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Executive summary

The following summary of the geological conditions at the Interstate 80 HDD Crossing is based on our
completed subsurface investigation program and background geological research. Four borings (B-180-1
through B-180-4) were completed to depths of between 115ft and 220ft below ground surface.

The ground conditions encountered during the investigation were relative consistent across all holes.
Around 100ft of soils over glacial till was observed atop the bedrock. The till contained granular and
cohesive units and was generally of dense and stiff consistency. Some low strength layers were
encountered within the till and layers of dense gravels/cobbles can also be expected within the till. Bedrock
conditions consisted of interbedded sandstone, mudstone and sandstone. High core recovery and RQD
values were obtained in the majority of rock coring.
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1 Introduction

As requested by the PennEast Pipeline Company, LLC. (PennEast), Mott MacDonald has conducted a
subsurface investigation for the proposed 115 mile, 36-inch diameter high pressure natural gas pipeline
that spans from Luzerne County, Pennsylvania to Mercer County, New Jersey. The purpose of the
subsurface investigation is to gather information for the design and proposed construction of the pipeline
via Horizontal Directional Drilling (HDD) methods.

This report summarizes information gathered from our desktop study and the findings from our subsurface
investigation conducted during the months of April, October, and December 2016 along the proposed HDD
alignment crossing Interstate 80 (I-80) in Kidder Township, Pennsylvania.
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2 Subsurface Exploration Program

Four borings (B-180-1 through B-180-4) were scheduled along the proposed 3,000 feet pipeline alignment,
which extends northwest to southeast of 1-80 crossing area. Two of the proposed borings, B-180-1 and B-
180-2, are located on the north side of the I-80 crossing, and the two remaining borings, B-180-3 and B-180-
4, are located on the south side of 1-80 crossing. All four borings, B-180-1 through B-180-4, have been
completed, and can be used for general characteristics of the soils and rocks in the immediate area.

A Locus Map and Boring Location Plan are provided in Attachments A and B, respectively.

Drilling and sampling activities were conducted by Craig Test Boring Co. Inc. of Mays Landing, New Jersey,
and overseen and logged by a qualified Mott MacDonald geotechnical representative under the direction
of a Professional Engineer licensed in the Commonwealth of Pennsylvania. Soil and rock samples were
taken in accordance with the American Society of Testing and Material (ASTM) D1586-99 and ASTM
D2113, respectively. Soil samples were typically taken at 5 foot intervals using a standard 2-inch split
spoon. The Standard Penetration Test (SPT) was also performed at each split spoon sample to obtain an
N-Value®. Soils were classified in the field in accordance with the ASTM D2488 classifications. Upon split
spoon or roller bit refusal, rock coring began and proceeded until proposed termination depth of the boring.

Rock coring was completed using NQ-series core equipment and retrieved with a double-barrel NQ series
wireline setup. Rock cores were measured for recovery and RQD?, logged for discontinuities, and were
described based on type, color, hardness, weathering, and dip angle. Boring and coring logs, as well as
core photos of the completed borings are provided in Attachment C. A boring schedule is presented in
Table 1 below.

: Boring Elevations and Depths

Boring Number Approximate Ground Boring Termination Depth
Surface Elevation? (feet) (feet)
B-180-1 1,760 115
B-180-2 1,762 160
B-180-3 1,756 220
B-180-4 1,758 220

2 Based on North American Vertical Datum of 1988

Upon completion, each borehole was grouted using a mixture of bentonite and Portland cement.
Additionally, the work areas disturbed by the drill rig, vehicles, and other equipment were levelled to its
previous grade, and then seeded and hayed as necessary.

N-Value is the sum of the blows from the second and third 6 inches of penetration.
RQD is Rock Quality Designation and is the percentage of rock core that is in pieces of larger than 4 inches.
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3 Local Geology

The 1-80 crossing site (HDD-14) extends across the Spechty Kopf Formation as per the Pennsylvania
Department of Conservation and Natural Resources (PADCNR) geology maps. The Spechty Kopf
Formation is of Mississippian and Devonian age, and is described as fine to medium grained,
crossheddedd sandstone, siltstone, and local polymictic diamictite, pebbly mudstone and conglomerate.

The PADCNR geology maps also indicate that there are no known faults within the immediate vicinity
referencing a three-mile radius of the crossing area.

Although the proposed crossing alignment falls within the mapped outlines of the Spechty Kopf Formation,
it is possible that other formations may encroach along the proposed pipeline alignment.

No known Karst features have been mapped on either side of 1-80. According to the Pennsylvania
Department of Environmental Protection (PADEP) Pennsylvania Abandoned Mine Land Inventory.

Surficial mapping from the Natural Resources Conservation Service (NRCS) Web Soil Survey database
indicates that two major mapped units exist within the 1-80 crossing alignment. These are the Morris
Channery Silt Loam and Muck and Peat. The soils of the Morris Channery Silt Loam unit are somewhat
poorly drained and are generally mapped as 51% silt, 33% sand, and 16% clay. Morris Channery Silt loam
has a moderate rating for the corrosion of concrete, and a high rating for the corrosion of steel. The Muck
and Peat unit consists of 84.5% organic content. The Muck and Peat unit has a moderate rating for the
corrosion of concrete, and a high rating for the corrosion of steel. Refer to the geologic reference in
Attachment D of this report.

The bedrock at the proposed crossing of 1-80 is part of a set of plunging folds. Consequently, the local
strikes and dips vary with location relative to the crests and troughs. No bedrock exposures were available
at the immediate site due to the soil cover. The area is mapped as a swampy area developed on a glacier-
deposited end moraine. The angle of dip can be estimated from measured dips of bedding-planes observed
in the vertical core samples, the strike can be inferred from published mapping of the bedrock structure.

Bedrock geological mapping of the area of the Black Creek HDD crossing (Sevon 1975) shows that the
crossing is mid-way between a synclinal fold axis to the northwest and an anticlinal axis to the southeast.
These axes are parallel and trend N65°E. In the cross sections, the folds are shown as more or less
symmetrical, consequently, the axes will be approximately vertical. The folds are plunging to the southwest
and the crossing is generally located on the north west flank of the plunging anticline.

Fracture orientations measured within boreholes include bedding planes and joints. Some of the boreholes
drilled recovered highly fractured rock which makes the identification and isolation of specific joint sets and
bedding orientations challenging. The average dip angle across all the fractures measured was 17
degrees. Isolating the bedding fracture orientations and prioritizing the boreholes which are closer to the
crossing an average representative angle of 30 degrees is recommended for overall bedding orientation.

Based upon review of published documents and project boreholes an average bedrock strike and dip of
N60°E, 30° NW is presented (dip-dip direction : 30-330).
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4 Subsurface Description

The subsurface conditions encountered during our investigation are provided below.

The major strata encountered during the subsurface investigation on the North side of 1-80 (B-180-1 and B-
180-2) are described below, and presented in the approximate order found, from existing ground surface
to the bottom of the exploration.

TOPSOIL: Was encountered at the top of the subsurface investigation for both borings B-180-1 and
B-180-2. The topsoil was approximately 5 to 6 inches thick and contained roots.

GLACIAL TILL: Was encountered below the topsoil in both borings. The glacial till consisted of
gravel, sand, silt, and clay. The silt and clay stratums were characterized as soft to hard in terms of
consistency, and the sand and gravel stratums were characterized as medium dense to very dense
in terms of relative density. The thickness of this stratum was approximately 80 feet in boring B-180-
1, and 100 feet in boring B-180-2.

MUDSTONE: Was encountered beneath the glacial till stratum at 80 feet below ground surface (BGS)
in boring B-I80-1. The Mudstone was generally described as reddish brown to brownish yellow,
medium to fine grained, highly to completely weathered, very weak to weak rock. The dip angles of
discontinuities ranged from 0 to 83 degrees. The rock core recovery values ranged from 92 to 100%
and the RQDs ranged between 0% and 7%. The thickness of this stratum was 20 feet.

SILTSTONE: Was encountered beneath the glacial till at 100 feet BGS in borings B-180-1 and B-I80-
2. In boring B-180-1, the Siltstone was described as pebbly, olive gray to reddish brown, medium to
fine grained, highly weathered, weak rock. Boring B-180-1 was terminated in this stratum at 115 feet
BGS. A 5-foot thick Siltstone stratum was encountered in boring B-180-2, and it was described as
yellowish red to reddish brown, medium to fine grained, highly weathered, weak rock. The dip angles
of discontinuities ranged from 10 to 89 degrees. The rock core recovery values ranged from 87 to
100%, and the RQDs ranged between 0 and 13%.

SANDSTONE: Was encountered below the Siltstone in boring B-180-2. This stratum was generally
described as olive gray to reddish brown, medium to fine grained, moderately weathered to fresh,
strong to very strong Sandstone. The Sandstone was also described to be partly conglomerate. This
stratum was encountered at 135 feet BGS and at 145 feet BGS. The dip angles of discontinuities
ranged from O to 67 degrees. The rock core recovery values ranged between 97 to 100%, and the
RQDs ranged between 60 and 100%, with lower RQDs from 15 to 35% observed between 125 feet
and 135 feet BGS. Boring B-180-2 was terminated in this stratum at 160 feet BGS.

SANDY SILTSTONE: Was encountered from 135 to 145 feet BGS in boring B-180-2. It was generally
described as olive gray to reddish brown, medium to fine grained, slightly weathered to fresh, strong
Sandy Siltstone. The Sandy Siltstone was also described to be partly conglomerate. The dip angles
of discontinuities ranged from 2 to 71 degrees. The rock core recovery values were 100%, and the
RQDs ranged from 70 to 88%. The thickness of this stratum was 10 feet.
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The major strata encountered during the subsurface investigation on the south side of I-80 (B-180-3 and B-
180-4) are described below, and presented in the approximate order found, from existing ground surface
to the bottom of the exploration.

TOPSOIL: Was encountered below the ground surface in boring B-180-4. The thickness of the topsoil
was approximately 3 inches.

GLACIAL TILL: Was encountered below the topsoil in both borings. The glacial till consisted of
gravel, sand, silt, and clay. The silt and clay stratums were characterized as soft to hard in terms of
consistency, and the sand and gravel stratums were characterized as medium dense to very dense
in terms of relative density. The thickness of this stratum was approximately 95 feet in boring B-180-
3, and 100 feet in boring B-180-4.

SANDSTONE: Was encountered beneath the glacial till approximately at 95 feet BGS in B-180-3,
and below the Siltstone in boring B-180-4 at 115 feet BGS. The Sandstone was generally described
as reddish brown to dark gray, very fine to coarse grained, highly weathered to fresh, weak to very
strong rock. A 2-foot layer of conglomerate was observed at 131 feet BGS in B-180-3, and it was
described as red and white, fine grained, fresh, medium strong rock. The dip angles of
discontinuities typically ranged from 0 to 40 degrees. The rock core recovery values ranged from 62
to 75% in the top 10 feet of bedrock, but the rock core values were generally 100 percent in B-180-3.
The RQDs ranged from 0 to 100%, with RQDs predominately above 67%. Boring B-180-3 was
terminated in this stratum at 220 feet BGS.

SILTSTONE: Was encountered beneath glacial till in boring B-180-4 approximately at 100 feet BGS
and at 200 feet BGS. The Siltstone was described as reddish brown to greenish gray, fine to medium
grained, slightly to highly weathered, weak to medium strong rock. The dip angles of discontinuities
generally ranged between 0 to 35 degrees, but predominately ranging between 10 and 35 degrees.
The rock core recovery values ranged from 95 to 100%, and the RQDs ranged from 23 to 82%. The
thickness of this stratum ranged from 5 to 15 feet.

QUARTZITE: Was encountered beneath the Siltstone approximately at 205 feet BGS in B-180-4. This
stratum was generally described as gray, fine grained, fresh, very strong rock. The dip angles of
discontinuities ranged from 5 to 80 degrees. The rock core recovery values were 100 percent, and
the RQDs ranged from 62 to 90%. Boring B-180-4 was terminated in this stratum at 220 feet BGS.

Ground water was observations were made during borehole drilling. The borehole logs record soil
moisture observations and periodic ground water measurements.  During multiple day drilling,
whenever possible, a ground water measurement was made each morning prior to recommencing
drilling, this allows water levels to re-stabilize overnight.

See borehole logs for detailed ground water observations. Boreholes encounter perched water during
shallow drilling (around 10ft to 40ft depth) and a deeper water was then encountered at (around 85ft
to 120ft depth) when rock coring.
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Interstate 80 Crossing

5 Laboratory Testing

As directed by Mott MacDonald, soil and rock core samples were submitted to Craig Testing Laboratories,
Inc. of Mays Landing, NJ, and TerraSense, LLC of Totowa, NJ.

The following tests were performed by Craig Testing Laboratories, Inc.:

ASTM D4318 — Atterberg Limits

ASTM D422 - Grain Size Analysis
ASTM D422 — Grain Size Analysis with Hydrometer
ASTM D2937 — Unit Weight Determination
ASTM D2216 — Water Content

The results below are a summary of the laboratory testing performed for the initial investigation.
Complete testing results are provided in Attachment E.

: Soil Testing Results

sorng o, Sampre epn FEI0 KESSN0. 6PN R iy s W
S9 40 — 42 775 70.3 55.0 345 109 236 N/A
S-10 45 — 47 70.1 64.8 53.3 375 130 245 14.6
s11 50’ — 52 82.6 76.1 60.0 43.2 197 235 12.6
B180-1 S-12 55 — 57’ 76.4 71.6 61.8 46.3 NA  NA 15.7
S-13 60’ — 62 79.2 73.4 59.2 44.1 196 245 137
S-14 65 — 67’ 88.3 82.6 70.8 54.3 254 289 N/A
S0 5.7 87.8 82.4 67.0 385 153 232 N/A
sS4 15 17 89.2 83.1 69.0 47.3 194 279 N/A
57 30— 32 85.0 773 63.0 40.9 184 225 N/A
S 40' — 42 78.6 72.8 61.4 40.7 199 208 N/A
B-180-4 S11 50’ — 52 85.1 76.1 61.8 43.6 225 211 N/A
S-14 65 - 67 89.9 82.2 68.1 47.3 244 22.9 N/A
515 70 = 72 77.0 70.5 59.5 42.3 237 186 N/A
517 80’ — 82 86.9 82.0 72.0 56.4 331 233 N/A
S-19 90’ — 92’ 985 97.0 89.0 73.2 226  50.6 N/A

N/A: Test not performed
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Interstate 80 Crossing

: Soil Testing Results

Boring No. Sample Depth Liquid Limit Plastic Limit PI&SC}LC):W Cor\:\t/::ﬁr(%)
S-10 45’ — 47 28 15 13 14.6
B-180-1 S-11 50’ - 52° 29 16 13 12.6
S-13 60" — 62’ 27 15 15 13.7

The following tests were performed by Craig Testing Laboratories, Inc.:

ASTM D7012 Method D- Uniaxial Compressive Strength of Rock
Unit Weight of Oven Dried Rock

The following tests were performed by TerraSense, LLC:

ASTM D5731 — Point Load Unconfined Compressive Strength of Rock — Diametral and Axial
ASTM D3967 — Splitting Tensile Strength

The results below are a summary of the laboratory testing performed for the initial investigation.
Complete testing results are provided in Attachment E.

: Rock Testing Results

Boring No. Run No. Depth (feet) Point Load Point Load Uniaxial Unit Weight  Splitting
Unconfined Unconfined Compressive of Oven Tensile
Compressive Compressive Strength of Dried Rock  Strength*
Strength of  Strength of  Rock (psi) (pcf) (psi)
Rock — Rock — Axial
Diametral* (psi)
(psi)
R-2 106.5 - 107.2° 21,149 8,639 N/A N/A N/A
R-2 107.4’' - 108.1 N/A N/A 7,803 N/A N/A
R-3 110.9' — 111.5° N/A N/A N/A 171.4 N/A
B180-2 R-3 113.3 - 114.2 N/A N/A N/A 171 1,431
R-4 116’ — 116.6’ 9,095 6,849 N/A N/A N/A
R-4 116.9 - 117.5 N/A N/A 6,603 N/A N/A
R-19 185’ — 185.7 25,886 16,216 N/A N/A N/A
R-19 185.7 - 186.4° N/A N/A 16,672 N/A N/A
R-20 190.3' - 190.4’ N/A N/A N/A N/A 3,027
B-180-3 R-20 190.4' - 190.5 N/A N/A N/A N/A 1,459
R-20 191.3' - 192’ N/A N/A N/A 170 N/A
R-21 195.3' - 196.1 9,328 17,804 N/A N/A N/A
R-21 196.1" - 197.7 N/A N/A 20,440 N/A N/A
R-2 106.45 - 107.25 5086 9002 N/A N/A N/A
R-2 107.45' — 108.55’ N/A N/A 5,713 N/A N/A
B180-4 R-3 110.2' = 117 N/A N/A N/A N/A 1150
R-3 113.65' — 114.35’ N/A N/A N/A 170.4 N/A
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Boring No. Run No. Depth (feet) Point Load Point Load Uniaxial Unit Weight  Splitting
Unconfined Unconfined Compressive of Oven Tensile
Compressive Compressive Strength of Dried Rock  Strength*
Strength of  Strength of  Rock (psi) (pcf) (psi)
Rock — Rock — Axial
Diametral* (psi)
(psi)
R-4 116’ - 116.65’ 6474 7435 N/A N/A N/A
R-4 119’ - 119.65’ N/A N/A 10,950 N/A N/A
R-5 120 - 120.3’ N/A N/A N/A N/A 1377
R-5 121.7 - 122.3’ N/A N/A N/A 170.5 N/A

N/A: Test not performed

*If two results were given for the diametral point load test or the splitting tensile strength test, an average of the two was taken
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7 Limitations

The results and recommendations presented in this report are largely based on subsurface information
from the borings from the April, October, and December 2016 subsurface investigations, and our use of
generally accepted analytical procedures. If further investigation or laboratory testing reveals significant
differences in the subsurface conditions, Mott MacDonald should be given the opportunity to review and
modify our recommendations, if appropriate.
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Appendices
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A. Locus Map / Site Vicinity Map
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B. Boring Location Plan and Alignment
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SOIL/ROCK BORING LOG LEGEND

Infilling
USCS Group Symbol Deseriog Svmbal
escription ymbo!
UNIFIED SOIL CLASSIFICATION SYSTEM AND SYMBOL CHART Clay Cl
COARSE-GRAINED SOILS FINE-GRAINED SOILS Silt SI
(more than 50% of material is larger than No. 200 sieve size.) (more than 50% of material is smaller than No. 200 sieve size.) Sand SD
Clean Gravels (Less than 5% fines) Inorganic silts and very fine sands, rock anA
GW Well-graded gravels, gravel-sand ) ML | flour, silty of clayey of clayey fine sands Calcite CA
mixtures, little or no fines S;:’:)S or clayey silts with slight plasticity Carbonate C
Gravels } i i .
More ch“ 50% GP Poorly-graded gravels, gravel-sand CLAYS o L‘;:;glz?tl; ;l::;):eﬁi,]gl\:;,;: :;ii‘;:;ays Dolomite DO
i i Liquid limit ; 4 4
of_coarsc mixtures, little or no fines ]eslsq::an 1;1(1)1% silty clays, lean clays Gypsum/Tale GY
fraf}:“’"}?f“ oL Organic silts and organic silty clays of Hematite HE
an N. i - -
sieve size o " low plasticity Limonite L
Gravels with fines (More than 12% fines) Inorganic silts, micaceous or Quartz QZ
. L SILTS MH diatomaceous fine sandy or silty soils, -
GM Silty gravels, gravel-sand-silt mixtures AND elastic silts Chlorite CH
GC Clayey gravels, gravel-sand-clay qung}i:m CH Inorganic clays of high plasticity, fats Pynte PY
mixtures E 50% clays Iron Oxide Staining FE
or greater OH Organic clays of medium to high Stylolite ST
Clean Sands (Less than 5% fines) HGHLY plasticity, organic silts Not Determined X
N s?}:ldssou/ sw | Well-graded Sa;‘rds;%;zz”y sands, litde | R GANIC PT | Peat and other highly organic soils I}I\Io?ed E
ore than 507 SOILS cale
of coarse N Determine percentages of sand and Gravel from grain-size curve. Depending
fraction larger SP Poorly gml‘.j e? sands, ?mvs“y sands, | ercentage of fines (fraction smaller than No. 200 sieve size),
than N.4 ittle or no fines coarse-grained soils are classified as follows: . L. .
sieve size Sands with fines (More than 12% fines Discontinuity Spacing
. - Less than 5 t GW, GP, SW, SP YT n n
SM Silty sands, sand-silt mixtures More than 12 pescent GM, GC, SM, SC Description Symbol Spacing (in.)
5to 12 percent ..... Borderline cases requiring dual symbols Extremely Close EC <075
1 s -cl. ixt
SC Clayey sands, sand-clay mixtures Very Close vC 075-25
Close C 2.5-8.0
Moderate M 8-24
Wide w 24 -80
. Very Wide VW 80 —240
Weathering of Rock Mass Y W
Extremely Wide EW > 240
Description Symbol Criteria Grade
Fresh FR No visible sign of rock material weathering, except slight I Spacing Type
(Unweathered) discoloration on major discontinuity surfaces. Description | Symbol Spacing (n)
Discoloration indicates weathering of rock material and Joint ] A natural fracture along which no displacement has occurred. May occur in
Slightly SL discontinuity surfaces. All rock material may be I parallel groups called sets.
Weathered discolored by weathering and may be somewhat weaker Shear N A natural fracture a]m:ig which differential movement has occurred. May be
L. . lickensided or striated.
than externally than in its fresh condition. Fault F A natural fracture along which displacement has occurred. Usually lined with
Less than half of the rock material is decomposed and/or ickensi
Mo derately 5 X ! P! > i gollgc and sllc.kcn‘sldcsA i .
Weathered M disintegrated to soil. Fresh or discolored rock is present I Vein V| A thin, sheet-like igneous intrusion into a fissure.
cathere . . - - B B
either as a continuous framework or as corestones. Bedding Joint B Joints that occur along bedding planes.
T Foliation Joint FJ Joints that occur parallel to the foliation of a rock mass.
. More than half of the rock material is decomposed and/or P - -
Highly d d | b or d lored X Shear Zone Sz Zone of fractured rock and gouge bordering the displacement plane.
H isintegrated to a soil. Fresh or discolored rock is present v
Weathered . grated . P
either as a discontinuous framework or as corestones.
Completely c All rock material is decomposed and/or disintegrated to v Roughness
Weathered soil. The original mass structure remains largely intact. Intermediate Scale Symbol Small Scale Symbol
T T Stepped S Rough R
All rock material is converted to soil. The mass structure Un(ri’fllating T Smoith S
Resi . and material fabric are destroyed. There is a large change Planar P Slickensided K
esidual Soil RS . R . VI _
in volume, but the soil has not been significantly Not Determined X Wavy Wa
transported. Not Determined X

Weathering/Alteration of Discontinuity Surfaces

Description Symbol | Criteria
Field Strength Fresh FR No visible sign of weathering on the rock discontinuity
surfaces.
e L A.pp.rox. Range 0!' Discolored DS Discoloration of rock material discontinuity surfaces.
Description Criteria Grade Uniaxial Compressive Degree of discoloration and specific discolored mineral
Strength (psi) constituents (if applicable) indicated.
Extremely | Indented by thumbnail. RO 40— 150 Disintegrated DG | Discontinuity surface rock material is weathered to a soil
Weak with the rock material fabric intact. Rock material is
Very Weak | Crumbles under firm blows with point of geological friable, but the mineral grains are not decomposed.
hammer, can be peeled by a pocket knife. R1 150 - 700 Decomposed DE Discontinuity surface rock material is weathered to a soil
Weak Can be pecled by a pocket knife with difficulty. with the rock material fabric intact and with some or all
shallow indentations made by firm blow with point R2 700 — 4,000 mineral grains decomposed.
f geological h: .
. of geological hammer. . i Aperture
Medium Cannot be scraped or peeled with a pocket knife, __ Aperture §
Strong specimen can be fractured with single firm blow of R3 4,000 — 7,000 Desmpv"o" Symbol Aperture (in.)
logical hammer Very Tight VT <0.004
geolog \mer. _ _ Tight* T 0.004-0.010 “Closed” Features
Strong Specimen requires more than one blow of geological R4 7,000 15.000 Partly Open PO 0.01-0.02
hammer to fracture it. Open** 0 0.02-010
Very Specimen requires many blows of geological R5 15.000 — 36.000 Moderately Wide MW 0.1-0.4 “Gapped” Features
Strong hammer to fracture it. ’ ’ Wide \ >0.4
Extremely | Specimen can only be chipped with geological Very Wide vw 0.4-4.0
Strong hammer. R6 >36,000 Extremely Wide EW 4.0 -40.0 “Open” Features
Cavernous CA > 40




bonas N M BOREHOLE LOG GRAPHIC LEGEND

Project: PennEast Pipeline Project Project No.: 353754
Location: Interstate 80, Carbon County, Pennsylvania Project Manager: Vatsal Shah
Client: PennEast Pipeline Project Director: Michael Wilcox

Soil Log Graphic Legend

e

CL: USCS Low Plasticity Clay % GC: USCS Clayey Gravel ML: USCS Silt

SC: USCS Sandy Clay to Clayey
/7) Sand

{1 SM: USCS Silty Sand l/ﬂ TOPSOIL: Topsoil

Rock Log Graphic Legend

%e%et 7. 777 o8
+:.:1| CONGLOMERATE - Conglomerate  {////| MUDSTONE - Mudstone .+, QUARTZITE - Quartz and Quartzite
o0 a0 ®

SANDSTONE - Sandstone SILTSTONE - Siltstone

e o o o
e o o o
e o o o
XXX XX
XXX XX

Y 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.




