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EXECUTIVE SUMMARY

Proj. No. 15-050014-00
November 21, 2008

The Detroit River International Crossing (DRIC) Study is a bi-national effort to complete
the environmental study processes for the border crossing between Detroit, Michigan and

Windsor, Ontario for the United States, Michigan, Canada and Ontario governments.

The study will identify solutions that support the region, state, provincial and national

economies while addressing civil defense, national defense, and homeland security needs

of the busiest trade corridor between the United States and Canada (Figure S-1).
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Figure S-1: Detroit River International Crossing Study,
Existing Detroit River International Crossings

Source: The Corradino Group of Michigan, Inc
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Proj. No. 15-050014-00
November 21, 2008

The DRIC Study Draft Environmental Impact Statement (DEIS), previously released

under separate cover, analyzes issues/impacts on the U.S. side of the crossing system

over the Detroit River between Detroit, Michigan, and Windsor, Ontario, Canada. The

alternatives are comprised of three components: the crossing, toll and customs plaza, and

interchange connecting the plaza to 1-75 (Figure S-2).
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Figure S-2: Detroit River International Crossing Study,
U.S. Area of Analysis for Crossing System

Source: The Corradino Group of Michigan, Inc.

Geotechnical Investigation Background

The initial geotechnical task performed by NTH for this project (Task 2330) was to study

the Illustrative Alternative crossing locations from Belle Isle to the tip of Grosse lle,

including collecting the relevant available geotechnical data along the proposed project

F:\646294_DRIC_Study\Final_Eng_Report_Sept_08\Submittals\Engineering Report\Engineering Report_FINAL_Nov 08\Main Bridge Structure Study\Appendix D -
Geotechnical\NTH_Report_FINAL_11-21-08.docx

-2-



Proj. No. 15-050014-00
November 21, 2008
area and evaluating the data with respect to conceptual designs. The results of this task
were presented in a report entitled Geotechnical Evaluation, Proposed Detroit River
International Crossing, Task 2330, dated December 28, 2005.

After consideration of the available data, it became apparent that historical brine wells
and associated cavities exist in the vicinity of the proposed bridge, but the exact locations
of the historical solution mining were not known and the potential impacts to the
proposed construction were not understood. As a result, the project team developed a
Brine Well Cavity Investigation program (Brine Well Program) to delineate the size,
locations, and shape of potential brine well cavities and to evaluate the possible impacts
of such cavities. The Brine Well Program included the two proposed crossing corridors
on the U.S. side of the river. An investigation plan was proposed and completed,
utilizing a combined geophysical and geotechnical program including the drilling of
multiple deep rock borings, performed in combination with cross-well seismic imaging.
Forward modeling of geophysical methods in conjunction with preliminary historical
rock mechanics analysis, borehole gravity, vertical seismic profiling (VSP), and
downhole wireline logging were also included in the program. This report was entitled
“Brine Well Cavity investigation Program Technical Report”, and was presented as a
portion of the DRIC Draft Environmental Impact Statement (DEIS) in February 2008.

In a report entitled “Preliminary Draft Geotechnical Investigation Report” revised
September 21, 2006, NTH summarized the historical data specifically relevant to
proposed crossings corridors X-10 and X-11, and provided a summary of expected
engineering and construction issues related to the crossing corridors. This current report
is an update of the September 21, 2006 report, and includes site specific information and
analysis based on our field investigation. The field portion of this investigation was
conducted between April 24 and June 1, 2008 and consisted of drilling a total of eight test
borings, followed by laboratory testing of samples, and analysis of conditions with
respect to the proposed construction.
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Purpose of the Report
The purpose of the report is to present the details of our investigation, and to provide study-
level geotechnical analysis and recommendations with respect to the proposed construction
concepts under consideration for the Detroit side of the proposed Detroit River International
Crossing Bridge between Detroit, Michigan and Windsor, Ontario. This current report is
not intended as a stand-alone document, and is intended for the use by the Corradino
Group and Parsons Transportation to develop preliminary foundation concepts for the
bridge design, as well as to evaluate probable construction costs and other impacts related

to the project.

This report was developed to be placed in the Appendix of the complete Bridge
Engineering Report, itself an attachment of the final DRIC Engineering report, which is part

of the overall DRIC Environmental Impact Statement Report.

When this geotechnical investigation was undertaken (April 2008), two potential crossing
corridors were under consideration, defined as Crossings X-10 and X-11 as shown on the
attached Figure Nos. 1A and 1B, respectively, in Attachment A. The two subject
crossings are in the same general vicinity, between the Ambassador Bridge, and Zug
Island in southwest Detroit. The Crossing X-10 corridor generally consists of the area
immediately north of Zug Island to historic Fort Wayne along the banks of the Detroit
River. The Crossing X-11 corridor generally consists of the area along the banks of the
Detroit River immediately north of historic Fort Wayne to the existing Mistersky Power
Plant.

Crossing X-10 has now been selected as the preferred crossing alternative. While this
report provides documentation of the investigation and data collected for both the
crossing corridors, all evaluations and recommendations herein are made regarding
Crossing X-10.
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Executive Summary Conclusions
Based on the information gathered during this investigation, subsurface conditions appear
variable in composition and thickness in the upper levels of the X-10 borings and become
more consistent with depth as bedrock is approached. The subsoils generally consist of
variable fill soils underlain by a thin fill layer of gravelly sand. Underlying the gravelly
sand or fill is a relatively thick silty clay layer. The silty clay layer is underlain by clay or
granular hardpan that extends to limestone and dolomitic limestone bedrock. The
bedrock interface is generally characterized by a thin zone of low Rock Quality
Designation (RQD) rock (<75%) that has intermittent layers of fragmented bedrock with
gravel and silty clay. Underlying the low RQD bedrock at the interface, is competent
(>75% RQD) limestone and dolomite bedrock extending to the explored depths.

Based on the results of the investigation, the existing fill deposits at both crossing
locations are highly variable and are not considered suitable for support of any

foundation elements.

The underlying silty clay or granular soils are not considered suitable for support of the
heavy loading expected from primary or secondary bridge foundation elements, but may
be sufficient for support of ancillary structures with light-to-moderate foundation loads.
For the purposes of this document, primary foundation elements are defined as the main
structural foundation for cable stay and suspension bridges and the anchorages for the
suspension bridge. Secondary foundation elements are defined as foundation elements
for the approach roadway piers. Ancillary structures include bridge approach elements

such as retaining walls, signage foundations, etc.

Based on the overall evaluation of the subsurface data obtained during this investigation
and consideration of the project background information, it is anticipated that deep
foundation systems will be required to support primary and secondary bridge elements.
Such systems may consist of large concrete elements cast within a deep shaft and bearing

on sound bedrock, drilled straight-shaft concrete-filled caissons, or piles.
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The hardpan soils underlying both corridors are considered well suited for the heavy
foundation loading anticipated from proposed secondary structural elements of the bridge
using deep foundation elements. The list below summarizes the nominal pile driving
resistance values (Rnpr) for pipe piles and H-piles recommended in the Michigan
Department of Transportation (MDOT) Bridge Design Manual (BDM). The dynamic
resistance factor (¢ppyn) presented by the MDOT BDM is equal to 0.4, and assumes that
pile driving criteria will be developed by using the Federal Highway Administration
(FHWA) modified Gates Dynamic formula. We recommend considering the use of
dynamic testing in developing driving criteria. If American Association of State
Highway and Transportation Officials (AASHTO) guidelines for dynamic testing are

followed, a dynamic resistance factor of 0.65 may be used instead of 0.4.

Pile Rnpr (tons)
12” 0.D. (0.25” wall) 175
14” 0.D. (0.312” wall) 200
14” O.D. (0.438"wall) 250
HP12x53 200
HP14x102 400

If a drilled pier bearing on the hardpan is used, a nominal resistance value of 40 tons per
square foot (3.8 MPa) can be used if a settlement of approximately 5% of the shaft end
diameter is acceptable. A resistance factor of 0.55 should be used with the drilled shaft

geotechnical design.

The upper, highly weathered bedrock (<75% RQD) underlying the hardpan soils is
generally considered suitable for the heavy foundation loading anticipated from primary
and secondary foundation elements of the bridge, although bearing capacities any higher

than for the hardpan (as discussed above) are not recommended.
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Proj. No. 15-050014-00

November 21, 2008
The competent bedrock (>75% RQD) underlying the hardpan soils and the weathered
bedrock is well suited for the heavy foundation loading anticipated from primary and

secondary foundation elements of the bridge.

The anticipated heavy foundation loading for proposed primary foundation elements may
involve massive elements cast within circular concrete shafts or drilled concrete piers
(also known as drilled caissons). Such foundation elements would be designed to extend
through the upper fill, silty clay, granular soil layers, hardpan soils, and be founded on
competent bedrock at least 5 feet (1.5 meters) into the competent limestone/dolomite
bedrock, resulting in depths of approximately 100 to 120 feet (30 to 34 meters).
Estimated load-settlement behavior is provided for drilled pier diameters of 2.5 meters
(8.2 feet) and 3.3 meters (10.8 feet) at rock socket lengths of 5 feet (1.52 meters), 10 feet
(3.05 meters), and 15 feet (4.57 meters). The ultimate nominal end resistance is
approximately 300 tsf (28.7 MPa) while the ultimate nominal shaft side resistance in the
bedrock is approximately 10.6 tsf (1.0 MPa). However, because the skin friction
mobilizes at small strain, while the end resistance mobilizes at large strain, the ultimate
values should not be summed to estimate the total resistance. Rather, a load resistance
factor design (LRFD) procedure is outlined to estimate the total resistance that accounts
for strain incompatibility. For the evaluation presented herein, an end resistance factor of
0.5 and a shaft side resistance factor of 0.65 are recommended, based on AASHTO and
FHWA guidelines. If during final design, shaft side and end resistance values are
obtained through the use of field load tests, the resistance factor for both end and shaft

side resistance can be increased to 0.8.

Pipe piles to support the suspension bridge anchorage and/or main towers were also
evaluated and could consist of 30-inch diameter reinforced concrete filled steel pipes.
The pipe piles would be pre-drilled and driven to bear on or immediately above the
bedrock, a reinforcing steel cage would then be placed within each pile, and then filled
with concrete. For the concept design, it can be assumed that the bedrock end bearing
resistance will be mobilized within a settlement of up to 5% of the pipe diameter, which

will occur primarily as elastic settlement.
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The nominal pile driving resistance values for vertical and battered (3V:1H) 30-inch pipe
piles is summarized below. The values assume plugged conditions at the pile tip. The
MDOT BDM presents a dynamic resistance factor (¢pvyn) equal to 0.4, which assumes
that pile driving criteria will be developed by using the FHWA-modified Gates Dynamic
formula. We recommend considering the use of dynamic testing in developing driving
criteria. If AASHTO guidelines for dynamic testing are followed, a dynamic resistance
factor of 0.65 may be used instead of 0.4.

Rnpr (tonS)

Pile Axial Vertical Comp. Horizontal Comp.
30” O.D. (0.625”) 990 939 312

This summary is general in nature and should not be considered apart from the entire text
of the report with all the qualifications and considerations mentioned herein. All
interpretations are for United States (US) side only and for Crossing X-10. It is also
noted that the analysis and interpretations herein are with respect to the general feasibility
and concept design for the bridge foundations. It is understood that the once the final
design is undertaken, a more detailed geotechnical investigation and analysis will be
conducted that will include additional test borings and laboratory testing. The additional
investigation will consist primarily of additional soil and rock test borings (vertical and
angled rock coreholes), in situ rock testing, in situ permeability testing for rock grouting
design (if determined to be necessary), and additional rock core laboratory testing.
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1.0 INTRODUCTION

The Detroit River International Crossing (DRIC) Study is a bi-national effort to complete
the environmental study processes for the border crossing between Detroit, Michigan and
Windsor, Ontario for the United States, Michigan, Canada and Ontario governments.
The study proposes solutions that support the region, state, provincial and national
economies while addressing civil national defense and homeland security needs of the
busiest trade corridor between the United States and Canada (Figure 1-1).

e |

4
Figure 1-1: Detroit River International Crossing Study,
Existing Detroit River International Crossings

Source: The Corradino Group of Michigan, Inc.

F:\646294_DRIC_Study\Final_Eng_Report_Sept_08\Submittals\Engineering Report\Engineering Report_FINAL_Nov 08\Main Bridge Structure Study\Appendix D -
Geotechnica\NTH_Report_FINAL_11-21-08.docx

-9-



Proj. No. 15-050014-00
November 21, 2008

The DRIC Draft Environmental Impact Statement (DEIS), previously released under
separate cover, analyzes issues/impacts on the U.S. side of the border of the end-to-end
crossing system over the Detroit River between Detroit, Michigan, and Windsor, Ontario,
Canada. The alternatives are comprised of three components: The crossing, plaza
(where tolls are collected and Customs inspections take place), and interchange
connecting the plaza to 1-75 (Figure 1-3). Figure 1-3 illustrates the approximate location

of the Canadian sinkhole relative to the Detroit River International Crossing study.

Proposed indensaie
Area of Placa o 75
2] Sk gt (15054

Figure 1-3: Detroit River International Crossing Study, Canadian inkhole

Source: URS Canada

F:\646294_DRIC_Study\Final_Eng_Report_Sept_08\Submittals\Engineering Report\Engineering Report_FINAL_Nov 08\Main Bridge Structure Study\Appendix D -
Geotechnical\NTH_Report_FINAL_11-21-08.docx

-10 -



Proj. No. 15-050014-00
November 21, 2008

11 PURPOSE OF THE REPORT

The purpose of the report is to present the details of our site specific investigation, and to
provide study-level geotechnical analysis and recommendations with respect to the proposed
construction concepts under consideration for the Detroit side of the proposed Detroit River
International Crossing Bridge between Detroit, Michigan and Windsor, Ontario. This
current report is not intended as a stand-alone document, and is intended for the use by
the Corradino Group and Parsons Transportation to develop preliminary foundation
concepts for the bridge design, as well as to evaluate probable construction costs and other

impacts related to the project.

This report was developed to be placed in the Appendix of the complete Bridge
Engineering Report, itself an attachment of the final DRIC Engineering report, which is part
of the overall DRIC Environmental Impact Statement Report.

When this geotechnical investigation was undertaken (April 2008), two potential crossing
corridors were under consideration, defined as Crossings X-10 and X-11 as shown on the
attached Figure Nos. 1A and 1B, respectively, in Attachment A. The two subject
crossings are in the same general vicinity, between the Ambassador Bridge, and Zug
Island in southwest Detroit. The Crossing X-10 corridor generally consists of the area
immediately north of Zug Island to historic Fort Wayne along the banks of the Detroit
River. The Crossing X-11 corridor generally consists of the area along the banks of the
Detroit River immediately north of historic Fort Wayne to the existing Mistersky Power
Plant.

Crossing X-10 has now been selected as the preferred crossing alternative. While this
report provides documentation of the investigation and data collected for both the
crossing corridors, all evaluations and recommendations herein are made regarding
Crossing X-10.
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20 SITE CONDITIONS

The two subject crossings are in the same general vicinity, between the Ambassador
Bridge and Zug Island in southwest Detroit, and are described as follows:

2.1  X-10 CROSSING CORRIDOR

The Crossing X-10 corridor generally consists of the area immediately north of Zug
Island to historic Fort Wayne along the banks of the Detroit River. The area is generally
flat with a slight drop in elevation at the river, with large vacated areas, parking lots, and
paved/unpaved roads. Current land use includes light-to-moderate industrial areas,
including a cement terminal, a major trucking terminal, truck ferry operation, and
aggregate storage areas. Residential areas exist north of Jefferson Avenue, but are
generally intermingled with light commercial and industrial uses. Historic land use
includes light-to-heavy industrial areas, including a major chemical processing plant and
power plant operations, along with two suspected solution well operations identified
during the literature search portion of the Brine Well Program. Known solution mining
wells exist outside the influence zone of the crossing X-10 primary and secondary bridge
elements; adjacent to the Rouge River along the south portion of the corridor, as well as
possible undocumented solution mining wells adjacent to the current Fort Wayne
property. Historic maps also indicate the original shoreline of the Detroit River to be set
back approximately 16 to 80 feet (5 to 24 meters) from its current position, with

potentially abandoned and buried docks and former boat slips prevalent throughout.

The X-10 Crossing bridge foundation borings (TB-101 through TB-107) were located on
the former Detroit Coke site, which was used for coke oven and coke oven gas by-
products operations from early 1900 until 1991. The project site has been the subject of
environmental investigations performed by others not related to this project. The
property is now subdivided between several owners including Lafarge, Inc., McCoig
Concrete (Koenig/Michigan Foundation, Inc.), the Detroit Economic Growth Corporation
(DEGC), and Yellow Trucking, Inc.
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Boreholes TB-102 through TB-104 are located on the Lafarge North America Detroit
Cement Terminal facility located at 1301 Springwells Court along the Detroit River
northeast of the McCoig aggregate facility. The Lafarge property consists primarily of
open land with a storage silo and related structures adjacent to the Detroit River.

The remaining X-10 Crossing boreholes, TB-101 and TB-105 through TB-107, were
drilled on property that is currently vacant land owned by the DEGC. This property is
sparsely vegetated and mostly open, with several overhead and underground utilities.

2.2  X-11 CROSSING CORRIDOR

Although the X-11 corridor is no longer under consideration for this project, one of the

test borings was drilled in this area, and as such, some site information is provided.

The Crossing X-11 corridor generally consists of the area along the banks of the Detroit
River immediately northeast of historic Fort Wayne and southwest of the existing
Mistersky Power Plant; between Jefferson Avenue and the river. The area is generally
flat and vacant, with a slight drop in elevation at the river. Current land use in the
immediate area includes light to moderate industrial regions, the Mistersky power
generation facilities, and some residential use to the north. The residential areas exist
north of Jefferson Avenue and are generally intermingled with light commercial and
industrial areas. Historic land use includes light to heavy industrial areas, including a
major copper and brass fabrication operation, along with two suspected solution well
operations identified during the literature search portion of the Brine Well Program.
Historic maps indicate that potential solution mining operations exist directly to the north
of the historic copper and brass fabrication facility and the northern portion of the
corridor, in what is now intermingled residential and commercial areas. Based on the
results of the brine well investigation, it has been confirmed that no brine wells exist
within the influence zone of the primary elements of the proposed bridge alignment.

Historic maps also indicate the original shoreline of the Detroit River in the X-11 area to
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be set back approximately 10 to 50 feet (3 to 15 meters) from its current position, with

possible docks and former boat slips prevalent throughout.

Test boring TB-108 was drilled on the former Revere Copper and Brass (Revere) site
located at 5851 West Jefferson Avenue. The Revere site exists as vacant, unoccupied
land with some lightly wooded areas south of West Jefferson, to the southeast of the
Mistersky Power Plant. Previous environmental investigations conducted by others not
related to this project have identified the Revere site as impacted with the byproducts of
former industrial use.
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3.0 PROJECT BACKGROUND

3.1 REGIONAL SALT AND SOLUTION MINING ACTIVITIES

Salt (halite) has historically been solution mined in the area of the X-10 Crossing
Corridor. As part of this solution mining process, fresh water was injected into the
ground, natural salt beds were dissolved, and the resulting brine was brought to the
surface and evaporated to make salt. The solution mining of salt layers ranging from
approximately 900 to 1,600 feet (270 to 500 meters) below the ground surface was
typically conducted in an uncontrolled method before standardized record keeping was
common practice. This created underground cavities of unknown location, size, and
shape. A solution mining cavity collapsed to the surface and formed a sinkhole on the
Windsor side of the study area in 1954. At least two additional sinkholes occurred at
Point Hennepin (on Grosse lle) south of the DRIC crossing site on the U.S. side of the
river. Also, settlement of several feet was observed near the Wyandotte, Ml brinefield
location to the south of the X-10 Corridor.

3.1.1 Brine Well Program

The Brine Well Program was developed to delineate the size, locations, and shape of
potential brine well cavities in the X-10 and X-11 Crossing corridors on the U.S. side of
the river. Approval was obtained from MDOT for a combined geophysical and
geotechnical program, which included the drilling of 13 deep-rock borings in
combination with cross-well seismic imaging. Forward modeling of geophysical
methods in conjunction with preliminary historical rock mechanics analysis, borehole
gravity, vertical seismic profiling (VSP), and downhole wireline logging were also

included in the program.

Based on criteria established by MDOT in January 2006 and further defined at a June
2006 Geotechnical Advisory Group meeting, the proposed bridge in Corridors X-10 and
X-11 requires: 1) foundations be located outside of the influence of any rock cavities that

could have impact on the foundations, including those produced by solution mining
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activities; and, 2) foundations be built on competent bedrock. The brine well
investigation program was developed and implemented to define conditions in the

corridors to determine if these criteria could be satisfied.

A total of 12 cross-well seismic imaging profiles were performed for the X-10 corridor.
The processed cross-well images and other geophysical data show two anomalies of
interest, neither of which are of significant concern. A report detailing the findings was
presented under separate cover in the DRIC DEIS, as mentioned previously.

3.1.2 Rock Mechanics Investigation Results

A preliminary model of geotechnical rock mass characteristics was also completed as part
of the Brine Well Program to evaluate the potential instability of possible solution
cavities of similar shape and size of anomalies discovered during the geophysical
investigation program. The evaluation was also based on review of the historical
instability of existing solution cavities in the Detroit-Windsor vicinity and on the results
of a three-dimensional, distinct-element (3DEC) analysis of suspected or potential

solution cavity geometry.

3.1.3 Combined Geophysical Investigation and Rock Mechanics Results

Based on the observations made during the deep drilling and subsequent geophysical
investigations, there is no evidence of cavities of concern in the X-10 Crossing Corridor,
nor evidence of potential instability of the rock mass. In fact, the analysis shows that the
observed anomalies have probably been filled by one or a combination of several
mechanisms. In addition, even for the largest of the anomalies located, and assuming an
unfilled cavity, the analysis shows the anomaly is stable and will not progress upward

any significant distance to affect a nearby bridge foundation.
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3.2 SUMMARY OF ENVIRONMENTAL CONDITIONS IN X-10

Based on experience along the Detroit River shoreline and within the Detroit River
sediments, some environmental issues will be present for any excavations along the
United States shorelines and within the upper 5 to 10 feet (1.5 to 3 meters) of river
sediment. Along the shoreline, fill soils to depths of 5 to 30 feet (1.5 to 9 meters) from
previous activity are typically contaminated requiring disposal in Type Il landfills.
Within the river, sediments along the river bottom are also typically contaminated
increasing in risk and contamination levels especially south of the downtown Detroit

area.

The former Detroit Coke Site, originally owned by the Solvay Processing Company
(Solvay), occupies most of the Crossing X-10 landing area between Jefferson Avenue
and the Detroit River. The Detroit Coke Site was used for coke oven and coke oven gas
by-products operations from early 1900 until 1991. Due to the presence of regulated deep
underground injection wells in the western part of the property, it was also identified as a
Resource Conservation and Recovery Act (RCRA) facility. Associated environmental
impacts with the coke oven and coke oven gas by-products operations included tar, free
phase hydrocarbons (free product), and soil and groundwater contamination. Almost the

entire site has been impacted by the former industrial operations.

Previous investigations by others have indicated site soils are contaminated with volatile
organic compounds (VOCs), semi volatile organic compounds (SVOCSs), ammonia,
cyanide, and metals at concentrations exceeding the Michigan Department of
Environmental Quality (MDEQ) industrial criteria for indoor and ambient air, direct
contact, particulate inhalation, and surface water protection. Site groundwater is
contaminated with VOCs, SVOCs, ammonia, cyanide, and metals at concentrations
exceeding the MDEQ industrial criteria for indoor air, direct contact, and surface water
protection. Previous investigations have also indicated significant soil and groundwater
contamination, including possible free phase coal tar. The underlying clay layer vertically

confines the contamination (aquitard). The Michigan Department of Environmental
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Quality (MDEQ) and the former site owner (who is under a consent decree to implement
remedial actions) have both expressed concern of the potential for future construction to

allow existing contamination to vertically migrate through the aquitard.

Honeywell, the current owner of the Detroit Coke Site and the RCRA primary
responsible party, has installed a demarcation membrane in certain areas, and
approximately 6 to 12 inches (15 to 30 centimeters) of clean fill material has been placed
over the membrane to prevent contact with the impacted soil. However, this membrane
and clean fill layer may not be present throughout the entire site as observed during field
work activities. Honeywell has also installed groundwater collection trenches to limit

impacted groundwater from discharging to the Rouge River and/or Detroit River.

The site may also have been used as a brine well processing facility, without any

documented environmental impacts attributed to that operation.

3.21  X-10 Disposal Wells

Research for Brine Well Investigation Program uncovered the existence of three
previously operated deep-injection disposal wells on the former Solvay/Honeywell
(Crossing X-10) parcel. The wells were drilled from 1969 to 1978 to depths of greater
than 4,000 feet (1,219 meters). The wells were used to inject hazardous waste into
permeable formations (Munising Group) deep within the ground. Wells #1 and #3 were
plugged and abandoned according to the Michigan Department of Environmental Quality
(MDEQ) and court records, resolving how the operators of the hazardous waste injection
operation were prosecuted for illegal activities. Well #2 was reportedly plugged during
the winter of 2008, according to the Michigan Department of Environmental Quality
(MDEQ). These former deep-injection disposal locations are presented on Figure No 1A
in Attachment A.
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3.3 REGIONAL GEOLOGIC SUMMARY

The generalized subsurface geology for the area is summarized in this section of the

report.

3.3.1 Overburden

The bedrock in the project corridors is overlain by glacial drift soils, which have been
deposited either directly by glacial ice (till), glacial meltwater streams (glaciofluvial
deposits), or impounded glacial lakes (lacustrine deposits). The upper soil formations
along the alignment generally consist of a relatively thick mantle of Wisconsin-aged
lacustrine clays (10,000 to 50,000 years ago) that, with the exception of the near-surface
deposits are typically very soft to soft in consistency. The lacustrine soils were deposited
as sediments from a series of glacial lakes impounded between the ice front and the Inner
Defiance Moraine located near the northwest corner of Wayne County. The upper 10 to
20 feet (3 to 6 meters) of these deposits (where still present) have been desiccated during
historical low-water periods, resulting in soils of very stiff to hard consistency near the
surface. The clay soils frequently contain intermittent sand and gravel layers that were
produced from glacial rivers carrying coarser sediments as lake levels fluctuated.
Localized alluvial soils are present along existing rivers and streams that drain the inland
areas. In some locations, lake shorelines are identified by relatively thick layers of sand
and gravel.

The lacustrine deposits are typically underlain by a thin layer of highly over-consolidated
glacial till, generally consisting of sand, silt, and gravel within a matrix of clay. This
formation is locally termed “hardpan” and usually overlies the bedrock formation.
Depending on the amount of clay binder contained in the hardpan, the material may range
in nature from cohesive to granular. The hardpan is generally believed to be from the
Illinoian Ice Age (200,000 years ago) and can also contain calcium carbonate producing a
cemented condition. Given the glacial origins of the hardpan layer, occasional cobbles
and large boulders are typically present in this layer. Methane and hydrogen sulfide gas

may also be encountered in this layer.
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The total glacial drift thickness along the X-10 Crossing Corridor varies from
approximately 94.5 to 99 feet (Elevations 483 to 494 feet; or 28.8 to 30.2 meters). The
surface topography was formed during the Wisconsin stage (youngest) of Pleistocene
Series glaciations of the Cenozoic Era, and has been somewhat modified by surface

erosion since that time.
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3.3.2 Hydrogen Sulfide Occurrence and Project History
Hydrogen sulfide is a colorless gas that smells like rotten eggs and can paralyze the sense
of smell (olfactory paralysis). Olfactory paralysis then prevents the recognition of its
presence. Hydrogen sulfide in the atmosphere can blacken exposed materials and irritate

the eyes, causing them to become swollen or very sensitive to light.

Hydrogen sulfide gas has a history of occurrence in the DRIC Crossing areas. On many
recent and historical projects, the gas has caused toxic conditions during deep excavation

and tunneling operations, even causing death to construction workers in some cases.

