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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:

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

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

e 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
o Medium 1 to 3 feet
e Thick 3 to 10 feet

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

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

¢ 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.
¢ 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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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 (rack 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).

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.

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.

e [F — Intensely Fractured - <0.3ft

e (CF —Closely Fractured — 0.3 to 1.0ft

e MF — Moderately Fractured — 1.0 to 3.0ft
e  WF — Widely Fractured — 3.0 to 6.0ft

e  VWF — Very Widely Fractured - >6ft

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

¢ 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.
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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

o 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:

e ST - Surface stain
e Sp - Spotty
e P - Partially filled; half of surface or opening is filled
e 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:

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

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

e (ave - 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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DRG - Detroit River Group

Elevations noted are above mean-sea level (AMSL)

NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahistrom, K. Warning

LOG OF CORE BORING NO: INF=l NTH CONSULTANTS, LTD.
DRICX10TB7 (TB-7) @
Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan Inspector NTH
NTH Proj. No:  15-050014-12 Contractor: Advanced and Nevis Energy Services
Drilling Date: 2/7/12007 to 4/8/2007 Driller: Rig 7, R. Thatcher, R. Ward
Core Size: Checked By: Z. Carr, P.E., C. Johnson
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Elevations noted are above mean-sea level (AMSL)
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Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
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Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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Project Name: DRIC Brine Well Investigation

Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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LOG OF CORE BORING NO: INI=I NTH CONSULTANTS, LTD.

NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahlstrom, K. Waming
Elevations noted are above mean-sea level (AMSL)

Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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LOG OF CORE BORING ROCK CORE LOGS.GPJ NTH CORE.GDT 9/18/07

LOG OF CORE BORING NO: INF=l NTH CONSULTANTS, LTD.

Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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LOG OF CORE BORING NO: INF=l NTH CONSULTANTS, LTD.

DRICX10TB7 (TB-7) @
Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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LOG OF CORE BORING NO: INI=l NTH CONSULTANTS, LTD.

Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahlstrom, K. Waming
Elevations noted are above mean-sea level (AMSL)
DRG - Detroit River Group
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DRIC Brine Well Investigation
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noted are above mean-sea level (AMSL)

Elevations
DRG - Detroit River Group

NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahlstrom, K. Waming
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INF=l NTH CONSULTANTS, LTD.
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DRIC Brine Well Investigation

Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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noted are above mean-sea level (AMSL)

DRG - Detroit River Group

NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahlstrom, K. Waming
Elevations
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LOG OF CORE BORING NO: INF<| NTH CONSULTANTS, LTD.

Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahistrom, K. Waming
Elevations noted are above mean-sea level (AMSL)
DRG - Detroit River Group
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LOG OF CORE BORING NO: INF= NTH CONSULTANTS, LTD.

Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahistrom, K. Warning
Elevations noted are above mean-sea level (AMSL)
DRG - Detroit River Group
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LOG OF CORE BORING NO: INF=l NTH CONSULTANTS, LTD.

Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahistrom, K. Warning
Elevations noted are above mean-sea level (AMSL)
DRG - Detroit River Group
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LOG OF CORE BORING NO: INF-l NTH CONSULTANTS, LTD.

Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahlstrom, K. Waming
Elevations noted are above mean-sea level (AMSL)
DRG - Detroit River Group
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LOG OF CORE BORING NO: INF<| NTH CONSULTANTS, LTD.
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Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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Elevations noted are above mean-sea level (AMSL)
DRG - Detroit River Group
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Project Name: DRIC Brine Well Investigation

Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12

Checked By: Z. Carr, P.E., C. Johnson

INF=l NTH CONSULTANTS, LTD.

NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahlstrom, K. Waming
Elevations noted are above mean-sea level (AMSL)

DRG - Detroit River Group
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NOTES: Core logged by: D. Adler, H. Audet, M. Firestone, S. Gole, Z. Kiefer, J. Wahistrom, K. Waming
Elevations noted are above mean-sea level (AMSL)
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LOG OF CORE BORING NO:
DRICX11TB11 (TB-11 (B))

Project Name:

INF=-l NTH CONSULTANTS, LTD.

@

DRIC Brine Well Investigation

NOTES: Core Sample Logged By: D. Adler, M. Firestone, S. Gole, K. Waming
TB-11 was primarily rotary bored with selected zones of core boring.

Project Location: Detroit, Michigan Inspector NTH
NTH Proj. No:  15-050014-12 Contractor: Advanced and Nevis Energy Services
Drilling Date: 1/23/2007 to 4/16/2007 Driller: Rig 8, K. Vestal, R. Ward
Core Size: Checked By: Z. Carr, P.E., C. Johnson
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LOG OF CORE BORING NO:
DRICX11TB11 (TB-11 (B))

Project Location: Detroit, Michigan

Project Name: DRIC Brine Well Investigation

INF<| NTH CONSULTANTS, LTD.

@

NTH Proj. No:  15-050014-12

Checked By: Z. Carr, P.E., C. Johnson
_ - = Subsurface Profile Discontinuities
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TB-11 was primarily rotary bored with selected

NOTES: Core Sample Logged By: D. Adler, M. Firestone, S. Gole, K. Waming

zones of core boring.
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LOG OF CORE BORING NO:
DRICX11TB11 (TB-11 (B))

Project Name:

INF=I NTH CONSULTANTS, LTD.

@

DRIC Brine Well Investigation

Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
- 5 Subsurface Profile Discontinuities
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TB-11 Continued As Rotary Boring At 1035 feet.
1040|
|
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NOTES: Core Sample Logged By: D. Adler, M. Firestone, S. Gole, K. Waming
TB-11 was primarily rotary bored with selected zones of core boring.
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LOG OF CORE BORING NO: INI=l NTH CONSULTANTS, LTD.

LOG OF CORE BORING ROCK CORE LOGS.GPJ NTH CORE.GDT 9/18/07

DRICX11TB11 (TB-11 (A)) @
Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan Inspector NTH
NTH Proj. No:  15-050014-12 Contractor: Advanced and Nevis Energy Services
Drilling Date: 1/23/2007 to 4/16/2007 Driller: Rig 8, K. Vestal, R. Ward
Core Size: Checked By: Z. Carr, P.E., C. Johnson
§ E Subsurface Profile Discontinuities
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NOTES: Core Sample Logged By: D. Adler, M. Firestone, S. Gole, K. Waming
TB-11 was primarily rotary bored with selected zones of core boring.
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LOG OF CORE BORING NO: INF=l NTH CONSULTANTS, LTD.

DRICX11TB11 (TB-11 (A)) @
Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
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NOTES: Core Sample Logged By: D. Adler, M. Firestone, S. Gole, K. Waming
TB-11 was primarily rotary bored with selected zones of core boring.
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LOG OF CORE BORING NO: INF=| NTH CONSULTANTS, LTD.

DRICX11TB11 (TB-11 (C)) @
Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan Inspector NTH
NTH Proj. No:  15-050014-12 Contractor: Advanced and Nevis Energy Services
Drilling Date: 1/23/2007 to 4/16/2007 Driller: Rig 8, K. Vestal, R. Ward
Core Size: Checked By: Z. Carr, P.E., C. Johnson
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NOTES: Core Sample Logged By: D. Adler, M. Firestone, S. Gole, K. Waming
TB-11 was primarily rotary bored with selected zones of core boring.
Run 7 Recovery Low - Lost Sample in Borehole
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LOG OF CORE BORING NO: INF=| NTH CONSULTANTS, LTD.
DRICX11TB11 (TB-11 (C)) ()
Project Name: DRIC Brine Well Investigation
Project Location: Detroit, Michigan NTH Proj. No:  15-050014-12
Checked By: Z. Carr, P.E., C. Johnson
= _- Subsurface Profile Discontinuities
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OS] NOTES: Core Sample Logged By: D. Adler, M. Firestone, S. Gole, K. Waming
5 TB-11 was primarily rotary bored with selected zones of core boring.
§ Run 7 Recovery Low - Lost Sample in Borehole
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Appendix D

‘ Detroit River International Crossing Study

Photographs of Rock Cores




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 1-1 30.0 103.0 - 103.7 100.0 95.0 TB-7 1-2 30.0 103.8-106.8 100.0 95.0 0.75
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 1-3 30 106.8-109.9 100 95.0 1 TB-7 1-4 30.0 110.0-113.0 100.0 95.0 1.33
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Fo Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 1-5 30.0 113.0-116.0 100.0 95.0 0 TB-7 1-6 30.0 116.0-119.0 100.0 95.0 1
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 1-7 30.0 119.0-121.8 100.0 95.0 0.75 TB-7 1-8 30.0 122.0-125.0 100.0 95.0 0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foo Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 1-9 30.0 125.0-127.3 100.0 95.0 TB-7 1-10 30.0 127.3-130.0 100.0 95.0 1

TR .~

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 1-11 30.0 130.0-133.0 100.0 95.0 0 TB-7 2-1 285 133.0-135.7 97.2 80.0 1.2




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per
TB-7 2-2 28.5 135.7-138.7 97.2 80.0 12
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 2-4 28.5 141.7-144.7 97.2 80.0 1.2

Bore Hole
TB-7

Bore Hole
TB-7

Run
2-3

Run
2-5

Run Length (feet)
285

Run Length (feet)
28.5

Depth (feet)
138.7-141.7

Depth (feet)
144.7-147.4

Recovery (%)
97.2

Recovery (%)
97.2

RQD  Fractures Per Foot

80.0

RQD  Fractures Per Foot

80.0

1.2

1.2




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 2-6 285 147.4-150.2 97.2 80.0 12 TB-7 2-7 285 150.2-153.1 97.2 . 1.2

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 2-8 28.5 153.1-155.9 97.2 80.0 1.2 TB-7 2-9 28.5 155.9-158.6 97.2 80.0 1.2




Bore Hole
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Run
3-2
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s

Run Length (feet)
285
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iy
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Sates
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100
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s

RQD  Fractures Per Foot
96.0 1

Bore Hole
TB-7

Bore Hole
B-7

Run
3-1

Run
3-3

Run Length (feet)

Run Length (feet)
30.0

Depth (feet)
161.5-163.3

Depth (feet)
166.0-169.1

Recovery (%)
100

Recovery (%)
100

RQD  Fractures Per Foot
96.0 1

RQD  Fractures Per Foot
96.0 1
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 34 30.0 169.1-172.0 100 96.0 TB-7 3-5 30.0 172.0-175.7 100 96.0 1

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 3-6 30.0 175.7-177.8 100 96.0 1 TB-7 3-7 30.0 177.8-180.5 100 96.0 1




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 3-8 30.0 180.5-183.4 100 96.0 1 TB-7 39 30.0 183.4-186.2 100 96.0 1

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 3-10 30.0 186.2-188.8 100 96.0 1 TB-7 3-11 30.0 188.8-191.5 100 96.0 1




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 4-1 145 191.5-194.6 85.0 78.0 . TB-7 4-2 145 194.6-197.5 85.0 78.0 11

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 4-3 145 197.5-200.3 85.0 78.0 11 TB-7 4-4 145 200.3-203.3 85.0 78.0 11




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 4-5 145 203.3-206.0 85.0 78.0 1.1 TB-7 5-1 2.0 205.0 - 207.0 75.0 0 >5

Bore Hole Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 26.5 207.0 -210.0 96.0 80.0 1 TB-7 6-2 26.5 211.1-213.9 96.0 80.0 1.0




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 6-3 26.5 213.9-216.4 96.0 80.0 1.0 TB-7 6-4 26.5 216.4-217.9 96.0 1.0

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 6-5 26.5 217.9-220.6 96.0 80.0 1.0 TB-7 6-6 26.5 220.6-223.1 96.0 80.0 -




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD C Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 6-7 26.5 223.1-225.6 96.0 80.0 TB-7 6-8 26.5 225.6-228.2 96.0 80.0 -

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Dépth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 6-9 26.5 228.2-230.8 96.0 80.0 - TB-7 6-10 26.5 230.8-232.5 96.0 80.0 -




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 7-1 30.0 233.0-235.6 91.0 87.0 TB-7 7-2 30.0 235.6-238.6 91.0 87.0 1
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 7-3 30.0 238.6-241.6 91.0 87.0 1 TB-7 7-4 30.0 241.6-244.1 91.0 87.0 1




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Bore Hole Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 7-5 30.0 244.1-246.6 91.0 TB-7 30.0 246.6-249.7 91.0 87.0 1

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 7-7 30.0 249.7-252.2 91.0 87.0 1 TB-7 7-8 30.0 252.2-254.8 91.0 87.0 1
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100.0

RQD  Fractures Per Foot

100.0

0.3

0.3

Bore Hole
TB-7

Bore Hole
TB-78-5
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Run  Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
8-3 30.0 267.7-270.7 100.0 100.0 0.3
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Run  Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
30.0 273.7-276.4 100.0 100.0 0.3




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 8-6 30.0 276.4-279.1 100.0 100.0 0.3

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot

TB-7 8-7 30.0 279.1-282.2

100.0 100.0 0.3
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 8-8 30.0 282.2-285.0 100.0 100.0 0.3 TB-7 8-9 30.0 285.0-287.4 100.0 100.0 0.3
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 8-10 30.0 287.4-290.4 100.0 100.0 . TB-7 8-11 30.0 290.4-293.0 100.0 100.0 0.3
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 9-1 27.8 293.0-296.0 100.0 100.0 0.5 TB-7 9-2 27.8 296.0-298.9 100.0 100.0 0.5
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) 2 6 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 9-3 27.8 298.9-301.8 100.0 100.0 . TB-7 9-4 27.8 301.8-303.7 100.0 100.0 0.5
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Dépth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 9-5 27.8 303.7-305.9 100.0 100.0 0.5 TB-7 9-6 278 305.9-308.6 100.0 100.0 0.5
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Bore Hole Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Pe Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 27.8 308.6-311.3 100.0 100.0 . TB-7 - 27.8 311.3-314.6 100.0 100.0 0.5

Bore Hole Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 E 27.8 314.6-317.7 100.0 100.0 0.5 TB-7 9-10 27.8 317.7-320.6 100.0 100.0 0.5




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 10-1 29.9 320.6-322.2 98.0 . . TB-7 10-2 29.9 322.2-325.0 98.0 96.0 0.17
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 10-3 29.9 325.0-327.7 98.0 96.0 0.17 TB-7 10-4 29.9 327.7-330.7 98.0 96.0 0.17




o T

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 10-5 29.9 330.7-333.7 98.0 . . TB-7 10-6 29.9 333.7-336.0 98.0 96.0 0.17
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 10-7 29.9 336.0-338.8 98.0 96.0 0.17 TB-7 10-8 29.9 338.8-341.8 98.0 96.0 0.17




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 10-9 29.9 341.8-344.7 98.0 . . TB-7 10-10 29.9 344.7-347.7 98.0 96.0 0.17

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 10-11 29.9 347.7-350.5 98.0 96.0 0.17 TB-7 11-1 30.0 350.5-352.5 100.0 100.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 11-2 30.0 352.5-355.3 100.0 100.0 0.4 TB-7 11-3 30.0 355.3-358.3 100.0 100.0 0.4
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Bore Hole Run Run Length (fet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run  Run Length (feet) eet) Recovery (%) RQD Fractures Per Foot
TB-7 11-4 30.0 358.3-361.1 100.0 100.0 0.4 TB-7 11-5 30.0 361.1-363.9 100.0 100.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 11-6 30.0 363.9-366.5 100.0 . . TB-7 11-7 30.0 366.5-369.2 100.0 100.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 11-8 30.0 369.2-372.0 100.0 100.0 0.4 TB-7 11-9 30.0 372.0-374.9 100.0 100.0 0.4




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 11-10 30.0 374.9-377.8 100.0 . . TB-7 11-11 30.0 377.8-380.0 100.0 100.0 0.4

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 12-1 45 380.0-381.6 100.0 100.0 1 TB-7 12-2 4.5 381.6-384.0 100.0 100.0 1




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 13-1 29.0 384.0-386.9 100.0 99.0 . TB-7 13-2 29.0 386.9-389.6 100.0 99.0 0.9

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 13-3 29.0 389.6-392.5 100.0 99.0 0.9 TB-7 13-4 29.0 392.5-394.8 100.0 99.0 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 13-5 29.0 394.8-397.7 100.0 X . TB-7 13-6 29.0 397.7-400.2 100.0 99.0 0.9

",

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 13-7 29.0 400.2-403.2 100.0 99.0 0.9 TB-7 13-8 29.0 403.2-406.0 100.0 99.0 0.9




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD a ErE00 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 13-9 29.0 406.0-408.5 100.0 99.0 . TB-7 13-10 29.0 408.5-410.8 100.0 99.0 0.9

. B
FLprn et o LY AT T A O R

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 13-11 29.0 410.8-413.0 100.0 99.0 0.9 TB-7 14-1 30.0 416.0-418.7 100.0 90.3 13




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) a ErE00 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 14-2 30.0 418.7-421.1 100.0 . . TB-7 14-3 30.0 421.1-424.0 100.0 90.3 13

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 14-4 30.0 424.0-426.9 100.0 90.3 13 TB-7 14-5 30.0 426.9-429.6 100.0 90.3 13
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Bore Hole
TB-7

Bore Hole
TB-7

Run
14-6

Run
14-8

Run Length (feet)
30.0

Run Length (feet)
30.0

Depth (feet)
429.6-432.6

Depth (feet)
435.5-438.2

Recovery (%)
100.0

Recovery (%)
100.0

RQD  FraCtures Pe

90.3

RQD  Fractures Per Foot

90.3

13

13

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 14-7 30.0 432.6-435.5 100.0 90.3 13
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 14-9 30.0 438.2-441.0 100.0 90.3 13
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per FogQ
TB-7 14-10 30.0 441.0-443.7 100.0 90.3
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 15-1 30.0 446.0-448.6 100.0 97.0 1.03
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 14-11 30.0 443.7-446.0 100.0 90.3 1.3
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 15-2 30.0 448.6-451.1 100.0 97.0 1.03
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fr8 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 15-3 30.0 451.1-453.8 100.0 97.0 . TB-7 15-4 30.0 453.8-456.3 100.0 97.0 1.03

oy

- : -+ 5 .
L RAL Aot WAL EAL S IO W IR

e TR M e A A R SN M N MR S

o Tf gaiis = =
772

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 15-5 30.0 456.3-459.1 100.0 97.0 1.03 TB-7 15-6 30.0 459.1-461.7 100.0 97.0 1.03
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 15-7 30.0 461.7-464.6 100.0 . . TB-7 15-8 30.0 464.6-467.5 100.0 97.0 1.03
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 15-9 30.0 467.5-470.5 100.0 97.0 1.03 TB-7 15-10 30.0 470.6-472.8 100.0 97.0 1.03




Bore Hole
TB-7

Bore Hole
TB-7

Run
15-11

Run
16-2

Run Length (feet)
30.0

Run Length (feet)
30.0

WL

AL XTI

Depth (feet)
472.8-476.0

Depth (feet)
477.1-479.8

e e AP

Recovery (%)
100.0

Recovery (%)
99.0

RQD  Fractures Per Foot

96.0

13

Bore Hole
TB-7

Bore Hole
TB-7

Run  Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot

16-1 30.0 476.0-477.1 99.0 96.0
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1.3

Run  Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot

16-3 30.0 479.8-482.7 99.0 96.0

13
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 16-4 30.0 482.7-485.3 99.0 96.0 13 TB-7 16-5 30.0 485.3-488.3 99.0 96.0 13
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 16-6 30.0 488.3-491.1 99.0 96.0 13 TB-7 16-7 30.0 491.1-494.2 99.0 96.0 13
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per FogQ Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 16-8 30.0 494.2-496.9 99.0 96.0 . TB-7 16-9 30.0 496.9-500.0 99.0 96.0 13
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 16-10 30.0 500.0-503.0 99.0 96.0 1.3 TB-7 16-11 30.0 503.0-506.0 99.0 96.0 1.3
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Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
508.1-510.5 100.0 99.0 1

Run
30.0

Bore Hole
17-2

Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foq
506.0-508.1 100.0 99.0 TB-7

Run
30.0

Bore Hole
17-1

TB-7
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
17-3 30.0 510.5-513.3 100.0 99.0 1 TB-7 17-4 30.0 513.3-516.1 100.0 99.0 1

TB-7
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per FogQ Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 17-5 30.0 516.1-519.1 100.0 99.0 TB-7 17-6 30.0 519.1-522.0 100.0 99.0 1
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 17-7 30.0 522.0-525.1 100.0 99.0 1 TB-7 17-8 30.0 525.1-527.6 100.0 99.0 1
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog
TB-7 17-9 30.0 527.6-530.3 100.0 99.0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 17-11 30.0 533.0-536.0 100.0 99.0 1
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 17-10 30.0 530.6-533.0 100.0 99.0 1
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 18-1 26.5 536.0-538.5 95.6 95.0 0.67




Bore Hole
TB-7

Bore Hole
TB-7

Run
18-2

Run
18-4

Run Length (feet)
26.5

Run Length (feet)
26.5

Depth (feet)
538.5-541.4

Depth (feet)
544.6-547.5

Recovery (%)
95.6

Recovery (%)
95.6

RQD  Fractures Per Foq

95.0

RQD  Fractures Per Foot

95.0

0.67

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 18-3 26.5 541.4-544.6 95.6 95.0 0.67
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 18-5 26.5 547.5-550.3 95.6 95.0 0.67
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 18-6 26.5 550.3-553.2 95.6 95.0 0.67 TB-7 18-7 26.5 553.2-555.7 95.6 95.0 0.67
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 18-8 26.5 555.7-558.5 95.6 95.0 0.67 TB-7 18-9 26.5 558.5-561.3 95.6 95.0 0.67




Bore Hole
TB-7

Bore Hole
TB-7

Run
19-1

Run
20-1

Run Length (feet)
45

Run Length (feet)
1.0

Depth (feet)
562.5-564.2

Depth (feet)
567.0-568.0

Recovery (%)
100.0

Recovery (%)
50.0

RQD  FraCtures Pe

86.7

RQD  Fractures Per Foot

50.0

1.8

0

Bore Hole
TB-7

Bore Hole
TB-7
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Run  Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
19-2 45 564.2-567.0 100.0 86.7 1.8
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Run  Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
21-1 10.0 568.0-570.2 99.0 69.0 23
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD a ErE00 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 21-2 10.0 570.2-572.7 99.0 69.0 . TB-7 21-3 10.0 572.7-575.4 99.0 69.0 23
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 21-4 10.0 575.4-578.0 99.0 69.0 2.3 TB-7 22-1 28.0 578.0-579.6 100.0 100.0 0.5




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 22-2 28.0 579.6-582.6 100.0 . . TB-7 22-3 28.0 582.6-585.6 100.0 100.0 0.5

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 22-4 28.0 585.6-588.6 100.0 100.0 0.5 TB-7 22-5 28.0 588.6-591.2 100.0 100.0 0.5




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) a ErE00 Bore Hole Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 22-6 28.0 591.2-593.9 100.0 . . TB-7 28.0 593.9-596.9 100.0 100.0 0.5

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 22-8 28.0 596.9-599.9 100.0 100.0 0.5 TB-7 22-9 28.0 599.9-602.9 100.0 100.0 0.5
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) d e Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 22-10 28.0 602.9-606.0 100.0 100.0 . TB-7 23-1 28.0 606.0-608.9 100.0 93.0 111
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Dep#(feet) Recovery (%) RQD Fractures Per Foot
TB-7 23-2 28.0 608.9-611.3 100.0 93.0 111 TB-7 23-3 28.0 611.3-614.4 100.0 93.0 111




Bore Hole
TB-7

Bore Hole
TB-7

Run
23-4

Run
23-6
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Run Length (feet) Depth (feet) Recovery (%)
28.0 614.4-617.3 100.0

Run Length (feet) Depth (feet) Recovery (%)
28.0 620.3-623.2 100.0

RQD  Fractures Per Foot

93.0

111

Bore Hole
TB-7

Bore Hole
TB-7

Run
23-5

Run
23-7

¥

Run Length (feet)
28.0

Run Length (feet)
28.0
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Depth (feet) Recovery (%) RQD Fractures Per Foot
617.3-620.3 100.0 93.0 111
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Depth (feet) Recovery (%) RQD Fractures Per Foot
623.2-626.1 100.0 93.0 111




Bore Hole Run Length (feet) Depth (feet) Recovery (%)
TB-7 28.0 626.1-628.8 100.0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 23-10 28.0 631.4-634.0 100.0 93.0 111

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 23-9 28.0 628.8-631.4 100.0 93.0 111
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 24-1 29.6 634.0-636.6 100.0 92.6 0.98




Bore Hole
TB-7

Bore Hole
TB-7

Run
24-2

Run
24-4

Run Length (feet)
29.6

Run Length (feet)
29.6

Depth (feet)
636.6-639.7

Depth (feet)
642.0-645.0

Recovery (%)
100.0

Recovery (%)
100.0
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RQD  Fractures Per Foo Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot

92.6

TB-7 24-3 29.6 639.7-642.0 100.0 92.6 0.98
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RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot

92.6

0.98 TB-7 24-5 29.6 645.0-648.0 100.0 92.6 0.98
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 24-6 29.6 648.0-650.7 100.0 . . TB-7 24-7 29.6 650.7-653.4 100.0 92.6 0.98
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 24-8 29.6 653.4-655.9 100.0 92.6 0.98 TB-7 24-9 29.6 655.9-658.9 100.0 92.6 0.98




Run Length (feet) RQD  Fractures Per
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Run Length (feet) RQD  Fractures Per Foot

Yo o MBHBIIRENE o o

! L e T S T N S
e PEET LS mjﬂﬂﬂﬁj

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 24-11 29.6 660.8-663.6 100.0 92.6 0.98
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 25-2 29.0 665.6-668.6 98.0 98.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 25-3 29.0 668.6-671.6 98.0 98.0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 25-5 29.0 674.6-677.2 98.0 98.0 0.4

Bore Hole
TB-7

Bore Hole
TB-7

Run
25-4

Run
25-6

Run Length (feet)
29.0

Run Length (feet)
29.0

Depth (feet)
671.6-674.6

Depth (feet)
677.2-680.1

Recovery (%)
98.0

Recovery (%)
98.0

RQD  Fractures Per Foot

98.0

RQD  Fractures Per Foot

98.0

0.4

0.4




Bore Hole
TB-7

Bore Hole
TB-7

Run
25-7

Run
25-9

Run Length (feet)
29.0

Run Length (feet)
29.0

Depth (feet)
680.1-682.9

Depth (feet)
685.3-687.9

Recovery (%)
98.0

Recovery (%)
98.0

RQD  Fractures Per Foot

98.0

0.4

Bore Hole
TB-7

Bore Hole
TB-7
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Run  Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
25-8 29.0 682.9-685.3 98.0 98.0 04
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Run  Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
25-10 29.0 687.9-689.4 98.0 98.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%)
TB-7 25-11 29.0 689.4-693.0 98.0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 26-2 30.0 695.3-698.0 97.3 94.0 0.86
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 26-1 30.0 693.0-695.2 97.3 94.0 0.86
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 26-3 30.0 698.0-701.0 97.3 94.0 0.86
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD
TB-7 26-4 30.0 701.0-703.6 97.3 94.0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 26-6 30.0 706.4-709.2 97.3 94.0 0.86
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Bore Hole
TB-7

Bore Hole
TB-7

Run
26-5

Run
26-7

|IJ 4

Run Length (feet)
30.0

Run Length (feet)
30.0

Depth (feet)
703.6-706.4

Depth (feet)
709.2-711.4

Recovery (%)
97.3

Recovery (%)
97.3

RQD  Fractures Per Foot

94.0

RQD  Fractures Per Foot

94.0

0.86

0.86
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Pe Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 26-8 30.0 711.4-714.3 97.3 X . TB-7 26-9 30.0 714.3-716.8 97.3 94.0 0.86
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 26-10 30.0 716.8-719.8 97.3 94.0 0.86 TB-7 26-11 30.0 719.8-722.2 97.3 94.0 0.86
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 27-1 28.0 722.2-725.4 99.6 . . TB-7 27-2 28.0 725.4-728.0 99.6 925 0.93
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 27-3 28.0 728.0-730.6 99.6 92.5 0.93 TB-7 27-4 28.0 730.6-733.5 99.6 92.5 0.93
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fr 0 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 27-5 28.0 733.5-735.9 99.6 92.5 . TB-7 27-6 28.0 735.9-738.5 99.6 92.5 0.93
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run  Run Length (feet) tet) Recovery (%) RQD Fractures Per Foot
TB-7 27-7 28.0 738.5-740.9 99.6 925 0.93 TB-7 27-8 28.0 740.9-743.5 99.6 925 0.93




Bore Hole
TB-7

Bore Hole
TB-7

Run  Run Length (feet)
27-9 28.0

Depth (feet) Recovery (%)
743.5-745.4 99.6
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Run  Run Length (feet)
27-11 28.0

Depth (feet) Recovery (%) RQD Fractures Per Foot
748.2-750.9 99.6 92,5 0.93

Bore Hole Run  Run Length (feet)
TB-7 27-10 28.0

Depth (feet)
745.4-748.2

Recovery (%)
99.6 925

A

RQD  Fractures Per Foot

0.93
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Bore Hole Run Run Length (feet) DePHT (feet)
TB-7 28-1 30.0 751.0-753.4

Recovery (%)
100.0 935

RQD  Fractures Per Foot

0.9




Bore Hole
TB-7

Bore Hole
TB-7

Run
28-2

Run
28-4

Run Length (feet)
30.0

Run Length (feet)
30.0

Depth (feet)
753.4-756.0

Depth (feet)
758.5-761.2

Recovery (%)
100.0

Recovery (%)
100.0

RQD Fr,
935

RQD  Fractures Per Foot

93.5

0.9
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Bore Hole Run Run Length (feet)
TB-7 28-3 30.0

Depth (feet)
756.0-758.5

Recovery (%) RQD Fractures Per Foot
100.0 93.5 0.9
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Bore Hole Run  Run Length (feet) eet)
TB-7 28-5 30.0 761.2-762.9

Recovery (%) RQD  Fractures Per Foot
100.0 935 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 28-6 30.0 762.9-765.2 100.0 . . TB-7 28-7 30.0 765.2-767.2 100.0 935 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 28-8 30.0 767.2-769.9 100.0 935 0.9 TB-7 28-9 30.0 769.9-772.1 100.0 935 0.9




Run
28-10

Bore Hole
TB-7

Run Length (feet)
30.0

Depth (feet)
772.1-775.0

Recovery (%)
100.0
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Run
28-12

Bore Hole
TB-7

Run Length (feet)
30.0

Depth (feet)
777.9-781.0

Recovery (%)
100.0

RQD  Fractures Per Foot
93.5 0.9

Bore Hole
TB-7

Bore Hole
TB-7
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Run

28-11

Run
29-1

Run Length (feet)
30.0

Depth (feet)
775.0-777.9

Recovery (%)

100.0 93.5

Run Length (feet)
29.0

Depth (feet)
781.0-783.0

Recovery (%)

100.0 97.0

RQD  Fractures Per Foot

0.9

RQD  Fractures Per Foot

0.9
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Run Length (feet)
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Run Length (feet) RQD  Fractures Per Foot
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 29-3 29.0 785.3-787.6 100.0 97.0 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 29-5 29.0 790.2-793.0 100.0 97.0 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%)
TB-7 29-6 29.0 793.0-795.8 100.0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 29-8 29.0 798.9-802.6 100.0 97.0 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 29-7 795.8-798.9 100.0 97.0 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 29-9 29.0 802.6-805.3 100.0 97.0 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%)
TB-7 29-10 29.0 805.3-808.2 100.0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 30-1 29.0 811.0-813.5 100.0 97.6 0.97
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 29-11 29.0 808.2-811.0 100.0 97.0 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot

TB-7 30-2 29.0 813.5-816.5 100.0 97.6 0.97
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Pe Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 30-3 29.0 816.5-819.0 100.0 97.6 . TB-7 30-4 29.0 819.0-821.5 100.0 97.6 0.97
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 30-5 29.0 821.5-824.2 100.0 97.6 0.97 TB-7 30-6 29.0 824.2-827.0 100.0 97.6 0.97
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Pe Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 30-7 29.0 827.0-829.6 100.0 97.6 . TB-7 30-8 29.0 829.6-832.4 100.0 97.6 0.97
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 30-9 29.0 832.4-835.1 100.0 97.6 0.97 TB-7 30-10 29.0 835.1-838.0 100.0 97.6 0.97
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Pe Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 30-11 29.0 838.0-840.1 100.0 97.6 . TB-7 31-1 29.5 840.0-841.0 100.0 974 0.68

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 31-2 295 841.0-843.7 100.0 974 0.68 TB-7 31-3 29.5 843.7-846.7 100.0 994 0.68




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 31-4 295 846.7-849.6 100.0 . . 31-5 29.5 849.6-852.6 100.0 994 0.68

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 31-6 295 852.6-855.4 100.0 994 0.68 TB-7 31-7 295 855.4-858.2  100.0 994 0.68




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fré@ S Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 31-8 29.5 858.2-861.2 100.0 994 . B 31-9 295 861.2-864.1 100.0 99.4 0.68

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run  Run Length (feet) Ept (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 31-10 295 864.1-866.8 100.0 99.4 0.68 TB-7 31-11 295 866.8-869.7 100.0 99.4 0.68




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 32-1 30.0 870.4-872.9 93.7 . . TB-7 32-3 30.0 875.2-878.0 93.7 93.7 0.64

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 32-4 30.0 878.0-880.4 93.7 93.7 0.64 TB-7 32-5 30.0 880.4-883.0 93.7 93.7 0.64




TB-7 32-2 30.0 872.9-875.2 93.7 0.64
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Bore Hole Run Run Length (Feet) Depth (feet) r (%) RQD Fractures Per Foot
7



Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 32-6 30.0 883.0-885.3 93.7 . . TB-7 32-7 30.0 885.3-887.5 93.7 93.7 0.64

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Dépth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 32-8 30.0 887.5-890.0 93.7 93.7 0.64 TB-7 32-9 30.0 890.0-893.0 93.7 93.7 0.64




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 32-10 30.0 893.0-895.8 93.7 93.7 0.64 TB-7 32-11 30.0 895.8-898.5 93.7 93.7 0.64

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 33-1 30.0 900.4-903.1 100.0 98.1 0.93 TB-7 33-2 30.0 903.1-905.9 100.0 98.1 0.93




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per 3 Run  Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 33-3 30.0 905.9-908.3 100.0 98.1 : 334 30.0 908.3-910.9 100.0 98.1 0.93
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 33-5 30.0 910.9-913.6 100 98.1 0.93 TB-7 33-6 30.0 913.6-916.6 100 98.1 0.93




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 33-7 30.0 916.6-919.4 100 98.1 TB-7 33-8 30.0 919.4-922.3 100 98.1 0.93

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 339 30.0 922.3-925.0 100 98.1 0.93 TB-7 33-10 30.0 925.0-927.7 100 98.1 0.93
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fract
TB-7 33-11 30.0

P 0 Bore Hole Run Run Length (feet) Depth (feet) Rec'overy (%) RQD Fractures Per Foot
927.7-930.4 100 98.1 rﬁi TB-7 34-1 30.0 930.4-931.9 99.8

99.6 0.5
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Bore Hole Run  Run Length (feet)

7 a . " P
Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (fg
TB-7 34-2 30.0 931.9-935.0 99.8 99.6 0.5 TB-7

Recovery (%) RQD
34-3 30.0 935.0-9399

Fractures Per Foot
99.8 99.6

0.5




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) a 0 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 34-4 30.0 937.9-940.9 99.8 99.6 . TB-7 34-5 30.0 940.9-943.9 99.8 99.6 0.5
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Bore Hole Run  Run Length (feet) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) ) fet) Recovery (%) RQD  Fractures Per Foot
TB-7 34-6 30.0 943.9-946.9 99.8 99.6 0.5 TB-7 34-7 30.0 946.9-949.9 99.8 99.6 0.5
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per F Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot

TB-7 34-8 30.0 949.9 -952.8 99.8 99.6 0.5 B-7 34-9 30.0 952.8-955.8 99.8 99.6 0.5

]

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 34-10 30.0 955.8-957.7 99.8 99.6 05 TB-7 34-11 30.0 957.7-960.5 99.8 99.6 0.5




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 35-1 29.0 960.4-962.3 98.7 98.7 TB-7 35-2 29.0 962.3-964.9 98.7 98.7 0.5
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 35-3 29.0 964.9-967.8 98.7 98.7 0.5 TB-7 35-4 29.0 967.8-970.6 98.7 98.7 0.5
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (fee epfh (feetr) Recovery (%) RQD  Fractures Per Foot
TB-7 35-5 29.0 970.6-973.1 98.7 98.7 TB-7 35-6 29.0 973.1-976.0 98.7 98.7 0.5

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 35-7 29.0 976.0-978.5 98.7 98.7 0.5 TB-7 35-8 29.0 978.5-981.3 98.7 98.7 0.5




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 35-9 29.0 981.3-983.8 98.7 TB-7 35-10 29.0 983.8-986.4 98.7 98.7 0.5

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 35-11 29.0 986.4-989.1 98.7 98.7 05 TB-7 36-1 30.0 989.1-991.9 96.0 89.2 0.6
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 36-2 30.0 991.9-994.9 96.0 89.2 TB-7 36-3 30.0 994.9-997.7 96.0 89.2 0.6
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 36-4 30.0 997.7-1000.4 96.0 89.2 0.6 TB-7 36-5 30.0 1000.4-1002.5 96.0 89.2 0.6




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 36-6 30.0 1002.5-1005.4 96.0 89.2 TB-7 36-7 30.0 1005.4-1008.1 96.0 89.2 0.6

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 36-8 30.0 1008.1-1011.2 96.0 89.2 0.6 TB-7 36-9 30.0 1011.2-1013.8 96.0 89.2 0.6




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foo Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 36-10 30.0 1013.8-1016.5 96.0 89.2 0.6 TB-7 36-11 30.0 1016.5-1019.4 96.0 89.2 0.6

~

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 37-1 30.0 1021.0-1023.2 100.0 96.7 0.73 TB-7 37-2 30.0 1023.2-1026.1 100.0 96.7 0.73
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Bore Hole Run Run Length (feet) Depth (feet) Reovery (%) RQD Fractures Per Bore Hole Run Run Length (feet) Depth (feet)
0.73 TB-7 37-4 30.0

TB-7 37-3 30.0 1026.1-1028.4 100.0 96.7

Recovery (%) RQD Fractures Per Foot
1028.4-1031.3 100.0 96.7 0.73
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 37-5 30.0 1031.3-1034.1 100 96.7 0.73 TB-7 37-6 30.0

1034.1-1037.1 100 96.7 0.73
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet)
TB-7 37-7 30.0 1037.1-1040.1 100 96.7 0.73 TB-7 37-8

D

Depth (feet) Recovery (%) RQD  Fractures Per Foot
30.0 1040.1-1043.0 100

96.7 0.73
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 37-9 30.0 1043.0-1045.9 100.0

Bore Hole  Run
96.7 0.73

Run Length (feet)  Depth (feet)
TB-7 37-10 30.0

Recovery (%) RQD  Fractures Per Foot
1045.9-1048.6 100.0

96.7 0.73




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per FogQ Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 37-11 30.0 1048.6-1051.0 100.0 96.7 TB-7 38-1 1.0 1051.0-1052.0 95.8 85.4 2

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 39-1 30.0 1052.0-1053.9 100 95.1 1.13 TB-7 39-2 30.0 1053.9-1056.7 100 95.1 113




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Frag : Bore Hole Run Run ength (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 39-3 30.0 1056.7-1059.3 100 95.1 . TB-7 39-4 30.0 1059.3-1062.0 100 95.1 1.13

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Deépth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 39-5 30.0 1062.0-1064.7 100 95.1 1.13 TB-7 39-6 30.0 1064.7-1067.8 100 95.1 1.13
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) a 0 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%)
TB-7 39-7 30.0 1067.8-1070.8 100 95.1 . TB-7 39-8 30.0

RQD  Fractures Per Foot
1070.8-1073.6 100

95.1 11

Bore Hole Run  Run Length (feet)
TB-7 39-9 30.0

Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run  Run Length (feet) Recovery (%) RQD  Fractures Per Foot
1073.6-1076.3 100 95.1 1.13 TB-7 39-10 30.0

.3-1079.2 100 95.1 113




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD FraCtures Pel4%@ Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 39-11 30.0 1079.2-1082.0 100 95.1 1.13 TB-7 40-1 30.0 1082.0-1082.6 98.0 98.0 0.51

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run  Run Length (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 40-2 30.0 1082.6-1085.6 98.0 98.0 0.51 TB-7 40-3 30.0 556 . 98.0 0.51
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD F Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 40-4 30.0 1088.4-1091.3 98.0 98.0 . TB-7 40-5 30.0 1091.3-1094.3 98.0 98.0 0.51

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Recovery (%) RQD Fractures Per Foot
TB-7 40-6 30.0 1094.2-1097.0 98.0 98.0 0.51 TB-7 40-7 30.0 " . 98.0 98.0 0.51
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) eSRe Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 40-8 30.0 1100.6-1103.6 98.0 . . TB-7 40-9 30.0 1103.6-1106.3 98.0 0.51
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Bore Hole Run Run Length (feet) ept (eet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run ength (feet) e e RQD  Fractures Per Foot
TB-7 40-10 30.0 1106.3-1109.3 98.0 98.0 0.51 TB-7 40-11 30.0 . . 0.51




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) 0 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 41-1 1112.0-1113.7 98.7 . . 30.0 1113.7-1116.7 98.7 96.4 0.74

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run  Run Length (feet) g Recovery (%) RQD Fractures Per Foot
TB-7 41-3 30.0 1116.7-1119.7 98.7 96.4 0.74 TB-7 41-4 30.0 : . 98.7 96.4 0.74




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 41-5 30.0 1122.1-1125.0 98.7 96.4 TB-7 41-6 30.0 1125.0-1127.8 98.7 96.4 0.74
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Ru Runngth (eet) : Recovery (%) RQD  Fractures Per Foot
TB-7 41-7 30.0 1127.8-1130.5 98.7 96.4 0.74 TB-7 41-8 30.0 1130.5-1133.4 98.7 96.4 0.74
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Bore Hole Run Run Length (feet) ' Depth (feet) Recovery (%) RQD Fra : Bore Hole Run RunLength (feef) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 41-9 30.0 1133.4-1135.9 98.7 96.4 . TB-7 41-10 30.0 1135.9-1138.7 98.7 96.4 0.74
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Bore Hole Run  Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth @@a#®Recovery (%) RQD  Fractures Per Foot
TB-7 41-11 30.0 1138.7-1141.6 98.7 96.4 0.74 TB-7 41-12 30.0 141 . 98.7 96.4 0.74




3 4
Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 42-1 29.0 1142.0-1144.4 100.0 99.0 0.4 TB-7 42-2 29.0 1144.4-1147.2 100.0 99.0 0.4

Bore Hole Run R7un Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) S Réovery (%j RQD ) Fractus Per Foot
TB-7 42-3 29.0 1147.2-1149.8 100.0 99.0 0.4 TB-7 42-4 29.0 .8 . 100.0 99.0 0.4




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery ()
TB-7 42-5 29.0 1152.5-1155.4 100 99.0 0.4 TB-7 42-6 29.0 1155.4-1157.9 100 99.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 42-7 29.0 1157.9-1160.7 100.0 99.0 04 TB-7 42-8 29.0 1160.7-1163.3 100.0 99.0 0.4




Bore Hole Run

TB-7

Bore Hole Run

TB-7

e e —— i o

Run Length (feet)
42-9 29.0

Run Length (feet)
42-11 29.0

Depth (feet)
1163.3-1166.0

Depth (feet)
1168.8-1171.0

Recovery (%)
100.0

Recovery (%)
100.0

RQD  Fractures Per F

99.0

RQD  Fractures Per Foot

99.0

0.4

0.4

Bore Hole
B-7

Bore Hole
TB-7

Run

42-10

Run
43-1

Run Length (feet) Depth (feet)
29.0 1166.0-1168.8

Recovery (%) RQD  Fractures Per Foot
100.0 99.0 0.4
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Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
30.0 1171.0-1172.5 93.3 99.3 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fr Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQ Fractures Per Foot
TB-7 43-2 30.0 1172.5-1175.4 99.3 99.3 . TB-7 43-3 30.0 1175.4-1178.1 99.3 99.3 0.9

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run  Run Length (feet) eet) Recovery (%) RQD Fractures Per Foot
TB-7 43-4 30.0 1178.1-118.1 99.3 99.3 0.9 TB-7 43-5 30.0 1181.1-1184.1 99.3 99.3 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Fractures Per Foot
TB-7 43-6 30.0 1184.1-1186.8 99.3 99.3 43-7 30.0 1186.8-1189.5 99.3 0.9

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 43-8 30.0 1189.5-1192.1 99.3 99.3 0.9 TB-7 43-9 30.0 1192.1-1195.1 99.3 99.3 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fra ; Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 43-10 30.0 1195.1-1198.1 99.3 99.3 . TB-7 43-11 30.0 1198.1-1201.0 99.3 99.3 0.9
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth Recovery (%) RQD Fractures Per Foot
TB-7 44-1 30.0 1201.0-1202.6 100.0 100.0 0.4 TB-7 44-2 30.0 12Q@:6 . 100.0 100.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD F
TB-7 44-3 30.0 1205.6-1208.6 100.0 100.0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 44-5 30.0 1211.4-1214.1 100.0 100.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 44-4 30.0 1208.6-1211.4 100.0 100.0 0.4
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Bore Hole Run Run Length (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 44-6 30.0 . 100.0 100.0 0.4
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 44-7 30.0 1216.8-1219.5 100.0 . TB-7 44-8 30.0 1219.5-1222.2 100.0 100.0 04

-
A\

OErETTECS RSN (ND. T

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run  Run Length (feet) pifglree Recovery (%) RQD Fractures Per Foot
TB-7 44-9 30.0 1222.2-1225.2 100.0 100.0 0.4 TB-7 44-10 30.0 1225.2-1228.0 100.0 100.0 04
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fracty& Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) QD  Fractures Per Foot
TB-7 44-11 30.0 1228.0-1231.0 100.0 100.0 A TB-7 45-1 30.0 1231.0-1231.8 98.3 96.3 0.88
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Bore Hole Run Run Length (feet) Depth (fet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet)Y [@BPth (fee Recovery (%) RQD Fractures Per Foot
TB-7 45-2 30.0 1231.8-1234.7 98.3 96.3 0.88 TB-7 45-3 30.0 1234.7-12386 98.3 96.3 0.88




Bore Hole
TB-7

Bore Hole
TB-7

Run
45-4

Run
45-6

Run Length (feet)
30.0

Run Length (feet)
30.0

Depth (feet)
1237.6-1240.3

Depth (feet)
1242.8-1245.7

Recovery (%)
98.3

Recovery (%)
98.3

RQD  Fractures Per Fog

96.3

RQD  Fractures Per Foot

96.3

0.88

Bore Hole
TB-7

Bore Hole
TB-7

Run  Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
45-5 30.0 1240.3-1242.8 98.3 96.3 0.88
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Run  Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
45-7 30.0 1245.7-1248.8 98.3 96.3 0.88
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per FoQ#
TB-7 45-8 30.0 1248.8-1251.7 98.3 96.3
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 45-10 30.0 1254.6-1257.5 98.3 96.3 0.88

Bore Hole
TB-7

Bore Hole
TB-7

Run
45-9

Run
45-11

>

Run Length (feet)
300

Run Length (feet)
30.0

Depth (feet)
1251.7-1254.6

7 D M)

il s T

Depth (feet)
1257.5-1261.0

Recovery (%)
98.3

Recovery (%)
98.3

RQD  Fractures Per Foot

96.3

RQD  Fractures Per Foot

96.3

0.88

0.88




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per 09 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot

TB-7 46-1 30.0 1261.0-1264.0 95.7 94.6 46-2 30.0 1264.0-1267.0 95.7 94.6 0.8

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 46-3 30.0 1267.0-1270.0 95.7 94.6 0.8 TB-7 46-4 30.0 1270.0-1273.0 95.7 94.6 0.8




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD e ore Hole Run  Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 46-5 30.0 1273.0-1276.0 95.7 94.6 . .‘ 46-6 30.0 1276.0-1279.0 95.7 94.6 0.8
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 46-7 30.0 1279.0-1282.0 95.7 94.6 0.8 TB-7 46-8 30.0 1282.0-1285.0 95.7 94.6 0.8




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per E Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot

TB-7 46-9 30.0 1285.0-1288.0 95.7 94.6 0.8 B3-7 46-10 30.0 1288.0-1291.0 95.7 94.6 0.8

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 47-1 30.0 1291.0-1294.3 99.6 99.1 0.33 TB-7 47-2 30.0 1294.3-1297.3  99.6 99.1 0.33




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 47-3 30.0 1297.3-1300.1 99.6 99.1 0.33 TB-7 30.0 1300.1-1303.1 99.6 99.1 0.33
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 47-5 30.0 1303.1-1305.4 99.6 99.1 0.33 TB-7 47-6 30.0 1305.4-1308.2 99.6 99.1 0.33
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per F Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 47-7 30.0 1308.2-1310.8 99.6 99.1 0.33 B-7 47-8 30.0 1310.8-1313.3 99.6 99.1 0.33

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 47-9 30.0 1313.3-1316.2 99.6 99.1 0.33 TB-7 47-10 30.0 1316.2-1318.6 99.6 99.1 0.33




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot

TB-7 47-11 30.0 1318.6-1320.3 99.6 99.1 . -7 48-1 30.0 1321.0-1322.9 99.6 99.1 0.33

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 48-2 30.0 1322.9-1325.7 99.0 99.0 0.37 TB-7 48-3 30.0 1325.7-1328.6 99.0 99.0 0.37




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fr Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 48-4 30.0 1328.6-1331.5 99.0 99.0 . TB-7 48-5 30.0 1331.5-1334.3 99.0 99.0 0.37
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run fee RQD  Fractures Per Foot
TB-7 48-6 30.0 1334.3-1337.0 99.0 99.0 0.37 TB-7 48-7 30.0 1 g 99.0 0.37
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Bore Hole Run Run Length (feet) Recovery (%) RQD  Fractures Per Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 48-8 30.0 1339.7-1342.4 99.0 99.0 0.37 TB-7 48-9 30.0 1342.4-1345.2  99.0 99.0 0.37

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) 3
TB-7 48-10 30.0 1345.2-1348.1  99.0 99.0 0.37 TB-7 48-11 30.0 "1-1350.7 99.0 99.0 0.37

Recovery (%) RQD  Fractures Per Foot




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD € Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 49-1 30.0 1351.0-1352.9 100 . TB-7 49-2 30.0 1352.9-1355.8 100 97.3 0.53
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 49-3 30.0 1355.8-1358.1 100 97.3 0.53 TB-7 49-4 30.0 1358.1-1360.6 100 97.3 0.53




Bore Hole
TB-7

Bore Hole
TB-7

Run
49-5

Run
49-7

Run Length (feet)

30.0

Run Length (feet)

30.0

Depth (feet)
1360.6-1363.7

Recovery (%)
100

RQD  Fractures Per Fg
97.3
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'RQD  Fractures Per Foot
97.3 0.53

Recove (%) '
100

Depth (feet)
1366.7-1369.7

Bore Hole
B-7

Bore Hole
TB-7

Run
49-6

Run Length (feet)
30.0

Depth (feet)
1363.7-1366.7

Recovery (%)
100

RQD  Fractures Per Foot
97.3 0.53
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Run
49-8

QD Fractures Per Foot
97.3 0.53

Reovery (%)
100

Run Length (feet)
30.0

Depth (feet)
1369.7-1372.5




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 49-9 30.0 1372.5-1375.3 100 97.3 TB-7 49-10 30.0 1375.3-1378.0 100 97.3 0.53

& -
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run  Run Length (feet) Pt (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 49-11 30.0 1378.0-1380.8 100 97.3 0.53 TB-7 50-1 30.0 1381.0-1383.3  98.7 98.7 0.7
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) a 0 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 50-2 30.0 1383.3-1386.2 98.7 . . TB-7 50-3 30.0 1386.2-1389.2 98.7 98.7 0.7

Bore Hole Run Run Length (feet) Depth (feet) RQD  Fractures Per Foot Bore Hole Run Run Length (feety Degpth @€ef® Recovery RQD  Fractures Per Foot
TB-7 50-4 30.0 1389.2-1391.2 . 98.7 0.7 TB-7 50-5 30.0 139 #394.0 98.7 98.7 0.7




Bore Hole
TB-7

Bore Hole
TB-7

Run
50-6

Run
50-8

Run Length (feet)
30.0

Run Length (feet)
30.0

Depth (feet)
1394.0-1396.8

Depth (feet)
1399.5-1402.2

Recovery (%)
98.7

Recovery (%)
98.7

RQD  Fractures Per Fog

98.7

RQD  Fractures Per Foot

98.7

0.7

0.7

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 50-7 30.0 1396.8-1399.4 98.7 98.7 0.7

RERT P

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 50-9 30.0 1402.2-1405.0 98.7 98.7 0.7




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per F Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 50-10 30.0 1405.2-1407.5 98.7 98.7 0.7 -7 50-11 30.0 1407.5-1410.6 98.7 98.7 0.7

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 51-1 30.0 1411.0-1412.9 100.0 100.0 0.47 TB-7 51-2 30.0 1412.9-1415.6 100.0 100.0 0.47




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fr8 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 51-3 30.0 1415.6-1418.3 100.0 100.0 . TB-7 51-4 30.0 1418.3-1421.1 100.0 100.0 0.47

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Dg Recovery (%) RQD  Fractures Per Foot
TB-7 51-5 30.0 1421.1-1424.1 100.0 100.0 0.47 TB-7 51-6 30.0 #1-1426.4 100.0 100.0 0.47
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fr8 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 51-7 30.0 1426.4-1429.7 100.0 100.0 . TB-7 51-8 30.0 1429.7-1432.5 100.0 100.0 0.47

’

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 51-9 30.0 1432.5-1435.2 100.0 100.0 0.47 TB-7 51-10 30.0 "2-1438.1 100.0 100.0 0.47




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fr3 e Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 51-11 30.0 1438.1-1441.0 100.0 100.0 . TB-7 52-1 30.0 1441.0-1442.6 98.0 97.0 0.5

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run  Run Length (feet) get) Recovery (%) RQD  Fractures Per Foot
TB-7 52-2 30.0 1442.6-1445.4 98.0 97.0 0.5 TB-7 52-3 30.0 1445.4-1447.9 98.0 97.0 0.5




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) ac 8 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-7 52-4 30.0 1447.9-1450.6 98.0 . . TB-7 52-5 30.0 1450.6-1453.3 98.0 97.0 0.5

e

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (#€ Recovery (%) RQD  Fractures Per Foot
TB-7 52-6 30.0 1453.3-1456.3 98.0 97.0 0.3 TB-7 52-7 30.0 14864 8.8 98.0 97.0 0.3




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foo Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 52-8 30.0 1458.8-1461.7 98.0 97.0 TB-7 52-7 30.0 1461.7-1464.8 98.0 97.0 0.3

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-7 52-10 30.0 1464.8-1367.6 98 97.0 0.3 TB-7 52-11 30.0 1467.6-1470.5 98 97.0 0.3




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 1-1 30.0 495.0-496.3 84.3 82.3 B-11 1-2 30.0 496.3-499.4 84.3 82.3 1.12

'. ;‘.—

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-11 1-3 30.0 499.4-502.4 84.3 82.3 1.12 TB-11 1-4 30.0 502.5-505.4 84.3 82.3 1.12
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Fogs Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 1-5 30.0 505.4-508.5 84.3 82.3 B-11 1-6 30.0 508.5-511.6 84.3 82.3 112

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 1-7 30.0 511.6-514.7 84.3 82.3 1.12 TB-11 1-8 30.0 514.7-517.7 84.3 82.3 1.12




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) a 0 Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 1-9 30.0 517.7-520.5 84.3 . . TB-11 2-1 30.0 524.0-526.3 87.0 80.7 14

T R S S— T

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run  Run Length (feet) e Recovery (%) RQD Fractures Per Foot
TB-11 2-2 30.0 526.3-529.0 87.0 80.7 14 TB-11 2-3 30.0 529.0-531.8 87.0 80.7 14




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per F Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot

TB-11 2-4 30.0 531.8-534.3 87.0 80.7 14 2-5 30.0 534.3-537.0 87.0 80.7 14

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 2-6 30.0 537.0-539.2 87.0 80.7 14 TB-11 2-7 30.0 539.2-542.1 87.0 80.7 14




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Fog Run  Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 2-8 30.0 542.1-544.9 87.0 80.7 . 2-9 30.0 544.9-547.3 87.0 80.7 14

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 2-10 30.0 547.3-550.1 87.0 80.7 14 TB-11 31 30.0 925.0-926.8 97.7 97.0 0.38




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foo Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 3-2 30.0 926.8-929.6 97.7 97.0 TB-11 3-3 30.0 929.6-932.4 97.7 97.0 0.38

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Fractures Per Foot
TB-11 34 30.0 932.4-935.4 97.7 97.0 0.38 TB-11 35 30.0 935.4-938.1 97.7 0.38




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foo Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 3-6 30.0 938.1-940.8 97.7 97.0 B-11 3-7 30.0 940.8-943.3 97.7 97.0 0.38
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 3-8 30.0 943.3-945.9 97.7 97.0 0.38 TB-11 3-9 30.0 945.9-948.6 97.7 97.0 0.38




Bore Hole
TB-11

Bore Hole
TB-11

Run
3-10

Run
4-1

Run Length (feet)
30.0

Run Length (feet)
30.0

Depth (feet)
948.6-951.4

Depth (feet)
955.0-957.7

Recovery (%)
97.7

Recovery (%)
100.0

RQD  Fractures Per FogQ

97.0

RQD  Fractures Per Foot

100.0

0

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
B-11 3-11 30.0 951.4-954.3 97.7 97.0 0.38
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 4-2 30.0 957.7-960.7 100.0 100.0 0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 4-3 30.0 960.7-963.4 100.0 100.0 TB-11 4-4 30.0 963.4-966.2 100.0 100.0 0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-11 4-5 30.0 966.2-969.0 100.0 100.0 0 TB-11 4-6 30.0 969.0-970.6 100.0 100.0 0




Bore Hole
TB-11

Bore Hole
TB-11

Run
4-7

Run
4-9

Run Length (feet)
30.0

Run Length (feet)
30.0

Depth (feet)
970.6-973.4

Depth (feet)
976.4-979.2

Recovery (%)
100.0

Recovery (%)
100.0

RQD  Fractures Pe

100.0

RQD  Fractures Per Foot

100.0

0

0
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Bore Hole Run Run Length (feet)
TB-11 4-8 30.0

Depth (feet) Recovery (%) RQD Fractures Per Foot
973.4-976.4 100.0 100.0 0
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Bore Hole Run  Run Length (feet)
TB-11 4-10 30.0

Depth (feet) Recovery (%) RQD Fractures Per Foot
979.2-982.2 100.0 100.0 0
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) act e Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 4-11 30.0 982.2-985.0 100.0 100.0 TB-11 5-1 30.0 985.0-987.4 98.3 97.5 051

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depif.(g Recovery (%) RQD  Fractures Per Foot
TB-11 5-2 30.0 987.4-990.2 98.3 97.5 0.51 TB-11 5-3 30.0 990. 98.3 97.5 0.51




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fra e Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot
TB-11 5-4 30.0 993.2-995.9 98.3 97.5 . TB-11 5-5 30.0 995.9-998.9 98.3 97.5 0.51
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Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run  Run Length (feet) ) ecovery (%) RQD Fractures Per Foot
TB-11 5-6 30.0 998.9-1001.5 98.3 97.5 0.51 TB-11 5-7 30.0 . 98.3 97.5 0.51




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 5-8 30.0 1003.8-1006.6 98.3 97.5 TB-11 5-9 30.0 1006.6-1009.8 98.3 97.5 0.51

i e s Sy S S . T

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 5-10 30.0 1009.2-1012.0 98.3 97.5 0.51 TB-11 5-11 30.0 1012.0-1014.5 98.3 97.5 0.51




Bore Hole
TB-11

Bore Hole
TB-11
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Bore Hole
TB-11

Run
6-1

Run Length (feet)
20.0

Depth (feet)
1015.0-1018.3

Recovery (%)
100.0

RQD  Fractures Pe
100.0

Run Length (feet)
20.0

-
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i v
518

Depth (feet)
1018.3-1021.1

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.15
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Run
6-4

Bore Hole
TB-11

Run
6-3

Run Length (feet)
20.0

Depth (feet)
1021.1-1024.0

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.15

Run Length (feet)
20.0

Dep
1024.0-1026.7

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.15




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD Fractures Pe Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 6-5 20.0 1026.7-1029.5 100.0 100.0 . TB-11 6-6 20.0 1029.5-1032.2 100.0 100.0 0.15

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 6-7 20.0 1032.2-1035.0 100.0 100.0 0.15 TB-11 7-1 29.0 1235.0-1236.7 6.0




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 8-1 3.0 1264.0-1266.6 86.6 86.6 . TB-11 9-1 29.0 1267.0-1269.4 100.0 100.0

5 .ﬁr'. B

Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Per Foot
TB-11 9-2 29.0 1269.4-1271.4 100.0 100.0 0.17 TB-11 9-3 29.0 1271.4-1273.5 100.0 100.0 0.17




Bore Hole Run  Run Length (feet)
TB-11 9-4 29.0

Depth (feet)
1273.5-1275.7

Recovery (%)
100.0

RQD  Fractures Pe
100.0
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Bore Hole Run  Run Length (feet)
TB-11 9-6 29.0

Depth (feet)
1278.3-1280.6

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.17

Bore Hole
TB-11

Bore Hole
TB-11

R SR

Run  Run Length (feet)
9-5 29.0

Depth (feet)
1275.7-1278.3

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.17
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Run  Run Length (feet)
9-7 29.0

Depth (feet)
1280.6-1283.0

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.17
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Run
9-8

Bore Hole
TB-11

Run Length (feet)
29.0

Depth (feet)
1283.0-1285.4

Recovery (%)
100.0
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Run
9-10

Bore Hole
TB-11

Run Length (feet)
29.0

Depth (feet)
1288.1-1290.8

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.17

Bore Hole
TB-11

Bore Hole
TB-11

]
=

Run
9-9

Run
9-11

) W SRR, W ST NI A N e

Run Length (feet)
29.0

Depth (feet)
1285.4-1288.1

Run Length (feet)
29.0

Depth (feet)
1290.8-1293.4

el B8 27 am g9 el ¢ 31 34 s ARE

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.17

/7]

Recovery (%)
100.0

RQD  Fractures Per Foot
100.0 0.17




Bore Hole Run Run Length (feet) Depth (feet) Recovery (%) RQD  Fractures Pe
TB-11 9-12 29.0 1293.4-1296.0 100.0 100.0 0.17



Appendix E

‘ D

etroit River International Crossing Study
Crosswell Seismic Composite Images
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Appendix F

‘ D

etroit River International Crossing Study
Report on Results of Rock Testing




Earth Mechanics Institute

Project Name : Detroit River International Crossing

Location: Detroit, MI
Client: NTH Consultants Ltd.

f Mines

rtment

Bate: 06/05/2007 Average Aversge Binsis Uniaxial Compressive Slatie Flatic Constpus
Rock Type Ecngth Diameter Strength Notes
Sample [D ’ {Failure tipe)
(im) (in} (Ib/icy (psi) (M Pa)

1-3@499.9-501.6° Sedimentary 4,468 2.249 153 18,577 114 8, Non-Structural

1-5@115.0-116.0 Sedimentary 4.776 2.250 158 11,404 73 Structural
1-7@512.8-513.8 Sedimentary 4,748 2.250 141 9,720 67 Non-Structural
2-2@137.1-1381 Sedimentary 4.755 2.250 157 12,827 89 Non-Structural
2-7[@540.68-541.7 Sedimentary 4.787 2.254 149 14,378 98 40 0.40 Non-Structural
3-3@929.6-930.7 Sedimentary 5.723 2.251 137 18,228 31 0.21 Non-Structural
3-8@043.3-944.2 Sedimentary 4.728 2.250 171 17.6¢6 28 0.23 Non-Structural
4-10@979.2-980.1* Sedimentary 4319 2.251 183 2 71 0.36 Non-Structural
5-9@1008.0-1002.2 Sedimentary 4.320 2.248 162 24 0.50 Non-Structural
6-3@213.9-214.9 Sedimentary 4.708 2.250 133 . 31 0.41 Non-Structural
7-1@1235.5-1236.2 Sedimentary 4.748 2.250 1 32 0.37 Non-Structural
9-6@1278.8-1279.7 Sedimentary 4.765 2.248 78 18074 18 43 0.37 Non-Sfruclural

9-12@1205.1-1296.0 Sedimentary 4.823 2.253 8,235 57 NA NA NA Structural
11-3(@355.8-356.7 Sedimentary 4,740 2 145 12,335 85 5,040 35 0.53 Non-Structural
15-6(@459.5-480.4 Sedimentary 4.798 2 1 6,580 45 4,139 28 0.86 Non-Structural
17-2(@509.5-510.5 Sedimentary 4.730 146 9,731 67 4,856 33 0.53 Non-Structural
18-9@558.9-559.8 Sedimentary 4. 2.2 147 1,716 81 F 5,270 36 0.51 Non-Structurat
22-5@588.6-589.5 Sadimanlaf 52 166 27,920 193 $,923 48 0.51 Non-Structurat

25-8@679.3-680.1 Sedime 84 2.255 183 11,789 81 8,117 56 0.27 Structural

28-9@770.8-771.5 Sedimenlar: 43 2.251 167 16,788 116 11,124 77 0.35 Structural
31-4@e48.7-849.5 S e 16 2.251 171 20,492 141 6,922 48 0.28 Non-Structural
33-11@927.7-928.9 S ary 4.699 2.251 175 18,801 130 6,785 47 0.25 Non-Structural
43-4@1178.1-1178. Se 4.781 2.253 183 30,970 214 10,063 69 0.37 Non-Structural
44-9@1 r2-1 imentary 4804 2.247 i7 28,173 194 10,141 70 0.55 Non-Structural
46-9! 85.3-1 Scementary 4777 2.245 16'.: 0 12,490 86 3,106 21 0.27 Non-Structural

47-11@1 21.0 Sedimentary 4,889 2250 162 9,251 64 2,628 18 017 Structural
48.9@1372.5- 4" Sedimentary 4.469 2.258 160 10,473 72 9,656 67 0.37 Non-Structural

Note (*). The sample Length to Diameter Ratio slightly less than 2:1, required by ASTM.

