psi) (mm) (%) (psi)
1 -0.49 0 36.24 0.00 0
2 0.88 40 37.12 2.43 5
3 2.45 60 38.17 5.31 1
4 3.84 80 39.12 7.95 7
5 3.91 100 39.17 8.08 27
6 3.94 120 39.19 8.13 46
7 3.95 140 39.19 8.14 66
8 3.98 200 39.20 8.17 126
9 4.06 500 39.22 8.20 426
10 4.16 800 39.24 8.28 726
11 4.29 1100 39.29 8.41 1025
12 4.46 1400 39.36 8.62 1324
13 4,37 800 39.42 8.78 723
14 4.18 200 39.35 8.58 124
15 4.26 800 39.35 8.56 724
16 4.51 1400 39.46 8.88 1323
17 3.99 200 39.21 8.19 126
18 4.19 800 39.26 8.33 725
19 4.45 1400 39.36 8.60 1324
20 4,68 1700 39.55 9.12 1621
21 4.97 1900 39.73 9.63 1819
22 5.07 1950 39.80 9.81 1869
23 5.03 1550 39.81 9.85 1469
24 4.87 1100 39.74 9.67 1019
25 4.39 200 39.50 8.99 122
Po = 50.0 psi Pl = 0 psi Pl* = 0 psi
Eo = 546188 psi Er = 586840 psi Eo/Pl* =




ssC BORING BF-6 TEST 30 188.5 FT
POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) %) (psi)

1 -1.09 0 35.86 0.00 0
2 -0.13 40 36.47 1.68 13
3 0.94 60 37.16 3.61 14
4 2.53 80 38.22 6.57 15
5 3.89 100 39.15 9.18 21
6 3.98 120 39.21 9.34 41
7 4.00 140 39.23 9.37 60
8 4.04 200 39.24 9.43 120
9 4.14 500 39.27 9.50 420
10 4.24 800 39.30 9.57 720
11 4.37 1100 39.34 9.71 1019
12 4,53 1400 39.41 9.90 1319
13 4.42 800 39.46 10.02 718
14 4.25 200 39.40 9.86 119
15 4.33 800 39.39 9.84 719
16 4.57 1400 39.50 10.14 1318
17 4.72 1700 39.58 10.35 1618
18 4.95 2000 39.71 10.72 1917
19 5.38 2300 39.98 11.48 2214
20 5.53 2350 40.08 11.76 2264
21 5.52 2150 40.10 11.80 2064
22 5.16 1200 39.94 11.37 1115
23 4.56 200 39.62 10.47 117

Po = 50.0 psi Pl = psi Pl* = psi

Eo = 469745 psi Er = 628517 psi Eo/Pl% =

15



SSC BORING BF-6 TEST 33 208.5 FT
POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) %) (psi)
1 -1.02 0 35.91 0.00 0
2 -0.04 40 36.52 1.72 13
3 1.08 60 37.25 3.74 13
4 2.48 80 38.19 6.34 16
5 3.92 100 39.18 9.10 22
6 3.99 120 39.22 9.23 41
-7 4.01 140 39.23 9.26 61
8 4.03 200 39.24 9.27 121
9 4.12 500 39.26 9.33 421
10 4,23 800 39.29 9.42 720
11 4.35 1100 39.33 9.53 1020
12 4.48 1400 39.38 9.67 1319
13 4,64 1700 39.45 9.86 1619
14 4.50 950 39.50 10.00 868
15 4.24 200 39.39 9.71 119
16 4.36 950 39.40 9.73 869
17 4.66 1700 39.53 10.10 1618
18 4.89 2000 39.66 10.46 1917
19 5.29 2300 39.92 11.17 2215
20 5.47 2400 40.03 11.49 2314
21 5.44 2100 40.05 11.52 2014
22 5.13 1300 39.91 11.14 1215
23 4.54 200 39.61 10.30 118
Po = 60.0 psi Pl = psi Pl = psi
Eo = 446135 psi Er = 564881 psi Eo/Pl* =