The Southwest Intake Rock Tunnel was constructed in 1957 as part of a water intake
system for the southern portion of Wayne County. The tunnel was constructed within the
bedrock from an intake structure located in the Detroit River at the middle portion of
Fighting Island approximately 4.5 miles (7.2 kilometers) downriver from the X-10 bridge
alignment. From the intake structure, the tunnel was mined to a shore shaft on the west
bank of the Detroit River approximately 1 mile (1.6 km) away. The tunnel consists of a
12-foot (3.7 m) finished inside diameter rock tunnel which varies in depth from
approximately 127 feet at the intake structure to 176 feet at the shore shaft, corresponding
to Elevation 445 to 400 feet (38 m to 65 m, corresponding to Elevation 135 m to 122 m).
The tunnel is located approximately 65 to 115 feet (20 to 35 m) below the rock/soil
interface at the intake and shore shafts, respectively. The tunnel was constructed using

drill-and-shoot methods to excavate the rough opening.

Based on discussions with an individual who worked on the project, the major problems
encountered during construction were the presence of hydrogen sulfide gas together with
large inflows of groundwater. During construction, the contractor’s personnel were
reportedly required to wear gas masks. Further, due to the highly fractured nature of the
bedrock, inflows of groundwater and hydrogen sulfide required significant grouting
activities during the construction. These efforts, although not entirely effective, provided

sufficient control to complete the construction of the rock tunnel. It should be noted that
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during construction of the related shore tunnel to the west of the rock tunnel, a worker

died after being overcome by hydrogen sulfide gas.

Several other projects that involved excavation into the bedrock have been constructed
within 1 to 2 miles (1.6 to 3.2 km) of the project site, mostly related to the nearby Detroit
Water and Sewerage Department’s wastewater treatment plant. These projects include
the Pump Station 2A project (1991), Pump Station 1 project (1960s), and the DRO2
project (construction terminated in 2004 due to catastrophic inflow of hydrogen sulfide
laden groundwater into the unfinished tunnel). For each of these projects, dissolved
sulfide levels within groundwater were reported to be 80 ppm or higher. It is valuable to
note that contaminated water inflow was controlled effectively by pre-excavation
grouting of the bedrock. In the case of the DROZ2 project, the uncontrolled inflows
occurred during tunneling in which grouting was performed during the excavation (i.e.,

pre-excavation grouting was not performed).

3.3.3 Bedrock

The proposed crossing corridor is located at the geologically-termed southeast margin of
the Michigan Basin geomorphic province and within the Erie-Huron glacial lowland.

The Michigan Basin is termed as such due to the structural basin shape of the bedrock, in
which layers of Paleozoic era sedimentary rock that overlay the Precambrian Basement
Complex, dip inwards to the center of the Lower Peninsula of Michigan from each
direction as a series of bowls. The youngest layers of bedrock are first encountered in the

center of the state, with older rock layers progressing outwards to the outer margins.

The Michigan Basin was initially formed during the early Cambrian Period, when the
remnants of the mountains formed during the Cambrian-Penokean Orogeny remained in a
belt extending from Ontario, Canada, across the central part of the Upper Peninsula to
present-day Wisconsin. The erosion of these “northern highlands” began the series of
depositions and erosions that constitute the modern basin. The later effects of the
Appalachian Orogeny likely caused the structural deformation and localized downward

movement in what had been a relatively stable interior continental region.
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As a result, several intracratonic structural basins were formed throughout the central
lowland areas of North America creating arches and domes. The Michigan Basin is
bounded on the west by the Wisconsin Arch and Wisconsin Dome; on the north and
northeast by the Canadian Shield; on the east and southeast by the Algonquin Arch in
Ontario and the Findlay Arch in Ohio; and by the Kankakee Arch in northern Indiana and

Illinois.

Based on the position of Detroit, Michigan, along the southeast rim of the Michigan
Basin, the Paleozoic rocks that comprise the basin in this area typically dip to the
northwest, with each formation being buried by successive younger formations in the
direction of the dip. The regional dip is slight, and is estimated at approximately 30 to 50
feet per mile (6 to 10 meters per kilometer).

The topography of the bedrock surface within the area is somewhat variable and
characterized by numerous irregular features in the bedrock surface. These features
include many synclinal and anticlinal structures believed to have developed before the
Pleistocene Epoch and subsequently modified by repetitive glacial action. The bedrock
features also include the existence of ancient stream valleys and numerous healed faults
that cut the bedrock surface. Based on historical information, the bedrock features are
understood to be fairly broad, and become narrow as they reach the terminus of the
Erie/Huron Lowlands.

Due to the movement of the earth’s crust, these strata are seamed and fissured with
vertical and horizontal joints that permit movement of ground water. Where carbon
dioxide dissolved within the groundwater-filled cracks, solution cavities typically
developed within the limestone, and to some degree within the dolomite. Both the
limestone and dolomite formations are known to contain dissolved sulfides, which can
produce hydrogen sulfide gas upon exposure to atmospheric conditions. The natural
decay of organic compounds that also existed within the ancient seas became trapped

within cavities formed in the limestone and dolomites and is evident today as petroleum,
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carbon monoxide, and methane. Small amounts of petroleum found within the limestone

and dolomite tend to cause discoloring, staining, and associative odors.

3.4 GROUNDWATER

The near surface granular deposits and fill layers in the Detroit area typically contain
groundwater, which is perched above the underlying clay strata. This groundwater forms
an intermittent unconfined aquifer, which varies seasonably in depth and extent. In
addition, confined groundwater is often contained within relatively thin granular layers
that are occasionally present within the thick cohesive deposits and / or hardpan present
throughout the corridor areas. Such confined aquifers are usually limited in extent, and
therefore, have limited recharge capabilities. However, surficial granular layers near the
Detroit River shoreline can obtain hydraulic communication with the river, sometimes
requiring extensive dewatering programs as discussed later during the restoration of the
TB-108 location.

Groundwater in the X-10 Crossing Corridor can typically be distinguished according to
its chemical constituency and can be sub-divided into fresh and mineral in the explored
depths.

3.4.1 Fresh Groundwater

Fresh water is potable and is free of any deleterious, naturally-occurring chemicals or
dissolved salts or solids. Fresh water aquifers generally exist in the upper glacial drift. In
the project area, the fresh water aquifer is discontinuous, and often contaminated as a
result of human activities. Where the fresh water aquifer is present in the glacial drift,
groundwater generally flows toward the Detroit River, which generally behaves as a
regional discharge feature. The deepest freshwater aquifer in the explored area is

considered to be the base of the glacial drift.

F:\646294_DRIC_Study\Final_Eng_Report_Sept_08\Submittals\Engineering Report\Engineering Report_FINAL_Nov 08\Main Bridge Structure Study\Appendix D -
Geotechnical\NTH_Report_FINAL_11-21-08.docx

-24 -



Proj. No. 15-050014-00
November 21, 2008

3.4.2 Mineral Groundwater
Mineral water contains dissolved minerals or constituents that may alter to gas upon
being exposed to the atmosphere. The dissolved compounds of interest expected for this
investigation consisted of hydrogen sulfide, methane, and carbon monoxide which exist
naturally in some mineral ground waters. Mineral waters are common in the lower glacial
drift (hardpan) and upper Middle Devonian bedrock (Dundee Limestone and Detroit
River Group - Lucas Formation). In the project area, mineral waters are found in the
hardpan and bedrock, and typically exhibit flowing artesian conditions when

encountered.
35 REGIONAL SEISMOLOGY

According to historical seismic risk maps published by the United States Geodetic
Survey, Michigan is located within Seismic Risk Zone No. 1 and, as such, posses a
relatively low risk for earthquake occurrence. While tremors from earthquakes with
epicenters in other regions have been recorded in Michigan, only 34 earthquakes with
epicenters in Michigan have been recorded since 1872. With the exception of two seismic
events that occurred in the Keweenaw Peninsula at the turn of the 20" century, all
recorded events had recorded intensities of less than IV on the modified Mercalli scale.

This corresponds to approximately magnitude 4.7 on the Richter scale.

According the Geologic Survey Division of the Michigan Department of Environmental
Quality, the majority of the above referenced seismic events resulted in slippage along
deep-seated Pre-Cambrian Faults and is not believed to involve slippage along the
faulting of the overlying Paleozoic units.
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4.0 PROPOSED CONSTRUCTION

The geotechnical investigation was planned and carried out to provide a general
understanding of the feasibility and concept-level design requirements for bridge
concepts as presented in the Detroit River International Crossing, Bridge Conceptual

Engineering Report, Revised February 2008 by Parsons Transportation.

41 BRIDGE CONCEPTS

The project team has developed the crossing concept as a three-lane each way (for a total
of 6 lanes with shoulders and a central median) clear-span bridge with an anticipated
clearance of approximately 133 feet (40.5 m) at the river’s edge. The bridge is anticipated
to be engineered for restriping from six to eight lanes with a center median. The overall
structure is designed to achieve a 120-year structure life, with replaceable components

being designed for those not able to achieve the intended lifespan.

Given the navigational requirements, the bridge is anticipated to be a suspension bridge
or cable-stayed bridge with primary piers on or near the shoreline. For the purposes of
this document, primary foundation elements are defined as the main structural foundation
elements for cable stay and suspension bridge towers. Primary piers would most likely
be supported on drilled concrete piers (also termed “drilled caissons™).

Suspension bridge anchorages would be located approximately 1,000 to 1,500 feet (300
to 450 meters) behind the primary piers, which would be located at or near the river’s
edge. Foundations for suspension bridge anchorages would be on competent bedrock.

These foundations could be constructed as large-diameter sunken caissons.

Secondary foundation elements would consist of concrete piers supported on deep
foundations. Secondary foundations are defined as elements for the approach roadway
piers to the bridge. The final spacing of the secondary foundation elements would be

developed during the final design, but for the purposes of the concept evaluation, it is
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anticipated that these elements would be approximately 100 to 200 feet (30 to 60 meters)

apart.

4.1.1 Suspension Bridge

For a suspension bridge, the main cables are constructed between two large towers or
piers and are anchored to massive anchorage structures often founded on bedrock. These
cables form the primary load-bearing structure for the bridge deck. The cables are under
tension from only their own weight before the deck is placed. Suspender ropes support
the deck from the main cables. The tension on the cables is then transferred to the earth

via the anchorages.

A diagram of a typical suspension bridge can be found below in Figure No. 4-1 and also
in the attached Figure No. 38 in Attachment A.

Figure No. 4-1: Typical Suspension Bridge Structure
(Modified from Bridge Conceptual Engineering Report, Rev Feb 2008 by Parsons)

4.1.1.1 Currently Proposed Alignment X-10 Suspension Bridge

The proposed Detroit side pylon is approximately 463 feet (141 m) tall with respect to the
top of footing and is located on land adjacent to the existing rail spur currently servicing
the Lafarge Terminal. The main span consists of an approximate 2,800-foot (855 m)
suspended deck, with a US-side approach backstay span of nearly 830 feet (253 m). The
planned main anchorage is located to the north of Springwells Court, on the Lafarge
property, and is proposed to resist the suspension cable pull through a combination of

dead weight, passive soil resistance, and direct load transfer to underlying bedrock.
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4.1.2 Cable-Stayed Bridge
In the cable-stayed structure, the main piers or pylons are considered the primary
foundation elements. The bridge deck is supported by steel cables running directly from
the deck structure to the towers. The pylons are currently envisioned in two forms,
namely an A-Frame and Inverted Y shape to generally limit second order effects and to
increase resistance to wind forces. A diagram of a typical cable-stayed bridge is
presented below in Figure No. 4-2 and also in the attached Figure No. 37 in Attachment
A.

Figure No. 4-2: Typical Cable-Stayed Bridge Structure
(Modified from Bridge Conceptual Engineering Report, Rev Feb 2008 by Parsons)

4.1.2.1 Currently Proposed Alignment X-10 Cable-Stayed Bridge - This option
consists of a 2,760-foot (840 m) main span with symmetric 1,050-foot (320 m) side
spans. The heavier concrete box girder allows the side spans to be shorter than one half
the main span length and act as counterweights when loaded with traffic, effectively
eliminating uplift on the anchor piers. Two pylon configurations have been proposed,
with both extending approximately 820 feet (250 m) above their footings. The proposed
pylon is located on land adjacent to the existing rail spur currently servicing the Lafarge
Terminal.
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4.2 FOUNDATION CONCEPTS

Similar to the bridge concepts, the Bridge Conceptual Engineering Report developed
general concepts for foundations for both the general bridge types being proposed.

4.2.1 Suspension Bridge Foundation Concepts
As discussed previously, the suspension bridge concept includes two major types of
primary foundation elements; pier foundations supporting the main towers; and

anchorages resisting the tensile forces from the main cables.

4.2.1.1 Suspension Bridge Towers

The proposed tower foundations generally consist of drilled piers and a concrete footing
(or pier cap) at the base of each tower leg. A tie-beam then connects the two adjacent pier
caps. The footings typically consist of regularly reinforced mass concrete and are
generally poured in a single monolithic pour at each tower location. A diagram of a
typical tower foundation is presented below in Figure No. 4-3.
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Figure No. 4-3: Typical Suspension Bridge Tower Configuration

(Modified from Bridge Conceptual Engineering Report, Rev Feb 2008 by Parsons)

4.2.1.2 Suspension Bridge Anchorages

The proposed suspension bridge anchorages for this project consist generally of a mass
concrete anchorage block with a splay chamber for each cable where it is secured to
anchor rods. These anchorages are gravity-type anchorages, which use the dead weight of
the concrete to resist the pull of the main cables. The anchorages are generally assumed
to be founded on bedrock with longitudinal resistance to the main cable provided by
direct transfer to the bedrock and conservative estimates of passive soil and rock
resistance. An example of a typical suspension bridge anchorage is presented below in
Figure No. 4-4.
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Figure No. 4-4: Typical Suspension Bridge Anchorage Structure
(Modified from Bridge Conceptual Engineering Report, Rev Feb 2008 by Parsons)

4.2.2 Cable-Stayed Bridge Foundation Concepts
The Bridge Conceptual Engineering Report considered the following general foundation

types for the cable stayed bridge option.

4.2.2.1 Pylon Foundations

The proposed pylon foundations generally consist of drilled piers and a footing (pier cap)
at the base of each tower leg. A tie beam then connects the two adjacent pier caps. The
footings typically consist of regularly reinforced mass concrete. A diagram of a typical

pylon foundation is presented below in Figure No. 4-5.
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Figure No. 4-5: Typical Cable-Stayed Bridge Pylon
(Modified from Bridge Conceptual Engineering Report, Rev Feb 2008 by Parsons)

4.2.2.2 Anchor Piers

Conceptually, anchor piers for a cable-stayed bridge system consist of drilled shafts with
a respective cast in place footing or pier cap. At this time, the footing is envisioned to be
reinforced concrete and located entirely below grade. The subsequent pier is constructed
using solid cast in place concrete columns with multiple lifts and splicing of column
reinforcing steel. This type of anchorage is much smaller than for the suspension bridge

concept.

4.2.3 Approach Piers
Approach piers for the roadway are independent of chosen span type and are currently

envisioned to be constructed similar to the procedure described in Section 4.2.1.1.
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Generally, the piers are founded on deep foundations consisting of drilled caissons (piers)
resting on or socketed into bedrock (possibly hardpan soils depending on anticipated

loading). Drilled shafts are conceptually 5 to 10 feet (1.5 to 3.0 m) in diameter depending

on the anticipated loading.
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5.0 FIELD INVESTIGATION

The field portion of this investigation was conducted between April 24 and June 1, 2008
and consisted of drilling a total of eight test borings. Prior to drilling, clearances for
underground utilities were obtained through the Miss Dig System. The test borings were
designated as TB-101 through TB-108. The test borings were drilled to depths varying
between 112.5 and 152.5 feet (34.3 and 46.5 meters), under the full time supervision of
NTH field staff in liaison with the project engineer. The test boring locations were
selected by Parsons Transportation Group and located in the field based on NTH’s
knowledge of the proposed and existing structures. The approximate as-drilled locations
of the borings are shown in Figures 5-1 and 5-2, and again on the attached Test Boring
Location Plans, Figure Nos.1A and 1B in Attachment A. Elevations of test borings were
surveyed in the field after restoration activities, and as such, should be considered
approximate.

Figure No. 5-1: Test Boring Location Plan for Crossing X-10.
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Figure No. 5-2: Test Boring Location Plan for Crossing X-11.
51 DRILLING PROCEDURES

The test borings were drilled with an ATV-mounted drilling rig using a combination of 3
Ya-inch (8.3 centimeters) inside diameter (ID) hollow stem augers, 12 ¥%-inch (31.1
centimeters) wash rotary tri-cone rotary bits, NWJ rods, and NQ/NX wire-line diamond
rock coring techniques. TB-101 through 107 and TB-108 were drilled in X-10 and X-11
Crossing Corridors, respectively, and were drilled for a total depth of 112.5 to 152.5 feet
(34.3 to 46.5 meters). TB-102 was terminated at 112.5 feet (Elevation 468.5 feet) (34.3
meters, Elevation 142.8 meters) due to broken coring equipment blocking the borehole.
TB-104 and TB-105 were offset several times from the originally drilled locations due to
demolition debris encountered below the surface. At test boring location TB-104E, the

surficial concrete obstruction was cored to advance the boring. The soil samples were
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obtained by either the Standard Penetration Test Method or by advancing a thin walled
Shelby tube into undisturbed soil using a standard Shelby tube sampler.

Once the underlying bedrock formation was encountered, wire-line rock coring

techniques were used to extend the boring to its termination depth.

Soil and rock conditions encountered in each of the test borings have been evaluated and
are presented in the Logs of Test Boring, Figure Nos. 3 through 10, attached in
Attachment A. The boring logs present information relating to sample data, standard
penetration test results, groundwater conditions observed in the borings, personnel
involved, and other pertinent data. The logs included in this report have been prepared on
the basis of laboratory testing, as well as visual classification of the soil and rock
samples. Terminology used to classify subsurface conditions is presented as Figure No.

2A, General Notes, presented in Attachment A.

The stratification shown on the test boring logs represents the soil and rock conditions at
the actual explored locations. Variations in subsoil conditions may occur between the
borings. Additionally, the stratigraphic lines represent the approximate boundary
between the soil or rock types; however, the transition may be more gradual than what is

shown.

5.1.1 Standard Penetration Testing

The Standard Penetration Test (SPT) (ASTM D1586) consists of driving a 2.0-inch (5.1
centimeters) outside diameter split-barrel sampler into the soil with a 140-pound (63.5
kilograms) weight falling freely a distance of 30 inches (76.2 centimeters). The sampler
is generally driven three successive 6-inch (15.2 centimeters) increments, with the
number of blows for each increment being recorded. The number of blows required to
advance the sampler the last 12 inches (30.5 centimeters) is termed the Standard
Penetration Resistance (N) and is presented on the individual Logs of Test Boring. As
added information, the blow counts for each 6-inch (15.2 centimeters) increment are also

presented on the Logs of Test Boring.
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The split barrel sampler generally contains a 1-3/8-inch (3.5 centimeters) inside diameter
and 3-inch (7.6 centimeters) long liner insert. Soil samples recovered in these liners are
designated as "LS" on the respective test boring logs, whereas samples recovered directly
from the split barrel are designated as “S.” All soil and rock samples obtained with the
split-barrel sampler were sealed in jars and transported to NTH’s laboratory for further

classification and testing.

5.1.2 Thin-Walled Shelby Tube Sampling

Within two of the test borings, Shelby tube samples were obtained within the soft
cohesive soil zones. The samples were obtained using a standard Shelby tube sampler
and are considered relatively undisturbed. The sampling method consists of advancing a
thin-walled steel Shelby tube into the soil using hydraulic pressure. The sampling was
performed in accordance with the Standard Practice for Thin-Walled Tube Sampling of
Soils (ASTM D1587). Standard Shelby tube samples are designated as “ST” on the Logs
of Test Boring. Samples were sealed within the steel tubes and transported to NTH’s
laboratory for further classification and testing.

5.2 ROCK CORING AND TESTING PROCEDURES

The sampling procedures used within the rock portion of the test borings included
continuous NQ wireline core sampling. Brief descriptions of these methods are presented

in the following paragraphs.

Continuous rock core samples were obtained in general accordance with ASTM D2113.
Diamond core drilling was accomplished at each test boring location with NQ/NX wire
line core tooling. Double-tube, solid, swivel type core barrels with diamond tipped
bottom discharge bits were used. Each core barrel was capable of obtaining a core run
length of at least five feet with actual cores obtained in 0.7 to 10-foot (0.2 to 3 meters)

coring runs.
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Upon removal of each core from the borehole, the cores were placed in boxes. All core
boxes were provided with longitudinal separators and recovered cores were laid out from
left to right and top to bottom. Spacer blocks or plugs were inserted into the core column

to mark the beginning of each successive core run.

After placing the core into its respective box, the field engineer prepared selected samples
for laboratory testing, then recorded the percent recovery, fractures per foot of run,
prepared selected portions of the core for laboratory testing, lithology, and determined the
Rock Quality Designation (RQD) value for each core run. The recovery is defined as the
total length of core retrieved from the barrel divided by the total distance the barrel was
advanced during coring. The RQD is defined as the total length of all intact rock core
pieces greater than four inches in length divided by the total advanced distance. The
fractures per foot were determined by the NTH field engineer immediately after sampling
by evaluating fractures that appeared natural and were not obviously mechanical (caused

by coring, handling of the core, or by intentional breakage).

A detailed Log of Core Boring for each core run was prepared based on visual
classification and the logs are presented as Figure Nos. 11 through 18 in Attachment A.
The Logs of Core Boring include information for each core run, including a detailed rock
description, a description of fractures and mechanical breaks noted by the NTH field
engineer at the time of sampling, results of sampling for hydrogen sulfide gas and

methane during sampling.

The Logs of Core Boring present information relating to sample data, rock recovery, rock
quality designation (RQD), personnel involved, and other pertinent data. Definitions
related to the information presented on the Log of Core Boring are presented on the

Summary of Rock Log Nomenclature, Figure No. 2B, attached in Attachment A.

The stratification shown on the Log of Core Boring represents the rock conditions at the

actual explored locations. Variations in bedrock conditions may occur between the
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borings. Additionally, the stratigraphic lines represent the approximate boundary

between the rock types; however, the transition may be more gradual than what is shown.

5.3 PIEZOMETER INSTALLATION

Following the completion of the rock coring in TB-101 and 102, pneumatic piezometers,
designated as PZ-101 and PZ-102 were installed within the respective boreholes to
provide continued groundwater information within the bedrock. The piezometers consist
of two flexible tubes, separated by a porous stone and flexible rubber diaphragm exposed
to the surrounding groundwater. The piezometers were installed in a sand pack within the
bedrock at predetermined depths, sealed with a small section of bentonite plug, and then
tremie grouted to the surface. Groundwater head was measured by applying a pressure
across the flexible diaphragm through one of the tubes until air is observed escaping from
the remaining tube. The pressure at which air returns to the surface was recorded as the
equivalent of the groundwater pressure at that depth. The corresponding groundwater
head was then calculated based on the tip elevation of the piezometer. Schematics
containing the details of the piezometer installation and associated water level readings
are attached as Figure Nos. 19 and 20 in Attachment A.
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6.0 LABORATORY TESTING

The details of laboratory testing for soil and rock are discussed as follows.

6.1 SOIL TESTING

Representative soil samples obtained from the test borings were subjected to laboratory
testing to determine pertinent engineering characteristics. The testing program included
the determination of the dry density and natural moisture content, unconfined
compressive strength, Atterberg Limits, and particle size distributions of selected soil
samples. All testing was performed in accordance with current ASTM standards. The
dry density, moisture content, and unconfined compressive strength values are presented
on the Logs of Test Boring, as well as on the Tabulation of Laboratory Test Data,
attached as Figure No. 1 in Attachment A. The Atterberg Limits and particle-size
distribution values are presented in the Tabulation of Laboratory Test Data. In addition,
Grain Size Analyses are presented graphically as Grain Size Distribution Curves, Figure
Nos. 2 through 15 in Attachment A.

6.2 ROCK TESTING

A total of 14 representative rock samples obtained during the field investigation were
subjected to Uni-Axial Compressive Strength (UCS) testing. During these tests, on eight
of the 14 samples, attempts were made to measure and record both the axial and lateral
deformation of the sample. However, when the data was processed, it became apparent
that the strain gauges had failed, apparently producing errant lateral deformation values.
The purpose of this test was to measure the compressive strength and determine the
Poisson’s ratio of the rock (estimations of modulus of elasticity can be obtained from the
testing), although this value was also determined as part of tri-axial testing and acoustic
testing discussed below.
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Two representative rock samples obtained during the field investigation were subjected to
Tri-Axial Compressive Strength testing. This type of test simulates the behavior of rock
underground, as significant confining pressure is applied to the sample during loading.
Five tests are typically conducted for each test sample, each at a different confining
pressure. The resulting sample strengths are then plotted on a stress difference versus

axial strain curve, and on a Mohr circle, to compute the design strength parameters.

A total of 4 representative rock samples obtained during the field investigation were
subjected to Indirect (Brazilian) Tensile Strength testing, which provide a measure of

rock toughness, as well as tensile strength.

Two representative rock samples obtained during the field investigation, which were
prepared for UCS testing, were subjected to testing where the velocities of compressive
and shear ultrasonic waves passing through the core sample were measured. These
values were used to calculate the elastic modulus and Poisson's ratio as an indication of
the competency of the rock. From the wave velocities and the sample bulk density, the
dynamic elastic modulus, and dynamic Poisson’s ratio are then calculated.

The tests were performed at the Earth Mechanics Institute (EMI) of the Colorado School
of Mines, Golden, Colorado, in general accordance with ASTM D7012, D 3967, and D
2845. All samples were tested at their "as-received™ moisture content. The tests were
performed on a number of selected rock core samples and were intended to determine the
general nature of intact properties for the upper bedrock formations. The results of the
rock tests are presented on EMI’s rock testing summary and report, presented as Figure
No. 36 in Attachment A. The results of testing are also presented on the individual Logs
of Core Borings. Included within the EMI report are detailed test results, sample

measurements, procedures, and photographs of the specimens after testing.

F:\646294_DRIC_Study\Final_Eng_Report_Sept_08\Submittals\Engineering Report\Engineering Report_FINAL_Nov 08\Main Bridge Structure Study\Appendix D -
Geotechnical\NTH_Report_FINAL_11-21-08.docx

-4] -



Proj. No. 15-050014-00
November 21, 2008

7.0  SUBSURFACE CONDITIONS

Based on the information gathered during this investigation, it is determined that the
subsurface conditions vary in composition and thickness in the upper soil horizons and
become more consistent with depth. The subsoils generally consist of variable fill soils
underlain by a thin fill layer of gravelly sand. Underlying the gravelly sand or fill is a
relatively thick soft silty clay layer. The clay layer is underlain by clay hardpan that
extends to bedrock. The bedrock interface is generally characterized by a thin zone of
low RQD (RQD <75%) bedrock that has intermittent layers of fragmented bedrock with
gravel and silty clay. Underlying the low RQD bedrock, is competent limestone/dolomite
bedrock (RQD >75%) extending to the explored depths.

A generalized soil and rock profile is presented for illustration in Figure 7-1. This
summary profile is intended for illustration only. For conceptual design or evaluation

purposes, the reader should refer to the individual test borings.
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Figure No. 7-1: Generalized Soil and Rock Profile.
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7.1  SOIL CONDITIONS

As discussed in the Subsurface Investigation section of this report, soil conditions were

investigated for both of the proposed crossing corridors.