BORING NO.:

Mot M SOIL BORING LOG B-180-1

MACDONALD

Page1 of 4
Project: PennEast Pipeline Project Project No.: 353754
Location: Interstate 80, Carbon County, Pennsylvania Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Jonathan Nelson
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: October 18, 2016 at 11:00 am
Driller/Helper: _Paul Mullins /Nick Beehler Date/Time Finished: _October 19, 2016 at 1:50 pm
Elevation: 1762 ft. Vertical Datum: NAVD 1988 Boring Location:450 feet North of 1-80 Coord.: N:41.081977 E: -75.659638
Item Casing Sampler |Core Barre Horizontal Datum: NAD 1983
Type HW SS NQ2 Rig Make & Model: CME-750X Hammer Type Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck [ Tripod [ Cat-Head [0 Safety [ Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 ™ ATV O Geoprobe |™ Winch [J Doughnut J Polymer Mud Rota
Hammer Wt. (Ib.) 140 140 - O Track O Air Track | @ Roller Bit ™ Automatic ™ Water v
Hammer Fall (in.) 30 30 - [ Skid 0O [ Cutting Head 0O [] None
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, 2 =)
Elev. Int | N Blows Graphi Group i iole si . zl el 2|6 Remarks
(ft) nterva (in) per 6" raphic Symbol _constltuen?s,_partlce size, s_tructure, mmsture, S|E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] >
ol-|a|o
S-1 17 1 AR 0.4 Top (5") TOPSOIL with roots -l -
0.0-2.0' 2 ML Bottom (19") Soft, Brownish yellow Sandy SILT with Gravel, moist (ML)
= 17 ’ 2
2
B 1760
- B
—° S-2 20 7 % GC Medium dense, Brownish yellow Clayey GRAVEL, moist (GC) -| L] L|L | Gravelis Decomposed Sandstone.
5.0-7.0' 7
» 1 10
9
% 9 _ _les I
8.3 / /)
—° S-3 12 24 S sC Medium dense, Brownish yellow Clayey SAND with Gravel, moist (SC) -lLjL|L
10.0- N e
- 1 120 " LA
9 LA
I~ 1750 V4
— " S-4 2 7 % GC Medium dense, Brownish yellow Clayey GRAVEL, wet (GC) - | -1-1] - | Gravel is Decomposed Sandstone.
15.0'- 5
B 1 17.0 6
7
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer
Date | Time | Time [ Bot. of [ Bottom| o . O Open End Rod TV = Torvane
(hr) [ Casing | of Hole T Thin-Wall Tube
10/19/16| 7:45 - 30.0 37.0 8.3 :
10/20/16] _7:45 - 300 | 1150 | 8555 | U Undisturbed Sample
S Split Spoon Sample
G Geoprobe Boring No.: B-180-1
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 field tests based on visual-manual methods per ASTM D2488.




BORING NO.:

MacboNaLD M M SOIL BORING LOG B.180.1

(continued) Page 2 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. | | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
S-5 13 6 SC Medium dense, Reddish brown Clayey SAND with Gravel, moist (SC) -lL|L
20.0"- 6
- 1 220 "
8
[~ 1740
—25
S-6 10 20 SC Dense, Reddish brown Clayey SAND with Gravel, moist (SC) -fLyLf-
25.0"- 16
- 1 270 2
10
— 30
S-7 16 9 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) -1 -] -
30.0- "
B 1 320 17
10
B 1730
—35
S-8 9 10 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) -fLyLf-
35.0- 8
- {1 370 14
13
— 40
S-9 14 10 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) -1 -] -
40.0"- 14
B 1 420 14 , N ) '
14 41' - 41.2"' medium to fine grained Sandstone fragments
B 1720
— 45
S-10 17 13 SC Medium dense, Reddish brown Clayey SAND with Gravel, trace Cobble -lL|L|L
13 fragments, wet (SC)
45.0"-
B 1 47.0 16
22
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-1

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.




MOTT BORING NO.:
M SOIL BORING LOG B-180-1
MACDONALD ;
(continued) Page 3 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. | | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ale|a|a
— 50
S-11 18 9 SC Very dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lL|L]-
50.0'- 2
B 1 520 47
61/6"
B 1710
— 55
S-12 1 1 SC Very dense, Reddish brown Clayey SAND with Gravel, wet (SC) - | -] -1 - | Refusal at 55.9 feet BGS.
50/5" Gravel is angular to rounded
55.0'- Decomposed Sandstone and
B 1 57.00 Siltstone.
— 60
S-13 17 10 SC Dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lL|L]-
60.0"- 13
- 1 620 2
21
B 1700
O
— 65
S-14 22 17 CL Hard, Reddish brown Sandy CLAY, wet (CL) -fL]L|M
65.0'- 20
- 1 67.0 25
24
— 70
S-15 21 12 CL Hard, Reddish brown Sandy CLAY with Gravel, wet (CL) -lL]L|M
70.0'- 18
- 1 720 28
28
B 1690
—75
S-16 15 28 CL Hard, Reddish brown Lean CLAY with Gravel and Sand, moist (CL) -IM|M|M
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-1
NOTES: 1.)"ppd" denotes soil sample average diametral pocket penetrometer reading.  2.) "ppa" denotes soil sample average axial pocket penetrometer reading.

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

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




BORING NO.:

MacboNaLD M M SOIL BORING LOG B.180.1

(continued) Page 4 of 4
Field Test
Debth/ Sample Sample uscs Visual - Manual Identification & Description led Tes i
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. Int | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
75.0"- 40
B { 7o 50/3"
| o 80.0
Top of Rock at 80 feet BGS.
See Rock Coring Log.
B 1680
o5
o0
B 1670
o5
—100
B 1660
NOTES: PROJECT NO: BORING NO.:
353754 B-180-1

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

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




BORING NO.:
Mach M CORE BORING LOG B-180-1
MACDONALD M
Page 1 of 2
Project: PennEast Pipeline Project Project No.: 353754
Location: Interstate 80, Carbon County, Pennsylvania Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: Jonathan Nelson
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: October 18, 2016 at 11:00 am
Driller/Helper: _Paul Mullins /Nick Beehler Date/Time Finished: _October 19, 2016 at 1:50 pm
Eﬁ:‘/atlon: 1762 ft. Casing Vg:::aégli:l:mi NAch?r; QBE‘:? Boring Location:450 feet North of I-80 Coord.: N: 41.081977 E: -75.659638
Type HW NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method:Wireline
Length (ft) 5 5 3.25 Rig Make & Model: CME-750X
Inside Dia. (in.) 4 2.0 2.0
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec | RQD (Rock type, colour, texture, weathering, Discontinuities
Elev. |Rate D?f{’)th (Box)| (in./ | (in/ | Rock Core étrg’gf]:z field strength, discontinuity spacing, Dgtp)th Remarks
(ft) (min No. [ %) %) optional additional geological observations) ) (See Legend for Rock Description System)
ft) Hard. [Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip [Rgh[Wea]Aper] Infill
80.0 7. 7777, MUDSTONE, Reddish brown, medium to fine grained, Rig chatter from
150 /// /) completely weathered, very weak, extremely close to 80 to 100 feet
’ / very close spaced discontinuities BGS.
= / 80' - 85' Highly Fractured zone
130 /%
- 1680 ///
// 2 82.00 | J o |usm| DE [vw | sI
28 0
1.70 R1| 479 | 0w | R ¢ /////
2.10 %%
B ///
7.7,
220 85.0 ////
—a5 :
85.0 / Pebbly MUDSTONE, Reddish brown to brownish
1.70 // yellow, medium to fine grained, highly weathered,
’ / weak, extremely close to close spaced discontinuities Loss of water
| / 85' - 90' Highly Fractured zone from 85.5 to 85.7
//, feet BGS.
.77, 8620 | J | 18 [s.sm| DG | Mw | si
2.60 ////,
B - . / 87.00 | J | 36 [SR|DG|mw] s
2.20 R-2 92% 7% R2 H ///
» ///
2.50 .77,
’ ///// 8850 | J 18 |usm| DG | w | siI
3.00 %/ 89.40 B 36 |U,Sm| DG | MW | sI
90.0 /
o0 90.0 2 Pebbly MUDSTONE, Reddish brown to brownish
¥/ yellow, medium to fine grained, highly weathered,
3.50 //é///, weak, extremely close to close spaced discontinuities 9040 J 15 |U.Smf DS (MW N
3.90 /
| 1670 /// 91.7' - 92.6' Vertical Fracture
///
4.10 R-3 ggfoSA) 7‘;0 R2 H ’///// 92.40 J 40 |UR| DS | MW | sI
.
4.50 % 9350 | J | 39 [UR|DG|[mw] sI
| // 9370 | B | 45 [usm| DS [MwW | N
///
4.00 650 //////
| o5 : /// / , .
95.0 / Pebbly MUDSTONE, Reddish brown to olive gray,
medium to fine grained, highly weathered, weak,
3.10 % extremely c]ose to close spaced discontinuities
= // 95' - 100" Highly Fractured zone 95.90 B 2 |ur| o |mw/| s
4.70 ///
.72,
- /]
//// 9700 | J | 8 [PR|DS| T | N
60 0
5.20 R-4 100% | 0% R2 H %
4.50 é/}/ 9850 | B | 17 [Psm|DS| o | N
- //4/
470 / 9920 | J | 27 |usm|DG| O | Fe
100.0 / 100.0
Water Level Data Notes:
Elapsed Depth in feet to:
Date Time Time | Bot. of | Bottom
(hr) [ Casing| of Hole Water
10/19/16| 7:45 - 30.0 37.0 8.3
10/20/16| 7:45 - 30.0 115.0 85.6
Boring No.: B-180-1




BORING NO.:
MACDONALD " M CORE BORING LOG B180-1
(continued) Page 2 of 2
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. Ra.te ) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, () Remarks
(ft) | (min No. [ %) | %) optional additional geological observations) ' (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
100.0 X X X Pebbly SILTSTONE, Olive gray to reddish brown,
X X X " - . .
3.30 XX % medium to fine grained, highly weathered, weak,
XX % extremely close to close spaced discontinuities Loss of water
| X X % 100" - 105' Highly Fractured zone 100.70 J 10 |(u,Sm| DG | MW | Fe | from 100.5 -
X% 100.6 feet BGS.
X X X
4.50 xx 10130 B | 25 |usm| DG | MW | Fe
X X X
B 1660 X X X
60 4 XXX
5.20 RS 100% | 7% R2 H i i i 10250 J | 25 |s,sm[ DS | Mw | N
= X X X
X X X
X X X
4.10 X X X 10340 | J | 48 [usm| Ds [mMw | Fe
» i i i 10380 J [ 30 |usm[Ds| T | sI
X X X
510 X X X
. 105.0 XX
105.0 i i i Pebbly SILTSTONE, Olive gray to reddish brown,
4.10 medium to fine grained, highly weathered, weak,
§ § § extremely close to close spaced discontinuities 10840 16 JUSm| DS | O | Fe
| X X X 105' - 110' Highly Fractured zone
5.50 §§ § 10620 | J 7 |ussm| DS [ Mw | Fe
: X X X
X X X
B X X X
58 8 %% % 10730 | B | 70 |u,sm| DG MW | sD
4.70 R-6 97% | 13% R2 H i i i . ,Sm
= X X X
XX % 10790 F [ 8 JuR[Ds|] o | N
X X X
6.50 XX X
X X X 10870 J | 49 lusm{ Ds| O | Fe
- X X X
X X X
4.30 X X X
o 110.0 ORROREY
110.0 XXX Pebbly SILTSTONE, Olive gray to reddish brown, Partly
5.70 X X X medium to fine grained, highly weathered, weak, 11030 | J 54 lusm| ps| o | Fe Conglomerate.
' X X X extremely close to close spaced discontinuities
| X X X 110" - 115" Highly Fractured zone
X X X
X X X
5.10 X X X
X X X
B 1650 X X X
X X X
52 4 11220 J | 69 |usm| Ds | vw | Fe
6.70 R-7 87% 7% R2 H i i i
| X X X
XX 11310 J | 44 |usm| Ds | o | Fe
5.10 X X X
X X X
B X X X 11390 | J 13 |u,Sm| DS [ MW | N
X X X
X X X
5.20 X X X 11450 o | 51 |P,sm[ DE | vw | N
| s 115.0 X X x]115.0
End of Boring at 115 feet BGS.
Borehole grouted with cement and bentonite hole plug.
—120
B 1640
—125
NOTES: PROJECT NO.: 353754

Boring No.: B-180-1




Notes

35375 49— PeNNEAST- T80 XiNG &xal/
=

(=t TesT BormG (P.Mulwub

v ( ) ®
Mo1T MACDovAD  (TneLson ® 3
B-150~ |
Run | h K4

DeptH 180100

Figure B-180-1.1
B-180-1 Box 1 Runs 1-4 Dry

A E;RmbR\m, 3 DF—PIH \T\ELOVE&V
: Py

- il oM

510 & ey |55
v | R | g 50

7 i X
3537549 — PennEAST-T90 xinG
(xmbc Test BormnG (f. Musns)
Mot MACDov AL (Jusuou)

Run 1 4 Kuw 4
Depitl 80100

Figure B-180-1.2
B-180-1 Box 1 Runs 1-4 Wet

MOTT M
MACDONALD M

PennEast Pipeline Project

Rock Core Photographs

BORING NO.:
B-180-1




orNL | Kuy | PEPTH ()| RECOVERY | R .D. = ' g 3
i : = - s ”m - ‘ LT:;ss-aSti—;:ueur TR0 XING &-;&
83825 100" 105" | 40" 100, I y" L:; l 47 ‘ MUUENS)> MM, Vet )

i = 2 2 7 =S \ Runs to Ruyg =
16071 /«-b /ms‘ /uo' ls l“Hzl 8 / 134, / ' N Depw 100 15 - X
,Mw/H /no',ns'lyz" ng_)q" ,:;II -y

— ' ' . - 10-18416 \‘

I P A o e T M S ) e T T

1o
2 ey N - Mgihet” = .
Figure B-180-1.3
B-180-1 Box 2 Runs 5-7 Dry
(| Ruy | PEP (M) | RECOVERY | R.G D, 2

;M" e " " et NOTES p LTBTS‘";:M"-T%X'N‘ BucZg
S DT S l"'"l / 47 : WEAETINM (Ve [BIRO-1]
- ! 6 ) 7, ../ _ : e — ‘
£180-| /n—b /lDS /uo' Is*"\ ", I 8 / 13, / ‘;‘ Depw 1004 115 - X
- . .
mw/ﬁ /uo'/us‘ /52" Sfle’-f" [;lz[ ot

— : 10-19-16 “
2 o Sy = AR i g . ik, i3 o N R B I, v TR I R 1 ek el T e e R L it i

N
®
*A
W 5

Figure B-180-1.4
B-180-1 Box 2 Runs 5-7 Wet
PennEast Pipeline Project BORING NO.:
MOTT M P ]

MACDONALD M Rock Core Photographs B-180-1




BORING NO.:

Driller/Helper:

Paul Mullins /Nick Beehler

Date/Time Finished:

MOTT

MACDONALD M SOIL BORING LOG 2;2819);5
Project: PennEast Pipeline Project Project No.: 353754

Location: Interstate 80, Carbon County, Pennsylvania Project Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: Jonathan Nelson

Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: October 13, 2016 at 9:15 am

October 18, 2016 at 9:00 am

Elevation: 1764 ft. Vertical Datum: NAVD 1988 Boring Location:90 feet North of I-80 Coord.: N:41.081137 E: -75.659037
Item Casing Sampler |Core Barre Horizontal Datum: NAD 1983
Type HW SS NQ2 Rig Make & Model: CME-750X Hammer Type Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck [ Tripod [ Cat-Head [0 Safety [ Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 ™ ATV O Geoprobe |™ Winch [J Doughnut J Polymer Mud Rota
Hammer Wt. (Ib.) 140 140 - O Track O Air Track | @ Roller Bit ™ Automatic ™ Water v
Hammer Fall (in.) 30 30 - [ Skid [ Cutting Head 0O [] None
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, 2 =)
Elev. I | N Blows Graphi Group i iole si . zl el 2|6 Remarks
(ft) nterva (in) per 6" raphic Symbol _constltuen?s,_partlce size, s_tructure, mmsture, S|E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] >
ol-|a|o
X 16 1 LAY 05 ToP (6") TOPSOIL with roots Slofofd
0.0-2.0' 2 ML Bottom (18") Soft, Yellowish red SILT, moist (ML)
4
B 1760
—° S-2 19 7 ML Very stiff, Yellowish red SILT with Gravel, moist (ML) -fLjL|L
5.0-7.0' °
» 1 15
16
—° S-3 10 6 4y SC Medium dense, Yellowish red Clayey SAND with Gravel, wet (SC) -lLjL|L
10.0- 5 X1/
- 1 120 [N VY,
9 LA
B 1750 %
— " S-4 1 50/3" % GC Very dense, Yellowish red Clayey GRAVEL, wet (GC) -1 - -
Boulders present
15.0'- - | -1 -1 - | Rigchatter at 15.5 feet BGS.
B 1 17.0'
15.5"
% N s _____
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer
Date | Time | Time [ Bot. of [ Bottom| o . O Open End Rod TV = Torvane
(hr) [ Casing| of Hole T Thin-Wall Tube
10/17/16] 8:00 - 95.0 115.0 37.2 :
10/18/16]_8:30 - 950 | 600 | 11 | U Undisturbed Sample
S Split Spoon Sample
G Geoprobe Boring No.: B-180-2
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.




MOTT M BORING NO.:
M SOIL BORING LOG B-180-2
MACDONALD ;
(continued) Page 2 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. Int | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
S-5 13 9 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SM) -lLjL|L
20.0"- 9
- 1 220 14
29
B 17407
—2
° S-6 12 12 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SM) -fLjL|L
25.0"- n
- {1 270 18
14
— 30
S-7 13 9 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SM) -lLjL|L
30.0- 9
B 1 320 12
12
-85 ______
B 17307
—3
s S-8 6 7 GC Very dense, Reddish brown Clayey GRAVEL, wet (GM) -fLjL|L
35.0'- 50/2
B 1 37.00
- _ 85 _
— 40
S-9 15 13 SC Medium dense, Yellowish red Clayey SAND with Gravel, wet (SC) -1 -] -
40.0"- 10
- {1 420 14
19
B 17207
—4
5 S-10 19 13 SC Dense, Reddish brown Clayey SAND with Gravel, trace cobble -lL|L|L
13 fragments, wet (SC)
45.0"-
B 1 47.0 19
18
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-2

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.




MOTT BORING NO.:
M SOIL BORING LOG B-180-2
MACDONALD ;
(continued) Page 3 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. | | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
— 50
S-11 16 17 SC Dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lLjL|L
50.0'- 14
B 1 520 34
34
-85 _________
[~ 17107
— 55
S-12 22 10 CL Hard, Yellowish red Sandy CLAY, trace Gravel, wet (CL) -|M|M|M]| PP=338tsf
28 TV = 0.48 tsf
55.0'-
- 1 s7.0 2
22
— 60
S-13 24 9 CL Hard, Yellowish red Sandy CLAY, trace Gravel, wet (CL) -|M|M|M| PP=4.0tsf
14 TV =0.66 tsf
60.0"-
- 1 620 2
23
[~ 17007
—65
S-14 24 11 CL Hard, Yellowish red Sandy CLAY, trace Gravel, wet (CL) -IM|M|M]| PP=35tsf
14 TV = 0.85 tsf
65.0"-
- {1 e7.0 19
20
__ €85 _ _ __ _ _ _ __
— 70
S-15 20 58 SC Very dense, Yellowish red Clayey SAND with Gravel, wet (SC) -lLjL|L
70.0'- 2
B 1 720 42
42
B 1690
—75
S-16 23 9 SC Dense, Yellowish red Clayey SAND with Gravel, wet (SC) -|L]L|L|PP=40tsf
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-2
NOTES: 1.)"ppd" denotes soil sample average diametral pocket penetrometer reading.  2.) "ppa" denotes soil sample average axial pocket penetrometer reading.

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

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




BORING NO.:

MOTT
M SOIL BORING LOG B-180-2
MACDONALD ;
(continued) Page 4 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. Int | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
75.0'- 13 TV =0.76 tsf
| | 770 19
20
— 80
S-17 17 43 SC Very dense, Dark brown to yellowish red Clayey SAND with Gravel, wet -lLjL|L
(SC)
80.0"- 42
= 1 820 61/5"
B 1680
—8
s S-18 20 18 SC Very dense, Yellowish red Clayey SAND with Gravel, wet (SC) -|L]L|L|PP=35tsf
85.0"- 46
- 1 870 59
50/3"
__ &8s ____ _
— 90
S-19 3 50/3" GC Very dense, Yellowish red Clayey GRAVEL with Sand, wet (GC) -l L] L] - | Gravelis Decomposed Shale.
90.0"-
u 1 920
w5 _
B 1670
—o9
5 S-20 15 45 CL Hard, Yellowish red Lean CLAY with Sand, trace Gravel, wet (CL) -|LJL|L]|PP=30tsf
95.0- 56/:
B 1 97.0'
| 0 | 100.0
Top of Rock at 100 feet BGS.
See Rock Coring Log.
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-2

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

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




BORING NO.:

MOTT

MACDONALD M CORE BORING LOG 2;2812;3
Project: PennEast Pipeline Project Project No.: 353754

Location: Interstate 80, Carbon County, Pennsylvania Project Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: Jonathan Nelson

Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: October 13, 2016 at 9:15 am

Driller/Helper:

Paul Mu

llins /Nick Beehler

Date/Time Finished:

October 18, 2016 at 9:00 am

Elevation: 1764 ft. _ Vertical Datum: NAVD 19§8 Boring Location:90 feet North of I-80 Coord.: N: 41.081137 E: -75.659037
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-750X
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 (f[’) (Box)| (in./ | (in/ | Rock Core Graphic field strength, discontinuity spacing, (ﬂp) Remarks
(ft) (min No. [ %) %) optional additional geological observations) ) (See Legend for Rock Description System)
ft) Hard. [Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip [Rgh[WealAper] Infill
100.0 X X X SILTSTONE, Yellowish red to reddish brown, medium
2.00 XX to fine grained, highly weathered, weak, extremely
X X % close to close spaced discontinuities
| X X X 100' - 102.5' Highly Fractured zone
X X X
X X X
200 X X X
X X X
- X X X
60 0 X X X
2.70 R [ 1000 | 0% | R2 HOX X X
= X X X
X X X 103.00| J 19 |u,sm| DG | Mw | ML
X X X
3.00
§§ § 10360 J | 22 |uR| Ds |mMw| ML
B 1660 X X X
X X X
5.70 X X X
X X X
105.0 X X x| 105.0
105 v " " : Partl
105.0 SANDSTONE, Olive gray to reddish brown, medium to Yy
3.00 ¢ fine grained, slightly weathered, strong, extremely close Conglomerate.
’ e to moderately spaced discontinuities
oo
e 106.10 | J o [Psm|Ds| T | N
2.70 e
oo
» « o
60 50 ¢
2.90 R-2 100% | 83% R4 SL [e o @
o
B e o o
« o 10820 | J 0 [P,Sm| DS [ MW | ML
350 e o o
» « o
3.50 : : : 10920 o [ 22 |usm[FR| T [ N
10 110.0 e
110.0 : : : SANDSTONE, Olive gray to reddish brown, medium to Partly
3.00 fine grained, slightly weathered, strong, extremely close Conglomerate.
: o : A~
to moderately spaced discontinuities
» e 11080 J | 22 |usm| Ds | O | ML
« o
3.40 ¢
: e e o
| .« .. 1170 J 12 |usm| DS | O [ ML
RO 1210 J 10 [UR| DS | PO [ ML
270 R3 | | a0 | Ra | st |oee
° ° ) 11260| J | 10 lJusm|Ds| O | N
::: 1310 J 9 |usm|bs| o | N
2.50 ... 11330 J 10 |u,sm| DS | Mw | N
B 1650 : : :
220 .« oo 11420 J 9 |usm|bs| o | N
115.0 e
[— 115 e ' . . Partl
115.0 o o o SANDSTONE, Olive gray to reddish brown, medium to y
fi f Conglomerate.
2.70 .« oo ine grained, fresh, very strong, very close to
PR, moderately spaced discontinuities 11560 | 4 4 lpsmlos| T N
B « o 11590 | J 3 |usm|Ds| T | sD
3.60 et
' e 116.60 | J 9 [usm|Ds| T | sD
- °° 11690 4 | 4 |usm|ps| T |sD
60 | 54 oo
3.70 R-4 100% | 90% R4 FR ::: 11740 J 6 [usm/DS| T | N
B ¢ 11800| B | 29 [ssm|Ds| T | L
410 L 11820 | J 15 |usml FR| T [ N
. « o
| « o
RO 119.00| J 19 |usm| Ds | T | sD
3.20 ¢
120.0 °
Water Level Data Notes:
Elapsed Depth in feet to:
Date Time Time | Bot. of | Bottom
(hr) [ Casing| of Hole Water
10/17/16] 8:00 - 95.0 115.0 37.2
10/18/16] 8:30 - 95.0 160.0 111.0
Boring No.: B-180-2




BORING NO.:

MOTT
M CORE BORING LOG B-180-2
MACDONALD -
(continued) Page 2 of 3
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. Ra.te ) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, () Remarks
(f) | (min No. | %) | %) optional additional geological observations) ' (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
120.0 M SANDSTONE, Olive gray to reddish brown, medium to Ezgglomerate
“ oo - . .
2,50 fine grained, slightly weathered, very strong, extremely .
LA close to moderately spaced discontinuities 120400 J 0 |usSml FR| T [N |f_rg?ns ?;szﬁrso
o oo
» o 12080 | J 3 |usm DS [ T | Fe | iBGs.
3.70 oo
LI ] 12160 | J 67 |UR| FR [ MW | N
» o oo
60 49 ¢
4.10 R-5 | 100% | 820 | R4 SL [e o @ 12240 | J 10 |Ssm| FR| O | L
oo
B * o o
4.20 ::: 12340 o | 0o |usm/Ds| T | L
- e v 12400| 4 | o [usm|Ds| o] L
oo X \
3.80 o o 0
125.0 LR 12460 J 6 |usm| FR| T | N
—125
125.0 : : : SANDSTONE, Olive gray to reddish brown, medium to
4.50 ... fine grained, moderately weathered, strong, extremely
’ close to moderately spaced discontinuities 12560| B 3 lusmlps| o | N
= e 125' - 126.4' Highly Fractured zone =
o oo
2.40 e 12640| B | 10 [usm| s | o | Fe
e o o
» oo
oo
60 22
410 R-6 100% | 37% R4 M L)
¢ 12770 J 7 |usml FR| T | N
B o o 0
“ oo
5.30 . o o 12840 | J 11 |usm| DS | T | Fe
| “ oo
« oo
7.10 ¢ 12940 | J 14 |usm| DS | T | Fe
130.0 c e
— 130 e . ; : Partl
130.0 « o o SANDSTQNE, Yellowish red to reddish brown, medium Conglomerate
4.20 . oo to fine grained, moderatelyweathgred, s:trolnlg, 130.40 J s lusml os | T N .
.. extremely close to close spaced discontinuities 13065 | U 50 [s'sm| ps | mw ]| Fe
B e o o
« oo
420 e o o
| « o e 131.70 | B | 72 |u,;Sm| DS [ MW | Fe
s 0 « oo
S « o
5.20 R7 [ o7% | 15% | R4 M . e e 13250 | B 3 [usm| DS | O | Fe
- LRI 13290 | J 17 |u,sm| DS N
« oo
3.40 PR
[~ 1630 « oo 13400 | J 3 |lusm| FR| T | N
500 * o o
« oo
135.0 135.0 13470 B | 61 |usm| DS [ O | Fe
—135 4 a2
135.0 X X X Sandy SILTSTONE, Olive gray to reddish brown,
3.10 i i i medium to fine grained, slightly weathered, strong,
X X X extremely close to moderately spaced discontinuities
XX % 13570 | J 36 |usm| DS | O | @z
B X% x 13590 | B 2 |UR|DS| O | Fe
X X X
5.20 X X X 136.50 | J 26 |usm| FR| T | N
X X X
B X X X
60 | 42 xxXx
6.00 R-8 100% | 70% R4 SL § § § 13750 | J 71 |sSm| FR| O [ N
= X X X
X X X
X X X
3.70 X% x 138.30 | B M |UR[FR| T[N
X X X
B i i i 139.00 | J 45 lusm| FR| T | N
X X X
0 140.0 R%
140 . X X X
140.0 r% Sandy SILTSTONE, Olive gray to reddish brown, 14000 o | 3 |usm| FR N | Partly
5.10 X X% medium to fine grained, fresh, strong, close to 1a040| 5 | 13 lusml os N Conglomerate.
X X X moderately spaced discontinuities : ’
= X X X
i i i 14110 o [ 25 Jusm[FR| T [ N
4.15
X X X
X X X
B X X X
3.90 Ro | 80 | 83 | re | FR [X x X
) 100% | 88% X% % 14240 J 19 |PSm| FR| T [ N
- i i i 14290 | J 20 |usm| FR| T | N
X X X
3.70 X X X
X X X
B 1620 X X X
X X X 14410 J 17 |PSm| DS | T [ N
3.20 X X X
X X X
| s 145.0 X X x| 145.0
145.0 T Partly
. LK) Conglomerate.
NOTES: PROJECT NO.: 353754