16



SsC BORING BF-6 TEST 38 278.5 FT
POINT D.I.R. PRESSURE CORRECTED A R/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -1.25 0 35.76 0.00 0
2 -0.25 40 36.39 1.75 12
3 0.84 60 37.09 3.71 14
4 2.57 80 38.25 6.94 13
5 4.15 100 39.34 9.99 19
6 4.19 120 39.36 10.06 38
7 4.20 140 39,37 10.07 58
8 4.23 200 39.38 10.11 118
9 4.33 500 39.40 10.18 418
10 4.43 800 39.43 10.25 718
11 4.54 1100 39.46 10.34 1018
12 4.67 1400 39.51 10.48 1317
13 4.58 800 39.57 10.64 717
14 4.38 200 39.49 10.42 117
15 4.48 800 39.50 10.44 717
16 4.58 1100 39.54 10.55 1017
17 4.70 1400 39.59 10.70 1317
18 4.83 1700 39.65 10.87 1616
19 4.99 2000 39.73 11.10 1916
20 5.25 2300 39.89 11.53 2214
21 5.53 2525 40.06 12.02 2438
22 5.51 2300 40.07 12.04 2213
23 5.15 1300 39.92 11.62 1214
24 4.59 200 39.64 10.84 116
Po = 40.0 psi Pl = 0.0 psi Pl* = 0.0 psi
Eo = 552499 psi Er = 636529 psi Eo/Pl% =

17
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ssC BORING BF-6 TEST 41 288 FT

POINT VOLUME PRESSURE CORR. VOL. dR/RoO CORRECTED
NUMBER MEASUREMENT MEASUREMENT INCREASE PRESSURE
(cm~3) (%) (psi)
1 18129 0.0 0.00 0.00 76.03
2 16950 100.0 20.64 0.51 152.78
3 14800 150.0 59.86 1.47 168.41
4 11000 200.0 129.63 3.16 181.68
5 8000 250.0 184.60 4.47 209.15
6 7754 300.0 188.55 4.56 255.72
7 7627 350.0 190.31 4.60 302.87
8 7250 590.0 194.41 4.70 530.27
9 6932 800.0 197.79 4.78 729.30
10 6564 1100.0 201.77 4.87 1014.04
11 6187 1400.0 206.23 4.98 1298.74
12 5786 1700.0 211.01 5.09 1582.79
13 6418 1000.0 203.28 4.91 917.84
14 7335 300.0 192.81 4.66 253.72
15 6555 1000.0 202.88 4.90 918.50
16 5777 1700.0 211.18 5.09 1582.74
17 5293 2000.0 217.47 5.24 1866.16
18 4680 2300.0 226.38, 5.45 2148.76
19 3880 2600.0 238.70 5.74 2430.17
20 2620 2900.0 259.74 6.23 2709.45
21 982 3200.0 287.66 6.88 2988.13
22 1041 2900.0 288.14 6.89 2701.91
23 2776 1500.0 264.14 6.33 1373.19
24 5225 300.0 229.58 5.53 242,22
Po = 0 psi Pl = 0 psi Pl* = 0 psi
Eo = 365376 psi Er = 427857 psi Eo/Pl* =




SSC  BORING BF-6 TEST 42 297 FT
POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -1.43 0 35.65 - 0.00 0
2 -0.42 40 36.28 1.76 12
3 0.71 60 37.01 3.80 13
4 2.44 80 38.16 7.03 13
5 3.96 100 39.20 9.96 19
6 4.04 120 39.26 10.11 38
7 4.06 140 39.27 10.14 58
8 4.10 200 39.29 10.19 118
9 4.21 500 39.32 10.29 418
10 4,29 800 39.33 10.32 718
11 4.40 1100 39.36 10.41 1018
12 4,51 1400 39.40 10.51 1317
13 4.63 1700 39.44 10.62 1617
14 4.52 1000 39.51 10.81 916
15 4.26 200 39.41 10.53 117
16 4.41 1000 39.43 10.59 917
17 4,65 1700 39.52 10.86 1616
18 4.79 2000 39.59 11.05 1916
19 5.01 2300 39.72 11.40 2215
20 5.30 2575 39.89 11.89 2489
21 5.28 2350 39.90 11.92 2263
22 5.02 1400 39.82 11.68 1314
23 4.50 200 39.58 11.01 116
Po = 40.0 psi Pl - 0.0 psi Pl* = 0.0 psi
Eo = 564159 psi Er = 675037 psi Eo/Pl¥ =