7.1.1 X-10 Crossing Corridor

Test Boring TB-101 through TB-107 were drilled within the X-10 crossing corridor.
Granular fill was encountered at each test boring location to depths of 14.5 to 21 feet (4.4
to 6.4 meters) below the existing ground surface, which corresponds to Elevations 560.2
to 573.1 feet (Elevations 170.7 to 174.7 meters). The fill typically consists of loose to
very compact silty sand, gravelly sand, clayey sand, and sand. Coal fragments, coke,
coke tar, ash, and construction debris (variable size brick and concrete fragments) were
encountered in the fill along with cobbles and boulders. Soft organic clay was
encountered in test boring TB-102 at depths between 17 and 22 feet (5.2 and 6.7 meters),
and very soft organic clay was encountered in TB-104E at depths between 14.5 and 22
feet (4.4 and 6.7 meters)

Native granular soils were found to underlie the fill soils at test borings TB-101 through
TB-104 and extended 27 to 56.5 feet (8.2 to 17.2 meters) below the existing ground
surface, which corresponds to Elevations 560.6 to 525.7 feet (Elevations 170.9 to 160.2
meters). The native granular soils generally consist of loose to compact sand and silty
sand. However, a layer of very compact silty sand was encountered in test boring TB-
102 at a depth of 46 to 56.5 feet (14 to 17.2 meters), corresponding to Elevation 537.6 to
527.1 feet (Elevation 163.9 to 160.7 meters) and a layer of very loose silty sand was
encountered in test boring TB-103 at a depth of 22 to 28 feet (6.7 to 8.5 meters),
corresponding to Elevation 563.2 to 557.2 feet (Elevation 171.7 to 169.8 meters).

Native cohesive soils were encountered below the granular soils in test borings TB-101
through TB-104 as well as directly below the fill at test boring locations TB-105 through

TB-107. Very soft to medium silty clay, sandy clay, and clay was encountered in each
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test boring, extending to depths of 82 to 92 feet (25 to 28 meters) below the ground
surface, corresponding to Elevations 499 to 490 feet (Elevations 152.1 to 149.4 meters).
The very soft to medium clays are underlain by hardpan at test boring locations TB-101
through TB-106. The hardpan layer consists of very stiff to very hard silty, sandy, and
gravelly clay and extends to bedrock, although a layer of very compact gravel and sand
was encountered above the bedrock within TB-105A. Within TB-107, a layer of native
granular soil consisting of medium compact gray clayey silt was encountered beneath the

very soft to medium native cohesive soils.

7.1.2 X-11 Crossing Corridor

Test Boring TB-108 was drilled within the X-11 crossing corridor. Approximately 0.2
feet of topsoil was encountered at the surface in test boring TB-108. Fill was
encountered below the topsoil and extended to a depth of 12 feet (3.7 meters) below the
existing ground surface, corresponding to Elevation 565 feet (Elevation 171.6 meters).
The fill consists of loose to medium compact silty sand and gravel, as well as very stiff

sandy clay.

Below the fill in TB-108, native cohesive soils were encountered, consisting of soft to
medium silty clay. This stratum extend to a depth of 87 feet (Elevation 490 feet), or
(26.5 meters (Elevation 149.4 meters). The soft to medium clay is then underlain by a
layer of stiff silty clay to 92 feet (Elevation 485 feet), or 28 meters (Elevation 147.8
meters). The cohesive soils are further underlain by very compact silty sand hardpan

which extends to bedrock.

7.2 BEDROCK CONDITIONS

The bedrock consists of amorphous to fine-grained, fossiliferous limestone and dolomite
of the Dundee Limestone and Detroit River Group (Lucas Formation). The bedrock
extends to the explored depths of 113.5 to 152.5 feet (Elevations 470.2 to 429.2 feet)
(34.6 to 46.5 meters, Elevations 143.3 to 130.8 meters). Within the test borings, bedrock

consists of light gray amorphous limestone with some fossiliferous zones.
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RQD values generally ranged from 50% to 100% with several notable exceptions, which
are summarized in Table 7.1. Recoveries in the remaining core runs ranged between 80
and 100%, with the exception of Run 1, performed at TB-101 from 95.8 to 98 feet, which
had a recovery of 56.8%.

Table No. 7-1: Core Runs With An RQD Value Less Than 50%.

Core Boring | Run Depth RQD (%) Recovery (%)

TB-101 2 99-102 ft (30.2-31.1 m) 18 33
1 97-101 ft (29.6-30.8 m) 48 61

TB-102
4 | 111-113.5 ft (33.8-34.6 m) 49 49
1 94.5-100 (28.8-30.5 m) 8 81

TB-103
2 100-105 (30.5-32 m) 36 36
TB-104E 1 99-102.5 ft (30.2-31.2 m) 33 28
TB-105A 1 95-100 ft (29-30.5 m) 12 75
TB-106 4 115-125 ft (35.1-38.1) 31 97
TB-108 2 | 108-109 ft (32.9-33.2m) 0 28

Fractures per foot ranged from 0 to 2.6 for all eight borings except Run 1, performed at
TB-103 from 94.5 to 100 feet (28.8 feet and 30.5 feet) and Run 2 performed at TB-107
from 100.7 to 105.7 feet (30.7 to 32.2 feet), which had 10 and 22 fractures per foot,

respectively (intensely fractured).

7.3  CANADIAN SUBSURFACE CONDITIONS

For the purposes of comparison, the team has reviewed the generalized subsurface
conditions that were determined from the Canadian Brine Well Program. It should be
noted that the Canadian DRIC team has not yet conducted an investigation specifically
for the purpose of evaluating bridge foundation support issues, and so this summary is
based on information gathered during the Canadian Brine Well Program. Because the
brine well investigation was focused on the bedrock, there is little information on the soil
overburden.

F:\646294_DRIC_Study\Final_Eng_Report_Sept_08\Submittals\Engineering Report\Engineering Report_FINAL_Nov 08\Main Bridge Structure Study\Appendix D -
Geotechnical\NTH_Report_FINAL_11-21-08.docx

-46 -




Proj. No. 15-050014-00
November 21, 2008
7.3.1 Canadian Overburden Conditions
The subsurface conditions on the Canadian side of the proposed crossing corridors appear
to be quite similar to those on the United States side. Conditions generally consist of
bedrock overlain by glacial drift, which has been deposited either directly as till,

glaciofluvial, or lacustrine deposits.

The area of Canadian investigation, as well as the area of the United States investigation,
is generally located in what is commonly referred to as the St. Clair Clay Plain. Late
Pleistocene era unconsolidated deposits, typically from the last major glaciations
(Wisconsinan Stage, 10,000 to 14,000 years ago), overly the Dundee Limestone bedrock.
The sediments typically consist of basal till and a sequence of lacustrine deposits. In
some areas, the lacusterine deposits contain sand and gravel sequences overlying the
bedrock, but generally consist of 65 to 100 feet (20 to 30 m) of fine-grained silt and clay

materials.

7.3.2 Canadian Bedrock Conditions

The proposed crossing corridor on the Canadian side, as well as the area of the United
States investigation, is located at the geologically-termed southeast margin of the
Michigan Basin geomorphic province. Dundee Limestone (Dundee), a light gray,
moderately hard, petroliferous, fossiliferous, laminated to thinly bedded, stylotic, pitted
and vuggy limestone to dolomitic limestone is commonly encountered underlying the
overburden. The Dundee in this area (from historical reports) typically exhibits
unconfined compressive strengths on the order of 7 to 14.5 ksi (50 to 100 MPa), similar
to values achieved on the Unites States side. RQD values for core obtained for the
Canadian X-10 and X-11 Crossing locations ranged from 19 to 82%, with an average of
approximately 44%, though the upper 6 feet (2 m) often exhibit values as low as 5 to

10%, which is consistent with observations made on the United States side.

7.3.3 Planned Additional Investigation
The Canadian DRIC team has indicated that to better understand surficial soil and

bedrock conditions on the Canadian side of the proposed crossing corridors, an additional
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investigation consisting of approximately 35 test borings and 35 Cone Penetration Test
borings (CPT) are planned in the near future. This investigation will supplement the deep

rock/brine well investigation that has already been performed by the Canadian team.

7.4 EVALUATIONS

Based on the information gathered during this United States investigation, subsurface
conditions appear variable in composition and thickness in the upper levels of the borings
and become more consistent with depth as bedrock is approached. The subsoils generally
consist of variable fill soils underlain by a thin fill layer of gravelly sand. Underlying the
gravelly sand or fill is a relatively thick silty clay layer. The clay layer is underlain by
clay or granular hardpan that extends to limestone and dolomitic limestone bedrock. The
bedrock interface is generally characterized by a thin zone of low RQD bedrock ( RQD
<75%) that has intermittent layers of fragmented bedrock with gravel and silty clay.
Underlying the low RQD bedrock is more competent (RQD >75%) limestone and

dolomite bedrock extending to the explored depths.

Based on the results of this investigation, the existing fill deposits at both crossing
locations are highly variable and are not considered suitable for support of any

foundation elements.

The underlying silty clay or granular soils are not considered suitable for support of the
heavy loading expected from primary or secondary bridge foundation elements, but may

be sufficient for support of ancillary structures with light to moderate foundation loads.

The hardpan soils underlying both corridors are considered well suited for the heavy
foundation loading anticipated from proposed secondary structural elements of the

bridge.

The upper highly weathered bedrock (RQD >75%) underlying the hardpan soils is

considered suitable for the heavy foundation loading anticipated from primary and
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secondary foundation elements of the bridge, although it is recommended that

preliminary design bearing capacities are not any higher than for the hardpan.

The competent bedrock (RQD >75%) underlying the hardpan soils and the weathered
bedrock is well suited for the heavy foundation loading anticipated from primary and
secondary foundation elements of the bridge.
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8.0 GROUND WATER CONDITIONS AND CONTROL

Groundwater was encountered during drilling at depths of 12.5 to 19.5 feet (Elevations
567.5 to 574 feet) (3.8 to 5.9 meters, Elevations 173 to 175 meters) in the test borings
performed at the X-10 Crossing Corridor and at a depth of 6.5 feet (Elevation 570.5 feet)
(2 meters, Elevation 173.9 meters) in TB-108 for the X-11 Crossing Corridor. Further
groundwater level measurements during drilling and at completion were precluded due to

the use of drilling fluids.

Pneumatic piezometers were installed in TB-101 (PZ-101) and TB-102 (PZ-102). PZ-
101 was installed at Elevation 431 (131.4 meters) within the lower bedrock zone. PZ-102
was installed within the upper bedrock zone at approximately EL 470.5 (143.4 meters).
Refer to Figure Nos. 19 and 20 in Attachment A for diagrams of the well installation.
Based on the readings taken subsequent to June 17, 2008, hydrostatic artesian pressure
head in the bedrock was recorded at 8.0 to 11.5 feet (2.4 to 3.5 meters) above ground
surface at PZ-102 and PZ-101, respectively, corresponding to Elevation 592.7 feet (180.7

meters).

8.1 GROUNDWATER CONTROL

Due to the depth of the proposed excavations, groundwater control will be required to
address groundwater conditions (and related gas conditions) within the granular soil
portions of the soft ground profile above the hardpan, as well as artesian conditions

within the hardpan and bedrock.

8.1.1 Groundwater in the Soil Horizon

Within the X-10 corridor (in particular TB-101, TB-102, and TB-103), relatively deep
water bearing granular soils are present in close proximity to the Detroit River shoreline,
which will act as a significant source of recharge to the groundwater within this granular
aquifer. Based on analysis of the grain size testing for these soils, it appears that the

permeability will be as high as approximately 0.01 centimeter per second (cm/sec). This
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permeability is considered quite high and on the margin of what is considered feasible to
dewater. In addition, it is likely that any dewatering effort within this aquifer would
cause migration of existing known contamination on the former Detroit Coke site toward
the river, and would require extensive investigation and evaluation in order to
accommodate permitting by regulating agencies. Further, any dewatering discharge
would require significant treatment to remove dissolved hydrogen sulfide prior to
disposal, which has proven to be extremely expensive for nearby projects where this

method was used.

For these reasons, it is anticipated that the only feasible method for groundwater control
for large open excavations (such as for anchorages) within the granular soils present in
the upper 50 to 60 feet (15 to 18 meters), will be to install a groundwater cutoff wall
consisting of steel sheeting, a slurry wall, or possibly sinking caisson wall. Such a wall
may be incorporated as part of the temporary earth retention system for installing the
anchorage elements. In any case, a system will need to be designed that prevents cross
contamination of upper aquifers (where present), and which is acceptable to regulating

agencies.

For drilled or pre-drilled foundation elements (drilled piers or pre-drilled piles,
respectively), such as for the main piers or for approach piers, it is expected that
excavation can most likely be accomplished through the use of slurry during drilling (as
discussed in later sections). It is unlikely that any other method (such as driving cutoff
casing) will be successful without the use of slurry, due to the depth of the water bearing
granular layers, and the depth to which the casing would need to be driven to provide
cutoff. As discussed above for large excavations, any design for drilled piers or piles will
need to consider the potential for cross contamination of upper aquifers. It is likely that
for any design incorporating piles or drilled piers, the most practical approach would be
to install a single perimeter cutoff wall around the pile group supporting the subject pier,
rather than installing cutoff casing around each foundation element.
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8.1.2 Groundwater and Gas in the Hardpan and Bedrock
The groundwater within the hardpan and bedrock typically contains dissolved sulfides,
which can create hydrogen sulfide gas upon exposure to the atmosphere and groundwater
discharge concerns if not addressed. Likewise, toxic or explosive gases may be

potentially present in localized areas throughout the site.

Based on the highly fractured nature of the upper rock, as well as NTH’s experience with
this formation on a number of sites in the immediate vicinity of the proposed
construction, it is estimated that the upper rock mass has permeability in the range of 0.01
to 0.001 cm/sec, which is considered relatively high. Given the anticipated relatively
high rock mass permeability, it appears groundwater in the bedrock may require control
during foundation construction. For applications that require exposure of large areas of
the bedrock to atmospheric conditions (such as for suspension bridge anchorages), this is

typically accomplished by either rock grouting, or sometimes by dewatering.

For foundation installation methods other than drilled piers (discussed in subsequent
sections), groundwater control in the hardpan and bedrock units by dewatering is not
considered to be feasible for this project. This is because the foundations will be
relatively massive and would be expected to involve at least 12 months of underground
construction and related dewatering. For such a prolonged dewatering effort,
consolidation settlement would be induced in the thick cohesive strata overlying the
hardpan, creating the potential for damage to surrounding infrastructure. In addition, the
volume of water and the associated groundwater treatment to remove sulfides and other
contaminants prior to disposal (as discussed above for the soil overburden) would be

significant and very costly.

Rock grouting has proven to be a very cost-effective means of controlling groundwater
and gas at the soil rock interface on several projects in close proximity to the DRIC,
where construction involved excavation and exposure of the bedrock surface. Rock
grouting of the Dundee Limestone would allow for exposing and cleaning the rock

surface to confirm the primary and secondary foundation elements are founded on an
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adequate bearing surface. However, rock grouting of the upper weathered rock will
require consideration for the presence of granular soils where encountered immediately
over the bedrock. This was the encountered condition at TB-105A and TB-107 in X-10,
and TB-108 in X-11. The granular soils have the potential to fill the upper rock fractures,
which may inhibit grout penetration during a rock grouting program. This can be
addressed by the use of low viscosity chemical grouting such as acrylimide, or hot

bitumen in the upper rock.

For the purposes of the conceptual engineering, and if exposure of a large area of the rock
surface is necessary to accommaodate the construction, it is recommended that a rock
grouting program be developed, with a concept design including a three stage,
cementious, top down rock grouting program, with a secondary chemical grouting

program of the upper rock to address granular infilling of fractures in the rock.

Even if such a rock grouting program is effectively implemented, some amount of
groundwater will almost certainly be produced from the surface of the grouted rock. Any
groundwater produced is expected to require treatment for dissolved sulfides and
hydrogen sulfide prior to disposal. Additionally, odor control may be required for
airborne hydrogen sulfide gas, although substantial efforts for odor control are not
typically necessary or required for industrial areas such as the X-10 corridor. When
necessary, such odor control typically involves collecting and treating the water before it

has the opportunity to let gas escape, and/or masking the odor chemically.
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9.0 SITE PREPARATION

It is anticipated that final design grades will be close to existing site grades. However,
due to the presence of fill on the site, some earthwork may be required to achieve final
design grades. It is anticipated that some of the on-site fill can be reused for earthwork

operations, but only in green belt areas.

The concept engineering should consider that at the start of earthwork operations, and
after any demolition is complete, all existing pavement, vegetation, layers of topsoil, and
any other exposed organic soils should be stripped and removed from within the
proposed foundation footprint. In addition, any utilities present within the foundation
area should be re-routed and then properly abandoned and removed following outside of

the footprint.

A special consideration for the X-10 site will be the presence of the demarcation barrier
and associated groundwater collection system, which will probably need to be maintained
outside the immediate construction area. In addition, special handling and excavation
methods will be required for any excavations through the upper granular soil layers to
prevent exacerbation of contamination on the site. It is likely that installation of a
contamination cutoff wall will be necessary, which could be coincident with the
groundwater cutoff wall mentioned in Section 7.1.1.

9.1 TEMPORARY EXCAVATIONS

The concept engineering should required that all excavations deeper than 5 feet (1.5
meters) be properly sloped or otherwise structurally retained to provide stable and safe
working conditions. In all cases, applicable regulations prescribed by the Michigan
Department of Consumer and Industry Services (MDCIS), formerly known as MIOSHA,
will need to be followed and adequate protection for workers, structures and utilities

provided.
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10.0 FOUNDATION RECOMMENDATIONS

Recommendations for support of bridge foundations have been developed on the basis of
the currently proposed cable-stayed and suspension bridge concepts as developed in the
Detroit River International Crossing, Bridge Conceptual Engineering Report, by Parsons

Transportation.

Based on the concepts developed in the Bridge Conceptual Engineering Report, the main
pier elements for both suspension and cable-stayed bridge options, along with secondary
and approach pier foundation elements, may be supported on long slender deep
foundation elements. For the purposes of this report, such foundation elements will
consist of drilled piers, or pre-drilled or driven piles. In all cases, multiple pier or pile
elements would be required to support a main pile cap, in turn supporting the pier or

other structural element.

For conceptual design purposes, the Michigan Department of Transportation’s (MDOT)
Bridge Design Manual (BDM) is used to develop nominal pile driving resistance values
(Rnpr) for the recommendations presented herein. The driving resistance values
presented in the MDOT BDM assume that the FHWA-modified Gates dynamic formula
is used to develop driving criteria. As such, both AASHTO (2007) LRFD Bridge Design
Specifications and the MDOT BDM recommend a dynamic resistance factor (¢pyn) equal
to 0.4. It should be noted that the FHWA manual Design and Construction of Driven Pile
Foundations, FHWA-HI-97-013 and -014, states the following:

“,»dynamic formulas do not provide information on pile driving stresses
and, in many circumstances, have proven unreliable in determining pile
capacity. Therefore, their continued use is not recommended on
significant projects. Dynamic test methods using signal matching
techniques can be used to: calculate pile installation stresses, determine

pile integrity, estimate static pile capacity, and determine relative soil
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resistance distribution on the pile. This is also an appropriate means of

establishing driving criteria.”

If AASHTO guidelines are followed to establish driving criteria from dynamic testing
with signal matching, a dynamic resistance factor of 0.65 may be used instead of 0.4. We
recommend that consideration be given to establishing pile driving criteria using dynamic

testing.

10.1 SUSPENSION BRIDGE ANCHORAGE OPTIONS

If the main structure is chosen to be a suspension bridge, multiple options have been
proposed and evaluated for the anchorage foundation elements. Those options are

discussed as follows.

10.1.1 Two Rectangular Caissons (Option I)

In this case, two large rectangular sinking caissons are designed and constructed to serve

as both the temporary earth retention system and permanent anchorage structures for the

proposed suspension bridge. The proposed caissons measure approximately 33 feet x 197
feet (10 meters x 60 meters) in plan dimension. A diagram has been prepared to illustrate

Option | and is presented as Figure 10-1 below and Figure No. 39 in Attachment A.
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Figure No. 10-1: Schematic of Option | — Two Rectangular Caissons.

10.1.2 Single Circular Caisson (Option II)

In this case, one large diameter sinking caisson would be designed and constructed to
serve as both the temporary earth retention system and permanent anchorage structure for
the proposed suspension bridge. The proposed caisson has a diameter of approximately
165 feet (50 meters). A diagram has been prepared to illustrate Option Il and is presented
as Figure 10-2 below and Figure No. 40 in Attachment A.
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Figure No. 10-2: Schematic of Option Il — Single Circular Caisson.

10.1.3 Drilled Shafts and Two Circular Caissons (Option I11)

In this case, two circular sinking caissons, in combination with 12 drilled piers are
designed and constructed to serve as the permanent anchorage structure for the proposed
suspension bridge. The proposed sinking caissons measure approximately 65 feet (20
meters) in plan diameter and the drilled piers would be 10-feet (3 meters) in diameter. A
diagram has been prepared to illustrate Option I11 and is presented as Figure 10-3 below
and Figure No. 41 in Attachment A.
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Figure No. 10-3: Schematic of Option I11 — Drilled Shafts and Two Circular

Caissons.

10.1.4 Drilled Shafts and Two Rectangular Caissons (Option 1V)

In this case, two rectangular sinking caissons in combination with 12 drilled piers are
designed and constructed to serve as the permanent anchorage structure for the proposed
suspension bridge. The proposed caissons measure approximately 30 feet x 82 feet (9
meters x 25 meters) with nominal 10-feet (3 meters) diameter drilled shafts. A diagram
has been prepared to illustrate Option IV and is presented as Figure 10-4 below and
Figure No. 42 in Attachment A.
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Figure No. 10-4: Schematic of Option IV — Drilled Shafts and Two Rectangular

10.1.5 Pipe Piles (Option V)

Caissons.

Pipe piles to support the suspension bridge anchorage could consist of reinforced

concrete filled steel pipes, which are typically equipped with a driving boot. The pipe

piles would be pre-drilled to the top or very near the top of bedrock, and mandrel driven

to bear on top of bedrock. A reinforcing steel cage would then be placed within each pile

and the pile filled with concrete. For the concept design, it can be assumed that the

bedrock geotechnical end bearing resistance will be mobilized within a settlement of up

to 5% of the pipe diameter, and that any settlement would occur primarily as elastic

settlement.

Table 10-1 summarizes the recommended nominal and factored pile driving resistance

values for 30-inch diameter pipe piles. The values presented in Table 10-1 assume that

the tip of the pipe pile is plugged. The vertical and horizontal components are also

provided for battered piles assuming a 3V:1H batter. The dynamic resistance factor
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(dpyn) presented by the MDOT BDM is equal to 0.4, and assumes that pile driving

criteria will be developed by using the FHWA-modified Gates Dynamic formula.

Table No. 10-1: Conceptual Driving Resistance Values for Cast-in-place (C.1.P.

Pipe Piles.
) Vert. Component (tons) | Horiz. Component (tons)
Axial (tons)
Pile 3V:1H batter 3V:1H batter

Rnor | dpynRNDR RNpR dpynRNDR RNDR dpyNRNDR

30” O.D.

990 396 939 376 314 126
0.625” Wall

Opyn = 0.4 based on using the FHWA-modified Gates dynamic formula to establish driving criteria.

We recommend considering the use of dynamic testing in developing driving criteria. If
AASHTO guidelines for dynamic testing are followed, a dynamic resistance factor of

0.65 may be used instead of 0.4.

The pipes should be spaced approximately 2 diameters apart or greater, to prevent
significant reduction in capacity and increases in settlement due to grouping effects. The
actual spacing could potentially be closer (or potentially further), based on final design
analysis and in consideration of the final actual loading group configuration, pipe boot
details, etc.

10.2 DEEP (SLENDER) FOUNDATION ELEMENTS FOR PRIMARY
FOUNDATIONS

Drilled piers (also termed drilled caissons or drilled shafts) used for support of the
primary foundations would extended through the upper fill, silty clay, granular soil
layers, hardpan soils, and be founded at least 5 feet (1.5 meters) into the underlying
competent limestone bedrock formation, resulting in depths of approximately 100 to 110

feet (30 to 34 meters). Extending these foundation elements will minimize uncertainties
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in the concept design by providing a uniform and reliable bottom pier elevation bearing

on competent bedrock.

The drilled shaft evaluation summarized herein was performed using LRFD
methodology. AASHTO and FHWA (report number FHWA-IF-99-025) guidelines were
followed. The following statement taken from FHWA-IF-99-025 summarizes the

assumptions used for evaluation.

“Assume that the settlement of the drilled shaft (pier) above the rock
socket is due only to elastic compression of the drilled shaft (pier)
material and is negligible. It is also assumed that the load transferred in
the overburden above the rock is minimal. That is, all of the load is
transferred in the socket. This assumption will ordinarily result in
overpredicted settlements, since some load is invariably transferred in the

overburden.”

Tables 10-2 and 10-3 summarize the nominal ultimate end and nominal ultimate side
resistance values for the evaluated drilled piers. The nominal ultimate base resistance,

Ren, and nominal ultimate side resistance values, Rsy, are computed by the following

equations.
Ren = AE(Qmax) [Eqn. 10.1]
Rsn = As(fmax) [Eqgn. 10.2]
Where: Ac Drilled pier end area, and
As Drilled pier shaft area within bedrock.
Table No. 10-2: Nominal Ultimate End Resistance Values.
B=25m B=33m
(8.2 ft) (10.8 ft)
Maximum End Resistance, Qmax (tsf) 300
Maximum Nominal End Resistance, Rgy (tons) 15,843 27,605
Resistance Factor, ¢ 0.50
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Table No. 10-3: Nominal Ultimate Side Resistance Values.

Egﬁgiﬁ B=25m | B=33m
(F) (8.2 ft) (10.8 ft)
Maximum Side Resistance, fyax (tsf) 10.6
. ) . . 5 1,370 1,800
I(\tlloaél)mum Nominal Side Resistance, Rgy 10 2730 3.600
15 4,100 5,400
Resistance Factor, ¢ 0.65
B = Pier diameter

For final drilled pier design, if the end and side resistance values are determined using a
field load test, both resistance factors can be increased to 0.8. The nominal total base
resistance, R, is computed by summing the nominal end and side resistance values.
However, the ultimate nominal values of end and side resistance should not be added as
these ultimate resistance values will not be mobilized at the same strain, as illustrated in
Figure 10-5. The ultimate side resistance (point A) is mobilized at small strain, while the
ultimate end resistance (point B) is mobilized at large strain. Once the end bearing
resistance is fully mobilized, the shaft resistance has usually reduced to residual strength
conditions (near point C). The load-settlement evaluation presented herein accounts for

this strain incompatibility.

Figure No. 10-5: Load-Settlement Behavior under Compression Loading (FHWA-
IF-99-025).
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Figures 10-6 and 10-7 present the load-settlement behavior for pier diameters of 2.5 m
(8.2 ft) and 3.3 m (10.8 ft), respectively. The load-settlement relation is modeled using
three linear segments; although, the actual behavior is likely non-linear. The first
segment presumes the behavior is elastic until side socket shear failure occurs. During
the second segment, after side shear failure and before complete failure of base
(plunging), it is assumed that the base behavior is elastic and the side resistance reduces
to its residual strength value. The behavior in the third segment is plastic (plunging)

where uncontrolled deformation occurs with very little to no additional loading.
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Figure No. 10-6: Drilled Pier Results Summary for a Diameter of 2.5 m (8.2 ft).
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Figure No. 10-7: Drilled Pier Results Summary for a Diameter of 3.3 m (10.8 ft).

For Figures 10-6 and 10-7, the computed normalized skin friction transfer relationship is

also provided. At small strain, the mobilized skin resistance is near 100% of its ultimate

value. Allowing continued strain reduces the mobilized skin resistance to its residual

strength value, which is approximately 17% of its ultimate value. Figures 10-6 and 10-7

are used to estimate the nominal and factored resistance values at a specified strain,

considering strain incompatibility between skin resistance and end bearing resistance.

