Mott MacDonald | HDD Design Report
Nishisakawick Creek HDD Crossing
PennEast Pipeline Project

Issue and revision record

Revision Date Originator Checker Approver Descripfion
A 05/14/18 M. Lockwood A. Young G. Duyvestyn Draft for Interim Crossing
Design Report E
B 07/22/19 M. Eakins G. Duyvestyn M. Wilcox Issued for NJDEP

Document reference: 353754-MM-EN-CO-085 RevB

information class: Standard

This document is issued for the party which commissioned it and for specific purposes connected with the above-
captioned project only. It should not be relied upon by any other party or used for any other purpose.

HOD U%'\ﬂ"n RQF@” - |
‘{6‘0-@0&\(&,&\@/)& CJ%Q HDD
Crossmg

353754-MM-EN-CO-085 RevB | July 22, 2019



Mott MacDonald | HDD Design Report
Nishisakawick Creek HDD Crossing
PennEast Pipeline Project

Contents

1 Introduction

1.1

2.2

2.3
24

w

3.1

3.2
3.3
34
3.5
3.6

([@)]
T
L,
}

Do di
Antc

Crossing Description

ipated Geotechnical Conditions

Geotechnical Observations

Subsurface Geotechnical Investigation

2.21 Geotechnical Observations Northwest of Nishisakawick Creek
222 Geotechnical Observations Southeast of Nishisakawick Creek
Groundwater Conditions

Karst Features and Abandoned Mines

Nishisakawick Creek Crossing

HDD Bore Geometry and Alignment Considerations
3414 Entry and Exit Angles

3.1.2 Vertical and Horizontal Curvature

3.1.3 HDD Installation Depth

3.1.4 Bore Diameter

Line and Grade Accuracy

Required Workspace and Staging Areas

Drilling Fluid Make-Up Water and Source

Disposal of Excess Drilling Fluid and Processed Spoils

Schedule

ngineering Evaluation

Pipeline Properties

Design and Minimum Allowable Bend Radii
Operating Stress Evaluation

HDD Installation Load and Stress Evaluation
Hydraulic Fracture Evaluation

Risk Discussions

HDD Risk Characterization

HDD Industry — State of Practice
Geotechnical Risk Discussions

5.3.1 Soil Materials

5.3.2 -Bedrock Materials

53.3 Crossing-Specific Risk Discussions

353754-MM-EN-CO-085 RevB | July 22, 2019

N

DO AN NN

O O W W o 0 N ~N ~N ~N =

R G §

11
11
12
12
14

17
17
18
18
18
19



Mott MacDonald | HDD Design Report
Nishisakawick Creek HDD Crossing
PennEast Pipeline Project

6 Summary

7 Limitations
Appendix A
Appendix B
Appendix C

Appendix D

Tables

Table 1: Boring Elevations and Depths

Table 2: Estimated Schedule Duration for the HDD Crossing

Table 3: Pipeline Properties and Input Parameters for the HDD Evaluation
Table 4: Summary of Operating Stress Evaluation

Table 5: Summary of Anticipated Pullback Loads

Table 6: Summary of Installation Stress Evaluation

Table 7: Assumptions Used for Hydraulic Fracture Evaluation

Table 8: Material Property Assumptions for the Site Geotechnical Materials
Table 9: State of the HDD Industry

Figures

Figure 1: Calculated, Recommended, and Allowable Drilling Fluid Pressures

353754-MM-EN-CO-085 RevB [ July 22, 2019

N
£

10
11
12
13
14
15
15
17

16



Mott MacDonald | HDD Design Report
Nishisakawick Creek HDD Crossing
PennEast Pipeline Project

1 Introduction

Mott MacDonald has prepared this Horizontal Directional Drill (HDD) design report at the request of
PennEast Pipeline Company, LLC (PennEast), for their proposed HDD crossing of Nishisakawick Creek,
part of the larger PennEast Pipeline Project. The proposed Project consists of 115 miles of 36-inch
diameter (NPS 36) high pressure, natural gas pipeline from Luzerne County, Pennsylvania to Mercer
County, New Jersey.

Specifically, this report summarizes Mott MacDonald’s evaluation of the design elements and risk
discussions (as determinad in the information provided), and presents recommendations for enhancing
the success of the Nishisakawick Creek HDD Crossing.

The drawings and desigin elements have been prepared and evaluated with the aid of a geotechnical
subsurface investigation performed by Mott MacDonald, and laboratory assessment and testing analysis
completed by Craig Testing Laboratories, Inc (CTL) and Terra Sense, LLC. Brief discussions on the
geotechnical conditions summarized in this design report have been extracted from the information
presented in the site specific Geotechnical Data Report (GDR).

approximately 3,301 feet (with a true length of approximately 3,362 feet). The HDD entry point is located
approximately 1,123 feet southeast of Ridge Road and the HDD exit point is located approximately 179
feet northwest of Ridge Road. An elevation difference of approximately 6 feet exists between the HDD
entry and exit locations, with the HDD entry location at the higher elevation. The southeast side of the
crossing was selected as the HDD entry location to minimize noise disturbance to the residential property
located on the northwest side of the crossing. Drill rig remobilization will be required prior to pullback
operations, as the pipe staging area for the drag section is located on the southeast side of the crossing
(the same side as the HDD entry location). It is envisioned that the pipe string will be fabricated into three
(3) sections prior to pullback operations with two intermediate welds completed during pullback
operations. The contractor will need to coordinate with PennEast and its Land/ROW group regarding the
closure of Ridge Road for the fabrication, testing, and pullback operations of the product pipe.

An elevation difference of approximately 181 feet exists between the HDD entry location and
Nishisakawick Creek. The elevation difference between the HDD exit location and Nishisakawick Creek is
approximately 175 feet. This elevation difference has resulted in the need for steep entry and exit angles
to achieve a sufficient depth of cover with the HDD installation beneath Nishisakawick Creek. The steep
exit angle of 14 degrees will require additional equipment for the break over section of the product pipe.
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2 Anticipated Geotechnical Conditions

The following discussions on the anticipated geotechnical conditions are based on the information
provided by the site-specific geotechnical investigation program. Borehole logs for completed borings to
support the design of the crossings by HDD methods are provided in Appendix B.

The objective of these discussions is to provide an explanation of the various construction risks identified
in subsequent sections related to the geotechnical conditions.

2.1 Geotechnical Observations

The soils near of the crossing are part of two major formations within the area. The first formation is of the
Weathered Shale, Mudstone and Sandstone formation of the Pleistocene Age, which consists primarily of
silty sand to silty clay with shale, mudstone, or sandstone fragments. The second formation is the Alluvium
formation of the Holocere and late Pleistocene eras and crosses a smali strip of the HDD alignment. This
formation consists of sand, gravel, silt, minor clay, and peat with variable amounts of organic matter that
have been deposited in modern floodplains and channels. Surficial mapping from the Natural Resources
Conservation Service's (NRCS) indicate the major soil compcnents in the crossing area consist of
Klinesville channery loam, Penn channery silt loam, shale, and Rowland silt loam. All three soil groups are
mapped with a moderate rating for the corrosicn of steel and a high rating for the corrosion of concrete.

3 Qyyla el £ | I . | M $3 it
2.2  Subsurface Geotechnical Investigation

The subsurface investigation consisted of five (5) boreholes (B-63, B-64, B-65, B-65A, and B-66). Borings
B-63 and B-64 are located Southeast of Everittstown Road and Northwest of Nishisakawick Creek,
Borings B-65, B65A, B-66 are located Southeast of Nishisakawick Creek. A summary of the boring
elevations and depths are provided in Table 1. A brief description of the subsurface materials encountered
at the site is provided below.

Table 1: Boring Elevations and Depths

Approximate

Ground Surface Boring Termination
Boring Number Elevation® (feat) Boring Depth (feet) Elevation' (fest)
B-63 330 275 55
B-64 301 ' 390 89 B
[ B-65 293 120 173
B-65A2 285 330 45 B
B-66 362 210 142
1 Based on North American Vertical Datum of 1988
2 Alternate boring completed and located 10 feet adjacent to Boring B-65 due to difficulties at 120 feet below ground surface

2.21 Geotechnical Observations Northwest of Nishisakawick Creek

The HDD installation on the northwest side of Nishisakawick Creek is anticipated to encounter
decomposed rock overlying bedrock materials.

In the vicinity of Boring B-63, the geotechnical materials are anticipated to include the following:

» Topsoil and decomposed rock from the ground surface to a depth of 4.0 feet below ground surface
(bgs) (from Elev. 330 to 326 feet).
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¢ Fresh and weak siltstone to Elev. 180 feet. Rock Quality Designation (RQD) values range between
13 and 100 percent (average 77 percent). RQD value of Q percent present within the first 5 feet of
the Siltstone layer after the transition from the decomposed rock.

Slightly weathered and weak shale to Elev. 160 feet. RQD values range between 67 and 91 percent
(average 83 percent).

o Fresh and weak siltstone to Elev. 155 feet. RQD value of 100 percent.
Fresh and weak shale to Elev. 150 feet. RQD value of 100 percent.

= Fresh and strong to very strong argillite to Elev. 71.8 feet. RQD values range between 63 and 100
percent (average 95 percent).

= Slightly weathered and medium strong shale to Elev. 65 feet. RQD value of 52 percent.

¢ Fresh and medium strong limestone to Elev. 60 feet. RQD value of 83 percent.

» Fresh and very strong argillite to a termination elevation of 55 feet. RQD value of 97 percent.

In the vicinity of Boring B-64, the geotechnical materials are anticipated to include the following:

= Very dense decomposed rock from the ground surface to a depth of 3.5 feet (from Elev. 301 to
297.5 feet).

= Slightly weathered and very weak to weak siltstone to Elev. 207 feet. RQD values range between
23 and 98 percent (average 66 percent). RQD value of 0 percent present within the first 5 feet of
the siltstone layer after the transition from decomposed rock.

« Slightly weathered and weak shale to Elev. 197 feet. RQD values range between 45 to 58 percent
(average 52 percent). ‘

Slightly weathered and weak siltstone to Elev. 117 feet. RQD values range between 73 and 100
percent (average 92 percent).

Slightly weathered and weak shale to Elev. 112 feet. RQD value of 90 percent.

= Slightly weathered and weak siltstone to Elev. 99 feet. RQD values range between 81 to 97 percent
(average 93 percent).

Slightly weathered and weak shale to Elev. 87 feet. RQD values range between 63 to 95 percent
(average 79 percent).

Slightly weathered and weak siltstone to Elev. 77 feet. RQD value of 100 percent.
= Slightly weathered and weak shale to Elev. 72 feet. RQD value of 75 percent.

e Slightly weathered and weak siltstone to the termination elevation of -89 feet. RQD values range
between 67 to 100 percent (average 92 percent).

Along the proposed HDD alignment, the bedrock on the northwest side of the Nishisakawick Creek
appears to be of very poor to excellent quality with an overall good quality for the rock mass. The very
poor quality appears to be located at the soil to bedrock interface and the quality and strength of the
bedrock increased with depth. The core recovery values on the northwest side for all stratum ranged from
83 to 100 percent with an average value of 99.5 percent. .

Laboratory testing of the siltstone from boring B-64 indicate uniaxial compressive strengths (UCS) ranging
from 12,942 psi to 17,392 psi, with an average of 15,167 psi. The axial point load UCS ranged from
14,377 psi to 31,346 psi, with an average of 22,682 psi. The diametral point load UCS ranged from 1,399
psi to 2,099 psi, with an average of 1,749 psi. The splitting tensile strength was 1862 psi.

Laboratory testing of the argillite from boring B-63 indicate a UCS range from 12,378 psi to 24,825 psi,
with an average of 18,602 psi. The axial point load UCS ranged from 6,116 psi to 19,157 psi, with an
average of 12,637 psi. The diametral point load UCS ranged from 4,162 psi to 15,712 psi, with an average
of 9,937 psi. The splitting tensile strength ranged from 3,102 psi to 3,331 psi, with an average of 3,217 psi.
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22 Geotechnical Observations Southeast of Nishisakawick Creek

The HDD installation on the southeast side of the Nishisakawick Creek is anticipated to encounter stiff to

hard silt and decomposed rock overlying bedrock materials.

In the vicinity of Boring B-65, the geotechnical materials are anticipated to include the following:

o  Stiff silt with trace medium to fine gravel and little fine sand from ground surface to a depth of 3.5
feet bgs (from Elev. 293 feet to 290 feet).

Medium dense to very dense decomposed rock to Elev. 282.5 feet. Decomposed rock is primarily
siitstone.

o]

s Slightly weathered to moderate weathered and strong argillite to Elev. 258 feet. RQD values range
hetween 8 and 60 percenti (average 42 percent).

o Thin layer of slightly weathered and medium strong black coal to Elev. 257.3 feet.

= Slightly weathered and medium strong to very strong argillite to Elev. 248 feet. RQD values range
hetween 52 and 88 percent (average 70 percent).

o Slightly weathered and medium strong marl to Elev. 243 feet. RQD value of 85 percent.
« Slightly weathered and medium strong to very strong argillite to a termination depth of 173 feet.
RQD values range between 87 and 100 percent (average 95 percent).

In the vicinity of Boring B-65A, the geotechnical materials are anticipated to include the following:

o Stiff silt from ground surface to a depth of 3.5 feet bgs (from Elev. 285 feet to 281.5 feet}.
s Very dense decomposed rock to Elev. 273.7 feet. Decomposed rock is primarily siltstone.

Slightly weathered and weak to very strong argillite to Elev. 257 6 feet. RQD values range between
0 and 80 percent (average 35 percent).

¢ Fresh and weak to medium strong shale to Elev. 240 feet. RQD values range between 0 and 93
percent (average 51 percent).

¢ Fresh and medium strong argillite to Elev. 231.5 feet. RQD values range between 92 and 94
percent (average 93 percent).

s Slightly weathered and medium strong shale to Elev. 222 feet. RQD values range between 33 and
88 percent (average 61 percent)

e Thin layer of slightly weathered and medium strong marl to Elev. 220 feet.

Fresh to moderately weathered and weak to medium strong argillite to Elev. 167.8 feet. RQD values
range between 42 and 100 percent (average 78 percent).

« Thin layer of slightly weathered and weak to medium strong shale to Elev. 166.3 feet.
« Thin layer of slightly weathered and weak to medium strong argillite to Elev. 164.6 feet.

e Slightly weathered and weak to strong shale to Elev. 158 feet. RQD values range between 93 and
97 percent (average 95 percent).

¢ Small layer of fresh and weak to strong marl fo Elev. 155 feet.
o Moderately weathered and weak to strong argillite to Elev. 150 feet. RQD value of 52 percent.

= Moderately weathered and weak to medium strong shale to Elev. 137.8 feet. RQD values range
between 73 and 77 percent (average 75 percent).

e Slightly weathered and medium strong argillite to Elev. 126.6 feet. RQD values range between 75
and 100 percent (average 96 percent).

- Fresh and weak to medium strong shale to Elev. 120 feet..RQD value of 85 percent.

o Fresh and weak to strong argillite to a termination depth of Elev. -45 feet. RQD values range
between 92 and 100 percent (average 98 percent).
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In the vicinity of Boring B-66, the geotechnical materials are anticipated to include the following:

= Hard clayey silt from ground surface to a depth of 3.5 feet bgs (from Elev. 351.6 feet to 348.1 feet).
= Very dense decomposed bedrock to Elev. 346.2 feet.

o Moderately weathered to fresh and weak to strong argillite to Elev. 306.6 feet. Occasionally
interbedded with shale. RQD values range between 0 and 100 percent (average 44 percent).

Fresh and medium strong to strong shale to Elev. 301.6 feet. RQD. value of 83 percent.
Fresh and strong argillite interbedded with shale to Elev. 296.6 feet. RQD value of 99 percent.

= Fresh and medium strong to strong siltstone to Elev. 286.6 feet. Occasional interbedded with shale.
RQD values range between 22 and 95 percent (average 58 percent).

» Fresh and medium strong to strong shale to Elev. 281.6 feet. RQD value of 50 percent.
Fresh and medium strong siltstone to Elev. 276.6 feet. RQD value of 85 percent.

Fresh and strong argillite to Elev. 266.6 feet. RQD values range between 93 and 98 percent
(average 96 percent).

e Fresh and weak to medium strong shale to Elev. 256.6 feet. RQD values range between 93 and 97
percent (average 63 percent).

Fresh and medium strong to strong argillite to Elev. 246.9 feet. RQD values range between 93 and
99 (average 96 percent).

Fresh and weak to medium string shale to Elev. 245.2 feet. RQD value of 94 percent.

« Fresh to slightly weathered and medium strong to strong argillite to Elev. 199.0 feet. RQD values
range between 80 to 97 percent (average 90 percent).

e Fresh and weak to medium strong shale to Elev. 193.6. RQD values range between 92 and 91
percent (average 92 percent).

Fresh and medium strong to strong siltstone to Elev. 191.6 feet. RQD value of 91 percent.
s Fresh and strong argillite to Elev. 186.6 feet. RQD value of 98 percent.

= Fresh and medium strong shale to Elev. 176.6 feet. RQD values range between 71 and 98 percent
(average 85 percent).

= Fresh and medium strong to strong argillite to Elev. 161.6 feet. RQD values range between 94 and
100 percent (average 98 percent).

» Fresh and weak to strong shale to Elev. 155.1 feet, RQD values range between 94 and 100 percent
(average 97 percent).

@ Fresh and medium strong to strong argillite to termination elevation of 141.6 feet. RQD values
range between 85 and 100 percent (average 94 percent).

Along the proposed HDD alignment, the bedrock on the southeast side of the Nishisakawick Creek
appears to be of very poor to excellent quality with an overall good quality of the rock mass. The very poor
quality appears to be located at the soil to bedrock interface and the quality and strength of the bedrock
increased with depth. The core recovery values on the southeast side for all stratum ranged from 79 to
100 percent, with an average value of 98.8 percent.

Laboratory testing of the argillite from boring B-65A indicate a UCS range from 17,267 psi to 24,373 psi,
with an average of 20,820 psi. The splitting tensile strength ranged from 1,861 psi to 3,067 psi, with an
average of 2,624 psi.

Laboratory testing of the argillite from boring B-66 indicate a UCS range from 11,468 psi to 33,049 psi,
with an average of 20,045 psi. The splitting tensile strength ranged from 2,158 psi to 2,893 psi, with an
average of 2,556 psi. The diametral point load UCS ranged from 4,212 psi to 30,362 psi, with an average
of 10,967 psi.
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Laboratory testing of the shale from boring B-65A indicate an axial point load UCS range from 36,738 psi
to 37,679 psi, with an average of 37,209 psi. The diametral point load UCS ranged from 4,855 psi to
20,115 psi, with an average of 12,485 psi.

2.3 Groundwater Conditions

Groundwater was only observed near the ground surface in Boring B-66 for the Nishisakawick Creek
crossing. The ground water was observed at a depth of 3.0 feet below ground surface (Elevation 349
feet). For the design of the Nishisakawick Creek HDD the groundwater elevation is assumed to be
approximately 3.0 feet below ground surface in the vicinity of the HDD entry location on the southeast
side, level with the water elevation of the creek in the vicinity of the creek location, and approximately 50.0
feet below ground surface in the vicinity of the of the HDD exit location on the northwest side.
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While a small limestone layer was encountered during the geotechnical investigation, no karst features
were observed within the boreholes. According to the New Jersey Geological and Water Survey and the
United States Geological Survey, no known karst features have been mapped on gither side of
Nishisakawick Creek, and no abandoned mines have been mapped in the area of the proposed HDD
alignment.

353754-MM-EN-CO-085 RevB | July 22, 2019



Mott MacDonald | HDD Design Report
Nishisakawick Creek HDD Crossing
PennEast Pipeline Project

3 Nishisakawick Creek Crossing

HDD operations are typically designed with entry angles between 8° and 16°, although steeper entry
angdles have been used where insufficient setback distance or steeply sioping ground exists for a given
alignment. Exit angles are typically lower than the entry angle, as consideration must be given to the pipe
diameter, the equipment necessary to transition the pipe into the bore, and the stresses induced as the
pipe is forced over the break-over location as it enters the HDD bore.

ror the Nishisakawick Creek crossing the pipe staging area and break-over location has been selected to
be on the southeastern side of the creek due to workspace constraints. The drill rig will be moved to the
southeastern side once the reaming and swabbing operations are complete. The entry and exit angles
have been both set at 14° relative to the horizontal. The entry and exit angles were selected to attain
sufficient depth of cover beneath the creek bed while maintaining the installation within the current right of
way due to topography constraints.

Vertical curvature is inherent to all HDD installations. The need for harizontal curvature is dependent on
the restrictions specific to a single crossing. While horizontal curvature is feasible, it greatly increases the
complexity of the scope of design and construction when required. It also increases the stress, and
therefore the risk, to the pipe and the overall installation. Steering in both planes is not a standard industry
practice, and can lead to complex radii and a reduction in the overall bending radius that the pipe will be
subjected to. A straight alignment has been selected for this crossing eliminating the risks associated with
horizontal curvature.

The proposed vertical curve radius of 3,600 feet northwest of Nishisakawick Creek as shown in Appendix
A is consistent with the HDD industry standard of 1,200 times the 36-inch outer diameter of the pipe. The
proposed vertical curve radius of 3,400 feet southeast of Nishisakawick Creek as shown in Appendix A is
slightly lower than the HDD industry standard of 1,200 times the 36-inch outer diameter of the pipe, or
3,600 feet. This radius on the southeast side of the creek has been selected due to constraints with the
location of the HDD entry and exit points and site topography. Although the vertical radius southeast of
Nishisakawick Creek is lower than the HDD industry standard, it remains feasible as a vertical design
radius.

3.1.3 HDD Instaliation Depth
The depth of cover for a given HDD installation is dependent on several factors, including but not limited
to:
Anticipated geotechnical materials

s Presence of preferential flow pathways

« Historical land use

= Design bending radius

= Presence of existing utilities and/or structures

¢ Installation length
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Of these, the two most important factors are the properties of the overlying geotechnical material, and the
resistance these materials provide against the required installation-induced bore fluid pressures necessary
to remove the cuttings.

Another important factor in establishing the proper installation depth is the ability to maintain bore stability
over the course of the installation. This is accomplished by placing the HDD hore through geotechnical
materials that are favorable to HDD operations. For this installation, the HDD is anticipated to be within the
bedrock prior to crossing under the Nishisakawick Creek.

The proposed HDD installation crosses beneath surface features including Everittstown Road,
Nishisakawick Creek, and Stream NJ-NHD-155. From a southeast to northwest orientation, the following
minimum depths of cover are noted:

o Waterbody 012319 LD 1002_E_MI: Approximately 59 feet.

o Waterbody 012319 LD 1003 P _IN: Approximately 90 feet.

o Creek Road: Approximately 129 feet.

s Nishisakawick Creek Perennial (FW2-NTC1) 022317_SQ_1003_F_IN: Approximately 103 feet.
s Everittstown Road: Approximately 36 feet.

3.1.4 Bore Diameter

The diameter of the HDD bore must be greater than the outer diameter of the pipe. This larger bore is
required to facilitate the flow of drilling fluids around the pipe, reduce the frictional force acting on the pipe
as it is installed, and to help the pipe negotiate curves in the alignment.

The acceptable HDD industry standard for the final bore diameter is generally 12 inches larger than the
outer diameter of the product pipe. However, the actual diameter of the bore is typically dependent upon
the geotechnical conditions and the required bore geometry. Hence, it may be necessary to increase the
diameter beyond the typical industry standard to facilitate the installation process. To increase the
likelihood of success, it is highly recommended that the final bore diameter be selected by the HDD
Contractor, based on their experiences with similar geotechnical materials, pipe diameters, and installation
lengths, and to suit their means and methods.

Based on typical HDD industry standards, the anticipated bore diameter for the NPS 36 pipe is 48 inches.

3.2 Line and Grade Accuracy

The horizontal and vertical position of the bottom hole assembly is tracked using a downhole survey tool,
consisting of a probe that utilizes Earth’s gravitational and magnetic fields. These tools have a nominal
accuracy of approximately:

s Inclination: +£0.1°
e Azimuth: +0.3°to 0.5°
@ Tool-face: £0.1°

The accuracy of these tools can be enhanced by using a surface wire/coil loop established over the
alignment. Inducing an electrical current through the wire creates a localized magnetic field from which the
downhole probe can determine its location relative to the surveyed coil and magnetic field.

These enhanced guidance systems include TruTracker and ParaTrack systems. The TruTracker guidance
system relies on a closed loop surveyed wire iayout that is at least as wide as the depth of the HDD
installation.-For highways and water body crossings, individual coils are eften established on each side of
the crossing feature. A ParaTrack system relies on a single wire placed directly over the HDD alignment
centerline, with a return wire offset several hundred feet from the alignment to form a closed loop system.
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When augmented with a surface coil, the lateral and vertical position of the survey probe is plus or minus
two (2) percent of the depth separating the location of the probe and the surface coil. Greater inaccuracies
may occur if site constraints prevent the use of an energized wire grid on the ground surface.

Gyroscopic guidance systems have also been used to track downhole tooling. This type of system relies
on an inertial measurement unit to calculate the position of the bottom hole assembly and is not affected
by magnetic interference. This tool is very effective in accurately locating the surface tool position during
pilot bore drilling.

With these methods, survey readings can be taken at the end of each drilled joint or every half of a joint.
Stand-alone surveys can be completed where the surface coils are established. Here the inaccuracy is a
function of the specific depth of cover at the location in question. Where the surface coils cannot be
established, such az across a highway or beneath a creek, the position of the bottom hcle assembly is
determined based on the calculated position of the previous measurement.

In this manner, any inaccuracy built into the measured position is additive as the drill length increases.
However, as the bottom hole assembly re-encounters the surface coil on the opposite side of the highway
or creek, the inaccuracy is once again a function of a stand-alone measurement based on the specific
depth of cover at the location in question.

Mott MacDonald recommends the use of a gyroscopic guidance system to avoid the risks associated with
laying a surface caoil across Nishisakawick Creek and adjacent wetlands. If a ParaTrack system is
proposed by the HDD Contractor, the HDD Contractor must assure adequate coverage of surveying with
no gaps in coverage with a surface coil and/or beacon.

W SOD

I

For the proposed HDD installation, the staging area for the northwest side of the crossing is irregularly
shaped and has been established as approximately 1.4 acres, and the staging area for the southeast side
of the crossing has been established at 144 feet by 334 feet or 1.1 acres. This area is required to stage
equipment necessary for the installation, which includes the drill rig, stacks of drill pipe, operator control
cabin, tooling trailers, crane or excavator, separation plant, mud tanks, mud pumps, Baker storage tanks,
office trailer, and support trailers.

In addition to the entry and exit staging areas, a staging area of at least 75 feet wide by the length of the
pipe string is also required for welding sections of the pipe string. The proposed staging area for the drag
section is located on the southeast side of the crossing. The available length of the staging area is
approximately 1,540 feet, requiring the fabrication of the product pipe into three (3) pipe strings, with the
shortest string recommended to be installed first. The proposed pipe staging width is 125 feet to
accommodate the three (3) pipe strings. Additional lifting equipment will be needed to transition the pipe
through the break over section due to the steep bore angle and the presence of a harizontal curve on this
side of the crossing.

The temporary work space established for the Nishisakawick Creek crossing is sufficient for HDD
operations.

-,

o o

R o R Y, Y T .
Drilling Fluid Make-Up Water and Source

HDD operations require a continuous source of water to support construction activities. It is typical for
confractors to make use of an onsite source, or have water delivered from a nearby source. In each case,
the contractor should verify that the water source is suitable for HDD operations, or treat it (filtration, pH,
etc.) so that it is suitable for use.

For the propose?:l crossing, the contractor will be required to haul and store water on site for construction
activities. Estimates of fresh water requirements is a function of maintaining drilling fluid flow within the
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bore during the HDD installation, and water requirements to adjust for hole volume, minor losses to
processed spoils and surrounding geotechnical materials, wash water, etc. Daily fresh water usage
typically ranges from 20,000 to 40,000 gallons, depending on the process and storage capabilities of the
Contractor.

Total fresh water requirements can be estimated as a function of the final reamed diameter. Factors of
between two (2) and seven (7) times the final reamed diameter have been used to estimate the fresh
water requirements necessary to support HDD operations. Based on a factor of five (5), the estimated
total water usage (assuming no loss in circulation) is approximately 1,800,000 gallons. This volume
estimate assumes good HDD industry practices and procedures are followed, and that no significant fluid
losses occur during the installation. This volume also includes fresh water required for buoyancy control
during the HDD installation (estimated at approximately 150,000 gallons).

3.5 Disposal of Excess Drilling Fluid and Processed Spoils

Excess drilling fluids and processed spoils will need to be disposed of during the installation. The direct
area around the HDD is not expected to be suitable for permanent dispesal of drilling fiuid or processed
solids (based on local, state, and federal regulations).

Local, temporary storage will be required, either in above ground tanks or a lined burrow pit. A suitable
ofisite disposal site shouid be located for disposal of drilling fluid and processed spoil per the local, state,
and federal guidelines. ‘

Disposal volumes of excess drilling fluid and spoil are estimated at approximately 1,340,000 gallons
(5.074 yd®) and 2,348 yd?, respectively. During pullback operations, the estimated displaced fluid volume
is approximately 150,000 gallons.

3.6 Schedule

The duration of the HDD installation is conservatively estimated to take a total of 119 shifts, regardless of
whether 24-hour operations are conducted to complete the crossing, as shown in Table 2 below. This
estimate is based on 12-hour shifts. No provisions have been included for pad construction and erection
and tear-down of a shelter (if used) in these durations. In addition, no contingency has been provided for
adverse weather or more difficult drilling conditions/extensive grouting operations.

Table 2: Estimated Schedule Duration for the HDD Crossing

Duration
Activity (Shifts)

Mobilization 3
ng Up / Equipment Setup 5

Pilot Bore Drilling 25

Reaming 75"_

Swab Pass 3

Product Pipe Pullback 3

Rig Down and Demobilization

Total Number of Shifts 119
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4 HDD Engineering Evaluation

4.1 Pipeline Properties

The pipeline properties used for the evaluation of the Nishisakawick Creek crossing have been provided
by PennEast, and are summarized in Table 3 below:

Table 3; Pipeline Properties and Input Parameters for the HDD Evaluation

Evaluation Parameter Value
Pipe Size NPS 36
Outer Diameter 36 inr -
Wall Thickness 0.762in
Pipe Grade X-70
Maximum Allowable Operating 1,480 psig
Pressure
Minimum [nstallation Temperature - 7;1”57"?77 -
Maximum Operating Temperature 12C°F
Poisson’s Ratio 4 o _uiogdi
Elastic Modulus 29,200,000 psi
Coefficient of Thermal Expansion 65x 10°infin/°F
Design Factor 0.5

4.2  Design and Minimum Allowable Bend Radii

The minimum ultimate bend radius is a function of the maximum allowable operating pressure, pipe
diameter, wall thickness, design factor, location factor, and specified minimum yield strength of the pipe
material. Determination of the ultimate minimum bend radius is based on determining the hoop and
longitudinal stresses under operating pressure, and then determining the available magnitude of stress
that the product pipe can accommodate in an alignment bend/curve.

The minimum ultimate bending radius evaluation is completed in accordance with:

o ASCE Manual of Practice No. 108 Pipeline Design for Installation by Horizontal Directional Drilling

» 49 CFR 192 Transportation of Natural and Other Gas by Pipeline- Minimum Federal Safety
Standards

= ASME B31.8 Gas Transmission Distribution and Piping Systems
s  ASME B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids

Using the pipe properties presented in Table 3, the ultimate minimum bending radius is calculated for the
pipe and pressure conditions. This radius represents the lowest radius that could be drilled without
overstressing the pipe for the identified pipe properties and in-service loading. Based on the pipe
properties provided in Table 3 and a design factor of 0.5, the ultimate minimum bending radius is
approximately 2,500 feet.

The minimum allowable bending radius is the minimum radius that the HDD contractor is permitted to drill
during their pilot bore to maintain the design alignment and profile. This radius is established above the
calculated ultimate minimum bending radius to ensure that the pipe is not overstressed during the HDD
installation process, and sufficiently below the design radius provided on the Contract drawings.
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Based on an ultimate minimum bending radius of 2,500 feet, the minimum allowable bending radius has
been established at 2,600 feet.

The design radius is the radius selected to develop the HDD plan and profile. This radius is greater than
the minimum allowable bending radius given to the HDD contractor to complete the construction of the
crossing. The design bending radius for developing the Nishisakawick Creek crossing profile has been
established at 3,400 feet southeast of the creek and 3,600 feet northwest of the creek. The vertical
bending radius of 3,400 feet is slightly lower than the HDD industry standard of 1,200 times the outer
diameter of the NPS 36 pipe (1200 X 36 inches = 43,200 inches or 3,600 feet). Although the vertical
radius southeast of Nishisakawick Creek is lower than the HDD industry standard, it remains feasible as a
vertical design radius.

4.3  Operating Stress Evaluation

Evaluation of operating loads for pipelines installed by HDD methods is generally similar to the evaluation
for pipelines installed by open-cut construction methods. The main difference between the two scenarios
is that elastic bending (as a result of the curved HDD alignment profile) must be considersd for the HDD
installation. Eiastic bending stresses occur as the pipe takes on the final shape of the HDD bore. As a
rule, the bending stresses induced are not a critical stress condition on their own, but must be considered
in a combined loading condition with other stress conditions such as hoop stress and longitudinal stress.

An operating stress evaluation has been completed in compliance with the ASME B31.4 and B31.8. The
input parameters for this analysis are provided in Table 3. The results of the evaluation are provided in
Table 4 below, and are based on the minimum allowable bending radius of 2,600 feet (based on the
allowable bend radius provided to the HDD contractor). As observed in Table 4, the operating stresses are
below the maximum allowable limits. Hence, the pipe properties (wall thickness and grade) are sufficient
to meet the operating stresses within the HDD alignment.

Table 4: Summary of Operating Stress Evaluation

Estimated Percent of Maximum Allowable
Stress sSMys Percent of SMyYs®
Stress Condition (psi) (%) (%)
Longitudinal Bending Stress 16,846 241 --
" Hoop Stress 34,961 49.9 50
Longitudinal Tensile Stress from Hoop Stress 10,488 15.0 =i
 Longitudinal Stress from Thermal Expansion 14,235 20.3 909
' Net Longitudinal Stress 20,593 29.4 90
(Compression Side of the Curve)
Net Longitudinal Stress 13,099 18.7 90
(Tension Side of the Curve)
Maximum Shear Stress ’ oFrrr. - 39.7 - 45
* Combined Biaxial Stress 55,554 794 90
Notes: ' Specified Minimum Yield Stress
2 Limited by design factor
3 Limited by ASME B31.4
* Limited by ASME B31.8
4.4 HDD Installation Load and Stress Evaluation

A total of six (6) pull load evaluations were completed for the HDD bore profile. These calculations are
based on the installation load calculation method provided in American Society of Civil Engineer MREP
108 (2015), and the Pipeline Research Committee at the American Gas Association publication, entitled
“Installation of Pipelines by Horizontal Directional Drilling, an Engineering Guide.”
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The pull load evaluation includes assumptions for final bore diameter, soil, pipe roller friction coefficients,
drilling fluid yield point, plastic viscosity, drilling fluid pumping rate, and other installation parameters such
as buoyancy control measures (i.e. whether or not the pipe will be filled with water during pullback
operations).

In addition, the evaluation accounts for the capstan effect induced by curves in the alignment, fluidic drag,

buoyancy of the pipe string within the bore, and the weight of the tail string at start-up and throughout the
installation process.

Six (6) installation evaluations were completed to investigate the effects of varying mud weights and
buoyancy control measures during the installation of the pipe. The six (6) scenarios were:

¢« Case 1 Drilling Fluid Weight 10 ppg (Specific Gravity of 1.20)

Pipe No buoyancy control (pipe empty of water)
o Case 2: Drilling Fluid Weight 10 ppg (Specific Gravity of 1.20)

Pipe Full buoyancy control (pipe fuil of water)
= Case 3: Drilling Fluid Weight 11 ppg (Specific Gravity of 1.32)

Pipe No buoyancy control (pipe empty of water)
s Case4: Drilling Fluid Weight 11 ppg (Specific Gravity of 1.32)

Pipe Full buoyancy control (pipe full of water)
e Case 5: Drilling Fluid Weight 12 ppg (Specific Gravity of 1.44)

Pipe No buoyancy control (pipe empty of water)
e Case 6: Drilling Fluid Weight 12 ppg (Specific Gravity of 1.44)

Pipe Full buoyancy control (pipe full of water)

A summary of the maximum anticipated pull load for each case scenario is provided in Table 5 below.
Detailed calculations are provided in Appendix C. The anticipated installation loads shown in Table 5 are
well below the ultimate allowable load of the pipe of approximately 3,542,953 Ibs, based on a tensile
stress equivalent to 60 percent of the yield stress for the given wall thickness and pipe grade provided in
Table 3. It is important to note the difference in pull loads when buoyancy control measures are
implemented and water is added to the pipe during pullback, as the estimated installation loads are
typically lower when buoyancy control measures are used. Mott MacDonald recommends the use of
buoyancy control measures to lower the overall installation loads and stresses for this installation.

A start-up factor of 1.5 has been applied to the estimated pullback forces to replicate the higher installation
loads observed during stoppages and recommencing of pullback operations for intermediate welds. This is
referred to as the start-up force after intermediate weld in Table 5.

Table 5: Summary of Anticipated Puliback Loads

Drilling Estimated Start-up Force Start-up Force
Fluid Product Pipe Puliback After Intermediate  After Intermediate
Weaight Buoyancy Force Weld 1 Weld 2
(ppY) Condition {lbs) {Ibs) {lbs)
10 (Case 1) Empty 775,715 417,108 798,039
10 (Case 2) Ful 446,646 237,585 399,530
11 (Case 3) Empty 880,533 455136 893427
11 (Case 4) Full 363,642 239,432 32157
12 (Case 5) Empty 984,880 493,163 988,496
12 (Case 6) Ful 280,201 . 241,278 324,579
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Results of the corresponding installation stresses (based on the design bending radius of 3,400 feet) are
summarized below in Table 6. '

Table 6: Summary of Installation Stress Evaluation

Stress Condition Case 1 Case 2 Case 3 Case 4 Case 5 Case 8§
Maximum Tensile Stress 9,196 psi 5,295 psi 10,438 psi 4,311 11,675 3,322
(Percent of Allowable) (13.1%) (7.6%) (14.9%) (6.2%) (16.7%) (4.8%)
" Maximum Bending Stress 12,882 psi 12,882 12,882 psi 12,882 12,882 12,882
(Percent of Allowable) (18.4%) (18.4%) (18.4%) (18.4%) (18.4%) (18.4%)
 Maximum Hoop Stress 3,521 psi 584 3,873 psi 936 4,196 1,279
(Percent of Allowable) (5.0%) (0.8%) (5.5%) (1.3%) (6.0%) (1.8%)

Maximum Unity Check —

Tensile and Bending 0.42 0.34 0.44 0.33 0.46 0.32

Maximum Unity Check —

Tensile, Bending, and Hoop 0.39 0.09 0.45 0.10 0.51 0.12

As observed in this Table, the results of the HDD installation stress evaluation are within the allowakiz
limits for all cases.

