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1. PROJECT INFORMATION

The Louisville-Southern Indiana Ohio River Bridges Project is a "priority" national transportation
project which addresses long-term, cross-river transportation needs in Louisville, Kentucky and
Southern Indiana. It is one of the largest transportation projects in the country and will result in safer
travel, less congestion and improved access to destinations in the region. The overall project consists
of six segments:

1. Kennedy Interchange
2. New Downtown Bridge
3. Downtown Indiana Approach
4. East End River Bridge
5. Kentucky East End Approach
6. Indiana East End Approach

The tunnel project is part of the Kentucky East End Approach segment. The approximate 2,000
foot twin tunnels begins about 1,000 feet east of the intersection of Highway 841 North and
Route 42. The original design of the I-265 extension proposed a conventional open cut roadway
through the hillside that includes the Drumanard Estate. The Drumanard Estate was recently placed
in the National Registry of Historic Places and must be preserved. This forced the alignment
underground into twin tunnels, a northbound and a southbound tunnel. As of this date, the tunnels
have an inside finished width of approximately 60 feet with an inside finished height of
approximately 41 feet.

The objectives of our subsurface exploration were to advance horizontal directional core
borings through the crown of each tunnel and in the pillar section between the tunnel
openings and perform laboratory testing on the recovered rock core to assess the engineering
properties of the rock.

An assessment of site environmental conditions for the presence or absence of pollutants in
the soil, bedrock, surface water, or groundwater along the alignment or on adjacent properties
was beyond the scope of this exploration.

The geotechnical exploration involved field exploration and laboratory testing. The following
sections of this report present discussions of the field exploration and laboratory testing
programs. The boring logs and laboratory test results are provided in the Appendices to this
report. Our scope of work included the following:

 Drilling a total of 2,337 feet along the Pillar section of the tunnel
alignment.

 Providing a brief review of our field exploration and the results of the
laboratory testing conducted.

 Review of subsurface soil and rock stratigraphy with pertinent
available physical properties.

 Providing boring logs and laboratory data sheets
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2. GEOLOGY

The project site lies within the Bluegrass Physiographic Province of central Kentucky, which
is located near the center of the state and is bordered by the Ohio River in the north and west
and a ring of hills known as the Knobs in the west, south, and east. It is a rolling plateau that
becomes more rugged near the edges. The Bluegrass Region is characterized by gently rolling
hills and fertile soils created by weathering of thick-bedded limestone from the Ordovician
and Silurian strata along the crest of the Cincinnati Arch. The soils are fertile because the
Ordovician limestones contain phosphate minerals which are natural fertilizers.

The Louisville Bridges Twin Tunnels will encounter three rock formations along the
alignment. The Silurian aged Louisville Limestone is the uppermost formation at the project
site and is comprised of soluble limestone. The Louisville Limestone is mostly thin-bedded
gray dolomitic limestone and gray calcitic dolomite, commonly in lumpy or irregular beds.
Shale, in partings and very thin beds, constitutes a few percent, and very sparse chert is
present in nodules and thin layers. In the project site, the Louisville Limestone is finely
crystalline calcitic dolomite; the sparse fossils are dolomitized and include crinoid columnals,
brachiopods, horn corals, and colonial corals.

From an engineering perspective, the Louisville Limestone is characterized by solution
enlarged joints and bedding planes. The enlarged joints and bedding plane discontinuities
can be either clay filled or open voids. Deep weathering and sinkhole formation are common.
The primary impact for conventional building and roadway construction is the presence of
latent drop-outs and a highly variable top of rock profile. The residuum derived from the
Louisville Limestone is predominantly fat clay with limestone slabs and can exhibit
problematic shrink and swell characteristics. For the tunnel, the Louisville Limestone
presents several potential problems most associated with the discontinuities such as solution
enlarged joints (both horizontal and vertical), solutioning along bedding planes, voids, and
sinkholes. The Louisville Limestone can also produce significant groundwater flows after
rain events. Water flow is largely along open joints, fractures and bedding planes.