Tables 10-4 and 10-5 summarize in a matrix format the graphical results that are

presented in Figures 10-6 and 10-7, for various rock socket lengths (L). The column /D

represents the pier settlement normalized by the pier diameter found in the x-axis of

Figures 10-6 and 10-7. In addition, the values presented in Tables 10-2 and 10-3 are used

to develop factored resistance values that are listed in Tables 10-3 and 10-4. In Tables

10-4 and 10-5, Ry is the nominal total load, Rs is the nominal shaft skin friction load,

Rsy is the nominal ultimate shaft skin friction load, and Rg is the nominal end bearing

load.
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Table No. 10-4: Summary of Nominal and Factored Resistance Values for a 2.5 m

(8.2 ft) Drilled Pier.

&/D Rn Rs/Rsu) Rs Re RN
(%) (tons) (tons) (tons) (tons)
L =5 feet
0.6 4,700 0.84 1,147 3,553 2,522
1.0 7,200 0.70 956 6,244 3,743
1.4 9,600 0.56 765 8,835 4,915
2.5 16,072 0.17 229 15,843 8,071
L =10 feet
0.6 6,100 0.87 2,362 3,738 3,404
1.0 8,800 0.69 1,884 6,916 4,683
1.4 11,300 0.53 1,447 9,853 5,867
2.2 16,313 0.17 470 15,843 8,227
L =15 feet
0.6 7,400 0.89 3,645 3,755 4,247
1.0 10,200 0.68 2,785 7,415 5,518
1.4 13,000 0.48 1,966 11,034 6,795
2.0 16,565 0.18 721 15,844 8,391
Table No. 10-5: Summary of Nominal and Factored Resistance Values for a 3.3 m
(10.8 ft) Drilled Pier.

&/D Rn Rs/Rsu) Rs Re RN
(%) (tons) (tons) (tons) (tons)
L =5 feet
0.6 7,500 0.83 1,133 6,367 3,920
1.0 11,500 0.70 956 10,544 5,893
1.4 15,700 0.57 778 14,922 7,967
2.63 27,907 0.17 229 27,678 13,988
L =10 feet
0.6 9,400 0.86 2,335 7,065 5,050
1.0 13,700 0.70 1,912 11,789 7,137
1.4 18,000 0.54 1,475 16,525 9,221
2.36 28,225 0.17 470 27,755 14,183
L =15 feet
0.6 11,100 0.87 3,564 7,537 6,085
1.0 15,700 0.69 2,826 12,874 8,274
1.4 20,300 0.51 2,089 18,211 10,463
2.15 28,558 0.18 721 27,837 14,387
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The evaluation presented herein is preliminary and is subject to verification based on
performing additional soil borings and rock coring at the final locations of the bridge
foundation units. Once the final foundation locations are selected, and loading
information, settlement tolerance, and construction methods are known, this evaluation
can be finalized to design the required drilled pier diameter and rock socket length for

each foundation unit.

It is understood that a preliminary shaft diameter of approximately 98 to 168 inches (2.5
to 3.3 meters) is planned from a foundation load standpoint. For planning purposes,
drilled piers should be spaced a minimum of 2 diameters apart (edge-to-edge, including
any bells), although the final spacing should be confirmed on the basis of actual pier

layout and geometry, loading, design depth, etc.
During the conceptual engineering of foundation systems expected to be subjected to
lateral loading, preliminary values for the modulus of lateral subgrade reaction can be

applied as follows:

Lateral Subgrade Reaction Modulus

Soil Stratum (pounds per cubic inch)
Granular Layers 60

Cohesive Layers 100

Hardpan 2,000
Bedrock (weathered) 2,500

If used in the conceptual engineering structural analyses, the above moduli (Welch and
Reese, 1972, 1975) should be used in conjunction with caisson diameters, modeling

method used, etc., to determine appropriate lateral caisson capacities.

Within test borings TB-105A, TB-107, and TB-108, layers of granular soils were
encountered below the hardpan or below the cohesive soil layers extending to the

bedrock. It is expected that the predominately sandy layer(s) will generally possess little
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to no standup time. In locations with this condition, it is expected that drilling slurry (as
recommended above to control groundwater), will be necessary to preserve sidewall
stability. Likewise, where this condition exists, the use of belled caissons in the soil will
be difficult or impossible, since the bells cannot be relied on to be self supportive within

predominantly granular layers.

In order to evaluate the feasibility of the drilled excavations in the soft to medium clay
soil zones, probable overload factors (also termed stability numbers and defined as the
ratio of overburden stress to soil shear strength), were calculated. Overload factors on the
order of six to eight (6 to 8) typically indicate marginal sidewall stability, and values
greater than eight (8) typically indicate squeezing conditions. Based on the soil data, it is
estimated that the overload factors will approach twenty (20) as the excavation depth
below the ground surface reaches the hardpan layers. This indicates that squeezing
conditions will be present within the shaft excavations unless the shafts are drilled under
slurry or fully cased. As such, the concept engineering should include provisions for the
use of specialized drilling slurry for the full depth of the caissons through clay, as well as
through granular layers overlying the hardpan and bedrock. In addition, the use of full-
length steel casing may be preferred for isolated foundation elements in areas of known
soil and groundwater contamination (particularly in the upper fill layers), as discussed
earlier in this report. For larger groups of drilled pier elements, a perimeter cutoff wall
will likely be more cost effective.

Based on local experience with subsurface conditions in the Detroit Area, as well as
observations from test boring programs on nearby parcels, the possibility of random
occurrence of toxic, noxious, and explosive gases in caisson excavations cannot be
precluded, although proper gas monitoring will minimize the risk associated with such

events.
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10.3 DEEP (SLENDER) FOUNDATION ELEMENTS FOR SECONDARY
FOUNDATIONS

Based on the concepts developed in the Bridge Conceptual Engineering Report, the
secondary and approach pier foundation elements may be supported on long slender deep
foundation elements. For the purposes of this report, such foundation elements will
consist of drilled piers, or pre-drilled or driven piles. In all cases, multiple pier or pile
elements would be required to support a main pile cap, in turn supporting the pier or

other structural element.

10.3.1 Drilled Piers

Drilled piers would extended through the upper fill, silty clay, granular soil layers, and be
founded at least 2 feet (0.6 meters) into the underlying hardpan soils, resulting in depths
of approximately 90 to 100 feet (27 to 30 meters). The drilled pier should be designed
for end bearing in the hardpan. For a drilled shaft constructed in this fashion, the nominal
end resistance should be approximately 40 tsf (3.8 MPa) for conceptual design purposes,
which corresponds to a settlement of approximately 5 percent of the shaft end diameter.
A resistance factor of 0.55 should be used. Invariably, some load will be distributed into
the overburden soils along the drilled pier. This load is difficult to quantify with
certainty, and will be small relative to the end resistance mobilized in the hardpan. Asa
result, overpredicted settlements are likely due to some load transfer into the overburden

soils.

10.3.2 Driven Piles
Based on the current bridge concepts, some bridge foundation elements (most likely
approach piers) could potentially be supported on piles, which could involve various

sizes of mandrel or top-driven concrete filled pipe piles, or top driven H-piles.
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10.3.2.1 Pipe Piles
Pipe piles for this project could consist of concrete filled steel pipes, which are typically
equipped with a driving boot. The pipe piles are then pre-drilled to within approximately
5 feet (1.5 m) of hardpan, mandrel driven to bear within the hardpan, and then filled with
concrete. The concept engineering should include provisions for the use of drilling slurry
for the full depth of the pre-drilled hole through clay, as well as through granular layers
overlying the hardpan and bedrock.

Table 10-6 summarizes the nominal and factored pile driving resistance values for pipe
piles recommended in MDOT BDM. The dynamic resistance factor (¢pyn) presented by
the MDOT BDM is equal to 0.4, and assumes that pile driving criteria will be developed
by using the FHWA-modified Gates Dynamic formula.

Table No. 10-6: Conceptual Driving Resistance Values for C.1.P. Pipe Piles.

) Axial (tons)
Pile
Rnor (1) doyNRNDR
12” O.D. 0.25” wall 175 70
14” O.D. 0.312” wall 200 80
14” O.D. 0.438” wall 250 100
dpyn = 0.4 based on using the FHWA-modified Gates dynamic formula to establish driving criteria.

We recommend considering the use of dynamic testing in developing driving criteria. If
AASHTO guidelines for dynamic testing are followed, a dynamic resistance factor of
0.65 may be used instead of 0.4.

The pipe piles would need to be spaced at least 3 diameters apart to prevent significant

reduction in capacity and increases in settlement due to grouping effects.

10.3.2.2 H-Piles
H-piles for this project would be top driven into the hardpan. Table 10-7 summarizes the

nominal and factored pile driving resistance values for driven H-piles recommended in
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the MDOT BDM. As with pipe piles, the dynamic resistance factor (¢pyn) presented by
the MDOT BDM is equal to 0.4, and assumes that pile driving criteria will be developed
by using the FHWA-modified Gates Dynamic formula.

Table No. 10-7: Conceptual Driving Resistance Values for C.1.P. Pipe Piles.

_ Axial (tons)
Pile
Rnor (1) dpynRNDR
HP 12x53 200 80
HP14x102 400 160
Opyn = 0.4 based on using the FHWA-modified Gates dynamic formula to establish driving criteria.

We recommend considering the use of dynamic testing in developing driving criteria. If
AASHTO guidelines for dynamic testing are followed, a dynamic resistance factor of

0.65 may be used instead of 0.4.

Due to the relatively deep depth to the hardpan and because pre-drilling is not typically
practical for H-piles, sweep of the piles during driving operations could be problematic.
The piles would need to be spaced at least 5 dimensions apart in consideration of the
potential for sweep, and to prevent significant reduction in capacity and increases in
settlement due to grouping effects.

10.3.2.3 Environmental Considerations for Piles
Research indicates that there is a potential for pile foundations to enhance vertical
migration of contamination through aquitards. The research indicates that a variety of

factors may influence the potential for vertical migration, including:

Pile shape (round, square, or H)

Pile diameter

Shape of pile bottom (flat or pointed)
Installation method (driven or cast in place)

Pile material (steel, concrete, or wood)
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Soil type of aquitard (stiff clay or soft clay)
Thickness of aquitard

Amount of aquitard penetration (partial or full)

Research indicates that installation of certain types of piles under certain conditions may
lead to a ten times increase in vertical contaminant flow through the aquitard. In general,
bored piles may lead to more vertical flow than driven piles. Also, H piles that are driven
may lead to more vertical flow than round piles that are driven.

During the brine well and geotechnical investigations, oversized steel environmental
casings and specialized cementing methods were used to prevent vertical migration.
Since these investigations required open boreholes, this environmental casing was
deemed an appropriate precaution. However, for permanent piles, such preventative
measures may or may not be required. Due to the numerous factors that may affect the
potential for increased vertical migration, it would not be appropriate to make a
recommendation at this time. However, based on the concerns of the MDEQ and former
liable owner, and the high visibility of this project; the potential for piles to increase
vertical migration of the existing contamination should be considered during the final

foundation design.

104 DEEP EXCAVATIONS FOR FOUNDATION INSTALLATION

For several of the bridge foundation concepts that have been developed (particularly for
installation of a suspension bridge anchorage), a relatively large excavation will need to
be extended into the bedrock. Based on the concepts developed as part of the Bridge
Conceptual Engineering Report (as discussed above), such excavations could potentially
consist of a circular shaft 165 feet (50 m) in diameter or two rectangular shafts 35 by 200
feet (10 by 60 m) in plan dimension. Two hybrid designs are also proposed that consist of
smaller diameter circular and rectangular caissons, in combination with drilled piers. In
any case, the excavation support systems would extend to the top of (or into) rock, which

can be expected to be approximately 100 feet (30 m) below ground surface. Such
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excavations would require a significant earth retention system, which could potentially
consist of an internally braced tangent pile shaft, structural slurry wall, or sinking caisson.
In addition, internally braced steel sheeting has been considered, although this option is

not considered to be practical. These options are discussed below.

10.4.1 Tangent Pile Shaft

A tangent pile shaft involves augering a series of holes, tangent to one-another (usually
staggered in plan view), through the overburden soils to bedrock in pattern around the
planned shaft location. Heavy steel members or reinforcement rods are then placed
vertically into the holes, with the annulus tremie-grouted with concrete. The steel
effectively provides resistance to bending in the vertical direction. As excavation
proceeds, steel reinforcing beams (rectangular shaft) or reinforced concrete “ring beams”
(circular shaft) are cast-in-place around the inside perimeter of the tangent pile walls. The
steel bracing or concrete ring beams act as horizontal compression members, resisting the

resulting soil pressures acting on the outside of the shaft.

Due to the large soil loads, the steel bracing or concrete beams would need to be placed at
close vertical spacing (probably in the range of 5 to 10 feet or 1.5 to 3 meters), resulting
in a large number of bracing levels over the entire depth of the shaft. Also, the shaft must
be designed such that the tangent pile walls can resist lateral earth loads below the base of
the excavation during construction. Such forces for the expected necessary size shaft
would be large, with associated steel members also large. A major risk of this method
involves inward creep of the tangent piles and squeezing of soil through gaps between
tangent piles; both issues are due to high soil pressure and associated high overload
factors as the shaft depth approaches the hardpan. A generalized plan view of a typical

tangent pile shaft is shown in Figure 10-8.
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D @Q@Q@

Shotcrete can be placed to
help reduce soil flow, and
possibly soil squeeze

Steel W- or HP- section or
reinforcing steel bar cage as needed

Figure No. 10-8: Schematic Plan View of a Typical Tangent Pile Wall.

A hybrid of this alternative, termed a secant pile shaft, consists of a similar installation of
augered bore holes that are spaced having a clear distance less than one bore diameter
away from each other. These initial spaced holes are backfilled with lean concrete and
have no steel reinforcing. After these initial lean concrete piles have cured, the space
between the lean concrete piles is augered, along with a portion of the adjacent lean
concrete piles. Reinforcing steel and structural concrete is placed in these intersecting
(i.e., secant) piles. The main support derives from the reinforced piles, while the lean
concrete piles act as lagging. Similar risks are associated with a secant pile shaft as were
noted for the tangent pile shaft. The benefit of using a secant pile shaft is that the amount
of soil squeeze between structural support elements should be reduced. A generalized

plan view of a typical secant pile shaft is shown in Figure 10-9.

Lean concrete

Structural concrete Steel W- or HP- section or
reinforcing steel bar cage as needed

Figure No. 10-9: Schematic Plan View of a Typical Secant Pile Wall.
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10.4.2 Steel Sheeted Shaft
A steel sheeted shaft would be similar in concept to a tangent pile shaft, with the steel
sheeting most likely being driven within a starter pit to reduce sheeting lengths. Similar
to the tangent pile shaft concept, as the excavation proceeds, steel bracing or reinforced
“ring beams” are then placed around the inside perimeter of the sheeting. Also similarly,
the supports would need to be placed at close vertical spacing and the sheeting would
need to be designed to resist lateral earth loads below the base of the excavation during
construction. Major risks involved with this method involve jumping of interlocks in the
sheets during driving, resulting in squeezing of soil into the shaft through gaps, as well as
inward creep due to high ground pressure. In addition, pre-drilling may be required to
remove or dislodge cobbles and thus allow adequate sheeting penetration. The noted
risks probably make the use of this method impractical for the DRIC project.

10.4.3 Slurry Wall Shaft

A slurry wall shaft, also known as a diaphragm wall, is constructed by excavating to or
into bedrock a series of deep trenches, each of a short finite length, to the designed
bottom depth of the shaft. Each trench is excavated and kept open using slurry material,
usually a mixture of bentonite, water, and additional additives that modify the slurry’s
dynamic properties. Following excavation, steel reinforcement is placed in the trench,
and the trench is then tremie grouted with structural concrete. Following the concrete
placement, the next trench is excavated, and the process is repeated. Such walls can be
constructed in a circular plan configuration, which resists soil and water loads primarily
through compression, with some secondary bending affects. However due to large
compression loads and buckling effects, larger shafts constructed in this manner often
utilize internal support, such as internal ring beams. For a rectangular shaft, a concrete
slurry wall would probably require installation of internal support as the shaft excavation

proceeds.

When considering the size of the proposed shaft and the prevailing soil conditions, slurry
wall construction methods offer a few distinct disadvantages. Although these types of

walls can carry significant load in compression, they are sensitive to unsymmetrical
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loading. This is critical when considering the trench excavations would take place in soft
soils. Slurry trenches in soft soils have historically resulted in poor control of squeezing
within deep excavations, although this can usually be controlled through careful
construction practices. Another potential disadvantage is that slurry wall construction is

a technique somewhat unfamiliar to the local construction community.

10.4.4 Sinking Caisson Construction

A sinking caisson could either be constructed in as a circular shaft or rectangular shaft. A
circular shape is much more common and is very efficient structurally, because the walls
act as a circular compression beam. A rectangular or square caisson typically requires
very thick and highly reinforced walls, although this can sometimes be reduced through
the use of internal diaphragm walls cast between the outside long-span walls to provide

support.

For this project, the caisson would be constructed through variable fill soils, soft to
medium cohesive soils, loose to very compact silty/sandy soils, very stiff to very hard
clayey hardpan, then very stiff to stiff silty clay, and finally bedrock. During excavation,
bentonite injection is typically be used to advance the shaft downward. The general
sequence of the installation would then involve completing the shaft by underpinning the
shaft to bedrock. Excavating and/or blasting the underlying rock will be necessary to
install the lower portion of the shaft into competent bedrock. The general concept for the
sinking caisson construction method by stage is shown on Figure 10-10 and Figure 43 in

Attachment A, and is discussed in greater detail in the following paragraphs.
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Figure No. 10-10: Sinking Caisson Construction Schematic.
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The sinking caisson construction method generally begins with the removal of any
existing structures, sewer pipes, piles, and other obstructions within the proposed shaft
area, followed by a bedrock and soil/rock interface grouting program (discussed
previously). Following the grouting program, a cutoff wall may be installed for
groundwater control purposes, and a steel sheet pile wall retaining system may be used to

execute the launching pit excavation.

Given the existence of variable fill material, a concept design involving a sinking caisson
should include the caisson being launched from a shaft starter pit excavated larger than
the shaft footprint. The launching pit for this project would almost certainly be
constructed within a braced excavation, and due to groundwater, environmental and face
instability concerns of the fill soils, the excavation bracing would probably consist of
steel sheet piling. Given the large diameter of the caissons, it likely that internal bracing
for a launching pit will consist of cast-in-place concrete ring beams. All fill soils within
the shaft starter pit would be removed prior to constructing the launching platform, and a
pad of engineered fill would be constructed on native or otherwise suitable fill soil. The
launching pit excavation would then be backfilled to a specified elevation such that
flooding during construction can be avoided. Steel sheeting installed to cut-off potential
connection to the river and near surface groundwater (perched) may also be installed.

The concept design should consider that any sheets that are driven through the fill soils
will encounter multiple obstructions and result in very difficult driving, misalignment,
and jumping sheet pile interlocks. As such, the concept design should include provisions
that, prior to pile driving, the line of sheeting be pre-excavated and filled in limited

sections to remove major obstructions.

Once the launching pit is completed, construction is started on the first couple of lifts of
the caisson, on the launching platform within the starter pit. The first lift contains a
“cutting shoe” that consists of a tapered edge to allow the tip to cut into the soil as soil is

removed from the interior of the shaft. After the first and second lifts have gained
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appropriate strength, the launching platform is segmentally removed and the caisson
begins to sink into the soil profile generally via a controlled soil failure at the cutting shoe
tip. The shaft is subsequently sunk to a pre-determined depth by excavating within the
shaft to reduce bearing of the cutting shoe and frictional resistance on the shaft wall,
adding concrete lifts, and injecting bentonite to the shaft exterior to decrease skin
resistance. The actual sinking of the caisson occurs whenever the total weight of the
constructed portion exceeds the soil bearing support of the cutting shoe, hydrostatic uplift
pressure, and the overall skin resistance of the soil on the shaft walls. During
construction, a proper balance between these forces must be maintained to ensure shaft

sinking is controlled.

Sinking the caisson in the wet has been considered to reduce the groundwater cutoff
requirements, although this method is often problematic when sinking through harder soil

layers at great depth, and is not recommended for this project.

Caissons sink incrementally and the large shaft diameters required for the primary
foundation elements will require substantial effort to maintain plumbness. Maintaining
roundness is also an issue for circular sinking caissons, since the wall elements are
typically very thin in comparison to the diameter, and may be subject to buckling if
unbalanced loading occurs. Rectangular caissons typically have thicker walls with
respect to the wall length, and are less susceptible to bucking. These issues are generally
controlled by excavating in particular areas of the caisson interior as required. At times

the excavation may be asymmetrical to achieve the desired result in the caisson structure.

Sinking a caisson through the anticipated loose to very compact granular layers
encountered above the hardpan soils in some locations will require the use of a cut-off
wall to form a barrier between the caisson sinking operation and the existing groundwater
and contaminated soils (also expected to be variably impacted). This could consist of a
slurry wall as discussed above, or a jet grout cut-off wall extending down into hardpan
expected near Elevation 500 feet (Elevation 152.4 meters). If used, such a wall should be

designed to also intercept the intermittent granular layers above/below the hardpan where
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encountered (specifically on Crossing X-10). The jet grout cut-off wall would have such
dimensions as to allow sufficient room for caisson sinking activities and subsequent
ground settlement impacts. In any case, provisions for the concept design should include
monitoring the effectiveness of the cut-off wall, such as monitoring wells on each side of

the cut-off wall screen within the granular soils zone.

Potential risks associated with the sinking caisson method include the potential that
untimely injection of the bentonite lubricating fluid may result in undesirable movement
of the caisson; there is some potential for ground settlement; and that the success of the
system is strongly dependent on development of, and adherence to a well thought-out

sinking plan.

Although there are a number of local contractors that are very familiar with the sinking
caisson method, there are others less familiar. Since the method requires diligent control
of the ground and careful excavation to maintain plumbness (and roundness in the case of
circular caissons), it would be prudent for the final design, that very stringent
qualification requirements be included in the project specifications.

10.4.5 Shaft Wall Construction at Soil/Rock Interface

Specialized construction methods will be required to construct the shaft walls at the
bedrock interface and to the desired elevation within the bedrock. The shaft will
probably be advanced by interior soil excavation until rock is encountered beneath the

shaft wall at approximately Elevation 485 to 494 feet (Elevation 147.8 to 150.6 meters)

For the Sinking Caisson option discussed in the previous section, the shaft would then be
stabilized by replacing the lubricating bentonite on the exterior of the caisson with
cement grout injected through the bentonite injection pipes. As the bedrock surface is
expected to vary beneath the shaft, ground stabilization (jet grouting or ground freezing)
would then be employed to stabilize the zone between the caisson shoe and the bedrock
interface prior to underpinning the caisson. The same method would also hold true for a

structural slurry wall designed shaft. Depending on the continuity and success of the
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bedrock grouting program, the ground stabilization must be designed for groundwater
cutoff, partial support of the shaft weight during underpinning (sinking caisson option

only), and soil/hydrostatic pressures.

Depending on the final anchorage design, the sinking caisson shaft may require
advancement into the bedrock, either for bearing, or to provide added resistance to lateral
load. This is typically accomplished by excavating into the rock after the caisson itself is
underpinned and locked into place. The entire shaft bottom, or only the perimeter, can
then be excavated into the rock, depending on the bearing requirements and lateral
passive resistance requirements. Passive resistance may also be developed by

constructing key-ways in the rock.
Where passive resistance is needed to provide a reaction to lateral anchorage loads, the
following lateral passive equivalent fluid pressure values are suggested for conceptual

design purposes.

Equivalent Fluid Pressure

Soil Stratum
(pounds per cubic foot)
Overlying soil material 135
Hardpan 257
Bedrock 330

This may be combined with a coefficient of frictional resistance component between rock
and the concrete anchorage foundation of 0.65. It is expected that these values may be
refined based on further testing and evaluation that would be conducted during the final

design.

10.5 FOUNDATION COST CONSIDERATIONS

For development of concept level cost estimates for piles and drilled piers, the use of

RSMeans (annual construction cost estimating publication) or local bid tabulation data is
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recommended. Costs for tangent pile walls and braced sheeting are also probably best

developed from local bid tabulations for similar work.

Cost estimates for slurry wall foundations can be developed from RSMeans. However,
this type of construction is not well known to the local construction community, and as a
result, costs in the Detroit area may be greater than those in areas where this method is
commonly used. For a recent project in the Detroit area, the bid tabulation indicated a
unit cost for a slurry wall of similar depth in similar soils at $100 per square foot.

Based on our experience, caisson construction is generally more cost-effective than other
methods for projects of this type in similar soil and groundwater conditions. For the
purposes of developing conceptual cost estimates, examples of cost comparisons for
caisson construction are available in “Sinking Caissons as an Effective Means of
Construction Shafts”, 1997 Rapid Excavation and Tunneling Conference in Las Vegas,
Nevada, June 22-25, 1997, presented as Figure No. 23 in Attachment A. The paper
presents the results of a study of case histories on projects where sinking caissons were
selected to deal with the impact of soil and groundwater conditions (commonly called
bad ground conditions) on the performance and constructability of different shaft
systems. The paper also looks at factors that have led to the success or failure of the
systems. Cost data for five projects have been reviewed and compared to cost of shaft
installation by other means.

For cost estimating drilled piers, Means may also be used, although local bid tabulation
information may be more useful to provide up-to-date regional unit cost data. Based on
recent projects we are familiar with in the Detroit area involving large diameter drilled
piers extending to rock and drilled under slurry, the following unit costs for developing a

concept-level cost estimate for the drilled piers are suggested:

e Assuming full length steel cages and slurry installation (necessary for the known

site conditions), assume about $1,400/cy of concrete, in-place. If the steel cage
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can be reduced to only extend about 50 feet deep, the unit rate can be reduced by
10 percent.

e For piers to be socketed into rock (necessary for the main piers), assume an
additional $2,700/cy for the rock excavation and removal (under slurry). For the
main piers, it is suggested herein that the piers be socketed at least 5 feet. For
estimating purposes, a slightly deeper socket may be considered to provide for

variable conditions.

For all foundation installation, the presence of contamination in the upper water bearing
granular layers should be considered in developing cost estimates. As indicated
elsewhere in this report, the most practical method for preventing cross contamination of
upper aquifers is, most likely, the use of a perimeter cutoff wall such as steel sheeting or
slurry wall, surrounding each group of piles or drilled piers. The cost of such a wall can
be developed from RSMeans or similar cost data, or from local bid tabulations for similar

construction.

In any case, concept level cost estimates for foundations should consider what may be
fluctuating prices for steel, concrete and fuel, which have resulted in several recent

projects being bid significantly higher than the design estimate.

10.6 FOUNDATION CONCLUSIONS AND RECOMMENDATIONS

Various methods for constructing the several different foundation elements are discussed
above. Although a number of different construction methods are considered feasible for
the various foundation elements, certain methods of construction appear to offer
advantages in terms of least risk and probable lowest cost. The following sections
provide recommended foundation types and construction methods for the individual
foundation elements. It should be noted that these recommended methods are for the
purpose of this feasibility report and for feasibility-level cost estimation. It is expected
that upon final design, these suggested methods will be refined and modified to reflect
the final design requirements.
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10.6.1 Cable Stay and/or Suspension Towers
Drilled piers with pier cap and tie-beams are considered the most likely foundation type
for these elements. The piers should be drilled under slurry, with the upper fill (20 to 40
feet, depending on location) cased to reduce the possibility collapse of unstable material.
The pier area should be isolated using a cutoff wall, to prevent cross contamination of
upper aquifers. The piers should be socketed at least 5 feet into rock. Final pier diameter
and rock socket length should be determined based on the applied loading and settlement

tolerance.

10.6.2 Suspension Anchorages

All of the options presented in the DRIC Engineering Report (and in Section 10.1, above)
are considered feasible for installation of the suspension anchorages. However, the
specific anchorage loads and sizes are not known at this time and thus detailed cost

estimating is not possible at this time.