4.5 Hydraulic Fracture Evaluation

The hydraulic fracture evaluation for this crossing has been completed in general accordance with the
Delft Geotechnics Method outlined in Appendix B of the Army Corps of Engineers 1998 Report CPAR-GL-
98 and 2002 Report ERDC/GSL TR-02-9 (Guidelines for Installation of Utilities Beneath Corp of Engineers
Levees Using Horizontal Directional Drilling). This method is used to estimate the maximum effective
pressure (i.e. drilling fluid pressure) that can be induced during an HDD operation within a particular soil
horizon. This pressure is then compared with the fluid pressure required to induce slurry flow within the
HDD bore to determine the potential for a hydraulic fracture for a given HDD alignment. The required fluid
pressure for an HDD installation is governed by the drilling fluid weight (commonly referred to as the mud
weight), installation length and depth, and drilling fluid flow properties (plastic viscosity, yield point, etc.).

The hydraulic fracture evaluation method described above and used in the HDD industry was developed
for soil installations. Currently, no accepted method is available to model/predict the maximum allowable
drilling fluid pressure within bedrock materials. While bedrock tensile strength and unconfined
compressive strength evaluations have been used to estimate the allowable drilling fluid pressure within
bedrock materials, these methods tend to provide results that are not considered suitably conservative
and greatly over-predict the true maximum allowable drilling fluid pressures. These over-predictions are a
result of laboratory testing on sound or high-quality bedrock samples that are not representative of the
strengths of the weaker bedrock materials that contain natural fractures/joints that are washed out or
impacted by the geotechnical coring process. Hence, for bedrock hydraulic fracture evaluation, Mott
MacDonald has elected to model the siltstone, shale, and argillite bedrock materials as a moderately
strong soil. This conservative approach has been used by Mott MacDonald to successfully complete
several HDD installations in similar bedrock materials. However, it is important to note that the presence of
open preferential flow pathways within the bedrock mass may lead to drilling fluid losses at fluid pressures
below predicted allowable values.

The Delft Geotechnics Method assumes a uniform column of soil above any point of interest along the
alignment. Where an increased risk of hydraulic fracture is identified, it does not necessarily mean that a
hydraulic fracture will occur. A proper HDD execution plan, based on HDD industry standard construction
praclices, can reduce the risk of a hydraulic fracture from occurring.

To complete the hydraulic fracture evaluation, it is necessary to make several assumptions relative to the
bore diameter, drilling fluid pumping rate, and drilling fluid properties. Parameters used in Mott
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MacDonald’s evaluation are provided in Table 7 below. These parameters have been selected based on
Mott MacDonald'’s experience in drilling within similar anticipated geotechnical materials.

Table 7: Assumptions Used for Hydraulic Fracture Evaluation

Evaluation Paramester Value
Pilot Bore Diameter 12-%in
" Drill Pipe Diameter 7 B-% in
" Drilling Fluid Pumping Rate 600 gal/min
" Drilling Fluid Weight (Specific Gravity) 10.5 ppg (1.26)
Yield Point ’ 22,5 Ib/100 ft2
" Plastic Viscosity ' 15 cP

In addition to the assumptions provided in Table 7, assumptions are also required for the anticipated soil
formation(s) and their properties including, but not limited to, geotechnical material strength, unit weight,
cohesion, friction angle, and shear modulus. These assumptions are provided in Table 8 for the bedrock
material that is anticipated for this crossing. For this evaluation, Mctt MacDonald assumes that the
encountered subsurface material will be similar to that described in Section 2.0, namely, decomposed rock
overlying siltstone/argillite/shale bedrock. For this evaluation, it has also been assumed that the drilling rig
will be set up on the southeast side of the crossing to complete the pilot bore.

Table 8: Material Property Assumptions for the Site Geotechnical Materials
Evaluation Parameter Value
Soil Unit Weight Above / Below Water Table 150 Ib/ft® / 155 Ib/ft®
Effective Cohesion ) 6000 psf
. Internal Friction Angle" 6°
7Ydung’s Modulus 1,044 ksf
_F-’_oisson's Ratio i : 0.30

The results of the preliminary hydraulic fracture evaluation for the proposed crossing are provided in
Figure 1 below for the pilot bore phase of the installation process. More detailed results are provided in
Appendix D. A safety factor has been incorporated into the hydraulic fracture evaluation for the allowable
bore pressure within the bedrock, to account for assumptions incorporated info the design and
heterogeneity of the geotechnical materials. The graph also displays the total soil/lbedrock overburden
stress representing the equivalent unit weight of the overlying soil without consideration of any soil
strength. Mott MacDonald recommends holding discussions with the HDD contactor if the actual bore
pressures trend higher than those values estimated in Appendix D during actual construction, especially if
the observed bore pressures spike during the installation.

As shown in the graph, the required bore pressure to facilitate the installation process is well below the
allowable bore pressure for the installation. Hence, the risk of a hydraulic fracture or inadvertent return is
relatively low for this crossing. Once the pilot bore is completed, the hydraulic fracture risk associated with
the reaming, swab, and pullback phase of the installation typically decreases, assuming the bore is
reamed to its full extent and a subsequent swab pass is completed through the bore prior to installing the
pipe. However, it is important to note that although the hydraulic fracture potential is significantly reduced,
a hydraulic fracture event may still occur during the reaming pass if the bore becomes plugged or blocked
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such that the required drilling fluid pressure increases in magnitude to the point where it exceeds the
estimated allowable mud pressure for the overlying soils. Use of HDD industry-standard construction
practices, such as pumping sufficient drilling fluids, maintaining drilling fluid returns, monitoring, and

maintaining drilling fluid, and returning slurry properties, etc., should reduce any potential loss of drilling

fluids.
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Calculated, Recommended, and Allowable Drilling Fluid Pressures
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5 HDD Risk Discussions

5.1 HDD Risk Characterization

Risk identification and mitigation is paramount to successfully completing the Nishisakawick Creek
Crossing. Discussions of the general risks associated with these crossings are presented below.

5,2 HDD Industry — State of Practice

Mott MacDonald maintains an up-to-date database of successfully completed HDD installations based on
pipeline diameter and installation length, as shown in Table 9 below. This database is used to assess the
achievable installation length for a given pipeline diameter. The green shaded cells indicate the common
range of HDD industry experience/capability, and was established with the requirement that several
contractors have successfully completed similar installation lengths at the required pipe diameter. The
yellow shaded cells identify the installation lengths and diameters that are considered feasible with an
experienced contractor in favorable ground conditions. The red shaded cells are considered to be at, or
beyond, the limits of the current state-of-practice for the HDD industry.

Table §: State of the HDD Industry

Instaflation Length
ProductPipe | 1,000m | 1,200m | 1,400m | 1,600m | 1,800m | 2,000m | 2,200m | 2,400m | 2600m | 2800m | 3,000m | 3,500 m | 3,750 m
Diameter 3,281%t | 3,937ft | 4593f | 5249f | 5905 | 6,562t | 7218f | 7,.874#% | 8530f | 9,186ft | 9,.8421 | 11483 # | 12,303 ft

200 mm (8 inch) 16 g [ e qglesEs L 10 S R oD 0

250mm (10inch) [0 9 g [n 4 = 1 ‘o 3 TR 0

300 mm (12 inch) T4 | FHEO 4 3 Al oS 1 1

350 mm (14inch) | = 3 ES 3 0 1 [} 0 0 0
400 mm (16 inch) 9 B 4 6 4 18 g 0 0

450 mm (18inch) [ 0 OiER 0= 2 a0 a 0 0

500 mm (20inch) [ "8 10 9 1 0 D 73 1
600 mm (24 inch) 29 30 g TR g 4 B 2

750 mm (30 inch) 230 | RO 10 11 8 3 1 3

900 mm (36 inch) | 23 ¢ 2= 6o 2 1 2 1]
1050 mm (42inch) [ 1 29" “fr24 T A1 5 1 1
1200 rnm (48 inch) 1S P i 0 0

Colour Coding:

S Within typical capabilities of industry. Multiple experienced contractors.

Zone of limited industry application. Considered feasible with an experienced contractor and favourable ground conditions.

— Exceeds current capabilities of industry. Considered risky even with an experienced contractor and favourable ground conditions.

NOTE: Current State of the HDD Industry shown above is based solely on the reported installation lengths and diameters. Site-specific geotechnical and
installation based risks have not been considered in developing this chart,

It is very important to note that the state of the HDD industry shown above includes crossings with similar
elevations between HDD entry/exit locations and the crossing feature, good soils/bedrock materials, and
adequate staging area for fabricating the pipe string. These completed projects mostly reflect those with
low risk profiles (especially for larger and longer HDD installations). As such, when comparing a specific
crossing to those completed projects within the HDD industry, the site-specific geotechnical and crossing
risks need to be thoroughly considered and evaluated to ensure comparison to the completed project
listings is deemed to be adequate. If the current proposed crossing carries a low risk profile, then the
comparison can serve as a guide to what has been successfully completed within the HDD industry.
However, if the current proposed crossing carries a high-risk profile, then the comparison to the completed
projects may not be applicable.

As observed in Table 9 above, several HDD installations have been successfully completed at a diameter
of NPS 36 for lengths considerably longer than the horizontal installation length of approximately 3,301
feet, with a true pipe length of approximately 3,362 feet, required for this crossing. Therefore, from a
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constructability standpoint, the Nishisakawick Creek Crossing falls within the zone of typical experience of
what has been accomplished to date within the HDD industry.

5.3 Geotechnical Risk Discussions

5.3.1 Soil Materials

Sands, silts, and clays typically present no significant challenge to an HDD installation. These materials
are often described as good to excellent materials in terms of feasibility. However, when these soils exist
in a soft or loose state, they may not provide sufficient strength to resist the required fluid pressures
necessary to complete an HDD installation. Within these materials, the required drilling fluid pressures can
exceed their strength, resulting in the formation of a hydraulic fracture through the overlying soils and
ponding of drilling fluids at the ground surface. This risk can only be mitigated by placing the HDD bore
within more favorable geotechnical materials that provide greater resistance to induced drilling fluid
pressures, or by using conductor casings to provide an open pathway for drilling fluid flow.

Soils containing gravels and larger size particles (cobbles) range from marginally acceptable to
unacceptable in terms of feasibility, depending upon the psrcentage of gravels by weight and patrticle size.
Only those particles that can be suspended within the drilling fluid can be remaved from the bore.
Generally, gravel-sized particles less than approximately 0.5 to 0.75 inches can be removed from the
bore, prcvided good HDD practices are followed. Particies greater in size typically cannot be suspended
by the drilling fluid and tend to settle out and accumulate along the bottom of the bore. The risks
associated with accumulation of larger particles within the bore increase with greater bore diameter, due
to the greater exposed soil materials in the crown of a larger bore.

Based on the geotechnical information, the site soils are shallow (less than 4 feet thick) and are not
anticipated to present any significant risk to the HDD installation. The decomposed rock layers in the
vicinity of the HDD entry and exit beneath the site soils are also shallow (less than 3.5 feet thick) and are
not anticipated to present any significant challenges to the HDD installation.

5.3.2 Bedrock Materials

Bedrock can be highly variable and can be classified as being excellent to unacceptable with respect to
HDD feasibility. Competent bedrock is well suited for HDD as the bore tends to remain open for extended
periods of time. However, heavily weathered, jointed, fractured, or fissured bedrock can present
challenges with respect to bore stability. In fact, poor quality bedrock can present the same challenges as
coarse granular (gravel) deposits, where fracturing and jointing is extensive and present an unacceptable
risk in terms of constructability to an HDD installation. The risk associated with these materials arises from
the inability to support and maintain stability within the bore.

This risk increases with RQD ratings below 60 percent. For the Nishisakawick Crossing, the rock quality
appears to be between 70 and 90 percent through most of the bedrock, with lower RQD percentages in
high fractured areas based on the information that is currently available. The strength of the bedrock
appears to be weakest at the soil to bedrock interface and increases with depth. Isolated areas of poor-
quality bedrock exist at depth but are bounded be rock layers with good to excellent quality. Areas of lower
rock quality may be encountered but are not anticipated to significantly increase the risks associated with
this installation.

The strength of the bedrock can impact construction duration, with higher strength leading to more
frequent trips out of the bore to replace worn tooling. The laboratory tests completed to date on the rock
samples indicate UCS values ranging between 11,468 psi and 33,049 psi, point load UCS ranging
between 1,399 and 30,362 psi in the diametral direction and between 6,116 psi and 37,679 psi in the axial
direction. Splitting tensile strength tests yielded strengths of 1,664 psi and 3,331 psi.
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Preferential flow pathways may occur where heavily weathered, jointed, fractured, or fissured bedrock
exists. If interconnected, preferential flow pathways may exist for drilling fluid losses into the rock mass,
horizontal to the face of the slope, or upwards towards the ground surface. Fortunately, the presence of
the drilling fluid slurry within the bore is often capable of sealing fractures and/or joints as drilling fluids
migrates into these features, resulting in low potential for inadvertent returns of drilling fluids at the ground
surface.

Based on the anticipated geotechnical materials, the HDD installation has been designed within favorable
geotechnical materials to the extent possible.

5.3. Crossing-Specific Risk Discussions

-

Controlling and maintaining fluid flow within the bore is critical to the success of an HDD installation.
Installation risks significantly increase when slurry circuiation is not maintained within the HDD bore.

The flow of drilling fluid follows the path of least resistance. As long as the bore is located within favorable
geotechnical materials at a sufficient installation depth and properly drilled by the HDD contractor, a stable
flow pathway can be created between the drill bit and the HDD entry or exit locations, and maintaining
drilling fluid flow within the bore shoulc not be an issue. As observad in the hydraulic fracture evaluation,
loss of drilling fluids through the overlying geotechnical materials is not anticipated for this crossing.

The necessity of the steep exit angle for the Nishisakawick Creek crossing results in risk to the product
pipe during pullback operations. Over break stresses induced by the steep angle of the product pipe can
be mitigated by the pipe support methods implemented by the HDD contractor. Mott MacDonald
recommends discussing this issue with the respective HDD contractor and requesting that the
Contractor’s work plan include an over break stress analysis consistent with their proposed equipment
required to transition the product pipe into the bore.

The length of the pipe staging area is insufficient to fabricate the product pipe into a single string prior to
pullback operations and intermediate welds will be required. Intermediate welds will require stoppage of
pullback operations each time a new pipe segment is welded on. These stoppages represent a risk to the
installation since the bore is required to remain open much longer than what would be required for the
installation of a single pipe string. In good quality bedrock that is anticipated for the Nishisakawick Creek
HDD Crossing, maintaining stability is possible yet represents a moderate risk. Stoppages for the
intermediate welds also provide downtime, while welding occurs, that allows the drilling fluids to “gel” and
making it harder to resume pullback operations due to the increased friction between the gelled fluids and
the product pipe. Start-up loads will increase each time pullback operations are resumed. In some cases,
the gel strength of the fluids is too great and the resulting loads lead to damage of the product pipe or the
pipe may become stuck at its current position in the bore. With each additional weld this risk increases
significantly. Prior to pullback operations, a swab pass should be completed to gauge whether the bore
has been conditioned to accept the product pipe. Areas of high torque and/or pull force should be re-
reamed to lower the drill rig effort to pass tools through this portion of the bore. The product pipe should
be installed such that the minimal length of pipe is in the HDD bore at the time intermediate welds are
required to decrease the startup loads on the pipe required to resume drilling operations.
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6 Summary

An HDD construction approach for the Nishisakawick Creek Crossing is deemed feasible, based on
known site conditions. Of the risks evaluated based on the available information, no fatal deterrents have
been identified within the alignment. Based on the required installation length and diameter, the HDD
contracting community in North America has successfully completed several HDD installations of similar
and greater installation lengths.

While not anticipated, if an attempted HDD installation is unsuccessful, the proposed HDD alignment
could be modified using the same generat location to accommodate an additional HDD attempt,
depending on the condition and cause contributing to the HDD failure. Prior to attempting a second HDD
crossing, a risk mitigation workshop should be held with all parties to determine the cause of the initial
failure and any mitigation measures that could be adopted to reduce the risk(s) during the second HDD
attempt.
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7 Limitations

This report is intended to be used in its entirety. The data, interpretations, conclusions, and
recommendations contained within this report are provided for informational purposes for PennEast, and
pertain specifically to the Nishisakawick Creek Crossing. The data and conclusions presented herein do
not and should not be applied to any other project site or HDD installation. Interpretations of the
subsurface conditions are based on the information obtained from the geotechnical borings. The

subsurface conditions presented between the geotechnical borings are interpretations and may vary from
the actual conditions encountered.

It is recommended that Mott MacDonald provide construction monitoring services to verify the subsurface
conditions encountered during construction, provide field design services, and evaluate contractor
performance in accordance with the contract and the approved contractor supplied work plan.

353754-MM-EN-CO-085 RevB | July 22, 2019



Mott MacDonald | HDD Design Report
Nishisakawick Creek HDD Crossing
PennEast Pipeline Project

Appendix A

HDD Plan and Profile
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Appendix B

Geotechnical Boring Logs
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USCS Group Symbol Minor Components
UNIFIED SOIL CLASSIFICATION SYSTEM AND SYMBOL CHART Description Criteria
COARSE GRAINED SOTLS FINE-GRAINED SOILS 20302 some
(mnore than 50% of material is larger than No. 200 sieve size.) (more than 50% of material is smaller than No. 200 sieve size. 10—20% little
Clean Gravels (Less than 5% fines Tnorganic silts and very fine sands, Tock 1-10% frace
W Well-graded gravels, gravel-sand ; ML | flour, silty of clayey of clayey fine sands
. ; lotores, ftle i s frtes SILTS or clayey silts with slight plasticity Infilling
ravels Tnorganic clays of low to medium
" Poorly-graded gravels, gravel-sand CLAYS £ 2 O
MDD?- T:c\zsfzn% ar mixtures, little or no fines Liquid limit cL p_llnsrncllty, [;I‘_avell}' clays, sandy clays, Description Symbol
Fiattion Tag less than 50% silty clays, lean clays Clay CL
1o 455! o | Qraanic silis and organic silty clays of - N
than N. low plasticity Silt L
sieve size % — = 4 sD
Gravels with fines (more than 12% fines) Inorganic silts, micaceous or Samn
ILTS i i o r
GM | Silty gravels, gravel-sand-silt mixtures SAND W :{:ﬁ';';‘:flf“ fine sandy or silty soils, Calcite CA
CLAYS k - _ Carbonate C
Ge Clayey gravgis;(ﬁvscl-sand-clay Liquid fimit o i?:;fmlc clays of high plasticity, fats Dolomite DO
50% um/
or greater OH Organic clays of medium to high Gyps Ta!e GY
Clean Sands (Less than 5% fines) plasticity, organic silts Hematite HE
3 HIGHLY Limonite L
q Well-graded sands, gravelly sands, little . B
Sand BT , gravelly s :
. 1a|:1an550" . SwW it firiss Olggﬁl\;lc PT Peat and other highly organic soils Quartz 07
of coarse Poorly-graded sands, gravelly sands, | Deteanine prcentagss of sund and Gravel Eom grain 12 curve. Depeoding Chlorite cH
fraction larger SP it & on percentage of fines (fuction smaller than No. 200 sieve size), Pyote PY
than N.4 ntle e 0 finea coarse grained soils arc classified as fallows: e
sieve size Sands with fines (More than 12% fines) Tron Oxide Staining FE
. o) Less than 5 pereent . GW, GP, SW, 8P Stylolite ST
SM Silty sands, sand-silt mixtures hE:e. .;:n 1}; p:;m A GM, GC, SM, SC 5 ty -
5 tu 12 percent cases Tequiring dual symbols ot Determined X
sC Clayey sands, sand-clay mixtures None N |
| Healed " |
Weathering of Rock Mass Discontinuity Spacing
‘ Description Symbol Criteria Grade Description Symbol Spacing (in.)
Fresh R No visble sign of rock material weathering, except slight I Extremely Close EC <0.75
{Unweathered) discoloration on major discontinuity surfaces. Very Close VC 0.75-25
Discoloration indicates weathering of rock material and Close C 25-8.0
Slightly SL discontinuity surfaces. All rock material may be o Moderate M 8—24
Weathered discolored by weaﬂiéﬁgg and may bﬁ? ?umewhat weaker Wide W 24— 8P
than externally than in its fresh (_:on-dmon_ Very Wide VW 20— 24
Modstately Lf:sjs than half of l!_:e rock malc§d is dccompos.ed and/or Extremely Wide EW =240
Weathered M disintegrated to soil. Fresh or discolored rock is present I -
et 2 . .
either as a continuous framework or as corestones. SEacmg TXQQ
Highly Mo_re than half of thf: rock matenz_al is decomposgd and/or Description | Symbal Spacing (in,)
Weathered H disintegrated to a soil. Fresh or discolored rock is present v Joint 1 A natural fracturs along which no displacement has occurred. May occur in
either as a discontinuous framework or as corestones. parallel groups called sets.
Completely ¢ Al rock material is decomposed and/or disintegrated to . Shear 8 ":_":“m_:lﬁd“mm_“lag which differcntial movement has occurred. May be
r . . . shickensided or stniated.
Weathered soil. The original mass sfructure remains largely intact. Fault F A natural fracture along which displacement has occurred. Usuaily lined with
All rock material is converted to soil. The mass structure gougs and slickensides.
Residual Soil RS and material fabric are destroyed. There is a large change VI Vein V| A thin, sheet-like igneous intrusion into a fissure.
esi oi 3 . - g Tou : i
in volume, but the soil has not been significantly Tiedding Tomie B__ | Joints that occur along bedding planes.
4 Foliation Joint FI Joints that occur parallel to the foliation of a rock mass, J
fransported. Shear Zone SZ Zone of fractured rock and gouge bordering the displacement plane. |
Field Strength*® Roughness
Approx. Range of \ _ Intermediate Scale Symbol Small Seale Symbol
b L. Critesi 4 Unisxial C : Stepped S Rough R
escription riteria Grade niaxial ompr?sswe Tndulating T Smoot Sm
i Strength (psi) Planar P Slickensided X
Extremely | Indented by thumbnail. R0 40— 150 Not Determined X Wavy Wa
Weak Not Delermined X
Very Weak | Crumbles under firm blows with point of geological Rl 150700
hammer, can be peeled by a pocket knife. . . . . .
Wesk | Canbo pecled by a pocket knife with difficalty, Weathering/Alteration of Discontinuity Surfaces
shallow indentations made by firm blow with point R2 700 — 4,000 [ Description Symbol | Criteria
of geological hammer. Fresh FR o visible sign of weathering on the rock discontinuity
Medium Cannot be scraped or peeled with a pocket kmife, surfaces.
Strong specimen can be fractured with single firm blow of R3 4,000 — 7,000 Discolored D3 Discoloration of rock material discontinuity surfaces.
geological hammer Degree of discoloration and specific discolored mineral
2 T . m; . s l. b X
Strong Specimen requires more than one blow of geological — cqnsnm.anlf UEApplicatdc) 1nd|ca|edt -
h fra ¥ R4 7,000 - 15,000 Disintegrated DG | Discontinuity surface rock material is weathered to a soil
amr!:ler to cvture 1 > with the rock material fabric intact. Rock material is
Ve SREDIHET B 1o ma“" blows of geological R5 15,000 — 36,000 friable, but the mineral grains are not decomposed.
Strong hammer to fracture it. Decomposed DE | Discontinuity surface rock material is weathered to a soil
Extremely | Specimen can only be chipped with geological with the rock material fabric intact and with some or all
R6 >36,000
Strong hammer. i mineral grains decomposed.
Aperture
Description Symbhal Aperture (in.)
Very Tight VT <0.004
Tight* T 0.004 —0.010 “Closed” Features
Partly Open PO 0.01-0.02
Open** 0 002-0.10
Moderately Wide MW 01-04 “Gapped” Features
Wide w =04
Very Wide W 14-40
*Note: The Uniaxial Compressive Strength ranges are approximate; therefore, a geotechnical engineer Extremely Wide EW 4.0-40.0 “Open” Features
should be consulted for verification of rock strength. Cavemous CA >40
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Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Manager: Vatsal Shah
Client: PennEast Pipeline Project Director: Michael Wilcox

Soil Log Graphic Legend

gOE((;iOMPOSED ROCK: Decomposed ML: USCS Silt

4s;{ TOPSOIL: Topsoil

Rock Log Graphic Legend

[ 7
| CoAL - Coal . LIMESTONE - Limestone 7772) MUDSTONE - Mudstone
[
b d H
I X X
| —— SHALE - Shale % x I SILTSTONE - Siltstone
I X X

Y/ Ground Water Level

(Note that due fo drilling process disturbance the ground water levels obtained during drilling are not as representative as those obtained from monitoring weils)

This legend reports all soil and rock graphics which have been used in the logs of this project only.




MOTT M BORING NO.:
MOTT s W SOIL BORING LOG B-63
Page1of1
Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah
Ciient: PennEast Pipeline Field Eng. Staff: Jon Nelson/ Bernard Cortes
Drilling Co.: Uni-Tech Drilling Co., Inc. Date/Time Started: August 3, 2016 at 2:30 pm
Driller/Helper: _Mike Shepherd /Gene Blemings Date/Time Finished: _August9, 2016 at 12:20 pm
Elevation: 330 ft. |Vez‘tica| Datum: NAVD 1988 Boring Location:Near Hwy 513 Coord.: N:40.538897 E:-75.052549
ltem Casing | Sampler |Core Barre Horizontal Datum: NAD 1983
Type HSA SS NQ2 Rig Make & Model: CME-750X Hammer Type | Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck [ Tripod [ Cat-Head ] safety [ Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 M ATV [0 Geoprobe |# Winch J Doughnut O Polymer Hollow Stem Auger
Hammer Wt. (Ib.) 140 140 - O Track [ Air Track | @ Roller Bit ™ Automatic W Water g
Hammer Fall (in.) 30 30 - [ Skid [ [ Cutting Head O ] None
- — . Fiel
Depth/ Sample Sample Uscs Visual - Manual Identification & Description id TBSti
EIEV No./ Rec. Blovl\:;s Stratum Grou (Density/consistency, color, Group Name, el |2 Remarks
ﬂ)‘ Interval | (in) er 6" Graphic 5 mbpol constituents, particle size, structure, moisture, g £ F %
( (ft) P Y optional descriptions, geologic interpretation, Symbol) 5|2 2| =
alr|la|a
S sA 12 2 Top (12") - TOPSQIL N NP
0.0-0.1 2 1.0
B S-1B 8 6 Bottom (8") - Reddish brown, BECOMPOSED ROCK fragments N| - |NP| -
10-12 13
| i 4.0
Top of Rock at 4 feet BGS.
See Rock Coring Log.
—s5
— 10 3207
|—15
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: S PP = Pocket Penetrometer
Dafe | Time | Time | Bot. of |Bottom| \\.. - O Open End Ro TV =Torvane
(hr) | Casing | of Hole T Thin-Wall Tube
8/4/16 7:00 = 95.0 55.2 : ds I
8/9716 | 756 Z 3350 | som | ndisiibed Saimple
S Split Spoon Sample
G Geoprobe Boring No.: B-63
Field Test Legend: Dilatancy: N-None S-Slow R - Rapid Plasticity: NP - Non-Plastic L-Low M -Medium H - High
Toughness: L-Low M-Medium H -High Dry Strength:  N-None L-Low M-Medium H-High VH-Very High

NOTES: 1.) "ppd" denotes soil sample average diametral pocket penetrometer reading.  2.) "ppa" denotes soll sample average axial pocket penetrometer reading.

3.) Maximum Particle Size is determined by direct observation within limitations of sampler size.  4.) Soil ideniifications and field tests based on visual-manual methods per ASTM D2488.
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naeporen i CORE BORING LOG B-63

Page 1 of 11
Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: " _Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Jon Nelson/ Bemard Cortes
Drilling Co.: Uni-Tech Drilling Co., Inc. Date/Time Started: August 3, 2016 at 2:30 pm
Driller/Helper: _Mike Shepherd /Gene Blemings Date/Time Finished: _August 9, 2016 at 12:20 pm
Elevation: 330 fi. i Vertical Datum: NAVD 198:8 Boring Location:Near Hwy 513 Coord.: N: 40.538697 E:-75.052549
item Casing Core Barrel Core Bit
Type HSA NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method:Wireline
Length (ft) 5 5 3.25 Rig Make & Model: CME-750X
Inside Dia. (in.) 4 2.0 2.0
Avg Visual ldentification, Description and Remarks
Depth/ |Core Depth Run/| Rec | RQD Stratum (Rock type, colour, texture, weathering, DR Discontinuities
Elev. |Rate (f‘tj) (Box)| {in./ | (in/ | Rock Core Graphic field strength, discontinuity spacing, (ﬂp) Remarks
(ft)  [(min No. [ %) | %) optional additional geclogical observations) : (See Legend for ook Descrgiion System)
) Hard. [Wealh SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type] Dip | Rgh|WealAper] Infil
4.0 KX SILTSTONE, Reddish brown, very fine to fine grained,
5.00 R 11 0 R2 sL ; i i slightly weathered, weak, very close to close spaced
5 92% 0% discontinuities
.0 X X X
—5 X X X
5.0 WK SILTSTONE, Reddish brown, very fine to fine grained,
2.00 X X X slightly weathered, weak, very close to close spaced
i ; ; discontinuities
& s §'- 10' Highly Fractured zone
X
2.00 X KX
X X X
= 4 X X X
X X X
60 0 X X X
2.50 R2 | 00| 0% | R2 | SL |X x x
X X X
- X X X
X X X
3.75 X X X
X X X
= X X X
X % i
X X X
4.00 X X X
10.0 X X X
10 500 X X X 5 .
10.0 X X X SILTSTONE, Reddish brown, fine grained, slightly
3.80 X X X weathered, weak, extremely close to close spaced
§ ’; i discontinuities
= % % 10' - 15' Highly Fractured zone
X X X
2.50 X X X
X X X
L X X X
X X X
60 10 X X X
3.50 R-3 100% | 17% R2 SL |x x x
X X X
|- X X X
X X X
2.50 X X X
X X X
X X X
B X X X 13.90 J 0 |PR|DS| O | ML
X X X 1410 | J 0 Jusm{DS| O | ML
4.50 X X X
15.0 x x X% 1460 | J |10 |UuR|DsS| O | mL
—15 X X X
15.0 X X X SILTSTONE, Reddish brown, fine grained, fresh, weak, 15.00 J ¢ |[urR|DS| 0o | ML
4.00 x § i close to very close spaced discontinuities
7 x
X X X
r XX X
X X X
3.75 X X X
X X % 1650 | J4 [ 10 |usm{DS| o | ML
- X K X 16.75 J 0 |[PSm[DS| O | ML
X X X 16.90 J 5 |IPSm|DS| O ML
60 25 X X X 1720 | 4 0 [PSm| DS | O | ML
3.50 R4 o R2 | FR |% % % :
100% | 4136 X X X 17.60 | J 0 |PSmlDs| O | ML
- X X X
X X X
X X X
3.50 e 1840 | J | 15 JUR| DS | MW [ ML
= X X X
X X X 1895 | J | 10 |uSm|Ds| 0o | N
X X X
4.25 X X X
20.0 X X X
—20 319 X X X
20.0 X X X SILTSTONE, Reddish brown, fine grained, fresh, weak,
2.00 x X X close spaced discontinuities
X X X
| ol 2075 [ J |10 |usm{FR| T | N
SE5E 2100 | J |28 Jusm|FR| T | N
3.00 X X X
S e s 2140 | 8 JUSm|FR| T | N
B ;§§ 2190 | J |20 [PSm|FR| T | N
B 60 1 X X X 2225 J 10 |USm| FR | T
3.00 RS | 1000 | 18% | B2 | FR |% x x
X X X
B S X
* Iwixix 23.05 J B8 |UR[FR| O | N
3.50 X X x
Xoxx 23.55 J 0 |USm|FR | T N
XX X
Water Level Data Notes:
Elapsed Depth in feet to:
Date | Time | Time | Bot. of |Bottom
(hr) | Casing | of Hole | Water
8/9/16 7:56 - 235.0 59.9
8/4/16 7:00 - 95.0 55.2
Boring No.: B-63
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e ot T B CORE BORING LOG B-63
{continued) Page 2 of 11
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth ) 3 Stratum ! i i il
Elev.  |Rate |PE8"\(Box)| (in./ | (in./ | Rock Core S field strength, discontinuity soacing, D(%";” Remarks
(ft) (:,E'" No. | %) | %) optional additional geclogical observations) E (See Legend for Rock Descriplion Sysiem)
) Hard. |Weath Type | Dip |Rgh [Wea|Aper]| Infill
X X X
X X X
2.50 X X X
25.0 XXX
|—25 X X X
250 X %X X SILTSTONE, Reddish brown, fine grained, fresh ta Pulldown
275 X X X slightly weathered, weak, close spaced discontinuities approximately
. X X X 350 psi.
L A 2680 [ 4 | 5 |usmlFR| T | N
X X X
3.00 X %X X
X X X 2655 [ U 12 usm FR| T | N
- ¥ X X
X X X
60 41 X X X
280 R6 | 100% | 68% | R2 R ; § i 2150 | J 8 |USm| FR N
B X X X 2790 | J 0 |usm[ps| o | N
X X X
250 X X X 2830 J 60 |UR[DS| O | ML
X X X
| i X X X
X X X
X X X
225 X X X
30.1 X X X
L 30 400 - X X X ) 2080 | J | 5 [usm|bs| o | N
30.0 X X X SILTSTONE, Reddish brown, fine grained, slightly
2.95 X X X weathered, weak, very close to close spaced
: X X X discontinuities
X X X
— X X X
X X X
1.75 X X X
X X X
- X X X 3180 | J XR|Ds| O | N
X X X
- 60 8 K OX X
2.00 R7 [ 4005 | 13% | R2 [ Sb |x x x 3240 | V XR|DS| o | M
X X X
X X X
X X X
225 X % X
X K X
B X X X
X X X
X X X
275 X X X
350 x %X x
|35 X X X
35.0 X X X SILTSTONE, Reddish brown, fine grained, slightly
3.00 x X X weathered, weak, very close to close spaced
; §§§ discontinuities 3550 | J XR]DS| O | N
% % 3580 | J XR[Ds| O | N
x X X
2.50 X X X
X X X 36.60 J 45 JUR|FR|[ O | N
X X X
X X x N
3 60 31 > 88 w730 | 4 | & |PrR|FR| 0| N
2.75 R8 | 100m | 520 | R2 | SL |x % x :
X X X
X X X
X X X
i X % % 3820 | J 86 |[XR|DG| O | cL
X X X
X X X ool Rl
- s 38.8' - 40" Highly Weathered zone
X %X X
3.25 X X X
40.0 Raue
L 40 00 X X X ) . .
40.0 X X X SILTSTONE, Reddish brown, fine grained, slightly
3.00 § § i weathered, weak, close spaced discontinuities
X X X
X %X % 4085 | J 18 |usm{FR| 0 | N
X X X
275 X X X 4130 | 4 18 |Psm|FR| O | N
X X X
| X X X
L% 4185 | J 0 [PSm|FR| O | N
60 51 X X X
250 RO | 1000 | sz | R2 | SL [x x x
| i : : 4270 | J 5 |[psm|Ds| o | N
o R o 4295 [ 4 5 |[psm/ps| O | N
X X X
325 e
- § § § 43.85' - 44.15' Highly Fractured zone
X X X
4.50 X X X 4435 J 0 |PR[DS| O | ML
X X X
(= 45.0 LEE , _
450 X X X SILTSTONE, Reddish brown, fine grained, fresh, weak,
750 X X X moderately spaced discontinuities 4530 | J 5 |PSm| DS | T [ M
- X X X
X X X
- X X X
X X X
275 % 5 5 4625 | 4 o [psm|FR| T | N
He X X =
| X X X
X X X
60 51 X X %
3.50 R-10| 000 | azs | R2 | FR [x x X
X X X
3 ;ii 4800 | J 0 |PSm{FR| O [ N
X X X
2.50 ¥ X %
X X X
o X X X
3.50 X X X
NOTES: PROJECTNO.: 353754 Boring No.: B-63
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o D m CORE BORING LOG B-63
(continued) Page 3 of 11
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/{ Rec. | RQD (Rock type, calour, texture, weatherin Discontinuities
Depth i : Stratum ype, A i ering,
Elev. |Rale (f‘tj) (Box) ('u”—f (\un-f Rock Core Graphic field strength, discontinuity spacing, D(?tp)th Remarks
(ft) (:’Tfjtm No. | %) %) optional additional geological observations) k (See Legend for Rack Descrplion Syslem)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
3.50 | 50.0 kel 4855 [ 4 | o |psm|FR| O | N
50 280 X X X . .
50.0 X X X SILTSTONE, Reddish brown, fine grained, fresh, weak,
3.95 % X % moderately spaced discontinuities
B LEE 5065 [ 4 | 17 |psm{FR| O | N
X X X
3.00 »ak
X X X
B X X X
X X X
i 60 47 X X X
8.00 R qoow | 78 | R2 | RIS S X §2.45' - 53.5' Vertical joint encountered 5245 | | 32 [psm|Fr| T | N
= X X X
X X X
3.00 o s
X X X
- X %X %
i § i 54.10 J 0 |PSm|FR| T N
3.50 X X x 54.40 J 0 |PSm|FR| T N
55.0 X X X
[—55 X X X L e pog
55.0 X % % SILTSTONE, Reddish brown, fine grained, siightly
3.00 % X X weathered, weak, close spaced discontinuities
X X X Shale interbedding
2 X X X 55' - 58.55" Vertical Calcite vein encountered
X X X
4.00 ZEE
X X X
- X X X
X X X
i 60 13 X X X
=0 RA2) joom | 22% | R2 | SL % X %
- X X X
X X X
X X X
3.75 X X X
X X X
= X X X
X X X
4.50 X X X 5925 | J o |UR|Ds| O [ M
X X X 5935 | J | 15 |P.Sm|DS| O | ML
L 50 L7 Ly 223 8970 | J 0 |PR| DG |MW | ML
60.0 ok SILTSTONE, Reddish brown, fine grained, fresh, weak,
3.95 X X X moderately spaced discontinuities
X X X Shale interbedding
I X X X 6075 | J 2 lusm|Ds| T [ N
X X X
X X X
|~ X X X
X X % 6200 | J |17 |usm|FR| T | N
3.00 R13| 80 | 32 | ra | PR X % X%
£ 100% | 98% X X X
| X MK X
i : § 63.00 J 0 fusm/DS| T | N
3.25 X X X
X X X
—~ X X X
X X X
3.25 LRz
65.0 X X % 6455 | J |14 [PSm| FR| T | N
] 288 8470 | J 0 usm|DS| O | N
85.0 X X X SILTSTONE, Reddish brown, fine grained, slightly
3.00 X X X weathered, weak, close to moderately spaced
X X% discontinuities
|- X X X Shale interbedding 8585 1 J [ O [USm| DS ] O | ML
X X X
275 ke o 6630 | o | o |ur|os| o | w
o el & 86.76 | J o |uUR|Ds| o | N
o | s S 6685 | J | 0 [uSm|DS| O | N
6
3.50 R-14 R2 SL|* X X 67.30 | J o |uR|ps| o | N
100% | 91% MHX 6750 | J 0 |usmlDS| O | N
| XX %
x X X
X X X
3.75 X wox
X % %
= X X X
X X X
X X X 69.20 [ J o Jusm| Ds| o | ML
3.00 S
70.0 SN A
—70 59 X X X 1 .
70.0 X X x SILTSTONE, Reddish brown, fine grained, fresh, weak, Used up to 420
3.00 X X X wide spaced discontinuities Gallons from R-2
% % to R-15.
- X X X
X X X
3.25 X% x
X X X
B L X X X
60 | &0 2% i
il X X X
250 RIS 4005 [100% | R2 | FR |% % %
o X X X
X X X
X X X
4.00 X X X
X X X
L X X X
X X X 7395 | 4 o [usm/ps| T [N
X X X
3.00 % e iy
75.0 X X x
NOTES: PROJECT NO.: 353754

