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BEDROCK GEOLOGY OF THE SSC SITE SEPTEMBER 1990

1 GEOLOGIC OVERVIEW

The Superconducting Super Collider (SSC) site is situated in a northeast-trending belt of shallowly
southeast-dipping, Cretaceous marine strata. The strata owe their origin, and their dip, to the
development and filling of the Gulf coastal embayment in Cretaceous through Tertiary times. Today, the
eroded landward ends of these strata form a series of northwest facing bluffs or escarpments, of which
the White Rock Escarpment, west of the site, is the best known. Dip slopes face gulfward and are
gentle.

The bedrock strata of concern to the SSC project are divided into three groups:
« Taylor Marl (a calcareous shale)
« Austin Chalk
« Eagle Ford Shale.

SSC excavatlons will occur in all three. Accordingly, 116 borings have been drilled to various depths in
all three bedrock units to provide an overall geologic/geotechnical characterization of the site environs.
From these borings and associated geological mapping and geophyslical surveys, some insights into the
various geologic aspects of the site, particularly as the geology relates to the SSC project, have been
gained. These insights are summarized below.

Site Bedrock Stratigraphy: Strata in which site structures will be excavated indude the lower
300 feet of Taylor Mari (Ozan Fm), 400 feet of Austin Chalk, and the upper 100 feet of Eagle
Ford Shale (South Bosque Fm) The Ozan is a highly homogeneous, calcite-cemented shale.
The Austin Chalk is characterized as thick-bedded chalk with variable percentages of
moderately to very argillaceous chalk (at places shaly chalk) as interbeds, with a few thin
bentonite layers. The Eagle Ford Shale is a highly homogeneous compacted shale with a few
thin limestone Interbeds. The site stratigraphy is discussed in more detail in Section 2.

Tunnel Profiles: Geologic profiles, based on borings drilled to below tunnel depth, have been
coristructed along the collider tunnel alignment, and along the high-energy booster (HEB)
alignment. The maln ring tunnel will encounter 16.8 miles of Eagle Ford Shale, 29.5 miles of
Austin Chalk, and 7.8 miles of Taylor Marl (exduding bypasses). The HEB tunnel alignment
includes an additional 6.7 miles in Austin Chalk and Eagle Ford Shale. Tunnel profiles are
discussed in more detail In Section 3.

Geology of Shafts: Ground surface at the shaft sites ranges from 90 to 240 feet above the
center of the beamline. Depending on location, each shaft will penetrate one or two of the
bedrock formations. Thickness of soil and terrace deposits above bedrock may be as much as
50 feet. Weathered rock may extend up to 50 feet below ground surface. Shaft gedlogy is
described in Section 4.

*  |n addition to the three bedrock strata, there are local surface deposits of Quaternary aliuvium and terrace
materials at the site. These have not been evaluated systematically and, hence, are not induded in this
report. Terrace deposits near Lumkins have been examined in some detail, as reported in Geotechnical
Report GR-62. Other areas of Quaternary deposits at the site are being investigated by SSC Lab and the
Texas National Research Laboratory Commission, and will be reported in the future.

wp/V84G/Bedrock 1



BEDROCK GEOLOGY OF THE SSC SITE SEPTEMBER 1990

Geology of iRs: The gedlogy of the interaction regions is known from multiple borings at each
IR site. AtlRs 1, 2, 3, and 4, the gedlogy of the construction zone includes the lower 220 feet of
Austin Chalk and the upper 25 feet of Eagle Ford Shale. The top of the shale ranges from

47 feet below beam line at IR 2 to 28 feet below beam line at IR 3. AtIRs 5 and 8, 137 to

194 feet of Taylor Marl overlies the top of Austin Chalk. Chalk is 36 feet below beamline at IR 5
and 1 foot below beam line at IR 8. Geologic structure at the hall sites is simple and fiat lying,
with one exception: atIR 3, there is a graben with 72 feet of downdrop. Geology of the IRs is
covered in more detail in Section 5.

Site Faulting: In addition to the overall slight (1 percent) gulfward tilt of the site strata, a
number of faults create a locally more complicated structure. The site sits astride the likely
northeastward continuation of the northeast-trending Balcones fault zone, a zone along which
down-to-the-gulf flexure occurred in Tertiary time (Reaser and Collins, 1988). Elsewhere this
hinge-zone is marked by normal faults and grabens; site faults have the same tectonic style.
Small normal faults with a few feet of displacement are considered to be ubiquitous. Larger
faults and grabens thousands of feet long and with tens of feet of offset are relatively
infrequent. Only 20 are known in the county and only 14 are known in the SSC construction
zone. The majority are known from the Austin Chalk; characteristically, each comprises a
normal fault with considerable offset (either down-to-the-gulf or down-to-the-craton) and an
antithetic fault with less offset. The net result is a narrow graben terminating downward a short
distance below the top of the underlying Eagle Ford Shale. There is evidence from seismic
reflection profiles that the faults do not extend downward through the base of the Eagle Ford
Shale. All of the mappable, large-offset faults have north-northeast to east-northeast trends.
Grabens are a few hundred feet across, and individual faults have a less than 10 foot thickness
of broken rock. Faulting is described in more detail in Section 6.

Wp/V84G/Bedrock 2



BEDROCK GEOLOGY OF THE SSC SITE SEPTEMBER 1990

2 SITE STRATIGRAPHY

GENERAL STRATIGRAPHY

The three major bedrock lithologic units at the site are the Taylor Marl, Austin Chalk, and Eagle Ford
Shale. The primary characteristics of these units are summarized below.

Taylor Marl
« Medium-gray to bluish-black calcareous shale
. Soft to medium-hard ~
« A few fossil fragments and thin calcite layers
« Maximum thickness at the site is 360 feet
« Exposed at the surface on the eastern third of the site.

Austin Chalk (exposed at the surface on the western two-thirds of the site)
Top 150 feet

« Thick chalk beds, medium to moderately hard*, generally more than 1 foot thick but
ranging from 0.1 to 8 feet

« Moderately argiliaceous to shaly chalk interbeds usually less than a foot thick but
generally ranging from 0.1 to 5.3 feet

« A few thin bentonitic shale interbeds.
Middle 195 feet

« Medium to moderately hard* chalk with more frequent interbeds of argillaceous chalk
and shaly chalk (to calcareous shale) than in the overlying 150 feet

« Common bentonitic layers, generally 1 to 2 inches thick
« Common pyrite nodules, 1 to 3 inches in diameter

« A bentonite marker bed, from 0.75 to 1.0 foot thick, widely traceable laterally, occurs at
the base of this section. This marker bed is nominally 70 feet above the base of the
Austin Chalk.

Bottom 70 feet

« Thick chalk beds, medium to moderately hard*, with thin interbeds of moderate to very
argillaceous chalk and shaly chalk

« Lithologically similar to the top 150 feet
« Small (generally less than 0.25 inch) pyrite nodules
« A fossiliferous argillaceous and arenaceous zone at the base known as the Fish Beds.

Eagle Ford Shale
« Dark, gray-black, soft to medium-hard* shale

» Contains very thin limestone laminae, particularly in a zone 40 to 75 feet below the top
of the formation

*  Hardness designations per ASCE, 1972

WP/NB4G/Bedrock 3
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+ Contains calcite concretions and pyrite noduies
« Onthe order of 300 feet thick at the site
« Does not crop out in the site area.

The top, middie, and bottom divisions described for Austin Chalk, above, do not correiate with the
informally defined upper, middie, and iower Austin Chaik members known in the Dailas area. it is iikeiy
that the top 150 feet of Austin Chalk at the SSC site is a much-thinned equivaient of the upper and
middie Austin Chalk observed elsewhere in the region. Chaik at the site is only 400 to 415 feet thick, in
contrast to a thickness of more than 650 feet in the Dallas area (Foster, 1965).

REFERENCE STRATIGRAPHIC COLUMN

A reference stratigraphic column was compiled for the SSC site based on data from a number of site
borings. Developing this site-specific stratigraphy is preferable to extrapolating stratigraphic data from
eisewhere in the region to the site. For the geologist, the reference coiumn has been a valuable baseline
against which each new boring has been compared. Itis an important tool for correlations around the
ring, because it identifies stratigraphic divisions and subdivisions that are laterally traceabie throughout
the site. For the geotechnical engineer, it is a nominal description of all the strata in the construction
zone.

The complete reference stratigraphic coiumn (Drawing SR-1 in pocket) includes the following:

. Lithologic descriptions of recognizable subdivisions of the site rocks, including the lower
part of the Taylor Mar, all of the Austin Chalk, and the top part of the Eagle Ford Shale

- Nominai thicknesses of lithologic subdivisions referenced to key contacts
« Type wireline logs (single-point resistance and natural gamma) for use In correlations.

WIRELINE STRATIGRAPHIC UNITS

The reference site stratigraphy has been further subdivided into “wireline stratigraphic units.” Just as
stratigraphic units are based on correlative, laterally traceable lithologic groupings, “wireline stratigraphic
units™ are based on correlative, laterally traceable signatures on wireline logs, in this case singie-point
resistance and natural gamma). A wireline stratigraphic unit is thus a stratigraphic interval that has a
unique geophysicai signature that can be correlated between borings. For some of the site formations,
particularily the Austin Chalk, the wireline stratigraphy are more distinctive and traceable than the visible
lithology.

Wireline units for the Taylor, Austin, and Eagle Ford have been given an alphabetic prefix of T, A, and E,

respectively, followed by a numeric suffix that increases with increasing geologic age. The depths,
thicknesses, and position relative to reference contacts of each wireline unit are shown in Table 1.

wp/VB4G/Bedrock 4
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TABLE 1. WIRELINE STRATIGRAPHY

Wireline Thickness of Stratigraphic Distance Above/Below
Stratigraphic Unit (feet) Reference Contact (feet)

Unit
T-21 116.0 109.0-225.0 + Above Austin Chalk
T-22 62.0 47.0 - 109.0 Above Austin Chalk
T-23 47.0 0.0 - 47.0 Above Austin Chalk
A-15 76.5 - 0.0-765 Below Taylor Mari
A-16 31.4 76.5 - 107.9 Below Taylor Marl
A-17 20.9 107.9 - 128.8 Below Taylor Mari
A-18 18.6 128.8 - 147.4 Below Taylor Mari
A-19 141 147.4 - 161.5 Below Taylor Marl
A-20 56.5 161.5 - 218.0 Below Taylor Mari
A-21 40.0 218.0 - 258.0 Below Taylor Mar
A-22 19.5 258.0 - 2775 Below Taylor Mari
A-23 15.5 277.5 - 293.0 Below Taylor Mari
A-24 17.5 293.0 - 310.5 Below Taylor Marl
A-25 23.9 310.5 - 334.4 Below Taylor Marl
A-26 17.0 334.4 - 351.4 Below Taylor Marl
A-27 51.8 351.4 - 403.2 Below Taylor Marl
E-20 41.7 0.0 -41.7 Below Austin Chalk
E-21 34.2 41.7-759 Below Austin Chalk
E-22 30.0 75.9-105.9+ Below Austin Chalk

Wireline stratigraphic units are identified on Drawing SR-1 (in pocket).
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3 GEOLOGY OF TUNNEL ALIGNMENT

Geologic profiles along the tunnel alignments (HEB tunnel as well as main ring tunnel) are based on
drilling as follows:

« Coreholes at 18 shaft sites

» Six borings along the HEB alignment

« Borings specifically to locate the top of the Eagle Ford Shale

» Corgholes at the experimental hall sites

« Angled coreholes and rotary wash borings probing ten faults

« Several borings where the ring tunnel will cross bentonite layers and group contacts.

Formation contacts as well as group boundaries are easily identifiable in core; intraformational
subdivisions and correlations were interpreted based on wireline logs. Drilling locations are shown on
drawing GE-5 (in map pocket).

COLLIDER TUNNEL GEOLOGY

The geology along the main ring alignment is illustrated on Drawing TP-18 (in map pocket). The tunnel
will penetrate 16.8 miles of Taylor Marl in one segment, 29.5 miles of Austin Chalk in two large segments
and possibly one small segment, and 7.8 miles of Eagle Ford Shale in one long segment and possibly
one short segment. The character of crossings from one group to another at tunnel depth is as follows:

Near IR 8, normal stratigraphic contact with
Taylc:; Marl very shallow dip, but repeated by normal fault
i f 0.4 mile.
Austin Chalk for total crossing length of 0.4 mile
Fault contact (ltaly Graben) between E8 and F8.
Part fault contact (SE 10.9) and part normal
stratigraphic contact between E10 and E1 for a
 Austin Chalk total crossing length of 0.3 miles.
to Possibly two fault contacts (inferred fauits)
Eagle Ford Shale south of E2.

Normal stratigraphic contact with very shallow
dip north of E2. The crossing is expected to be
1.8 miles long.

The main ring tunnel will pass through the bentonite marker bed (in the Austin Chalk; Drawing SR-1 in
map pocket) only once; a second possible crossing (near E10) is faulted-out.

Taken In its entirety, the tunnel will pass through the lower 160 feet of the Taylor Mar, all of the Austin
Chalk (approximately 400 feet), and the upper 70 feet of Eagle Ford Shale.

Mapped faults, with tens of feet of displacement will be crossed by the tunnel at 16 locations as follows
(see also Drawing TP-18; in map pocket, and Section 6):

wp/V84G/Bedrock 6
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Mapped Fault Type/Offset Tunnel Station Where Crossed
SE1* graben/90 ft. 1621 + 75 and 1622 + 50
SF1.8 graben/24 ft. 1815 + 50
SE3 normal/64 ft. 2144 + 00
SE5 normal/70 ft. 2710 + 10
SE5.2* graben/25 ft. 2722 + 90 and 2723 + 90
SE5.8 normal/8 ft. 0 + 00 approximately
italy normal/10 ft. 842 + 00
SF8.3* horst/25 ft. 941 + 60 and 950 + 60 approximately
SIR3* graben/73 ft. 1346 + 50 and 1348 + 25
SE10.7 normal/20 ft. 1392 + 80
SE10.9* graben/80 ft. . 1440 + 10 and 1446 + 50
SF9 normal/55 ft. 1140 + 30
SF9.8 normai/18 ft. 1247 + 00
SE10 normai/54 ft. 1286 + 00 approximately
SF10.1* graben/80 ft. 1503 + 00 and 1504 + 50
SF10.8 normal/8 ft 1547 + 00 approximately

* Ground conditions at these fauits are described in Appendix A.