Boring No.: B-180-2




BORING NO.:
MACDONALD " M CORE BORING LOG B-180-2
(continued) Page 3 of 3
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. Ra.te ) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, () Remarks
(f) | (min No. | %) | %) optional additional geological observations) ' (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
3.00 e SANDSTONE, Olive gray to reddish brown, medium to 14560 | J | 16 lusm| s | T | N
» e fine grained, slightly weathered, strong, extremely close
e to moderately spaced discontinuities
0 o oo
5.7 .. 146.40 | J 7 {usm|FR| T | N
» oo
60 43 ° e 14720 4 7 lusm|FR| T | N
2.70 R-10 100% | 72% R4 SL : : :
- “ oo 147.90 | J 0 [usm|lFR| T | N
3.10 oo
: LI ] 14850 | J 14 |usml FR| T [ N
- ::: 148.90 | J 8 [usm|FR| T | N
2.90 AR
150.0 PR, 14950 | B 8 |usm|Ds| T | Fe
150 LI . . .
150.0 e o o SANDSTONE with interbedded Siltstone, Olive gray,
515 . o o medium to fine grained, slightly weathered, strong, 150.30 J 27 lusm| FR| T N
’ extremely close to moderately spaced discontinuities
B : : : 15080 | J | 19 [usm|bs| o | N
oo
5.40 “ e 15140 B | 49 |lusm| DS | T | N
| o oo
PRI 15200 J | 24 |usm| DS [ MW | N
5.00 R-11 1068% 5%%4) R4 SL : : : 15240 J | 10 |usm{Ds| o | Fe
§ M 15300 B |20 |ssm|FR| O | N
« oo
5.15 o o 0
“ oo 15370 J | 63 |UR|FR| T [ N
B 1610 o o o
5.20 LR 15430 J | 26 |usm| FR| T [ N
1o 155.0 D
155.0 PR Silty SANDSTONE, Olive gray to brown, medium to
3.00 o o o fine grained, slightly weathered, strong, extremely close 15530 | B 11 fusm| DS | T N
. oo to moderately spaced discontinuities 15560 | 4 29 usm| ps | o N
[~ e o o
« o o 15610 B | 55 |uSm| DS | T | L
2.50 . oo 15640 | J | 43 |usm| FR| O [ N
« oo
B .« 157.00| J | 35 [usm| Ds [mw ]| N
59 20 . o o 15720 | J | 32 |u,;Sm| DS [ MW | L
2.50 R-12] ggo, | 3305 | R4 SL D
B D 158.00 J | 48 |usm|Ds| O | L
« oo
3.30 o o0
« oo
B « oo 15890 B | 25 |UR|DS| T | L
3.30 : : : 15920 J | 20 |uSm|Ds | T | L
| 0 160.0 . o o 160.0
End of Boring at 160 feet BGS.
Borehole grouted with cement and bentonite hole plug.
B 1600
—165
—170 1
NOTES: PROJECT NO.: 353754

Boring No.: B-180-2
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MOTT M BORING NO.:
MACDONALD M SOIL BORING LOG B-180-3
Page1 of 4
Project: PennEast Pipeline Project Project No.: 353754
Location: Interstate 80, Carbon County, Pennsylvania Project Mgr: Vatsal Shah
Client: PennEast Pipeline Field Eng. Staff: TJ Liveston
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: April 25, 2016 at 10:15 am
Driller/Helper: _Paul Mullins /Nick Beehler Date/Time Finished: _April 29, 2016 at 9:45 am
Elevation: 1756 ft. Vertical Datum: NAVD 1988 Boring Location:Off FFF Access Road and East of Buckeye Pipeline Coord.: N:41.079426 E: -75.65791
Item Casing | Sampler [Core Barre] ROW. Horizontal Datum: NAD 1983
Type HW SS NQ2 Rig Make & Model: CME-750X Hammer Type Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck [ Tripod [ Cat-Head [0 Safety [ Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 ™ ATV O Geoprobe |™ Winch [J Doughnut J Polymer Mud Rota
Hammer Wt. (Ib.) 140 140 - O Track O Air Track | @ Roller Bit ™ Automatic ™ Water v
Hammer Fall (in.) 30 30 - [ Skid 0O [ Cutting Head 0O [] None
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, 2 =)
Elev. Int | N Blows Graphi Group i iole si . zl el 2|6 Remarks
(ft) nterva (in) per 6" raphic Symbol _constltuen?s,_partlce size, s_tructure, mmsture, S|E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] >
ol-|a|o
S-1 14 WOH CL Very soft, Brown Sandy CLAY, moist (CL) -1 - PP=0.25 tsf.
1 TV=N/A
0.0-2.0'
= ] 0
4
- B
—° S-2 4 8 % GC Very dense, Reddish brown Clayey GRAVEL, wet (GC) -] -1 -
5.0-7.0' 2 .
I 50/4
% 9 _ _les
—° S-3 12 5 CL Very stiff, Reddish brown Gravelly CLAY, wet (CL) -1 -1 -1]-|PP=2.0tsf.
14 TV=N/A
10.0"-
B 1 120 9
9
— " S-4 14 12 CL Stiff, Reddish brown Gravelly CLAY, wet (CL) - -1-1-]PP=20tsf.
11 TV=N/A
15.0'-
- 17401 17.0' 12
6
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer
Date | Time | Time [ Bot. of [ Bottom| o . O Open End Rod TV = Torvane
(hr) [ Casing| of Hole T Thin-Wall Tube
U Undisturbed Sample
S Split Spoon Sample
G Geoprobe Boring No.: B-180-3
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.




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

MOTT BORING NO.:
M SOIL BORING LOG B-180-3
MACDONALD ;
(continued) Page 2 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. Int | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
S-5 16 1 CL Soft, Reddish brown Gravelly CLAY, wet (CL) -1 - PP=1.0 tsf.
1 TV=N/A
20.0"-
- 1 220 3
4
—25
S-6 14 1 CL Stiff, Reddish brown Gravelly CLAY, wet (CL) -|-1]-1-]PP=3.0tsf.
5 TV=N/A
25.0"-
- | 270 8
8
— 30
S-7 8 4 CL Very stiff, Reddish brown Gravelly CLAY with Sand, wet (CL) -1-1]-]-|PP=0.5tsf.
12 TV=N/A
30.0-
B 1 320 15
12
—35
S-8 0 8 CL No Recovery [ I I
35.0- 7
- 20| 370 8
1
— 40
S-9 18 6 CL Very stiff, Reddish brown Gravelly CLAY, wet (CL) -1 -] -]-|PP=25tsf.
10 TV=N/A
40.0"-
- 1 420 12
14
— 45
S-10 8 16 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) - -1-1-|PP=25tsf.
34 TV=N/A
45.0"-
B 1710-]  47.0' 37
18
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-3
NOTES: 1.)"ppd" denotes soil sample average diametral pocket penetrometer reading.  2.) "ppa" denotes soil sample average axial pocket penetrometer reading.

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




MOTT BORING NO.:
M SOIL BORING LOG B-180-3
MACDONALD ;
(continued) Page 3 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. | | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
— 50
S-11 2 12 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) -1-1-1]-] PP=NA
14 TV=N/A
50.0'-
- 1 520 20
46
— 55
S-12 18 9 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) -|-1]-1-|PP=4.0tsf.
16 TV=N/A
55.0'-
- 00| 57.0' 24
22
— 60
S-13 18 14 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) -1 -] -]-|PP=4.0tsf.
16 TV=N/A
60.0"-
B 1 620 20
23
—65
S-14 20 13 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) - -1-1-|PP=25tsf.
15 TV=N/A
65.0"-
- 1690—] 67.0' 21
22
— 70
S-15 20 13 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) -1 -] -]-|PP=4.0tsf.
19 TV=N/A
70.0'-
- 1 720 2z
42
—75
S-16 16 39 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) - -1]-1]-]|PP=3.5tsf.
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-3
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.




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

MOTT BORING NO.:
M SOIL BORING LOG B-180-3
MACDONALD ;
(continued) Page 4 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. Int | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
75.0'- 48 TV=N/A
| 1e80 77.0 46
52
— 80
S-17 6 25 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) -1 -] -]-|PP=3.5tsf.
28 TV=N/A
80.0"-
B 1 820 40
58
—8
s S-18 6 32 CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) - -1-1-1]PP=NA
48 TV=N/A
85.0"- .,
- e 87.0° 50/5
— 90
S-19 2 50/5" CL Hard, Reddish brown Gravelly CLAY with Sand, wet (CL) -1 -1]-1]-]|PP=NA
TV=N/A
90.0"-
u 1 920
. 1 95.0
Top of Rock at 95 feet BGS.
See Rock Coring Log.
B 1660
—100
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-3
NOTES: 1.)"ppd" denotes soil sample average diametral pocket penetrometer reading.  2.) "ppa" denotes soil sample average axial pocket penetrometer reading.

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




BORING NO.:

MOTT

MACDONALD M CORE BORING LOG 2;2819);:2
Project: PennEast Pipeline Project Project No.: 353754

Location: Interstate 80, Carbon County, Pennsylvania Project Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: TJ Liveston

Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: April 25, 2016 at 10:15 am

Driller/Helper:

Paul Mullins /Nick Beehler

Date/Time Finished: _April 29, 2016 at 9:45 am

Elevation: 1756 ft. _ Vertical Datum: NAVD 1988 | Boring Location:Off FFF Access Road and East of Buckeye Pipelinecoord.: N: 41.079426 E: -75.65791
Item Casing Core Barrel Core Bit ROW.
Type HW NQ2 Imp. Diamond | Horizontal Datum: NAD 1983 Drilling Method:Wireline
Length (ft) 5 5 3.25 Rig Make & Model: CME-750X
Inside Dia. (in.) 4 2.0 2.0
Avg Visual Identification, Description and Remarks
Depth/ |Core Denth Run/ Reo RQD Stratum (Rgck type, colou_r, text_ure_, weatht_ering, Denth Discontinuities
Elev. [Rate (f[’) (Box)| (in./ | (in/ | Rock Core Graphic field strength, discontinuity spacing, (ﬂp) Remarks
(ft) (min No. [ %) %) optional additional geological observations) ) (See Legend for Rock Description System)
ft) Hard. [Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip [Rgh[Wea]Aper] Infill
95.0 T SANDSTONE, Red, very fine to medium grained, highly
3.10 e weathered, weak, very close to close spaced
' ¢ e discontinuities
= 1660 e o 95'-96.3' Highly Fractured zone
oo
3.10 oo
e 96.6'-100' Highly Fractured zone
» oo
oo
3.10 R o | 70 | RE| H | e
oo
B * o o
3.10 e
oo
| o o 0
oo
310 e o o
100 100.0 e
100.0 ¢t SANDSTONE, Red, very fine to medium grained, highly
* o o
36 weathered, weak, very close to close spaced
o discontinuities 10060 | J | 15 [UR] DS [ PO | Res
n ¢ 100'-100.4' Highly Fractured zone
° o 100.7'-101.1" Highly Fractured zone
.« e 10125 J 0 |[UR| DS | O |Res
36 . e e 10140 | J 0 |SR| DS | O |Res
10165| J o |sR|Ds| o [
B o« o 101.8-102" Highly Fractured zone ’ amt
.« e
45 0
3.6 R-2 R2 H |o o o , . 102.30 | J o [UR|FR|PO| N
75% 0% . e 102.45'-102.7" Highly Fractured zone 10260 | U o |ur| ps | Po | Res
- .« e 10290 | J 0 |[UR| DS | O |Res
. o o 10295 | J 5 | SR| DS | O |Res
S i R R L
B . oo 103.6'-103.8' Highly Fractured zone 10375 0 P:R rr|rol N
.« e
3.6 .« e
| o 105.0 D,
105.0 .« o o SANDSTONE, Dark gray and red, very fine to medium
9.00 . e e grained, slightly weathered, medium strong, very close 105.30 J 0o |sR|FR| T N
' to close spaced discontinuities 10540 | J 0 |UR|[FR|PO| N
I ¢ 105'-105.1' Highly Fractured zone
e 105.6'-105.8' Highly Fractured zone }8(65.28 j 105 gg Bg Eg g
.« e
9.00 X ’
o« e 106.5'-106.7' Highly Fractured zone 10630 J ] 0 JUR]DS | PO ST
B D 10690 J | o |uR|Ds|Po|sT
60 24 107.20 | J 5 | SR| DS |PO| ST
9.00 R-3 R3 SL [® ¢
100% | 40% DR 10760 | J 0 |SR|Ds| O [Fgmtd
i 108-108.2' Highly Fractured zone
9.00 e o o
. e e 108.60 | J 0 |SR|Ds|PO|sT
» 10865 | J 0o |sR|Ds|Po|sT
LECIR] 108.80 | J 0 | SR|DG| O |Res
9.00 ¢
’ .« e 10950 | J 5 | SR|Ds|PO| ST
. 110.0 .. 10070 J | 5 [UR|Ds[PO| ST
110.0 e o o SANDSTONE, Gray to red, fine to medium grained,
9.10 o o o sllightlylwe'a.thered, medium strong, close spaced
« o o discontinuities 110.50 J 0 |UR|FR| T N
| 11065 | J 0o [UR|FR|PO| N
.« e
.« e
9.10 L. 1130 J o [UR|FR| T | N
| .« e
.« e 112.00| J o [UR|FR| T | N
60 48 e o o
9.10 R4 1 100% | s0% | R® st PP 11250 | J 0 [UR|FR| T | N
- .« e 11280 | J 10 |SRIFR| T
.« e
910 D 1325| J 10 [ sR| DS | PO | sa
B : : : 11380 J |10 |sR|FR|VT| N
.. 1410 J 5 [UR|FR| T | N
9.10 .. 11440 | J 5 [UR|FR| T | N
115.0 .. 11460 | J 5 [SR|FR|PO| N
Water Level Data Notes:
Elapsed Depth in feet to:
Date Time Time | Bot. of | Bottom
(hr) [ Casing| of Hole Water
Boring No.: B-180-3




BORING NO.:

mgcT:TDONALD M M CORE BORING LOG B-180-3

(continued) Page 2 of 6
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate ) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, () Remarks
(f) | (min No. | %) | %) optional additional geological observations) ' (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
115.0 *ee SANDSTONE, Dark gray to red, fine to coarse grained, 11480 o [ 5 [PR[FR[ T[N
e fresh, medium strong, very close to moderately spaced
9.00 N A
¢ discontinuities
L e CECIE Frequent conglomerates "s70| 4 | 5 |SRIFR|PO| Sa
e 16.10 | J o [PR|FR]| T | N
9.00 AR
oo
= o oo 116.80 | J 0 |[UR|FR| T [Fomtd
60 48 . e e 116.90 | J 5 |[UR|FR| T | N
9.00 R-5 R3 FR [o o o
100% | 80% PR 1760 | J 0 |UR| DG | PO |Res
B PR 17.90 | J 0 |[UR|FR|PO| Sa
. e e 1810 J 10 |UR|Ds | O | sa
9.00
¢ 11860 | J o [UR|FRR| T | N
» “ oo
oo 119.00 | J o |[UR|FR| T
11920 | J 0 [UR|FR| T | N
9.00 e 11940 J |30 |UR|FR| O | sa
120 120.0 e 0.
120.0 : : : SANDSTONE, Dark gray to red, fine to coarse grained,
7.90 I fresh, medium strong, very close to moderately spaced 120201 5 [UR] FR PO | Sa
I ‘(’:'500:‘“”“'“95 " 12060 J | o |uR|FR| T | N
» D onglomerates presen 12090 | U 5 [ur|em| T[N
o oo
790 e o o
o e 12190 | J 5 |[UR|FR| T | N
7.90 Ro |80 | 45 | s | #R [+ o -
. 100% | 75% o 12240 J 0 |UR|DS|PO| ST
§ MR 12300 J 5 [UR|FR[VT| N
LRI 12310 J 0 [UR|FR|VT| N
790 e o o '
“ oo
B . e e 123.90 | J 25 |UR| FR|[PO| N
12410 J 15 |UR|[FR|PO| N
7.90 e 12435 J 0 [UR|FR]| T | N
125.0 “ oo 12443 J 5 |UR| FR N
125 « oo
125.0 e o o SANDSTONE, Dark gray to red, fine to medium
7.80 . e e grained, fresh, medium strong, very close to medium
' e spaced discontinuities 12550 | J 0 |UR|FR | PO| sa
B 1630 o o 0
« oo
780 e o o
| « oo
60 51 ¢ 0. 12710 J 0 [SR|FR| T | N
X « oo 12720 | J SRI|FR| T | N
7.80 R-7 100% | 85% R3 FR o
[~ e o o
L 12820 | J 0 [UR|FR| T | N
7.80 ¢ 12850 | J 0 |PR|FR| T | N
| ¢ 128.80 | J 0 [UR|FR| T | N
: : : 12010 4 | 5 JurR|FR| T | N
7.80
« oo
| 20 130.0 ..
130.0 « e o SANDSTONE, Dark gray to red, fine to medium
7.20 o o o grained, highly weathered, medium strong, very close 13025 | J 0 |UR|DG| O | sa
. e e to medium spaced discontinuities
B 131.2'-131.3' Highly Fractured zone 13070 J | 20 |UR| FR| PO | Sa
¢t 11313 13100 4 | o JurR|FR| T | N
7.20 CONGLOMERATE, Grey, red and white, fine grained, 13140 4 45 |srRIEerR| T N
fresh, medium strong, close to moderately spaced ’
- discontinuities 131.90 J o |srlrmR]| T N
7.20 R8 | 100 | 70 | R | FR 13235 o | o [sr|oe| o | N
- 13280 | J 0 [UR|FR| T | N
7.20 133.5 13330 4 | 10|PR|DS| T |sT
13350 | J 15 |UR| FR | O [Fgmtg
7.20
" 135.0 13450 | J 10 |UR[FR| T [ N
135.0 SANDSTONE, Dark gray to red, fine to medium
6.60 grained, fresh, medium strong, close to moderately 13530 | J 5 [UR| FR | PO [Fgmtq
spaced discontinuities 13560 | 4 5 |sr|FR| 0 |Fgmt
B 1620
6.60
60 44
6.60 R-9 100% | 73% R3 FR
B 138.00 | J o [PR|FR]| T | N
6.60 138.30 0 [SR|FR| T | N
138.60 5 |[PR|FR| T | N
B 139.00 | J 0 [SR|FR| T | N
6.60 139.30 | J 5 |[PR|FR| VT | N
o 140.0 139.60 | J 5 |[UR|FR| T | N
140.0 SANDSTONE, Dark gray to red, fine to medium
grained. fresh, medium strong, very close to
NOTES: PROJECTNO.: 353754 Boring No.: B-180-3




BORING NO.:

mgcT:TDONALD M M CORE BORING LOG B-180-3

(continued) Page 3 of 6
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/ Reo. RQD Stratum (Rpck type, colou_r, text_ure_, weatht_—zring, Depth Discontinuities
Elev. Ra.te ) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, () Remarks
(f) | (min No. | %) | %) optional additional geological observations) ' (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
6.50 T moderately spaced discontinuities 14030 | J 0 JURJFR] T | N
B oo 14050 | J 5 [SR|FR|PO| N
oo
14120 J 15 |UR[FR| T [ N
6.50 oo 14125 4 | 15 |UR|FR| T | N
» oo
oo
60 43
650 R101 100% | 72% | R8 | FR D 14250 4 | 5 |uR| FR | PO [Fgmts
[~ e o o
oo
650 * o o
| oo 14375| J 15 |UR| FR| O [Fgmtg
oo 144.00 | J 30 |SR|FR| O | N
6.50 PR 14410 o [30 |sR[FR] O [ N
' . o o 14450 o [ 20 JUR[FR| VT | N
| s 145.0 I 14470 J 10 |UR[FR| T [ N
145.0 e o o SANDSTONE, Dark gray, fine to medium grained,
7.00 . oo fresh, medium strong, very close to moderately spaced
’ .. discontinuities 132’22 j 8 g,g [F)S Eg ga
" e ! X a
[~ 610 oo ;ﬁg ;rizfm':'ghly Fractured zone 14580 | J 5 | SR| FR | PO | sa
.« o s 14610 J [ 45 |UR|FR|PO| sa
7.00 PR 146.50 | J 4 |PR|FR| T | N
» RO 146.80 | J 10 |UR[FR| T [N
oo 147.00 | J o [UR|FR| T | N
60 40
7.00 R-11 R3 FR |® o *
100% | 67% oo 14760 | J 5 |[UR|FR| T | N
- oo
.« e
7.00 o o 0
i PR, 14865 | J 0 R|IFR|VT| N
LRI 14900 J [ 5 |PR|FR| T [Fgmty
700 PR 149.10 | J 5 | SR| FR | PO | sa
- 150.0 : : : 14950 J [40 |SR[FR| T [ N
150.0 PR SANDSTONE, Dark gray, fine to medium grained,
6.90 o o o fresh, medium strong, very close to moderately spaced
. oo discontinuities
[~ e o o
LRI 15120 | J 5 [SR|FR|VT| N
6.90 o o o 15140 | J 5 [UR|FR| VT | N
o : : : 15190 J [40 |SR[FR| T [ N
6.90 r12| 80 54 R3 FR [* ¢ * 15240 | J 0 |UR|DG| O [Fgmtq
100% | 90% ..o - : 9
- oo 152.80 | J o [SR|FR| T | N
e 153.00 | J 0 |SR|FR| O [Fgmt{
6.90 PRy
| ¢ 15375 J 5 |SR|FR|VT| N
.« e
6.90 oo
155.0 ¢ 15460 4 | 0 |sSR|FR| T | N
— 155 * o o . )
155.0 e o0 SANDSTONE, Dark gray, fine to medium grained,
7.60 PP fresh, medium strong, very close to moderately spaced ggﬁg j ‘1‘2 E:E [F)S $ FQI(I“‘S
.« e discontinuities 15560 | J | 15 [PR|FR| T | N
[ 1600 ¢ 15600 4 |10 ]|PR|FR| T | N
.« e
7.60 e o
B ¢ 156.80 | J | 55 |PR|FR| T | N
.« e
60 45 e o o
7.60 RA3) q00% | 75% | B3 | FR [L .
» .« e
LRI 158.10 | J 10 |[UR[FR| T [ N
7.60 e o o
.« e
§ ¢ 159.00 | J o [UR|FR[VT| N
7.60 ::: 15930 J | 10 [UR|FR|[PO| N
0 160.0 . e 159.60 | J 5 [SR|FR| T | N
160.0 LRI SANDSTONE, Dark gray, fine to medium grained,
8.00 « o fresh, medium strong, close to moderately spaced 16025 J 5 |UR|FR| T [ N
LIRS discontinuities 16060 J |185|SR|FR| O [Fgmis
» .« e
.« e
8.00 e o
.« e
B e o o
60 51 LRI
8.00 R-14 R3 FR
100% | 85% ¢ 16260| J | 70 |SR|Ds | PO | sa
| .« e
DR 163.05 | J 0 |[UR|DG| O |Res
800 e o o
.« e
- .« e
.« e
8.00 e o
165 165.0 e o
165.0 e oo SANDSTONE, Gray, fine to medium grained, fresh,
8.00 L] medium strong, close to moderately spaced
! e o o discontinuities
.. e 16570 | J 15 |PRI[FR| T [ N
NOTES: PROJECTNO.: 353754 Boring No.: B-180-3