19
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SsC BORING BF-6 TEST 48 348 FT

POINT VOLUME PRESSURE CORR. VOL. dR/Ro CORRECTED

NUMBER MEASUREMENT MEASUREMENT INCREASE PRESSURE
(cm~3) (%) (psi)
1 17369 0.0 0.00 0.00 91.87
2 13905 25.0 63.87 1.57 63.59
3 12625 50.0 87.29 2.14 75.2%
4 11370 75.0 110.25 2.69 87.14
S5 11089 100.0 115.18 2.81 108.78
6 10908 150.0 117.96 2.88 155.0¢
7 10798 200.0 119.44 2.91 201.9¢
8 10653 300.0 120.99 2.95 296.31
9 10430 500.0 122.86 2.99 485,54
10 10079 900.0 124.84 3.04 864.74
11 9766 1300.0 126.47 3.08 1244.2¢€
12 9474 1700.0 128.04 3.12 1623.93
13 9178 2100.0 129.99 3.17 2003.58
14 9687 1200.0 126.01 3.07 1148.13
15 10435 300.0 120.52 2.94 294,58
16 9781 1200.0 127.20 3.10 1148.87
17 9172 2100.0 130.10 3.17 2003.53
18 8882 2500.0 132.20 3.22 2383.22
19 8595 2900.0 134.71 3.28 2762.94
20 8271 3300.0 138.04 3.36 3142.66
21 7920 3700.0 142.02 3.45 3522.98
22 7489 4100.0 148.18 3.60 3902.93
23 7243 4300.0 152.73 3.71 4092.75
24 7076 4400.0 155.83 3.78 4187.45
25 6930 4500.0 158.53 3.85 4282.26
26 7067 4160.0 155.99 3.79 3958.21
27 8310 2300.0 140.42 3.41 2187.84
28 10087 300.0 123.09 3.00 291.81
Po 0 psi Pl 0 psi Pl* = 0 psi

Eo = 1216922 psi Er

1019076 psi Eo/Pl* =
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SSC BORING BF-6 TEST 47 358 FT

POINT VOLUME PRESSURE CORR. VOL. dR/Ro CORRECTED

NUMBER MEASUREMENT MEASUREMENT INCREASE PRESSURE
(cm~3) (%) (psi)
1l 17175 0.0 0.00 0.00 94.51
2 14943 25.0 41.05 1.01 82.88
3 12532 35.0 85.59 2.10 64,53
4 11662 100.0 100.97 2.47 118.30
5 11574 150.0 102.04 2.49 165.21
6 11483 200.0 103.16 2.52 212.09
7 11082 500.0 107.19 2.62 494.90
8 10644 1000.0 109.66 2.68 968.92
9 10196 1500.0 112.88 2.75 1442.86
10 9620 2000.0 119.03 2.90 1915.78
11 8998 2500.0 126.45 3.08 2388.33
12 9940 1400.0 115.27 2.81 1345.32
13 11015 300.0 105.33 2.57 303.37
14 10102 1400.0 115.64 2.82 1346.61
15 8980 2500.0 126.79 3.09 2388.19
16 8568 2800.0 132.32 3.22 2671.41
17 8000 3100.0 140.78 3.42 2953.93
18 7330 3400.0 151.22 3.67 3237.23
19 6490 3600.0 165.52 4.01 3424.22
20 5700 3700.0 179.54 4.35 3515.95
21 4900 3800.0 193.75 4.68 3607.21
22 4280 3850.0 204.93 4.95 3651.01
23 4465 3500.0 202.88 4.90 3317.94
24 6775 2250.0 166.32 4.03 2136.33
25 9390 300.0 132.78 3.23 290.45
0 psi Pl = 0 psi Pl* = 0 psi

d
o
([

559127 psi Er = 552296 psi Eo/Pl* =




22

SSC BORING BE-2 TEST 8 40 FT
POINT D.I.R. PRESSURE CORRECTED dR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)