Boring No.: B-63




BORING NO.:
MOTT M =
(continued) Page 4 of 11
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth : - : 2] S 2 . Y
Elev. |Rate ?1:) (Box)| (in./ | (in./ | Rock Core gtrr:;ﬁm field strength, discontinuity spacing, D(eﬂp{r Remarks
() (%‘“ No. | %) | %) optional additional geological observations) W (8o Legend for Rosk Desciiption Systor)
) Hard. |Weath Type | Dip | Rgh |Wea|Aper] Infill
75.0 K ol SILTSTONE, Reddish brown, fine grained, fresh, weak, 74.85 J 3 |USm|Ds| O | N
4.00 if § § wide spaced discontinuities 75.25 | MB
X X X
X X X
X X X
395 ¥ % % 7620 | J o |usm|Ds| © | N
X % X
- X X X
X X X
60 | 60 X %X %
2.50 R-16 100% | 100% R2 FR i i z
55 X X X
X X X
X X X
4.25 ek
X X X
B ®H K
e
3.00 X X X
- 80.0 st
= 80.0 X X x SILTSTONE, Reddish brown, fine grained, fresh, weak, Loss of water.
3.50 : § i wide spaced discontinuities
X X X
B X X X
X x X
4.00 X X X
X X X
X X X
X X X
60 80 2 XX
3.50 R-17 100% | 100% R2 FR >>§ : ;
= X X X
4.00 >>: ; i 83.15 J 4 [USm| FR| T N
h X X X
X X X
B X K X
X % X
4.50 X X X
X KX
e 85.0 % X %
85.0 X % SILTSTONE, Reddish brown, fine grained, fresh, weak,
4.00 ool moderately spaced discontinuities
X X X
B X X X
X X X 8610 | J |19 |PSm|FR| T | N
4.00 X X X
X X X
X % X
X R X 800 | J |23 |usm|FR| O | N
80 55 X X X g710 | J |18 |usm|FR| T | N
4.00 R-18 100% | 91% R2 FR i ; :
X X X
X X X
X K X
e Rl ggs50 [ J | 0 |usm|FR| T [ N
% XX
B X % %
X X X
4.00 X X X
90.0 i ’; ; 8960 | 0 |usmlps| o | cL
—o90
0 90.0 ; : § SILTSTONE, Reddish brown, fine grained, fresh, weak,
5.00 Rl close spaced discontinuities
X X X
X X X a0.80 | J o fusm{FR| T | N
X X X
X X X 9130 | o fusm{FR| T | N
4.00 K X X "l
X X X
g gzoo | J | o |usm|FR| T [ N
3.50 ro| 80 | 46 | mo | R o|% X X
- 100% | 76% X % % 555 5 5 o
| X % % .65 U .Sm| Fl N
X X % 93.00 | J 8 [usm|FR| T | N
X X X
4.00 s 9330 | J 0 |usmlFR| T | N
o X gayo | J |10 |usm|FR| T | N
u x W X
X X X
4.00 X X X
K X X
. 95.0 Eae
95.0 i i :‘( SILTSTONE, Reddish brown, fine grained, fresh, weak,
3.50 4ot close to moderately spaced discontinuities
X X X
X X X
X X %
x X X
3.00 R
X X X
B X X X
350 rool 80 | 8 | po | B o[% X % o730 | J |72 |usm|FR| T | N
: i 100% | 97% X X X _
| X X X
X HN X
oK K
4.00 X % %
X X X
- X X X
R 9915 | J 0 JUR[FR| T | ML
3.70 X X %
100.0 i : i: 9965 | J | 13 |usm| DS | PO | ML
10020 100.0 x X X SILTSTONE, Reddish brown, very fine to fine grained,
%X X % fresh, weak, close to moderately spaced discontinuities
NOTES: PROJECTNO.: 353754 Boring No.: B-63




MOTT BORING NO.:
CDONALD :
(continued) Page 5 of 11
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering, Disconfinuities
Elev. |Rate| 5" Box) (in./ | (in./ | Rock Core gt{:;}‘,fg field strength, discontinuity spacing, D(?tp)‘h Remarks
(ft) (?f}m No. | %) | %) optional additional geological observations) {See Legend for Rack Cesiplion Systen)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
<l XXX 10035| J |13 |[PRSm|FR| T | N
| X X X
X X X
X X X
3.00 X X X
X X X
- X X X
X X X
60 60 X X X
3.10 R-21 100% | 100% R2 FR 1% % %
X X X
£ xX 103 - 105 Shale interbedding
3.00 X X X
X X X
» X X X
X X X
4.15 i § § 10435 J 12 {UsSm| FR| T N
105.0 X X X
— 105 X X X .
105.0 X X X SILTSTONE, Reddish brown, very fine to fine grained,
375 X X X slightly weathered, weak, close to moderately spaced
X X X discontinuities
= : § ’; 105' - 106.5' Vertical Calcite vein encountered
X X X
3.20 X X X
X X X
| X %X X
60 35 g
X X X
295 R22| 1000 | 589 | B2 | SL % » =
X X x 107.60 [ J 35 [uSm| DS | O | ML
B 22 10800 J | 0 Jusm{os| T |m
X X X i el
3.50 X X X
X %X X
L X X X
X X X 10895 | J 0 [uSm|DS| T | ML
= xX X X
3.50 X X X 109.35 [ J 0 |usm{Ds| T [ ML
110.0 X X X
— 110 230 X X X . .
110.0 X X X SILTSTONE, Reddish brown, very fine to fine grained,
400 X X X fresh, weak, wide spaced discontinuities
X %X X
B X X X
X X X
X X X
3.90 X X X
X X X
- X X X
X X X
60 60 X X X
3.90 R-23 100% | 100% R2 FROJ% % %
X X X
- X X X
X X X
3.00 X X X
X X X
- X X X
X X X
3.75 el
115.0 X X X
—115 X X X
115.0 X X X SILTSTONE, Reddish brown, very fine to fine grained,
4.00 X X X fresh, weak, very close to moderately spaced
X X X discontinuities
| X X X
X X X
X X X
3.50 X X X
X X X
n X X X
50 X X X
45 X X X
3.85 R-24 100% | 75% R2 FR [% x %
X X X
o X X X 1780 | J 9 [PSm|FR| T | N
X X X 1810 | J 11 |USm|FR| T | N
3.85 X X X
% 11840 | J 0 [usm/FR| T | N
= X X X
X X X
3.60 Rk
120.0 X X X
120 549 X X X
120.0 X X X
4.00 X X X
X X X SILTSTONE, Reddish brown, very fine to fine grained,
| X X x fresh, weak, close to wide spaced discontinuities 12070 J 12 JUSmf FR | T | N
ook 120.4' - 121" Shale interbedding
4.10 X X X
X X X
— X X X
= X X X
58 X X X
3.10 R-25 100% | 97% R2 FR 1% % x
X X X
B X X X
X X X d
3.75 X X X
X X X
= X X X
X X X
2.05 Ss2
125.0 X X X
—125 X X X
125.0 X X X SILTSTONE, Reddish brown, very fine to fine grained,
4.00 X X X fresh, weak, moderate to wide spaced discontinuities
X X X
| X X X
NOTES: PROJECTNO.: 353754

Boring No_: B-63




MOTT BORING NO.:
(continued) Page 6 of 11
Avg Visual Identification, Description and Remarks ) o
Depth/ | Care Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
; s Stratum ! vy i 3 d Depth
Elev. |Rate D(ef‘t’;h (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (ﬁp; Remarks
i)  [(min No. | %) | %) oplional additional geological observations) ' (e Legens for Rock Descriptian System)
) Hard. |Weath Type | Dip [Rgh {WealAper| Infill
X X X 12690 J | 59 [usm|FR| T | N
420 SZz
X X X
B X X X
X X X
60 60
.. X X X
3.15 R-26 100% | 100% R2 FR EEZ
= x X X
x X X
X X X
3.00 ¥ex
X X X
- X X X ) _
X X X 129.4' - 130' Shale interbedding
3.20 X X X
X X X
0 130.0 228
0 130.0 i ; i SILTSTONE, Reddish brown, very fine to fine grained,
4.00 X X % fresh, weak, very close to moderately spaced
: ¥ %X X discontinuities
B s 13070 | o |usm[FR| T | N
XX X
X X X
4.90 X X X Loss of water at
il 13165 J | 0 [sSm| DS | 0 [ N |1315feetBGS.
B X X X
X X X
60 54 s 13220 [ 4 o |usm|FR| T | N
385 R-27 100% | 90% R2 FR BEX
= X X X
X X X
X X X
3.00 SRl
X X X
d xX X X
xX X X
xX X X
4.00 LRy
| 135.0 X X % 13470 o |15 |usm{FR| T | N
135.0 a2 SILTSTONE, Reddish brown, very fine to fine grained,
3.50 X X X fresh, weak, close to wide spaced discontinuities
X %X X
- X X X
X X X
3.30 ol
x X X
B X X X
X X X
60 59
3.50 R-28 100% | 98% R2 FR : i ;
- X X X
X X X
X X X
4.50 X X X
X X X
- X X X
2 § § 13920 J [31|usm{FR| T | N
320 g 13030 J |26 |usm FR| T | N
140.0 X X X
—140 . 13980 | J 0 |USm
10 140.0 xR SILTSTONE, Reddish brown, very fine to fine grained,
3.40 % X X fresh, weak, moderate to wide spaced discontinuities
X X X
- X X X
X X X
475 ool s
X X X
— X X X
X X X
60 | 60 gl
240 R-29 100% | 100% R2 FR 2T
B X X X
X K X
X X X
3.90 X X % 14335 J [0 |urR|[FR| T | N
X X X
- X X X
X X X
145.0 X X X
[ 145.0 X SILTSTONE, Reddish brown to gray, very fine to fine
4.20 ¥ X X grained, fresh, weak, close to wide spaced
i X % X discontinuities 14550 | J 0 [UR|FR| T | N
= X X X
X ® X
3.00 X % x
X X X
- X X X
X X X
. 60 58 il 14720 J o fusmlFR[ T | N
3.50 R-30 100% | 98% R2 FR 7ol 14730| J 0 |USm FR| T [ N
X X X
B X X X
X X X
3.50 X X X
X X X & s
= X X X
x X X
4.00 L EX
150.0 X X %] 150.0
1500 150.0 — — SHALE, Gray fo dark gray, very fine to fine grained,
370 [ fresh, weak, very close to wide spaced discontinuities
3.70
NOTES: PROJECT NO.: 353754 Boring No.: B-63




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-63
(continued) Page7 of 11
é\\tg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weatherin Discontinuities
Depth : : Stratum ype, Iy TEXILITE, ering, D
Elev. |Rate (f% Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (if;h Remarks
() (?f"lln No. | %) | %) optional additional geological observations) (e Lagen for Rack Descriplian System)
) Hard. |Weath Type | Dip | Rgh [wea|Aper| Iniill
3.70
60 55
2.80 R-31 100% | 91% R2 FR
5.00
153.50 [ J o |Psm|DS| O | N
- 15380 | J 0 |uSm|FR| T | N
3.70 15430 | J 0 [usm|DS| T | N
155.0 154.60 J 5 [USm[DS| T N
—155
155.0 SHALE, Gray to dark gray, very fine to fine grained,
3.15 slightly weathered, weak, very close to close spaced
discontinuities
| 15570 | J 0 |uSm|FR| T | N
156.10 | 0 |usm|FR| T | N
3.50 — — 15640 | J [ 13 fusmlFR| T | N
- — 156.85 | o |usm{FR| T | N
i 60 40 — — 15725 4 |11 |urR|er| T Ceal infilling.
3.15 R-32 100% | 67% R2 st —
3.15 — 158301 4 | o fusm{Ds| T Qelrfifilling.
Small water
L return at 158.5
feet BGS.
3.80 ==
180.0 L —
160 179 —
160.0 =2 = SHALE, Dark gray to gray, very fine to fine grained,
3.00 slightly weathered, weak, very close to moderately o
— — spaced discontinuities 16060 J |13 |uk|os| T CmIrififilling.
A T
i 16115 | J g |usm| FR N
- — 16185 J 0 [USm|FR| T | N
16185 J [ 13 |usm{FR| T | N
60 54 :
3.70 R-33| 1g0% | mess | R2 | SL
| 162.70 | 4 0 [usm/FR| T | N
3.00
3.00 18425 [ ) 0 JURJFR| T | N
‘65 165.0
185.0 SHALE, Gray, very fine to fine grained, slightly
375 weathered, weak, very close to moderately spaced
discontinuities
3.00 N
e 167.05 | 0 [usm/FR| T | N
60 | 50 L] ’
3.40 R-34 100% | 83% R2 SL
- 167.80 | J 0 [uSm|FR| T | N
3.30 16840 [ J 0 |uSm|FR| O [ N
- = 16875 o f{UR|DS| T
3.40
170.0 = 16955 | J 1B |(UR|DS| T N
—170 160 = —1170.0
170.0 § ; ; SILTSTONE, Reddish brown, very fine to fine grained,
3.40 X X X fresh, weak, moderate to wide spaced discontinuities
X X X
N % I X 170.85 | J o [usm|FR| T | N
X X X
2.75 X X X
X X X
X X X
B X X X
60 | 60 xE X
3.00 R-35 100% | 100% R2 FR i i :
» i S X X X
X X X
X X X
3.25 X X X
X X X
L X X X
ol X X X 4
3.25 X X x
X X X
. 1250 X x x| 1750
175.0 = = SHALE, Reddish brown to dark gray, very fine to fine
3.00 grained, fresh, weak, wide spaced discontinuities
270
NOTES: PROJECTNO.: 353754 Boring No.: B-63




OTT BORING NO.:
s Y M CORE BORING LOG B-63
(continued) Page 8 of 11
Avg Visual Identification, Description and Remarks . o
Depth/ [Core| . | Run/| Rec. | RQD Steatum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate ?ﬂp) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, [ Remarks
(f) | (min No. [ %) | %) optional additional geological observations) {See Legend for Rock Descriplion System)
) Hard. [Weath Type | Dip | Rah [WealAper] Infil
750 =
60 60 ]
2.50 R-36 | 100% | 100% | B2 | TR [
3.00 I==2]
2.50 _____
o 180.0 180.0
180 180.0 7. ARGILLITE, Gray, very fine grained, fresh, strong, wide
275 L spaced discontinuities, calcarecus
i f/ Interbedded Limestone encounterad
3.00 ///'/;
60 80 7
18230 J 5 fusm|FR| T | N
3.00 R37| 100% | 100% | R4 | FR ///4;
% 18320 | J | 10 |Psm|FR | PO | N
250 //2
/,/?’;/,_
250 % 18450 [ J 5 [PR|FR| T | N
185.0 Z : '
e 185.0 / ARGILLITE, Gray, very fine grained, slightly weathered, :ggg?g mg
/ strong, exiremely close to wide spaced discontinuities, 18530 | M8
3.00 /
//// calcareous
B 7 4’//// 4 186' - 186.7" Highly Fractured zone with Calcite infilling
3.00 Z {r//’
i 7
i g
187.1' - 188.3" Vertical fracture with Calcite infilling
60 38 /
3.00 R-38 100% | 63% R4 SL /,é
i 7 /Z ,
3.00 AN
//?/’ 18870 | MB
189.30 [ ma
3.00 /{// 189.50 | MB
| 1900 193.0 ,/ 189.80 | M8
e 190.0 7 /2 ARGILLITE, Reddish brown, very fine grained, fresh, 189.90 [ M8
3.00 “ ;///// very strong, wide spaced discontinuities, calcareous
7
|« % //
5.00 /4/
3.00 rao|. 80 | 8 | g5 | R P27
100% | 100% /////-:
l= /
3.00 /4/
= é 193.90 | MB
. ,//4 19420 | MB
e 195.0 /'////;/" 19470 | MB
q % :
[ 195.0 _/// ARGILLITE, Reddish brown, very fine grained, fresh,
strong, moderate to wide spaced discontintuities,
8.00 //// calcareous
7
3.00 RN
o e
60 60 ///
3.00 R-40 100% | 100% R4 FR /
- /;//';/ 197.90 | J 0 [PR{FR|PO| N
.00 Z é//// 19850 ( FJ | 5 [UR|FR| T [ N
. (<
= //////,
200 19930 [ mB
: 19950 | MB
200.0 8 %
200120 2000 // ARGILLITE, Reddish brown, very fine grained, fresh,
) / very strong, wide spaced discontinuities, calcareous
3.00 , ,//7
7,
- /’///,
3.00 /
300 Rat] 80 | 0 | rs | FR 7
NOTES: PROJECT NO.: 353754 Boring No.: B-63




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B"63
(continued) Page9 of 11
Bepth é\‘fg B/ Visual Identification, Description and Remarks
ep ore un/| Rec. | RQD (Rock type, colour, texture, weatherin Discontinuities
Depth 2 2 ' ' 5 g,
Elev. |Rate E% (Box)| (in. / (in./ | Rock Core gtrr;;ﬁ; field strength, discontinuity spacing, D(eﬂp;ih Remarks
(ft) (?f"t'“ No. [ %) | %) optional additional geclogical observations) : Se2 Legend for Rock Destrigtion System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper| Inill
3.00 TO0% | T00% /,///,’
» i
//
3.25 / 203.40 | M8
| .
350 4 //// 20430 | w8
| 205.0 A
205.0 //:{, A ARGILLITE, Reddish brown, very fine grained, fresh, 201:00;) B
3.00 / very strang, wide spaced discontinuities
3.00 é
7
5 //,/;///,Z
G
60 60 b
3.00 R-42 100% | 100% R5 FR ///
K ’//{//’/ 20800 J |30 |Psm|FR| O | N
3.00
/ﬁ ’,;/;/; A 208.60 | MB
I~ L
2.00 /4;? 200200 4 | 5 |PR|FR|PO| N
210.0
—210
= 210.0 /4 ARGILLITE, Reddish brown, very fine grained, fresh,
3.25 /%/ * very strong, extremely close to wide spaced
discontinuities
21190 o | 40 [Psml PR | VT | N
3.25 ///% g
60 | 58 ////
3.25 R-43 100% | 93% R5 FR %
7
B A
3.25 777
7
215.0 //; 214.5' Silt seam
—215 . 77 ,/// / 214.5' - 214.7' Highly Fractured zone
215.0 Z ////' ARGILLITE, Reddish brown, very fine grained, fresh,
5.00 ///% very strong, close to wide spaced discontinuities
i | / 21570 J | 30 [PSm| FR| VT | N
3.00 //
B //% 21670 | J |40 |psm|FR| T [ N
60 60 . 7///’
3.00 R-44 100% | 100% R5 FR {//é//
- ///////
77
- ., %’A 21880 J | 5 |uSm|FR| T | N
wAZA
275 7 21930 4 | 5 |Psm|FR| T | N
| e 220.0 7 //
e 220.0 ARGILLITE, Reddish brown, very fine grained, fresh,
ry
3.25 // very strong, wide spaced disconfinuities
7
ax
3.25 z “é//f
(A
L 7 77
60 80
3.25 R-45 100% | 100% R5 FR %/}%
] 7
7.7
325 ‘A
| 7
325 /
| 225.0 /,j 224.60 [ MB
225.0 2 /f// ARGILLITE, Reddish brown, very fine grained, fresh, 22080 | tMb
3.95 AN very strong, close to wide spaced discontinuities 225.20 | MB "
7%
| //
3.25
7
i 7
325 Ras| B0 | 60 | oo | ;7 //’ (
100% | 100% 7 ////Z'/Z
g
| 22780 J | 3 |Psm|FR| T | N
NOTES: PROJECT NO.: 353754

Boring No.: B-63




BORING NO.:
S ehcnais: W CORE BORING LOG B-63
(continued) Page 10 of 11
Avg Visual Identification, Description and Remarks - —_
Depth/ |Care Run/[ Rec. | RQD (Rock type, colour, texture, weathering, iscontinuiies
Elev. |Rate D?f%m (Box)| (in./ | (in./ | Rock Core %hr:;l;?; field strength, discontinuity spacing, Dg_ﬁp;h Remarks
(ft) [ (min No. | %) [ %) optional additional geological chservations) g {See Legend for Rock Descriplien System)
) Hard. |Weath Type | Dip | Rgh [Wea|Aper] Infill
52 s zzn30 | 4 xR[mR| TN
325 //// - i
//
- 22880 [ J 3 lpsm|FR| T | N
3.25 %%
230.0 7
—230 100 230.0 9? Z/} ARGILLITE, Reddish brown, very fine grained, fresh,
3.25 /'/;;;’5. very strong, wide spaced discontinuities
N fa
£
3.25 %// 23130| J4 |70 |PSm|FR| T | N
: 7
a2
350 rar| 80 | .88 | rs | FR |2 77
g 100% | 100% /@
| 7
3.25 é
825 B /:////j’; 23450 | J 3 [PSm|FR| T | N
| i -
2 235.0 / ARGILLITE, Reddish brown, very fine grained, fresh,
very strong, extremely close to wide spaced
e /4 discontinuities
n /// 235' - 236.2' Highly Fractured zone
N
3.00 ///:4//;/,
o
= é/
60 56 /
3.25 Rag| o0 | o | RS | PR ///,
3.25 A’;/;/
)
= /7 23890 | J o |Psm|FR|VT| N
325
240.0 %/// 23080 J | 5 |Psm|Fr| T | N
240 o 240.0 //f% ARGILLITE, Reddish brown, very fine grained, fresh,
7 very strong, close fo wide spaced discontinuities
2.0 //ﬁ ;%'/ Calcite interbedding 200 o e R e
- e
i ¢
3.50
350 R49| (o | oo | RS | R ////'4
o o /Z/;/;?}
— ’d
//
3.50 24340 J 5 |usm| FR | VT | N
o %% 24380 | 4 5 [PRIFR| VT N
3.50 é/// 244.3' Transition from Reddish brown to gray
- 7 24450 | J 5 |PR|FR|VT | N
. 2450 7 52,
[ 245.0 7 ARGILLITE interbedded with Shale, Gray, very fine
3.50 ,//, grained, fresh, very sirong, close to moderate spaced
’ % discontinuities
250 7
A %
B 77 2 24680 o | s |PR|FR| T | N
60 59 //é// 247.20 J 5 |PSm| FR | VT | N
3.50 R-50 100% | 98% RS FR
| %/ 247800 J 5 |Psm|FR | VT | N
7
7
o 7,
%//' 24000 | 4 5 |PR|FR| T [ N
3.50 - ’/ 24950 | J 5 |[UR|FR| T | N
20 w 250.0 /// ARGILLITE, Gray to reddish brown, very fine grained,
4.00 /‘//2 fresh, strong, wide spaced discontinuities
- z%/}/ & 25080 | J 5 |PSm{ FR| T | N
i,
4.00 7 25150 | MB
B /// 252" Transition from Gray to reddish brown
4.00 rRet| 20 | & | re | R 7
N .7
g7
= )
4.00 ) 25330 | MB
NOTES: PROJECTNO.: 353754 Boring No.: B-63




BORING NO.:
MOTT M
- CORE BORING LOG B-63
{continued) Page 11 of 11
Avg Visual Identification, Description and Remarks : o
Depth/ |Core Depth Run/ Rec. | RQD (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. | Rate "2 " (Box) (in. / (lon. /| Rock Core field strength, discontinuity spacing, ) Remarks
(ft) (;?Eiﬂ No. | %) | %) optional additional geological observations) (S22 Legend for Rock Descrigtion Systern)
) Hard. Aper| Infill
4.00
B d R 253.90
4.00
L 255.0 254.70
255.0 ARGILLITE, Gray to reddish brown, very fine grained,
4.00 fresh, strong, close to wide spaced discontinuities 255.30 PO| N
Limestone interbedding
//
4.00 /
60 | 52 ”///
4.00 R52( 1o | ooz | R . g//;
&
2 | A
2
460 ’7’}? 258.2' Transition to SHALE
/ 25920 J | 5 T |cCa
4.00 ’% 25930 J | 5 TN
260.0 A X 260.0
260 70 : - 259.90 T |ca
260.0 = SHALE, Gray, very fine grained, slightly weathered, )
4.00 — medium sirong, extremely close to close spaced 280:20
— discontinuities 0 N
L — — Calcite interbedding with Dolomite G r
4.00 261.3' - 262.5' Highly Fractured zone
60 31
4.00 R-53 100% | 52% R3 Loss of water at
H 262.5 feet BGS.
262.9' - 263" Highly Fractured zone
4.00 263.3' - 264.5" Highly Fractured zone
4.00
| e 2650 265.0
265.0 LIMESTONE, Gray, fresh, medium strong, extremely Used up to 400
4.00 close to moderately spaced discontinuities Gallons from
Shale interbedding R-48 to R-53.
B 265.8' - 266.6' Highly Fractured zone
4.00
&0 50 267.10 TN
5.00 R-54 100% | 83% R3
B 267.80 T N
5.00
B I 268.70 TN
I
6.00 5 269.40
270.
— 270.0 i 269.80
270.0 ARGILLITE, Reddish brown, very fine grained, fresh,
3.00 very strong, close to wide spaced discontinuities
270" - 270.5' Transition from LIMESTONE
3.00
- 271.70 5 VT [ N
271.80 5 VT | N
60 58
5100 R-55| 100% | o7% | RS
3.00
3.00
i 275.0 275.0
End of Boring at 275 feet BGS.
Borehole grouted with cement and bentonite hole plug.
NOTES: PROJECT NO.: 353754 Boring No.: B-63
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MOTT M BORING NO.:
L L SOIL BORING LOG B-64
Page1 of1
Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Bobby Kalpouzos
Drilling Co.: Uni-Tech Drilling Co., Inc. Date/Time Started: July 26, 2016 at 7:00 am
Driller/Helper: _Mike Shepherd /Gene Blemings Date/Time Finished: _August 2, 2016 at 3:00 pm
Elevation: 301 ft. [Vertical Datum: NAVD 1988 | Boring Location:Staked location near wooded area. Coord.: N:40.537602 E:-75.050749
Item Casing Sampler [Core Barre| Horizontal Datum: NAD 1983
Type HSA SS NQ2 Rig Make & Model: CME-750X Hammer Type Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck ] Tripod [ Ccat-Head [ safety [] Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 20 M ATV [] Geoprobe |M Winch [ Doughnut [ Polymer T
Hammer Wt. (lb.) 140 140 - [ Track (J Air Track | Roller Bit M Automatic & Water 9
Hammer Fall (in.) 30 30 - [] Skid ] [ Cutting Head [m] ] None
e - Field Tests
Depth/ Sample Sample uscs Visual - Manual Identification & Description =
EIZV No./ Rec. BIovEs Stratum Grou (Density/consistency, color, Group Name, el |2 Refiiarks
M Interval |  (in) er 6" Graphic S mbgi constituents, particle size, structure, moisture, g E|E|2
() (ft) P Y optional descriptions, geologic interpretation, Symbal) (3|8 ‘;
alj~-|a]|a
S-1 12 5 g Very dense, Reddish brown DECOMPOSED RQCK fragments N[ - INP| -
0.0-02 ie
R 50/2" .
a 3.5
Top of Rock at 3.5 feet BGS.
- g See Rock Coring Leg.
| = ]
w0 4
= 230
5 4
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: Erd Rod PP = Pocket Penetrometer
Date | Time | Time | Bot. of | Bottom( .- O OpenEndRo TV = Torvane
(hr) [ Casing| of Hole T Thin-Wall Tube
VI2YHB | 700 - 640 | 60 |y yndisturbed Sample
8/1/16 7:00 - 284.0 Dry .
S Split Spoon Sample
G Geoprobe Boring No.: B-64
Field Test Legend: Dilatancy: N-None S-Slow R-Rapid Plasticity: NP - Non-Plastic L-Low M -Medium H -High
Toughness: L-Low M-Medium H -High Dry Strength: N -None L-lLow M-Medium H-High VH - Very High
NOTES: 1.) "ppd” denotes soil sample average diametral pocket penetrometer reading. _ 2.) "ppa" denotes soil sampie average axial pocket penetrometer reading.
3.) Maximum Particle Size is determined by direct observation within limitations of sampler size. 4.) Soil identifications and field tests based on visual-manual methods per ASTM D2488.




BORING NO.:

Maciionas CORE BORING LOG B.64

Page1 of 16
Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Bobby Kalpouzos
g
Drilling Co.: Uni-Tech Drilling Co., Inc. Date/Time Started: July 26, 2016 at 7:00 am
Driller/Helper: _Mike Shepherd /Gene Blemings Date/Time Finished: _August 2, 2016 at 3:00 pm
— T Pe e oTICPNEN
Elevation: 301 ft. _ Vertical Datum: NAVD 1988 | Boring Location:Staked focation near wooded area. Coord.: N: 40.537602 E: -75.050749
Item Casing Core Barrel Core Bit
Type HSA NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method:Wireline
Length {ft) 5 5 3.25 Rig Make & Model: CME-750X
Inside Dia. (in.) 4 2.0 2.0
Avg Visual Identification, Description and Remarks
Depth/ |Core Depth Run/| Rec | RQD Stratum (Rock type, colour, texture, weathering, Deoth Discontinuities
Elev. Ra_te ) (Box)| (in./ | (in/ | Rock Core Graphic field strength, discontinuity spacing, (ﬂp) Remarks
(f) | (min No. | %) | %) optional additional geological observations) g (See Legend for Rack Descrplion System)
m Hard. |Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip | Rgh|wea|Aper| Infill
4.0 XXX SILTSTONE, Reddish brown, very fine fo fine grained, C““?BRB '”g SO
xR X slightly weathered, very weak, very close to close begin R-1 from
2.50 X X X kel 3.5 feet to 4 feet
X x % spaced discontinuities G
|5 X % X 4'- 9' Highly Fractured zone BGS.
X X X
X X X
2.00 % %
X X X
I~ K X X
59 0 X X X
2.00 R-1 R1 SL [x x x
98% | 0% s
- X X X
X X X
- X X X
.50 X X X
X X X
|~ 3 e | X X X
X X X
= i § ;( Loss of water at
| | 8.0 X X X 8.5 feet BGS.
9.0 sz i SILTSTONE, Reddish brown, very fine grained, slightly
1.50 X i x weathered, weak fo medium strong, very close to close
X X X spaced discontinuities
10 X X X 9' - 10.4' Highly Fractured zone
X X X
<00 iii 1040 | J | 0 [PR|[Ds|PO| N
X X X
B 250 X X X 10.9' Vertical Fracture 10.90 J 0 |PR|DS|PO| ML
50 14 X %X X 10.9' - 11.4' Highly Fractured zone
1.50 R2 | 400% | 239 | R2 SL ; ; i 1140 | 4 0 |sR|Ds| T | M
- X X X L ' Hi
e g 11.8' - 14' Highly Fractured zone Loss of water
X X X from 12 to 13 feet
5.00 X X X BGS.
X X X
B X X X
x X X
5.00 X X X
X X X
14.0 SR8
14.0 § X SILTSTONE, Reddish brown, very fine grained, slightly
3.00 T wihs weathered, very weak to weak, very close to close
X % spaced discontinuities
| —15 X X X 14' - 14.8' Highly Fractured zone 14.80 J 30 |SR|IDs| T N
X XX 1510 | 4 D |sR|DS| T | N
2.25 e i
X X X 1550 | J |80 [UR|DS| T | N
| X
w0 | el 16' - 17.3' Highly Fractured zone %00 | 4 | o [ur|Ds|Po| N
2.00 R-3 100% | 43% R1 SL i ; §
L i EE— X X X
X X X
X XX 1730 | 4 [vo [sR|os| T [ M
2.50 2% a . :
X X X
- X X X 1780 | J |20 |srR|Ds| o | N
250 ii: 1820 | J o |sR|Ds|Po| N
i X X X
- 18.0 X X X 18.7" - 19' Highly Fractured zone 18.70 J 0 |SR|DS|T | N
19.0 gl SILTSTONE, Reddish brown, very fine to fine grained, gsﬁd"'gpf:g ;5}31
: allo B
1.50 i;: gzlsgcl'glr?'tigsgéhsered.waak, very close to close spaced el o |urjos|ro| N |aRS
|0 X X x 19' - 19.4' Highly Fractured zone Loss of water
X X X 19.9' - 21' Highly Fractured zone 1220 : e el R g%rgmio mateet
X X X e
1.50 X % x
X X X
200 % |3 2EL 2100 [ 4 |80 |sr|os|o| N
1.75 R-4 100% | 38 | R2 SL iii 2140 [ J 0 JUR|Ds|PO| N
B X % % 2170 | U 0 [UR|DS| T | N
X X X
X X X 22.2' - 23' Highly Fractured zone 2230 J 0 |UR|[DS|[PO| N
2.00 s sy
X X X
— X X X
i X X X 2300 | J [30 |UR|[DS| T | N
250 X X X
24.0 kP 23.6'- 24' Fractured zone 2360 | 4 o |ur|ps|o |
Water Level Data Notes:
Elapsed Depth in feet to:
Date Time | Time | Bot. of | Bottom
(h) | Casing| of Hole | Water
712716 7:00 - 64.0 60.0
8/1/16 7:00 - 284.0
Boring No.: B-64




MOTT BORING NO.:
(continued) Page2 of 16
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth: h 3 Stratum 1 o Do p § D
Elev. |Rate (f% (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (?tp;h Remarks
(i) (?tm No. | %) | %) optional additional geclogical observations) i (See Legend for fock Bescripion System)
) Hard. |Weath Type | Dip | Rgh |Weal|Aper| Infill
24.0 X X § SILTSTONE, Reddish brown, very fine to fine grained,
2.00 : ; X slightly weathered, weak, very close to close spaced 24.30 J o |sr|DS| T | N
X % % discontinuities
—25 X X X
E ek 2520 | J 0 |srR|Ds| T |cL
X X x 5 ;
2.00 X X X
| X X X 2570 | J |40 |UR|DS|VT|cCL
5 | el 26" - 26 8' Fractured zone 2600 | J |30 |ur|Ds|vr|cL
(5]
3.00 R5 | 4000 | 520 | P2 | BL XX % 2-inch thick Clay seam at 25.4'
- X X§ 26.80 J o |UR|[DS|PO]CL
X X
® K X 2720 | 4 o |PR|DS| T |cL
280 X X X
X X X 27.8' - 29' Fractured zone 2760 | J 0 |UR|Ds cL
. X X X
X X X
3.50 X X X
X X X
il 29.0 el o)
29.0 :‘( z § SILTSTONE, Reddish brown, very fine to fine grained,
2.00 &G e slightly weathered, weak, very close to close spaced 29.30 J 0 |UR|DS | VT | N
- discontinuities
X X X 2950 | J sm| oS
|30 X X X 29.6' - 31.4' Highly Fractured zone 9 |5 i
X X X
X X X
2.80 oG
X X K
B o 1 xX X X
X X X
60 29
2.50 R-6 100% | 48% R2 SL : : i 31.40 J 0 [UR|DS| T | N
B X% % 3180 | J 0o |sR|Ds N
X X X 3190 | J 0o |PR|DS| T | N
2130 ;;); 32.2'- 32.9' Fractured zone 32.20 J 0 |PRIDS|PC| N
X X X
B :ii 3290 [ 4 0o |sR|DS|VvT| N
3256 X X X
34.0 S BT saee | 4 | o |urfos|Po| N
B 340 el SILTSTONE, Reddish brown, very fine grained, slightly awol | 6 |luelse |56 Used up to 450
200 Lax weathered, weak, close to moderately spaced : N | Galions from R4
S discontinuities toR-6.
—35 X X X
X X X
X X X
2.00 s
X X X
a X X X
60 37 s Rl 36.30 J 0 |UR|DS| O | N
2.00 R-7 100% | 62% R2 SL : z ; - .
- X X X 36.80 J 20 |[UR|DS| O | N
ii’; A0 | J 0o |UR|DS| T | N
=00 gy 37.5' - 39" Fractured zone 3750 [ 4 | o [UR[DS| T | N
| J SR X K X
X X X
2.50 K X n
X X X
| 39.0 X X x
39.0 § § ; SILTSTONE, Reddish brown, very fine to fine grained, 3900 | J o |ur|os| o | n [Lossofwater.
3.00 X % % slightly weathered, weak, close to moderately spaced
) X W X% discontinuities 3950 | J 0o |sR|DS| T | N
40 X X X 39.6' - 40.3' Fractured zone
K X X
X X X
250 X2 4030 | J o |uR|DS| T | N
- gl 40.8' - 41.4' Fractured zone aos0 | 4 |70 |ur|os|Pol N
X X X
60 33
2.50 R-8 | 100% | 54% R2 SL ; ; § 41.40 J 0 |UR|DS|PO| N
| X X X 4180 | J o [PR|DS|PO| N
X X X
SR g 4210 | 4 |30 |uR|DS| T | N
250 X xx s250 | 4 |20 |PR[DS| T | N
| o 4az70 | 4 | o |UR[DS| O | N
f( i i 4320 | 4 o |PR|DS|PO| N
2.00 P 4340 [ J | 0 |UR|[Ds|PO| N
i 44.0 X % %
44.0 X a SILTSTONE, Reddish brown, fine to medium grained, g0 4 |0 |RRIDS PO N L6 ofwaten
250 X X % slightly weathered, weak, very close to close spaced
’ X X X discontinuiies
| s X X X
X X X
275 X X X
) ii; 45.5' - 47.2' Gray banding 45.50 J 5§ |PR[DS|PO| N
I~ X X X
X X X
60 40
2.50 R-9 100% | 67% R2 SL‘ § i i .
X %X % 4670 | J o [GR|DS|[PO| N
B & 4680 | J 5 DS (PO | N
X X X
4.00 X X X
X X X
= X X X 47.8' - 48.2' Fractured zane 47.80 J 10 |UR|DS|PO| N
260 i ; ; 4820 | J o |PRlDS|[vT| N
N X X X
49.0 X X X 4870 | J 5 |[PR|DS| T | N
49.0 ’; §<< % SILTSTONE, Reddish brown, very fine ta fine grained, gzﬁgnuspf:g ;513_7
NOTES: PROJECT NO.: 353754 Boring No.: B-64




