EARTH
ENGINEERING
4INCORPORATED

Geotechmical Engineers & Geologists

July 2, 2021
EEI Project No. 31585.00

Mr. Edward J. Weirsky, Jr.
STV Energy Services, Inc.
205 West Welsh Drive
Douglassville, PA 19518

Phone: 610.385.8390
Email: edward.weirsky@stvinc.com

RE: Response to Questions
Twin Oaks to Newark 14 Inch Pipeline
Jacobs Creek HDD Pipeline Relocation
Upper Makefield Township, PA
Hopewell Township, NJ

Dear Mr. Weirsky:

Earth Engineering Incorporated (EEI) reviewed the questions by STV Energy Services Inc. for
the above referenced project. The Questions were issued to EEI on June 24™, 2021. Based on
our review of these questions, the following serves as our response to each of the specific
guestions:

Question #2

“Also, regarding the Report of Geotechnical Investigation prepared by Earth Engineering
Inc, dated January 7, 2020 (“Geotechnical Report”). Boring logs in the report indicate
that that an additional bed of red siltstone was encountered between 57 feet and 80.5
feet in boring SB-4. The red siltstone was not encountered in borings SB-1 or SB-2.
Based on the Geologic Map of Central and Southern New Jersey (1998), the 3 borings
appear to be aligned generally along strike and therefore should show a similar
lithology. The same map shows numerous faults in the area. Please provide additional
information regarding the correlation of the strata encountered in the borings and
discuss the possibility of a fault or other structure located between borings SB-3 and SB-
4. Please also assess the need to further characterize the lithology between borings SB-
3 and SB-4 with additional boring(s).”

EEI Response

After further review of the rock cores from the field and the referenced geologic map: we believe
that the red siltstone encountered in SB-4 is sub-unit which is part of the Lockatong
Formation(Trl). The Newark Quadrangle geologic map (Geologic Map of the Newark
Quadrangle, New Jersey, Pennsylvania, and New York 1987) shows that the Upper Triassic
age gray and black siltstone and shale of the Lockatong Formation (Trl), contains interbedded,
(TrI) reddish-brown, sandy siltstone in units (Trlr).
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Our review of the rock cores indicates that this dark reddish-brown siltstone encountered in SB-
4 from approximately 57 and 80.5 feet deep is an interbedded layer (Trlr). It is noted at the base
of this layer the rock returns to the more typical argillite of the Lockatong formation (Trl).

We have also reviewed the Bedrock Geologic Map of Central and Southern New Jersey (1998)
and agree that a fault is located in the vicinity of the site, specifically a fault is mapped
approximately 0.5 miles to the east of SB-4. EEI did not observe evidence of faulting (ie scour,
breccia, or slicken-lines) within the rock cores. It is our opinion that the siltstone encountered at
boring SB-4 is consistent with the geologic literature and not associate with the presence of a
fault.

Consequently, we feel that the 3 borings conducted should provide sufficient geologic
information to the perspective directional drilling contractors and no additional borings are
needed.

Topographic and Geologic Map Plates of the site location, map unit descriptions and photos of
the rock cores are attached to this report for reference.

Question #4

“The boring logs in the Geotechnical Report contain information on the relative dip. In
each note 2 dip angles are provided. Please describe what the 2 dip angles represent.”

EEI Response:

The two dip angles are representative of relative bedding dip of the formation bedding and
relative dip of the fractures encountered. The Bedding dip ranges from 5-10 degrees and the
natural fracture dip is steeper between 70-75 degrees.

Question #5

“The Geotechnical report describes the shale bedrock as having extremely close spaced
fractures, laminated and medium hard to very hard. The rock was additionally
characterized to be broken to massive with degrees of weathering ranging from highly
weathered to fresh. Information in the HDD Drill Analysis Report, prepared by STV,
dated January 2021 indicated that the rock cores taken from the geotechnical borings on
site show very little to no fracturing. Please provide more information on the frequency
and nature of the fractures/joints encountered at the site”

EEI Response:

The rock core samples recovered from the field investigation were examined and visually
classified by EEI utilizihng NAVFAC DM 7.01 Section 5 in the field. The natural fracturing
observed was generally filled with calcite and quartz. With few portions where the fractures are
open. Also, the cores show breaks in the rock that are perpendicular (across/low angle 5 - 10
degrees). These are mostly mechanical fracture/breaks caused by drilling. These breaks tend
to happen along bedding planes. A copy of NAVFAC DM 7.01 Section 5 is attached to this

report for reference.
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Question #6

“The Geotechnical Report indicated that slightly weathered to fresh bedrock of fair to
excellent quality encountered in borings SB-1, SB-3 and SB-4 is characterized as
“Difficulties May Occur” per the referenced publication. Please describe what difficulties
may occur and what Sunoco plans to avoid or minimize these difficulties.”

