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VOLUME 3
GEOLOGY AND TUNNELING

3.0 OVERVIEW. The Dallas - Fort Worth Site is located in one of the most
favorable geological environments in the United States for construction and
operation of the Superconducting Super Collider (SSC}. The host media
consists of nearly horizontal, thick, stable sedimentary chalk (the Austin
Chalk) and marl (the Taylor Marl). These formations are well understood from
many years of tunneling and excavation experience in the region. Because of
this extensive experience, the risk of encountering unforseen adverse

geological conditions is small. Thus, Project construction can proceed on a
reliable and rapid schedule.

The site is completely free of the possible problems listed in the Invitation
for Site Proposals (ISP), such as ground settlement, slope instability,
natural gas, solution cavities, active or abandoned mines, settlement
associated with groundwater development, or Tiquefaction. The dry, uniform
nature of these carbonate rocks, and the gentle, rolling topography will
enable relatively shallow soft rock tunneling and construction. As a result
of this excellent geological setting, cost savings of approximately
44 percent of those given for tunnel Site Example B in the Conceptual Design
Report are expected (Section 3.5.3.4, and Exhibit 3.5.3-1 in the Appendix).
The magnitude of the project offers a unique opportunity to utilize special-
ized equipment and methods to achieve rapid construction progress.

Geotechnically positive attributes of the Dallas - Fort Worth Site include:

Stable, uniform geological setting

Excellent tunneling characteristics

Chemically benign, dry, Tow permeability rock
Satisfactory vibration attenuation (see Volume 7)

No active geological faults

Extremely low seismic effects

Low maintenance environment for construction and operating
equipment

0 Excellent spoil disposal options {cement)

0 Flexibility in facility arrangement

o Well-characterized and understood geological materials.

0000000

3.1 GENERAL. Basement rocks in the region are overlain unconformably by
thick Cretaceous marine and near-shore deposits that are tilted slightly
towards the ‘southeast. Tertiary formations are not found in the site area,
as this was a period of uplift and erosion in the region. -Therefore, the
tilted Cretaceous beds are unconformably overlain by undeformed, uncon-
solidated Quaternary fiuvial continental sediments. '

. Texas National Research Laboralory Commission
Superconducting Super Collider
Dallas ~ Fort Worth -1 -



*|Jel Jo|Aef pue Y[ey) E..—n.&. 3
d|qe.oAr) 3y} uj |ejuozidoy jsom|e aq |LIA Bupa I$S Y] R
"buy JopjL10) Buoly aLljoud diboloay -Z-1°¢ aunbiy

(128)) DNINOILVIS
N ) % n N m —_ - — —
8 g & § & 8 § & 3 5 &8 & 8§ & 3
+ + + + + + + + + + + + " + + +
% 3 8 8 8 8 8 8 8 8 8 8 .8 8 8 8
+ } $ —+ } $ 4 0
0000 0000Z 0Q00L oo
JIVHS 4001
Q4O+ o e o
et oz
ERoLE THYIN HOTAVL T00¢
N3IQUNGYIA0 1105 002 $oor

(ISW 1831 ) NOILYAS T3



September 2, 1987

The Upper Cretaceous Austin Chalk and Taylor Mari, which will contain the
project facilities, dip gently to the southeast at about 60 feet per mile.
Both of the site bedrock units are thick, and each constitutes a single,
geotechnically uniform unit. Some geological discontinuities such as inactive
normal faults, Jjoints, and bedding planes are present. However, previous
construction in the site region demonstrates that these discontinuities
seldom create problems. These rocks, particularly the Austin Chalk, exhibit
sufficient strength to stand unsupported indefinitely in excavations of the
proposed tunnel size, yet are soft enough to offer little resistance to
excavating equipment. Compared to most consolidated rock formations, they
are only slightly abrasive and therefore slow to wear steel and rubber
equipment surfaces and parts. The rock uniformity facilitates an assembly-
line approach to tunneling and associated construction processes via repeti-
tive, economical, mechanized activities. The inert chemical nature of the
rock constituents and the absence of groundwater will encourage a long,
productive life for project features. The following table summarizes the
physical properties of each unit. '

Table 3.1-1. Representative Properties of the
Austin Chalk and Taylor Marl

AUSTIN CHALK TAYLOR MARL
Uniaxial Compressive Strength 2,000 psi (average) 400 psi (average)
Dry Density 130 pcf 120 pcf
Water Content 10 % 15 %
Rock Quality Designation (RQD) 90 95
Slake Durability 90 % 20 %

The Dallas - Fort Worth SSC Site is Tocated in Uniform Building Code Seismic
Zone Zero (0), the lowest earthquake hazard region in the United States.
There are no known active geological faults within 200 miles of the site.

Environmental impacts from spoil disposal will be minimal because of the
marketability of the Austin Chalk. Feasible disposal options include cement
production, road sub-base for county roads, regional parks enhancement, and
use in fill operations at the campus and remote sites.

The geologic setting of the Dallas - Fort Worth Site offers flexibility of
arrangement both at the surface and underground. The proposed collider ring
tunnel is as shallow as possible while remaining planar, maintaining adequate
cover, avoiding the Eagle Ford Shale, and maximizing the length excavated in
the Austin Chatlk. Similar or slightly improved tunneling conditions would be
encountered were the ring moved a reasonable distance to the north or a short
distance to the east. The spatial relationships of all facilities have been

. Texas National Research Laboratory Commission
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retained as in the ISP and can be constructed economically in that configura-
tion. Additional economies of construction can be realized by some symme-
trical structure relocations and by folding in the arcs. These options are
described in Section 3.5 of this volume. As always in a project of this
magnitude, numerous opportunities for optimization exist. Ongoing concep-
tualization and then final design of the facility will surely disclose
additional opportunities for economy.

3.1.1 SSC Facility location. The SSC facilities will be located 36 miles
southeast of the Dallas-Fort Worth International Airport and 25 miles south
of central Dallas (Figure 3.1-1). This location is shown on the Index Map at
the end of the Volume 3 text and on the twelve 7.5-minute USGS quadrangle
maps in the back pockets of this volume.

3.1.2 SSC Profile. The profile of the ring as conceptualized is shown on
Figure 3.1-2. Despite the appearance of the figure, with its great exag-
geration of vertical scale, the site is Tocated in gently rolling terrain
developed on the erosion-resistant Austin Chalk and the Taylor Marl. In this
configuration the ring elevation and orientation are optimized with respect
to minimum cover requirements and minimum shaft depths consistent with
maintaining the ring in a single plane, and above the contact between the
Austin Chalk and the Eagle Ford Shale. The ring shown slopes less than
2 feet per 1000 feet of length (0.14 degrees), and follows the sense of dip
of the formations while accommodating an overall topographic elevation
difference across the ring of about 350 feet. About 70 percent, or 37 miles,

of the tunnel will be excavated in the Austin Chalk, with 30 percent, or
16 miles, in the Taylor Marl.

. Texas National Research Laboratory Commission
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Figure 3.2-1. Physiographic Map.
The Dallas - Fort Worth SSC will 1ie in the tree- and grass-
covered gently rolling low hills of the Black Prairies
Physiographic Province.
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3.2 GEOQLOGY.
3.2.1 Geologic Setting.

3.2.1.1 Physiographic Setting. The Dallas - Fort Worth SSC Project Site
area lies within the Blackiand Prairie physiographic province and the
drainage basin of the Trinity River (Figure 3.2-1, and Exhibit 3.2.1-1 in the
Appendix). Topographic relief is about 350 feet across the site, and
elevations range from 400 to 750 feet above mean sea level (msl).

E11is County and the site are on the northwestern margin of the Gulf Coastal
Plain, which is bounded on the east by the Mississippi River and on the west
by the Edwards and Balcones Escarpments. The Ouachita and Arbuckie Mountains
form the northern boundary. The site lies in a north-south trending sub-
province of the Coastal Plain known as the Black Prairies (Fenneman, 1938).
Dark brown to black, rich soils are developed on Upper Cretaceous (Gulfian)
chalks, marls, and clays exposed at the surface. "Gently rolling, grass-
covered hills of Taylor Marl contrast with the slightly steeper, broad hills
developed on the Austin Chalk. Some interstream areas form broad flats
mantled by Quaternary terrace deposits. Southeastward trending streams
traverse gentle, low gradient steps across the terrain to meet with the
southerly flowing Trinity River to the east.

The mainly treeless Black Prairie lies to the west of the site. This physio-
graphic unit is developed on the Eagle Ford Shale, is poorly drained, and is
underlain by fertile blackland seil (Figure 3.1-1).

The gentle eastern slope of the Austin Chalk surface is known as the White
Rock Prairie. It is higher and has more local relief than the other com-
ponents of the Black Prairies Province. The White Rock Escarpment, the west-
facing erosional bluff of the Austin Chalk, can be traced all the way to
Dallas. The Escarpment has been a focal point for travelers and colonization
since prehistoric times because the resistant chalk forms a hard rock ford
across the streams and offers high ground for defense. The City of Dallas
had its start with trading at the ford where travelers crossed the Trinity
River at the Escarpment (Allen, 1986). : S

In more recent years urban developers have taken advantage of the ideal
foundation conditions of the underiying Chalk, as have tunnelers and surface
transportation engineers. So it will be with the SSC campus, situated in the
gently rolling terrain of the White Rock Prairie. The campus site will
overlook streams that enhance waterscapes and pleasant vistas.

. Texas National Research Laboratory Commission
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Figure 3.2-2. Surface Geology of Texas.
The geology of north-central Texas allows placement of the SSC
site in the stable Cretaceous soft carbonate rocks, one of the
best rocks for tunneling.
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3.2.1.2 Stratigraphy. North-Central Texas is underlain by a thick sequence
of sedimentary rocks that dip gently southeastward towards the Gulf of Mexico
(Figure 3.2-2)}. These rocks form broad northeast trending outcrops. The
units decrease in age from Paleozoic inland to Quaternary at the coast. The
outcropping units in El1lis County belong to the Upper Cretaceous Gulf Series
except for thin deposits of alluvial material along streams and on terraces.

The rock units beneath the site range in age from Paleozoic to Quaternary.
Basement rocks below the outcropping formations consist of highly deformed
and metamorphosed Paleozoic rocks of the Stable Ouachita Fold Belt. These
rocks are overlain unconformably by Cretaceous marine, near-marine, and
evaporite deposits. The Upper Cretaceous Gulf Series unconformably overiies
the Lower Cretaceous Comanche Series. The Gulf Series includes the Taylor,
Austin, Eagle Ford, and Woodbine Groups; the Austin and Taylor Groups crop
out at the SSC site. These are covered locally by Quaternary terrace
deposits and by recent alluvium in the modern streams. There are no Triassic,
Jurassic, or Tertiary rocks in the site region (Figure 3.2-3).

Aithough the Taylor, Austin, and Eagle Ford Groups are subdivided into
recognizable formations, the traditional names Taylor Marl, Austin Chalk, and
tagle Ford Shale are used in this proposal. The Upper Cretaceous units and

Quaternary alluvium that form the pertinent stratigraphy for the site are
described below.

3.2.1.2.1 Quaternary Deposits. Two ages of Quaternary deposits are present
near the site: Recent stream deposits in stream channels with frequently
flooded Tow terraces, and higher terrace deposits, probably Pleistocene in
age (BEG, 1987). The older terraces are ancient fluvial deposits that crop
out on some upland surfaces in the region.

The Receht alluvium consists of unconsolidated, brown to black clays: and
brown silty clays with local occurrences of calcareous, clayey sand and
gravel. Thickness commonly ranges from 0 to 20 feet. .

Quaternary terrace deposits consist primarily of unconsolidated dark gray to
tan calcareous clay, silt, and sand. The basal parts of these commonly
include stratified, water-bearing clayey sands and gravels. Such sands and
gravels are estimated by Brooks et. al., (1964) to underlie 50 to 72 percent
of the mapped terrace deposits in El1lis County. The maximum observed

thickness 1is 51 feet (Boring E-9) but is commonly Tless than 25 feet
(BEG, 1987).

3.2.1.2.2 TJaylor Group. The Taylor Group consists of four formations. Only
the lowermost Ozan Formation crops out at the site and is penetrated by the
collider ring. The overlying Wolf City Formation crops out adjacent to the
ring alignment near Ennis but will not influence underground project fea-

tures. In this proposal the traditional name Taylor Marl is used as an
equivalent of the 0zan Formation.

. Texas National Research Laboratory Commission
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— KEY POINTS -

A tunneling site, in massive, flat-lying, stable
sedimentary rock.

Soft chalk and marl for easy tunneling.
Dry and impermeable rock formation.
Most earthquake-free zone in the U.S.
Tunneling cost about half CDR estimate.

Recent underground construction experience in
same chalk and marl formations.

- High-confidence scheduling and costing.
Superior vibration attenuation.

Marketable tunnel spoil, no adverse
environmental impacts.

Flexibility for optimum siting.

Problem-free: no active faulting, no settlement,
no solution cavities, no liquefaction potential, no

slope instability, no mining, no natural gas, no
hydrocarbons.

D3-0884
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3.2.1.2 Stratigraphy. North-Central Texas is underlain by a thick sequence
of sedimentary rocks that dip gently southeastward towards the Gulf of Mexico
(Figure 3.2-2). These rocks form broad northeast trending outcrops. The
units decrease in age from Paleozoic inland to Quaternary at the coast. The
outcropping units in El1is County belong to the Upper Cretaceous Gulf Series
except for thin deposits of alluvial material along streams and on terraces.

The rock units beneath the site range in age from Paleozoic to Quaternary.
Basement rocks below the outcropping formations consist of highly deformed
and metamorphosed Paleozoic rocks of the Stable Ouachita Fold Belt. These
rocks are overlain unconformably by Cretaceous marine, near-marine, and
evaporite deposits. The Upper Cretaceous Gulf Series unconformably overlies
the Lower Cretaceous Comanche Series. The Gulf Series includes the Taylor,
Austin, Eagle Ford, and Woodbine Groups; the Austin and Taylor Groups crop
out at the SSC site. These are covered locally by Quaternary terrace
deposits and by recent alluvium in the modern streams. There are no Triassic,
Jurassic, or Tertiary rocks in the site region (Figure 3.2-3).

Although the Taylor, Austin, and Eagle Ford Groups are subdivided into
recognizable formations, the traditional names Taylor Marl, Austin Chalk, and
Eagle Ford Shale are used in this proposal. The Upper Cretaceous units and

Quaternary alluvium that form the pertinent stratigraphy for the site are
described below. :

3.2.1.2.1 Quaternary Deposits. Two ages of Quaternary deposits are present
near the site: Recent stream deposits in stream channels with frequently
flooded low terraces, and higher terrace deposits, probably Pleistocene in
age (BEG, 1987). The older terraces are ancient fluvial deposits that crop
out on some upland surfaces in the region.

The Receht alluvium consists of unconsolidated, brown to black clays.and
brown silty clays with local occurrences of calcareous, clayey sand and
gravel. Thickness commonly ranges from 0 to 20 feet. '

Quaternary terrace deposits consist primarily of unconsolidated dark gray to

tan calcareous clay, silt, and sand. The basal parts of these commonly
include stratified, water-bearing clayey sands and gravels. Such sands and
gravels are estimated by Brooks et. al., (1964) to underlie 50 to 72 percent
of the mapped terrace deposits in Ellis County. The maximum observed

thickness 1is 51 feet (Boring E-9) but is commonly less than 25 feet
(BEG, 1987). .

3.2.1.2.2 TYaylor Group. The Taylor Group consists of four formations. = Orty
the lowermost Ozan Formation crops out at the site and is penetrated by the
collider ring. The averlying Wolf City Formation crops out adjacent to the
ring alignment near Ennis but will not influence underground project fea-
tures. In this proposal the traditional name Taylor Marl is used as an
equivalent of the Ozan Formation.

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth -5 -



CORRELATION

i

CHART

FORMATIONS

QUATERNARY | system

CRETACEQUS

TAYLOR

RECENT ALLUVIUM
PLEISTOCENE
TERRACE
DEPQSITS

TAYLOR

AUSTIN

AUSTIN CHALK

EAGLE FORD
SHALE

WOODBINE | EAGLE FD

i\

DEPOSITIONAL ENVIRONMENT

UNIT DESCRIPTION

NASHITA

NH

THNTY

__[[iurassc

PALEQ20IC

Figure 3.2-3.

Site Area Stratigraphy.- - -
The tunnel will be in the favo

INNER TO QUTER SHELF

INNER TO QUTER SHELF

OPEN SEAWAY

Massive, fine-grained, laminated
calcarecus claystone; 60 to 70
percent illite and

montmoriionite clays with
caicium carbonate cement; some
intarbeds of chalk; blue-gray in
coior in type section

Massive chalk consisting af
calcareous sheil materials and
varying amounts of clay;
moderately resistant 1o erosion;
white to gray in color in type
section: variable from chak to
man as a tunction of clay
content

Galcareous shale with interbeds
of bentonite and limestone
stringars; a contains highly
expansive clays; dark gray in
color in type section

rib]e chalks and iar]s ofhfhéA

Austin and Taylor formations and avoid the Eagle Ford Shajg.




September 2, 1987

The Wolf City Formation consists of bluish-black sandy calcareous claystone
interbedded with thin bluish-gray sandstone lenses. The contact between the
tower Taylor Marl (0zan) and Wolf City Formation is gradational and iden-
tified by an upward increase in sand content. The maximum thickness of the
Wolf City Formation in this area is about 80 feet.

The Taylor Marl is characteristically a green-gray to blue-gray, fine-
grained, laminated, calcareous claystone with interbedded chalk. It is
massive when fresh. The claystones normally contain 60 to 70 percent illite
and montmorillonite clays bound with a calcium carbonate cement. Thin beds
of calcareous claystone containing bentonite are present but do not make up
an appreciable percentage of the total mass. The maximum thickness of the
unit in the site area is about 500 feet. The contact between the Taylor Marl
and the underlying Austin Chalk is unconformable and marked by 1 to 4 inches
of reddish-brown clay containing reworked fossils and phosphate nodules.