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-64
(continued) Page 3 of 16
o CAVQ Buri Visual Identification, Description and Remarks
epl ore un/| Rec. | RQD (Rock type, colour, texture, weatherin Discontinuities
Depth : : Stratum ype, T 1axre, ering.
Elev. Rate (ff) (Box) (|On..’ (lun.l Rock Core Graphic field strength, discontinuity spacing, Dgtp)th Remarks
(ft) (?f’t')” No. [ %) | %) optional additional geological observations} ’ (S22 Legend for Rock Desciiplion System)
Hard. |Weath Type | Dip | Rgh|Weal|Aper] Infill
279 X X X 0 R,
X X X Loss of water.
—s0 o1l 4080 | J 5 (UR|Ds | Po| N |LOSSoOTwater
X X X
3.00 X X X
X X X
[ 250 X x X
X X X
60 59 X X X
2.50 R0 io0o | agos | B2 | SL |% x x 5t40 | 4 | o |ur|DS|vr| N
X X X
= X X X
X X X
3.00 X X X
X X X 52.5'- 52.7" Fractured zone 6240 J 20| B80S [ ROL N
L X X X 5270 | 5 |[PR|DS| T | N
M e 3
3.50 5
54.0 X X X
= X X X
54.0 X X X SILTSTONE, Reddish brown, very fine to fine grained,
3.00 i;: slightly weathered, weak, close spaced discontinuitiss 54.30 J 5 |PRIDS| T N
X X X
55 X X X
X % X
2.50 X X X
X X X
| X X X
X %X X
60 52 X X X
2.50 R111 4009 | a7 | R2 SL |x x x 5630 | J 10 |[UR|DS|PO| N
X X X
- X KM
X X X
2.75 X X X
20 3 5760 | J |25 |uR|DS| O | N
- X X X
ol 5780 | J 0 [PR|DS|VT| N
X X X
3.00 X X X . i .
59.0 Sws 1.5-inch thick Clay seam at 58.5 5850 | 4 |10 [UR|DS|PO|cCL
- X X X
50.0 X X X SILTSTONE, Reddish brown, very fine to fine grained,
250 X X X slightly weathered, weak, very close to close spaced se20 f J | 5 |PRIDS| T | N
i ; § discontinuities
—80 X %X X 59.8' - 60.2' Fractured zone 59.80 | J 0 |PR|[DS|VT| N
— ol g20| J [ o |Pr|[DsS| O | N
X Ix
| X X X
240 X X X
60 53 X X X
2.00 RAZ| oo | gaos | R2 | SL % x x
X X X
B X X X
X X X 62.10 J 10 |[UR|[DS|PO| N
2.00 X X X
X X X
| X X X
X X X
X X X
2.00 X X X
64.0 :i: 6360 [ J 5 [UR| DS [PO| N
64.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, Used up to 450
250 X X X slightly weathered, weak, close to moderately spaced Gallons from
X XX discontinuities R-10to R-12.
. X X X Loss of water.
X X X
X X X
3.00 X X X
X X X 6550 | J 5 [PR[DS|PO([ N
| X X X
ol 8610 | J |10 |uR|DS| O | N
60 | 51 X X x - .
2.25 R-13 100% | 85% R2 SL |x x x
X % X
I~ X X X
X X X
225 X X X
X X X
- X X X
X x X 67.90 | J 5 |PR|[DS|PO| N
X X X
3.50 X X X 68.30 J 30 |PR| DS |PO
B 69.0 Rk 6870 | J |20 |PR{DS| T |N
69.0 X X x SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
2.75 X X X slightly weathered, weak, very close to close spaced
X X X discontinuities
X X X
A0 X X X
X X X
2.50 X X X 70.30 J 0 |UR|FR|PO| N
X X X
| X X X
20 X X X
60 41 X X X
2.50 R-14 100% | &8% R2 SL ;i; 71.30 J 5 |PR|DS| T | N
= = X X X 780 | J [10|PR|[DS|PO| N
X X X =
275 i;: 72.3'- 72.9" Fractured zone 7230 | J 10 [SR{ DS | PO | ML
- X X X
X X X 7280 J s [PR[DS| T [ ML
X XX
3.00 X X X 7330 [ J 5 |PR| DS |PO| ML
74.0 X%
» X X X ) 7380 [ J |10 |UR|DS|PO| N
74.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, Used up to 450
275 X X X slightly weathered, weak, close to moderately spaced Gallons for
Rox » discontinuities R-13/R-14.
X X X Loss of water.
NOTES: PROJECT NO.: 353754
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MOTT BORING NO.:
(continued) Page 4 of 16
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate M (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (ft) Remarks
(ft) (min No. | %) %) optional additional geological observations) 3 {See Lagend for Rack Description System)
/ft) Hard. |Weath Type | Dip | Rgh|Wea|Aper| Infill
X X X
2.50 St
X X X
— X X X
X X X
. 60 55 X X X 7620 | J 3 |uR| DS | PO | ML
275 R-15 100% | 92% R2 SL % ni
- X X X
X X X
X X X
250 X X X
X X X
| § w% 7790 | 4 10 [UR|DS | VT [ N
X X X
X X X
2.75
X X X
79.0 g 7850 | J 5 |usm|FR|[PO| N
79.0 BT SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
250 X X X slightly weathered, weak, very close to moderately
X X X spaced discontinuities
—s0 X X X
X X X
X X X
2.50 X X X
S 80.50 | J 10 |PR|DS|PO| N
I~ 220 X X X
X X X 8100 | J 10 |UR|DS| O | N
60 53
3.00 R-16 R2 | sL |X X X
100% | 88% X X X &
i e 8160 [ J | 15 [UR|FR|PO| N
X X X ] !
s B2'- 82.6' Fractured zone
3.00 X X X
X X X
B Lo s 827 | 4 |10 |PR|FR|PO| N
X X X
X X X
2.50 %X %
84.0 X X X
o X X X " . Loss of water.
84.0 X % X SILTSTONE, Reddish brown, very fine to fine grained,
250 X X X slightly weathered, weak, close to moderately spaced
) X X X discontinuities
| — X X X
85 X X X
X X X
2.50 iR
xX X X
- X X X
60 58 X X X 86.05 J 5 [UR|DS| © N
X X X 86.20 | J 10 |SR|DS|PO| N
250 RAT qo0m | o9 | B2 | Sb | % %
X X X
B X X %
X X X
2.00 X X X
X X X
- X X X
X X X
X X X
3.00 X X X
89.0 X X X
89.0 TR SILTSTONE, Reddish brown, very fine ta fine grained, Used up to 450
250 X X X slightly weathered, weak, close to moderately spaced Gallons from
< i inuiti R-15 to R-17.
X X X discontinuities
X X X Loss of water.
[—20 X X X
X X X
275 X X X
X X X
B 210 X X X
60 57 caz
X X X
a0 RAB| qpo% | oa% | B2 | S |% x %
X X X
B X X X
X x % 9220 | J 5 |PRI|FR|PO| N
2.50 XX x 9235 | J |10 |UR|FR|PO| N
X X X
= X X X
X X X
X X X
=5 A R 9350 | J 10 [UR| FR N
94.0 x x x|g40
B 94.0 —— SHALE, Gray to dark gray, very fine grained, slightly 9380 | J | 8 |PRIFR[ O N |lossofwater.
250 weathered, weak, very close to close spaced
i discontinuities 94.50 J 0 |usm| DS | PO | CL
| o5 1-inch thick Clay seam at 94.5' 9475 | J 5 |PSm|DS| O | N
9520 | J o |PR| DS N
2.50
9560 | J 5 |PSm{ DS |PO| N
60 35
2.50 R-19 400% | s8% R2 SL 96.40 J 5 |[UR[DS | VT | N
B 9710 | J 10 [PR|DS| T [N
2.00
B ; gra0 | J | 10 |psm|Ds | v | N
9820 | J 5 |Psm| DS | PO
2.50
- o) 98.80 | J 10 JUR|DS [ T | N | Fuiat
99.0 lcass SHALE, Gray to dark gray very fine grained, slightly AssiohWaler.
250 —] weathered, weak, very close to close spaced
i = discontinuities
100 F— 99' - 101.1" Highly Fractured zone
2.50 =
NOTES: PROJECT NO.: 353754 Boring No.: B-64




Y i 1 CORE BORING LOG “Bea
MACDONALD M 7
(continued) Page5 of 16
. é\vg sl — Visual Identification, Description and Remarks
| ore i i inuiti
e o el e .Q,, — sttt (Rock type, colour, texture, weathering, Depth Discentinuities
X te[Ciy | (Box)| {in. /| (in. ock Core i field strength, discontinuity spacing, Remarks
(ft) (min No. | %) % Graphic k s ] A (ft.)
i : (l o) optional additional geological observations) (See Legend for Rock Descriplion System)
Hard. |Weath Type | Dip | Rgh |Wea|Aper| Infill
2.50 —
| 2007 P 2
- 27 e 3-inch thick Coal seam at 101" 10110 o lusmlrR| 0o | N
2.00 R-20 100% | 45% R2 SL N
— 0160 J | 5 [usm|{FR| O | N
2.50 —
e 10250 J | 0 [PSm|FR| T | N
l — — w270 J | 5 {USm|FR| O | N
305 — 10320 J | 0 |psm|FR[PO| N
104.0 | — 1040
104.0 n X SILTSTONE, Light gray, very fine to fine grained, Used up ta 450
2.75 X X X slightly weathered, weak, moderate to wide spaced 10430 | o |10 |ur|os|pro| n [GallensfromR18
X X X discontinuities to R-21.
| 105 X % x Loss of water.
X X X
2.50 X X X
X X X
- X X X
X X X
60 54 X% 2
2.50 R-21 100% | 29% R2 SL i ; i
| X X X
X X X
1.50 5 X
S xX X X
X X X 10780 J | o |UR|DS|PO| N
[= X X X
X X X
X X X
X X X
109.0
- 38 10880 J | 5 jUR|[DS|PO| N
109.0 ok SILTSTONE, Gray, very fine to fine grained, slightly Loss of water.
2.50 X % X weathered, weak, moderate to wide spaced
X % X discontinuities
—110 X X X
X X X
2.00 XX X
X X X
X X X
B 190 X X X
5,85 roa| 60 50 o iy X X X 1190 4 |10 |usm|Ds| T | N
; 8 X X X
100% | 100% X X X 111.5' Color transition to Reddish brown
= X X X
X X X
2.00 XEX
2 X X X
X X X
I~ X X X
X X X
3.00 X X X
i 114.0 sl el 1360 4 | o |usm{Ds|Po| N
114.0 Xz SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
2.50 X W % slightly weathered, weak, moderate to wide spaced
X X X discontinuities
115 X X X
X X X
xX X X
2.50 X X X
| X X X
X X X
2.00 Rzs| 80 | 80 | mo | g |x x x
100% | 100% X X X 118.5' Color transition to Light gray
- X X X
X X X
X X X
2.00 ik
X X X
- X X X
X X X
3.00 X X X
B 119.0 LER 11860 J4 |15 [uR|Ds| T | N
119.0 vk SILTSTONE, Dark to light gray, very fine grained, Used up to 450
3.00 sl slightly weathered, weak, close to moderately spaced Gallans from
X X % discontinuities R-22 o R-24.
120 X X X Loss of water.
X X X
- ol 12000 J |10 |UR|DS| O [N
§ : : 1-foot thick SHALE zone at 120.5'
B 1ED X X X
60 51 o
2.00 R-24 100% | 85% R2 SL ; i :
- X X X
ipnd I B o o D
X X X - Sm
2.50
X X X
| ;:; 12270 [ J 5 |Psm|Ds |PO| N
X X X 12300 J | 3 |UR|DS| T | N
3.50 X X X
X X X
B 124.0 X X X 12370 J | o |Psm|DS| T [ N
124.0 3 ok SILTSTONE, Gray to light gray, very fine to fine Loss of water.
3.00 X X x grained, slightly weathered, weak, close to moderately
X X x spaced discontinuities
L 125 X X X 124.6' Vertical fracture
X X X
2.00 X X X
. X X X
X X X
5 12580 J [ao|uk|os| o | N
NOTES: . ;
PROJECT NO.: 353754 Boring No.: B-64




MOTT M BORING NO.:
MO ki T CORE BORING LOG B-64
(continued) Page 6 of 16
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
: + Stratum ) o . : :
Elev. |Rate D?ff)m (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, D&P;h Rermaris
(ft) | (min No. | %) | %) optional additional geological observations (See Legend for Rock Deszigtion System)
it P g g
) Hard. |Weath Type | Dip | Rgh [WealApar] Infill
60 59 e
X X X
2.50 R-25 R2 SL
100% | 58% i i : 12680 J | 10 [UR|Ds|PO| N
B XiXx
%
2.50 X X X
X X X
= X X X
X X X
X! X 12820 J | 10 [UR N
350 et T
129.0 x >>: ;
- x
129.0 X X X SILTSTCONE, Light gray to reddish brown, very fine to Loss of water.
250 X X X fine grained, slightly weathered, weak, close to
X X X moderately spaced discontinuities
X X X
—130 ool
X X X
250 X X X
X X X
- = WSS X X X
170 6 X X %
60 5 X X X
3.00 R-26 100% | 93% R2 SL % % x
X X X
- X X X
X X X
S S o8 13220 J |eo |uR|DS| T | N
X X X
= X X X 13280 J o |[PR|DS|PO| N
X x X
3.00 TE L 13330 4 | o lur|ps|o| N
134.0 X X X 13360 | o |ur|os|PO| N
= X X X
134.0 X X X SILTSTONE, Reddish brown, very fine grained, slightly Used up fo 450
200 X ¥ X weathered, weak, moderate to wide spaced Gallons from
) X X X discontinuities R-25 to R-27.
X X X Loss of water.
—135 % 3%
X X X
2.00 X X X
X X X
- X X X
X X X
59 54 X X X
3.00 R27| gmer | oo | B2 | SL |% % %
X X X
- ¥ % X
X X X
2.50 X %X x
X X X -
| X X X 137.7' Vertical fracture
X X X
X X X
4.50 X X X
139.0 X X X 138.60 | J 0 [ssm{ps| o | N
- X X X
139.0 X %X % SILTSTONE, Reddish brown, very fine grained, slightly Loss of water.
3.00 X X X weathered, weak, close to moderately spaced
: X X X discontinuities
X X X
—140 % % o
X X X
3.00 X X X
¥ K X
= X X X
160 X X X
58 58 X X X . -
3.00 R-28 a7% | 97% R2 8L 1% = x 141.3' Vertical fracture
X X X
= X X X
b
3.00 X % %
X X X
| X X X
X X X
K% 14320 | J 5§ [PR|DS| T | N
375 X X X
144.0 § ; i
144.0 X X % SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
3.00 X X X slightly weathered, weak, moderate to wide spaced
. X X X discontinuities
X X X
—145 X X X
X X X
3.00 X X X
X X X
b= X X X
X X X
59 57 X X X
2.50 R29| gaoe | oo | R2 | SL |% x x
X X X
= X X X
X X X
2.00 X %X X
X X X
X X X
B X X X
X X X
3.25 X X X
148.0 ol 14875 | J |40 |UR|DS| T |°N
B B i i Loss of water
149.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, -
250 X X X slightly weathered, weak, close to wide spaced 149.30 | J 20 [UR|DS| O [ N
g X X X discontinuities
X X X
—150 XX X
X X X
2.00 X X X
X X X
| X X X
180 A X X X
: paari] OF | 52 | o | g 3 2 H
NOTES: PROJECT NO.: 353754 Boring No.: B-64




MOTT
MACDONALD M CORE BORING LOG Y
(continued) 54
Avg 7 : - - Page7 of 16
EI)Eelgthl go{e Depth| Run| Ree. | RQD s Isu?;zig:intgﬁcamln’ D?S(:tr|ptio" e ok
V. |Rale (Box)| (in./ | (in./ tratum pe, colour, texture, weatheri i inuiti
e [ 1| (in.7 | RockCore r r, texture, ring, Discontinuiti
@ | (min ® "N % | % Graphic field strength, discontinuity spacing D(?lp)m * Remarks
. P . ., - r
) Nard. [Weath optional additional geclogical observations) (See Lagsnd for Rock Description System)
B 3.00 ~100% | 87% R R Type | Dip | Rgh|WealAper]| Infill
X0 %
X X X
2.00 XXX
X X X
B X X X
xx % 15280 | J | 35 |sR|Ds| o | N
3.00 § : §
- i 15320 | J o |ur|Ds N
| X X X
154.0 T SILTSTONE, Reddish b e I B "
3.00 X X X ! , Reddish brown, very fine to fine grained Used
X X X slightly weathered, weak, close to mod ' sed up to 450
| es X X X discontinuities oderately spaced ga;g’?ggo;g
X X X i B
gl Loss of water.
2.50 X X X
X X X
= i § i 155.50 J 0 |PSm|{ DS | O N
- ol a0 . xx 155.80 | J o fusm{pbs| o | N
100% | 82% | R2 | SL X X X
i x X x 15640 [ J 0 JUR|IDS| T | N
X X X
2.00 XX X
| i i i 157.4' - 158.2' Vertical fracture with Calcite infill
X X X
3.00 XX x
159.0 %% X
- X X X 15850 | J
159.0 ool SILTSTONE, Reddish b B e
2.00 X X X \ , Reddish brown, very fine to fine grai
X X X slightly weathered, weak, close to moderatejyg;;;ggj ' Lrssiofiwates:
- >>: X X discontinuities
X X
X X X
275 X X X
X X X
| sie : X X
X X 160.70 | 4 0 |usm|Ds|Po| N
50 44 X X X 16080 | J | 5 [US
2.50 R-32 100% | 73% R2 SL X X X A Edia b
| X X X
X X X
X X X
2.50 X X X
X X X 162.3' Calcite vein
n X X X
X X X
3.00 ; )>: )><(
e 164.0 " ok 16320 | J | 10 [USm DS [PO | N
X
164.0 X X X
SILTSTONE, Reddish b: i
275 X X X . s rown, very fine to fine gra
§ § ; slightly weathered, weak, wide spaced discont?nuilggsl Mot
—185 x X X
X X X
2.50 X X X
X X X
- ] X X X
] X X X
3.00 R.33 aﬂn 80 - X X X
sL |x x x
i 100% | 100% X X %
X X X
X X X
2.50 X X X
X X X
3 X X X
X X X
X X X
3.00 X X X
169.0 bl o
i 169.0 ; X x
§ X X
SILTSTONE, Reddish b i
250 X X X ! . rown, very fine to fine grained
X X % slightly weathered, weak, close : e
—170 X X X discontinuities to moderately spaced Gallons from
X X X R-31 to R-34.
X X X 169.80 | J Loss of
S0 x x x 40 |UR|FR|PO| N s of water.
X X X
B - X X X
X X X
250 Ras| 36 | 58 | gy X x x
sL |x x x
i 83% | 93% X X X
X X X
X X X
2.785 2oXX
X K X
| X X X
X X X
X X X
3.00 X X X
174.0 Koo X
| X X %
174.0 s X X X
SILTSTONE, Reddish b i
275 X X X | 3 ish brown, very fine to fine grained
X X X slightly weathered, weak, close to mod ' Loss of water.
s X X x discontinuities oderately spaced
X X X
X X X
3.00 X X X
X %X 17510 | 4 5 |JuR|ps| o | N
| X X X 175.6" Calcite vein
X X X
295 ras| 60 [ 57 | o, oo
SL % x x
100% | 94% ool
- X X X
NOTES:
PROJECTNO.: 353754

Boring No.: B-64




MOTT BORING NO.:
- CORE BORING LOG B-64
(continued) Page 8 of 16
Avg Visual Identification, Description and Remarks
Depth/ | C Run/| R ‘RQD (Rock t | text 4 theri Discontinuiti
ep ore u ec. ock type, colour, texture, weathering, inuities
Depth g i Stratum : R 3 De|
Elev. |Rate (ef?) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (ﬂp)th Remarks
(ft) (?fltm No. | %) [ %) optional additional geological observations) {See Legend for Rock Descriplion Syslem)
) Hard. |Weath Type | Dip | Rgh [Wea|Aper| Infill
2.02 BN RS
2.75 hale
| X X X
Rl 17800 4 | 5 |urR|Ds|PoO| N
3.00 X X X 17840 | J o |UR|DS |PO| N
179.0 ; ; ;‘
179.0 X X X SILTSTONE, Reddish trown, very fine to fine grained, Loss of water.
3.00 X X X slightly weathered, weak, moderate to wide spaced
- X %X discontinuities
® X X
—180 X X X
X X X
275 X X X
X X X
- X X %
m X X X
60 60 X X X
3.00 -3 L
Re36| 100% | 100% | R2 | St [x x % 181.5' Calcite present
e X X X
X X X
X X X
2.75 ol
X X X
B X X X
X X = 9 0 i
3.00 il 183.2' - 184’ Calcite present
X X X
L 184.0 Y v x|184.0
184.0 == SHALE, Reddish brown to gray, very fine grained, Used'up tn 450
275 - — slightly weathered, weak, close o moderately spaced Gallons from
' discontinuities 3—35 tc; R«:JE[IT.
j==——rz = i 131 0ss of water.
L 1as Calcite layers throughout . s lpsml os | Po | n
3.00
18560 J |10 |Psm|DS| T | N
60 54
2.50 R-37 100% | 90% R2 SL
2.50
| 18780 J4 | 10 |jusm|Ds |PO| N
2.50
B 189.0 - | 1890
189.0 RER SILTSTONE, Gray to light gray, very fine to fine Loss of water.
200 i s grained, slightly weathered, weak, moderate o wide
’ X X X spaced disconfinuities
—190 X X X
X X X
x X X 19030| J | 30 |ssm|DS| O
225 % % % 90.31 .Sm N
X X X
- 110 X X X
60 58 o
2.50 R-38 100% | 97% R2 SL § i ;
L X % X
X K X
X X X
2.25 X X X
X X X
| X X X
X X X
3.00 X X X
X X X
L 194.0 X X X
194.0 %X X SILTSTONE, Light gray, very fine to fine grained, Loss of water.
250 i ; ﬁ slightly weathered, weak, moderately spaced
i % % % discontinuities
| 105 X X X
X % X
X X X
2.50 % i e
x X X
i g 1weoo| o | s |eR|DS| 0| N
60 60
2.25 R-39 100% | 100% R2 SL i i :
B XM X
X X X
%K %
2.50 X X X
X % X
. X X X
X X X
3.00 X X X 19830 | 4 o |UR{Ds| o | N
X X X
B 199.0 T e &
199.0 % X X SILTSTONE, Gray to light gray, very fine to fine Loss of water.
250 e koke grained, slightly weathered, weak, close to moderately
’ X X % spaced discontinuities
[—200 ) EX X 1ggo| J | w0lrpr|DS| T | N
Xz 20010 4 | o |urR|[DS|PO| N
250 X X X 20020 | J 0 [usm|{ps|Po| N
= X X X
X X X
- ii6 T3 5 20080 | J o |usm| DS |PO| N
X X X
60 48 20120 J 0 |usm|pos| T | N
2.25 R40| 1000 | a1% | R2 | St |X % %
B —— 20100 | J o |Ppsm|Ds |PO| N
;] 202" Transition to SHALE : ¥
2.25 ==
NOTES: PROJECT NO.: 353754 Boring No.: B_64




MOTT BORING NO.:
L CORE BORING LOG B-64
(continued) Page9 of 16
et (.3'\;% - - Visual Identification, Description and Remarks
e un, ec. . . L
Elgv Rate |Depth (Box)| (in.7 | (in.7 | Rock Core [Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
(ﬁ)- nin @ [y o i ck Co Graphic field strength, discontinuity spacing, () Remarks
T 0.1 %) | %) optional additional geological ohservations) i (Se2 Legend for Rock Desriglion Syslerm)
Hard. |Weath Type | Dip [ Rgh|Wea|Aper| Infill
| 1225 20270 | J 0 |PSm|DS| T | N
2.50
204.0 20350 J | 10 |usm| DS | vT | N
204.0 SHALE, Dark gray to light gray, very fine to fine Used up to 450
2.50 grained, slightly weathered, weak, very close to close 20430 | o |ur|ps|vr| n |Gallons from
spaced discontinuities 538 t? R‘T'
. G i 0SS Of waler.
205 o2l infill prasent 20490 [ 4 |10 Jur|DS|vr| N
2.50 — —
— — 20550 | J o |UR|DS| T | N
B e | 20570 | J 5 [UuSm{Ds| T | N
60 | a8 — —
2.25 R-41 100% | 63% R2 SL
B 206.90 | J 0 [USm| DS [VvT | N
20700( J ps| T
35 5 |U;sm N
— 20780 J 0 |usm| DS | VT | N
3.00 — — 20830 J | 10 |usm| DS | VT | N
200.0 — 20840 | J 5 |usm|bs| T | N
209.0 e SHALE, Dark gray to gray, very fine to fine grained, Loss of water.
2.50 | S slightly weathered, weak, close to moderately snaced
discontinuities
—210 Transitions to gray to reddish brown SILTSTONE
2.00 EEEEE—
- a0 _‘;_.7
60 57 EEa—
2.00 R-42 100% | 95% R2 SL ]
250
- —| 21280 J |10 |ssm{DS| T | N
2.00 = — 21320 | J o |psmlos| T | N
L 214.0 ——— 1 2140
214.0 XN X SILTSTONE, Reddish brown, very fine to fine grained, Loss of water
3.00 X X X slightly weathered, weak, close to moderately spaced
X %X % discontinuities
—215  +—— X X X
X X X
1.50 xR
X X X
| X X X
X X X
60 | 60 XX
2.00 R-43 R2 SL |x x x
100% | 100% ik o
B X X X
X X X
3.00 X X X
i X X X
X X X
- X X X
X X X
3.00 M
e 21840 | J o |PR|DS|PO| N
219.0 e
219.0 e SILTSTONE, Reddish brown, very fine to fine grained, 21890 ) J 1 O |PRIDS | T | N loss of water.
2.00 X X % slightly weathered, weak rock, close to moderately
% X % spaced discontinuities
220 X X X
X X X
200 X X X
. X X X
X X X
B &0 X X X
80 | 60 R
3.00 R-44 100% | 100% R2 SL i z §
B b | X X X 22170 | 4 0 |PR|DS| T | N
X X X
X X X
1.75 %4
X X X
| X X X
X X X
2.50 X X X 22320 | J 5 |PR|DsS| 0 | N
224.0 o
f X x x|224.0
22380 4 0 |usmlps | T | N
224.0 froief o SHALE, Light to dark gray, very fine to fine grained, " Loss of water.
2.50 p— slightly weathered, weak, very close to close spacad
— discontinuities
I o5 Calcite veins present
2.00 s
58 45
2.00 R-45 96% | 75% R2 SL
i 226.60 | J 5 |ur|Ds |Po
22700 J o |ur|Ds|ro| N
2.25
22750 | J 5 JUR| DS |PO | Ca
NOTES: : .
PROJECTNO.: 353754 Boring No: B-64




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-64
(continued) Page 10 of 16
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth ) + ratum 2 %] il . d Depth
Elov,; i iide ?f% (Box){ (in./ | (in./ | Rock Core étr:pl;‘ic field strength, discontinuity spacing, (ﬂp) Remarks
{t) [(min No. | %) | %) optional additional geological observaticns) (52 Legend for Rock Descriplion Sysiem)
) Hard. |Weath Type | Dip | Rgh [Weal|Aper]| Infill
350 E—
350 e 22840 J | o JurR|os| o | N
B 229.0 | 2200
220.0 XE SILTSTONE, Dark gray to reddish brown, very fine fo Used up to 450
3.00 T : § fine grained, slightly weathered, weak, close to Gallons from
X X X moderately spaced discontinuities R-42 to R-45.
Loss of water.
—230 X X X 22000 J | 10 [PSm| DS |PO| N
X X X
X X X
2.00 e
X X X
[ 70 xX X X
56 | 56 % i
2.25 R-486 93% | 93% R2 SL i § ;
= X X X
X X X
X X X
2.00 X X X
X X X
B X X X 23280 J |15 |UR|DS|VT | N
X X X
2.50 X X X
X X X
i 234.0 s
234.0 Rin ki SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
2.25 Zuigha slightly weathered, weak, wide spaced discontinuities
X X X
| o35 X X X
X X X
KX X
3.00 ety
X X X
B X X X
X ® X
60 60
2.50 R-47 100% | 100% R2 SL ; 3): i
= X X X
x X X
X X X
2.00 X X X
X X X
- X X X
X X X
2.50 XX X
X X %
| 239.0 S L
239.0 il SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
X X X : 5
2.00 X X % s|_|g!1t[y_we‘a_thered,weak, close to wide spaced
X X X discontinuities
—240 X X X
X X X
X X X
3.25 % 5
X X X
B 60 X X X
X X X
60 58
3.00 R-48 100% | 96% R2 SL >>§ § ;(
| X X X 241.7' Calcite present
X X X
X X X
2.50 X X X
X X X
B X X X
X X X
2.50 x X X
’ X X X
| 244.0 X X X
244.0 iof o SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
2.50 % § i slightly weathered, weak, close to moderately spaced
’ % 5 discontinuities 24450 | J o |UR|DS|PO| N
—245 X X X
X X X
X X X
275 X % %
x X X
60 58 : i z 246" Calcite veins present
3.00 R-49 100% | 96% R2 SL ; ; :
= i i i 246.8' Vertical fracture with Calcite infill
X X X
3.00 X X X
X X %
= 4 X X X
X X X
3.00 X X X
X X X
= 2450 ol s 2880 J | o [UR[DS| O | N
249.0 ool SILTSTONE, Reddish brown, very fine io fine grained, Loss of water.
3.00 X % % slightly weathered, weak, moderate to wide spaced
’ X X % discontinuities
—250 x X X 249.8' Calcite present
X X X
X X X
250 ¥ X X
X X X - &
B 50 X X X
x KX
% 59 59 X X X
275 R-50 9% | 8% R2 SL ol
| X X X
% o K
x X X
3.00 X X X 25230 J 15 |UR|DS| O | N
X X X
= X X X
X X X
3.00 X X X
NOTES: PROJECT NO.: 353754 Boring No.: B-64




MOTT BORING NO.:
(continued) Page 11 of 16
Avg Visual Identification, Description and Remarks bi it
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering iscontinuities
Depth ; ) Stratum ! i e - ; Depth
Elev. |Rate (r’tJ) (Box)| (in./ | (in./ | Rock Core |oitiid field strength, discontinuity spacing, (ﬂr_)) Remarks
(ft) (;ﬂln No. | %) | %) optional additional geclogical observations) (e Legend for Rock Descption System)
) Hard. |Weath Type | Dip | Rgh [Wea|Aper{ Infill
3.00 [254.0 i ; ;
2540 X X X SILTSTONE, Reddish brown, very fine fo fine grained, gsﬁd ”pft°450
3.00 X %X X slightly weathered, weak, close to moderately spaced Ri??é“’;’
®oX X discontinuities a heat.
X X X Loss of water.
—255 YR
X X X
3.00 X X X 25530 | J 5 |UR|DS | T N
X X X
- X X X
X X X
60 59 X X X
250 R51| 00% | oaee | R2 | SU [x x x
X X X
S X X % 25680 | J |15 |uR|DS| T | N
K X X
275 g% 25720 4 5 |UR|DS| T | N
X XX 25760 J |30 |uR|DS| T | N
| X X X
X X X
X X X l N
3.50 XXX 25820 | J 5 |PR[DS| T
259.0 X X X
- XK X . 25880 ( 4 |10 [UR[DS| T | N | P
259.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, DE8OEWAET:
X X X slightly weathered, weak, close to moderately spaced
x X = discontinuities
| 260 ; ; i 2-inch thick Clay pocket at 259.2'
X X X ’
7.00 X X X
X X X
| X > X
40 X X X
52| €0 53 A 26130 J | 5 [PR|Ds|PO| N
4.00 R52| yoom | saos | B2 | SL | % x : ‘
XXX 26170 J |20 |[PR|[DS|PO| N
- X X X
xX X X
3.50 X X X
X X X
- X X X
X X X
X X X
3.50 X X X
264.0 X X X
B g i ; L f water.
264.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, assabwaler.
1.00 X X X slightly weathered, weak, very close to close spaced
; : ; discontinuities
265 olic B 284’ Calcite present
X % X 26510 | J 0 |usm|Ds|PO| N
3.00 X X X
X X X
5 X X X
® X X
5 60 50 e 26630 J |10 |ur|Ds| o | n
4.00 R-53 100% | 83% R2 SL i i ; |
- X X % 26680 | J |20 [usm|{Ds| O | N
X X X
4.00 X X X 26730 | J 5 |Psm|Ds| o | N
X X X
| R ol 26760 | J 0 |usm|Ds|PO| N
X X X
X X X
4.25 X X X 26840 | J 5 |PR|DsS| O | N
269.0 X X X
- X X X
269.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, Used up to 450
4.00 X X X slightly weathered, weak, wide spaced discontinuities Gallons from
& X X X R-52 to R-53.
- X X X Loss of water.
X X X
X X X
4.00 X X X
X X X
L 5 X X X
60 i i :: X 271" Calcite veins present
X
3.75 R-54{ 100 | 100 | B2 | SL [x = x
X X X
i X X X
X X X
3.00 x X X
X X X
= X X X
X X X
X X X
3.75 X X X
274.0 e
274.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
3.00 X X X slightly weathered, weak, very close to moderately
X X X spaced discontinuities
X X X
—275 e
X X X
3.00 X X X
X % X
. X X X
i X X X
3.00 R55[ oo | ooy | R2 | SU |x X %
X X X 27660 J |10 Jusm{DS| O | N
B X X X 276.80 J 10 |P,Sm| DS | O N
X X X
3.00 X X X 27730 | J 30 USm|{DS| T | N
X X %
_ X X X
X X X
X X X
3.75 X X X
279.0 X X %
= X X X i .
NOTES: PROJECT NO.: 353754 Boring No.: B-64




MOTT BORING NO.:
(continued) Page 12 of 16
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth - . Stratum ' y 5 i 3 ]
Elev. |Rate ?f% (Box){ (in-/ | (in./ | Rock Core Gl'apl"lﬂc field strength, discontinuity spacing, Dgtp;h Remarks
() (;?tm No. | %) | %) optional additional geological observations) ! [S== Legand for Rock Dascrplian System)
) Hard. |Weath Type | Dip | Rgh [Wea|Aper| Infill
LA X X X SILTSTONE, Reddish brown, very fine to fine grained,
230 ; i i slightly weathered, weak, close to moderately spaced
| e X X X discontinuities
X X X
325 X % x
X X X
= 20 X X X
%X %
. 60 54 % % %
4.00 R-56 100% | 90% R2 SL R ol
- X X X
X X X
X X X
3.00 X X X
X X X
= X X X
X X X
X X X
2.50 X X X
284.0 X X X
284.0 f 3o SILTSTONE, Raddish brown, very fine to fine grained, Loss of water.
3.50 X X % slightly weathered, weak, close to moderately spaced
X X X discontinuities
| -85 X X X
X X X
325 X % %
X X X
I X X X
80 56 X X X 286.00F J 5 |PR|DS|PO| N
¥ . X X X
350 R571 qo0% | ea% | R% | S |% % %
L, X X X
X X X
X %X X
3.00 X X X
x X X 287.60 | J o |sR|(bs|Po| N
- X X X
ok 1 28810 4 |30 |PR|Ds|PO} N
X X X
325 % % %
289.0 X X X 28860 J | 10 [uUR|DsS|[PO| N
i 288.0 xxx SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
3.50 X X X slightly weathered, weak, close to moderately spaced
X X X discontinuities
| a0 X %X X Calcite veins present
X X X ]
X %
3.00 X % x
R %
- 10 Ry 29080 | J o |PR|DS|PO| N
Slisew
60 | 58 Ao
3.50 R-58 100% | 98% R2 SL b3t
X X X
B Koxox
XXX
3.25 XN X
X X X
= X X X
e 20340| J |10 |PR|DS| O | N
4.00 X X x
204.0 X X X
294.0 X oz SILTSTONE, Reddish brown, very fine to fine grained, Used up to 450
325 S e s slightly weathered, weak, close to moderately spaced Gallons from
i X X X discontinuities 20650 4 | o |ur|ps| o | n |R57I0R-59.
| 095 X X X Loss of water.
X X X
X X X
3.50 % e e
X X X
= X X X
60 | 53 SR
n X X X
3.50 R-59 100% | 88% R2 SL 258
K X X
B X X X
X X X
3.25 X X %
X X X
= X X X
% X X 28800 [ J 5 |usm|Ds |PO| N
4.00 il 20840 o | 10 |usm| s | Po | ML
2998.0 ®x X X
299.0 sl st SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
3.95 X X X slightly weathered, weak, close fo moderately spaced
’ X X X discontinuities
X X X
|—300 R
X X X
325 X X X 30040 J [0 |UR|DS| T | N
X X X
_ 5 X %X X
59 57 el
X X X
3.50 R-60 98% | 95% R2 SL B
" X X X .
B X X X
X X X
4.00 X X X
X X X
= X X X
X X X
X X X
4.00 X K x
304.0 X X X
B ool i ; Loss of water.
304.0 ¥ X X SILTSTONE, Reddish brown, very fine ta fine grained,
3.25 X X X slightly weathered, weak, close to mederately spaced
NOTES: PROJECTNO.: 353754 Boring No.: B-64




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-64
(continued) Page 13 of 16
i é\VQ Visual Identification, Description and Remarks
Dep ore Run/| Rec. | RQD (Rock type, colour, texture, weatherin Discontinuities
Depth, : : Stratum pe, I, exiure, ering,
Elfev. |Rate (f% (Box) (iu".f (\Dl't-f Rock Core Graphic field strength, discontinuity spacing, D&p;h Remarks
() (;?t')" No. | %) | %) optional additional geological observations) : Sez Legand fr Rack Description System)
Hard. |Weath Type | Dip [ Rgh|Wea|Aper| Infill
X XX ; Uit
|—ags e discontinuities
325 i i : 30520 J | 5 |UR|[DS|PO| N
X X X
- X X X
X X X
X X X
3.00 R61| oo | oo | R2 | sL | x x
B i >>§ 3; 306.6" - 309" Vertical fractures with Calcite infill
X X X
X owox
3.25 )
X
B XX ix
X X X
3.50 XX o
X X X
L 2080 X X X
309.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
3.00 b s slightly weathered, weak, close to moderately spaced
X X % discontinuities
—310 X K X
X X X
3.25 X X X
X X X 310.5" Vertical fracture
- X X X
gL X X X
59 59 XXX
3.00 R-62 P R2 SL |x x x
98% | 98% e
L 1] X X X
X X X
X X X
3.25 ool
X X X
B X X X
X X X
3.00 X X X
X X X
B | 314.0 X X %
314.0 X % X SILTSTONE, Reddish brawn, very fine to fine grained, Used up to 450
3.00 i B slightly weathered, weak, close to moderately spaced Gallons from
ol el discontinuities f-ﬁﬂ to R-62.
315 X X % oss of water.
3.00 : E i 31520 J | o |urR|Ds|Po| N
X X X
I X X X
X X X
60 | 60 X % X
3.50 R-63 R2 SL |x x x
100% | 100% X x x
— X X X
X X X
X X X
3.50 2 % %
X X X
E X X X
X X X
4.00 X X X
X X X
| 319.0 X %
319.0 X x X SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
3.25 8o % slightly weathered, weak, close to moderately spaced
e discontinuities
—320 XX
XX X
3.25 X X X
X X X
.. X X X
-20 X X X
350 Rea|[ 29 | 43 | o | sl [X X X 32130 | 4 | o [rR[Ds|Po| n
98% | 71% X % x 32150f J | o [PR|DS| T [N
— X X X
X X X
32210 J |30 |PR|DS| T | N
X X X '
3.50 X % %
.. X X X
§ : : 32300 J |10 |urR|DS|vT| N
3.50 X % X
X X X
. 324.0 X X x
324.0 X X x SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
3.00 2 xE slightly weathered, weak, close to moderately spaced
% X% discontinuities
—325 X X X
X X X
2.50 XX %
X X X
" X X X
X X X
S5 res| 80 59 Ro sL X X X 32610| J |20 |PR|DSfPO| N
! s X X X
100% | 98% X % %
-+ X X X
- X X X
X X X a
3.00 o o
X X X
B T X X X
X X X
4.50 X X X
X X X
| ] 320.0 S
320.0 X x x SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
3.25 Feos slightly weathered, weak, close to moderately spaced
¥ X X discontinuities
—330 35D X X X Calcite vein present
NOTES: PROJECT NO.: 353754
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MOTT M BORING NO.:
WO s ™ & CORE BORING LOG B-64
(continued} Page 14 of 16
Avg Visual Identification, Description and Remarks
Depth/ |Care Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth 2 . Stratum ! i o : :
Elev. |Rate (f!tj) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, D(%p;h Remarks
(ft) (;ﬂlﬂ No. | %) | %) optional additional geological observations) ’ (See Lagend for Rack Description System)
) Hard. |Weath Type | Dip | Rgh |wWea|Aper| Infill
X X X
X X X
3.50 S
B a0 KK X
60 55 23z
¥ X X X '
3.50 R-66 100% | 91% R2 Sl I5 w &
X X X
N X X X
X XK X
525 B 33220 J 5 |PR|DS |V | N
x X X
| x® K K 3aze0| J |10 |PR|[DS| T | M
X X X
X X X
4.50 X X X
334.0 X X X 33360 | J o |uR|Ds | VT | N
- X X X
334.0 % %« SILTSTONE, Reddish brown, very fine to fine grained, Used up to 450
3.00 X X X slightly weathered, weak, close to moderately spaced Gallons from
b X X X discontinuities R-83 to R-66.
X X X Loss of water.
|—a3s % % G
X X X
3.50 X X X
X X X
L, X X X
- X X X
58 X X X
3.75 R-67 96% | 95% R2 SL X X X
X X X
B = X X X
X X X
3.50 X X X
X % X
B 1 X X X
X X X
350 ; i i ass20| J |10 |SsR|ps| o | N
339.0 x X X
- X X X
339.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, E?gs'scﬁftu‘vater.
5.00 % n % slightly weathered, weak, close to moderately spaced AL
X X X discontinuities 33940 | J | 10| PRIDS| O | N
X X X
—340 e
X X X
4.00 X X X
x X X
= X X X
- X X X
60 53 X X X
475 R-68 100% | 88% R2 8L |x x %
¥ X X
- ¥ X K
X X X
5.00 X X X
X X X
- X X X
X X X
X X X
2.50 X X X
344.0 X X i
= X X
344.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
5.00 X X X slightly weathered, weak, moderately spaced Rig chatter.
’ X X X discontinuities
X %X X
—345 X %X %
% % i
5.50 X X X
X X X
L X X X
0 0 X X X 346.6' Calcite vein present
X K X
5.00 R-69 R2 SL
100% | 100% i § § a4660| J |50 [PR|DS|PO| N
I~ x X X
x X X
5.00 X X X
X X X
| X X X
X X X
X X X
550 X ®K X
349.0 i § :
B 349.0 X X % SILTSTONE, Reddish brown, very fine ta fine grained, Used up to 450
5.00 X X X slightly weathared, weak, very close to moderately Gallons for R-69.
- X X % spaced discontinuities Loss of water.
X X % Rig chatter.
l—3so  4+— XX %
X % X
5.00 x X X
X X %
B ® N X 35080 | J 5 ([urR|bs| o | N
=0 X X X
59 54 X X X
4.00 R70| gooe | gnes | B2 | SU [ % x
X X X
b X X X
% % X aszz20| J | 5 [UR|DS|[PO| N
5.00 X KR a5230| J | o JUR|[Ds |[PO| Ca
X X X
- [ I X X X .
X X X 353.00 J 0 |UR|DS| O N
X% X
4.00 X oK X
354.0 X 35370| J | 0 |UR[DS|VT| N
| X ¥ X . 4 Loss of water.
354.0 X X X SILTSTONE, Reddish brown, very fine to fine grained, - -
4.00 X X X slightly weathered, weak, moderately spaced Rig chatter.
: X X X discontinuities
X X X
| 355 +— X X %
X X X
4.00 X X.%
NOTES: PROJECTNO.: 353754 Boring No.: B-64