1 -0.47 0 36.25 0.00 0

2 1.02 40 37.21 2.64 2

3 2.58 60 38.26 5.52 -0

4 2.93 80 38.49 6.17 16

5 3.00 100 38.54 6.30 36

6 3.02 120 38.55 6.33 56

7 3.07 200 38.57 6.39 135

8 3.11 400 38.57 6.39 335

9 3.17 600 38.58 6.42 535
10 3.23 800 38.60 6.46 735
11 3.29 1000 38.61 6.49 935
12 3.34 1200 38.61 6.51 1135
13 3.19 200 38.66 6.64 134
14 3.37 1200 38.68 6.70 1134
15 3.05 200 38.56 6.35 135
16 3.32 1200 38.60 6.47 1135
17 3.05 200 38.56 6.35 135
18 3.32 1200 38.60 6.47 1135
19 3.10 200 38.59 6.45 135
20 3.35 1200 38.62 6.53 1135

Po = 50.0 psi Pl = 0.0 psi Pl* = 0.0 psi
Eo = 1206935 psi Er = 2346987 psi Eo/Pl* =
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SSC BORING BE-2 TEST 7 46.5 FT
POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -0.56 0 -36.20 0.00 0
2 0.75 40 37.04 2.32 6
3 2.36 60 38.11 5.27 2
4 3.37 80 38.80 7.18 11
5 3.44 100 38.84 7.30 31
6 3.48 120 38.87 7.37 50
7 3.52 200 38.88 7.42 130
8 3.60 400 38.91 7.49 330
9 3.68 600 38.94 7.56 529
10 3.76 800 38.96 7.64 729
11 3.81 1000 38.97 7.65 929
12 3.88 1200 38.99 7.71 1129
13 3.96 1400 39.01 7.78 1328
14 3.75 200 39.05 7.88 128
15 3.99 1400 39.09 8.00 1327
16 4.00 1450 39.10 8.01 1377
17 3.90 700 39.10 8.03 627
18 3.78 200 39.07 7.94 127
Po = 50.0 psi Pl = 0.0 psi Pl* = 0.0 psi
Eo = 482355 psi Er = 1438786 psi Eo/Pl* =
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SscC BORING BE-2 TEST 13 89.5 FT

POINT D.I.R. PRESSURE CORRECTED dR/RoO CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -0.44 0 36.27 0.00 0]
2 1.04 40 37.23 2.63 2
3 2.59 60 38.26 5.48 -0
4 3.32 80 38.76 6.86 13
5 3.34 100 38.77 6.89 33
6 3.36 120 38.78 6.92 53
7 3.39 200 38.79 6.94 132
8 3.46 500 38.80 6.96 432
9 3.53 800 38.80 6.97 732
10 3.61 1100 38.81 7.01 1032
11 3.69 1400 38.83 7.04 1332
12 3.77 1700 38.84 7.07 1632
13 3.87 2000 38.87 7.14 1931
14 3.59 200 38.94 7.35 130
15 3.87 2000 38.95 7.37 1930
16 3.37 200 38.78 6.91 133
17 3.74 1700 38.82 7.02 1632
18 3.41 200 38.81 6.98 132
19 3.78 1700 38.85 7.09 1632
20 3.42 200 38.81 7.00 132
21 3.79 1700 38.85 7.11 1632
Po = 15.0 psi Pl = 0.0 psi Pl* = 0.0 psi
Eo = 1275049 psi Er = 10185390? psi Eo/Pl* =




SsC BORING BE-2 TEST 12 99.5 FT
POINT D.I.R PRESSURE CORRECTED A R/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)

1 -0.64 0 36.15 0.00 0
2 0.85 40 37.10 2.64 2
3 2.35 60 38.10 5.40 1
4 3.06 80 38.58 6.74 14
5 3.10 100 38.61 6.80 33
6 3.11 120 38.61 6.82 53
7 3.12 140 38.61 6.83 73
8 3.15 200 38.63 6.86 133
9 3.20 400 38.63 6.88 333
10 3.25 600 38.64 6.89 533
11 3.31 800 38.65 6.93 733
12 3.39 1000 38.68 7.00 932
13 3.42 1200 38.67 6.98 1132
14 3.49 1400 38.69 7.03 1332
15 3.56 1600 38.71 7.09 1532
16 3.62 1800 38.72 7.12 1732
17 3.68 2000 38.73 7.16 1931
18 3.76 2200 38.76 7.23 2131
19 3.82 2350 38.78 7.29 2281
20 3.42 200 38.82 7.40 130
21 3.79 2200 38.87 7.54 2129