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B'|80'3
(continued) Page 4 of 6
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate|” g\ (Box)| (in./ | (in./ | Rock Core |5 i field strength, discontinuity spacing, ) Remarks
(ft) [ (min No. | %) | %) optional additional geological observations) : (See Logend for Rock Desciplion System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
]
8.00 “ oo 166.20 | J 0 [UR|FR| T | N
: e o o
- LU 166.80 | J 15 |UR[FR| T [ N
60 | 58 D
8.00 R-15 100% | 97% R3 FR : : :
I~ e o o
168.00 | J 30 [UR[FR| T | N
o oo
8.00 o o o
oo
B * o o
8.00 ¢ 169.30 | J 5 [SR|FR| T | N
170.0 ¢
—170 . LRI 169.80 | J 0 [sR|FR|PO| N
170.0 e o o SANDSTONE, Gray, fine to medium grained, fresh,
7.60 o o o medium strong, close to moderately spaced
. o o discontinuities
B e o o
“ oo
7.60 JED 17130 | J 5 |[UR|FR| T | N
oo
o oo
60 60 e o0
7.60 R-161 100% | 100% | R® FR oo o 17250 | J 5 [UR|FR| T | N
- oo
oo
7.60 “ oo
« oo
B * o o
P 17410 J 5 |[UR|FR| T | N
7.60
175.0 LRCIR] 17450 | J 5 |[UR|FR| T | N
—175 AR ) . X 17485 J 5 |UR|FR| T | N
175.0 e SANDSTONE, Gray, fine to medium grained, fresh,
7.40 e o medium strong, close to wide spaced discontinuities
“ oo
B 1580 o o o 175.80 J 0O |SRIFR| T N
740 AR 176.20 | J 15 |UR[FR| T [ N
- « oo
« oo
B e o o
60 58 o0
7.40 R171 100% | 97% | RS FR e
» « oo
« oo
7.40 o« o e
« oo
B o o o
« oo
7.40 . e 17930 | J 10 |UR[FR| T [ N
180 180.0 « o
180.0 LRI SANDSTONE, Gray, fine to medium grained, fresh,
7.60 DEEIRY medium strong, close to wide spaced discontinuities
« oo
- « oo
7.60 « oo
« oo 18160 | J 15 |UR[FR| VT [ N
B e o o
60 60 LRI
7.60 R-18 100% | 100% R3 FR e o o 18250 | J 0 |UR|FR| T N
B ¢ 18290 J | o [UR|FR| T | N
« oo
7.60 o« o
« oo
i e 184.00 | MB
« oo
7.60 . e e
185 185.0 « o o 184.60 [ MB
185.0 e e SANDSTONE, Gray to red, fine to medium grained,
7.30 LRI fresh, medium strong, close to wide spaced
' ¢ o0 discontinuities
L PRI Pits and Vugs present 18570 | J 5 |SR|FR| T | N
« oo
7.30 e 18640 v | 5 JuR[FR| T | N
« oo 186.60 | J 5 |[PR|FR| T | N
B e o o
60 58 L
7.30 R19] 1000% | o794 | R3 FR |, o &
| « oo
« oo
7.30 ¢ 18840 J | 5 [UR|FR| T | N
« oo
- « oo
« oo
7.30 « oo
o 190.0 . e 189.50 | J 60 |[SR|FR| T [ N
190.0 ¢ SANDSTONE, Gray to red, fine to medium grained,
7.00 ¢ fresh, medium strong, close to moderately spaced
e oo discontinuities
» « oo
« oo
7.00 s o o 19130 J 5 JURIFR] T | N
NOTES: PROJECT NO.: 353754

Boring No.: B-180-3




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B'|80'3
(continued) Page 5 of 6
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate|” g\ (Box)| (in./ | (in./ | Rock Core |5 i field strength, discontinuity spacing, ) Remarks
(ft) [ (min No. | %) | %) optional additional geological observations) : (See Logend for Rock Desciplion System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
)
7.00
oo
60 57 ¢ 19210 J [ 10 |sR[FR]| T[N
7.00 R-20( 4000 | 959% | R3 FR : : : 19240 | J 10 [SRI[FR| T [ N
- oo
oo
7.00 ¢ 19350 J | 5 [UR|FR| T | N
oo
B “ oo 19390 | J 5 |[UR|FR| T | N
7.00 c 19430 4 | 5 [UR|FR| T | N
195.0 D
—195 o e o o
195.0 e o0 SANDSTONE, Gray, fine to medium grained, fresh,
8.30 PR strong, close to moderately spaced discontinuities 19520 ( J 5 [UR|FR T | N
oo
B 1560 o o
oo 19610 o [ 10 JUR|[FR]| T [ N
8.30 « e
oo
B * o o
60 56 « o0
8.30 R-21 R4 FR
100% | 93% ¢ 197.60 | J 5 [PRIFR[ T | N
- LRI 19780 J [40 |PR[FR| T [ N
e o o
8.30 o o
oo
B e o o
LECIR] 19920 o [ 10 JUR[FR]| T [ N
8.30
* o o
- 200.0 I
200.0 LRI SANDSTONE, Gray, fine to medium grained, fresh,
9.80 DY strong, close to moderately spaced discontinuities
.« e
- .« e
oo
980 ¢ 20150 [ o [ 10 Jur[FR| T[N
oo
B e o o
60 60 e o0
9.80 R221 100% | 100% | R4 | FR e o &
» .« e
oo
9.80 e o o
LRI 20360 J |10 |[PR|FR| T | N
- oo 203.70 [ J 0 |SR|FR| T | N
.. s 204.00 [ MB
980 e o o
. 205.0 .« e 204.70 [ MB
205.0 e 0. SANDSTONE, Gray, fine to medium grained, fresh,
9.80 L] strong, close to wide spaced discontinuities
.« e
- 1550 * o o
LECIR] 206.10 [ J 5 [SR|FR|VT| N
9.80 e 206.3'-206.7" Vertical Infill 20620 | J 45 |SR|FR| VT [ N
B e o o
60 50 e o
9.80 R23| 100% | 83% | R4 | FR |e o o
| .« e
.« e
9.80 ¢ 20840 J [10|ur|[rR| T[N
.« e
- .« e
¢ 20920 [ J 15 |PRI[FR| T [ N
9.80 e o 20030 J | 15 |UR| DG [ PO | Res
210.0 .« e 209.60 [ J 5 | PR| FR | PO | Res
—210
210.0 ¢ SANDSTONE, Gray, fine to medium grained, slightly
10.80 ¢ weathered, strong, very close to wide spaced
e oo discontinuities
» .« e
.« e
10.80 L]
| 211.7'-214.0' Vertical Fracture
60 57 .« e 21210 J 0o |[UR|Ds|PO| sa
10.80 R-24 100% | 95% R4 SL [e o @ 21240 | J 5 |UR|DG| PO | sa
.« e
B PP 21290 J | 55 [UR|Ds | PO | sT
10.80 ¢ 21330 J |60 [UR|Ds | PO sa
.« e
| . e e 21370 J | 10 [PR|DG]| O | sa
.« e
10.80 e o o
s 215.0 ) 21460 | J 5 |[UR|FR|PO| N
215.0 ¢ SANDSTONE, Gray, fine to medium grained, fresh,
¢ strong, very close to wide spaced discontinuities
12.10 .
B 1540 : : :
12.10 e
.« e
= o o o
NOTES: PROJECTNO.. 353754

Boring No.: B-180-3




MOTT BORING NO.:
MACDONALD M CORE BORING LOG B-180-3
(continued) Page 6 of 6
Avg Visual Identification, Description and Remarks
Depth/ |Core Run/| Rec. | RQD (Rock type, colour, texture, weathering, Discontinuities
Elev. |Rate| %"|(Box)f (in./ | (in./ | Rock Core 2}2";‘;@ field strength, discontinuity spacing, D(‘?tp;h Remarks
(f) | (min No. | %) | %) optional additional geological observations) ' (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
60 60 o0
12.10 R-25) 100% | 100% | R4 | FR [, ..
12.10 o o
12.10 oo
220 220.0 e o o {220.0
End of Boring at 220 feet BGS.
Borehole grouted with cement and bentonite hole plug.
225
B 1530
—230
—235
B 15207
—240
NOTES: PROJECTNO.. 353754

Boring No.: B-180-3




Figure B-180-3.1
B-180-3 Box 1 Runs 1-4 Dry
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Figure B-180-3.2
B-180-3 Box 1 Runs 1-4 Wet
MOTT M PennEast Pipeline Project
MACDONALD M

Rock Core Photographs

BORING NO.:

B-180-3




Depth l R‘e"‘?, IRG’ D ; . P§“5+53-75u
R5 1541201607 1004 46~ 724 !;lgli‘;g;-; B2
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Figure B-180-3.3
B-180-3 Box 2 Runs 5-8 Dry

MM 253754
B-I%0-2 Boxr2

Figure B-180-3.4
B-180-3 Box 2 Runs 5-8 Wet

BORING NO.:

PennEast Pipeline Project

MOTT M
MACDONALD M Rock Core Photographs

B-180-3




[ 810 190-14
R1L |145*150°

Figure B-180-3.5
B-180-3 Box 3 Runs 9-12 Dry
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Figure B-180-3.6
B-180-3 Box 3 Runs 9-12 Wet
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BORING NO.:
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Figure B-180-3.7
B-180-3 Box 4 Runs 13-16 Dry

)
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Figure B-180-3.8
B-180-3 Box 4 Runs 13-16 Wet
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M Rock Core Photographs

BORING NO.:
B-180-3
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B-180-3 Box 5 Runs 17-20 Dry
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Figure B-180-3.10
B-180-3 Box 5 Runs 17-20 Wet
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BORING NO.:
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Figure B-180-3.11
B-180-3 Box 6 Runs 21-24 Dry
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Figure B-180-3.12
B-180-3 Box 6 Runs 21-24 Wet

MOTT M PennEast Pipeline Project BORING NO.:
MACDONALD M Rock Core Photographs B-180-3
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B-180-3 Box 7 Run 25 Dry
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Figure B-180-3.14
B-180-3 Box 7 Run 25 Wet
MOTT M PennEast Pipeline Project BORING NO.:
MACDONALD M Rock Core Photographs B-180-3




BORING NO.:

Driller/Helper:

MOTT

Project: PennEast Pipeline Project Project No.: 353754

Location: Interstate 80, Carbon County, Pennsylvania Project Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: Jonathan Nelson/Bernard Cortes
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: December 28, 2016 at 10:30 am

Paul Mullins /Nick Beehler

Date/Time Finished:

December 29, 2016 at 9:20 am

Elevation: 1758.2 ft. |Vertical Datum: NAVD 1988 Boring Location:Approximately 40 feet South of staked location Coord.: N:41.074328 E: -75.654571
Item Casing Sampler |Core Barre Horizontal Datum: NAD 1983
Type HW SS NQ2 Rig Make & Model: CME-750X Hammer Type Drilling Fluid | Drill Rod Size:
Length (ft) 5 2 5 O Truck [ Tripod [ Cat-Head [0 Safety [ Bentonite Casing Advance
Inside Dia. (in.) 4 1.375 2.0 ™ ATV O Geoprobe |™ Winch [J Doughnut J Polymer Mud Rota
Hammer Wt. (Ib.) 140 140 - O Track O Air Track | @ Roller Bit ™ Automatic ™ Water v
Hammer Fall (in.) 30 30 - [ Skid [ Cutting Head 0O [] None
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, 2 =)
Elev. Int | N Blows Graphi Group i iole si . zl el 2|6 Remarks
(ft) nterva (in) per 6" raphic Symbol _constltuen?s,_partlce size, s_tructure, mmsture, S|E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] >
ol-|a|o
{ s+ 8 5 AN 0.3 3"-TOPSOIL -] -
| | 5 SM Bottom (3") - Medium dense, Brownish yellow Silty SAND, with Gravel,
i 0.0-2.0 7 moist (SM)
| 3
| s
—° {1 S-2 9 7 SC Medium dense, Reddish brown Clayey SAND, trace Gravel, wet (SC) - | L] L|L | Gravelis Sandstone fragments.
5.0-7.0' 8
» 19
| 10
i 17507
—° {1 S3 13 6 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lLjL|L
10.0- 8
- 12.0' 12
9
— " {1 S4 12 6 SC Medium dense, Reddish brown Clayey SAND, trace Gravel, wet (SC) -fLjL|L
15.0'- 6
- 17.0' 9
13
i 17407
Water Level Data Sample Type Notes:
Elapsed Depth in feet to: PP = Pocket Penetrometer
Date | Time | Time [ Bot. of [ Bottom| o . O Open End Rod TV = Torvane
(hr) [ Casing| of Hole T Thin-Wall Tube
U Undisturbed Sample
S Split Spoon Sample
G Geoprobe Boring No.: B-180-4

Field Test Legend:

Dilatancy: N-None S-Slow R -Rapid
Toughness: L-Low M -Medium H -High

Plasticity:
Dry Strength:

NP - Non-Plastic L -Low M -Medium H - High
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.




MOTT M BORING NO.:
M SOIL BORING LOG B-180-4
MACDONALD ;
(continued) Page 2 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. Int | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
1 S5 9 5 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lLjL|L
20.0"- 7
- 22.0' 8
| 8
—2
° {1 S-6 9 12 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) - | L] L]|M]| Gravelis Sandstone fragments.
25.0"- "
- 27.0 13
) 13
i 17307
— 30
{1 S-7 8 23 SC Dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lLjL|L
30.0- 2
B 32.0' 23
| 12
—3
s {1 S-8 13 6 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) -{M|IM|M
35.0- 7
- 37.0 13
) 10
i 17207
— 40
1 S9 11 11 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lLjL|L
40.0"- 12
B 42.0' 12
| 14
—4
s {1 S-10 15 12 SC Medium dense, Reddish brown Clayey SAND with Gravel, wet (SC) -fL]L|M
45.0"- 8
B | 470 9
1
NOTES: . PROJECT NO.: BORING NO.:
353754 B-180-4

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

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




BORING NO.:

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

MOTT
M SOIL BORING LOG B-180-4
MACDONALD ;
(continued) Page 3 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. | | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
i 17107
— 50
1 S-11 15 12 SC Dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lL]L|M]|PP=NA
18 TV =N/A
50.0'-
- 52.0' 21
| 18
— 55
{1 S-12 14 22 SC Dense, Reddish brown Clayey SAND with Gravel, wet (SC) - | L] L|L | Gravelis Sandstone fragments.
55.0'- 5
- 57.0° 18
| 17
i 17007
— 60
{1 S-13 12 56 SC Dense, Reddish brown Clayey SAND with Gravel, wet (SC) - | L|L|M| Boulderfrom 60 to 61 feet BGS.
60.0"- 18
B 62.0' 23
| 17
— 65
{1 S-14 16 14 SC Dense, Reddish brown Clayey SAND with Gravel, wet (SC) -|L]L|M]| Cobblefrom66.5 to 66.8 fee BGS.
65.0"- 12
B | 670 28
42
i 1690
— 70
{1 S-15 19 14 SC Dense, Reddish brown Clayey SAND with Gravel, wet (SC) -lL]L|M
70.0'- 16
B 72.0' 23
| 24
—75
{1 S-16 18 17 SC Very dense, Reddish brown Clayey SAND, trace Gravel, wet (SC) -|{L|L|M
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-4
NOTES: 1.)"ppd" denotes soil sample average diametral pocket penetrometer reading.  2.) "ppa" denotes soil sample average axial pocket penetrometer reading.

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




BORING NO.:

MOTT
M SOIL BORING LOG B-180-4
MACDONALD ;
(continued) Page 4 of 4
Field Tests
Debth/ Sample Sample uscs Visual - Manual Identification & Description —
P No. / Rec. P'® Stratum (Density/consistency, color, Group Name, @ =) .
Elev. Int | N Blows Graphi Symbol i iole si . el 2|6 Remarks
(ft) nterva (in) per 6" raphic Group _constltuen?s,_partlce size, s_tructure, mmsture, S|1E|2|&
(ft) optional descriptions, geologic interpretation, Symbol) s[38] =
ol-|a|o
75.0- 28
B 77.0 34
) 32
i 16807 78.5
— 80
{1 S-17 14 13 CL Hard, Reddish brown Sandy CLAY with Gravel, wet (CL) -IM|M|M|PP=NA
15 TV =N/A
80.0'-
- 82.0' 27
| 27
— 8
s {1 S-18 4 31 CL Hard, Reddish brown Sandy CLAY, wet (CL) -[M|M|M| PP=N/A
75 TV =N/A
85.0"-
B 87.0' >50/2"
i 1670 388.5
— 90
1 S-19 14 26 ML Hard, Reddish brown Sandy SILT, wet (ML) -|L|L]|H
90.0'- "
= 92.0' 64/4"
] s
— o
° {1 Ss-20 5 70/5" % GC Very dense, Reddish brown Clayey GRAVEL, wet (GC) -jL|LfL
95.0"-
B | 970
i 1660 %
| 00 p& 100.0
Top of Rock at 100 feet BGS.
See Rock Core Log.
NOTES: PROJECT NO.: BORING NO.:
353754 B-180-4

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 methods per ASTM D2488.




BORING NO.:

Driller/Helper:

Paul Mullins /Nick Beehler

Date/Time Finished:

MOTT

Project: PennEast Pipeline Project Project No.: 353754

Location: Interstate 80, Carbon County, Pennsylvania Project Mgr: Vatsal Shah

Client: PennEast Pipeline Field Eng. Staff: Jonathan Nelson/Bernard Cortes
Drilling Co.: Craig Test Boring Co., Inc. Date/Time Started: December 28, 2016 at 10:30 am

December 29, 2016 at 9:20 am

Elevation: 1758.2 ft. _ Vertical Datum: NAVD 1988 | Boring Location:Approximately 40 feet South of staked location Coord.: N: 41.074328 E: -75.654571
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-750X
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 (f[’) (Box)| (in./ | (in/ | Rock Core Graphic field strength, discontinuity spacing, (ﬂp) Remarks
(ft) (min No. [ %) %) optional additional geological observations) ) (See Legend for Rock Description System)
ft) Hard. [Weath SEE TEST BORING LOG FOR OVERBURDEN DETAILS Type | Dip [Rgh[WealAper] Infill
1 100.0 X X X SILTSTONE, Reddish brown to greenish gray, fine
350 XX grained, highly weathered, weak, extremely close to
X X % moderately spaced discontinuities
= X X X
B X X X
X X X
330 X X X
X X X
- X X X
] 57 14 X X X 10210 J 0 [usm| DG | vw | ML
3.40 R-1 95% | 23% R2 H i i i
= X X X
4 X X X
X X X
3.10 XX %
X X X 103.70 | J 14 |usm| DG | O | ML
I~ X X X
1 X X X
3.30 X X X 10430 | J 14 |usmlDs| T [ N
X X X
e 105.0 X X%
: 105.0 i i i SILTSTONE, Reddish brown to greenish gray, fine to
3.80 X X X medium grained, slightly weathered, medium strong,
X X X close to moderately spaced discontinuities
B X X X 10590 | J |11 |usm{pos| T | N
4 X X X
3.70 XX 10640 | J | 14 usm| FR|[ T | N
X X X
B | X X X
3.50 R2 |80 | 49 | ra | sL |X x x
B 100% | 82% XX x 107.40 J 17 |[USm| DS | O N
= X X X
toso] ool
3.50 XX X
X X X 10860 | J 17 |usm| Ds | o [ N
I~ X X X
1 X X X
3.10 X X X
X X X
. 110.0 X X X 10970 J [ 22 |usm[Ds| o [ N
1 110.0 i i i SILTSTONE, Reddish brown fine to medium grained,
3.30 X X % slightly weathered, medium strong, close to moderately
' X X X spaced discontinuities
= X X X
] X X X 1M.00 o [35|usm[FR| T [ N
3.30 X X X 1120 J | 33 |usm| Ds | PO | Fe
: X X X
X X X
B | X X X
3.60 R3 |80 39 R3 SL i i i 11230 s [ 71 |usm[Ds | PO | N
: 100% | 65% X% x
= X X X
4 X X X
X X X
3.10 X X X
X X X 11360 | J 6 [s,Sm| DS [MwW ]| N
- X X X
1 X X X
3.00 i i i 11440 | J 10 [UR|[DS| O [ ML
| s 115.0 X X x]115.0
E 115.0 ¢ SANDSTONE, Reddish brown to greenish gray, fine
3.10 ¢ grained, slightly weathered, medium strong, close to
’ e moderately spaced discontinuities
» ¢ 0. 11580 | J 7 |usm|bs | o | mL
] .« e
3.20 .« e
LECIR] 11660 J [ 21 |usm[FR| T [ N
» .« e
] 3.00 Ra| 60| 43 | pa |l o |00t 11730 o | 26 lusm|Ds | PO | N
: 100% | 72% ¢
.« e
1640 : : :
2.80 . e 11840 | J 18 | PR| DS | PO [ ML
» oo
E oo 119.00 | J 7 |usm|Ds|PO| N
3.10 o o 0
120.0 MR
Water Level Data Notes
Elapsed Depth in feet to:
Date Time Time | Bot. of | Bottom
(hr) [ Casing| of Hole Water
Boring No.: B-180-4




MOTT BORING NO.:
Hcbono " CORE BORING LOG s
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. [Rate|”q)"|(Box) (in./ | (in./ | Rock Core | opic field strength, discontinuity spacing, ) Remarks
(/) [ (min No. [ %) | %) optional additional geological observations) ’ (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
- 120.0 *ee SANDSTONE, Reddish brown, fine grained, slightly
2.70 D weathered, strong, close to moderately spaced
D discontinuities 12060 | J | 10 |usm| FR [ PO | N
] oo
2.90 LRI 12130 J 10 |usm| FR| T [ N
oo
» oo
] 60 | 42 ce
N 12230 J 15 usml FR| T [ N
3.10 R-5 100% | 70% R4 SL e o @ m
oo
B ] o o 0
2.90 ¢ 12330 o | 10 usm| FR | PO| N
oo
» oo
] AR 12410 J 7 lusm| FR| T | N
3.00 o o
125 125.0 e
1 125.0 ° e SANDSTONE, Reddish brown, fine grained, slightly
oo
3.20 weathered, strong, close to moderately spaced
c e discontinuities
| oo 12570 o | 85 |S;sm[ FR [ Mw | N
] oo
3.00 ¢ 12630 | J o |usm|FR| O | N
e o o
o e 12690 | J 10 |usm| FR| T [ N
1 * o o
60 47
3.20 R-6 100% | 78% R4 SL |e o o
| ¢ 12770 | J 15 usml FR| T [ N
1630 : : :
290 LA 12850 | J 18 |[Psm| FR| o [ N
oo
B 4 e o o
3.30 LR 12930 | J 5 |[PR|FR| O | N
130 130.0 e
. .« e
1 130.0 e o o SANDSTONE, Reddish brown to greenish gray, fine to
3.60 . e e medium grained, slightly weathered, strong, close to
.. moderately spaced discontinuities
B e o o
.« e
3.00 .. s 13140 o | o [usm|FR| T | N
» .« e
] 60 | 4 e
7 e o o
3.00 R-7 100% | 78% R4 SL o
§ ] D 13300 J | 11 |usm| FR| T | N
.« e
3.10 « e
| LR 13370 | J o |usm|FR| T | N
] .« e
2.90 : : : 13440 o | 10 Jusm| FR| T | N
| a6 135.0 .. . , ,
1 135.0 « e o SANDSTONE, Reddish brown to greenish gray, fine to
290 o o o medium grained, slightly weathered, strong, close to
. e e moderately spaced discontinuities
- . e e 13580 | J 7 |Ppsm|FR| O | N
1 e o o
310 e o o
.« e
] .« e
60 44 e o o
3.10 R-8 100% | 73% R4 SL ol
» .« e
16207 ) 13810 J 10 |usm| FR | Mw | N
3.00 e o
.« e
B i .« e 138.90 | J 10 [ssm| FR| o [ N
.« e
3.30 e 13940 o | 11 |usm| FR| O | N
140.0 .
— 140
1 140.0 e SANDSTONE, Reddish brown to greenish gray, slightly
2.90 « o e weathered, strong, close to moderately spaced
o o o discontinuities
i 1 D 14100 J | 9 |usm|FR| o | N
3.10 o« o 14140 o | 12 lusm| FR | PO| N
.« e
B 4 e o o
9| 57 [ 4 LI 14230 J | 5 |usm|FR| T | N
3.00 R-9 95% | 70% R4 SL D m
» .« e
1 e o o
3.00 D 14320 J [ 22 |usm[FR] O [ N
.« e
§ . ¢ 14400 o |22 |UR|FR| T | N
.« e
310 e o o
[ . 145.0 ..
1 145.0 e o o
o o o
NOTES: PROJECT NO.: 353754

Boring No.: B-180-4




MOTT BORING NO.:
M CORE BORING LOG B-180-4
MACDONALD -
(continued) Page 3 of 5
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. Ra.te ) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, () Remarks
(f) | (min No. | %) | %) optional additional geological observations) ' (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
3.10 e SANDSTONE, Greenish gray, fine to medium grained, -
| AR slightly weathered, strong, close to moderately spaced 14580 | J | 25 |UR| FR| 0 | N |Increased driling
: e discontinuities thrust.
o oo
8.30 o o o 146.50 S 75 |[USm| FR | MW | N
» oo
1 * o o
60 53
3.20 R-10 100% | 88% R4 SL : : :
B e o o
16107 o o 0
290 * o o
o oo
B ] “ o 14900 | J 5 [usm| FR[PO| N
270 AR
150 150.0 c e
— oo
g 150.0 e o o SANDSTONE, Greenish gray to reddish brown, fine to
2.90 . oo medium grained, slightly weathered, strong, close to
’ . e e moderately spaced discontinuities
B * o o
oo
310 e o o
15160 | J 16 |P,Sm| FR [ MW | N
| o oo
4 e o o
270 R[S0 | oo, | Re | sL [+ =
° ° * o o
I~ e o o
1 e o o
2.50 o o 15340 J 6 |[UR|FR|[PO| N
“ oo
B 4 e o o
2.60 N
. 155.0 : : : 15460 | J | 30 lusm| FR| T | N
1 155.0 PR SANDSTONE, Greenish gray to reddish brown, fine to
2.90 o o o medium grained, slightly weathered, strong, extremely
. oo close to moderately spaced discontinuities
[~ e o o
| c e 15620 | S | 25 [ssm| FR | 0 | N
2.40 o o o
« oo
] “ oo
60 44 e o o
2.50 R-12 100% | 73% R4 SL D
16007 e o o
2.50 o o 0
« oo
B ] ¢ 0. 159.00 | J 30 |usm| FR[ PO | N
S
| 0 160.0 ..
1 160.0 e o o SANDSTONE, Reddish brown to greenish gray, fine to
2.90 e o o medium grained, slightly weathered, strong, close to 160.30 | J 24 |UR|[FR| O | N
o o o moderately spaced discontinuities
§ ] ¢ 16100 J |32 |uR|FR| O] N
« oo
2.60 « oo
| e o o 161.70 J 22 |[USm| FR | PO | N
] « oo
60 42 o0
2.50 R-13 100% | 70% R4 SL e
| . e e 162.70 | J 0 [uUR|FR] O | N
] « o o 163.00 | J 15 |UR[FR| T [ N
2.70 e o o
« oo
[~ e o o
1 L 164.20 J 16 [UR| FR| PO | N
280 e o o
. 165.0 « o e
g 165.0 LRI SANDSTONE, Reddish brown to greenish gray, fine to
2.90 e o o medium grained, slightly weathered, strong, close to
e o o moderately spaced discontinuities
» « oo
1 e o o
270 ol 166.20 | J 14 |PSm| FR| O [ N
« oo
B e o o
60 59
2.80 R-141 100% | 98% | R4 | St o 16740 J | 25 Jusm| FR| T | N
| « oo
1590 e o o
260 e o o
« oo
I~ e o o
T e o o
2.60 « o
170 170.0 . e e
E 170.0 e o SANDSTONE, Reddish brown, fine to medium grained,
2.00 : : : fresh, medium strong, close spaced discontinuities 17040 | mB
. e o 17070 | J 10 |PSm| FR| T [ N
NOTES: PROJECT NO.: 353754