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-64
(continued) Page 15 of 16
B i é\’g run/l R Visual Identification, Description and Remarks
E\gvn Rg?; Depth (E!Lcl:;'c) (ir?cff '(_‘;no[l) —_— Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
(ﬁ)‘ s () s D/.) o ore Graphic field strength, discontinuity spacing, (ft) Remarks
i E o b) optional additional geological observations) E {See Legend for Rock Desciption System)
Hard. [Weath T Dip |Rgh [Weal|A
i Ty — ype | Dip |Rg ea|Aper| Infill
X X X
450 R71] B0 80 oo | g X XX
. 100% | 100% X X X%
= X X X i
X X X
X X X
5.00 sz
X X X
B X X X
X % X
5.00 X X X
359.0 ol
359.0 rXE SILTSTONE, Reddish brown, very fine fo fine grained, Used up to 450
6.00 % %5 slightly weathered, weak, close to moderately spaced Gallons from
X X X discontinuities R-70 to R-71.
—360 X X X Loss of water.
X X X Rig chatter.
X X X
5.00 G2
| X X X
-0 X X X
u X X X
5.00 rR72| 80 | 5% | Ra | st |x x x
100% | 88% % %
| X X X
X X X
X X X
4.75 X X %
X X X
B X X X
X X X
4.50 X X X
B 364.0 : : § 36340 | J 0 |[PSm{DS| O | Ca
364.0 52z SILTSTONE, Reddish brawn, very fine to fine grained, Loss of water.
7.00 X %X x slightly weathered, weak, very close to moderately Rig chatter from
X X % spaced discontinuities 36440 | J 0 [P.Sm| DS | T | N | 365 ta 369 feet
— 365 X X X Calcite veins present BGS.
X X X
4.00 X X X
xX X X
B X X X
X X X
60 | 55 RE R
280 R73| 100% | o2% | B2 | St |X X %
| X X X
X X X
xX X X
475 X X X
X X X
— X X X
X X X
6.00 X X X
| 369.0 Rk
369.0 ; : ; SILTSTONE, Reddish brown, very fine to fine grained, Used up to 450
5.00 X x % slightly weathered, weak, very close to moderatel Gallons from
ry y
X X % spaced discontinuities R-72 10 R-73.
|—370 X X X Calcite veins present Loss of water.
X X X Rig chatter.
450 XXX
X X X
X X X
= 70 X X X
X % 37090 | 4 o |UR|Ds| 0 | ca
6.00 R74| o0 | o | R2 | SL |x X X 87420 J 20 |UR|DS| O | Ca
i f X X X
- X X X
X X X
X X X
4.50
X X X
253 37240 J 0 |usm{ps| o | N
o X X X
X X X
3.50 X X X
X X X
B 374.0 X X X
374.0 § § i SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
5.50 X X % slightly weathered, weak, moderately spaced Rig chatter.
X X X discontinuities
—375 X X X Calcite vein present
X X X
4.00 WM
26X 37540 | J 0o [UR|DS| T | N
| X X X
X X X
o0 & &0 50 x X X 376.00 | J 0 |UR|Ds|PO| N
d - x
75| 100% [ 100% | R2 | Sb % % X
| K X X
X X X
XX %
5.25 X % %
X X X
I~ X X X
X X X
6.00 X X X 37820 | J s JurRf{ps | T | N
378.0 2R
379.0 5% SILTSTONE, Reddish brown, very fine to fine grained, Loss of water.
450 X X % slightly weathered, weak, close to moderately spaced Rig chatter.
X X X discontinuities
L 380 X X X 379.4' - 380.6' Vertical fracture with Calcite infill and
i ; ; Iron staining
425 ol
B X X X
% 1425 X X X
NOTES: PROJECTNO.: 353754
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BORING NO.:
MOTT M
MOTT i CORE BORING LOG B-64
(continued) Page 16 of 16
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core( . |Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate (f% (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, () Remarks
(ft) [ (min Nao. | %) | %) optional additional geological observations) [See Legens for Rock Description System)
1) Hard. |Weath Type | Dip | Rgh |Wea|Aper] Infill
60 56 X X X
R-76 & ° | R2 | sL |% % %
425 100% | 93% 38
- X X X
X X X
X X X -
4.00 R
X X X
B X X X
X X X
5.25 X X X
384.0 nEE
384.0 %K X SILTSTONE, Reddish brown, very fine o fine grained, Used up to 450
. : Gallons from
4.50 X X X slightly weathered, weak, close to moderately spaced ool
’ XX X discontinuities b i
- X X X Loss of water.
fle 385' Vertical fracture with Calcite infil Rig chatter.
425 X X X
X X %
| X X X
X X X
58 56 X X X
4.25 R-77 5 a R2 SL |x x x
96% | 93% R
- X X X
X X X
450 XK H
“EoE azeo| o | o |PR|DS|PO| N
- X X X
X X X
5.50 X X X
389.0 2al
389.0 X X x SILTSTONE, Reddish brown, very fine to fine grained, Used up to 450
10 8 X X X slightly weathered, weak, close spaced discontinuities Gallons for R-77.
6.25 R-78| gae, | g7 | R2 SLolx % x : ! Loss of water.
3%0.0 X X x| 3800 38970 | J 0 |UR|DS|PO| N [|Rigchatter.
S End of Boring at 300 feet BGS.
Borehole grouted with cement and bentonite hole plug.
B ]
—395 R
—a400
I~ -1007]
—a05
NOTES: PROJECT NO.: 353754 Boring No.: B-64
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Figure B-64.1
B-64 Box 1 Runs 1-4 Dry
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Figure B-64.2
B-64 Box 1 Runs 1-4 Wet
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Figure B-64.3
B-64 Box 2 Runs 5-8 Dry

Figure B-64.4
B-64 Box 2 Runs 5-8 Wet
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Figure B-64.5
B-64 Box 3 Runs 9-12 Dry
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Figure B-64.6
B-64 Box 3 Runs 9-12 Wet
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Figure B-64.7
B-64 Box 4 Runs 13-16 Dry
f Boring # | Core Run | Deptn
g | R |are
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Figure B-64.8
B-64 Box 4 Runs 13-16 Wet
i i 1 BORING NO.:
MOTT M PennEast Pipeline Project
MACDONALD M Rock Core Photographs B-64
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Figure B-64.9
B-64 Box 5 Runs 17-20 Dry
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B-64 Box 5 Runs 17-20 Wet
MOTT M PennEast Pipeline Project BORING NO.:
MACDONALD M Rock Core Photographs B-64
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Figure B-64.11
B-64 Box 6 Runs 21-24 Dry
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Figure B-64.12
B-64 Box 6 Runs 21-24 Wet
MOTT M PennEast Pipeline Project BORING NO.:
MACDONALD M Rock Core Photographs B-64
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Figure B-64.13
B-64 Box 7 Runs 25-28 Dry
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B-64 Box 7 Runs 25-28 Wet
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B-64 Box 8 Runs 29-32 Dry
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Figure B-64.16

B-64 Box 8 Runs 29-32 Wet
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Figure B-64.17
B-64 Box 9 Runs 33-36 Dry

"%Nfr’ﬁ" COPE PUN | DEPTH
e 167"

g 2-24  |iet- al
Te-25 [nf-19
2-30 H*T i}

Figure B-64.18
B-64 Box 9 Runs 33-36 Wet
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B-64 Box 10 Runs 37-40 Dry

(REER ROAD,

SUNI-TESH

_HAM
T roR-(O

Figure B-64.20
B-64 Box 10 Runs 37-40 Wet
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B-64 Box 11 Runs 41-44 Dry
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Figure B-64.22
B-64 Box 11 Runs 41-44 Wet
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Figure B-64.23
B-64 Box 12 Runs 45-48 Dry

Figure B-64.24
B-64 Box 12 Runs 45-48 Wet
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Figure B-64.25
B-64 Box 13 Runs 49-52 Dry

Figure B-64.26
B-64 Box 13 Runs 49-52 Wet
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Figure B-64.27
B-64 Box 14 Runs 53-56 Dry

Figure B-64.28
B-64 Box 14 Runs 53-56 Wet
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Figure B-64.29
B-64 Box 15 Runs 57-60 Dry
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Figure B-64.30
B-64 Box 15 Runs 57-60 Wet
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Figure B-64.31
B-64 Box 16 Runs 61-64 Dry
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B-64 Box 16 Runs 61-64 Wet
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Figure B-64.33
B-64 Box 17 Runs 65-68 Dry
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Figure B-64.34
B-64 Box 17 Runs 65-68 Wet
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Figure B-64.35
B-64 Box 18 Runs 69-72 Dry

Figure B-64.36
B-64 Box 18 Runs 69-72 Wet
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Figure B-64.37
B-64 Box 19 Runs 73-76 Dry
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B-64 Box 19 Runs 73-76 Wet
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B-64 Box 20 Runs 77-78 Dry
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MOTT M BORING NO.:
M SOIL BORING LOG B-65
MACDONALD =
age1 of 1
Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Erica Vigliorolo
Drilling Co.: Uni-Tech Drilling Co., Inc. Date/Time Started: September 21, 2016 at 10:15 am
Driller/Helper: _Cunard Lopez /Chris Meyers Date/Time Finished: _September 27, 2016 at 11:00 am
Elevation: 293 ft. |Vertica| Datum: NAVD 1988 | Boring Location:Wooded area west of field. Coord.: N:40.53524 E: -75.04752
Item Casing | Sampler |Core Barre Horizontal Datum: NAD 1983
Type HSA SS NQ2 Rig Make & Model: CME-750X Hammer Type | Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 [ Truck O Tripod [ Cat-Head [ safety [ Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 M ATV O Geoprobe | M Winch UJ Doughnut O Polymer Stem A
Hammer Wt. (Ib.)[ 140 140 = O Track O Air Track | ™ Roller Bit ™ Automatic | & Water mckion SlenAuger
Hammer Fall (in.) 30 30 - 1 Skid O O Cutting Head O [ None
Field Tests
Denth/ Sample Sample USGCS Visual - Manual Identification & Description =
B No./ Rec. P | Stratum (Density/consistency, color, Group Name, # = J
Elev. : Blows .| Group . . £ : RN Remarks
() Interval | (in) er 6" Graphic Svmbol constituents, particle size, structure, moisture, HEEE
(ft) P y oplional descriptions, geologic interpretation, Symbol) =) I -
ol | O
51 21 1 A 0.3 3" TOPSOIL --1-1-|PP=na
o 4 L Bottom (21") Stiff, Light brown SILT, trace medium to fine Gravel, little TV =NA
. | 0.0-2.0 5 fine Sand, dry (ML)
6
| 290
e
. Medium dense, Reddish brown DECOMPOSED ROCK fragments, dry
| S-2 24 17 . - | - | Decomposed rock is Siltstone.
50-7.0 E . Difficulty drilling from 7 to 8 feet BGS.
18 .
% S-3 5 50/5" _! 10.5 Very dense, Reddish brown DECOMPOSED ROCK fragments, dry -1 -1 - | - | Decomposed rock is Siltstone.
10.0'- Top of Rock at 10 feet BGS.
= 1 104 . See Rock Coring Log.
B 2807
5
Water Level Data Sample Type Notes:
- Elapsed Depth in feet to: PP = Packet Penetrometer
Date | Time | Time | Bot. of | Bottom Water O Open End Rod TV = Torvane
(hr) | Casing| of Hole T Thin-Wall Tube
9/22/186 8:00 - 10.0 15.0 8.65 .
o726/16 |_8:20 : 100 | 850 | g3 | U Undisturbed Sample
9/27/16 | 9:00 . 10.0 | 1200 | 183 | S Split Spoon Sample
G Geoprobe Boring No.- B-65
Field Test Legend: Dilatancy: N-None S-Slow R -Rapid Plasticity: NP - Non-Plastic L-Low M -Medium H - High
Toughness: L-Low M- Medium H - High Dry Strength:  N-None L-Low M-Medium H-High VH- Very High

NOTES: 1.)"ppd" denotes soil sample average diametral pocket penetrometer reading. _ 2.) “ppa” denotes soil sample average axial pocket penetrometer reading.

3.} Maximum Particle Size is determined by direct observation within limitations of sampler size.  4.) Soil identifications and field tests based on visual-manual methods per ASTM D2488.




BORING NO.:

Driller/Helper:

Cunard | opez /Chris Meyers

Date/Time Finished:

MOTT

MO o D K CORE BORING LOG _B-65_
Project: PennEast Pipeline Project Project No.: 353754

Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah

Client; PennEast Pipeline Field Eng. Staff: Erica Vigliorolo

Drilling Co.: Uni-Tech Drilling Co., Inc. Date/Time Started: September 21, 2016 at 10:15 am

September 27, 2016 at 11:00 am

Elevation: 293 fi. Vertical Datum: NAVD 1988 | Boring Location:\Wooded area west of field. Coord.: N: 40.53524 E: -75.04752
Item Casing Core Barrel Core Bit [ T
Type HSA NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling MethodWireline
Length (ft) 5 5 3.25 Rig Make & Model: CME-750X
Inside Dia. (in.) 4 2.0 2.0
Avg Visual Identification, Description and Remarks
Depth/ |Core Depth Run/| Rec | RQD Stratum (Rock type, colour, texture, weathering, Deih Discontinuities
Elev. |Rate (th]) (Box)| (in./ | (in/ | Rock Core ChiFie field strength, discontinuity spacing, (ﬂp) Remarks
(ft) (min No. | %) %) p optional additional geological observations) ; (See Legend for Rock Description System)
) Hard. |Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip [Rgh|Wea|Aper] Infill
10.0 (R ARGILLITE, Reddish brown, very fine grained, slightly
10.50 ) weathered, medium strong, very close to moderately
’ ( // spaced discantinuities 1060 | o |welerlos| T | N
| 10' - 10.3' Highly Fractured zone :
/ 10.6' - 10.75' Highly Fractured zone 1110 J 7 lerlos|eo| N
11.00 // 11.1'- 12.1" Highly Fractured zone !
1 A
e | 35 A 1210 | 4 | 7 |Psm|os|vi| N
6.50 R-1 | 100% | s8% | R3 | SL //4//
- =0 1200 [ 4 |10 |urfos|Po| N
// 1300 J |10 |UR|DS|[ T | N
6.50 “ /z'
B 7 /,4 1390 | J | 5 [psm|Ds|Po| N
- //{/Z//),_ 1220 | MB
& fd
15.0 7
" 15.0 / E ARGILLITE, Reddish brown, very fine grained, slightly
12.00 //?// ;gg;nniirﬁ&,ﬂzgong, very close to close spaced 15.40 4 o lprlos| 7| n
= /// 15.3' - 15.7" Fractured zone 870 [ J | 15 [UR|DS | PO| N
9.90 7 ) 16.3' - 16.4' Fractured zone 16.30 J 20 |[PR|FR|PO| N
/y 16.40 d 10 |PR|FR|PO| N
i g ' Hi 17.00 J 3 |pPR|FR|Po| n |Lossofwaterat
" s %3 - o % 17" - 19.1" Highly Fractured zone A Letnes
29 2| oa% | so% | R ’é
§ 7
8.00 AN
] %
= V
[ 20.0 ///{// 1950 | J |17 |PR|DS| T | N
e 200 7 /%4 ARGILLITE, Reddish brown, very fine grained, slightly Lowvialer refim
8.00 i weathered, strong, extremely close to moderately from 22.4 to 23.4
: /7//, spaced discontinuities 2050 [ J |18 |ur|ps|po| n |feetBGS.
| 4/ 20.5' - 23.1' Highly Fractured zone
11.00 %/
2
9.50 R-3 1{%‘!}/ 5'3-5/@ R4 SL ¢~ 7/’///
* /7/ 7 22.6' - 22.7" Highly Weathered to Silt
B b7
" / 2310 | J |20 |PR[FR|PO| N
12.40 /
7
B /%/ 2200 | o | 5 |ur|Ds|Pof N
ey
13.00 . 7 //7//'
) : i 2470 | 4 |PRIFR| T | N
% 25.0 // ARGILLITE, Reddish brown to gray, very fine grained, Used up to 400
12.40 moderately weathered, strong, close to moderately gallons of water
: % spaced discontinuities from 10 to 25 feet
B ’/é;/ BGS.
10.20 é éé, 2640 | J |24 |PR[FR| T | N
A
- ////7 26.9'- 28.1' Vertical Fraclure
57 17
11.50 R-4 95% | 28% R4 M %
9.50 7 ///é
I v, 28.9' - 20.8' Fractured zone
- // -
9.50
30.0 /
Water Level Data Notes:
Elapsed| Depth in feet to: Drill core bit damaged and lost at 120ft. Hole off set and re drilled at B-65A.
Date Time | Time | Bot. of | Bottom| 4,00
(hr) | Casing | of Hole
9/27/16 9:00 - 10.0 120.0 18.3
9/22/16 8:00 - 10.0 15.0 8.7
9/26/16 8:20 = 10.0 85.0 18.3
Boring No.: B-65




MOTT M BORING NO.:
MACDONALD M CORE BOR[NG LOG B'65
(continued) Page2 of 5
Avg Visual Identification, Description and Remarks Bi i
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering iscontinuities
Depth 3 i Stratum J g o : : Depth
Elev. Ra;e (ef% (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (ﬂ?) Remarks
() | (min No. | %) | %) optional additional geological observations) (See Legens for Rack Descriplion System)
i Hard. |Weath Type | Dip | Rgh[Wea|Aper| Infill
30.0 ARGILLITE, Gray to black, very fine grained,
10.25 moderately weathered, strong, extremely close 1o close
spaced discontinuities
- 30' - 35' Highly Fractured zone
9.90
60 5
8.50 R-5 100% | 8% R4 M
[~ 260
9.10
7.90
e 350
35 35' - 35.7' COAL, Black, very fine grained, slightly
7.00 weathered, medium strong, very close to close spaced
discontinuities
- 35' - 36.9' Highly Fractured zane 35.80 v Ca
ARGILLITE, Dark gary to black, fine grained, slightly 36.10 \ Ca
6.50 weathered, medium strong, very close fo close spaced 320 | V Ca
discontinuties
B 3690 [ J 4 [PSm|FR| T | N
60 31
610 R6 100% | 52% | R3 sL 37.50 J 13 [PSm|FR| T | N
- 3780 | 4 7 |Psm|FR | VT | N
7.50
38.5' - 38.6' Highly Fractured zone 38.50 J 0 [PSm| DS | T | N
= 3860 | J [10|PSmlDS| T | N
3000 J [15|Psm/DS| T | N
7.40 330 J [12|PSm|FR| T | N
40.0
—40
40.0 ARGILLITE, Dark to light gray, fine grained, slightly
1040 weathered, very strong, close to wide spaced 4030 | J 5 |[PR|FR|PO| N
discontinuities
55 4120 | 4 |16 |UR|[Ds|PO| ML
80 53
5.45 R-7 100% | 88w RS SL
B 250
6.50
4360 | J |12 |PsSm|FR|PO| N
6.05 4430 | J |11 |PR|DS|[PO| N
45.0 45.0 4460 | J | 1B |UR|FR| T | N
—* : g Used up to 400
450 [ 1 MARL, Gray to light gray, fine grained, slightly il
6.80 [ weathered, medium strong, close to moderately spaced gallons of water
’ [ discontinuities 4550 | 0 |16 [psm| FR| T | N [from 25 to 45 feet
= T 45' - 45.5' Fractured zone BGS.
[T
7.50 |
[ 1]
I l a7o0 | 4 |1 |PR|FR|[ T | N
57 51
el R-B | gg9, | g5% | R3 | St | [ [ arso | o | 14 |ur|FR N
B I 4790 | J [28 |UR|FR| T | N
5.50 [ 1
- =
T 4900 | J 18 [PR|FR| T | N
590 I
| . 50.0 L 1500
50.0 v ) ARGILLITE, Light brown to light gray, very fine grained,
5.00 ///// slightly weathered, very strang, wide spaced
Z discontinuities
4.90 {é
| 7
7 27
4.40 Ro |50 |.8 | rs | s )
. 100% | 100% 7 5
E 240 /
5.50 //%
- ///’//
5.50 o
5 <
55.0 //é/ 5460 | J [18 |UR|FR|[PO| N
—55
55.0 / ARGILLITE, Light gray to black, fine to very fine
grained, slightly weathered, medium strong to sfrong,
NOTES: PROJECT NO.: 353754

Boring No.: B-65




MOTT BORING NO.:
(continued) Page 3 of 5
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. | RQD (Rock type, colaur, texture, weathering, Discontinuities
Elev. |Rate D(Efﬁth (Box)( (in-/ | (in./ | Rock Core gtrr:;lﬁ;g field strength, discontinuity spacing, D&p}lh Remarks
(ft) ("f‘t'n No. | %) [ %) optional additional geological observations) | (See Legend for Ruck Descriplion Sysiem)
/) Hard. |Weath Type | Dip | Rgh |Weal|Aper| Infill
5.50 /,////;,, close to wide spaced discontinuities 5550 | MB
- () 56' - 60" Shale and Coal interbedding
b7 57 4'- 58.8' Calcite paring 2O e 2RSS T |
6.60 ARGILLITE, Light gray to black, fine to very fine 56.10 J i
% grained, slightly weathered, medium strong to strong,
- // close to wide spaced discontinuities
59 5 /Z, 56' - 60" Shale and Coal interbedding
5.50 R-10 R3 | sL W, ‘_58.8' Calcl i
98% | 92% /5 /////, 57.4'- 58.8' Calcite parting
I 74 5790 | J 2 [ssm|ps|vrT| N
7 \
6.75 /
B /6/’/ s800 | 4 | 7 |PsmlFr| T | N
6.90 /
% 60.0 %; "/6?/, 5960 | M8
— Y
60.0 //7 ARGILLITE, Gray fo light gray, fine grained, slightly
755 weathered, very strong, very close to moderately
: % 7 spaced discontinuities
5.50 7, /%/
% 57//2 160 | J | |PR|IFR| T | N
i s
60 55 Y, 62.2' - 62.3' Fracturad zone §2.20 J 40 |URIFR| O | N
6.50 R-111 400w | 929 | RS SL / 6230 [ J |49 |UR|FR| O | N
| / 62.7' - 63.1' Calcite parting s270 | J | & |sR|Ds|PO] N
5.00 . %/ £3.2'- 63.5' Fractured zone §3.30 J 2lurlm] TN
R ¥
B /2;{///. 6360 [ J 7 |urR|Ds|PO| N
s
6.55 7
65.0 /
|—65 64.80 | MB
65.0 //// ARGILLITE, Ligh gray to reddish brown, fine grained, Used up to 400
5.25 /// slightly weathered, very strong, close to moderately 6520 | MB gallons of water
’ 7 .///; spaced discontinuities from 45 to 65 feet
- “ 7/4,./ 85' - 70' Calcite partings encountered BGS.
7]
700 s
B % 6670 | J |18 |PR|[DS|PO| N
60 | s6 ///
418 R121 100% | 93% 2 S, /%// 67.50 J 4 |[PR[DS| T | N
AT
E AL
450 //7
4.40 ////
70.0 //// 6370 | J |s0|PR|DS| O | N
[—70 77,
70.0 A ARGILLITE, Reddish brown, fine grained, slightly
575 ,////? weathered, strong, close to wide spaced discontinuities a6 | wis
| / 7070 | J |14 |UR|DS| T | N
5.50 4///
- 7
60 60 B
6.50 R-13| 4009 | 1000% | R4 | St /////////4
& % 7300 | o |16 |erlos| T | N
550 {////
L) 75 i i
5.70 ‘///f’ 74.2' - 75' Calcite parting
75.0 // 7460 | J | 13 |Psm|Ds [ v | N
|—75
75.0 / ARGILLITE, Reddish brown, fine grained, slightly 7510 | MmB DS
5.00 // weathered, medium strong, close to wide spaced w540 | ‘MB .
: /’ discontinuities i
| 2 %/ 7570 | 4 |18 |usmlos| T |ca
7 777,
A
6.90 //////
,
57 | 55 /
5.40 R-14 95% | 92% R3 SL ///
i /’r*//é 7820 | 4 |es |ur|[Ds| T | w
5.60 75, : .
77
5.50 %
80.0 %
—80 / " . "
80.0 ARGILLITE, Reddish brown, fine grained, slightly
6.00 ?// 5//’5/// weathered, very strong, close to moderately spaced 8020 | J 5 |PRIDS| O | N
’ //r///f, discontinuities
81.7' - 82' Calcite parting
NOTES: PROJECTNO.: 353754 Boring No.: B-65




MOTT BORING NO.:
CORE BORING LOG B-65
MACDONALD M (continued) Paged4 of 5
Avg Visual Identification, Description and Remarks Bi Gt
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering, iscontinuities
Elev. |Rate|°%"|Box)| (in./ | (n./ | Rock Core |Sratum field strength, discontinuity spacing, D‘?lmh Remarks
ol ) o 0 raphic : o : ! (ft) =
(f) | (min No. | %) | %) optional additional geological observations) (e Legend for Rock Descriplion System)
) Hard. |Weath Type | Dip [ Rgh[Weal|Aper| Infill
(e
72
5.80 //5/
60 | 58 %
560 R151 qoom | o7 | R | St /,% g250 | J |49 |PrR|DS| T [cCa
~ 210 7 ,//,(/ /
7 2,
5.50 //47
] %/ 8410 | 4 D |PR|DS| T | N
5.60 /
85.0 ,%
s 85.0 ZV/;? ARGILLITE, Reddish brown, fine grained, slightly 85.10 J a |PR|IFR| T | N
5.00 Lo weathered, medium strong, close to wide spaced
/ 7 discontinuities
6.00 //// 8620 | J |20 |PR|FR| T | n
I~ ///é/’/ 8690 | J 78 {PRIDS | VT | N
59 | 58 A
575 R-16 08% | 97% R3 SL ///7/
- ) //
5.00 %
.7
470 72 A
00.0 7% 8350 | B | 44 |PR|FR N
oo - 7
90.0 “ ARGILLITE, Reddish brown, fine grained, slightly
8.25 / weathered, strong, very close to wide spaced 90.30 J 11 |PR|FR|PO| N
’ &/ discontinuities
4///
6.25 7 )
7%
= ’/
5.70 RAT| oow | o | 4 | 8L ///
i ” //?/Z 9310 | J o |PR|FR| O | N
5.25 AN 9320 | J |11 {UR|FR| T | N
L /////’ 9380 | J |25 |PR|FR| T [N
4.55 / giso | o | 3 |PR|FR|PO| N
95.0 ,//
o 95.0 {// ARGILLITE, Reddish brown, fine grained, slightly
475 7 /// 7 weathered, strong, close to wide spaced discontinuities
: A
- g
//é/ 96.00 | J 8 |PRIFR| O | N
5.75
7
58 57
570 R18| goe | oaey | R4 | SL /; % ’
k- ////,
£.90 4/ 9820 | J |15 |UR|FR| T | N
& //% 9880 [ J |18 |SSm[DS| T | N
100.0 A2
s 100.0 //é / ARGILLITE, Reddish brown, fine grained, slightly USI?C‘ up ﬁo 4?0
6.00 weathered, medium strong, close to wide spaced fga 0%55? u‘;(a“;ar
' / discontinuities fmrtnBGSD
5.00 /%/
AL
B 77 )
60 60 /74;
5.00 R-19 100% | 100% R3 SL
B 190 %/
/, 10310 J |28 |PR|DS| T | N
450 | % //, s
7 777
» ///;é//
550 y 1420 4 |a0|Pr|DS| T | N
105.0
[ 105.0 %///’ ARGILLITE, Reddish brown, fine grained, slightly
6.70 / weathered, strong, moderate to wide spaced
’ 7 /// discontinuities
= 7 ;///}/ 105.6' - 106.2' Calcite partings
5.25 )
NOTES: PROJECT NO.: 353754

Boring No.: B-65




BORING NO.:
LI CORE BORING LOG B-65
{continued) Page5 of 5
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. [ RQD (Rock type, colour, texture, weathering, Discontinuities
Elev. |Rate D?ﬂp}m (Box){ (in./ [ (in./ | Rock Core étr?;ﬁg field strength, discontinuity spacing, D(eﬁp;h Remarks
(it) | {min No. | %) | %) optional additional geological observations) i {See Legent! for Rock Description Sysiem)
) Hard. |Weath Type | Dip | Rgh [Weal|Aper] Infill
5.25 A7 140 | J | 8 |usm| FR [PO| N
- ////}5
5.40 r2o| 58 | 58 | R4 | s
- 97% | 97% %
5.40 //’.,///;, ’
7 /////,
= 7
7
5.75
110.0 /
e 110.0 /% ARGILLITE, Reddish brown, fine grained, slightly
/ weathered, strong, close io wide spaced discontinuities
5.40 7 ’,/, )
7 //;/
» %
7 7
625 / 77
59 56 % 11230 4 |eo |PR|DS| T | N
6.75 R21| gaer | gas | R4 | 8L % ?// ;
N 180 7 /Z///,
570 /’/
1360 J |18 [PR|DS| T | N
/é 114.1' - 114.4' Highly Fraclured zone 1410 | J 28 [UR|DS| O | N
6.00
115.0 73 /// /
115 7,
115.0 G ARGILLITE, Reddish brown, fine gralned, slightly Core barrel
5.90 z // weathered, strong, close to moderately spaced 11530 | J 7 |PrR|DS|PO| N clagging. .
2 discontinuities Drill bit stuck in
- / hole at 120 feet
///// 1600| 4 |8 |PR|Ds| T | N |BGS.
5.40 77 s o )
/2///’/_ ’ 116.5' - 118.7" Calcite parting ool 5 leslorlos| -
L s Z//:/ i Ca
60 55 Z
475 R22| 10000 | gon, | R4 | SL b7
%% 11840 4 |80 |PR|DS| T | N
4.75 i i i i
/// 118.4' - 119.1' Calcite parting DU NP [ I I e
B 7
U )
6.00 77
120.0 120.0
20 Dril bit fost,
Borehole abandoned and offset as B-65A.
Borehole grouted with cement and bentonite hole plug.
[~ 1707
—125 b
—130
NOTES: PROJECT NO.: 353754 Boring No.: B-65
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Figure B-65.11
B-65 Box 6 Runs 21-22 Dry
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Driller/Helper: _Cunard Lopez/Dave Conover /Chris Meyers

Date/Time Finished:

BORING NO.:
Mtsonan T W SOIL BORING LOG B-65A
Page 1 of 1
Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Erica Vigliorolo/Bobby Kalpouzos
Drilling Co.: Uni-Tech Drilling Co., Inc. Date/Time Started: September 27, 2016 at 11:30 am

October 11, 2016 at 11:00 am

Elevation: 285 ft. Vertical Datum: NAVD 1988 | Boring Location:10 feet South of B-65 Coord.: N:40.535205 E:-75.047519
Item Casing | Sampler |Core Barre Horizontal Datum: NAD 1983
Type HSA S8 NQ2 Rig Make & Model: CME-55LC Hammer Type | Drilling Fiuid | Drill Rod Size:
Length {ft) 5 2 5 O Truck O Tripod O Cat-Head O Safety ] Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 20 O ATV O Geoprobe | Winch [J Doughnut [1 Polymer Hollow Stemn Auger
Hammer Wt. (Ib.) 140 140 - ™ Track O Air Track | Roller Bit W Automatic M Water
Hammer Fall (in.) 30 30 [ Skid | [ Cutting Head = 1 None
Sampl Visual - Manual Identification & Description ERlC e
ample isual - Manua io scri —
Depth/ No./ Rec. Sample Stratum uscs (Density/consistency, color, Group Name, 2 =
Elev. s Blows .| Group 4 " : g HEEIR Remarks
() Interval (in) er 6" Graphic Symbol constituents, particle size, structure, moisture, SlElE] 5
(ft) P Y optional descriptions, geologic interpretation, Symbol) HEIEE
al|a|a
5-1 6.5 3 AL AT T 0.2 2" - TOPSOIL - SN ?\Pf = ﬁiﬁ
S : Stiff, Brown to light brown SILT, dry
9
S < PO S SO O O PO,
B 23 8 . Very dense, Yellowish red DECOMPOSED ROCK fragments, dry - |- |- - | pecomposed rock is Siltstone.
50-70 A .
- E 45
30 .
" S-3 8 24 . Very dense, Reddish brown DECOMPOSED ROCK fragments, dry -t -1-1]- | Decomposed rock is Siltstone.
10.0'- LS .
= 1 1.0 = 11.3
Top of Rock at 11.3 feet BGS.
See Rock Coring Log.
— 15 2707
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer -
Date | Time | Time | Bot. of |Bottom| .| O OpenEnd Rod TV = Torvane
(hr) | Casing| of Hole T Thin-Wall Tube
9/29/16 | 8:50 - 10.0 65.0 47 :
9R0M6 | 815 | - To.0 [ 060 | 305 | U Undisturbed Sample
10/6/6 | 8:00 B 10.0 | 2200 93| S Split Spoon Sample
10/7/06 7:50 - 10.0 270.0 84
G Geoprobe Boring No.: B-65A
Field Test Legend: Dilatancy: N-MNone S-Slow R -Rapid Plasticity: NP - Non-Plastic L -Low M- Medium H - High
Toughness: L-Low M-Medium H -High Dry Strength: N -None L-Low M -Medium H-High VH-Very High

NOTES: 1.) "ppd" denctes scil sampie average diametral pocket penetrometer reading.

3.) Maximum Particle Size Is determined by direct observation within imitations of sampler size-

2.) "ppa" denotes soil sample average axial pockel penetrometer reading.

4.) Soil identifications and field tests based on visual-manual methods per ASTM D2488.