Po = 30.0 psi Pl = 0.0 psi Pl* = 0.0 psi

Eo = 864269 psi Er = 2026869 psi Eo/Pl* =
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ssC BORING BE-2 TEST 17 125 FT

POINT D.I.R. PRESSURE CORRECTED dR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -0.38 0 36.31 0.00 0
2 0.68 40 36.99 1.87 11
3 2.60 60 38.27 5.39 0
4 3.48 80 38.87 7.05 12
5 3.56 100 38.92 7.20 31
6 3.61 120 38.96 7.28 51
7 3.64 140 38.97 7.33 70
8 3.69 200 39.00 7.40 130
9 3.81 500 39.04 7.52 429
10 3.98 800 39.12 7.72 728
11 4.08 1100. 39.14 7.79 1028
12 4.17 1400 39.16 7.85 1328
13 4,27 1700 39.19 7.92 1627
14 4,38 2000 39.22 8.01 1927
15 4.26 1100 39.31 8.27 1026
le 4.04 200 39.25 8.10 126
17 4.15 1100 39.24 8.06 1027
18 4.31 1700 39.29 8.19 1626
19 3.75 200 39.04 7.52 129
20 4.36 1700 39.25 8.09 1626
21 3.76 200 39.05 7.54 129
22 4.32 1700 39.22 8.02 1627
23 3.69 200 39.00 7.40 130
24 4.29 1700 39.20 7.96 1627
Po = 65.0 psi Pl = 0.0 psi Pl* = 0.0 psi
Eo = 424771 psi Er = 2344905 psi Eo/Pl* =




SSC  BORING BE-2 TEST 16 132 FT
POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -0.45 0 36.27 0.00 0
2 0.63 40 36.96 1.90 10
3 1.97 60 37.84 4.34 9
4 3.30 80 38.75 6.84 13
5 3.34 100 38.77 6.91 33
6 3.37 120 38.79 6.96 52
7 3.43 200 38.82 7.04 132
8 3.53 500 38.85 7.11 432
9 3.63 800 38.87 7.18 731
10 3.72 1100 38.89 7.23 1031
11 3.82 1400 38.92 7.31 1331
12 3.92 1700 38.94 7.38 1630
13 4.01 2000 38.96 7.43 1930
14 4.10 2300 38.98 7.48 2230
15 4.09 2100 39.09 7.79 2028
16 3.95 1200 39.09 7.77 1128
17 3.66 200 38.99 7.50 130
18 3.80 1200 38.98 7.49 1130
19 4.07 2200 39.07 7.72 2128
20 4.06 1750 39.11 7.83 1678
21 3.92 1100 39.08 7.75 1028
22 3.66 200 38.99 7.50 130
Po = 30.0 psi Pl = 0.0 psi - Pl* = 0.0 psi
Eo = 671865 psi Er = 1312021 psi Eo/Pl* =