The Waldron Shale is immediately below the Louisville Limestone. The Waldron Shale is
composed of greenish-gray shale and minor gray dolomite; probably at least 95 percent is
shale. The shale is dolomitic and weathers with angular fracture or crude fissility, eventually
producing a plastic clay. The dolomite is clayey and occurs in irregular masses, lumps, and
thin discontinuous beds. Fossils, which are sparse in both the shale and the dolomite, include
brachiopods, crinoid columnals, gastropods, and bryozoans. At the tunnel site, previous
vertical drilling suggests the Waldron Shale ranges in thickness from 9 to 15 feet. The basal
contact with the underlying Laurel Dolomite is conformable and sharp.

The Waldron Shale degrades when exposed to water and air. This formation is problematic
in conventional earthwork construction as those unfamiliar with its properties, mistakenly
place the shale as a durable shot rock fill. Over time the shale will degrade causing
structurally significant settlement of buildings and roadways. The Waldron Shale presents a
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challenge to the construction of the tunnel as the shale is prone to delaminating and degrading
during construction of the tunnel. In addition, the Shale will undergo a change in it physical
properties over time after exposure to the elements.

The Laurel Dolomite underlies the Waldron Shale. The Laurel Dolomite is composed 95
percent or more of gray dolomite with minor greenish-gray shale and sparse gray limestone.

3. LABORATORY GEOTECHNICAL TESTING PROGRAM

The following strength and index tests were performed on selected rock core specimens in
general conformance with ASTM International Standards, Kentucky Methods Manual, or
other standards where applicable. The laboratory tests were conducted in the S&ME
Knoxville, Tennessee Rock Mechanics laboratory and at the Geotechnical Engineering
Center at the University of Texas at Austin.

 Axial and Diametrial Point Load Test (D5731)
 Unconfined compressive strength (D7012)
 Direct Shear (D5607)
 Brazilian Stress/Splitting Tensile Strength (D3967)
 Slake Durability (D4644)
 Cerchar Abrasivity (D7625)
 Huder-Amberg Test (W.Wittke, Rock Mechanics, 1991)
 Thin Section Petrographic Analysis
 pH
 Saturation and void ratio
 Sulfur Testing

The samples collected for testing were selected from the proposed alignment starting at the
tunnel face to the termination of the Pillar Boring. The point load, unconfined compressive
strength, and Brazilian Split Tensile tests were selected approximately every 60 feet along the
boring starting at a distance of 400 feet, from the boring collar (which is the distance to the
tunnel face) to the termination of the boring at 2,337.5 feet.

The direct shear samples were selected in the field by the S&ME geologist along
discontinuities within the recovered rock core.

The slake durability samples were selected from the Waldron Shale. These samples were
collected approximately every 35 feet along the boring starting at the contact of the Waldron
Shale to the contact with the Laurel Dolomite (1170.0 feet to 2110.0 feet). Samples collected
for the Cerchar Abrasivity, Huder-Amberg, and petrographic analysis were also selected from
the Waldron Shale and then sent to the University of Texas at Austin. The pH, saturation and
void ratio, and sulfur testing were also selected from the Waldron Shale. The locations of
these samples along the alignment were selected by the S&ME geologist in the field based on
visual observations and characteristics of the shale.
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4. SUBSURFACE CONDITIONS

4.1 GENERAL

Subsurface conditions along the proposed Pillar section of the tunnel alignment were
explored with a single horizontal directional core boring. The coordinates for the Pillar
Boring alignment were provided by Parsons and used by S&ME in our boring plan. The
Pillar Boring was advanced using HQ size core tools to a distance of 122.0 feet. The HQ
tools cut a 2.5 inch diameter core and a 3.7 inch diameter boring. From a distance of 122
feet NQ size core equipment was advanced the remainder of the boring. The NQ tools cut a
1.8 inch diameter core and a 3 inch diameter boring. After coring 100 feet of NQ core, HQ
casing was advanced to case the boring. This process was continued out to a distance of
1,140 feet. From this distance only the NQ size tools were advanced.