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM
tion Program (Ver. 2.0)

BTS Reduc

Detroit International Crossing

Detroit, MI

Project Name :
Location :
Rock Type : Sedimentary
Rock Name : Sandstone
light gray, massive
PIPAT

5/17/2007

Characteristics :

Test Performed by :

Date Tested :

Data Reduced by : mcs
Date Reduced : 6/5/2007
drill core

1-7@512.8-513.8

1-7@512.8-513.8

Rock Source :
Core ID:

File Name :

i

s o4 8 38 8 ¥ 0eE

AT R R B U A

Mo e

..
aao---.o-oo-q---'c

519.%-5139%

.
n-no--.o-.-n.----.--

A

Disc Thickness Disc Diameter Failure
in cm in cm Mode
1.34 3.40 2.252 5.72 Non-Structural
1 =
|
|
3 AN :
& ;
“ e
0 ;
2 ol
@ ;
0 RO S S ‘ i ;
30 50 60

10 20 70

80 90 100 110 120 130 140 150 160 170 180 190 200

Time (sec)

Earth Mechanics Institute, CSM

6/6/2007
Figure No. 39




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 :
Core ID :

File Name :

Detroit International Crossing
Detroit, Mi
Sedimentary
Sandstone

light gray, massive
PIPAT

51712007

mcs

6/5/2007

drill core
2-7@540.6-541.7
2-7@540.6-541.7

A SRR 55

Failure

Mode

Disc Thickness Disc Diameter
in cm in cm
1.23 3.13 2.252 5.72

Stress (psi)

711

4.9

Non-Structural

0 10

20 30 40 50 60

T T g g t T y T

70 80 90 100 110 120 130 140 150 160 170 180 190 200

Time {sec)

t

Earth Mechanics Institute, CSM

6/6/2007
Figure No. 39




Earth Mechanics Institute
Mining Engineering Department, CSM

BTS Reduction Program (Ver. 2.0)

Project Name :
Laocation :

Rock Type :

Rock Name :
Characteristics :
Test Performed by :
Date Tested :

Data Reduced by :
Date Reduced :
Rock Source :

Detroit International Crossing
Detroit, Ml

Sedimentary

Shale

light gray, mild laminations
PIPAT

5/17/2007

mcs

6/5/2007

drill core

I

% 099 [,-930.

Core ID : 3-3@929.6-930.7 € ]<
File Name : 3-3@929.6-930.7 0 B GEaR sy ERE e
Disc Thickness Disc Diameter L/D Failure
in cm in cm Ratid N psi MPa Mode
1.31 3.33 2.250 572 17,488 848 5.8 Non-Structural

Stress (psi)

o 10

20 30 40 50 60

T T t

70 80 90 100 110 420 130 140 150 160 170 180 190 200

Time (sec)

Earth Mechanics Institute, CSM

6/6/2007
Figure No. 39




Earth Mechanics Institute
Mining Engineering Department, CSM

BTS Reduction Program (Ver. 2.0)

Project Name : Oetroit International Crossing
Location : Detroit, Mi
Rock Type : Sedimentary

Rock Name : Shale/Dolomitic Shale

Characteristics : light gray JENEGE

Test Performed by : PIPAT ljl{().l“:(“l: e
Date Tested : 5/17/2007 &
Data Reduced by : mcs PDAVE: .. ..,.......
Date Reduced : 6/5/2007 R

Rock Source : drill core STATION:
Core ID : 3-8@943.3-944.2 . . @ 0473 3-944.2

File Name : 3-8@943.3-944 2 COHRE W) oo et MRifaap i

e s PR B ssaAss e EA RS

5.

Disc Thickness Disc Diameter LD ilure L BTS Failure
in cm in cm Rati N psi MPa Mode
1.35 3.42 2.245 5.70 i 3,179 14,143 670 46 Non-Structural

!
|
|
|

i

Stress (psi)

'

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 130 200

Time (sec)

Earth Mechanics Institute, CSM 6/6/2007
Figure No. 39




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 :
Core ID:

File Name :

Detroit International Crossing
Detroit, Ml
Sedimentary
Sandstone

white

PIPAT

5172007

mcs

67612007

drill core
15-6@459.5-460.4
15-6@459.5-450.4

DATE: .

A

T e s s e Ree e sasyera

459.5 - 4,004 |

e A48 S IS EBE0BESES S

Disc Thickness

Disc Diameter

in cm

in cm

3.34

572

o

Stress (psi)

Failure

Mode

Non-Structural

20 30 40 50 60

70

g y T

80 90 100

Time (sec)

t T t

110 120 130 140 150 160 170 180 190 200

Earth Mechanics Institute, CSM

6/6/2007
Figure No. 39




BTS Reduction Program (Ver. 2.0)

Earth Mechanics Institute
Mining Engineering Department, CSM

Project Name :
Location :

Rock Type :

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

File Name :

Detroit International Crossing

Detroit, Mi
Sedimentary
Dolomitic Sandstone
light gray, massive
PIPAT

5/17/2007

mcs

6/5/2007

drilt core
17-2@509.5-510.5
17-2@509.5-510.5

asen

FPale i B L SR

s e s

PR

A s

Disc Thickness Disc Diameter Failure
in cm in cm Mode
1.27 Structural
r'ﬁ- 7777777777777777777777777777777777777777

& :

w T00 i o VL ;

I :

© :

=

w :

0 10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180 190 200
Time (sec)

Earth Mechanics Institute, CSM 6/6/2007

Figure No. 39




Pictures of Slake Durability Test

Project: Detroit River International Crossing
Location: Detroit, MI
Sample ID: 1-71@512.8-513.8

STATION:
CORFE ID: B

(Dried sample After 2™ Cycle)

Description: Type II - Retained materials consist of large and small pieces.

Earth Mechanics Institute, CSM

6/6/2007

Figure No. 39




Pictures of Slake Durability Test

Project. Detroit River International Crossing
Location: Detroit, M1
Sample ID: 2-7@540.6-541.7

--------------------

...........................

-------------------

---------------------------

---------------------

------------------

(Dried sample After 2™ Cycle)
Description: Type 1 - Retained pieces remain virtually unchanged.

Earth Mechanics Institute, CSM 6/6/2007

Figure No. 39




Pi of Sl Durability Test

Project. Detroit River International Crossing
Location: Detroit, M1
Sample ID: 3-3@929.6-930.7

(Dried sample After 2" Cycle)

Description: Type 1 - Retained pieces remain virtually unchanged.

Earth Mechanics Institute, CSM 6/6/2007
Figure No. 39




Pic f Slake Durability T

Project: Detroit River International Crossing
Location: Detroit, MI
Sample ID: 3-3@943.5-944.2

LR

--------------------------

STATION: ......5; N\
CORE 1D: ... 2

---------------------

---------------------------

---------------------

---------------------

(Dried sample After 2™ Cycle)
Description: Type I - Retained pieces remain virtually unchanged.

Earth Mechanics Institute, CSM 6/6/2007
Figure No. 39




Pictures of Slake Durability Test

Project: Detroit River International Crossing
Location: Detroit, Ml
Sample ID: 15-6@459.5-460.4

PROTECT: wore. D10,

...................

STATION: ...... . N, PR
CORE 1D . R, Vi) FAN

--------

STATION: ... 8.

CORE ID: . @49‘154‘04

(Dried sample After 2* Cycle)

Description: Type II - Retained materials consist of large and small pieces.

Earth Mechanics Institute, CSM

6/6/2007

Figure No. 39




Pictures of Slake Durability Test

Project: Detroit International Crossing
Location: Detroit, MI
Sample ID: 17-2@509.5-510.5

PROJECT: ... TH.
DATE: .......05/2a]07
STATION: .......171-2
CORE ID: ...8304.5-510.5

(Dried sample After 2" Cycle)

Description: Type 1 - Retained pieces remain virtually unchanged.

Earth Mechanics Institute, CSM

6/6/2007

Figure No. 39




Pictures of Slake Durability Test

Project: Detroit River International Crossing
Location: Detroit, M1
Sample ID: 33-11@927.7-928.9

(Dried sample After 2" Cycle)

Description: Type I — Retained pieces remain virtually unchanged.

Earth Mechanics Institute, CSM

6/6/2007

Figure No. 39

o o AR




Pictures of Slake Durability Test
Project: Detroit River International Crossing
Location: Detroit, MI
Sample ID: 47-11@1320.0-1321.0

.......................

--------

-------------

----------------------------

---------------------

---------------------

(Dried sample After 2 Cycle)

Description: Type I - Retained pieces remain virtually unchanged.

Earth Mechanics Institute, CSM 6/6/2007
Figure No. 39




Pictures of Slake Durability Test

Project. Detroit River International Crossing
Location: Detroit, MI
Sample ID: 49-9@1372.5-1373.4

(Dried sample After 2™ Cycle)

Description: Type II- Retained Materials consist of large and small pieces.

Earth Mechanics Institute, CSM

6/6/2007
Figure No. 39




Earth Mechanics Institute
Mining Engineering Department, CSM
Uniaxial Compressive Strength Test Results (V 3.0)
Project: DRIC
Location: Detroit, Mi
Rock Type: Sedimentary
Rock Name: Dolomite
Characteristics: brown
Core ID: 1-3(@499.9-501.6 . ™ :
File Name: 1-3@499.9-501.6 i o i
Test Performed by: PIPAT PROIJEC 17 cn cow=tds :
Date Tested: 05/30/07 .
DATE: e
Data Reduced by: mcs
Date Reduced: 06/05/07 A ] [N
CORE
Core Length Diameter LD Failure Load ucs Failure
in cm in cm Ratio Ibs ps MPa Maode
4.466 11.34 2.249 8 1.99 65,825 16,577 114 Non-Structural
P-wave S-wave Dynamic E Static E Static Density, p
ft/sec m/sec ft/sec Ksi GPa v 1b/ft3 gicm”3
NA NA NA 6,160 42 0.62 153 2.45
45000 { -nncee e
T |1 RSO S
42000 - -aeonn ......... frénresassas :
= 1111 ----------
a { [
B | P N o N 9000 - --------- 4
@ ¢ ;
= '
0 7500 - 2
5000 -
500 - 4
e e e e o 1711 TN RS R RTINS R PRSI SRR e
~3000 2500 -2000 -1500 1000 -500 0 500 1000 1500 2000 2500 3000 3500
Lateral - .
e Micro Strain Al

Earth Mechanics Institute, CSM

Figure No. 39

6/6/2007




Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Delroit, Ml
Rock Type: Sedimentary
Rock Name: Limestone
Characteristics: gray, joinled
Core ID: 1-5@115.0-116.0
File Name: 1-5@115.0-116.0
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced by: mes
Date Reduced: 06/05/07

Core Length Diameter LD Failure Load ucs Failure
in cm in cm Ratio Ibs p MPa Mode
4.776 12.13 2.250 5.72 2.12 11,404 79 Structural
P-wa Static E Static Density, p
ft/sec ksi GPa v 1b/ft3 glem”3
NA NA NA NA 158 2,54
=
&2
]
0
@
B
w
: (T e ST SR SRR S| R
---------- 1500 -
-3000 2500 2000 ~1500 1000 ~500 0 500 1000 1500 2000 2500 3000 3500
L i = . i
dis Micro Strain i |

Figure No. 39

Earth Mechanics Institute, CSM 6/6/2007
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Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, MI
Rock Type: Sedimentary
Rock Name: Sandstone
Characteristics: light gray
Core ID: 1-7@512.8-513.8
File Name: 1-7@512.8-513.8
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced by: mcs
Date Reduced: 06/05/07

Core Length Diameter LD Failure Load ucs Eailurs
in cm in cm Ratio Ibs p MPa Mode
4.748 12.06 2.250 571 2.1 38,631 9,720 67 Non-Structural
P-wave S-wave Dynamic E Dynarilc Static E Static Density, p
ft/sec ksi GPa v Ib/ft3 glem”3
NA 4,025 28 1.33 141 2.26
@ :
L
o
w
@
=
0
--3000-4---
J s ST S O T s v D A e e e e e A R R e e s B S e e
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Earth Mechanics Institute
Mining Engineering Department, CSM
Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, Ml
Rock Type: Sedimentary
Rock Name: Limestone
Characteristics: gray. massive
Core ID: 2-2@137.1-138.1
File Name: 2-2@137.1-138.1
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced by: mcs
Date Reduced: 06/05/07

Core Length Diameter uD Failure Load ucs Failure
in cm in cm Ratio Ibs p MPa Mode
4.755 12.08 2.250 572 2.1 51,400 12,927 89 Non-Structural
P-wave S-wave Dynamic E Dynaniic Static E Static Density, p
ft/sec ksi GPa v Ib/ft3 gicm”3
INA 6,482 45 0.29 157 2.52
= 3
= .
a '
a b P OO XN TEO0 e
a ]
=] g
wn )
-- 45000 - - - -- /4~ --
-2500 -2000 1500 1000 -500 [} 500 1000 1500 2000 2500 3000 3500
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Figure No. 39
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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 hy:
Date Reduced:

DRIC

Detroit, Ml
Sedimentary
Sandstone

gray, massive
2-7@540.6-541.7
2-7@540.6-541.7
PIPAT

05/30/07

mecs

06/05/07

Core Length

Diameter

L/D

in

cm

cim

Ratio

Failure Load

ucs

Ibs

ps!

MPa

Failure
Maode

4.787

12.16

2.254

5.72

2.12

57,347

14,378

99

Non-Structural

P-wave

S-wave

Static E

ft/sec

misec

ft/sec

misec

ksi

GPa

Static
v

Density, p

1b/ft3

glem”3

NA

NA

NA

NA

Stress {psi)

5,838

40

0.40

148

2.39

2500

2000

Lateral

-1500

-1000

D

500 [¢]

Micro Strain

500 1000

1500

2000
Axial

2500

3000

3500

Earth Mechanics Institute, CSM

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results {(V 3.0)

Project: DRIC
Location: Detroit, Ml
Rock Type: Sedimentary
Rock Name: Shale
Characteristics: dark green,gray
Core ID: 3-3@929.6-930.7
File Name: 3-3@929.6-930.7
Test Performed by: PIPAT
Date Tested: 06/01/07
Data Reduced by: mcs peiann (00 W U ST
Date Reduced: 08/05/07 :

PROIECL? .

Core Length Diameter LD Failure Load ucs Failiite
in cm in cm Ratio Ibs MPa Mode
5723 14,54 2,251 572 2.54 72,510 18,228 126 Non-Structural
P-wave S-wave Static E Static Density, p
ft/sec misec ftisec misec ksi GPa v Ibift3 glcm”3
NA 2.19
.‘_m':‘
B
0
0
Q
=
7]
-3000 -2000 -1000 0 1000 2000 3000 4000 5000 £000
Lateral . 2 I
e Micro Strain Axa)

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM
Uniaxial Compressive Strength Test Results (V 3.0)
Project: DRIC
Location: Delroit, Mi
Rock Type: Sedimentary
Rock Name: Shale / Dolomitic Shale
Characteristics: Dark gray, while spots
Core ID: 3-B@943.3-944.2
File Name: 3-8@943.3-944.2 YJECT: ™N
Test Performed by: PIPAT PROJEC
Date Tested: 05/30/07
Data Reduced by: mcs
Date Reduced: 08/0507 | o & TATION Q""" Q-"""""""""
Core Length Diameter LD Failure Load ucs Failure
in cm in cm Ratio lbs ps MPa Mode
4.726 12.00 2.250 571 2.10 17,696 122 Non-Structural
P-wave S-wave Static E Static Density, p
ft/sec misec ftisec m/sec ksi GPa v I1h/ft3 glem”3
NA NA NA NA 4,083 28 0.23 171 2.73
rg
5
()]
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e
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-2500 2000 -1500 -1000 -500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Lateral : "
i Micro Strain feeied

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Oetroit, Mi
Rock Type: Sedimentary
Rock Name: Dolomitic
Characteristics: gray
Core ID: 4-10@579.2-980.1
File Name: 4-10@979.2-880.1
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced hy: mcs
Date Reduced: 06/05/07

CORE
Core Length Diameter LD Failure Load Failure
in cm in cm Ratio Ibs Made
4319 10.97 2.251 5.72 1.92 25,398 175 Non-Structural
P-wave StaticE Static Density, p
ft/sec misec ftisec ksi GPa v 1b/ft3 glem?3
NA NA NA 10,302 7 0.36 183 2.93
......... 49500 4o noo - .
Y 48000-4------- Sasal 3 R e
e LT [ : ; ; :
g < A45000-4------am oo
0
0
o
£
0

-2500 -2000 ~1500 =1000 500 0 500 1000 1500 2000 2500 3000 3500

Lateral = - ial
Micro Strain il

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM
Uniaxial Compressive Strength Test Results (V 3.0

T

Project: DRIC
Location: Detroit, MI
Rock Type: Sedimentary
Rock Name: Dolomilie
Characteristics: gray, porous
Core ID: 5-9@ 1008.0-1009.2
File Name: 5-9@1008.0-1009.2
Test Performed by: PIPAT
Date Tested: 06/01/07
Data Reduced by: mcs
Date Reduced: 06/05/07

Core Length Diameter LD Failure Load Failure
in cm in cm Ratio Ibs MPa Mode
4.820 12.24 2.248 5.71 2.14 73,482 128 Non-Structural
P-wa Static E Statie Density, p
f/sec ksi GPa v Ib/ft3 glem*3
NA 3,536 24 0.50 162 2.59
.-a-
L
"
0
©
=
%]
-8000 -7000 -6000 -5000 4000 +3000 2000 1000 0 1000 2000 3000 4000 5000 6000 7000 8000
Lateral z . i
gics Micro Strain Axint

Figure No. 39
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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:

DRIC

Detroit, Ml
Sedimentary
Dolomite

light brown, porous
6-3@213.9-214.9
6-3@213.9-2149
PIPAT

05/30/07

mcs

06/05/07

| CORI

Core Length

Diameter

in cm

Ratio lbs

LD Failure Load

Failure
Mode

4.708 11.96

2.250 5.7

2.09 28,359 5

Non-Structural

P-wave

S-wave

Dynamic E Dynamic

ftisec m/sec

ft/sec misec

ksi v

Static RAasi. B

v Ibi/ft3 glcm”3

NA NA

NA NA

NA NA

0.41 133 2.13

Stress (psi)

-3000 -2500

-2000 -1500
Lateral

-500 0 500

Micro Strain

1000 1500
Axial

2000 2500 3000

Earth Mechan

ics Institute, CSM

Figure No. 39
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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:

CRIC

Detroil, Ml
Sedimentary
Dolomite
brown, porous

Core ID: 7-1@1235.5-1236.2 e
File Name: 7-1@1235.5-1236.2 ; ! P i
Test Performed by: PIPAT PROJECT
Date Tested: 08/01/07 ; !
Data Reduced by: mcs DATE? vuss
Date Reduced: 06/05/07
Core Length Diameter LD Failure Load ucs Failure
in cm in cm Ratio lbs ps! MPa Mode
4.748 12.06 2.250 571 2.11 38,631 9,720 67 Non-Structural
P-wave S-wave Dynamic E Dyviatic StaticE Static Density, p
ft/sec misec ft/sec misec ksi GPa v Ib/ft3 g/lem”3
NA NA NA NA 4,706 32 0.37 141 2.26

Stress (psi)

-6000

-5000

-4000
Lateral

-3000

Micro Strain

-2000

-1000 0 1000 4000 5000

5000

Earth Mechanics Institute, CSM
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Earth Mechanics Institute
Mining Engineering Department, CSM
Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, Ml
Rock Type: Sedimentary
Rock Name: Dolomitie
Characteristics: gray, laminations, porous
Core ID: 9-6@1278.8-1279.7
File Name: 8-6@1278.8-1279.7
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced by: mcs
Date Reduced: 06/05/07

Core Length Diameter LD Failure Load ucs Failure
in cm in em Ratio Ibs | ps MPa Mode
4.765 12.10 2.248 571 212 17,074 118 Non-Structural
P-wave S-wave Static E Static Density, p
f/sec misec ftisec misec ksi GPa v Ibift3 glem”3
NA NA NA NA 6,185 43 0:37 178 2.85

Stress (psi)

-3000 -2500 -2000 -1500 ~1000 -500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Lateral % % i
Micro Strain Axi]

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM
Project: DRIC
Location: Detroil, Ml
Rock Type: Sedimentary
Rock Name: Dolomite
Characteristics: voids, porous
Core ID: 9-12@1295.1-1296.0
File Name: 9-12@1295.1-1296.0
Test Performed by: PIPAT
Date Tested: 08/01/07
Data Reduced by: mcs
Date Reduced: 08/05/07
Core Length Diameter i
ore Leng iame! LD Fallure Load ucs Faifiiie
in cm in cm Ratio Ibs p MPa Mode
4.823 12.25 2.253 5.72 2.14 8,235 57 Structural
Static E Static Density, p
ft/sec GPa v Ib/ft3 gicm”3
NA NA NA 148 2.38
2
=
@
7]
@
-
m ........
] 30 80 90 120 150 180 210 240 270 300 130 360
Time (sec)

Figure No. 39
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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 |D:

File Name:

Test Performed by:
Date Tested:

Data Reduced by:
Date Reduced:

DRIC

Delroit, M|
Sedimentary
Dolomile

light brown
11-3@355.8-356.7
11-3@355.8-356.7
PIPAT

05/30/07

mcs

06/05/07

A EES e
S ATT FEING

€Ok

i

Core Length

Diameter

L/D

Failure Load

in cm

Ratio Ibs

p

MPa

Failure
Mode

4.740 12.04

2.262 5.72

210 49,131

P-wa

ve

S-wave

Dynamic E

ftisec

misec

ft/sec

misec

NA

NA

NA

NA

Stress (psi)

12,335

85

Non-Structural

Static E

Static

ksi

GPa

v

Density, p

1b/ft3

glem”3

5,040

35

0.53

145

2.33

-4000

3500

-3000
Lateral

-2500

2000

-1500

-1000 -500 ]

Micro Strain

500 1000 1500

2000
Axial

2500 3000

3500

4060
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Figure No. 39
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Earth Mechanics institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, MI
Rock Type: Sedimentary
Rock Name: Sandstone
Characteristics: white
Core ID; 15-6@459.5-460.4
File Name: 15-6(@459.5-460.4
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced by: mcs
Date Reduced: 06/05/07

CORE 1
Core Length Diameter LD Failure Load ucs Eatliiie
in cm in cm Ratio Ibs p MPa Mode
4,798 12.19 2.245 5.70 2.14 26,034 & 6,580 45 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ftisec misec fUsec misec ksi v ksi GPa % 1b/ft3 glem”3
NA NA NA NA NA NA 4,139 29 0.86 141 2.26

<o G000} ronmsrntbasiasnaziad :. ......... femmneaas :

7000 et

60004~ e S e

e R

Stress (psi)

o2 4000

R s S

-¢000

~4000 3500 -3000 -2500 -2000 -1500 -1000 -500 0 500 1000 1500 2000 2500 3000 3500 4000

Lateral . i
& Micro Strain il

Figure No. 39
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Earth Mechanics Institute

Mining Engineering Department, CSM

Project:

Location:

Rock Type:

Rock Name:
Characteristics:
Core ID:

File Name:

Test Performed by;
Date Tested:

Data Reduced by:

Uniaxial Compressive Strength Test Res

ORIC

Delroil, Ml
Sedimentary
Dolomilic Sandslone
light gray
17-2@509.5-510.5
17-2@509.5-510.5
PIPAT

08/01/07

mes

ults (V 3.0)

PROJECT: ...
BANFE: .5

Date Reduced: 06/05/07 ; T -
STATEONT o Rt Sl v e
CORE 1§ .. & 3"

Core Length Diameter LD Failure Load ucs Failure

in cm in cm Ratio ibs MPa Mode .
4.730 12,01 2.251 5.72 2.10 38,707 9,731 67 Non-Structural

P- S- D ic E Stati i
wave wave ynamic atic E Static Density, p

ft/sec misec ftisec ksi GPa v 1b/ft3 glcm”3

NA NA NA 4,856 33 0.53 146 233
.-'E.;
i
% ..... 7500 .......................
@
=
w0

.......... 6000
3000. .....
,,,,,,,,, 4900 -ivas0 mmee sominns .
-2000 =1500 1000 500 1] 500 1000 1500 2000 2500 3000
Lateral Axial

Micro Strain

Earth Mechanics Institute, CSM

Figure No. 39

6/6/2007
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Earth Mechanics Institute
Mining Engineering Department, CSM
Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, Ml
Rock Type: Sedimentary
Rock Name: Cherty Dolomite
Characteristics: light gray, w/enses
Core ID: 18-9@558.9-559.8
File Name: 18-9@558.9-559.8
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced by: mes
Date Reduced: 06/05/07

Core Length Diameter Lo Failure Load ucs Failure
in cm in cm Ratio Ibs p! MPa Mode
4.747 12.06 2.250 5.72 2.1 48,585 11,716 81 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec ksi GPa v 1b/ft3 gicm”*3
NA 5,270 36 0.51 147 235
2 | . My W N T :
& ¥
» '
w
@©
=
n
30
(O I MRS . ........ .......... . ....... ; foommemea : T
i 1000 - : :
4000 3500  -3000  -2500 <2000  -1500  -1000 -500 0 500 1000 1500 2000 2500 3000 3500 4000
Laterat . i i
iy Micro Strain ot

Figure No.
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Earth Mechanics Institute

Mining Engineering Department, CSM

Project:
Location:

Rock Type:

Rock Name:
Characteristics:
Core 1D:

File Name:

Test Performed by:
Date Tested:

Data Reduced by:
Date Reduced:

DRIC

Detroit, M|
Sedimentary
DColomite

light gray
22-5@588.6-589.5
22-5@588.6-589.5
PIPAT

Q5/30/07

mcs

06/05/07

Uniaxial Compressive Strength Test Results (V 3.0)

Core Length

Diameter

L/D

in cm

cm Ratio

Failure

Mode

4.794 12.18

2.252

572 2.13

Non-Structurat

P-wave

S-wave

fi'sec misec

ftisec

m/sec ksi

NA NA

NA

NA

Static
v

Density, p

1b/ft3

glcmA3

0.51

166

2.66

‘w
0,
=
]
0
@
T
S
W
..................... 3004, - -
1500\t S RETTETES LIPS, SUTRIR TORTO PSSRSO SR N
-3000 -2500 -2000 <1500 ~1000 =500 a 500 1000 1500 2000 2500 3000 3500 4000
Lateral 5 % Axial
Micro Strain

4500
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Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, Ml
Rock Type: Sedimentary
Rock Name: Dolomitie
Characteristics: light gray, cracks
Core ID: 25-6@5679.3-680.1
File Name: 25-6@679.3-680.1
Test Performed by: PIPAT e
Date Tested: 06/01/07 2 DATE: o
Data Reduced by: mcs A :_f e e
Date Reduced: 06/05/07 STATION: 3
CORIE

PROJIECT:

Core Length Diameter LD Failure Load ucs Failure
in cm in cm Ratio lhs MPa Mode
4.842 12,30 2.255 573 2.15 11,789 81 Structural
P-wave S-wave Static E Static Density, p
ft/sec misec ftisec m/sec ksi GPa v 1b/ft3 glem”3
NA NA NA NA 8,117 56 0.27 163 2.60
=
Z
@
@
@
=
[72]
-2000 -1500 1000 -500 0 500 1000 1500 2000
Lateral . £ i
s Micro Strain fael

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, Ml
Rock Type: Sedimentary
Rock Name: Dolomitie
Characteristics: light gray, laminaticns, crack
Core ID: 23-2@770.6-771.5
File Name: 28-3@770.6-771.5
Test Performed by: PIPAT
Date Tested: 06/01/07
Data Reduced by: mcs
Date Reduced: 06/05/07