27



SSC  BORING BE-2

TEST 20 142 FT

28

POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -0.56 0 36.20 0.00 0
2 0.97 40 37.18 2.72 1
3 2.48 60 38.19 5.50 -0
4 4.41 80 39.52 9.19 1
S 4,65 100 39.69 9.65 19
6 4.74 120 39.75 9.82 39
7 4.81 140 39.80 9.94 58
8 4.93 200 39.87 10.16 118
9 5.04 300 39.94 10.33 217
10 5.19 500 40.01 10.55 417
11 5.35 700 40.10 10.78 616
12 5.52 900 40.19 11.03 815
13 5.85 1100 40.40 11.61 1014
14 5.74 600 40.42 11.67 514
15 5.52 200 40.30 11.35 115
16 5.59 600 40.31 11.37 514
17 5.82 1000 40.44 11.71 914
18 6.29 1200 40.75 12.59 1111
19 7.26 1300 41 .45 14.52 1206
20 10.15 1400 43,62 20.50 1288
21 10.12 1100 43.63 20.53 988
22 9.89 800 43.49 20.13 689
23 8.53 200 42.52 17.47 97
Po = 80.0 psi Pl = 1350.0 psi Pl* = 1270.0 psi
Eo = 125492 psi Er = 328277 psi Eo/Pl* = 98.8
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SsC BORING BE-2 TEST 27 167 FT
POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -0.47 0 36.25 0.00 0
2 0.69 40 37.00 2.05 9
3 2.08 60 37.92 4.59 7
4 3.77 80 39.07 7.78 8
5 4.01 100 39.24 8.23 26
6 4.11 120 39.31 8.42 45
7 4.18 140 39.35 8.54 64
8 4.30 200 39.43 8.75 123
9 4.50 400 39.54 9.06 322
10 4.67 600 39.63 9.31 520
11 4.80 800 39.69 9.48 720
12 4.33 1000 39.76 9.66 919
13 5.03 1200 39.80 9.77 1119
14 5.20 1400 39.89 10.02 1318
15 5.07 800 39.92 10.11 718
16 4.70 200 39.72 9.56 119
17 4.91 800 39.80 9.79 719
18 5.16 1400 39.92 10.11 1318
19 5.34 1600 40.03 10.40 1517
20 5.65 1800 40.23 10.96 1716
21 6.01 2000 40.47 11.61 1914
Po = 100.0 psi Pl = 0.0 psi Pl* = 0.0 psi
Eo = 163413 psi Er = 316431 psi Eo/Pl* =




SSC  BORING BE-2

TEST 34 198.5 FT

POINT D.I.R. PRESSURE CORRECTED AR/Ro CORRECTED
NUMBER RADIUS PRESSURE
(mm) (psi) (mm) (%) (psi)
1 -1.59 0 35.55 0.00 0
2 -1.44 40 35.64 0.25 35
3 -1.37 60 35.68 0.36 53
4 -1.28 80 35.73 0.51 70
5 -1.13 100 35.83 0.77 86
6 -1.06 120 35.87 0.88 104
7 -0.98 140 35.91 1.01 121
8 -0.91 200 35.95 1.12 179
9 -0.80 400 35.99 1.24 378
10 -0.66 600 36.06 1.41 576
11 -0.52 800 36.12 1.59 774
12 -0.33 1000 36.21 1.85 971
13 -0.38 600 36.26 1.97 570
14 -0.54 200 36.19 1.79 172
15 -0.48 600 36.19 1.79 572
16 -0.25 1000 36.30 2.10 969
17 0.00 1200 36.44 2.50 1164
18 0.46 1400 36.72 3.27 1357
19 1.27 1600 37.23 4.71 1546
20 3.02 1800 38.38 7.96 1728
21 8.59 2000 42.37 19.16 1893
22 8.57 1800 42.37 19.18 1693
23 8.23 1100 42.20 18.68 995
24 6.55 200 41.05 15.46 104
Po = 140.0 psi Pl = 1950.0 psi Pl* = 1810.0 psi
Eo = 170874 psi Er = 352820 psi Eo/Pl* = 94.4

30



PRESSURE ON CAVITY WALL (psi)

Po = 55 psi Eo = 64592 psi
Pl = 41350 psi Er = 107661 psi
P1x 1295 psi Eo/Plx% = 49.8

1600

1400

1200

1000

800

600

400

200

T

o lllJ T S - | } S T i 1 1 bed L1
0 10 20 30 40 50

RELATIVE INCREASE IN PROBE RADIUS, dR/Ro (%)

SSsC BORING B?—B TEST 4 58 FT



PRESSURE ON CAVITY WALL (psi)

Po = 50 psi Eo = 48492 psi
Pl = 1250 psi Er = 408571 psi
Plx = 1200 psi Eo/Plx = 41.2
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PRESSURE ON CAVITY WALL (psi)

