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1 Introduction

Mott MacDonald has prepared this HDD design report at the request of PennEast Pipeline Company, LLC
(PennEast), for their proposed HDD crossing of the Wickecheoke 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 determined in the information provided) and presents recommendations for enhancing the
success of the Wickecheoke Creek HDD crossing.

The drawings and design elements have been prepared and evaluated with the aid of a geotechnical
subsurface investigation performed by Mott MacDonald, laboratory assessment and testing analysis
completed by Craig Test Boring Co., Inc (CTB). 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). Greater detail on these conditions can be found in the site-specific
GDR.

1.4  Crossing Description

The proposed plan and profile drawing is previded in Appendix A. The horizontal length of the proposed
HDD is approximately 3,309 feet (with a true length of approximately 3,363 feet). An elevation difference
of approximately 39 feet exists between the HDD entry and exit locations, with the HDD entry location at
the lower elevation. The HDD entry location is located on the south side of the crossing.

The pipe staging area for the drag section is located on the north side of the crossing. It is envisioned that,
due to limited workspace, the pipe string will be fabricated into two sections prior to pullback operations.
The HDD Contractor must follow good HDD construction practices and limit the stoppage time for
intermediate welding during pullback operations.
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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 Subsurface Investigations

A total of five (5) borings, designated as B-54, B-55, B-56, B-57 and B-WICK-1 were completed as part of
the geotechnical investigation program to support the evaluation and design of the Wickecheoke Creek
crossing. Borehole B-54 was drilled south of Rosemont Ringoes Road, approximately 199 feet south of
the north HDD exit location to a depth of 100 feet (Elev. 203 feet) below ground surface. Borehole B-55
was drilled approximately 711 feet north of the edge of Wickecheoke Creek to a depth of 220 feet (Elev.
41) below ground surface. Borehole B-56 was drilled between Wickecheokz Creek and Lower Creek
Road, approximately 43 feet south of the edge of Wickecheoke Creek to a depth of 160 feet (Elev. 6 feet)
below ground surface. Borehole B-57 was drilled approximately 1,104 feet north of the HDD entry location
to a depth of 150 feet (Eiev. 54 feet) below ground surface. Borehole B-WICK-1 was drilled approximately
434 feet north of the HDD entry location to a depth of 100 feet (Elev. 147 feet) below ground surface.

A summary of the known subsurface materials encountered at the site is provided below.
2.2  Geotechnical Observations

2.24 Geotechnical Observations North of Wickecheoke Creek

The HDD installation on the north side of Wickecheoke Creek is anticipated to encounter soils overlying
bedrock materials. Based on Boring B-54, the site soils are anticipated to include the following:

e Medium stiff silt with trace clay from the ground surface to a depth of 3.5 feet (from Elev. 303 to
299.5 feet).

‘s Medium dense to dense silty sand with trace fine gravel to a depth of 13.5 feet (to Elev. 289.5 feet).

e Dense to very dense decomposed rock with silt to a depth of 30 feet (to Elev. 273 feet).

s Highly weathered to slightly weathered, very weak to medium strong siltstone to a depth of 100 feet
(to Elev. 203 feet). Rock quality designation (RQD) values ranged between 0 and 70 percent (avg.
35 percent). Recovery values ranged between 25 and 100 percent (avg. 92 percent).

Based on Boring B-55, the geotechnical materials are anticipated to include the following:
e Very stiff silt with coarse to fine sand from the ground surface to a depth of 13.5 feet (from Elev. 261
to 247.5 feet).
o Very dense decomposed rack fragments to a depth of 16 feet (to Elev. 245 feet).

e Highly weathered to slightly weathered, weak to medium strong siltstone to a depth of 65 feet (to
Elev. 196 feet). RQD values ranged between 0 and 88 percent (avg. 44 percent). Recovery values
ranged between 83 to 100 percent (avg. 96 percent).

e Slightly weathered to fresh, medium strong shale to a depth of 75 feet (to Elev. 186 feet). RQD
values ranged between 53 and 77 percent (avg. 65 percent). Recovery values ranged between 90
and 100 percent (avg. 95 percent).

s Slightly weathered, medium strong sandstone to a éepth of 80 feet (to Elev. 181 feet). RQD value of
77 percent and recovery value of 100 percent.
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Slightly weathered, medium strong to strong siltstone to a depth of 105 feet (to Elev. 156 feet). RQD
values ranged between 53 and 88 percent (avg. 70 percent). Recovery values ranged between 90
and 100 percent (avg. 98 percent). '

Slightly weathered to fresh, strong to very strong argillite to a depth of 120 feet (to Elev. 141 feet).
RQD values ranged between 82 to 88 percent (avg. 86 percent). Recovery values ranged between
97 to 100 percent (avg. 98 percent).

Moderately weathered to fresh, medium strong to strong siltstone to a depth of 220 feet (to Elev. 41
feet). RQD values ranged between 42 and 97 percent (avg. 77 percent). Recovery values ranged
between 87 to 100 percent (avg. 98 percent).

Geotechnical Observations at Wickecheoke Creek

The HDD installation beneath Wickecheoke Creek is anticipated to encounter soils overlying bedrock
materials. Based on Boring B-56, the geotechnical materials are anticipated to include the following:

®
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Stiff to very stiff silt with decomposed rock fragments from the ground surface to a depth of 13.5 feet
(from Elev. 166 to 152.5 feet).

Very dense decomposed rock fragments to a depth of 17 feet (to Elev. 149 feet).

Highly weathered to moderately weathered, very weak to medium strong siltstone to a depth of 22.5
feet (to Elev. 143.5 feet). RQD values ranged between 34 to 37 percent (avg. 36 percent).
Recovery values ranged between 93 to 100 percent (avg. 97 percent).

Moderately weathered, weak to medium strong sandstone to a depth of 33.2 (to Elev. 132.8 feet)
RQD values ranged between 7 to 37 percent (avg. 21 percent). Recovery values ranged between
93 to 98 percent (avg. 96 percent).

Moderately weathered, weak to medium strong siltstone to a depth of 45 feet (to Elev. 121 feet).
RQD values ranged between 53 to 63 percent (avg. 58 percent) with recovery values of 100
percent. A layer of moderately weathered, weak to medium strong sandstone exists within the
siltstone rock mass between a depth of 42.7 to 44.1 feet (from Elev. 123.3 to 121.9 feet).

Moderately weathered, weak to medium strong sandstone to a depth of 52 feet (to Elev. 114 feet).
RQD value of 75 percent and recovery value of 100 percent.

Highly weathered to slightly weathered, weak to medium strong mudstone to a depth of 63 feet (to
Elev. 103 feet). RQD values ranged between 40 and 80 percent (avg. 63 percent). Recovery values
ranged between 60 and 97 percent (avg. 84 percent).

Moderately weathered, weak to medium strong siltstone to a depth of 70 feet (to Elev. 96 feet).
RQD value of 43 percent and recovery value of 100 percent. A layer of moderately weathered,
medium strong sandstone exists within the siltstone rock mass between a depth of 67.1 to 68.7 feet
(from Elev. 98.9 to 96 feet).

Moderately weathered, weak to medium strong mudstone to a depth of 80 feet (to Elev. 86 feet).
RQD values ranged between 62 and 65 percent (avg. 64 percent) with recovery values of 100
percent.

Moderately weathered, weak to medium strong siltstone to a depth of 90 feet (to Elev. 76 feet).
RQD values ranged between 51 and 52 percent (avg. 51.5 percent) with recovery values of 100
percent.

Slightly weathered, medium strong mudstone to a depth of 96.5 feet (to Elev. 69.5 feet). RQD value
of 89 percent and recovery value of 100 percent.

Small layer of slightly weathered, medium strong siltstone to a depth of 97.9 feet (to Elev. 68.1 feet).
Slightly weathered to fresh, medium strong to very strong sandstone to a depth of 126 feet (to Elev.

40 feet). RQD values ranged between 74 and 100 percent (avg. 93 percent). Recovery values
ranged between 98 and 100 percent (avg. 99.7 percent).

Moderately weathered to fresh, medium strong to strong mudstone to a depth of 131.7 feet (to Elev.
343 feet). RQD value of 58 percent and recovery value of 95 percent.

353754-MM-EN-CO-102 RevA | July 22, 2019



Mott MacDanald | HDD Design Report
Wickecheoke Creek HDD Crossing
PennEast Pipeline Project

s Fresh, strong sandstone to a depth of 140 feet (to Elev. 26 feet). RQD values ranged between 57
and 93 percent (avg. 75 percent) with recovery values of 100 percent.

s Fresh, strong siltstone to a depth of 160 feet (to Elev. 6 feet). RQD values ranged between 50 and
100 percent (avg. 81 percent). Recovery values ranged between 98 and 100 percent (avg. 99.5
percent).

2.2.3 Geotechnical Observations South of Wickecheoke Creek and Lower Creek Road

The HDD installation beneath Wickecheoke Creek is anticipated to encounter soils overlying bedrock
materials. Based on Boring B-57, the geotechnical materials are anticipated to include the following:

o Soft silty clay with trace fine sand from the ground surface to a depth of 3.5 feet (from Elev. 204 to
200.5 feet).

s Very stiff clayey siit with gravel and sand to a depth of 8.5 feet (to Elev. 185.5 feet).

¢ Medium dense gravel with clay and silt to a depth of 13.5 feet (to Elev. 190.5 feet).

s Very dense decomposed rock fragments with clay and silt to a depth of 20 feet (to Elev. 184 feet).

e Slightly weathered to fresh, weak to strong siltstone to a depth of 50 feet (to Elev. 154 feet). RQD
values ranged between 17 to 83 percent (avg. 49 percent). Recovery values ranged between 50
and 100 percent (avg. 91 percent).

¢ Moderately weathered to fresh, strong sandstone to a depth of 56.3 feet (to Elev. 147.2 feet). RQD
value of 85 percent and recovery value of 50 peicent.

o Slightly weathered to fresh, medium strong to strong siltstone to a depth of 80 feet (to Elev. 124
feet). RQD values ranged between 50 and 95 percent (avg. 75 percent). Recovery values ranged
between 90 and 100 percent (avg. 97 percent).

e Slightly weathered to fresh, medium strong to very strong sandstone to a depth of 150 feet (to Elev.

54 feet). RQD values ranged between 28 and 100 percent (avg. 79 percent). Recovery values
ranged between 87 and 100 percent (avg. 97 percent).

Based on Boring B-WICK-1, the geotechnical materials are anticipated to include the following:

» Soft silty clay with trace fine sand from the ground surface to a depth of 3.5 feet (from Elev. 247 to
243.5 feet).

s Very dense decomposed rock fragments with gravel and sand to a depth of 12 feet (to Elev. 235
feet).

» Slightly weathered to fresh, strong to very strong sandstone to a depth of 27.4 feet (to Elev. 219.6
feet). RQD values ranged between 40 and 93 percent (avg. 69 percent). Recovery values ranged
between 80 and 100 percent (avg. 94 percent).

« Slightly weathered to fresh, medium strong to strong siltstone to a depth of 40 feet (to Elev. 207
feet). RQD values ranged between 65 to 90 percent (avg. 76 percent). Recovery values ranged
between 95 and 98 percent (avg. 97 percent).

» Fresh, very strong argillite to a depth of 50 feet (to Elev. 197 feet). RQD values ranged between 85
and 88 percent (avg. 87 percent) with recovery values of 100 percent.

s Moderately weathered to slightly weathered, medium strong to strong siltstone to a depth of 65 feet
(to Elev. 182 feet). RQD values ranged between 47 and 73 percent (avg. 56 percent). Recovery
values ranged between 93 and 98 percent (avg. 96 percent).

» Fresh, very strong argillite to a depth of 70 feet (to Elev. 177 feet). RQD value of 80 percent and
recovery value of 100 percent.

» Fresh, strong to very strong sandstone to a depth of 91 feet (to Elev. 156 feet). RQD values ranged
between 95 and 98 percent (avg. 97 percent). Recovery values ranged between 98 and 100
percent (avg. 99 percent).
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@ Slightly weathered, medium strong to strong siltstone to a depth of 100 (to Elev. 147 feet). RQD
values ranged between 18 and 72 percent (avg. 45 percent). Recovery values ranged between 45
and 95 percent (avg. 70 percent).

Along the proposed HDD alignment, the bedrock throughout the Wickecheoke Creek installation appears
to be of very poor to excellent quality depending on the strata, with an overall fair quality of the rock mass.
The core recovery values for all strata ranged from 25 to 100 percent with an average value of 96 percent.
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3 Wickecheoke Creek Crossing

3.1 HDD Bore Geometry and Alignment Considerations

3.1.41 Entry and Exit Angles

HDD operations are typically designed with entry angles between 8° and 16°, although steeper entry
angles have been used where insufficient setback distance or steeply sloping 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.

For the Wickecheoke Creek installation, the entry and exit angles have been set at 14° and 12°,
respectively, relative to the horizontal.

3.1.2 Vertical and Horizontal Curvature

Vertical curvature is inherent to all HDD installations. The need for horizontal 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, fo 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 the crossing eliminating the risks associated with
horizontal curvature.

The proposed vertical curve radius of 3,600 feet shown in Appendix A is consistent with the HDD industry
standard of 1,200 times the 36-inch outer diameter of the pipe. This radius has been taken as the design
radius for the crossing.

3.3 HDD Installation Depth

The depth of cover for a given HDD installation is dependent on several factors, including but not limited
to:

= The anticipated geotechnical materials

e The presence of preferential flow pathways

e The design bending radius

e The presence of existing utilities and/or structures

s Installation length
Of these, the 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 bore through geotechnical
materials that are favorable to HDD operations. For this installation, the HDD is anticipated to be within the
siltstone and sandstone bedrock for the majority of the installation.

The proposed HDD installation crosses beneath several surface features including waterbodies and
roads. From a south to north orientation, the following minimum depths of cover are noted:

& Lower Creek Road: Approximately 131 feet. :
& Wickecheoke Creek: Approximately 110 feet.
= Waterbody 031219_LD_1002_P_MI: Approximately 103 feet.
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e Waterbody 031219 LD 1003 | MI: Approximately 86 feet.

07

3.1.4 ore Diamester

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 industry standard for the final bore diameter is generally 1.5 times larger than the pipe
outer diameter for small diameter pipe (less than 24 inches), and 12 inches larger than the outer diameter
for larger diameter installations. 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 diamieter 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.

Rased on typical HDD industry standards, the anticipated bore diameter for the NPS 386 pipe is 48 inches.

£L]

2 il.ing and Grade Accuracy
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The horizontal and vertical position of the bottom hole assembily 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:

e Inclination: £ 0.1°
o Azimuth: + 0.3° to 0.5°
s 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 layout that is at least as wide as the depth of the HDD
installation. For highways and water body crossings, individual coils are often established on each side of
the crossing feature. A ParaTrack sysiem 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.
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.

Fiber-optic 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 as across a highway or beneath a river, the position of the bottom hole 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 river, the inaccuracy is
once again a function of a stand-alone measurement based on the specific depth of cover at the location
in question. 5

Mott MacDonald recommends the use of a ParaTrack system. The HDD Contractor must assure adequate
coverage of surveying with no gaps in coverage while using a surface coil and/or beacon.

353754-MM-EN-CO-102 RevA | July 22, 2019



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

3.3 Required Workspace and Staging Areas

For the proposed HDD installation, the staging area for the HDD entry location on the south side of the
crossing has been established at 250 feet by 250 feet, and the staging area for the HDD exit location on
the north side of the crossing has been established at 250 feet by 255 feet. 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 75 feet wide by the length of the pipe
string (greater width is required where multiple drag sections are required as is the case for this
installation) is also required for welding sections of the pipe string, and preferably the entire pipe string
when possible, prior to installation. The proposed staging area for the drag section is located on the north
side of the crossing, as insufficient workspace area was able to be attained on the south side of the
crossing for pipe stringing and pullback activities. The available length of the staging area is approximately
2 600 feet north of Rosemont Ringoes Road, resulting in the need for fabricating the pipe string into a two
(2) drag sections and the need for one (1) intermediate weld during pullback operations. The HDD
Contractor will need to minimize delays during intermediate welding operations. During pullback
operations, Rosemont Ringoes Road will need to be shutdown to pull the fabricated pipe to the HDD exit
location.

The temporary work space established for the Wickecheoke Creek installation is sufficient for HDD
operations.

3.4  Drilling Fluid Make-Up Water and Source

HDD operations require a continuous source of water to support construction activities. It is typical for
contractors 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 proposed 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
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 2,650 to 5,300 ft3, 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 four (4), the estimated
total water usage (assuming no loss in circulation) is approximately 1,523,095 gallons (203,608 ft3). 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 151,125 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 disposal of drilling fluid or processed
solids (based on local, state, and federal regulations). Local, temporary storage will be required, either in
above ground tanks or a lined borrow pit. A suitable offsite disposal site should be located for disposal of
drilling fluid and processed spoil per the local, state, and federal guidelines.
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Disposal volumes of excess drilling fluid and spoil are estimated at approximately 1,188,560 gallons
(5,885 yd®) and 60,365 ft® (2,236 yd®) respectively. During pullback operations, the estimated displaced
fluid volume is approximately 167,975 gallons (832 yd?).

3.6 Schedule

The duration of the HDD installation is conservatively estimated to take a total of 110 shifts, regardless of
whether 24-hour operations are conducted to complete the crossing, as shown in Table 1 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.

Table 1: Estimated schedule duration for the HDD ¢rossing

Activity Duration
(Shifts)
Mobilization 3
Rig Up / Equipment Setup 5
Pilot Bore Drilling 20
Reaming 74
“—Swab Pass -1
-sréduct Pipe Pullback 2
Rig Down and 5

Demobilization

Total Number of Shifts 110
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4 HDD Engineering Evaluation

4.1 Pipeline Properties

The pipeline properties used for the evaluation of the Wickecheoke Creek HDD Crossing have been
provided py PennEast, and are summarized in Table 2 below:

Table 2: Pipeline properties and input parameters for the HDD evaluation

Evaluation Parameter Value

Pipe Size NPS 36

Quter Diameter 36in

Wall Thickness 0.762 in

Pipe Grade X-70 |

Maximum Allowable Operating Pressure 1,480 psig

Minimum Operating Temperature 45°F B

Maximum Operating Temperature 120°F
_“;'oisson’s Ratio ﬁ 0.30

Elastic Modulus 29,200,000 psi

Coefficient of Thermal Expansion 6.5 x 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:

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

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

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

Using the pipe properties presented in Table 2, 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 2 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
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installation process, and sufficiently below the design radius provided on the Contract drawings. 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 Wickecheoke Creek profile has been established
at 3,600 feet, which is consistent with the HDD industry standard of 1,200 times the outer diameter of the
NPS 36 pipe.

4.3 Operating Stress Evaluation

Evaluation of operating loads for pipelines installed by HDD methods is generally similar to the evaluation
for pipelines instalied by open-cut construction methods. The main difference between the two scenariss
is that elastic bending (as a result of the curved HDD alignment profile) must be considered for the HDD
installation. Elastic 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 siress 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 2. The results of the evaluation are provided in
Table 3 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 3, 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 3: Summary of operating stress evaluation

Estimated Percent of Maximum Allowable
Stress SMYs™ Percent of SMYS()

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 -
Longitudinal Stress from Thermal Expansion -14,235 20.3 90®
Net Longitudinal Stress -20,593 29.4 90"
(Compression Side of the Curve)
Net Longitudinal Stress 13,009 18.7 90
(Tension Side of the Curve)
Maximum Shear Stress 27,777 39.7 45
Combined Biaxial Stress 55,554 79.4 oo

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 roiler 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:

e Case 1: Drilling Fluid Weight 10 ppg (Specific Gravity of 1.20)

Pipe No buoyancy control (pipe empty of water)
@ Case2: Drilling Fluid Weight 10 ppg (Specific Gravity of 1.20)

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

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

Pipe Full buoyancy control (pipe full of water)
e Case5: Drilling Fluid Weight 12 ppg (Specific Gravity of 1.44)

Pipe No buoyancy control (pipe empty of water)
= 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 4 below.
Detailed calculations are provided in Appendix C. The anticipated installation loads shown in Table 4 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 2. It is important to note the difference in pull loads when buoyancy confrol 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.

Table 4: Summary of anticipated puliback loads

Drilling Fluid Product Pipe Estimated
Weight Buoyancy Pullback Force
(ppg) Condition (Ibs)
10 (Case 1) Empty 806,132
10 (Case 2) Full 449,368
11 (Case 3) Empty 931,946
7 11 (Case 4) Full 369,090
12 (Case 5) Empty 1,054,075
12 (Case 6) Full 584,842 -

The HDD Contractor may elect to use buoyancy control measure where a neutrally buoyant conditions is
developed to lower the estimated pullback loads. Using a neutrally buoyant pipe during pullback
operations lowers the estimated pull force to 369,090 Ibs. with a drilling fluid weight of 11 ppg.

Results of the corresponding installation stresses (based on the design bending radius of 3,600 feet) are
summarized below in Table 5.
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Table 5: Summary of instaliation siress evaluation

13

Stress Condition Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Maximum Tensile Stress 9,556 psi 5,327 psi 11,048 psi 4,375 psi 12,496 psi 3,374 psi
(Percent of Allowable) (13.7%) (7.6%) (15.8%) (6.3%) (17.9%) (4.8%)
Maximum Bending Stress 12,167 psi 12,167 psi 12,167 psi 12,167 psi 12,167 psi 12,167 psi
(Percent of Allowable) (17.4%) (17.4%) (17.4%) (17.4%) (17.4%) (17.4%)
Maximum Hoop Stress 3,056 psi 507 psi 3,362 psi 812 psi 3,667 psi 1,118 psi
(Percent of Allowable) (4.4%) (0.7%) (4.8%) (1.2%) (5.2%) (1.6%)
Maximum Unity Check — 0.43 0.35 0.45 0.34 0.48 0.32

Tensile and Bending
Maximum Unity Check - 0.39 0.03 0.45 0.10 0.53 0.12

Tensile, Bending, and Hoop

As observed in this Table, the results of the HDD installation stress evaluation are within the allowable
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 an individual 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 bedrock
materials as a strong soil. Mott MacDonald have used this conservative approach to successfully
complete several HDD installations in similar bedrock materials.

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
practices, 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
MacDonald’s evaluation are provided in Table 6 below. These parameters have been selected based on
Mott MacDonald’s experience in drilling within similar anticipated geotechnical materials.
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Table 6: Assumptions used for hydraulic fracture evaluation

Evaluation Parameter Value
Pilot Bore Diameter 12-%1n
A Drill Pipe Diameter 6-% in
Drilling Fluid Pumping Rate 600 gal/min e
7D;illing Fluid Weight (Specific Gravity) 10.5 ppg (1.26)
Yield Point 19.5 1b./100 ft?
Plastic Viscosity 13 cP

In addition to the assumptions provided in Table 6, 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 Tables 7, Table 8, and
Table 9 for the varied subsurface materials that are anticipated for this crossing. For this evaluation, Mott
MacDonald assumes that the encountered subsurface material will be similar to that described in Section
2.0, namely, clay and decomposed bedrock overlying siltstone/sandstone bedrock.

Table 7: Material property assumptions for the medium stiff clay soils

Evaluation Parameter Value
Soil Unit Weight Above / Below Water Table 120 Ib.fft3 1 115 Ib./ft3
Effective Cohesion 1,000 psf
Internal Friction Angle 0°
?’ung’s Modulus 240,182 psf
Poisson’s Ratio 0.30

Table 8: Material property assumptions for the decomposed bedrock

Evaluation Parameter Value
Soil Unit Weight Above / Below Water Table 130 Ib./ft® / 135 Ib.fft?
Effective Cohesion 0 psf
Internal Friction Angle 22°
Young’s Modulus 449,037 psf
Poisson’s Ratio 0.30
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Table 2: Material property assumptions for the silistone/sandstone bedrock

Evaluation Parameter Value
Soil Unit Weight Above / Below Water Table 140 Ib./it3 { 145 Ib /2
Effective Cohesion - 4,500 psf N
_Internal Friction Angle : 6°
Young’s Modulus 751,875 psf
__;'oi-sson’s Ratio 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 hydrauiic fracture evaluation for the allowable
bore pressure within the bedrock, to account for assumptions incorperated into the design and
heterogeneity of the geotechnica! 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 below the
allowable bore pressure for the installation for the majority of the installation. Overall, the risk of a
hydraulic fracture or inadvertent return is relatively low for this crossing. Only in the vicinity of the exit
location does the required drilling fluid pressure exceed the allowable drilling fluid pressure. This area of
increased inadvertent return risk is considered normal within the HDD industry as the pilot bore is steered
upwards towards the exit location. In addition, there is an increased risk of an inadvertent return in the
vicinity of STA 5107+00 where the depth of cover is lowest.

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 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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Figure 1: 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 Wickecheoke Creek
Installation. 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 instaiiation length, as shown in Table 10 belcw. 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 instailation 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 the
limits of, or beyond, the current state-of-practice for the HDD industry.

Table 10: State of the HDD Industry

Installation Length
ProductPipe | 1,000m | 1,200m | 1,400m | 1,600m | 1,800m | 2,000m | 2,200m | 2,400m | 2,600 m | 2,800m | 3,000m | 3,500m | 3.750 m
Diameter 32811 | 3937f | 45031 5905ft | 6,562f | 7.218ft | 7.874# | 8530f | 9,186 | 98427 | 11483 | 12,303 ft

200mm(8inch) |16 [ g 1A -5 10 [ ) 0
250 mm (10inch) [ .9 i 1 i O s 1 0

300 mm (12 inch) 14 E 30 A 0 IEARE 4
350 mm (14 inch) 3 e B0 00 0 0
400 mm (16inch) |19 [ 4 Ahs [ R 0 0
450mm (181inch) [0 00 |7 i D 0
500 mm (20 inch) |77 8" L 1 P 1
600 mm (24 inch) [ 7 29 1918 4 12 2

750 mm (30inch) || T 2370 [T B A 1 5

900 mm (36 inch) |7 237 Eong 1 2 0
1050 mm (42 inch) | | 29 1 1
1200 mm (48 inch) 1 0

Colour Coding:
Within typical capabilities of industry. Multiple experienced contractors.