Additionally, five suspected fault structures have been identified based on borings along the tunnel
alignment, but have nat been confirmed by gecdlogical mapping or closely spaced drilling. These are as
follows:

Suspected Fault Type/Otfset Tunnel Station Where Crossed
SE5.4 normal/21 ft. 2763 + 00 approximately
SE5¢,§3 normal/48 ft. 2841 + 00 approximately
SF5.1 normal/25ft. 33 + 00 approximately
SF5.2 normal/5 ft. 62 + 00 appraximately
SE8.3 normal/53 ft. 758 + 00 approximately

The faults and suspected faults found to date are principally in the areas of the east and west campuses,
which are the most intensely explored parts of the site. Additional faults will probably be found as
exploration continues in other areas.

HEB TUNNEL GEOLOGY
The geology along the HEB tunnel alignment is illustrated in drawing P1-3. The tunnel is expected to

penetrate 5.8 miles of Austin Chalk and 0.2 miles Eagle Ford Shale; the remaining 0.7 mile of HEB
tunnel appears to lie tangent to the contact between Eagle Ford and Austin (reference GR-50).

wp/VB4G/Bedrock 7
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Stratigraphically, the tunnel will traverse the lower 150 feet of the Austin Chalk and the upper 10 feet of
Eagle Ford Shale. Fifteen percent of the HEB tunnel is expected to indude the contact between the two
lithologies.

Mapped faults will be crossed by the HEB tunnel at four locations (see also Drawing PI-3 and Section 6)
as follows:

Mapped Fault Type/Offset Tunnel Station Where Crossed
SE 10.9* graben/80 ft. 113 + 00 and 115+ 50
SF 10.1* graben/80 ft. 145 + 00 and 148 + 00
SF 10.8 normal/8 ft. 191 + 80
Sia2* normal/80 ft. 295 + 50 and 297 + 20

* Ground conditions at these faults are described in Appendix A.

wp/V84G/Bedrock
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4 GEOLOGY OF SHAFT SITES

Eighteen core holes were drilled at E- and F-shaft sites to characterize the geology of the shaft locations.
Stratigraphy encountered by the shaft borings is shown in Figure 1.

Predictably, eleven shaft locations on the western side of the site (E9 through F4, proceeding clockwise)
are principally in chalk, with lesser thicknesses of shale at the bottoms of three shafts. East-side shafts
(E5 through FB8) will encounter principally mar, with small amounts of chalk at the bottoms of shafts E5
and F8.

The upper parts of the shaft geology (upper 4 to 53 feet) consists of soil or terrace deposits (or both)
overlaying weathered rock. The thickest cover (up to 50 feet) is at shaft sites in alluvial/terrace deposits.
The thickness of weathered rock (up to 44 feet) tends to be more at shaft locations with marl bedrock
(see also Appendix B).

The shaft-site boring at E3 penetrated a normal fault with 60 feet of normal offset; the borings at E5 and
F9 also intersected faults, with 75 feet and 37 feet of offset, respectively, but well below the present
planned tunnel depth. The ather borings encountered a few fractured zones without naticeable fault
offsets. Faulting is described in more detail In Section 6.

Wp/NBAG/Bedrock 9
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5 GEOLOGY OF INTERACTION REGIONS

Interaction region (IR) gedlogy was investigated by three to five coreholes at each of six IR sites. The
coreholes were located dose to the corners of the planned experimental halls. One corehole at each IR
was an angle boring oriented diagonally across the volume of the proposed hall; each site also had a
deep boring extending considerably below planned floor grade. Gedogic mapping, trenching, and
geophysical surveys also contributed to the geologic picture.

IRs 1, 2, 3, and 4, on the western side of the ring have 175 to 235 feet of Austin Chalk overlying Eagle
Ford Shale. IRs 5 and 8, on the eastern side of the ring have 140 to 190 feet of Taylor Marl overlying the
top of Austin Chalk. The gedogic structure comprises only slightly dipping beds at all IR sites except

IR 3. AtIR 3 the flat lying beds are broken by a graben. Specific characteristics of each site are
summarized below and illustrated in Drawings GS-3A through GS-8A (in map pockets). Since beds and
contacts dip slightly, their positions relative to the beamline (interaction point) vary by 2 to 7 feet across
the general construction area of each site, as reflected below.

Interaction Region 1 (Drawing GS-3A and reference GR-37):
« Depth from ground surface to sound rock; 4 to 5 feet
« Chalk in construction zone; 220 to 225 feet of units A21 through A27
« A23b shale layer to beamline; A23b is 54 to 57 feet above beamline
« Marker bentonite to beanline; marker is 25 to 28 feet above beamline

« Beamline to top of Eagle Ford Shale; top of units E20 to E22 (top of shale) lies 39 to
45 feet below baseline

. Geologic structure; beds of chalk have 2.0 to 3.2 percent tilt to the east; chalk/shale
contact has 2.3 to 3.6 percent tilt to the east; no fault offsets more than 3 feet expected

« Joints; bedding (subhorizontal), N38° to 46°E (subvertical), N0° to 20°W (subvertical).

Interaction Region 2 (Drawing GS-4A and reference GR-36):
» Depth to sound rock; 5 to 10 feet
« Chalk in construction zone; 230 to 235 feet of units A21 through A27
« A23b shale layer to bearﬁline; A23b is approximately 52 feet above beamline
« Marker bentonite to beamiine; marker is 20 to 21 feet above beamline

« Beamline to top of Eagle Ford Shale; top of shale units E20 through E22 lies 40 to
47 feet below beamline

« Geologic structure; beds of chalk have 1.9 percent tilt to the east; chaik/shale contact
has 2.9 to 3.1 percent tilt to the east; no fault offsets more than 3 feet expected

« Joints; bedding (subhorizontal); N38° to 46°E (subvertical); N40° to 50°W (subvertical).

Interaction Region 3 (Drawing GS-5A and reference GR-35)
» Depth to sound rock; 13 to 14 feet
« Chalk in construction zone; 155 to 170 feet of units A21 through A27
« A23b shale layer to beamline; A23b is approximately 82 feet above beamline
« Marker bentonite to beamline; marker Is 32 to 35 feet above beamline

wp/V84G/Badrock 11
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Beamline to top of Eagle Ford Shale; top of shale units E20 through E22 lies 28 to 38
feet below beamline

Geologic structure; beds of chalk have 4 percent tilt to the east; chalk/shale contact
has 3.2 percent dip to east; graben with maximum 72 feet offset (down to the
northwest) runs approximately along the northwestern wall of the planned hall; smaller
subsidiary faults are expected in the hall excavation

Joints; bedding (subhorizontal); N10° to 60°E (subvertical), N45° to 80°W (subvertical).

Interaction Region 4 (Drawing GS-6A and reference GR-34)

Depth to sound rock; 6 to 14 feet

Chalk in construction zone; 175 to 179 feet of units A21 through A27
A23b shale layer to beamline; A23b is 72 to 82 feet above beamline
Marker bentonite to beamline; 25 to 28 feet

Beamiline to top of Eagle Ford Shale; top of units E20 through E22 lies 35 to 41 feet
below beamiline

Geologic structure; beds of chalk have 2.8 to 3.5 percent tilt to east; chalk/shale
contact has 2.2 to 3.0 percent tilt to the east; no fault offsets more than 6 feet expected

Joints; bedding (subhorizontal); N55° to 84°E (subvertical); N50° to 72°W (subvertical).

Interaction Region 5 (Drawing GS-7A and reference GR-33)

Depth to sound rock; 19 to 32 feet
Marl in construction zone; 180 to 190 feet of units T21 through T23

Beamline to top of Austin Chalk; top of units A15 through A21 lies 31 to 39 feet below
beamline

Geologic structure; marl/chalk contact has 6.8 percent tilt to east; no fault offsets more
than 3 feet expected

Joints; bedding (subhorizontal); N70°W to N62°E (subvertical).

Interaction Region 8 (Drawing GS-8A and reference GR-26)

Depth to sound rock; 22 to 28 feet

Marl in construction zone; 138 to 142 feet of units T21 through T23

Beamline to top of Austin Chaik; top of units A15 through A21 lies 0 to 2 feet below
beamline

Geologic structure; marl/chalk contact has 2.9 percent tiit to southeast; no fault offsets
more than 3 feet expected

Joints; bedding (subhorizontal); N20° to 58°W (subverticai); N10°W to N20°E
(subvertical).

Further details on the geology of the interaction regions are given in geotechnical reports
GR-26, GR-33, GR-34, GR-35, GR-36, and GR-37.
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6 SITE FAULTING — OBSERVATIONS AND INTERPRETATION

STRUCTURAL SETTING AND FAULTING

The SSC site lies along the eastern margin of the Texas Craton, in a thick sedimentary sequence with a
low dip. The strata are exposed at the surface as broad northeast-trending belts that are progressively
older to the west. Beds and group contacts have a fairly uniform strike of N12.5-13° E and dip 0.7°
(about 1 percent) to the east-southeast. A geologic map of the site (Drawing GE-1) is enclosed in the
map pocket.

Rapid and abundant deposition of sediments in the Gulf of Mexico Basin (in Cretaceous through
Miocene time), and associated subsidence of the Guif Region, resulted in several arcuate zones of faults
subparallel to the edge of the basin along the margin of the Texas Craton. These zones of faults in the
Cenozoic and Mesozoic strata generally comprise inactive, northeast-trending, steeply dipping, normal
faults of moderate displacement. The closest of these zones to the site are the Mexia-Talco fault zone
to the east of the site and the Balcones fault system southwest of the site (Reaser and Collins, 1988).
The majority of the mapped Balcones faults occur in a broad belt that stretches from Val Verde County in
southwestem Texas to Waco in McLennan County, south of the site. However, the northeastern limit of
this fauit belt appears to extend into the site area and coincides with the local northeast-trending faults
and associated grabens.

Several normal faults with up to 100 feet of offset were known in the region prior to siting of the SSC
(Reaser, 1957, 1961, 1989; Reaser and Collins, 1988). These faults generally have northeast trends
and are up to several miles long. Additionally, small normal fauits and shear zones with a few inches to
a few feet of displacement have been observed In numerous outcrops (principally chalk). These are
sufficiently common that they are thought to be ubiquitous.

As a result of recent geological mapping and drilling, 25 mappable faults are now known in the site
vicinity (see Drawings GE-1 and GE-5 in the map pocket). The characteristics of mappable faults in the
vicinity of the site are summarized in Table 2. Five additional suspected fauits have been interpreted
from drill hole data along the collider ring but have not yet been mapped (see Section 3). The mapped
faults commonly trend north-northeast to northeast (paralieling the Balcones trend) with steep dips and
normal offsets. Faults are mapped based on subtle photo lineaments and the occurrence of crystaliine
calcite (from veins that were precipitated along displacements) in float. Offsets on the faults (based on
drilling or correlations of offset units at the surface) commonly range from 25 to 75 feet, and some
appear to have offsets more than 100 feet. The largest offset on a fault crossing the tunnel alignment is
90 feet. Several of the mapped faults bound grabens, which is consistent with the tectonics of the
Balcones fault system.

The reported abundance of smali-scale faults throughout the chalk, as well as the extension of the
Balcones system of larger-scale faults into the site area, suggests that additional faults not recognized to
date may be Identified in the future.

A final geologic feature of possible tectonic origin is an eastward-descending tranverse culmination
(nose) on the top of the Eagle Ford Shale west of Waxahachie (see structure contours on Drawing GE-5
in map pocket). This Is a low feature with 75 feet of relief and a wavelength of six miles. It is not
reflected in the form of the top of Austin Chalk and it has no associated parallei faulting. A likely
interpretation Is that it represents an erosional form at the Austin Chalk/Eagle Ford Shale unconformity.



TABLE 2. MAPPED FAULTS NEAR THE SSC SITE*

Page 1 of 2
Fault Dip - Displacement :
Italy Graben [ Steeply NW to SW ™10 ft down to the west .
SF 8.3 Steeply SE - ~25 ftdown'to the.
southeast S o
SIR 3 Graben Southern fault 70-75° NW E:.f'TGraben southem fault has
73 ft down to the north;:
-~ northern fault has 64 ft
~downtothe'south .
SE 10.7 Fault 65°-90° west 2 ft down :td;the1:WéSt.ﬁl e
SE 10.9 Fault ~65° SE i:}._Graben 80'ﬂ on southern
k ft rthern fault:
SF9 50° to 70°SE
SF9.8 60°N
SE 10 59° to 65°SE

SF10.1 Graben Northern fault steeply SE;

g
Southern fault steeply NW . 60 ft on southern faul

SF 10.8 Steeply N _ 8ftdown tothe nont

Sl 2 Fauit Steeply SE

SF10.6 Fault Steeply 1o the NW

SE1 Graben Northern fault ~ 44 SE;
Southern fauit steep to the
NwW

SE1.5 Fault Moderately steep SE

SF1.8 N65°SW

SE3 Steeplyto E

SES5 Steeplyto S

Sardis Fault Steeply to the NW ~ 60°

Sterrett Fault Steeply NW

Bear Creek Fault 63°NW

Rockett Graben North fault steeply SE,

South fault steeply NW

Wp/VB4G/SFC-TBLE



TABLE 2. MAPPED FAULTS NEAR THE SSC SITE*

Page 2 of 2
Fault . Strike.. Dip i 'pqsplagemgmjf
SE 5.2 Fault ~55°N st down to the north
SF 5.8 Fault - ,"Tenuous correlatnon
.sugt ests 8 ft down to the
80 : B

Unnamed Fault
Lake Waxahachie Graben

- : down to the west

. North fault dips steeply > Go.ft :
: g'g?(s)guthern tault dips e e

* The faults are also shown on Drawing GE-1 and GE-5 in the map pocket.