1800

1600

1400

1200

1000

800

600

400

200

0

33

Po = 30 psi Eo = 86408 psi
Pl = 1450 psi Er = 14175387 psi
Pl* = 1420 psi Eo/Plx = 67.8
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PRESSURE ON CAVITY WALL (psi)
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PRESSURE ON CAVITY WALL (psi)
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Po = 850 psi Eo = 546188 psi

Pl = psi Er = 586840 psi
Plx = psi Eo/Plx =
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PRESSURE ON CAVITY WALL (psi)
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Po = 850 psi Eo = 4868745 psi

Pl = psi Er = 628517 psi
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PRESSURE ON CAVITY WALL (psi)
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Pl = psi Er = 564881 psi
Pl = psi Eo/Plx% =

[

-

C

- 1

&4141 T N S | L4 1 1 W N S |
0 10 20 30 40 50

RELATIVE INCREASE IN PROBE RADIUS, dR/Ro (X)

SSC BORING BF-6 TEST 33 208.5 FT



PRESSURE ON CAVITY WALL (psi)
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PRESSURE ON CAVITY WALL (psi)
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PRESSURE ON CAVITY WALL (psi)
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PRESSURE ON CAVITY WALL (psi)
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PRESSURE ON CAVITY WALL (psi)
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Po = 15 psi Eo = 1275049 psi
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Po = 65 psi Eo = 424771 psi
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PRESSURE ON CAVITY WALL (psi)
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Po = 100 psi Eo = 163413 psi
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Po = 140 psi Eo = 170874 psi
Pl = 4950 psi Er = 352820 psi
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LABORATORY GEOMECHNICAL DATA FOR BORING :BE-2

REVISION :2.0
ORILLING CONTRACTOR: SWL DATE ¥5/90
DIRECT SHEAR
» g 4| B8 o ¥
£ Bl Ieel 2 e ped| BB |5, 93, [ oF, [ 2 2
- ~ £ ~ - = COMMENTS
i ggg fejste 8| 85| 35 | B8 |0 82 5,3 Mt |32e L it $21 |c430s| ggggg&
o § 3 v ._.,§ * g3
AUSTIN | 18.0 16.6
AUSTIN | 18.2 16.3 | 116.0 223] B-2 1416| 09
AUSTIN | 47.5 10.2 | 133.0
AUSTIN | 47.6 10.4 450
AUSTIN | 103.1 10.9 | 127.0 226] E 1313 08
AUSTIN [ 103.8 9.5
EAGLE FD.| 151.1 . * * TEST PENDING
17€  [EAGLE FD.] 151.7 15.9 | 119.2
EAGLE FD.| 154.2 175
EAGLE FD.| 154.8 1.2
14s [EAGLE FD.] 154.9 9.8 [ 1320 % | % 224 [B-1/30] _ 2099] 1.0 . LS LAYER/® TEST PEND.
EAGLE FD.] 160.8 14.7
EAGLE FD. | 160.9 14.3 92| &7 DRY METHOD
EAGLE FD.| 161.1 2 “TEST PENDING
EAGLE FD.] 185.2 38| * * SAMPLE UNSUITABLE
EAGLE FD.| 185.3 * TEST PENDING
EAGLE FD. | 193.2 157 ;
EAGLE FD.| 193.3 15.3 83| s2 DRY METH.JUNUSED SD
EAGLE FD.| 193.3 33.1
EAGLE FD.| 193.4 74
/. |EAGLEFD.[ 1842 8.2 SHALY LS. LAYER
> [EaGLEFD.[194.3 7.711393| % 457 | 2.40] B-1 84| 1.0 SHALY LS./* TEST PEND.
AUSTIN | 69.7 18.2 DELETED
EAGLE FD.{ 151.1 #® . * TEST PENDING