I: 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.

Itis 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 10 above, a few HDD installations have been successfully completed at or near a
diameter of NPS 36 for lengths similar to or longer than the horizontal installation length of approximately
3,309 feet, with a true pipe length of approximately 3,363 feet, required for this crossing. Therefore, from a
constructability standpoint, the Wickecheoke Creek Installation falls within the zone of limited experience
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of what has been accomplished to date within the HDD industry and will require an experienced HDD
contractor to undertake the work.

5.3 Geotechnical Risk Discussions

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 percentage of gravels by weight and particle size.
Only those particles that can be suspended within the drilling fluid can be removed from the bore.
Generally speaking, gravel-sized particles less than approximateiy 0.5 to 0.75 inches can be removed
from the bore, provided good HDD practices are followed. Particles 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. Gravel deposits containing large
particles were not observed during the geotechnical investigations.

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 Wickecheoke Creek installation, the rock
quality is typically greater than 60 percent based on the borings. Isolated areas of poor-quality siltstone
exist primarily at the soil/rock interface and improve in quality with an increase in depth. The poor-quality
bedrock at the transition zone of the soil/rock interface can cause both steering problems and borehole
instability, especially in a dry hole condition.

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,
horizontally to the face of a 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 geotechnical information available to date, the HDD installation has been designed within
favorable geotechnical materials to the extent possible.

5.4 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 circulation 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 should not be an issue. As observed in the hydraulic fracture evaluation,
loss of drilling fluids through the overlying soil is not anticipated for this crossing.
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The length of the pipe staging area is insufficient to fabricate the product pipe into a single string prior to
pullback operations and an intermediate weld will be required. The intermediate weld will require stoppage
of pullback operations for the new pipe segment is welded on. This stoppage represents a significant risk
to the installation because the bore is required to remain open much longer than would be required for the
installation of a single pipe string. In good quality bedrock that is anticipated for the Wickecheoke 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
which can make it harder to resume pullback operations due to the increased friction between the gelled
fluids and the product pipe. Start-up loads will increase when 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. Prior to pullback operations, a swab pass
sheould be completed to gauge whether the bere has been conditioned to accept the product pipe. Areas
of high torque and/or pull force should be re-reamed io lower the drill rig effort to pass tools through this
portion of the bore. The product pipe should be installed with the shortest section of pipe first with the
longest pipe section last to decrease the startup load on the pipe required to resume drilling operations. A
hydraulic thruster may be required to help push the pipe into the bore as the drill rig pulls.

The exit location is approximately 39 feet higher than the elevation of the entry location which will result in
approximately 18€ feet of dry hole above the rig elevation. Once the bore is advanced above the elevation
of the drilling iig it may be difficult to maintain a column of drilling fluid within the portion of the bore above
the elevation of the HDD entry location. Lack of a full column of drilling fluid to help support the portion of
the bore above the elevation of the lower drill rig can lead to instability and raveling of the bore within this
section. Boring B-54 indicates a layer of dense silty sand overlying dense decomposed bedrock along the
exit tangent. Risks of an unsupported bore in the site soils and poor-quality bedrock present a significant
raveling or bore instability risk.The density of this soil layer and the presence of fine grained soil constituents
(i.e. silt and clay) will help to reduce tendencies for raveling within this area. However, the HDD Contractor
will need to be prepared to deal with any bore instability and raveling in the event it becomes a significant
issue. The HDD contractor will need to pay attention to the swab pass to determine if any debris has
accumulated within the bore. This risk is common to HDD installations and can be managed appropriately
during construction.

With the elevation difference, the HDD Contractor will need to be prepared for flushing events that may
occur during the drilling process where uncontrolled flow of fluids flow out of the bore towards the lower
elevation HDD entry location. The HDD Contractor must be prepared to contain and capture these fluids at
the entry location. This can easily be accomplished with mud pumps, mud lines, and several storage tanks
on this side of the crossing.

During pullback operations, the HDD Contractor must provide injection of drilling fluids into the bore at the
HDD exit location (pipe entry location) in addition to the drilling fluids injected through the pulling assembly.
These fluids are necessary to reduce the potential damage to the pipe coating from being pulled through a
dry hole.
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6 Summary

For the Wickecheoke Creek installation, geotechnical risks have been acknowledged, but no fatal
deterrents have been identified within the alignment. Based on the required instaliation length and
diameter, the HDD contracting community in North America has successfully completed a limited number
of HDD installations of similar lengths.

While not anticipated, if an attempted HDD installation is unsuccessful, the proposed HDD alignment
could be modified using the same HDD entry/exit locations to accommodate an additional HDD attempt,
depending on the condition that resulted in 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 Wickecheoke Creek HDD installation. 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.
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Appendix A

HDD Plan and Profile
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Appendix B

Geotechnical Boring Logs
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SOIL/ROCK BORING LOG LEGEND

USCS Group Symbol

Minor Components

UNIFIED SOIL CLASSIFICATION SYSTEM AND SYMBOL CHART Description Criteria
COARSE-GRAINED SOILS FINE-GRAINED SOILS 20=307% Some
(more than 50% of material is larger than No. 200 sieve size.) (more than 50% of material is smaller than Mo, 200 sieve size.) 10-20% lictle
Clean Gravels (Less than 5% fines) Inorganic silts and very fine sands, rock 1-10% trace
Gw Well-graded gravels, gravel-sand ML flour, silty of clayey of clayey fine sands
. mixtures, little or no fines SILTS or clayey silis with slight plasticity Infilling
ravels Inorgaaic clays of low to medium
Poorly-graded gravels, gravel-sand CLAYS BUC CTaY: =
MUR; l:ziszovn GF n)'l'i.ftrureS, ﬁ;ﬂ:‘:): n%)!;nes Liquid limit L p'l aslicity, gravelly clays, sandy clays, Descrlptwn Symbol
- oﬁc ; less than 50% silty clays, lean clavs Clay CL.
READN IESE Organic silts and organic silty clays of <
thanN.4 OL | ow plasticity Silt ML
sieve size i — - Qand SD
Gravels with fines (mare than 12% fines) Inorganic silts, micaceous or a1
TS i i i 1
GM Silty gravels, gravel-sand-silt mixtures SIL, ND MEH g;:;?::icl?: us fineisandy g sttty Caleite CA
: CLAYS e Carbonate C
Go Clayey g:av;:f; g;xs el-sand-clay Liguid limit cH = :;Eamc clays of high plasticity, fats Dolomite DO
50% T
or greater OH Organie clays of medium to high Gypsu - ale GY
Clean Sands (Less than 5% fincs) plasticity, organic silts Hematite HE
; HIGHLY Limonite L
Well-graded sands, gravelly sands, little 3 . R
mrfit:‘afsn% W or o fings Olégﬁljslc PT Peat and other highly organic soils Quartz Qz
of coarse = Delermine percentages of sand and Gravel from srain 57 . Depeadi Chlorite CH
fraction larger SP Poarly gra[dgl sands, gm vellysands, | ;msn:.«_gz of fines (:::inn: smallcr than No. 200 sieve ;;[.;v; pradine TPynite PY
than N.4 ittie ormo fines coarse-graiaed soils are classified as follows: iymle
Seve st Sands with fines (More than 12% fincs) Tron Oxide Stammg FE
: T LSS thAl 5 PEECERE -.ovpusussssmsssis isssrinscscnessansommmmssnssssssenss GW, GP, SW, SP Stylolite ST
SM Silty sands, sand-silt mixtures Mufc oy 15‘:::“"' M. GO 5 50 Ly’ : =
5to 12 percent Borderlne ¢ases reguising dual symbols Not Determined
sC Clayey sands, sand-clay mixtures None N
Healed H
Weathering of Rock Mass Discontinuity Spacing
Description Symbol Criteria l Grade Description Symbol Spacing (in.)
Fresh R No visible 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 25-80
Slightly L discontinuity surfaces. All rock material may be I Moderate M 8 _ 24
‘Weathered discolored by WEﬂtht.!ri}?lg and may be_: _somcwhat weaker Wide W 24 — 30
than e;ten;ﬂﬂy than in its fresh .con.d.ltmn. Very Wide W 80— 24
o — L'cs's than half of ﬂ_m rock mater.xal is dacompnsed and/or Extremely Wide W >240
Weathered M disintegrated to soil. Fresh or discolored rock is present I
either as a continuous framework or as corestones. Sgacing Type
Highly MOIIE than half of th_r: rock matene.a.l is decompcsgd and/or Descripion | Symbal Spacing in)
Weathered H disintegrated to a soil. Fresh or discolored rock is present v Joint i A natural fracture along which no displacement has occurred. May occur in
either as a discontinuous framework or as corestones. parallel groups called sets.
Completely c All rock material is decomposed and/or disintegrated to % Bligar 5 ’}_"E"‘m_i‘ﬁ:m"e f’]:’f which differential movement hes occurred, Maybe
= 3 e - 3 shickensided or stmate:
Weathered soil. The ung;lpal mass structure Iefnams largely intact. Fault F A natural fracture along which displacement has occurred. Usually lined with
All rock material is converted to soil. The mass structure gouge 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.
idual Soi . . L ine o i H
in volume, but the soil has not been significantly Bedding Joine B | Joints that oceur along bedding planes.
- - Foliation Joint FJ Joints that occur parallel to the foliation of a rock mass.
AIporied. Shear Zone SZ Zone of fractured rock and gouge bordering the displacement plane.
Field Strength* Roughness
Approx. Range of ste;:zznnedlate Scale . Symbaol e Small Scale = Symbol
_— e R i o
Description Criteria Grade Uniaxial Cnmpr?sswe Undulating T ST oy
. Strength (psi) Planar g Slickensided K
Extremely | Indented by thumbnail. RD 40— 150 Not Delermined X Wavy Wa
Weak Not Determined | X
Very Weak | Crumbles under firm blows with point of geological Rl 150 - 700
hammer, can be peeled by a pocket knife. z . . i F
Woak | Can be pocled by a pockef knife with ifficulty, 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 | No visible sign of weathering on the rock discontinuity
Medium Cannot be scraped or peeled with a pocket knife, surfaces.
Strong specimen can be fractured with single firm blow of R3 4,000 — 7,000 Discolored DS | Discoloration of rock material discontinuity surfaces.
geological hammer. Degree of discoloration and specific discolored mineral
Strong Specimen requires more than one blow of geological — m’,mﬁm?m (ifappheable) indicated.
S — R4 7,000 — 15,000 Disintegrated DG | Discontinuity surface rock material is weathered to a soil
= : 2 = with the rock material fabric intact. Rock material is
Very Specimen requires wany, blows of geological RS 15,000 — 36,000 friable, but the mineral grains are not decomposed,
Strong hamr.ner to fracture it. _ _ _ Decomposed DE | Discontinuity surface rock material is weathered to a soil
Exiremely | Specimen can only be chipped with geological RE 36,000 with the rock material fabric intact and with some or all
Strong hammer. ! mineral grains decomposed.
F p
Aperture
Description Symbal Aperture (in.)
Very Tight VT <0.004
Tight* T 0.004 —0.010 “Closed”™ Features
Partly Open PO 0.01-0.02
Open** 0 0.02-0.10
Moderately Wide MW 0.1-0.4 “Gapped” Features
Wide W >04
Very Wide W 04-40
*Note: The Uniaxial Compressive Strength ranges are approximate; therefore, a geotechnical engineer Extremely Wide EW 4.0-40.0 “Opea” Features
should be consulted for verification of rock strength. Cavernous CA >40
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e s ™ i BOREHOLE LOG GRAPHIC LEGEND
Project: PennEast Pipeline Project Project No.: 353754
Location: Wick Creek, Stockton, NJ Project Manager: Vatsal Shah
Client: PennEast Pipeline Project Director: Michael Wilcox

Soil Log Graphic Legend

CL: USCS Low Plasticity Clay

) \ ML: USCS Silt

Rock Log Graphic Legend

A7
777 MUDSTONE - Mudstone

SILTSTONE - Siltstone

KEKKXX
KK XK X

DECOMPOSED ROCK: Decomposed
Rock

SM: USCS Silty Sand

SANDSTONE - Sandstone

GM: USCS Silty Gravel

17| TOPSOIL: Topsail

SHALE - Shale

i

/. Ground Water Level

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

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




MOTT BORING NO.:
Page 1 of 2
Project: PennEast Pipeline Project Project No.: 353754
Location: Wick Creek, Stockton, NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Thileepan Rajah/ Kvle Hansen
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: March 28, 2018 at 12:40 pm
Driller/Helper: _Nick Beehler /Miles Neipert Date/Time Finished: _Aoril 1, 2019 at 2:30 pm
Elevation: 303 ft. Vertical Datum: NAVD 1988 Boring Location: Adjacent to powerline ROW approx. 550' southeast Coord.: N: 40.43553 E: -74.97302
Item Casing | Sampler [Core Barrel| of Rosemont - Ringoes Road Horizontal Datum: NAD 1983
Type Hw S5 NQ2 Rig Make & Model: CME-55LC Hammer Type Drilling Fluid Drill Rod Size:
Length (ft) 5 2 5 O Truck [ Tripod O Cat-Head [ Safety [J Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 O ATV (] Geoprobe |M Winch [ Poughnut O Polymer Mud Rofa
Hammer Wi. (Ib.) 140 140 - M Track [ Air Track | ™ Roller Bit ' Automatic M Water L4
Hammer Fall (in.} 30 30 - [ Skid | [ Cutting Head ] ] None
. " i T Field Tests
Depthy | Sample Shiila uses Visual - Manual Identification & Description =
Eigv No. / Rec. Blovi:s Stratum Griity (Density/consistency, color, Group Name, | 8 = Barviaiks
) * | Interval | (in) ar g | Graphic| o mbgl constituents, particle size, structure, moisture, g £lZ 2
(ft) p Y optional descriptions, geologic interpretation, Symbaol) 5(2| 8]
(=1 B = i s
541 14 2 ML Medium stiff, reddish brown SILT, trace Clay, dry (ML) -
3
0.0-2.0
= 4 J 3
5
P 3207
e &
L ]
[ S2 14 11 SM Medium dense, dark brown Silty medium to fine SAND, moist {SM) = |-1-] - | Installed 4 inch Casing at 5 feet BGS
5.0-7.0 10
= 4 1"
10
0 S-3 16 13 SM Dense, dark brown Silty medium to fine SAND, trace fine Gravel, moist =1-1-1-
(SM™)
10.0'- 17
- 1 120 15
17
B 2807 l:.
el o bes o
™ 54 12 8 . Dense, reddish brown DECOMPOSED ROCK with Silt, moist - | =] -| - | Installed 4-inch casing at 15 feet BGS
15.0'- 12 .
- 1 170 13
16 .
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: 5 PP = Pocket Penetrometer -
Date | Time | Time | Bot. of [Bottom[ ,, 7| O  Ope End Rod TV = Torvane
(hr) | Casing | of Hole T Thin-Wall Tube
U  Undisturbed Sample
§ Split Spoon Sample
G Grab Sample Boring No.: B-54
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 diameral 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 D2488B.




BORING NO.:
MOTT
i SOIL BORING LOG B-54
MACDONALD M d
(continued) Page 2 of 2
Sampl Visual - Manual Identification & Descripti il Testa
ample isual - Manual Identification escription
Depth/ No. / Rec. Sample Stratum UsCs (Density/consistency, color, Group Name, B %
Elev. Int i : Blows .| Symbol ? il el " ist zlel=| & Remarks
(") nterval (in) per 6" Graphic Group constituents, particle size, structure, moisture, s5lEl2i&
(ff) optional descriptions, geologic interpretation, Symbol) 5|3 8|2
ol |o
55 20 25 e Dense, reddish brown DECOMPOSED ROCK, trace Silt, dry -l-1-1-
20.0- 1
- 1 220 24
30
= 280 .
- 8
S-6 1" 2 Very dense, reddish brown DECOMPOSED ROCK fragments, dry =l1-1-1-
25.0 o %
B 1 270 .
0 . 30.0
B |
L a5
L 0
= 280
| 45
NOTES: PP = Pocket Peneiromeler PROJECT NO.: BORING NO.:
TV = Tonane s
353754 B-54
NOTES: 1.)"ppd" denotes soil sample average diametral pocket penetrometer reading. _2.) "ppa" denotes soil sample average axial packet penstrometer 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.




MOTT M BORING NO.:
MACDONALD M CORE BORING LOG B"54
Page 1 of 4
Project: PennEast Pipeline Project Project No.: 353754
Location: Wick Creek, Stockton, NJ Froject Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Thileepan Rajah/ Kyle Hansen
Drilling Co.: Craig Test Boring Co., Inc Date/Time Started: March 28, 2019 at 12:40 pm
Driller/Helper: _Nick Beehler /Miles Neipert Date/Time Finished: _April 1, 2019 at 2:30 pm
Elevation: 303 ft. Vertical Datum: NAVD 1988 | Boring Location: Adjacent to powerline ROW apprax. 550 southeasy R :
ltem Casing Core Barrel Core Bit of Rosemant - Ringoes Road Gioord:: HZA0MS555 Ertedarsns
g
Type HW NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method: Wireline
Length (ft) 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 Denth Run/| Rec | RQD Stratum (Rock type, colour, texture, weathering, Dt Discontinuities
Elev. |Rate (f% (Box)f (in./ | (in/ | RockCore |3 =10 field strength, discontinuity spacing, (‘;tp) Remarks
(ft) (min No. | %) %) optional additional geological observations) = (Ses Legend for Rock Description System)
) Hard. [Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip | Rgh |Wea|Aper| Infill
30.0 XX SILTSTONE, reddish brown, fine grained, highly nstalle ee
167 8% weathered, very weak, closely spaced discontinuities of Casing
X X % 30'-35' Fractured zone
— X X X
X X X
X X X
1.58 ol
X X X
B X X X
X X X
59 4
1.83 R-1 08% 7% R1 H § i i
o 210 X X X
X X X
X X X
3.33 X X X
X X X
= X X X
X X X
413 X X %
X X X
35.0 X X X
|—as
35.0 ks SILTSTONE, redeiish brown, fine grained, highly Low water retum
75 i o % weathered, very weak, very close spaced 35 feet BGS
K X X discontinuities No water return
3 X % x 35' - 36.2' Fractured zone 35.75 to 40 feet
X X X BGS
X X X
5.9 % % x
X X X
I~ X X X
15 0 Rl
5.1 R2 | o5 | oo | R H X X :
= X X X
X X X
X X X
S X X X
X X X
= xOX X
x X X
48 X X X
X X X
40.0 X X X
|—a0
400 § ; ;g SILTSTONE, reddish brown, fine grained, moderately No water retum
375 o weathered, very weak, very close to close spaced 40 to 45 feet
. discontinuities BGS
X X X
- X X x 40' - 41.9' Fractured zone
X X X
X X X
27 X X X
X X X
T X X X
X X X
26 R3[|, 1 18 1 R | M |xxx
100% | 22% X X % ,
X X % 42.65' - 45' Fractured zone
™ 2 X X %
X X X
3 X X X
X X X
- X X X
X %X X
29 X %X
| - 450 X X x
450 ool SILTSTONE, reddish brown, fine grained, moderatsly
34 X X X weathered, weak, very close to close spaced
) X %X % discontinuities
| X X X 45' - 46.3' Highly fractured zone
X X X
31 X X X
- X X X 4645 | J |50 |PR|FR|PO| N
X X X
; ol 400 | 4 |20 |PrR|FR|Po| N
56 7
X X
L R | oag 289 | B2 | M |2 %X
= X X X
X X X
X X X
2 X X X
X X X 48.60 J 25 |IPSm| FR | PO | N
— X X X
- X X X
X X X
1.6 el
50.0 X X X
Water Level Data Notes:
Elapsed Depth in feet to:
Date Time | Time | Bot. of | Bottom Water
(hr) | Casing | of Hole
Boring No.: B-54




BORING NO.:
MOTT M
MACDONALD M CORE BOR'NG LOG B-54
(continued) Page 2 of 4
Avg Visual Identification, Description and Remarks
Depth/ |G Run/| R RQD (Rock i tp Di tinuitie
epf ore un/ | Rec. ock type, colour, texture weathering iscon S
Depth ) . Stratum ! i i o ; ! Depth
Elev. [Rate (f?) (Box) (laﬂ,ﬂ' (Ln.i Rock Core Graphic field strength, discontinuity spacing, (ﬁ?) Remarks
(ft) (?; n No. | %) | %) optional additional geological observations) {Sea Logend for Rock Deseriplion System)
) Hard. [Weath Type | Dip | Rgn [WeaAper] il
50.0 XoxTX SILTSTONE, reddish brown, fine grained, slight!
X X X ¢ ¥
15 X X X weathered, medium strong, very close to moderate
X X X spaced discontinuities
- X X X
Sk s090 | J |25 |PR|FR|PO| N
Fe) X X X
X X X 5150 | J |20 |[PSm|FR|PO| N
L X X X
X XX 51.95' - 54.4' Sub-vertical fracture
19 rs| 7| 7 | re | s |x x x
95% | 62% e e
L ® X X
= X X X
X X X
1.6 X X X
X X X
B X X X
X X X
23 X X X
X X X
| 55.0 % %
55.0 Ix% SILTSTONE, reddish brown, very fine to fine grained,
13 X % % slightly weathered, medium strong, very close to
X X X moderate spaced discontinuities
= X X X 5583 | J |20 |RR|FR|PO| N
X X X
X X X
14 ool o 5635 | J 15 |Psm|FR| T | N
- §§§ 56.82 | J 10 |psm|FR| T | N
57 | 37 vl o
“ R6 | oger | gz | B3| SE |22 % 57.4' - 58.15' Fractured zone
= X X X
X X X
X X X
1.3 S
X X X
B X X X 5890 | J 10 [Psm| FR [ PO | N
X X X
2.2 X X X
X X X
50 60.0 X X X
60.0 i ; ;( SILTSTONE, reddish brown, fine grained, slightly
19 X X X weathered, strong, very close to moderate spaced
¥ X % discontinuities P J sic e B | w
| X X X . Sm | ER
X X X
14 Xr s1as | J |20 |psm|FR| T | N
n 4 1 X X X
xxx 62' - 62.75' Sub-vertical fracture
15 r7| 80 | 18 | gy | s | x x
: 100% | 22% R R
| sin X X X 62.75' - 68.12' Fractured zone
X X X
K X X
15 X X X
X X X
- X X X
X X X
2.4 X X X
X X X
. 65.0 %o
650 ook SILTSTONE, reddish brown, fine grained, slightly
13 %% e weathered, medium strong, very close to close spaced
X X X discontinuities
B X X X 65' - 66.8' Fractured zone
X X X
X X X
22 X X X
o e f( i : gs80 | J |15 |PsmiFR| O | N
25 re| 57 |08 | ra | s [X XX : -
£ 8 | g5o | 27% L 67.35' - 68.12' Fractured zone 6735 | J [ 10 |[UR|FR| O | N
¥ X X
- N I— X X X
X X X
33 X X X
: xa X 6847 | J |15 |PR|FR|PO| N
X X X
L 4 X X X
X X X
26 x X X 69.27 J 10 |P,Sm| FR | PO | N
X X X
| 1 70.0 X % X
70.0 552 SILTSTONE, reddish brown, fine grained, slightly
17 X X X weathered, medium strong, very close to close spaced
X X X discontinuities 7060 | 4 | 5 [ssm|FR|PO| N
- X X X
X X X
X X X
16 X X X
X X X
[~ X X X 7183 | J |15 |PSm{FR|PO| N
60 | 25 5 X
18 RO | qo00 | aze | RO | SH X X X - .
. *K X X
2 X X X
X X X
1.9 X X X
X X X
K X X X 73.70 J 15 |[PSm| FR | T N
X X X 7406 | J |10 psmlFR| T | N
2 X X X
X X X
750 X X X
NOTES: PROJECTNO.: 353754 Boring No.: B-54




MOTT BORING NO.:
o T CORE BORING LOG B-54
(continued) Page 3 of 4
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. [ RQD (Rock type, colour, texture, weathering Discontinuities
Depth " N Stratum ! 27 bl Z * Depth
Elev. |Rate {eﬁp) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (ﬁp) Remarks
(f) | (min No. | %) | %) optional additional geological ohservations) : (See Legend for Rock Descriglion Syster)
) Hard. |Weath Type | Dip [Rgh |Weal|Aper| Infill
75.0 X 0 x SILTSTONE, reddish brown, fine grained, slightly
1.4 i i § weathered, medium strong, close to moderale spaced
X X X discontinuities
- X K ¥
X X X
e X% x 7635 | J |30 |psm|Fr| T | N
X X X
B X X X 7690 | J | 35 |PR|FR|[PO| N
60 27 el eEs 7720 | J |10 |Psm|FR| T [ N
1.9 R0 10000 | azes | R3 | SL >)§ g
B X % % 72| J |20 |UR|R| TN
X X X 7785 | J |45 |PR|FR| T | N
X X X
1.8 X X X
X X X 7870 J 20 [PSm|{FR| T | N
B i >>: § 7895 | J |25 |Psm|FR| T | N
1.8 = : ;
o0 80.0 X X x
80.0 i ; ; SILTSTONE, reddish brown, fine grained, moderately
15 < ¥ % weathered, weak, very close to close spaced
X X X disconiinuities
- X X X 80' - 81.8' Fractured zone
% %
X X X
09 X X X
- il ks 81.8'- 82.4' Clay seam
54 | 6 XX
08 RAT) 9o | 10% | R2 M § ; ; 82.4' - 84.45' Fractured zone
=] X X X
220 X X X
X XK X
13 X X X
X X X 8360 | J | 40 |Psm|FR|PO| N
= X X X
® K X
1.8 X X X
850 % % x
—as
85.0 ol SILTSTONE, reddish brown, fine grained, slightly
15 % % % weathered, medium strong, very close to moderate
’ X % % spaced discontinuities
& 235 85.9'- 86.7 Fractured zone
X X X
21 X % %
X X X 8670 | J | 30 |PSm|FR|PO| N
B X X X
X X X
56 31
e X X X
28 RAZ| o3% | sow | B3 [ St X X X ar50 | 4 |25 [PR|FR|PO| N
- X X X
X X X
X X X
14 X X X
X X X
- X X X 8888 | J | 40 |PSm|FR|PO| N
X X X
1.8 X X X
%
o 90.0 Z o
90.0 ;g § § SILTSTONE, reddish brown to gray, fine grained,
21 X % % slightly weathered, medium strong, very close to
’ X X X moderate spaced discontinuities
| X X X 80.45" - 92.05' Fractured zone
XK X
X X X
12 X X X
X % x
| X X X
X X X
60 27
1.5 R-13 R3 SL [x x X
100% | 45% X X X 92.55" - 93.5' Fractured zone
- X ¥ %
210 X X X
& X M X
L o 9350 | 4 |10 [Psm|ER | PO | N
| x X X
X X X
X X X
1.8 S
o 95.0 X X X
95.0 § ;‘ 2 SILTSTONE, reddish brown ta gray, fine grained,
1 X X % slightly weathered, medium strong, very close to
X X X moderate spaced discontinuities
| X ® % 9587 | J |40 |PR|FR| T | N
® X XK
X X X
11 ® % ox
R s 9580 [ J |15 |PR|FR|PO| N
X X X
80 | 42 G
17 R-14 100% | 70% R3 SL iz N .
= § i i 9783 | 4 |15 |PSm|FR PO | N
X % %
22 X X X
X X X
= X X X
X X X
® %R
19 X X X
100.0 X X x| 100.0
NOTES: PROJECT NO.: 353754 Boring No.: B-54




MOTT M

CORE BORING LOG

MACDONALD 7
(continued)
Avg Visual Identification, Description and Remarks
Depth/ |Core Depth Run/ (Rock type, colour, texture, weathering,
Elev. |Rate () (Box) field strength, discontinuity spacing,
(ft) (:,?1')“ No. optional additional geological observations) (See Legend for Rock Descrplion System)
End of boring at 100 feet BGS
Borehole grouted with cement and bentonite holeplug.
B 2007
105
—110
B 1807
—115 o
120 A
B 1807
NOTES: PROJECT NO.. 353754

Boring No.: B-54
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MOTT M PennEast Pipeline Project BORING NO.:

MACDONALD M Rock Core Photographs B-54
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BORING NO.:
B-54




Figure B-54.5
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BORING NO.:
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MOTT M PennEast Pipeline Project BORING NO.:
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BORING NO.:

naenaiaie M W SOIL BORING LOG B-55
Page 1 of 1

Project: PennEast Pipeline Project Project No.:

Location: Wick Creek, Stockton, NJ Project Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: Kyle Hansen

Drilling Co.:

Driller/Helper: _Nick Beehler /Miles Neipert
Vertical Datum: NAVD 1988

Elevation: 261 ft.