3.2.1.2.3 Austin Group. The Austin Chalk, which will host 70 percent of the
tunnel, is primarily light to medium gray chalk {(microgranular calcite) with
interbedded calcareous claystone. The calcium carbonate content of the chalk
is commonly greater than 75 percent and averages about 85 percent.

The Austin Chalk is subdivided by geologists based on fossil zones and
characteristics of surface exposures. The primary lithic characteristics
that distinguish subdivisions in the chalk are variations in bed thickness,
concentrations of fossil material, and thin marly zones containing bentonite
developed from volcanic ash falls. The subdivisions recognized at the
surface are not identified by these lithic variations in the subsurface.

Except for the local variations mentioned previously, the physical charac-
teristics of Austin Chalk are quite uniform. Thickness ranges from less than
300 feet in southern Ellis County to about 500 feet in northern El11is County.

3.2.1.2.4 Eagle Ford Group. The Eagle Ford Group is divided into two units
in the Dallas - Forth Worth area. Only the upper unit (the South Bosque
Formation) is relevant to site construction and is called the Eagle Ford
Shale. The Eagle Ford Shale consists of a dark gray to biack, calcareous to
noncalcareous shale. This marine shale may contain pyrite on bedding planes.
The pyrite weathers tan to brown at the surface. The upper part of the
section contains bentonite seams, while flaggy limestone beds are more common
toward the base (Allen, 1975). The formation is a montmorillinite shale with

high shrink-swell properties The SSC tunnel excavations will not extend
into this unit.

3.2.1.3 Geologic Structure. The Dallas - Forth Worth SSC Site is in a
tectonically stable region on the eastern margin of the Texas Craton separa-
ted from the East Texas Embayment by the Ouachita Fold Belt. The Ouachita
System developed during Paleozoic time and exists now as an eroded and buried
mountain range extending across Texas and underlying part of Ellis County

. Texas National Research Laboratory Commission
Superconducting Super Collider
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(Figure 3.2-4). The Etast Texas Embayment is part of the Gulf Basin and
contains Mesozoic and Tertiary sediments. During mid-Tertiary subsidence of
the Gulf Basin, an extensional stress pattern developed along the margin of
the Craton. These stresses produced down-to-the-coast faulting, now long
inactive, lowering the base level of streams and increasing erosion rates in
the then-exposed Cretaceous sediments.

The Balcones Fault Zone was the first to form in the series of now-inactive
basin margin normal fault zones. The hinge line gradually moved basinward
(toward the southeast and east-southeast) and younger faulting developed
coastward from the Balcones Zone in response to extensional stresses related
to basin filling and subsidence. As the center of Gulf subsidence migrated

to the southeast, the locus of faulting shifted to the Luling-Mexia-Talco
System (Figure 3.2-4).

Most faults of the Balcones system in the site area strike east-northeast and
are down-to-the-east dip-slip normal faults. Maximum displacement on
individual faults in the project area 1is approximately 100 feet. Fault

planes normally dip at about 70 degrees. Shear zones are generally not
present.

A regiona! study of lineaments (Woodruff and Caran, 1981) shows that few
Tineaments exist in this area. Because fracture density is generally related
to lineament density, there are probably fewer fractures in this area than in
the same rock units to the south. This scarcity of fractures seems corre-
lated with termination of the Balcones Fault System in the Dallas area.

Displacements across the Balcones Fault Zone are much larger to the south of
the site in south-central and southwest Texas and die out northward in the
Dallas area. In the Project area, Balcones-age (Miocene) faulting ended
about 11 million years ago, and no evidence of later faulting is found in

younger rocks. The stresses that originally induced the Balcones Zone
faulting are no longer present.

3.2.1.4 geolggig History. During early and middle Paleozoic time large
quantities of marine sediments accumulated in this region. Later in Paleo-
zoic time, a major orogenic event in the region resulted in the formation.of
the Quachita Fold ‘Belt. Later uplift and erosion of this major mountain
chain led to the deposition of large quantities of Tlate Pennsylvanian
sediments. Following deposition of these sediments, a period of marine
jnundation occurred that lasted through the Triassic and Jurassic Periods.
Marine units and evaporites accumulated to the south and east of the Dallas -
Fort Worth SSC Site. An unconformity at the base of Cretaceous rocks
suggests the site region was above sea level prior to its deposition.

following regional tilting toward the Gulf Basin, a series of several marine
transgression-regression cycles deposited great quantities of Cretaceous
sediments at the site. As subsidence increased and sediments built out

. | Texas Nalional Research Laboratory Commission
Superconducting Super Collider
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toward the Gulf Basin, faulting developed on the Balcones Fault Zone, later

migrating to the Luling - Mexia Fault Zone to the south and east, which was
closer to the center of subsidence.

As the Gulf Basin continued to evolve during the Tertiary and Quaternary,
repeated transgression-regression cycles resulted in deposition of marine and
continental deposits on the Gulf Coastal Plain to the south of the site. In
the site area, the Tertiary Period was characterized by erosion, so Tertiary
deposits are not found in the site region.

Older Quaternary sediments form fluvial terrace deposits on broad upland
surfaces. Later lowering of stream base levels in the region led to the
downcutting of modern stream valleys. During Recent and modern times these
streams transported {and are still transporting) alluvial sediments.

3.2.2 TJunne]l Profile. The proposed tunnel alignment ({(Figure 3.2-5, and
Exhibit 3.2.2-1 in the Appendix) is planar, with 0.14 degree slope along the
tunnel. The planar alignment, which plots as a smooth curve on the profile
(Figure 3.1-2), generally parallels the surface topography. The lowest
elevation of the tunnel is 245 feet ms1 and the highest is 580 feet ms?.

The western-northwestern part of the tunnel, from about Station 2798+00 to
about 230400 (Figure 3.1-2) is 1in the lower part of the Austin Chalk.
Between Stations 230400 and 1372400, and from about 2110+00 to 2798+00, the
tunnel will traverse the middle and upper parts of the Austin Chalk. Tunnel
elevation in this reach is established by minimum cover requirements below
Waxahachie Creek, and the plan to maintain some thickness of Austin Chalk
between the tunnel and the Eagle Ford Shale below. Experimental Hall
excavations (Table 3.2-2) will range in depth from about 165 to 220 feet,
while shaft depths range from about 65 to 230 feet. _

From near Station 1372400 to 2110+00 the tunnel will be in the lower part of
the Taylor Marl. Experimental Hall excavations K-5 and K-6 will be up to
260 feet deep and shafts will be up to about 230 feet deep. Tunneling under
Bardwell Lake between Stations 1670+00 and 1760+00 will pose no problem. No
water inflow is expected as the tunnel is about 160 feet below the lake
bottom and the Taylor Marl is an impervious rock mass. :

Minor changes in alignment or arrangement of facilities can optimize the rock
type and depth-of-cover relationships and substantially decrease excavation
depths. Such refinements can easily be addressed during the site confirmation

and design phase of the project. Some suggestions for optimization are
included in Section 3.5.3. .

3.2.2.1 Investigation Program. An intensive investigation program con-
sisting of surface geological mapping, drilling, downhole geophysics, and a
short seismic refraction survey was completed to document and confirm the

. Texas National Research Laboratory Commission
Superconducting Super Collider
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positive attributes of the Dallas - Fort Worth SSC Site. The results of this
program confirm that the geotechnical properties of Austin Chalk and Taylor
Mar]l are remarkably homogeneous and that there are no important zones of
faulting or Jjointing associated with the site. Specific information on
engineering and geological properties provides the basis for optimizing the
tunnel location and construction methods.

The drilling program consisted of 38 borings ((Figure 3.2-5)~ totaling
6,620 linear feet. Thirty-one holes were drille ~diameter core

recovery. Two auger holes with split spoon sampling were completed in
alluvium to confirm top-of-rock elevations. Five holes were drilled to
determine formation contact elevations and enable geophone installation for
vibration measurements, but these holes were not formally sampled.

The drilling program was undertaken to accomplish three goals: to assist in
ring location, to obtain representative samples for testing and confirm
structure and stratigraphy, and to check specific localized conditions. Seven
piezometers are in place for future water sampling or monitoring.
Spontaneous potential, resistivity, and gamma radiation measurements record
lithologic and water conditions in second stage borings. Exhibit 3.2.2-2 in
the Appendix includes results from drilling, downhole geophysics, and
materials sampling and testing.

The report on surface geological conditions (Exhibit 3.2.2-3) and the geo-
logic map (Exhibit 3.2.2-4) were prepared through the Bureau of Economic
Geology, The University of Texas at Austin. Earlier published and unpub-
lished work by a number of investigators was combined with field confirmation
studies to provide the data for this report and map.

3.2.2.2 Geologic Conditions.

3.2.2.2.1 Rock Unit Characteristi 1 Tunnel Profile. Some 38 miles
{about 70 percent) of the ring will be in the Austin Chalk, while 15 miles
(about 30 percent) will be in the Taylor Marl. Core samples, laboratory
data, and geophysical data prove that lithologic variations within each unit

are minor and that the basic engineering and tunneling properties are
homogeneous.

Analyses of the gamma and resistivity information suggest that at least two
slightly different sedimentary sequences make up the Austin Chalk. The
lowest sequence rests on the Eagle Ford Shale and includes few clay beds.
About 80 to 90 feet above the base of the Austin Chalk is a 1- to 1.5-foot-
thick bentonite seam. This bentonite layer marks the onset of deposition of
air-borne ash from volcanic activity, and the base of the upper sequence of -
sediments, which is about 200 to 300 feet thick. The upper Austin Chalk
includes a substantial number of these thin bentonite seams and marl beds,
with the frequency of clay seams decreasing upward. With the waning of

. Texas National Research Laboralory Commission
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valcani¢ activity through time, the highest part of the Austin Chalk sedi-
mentary sequence contains little bentonite. Although the amount of ben-
tonitic and other clays varies, investigation cores through the Austin Chalk
exhibit an excellent quality throughout. Values of RQD and core recovery are

consistently near 100 percent, refiecting the geotechnical uniformity of the
Chalk.

The results of the downhole geophysical measurements indicate that gamma and
resistivity are very sensitive to variations in mineralogy, grain size,
moisture content, and density in the rocks at this site. Highly reliable
correlations between these measurements and rock mechanical properties can be
established. Such calibrations between the quickly-obtained and inexpensive
geophysical results and information required for final alignment and design
confirmation will minimize the amount of coring and laboratory testing to be
performed for reliable evaluation of subsurface conditions.

Spontaneous potential is the electrical potential difference between drilling
fluid and free water within the formation. The consistently flat response of
the spontaneous potential measurements in both the Taylor Marl and the Austin
Chalk confirm the absence of free water in these rocks {Exhibit 3.2.2-2).

Overall, the geophysical measurements suggest the absence of significant
1ithologic variations at scales significant to tumneling operations. As in
the Austin Chalk, the Taylor Marl’s RQD indices and core recovery percentages
are high, indicating the geotechnical uniformity of the formation.

Results of the seismic refraction survey (Exhibit 3.2.2-5) and drilling
information confirm that undisclosed buried alluvial channels do not exist
along Waxahachie Creek at the tunnel alignment. This data, along with
information from other sources in the region, bears out the absence of buried
channels crossing the SSC site area . These results also confirm that rock
weathering profiles will be thickest and best developed in broader inter-
stream areas of higher topography, rather than in present streams. In stream
valleys, erosion has kept fresh, unweathered rocks exposed near the surface.
This lends confidence that zones of deep weathering are not associated with
stream valley erosion where the tunnel is closest to the surface.

3.2.2.2.2 logic tion Contact Faul Ton Tunnel Pro-
file. As observed in cores, the nature of the contact between the Taylor
Marl and the Austin Chalk varies from sharp, often faulted, to transitional.
In all instances, .the gamma and resistivity measurements define the contact.

gt o%tcrops, the contact is commonly obscured due to weathering (Figure
.2-6). ' : :

The contact between the Eagle Ford Shale and the Austin Chalk varies from
sharp to transitional in core samples. In all cases, the gamma and resis-
tivity measurements show distinct changes in signature that can be used to
establish the contact accurately. In outcrop, the contact is well defined;

. Texas National Research Laboratory Commission
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the greater erosional resistance of the Chalk creates a bluff at the base of
the Chalk, above gentle topographic slopes developed on the Eagle Ford to the
west. This is exemplified at the White Rock Escarpment (Figure 3.1-1).

Without exception, packer pressure tests at formation contacts show zero
water absorption, proving that the contacts are not permeable.

Regional excavation experience demonstrates that normal faults should be
expected in excavations in the Austin Chalk and Taylor Marl. The time of
origin of the faults is debated among local geologists. Some faults were
formed shortly after deposition before the units were completely hardened.
Others were formed long after burial and lithification of the rocks. In any
case, the physical nature and effects of the faults on construction are well
understood. Based on measurements in building foundation excavations in
Dallas, local quarries, road cuts, and field reconnaissance, displacements
across these extensional normal fault planes are a few feet to, at most, tens
of feet. Fault plane dips are steep, but where observed through depths of a
few tens of feet, tend to flatten and merge with bedding planes. The fault
planes are not permeable and therefore seldom contain free water except where
shallow and directly connected to the surface. Pairs of parallel striking

faults often occur, with the rock between them downdropped, forming graben
structures.

Structural contour maps of the top of the Eagle Ford Shale and the top of the
Austin Chalk (Figure 3.2-7, and Exhibit 3.2.2-6 -in the Appendix) show that no
significant faults or folds are present. Regional strike and dip are
uniform. The graben located between K-4 and K-5 (Figure 3.1-2)} is indicated
by a small anomaly at the top of Austin Chalk. Likewise, faults in the
vicinity of E-1 and E-2 are seen at the top of the Eagle Ford Shale. The
tunnel alignment selected will avoid mixed-face conditions, where two

different rock types are juxtaposed, except at the two stratigraphic contacts
shown on Figure 3.1-1.

In some cases, faults are accompanied by a zone of drag folding along a few
tens of feet adjacent to the fault plane. At such locations, jointing of the
rock is fairly common, and some of the joints are not as well recemented as
are the fault planes. Under these conditions, it is more common for the
joints to seep minor quantities of water than for the fault planes themselves
to be water-bearing. Packer pressure tests of a fault encountered in boring
F-4 resulted in no water loss, indicating that the fault is essentially
impermeable. Features suggesting extensive past groundwater movement, such.
as discoloration or oxidation, are not seen in the core. Both the RQD and

core recovery indices of boreholes near the faults are high, showing the
excellent condition of the rock.

Many of these faults will be encountered in project excavations, but the
effects on construction will be negligible. Probably only a very few, whose
angles of intersection with large open excavations are adverse, will create

. Texas National Research Laboralory Commission
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any need for special treatment. Careful design investigation, followed by
close inspection during construction, will be needed to identify such cases
and provide support or excavation to eliminate problems.

3.2.2.3.2 Shafts and Collision Halls. Quaternary terrace deposits or
residual soil overlie some of the access areas (Figure 3.2-10). Maximum
thicknesses recorded are 50 feet. Perched groundwater conditions are
expected in some of the terrace deposits. Groundwater flows associated with
these units will be small and easily controlled by normal methods. Common
construction practices, such as those shown in Figure 3,5-11, can mitigate
any minor problems associated with these unconsolidated materials.

3.2.3 Geologic Maps. Figure 3.2-8 is a geologic map of the site area. A
more detailed, larger geologic map of the site is in Exhibit 3.2.2-4. Out-
cropping bedrock units, from oldest to youngest, are the Eagle Ford, Austin,
Taylor, and Navarro Groups, which form broad northeast trending bands from
west to east. Alluvial deposits commonly overly bedrock along streams. The
Ssc1tunne1s will be constructed in the Austin Chalk and the lower Taylor
Marl.

Mappable units of the Taylor Group {Ozan and Wolf City Formations) are
present at the site (Exhibit 3.2.2-4). However, no subdivisions of the
Austin Group are shown. Subdivisions of these formations are usually
described by surface weathering features which are not seen in cored samples.

Two different Quaternary deposits are seen in the field and in boring
samples: modern alluvium along streams, and ancient alluvial terrace
deposits at higher elevations. The larger geologic map (Exhibit 3.2.2-4)
shows thesedterrace deposits where they overlie Taylor Marl at shafts E-4,
F-4, F-8 and E-9.

The 1lithologic characteristics of the Quaternary deposits, Taylor Marl,
Austin Chalk, and Eagle Ford Shale are presented in Section 3.2.1.2. The
engineering properties are presented in Sections 3.5.1 and 3.5.2.

Regional dip of bedrock is less than 1 degree, and ranges from 60 to 90 feet
per mile toward the east-southeast. Some minor flexures are reported in the
Austin Chalk (BEG, 1987). High-angle dip-siip normal faults in_the, site
vicinity are part of the northern terminus of the Balcones Fault Zone. They .
strike northeast to east-northeast across the area in an echelon pattern. .
Field maps and boring results document the presence of small grabens. The-net :
displacement is down to the southeast. Displacements along individual fault"
planes are small, usually no more than several feet, as observed in quarry .
and roadcut exposures (see Figure 3.2-6). Weathering at the surface obscures’
fault traces. Boring data and structure contour maps show there are no
significant displacements around the collider ring.

. Texas National Research Laboratory Commission
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The latest age of movement on the Balcones Fault System is Miocene (Section
3.2.1.3). The faults at the site are not active.

Joints and fractures are present in the Austin Chalk and in the Taylor Mari.
Joints are more common adjacent to fault zones. Several joint set measure-
ments adjacent to faults near the site are reported. Most of the joints are
near vertical and strike 060 to 110 degrees. A secondary joint set strikes
340 to 020 degrees, also with near-vertical dip. In the more closely jointed

zone near faults, the average joint spacing in the Austin Chalk is 8 feet
(BEG, 1987). .

3.2.4 Significant Adverse Geologijc Features. The long history of excavation
and tunnel projects in the Austin Chalk and Taylor Marl has demonstrated that
these units afford almost ideal tunneling and excavating conditions.
Construction problems within these units are minimal and can be mitigated
through the implementation of standard construction practices. Long-term
operational problems associated with the geologic setting are not
anticipated.