EEI Response:

Our Geotechnical report references a table found in Standard Guide for Use of Maxi-Horizontal
Directional Drilling for Placement of Polyethylene Pipe or Conduct Under Obstacles, Including
River Crossings (ASTM F1962-11). The referenced table indicates the “Difficulties May Occur”
for Horizontal Directional Drilling in slightly weathered to unweathered rocks. This table in
ASTM F1962-11 is referenced from a report entitled, Site Investigation Requirements for Large
Diameter HDD Projects (Hair, C.W. Ill, 1995). The aforementioned report states:

Softer and/or partially weathered lithified materials offer HDD performance akin to that of
hard strength clay. If in a solid state, boring technology — although time consuming and
expensive — is available to drill through more competent rock, especially in the weaker
horizontal plane.

Accordingly, as per the referenced ASTM standard the rock encountered should be classified as
“Difficulties May Occur”. What type of difficulties and preventative and/or corrective measures
should be evaluated by the perspective HDD contractors. A copy of ASTM F1962-11
referenced table is attached to this report.

We trust this is the information is responsive to your request for additional information

require. If you have any questions, please contact our office.

Sincerely,
Earth Engineering Incorporated

David M Rude, P.G.
Project Manager/Senior Geologist

Patrick McNamara, P.E.
Director - Geotechnical Investigations



PLATE 1 - TOPOGRAPHIC MAP OF SITE

Reprinted from the United States Geological Survey, Topographic Maps of Pennsylvania
and New Jersey, Pennington, NJ Quadrangle, Photorevised 2019.



PLATE 2 - GEOLOGIC MAP OF SITE

Reprinted from the Pennsylvania Geological Survey, Geologic Map of
Pennsylvania,1980.




PLATE 3 - GEOLOGIC MAP OF SITE

Reprinted from the U.S. Geological Survey, Geologic Map of the Newark Quadrangle,
New Jersey, Pennsylvania and New York ,1987.




PLATE 4 - GEOLOGIC MAP OF SITE

Reprinted from the U.S. Geological Survey, Bedrock Geologic Map Of Central and
Southern New Jersey 1998.




PLATE 3 - GEOLOGIC DESCRIPTION
Description reprinted from the U.S. Geological Survey, Geologic Map of the Newark

Quadrangle, New Jersey, Pennsylvania and New York ,1987.

PLATE 4 - GEOLOGIC DESCRIPTION

Description reprinted from the U.S. Geological Survey, Bedrock Geologic Map Of
Central and Southern New Jersey, 1998 & Bedrock Geologic Map of Northern New
Jersey, 1996
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TABLE 1 Sofl Conditions and Sullabliity of Hovlzontal Dlrectons!
Drilling”®

Substantial
Problame

Difficultias
May Oceur

Genarally
Suitable

Soil Conditions

Sofi to very soft clays, silte, and ) 4
organic deposite

Medium to very stiff claye and sille X

Hard clays and highly wasthered ¥
shales

Vary loose o loose sends above and X
bslow the water table {not more than
30 % grave! by weight)

Medium to dense sands sbove or X
halow the weler tabla (not more than
30 % gravel by waight)

Very lovae to denas gravelly sand, X
(30 % to 50 % gravel by welght}

Very loose to donse gravelly sand p4
{50 % to 85 % gravel by weight)

Vary loose fo very dense gravel b4

Soils with significant cobbles, X
boulders, and obstructions

Weathered rocks, marls, chatka, and X
firmly cemented soils

Glightly weatherad to unwaathered X
rocks

“For additional information, see Ref. {6).

drilling fluid capabilities are available for various ground
conditions. The conditions under which “difficulties may
occur” may require modifications of routing procedures or
equipment, such as the use of special purpose drill heads or
optimized drilling fluids. Some cases will entail “substantial
problems” and may not be economically feasible for direc-
tional drilling using present technology. The potential for
problems to cccur increases with the presence of gravels,
boulders, or cobbles or with transitions from non-lithified
material into solid rock. In such cases, other drilling locations
or construction alternatives should be considered unless special
circumstances dictate the need for directional drilling at the
present location, even at high costs associated with special rock
drilling techniques, etc.