Craig Test Boring Co., Inc.

Date/Time Finished:

Date/Time Started:

_April 2, 2019 at 12:00 pm

April 4, 2019 at 5:00 pm

Boring Location: Adjacent to powerline ROW approx. 1100’ southeast

N: 40.434275 E: -74.971819

Item Casing | Sampler of Rosemont - Ringoes Road Horizontal Datum: NAD 1983
Type HwW SS Rig Make & Model: CME-55LC Hammer Type Drill Rod Size:
Length (ft) 5 2 [ Truck O Triped [ Cat-Head [ Safety Casing Advance
Inside Dia. (in.) 4 1.375 O ATV [0 Geoprobe | Winch O Doughnut Mud Rota
Hammer Wt. (Ib.) 140 140 ™ Track [0 Air Track | M Roller Bit ™ Automatic i
Hammer Fall (in.) 30 30 [ Skid O [ Cutting Head |
Sample Visual - Manual Identification & Description
Dé‘;gi,h" No. / Rec. S;an;:;e (Density/consistency, coler, Group Name, NEAN El RerTaeS
(ft)- Interval (in) er 6" constituents, particle size, structure, moisture, g £|Z %
(ft) P aptional descriptions, geologic interpietation, Symbol) E(F8]|
ojlF|oa{o
S-1 19 2 Very stiff, reddish brown SILT, trace coarse to fine Sand, moist (ML) S| LINP|L|PP=40tsf
0.0-2.0 4
2501 12
12
| = ;
5-2 14 6 Stiff, reddish brown SILT, with coarse io fine Sand, trace coarse to fine PP =1.0 tsf
4 Gravel, moist (ML)
5.0-7.0'
J 5
7
10 S-3 16 49 Hard, reddish brown SILT, with coarse to fine Sand, trace coarse to fine
56 Gravel, moist (ML)
10.0-
m0 12.0' 64
87
e sS4 9 60 . Very dense, reddish brown DECOMPOSED ROCK fragments, moist
. 5003 j
1 170
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer
Date | Time | Time [ Bot. of ©  Open End Rod TV = Torvane
(hr) | Casing T Thin-Wall Tube
4319 | 8:30 : 4.0 U Undisturbed Sample
4/419 | 8:30 - 40 : P
/519 | 900 - 4.0 S Split Spoon Sample
G Grab Sample Boring No.: B-55
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.

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

2.) "ppa" denotes scil sample average axial pocket penetrometer reading.

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




BORING NO.:

MOTT M
MACDONALD M CORE BORING LOG B-55
Page 1 0f 9
. Project: PennEast Pipeline Project Project No.: 353754
Location: Wick Creek, Stockton, NJ Project Mar: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Kyle Hansen
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: April 2, 2019 at 12:00 pm
Driller/Helper: _Nick Beehler /Miles Neipert Date/Time Finished: April 4, 2019 at 5:00 pm
Elevation: 261 ft. : Vertical Datum: NAVD 1988 | Boring Location: Adjacent to powerline ROW approx. 100" southedStgagr.:  N: 40434275 E: -74.971819
Item Casing Core Barrel Core Bit of Rosemont - Ringoes Road
Type HW NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method: Wireline
Length (ft) 5 5 3.25 Rig Make & Model: CME-55L.C
Inside Dia. (in. 4 2.0 2.0
Avg Visual Identification, Description and Remarks
Depth/ |Core Denth Run/| Rec | RQD Stratum (Rock type, colour, texture, weathering, Denth Discontinuities
Elev. |Rate (ff) (Box)| (in./ | (in/ | RockCore |~ raphic field strength, discontinuity spacing, (ﬂp) Remarks
(f) | (min No. | %) | %) optional additional geological observations) g (525 Lagend for Fack Gescriplon System)
7 ) Hard. [Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip | Rgh [Wea|Aper| Infill
= 16.0 XHX SILTSTONE, reddish brown, fine grained, highly
26 i i = weathered, weak, very close to close spaced
VA X X X discontinuities
== ®ONx 16" - 20' Fractured zone
X X X
X X X
18 % Sihe
48 0 X X X
- R-1 3 R2 H X X X
100% | 0% g
2 X X X
X X X
- X X X
iv4 X X X
X X X
= 3.8 X X X
20.0 X X R
—20 x X X = 2
20.0 X X X SILTSTONE, reddish brown, fine grained, moderately
35 X X X weathered, weak, extremely close to close spaced
X X X discontinuities
= o X X X 20' - 22.35' Fractured zone
X X X
X X X
4.5 X X X
X X X
= X X X
59 15 e
X X X
18 R2 1 ggo | 25% | ™2 | M Ix x x
X X X
B X X X 22.85 J 35 |[PR|DG| T | N
X X X
15 R e 2320 | 4 |30 |PR|[DG|PO| N
X X X
B sl 2365 | J | 20 |PSm| FR | PO | N
X X X
X X X 24.07 J 25 |UR|DG| O N
11 X X X
. 25.0 g 24.7' - 25' Fractured zone
25.0 X X X SILTSTONE, reddish brown, fine grained, highly
4.4 X X X weathered, weak, very close to close spaced
X X X discontinuities Na water return
- X X X 25' - 25.6' Highly weathered Clay seam 29.5 to 30 feet
X X X 25.6' - 28.9' Fractured zone BGS
X X X
4.9 X X X
X X X
..  — 53
59 16 g
X X X
B R3 L agn |z | 2| H |x x x
XXX
I X X X
3%
5.6 X X X
X X X
= X X X 2875 | J | 25 |PR|FR| O | N
X X X
X X X
171 X X X 29.35 J 45 |PR|FR | PO [ N
30.0 X X X
L 30 X X X . . ;
30.0 X X X SILTSTONE, reddish brown, fine grained, moderately
2.4 X X X weathered, weak, very close to close spaced
X X X discontinuities
X X X ' ' Hi
- 53 o e 30.75' - 31.88' Highly fractured zone
X X X
2 X X X
X X X
. X X X
59 27 a5
X X X
1.4 R4 | azo; | 459 | R2 [T [l e 3230 | J |30 |PsSm|FR|PO| N
X
4 BaE 32.8' - 34.3 Highly fractured zone s28e | 4 |15 |er|mr|Po| N
X X X
1.7 X X X
X X X
| X X X
X XK X
X X X
14 X X X
350 X X X
—35 X X X . )
35.0 X X X SILTSTONE, reddish brown, fine grained -slightly
21 X X X weathered, medium strong, very close to moderate
X X X spaced discontinuities
X X X H i 1t
Water Level Data Notes:
Elapsed Depth in feet to:
Date Time | Time | Bot. of | Bottom
(hr) | Casing | of Hole | V3t
4/3/19 8:30 - 4.0 25.0 16.1
4/4/19 8:30 = 40 90.0 16.9
4/5119 9:00 - 4.0 220.0 19.5
Boring No.: B-55




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B'55
(continued) Page 2 of 9
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weatherin Discontinuities
Depth : 3 Stratum ! ik s ering,
Elev. |Rate (ff'? (Box (Ln..' {1nn..' Rock Core Graphic field strength, discontinuity spacing, D(?tp)th Remarks
(f) (I;I'f1t|)r\ No. | %) | %) optional additional geological observations) ' {See Lagend for Rock Descripion System)
Hard. [Weath Type | Dip | Rgh |Weal|Aper| Infill
X X X
X X X
23 X X X
X X X 3655 | J [20 |UR|[FR|PO| N
B X X X
& % X X X 37.00 | J 15 (UR|FR| O | N
X X X
22 RS | q00m | 0% | B3 | SL % x x
X X X
I~ X ® X
X X X
1.9 X X X
X X X
B X X X 3868 [ J 10 ([UR|FR|PO| N
X X X
54 X X X
s §:§ 3950 [ o |40 |uR|FR|PO| N
—40 X X X ) . .
40.0 X X X SILTSTONE, reddish brown, fine grained, slightly
18 X X X weathered, medium strong, close to moderate spaced
X X % discontinuities
- 220 X X X Calcareous inclusions throughout
X X X
5 X X X 4110 [ J |20 |PR|IFR| T | N
; X X X i
R 4145 [ J | 15 |PSmI FR[PO| N
- X X X
60 37 sl
X X X
18 RE | 100% | e2% | B | St [x x x
X X X
= X X X
X X% X 43.13 J 35 |PSm|FR| T N
1.8 X X X
X X X
- X X X
X X X
17 iii 4425 | 4 |15 |UR|FR|[PO| N
45.0 X X X
| a5 X X X
45.0 X X X SILTSTONE, reddish brown, fine to very fine grained,
26 X X X slightly weathered, medium strong, very close to
X X X moderate spaced discontinuities
= : § § Calcareous inclusions throughout
X X X 48.10 J 25 |PSm|FR| T N
a5 X X X
| ikl 4670 | 4 |15 |PrR|Ds|PO| N
59 40 S
a8 R7 R3 | sL XXX
9%% | 67% oz 4155 [ 4 |40 |PR|FR|PO| N
B X X X
=00 4797 | J |so |PR|FR| O | N
36 X X X
X X X
| X X X
X X X
43 ol 4930 [ 4 | 20 |psm| PR | PO | N
50.0 X X X
—50 X X X ) .
50.0 X X X SILTSTONE, reddish brown, fine grained, fresh,
X X X medium strong, close to moderate spaced
3.5 P
X X X discontinuities
X X X i ii
L S 2Lz Calcareous inclusions throughout T i [ 1olugler]| T |
X X X
3.6 X X X
X X X 5155 [ J |60 |PRIFR| T | N
- X X X
59 53 x5
X %X %
3.8 R-8 o8% | 88% R3 FR X X X
X X X
B X X X
X X X
37 % % 5320 | J | 40 |PSm|DS |PO| N
X X X
- X X X
X X X
X X X
4.1 X X X 5438 | J | s0 |UR|FR|PO| N
55.0 X X X
|—55 X X X .
55.0 X X X SILTSTONE, reddish brown, very fine grained,
33 X X X moderately weathered, medium strong, very close to
X X x close spaced discontinuities
= X X X 55.55' - 56.15' Highly fractured zone
X X X
X X X
36 X X X
X X X
- X X X
- X X X
34 R9 8?52/0 g | RE | M O[3 %% stas | 4 |45 |PR|FR|PO| N
| X X X 57.7' - 58.4' Highly fractured zone
X X X
X X X
6.5 X X X
X X X =
E X X X
X X X
X X X
59 X X X
60.0 X X X
|—60 X X X :
80.0 X X X SILTSTONE, reddish brown to gray, very fine grained,
31 X X X slightly weathered, medium strong, extremely close to
’ : § § F_:\Eose spaced disc_nnﬁnuitiesﬂh ; 6058 | 4 20 [Pem| R T | N
LIGNOL
NOTES: PROJECT NO.: 353754 Boring No.: B-55




BORING NO.:
MOTT M
MACDONALD M CORE BORING LOG B-55
(continued) Page 3of 9
Avg Visual Identification, Description and Remarks B
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture weathering iscontinuities
Depth ) : Stratum pe, 5 I ering. Depth
Elev. Ra_te ‘;.E) (Box) (|nnJ (Iul’l.f Rock Core Graphic field strength, discontinuity spacing, (?‘tp) Remarks
(ft) (Ttm No. | %) | %) optional additional geological abservations) (Ses Legend for Rock Deccripton System)
s Hard. [Weath Tvpe ] Dip [Ran [WealAper] Infil
" S3z 6108 | J |20 [PsmlFR| T | N
33 X X X
X X X
- +— X K X 61.75' - 63.2" Highly fractured zone et7s | 4 | 20 |pr|FR|Po [ N [Shortlossof
X
51 28 X X X -9 leel
2 RAO| gooy | a7s | B3 | SU % x X
X X X
B X X X
56 rEE 63.2 - 63.8' Sub-vertical fracture
X X X gas0 | J |75 |PR|FR|PO| N
- X X X
X X X
X X X
2 X X X
o5 65.0 X X X| @50
65.0 SHALE, gray, very fine grained, fresh, medium strong, Water color
i5 very close to moderate spaced discontinuities change from
5 reddish brown to
= gray at 66.5' BGS
6614 | J | 20 |PSm| DS | PO | Fe
18
54 46 6720 | J | 35 |usm| FR|PO| N
16 R-11 a0% | 77% R3
B 6795 | J | 20 [Psm|FR|PO[ N
1.8 35 - 69.25' Sub-vertical fractu : 5 | a5 |pr|os]ro No water retum
68.35' - 69.25' Sub-vertical fracture 68.38 Fe 595 to 70 feet
. (A BGS
gago | J | 20 |psml Ds | PO | Fe
32
0 70.0
70.0 SHALE, gray, very fine grained, slightly weathered,
26 medium strong, very close to moderate spaced
discontinuities
= i 70.5' - 71.85' Fractured zone
25
i — 7185 | 4 | 25 |PSm|FR| O | N
60 32
17 R12| 400% | 5a% | 2
B 72.75' - 73.25 Fractured zone
15 7327 | 4 | 20 |PSm|FR|PO| N
» 7380 | J |60 |RR|DS|PO| Fe
25 7430 | J |40 |PR|DS|PO]| Fe
75.0 7454 | J | 20 |PR|DG|PO|SD
—75 = O O
75.0 * SANDSTONE, light brown, fine to medium grained,
13 a2 slightly weathered, medium strong, close spaced
e discontinuities
5, 1| « e e
. s e
12 “ s 7627 | J s Jur|{mr| o | N
s s s
oo 7680 | J |25 |uR|[DS|PO[ N
60 | 46 °t 7724 | 0 |20 |psm|FR| T | N
14 R-13 100% | 77% R3 SL |e o &
« s
[~ a & ®
15 P
PR
B 5 B 7867 | J | 10 |PR|DS Fe
S 7912 | J | 15 |Psm|DG| O | GL
1.9 - e @
i 80.0 « s s {0
80.0 XX SILTSTONE, reddish brown, fine grained, slightly
X X X o
2 X % % weathered, medium strong, very close to close spaced
% X X discontinuities
B 180 | X X X
X X X
18 X X X 81.24 J 15 |USm| FR | T N
° X X X
| | X X X g7of J |20|PR|FR| T | N
L X X X
18 ria| 80 | 8 | g3 | s |X X x
: 14 100% | 72% L1253 82.4'- 83.45 Fractured zone 3o | 4 |10 |PR|FR|PO| N
| X X X
X X X
18 X X X
- X X X . 343 | J |20 |PR|FR| O | N
X X X 2
- r X X X
X X X 84' - 85' Fractured zone
2 X X X
a5 ;
85.0 % § § SILTSTONE, reddish brown, fine grained, slightly Water color
23 %R weathered, medium strong, very close to moderate change to
% % X spaced discontinuities reddish brown at
Calcarequs inclusions throughout 85.5 feet BGS
NOTES: PROJECT NO.: 353754 Boring No.: B-55




MOTT BORING NO.:
{continued) Page 4 of 9
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texiure, weathering Discontinuities
Depth - . Stratum 1 2l e 3 i
Elev. [Rate (i% (Box) (|un.1' (|nn.n‘ Rock Core Grr:phic field strength, discontinuity spacing, D(?tp)lh Remarks
(ft) (mn No. | %) %) optional additional geclogical observations) : {Se= Lagend for Reck Description Syster)
) Hard. [Weath Type | Dip | Rgh |WealAper] Infill
X X X 86.00 J 20 [Psm|FR| T | N
X X X
25 X X X 86.35 J 10 [PR|FR [ PO| N
X X X
= X X X
4 X X X
26 R-15 9%‘% 5?,% R3 sL. |2 & i 8736 | J |15 |PR|FR|PO| N
X X X
- LRR B7.77 | 4 | 10 [PSm|FR [PO| N
X X X
31 X X X
X X % 8850 [ J | 45 [PSm| FR| T | N
= X X X
X X X
X X X
2.8 X X X
90.0 X X X
—90 X X X ; i
90.0 X X X SILTSTONE, reddish brown, fine grained, slightly
29 X X X weathered, medium strong, very close to maoderate
X X X spaced discontinuities
X X X
= 170 X X X
11 oo 9125 | J |25 |[psm|FR | PO | N
X X X
= h E— X X X
o » il 8190 | J |25 |Psm|FR| T | N
g X x X 92.28' - 92.42' Clay sea
1.4 R-16 100% | 53% R3 SL X % % St : Y m
X X X 52.8'- 92.7' Weathered Clay seam
B X X X
A oX X 93.10 J 15 |P,Sm| FR T N
3.2 X X X
X X X
= X X X
X X X
24 X X X 94.2' - 85’ Fractured zane 94.20 J 20 |PR|FR|PO| N
; X X X
95.0 X X X
—o5 X X X 5 .
95.0 X X X SILTSTONE, reddish brown, fine grained, slightly
2 X X X weathered, medium strong, close to wide spaced
X X X discontinuities
- X X X Calcareous inclusions throughout
X X X
12 2oz %624 [ J |10 |psm|FR|[PO| N
X X X
| X X X
60 47 il
X X X
1.2 R-17 100% | 78% R3 SL % %k
X X X
B =] X X X
X X%
2 X X X
. X X X
= Qe
it 9883 | J [15 |usm|FR| O | N
X X X
24 X X X
100.0 X X X 99.62' - 100" Highly fractured zone
—100 X X X
100.0 X X X SILTSTONE, reddish brown to gray, fine grained,
15 X X X slightly weathered, strong, very close to wide spaced
. X X X discontinuities
| X X X Calcareous inclusions throughout
1ED. X X X
X X X 10110 J [ 15 |PSm|{FR| T | N
1.3 X X X
X X X
| X X % 10174 4 [15 |Psm[FR| T | N
0 X X X
Bl 53 X %X X
15 R18 | q00% | sao% | R4 | Sb |x % x
X X X
T X X X
X X X
1.2 X X X
X X X
| X X X
X X X
X X X 10422) J |10 |UR|[FR|PO| N
1.1 X X X
e 105.0 = = X[ 1050
105.0 7. ) ARGILLITE, grayish brown, fine grained, fresh, very
11 7Y strong, close to wide spaced discontinuities
| % 10581 J |20 |PSm[FR| T | N
1.1 /%
: 7
58 49 % ////’
12 R19| gror | g, | RS | FR /4//
| 10774 | J [ 10 |Psm| FR N
/ 1842 J [ 10 |UR|[FR| O | N
0.8 /{//
L //,////
5 7 /;///,
9 2
o 110.0 7
110.0 % ARGILLITE, grayish brown, fine grained, fresh, very
strong, very close to moderate spaced discontinuities 1035 v |es |pr|FR|Po]c
4 ///’; 110' - 110.7" Sub-vertical fracture " o
NOTES: PROJECTNO.: 353754 Boring No.: B-55




BORING NO.:
MOTT M
MACDONALD M CORE BOR|NG LOG B-55
(continued) Page 5 of 9
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture, weatherin Discontinuities
Depth - . Stratum ' I BRiLEE, ering, th
Elev. |Rate (f% (Box) (Ln.l (!’n. / | Rock Core Graphic field strength, discontinuity spacing, Dgtp) Remarks
(ft) (:’Tf]tm No. | %) | %) optional additional geological observations) ) {Se= Legend for Rock Descrption Syster)
) Hard. [Weath Type | Dip [ Rgh|Weal|Aper] Infill
el ) Twoea| J | 10 |psm|FR|PO| N
s,
0.9 7 v
- % 1190 | J |2ofpriFR| T |Ca
. 60 53 11228 ) 5 |Psm|FR| T | N
13 R20| yo0% | sa%e | R° FR //%
i .7
777
1.4 2%
Z
/ 114.05' - 114.33' Fractured zone 114.05 J 5 |PR|FR|PO| N
14 //
s 115.0 ////
115.0 Z 7//;/ ARGILLITE, reddish gray, fine grained, slightly
1 /?///’, weathered, strong, close to moderate spaced
, discontinuities
e . 11573 | J | s0 |Psm|FR| T | N
" o) . ‘
/ 116.5' - 116.98' Sub-vertical fracture
= ¥ P /;/"//?' 11875 | J 35 |Psm| FR | PO | N
N
59 | 52 v
1 R21| oo | a7s | B4 | St B 11740 | 4 |80 |PR[FR|PO| N
E 7
77 1188| J |3 lUR|FR|PO[ N
1 ,/////,/
2 1872 4 | 20 |PR|FR|PO| N
g
X
1 //,//////,
120.0 ) 45 0119.47'—119_95' Fractured zone
—120 E
120.0 § ; ’)‘( SILTSTONE, reddish gray to brown, fine grained,
15 ¥ X X slightly weathered, strong, very close to moderate
X X X spaced discontinuities 12065 | U w0 |prle=| T | N
I~ 140 X X X
X X X
X X X
14 X %
X X X
B T X X X 12180| J |65 |PR|FR|PO| N
&0 45 ® X X 12207 | J |30 |Psm|FR| T [N
1 R-22 100% | 75% R4 SL ); >)§ §
- G — o 122.85' - 124.8' Fractured zone with sub-vertical
X K X fractures
1 ®x X X
X X X
- X X X
X X X
14 X X X
X X X
s 125.0 s
125.0 ; § § SILTSTONE, reddish gray, fine grained, slightly
1 % X X weathered, strong, very close to moderate spaced
X X % discontinuities
= X ¥ X 125' - 126.3' Sub-vertical fracture 12575 J 85 [PR|FR| T N
X X X .
11 X X X
: X X X 12640| J | 10 |PR|FR|PO| N
X X X
B T X XK X
60 | 47 %%
L R23| 1o0m | 78% | B4 | St (% X %
127170 | J 5 FR | P
- 33 127.85' - 128.35' Sub-vertical fracture z BT o
X X X
12 WX
X X X
B ;i; 128.9' - 129.5' Sub-vertical fracture 12800 J | 20 [PSm|FR | PO | N
1.1 X X X 129.20 J 75 | RR| FR | PO N
X X X
| 130.0 )
130.0 & ;‘( i: SILTSTONE, reddish gray, fine grained, fresh, strong, 13004 J |10 |PR|FR|PO| N
1.3 X X X close to wide spaced discontinuities
X X X
- 12— X X X
X X X
X X X
16 X X %
X X X
[ L x X X
57 | 47 x X X
1 R24 | geor | 750, | R4 FR :§§ 13233| J | 16 |PSm|FR| O | N
- X K X
X X X
X X X
0.9 ” X X X
®x X X
| I X X X
X X X
1.2 LA 1a438| o | w|urlFR|PO| N
135.0 X X X
—135
135.0 i § :: SILTSTONE, reddish gray, fine grained, slightly
0.9 i G, weathered, strong, very close to close spaced
discontinuities
X X X
138 7' - 136 A5 Sub-veriical frachre 13580 | J |20 |PSm)FR|PO | M
NOTES: PROJECT NO.: 353754 Boring No.: B-55