Because there are no active faults at the site, earthquake related hazards
such as ground rupture are absent. Except for isolated perched water in
Quaternary deposits, present and anticipated future groundwater levels are
below the elevations of foundations for all facilities in the SSC and
therefore groundwater will not pose an adverse condition. The site is
completely free of many of the possible problems listed in the ISP such as
ground settlement, slope instability, natural gas, solution cavities, active
or abandoned mines, or settlement associated with groundwater development.

Ancient faults are present in the Cretaceous rocks along the ring (Exhibit
3.2.2-2 in the Appendix). The geological cross section (Exhibit 3.2.2-1) of
the collider ring documents small displacements along these faults. Based
on measurements in building foundation excavations in Dallas, local quarries,
road cuts, and field reconnaissance, displacements across individual fault
planes are expected to be a few feet or at most tens of feet. These faults
are backfilled and cemented and will not act as conduits for groundwater flow
into the tunnel. Packer pressure tests of a fault encountered in boring F-4
resulted in no water loss, indicating that the fault is essentially imper-
meable. However, small open fractures are more common near faults, and these
may allow some measurable localized groundwater inflow during construction.
Past experience shows these inflows will be of short duration, until the
joints drain, and will be reactivated during rainy periods if not sealed off.
Therefore, such inflow locations will be grouted.

Swelling of surface soils, weathered Taylor Marl, and Eagle Ford ShaTe can

create probiems. These issues are addressed in Sections 3.2.5, 3.5.2.2, and
3.5.3, respectively.

. Texas National Research Laboratory Commission
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Swelling and checking in smail bentonite clay seams may occur during tunnel
excavation through the middle part of the Austin Chalk. The dry ground
conditions will minimize swelling tendencies. Tunnel wall sealant can be
applied if dessication causes minor spalling, but such treatment would not
interfere with construction operations. Natural moisture content of air in
the tunnel will probably prevent checking to any significant degree,

Experimental Halls K-1 and K-2 will extend into the Eagle Ford Shale below
the base of the Austin Chalk. Large high-rise buildings in Dallas, such as
One Main Place, are similarly founded. Thus, construction methods to deal
with this eventuality have been successfully developed and proven
{Section 3.5.4.3). From the geotechnical perspective, it is desirable to
consider relocating these halls by symmetrical exchange to opposite positions
in the southern half of the ring on the west side (Figure 3.5-5). In that
arrangement, the Halls would be founded entirely in the Austin Chalk, and
depths of excavation would be reduced.

Any problems with vibration and inadequate ground cover will to be addressed
early in the design optimization process. Such problems may arise at the
Waxahachie Creek drainage intersection with the collider ring in the northw-
est quarter of the site. The elevation of the tunnel in this reach is
established by minimum cover requirements below Waxahachie Creek, and the
preference to maintain some thickness of Austin Chalk between the tunnel and
the Eagle Ford Shale below. Because detailed topographic surveys have not
been completed and only feasibility level drilling investigations done, the

geometry of the top of the Eagle Ford Shale and the actual elevation of the
land surface have not been confirmed.

Should it be found that inadequate ground cover is present in this short
reach, a number of options are available to resolve the problem economically.
These inciude some change in the vertical alignment of the tunnel, a Tateral
change of alignment of the tunnel with associated deepening, shielding of the
tunnel, or placement of a dense fill above the tunnel.

Yibration monitoring work is recorded in Volume 7 of this proposal. Measure-
ments suggest that if the tumnel is close to the surface at the intersection
with the railroad at Waxahachie Creek, vibration may approach the two thou-
sandths inch displacement maximum allowed. Solutions to this probiem are
similar to some of those listed for inadequate cover. To that list could be
added suspension of a short (100 foot) reach of the tunnel, bridging of a

100 foot length of the railroad, regrading of the railroad or relocation of
the railroad. : ' : - - )

3.2.4.1 Mineral Resource [mpacts. Figure 3.2-9 shows the location of major
active and abandoned mineral resource developments in the vicinity of the
site. 0il and gas production is located off the map, east and southeast of
the project area. The Tlocation of these distant features is shown in
Exhibit 3.2.4-1. Production zones in the site region are not associated with
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the formations that will host the SSC ring. - The shallow Corsicana Field
located 12 miles southeast of the ring at its closest approach in Navarro and
Southeast Ellis Counties produces oil and gas from the Navarro Group which
overlies the Taylor to the east of the project area. The Powell Field,
25 miles away in central Navarro County, produces oil and gas from the Wood-
bine sands that are down dip from the project area. Previous oil and gas
exploration has failed to identify @il or gas resources in the region, as
suggested by the number of plugged and abandoned wells in the area. Exhibit

3.2.4-1 and Figure 3.2-9 present locations of abandoned oil and gas tests in
the project area.

Active and abandoned mineral resource developments in the vicinity of the SSC
Site are for construction materials. Exhibits 3.2.4-1 and 3.2.4-2 in the
Appendix contain information on the active and inactive mineral localities.
One or more of these localities will serve as sources of construction
materials for the SSC project. The closest aggregate production is from sand
and gravel deposits along the Trinity River. Most quarries indicated on the
7.5-minute quadrangle sheets are in the Austin Chalk and are used primarily
for cement production and road sub-base. Adequate supplies of aggregates and
other materials are found close to the project, and interference with the

planned development of the project from future mining operations is not
expected.

3.2.5 Adverse Soil Conditions. Soft clay and unconsolidated sand will not
pose unusual problems at this site. -

Soils developed on the Taylor Marl and Austin Chalk consist of moderate to
high shrink-swell clays and silty clays. The shrink-swell properties of these
soils are well understood and are routinely accommodated in both  temporary
and permanent construction in the region of the site.

Thin soils are commonly developed on the Austin Chalk while thick soils are
developed on the Taylor Marl. Soils developed on the Austin Chalk generally
belong to the Austin, Eddy, or Stephen Soil Series. Soils developed on the
Taylor Marl include the Houston and Houston-Black Soil Series. Soils
developed on the Quaternary alluvium and terrace deposits belong to the
Trinity and Frio Series. The distribution of soils in the project area is
shown in Figure 3.2-10 and is based on soil classifications of the Soil
Conservation Service. . Table 3.2-1 describes and gives engineering
classifications and other properties for soils in the vicinity. The good
condition of roads and highways in the area attests to the satisfactory
mitigation of these adverse soil properties. Mitigation can be accomplished
by adding lime to the clay soil (lime stabilization), thereby forming a
natural cement which stabilizes the shrink-swell- capacity of the soils.
Foundation and road conditions can also be improved by the application of
crushed limestone obtained from the Austin Chalk or by sand and gravel from
alluvial deposits. These methods are widely used in the area with excellent
results. Figure 3.2-11 presents a typical section and cost estimate

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth - 15 -



TYPICAL FARM-MARKET ROAD SECTION

44' SUBGRADE CROWN

40- '0”
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(1) 330 w15Y ACP. (3)10° ASPH. STAB. BASE

(2) 165 #rsY ACP. (4)6° LIME TREAT SUBGRADE (4% BY WT,)

ROAD COST ESTIMATE
A. MATERIAL QUANTITY/MILE

1. 330 #/SY ACP (Main Lanes)
25' x 5280'/9 x 330 #/SY = 2000 #T = 2420 T/MI

2. 165 #/5Y ACP (Shoulders)
{7 x 52809 ) 2 x 165 #/SY = 2000 #/T = 677.6 TMI

3. 10" ASB
42' x 528079 x 1100 #/SY + 2000 #/T = 13552 T/M)

4. 6" Lime Treated Subgrade
44" x 52809 = 25813.3 SYMI

Lime (TY Aor B) (4% by Wt.)

44' x 5280'x €712 x 110#/CY x 4% = 2000 #/T = 255.5 TMI

B. COST/MILE

ACP 24204677.6 = 3097.6 TMI
Asph. = 3097.6 T x 5% x $150/T = $23,232
Aggr. = 3097.6 T x 95% x $21/T = $61,797

Subtotal $85,029

ASB 13552 Tx 5% x $150/T = $101,640
13552 T x 95% x $21/T - =$270,362

- 3~ Subtotal $372,002

¥

6" Lime Treated Subgrade = 25813.3 SY x $1.00/SY = § 25,813 ._
Lime (Ty Aor B) =255.5 T x $80/T . ... . e, =$ 20440 -
 3503,284

TotalCostMi........... eeteasananerecnnrnaanns =

From: Texas State Dept. of Highways and Public Transportation

Figure 3.2-11. Typical Section for Road Construction.

Standard practices long in use wil
surface construction needs.

1 adapt all site ;soﬂs to
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for a Farm to Market road section on the soils of Ellis County, at the SSC
Site.

A1l of the tunnels will be constructed in competent rock; therefore, uncon-
solidated sediments pose no tunneling construction problems. The only uncon-
solidated units in the area are Recent alluvial deposits in stream drainages
and Quaternary terrace deposits. The ring configuration avoids flood plains
at all shaft service locations and experimental halls.

Terrace deposits are present at several shaft locations (E-4, F-4, F-8, and
E-9). Terrace deposits consist of stiff to very stiff, dark gray, calcareous
clays and yellowish to 1ight brown clayey sand and sandy clays. A basal layer
of stratified, water-bearing clayey sands and clayey gravels is commonly pre-
sent. Engineering properties of residual soil, stream alluvium and clayey
terrace deposits are essentially equivalent except for the sandy lenses.
Terrace deposits penetrated during investigation drilling have a maximum
thickness of 50 feet. Most are much thinner. Conventional construction prac-
tices proposed for shafts in the Taylor Marl (3.5.4.2.2) will effectively

deal with stability and water conditions disclosed during excavat1on through
unconsolidated materials.

3.2.6 |Llocation of Data Sources. Information for Volume 3 has been compiled
from interviews, literature review, government agency and private documents,
and site investigations at the SSC Site. Information gathered was used to
evaluate geologic and tunneling conditions, and to identify existing and
potential mineral sites such as rock quarries and oil or gas fields.
Literature references are included in Exhibit 3.2.6-1. Complete boring logs,
- geophysical logs, geological maps and cross sections, seismic refraction data
and other field and study information are contained in Appendix 3.

Site specific investigations have included geologic mapping, geohydrologic
measurements, seismicity studies, borings, geophysical logging, laboratory

testing, and seismic retract1on surveys. Reports, maps and sections are in
Appendix 3.

Any information collected during the investigation and proposal preparation
period but not found in the Appendix is available on request.

. Texas National Research Laboratory Commission
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3.3 GEOHYDROLOGY. The geohydrologic regime of the site is ideal for con-
structing and operating the SSC. All permanent facilities will be founded in
Cretaceous sedimentary aquitards. None of these formations contain free
water in primary pore spaces. Free water is not present except in near-
surface weathered zones and in relatively shallow open joints. One hundred
yea;s of construction activity in these rocks has proven them to be water-
tight.

During construction, groundwater inflows in the tunnel will be minor and
limited to seepage from rare joints and fractures connected to the surface.
Such occurrences will be controlled using routine methods. Permanent treat-
ment, such as localized low-pressure chemical or cement grouting, will keep
the tunnel dry throughout the life span of the facility. Equipment, energy,
and space otherwise needed for dewatering and humidity control during opera-
tion can be downsized or eliminated.

There are two possible sources of groundwater available for use during the
construction and operating periods:

0 Minor quantities of groundwater are found in gravels at the base of
surficial quaternary alluvial deposits which are distributed around the
area. These are used primarily for livestock and are not reliable.

0 The site is underlain by two regionally important aquifer systems: the
Woodbine Group, more than 500 feet below tunnel grade, and the Trinity
Group, more than 1800 feet below tunnel grade. If needed, these can
provide part of the construction and operating water supply.

3.3.1 Detailed Geohydrologic Characteristics.

3.3.1.1 anera] Geohydrological Regime. A cross section across the site
region schematically illustrates the geometric relations between aquifers,
aquitards, and the tunnel location (Figure 3.3-1). : -

The Austin Chalk, Taylor Marl, and Eagle Ford Shale have permeabilities lower
than 1 x 107/ or 1 x 10°° centimeters per second (cm/sec). The Eagle Ford
Shale, which is about 460 feet thick, separates the Austin Chalk from the
shallowest regional aquifer, the Woodbine Group. Groundwater movement
through the Marl, Chalk, and Shale is very restricted. They provide an
excellent barrier to migration of contaminants.

The main aquifers in Ellis County are the Woodbine and Trinity Groups. - The
principal water-bearing strata of the Trinity Group is called the Hosston
Formation in older literature, but recent publications of the Texas Depart-
ment of Water Resources include this strata in the Twin Mountains Formation
(Nordstrom, 1982). The Paluxy Sand aquifer, also part of the Trinity Group,

is present in the subsurface in £1lis County but is not an important water
source.

. Texas National Research Laboratory Commission
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/WELL DEVELOPED IN CONFINED AQUIFER

WELL DEVELOPED 1N PERCHED ALLUVIAL AQUIFER
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PERCHED ALLUVIAL AQUIFER
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SCALE: SCHEMATIC

Figure 3.3-2. Wells in Confined and Perched Aquifers.
Groundwater in the site area is primarily restricted to
confined aquifers below tunnel grade and to widely scattered
perched groundwater in Quaternary alluvium.
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Figure 3.3-3. Hydrographs of Water Levels in Woodbine and Twin Mountain

-Wells. .
Regional groundwater pressure levels are stabilized, and
withdrawals will probably decrease in the future as
municipalities convert from groundwater sources to surface
sources,
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A1l these confined aquifers produce fresh to slightly saline waters in the
site region. Recharge comes from infiltration of precipitation at their
respective outcrop areas 20 to 80 miles northwest of the site. The aquifers
are intercalated with aquitards which include the Washita Group, the Fred-
ericksburg Group, and the Glen Rose Limestone (Figure 3.3-1), which do not
yield water to wells in Ellis County.

Only small quantities of perched groundwater are available from ancient Qua-
ternary terrace alluvial deposits. Recharge to the alluvium is from Tlocal
precipitation, and in some instances from adjacent streams.

Modern Quaternary alluvial deposits along streams contain limited perched
water above the Chalk and Marl. Figure 3.3-2 is a schematic diagram of the
localized water table conditions in a few areas at the site and also illus-

trates the confined aquifer conditions present several hundred feet below the
tunnel.

3.3.1.2 Groundwater Variation. Average annual precipitation in El1lis County
is around 35 inches (Allen, 1975). Average annual precipitation at the sur-
face outcrop belts of the aquifers, located 20 to 70 miles northwest of the
site, is 30 to 33 inches. Probabiy only 0.5 to 4.5 inches of water makes up
recharge to the aquifers (Thompson, 1967, p. 29; and Turner, 1982, p.79).

In E1lis County, water levels in the Woodbine, Paluxy and Twin Mountains
aquifers have been declining since 1932. This has been caused by pumping in
Dallas and Tarrant Counties to the northwest and, to a minor degree, by
pumping in El11is County. Representative hydrographs for wells completed in
the Woodbine and Twin Mountain Aquifers illustrate the decline of piezometric
head in the last several decades (Figure 3.3-3)}. The rate of decline has
tapered off because local communities are converting to surface water
sources. The city of Waxahachie began converting to surface water in
the 1960s and ceased using groundwater in 1984. The conversion to surface
water supplies should continue to alleviate demand on groundwater resources
in the region and stabilize groundwater levels.

Water from the Woodbine and Twin Mountains (Hosston) aquifers can reliably
supply facility operating needs at the eight remote shaft locations and the

east cluster sites under present and projected pumping rates (Volume 8,
Section 8.2).

No subsidence is identified in El11is County or within the greater Dallas -
Fort Worth Region. No subsidence related to future groundwater development
is expected at the SSC site. The facility is separated from the aquifers
below by 500 to 1,000 feet of rock (Taylor Marl, Austin Chalk and Eagle Ford
Shale). Groundwater levels near the site are stabilizing. None of the
centers of groundwater decline is close to the site area.

. Texas National Research Laboratory Commission
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3.3.1.3 Geohydrologic Characteristics of Site Rock Formations. The Austin
Chalk and Taylor Marl are unsaturated. The low permeabilities of both units
will minimize groundwater inflow problems.

Geohydrologic investigations at the site include packer pressure testing of
the tunnel strata, groundwater level measurements, and testing of water sam-
ples for corrosivity. Piezometers are installed in seven borings distributed
around the collider ring to obtain information on any groundwater present
within the tunnel formations and on perched water tables in alluvium (Figure
3.3-4, Exhibit 3.3.1-1 in the Appendix, and Section 3.3.3).

Packer permeability tests were done in 18 borings. The tests (Table 3.3-1)
show that no measurable quantities of water could be forced into the rocks at
safe pressures of 5 to 10 psi at the top of the hole. Though not measurable
as flow rates, a few water takes were estimated and permeabilities were
assessed using U.S. Bureau of Reclamation procedures (USBR, 1974, 2nd ed.,
p. 575). These values are about 10°° cm/sec.

3.3.1.3.1 Austin Chalk. The Austin Chalk does not supply wells in Ellis
County (Thompson, 196%). The permegbi]ity of fresh Chalk at the Project is
very low, 1.6 X 107° to 7 X 10°°® cm/sec or about 0.00002 feet per day
(Table 3.3-1). These estimates are based on borehole tests over test
intervals as great as 200 feet long, so they represent total permeability,
including secondary features such as fracture zones.

Limited grodndwater may be present in the more permeable weathered outcrop
zone where localized water table conditions exist. The thickness of weath-
ered chalk is rarely more than about 15 feet.

Four piezometers are installed in the Austin Chalk or at the Austin Chalk-
Eagle Ford Shale contact. No water was encountered during drilling. The
holes were bailed dry during completion. Water levels eventually stabilized
-in F-2, J-2, and J-6 at 41, 17, and 12 feet below ground surface, respec-
tively. Water inflow to J-6 was especially slow, rising to 80 feet after 8
days and to 12 feet after 22 days. Water Tevels in J-2 and J-6 appear to
have stabilized near the base of the weathered chalk zone. All water is
believed to have originated near the surface and seeped downward past sealing
materials above the piezometers.