Boring No.: B-180-4




BORING NO.:

MOTT
M CORE BORING LOG B-180-4
MACDONALD -
(continued) Page 4 of 5
Avg Visual Identification, Description and Remarks ) o
Depth/ |Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. Ra.te ) (Box)| (in./ | (in./ | Rock Core Graphic field strength, discontinuity spacing, () Remarks
(f) | (min No. | %) | %) optional additional geological observations) ' (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
1 ° e 17110 o |35 [PR[FR] T | N
oo
200 e o o
17160 J [ 30 |Psm[FR| T [ N
» oo
1 60 57 M 17220 o |30 |pPrR|FR|PO| N
2.00 R-15 100% | 95% R3 FR |® * *
oo
§ | ¢ 17300 J |20 [PR|FR[PO| N
oo
200 AR 17350 o [ 20 |PR[FR|PO| N
oo
B 4 * o o
PO 17420 o [ 20 |Psm[FR| T [ N
200 e o o
—175 175.0 oo 17470 | MB .
| 175.0 e SANDSTONE, Reddish brown, fine to medium grained, Rig chatter from
4.00 P fresh, very strong, very close to close spaced 175 to 180 feet
. o discontinuities BGS. X
= . e e 175' - 175.5' Highly Fractured zone 17580 | ™MB gggef;;rznr% o
g 500 . e s 176.5' - 176.6' Highly Fractured zone 176.00 | MB 190 feet BGS.
- * o o
oo
] oo
60 46
5.00 R-16 400% | 779% | R® FR : : : 17740 J | 20 |PSm|FR| T [ N
» oo
1580 . e 17800 v [ 20 |PR[FR| T [ N
5.00 N 17850 4 |20 |PR|FR| T | N
.« e
B o o 0
5.00 oo 17920 | J 30 |PR[FR| T | N
: e o o
. 180.0 e o o 179.80 | MB
] 180.0 DR SANDSTONE, Reddish brown, fine to medium grained,
4.00 e o o fresh, very strong, very close to close spaced
o o o discontinuities 18050 | J 20 |PRI[FR|PO| N
- .« e
T e o o
5.00 . e 18130 v [ 20 |PR[FR|PO| N
| ¢ 18180 J | 20 |PR|FR| T | N
] oo
60 52 e o o
5.00 R-17 R5 FR
100% | 87% LRI 18260 J |20 |PR[FR| T | N
» .« e
N e o o
5.00 D 1835 4 |20]|PR|FR]| T| N
.« e
o ] oo 18390 4 [20 |PR[FR| T [ N
5.00 : : : 18430 o |20 [PR|FR| T | N
| s 185.0 PP 18470 o [ 20 |PR[FR| T [ N
g 185.0 LRI SANDSTONE, Reddish brown, fine to medium grained,
4.00 DEEIRY fresh, very strong, close spaced discontinuities 18530 | MB
’ « e 18550 J |20 |PR|FR| T | N
» .« e
4.00 .« e 186.40 | J 10 |PR[FR| T [N
.« e
B e o o
X 60 | 50 e 18730 J |10 |PR|FR| T | N
4.00 R181 100% | 83% | R® | FR a4
| .« e
15707 oo 188.10 | J 30 |PR[FR| T | N
4.00 e o o
.« e
- LG 188.90 | J 5 | PR[FR| T | N
T e o o
4.00 PR 18940 | J |40 |Ppsm[FR| O | N
190 190.0 ..
E 190.0 e o SANDSTONE, Reddish brown, fine to medium grained,
3.00 L] fresh, very strong, close spaced discontinuities
: e o o 191.9' - 192.4' Highly Fractured zone
| .« e 194" - 194.3' Highly Fractured zone 190701 J | 50 |P.Sm| FR | T | N
N e o o
3.00 LRI 19140 | J 50 [PSm|{ FR| T | N
.« e
[~ e o o
] 60 | 51 oo
3.00 R19] 1000% | 83% | R5 | FR |e o o
.« e
- ] e 19290 o [ 40 |Psm[FR| T [ N
3.00 ¢
LECIR] 193.60 | mB
» .« e
1 e o o
3.00 e o
19 195.0 e o o
—195
1 195.0 ¢ SANDSTONE, Reddish brown, fine to medium grained,
3.00 e e fresh, very strong, extremely close to close spaced
L] discontinuities
= L] 195.4' - 195.7' Highly Fractured zone
1 3.00 e o o 196.7' - 196.8' Highly Fractured zone
i o« o o 199.3' - 200' Highly Fractured zone
NOTES: PROJECT NO.: 353754

Boring No.: B-180-4




BORING NO.:

MACDONALD M M CORE BORING LOG B-180-4
(continued) Page 5 of 5
Avg Visual Identification, Description and Remarks ) o
Depth/ | Core Depth Run/| Rec. | RQD Stratum (Rock type, colour, texture, weathering, Depth Discontinuities
Elev. |Rate ) (Box)| (in./ [ (in./ | Rock Core Graphic| field strength, discontinuity spacing, (ft)) Remarks
(f) | (min No. | %) | %) optional additional geological observations) ’ (See Legend for Rock Description System)
) Hard. |Weath Type | Dip | Rgh|Wea|Aper] Infill
T
] .« o
60 47
3.00 R-20( 4000 | 78% | R® FR : : : 19740 | J 10 [Psm| FR| T [ N
| )
1560 o o 0
3.00 e o o
.« o
B ] o o e 198.90 | J 10 |[Psm| FR| T | N
3.00 e
. * o o
—200 2000 e o o 42000 . t t
. 200.0 x X X SILTSTONE, Gray, fine grained, moderately o water return
2.50 XX weathered, medium strong, extremely close to close at 203 feet BGS.
X X X discontinuities Very little water
B X X X 200.8' - 201.3" Highly Fractured zone return from 203
. X X X 202.3' - 205' Highly Weathered zone to 205 feet BGS.
X X X
250 X X X
X X X
B X X X
] 60 | 21 X x X
2.50 R-21 100% | 35% R3 M i i i
= X X X
4 X X X
X X X
2.50 X X X
X X X
B X X X
71 X X X
X X X
250 X X X
205 205.0 X X x| 205.0 )
: 205.0 R QUARTZITE, Gray, fine grained, fresh, very strong, If.osngowateg o
2.50 p=er very close to close discontinuities rom 205 to 21
e s 205.5' - 205.7" Highly Fractured zone feet BGS.
- ] @ ° . 209.2' - 210' Highly Fractured zone ngﬁ:zfrzlls%k
L] [] gallons.
o
250 hoa 20650 J | 5 |uR|[FR| T | N
a?,
[~ o
Q
] 0 -
60 41 0 ©
250 R-22| 100% | 68% | R° | FR Fume g
B o0 20780 | J |80 [psm|Fr| T | N
1550 :% L ° ’ =M
o e
2.50 ® a a
° . 20860 J |60 [xR[FR| T | N
| o 0
1 o
2.50 hee @,
’0 2100 s
1 210.0 Lo © 4 QUARTZITE, Gray, fine grained, fresh, very strong, Losing water
2.50 E‘*q o extremely close to close discontinuities 040 wlerlerl v 1 from 210 to 210.4
’ o?0 o Gneissic bands throughout - , feet BGS.
= hh e . 210.6' - 210.9' Highly Fractured zone No to very little
1 e " 212.6' - 213.2' Highly Fractured zone \3118585 ;gt;:%ffrgg
250 a : o 213.9' - 214.4' Highly Fractured zone BGS-A
L Water truck
= | X =, refilled 250
60 37 ta gallons.
2.50 R-23 100% | 62% R5 FR I: '
- 0 o
] :hﬁ‘ﬁ g
i
250 b e
- -] 0 ﬂﬂ
] . @
e @
2.50 [ 0
15 215.0 ="ﬂ.
. 215.0 P @ QUARTZITE, Gray, fine grained, fresh, very strong, No to very little
3.50 1 Y e very close to close discontinuities 21520 | MB water return from
b : o Gneissic bands throughout é1GSStO 220 feet
- ] E:q nu 216.9' - 217.2' Highly Fractured zone 215.90 | s |prle| T .
0 o
4.50 b a nv :
L a
| . P
e @
60 | 54 LI
5.50 R-24 100% | 90% R5 FR . <
B & : 21790 J [ 30 [Psm[ DS | T
1540 [l o e
5.50 :h"q‘qg 21840 J |30 |[PR|FR| T
= 9
B ] Lo’ ,: = 218.90 | mB
o e
5.50 P 21940 J [ 30 [PRIFR| T
220 220.0 “ - & | 2200 219.60 [ MB
g End of Boring at 220 feet BGS.
Borehole grouted with cement and bentonite holeplug.
NOTES: PROJECT NO.: 353754

Boring No.: B-180-4




Figure B-180-4.1
B-180-4 Box 1 Runs 1-4 Dry

Figure B-180-4.2
B-180-4 Box 1 Runs 1-4 Wet
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B-180-4 Box 2 Runs 5-8 Dry
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Figure B-180-4.4
B-180-4 Box 2 Runs 5-8 Wet
PennEast Pipeline Project BORING NO.:

MOTT M
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B-180-4 Box 3 Runs 9-12 Dry
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Figure B-180-4.6
B-180-4 Box 3 Runs 9-12 Wet
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Figure B-180-4.7
B-180-4 Box 4 Runs 13-16 Dry
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Figure B-180-4.8
B-180-4 Box 4 Runs 13-16 Wet
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Figure B-180-4.9
B-180-4 Box 5 Runs 17-20 Dry
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Figure B-180-4.10
B-180-4 Box 5 Runs 17-20 Wet
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Figure B-180-4.11
B-180-4 Box 6 Runs 21-24 Dry
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Figure B-180-4.12
B-180-4 Box 6 Runs 21-24 Wet
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HDD 14: Interstate 80 Crossing
Geotechnical Data Report

Notes:

Figure 1: Bedrock Geology

SCALE 1:250,000

5 ) 5 10 15 Miles
[—————— > —_—
5 0 5 10 15 20 25 Kilometers.
(=== —
5000 ) 5000 10000 15000 20000 25000 Yards
(= e———

ONE INCH EQUALS APPROXIMATELY FOUR MILES
ONE CENTIMETER EQUALS 2.5 KILOMETERS

1. The proposed HDD alignment falls within the Marcellus Formation (Dm).
2. Geologic Imaging taken from:

a.

Berg, T.M., Edmunds, W.E., Geyer, A.R., and others, compilers, 1980, Geologic map of
Pennsylvania (2nd ed.): Pennsylvania Geological Survey, 4th ser., Map 1, 3 sheets, scale
1:250,000.

Proposed HDD

Alignment




MOTT M
MACDONALD M

QUATERNARY

HOLOCENE

SANDS OF PRESQUE ISLE

PLEISTOCENE
NORTHWESTERN PENNSYLVANIA
Wisconsinan Stage
Woodfordian Substage
e e == === Border of Ashtabula ice advance
Border of Hiram ice advance
Border of Lavery ice advance
Border of Kent ice advance
Altonian Substage

Border of Titusville ice advance

Hlinoian Stage

LI gorder of Mapledale ice advance

ORTH-CENTRAL AND
NORTHEASTERN PENNSYLVANIA
Wisconsinan Stage
Woodfordian Substoge
Border of Olean ce advance

Altonian Substage
Border of Warrensville ice advance

lllinoian Stage
Border of Muncy ice advance

5 11

Sangamonian Stage

= TRENTON GRAVEL
i Gray or pale-reddish-brown, ravelly sand interstratified with
crossheded sand an o clay.sit "'K."és Treudes ares o Holocane
deposits

lllwulrrl and swamp

TERTIARY

MIOCENE

PENSAUKEN AND BRIDGETDN FORMATIONS,
UNDIFFEREN

Dark-1 rnddlsh-bmm cross-stratified, feldspathic quartz sand and
‘some thin beds of fine gravel and rare fayers of clay or silt.

- BRYN MAWR FORMATION

High-level terrace deposits; reddish-brown gravelly sand and
some siit. Age uncertain.

CRETACEOUS
LOWER(?)

PATAPSCO(?) FORMATION
ilftﬂ!!?l colored, variegated, ferruginous clay and, In places,
beds of sand; occurs in isolated p: ’Ms Y

1. Note: Geologic Legend taken from:

PennEast Pipeline Project

Geological Map of Pennsylvania: Bedrock Formation Legend

JURASSIC

KIMBERLITE
Includes Gates-Adah dike in Fiym and Greene Counties and
Dixonville-Tanoma dike in Indiana Cou

TRIASSIC

DIABASE
Dark gray, medium to coarse grained; wsnd of Imnduma lnd vamm
{Q:"‘Wﬂ”c:‘::'? I Gha o romty youngr (s darsc
fams and York Counties) o unger (Early Jurassic
ville-type diat Mllcﬁlsldlmlhhbpn I‘Q'!Pw wﬁﬂ’ r’Iﬂﬂlllﬂl.ll !
parse, centimeter-sized, calcic-plagioclase phenocrysts in chilied margins.

]

(i
.u"""ll""

LIMESTONE FANGLOMERATE (W)
Yeowisgrayto mediunray, angulr imesone and dolome ettles, cob-
bles, and fragments set n a red, very fine grained quanz matrix; 2
shale-clast interbeds.

QUARTZ FANGLOMERATE (®!q)
Well-rounded quartzite pebbles, cobbles, and rare boulders set in a reddish-
brown, sandy matrix.

MONTGOMERY AND
BUCKS COUNTIES

DAUPHIN, YORK, AND BERKS, LANCASTER, AND
ADAMS COUNTIES LEBANON COUNTIES

GETTYSBURG FORMATION (%a) BRIINSWICK FORMATION (®b)

lem brown to maroon, silty mudstone shale, siltstone, and

ar containing thin red sandstone qulnzuse sandmana inﬂ afow red mall mudslnm containing a few green and

Anurbuds several thin beds of impure brown shale interbeds; red and dariwuy

limestone. interbedded argilites near base. Younge:
beds in Brunswick may be Jurassic In agl

HAM“ER CREEK F(]HMATIN (Rh)

HEIDLERSBURG MEMBER (%ah) LOCKATONG FORMATION (F1)
Rod,geen, and rayshiand g, nd Dirkgray o back, ticcbedded e
mior e begs o ray arkosc sadsions containing a f

Conglmirate and imesions shal: ocaly has (i I:‘ers o mpare
o imestone and calcareous

GETTYSBURG CONGLOMERATE (%ac) NAMMER CREEK CONGLOMERATE (%hc)
Red, nobw arkosic sandstone and con- bble quartz onnulommre in-
glomerate. mmdn th red sandston

NEW OXFORD FORMATION (%n)

mudstone, shale, and fine-grained sandstone interbed-  Light-gray to buff, coarse-grained, arkosic sandstone; in-
m with light-gray to buff, commonly arkosic sandstone. cludes udmshmbm\vn 1o grayish-purple undslune
mudstone, and shale.

STOCKTON sonumou (vs)

Ilw OXFORD OOMGLOMEKATE (‘ﬂc) STOCKTON CONGLOMERATE (%sc)
setn  poory sorted, sandy mali; incudes
; ;B o fermuginous oot some s comem some COnomerde SanISIoe

and sof
Irlcluﬂls Inwll Ponsville quhm-
erate Indl overlying str -
to

ALLEGHENY AND POTTSVILLE
GROIIPS UNDIVID(D

PERMIAN

GREENE FORMATION

Cyclic sequences of sandstons, shale, red beds, thin lime-

lone. and thn, impure coal base is at 10 of Upper
limestone.

Washingtor

WASHINGTON FORMATION
Cyclic sequences of sandstone, shale, limestone, and coal;
inclnﬂls some red shale; base Is at bottom of Washington

PERMIAN AND PENNSYLVANIAN

'WAYNESBURG FORMATION
Cyclic sequences of sandstone, shale, limestone, and coal;
eomm-rml coals present; base is at bottom of Waynesburg

PENNSYLVANIAN

APPALACHIAN PLATEAU

MONONGAHELA GROUP

Cyclic sequences of limestone, shale, sandstone, and coal;
commercl codls present; b2e is i botiom of Pitsburgh
co

CASSELMAN FORMATION

lc sequences of stal, itsone. sandsons, ed beds,
thin and thin, nonpersistent coal;red beds
10 2ss0ciated wih lahdsices: base 1 a 109 of Ames hime:
stone.

CONEMAUGH
GROUP

GLENSHAW FORMATION

Oyolc saquences of shale, sandston, red beds, and thin
ihestone and caal: Inclugss four marihe fmestare o
htions d beds re involved i andsies; bas 5 4 0P o1
ks Upper Freeport coal.

ALLEGHENY GROUP
Cyclic sequences of sandstone, shale, limestone, clay, and
coal: inchudes valuable clay deposits and Vznporl len\m
commercially valuable Freeport, Kittanning, and Brookvil
Ehrlvm coals present. base is at bottom ol Brookville- cwm
coal,

POTTSVILLE GROUP

lent to A Predominantly gray sandstone and conglomerate; aiso con-
C"'"" outliers; group boundary tins th beds of Shae, claystone, limestons, and coal, in-
mined due to lack of cor- cludes Olean and Sharon conglomerates of northwestern
f"'"°" with Brookville-Clarion Penasyhani; thin macie mestunes presen in Beave,
wrence, roer Cous lnabll coals and commer-

.= GIW vmabla hlghilumlm days present locally.

ANTHRACITE REGION

LLEWELLYN FORMATION
Gray. fie- to coarse-grained sandstone, sitstone, shale.
conglomerate, and numerous anthracite coals

POTTSVILLE GROUP

Gray conglomerate, fine- to coarse-grained sandstone, and
siltstone and shale wmlnlng minable anthracit coals. In-
cludes three formations, in d-scmumg order: Sharp
Mountain—conglomerate 'and_conglomeratic sandstone;
Schuyikii—sansione and.conglomerstic sandstone;
Tumbling Run—conglomeratic sandstone and sandstone.

a. Berg, T.M., Edmunds, W.E., Geyer, A.R., and others, compilers, 1980, Geologic map of Pennsylvania (2nd ed.): Pennsylvania

Geological Survey, 4th ser., Map 1,

3 sheets, scale 1:250,000.
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MISSISSIPPIAN

MAUCH CHUNK FORMATION

Grayish-red shale, siltstone, sandstone, and some conglomerate; some local nonred mnus
Includes Loyalhanna Member (crossbedded, sandy limestone) at base in south-central and
southwestern Pennsylvania; also includes Greenbrier Limestone Member, and Wymps Gap
nndDmValley Limestones, which are tongues of the Greenbrier. Along Allegheny Front from
Blair County to Sullivan l:ounly Loyalhanna Member is greenish-gray, calcareous,
crossbedded sandstone.

WESTERN PENNSYLVANIA

SHENANGO FORMATION
THROUGH CUYAHOGA GROUP,
UNDIVIDED

SHENANGO FORMATION

Light-gray sandstone and some beds of
medium-gray shale and siltstone; upper
third of formation is more shaly; contains a

few marine fo:

CUYAHOGA GROUP

Medium-gray siltstone and dark-gray shale
containing interbedded light-gray, flaggy
sandstone. Includes, in descending order:
Meadville Shale, Snavpsvﬂlt Sandstone, and
Orangeville ‘Shale; marine fossils common.

CENTRAL-WESTERN
PENNSYLVANIA

BURGOON SANDSTONE THROUGH
0GA GROUP.

CUY/ )
UNDIFFERENTIATED

Informal unit including elements of
Burgoon Sandstone and sncnanqo
Formation plus Cuyahoga Group; cor-
relation uncarlaln contains sed-
imentary structures and trace fossils
characteristic of tidal flats: called
“Pocono” by earlier wor

NORTHERN, WESTERN,
AND CENTRAL
PENNSYLVANIA

BURGOON SANDSTONE

Buff, medium-grained, crossbedded
ndslunc. In places, contains con-

glomerate at base; contains plant fos-

sils; 'qulvulcnl to Pocono Formation of

Valhy and Ridge province.

MISSISSIPPIAN AND DEVONIAN

WESTERN PENNSYLVANIA

BEREA SANDSTONE THROUGH
{il.lll(;i)Ev')LLE FORMATION, UNDIVIDED
]

Sandstone, siltstone, and shale; mostly
light to dark gray, but some sandstone
is greenish yellow, and a few reddish
shales occur. Includes, in descending
order: Berea Sandstone, Bedford Shale,
CHMIW Sandstone, and Riceville
hale; marine fossils common.

CORRY SANDSTONE THROUGH
RICEVILLE FORMATION, UNDIVIDED
(MDcr)

Same as Berea-through-Riceville
(MDor) interval, but “uppermost
sandstone unit is 'equizud as Corry,

BEREA SANDSTONE THROUGH
VENANGO FORMATION, UNDIVIDED
Greenish-yellow and gray sandstone,
siltstone, and shale succession, be-

nl Panama Conglomerate; Vnnanou not
d separately because upper key
Woodcock Sandstone) is mlssmu

SHENANGO FORMATION THROUGH
:ilC[iV;LLE FORMATION, UNDIVIDED

Sandstone, siltstone, and shale in var Inn
orononlons distinguished from
nango-through-Oswayo (MDso) Imsrval

of more common gray shaie In
Riceville as compared with olive-colored
shale and sandstone of Oswayo; contains
marine fossils.

SHENANGO FORMATION THROUGH
‘OSWAVO FORMATION, UNDIVIDED

(MDso)

Greenish-gray, olive, and buff sandstone
and siltstone, and gray shale in var&inu pro-
pomoﬂs ing cmnnu “Pocono” )

l‘g' earlier workel
Mnolnalc inction between Ouwuyo and
Pocono™* south and east of type
nm at Olean, New York: contain marine
fossils; includes lateral eqululanls of
Shenango Formation, Cuyahoga Group,
Corry Sandstone, Bedford Shale, and Cus-
sewago Sandstone, plus Oswayo Forma-

SOUTH-CENTRAL
PENNSYLVANIA

POCONO AND ROCKWELL
FORMATIONS, UNDIVIDED

Buff, medium-grained, crossbedded
sandstone and some conglomerate
(Pocono), overlying buff to olive-gray,
fine- to medium-grained, crossbedded
sandstone containing a few beds of
shale and conglomerate (Rockwell);
sh?{m in southwestern Bedford County
onl

ROCKWELL FORMATION

Buff, fine- to medium-grained,
cmssbuoﬂaﬂ argillaceous sandstone;
includes some carbonaceous shale,
sporadic conglomerate beds, and di-
amictite; included in lower *“Pocono” of
earlier workers.

NORTH-CENTRAL
PENNSYLVANIA

HUNTLEY MOUNTAIN FORMATION
Gmmsn -gray and light-olive-gray,
flaggy, fine-grained sandstone and a
few red shale interbeds; includes lower
““Pocono" plus “Oswayo™ of earfier
workers. Forms lllllslllﬂﬂ between
Catskill Formation and Burgoon Sand-
stone

SCALE 1:250,000

EASTERN
AND CENTRAL
PENNSYLVANIA

POCONO FORMATION

Light-gray to buff or light-olive-gray,
medium-grained, crossbedded sand-
stone and minor siltstone; wmmﬂnly
m«m!c at base and in middle;
rate, where present, is
used to dwldc into Mount Carbon and
Beckville Members; equivalent to Bur-
goon Sandstone of Allegheny Plateau.

EASTERN
PENNSYLVANIA

SPECHTY KOPF FORMATION

Light- to olive-gray, fine- to medium:
grained, crossbedded sandstone,
siltstone, and local polymictic di-
amictite, pebbly mudstone, and fami-
nite; sometimes arranged in crude
fining-upward cycles; locally has
grayish-red shale near top and con-
glomerate at base and in middle.

o, e e P —— —r— S —
E;sgs%n’?“'z:’wg"smm w""““ ;oon;_‘ = 5000 10000 15000 20000 : 25000 Yard o
marine fossils. i —— = = *
ONE INCH EQUALS APPROXIMATELY FOUR MILES
ONE CENTIMETER EQUALS 2.5 KILOMETERS 2

1. Note: Geologic Legend taken from:

a. Berg, T.M., Edmunds, W.E., Geyer, A.R., and others, compilers, 1980, Geologic map of Pennsylvania (2nd ed.): Pennsylvania
Geological Survey, 4th ser., Map 1, 3 sheets, scale 1:250,000.
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DEVONIAN DEVONIAN

UPPER MIDDLE AND LOWER

MAHANTANGO FORMATION
Gray, brown, and olive shale and siltstone; marine fossils. Includes following
Rdge Mm(umm)'ﬁm Ridge. Dal m and T mgm
isher imat s
ni’rlﬂxm | Pen: /ania, includes Cleal E Frame, hm’yﬂlll and Gan-
der Run Members. Characterized by coarsening-upward cycles.

WESTERN PENNSYLVANIA CENTRAL AND EASTERN PENNSYLVANIA

CATSKILL FORMATION, UNDIVIDED
Succession of grayish-red sandstone, siltstone, anﬂ smu generally in fining- )
upward cycles: some gray sandstons and conglomer -

VENANGO FORMATION
Light-gray ststone Intarbedded with some biuish-
Panam:

Biclomaate o WoadzooK Sandstoe.are, T
spodmr/ the lower and upper kvy bods ddlnmq Inu

HAMILTON GROUP MARCELLUS FORMATION
Black, carbonaceous shale; Snn:"m: mng: fauna and siderite concretions.

("“Pur base
in eastern Pennsylvania.

SUSQUEHANNA
n.m,m,,. VALLEY EASTERN PENNSYLVANIA

e

ion;
vmmn. includes some red Hults

marine fossils present.