BORIN 5
sl M CORE BORING LOG B-65A
MACDONALD M

Page1 of 13
Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Erica Vigliorolo/Bobby Kalpouzos
Drilling Co.: Uni-Tech Drilling Co., Inc. Date/Time Started: September 27, 2016 at 11:30 am
Driller/Helper: _Cunard Lopez/Dave Conover /Chris Meyers Date/Time Finished: October 11, 2016 at 11:00 am

El ion: i ical D HL! i ion: 5
Iteen\:atlon 285 ft. s Vgx;t:r;asa:g:m ! Aéfg_:?aslf Boring Location:10 feet South of B-65 Coord.: N: 40.535205 E:-75.047519
Type HSA NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method Wireline
Length (ff) 5 5 3.25 Rig Make & Model: CME-55LC
Inside Dia. (in.) 4 2.0 2.0
Avg Visual Identification, Description and Remarks
Depth/ |Core Depth Run/| Rec | RQD Siftiif (Rock type, colour, texture, weathering, Bepth Discontinuities
Elev. |Rate {fg’) (Box)| (in./ | (in/ | Rock Core Graohic field strength, discontinuity spacing, (?’tp Remarks
(ft) | {(min No. | %) %) P optional additional geological observations) ) {See Legend for Rock Descripton System)
) Hard. |Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip | Rgh|Wea|Aper] Infill
11.3 . ) ARGILLITE, Reddish brown, fine grained, slightly TGSS of water at
3.90 ) weathered, very strang, very close to close spaced 14 feet BGS.
- 17 ,//‘/ discontinuities
/ 11.3' - 14.3' Highly Fractured zone
4.50 - //é
Ri| 5% | 2 | rs | st é// ;’é/ :
L 7
420 7%
i< 1 ////’
7
. 15.0 /(/;
e 150 % ARGILLITE, Reddish brown, fine grained, siightly Loss of water.
2.60 f ;_7// weathered, weak, very close to close spaced
i //7//0, discontinuities
[ / 4 15' - 15.9' Highly Fractured zone 555 3 o |ur| | T N
1620 J |18 |PR|[FR|PO| N
3.25
7
54 4 s /////:
2.90 R-2 90% 7% R2 SL 7 7/-///
- 2
///4/
540 %
7.40 7 ////;f ;
200 . 2.,
| 200 ///z? ARGILLITE, Reddish brown, fine grained, slightly Used up to 400
450 weathered, weak, very close to close spaced Gallons for R-3.
’ / discontinuities Loss of water.
- /%/ 20" - 22.3' Highly Fractured zone
5.50 A ’fé/, ;
| 7
60 | a2 ///
4.00 R-3 100% | 53% R2 SL / 22.30 J 0 |UR|[FR| O | ML
4 2265 | J o [UR|FR|FO| N
4.75 //Z///' / 2340 | J o [UR|FR|[PO| N
- 2, 2380 | J o [UR|FR| T | N
7
5.25 / 2430 | J o [uUR|FR|PO| N
25.0 /
%2 250 //' ARGILLITE, Reddish brown, fine grained, fresh, weak, Used up to 400
4.00 % close spaced discontinuities Gallons for R-4.
. 7 ///4 Loss of water.
| 0 T, 2570 | J 0 |USm FR| O | N
— //6// 2620 | J [s5|uR|[FR|PO| N
B d % 27.4 2700 [ J |60 [UR|FR|PO| N
6 48 =
4.75 R4 | 100% | sow | R2 SL— SHALE, Gray, fine grained, slightly weathered, weak,
| I — very close to close spaced discontinuities 27.70 J 5 [USm| DS | O | ML
6.95 f=— — 28.2' - 28.9' Highly Fractured zone
— 2930 | 0 |UR| DS |Mw| GL
50 AL =1 2950 | J o |uR|Ds| o |cL
> 30.0 — SHALE, Dark gray fo light gray, very fine grained, Used up to 400
475 — — slightly weathered, weak, extremely close to close Gallons for R-5.
’ I" |— spaced discontinuities iy Loss of water.
= —— - 30' - 35' Highly Fractured zone
6.50 = =
Water Level Data Notes:
Elapsed Depth in feet to:
Date Time | Time | Bot. of | Bottom
(hr) | casing| of Hole| WVater
10/7/06 | 7:50 - 10.0 270.0 84.0
10/6/16 8:00 - 10.0 220.0 83.0
9/30116 | 8:15 - 10.0 100.0 30.8
/28/16 8:50 - 10.0 65.0 47.0 ’
3 Boring No.- B-65A




MOTT BORING NO.:
CORE BORING LOG B-65A
MACDONALD M :
(continued) Page 2 of 13
Visual Identification, Description and Remarks . o
Depth/ Depth Run/ Rec. RQD (Rock type, colour, texture, weathering, Depth Discentinuities
Elev. ift) (Box) (Ln.f (in./ | Rock Core field strength, discontinuity spacing, (@) Remarks
() No. | %) | %) optional additional geological observations) ’ (Se2 Legend for Rack Description System)
Hard. Rgh|Wea|Aper| Infill
56 0
RS 93 | 0% | B2
5 35.0
= 35.0 SHALE, Dark gray to light gray, very fine grained, fresh, Used up to 400
medium strong, very close to close spaced Gallons for R-6.
discontinuities Loss of water.
- 35' - 36' Highly Fractured Anthracite Coal seam
36.50 PSm| FR| VT | N
60 36
R6 | 100% | s0% | R3 37.50 0 [pSm|FR| T | N
= 37.60 0 |PSm|FR| T | N
38.20 0 |USm|DS| T | N
38.30 0 [Usm|DS| T | N
B 38.00 usm| Ds | Po | N
39.30 UR|FR| T | N
o 40.0
40.0 SHALE, Gray, very fine grained, fresh, medium strong,
close to moderately spaced discontinuities
40' - 41" Vertical vein with Iron infilling
B 40.90 UR|(DS|PO| N
60 56
R7 | q00% | o3% | R3
4340 | J 0 |usm|FR|PO| N
4360 | J 0 [usm|FR| T | N
44.30 usm{ FR[PO| N
45.0
45 240 n i i
450 ARGILLITE, Reddish gray, fine grained, fresh, medium
strong, close to moderately spaced discontinuities 45.30 UR|FR| T N
46.25 UR|FR| T | N
» 46.80 UR[Ds| o | N
60 57
R-8 | 100% | oa% | R3 7
- 2
V7%, 48.85 UR|FR|PO| N
7
e 50.0 48.65 PRIFR|[ T [ N
50.0 ARGILLITE, Reddish gray, fine grained, fresh, medium
strong, moderate to wide spaced discontinuities 50.20 UR|FR| T [ N
/// A
)
i )
58 | 55 “
R9 | g7e4 | g2% | R3 ///é
i a
£ // 535
SHALE, Light gray, very fine grained, fresh, medium
- 3 strong, very close to moderately spaced discontinuities 53.85 prR| MR T | N
55 .50 i 54.75 usm| FR |PO| N
55.0 SHALE, Dark gray to light gray, very fine grained, fresh,
medium strong, close to mederately spaced
discontinuities
56.20 P.Sm| DS | PO | N
56.50 usm| FR | PO | N
NOTES: PROJECTNO.: 353754

Boring No.: B-65A




BORING NO.:

MOTT
(continued) Page 3 of 13
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/{ Rec. [ RQD (Rock type, colour, texture, weathering Discontinuities
D i ; Stratum 1 i) i B d
Elev. |Rate E‘t:)th (Box)| (in./ | (in./ | Rock Core |~y field strength, discontinuity spacing, Dgtp;h Remarks
(fy | (min No. | %) | %) optional additional geological observations) i {See Legend for Rock Descriplion Syster)
") Hard. |Weath Type | Dip |Rgh|Wea|Aper| Infill
5 5680 | J 5 |usm|FR|PO[ N
g 60 | 53 s2.30 | J | o [ps PO | N
A5 RA0| 1poo | sasw | R3 | FR Sm| FR | PO
- s780 | 4 0 |Psm|FR|PO| N
5.50
5360 | J 5 |lusm| FR |PO| N
6.50
60.0 5960 | J o |usm|FR [PO| N
—s0
60.0 SHALE, Dark gray ta light gray, very fine grained,
7.00 slightly weathered, medium strong, very close to close
spaced discontinuities
= 60' - 63.5' Highly Fractured zone with Calcite infilling
60' - 61' Vertical vein with Calcite infilling
6.00
60 20
7.00 R-11 100% | 33% R3 SL
[ MARL, Light gray, very fine grained, slightly weathered,
850 medium strong, very close to close spaced
discontinuities
64.10 J 5 IUR|DS | PO | CL
10.00
65.0 64.50 J 0 |PR|DS|PO| N
—65
e €5.0 ARGILLITE, Reddish brown, fine grained, slightly Used up to 400
575 weathered, strong, close to wide spaced discontinuities Gallons for R-12.
’ 7 66' Calcite parting Loss of water.
B % 6580 | J |83 |PR[FR| T | N
6.50
7
i Xk
g | & (7. 7, szio | 4 |7 [PrR|R| TN
6.75 R-12| 400% | oo | R4 sL //////
| 6780 | J |16 |urR|DS|PO| N
% 6800 | J |42 |UR|FR| T | N
6.90 é
% 6870 | J |60 |PR|FR|[ O [N
- .7
7,
6.75 7 640 | 4 |20 [UR|FR|PO| N
24 70.0 Z~
70.0 / ARGILLITE, Reddish brown, very fine grained, slightly Used up to 400
7.00 / weathered, weak fo strong, very close to moderately 7080 | 4 o |er|Fr| o | n | Gallons for R-13.
' % spaced discontinuities Loss of water.
| /// 70' - 70.1' Light brown Silt seam, dry
jz /// 71.6' - 71.7' Dark brown Silty Clay seam, moist
550 ( ///f 72.7' - 75' Highly Fractured zone
’ //{/’7 73' - 75 Vertical Fracture with Calcite and Iron infilling 7180 | 4 o |prler| 0| N
= 7180 | 4 3 |pR|FR| O | N
60 25 /
6.00 R-13 100% | 42% R4 SL //
| % 7270 | J |1 |PR|DS| T | N
XX
6.50 4 ’Z'////
A
_ b7
6.00 /%/
- 75.0 é
]t 75.0 . //2 ARGILLITE, Reddish brown, fine grained, moderately Loss of water.
6.95 7 ’///// weathered, weak to medium strong, close to wide
i ////,’ spaced discontinuities
- //’ 75' - 75.7' Highly Fractured zone
75.1" Vertical Fracture with Calcite and Iron infillings 76.10 4 25 lssmler |l o | N
8.00 / 75.6' Vertical Fracture with Calcite and Iron infillings !
: // 75.7" - 76.1' Vertical Fracture with Calcite and Iron 76.50 J 27 | PR| DS N
- ,/(//// infilling
7
775 R4 | oo | e | R | M 272
‘0 o g
/X/(
| /
450 %
2
375 - 7 :% F,
- £ S 7980 | V Ca
8 30.0 57 ARGILLITE, Reddish brown, fine grained, moderately Used up to 400
750 weathered, weak to strong, very close to moderately Gallons for R-14
: % spaced discontinuities to R-15.
= //’ Calcareous partings throughout Loss of water.
é, 80' - 80.2' Brown highly plastic Clay seam
s s 80.2' - 80.6' Highly Fractured zone
625 A 80.6' - B1.6' Vertical Fracture with Galcite and Iron
- /,“//, infilling
6.00 /
NOTES: PROJECTNO.: 353754

Boring No.: B-65A




BORING NO.:

MOTT
(continued) Page4 of 13
Blagifl ng o i Visual Identification, Description and Remarks
ep ore un/| Rec. (Rock type, colour, texture, weatherin Discontinuities
Depth ; i Stratum Ype, el 52 ering,
EE;V- Rate [V (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, D(‘?,p;h Remarks
(ft) (;?tl)ﬂ No. [ %) | %) optional additional geological observations) E {See Legand for Rock Description System)
i - Hard. |Weath Type | Dip |Rgh |Wea|Aper| Infill
_- 2
6.00 R-15 97% | 55% R4 M /////;I,
|- //
6.50 /
///// gag0 | 4 | ez |PR|[FR| T | N
.7
8.50 A
. 85.0 )
— 20
° 85.0 Z ARGILLITE, Reddish brown, fine grained, slightly 85.00 | MB Loss of water.
6.60 / weathered, weak to medium strong, very close to
// moderately spaced discontinuities
B /?//’«// gss0 | 4 | o [PR|FR| O | N
.
7.50 /;'//;/, 8640 | J |24 [UR|FR|PO| N
n 7%
,/7 //
60 35
6.25 R-16 R3 SL
100% | 58% ///// 87.5' - 88.2' Vertical Fracture with Calcite infiling
4.55 /;g/%/ 88.3' - 86.6' Fractured zone 88.30 J 5 |sSm|FR| T N
R
2 /////, 88.7' - 89.5' Vertical Fracture
V7
3.10
- 50.0 /4,
90.0 »% ARGILLITE with interbedded Shale, Reddish brown, Used up io 400
475 . /// fine to very fine grained, fresh, weak to strong, close to Gallons for R-16
X wide spaced discontinuities sl J [s5|PR|[Ds| o | N |WORAT.
- %j 90.6' Vertical Fracture Loss of water.
//
6.50 /
o | s 7
3.14 RA17| 4009 | sse, | R® | FR ?;Z//;
| .
7%
9310 | J | o |psm|FR| O | N
5.00 // m
% 94.1' - 94.2 Calcite parting
6.40 7 94.4' - 95' Calcite vein 9240 | 4 | 3 [psm{os| o | N
95.0 7 7%
: A
—a5 - 7
2 95.0 7 ARGILLITE, Reddish brown, fine grained, fresh, weak Loss of water.
4.40 // {o medium strong, very close to wide spaced
discontinuities
s //// 95' - 96.9' Highly Fractured zone
3.50 é’/
XX
E //,/Z’//j,; 969 | 4 [0 |PR[DS| T | N
4.40 ras| ., 80 | 4 | r3 | R A
3 100% | 68% /
450 %
///?/ /
0 A
4.75 7 4;
F— 100.0 /
100.0 /{/j ARGILLITE, Reddish brown, fine grained, fresh, weak gsﬁd Upfio ';0?9
8.00 / to strong, very close to moderately spaced woso| o | s lumlem| T | w toaR?zns O b
/ discontinuities 100.50 | MB Y
B //Z ’/,//; . Loss of water.
- 72
7.50 7 7
- % 08| J | o |PR|FR|PO| N
6.25 RA9[ o2t | o | Ra | FR {//’/
- ’4’//7///,2 10280 J |4e [PR[FR| T | N
. )
5.50 7%
,/
/// 1400 4 | 3 |srR|FR| T | N
7.25 /
105.0 /
—105 150 /;7////’ . % a
105.0 T, ARGILLITE, Reddish brown, fine grained, fresh, weak 1ws10| 4 | 5 |url | o | n |LoSSofwater
475 ////, to medium strong, close to wide spaced discontinuities : i
// Calcareous partings throughout
5.00 %//’ w830 | J |8 [UR|[FR|[ O | N
| //// 106.80 [ MB
7
5.00 60 60 CRLLe
R201 100% | 100% | R3 | FR pas 107.40 | M8
NOTES: PROJECT NO.: 353754

Boring No.: B-65A




MOTT BORING NO.:
i L CORE BORING LOG B-65A
(continued) Page 5 of 13
Avg Visual Identification, Description and Remarks . o
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
2 3 Strat ' i 5 7 J Depth
Elev. |Rate DE}%th (Box)| (in./ | (in./ [ Rock Core Grapwiz field strength, discontinuity spacing, (ﬁp) Remarks
(ft) | (min No. | %) | %) optional additional geological observations) ’ [Ses Lagend for Rock Deseription Sysiem)
) Hard. [Weath Type | Dip [Rah|WealAper Infil
- A/y//.a
g4
5.60 7
/ 10860 [ J 2 [PR|FR| T | N
6.00 {//
e 110.0 ¢ ;;/2
110.0 7 7] ARGILLITE, Reddish brown, fine grained, slightly Used up to 400
4.50 /yé//’ weathered, weak to medium strong, moderate to wide Gallons for R-21
i spaced discontinuities to R-22.
/ Loss of water.
5.50 /%
- R R
7 )
60 60 5
5.20 R211 1005 | 100% | B3 St "W% 11240 4 | 5 |sr{FmR| 0| N
5.25 ‘///} 11330 | J |26 |UR|DS|PO| N
B 7 //2 ,
o 22
5.50 //é//
e 115.0 // 114.70 | mB
170 115.0 “ ARGILLITE, Reddish brown, fine grained, slightly Loss of water.
4.00 // weathered, weak to medium sfrong, close to
’ .///// moderately spaced discontinuities 11560 | ma
% |
- A
A
470 2,
7 ¢
B 117.2
60 52 —— SHALE, Reddish brown, very fine grained, slightly 1730| a8 [urlmR| T | &
520 R22 100% | 87% R3 CU mp— weathered, weak {o medium strong, very close to ’ !
B — moderately spaced discontinuities
— =] 117.4' Calcite parting 118.00 | J 0 [PSm| FR N
[=—] 118' - 118.3' Fractured zone
5.40 118.7 11840 4 | o [Psm|FR Sa
| iz ARGILLITE, Reddish brown, fine grained, slightly
g weathered, weak to medium strong, close to
5.50 // moderately spaced discontinuities 11930 | MB
120.0 /
—120 //,
1200 757 1204
.00 — SHALE, Light to dark gray, very fine grained, siightly Used up to 400
— — weathered, weak to strong, very close to mederately Gallons for R-23.
B — spaced discontinuities 12000 | 4 | 16 |usm| Ds | vr | n | Loss of water.
i — 12150 4 | o [psm|los| T | N
60 | 56 | —
5.80 R-23 100% | 93% R4 SL
B 12300 J | o |Psm{ps| T | N
8.00 12340 4 o |P.Sm| Ds N
9.00 12440 | MB
125.0
—125
= 125.0 SHALE, Light to dark gray, very fine grained, fresh, 12510 | mB Loss of water.
5.00 weak fo strong, very close to wide spaced
discontinuities 12560 J | 0 [psm|FR|PO| N
s Calcareous partings throughout
780 5 ] 12650 4 |13 |usm{FR|VT| N
| — — 127.0
i = [ | I I\:ARL, Li%ht gray, \éeéy ﬂnehgrgjtljed. fresh, weak to 12740 | 6 [psmlER| T | N
" strong, wide spaced discontinuities
5.40 R-24 100% | 97% R4 FR I
B I i I 12800 | J 8 |PsmlDs| T | N
540 I
B \
[ 1
4.90
| 5 130.0 [__T]130.0
130.0 Y iy, ARGILLITE with interbedded Shale, Reddish brown to Used up to 400
7 gray, fine to very fine grained, moderately weathered, Gallons for R-24
5.40 i/ 13040 | J = to R-25
’ /,// weak to strong, close to wide spaced discontinuities ) 9 B,
/ Loss of water.
5.00 /////
60 | 31 o
4.90 R-25 R4 | ™ 7%
100% | 52% 7 132.6' - 135' Vertical Fracture with Calcite and Iron
|- infilling 13290 J
5.40
NOTES: PROJECT NO.: 353754 Boring No.: B-65A




MOTT BORING NO.:
(continued) Page6 of 13
Avg Visual Identification, Description and Remarks ;
Depth/ | Core Run/| Rec. [ RQD (Rock type, colour, texture, weatherin Discontinuities
Depth : . Stratum yPe, it e ering, Depth
Elev. Rate (ff) (Box) (?'! (in./ | Rock Core Grag;n'c field strength, discontinuity spacing, (?t?) Remarks
(ft) ('f"?t‘” No %) %) optional additional geological observations) (See Legend for Rock Descriplion System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper| Infill
gl
5.40 /7/;;/
" 1 7
450 /
- 135.0 4/ 135.0
”’“ 135.0 — SHALE with interbedded Argilite, Light to dark gray, Loss of water.
5.50 e very fine to fine grained, moderately weathered, weak
—— to medium strong, close to moderately spaced
= — discontinuities
plc— 135' - 140" Calcareous partings present throughout
475 Tl 135" - 135.1' Vertical Fracture with Calcite and Iron 13630 | J 24 lusm| DS | o | ca
o ] infillings
i — 135.3" - 135.7' Vertical Fracture with Calcite and Iron 126.80 [ J 18 PSm{DS| T | ca
infillings 1 7 os| T |
g5e Ros| B0 | 46 | oo | 136.3"- 136.5' Vertical Fracture with Calcite and Iron 1T Fem 2
2 100% | 77% infillings
| 137.1" - 137.8' Highly Fractured zone 1ar80 | J 8 (psm|Ds| T | ca
6.25
i 138.00( J |16 |usmlos| T | N
5.00 13940 | J |20 |usmlDs| T | ca
140.0
140 130.80 | J 8 [PSm| B8 [ VT | Ca | oy un i 400
140.0 SHALE with interbedded Argillite, Light to dark gray, 86 “Pf 0 Pt
5.60 very fine grained, moderately weathered, weak to 140301 4 o |erler| T 1 u Gallon? or R-27.
medium strong, very close to maderately spaced Loss of water.
= o C discontinuities
— 140' - 140.5' Decomposed Shale to Sand 14100 J 5 |PR|FR| T | N
5.50 = 140" - 145" Calcareous partings present throughout
=) 141.1'- 142.1' Highly Fractured zone 14180 ( 4 6§ |SR|FR|PO| Ca
g 59 | 44 e 142,30 2 [usm|FRR| T | N
7.30 R-27 as% | 73% R3 M i J Sm
. 142.7' - 143’ Highly weathered Gray Clay, high plasticity
143" - 143.5' Highly Fractured zone
6.00
14350 | ) 4 |[PR|FR| T | N
5.50 14430 | J 8 |Psm|FR| T | N
1S 145.0
0 145.0 SHALE with interbedded Argilite, Light to dark gray, Used up to 400
8.00 very fine to fine grained, slightly weathered, weak to 14525| J [ 15 |PR|Ds| T | N |Gallons for R-28.
medium strong, very close to moderately spaced Loss of water.
| discontinuities 14570 | J 0 |PR|DsS|PO| N [Rigchatter.
145" - 150" Calcareous partings present throughout
13.50 145.7' - 146.5' Highly Fractured zone
14650 | J 0 |PSm|FR|PO| N
B e % . )
58 45 A ARGILLITE, Light gray to reddish brown, fine grained,
1 R28| g73 | 75% | B3 | SL Lo slightly weathered, weak to medium strong, very close
| 2 to wide spaced discontinuities
/ 148.00 [ J 6 |PR|FR| VT | N
14.25 é/ 14845 J 8 |PR|IDS| T | N
.7
10.90 7 )
150 150.0 ///4;
150.0 ARGILLITE, Reddish brown, fing grained, slightly Used up to 400
15.50 % weathered, medium strong, close to wide spaced Gallons for R-28.
///, discontinuities Loss of water.
7
14.50 X
74
- 2
58 | 55 /
14.00 R29| oo | gom, | R3 | SL é
- é 15280 [ J 16 |UR|FR| T | N
17.50 /;%Z/ 15330 J |10 |PR[FR| T [ N
- //é/ 153.80 [ 6 |[PR|FR| T | N
14.00 /
155.0 // 15460 J |45 |PR|FR| T | N
—155
10 155.0 /é/ ARGILLITE, Reddish brown, fine grained, frash, gmﬁg ip 00
7.1, medium strong, close to wide spaced discontinuities allons tor R-30.
00 7 7//,/, d £ Loss of water.
| < ///’ |
. )
4.40 %
60 | 60 /
3.50 R30| 100% | 1000 | B3 | FR 5; 4/72/ 7
8 Y — //////
58.4
3.40 / 1
? — - SHALE, Light to dark gray, very fine grained, fresh, 15830 J |18 [URIFR| T | N
NOTES: PROJECTNO.: 353754 Boring No.: B-§5A




BORING NO.:
L IR L CORE BORING LOG B-65A
(continued) Page 7 of 13
Avg Visual ldentification, Description and Remarks - —_—
Depth/ |Core Run/| Rec. [ RQD (Rock type, colour, texture, weathering, Isconunuities
Elev. |Rate fo%m Wa|ind | (naf | ReclcGore %trr:!;lﬁg field strength, discontinuity spacing, Dgtp;h Remarks
(f) | (min No. [ %) | %) optional additional geclogical observations) ’ (See Legend for Rock Descrplion System)
) Hard. [Weath Type | Dip | Rgh [Wea|Aper] Infill
B — medium strong, close to moderately spaced 158.70 | B 14 [Psm| FR | PO | N
= —— discontinuities
450 |
160.0  —
[ 160.0 —— SHALE, Light to dark gray, very fine grained, fresh, Loss '?f water.
4.00 ———] weak to medium strong, close to moderately spaced Rig chatter.
’ F — discontinuities
- — | 160’ - 165’ Calcareous partings present throughout 18080 | J 9 lpsm|FR| T | N
3.75 —]
» — —] 18175 3 [17|Psm|FR| T | N
58 51 —
3.25 R31| o700 | g5% | R | FR —
2.40 —=] 163.40 [ J 10 |18Sm FR| T [ N
= 16360 4 |10 |UR|FR|PO|[ N
ey — — 16450 | J 3 usmlFR| T | N
- 165.0 [ =——{ 185:0
1 165.0 v, ARGILLITE, Gray to reddish brown, fine grained, Loss ﬁf water.
3.40 L) slightly weathered, weak to strong, moderate to wide Rig chatter.
; ,/ spaced discontinuities
B / 16570 | J o |PR|FR[PO| N
250 é//
5 7
60 | 60 B
2.20 R32| 4000 | 100% | R4 | St /////f
2.20 %/f
: 7
7.7,
e 170.0 /‘7//
1 . i i Used up to 300
170.0 ARGILLITE, Reddish brown, fine to very fine grained, p
4.50 % fresh, weak to medium strong, moderate to wide Gallons for R-31
’ % spaced discontinuities and R-32.
= %/ 170" - 175' Calcareous partings present throughout Loss of water.
.7
3.00 “ /////
60 58 /
2.90 R-33 100% | 97% R3 FR ///
i 2
275 7 i)
| / 17400 | o [PR|FR| T | N
3.25 J/
—175 b //// 17480 | B | 6 [PSm{FR| T | N
w 175.0 X ARGILLITE, Reddish brown, fine grained, fresh, weak Loss of water.
2.40 A to strong, wide spaced discontinuities
i ////,’ 175" - 180" Calcareous partings present throughout
o b
2.50 /
7
3.00 Raa| &% [ 1| Re | R P27
100% | 10 72
- 4/
2.50 /
7
3.00 % ///
" |1800 //’%'
- : )
L 180.0 7 ARGILLITE, Reddish brown, fine grained, fresh, weak Loss of water.
350 to strong, moderate to wide spaced discontinuities
i % 180" - 185' Calcarecus partings present throughout
| .
20 7, 7 “
’ . .7,
B
7%
58 58 ////
2.90 R-35 97% | 97% R4 FR %
3.25 7 4/// /
2 /,’///,{//, 18370 [ 4 3 |PR|FR| T | N
— )
3.50 ///
NOTES: PROJECTNO.: 353754 Boring No: B-65A




BORING NO.:
T
o/ A CORE BORING LOG B-65A
(continued) Page 8 of 13
Avg Visual Identification, Description and Remarks
Depth/ | Core Rec. [ RQD (Rock type, colour, texture, weathering,
Elev. |Rale D?f%th (in./ | (in./ | Rock Core gtrr:;?]m field strength, discontinuity spacing, D(?E)m Remarks
ity [(min %) | %) optional additional geological observations) ez Legend for Rock Descriplion System)
) Hard. |Weath Infill
7
3.50 %
—— 185.0 /é/;
185.0 ARGILLITE, Reddish brown, fine grained, fresh, weak Loss of water.
to medium strong, moderate to wide spaced
300 %/ discontinuities
- 7
2.90 7 ,///; 4
: 7 0,
= s
//
60 | 60
3.10 100% | 100% | R3 | FR /4
I 7
4.50 / ,//
7 72,
= //4/’ 188.90 N
4.60
- 180.0 //; 7,
180.0 // ARGILLITE, Reddish brown, fine grained, fresh, weak Loss:afwater;
3.60 2 //4 to medium strong, wide spaced discontinuities
- /’4/,
2.50
L %/,
2.90 o | 1o | R | R 2 é/
: 100% | 100% J A
7 /f///,
L ~
///
3.40 /
3.00 //////5
L 195.0 x5
” 195.0 /722 ARGILLITE, Reddish brown, fine grained, fresh, weak aeduptodn
3.95 ‘// to medium strong, wide spaced discontinuities and R-38.
i % Loss of water.
250 é
Ax
| /,////}’//'
2
60 | 60
3.10 100 | 100w | B3| R ///
3.50 é//’
s,
3.50 ////?
200.0
" 200.0 / ARGILLITE with interbedded Shale, Reddish brown to Loss of water.
3.00 % light gray, fine to very fine grained, fresh, weak to
: // medium strong, close to wide spaced discontinuities
2
72 20120 4 | o N
3.25 /%; 201.45 6 N
80 | 57 ///
2.90 100% | o2 | R6 | FR é
L 7,
3.00 //4 2
| 205.0 /’Z//
# 205.0 A ARGILLITE, Reddish brown, fine grained, fresh, Used up to 400
325 ///2/, medium strong to strong, wide spaced discontinuities S:é"g'_z :‘?" B39
3.60 %/
7
3 60 | 60 )
15 100% | 100% | B¢ | FR ///y
3.40 ,///
XX
325 Az
210.0 %%,
NOTES: PROJECTNO.: 353754 Boring No.: B-65A
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CORE BORING LOG

({continued)

BORING NO.:

B-65A

Page9 of 13

Depth/
Elev.

(ft)

Avg
Core
Rate
{min
fft)

Depth
(f)

Run/
(Box)
No.

Rec.
(in./
%)

RQD
(in./
%)

Rock Core

Stratum
Graphic

Hard.

Weath

Visual Identification, Description and Remarks
(Rock type, colour, texture, weathering,
field strength, discontinuity spacing,
optional additional geological observations)

Depth
(ft.)

Discontinuities

{See Legand for Rock Deseripfian System)

Type

Dip

Rgh |Wea|Aper] Infill

Remarks

210

3.50

210.0

2.50

3.00

250

215 4

3.25

215.0

R-41

59
98%

55
92%

R3

SL

N\

[N

N

275

15.0

1.70

270

275

3.40

220.0

R-42

60
100%

80
100%

R3

SL

N

R
AN

77,
//4/”

N

=
NN

7

\

NN

—220

4.50

220.0

3.50

3.70

4.10

—225 o

3.70

225.0

R-43

58
97%

55
92%

R3

FR

R

N

RN
W
D

N\

A

3.50

2250

250

2.75

2.50

—230

3.50

230.0

R-44

60
100%

57
95%

R4

FR

N
NN

N

NN

N A
NOR

4.25

230.0

3.90

3.90

3.40

2.80

235.0

R-45

60
100%

60
100%

R3

FR

N

N
R

7 4,

N

| —235 5

235.0

ARGILLITE with interbedded Shale, Reddish brown to
light gray, fine to very fine grained, slightly weathered,
medium strong, very close to moderately spaced
discontinuities

ARGILLITE with interbedded Shale, Reddish brown to
light gray, fine to very fine grained, slightly weathered,
medium strong, moderate to wide spaced
discontinuities

ARGILLITE, Reddish brown, fine grained, fresh,
medium strong, very close to wide spaced
discontinuities

220' - 225' Calcareous partings present throughout

ARGILLITE, Reddish brown, fine grained, fresh,
medium strong to strong, close tc wide spaced
discontinuities

228.2" - 229’ Calcite vein

ARGILLITE, Reddish brown, fine grained, fresh,
medium strong, wide spaced discontinuities

230" - 235 Calcareous partings present throughout
233' - 235 Interbedded Shale

211.60

213.30
213.50

214.00
214.40

21890

220.80

228.20
228.40

e

12
18

28

co

P.R

FR| T N

FR
FR

-

PSm| FR | T N

P.R

PR

FR| T N

FR| T N

pDs| O N

FR | O N
FR | O N

Loss of water.
Rig chatter.

Loss of water.
Rig chatter.

Used up to 400
Gallons for R-41
and R-43.

Loss of water.
Rig chatter.

Loss of water.

Loss of water.

NOTES:

PROJECTNO.: 353754

Boring No.: B-65A




BORING NO.:
MOTT
i ™ W CORE BORING LOG B-65A
(continued) Page 10 of 13
Avg Visual Identification, Description and Remarks - —
Depth/ [Core Run/| Rec. | RQD (Rock type, colour, texture, weathering iscontinuities
D ; ; ’ 5 A ; 4 Depth
Elev. |Rate (eﬂp)th {Box)| (in./ | (in./ | Rock Core g::;ﬁ?; field strength, discontinuity spacing, gtp)t Remarks
(tty | {min No. | %) [ %) optional additional geological observations) : (See Legend for Rack Descrition System)
%) Hard. |Weath Type | Dip | Rgh |Wea|Aper| Infill
4.0
/‘///;//’,' 23560 | J | o |USm| DS N
i 2 ARGILLITE with interbedded Shale, Reddish brown, gsﬁd “Pf‘f’ ;0«?5
4.00 / fine to very fine grained, fresh, strong, very close to ad%quacr
’ / maderately spaced discontinuities ﬁ“ A
L //j 235' - 240 Calcareous partings present throughout Qs gEWAlET:
50 - 7 ,'/// 235'- 235.6' Fractured zone with Iron infilling
-7,
4.10 R-46| 1n0os | aow | R FR /; )
B 72,
7 7
4.20 /
// 23860 | J |20 |PR|FR|PO| N
2.75 7 é//;/
240.0 )
—240
240.0 /é// ARGILLITE with interbedded Shale, Reddish brown, Loss of water.
4.75 fine to very fine grained, fresh, weak to strong,
/ moderate o wide spaced discontinuities
B /// 240’ - 245’ Calcareous partings present throughout
450 7
A
60 | 60 //'/
3.40 R-47 100% | 100% R4 FR
b A % 7
2.30 /é/ 24330 J 0 |PR|FR| T N
7
3.00 //
245.0
|-—245
“© 245.0 f///’ ARGILLITE with interbedded Shale, Reddish brown, Loss of water.
275 //// fine to very fine grained, fresh, weak to strong,
“ /// / moderate to wide spaced discontinuities
L A 245' - 250' Calcareous partings present throughout 24570 | J | 11 JUSmM| FR | PO | N
)
3.10 i
3.00 Rag| o0 | o | Re | FR //%
B ;’,;/ ’,/% 24770 | ) 70 |PR|FR| T | N
¢ ]
//
3.55 % 7
450 {//
- 250.0 ? ZA
250.0 Z ///;;; ARGILLITE, Reddish brown, fine grained, fresh, strong, LG’;ignUsté? ot
3.20 // wide spaced discontinuities o RAT,
| / Loss of water.
3.15 ;/"/////
8 7,
A
60 | 60 72
370 Rao| S0 || Ra | R //2/
375 ,//é
S 7
7 ///,/4
3.50 74
255 255.0 /////
x 255.0 / ARGILLITE with interbedded Shale, Reddish brown, Loss of water.
425 // fine to very fine grained, fresh, medium strong, very
//'// close to wide spaced discontinuities
- A
3.10 //'/;/}5‘”
& ]
//
60 59 /
370 R50| 1000, | agey | R3 | FR /{///
B = 7 //;'/ 25790] J | o |Psm| FR| PO | CL
XA 25800 J | 0 [PSm|FR| O [ N
290 ///’y
3.50 /{//,
260.0 /
—260
260.0 7 /’// / ARGILLITE, Reddish brown, fine grained, fresh, weak Used up to 400
4.40 A to medium strong, close to moderately spaced S:Jg';?r R-50
) discontinuities. ietheh S
NOTES: PROJECTNO.: 353754

Boring No.: B-65A




MOTT BORING NO.:
CORE BORING LOG B-65A
MACDONALD M (continued) Page 11 of 13
Avg Visual Identification, Description and Remarks . SR
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture, weathering, Discontinuities
Elev. |Rate "%\ (Box)| (in./ | (n./ | RookGore é‘rf;m field strength, discontinuity spacing, D@E;“ Remarks
(f©) | (min No. | %) [ %) optional additional geological observations) (See Legend for Reck Descriplion System)
) Hard. |Weath Type | Dip | Rgh{Wea|Aper] Infill
B v s,
3.00 //47
B /4{, 26200 J | 3 |UR|FR| T | N
60 80
250 R511 100% | 100% | R | PR /////Z
- 7 T
7
4.00 //4/f
425 /{//
265.0 /
25 = 265.0 Z ////,’9, 1 ARGILLITE, Reddish brown, fine grained, fresh, weak Loss of water.
350 ,////; to medium strong, close to moderately spaced
’ ,/ discontinuities
- /7' 265' - 270" Calcareous partings present throughout
7/
3.95
/é 26660 J | 4 |PR|DS|PO[ N
B 7 ,/%/ ¢ 2700 o | 8 |PR[DS| T[N
60 | 60 7. 727,
3.90 R-52| 400u | 100% | R3 FR ,///,7
B 26800] J |10 |PR|DS| T | N
7
560 /// 26880 4 | o |PR|DS| T | N
- 7
4.50 s
- 270.0 //4//;
B 270.0 ARGILLITE, Reddish brown, fine grained, fresh, weak Loss of water.
3.75 % to strong, wide spaced discontinuities
. /// 270" - 275 Calcareous partings present throughout
i 2
375 . )
60 60
3.90 R-53 100% | 100% R4 FR //%’
A
425 7 /é/z
72
L ‘///
475 %
275.0 77
> 275.0 ///; ARGILLITE with interbedded Shale, Reddish brown, Used up 1o 400
260 ;/ ??/ fine to very fine grained, fresh, weak to strong, very Gallons for R-53
: g close to wide spaced discontinuities and R-54.
B ) 275' - 280’ Calcareaus partings present throughout orseo| 4 | o |psm|Fr| v | N |LosSofwater.
// 279.5' - 279.8' Highly Fractured zone with high o7640| 4 6 [usmler| T | N
310 / weathering and Clay
3.75 Rosa| 80 | 55 | ra | R [Z f//// :
: 100% | 92% 2 57
R vy
//
3.25
425 7 ”,Z’/ :
T XN 21950 J [ 6 |PR|FR|[ T | N
| : 278.80 | J o [psm|FR| 0| N
280 280.0 /74/{; ARGILLITE, Reddish brown, fine grained, fresh, weak Loss of water.
450 to strong, wide spaced discontinuities
i / 280" - 285' Calcareous partings present throughout
7. )
e ///,///
425 Rss| B0 [ 60 | ra | FR 7
- 100% | 100% /
4.00 . . ////, / 5
i @
7
4.50
285.0
|28 285.0 %/// ARGILLITE with interbedded Shale, Reddish brown, Loss of water.
4.00 ’//// fine to very fine grained, fresh, weak to medium strong,
: 7 //7 very close to wide spaced discontinuities
B 7, s, 287.7' - 287.9' Calcite parting
4.40 I,
NOTES: PROJECTNO.: 353754 Boring No.: B-85A




BORING NO.:
N i CORE BORING LOG B-65A
(continued) Page 12 of 13
Avg Visual Identification, Description and Remarks i -
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering, iscontinuities
Elev. |Rate Df}{’)‘h {Box)| (in./ | (in./ | Rock Gore 3‘!35?1.”3 field strength, discontinuity spacing, D(‘?t?)‘h Remarks
(ft) | (min No. | %) | %) optional additional geclogical observations) {See Legand for Rack Descrplion System)
) Hard. |Weath Type | Dip |Rgh |Wea|Aper| Infill
i 4.40 = //,/"/:%
60 57
3.25 R56| oou | ose, | RE | FR %
i /// 28700| 4 | o [psm|FR|PO| N
é 28810 | J 3 |psm|FR| T | N
s
3.50 / 7
[ //i'/, 288.90 J 0 |UR| DS T N
3.90 /
2580.0 /
| 200 290.0 //// ARGILLITE with interbedded Shale, Reddish brown, gsﬁgnffg? éﬁgs
275 ////'/ fine to very fine grained, fresh, weak to strong, close to ar?d R-5T :
& 7 ///{;j’ wide spaced discontinuities ioas c;f e
I~ /)
310 7
, /é/
4.00 R57| .00 | o5 | R4 | FR ’////
/} 7z
i // 775
4.50
4.5 /
’ 295.0 ///
295 44 : ’9 7 L f wat
) 205.0 ) ARGILLITE, Reddish brown, fine grained, fresh, very o33.oLwater:
2.90 4/ strong, close to wide spaced discontinuities
’ 295' - 300" Calcareous partings present throughout
- / 299.5' Interbedded Shale
7
.80 7
///
//
450 R58| 4o | oags | RS | FR 7
4.00 /,7/’//: 298.30 J 12 | PR| FR T N
773
- // )
72
3.00 //4/
300.0 299.60 J 19 |UR| FR | PO N
o 300.0 % ARGILLITE, Reddish brown, fine grained, fresh, weak gﬁfid “Pftﬂ ‘;0?3
450 % to strong, wide spaced discontinuities ad?;?égor 3
’ %/ 300" - 305" Calcareous partings present throughout igss c-kf iar
2 ie 7 ; :
- // ,///// 300" - 302.4' Interbedded very fine grained Shale
450 777 //,{/'ﬁ
60 80 %
3.40 R59| 400w | 100 | R4 | FR /é{
B ¥
7 /////,
3.60 ////
3.50 //
305.0 //é/
305 20 305.0 X ARGILLITE, Reddish brown, fine grained, fresh, weak Lossjolwater:
4.90 ///4 2 to strong, close to wide spaced discontinuities
5.50 %/
Z
B 7 /,4
2 ran| €0 | 80 | oy | e P22
#25 601 100% | 100% //’éf
5.40 %/
i,
4.50 o 30040 4 [ o |psm| DS N
3100 7% y
310 i i Loss of water.
310.0 ARGILLITE, Reddish brown, fine grained, fresh, weak 5
3.50 /% to strong, moderate to wide spaced discontinuities
- .7
5.00 A
s,
NOTES: PROJECTNO.: 353754 Boring No.: B-65A




MOTT BORING NO.:
(continued) Page 13 of 13
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. [ RQD {Rock type, colour, texture, weathering, Discontinuities
Elev. |Rate Dfﬁp)th (Box){ (in./ | (in./ | Rock Core é}.?g;";g field strength, discontinuity spacing, D(%p;(h Remarks
(ft) (min No. %) %) optional additional geological observations) i (See Legend for Rogk Dzscriplion System)
ft) Hard. |Weath Type | Dip | Rgh|Wea|Aper| Infill
60 | 60 s ,Z'
2
4.00 R61 | 1om | 100 | R4 | FR 7 ¢
4.00 ///
i ax
(7 )
4.45 iy
| e 315.0 //
e 315.0 / ARGILLITE, Reddish brown, fine grained, fresh, weak
4.00 /% {o strong, close to wide spaced discontinuities
7
- 7%
4.00 o
i e
7 7
- 58 | 58 /
450 R-62 97% | 97% R4 FR ///Z
- %5
7 )
450 i
L, 7
X
450 /} “
320 2200 é/jf/
3200 7 ;// ; ARGILLITEwith interbedded Shale, Reddish brown,
4.00 7 ) fine grained, fresh, weak to strong, close to wide
’ //é// spaced discontinuities
4.00 %/"
: 7
60 | 6o 2
4.50 R63| 100% | 100% | R4 | FR [Z 77
b b i
! 7
450 ///
B C/////’
v,
4.00 ///’ 7?;)/
3250
—a25 4 /%/C// : ;
3250 ARGILLITE, Reddish brown, fine grained, fresh, weak
4.00 % to strong, close io wide spaced discontinuities
" 7
.
4.00 77 7/2’ ]
7%
B 7 )
60 60
4.00 R-64 | 10000 | 1000 | R4 | FR /J/
: //%
X
4.00 7, :
- i
7% 7
4.00
330.0 / 330.0
33 End of Boring at 330 feet BGS.
Borehole grouted with cement and bentonite hole plug.
4 -
335 5
NOTES: PROJECTNO.: 353754 Boring No.: B-65A
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Figure B-65A.2
B-65A Box 1 Runs 1-4 Wet
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Figure B-65A.3
B-65A Box 2 Runs 5-8 Dry

Figure B-65A 4
B-65A Box 2 Runs 5-8 Wet
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MOTT M
MACDONALD

PennEast Pipeline Project
M

BORING NO.:
Rock Core Photographs

B-65A




TEY
e \ﬁtv\.u::n. oEo,

‘um‘zu—l o Lc.g;g

- LREE YL WA £
BloBR Ty o o
I RN

‘E.o'l-‘“ﬂ .

\[o"—30!
a

e e 1

Figure B-65A.11
B-65A Box 6 Runs 21-24 Dry
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B-65A Box 7 Runs 25-28 Dry
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B-65A Box 8 Runs 29-32 Dry

Ve
Peaq [ mer mey

5 £. ViGLiDwal o
= e - . it B
sl B Y

* UNITERACC . LOPRE /D CosieuER

= PR . | QWU__,. e e

e | ipo's 16y = T S

i, S T N — g
B-es5A [ Pe-3a f o5 ' =170

s50-via” &

Figure B-65A.16
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B-65A Box 10 Runs 37-40 Dry
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B-65A Box 12 Runs 45-48 Dry
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B-65A Box 13 Runs 49-52 Dry
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B-65A Box 14 Runs 53-56 Dry
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BORING NO.:

Driller/Helper:

Nick Beehler / Miles Neipert

Date/Time Finished:

renonan ' M SOIL BORING LOG B-66
Page 1 of 1

Project: PennEast Pipeline Project Project No.: 353754

Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: Kyle Hansen

Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: February 7, 2019 at 12:45 pm

February 13, 2019 at 9:15 am

Elevation: 351.6 ft. Vertical Datum: NAVD 1988 Boring Locatian: In northem field off Ridge Road Coord.: N: 40.532129 E: -75.044795
Item Casing Sampler | Core Barrel Horizontal Datum: NAD 1983
Type HSA SS NQ2 Rig Make & Model: CME-55LC Hammer Type Drilling Fluid Drill Rod Size:
Length (ft) 5 2 5 O Truck O Tripod [ Cat-Head O safety O Benlonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 O ATV O Geoprobe | Winch O Doughnut O Polymer Mud Rotary
Hammer Wt. (Ib.) 140 140 - ™ Track O AirTrack | ™ Roller Bit ™ Automatic ™ water
Hammer Fall (in.) 30 30 - [ skid 0 [ Cutting Head O [1 None
Sample Visual - Manual Identification & Description R Tesia
ampl isual - Manual Iden iol
Deptiy No. / Rec. Sample Stratum LSES (Density/consistency, color, Group Name, @ =
Elev. : Blows .| Group 3 : 4 ; 18| 2| & Remarks
M) Interval (im) or 6" Graphic Symbol constituents, particle size, structure, moisture, elE(S| 2
(ft) P Y optional descriptions, geologic interpretation, Symbol) 51318
OjrF|{o | O
51 8 1 ML Hard, brown Clayey SILT with coarse to fine Gravel, trace fine Sand, - | - | Decomposed rock in tip of spoon
1 50/5" wet (ML)
oo-2.0
350
i -1 - | - | Instalied 4-inch casing to 2 feet BGS.
2.0
YA
- | - | Hard drilling around 3 feet
3.0~ 85 __
[ 5-2 2 50/2" e 5.4 Verydense, reddish brown DECOMPOSED ROCK fragments, wet - | - | - | Drilled to 5 feet BGS. bi
Permeability: perfermed permeability
1 . ' Top of Rock at 5 feet BGS. :
| 5.0'-54 See Rock Caring Log. falling head test.
—10
3407
—1s
Water Level Data Sample Type Notes:
[Elapsed Depth in feet to: Open End Rod PP = Pocket Penetrometer
Date | Time | Time | Bot. of [ Bottom | ... O Open EndRo TV = Torvane
(hr) [ Casing | of Hole T Thin-Wall Tube
2/10M19 8:01 - 3.5 15.0 2.95 Undisturbed Sample
21119 | 815 - 35 | 750 | 1165 | O Y™ P
2[12/19 | 7:45 = 35 1450 | 1865 | S Split Spoon Sample
211319 X - o i d .
8:00 3.5 2050 | 3293 |G GrabSample Boring No.:B-66
Field Test Legend:  Dilatancy: N-None S-Slow R -Rapid Plasticity: NP - Non-Plastic L-Low M- Medium H - High
Toughness: L-Low M-Medium H -High Dry Strength: N -None L-Low M-Medium H-High VH - Very High
NOTES: 1.) "ppd" denotes soil sample average diametral pocket penetrometer reading.  2.) "ppa” denotes soil sample average axial pocket penetrometer reading.