MOTT M BORING NO.:
(continued) Page 6 of 9
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
epth : 5 Strat ] il LTy =
Elev. Ra'te D"% (Box)| (in./ | (in./ | Rock Core Grap#g field strength, discontinuity spacing, Dgip)th Remarks
() (?;!ln No. | %) | %) optional additional geological abservations) (See Legend for Rock Descriphion Syster)
) Hard. |Weath Type | Dip | Rgh [Wea|Aper] Infill
X X X
X X X
1 X X X
X X X &
- % e % 13670 | J 15 PR|FR|PO| N
54 27 ol 137.2' - 137.96' Highly fr d
X X X W2 A ighly fractured zone
08 R25| g0y | 45% | B4 | SL % x x
X X X
- X X X
S 3 e
08 gl 13846 | J |20 [psm|FR| T | N
=2 e ] X X X
X X X
X X X
0.8 X X X
140.0 X X X
—140 X X X F
140.0 X X X% SILTSTONE with interbedded Sandstone, reddish
0.7 X X X brown, fine grained, moderately weathered, medium
: X X X strong, very close to moderate spaced discontinuities
| 120 X X X Calcareous inclusions throushout
X x X 140' - 142.65' Fractured zone
X X X
0.7 X X X
X X X
» X X X
52 25 o fols
X X X
0.8 R-26 87% | 429 R3 M X % x
X X x 14285 J | 15 |PR|FR|[PO| N
B X X X
®x X X
1T X X X 14338 J |20 [PR|[DG| 0 | cL
X X X
N X X X
X X X
X X X
1.7 X X X
145.0 X X X
145 X X X .
145.0 X %X X SILTSTONE, reddish brawn, very fine grained, fresh,
21 X X X strong, close to wide spaced discontinuities
X X X Calcareous inclusions throughout 14558 [ 0 | 10 |psm| R | T | N
X X X |
B X X X
X X X
1.8 X X X
X X X
- X X X
59 56 B2
KX X
= R27) ogop | g3 | R4 | AR [x X &
X X X
I~ X X X
X X X
1.9 X X X
X X X
| X X X
X X X
X X X
2 X X X
i 150.0 : § § 14970 | 4 10 [PSm| FR | PO | N
150.0 X X X SILTSTONE, reddish brown, very fine grained, fresh,
21 X XK X strong, close to moderate spaced discontinuities
X X X Calcareous inclusions throughout
| X X X 15075 | J [ 25 |PSm|FR|PO| N
110 X X X
X X X
2 X X X
X X X
= ik w195 o |15 |ur|m|ro| N
80 49 X X X
14 R-28 100% | a2 | R4 FR |% % %
X X X
il X X X
X X X
25 X X X 15330 J |30 [PR|DG| 0 | oL
X X X
L, X X X
X X X
X X X
22 X K X
155.0 X X X
—155 X X X
155.0 X X X SILTSTONE, reddish brown, very fine grained, slightly
17 X X X weathered, strong, very close to close sapced
¥ X X X discontinuities
.- X X X 18577 | 4 15 |UR|FR| T | N
X X X
X X X
24 X X X 156.40 J 10 [PSm| FR | PO [ N
X X X
= X X X
i X X % 157" - 158.73 Fractured zone 15700 | ) 5 jUSm[FR | PO | N
60 X X X
1.3 R-29 100% | 55% R4 FR X % X
X X X
B X X X
X X X
0.9 X X X
L X X X a
B X X X
X X X 158.00| J [ 45 [UR|FR|PO| N
X X X
1.3 X X X
160.0 X X X
160 X X X 2 y
160.0 X X X SILTSTONE, reddish brown, fine grained, fresh,
1.9 X X X strong, close to moderate spaced discontinuities
. X X X Calcareous inclusions throughout 16048 | J 25 [PSm| FR [ PO | N
X X X
NOTES: PROJECTNO.: 353754 Boring No.: B-55




BORING NO.:
MOTT M
MACDONALD M CORE BORING LOG B'55
(continued) Page 7 of 9
Avg Visual Identification, Description and Remarks :
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering, Discontinuities
Elev. |Rate D‘ff'f)th (Box)| (in./ | (in./ | Rock Core gtrr:;ﬂ'i"; field strength, discantinuity spacing, D(?,E;h Remarks
(f)) | (min No. | %) | %) optional additional geological observations) (Sea Lagerd for Rocis Descriplian System]
i Hard. |Weath Type | Dip | Rgh [wea|Aper| Infill
0T X X X
X X X
1.2 X X X 6140 J |60 |PR|[FR[PO| N
MM K
- X X X
60 52 i
£ X X X
16 R30| 1005 | a7 | B | PR |x x x
| x X X
1 KX X 16205 J |20 |PR|FR|PO| N
X X X
2 X X X 163400 J |30 |Psm[FR| T | N
x X X
= X X X
X X X
X X X
1.1 X X %
165.0 X X X s470| J [ 15 |UR|FR|PO| N
—165 1 X X X ; :
165.0 X X X SILTSTONE, reddish brown, very fine grained, fresh,
26 x X X strong, close to wide spaced discontinuities
X X X
B X X X
X X X 166.00 | J 5 |UR|FR | PO | N
X X X
25 X X X
¥ 1% X
B X X X 16685 | J 10 {PSm} FR | PO | N
57 54 ool o
X X X
1.2 R-31 95% | 90% R4 FR % % %
XX %
B X X X
X X X
19 X X X
X X X
= Xi KX
X X X
X X X 16820 J [ 70 |PR|FR|IPO| N
17 X X X
170.0 X X X
170 X X X ; .
170.0 X X X SILTSTONE, reddish brown, very fine grained, slightly
0.9 X X X weathered, strong, close to moderate spaced
X X X discontinuities
L, x X X Calcareous inclusions throughout
%0 X X X
X X X
15 ol 17126 J | 30 |PSm|FR| T [ N
X X X
= i e X X X
60 55 o ks
X X X
14 R3Z2| qopy | ooo | R4 | PR |x x %
L x X x 17275 J | 15 |PSsm| FR | PO | N
X X X
5 f B 173.2' - 173.58' Highly fractured zone
X X X
o X X X
X X X
1.4 :§§ 17435 | J 10 |PR| DG | PO | CL
175.0 X X X
—175 A X XX . .
175.0 X X X SILTSTONE, reddish brown, very fine grained, fresh,
3.2 Kok strong, close to moderate spaced discontinuities
I
| X X X
x XX
X % % 17606 | J 10 |PSm| FR | PO | N
3.4 X X X
X X X
- X X X
58 58 53
X X X
3 R33| g7on | g7e | R4 | FR |X % %
B X X X 177.70 J 20 |[PSm|FR | T N
X X X
X X X
28 X X X 17833 | J 15 |PSm| FR | PO | N
X X X
= x X X
X X X
21 X X X
& X X X
180.0 ol e 17950 | J |15 |PSm|FR| T | N
—180 X X X .
180.0 X X X SILTSTONE, reddish brown, very fine grained, slightly
21 X X X weathered, medium strong, close to moderate spaced
X X X discontinuities
L %X X Calcareous inclusions throughout
0 X X X
X X X 8110| J |35 |PSm{FR| T [ N
16 X X X
X X X
- X X X 18185| J |30 |PSm|FR | PO N
60 | 5 X x x
& 18230 J |50 |UR|FR[PO|[ N
12 R-34 100% | 75% R3 SL (% % x
X X X 18285 | J 15 |[UR|FR| T | N
- Koid X
et e 18345 J | 30 |PSm|FR| T [ N
2 X X X
KX - e
i T ] X% x 18388 | 4 | 25 |[Psm|FR|PO| N
2 Bag 18430| 4 |25 |lug|Fr|PO| N
185.0 X X X
—185 X x X
185.0 X X % SILTSTONE, reddish brown, very fine grained, slightly
25 X X X weathered, medium strong, very close to moderate
x X X spaced discontinuities
XX XK
NOTES: PROJECT NO.: 353754 Baring No.: B-55




MOTT BORING NO.:
(continued) Page 8 of 9
Avg Visual Identification, Description and Remarks
Depth/ | Care Run/| Rec. [ RQD (Rack type, colour, texturs, weathering Discontinuities
Depth A h Stratum 1 S i . !
Elev. |Rate (Ei% (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, D(?Tp:t[h Remarks
(ft) (min No. | %) %) optional additional geclogical observations) ’ (5= Legand for Rock Deseriplion System)
) Hard. |Weath Type | Dip | Rgh |Weal|Aper] Infill
X X X
xR ) 1 18625)| J | 15 [UR|FR[PO| N
16 X X X 186.3' - 187" Fractured zone g
X X X
L= X X X
a5 5 X X X 18700 J | 10 |PSm| FR (PO | N
4 X X X
23 R-35 R3 L
98% | 75% Stk x x 187.5' - 187.8' Highly fractured zone
| XX 1g7e0| 4 |15 |pr|FR| 0O | N
X X X
26 XXX 18840 | J |5 |PR|[FR|PO| N
X X X
= X X X
X X X
X X X
29 X X X
190.0 X X X
—190 X X X ' . i
190.0 X X X SILTSTONE, reddish brown, very fine grained, slightly
18 X X X weathered, strong, very close to moderate spaced
= X X X discontinuities
B % X X X
g os! o |30 |psm|FR| 0 | N
1.9 X X X
X X X
3 X X X
60 50 ol
X X X
= R36| 100% | s3y | R4 SLoIx % % 19248 [ 5 [Psm| FR [PO| N
X X X
= X X X
X X X
23 ® X X
28 19364 | J | 40 [Psm| FR [ PO | N
B % ¢ % 19390 { J 5 |Psm|FR [PO| N
2 X X X
B R 194.5' - 195' Highly fractured zone
—195 X X X " ’
195.0 X X X SILTSTONE, reddish brown, very fine grained, fresh,
1.8 X X X strong, close to wide spaced discontinuities
’ X X X 19550 J 30 |UR|FR|PO| N
X X X
B X X X
X X X
2 X X X
X X X
- X X X
59 48 feg-
X X X
N R-37 98% | 80% R4 FR X X %
X X X
I~ X X X
X X X
1.4 X X X
X X X
i X X X
X X X 19900 J |10 |UR|FR|PO| N
X X X
1.8 X X X
200.0 X X X
—200 X X X )
200.0 X X X SILTSTONE, reddish brown, very fine grained, fresh,
1 X X X strong, close to wide spaced discontinuities
X X % Calcareous inclusions throughout
X X X
B 80 X X X 20090 | J | 20 (PSm|FR| T
ol ol 20025 [ 0 | 10 [Psm| FR| T | N
1.2 X X X ' ’
X X X
» X X X
. o e 20192 J [ 15 |PR|FR| T | N
5 X X X
13 R38 | gon | 7o | R4 | PR [% X X
X X X
B X X X
X X X
16 X X X
X X X
X X X 20372 J4 |20 |PR|FR|[PO| N
B % % 20382 | J | 10 |PsSm| FR [PO | N
X X X
1.5 X X X
205.0 X X X
—205 X X X : :
205.0 X X X SILTSTONE, reddish brown, very fine grained, fresh,
2 X X X strong, close to wide spaced discontinuities
X X X Calcareous inclusions throughout
X X X
B X X X
X X X
16 X X %
X X X
- X X X
X X X
60 54 X X X 207.27 J 20 |PSm| FR | PO | Ca
12 R-39 100% | 90% R4 FR X % %
X X X
- X X X 20783 | J | 10 [PSm|FR|PO| N
X X X
1.2 X X X
X XX - 20860 | J | 10 [PSsm|FR | PO| N
| X X X
X X X
X X X 20924 | J 10 |PR|FR|PO| N
15 X X X
210.0 X X X
—210 X X % ’
210.0 X X X SILTSTONE, reddish brown, very fine grained, fresh,
16 X X X strong, very close ta moderate spaced discontinuities
g X X X Calcareous inclusions throughout 21055 | J 30 Psm|FR| T | N
X X X
NOTES: PROJECTNO.: 353754 Boring No.: B-55




MOTT M BORING NO.:
MACDONALD M CORE BORING LOG B-55
(continued) ) Page 9 of 9
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture weathering Discontinuities
Depth . h Stratul 2 ! R : ! t
Elev. |Rate ‘Ef‘t’) (Box)| (in./ | (in./ | Rock Core Gtrr:phri'c‘ field strength, discontinuity spacing, D(efﬁ)h Remarks
(fty [(min No. | %) | %) optional additional geological observations) (5o Legend for Rock Destrption Systerr)
) Hard. |Weath Type | Dip | Rgh |wWeal|Aper| Infill
=0 X X X
X X X
12 X X X atias| o |20 [pem| R | T | N
X X X 21166 | J 10 |Pem| FR| T | N
k- K X X
60 44 58 %
X X X
1.7 R-40 100% | 73% R4 FR [ % %
X X X
3 213 - 213.25 Fractured zone 21300 | 4 | 10 |PR}FRIPO| N
15 X X X
X X X
| X X K
X X X
X X X 21422 J 5 lpsm|FR| T | N
1 X X X
215.0 X X X
- —215 X X X : .
215.0 X X X SILTSTONE, reddish brown, very fine grained, slightly
1.2 X X X weathered, strong, very close to moderate spaced
® X X discontinuities
= i =S| X X X 215" - 216.3' Fractured zone
x % X
X X X
13 X X X
x X X
X X X
60 43 e g
X X X
25 RA1| 4a00 | 729 R4 SLoI% % x 21733 | J 20 |PSm|FR| T | N
X X X
u X X X
x X X
241 X X X
X % X 21850 | J | 20 |PSm|FR|PO | N
- I X X X
X X X
2 2 § % 21930 4 |10 |psm|FRR[ TN
220.0 P
—220 220.0
End of boring at 220 feet BGS
Borehole grouted with cement and bentonite holeplug.
o 0
505
230 4
e e
—235
NOTES: PROJECT NO.: 353754 Boring No.: B-55
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BORING NO.:
MOTT M
MACDONALD M SOIL BOR|NG LOG B 56
Page 1 of 1
Project: PennEast Pipeline Project Project No.: 353754
Location: Wick Creek, Stockton, NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: _Thileepan Rajah
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: April 10, 2018 at 9:33 am
Driller/Helper: _Nick Beehler /Miles Neipert/Fddy Sousa Date/Time Finished: _April 13, 2018 at 2:30 pm
Elevation: 166 ft. Vertical Datum: NAVD 1988 | Boring Location: Adjacent to driveway Coord.: N: 40.432255 E:-74.970402
Item Casing Sampler |Core Barrel Horizontal Datum: NAD 1983
Type HW S8 NQ2 Rig Make & Model: CME-55LC Hammer Type Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck [J Tripod O Cat-Head [ safety ™ Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 O ATV [ Geoprobe | Winch [ Doughnut O Polymer Mud Rotary
Hammer Wt. (Ib.) 140 140 - ™ Track [ Air Track | ™ Roller Bit M Automatic & Water
Hammer Fall (in.) 30 30 - [ Skid 0 ] Cutting Head [m] 1 None
anmpe Visual - Manual Identification & Descriptio el Tt
sual - icati n
Depth/ No. / Rec. Sample Stratum uscs (Density/consistency, color, Group Name, 2 %
Elev. : Blows .| Group ; d : : lélz]6 Remarks
() Interval (in) or 6" Graphic Symbol constituents, particle size, structure, moisture, S|E|BIE
(ft) p ym optional descriptions, geologic interpretation, Symbol) HEIFE
ol | |o
S-1 6 6 12" - TOPSOIL with roots sl=]l=}-
uscexiey 4
B | 0.0~ 20 2 1.0
- | - | - | Fill zpzroximately 1 fo 4 feet BGS.
1.0 5
i 52 2 8 ML Very stiff, Reddish brown SILT, moist (ML) s|L|L|L | Advanced casing to 3.5 feet BGS.
20-40 19
L, 15
16
i E S-3 18 5 ML Stiff, Brownish yellow SILT, trace Sand, moist (ML) S|L|L|N
- 40-6.0 6
| i 7
8
B lm sS4 22 5 ML Very siiff, Brownish yellow SILT, trace Sand, moist (ML) S|L|L]|L
6.0- 8.0° 8
- ' 10
12
e
S5 14 7 ML Very stiff, Brown SILT with Decomposed Rock fragments, moist (ML) N | M [NP| N | Gravel zone at 8 feet BGS.
B8 Advanced casing to 8.5 feet BGS.
8.0 10.0"
= 11
23
= S-6 14 13 ML Very stiff, Reddish brown SILT with Decomposed Rock fragments, N |MINP| N
20 moist (ML)
10.0-
B i 120 22
13
W _ e ——
. Very dense, Reddish brown Decomposed Rock fragments, dry .| -] - - | Advanced casing to 13.5 feet BGS.
= { 135~
15 .
57 6 59/6" N{M[NP|N
)
B 150 17.0" .
S 17.0
Top of Rock at 17 feet BGS.
See Rock Coring Log.
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer
Date | Time | Time | Bot.of | Bottom| . O Open End Rod TV = Torvane
(hr) | Casing | of Hole T Thin-Wall Tube
4/10118 | 10:16 - 8.5 10.0 9.9 .
iihe ] e | 000 | tis | dma | B | roetimed Sample
4/12/18 | 8:35 0:00 135 | 110.0 45 | S SplitSpoon Sample
4/13/118 8:30 0:00 135 138.0 6 i
3 G Grab Sample Boring No.: B-56
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.




Driller/Helper:

Nick Beehler /Miles Neipert/Eddy Sousa

MOTT BORING NO.:
Page 1 of 6

Project: PennEast Pipeline Project Project No.: 353754

Location: Wick Creek, Stockion, NJ Prcject Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: Thileepan Rajah

Drilling Co.: Craig Test Boring Co., Inc Date/Time Started: April 10, 2018 at 9:33 am

Date/Time Finished: _April 13, 2018 at 2:30 pm
Elevation: 166 fi. Vertical Datum: NAVD 1988 Boring Location: Adjacent to driveway o :
ltem Casing Core Barrel Core Bit Coord.: N: 40.432255 E: -74.970402
Type HW NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method: Wireline
Length (ft) 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 Deoth Run/| Rec | RQD Stratum (Rock type, colour, texture, weathering, — Discontinuities
Elev. |Rate (f% (Box)| (in./ | (in/ | Rock Core Grap;hic field strength, discontinuity spacing, &p) Remarks
{ft) (min No, | %) %) optional additional geological observations) . {See Legend for Rock Description System)
/) Hard. [Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip | Rah [WealAger] Infl
17.0 X oxox SILTSTONE, Reddish brown, fine grained, highly
137 § i : weathered, very weak to weak, close spaced
X % % discontinuities
b= X X X
" » il 1790 [ J | 70 | SR | DE | Mw | ML
5 X X X
226 R-1 100% | 31% R Ho% % x
X X X
B X X X 18.9' - 19.3' Residual soil to completely weathered rack
X X X
2.08 X X X
X X X 1955 | J 10 [SR|DE | PO | ML
| o 208 X X X
20.0 X X X 20'- 22.45' SILTSTONE, Reddish brown, fine grained,
1.26 R moderately weathered, weak to medium strong, close
L KX spaced discontinuities
xX X X
[~ X X X
193 :ii 2120 | J |35 |[SR|DE|PO| M
X X X
| % % % 2160 | J |40 |SR|DE|PO| M
X x X
56 22 X X x| 225
120 R2 | gap | a9 | RE | M |7+ 22.45 - 25' SANDSTONE, Reddish brown o gray, fine
B s e to coarse grained, moderately weathered, weak to
. medium strong, very close spaced discontinuities
LI 23.20 J |85 |sR|DE[PO| N
1.40 e
i . 24' - 25' Coarse Sandstone
1.02 . mim
250 $ 2
—25 s s
250 . SANDSTONE, Reddish brown ta gray, fine to coarse
1.27 - grained, moderately weathered, weak to medium
i L i strong, very close spaced discontinuities
B o o s 25' - 30" Fractured zone
1.35 &y
PO
E L] 26.57" - 27.3' Coarse grained Sandstone
s o
58 4 .
1.36 R-3 97% 7% R2 M : : :
o . s s
s s ®
0.50 g
. s e
[ s =
1.40 s
30.0 E oo
—30 .. -
30.0 p— 30" - 33.2' SANDSTONE, Reddish brown to gray, fine
115 ¥ B to coarse grained, moderately weathered, weak to
: A medium strong, very close to close spaced
| S % discontinuities
s s e
117 = R
B * o o
59 12 s s &
1.01 R4 08% | 20% R2 M S
B **°* 1332
xR 33.2' - 35' SILTSTONE, Reddish brown to gray, fine 330 | 4 |leolsrlos| v w
113 z ;g § grained, moderately weathered, weak to medium ’ '
| X % x strong, very close spaced discontinuities
X X X
1.30 :i: 3440 | J |85 |SR|DS| T | N
35.0 X X X
—35 X X X 2 s
35.0 X X x SILTSTONE, Reddish brown, fine grained, moderately
1.36 x X X weathered, medium strong, very close to close spaced
’ X X X discontinuities
- X X X
= X X X 3600 | J |35 |sR|Ds| T[N
= X X X -
1.36 X X X
X X X 3665 | J [33 SR ps| T | N
Water Level Data Notes
Elapsed Depth in feet to:
Date Time | Time | Bot.of | Bottom
(hr) | Casing | of Hole Water <
4/10/18 | 10:16 - 8.5 10.0 9.9
4/11/18 | 8:30 0:00 135 48.0 8.0
412118 | 8:35 0:00 13.5 110.0 4.5
4/13/M18 | 8:30 0:00 13.5 138.0 6.0 ;
Boring No.: B-56




BORING NO.:

MOTT M
MACDONALD M CORE BOR'NG LOG B'56
(continued) Page 2 of 6
Avg Visual Identification, Description and Remarks . ; .
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture weathering iscontinuities
Depth h ; Stratum H 2l vt : 4 Depth
Elev. |Rate ‘(?fltl) (Box)| (in./ | (in./ | RockCore |grpiic field strength, discantinuity spacing, (ﬂ'?) Remarks
(f) | (min No. | %) | %) optional additional geological cbservations) (See Lagend for Rock Descriplion System)
) Hard. |Weath Type | Cip | Rgh|Wea|Aper| Infill
i >>: ; 37.00 J 75 |sR| DS [PO| N
60 32
1.50 R-5 R2 M [x x x
100% | 53% A
o X X X
X X X 3800 | J |68 |SR|DE|PO| M
X X X
2.00 X X X
3% 56
B X X X
X %X X 3940 | J |50 [sR|Ds|PO|M
2.03 X X X
X X X
I 40.0 X X X
40.0 X X X SILTSTONE, Reddish brown, fine grained, moderately
210 Rk weathered, weak to medium strong, very close to close
2oy spaced discontinuities wso | o 1 olsr|los| T |n
- iR %
%% X
2.15 X X X
X X X .
= | X X X 41.7" Color transition from reddish brown to gray
60 a8 §§§ 4210 | J |80 |sR|DS| T | N
=k RS | qopo | 63% | RO | M X x x|427
| 42.7' - 44.1' SANDSTONE, gray coarse fo fine grained,
73 moderately weathered, weak to medium strong, close
2.20 ::: spaced discontinuities 30| 4 Is3|sr|los| T | N
= MR P
xx X 44.1'- 44.7' SILTSTONE, Gray
2.05 EAH S
X X X
| e 450 X % x| 45.0 44.7'- 45 Color transition from gray to reddish brow:: 70| s | o5 |psm| DS |ro | Fe
450 T SANDSTONE, Reddish brown to gray, coarse to fine il
213 grained, moderately weathered, weak to medium 4gp5_feet ng
® e strong, close spaced discontinuities . .
o0 e
120 s s @
2.20 AR
e o e 46.5' - 47.5' Fractured zone
| s e
60 45 =R R
200 RT | q00% | 75% | ™2 M fo =ie 4750 | 4 |8 |srfiDs|PO| N
e 0w
I~ T e ® o
2.50 s
’ R 48.5' - 49' Siltstone interbedded with Sandstone
| PR
e s @ 49' Fractured vein at 85 degrees
2.30 . ® @
50.0 L TR
|50 .
50.0 Tl SANDSTONE, Reddish brown to gray, coarse to fine
2.33 grained, slightly weathered, medium strong, very close
- to close spaced discontinuities
B e o o
1.30 e s140 | 4 | 5 |sRIFR| T|N
N o s s 1520
7, 700 MUDSTONE, Reddish brown, highly weathered 5200 | J o |ur|ps| o | n |Lossofwater
5.23 R-8 36 24 R2 M ///'// from 52 to 53 feet
60% | 40% Z 52' - 55' Fractured zone BGs:
i 53.0 /
5.35 //’/
2 A/’A
7 /;/}f/,
5.15 i
. 55.0 V.
55.0 / MUDSTONE, Reddish brown, fine grained, slightly
245 /; weathered, medium strong, very close spaced
///; discontinuities
| s 7 //2 Calclitevei_ns.and pockets throughout 55.80 J 70 [SRI{FR| T N
77 /////' 55.5' Calcite infill
230 /Z// 56.30 J 80 |SR|FR| T N
{/
58 41 ///
2.25 R-9 o7% | 68% R3 SL /’/// 57.40 J 5 |ssm|FR| T N
- .7
2.37 2 /////
’ e
= // 6880 | J |55 |SR|FR| T [cCa
7,
. 60.0 B /%,
60.0 74 _/// MUDSTONE, Reddish brown, fine grained, sfightly
215 7 0, weathered, weak to medium strong, very close spaced
g discqntinu_ities
= // Calcite veins throughout 60.90 3 s losrlm| T |ca
290 //// 6120 | J |40 fusm|FR| T | N
NOTES: PROJECT NO.: 353754 Boring No.: B-56