Continuous core samples were collected along the Pillar Boring during both the
conventional and directional phases. Our boring logs, laboratory test sheets, and core
boxes reference the location of the core with respect to “distance” from the boring collar
instead of depth. The report also includes a table of distance from the collar as well as
project datum coordinates for each rock core sample interval. The field logging was
performed by an S&ME geologist and consisted of:

 Measuring and logging the core and describing the physical appearance and
lithology of the rock.

 Identifying and documenting the discontinuities, and bedding planes within the
formations.

 Measuring the core recovery and Rock Quality Designation (RQD)
 Selecting specimens for laboratory testing
 Photographing the core after placing the recovered core in the labeled core boxes.

The rock core photographs are included in Appendix A of this report.
 Assigning project coordinates of the selected rock core specimens

The Devico System used at the Louisville Bridges tunnel job consists of the DeviDrill, the
PeeWee tool, and the DeviFlex. The DeviDrill is the steerable core barrel while both the
PeeWee and DeviFlex are used to measure the physical parameters of the borehole. The
principle behind the DeviDrill core barrel is a drive shaft running through a bushing, offset
from the center line of the tool. Expanding pads operated by a differential pressure is keeping
the DeviDrill in a fixed tool face while drilling in a curve. The inner assembly carries an inner
tube collecting the core, a mule shoe system, and an instrument barrel with the survey tool
recording inclination and tool orientation. Data is stored inside the tool and downloaded
wirelessly to a PDA after each run.

The PeeWee is a miniature electronic multishot based on the same technology as the
DeviTool Standard. The PeeWee uses three high-accuracy magnetometers and
accelerometers. It records inclination, azimuth, tool face, temperature, gravity vector,
magnetic field vector, magnetic dip angle, and battery status.
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DeviFlex is a non- magnetic electronic multishot for surveying inside casings and drill strings
by simply using the wireline system. The DeviFlex is less prone to magnetic disturbances.
The DeviFlex tool consists of two independent measuring systems. Three accelerometers and
four strain gauges are used to calculate inclination and change in azimuth. In addition, the
DeviFlex records and stores gravity vector, temperature, and battery capacity

Subsurface conditions encountered at the Pillar Boring location are shown on the boring
log. The boring log represents our interpretation of the subsurface conditions, based on the
field log and visual examination of the field samples by a geotechnical professional.

4.2 BEGINNING OF PILLAR SECTION TO TUNNEL FACE

The Pillar Boring was located within an abandoned exit ramp from Highway 841. The
proposed tunnel alignment consisted of fill material beneath the existing roadbed at the
boring location out to a distance of 12 feet. Beyond this distance to the tunnel face at 400 feet
we encountered gray, slightly weathered, hard, crystalline limestone of the Louisville
Limestone formation. Samples were not collected along this portion of the alignment as it
was not within the tunnel.

4.3 LOUISVILLE LIMESTONE

In the pillar boring the tunnel face begins at a distance of 400 feet from the hole collar and at
an elevation of 528.1 feet. The Louisville Limestone is present from the boring collar to a
distance of 1,170 feet. The Louisville Limestone consisted of gray, very slightly weathered,
hard, crystalline limestone with occasional joint sets and fossils. Samples were collected
along the alignment at equally spaced intervals of 60 feet. The samples along this section of
the alignment were tested for Brazilian Stress, Diametrial and Axial Point Load, and
Unconfined Compression. The results of these laboratory tests can be found in Appendix B.

4.4 WALDRON SHALE

The Waldron Shale formation was encountered at a distance of 1,170 feet along the
alignment. The Waldron Shale consists of light gray calcareous shale, very slightly
weathered, hard, with calcite crystals and pyrite along the upper portion of the formation.
This portion of the Waldron Shale strongly resembles limestone in appearance, but contains
thin, dark gray shale partings and pyrite which are indentifying characteristics of the Waldron
Shale.