Core Length Diameter LD Failure Load ucs Failure
in cm in cm Ratlo Ibs MPa Mode
4,672 11.87 2.251 572 2.08 66,811 16,788 116 Structural
P-wave S-wave Dynamic E Static E Static Density, p
ftisec ksi GPa 4 1b/ft3 glem”3
NA 11,124 T 0.35 167 287
r‘a‘ ,,,,,,
a :
0 '
0 v
e E
b '
W !
-2000 -1500 -1000 =500 ] 500 1000 1500 2000
Lateral . 5
sl Micro Strain At

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM
Uniaxial Compressive Strength Test Results (V 3.0)
Project: DRIC
Location: Datroit, Ml
Rock Type: Sedimentary
Rock Name: Dolomitie
Characteristics: dark gray, faminalions
Core ID: 31-4@848.7-849.5
File Name: 31-4@848.7-849.5
Test Performed by: PIPAT
Date Tested: 06/01/07
Data Reduced by: mcs
Date Reduced: 06/05/07
Core Length Diameter LD Failure Load ucs Failure
in cm in cm Ratio Ibs P MPa Mode
4.816 12.23 2.251 5.72 2.14 20,492 141 Non-Structural
P-wa Static E Static Density, p
ft/sec ksi GPa v 1b/ft3 g/lem”3
NA 6,922 48 0.28 171 2.75
.'G*-
2
0
A DU 0, 457 S SRR ©Y,'. 1 OO SRS U S (S
g
w
-5000 -4000 -3000 -2000 -1000 ] 2000 3000 4000 5000
Lateral ; 4 i
e Micro Strain Axlal

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0) §

R S N

Project: DRIC
Location: Detroit, Ml
Rock Type: Sedimentary
Rock Name: Dolomitic Shale
Characteristics: dark gray
Core ID: 33-11@927.7-928.9
File Name: 33-11@927.7-928.9
Test Performed by: PIPAT
Date Tested: 06/01/07
Data Reduced by: mcs
Date Reduced: 06/05/07

P ’ .
ore Length Diameter LD Failure Load Falliirs
in cm in cm Ratio Ibs MPa Mode
4,699 11.94 2.251 5.72 2.09 74,788 18,801 130 MNon-Structural
Powa 1 . " .
wave S-wave Dynamic E Static E Static Density, p
ft/sec v Ib/ft3 glem”3
NA 0.25 175 2.81
= [ ety M N A e e ez e £
&
A | Bt T Y e L e e R R R e :
7] g
2
1D [PHseints Nl TR rousr ASHR P RSN (1 o G e e e R Sy o (R e e ¢ S G oA St N S
7]
2000 ~1500 1000 500 0 500 1000 1500 2000 2500 3000 3500
Lateral . .
s Micro Strain Ll

Figure No. 39
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Earth Mechanics Institute
Mining Engineering Department, CSM |
Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, M|
Rock Type: Sedimentary

Rock Name: Dolemile

Characteristics: light gray
Core ID: 43-4@1178.1-1178.9
File Name: 43-4@1178.1-1178.9
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced by: mcs
Date Reduced: 08/05/07

CORE ID

Core Length Diameter LD Failure Load ucs Failure
in cm in cm Ratio Ibs p MPa Maode
4.781 12.14 2.253 5.72 2.12 123,469 30,970 214 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec misec fusec ksi GPa v Ib/ft3 g/cm”3
NA NA NA 10,063 69 0.37 183 293

Stress (psi)

-3000 «2500 2000 -1500 -1000 -500 0 500 1000 1500 2000 2500 3000 3500 4000 4500

Lateral = » I
Micro Strain Al

Figure No. 39
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Mining Engineering Department, CSM

Earth Mechanics Institute

Project:

Location:

Rock Type:

Rock Name:
Characteristics:
Core ID:

File Name:

Test Performed by:
Date Tested:

Data Reduced by:

Uniaxial Compressive Strength Test Results (V 3.0)

DRIC

Detroit, MI

Sedimentary

Dolomite

brown, porous, dirty texture
44-9@1222.2-1223.2
44-9@1222.2-1223.2
PIPAT

06/01/07

mes

Date Reduced: 06/05/07 STATION: Y AEREETTEL
Core Length Diameter LD Failure Load Failure
in cm in cm Ratio Ibs Mode
4.804 12.20 2.247 5.71 214 111,721 Non-Structurat
P- B i i i
wave S-wave Dynamic E Dyriamic Static E Static Density, p
ft/sec misec ft/sec misec ksi GPa v [b/ft3 glem*3
NA NA NA NA 10,141 70 0.55 171 2.74

Stress (psi)

..... 45 T
300 ....................
---1500 IR s
+ % s ¥ ok T o * - nje
-2500 -2000 1500 -1000 -500 500 1000 1500 2000 2500 3000 3500
[ Micro Strain )

Earth Mechanics Institute, CSM
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Earth Mechanics Institute
Mining Engineering Department, CSM

Uniaxial Compressive Strength Test Results (V 3.0)

Project: DRIC
Location: Detroit, Ml
Rock Type: Sedimentary
Rock Name: Dolomite / Salt
Characteristics: dark green/gray
Core ID: 46-9@1285.3-1286.3
File Name: 46-9@1285.3-1286.3
Test Performed by: PIPAT
Date Tested: 05/30/07
Data Reduced by: mcs
Date Reduced: 06/05/07

PROJECT: .. U

Core Length Diameter D Failure Load ucs Failure
in cm in cm Ratio Ibs MPa Mode
4777 12713 2.245 5.70 2,13 49,441 12,490 86 Non-Structural
P-wave S-wave Dynamic E Static E Static Density, p
ft/sec misec ft/sec misec ksi GPa v Ihift3 glem*3
NA NA NA NA 3,106 21 0.27 167 267

Stress (psi)

-3000 «2500 -2000 -1500 -1000 -500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Lateral = s i
Micro Strain fdal

Figure No. 39
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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:

DRIC

Detroit, Mt
Sedimentary

Shale

dark gray, w/ lenses
47-11@1320.0-1321.0
47-11@1320.0-1321.0
PIPAT

08/01/07

mcs

06/05/07

Core Length

Diameter

LD Failure Load

ucs

in cm
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X-10 Crossing

Background

Thirteen (13) cross well reflection surveys were acquired in the X-10 area. Because they were
somewhat distant from the Mistersky Power Station and because the boreholes were relatively
close together the raw data and the processed surveys are excellent. Those images, separately
and in selected fence diagrams are given below. First, we will make some general observations

104 ft Glacial Drift Vp=5400ftisec p~2
167 ft Dl.*ee Limestone Vp=18200ftisec p=26
Detroit Ri p Vp = 16,500 ft./sec
p=25
490 ft.
575 ft Sylvania Sandsinhe Vp=11500ftisec p=24
640 ft oo Bojs Blanc Dolomite 48 Vp = 16,000 ft'sec _p=26
sor, T N 000 ft/ =27
Bass Island Dolom¥g =19, sec p=2.
A00TE Salina G Limestorte- p= 00 Thsec p=2.7
Dolomite-Limegidhe =
1000 ft. ST — L Pg, 18,200 ftisec p=28
e " TR00TEE: p =48
s s e e
1180n e gl
Salina€ Dolomite V20800 Tec p=27
1,280 ft. R R P 111111 L a2z = -
13156 ft,. ———n=—EINNNSAT =27 Iesar—— 0 e USPLT =20 G0
. Vp = 13,000 ft'sec p=2.5
i 455 Salina-C Shale Vp = 16,800 fsec p =27 [N
o = 4
Salina B-Salt ¥p = 14,100 ft'sec p=2.2
1,625 ft.

A2 Carbonate Vp=20500ftisec p=27

Figure 1 Generalized seismic structure from the A2 Carbonate to the surface, the depths are approximate values
that represent the project area not a particular borehole. The only major change in the model occurs when the
fourth layer of F-Salt is added to this structure. The compressional wave velocities are averatges over a formation,
they are presented here, along with the densities, to highlight the major and minor reflectors.
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There are important features in this cross section that should be highlighted now because they are
prominent in the seismic images.

Salina B-Salt

Starting at the bottom we see that the velocity and density contrasts at the interface between the
A2 Carbonate and the B-Salt are both large therefore the reflection from this interface will be
strong. The light lines inside the B-Salt represent the many thin stringers present there. Those
stringers ig the bottom of the B-Salt are carbonates, and thus good reflectors, while the stringers
near th e composed of shale and therefore are not as strong as reflectors.

With r pressional wave velocity both the C-Shale and the G-Shale are divided
nearly in hg¥wit base, in each case, being the high velocity region and top lower in
velocity. This e B-Salt/C-Shale interface a good reflector. In like manner the interface
between the t e e C-Shale is a good reflector.

Salina D-Salt

The D-Salt is composedef two layers of salt separated by a thick high velocity stringer which all
together is thin enough to creat&single, large-amplitude, tuned, wavelet. The interface at the
top of the D-Salt and bottom of the E-D i
density and is therefore, also, a compg
the most prominent reflection in th
top of the E-Dolomite

Salina E-Dolomite

The E-Dolomite is the highest velocity formati
easily seen when the cross well reflection image IS'S
Because of the low-velocity D-Salt the interface at tfTe
reflector than the top of the E-Dolomite. In places in the
a monolithic, constant velocity formation however other pla:
exist in the E-Dolomite creating internal reflections.

E-Dolomite is stronger
-11 areas the E-Dolomite is
r thee, thin, shale layers

7

Salina F-Salt
The F-Salt consists of four or five layers of salt with a prominent, thick &#in tween the
second and third layers. The material at the base of the F-Salt (just above lomite) is

frequently a carbonate not salt, this makes the reflection at the top of the E-
sometimes non-existent. On the full waveform acoustic logs this is represente

and bottom of each individual stringer or salt layer but rather a strong, uniform set of reflections.
At the top of the F-Salt, in those areas where the fifth layer of salt exists our seismic images
clearly display the G-Shale dipping over this additional layer

Salina G-Shale
The G Shale lies conformably on the F-Salt even when portions of the F-Salt have been
dissolved. The fine details of the G-Shale are poorly imaged in this project because the G-Shale
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lies at a depth of approximately 900 ft. which, places it at mid-depth in the cross-well reflection
images. This central location means that the suite of reflections used to image the G —Shale are
“wide-angle” reflections, i.e. hit the layer at large angles (in the range of 45°). The phase
changes experienced by these reflections distorts the reflection wavelet causing the image of an
interface to be distorted. Fortunately, only the inner features of the G-Shale are affected, the
upper and lower interfaces of the G-Shale are very good.

Bass Islangd Dolomite

The Bag pd Dolomite has a high compressional wave velocity creating a strong reflection at
the iafé th the G-Shale. In the seismic reflection section the Bass Island typically

disp atively) low frequency set of wavelets signifying a rather simple internal structure

(in acotswe”| nce).

Garden Island n

The top of the a omite is identified by the relatively sharp drop in compressional
wave velocity thatSiggifie presence of the Garden Island Formation. This thin (approx. 20+
ft.) formation is clearly in the acoustic logs in the project area.

Bois Blanc Dolomite
The Bois Blanc is easily identified on a @S well seismic section as the relatively thin
formation that lies below the Sylvanig @ e because the Sylvania is so distinctive.

Furthermore it has a “high frequend¥” na BIgnifying the internal layers inside the Bois Blanc
Dolomite. A

Sylvania Sandstone ‘
We superimpose the reflection section on the u%g ;
because of this the Sylvania Sandstone is instantly'id
ft./sec to 12,000ft/sec) formation in the project area
sometimes unconformably, on the Bois Blanc Formation
upper and lower interfaces are strong reflectors. Thin intern
scoured stream channel (hole TB6) at its base, with fine beddin

c@mpressional wave velocity and
fig®le. It is the lowest velocity (10,000
i e glacial till) and it rests,

it is such a slow formation its
yergicande seen especially a

Wed in the channel.
Detroit River Group

The upper portion of the Detroit River Group is identified by a rapidly fi#fCtu acoustic log

(an assemblage of several high velocity (17,000+ ft./sec) layers) overlayin ely constant
velocity (16,000+ ft/sec) lower section. The Group conformably overlays t v S. In
this project the Detroit River Group is the shallowest formation imaged. Alth of agédemic

interest the Detroit River Group along with many other shallow formations are of littlgfin tto
the DRIC project on the U.S. side of the river.

Cross-well Reflection Images

Although complete cross well reflection images will be shown from time to time in this report
the primary interest here is with the lower (below 900ft) section. This is because all of the salt
layers exist in the lower section and no large cavity “feature” was found in any of those layers on
the U.S. side of the Detroit River. The few “features” that were found are so small that they did
not even break the first layer above the salt formation in question. Therefore, in the following
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sections we will display and discuss the cross-well reflection images of the lower section
(approx. 900ft.to 1,700ft.).

The fence diagrams shown below provide the orientation of the boreholes, the cross-well
reflection surveys, and the three dimensional orientation of the subsurface formations. Detailed
examination of each individual survey is given below.

wave velocity (in color). This joint display of cross well tomography and

akes the identification of high velocity (E-Dolomite) and low velocity
(Sylvania forrgailons easy. This, in turn, quickly fixes the entire image in the interpreter’s
mind. (Thisis IyRided by the fact that the Michigan Basin geology is flat and
uncomplicated)¥

The boreholes used for t@#”seismic sources and receivers are the edges of the image with various
logs (gamma ray, acouste velocity, density) displayed there also, Amongst those logs is a
smooth measure of the compreﬁnal wave velocity as a function of depth taken from the center
of the tomogram. Because the reflection gfage is in the kilohertz range it is easy to tie the
reflectors in the image to the logs on tk

along each side at the mid-depth of image (€. thefQO ft. region). This is cause by the “wide-
angle” reflection problem. As mentioned abovg
are so large that they distort the wavelet such th@t i

When the boreholes are a long distance ap% 1,500ft) there are usually gaps in the image

ase changes in the reflection wavelet
egpresents an appropriate image of
laged (muted).

rizontal scale varies as a
function of the distance between the boreholes, however, twi fiy® foap units are readily seen
on the horizontal scale. Vertical and horizontal resolution is cle in these images because
of the kilohertz frequency content.

What Are We Looking For?

We are looking for cavities in any of the three salt formations. No assum made about
how solution mining was conducted, that is, where the fresh water was inje

It layer
and where in that layer the extraction of brine occurred although it is known tha@of

solution mining might produce a “morning glory” shape of cavity

The search uses the stringers that exist in all of the salt layers. Because of the high resolution of
these cross-well reflection images and the large number of thin stringers one can search for a
zone of broken stringers as an indication of the presence of a cavity. As seen in the following
figures stringers are tens of feet apart and high resolution imaging makes them visible. Thus the
early development of a cavity a few tens of feet high and on the order of a hundred feet wide will
be detected.
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If the roof of a cavity collapses allowing the cavity to “propagate upward” into a thick stringer or
into the formation above a salt unit the resulting dome shape can be detected. Again, because of
the high resolution of the kilohertz reflection images “domes” with heights of a few tens of feet
can be detected. Remember, cavities must originate in a salt layer. If a cavity is suspected in an
overlying carbonate or shale layer there must be a vertical “pathway” up to that suspect cavity.

This discussion is directed towards very small (tens of feet) cavities and “cavity like features”.
Our experjence with the cross well seismic imaging of a major collapse structure indicates that
detect a feature that cuts through one or more formations.

Boragg @ity provides a level of protection against false alarms. As seen in the adjoining
chapter¥om¥ic fileg cavities of a certain minimum size can be detected at some distance from
each borehgf€. T ore we need not depend on one technology in our search.

\
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Profile TB1-TB2

Depth se project datum 1)

0.0
TB1

This image displays the classic, flat lying formations from the A2 Carbonate at approximately
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1,650 ft. to the G-Shale (900ft. to 1,000ft) with a bit of the Bass Island Dolomite seen at the top.
In this image every formation lies conformably on the formation below it. No cavity features of
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any interest exist in any of the salt layers (B-Salt, D-Salt, and F-Salt). The stringers in each of
those layers are intact.

The distinct bottom of the E-Dolomite is seen due to the strong velocity contrast between the E-
Dolomite and the underlying D-Salt. The interface at the top of the E-Dolomite is clear and
strong and the interior is nearly featureless. Clearly no cavity has broken through this layer so
we turn our attention to the F-Salt unit. Here, all of the salt layers and stringer layers are clear
and continaous. Near the TB-1 borehole at at depth of 1,050 ft. we do see an interruption in the
reflectigf?; M@vever that represents the top of the stringer, as mentioned above a cavity can not
origj
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Profile TB1-TB4
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The profile TB1 to TB4 is also a simple, nearly flat lying sequence of beds from the

Carbonate to the G-Shale. The B-Salt/A2 Carbonate interface is shown, just as it was in image

TB1 -TB2, as a strong, nearly horizontal tuned event. In this TB1-TB4 image it is not as clean

and clear as it was in the TB1-TB2 image, because the #4 borehole is not very deep causing the
loss of fold for deep reflections.

TE1

Interwell distance (ft)

The feature in the top of B-Salt at depth of 1,450 ft. is a plotting artifact denoted by the two
vertical lines in this image.
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Profile TB1 -TB5
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In profile TB1-TB5 we see a feature in the top of the A2 Carbonate at a depth o
middle of the image. This violates the rule that cavities must start in salt, furthermor
disturbance of the stringers in the B-Salt above that feature. Again, in the top of
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C-Shale at a

depth of 1,270ft. near the TB 5 borehole we see a feature with no expression in the overlying D-

Salt or the E-Dolomite above. Thus, this feature is discarded.

In the top of the top of the F-Salt

at a depth of 980ft. we suspect a feature at a distance of 800ft from the TB 1 borehole. However,
the suspected cavity does not penetrate the wedge of salt above directly above, therefore it is not
deemed a threat. Unfortunately it is too far from TB 5 to be tested by borehole gravity.
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Profile TB4-TB7
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togihe Wllde-angle problem.
However, some migration “smiles” can be seen in the top of the F-Sdlt (L@O0f, close to TB-4,

above, portions of the image above the F-Salt have been muted d

these artifacts should not be interpreted as a broken interface. Fortunat
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checked against borehole gravity to see if a cavity is masked by the artifac

The top of the D-Salt—bottom of the E-Dolomite is irregular and it is possible tginter et the
feature as a solution breakthrough, up from the D-Salt. However, the D-Salt is very t.)
here and we see no solution related feature (e.g. “stem”) in the base. Furthermoré®#e event
inside the E-Dolomite that might be interpreted as the top of the cavity is concave upward, not
downward, as the top of a cavity should be shaped.

The stringers inside the B-Salt have a low signal to noise ratio and therefore are “wormy” in

shape not straight as we see in smaller surveys. Although these low signal to noise ratio features
could mask a cavity we see that the top of the B-Salt is solid and continuous, therefore no cavity,
should one exist, has broken out of the B-Salt.
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Profile TB4 to TB2
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This profile shows a small fault (depth of 1,050 ft.) that offsets just one salt layer (#3) of the F-
Salt Formation. It is one of the few images that shows a rather weak bottom interface for the E-
Dolomite. But, the two D-Salt layers are solid and continuous. The B-Salt unremarkable with
stringers all in place sitting on an A2 Carbonate that is somewhat irregular
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Profile TB4 to TB5
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This profile displays the dipping interface of the G-Shale (depth of 920ft). Although some
features may be suspect in the F-Salt layers (920ft. to 1,180ft.) it is obvious that

the major stringers in the F-Salt are present and continuous. The D-Salt (1,280ft.) contains an
minor interface in the center of the image. The B-Salt is unremarkable, and the tuned
combination A2 Carbonate has an added
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Profile TB5 to TB2
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Profile TB5 to TB7
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Profile TB6 to TB4
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This image displays a “morning glory” feature in the top of the second F-Salt layer (1,010 ft.) a
crooked “stem” is seen off center below the dome. This is a very small feature with a height of
only 10ft. to 15 ft. Above the F-Salt we see the dipping G-Shale laying on the fifth layer of F-
Salt in and near TB 6. The B-Salt displays major, high velocity stringers in the base of the B-
Salt and the shaly stringers in the upper portion. The A2 Carbonate is at the base of this image.
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Profile TB6 to TB5
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Profile TB7 to TB6
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Profile TB6 to TB1
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This image is in the processing queue
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X-11 Crossing

Background
All of the cross-well surveys in the X-11 crossing area have been acquired. The acquisition was

made difficult here due to the proximity of the Mistersky Power Station and the relatively long
distancedf@gpared to borehole depth) between boreholes

ag¥rocessing is an iterative process with continuous interchange between the seismic
proceSSagiep ist and the seismic interpreter. The first pass of data processing has been
completedﬁ cond pass is underway at this time. The images in this processing queue are
so marked. "Noggggar®s are given for images that are in the processing queue.
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This image shows the complete set of F-Salt reflection events together with the stringers between
various F-Salt units. Note two vertical plotting artifacts, these streaks will be removed from the
final images. A strong B-Salt reflection is seen even though the B-Salt is only six feet thick near
TB 10 and flat between TB 10 and TB 12. The E-Dolomite lies unconformably on the
unremarkable D-Salt.

T
0.0 981 1982 2844 3925 4506 SBA.7 GeG.B 7850
TB10 TB12
Interwell distance (11)

November9, 2007 Detroit River International Crossing Draft of the Interim Report
Michigan Technological University 22



Profile TB10 to TB13

PR H]
L

i i s TB-10 «=— Composite Image ~—> TE-13 S

Tano{iEwe) w-#ll-I
L

) ||||l|

Pl

|1|
2400
2260
2.0
19580
1840
17.00
1560
1420
1280
1140
1000

Kt sec

-,l-';!!|u|||lN|HU\HM\;

§ y
S il i
00 BBD 19E1 20 192 4902 GRB2 GMEJ TM43 9824 UB04 107EA 117B.5 12745 19716 14706 15685 16667 1TEA.T 1RELA 1060.8 2050.8 21559\ >
TB10
Irierwell distance (ft)

This image is surprisingly good considering the long distance between the boreh nd the
electrical noise from the Mistersky Power Plant. The important aspect of this survey is that it
connects TB10 which has only 8 ft. of B-Salt to TB13 which penetrated approximately 140 ft. of
B-Salt. We can see the top of the thinning B-Salt as it dips gently from TB 13 to TB10. Above
that we see individual beds of the C-Shale abutting the B-Salt. Moving upward we see the C-
Shale completely overlying the B-Salt. Above the C-Shale we see the D-Salt and then the
massive E-Dolomite. The reversed polarity image below of the tie at TB10 between this image
and the TB15 to TB10 image provides a better image of the massive E-Dolomite.
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This survey also displays the thinning of the B-Salt from 180 ft thickness i

borehole to 8 ft. in TB10. The tie between survey TB10 to TB13 and this ima
TB10 is shown below. The top of the thinning B-Salt is shown in each image as'it ap
the tie at TB10. There the massive E-Dolomite is clearly seen in the TB13to TB10 i
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The logs in borehole #10 show eight (8) feet of B-Salt at approximately 1,635 ft.
formation is probably broken, the event can not be seen very well here. However, T is
constrained between the strong reflection from the high velocity carbonate stringer at
approximately 1,580 ft. and the A2 reflection at approximately 1,740 ft. The F-Salt formation is
complete with a slightly dipping top and the strong, flat reflection events from all of the
stringers, especially the thick stringer at 1,100ft. The D-Salt is clearly seen beneath the E-
Dolomite at 1,200ft. with a clear, strong, and continuous top and bottom. The stringer in the D-

Salt can be seen in places.

TB10
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Profile TB11 to TB14
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High electrical noise at the site makes this survey difficult to interpret. Because of the high
velocities and the low frequency events we can say that the E-Dolomite has not been breached.

Note the high velocities (apparently) in the F-Salt. This image will be reprocessed because the
high velocities in the F-Salt are not real.
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In this image we see the top of the B-Salt fairly clear with the A2 visible at the very b f
the image. However the extremely high (false) velocities in the E-Dolomite and i -Shale

and the Bass Island Dolomite distort the migration operation such that the topography on the B-
Salt (and other interfaces) is not correct. This image will be reprocessed.
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Profile TB12 to TB11
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Despite the electrical noise this image shows a solid, continuous, upper C-Shale/R-S
Dolomite bedding that has not been altered. Although the top of the B-Salt is not Clear, it is
obvious that the upper C-Shale has not been broken. The “smile” features are data processing
artifacts associated with the velocities used in migration.
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Profile TB12 to TB13
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In this survey the D-Salt/E-Dolomite interface is very strong and continuous across the entire
image and the C-Shale bedding below is horizontal and unremarkable. The top of the B-Salt/C-
Shale reflector complex has small break in the top of its wavelet and a low angle diagonal
“branch” that connects this feature with the basal side of the wavelet.

trail of connected, tiny features that are stopped at the top of the F-Salt
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Profile TB12 to TB15
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In this survey we see, despite the smile features related to migration, that the D-Salt/E-Dolomite
interface continuous across the image. The smile artifact effects the F-Salt interpretation but
outside of the smile the stringers in the F-Salt are strong and continuous suggesting that they will
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probably be continuous across the image when the migration artifacts are corrected in
reprocessing.

Profile TB13 to TB14
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In this image we see a nearly horizontal and continuous reflector at the top of the B-Salt. The C-
Shale/D-Salt shows two features that look like low angle “thrust faults” that are probably
depositional features. The “mustache” artifact is not real, it is related to the smile feature
directly above it, which is, in turn, probably related to the high velocity streak through the E-
Dolomite which was used in migration. Vertical banding is seen in the F-Salt which is a
plotting artifact
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Profile TB14 to TB15
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The massive B-Salt/C-Shale reflector is broken by a fault that has very little throw (10ft. -15ft.)
and very little extent (approx. 50 ft.). This is a geological feature and not a solution mining
Bedding in the C-Shale is essentially horizontal and the D-Salt/E-Dolomite reflector is solid and
continuous. The stringers in the F-Salt are all clear, solid and continuous across the entire
image. The small “bump” in the top of the F-Salt is probably not real given the “wide angle”
artifacts seen above it.
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In this image the tops of all of the salt layers are seen, they are continuous, and the bedding
beneath the tops is on average, continuous. This means that no vertical disruption, such as a
cavity has occurred. Even though one might find a small offset in one interface the one directly
above it is solid and continuous. The image will be improved in the reprocessing step which
will address the apparent high velocities in the E-Dolomite and G-Shale.
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Profile TB16 to TB12
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Here we see a clean set of F-Salt layers and associated stringers lying unc ly on the E-
Dolomite, which is, in turn, lying unconformably on the D-Salt. The gam each
borehole shows the two salt formations. In addition the gamma ray logs show'sgg#hg regponses
to the C-Shale and the G-Shale. The E-Dolomite displays exceptionally strong upper @nd lgyver

interfaces

This image is being reprocessed at this time with special emphasis on the zone below 1,500ft.

Profile TB16 to TB13
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TB16

This image displays the horizontal, continuous nature of the structure from A2 (ﬂrbon eu
through the F-Salt. Although any given interface may show a gap the layers above t are
solid and continuous. Remember the scale of these images, the typical distance b en layers
in this image is approximately 15ft. to 20ft. Thus, any upward “travel” is stopped within 15ft. or
20ft. The shear wave artifact in the G-Shale will be removed in the next reprocessing step.
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Profile TB16 to TB14
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The D-Salt/E-Dolomite interface is solid and continuous across the entire image. Moreover, the
C-Shale below shows no intrusion from the B-Salt below. The F-Salt does show an offset but
the G-Shale above it very massive and continuous.

TB16
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Profile TB16 to TB15
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An indication of the dipping B-Salt dipping from TB15 down to TB16 is seen in wer
portion of this image, which complements the interpretation of a dipping B-Salt from TB13 to
TB10. The shear wave artifacts at the base of the F-Salt will be removed in the reprocessing
sequence. Even with the artifacts in place one can see that no feature moves vertically through
all of the F-Salt layers. A wide feature (approx. 400ft.) of very little vertical extent (approx 10ft.
to 15 ft.) exists at a depth of approx. 1,130 ft. at a distance of approximately 980ft from TB10.

It must be reexamined after the shear wave artifacts are processed.
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Three Dimensional Visualization of Cross-well Seismic Images

In the above figures we have seen that the details of each individual profile can be seen
adequately by examining a single reflection image superimposed on the tomographic velocity
information with the borehole logs along each side. This however yields no information on the
3-D nature of the geology. In the following figures we explore, using this preliminary draft

report, \g Il s ways of providing 3-D information on a two-dimensional piece of paper.

purpose of the gagceliagram” method (Computer dlsplay of this data volume is much better
because one ca @o
fence diagrams do
when viewing dippi
fifth layer of the F-Salt

tlons. In this project the interpretation of the G-Shale overlying the
Il be greatly aided as will the sloping interface of the B-Salt in the

of the complete set and display them in black

has the limitation that the formation names and

logs can not currently, be displayed smul%. To alleviate this problem we next go to the
I

black and white (or black and clear) “wigg isplay” of the same two or three profiles.
This is an excellent display.

Obviously, one could display a many combinati %‘eight surveys taken two or three at
a time. In this preliminary draft report we have cho % h pairs of surveys as examples

of types of graphic display possible. Additionally, we fa o3en excellent surveys that are not
in the current processing queue for a second iteration of proc

Profiles TB7 to TB5 to TB4 /

First, we display these two profiles (Figure 3) in their correct 3-D Origfftatiof) with that
orientation shown in red in the little map between the surveys.

The second, black and white (black and clear), wiggle trace, Figure 4, is a the same
two profiles. Here the formation names (tops) and selected logs (e.g. gamma
given. The prefix Salina is used prior to the names of the B, C, D, E, F, and G fOrmati
boreholes are shown in yellow. Furthermore, at the top, we indicate where other pro
entire data volume, intersect these images.

Profiles TB4 to TB2 to TB1
In the black and clear layout (Figure 6 note that the logs for the intersecting profile (TB7) are
shown.
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Profiles TB5 to TB6 to TB4
Note, in all of the profiles, how well the separate profiles fit (tie) at each borehole.

Profiles TB6 to TB4 to TB2 to TB1
Three profiles are displayed in Figure 8

Sum

All o sgwell seismic reflection data has been acquired. All of the profiles have been
processe %oordinaﬁon with the seismic interpreter. Some profiles, especially in the X-
be

11 area ha ned to the processing queue for a second iteration of processing.
The excellent i t passed the first processing iteration are being interpreted at this
time.

R,
Qé’
%
>
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Figure 2. 3D View of all cross-well reflection profiles in X10.
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Figure 3. 3D View of Profiles TB07 to TBO5 to TB04
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Figure 6 Traces in flat layout of profiles TB4 to TB2 to TB1
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Figure 7. 3D View of Lines TB05 to TB06 to TB04.
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Introduction

Microg-LaCoste was contracted by NTH Consultants to conduct borehole gravity meter
(BHGM) surveys in X10 and X11 areas of the proposed new Detroit River International
Crossing. These surveys were to compliment the crosswell seismic reflection surveys being
conducted by Z-Seis, also contracted to NTH. The objective was to determine whether cavities
associatedgwith turn-of-the century solution mining of the inter-layered salts of the Silurian
Salina@rouMgxist under the X10 and X11 areas and if so their size and number. Solution

cavjgl€s have @sufficient density contrast with the surrounding salts and anhydrite making them
an idegl targ far detection using the borehole gravity meter technique. In addition, since

gravity and s reflection are responding to different physical parameters associated with a
cavity, thedvo m s serve to confirm or negate the findings of one another.