3.3.1.3.2 Taylor Marl. The Taylor Marl is not a source of groundwater in
E1lis County. The lower Taylor Marl, in which some SSC features will be
founded, does not supply wells in this area. A few shallow wells, primarily

for livestock use, are present east of the site in the Wolf City Sand Forma-
tion of the Taylor Group.

The permeability of the lower Taylor Marl is 1 x 10-8 cm/sec to 1 x 1079
cm/sec, which is less than 0.00001 feet per day.

. Texas National Research Laboratory Commission
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Table 3.3-1.

Summary of Packer Permeability Test Results

HOLE DEPTH DEPTH TO TOP WATER TAKE PERMEABILITY
B N NITS TESTED
ORING UNITS TES i) OF PACKER (ft) (6PM) (CWSEC)
K-1 AUSTIN CHALK AND 2505 98 0 <14 x 10
EAGLE FORD SHALE
K-2 AUSTIN CHALKX AND 224.6 20.0 0 <1.6x 108
EAGLE FORD SHALE
J-2 AUSTIN CHALK AND 209.0 20.0 0 <1.8x10%
EAGLE FORD SHALE
T-3 TAYLOR MARL AND 100.0 —_— [1] <1.8x 104
AUSTIN CHALK
F-3 TAYLOR MARL AND 164.1 343 0 <2.7x10%
ALUSTIN CHALK
E-&8 TAYLOR MARL AND 1504 413 0 <35x10%
AUSTIN CHALK
F-4 TAYLOR MARL AND 150.5 633 0 <3.3x 104
AUSTIN CHALK
K-3 TAYLOR MARL AND 161.0 42.0 [1] <2.8x1048
AUSTIN CHALK
K-4 TAYLOR MARL AND 268.0 40.0 0 <1.2x108
AUSTIN CHALY
K-5 TAYLOR MARL AND 280.0 40.0 <0.0031 <5x 109
AUSTIN CHALX
K-6 TAYLOR MARL AND 308.7 40.0 <0.0031 <&4x 10‘" )
AUSTIN CHALK '
F6 TAYLOR MARL 3270 330 <0.0031 <4 x10°9
F-7 TAYLOR MARL AND 265.0 60.0 <0.0031 <6 x 109
AUSTIN CHALK . . .
F-8 TAYLOR MARL AND 165.0 43.0 «<0.0031 <1Ax108
AUSTIN CHALK
E9 AUSTIN CHALK 241.0 58.0 <0.0031 _<Tx 108
J-4 AUSTIN CHALK AND 182.0 A4.0 0.0125 - 5.8x108
EAGLE FORD SHALE _
-3 ALUSTIN CHALK AND 152.0 22.0 <(.0031 <16x108
EAGLE FORD SHALE B L e
8-1 AUSTIN CHALK - 1015 15.0 <0.00208 - <22x104
- D3-065Q
NOTES:

. BOREHOLE LOCATIONS ARE SHOWN IN FIGURE 3.2-5.

. ALL TESTS WERE CONDUCTED IN FRESH ROCK.

1

2 _ 7 _ K
3. DETAILS OF PACKER PRESSURE TESTS ARE PRESENTED IN EXHIBIT 3.3.1-1 IN THE APPENDIX.

a4

. PERMEABILITY OF ALL CONSTRUCTION UNITS IS EXTREMELY LOW.

Texas National Research Laboratory Commission
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Boring E-8 penetrates 21 feet of residual clay overlying about 9 feet of
moderately to slightly weathered marl. No water was found during drilling.
A piezometer is installed at the bottom of the hole, in which the water level
stowly stabilized about 24 feet below the surface near the soil/rock con-
tact. Some water percolates slowly through the soil and weathered marl but
no measurable water enters the unweathered marl. In boring K-6 a piezometer
was placed in unweathered marl. This piezometer remained dry during the
monitoring period, demonstrating that the seal above the monitored level is
successful, and that the Marl is dry.

3.3.2 Groundwater Resources. Ellis County derives most of its groundwater
from the lower part of the Trinity Group and from the Woodbine Group.
Figure 3.3-5 shows the location of public supply and most other wells in
E11is County. The tunnel alignment does not intersect any public supply
wells, and in any event, groundwater levels are lower than the tunnel.

3.3.2.1 Irinity GBroup. Rocks of the lower Trinity Group are the deepest of
the water-bearing formations in the site region. The Texas Department of
Water Resources {Nordstrom, 1982) assigns the name Twin Mountains Formation
to the entire sequence of Cretaceous rock below the Glen Rose Limestone
(Figure 3.3-1). The Twin Mountains Formation consists of a basal conglom-
erate of chert and quartzite, grading upward into coarse to fine-grained sand
interspersed with shale. The sand is more thickly bedded and produces more
water in the lower part of the formation than in the middle and upper parts.
The lower production zone of the Twin Mountains Formation is known as the
Hosston Formation in Ellis County.

The top of the Twin Mountains Formation is at an elevation of about 1500 feet
msl {2,100 feet below the surface) on the west side of the ring and is at an
elevation of 2,800 feet ms1 (3,200 feet below the surface) on the east side
of the ring (Figure 3.3-1). Thickness of the unit increases from 550 feet on
the west to 850 feet on the east. Because it is a confined aquifer, the
elevation of static water levels measured in wells completed in the Twin
Mountains (Hosston) Formation is significantly above the top .of .the
formation. As seen in Figure 3.3-6, the piezometric surface of the Twin
Mountains Formation lies between e1evat1ons 4150 and -100 ms! and is at 1east
100 feet be]ow the tunnel at its deepest locat1on

Guyton (1987) forecasts year 2020 water levels with 100 gallons per minute .
(gpm) being withdrawn at each of ten remote service locations for the SSC.
Even though regional decline of water levels is assumed, forecast water

levels ;ema1n substant1a11y above the top of the aquifer (Appendix 8, Exhibit
8.2.1-1 .

Large diameter we]]s completed in the Twin Mountains aquifer in Ellis County
have specific capacities ranging from about 1.1 to 13.5 gallons per minute
per foot (gpm/ft) of drawdown, averaging 6.6 gpm/ft (Goldman 1967). Pumping

. Texas National Research Laboratory Commission
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rates are generally in the range of 200 to 500 gpm. The average transmis-
sibility for Ellis County wells is about 6480 gpd/ft (Guyton, 1987).

Because the Twin Mountains Formation produces moderate to large quantities of -
fresh to slightly saline water, it is an important groundwater source for
municipal and industrial users. Dissolved solids content ranges from 673 to
1368 parts per million (ppm). Table 3.3-2a summarizes water quality data
from the Twin Mountains and Table 3.3-2b compares it with other water sources
and Texas drinking water standards. Because of its high temperature (100 to
110 degrees Fahrenheit), it requires cooling for domestic use.

The Paluxy Formation of the upper Trinity Group is a minor aquifer in Ellis
County. It yields water of poor quality in small quantities compared to
other aquifers and is therefore seldom developed. The Paluxy Formation
ranges in thickness from 120 to 160 feet and consists primarily of fine-
grained sand with varying amounts of clay, shale, and lignite. Small to
moderate quantities of slightly saline water are produced in western Ellis

County, but downdip the quality of the water deteriorates and becomes moder-
ately saline (Tables 3.3-2a and b).

3.3.2.2 Moodbine Eroup. The Woodbine Group, the basal unit of the upper
Cretaceous, is fine-grained sand with varying amounts of interbedded shale
and sandy shale. Sand predominates in the Tower Woodbine, and thus yields
the greatest amount and highest quality of water. This is the preferred
source for groundwater that may be needed for the SSC.

The top of the Woodbine aquifer (Figure 3.3-1) occurs at about elevation
200 feet ms1 in the western part of the ring and more than -800 feet msl in
the eastern part of the ring. The aquifer’s thickness in the project area
ranges from 250 feet in the west to 375 feet in the east (Goldman, 1967).
In 1977 the piezometric surface (Figure 3.3-6) of the Woodbine aquifer was at
elevation 350 feet ms1 beneath the southwest quadrant of the ring and at
elevation 100 feet msl on the east side of the ring. Static water level is
at least 150 feet below the deepest part of the tunnel.

Transmissivities of several measured wells ranged from 1320 to 11300 gallons
per day per foot (gpd/ft), with 5000 gpd/ft being the average. The average
yield measured from 24 water wells completed in the lower Woodbine was
177 gpm (Goldman, 1967).

Water quality in the Woodbine varies from fresh to slightly saline downdip
from west to east across Ellis County. The limit of fresh to slightly
saline water roughly corresponds to the eastern border of Ellis County.
Table 3.3-2a and 3.3-2b summarize the range of water quality conditions in
}';he Jloodbine aquifer. The water is soft, and high nitrate levels are not
ound. -
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3.3.2.3 Quaternary Deposits. Modern Quaternary stream valley alluvium is
restricted to active channels and flood plains. Ancient Quaternary alluvial
terrace deposits are found in some of the upland stream divides in the
eastern and southern areas of the project. The thicknesses of the deposits
varies widely, from a few feet to 50 feet. They consist of brown to black

clays and silty clays, underlain by basal clayey and calcareous sands and
gravels which are often water-bearing (Figure 3.3-7).

Because the terrace deposits and stream valley alluvium overlie impermeable
Austin Chalk and Taylor Marl, the groundwater in these deposits is perched.

Recharge to the alluvium is from precipitation and stream fiow. Discharge to
streams from alluvium also occurs, usually after a period of rain.

The occurrence of groundwater in terrace deposits is seasonal. Although
several boreholes (F-3, E-4, F-4, and E-9) penetrated terrace deposits, only
F-4 and E-9 encountered water. Where there is a sufficiently large reser-
voir, the alluvial deposits can yield small to moderate amounts of fresh
groundwater suitable for domestic, livestock, and irrigation use.

Groundwater from the Quaternary deposits is mainly good quality (Table 3.3-2a
and b). As would be expected under shallow water table conditions, where
precipitation and runoff quickly recharge the groundwater, higher percentages
of nitrates reflect the presence of fertilizer or sewage contamination.

3.3.3 [Effects of Groundwater on Subsurface Construction and Operation.
Throughout the SSC tunnel, groundwater inflows during construction will be
negligible. The rocks to be penetrated by the SSC ring are of very low
permeability. Minor seepage and temporary inflows along fractures may occur,
but should not hinder rapid progress. Such locations will be treated to
prevent later seepage during operation of the Project. Faults in the area

are commonly recemented by calcite and will not promote groundwater movement
or storage (Thompson, 1967).

Open excavations and shafts through alluvial terrace deposits will probably
produce limited groundwater inflow during construction. Figure 3.3-7 shows
that shafts at E-4,F-4, F-8, and E-9 may encounter lenses of saturated allu-
vial deposits in Quaternary terraces. Such occurrences will be treated by
standard construction practices such as diversijon and pumping. During opera-
tion of the project, water can be sealed out of the underground facilities at

the shafts, but experience will probably dictate the need for small sumps and
dewatering capability.

Tunnel construction will not 1ntercept any public supply wells (Figure
3.3-5). Should there be any undisclosed domestic or irrigation wells along
the alignment (a very unlikely possibility), tunneling through the wells will
not result in groundwater flow into the tunnel. The piezometric surfaces of

both the Woodbine and Twin Mountains aquifers are at least 100 to 150 feet
below tunnel grade.

. Texas National Research Laboralory Comm:ssmn
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Previous excavations in the region have not disclosed problems with corrosive
or contaminated groundwater. The results of corrosivity analysis of ground-
water samples collected from the Austin Chalk, Taylor Marl, and alluvial
deposits confirm that the water is chemically benign. Groundwater was
analyzed for alkalinity, total dissolved solids, calcium content, and sulfate
content. Temperature and pH were also measured (Table 3.3-3). Samples from
boring J-6 and F-4 show slightly elevated sulfate content. Gypsum seams in
the chalk and marl provide localized sources of sulfate when water enters
the rocks. These will be sealed away from the tunnel by treatment to exclude
water from the tunnel environment during operation.

The chemical data allow calculation of Langelier’s Index, a standard index
which provides qualitative information on water corrosivity in terms of a
tendency to dissolve or deposit CaCO3 (ASTM D-3739, APHA 1985). The index
scale has a theoretical range from +f4 to -14 and a value of 0 is neutral.
Deviations from O between +0.5 and -0.5 can be considered negligible
(Unlig 1948). A positive value suggests a tendency to deposit CaCO3 while a
negative value shows a tendency to dissolve CaC03.

Langelier Index values range from +0.3 to -0.1 for all samples and show that
they are neither corrosive nor scaling (Table 3.3-3). Therefore, the life
of metal equipment will be prolonged. Costly and time-consuming maintenance
to remove scale, and treatment for corrosive water will not be necessary.

Table 3.3-3. Corrosivity, Analysis of Groundwater Samples from Construction Units

8ORING NO.** E-9 E-8 6 F-2 : -2 F-4
Rock Units Screened Quaternary Taylor Marl Austin Chalk Austin Chalk Austin Chalk Austin Chalk
Terrace Eagle Ford Shale | Eagle Ford Shale
Alkalinity, mg/t 232 204 232 268 244 266
Total Dissolved Solids, 630 4,845 520 855 613 - - 286
mg/l : i
Calcium, mg/i 105.0 1315 8.0 <184 © 136 ' ' 86.6
Sulfates, mg/l 68 952 130 - - . 92.51 98.44 44.7
Temperature @ site, °C 210 211 .18 . 258 23.8 2.7
pH 74 7.4 8.4 7.9 8.0 7.5
*Langelier Index +0.2 +0.3 +02 +0.4 S K IS EPECMIFY . & B
- - - - Co 1 Oaaee
Mathod:  Standard Methods for the Examination of Water and Wastewater. .
*  Anegative index indicates & Undency to dissolve CaC0, and s associated with the possibllity of corrosion, whereas & positive index
indicates 3 tandency to deposit CaC0,, usually indicating mmm Values between +0.35 and 0.5 are neutral.
**  Locations of piezometers are shown in Figure 3.3-4,
. Texas National Research Laboratory Commission
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3.4 SEISMICITY AND FAULTING. The Dallas - Fort Worth SSC Site is in the
zone of lowest earthquake hazard in the United States (Figure 3.4-1, and
Exhibit 3.4-1 in the Appendix). This assures that the collider faci]ities
will operate in an earthquake-free, stable environment.

3.4.1 cCharacteristics of Site Seismicity. This site is in the transition
zone between the West Central Texas Tectonic Province and the Mesozoic Shelf
Tectonic Province. This transition zone consists of the Stable Ouachita Fold
Province and the Balcones-Mexia-Talco Province. The West Central Texas
Province displays low level seismicity (Figure 3.4-2). The Mesozoic Shelf
Province displays moderate seismicity, with most events producing epicentral
Modified Mercalli Intensities smaller than VII. The Stable Ouachita Fold
Province was deformed in the late Paleozoic. Seismic activity within this
province is confined to the northern-most portion north of the Red River,
known as the Exposed Ouachita Province.

The Balcones-Mexia-Talco Province is the western and northern boundary of the
Mesozoic Shelf Province of Texas and encompasses three major fault systems:
the Balcones, the Lluling-Mexia, and the Charlotte-Fashing fault systems.
These fault systems acted as progressive hinge lines for Gulf Coast sub-
sidence as sediment loading progressed in the Cenozoic.

The Balcones Fault System is thought to have roots in the basement along the
original zone of weakness that permitted formation of the Ouachita Geosyn-
cline in the Paleozoic. The Balcones Fault System displays movement down
toward the ancestral Gulf. _

The Luling-Mexia Fault System is antithetic to the Balcones, displaying
movements up and down to the coast. Maximum displacements along the Balcones
are 1,500 to 1,700 feet in Bexar County, Texas, 250 miles south of the site
{Comanche Peak FSAR, 1977). This province displays Jow level seismicity
along the Mexia Fault Zone with a number of earthquake events of magnitude

3.0 to 4.5 during historic time; with a single except1on, these events were
all Tocated south of Waco, Texas. . L e

Records of historic seismicity in Texas start in 1847. These records show
that seismic events in Texas are of low to moderate intensity.. Of the more
than 100 earthquakes recorded, only 38 had epicentral Modified Mercalli
Intensities of V or greater (Davis, et al, 1987). The largest recorded event

in Texas was the Valentine earthquake of August.16,-1931... This magnitude.5.9 . .

event, 700 miles west of the Dallas - Forth Worth SSC site, caused damage in
west Texas and was felt over large portions of west and central Texas.

Earthquake activity in adjacent states is the most intense in Oklahoma (Luza
and Lawson, 1981, 1982, 1983). The Wichita-Amarillo Uplift and the Nemaha

Uplift display moderate seismicity with events up to magnitude 5.6 in
historic time.

. Texas National Research Laboratory Commission
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Recent studies of the Wichita Mountains of southwest Oklahoma show that a
segment (Meers Fault) of one of the many faults between the Wichita Mountains
and the Anadarko Basin is active and may generate seismic events with
magnitudes as large as 6.5 (Ramelli and Slemmons, 1986; Tilford and Huff-
man, 1985; and Westen, 1986). '

The other seismogenic zone of interest is the New Madrid Seismic Zone,
Missouri. This zone was the locus of the three largest midcontinent earth-
quakes in historic time. The events were large, estimated at magnitudes 7.4,
7.2, and 7.5 (Nuttli, 1973); these events were probably felt at the Dallas -
Fort Worth SSC Site with Modified Mercalli Intensity V (Carlson, 1984).

The locations of historic seismicity in Texas (Figure 3.4-3) show that the
Dallas - Fort Worth area is not seismically active. The closest event to
the SSC site in the historic records occurred on April 9, 1932, in Wortham,
Texas, about 50 miles south-southeast of the site (Sellards, 1932). This
magnitude 4.0 event had an epicentral Modified Mercalli Intensity of VI, and
a felt area of 3,100 square miles. The Dallas - Forth Worth S$SC Site was not
within the felt area (Davis, et al., 1987). Historic seismicity within
200 miles of the Dallas - Fort Worth SSC Site includes 33 events, all with
magnitude lower than 4.8 and epicentral Modified Mercalli Intensity lower
than VII. None of these events produced significant damage or loss of life.