References: Reaser and Collins, 1988; The Earth Technology Corporation GR-5, GR-7, GR-8, GR-9, GR-10,
GR-15, GR-16, GR-22, GR-24, GR-52, GR-54, GR-55, GR-59, GR-60, GR-61.

wp/VB4G/SFC-TBLE
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STRUCTURAL STYLE

Drilling, mapping, and reflection surveys of large-offset faults in the construction zone have revealed
consistency in the style of deformation from fault to fault. The consistent aspects are as folows:

« In a gross sense, each fault structure is a normal fauit. The normal offset is distributed
over two to four similarly striking faults that are 100 to 300 feet apart. Judging by
slickensides and shear geometry, offsets are predominately dip-slip.

« The largest (displacement) fault structures generally include a graben bounded by a
principal fault and an antithetic fault; the two faults have the same strike. The net normal
offset from one side of the total structure to the other is smaller than the amount by which
the graben block is down-dropped.

« The graben (if one occurs) or the down-dropped side of the normal fault may be rotated so
that bedding tilts down toward the upthrown block.

« Faults that offset the Austin Chalk/Eagle Ford Shale contact appear to terminate downward
within the shale. Reflection surveys indicate that these faults do not offset the base of the
Eagle Ford Shale.

The overall style described above Is consistent with extensional faulting such as is usually observed
along the Balcones fault zone to the southwest. Several characteristics — development of an antithetic
graben, backtilting of the down-dropped block, and faults not passing through the shale — suggest that
the chaik has been extended considerably over the more ductiie shale.

An additional important observation is that fracture zones and shear zones are relatives common inthe
upper portions of the Eagle Ford Shale, comprising 4.1 percent of the shale encountered in vertical
borings (see Appendix B). A reasonable interpretation for this observation is that displacements that
result in discrete offsets in the relatively brittle chalk, may be absorbed by diffuse shearing and
fracturing (possibly parallei to bedding) in the underlying more “ductile” shale.

FAULTS IN THE CONSTRUCTION ZONE

Several fauits in the construction zone were carefully evaluated by mapping, borings, reflection surveys,
and VLF surveys to determine their precise locations and characteristics in the construction zone. Six
faults were probed by angled coreholes specifically intended to penetrate the fault where it will be
intersected by an SSC tunnel. Angled borings induded core logging, wireline logging, sampling and
laboratory testing of fault materlals for geomechanical properties, downhole photography, and
straddle-packer testing of fault zones. These data are available in geatechnicai reports GR-10, GR-16,
GR-22, GR-52, GR-54, GR-55, GR-59, GR-60 and GR-61.

The tables, cross-sections and maps in Appendix A describe and illustrate the geotechnical conditions
that are interpreted to exlist at seven fault zones that intersect the collider tunnel or the HEB tunnel.
These examples should be representative of the type of conditions that may be encountered at other, as
yet undiscovered or unexplored site faults. The observations may be generalized as folows:

« Stratigraphic offsets generaliy occur ontwo or three discrete normal fauits that are
100 to 300 feet apart.

« The rock between the individual fault planes is not particularly fractured, sheared,
weathered, or otherwise altered.

« The thickness of broken rock at a fault is 1 to 5 or (rarely) 10 feet, and is noticeable in core
as closely spaced (1 to 10 inches apart) shears and fractures. Many of the shears and
fractures are oriented paralle! to the fauit, but others appear to be second- or third-order
shears or cross-joints.

wp/V84G/Bedrock 16
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Shears surfaces comprising the faults have slickensides (dip-slip) and are generally
closed/tight, and/or mineralized with calcite. Caicite mineralization is iess common in
shale and marl than in limestone.

Alteration, weathering, or vugs along faults were noted in three borings where drilled at
depths of 50 to 150 feet below ground surface.

Hydraullc conductivity measured by packer-testing at faults ranges from <4 x 10%10
7.8x 10 cmysec (Earth Technology, GR-63), with most values in the range of 3 x 10710
4 x 10 cysec. The median conductivity, 1.2 x 10°® cmysec, is one order of magnitude
higher than the median for the rock mass in general.

Geomechanically, sampies of faulted materiai are comparable to samples of unfaulted rock.
For Austin Chaik and Eagle Ford Shale, (faulted Taylor Marl was not encountered in
borings at tunnel depth) faulted and non-fault sample popuiations yield very similar values
of moisture content, dry density and unconfined compressive strength (Earth Technology,
GR-66 and GR-67). Young's Modulus (in chalk) is quite similar in faulted and non-fault
samples. Liquid limit and plasticity index in shale, 30 to 35 percent lower in fault-boring
samples, are comparable to non-fault samples.

17.
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INTERPRETED CHARACTERISTICS - SIR 3 FAULT

SIR 3 Fault crosses the main tunnel alignment 3 miles south of Farm Route 66 along the
main tunnel between Station 1346 + 50 and 1348 + 25.

A northeast trending, northwest dipping normal fauit having 70 to
75 1t of down-to-the-north oftset, surmounted by two antithetic faults.

The fault is a sinuous plane with a trend of N40° to 50°E and dipping approximately 55° northwest.

The north dipping main fauit has an offset of 70 to 75 ft down-to-the-north.
Oftset on the antithetic faults have a maximum displacement of 50 ft
down-to-the-north on the most northern splay. The small antithetic fauit
between SIR 3A and BIR 31 has about 10 ft of down-to-the-north oftset.
Net vertical displacement is 20 to 25 # down-to-the-north.

The formation at tunnel depth is Austin Chalk (Kau), medium to
moderately hard, light gray to dark gray with interbeds of slightly
to moderately argillaceous chalk and pyrite nodules.

Fractures on the main fault were encountered 85 ft below tunnel depth
and strike N20° to 75°W dipping generally 45° to 56° NW in the Eagle
Ford . Fractures on the main antithetic fault strike N35°W to N78°E
dipping 65° southeast in the Austin Chaik.

The main fault is approximately 5 ft thick in the Austin
Chalk (BIR 31) and C.6 ft thick in the Eagle Ford Shale. The
antithetic fault in the Austin Chalk is approximately

1.5 ft thick.

Fracture spacing on the main fauit ranges from 0.1 to 3.3 ft apart (Eagle Ford Shale) with
the average spacing about 1 ft. Fracture spacing on the antithetic faults are 0.2 ft to 0.4 ft
(Austin Chalk) and averages 0.25 ft.

The main fault in the Austin Chalk Is calcite filled and slightly brecciated while the fractures in the Eagle
Ford Shale are smooth, tight, slickensided and non-mineralized. The antithetic faults have fewer healed
fractures and are generally smooth, tight and non-mineralized in the Austin Chalk.

The hydraulic conductivity , measured b¥ straddie
packer test, at the fault zone is <4.6 x 10" cm/sec.

Boreholes: J6-87, BIR31, BIR32, BIR33, SIR3A,
SIR3B, Seismic Reflection Survey GSIR4 and
Straddle Packer Test resuits from SIR3B.

TABLE A1
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SIR 3 FAULT
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and wire-line data. Five fractures were identilied s | 45|c X s|s
as having N 50 E 45 NW trend with smooth, s | 45C X ss 410
tight, slickensided surfaces. s | 45l X sls
S | 45(C X S|s
|- 210 210
N 25 E,56 SE, Fracture; smooth, tight, s | 25 X s|s
stickensided Septarian concretions, hard, gray at 05
210.3 and 2 405
N 70 E,49 SE Fracture; smooth, tight,
slickenside s | 4o X sls
215 [j”“s
217.0°-217.65' Carbonate layer, hard, light gray.
* VERTICAL DEPTHS DERIVED FROM 400
DEVIATION LOGS
wmmr The Earth Technology FIGURE A4
o : SiR 3 Fault

SIR3B
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INTERPRETED CHARACTERISTICS - SE10.9 FAULT

SE10.9 Fault crosses the main tunne! 1 mile south of Farm Route 66 between
Stations 1440 + 10 and 1446 + 50.

A north-northeast trending , southeast dipping fault having a net
vertical displacement of 20 to 25 ft down-to-the-south.

The fault trends N20° to 53°E with an average trend of N28°E and
dips approximately 65° southeast.

The southeast dipping main fault has a net offset of 20 to 25 ft
down-to-the-south surmounted by a north dipping antithetic fault
that has produced a graben with as much as 86 ft of displacement
locally. The fault, penetrated by boring SE10.9C has approximately
73 ft of displacement.

The formation at tunnel depth is Austin Chalk (Kau), medium to
moderately hard, slightly fossiliferous, with slightly to very
argillaceous limestone and shaly limestone interbeds, light
gray to dark gray with occasional pyrite nodules.

Fractures comprising the southeast dipping fault (Boring SE10.9C) strike N68°W with an average dip of
64°SE The north dipping antithetic fault has fractures ranging from N70°W to NSO°E dipping 15° to 65° NW.

The southeast dipping fault is approximately 11.9 ft thick in the Eagle Ford Shale
(Boring SE10.9C) 38 ft below the tunnel centerline. The north dipping antithetic fault
is approximately 4.5 ft thick in the Austin Chalk (Boring SE10.9D) 55 ft above the
tunnel centerline.

Fracture spacing in the Austin Chalk ranges from less than 0.1 ft to 3.2 ft withan
average of 1.2 ft. Fracture spacing in the Eagle Ford Shale range from 0.3 ft to 0.1 ft with
an average spacing of 0.12 ft.

Boring BE10.9 penetrated a weathered zone in the Austin Chalk
(at 68 to 88 ft vertical depth) that contained a few thin calicite filled
fractures. Boring SE10.9 C encountered a southeast dipping fault at an inclined depth of 285 ft (vertical
depth 221 ft) where the Austin Chalk is faulted against the Eagle Ford Shale. The Austin Chalk is
characterized by hairllne width calcite-filled fractures. Fractures extend for several feet beyond the
interpreted fault. Fractures in the Eagle Ford Shale are smooth to slightly rough, slickensided, and
non-mineralized. Boring SE10.9D encountered a northwest dipping antithetic fault at a boring depth of 175
to 182 ft (vertical depth 132 ft to 137.6 ft) in the Austin Chalk. Fractures are typically slickensided, clean,
and closed with only occasional calcite in-filling.

The hydraulic conductivity along the main fault (depth of 217.6 to 266.6 ft)
where the Austin Chalk is faulted against the Eagle Ford Shale is tested
by straddle packer at 3. 3x10° cm/sec. The hydraulic conductivity along
the antithetic fault (depth of 130.2 to 146.3 ft) is 3.1 x 1§ cm/sec.

Boreholes: BE10.9, SE10.9, SE10.8, SE10.9C, SE10.9D
Straddle Packer Test SE10.9C

TABLE A2




SE 10.9 FAULT
-- =]

GRL2S Bl
ANy ?,}. gz .
0 o N AT AN
IETLENTN L7 0 SR OH L

e

2 PR
Faliltiace on ?
ic Reflyptfon Line

SCALE 1:12,000
0 500 1000 1500 2000 Feet

CONTOUR INTERVAL 10 FEET

Project No.: 87-886-0017

The Earth Technology
s Corporation

SE 10.9 Fault Map

Airphoto 1989
6/90 Topography from Boz 7.5 Minute Quad Figure A5




SE10.9 FAULT

SOUTH NORTH
0 e eeeeee e e e R e oo ses e+ s 1+ 522 RS  REEyEEE en eeteeee oo eteeaseeeereReR AR oA gt et e oo e e e eer e 750
0. 3 BE 10.9 (Projected)
700 . SE51 9D SE10.9C { e Lo
650 650
600 i 600
—fE 1 L _L
/:} _Bentonite
§— Marker_s
N S N L - L 1
- [N SO U N N S W A I B
550 /4—v_beeDraw1n‘gB.-_ P e er =y I . ST _1_:1_1_ T T 550
N -1 onFigure AZA- i1 —b 4 C oY R A . J T -
[ R —5 -t
~and FlgureA9 —i~ SNV SIS S A _s_/ L
e i e s it s *// Sl ity
500 T TTupmrcetenne T i - : 500
ek St SN S
I S M
Pl S
o L
450 450
400 400
350 £ i 350
1 T T I 1 T I
1441400 1442400 1443400 1444400 1445400 1446400 1447400
e v
0 50 100 150 Feet
n=85 Project No.: 87-888-0017
Contour Interval = 2:;-’:“:.‘»“.,,
>5% —
Bl as% SE 10.9 Faul
Lower Hemisphere [ 9% Geologic Profile
Stereographic Plot of along Ring Alignment
%0 Figure A6

Poles to Fractures




SE 10.9 FAULT

465 —

460 —

455

450 —

445

440 —

435 —~

430 —

T ~32 Iractures; slickensided, smoolh o slightty

" closed, resh; 80% incipient, 50% parallef to bedding; others at

DRAWING A

Boring SE 10.5C

Benlonitic clay, very soft, non-laminated, bluish-gray, pyritic
Limestone; resh, medium to moderately hard, slightly
fossiliterous, light gray

Interpreted Fault width is Fracture Zone; numerous closed, incipient lractures

approximately 11.9 feet; this

assumes a fault dip of
approximately 65° 1o the
northwest; nole that he Eagle

Ford Shale is ractured weli

beyond the trace of the fault

Conlact with Eagle Ford Shale

1 inch diameler, fight brown, moderately hard,
non-calcareous inclusion

~4——1/8" pyrite lens
~ 20 fractures; slickensided smooth to
slightly rough, clean, closed, fresh; 80%
incipient, 50% parallel 1o bedding; others at
various angles

clean, closed, resh; 80% incipient; 50% paraliel to bedding;
other at various angles
= , fresh, soft 1 i

e

= as 'Y”B o - car gray

" pyrite lense

~a ~ 6 lractures, slickensided, smooth to
slightly rough, clean closed, Iresh;
B0% incipient, 50% parallel to bedding;
other at various angles

rough, clean, closed, lresh; 80% incipient, 50%
parallel to bedding; others at various angles

~12 fractwres; slickensided, smoath to slightly rough,
clean, dosed, fresh; 80% incipient, 50% paralie! to
bedding: others at various angles -16 fraclures; slickensided,
smooith to slightly rough, clean,
closed, Iresh; 80% incipient;
50% parailel to bedding;
others atvaricus angles

~21 fraclures; slickensided, smooth lo slightly rough; clean,
closed, fresh; BO% incipient, 50% paraliel to bedding; others
atvarious angles.