10.6.3 Bridge Approaches

Drilled piers with a pier cap are considered the most likely foundation type for these
elements. Similar to the main pier foundations, the piers should be drilled under slurry,
with the upper fill (20 to 30 feet, depending on location), cased to reduce the possibility
for collapse of unstable material. Where these foundation elements are isolated or not
closely spaced, it may be practical to design the upper casing method to satisfy the
requirement for prevention of cross-contamination of aquifers (i.e., a perimeter cutoff
wall may not be the most cost effective solution for such cases). The piers may be
supported in hardpan or on the top of rock, depending on the required settlement
limitations. Final pier diameter should be determined by applied loading and settlement

tolerance.
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11.0 SEISMIC DESIGN CRITERIA

The 2003 Michigan Building Code (MBC) states that the site shall be classified as one of
the site classes defined in Table 1615.1.1. Where the soil shear velocity is not known,
site class shall be determined, as permitted in Table 1615.1.1, from standard penetration
resistance or from soil undrained shear strength, calculated in accordance with Section
1615.1.5. The site soil profile does not contain any soils having one or more of the
characteristics that would require the site to be classified as Site Class F. Therefore,
according to Section 1615.1.5.1 of the MBC, and for the purposes of the concept level
design, the site should be classified as Site Class E. A site-specific investigation
including determination of shear wave velocities for the various soil layers should be

performed prior to actual design of foundation elements to confirm this assessment.
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120 LIMITATIONS

The evaluations and preliminary recommendations presented in this report have been
formulated on the basis of generalized data in the vicinity of the proposed bridge
crossings, together with current preliminary concepts for the bridge and foundations. As
such, all of the preliminary conclusions presented herein are considered appropriate for
concept-level evaluations of the design and for concept-level cost estimating. Experience
indicates that the actual sub-soil conditions at the actual final locations of all the primary
and secondary foundation elements may vary from those explored and presented in this
report. Therefore, a comprehensive final design-specific geotechnical investigation
should be performed to provide geotechnical exploration and analysis at the locations of
each primary and secondary foundation element.

The scope of the present investigation was limited to the preliminary site specific
evaluation of subsurface conditions for the support of the proposed bridge foundations.
Considerations relating to environmental concerns beyond those specifically mentioned
in this text, or other possible regulatory restrictions on development, were not included in

the scope of this investigation.

Respectfully Submitted,

NTH Consultants, Ltd.

Craig R. Johnson Donald C. Wotring, Ph.D., P.E.
Project Engineer Project Engineer
Geotechnical Investigation Geotechnical Analysis

Fritz J. Klingler, P.E.
Project Manager

JNS/CRJ/FIK
Attachments
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n4 NTH Consultants, Ltd.
8- A Neyer, Tiseo & Hindo Company

Boulders

Cobble

Gravel - Coarse

Fine

Sand - Coarse
Medium
Fine

Silt

Clay

PARTICLE SIZES

GENERAL NOTES

TERMINOLOGY

Greater than 12 inches (305mm)

3 inches (76.2mm) to 12 inches (305mm)

3/4 inches (19.05mm) to 3 inches (76.2mm)

No. 4 - 3/16 inches (4.75) to 3/4 inches (19.05mm)
No. 10 (2.00mm) to No. 4 (4.75mm)

No. 40 (0.425mm) to No. 10 (2.00mm)

No. 200 (0.074mm) to No. 40 (0.425mm)

0.005mm to 0.074mm
Less than 0.005mm

COHESIVE SOILS

Unless otherwise noted, all terms utilized herein refer to the Standard Definitions presented in ASTM D 653.

CLASSIFICATION

The major soil constituent is the principal noun, i.e.,
clay, silt, sand, gravel. The second major soil
constituent and other minor constituents are
reported as follows:

Second Major Constituent

(percent by weight)

Trace - 1t0 12%

Adjective - 12 to 35%

(clayey, silty, etc.)

And - Over 35%

Minor Constituents
(percent by weight)

Trace - 1to 12%
Little - 12 to 23%
Some - 23 to 33%

If clay content is sufficient so that clay dominates soil properties, clay becomes the principal noun with the other major soil constituent as modified; i.e., silty clay.
Other minor soil constituents may be included in accordance with the classification breakdown for cohesionless soils; i.e., silty clay, trace of sand, little gravel.

Approximate

Consistency

Very Soft
Soft
Medium
Stiff
Very Stiff
Hard
Very Hard

Unconfined Compressive
Strength (psf)

Below 500
500 - 1000
1000 - 2000
2000 - 4000
4000 - 8000
8000 - 16000
Over 16000

Range of (N)
0 - 2

3 - 4

5 -8

9 -15

16 - 30
31 -50
Over - 50

Consistency of cohesive soils is based upon an evaluation of the observed resistance to deformation under load and not upon the Standard Penetration Resistance

(N).

Density
Classification

Very Loose
Loose

Medium Compact

Compact
Very Compact

COHESIONLESS SOILS

Relative
Density %

0-15

16 -35
36 - 65
66 - 85
86 - 100

Approximate

Range of (N)
0- 4
5- 10
11 - 30
31 - 50
Over 50

Relative density of cohesionless soils is based upon the evaluation of the Standard Penetration Resistance (N), modified as required for depth effects, sampling

effects, etc.

AS
BS
S

LS
ST
PS
RC
CS

SAMPLE DESIGNATIONS

Auger Sample - directly from auger flight

Miscellaneous Sample - bottle or bag
Split Spoon Sample - ASTM D 1586

Split Spoon Sample S with Liner Insert 3 inches in length
Shelby Tube Sample - 3 inch diameter unless otherwise noted
Piston Sample - 3 inch diameter unless otherwise noted
Rock Core - NX core unless otherwise noted

Continuous Sample - from rock core barrel or continuous sampling device

STANDARD PENETRATION TEST (ASTM D 1586) - A 2.0" outside-diameter, 1-3/8" inside-diameter, split barrel sampler is driven into undisturbed soil by
means of a 140-pound weight falling freely through a vertical distance of 30 inches. The sampler is normally driven
three successive 6-inch increments. The total number of blows required for the final 12 inches of penetration is the Standard Penetration Resistance (N).

Figure No. 2A



480 Ford Field

2000 Brush Street NTH Consultants, Ltd.

Detroit, Michigan 48226
Phone: 313.237.3900
Fax: 313.237.3909

SUMMARY OF ROCK LOG NOMENCLATURE

RUN NUMBER
The number of the individual coring interval starting at the rock interface.

ROCK TYPE/DESCRIPTION
Description of the color, grain size or texture, bedding, foliation, lithology and mineralogy.

Color - When describing the color, use only common colors such as gray, brown, green, etc., or
simple combinations of these (e.g., yellow-brown). The degree of color (light vs. dark) should
also be employed.

Grain Size/Texture - Terminology used to identify size, shape, and arrangement of the
constituent elements: e.g., porphyritic, glassy, amygdaloidal, etc.

Where applicable, the following size classification is utilized:

Amorphous Particles too small to be seen with the naked eye.
Fine grained Particles barely seen with naked eye.

Medium grained  Particles barely seen with naked eye to 1/8 in.
Coarse grained Particles between 1/8 in. and 1/4 in.

Very coarse Particles greater than 1/4 in.

Bedding or Foliation - A bed (or foliation) is the smallest diversion of a stratified series, and
marked by a well defined divisional plane from strata or layers above and below. Bedding is the
collective term signifying the existence of beds or laminae.

The relative thickness of the bedding planes shall be described as follows:

Bedding Planes Spacing

e Laminated Less than 0.4 in. (1 cm)
e Very thin 0.4 inch (1 cm)

e Thin 2 to 12 inches

e Medium 1 to 3 feet

e Thick 310 10 feet

Lithology — Rock name or classification and modifiers such as Limestone, Shaly Limestone,
Shale, Calcareous Shale, etc.
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480 Ford Field

2000 Brush Street NTH Consultants, Ltd.

Detroit, Michigan 48226
Phone: 313.237.3900
Fax: 313.237.3909

WEATHERING/ALTERATION

Weathering (alteration) of the rock (mineral fabric) is caused by mechanical and chemical action

(temperature variations, water, bacteria, physical and chemical attack) and produces deterioration
of the rock fabric leading eventually to a disaggregated mass resembling soil. The terms used to

describe the relative degree of weathering are as follows:

e F-Fresh Rock fresh, crystals bright, few joints may show slight staining. Rock
rings under hammer if crystalline.

e SW - Slight Discoloration indicates weathering of rock material and discontinuity
surfaces may be somewhat weaker externally than in its fresh
condition.

e MW - Moderate Less than half the rock material is decomposed and or disintegrated to

a "soil”. Fresh or slight weathered rock present either as a continuous
framework or as corestones. Large pieces cannot be broken by hand.

e HW -High More than half the rock material is decomposed and/or disintegrated to
a soil. Rock so weakened by weathering that fairly large pieces can be
crumbled by hand. Fresh or discolored rock (slight) may be present as
a discontinuous framework or as corestones.

e CW - Complete Rock reduced to "soil". Rock "fabric" not discernible or discernible
only in small scattered locations.
¢ RS - Residual Soil The original minerals of the rock have been entirely altered to

secondary minerals and the original rock fabric is not apparent.

FIELD HARDNESS
A measure of resistance to scratching or abrasion. The descriptions of the relative degrees of
hardness are as follows:

e S-Soft Reserved for plastic material only.

e F - Friable Easily crumbled by hand, pulverized or reduced to powder and is
too soft to be cut with a pocket knife.

e LH - Low Hardness Can be gouged deeply or carved with a pocketknife.

e MH - Moderately Hard Can be readily scratched by a knife blade. Scratch leaves heavy
trace of dust and scratch is readily visible after the powder is

blown away.
e H-Hard Can be scratched with difficulty; scratch produces little powder
and is often faintly visible; traces of the knife steel may be visible.
e VH - Very Hard Cannot be scratched with pocketknife; leaves knife steel marks on
surface.

GRAPHIC LOG OF FRACTURES
A scaled representation of fractures and discontinuities observed along the length of the core run.
Fracture angles with respect to the longitudinal axis of the core run shall be noted were applicable.
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Detroit, Michigan 48226
Phone: 313.237.3900
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DESCRIPTION OF ROCK DEFECTS
Description of rock defects shall include information regarding discontinuities as well as solution
cavities or voids.

Discontinuities - Surface representing breaks or fractures separating the rock mass into discrete
units.

The types of discontinuities are as follows:

e Crack A partial or incomplete fracture.

e Joint A simple fracture along which no visible shear displacement has
occurred. May occur with parallel joints to form a joint set.

e Shear A fracture along which differential movement has taken place

parallel to the surface sufficient to produce slickensides, striations
or polishing. May be accompanied by a zone of fractured rock
(shear zone).

e Fault A major fracture along which there has been
measurable/observable displacement; often accompanied by clayey
gouge and/or a severely fractured adjacent zone of rock.

e Shear or Fault Zone A band or zone of parallel or sub-parallel shears and/or faults.

Discontinuity Spacing — The spacing should be measured in feet to the nearest tenth
perpendicular to the plane in the set.

IF — Intensely Fractured - <0.3ft

CF — Closely Fractured — 0.3 to 1.0ft

MF — Moderately Fractured — 1.0 to 3.0ft
WEF — Widely Fractured — 3.0 to 6.0ft
VWF - Very Widely Fractured - >6ft

Surface Roughness - The terms used to describe the relative degree of surface roughness of the
discontinuity are as follows:

e VR -Very Rough Near "vertical” steps and ridges occur on the discontinuity
surface.

e R-Rough Some ridges and side-angle steps are evident; asperities are clearly
visible; discontinuity surface feels very abrasive.

e SR - Slightly Rough Asperities on the discontinuity surface are distinguishable and can
be felt.

e S -Smooth Surface appears smooth

e SLK - Slickensides Visual evidence of striations or a smooth glassy-appearing finish.

Other terms used for surface roughness can include stepped, planar, and undulating.

C:\Documents and Settings\crjohnson\Desktop\DRIC Foundation Investigation\Draft Report\Revised Report\Appendix\ZB.docFigU re No. 2B



480 Ford Field

2000 Brush Street

Detroit, Michigan 48226 NTH Consu Itants; I—td .
Phone; 313.237.3900

Fax: 313.237.3909

Dip/Attitude - The terms used to describe the angle of inclination of the discontinuities with
respect to the plane normal to the longitudinal axis of the core run are as follows:

e Horizontal 0 to 5 degrees

e Low Angle 5 to 35 degrees
e Moderately dipping 35 to 55 degrees
e Steep or high angle 55 to 85 degrees
e Vertical 85 to 90 degrees

Discontinuity Infilling - A description of the mineralogy, thickness and hardness of observed
discontinuity infilling should be noted.

The terms used to define the relative degree of infilling are as follows:

ST - Surface stain

Sp - Spotty

P - Partially filled; half of surface or opening is filled
F - Filled (partially)

H - Healed

Solution Cavities and Voids - Open spaces in the subsurface are generally due to removal of rock
material by chemical dissolution or the action of running water. Since most of these voids result
from the action of groundwater, the openings are not usually equi-dimensional, but rather are
elongated in the horizontal plane.

The relative size of voids and cavities are as follows:

Pit or pitted - VVoids barely seen with the naked eye to 1/4 in.
Vug - Voids 1/4 in. to 2 in. in diameter

Cavity - Holes 2 in. to 2 ft. in diameter

Cave - Holes 2 ft. and larger in diameter
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PERCENT CORE RECOVERY

The amount of core actually recovered divided by the length of the run (expressed as a
percentage). Both intact and weak rock including gravel sized pieces are included in the percent
recovery.

RQD (ROCK QUALITY DESIGNATION)

Total length of all "intact™ pieces of core greater than 4-inches in length measured along the
centerline of the core, divided by the total length of the run. Mechanical discontinuities such as
those resulting from the core operation or handling of the core sample should not be included in
the length measurements for RQD.

FRACTURES/FOOT
The number of naturally occurring fractures observed over the length of the recovered core
divided by the length of the total core run.

CORE BOX NUMBER
The box number in which the core is stored.

COMMENTS

Comments include information on drilling water losses, reasons for core loss or fracture, gas
readings, average pull-down pressure used to advance the run, total time required to complete the
run and any other data pertinent to the core operation and/or condition of the core.

Miscellaneous Features - Any additional characteristics to further identify and evaluate the rock

from the standpoint of engineering properties: secondary mineralization, fossils, swelling and
slaking properties, etc.
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12 AUG 2008

D050014PZ101

LOG PIEZOMETER No. PZ—101
DATE ELEVATION (FEET)
CLASSIFIED BY:
NTH CONSULTANTS, LTD. 02 JUN 2008 592.7 (70 ps)
GENERALIZED
SUBSURFACE PROFILE SCHEMATIC 03 JUN 2008 592.7 (70 psi)
04 JUN 2008 592.7 (70 psi)
05 JUN 2008 592.7 (70 psi)
iy 09 JUN 2008 592.7 (70 psi)
FILL
\ g 17 JUN 2008 592.7 (70 psi)
580— COAL FRAGMENTS
6.5
MEDIUM COMPACT .
—\BROWN SAND 8" STEEL
21‘0' CASING
<_10"
560— LOOSE TO MEDIUM BOREHOLE
COMPACT GRAY SAND
STARTED: 19 MAY 2008
510 COMPLETED: _30 MAY 2008
N COMPACT TEST BORING: _TB—101
SIY SAND , INSPECTOR:  _N. EMERY/R. BUTLER
\ 5o = EL 521.7 DRILLER: D. HOSKINS
~ ' ] __ CONTRACTOR:  DLZ. INC.
>0 VAV?'T“#U%UESMEF,L%LED EQUIPMENT: _ CME-750
SOFT TO MEDIUM GROUT
SILTY CLAY =l GRouTED
, TO SURFACE | WeLL TYPE: __PNEUMATIC
84.0 —7-1/2 PIEZOMETER
HARDPAN: BOREHOLE
520— SANDY CLAY
95.8' EL. 485.4’
GRAY LIMESTONE . BENTONITE PLUG
500— (DUNDEE LIMESTONE)
~——— 3" BOREHOLE
137.7° ,
GRAY LIMESTONE EL. 436.0
480— (DRE-LUCAS FM) FILTER SAND ,
3~/ PIEZOMETER TIP ELEV. = 431.2
E.0B.= 152.0 ¥. | — BOREHOLE BOTTOM ELEV. = 429.2°
ULTANTS, LTD.

& Envir 1 Services

N4 NTH CONS
AW Froteseional Eng

Detroit, Michigan

PIEZOMETER No. PZ-101

DETROIT, MICHIGAN

DRIC PRELIMINARY FOUNDATION INVESTIGATION

PROJECT NO.
15-050014-00

DRAWN BY:
SHB

DATE: FIGURE NO.

SCALE:

NONE

CHECKED BY:
CRJ

12 AUG 2008
SHEET 1 9
1 oF 1




12 AUG 2008

D050014PZ102

LOG PIEZOMETER No. PZ—102
DATE ELEVATION (FEET)
CLASSIFIED BY:
NTH CONSULTANTS, LTD. 08 MAY 2008 591.6 (52.0 psi) *
GENERALIZED
SUBSURFACE PROFILE SCHEMATIC 13 MAY 2008 593.9 (53.0 psi)
14 MAY 2008 591.6 (52.0 psi)
21 MAY 2008 590.4 (51.5 psi)
. 22 MAY 2008 591.6 (52.0 psi)
Q) GROUND SURFACE = 583.6 02 JUN 2008 592.7 (52.5 psi)
03 JUN 2008 592.7 (52.5 psi)
8" STEEL
- FILL: LOOSE BROWN 04 JUN 2008 592.7 (52.5 psi
580 AND BLACK SAND CASING (525 psi)
05 JUN 2008 592.7 (52.5 psi)
17.0° 09 JUN 2008 592.7 (52.5 psi)
SOFT BLACK -
ORGANIC. CLAY . 11 JUN 2008 592.7 (52.5 psi)
560— * INFLUENCED BY BRINE IN FILTER SAND
(ADJUSTED)
MEDIUM COMPACT TO
COMPACT BROWN
SILTY SAND
46.0'
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56.5"
EL. 522.2'
e — STARTED: 01_MAY 2008
N— ANNULUS COMPLETED: _07 MAY 2008
520 FILLED WITH TEST BORING: _TB-102
SOFT GRAY CEMENT GROUT INSPECTOR: N. EMERY
SILTY CLAY DRILLER: D. HOSKINS
' -1 GROUTED TO CONTRACTOR:  DLZ, INC.
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Project No.  15-050014-00 NTH Consultants, Ltd. DRIC Preliminary Foundation Investigation
= o PARTICLE SIZE DISTRIBUTION (%) ATTERBERG
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TB-101 Ls-11 44 537 19.3 109.1 23 | 74 0 0 0
LS-14 59 522 1350 14.7 216 107.3 471 | 33 | 12 6 1 1
Ls-18 75 506 820 145 35.9 86.5 2 | 2 1 1 0 0
Ls-21 90 491 14050 8.8 14.0 120.3 39 | 36 | 14 8 3 0
TB-102 LS-4 20 561 409 78.0 5.4
Ls-7 345 546.5 19.4 1107 2 3 90 5 0 0
LS-10 495 5315 19.9 2 23 | 75 0 0 0
Ls-14 68 513 870 145 25.9 100.4
ST-1 70 511 25.0 101.3
Ls-18 90 491 20370 117 9.1 136.1
TB-103 LS-6 295 552 14.2 106.9 1 1 16 | 46 | 17 | 19
LS-11 54.5 527 550 14.4 21 106.7
ST-1 63 5185 215 106.8
Ls-13 64.5 517 1160 145 27 106.3
TB-104 LS5 25 568 254 100.4 3 8 61 | 27 1 0

FIGURE NO. 21



DRIC Preliminary Foundation Investigation

NTH Consultants, Ltd.

15-050014-00

Project No.

TABULATION OF LABORATORY TEST DATA
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DRIC Preliminary Foundation Investigation

NTH Consultants, Ltd.

15-050014-00

Project No.

TABULATION OF LABORATORY TEST DATA
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hT* NTH Consultants, Ltd,
@ Infrastructure Engineering

and Environmental Services

Aggregate/Soil Test Report

| Client:

-T'h_e _Co_rradno Group'

Project: Detroit River Inter. Crossing

Geotechnical Engineering
15-050014-00

Job No:

Sample Details

Boring No: T8-101
Field Sample No: LS-11
| Sample Depth: 44
Date Sampled:
Sampled By: Nathan Emery
LWO No: 000307

Sample Location: Detroit River International Crossing

Particle Size Distribution

veFassing
LY S

=4t Py TR RN | BB O BN B A B 4 % + 2 5% 8 K F 4 B P L]

8

mur pppppppppppp P T 8548 %aBbasans 2

m-n' EE R T RS EERE R 4 v 8 w0 & F &8 4 b b kAo ou SR
10»&#!!&11!titii‘#hliilllrllillitll L T A O

EE £ ¥« © @{ g

. @ o . -

- o c o

s = =

Seve
Comments

N/A

Form No: 18808.V1.00

o Fr 3y e ¥ & F R eV Fr YT PR FQTLA T LR [ S I S B O B N $ & B kA2 a4 4 [}

{c) 2005-2007 QESTLab by SpsctraQEST.com

NTH Consultants, Ltd.
Southeast Michigan Laboratory

Telephone: 248, 553.6300
Fax: 248.324.5179

" Report No: MAT:15-050014-00-S035
sue No: 1

This laboratory s accrediled by American Assodalion
of Slals Highway and Trangportation Officials

(AASHTO). The tesli(s) reporiad have been parformed
in accordanca with the lemms of lha eccradilation.

£

/ S

Ll

Dale of Issue: 6/19/2008
Approved Signatory; Zeerak Paydawy

Otl'isr Test Results |

Description ~ Method Result Limits

Sand Gravel Description ASTM D 422

Shape

Hardness

Disperslon Device

Dispersion Period 1

Moisture Content (%) ASTM D 2216 19.3

Wet Density (Ib/ft?) 130.2

OryDenslty(orty 1091
Method: ASTM D 422
Drying by:  Oven
Sleve Size % Passing Limits
tin (256.0mm}) 100
%ain (19.0mm) 100
3/8in (9.5mm) 100
No.4 (4.75mm) 100
No.10 (2.0mm) 100
No.20 (850um) 100
No0.40 (425pm) 100
No.60 (250um) 97
No.100 (150um) 72
No.200 (75um) 26
0.049 mm 14
0.035 mm 11
0.023 mm 7
0.016 mm S
0.013 mm S
0.009 mm 5
0.007 mm 4
0.005 mm 3
0.003 mm 3
0.001 mm 2

Figure No. 22



NTH Consultants, Ltd.

h * Southeast Michigen Laboratory
I NTH Consuliants, Ltd.
Kkl : Telaphone: 248, 553.6300
Infrastructure Engineering Fax: 24B.324.5179

and Environmental Services

)
Report No: MAT:15-050014-00-S036

Aggregate/Soil Test Report _ A ssue No: 1

hlahnmlory is accrediled byAmoﬂcanAsn
of State Highway and Transporialion Officials
(AASHTO). The les!(s) reporiad have been performed
m accordance with the terms of the accradilation.

/ i

Clieﬁt: Thé Corfé_c_lir;o_ Gr&:ub

Project: Detroit River Inter. Crossing

Geotechnical Engineering
Job No: 15-050014-00

L

Date of Issue: 6/19/2008
Approved Signatory: Zearak Paydawy

Ot-he_rn;l‘eét Reéulis

Sample Details
Boring No: TB-101 Description Method ~  Result Limits
Field Sample No: LS-14 - Unconfined Compressive Strength (b} ~ ASTM D 2166 1353
Sample Depth: 59 Shear Strength (Ib/ft2) 677
Date Sampled: Ave. Rate Strain to Failure(%) 0.9
Sampled By: Nathan Emery Strain at Failure(%) 14.7
LWO No: 000307 Average Height (in.) 2.728
Sample Location: Delroit River International Crossing  Average Diameter (in.) 1.339 '
Height-Diameter Ratio 2.0
Init. Dry Dens.
Init. Water Content (%)
Liquid Limit
Plastic Limit

Particle Size Distribution
Method:; ASTM D 422
Drylngby: Oven

Sleve Size % Passing Limits
1in (25.0mm) 100
Yain (19.0mm) 100
3/8in (9.5mm) 100
No.4 (4.75mm) 99
No.10 (2.0mm) 98
No.20 (850um) 94
No.40 (425um) 92
: No.60 (250um) 89
H)preestrssrerasecons R I R I A I I R P A S A SR IS S ICIP IR I I S A I U RO N°_100(150um) 85
T No.200 (75pm) 80
ma:i T PR R R N E R % b 4 P8 PP A BT IR E ST EYEPER RN Y YRS 0'039 mm 76
Afrrerevrcviracssvcrresrttssntsssenas 'EEEREE E TN TR NN 140 0'028 mm 74
! 0.018 mm 69
qO e e B R 4 0.013 mm 64
} 0.011 mm 62
I EEETIIRY T TR 2
"= 8 5 5 8 T8 8 EEExeece € 0.006 mm Y
" ¥ =z z zz 8 ¢ zmomagen o 0.004 mm 47
SG Gbgo 98 o 0.003 mm 42
0.001 mm 31

Commént
N/A

Form No: 18808,V1.00 (c) 2005-2007 QESTLab by SpecirmQEST.com Figure No. 23



NTH Consultants, Ltd.

hT* Southeast Michigan Laboratory
NTH Consultants, Ltd.

) b Telephone: 248. 553.6300
Prram | Infrastructure Engineering S s
/ \ and Environmental Services e

Report No: MAT:15-050014-00-S037

Aggregate/Soil Test Report _. ssuia No: 1

This labaraloty is scorediled by American Assodisfion
o! State Highway and Tionsportatlon Officials
{AASHTO) Tha lesi(s) ropatted have baon parformed
N accordanca with e lermes of The acered dstion,
4 clg :;t u
R 1 Rl o',
,j 2 ¢/

Cll_lent:_ Thé Corr_aédin;:. -Group

Project: Detroit River Inter. Crossing

Geotechnical Engineering
Job No: 15-050014-00

Dale of Issue: 6/19/2008
Approved Signatory; Zeerak Paydawy

Sample Details Other Test Results
Boring No: TB-101 Description Method Result Limits
Fleld Sample No: LS-18 Unconfined Campressive Sirength (D)  ASTM D 2168 823
Sample Depth: 75 Shear Strength (Ib/ft?) 412
Date Sampled: Ave. Rate Strain to Fallure(%) 0.9
Sampled By: Nathan Emery Strain at Failure(%) 14.5
LWO No: 000307 Average Height (in.) 2.751
Sample Location: Detroit River International Crossing  Average Diameter (in.) 1.347

Height-Diameter Ratio 2.0

Init. Dry Dens.