3.4.2 Site Specific Maximum Ground Accelerations. Intensity data for
historic earthquakes from Texas, Oklahoma, and the New Madrid Seismic Zone
were attenuated to the Dallas - Forth Worth Site to determine maximum
horizontal ground accelerations. The historic data suggest that the maximum
acceleration experienced in competent bedrock at the site is lower than
0.04 gravity (g). This would have been produced by the New Madrid earthquakes
of 1811-1812, which had the largest felt area of any seismic event in the
continental U.S. in historic time; the data agree with the estimates of
Algermissen, et al., (1982) (Figure 3.4-1).

Attenuation calculations were done for a Maximum Credible Earthquake (MCE)
from the New Madrid Seismic Zone (magnitude 8.5) (Nuttli, 1974) and the Meers
Fault (magnitude 6.5) (Ramelli and Slemmons, 1986). = Using attenuation
estimates (Algermissen and Perkins, 1976), the maximum horizontal accelera-
tion in competent bedrock for the Dallas - Forth Worth Site will not exceed
0.04 g or a Modified Mercalli Intensity of VI to VII. This acceleration
would be for low-frequency, high-magnitude events similar to the New Madrid -
earthquakes of 1811-1812; such events have a very low probability of occur-
rence Wwithin the design life of the SSC facility. Based on the data of -
Algermisson, et al. (1982), there is a 90 percent probability that horizontal
accelerations will not exceed 0.04 g for any 50-year period.

Geological and geophysical field investigations show no unusual foundation
properties at the site which would lead to anomalous ground motions during
earthquakes. The shallowness of most site area soils and lack of abrupt
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changes in bedrock topography supports absence of any unusual ground accele-
rations during earthquakes due to local conditions.

Historical records show no evidence of induced seismicity within 100 miles of
the Dallas - Forth Worth Site (Davis, et al., 1987; and Carlson, 1984),
although it has been suggested that the Wortham-Mexia Earthquake of 1932 may
have been due to hydrocarbon withdrawal. However, moderate seismic events up
to magnitude 4.0 due to reservoir flooding during enhanced oil recovery may
be possible within 100 miles of the site (Pennington, et al., 1986).
Reservoir flooding has been shown to enhance slip on faults by lowering
normal stress across the fault surface (Healy, et al., 1968; and Raleigh,
et al., 1976). Maximum horizontal accelerations from any such events in the

East Texas 0il Fields would be well below the 0.04 g historical maximum for
the Dallas - Forth Worth Site.

3.4.3 Fault Identifjcation. Inactive normal faults of the Balcones Fault
Zone are present at the Dallas - Forth Worth SSC Site (Exhibit 3.2.2-4).
Observed faults form a set of normal faults and antithetic normal faults with
small graben structures evident in surface exposures. Displacement on these
short faults is less than 100 feet in all cases, fewer than 10 feet in most
instances. Most faults extend less than one mile, the longest is shorter than
4 miles. The faults follow an en echelon pattern along a rough northeast
line. The distribution, length, and displacements along the faults suggests
the site area is on the northernmost hinge of the Balcones Fault system,
which dies out a few miles to the northeast. Balcones Faults exhibit much
greater length and displacement further south near Austin and San Antonio.
Regionally, the faults of the Balcones system do not displace rocks younger
than about 11 million years (Miocene). In the site area the faults are
overlain by undisturbed high level fluvial Quaternary terrace deposits.

Low-sun-angle photography of the site was acquired and examined in order to
verify the presence or absence of active faults. High resolution, black-
and-white photography at a scale of 1:20000 was obtained under Tow-western-
sun conditions and shadow aspect ratios of at least 3:1. Similar photography
of the western part of the ring-campus complex-tunnel abort areas at a scale
of 1:6000 was also acquired and reviewed in detail. Examination of all
low-sun-angle photography indicates that the site does not include any active
fault scarps or traces of older faults which may have undergone recurrent
movement. No fault scarps are present in either Quaternary deposits or older
sedimentary units. The site is remarkably uniform in surface relief and

in regional continuity of minor stratigraphic variations within the
Austin Chalk. i

3.4.4 Lliquefaction Poteptial. Liquefaction is a total loss of shear
strength in cohesionless soils due to cyclic loading during earthquake
shaking (Seed and Idriss, 1982). This phenomena occurs when fine, saturated
soils are subjected to strong shaking. Liquefaction potential is a probabil-
istic estimate of the hazard of liquefaction at a specific site.

. Texas National Research Laboratory Commission
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Evaluating liquefaction potential involves two factors: liquefaction suscep-
tibility, and liquefaction gpportunity (Youd and Perkins, 1978). Liquefac-
tion susceptibility is determined directly from the material properties,
density, percent clay and sand, and degree of fluid saturation. Llow clay
content, high sand content, low bulk material density, together with satura-
tion, increases liquefaction susceptibility. Liquefaction opportunity is the
probability of occurrence of ground shaking sufficient to liquefy a material
under specific conditions. This is a function of the strength and duration of
ground shaking. From these definitions, it follows that a site must be
susceptible to liquefaction and must also experience sufficient ground
shaking to produce liquefaction.

There is no potential for liquefaction at the Dallas - Forth Worth SSC Site.
Arias intensity figures show that for a New Madrid or Meers Fault MCE (with a
maximum ground acceleration of 0.04 g), the ground shaking experienced at the
SSC Site would be well below that required to produce liquefaction in
alluvial deposits (Keaton, 1987). Under these conditions, liquefaction
opportunity is negligible at the site. Shelby tube samples taken from
alluvial deposits at the site display cohesion (clay content) sufficient to
yield very low liquefaction susceptibility. Lacking both opportunity and
susceptibility, liquefaction is not a credible problem for surface installa-

tions at the site, and of course, no liquefaction potential exists within the
rock at ring depth.

. Texas Nalional Research Laboratory Commission
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3.5 TUNNELING AND UNDCRGROUND CONSTRUCTION. The Dallas - Fort Worth SSC
will be excavated in the Austin Chalk and Taylor Marl. These rocks afford
extremely high instantaneous advance rates with very high equipment availabi-
1ity. The low rock strength will promote efficient mechanical excavation and
initial support requirements will be minimal. The rock is nonabrasive and
cutter changes will be few. Maintenance of the equipment will be facilitated
by the dry ground conditions. These ideal conditions for TBM operations mean
that advance rates will be limited only by the rate of muck removal.

Tunneling, deep open cut excavations and underground construction will
account for roughly 60 percent of the cost of constructing the SSC (Table
3.5-1). Constructing the Collider ring tunnel at this site can result in cost
savings of more than 40 percent over the estimated amount shown for Site
Example B in the CDR (Table 3.5-2). Subsurface material properties and
anticipated construction techniques described here contribute strongly to
confidence in the potential for lower tunneling costs and schedule efficien-
cies at the Dallias - Fort Worth SSC Site.

3.5.1 Description and Location of Relevant Soil and Rock Unijts. Primary
bedrock formations to be penetrated during tunneling and excavation for SSC
facilities are the Austin Chalk and the Taylor Marl. All of the tunnel
portion of the collider ring wiil Tie within unweathered Austin Chalk and
Taylor Marl. The Eagle Ford Shale will be encountered at the base of excava-
tions for the experimental halls at K-1 and K-2. Figure 3.2-8 shows the
location of the collider ring and its relationship to the surface out-crops
of the Austin Chalk, Taylor Mar)] and Eagle Ford Shale. Figure 3.1-2 shows
the relationship between the vertical alignment of the collider ring and the
bedrock units. A minor adjustment in the locations of K-1 and K-2, if
adopted, will allow them to be founded entirely in the Austin Chalk, thus

e]imi?ating excavation for these halls in the Eagle Ford Shale (Section
3.5.3 L] . -

The sedimentary bedrock formations are nearly flat-lying. They strike
roughly north-northeast and dip to the southeast at about 60. feet per mile
(Figure 3.1-1 and Section 3.2.3.). The Eagle Ford Shale, the oldest forma-
tion shown on Figure 3.1-1, crops out to the west of the collider ring. The
Eagle Ford Shale, the Austin Chalk, and the Taylor Marl, are categorized as

soft rocks when contrasted with the entire spectrum of sedimentary rock
strengths and hardness.

3.5.1.1 Austin Chalk. The Austin Chalk, when unweathered, is normally
described as light gray, thin-bedded, moderately hard, and fine-grained, with
clay-rich layers. Fossils are occasionally found. = In outcrop, bedding
thickness ranges from about 2 inches to 2 feet with the thinner, more
clay-rich, chalks forming recessive layers. Bedding is much less pronounced
in cores. Complete core lengths are often recovered in one or two segments
after 10 foot sampling runs, demonstrating the resistance to parting on
bedding planes when unweathered.

. Texas National Research Laboralory Commission
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Clay-rich chalk layers occur between the thicker clay-poor chalk beds and
contain varying amounts of bentonite. From an interpretation of geophysical
electric logs acquired in this investigation and conversations with operators
of the Texas industries, Midlothian quarry (Radney, 1987) bentonite percent-
ages high enough to affect cement production are rare. These compositional
variations do not affect the performance of tunnel boring machines and other
common excavating equipment operated in the chalk.

Faults and joints in the Austin Chalk are usually steeply dipping (45 degrees
to 60 degrees) to very steeply dipping (60 degrees to 90 degrees) with two
dominant strike trends, northeast-southwest and northwest-southeast. Joint
spacing is generally greater than 10 feet, but near faults is usually reduced
to about 8 feet (BEG, 1987). Surface roughness ranges from medium to
slightly rough, and is sometimes slickensided. Faulting is attributed to soft
sediment deformation resulting from consolidation and compaction during
induration and lithification. Some later faulting and jointing is associated
with the inactive Balcones Fault Zone. Fracture and joint traces are
generally 10 to 20 feet long and usually terminate at contacts with shaly or
soft chalk beds. They are normally tight with little infilling, although

thin clay fillings are evident on slickensided surfaces. Many faults have
calcite fillings. _

When slightly weathered, the Austin Chalk oxidizes to a tan, buff white, or
very pale orange color. As the degree of weathering increases, the rock mass
progressively disintegrates and deteriorates through moderately weathered
(less than 50 percent of soil-Tike material) and heavily weathered (more than
50 percent of soil-like materials) to a completely weathered state, with a
hard soil-1ike consistency and random flagstones. Completely weathered 1ime-
stone materials, or saprolites, can still have the structural appearance of
the original rock materials in terms of bedding and relict discontinuities.
The completely weathered materials or residual soil generally consist of lean
to fat, dark brown clay (CL, CH).

Thicknesses of weathered zones, including residual soils, generally extend
only from 10 to 20 feet below the ground surface, hence are quite shallow
relative to the total thickness of the Austin Chalk.

The Chalk is not susceptible to formation of sinkholes or karst features, as
groundwater cannot circulate freely due to extremely low permeability,

absence of through-going discontinuities, and the presence of a substantial
c¢lay fraction. ~

3.5.1.2 Taylor Marl. Fresh Taylor Marl 1is massive, dark gray to dark
greenish-gray claystone with limestone Taminations. It is typically soft and
sometimes fossiliferous. Core samples appear uniform, but tend to split
along horizontal planes when allowed to dry out. Like the Austin Chalk,

. Texas National Research Laboratory Commission
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small scale lithologic variations are present throughout the Taylor Marl, but
these have little effect on excavating equipment.

Joints and faults in the Taylor Marl are steeply dipping to very steeply
dipping with random orientations. Discontinuities are typically slicken-
sided with striations or lineations oriented down-dip. Fracture spacing is
very wide (greater than 10 feet). In some places, fractures are more closely
spaced due to nearby faults or gentle folding.

The Taylor Marl weathers to a highly expansive, plastic clay {CH), which is
jointed and fissured. Seasonal fluctuations in moisture contents near the
ground surface causes expansion and contraction of the residual soils, which
eliminates saprolitic features. The depth of weathered materials usually
extends 20 to 30 feet below the ground surface. Shrinkage cracks formed
during dry seasons can extend several feet below the ground surface.

Weathering products of the Taylor Mart, such as highly expansive clays, will
not be encountered during tunneting for the coilider ring, but must be con-
sidered while constructing surface connectors and facilities. These condi-

tions are commonplace in the site region and are met with standard construc-
tion practices.

3.5.1.3 Eagle Ford Shale. Unweathered Eagle Ford Shale will be encountered
in the base of excavations for the K1 and K2 experimental halls on the west
side of the collider ring.

The Eagle Ford Shale is grayish-black to black, massive, and soft, . with
limestone laminations. Core samples appear quite uniform, but tend to split
along horizontal partings when allowed to dry. The shale contains a rela-
tively high percentage of bentonite, exhibits low shear strength and marked
swelling tendencies. The nature and occurrence of faults and joints in the
Eagle Ford is similar to those within the Taylor Mar1

3.5.2 Physical and Mechanical Properties of Soil and ngk Units. More than
1,200 tests were completed on samples collected in the site geotechnical
investtgatlon supporting this proposal (Exhibit 3.2.2-2). . . Information on
the Austin Chalk, Taylor Marl, and the Eagle Ford Shale is also available
from geological and geotechn1ca1 investigations, and construction, for large
excavations and tunnels in the Dallas and Austin municipal areas. Some of
these projects are completed and some are under construction (Table 3.5-3,
and Exhibit 3.5.2-1 in the Appendix).

. Texas National Research Laboratory Commission
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Table 3.5-4.

Representative Physical Properties of the Taylor Marl,

Austin Chalk, and Eagie Ford Shale (Determined from
On-Site Geotechnical Investigation)

PARAMETER

TAYLOR MARL AUSTIN CHALX EAGLE FORD SHALE
UNAXIAL COMPRESSIVE STRENGTH, 123-1136 (400) 642-3807 (2230) 14-670(310)
POINT LOAD INDEX, PSI - 79-258(179) -
MODULYS OF DEFORMATION, PSI 9,260-78,700 (38,300) 75.000-66,000 {356,000) 10,700-21,700 {17,300)
DRY DENSITY, PCF 98-135(120) 110-151 {128) © 118131(120)
WATER CONTENT, PERCENT 11-22 (16) 5-20(12) 11-19(15)
BRAZILIAN TENSILE STRENGTH, PSI 18-117 (64) 79-405 (257) 73-174 (141)
RQD - VALUE™ 90-100 85-100 90-100
SLAKE DURABILITY, PERCENTI) 0-55(23) 46-97 (91) 3-22(9)
CARBONATE CONTENT, PERCENT 14-34(23) 32-100 (85) 5-9(6)
ABSORPTION PRESSURE, PSI} 7-300(30) - 5-18 (14)
ABSORPTICN SWELL, PERCENT® 0252 - 1.0-2.6
LIQUID LIMIY 58-97 (80) 25-51(30) 76-104 (93)
PLASTICITY INDEX 33-70(51) 0-28 (10) 46-73 (63)

NOTES:
{ ) AVERAGE VALUE

~  INFQRMATION COULD NOT BE QBTAINED OR 1S NOT APPUCABLE
{1) VALUES ATTRIBUTED TO MECHAMCAL BREAKAGE OR POOR CORING TECHNIQUE ARE NOT INCLUDED

{2) 2NDCYCLE

D3-0145

{3) MEDIAN VALUE FROM SEMI-LOG PLOT OF IHITIAL \IOID RATIO VERSUS LOG (SWELL PRESSURE AT VIRTUALLY HO

VOLUME CHANGE) -

(4) RANGE AT AN APPROXIMATE SWELI. PRESSUREOFO0.1TSF = 1.4PS1 -
{5) BOTH FRESH AND WEATHERED TAYLOR MARL INCLUDED IN VALUES
{6) ONLY DEEP UNWEATHERED EAGLE FORD SHALE VALUES INCLUDED IN LIST
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Examples include:

0 Midlothian Cement Plant Quarry (TXI). Unsupported near-vertical walls
over 120 feet high, exposed for several years. Adjacent to SSC Site.

0 City Place. Under construction in Dallas. 90 feet deep and 1000 feet
by 600 feet by 600 feet in plan. Rock bolt supports.

o The Austin Crosstown Wastewater Interceptor (ACWI), Mathews, Leedshill
Bryant-Curington (1975), Nelson (1986b)

0 The Onion Creek Wastewater Interceptor (OCWI), Sections II and IV,
Nelson {1986a)

0 The Govalle Wastewater Tunnel, Nelson (1987)

0 The Slaughter Creek Wastewater Tunnel, Nelson, personal communication
(1987).

Representative average values and ranges in values (Table 3.5-4) for physical
properties of the Taylor Marl, Austin Chalk, and Eagle Ford Shale are quite

consistent throughout the outcrop region from San Antonio northward to
Dallas.

3.5.2.1 Aystin Chalk. Histograms for uniaxial compressive strength,
Brazilian tensile strength, and the modulus ratio (of the quotient of the
tangent modulus of deformation at 50 percent of the failure strain and the
uniaxial compressive strength are shown in Figure 3.5-1. The Austin Chalk
has an average uniaxial compressive strength of about 2,200 pounds per square
inch (psi), ranging between 640 psi and 3,800 psi. In terms of rock
strength, the Austin Chalk has a very low to low strength. Plots of the
uniaxial compressive strength versus water content show that the strength of
the chalk increases as the water content decreases.

Brazilian tensile strengths for the Austin Chalk range from about 80 to
400 psi, and average about 260 psi, about 12 percent of the average uniaxial
compressive strength. Point load index values range from about 80. to 260 psi
and average about 180 psi. Modulus of deformation values, computed as the
tangent of the uniaxial stress versus strain curve at a stress level equal to
one-half of the failure strain, range from about 75,000 to 660,000 psi and
average about 360,000 psi. This range in modulus values implies a soft rock
type. Ratios between modulus values and the uniaxial compressive strength

range from about 50 to 420 and average about 160. ~ -~ -

The durability of the Austin Chalk is medium to medium high, as determined
from slake-durability index tests (Table 3.5-4). Carbonate content, defined
as the weight loss on reaction with hydrochloric acid, averages about 85
percent, ranging from 36 to 97 percent.
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Figure 3.5-1. Austin Chalk Histograms of Uniaxial Compressive Strength
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Dry density values range from 110 pounds per cubic foot (pcf) to 150 pcf with
and average of 128 pcf. Water contents range from 5 to 20 percent with an
average of 12 percent. Total unit weights are about 130 to 155 pcf.