Thin arenaceous bed

~12 Fractures; slickensided, smooth to slightly rough; dean,

various angles

~17 hractures: slickensided, smooth to slightly rough; clean, dosed,
fresh; 80% incipient, 50% parallef o bedding; others at various angles

~6 Iractures; slickensided, smooth to stighlly rough, clean, closed, fresh;
80% incipient; 50% parallel to bedding; others at various angles

~8 fractures; slickensided, smooth to slighlly rough, clean, closed,
fresh; 80% incipient; 50% paraliel 1o bedding; others atvarious angles

~10 fractures; slickensided, smooth to slightly rough, clean, closed,
{resh; 80% incipient; 50% parallel to bedding; others at various angles

~16 fractures; slickensided, smooth to slightly rough, clean, closed. fresh;
80% incipient; 50% parallel o bedding; others are various angles
~14 ractures; slickensided smooth to slighly rough, clean, closed fresh; 80-0% are
incipient, 50% are parallel to bedding; others are at various angles
Arenaceous, slightly calcarecus bed with abundant pyrite

3 ractures; smooth 1o slighly rough, clean, ciosed, tresh;
others at various angles

Arenaceous, slightly calcareous bed

50° fracture; slickensided. smooth, clean, ciosed, lresh

DRAWING B
SOUTH Boring SE 10.9D NORTH
Very thin, very argillaceous iMestone; dark gray ————— _
560 —
Limestone; resh, medium hard lo moderately hard,
slightly fossililerous, occassional pyrite nodules
Very lossiliferous
Moderalely argilaceaus limestone; medium gray ————— o Ao limestone; (coquina)
555 — Moderatefy argillaceous to very argilaceous 1 inch diameter pyrite nodule -
limestone, medium 1o dark gray Horizontal fracture along fossi
Limestone; fresh, medium hard to moderalely hard, mng; snﬁoom. .
slightly fossiliferous, occasional pyrite Limestone; fresh, medium hard to
moderately hard, slighty fossififerous
M )y to very argi , dark gray ————# ToP OF INTERPRETED FAULT ZONE:
__ Slightly argillaceous limestone; medium gray fauit width is approximately 4.5 foet, —
550 Very argitlaceous kmestone; soft 1o medium fractures are as follows:

N4O°E, 40° NW tracture; slickensided, slighty
rough, clean, closed ,resh

N35°E, 35° NW hracture; sickensided, slightly

rough. clean, closed, fresh

Horizontal Iracture; stickensided, slightly rough, clean, dosed;
paraliel lo bedding _

Vertical incipient fracture
NSO°E, 25°N fracture, slickensided, smooth, dean, closed

hard, dark gray

Very argillaceous/shaly limesione;

soft, dark gray

Moderately argillaceous limestone;

medium gray, soft lo moderately hard
Shaly limestone; soft, dark gray
Bentonitic clay, very solt, pyritic;
hractured
Siightly lo moderately
argittaceous limestone;
medium gray
Slightly argilfaceous
540 — limestone; moderately

hard, medium gray

545 —

70%incipient fracture; up o 178° calcite filing

BASE OF INTERPRETED FAULT

Limestone; resh, medium haid © moderately hard,

slightly fossiliferous, occassional pyrite nodules _

Limestone; fresh, medium hard to moderately hard,

slightty fossiliferous, occassional pyriio nodules

Limestone; fresh, medium hard 1o moderataly hard,

slightly fossilierous, occassional pyrite nodules .

Sightly argillaceous limestone; medium haid, madium gray

Projest N 87-888-0817
SE 109 Fault
Geologic Frolle
690 Figure A7
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SE 10.9 FAULT

GEOLOGY FIELD DATA LABORATORY TEST DATA Project 1D
) . Boring No.: SE10.9C
E : .
5 'DISCONTINUITY DESCRIPTION ~ s a TRIAXIAL TEST Ground.Elev.: 634.0
- 1 N ~ X | " . . .
STRATI LITHOLOGY DRILLING S o | o AR S| g North Coord.: 240950.5 It
CGRAPHY vol w E 5 § 5 E : ° x| ¥ 4 cle East Coord.: 2174744.1 (t.
=
—— " = SE1E o 2 3 | Wt w | tl| & v | a|o |8le ] ~ |Field Engr.
~ N D out N c E o4 |43 a y a FE IR a2 s a # |Geologist: S.Lesikar
¢ g1 ° IR { R ER N Ui gy ) R P A DA L A R R - E
ot J L3 : ol L |o c~| @ ~ .
5. DE 13 2| 4 % R I P s o 218 ‘? £ 2 ': 37| 8 | 53] 53] 8 &l 5 L |pritter: MIA
Slgls SCRIPTION 5 s | § . o] Blaldln RREE 2a e |F|3 2| 2 155] o |8 88 LE] £ | S |pate Began: 3/5/00
T 4 o 3 g s | 218|%|6 slulB) 8| S 5| 8|4 8 eRlA|E” 2 P I R
S| wia £ | g8 [ § |28 | el 315 ¢ SIR)EIS] B3| Rl 23l el RS R |C |8 [ WX S| 3 |8tmiction: 3/14/90
+ 2 E k) a by o © wg M| e a g E_ g bL’ g.'g g r.u: _I. > g_ = JLI gy 2 - ? [ b ? ompletion:
sialelg |5 7 |ases|ases| 81 I S\A|81 2] S&|8|8|8|dE | B E | T AlsE| Sl 6 ]d | &) EMARKS
a w 'S 2 a 3 UIED | NTOD Jo VoAl n(alni - Z|ajo0o|0|x - = o J o (3] R
- I8 B0
A26 Medium thick, bentonitic, clay, very solt, Blao
non-laminated, bluish gray, pyritic bed. i
A E 3 29.8 | 91 {102 |42 8 029 ¢
4654 LIMESTONE (Austin Chalk), fresh, medium to 961 % L 465
Kau 1] moderately hard, slightly fossliterots, slightly to - 220
- 220 AZ6 very argillaceous and shaly light gray.
Fracture zone, hairline incipient fracture. all -
=] \appear to be closed. A '
SHALE (Eagle Ford), fresh, solt to medium hard, L
very fine grained, very thinly bedded, s|olc X s|s i 160
460 39n-calcy:ol§, b:Ark gray vévith srlnal}: (1‘12"-1"
iameter), light brown, moderately hard, 225
|- 225 non-calcareous inclusions and occasional thin s} ofC X S|s 16.2 {122 {60 | 34 7
arenaceous interbeds. I
-1" diameter light brown, moderately hard,
non-calcareous inclusions. I
Approximately 20 {ractures. slickensides, smooth S| ojC X s)8 [
to slightly rouxh, clean, Clos“}’:’ {A{'e(ssho,%nost (-80%)
are incipient. proximately hal are L
4554 . paraliel to b.dd?ng planes athers at varllous s { ojC X S1s 159 {117 |59 |34 15 455
230 e s h t b ' 230
N -22 fractures. Same characteristics as above. - x sls
Ksb 178" thick pyrite lens. s | olc I
-32 Fractures. Same characteristics as above. sl olc b'e sls
-12 Fractures. Same characteristics as above. r
-21 Fractures. Same characteristics as above.
~1/8" diameter pyrite lens. r
6 Fractures. Same characteristics as above. B olc X s[s - 450
4504 in arenaceous bed. ¢
- 236 s | o|c x s|s 238
16.6 [ 101 | 56 27 5 b
siofC X s§|s L
A]y)}all tely 6 fractures, ‘t" L " ides, s(moD%}; to
shightly rough, clean, closed, fresh, most (-80 s(s I
are incipient - approximately half(50%) are g 01C S 12.2 {132 |39 |21 35 i 5
4454 parallel to bedding planes, others at various
orientations. s|olc X §|Ss 240
- 240 -8 Fractures. Same characteristics as above.
-10 Fractures. Same characteristics as above. x sls o
. $ | ofc 18.0 {123 {62 |34 | 6
-16 Fractures. Same characteristics as above.
s | ojc x 8|S
- 440
04
245 “ Approximately 14 fractures, slickensides, smooth |-245
3 T  sli sides,
Ksb to slightly rough,clean, closed, (resh, most < s | olc X ss 17.1 [ 115 |63 |37 5 |
80%-90%) are incipient - ? roximately
al((50%) are parallel to bedding planes - others o
are at various orientations,
Medium thick, arenaceous, slightly caleareous bed s | ojc X sis r
with abundant pyrite. L——« F 435
4354 3 Fractures. Same characteristics as above. s X S
o|C 50
- 250 [= [B0) Fracture. slickensides, smooth, clean, closed, s | so|C X s|s _1
__—_:1 resh, thin arenaceous, calcareous bed. L
FIGURE A9
The Earth Technology SE 10.9 Fault

Corporation
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SE 10.9 FAULT

GEOLOGY FIELD DATA LABORATORY TEST DATA Project 1D
Boring No.: SE10.9D
- _Elev.: 683.2 ft.
- [DISCONTINUITY _ DESCRIPTION ’1 ¢ [ 2 [ rRIAXIAL TEST Ground 3
- ~ R A » |: 240006.7 ft.
STRATL LITHOLOGY DRILLING s T 2 | o u L X R North Goord.: 240906
GRAPHY ool s ¢5 58 3|l aA R East Coord.: 2174764.7 ft.
cd| 2 5 2 0 & P TR x c |t cla i X
h » ,\ 1 aAalw o a n L g < L& [ 8L f, H c ] ~ |Field Engr. .
g ] ¥ TRl 5 Ei |ad a8 LR I A I B 3 [Geologist: . Lesikar
3 5 e vallf = sleftal sl 5lontsis RETS R
~ N 2 . [ R B T I I - e 2] ° e m: E"': z 3 c Driller: MJA
~ ~ : .
vl 60§ DESCRIPTION 7 s X c ol 2lal3" MR %E v g 3 "é a:g cel 1R & B u@ £ | 8 |DateBegan: 3/1/50
] p - ~
Y1313 9 o | wd o e | BIAIS]S wlslo|t] ES| 5 § | o] 8 2 (¥ X]ET a1 ¢ | % [Dateot
c ] ] T Ly o S olc I IR R RN R I F X1 3] 3 |Completion: 3/6/90
il Ele (3 P82 | 2 | wd (il ElLiale Lo el BRI g ) S| B R IR R 18 |47 g 3 [Complten
[N [} C ] [ I ] oocl 4§ al a4l o Lt E ! 'u T A W (Lo @ g c - o -
d1a 25 18 3 IRIGT|aIBB] 9L [Coimm 34| 2| 2{L|8|SR|EE (& | d || |5Al &S |§ U (&)W REMARKS
0
560 B
~4 Very thin, very argillaceous, dark gray bed. L
HL_ { LIMESTONE (Austin Chalk), fresh, medium to l
_i) moderately hard, slightly fossiliferous, occasional
pyrite nm?(uu and very fossiliferous beds, light , 1125
-125 H— | gray with 0.05 to 2.3 fi. thick slightly to very
Y argillaceous and occasionally shaly interbeds 0.7
| | t05.6 ft. apart. [
_d 780
Kau | A25 E;: Thin, moderately argillaceous, medium gray bed. 4 B| o
b Thin, very fossiliferous bed (coquina-like) 7 I
‘1 Medjurm thick, moderately to very argillaceous, 4
5554 |——| medium to dark gray bed. o Bl o
I
-4
130
130 . } 13
] i L
H— :
r ;l;ehén, moderately to very argillaceous, dark gray 2 31 elc X sls
~Fracture. (40) smooth, clean, closed (along fossil L_ 785
—— parnng)
|- | ®mooth, clean, closed (horiaontal)
5501 -1" diameter pyrite nodule. Bl o SR
Fracture, slickensided, :lwht.ly rough, clean, s | 40/C X 3 o
A25 | ~1 closed, fresh, (N4OE,40NW) 1| 35C X SR
(60} Incipient Fracture Fracture. slickensided H X s
slightly rough, clean, closed, fresh (N35E 35NW) 3 X s | 135
- 136 Kau Thin, al':ghzf argillaceous, medium gray bed, s|o|c X S[SR
Medium thick, very argillaceous, soft to medium
hard, dark gray bedAd(501] Incipient Fracture Bj| o g
Fracture. slickensided, slightly rough,clean, &
closed, (horizontal) Bl o 12.3 125
’ll;hén, very argillaceous, shaly., soft, dark gray ] }gg 130 1368} 190 206 }
ed. g
Thin, moderately argillaceous, medium gray bed. 1 Caleit X S
— [rm),‘lnci fent fiactare, up to' 178" calcite Hlling. FREL TS il DS X|8 |
hin, shaly, soft, dark gray bed Fracture. B0
slickensided, smooth, clean, closed, fresh B 28.7 89 j46 13
545 E-W,25N) Thin, bentonitic clay, very soft, |
ritic, fractured. 4 11.4 1129
edium thick, slightly to moderately argillaceous, | 10.1 {132 1534 5.22 790
medium gray bed. & B o
| 140 11.2 }gg 3.2p 140
A26 10.8 -
115 | 126 3.97
k(;d'lum thick, siightly argillaceous, medium gray
ed.
B| o u
FIGURE A10
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INTERPRETED CHARACTERISTICS - SI2 FAULT

The SI2 fault crosses the HEB ~4 miles west of Waxahachie near Farm Route
1446 between Stations 295 + 50 and 297 + 20.