MOTT BORING NO.:
MACDONALD M CORE BOR[NG LOG B-56
(continued) Page 3 of 6
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
th + . tum i o] 3 % ' D
Elev. |Rate D?ff) (Box)| (in./ | (in./ | Rock Core gtr;aphic field strength, discontinuity spacing, (r’a%th Remarks
(ft) (?tl" No. | %) | %) optional additicnal geclegical abservations) (See Legend for Fock Deserglin Systerm)
) Hard. |Weath Type | Dip | Rgh |Wea|Aper| Infill
- 7 //, 6195 | J 5 |JUR|[FR| T | N
48 e
230 R10| 620 | ans, | R2 | sL ////
B % 62.80 J 50 |8Sm[FR| T | N
250 %
: a
7 /7//,‘ 64.00 J 0 [SR|FR| T | ML
2.45 sy
o 550 A es0
65.0 § § i 65' - 67.1' SILTSTONE, Reddish brown, fine grained, a@-a‘l-gmf ”
moderately weathered, weak to medium strong, very Ignly Fracture
AR SEX close spaced discontinuities SR Wb | B0 S| PR TOL N | zone
= 100 X X X
X X X
X X X
2.30 % % x
=2 % % %| 67.1 66.8 - 67.15' Highly Fractured zone
Gra 60 | 26 o 67.1' - 68.7 SANDSTONE, Reddish brown to gray, fine 6110 | 4 | 40 [SSm| FR| T | N
215 R-A11 4509, a3y | R2 M grained, moderately weathered, medium strong,
e extremely close spaced discontinuities
o P
P
2.30 o oo a7
B x §§ 68.7" - T0' SILTSTONE, Reddish brown, fine grained, 6875 | J [s0|sr|mrl T | N
69.0 5 iR moderately weathered, weak to medium strong, very
300 X X % close spaced discontinuities 6820 | J | 80 [SSm| FR| T [ ML
i X X X
|5 84 x x x| 700 ,
70.0 7 ) MUDSTONE, Reddish trown, fine grained, moderately Iron stains at end
3.00 ey weathered, weak to medium strong, very close spaced of breaks.
b7 discontinuiies 7055 [ J |8s|sr|os| T[N
B ,% 71'- 72.6' Interbedded gray Silistone 7100 | 4 |45 |sRr|FR N
2.50 //;
s 7
60 37 )
2.30 RA2 [ oo | oo | R2 | M //4’
B % 7295 | J |40 |srR|FR| T | N
3.00
{//, 7386 | s [sRIFR|[ T | N
B 7
7,
2.00 ey
= 75.0 b7
75.0 / MUDSTONE with interbedded Siltstone, Reddish
215 // brown, fine grained, fresh to moderately weathered,
/// weak to medium strong, very close spaced
/ discontinuities 7585 y | SR PR TN
- @ 7
3.13 B
. i
L § // 7680 | J |85 |SR|FR| T | N
/ 7700 | J |45 |sSm|FR| T | N
60 39
4.00 R-13 100% | 65% R2 M //;// 77.40 J 30 |[SRIFR| T N
1 %/’/ 7780 | J |60 |SR|FR| T | N
X
350 77 7830 | J |eo[srR|FR|T|N
7,
4 7
7893 | J [20|sR|FR| T | N
2.00 %’
a0 80.0 ,// 80.0
80.0 %X X SILTSTONE, Reddish brown, fine grained, fresh to
243 Z : ; moderately weathered, weak to medium strong, very
) X X % close spaced discontinuities
= X X X
X X X 8100 | J |50 |[sR{FR| T | N
X X X
B X X X
60 | 31 il
2.30 R-14| 4009 | 519 | B2 M xR g240 [ 4 |45 |sR|FR| T | N
B X X X 8280 | J |45 [sR|IFR| T | N
X X X
x
2.54 : : x
- ﬁi; Bars | J |50 |SR|FR| T | N
X X X
3.00 x X X 8430 | J [0 [SR|FR| T | N
x
o 85.0 o 2
85.0 % § X SILTSTONE, Reddish brown, fine grained, moderately
252 ;E % § weathered, weak to medium strong, very close spaced
' X X X discontinuities
= BO X X X
X X X
360 X X % 8630 | J | |sR|FR| T[N
i X X X 86.50 J [0 |sR|IFR| T[N
X X X
NOTES: PROJECTNO.: 353754 Boring No.: B-56




BORING NO.:
MACD M CORE BORING LOG B-56
MACDONALD M 3
(continued) Page 4 of 6
Avg Visual Identification, Description and Remarks ) —
Depth/ |Core Rur/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth h ; Stratum Pe; Al e i d Depth
Elev. |Rate (f?) {Box)) (in./ | (in./ | RockCore {oppic field strength, discontinuity spacing, (ﬁF_)) Remarks
(f) (?f’tm No. | %) [ %) optional additional geclogical observations) (See Legend for Rock Descrition System)
) Hard, |Weath Type | Dip | Rgh [Weal|Aper] Infil
X X X
60 31 x X X
3.30 R-15 100% | 52% R2 M : i :
b X X X
X X X
3.15 % x
' %K X @855 | J |40 [SR|FR|[ T | N
X X X
B X X X
X X X
2.50 R x geso | 4 |30 |srRIFR| T[N
i 0.0 ¥ % x| 900
80.0 7 ) MUDSTONE with interbedded Siltstone, Reddish
4.00 v brown, fine grained, slightly weathered, medium strang,
V7 close spaced discontinuities
40 // 9150 | Y 90 |ssm|{FR| T | N
. A
60 54 //7/)///
410 R16| 1000 | sos | R® | St /?/
1350 é
- 3
7 717,
o v, 9410 | J |30 |ssm|FR| T [N
3.45 //,' 94.30 J 40 |SSml FR| T | N
95.0 7
—95
95.0 / 95' - 96.5' MUDSTONE, Reddish brown, fine grained,
3.15 /// moderately weathered, weak to medium strong, very
% close spaced discontinuities
- 70 - ,;/// /
5.20 . ;] 965
’ ;x 96.5' - 97.9' SILTSTONE, Reddish brown to gray, fine 96.50 J W |SRIFR| T | N
» % i i grained, slightly weathered, medium strong, close
97.0 & 4 X X % spaced discontinuities
6.25 R-17 100% | 74% R2 M § i i 079
i e 97.9' - 100' SANDSTONE, Gray to reddish brown, fine
e 8 2 grained, slightly weathered, medium strang, close
6.30 il spaced discontinuities 98.45 J 60 |[SR|FR| T | N
e e
B e ® o
5 99.0 N
. 100.0 . gs50 [ J |40 [sr|[FR| T | N
100.0 LRCIRY SANDSTONE, Reddish brown to gray, fine grained,
5.50 « o @ fresh to slightly weathered, strong te medium strong,
« s e wide spaced discontinuities
.0
7.45 . 0.
59 59 e 0
8.00 R-18 98% | 98% R3 SL . e
n -
[ 0300 4 |30 |SR|FR| T | N
5.25 e s 8
2 e e
o P
oo 106.0 e
105.0 LR SANDSTONE, Reddish brown to gray, coarse to fine Use%xjmately
L] rained, fresh, strong, wide spaced discontinuiti appri
8.43 s g eS| 9 paced gisconinuiies 4000 gallons of
- PECEY water from 48 to
" PR 110 feet BGS.
8.03 * o o
B s ® ®
60 53 g
6.50 R-19 o R4 FR
100% | 88% = e 107.55' - 108.2' Interbedded Siltstone 10755 J | 90 |SR|FR| T | Ca
i - 8 @
9.18 b
T
10.11 )
“|110.0 I 2
F—110 10980| J |90 |SR|FR| T |ca|_ ;
110.0 > e SANDSTONE, Reddish brown to gray, coarse to fine Five foot solid
8.26 LR grained, fresh, very strong, wide spaced discontinuities rock core.
. s e
T7.27 s s @
NOTES: PROJECTNO.: 353754 Boring No.: B-56




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-56
{continued) Page 5 of 6
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture, weatherin Discontinuities
Depth : : Stratum : Iy e iiig, ering,
Elev. [Rate (Ef'?) ol {in.t | finf| ResklCore |oenpie field strength, discontinuity spacing, D(eftp)th Remarks
(ft) (f'["f'{1 n No. | %) | %) optional additional geological observations) : (S Legend for Rack Descriplon System)
) Hard. [Weath Type | Dip | Rgh|Weal|Aper| Iniill
60 60 ¥ Ty
827 R20| 100% | 100 | R | PR | . s
10.31 e e
17.05 0.
115.0 s s w
—115 .. ) )
115.0 N SANDSTONE, Reddish brown to gray, coarse 1o fine Core bit changed
10.27 CRR grained, fresh, very strong, wide spaced discontinuities at 115 feet BGS.
e & 6 3
o
15.21 PR
... 11650 | MB
i - 8 =
80 60 b
350 R211 100% [ 100% | R® | FR [« « -
B e ° @
3.15 °"
e 11860 | MB
.. “ee
o e e
3.1 e s e
120 120.0 s e 11960 | MB
120.0 e SANDSTONE, Reddish brown to gray, coarse to fina
2.49 L grained, fresh, very strong, wide spaced discontinuities
3.47 . a e
| oo
60 | 60 N
4.20 R-22 100% | 100% R5 FR |e = »
“ s e
i = 123' - 125' Coarse Sandstone
“ s
2.30 ...
|- P
-
2.00 ==
125 120 " " ° 11250
125.0 vt 125' -126' SANDSTONE, Reddish brown to gray, fine
313 w" to coarse grained, fresh, strong
. s
N e = s s {1260
0 7 g, 126' - 130' MUDSTONE, Reddish brown, fine grained,
3.04 Y fresh, strong to medium strong, close to very close
L7 spaced discontinuities
57 | 35 %
4.28 R-23 95% 58% R4 FR /.///2
L X
AN
245 )
//
230 ////
110 130.0 ¢
130.0 % 7%/ : MUDSTONE, Reddish brown, fine grained, fresh ta Loss of water
(3 from 130 to 135
213 s moderately weathered, close fo very close spaced rom o
) ,/ discontinuities 13050 | J 15 |sr| R | T | n |feetBGS.
B / @oo| J |20 [sR|{FR| T[N
3.34 / 131.7
B s 131.7' - 135' SANDSTONE, Reddish brown to gray,
¥ e fine grained, fresh, strong, close spaced discontinuities 13180 | 4 | 30 ISRIFR[ T [N
60 56 il
6.04 R-24 100% | 93% R3 FR & %94
i 133.0 ol il 133.00 | J 20 |SR|FR| T | N
6.14 s
B m 13380 | J | 25 |SR|FR
5.14 - 13330 | J |25 [sR|FR| T
1350 s s o -
—135 e ® o .
135.0 SANDSTONE, Reddish brown to gray, fine grained,
6.15 . B fresh, strong, very close to moderately spaced
’ - discontinuities 13550 | J |20 |sr|pDs| o[ N
| - & W
6.51 £ 13640 | J |30 |[srR|FmR|[PO| N
NOTES: PROJECT NO.: 353754 Boring No.: B=-56




BORING NO.:

MACE M CORE BORING LOG B-56
MACDONALD M :
(continued) Page 6 of 6
Avg Visual Identification, Description and Remarks 5 .
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering iscontinuities
Depth h " Stratum 3 il el 2 ! Depth
Elev. |Rate (f% (Box) (\Dﬂf (in./ | RockCore oo ohic field strength, discontinuity spacing, (ﬂ?) Remarks
(ft}y |(min No. | %) | %) optional additional geclogical observations) (Ses Legend for Rock Description System)
) Hard. [Weath Type | Dip | Rgh [Wea|Aper] Infill
i 13700 J [25|srR|[Ds| O | N
60 34 ),
34, R25| 4005 | 579 | R4 | SL |« « @ warso| o |40 |se|FR|ro| N
3.00 e s o
...
- . 13880 | J |30 |SR|FR| T | N
T 139' - 140’ Fractured zaone
242 . e e
140.0 )
| 140 ; 140.0 i i
140.0 % § ;j SILTSTONE, Reddish brown to gray, fine grained,
247 % &% fresh, strong, close to moderately spaced
X X % discontinuities 14060 4 |15 [UR|FR| T | N
- X X X
X X X
308 ok
- X X X
X X X
b X M X 14190 J |30 |SR|FR| T | M
60 53 % e
335 R-26 100% | 88% R4 FR § : i
| ) X X % 14270 J |30 |SR|FR| T | N
X X X
X X X
2.52 X X X
X X X
- X X X
X X X
245 X X X
X X X
| o 145.0 o
145.0 § § § SILTSTONE, Reddish brown to gray, fine grained,
250 ¥ X X fresh, strong, wide spaced discontinuities
X X X
- - X X X
X X X
248 X X X
X X X
X X X
B X X X
60 | 60 Lt
249 R-27 100% | 100% R4 FR § i :
- X X X
b
X X X
257 X X X
X X X
e E E—— X X X
X X X 14940 J |20 |UR[DS| T [ N
2.58 X X X
X X X
. 150.0 B
150.0 ; : = SILTSTONE, Reddish brown to gray, fine grained,
3.18 X %X % fresh, strong, close to wide spaced discontinuities
X X X
= X X X
X X X
345 xR
2 X X X
X X X
B X X X
60 | s2 ol
415 R-28 100% | 87% R4 FR i § :
= X X X
X X X
X X X
4.21 X X X
X X X
= X X X
X X X
4.39 X X X
- 155.0 ; ; : 154501 J | 10 |SR|FR| T | N
155.0 § ol SILTSTONE, Reddish brown to gray, fine grained,
6.15 o fresh, strong, very close to close spaced discontinuities
X X X
I~ 10 X X X
% % 15600 | J | 45 |UR|FR|[VT | N
8.33 X ® % 15620 | J |10 |UR|FR| VT | N
- xX X X
B X X X 15670 | J 10 |SR|FR| T | N
§x§ 15690 | J |20 |SR|FR| T | N
59 | 30 2 15720 4 |30 [sR|FR| T |N
9.01 R-29 08% | s0% R4 SL ;‘( § ; 15740 [ J 20 [SR|FR| T | N
» X X X 15770 J | 10 |SR|FR|IVT| N
X X X 15780 J | 10 |SR|FR| VT | N
X X % 15800 J |10 |SR|FR|. T | N
8.28 X X X 15820 J |40 |SR|FR| T | N
X X X
. RN 15870 4 |30 |PR|FR| T | N
X X X
X X X
7.28 %% 2|
. 160.0 X ¥ x| 180.0
End of Boring at 160 feet BGS.
Borehole grouted with cement and bentonite haleplug.
NOTES: PROJECTNO.: 353754 Boring No.: B-56
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Figure B-56.3
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B-56 Box 2 Runs 4-7 Wet
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BORING NO.:

Driller/Helper: _Nick Beehler /Miles Neipert

Date/Time Finished:

MOTT

MACDONALD M SOIL BORING LOG B'57
Page 1 of 1

Project: PennEast Pipeline Project Project No.: 353754

Location: Wick Creek, Stockton, NJ Project Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: Kyle Hansen

Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: March 8, 2019 at 2:20 pm

March 11, 2019 at 12:15 pm

Elevation: 204 ft. Vertical Datum: NAVD 1988 Boring Location: Adjacent to southeast end of driveway Coord.: N:40.431134 E: -74.968926
Item Casing Sampler |Core Barrel Horizontal Datum: NAD 1983
Type HW S8 NQ2 Rig Make & Model: CME-55LC Hammer Type Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck [1 Tripod O Cat-Head [ safety M Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 O ATV ] Geoprabe |M Winch [J Doughnut W Polymer Mud Rota
Hammer Wt. (Ib.) 140 140 - ™ Track O Air Track  |M Roller Bit M Autornatic ¥ Water i
Hammer Fall (in.) 30 30 - ] Skid ] [ Cutting Head ] [] None
. e T Field Tests
Depth/ Sample Sample uscs Visual - Manual Identification & Description —
Elgv No. / Rec. Blo\is Stratum Grou (Density/consistency, color, Group Name, 8.2 Reians
() © |interval | (in) or g | Graphic S mbgl constituents, particle size, structure, moisture, £ HE =
(ft) P Y optional descriptions, geologic interpretation, Symbol) (2]
al=|o|a
541 17 1 / cL U-T\1"- TOPSOIL Fi S|M[M|L|PP=051sf
0.0-2.0 2 Soft, brownish yellow, Sity CLAY, trace fine Sand, moist (CL}
L 1" 2
2
ST | - B e N L
f= 2007
2 S-2 19 7 ML Very stiff, reddish brown, Clayey SILT with Grave!l and coarse to fine S|L|IL|L|PP=30tsf
14 Sand, maist (ML)
5.0-7.00
- 4 14
13
A i - S . S Wb U o 5, ASUNRPT A RN OR AV
o~ J s =
= 4 . Bc<
)o (6
—10 Ok} . ) : - L
5-3 19 3 }c GM Medium dense, reddish brown GRAVEL with Clay and Silt, moist (GM) -1-1-1-
a
10.0- 2 <
a 1 120 9 fel0
8 o) :j 3
o )“ <
)o 0
oD O
| . q BC
o (DN - S
I 1907 .
= 54 9 50 . Very dense, reddish brown DECOMPOSED ROCK fragments with Clay -1-1-1-
501" and Silt, moist
15.0-
e 1 17.00 .
i } . - | - - - [ Installed 4-inch casing to 19 feet BGS.
19.0~ Top of Rack at 20 feet BGS.
20.0 See Rock Caring Log.
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer
Date | Time | Time [ Bot. of [ Bottom Water O Open End Rod
(hr) | Casing | of Hole T Thin-Wall Tube
3/9/19 7:45 - 4.0 15.0 Dry U Undisturbed Sample
S Split Spoon Sample
G Grab Sample Boring No: B-57
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.
3.) Maximum Particle Size is determined by direct observation within limitations of sampler size.

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

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




BORING NO.:

MOTT
MACDONALD M CORE BORING LOG B-57
Page 1 of 6
Project: PennEast Pipeline Project Project No.: 353754
Location: Wick Creek, Stockton, NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Kyle Hansen
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: March 8, 2019 at 2:20 pm
Driller/Helper: _Nick Beehler /Miles Neipert Date/Time Finished: _March 11, 2018 at 12:15 pm
Elevation: 204 ft. Vertical Datum: NAVD 1988 | Boring Location: Adjacent to southeast end of driveway Coord: N: 40431134 E: -74.968926
Item Casing Core Barrel Core Bit ) -
Type HW NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method: Wireline
Length (ft} 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 Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate (f‘tj) (Box)| (in./ | (in/ | Rock Core Graphic field strength, discontinuity spacing, (ﬁp) Remarks
(ft) (min No. | %) %) optional additional geological observations) ” (See Legand for Rock Deserplion System)
) Hard. |Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip | Rgh {WealAper] Infill
20.0 XX X SILTSTONE, reddish brown, fine grained, highly Loss of water
1.80 NEX weathered, medium strong, extremely close to close gO”S‘Z4 to 25 feet
YR spaced discontinuities 2050 | 4 |20 |PR|FR]| O | N [BGS
- X X X
oo Bel 2093 | J | 23 [Psm| FR
2.00 o] 21.35' - 21.55 Weathered soft rock
X X X
B X X X 21.9' - 22.5' Highly Fractured zone, weathered soft rock
2,80 R | 30110 | Ry | X X x
) 50% | 17% X X X
ke X X X
X X X
X X X
3.30 X X X
XX X
= 180 X X X
X X X
340 X x X
X X X
. 25.0 i
25.0 e SILTSTONE, reddish brown, fine grained, fresh, weak
1.60 X % % to medium strong, extremely close to moderateiy
X X X spaced discontinuities
B X X X 25.85' - 26.5' Highly Fractured zone
X X X
X X X
1.70 X X X 2650 | 4 |10 |PR|FR[PO| N
X X X
B X %X X
57 | a7 z ol
2.00 R-2 95% | 62% R3 SL ; i ;
B - o 2794 | 4 {15 |PR|DG|PO|CL
X X X
2.30 X X X
oo i 2853 | J |15 |PSm{Ds| T | N
.. X X X
X X X
1.40 X X X
X X X
- 30.0 S
30.0 § § § SILTSTONE, reddish brown, fine grained, slightly
1.50 e 0 weathered, strong, very close to close spaced
X X X discontinuities
= X X X 30' - 32.95' Fractured zone
X X X
X X X
1.40 %%
X X X
B X X X
60 | 20 EEE
1.50 R-3 100% | 33% R4 SL : ; ;
- X X X
X X X 3207 | B [30|srR|DS| O | N
X X X
1.80 K X X 33.43 B 20 [PSm| DS | O N
x X X
- 10 X X X
X X X
260 X X X 3427 | B |25 |Psm|FR| O | N
X X X
v 35.0 X X X 3473 | B |30 |Psm|FR| T [ N
35.0 222 SILTSTONE with interbedded Sandstone, reddish
1.40 % % % brown, fine grained, fresh, strong, very close to
X X X moderately spaced discontinuities 357 | B [20 |PSm{FR| T | N
- X X X
X X X
X X X
1.30 = 3635 | B | 25 [Psm|FR|PO| N
X X X
| X X X
60 | 40 X %X
1.60 R4 100% | 67% R4 FR E § :
- X X X
e % % 3785 | B |20 |PSm[FR| T [ N
X X X
2.00 X X X
X X X
= X X X
X X X N
1.50 X X X
X X X
40.0 X X X
Water Level Data Notes:
Elapsed Depth in feet to:
Date Time Time | Bot. of | Bottom
(hr) | Casing | of Hole | WAt
3/9/119 745 - 4.0 15.0
Boring No.: B-57




BORING NO.:

MOTT M
e i Y W CORE BORING LOG B-57
(continued) Page 2 of 6
Avg Visual Identification, Description and Remarks . -
Depth/ |Core Depth Run/ Rec. | RQD Stratum (Rock type, colour, texture, weathering, Dacth Discontinuities
Elev. |Rate () (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (ﬂp) Remarks
i Q, L . oy . H .
(f) [(min No. [ %) | %) optional additional geological observations) (S Legend for Reck Descripian System)
) Hard. [Wealh Type | Dip | Rgh|[WealAper] infil
40.0 R SILTSTONE, reddish brown to light gray, fine grained,
1.40 i § § fresh, strong, close to wide spaced discontinuities
X X X
- X X X
X X X
1.60 ook
X X X
= X X X
4200 [ 9 |7 N
& 55 ¥ X X 0 |PR|FR | PO
1.60 R-5 100% | 83% R4 FR X X X
° ° : §§ 42.6' - 43.4' Vertical Fracture 4260 | J [ 15 [Psm[FR [PO| N
B = 4280 | J |80 |PSm|DS| T | N
X X X
1.40 X X X 4340 | J |10 |UR|FR| O | N
X X X
= 160 X X i
X X
1.50 ; : i
i 450 X X X
450 xR SILTSTONE, brownish yellow to light gray, fine grained,
1.40 % % X% slightly weathered, strang, very close to close spaced
X ¥ % discontinuities .
- X X X 45' - 45.7" Iron staining 4570 | J | 25 [PSm| DS | T | Fe
X % X 45.33' - 45.5' Highly Weathered Gravel seam
1.00 ;: ;: ; 46.35' - 50' Iron staining throughout 4635 | J | 20 [Psm|{DS| T | cL
X X %
- X X X
60 | =20 TE A
1.30 R-6 100% | 33% R4 SL ; § i
- X X X
X X X
X % ow 4807 | J 5 |[PR|Ds|PO| Fe
1.20 SRR
X X X
- X X X
X X X 4910 | J | 20 |sR|Ds|PO| Fe
X X X
110 X X X
| 50.0 x x x| 50.0
50.0 e SANDSTONE, brownish yellow to reddish brown, Color change of
1.00 sl medium grained, moderately weathered to fresh, water to light
’ o . strong, extremely close to wide spaced discontinuities brown.
= o e 50' - 51.3' Highly Weathered zone Loss of water
s n e from 50 to 55 feet
. e BGS.
0o e 5147 | J |15 |Psm|FR| T | N
51 30 "t
1.10 R-7 85% | 50% R4 M P
B s s °
1.10 T
L e s .
a0 s ® °
2.40 e s ®
- 55.0 b
55.0 e SANDSTONE, gray to reddish brown, medium grained, Loss of water
0.80 fresh, strong, close to moderately spaced from 56 to 60 feet
- i discontinuities 55.55 J 5 |pr|m| o | n |BGS
180 s« = o {568 56.45' - 56.8" Highly Weatherad Gravel seam
= X X X SILTSTONE, reddish brown, fine grained, slightly
x X X weathered, strong, close spaced discontinuities
2.70 Re| 39 | 5 | ra | R XXX
i 98% | 75% ook
= X X X 57.85 J 20 |IPSm| FR | T N
X X X
3.00 ol se40 | J |10 Jur|[F]| T | N
X X X
B X X x 5885 | J | 10 |[PSm| FR [PO| N
X X X
1.90 X X X
" 60.0 rEE
60.0 X X X SILTSTONE, reddish brown, fine grained, slightly Loss of water
250 X % x weathered, strong, very close to moderately spaced from 60 to 62 feet
7 o 2 discontinuities BGS.
X X X
= X X X
X X X
2.30 : ;: ; 61.35 J 5 |PR|FR| O | N
| X X %
X X X
54 30 X X X
1.70 RO | guoy | =g | R4 | SL 1 e247 | 4 |25 |RR|FR|PO| N
- X X X
X X X 6305 | J |20 |usm[FR| T | N
X X X
Ta 140 X X X
X X X
1.10 X X X
65.0 % 8
NOTES: PROJECT NO.: 353754 Boring No.: B-57