3.) Maximum Particle Size is determined by direct observation within limitations of sampler size.

4.) Soil identifications and field tests based on visual-manual methods per ASTM D2488.




BORING NO.:

MOTT
mecoonatn 7 Wi CORE BORING LOG _B-66_
age 10
Project: PennEast Pipeline Project Project No.: 353754
Location: Nishisakawick Creek, Hunterdon Co., NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Kyle Hansen
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: February 7, 2019 at 12:45 pm
Driller/Helper: _Nick Beehler / Miles Neipert Date/Time Finished: _February 13, 2019 at 9:15 am
Elevation: 351.6ft. Vertical Datum: NAVD 1988 Boring Location: In northem field off Ridge Road CON ;
Item Casing Core Barrel Core Bit Coord.: N:40.532129 E: -75.044795
Type HSA NQ2 Imp. Diamond Hf:nzontal Datum: NAD 1983 Drilling Method: Wireline
Length (ft) 5 5 3.25 Rig Make & Model: CME-55L.C
Inside Dia. (in.) 4 2.0 20
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec | RQD (Rock type, colour, texture, weathering, Discontinuities
Elev. |Rate D?f'?)th (Box)| (in./ | (in/ | Rock Core g";“;?; field strength, discontinuity spacing, Deﬁpth Remarks
(f) (min No. [ %) %) B optional additional geological observations) ) {See Legend for Rack Description System)
) Hard. | Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip | Rgh {Weal|Aper] Infill
5.0 7 ) ARGILLITE, reddish brown, fine grained, slightly
4 4.90 /// % weathered, medium strong, very close spaced
// discontinuities
| 5'- 10" Fractured zone
% Calcareous inclusions throughout
{330 Z}
- /f— 5%} 690 | 4 |3 [sr|os| T | N
60 5 ]
1250 R | 400 | a9 | R® sL ,7///
{300 //,;
7
- A
3.00 " /7//'
43 //"f///
—10 Ll ////
10.0 / ARGILLITE with intsrbedded Shale, reddish brown,
3.50 / very fine grained, moderately weathered, weak, very
1 ////// close to close spaced discontinuities
- 7 / 08 | 4 [20 |UR[FR| T | N
a5 11.2 - 12.1" Fractured zone
o 3.50 7. ) 13.1' - 14.6' Fractured zone
. ///‘////
1206 [ 4 [20 |PR[FR| T | N
1395 R2 | oom | 27 | R2 | ™ %/
B {// 1265 | 4 10 [UR|DS| T | N
A X
3.25 7 )
] 7
L s
1425 %/
- 15.0 //
15.0 L //'/ ARGILLITE, reddish brown, fine grained, moderately
3.50 7 7//// weathered, weak, very close spaced discontinuities
1 ////,' Calcareous inclusions throughout
B //’ 15.55' - 16.15' Vertical fracture at 80°
16.15' - 16.9' Vertical fracture at 85°
| 325 ///
3.00 R3[| B [ 0 | R | m ’g// wa | ¢ [0 ]|er|os|Po| N
1% 3| s9% | 0% /,///{//;,, : ‘
| //
.0
Y |s00 ////
- /{//j
1600 - /; 7%}//
= : s
% 20.0 // ARGILLITE, reddish brown, fine grained, moderately 21.5'-22.00
6.33 weathered, weak Temporary loss
T (e / of water every
| ./% few inches
o] 825 /; %’/}, :
| e
4 0 /7//
15.00 R4 6% 0% R2 M %
5.25 /
- 7
| 4.00
250 /
Water Level Data Notes:
Elapsed Depth in feet to:
Date | Time | Time | Bot. of | Bottom
(hr) | Casing | of Hole | YVater
2/10/119 8:01 = 3.5 15.0 3.0
21119 | 815 - 35 75.0 11.7
2/12/19 7:45 - 3.5 145.0 18.7
21319 | 800 - 35 205.0 329 Boring No.:B-66




BORING NO.:

direnenmis D i CORE BORING LOG B-66

continued) Page 2 of 9
Avg Visual Identification, Description and Remarks bi )
Depth/ | Core Rur/| Rec. | RQD (Rock type, colour, texture, weathering iscontinuities
Depth : & ! . R ¢ . !
Elev. Rate ?f% Box)| (in./ | (in./ Rock Core gtrr:;l;lz field strength, discontinuity spacing, D(l:tp;h Remarks
(ft) (”f‘l‘” No. | %) %) optional additional geological observations) i {Ses Legend for Rock Description System)
A Hard. [Weath Type | Dip [Rgh|WealAper| Infill
25.0 L ] ARGILLITE, reddish brown, fine grained, moderately
6.50 L, weathered, weak, very close to moderately spaced
: ,,// discontinuities 25.60 J 0 [UR|FR| O [N
% 26'- 28.2' Fractured Zone
|65 /,/?
. 2
60 28 - /////
| 550 RS | 1000 | 43% | R2 M /,;
513 /4/ 2845 | J [ 10 |PSm|FR| T | N
17 é 2850 | J s |prR|DS| T | N
5 A&
425 % ///}/
17 %% 2945 | J [ w0 |Psm|FR|PO| N
0 30.0 /7// 5m
30.0 / ARGILLITE, reddish brown, fine grained, fresh, weak 30.11 J |15 |srlem] T
1a7s //, to medium strong, wide spaced discontinuities ' ) N
il % Calcareous inclusions throughout
7 ;/;
(7
o] 300 7 3135 | J |20 |Psm|FR| T | N
I o
60 | 60 / 7
z 14.25 R-6 100% | 100% R3 FR /%
1 4.00 /;,////
L
. //
{375 /
35.0 //// 455 [ g |10 [psm|FR| T | N
35
35.0 7 /%// ARGILLITE with interbedded Shale, reddish brown,
1425 A very fine grained, fresh, medium strong, moderately
/4? spaced discontinuities o r w0 |pr| | T N
Calcareous inclusions throughout
| 4.50 %
59 57 /_///’ ara0 | 4 [ 10 |UR|FR| T | N
{475 R7 | ggy | ga9s | R3 | FR 25207
725
B 7 3780 [ B [ 5 |usm[FR| T | N
1400 %
/ 3015 | 8 5 [PSm|FR| T | N
1450 7z /// ' 3838 | J [10|psm|FR| O | N
40.0 Z ///7/
l—40 Ry 725
40.0 4/ ARGILLITE with interbedded Shale, gray to reddish
450 brown, very fine grained, fresh, weak to medium
T %/ strong, moderate to wide spaced discontinuities 40.50 J 10 [PSm|FR| T | Ca
i // Calcareous inclusions throughout
_| 4.00 ///? 423 | 4 5 |Psm| FR| v | N
310 4 Z///,
- //?/; 41.75' - 42.25' 70° Calcite vein
425 R8{.50 [ 50 | rs | mR
1% 100% | 83% /
{330 /;g// 4340 [ 9 | 10 |Psm| R VT | N
o )
— /7//
{//
14.00 / 445 | J [0 |SRIFR| T | N
|4 45.0 45.0
45.0 o] SHALE, reddish brown, very fine grained, fresh,
4.25 ppi— medium strong to strong, moderately spaced
1 — discontinuities
i ___ — Calcareous inclusions throughout jg_‘gg j gg PS'EF'{" Ef.\f ¥ 3
|47s =]
B 46.90 J 5 [SR|FR| T | N
60 50
1350 R-9 100% | 83% R4 FR . L.
| 250 4820 [ 4 |10 |Psm|FR|[ T | N
B 4395 | s |psm| PRI T | N
1475
50.0
NOTES: PROJECT NO.: 353754 Boring No.:B-66




MOTT M BORING NO.:
MACDONALD M CORE BORING LOG B-GG
(continued) Page 3 of 9
Avg Visual Identification, Description and Remarks _ .
Depth/ | Core Degth Run/| Rec. | RQD ST (Rock type, colour, texture, weathering, Denth Discontinuities
Elev. |Rate (") (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (F.[p) Remarks
(ft) (I’;II‘I No. | %) %) optional additional geclogical observations) - {See Legend for Rock Description System)
4] Hard. |Weath Type | Dip |Rgh|WealAper] Infill
50.0 L, ARGILLITE with interbedded Shale, reddish brown,
3.50 ////’ very fine grained, fresh, strong, wide spaced
] {/ discontinuities
_| 350 //
300 ////
: .7
60 | 60 Bz
{400 R-101 999, | gom | R4 R /7?,7 5243 J |50 |SRIR| T[N
i / Z
| 425 ///;
B /,///_ / 53.94 J 10 [usm|FR| T | N
" 2.7 "
130 7
54.55 J 5 R | FR
| .. 55.0 ] 550 i Tw
55.0 z ; § SILTSTONE, reddish brown to gray, very fine grained,
3.50 Y e & fresh, strong, moderate to wide spaced 55.27 J 0 |UR|FR| T N
1 X x % discontinuities
- X X X
XXX 5610 | J ! &5 |Psm|FR| T [N
3.33 %K
1 X X X
X X X
B X X X
60 57 ol ol
1325 R-11 100% | 95% R4 FR § : ;
- X X X
% % %
X X X
= 450 X X X
X X X
= X X X
X X X
325 X X X
1 X X %
s 60.0 X X X 59.68 J 10 [SR|{FR| T|N
60.0 3% SILTSTONE with interbedded Shale, dark gray to
3.00 Pl o gray, medium strong te strong, fresh, moderate to
1 X % % close spacing
_ X X X Calcareous inclusions throughout
X X X 60.32' - 60.95" Vertical fraclure from Calcite vein with &1.07 J s |er| | T | N |Celcte vains
3.25 X X X quartz infill ! throughout
20— ™ : § i 62.15' - 64.7' Highly fractured zone
| Rr g 81.75 J 5 [psm|FR| T | N
58 | 13 s
4.50 R-12 R4 SL X X X
1 97% | 22% e o
- X X X
X X X
X X X
1350 iy
X X X
= 3
P
9.00 b3 =
1 X X %
| e 65.0 x x x| 650
65.0 — SHALE, gray to dark gray, very fine grained, fresh,
3.75 i — medium strong to strong, very close to moderately
1 —| spaced discontinuities
i 66.2' - 68' Calcite vein
| 3.00
60 | 30 — —
3.00 R-13 R4 R =]
1 99% | 50% — & Groundwater color
—— G766 | 4 | 6 (RSM{ DS | T | N | o ongeat67 feetto
B e brown
] 3.00 F—
B = 68.67 J 5 (pem|FRR| T | N
| 3.50 £9.32 J 8 |usm|Ds | T | N
- 700 70.0
70.0 XX SILTSTONE, dark gray to gray, fine grained, fresh,
3.25 : ; : medium strong, moderate to wide spaced
17 oM % discontinuities
- X x ¥ 70.75 J 5 |PSm|DS | T | N
X K X 71.05 J 0 |srR|Ds| o | N
X X X
2501 4.25 % %
- i i ,’5 71.82 J |20 |usm|DS| T [N
60 | 51 xxx
1325 R4 o0 | a5 R3 FR § § i ) .
E X X X
XX %
X X %
43.00 % B X%
X X X
L X ¥ X
X X %
4.00 X X x
17 X X X
75.0 x % x| 75.0
NOTES: PROJECT NO.: 353754 Boring No.: B-66




BORING NO.:
MOTT M
MACDONAL M CORE BORING LOG B-66
ALD .
(continued) Page 4 of 9
Avg Visual Identification, Description and Remarks . -
Depth/ | Core |, | Run/| Rec. | RQD - (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate (ff’} Box)| (in./ | (in./ | RockCore |-~ e field strength, discontinuity spacing, ) Remarks
(M) | (min No. | %) | %) P optional additional geological observations) g {Sea Legend for Rock Descripion Sysiem)
) Hard. | Weath Type | Dip [ Rgh|wWealAper] Infill
75.0 L L, ARGILLITE, reddish brown to gray, very fine to fine
| 4.00 ,//2//’; grained, fresh, strong, wide spaced discontinuities 7535 . 4 | 5 |srlem|rol| N
» / 75.70 J 5 JURIFR| T [N
| 4.00 /%/
. A
60 56 2 /////
14.25 R15] ogor | gaoy | R4 FR /7{////
|3.50 Z//
///‘ 87 | J |55 |UR|FR| T | N
¥ .7,
4.00 Z //:7//
44 7
80.0 /;///l
=80 R H i 5 foot run.
20.0 / ARGILLITE, reddish brown to dark gray, fine grained,
350 / fresh, strong, wide spaced discontinuities
8 / Calcareous inclusions throughout
I
A
1350
270 /4/;
59 59 /
1 4.00 R-16 98% | 93% R4 FR /_/////
3.50 7, )
J i
B 7
1 3.50 %/
e 450 747 850
85.0 = .9 SHALE, gray to dark gray, very fine grained, fresh, 85.05 J 5 |[UR|FR|PO| N
425  — weak to medium strong, wide spaced discontinuities
. e e Calcareous inclusions throughout
13.25 E—
60 58
| 400 R-17 R3 | FR
100% | 97% 87.56 J 5 |P.Sm| DS | PO | Fe
| 4.00
| 4.00 89.38 J 10 |PSm|FR| T N
i 90.0
90.0 SHALE, dark_grayto gray, very fine g!aiped,fr_esly_ S5 J P P I i
4.00 weak to medium strong, wide spaced discontinuities
5 Calcareous inclusions throughout
1375
280
60 56
| 4.00 R-18 100% | 93% R3 FR
1375
= 8380 | J 5 |psm| R [PO| N
84.03 J 10 |SR|FR|PO| N
14.00
o5 95.0 —— 1950
95.0 7 e ARGILLITE, gray to reddish brown, fine grained,
| 350 /2’; fresh, strong, wide spaced discontinuities ©5.33 J o |pr|m| T N
{350 //,{///
- 7 ///
60 60 Z
{350 R19| g9, 1 gz, | R4 | FR /yé/;
97.65 J 0 |UR|FR| T | N
| 3.75 //-/é/’
- .
3.75 ~ /Z///
13 77
100.0 % 7
NOTES: PROJECT NO.: 353754 Boring No.: B-66




MOTT BORING NO.:
e s ™ CORE BORING LOG B-66
(continued) Page 5 of 9
Avg Visual ldentification, Description and Remarks
Depth/ | Care Run/ | Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth 3 0 frati ! i P d }
Elev. [Rate E% (Box)| (in./ [ (in./ | Rock Core g;:p:?; field strength, discontinuity spacing, Dg{.n)th Remarks
ft) | (min No. | %) | %) optional additional geological observations) (See Lagend fo- Rock Descrlplion Sysiem)
1) Hard. |Weath Type | Dip | Rgh |WealAper| Infill
100.0 i | ARGILLITE with interbeddad Shale, reddish brown,
| a.00 g fine to very fine grained, fresh, medium strong to 10032 | J |15 fusm| R | T | N
.-/ strong, moderate to wide spaced discontinuities
B %/ Calcareous inclusions throughout
_| 350 /
250 /‘
. 7
60 56 ; 7///"
1325 R20| 4000 | 039 | R4 | FR //é//
B 4/ 103.00 [ J |60 [SR|FR| T | N
1a7s ///
— / 103.85 | J 5 [PR|FR|PO| N
3.25 ’ %?/’
43 ////
| o 105.0 A 1050
105.0 — SHALE, reddish brown, very fine grained, fresh, weak
1325 ] to medium strong, moderately spaced discontinuities 105.30 J 5 [ssm|FR| T | N
= — — 10583 | J 5 |PSm|FR| T | N
J 106.4
4.00 X ARGILLITE, reddish brown, fine grained, fresh,
% // A medium strong to strong, wide spaced discontinuities
B /,{/ Caicareous inclusions throughout -
106.9' - 107.4' Calcil i 107.15 v
| 4.25 R21 1[?002/ gi‘.;' R3 FR / i’ Calcite vein 75 PR | DS (o] Qz
o b
_ 4,/;/
7. /// 4
13.00 7 -////‘
- 774
//
]3.50 /
110.0
110.0 Z /// ARGILLITE, reddish brown, fine grained, fresh,
275 G strong, wide spaced discentinuities 11034 | 4 20 [SR|FR | W
1 7. Calcareous inclusions throughout N
L 7k
//
_14.00 /
240
60 57 //
{350 R-22 rRe | R 272
100% | 94% 7
| 4.00 /
1342 7 //;; /
e 115.0 AN 11480 | J | o [PR|FR| T | N
115.0 //’/’/’ ARGILLITE, reddish brawn, fine grained, fresh to
3.00 slightly weathered, medium strong to strong, close to H3as 4 g (RiEm| ER. (B0 W
] / wide spaced discontinuities
- // Calcareous inclusions throughout
400 C%f; 1621 | J s [PR|FR| T | N
1 7 117,
i 7
2
4.25 Re3| 80 | 48 | rq | st ////
1™ 100% | 80% /
13.25 ///%;
N /; Z/;;/ 1873 J [45 |PR[FR| T [ N
s
1275 i
120.0 /
—120
120.0 ‘// ARGILLITE, reddish brown, fresh to slightly
3.75 ///? weathered, medium strong to strong, close to
1 /// moderately spaced discontinuities
B 7 ) 12078 | J | 10 |Psml R [ T | N
; /’,‘ 121.1' - 122.3' Calcite vein 2101 [ 3 | o |psm|FR[ T [ N
2307 a2 //.//
60 49 %,,///
] 3.00 R24| 990, | a1y | B3 | SL %
| Z 4‘// )
A 12200 3 | o [psm|FR| T | N
//,' 123.1" - 123.6" Calcite vein
2.75 4 12335 | v [ 75 |PR|FR| T | ca
]2 // |
1250 ///2 12420 ) |15 |PR|FR|PO| N
1250 7
NOTES: PROJECT NO.: 353754 Boring No.:B-66




MOTT M BORING NO.:
iicomms: . CORE BORING LOG B-66
(continued) Page 6 of 9
Avg Visual Identification, Description and Remarks &
Deptty | Core Run/| Rec. | RQD (Rock type, colour, texture, weathering iscontinuities
D : : . Ir, texture, ering,
Elev. |Rate ;ﬁth (Box)| (in./ | (in./ | Rock Core 2&:;:2 field strength, discontinuity spacing, D;tp}h Remarks
(ft) (f?tm No. | %) | %) optional additional geological observations) : {See Legend for Rock Descripton System;
) Hard. |Weath Type | Dip | Rgh |WealAper] Indill
125.0 (7 ARGILLITE, reddish brown, fine grained, fresh,
1200 //2/; strong, moderate fo wide spaced discontinuities
| / Calcareous inclusions throughout
1325 /,% 126.38 J 10 |UR|FR| T N
i 7
57 53 7. ) 12705 J | o |psm|FR| T | N
2.50 R25| gao | gaw, | R4 FR /4// 12230 J |10 |ssm[FR| T | N
| 350 %’//// 12825 J4 |15 |PR|FR| T | N
- 7
7, 7, 12805 | J [0 |er|m| TN
| 250 )
i 130.0 ///
130.0 / ARGILLITE, reddish brown, fine grained, fresh,
13.75 /é strong, wide spaced discontinuities
- / Calcarsous inclusions throughout
X 9
275 32
201 "/////x
l27s R26| 22 | 38 | re | Fr //
98% | 97% Z é
i 7
] as0 Z /é///
, .
{325 %
135 135.0 /%
I . R
135.0 7, ///// ARGILLITE, reddish brown, fine grained, fresh, L A N 2 BT M
1250 A ’///// strong, wide spaced discontinuities
| //7 Calcareous inclusions throughout
1325 /é//
| %
59 55 . 7.
| 3.00 R-27 98% | 91% R4 FR /}///;//;L
L '//
2.75
o
13.50 4 7// 4
— 7, ;/, 13955 | J 5 |PR|FR| T | N
—140 2
140.0 // ARGILLITE, reddish brown, fine grained, fresh,
1250 / strong, wide spaced discontinuities
= /% Calcareous inclusions throughout
2.50 . ///////
2107 ,Q’/’//’/l
B )
60 57 ,//é/
1275 R-28 100% | 94% R4 FR %
' 7
1325 7.7 14340 J | 5 [usm| [T | N
2. 77, .
— e 14385 | 4 [10 |PR[FR| T | N
//
LATE
e 145.0 % 14470| J |20 |PR|FR| T [N
145.0 % ARGILLITE, reddish brown, fine grained, fresh,
1300 Z %// medium strong to strong, wide spaced discontinuities
- 7z :///// Calcareous inclusions throughout
7
| 4.00 /
57 56 //’///
1375 R29| gror | o3e | R4 | FR A/%,/‘ / .
L //?’//,
72
1 4.00 7
/¢ 14814 [ 5 |Psm| FR | VT | N
{300 2 %,/
150.0 X7 14967 | J 5 [PR|FR| T | N
NOTES: PROJECT NO.: 353754 Boring No.: B-66




MOTT M BORING NO.:
(continued) Page 7 of 9
Avg Visual Identification, Description and Remarks ) L
Depti/ | Core |5 .| Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Decth Discontinuities
Elev. |Rate (ff) (Box)| (in./ | (in./ | RockCore Graphic field strength, discontinuity spacing, (ﬁp) Remarks
() | (min No. | %) [ %) optional additional geological observations) ” (Sea Lagend for Rock Deseriation Sysiem)
My Hard. |Weath Type | Dip | Rgh |WealAper| Infill
150.0 R/ ARGILLITE, reddish brown, fing to very fine grained,
3.00 s, fresh, medium strong to strong, wide spaced
1 /// discontinuities
] 325 é’ )
15165 | 4 s |Psm[FR|[ T | N
L /é%// wie7 | 4 |10 |psm| R T | N
Ve L
|27 R30| S0 | oo | R4 | FR 7| 152.6
& 2 = SHALE, dark gray, very fine grained, fresh, weak to
— — — medium strong, close to moderately spacad
— discontinuities 153.15 J 5 |PSm|FR| T Ca
1350 —<= =7 Calcareous inclusions throughout
3.50 154.18 J 15 |USm| FR T Ca
| 155.0 —
}—155 b= oz
155.0 — SHALE, dark gray to gray, very fine grained, fresh,
.00 E— weak to medium strong, wide spaced discontinuities
|a7s ]
100 R31| ora, | avs | R4 | PR |
| = ——1158.0
X X X SILTSTONE, gray, fine grained, fresh, medium strong 15800 [ J 0 |PSm|FR| T [ N
225 ok to strong, close to moderately spaced discontiuities wmess] o | wlurlm] T w
1~ X X X 158" - 160’ Calcareous inclusions
- X X X
X X X
1250 Lz 15935 | 4 |10 [pR|FR| TN
% 160.0 X X X[ 180.0
160.0 7. ) ARGILLITE, grayish to reddish brown, fine grained,
275 /,;'/f fresh, strong, wide spaced discontinuities
| / Calcareous inclusions throughout
o] 230 /,%
7
N G
59 59 = ////’
1275 r3z2| go5 | ogo, | R4 | FR ,,///;
| 32s /{%
L 7
//j////
| 2.50 Y
165.0 A 185.0
e 165.0 e SHALE, gray to dark gray, very fine grained, fresh,
2.50 = — medium strong, close to wide spaced discontinuities
| - Calcareous inclusions throughout
1275 = =
60 | 59 —
1250 R-33 100% | 98% R3 FR
2925 168.30 J 15 |USm| FR T N
B 169.00 | J 5 [Psm|FR|[ T | N
1250 169.36 | J 5 (PSm|FR| T
170.0
—170 : 16985 [ 4 | 10 |Psm|FR[ T | N
170.0 SHALE, gray to dark gray, very fine grained, fresh, 17003 | 4 10 [Psm|R| T | N
2.50 medium strang, very close to moderately spaced
. = discontinuities
B E——— Calcareous inclusions throughout 17072 J 10 |PSm|FR| T | N
— 174.16' - 175 Fractured zone
| 275 I—
i — mes| J |10 |pem|FR| T | N
59 43 p—
. 1325 R34\ ggop | 71% | B2 | TR —] «
B — 7301 | J |10 [usm[FR| T | N
1250 — — 17340 | 4 5 [psm|FR| T | N
| 17380 | o |10 |Psm|FR| T | N
{300 | ——
175.0 — —1 1750
NOTES: PROJECT NO.: 353754 Boring No.: B-66




BORING NO.:

MOTT
MACDONALD M CORE BORING LOG B-66
(continued) Page 8 of 9
Avg Visual Identification, Description and Remarks . o
Depihy | Core Deptn| UM | Rec. | RQD Stratumn (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate|” "\ (Box)| (in./ | (in./ | Rock Core Gt field strength, discontinuity spacing, ) Remarks
() | (min No. | %) | %) optional additional geological observations) . {See Legens for Rock Descripton Sysiem)
) Hard. |Weath Type | Dip |Rgh W ea|Aper| Infill
175.0 7 ARGILLITE with interbedded Shale, dark gray to 17510 | 4 s |pr|R| T | N
2.50 e reddish brown, fine to very fine grained, fresh,
1 // medium strong to strong, wide spaced discontinuities
L % Calcareous inclusions throughout 17610 4 | 5 |usm| BR[| vr | N
13.25 /‘;
B A
60 | 57 32
] 3.00 R-35| 100% | gacs | R4 | FR /////’7
3.00 % 17826 | J 5 |[UR|Ds| O [ N
B 7. ///
4.00 37
i4 7L
180.0 ///
|—180
180.0 7 7 ARGILLITE, reddish brown, fine grained, fresh, 5foot run.
1325 ///// strong, wide spaced discontinuities
.= s '//// Calcareous inclusions throughout
XX
250 7
1w < /7{/"7
60 60 /
13.75 R-36 100% | 100% R4 FR //2
i Z ,//: ,
3.00 7,
J 0
B % /
4350 ///
» 185.0 ,%
—185
185.0 77 /// ARGILLITE, reddish brown, very fine grained, fresh,
3.25 Z 7//// medium strong to strong, wide spaced discontinuities
= /‘? Calcareous inclusions throughout
1250 %/
60 | 60 7 //;/
13.50 R-37 100% | 100% R4 FR /,/;/;;/_
7
| //
1328 /f/ 18850 | J 5§ |PR|FR| T | N
a
13.25 7 7////’
. 190.0 7 190.0
190.0 == =) SHALE, gray to dark gray, very fine grained, fresh,
3.50 P~ weak to medium strong, wide spaced discontinuities
1 — 190.53 J 20 |[UR|FR| T N
= — —] Calcareous inclusions throughout
250 19123 [ J 5 |PSm| FR| T | N
160
60 57
| 4.00 R-38 100% | 94% R3 FR
| 3.00 — = & |
1 3.00
i 195.0 19465 | J 5 |usm| FR| 0 | N
195.0 SHALE, gray, very fine grained, fresh, medium strong
1225 to strong, close to moderately spaced discontinuities
—— —1196.5
3.25 19634 | J 5 [usm|FR| T | N
T 7 ARGILLITE, reddish brown, fine grained, fresh, "
- ////’ medium strong to strong, wide spaced discontinuities
- - {/ Calcareous inclusions throughout
_: 197.85' - 198.82' Calcite vein
{225 R-39| 4000 | 1000 | R4 4 FR %/ 1748 | 4 |<0 [PR|FR| T | N
l275 7 ,////
7. 7274,
L i
/
| 3.00
200.0 /
NOTES: PROJECT NO.: 353754 Boring No.: B-66




MOTT M BORING NO.:
e L I CORE BORING LOG B-66
(continued) Page 9of 9
Avg Visual Identification, Description and Remarks )
Deptn/ | Core |y oth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Denth Discontinuities
Elev. | Rale () (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, &tﬂ) Remarks
(f) | (min No. | %) | %) optional additional geological observations) : {See Lagend for Rack Descriation System)
) Hard. |Weath Type | Dip | Rgh [Wea|Aper]| Infill
200.0 A ARGILLITE, reddish brown, fine grained, fresh,
275 g strong, moderate to wide spaced discontinuities
] é/ Calcareous inclusions throughout
/ 200.8' - 202,55' Calcite vein
1225 ///7/
150
7
59 59 = Z////
{150 R40| g0, | ggo, | R4 | FR //é//
- //.,///, 20400 | J | o [Psm|FR[ T | N
100 7 | o |
N it e
1. 205.0 ///
205.0 / ARG_!LLITE‘ reddish brcwn,_ﬁne grained,_fresht "
3.00 /% medium strong to strong, wide spaced discontinuities
2
3.50 s 4///’"
13 7
,/
54 51
1325 R41| oo | g3, | R4 | FR /////
1300 7 )
7
,7/
| 325 % 20025 [ J o |[PR|FR| O | N
- 210.0 / 210.0
End of Baoring at 210 feet BGS
Borehole grouted with poriland cement.
1407
F—215
—220
1307}
NOTES: PROJECT NO.: 353754 Boring No.: B-66
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M

M Project Name: PennEast Pipeline Project By: M. Eakins
MOTT Project No: 353754 Checked:  G. Duyvestyn
MACDONALD HDD Name: __ Nishisackawick Creek Owner: __ Penn East Pipeline Company
Horizontal Directional Drilling Location:  Luzeme (PA) to Mercer County (M) Date:  3/12/2019
Operating Stress Analysis - MAOP Based
References: 1. ASME/ANSI B31.4 section 402.3.2
2. ASME/ANSI B31.8 section 833.3
3. ASME/ANSI B31.8 section 833.4
4. ASME/ANSI B31.4 section 402.3.1
Design Parameters
Pipe Diameter 36 inches
Wall Thickness 0.762 inches
D/t Ratio 47
MAOP 1,480 psi
SMYS 70,000 psi
Modulus of Elasticity 2.92E+07 psi
Combined Design Factor 0.5
Poisson's Ratio 0.30
Design Minimum Allowable Radius of Curvature 2,600 feet
Coefficient of Thermal Expansion 6.50E-06 in/in/°F
Assumed Installation Temperature 45 °F
Assumed Operating Temperature 120 °F
Longitudinal Stress from Bending
Longitudinal Stress from Bending 16,846 psi
Percent SMYS 24.1%
Hoop Stress
Calculated Hoop Stress 34,961 psi Must be less than Design Factor x SMYS of 35,000 psi
Percent SMYS 49.9% Limited by Design Factor according to 49 CFR 192.11

Longitudinal Tensile Stress from Hoop Stress

Longitudinal Tensile Stress from Hoop Stress

Percent SMYS

10,488 psi
15.0%

Longitudinal Stress from Thermal Expansion

Longitudinal Stress from Thermal Expansion

Percent SMYS

-14,235 psi

20.3% Limited by 90% SMYS by ASME/ANSI B31.4 section 402.3.2

Net Longitudinal Stress (Compression Side of Curve)

Net Longitudinal Stress (Compression Side of Curve) -20,593 psi
Percent SMYS 29.4% Limited by 90% SMYS by ASME/ANSI B31.8 section 833.3
Net Longitudinal Stress Tension Side of Curve)
Net Longitudinal Stress (Tesion Side of Curve) 13,099 psi
Percent SMYS 18.7% Limited by 90% SMYS by ASME/ANSI B31.8 section 833.3

Maximum Shear Stress
Maximum Shear Stress 27,777 psi

Percent SMYS 39.7% Limited by 45% SMYS by ASME/ANSI B31.4 section 402.3.1
Combined Biaxial Stress Check
Combined Biaxial Stress Check 55,554 psi

Percent SMYS 79.4% Limited to 80% SMYS by ASME/ANS| B31.8 section 833.4
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MOTT M

MACDONALD

Horizontal Directional Drilling
Calculation of Pull Loads and Stresses during Pipe Installation

Calculated by: _M. Eakins.