LABORATORY GEOMECHNICAL DATA FOR BORING :BE-2

REVISION :2.0
DAILLING CONTRACTOR: SWL DATE '¥5/90
> ] ; e g g a
B | el eagn b e i TAAFARAE AP AL Q"" —
é% e gﬁeg g Egﬁ 3 g g_ g £ 3?3 352 §§§3 géa ggi ﬁéi § L g g %3 ie| B g gggg
EAGLE FD.| 154.9 9.8 132.0 *x | % 2.24 |B-1/30] _2099| 1.0 LS LAYER/* TEST PEND.
161.0 * “TEST PENDING
185.2 ¥ SAMPLE UNSUITABLE
EAGLE FD.] 185.3 * * TEST PENDING
194.3 ¥ ¥ SHALY LS/°TEST PEND
EAGLE FD. | 202.4 16.3 12| 75 DELETED
EAGLE FD. | 203.0 170 115.4 433 DELETED

EAGLE FD.| 203.3 17.0 | 113.0 29.0 DELETED




LABORATORY GEOMECHNICAL DATA FOR BORING :BF-6

REVISION :2.0
DRILLING CONTRACTOR: SWL.
y| gy DIRECT SHEAR
> ¥
E’S B g Eg =z g&ga #z |2 § ) g%g,.ﬁ COMMENTS
¢ |Eke|26e(ste (k28| g3 |35 (g8 [Bke EHEFEREEDE: 238 o328z 9250
& 32 g oBE2- (2282
0§ £ 3 o w §§ w z 23
TAYLOR | 54.0 15.6 | 4 * SAMPLE UNSUITABLE
J_TAYLOR | 54.1 15.9 2.7 72 41 DRY METHOD
S TAYLOR |121.8 13.4 | 122.2
TAYLOR [121.9 13.3 269 77| 44 DRY METHOD
TAYLOR |138.8 14.0 | 120.6 * SAMPLE UNSUITABLE
TAYLOR |{138.9 13.7 86 53 DRY METHOD
TAYLOR | 180.9 14.3 95 59 DAY METHOD
74 TAYLOR |181.1 14.1 | 120.2
TAYLOR |183.2 14.1] * * SAMPLE UNSUITABLE
TAYLOR | 183.4 14.5 93 58 DRY METHOD
2.1 TAYLOR |[201.3 13.6 [ 119.7
TAYLOR | 201.4 14.4
TAYLOR |[201.5 13.5 273 94 58 DRY METHOD
TAYLOR | 202.4 139 * j * SAMPLE UNSUITABLE
TAYLOR |202.5 14.2 85| €0 DRY METHOD
TAYLOR [274.4 2.73
’d TAYLOR |274.7 13.6 [117.9
TAYLOR | 274.8 14.2
TAYLOR |274.9 13.8 109 73
TAYLOR |291.1 13.3] % * SAMPLE UNSUITABLE
TAYLOR |291.2 13.3 101 85
TAYLOR [291.3 48.0
] TAYLOR |325.2 10.5 | 129.2
TAYLOR [325.3 12.3
TAYLOR | 325.4
TAYLOR [ 332.2 121] % * TEST PENDING
AUSTIN [342.7 9.2
1| AUSTIN |342.9 7.6 [ 138.4 2444
AUSTIN [343.2 8.2
AHISTIN 184 1 [: -4




LABORATORY GEOMECHNICAL DATA FOR BORING :BF-6

REVISION :2.0
DRILLING CONTRACTOR: SWL DATE :312/30
y| gu DIRECT_SHEAR
i’y - g 8 E-' 2 z # iE g E g g
58 g g @ ~ Eg- % E g- §§8 &gg E@E g = En 2%s % |5¥38s g g g COMMENTS
e| 6Bz 528 z|585s(52 T |3ge| 388 | peT |30 | Dd1 z é )
gg E QE g : H §§ : 3¢ 33§ §§ 32| : g %52_ ..sgz g z
AUSTIN 1354.3 9.5,131.8 253 E 3819 1.2
AUSTIN |356.3 9.2
AUSTIN |1356.5 9.4 |132.9 247| E 2295| 1.3
54.0 * SAMPLE UNSUITABLE
138.8 * SAMPLE UNSUITABLE
183.2 * SAMPLE UNSUITABLE
202.4 * SAMPLE UNSUITABLE
274.7 117.9
TAYLOR | 274.9 13.8 109 73
291.1 * SAMPLE UNSUITABLE
TAYLOR | 291.2 133 101 65
332.2 * SAMPLE UNSUITABLE