Borehole Grav tﬁ rements

BHGM surveys can be used to getermine subsurface densities over discreet vertical intervals
down (up) a drill hole. BHGM iS%a densityalogging tool and is the only method that allows direct
measurement of density potentially tensg® htgdreds of feet from the borehole (McCulloh, 1966).
BHGM samples a larger volume of nd iggenerally not influenced by near-borehole

conditions (borehole irregularities, fluid inva |g, and drilling mud) thereby giving a density that

is more representative of the formation wher sities determined from standard density logs
(Baker Atlas Compensated Z-Densilogs, 0¥ ga mma (y - y) logs) represent the near-
borehole density and are generally more influerfte n ﬁrehole conditions (Beyer, 1983).
Gamma-gamma logs are not to be confused wit I

formation radioactivity. The difference in densities %

determined from the gamma-gamma log can be used t&"In

a logs, which measures natural
by BHGM method and those

I ncegut from the borehole.
A practical rule of thumb in BHGM is that 90% of the signa er measures is derived
from within 5 times the vertical separation between measurem sﬂ‘ och, 1966). This
assumes that the lithologic units are horizontal and homogeneous;¥0 gy, and in

f investigation
halld be detected

of the BHGM. Therefore, large remote bodies with sufficient density ¢
by BHGM to a distance at least equal to or greater than 5x the vertical sep
measurement interval. And lastly, the precision of the gravity measurement & rtainty
in the vertical separation between units also determines how easily a density an i

location(s) might appear on a BHGM density log and density difference log. The
point to make here is that the difference between the apparent densities determined by the
BHGM measurements which are sensing the solution cavity and the densities determined by
gamma-gamma log which are not (gamma-gamma densities are determine by the back scattering
of electrons which penetrate no further than about four inches into the formation) gives rise to a
negative density or negative apparent density centered at the depth of the solution cavity.
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The underlying assumption in computing density from BHGM measurements is that of an earth
model made up of a layer cake of horizontal infinite slabs. For such a model, the density of any
slab is exactly given by the gravity gradient through that slab; the gradient measured at any point
within the slab is constant; and the slabs above and below it have no effect on the gradient within
it. The derivation of the density of an infinite slab is shown in Figure 2. This simple assumption
serves effectively in a majority of cases and especially for the X10 and X11 panels. Deviation
from this assumption arises when 3-D structure is present, but this is easily recognized by

DENSITY DIFFERENCE LOG DENSITY
Iglem?) {glem?)

‘@ 0 02 20 15 20
BHGM Gamma-
k|l Gamma

e

Figure 1. Typical BHGM data from a cavity underlying the propose DRIC site. Note that the
density log shows lower densities than the Gamma-Gamma density. The density difference GM
density log — Gamma-Gamma density log) clearly shows the presence of a cavity (negative difference).

November 7, 2007 Detroit River International Crossing Preliminary Draft Report
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The formula for apparent density as shown in Figure 2 is given by the following formula (there
are small corrections for latitude and elevation but are not significant for this study):

pa=3.6824 — 03913 Ag/Az (Equation 1)

where p, is in g/cm?, Az is in feet, and Ag is in microgals. The constant density term
compensates for Earth's normal vertical gravity gradient.

calculatéd the

gravity, the eptl»

difference betwee
successive gravimeter

readings, and the fred
air gravity gradient (F) |—ng = -2nGpAz

Ag=FAZ-(g9,-9,)
Ag = (F - 4nGp)AZ
Peron = [F = (AgIAZ)](4ﬂG)1

Figure 2. The apparent density calculation assuming an infinite slab of thickrf5s AZfpom successive borehole
gravity measurements (G is the Universal Gravitational Constant).

Apparent Density Modeling ’}

Synthetic apparent density logs and density difference profiles were generated using the
modeling software Hole-o-grav distributed by HarbourDom GmbH in order to provide an idea of
the magnitude and shape of the apparent density difference profile we could expect from a
“morning glory” shaped solution cavity and solution cavities with other geometries. Hole-o-grav
is a very powerful 3D gravity modeling program designed specifically to model BHGM data. In
a previously submitted preliminary draft report, | presented results of modeling a “morning
glory” cavity in the B-salt extending upward into the Salina C unit. The second model consist of

November 7, 2007 Detroit River International Crossing Preliminary Draft Report
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3 touching spherical cavities to determine whether we could detect three closely spaced cavities
that could link up to form a “morning glory” cavity. For these calculations, we placed three 160
ft diameter cavities entirely in the B salt. Results from the “morning glory” cavity indicated that
this type of cavity is detectable but the distance between the borehole and the center of the center
has to be less that the diameter of the structure and even then the apparent density uncertainties
have to be less than 0.02 g/cm®. For the 3 spherical cavities, the borehole has to be within 100-
150 feet of the geometric center of any one cavity. This estimate is a downward revision from
the previogs report. 1 now present two new models of possible subsurface cavities. One of the

s used is again of the “morning glory” shape but located in the F-salt with the roof

exteg gthe Salina G unit (Fig. 3). The other configuration is that of a circular disk or
“ho8 Fig. 4). Both “morning glory” and the “hockey puck” had diameters of ~ 300 ft.
The “hoe ' located entirely in the F-salt had a thickness of ~60 ft. For both models we
used a stratifaph y similar to that of borehole TB1 from the X10 study area (Fig. 5).
Figures 6 and trafe the density difference profiles that result as the edge of the cavity is
moved further e Qeigele.

Figure 3. Configuration of “morning glory” cavity in F salt.
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Figure 4. Geometry of a “hockey puck” solution ¢
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Michigan Technological University

Detroit River International Crossing

8

t the top of the F-salt.

2.000

" Dundee Limestone 2600

Cretroit River Group 2600

2.400

2600

2400

2700

2800

2700

2100

2600

F-Salt #2 2100

F Carbonate #2 2.800

F-Salt #3 2100

F Carbonate #3 2E00

F-Salt #4 2100

| Salina E Dolomite o U}

D Sal #1 1]

D Carbonae #1 ]
O Salt g2

Salina C Shale galil}

Salna B 2600

B-5alt 2100

&2 Carbonate: 2700

4.2 Carbonate 2700

Brine Saluton 1.100

Bulked Uph atenal 1.900

Figure 5. Formations and densities used

in constructing Figures 3 and 4.

Preliminary Draft Report



200 1 [ | | | | 200 . ‘ . | |
i Edge I I I B Edge I |
25 ft | | | 30 ft | |
| 50t ! ‘ ! | &0 ft I \
400 751 | : | 400 @ ft | |
- 100ft | | | . | | [ !
800 |1 600 | 1 ' 1
) I D) 1 | I |
| I | I | | ~ | | | I
° | | | | | | - | | | |
°a 800 | | | | | dﬂf | B 800 | | | \
Q | | | | ) ] | | | |
() | i o I | ()] I I | |
= R Y = 1000 ===
= BN | = 1 | | |
— : 1200 l 1 : 1
| | | | | | |
| | | N | | | |
| | | | | |
R 1400 | | i |
| — | | | |
| | | | |
I 1600 | 1 I 1

. 0.2 -0.6 -0.4 -0.2 0 0.2

Density Difference %:mS) Density Difference (g/cm?3)

Figure 6. Density difference profile for a 30 Figure 7. Density difference profile for a 300 ft

“morning glory” cavity shown in Figure 3 “hockey puck™ cavity shown in Figure 4.

Three important observations can be made fr igures 6 and 7. (1) The apparent density
difference anomalies are large (> -0.6 g/cmglan ily recognizable when the edge of the cavity
e has a broader anomaly. (3) As the
crgases, the apparent density
mber of measurement intervals
“morning glory” and “hockey
nsity difference anomalies
nin@ the above simulations
tign. If a certain amount

is near the borehole. (2) The larger “morning uc
distance between the edge of the cavity and the

difference anomaly becomes less but broadens (i.e.,
show a negative density difference). Modeling of 5
puck” type solution cavities give similar results only the

of observational error is added in calculating these models, soluti
can still be detected. However, a “morning glory” cavity whose ed er than or equal to a
ackey puck”
cavity. Therefore, the modeling results indicate a 300 ft diameter “morni @* cavity is
detectable in a low noise situation as long as the edge of the cavity is less tha %rom the
borehole.

Data Analysis and Interpretation

Methodology

The BHGM survey data can be found in Appendices A and B and apparent density and density
difference plots in Appendices C and D. Explanations of data columns also appear on the cover
page for Appendices A and B. In general, from the deepest depth the gravity sonde could
penetrate in the borehole (approximate TD) to a depth of 800 ft (700 ft for borehole TB16),
gravity measurements were taken every 20 ft. Where the measurement interval was 20 ft, a
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measurement depth was re-occupied 4 four separate times giving four independent measures of
observed gravity at that depth to reduce the uncertainty in our apparent density calculation for a
given interval. Appendix E discusses how the uncertainty is calculated. Where the measurement
interval was 50 ft, two separate re-occupations of a given interval resulted in two independent
determinations of observed gravity at that depth level in the borehole. The average uncertainty
in the mean observed gravity for a given borehole ranged from a low of 0.009 mgals (9
microgals) at TB16 to a high of 0.027 mgals (27 microgals) at TB7. In constructing the density
(or appare t density) and difference plots shown in Appendices C and D, the gamma-gamma

35 averaged over the same intervals as the BHGM measurements and subtracted
densities. However, gamma-gamma density logs tend to underestimate salt

, 1997). Inspection of the gamma-gamma density logs supplied by Baker-Atlas
for the 1 surveys areas indicate salt densities averaging around 2.05 g/cm®. Pure salt
should hav den iy, of 2.16 g/cm®, higher if the salt is dirty (thin stringers of shale or
anhydrite). In t@hdetegmine the best density value for the F, D, and B-salts, NTH personnel
determined the n three representative core segments from the B-salt. Their results
are shown in AppéhdjfF. sity values ranged from 2.14 g/cm®to 2.16 g/cm® to 2.19 g/cm®.
Since, two of the denSiti ere less than or near pure salt and yet were chosen for their dirty
appearance (i.e., anhydrie stringers, etc.), | surmise the 2.19 g/cm® approaches a more correct
value for the density of the saltY@yers. Hinze et al. (1978) report a borehole density for the B-
salt of 2.26 g/cm®. Averaging the value armined by NTH (excluding the low density value
which is likely in error) with that of Hif¥g (1978) gives a mean of 2.20 g/cm®. Therefore, if
the density in the gamma-gamma lof an 2.20 g/cm?, the value was replaced with 2.20
g/cm? below averaging the gamma-gamma de log. In determining the apparent densities
from the BHGM data (observed gravity), 0 a recently developed inversion method,
based on work originally presented by MacQu 9], which allows stable calculation of
interval densities over much closer station spac fegsible using the traditional method
outlined in the introduction(i.e. using Equation 1). hows the density and density
difference plot for borehole TB4 using the borehole Table A2. The most

i r large swing from positive

ers or the interval
caliper log
jve density
certainties in

negative density difference swings and most are associated with't
between the F-salt and the overlying Salina G unit. For TB4, the B
indicates a considerable washout in this depth range, but not all the posii
swings are associated with washouts. However, most are associated wit
observed gravity and all appear to be associated with very large Z-scores.

described on the cover pages for Appendices A and B is the standardized mea of
the inversion between the mean of the observed gravity values measured at a particul
(column 2 of Appendix A and B) and the gravity calculated at that depth from thegl
the inversion densities are not fitting the actual measurement data. The inversion technique was
designed to handle small sampling intervals such as the 20 ft interval used in this study. After
consulting Microg, we surmised that the inversion program was having trouble handling the
blocky structure (anhydrite to salt to shale) of the stratigraphy and was giving rise to false
density difference swings (noisy data). Therefore, | have recalculated the apparent densities for
all boreholes using the actual observed gravity data (column 2 of data tables in Appendix A and
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Figure 8. Density and density diffew:e plot for borehole TB4. BHGM (inv) in (a) are the apparent densities
determined using the Microg inversioh processgd is shown in blue while the gamma-gamma densities in (a)
are shown in red. Density differences (BHG @ a-gamma) are shown in (b).

B) and Equation 1. These borehole Uensiti@®gre labeled “BHGM(calc)” and were used to create
a second set of density and density differe% shown in Appendices C and D. A quick
comparison of all the density difference pla#§ sh %0 Appendices C and D indicates that in
almost every case the density difference plots t@d f density data using Equation 1 and
the observed gravity is much less noisy except efffes $B7 and TB10, which are
extremely noisy regardless of the method used to ca ’\%p arent densities from the borehole
data. Data from TB7 and TB10 were reprocessed by ro@” D8k the data could not be improved

over the original. In summary, the Microg inversion tech#iqu to get apparent densities is
probably not the correct method for calculating apparent de befausd®f the blocky nature of
%J | communication,

the stratigraphy that underlies the X10 and X11 areas (MacQue
Interpretation &

2007).

The BHGM, v - v, and density difference plots shown in this section of the repo®are th#“(c)”
and “(d)” plots shown in Appendices C and D except that the density difference plots
standardized scale (-0.2 g/cm® to 0.2 g/lcm®). Again, the BHGM densities shown “(@)”
figures below have been calculated using Equation 1 and are not the inversion densities reported
by Microg in the data tables in Appendices A and B.

X10 Survey Area

TB1: Figure 10 shows the BHGM, y - vy, and density difference results from borehole TB1.
Data quality is excellent with the average uncertainty in the means of the observed gravity at
each level being 0.010 mgals. The data display an overall positive density difference except for
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a small negative density difference between 1420 and 1460 ft levels in the B-salt. Interestingly,
this negative density difference appears to correlate with a prominent up-

0 | I I I 0 | ‘ ‘ |
(a_) | - EI_HTGM {calc) (b) | ‘ ‘ |
T T T T T I
| | | | | | | | |
400 | | ll[L | | 400 | | | |
— [ [ | | | | | |
E | | u:h'J_H | | | | | |
TTTI T T ] TS T I T
a o] | SO I R =
| | | b | | |
= I g Et I I | I
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=l |
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Figure 9. Apparent density and vy - y dengi

highlights negative density difference
da. ‘
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Figure 10. Cross-well seismic reflection data from (a) TB1 to TB4 and from (b) TB1 to TB6. TB1 is located
at the 0.0. Circles show the up warped reflections near 1400 ft depth.
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warping of a the reflector near the 1400 ft depth on the cross-well seismic reflection data from
(@) TB1to TB4 and from (b) TB1 to TB6 (Fig. 10). However, this negative density difference is
only -0.04 g/cm? — just above the noise level. The uncertainty in the determined density values
for the 1400-1420 and the 1420-1440 ft interval are less than + 0.01 g/cm?® so this anomaly could
be significant. We have modeled this negative difference using Hole-o-grav. The results
suggest that the negative density difference outlined in Figure 9b is consistent with a 20 foot
thick low-glensity zone (Ap = -1.1 g/lcm®) in the B-salt whose dimensions are 150 x 250 ft, i.e.
jape approximately 30 ft from the borehole. However, other geometric shapes and
38ts are possible given the non-uniqueness of the gravity method. For instance,
h@rthickness of the elliptical disk would decrease the x-y dimensions of the disk, but
S

s

the thi ! er constrained by the density difference data. Another solution would be to
increase th S ional area of the disk, keep the thickness the same while reducing the
density contra eatyure with respect to its surroundings. Interestingly enough, if the
density of the % then this density difference anomaly disappears, and
conversely, the anBma¥ b es larger if the density of the salt is higher. The exact nature of
this negative density diffgfence anomaly is unknown, but is consistent with a brine-filled zone in
the B-salt. However, gi¥en the small magnitude of the anomaly we may be looking at noise as
the shape of the anomaly doesn\uite match that expected from model studies. Therefore, this

anomaly should be viewed with caution considered interesting but probably not
significant.

ifference results from borehole TBA4.
Data quality is excellent with the average unce thggmeans of the observed gravity at
each level being 0.0120 mgals. Except for thre vads which have very small negative
density differences (<-0.02 g/cm?), all the density difj#feng® are positive and most are less than
0.05 g/cm®. These small negative density anomalies a
“morning glory” or “hockey puck” solution cavities.
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Figurell. Apparent density and y - y density plot (a), and density difference plots (b) for borehole TBA4.

Figure 12 shows an interesting interpretation of cross-well data from TB4 to TB6 submitted by
NTH Consultants, to myself and Dr. Roger Turpening showing a series of inter-connected
“morning glory” cavities/structures next to borehole TB4. These “morning glory” cavities range
from 200 to 300 feet in diameter (assuming a circular “morning glory” in plan view). Since the
density difference plot from TB4 (Fig. 11b) shows no significant negative density difference
zones between 800 and 1200 ft that one would expect to be associated with the proposed cavities
shown ig re 12. A 300 ft “morning glory” solution cavity whose edge is next to the borehole
p to a large negative density difference as shown in Figure 6, but none are seen.

8 highly unlikely that the proposed cavities exist. Solution cavities of either the
“‘morning glory” and of reasonable size edging on the borehole should be
BHGM data. This makes BHGM an excellent check on cross-well

at the borehole.

Notice the density difference plot from borehole TB4 (Fig. 11b) does not show the negative densi
expected for a large “morning glory” type structure. Distance between boreholes TB4 and
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TB5: Figure 13 shows the BHGM, y - vy, and density difference results from borehole TB5.

Data quality is excellent with the average uncertainty in the means of the observed gravity at
each level being 0.0130 mgals. The lack of significant negative density differences like those
shown in Figures 6 and 7 again indicates that within the sensing range of the borehole gravimeter
no significant solution cavities are present.
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TB7: Figure 14 shows the BHGM, y - vy, and de
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Unlike boreholes TB1, TB4, and TB5 for the X-10 survey area, the data from TB7 is very noisy
and is reflected in the fact that the average uncertainty in the means of the observed gravity at
each level is over twice the value (0.027 mgals) of the other boreholes in X-10. This borehole
had significant washout problems in the F and D-salts (see Baker Atlas caliper log for this hole)
and this definitely contributes to the overall noisiness of the gravity data. The large swing from
positive to negative density differences between 1200 and 1280 foot levels (Fig. 14b) can not be
considered real as the average uncertainty in BHGM density over this interval is 0.07 g/cm® - a
magnitudegthat is a significant portion of the density anomalies over this interval. The negative

gfe no evidence in these noisy data that would suggest the presence of a solution

cavity W ﬁnsing range of the gravimeter.
X11 Survey A@

TB10: Figure 15 show BHGM, v - v, and density difference results from borehole TB10.
Like borehole TB7, the 8ata from TB10 are noisy. The average uncertainty in the means of the
observed gravity is 0.023 mgalwlightly less the results from TB7. The exact cause is
unknown, but TB10 was the first boreho@@gged by Microg and perhaps a longer shake down
period after arrival at the hole was neg *@x e gravity measurements were undertaken. The

rapid swings from positive to negati¥e de difference shown in Figure 15b have no similarity
to the density different plots shown in Figure d 7 from our model studies on “morning
glory” and “hockey puck” solution cavitiesg’T he ck and forth swings can not be reproduced
with any reasonable geologic model in Hole-o- hergfore, a statement on presence or
absence of a solution cavity within the sensing T % g@vimeter from this data cannot be
unequivocally made. /
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Figurel5. Apparent density and y - y density plot (a), and density difference plots (b) for borehole TB10.
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TB12: Figure 16 shows the BHGM, y - v, and density difference results from borehole TB12.
The data quality is reasonable with the average uncertainty in the means of the observed gravity
being 0.016 mgals. The negative density difference between 1100 and 1160 ft levels (circled on
Fig. 16b) appears to be associated with a washout in the F-salt as indicated by the Baker Atlas
caliper log. But since the density difference swings back to a positive density difference between
1100 — 1120 ft levels, this anomaly is not consider significant as it does not match the density
difference pattern one would expect from a “morning glory” or “hockey puck’ solution cavity
(Figs. 6 agd 7) and may just be experimental error. In addition, there is no evidence from

: ection data (TB12 to TB16 and TB10 to TB12) indicating a solution cavity at 1100
Jignificance can be attributed to the negative density difference between 1400 and
as the uncertainty in the BHGM density is +0.03 g/cm® which makes this
a jgnificant. Again, there is no evidence in these data that would suggest the
presence ofg’soluigmg cavity within the sensing range of the gravimeter.
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Figurel6. Apparent density and y - y density plot (a), and density diffe W for borehole TB12.
Circle highlights negative density difference zone discussed in text.
TB14: Figure 17 shows the BHGM, v - v, and density difference results fr@ ﬂa- TB14.

The data are similar in quality to TB12 with the average uncertainty in the me@ns
gravity also being 0.016 mgals. However, nothing significant in terms of a denstty diff@rence
anomaly stands out in these data (Fig. 17b). The overall positive aspect of the density¥ti
data may be due to borehole rugosity as the caliper log for this borehole indicates r degree of
rugosity. Borehole rugosity can cause the densities determined by gamma-gamma method to be
too low resulting in positive density difference between the BHGM density and the y - y. This
may be the cause of the predominance of positive density differences at most of the boreholes.
Once again, like borehole TB12, there is no evidence from the data that would suggest the
presence of a solution cavity within the sensing range of the gravimeter.
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Figurel?7. Apparent density and y ggdensity plot (a), and density difference plots (b) for borehole TB14.

TB15: Figure 18 shows the BHG - ensity difference results from borehole TB15.

Overall, the data are of good quality with the aygrage uncertainty in the means of the observed

gravity also being 0.011 mgals. The densiWnce plot (Fig. 18b) shows mainly positive
e

density difference anomalies and almost néneg nsity differences and what is present is
not significant. Therefore, there is no evidencefiroNyiie déta ‘hat would suggest the presence of
a solution cavity within the sensing range of the Ig@ter
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Figurel8. Apparent density and y - y density plot (a), and density difference plots (b) for borehole TB15.
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TB16: Figure 19 shows the BHGM, y - v, and density difference results from borehole TB16.
Overall, the data have the lowest average uncertainty (0.009 mgals) in the means of the observed
gravity of all the BHGM data collected from the 9 boreholes from the two survey area and yet.
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Figurel9. Apparent density and y -y de and density difference plots (b) for borehole TB16.

the data appear to be very noisy (back and Wings on the density difference plot — Fig. 19b).
The exact cause is unknown but may be as$ocia the use of a 20 ft measurement interval.
Small station spacing can produce poor results @si ugion 1 (MacQueen, 1989), but 4 repeat
measurements should have minimized the error. egiel ? | have recalculated the borehole
densities from 700 ft down to the bottom of the hol f sing a 40 ft interval. The results
are shown in Figure 20. Interestingly enough, the den ce data shown in Figure 20b,
especially below 1100 ft, are significantly less noisy tharftho n in,Figure 19b. More
importantly, the 40 ft interval data (Fig. 20b) appears to defi at gdensity difference near
the bottom of the borehole which is not as easily seen from the % al data shown in
Figure 19b. The negative density differences occur in the Salina nd ® units. Once again,
the gamma-gamma densities shown in Figure 20a assume a salt density o
discussed in Methodology section). Had I used a density of 2.16 g/cm*®¥0gs8
density anomaly associated the D-salt (1300-1340 ft interval) disappears. atie density
differences in the Salina E are very small (<0.038 g/cm®) and are not consideré
However, the negative density differences that occur in the top of the Salina C afe intrigling but
only occur over to 40 ft intervals before we run out of data. Modeling this negative i
difference anomaly with Hole-o-grav indicates that the anomaly is most probabl ciated with
a 40 ft salt lens very near the borehole (<25 ft) and not a brine filled solution cavity. This is
supported by the density logs ran in the other X-11 (e.g. TB11) boreholes by Baker-Atlas that

indicate the presence of low density zones (2.10 to 2.20 g/cm®) at various levels in the Salina C,
i.e. thin interbedded salt layers in the Salina C.

m? (as
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Figure 20. Apparent densitygand y - y density plot (a), and density difference plots (b) for borehole TB16 using
a 40ft interval instead of a 20 ft int%l to calculated borehole gravity below 700 ft.

Summary

¢

Apparent density modeling exercises We-o-grav indicate under ideal conditions (low
ambient noise) that a 300ft diameter “ntorni ” solution cavity can be detected with
BHGM if the edge of these cavities are lessghaMdz0 gm the borehole and 90 ft or less

for the “hockey puck” cavity. /
The Microg inversion process of calculating apparént

gravity values measured with the borehole gravimeter ap
handling the blocky structure of the stratigraphy (thin la
layer to layer) that underlies the X10 and X11 survey areas.

artificial swings in the density difference plots shown in App

sityvalues from the observed
havg some difficulty
ge density variation from

less variation.

All density difference plots presented in this report whether calculated usi
densities form the Microg inversion algorithm or by Equation 1 tend to be skewed gwa
positive density differences, i.e. the densities from the gamma-gamma density, lo
than the apparent density calculated form the BHGM data. This positive skewHess is
probably the result of borehole rugosity which cause the densities recorded by the gamma-
gamma tool to underestimated (Black, 1997).

Wer

The density difference plots from all boreholes show little or no similarity in shape or
magnitude to the density difference plots for the “morning glory” (Fig. 3) and “hockey puck”
(Fig. 4) cavities shown in Figures 6 and 7. Therefore, the BHGM data indicate no significant
density anomalies within the sensing range of the method.
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Appendix A: Borehole Gravity Data for the X10 Survey Area

repeated rements were taken where station interval was 20 ft and two repeated
measur e station interval was 50 ft.

@ data columns in tables:
g ig (ft) = depth below ground surface where gravity reading was taken. Four
ent

Observed g (
average of 4 whe

he mean observed gravity reading at each depth based on an
ion interval was 20 ft or 2 readings where station interval was 50

avity calculated from the Microg inversion densities.

Gravity uncertainty (mgal) = Staggé
column 2.

tion of the observed gravity reading shown in

Z-score = The standardized measure OfAISfi the inversion between the mean of the

gravity observations at a particular depth ( ) the gravity calculated at that depth

from the inversion, ie. Z(d) = gmean(d) — Qiny 4
4 (d) /

where Z(d) is the Z-score at depth, d, the mean of t bservations at d IS gmean (d),

the gravity calculated by the inversion is gin (d), and€he s deviation of the observed

gravity at d is oy (d). ¢
Inversion density (g/cm®) = the best-fit density using Microg-(@ersion method
re

based on a damped least-squares method for closely spaced gra

Density uncertainty (g/cm®) = The one-sigma standard deviation of th geensities.

S
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Table Al: Borehole gravity data for Well TB1.

Observed | Calculated Gravity Inversion Density
_ gravity gravity uncertainty densit3y uncertaisnty
Station depth (ft) (mgal) (mgal) (mgal) Z-score (g/lcm) (g/lcm)
250 3710.836 | 3710.842 0.008 -0.80 2.457 0.004
300 3712.404 | 3712.404 0.008 0.00 2.471 0.006
350 3713.950 | 3713.947 0.016 0.20 2.498 0.009
{ 3715.464 | 3715.457 0.022 0.30 2.527 0.009
3716.924 | 3716.930 0.011 -0.60 2.434 0.006
3718.523 | 3718.522 0.005 0.20 2.491 0.004
3720.043 | 3720.041 0.005 0.40 2.609 0.005
3721.408 0.008 0.00 2.606 0.004
3722.780 0.000 0.00 2.659 0.002
0 3724.084 0.004 0.10 2.713 0.002
750 < % 725.319 0.001 0.00 2.714 0.002
800 ' D 3726.553 0.004 0.40 2.753 0.008
820 3727.027 0.011 0.20 2.791 0.010
840 b 3727.481 0.013 0.20 2.809 0.009
860 3727.926 7.926 0.005 -0.10 2.792 0.008
880 3728.377 | 3728.379 .010 -0.20 2.730 0.010
900 3728.867 | 3728.8 14 0.20 2.748 0.011
920 3729.347 | 3729471 12 0.50 2.799 0.009
940 3729.791 | 3729.791 0 0.00 2.793 0.008
960 3730.229 | 3730.244 .01 -1.60 2.569 0.010
980 3730.776 | 3730.811 0.00% 2.493 0.010
1000 3731.408 | 3731.417 0. 2.279 0.010
1020 3732.149 | 3732.133 0.0 2.451 0.009
1040 3732.763 | 3732.761 0.004 4 2.658 0.009
1060 3733.247 | 3733.283 0.012 2.282 0.010
1080 3734.001 | 3733.998 0.009 . .336 0.011
1100 3734.682 | 3734.685 0.023 -0.19 0.011
1120 3735.424 | 3735.381 0.032 1.30 0.010
1140 3736.108 | 3736.041 0.026 2.60 0.011
1160 3736.601 | 3736.595 0.007 0.80
1180 3737.069 | 3737.069 0.004 0.10
1200 3737.525 | 3737.527 0.007 -0.30
1220 3737.992 | 3738.010 0.023 -0.80
1240 3738.489 | 3738.530 0.014 -2.90
1260 3739.198 | 3739.197 0.008 0.10 2.390 0.0
1280 3739.859 | 3739.856 0.007 0.40 2.502
1300 3740.460 | 3740.458 0.007 0.30 2.570 0.009
1320 3741.027 | 3741.025 0.010 0.20 2.597 0.009
1340 3741.576 | 3741.578 0.012 -0.20 2.572 0.008
1360 3742.145 | 3742.145 0.001 0.10 2.727 0.001
1380 3742.632 | 3742.632 0.001 0.00 2.741 0.007
1400 3743.093 | 3743.112 0.011 -1.70 2.357 0.008
1420 3743.785 | 3743.788 0.005 -0.70 2.179 0.010
1440 3744.557 | 3744.555 0.016 0.10 2.183 0.010
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Table Al (con’t.)

1460 3745.323 | 3745.320 0.010 0.20 2.222 0.010
1480 3746.064 | 3746.065 0.010 -0.10 2.205 0.009
1500 3746.826 | 3746.819 0.008 0.80 2.329 0.009
1520 3747.518 | 3747.510 0.008 0.90
/ .
X 2
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Table A2: Borehole gravity data for Well TB4.