BORING NO.:

MACD CORE BORING LOG B-57
MACDONALD M ;
(continued) Page 3 of 6
: Avg Visual Identification, Description and Remarks X
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture weatherin Discontinuities
Depth Y S Stratum Ype, rAGKIe, ering, Depth
Elev. |Rate (PT) (Box) (Ln.l (in./ | RockCore Graphic field strength, discontinuity spacing, (‘?ﬁ) Remarks
() (Eln No. | %) | %) optional additional geological observations) {Ses Legend for Rock Cesurption Systam)
) Hard. |Weath Type | Dip |Rgh |Wea|Aper| [nfil
65.0 ; : § SILTSTONE, reddish brown, very fine grained, fresh,
1.10 e strong, close to wide spaced discontinuities
¥ X X Calcareous inclusions throughout
B X X X 6588 | J | 10 |PSm| FR|PO | N
X X X 6605 | J | 20 |PSm FR| T | N
1.10 i
X
| X X X
X X X
58 | 51 iRl
1.30 R-10 97% | 85% R4 FR § i :<<
i, %% %
X X X
X X X
1.30 X X X
X X X
= X X X
X X X 59.05 | J |25 |usm|{FR| T | N
1.00 § § : 69.33 [ J 15 [PSm| FR| T | N
70.0
X X X
—70
70.0 X X X SILTSTONE, reddish brown, very fine grained, fresh, Loss of water
1.40 § i § strong, close to moderately spaced discontinuities from 70 to 75 feet
X X X Calcareous inclusions throughout BGS.
B : § § 7087 | J | 10 |UR|FR N
1.10 X X X 71.27 J 20 |PSm| FR N
X X X
- X X X
X X X
4 o 60 57 X X X 72.20 J 20 |[PSm|FR | T N
.10 R-11 100% | 95% R4 FR i i ;((
- X X X
X X X
%%
1.10 X X X 7340 | 4 | 10 |Psm| R | PO I N
X X X
I~ 130 X X X
X X X
1.30 X X X
X X X
| 75.0 ol o S
75.0 X XX SILTSTONE, reddish brown, very fine to fine grained, 0ss of water
1.40 i § ;: slightly weathered, medium strong, extremely close ta from 75 to 80 feet
X X X moderately spaced discontinuities BGS.
- X X X
X X X
150 X X X
E X X
SRR 76.6 - 76.9' Highly Fractured zone 7659 | 4 |10 |[PR|FR|PO| N
[ X X X 7690 | J |15 |PR|FR| T | N
X X X
120 Riz| (&0 | o | RS | sb [% % x
N ? X X % 7762 | J |10 |psm|FR| T | N
L j B— X X X : :
X X X
1.20 % ; ; 78.23' - 78.52' Fractured zone
EEn 7853 | J |10 [Psm|FR| T [ N
- X X X
X X X 7905 | J | 5 |PR|FR| T | N
1.10 X X X 7943 | J | 10 |PSm|pe|PO| N
X X X
|50 80.0 % % x| 80.0
80.0 - SANDSTONE, reddish brown to gray, very fine grained, Loss of water
1.60 %s slightly weathered, very strong from 80 to B5 feet
el Calcareous inclusions throughout BGS.
" & @ T ) il
| - 80" - 80.9" Vertical Fracture 80.90 4 o |er|m]| T N
110 & g g140 | J | 25 [Psm|FR| T [ N
B s e
60 58 et
1.00 R-13 100% | 97% R5 SL |e o @
. e
[= e & &
o s
1.00 .
= " s
e Y 83.97' - 84.1' Highly Fractured zone 8397 | J 10 |PR|[DS| O | N
a0 | J |2 |[PR|DS| O [N
1.20 s 8 a
85‘0 a 8 @
—e5 .
85.0 . : : SANDSTONE, reddish brown to gray, very fine grained, Loss of water
1.30 fresh, very strong, close to wide spaced discontinuities from 85 to 90 feet
Lo e Calcareous inclusions throughout BGS.
- . o & 85.3' - 86.2' Vertical Calcite vein
v e
1.90 . e
g a & 8
i o g596 | J | 5 |usm{FR|PO| N
130 Ria| 29 | 5 | rs | FR
? A R4 ogw | c0% et -
s s
B s & 8
1.30 b
s ee
| "o
s o s
1.00 win 8930 | J |20 |PR|FR| T [ N
20,0 P
NOTES: PROJECT NO.: 353754

Boring No.: B=-57




T CORE BORING LOG “Bs7
MACDONALD M .
(continued) Page 4 of 6
— éﬂwg . Visual Identification, Description and Remarks
ep! ore Run/| Rec. [ RQD (Rock type, colour, texture, weatherin Discontinuities
Depth + : Stratum v i el EHNG,
Elev. |Rate ('%t (Box) (Ln.! (Ln..f Rock Core Graphic field strength, discontinuity spacing, D(?f)th Remarks
() (Z?tl)ﬂ No. | %) | %) optional additional geological observations) {See Logend for Rock Desctption Syslerm)
Hard. |Weath Type | Dip | Rgh |Wea|Aper| Infill
90.0 ikl SANDSTONE, reddish brown to gray, very fine to fine Loss of water
1.20 ol grained, fresh, very strong, close to moderately spaced from 90 to 95 feet
LR discontinuities BGS.
» iy Calcarecus inclusions throughout
1.40 s 8
B o 91.67' - 92.2 Vertical Fracture 9166 | 4 |10 [PR|FR[ O [N
& - - 9245 | J | 10 [Psm|FR| T | N
2.00 R-15 100% | 90% R5 FR e o =
v e
- e s284 | 4 |10 [PR|DG| T | M
s s
1.80 i s 9345 | J |10 |PR|FR|PO| N
» 110 s
-
1.20 L
& 95.0 .
95.0 A SANDSTONE, reddish brown to gray, very fine to fine Loss of water
170 grained, fresh, very strong, close to moderately spaced from 95 to 100
% e discontinuities feet BGS.
| .. 9565 [ J |20 |pPR|DG| O | M |Used
s e o approximately
170 P 2200 gallons
i s 0w from 0 to 95 feet
B . e . 9665 J 10 |PRRIFR|PO| N | BGS.
55 | 45 -
1.10 R-16 92% | 75% R5 FR : : :
B L 9775 | J |20 {PR|DS|PO| N
1.60 et e
| . v 9874 | J |15 |PR|FR| O | N
“ e
1.70 w
P 100.0 R R
100.0 PR SANDSTONE, reddish brown to gray, fine to medium Loss of water
0.50 L grained, fresh, strong, wide spaced discontinuities 10020 8 | 30 |UR|DS| T | N |from100to0105
BN Calcite infilling in healed joints feet BGS.
[ s e o
1.50 .
v e
- e s
" e
58 55
1.70 R-17 97% | 9z% R4 FR : : :
- e
v e
1.30 Y
- b
1.60 o
105.0 il
e M SANDSTONE, reddish brown fine ta med Loss of waler
105.0 ) , reddish brown to gray, fine to medium 10540 | B
0.70 L+ e grained, fresh, medium strong, moderately spaced ’ 19 [URI PG © | € from 10510 110
. discontinuities feet BGS.
- “« s
“ e
1.00
c v
v % 1860 J [75 |sRIFR| T | N
.« o
59 43
1.70 R-18 . im
oa% | 7o | RO | FRIT T 10750 J |25 |ur| | T | N
- < % 1780 4 [785|sR[FR| T | N
1.40 I 10825 B | 20 [UR|DE| PO | cL
| * 8 @ 108.75 J 70 SR | FR VT N
1.40 oo
o 110.0 s e
110.0 - SANDSTONE with interbedded Shale, brown to 1o10| o |50 |sr|er|eol| n |LOSSOf water
1.00 . reddish gray, medium to very fine grained, fresh, ’ ' from 110 to 115
% SilE medium strong, moderately spaced discontinuities feet BGS.
- e e
DRI 111.1" - 112’ Fractured zone 111.10 J 80 |PR|FR| VT | N
1.30 ...
B . s
60 48 s e e
1.25 R-19 100% | 77% R3 FR [
| M L 1270 8 |15 |ssm|FR| T | N
e e .
1.30 LI
oot 1350 B [ 30 |usm{ FR| VT | N
T a0 * o =
s e e
1.50 s e
115.0 P
NOTES: PROJECTNO.: 353754 Boring No.:B-57




BORING NO.:

MOTT
MACDONALD M CORE BORING LOG B-57
(continued) Page 50f 6
Avg Visual Identification, Description and Remarks i ol
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Iscontinuities
Depth = h Stratum Pe, il Fat : " Depth
Elev. [Rate ,ff) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, (ﬁp_) Remarks
(f)) |[(min| > | No. | %) | %) optional additional geological observations) {2 Lagend for Rock Desciption System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper| Infill
= = = 55 of water |
1150 - SANDSTONE, gray to reddish brown, fine to medium f‘;‘?;: 191 ;Vf‘;f]rm
230 A grained, slightly weathered to fresh, medium strong, fest BGS
: oA very close to close spaced discontinuities ee N
| I 1570 J4 |80 |srR|DS| O |ocL
1.60 willnl
v e
. P
52 17 °te
140 R-20 87% | 28% R3 SL |e o o
o 11840 J |25 |sr|FR|PO| N
1.30
ter 18s0 | J |40 |SR{FR|[ T [N
= .o
PR
1.00 LR
150 120.0 ¢ e
120.0 o : SANDSTONE, reddish brown, fine grained, very ;gﬁ?;&”ﬁ;irzs
2.10 & i strong, moderate to close spaced discontinuities foct BGS.
1.00 o
i 58 | 57 =
1.15 R-21 98% | 95% R4 FR [o e @
P
|~ . 8 o
1.50 .
- . N
1.20 s e 12425 | J | 25 |ssm| FR | PO | N
145 125.0 A
B iR i f Loss of water
Lii] oo e e g
230 58 ; feet BGS.
oo
1.25 e
L e 12680 | J |25 |PR[FR[VT| N
s e
56 | 20 -
1.30 R-22 a3% | 33% RS SL T
B o 12800 B | 15 |UR|[FR| O [ N
.o
140 e %
e o o 128.6' - 129.7' Fractured zone
1.15 b
10 130.0 e
130.0 S SANDSTONE, reddish brown, fine grained, fresh, very f“’ssf;(‘)”f“jf
1.00 ek strong, wide spaced discontinuities fret;TBGS,O 35
e s e
o . e
.o
B ® ° o
60 60 PR
1.10 R-23 100% | 100% RS FR S
- s 6 13280 | J |85 [PR|FR| VT | Ca
o6 e
1.00 P
PR
= 70 PR
1.00 ik
- 135.0 ol
135.0 Ay SANDSTONE, reddish brown to gray, fine grained, 'f—OSS 10;;’?‘9121
1.00 : : : fresh, strong, wide spaced discontinuities f:eTBGS,D 0
I~ * & o
e s e
125 . e s
60 60 s s
1.30 R-24 100% | 100% R4 FR .. e . .
B v s .
v
1.60 s s s
.o 13855 B | 25 |PR|FR|VT | N
™ T e & &
_— s e s 13820 J | 75 |SR|FR|VT| N
140.0 Sl
NOTES: PROJECTNO.. 353754 Boring No.: B-57




MOTT M BORING NO.:
(continued) Page 6 of 6
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. | RQD (Rock type, colour, texture, weathering Discontinuities
Depth b 2 Stratum ! i - 2 A
Elev. |Rate (ff) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, Deﬁpth Remarks
@  |(min No.'| ‘%) | %) P optional additional geological observati ()
ity p geological observations) {See Legend for Rock Description System)
Hard. |Weath Type | Dip | Rgh [Wea|Aper] Infill
140.0 -t SANDSTONE, reddish brown to gray, fine grained, [0SS O waiter
1.05 ©ew fresh, medium strong, wide spaced discontinuities from 140 to 145
PR feet BGS.
1.20 n R
..
57 | 57 °tt
1.75 R-25 95% | 95% R3 FR |e = =
e s e
B e e ®
2.00 e
- e e
| S .o e
s s .
1.15 . -
145.0 . en
—145 . e
145.0 oo SANDSTONE, reddish brown to gray, fine to medium Loss biwater
1.40 grained, fresh to slightly weathered, medium strang, ;m’t“;égm 150
< - 1 = ST - ]
e very close to moderately spaced discontinuities 145.55 J 2 lur| v N
on . 145' - 147.5' Crossbeds with light gray Sand. faspa) Al e i B
1.25 vree
-
L. . e e 14670 | J | 45 [PR|FR|PO| N
. s e
60 38
1.10 R-26 100% | 3% R3 FR |e o »
. e e
2 e o ®
. = .
1.20 5 W fe
- .
s e e 14900 J |8 SR|DS| T | N
1.20 e "
| 150.0 *** 14500
End of Boring at 150 feet BGS.
Borehole grouted with cement and bentonite holeplug.
| s
—155 -
160
£ e
NOTES: PROJECT NO.: 353754 Boring No.: B=57
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MOTT M BORING NO.:
MACDONALD M SOIL BORING LOG B-WICK-1
Page 1 of 1
Project: PennEast Pipeline Project Project No.: 353754
Location: Wick Creek, Stockton, NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Kyle Hansen
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: March 5, 2019 at 12:45 pm
| Driller/Helper: _Nick Beehler /Miles Neipert Date/Time Finished: _March 8, 2019 at 11:35 am
Elevation: 247 ft. lVertical Datum: NAVD 1988 Boring Location: Near tree line adjacent to power lines Coord.: N: 40.429655 E: -74.967493
Item Casing Sampl Core Barrel Horizontal Datum: NAD 1983
Type HW Ss NQ2 Rig Make & Model: CME-55LC Hammer Type Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck [J Tripod [ Cat-Head [1 safety [J Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 O ATV O Geoprobe |M Winch L] Doughnut O Polymer Mud Rota
Hammer Wt (Ib) | 140 140 - ® Track O AirTrack | ™ Roller Bit M Automatic | M Water i
Hammer Fall {in.) 30 30 - [] Skid ] [] Cutting Head O ] None
feld Ti
Depthy | Sample Sample USCS Visual - Manual identification & Description fle eSti
Elgv No. / Rec. B!D\ES Stratum Grou (Density/consistency, color, Group Name, .| 2 E Remarks
(@ |'nteval | (in) or 6 | Graphic| o mbgl constituents, particle size, structure, moisture, HEE ma
(ft) P y optional descriptions, geologic interpretation, Symbol) AR E %
(=1 = T ]
S-1 18 2 CL Soft, reddish brown, Siity CLAY, frace fine Sand, moist (CL) S|{L|L|L|PP=175tsf
0.0-2.0' :
= 4 3
5
PR, - | | S S S S T S W PE L OR
—® S-2 9 41 g Very dense, reddish brown, DECOMPOSED ROCK fragments with =l-1 - -
36 Gravel and coarse to fine Sand, dry
50-7.0
= 4 46
46 .
I~ 240 .
B 1 . - | - | - | - | Rapid water loss at 8 feet BGS while
8.0~ driving casing to 8 feet BGS.
W S3 2 50/2" . Very dense, reddish brown, DECOMPOSED ROCK fragments with - | -1 - | - | Rapid water loss while driving casing
. Gravel and coarse to fine Sand, dry to 11 feet BGS.
10.0-
B 1 120
L . 12.0
Top of Rock at 12 feet BGS.
See Rock Coring Log.
| 5
-
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer
Date | Time | Time |Bot.of | Bottom| . | O OpenEndRod TV =Torvane "
(hr) | Casing | of Hole T Thin-Wall Tube
3/6/19 9:00 = 11.0 12.0 Dry di S I
37M9 | 945 ; 110 | 230 | 176 | U Undisturbed Sample
3/819 | 9:26 = 190 | 70.0 | 17.33 | S Split Spoon Sample
G Grab Sample Boring No.: B-WICK-1
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 fleld tests based on visual-manual methods per ASTM D2438.




BORING NO.:

MOTT M
MACDONALD M CORE BORING LOG B‘WICK'1
Page 1 of 4
Project: PennEast Pipeline Project Project No.: 353754
Location: Wick Creek, Stockton, NJ Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Kyle Hansen
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: March 5, 2019 at 12:45 pm
Driller/Helper: _Nick Beehler /Miles Neipert Date/Time Finished: _March 8, 2019 at 11:35 am
Elevation: 247 ft. _ Vertical Datum: NAVD 1988 | Boring Location: Near tree line adjacent to power lines Coord: N: 40429655 E: -74.967493
item Casing Core Barrel Core Bit
Type HwW NQ2 Imp. Diamond _| Horizontal Datum: NAD 1983 Drilling Method: Wireline
Length (ft) 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 Dati Run/| Rec | RQD S (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. [Rate (f% (Box)| (in./ | (in/ | Rock Core Graphic field strength, discontinuity spacing, (ff) Remarks
(f) | (min No. | %) | %) opticnal additional geological observations) i (See Legend for Rock Descrption System)
) Hard. |Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip | Rgh {Weal|Aper| Infil
12.0 e SANDSTONE, grayish brown, medium to coarse ;_0551c:2\1(v31tesrf .
210 Sl grained, fresh, strong, close spaced discontinuities é‘gg 019 et
I “ s w 1300| o |olsrR|FR}O|N
36 28 PR
1.60 R 000 | 78% R4 FR 13.40 J 10 [UR| DG | PO | SD
. 13.63 J 20 | PR | DG PO | SD
2 o e
s 0 1417 | 4 |15 |PRiDG|PO|CL
2.30 s o e
| e 15.0 P
15.0 R SANDSTONE, grayish brown, medium grained, slightly ?55 f;‘fa;_%ff
1.70 o= weathered, strong, very close to close spaced s 0 20 feet
LR discontinuities 1260 J o |PR|FR| O N *
B : : : Used
approximately
180 -ee 16.4' - 17 Fractured zone 200 gallons of
= [ * s 8 water from 15 to
% = . T 17" - 17.6' Highly Fractured zane 20 feet BGS
1.80 R-2 R4 SL |e «
= 80%; [+40% e 7o | 4 |10 |ur|Fm|O|N
B LI
250 =ty 18.4' - 18.65 Fraclured zone
- j P
PP
2.60 e o o
0 20.0 c o e
[ * 8 & . . o
200 SANDSTONE, grayish brown, medium grained, frash, Loss of water
3.20 il very strong, moderately spaced discontinuities g‘é"ézo to 25 feet
oo e L
B o wite 2005 | ¢ |15 |pem[FR|PO| N
2147 | 4 | 15 |Psm| FR | PO | CL
3.40 ¥
P
- P
58 56 b
3.30 R-3 97% | 93% R5 FR |o o =
v e
B ey 200 | 4 |20 |PR|FR|PO| N
3.60 vt
Y
& ..
v e
3.50 e s 24.30 J 75 |PR|FR|PO | N
_25 250 ¢ & °
25.0 : : : SANDSTONE, brownish gray, medium to coarse Loss of water
3.80 grained, slightly weathered, strong, very close to close from 25 ta 30 feet
i : spaced discontinuities 260 | 4 |10 |urlFr|PO| N ES&SCI
B . e s approximately
220 e s & 26.2' - 27.25' Fractured zone 26.15 J 15 [UR| FR [ PO | N | 200 gallons of
’ P water from 25 to
- P 30 feet BGS.
220 ]
59 39 * e 1274
2.30 R4 | ggo | esm | R4 | SE (22X SILTSTONE, grayish brown, fine grained, fresh,
;2 = § medium strong, close to moderately spaced 2775 | 4 solpr|mR| TN
B X X X discontinuities '
KX X 2825 | 4 |4 [PR|FR| T | N
1.90 X X X
X X X
= T— X X X
X X X
2.50 X X X
300 X X X 2040 | J |15 |ur|DG| O {cCL
—30 B X X X
30.0 x X X SILTSTONE, brownish gray, fine grained, fresh, strong, Loss of water
2.80 rxz close to moderately spaced discontinuities g‘é’g?om 35 feet
X X X 3065 J 40 [SR|FR| O | N
- X X X
X X X &
140 X X X 3125 | J4 | 20 |[PSm| FR|PO| N
X X X
X X X
Water Level Data Notes
Elapsed Depth in feet to:
Date Time | Time | Bot.of |Bottom
(hr) | Casing | of Hole | \Vater
3/6/19 9:00 - 11.0 12.0
3/719 9:45 - 11.0 23.0 17.6
3/8/19 9:26 - 19.0 70.0 17.3
Boring No.: B-WICK-1




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-WlCK-1
(continued) Page 2 of 4
Avg Visual Identification, Description and Remarks
Depth/ | Core Run/| Rec. [ RQD (Rock type, colour, texture, weatherin Discontinuities
Depth . : Stratum > 2 oS ering,
Elev. |Rate (fltj) (Box) (in.7 ] (In./ [ Rock Core Graphic field strength, discontinuity spacing, D(?tp )th Remarks
(ft) (mm No. | %) | %) : optional additional geclogical observations) ’ (Sea Lagendfor Rock Descrlon System)
) Hard. |Weath Type | Dip | Rgh {Wea|Aper| Infill
X X X
X % x 3215 | J |20 [psm|FR|PO| N
1.50 RE | o2 | 28 | Re | FR |% % % o
98% | 72%
i ii: 3284 [ 4 |5 |PR|FR|[PO| N
X X X
X X X
- 3 v ine
’ iR
.70 X X X
. . : x 440 { J |15 |Pr|DG|Po| CL
35.0 X X X SILTSTONE, gray, fine grained, slightly weathered, Lass of water
3.10 s strong, extremely close to wide spaced discontinuities from 35 to 40 feet
i 2 ;< : BGS.
I~ X X X
X X X
h X X x
£ b oo f X X X
e X X X 36.9' - 37.15' Highly Fractured zone 36.90 J |20 [PSm[FR| O | N
X x X 715 [ 4 | 10 |rs o|cL
2.60 RE | oo | oo | Re | PR | % x " e
e ° X X X
n= X X X
X X X
2.40 § o
X X X
B X * X
X X X
2.70 X X X
X X X
. 40.0 R .
40.0 (2 ARGILLITE, gray, very fine grained, fresh, very strong, Used
3.00 2 close to wide spaced discontinuities approximately
’ b7 120 gallons of
| / water per 5 feet.
3.60 //’//
i .7
60 | 51 B
4.40 RT | 1000 | soey | RS | FR /Z/’
B / 4290 [ J | 15 |[Psm|Ds |PO| N
3.30 ,//é/ 2344 [ 0 |20 |Psm|FR| T [ N
- 7
» A 4410 [ J |65 |psm|os| T [ Fe
0
450 ///f/’ 450 | J |10 |PR|DG|PO|CL
45
45.0 / ARGILLITE, gray, fine grained, fresh, very strong, Loss of water
3130 / close to moderately spaced discontinuities from 45 to 50 feet
5 {// BGS.
- .7
Y
200 //,/r;é/;,; 4627 | 3 | 15 [pem| FR| o | N
//
I~ 200
60 | 53 /
240 R-8 100% | 88% R5 FR /// 47.32 J 15 |PSm|FR| T N
i g
2.60 3
]
: 7
1.70 % 49.25 dJ 75 |PR|IDS| T | Fe
50.0 // 50.0
—s0
50.0 % i : SILTSTONE, gray to reddish brown, fine to very fine Loss of water
170 Son grained, slightly weathered, strong, very close lo 5030 [ 4 |10 |pr|Fr|ro| n [from50ito 55 feet
B moderately spaced discontinuities BGS.
- X X X
X X X
X X %
1.60 X X x
X %X X
B X X X
X X X
56 29
2.40 R-9 93y, | 48% R4 SL i : 5):
| : X s284 [ J |25 |PR|FR|PO| N
X X X 53.2' - 53.4' Weathered zone; Clay with Gravel
240 X X X
X X X
|- X X % )
X X X 54' - 54.35' Highly Fractured zone
X X X
240 X X X
o 56.0 > - %
55.0 Sk SILTSTONE, reddish brown, fine grained, moderately Loss of water
130 S 8 weathered, strong, very close to moderately spaced from 55 to 60 fee
: X X % discontinuities 5550 [ J4 | 15 |PSm| FR [ PO [ N [BGS.
2 X X X
X X X
X X X
170 rEx
E BeX ss75 | 4 loolerlerlpol n
NOTES: PROJECTNO.. 353754 Boring No.: B-WICK-1




BORING NO.:

MOTT M
MACDONALD M CORE BOR'NG LOG B-WICK-1
(continued) Page 3 of 4
Avg Visual Identification, Description and Remarks = o
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering iscontinuities
Depil . X Strat L o2 ) : L Depth
Elev. Raye ?ﬂp}h(Box) (in./ | (in./ | Rock Core Grraaplrj\?; field strength, discontinuity spacing, (ﬂ?) Remarks
(ft) [ (min No. | %) | %) optional additional geological observations) (See Legend for Rock Description Systern)
) Hard. |Weath Type | Dip | Rgh [Wea|Aper] Infil
TS0 X X X Coss of water
59 28 X X X from 57 to 60 feet
1.30 R-10 a8% | 47% R4 M ); i i BGS.
X X X 57.85' - 58.8' Vertical Fracture
X X X
180 X X X
H X X X 5845 | J |8 |UR|FR|PO|[ N
X X X
X X X
X X X 59.1" - 59.9' Fractured zone with vertical fractures
1.60 X X X
60.0 =52
0 X X X
60.0 X X X SILTSTONE, reddish brown, fine grained, slightly ‘f-ussgg‘{"agesrf st
180 X X X weathered, medium strong, extremely close to é‘é’g 0. 9218
X X X moderately spaced discontinuities ]
X X X
X X X
X X X
X X X
150 T D 6140 | J | 5 |PR|FR|PO| N
X X X
X X X
59 44 X X X
2.30 R-11 SL
98% | 73% | rE 2 6255 | 4 |10 [psmjFR| PO N
X X X
X X X
X X X
210 X X
X X X B£3.7' - 64.55 Vertical © 63.67 J 20 |UR|FR | O N
X X X
X X X
2.40 X X X
85.0 X% ek
&5 = » .
65.0 7. 2, ARGILLITE with interbedded Sandstone, reddish :Lr"ss g;‘{vageg -
270 e brown, fine grained, fresh, very strong, close to wids burg o /UTee
’ / spaced discontinuities GS.
fpsen H Used
/// approximately
270 Z/, 2200 gallons of
water from 40 to
180 ,2 22/// 65 feet BGS.
60 | 48 i 6720 | J |10 |urR|FR|PO| N
210 R12| 4000 | som | RS | FR /////,
/ e770 | J | 15 |UR|FR [MW | N
1.70 //
% 6850 | J | 10 [UR[FR|PO| N
.7
140 7 ////7’ /
. ///
. 70.0 A 100
70.0 A SANDSTONE, brownish gray, fine to medium grained, {LC’SS of\:vat;srf 4
2.00 e fresh, very strong, wide spaced discontinuities é%"gm M
e e ;
e s e
oo e
0.80 o5 . e
s s e
.o
80 57 R
1.40 R-13 100% | 95% R5 FR |s o =
s
PP
ML
i P 7320 | J |eo|PR|DG|PO|CL
e e e
P
P
1.00 )
75.0 . W
|—75 . ue
i i Loss of water
75.0 . SANDSTONE, gray, medium grained, fresh, very f
* i i Pl om 75 to 80 feet
1.30 . strong, wide spaced discontinuities B,
S
s e e
1.40 L4
v
i v
v
59 58
1.30 R-14 98% | 97% R5 FR : : .
P
1.40 T
P
e o e
150 s o e
BOD & LI I =
—80 ..
80.0 : s i SANDSTONE, reddish gray, medium grained, fresh, Loss of water
1.50 S0 & i very strong, moderate to wide spaced discontinuities fé%néBO to 85 fest
s e
..
1.10 e
P
NOTES: PROJECT NO.: 353754 Boring No.: B-WICK-1




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-WlCK-1
(continued) Page 4 of 4
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weatherin Discontinuities
Depth X y Stratum e, ! S erng,
Elev. |Rale (f‘tj) (Box)| (in. / (:)“-’ Rock Core | & - ohic field strength, discontinuity spacing, D(?,tp)th Remarks
ft) (m” No. | %) | %) optional additional geclogical observations) {See Legend for Rock Descrpion System)
) Hard. [Weath Type | Dip | Rgh |Wea|Aper] Infill
59 59 . e 8213 J 15 ([UR|FR| PO | N
1.40 R15| ogo [ apos | RS | FR L - .
= ' : : 8290 | J |25 |Psm|FR| T | N
1.30 i N .
-
- -
1.30 ° s s
& 85.0 PR
850 e SANDSTONE, gray, fine to medium grained, fresh, Loss of water
150 ials very strong, wide spaced discontinuities g%néf:‘iﬂo 90 fest
1.50 * s s
g
[~ 160 e e =
60 59 e
1.70 R-16 100% | 98% RS FR |a e »
.o
B s 0 = 8793 [ J | 20 [PSm|FR|[PO| N
1.20 L e
L .o
1.30 -
a0 90.0 e s 8
90.0 B e SANDSTONE, brownish gray, fine to medium grained, Loss of water
1.10 R fresh, strong, closa spaced discontinuities from 90 to 95 feet
w0 9050 | J |40 |PR|FR|Po| N [BGS.
. e o {910
= § ; SILTSTONE, reddish brown, fine grained, highly
= weathered, medium strong, extremely close to close
1.60 X X X y
' X X x spaced discontinuities
» X X X
X X X
27 11 X X %
3.20 RAT| oo | 1a% | R4 | PR % % x
X X X
u X %X X
X X X
2.60 % X %
X X X
- X X X
X X X
® R X
3.40 X X X
95.0 X X X
o5 = X X X
95.0 X X X SILTSTONE, reddish brown, fine grained, slightly Loss of water
140 X % X weathered, strong, close to maderately spaced from 95 to 100
% K discontinuities feet BGS.
X %X X
B X X X
X X X
1.20 X X X
X X X
B 150 i: § g 96.95 J 10 |PSm| FR | PO | N
a3 ¥ % 97.05' - 97.75' Vertical Fracture E ¥
1.40 R8s | 2 ra | sL [% %3
dB% | 2%
X X X
I i;i 97.90 J 85 |PR|FR|PO| N
X X X
1.50 R
1 X X X
X X X
X X X
150 Rl 99.23 | 5 |[UR|FR|PO| N
x
[ 100.0 X Z Xl 1000
End of Boring at 100 feet BGS.
Borehole grouted with cement and bentonite holeplug.
—105
NOTES: PROJECTNO.: 353754 Boring No.: B-WICK-1
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Figure B-WICK-1.1
B-WICK-1 Box 1 R1-R4 Dry
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Figure B-WICK-1.2
B-WICK-1 Box 1 R1-R4 Wet
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: Deew) ,-REcE/;\ | reveny 3?’33‘?&{@@: Gty
-35 5%0.%,—\%5,@/0 : : @bﬁ‘; R5-7% (3a'-50) =
35’ = |57 -95% | .= q0%

TS e 0l | s =85 %
QS'SO / l[p/o AD ﬁ%/ l

) R R B B v e e R R I s

Figure B-WICK-1.4
B-WICK-1 Box 2 R5-R8 Wet
ipeline Project BORING NO.:
MOTT M PennEast Pipelin oj
MACDONALD M Rock Core Photographs B-WICK-1




Figure B-WICK-1.5
B-WICK-1 Box 3 R9-R12 Dry
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Figure B-WICK-1.6
B-WICK-1 Box 3 R8-R12 Wet
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B-WICK-1 Box 4 R13-R16 Wet
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Figure B-WICK-1.9
B-WICK-1 Box 5 R17-R18 Dry

Figure B-WICK-1.10
B-WICK-1 Box 5 R17-R18 Wet
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Mott MacDonald | HDD Design Report
Wickecheoke Creek HDD Crossing
PennEast Pipeline Project

Appendix C

Installation Load and Stress Evaluation
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M

Project Name: _ PennEast Pipeline Project By: M. Lockwood
MOTT Project No: 353754 Checked: _G. Duyvestyn
MACDONALD HDD Name: Wickecheoke Creek Owner: _PennEast
Horizontal Directional Drilling Location: Hunterdon County, NJ Date: 5/17/2019
Operating Stress Analysis - MAOP Based
References: 1: ASME/ANSI B31.4 section 402.3.2
25 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
Miodulus 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-95 infin/°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 Should 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 10,488 psi
Percent SMYS 15.0%

Longitudinal Stress from Thermal Expansion

Longitudinal Stress from Thermal Expansion -14,235 psi
Percent SMYS 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/ANS| 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 90% SMYS by ASME/ANSI B31.8 section 833.4



M Caleulatod by: _M. Lockwood
MOTT Chocked by: _G. Duyvestyn
MACDONALD

Date: 41192019
Horizontal Directional Drilling Project No: _ 353754
Calculation of Pull Loads and Stresses during Pipe Installation

PROJECT: PennEast Pipeline Project - Case 1 HDD CROSSING LOCATION: Wickecheoke Creek

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

HOD Installation Load Analysis HDD Installation Stress Analysis
nsialation
Combinad | Combined | Combinad
Segment Type | Typo of Curve Bors Sradoniag Installed Langth Baro Elevation Bare Diametor S —— AL I CAREE Tensilo (Axial] Siross Banding Strass Haoop Stress Tensileand | nsloand | Tansils, | Tensil,
Friction Factor Banding | Bonding |Bending
. Factor <10 |Hoop Factor] Hoop <1.0
Toal maires fesl | motes | inch mm psl_| NP3 | _%Sm¥s ) MPa
Fips Eniry Loca 5006+00 | 155+328 3256 = - 812 T 58% [0 ok} Ver 000 Yos
Slraigh 5096-82 | 155+353 3081 X 460 | 17183 922 ] 0 o Yes 0.00 Yes
straight £097+64 | 165878 2807 X 480 | 1215, 32 | 2% .00 0, Yes 0.00 Yes
siraight S098+45 | 155+403 2733 480 | 12183 2 |23 Yes 0,01 Yes
slrai 5099428 155+428 255.9 481 12192 | 2 259 Yes .01 Yes
siraight 5100+10_| 155+453 3. a8 1218 61 2 0 es z Yes
sirsight 5100452 | 155+478 221 ELY 1218 08 | atom o4 o 03 Yes
clraigl 5101474 | 155+503 203 45 12182 54 0% e .04 2
Sireight 5102456 | 155+520 186, 48, 121932 0 005 es 05 =
slraight 168 480_| 12192 005 es 107 o5
straight 151 20| 1218; 005 es 08 es.
siraight 133 008 e o5
straighl 116. [ . ‘s
curve Verlical 107, E [E73 s 2 es
curve ertical 6.1 25| [E3 s 2 es
curve veriical (51 [ es 2 s
[ cune verical 822 [IE s Z s
car veriical 751 Vez 3 )
e verlical 155713 | 1 686 Ves .5 s
curve vertical 108+08 1554727 628 Yes .32 'es
curm verial 5109+56 | 1854741 576 s 033 Ves
curve vertical 10+03 1854755 S52.9 &5 034 Yes
cune vertizal 10+50__| 156+770 459 I s 035 Ves
eitical 10+57 %55 28, 5. 035 Vos
wertical 11+dd A28 48] 85 03B Yes
ettical 1057 405 48 s, 037 Yoz
adical 12+38 39 48 85 037 Yus
verdical 12+B5 38 48, 85 0.38 Yes
oo 13+32 5 a8 os 038 Yes
13466 48 &5 024 Yes
14+00 85 0.24 Yes
straight 14+34 155+887 3 0.24 Yes
straighl __|_sttavea | 1559807 | e 0.4 Yoz
curve vertical 15441 155+020 =3 0.38 Yes
curve verlical 16+15 165+942 | 1 Ves 38 Yeu
Surve verleal 16+88 | 165+084 1 Yer 38 =
surve veriical 17481 1654887 2 Yes s
Gurve vordical 16+34 | 1554008 2 0. 1 i 0. Yes es
curve vertical o 35% [ Yoz =
Sunve vertical 35% Yes es
cune vertical — 38% Yos s
verlical 1 38% Yes o5
curve “verfical 122 34 | 3% 3 Yes s
Gurve verbcal 278 15.9 E 17.38% | 1.952. 546 | 279% Yes ¥ s
Grve verlical 145 . 1238 % 1202 % e 2 s
Siraignl 537 | 46 % 27| 2.0 = o5
siraighl 62.5 491 0 L00% 5. IB% fes 5
straight 522 1.3 00 .00% .02% fes =
Suaign 550 03 00 % 7% e s
Straight 577 03 4 00 TT% =3 5
iralgh 60.4 03 00 52 6% fes |
siraigh | et 0.3 i .50 i) fes
straight i | @85 4% 50 o I
siraight |5 |85 | 20%, 00 = 06
siraight 5 |12 ¥ 26" o0 = 06
Straight L] T67.075 o 35% o0 s 0,06
Siraght s | 766 790886 b 30% 0 2% X = 0.05 Vez
Siraight ) 794,698 1o | 5% 50 7% % s [ Yas
Straight 2.0 788508 16| 2% i} 3% = 604 Yos
siralght BiT ar 802,321 T 50% 1o K 16% 5 o5 0.04 Yes
HOB Rig Lecation 7.4 I 605,132 T 5% o 0% | oo .00% T s 604 Yes
NOTE: Hoop stress laken as an emply pipe for no buoyancy caniral and with walcr wilh buoyancy contrel
32556 [l
| Greund Elevation at Pipo Entey —G 258 — (8 Comzined Tensie and | Combined Tensie, Bending|
8550 [fecl TOTAL FULL LOADS Banging Facier 2nd Hoop Factor
| Groond Btion st A Bl o Irsaa [Fsimum Values | wop13zib | aoa.ifions 7 1 D—L—|.39
Input Plpo Properties
Fipe Duter Diameter
Pipe Weight {in air}}
Welght of Water in pipe
Net Busyant Weighl of pipet
Young's Madulus of Elaslicity)
“ield Strength|
Poisson Ratio|
Drill Pipa Diameler|
Kenimum Radius of Curvature|
i
Ultimale Safe Pull Lpadi—-os29531 |
Maximum Calculated Pull Load
ot
Maxmum Calcuiaiad Start-Up Pigs Pul
Load
Faclor of afel
Soll and Mud Properilas )
10]ppa of arill huid and soids [hplcally 6.5 16 11 Toigal]
Mt welgit 1,199 Speclfic Grav
Friction Cosf [GS or rollers]| 0.3 rollers hypically 0,10 1a 0,30 [alang ground surface is Figher range)
i 19.5)Ib/ 1001 (Based on HOD expari i
93,385 kdymesem’ |
Plaslic Viscosiy 13|cP (Based on HOD experencs from previous installaions
p— B00|GPM {iypicall 208 300 ‘3pi for 501 of 400 o 800 gom u‘l_r‘wm
2 2271 |mimin
1128[GPM {squivalent mud rate sccouniing 1ot siury displaced by produsl fipo Inslallalion] |
Drifling mud pumping rate el ]
Pipe Pullback Rota)

Pull Load Analysis

PennEast Wickecheoke Greek Hydraullc Fraclure Galculalion Sheet va05 20190426 430019



o [\ |
- “_DONALD
sntal Directional Drilling

alation of Pull Loads and Stresses during Pipe Installation

Calculated by: _M. Lockwood

Checked by: _G. Dupvestyn
Dato: _£Naamg
Project No: _ 353754

PROJECT: PennEast Pipeline Project - Case 2

Reference: 1.

HDD CROSSING LOCATION: Wickecheoke Creek

\nstallation of Plpelines by Horizontal Directional Drilling, an Engineering Gulde, PRCI Publication 2015

2. Plpeline Deslgn for Installation by Horizontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005

HDD Installation Load Analysis HDD Installation Stress Analysis
Combined |GambinedTo| Combined | Combined
SeqmontTypa | Typa of Gurve Bare Statloning Installed Length Bors Elevation Boro Dlamatar Sl FOTAL PULL LOADS Tensilo (Axlal) Stress Banding Stress Hoop Stress Tanslloand | nsllaand | Tansils, | Tenalls,
Biciinn Fatad Bending |Bonding and|Bending and|
<1.0__|Hoop Factor| Hoop <13
faat melres Test | metres | Inch mm sl | WPa | TSMYsS pal | Wpa_ | %sMvs| psl MPa_ [ % SMYS
Pipe Eniry Localsn B006+00 | 165+328 3256 <8, - - | 48.7 lons 3478 | 812 1.68% | oce | oo% | 60 X 00% X Yes .00 25
siraignl 5085+R2 | 155+353 308, 93 480 | 12192 03 103842 b 1.76% .00 000% | 354 2 05% X Yes .00 es
slraight S087+54 | 155+378 2850, 88 0 193 108,289 b 000% | 705 10% X Ves .00 es
Shraigrl S053+dB | 1554403 2733 | 833 .0 192 12737 _Ib 0.00% | 108 15% X Yes .00
sl 5093+28 | 15528 2559 | 780 ] 192 7185 _1b 000% [ 141 20% Yes o0
staig 5100410 | 155+45% 236 727 0 9.2 121,633 1o 0.00% | 177 2 | 025% | O Yes 50
stal 5100432 | 155+476 2211 574 480 18 129,084 1o I Yes .00
sirai 5101474 203 62,1 480 | 1215 136535 X Yes .00
sira 5102456 1852 56. 480 12192 143,985 L] oo
slraigni 5103438 g I 1688 | 1. 480 | 1219 151,437 es 0.00
staight 5104+20 | 155+678 | B3rm | 255 1513 | 4 19.2 158,808 1b 3 0.00
straig_ S105+02_| 155+603 | 921.7 | 280 1339 | 40 192 0. 166339 1o = 0.00
straght 5 06 115 353 0 173.790_1b. o 07
curve eriical 105+30 | 1557642 3 [ 217620 b = 3
curve veriical 105+76 | 1557656 2, 03 216,569 _1b. = 08
curve verlical 07422 | 1554670 0. 156,773 1b_| s 08
Carve vertical 5107+63 | 155+664 E 185,267 & Ll
cane vertical 5108+15__| 153+650 | ATTA27 & .08
Carve vertical 51061 1554713 183,100 e .08
curve verical 51054 127 183,857 Ves B
curve verical 513995 +741 196,057 Ves 008
curve vertical 511041 +755 201,921 Yes 08
anve vertical 207,536 Ves 08
curve vertical 212,283 Yes 08
ourve veriical 218,310 Vas 08
curve verlical 223,553 Yas 08
curve vedical X 228,734 Yos 08
curve vertical 48.0 03 233873 Yes .09
curve verical 280 03 536,954 es i)
48.0 03 243,222 Yes
460 247 450 e
480 251698 s
6. 255,03 s
erical q 264,516 es
verical a 263,452 e
verical 271048 e
veriical 374282 =
veriical 38052 b 5
veriical 396,758 5 s
verical X 306,961 = s
vertica 5.0 316,774 = s,
verical 80 383 es X s,
veriical 450 219 335810 Ves .09 s
veriizal 1718 % M52 Ves g Yos
veriical 1219, 354 487 Yes .09 Yes
1215. 360417 Yes a1 Yes
X 1218 365,347 Ves Yes
.2 219 372,277 Yeas Yes
0 378, Yes Yes
7 384,137 Yes Yes
390,067 Yes Yes
X 385.998 Ves Tes
21 301928 b Ves Yes
X 219 407.858 Ves X e
451 1219 313,788 Vo5 0.01 es
1| 1219 419,718 Yes 0.01 ‘es
1219, 425648 Yes a0 ‘e
1218, 431,578 3% Yes 01 e
1218, 437.508 b A% i . | Yes 0.01
siraighl 5126473 B 12182 ¥ 233438 . 51% 060 | ooo% | 18 0,12 Ves .01 s
DD Rig Locaton 5120+09 | 156+337 874 12192 0. 448,368 b 224.7 tons B1% 000 | 0.00% 0. 0.00 X Yos 007 e
WOTE: Heop sess [en a8 3 smply pipe for a Buoyancy and il waler o)
37558 [leel
Grauind Elevalion at Plpe Entry g, imatres Fiogp Suiess Combined Tenslie and | Comined Tensile, Bending
ipe Eil| 20090 (el [ TOTALPULLTOADS | Bending Faclor and Hoop Factor
Ground Elevation 2t Pip2 Esll 57 45— [metres [ vaes | WgaEle | 2silow | 0.5 T ¥ ]

Input Pips Propertiss

Fipe Quier Diameter|

Pipa Wall Thickness|

Waxmum Calculaled Swr-Up Pipe Pull
Load|

[ Feclorol Safch]
Soll and Mud Praporties

Pips Welght in air)
: 204 Sllbs/l
Weight of Waler in pipe T
Hel Buayan! Weight of pipe :'J:ngza'ﬁ ;::,::
. Ta2E 7psi
Yaurg's Medulus of Blaslicity| 201327|MPa.
70.000[ps0
“fiel Strength| Fri e
Folszen R 0.3
S €625/
Oris Pips Dismeter et eI
Minimum Radius of Cunalure| —_
Ullimale Safe Pul Load 3
Maximum Calculaled Pull Load|

Mud Weight

Frickian Coeff, (GS or rallers)|
Yield Peinl

Biaslic Viscosity]

Drilling mud pumping rate|

Drilling mud pumping ralel

Pipe Pullback Rale,

Puli Load Analysis

PennEast Wickecheoks Creek Hydraulic Fracture Calculation Sheet va05 20130426

413072019



M . Galculaled by: _ M. Lackwsod
MOTT M Chacked by: _G. Duwestyn
MACDONALD Date: _4/12:2019
Horizontal Directional Drilling Projact Na: _ 353754
Calculation of Pull Loads and Stresses during Pipe Installation

PROJECT: PennEast Pipeline Project - Case 3 HDD CROSSING LOCATION: Wickecheoke Creek
Reference: 1. Installation of Pipelines by Horizontal Di Drilling, it g Guide, PRCI i 201s
2. Pipeline Design for Installation by Horizontal Dlreclmnal unllmg, Manual of Practice, ASCE MREP 108, 2005
HDD Installation Load Analysis HDD Installation Stress Analysis
) Combinod [CombinedTe| Combined | Comblnod
RS PA——— Bore Stationing Installed Length Boro Elavation Bore Diamater SR AL P Lot Tonsile (Axial] Strass Banding Stress Hoop Stross T nsilaand | Taenslle, | Tensila,
Friction Factor Banding (Bending and|Banding and|
<10 |Hoop Factor| Haop <1.0
Tant motroa | fost | motres | fast | motres | inch mm pat WPa_ | %SMYS
Fipe Eniry Losalion| 5036+00 | 155+328 95 - - CERETT) 457 lons K X ; 0.00 0.00% Yes 00 Ves
sirsi 5008+82 155+353 9, 48.0 12192 115,049 o 57.5 lons. 1,364 0.00 0.00% Yes Yas
5057+64 | 155378 B 480 | 12193 . 130704 85.4 ons 0.00 0.00% Yes Yes
5088+45 | 1550403 632 480 | 1218 E 126,360 1o 3.2 lons 0.00 0.00% es Yes
5099¢78 | 155+428 784 80| 1215 F 57447 _In 3.7 lons 6.00 0.00% Yes e
5100:10_| 1550453 72 80 | 1219, 100,535 i 343 lons .00 0.00% as .03 Yas
5i00+52 | 155+478 & B0 | 1218 Z08522_Io ddlons | | .00 0.00% Yes I}
5101+74 | 155+508 62, a0 | 12193 230,710 _In 1154 lons 00 0.00% Yes .05
5102+55 | 155+528 56 80| 12192 251787 b 125.5 lona .00 0.00° Yes .0 Yos
5103+38 | 1554853 72862 _Ib 1364 fcns Yes . Yes
5104+20 | 156+578 | 233,872 147.0 lons Yes Kl Yes
5105+D2 | 155+503 315,659 1575 fons. [ 3 Yoz s
5106784 | 155+628 335- ar 1681 tons Ves
5106+30__| 156+642 916 tans 167 Yes
E106+78 | 1559685 ;i b | teBSions 167 Yes
5107422 155+670 400,373 200.2 lons. 167 Yes
5107469 165+884 229 167 Yes
5108415 015 167 Yes
5108462 | 148,270 67 Yes
105+09 03 Fig) 767 Yes
| 510556 648 767 =)
488 202 367 es
501.810 767 es 5
398 167 'es es
523,923 367 e 4 es
E 542,357 [ 67 Vs Z s
12 E 555,683 6 z.187 = 4 Yes
2 . 568.804 | & 9.63% 167 =3 .44 Yes
E 5E1.982 i BEBE% 167 ‘es .44 Yes
568,571 € 5.97% 0 es 12 Yes
035 55,161 B 08% ] = 133 es
2132 03 601,750 7 15% [] es 129 a3
2132 03 608,359 = E . 30% [ es 2 o5
3182 03 Bad008 b | [ [Ty 5% 2,157 es o3
¥] 644,125 A ST 167 &5 ‘s
¥ 574,607 [ 167 Yes, es
682,767 167 Yes ‘es.
705,238 [ 167 ‘Bs o5
5,701 [ 767 e s
39,763 [ 167 e Yer
55279 [ 16T e Yes
10,055 6T s Ves
156+110 1122 480 | 1218 627,928 [ 767 ea Yea
156+141 1278 430 | 1210 845,463 67 Ves Yes
156+163 1448 450|718 862,655 [iHd e | Ves
T56F174 1537 7218 866,995 1o A X es | Yes
T56+185 | 2 1625 | 4 1218, 871,516 1o [ 14.75% 0 Cw| Yes
156+195 714 52. 218 875547 b [ 53% B e | Ves
1| 156+206 1803 5 1318 875,578 I 50% es | Yos
[ 186+277 | TEE] 57, FIL) 851309 1b I 8% es | Yes
T56+226 1981 604 | 480 [ 1218 86639 b [ [ i5.05% es | Yes
§125+88 | 1567230 207.0 B3 1218 892570 b [ AT% es [
Siz5+24 | 1567250 | 2158 12182 857301 b [ S 20% o5 =
5126+ 55+261 227 17182 901631 b 3T% 0 s K
126+55 | 156+271 FEET) 12152 505967 I [ t534% a s, 4
127+ 156+287 | 2 2425 1218 510203 Tp 7% s,
466 | 156263 2514 1218 514673 b [ 5% 65 e es |
02 | 1564301 2602 8.0 | 1218, ECC [ 55% ¥ 5% X os | es
v38_| 156+315 2851 486 | 1218 925,285 1b 3 15.64% | 165 4% ¥ e | es
73 | 156+326 2780 B4.7 480 | e 7616 _Ib A T5.11% 8| 0.17T% 2 e | o
09| 156+337 | 2859 7.4 480 | 1318 331826 15.7a% 0% os | )
With waler wilh Buoyancy caniral
Foop Giress
TOTAL PULL LOADS -EI
(Maium Values | 0310680 | 450.00icns | [ 2157 | 30 [ 173ws | ssez | 180%
Input Pips Propartiss
Pipa Quler Diameter|
Pips Wall Thickness|
R
Pipe Weight {in air)
Weight of Waler in pipe|
Nel Buoyant Waight of pipe}
Young's Modulus of Elastieity]
Yield Sirength|
Poiason Raliol
Drif Pipn Diamater
Minimunm Radkus of Curvalure|
Ultimale Safa Pull Load|
Maxmum Calculaled Pull Load
Faclor of Saely
Start-Up Lood Faclor]
Maximum Calowated Start-Up Pipe Pul
Load| 8. 91|-N
Faclor of Safaty| 18]
Soil and Mud Propartiss ;
I 11[ppg of il fiuid and solids (typically 8.5 (o 11 bigal)
i Waight 1.319|Spocific Gravity
Friclion Coaff. {GS or rcllers] 0.1|rellers typically 0.10 15 0.30 [slung ;mums sur!:ch |s higher ranga) |
g
el P Iﬂ10.2.5 el 1000° ‘lsed on HOD B |
Fizslc Viscoaly| 13/c” (Based on HOD experience from pravous Insialations
500/GPM (typically 200 to 300 gpm far sl or 400 to BGJ gpm bedrogk]
220 |mmin |
1129]GPM {equivalent mud rals accaunting far slurry displaced by product pipe Instaliaion)
4273 |mmin_|
10ieetimin (Based on HDD axperience)
Fipe Pullback Rale| 305 minin