A north-northeast trending, southeast-dipping fault (probably two
splays) with a total of 80 ft of down-to-the-southeast offset. This fault is probably an en echelon
continuation of the SE 10.9 structure to the south near Highway 66.

Photo lineament trends N15° to 40°E and gently bends south-southeast near
Highway 66. Slickensided calcite trends range from N22° to 61° E and dips
28° to 87° SE.

The overall displacement is about 80 ft of down-to-the-southeast offset.
Southern splay has 37 ft of down-to-the-south offset .

The formation at tunnel depth (HEB tunnel) is Austin Chalk (Kau), fresh,
moderately hard, light gray, slightly fossiliferous, with occasional pyrite
nodules and interbeds of moderately to very argillaceous limestone.

Fracture orientations near the fault zone range from N9°W to N35°E and dip 20° to 71° north and 82°
southeast. These fracture orientations were measured about 50 ft below the tunnel centerline.

Corehole S12C shows a discrete zone of severely weathered and sheared chalk
between 149 ft and 156 ft. The fault is approximately 8.7 t thick.

No Data

The chalk adjacent to the fault is severely weathered at depth and
consists of soft to medium hard limestone, yellowish-tan with oxidized pyrite. This zone
contains calcite veins with crystals up to 0.1 ft in diameter and numerous voids 1/4 inch to 1/2
inch wide . The fault itself appears to be healed with calcite mineralization.

The hydraulic conductivity at the fault zone is 2.9 x 10° cm/sec
(vertical depth of 136.1 to 152.3 ft) as tested by straddle packer,

Coreholes: SI2A, S12B, SI2C, Bi2A, Seismic Reflection Profiles GSl 2A,
and GSI 2B, VLF Surveys GSI 2D, GSI 2E and GS! 2C.

TABLE A3
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SI2 FAULT

NORTHWEST

700

400

o

~— Kau

DRAWING A

Baring Si 2C
. il

L

Two, discontinuous
haiffine fractures
{no erientation)
Three closely spaced, closed 1o
very narrow {0.0-0.1 mm) hairline
tractures. N17°E, 82°SE
Fracture zone consisting of 12
fractures; abundant calcite filling,
and clay and/or altered limestone

Moderalely argillaceous, medium gray,
fossiliterous limestone
Mod ly hard, light gray, slightly
fossiliferous limestone
Very argillaceous soft, dark gray limestone

Moderately hard, light gray, slightly lossiliferous limestone

Moderately to very argillaceous,
medium to dark gray, fossiliferous imesione

AR

rillgd po«;kels. Modevrately hard, light gray, slightly fossiliferous limestona
O“f?"'zggo“-g -~ Eault Zone; width approximately 8.75 feet;
m NOW T1°E 2one consist of highly weathered, solt to medium hard,

yellowish-tan altered limestone with reddish-brown
oxidized pyrite and abundant calcite;
slickensides and minor voids are present

Moderately hard, light gray,
slightly fossiliferous limestone

Moderalely argillaceous
medjum gray limestone

Moderately argillaceous, medium hard,
medium to dark gray, fossiiferous limestone
wilh pyrile crystals of 0.05 feet diameter

Project No.: 47-888-0017
I The Earth Tochnalogy
wmw Corpors don

S1 2 Fault
Geologic Profile Along
HEB Alignment
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Si2 FAULT

GEOLOGY FIELD DATA LABORATORY TEST DATA Project ID.;
Boring No.: S12C
.1 655 .
o |DISCONTINUITY  DESCRIPTION 13 alr IAL TEST Ground.Elev.: 655.0 ft
STRATI- ” ~ X |2 w d.: 256049.0 ft.
LITHOLOGY DRILLING < 3 |0 L I Sleia North Coor: 49.0 1t
: <
GRAPHY _ 4 c § E 5 e ol g cla East Coord.: 21789070 ft.
J —
. = — S5l & o 33 1wt vl £ % s [ale (5le .| . {Ficid Engr.
~ " X Ty N\ c E o 43 a a o o Ba an + |[Geologist: J. Sansom
I o - oaal o - duL |00 cl 2l Ll ST 518% 515 CAET ¢
VA d L 3 h ol cA| 8 - R
~ N 2 [ LI =R I I A8 212 5] Ol S 1950 §al 88 ~ ¢ |Drillers MIA
- c c DESCRIPTION c ] o o -(6fuw cial o 4] o o 0| D% te| Zw| ¥ g
Cl 5] 8 R I B ARIEE SR R L B G (O] u | SE Bl gl S| g [DeeBesn i0/0
< - E > - - <
I 4 S P A RN B eSS B A BIER S ETUTES) 2] 8 oateo
5 3 g o & FRT ] g e 8 et S g W Bglal o) B oNe [] Sl 2l 818 gup « 3 [ 3 |Completion: 3/21/90
e 5 |2 ? ¥ lsooe|coas| U gesel aih i % 5lslalalal a2 |31 219 8] sicul {0 |3 gl -
o w w!3 a 3 luvoo|wvoo] G4 |veamn] n|o|a] Ziojofoje{ax | el a3l alo{3n]rlo » |w REMARKS
a2z |7 0 L
L-135 5204 ——{ Thin, moderately argillaceous, medium gray, B O o
L—ﬁ fossiliferous bed. B| O |
.
t-130 | 525
Kau 4 |
————‘L_L‘ Thin, very argillaceous, soft to medium hard, dark i o r
ﬁray bed, with bentaonitic clay. i B
1 racture. Smooth, closed, clean (N23E,13NW) : r
2
L 140 | 515 4 r
r__\.!: Thin, moderately to very argillaceous, medium 4 o
% hard, dark gray, fossiliferous bed. i1 B0 o5 | 520
A23 —H hV:;y thin, moderately argillaceous, medium gray 53 Bio -1
e L
). -
- 510 ) Medium thick, moderately argillaceous, medium s
145 [—— | gray, fossiliferous bed.
L B|o L
=530 Very thin, very argillaceous, soft, dark gray bed. W1lslo Laso | 515
| s ;
Thin, moderate to ve: i i {
=4 . ry argillaceous, medium to
=] dark gray, fomiliferoua bed. T Blo 3
A LIMESTONE (Austin Chalk)
| 1 _ | s0ft to medium hard, yellowish-tan, with r
159 | 5054 1 reddish-brown oxidized pyrite, numerous calcite .
crystals up ta 0.1 {t. dia., evidence of minor voids, -
L | slickensides, and fault rone. 3.43
14.7 {119 |
— ®riny |2 5.05 |-145 | 510
A 158 114 891 3 |
it 14.1 (117 i
b
14.3 {119
}-155 | 500 - 132 1122 1330 242 |
[~ 15.2 | 112 147
4 16.5 {115 I
JEEE CEEPX PP SRR A T e AR TR
LIMESTONE (Austin Chalk], fresh, moderatei i .9 (112 467 2.19 150 | 505
I Kaw ] 1| EERTONE (A shghtly K] fresh, moderately 17
[1_ [ occasional pyrite nodules and 0.1 to 1.7 ft. thick {-
0 moderately to very argillaceous interbeds spaced
1 0.4 to 5.75 ft. apart. b
- 160 | 495~ e :::t;iu:n thick, moderately argillaceous, medium o
== N Bl o I
F— Thin, moderately argillaceous, medium hard, X Bl o
medium to dark gray, fossiliferous bed with pyrite 155 1 500
A26 —l| cryatals up to 0.05 f{. dia.
H:i 2 ° 25.4 | 102 !
i B 20.8 | 104
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INTERPRETED CHARACTERISTICS - SF10.1 FAULT

SF10.1 Fault is located 0.3 miles north of Farm Route 66 and crosses the main
tunnel alignment between Stations 1503 + 00 and 1504 + 50 and across the HEB
tunnel between Stations 145 + 00 and 148 + 10.

A northeast trending, northwest dipping main fault with 50 to 57 ft offset surmounted by a northeast
trending, southeast dipping antithetic fault with 25 ft displacement.

The main fault has a trend of N46°E to East-West with a dominant strike of
N5S0°E and dipping 30° to 90° northwest.

The main fault has 50 to 57 ft of down-to-the-north displacement.
The antithetic fault has about 25 ft of down-to-the-south
displacement.

The formation at tunnel depth is the Eagle Ford Shale (Ksb), soft
to medium hard, moderately fractured, slightly fossiliferous,
fissile with occasional pyrite nodules and septarian concretions.

Fracture orientations near tunnel depth range from N10°E to S70°E
with the majority of fractures dipping 30° to 90° northwest.

The main fault is approximately 2.3 ft thick in the Eagle
Ford Shale . The antithetic fault is between 0.3 and 1.1 ft
thick In the Austin Chalk.

Fracture spacing near the main fault in the Eagle Ford Shale averages about 0.6 ft
The fractures along the antithetic fault range from 0.1 to 6.1 ft with an average spacing
of 1.8 ft.

S : The fractures at depth are generally unweathered and typicaily
caicite filled In the Austin Chalk .Along the antithetic fault the chalk consists of brecciated
limestone with occaslonal clay. Fractures In the Eagle Ford Shale are typically smooth to
slightly rough, slickensided, undulating and closed.

From straddle packer tests, the hydraullc conductivity at the Austin
Chaik/EagleFord Shale contact is 8. 5x10 cm/sec. (depth of 198.8 to
215.5 ft). The hydraulic conductlvity In the Eagle Ford Shale is 4 .1 x 10° cm/sec (depth 220.3 to 237.2 ft).

Coreholes: SF10.1, SF10.1A, SF10.1B, SF10.1C, BF10.1 and BI6.
VLF Surveys- GSF10.1A, GSF10.1B and GSF10.1C, and
reflection survey GSI2A and Straddle Packer Tests Resuits from SF10.C.
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SF10.1 FAULT

South

590 —

585 —

580 —

575 —

Drawing A

North

[ S
_Ll

Boring SF 10.1C

NBO° €, 76° NW fracture; rough, A
partally calcite - filled ( ~ 3mm) -
A i .
Very argiliaceous limestone; A - m:?:ﬁ:;ﬂmm ;
soft, dark gray 7 T ' =
A= Stightly argillaceaus,
!Eyé moderately hard, medium gray
N10° W, 60° SW fracture; rough, partially (= 7 \ arai N
: v s e y arg g
calcite-filled (< 1mm) oy iy & 7 soft, dark gray
Li derately hard, sl
INTERPRETED FAULT; width, approximatefy 1.1 £ L il d ard, slighty
feet; consists of multiple fractures; N30° W, 74° SW / 'n
rough, calcite-fited (1mm to Smm thick) fresh ) EE,E Moderately argiflaceous fimestone;
7

45° fracture, calcite-filled
L
N50° £, 55¢ NW fracture; slickensided, .q !
rough, clean, closed, fresh A 174
/

nl
Two N80° W, 72° NE fractures, & /y
both are siickensided, rough, M

clean, closed, fresh

[
2|
XN

? \a
\\. # 4
NOG® W, 77° N fraclure; ﬁA‘
slickensided, rough,
clean, closed, fresh

moderately hard, fresh, dark gray

Limestone, moderately hard, slightly
17 fossiliferous, fresh

N ly argill 15 limestone, ly hard,

medium gray fresh

Very argillaceous fimestone, soft, dark gray, fresh

Moderately argillaceous limestone,
moderately hard, fresh

Limestone, moderately hard, fractured,
fresh
Limestone, moderately hard, slightty
fossiliferous, fresh

Very argillaceous limestone, soft, fresh

Siightly argiliaceous imestone,
moderately hard, fresh

Limestone, moderately hard, slightly
tossiliferous, fresh

Very argillaceous/shaly limestone,

soft, fresh

Drawing B
South North
Boring SF 10.1C
Horizontal Fracture; slickensided,
NBO*W, 68° NE fracture; slickensided, rough, clean, closed, fresh
rough, clean, closed, fresh Slightly to moderately argillaceous
N85°W, 75° NE fracture; siickensided, limestone, moderately hard, light gray
520 ~ h, "
v:)ug - clean, closed, 'resh ) medium to y hard,
NB6Q°E,B5° NW fracture; slickensided. slightly fossiliferous, light gray
rough, clean, closed, fresh ly Io very argi i
Three kractures at 50° from horizontal; shaly fimestone; solt, dark gray
slickensided. rough, clean to calcite - NBO°E , 45° NW fracture; slickensided rough,
filled (~3mm) clean, closed, fresh
515 — NSG°E, 35°N fracture; slickensided, Limestone, medium to moderately hard, sightty

rough. dean, closed, fresh fossiliferaus, light gray

Numerous 30°-65° frachues; zone of brecciated
imestone; fractures are slickensided, rough
Limestone, medium to moderately hard, sfightly
fossiliferous, light gray