Checked by: G, Duyvestyn

Data: _3i14/2018

Project No: __ 353754

PROJECT: PennEast Pipeline Project

HDD CROSSING LOCATION: Nishisakawick Creek (No Buoyancy - 10PPG Drilling Fluid)

Reference: 1. Installation of Pipelines by Horizontal Directional Drilling, an Engineering Guide, PRCI Publication 2015
2. Pipeline Design for Instaliation by Horizontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005
HDD Installation Load Analysis | HDD ion Stress Analysis
Combinsd Combined | Combined
AUSRS—— Fe— Horo Statloning tngiallsd Langth Boro Elevation Bore Diametar Gackectivi ST AL LA Tonsilo (Axial] Strass Banding Strass Hoop Stress Tenslieand | nslloand | Tensita, | Tensils,
Friction Factor Bonding | Bending |Hending and|Bending and
Factar <10 |Moop Factor| Hoop <1.0
Tast inch mm psl_| WPa | %gMYS st WPa | %5MYS| psi WPa [%SMYS
Fipa 1Lrny.1[lm1 33401 - - A178 | 6.2 163% 0 00 | 0o0% 000 | 060% ] Ve .00 Vo3
sirzight 32+38 480 12102 03 1307 am 1EB7% a 0.00 | _000% 1.32 0.27% Yes 0.00 Yes
slraight 31475 480 | 12192 0.3 1435 2.05% [ 0.00 0.00% 28: | D55k Yoz 00D Yes
slrainht 31+13 280 | 12102 [ 1,554 223% ] [ 0.00% 397 | 082% Yes 001 Yes
sraight 30450 B0 | 12192 03 1,653 42% [ 0 0.5 29| 1.10% Yes 001 Yes
siraighl 28+67 480 | iz19.2 03 1,821 S0 [ ) 0.00% 61| 1ar% 0.0 Yes 02 Yoo
straighl 23475 480 | 12192 03 1,550 . T5% ] [ 0,00% 5 | 154% [ Yoo .03 Yes
BT 28+62 480 | 1219.2 03 2,078 9% [ 0. 0.00% 1.52% Yes 3 Yos
strmignl 27+a9 480 | 12132 03 |2 15% [ 000 | 000% Yes 04 es.
slraight 27+ 480 | 12192 03 [ 334% [ 0.0 0.00% Yos 05 s
26+ 1218.2 0.3 52% 0 0.00 0.00% Yes 7 Yes
26+ 1218 0.3 .70% a 0. 0.00% Yes es
25+ 12192 | 03 . BI% a 0. 0.00% Yes fes.
vertical 24+ 1213 35% £52 [T} 40! Yas es
verlical 244, 1218 T1% 40 Yes =)
Verical 25485 1215 3 % | 1 20 Yes e
verlical 34 3 283% | t 407 Yes =
verlical 134 B 56% | 1 I Yes 12 e
vertical 2. BE 05% 0% Yes es
vertical I .2 2% | 1 0% Yes es
vertical 4 E T A0% Yes Yes
ertical + 0. [ 53% | 1 LT Yes “eo.
veitical i+ 0. 6T% 6.40¢ Yes 2 Yes
itical -+ 0. 8% | 1 6.40¢ s
witical - 430 95% | 1 es
vertical 482 480 0% | 1 en
veriical 30 430 23% | 1 s s
veriical 45 480 18.2 £8% | 1 s =
verlical 4 480 102 B0% | 1 a5 ‘o5
B 1218 s s
+ 1218 ‘85 ‘es.
- 1219.2 es es
5+ 1219.2 i3 .2 fes
vartical 5+ 1219.2 ‘s es
veriical + .z 2o Yes
vetical + fes Yes
erlical + 3 o5 Yes
ertical + 3 es. Yes
ertica -+ 3 o Yes
verlical ¥/ 219, 0.3 =3 Yes
werlical +. 210, 0.3 es Yes
vertical Ad 1219, 0.3 (13 (=3
vartical )+. 1219 5 es
verlical +7¢ 1219, Yes .3 'es
verlical 20 19.2 Yes fes
vertical +f 19.2. Yes . fes
_vertical j+1. 9.2 Yes .2 es
vertical +5E 9.2 4} Yes Yes
vertical '+ 2 3501 mns Yes Yes
ht -+ ). 2 3533 lans Yes Yes
515 356.4 1ans Yes . Yes |
5+29 353.6 (ona es s | j
¢ 70 213 3627 o s 07
11 1215, 03 s o7 |
] +52 1218, 03 s 0.05
" +04 1218 23 es 0.05
t 35 1215, a3 X o es 0.04 Yes
L 76, 1218 03 ar2 61385 12% .00 ‘es 0.04 Yes
it 17 1219.: 03 D47 6237 2% noo =1 003 Yes
straight 59 1218 03 J21 62,69 S 000 (=3 0.03 Yes
HDD Rig Lozation | 00 1219 03 715715 155 | 6340 14% 090 0 00 .00% = .03 Yes
TGTE: Hoop siress laken a5 an mrp:ypupg for na ucyancy conl ral and vith water wilh buoyancy caniral
Ground Elevalion at Fips En Ss181__ st ]
10394 |metres | Tensile (Axal) Sirass Bending Slress | Hoap Stess | Ccembined Tensile and | Combined Tens!is, Banding!
Crivund Elwvllon 133520 Jleel | TOTAL F'LILL LDADS i MYS [ S EMYS | pai | MPa_ | %SMYS| Zonding Factor 2nd Hoop Faclar
i P 10217 |metres | [Maximum Vaiues | 775,715)ib. 387 5fions | 9,188 E34 13.14% 12,882 1640% | 3591 | 743 | 505% | 0,42 |
nput Pipe Properties
38]in
Pipe Ouler Diameler TYiE
= 0.762[in
Pips Wall Thichness TR
DR| 47.2|
e 267 04lbsiT
Fipe Weighl {in alr) e b
" 0.0}ibs/t
Weight of WalerIn plpe Aol
5 241 7 |lesii
Net Buoyanl Welght of pipe =
= 250E+0T|psi
Young's Modulus of Elasticity T
70.000{psi
Yield Steength e
Poisson Ralio]
il Pipe Diameter|
Minimum Racius of
Uimate Safe Pull Load|
Maximum Caleulated Pull Load|
Yield Pain
107 aldvnelom? |
Plaslic Viscosily| 35|cP (Based on HOD experience from prevous instalations) | |
Drilling mud pumping rate
‘Secouniing for slurry displaced by producl pipe Inslalisbon)
Diilling
i Pubadi 10|feobimin R!ngd GAHDD exgerience) |
Pull Load Analysls
Pull Load Caloulation Shaat vB0S - Nishisakawick Creek xsx 32852019



Calculatad by _M_ Eakins

MOTT Chackad by: _G. Duyvestn
BONALD Date: 31412019

»ntal Directional Drilling Projact Na: _ 353754
lation of Pull Loads and Stresses during Pipe Installation

PROJECT: PennEast Pipeline Project HDD CROSSING LOCATION: Nishisakawick Creek (Buoyancy - 10PPG Drilling Fluid)
Reference: 1. Installation of Plpelines by Horizontal Directional Di an Engineering Guide, PRCI Puhlication 2015
2. Plpeline Design for Installation by Horizontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005
HDD Instaliation Load Analysis HDD Instaliation Stress Analysis
=llation Siress
Combinad Combined | Combined
SegmentType | Type of Gurve Bore Stationing Instaliad Langth Bors Elavation Bors Diamster or— TOTAL PULLLOADS Tenslle (Axial) Stross Banding Strass Hoop Stress T:::::;, .:"n;;nd | onsi, ra.,,.“: 3
ending
FriclionFsctox Factor <10 __|Hoop Factor| Hoop <1.0
faot foot | motros | fnch mm pst_| MPa | wemvs sl
Pipe Enlry Lozalion) 33401 3410 | 103.9 - = 93380 b 4.7 tons 1176 | 82 1.68% a Yoo 000 Yes
seaignt 32+36 ; 3254 95.2 B0 | 12192 a3 102426 51.2 lons 1214 | 837 1.73% o Yes 0.00 Yes
straignt 51:75 o [ 303.8 944 480 | 12192 03 105.272_1b 52.7 tons 1250 | B2 1.79% ) Yos 0.00 Yes
siralgn 31413 X 2941 89.7 46.0 219.2 03 103519 1o 1285 | 667 1.84% ] Yes 0.00 Yes
straight 30+50 X 278.5 849 4B.1 219.2 03 111,565 1o 1,323 9.142 1.89% 1] Yes 0.00 Yes
L 28457 T 2629 | 801 48 219.2 03 14611 1o 1358 | @37 T.04% [ Yes 0.00 Yes
] 59+75 2472 | 754 48 215.2 03 17,6588 Ib 1395 | 5g2 1.99 [ Yes 500 Ves
1l 28v62 705 48 219.2 0.3 120,704 1n 1431 | sar 204% [ Yes 0.00 Ves
0 27453 €58 48 2182 03 123751 1b 1067 | 1041 | 2.10% [} Yes 0.00 Yes
1 27+35 K] 450 2 03 126797 Ib [ Yex X es
it 25:74 63 03 128,843 [ s es
slraight 25¢11 51 132,890 [] es es
slraight 25+48 25, 135,936 o T ‘es
Gurve werlical 2453 43 160,340 1 &5 es
Gurve weriical 26047 39 158,350 1 ) s
urve voriical 23480 36, 218 147,145 1 s Ve
e e 23+, [t 33, 1218, ¥ 140,525 1 es es
cune veriical 224 30, 1219.2 . 139,621 | 1 o5 X es
curve veriics 224, 28 12192 ¥ 143,504 [ 1 o3 .08 s
curve veriical I 25. 1219 [} 148,371 1 o5 .08 es
curve veriz E 23, 1218 [ 152,813 Ves 08 es
curve Vet -89 21 17192 [ 156,732 Ves 08 es
curve veniza 37 20. 12193 0, 160793 [ 1 Ves 08 e
cunve verlic 35 19, 12132 164,633 | 270% 1 3 Yes .08 25
curve vedical | 48 74 45.0 121, 168,679 | 28e% 1 < Yes .03 25
CUvg wediicai ad A7 480 1219.. 172,947 | 1 Yes .03 ! Yas
[ cum vertleal -+ 6.5 480 1219 ¥ 177,052 1 Yes 03 | Vee
i verllcal + 6. 480 1219, ¥ 203,916 [ Yes Yas
curve verticsl "+ 6.0 480 __| 1219, 206,564 [ 1 Yes Yes
straight 4! . 48.0 1219, ¥ 213,238 Yes Yes
straiqnt + 8.0 g 217,812 = Yas
straight L+ B, 233,586 os Yes.
straighl -+ 0. 227 260 = Yes
Serlical + 5 % 266,359 3, = as
curvg vertical i 5. 03 265,957 | _iz.167 os Yes
curve vertical - 03 250,083 2167 o5 3 Yes
curve wertical -+ 2| 03 241,422 s, GE) es
curve vertical E 192 03 243545 [ s 09 =
curve veriicai i 5.2 03 253,030 Ves ] es
curve vertical +57 ¥ 3 Yes .09 es
curve vortical +37 54 o es. 5] o5
curve vertical 0463 35 s o5
curve vertical 10+28 28 [ es o5
ourve vertical - 1 [ es o5
curve verl 20 215 1 es es
cunve veriical I 1210 [ ‘es Yes
cane veriical I 1219 1 es Ve
cune vertiza + 1219 1 s =3
cunve verlical -+ 1215. 3 es
slraight . 1219 &5 ‘es
— slaighl +5 460 | 1218 es es
alght. 4 48.0 1219, es (-3
A v 460 | 1210 s )
sigh - 719 es s
Lol 52 3 =3 s
slraigh 2v04 % = Yes
skraig! 2+35 03 es es
e 1476 .| .| ¥ 03 Y 3 ()
stral 417 X A 19, 03 | 5,063 34, .23% es K =3
slra) 50 & 1.2 03 [Tsi7s | 3. 40% X as o o5
HDD Rig Localion [_oeoa 1027 a 192 0.3 223.3 lons [(5285 | 365 56% 0.00 00% 00| 000 | ook 03 Yes 0 1
NOTE: Foop siress taken as an empiy pipe [of o buoyancy coniral and wilh waler Wil Buoyancy conral
ety I Tensile (Axal) Stese T Hording Stess T Hoop Sress Combined Tensie and | Combined Tansile, Bend.lng-f
Ground isvaBon at Fies B4l Jfaet psl | MPa | %smys i | MPa | %SMYS pst WP Bending Faclor and Hoop Facior
i E [mewres | [Maxmum Values | 445645]b | 2233[lons | 5205 | 365 | 7.56% 12882 | Ese | 1sdom | fa4 40 0.83% | 0.34 | 0.09 |
Input Pipa Progorties
Pipe Quler Diameler,
Pipe Wall Thickness|
R
Pipe Weight (in i)
Welght of Walerin pipe|
Nt Buzyan Weight of pipe|
Young's Madulus of Elasticily]
Yield Suengin
Polssan Rails
Driil Pipe Diameter|
Minimum Radius of C
Ulimate Safe Pull Load|
Masimum Caleulaled Pyl Lead)
Facior of Salel z
[ Start-Up Load Faciar] 1.5]
Maximum Calculzted Start-Up Fipa P 59.658(1b
Load| 2.980(kN
Facior of Saten| 53]
Soil and Mud Propartias.
Mud Weight
Friclion Coefl, [GS or rollers) 3.10 10.0.30 [along ground surfaza [s hi
22 5[1/1001 {Based on HDD experience from prewaus
Yield El
[dneon’
Plaslic Viscosity 15[c? (Based on HOD experience Irom
z 0
Pumping rala 2271 mimin
" 1123[GPM _(equr rale i slumy displaced by =
Lk 4273mmin__|
. iz 10[feetimin (Based on HOD experience) ]
e 3.05|mimin_]
& Ll
Pull Load Analysis
Pull Load Caleulatien Sheel v05 - Nishisakawick Crook dsx 22019
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M Calculated by: _M. Eskins

Chucked by: _G. Dupvestyn
Date:_ 3142019
Praject No: 353754

Horizontal Directional Drilling
Calculation of Pull Loads and Stresses during Pipe Installation

PROJECT: PennEast Pipeline Project HDD CROSSING LOCATION: Nishisakawick Creek (No Buoyancy - 11PPG Drilling Fluid)
Reference: 1. Installation of Pipelines by Horizontal Directional Drilling, an Engineering Guide, PRCI Publication 2015
2. Pipeline Design for Installation by Horizontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005
HDD Installation Load Analysis HDD Installation Stress Analysis
‘ ‘Combined Combined | Combinad
Sogment Typa Typa of Curva Bors Stationing Installad Langth Boro Elavation Bore Diamstar At TOYAL PULL LOADS Tenslle (Axial) Stress Eending Struss Hoop Stress Tonslisand | nsile and Tensile, Tensile,
Friction Fa Banding | Bonding |Bandl Sy
Factor <10 |Hoop Factor] Hoop <1.0
metres | _inch mm sl_| _WPa | %suvs [Tl WPa_ [ %SMYS | psl WPa | %SMYS
Fipe Eniry Localion| 1039 = - %0380 b 4.7 o id7e | 8.2 16a% [ o0 00 | 00 000 | 000% 002 Yes 0.00 Yes
shaight 592 a8 03 112,051 16 56.0 lons. 1,322 | 916 1.90% 0 ) 00% | 2109 | 145 | oaow 0.02 Yes 0.00 Yes.
sl 844 480 03 124732 1o 624lons | | 1479 | 1009 | 2.11% [ [ 0.03 Yes 000 es
straignt 537 48.0 0.3 137,392 b €871lons | | 1623 | 1923 | oasx o 003 Yes 0.01 Yes
slraight B4 480 03 150,063 I8 75.0 lons. 227 a 0.03 Yes 0.01 Yes
slraight 80, 48.0 03 162754 _1b 1.4 lons 330 0.03 Ves 0.02 Yes
shraight 75, 480 0.3 175405 b 87.7 tons X 004 Yes 0.03 Yee
siraight 70 480 03 188,076 E B 5 0.04 Yes 004 Yes
siraight [ 480 03 200,747 ¥ 7 . . 0.04 Yoy 0.05 Yes
=raight 48 03 213418 5 z I 0.0: Yes 0.07 Yes
straight 4 228 038 es (::3
saight 4 1 238,750 s s
siaight 4 i 281431 3 s
cune verfical 4 4 F1 es =]
cune veriical 4 303,424 es e
curve: verlical 4 305,554 e e
curve vertical 313 850 i=1 =1
curve ertrcal 322,079 es ZE
curve verfical 332 669 =3 es
curve veriical 342,632 es o3
curve veriical 352,665 o3 38 ez
cur vertical 218 352,651 es o5
curve edical 213, 372,525 a5 Yes
curve vertical 219, 362,244 3 Yes ¥
curve veriical 2152 391,781 Yes Yas
curve vertical 12152 407,730 Vas es
curve vertjcal 12182 Yes Yes
e vt 2192 &5 44 Yes
curve veriical 2152 s A4 | Yes
sraignt 1 o5 75 Yes
siralght 18 (3 28 Yes
siraight’ 9.2 .3 &5 .28 Yes
straicht 19.2 03 L] 28 Yes
curve wertical 19.2. 0.3 s Yes
curee vertical 9.2 K] s Yer
cune vertical 13.2 03 5. =3
curve vertical 9.2 ©5 | 44 =3
cune et .2 550,141 Ves e
cune ert 4 553,770 s o5
cune vert 22 4 576,£25 14 ‘a5 . o5
curvg veriical 2 4 690,485 K3 ‘a5 . =
curve veri 4 E o5 o3
curve veriical ‘o5 o3
curve wverlical 730,580 ‘e fes.
curve veriical 3 o5 =
carve verical L 219 = fes
canve veriical 1. 219 44 =) fe3
carve veriical i 219, o3 Yes
urve verical o 219 3 ¥ cs Yeu
siraigh 53, 1218, 03 AT 3 Yes
slraig 57 121e 03 A7 es Yes
slraig) 62 1218, 03 AT es X ]
slraig| 6. 1218, 09 |
slraig) 7 1218, o5 .05
straig) 7! 1218 s 07 |
straig) 1218 s os | _ |
straig 218, oS .05 es
shraig es 05 e
slralgy s 04 es
siraight 3011 F £ = 04 os
HOO Rig Location 0500 04600 3622 | 10248 KE X 51% 00| 000% | 00 1 o X X e .04 es
NGOTE: Hoop slress taken a3 an empty pipe for il waler wilh Bloyancy
{ Graund Elevation at Pips Entry—Sal0l__jleel - -
= v 0384 |metes Tensila (Adal) Siress Berding Stross Hoop Slress Combined Tensile and | Combined Tensile, Bonding
‘ Ground Erevalion al Fipe £l 35520 [iest p [ %SMYS | ps | MPa | wSMYS| po MPa | % SMYS Bending Faclor and Hop Factor
B 10297 |metres Waimum Valuzs 860, 533(1b. 440.3]icns 1043 | 720 (LR 12,082 568 1640% | 3573 | 267 | 58 | 000 1
Input Pipo Prapertios
= 36}
Pipe Ouler Diameler} 574 4|mm
| Fipe Wall Thickn Dol
OR| 473
” 36704 )Ibs /L
Pipe Weight fin anr)ﬁ_m_oﬁ =
Weight of Water in pipol ! e
Nt Busyant Weight of pipe T
Young's Modulus of | 301327|MPE
70,000 psl
Yield Sirenglh sz elEa
Faizeon Ralg| 03
Dull Pipe Dismeter|———-Soen__|
2,600[t
Minimurm Radius of Curvalurs =l
35425530
o b 15.760]KN
o Calosatod Pl L Bz
Faciar of Safaty| 44
Star-Up Load Faclar]
Maxmm Calcalaied S1an-Up Pipe Pull
Load
Tor o Safel
Soll and Mud Prapartiss
i
0.A[rollers typically 0,10 I 0.30 {along greund suriace is higher ranga) |
— zz,shmoon’,(angu on HOD experience from 7 |
Plashic Viscosity| 15]c? [Basad on HOD operience fram previ i I |
200 o 300 gpm for sall or 400 1o 800 gpm badrock) |
o 1128]GPM {aquivalent md rako acceunting for shurry displaced by product pipe inslal alion)
| ~a 4.273|mimin,
Plpo Pulback Rate ofectini (Basedon oD experience] |

Full Load Analysis
Pull Load Caleulation Sheel vaos - Mshisakawick Creeldsx 312612013




M Caleulated by: M Esking

MOTT Chockod by: _G. Duywestyn
PoNALD Dale: _ 301412019

antal Directional Drilling Projoct No: _ 353754
Jlation of Pull Loads and Stresses during Pipe Installation

PROJECT: PennEast Pipeline Project HDD CROSSING LOCATION: Nishisakawick Creek (Buoyancy - 11PPG Drilling Fluid)

Referen

1 of Pipelines by ntal Directional Drilling, an Engineering Guide, PRCI Publication 2015
2. Plpeline Design for Installation by Horizontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005

HDD Installation Load Analysis = HDD Instaliation Slress Analysis
| Combinad |CombinadTa| Cambined | Camblinod
SegmentTypa | Typeof Curve Bors Stationing Installad Long Boro Diameter Gaotachnical TOTAL PULL LOADS Tansila (Axial] Strass Banding Stress Hoop Stross Tenslleand | nsliaand | Taonsl Tonslla,
Fricibh Fiids Bonding | Bending |Bending and Banding and|
Factor <10 |Hoop Factor| Hoap <1.0
faat | _motras motros fast | matres Inch mm % SMYS sl [ MPa % SMYS psi MPa | % SMYS
Pipe EniryLocation 33401 14008 0.0 3410 | 1039 B = %5380 B 487 tons 168% 000 | 000% | o0 00| oo0% 00z s 000 Yes
streight 32438 | 0387 197 | ss4 | @9z 480 03 102,358 1 511 tons 173% " 000 | ooow | 510 35| 0.07% 0.0z Yes 000 es
slraight 31475 4568, 394 | 3008 | oia 480 03 105,126 b 52.6 lons 1.76% 000 | 0oo% | 1019 70| 0.15% 0.02 Yes .00 Yos
straighl 31413 2.7 48.0 03 108,015 540 tons [ 1em 000 | ooom | 1529 05 | oam% 0.02 Yes o0 “es
Stralghl 1450 4.9 480 05 110,693 5.4 tans 000 | ooow | zosg A | 026% 0.02 Yes .00 es
straighl 87 0.1 4.0 03 113,172 176 | 03% 0.02 Yes .00 Yes
Stralgrt +35 754 8. 03 116,650 201 | 044% 0.02 es .00 es
stra 1462 708 481 3 119,529 248 051% 0.03 Yas 0.00 Yes
suaight 458 65.8 48, 3 122,407 1o 281_|_058% 0.03 Yos 0.00 Yes
straight 27-35 61.1 4 125286 b 346 | oo 3 Yes 0.00 Yes
straight 74 4 128,164 o 73 02 Ves X es
szaloht 6e11 4. 131043 1o o5 es
slralght. 5+48 133,821 e5 (=3
curve verieal InT) 158,228 o, €5 X s
curve er 15 X 158,621 ex .09 ex
Clrve Vel + 3 36 853 es 0.08 ‘s
curve verical T 33 144878 1o Yes 0.08 s
curve vertical +04 30,4 692 b Yes 0.08 es
curve verlical 43 28, 425 2 = 1] o5
curve erical o 43,132 [EF Yes fas
curve verlical Z1+40 26,773 D.32 Yes Ve
ourve vertical 20+83 E 150,261 0.32 Yes Yes
curve veriical 20+37 153,650 0.32 Yes Yae
Gurve vertical 19+85 157,008 0.32 Yes Yes
curve vertical 1a+33 160,334 ¥ Yes Yas
Qunve vertical 16482 163,654 Yas Yeu
e vertical 30 165,982 Yes Yes
curve vertical 70 182,189 Yes s
e et 25 0 | 185,466 E Yas es
Svalght -~ 150,088 04 es X ros
straight - .2 193,733 .04 e D o5
slrighl * 197,366 .04 0 =
siraighl + 121 200553 04 es o, en
curve. Verlical i+ 1213, 241438 .32 es 0. =1
cune verical + X 1219, 242,842 .32 s s
curnve vertical + 2 48.0 1219, 228 846 .3: L1 (23
e er 3+58 80| 1219, 221,500 69 s o5
Gurve weriical 13+01 48.0 1219, 217,286 .BS {3 es
cuve veriical 12447 48.0 1219 216,498 .85 s es
Gurve veriical 11492 48, 1219.2 | 223 450 .85 es (1]
Gurve vertical 11437 48, 1219.2 228812 .69 0. {33 es
curve veriical 10483 8. 12192 | 236,050 9 0. s es
curve vertical 10+28 1219.2 241,961 .89 es 25
cunve verlical 9+74 12192 247,710 Fl :3 {3
curve vedical 8+20 12192 253,339 83 3 Yes
curve vertica B 2152 258,879 5 Yez es
curvo. verica + 2152 264,350 a3 Yes s
curvo ertica + 219 265,776 3569 e 3 s
curve. Verlica +0 219, 275,163 389 e .09 =
Sirsight 4 213.2 262,536 .00 es 01 es
— sumigh I 2132 269,503 00 es 01 es
*raigh +: 1218, 297.283 .00 es .01 fes
ziah TS 1218, 304,556 00 es 01 s
aig 41 1219, 312029 b ] es es
gl 145: 48.0 1219, 19,403 1b ] o5 o5
slral 494 48.0 1218, 326 776 .00 es &5
siral +35 48.0 1213, 334,148 ‘es es
st 76 80| 12102 31523 o5 s
s 7 460 | 12102 348,606 es s
i 59 480 | 12182 356,269 3 e es
HOD Riq Location 00 480 | 12182 363,642 16% .01 X 0 005 = 01}
NOTE: Hoop sress laken as an emply pipe for o bucyancy contral and wil water wilh busyancy contral
Elevati Ent
SGrund Flesmtion at Fipe }__ Tensie (Adal) Sirese T Hending Stross T Fioon Stess Combined Tensile and |Combined Tansiie, Bending
e Exil TOTAL PULL LOADS- psl | MPs | % SMvs si__| MPa | % SMYS =t MPa__| % SMYS Bending Facior and Hoop Factar
b bl s Valuss | Seseel | wenslow ] [ st 1 7s7 | Giow | Tusr | ssh Ttk | fas | o tamc | 033 I 0.10
ut Pips Proparties
Pipa O
T
Pipe Wall Thickness
OR]
Pips Weight (in air)
Weight of Water in pige
Nel Buoyant Weight of pipa
oung's Moduius of Elasticiy
Yiesd Strength)
Polsaon Rao|
Dl Pige Diameter
Mirémum Radius of Cunaturs
Ullimate Safe Pul Load
Maximum Calculaled Pull Load|
Faclor of Safety]
Stan-Up Load Facl
HMaxmium Calcuated StanUp Sipe Pl
Load|
Factor of Safety
Soll and Mud Proportios
T1[pp3 7 Gl Tuid and salids {ivpically 8.5 1o 11 l6/gal
M Yl 1315 Specific Gravit
Friction Cofl [ ar rales 0.1rcllers hypical y 0,10 10 0,30 (along qround surface 2 Haher rance
A 22 5/1/1001 {Based on HOD experience from previoys i
Paint
ek o 0773 ]eymelom
Flagtic Viscaslty 15]cP (Based on HOD experience fram pravious Inslalialions
FELLT? i
el Fasd g 00| 2’PM‘(’1ND|ET\ 20015 300 gpm for soil or 400 o 800 gom bedrack]
Hiling i Pl 4 tal acoounling for siurry disalaced by produs! pipe Instalalion] S |
Pipe Pullback Ratel

Pull Load Analysis

Pull Load Calculation Sheat vD5 - Mishisaxawick Creek s 3262019



M

M Calculated by: M. Eaiins

MOTT Chaciad by: _G. Duyvestm
MACDONALD Dala: _ 3142018
Horizontal Directional Drilling Profact Na: _ 353754
Calculation of Pull Loads and Stresses during Pipe Installation
PROJECT: PennEast Pipeline Project HDD CROSSING LOCATION: Nishisakawick Creek (No Buoyancy - 12PPG Drilling Fluid)
Reference: 4. Installation of Pipelines by Horizontal Directional Drilling, an Engineering Gulde, PRCI Publication 2015
2. Pipeline Design for Instaflation by Horizontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005 -
HDD Installation Load Analysis HDD ion Stress Analysis
) Combined Combined | Combinad
SegmentTyps | Typo of Gurva Bora Statloning Installad Langth Bare Elovation Bare Diamstar Gasenaicsi TOTAL FULL LOADS Tensile {Axial) Stress. Bending Stress Hoop Stress Tonsileand | nsilesnd | Tansils, | Tonslle,
Feictian Factor Bending | Bending |Bendi
Factor <10 |Hoop Factor| Hoop <1.0
fast mafres | _fool | matres | fost | molras | Inch mm LA pst WPa | %SMYS | pal %SMYS
Fipe Enlry Localion 33401 14006 0.0 0.0 3410 | 1039 - - | 45.7 lors 1.68% o 000 | oo0% | 0o 0.00% 00z Ve 600 Yoo
straight 32438 0eas7 | oes 197 | 354 | o952 X 93 | 56.9 lons 1.95% 0 000 | 000% | 2o 0.33% 0.02 es 0.00 Yes
Stright 31475 G:068 | 1003 34 | 3088 | oed 0. 03 b 4.2 lons 2.17% ] 000 | 0.00% | 4602 066% 0.03 Vet 0.00 Yes
stight + (12 531 2041 | 897 03 b 714 lon 247% 0 000 0% | 0503 0.55% 0.03 es 001 Ve
sirmignt K 04030 786 | 27165 84.9 03 b 8.7 tons 256% [} 0.00 02% | 9204 131% 0.03 Yes .02 es
staight I o+ o84 | 2o28 0.1 03 T 5.9 tcns 291% [0 000 .00% | 1,150.5 1.64% 0.0¢ Yes 003 es
slraight = 0+ 1164 | 2472 | 754 03 b 932 lens 3.16% o .00% | 13805 1.97 0.04 Yes 0,04 es
sleai 706 03 b 100.4 ions 340% o Yes 0.05 'es
straight E58 03 b 107.7 lons 3.65% a Yes 0.08 'es
straight 611 .3 b 114 a 008 'es
siraight 563 3 i 122 a 0.10 o3
shraight 3 123, [ 1z Yes
shaight 3 136, [0 73 Vas
1 03 150, [ 2,667 28 Yes
1 03 164 | 12,862 8s .30 Yes
186 ¢ X 12,882 as .3 Yes
174 K 12,862 3 0.34 Yes
3 128 12,862 o5 0.3¢ Yas
& 12882 (3 {i]
[] 12,802 (23 es.
12,862 es (=}
12 BE2 es (]
1213, 12,882 =3 ‘es
1213, 12,882 'es ‘es
1213.; 12,887 ‘es. 4 Yes
1215 b 12,632 ‘es Yas
1218, X 5] 12,882 fes 50 Yes
1218, 03 12,582 s es
1218, 03 12,882 s ]
sira 1219, 0 = e
sira 1219, 0. ] es. o5
sirai 19.2 0. Yes o5
Sirai 19.2 0. Yes es
19.2 Yas es
B 19.2 es es
verical +11 2 19.2 |1 B X es
vestical +55 BD 1 | 267 a3 50 es
vertical + 192 10. | 12187 ‘es =)
verlical T2ed 206 218 [ 12187 en o5
veriical 11+ 72.3 X 210 ; [ 12,167 e o
vertical 114! 24, X 1218, 740,751 | 12367 es ‘es
werfica 108 26. X 1213, 757,528 12167 5 Yes
verlical 0e! 8. 1218, 771,795 [ 12,167 fes Ves
vertical 74 1. 1218, 787235 167 fes Yes
verlical 4] 4. 1219, 3 801,535 SCTd : Yes
veriical B 7. 215 03 46,250 32,167 = Yes
veriical B 10, 03 50,645 12167 = Yes
verfical -+ 182 03 74,980 12167 e Yes
verical 2 192 493 3,909 2467 e Yes
n 192 a3 55,906 1o 2 % Yoz
5+B 9.2 04,904 Ver X Yes |
5+28 5.2 12,307 .00 es
470 9.2 520,859 .00 ] es =
a1t 19 928,897 .00 5 | 4 1 e
3+52 19, E 935,894 .00 B.92 K ¥ ‘es
54 15 E 44,807 744 5 20 es
435 843 218 03 B0 _Ib 95 2% 20 Yes Yes
+76 8.8 1219 0.3 87 I | a6 | 0o 20 Yes Yes
17 81z 1218 03 £85 In a7 L 62% 21 Yes Ves
159 a1y 1218 03 £33 Ia 0% 49 | oam 1 Yes ey
HOD Rig Localion +00 1022 1210 03 " 880 1o . D0% 0o 100 | 0.00% .21 Yes .04 Yes
NOTE: Hoap n emply pipa far no bubyanzy conifal and with water with buoyancy control
N feot ]
[ TR i ol i metes | Torolo Pl S| Banding Shess oo Siress ormbined Tenzlla and
R lcel TOTAL PULL LOADS pst MEa | WEMYS | psi MPa S el Fa HY: ending Factor
st e [osimum Voloes | eeleealb | agzdllans | g% | 12852 184v% | 4706 | 289 |
Input Pips Propertios
Fips Duter Ol
Pipe Wall Thickness
OR
Pipa Waight {in air)
Weight of Water In pipe;
Nal Buoyan! Weighl of pipo)
Young's Modulus of Elasticity
Yield Strenth|
Polsaon Rallo|
Dl Pipe Diameter
Minimum Radius of Cunvature
2 3522,953]b
Uitimate Safe Pul Load| el
564,50]1>
Maximum Calewlated Pul Load| F T
Faclor ol Safe! 38]
-Up Load Faclor
Wamum Calcuaied Stari-Up Fipe Pul
Load|
Facior of Saloly]
Soll and Mud Proparties
Mud Welght [Epg of drill fluid and soli 9.5 (o 11 IE/gal) ]
on Coell [GS arrollers)| round surfaca (s i
Vied 107.73|dynaicm?
Piaslic Viscosity] 151cP (Bas=d on HOD experence from previous insiaialions) | 1
3 |GPM (rymically 200 lo 300 gom fer soll or 400 o 800 gpm bedrack) |
Drilling mud pumging rata
ST 1129/ {culvalen mud als accauning for Smy Ssplaced oy produet ppe [ataliion)
Pipa Pullback Rate

Pull Load Analyala
Pull Laad Calculation Sheel va06 - Nishisakawick Craek.dsx 31282019



Calculalad by: _. Eaking

MO Chocked by: _G. Quyvestyn
TDONALD Date: _3114i2019

antal Directional Dril

q Projact No: 333754
Jlation of Pull Leads and Stresses during Pipe Installation

PROJECT: PennEast Pipeline Project HDD CROSSING LOCATION: Nishisakawick Creek (Buoyancy - 12PPG Drilling Fluid)
Reference: 1. Installation of Pipelines by Horizontal DI Drilling, an Engineering Guide, PRCI Publi 2015
2. Pipeline Deslgn for Installation by Horlzontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005
HDD Installation Load Analysis HDD | llation Stress Analysis
Combined Combined | Combinad
SagmantTyps | Typsofcurve | 2oreStationing | Installsd Langth Bore Elovation Hore Diameter Cobhchii L iEaEE Tenslle (Axlal) Strass ending Struss Haop Strass Tonsllaand | nsileand | Tensile, | Tonsilo,
Frictian Factar Bending | Bending and
| Factor <10 |Hoop Factor| Hoop <1.0
font metres | Inch mm Bsi MPa % SMYS MPa ¥ SMYS % SMYS
Pipe Enlry Location 33401 +008_| - - 457 lons 1178 | 6.2 168% 0.00 0.00 0.00% 002 Ves 0.00 Yes
straight 32+38 | peom7 480 | 7193 0, 510 lons 1210 | B34 1.73% 0.00 0.00 0.10% 0.0z Yes 0.00 Yes
strighl 31475 968 480 | 12192 0. 524 lons 1242 | BS7 177% 0.00 0,00 0.20% 002 Yes 0.00 Yes
straighl a1+13 #9049 4B.0 1219.2 0. 518 lens 1,274 | B79 1.82% 0.00 0.00% 0.30% 0.02 Yes 0.00 Yes
straighl 30+30 +230 450 1219.2 0. 55.1 lens. 1,307 801 1.87% 000 0.00% 0.40% 0.02 Yes 0.00 Yes
straighl 29+37 04911 480 | 12192 03 56.5 lons 1338 | 993 1a1% 0.0 0.00% 0.50% 0.0z Yes 0.00 Yes
sirzight 2025 0+891 | 480 12192 03 578 lons 1371 9.45 1.96% 0.60% 0.02 Yot 0.00 Yes
siraighl 28+62 0+872 | 48.0 1219.2 03 58.2 lons 967 2.00% 0.70% 0.03 Yes 0.01 Yes
siraighl 7239 0+853 | 6.0 | 12192 03 60,5 lons ¥ 550 | 205% 0.80% 0.03 Yes 0.01 s
straight 2 0+534 | 460_| 12182 03 61.3 lans R 1042 | 2.10% 0% o Yes
strighl 74 e85 Y 1219.2 03 o5 214% 00% es Yes
siraighl 6o +705 1. [ lans 2.15% 0% 25 a3
staighl =T IES [ lons 20% e Yes
eunve veriical 14+86 1 0. ns = Yes
curve veriical dea 1 0 ns X es as
curve veriical 6 I 0. lens 49 es as
curve verlical +d6 I [ ns .20 es Yes
curve verlical +34 1 0. ns 08 =3 Yes
curve verlical - i [ ns 00 e VYas
curve verlical B 1 [ 59 es Yes
curve verlical - X 218 EE =] Yes
curve verlical -+ 4 1218 a = Yes
curve verlical -+ 45, 1218 es Yes
curve verlical -+ 1218, o3 Yes
cunve verlical -+ 121922 = Va3
curve verileal + 1213, =] Yes
curve verlica! o 1218 = Yes
curve vertical - 1219, - Yas
cur vertical - 1219, es Yes
staignl i+ 1219, i=3 Yes
srighl + 1218 = Yes
slraighl - 1219, .06 =3 03 Yes
slaight -+ 8.0 1219, 27 =3 Yes
sune. ‘verfical 480 1219 .58 es Yes
curve \ertical 56 4B.0 1219 96 s Yes
curve vertical 48.0 1219 .92 s Yes
curnve vertical 4B.0 1219 .47 s les
curve ertical o 4.0 ¥ = s
urve vertical 45,0 e s
curve verical 5.0 o5 s
curve wertical 5.0 e s
curve venical 5.0 =3 s
curve verical | 1 o es
curve vertical 9+ : = s
curve vertical . 3218, 3 s
eure vettical an 1213 es s
curve verlical ar 1219, T es Yas
ourve e '+ 1219 es Vs
Surve verlical H 1219.; 03 'es Yes
slraig i+ 218, ET| e Yas
straig! i+E 1219.2 B4 £ Yas
raigl +2¢ 1218, 25 (=1 Yes
aig! AT 1213, .65 ‘s Yes
aig| +1 || 1219, .06 (=] Yes
il 05 ¥ = e
Siralg 453 e s s
siral g 235 | ¢ 3 o X s
straign 78] E X Ves .00 o
straight +17 | 0+038 | 3 | . 451 . ¥ Yes .00 o5
straight 0453 0+018 | 3 1,005 320, arT 48 1219.2 . Yes .00 o5
HOD Rig Losation G400 04000 10248 | 335 1022 4 12192 0. 280201 Yes .00
“will BUSyaney centrsl
) 34101 ieet
Sreme] Bemlion st Flpo By, — 1paon Combined Tensile and | Cambined Tenzlle, Bending|
Greund Elevation st Pipe Extl— 23520 [iest | ~ TOTAL PULLLOADS W 1 MPa Bending Factar and Hoop Fatar
N meiras Maximum Valuzs 280,201[ib 1ag.1flenz | % 12852 | sam | 1340% . K 0.32 | 0.12
[ngut Pipe Properties
Pipe Quler Diameler]
Sipe Wall Thisknass,
GR}
Piga Weight (In air)
Weight of Water in pipe|
Net Buoyant Weight of pipe|
“Yaung's Modulus of E1
ield gl
Poiazon Rafio
ol Pipe B
Minimum Radius of Cunvalure]
Ulimate Safe Pull Laad|
Maximum Caleyaled Pull Load
Faclor of Safety]
Start-Up Laad Faclor]
Maximam Calculaled Siar-Up Pipe Pull
Load|
Faclor of Salaly
Sall and Mud Propertlas
Mud Weight
sed on HOD esperience from previous
Plashic Viscasity 15|c? (Based on HOD experience from previous inslallalans
2 00| GPM [typically 203 to 300 gam for soil or 400 1o 800 gpm bedrock)
lelihy 2,771 |mimin
Drilling mud pumping rale) 2273
. 15|fzetimin (Based on HOD sxperisnce] ]
Fipa Pullback 308 lmimin ]

Pull Laad Analysis
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Mott MacDonald | HDD Design Report
Nishisakawick Creek HDD Crossing
PennEast Pipeline Project

Appendix D

Hydraulic Fracture Evaluation
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Calculated by: M, Eaking
FASTE Chackod by: ___G. Duwestyn
MACDONALD Date: ___anzmg
Horizontal Directional Drilling Broject No: 353754
Drilling Fluid Hydraulic Fracture Calculations
PROJECT: PennEast Pipeline Project CROSSING LOCATION: Nishisakawick Creek

Reference: 1. Latoore, C.A., Wakeley, L.D., and Conroy, P.J., Guidelines for Installation of Utilities Beneath Corps of Engineers Levees using Horizontal Directional Drilling, June 2002, EROCIGSL TR-02-9
2. HDD Consoriium, Horizontal Directional Drilling Good Practices Guidelines, Third Edition, North American Society of Trenchless Technology, 2008.
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