Rock quality designation (RQD) values typically range from 85 to 100 for the
Austin Chalk, which classifies the chalk as a rockmass of good to excellent
quality. The RQD value provides an indication of fracture frequency, and
there are empirical correlations between RQD values, tunnel support require-
ments, and allowable bearing pressures for footings in rock. Core recoveries
for the Austin Chalk are usually greater than 95 percent. Core loss is
usually in soft or shaly limestone layers which may be washed away during
coring operations, depending on the type of bit used and the coring tech-
nique.

The permeability or hydraulic conductivity of the Austin Chalk is very low.
Permeability %glues computed from borehole pressure packer test are lower
than 1.0 x 1079 centimeters per second (cm/sec). Any water flow through the
chalk is via discontinuities. The permeability of intact chalk is probably
several orders of magnitude lower than 1.0 x 10-8 cm/sec. Any groundwater or
seepage encountered in borings or in excavations extending down into the
Austin Chalk appears to originate near the surface within the zone of
weathering. This is observed at the Texas Industries quarry in Midlothian,
Texas, and in building excavations in the region.

Generally, unweathered Austin Chalk in the central Texas area is uniform,
massive, low-strength sedimentary rock of good to excellent quality.
Tunneling experience through the Austin Chalk shows that the chalk is tight
with minor seepage only in areas with low rock cover, or adjacent to or
beneath stream channels.

3.5.2.2 Taylor Marl. Histograms for uniaxial compressive strength, Bra-
zilian tensile strength, and the modulus ratio (the quotient of the tangent
modulus of deformation at 50 percent failure strain to the uniaxial compres-
sive strength} are in Figure 3.5-2. The Taylor Marl has an average uniaxial
compressive strength of about 400 psi ranging from 123 psi to about 1140 psi.
This range of strength classifies the marl as a very low strength rock.
Brazilian tensile strengths average about 64 psi ranging from 18 to 117 psi.
The tensile strength is about 16 percent of the average value of uniaxial
compressive strength. Modulus of deformation values range from about
9,300 to 79,000, implying a very soft rock type. The average modulus value
is about 38,000 psi. The ratio of modulus to strength ranges from about 42
to 174 with an average of 110. B

Ory density values range from 98 pcf to 135 pcf with the average being
120 pcf. Water content values range from 11 to 22 percent with and average
of 16 percent. Total unit weights usually range from 135 to 150 pcf. RQD
values typically range from 85 to 100, indicating a rockmass of excellent
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quality. In relatively unweathered Taylor Marl, low recovery values and
small core pieces are usually attributable to poor coring technique, as the
soft material is broken and washed away by the core drilling operation. The
Taylor Marl is quite uniform, although occasionally scattered localized areas
are cu_lt5 by slickensided discontinuities, with reduced RQD values (ranging
below 75),

Slake durability index test values for the Taylor Marl range from 0 to
55 percent with an average of about 23 percent. Combined with an average
plasticity index of 51, the durability of Taylor Marl is classified as very
low. In excavations and tunnels, the Taylor Marl tends to air slake, forming
small cracks that define chunks (with a dimension of 4 to 6 inches, for
example), which may slowly comminute to smaller and smaller particles. This
process can lead to some nuisance ravelling or spalling if allowed to
develop. The key to minimizing air slaking is maintenance of the initial
water content. This can be done by protecting with shotcrete or latex
sealant, and early placement of final lining. Commonly used wood lagging or

plywood reduce the rate of moisture change, but function primarily to limit
ground loss.

Carbonate content, based on weight loss after reaction with dilute hydro-
chloric acid, ranges from 14 to 34 percent, with an average value of about
23 percent. Recent studies show that strength varies directly with carbonate
content and inversely with water content (Nelson, 1987).

The permeability of the Taylor Marl is very low. Permeability values com-
puted from borehole pressure packer tests are lower than 1.0 x 10-8 cm/sec.

Any water flow in the marl is through discontinuities and is only rarely
encountered.

Swell pressure in the Taylor Marl is a potential construction concern.
Table 3.5-4 summarizes the range of absorption pressures and absorption
strain values measured for unweathered Taylor Marl. These were determined
by conducting pressure-swell tests in constant stress consolidation cells
with Tateral strain confinement. The absorption pressure is the applied
pressure required to maintain virtually zero volume change, while allowing
the sample unlimited access to water. The absorption strain is the volume
change that occurs during unloading from the absorption pressure to virtually
zero applied pressure (0 to 1.4 psi). Absorption pressures vary from 7 to
375 psi (0.5 to 27.0 tons per square foot) and absorption strain values range
from 0.3 to 5.2 percent. The median value of absorption pressure determined
from 29 tests conducted in the Taylor Marl is about 28 psi. .

Designing the final lining in the Taylbr Marl for maximum swell pressures is
overly conservative and not justified. Lo w !
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0 In order to swell, susceptible materials must first have access to
moisture. For a tunnel at the depth of the SSC ring within unweathered
Taylor Marl there will be inadequate water to support significant
swelling. Measurements indicate that the Marl has low permeability and,
in fact, the intact mar! material is unsaturated.

0 Without close confinement, swell pressures cannot develop. If material
is free to strain, the ultimate swell pressure will be reduced. Elastic
rebound and material drying within the Marl near excavated surfaces can
allow small fissures to open. This fissure porosity is void space which
must be closed by swelling strains before swell pressures can begin to
develop.

o Given access to moisture and a certain amount of restraint, as from a
lining, swell pressures will still require significant time to develop.
The cast-in-place lining in the Austin Crosstown Wastewater Interceptor
tunnel (ACWI) has been in place for almost 15 years and shows no signs
of deterioration or swell pressure development.

] Normal construction practice calls for the application of grout or pea
gravel in the annular space between the tunnel lining and the rock
surface.  This process is necessarily imperfect and any void space

unfilled can accommodate swell strains, resulting in a resuction in the
ultimate swell pressure.

0 For the tunnel diameter required for the SSC, even the nominal thickness
of precast lining required from consideration of handling and erection

stresses will be adequate to withstand the magnitudes of swell pressures
expected.

3.5.2.3 Eagle Ford Shale. The Fagle Ford Shale will not be penetrated by
the SSC ring. It will be encountered in foundations for the experimental
halls on the west side of the collider ring at K-1 and K-2. .

Figure 3.5-3 shows histograms for uniaxial compressive strength, Brazilian
tensile strength, and the modulus ratio (the quotient of the tangent modulus
of deformation at 50 percent failure strain to the uniaxial compressive.
'strength). The Eagle Ford Shale has an average uniaxial compressive strength
‘of about 310 psi and ranges from 14 psi to 670 psi. This range in strength
classifies the shale as a very low strength rock. _ Brazilian tensile
strengths range from 73 to 174 psi, with an average value of about 140 psi
(about 45 percent of the average uniaxial compressive strength). Modulus of.
deformation values range from 10,700 psi to 21,700 psi, implying a very soft-
rock type. The average modulus value is about 17,300 psi. Ratios " of
modulus to strength range from 40 to 77, with an average value of abdut 60.

Dry density ranges from 114 pcf to 131 pcf, with an average value of about
120 pounds per cubic foot. Water contents range from 11 to 19 percent, with

. Texas National Research Laboratory Commission
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Table 3.5-5.

Summary of Tunneling Progress

Rates in the Austin Chalk

R A SLAUGHTER CREEK
osECt CWI1 5029+ ocwii NTERCEPTOR GOVALLE
TUNNELING DATES WITH 12673 - 1277178 271784 - 172685 4687 - 627787 7/87 - PRESENT
TBM
T8M MANUFACTURER CALDWELL DIVISION OF LOVAT TUNNEL JARVA THE ROBBINS CO.
SMITH INTERNATIONAL EQUIPMENT CO.

CUTTING TOOLS DOUBLE EDGE DISCS TEETH SINGLE EDGE DISCS SINGLE EDGE DISCS
INSTANTANEOUS 15702 1 77108 .
PENETRATION RATES
{IN/MHN)
TBM DIAMETER (FT) 105 9.2 725 105
LENGTH (FT} 10875 2,709 5375 16,000
AVERAGE PROGRESS (FT);

PER WORKING DAY 70 9 17 .

PER 10-HOUR SHIFT - 28 - .

PER 8-HOUR SHIFT - - &8 .
MAXIMUM PROGRESS (FT):

WEEX 682 426 - .

WORKING DAY 151 105 202 .

SHIFT - - 110 .

~ D3-0531
- INFORMATION NOT AVAILABLE

* TUNNEL PROGRESS WILL BE MONITORED DURING CONSTRUCTION, CONTACT TNRLC FOR UPDATED INFORMATION

Tab1e 3-5"6.

(Calcareous Claystone)

Summary of Tunneling Progress Rates in the Taylor Group Rock

PROJECT

ACWI 5029+

ooml

OCWLIV GOVALLE
TUNNELING DATES WITH 126/73 - 14174 217184 - 7126/85 10/15/84 - V2786 2/25/87 - PRESENT
™M™
TBM MANUFACTURER CALDWELL DIVISION OF LOVAT TUNNEL LOVAT TUNNEL LOVAT TUNNEL
SMITH INTERNATIONAL EQUIPMENT CO. EQUIPMENT CO. EQUIPMENT CO.
CUTTING TOOLS DOUBLE EDGE DISCS TEETH TEETH TEETH
INSTANTANEOQUS 2705 - - 8TO 10
PENETRATION RATES :
(INMIN)
TBM DIAMETER (FT) 105 9.2 92,98 10.7
LENGTH (FT) 13,860 2,995 29360 18,500 (YO DATE)
AVERAGE PROGRESS {FT): 54 103 84 138* -
PER WORKING DAY Coee AT
MAXIMUM PROGRESS (FT):
WEEK 725 807 1,045 z
WORKING DAY 232 200 226 3
AVERAGE PROGRESS {FT) ;
PERFULLY-SHIFTED DAY :
FOR PRIMARY SUPPORT .
SYSTEMS: B
LATEX SEALANT 113 - - N o
RMBSAAGGING - 130 125 1236 . .

* AVERAGE PROGRESS DURING JUNE AND JULY, 1987, WAS 200 FT/DAY. CONTACT TNRLC FOR UPDATED INFORMATION

= INFCRMATION NOT AVALABLE
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an average value of about 15 percent. Total unit weights range from 135 pcf
to 150 pcf.

RQD values range from 90 to 100. In unweathered Eagle Ford Shale, Tow recov-
ery and core breakage are generally due to machine breakage. Although the
shale appears quite uniform, localized slickensided areas cause reduced RQD
values. Slake durability is very low with values ranging from 3 to 22 per-
cent, averaging about 9 percent. Slaking in excavations can be a problem
unless addressed as for the Taylor Marl.

The carbonate content of the Eagle Ford Shale ranges from 5 to 9 percent,
with an average of about 6 percent. Absorption swell pressures range from
5 psi to 18 psi, whereas absorption swell strains range from 1.0 to 2.6 per-
cent. The same considerations outlined for the Taylor Marl apply to the
Eagle Ford Shale when considering the impact of swelling in the design and
construction of structures bearing on the Eagle Ford Shale. ‘

The permeabiiity of the Eagle Ford Shale is very low, with values Tower than
1.0 x 107°® cm/sec. Any water moving through the shale is in secondary
discontinuities. As with the Taylor Marl!, discontinuities that allow
measurable seepage are very rare in the Eagle Ford Shale.

3.5.3 Difficulties and Advantages.

3.5.3.1 Advantages. The rock encountered at the Dallas - Fort Worth SSC Site
presents favorable conditions for efficient excavation by tunnel boring
machines (TBMs). The Austin Chalk and Taylor Marl are extremely uniform

and equipment design can be optimized for superior performance in these
materials. '

Numerous tunnels have already been completed successfully in the Austin and
Taylor rock (Table 3.5-2). Case histories of recent projects provide
documentation of the excellent advance rates possible. Average TBM excava-
tion rates in the Austin Chalk have been in excess of 65 feet per 8-hour
shift. Average advance rates of more than 135 feet per 24-hour day have been
achieved in the Taylor Marl. Such excellent advance rates will result in
reduced excavation costs in comparison with costs presented for Site Example
B in the CDR (see Appendix Exhibit 3.5.3-1). : ' :

Tables 3.5-5 and 3.5-6 summarize information obtained from past experience
with TBM tunnels constructed or under construction in the Austin Chalk and
Taylor Marl. For the Austin Chalk, information on excavation progress rates
is available from ACWI 5029-1, OCWI-II, and the Slaughter Creek Interceptor
tunnels. In the Govalle Interceptor Tunnel in Austin, Texas, excavation in
the Austin Chalk is beginning (August, 1987). For the Taylor Marl, informa-
tion on excavation progress rates is available from the ACWI 5029-1, OCWI-II,
OCWI I-IV and the Govalle Interceptor projects.

. Texas National Research Laboralory Commission
Superconducting Super Collider
Dallas - Fort Worth -
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The highest progress rates for the Austin Chalk were achieved with a hard
rock TBM, such as is manufactured by Jarva or Robbins, and single-edge disc
cutting tools. Advance rates achieved with teeth-mounted soft ground TBMs,
as the Lovat machine, were much lower. Perhaps the best indication to date
of potential excavation rates in the Austin Chalk is the data available from
the Slaughter Creek Interceptor project. Although this tunnel is consider-
ably shorter than a contract increment for the SSC project, advance rates
rose quickly from the start of work and the average 8-hour shift advance was
68 feet. The maximum progress for a two-shift working day was 202 feet. The
tunnel was excavated with no temporary rock support. New progress rates in
the Austin Chalk will be generated during excavation of the Govalle tunnel.
Updates on this project can be obtained from TNRLC staff. All evidence
indicates that average tunneling rates of 200 feet per 24-hour mining day
are reasonable and achievable, and that support requirements will be minimal.

The data in Table 3.5-6 indicate that high advance rates in Taylor Marl are
achievable using a soft ground TBM (Lovat) with teeth or drag bits. The best
excavation rates to date in the Taylor Mar]l have been achieved on the Govalle
Wastewater Interceptor Tunnel, now under construction (July, 1987). Since
excavation began with a Lovat TBM, the average advance per working day has
been 136 feet. However between June and July of 1987 progress has averaged
over 200 feet per day. Temporary support in this tunnel, consisting of steel
sets and Tagging, is placed within the tail shield and the TBM is advanced by
thrusting off the temporary support. This same excavation procedure will be
used at the Dallas - Fort Worth Site in Taylor Marl, although the steel sets
and lagging will be replaced by precast concrete liner segments.

The experience gleaned from the case histories summarized in Tables 3.5-5 and
3.5-6 and in Exhibit 3.5.3-2 in the Appendix provide valuabie information on
reliable past advance rates and the minimal problems to be expected during
tunneling through Austin Chalk and Taylor Marl at the SSC Site. They also
provide design information for the collider ring tunnel that can ultimately
reduce the cost of tunneling (Figure 3.5-4).

3.5.3.2 Potential Difficulties and Mitigation. Potential problems which may
arise in tunneling through the Austin Chalk and Taylor Marl include the
impact of mixed face conditions as will occur at the transition between these
two materials. Such a juxtaposition will only occur at two locations around
the entire SSC ring, and the material strengths are not so different as to

cause extreme problems for excavation by either soft ground or hard rock
equipment.

Most of the tunnel 1is expected to be self-supporting during excavation.
Protection against slaking and loosening conditions in the Taylor Marl will

be provided by the precast concrete segments installed as temporary and final
support. '

. Texas National Research Laboratory Commission
Superconducting Super Collider
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Both the Austin Chalk and Taylor Marl are very uniform with few discon-
tinuities. Vertical open cut and shaft excavations in the Austin Chalk are
usually self-supporting, with rock bolts and anchored tiebacks used on
occasion when the potential for movement of joint-bounded rock wedges is
anticipated. Many large-diameter, deep, braced, tied back or lagged excava-
tions have been completed in the Taylor Marl (Figure 3.5-12). However,
slickensided discontinuities in the Taylor can create wedge movement problems
such as those that occurred in the excavation for the first 1ift station
constructed at South Austin Regional Plant (SARP) in Austin, Texas. This
excavation was approximately 100 feet deep and 90 feet in diameter. The
potential for block movement along such slickensides resulted in temporary
support requirements that were not originally anticipated by the contractor.
Proper design and adequate construction inspection and control will mitigate
these conditions.

No subsidence will occur at the Dallas - Fort Worth SSC Site. . Movements
associated with settlement are not anticipated either for the tunnel or
appurtenant facilities due to the adeguate bearing capacity and low compres-
sibility of foundation materials. In excavations, rebound will undoubtedly
occur and facilities will be designed appropriately.

Water inflow to the tunnel will be minimal. The tunnel alignment will be
well below the weathered zone, one of the few areas from which water could be
expected. Minor, temporary water inflow may occur along joints in localized
areas. However, these can be effectively treated using standard construction
techniques. The soil overburden thickness generally ranges from 2 feet to
35 feet, averaging 20 feet (50 feet maximum) in thickness, and presents few
problems for shaft design and construction. Local perched water in alluvium
will be excluded by liner plates or grouting, or removed by pumping.

On the east side of the site, shaft lining design can accommodate anticipated
swell pressures (Section 3.5.2). Foundations for surface facilities will be
affected by expansive soils on the east side of the SSC ring. At-grade
foundation slab integrity is commonly protected in the Dallas - Fort Worth
area by removing several feet of surficial expansive clay soils and replacing
them with nonexpansive select fill. Fill can be Austin Chalk taken from
tunnel muck piles and compacted. Heavy column loads can be supported by
drilled shafts, piers or footings extending down into unweathered Taylor
Marl. On the west side of the SSC site, overburden soils are shallow and the
Austin Chalk provides high bearing capacities for footings, mats, and slabs.