60° fracture; slickensided, rough, clean, fresh

Transition Zone; very argillaceous limestone/
calcareous shale, soft to moderately hard;
dark gray
INTERPRETED FAULT ZONE; approximately
0.3 feet thick, consists of brecciated

limestone -S10
Shale, very soft, fine -grained, fissile, 65° fracture; slickensided, rough, clean, fresh
noncalcareous, dark gray
INTERPRETED FAULT Muitiple fractures; various orientations; alf are slickensided, smooth to
ZONE; approximately 2.3 slightly rough, slightly undulating, clean, closed, fresh
feet wide. Zone consists Muitiple fractures; various orientations; ali are
of numerous ractures siickensided, smoot to slight rough, slightly undulat
with various orientations; de edo &’;{" h sfighty rough, skghtly undulating, — 505
all slickensided, smooth an, ciosed, res!
to slightfy rough, clean, NBO°E , 75° NW fracture; slickensided,smaoth o siightly
closed rough, sightly undulating, clean, closed, fresh
N85*W , 72° NE, fracture; slickensided, smooth to slightly rough,
slightly undulating, clean, dosed, fresh
NIO°E ,90° hacture, siickensided, smooth, to slightly - 500
rough, skightly undulating, clean, dosed, fresh
NSQ°E , 70° narth fracture; slickensided smooth, to
slightly rough, slighlly undulating clean, closed, fresh
NBO°W , 90° fracture; slickensided, smooth o slightly
rough, siightly undulating, clean, closed, fresh
NBO"W , 55° NE fracture; siickensided , smooth — 495
to sfightly rough, clean, closed
N10° E, 55° NW fracture; slickensided, smooth to
slightly rough, clean, closed, fresh
N35° E, 52° NW fracture; siickensided,
smooth to slightly rough, clean, closed,
fresh —- 490
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Lower Hemisphere
Stereographic Plot of
Poles to Fractures
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SF 10.1 FAULT

Project ID.:
ot Fi ‘ ABORATORY TEST DATA
GEOLOGY ELD DATA L o Boring No.: SF10.1C
L] ~ Ground.Elev.: 718.3 ft.
~ [DISCONTINUITY DESCRIPTION ~ |2 ‘4 |TRIAXIAL TEST
STRATI- e T " ~ X |4 '] North Coord.: 247047.0 ft,
LITHOLOGY DRILLING CH 2 | o w 2 s < I
GRAPHY " o C £ o e ~ o ~ East Coord.: 2173209.0 ft.
i E g E 5 a E : : M - x ‘é & Liw
3 - [} a o (g O] . ~ |Field Engr.
-~ . s 38 ¢ 3 g 3 25 o E g. ‘g 4 E_‘_: aly £ 3: o [Geologist: B. Breyer
t g T iale 3 L c| % alw|gioel sla |2 (3 AN
< N P . L = a|l a| 3= O (gl 5|0~} E~TBa] | Driller: MJA
S el & DESCRIPTION c A ] LR Rl -1 By clal 85 [ S|4 512 aia, | ®]onl 27l2u]l 8|5 !
“ ] ] ; g ¥ c o FAR-1E] . - 3 S : J;: 4 g Jd a “ 55 . 5 a ;J’ a4 "f.:' tla Date Began: 3/1/50
N I 4 al| sd | 4 S, | Ml Q18154 slslafel e P 3| 8l a2l 5 (62 21870 LT 23] 2 | % |pateot
5 a < £ © 53 =) 23 | Site g1~ L, NHHEIEI R AR 2|4l g8l B & H sl | g 3 |Completion: 3/7/s0
o @ L] . 3 u [ L [ c ]
a| @ L[ [] S 98 |wes| 5)ajal o cle|efcfal wo | =) 3] 7| 8 45 ] | =
ooo | poce .. ; gialolojo{ ~¢C a L || = [ L ] £
d|luw| & |5 |& s 90D (RS ER 98 Co-iei| 33| A2 Zlajdlojel e | 2| ajd|n {030 |0 |¥ |w o | uw REMARKS
1]
I~ 1 LIMESTONE(Austin Chalk), fresh, medium to i
—L1 moderately hard, slightly fossiliferous, light gray
} | with 0.4 to 3.3 feet :T-.icx, alightly to very B|O s
arxillm:eou:élhaly and occasional bentonitic, s |sfc s ISR X
— medium to dark gray, soft to moderately hard, 81/ & X 3R
b { interbeds spaced .4 to 3.5 feet apart; occasional
'.1 £ ,—hfé“" lickensided an iy |
b calcite-filled. -
= ‘racture. Rough &artially calcite-filled(-3mm), J 705 Laleit X X : R
=Li fresh, (NGOE,76NW) B
F— { Medium thic)&, very argillaceous, soft, dark gray s
—1{ bed.
L 128
|- 125 A24 [— Medium thick, slightly to moderately argillaceous,
593 —1 2oft to moderately hard, medium to dark gray
| =" bed. (soft, dark gray 124.87-125.49, B| o X N |
] 125.72-126.03) 815
- -
4]
-I—_——
(=] Medium thick, moderately argillaceous, F
| moderately hard, dark gray bed.
=4 B|o X S
= -
H— Thick, moderately to very argillaceous, soft to
130 | rdnoieratelybhdarldigrgediu:;g ;o dark gray bed. (soft, 130
i ark gray be .94-130.
588 Kau - Fracture. slickensided, rougll, clean, fresh. = 5 c X SR
- B| o X s |
Medium thick, moderately hard, light gray,
== fractured bed.
I~ Z| Fracture. rough partially calcite-filled{<1mm) , I
=] closed, fresh IOW,SOSYW) 1] 60iC falcit X s
F—={ Muitiple fractures. rough, calcite-filled (1 to N 820
Smm), fresh (Naow,14§W) 1|14 Ealeit X| S8R
S
1 F 3 I
aze | (45) Fracture, calcite filled. 1|8l basit x| s
. 135
F13s | . f'
T —1| Thick, slightly argillaceous to very argillaceous
b » slightly argy £ ry argi L
I soft to moderately hard, medium gray bed. (soft, B! ojc X SIR -
J:‘ %‘35.39—1351.;5 Y . me . losed (f . S |55 X s
racture. slickensided, rough, clean, closed, fres!
- Pﬁg&fzﬂwzlickensided x‘K h, clean, closed g ;gg § g g )
ou s v il
Y bag it ZNBOW TINE] ¢ §|mc X SR
S Fﬁacture. slickensided, rough, clean, closed, fresh, b
L | [Reaw thick, very argillaceous, shaly, soft, dark L
-4 tay bed.
- 140.6'-142.1") 825
A VERTICAL DEPTHS DERIVED FROM
J DEVIATION LOGS *
e,
FIGURE A19
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SF 10.1 FAULT

ject ID.:
GEOLOGY FIELD DATA LABORATORY TEST DATA Frojec
. Boring No.: SF10.1C
. . Gi d.Elev.: 718.3 ft.
2 . 2 |3 | 3 |TRIAXIAL TEST rounc.Ble
LITHOLOGY t - a ‘; « ;- :\: :) : i North Coord.: 247047.0 ft.
ool & TS (58 TPl a o le 1 East Coord.: 2173209.0 ft.
S5l S a do et mlels sl Eja S5 a Field E
- 3
. [ 2 3al? g E o | = 3 al & o vl o {Exils £ {3~ o Gl:oloii':tg:r B. Breyer
¢ 5 il | (3 lSEd8el e ) B R 5 |5 (35 |¢
~1 " T ) [ o &5 o] A8 [27321 a0 led 5192 52 '3=- ~ | 7 |Dritler: MIA
] c c DESCRIPTION £ < ] a LR T clw|l a2 Slal a wis o | o] t 8l Tw ®1s .
- 8 ) ] ] < ¢ o) aj--+ | 0| 4] wn ] [ ] - & :5 Co|l+¥al ,w| & 8 |Date Began: 3/1/90
~ =1 - 0 1 . a m| e{s] e N W o~ L c o ) "‘u ] “ol nl] Co o
o o - L0 o S Nloje| o i@l Cf E4 3 o ] - £ (% = |t o4 £ ® |Dateof
£ s [} £ s Ga o S divlL A==l £l on o a | -3 o g 1ECL « § < L % 3 ion: 3/7/90
ol 35 E | & o H o 4 N c al s oo ool N [] 3 " o [08] & |« Il ol & 3 [Completion: 3/7/9¢
IR AT s 83 AEHER IR I HHE I R E
o w w |35 ] L] Q< Slalal & Z|lajojo|az|l o £l a | Jial o ol ~ o [ ] clw REMARKS
3 ey - .
=L - 870
U =T Medium thick, stightly to moderately argillaceous s s
= s
=1 moderately hard, medium gray bed. B 15|15 L
520 -4
5 1. . . [-200
i Thin, moderately to very argillaceous, Shaly, dark S C b 4 S|R
gray bed. Fracture. slickensides, rougﬁ, clean, B c X sS|rR
-200 closed, fresh, {horizontal s R 3
j E‘Pr‘asctur:. slickensides, rough, clean, closed, fresh s g ))E g R
h— racture. slic ensides, rough, clean, closed, fresh, g c X H %
1 (Nsow 68NE H X 3 L
r‘xizcture. :lEic ensided, rough, clean, closed, fresh, s c § g %
| F
515~ = ;‘rncture. slickensided, rough, clean, closed, fresh, § X g % 875
N8sSW,75NE) 3 X
= (3)@50 to horizontal, slickensid |-205
——hirough,clean to calcite filled L—3mm)
205 Fracture. slickensided, rough, clean, closed, fresh B
E-W 35N 89 65 5
adium, thick, moderately hard, fractured bed, 21.8 ;105 }-
203.1°-203.7° comp. brecciated)
ractures | -35-60, b tated, L
lickensided, rough. Fracture. siickensided, rough,
lean, fresh, (60) Fracture. slickensided, rough,
510 lean, fresh, (65 3
RANSITION ZONE, medium, thick, ve. 210
rgillaceous, shaly, calcareous, soft to medium 21
ard, dark gray bed.
p-210 SHALE (Eagle Ford), fresh, soft, very fine r 880
grai very thinly ‘e_dded,.gor}-’calcareou,, dark
ay k " -
gacture, muitiple) slickensided, smooth to
rough, slightly undulating, closed, clean, fresh. o
Fractures. slickenside, smooth to rough, stightly
undulating, ciean, closed, {resh, 3 X s|s 15.3 | 118 -
505 213.1°-213.7°,213.97 213.9°-214.3°,214.6’-214.7". 3 X SiS -
racture. slickensided, smooth to slightly rough, 215
1 z;\n{gsl'&tsly g;f{‘l;)ating, clean, closed, fresh. 15.4 [ 118 |67 | 42 3 199
W7
215
17.0 ll: 75 47 8 161
Fracture. Slickensided, smooth to slightl h, ] 179111 i
st l;w ;le'l{ilghting, clean, cloud‘? fregIh. ¥ rove g § g 3 - 885
&yueur'l. slickensided, smooth to slightly rough, s X g8
slightly undulating, clean, closed, fresh E-W? s X sls -
500~ vertical)
Fracture. slickensided, smooth to aliihtl rough 220
slightly undulating, clean ciosed, fresh. E-w,guh X sls
Fracture. slickensided, smooth to slightly rough, s sis X
220 shghw undulating,clean, closed, fresh. s X
ENED ,vertical) 15.5
)-lab les, no E I
measurements made.
Fracture. slickensided, smooth to slightly rough, F
clean, closed, fresh. (N8OW,55NE)
Fracture slickensides. smooth ta slightly rough, 890
_J clean, closed, freah.(NIOE,55NW) T.7|114 |40 lgg 5 I
495 Fracture. slickensides, smooth to slightly rough, 6114 l-225
clean, closed, fresh. (N35E,52NW) 0 12
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SE 1 FAULT

DRAWING 4
EAST WEST

EAST west 840 SE 1 Boring . T80
Note Boring was located approximately
4,000 feet northeast of the tunnei alignment
Moderately hard, sfightly fossliferous,
light gray limestone (Austin Chalk)
E-W, 80°S, medium
635 — tough, slickensided — 635
fracture :
Dark gray, moderately argiliaceous
Limestone (Austin Chalk)
Moderalely hard, lightly fossilifarous,
£, 80°S medium fight gray fmestone (Austin Chalk) .
630 — rough, slickensided Darkgray, moderately 1o very argillacecus limestona — 630
fracture (A“sxdu‘a‘k) . voh
lerately hard, fliferous, fight gray i
NGB, 51°NE uusﬁnWM) o e
Srapty, slickensided Dark gray, shaly limestone (Austin Chalk)
Moderately hard, slightly fossiliferous, light gray
Dark gray, moderately to very limestone (Austin Chalk)
625 — wﬂ!ms limestone Dark gray, very argillaceous, imestone - 625
&8 osed, sl .
" " N Dark gray, moderately to very argillaceous
rough, slickensided fracture limestone (Austin Chalk)
Moaderately hard, slightly fossiliferous, . hard, slightly
light gray limestone {Austin Chalk) tight gray I;m eslo'ne (Austin Chalk)
— —————— NE-SW, near vertical, medium rough, Buish gray, soft, waxy, non-laminated  __ go

Note: This profile is perpendicular to the 620 = sickensided, partilly pyrite filed tracture bentonitic clay layer
trace of the fault and approximately 4,000 NE-SW, 55°SE smooth o

feet northeast of the tunnel alignment. slightly rough, slickensided fracture Moderalely hard, slightly fossiliferous,

light gray limestone (Austin Chalk)

NE4°E, 30°SE smooth 1o sfightly rough,

slickensided fracture with smaller intersecting Dark gray, shaly limestone

615 — hairine fractures (Austin Chalk)
NS8°W, 78°SW, rough, 3/4” wide, calcite filed, - Moderately hard, slightly
slickensided fracture . . fossiliferous, light gray

INTERPRETED FAULT ZONE approximately 1.25 feet wide, limestone (Austin Chalk)

Fault zone is weathered, medium hard, highly fractured

Dark
{10-20 fractures/fool). Fractures are generally calcite . S 9ay, »moderarely

- ——

; = to v

filed and slickensided with steep southerly dips. < - . limeesf:)ne {Austin Chalk)

610 — ] . o ) o ~—— Moderalely hiard, slightly
Muitiple, 1/16” to 1/8" wide, cajite . . _lossiliferous, kght gray

E filled with traca pyrite fractures. 1. _N\A_ fimestone
Dominant orientation: N58°W, 76°SW
Minor: N23°W, 81°NE

n=21 N23°E, 48°SE
Project No.: 87-888-0017
Contour Interval E mk:mu.,y
B >10% can
5-10% (1.05-2.10)
SE 1 Fault

Lower Hemisphere
Stereographic Plot of L] 15% 2110 Geologic Profile
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SE 1 FAULT

GEOLOGY FIELD DATA LABORATORY TEST DATA Project ID.
Boring No.: SE1
—
5 IpisCONTINUITY  DESCRIPTION 8 |~ Tortasiar TesT Ground.Elev.: 696.2 ft.
STRATI- s - S - r
LITHOLOGY DRILLING - o |low 218 Xl H North Coord.: 261548.2 ft.
GRAPHY o H ;:J E E g : - = fry E B .
- ~ - B = .
5 E E o % 3 a ‘[_ M o T x 2 ‘d. c . ast Coort 2172406.1 ft
-~ " S 39| % c E o4 |43 al§d 3| 2le~| a8 (|5 ~ {Field Engr.
+ o > s a = € v |0h |~ C € (@41 €| ¢ | =3 & [Geologist: S. Lesikar
t N . a&| s 3 Sl Elalars(aleedlale)as <
ol el ¢ DESCRIPTION < L 3 3 ARl I clel SC1C| 21 E| 2] 4137 28 uE :_E E: 5| ¢ [Deiller: MIA
T 5 5 u &l wa | c > | 3T .'.l . " u: E E 23 e R 22t Y _‘.é o | 58] 88 L] £ | 8 |Date Began: 6/20/80
- . ) . ~ ~1 -
c|l®| @ £ Ll Ga g S8 s a12le . Sttt Sl 31 A8t3l ol §ledl 248t 320 1 % lpateor
a| &) El% | Plos | 8| 88 |Sads) Slol S8 E|E|BIB|3] BE | S ol B 8| EIRE | § |5 5| 3 |Compiion erre/ee
5 e hd oo @ oo et gl 3 ola|/g| Q] 0] < a - 4
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INTERPRETED CHARACTERISTICS - SE1 FAULT

SE1 fault crosses the west side of the ring about 1 mile north of Farm Route 1446

between Stations 1619 + 00 and 1623 + 00.