Full Loasd Analysis
PennEast Wickecheoke Creek Hydraulic Fracture Calculation Shest va05 20190426

47302019



M Caleulatod by: __M. Lockwaod
M

o Checked by: _G. Duyvestyn
T CDONALD

Data: __4/1812018
3ntal Directional Drilling Projoet Ho: _ 353764
Jlation of Pull Loads and Stresses during Pipe Installation
PROJECT: PennEast Pipeline Project - Case 4 HDD CROSSING LOCATION: Wickecheoke Creek
Reference: 1. Installation of Pipelines by Horizontal Directional Drilling, an Englneering Gulde, PRCI Publication 2015
2. Pipeline Design for Installation by Horlzontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005
HDD Ir |ation Load Analysis HDD Installation Stress Analysis
Combined |C: Combinad | Combinas
Sagment Typs Type of Curve Installed Length Boro Elavation Baore Diameter Gootochnical TOTAL PULL LOADS Tensllo (Axlal) Strass Bending Strezs Hoop Strass Tensleand | nello and Tenslle, Tenslle,
ot Banding | Bending |8ending and|Bending and
lan Factor
Faclar <1.0 Haoop Faclor| Hoop <1.0
Tast meires Tast | metres | inch mm psl | MPa | %SMYS [Tl MPa_ | SMYS| pal MPa | %SMYS
5096400 3256 | 99 - - [ 1178 | 81z | 16 0.00 00% | 00 900 | oo0% .02 es 0 Yes
$096+82 53 3081 | 931 X 12182 FE) ) 1225 | 8de | 175 000 | 000% | 5658 038 | 008% a2 es 00 Yes
5097464 | 155+378 280 X 1219 03 To 1275 | 8.79 62% 000 .00% | 113 078 | 046% .02 25 00 Yes
5095446 155+403 273 1219.2 03 o 1.323 942 .83% 0.00 - .00% 1 1.18. 0.24% 102 es .00 Yes
5039425 | 155+428 255, I 1218 03 b 1385 | Gez .95% 000 .00% |1 070 | 01a% .02 es 00 Yes
5100+10 | 165+853 238, 19.2 b 1468 | 1042 .10% 00 00% |15k 109 | 023% 03, es [ Yes
51004 155+478 2210_| 192 o 270% £0 .00% |2 146 | 031% 03 es o0 es
5101474 | 155+503 203 192 2.30% s X E . I = I Yes
5102+56_| 1550528 186 X 192 241% I 0.00% E Yas 1 Yes
5103+ 1554553 166 E 192 X b 51% X .00% Y X Yes 1 Yes
104420 1554578 151, . 48.0 03 Yas 0.04 =3
05402 | 1554603 480 03 X X Kk es 0.01 o5,
105484 155+E28 480 03 . B2% | Yes 001 25
vertieal 105430 155+842 480 03 . Yes 0.08 s
vertieal 106+76 155+E56 48.0 23 L Yes 0.08 es.
verilesl 107+22 155+E70 48.0 .98 =3 0.08 es
vertical 107 +69 155+684 48.0 .21 s 0.09 ©5
verlical 108+15 155+638 | 1 48.0 Xil es .08 05
verlical 10B+62 155+713 480 34 es .08 o5
veriics 09+00 | 155777 | 1 460 79 es .05 s
verical 45.0 2 70 5 .08 =3
vertics R 460 | 1218 ©a o5 .05 Ves
vertical 110+50 | 155+770 | 1 450 | 13182 a5 s .08 Ves
verical 10+a7_| 155+7e4 | 1 450 | 1218 £0 s .08 ez
vertiza) +a4 | 155+798 480 | 12192 b_| 13 Ves 70 fes
vertizal w81 [ 155vE13 1215.2 b 45 Ves 70 es
venizal +36_| 155v27 | 17182 b 73 Vex 0 &5
venzal 5 | 155+EdZ 12192 C) 11 Ver T es
verizal +32_| 155+E56 1219.2 4z Ve 0 Yes
66 | T55+E5E 17153 ] Ve 02 Yes
<00 | feseert 1218 Ver Yas
<34 | TE5+ERT 1218 Ves Yas
[ 155+607 | 5 Ves as
eeTical ; Ves Yas
vertical T 3 Yas Yes
verdeal 5 E Yas e
verical ¥] s e
verdcal 2 = es.
verdcal T = o5
werical 27 = es
verical =5 es
verlical I I =5 ] es
varlical 342 I ey, 1 es
verlical 38 19.2 = 0.10 s
verlical IX 102 Yes 008 s
19.2 Yes 0.01 85
219.2 Yes 0.0 65
22 12193 o5 0.01 es
12193 s, 0.01 s
57 121832 s, Ves
0 12192 o5 Ves
T 12192 3 o5 Ves
41 1219 03 Ve ¥
280 | 119 03 es Ves
480 03 Yes Yes
480 (1] L es
156+293 48.0 es L01 es
+02 156+304 48.0 = .01 fes.
128+38 156+315 B2 48.0 = 01 fes.
slraigh! 128+73 156+326 B4, 48.0 F3 =1 .01 fas.
HOD Rig Lecaton 120+09 | 166+337 | : 61 480 | 1218, es 01 =
onirol and with waler wilh b ontrol
= : 32556 [leel
‘ Ground Blesetion ot Pipe. En 9993 [melres Combined Tensie and | Combined Tensie, Bonding|
2BEO0 _|lest TOTAL PULL LOADS Bending Faclar and Hoop Factor
} S PR aras maves a0l | 1645les | 038 1 050
Input Pips Propertias
Fipe Ouler Giameter
Pipa Wall Thickness|
R}
Fipa Weight (in air)
Weight of Waler in pipe
Net Buoyant Weighl of pipa|
Yourg's Modulus of ity
ield Strength
ot son Falio|
Orill Pipe Diameter|
Minimum Redius of Curvature|
Utimale Safe Pul Load
Haximum Calculated Pull Load}
Faglor of Safely]
Steri-Up Load Faclor
Waximum Calculalad Slart-Up Fipas Pull
Loag)
Facior of Saieny|
Soil and Mud Propertios.
A
Mud Welghi | iy
Friction Coefl (G or roliers)] G.A|rcliers hypicaliy 0,10 1o 0.30 {along Figher range] |
Yidd 19.5| I/ 1007 {Based on HDD experience previous i ]
03.366|dynefam’_|
Plaslic Viscosity] 13[GP (Bzsed on HOD experience from previous installalions) | ]
ing BO0[GPM [tymically 200 lo 300 gpm for soil or 400 1o 800 gpm bedrock] |
Drilling mud pumping rate| L by product pi
Pipe Pullback Ras ]

Pull Load Analysis
PennEast Wickecheoke Creek Hydraulic F

e Calculalion Shoel v905 20190426 4130/2019
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MOTT M

MACDONALD

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

Calculatad by: M. Lockwaod

Cnacked by: _G. Duyestyn

Dale: _4/18/2019

Projoct No: __353754

PROJECT: PennEast Pipeline Project - Case 5

Reference: 1.

HDD CROSSING LOCATION: Wickecheoke Creek

Installation of Pipelines by Horizontal Directional Drilling, an Engineering Guide, PRC Publication 2015
2. Pipeline Design for Installation by Horizontal Directional Drilling, Manual of Practice, ASCE MREP 108, 2005

Uitimale Safo Pul Load!

Maximum Calculated Pull Laad

Faclor of Salaty|

I Siari-Un Load Faclor]

|
Mawmum Caleulaled Start-Up Pipe Pulll___2108.151)ib
Loag| 5.378]kN

[ Faclor of Saloty| 1.7]

Soll and Mud Proparties

Mud Weight

1Z]ppg of dnll fiid and soiids (typicaly 9.5 1 11 1big

Fricticn Caelf (G5 or railers)

Surface i3 higher fang:

Yield

Plastie Viseoaly

Drilling mud pumging rate

ally 200 o 300

pm for soil or 400 to BOO gpm bedrack]

Drilling mud pumping rata

Pipe Pullhack Rate|

Pull Load Analysis

PennEas! Wiekecheoke Creek Hydraulic Fracture Calculalion Shest w305 20180426

HDD Installation Load Analysis HODD Installation Stress Analysis
Combinad Combined | Combinad
SogmantType | Typeof Curve Bore Stationing Instatlod Langth Bura Elevatlan Bors Diamatar . TOTAL PULL LOADS Tenailn (Axial) Stross Banding Stress Hoop Struss Tensiieand | nsiloand | Tonslls, | Tonsile,
Friction Factor Bending | Bending and|
Factor <10~ |Hoop Factor| Hoop <1.0
Inch mm psl MPa__ |
Fipo Entry Location) - - 93,364 5.7 fons 0,00 7} Yes
sieaight 7,270 58,6 lons 0. 02 Ves
siraight E 5,147 %7.6 lons 0. 03 Yes
straight ¥ 155,430 8.7 lons 0. .03 Yes X
straight : 183714 519 tons 000 o Yes .02
straight 210 ¥ 207,556 104.0 tans 0.0 0.04 Yes 03
straight 219 . ¥ 2332283 1161 tons 0.00 0.05 Yas .05
slraight 9. ¥ 256,565 1283 tons 000 008 Yes .08
siraight 19, ¥ 260,845 1404 toms 5.00 0.06 Yes 08
siaight 1 E 305,133 152.8 lons. o060 0.06 Yes K
slrigh ; 45. 19 . 325417 164.7 tons 0. Yes K
slraight JEEK 408 210 E 353,700 176.9 tons X 5. Yes
slraight 162 L Fil) ¥ 377,304 789.0 tons 0. 7. Yes
cure 107 325 7214 24,632 7123 ans 85 IF Yes
cunm ] K] 1218 X 23,377 Z10.7 tons |1 83 1. Yas 2
o ] 774 EES ¥ 145 500 222.8 lons @ 203 Vas
cunm cal [ 50 12132 % 453,053 224.5 lons [ 1 a3 20.79 Yas
curm cal ] 12102 % 467,773 7539 tons. 83 21, Yes
curm cal 208 1218, X 475,731 Z36.4 160 83 2. 7 Yes .
cune rlical 19. ¥ 493 55 2468 tcns 83 22 38 Yes 4
curve cal 75 505,553 2530 fens 23; 038 Yes 44
cure cal 16. 522,373 2614 15ns ] 3. 038 Yes. 4
curve ca 14 ¥ 535,238 F68.1 fons =2 22 [E) Yes 4
cunie ca .9 FER 552,204 3764 1ons 22 033 Yes &
curwe ical X | 1218 565,941 2636 Ions 3 2478 033 Yes 4
ciive ical i 215 513,02 b 306.5 lons [ 3500 [ ey 5
curve cal 301 215 526,260 b 3141 lons I 25 041 Ves 50
curve ical 381 1218 543350 1o 3.7 o 1 %5 3] Ves 51
clirve ical 37 1218 658,230 Ib 3254 lo 35 641 Ves |
slraige 1215 65623 o 3328 tome 252 Yes
Siraighl 1218 673,355 3357 tons Yes
Straighi 1218 680,663 3404 tons Yes |G
siroigh 3218, 86422 342w Yes | 035 5
curve variical 1218 730,273 3651 tons ] Ves [E] o5
cuna veriical FIE] 731687 3658 tos 3, Vos 052 o5,
curm variical 1218 750486 3802 5389 | 1 Ves 052 s
curve veriical 1215, ; 771969 3856 8383 | 1 Ves 051 o5,
curve veriical [FIE) 3 736,347 8383 = Ves Ves
curve eriical FiE) 812.521 =3 ¥ Ves a8 Ver
curve veriical 1218 3753 B3 Yes 47 Ves
curve veriical ; 1215 854,368 i [ER Yes 45 Yes
cune veriical 99 1215 16,600 Ib i R 3 Ves 44 es
curve veriical 342 1218 7.5 b B [ER 0.4 Yes 41 )
curve vertical 389 1215, 57.025 3 [ER 04 Ves 39 es
curve verilcal (LX) 1215 475 i [E} [ Ves 35 )
slrai 468 1218, 325 021 Yes 0.18 )
Siral 465 1218 5,175 07 Yes 017 Yes
sl 5337 1215 1.025 07 e 075 Yes
slral 55.0 1218, 35,875 02 'es 1 Yes
slrai 57.7 1219, 000,725 0.2 =1 1 Yes
slraight B0 1218, 005,575 0.2 5 Yes
Siraight =X 218, 010,425 3 ¥ 7
sraig i3 278, 015275 72,028 15
siraig BB, 19 020,125 72,083 " 28% 2
siraig 712 703 024875 12,151 6% ¥
siraig T3 102 025,625 2,208 4% X - 4
shraigh 76! 19.2 034 675 12265 | ".59%, .08 es.
sirai 8. 9.2 033,525 12,323 | ¢ 0% 2 8 e
stralg) B2 18.2 043,375 12,381 6% a7 s
sirzight X 19.2 043235 1o 2,438 1% 07 o5
HO Rig Locaten FIE 9.2 054,075 5% ; .03 0.0 1 X 0.2 06 o
NOTE: Hoop slress isken as an emply pipe 'or no budyancy contral and wih waler wilh buoyancy conlrol
Ground Elavation al Pips Entry] —222:30 _Jfeot
8873 |meires [ Tensile (o) Stress | Bending Stress I Hoap Strass Comblned Tensle and |Combined Tunalle, Bending|
Gratnd Elevation at Pipe Exll—20800 __ fleat [ TOTAL PULL LOADS sl MPa SIS P MPa % SMYS psl_ | MPa_ | S SMYS Bending Faclor and Hoop Faslor
e e e P 8745 |melres ladmum Values | 1.054.075]E | 527.0]lona_| 12,167 B39 17.38% | 3567 | 253 | 524% | 0,53
Input Plps Proparties
% 36[in
ipe Ouler Diameles T dlom
Pipe Wall Thiskness| 19“3'7;§ r'“
DR} 472l
Pipe Weight (in air) alind
Weight of Waler in pipe| nl]ntnl ::m::
et Busyant Weight of pipe| ;‘;71‘: ""ﬁ
e ioses o e TS
Yield Strerglhy TLE;: M;:!
Palssan Ralg) [
Orill Pipe Diameter} 15&23; e
Minimurn Radius of Curvature 2',5,2 a

41302019



antal Directional Drilling
Jlation of Pull Loads and Stresses during Pipe Installation

Calculated by: _M. Lackwood
Chackad by: _G._Diyvestn
Data: __4/19/2019
Project No: 353754

PROJECT: PennEast Pipeline Project - Case 6

Reference: 1,

HDD CROSSING LOCATION: Wickecheoke Creek

Installation of Pipelines by Horizontal Directional Drilling, an Engineering Guide, PRCI Publication 2015
2. Pipeline Deslgn for Installation by Horizontal Directional Drilling, Manual of Practice, ASCE MREP 108,

2005

Ground Elevatien al Pipz Entry|

Ground Elevation at Pipe Exil

input Plps Propertios

Pipe Outer Diameles;

Pipe Wall Thickness|

Pipe Weight (in air)

476.05]

Weight of Walcr in pipe|

et Buoyan: Weight of pipal

Young's Modulus of Elasticity

Yield Strengtn
Poisson Ralio]

Drll Pipe Diameter|

Minimum Radius of Cunature|

Ultimate Safe Pull Load|

Maximum Caculaled Pull Load|

Facior of Safely]
‘Start-Up Load Faator
{Mau’mum Calculated Start-Up Fipe Pull

Loa
Factor of Safety]

Seil and Mud Propertlas
ad weight| 12[ppa of drill uid and Solids (hElealy 9.6 1o 11 Ibjgal)

1.438Specific Gravity
Friclion Goefl (55 or rollers 0 1/rollers ypicall

int|
P 93,368 /emelcm

Flastis Viscosly T31cP (Based on DD experienes from b

viois Tnstaiotons) |

G0D]GPW {lypically 200 to 300 apm for soil or 400 1o B00 gpm bedrock)
Drifing rai 5

TOTAL PLLLLOADS
2o4pézle | T4z 3fions |

Drilling mud pumping rate

Fipe Pullback Rale,

3.05|mimin

Pull Load Analysis
PennEas! Wickechecke Creek Hydraulie Fracture Calculation S

HDD Installation Load Analysis HDD Installation Stress Analysis
Combinad Combinad | Gembinad
Segment Typs | Typo of Curve Bore Statlening Installed Length Bora Elevation Bara Diamotar Geotachnical TOTAL PULL LOADS Tansila {Axial) Stress Banding Stross Hoop Stress Tonsilaand | nsilaand | Tonsile, Tenslls,
Friction Factor Banding | Bonding |Bending
Faclor 1.0 |Hoop Factor| Hoop <1.0
inch mm MPa | %SM

Pipe Enlry Lacalon) S09E+00 - = 99394 b 48.7 lans .1 1.68 Yes
slraight 5096+02 w80 103,084 b 51.5 lons 24 175 Yes
straignt 5087454 28.0 106,774 534 lens a7 .81 s
straignt £098+45 480 111,517 558 tens 5.1 1805 e3
slraigh 503%+26 K 116,260 b 58.1 tons E 5.5 197 es
Siraight 5100+10 121,003 1o 60.5 lons 1434 | 6.69 EX es
shraigh 5100+52 125745 628 lons | 1401 | 1028 | 2. Yes
slral 5101474 130,488 652 lons | 1547 | 10.67 2. Yos
slraight 5102456 135231 Ib 67.6 lons | 1,603 Yes
siralght £103+38 4. 129,974 Ib 70.0lens | X Yes
straighl 5104520 144717 _Tn | Yes
siraignt 5105402 149460 1o 1 L]
siraight 5105+84 154,203 3
curve vertical 5106+30 201618 65
curve vertizal T06+76 [ 305,080 [ 2 . 3
cune verical 07+22 [ 185,288 331 es
cuna werlical 67+68 | 61,752 s
cune veriical 108+15 77,544 B ‘es
cune veriizal 408+62 022 EE es
cune vertical 109+05 @0 454 X s
curve vertical T05+56 460 STE i3 |1 0.1 es
cune verical +03 4.0 110 |12 0.11 es
cune verlcal <50 450 E 12, (] es
cune verlial 457 B0 069 B 12, 11 ]
carve: verlcal BT %50 372 | A] es
curve verlica Ll 280 i74 757 Xl es
cunve: vartical 12+38 77,524 | 3u K] es
cunme vertical +85 180,230 1 0.1 es
ur vertical | 32 182,58 2 1 L] ©s
straign, T 55 % 003 s
slraight I +03 a B I 0.03 Ves
Slraignl I 34 480 =3 B 0.03 Ves
straighl 1+68 E [ | R 0.03 Vs
curve vertical 2] 93 [z =3 12,167 2 Ves
curve ~verlical 5+ 03 [ 2. X 12,167 [ 03z Yes 12 Yes
curve el 548 03 Ji3 I [ 1 [ [ o3z Yes 12 Yes
curve vertical 6 ¥ 03 | 2 I | T Yes 13 Ves
curve vertical 18+34 279 03 | [~ 32 Ves T Yes
cunve vertical 10407 2192 0.3 |2 | = [ 63z Yes. KK ves
cune vertical 19479 219.2 0.3 3z =3 11 Yes
curve veriical 20452 219.2 0.3 (=3 Yos
curve variical 424 H 3 Ves
urve veriical 355 2 5 Ve
Gurve vertical 68 17 Yes
s vertical 38 12 7 Ves
strag| +75 12 [z [ es
straig +10 1219 [2d es
slraigh +46 1219, |2 es
iraigh 81 1218, I 11 o5
Siraigh 125417 1215 B 0 Yes o5
Straghl 125+53 1218 N 0 Ves o5
“traght 125488 1218 [ai [0 o5 e
“aight 126+24 1218 3, 0.0 = =
gt 5126+60 | 158+26 1218 [ 0.06 73 es
saight £126+95 | 156+27 1215 b 0.06 es Yas
siraig S127+31_{ 156+28: 218, X 0.06 es ar Yas
siraigl 5127+68__| 156+29: 1218, [3; =i .06 es. ) 01 ]
straigh 5126+02 | 156+304 12182 [ 3 2 0.06 es 01 =
Strai 512B+38 | 156+315 | 3 1219.2 0.06 5 .01 =3
sira 612B+73 | 156+326 1218.2 [3 0.06 .01 s
HDD Rig Lacation 5128+08 | 156+337 1219.2 E 0.08 a0 fas

NO

Ve I
7 waler wiih buoyancy control

839

psl
I 17.38% | 1,118

Combired Tenzile and | Cambined T ensile, Bending]
Bending Fact and Hool

or

Faclar
012

443012219



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

Appendix D

Hydraulic Fracture Evaluation
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[\ |
MOTT M

MACDONALD
Horizontal Directional Drilling
Drilling Fluid Hydraulic Fracture Calculations

Calculatod by: M. Lockwood

Chacked by: _G. Duyvestyn
Date: _a5i2018
Projoct No: _ 353754

PROJECT: PennEast Pipeline Project

Raferanca: 1. Latoore, C.A., Wakeley, L D., and Gonray, P,
2. HDD Cansortium, Horlzontal Directional Drll

Geotechnical Inputs

J.

. Guldalines for Installat

n of Util

tias Benaath Gorps of

CROSSING LOCATION: Wickecheoke Creek

Levees using Hori I
ing Good Practices Guidelines, Third Edition, North American Saciety of Trenchiess Technalogy, 200B.

HDD Installation Inputs

Drilling, Juno 2002, ERDC/GSL TR-02-9

Soll Propartias SoliTypai | Soll Typez | SellTyped | Soll Typod | Sall Typas il and Inleszect Used ra
. sall caneston (pst) 003 o 4500
Targel Dl and Intersec Location
<, 50 coheslon [N/’ or Pa] 7.0 o 245451 a o o000
4. soil intemal frackion snle (deg) [ 20 &0 [ il Rig satup on Fipe Si20 {Sing/a Rig Option Griy). o
4, soll inlemal ficlion anie {rad) 000 030 (X0 o0 M Far Drill and Intarsact, thls must ba "no”
Equivalent 'SPT Blow Count N6D (blows per 12 inch] 0 . 268 [feet
E _ Young's Modulus based on blow count (IBIF) Za0.000 o [ [ o eyl oA |mere
E . Young's Modulus (ka) 1500 21,500 36,000 - N WAl
E. Young's Modulus (Ib/it) 240,182 448,037 751,675 [l o Y Fig #2 Eledstion (ipe Enky Lacallon) [metze
v, Paissan's ralia 030 030 [ Recommended Allowabis Prossure Factor = actor appiled
G soll hear 52 7 ] o 5 S (ot
G, soll shear modulus (kPa] 4423 8,259 13,648 ] 0 Total Horizental Installation Length Lata
G, soll shear modulus (72} dazaor 5.283,231 13545150 o o o et
1 5o Iolal unil weight (pcf) below walar (a5 0 5 15 Imetre
2 sl {otal unit weight (ki) bolow waler latle T80 22 78 0 00 A e S inch
1. soll iotal unit weight (pef) abave waler table 115 130, 145 mm
3. 50l 1otal unit weight {kNim) above water table 181 204 225 90 00 o B inch
Tap Depth S0l Type encountered (foel] G5 0 20 mm
Tep Depth Soll Typs encountered (melre! GS 30 6.1 “Yiskd Palnt |bi 1008
Bollom Depih Soll Tyne encountered (la21) ET) 30 Plastic Viseesily P
Bollom Depth Sail T 30 91 e Pt R ainin
mimin
isec
Caleutalec Driling Fuld Veloclly -
s per N of bere
Pressure Requied for Bors Slumy Flow <P por matra of tare
s per 30 R il pign
prg
D:ing Fluid Mus Wolghl e
B | g pe oo | | [ |
e Bors Stationing | and Locations | Bore Elevatlon G"’;’_‘:n‘::'“ “;‘::Lm' Depth et Covr | m"l‘”"‘;";;m W"ﬂ:’lmw s | Factarat :m:::":“':“:“ Esctorof | | Briting Futd Flow | Factarar Recommandad ”LP:_I’"T"”'"“ Auld | et ?v':;lz‘:i::'
(Trus Bare b ot Safoty s and Hydrosatic | Safoty Satoly
Langth) Column
mows | fost | motre | fost | metra tast_| matra Bl psi_ | kPa Faglor
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