3.5.3.3 Alternatives. At the K-1 and K-2 experimental halls, excavations
will extend down through the Austin Chalk into the Eagle Ford Shale.
Uncertainties (rebound, slaking, etc.} associated with construction in the
shale can be avoided by a rearrangement of the present K-1 and K-2 sites and
the injector system. This concept is illustrated in Figure 3.5-5. . By
implementing this option the excavations will be shallower .and remain

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth -3 -
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entirely in the Austin Chalk, with at least 20 feet of Chalk below the base
of the halls., The depth of backfill over the roof structures will also be
reduced.

Anticipated depths for shafts and experimental halls along the east side of
the SSC ring will be deep, approaching 270 feet for K-6 if it is assumed that
the excavation extends about 40 feet below the centerline of the tunnel.
These depths can be reduced by introducing two hinge points at E-3 and E-8,
about which the eastern portion of the tunnel can be rotated into a flatter
configuration. This concept is illustrated in Figure 3.5-6 and will allow
substantial reductions in excavation depths for shafts between E-4 and F-8,
and particularly for the experimental halls K-3 through K-6. Excavation
depths could be reduced to less than half of the values indicated on
Figure 3.1-2. No geological, construction, cost, or operating penalties are
forseen if this concept is adopted.

3.5.3.4 Cost Advantages. A major advantage of the Dallas - Fort Worth SSC
Site is the excellent opportunity for cost savings and schedule improvement
for the project as a whole. The two key aspects of the site that enable such
improvement are the excellent characteristics of the foundation rock, which
make for nearly ideal TBM tunneling conditions, and low local construction
wage rates.

Exhibit 3.5.3-1 contains a detailed analysis of advance rate and tunneling
cost for the Taylor Marl and Austin Chalk using the same Trondheim Model
(Report 1783) as was applied to Site Example B (granite) in the CDR. For
comparative purposes, the following table summarizes the resulting average
daily advance rates:

Rock Type Average Daily Advance Rate
Granite {CDR Value) 124 feet Per Day
Austin Chalk 217 feet Per Day
Taylor Marl 131 feet Per Day

It is obvious that the construction of the tunnels at this site can be
completed in much less time than anticipated in the CDR. Such schedule
improvements will have synergistic affects on other related construction
activities and on the overall project completion schedule. These schedule

improvements and the potential cost savings they generate make the Dallas-
Fort Worth Site extremely attractjvq. _

The analysis in Exhibit 3.5.3-1 in" the Appendix uses the Trondheim model to
produce a tunneling cost per foot for comparison with the cost in the CDR for
the granite. On the basis that 70 percent of the collider ring tunnel will
be in Austin Chalk and 30 percent will be in Taylor Marl, and also con-
sidering labor cost savings at the site to be discussed later in this
section, the tunneling cost is estimated as $162,428,388, as compared to
$286,577,761 for the granite in Site Example B. This represents a cost

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth "8
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decrease of almost 44 percent. The potential saving is also highlighted on
Figure 3.5-7, which shows the composite unit tunneling cost for the Dallas -
Fort Worth Austin Chalk, Marl, and other rock types.

The second aspect of the Dallas - Fort Worth Site that will contribute
noticeably to cost savings is the regionally low labor cost. Table 3.5-7
shows the published Davis-Bacon wage rates for the Govalle Wastewater
Interceptor (Project No. 237436) in Austin, Texas, bid on September 25, 1986.
These Davis-Bacon wage rates would apply at the SSC site. Table 3.5-8a
presents a striking comparison of these local area base rates with the San
Francisco Bay Area (unadjusted) Rates as given in Site Example B of the CDR
for several representative crafts. The differences in base rates are
significant. '

After allowing for payment of a base wage 25 percent above the local prevail-
ing Davis-Bacon rates, and including allowances for applicable labor burdens,
Table 3.5-8b presents a comparison of the local total rates with the nation-
ally averaged total rates used in the CDR. The percentages shown in
Table 3.5-8b generally apply across the board to the major above- and
below-ground crafts. Based upon this evaluation, it may be conservatively
assumed that labor rates in all crafts except electrical are 50 percent of
the nationally averaged rates used in the CDR. For electrical, 60 percent is
appropriate. The potential savings due to these lower labor costs can be
evaluated by adjusting the Site Example B cost estimate in the CDR for labor
and labor’s effect on overhead and profit. The potential savings that result
for several of the conventional facilities are given in Table 3.5-8¢c.

The potential labor cost savings shown in Table 3.5-8c are substantiated by
the bid tabulation for the Govalle Wastewater Interceptor which is included
in Exhibit 3.5.3-3. This tunnel is very similar to the SSC collider tunnel
in that it is 10.5 feet in excavated diameter and is also located in Austin
Chalk and Taylor Marl. The average of seven contractor bids for 43,000 feet
of tunnel was $29,417,000 complete, including six shafts, linings, support,
mobilization and appurtenances. The equivalent average cost per tunnel foot
is $684.00, comparing favorably with $1,161.00 per foot (unadjusted for
labor) in the Conceptual Design Report. While part of this difference 1is
associated with better rock conditions (Austin Chalk versus Granite), a large

portion reflects lower 1abor costs. The winning bid for this project was
$575 per tunnel foot. oL

In summary, potential savings in labor, schedule and tunnel construction cost -
are significant for this site. A summary of the possible cost savings
considering these factors is shown in the fo]]ow1ng table:

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth



Table 3.5-7.

Davis - Bacon Wage Rates

HIGHWAY-HEAVY CONSTRUCTION RATES
SEPTEMBER 30, 1985

WAGE RATES PAID FOR HIGHWAY-HEAVY CONSTRUCTION AND PAVING AND UTILITIES
INCIDENTAL TO GENERAL BUILDING CONSTRUCTION IN ZONE 2 INCLUDING TRAVIS COUNTY

DRAGLINE, SHOVEL (1 1/2 C¥ AND OVER)

CLASSIFICATION HOURLY RATE CLASSIFICATION HOURLY RATE
ASPHALT HEATER OPERATOR 5.25 PIPELAYER .40
ASPHALT RAKER 6.10 PIPELAYER HELPER 535
CARPENTER 7.00 SWAMPER
CARPENTER HELPER 5.90 SPREADER BOX OPERATOR 6.65
CONCRETE FINISHER (PAVING) 8.00 FOUNDATION DRILL OPERATOR (CRAWLER
MOUNTED)
CONCRETE FINISHER HELPER (PAVING) 6.65 FOUNDATION DRILL OPERATOR HELPER
CONCRETE FiNISHER (STRUCTURES) 6.80 FRONT END LOADER (2 1/2 CY AND LESS) 6.60
CONCRETE FINISHER HELPER STRUCTURES) 5.25 FRONT END LOADER (OVER 2 1/2 CY) 7.50
CONCRETE RUBBER 6.50 MOTOR GRADER OPERATOR, FINE GRADE 8.75
ELECTRICIAN 9.90 MOTOR GRADER OPERATOR 7.95
ELECTRICIAN HELPER 6.75 ROLLER, STEEL WHEEL (PLANT-MIX 6.10
PAVEMENTS)
FORM BUILDER (STRUCTURES) 7.00 ROLLER, STEEL WHEEL (OTHER-FLAT 5.70
WHEEL OR TAMPING)
FORM BUILDER HELPER (STRUCTURES) 6.25 ROLLER, PNEUMATIC (SELF-PROPELLED) 5.90
FORM SETTER {STRUCTURES) 6.85 SCRAPERS (17 CY AND LESS) 6.35
FORM SETTER HELPER (STRUCTURES) 6.05 SCRAPERS (OVER 17 CY) 6.80
FORM SETTER (PAVING AND CURB) I:::Ton (CRAWLER TYPE) 150 HP AND 6.35
STEEL WORKER 6.25 TRACTOR (CRAWLER TYPE) OVER 150 HP 7.35
STEEL WORKER HELPER 5.75 TRACTOR (PNEUMATIC) 80 HP AND LESS
LABORER, COMMON 525 TRACTOR (PNEUMATIC) OVER 80 HP 6.35
LABORER, UTILITY MAN 5.95 WAGON DRILL, BORING MACHINE OR 5.25
POST HOLE DRILLER OPERATOR
MECHANIC 7.80 REINFORCING STEEL SETTER (PAVING) 7.00
MECHANIC MELPER 6.20 REINFORCING STEEL SETTER (STRUCTURES) 725
OILER REINFORCING STEEL SETTER HELPER 5.65
SERVICER 6.10 SIDE BOOM 5.80
PAINTER {STRUCTURES) 8.00
POWER EQUIPMENT OPERATORS: TRUCK DRIVERS:
ASPHALT DISTRIBUTOR 6.75 SINGLE AXLE, LIGHT 5.45
ASPHALT PAVING MACHINE 7.05 SINGLE AXLE, HEAVY 630
BROOM OR SWEEPER OPERATOR 5.40 TANDEM AXLE OR SEMITRAILER < 5.95
BULLDOZER (150 HP AND LESS) 7.05 LOWBOY FLOAT 625
BULLDOZER (OVER 150 HP) 7.95 WELDER
CRANE, CLAMSHELL, BACKHOE, DERRICK, 7.60
DRAGLINE, SHOVEL (LESS THAN 1 1/2 CY)
CRANE, CLAMSHELL, BACKHOE, DERRICK, 8.00

*Heavy and Highway Construction

D3-0146

Paving, utilities and incidental general building construction except tunnels, dams, building structures in rest areas,
residential construction.. This wage determination does not apply to any residential construction {single family homes and
garden-type apartments up to and including four stories).
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Work Breakdown Conceptual Design Dallas Possible

System {WBS) Estimate Estimate Savings

1421 Site And $85,629,454 $73,744,000 $ 11,885,454

Infrastructure .

1+22 Campus $42,859,769 $34,539,000 $ 8,320,769

1423 Injector $39,758,005 $29,649,000 $ 10,109,005

1+24 Collider $360,339,187 $247,537,000 $113,802,187

1425 Experimental $83,497,437 $71,213,000 $ 12,284,437
Subtotal $612,083,852 $456,682,000 $156,401,852

The savings represent a 26 percent cost reduction in the conventional facili-
ties for the project as compared with the CDR estimate for Site Example B.
The TNRLC has the full authority and capability to provide for infrastructure
improvements including the civil works described above. The powers of the
TNRLC are described in Volumes 2, 4, and 8.

3.5.4 Recommended Construction Techniques. Geologic conditions at the
Dallas - Forth Worth Site are ideal for the construction of all aspects of
the SSC project using proven, conventional technology and accepted engi-
neering practice. Site specific investigations performed in support of this
proposal and the successful completion of tunnel and deep excavation pro-
jects in the same geologic units in the region bear this out. In fact, as
explained in Section 3.5.3, proper construction planning, equipment selec-
tion, and favorable geologic conditions can result in significant savings in
cost and schedule for the Dallas site compared to Site Example B in the SSC
Conceptual Design Report.

The sections which follow present information on proposed construction
methods for each major component of the SSC project.

3.5.4.1 Collider Ring Tunnel Excavation. The collider ring tunnel excava-
tion will be about 271,900 feet long. Figure 3.1-2 was deveioped from site
- specific geologic information and shows that 70 percent of the tunneling for

the ring will be in the Austin Chalk and 30 percent will be in the Taylor
Marl. Both rock types are described as soft and generally exhibit very high
RQD values and infrequent bedrock defects in borings. As a result, both are
highly suitable for excavation by a tunnel boring machine, 'and this method
will be adopted at the site. The high advance rates anticipated in the soft
rock combined with the low regional costs of labor will result .in cost
effective tunneling operations and a shorter construction schedule.

Underground alcoves, chambers,'and thérshort sections of connector tunnel
needed around the main collider ring will be excavated using road headers. A
typical road header excavation is shown in Figure 3.5-8. Typical tunnel

construction cross sections applicable to both the Austin Chalk and Taylor
Marl are shown in Figure 3.5-9.

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth "%
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3.5.4.1.1 Tunneling In The Austin Chalk. Regional experience has demonstra-
ted the suitability of the Austin Chalk for TBM tunneling. The Chalk is
generally uniform and massive. Minimal support reguirements and lack of
groundwater produce excellent TBM tunneling conditions.

Third generation, high-performance 12-foot diameter hard rock TBMs with domed
rotary cutterheads and disc cutters similar to the Robbins Series 120 TBM
will be used. These machines can be expected to achieve high advance rates
averaging more than 200 feet per day in the Austin Chalk. Advance rate is a
function of the penetration rate in inches per revolution and the machine
utilization rate defined as the percent of actual TBM excavating time out of
total available working hours. Both of these factors will be high in the
chalk. The relative softness of the material wil)l allow high penetration
rates with low cutting forces. The chalk is not abrasive. This translates
into Tow cutting tool wear and thus fewer cutting tool changes, ensuring high
machine availability.

For the TBM tunnel diameter in the chalk, no systematic ground support will
be provided during excavation except when required in localized fracture
areas or areas of low cover. Based on local experience, stand-up time in
most fracture areas can be several months or more. Support, where required,
usually consists of random rockbolts (resin encapsulated with mine roof
strapping) or welded wire fabric and shotcrete. Such supported lengths are
not expected to exceed 5 percent of the tunnel length in the Chalk.

A need for heavier steel support and permanent concrete lining in the Chalk
has historically been limited, usually only occurring in heavily fractured
areas amounting to less than 5 percent of the tunnel length. Should such
severe conditions be encountered, partial circumference or full circle steel
ribs with internal wood lagging will be set initially, and a cast-in-place
concrete lining will be installed in the area at the completion of tunneling,
The TBMs to be used in the Chalk will incorporate necessary equipment,
working room, and clearances to allow installation of any support system at
the TBM or trailing equipment if necessary.

Any cast-in-place concrete lining needed for support of poor ground will be
placed using the "invert first, arch last" method. The invert is the
permanent tunnel invert discussed in Section 3.5.4.1.4. This method will
allow the use of the already installed invert concrete as the working floor
for all later work, including placement of the arch lining. A 250-degree,
fully telescopic, steel tunnel arch form will be used, allowing continuous
"around the clock" concrete lining. An 8-inch thick lining will be suffi-
cient for the worst anticipated ground conditions to be encountered at this
site {fracture zones and/or bentonite seams).

3.5.4.1.2 Tunne in t lor . There is an extensive regional
history of successful tunneling in the - Taylor Marl. The material is

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth -4l -
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extremely uniform with RQD values consistently in the 90 to 100 percent
range. RQD values in weathered fault zones vary from 20 to 80 percent. As
shown in Figure 3.5-8, most of the Taylor Marl has adequate stand-up time,
usually several days to several weeks. However, slickensided joint and
fracture areas need immediate support.

Fully shielded, rotary TBMs equipped with ripper teeth will be used in the
Marl. A permanent/final precast segmented concrete liner will be installed
directly behind the machine as it advances. The machine will thrust off of
the liner. This type of TBM together with a high-volume muck handling system
and a self-contained, fully mechanized segmented liner erection system will
produce high rates of tunnel advance expected to average 130 to 150 feet per
day. Characteristics of a typical shielded TBM are included in Exhibit
3.5.4-1.

Segments for the precast liner will be manufactured and cured at a central
concrete yard and trucked to each access shaft site serving the TBMs in the
mar! (see Section 3.5.4.2). Segments are expected to be 6 inches thick.
Segments will be moved to the face on special cars and placed within the tail
skirt of the TBM by an erector ring. After installation and emergence from
the tail skirt, the annular space will be filled.

As in the Austin Chalk, alcoves, chambers, and short connector tunnel
sections in the Marl will be excavated by road header.

3.5.4.1.3 Haulage and Hoisting System. Haulage will be by conventional rail
haulage, using diesel or battery locomotives and muck cars. Hoisting of muck
at shafts is also expected to be by conventional systems such as:

o Cranes - lifting muck cars
o Hoists/headframes and skips
0 Vertical belt conveyors.

3.5.4.1.4 Permanent Tunn ining. The Dallas - Forth Worth SSC tunnel is
situated roughly 30 percent in the Taylor Mar]l and 70 percent in the Austin
Chalk. The 30 percent in the Taylor Marl will be fully lined using precast
concrete segments as a part of the tunnel excavation/support .scheme.
Therefore, no separate or additional cast-in-place lining is required.

Although most of the tunnel in Austin Chalk can remain unsupported even
during the operational phase of the collider project, the exposed tunnel
walls above the invert will be covered with shotcrete to control such
problems as dust and possible seepage (Figure 3.5-10)}.. This shotcrete lining
will be placed using either wet or dry process equipment and mechanically
held nozzles. A 3-inch layer of shotcrete will be sufficient, and' it may be
installed before or after the final tunnel invert concrete has been placed.

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth "8
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3.5.4.1.5 Invert Concrete. Cast-in-place concrete invert will be installed
in 100 percent of the collider ring perimeter. It will be placed using shaft
drop pipes, hoppers, concrete cars for underground haulage, displacement
pumps, and traveling screeds. Placement rates will be approximately 400 feet
per 3-shift day. :

3.5.4.1.6 Tunnel Construction Sequencing. There are various methods of
sequencing tunnel construction to achieve a desired schedule. The collider
ring tunnel at Dallas - fort Worth can be constructed as assumed in the CDR.
However, some modification to the CDR approach may be warranted in order to
tailor the construction to site conditions, optimize TBM operations, and
improve performance and cost.

The main collider ring construction work will probably be divided into nine
segments (Table 3.5-9). Eight segments will contain one refrigeration shaft
facility, one intermediate vent/access shaft facility and approximately
28,000 Tinear feet of main collider tunnel. One segment (number 6) will
contain two main tunnel sectors from shaft F-6. Shaft F-10 will be a part of
segment 9. Shaft construction is discussed in Section 3.5.4.2.1. The
division described above provides for each tunnel sector to be driven
upgrade. The slope will be less than 0.2 percent. In addition, segment
Timits as defined will keep a TBM in one type of rock to the fullest possible
extent. The order in which segments are contracted will be geared towards
optimizing the overall schedule. For example, segments 1,5,6 and 9 can be

contracted first to free the experimental facility areas for the other work
needed there.