A northeast trending, southeast dipping main fault with a net

displacement of 23 {t of down-to-the-south offset. The graben appears
to have as much as 90 ft of downdrop based on correlation of wire-line units in boring B1622.

The SE1 fault has a general trend of N1OE dipping about 44° southeast

on the northern fault and N32E, dipping steeply northwest on the
outhern fault.

The northern fault has 67 ft of down-to-the-south offset and the southern
fault has 90 ft of down -to-the-north oftset. Net displacement across the

graben is about 23 ft.

The formation at tunnel depth is Austin Chalk (Kau) inside the graben, and consists
of medium hard, moderately to very argillaceous, slightly fossiliferous, light to dark

gray limestone. Adjacent to the fault (both north and south) is Eagle Ford Shale
(Ksb), soft to very soft, fine-grained, fissile, noncalcareous, dark gray.

Fractures measured in boring SE1 (located about 4,000 ft northeast of

the tunnel alignment) strike generally E-W, with very steep, near
vertical dips to the south.

The fault penetrated by boring SE1 is ~1.25 ft thick in the Austin Chalk.

No Data

Fractures in the Austin Chalk are generally calcite filled and

slickensided with some pyrite inclusions.

The hydraulic conductivity at the upper portion of fracture zone taken
by straddle packer test (boring SE1) at depth interval 65.25' to 86.35’ is

3.4 x 10”° cmi/sec. The lower portion of the fracture zone has a hydraulic conductivity of 2.7 x 10° cmisec
and was measured at a depth of 87.25' to 108.35".

Coreholes: BE1, BE1A, K2-87, SE1, B1617, B1619, B1622, and

Packer Hydraulic Test Results from SE1.

TABLE A5
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SE 5.2 FAULT

DRAWING A

Highly weathered, soft, very fine grained, tan,
brown, and gray, iron stained shale (Taylor Marl)
$70° W, 16°SE slightly rough, gypsum-filed, wide,
fron stained, slightly weathered fracture

S§70° W, 14°SE slightly rough, gypsum-fited, wide,
ron stained, slightly weathered fracture

S70° W, 14°SE slightly rough, gypsum-filled, wide,
iron stained, faintly weathered fracture

NB85°W, B6°SW slightly rough, gypsum-filed, wide,

iron stained, slightly weathered fracture

S85°W, 18°SE slightly rough. closed, iron stained,

slightly weathered fracture

S85°W, 72°SE slightly rough, gypsum-filled, wide,

iron stained, slightly weathered fracture

$75°W, 11°SE slightly rough, gypsum-filled, wide ,

iron stained, slightly weathered fracture

S55°W, 3°SE shightly rough, closed,

iron stained, (aintly weathered fracture

S70°W, 15°SE slightly rough, gypsum-filed,

wide, iron stained, faintly weathered fracture

S70°W, 15°SE slightly rough, closed,

iron stained, faintly weathered fracture

S70°W, 40°SE slightly rough, gypsum-filled,
wide, iron stained, faintly weathered fracture
NBS5*W, 80°SW slightly rough, gypsum-filled,
wide, iron stained, faintly weathered fracture
S85°W, 21°SE slightly rough, closed,
faintly weathered fracture

Faintly weathered, soft, very thinly
bedded, very fine grained, alternating
tan and gray shale, from 0.01 to

0.03 ft. thick (Taylor Marl)

FAULT ZONE: approximately 3.4 feet wide and
consists of highly fractured Taylor Marl.
Fractures are characterized by gypsum filing
and faint weathering and are generally
$70°-85°W with steep (~81°) or relatively
shallow (~18°) south dips

S87°W, 16°SE slightly rough, gypsum-
filled, wide, faintly weathered fracture
S85°W, 33°SE smooth, dean,
closed, fracture

S85°W, 83°SE smooth, clean,
closed, faintly weathered fracture

S75°W, 83°SE smooth, dean,
closed, iron stained, faintly weathered
fracture

Fresh, soft to medium hard, very thinly
bedded, very fine grained, dark gray
shale (Taylor Marl)

DRAWING B

Fine, calcd®aus sandstone

335 —
Medium & y hard, light gray
slightly Bssiliferous fimestone
NB5°w, 53°NE slightly rough, slickensided,
Moderately argillaceous, calcite- filled, closed fracture
medium hard, medium
325 — gray limestone FAULT ZONE:; approximately 2.4 ft. wide with
numerous calcite-filed fractures in unaltered
Medium to moderately hard, Austin Chalk
light gray, slightly fossiliferous S70°W, 67° NW slightly rough, slickensided,
limestone calcite-filed, closed racture
Moderately argillaceous, medium Slightly rough, slickensided, calcite-filled, dosed
320 — hard, medium gray limestone fracture (no orientation)
Medium to moderately hard, fight S72°W, 69°NW smooth, clean, dosed fracture
gray, slightly fossiliferous fimestone S67°W, 34°SE shghtly rough, slickensided,
calcite- filed, 0.01 ft. thick fracture
Mod ly arg medium
20 hard, medium gray limestone $62° W, 58° NW slightly rough, slickensided,
Medium to moderately hard, fight gray, calcierfiled, closed fracture
slightly fossiliferous fimestone
ightly fossilife o N75°E, SENW slightly rough, sticken-
Maderately argiltaceous, medium hard, medium gray sided, calcite-filled, close fracture
limestone with .01 10.03 ft. siltstone Interbeds
Maderately argillaceous, medium hard, medium gray limestone
315 — /
Moderately argiflaceous, medium hard, light gray
slightly fossiliferous limestone
310 —
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= The Earth Technalagy
- Corporstion
SE 5.2 Fault
Geologic Profile
650 Figure A26




SE 5.2 FAULT

GEOLOGY FIELD DATA LABORATORY TEST DATA Project ID.
Boring No.: SE5.2E
[ 495.0 ft
-~ G d.Elev.: 0 ft.
STRATI- o IDISCONTINUITY DESCRIPTION a 3 % |TRIAXIAL TEST roun ev.
SRA LITHOLOGY DRILLING ol o j4du|l 2|8 ¥ : a North Coord.: 277945.0 ft.
Y ool 3 IR LI A wi(s |7 East Coord.: 2245580.0 ft.
55 3 o 3 3 v L s H b H i g S H [ Field E
~ . I 3 ’ . ~ |Field Engr.
2 H X 3¢S 5 §d 133 o8l TielEs| 2t |5 (25 7 |Geologiat: d.Sansom
- v 8o ¢ - c [ & W] §(O% & . EREL A
~ > S 2 . N - I Y e A1 81212039 e 519 521 82) 4 | 7 ipeiter M
2l el ¢ DESCRIPTION £ < 2 o R R T clu|l s | O 852 alo |00y fal20]l 5] ¢
- a o I 3 < c o | g) |- IR X . . 4| af wjeL Co|lsagl wf % O |Date Began: 3/26/90
M - -t s 3 . H on . | of &8s« IR IR T L C O & |H48) B[S0 ue] v |
| % T co o M -.o ! Nlals| 0 HEEIHR L Elwol 8| e 512 is o
£ [ L3 F I 0a g " ONem| o~ L vt | -t | - os 3 a - o 0 [EC] |- s o% £ 8 |Dateof
a 2 E | & a s | Ox T % [l e [N ] sl 2l DD Nu (] 3 Wi 0|08 w{s [l al | ¥ 2 |Completion: 3/30/%0
2’ 2 3 z e # looos (oocaf U8 (g0 <41 O 'n. g' 5 H l:lE l:lc 3 St 2 2 T 5 gb & § 2 3 v 2
aluw| L |5 [o 5 |neon|nedal 9 x| A|a|ajF | Z2|a|S|dlefaS| 2| S(3(a|[d|5%[|8 |5 (a |A|H REMARKS
SHALE(Taylor Mar}), highly weathered, soft, very |
-, thinly b(eddy very llm- :n{ned tan, brown and r
456 2 el siewl e sr - 525
[ 40 Ko very thinly K.dd.d - 40
fine mld alternatmg tan and gray beds 0.01' J | 14W X ASR 5
to 05‘;’ thick J|14W | G X1 ASR
Fracture. Shghtly rough, gypsum filled, mde, iron L
atained, sli; htly weathered (70W 16SE’
Fracture. Sﬁx sum ﬁllad vlde, iron -
atained, oli htly weatheresyr
451 =1 Fracture, Sﬁ:(htly rough, aum lllad vnde iron g
s stained, faintly weathered ‘(g L 45
3 Fracture. Slightly rough, mﬁlled wide, iron
;tam:d uliy sih‘;ly !uathcu s %SW w)ad j ?gvcv G b4 X ﬁ g% - 530
ractu rou ccle iron gtain
iy et it )L | e x| alem [
racture. H ly rougl lum iron J A N
stained, slight yvmh.uﬂ’ B5W, 72SE) b 131 c ¢ X A SR
Fnctun telx ro‘}x; doud iron -tamed L
446 faintly wethar W, 1
- 50 Fracture. Slightl: roufh cloled iron stained, - 50
faintly weathered (S55W, 3SE)
Fracture, §li htly rough, lum ﬁlled \vnde iron L
stained, fnn veathered? 15SE 5§35
Fracture. Sligl :‘X gw d iron ltuned J 15w | G X|A|SR -
faintly weather: (“70 15SE, 1118/c X A SR |
] Fracture. Slightly rough, sum flled wide, iron |
L 55 1 tained, f:mﬁz weathered (S70W, 40SE) ; - 56
tly rough, gypsum ﬁlled wide, iron ; I |40Ww! G XIA|SR
.!95994;1@9!.!.!.!.{*!!2&4_c.q_f_a_os_-,(lt‘!!.&‘!c}o.s.‘l"_l' J|sowi G X X|AjSR I
lor Mart), fresh, soft to medium J|2c X ASR L
inly beddad very fine grained, dark J | 20(C A SR
Y. -
Fruture Shélhtlzy rough, closed, faintly weathered 3 13sic X AflS 40
436 Fraor, (Sgn htl; )h filled, wid r
-~ racture. Slightly rougl psum fi wide, X AlS
- 60 faintly velth‘er on tueg SE) j gg 8 X Als - ¢0
Fracture. Slightl gyplum filled, wide, L
faintly veltherex (SB;W
Fracture. Smooth, clean, cloud (S85W, 333E) L
Fracture. Smooth, clean, closed, fnlntly weathered
S85W, 635E -
nctun Smooth, clean closed, iron stained,
faintly weathered (S75W, B3SE] -
-5 | 91 - 65 | 545
L 70 426 I 70
*VERTICAL DEPTHS DERIVED FROM
DEVIATION LOGS L
LLYal
FIGURE A27

S The Earth Technology
= Corporation ) SE 5.2 Fauit

Geotechnical Log of

Faulted Interval
SES2E



SE 5.2 FAULT
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INTERPRETED CHARACTERISTICS - SE5.2 FAULT

I | Fault SE5.2 is located on the eastern side of the proposed tunnel alignment

approximately 2 miles west of Palmer and crosses the main tunnel alignment between
Stations 2722 + 90 and 2723 + 90.

An east-west trending, north dipping main fault with 15 to 25 ft of
displacement surmounted by a an east-west south dipping antithetic
fault with less than 5 ft of displacement .

The main fault strikes generally east-west (N85°W to S62°W) and dips
5§6° to 69° north . The antithetic fault also strikes east-west and dips
11° to 86° south.

The main fauit has 15 to 25 ft of down-to-the-north offset . The antithetic fault
appears to have less than 5 ft of down-to-the-south offset.

The formation at tunnel depth is uppermost Austin Chalk, medium to moderately
hard, slightly fossiliferous, light gray limestone with interbeds of moderately
argillaceous limestone.

Fractures mapped in the exposed Taylor Marl have trends of N5° to 30°E
dipping 40° to 69°SE and 40° to S50°NW. Fractures along the main fault
in the Austin Chalk have strikes ranging from N62° to 85°W and dipping 56° to 69° north while fractures
measured in the Taylor Mari along the antithetic fault have strikes ranging from N70° to 85°E and
dipping 11° to 86° south.