At a distance of 1,350 feet the Waldron Shale transitions from moderately hard to soft with
near horizontal fractures along bedding planes. The shale contains calcite and occasional thin
white calcite veins which can be observed in the recovered core. From a distance of
approximately 1,350 feet to 1,615 feet the Waldron Shale becomes fine grained and soft with
Rock Quality Designation (RQD) values ranging from 40 to 60 percent. The Waldron Shale
continues to degrade from a distance of 1,615 feet to 1,930 feet. The shale along this distance
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is very soft and can be broken by hand. The core recovery values along this distance ranged
from 45 to 100 percent and RQD values ranged from 0 to 60 percent. The low RQD values
reflect the fractures that were occurring horizontal to the rock core. The recovered shale was
platy and occasionally friable along these fractures.

The Waldron Shale improved in quality and becomes slightly fractured to sound at a distance
of 1,930 feet to 2,110 feet. Within this interval short sections of the shale are moderately
hard to soft with areas of severe fracturing and clay filled fractures. The fractures observed
were occurring horizontal to the rock core. The RQD values along this portion of the
alignment ranged from 40 to 100 percent.

Samples were collected for laboratory analysis within the Waldron Shale formation and were
tested for Brazilian Stress, Diametrial and Axial Point Load, Unconfined Compression, slake
durability, saturation and void ratio, and pyritic testing. Additional samples were collected
and sent to the University of Texas at Austin under chain of custody and were analyzed for
Cerchar Abrasivity, Huder-Amber (Axial Swelling), and petrographic analysis. The results of
these laboratory tests can be found in Appendix B.

4.5 LAUREL DOLOMITE

The Waldron Shale formation terminates at a distance of approximately 2,110 feet and the
Laurel Dolomite formation begins. The Laurel Dolomite is sound, moderately hard to hard,
very slightly weathered, with occasional calcite vugs. The dolomite continues to the end of
the boring at a distance of 2,337.5 feet. The recovery and RQD values within the dolomite
were 90 to 100 percent. Samples along this section of the alignment were tested for Brazilian
Stress, Diametrial and Axial Point Load, and Unconfined Compression. The results of these
laboratory tests can be found in Appendix B.

4.6 DISCONTINUITIES

The Louisville Limestone can be observed at road cuts along Highway 181 and Highway 42.
The Limestone is weathered to light gray with substantial fossils throughout. Solutional
weathering can be observed in the exposed rock extending ten to twenty feet deep into the
rock. Reddish brown clay exists within the solution channels.

The features observed within the road cut were not observed within the Pillar Boring rock
core. The Louisville Limestone along the alignment was observed to be sound to slightly
fractured, hard, and crystalline. No solutional weathering or features were observed within
the limestone portion of the alignment.

Water circulation was lost during the drilling process through small fractures and bedding
features within the Louisville Limestone and Waldron Shale. The fractures and bedding
features encountered in these formations were communicating down and to the southeast
towards the North Bound Boring. Water gain of approximately 5 to 10 percent was observed
during the drilling of the North Bound Boring. This water gain was interpreted to be coming
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from the Pillar Boring through the fractures and bedding features. At the termination of the
Pillar Boring the water gain in the North Bound Boring was lost.

4.7 GROUNDWATER

During the drilling of the Pillar Boring subsurface water was not encountered. Water
circulation was gradually lost through the Louisville Limestone either through small fractures
encountered or across bedding planes. At the transition from the Louisville Limestone to the
Waldron Shale at 1,170.0 feet, all water return was lost and was not regained during the
remainder of the boring.

5.0 LIMITATIONS

The geotechnical date report (GDR) provides a compilation of field and laboratory data
collected and reviewed for use by the design and construction teams for the Louisville-
Southern Indiana Ohio River Bridges Project. No analyses, conclusions, or design
recommendations are contained in this report.

The report was prepared for the exclusive use of the Kentucky Transportation Cabinet. It
should be made available to the prospective contractors for use as factual data only, and not
as a warranty of subsurface conditions such as those interpreted from the boring log. The
GDR should not be taken as a contract document.

The GDR was prepared within the limitations of our scope, schedule and budget. The data
contained in the GDR are compiled and presented in accordance with generally accepted
professional geotechnical engineering principles and practice in this area at the time this
report was prepared. S&ME makes no warranty, either expressed or implied.
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