(CHADAKOIN FORMATION
Light-gray or brownish siltstone and some
‘sandstone, interbedded with msﬂlumny s;\fclu ’E-

cluded in Conneaut Group and "'
rine insslu common; lnclums “pink

TRAL AND EAST-

CEN
CENTRAL PENNSYLVANIA EASTERN PENNSYLVANIA

workers; ma ONONDAGA FORMATION BUTTERMILK FALLS LIMESTONE THROUGH
Tock” of drilers, Medum-gray calcareous shale: marine fossils; ESOPUS FORMATION, UNDIVIDED
limestone of Sel In descending order: ermilk Falls LMnlslﬂl\O—
Wember Sk e, Sl Nesmore Formason’ wee ray fossilferous iimestone a P
GIRARD SHAl.i = of 78° Iolwnuh Tioga bentonite at top. mmon Slndstnnu—mmm white_siliceous
Argillaceo ray, flaky_shale; included In 1 m””m ) sandstone; rie n—gray calcareous,
] Conneaut G,m,, “ cm,,m,w ‘of earlier workers; o < il alolllauousﬁnm Esopus Formation—gray silty
arne fossis B s ” sany i
Sy § L l
[77777| NORTHEAST SHALE OLD PORT FORMATION RIDGELEY FORMATION THROUGH COEYMANS
(] it fee, b et o et e s e
\adawa) very coarse graine ray In de: ﬂ order: ite
BUDDYS RUN MEMBER (pco)  DUNCANNON MEMBER (0c0) and sty mm?wo Thars): :flmy sliceous ; Shrver Cher-

York: included in “Chemung” of earlier workers;
contains sparse fossil marine fauna.

sandstone. ray siltstone
Grayish-red and brownish- q.ay Grayish-red sandstone, siltstone, and claystone in orriganville, and New Creek M ind shale and ﬂlﬂ('ﬂ%.dm Port Ewen Shale—
sandstone, smncu and fining-upward cycles: conglomerate occurs at base of (Dosn)—silic lhll!: M-nlslm
stone; some gray and dusl\y ynllow some cycles. Ilmmono In Fulton County, limestone and chert of Umcslnno—dm r;y clayey imestor

sandstone mﬂ siltstone; laterally Licking Creek Member replaces the Shriver and d For -gray fuslllﬂuous shale m
equivalent to Dunum\on Clarks M:nd:n :hyly Ilmnlonm Cmmans Formation—gray,
Ferry, and Sherman Creek Mem-  CLARKS FERRY MEMBER (Dcci) clayey to sar
bers. i

SOUTH-CENTRAL PENNSYLVANIA

SHERMAN CREEK MEMBER BERRY RUN AND SAWMILL RUN MEMBERS,
(Dese) UNDIVIDED (Dcbs)

CATSKILL FORMATION Allnmlnnu nuylsn-ud siltstone ~ Greenish-gray w gray sandstone and minor red

Grayish-red sandstone, siltstone, IVW shale; locally acfm ,  siltstone and claystone,

conglomeratic, contains gr:y In upper Vlnlnq—umum minor

part; lithologies arranged in fini rd cycles; intervals of nny sanmnna, later-

Squivalent o the- Hampstirs Rormabon south of o squhalnt Bmy Run, Saw-  POPLAR GAP MEMBER (Dcpg)

Pennsylvania m' H"n Padw anﬂlnnu Run Guy and iunwlmray sandstone

conglomerate
1‘ red beds; laterally suumlem
b Cﬁ!ii iy, Snwmll Run, and Berry Run Mem-

DEVONIAN AND SILURIAN

CENTRAL AND EAST-
CENTRAL PENNSYLVANIA

FOREKNOBS FORMATION
mmma sandstone, siltstont .zm shale; g m:ml;l.i:r:&::m mg’m
olive gray, red near top; substantial bmvml:n I . gray. Qrayish-
bk e el Loty cmmm"nl' sancstone a0 gy iy PACKERTON MENGER (0co)

at base ai i, Greenish .
beds at base and top. Iluhwlm Qray marine siltstone: byl r .mumy;?ﬁ‘mglmrayw

arranged in ﬂninn upwilﬂ cycles.

SCNERR FORMATION Lower part of member has

EASTERN PENNSYLVANIA

POPLAR GAP AND PACKERTON
MEMBERS, UNDIVIDED (ceso )

KEVSER MD TONOLOWAY FORMATIONS, (ONONDAGA FORMATION THROUGH POXONO

Chiefly siltstons; some fine-grained sandstone and glomeratc sandstones. LONG RUN MEMBER (0cir) UNDI : ISLAND ronmnnn uumvn)
shale; light olive gray; marine fossils. Gray and pnylsm red sandstone and grayish-red En In ﬂe:mdlnn Keyser—mediur 5 In_ descending
sitone and caystone in inngupward tycies. i aline 1o Podulr oSseross mestons ol pu calcareous, undy snm ngualey rnrmmo—
go Ilminma and mud cracked; not present sast nl Har- brown sandstone on—g
BRALLIER AND HARRELL FORMATIONS, 2 § into lower C ns, Rondout, and hodm IImﬂmnu ﬂolnmlln and shale; r
Doh UHDIVID 0 . BEAVERDAM RUN MEMBER (Dcb) B Dok Bormioos in the cast. Tonol Bon—gray cl!cnuneus sandsine, and M-
order: Bralli ‘Alternatie live- siltstone - 2 im-gi amin: Immna dreas at top; nmmis imestone—
pumr e oo, Nioagod i light-olive e el e candsiont; s 25 . aud oo olive-gray shal 2y, muc-crackad, shaly imeston; PoxonoIsand
shm, arse marine fauna; Harrell—black shale § and slmonc interbeds; lower part passes | mwus ormation—olive-gray, wamus and dolomitic
(Burket Member) and dark-gray shale. rmation east and south; passes into Bos- shale, sitstone, and sandstone.
WALGKSVILLE MEMBER (Dcw) H sardvile and Poxono Iiand 6 n the east

Greenish-gra) Iundswne and rld siltstone and

SHysong i TWogr wwaid op KEYSER FORMATION THROUGH MIFFLINTOWN
FORMATION, UNDIVIDED
in uuuﬂmnF%Md.r Keyser Formation—limestone;
T limestone and interbedded
shale; Creek Formation—interbedded shale,
siftstone, sandstone, limestone, and dolomi
Bloomsburg Formation—grayish-red claystos
MW Ilnlnwn Formation—interbedded shale and

CENTRAL PENNSYLVANIA

CATSKILL FORMATION

Grayish-red sandstone, siltstone, and shale; units of
gray sandstone occur in upper part; Iﬂnloqles in
upper part arranged in fining-upward cycles.

TOWAMENSING MEMBER (Dci)
Dominantly gray sandstone and some siltstone;
freshwater fossils.

WALCKSVILLE AND
TOWAMENSING MEMBERS,
UNDIVIDED {ocwi}

KEYSER FORMA'"ON THROUGH CLINTON
GROUP UNDIVI

mrowh -Mifflintown (DS«m) inter-
Vll Mus cllmnn ernal base. Clinton includes, in
msa v Keefer Formation—fossiliferous
sw M Mmlmlc oolitic sandstone and
Snile ﬂnu Hill Formation—fossiliferous shale.

LOCK HAVEN FORMATION TRIMMERS ROCK FORMATION

rbedded olive-gray sandstone, sitstone, clay- Die om-gny siltstone and shale, mr-cunau wg bed
stone, and thin conglomerate; marine fossils lack shale of
throughout, “Chemung " of earlier workers. Laterally n m in Susquehanna Valley.
equivalent to Scherr and Foreknobs Formations.

1. Note: Geologic Legend taken from:
a. Berg, T.M., Edmunds, W.E., Geyer, A.R., and others, compilers, 1980, Geologic map of Pennsylvania (2nd ed.): Pennsylvania
Geological Survey, 4th ser., Map 1, 3 sheets, scale 1:250,000.
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SILURIAN ORDOVICIAN

CENTRAL AND EAST- GREAT VALLEY AND NORTHERN PIEDMONT

CENTRAL PENNSYLVANIA

CENTRAL PENNSYLVANIA

JUNIATA FORMATION CUMBERLAND VALLEY SEQUENCE LEBANON VALLEY SEQUENCE

WILLS CREEK FORMATION
Varlegated gray, grayish-red, yellowish- and
qmmsh oux mlernlddsd ulcauuns shale,
and dolo-
pasm into Bloomshutu in the swmn not
wa‘nl east of Harrisburg.

BLOOMSBURG FORMATION
Grayish-red and greenish-gray shale sllmanl and
rained sandstone; some calcare-

Gr:yisﬂ-ml siltstone, shale, and very fine to medium-
gw rossbedded sandstone; merges with underlying
Eanu Fomnlton 10 the south; not present east of
Co ) hanna River, except at Spitzenberg Hill area (Berks
unty

BALD EAGLE FORMATION

Grly o olm-m and grayish-red, fine- to coarse-
ined, crossbedded sandstone; some conglomerate

?Las t Run Member); not present east of Susquehanna

River, except at Spitzenberg Hill area (Berks County).

nﬁllmous Immnne containing som'
beds of shale.

CHAMBERSBURG FORMATION
cobbly, argillaceous lime-
ndant irregular shale part-

Darkgray.

MARTINSBURG FORMATION (Om)
to dark-gray, buff-weathering
Omgs—abundant impure
sanﬂmnl (waywav:kl) Inurhcds
lin-bedde

Gml

MARTINSBURG FORMATION

Dark-gray, slaty to calcareous at base. Probably

only fower part of lmnxhum Fom\lion is present; overlain by
UG SeqUENce rocks.

HERSHEY AND MYERSTOWN FORMATIONS, UNDIVIDED

In descending ur Hersm—dm-qmy to black, thin-bedded,
I to dark- nray.

platy, mﬂiumryswllnl limestone; carbonaceous at base

intown beds:
ANNVILLE FORMATION
ward, qmrm Wils kaam'rommay 1 REEDSVILLE FORMATION mus some metabentonite bnds B -
Mitflintown resent. Light-gray, massive, high-calcium limestone; mottied at base.
Fomaton and s Tonsuliog. Dlm—orxytodirk-unysmla smm and fine-grained, L oht-gray. oh
thin-bedded sa raded bedd: Vg _— ST. PAUL GROUP
MIFFLINTOWN FORMATION s voy 'Nslﬂ'-vws incudes Anies Forma “ ONTELAUNEE FORMATION

Interbedded dark-gray shale and lmdlum-q fos-
siliferous limestone; equivalent to szri:y

"mmr' of earlier workers; not pruem east n(
rrisburg. 7

CLINTON GROUP
Rose fight-olh
m brownish-gray, losulvimus Sh]ll. %cllly fime-
e OCCUTS near 1op; i ish-gray,
|y tenunmns sandstone:
east of Harrisburg, uivalent 10 Llllld Creek

sandstone
(black c:lureous ‘shale) at base along Nittany Arch.

(COBURN FORMATION THROUGH NEALMONT

| FORMATION, UNDIVIDED

medium-gray fossiliferous limestone (calcarenite—
R lember) overlying thin-bedded shaly limestone
(calcilutite—Center Hall Member).

fossiliferous limestone,
and dolomite in middle.

PINESBURG STATION FORMATION
Loht-calorsd, tick-bedded finely
laminated d

mite; some limestone.

ROCKDALE RUN FORMATION
Mowy limestone; some dolomite inter-

ly to medium-crystalline dolomite
%’&hlnll\ﬂ Im‘r%ﬂsolhgm -gray limestone; interbedded nodular,
-gray cl

EPLER FORMATION
v-ry fi nuly crystalline, light-gray limestone mlzmaﬂud wlﬁ oray
‘coarsely crystalline limestone lenses present.

RICKENBACH FONMA“O"
G:X very finely to coarsely crystalline, laminated dolomite;

o By i Irrequiar beds, stringers, and nodules; bands of
quartz sand grains in lower half.

‘some chert near middle and top;
Member of Shawangunk ation. Aboy Hill strommlma limestone in middle; pln -
is Keefer Formati m—ugm to ﬂiri-qr:y. hssnlllur— ish marbleoid limestone and chert at STONEHENGE FORMATION
;,_oolitic and BENNER FORMATION THROUGH LOYSBURG base.

ous sandstone, sand
smle not moqulnd east of Harrisburg.

FDRMMIDN UNDWIDED

BEEKMANTOWN
GROUP

Gr: ly crystalline limestone containing dark-gray silty lami-
a?nns‘ numerous edgewise wnnlomm:v ﬂm ™

tion—iight- to dark-

o :mﬂ.«ﬂ ml‘l“mcs;:m n(‘w‘cnu})m) incudes Sm""?f ronug’:(.): s
chemically pure Val ine Member 3 e 3

TUSCARORA FORMATION below, mufsg 3 Vol Vew Memmber, Which o loclodse cosrsi. gried and con LEHIGH VALLEY SEQUENCE

Ught to medmgray ssndstons othoguarzte) metabent s all lateraly squivilent to imgure | AR s S iiig ik

and minor interbedded shale, locally congiomeratic mestonsof 0o Membocatbasels Comourng Valley.

nlower pan inciudes (to the northwest) interbedded dark- orey hmmm (ulclumgg nmm oolmmh streaks; MARTINSBURG FORMATION bm)
Benne “Linden Hall me workers. Gray to dark-gray snal'

east of Harrisburg, equivalent to Minsi and Weiders
Members of Shawangunk Formation.

EASTERN PENNSYLVANIA

DECKER FORMATION THRDUGH POXONO ISLAND
FORMATION, UNDI
In duw;nulng omr Dmr Formation—gray cal-
s sandstone havi of calcareous con-
ulmuh siltstone, and shale, and lenses of lime-
and dolomite (in Stroudsburg area, inciudes
wcnrwus shale, limestone, and ﬂEmM ond-

arulllwus ||mnlnm and dolomlﬂc Ilm.nnnl‘
Poxono I Formation—tt
Imame -m smle smla i\ lomr pen This

Soydar For o mm—uqm 10 mmum-uny limestone,
laminted ts, medun-bedded: has mud cracs, ootes,

Hatter Formation—mex um—qr‘y. fossiliferous, argil-
laceous Imsm laminated and dolomitic.
waburg tion—iight- to um-nuy. mnlum~
bedded imestone (Clnm Member) overl

alternating limestone, dolomitic limestone, and do|nmm
(Milroy ["tiger-striped”] Member).

BELLEFONTE FORMATION

Mouium-nuy. brownish-weathering, medium-| bedﬂld
mite and minor sandstone; very fine grained Te

above,

below.

AXEMANN FORMATION
Medium-gray lus:mmws limestone, interbedded with

HAMBURG SEQUENCE

[_onsg. [ g}
I

|

HAMBURG SEOUENK ROCKS
Allochthonous sg
Klippe: Oh—pndomlnanlty qmm
ray GT‘Y W roon
K , IY siliceous, includ-
ing loml ildflysch having au-
tochthonous Martinsburg matrix;
con-

OOCALICO FORMA“ON

men ﬂzllo, and sllly.
siliceous sl
llrhludod arqlllacanus

pndnmlnamly i"m:h-
thonous, lnd wonlbly
closely relate burg
sequence, bul does In-
clude some autochtho-
nous elements.

and slate.Omgs—shale contai I\s
‘SpicuoUs gf includes Mucmnomus sandslnm an shall
of Shochary Ridge. Om I—local limestone masses (wildflysch).

JACKSONBURG FORMATION

Dark-gray uury limestone (cement rock) hm slaty cleavage;
basal medium- limestone (cer

creases in mdmls eastward,

ONTELAUNEE FORMATION
Medlum-dlﬂ(-&liy. inely crystalline dolomite, massive to finely
Iaminated; weathers grayish yellow; thick-bedded, dark-gray chert

EPLER FORMATION

Thick-bedded, medium- to medium-dark-gray, finely clymlllm
limestone, vmmmoa lvomlrul yellow dolomitic laminae; inte

ise :
ylowish ory;edgewise ‘conglomerate; fossil-fragment and oo-

S| ml ivalent to Keyser, To- medium-gr:
oy %0 Wi ok 52 Fomtonsof i i et m,,'“,,s,mm by -
e NITTANY FORMATION RICKENBACH FORMATION
Medium- to dark-gray, thick-bedded dolomite containi BEEKMANTOWN Medum- o dakray,coarsly crystalinedolomitenlowe b
Chert and Silcoaus aolles sy GROUP e Soswecdun ot ooy f""‘:'#"““'m""ﬂw
BLOOMSBURG FORMATION ot anses,
Grayish-red siltstone, shale, -
s ot w20 adatone 1 STONEHENGE/LARKE FORMATION STONEHENGE FORMATION
Msnlum—_gmy medium-bedded to laminated, fossilifer- METADIABASE Mldlum-lwmvumy to medium-gray, finely uysulnm. thick-
{01he west, Stonehenge s atera e D‘eﬁ?’"“"”’? b | i g o'a"mum oo onsen dototy ods
we: nehenge is uivalent to medium- medium gray to luiﬂ lorming me
SHAWANGUNK FORMATION to dark-gray, mmﬁ”crys(allm’gglm (Larke). nbnlvn lnaem in number eastward.
Light- to dark-gray, fine- to very coarse grained
slndsmnn and conglomerate containing thin shale
lescending

n Ta nglomerate ]
Vi saatstone and consomarae, Wataree ORDOVICIAN AND CAMBRIAN
conglomerate, Tammany and Lizard k Members
EERO R e g G aovsTooA oruATON u .
re equivalent to Tuscar Ligl .or;:{:amn;o el mem contorted limestone having shale par con-

mhzmousllmlﬁnnl in upper | ﬂ lite
in middle, and afternating ﬂolnmh Ild limestone in lower part. W' Dl D"Y

1. Note: Geologic Legend taken from:

a. Berg, T.M., Edmunds, W.E., Geyer, A.R., and others, compilers, 1980, Geologic map of Pennsylvania (2nd ed.): Pennsylvania
Geological Survey, 4th ser., Map 1, 3 sheets, scale 1:250,000.
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MOTT M
MACDONALD

CENTRAL PENNSYLVANIA

GATESBURG FORMATION (Co)
Gray dolomite, limestone, and sandstone In five members (de-
scending order): Mm Member (C &I }—gray dolomite containing
o oo o

r

d dolomie (“upper sandstone'” member); fossilferous, mrll_»-

repetions of sandstona and dolomite (“lower sandstane'”
Jons o 3

WARRIOR FORMATION

Gray, lﬁln to medium-bedded, fossiliferol limestone
bearin g Siron romatote; nterbedded wih hek jod crystaling
o some sandstone.

PLEASANT HILL FORMATION

Gray, thin-bedded, Aroiaceous imestone intarbeddd withshae,
siltstone, and sand:

WAVNESBO’W FORMATION
ray and grayish-purple shale interbedded with
sandstone and conglomerse; occurs in Hoarietia

GREAT VALLEY AND SOUTH MOUNTAIN

CUMBERLAND VALLEY SEQUENCE

SHADYGROVE FORMATION

ure, il
ish limestone and cream-colored chert

ZU(LINGER WHIMTION
kmestone and ﬂm. thin- to
m-ck mw SrOmetome. Hnestane. sevrs . local quartz

ELBROOK FORMATION

Llanl oolored, ulw»ul shale and silty limestone at top;
m tone and dolomite in middle; pure, dark lime-

stone at

WAYNESBORO FORMATION
interbedded red to pury lemﬂmumdlnm‘bmnﬂ
dolomite and impure lime

TOMSTOWN FORMATION
Massive dolomite containing thin shaly interbeds.

ANTIETAM FORMATION
Gray, buft-weathering quartzte,

HARPERS FORMATION (cn) %
Dark-greenish-g e and schist containing thin quartz
»,-r':g. |m|m'l7mmlo Member (Cnml—gray quartzite.

WEVERTON AND LOUDOUN rommons unmwnen
In descending of feverton—qe Ish-gray quartate
#nd mumnu cunlllcmlllll wm-lnlnq mu dod mnu

and pury
nmﬂ Irtuicunﬂllo'l and cor ngh

CAMBRIAN

Note: Geologic Legend taken from:

l IIIIIBI ll Il

GREAT VALLEY AND NORTHERN PIEDMONT

LEBANON VALLEY SEQUENCE

RICHLAND FORMATION
Slz dolomite, in part oolitic, interbedded with medium-gray limestone and
dark-gray oolitic chert.

MILLBACH FORMATION
Pak to wh and gy, fnely laminaied Unsions and nerbedded sy
crystalline dolomite; numerous stromatolitc imestane beds.

SCHAEFFERSTOWN FORMATION
Gray limestone containing siliceous and argillaceous laminae; thin bedded.

SNITZ CREEK FORMATION

mcumﬁm medium- o coarsely crystaliine doloshe, I part ootc, con-
laminated limestone and sandstone interbed:

BUFFALO SPRINGS FORMATION

e and interbed-
m | dolomit: numeraus siiceous ind oy laminge, stromatolitc imestone
near top; some thin sandy beds

ZDOKS CORNER FORMATION

m-gray. lline dolomite, silty to ‘containing
Shesoss i s g S i

LEDGER FORMATION

Light- ory.loc m mmln massive, pure, coarsely crystalline dolomite; sili-
ctous In

KNEM FORMA“ON

and white s limestone and mar-
Nl %um plmnns ml’_—mdy IImMIwun ‘weathers o a fine-

VINTAGE FORMATION
Dark-gray, knotty, argllaceous dolomite; impure light-gray marble at base.

ANTIETAM FORMATION
Gray, buft-weathering quartzite and quartz schist

HARPERS FORMATION
Dark-greenish-gray phyllite and schist having thin quartzit layers.

CHICKIES Fouwmon
Light-gray, hard, massive, Scolithus-bearing - artzite and quartz schist; thin,
inarb4ag64 dark Sse tiop congomerate. (e Memoed)at ase.

LEMIGH VALLEY SEQUENCE

Au.ﬂrrom FORMATION

Medium- and
Mk—um oven stringers and nodules; laminated; ooftic and stromatoltic:
rangs-brown-weathering calcareous siltstone at base.

mmsvmz FORMATION
crystallne dolomite, light-olive-gray n places, weather-
o T br; S eAew ot i SoG0n SOM: ko
o wm’mmwnhn thin shake and dolomi um’n‘-um
scattered sand grains; upper part is very shaly.

HARDYSTON FORMATION

Typically light- fine- to medium-grained quartzite, and luln:umlc
-znm'y wnou from nearly Iﬁoh 1o dark gray, massi

Skolfthus present in upper part quartz-pebble conglo m«mmn

PennEast Pipeline Project

Geological Map of Pennsylvania: Bedrock Formation Legend

ELBROOK FORMATION

Mcroeystaing imestone and marle,
uboranae dolomie conani aourdant

hnyumc layrs: occurs i Chestar dng

Clmaan vau, e s

LOWER&MIDDLE?) CCAMBRIAN ROCKS,

Lower Cambrian of Berks mmy mauau
tectonic siices of many of these fock

Note: Units shown on this map are intended to be
rock-stratigraphic. Correlations shown or im-
plied are rock correlations and may transgress
time boundaries.

PROBABLY LOWER PALEOZOIC

PEGMATITE
i granitc;
narrowly gradational; some zoning in places.

ANORTHOSITE
Medium to coarse grained, ightto dark bluish oray; predominant-
ly plaglociase; local alteration minerals.

GRANITIC GNEISS AND GRANITE
Includes Springfiekd Granadiorite (granitized Wissahickon) In
Philadelphia area.

MAFIC GNEISS, HORNBLENDE-BEARING
Dark, medium grained; includes rocks of probabla sedimentary
origin; may be equivalent to mgh in places.

MAFIC GNEISS, PYROXENE-BEARING

Dark, mlﬂum grained; includes rocks of probable sedimentar
origin; may be squivatent tomap in mw ¥

METAGABBRO
Ranges from fine- to medium-grain
hormblende gneiss.

ltered gabbro to

SERPENTINITE
Includes serpente, s, and tter poducts o aration of
peridatites and pyroxe

PEACH BOTTOM SLATE AND CARDIFF CONGLOMERATE,
UNDIVIDED

Bluish-black slate (Peach Bottom); Tnm conglomerate having a
‘matrix of sericite and chiorite (Cardi

PETERS CREEK SCHIST
Chlorite-sericite schist contaming interbedded quartzite.

WISSAHICKON FORMATION

ALBITE-CHLORITE SCHIST (xwc)
Includes “Octoraro Schist"—phyllte, some homblende gneiss,
and granitized members.

MARBURG SCHIST (xwin)

Gy gnen, mica-chiors 4 quatzte scis; mapped oy west
of the Suscoehanna Fver ik
WAKEFIELD MARBLE (¢ww)

Light gray, coarsely crystaline; contains graphite flakes i places.

METAVOLCANICS (tws)

Altered basaltic flows, some amygdaloidal. green, schistose,
Gontining horolends, spdots, chiite, and quartz
OUGOCUSE -MICA SCHIST (xw)

qu-m-«cn ‘and feldspar-rich members due to various oqms of

(COCKEYSVILLE MARBLE
White to light bluish gray, finely to coarsely crystafine.

SETTERS QUARTZITE
wu‘:u white feldspathic quartzite, gray mica gneiss, and mica
schist,

PRECAMBRIAN
SOUTH MOUNTAIN

METABASALT

Dark- fine-grained intrusives; loc mineralogy is al-
hndm unit hu greenish color. - g

mmmvourt
ght gray, grean, a0 gurl; commonly schistose, cotin
m quarz augen and vei

GREENSTONE SCHIST
Fing to medum araed. Ight to medum gren; inludes
probable metavolcanic 1ocks

EASTERN PENNSYLVANIA

METADIABASI
Dnm llm-wlnm Immwn locally, mineralogy is al-

ANORTHOSITE

Medium 1o coarse graned, ight fo dark bluish predomi-
nanty mm"m -l:ﬂmlon Tinaras.

QUARTZ MONZONITE AND QUARTZ MONZONITE GNEISS
Medium grained, medium to dark gray; locally gneissic; pre-

dominangy falsar 300 Quarz pos dark accessones and
various alteration minerals.

AND GNEISS
Medium grained, lm pink to greenish gray: largely quartz,
foldspar, and mica; . containing alteration
minerals; mrinom with qwgruc onelss.
GABBROIC GNEISS AND GABBRO

ik, fing to medum granad; includes ocks of probatle
uﬂlmmry origin; may b equivalent to xmgn

MW’IC GNEISS

nan! Iﬂ%‘lm ith IIM Y |
-.u"’ﬂn metamorpn "u.r.'&”".;'.'af""’ e “"ﬁ"
dark gray and nmlisn wf'y sedimentar

FRANKLIN MARBLE
White, coarsely crystalline; disseminated graphite fiakes.

4
i
]
]
. =
.
]

FELSIC GNEISS, HORNBLENDE-BEARING
Light, medium grained; includes. rocks of probable sed-
imentary origin.

FELSIC GNEISS, PYROXENE-BEARING
Light, medium grained: Includes rocks of probable sed-
imentary origin.

HORNBLENDE GNEISS
Dark, medium grained; inciudes some rocks of probable
‘sedimantary origin.