8. Safety and Environmental Considerations

5.1 General Considerations—Injury to personnel may re-
sult from the mechanical and hydraulic machine operations
directly related to the drilling operation or from striking of
electric power lines or buried pipelines. In addition, the scale of
maxi-HDD operations may involve additional equipment and
sccessories required for the lifting and handling of heavy drill
rods, drill heads, reamers, etc., as well as the product pipe or

—————conduitAdditional-precavtions-relating to-specific auxiliacy

equipment must be followed, but is beyond the scope of this
standard. Non-essential personnel and bystanders should not be
allowed in the immediate vicinity of the maxi-HDD equip-
ment, Barriers and warnings should be placed a miniroum of 30

Copyright by ASTM Int] (all rights reserved); Tue Jan 3 15:31:42 EST 2012 5
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ft (10 m) from the edge of the equipment or associated
hardware. Safety precautions are to be followed by all person-
niel and at both ends of the bore path. Inadvertent contact with
electric power, natural gas, or petroleum lines may result in
hazards to personnel or contamination. If possible, any in-
service pipeling in the proximity of the bore should be
de-activated during the construction. In general, the possibility
of injury or environmental impact caused by damage fo
working or powered subsurface facilities or pipelines during
the initial boring or backreaming operations is reduced by
appropriate adherence to regulations and damage prevention
procedures, as outlined in Section 6.

5.2 Work Clothing—Caution: Loose clothing or jewelry
should not be wom since they may snag on moving mechanical
parts. Safety glasses or OSHA approved goggles, or both, and
OSHA approved head gear shouid be womn at all times.
Protective work shoes and gloves must be worn by all
personnel.

5.3 Machine Sufety Practices—Contractors must comply
with all applicable OSHA, state, and local regulations, and
accepted indusiry practices. All personnel in the viciniiy of the
drill rig or at the opposite end of the bore must be properly
trained and educated regarding the potential hazards associated
with the maxi-HDD equipment. For electrical hazards, see
OSHA 3075. Personnel shall be knowledgeable of safe oper-
ating procedures, safety equipment, and proper precautions.
Courses and seminars are available in the industry, including
training provided by the equipment suppliers,

5.3.1 The operation of the drill rig requires rotation and
advancement or retraction of the drill rods. Drill rig operation
is typically accomplished using chain drives, gear systems, and
vises which may potentially lead to personal injury due to the
moving mechanical components. All safety shields or guards
must be properly mounted. The equipment must be checked at
the beginning of each work day to verify proper operation.

5.3.2 Hydraulic Fluid—The hydraulic oil lines powering
the drill rig operate under pressures of several thousand psi
(hundreds of bars). The hoses and connectors must be properly
maintained to avoid leaks.

5.3.2.1 Caution: If aleak is suspected, it should be checked
by using a piece of cardboard or other object, but not hands or
any other part of the body. The high pressure hydraulic fluid
can penetrate the skin, burn, or cause blood poisoning. Before
disconnecting any hydraulic lines, the system pressure should
be relieved.

5.3.3 Drlling Fluid—Drilling fluid pressures will vary
depending upon the equipment design and operator preference;
pressures of several thousand psi (hundreds of bars) are
possible. The hoses and connections must be properly main-
tained to avoid leaks.

5.3.3.1 Caution: Suspected leaks should be checked by
using a piece of cardboard or other object. Avoid the use of
hands or any other part of the body-to-check for-aleak Before—
individual drill rods are inseried or removed from the drill
string, it must be verified that the drilling fluid pressure has
been shot off and allowed to decrease; otherwise, high pressure
fluid will squirt from the joint and possibly cause injury to

Wissouri University of Seience and Technology pursaant fo Licsnse Agreement. No further reproducticns authorleed.
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