Init. Water Content (%)

Liquid Limit

Plastic Limit

Particle Size Distribution
Method: ASTM D 422
Drying by: Oven

Sieve Size % Passing Limits
1in (25.0mm) 100
%in (19.0mm) 100
3/8in (9.5mm) 100
No.4 (4.75mm) 100
No.10 (2.0mm) 100
No.20 (850pum) 100
frees : , . . No.40 (425um) 9%
i No.60 (250um) 99
gt reeree o vwmye N T VRN & Y By A No.100 (150um) 9g
| No.200 (75um) 98
wﬂwbi .................... R NN N R R R N NN SRS R 0_036mm 98
m{ .................... G il P T = e 0.025 mm 96
0.016 mm G4
JOF P ST BE E K ¥ RS RS & E MR i 5 ABRIUNEAE B A Ve 0.012 mm 92
i 0.010 mm 89
Dm———l::g o ' EE EEEE EEE & O -
=R : 3 J 370 GEEEiEE I Conenm 72

i} '

= = 85538888 8 0.003 mm 66
Sae 0.001 mm 50

—— L — | — ———— £ —— v — e —

Comments
N/A

Farm No: 18806.V1.00 (c) 2005-2007 QESTLab by SpectraQEST.com Figure No. 24



hT* KTH Consultants, L.td,

@ Infrastructure Engineering

and Environmental Services

Aggregate/Soil Test Report

Client: The Corradino Group

Detroit River Inter. Crossing
Geotechnical Engineering

Project:

NTH Consultants, Ltd.
Southeast Michigan Laboralcry

Telephone: 248. 553.6300
Fax: 248.324.5179

Report No: MAT:15-050014-00-S038

Issue No: 1

This Iaboralory s accyedited h)_f Amarican Assodiallon
of Slata Highway and Transpartation Officials
(AASHTO). Tha iasls) raported have been perormed

in accordancs with Lhe lerms of lhe acorsdilation.
/

/i'
i ,,Euwam-tt,
’,,_yj“mf i i

Date of lsaﬁe: 6/19/20(08

Job No: 15-050014-00 AW STanhions Seeeak Prsdany
Sample Details Other Test Resuits
Boring No: TB-101 Description Method Result Limits
Field Sample No: LS-21 Unconfined Compressive Strength (Ib/fl3)  ASTM D 2166 14053
Sample Depth: 90 Shear Strength (Ib/ft?) 7027
Date Sampled: Ave. Rate Strain to Failure(%) 0.9
Sampled By: Nathan Emery Strain at Failure(%) 8.8
LWO No: 000307 Average Height (in.) 2.827
Sample Location: Detroit River International Crossing  Average Diameter (in.) 1.362
Height-Diameter Ratio 2.1
Init. Dry Dens.
Init, Water Content (%)
Liquid Limit
Plastic Limit
Particle Size Distribution
Method: ASTM D 422
Drying by: Oven
7Passing
e
B amsminn & » Sieve Size % Passing Limits
t 1in (25.0mm) 100
- 1 S I R R R R R R A 34in (190mm) 100
T 3/8in (9.5mm) 100
) N No.4 (4.75mm) 100
03 & b e £ 8 5 4 4% No.10 (2.0mm) 97
i No.20 (850pm) 92
1 SELERRRRE No.40 (425um) 89
No.60 (250um) 86
5 AR No.100 (150um) 81
| No.200 (75um) 75
o 0.040 mm 70
Y P Ty 0.029 mm 67
L 0.018 mm 63
Tisasn & 554 ¥ 84 & Bivmiis 0.013 mm 56
1 0.011 mm 54
T et = v © R oEB B EEEGEEEE £ O008mm -~
N ® 8 G 8 T B85 B Ec EEEE EE 0.006 mm 45
z z =2z 2 & z §$§§ §‘3 p=y 0.004 mm 39
°S Sdcc o8 o 0.003 mm 34
Seve 0.001 mm 23
e —— — e e S e e e p———
Comments
N/A
Form No: 18909.v1.00 (¢) 2005-2007 QESTLab by SpeciraQEST.com Figure No. 25



NTH Consultants, Ltd.

hT* NTH Consuitants, Ltd.

r "\ Infrastructure Engineering

and Environmental Services

Aggregate/Soil Test Report

Client:

The Corradino Group

Detroit River Inter. Crossing
Geotechnical Engineering

15-050014-00

Project:

Job No:

Soulheast Michigan Laboratory

Telephone: 248. 553.8300
Fax: 248.324,.5179

-

N 4 ;
AR T
P ‘ L

Liktmyny =ik

Report No: MAT:15-050014-00-S017
lssue_ Np: 1

This laborslory [s accredited by Amarican Assodallon
of Slatle Hiphway and Traneporiallon Officlals -
(AASHTO) Thae lesl(s) raported have bsan performed
in accordance wilh the larms of tha aceradilalion.

[

F ol

il

Date of lssue; 5/21/2008
Approved Signatory: Zeerak Paydawy

o —

Sample Details Other Test Results
Boring No: TB-102 Description Method Result Limits
Field Sample No: LS-7 Sand Gravel Description ASTM D 422
Sample Depth: 34.5 Shape
Date Sampled: Hardness
Sampled By: Dispersion Device
LWO No: 000289 Dispersion Period 1
Sample Location: Detroit River International Crossing Moisture Content (%) ASTM D 2216 19.4
Wet Density (Ib/ft) 132.2
Dry Density (Ib/ft! 107
Particle Size Distribution
Method: ASTM D 422
Drying by:  Oven
“%Pasang
1m-nlilili & W B3 4 B d " E & s 8% a0l eiB (R B h 1
gFrerrerrrvrearrrsesssereasrsdiasanie e SRR S AR — Slieve Size % Passing Limits
T 1in (25.0mm) 100
m— ------------------------------------------------ TR EERE 3/‘[“ (19.0mm) 100
| 3/8in (9.5mm) 100
mi; .................... TEEEREE R EEEEEE EEEEE TEREEE N0_4 (4.75mm) 100
&t - No.10 (2.0mm) 100
/) No.20 (850um) 100
B etserraaneriratannsas G [T T, o R s o e T e No.40 (425um) g5
No.60 (250um) 35
mnn|i¢|1111ltttil!lit#ilillltilli AR REEE R NO.100(150PH1) 9
i No0.200 (75um) 5
33: -------- P RN R L A R E N R R I B N E R EEE R R I o I I I B IR R T S 0'052 mm 4
Bine s « 8w A 53 5 B SaA R 1§ SRS Y S § 9 SR 0.037 mm 3
L 0.023 mm 3
O sesens D 0.017 mm 3
3 0.014 mm 3
P ke E % B B SRS REEBEEEEE B S 3
F R g il igreSites 50 omemn :
~ O -
S Z§§ ggﬁnn (=] § 0.003 mm 1
0.001 mm 1

Comments
N/A

Form No: 18908.V1.00 (c) 2005-2007 QESTLab by SpectraQEST.com

Figure No. 26



NTH Consultants, Ltd.

hT Southeasl Michilgan Laboratory
I TH Consultants, Ltd.

N N Telephone: 248. 553.6300
PN Infrastructure Englneering Eax: 248.924.5179
{ \J and Environmental Services prii

Report No: MAT:15-050014-00-S018

Aggregate/Soil Test Report sun No: 4

This laboralory Is accjedited by American Association
of Stale Highway and Transportation Officials
(AASHTO), The lesi{s) reporied hava been performed
in accordanca with the lerms of Lthe sccreditation.

/ 7
; v Wi
€ rie A :;ﬂtl'}, G:’I"& L,

Client: The Corradino Group

Project: Detroit River Inter. Crossing

Geotechnical Engineering

Job No: 156-050014-00

Date of Issue: 52172008
Approved Signalory: Zeerak Paydawy

Sample Detalls Other Test Results
Boring No: TB-102 Description Method ____Result  Limits
Field Sample No: LS-10 Sand Gravel Description ASTM D 422
Sample Depth: 49.5 Shape
Date Sampled: Hardness
Sampled By: Dispersion Device
LWO No: 000289 Dispersion Period 1
Sample Location: Detroit River International Crossing Moisture Content (%) ASTM D 2216 19.9
Wet Density (Ib/ft*)

Dry Density (Ib/ft®)

Particle Size Distribution
Method: ASTMD 422

Drying by: Oven

YePassing
1@....;;...1 iiiiiiiii 4 8 2P % 804508 0 4B L]
T G EEE KB ; £ 8 AN 8 4 EHBETEES U 6 50§ VSVRHREHS 1 Sleve Size % Passing Limits
{ 1in (25.0mm) 100
s cssrevesane EEEEEE Tresete Qs rrerar s it dt a0t IR e et 00 %in(-'g'omm) 100
I 3/8in (9.5mm) 100
mjriqgllil’iilrl'lillllllllllilllliiii @8 d 8 bV Ie ke ErRd PR et E R No_4(4_75mm) 100
o B o B o B e e & A S e e £ & Beetbrngl No.10 (2.0mm) 100
] No.20 (850um) 100
GO v ot eniniiniraaeatiinaiirsassas s No.40 (425um) 100
I No.60 (250um) 99
1} R R R I tevsecrttrebrutborand Qavrwntsoavro TEEERE No100(150um) 78
I No.200 (75um) 25
mat ------------------------- Py B a3 a8 & s 8 @ BT R FE S B FEE B EPY A bR 0-051 mm 10
s A £ RS & 1 T A A g i 0.036 mm 8
0.023 mm 5
q0deseasnanns RS §E YR 3 SEHEVE B EF 3 P B 0.017 mm 4
t | 0.014 mm 4
e ip P Fmi’ S o s e C e i s e 0 i R e 0.010 mm 3
S£ 53 % 5998 BEEEBEEEE £ ooo7em :
Ly Z z Tz 8 On®arEEh 5 0.005 mm
ZEE Eg“gé g = 0.003 mm 2
0.001 mm 2

Comments
N/A

Form No: 18809.V1.00 (c) 2005-2007 QESTLab by SpecirsQEST.com Figure No. 27



hT* NTH Corusuitants, Ltd,

P Infrastructure Englneering
{‘S.Z' and Environmental Services

NTH Consultants, Ltd.
Southeast Michigen Laboratory

Telephone: 248. $53.6300
Fax: 248.324.5179

Aggregate/Soil Test Report

| Client: The Corradino Group

| Project: Detroit River Inter. Crossing
Geotechnical Engineering
Job No: 15-050014-00

Sém 'p'le Detaiis '

Boring No: T8-103
Field Sample No: LS-6
Sample Depth: 29.5
Date Sampled:

Sampled By:

LWO No: 000289

Sample Location:

Particle Size Distribution

No.40
No.60
No.100

Seve

Commens
N/A

Form No: 18809.V1.00

Delroit River International Crossing

Report No: MAT:15-050014-00-S022
Issue Nq: 1

This [aboralory is accrediled by American Associalion
of State Highway and Transporialion Officlals
(AASHTO). The lest(s) reported have been performmed
in accordance wilh the terms of Lhe accradilation,

L A
ek 8L
G {'—— -

Date of Issue: 5/21/2008
Approved Signalory: Zeerak Paydewy

Other Test Results
Description Method Result Limits
Sand Grave! Description ASTM D 422
Shape
Hardness
Dispersion Device
Dispersion Perlod Bl . 1
Moisture Content (%) ASTM D 2216 14.2
Wet Density (Ib/ft®) 122.1
Dry Density (Ib/ft*) 106.9
Method: ASTM D 422
Drying by:  Oven
Sieve Size % Passing Limits
1in (25.0mm) 100
%in (19.0mm) 100
3/8in (9.5mm) 03
No.4 (4.75mm) 81
No0.10 (2.0mm) 64
No0.20 (850um) 48
No.40 (425um) 18
No.60 (250um) 3
No.100 (150pm) 2
N0.200 (75um) 2
0.083 mm 1
0.038 mm 1
0.024 mm 1
0.017 mm 1
0.014 mm 1
0.010 mm 1
SEEE=cCEEE = 0.007 mm 1
288 N ged 8 S 0.005 mm 1
oo s =°8s6 & o 0.003 mm 1
0.001 mm 1

(c) 2005-2007 QESTLab by SpeciraQEST.com

e e e

Figure No. 28



NTH Consultants, Ltd.

hT * Southeas! Michigan Laboratory
KTH nts, .
ST L Telephone: 248. 553.6300

@ Infrastructure Engineering Fax: 248.324.5179

and Enviranmental Services

Report No: MAT:15-050014-00-S039

Aggregate/Soil Test Report

Client: The Corradino Group

This laboralory is eccreditad by Amaerican Aljnn
of Slale Highway and Transportation Officis(s
(AASHTO) The lesl(s) reporiad have been parfarmed

5 n accordance with the l8rms of the accredilatipn.
f) H?
- : L,
m Sawmd fOVT e
A &
TR0 PJ} H‘{.JJ 1 ¥l

Project: Detroit River Inter. Crossing
Geotechnical Engineering

Job No: 15-050014-00

R — —

Date of Issue: 6/19/2008
Approved Signatory: Zeerak Paydawy

Sample Details Other Test Results

Boring No: TB-104 Description ) Method Result Limits

Field Sample No: LS-5 Sand Gravel Description ASTM D 422

Sample Depth: 25 Shape

Date Sampled: Hardness

Sampled By: Nathan Emery Dispersion Device

LWO No: 000307 Dispersion Period ]

Sample Location: Detroit River International Crossing  Moisture Content (%) ASTM D 2216 25.4
Wet Density (Ib/ft*) 128.9
DryDensity (Ib/ft") | 1004

Particle Size Distribution

Method: ASTM D 422
Drying by: Oven
“Passng
Ot S ERRRERA ¥ 50§ PR AR o ak St
Sieve Size % Passing Limits
1in (25.0mm) 100
%ain (19.0mm) 100
3/8in (9.5mm) 100
No.4 (4.75mm) 100
No.10 (2.0mm) 99
No.20 (850um) 97
No.40 (425um) 72
No.60 (250pm) 32
No.100 (150um) 14
No.200 (75um) 11
0.051 mm g
0.036 mm 9
1 0.023 mm 8
! 0.016 mm 7
& 0.013 mm 6
0 i o } EE*H' I S e Lk S 0.009 mm 6
"x 8 2 % J $%8 Recceecec £ ¢ 0.007 mm 4
= = 22 jpEREBEE g 005mm :
o cdoesoc o = 0.003 mm 3
Comments

N/A

Form No: 18908.V1.,00 (6} 2005-2007 QESTLab by SpeciraQEST.com Figure No. 29



NTH Consultants, Ltd,

th Souiheasi Michigan Laboratory
Consu '
NTH tants, Ltd. Telephone: 248. 553.6300

P Infrastructure Engineering Eax: 248.324.5179
r{ \_/ and Environmental Services e

Report No: MAT:15-050014-00-S041

Aggregate/Soil Test Report . e issue No: 1

This laboralory I8 accredlled by Amarican Associalion
of State Highway and Transportation Officials
(AASHTQ). The lesl(s) reported have besn performed

in accordanca wilh the lerms of Lhe a?cmditaﬁon.

Client: The Corradino Group

Project: Detroit River Inter. Crossing

= A !{
i (S .rf ;fad:;fc f{."ﬁ:

Geotechnical Engineering
Job No: 15-050014-00

,-f;r \1---"“..“|r

Dale of Issue: 6/19/2008
Approved Signatory: Zeerak Paydawy

Sample Details  Other Test Results

Boring No: TB-104 Description Method Result Limits

Field Sample No: LS-7 Unconfined Comprassive Strength (WY  ASTMD 2166 412

Sample Depth: 35 Shear Strength (Ib/ft?) 206

Date Sampled: Ave. Rate Strain to Failure(%) 09

Sampled By: Nathan Emery Strain at Fallure(%) 14.6

LWO No: 000307 Average Height (in.) 2.748

Sample Location: Detroit River Intermatlonal Crossing  Average Diameter (in.) 1.353
Height-Diameter Ratio 2.0

Init. Dry Dens.

Init. Water Content (%)
Liquid Limit

Plastic Limit

Particle Size Distribution
Methaod: ASTM D 422

Drying by:  Oven

“Passng
'“:nn-qqca-- AR R N R e
QO =veveareasirartscoiinaas LTI e Sieve Size % Passing Limits
1 1in (25.0mm) 100
5oLl R R it Yain (19.0mm) 100
1 3/8In (9.5mm) 100
'm““ ' s e LA e No.4 (4.75mm) 100
B i i e e S Rl o e No.10 (2.0mm) 100
. No.20 (850um) 100
Bl esesevesaeotnenssasetotsoessatsasoastaneventivnesssa ;. No.40 (425um) 100
! No.60 (250um) 100
BOTrev v trenaosennnrrsnsnrssnerasansaaaasbotsnsiionsserbopransas No.100 (150um) 100
I N0.200 (75um) 99
_&}- -------------- EERE = 44 4 34 4 e b BB bs S EEE S ¢e R v bbb AP E R RSN GRS 0‘037mm 93
m{ ............ S e s T M R LAY 0,027 mm 90
0.017 mm 84
s e eenrtanitatecieneressntontssasvinnes T 0.012 mm 77
: 0.010 mm 74
) T L 70
3 & ¢ = & 38,8_ § EE EEEE EEE E 0.005 mm 65
" F 2z z zzg 5 GEENBERERE 3 0.004 mm 61
33 53 8asd o 0.003 mm 58
Seve 0.001 mm 47
Comments

N/A

Form No: 18209.V1.00 (c) 2005-2007 QESTLab by SpectraQEST.com Figure No. 30



hT* NTH Consultants, Ltd.

‘ Infrastructure Engineering
(@)

and Environmental Services

Aggregate/Soil Test Report

Client

The Corradino GI’OUp

Project: Detroit River Inter. Crossing

NTH Consultants, Ltd.
Southeast Michigan Laboratory

Telephone: 248, 553,6300
Fax; 248.324.5179

Report No: MAT:15-050014-00-S029
Iseue No: 1

This laboralory Is accredited by American Assodalion
of Stale Highway and Transporialion Officials
(AASHT(Q). The lesl{s) reported have been psriommed
in accordance wilh tha lar'ms of Ihe act:mdllallm

Y ALY,
Geotechnical Engineering FERIS P / Sursed P c_'_m
3 5 X Date of | 6/19/2008
Job No: 15-050014-00 Ap;:vezsgi%natory: Zeerak Paydawy
Sample Details Other Test Results
Boring No: TB-105 Description ~ Method Result Limits
Field Sample No: LS-21 Unconfined Compressive Strength (Ib/2)  ASTM D 2166 N/O
Sample Depth: 90 Shear Strength (Ib/ft?) N/O
Date Sampled: Ave. Rate Strain to Failure(%) N/O
Sampled By: Nathan Emery Strain at Failure(%) N/O
LWO No: 000307 Average Height (in.) N/O
Sample Location: Detroit River International Crossing  Average Diameter (in.) N/O
Height-Diameter Ratio N/O
Init. Dry Dens. N/O
Init. Water Content (%) N/O
Liquid Limit N/O
Plastic Limit N/O
Particle Size Distribution
Method: ASTM D 422
Drying by: Oven
Sieve Size % Passing Limits
1in (25.0mm) 100
“dn (19.0mm) 100
3/8in (9.5mm) 100
No.4 (4.75mm) 95
No.10 (2.0mm) 92
No.20 (850um) 87
No.40 (425um) 83
No.60 (250um) 79
No.100 (150pm) 74
No.200 (75um) 67
0.042 mm 61
0.030 mm 58
! 0.019 mm 53
10f°*0ee B4 i xR WEE N q SEEREER BRI R Y 0_014mm 49
T 0.011 mm 47
e i i e ] e St SRR —m i e 0.008 mm 43
== § v = § =88 B EEEEEEEEE £ 0.006 mm 38
T8 2 2 2 223 5 ggowaszg = 0.004 mm 33
c® o808 88 o 0.003 mm 30
Save 0.001 mm 20

Comments
Disturbed sample

N/QO = Nol Oblainable

Form No: 18908.V1.0D

(c) 2003-2007 QESTLsb by SpeclraQEST.com

Figure No. 31



NTH Consultants, Ltd.

h * Southeast Michigan Laboratory
l NTH Consuitants, Ltd. Telephone: 248, 553.6300

P e N Infrastructure Engineering Fax: 248.324.5179

(@ and Environmental Services

Report No: MAT:15-050014-00-S030

Aggregate/Soil Test Report tssue No: 4

This laboralory is aceredited by American Assodalon
of Stata Highway and Transportalion Officials
(AASHTO). The tesl(s) reporiad have been performed
In accordance wilh the terms of the accradilalion,

’ 2
i .-:.‘t ot 21'(1
2;“;{.’}!1!1 'g,x' 7 C"'ff_ /

N sl Bacs 0

Date of Issue: 6/19/2008
Approved Signalory: Zearak Paydawy

Client: The C;t;rradino Group

Project: Detroit River Inter. Crossing
Geotechnical Engineering

Job No: 15-060014-00

Sample Detalls Other Test Results

Boring No: TB-105 Description Method Result Limits
Field Sample No: LS-22 Sand Gravel Description ASTM D 422
Sample Depth: 93.5 Shape
Date Sampled: Hardness
Sampled By: Nathan Emery Dispersion Device
LWO No: 000307 Dispersion Period . oA -
Sample Location: Detroit River International Crossing  Moisture Content (%) ASTM D 2218 3.2
Wet Denslty (Ib/ft*)
Ory Density (Ib/ft*)
Particle Size Distribution
Method: ASTM D 422
Drying by:  Oven
voPassing
1m. ---------- # & 8 ¢4 &9 8 & B 4 ¥ E S B AES S T TR S 14 €9 & 98 8 =% 8 8 4 1 r v 0w
L TRRRTRUPRIIN Sieve Size % Passing Limits
v 1in (25.0mm) 100
B Bl & B0 i Ut sy %in (19.0mm) 100
! 3/8in (9.5mm) 96
m:atv-4tic:p nnnnnnnnnnnn N0'4(4'75mm) BB
gl vainasviva No.10 (2.0mm) 78
| No.20 (850um) 67
] S No.40 (425pum) 57
- No.60 (250pm) 46
A)Precrasaitracat et asrisaaeranae i e aga N0100(150|JITI) 31
T No,200 (75um) 19
mp ------- % % & N & B PR 4R I [ * L I I I P e (IS I A LI | s . 0‘047mm 15
sl et ek 325585 43 i 0.034 mm 14
Il 0.022 mm 13
T ) DIOMPRN 0.015 mm 11
T 0.013 mm 11
0 L& L“ i b T EIE “’LE'EE"E“*E "I'E 0.009 mm 10
= S E © 8 S 88 BEEEFEEEE E E 0.007 mm 8
£ £ £2¢ 2gsgmag g 0005mm :
o cabaoo S o = 0.003 mm 5
SBJB 0.001 mm 3
Commaents

N/A

Form No: 16909.V1.00 (c) 2005-2007 QESTLab by SpeciraQEST,com Figure No. 32



hT* NTH Consultants, Ltd,

P | Infrastructure Engineering
{ @ and Environmental Services

Aggregate/Soil Test Report

Cliontﬁ

NTH Consultants, Ltd.
Soulheast Michigan Laboratory

Telephone: 248. $53.6300
Fax: 248.324.5179

Report No: MAT:15-050014-00-S045
_lssua No: 1 |

. This laboralory v scoredited by' American Asaocialion

The Corradino Group of Slate Highway and Transporiation Officials
(AASHTO). The lesi(s) reporied have been psrformed
Project: Detroit River Inter. Crossing TRTE e, wfns s ??Cmmhm'
Geotechnical Engineering _— ;.wf*'-'”"" }"9?’:_"?‘%’ 77
Job No: 15-050014-00 Dale of Issue: 6/19/2008
Approved Signalory: Zeerak Paydawy
Sample Details Other Test Results
Boring No: TB-107 Description _ Method Result Limits
Field Sample No: LS-2 Unconfined Compressive Strength (bAPF}  ASTMD 2165 ~ 598
Sample Depth: 20 Shear Strength (Ib/fi*) 299
Date Sampled: Ave. Rate Strain to Failure(%) 0.9
Sampled By: Nathan Emery Strain at Failure(%) 14.9
LWO No: 000308 Average Height {in.) 2.688
Sample Location: Delroit River International Crossing  Average Diameter (in.) 1.381
Height-Diameter Ratlo 1.9
Init. Dry Dens.
Init. Water Content (%)
Liquid Limit
Plastic Limit
Particle Size Distribution
Method: ASTM D 422
Drying by: Oven
%
100
A SRR EEEE § 15§ %A HAERR Sieve Size % Passing Limlts
% 1in (25.0mm) 100
mJ,... L se P rPE LS AN s s a b a A o s srseear e A EE 3,in (19.0!1’“1’1) 100
| 3/8in {9.5mm) 100
| No.4 (4.75mm) 100
01 - No.10 (2.0mm) 100
i No.20 (850um) 100
g4 No.40 (425pm) 100
1 No.60 (250um) 100
£ No.100 (150um) 100
ST ki No.200 (75pm) 99
9 0.037 mm 8Y
ol 0.027 mm 82
! 0.018 mm 71
10. ......... ' ¥ % 45 WENER T R R R R Y e m e st s fansvE oo miduwyd b 0013"‘"‘“ 64
t 0.011 mm 58
S i e Bl e ks e | 1= b § b=t E o 0.008 mm 50
[~ = = - - '
= S §5 eBca oo § 0.003 mm 30
Seve 0.001 mm 23
———————— - - . == —— —
Comments
N/A
Form No: 18906.V1.00 c) 2005-2007 QESTLab by SpectaQEST.com Figure No. 33



NTH Consultants, Ltd.

hT * Southeast Michigan Laboratory
uhants, Ltd,
NTH Cansukants, Ltd. Telephone: 248. 553,6300
P N Infrastructure Engineering Fax: 248.324.5179
(@ and Environmental Services

Report No: MAT:15-050014-00-S049

Aggregate/Soil Test Report _ issue No: 1

This laboratory Is accrediled by American Assodalion
of Slate Highway and Transporislion Qificials
{AASHTO). The lesi(s) reported have been performed
in accordance with Lha lerms$ of the accredilation.
- [
?le:{f Pi’fc%b{j

o oy
P o
d |'1:..Ei.j i'-_:'u
e i Fah /
Fili=l- ¥ -2 g

Client: The Corradino Group

Project: Detroit River Inter. Crossing
Geotechnical Engineering

Jobh No: 15-050014-00

Dale of Issue:  6/1972008
Approved Signatory: Zesrak Paydawy

Sample Details Other Test Results

Boring No: TB-107 Description _____Method Result Limits

Fleld Sample No: LS-16 Sand Gravel Description ASTM D 422

Sample Depth: a0 Shape

Date Sampled: Hardness

Sampled By: Nathan Emery Dispersion Device

LWO No: 000308 Dispersion Period 1

Sample Location: Detroit River Intemational Crossing ~ Molsture Content (%) ASTM D 2216 19.9 |
Wet Density (ib/ft?) 128.7
Dry Density (Ib/ft*) ) 107.3

Particle Size Distribution
Method: ASTM D 422
Drying by:  Oven

vaPassng
[0 R S TR I S RSN EREED L P RN
GOt reranes — £ 5 R AT & 59 ) N T I Sieve Size % Passing Limits
| 1in (25.0mm) 100
mi..‘q-q'q ----- PA I B L 68 4B P b e eP e e aneavee sl ederniednTen TN NN ST %i"(19-0mm) 10.0
1 3/8in (9.5mm) 100
m:....un”””.””u”.“....“.u N0.4(475mn'|) 100
B+ 1 5 S A E 3 L e No.10 (2.0mm) 100
l No.20 (850um) 100
b errararriietiirisnsa, No.40 (425um) 100
i No.60 (250pm) 100
gfrecrrasrincaiienae . No.100 (150um) g9
T N0,200 (75um) 78
m:: ------------- FREE I O I I S T S R U I S U I SR " LR T 0-044mm 52
5 PO T R S SRR VP IAE 0.033 mm 41
) 0.021 mm 29
01 L I e o § PR § R e ¥ " 0.015 mm 22
L 0.013 mm 19
By e v 11 T I 15
- g zu 5 f‘; : ‘g = E EE £t € EE E E 0.006 mm 12
zZ zZ z=z 3 Z23I885=8&8 8 5 0.005 mm 9
353B2E S 3 0.003 mm 7
0.001 mm 5

Commeﬁts
N/A

Form No: 18808.V1.00 (c) 2005-2007 QESTLab by SpeclraQEST.com Figure No. 34



NTH Consultants, Ltd.

hT * Southeasl Michigan Laboratory
NTH Consultants, Ltd,
; . Telephons: 248. 553.6300
r ‘ Infrastructure Englne-ering Fax: 248.324.5179
(@ znd Environmental Services AT i

Report No: MAT:15-050014-00-S005

Aggregate/Soil Test Report | jssue No: 1

This laborslory is accradiled by Amardcan Assoclation
ol Slate Highway and Transporiation Officlals
{AASHTQ). The lesl{s) taporied have been performed
in acoordance with tha lerms of the accredilalion

Client: | The Corradino Group

Project: Delroit River Inter. Crossing
Geotechnical Engineering

Job No: 15-050014-00

r [
= 5 (v e f
)ﬂmﬁ .;f?"'f C“‘f‘:‘?
/-"’ ":—L =

Date of Issue: 5/15/2008
Approved Signalory: Zeerak Paydawy

ample Details Other'Test Results

Boring No: T1B-108 Description Method Result Limits
Field Sample No: LS-19 Sand Grave] Description ASTM D 422
Sample Depth: 95 Shape
Date Sampled: Hardness
Sampled By: Nathan Emery Dispersion Device
LWO No: 000286 Dispersion Period 1
Sample Location: Detroit River International Crossing  Moisture Content (%) ~ ASTMD 2216 7.9
Wet Density (Ib/ft?) 153.3
Dry Density (Ib/it®) s ___142.1