MAFIC GNEISS, HORNBLENDE-BEARING

Dark, medium grained; includes rocks of probable sed-

imeatary origin; may be equivalent to Xmgh In places.
MAFIC GNEISS, PYROXENE-BEARING

- Dark, medium grained; includes rocks of probable sed-
imentary origin; may be mmmxmopm places,

GRANITIC GNEISS

Light, medium grained; and feldsy

vm Ly uvlﬁn.o pregominantly quartz par of

Base map modified from U. 8. Geological Survey United
States Series of Topographic Maps, Erie, Buffalo, Cleveland,
Warren, Williamsport, Scranton, Canton, Pittsburgh, Harris-
burg, Newark, Clarksburg, Cumberland, Baltimore, and
Wilmington sheets, scale 1:250,000.

i
State Book Store, P. 0. Box 1365, Harrisburg, PA 17125.

Note: Address all communications regarding this map to
State Geologic Map File, Pennsylvania Geological Survay,
P 0 Rox 2387 Harrishure. PA 17120,

a. Berg, T.M., Edmunds, W.E., Geyer, A.R., and others, compilers, 1980, Geologic map of Pennsylvania (2nd ed.): Pennsylvania

Geological Survey, 4th ser., Map 1,

3 sheets, scale 1:250,000.
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Soil Map—Carbon County, Pennsylvania
(Interstate 80 Crossing)

RESt-Area\

&

41° 4'19"N 3 41° 4'19"N
444000 444200 444400

Map Scale: 1:9,930 if printed on A landscape (11" x 8.5") sheet.

0 100 200 400 600

0 450 900 1800 2700

Map projection: Web Mercator Comer coordinates: WGS84 Edge tics: UTM Zone 18N WGS84

UsDA  Natural Resources Web Soil Survey 5/23/2016
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Soil Map—Carbon County, Pennsylvania
(Interstate 80 Crossing)

MAP LEGEND MAP INFORMATION
Area of Interest (AOI) = Spoil Area The soil surveys that comprise your AOI were mapped at 1:20,000.
Area of Interest (AOI)
Soll 8 Stony Spot Warning: Soil Map may not be valid at this scale.
olls
] Soil Map Unit Polygons {1y  VeryStony Spot Enlargement of maps beyond the scale of mapping can cause
'{} Wet Spot misunderstanding of the detail of mapping and accuracy of soil line
" Soil Map Unit Lines placement. The maps do not show the small areas of contrasting
= Soil Map Unit Points s Other soils that could have been shown at a more detailed scale.
- Special Line Features
Special Point Features Please rely on the bar scale on each map sheet for map
i)  Blowout Water Features measurements.
Streams and Canals
& Borrow Pit ) Source of Map:  Natural Resources Conservation Service
Clay Soot Transportation Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
3 8y =po — Rails Coordinate System: Web Mercator (EPSG:3857)
0 Closed Depression — Interstate Highways Maps from the Web Soil Survey are based on the Web Mercator
.  Gravel Pit US Routes projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
& Gravelly Spot Major Roads Albers equal-area conic projection, should be used if more accurate
& Landfill Local Roads calculations of distance or area are required.
A Lava Flow Backaround This product is generated from the USDA-NRCS certified data as of
9 the version date(s) listed below.
b, Marsh or swamp - Aerial Photography
) Soil Survey Area: Carbon County, Pennsylvania
‘R Mine or Quarry Survey Area Data:  Version 13, Nov 16, 2015
@ Miscellaneous Water Soil map units are labeled (as space allows) for map scales 1:50,000
) Perennial Water or larger.
P Rock Outcrop Date(s) aerial images were photographed:  Mar 20, 2011—Jul 5,
2011
.+. Saline Spot
' Sandy Spot The orthophoto or other base map on which the soil lines were
«"a andy spo compiled and digitized probably differs from the background
&=  Severely Eroded Spot imagery displayed on these maps. As a result, some minor shifting
o Sinkhol of map unit boundaries may be evident.
InKnole
%-_;. Slide or Slip
Sodic Spot
USDA  Natural Resources Web Soil Survey 5/23/2016

=== Conservation Service National Cooperative Soil Survey Page 2 of 3



Soil Map—Carbon County, Pennsylvania

Interstate 80 Crossing

Map Unit Legend

Carbon County, Pennsylvania (PA025)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
AcB Albrights very stony loam, 0 to 8 0.0 0.0%
percent slopes
MrB Morris channery silt loam, 0 to 8 140.6 35.6%
percent slopes, extremely
stony
Mu Muck and Peat 109.7 27.8%
NvB Norwich soils, 0 to 8 percent 5.7 1.5%
slopes, extremely stony
TuB Tunkhannock gravelly loam, 3 93.0 23.6%
to 8 percent slopes
TuC Tunkhannock gravelly loam, 8 20.9 5.3%
to 15 percent slopes
TuD Tunkhannock gravelly loam, 15 3.7 0.9%
to 25 percent slopes
W Water 21.3 5.4%
Totals for Area of Interest 395.0 100.0%
USDA  Natural Resources Web Soil Survey 5/23/2016
== Conservation Service National Cooperative Soil Survey Page 3 of 3



Map Unit Description: Morris channery silt loam, 0 to 8 percent slopes, extremely stony---Carbon Interstate 80 Crossing
County, Pennsylvania

Carbon County, Pennsylvania

MrB—Morris channery silt loam, 0 to 8 percent slopes,
extremely stony

Map Unit Setting
National map unit symbol: 2vxct
Elevation: 330 to 2,460 feet
Mean annual precipitation: 31 to 70 inches
Mean annual air temperature: 39 to 52 degrees F
Frost-free period: 105 to 180 days
Farmland classification: Not prime farmland

Map Unit Composition
Morris, extremely stony, and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Morris, Extremely Stony

Setting
Landform: Hills, mountains
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Interfluve, base slope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Loamy till from reddish sandstone, siltstone, and

shale

Typical profile
Oe - 0 to 1 inches: moderately decomposed plant material
A - 1to 5inches: channery silt loam
Bw - 5 to 12 inches: channery silt loam
Eg - 12 to 16 inches: channery silt loam
Bx - 16 to 60 inches: channery silt loam
C - 60 to 72 inches: channery loam

Properties and qualities
Slope: 0 to 8 percent
Percent of area covered with surface fragments: 7.0 percent
Depth to restrictive feature: 10 to 22 inches to fragipan
Natural drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low
to moderately low (0.00 to 0.14 in/hr)
Depth to water table: About 6 to 18 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified

USDA  Natural Resources Web Soil Survey 5/23/2016
== Conservation Service National Cooperative Soil Survey Page 1 of 2



Map Unit Description: Morris channery silt loam, 0 to 8 percent slopes, extremely stony---Carbon Interstate 80 Crossing
County, Pennsylvania

Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D

Minor Components

Norwich, extremely stony
Percent of map unit: 5 percent
Landform: Depressions
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Base slope
Down-slope shape: Concave
Across-slope shape: Concave

Wellsboro, extremely stony
Percent of map unit: 5 percent
Landform: Hills, mountains
Landform position (two-dimensional): Backslope, shoulder
Landform position (three-dimensional): Interfluve, side slope, head
slope
Down-slope shape: Convex, concave
Across-slope shape: Convex, linear

Data Source Information

Soil Survey Area: Carbon County, Pennsylvania
Survey Area Data: Version 13, Nov 16, 2015

USDA  Natural Resources Web Soil Survey 5/23/2016
== Conservation Service National Cooperative Soil Survey Page 2 of 2



Map Unit Description: Muck and Peat---Carbon County, Pennsylvania

Interstate 80 Crossing

Carbon County, Pennsylvania

Mu—Muck and Peat

Map Unit Setting
National map unit symbol: 138s
Elevation: 600 to 1,800 feet
Mean annual precipitation: 30 to 50 inches
Mean annual air temperature: 46 to 50 degrees F
Frost-free period: 120 to 180 days
Farmland classification: Not prime farmland

Map Unit Composition
Hemists and similar soils: 90 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Hemists

Setting
Landform: Depressions
Parent material: Organic material

Typical profile
Oa - 0 to 60 inches: muck

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat):
Moderately high to high (0.20 to 6.00 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very high (about 23.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8w
Hydrologic Soil Group: A/D

USDA  Natural Resources Web Soil Survey
== Conservation Service National Cooperative Soil Survey

5/23/2016
Page 1 of 2



Map Unit Description: Muck and Peat---Carbon County, Pennsylvania Interstate 80 Crossing

Minor Components

Morris
Percent of map unit: 5 percent

Data Source Information

Soil Survey Area: Carbon County, Pennsylvania
Survey Area Data: Version 13, Nov 16, 2015

USDA  Natural Resources Web Soil Survey 5/23/2016
== Conservation Service National Cooperative Soil Survey Page 2 of 2
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AASHTO R1B

CLIENT: Mott MacDonald

111 Wood Ave South

GEOTECHNICAL LABORATORY TESTING RESULTS US Army Corps
PROJECT: Penn East Pipeline CTL# 548000AS DATE: November 15, 2016
Interstate 80 CTB # 150167

Iselin, New Jersey 08830-4112

ATTN: Ms. Erica A. Vigliorolo

CHECKED BY: Eduardo M. Freire, P.E.

Geotechnical Laboratory Manager

SAMPLES RECEIVED: October 28, 2016 SAMPLES TESTED: 10/28/16 - 11/11/16 LAB TECHNICIAN(S): J. Veach, J. Landy, A. Midgette
o o &
= @ D - & . 26
S o519 Atterberg Limit sra| e8| B8 o5 _ N i ) = EZ<
z ; — = 9 N Sy | €5y g 2 SN . S o X T © 5 3
> 2 g 58 (ASTM D4318) <fY|<e¥| 25 | 22 | 22 | 38 | 2% | €8 | §% | €c®
£ @ = £0 @00 | gs0 | Z% £3 e 22 g8 38 g3 | 589
3 g 2 3= neZ|wF| 5= gs T = °Z S = F= Fs | 055
- I o - = 020 o T n i = = = s = Lu c = o= 2= £
4 » g2 22z |gs<| He | 32 | 52 < | 32 | 22 | °Z
[ S = LL PL PI £ £ 5 O © = o= = = =
= S S A Al B
o o
s-9 40-42 PSA-1 o
S-10 45-47 14.6 28 15 13 PSA-2
S-11 50-52 12.6 29 16 13 PSA-3
B-180-1
S-12 55-57 15.7 PSA-4
S-13 60-62 13.7 27 15 12 PSA-5
S-14 65-67 PSA-6 | 1382
Billing Total: 1 3 1 5 1

Comments/Remarks: *See attached Plates

** Sample not suitable for testing. Sample was disturbed/crushed in jar.

CRAIG TESTING LABORATORIES, INC.

5439 Harding Highway, PO Box 427 - Mays Landing, NJ 08330
Lab: (609) 625-0386: Fax: (609) 625-9133

PAGE 1 of 1



Particle Size Distribution Report
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Particle Size Distribution Report
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Particle Size Distribution Report
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0.001

Clay
19.7

0.01
% Fines

Silt
235

Fine
17.2

% Sand

Medium
15.7

13

Pl1=

16
Coefficients

Atterberg Limits

PL

Material Description

Brown-red clayey SAND with gravel

LL= 29

Dgo= 0.4129
D15= 0.0033
Cq= 0.46

7.1055
0.0222
157.51

85~

D
D
Cc

Date: 11/11/16

Classification
Remarks

SC

=
USCs
WC: 12.6%
Mott MacDonald
Penn East Pipeline
Interstate 80

GRAIN SIZE - mm

Coarse
6.5

Fine
174

PASS?
(X

NO)

Client:
Project:

PSA-3

Plate

548000AS

Project No:

% Gravel

Coarse
0.0

SPEC.*
PERCENT

Depth: 50-52'

100

PERCENT

FINER

100.0
87.8
82.6
775
76.1

70.2
64.3
55.5
47.5

www.craigtestinglabs.com

TESTING LABORATORIES, INC.

:

432

0.0

% Cobbles

90
80
70
60

o o
[Te) <

100
30
20
10

0

d3INId LNJOH3d

SIEVE

SIZE
75
375
#10

#16

#30

#50
#100

(no specification provided)

#200
*

Source of Sample: B-180-1
Sample Number: S-11

609-625-1700

Mays Landing, NJ
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*

Date: 11/11/16

Depth: 55-57'

Source of Sample: B-180-1
Sample Number: S-12

Mott MacDonald

Client:

Penn East Pipeline
Interstate 80

Project:

PSA-4

Plate

548000AS

Project No:

:

TESTING LABORATORIES, INC.

www.craigtestinglabs.com
609-625-1700

Mays Landing, NJ
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AASHTO R1B

CLIENT: Mott MacDonald

GEOTECHNICAL LABORATORY TESTING RESULTS US Army Corps

PROJECT: Penn East Pipeline

111 Wood Ave South

Iselin, New Jersey 08830-4112

ATTN: Ms. Erica A. Vigliorolo

I-80, Carbon County, PA

of Engineers

CTL # 548000AX DATE: January 20, 2017

CTB # 150167

CHECKED BY: Eduardo M. Freire, P.E.

Geotechnical Laboratory Manager

SAMPLES RECEIVED: January 9, 2017 SAMPLES TESTED: 1/9/17 - 1/20/17 LAB TECHNICIAN(S): J. Veach, J. Landy, A. Midgette
y y g
Rl Rl %)
= @ D - & . 26
S o519 Atterberg Limit sra| e8| B8 o5 _ N i ) = EZ<
=z ; . -3 9 S C AN T 2N 2 a5 =N .S c 8 = Q =15 =]
o 2 e £ (ASTM D4318) <£Y|<e¥| 25 2 2 | 38 | 28 | €8 | €% |28
5 3 £ 50 goC|gsc| 2% | 32 | g2 | €3 | 22 | &8 | £5 | 389
= = c 3 o
@ E g | OF 28|92 | 5 | EE | EE | zh | 8E | 5B | 3B | 7°2
o 0 @ = o9 T = =10 20 a % 5 %) =
3 0 22 s |oeg g A< =4 < S < 2 < ©2
= s> LL PL PI ET | €8T 90 < o< s < <
= G 3 Ha Al B
o o
S-2 5-7 PSA-1
S-4 15-17 PSA-2
S-7 30-32 PSA-3
S-9 40-42 PSA-4
B-180-4 S-11 50-52 PSA-5
S-14 65-67 PSA-6
S-15 70-72 PSA-7
S-17 80-82 PSA-8
S-19 90-92 PSA-9
Billing Total: 9

Comments/Remarks: *See attached Plates

CRAIG TESTING LABORATORIES, INC.

5439 Harding Highway, PO Box 427 - Mays Landing, NJ 08330

Lab: (609) 625-0386: Fax: (609) 625-9133

PAGE 1 of 1
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Particle Size Distribution Report
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0.001

0.01

100

GRAIN SIZE - mm

Material Description

Brown silty\clayey SAND

Atterberg Limits

PL

Pl=

LL=

Coefficients

D
D
Cc

D5o= 0.0912
10-

D

0.2534
0.0031

60~
15~

2.5759
0.0147

85~
30=

D
D

Remarks

C:

Classification

SM\SC

USCS

PASS?

(X=NO)

SPEC.*
PERCENT

23
Ol
(%]
1]
£
(i
R
=
IS
ol ©
Sl
L N
©
c
&
£
SN
o<
B
=
©
21—
50
o| ©
O
o| 0
£lo
-
°
o
O
|
2]
ts
o
O
[%]
o
o
-k
o
O
X

PERCENT

FINER
100.0

97.4
89.2
84.4

83.1
79.3

73.6
63.0

52.7
47.3

SIEVE

SIZE
75
375

#10
#16

#30
#50
#100

#200

(no specification provided)

*

Depth: 15-17'

Source of Sample: B-180-4
Sample Number: S-4

Date: 1/20/17

Mott MacDonald

Client:

Penn East Pipeline Project

[-80, Carbon County, PA

Project:
Project No:

PSA-2

Plate

548000AX

:

TESTING LABORATORIES, INC.

www.craigtestinglabs.com
609-625-1700

Mays Landing, NJ
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0.001

0.01

100

GRAIN SIZE - mm

Material Description

Brown silty\clayey SAND with gravel

Atterberg Limits

PL

Pl=

LL=

Coefficients

D
D
Cc

D5o= 0.2016
10-

D

0.3515
0.0028

60~
15~

4.7475
0.0273

Dgs=
D3p=
Cu:

Remarks

C:

Classification

SM\SC

USCS

PASS?
(X

=NO)

SPEC.*
PERCENT

23
Ol -
(%]
1]
£
(i
R
=0
5§
ol N
Sl
L N
©
c
&
£
SNEI
o<
B
=
©
21~
5=
ol M~
)
ol O
S0
L
<
o
O
B
2]
£s
o
@)
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o
o
-k
o
O
X

PERCENT

FINER
100.0

93.6
85.0
78.9

77.3
73.7

67.8
57.2

46.3
40.9

SIEVE

SIZE
75
375

#10
#16

#30
#50
#100

#200

(no specification provided)

*

Depth: 30-32'

Source of Sample: B-180-4
Sample Number: S-7

Date: 1/20/17

Mott MacDonald

Client:

Penn East Pipeline Project

[-80, Carbon County, PA

Project:

PSA-3

Plate

548000AX

Project No:

:

TESTING LABORATORIES, INC.

www.craigtestinglabs.com
609-625-1700

Mays Landing, NJ
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0.001

Clay
19.9

PSA-4

D5p= 0.2024
10-

D
Plate

Pl
Date: 1/20/17

0.01
% Fines

Silt
20.8

0.3847
0.0026

60~
15~
Remarks

c=

Coefficients

D
D
Cc

Atterberg Limits
Classification

PL

Fine
Material Description
Red-brown silty\clayey SAND with gravel

20.7

SM\SC

548000AX

% Sand

Medium
LL
USCS

114

Penn East Pipeline Project

[-80, Carbon County, PA

Mott MacDonald
Project No:

GRAIN SIZE - mm

5.8
Project:

Coarse
Client:

NO)

Fine

17.3
PASS?
X

609-625-1700

Depth: 40-42'

% Gravel

Coarse
SPEC.*

PERCENT

4.1

www.craigtestinglabs.com

100

TESTING LABORATORIES, INC.

:

Mays Landing, NJ

PERCENT
FINER
100.0

95.9
82.3
78.6
74.2
72.8
70.1
65.5
56.2
46.1
40.7

0.0
(no specification provided)

% Cobbles

SIEVE
SIZE
15
75
375
#10
#16
#30
#100
#200

*

Source of Sample: B-180-4
Sample Number: S-9
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Particle Size Distribution Report

-
o 18 ©
/ ° 7S _
8 < N~
\ S oYty Ay
o S (o}
/ 98 N
—Q
pe oo =
Il 0 11l )
7/ £ 39 = ks
Vi a 'S a Qoo a o
o o
c
\w =28
NI ES 2 c
\ 2 IS Pao o
4 5 = |00 & = 2
\ 9 — [ieR=] © x
o ol RIS, IS
je) 82 9 SYocod & £
R Z o = © 5
y < & 2 Yoy 9 @
00e#f———— T ﬁ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\ = <] innulC 8
— () +—
| e e B e ] S mw Zao Tono © W.M
00T# |-~ f e MINEEE: %V,,
£ g <, 3 Z
LN = = mn
09# | —————f /4N N R IS R — ® S £ 3
4 £ a B8R T TGO X
Ve = S ©og B 2- <«
= 5 I~ an o
OV#f=————f====—g===—= fom——fF—————f-——-—g-=-==—f-=—=—f-————f--==—1 o o NOoX 1l o) RS
Wi 5 S T 0 8% 3
os# e, NIG| 5 I ol ) 84S
/ N 5N - QO3 f = c yM
e e EE: @ e Yo Y& Rt o
- Z |3 n%s
\w I |= So- 35
\ nd . P4
oT# ] = B 2
ol 3 £9 9
/ g~ 29 2
O — O o
o 5 R N S U p—— S 0O i
\\ n = S
< iy .
/ ol | [ & o] J| 8
LUK e e = e e e e e e e = £ g © 2] ;5
i - wy
L R e T R R e e e Mttt IR 5 < )
> = o wliEd
{17 o S Sy R NSyt SOy s S SRR RS PR—— © *x, Z <} me
) o O u 0 o8
B i e (e e e 5 ° w O ==
Sl o Qa |2
. 2o 0 w Mk
T S S s SO Sy S S Sy S SR 3 S o 0|3
_ Q o2
we oo O = E
g g i
> S e e S = s X olz¢
o Z 3 T 2|zs
=t b fjloowowoN®©osnm g O El S
O ZloNoda~aaoN s g ol 3
waob 4] X £ 000NN~ OLIOS s 977 w2
19 T = B pmu = =
8 * = ES
= s m
- m. =
Q |o B2
M W ol g o088 e L
N dd MW ©
g s 8 R B8 8 © 8 & g8 ° : U IIREIRFERRFY L g2
— n S E
o @
nun
H3NI4 INJDH3d




Particle Size Distribution Report
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Particle Size Distribution Report
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Material Description

Red-brown sandy SILT\CLAY
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100.0

93.9
86.9
83.1

82.0
78.7

75.2
68.5

60.9
56.4

SIEVE

SIZE
75
375

#10
#16

#30
#50
#100

#200

(no specification provided)

*

Depth: 80-82'

Source of Sample: B-180-4
Sample Number: S-17

Date: 1/20/17

Mott MacDonald

Client:

Penn East Pipeline Project

[-80, Carbon County, PA

Project:

PSA-8

Plate

548000AX

Project No:

:

TESTING LABORATORIES, INC.

www.craigtestinglabs.com
609-625-1700

Mays Landing, NJ




Particle Size Distribution Report

0.001

Clay
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Silt
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Atterberg Limits

PL

ovT#
00T#

Material Description

Fine
15.6

09#

Red-brown SILT\CLAY with sand

% Sand
LL

8.2

Medium

0.0427
0.0023

50~
10=

D
D

0.0564
0.0031

0.59

Coefficients
60~
15~
o=

D
D
Cc

Dgs= 0.2733
D3p0= 0.0088
Cy= 2410

Date: 1/20/17

Classification
Remarks

CL:H\ML:H

USCS
Penn East Pipeline Project

[-80, Carbon County, PA

Mott MacDonald

GRAIN SIZE - mm

15

Coarse

<
F*

NO)

PASS?
(X

ulgrar
ules

Ul

Fine
15

Client:
Project:

PSA-9

Plate

548000AX

Project No:

£
—

% Gravel
SPEC.*

UAT

PERCENT

0.0

ue

Coarse

Depth: 90-92'

ue

urg

100

PERCENT
FINER
100.0

98.5
97.8
97.0
94.9

91.2
85.9
80.4
73.2

TESTING LABORATORIES, INC.

:

0.0

% Cobbles

100

90
80
70
60

o o
[Te) <

d3INId LNJOH3d

30
20
10
0
SIEVE
SIZE
375
#10
#16

#30
#50
#100
#200

(no specification provided)

*

Source of Sample: B-180-4
Sample Number: S-19

www.craigtestinglabs.com
609-625-1700

Mays Landing, NJ




D)
o GEOTECHNICAL LABORATORY TESTING RESULTS S Ay Corps
CLIENT: Mott MacDonald PROJECT: Penn East CTL # 548000AR DATE: November 9, 2016
111 Wood Ave South Interstate 80 CTB # 150167

Iselin, NJ 08830-4112

CHECKED BY: Eduardo M. Freire, P.E.

ATTN: Ms. Erica Vigliorolo Geotechnical Laboratory Manager
SAMPLES RECEIVED: October 27, 2016 SAMPLES TESTED: 10/27/16 - 11/8/16 LAB TECHNICIAN(S): J. Veach and A. Midgette
< o= = & = §’~ : g’g
S g N ) Atterberg Limits é i_ﬁﬁ Sé EE o5 %ﬁ _a 33 %'g E:'g %Eg
o Z g N (ASTM D4318) Esfdl v% Gw 29 £EQ o8 RN = & =5 e~
£ @ = £0 S2aR =73 2o - e 22 3 a 38 €3 | 389
8 g 2 85 SEQQ oo g9 gs T = = S = F = s DG5S
gt g 2 - = o = ag S = 5= %) D 5= O z
g @ g2 883G Z2 | 22 | 32 | 52| "= | 82 | 22| °¢
e 8§ LL PL Pl |80 Z =6 < "< o< o < <
= S 5 g A| B
R-2  |107.4-108.1 RC-1
B-180-2 R-3  [110.9-111.5 171.4
R-4 |116.9-117.5 RC-2
Billing Total: 2 1
Comments/Remarks: *See attached Plates
CRAIG TESTING LABORATORIES, INC. oace 1 o )

5439 Harding Highway, PO Box 427 - Mays Landing, NJ 08330
Lab: (609) 625-0386: Fax: (609) 625-9133



[SCRAIG

TESTING LABORATORIES, INC.
5439 Harding Highway.P.O. Box 427.Mays Landing, NJ 08330.P:609.625.1700- F:609.625.1798

ROCK UNCONFINED COMPRESSION TEST WITH STRESS-STRAIN CURVE REPORT
(ASTM D 7012 - Method D)

Client: Mott MacDonald Test Date: November 7, 2016 Plate : RC-1
Project: Penn East Pipleline Project - Interstate 80 CTL #: 548000AR
Boring No.: B-180-2 Core Run: R-2 Depth (ft): 107.4-108.1 Tested By: J. Veach
Description: Oilve gray to reddish brown SANDSTONE Checked By: E. Freire
Core Data: Avg. Length (inch) = 4.865 Avg. Diameter (inch) = 1.977
L/D Ratio (2.0 to 2.5) = 2.46 Area (inch?) = 3.068
Dry Unit Weight (pcf) 170.2 Note: Test specimen not prepared in accordance with D4543

AXIAL STRESS-STRAIN CURVE

8,000

7,000 ROCK SPECIMEN PHOTOGRAPHS

6,000

5,000

4,000

3,000

AXIAL STRESS, o (psi)

2,000

1,000 BEFORE AFTER

0
0.00% 0.08% 0AG%

AXIAL STRAIN (%¢)

UNIAXIAL COMPRESSIVE STRENGTH, o : 7,803 psi = 7.8 ksi

ESTIMATED YOUNG'S MODULUS, E: i psi (No suitable linear portion
to estimate)




[SCRAIG

TESTING LABORATORIES, INC.
5439 Harding Highway.P.O. Box 427.Mays Landing, NJ 08330.P:609.625.1700- F:609.625.1798

ROCK UNCONFINED COMPRESSION TEST WITH STRESS-STRAIN CURVE REPORT
(ASTM D 7012 - Method D)

Client: Mott MacDonald Test Date: November 7, 2016 Plate : RC-2
Project: Penn East Pipleline Project - Interstate 80 CTL #: 548000AR
Boring No.: B-180-2 Core Run: R-4 Depth (ft): 116.9-117.5 Tested By: J. Veach
Description: Oilve gray to reddish brown SANDSTONE Checked By: E. Freire
Core Data: Avg. Length (inch) = 4.839 Avg. Diameter (inch) = 1.979
L/D Ratio (2.0 to 2.5) = 2.45 Area (inch?) = 3.074
Dry Unit Weight (pcf) 169.2 Note: Test specimen not prepared in accordance with D4543

AXIAL STRESS-STRAIN CURVE
7,000

ROCK SPECIMEN PHOTOGRAPHS

6,000

5,000

4,000

3,000

AXIAL STRESS, o (psi)

2,000

1,000 -

BEFORE AFTER

0
0.00% 0.08% QA%

AXIAL STRAIN (%¢)

UNIAXIAL COMPRESSIVE STRENGTH, o : 6,603 psi = 6.6 ksi

ESTIMATED YOUNG'S MODULUS, E: 6.79E+06 PSi (Avg. Linear Portion of Curve, shown)




Mott MacDonald #353754AE01
Penn East Pipeline - Interstate 80

SUMMARY OF ROCK TESTING

SAMPLE IDENTIFICATION STATE PROPERTIES ENGINEERING PROPERTY TESTS REMARKS
Boring Run Depth WATER |TOTAL| DRY TEST ORIENTATION POINT LOAD TEST Brazilian
CONTENT| UNIT | UNIT TYPE (ASTM D5731) (ASTM D3967)
(1) WGT. | WGT. STRENGTH | ESTIMATED (4)| SPLITTING
(2) INDEX COMPRESSIVE TENSILE
1s(50) STRENGTH STRENGTH
(%) (pcf) | (pcf) ) (MPa) (psi) (psi)
B-180-2 R-2 106.5-107.2 0.2 PL Diametral 6.5 21149 invalid break
B-180-2 R-2 106.5-107.2 PL Axial 2.5 8639
B-180-2 R-3 113.4-113.5 0.3 172 | 171 ST A 1196
B-180-2 R-3 113.5-113.6 0.3 171 | 171 ST B 1666
B-180-2 R-4 116.0-116.6 0.3 PL Diametral 2.7 9095
B-180-2 R-4 116.0-116.6 PL Axial 2.2 6849
Notes: (1) Water contents determined after trimming and shearing.