The main fault was encountered In the Austin Chalk and is approximately 2.4
ft thick while the estimated thickness in the Taylor Marl along the antithetic
faultis 3.2 ft.

Fracture spacing in the Austin Chalk ranges from 0.3 to 3.25 ft with an average
spacing of 1.7 ft . In the Taylor Marl and along the antithetic fauit, fracture spacing
ranges from 0.12to0 5.6 ft with an average spacing of 1.6 ft.

Alteration along the main fault in the Austin Chalk consists of
caicite mineralization along the fractures. The antithethic
tault encountered in the Taylor Marl is typicailly gypsum filled,
iron stained and slightly weathered.

The hydraulic conductivity along the main fault in the Austin Chalk
(depth of 160.3 to 178.4 ft) measured by straddie tests is 4. 2x10’
cm/sec. At adepth of 218.7 to 236.2 ft the hydraulic conductivity
In the Austin Chalk Is 1.5x10° cm/sec (below the fault).

Coreholes BES, SE5.2A, B, C, D, E, K3-87, and
Straddie Packer Test Results for SES.2E.

TABLE A6
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INTERPRETED CHARACTERISTICS - SF8.3 FAULT

SF 8.3 fault crosses the main tunnel 2.7 miles east of I-35E between Stations 941 + 60
and 950 + 60.

A northeast trending main fault with as much as 25 ft. of
down-to-the-east oftset and a minor fault with 10 ft. down-to-the -west
offset.

;-lﬂrTwo 6000 ft. long, parallel trending lineaments can be identified from aerial photos
having an overall trend due Northto N5°E..

The main fauit has an overall offset of 25-30 ft. down-to-the-east.
Displacement along the minor fault is 10 ft. down-to-the-west.

The formation at tunnel depth is Austin Chalk(Kau), medium, fresh, sound, light gray.

None of the borings in the structure study area penetrated the faults in
question and therefore no fracture orientations were measured.

No Data

No Data

Calcite float and dense concentrations of crystalline and
slickensided caicite were found along the lineament by
surface geologic mapping. No borings penetrated faults,
therefore descriptions of the bedrock along the
suspected fault zone were not recorded.

No Data

Coreholes: SF8.3A, SF8.3B, SF8.3C, SF8.3E, and SF8.3F,SF8.6

TABLE A7
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APPENDIX B

FRACTURE ZONES, WEATHERING AND CORE-DISKING IN CORED BORINGS

INTRODUCTION

Boring logs and core photographs from SSC site borings were examined to identify rock properties that
couid affect construction of the facllity. Data on 172 fracture zones were compiled from 78 vertical borings
and 71 from 13 angle borings that penetrated faults. In addition, data on 71 zones of core-disking were
compiled from 33 borings for which there were photographs of the cores. Weathering depths were
compiled from 78 borings.

A fracture zone was defined as a depth range containing two or more fractures per foot of borehole. The
distribution of fracture zones was examined to determine; (1) relation to strata, (2) zone widths,

(3) thickness of overburden, and (4) location around the ring. The effect of faults upon the numbers of
fracture zones was examined in the angled borings.

A disking zone was defined as a depth range where core has fragmented into short cylinders with length
equal to or less than diameter.

METHODOLOGY

The source of fracture data and weathering data was the stratum description column of the boring logs.
Fractures were described by their depth, rock type, angle of break (dip angle; the strike direction is
unknown except in angled borings), and texture of the break surface (i.e., smooth, rough, slickensided).
True-depth data for the angled borings were obtained from deviation-survey results. Weathering was
described as slight, moderate, or severe; color, hardness, and fragmentation were noted. The source of
core-disking data was color photographs of the cores.

The set of borings used includes borings for the Texas proposal and those drilled for start-up Geotechnical
Characterization. The foliowing information was coliected from each core boring:

« Boring identification

« Coordinates north and east (feet)
« Ground elevation (feet)

« Formatlon-top depths (feet)

« Total depth of boring (feet)

« Fracture-zone depth ranges (feet)
o Disking-zone depth ranges (feet)

o Weathering depths (feet).

Fractured zones were identified as intervals in which fractures tended to be less than 12 inches apart; this is
comparable to what geologists would consider a fractured zone in an outcrop.
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ANALYSIS AND RESULTS

Fracture Distribution by Rock Type - Figure B-1 shows the percent of borehole length that is fractured in
each rock type. Fracturing is seen to be more common in the top 150 feet of the Austin Chalk (given as
one of three divisions of the Austin Chalk in the Site Reference Stratigraphic Column [1989]) than
elsewhere in the chalk, or in the overlying Taylor Marl. The greatest fracturing, however, is in the underlying
Eagle Ford Shale. Over 4 percent of the Eagle Ford Shale encountered in vertical boreholes is fracture
zones.

)

Percent Fractured

A OIS

Top Middie Bottom Eagle Ford Shale

Austin Chaik

Figure B-1. Percent Fractured by Rock Type

Fracture Distribution by Depth - Figure B-2 shows the distribution of fracture zones with depth, in 50-foot
intervals. Fracturing is seen to be most common between 200 and 300 feet. However, this distribution is
the result of uneven sampling; there was more drilling on the western side of the site, for example, where
the Eagle Ford Shale is about 200 feet deep. Also, because of the strata dip, the 200- to 300-foot depth
range contains all rock types. Therefore, conclusions should be conservative; such as, the number of
fracture zones in a 50-foot interval of the average borehole is between zero and one. Overburden thickness
does not seem to be a dominant variable.

Number of Fracture Zones
pet Boring

Depth, Ft

Figure B-2. Occurrence of Fracture Zones Versus
Thickness of Overburden (Depth)
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Fracture Distribution by Tunnel Section - Figure B-3 shows the distribution of fracture zones by tunnel
section (in eighths) clockwise from the east minor axis of the tunnel ring. The distribution shows most

fracturing in the SW, W, and NW sections and least fracturing in the E section. The most fracturing appears

where the Eagle Ford Shale is sampled most. The least fracturing appears where the Taylor Marl is
sampled most. The effect of strata dip and rock type appear to shape the distribution.

Number of Fracture Zones
per Kllofoot Drilled

E SE S SwW w NW N NE
Tunnel Sectlon

Figure B-3. Distribution of Fracturing by Tunnel Section

Fracture Distribution by Stratum - Figure B-4 shows the number of fracture zones in each 50-foot interval
measured relative to the top of the Austin Chalk. Fracturing appears throughout each stratum, and more
near contacts -- much more near the Austin Chalk/Eagle Ford Shale contact. Fracture zones in the shale
are three times more numerous than those in the immediate overlying chalk.

Figure B-4. Number of Fracture Zones Versus Their Depth
(relative to top of Austin Chalk), the Formations in Which They Occur,
and the Number of Feet Drilled in Each Formation
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Fracture Distribution by Zone Width - Figure B-5 shows the number of fracture zones versus width of the
zone. The narrowest zones are the most numerous; over half are less than 1 foot wide and 84 percent are
less than 2 feet wide. Only one observed zone exceeds 10 feet in width. The few wider zones are in the
Austin Chalk. These statistics are summarized in Table B-1.

Figure B-5. Number of Fracture Zones Versus their Width
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TABLE B-1. STATISTICS OF FRACTURE ZONE WIDTH
Formation Width of Fracture Zones (ft) Percent Number of
Mean Std. Dev Max. Fractured Samples
Taylor Marl 1.8 1.7 5.6 0.7 17
Austin Chalk

- Top 1.9 3.1 146 1.9 - 20
- Middle 25 3.1 9.8 0.8 20
- Bottom 1.1 1.5 7.0 0.6 20
Eagle Ford Shale 1.1 1.1 5.9 43 73
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Fracture Zones in Angled Boreholes that Penetrated Faults

Percent Fractured by Rock Type. The widths of the fracture zones in the Taylor Mari, the Austin
Chalk, and the Eagle Ford Shale in the 13 angled borings were compiled, summed, and divided by
the length (in feet) drilled in each formation. Figure B-6 shows the result (two anomalously wide
zones associated with a fault in Boring SE10.9C have been omitted). Fracture zone widths may be
narrower than a fault width because data from core samples containing less than two fractures per
foot were not compiled as fracture zones (by definition). Additional statistics are shown in

Table B-2.

Figure B-6. Percent Fractured by Rock Type in
13 Angle-Borings that Penetrated Fault Zones
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TABLE B-2. STATISTICS OF FRACTURE ZONE WIDTH
IN 13 ANGLE-BORINGS THAT PENETRATED FAULT ZONES
Formation Width of Fracture Zones (ft) Percent Number of
Mean Std. Dev Max. Fractured Samples
Taylor Marl 1.0 0.3 1.4 1.0 6
Austin Chalk 1.0 0.9 3.4 1.7 47
Eagile Ford Shale 20 2.1 7.2 48 16

Thus, in the 13 holes that penetrated fauits, the percent fractured is of the same order of magnitude
as those for the other holes. In fact, the Austin Chalk is less fractured for this data set. The mean
width and the standard deviation of widths is also of the same magnitude as for the other holes,
being actually smaller for the Taylor Marl and Austin Chalk and less than a factor of 2 larger for the
Eagle Ford Shale.
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Number of Fracture Zones Versus Width in 13 Angle-Borings that Penetrated Fault Zones.
Figure B-7 shows a fracture-zone width distribution similar to that for the holes that did not
penetrate a fault (Figure B-5). Thus, there appears to be no reason to expect a greater volume of
fracturing in the neighborhood of a fauit.

Figure B-7. Number of Fracture Zones Versus Their Width
in 13 Angle Borings that Penetrated Fault Zones
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Core Disking Distribution by Stratum - The phenomenon of “core disking”, in which rock cores break into
a set of hockey-puck-like fragments, has been observed in cores from the SSC site. Core photographs
from 33 borings were examined to compile statistics of disking-zone widths and percent of core disked, as

shown in Table B-3.

TABLE B-3. STATISTICS OF DISKING ZONE WIDTH

Formation Width of Disked Zones (ft) Percent Number of
Disked* Zones
Mean Std. Dev Max. Observed
Taylor Marl 6.2 6.6 25.0 49 15
Austin Chalk 2.9 3.2 140 26 48
Eagle Ford Shale 26 22 6.0 1.8 8

*As observed in vertical coreholes.
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Disking observed in the SSC cores was evident when the core was first removed from the core barrel. The
disk breaks are paraliel to bedding, and were not noted to be slickensided or mineratized. The disking may
be a result of stress-relief upon being cored. A comparison of Table B-3 data with the data for fracture
zones (Tables B-1 and B-2) shows that the width of disked zones (and their variability) averages two or
three times greater than that for fracture zones. The percent of disked core is less than the percent of
fracture-zone core in Austin Chalk. The ratios for Taylor Mart and Eagle Ford Shale are of doubtful value
because disking for these formations was observed in only three or four borings.

Figure B-8 shows the distribution of disking with depth, where depth is measured relative to the top of the
Austin Chalk. Comparison of Figure B-8 (disking distribution) with Figure B-4 (fracture distribution) shows
that disking is more prevalent nearer the top and especially nearer the bottom of the Austin Chalk, while
fracturing is greatest near the top of the underlying Eagle Ford Shale. A hypothetical explanation for this
relationship may be that stresses were concentrated near the Austin Chalk/Eagle Ford Shale contact during
some prior tectonic episode; the shales’ long-term response to the stresses was to form zones of
fracturing, whereas the chalk retained the residual stress and did not fracture. The observations of core
disking and fractured zones near the Austin Chalk/Eagle Ford Shale contact should be confirmed during
future drilling.

Figure B-8. Number of Core-Disking Zones Versus Their Depth (relative to
top of Austin Chalk) and the Formations in Which They Occur
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Depth of Weathering - The bedrock on site is usually covered by a layer of soil and clay, and its top is
weathered to varying depths. Because weathered rock has very different physical properties than
unweathered rock, we examined the weathered layer thickness and its relation to elevation and drainage for
Taylor Marl and Austin Chalk. The statistics are shown in Table B-4.
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TABLE B-4. STATISTICS OF WEATHERING THICKNESS

Formation Thickness of Weathering (ft) Number of
Mean Std. Dev Max. Min. Samples
Taylor Marl 13.1 126 440 0.0 25
Austin Chalk 8.9 6.5 325 0.0 53

The tabie shows that the thickness of the weathered layer averages about 10 feet, aithough in places it
does attain 40 feet. The average thickness of weathering for Taylor Mari is about 50 percent greater than
that for Austin Chaik and its variabiiity is about twice as great.

The boring locations on the topographic map were examined to determine the reiation of elevation and
drainage to thickness of the weathered layer. No simple relation was apparent. The thickness seems to be
a very local response to weathering processes acting on specific lithology.

SUMMARY AND CONCLUSIONS

The distribution of fracture zones is primarily a function of formation and proximity to a formation contact.
The Eagle Ford Shale has the most fracture zones and the Top Austin Chalk has the second most zones.
The contact between Austin Chalk and Eagle Ford Shale is the stratigraphic location of the greatest
concentration of fracture zones, with most in the shale. The number of fracture zones in a 50-foot interval
of an average borehole is between zero and one. The width of the fracture zones is likely to be iess than

1 foot (58 percent) or 2 feet (84 percent), with the wider zones in the Austin Chalk. The number and width
of fracture zones in boreholes that penetrated fauits is about the same as observed in boreholes elsewhere.

Core-disking is most prevaient near the bottom of the Austin Chalk whereas fracture zones are most
prevaient near the top of the underlylng Eagle Ford Shale. This relationship may have implications for
rock-performance characteristics.

Weathering depth in the bedrock averages about 10 feet, although in places it is as great as 40 feet. No
simple relation to elevation and drainage is apparent.
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