Observed | Calculated Gravity Density
Station Depth gravity gravity uncertainty Inversion uncertainty
(ft) (mgal) (mgal) (mgal) | Z-score | density(g/cm®) | (g/cm®)
250 3711.220 | 3711.244 0.009 -2.60 2.477 0.006
300 3712.781 | 3712.781 0.010 0.00 2.470 0.005
350 3714.330 | 3714.326 0.011 0.30 2.529 0.007
3715.795 | 3715.796 0.020 -0.10 2.517 0.007
3717.277 | 3717.282 0.015 -0.30 2.464 0.008
3718.837 | 3718.834 0.024 0.10 2.472 0.007
3720.378 | 3720.377 0.002 0.30 2.602 0.003
3721.754 0.006 0.10 2.620 0.007
3723.108 0.051 0.20 2.622 0.007
3724.459 0.008 0.50 2.717 0.005
750 725.688 0.011 0.60 2.737 0.007
780 3726.411 0.012 0.00 2.687 0.009
800 3726.918 0.002 0.20 2.755 0.004
820 . 3727.391 0.004 0.00 2.757 0.005
840 3727.862 7.862 0.004 0.00 2.748 0.006
860 3728.341 | 3728.338 .007 0.40 2.799 0.007
880 3728.787 | 3728.7 06 -0.30 2.746 0.007
900 3729.266 | 3729: 07 0.00 2.746 0.008
920 3729.748 | 3729.743 0, 0.50 2.786 0.009
940 3730.195 | 3730.200 .01 -0.50 2.739 0.009
960 3730.663 | 3730.680 0.Q -‘ . 2.573 0.009
980 3731.212 | 3731.246 0.2 g 20 2.365 0.009
1000 3731.952 | 3731.918 0.028 . 2.419 0.009
1020 3732.560 | 3732.563 0.016 4 2.407 0.008
1040 3733.291 | 3733.213 0.038 0.008
1060 3733.828 | 3733.840 0.018 0.009
1080 3734.449 | 3734.483 0.017 . 0.008
1100 3735.143 | 3735.185 0.032 -1.30 0.008
1120 3735.908 | 3735.910 0.011 -0.20
1140 3736.658 | 3736.645 0.008 1.60
1160 3737.300 | 3737.285 0.007 2.10
1180 3737.792 | 3737.791 0.004 0.30
1200 3738.240 | 3738.241 0.006 -0.10
1220 3738.688 | 3738.699 0.017 -0.60
1240 3739.169 | 3739.180 0.009 -1.30
1260 3739.723 | 3739.730 0.005 -1.40 0
1280 3740.416 | 3740.413 0.006 0.50 2.410 0.006
1300 3741.064 | 3741.062 0.004 0.60 2.553 0.004
1320 3741.637 | 3741.637 0.003 0.00 2.557 0.008
1340 3742.216 | 3742.210 0.014 0.40 2.582 0.009
1360 3742.773 | 3742.772 0.009 0.10 2.590 0.009
1380 3743.339 | 3743.330 0.011 0.80 2.675 0.008
1400 3743.855 | 3743.843 0.020 0.60 2.700 0.008
1420 3744.330 | 3744.344 0.008 -1.90 2417 0.009
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Table A2 (con’t.)

| 1440 | 3744.996 | 3744.990 0.011 0.60
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Table A3: Borehole gravity data for Well TB5.

Observed | Calculated Gravity Inversion Density
. gravity gravity uncertainty densit?/ uncertaisnty
Station depth (ft) (mgal) (mgal) (mgal) Z-score (g/lcm) (g/lcm)
250 3711.139 | 3711.139 0.001 -0.40 2.500 0.007
300 3712.641 | 3712.646 0.088 -0.10 2.490 0.006
350 3714.164 | 3714.166 0.062 0.00 2.481 0.008
( 3715.698 | 3715.697 0.005 0.20 2.531 0.005
3717.160 | 3717.165 0.008 -0.70 2.416 0.005
3718.782 | 3718.780 0.006 0.40 2.532 0.003
3720.246 | 3720.246 0.002 0.10 2.582 0.005
3721.648 0.010 0.60 2.646 0.006
3722.969 0.008 0.50 2.709 0.008
3724.208 0.025 0.60 2.743 0.008
725.405 0.006 0.10 2.796 0.002
3726.533 0.003 0.30 2.772 0.008
3726.997 0.013 0.40 2.798 0.009
372742 | 3727.448 0.011 -0.50 2.750 0.008
3727.923 7.923 0.002 0.00 2.763 0.005
3728.390 | 3728.391 .005 0.00 2.756 0.008
3728.829 | 3728.8 13 -2.70 2.509 0.009
3729.447 | 372 2 10 -1.60 2.356 0.008
3730.153 | 3730.139 0.40 2.366 0.008
3730.852 | 3730.809 ﬁ 1.50 2.429 0.009
3731.448 | 3731.450 0.006, '\ 2.416 0.009
3732.004 | 3732.095 | 0.000Ng 810 2.407 0.009
3732.734 | 3732.745 0.0 4 2.283 0.008
3733.463 | 3733.459 0.004 2.475 0.007
3734.085 | 3734.075 0.011 2.623 0.007
3734.607 | 3734.615 0.005 0.005
3735.359 | 3735.357 0.005 . 0.006
3736.056 | 3736.058 0.005 -0.40 0.005
3736.795 | 3736.794 0.004 0.20
3737.509 | 3737.491 0.007 2.70
3738.006 | 3738.004 0.005 0.50
3738.477 | 3738.475 0.011 0.20
3738.934 | 3738.934 0.005 -0.20
3739.407 | 3739.410 0.009 -0.30 . .
3739.904 | 3739.908 0.003 -1.30 2.303 0.0
3740.617 | 3740.611 0.007 0.90 2.424
3741.259 | 3741.254 0.007 0.70 2.524 0.009
3741.857 | 3741.845 0.016 0.80 2.566 0.009
3742.405 | 3742.414 0.012 -0.80 2.496 0.010
3742.966 | 3743.019 0.027 -2.00
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Table A4: Borehole gravity data for Well TB7.

Observed | Calculated Gravity Inversion Density
. gravity gravity uncertainty densit?/ uncertaisnty
Station depth (ft) (mgal) (mgal) (mgal) Z-score (g/lcm) (g/lcm)
250 2551.760 | 2551.761 0.004 -0.40 2.436 0.012
299.9 2553.353 | 2553.347 0.039 0.20 2.440 0.013
350 2554.939 | 2554.933 0.013 0.40 2.537 0.010
( 2556.392 | 2556.394 0.018 -0.10 2.501 0.012
2557.894 | 2557.900 0.027 -0.20 2.466 0.012
2559.452 | 2559.452 0.009 0.10 2.479 0.012
2561.018 | 2560.985 0.026 1.20 2.616 0.014
2562.347 | 2562.344 0.027 0.10 2.620 0.014
2563.699 0.034 0.20 2.644 0.012
2565.020 0.012 0.30 2.712 0.009
566.257 0.017 0.00 2.692 0.008
2567.518 0.011 0.70 2.778 0.013
2567.979 0.044 -0.10 2.771 0.013
2568.443 0.018 0.10 2.784 0.014
8.901 0.011 0.10 2.801 0.014
2569.343 | 2569.350 .018 -0.40 2.750 0.015
2569.837 | 2569.8 28 0.40 2.786 0.012
2570.312 | 257 2 62 0.50 2.806 0.013
2570.728 | 2570.728 0.00 2.803 0.014
2571.147 | 2571.177 % -1.50 2.602 0.014
980 2571.710 | 2571.727 0. 2.435 0.013
1000 2572.358 | 2572.363 0. 2.313 0.013
1020 2573.073 | 2573.061 0.0 2.452 0.014
1040 2573.711 | 2573.689 0.018 2.612 0.015
1060 2574.174 | 2574.235 0.022 2.299 0.014
1080 2574.936 | 2574.941 0.018 0.011
1100 2575.680 | 2575.680 0.005 . 0.007
1120 2576.440 | 2576.439 0.005 0.20 0.008
1140 2577.157 | 2577.146 0.010 1.00 0.008
1160 2577.667 | 2577.667 0.004 0.10
1180 2578.153 | 2578.151 0.008 0.20
1200 2578.598 | 2578.599 0.002 -0.10
1220 2578.987 | 2579.081 0.078 -1.20
1240 2579.375 | 2579.583 0.097 -2.10 . .
1260 2580.056 | 2580.158 0.045 -2.30 2.427 0.0
1280 2580.840 | 2580.798 0.062 0.70 2.451
1300 2581.438 | 2581.426 0.014 0.90 2.601 0.015
1320 2581.976 | 2581.977 0.022 -0.10 2.591 0.014
1340 2582.524 | 2582.534 0.041 -0.20 2.574 0.014
1360 2583.113 | 2583.099 0.016 0.90 2.705 0.014
1380 2583.591 | 2583.597 0.012 -0.50 2.569 0.013
1400 2584.034 | 2584.165 0.068 -1.90 2.479 0.010
1420 2584.658 | 2584.779 0.067 -1.80 2411 0.012
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1440 2585.408 2585.427 0.018 -1.00 2.268 0.015
1460 2586.145 2586.149 0.017 -0.20 2.224 0.014
1480 2586.905 2586.893 0.045 0.30 2.235 0.013
1500 2587.650 2587.632 0.027 0.60 2.290 0.015
1520 2588.338 2588.342 0.018 -0.30 2.225 0.014
1540 2589.102 2589.086 0.041 0.40 2.245 0.014
156 2589.847 2589.820 0.020 1.40 2.368 0.014
1 2590.592 2590.491 0.064 1.60
7/, .
X 2
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Appendix B: Borehole Gravity Data for the X11 Survey Area

repeated rements were taken where station interval was 20 ft and two repeated
measur e station interval was 50 ft.

@ data columns in tables:
g ig (ft) = depth below ground surface where gravity reading was taken. Four
ent

Observed g (
average of 4 whe

he mean observed gravity reading at each depth based on an
ion interval was 20 ft or 2 readings where station interval was 50

avity calculated from the Microg inversion densities.

Gravity uncertainty (mgal) = Staggé
column 2.

tion of the observed gravity reading shown in

Z-score = The standardized measure OfAISfi the inversion between the mean of the

gravity observations at a particular depth ( ) the gravity calculated at that depth

from the inversion, ie. Z(d) = gmean(d) — Qiny 4
4 (d) /

where Z(d) is the Z-score at depth, d, the mean of t bservations at d IS gmean (d),

the gravity calculated by the inversion is gin (d), and€he s deviation of the observed

gravity at d is oy (d). ¢
Inversion density (g/cm®) = the best-fit density using Microg-(@ersion method
re

based on a damped least-squares method for closely spaced gra

Density uncertainty (g/cm®) = The one-sigma standard deviation of th geensities.

S
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Table B1: Borehole gravity data for Well TB10.

Observed | Calculated Gravity Inversion
' gravity gravity uncertainty densit3y Dgnsity ,
Station depth (ft) (mgal) (mgal) (mgal) Z-score (g/cm”) | uncertainty(g/cm®)
300 3717.178 | 3717.228 0.015 -3.30 2.460 0.010
350 3718.793 | 3718.786 0.017 0.30 2.500 0.011
400 3720.305 | 3720.294 0.029 0.40 2.524 0.012
( 3721.768 | 3721.770 0.018 -0.10 2.511 0.011
3723.249 | 3723.264 0.021 -0.70 2.438 0.012
3724.889 | 3724.849 0.030 1.30 2.526 0.012
3726.350 | 3726.323 0.021 1.30 2.652 0.010
3727.636 0.008 -0.10 2.612 0.007
3729.001 0.012 0.30 2.657 0.007
3730.307 0.010 0.50 2.759 0.008
731.483 0.029 1.20 2.745 0.011
3731.961 0.055 0.70 2.769 0.011
3732.426 0.028 0.90 2.833 0.013
37329857 | 3732.859 0.019 -0.10 2.822 0.013
3733.293 3.297 0.017 -0.20 2.796 0.013
3733.759 | 3733.749 .021 0.50 2.851 0.012
3734.163 | 3734.1 15 -0.60 2.785 0.012
3734.630 | 373 0 20 0.00 2.788 0.012
3735.098 | 3735.085 0.50 2.848 0.012
980 3735.509 | 3735.511 % -0.10 2.819 0.010
1000 3735.935 | 3735.950 0.00€ N 2.580 0.011
1020 3736.504 | 3736.512 0. @' 0 2.442 0.011
1040 3737.137 | 3737.145 0.0 4 2.319 0.011
1060 3737.911 | 3737.840 0.045 2.423 0.011
1080 3738.499 | 3738.483 0.013 2.576 0.012
1100 3738.998 | 3739.047 0.022 0.012
1120 3739.734 | 3739.738 0.015 0.013
1140 3740.443 | 3740.448 0.029 -0. 0.012
1160 3741.176 | 3741.166 0.029 0.30 0.012
1180 3741.905 | 3741.873 0.014 2.30
1200 3742.441 | 3742.407 0.024 1.40
1220 3742.892 | 3742.890 0.010 0.20
1240 3743.347 | 3743.352 0.013 -0.40
1260 3743.797 | 3743.839 0.051 -0.80 .
1280 3744.285 | 3744.345 0.026 -2.30 2.541 0.0
1300 3744.901 | 3744.927 0.019 -1.40 2.415
1320 3745.565 | 3745.574 0.016 -0.50 2.359 0.012
1340 3746.300 | 3746.249 0.029 1.80 2.461 0.012
1360 3746.886 | 3746.872 0.021 0.70 2.518 0.013
1380 3747.471 | 3747.465 0.019 0.30 2.552 0.012
1399.9 3748.067 | 3748.039 0.027 1.00 2.600 0.012
1420 3748.591 | 3748.594 0.020 -0.20 2.588 0.013
1440 3749.149 | 3749.153 0.022 -0.20 2.574 0.013
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3749.723 3749.717 0.020 0.30 2.613 0.012
3750.264 3750.262 0.027 0.10 2.616 0.012
3750.804 3750.806 0.021 -0.10 2.610 0.012
3751.400 3751.353 0.048 1.00 2.679 0.011
3751.860 3751.865 0.038 -0.10 2.671 0.011
3752.393 3752.381 0.039 0.30 2.686 0.012
3752.909 3752.889 0.044 0.50 2.716 0.011
3753.409 3753.382 0.048 0.60 2.735 0.010
3753.836 3753.865 0.045 -0.60 2.710 0.012
3754.356 3754.360 0.017 -0.20 2.677 0.012
3754.876 3754.873 0.011 0.30 2.731 0.012
3755.344 3755.358 0.016 -0.80 2.643 0.013
.852 3755.888 0.018 -2.00
7/, .
X 2
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Table B2: Borehole gravity data from Well TB12.

Observed | Calculated Gravity Inversion
' gravity gravity uncertainty densit?/ Dgnsity ,
Station depth (ft) (mgal) (mgal) (mgal) Z-score (g/cm”) | uncertainty(g/cm®)
250 3714.073 | 3714.075 0.003 -0.7 2.422 0.002
300 3715.683 | 3715.682 0.002 0.1 2.472 0.008
350 3717.231 | 3717.226 0.016 0.3 2.485 0.008
C 3718.752 | 3718.752 0.005 0.0 2.490 0.003
3720.272 | 3720.272 0.001 0.0 2.480 0.001
3721.805 | 3721.805 0.001 0.0 2.412 0.002
3723.425 | 3723.424 0.003 0.3 2.549 0.009
3724.869 0.020 0.8 2.608 0.010
3726.238 0.042 0.5 2.624 0.010
3727.586 0.016 0.2 2.639 0.007
728.915 0.002 0.1 2.695 0.005
b 3729.671 0.007 0.7 2.751 0.009
3730.145 0.038 0.5 2.767 0.009
3730.612 0.022 0.0 2.764 0.011
1.08 0.009 -0.2 2.740 0.010
3731.57 3731.56 .014 0.7 2.821 0.010
3731.995 | 3731.9 12 -0.3 2.789 0.011
3732.459 | 3732454 14 0.4 2.821 0.011
3732.881 | 3732.893 0, -0.3 2.795 0.010
3733.336 | 3733.344 .02 -0.3 2.778 0.010
3733.811 | 3733.805 0.Q 2.785 0.010
980 3734.273 | 3734.262 0. 2.812 0.011
1000 3734.676 | 3734.706 0.0 2.593 0.011
1020 3735.191 | 3735.262 0.022 2.404 0.010
1040 3735.892 | 3735.914 0.033 0.010
1060 3736.586 | 3736.591 0.018 0.010
1080 3737.284 | 3737.279 0.005 . 0.006
1100 3737.741 | 3737.755 0.006 -2.4 0.006
1120 3738.497 | 3738.497 0.004 0.1 0.006
1140 3739.205 | 3739.21 0.007 -0.6
1160 3739.998 | 3739.992 0.010 0.6
1180 3740.75 | 3740.704 0.012 3.8
1200 3741.237 | 3741.216 0.025 0.8
1220 3741.724 | 3741.707 0.028 0.6 .
1240 3742.191 | 3742.178 0.021 0.6 2.792 0.0
1260 3742.632 | 3742.632 0.004 -0.1 2.770
1280 3743.09 | 3743.097 0.005 -1.3 2.401 0.010
1300 3743.741 | 3743.751 0.023 -0.4 2.377 0.010
1320 3744.443 | 3744.417 0.020 1.3 2.458 0.011
1340 3745.055 | 3745.041 0.017 0.8 2.536 0.011
1360 3745.638 | 3745.626 0.025 0.5 2.560 0.010
1380 3746.196 | 3746.198 0.019 -0.1 2.552 0.011
1400 3746.774 | 3746.775 0.010 -0.1 2.533 0.009
1420 3747.362 | 3747.361 0.007 0.1 2.551 0.009
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Table B2 (con’t.)

1440 3747.936 | 3747.938 0.010 -0.1 2.532 0.012
1460 3748.51 | 3748.524 0.033 -0.4
L 4
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Table B3: Borehole gravity data for Well TB14.

Observed | Calculated Gravity Inversion
' gravity gravity uncertainty densit3y Dgnsity ,
Station depth (ft) (mgal) (mgal) (mgal) Z-score (g/cm”) | uncertainty(g/cm®)
250 3713.600 | 3713.611 0.010 -1.10 2.477 0.008
300 3715.143 | 3715.145 0.013 -0.10 2.452 0.010
350 3716.721 | 3716.713 0.021 0.40 2.482 0.011
( 3718.239 | 3718.244 0.032 -0.10 2.469 0.011
3719.789 | 3719.789 0.010 0.00 2.465 0.011
3721.335 | 3721.339 0.026 -0.20 2.448 0.012
3722.966 | 3722.916 0.028 1.80 2.567 0.011
3724.338 0.044 0.70 2.592 0.011
3725.728 0.005 0.20 2.674 0.004
3727.010 0.004 0.10 2.693 0.003
728.273 0.004 0.30 2.742 0.008
3728.992 0.016 -0.20 2.684 0.011
3729.500 0.010 0.60 2.784 0.011
3729.957 0.010 0.20 2.815 0.012
0.400 0.028 -0.20 2.786 0.012
3730.870 | 3730.857 .025 0.50 2.815 0.010
3731.279 | 3731.2 46 -0.40 2.795 0.011
3731.747 | 37314750 15 -0.20 2.764 0.011
3732.214 | 3732.218 -0.40 2.704 0.012
3732.682 | 3732.718 ﬁ -1.10 2.646 0.010
3733.098 | 3733.246 0.00€ 2.512 0.010
980 3733.798 | 3733.843 0. 2.463 0.011
1000 3734.470 | 3734.464 0.0 2.507 0.012
1020 3735.034 | 3735.063 0.017 2.344 0.011
1040 3735.746 | 3735.746 0.006 2.339 0.009
1060 3736.432 | 3736.432 0.009 0.010
1080 3737.154 | 3737.116 0.013 . 0.010
1100 3737.602 | 3737.619 0.009 -1.90 0.011
1120 3738.286 | 3738.298 0.018 -0.70
1140 3738.999 | 3739.010 0.017 -0.60
1160 3739.762 | 3739.761 0.009 0.10
1180 3740.506 | 3740.501 0.005 0.90
1200 3741.076 | 3741.072 0.006 0.60
1220 3741.578 | 3741.573 0.010 0.50 . .
1240 3742.036 | 3742.036 0.006 0.10 2.788 0.0
1260 3742.488 | 3742.492 0.009 -0.40 2.692
1280 3742.939 | 3742.997 0.022 -2.70 2.503 0.011
1300 3743.593 | 3743.598 0.012 -0.40 2.451 0.011
1320 3744.230 | 3744.226 0.014 0.20 2.504 0.010
1340 3744.830 | 3744.827 0.014 0.20 2.529 0.010
1360 3745.417 | 3745.416 0.008 0.10 2.558 0.011
1380 3745.988 | 3745.989 0.014 -0.10 2.550 0.012
1400 3746.580 | 3746.566 0.021 0.70 2.620 0.012
1420 3747.109 | 3747.108 0.022 0.00 2.621 0.012
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Table B3 (con’t.)

1440 3747.654 3747.649 0.020 0.30 2.642 0.012
1460 3748.189 3748.180 0.014 0.70 2.716 0.011
1480 3748.673 3748.673 0.012 0.00 2.715 0.011
1500 3749.140 3749.166 0.017 -1.50 2572 0.011
1520 3749.710 3749.732 0.011 -2.00 2.285 0.009
3750.444 3750.445 0.004 -0.10 2.219 0.006
3751.192 3751.192 0.005 0.10 2.236 0.006
3751.930 3751.930 0.004 0.10 2.274 0.006
3752.648 3752.648 0.005 -0.10 2.228 0.007
3753.398 3753.391 0.007 1.10
7/, .
X 2
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Table B4: Borehole gravity data for Well TB15.

Observed | Calculated Gravity Inversion
' gravity gravity uncertainty densit3y Dgnsity ,
Station depth (ft) (mgal) (mgal) (mgal) Z-score (g/cm”) | uncertainty(g/cm®)
250 3713.053 | 3713.053 0.001 -0.10 2.426 0.001
300 3714.667 | 3714.667 0.001 0.00 2.439 0.007
350 3716.257 | 3716.252 0.020 0.30 2.483 0.009
( 3717.783 | 3717.781 0.015 0.10 2.491 0.010
3719.299 | 3719.300 0.022 -0.10 2.482 0.010
3720.825 | 3720.831 0.013 -0.40 2.413 0.008
3722.458 | 3722.449 0.011 0.80 2.543 0.006
3723.901 0.003 0.10 2.599 0.005
3725.280 0.009 0.40 2.665 0.007
3726.578 0.010 0.20 2.690 0.006
727.842 0.006 0.20 2.755 0.003
P 3729.024 0.004 0.10 2.672 0.008
3729.540 0.009 0.90 2.826 0.009
3729.976 0.010 -0.30 2.753 0.008
0.450 0.006 0.30 2.810 0.008
3730.893 | 3730.894 .007 -0.10 2.790 0.010
3731.347 | 3731.3 17 -0.10 2.777 0.011
3731.795 | 3731410 31 -0.50 2.752 0.010
3732.255 | 3732.284 -1.10 2.686 0.011
3732.682 | 3732.791 % -3.40 2.495 0.011
980 3733.391 | 3733.397 0.008 2.376 0.010
1000 3734.072 | 3734.063 | 011 NG 2 2.487 0.011
1020 3734.637 | 3734.672 0.028 4 2.390 0.011
1040 3735.328 | 3735.331 0.020 2.378 0.012
1060 3735.981 | 3735.997 0.024 0.012
1080 3736.733 | 3736.701 0.015 0.011
1100 3737.301 | 3737.296 0.008 . 0.010
1120 3737.805 | 3737.833 0.012 -2.30 0.009
1140 3738.549 | 3738.551 0.007 -0.30
1160 3739.297 | 3739.297 0.013 0.00
1180 3740.066 | 3740.048 0.009 2.00
1200 3740.670 | 3740.638 0.015 2.10
1220 3741.151 | 3741.150 0.004 0.20
1240 3741.630 | 3741.628 0.007 0.20 .
1260 3742.083 | 3742.083 0.008 0.00 2.778 0.0
1280 3742.535 | 3742.544 0.010 -0.90 2.545
1300 3743.122 | 3743.124 0.004 -0.50 2.370 0.008
1320 3743.797 | 3743.794 0.012 0.30 2.428 0.008
1340 3744.435 | 3744.434 0.004 0.40 2.572 0.005
1360 3745.000 | 3745.000 0.005 0.00 2.590 0.005
1380 3745.558 | 3745.557 0.004 0.20 2.650 0.005
1400 3746.084 | 3746.084 0.004 0.00 2.637 0.005
1420 3746.617 | 3746.617 0.004 0.10 2.677 0.007
1440 3747.131 | 3747.130 0.007 0.10 2.699 0.009
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Table B4 (con’t.)

1460 3747.632 3747.631 0.010 0.10 2.717 0.010
1480 3748.084 3748.123 0.014 -2.90 2.340 0.010
1500 3748.804 3748.808 0.008 -0.40 2.262 0.010
1520 3749.547 3749.532 0.028 0.50 2.295 0.010
1540 3750.237 3750.240 0.008 -0.40 2.201 0.009
1560 3750.998 3750.996 0.008 0.30 2.249 0.009

3751.730 3751.727 0.010 0.20 2.296 0.007

3752.434 3752.434 0.003 -0.20 2.220 0.008

3753.195 3753.181 0.009 1.60

7/, .
X 2
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Table B5: Borehole gravity data for Well TB16.

Observed | Calculated Gravity Inversion
' gravity gravity uncertainty densit3y Dgnsity ,
Station depth (ft) (mgal) (mgal) (mgal) Z-score (g/cm”) | uncertainty(g/cm®)
250 3714.651 | 3714.654 0.003 -0.90 2.422 0.002
300 3716.261 | 3716.261 0.001 0.00 2.451 0.007
350 3717.839 | 3717.831 0.023 0.40 2477 0.007
( 3719.368 | 3719.368 0.001 0.00 2.539 0.002
3720.825 | 3720.826 0.003 -0.10 2.489 0.003
3722.346 | 3722.347 0.004 -0.30 2.403 0.004
3723.981 | 3723.978 0.005 0.60 2.531 0.003
3725.446 0.000 0.00 2.613 0.007
3726.809 0.016 0.30 2.631 0.007
3728.149 0.007 0.30 2.650 0.008
728.675 0.007 0.30 2.685 0.007
3729.184 0.006 -0.20 2.651 0.009
3729.709 0.016 0.90 2.730 0.009
3730.195 0.010 0.30 2.757 0.009
0.667 0.020 -0.10 2.750 0.009
3731.143 | 3731.142 .006 0.10 2.777 0.008
3731.602 | 3731.6 10 -0.10 2.766 0.008
3732.072 | 373 0 06 0.20 2.796 0.008
3732.526 | 3732.522 0.20 2.823 0.008
3732.959 | 3732.960 % -0.10 2.803 0.009
3733.401 | 3733.408 0.088 N 2.749 0.009
3733.893 | 3733.884 | 0.5 N\g 260 2.805 0.009
3734.336 | 3734.330 0.0T6 4 2.825 0.009
980 3734.756 | 3734.768 0.015 2.776 0.009
1000 3735.215 | 3735.230 0.010 0.009
1020 3735.757 | 3735.777 0.010 0.008
1040 3736.412 | 3736.420 0.009 0.006
1060 3737.147 | 3737.142 0.004 . 0.008
1080 3737.693 | 3737.705 0.018 -0.60
1100 3738.286 | 3738.293 0.005 -1.50
1120 3739.041 | 3739.039 0.012 0.20
1140 3739.775 | 3739.777 0.005 -0.40
1160 3740.580 | 3740.554 0.011 2.40
1180 3741.177 | 3741.167 0.007 1.60 . .
1200 3741.666 | 3741.665 0.004 0.10 2.718 0.0
1220 3742.155 | 3742.157 0.008 -0.20 2.694
1240 3742.662 | 3742.661 0.004 0.40 2.801 0.006
1260 3743.106 | 3743.110 0.007 -0.70 2.696 0.009
1280 3743.573 | 3743.613 0.013 -3.20 2.458 0.008
1300 3744.166 | 3744.238 0.033 -2.20 2.361 0.008
1320 3744914 | 3744.913 0.005 0.40 2.431 0.005
1340 3745.551 | 3745.551 0.002 0.10 2.470 0.005
1360 3746.172 | 3746.170 0.007 0.40 2.563 0.005
1380 3746.740 | 3746.740 0.003 0.00 2.564 0.003
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Table B5 (con’t.)

1400 3747.311 3747.311 0.001 -0.10 2.495 0.010
1420 3747.940 3747.917 0.026 0.90
/ .
X 2
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Appendix C: Apparent Density from BHGM, Gamma-Gamma Density, and
Density Difference Plots for the X10 Survey Area
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Figure C1. Apparent density and vy - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB1. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).
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Well TB4
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Figure C2. Apparent density and y - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB4. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).
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Figure C3. Apparent density and vy - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB5. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).
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Figure C4. Apparent density and y - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB7. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).
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Appendix D: Apparent Density from BHGM, Gamma-Gamma Density, and
Density Difference Plots for the X11 Survey Area
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Figure D1. Apparent density and y - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB10. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).
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Figure D2. Apparent density and y - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB12. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).
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Figure D3. Apparent density and y - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB14. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).
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Figure D4. Apparent density and y - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB15. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).
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Well TB16
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Figure D5. Apparent density and y - y density plots (a,c), and their corresponding density
difference plots (b,d) for Well TB16. In (a) the apparent was calculated using the Microg
inversion method (BHGM (inv)) and in (c.) the apparent density was calculated using the
difference in observed gravity shown in the second column of Table A1 (BHGM (calc)).

November 7, 2007 Detroit River International Crossing Preliminary Draft Report
Michigan Technological University 51



Appendix E: Data Uncertainty
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In interpreting the significance of negative and positive apparent density difference, one must
evaluate the uncertainty in data. Assuming errors in the measurement of depth and the
calibration of the borehole gravimeter are negligible, then the error in an apparent density (Apa)
calculation in BHGM is controlled by (1) the uncertainty or precision of the gravity measurement
(Ag), and (2) by the length of the vertical interval (Az) between measurement and its uncertainty.
The error in the apparent density (Apa) is found by taking the square root of the sum of the
squares ofghe partial derivatives of Equation 1 and dividing by the number of measurements
taken n level, i.e.

/\

where 8Ag is the ;o t avity differential, 5Az is the error in the depth differential, and N
is the number of repeateggeasurements at a measurement level.

(0.0391384 2)° +((368237 — a) Je)’
o Wi

Apparent density uncertainties ﬁwn in Appendices A and B show uncertainties associated with
the Microg inversion process to be ~0.014fn°. However, as discussed in the text of this report,
I have chosen to use Equation 1 to detg @ )parent densities for the different boreholes (the
(c.) figure of Appendices C and D). 4As sc@ad Appendices A and B, uncertainty in observed

gravity ranges from 1 to 97 microgals (0.0WQ? mgal). These uncertainties translate to
pa

uncertainties of 0.001 to 0.095 g/cm® in th reghdensity calculations. More importantly, to
2002300 ft in diameter we should be able
- @02 g/cm?® (difference between
Tafle E1 below show the magnitude of
igfymg observed gravity for Az = 20
able value for this study.

detect subsurface cavities whose size is of the Qi€

to resolve apparent density differences on the ofgler 8
BHGM apparent density and Gamma-Gamma densi
the uncertainty in apparent density as a function of u
(N =4)and Az =50 ft (N = 2) where the error in Az = .0

Table E1: Apparent density uncertainties.

A=20ft
Observed gravity uncertainty (mgal) | p, uncertainty (g/cm?)
.005 .005
.010 .010
.015 .014
.020 .020
.025 .025
.030 .029
.035 .034
.040 .039
.045 .044
.050 .049
.055 .054
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Table E1 (con’t.)