Six of the segments will utilize hard rock TBMs for tunneling in the Austin
Chalk as described in Section 3.5.4.1.1. The remaining three will utilize
softer rock TBMs for tunneling in the Taylor Marl as described in Section
3.5.4.1.2. Since the sectors near the Chalk-Marl contact could encounter
both chalk and marl, soft and hard rock machines .in these areas will
be capable of excavating both as needed. Soft rock shielded T8Ms will be
capable of excavating the Austin Chalk. A change of cutter type may be
needed. Hard rock unshielded TBMs will have clearance for the installation
of ring beams and lagging if needed.

3.5.4.1.7 Tunneling Schedule. The items dominating the underground schedule
are tunnel boring progress and the distance assigned to each boring machine.
Generally, TBMs are capable of operating, without major component failures,
for 30,000 to 50,000 feet of tunneling, and economic considerations suggest
an assignment of a minimum of 10,000 feet for each TBM drive. . The construc-

tion sequencing being considered will lead to drive lengths falling. comfor-
tably within these limits. : ' :

TBM progress at the Dallas - Fort Worth SSC Site will show a significant
improvement over that assumed for Site Example B in the CDR due to the soft
nature of the rock. Anticipated advance rates in the Chalk and Marl compared

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth 8-
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to those in the granite as used in the COR are shown in the table below.
Advance rates were calculated in the same fashion using the Trondheim Model,
assuming a 128-hour work week.

Instantaneous
Penetration Utilization Average Advance
Rock Type (ft/hr) {90 %) Rate {ft/day)
Granite (CDR) 11.3 43.0 124
Austin Chalk 20.4 39.1 204
Taylor Marl 24.0 24.7 150

The analysis contained in Exhibit 3.5.3-1 provides substantiation for the
Austin Chalk and Taylor Marl advance rates given above. These advance rates
are considered realistic and achievable with the new generation of TBM
equipment to be used on the project. The impact on tunneling schedule is
both obvious and significant. For a typical 13,000-foot drive between a
refrigeration shaft and access/vent shaft, the following calendar week
durations would be required, using a 128-hour work week.

Duration Percent

Rock (weeks) Reduction
~Granite 21.0 R
Chalk 12.5 40
Marl 14.0 33

It is obvious that construction of the tunnels at this site can be completed
“in considerably less time than foreseen in the CDR.: Such reductions will
also have beneficial side effects on other individual construction activities
and on the overall project schedule.

3.5.4.2 Access Shafts. The 30-foot diameter refrigeration shafts at each
of the ten service areas are ideally sited for tunnel segment construction
purposes (Table 3.5-10). They will be initially used as the tunneling
contractor’s primary entry and work support sites. The intermediate vent/
access shafts that are located approximately equidistant between the refrig-
eration shafts can also be utilized by the contractor for the access of .
personnel, materials, and supplies, and for ventilation and muck removal once
the TBM reaches and passes that point in the drive. This will free the

completed half of the tunnel drive for cleanup and commencement of equipment
installation. :

At each refrigeration shaft the 18-foot horseshoe tunnel that parallels and
then joins the main collider tunnel will be used for the initial assembly of
the TBM and trailing equipment. Once tunneling has begun, the 18-foot tunnel
will be equipped with a double set of tracks and will serve as a storage and

. Texas Nalional Research Laboratory Commission
Superconducting Super Collider
Dallas ~ Fort Worth 4



Table 3.5-8. Wage Comparisons

Table 3.5-8a.

LOCAL RATE BAY AREA RATE
CRAFT (PER HOUR) {PER HOUR) PERCENT
Carpenter $7.00 $21.21 33
Laborer - General $5.25 $16.52 32
Efectrician $9.90 $23.06 43
Ironworker $6.25 $18.90 33
Truck Driver $6.25 $14.54 43
T&b] e 3 - s-ab -
LOCALTOTAL NATIONAL
TRADE RATE AVERAGE PERCENT
{PER HOUR) {PER HOUR)
Carpenter $12.64 $27.25 46
Electrician $17.74 $30.30 58
{aborer $ 9.20 $21.33 43
Steelworker $11.57 $27.36 42
~ Table 3.5-8c.
WORK BREAXDOWN DESIGN ADJUSTED FOR ]| PERCENT OF
SYSTEM ESTIMATE DALLAS SAVINGS
1+21 Site & 485,629,454 $73,744,000 13.9
Infrastructure
1+22 Campus $42,859,769 $34,539,000 19.4
1+23 Injector $39,758,005 $29,649,000 25.0
1+25 Experimental $83.,497,437 $71,213,000 4.7
- Facilities

D3-0811
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maintenance area and route for delivery of muck to the 30-foot diameter
shaft. A section of tail tunnel will be required to accommodate muck cars
during muck removal up the shaft. When used for construction support, the
access/vent shafts will be provided with a short section of tunnel connecting
to the main tunnel and a tail tunnel similar to that at the refrigeration
shaft. These will be used for muck removal and servicing purposes and can
either remain or be closed off at the end of construction. Contractors may
desire to make the refrigeration shafts and access/vent shafts the same
diameter to facilitate construction.

3.5.4.2.1 Access Shaft Construction Met ui t. Both the Taylor
Marl and Austin Chalk can be excavated using conventional equipment. No
drilling or blasting is required and excavation and support installation can
proceed on a noncyclical basis. A description of the major shafts for the
project are given in Table 3.5-10.

Mucking equipment to be used will consist of conventional 1ift cranes
(crawler or wheeled) of approximately 100- to 140-ton rated capacities to
handle 4- to 8-cubic-yard muck skips, and conventional crawler backhoes
equipped with ripper and spading accessories. Shaft servicing, including
delivery of supplies, personnel, rock support materials, and utilities, will
be handled using all-terrain hydraulic cranes of 18- to 35-ton capacity.

Progress will be approximately 4 feet per shift in the marl and 3 feet per
shift in the Austin Chalk.

3.5.4.2.2 Shaft Support in Austin Chalk. Shafts in the chaik will be
supported using rock bolts, chain link mesh, and shotcrete. A typical open
cut in the Austin Chalk is shown on Figure 3.5-1l.

3.5.4.2.3 Shaft Support in_Taylor_ Marl. Shafts will be supported using
steel ring beams at 4-foot nominal spacing. Wood lagging will be used in all
Jocations other than contacts between overburden alluvium and marl, which may
carry some water. Horizontal rings of steel liner plate will be used in

these areas. A typical shaft excavation in the Taylor Marl is shown on
Figure 3.5-12.

Steel ribs are expected to be nominal 8-foot sections. Timber lagging will
be 3-inch by 6- or 8-inch planking. One extra set will be installed, lagged
and screened at 4 feet above ground level as a safety set. In addition, a
6-inch thick by 6-foot wide concrete collar ring will be provided at ground
surface. This ring will slope away from the shaft for drainage.

3.5.4.2.4 Lining. It is recommended that shafts be concrete lined to the
final inside diameters (30 feet and 20 feet) during shaft sinking using
8-foot or 10-foot high full circle forms. Lining may be kept within about
10 feet of the excavated level.

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth S
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3.5.4.3 Experimental Halls. There are four experimental hall complexes to
construct initially. Two additional halls are planned for the future. The
two hall complexes located in the West Experimental Cluster will be con-
structed in the Austin Chalk. The two complexes in the East Experimental
Cluster will be constructed in the Taylor Marl. Because of the relatively
soft nature of the rock types involved and shallow depth, these four facili-
ties will be constructed in open excavations {(Figure 3.5-13).

3.5.4.3.1 Construction. Excavations for the halls will be roughly 130 by
300 feet in plan view at the collider hall arch roof level. Slopes of 1/5:1
in chalk and 1:1 in Marl will be used above arch level, vertical excavations
will be used below. A typical open cut excavation is shown on Figure 3.5-15.

Cut slopes of 1/5:1 in Austin Chalk may range up to 220 feet in height
(Figure 3.5-14). For a slope height of 220 feet with the lower 40 feet
vertical and a 40-foot wide bench at the top of the vertical portion of the
excavation, the average slope is approximately 71 degrees between the top and
base of the excavation.

Final design will include stability analyses of the excavation and account
for soil thicknesses above the Austin Chalk, stress within the Eagle Ford
Shale, the effect of the bench at 40 feet above the bottom and the effects of
other benches that may be included as a result of optimization of the
excavation. The effect of any construction surcharges will also be con-
sidered in stability analyses.

Significant soil thicknesses overlying the Austin Chalk will be sloped back
and benched away from the top of the rock. Foundation surfaces in the Taylor

Marl and Eagle Ford Shale will be protected from weather and construction
activities as described below.

Potential instability and overstress in excavations extending down into the
Eagle Ford shale can be mitigated by placing the top of the vertical excava-
tion somewhat above the contact between the Austin Chalk and the Eagle Ford
Shale, and designing the temporary support system to provide a stable
excavation within the Eagle Ford Shale. The temporary support system can
consist of soldier piles {or piers) with timber lagging and tiebacks.
Sealant or gunite may be used to prevent slaking.

Slopes of 1:1 in the Taylor Mari may range up to 260 feet in height. For a
slope height of 260 feet with the Tower 40 feet vertical and a 40-foot wide
bench at the top of the vertical portion of the excavation, the average slope
is 45 degrees between the top and base of the excavation. For this case, a
factor of safety of 1.5 requires an average undrained shear strength of
57 psi, which is considerably less than one-half of the average value of the
uniaxial compressive strength of the Taylor Marl (see Table 3.5-4).

. Texas National Research Laboratory Commission
Superconducting Super Collider
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Final design will include stability analyses of the excavation to account for
residual soil thicknesses above the unweathered Taylor Marl, the effect of
the bench at 40 feet above the bottom of the excavation and the effect of
other benches which may be included as a result of optimization of the
excavation. Surcharges from construction activities will also be taken into
account.

For excavations extending down through the Taylor Marl into the Austin Chalk
(for example, K-3, K-4, and K-5), the excavation side slopes can be steepened
to near vertical in the chalk below the contact.

For all excavations which will end in the Taylor Marl or Eagle Ford Shale,
steps will be taken to avoid foundation disturbance and exposure to moisture.
As the excavations reach final grade, the foundation surface will be exposed,
cleaned, inspected, and accepted and then covered with a concrete mud mat.
This mat will protect the surface from the weather and disturbance from
subsequent construction activities.

The concrete structures can be constructed using typical building construc-
tion techniques, with tower cranes for service. After completion of the
halls, shafts will be extended upward and the excavation backfilled to
original grade priro to constructing the surface facilities.

Access ramps from existing grade down to the level of the collision hall
invert will be provided as part of open cut and construction work. These
ramps provide potential to incorporate a design change that will allow direct
vehicular access to the experimental hall in Tieu of the present shaft and
elevator arrangement. This would entail constructing approximately
2000 feet of cast-in-place tunnel in the access ramp excavation on a slope of
no more than 10 percent before backfilling. The tunnel would be a 20-foot
modified horseshoe section. The end result would be the elimination of the
vertical access shafts and associated heavy hoisting equipment in favor of
direct vehicular access to the halls.

3.5.4.3.2 Foundation Design. On the west side of the SSC ring, excavations
for the halls will extend down through the Austin Chalk into the Eagle Ford
Shale. Excavations may extend to 220 feet below the ground surface in the
vicinity of X-1 and K-2, and about 40 feet below the contact between the
Austin Chalk and the Eagle Ford Shale.

Foundations for the halls will be mat foundations. Although less desirable
than the Austin Chalk, the Eagle Ford shale will afford adequate bearing
capacity for support of the detectors, cranes, walls, and any other struc-
tural requirements of the halls. Allowable net bearing capacities for the
Eagle Ford shale are on the order of 20 to 25 kips per square foot (ksf) (135
to 175 psi).

. Texas National Research Laboralory Commission
Superconducting Super Collider
Dallas - Fort Worth -4 -
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On the east side of the SSC ring, excavations for halls designated as K-3,
K-4, K-5, and K-6 may extend to depths ranging from 205 feet to 265 feet
below the ground surface. Based on the profile presented in Figure 3.1-2,
the mat foundations for halls K-3, K-4, and K-5 will be founded in the Austin
Chalk, whereas the foundation for K-6 will be founded in the Taylor Marl,
Although the Austin Chalk is more desirable as a bearing material than the
Taylor Marl, both units will afford adequate bearing capacity for support of
the detectors, cranes, walls, and any other structural requirements of the
halls. Allowable net bearing capacities are on the order of 60 to 100 ksf
(175 to 275 psi) for the Taylor Marl.

Lateral earth pressures for wall design are dependent on backfill type,
drainage conditions, wall rigidity, and restraints. Apparently, the walls
for the halls will be quite high (approximately 60 feet), implying that
lateral earth forces will be considered in final design. In addition,
Tateral earth pressures from the backfill above the roof of the halls will

contribute to the wall pressures generated from backfill placed directly
behind the wall.

Roof design for the halls is significant. Assuming the halls are approximat-
ely 60 feet high and the base of the mat foundation (assumed to be 10 feet
thick) may be as deep as 200 to 262 feet below the ground surface implies
that 130 to 190 feet of backfill may be placed over the roof structures. For
a moist unit weight of 130 pcf, these thicknesses of backfill translate to
vertical overburden pressures ranging from 16.9 ksf to 24.7 ksf applied to
the roof structures. This range in values implies a substantial roof
structure and a possible concrete roof thickness in excess of 3 feet.

The best means of supporting backfill loads (even much lower backfill loads)
over roof structures is by designing the roof structure as an arch.. An arch
design will provide an efficient load carrying structure leading to a
reduction in bending moments but at the expense of large axial loads in the
arch members and large horizontal forces at the supports. However, large
horizontal forces may be alleviated by designing a tension tie across the
base of the arch to form a tied arch.

A method that should be considered during final design includes the use of
thrust blocks to support the roof arch structure. The thrust blocks can be
founded in the side wall of the experimental hall excavations, either in the
Austin Chalk or the Taylor Marl. The thrust block-arch connection could be
designed to seal-off backfill materials above the roof structure from
contributing to lateral earth pressures resulting from backfill behind the
experimental hall walls. This concept would provide a marked reduction in
the lateral earth pressure for which the walls would have to be designed.

. Texas National Research Laboratory Commission
Superconducting Super Collider
Dallas - Fort Worth - 48 -
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Figure 3.5-17. Injector System.

The HEB and MEB will be tunneled in the Austin Chalk.
- and LEB will be open cut excavations.
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3.5.4.4 ]Injector System.

3.5.4.4.1 Construction_Method. The injector system, consisting of linac,
LEB, MEB, HEB, target tunnel and transfer tunnels to the main ring, will be
located entirely in the Austin Chalk. The rock is highly suitable for either
tunneling with TBM or open cut excavation with steep slopes. Early tunnels
were conventionally driven, even when overburden depths were shallow (Figure
3.5-18).

Because of the very high energies involved, it is most desirable to keep the
connection between HEB and main ring as close as possible to minimize slope
and length of connecting tunnel. Ideally, the separation should only be
20 feet vertically and 30 feet horizontally. At the interface point, the
depth of the main ring is approximately 95 feet.

It is intended to tunnel the HEB and MEB rings using the same type of hard
rock TBMs described in Section 3.5.4.1.1. The machines and trailing equip-
ment will be geared towards working around a circular alignment. The radii
involved are well within the capability of the machines and backup systems
and should not retard progress.

Site topography in the injector area slopes from north-east to south-west
(Figure 3.5-17). The HEB and MEB rings will be tilted upward slightly (less
than 0.5 degrees) as required towards the north-east. In this fashion, they
will follow the trend of the topography and, at the same time, make up the
difference in grade between ring injection point (75 feet deep) and LEB so
that the LINAC and LEB can be constructed in open, near surface cuts as
described in the CDR following site grading for the campus area. The high
qua]?ty of the Austin Chalk will make for good tunneling with the cover
involved.

To accomplish the tunneling, an open cut will be made at the HEB-MEB inter-
face. Machine assembly and tunneling for both boosters will start at this
point. Muck would be removed from this excavation for the MEB and initial
drives of the HEB. Selected access shafts around the HEB would be enlarged
and developed in similar fashion to the refrigeration and access shafts on

the main ring as discussed in Section 3.5.4.2 for muck removal and support
around the far side, :

The tilt on the HEB will be in the same direction as the slope on the main
ring making for a straightforward connection of the two. The tunnel inter-
connecting the HEB and MEB on the east side can be excavated by machine and
manual methods. A1l tunneling can be performed at a higher rate and lower
cost than open cut construction in the Austin Chalk for these two rings.
Tunnels will be shotcrete lined for dust and seepage control.

Construction of LINAC, transfer tunnel and LEB will be by cut and cover
methods as described in the CDR. The relatively shallow depth of these

. Texas National Research Laboralory Commission
Superconducting Super Collider
Dallas - Fort Worth "9
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Figure 3.5-18.

Sites for Utilization of Tunne) Spoil.

There are severa) viable and cost-effective options for

utilization and disposal of spoil near the collider site.
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systems allows for a highly mechanized operation. Large backhoe excavators
will provide the trench for the foundation and the placement of the different
boosters using either slipformed, cast-in-place concrete or precast concrete
pipe. Production rates will be 150 to 200 feet per day.

The absence of water and the excellent qua1ity of the ground will provide an
ideal injector facility.

3.5.5 Disposal Areas. About 3.8 million cubic yards of spoil material will
be produced during tunneling, most of which will be tailings from the Austin
Chatk. Several alternatives exist for the disposal of the spoil. Potential
disposal sites are shown on Figure 3.5-18.

Much of the Austin Chalk is suitable for cement. Chalk with the low sulfur
content required for cement will be excavated in much of the tunnel and in
the experimental halls on the western part of the ring facility. The TXI
Cement Plant, 8 miles northwest of the ring near Midlothian, uses Austin
Chalk as feed and has expressed interest in using the Austin Chalk spoil,
assuming chemistry is correct.

Chalk spoil could be used as road sub-base and fill on construction roads,
and on the hundreds of miles of farm roads within and adjacent to the
.collider ring. Spoil could be used as fill at the campus and remote sites,
and to enhance the SSC area. Individual farms in the vicinity would welcome
fi11 for land leveling and road materials.

Final selection of disposal methods will probably be a combination of the
alternatives described.

. Texas Nalional Research Laboralory Commission
Superconducting Super Collider |
Dallas ~ Fort Worth "0
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Figure 3.2-8.
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