Particle Size Distribution
Method: ASTM D 422
Drying by:  Oven

“oPBssing
1m]:u¢o;ni 5940 86808 08
aglesescass . Sieve Size % Passing Limits
} 1in (25.0mm) 100
BEFT e e x4 SR %in (19.0mm) 93
1 3/8in (9.5mm) 85
B No.4 (4.75mm) 71
e P No.10 (2.0mm) 61
! No.20 (850pm) 54
Byt eeevestssartrersontas No.40 (425um) 49
{ No.60 (250um) 43
Prreesrves ‘1 No.100 (150um) 35
i No.200 (75um) 27
aj:: rrrrrrrrrrrr AN N N RN R R R N R A R R R E NN R 0-042 mm 23
o —— o Belinlern o ey Wy i 0.031 mm 21
L 0.020 mm 18
OFrerrrovservernen 0.015 mm 15
{ 0.012 mm 14
0 0.009 mm 12
= % 0.006 mm 10
0.005 mm 8
0.003 mm 6
0.001 mm 5

Comments
N/A

Form No: 18908.V1.00 (c) 2005-2007 QESTLab by SpeclraQEST.com Figure No. 35
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Figure No. 36
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Earth Mechanics Institute

R £ ),
AR Tl
e A Mining Engineering Department, CSM o
(1 .._}'ﬁ___, =~ jl g ENg g bep , J
o Uniaxial Compressive Strength Test Results (V 3.0) =
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a -
Characteristics:
Core ID: TB-101@138.85-139.50
File Name: TB-101@138.85-139.50_USG ! I_ .
Test Performed by: BM L T H
L] W ¥
D ate Tested: 81212008 PROJECT: ... AT ...
Data Reduced by: BM DATE: ... affz.\fﬂ,g-. e
Date Reduced: 8/12/2008 i - ﬂ_‘j f/
STATION: TE
(388571375
N r [} .l‘.
CORE 1D: LARRA.. 157
Core Length Diameter i ilure UCs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.121 10.47 1.975 5.02 2.09 33,993 11,101 11,255 78 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 155 2.49
25000
22500
20000
17500
~ 15000
[%2]
A=
@ 12500
o
&
10000 / /
7500
5000
2500
0
0 60 120 180 240 300 360 420 480 540 600
Time (sec)
Figure No. 36 8/13/2008

Earth Mechanics Institute, CSM



ﬁ- Earth Mechanics Institute I
; ] |
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Uniaxial Compressive Strength Test Results (V 3.0) =
L |
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a
Characteristics:
Core ID: TB-102@106.2-106.8
File Name: TB-102@106.2-106.8_USG
Test Performed by: BM
Date Tested: 8/12/2008 PROJECT: .. 1.,
Data Reduced by: BM DATE: Eﬁz)"ﬂ.&
Date Reduced: 8/12/2008 e
sTATION: 1.B=(C2
core 1: [C6L—/C5F
Core Length Diameter i ilure UCs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.199 10.67 1.954 4.96 2.15 27,893 9,301 9,459 65 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 159 2.55
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e Uniaxial Compressive Strength Test Results (V 3.0) T

b T—— — =

Project: NTH
Location: n/a

Rock Type: Sedimentary
Rock Name: n/a "—“'__- S— —
Characteristics:
Core ID: TB-103@106.25-106.89

File Name: TB-103@106.25-106.89_UCS

Test Performed by: Jake
Date Tested: 7/1/2008
Data Reduced by: BM

Date Reduced: 7/2/2008

PROJECT: ..VT H..oioree
DATE: ?J'r"flﬁj
STATION: TB=192

: b4
cone 1 @lehasE"

] Failure Failure .
Core Length Diameter L/D Load e UCs 2:1 ESIITE
in cm in cm Ratio Ibs psi psi MPa Mode
4.161 10.57 1.988 5.05 2.09 32,148 10,362 10,509 72 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 161 2.57
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Earth Mechanics Institute
Mining Engineering Department, CSM
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Uniaxial Compressive Strength Test Results (V 3.0)
Project: NTH
Location: n/a
Rock Type: Sedimentary ) e
Rock Name: n/a
Characteristics:
Core ID: TB-103@110.6-111.34
File Name: TB-103@110.6-111.34_UCS
Test Performed by: Jake .
Date Tested: 7/1/2008 :
bata Reduced bv: BM PROJEC IHTH
ata Reduced by:
Date Reduced: 7/2/2008 pATE: .. 3 LLL0%.........
station: TB=3 .
core ip#ef-M.34
Core Length Diameter i ilure UCs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.191 10.65 1.985 5.04 211 33,142 10,715 10,877 75 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 157 2.51
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Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0)

Project:
Location:

Rock Type:

Rock Name:
Characteristics:
Core ID:

File Name:

Test Performed by:
Date Tested:
Data Reduced by:
Date Reduced:

NTH
n/a

Sedimentary

n/a

TB-104@103.55-104.0
TB-104@103.55-104.0_UCS
Jake

7/1/2008

BM

712/2008

PROJECT: ..

DATE: 1!’.!‘.’1;1'3

STATION: TE" o4......

Core Length

Failure
Stress

Failure
Load

Diameter L/D UCSs 2:1 ESIITE

cm

Ibs psi MPa Mode

psi

cm Ratio

10.63

1.946 4.94 2.15 65,594 22,054 22,430 155 Structural

P-wave

S-wave Dynamic E Dynamic Static E Static Density, p

ft/sec m/sec

ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3

NA NA

NA NA NA NA NA NA NA NA 169 271
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L,l:.-ﬁ—"-' =~ jl g ENng g bep , J
o Uniaxial Compressive Strength Test Results (V 3.0) =
- e T
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a -
Characteristics:
Core ID: TB-104@122.45-123.0
File Name: TB-104@122.45-123.0_UCS
Test Performed by: Jake |
Date Tested: 7/1/2008
. T ER B |
Data Reduced by: BM .
Date Reduced: 7/2/2008 Al
o TRt
LU Il
Core Length Diameter i ilure UCs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.167 10.58 1.938 4.92 2.15 44,576 15,111 15,369 106 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 162 2.59
25000
22500
20000
17500
~ 15000
[%2]
R
# 12500
o
ﬁ /
10000
7500
2500
0
0 60 120 180 240 300 360 420 480 540 600
Time (sec)
Figure No. 36 8/13/2008

Earth Mechanics Institute, CSM




> Earth Mechanics Institute

; { i
P P . . I I
il ol Mining Engineering Department, CSM [
La .,__II_F b :-If_ll_ll g g g p ’ L“lj;
o Uniaxial Compressive Strength Test Results (V 3.0) =
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a
Characteristics:
Core ID: TB-105@102.8-103.4 A= =,
File Name: TB-105@102.8-103.4_USG o —
Test Performed by: BM Lk
| pROJECT: .. ATH ...
Date Tested: 8/12/2008 ﬁ‘
Data Reduced by: BM DATE: ... "_Ej'_’r-'*ﬂjh S
Date Reduced: 8/12/2008 £ el )}05
STATION: IE 3
E -103Y
coRrE 1p: 10287193
Core Length Diameter Failure Failure UCSs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.124 10.47 1.960 4.98 2.10 39,490 13,095 13,288 92 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 161 2.58
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o Uniaxial Compressive Strength Test Results (V 3.0) =
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a
Characteristics:
Core ID: TB-105@115.09-115.64
File Name: TB-105@115.09-115.64_USG
Test Performed by: BM H,
B
Date Tested: 8/12/2008 ! I'H} " ': I g .H” """ i
Data Reduced by: BM DATE: . 31;
Date Reduced: 8/12/2008 e E_ !.f
STATHON: i 5‘?
CORE 1p: [15.071125:
Core Length Diameter i ilure UCs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.070 10.34 1.964 4.99 2.07 33,466 11,047 11,191 77 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 153 2.45
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(YY) g Eng g Dep : o
E Uniaxial Compressive Strength Test Results (V 3.0) =
L]
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a i
Characteristics:
Core ID: TB-106@101.5-102.05
File Name: TB-106@101.5-102.05_USG 1
Test Performed by: BM PROJECT: .{yIH
Date Tested: 8/12/2008 il -f / J_. :
Data Reduced by: BM DATE: “"“'3 !-'z 'ﬂn' e
Date Reduced: 8/12/2008 STATION: TB-106
CORE ID:®[Pl5~/02 08
Core Length Diameter i ilure UCs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.145 10.53 1.968 5.00 211 40,170 13,212 13,408 92 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 162 2.59
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B Uniaxial Compressive Strength Test Results (V 3.0) =
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a i
Characteristics:
Core ID: TB-106@127.91-128.45
File Name: TB-106@127.91-128.45_USG : /
Test Performed by: BM oy
Date Tested: 8/12/2008 PROJECT: ,-(V-r
Data Reduced by: BM DAT E: ‘(‘f Ejﬂ:a .
Date Reduced: 8/12/2008 o T 8 E:
STATIOMN: .
( []IJ'.I 1 ;"}?l"z-‘? : ;F"
Core Length Diameter i Fallure UCs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.101 10.42 1.973 5.01 2.08 27,027 8,844 8,963 62 Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 154 2.47
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Earth Mechanics Institute

Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results

(V 3.0)

Project:
Location:

Rock Type:

Rock Name:
Characteristics:
Core ID:

File Name:

Test Performed by:
Date Tested:
Data Reduced by:
Date Reduced:

NTH

n/a
Sedimentary
n/a

TB-107@95.25-95.7
TB-107@95.25-95.7_UCS
Jake

7/1/2008

BM

712/2008

Core Length

Diameter

L/D

cm

cm

Ratio

Failure
Load

Failure
Stress

UCS 2:1

PROJECT: .NTH...........

DATE: LF=E .

sTaTiON: TB7I0F,
CORI i@ 35.25- %

Ibs

psi

psi

MPa

Failure
Mode

10.44

1.960

4.98

2.10

34,209

11,338

11,501

79

Non-Structural

wave

S-wave

Dyn

amic E

Dynamic

ft/sec

m/sec

ft/sec

m/sec

ksi

GPa

\]

Static E

ksi

GPa

Static
\Y

Density, p

Ib/ft3 g/lcm”3

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

160 2.56
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o Uniaxial Compressive Strength Test Results (V 3.0) =
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a
Characteristics:
Core ID: TB-107@120.15-120.7
File Name: TB-107@120.15-120.7_UCS
Test Performed by: Jake .
Date Tested: 7/1/2008 | PROJECT: . NMITH........ -
Data Reduced by: BM ﬂ_ﬂ
Date Reducez- 7/2/2008 DATE: ? {"! """ et
sration: Th=107. ...
Core Length Diameter i ilure UCs 2:1 A
9 L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.143 10.52 1.980 5.03 2.09 30,237 9,825 9,964 69 Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 156 2.50
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o Uniaxial Compressive Strength Test Results (V 3.0) =
7 — —
Project: NTH /
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a
Characteristics:
Core ID: TB-108@101.15-101.87
File Name: TB-108@101.15-101.87_UCS ;
Test Performed by: Jake
Date Tested: 7/1/2008 PROVIECT: NI‘H
Data Reduced by: BM f
DATE: .. FLIIOK..........
Date Reduced: 7/2/2008
sTaTiON: TB=I0X......
CORE 1@ 1015 - [0l £F
Core Length Diameter Failure Failure UCSs 2:1 A
¢ L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.150 10.54 2.003 5.09 2.07 48,655 15,441 15,642 108 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 162 2.59
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o Uniaxial Compressive Strength Test Results (V 3.0) =
Project: NTH
Location: n/a
Rock Type: Sedimentary — —
Rock Name: n/a
Characteristics:
Core ID: TB-108@135.95-136.4
File Name: TB-108@135.95-136.4_UCS
Test Performed by: Jake
Date Tested: 7/1/2008 PROJECT- H""H
Data Reduced by: BM DATE- ?‘; Jq‘s
Date Reduced: 7/2/2008 St 7 1 O S
STATION: TB-108......
LORE 1n(@ras 96~ 36 4
Core Length Diameter i ilure UCs 2:1 A
¢ L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.202 10.67 1.987 5.05 2.12 38,459 12,409 12,598 87 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 162 2.59
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Mining Engineering Department, CSM
Tri-Axial Compressive Strength Test Results (V 3.0)

Earth Mechanics Institute

Project:

Location:

Rock Type:

Rock Name:
Characteristics:
Core ID:

File Name:

Test Performed by:

NTH

n/a
Sedimentary
n/a

TB-101@105.83-106.4_T400
TB-101@105.83-106.4_T400
Jake

PROJECT: ...AN.

Date Tested: 8/5/2008 k »
Data Reduced by: BM :j_ﬁ, l|I'qf.r,E..'
' DATE: ... # R AN R e
Date Reduced: 8/5/2008 =]l
Confining Pressure 400 psi STATION: - o 0= J:D‘ u
e ]ﬂv.rﬁga...-.;::.l
CORE LAl
Core Length Diameter e e Tri-Ax 2:1 A
L/D Load Stress . Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.215 10.71 1.975 5.02 2.13 41,946 13,699 13,922 96 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 159 2.55
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Earth Mechanics Institute
Mining Engineering Department, CSM
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Uniaxial Compressive Strength Test Results (V 3.0) =
Project: NTH
Location: n/a
Rock Type: Sedimentary
Rock Name: n/a
Characteristics:
Core ID: TB-102@101.6-107.25_T200
File Name: TB-102@101.6-107.25_T200
Test Performed by: Jake
Date Tested: 8/5/2008 ;
Data Reduced by: BM DATE: -S S O
fDate Reduced: 8/5/2008 ST AT N
Confining Pressure 200 psi | e s
CORE ”j:f:-"_!'!:l‘l.li_-h ., .
Core Length Diameter Failure Failure Tri-Ax 2:1 A
! L/D Load Stress : Failure
in cm in cm Ratio Ibs psi psi MPa Mode
4.103 10.42 1.949 4.95 2.11 40,061 13,428 13,626 94 Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa \Y Ib/ft3 g/lcm”3
NA NA NA NA NA NA NA NA NA NA 165 2.64
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Earth Mechanics Institute

Mining Engineering Department, CSM

BTS Reduction Program (Ver. 2.0)

Project Name :
Location :

Rock Type :

Rock Name :
Characteristics :
Test Performed by :
Date Tested :
Data Reduced by :
Date Reduced :
Rock Source :
CoreID:

File Name :

NTH
n/a
Sedimentary

n/a

BM

6/30/2008

BM

7/1/2008

Drill core
TB-101@105.83-106.4
TB-101@105.83-106.4_BTS

PROJECT: ..A/T:H...‘..

- i

DATE: ./3

CORE 1p:{@S,83 1.

STATION: Tg*fﬂf

W

£+l " FEE

B RN

Disc Thickness

Disc Diameter

in

cm

in

cm

L/D

Ratio

Failure Load

BTS

Ibs

N

psi

MPa

Failure

Mode

1.39

3.53

1.975

5.02

0.70

2,886

12,836

669

4.6

Non-Structural
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Earth Mechanics Institute
Mining Engineering Department, CSM
BTS Reduction Program (Ver. 2.0)

P 4,3
[ f |
\ S
Project Name :
Location :
Rock Type :
Rock Name :

Characteristics :
Test Performed by :
Date Tested :

Data Reduced by :
Date Reduced :
Rock Source :
CoreID:

File Name :

NTH
n/a
Sedimentary

n/a

BM

7/1/2008

BM

7/1/2008

Drill core
TB-101@138.85-139.5
TB-101@138.85-139.5_BTS

pROJECT: ..M TH. ...

pate: 2L ). [O8..
staTion: 1.8=10/ ...
corE In@I$%.85-/1324

Disc Thickness

Disc Diameter

Failure

in

cm

in

cm

L/D

Ratio

Failure Load

BTS

Ibs

N

psi

MPa

Mode

3.60

1.978

5.02

0.72

2,172

9,662

494

34

Non-Structural

1.42
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Earth Mechanics Institute
Mining Engineering Department, CSM
BTS Reduction Program (Ver. 2.0)

Project Name :
Location :

Rock Type :

Rock Name :
Characteristics :
Test Performed by :
Date Tested :
Data Reduced by :
Date Reduced :
Rock Source :
CoreID:

File Name :

NTH
n/a

Sedimentary

n/a ! :

BM PROJECT: ..

. DATE: ....7%
STATION: .. L. B-/o2

CORE ID@/0l6~ 0725

(7)1

FEEREEEN FAEEEEEESN

Drill core
TB-102@101.6-107.25
TB-102@101.6-107.25_BTS

Disc Thickness

Disc Diameter

in

cm

in

cm

L/D

Ratio

Failure Load

BTS

Ibs

N

psi

MPa

Failure

Mode

1.47

3.74

1.947

4.95

0.76

3,951

17,575

877

6.0
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Earth Mechanics Institute

Mining Engineering Department, CSM
BTS Reduction Program (Ver. 2.0)

Project Name :
Location :

Rock Type :

Rock Name :
Characteristics :
Test Performed by :
Date Tested :
Data Reduced by :
Date Reduced :
Rock Source :
CoreID:

File Name :

NTH
n/a
Sedimentary

n/a

BM

6/30/2008

BM

7/1/2008

Drill core
TB-102@106.2-106.8
TB-102@106.2-106.8_BTS

PROJECT:

DATE: .... ﬁ/ﬁ'ﬂj

STATION: TE"
—(06.8

CORE ID

Disc Thickness

Disc Diameter

in

cm

in

cm

L/D

Ratio

Failure Load

2 (%

BTS

Ibs

N

psi

MPa

Failure

Mode

1.39

3.52

1.953

4.96

0.71

3,783

16,825

890
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Chapter 29

SINKING CAISS0ONS AS AN EFFECTIVE MEANS OF
CONSTRUCTING SHAFTS

F.J. Klingler," K.M. Swallar,' and J.C_ Neyar," and B, Hausmann?
‘NTH Canstilants, Ltd.. “Walbndge Aldirger Co.

ABRSTHALT

Thiz pape prasents lhe rmsalks ol g stedy o £a358 hisienes of propecis an which Sirking
LAEBANE WELa LS 10 cansires shalks lar unnel corsieosion and alher Lrsanground Works
Oezimgn nliedaloges are o ed wilh re st o ihe impact gl 504 ard grgundvater con-
dileiria &n e pararmance and constnaciambily ol ginking chisstns. Factoas wikeh have ad
e speness ar lailure nie reviewsd at=d evalualed, and recommendalngs lor b investiga
leowe, dengen and corslnkien aclivibies ara presonied  Gost data lor fres recent propsts are
rayulwind ared compaecd [o e cesl of Lhalt installapen Ty ashed meana,

INTRODLHCTION

A sinking cissnn conusts of a cocular, syuiie, oF réckangularn comrcreda wall shaclura
it is witiaalhy fenred a1 the Gound swiaca and thea sunk inte place thraogh the undertying
5ok, using @ syslomale approach ol adding successiva lins af concrabe b 1he tog of ihe
siruciane wall2, whiks remawng sl lrom Ihe mtangr o the cossen This procass is conlin-
ugd wakl kha raquired dogdh of necavation s achicwad, wlter whien a Sirciurad baga glab s
typicalty instaded, QN sunk im0 puogitiey, the Gangsen <anas the dig) puposns of provid
ing th mncrsnary oanh supsset dwang censreatan. a5 well As peos«Rng i walls gf tho
I 1ETFH TR

The Iechinedtdy o weirg 3inkalg Saissons wis onginally dewtkepsed in Eoropa and
preughi o Horh Amenca intha mid 1805, The lechmaleqy was irat used in Norh Amenca
trar thae conslructlion af bridge lMurdBnsas tor Cossrgs of the Migsizsipged Aiver in S8 Leoas
andthg E atl Avgar in Nony ok, Thosa eady caissons invobost Lrad use o comgnmesad dir o
rmiligalr cuaund walar inhlbateen ol L eacavalon bodtarn, Ecavalion procooded with small
constelod eguipraem ar by hard. and muck wins evacyated irem tha comprissiad cimdan
chambar thraugh pressurs rinf pupns . The e od nira @ edern consiuchon sdLeerien
ard materials, i well s beiter iowladgs ol 3ol condiions and IRair brhavion hos aablnd
1he Sanhre) € a3E00 [0 become an o mpgrlant ¢phon for making ekcadations inke snd thraugh
izl ground condons.

The authsrs combined axygeranca nihe s degade incledes ddsign and canstiachan
ol mopy than g faren sinking canseas.  Thesy have Typucally included projeats whare
sinbuieg caisseis woers udied 1o e he fest pracheal moans of canstrachan bncagso ol
concerns refabed 40 fither bolkem slabldy ar pelcrdial Wiend growed rievemnanls, Geeand
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SINKING CAISSONS AS AN EFFECTIVE MEANS OF

CONSTRUCTING SHAFTS

F. Jd Kingler, K. M. Swaffar, and J.C. Neyer, NTH Consultants, Lid.
and
R. Hausmann, Walbnidge Aldinger Co.

ABSTRACT

THS pafeit presenls b reiulls of 3 shode of case bislories of prapstts onwhich Sinkrg G sond wetd used
10 conztruct shafls for iunnel conatnectson: Brd other vaderground wks. Design methodckeges are revewad
walh respedd o e wpac] of s6d and groundwaier condilions en b performancs 3ed constuciatuity of cansang
£aissons. Fadors which hava Yed bo sucooss of failura are reviewssd and evalualed. and recommandations Tor
Tiure inveshgatian_ ckesegen aned constrpection aclivilios are presenldd. Cost dada far ve recenl pregects arg
reyvspwad and compared 10 1he cost of shatft instadation by ather maans.

INTRODULCTION

A, ginkwey Laiescn consisls of & oircular, Bquarg, o resiangular concrete wall sechure that is initeadhr Famed
at the grourd surface and Iwen zurik il Hace thfcakgh 1he underdying 3048, osing 3 aystematic appraach of
adding swcressive lifts of concrete o the lop of the sirochers walls, while ramewnng soil om the inbémtr o the
casson. Thig prooesa 4 conbroed unbl SRe required depth of excavalion @ achieved, afer whath 8 strudural
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base slaby is fypically insfaTed. Onoe sunk into pashon, INe Sassan denves the Fudl g poses of providesg the
NECRSEArY eanh 2upport duting Eslnidion as wall as providing the walls of the final sinicture.

The techinakegy of using sniking caissons was orginally davaloped in Evsopa ard brought 10 Neth Amenea
mu e enid 1B0Fs  Tha lechrology was first used n Morth Amenca for 1he consloestion G Bndes faundations
Ta¢ crosainga of Ihe Mississiggn River in Sl Lows and the Easl River in Mew Yark. Theza early cassons
nyohied the use of comprassad air io mitgale grausd waber nfiltrahga ak the exciwstion bgdom  Excawvatsan
proceeded wilh il constiutlion cquipmend or by hand, and muck was evacealed frem fhe codmpregsed
caizsm chamber threwgh presaure rehef pges, The use of rare medem consiudion cquipmenl ard malarials.
a5 woll a5 boter kronwledgs of sil conditions amd ther behavior, has enasled the sinking Carssan L& becorme
an impariant aption for reaking excavalion s wle and figugh Sifiow ground conditions

The avinors combienes expanenca m the 1251 decade secludes dasign and consinuctzon of mora than two
dozen sinkewy caissons. These hava fygically mcluded prjjecta where Sinkirg cadsen s wede udged (o be [he
Mot pracucal means of conalructsn Because af cancerns relalad (o gitkar botlemn stability or potental fateral
graund meyements, Ground condikzns through which ihess caissons fave been canstiected ncluda baln
pradomirarily pranular es well as predominantty coheane depgls  This Shudy £ximines Tva reoont propedts
whe e Siaking Gssons were usdad in favor of oher Bystems 1o constrsct shafts through soft and very saft clay
siraia.

DESIGH METHODOLOGY

Tho phrase “diffcult ground conditions” can mean many Bungs 10 many people  \With respect bo shal
cevstructeon, ditficul ground condibions Bee typeeally These @ which sarvenhanal mrans of garh suppen such
a3 tee ype of inemally beaced soidior @les and lepgung or zigal sheet pang are nol appdcpnate. Faciars wihech
phten cantribute to converionar epalerms or agproaches Aal Being 1easibld wilhin predominanly clay soils
incloda: high lataral earth praxeunes: Lot geednd mawemend limdatons,; petatlity of Ehe axcavahan bartem
a8 a result of weak dayey sols, Ihe porgnlal 1o hpdrastalic uplift of the shal bottem dire 1o undarbnmg afasian
prassures; or ihe ptental kor goolrd water irHlaws. from 1solated granclar layerd. Faclers which sgrmebnses
canthbybe 0 rwentidnal Sysierd of dpptbiachés fol being foasible in predominamly granular =oils incude
st growrrd mevernant imiations and e patential for uneorimllat ke graundwabes nflaws ingg IRe shal,

Far many of \heee sfusiione, & nurroes of Bvalabfe ponsrucicd echmgues g suitable and have proven
I b ptiebedies. These bihmoens inchada iho wse of diaphragmewall asd fangem pile supgo wall sysiams, in-
place sail mixng, or =ail feezing Wik zuch eanh retenbon systems, the parpose of e Syalem a caky Lo
s IRe earlh and adjacent Roaldies undil the fingl $frudues is bl inside  The sinking caisson methed of
Coavs muschecan, an bl athed hard, wil prowida temparany earth support danng conatrectcd, aod can alwo be uaed
a1 the perrnarent siruckre.

Sinking Gilaaona to Support High Lateral Earth Preasiren
Many shafl consirucien metheds axisi which are apprapriata fer supporting high laleral aarth lcads

Heifremwer, whene [Feral ads baaprme vary high, inlemal bekung may bechmye large and dificult te snziall, aed
may Shstmact lho conlrador's accass 1o tha shadt. [n adddior, whera ovedead fadtors excesd #ighl, clay soils
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may ke Sustert o squeeing of Sudden cofapse (Broms and Bennermark. 15967, |0 thezs cases. sinkng
LAissons may ba an effectve atbemabye meane of ground sopper The cagson wopll g dpacalhy Soed 10 ngwe
sufficaend wesght b2 Sk e strugiure, which usually results in 2 wall thickness grealar than necassany o suppart
Laleral canh Ipads.