.060 .059 .033
.065 .064 .036
.070 .068 .039
.075 .073 .042
.080 .078 .044
090 .088 .050

O
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Appendix F: Rock Core Densities of B-salt from TB7
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Table F1: Tabulation of Rock Core Density

Project Name:

Detroit River International Crossing Study

Project Number:

15-050014-12

November 7, 2007

Michigan Technological University

Detroit River International Crossing

56

7

Test Boring: TB-7 Test Boring: TB-7 Test Boring: TB-7

Run: 51-11 Run: 52-5 Run: 52-6
1438.1- 1450.6- 1453.3-

1441.0 Depth 1453.3 Depth 1456.3
3.941 Diameter 3.932 Diameter 3.940
3.946 3.902 3.940
3.960 3.930 3.934
3.961 3.919 3.924
55 3.930 3.936
0 3.938 3.948
©53 3.944
3.956 3.936
3.9 3.955
3.9% 3.964
Average Diameter A Diameter Average Diameter
(in) 3.9558 3.925167 (in) 3.9421
Average Area (sq Av rea (sq Average Area (sq
in) 12.29018 in) 12.10057 in) 12.2052
Length (in) 34.375 Lengw 19.25 Length (in) 35.0625
Volume (cu ft) 0.244488 Volurmie (c 0.134801 Volume (cu ft) 0.247653
Weight (Ibs) 32.587 Weight (I Weight (lbs) 33.365
Density (pcf) 133.2868 Density (p Density (pcf) 134.7247
Density (g/cc) 2.14 Density (g/cc) Density (g/cc) 2.16
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1 Introduction and Summary

Presented in this report is an evaluation of the potential for instability or surface
impacts from potential solution caverns at proposed Crossing Sites X-10 and X-
11 on the Detroit side of the Detroit River International Crossing. Geologic
conditions at the site were obtained from borehole geophysical logs and from
core samples. Cross-well investigations provided information on the absence, or
existegce and geometry, of solution features at the site.

p field investigations at the two sites, available information on solution
ativity and surface subsidence and sinkhole formation in the Detroit-

0 was reviewed (Cording, May 27, 2006). Defined in the report were

the hog#Onta nd-off distances at the ground surface from the edge of

collapsed iah cayerns beyond which there is no significant surface

settlement?

In a second roc anics report (Cording, Dec 2006), a forward modeling
effort was conduct®d prior to exploration at Sites X-10 and X-11 in order to
evaluate the sizes of SO|L~I’1 caverns that would be stable. The evaluation was
based on the observed behavior gff@gisting solution caverns in the salt
formations in the Detroit-Wind @ as well as on the results of a series of
three-dimensional distinct eleffient @@y ses for a brine-filled solution cavern with
its roof located in the overlying bedde jointed rock. Parametric analyses
were conducted for cavern widths rgffgin m 100 to 500 ft and for a range of
bedding plane spacings, vertical joint s , angl rock stiffnesses. The results
showed that brine-filled caverns with ro tag300-ft-diameter would
stabilize against the thicker rock layers presegt’al@ve the salt, and would not
continue to propagate upward and would not cag#fs settlement or sinkhole
formation in the rock conditions anticipated at Si nd X-11.

ide information on
needed to be

A primary objective of the forward modeling effort was
the size of caverns that were of concern for stability and gfer
detected with the planned cross-well seismic analyses. Baged oghthe results of
the analyses it was anticipated that the cross-well investigatiogfVo e able to
detect caverns that were much smaller than any cavern that wo tentially,
or actually, unstable. It was recommended that the cross-well pr

designed to sense caverns with widths greater than 100 ft.

The exploration program at proposed Crossing Sites X-10 and X-11 cqgsi of
drilled rotary borings, downhole geophysical logging, core sampling, and cross-
well seismic investigations. The results have shown that solution activity at the
sites is either absent or very limited. The investigation confirms that the sites are
not underlain by a brine-field with interconnecting solution caverns or galleries
that could collapse, propagate,-and cause surface subsidence or sinkholes. The
cross-well profiles did not show evidence of any large solution caverns. There
were two cases in which there was evidence of small potential solution caverns,



one with dimensions of 120 ft wide by 20 ft high, and one with dimensions of 170
ft by 10 to 20 ft high.

In Section 4 of this report, the three-dimensional distinct element method has
been used to analyze the roof stability of a solution cavern with the geometry
identified in the cross-well investigation and with the rock properties obtained
from the borings and core samples at Sites X-10 and X-11. The results confirm
maximume-sized solution cavern (120 ft to 170 ft in width) that could be
At the site will develop a stable roof in the bedded deposits above the
ogressive roof collapse and propagation of a chimney toward the

Il not occur. In addition, the bulking analysis conducted in Section 5 of
80 ws that, even if progressive roof collapse did occur, bulking of the
rubble gfOuld $ilhthe void and arrest the collapse zone well before it would
approach f rgck or cause surface settlement.

2. Inves n Solution Caverns at Sites X-10 and X-11.

The field investigaens show that solution activity at proposed Crossing Sites X-
10 and X-11 is either abs&gt or very limited. None of the borings at the X-10 and
X-11 sites showed any evidence g#8avities or solution features in or above the
salt horizons, The cross-well ig @ jon confirms that the sites are not
underlain by a brine-field with®hter@a#fecting solution caverns that could
collapse, propagate upward and caus face subsidence or sinkholes. (In the
Detroit-Windsor area, surface subsi eald sinkhole formation has only
occurred above brinefields containing @ of wells, with pumping between

The results of the cross-well seismic profiles‘w, to establish the
maximum size and geometry of potential solutio

ith@/ertical Seismic
Profiling (VSP) profiles, and the 300-foot “clear zone” e proposed
primary bridge elements were laid out so that there wo adow zones in
which a cavern greater than approximately 100 ft in width |d & located.

The cross-well profiles did not show evidence of any large soluti rns.
There were two cases in which there was evidence of small pote
caverns.

One cross-well profile (BD, TB-6 to TB-4) revealed the possibility of a In
the F2 Salt Unit.. From the profile, the maximum size of the cavern is estimated
to be 120 ft wide and 20 ft high. The BD profile also showed evidence of a
narrower zone of solutioning below the cavern, which appears to be consistent
with the morning glory shape that develops during solutioning within a single well.
The location of the cavern on the profile is close to the possible location of a pre-
existing salt well (Franklin-Swift Salt) identified by NTH in reviewing the history of
Sites X-10 and X-11. According to available historical records, the Franklin-Swift



Salt company drilled the initial well in 1901 and produced approximately 73, 618,
53,939, and 16,662 barrels of brine in 1902 through 1904, respectively. Such a
volume.is consistent with a small cavern having characteristics estimated from
the BD cross-well profile.

The other case involves a small potential cavity in the top of the B-Salt adjacent

to the TB-1 well, approximately 100 feet from TB-1 in the TB-1 to TB-6 and TB-1

to TB4 profiles. From the cross-well profiles, the cavity is estimated to form a

/Qft in diameter and approximately 10 to 20 ft high, at the top of the B salt,

jdence of solution features above or below the lens. The characteristics

ure identified in the cross-well profile do not provide strong evidence
tion cavity. The location of the feature is more than several

hundreglteet any known salt producing well. Further, for wells operated in
the early s Wring was usually circulated along the well bore through several
of the salt at’solution features were formed at multiple depths in F,D,
and B Salt UMt s the cross-well profiles near the TB-1 well only indicate

a thin lens in thé Balt. Additionally, the geophysical data indicates that the
density within the Setential cavity is greater than that of brine, as might be
expected for a rubble-fill&avern. owever, if the cavern were filled with rubble,
the cross-well profiles should shg at the cavern roof had broken up into the
overlying bedded deposits, at Ig pral tens of feet, rather than being limited

to a thin lens at the top of the®8 S It.

In Section 3 below, the experience existing caverns is assessed and used
as a benchmark for evaluating the stabi e pptential solution caverns at
Sites X-10 and X-11 (Section 3) rs

The roof stability of the two features identifie
analyzed, assuming that the features are open,

ss-well profiles has been
[ solution caverns. In
t amalysis (3DEC) are
aving roofs

located in bedded deposits above the F2 and B Salt Uni ively. Rock
properties used in the analysis were determined from bori core samples
obtained at Sites X-10 and X-11. The analysis results are congfSte ith the
observed behavior of existing solution caverns in the Detroit-Wi a.

3. Stability of Existing Solution Caverns in Detroit-Windsor Area

Two types of solution caverns in the Detroit-Windsor area are described below:
Casel, modern solution caverns in which a substantial thickness of salt is left
above the cavern roof and, Case 2, solution caverns in which the roof is at the
top of the salt, in bedded shale or dolomite (Case Il). Roof stability is quite
different for the two cases: For Case I, the internal pressure in the salt supports
the cavern roof and has a stabilizing effect, whereas, for a roof consisting of rock
layers containing joints (Case Il), the brine pressure or gas pressure acts on all



sides of potentially unstable rock blocks and rock layers in the roof so that the
pressure does not aid stability. However, the buoyant effect of the brine does
reduce the effective weight of the rock blocks and rock layers in the roof which
improves stability compared to caverns which are not fluid-filled or which contain
fluids (such as LPG) with lower densities.

3.1 Case |. Stable solution caverns with roofs in the B Salt.
ears, stable solution caverns 500 to 600 ft wide have been mined in

in the Detroit/Windsor area, leaving a roof of 50 to 100 ft of salt above
. The cavern dimensions are monitored using sonar profiling. The roof

of S8 confinement for the brine allowing the internal pressure of the
brine igfthe camgrn to support the salt and prevent collapse of the salt and the
bedded d itsEaboye the salt. This is the condition existing in modern
brinefields ation and volume of the solution caverns are measured
and controlled. rf settlements are small and can be predicted using elastic
theory

3.2 Case ll. Caverns wityroofs in bedded deposits at the top of the salt.

Early Caverns. In the Detroit- area in the early 1900’s and through at
least the early 1970’s the sofitiorag#fes created around the wells were not
controlled or measured and therefore xtent and location of the solution
zones in a given well, and betweengfells s not mapped. It is known that, in
many of the wells, fresh water was bei tedghrough the annulus between
the outer casing and inner casing and egfasgg was terminated in or near
the upper salts (F & D Units). Therefore, Solgtiopgactivity was greatest in the
upper salts where the fresh water was being igj urther, water with the
lowest brine content will sit on the top of the co brine so that

thesalt and overlying
shale and dolomite layers. Solutioning also tends to e terally along and
beneath thin shale and anhydrite layers. Thus, it is co t most of the
older solution caverns extend to the top of the salt layers h roofs that
consist of bedded deposits such as dolomite and shale, as wgi’as bedded
layers of anhydrite and salt.

For caverns with their roofs in the bedded deposits above the salt, ine
pressure acts along the rock joints (including horizontal joints along beddi
planes) as well as on the surface of the cavern so that the brine does Ide
a confining pressure to the rock on the cavern surface but only provides a
buoyant force that reduces the weight of the rock blocks.

At Sites X-10 and X-11 on the Detroit side of the river, the NTH review of the
history and ownership at the sites does not indicate any evidence of major brine
field development beyond the Zug Island brinefield, although properties on
portions of the sites were owned by salt companies in the early 1900’s, and



isolated wells may have been drilled. According to available records, the
Franklin-Swift Salt company drilled an initial well in 1901 and produced
approximately 73,618 barrels, 53,939 barrels, and 16,662 barrels of brine in
1902, 1903 and 1904, respectively.

Interconnection of wells began in about 1915 at the Wyandotte, Michigan
brinefield and 1920 at the Sandwich, Ontario brinefield. At Sites X-10 and X-11, It
that any solution wells, if present, were operated as single wells. Much of

solutioning of the B salt took place.

Recent C

Data from sonar profiling of BP solution caverns used for

storage of
of the cavern€,

ft. By 1980 the ro® had broken up through interbedded shale, salt, and
anhydrite above the top Me B salt forming a roof at a depth of 1280 ft that was
approximately 100 to 150 ft wide. 4"'®

80 ft depth, but the flat part of the roof
bedded rock in the roof progressively
inal roof, forming a pile of debris that
30 ft. Part of the mechanism of
fallout in the roof was likely related to s
seams located in the bedded deposits
and also destabilized adjacent shale layers. reg@amples obtained in bore hole
TB-7 on the Detroit side of the river showed salt seams up to 4 in.
thick were present over a height of 69 feet abov f the B salt. If similar

, itgvould lead to the
conclusion that additional solutioning along the vertical f salt may have
been responsible for the loosening and fallout of roof s 80 ft break up
of the roof. . Slabbing and progressive roof collapse shouldfbe egdected in thin-
bedded, weak rock, particularly when salt seams or interbeds nt. The
roof will stabilize when a massive, thick bedded layer is encoun he
thickness of the bed required to stop the progressive failure is re

cavern width.

The roof stability of a cavern filled with LPG is lower than the same-si ern
filled with brine, because the density of the LPG is lower than that of brine.
Further, rapid cycling of pressures in the cavern during extraction/insertion of
LPG can cause differential pore pressures to develop in the roof that will affect
local stability of the rock slabs and blocks in the roof. Thus, the experience with
the 350-ft-wide LPG cavern provides a conservative estimate of stable spans for
brine-filled caverns where the roof of the cavern intersects overlying bedded
deposits.



It is concluded that stable spans are in excess of 300 ft for solution caverns with
their roof in bedded deposits above the salt horizons.

3.3 Progression of failure above solution caverns.

In the Detroit-Windsor area, surface impacts from solution mining, in the form of
large settlement sags and sinkholes, have occurred only in older brinefields after
solution caverns became interconnected between wells and brine was being

impacts occurred in three of the major brinefields during solution

in a few years after solution mining activities had ceased. Surface
subsidenc ped in the Wyandotte brinefield and both surface subsidence
and large floped in the Pt. Hennepin, and Sandwich fields

In order for larga@@Se ent sags and sinkholes to form, a series of events must
occur, beginning wigh local roof failures above the solution caverns and continuing
with progressive chimneyigg of collapse zones through the overlying bedded rock
toward the surface. The ovetlying r layers sag not only as a result of the loss
of support above the voids form lution caverns and collapse zones but
also as a result of compressi It pillars remaining between multiple
solution caverns. The surface sags that geveloped at the North and Central
galleries at Point Hennepin, at Sandﬁnd at Wyandotte, Michigan extended
over the full area of the brinefields, iffdic at extraction ratios were high
enough to cause high stresses in the int@rv g tgillars, with consequent

compression or collapse of the pillars.
The following four conditions summarize the ra( avior of solution

caverns, from individual stable caverns to multipl&ca in bgne fields with
large surface subsidence and sinkholes:
( SARiNng,

a. Cavern span is small enough that there is
overbreak or collapse in the bedded deposits*aboy€ the roof. The
thickness of the beds in the immediate roof largely d€tggal the
span that will be stable. The 3DEC analysis has bee
estimate the stable cavern spans for different bedding t and
joint spacings.

b. Cavern roof is stable against a thicker bed. Local overbr d
fallout of blocks occur in the roof of the cavern where rock is thinly
bedded and shaley or where spans reach distances that allow sag and
tension in the immediate roof. Loosening and fallout of blocks
progresses above the roof until a thicker bed is encountered.

Often, a stepped (corbelled or arched) roof surface forms. The roof
may stabilize or blocks may continue to fall out, widening the roof until
a flat roof is again formed. Loosening and fallout of blocks progresses



above the roof until a thicker bed is encountered. Cavern span is
related to thickness of the bed and can be analyzed as in Case 1.

As shown in the three-dimensional distinct element analyses in Section
4 of this report, 120-ft- to 170-ft-wide brine-filled solution caverns in
the salt will be stable with bedding thicknesses of 2 to 3 ft in the roof of
the cavern.

c. Bulking arrests collapse zone. As above, but cavern span is large
enough that roof does not stabilize against thicker beds. Progressive
ollapse zone continues upward until bulking of the rubble fills the void
and arrests further upward movement. As noted in b, above, the roof
e 120- to 170-ft solution caverns will be stable so that progressive
fai and chimneying will not occur. However, as shown in Section 5

ill the void and arrest the collapse zone well before it
h the top of rock.

d. Collaps@zone progresses to surface. As above, but bulking is not
sufficient to arr@st the collapse zone. The collapse zone continues to

extend upward tArough lower rock layers until a sinkhole forms.
This condition will no r solution features existing at proposed
crossing Sites X-1Qg&n . In Section 5, Table 5.1 indicates that

cavern dimensions of the ordg@
the collapse zone to exteng

of 300 to 800 ft are required to allow
e surface. In the Detroit-Windsor Area,
ificant surface sags had developed
d ites X-10 and X-11, on the
dgmce of significant solutioning
%‘ the presence of a brine
ave

th ould cause surface

=
2%,

Detroit side of the river, there |
extending across the site and no
field with interconnected solution ¢
sags and sinkholes to develop.



4. Distinct Element Analyses of Cavern Roof Stability

Three-dimensional distinct element analyses of roof stability of solution caverns
have been performed using the computer program 3DEC. The analyses were
conducted under the writer’s direction by Dr. Joung Min Oh, who is experienced in
developing constitutive models for three-dimensional distinct element numerical
analyses and in conducting analyses and applying the results to rock engineering

d allows modeling of a three-dimensional rock mass containing rock
hg@¥inded by joints and bedding planes. The rock blocks are deformable
ct surfaces are assigned strength and stiffnesses equivalent to the

propertgsS of reek joints and bedding planes. The blocks are capable of large
displacem@lud' sliding, separating, and falling..

The model coffsigi® o ingle solution cavern located within a salt layer having
no rock joints or'be g planes. The roof of the cavern is located at the top of
the salt, against rock layers with horizontal bedding planes and vertical joints.
The cavern shape in plan\square. This produces some conservatism in the

results, since a square cavern of
against roof failure than a circu

The pressure and density of the brine we % the solution cavern, as
well as along the vertical joints and horizont joints in the bedded
deposits above the salt. Thus, in the immediat e cavern, brine

ell@s on the surface
of the cavern roof so that the pressures on both sid ck slab are nearly
balanced and the internal pressure is not effective in h

However, both in the field and in the numerical model, th sity®f the brine

thereby improving stability from that of a cavern that has no in
pressure.

Forward modeling analyses were conducted prior to the field investigationg§fa
post field investigation modeling was conducted using rock properties ern
dimensions obtained from the field data.



4.1 Forward modeling with Distinct Element Method, May 2006
4.1.1 Forward modeling assumptions

Prior to the field investigation, a parametric study was conducted using 3DEC for
a range of solution cavern widths. Four cavern widths were evaluated: 100, 300,
400, and 500 ft.

bedding strength:
ing, first 20 ft above roof: shale, ¢ peak = 25°, ¢ residual = 20°.
i nts and bedding above 20 ft: ¢ peak = 40°, ¢ residual = 35°.

Young'sho s of rock above the cavern roof:
E = &5 x10° psf = 1.7 x 10° psi

Joint stiffness: \
Ky = 1.7x10° psf/f

The Young’s modulus of the rock aboy;
of the rock and any other fractures |
the program.

e cavern roof represents the stiffness

Cases were run using different joint and i %e spacings. Continuous
vertical joint spacings were 50 ft and 25 ft in ﬁ ions. Bedding plane
spacings above the roof of the solution cavern

lateral earth pressure coefficient, K,, which is the rai
vertical stress, was usually assumed to be 1, some Cas

ye run with K, = 2.
4.1.2 Summary of forward modeling results. ?
In Table 4.1 the extent of the failure zone is summarized, “Y” | i allout of

rock and large displacement, “N” indicating a stable roof with sm
displacements, “SL” indicating some loosening without fallout.

of IN-sitglateral stress to



Table 4.1 Summary of forward modeling analyses of cavern roof stability

Case Cavern | Bedding spacing, ft | Joint Other Extent of failure:
width,ft spacing, (Yes, Slight, No)
ft max displacement, ft
0-50’ 50-100 Roof 20 ft 50 ft
above | above above above
roof roof roof roof
3 300 2 10 50 = Y Y5 N 0.5’
3 100 2 10 50 1/3 Y Y35 |NO.T
500 2 10 50 Ebase Y Y Y
4 3 2 5 50 NO0.6 |[NO5 |NO.2
Sec BB
4 5 50 SL1.2 | NO.5 [NO0.2
Sec AA
5 300 10 25 SL1.9 |N04 |NO.3Z
5 100 |5 N0 25 SL '[N N 0.03’
0.05’
5 400 5 1 Ko=2 | NO.8 |[NO.7 | NO.5
8 500 20, 30 | 50 N 0.4
9 300 2 10 SL1.7
9 400 2 10 SL1.3
In summary, the forward modeling analyses showed that the 1 300-ft-

blocks loosened and fell out of the roof. For the 5-ft bedding pla
was no fallout of blocks for the 100-ft-diameter cavern, and only lo

the 300-ft-diameter cavern.

4.2 Modeling of observed site conditions at Sites X-10 and X-11

4.2.1 Observed site conditions

The field investigations, including drilling, core samples, downhole geophysical
logging, and cross-well seismic investigations, have provided extensive
information on the rock characteristics and the presence, or absence of
solutioning and solution caverns at the site.




From drilling records and downhole geophysics, there is no evidence of open
solution features in any of the drill holes placed at Sites X-10 and X-11. (Drilling
of additional solution wells during operation of the old Windsor brinefield in the
Detroit-Windsor area showed the presence of open voids in all the additional
wells, which were drilled approximately 500 ft from existing wells.

( and 170 ft in with, at the top of the F2 and B salts, respectlvely These
widths that have been modeled in the 3DEC analyses conducted
plet of the field investigation.

after c

422 Ge

Extensive infor aﬁ the distribution and properties of rock formations across
the sites was obtafed from downhole geophysical logging of all borings and from
the cross-well profiles. CQ samples retrieved from two borings have provided
information on joint and bedding spacings and properties and on rock
strength and stiffness. Core w3 pd from the full length of boring TB 7 and
from selected zones in boring e properties of the rock above the salt
layers were of particular interest for e ting stability of the solution cavern
roof.

Table 4.2 summarizes the geologic pro rigg TB 7 and Table 4.3 shows
the profile in the Salina Formation, which inc ?e salt units, below a depth of

877 ftin Boring TB 7.
Table 4.2 Summary, Core Bogig TB-7 ¢

Depth, ft Unit
Soll
95.3 DUNDEE LIMESTONE o
140 DETROIT RIVER GROUP: Lucas
380 Amherstberg
455 SYLVANIA SANDSTONE (Detroit River Group)
523.1 BOIS BLANC
601 GARDEN ISLAND SANDSTONE
606 BASS ISLANDS
877 SALINA GROUP
Groups G through A




Table 4.3 Salina Formation, Core Boring TB-7

Depth, ft

SALINA FORMATION

Salt
Thickness

877

SALINA G UNIT

877

Shale

882

Dolomitic Shale

Shale

Shaley Dolomite, Dolomite

Anhydritic Dolomite

Shale

SALINA F UNIT

F4 Halite

F4:10°

ite

F3: 29’

F2: 20°

Dolomi

F1 Halit

F1: 50’

SALINA EU

Dolomite

Shaley Dolomite, Dol@mite
Shaley Dolomite

Dolomite

SALINA D UNIT

D: 10’

D Halite

Interbedded Salt and Dol

Dolomite, Shaley Dolomite

SALINA C UNIT

Shaley Dolomite

Shale and Shaley Dolomite

Halite and Dolomitic Shale

Shaley Dolomite, vertical salt seams

Dolomitic Shale

Shaley Dolomite

Dolomite, Shaley Dolomite

Dolomite

SALINA B UNIT

Dolomite, Shaley Dolomite

1413 B Halite, occasional shaley dolomite stringers B: >57
(1426, 1447) 1 to 2’ Shaley Dolomite seams
1470.5 End core boring




4.2.3 Properties of rock and bedding above salt layers

Bedding plane thickness Core was placed in 3-ft-long boxes. From my
inspection of all the core and the photographs of the core, it is concluded that in
the rock above the salt units, breaks along bedding planes were typically 1 to 3 ft
apart, with some shorter pieces (3 ft is the maximum length of the boxes in which
the core is stored). RQD values and core recovery were near 100%. Some of
the brgaks were pre-existing bedding plane joints, some were caused by drilling

six layers of F salt were identified from the downhole geophysical
hole TB-7, layers F1 through F4 were present, as shown in

Table 4.3 fonditions above the F2 salt consisted of 30 ft of a fine grained
to amorph ofitie’ laminated bedding, with occasional anhydrite nodules.
Breaks alon ingdlere typically in the range of 1 to 3 ft, with some 6 in.

pieces of core.

D Salt. Two to three Iay(%of DS
logging: In borehole TB-7, layers

It were identified in the downhole geophysical
and D2 were present. Roof conditions
above the D-Salt typically con Yapproximately 100 feet of amorphous to
fine grained dolomite, laminat®d to%a@8sive bedding, with occasional anhydrite
interbedding. Breaks along bedding w, pically in the range of 1 to 3 ft.

B Salt. The roof above the B Salt consj
Vertical veins of red-orange halite exte
from a depth of 1411 ft to a depth of 134

4.2.4 Rock stiffness
L 4

orado School of
Mines, June 5, 2007) provided information on the You s of the intact
rock. The range is 2.6 to 11.1 million psi, and most of the gSultggare between 4
and 7 million psi.

4.2.5 Rock joints /

In Core boring TB -7, steeply dipping joints were absent over almost the e
core run below the bottom of the Amherstburg Formation of the DetroitgRi
Group from a depth of 455 ft to the bottom of the hole at 1471 ft. Steeply dipping
joints were also absent in the sections cored in Boring TB-11. The exception was
at one location in boring TB-7, at a depth of 580 to 590 ft in the Bois Blanc
Formation, where a very irregular near-vertical joint was present. The irregularity
indicates that the joint has very high shear strength and dilatancy. (Dilatancy is
the tendency of a rock joint surface to ride up over irregularities as it is sheared,
which contributes to joint shear strength and causes interlocking of joints.)




It is not possible to obtain an accurate measurement of the spacing of near-
vertical joints from vertical core holes. However, the absence of all but the flat-
lying bedding joints over 1000 vertical ft of core leads to the conclusion that high-
angle joints are widely spaced. Assuming that the high-angle joints have a
vertical spacing in the core of approximately 500 ft and that they have a dip
within 5 t010 degrees of vertical, then the horizontal spacing would be on the
order gof 40 to 80 ft: (1/6 to 1/12) x 500 ft = 40 to 80 ft).

el assumptions (post-field investigation)

Th alyses were performed using the cavern widths determined from
the crqg8-welgigvestigation and rock properties determined from the core borings
and lab te he cavern was assumed filled with brine and bedding and
vertical joi esdllere also assumed to have fluid pressures equivalent to

those of a he@d ri

Rock properties arfl geometry selected for the base cases were as follows:

\

Cavern width: 120 and 125 ft 175 ft
Depth to cavern roof: 1100 ft 1400 ft

Young’'s Modulus of rock: 16° psi
Young’s Modulus of salt: sal 7106 pSi

Vertical joint normal stiffness: Kn = X
Vertical joint shear stiffness: Ks = 1.7
Vertical joint friction angle: peak: 45°

Vertical joint spacing: ft and 40 ft
Bedding spacing: 3, and 4 ft, as shown on profiles
C

Bedding joint normal stiffness: Kn = 1.7x10
Bedding joint shear stiffness Ks = 1.7 x 10° psf/
Bedding friction angle: peak: 35°, residual: 309
Lateral earth pressure coefficient: K, = 1, Ko= 2

In several analyses, one of the rock properties was changed from the bas
as indicated in the summary for that case.

Results of the roof stability analyses are presented in the figures in Appendices A
and B. They show that 120-ft- and 170-ft-wide solution caverns may have local
roof failures when beds are 1 to 2 ft thick. The roof will stabilize against layers
when their thickness reaches 2 to 3 ft. The thinner 2-ft beds are stable when
vertical joints are irregular and have high dilatancy or are non persistent and
offset between layers.



The core information shows that beds of 2 to at least 3 ft thickness exist above
the F, D, and B salt units at the site. Vertical joints are widely spaced and
irregular. It is therefore concluded that any solution caverns present in the X-10
and X-11 sites will stabilize against a thick-bedded roof layer and not be subject
to progressive failure and collapse and chimneying above a solution cavern in
the salt.

Oeffects during earthquakes will not have a significant effect on roof
or the Detroit area, maximum horizontal accelerations are 6% g for a
pility at 500 years. (USGS, 2005) and vertical accelerations would be

snTaNer. applying the vertical acceleration in a pseudo-static analysis would
result igfonly all increase in the weight of the blocks in the roof, a parameter
variation | idhificapnt than other parameter variations used in the analyses.

5. Evaluati g and Bulking Above a Solution Cavern.

From the field inveStigation, the review of the behavior of existing solution
caverns in the Detroit-WMor area, and the analyses of roof stability, it is
concluded that solutioning at the
any potential solution features
whether smaller than the detd€ti
stable with only local roof collapse andglll not propagate toward the surface and
will not cause any surface subside fak

paets of solution caverns at the
igfance a caved zone could
above the caved zone
ved rock will fall into

is gbeater than the in-
egfas caving

extend above a solution cavern, assuming tfa
do not stabilize. In this case, as caving progres
the cavern and bulk --- form a pile of rubble whose
place volume of the rock. If the bulked rubble fills the

proceeds, it will support the roof and arrest further cavi n ard
chimneying.

In order for a sinkhole to form at the surface, a chimney must a om the
level of the solution cavern to the surface. The cavern must be w and

high enough that the bulked rubble does not fill the chimney and arre e
collapse before the chimney reaches the top of rock.

As described in this section, for the small potential cavern volumes and large
depth to the salt at the X-11 and X-12 sites, bulking would arrest the progression
of the chimney long before it approached the top of rock, so that there would be
no subsidence or sinkhole formation.



5.1 Observed sinkholes in Detroit-Windsor area.

The sinkholes that formed at the surface above the old brinefield at Sandwich
(Windsor) had dimensions of 350 x 450 ft. Above the Central Gallery brinefield at
Point Hennepin (Grosse lle) the sinkhole width was 150 x 450 ft with a satellite
sinkhole 200 ft in diameter. At the North Gallery, a sinkhole 100 ft in diameter and
100 ft deep formed. At Point Hennepin, the soil cover over the rock is thin, so that
the sinkhole width at the surface is likely to be close to its width near the top of

chimneying to progress through thick-bedded zones in the rock

: he site, it is expected that chimney spans would have to be well in
excess % Table 5.1 summarizes relationships between the size of the
solution'ca d the size of the chimney, for low and high bulking factors. It is
assumed t erial can fill the full volume of the solution cavern and
chimney and #at tion cavern and the chimney are cylindrical. If the
solution caverns®ha orning glory shape, consistent with well development in
the early 1900s, th&) the height of the solution cavern would be several times
larger than the height sh for a cylinder in order to create a cavern of the same
volume. Table 5.1 shows that sol caverns with cylinder heights of 75 to 100
ft (equivalent to a total height of Sinately 225 to 300 ft for several morning
glory shaped caverns) would i in the range of 300 ft to 800 ft wide to
accommodate the bulked collapse m%coming from a 200 to 300-ft-wide

chimney.

Table 5.1 Solution cavern size r@t wing of collapsed rock
boN

and chimney

Bulking Bulking Bulking
Factor Factor tor, Factor
1.2 [15 [12 |15 [124713) |82 |15
Chimney 1000 ft 1000 ft 1000 1000 ft
Height
Chimney Width | 200 ft 300 ft 200 ft 30
Cavern Height | 100 ft (cylinder), 75 ft (cylinder,
~ 300 ft (morning glory) ~ 225 ft (morni
Cavern Width 283" | 447" | 424’ | 670’ | 327’ | 516’ | 49

The sinkholes that formed at Sandwich and Point Hennepin were located i
brinefields in which solution caverns were interconnected between sev S.
Over the years, in the original brinefield at Sandwich, drilling of additional wells
500 ft from existing wells encountered voids, indicating that widespread
solutioning extending 500 ft from wells had already occurred. It is possible that
the sinkholes were the result of collapse above several large solution caverns, or
above a solution cavern with large solution channels extending to caverns in
adjacent wells.



5.2 Potential for Chimneying of 120- to 170-ft-wide caverns.

In Tables, 5.2 and 5.3, the cavern dimensions are those that were estimated from
the cross-well surveys. The tables show the chimney heights that would develop
before bulking would fill the small caverns with rubble and arrest further caving..
In both cases, it is assumed that the cavern roof is not thick enough to stop
progregsion of the caving. In actual fact, the evidence from analysis and the

80 to 170 ft in width will stabilize against thicker beds in the shales
Ites existing above the salt beds. Thus, the bulking analysis does not
z nditions that have or will occur for these small caverns. Rather, it
provid n agelgd degree of conservatism in the evaluation of the potential for

surface su n@e and sinkhole formation for small caverns of the dimensions
indicated f well investigations.

Table 5.2 summari the height that a chimney would propagate from a 120-ft-
wide cavern, for different cavern heights. The 120-ft-width and 20-ft height of the
cavern were estimated frmthe cross well profile BD, and is the approximate
thickness of the F2 salt unit at tha tion. Other cavern heights are also shown
in the table and indicate that b Id arrest the collapse, if no stable roof
formed above the cavern.

Table 5.2 Hei of callapse zone, in ft
for a 120-ft-wide cavern, g‘ﬁ; inggroof is not stable
Chimney Width 1204t N

Cavern | Bulking 1.2
Ht, ft | Factor
10 50
20** 100
40 200
60 300
80 400

100 500

*Note: The roof of an 80-ft-wide chimney will be more stable th roof

of a 120-ft wide chimney and therefore less likely to propagate upward.
However, in this bulking analysis it is assumed that the roofs are not
stable. The smaller-diameter chimney will have to propagate further
upward in order for the bulked rubble to fill the 120-ft-wide cavern.

**Estimated height of 120-ft cavern, from cross well results.



For the geometry estimated from cross-well profile BD (cavern width: 120 ft and
cavern height of 20 ft), the chimney height for a 120-ft-wide chimney is 40 to 100
ft for a bulking factor of 1.5 to 1.2, respectively. The chimney height for an 80-ft-
wide chimney is 90 to 225 ft for a bulking factor of 1.5 and 1.2, respectively.

In Table 5.3, the chimney heights are analyzed for a 170-ft-wide cavern, which
was estimated from cross-well profiles to be located at the top of the B salt and to
be 1040 20 ft thick. The ratios of cavern width to chimney width and the bulking
ere the same as those used in Table 5.2. The resulting chimney

the 170-ft-wide cavern are the same as those that were obtained for
wide cavern.

Table 5.3 Height of collapse zone, in ft
17Q-ft-wide cavern, assuming roof is not stable
170 ft 113 ft
(same as cavern)

Cavern i 1.2 15 1.2 1.5
Ht, ft Facto&
10** 20 113 45
20** 40 225 90
40 20 80 450 180

**Estimated range of heights@avern, from cross well results.

The tables demonstrate the fact that evégi n@y roof did not stabilize
against a thick bed in the roof, bulking wouldgétrr ogressive caving and
chimneying long before it could reach the surf rm a sinkhole.

L 4
6. Evaluation of stand-off distances /

6.1 Stand-off distance from edge of a brine field

cavern or mine collapse are insignificant, can be described in ter

of draw, which is the vertical angle from the edge of the cavern at de

edge of the settlement sag or trough at the ground surface. The edge of t
settlement sag or trough can be defined as the location where settlem re
less than some minimum value, such as 0.05 times the maximum settlement.

The stand-off distance at the ground surface, beyond which sett from
le
Jf*

The angle of draw in rock will be less than that observed for tunnels in soil. In the
Cording, May, 2006 report, information from mine and cavern subsidence was
summarized. All the cases in rock at depth resulted in angles of draw less than
15 degrees. The design curves from the Subsidence Engineers handbook give
an angle of draw less than 15 degrees, for the edge of the subsidence zone



defined by a settlement of 0.05 times the maximum settlement. From the cases
described in the May, 2006 report, it is concluded that an angle of draw of 15
degrees can be used to estimate of the potential extent of surface subsidence
beyond the edge of the outer solution caverns formed in brine fields with
interconnected wells in the Detroit area, or beyond the edge of caverns
excavated in a room and pillar mine. At this distance, settlement slopes are
estimated to be less than 2 to 5 x 10™ (1/5000 to 1/2000).

roit area, sink holes formed near the center of the subsidence zone,
the boundaries of the brine fields. Thus, the angle of draw defining
@flaries for subsidence in a brinefield provides a conservative limit for any
ation.

6.2 Stand i

ance from a single cavern

6.2.1 Cavern i depth/diameter ratio

For individual soluien caverns in the Detroit area, the depth to the cavern will be
greater than the cavern th, and three-dimensional effects will cause the angle
of draw to be smaller and the lat tent of any subsidence sag beyond the

cavern to be narrower than giv tion 6.1, should subsidence occur.

For caverns with widths of 120 to 170 cated at depths of 1100 ft to 1400 ft,
respectively, the depth to diameter o i a very high value. If the cavern were
to result in surface effects, the angle of ould be approximately vertical in
the rock, and a sink hole at the top of r eglirectly above the cavern
and within the cavern perimeter. However, aggfotg in Sections 4 and 5, and in
Section 6.2.2 below, the stability of the roof Wi significant caving. The
bulking of rock, if a cave were to develop, wouldgfres caving process at
depth so that surface settlement or a sinkhole coul t elap.

( ing to fil

Taking the stability of the individual solution cavern into account ide a
more realistic view of the potential for impacts at the surface. Th [ r
surface impacts is negligible for individual, smaller solution caverns.

6.2.2 Stable cavern roof or caving cavern with suffic
cavern volume and arrest further caving.

The roofs of the 120-ft-diameter by 20-ft- high cavern and the 170-ft-di y
10- to 20-ft-high cavern will stabilize against a roof layer and there will be no
measurable settlement at the surface. If the cavern were to cave up, the caving
would only proceed a short distance above the cavern roof. There would be no
measurable settlement at the ground surface for this case. The angle of draw
and the stand-off distance would not apply to this case and surface facilities and
facilities founded at the top of rock directly above the cavern would not be subject
to significant settlement.



7. Summary and Conclusions
7.1 Solution caverns in the Detroit-wWindsor area.

Dimensions of stable solution caverns can be evaluated from the experience with
solution caverns in the Detroit-Windsor area.

Galleries are being developed so that the long axis of the solution
caverngs m greater than 500 to 600 ft.

For caver r
minimize the Yo
cavern in the B Sal ich had its roof at the top of the B salt, in contact with the
overlying rock. BetWeen 1972 and 1980, the roof broke up an additional 80 ft
forming a 150-ft-wide flat\of. Between 1980 and 2002, continuing fallouts
caused the flat roof to widen to 3
solution cavern, but the roof digd

bove the top of the B salt. Similar

i 2)the ), PG cavern site in Windsor.
v@reduced the confinement in

ams to fall out. The LPG

conditions may be present above the B
Additional solutioning along these sea

Based on the experience in the Detroit/Windsor area a rward modeling
analyses with the three-dimensional distinct element me concluded that
brine-filled caverns intersecting the bedded deposits at thedOp ofghe F, D or B

salt units will be stable with dimensions of the order of 100 to $xocal roof
fallout will occur where thin bedded layers less than a foot or tw igkness are
present. The extent of roof fallout and collapse will depend on b g

spacing as well as rock jointing. Solution caverns of this size in the or B¥salt

units will not form sinkholes at the surface and will not cause significant su
subsidence.

7.2 Chimneying and formation of surface subsidence and sinkholes.

The width of solution caverns or groups of solution caverns that will allow
chimneying to extend to the surface and sinkholes to form at the surface are
likely to be significantly wider than 300 ft, perhaps in the range of 500 to 800 ft.
The solution caverns must also have significant vertical extent in the salts of the



F, D, and/or B units. The total vertical height of morning glory shaped caverns
would have to be in excess of 200 ft in order to accommodate the bulked
collapse debris and permit the collapse to reach the surface and form a sinkhole.

Sinkholes in the Detroit/Windsor area have only formed in areas where multiple
wells were developed and production was between injection and recovery wells,
with little control of cavern location or size. The sinkholes developed after
subsidence of several feet had occurred and shortly after the time, or within a few
ihe time, that solution mining activities had ceased.

-10 and X-11 on the Detroit side of the river, the NTH review of the
, nership at the sites does not indicate any evidence of major brine
field dggelop t beyond the Zug Island brinefield, although properties on

portions o siiies were owned by salt companies in the early 1900’s. The
borings, d e Jeophysical logging, and cross-well profiles at Sites X-10 and
X-11 also sh t or solutioning did not occur.

Interconnection of Solution zones between wells began in about 1915 at the
Wyandotte, Michigan brirf@field and 1920 at the Sandwich brinefield. At Sites X10
and X11, Itis likely that any solutjgNells, if present, were operated as single
wells. Much of the brine was li ve been extracted from salt in the
shallower F and D units, eve¥thoU@iag#ells in the early 1900’s were drilled
deeper. Evidence from Sandwich and ndotte indicates that early wells were
drilled into the B Salt and some soly#oni the B Salt took place.

7.3 Field investigations and analyse f>/ws at Sites X-10 and X-11
The exploration program at Sites X-10 and { ed of borings, downhole

geophysical logging, core sampling and cross-wgf' inv ations. The results

investigation confirms that the sites are not underlain byforig#-field galleries with
interconnecting solution caverns that could collapse, progfg d cause
surface subsidence or sinkholes. None of the cross-well owed any

In Section 4 of this report, the three dimensional distinct element (o) S
used to analyze the roof stability of solution caverns with the geometgidentified
in the cross-well investigation and with the rock properties obtained from t
borings and core samples at Sites X-10 and X-11. The results confirm
maximume-sized solution caverns (120 ft to 170 ft in width) identified in the cross-
well investigation will develop stable roofs in the bedded deposits above the salt
and progressive roof collapse and propagation of a chimney toward the surface
will not occur. In addition, the bulking analysis conducted in Section 5 of the
report shows that, even if progressive roof collapse did occur for 20-ft high
caverns, bulking of the rubble would fill the void and arrest the collapse zone well
before it would approach the top of rock or cause any surface settlement.




The field investigation confirms that solution features at Crossing Sites X-10 and
X-11 are limited. There is no evidence of a brinefield with interconnected solution
caverns and there are no large solution caverns. The experience in the Detroit-
Windsor area, and the analysis results show that the two features identified in the
cross-well profiles as potential caverns are small enough that their roofs will
stabilize against thicker beds in the rock above the salt. Further, the cross-well
data igdicates that the features are only 10 to 20 ft high, so that, even if the roof




Appendix A: Distinct element analyses of stability of bedded roofs
above 125-ft-wide solution cavern for base cases

See attachment



Appendix B.1: Summary figures. Distinct element analyses of stability of
120- -ft-wide solution caverns with roofs in bedded rock with continuous
vertical joints
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Figure 1. Vertical displacements, Case 1: 125 ft wide:
Spaced @ 25-ft, 2-ft bedding (Base Case)
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Figure 2. Vertical displacements, Case 2: 120 ft wide:
Spaced @ 40-ft, 2-ft bedding
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Figure 2-2. Vertical displacements, Case 2-2: 120 ft wide:
Spaced @ 40-ft, 3ft beds bottom and beneath 4 ft beds
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Figure 3. Vertical displacements, Case 3: 125 ft wide:
Spaced @ 25-ft, 3 ft beds beneath 2 ft beds
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Spaced @ 25-ft, 4-ft bedding
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Figure 3-3. Vertical displacements, Case 3-3: 125 ft wide:
Spaced @ 50-ft, 2-ft bedding
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Figure 4. Vertical displacements, Case 4: 125 ft wide:
Spaced @ 25-ft, 5-1 ft beds at bottom
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Figure 5. Vertical displacements, Case 5: 125 ft wide:
Spaced @ 25-ft, 2-ft bedding, E = 2x10° psi
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Figure 6. Vertical displacements, Case 6: 125 ft wide:
Spaced @ 25-ft, 2-ft bedding, Ko = 2.0
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Figure 7. Vertical displacements, Case 7: 120 ft wide:
Spaced @ 40-ft, 2-ft bedding, Ko = 2.0
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Figure 8. Vertical displacements, Case 8: 125 ft wide:
Spaced @ 25-ft, 3 ft beds beneath 2 ft beds, Ky = 2.0
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Figure 9. Vertical displacements, Case 9: 125 ft wide:
Spaced @ 25-ft, 5-1 ft beds at bottom, Ky = 2.0
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Figure 10. Vertical displacements, Case 10: 125 ft wide:
Spaced @ 25-ft, 2-ft bedding, E = 2x10° psi, Ko = 2.0



Appendix B.2: Summary figures. Distinct element analyses of stability of
120- and 170-ft-wide solution caverns with roofs in bedded rock with offset
vertical joints
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Figure 1. Vertical displacements, Case A: 125 ft wide:
Vertical joints offset 2 ft and spaced @ 25-ft, 2-ft bedding
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Figure 2 Vertical displacements, Case B, 175 ft wide
Vertical joints offset 2 ft and spaced @ 25-ft, 2-ft bedding
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Figure 3. Vertical displacements, Case C, 125 ft wide
Vertical joints offset 2 ft and spaced @ 25 ft, 5-1 ft beds at bottom
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Figure 4. Vertical displacements, Case D 125 ft wide
Vertical joints offset 2 ft and spaced @ 25 ft, 5-1 ft beds above 5-2 ft beds
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Figure 5 Vertical displacements, Case E, 175 ft wide
Vertical joint offset 2 ft, spaced at 25 ft, 2-ft bedding,1400 ft to the top of the B salt



-ElL 10 ft -75 -50 25 o 25 50 75 100

Max. = 0.13 ft - o2

% \\_-; ________ i ) __/ ©
Max. =0.18 ft - -o.a

_____ f -
B& ree

-El. O ft _//

El. 45 ft
I n \ N i X
:\ }‘1 ‘\ ‘} Ji h ] — 4 ft
EL 10 ft . 5-2ft
o E— i NG -3t
B A t it ’
Max. displ. = 0.63 ft , /‘
SaltB ) i
. 175ft
(200 ft thick)

Figure 6 Vertical displacements, Case F, 175 ft wide
Vertical joints offset 2 ft and spaced @ 25 ft, 3 ft beds beneath 2 ft beds,
Cavern at 1400 ft to the top of the B salt



Appendix A.1: CASE 1: Base Case
15000 psf
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* Based on Figure A-5B (After Russell, 1993)

Figure 1 Geometry & Boundary condition (perpendicular to Z direction)
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Figure 2 Geometry & Boundary condition (perpendicular to Y direction)
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Figure 3 Geometry & Boundary condition (Fluid pressure, y prine = 76.7 pcf)



Figure 4 3-D model
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- Rock: Elastic

E K G
(psi) (psf) (psf)
Dolomite 4.0x10° 3.84x10° 2.30x10°
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Figure 5 Material properties and simulation of direct shear test for joints used in model
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- Displacement vector:
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- Fluid pressure contours on join
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Figure 6 Initial condition (before cavern made)



=>» Analysis results (stabilized)

- View perpendicular to Z direction

Figure 7 3-D views of displaced blocks and cavern



=> Analysis results (stabilized)

- X-section view at AA line (-40 ft to the z-direction from center)
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Figure 8 Displacement vectors on the x-section, AA line



- X-section view at AA line
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Figure 9 Vertical displacements at different elevations on the x-section, AA




=> Analysis results (stabilized)

- X-section view at BB line (center)
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Figure 10 Displacement vectors on the x-section, BB line
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- X-section view at BB line
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Figure 11 Vertical displacements at different elevations on the x-section, BB
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=> Analysis results (stabilized)

- X-section view at CC line (+40 ft to the z-direction from center)
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Figure 12 Displacement vectors on the x-section, CC line
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- X-section view at CC line
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Figure 13 Vertical displacements at different elevations on the x-section, CC
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Appendix A.2: Base Case with offset vertical joints
15000 psf
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Figure 1 Geometry & Boundary condition (perpendicular to Z direction)
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Figure 2 Geometry & Boundary condition (perpendicular to Y direction)
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Figure 3 Geometry & Boundary condition (Fluid pressure, y prine = 76.7 pcf)



Figure 4 3 — D model
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- Rock: Elastic
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Figure 5 Material properties and simulation of direct shear test for joints used in model
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- Displacement vector:
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- Fluid pressure contours on join
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Figure 6 Initial condition (before cavern made)



=> Analysis results (stabilized)

- View perpendicular to Z direction

\

- View perpendicular to Z direction (displa@vec rs)
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Figure 7 3-D views of displaced blocks and cavern



=> Analysis results (stabilized)

- X-section view at AA line (-40 ft to the z-direction from center)
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Figure 8 Displacement vectors on the x-section, AA line



- X-section view at AA line
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Figure 9 Vertical displacements at different elevations on the x-section, AA



=> Analysis results (stabilized)

- X-section view at BB line (center)
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Figure 10 Displacement vectors on the x-section, BB line
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- X-section view at BB line
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Figure 11 Vertical displacements at different elevations on the x-section, BB
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=> Analysis results (stabilized)

- X-section view at AA line (+40 ft to the z-direction from center)
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Figure 12 Displacement vectors on the x-section, CC line
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- X-section view at CC line
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Figure 13 Vertical displacements at different elevations on the x-section, CC
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APPENDIXJ
EXPLANATION OF FRESNEL ZONE

The “Fresnel zone” describes the width or depth of the two-dimensional image that is presented
on a seismic crosswell panel (profile). The concept of the Fresnel zone conveys the fact that all
seismic methods, including crosswell reflection methods, illuminate and image a volume of earth.
Because seismic techniques rely heavily on ray-tracing methods, is it easy for the user to believe
that the method, especially a 2-D method, images only an infinitely thin (the “thickness of a ray”)
volume of earth. Moving from the abstract concept of a plane wave front to the more realistic
concept of a spherical wave front immediately brings along the concept of a Fresnel zone,
especially in reflection work.

The size of the Fresnel zone is of interest in both oil exploration and engineering applications
with the longest history being with the surface reflection method in the oil industry. As observed
in Figure J-1, the concept of a spherical wave front is the core idea. Then one considers how
much of that curved wave front contributes energy, coherently, to the wavelet that is finally
received and recorded as a reflection from that interface.

Figure J-1
Detroit River International Crossing Study
Sketch of a 2-D Slice through a 3-D Spherical Wave Front Impinging
at Normal Incidence on a Horizontal Reflector®

FOR SPHERICAL WAVES:

1
1
| I
M—FIRST FRESNEL ZONE—»
I ]

(a)

4 FOR
HIGH FREQUENCY

!}' FOR
LOW FREQUENCY

: 1
! H
| i, HIGH FREQUENCY i
! M ZONE~— ™
1

M——LOW FREQUENCY ZONE—»
(b)

# In order that the reflected energy contributes coherently to the first one-half cycle, it must in the first one-quarter wavelength. (b) Long

wavelengths (low frequency) wavelets yield larger, first-order Fresnel zones (after Sheriff, 1977).

Source: NTH Consultants, Ltd.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
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Figure J-1 shows that it is the first one quarter wavelengths (the downgoing quarter wavelength
plus the upgoing quarter wavelength) that contribute to the reflected wavelet. So, to estimate the
size of the Fresnel zone (b), the wavelength (1) of the impinging energy and the curvature of the
wave front just above the reflector must be known. But, neither of these parameters is known
precisely prior to a seismic acquisition program. Even after the data have been acquired, they
remain estimates. An estimate of the curvature can be obtained given the depth of the reflector
beneath the earth’s surface (surface seismic reflection method) or the distance from the sources
and receivers down (or up) to the reflector (crosswell reflection techniques).

Because of seismic attenuation and scattering, the wavelength of the impinging energy is more
difficult to estimate before data acquisition. It remains difficult for the surface seismic method
after acquisition. Crosswell reflection methods are better in the sense that some receivers are
very close to any given interface, therefore a measure of the impinging energy can be made.

Hardage gives a formulation for Fresnel zone radius that does not assume that the sources and
receivers are on the earth’s surface. That form is used here with a modification that allows the
source to move into the earth in the same manner as the receivers. It is required that the
wavelength A be smaller than the distances of the sources and receivers above (or below) the
interface in question. This is easily satisfied for crosswell measurements in the kilohertz range.

Given the geometry in Figure J-2, and the requirement that the wavelengths (1) be small, the
radius of the Fresnel zone is:

r=cVx(d-x) (Exp ression1)
Where:
¢ = (1/d)vhx
d = distance between boreholes
h = the maximum distance between sources and receivers and the interface
A = wavelength
X = point along the line between the two boreholes.
Wavelength

The wavelength is the important parameter in the determination of the Fresnel zone radius. It, in
turn, is a function of the spectral content of the data. It is difficult to estimate the frequency
content of the data prior to an acquisition program. The experience of the team with crosswell
reflection using these sources/receivers in Michigan Basin formations was helpful in estimating a
100 foot radius for the Fresnel zone as part of the initial forward modeling efforts. The spectra
obtained after data acquisition (Figures J-3 through J-6) show, as expected, that the entire source
sweep (100Hz to 2,000Hz.) of more than four octaves is detected.

However, we also see that a spectral peak, with a variety of shapes, occurs in the lower portion of
the signal band (200Hz to 600Hz).

Using this frequency band and the range of velocities at the project site, (13,000 feet/sec for the
Sylvania Sandstone to 20,000 feet/sec for the E-Dolomite) wavelengths are obtained that range
from approximately 20 feet to 100 feet. For the planning portion of the investigation, together
with the forward modeling, a wavelength of 75 feet was conservatively selected, to yields a
maximum Fresnel zone radius of approximately 168 feet. This was based on using sources and
receivers that are 750 feet above (or below) the reflector.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
J-2



Figure J-2
Detroit River International Crossing Study
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Geometry for a Fresnel Zone Computation for the Case of Surface Source and

Borehole Receiver (VSP)?
I
= TO EARTH'S SURFACE

b+A/2 \
b+2X/

b+3x/2
FRESNEL ZONES OF ORDER

1,2, AND 3
UPGOING SPHERICAL
WAVEFRONT

T4
\y_ IMAGE OF SURFACE
ENERGY SOURCE

# The cross well formulation is derived from this geometry by allowing the
source to move into the earth (after Hardage, 1983).

Source: NTH Consultants, Ltd.
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Figure J-3
Detroit River International Crossing Study
A Fan of Data from the TB-10 to TB-12 Survey in the X-11 Crossing?

e Gt Catvs Pl Opfioos Seligs. Help Copysh 19931008 oo |

Frofila TRIO-TRIZ
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# The receiver is at 865.5 feet (in the G-Shale) and the source is at 1,263 feet (in the E-Dolomite). Nearly the entire sweep is
observed with a peak at approximately 1,300Hz.

Source: NTH Consultants, Ltd.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
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Figure J-4
Detroit River International Crossing Study

A Fan of Data and Associated Spectrum from the TB-15 and TB-14 Survey

in the X-11 Crossing®

file Fdit Gather Picks Options Settings Help Copyright 159931985 Tomabes |

Profile T815-TBL4

T
sdts ®F 0 W8 8 mE & TR T S

Trace Spectrum

 The receiver is at a depth of 924 feet and the source is at a depth of 1,258 feet. Ignoring the electrical noise spikes at 120 and

180Hz. we see that the spectrum peaks at approximately 200Hz.

Source: NTH Consultants, Ltd.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
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Figure J-5
Detroit River International Crossing Study
A Fan of Data and Associated Spectrum from the TB-1 to TB-2 Survey®

Trace Spectrum

nfis Help Copyiight | 9951 995 Tomaseis.
ofile TH1-TH

@ The receiver is at a depth of 1,223 feet (in the E-Dolomite) and the source is at a depth of 766 feet (in the Bass Island Dolomite).
The spectrum peaks at 600Hz.

Source: NTH Consultants, Ltd.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
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Figure J-6
Detroit River International Crossing Study
A Fan of Data and Associated Spectrum from the TB-1 to TB-5 Survey?

Trace Spectrum

Trace Spectrum Plot
Profile TBS-TBl Trace @ 945 ft
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2 The receiver is at a depth of 948 feet (in the G-Shale) and the source is at a depth of 945 feet (in the G-Shale). The spectrum has a broad

peak from 600Hz to approximately 1,200 Hz.

Source: NTH Consultants, Ltd.

Fresnel Zone Size Given Broadband Signals - When a signal with a broad frequency spectrum, as
noted in the work here, illuminates a reflector one can visualize the smaller, high frequency
Fresnel zones being encompassed and embedded in the larger, low frequency zones. Thus, the
total reflected signal that reaches the receiver is composed of energy from the largest Fresnel
zone in addition to the smaller, higher frequency, zones.

Fresnel Zone Size of Stacked Data - To increase the signal-to-noise ratio, the data are stacked.
Figure J-7 shows that any given reflection point is illuminated by different source/receiver pairs
which are located at various distances above, or below, a given interface. The radius of a Fresnel
zone can be given by an expression that explicitly uses these distances (Hardage, 1983). It is
clear that after stacking, that the reflected signal is composed of energy from different sizes of
Fresnel zones. The largest of these comes from the source/receiver pair at the greatest distance
above or below the given reflector.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
J-7



89

90
91
92
93
94
95
96
97
98
99
100
101

DRAFT

Figure J-7
Detroit River international Crossing Study
A Fan of Reflections from an Interface®

Glacial Till

—+ S R

S R &
a

s R
b

R
R v

X Y

# To increase signal to noise ratio, fans of data over a limited range of angles are stacked. Here, at point X, a fan of rays with
incidence angles from approximately 30° to 50° are depicted. Parameter “a” is the distance of the source above the interface
and “b” is the distance of the receiver above the interface.

Source: NTH Consultants, Ltd.

Expression (1) is only valid if the wavelength is small compared to the distance of the source and
receiver above (or below) the interface. Therefore, the greatest error in these diagrams occurs
near each borehole; however, this is the region where the greatest overlap of Fresnel zones exists,
and so complete coverage is assured.

Figure J-7 also illustrates the fact that as the reflection point moves towards the receiver borehole
(and in like manner towards the source borehole) the number of ray paths (source/receiver
combinations) available for the stack decreases, thereby reducing the signal-to-noise ratio. It is
also clear that as the reflection point nears either borehole, that “a” or “b” approach zero. This is
where the assumption that the wavelength be small compared to distance to the interface breaks
down.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
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Fresnel Zone Size is a Function of Several Variables
However, the main point of Figures J-3 through J-7 and equation (1) is the Fresnel zone size is a
function of:

1. Spectral content of the seismic signal

2. Velocity of the medium

(used together as wavelength)

3. Location of source and receiver (i.e. wavefront curvature)

During the data processing (e.g. stacking of fans of rays) and imaging steps, various Fresnel
zones are summed. Although this obscures the contribution of particular Fresnel zones one can
associate the largest Fresnel zone with a given reflection point, which is valuable for this project
where lateral coverage is important. (Migration of the crosswell reflection data collapses the
Fresnel zone in the in-line direction but does not alter the cross-line dimension).

Table J-1
Detroit River International Crossing Study
Maximum Fresnel Zone Diameter at Specific Salt Layer Interfaces (200 Hz)

. . . Maximum
Maximum wavelength Maximum distance
. . - . Fresnel
Formation in overlying formation up to sources and Zone
Lowest predominate frequency = 200Hz receivers Di
lameter
F-Salt 90 ft. (G-Shale) 900 ft. 280 ft.
D-Salt 100 ft. (E-Dolomite) 1,100 ft 330 ft.
B-Salt 66 ft. (C-Shale) 1,200 ft. 280 ft.

Source: NTH Consultants, Ltd.

Given that we are especially interested in the tops of the B-Salt, D-Salt and the F-Salt we can
make a table of the maximum size of the Fresnel zone (halfway between two boreholes) as a
function of the largest wavelength impinging on those interfaces and the maximum distance the
sources and receivers are above the interface. The predominate wavelength impinging on the
target interface depends on the spectral content of the wavelet and the velocity of the medium
above the interface.

The tops of these salts are in the bottom half of the boreholes therefore imaging these tops from
the bottom-up is not recommended. Small distances to the interfaces and (relatively) large
distances between boreholes conspire to make large angles of incidence at those interfaces. This
causes large changes in the phase spectrum upon reflection and that, in turn, creates a broad,
distorted wavelet, unsuitable for imaging.

Signal Power at the Low End of the Spectrum

In the spectra shown in Figures J-3 through J-6, we observe that the amplitude does not always
decay monotonically as the frequency increases. Stated in another way, the highest amplitudes
are not always at the lowest frequencies (200Hz-250Hz). A strong peak can be seen at 500Hz-
600Hz. Therefore, in the computation of various representative wavelengths for the maximum
Fresnel zone radius, we will not solely use 200Hz (Table J-2)

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
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Table J-2
Detroit River International Crossing Study
Maximum Fresnel Zone Diameter at Specific Salt Layer Interfaces (500 Hz)

. . . Maximum
Maximum wavelength Maximum distance up Fresnel
Formation in overlying formation to sources and Zone
Lowest predominate frequency = 500Hz receivers Diameter
F-Salt 36 ft. (G-Shale) 900 ft. 180 ft.
D-Salt 40 ft. (E-Dolomite) 1,100 ft. 210 ft.
B-Salt 27 ft. (C-Shale) 1,200 ft. 180 ft.

Source: NTH Consultants, Ltd.

Fresnel Zone Coverage Provided by Multiple Surveys
Taking some of the parameters (signal spectrum and formation velocity yielding wavelength)
given above along with typical source and receiver locations we can plot, in plan view, the
Fresnel zone (“banana shapes™) as a function of location between boreholes in all of the U.S.
survey areas. Figures J-8 and J-9 display those results.

Summary

The Fresnel zone identifies the area of a reflector that is imaged upon reflection. Although the
migration step in the imaging process collapses the in-line dimension (to one half of the
predominate wavelength) of the Fresnel zone the cross-line dimension is unaffected.

The radius of the Fresnel zone is a function of the wavelength of the impinging signal and the
spherical size (radius) of the wavefront (distance of source and receiver from the interface being
imaged). Although the spectrum of the signal and the velocity of the medium varies over the
surveys we can estimate the maximum Fresnel zone radius. Using a formulation that is valid for
small wavelengths and (relatively) long distances (a good approximation for high frequency
crosswell reflection surveying) we have computed an example of the Fresnel zone coverage on
the top of the D-Salt in the X-10 and X-11 corridors.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
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Figure J-8

Detroit River International Crossing Study
Fresnel Zone Diagram for the X-10 Crossing®
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® This diagram represents the coverage that would be observed on top of the D-Salt. The low end of the signal spectrum (200Hz) has
propagated through the high velocity E-Dolomite (20,000 ft/sec) yielding a wavelength (A) of 100 ft. It is also assumed that the maximum
distance for the sources and receivers above the D-Salt is 1,100 ft, (i.e. they did not go up into the glacial till).

Source: NTH Consultants, Ltd.

Detroit River International Crossing Study
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Figure J-9
Detroit River International Crossing Study
Fresnel Zone Diagram for the X-11 Crossing®
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 This diagram represent the coverage that would be observed on top of the D-Salt. The low end of the signal spectrum (200Hz) has propagated
through the high velocity E-Dolomite (20,000 ft/sec) yielding a wavelength (}) of 100 ft. It is also assumed the maximum distance for the sources
and receivers above the D-Salt Is 1,100 ft, (i.e. they did not go up into the glacial till).

Source: NTH Consultants, Ltd.

Detroit River International Crossing Study
Brine Well Cavity Investigation Program Technical Report
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