Finking Caizpeons 1o Aeduce Ground Bovaments

Limilidions on ground mevamenls may also preclode e ose of conventonal means of earth suppon fo
shafts. WWork by Crappcdona (13711 suggests (hal dar clay with shear sirergih 155 than 2900 psi. [alara
movamem of shiet pils <halt walls can be expected 1o be about 2 peicent of Ihe Reghl o 2he wal, whibe LEieral
moverment of Agid wall syslems cin be expeciad 1¢ ba about 0.2 percent of the neight al tha wan. Data from
siudies by Pack (15968 suggests that verical seltlement adiagent ba shabs may cange Farm oo hall bo e
the magniude of jaleral watl movamont  These corefations compara wall with ground movemensi data
obwseryed by tha authars for flexble braced shatis aad nqid ahaMan the Detret gred. A% & result o canganm
regqanding ground mem2ments, sl gocund swepod syslams (siech as sinking £as=0ns) hava bemn specifind
for zeweral propects en the Detroit area

Sinking Caisrons lo Prevent Botbort s tabiliby

Inilial shafl de<ign effarts in clay seols bypocally melude analyss 1o deternrre 1he faceor of salely for bobom
stabity Uing e gewven shal depeh and diameter. cithar by methods aflar Terzagia (15947 or Bjerrum g Exche
(1238} Curranl indusiny prachca raquires thad whene e facior of aalely 3q8ins boblom nstaulity 18 less han
1.3, meagures muat be taken 1o refis grognd mowemont below the base of the oxcavation  Gomeendioe il
means af eanh support sweh 8t inbesealiy biaced stoel shoat pile shatts can be designed b exdend Bebowr (R
Lickey of exczredlion. but are ganarally nod capakie of provdewy sutficent resisiance bo belaw-invert lateral beads
whara the factar of afery agaansl betlerm inslabililg appraaches 10 Inthese Gises | whe ol aoxpd eanh suppert
syzlern (5o Jf B $inking £aisson) exbend ng balow the base of the excawation v oflen neceszany to provide
tha required factor of safety aganset BaEorm g ATy

Sinking Calsaons to Lontrol Hydroakatle Uplitt Arelior Groundwsater Inlow

Sinking caiszsans may atso be swtaide fad sondilicns where high hydrogtalc pressores eximd in formatcas
Bedine e Bade: Gf IRa SRl | o where the shaft 15 12 ba nelalled thiough granutar soils balew the wader {akde.
In vach casa, he casson £an be sunk winile rmavtaining e wales Iguel ingida fhe cassan 1o balanca ouicide
o newietying Mydrostalic Torcos,  Sail 1z excavated from insida dha caieson wsing 3 olamshell, ard ta basae slab
15 eitiver placad under waler, ©f placed afler lowerewy the gesunthwle: pressured below the baze by maans of
dwatennyg wells &r cher mafhod s

SIMKING CAISSON CASE HISTORIES
Five case hizlomes of reconl piopects i wkich ainkisg caissens were yed Lo oonctnect shafls though
difficult ground owedilans werd eapwtd by The aulhors with esped b geamechnical and hsdrbgeologeo

Cordilions: UNigua prosest requirements; eiher shal canseruched spHens cansidered; why tha sinking cassson
rredrid ef comatruchicn was chaden, and 1he cadeame gf the consimnsdion eMart. The [dlaenng £35a hislanas
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demonrsirale he abiliby 10 successfully use the snking cansson method of construclion [or vaned types of
Graund conddigns where conventienal earthe support systems were nol consmdered o be pragicad aodigr
cLoneicar,

Dotroit Wastswalsr Treatment Plant Pum ping Statian 18 Propect

The Dalrct Watar and Sewerage Departmant's Purnping Satwon 24 pragecd m souibees] Dtk ingluded
constuchiod o1 band Sinkay chiice shiaN Srudures The shaft required for tha man pomping siation was 39 4
meiges (1246 feet) :nside dwamater and approgsmately 21 meters (70 feel] deep, wivke the nediby toocssCirg
shaft was 3 7 mabers 30 ket inskle Jumeter and approximately 15.2 matars (50 {faal) deep. The siruciures
wara dasigned by Bdatcalf and Eddy. Inc. and consiructed by Walbnidge-Alinger, Ine. Conziroghon on fhe
Eroect was begun i 1830 and cormplened in 15594

The Fump Stalicn A projed] was sonsiructed on the grounds of Delroil's Wastewater Trealment Prami.
walhin esa prosmity b0 numesals exishirg structeees and undergrourd facihities, Prolectn of these facilines,
rary 4f whith were cringal 1o the operaben of the axistling plant, was depandent on coenirolhng consiruchen-
ralated greund movemanis.

Sraund condilions at the sibe consiaked o suddioal il arkd @ relatwely D desieeaied el layer, undirlain
by Imgk daposnt of yvery soft sty clay wih shear strength as low as 17.2 ka 1360 psfl. The cley depoits wera
uriderae biy a rekivety thae layar of veny dense glaoal nll (ocalty Eimed hardpan), whackh wias lrtheo ueenan
By traciured Qidarmlic lunesong conlaning anesian geooessyatar,

Savaral methods of ground support far consdruction of ie pumg atakan and connecting Sruciuce were
consioened dumg ine dagign proceds, o luding cereular Fesxe st dadphrage walls, and gnkinﬂ CaIssans.
Ground Ireezing was considered undasirabla dua 10 local conractors” unfamilarity wih s reedhad, its
expacied expante. BNd questions regasding poienbal 200 qioand rmovenenls 208 afsociied ubilig disrupdion
agtarting during thawing. Diaphragm walls weee alan considerad to ba unda<iracke dwve o 1ack of local
eXpEnEnCe. The soe ard deplh of the srociures, combrwsd wih pood sol conddions. veey low ground
raperempanl jolmrances, and much local espeaenca with ha sinking Lass=on 1echniqere, made cinkig cEIE6HS
the methad of chaorce fornstalling 1he purmp Slanan and sy unciios chander sEhuuiss.

Freparations for irstaTation of bolh cassons inceded poe-escavahng the ground surface approsimataly 3
rivefend (10 [eefy. Ih adddion. a throa stage rock grewding pregrem wae perfommad far the pumponeg siation
caizsea 10 prevent hydrogen sulfide leden groundéater from enlenng e excavabion 33 the cRILson
apprguchued the hard@an dnd bedecck layors  Due o the presence of arosancowater, these proceeduras woulkd
hava een reguired for 1he pumping slation regerdlasa ol the syskam used. AL the cannecting shafl |ocation,
an approgimattly 3 6 mater (12 footy clay separation was aspeclad between \ha caisson botlom and the
hardpan equiter, Bnd 3a swach, sriesian watar Inhlbrabon vaad nol expecled and ook Qeouling was not specfied,

The pumging slaticn caseH Was CHsincted with saven foab feck Comerela walls which wene pleced n e
Iifts ircdudoey (ke casson ahge)  Lsing mass placement mehods. the contracior placed each it as a ssagle
pour. wilhout vertical consiruchon joinis. Type [l cemeni was wsad 10 combat the polential aecls of diszolved
subficdes Brid guifateg in e ariedan grogrtwaler Dwarg macavalkn dod Sinking. 2 sod plug rangrey in higight
Fram 3 o &4 meters (10 1o 21 feet) above the bp afl the shoa was requirad in erder 10 mainiain a stablo
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macavation bottorm inraugh the very <ol clay saos Two levels of berarbe slurry IMEchin pipos ware cast
NG Ane cksan walls to allaw for Nsbncation af the exensr during sinking. Howavar. the conbraclor veas abla
L caniral Ihe sinking adequalely by dhiscrate excavation of Ihe inberr of ihe cagsan. and bentonibe injeckan
wRAs N Neccssary. Prior o placamend of the List It of the caisson walls. sieal pipe landing piles were dr e
arcund the permeler of ihe 22d50 1o ensura thal d wauld be pamb and Bvel whan il landed  Afer landing
The aisson wib tha shoe appraximately 0818 1 & meters (2 1o & oot abowe 1ha slapsng rock surfece, he
cais50N shoa Wes underpinned Ia e bodrock sufface.  Because of avarload factars as mgh 3s 16, 1he sof
<lay below the shoa could not be safely exposed A% such, a frozan sod wall was nslalled along 1he outside
ol the shoe o grevent soil squeelig andior 5ol fAow below e shoe, while 1he Casson was undepinned by
excavaling approximately 2 mater (10 foot) kong zorgs of woft cly and hardpan, aod filling wilh concrete. Tha
rock growling program for 1he poemping $tahon casson proved 1o be & SULcess. wilh one eaky area of he
bedrock preduang nly abowt one gallon per finuee o1 seepage Gonstruclion time for tho pumping station
caison, fTom shoa ConsIruct o b landeg e caisson. was approgimatety 32 waeks. Lnderpinmng e shoe
and placerren! of the base stab took appraximately 3 addmonal weeka,  An migependent esbmata by the
contrastor rndicaled that a braced steel sheeding shalt would have 1akan twice 83 kng 1o consiruet.,
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Figuee Mo. 1 - Pumping Slatian A Caickan

The connedling shafl calmson was consmesed wih 1 5 mater (5 feod) thick walls which 'ware placad in five
It incdudny the shep  Typ 11 congrete was alse used for He juncten chanmber caason  Ad wih the B
stalion caissen. axcavallcn Bnd Bcrking were coxrpleted by maintaining a sol plog within the caisson walls 1o
mantan battom slability, and  s1ee| pips landing gdes were diven arond |he penmeter of the caiseoa 1o
#nsure that it wousd be plwmb and level when o landed  Afer sinking the £3iss4n 10 the required depth. an
artegan 9pady develaped alb lhe shafl invert. This fow  was apparenily Ba result of e landing pdes
ponciraling the day separation bamer and ihe underlying urgrouled arftésisn aguifer  |noan atfer 10 mainiain
a Hebde excavalion pothorm, 1he shafl was finodad. The chssan Daca slab was later ndalled wrdenyalsr, W
Iremig concrelt placemen! methods. Constroction fime Tor sinkoeg s caisson. from shon construdlion 1o
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landing, wa3g approximalely 22 weskd, wih jpgroxmately 2 addivonal weeks requieed 10 ns1all tha base slab.
Hrweewed. several months elapsed in bebyeen the caeson landifig 2rd 1he baze 3lab inslallace, due ba he
artedan fige inig the shak and 1he subsaguant shatt Azeding required to maintain a stabla botam.

Rouga Stesl Sealy Pil

Reouge Steal Company, located m Cearbam, Michszan, eogan work on a new conlinucus casling operation
in TRET. The naw lacsiify raquirad constmaction of a rectangular rmal caks gid, 37 2 maters 122 feat) fong, 14
meters (46 feptl) vade, and 15 2 meters (50 heel] deep The sirucloee was designed by Lockwood Greena
Engrneors and MTH Consultants. Led. ard consirucked by Walrdpe-aldinger Company.

Groupd condfbions at the sibe of tha new scale pit were yery s@milar 1a thase a1 tha eearby Celrod
estewaler Traalment F1an. Factors inpodang e the pertarmands gf the earth retenln syslem nifoded
conlrolling botom slakility, and menimizirg lataral movaments and their mpeds co adiacent Birudures. Sevaral
methods of imstalhing he scala el were considered | scluding anornieenally faged sleel sheey ele cofferdarn,
sifchar pibe ard laggqing syslomes, amd fiozan ground ischniques The goor ground congetions., tegether wilk the
use of 1ha caisson wells a5 parl of 1he parrnanent strociure. made ihe Sinkaeg Sareson sglion the least ima
coskuming Al [he most cost effeciva in the contracior's viaw.

Faoe I cansimiing the shoe for the scalo pd caisson. tha area was pracul approrimately 4 § meiers (15
{zath balow the pravaibrg ground sudace, and sleel pipe larding gles weee drven. The excavabon bofom was
exptded |0 ke vathin gk Clay deposds approsimabehr 5.1 mabers |20 {faat) atowe the water bearng hardpan
and rock lByers. As such, groundwates canlral meazufes such 3% rock groubing weoe nal reguired .

The QO rietér {3 fool) Lhack chisson walls wers placed in 4 lifts including the shoe  Typa | concrete was
wsed. since grodrndwaler (and discolved hydrogen sulfide) mlidiatan was not expecled to be & cigoficant
prables  Gamarn insdlabiley was prévented during sinking 1ha caisson by mainlaining a soil pheg wilhon he
carsson anlafor. & 1.3 meer 6 foath thiek conerete bade siab was mstalled sfer he caee0n was SUnk b
edagn £ kevsan

Cansiruchan Imne (e geahing 1he £sgon and insialbrg the basae slab was oppedwimately 11 wesks Thid
compaed b B oaslimate of 20 weeks B nokall anintemagy braced cofferdan and cenairuct e scala pit walls
Ared SRR wallin

Redinrd CS8 Purmplng Statlan amnd Swid Concenieator Caipsons

The Redlard Combimed Sewage Overlaw (DS edentian bty includes & 13.3 meder 4640 fool) inside
ierraler rmirforoed concrele pumg staton ard 3 10.7 medar {35 foat} insida dameler ranfomged conaes aearl
cncenrator, constructed wilthin 2 4 matess (8 Teel) of each ather. Bolh of these faciilies ware consinedad as
Sinking CH3SNS with compkded Base slabs requiring excavalion to depths on the order of 16 B mwelesa (55
Taeth. Thase s1uciures wese dasigned by Wade-Trim! Assocates, Inc. for he ownar, Charer Township 4f
Rediord. The pdoeat was constructed By Walbridge J'!.Il;ling:lr Camp@any

The ariginal gonlead docunvbnis 2% wiel 33 subsequent contragiar best berings indicated so condibons
consisting of approgimalety & famt of surfical sand undarlain by thick daposds of medium consistency sitby clay,
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hather undedain by carnpact preganinamly granular layers, then shale bedrock. 1he Sola bekow e bate of
fhiz cmsdn mxcavations werd expecied b consest of silt, zard .and hardpan layers urder arfasian growndwater
Eressure. Hecawse these Fpend wiie pepecied o bo veny dificul] o deasabi, the corra dooemnenls ecquired
thad reydrostalic uphfs forces be balanced dunng canaeruclion by Aocdng the 22s30ns dunng excavaban, 1n
addilssa, lite dagign &2alled for dome shaped caisson Basno slabs W be placod windier walnr using iromig conie
placemenl methods. The puspoze of the domed Baze slab was to carmy permanent hydrogeabe Josds and
elrrirabe thiy rited for rock anchors wilhin (he bage slab

Regogewring Lhe difficultly and expense whch would o associaled with pedormong 1he excavalion and basa
tlal canstrsclion under waler, fhe conlraclol proposed o develop a dewatanng plan wheh wodld allew
coandbnyclion m by dry & supplpmcnial gectachnical imvasigatign at tha si5e helped defing the prosence and
exient of tha aquder belcw the clissans. Based on qrain size anahis of 1he ged samples. d was determred
Craa) 2P Aquiter wes dowatarable. A dewalenng plam was then dovologrd which was subseqoenlly accepted
by 1he cwnar s engineer.
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Figura No. 2 - Redlord C50 Shafls

In order 1 minimze thes nmbar and s-2a of wells, & groundwater pumping best was conduded b hudher
defne tha hydroges g parstalera of e agoifer sd pozeibly Bl & redichon in the numser of dewalaring
wells gshmatad to &e requirad based on e gram size analysis. The sesulis ot this test allowed meddication
al iha dewatarng plan to incuda foor, 9.3 meter {3 (oot} diameter gravel packed wells.

Tha walle &l the crissons wara constracted in b lifta, including the shas  Using the modefiod dewadaning
plan, {he madavaticn was compleled in the dry and the domed basae slabs were placed wlhoo roden. The
CAISEONS were Qroulad in Hace by inecting growd throwgh Be bantonde inpection pepes. Constroction fima was
Jpproairnalely 20 weeks far fhe 18 3 meter (50 Tooth dramater ciosson, aod 15 weeks far e 10T mater £35
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footy damseter siructure, not ncluding 1he Base slab consiruchon. In each case, fhese slabs requred
approsmaliely 3 addrlicnal weaks 10 constrse.

River Rouge G50 Basin Cemonetration Projecl

The City of River Rouge. #ichigan has undertaken & majar construchen praync e control 1he release af
tomiined Sewaqe nto ke Roode River The mager comaeoenl of the proed s @ lange diameler conerake
rgninread sinking casson which wil serve aa the ma s combinad sewage delamdica facelitg,. The caiszan has
saven foot ek walls, will an autside diameter of 45 4 melers {148 feet) and a depih af appremmalaly 22.9
mobars (75 ey, This project waes Begqun m (he spoceg of 1536, and is planned 10 ba complated in winter 1559,
The projgct was designed by Sigrma Assooales. [ng., and 1= being construcded by Walbndge . Aldinger
COmpany.

Soil candlions at the zibe cansisied of approxmdely F 4 melocs (8 feat of surfical sased and debris b,
uriderain By fin appacaodriabehy 3 meter (10 baod) thick desiccaled day layar. The All and sand layers ypecalty
contained parched grovndwater. The desiceated Clay s uadedain by an oxbensove dapasit of soft silty clay.
which i3 furher undenain by the hardgas fill layer at a depth of about 20.7 melers &8 feed)  The bediock
undertying the hardpan consists of ddomste hmestone, which 5 fypically highly kaciurod wohin tho upper 1 @
3 matera (3 b0 10 feet]  Anedian pressone wilthin the hardpan and badrock wes measured at agproxemately 1.5
rmelars {3 feal) above the ground surface. The harfpan ab e siee s considersd relddivaly impammeeabla,
Blthough the fractured bediock 15 exescted 10 produca high volumes of groundwatar if itis exposed. Whare
erpunidre] . artesian groundwater 15 expacted be confaim fegh coneantiabens af deszalved brydrogen sulfde,
and madecaie concandrations of methane ga%

Prigr I {oastieting Lhe caisson, 1he projeal sibe was pre-cul approsamalely 2.1 1o 3 metara {7 B 10 feal)
in order bz pravant difficullies in sinking the caissan thisugh he ypper fill and desiccated cday [ayers. Parchad
grougdtraier was coalraled by puriging from opan samps. A four stege sock groeling program was Ihan
vndarakean 10 sgal the fractured bedrock and b mimmize wfiliration of groundwater during escavalon.
Addilepnally, a qedechrcal insirurmemation program wes underteken with the purpase of probeching emsting
adiaCend struduras.

The caiszan wall corstruchion = planned ks be compated m six lifts including the shoe. The excavation from
the cenler o the GAisson has been corduciad m 1he dry, usekg a damshed and §maller eRThmeng equitment
warking within ihe caisean. Al 1his wriling. the caisson is closa o its final alevation. and 3 planned 1o be
complabed witkin fvs woeks, Following seking of e casson walla bo ine deaired depth, [he clay one Below
ana around (e perimeter of e shoe & planned (o o subject 1o ground reazing 1o peevant 501 Saweazmmg
Beibiwr e SRoe prar i base slab placement. Rock anchors will then be netellzd from IRe rock aurfacs . and
post tengeoned in placa followmng base slal placsmen|

The caizson Lonstruclan 1< planned L be complaled in approkimaielr 28 weeks, ot induding 1he base sl

canstructian. The base slab construgtion (induding rock anchor installation) is axpaciad to te complated in
an additional B wetcks.
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Northweat Latarel Plpallne

Constrecion o the Cosal Yater Autharty and Oy of Houston's Martrwes! Lateral Pipeline began an 1388
and represented & imegral stap in tha expanseon of the abp's wates supply systent The teginal design called
Tor approwmately 3250 nelers (11.000 foeky of fun nel crossing twi magor tadies of waler: Ine Houdion Shp
Channnel 3ng Greens Bayow, After award of the conlrasr o 1he Greenfield Momeman Joinl Yanture, the sinl
vamuee reteined MTH Cansubants o redesign Lhe water coaveyance tystem wnder 3 value engineeiing
prosasion on lhe conract, A5 par of the redessgn, Ie turngl deplh wis decredsed and sinking caissons wara
used 1o consrucs "siphon” Iype extensions balow 1he Howston Stip Channel and Greens Bayou.

At the Houstan Ship Chanmel oossing. actagonel shaped shafts which were speadied 0 Ehe canbrag
documants to be edhar diaphragm walls of freeze walls, werd redosigned o bo round sinking casssons. This
modificaban alrwed 3 reduction in the wall thicknass end renforoement required, and made Skivey CiS$ans
Iho economecal chaice. At the Creens Bayou cigssing. round sinkag c3issans ware designed 12 raplaca kong
Sloping funnel sesdigns which ceiended balow the Bayou. Az a resule of this desiga, (e maenty of 1R lrane
was inslallad af ralalively shallow depih while geshy the pordigns of tunnal directly below the badies of water
ware rned &1 :he deeper depth The dacreased iunned depdh hecogh iraae of 1he tunned algnrent alloves
The use of sleal nb ang lagging pnmary funnel lingr rather than sieel iner plate as <alled forin the onginal
deaign. In addibian, sleep luisel giedes which were called for in the angral desige were eliminated.

Thea faur srafls used ‘o coasiruet 1he f2iphan eeansons ware aach cansiructed in similar groond conditens.
Subzurface 2% of uch shaf locations genarally consested of meduen st cday sl merbedded waler
bearing zones af fee sand and silt. undedain al deptha of 24 10 30 meters (70 ko 100 feat] by genarally $of
clay. Where groundwaler was presenl withur b water bearing layars. the polentiomete level was about 3 1o
& & rmgbers (10 b 13 feel) below graursd surfacs.,
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Figure Mo. 3 - Greens Bayou Shaft
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The shafl dasgns al the Greens Bayou and Fauglon Ship Channo crossings callad far two sfage shafl
canglmgion, congpsing of a0 uppes shael pile Bupeored shaft and & Jower congrebe finkirg cakson shaft The
Uppser sfegl sheal poe shatld werd 15 3 meters (G0 font) deep, and ware supporbed inlarnaky by corcdele nng
wales The kredr sinking caisson porions of each shafl were T.6 mebars (25 f2all inonleinal dicrsber wth 1 2
meler [4 fool) thack, wadls, The shaMa exstendes o cwverall depths of approgemadoby 335 maters {110 feat bekow
ground sudace. |Hshoaad beoeodad that cniv one of the {our sinking caisson struciures was desgred (o ba
incorporated into the permanent struciure,  The remanting Ihreo coissons wera used only as femparary
shructurea, and were abindoned in place

Contral of ground rcvesents danng conglnsdeen was clical due to lha presanca of an aclive radroad line
which was located within &1 meters (20 Taet) afthe edge of one of 1he shaks  Borehobe exlensometers warn
L&ed O measure ground mgaeer i e area Whhin tee sinkieg caissons. bastem instability was bypscally
prevenisd by mandaining 8 ol "o’ wibhre Ihe shaft Bobom Wilkun dree of IRe Gresens Baseon shafts howaver.
flocdrty 1he cauassen was alse required during smking to Galance hivdrostatic pressures and graundwaber
seepage inld 1ha shaf. Typcally, Banlonte wag mpected W he shoe drerg axcavation 10 reducs fictkon and
adhesige dan lhe dudscde of the cassson . and to ad in saking. Cnce the cassons wene sdvancoed (o ihe regquned
depth, ey wera grouted :noplace by imeching gragt IThrough fha bontpnite ingcton ppes  The awarage Lime
I corstruct mach of the shalls was approsmatety 3 104 weeks fof the uppar shesy pile srage and 10 G 12
waeks for ihe lower sinkng caisaod including Ihe base lab)

COST COMPARISONS

Cosis (or consimecting the s«king calssons discissed above were Summanded and carmparsd 10 oiher
candanietan methoda which wers considered A cosis wero #djusiad le 1996 dollars. Gasad on our reveew
<A gpil d23ta fod 1herss projeds. the owerall cost fof sinkung caissons In place (excdoding base s[AD condloetian)
was faund 1o Da approsemately $7O5 per culic maetsr (3610 por cubic yard). which can ke squatad 1o
appraxirtalely 21450 per sqrare meber (3135 par square foot) of axposed shafl wall, Howaver, ¢ should ba
noled that und araa cosls wared mode wadely than ol voluene co5ts due pnmianly (o diferencas in 1he wall
thicknegsad, OlRer rmalhosds which wers considered for the abowe prajects ranged fram S1940 to $2150 par
square meater {5180 10 200 per square food) of wall, sudiry B eoct af The fund goocrsie shal wals moplace
A sammary of cosl data for 1he above disoussrd propets is prasanted an Table 1.
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TABLE 1 - Qa3 Compansons for Sinking Caistent Yy, Cther Shal Const. Technigques

PiojeciEhal

Tota ot

{3 Imking Caisson
Mathod)

Cosl per Unit
Volume for Celggan
Mylhgd

Commente

F3&h « Pumping
Siation

S5 0B0.000 (ra 5500 walld)
S2.213.000 ibase slab wi
|rceere & undarn.nd

SEA20n” (S5 ey
EB1GM’ (3524/cy)

Losls lor steel
sheeling and Lbracang
were quated ai b2
millige higher than
<iFking L5500,

F525.000 (base slab)

T (51350y)
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CONSIDERATIONS FOR DESIGHERS

Sevaraf consideratians are apparant kasad on the authar's agperianca in ihe desgn and conslnection af
shatty using mnking casssans  These are discassed balew

1] Skt chianns are oflen cos eHecive when aiilzed 3 balh the construchica shatl and final 2irucue
Tha woluma of concreia wsed for the casson walls will ygicalty ba geealer than the yolums of conoets raguired
[or The walls af ihe final 2loecture, 5% & congequence ofF e wegh requiced 1o aink he caszon wallz. A a
raLgh comyeanson of constnachon Cosls between sinkirg caisson constrecdtion and iemperary tarlh suppor with
an imermally consiructed sifuciure, e prehmonary design may compare ihe cosl of the addibional cancrate
required in 1he caisson walls {aboye that amount whick wgankd b roquired [oe the [ndl strucurd] 1o R oot
of 3 lersparary eart suppor Sysbesm., The desigrer should be awane, Rewevar thed ha majonty af cassaon wall
COnS rachore Cass ane frem (i [Aabar far werieal RBemowork . cadfec man the Buolk makenals, As soch the codla
lar ickered caisson walls do nol increase the evarall shakt costs incrementaty

21 Sinking caissens ara highty efedive n controling ground mavermenis adjacent 10 consiruciad shafts
Bazad an empreal sjudies of groand mavement By Peck and OF AR tea, 34 well Ba proped expenencs Trm
1he abovwe Lase hiskomes, gatlament adjacent to sinkstg caisson shafts is twprcalty on the ordae of 0.2 parcant
od thie deplh o Ihe shad This compsiees o edlirules by Peck ol 1 percent to 2 percenl af the shaf depth for
flamible aarh suppar sysdems such as infternally bracad stesl shaat pues.

31 The dessgn of sinking caissons in €lay so#s is highly sansitive to adhasian and frichan af 1ha sod
surraunding th caisson walls, as well ws e shear srength of $oils Below the base  Melhods of evaluahon
of basal stabuddy {Biemum and Erde. and Teaghi). suggasl Ihaf il zones will sdend B a depth el he
cHisE0M thoa epprovmataly equel 1o 0.7 limea e shaft width, As such, geotachaical iwaskgations shoald
b planned 1o gather data o depths egual b g minimpm depth Coonesplnding bo gne 3haM wdin below e
planned frad ghaft iInvert. Whera bobam slakility concems require ubfzation of 3 6@l @lug within the caissan
to comrd Bottom hoawe dunng oecavabon, geclechnical inymsligalions should avtond (o 3 dggth belgw Ine
Cals5of 6had of 31 leasd 9.7 bmas iha wdh of 1he shaft. Sal teating showd include unconiinad comprassion
sirengih evaluapons ar uncgnsolidabed uadgiomed friasinl ests of relplively urchstorbed Shefby lube 2aMples.
Feor sofl and wary 5aft clay, in-xitu wana shaar tastng =hould also be considered. Such sampfes andide in-sily
beshey 2hould be procured andfar perdfedmad al raamor infervals of appresirnalely 15 fecl. Where artesian
groundwaler is arcountenad withi best bormgs, a piezometer should be insialled 1o allow for desen prowidsns
by pewdinit ydesalabe uphit of Ihe shaft bage.

44 The use of sinking carsson lechmques 18 aHen mast succesaful and mest cast aMectvs whena ground
conddiens arm considered wiry poor  Inolhe wards of a confratar's radesman Th worse the Clay 19, ING
beHer these Sakeng cBi5sons work? s sigeeficant inat o mos of ihe abova cibed casas, sinking of the caigsoo
wilk cgniroded by doserebe excavica, withaut pang the Bsntanizg bncalon Systermns which were insalled.

5) Sinking eassons have proved t be an afechve means of cansirucbhon fof Boty cwnar-dasigred and
conirecid-cpesigrsed shafis. Advantages 1o owmer-dasgread shalls irclude; ability o conirol grosund srdueoienss
[y speerafyang GRS UChOn means Suth 8% drking cacEsand) | abkhby o noorporate the s king caisson na the
pammanant siruchura; speed o consimecen in approprate condittons: and 1hae abilty to otz competilneg bids
o the spedshe tepe al shal conatruction dedired. The pamary advantage of allewing te contracior io desigo
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shafis ig thal crealve and inngyvalve salutions can ba proposed by 1ha Confracter, and e SWnes ean shane
in (b2 cosl sayings which result from condractan ingenoery,
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