@
3
@

Reviewed by: GET
Date: 11/11/2016

= = —

Test Type Abbreviations: PL: Point Load, ST: Splitting Tensile.
Diametral orientation across core along bedding plane, axial perpendicular to bedding plane. A and B approximately perpendicular to other.
Compressive Strength determined using generalized "K" factor in ASTM D5731

TerraSense, LLC
45H Commerce Way
Totowa, NJ 07512

Project No.: 7978-16001(13))

File: RockSum13
Page 1 of 1



Depth:

Load Orientation: Diametral Axial
Length to nearest
free end, L (mm) 24.6 24.7
Specimen Width,
W (mm) 50.1 50.1
D (mm) 46.0 41.0
D' (mm) 46.0 41.0
D, (mm) 46.0 51.2
Failure Load, P (Ib) 3227 1472
Point Load (N) 14354 6548
Point Load (Mpa) 6.53 2.53
Index, 1s50 (psi) 950 370
Unconfined
Compressive 21149 8639
Strength (psi)
Specimen
[Failure
photo
Tare No. M-16
Wet + Tare (gm) 250.82
Dry + Tare (gm) 250.39
Tare (gm) 50.69
Water Content% 0.22
Comments Invalid Break
Test by: RAT Test Date:  11/4/2016 Reviewed by: GET
Penn East Pipeline
POINT LOAD STRENGTH INDEX OF ROCK
Interstate 80 ASTM D5731
Mott MacDonald 353754AE01

Boring: B-180-2 Run: R-2

TerraSense, LLC

7978-16001(13)

Depth: 106.5-107.2 ft.

Analysis File: PLV4 (9/09)

11/11/2016
PL-b-180-2r2xIsx




SPLITTING TENSILE (Brazilian) TEST

Specimen mass(gm): 134.66

Thickness Diameter
(inch) (inch)

0.981 1.972
0.979 1.971
0.979 1.972

Average 0.979 1.972
Thickness / Diameter, (t/d):  0.50

t/D ratio between 0.2 and 0.75 yes
Largest Grain Diameter|:|inch

Data Acquisition File B-180-2R3A
Maximum Load| 3626 Ib
After Test

Container No.:| M31
): 183.94
Dry Mass + cont. (g): 183.49
Mass of cont. (g):| 49.41
)
)
)

Initial Mass + cont. (g):

Water content (%):  0.34

ASTM D 3967
Project Number: 7978-16001(13) Test by: GT Boring: B-180-2
Project Name: Penn East Pipeline Interstate 80 Test Date: 11/4/16 Run: R-3
SPECIMEN READINGS
Test Number: A Test Number: B
Depth: 113.4-113.5 Depth: 113.5-113.6

Specimen mass(gm):  132.68

Thickness Diameter

(inch) (inch)
0.961 1.972
0.970 1.975
0.965 1.972
Average 0.965 1.973

Thickness / Diameter, (t/d): 0.49

t/D ratio between 0.2 and 0.75 yes
Largest Grain Diameter:| inch

Data Acquisition File B-180-2R3B
Maximum Load 4982 Ib
After Test

Container No.: M39

Initial Mass + cont. (g):  181.71

Dry Mass +cont. (g):| 181.32

Mass of cont. (g):  49.64
Water content (%): 0.30

Total unit weight (pcf):  171.60 Failure Photo Total unit weight (pcf):  171.33
Dry unit weight (pcf):  171.03 Dry unit weight (pcf):  170.82
Splitting Tensile Strength (psi) 1195.59 Splitting Tensile Strength (psi)  1665.53
Mott MacDonald 353754AE01 Penn East Pipeline DATA SHEET
SPLITTING TENSILE STRENGTH TEST
TerraSense, LLC 7978-16001(13) Interstate 80 Boring: B-180-2
Run: R-3 Depth: 113.4-113.6 ft.

Analysis File: D3967V4.xls (9/09) 11/11/2016

BR-b-180-2r3xls




Depth:

Load Orientation: Diametral Axial
Length to nearest

free end, L (mm) 31.8 30.7
Specimen Width,

W (mm) 50.3 50.3

D (mm) 51.0 32.0

D' (mm) 51.0 32.0

D, (mm) 51.0 452

Failure Load, P (Ib) 1571 1044

Point Load (N) 6988 4644

Point Load (Mpa) 2.7 217

Index, 1s50 (psi) 390 310
Unconfined

Compressive 9095 6849

Strength (psi)

Specimen
[Failure||
photo||

Tare No. M-26
Wet + Tare (gm) 228.27
Dry + Tare (gm) 227.81
Tare (gm) 51.5
Water Content% 0.26
Comments
Test by: RAT Test Date: 11/4/2016 Reviewed by: GET
Penn East Pipeline
POINT LOAD STRENGTH INDEX OF ROCK
Interstate 80 ASTM D5731
Mott MacDonald 353754AE01

Boring: B-180-2 Run: R-4

TerraSense, LLC

7978-16001(13)

Depth: 116.0-116.6 ft.

Analysis File: PLV4 (9/09)

11/11/2016
PL-b-180-2r4xIsx




AASHTO R1B

CLIENT: Hatch Mott MacDonald

ATTN: Ms. Erica Vigliorolo

GEOTECHNICAL LABORATORY TESTING RESULTS US Army Corps

PROJECT: Penn East

111 Wood Ave South

Iselin, NJ 08830-4112

, Interstate 80

of Engineers

CTL # 548000AH DATE: May 16, 2016

CTB # 150167

CHECKED BY: Eduardo M. Freire, P.E.

Geotechnical Laboratory Manager

SAMPLES RECEIVED: May 3, 2016 SAMPLES TESTED: 5/3/16 - 5/13/16 LAB TECHNICIAN(S): J. Veach and A. Midgette
e 5§ g =
; S~ . Ts = = fS¥en —~ —~— —~ ~ —~ £ ¢
L s _ <3 Atterberg Limits 23:0 68 | 58 | 28 | 25 | -= | &89 22 | 55 | 58¢
o z E N (ASTM D4318) S 5q < i 22 £EQ 58 RN =8 %';r [
£ @ < £0 g2900ol =73 <2 =Q Pea) 2= =0 88 £0 329
8 g- % SE SGEJ_QD -%m g% %E EE ;|— EE == = UJG'—a
gt = g - 229 5 SE 8= 5 E 0 D S E o= =4
@ n 92 ggﬁl— =g 20 52 =2 2g 82 59 SR
5 < nl =5 £ g < o ~ < < NS
2 g LL PL Pl [0 2 E a 5 Al B
R-19 [185.7-186.4] RC-3
B-180-3 R-20 191.3-192 170.0
R-21  [196.1-197.7 RC-4
Billing Total: 4 2
Comments/Remarks: *See attached Plates
CRAIG TESTING LABORATORIES, INC. once 1 o

5439 Harding Highway, PO Box 427 - Mays Landing, NJ 08330

Lab: (609) 625-0386: Fax: (609) 625-9133




[SCRAIG

TESTING LABORATORIES, INC.
5439 Harding Highway.P.O. Box 427.Mays Landing, NJ 08330.P:609.625.1700- F:609.625.1798

ROCK UNCONFINED COMPRESSION TEST WITH STRESS-STRAIN CURVE REPORT
(ASTM D 7012 - Method D)

Client: Hatch Mott MacDonald Test Date: May 12, 2016 Plate : RC-3
Project: Penn East - Lockatong Creek Crossing CTL #: 548000Al
Boring No.: B-180-3 Core Run: R-19 Depth (ft): 185.7-186.4 Tested By: J. Veach
Description: Gray-red SANDSTONE Checked By: E. Freire
Core Data: Avg. Length (inch) = 4.765 Avg. Diameter (inch) = 1.984
L/D Ratio (2.0 to 2.5) = 2.40 Area (inch?) = 3.091
Dry Unit Weight (pcf) 170.0 Note: Test specimen not prepared in accordance with D4543

AXIAL STRESS-STRAIN CURVE
17,000

16,000

15,000 ROCK SPECIMEN PHOTOGRAPHS
14,000

13,000

12,000

11,000

10,000

9,000

8,000

7,000

6,000

AXIAL STRESS, o (psi)

5,000

4,000

3,000

2,000 BEFORE AFTER

1,000 /

0 \
0.00% A% 8% a8 0%

AXIAL STRAIN (%¢)

UNIAXIAL COMPRESSIVE STRENGTH, o : 16,672 psi = 16.7 ksi

ESTIMATED YOUNG'S MODULUS, E: 4.01E+06 PSi (Avg. Linear Portion of Curve, shown)




[SCRAIG

TESTING LABORATORIES, INC.
5439 Harding Highway.P.O. Box 427.Mays Landing, NJ 08330.P:609.625.1700- F:609.625.1798

ROCK UNCONFINED COMPRESSION TEST WITH STRESS-STRAIN CURVE REPORT
(ASTM D 7012 - Method D)

Client: Hatch Mott MacDonald Test Date: May 12, 2016 Plate : RC-4
Project: Penn East - Lockatong Creek Crossing CTL #: 548000Al
Boring No.: B-180-3 Core Run: R-21 Depth (ft): 196.1-197.7 Tested By: J. Veach
Description: Gray SANDSTONE Checked By: E. Freire
Core Data: Avg. Length (inch) = 4,751 Avg. Diameter (inch) = 1.985
L/D Ratio (2.0 to 2.5) = 2.39 Area (inch?) = 3.094
Dry Unit Weight (pcf) 169.8 Note: Test specimen not prepared in accordance with D4543

AXIAL STRESS-STRAIN CURVE

21,000
20,000
19,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000
0
0.00% 0.50%

ROCK SPECIMEN PHOTOGRAPHS

AXIAL STRESS, o (psi)

BEFORE AFTER

AXIAL STRAIN (%¢)

UNIAXIAL COMPRESSIVE STRENGTH, o : 20,440 psi = 20.4 ksi

ESTIMATED YOUNG'S MODULUS, E: - psi (No Suniable AYg. Linear

Portion of Curve)




Mott Macbonald
Penn East Pipeline Interstate 80

SUMMARY OF ROCK TESTING

SAMPLE IDENTIFICATION STATE PROPERTIES ENGINEERING PROPERTY TESTS REMARKS
Boring |CORE Depth WATER |TOTAL| DRY | TEST | ORIENTATION POINT LOAD TEST Brazilian
RUN CONTENT| UNIT JUNIT | TYPE (ASTM D5731) (ASTM D3967)
(1) WGT. | WGT. STRENGTH | ESTIMATED (4) | SPLITTING
(2 INDEX COMPRESSIVE TENSILE
Is(50) STRENGTH STRENGTH
(ft) (%0) (pef) | (pcf) 3 (MPa) (psi) (psi)
B-180-3 R-19 | 185-185.7 0.2 PL Diametral 7.7 25886
B-180-3 R-19 | 185-185.7 PL Axial 5.2 16216
B-180-3 R-20 | 190.3-190.4 0.0 169 169 ST A 3027
B-180-3 R-20 | 190.4-190.5 0.1 170 170 ST B 1459
B-180-3 R-21 | 195.3-196.1 0.3 PL Diametral 2.8 9328
B-180-3 R-21 | 195.3-196.1 PL Axial 5.9 17804

Notes: (1) Water contents determined after trimming and shearing.
(2) Test Type Abbreviations: ST: Brazilian Splitting Tensile; PL: Point Load
(3) A and B orientations approximately perpendicular to other orientation.
(4) Compressive Strength determined using generalized "K" factor in ASTM D5731

Prepared by: RT TerraSense, LLC Project No.: 7978-16001
Reviewed by: GET 45H Commerce Way File: RockSummaryl.7.xIsx
Date: 5/12/2016 Totowa, NJ 07512 Page 1 of 1


DIE79242
Rectangle

DIE79242
Snapshot

RAJ70692
Snapshot

RAJ70692
Snapshot


Depth:

Load Orientation: Diametral Axial
Length to nearest
free end, L (mm) 26.5 25.9
Specimen Width,
W (mm) 50.4 50.4
D (mm) 51.0 29.0
D' (mm) 51.0 29.0
D, (mm) 51.0 43.1
Failure Load, P (Ib) 4443 2324
Point Load (N) 19763 10338
Point Load (Mpa) 7.67 5.20
Index, Is50 (psi) 1110 750
Unconfined
Compressive 25886 16216

Strength (psi)

Specimen
[Failure
photo
Tare No. M-7
Wet + Tare (gm) 196.55
Dry + Tare (gm) 196.25
Tare (gm) 51.31
Water Content% 0.21
Comments
Test by: RAT Test Date:  5/3/2016 Reviewed by: GET

Lockatonqg Creek Crossing, Interstate 80

Penn East Pipeline

POINT LOAD STRENGTH INDEX OF ROCK
ASTM D5731

Mott MacDonald

353754AEOQ1

Boring: B-180-3 Run: R-19

TerraSense, LLC

7978-16001

Depth: 185-185.7 ft.

Analysis File: PLV4 (9/09)

5/11/2016
pl-B180-R19.xIsx



DIE79242
Rectangle

DIE79242
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SPLITTING TENSILE (Brazilian) TEST

ASTM D 3967
Project Number: 7978-16001 Test by: AM Sta: B-180-3
Project Name: Penn East Pipeline Lockatong Creek Crossing, Interstate 80 Test Date: 5/3/16 Run: R-20
SPECIMEN READINGS
Test Number: A Test Number: B
Depth: 190.3-190.4 Depth: 190.4-190.5
Specimen mass(gm): 145.64 Specimen mass(gm):  135.47
Thickness Diameter Thickness Diameter
(inch) (inch) (inch) (inch)
1.064 1.984 0.983 1.981
1.060 1.984 0.982 1.982
1.055 1.985 0.981 1.984

Average 0.982 1.982
Thickness / Diameter, (t/d): 0.50

t/D ratio between 0.2 and 0.75 yes

Average 1.059 1.984
Thickness / Diameter, (t/d):  0.53

t/D ratio between 0.2 and 0.75 yes

Data Acquisition File  B1803-R20B
Maximum Load 4460 Ib
After Test

Data Acquisition File B1803-R20A
Maximum Load| 9994 Ib
After Test

Container No.: LA-120 Container No.: LB-1

Initial Mass + cont. (g): 178.36 Initial Mass + cont. (g):] 166.91

Dry Mass + cont. (g): 178.32 Dry Mass + cont. (g):| 166.75

Mass of cont. (g):| 34.71 Mass of cont. (g):] 32.89

Water content (%): 0.12

Water content (%):  0.03

Total unit weight (pcf): _169.42 | Failure Photo Total unit weight (pcf):  170.34
Dry unit weight (pcf): _ 169.37 Dry unit weight (pcf):  170.14
Splitting Tensile Strength (psi) _3027.45 | Splitting Tensile Strength (psi)  1458.94
Mott MacDonald 353754AE01 Penn East Pipeline DATA SHEET
SPLITTING TENSILE STRENGTH TEST
. Sta: B-180-3
TerraSense, LLC 7978-16001 Lockatong Creek Crossing, Interstate 80
Run: R-20 Depth: 190.3-190.5 ft.

Analysis File: D3967V4.xIs (9/09) 5/11/2016 ST-B180R20.Is


DIE79242
Rectangle

DIE79242
Snapshot


Depth:
Load Orientation: Diametral Axial
Length to nearest
free end, L (mm) 34.2 25.3
Specimen Width,
W (mm) 50.4 50.4
D (mm) 51.0 25.0
D' (mm) 51.0 25.0
D, (mm) 51.0 40.0
Failure Load, P (Ib) 1612 2334
Point Load (N) 7171 10382
Point Load (Mpa) 2.78 5.86
Index, Is50 (psi) 400 850
Unconfined
Compressive 9328 17804
Strength (psi)

Specimen
[Failure i
photo|

Tare No. M-33
Wet + Tare (gm) 225.08
Dry + Tare (gm) 224.63
Tare (gm) 50.94
Water Content% 0.26
Comments
Test by: RAT Test Date:  5/3/2016 Reviewed by: GET

Penn East Pipeline

Lockatonqg Creek Crossing, Interstate 80

ASTM D5731

POINT LOAD STRENGTH INDEX OF ROCK

Mott MacDonald

353754AEOQ1

TerraSense, LLC

7978-16001

Boring: B-180-3 Run:
Depth: 195.3-196.1 ft.

R-21

Analysis File: PLV4 (9/09)

5/11/2016
pl-B180-R21.xIsx
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AASHTO R1B

CLIENT: Mott MacDonald

ATTN: Ms. Erica Vigliorolo

PROJECT: Penn East

111 Wood Ave South

Iselin, NJ 08830-4112

GEOTECHNICAL LABORATORY TESTING RESULTS

I-80 Carbon County, PA

CTL #
CTB #

548000AY

150167

DATE:

CHECKED BY: Eduardo M. Freire, P.E.

US Army Corps
of Engineers

January 24, 2017

Geotechnical Laboratory Manager

SAMPLES RECEIVED: January 9, 2017 SAMPLES TESTED: 1/9/17 - 1/23/17 LAB TECHNICIAN(S): J. Veach
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R-2 107.45-108.55 RC-1
R-3 113.65-114.36) 170.4
B-180-4
R-4 119-199.65 RC-2
R-5 121.7-122.3 170.5
Billing Total: 2 2

Comments/Remarks: *See attached Plates

CRAIG TESTING LABORATORIES, INC.

5439 Harding Highway, PO Box 427 - Mays Landing, NJ 08330
Lab: (609) 625-0386: Fax: (609) 625-9133

PAGE

of 1




[SCRAIG

TESTING LABORATORIES, INC.
5439 Harding Highway.P.O. Box 427.Mays Landing, NJ 08330.P:609.625.1700- F:609.625.1798

ROCK UNCONFINED COMPRESSION TEST WITH STRESS-STRAIN CURVE REPORT
(ASTM D 7012 - Method D)

Client: Mott MacDonald Test Date: January 23, 2017 Plate : RC-1
Project: Penn East - 1-80 Carbon County, PA CTL #: 548000AY
Boring No.: B-180-4 Core Run: R-2 Depth (ft): 107.45-108.55 Tested By: J. Veach
Description: Reddish brown SILTSTONE Checked By: E. Freire
Core Data: Avg. Length (inch) = 4.735 Avg. Diameter (inch) = 1.981
L/D Ratio (2.0 to 2.5) = 2.39 Area (inch?) = 3.081
Dry Unit Weight (pcf) 171.9 Note: Test specimen not prepared in accordance with D4543

AXIAL STRESS-STRAIN CURVE

6,000
ROCK SPECIMEN PHOTOGRAPHS
5,000
4,000
%‘
=
°
8 3,000 ;
L
[a'd
'—
(7]
-
<
é 2,000
1,000
BEFORE AFTER
0
000%  q20%  qad% g0t
AXIAL STRAIN (%¢)
UNIAXIAL COMPRESSIVE STRENGTH, 0,; 5,713 psi. = 57  ksi
ESTIMATED YOUNG'S MODULUS, E: - psi (No suitable linear portion

to estimate)




[SCRAIG

TESTING LABORATORIES, INC.
5439 Harding Highway.P.O. Box 427.Mays Landing, NJ 08330.P:609.625.1700- F:609.625.1798

ROCK UNCONFINED COMPRESSION TEST WITH STRESS-STRAIN CURVE REPORT
(ASTM D 7012 - Method D)

Client: Mott MacDonald Test Date: January 23, 2017 Plate : RC-2
Project: Penn East - 1-80 Carbon County, PA CTL #: 548000AY
Boring No.: B-180-4 Core Run: R-4 Depth (ft): 119-119.65 Tested By: J. Veach
Description: Reddish brown SANDSTONE Checked By: E. Freire
Core Data: Avg. Length (inch) = 4.852 Avg. Diameter (inch) = 1.968
L/D Ratio (2.0 to 2.5) = 2.47 Area (inch2 )= 3.041
Dry Unit Weight (pcf) 169.7 Note: Test specimen not prepared in accordance with D4543

AXIAL STRESS-STRAIN CURVE
12,000

11,000
ROCK SPECIMEN PHOTOGRAPHS

10,000

9,000

8,000

7,000

6,000

5,000

4,000

AXIAL STRESS, o (psi)

3,000

2,000

BEFORE AFTER

1,000

0
0.00% 0AD% 0.30%

AXIAL STRAIN (%¢)

UNIAXIAL COMPRESSIVE STRENGTH, o : 10,950 psi = 10.9 ksi

ESTIMATED YOUNG'S MODULUS, E: 1.86E+06 PSi (Avg. Linear Portion of Curve, shown)




Mott MacDonald #353754AE01
Penn East Pipeline - 1-80Carbon County, PA
SUMMARY OF ROCK TESTING

SAMPLE IDENTIFICATION STATE PROPERTIES ENGINEERING PROPERTY TESTS REMARKS
Boring Run Depth WATER |TOTAL| DRY TEST ORIENTATION POINT LOAD TEST Brazilian
CONTENT| UNIT | UNIT TYPE (ASTM D5731) (ASTM D3967)
(1) WGT. | WGT. STRENGTH | ESTIMATED (4) SPLITTING
(2) INDEX COMPRESSIVE TENSILE
1s(50) STRENGTH STRENGTH
(%) (pcf) | (pcf) 3) (MPa) (psi) (psi)
B-180-4 R-2 ]1106.45-107.25 0.4 PL Diametral 1.5 5086
B-180-4 R-2 |106.45-107.25 PL Axial 3.0 9002
B-180-4 R-3 110.3-110.4 0.4 172 | 172 ST A 1099
B-180-4 R-3 110.4-110.5 0.4 172 | 172 ST B 1200
B-180-4 R-4 116-116.65 0.3 PL Diametral 1.9 6474
B-180-4 R-4 116-116.65 PL Axial 21 7435
B-180-4 R-5 ]120.05-120.15 0.3 171 | 171 ST A 1677
B-180-4 R-5 [120.15-120.25 0.3 172 | 171 ST B 1076
Notes: (1) Water contents determined after trimming and shearing.

(2) Test Type Abbreviations: PL: Point Load, ST: Splitting Tensile.
(3) Diametral orientation across core along bedding plane, axial perpendicular to bedding plane. A and B approximately perpendicular to other.
(4) Compressive Strength determined using generalized "K" factor in ASTM D5731

TerraSense, LLC Project No.: 7978-16001(17))
Reviewed by: GET 45H Commerce Way File: RockSum17.xlsx
Date: 1/11/2017 Totowa, NJ 07512 Page 1 of 1



Depth:

Load Orientation: Diametral Axial
Length to nearest

free end, L (mm) 28.3 24.5
Specimen Width,

W (mm) 50.3 50.3

D (mm) 50.0 27.0

D' (mm) 50.0 25.0

D, (mm) 50.0 40.0

Failure Load, P (Ib) 853 1181

Point Load (N) 3794 5253

Point Load (Mpa) 1.52 297

Index, 1s50 (psi) 220 430
Unconfined

Compressive 5086 9002

Strength (psi)

Specimen
/Failure
photo
Tare No. M-36
Wet + Tare (gm) 220.15
Dry + Tare (gm) 219.46
Tare (gm) 49.43
Water Content% 0.41
Comments
Test by: RAT Test Date:  1/6/2017 Reviewed by: GET
Penn East Pipeline
POINT LOAD STRENGTH INDEX OF ROCK
1-80 ASTM D5731
Carbon County, PA
Mott MacDonald 353754AE01

TerraSense, LLC

7978-16001(17)

Boring: B-180-4 Run: R-2
Depth: 106.45-107.25 ft.

Analysis File: PLV4 (9/09)

1/11/2017
PL-b180-4r2.xlIsx




SPLITTING TENSILE (Brazilian) TEST

ASTM D 3967
Project Number: 7978-16001(17) Test by: AM Boring: B-180-4
Project Name: Penn East Pipeline I-80 Carbon County, PA Test Date: 1/6/17 Run: R-3
SPECIMEN READINGS
Test Number: A Test Number: B
Depth: 110.3-110.4 Depth: 110.4-110.5
Specimen mass(gm): 126.06 Specimen mass(gm): 119.29
Thickness Diameter Thickness  Diameter

(inch) (inch) (inch) (inch)
0.911 1.979 0.859 1.980
0.904 1.978 0.855 1.979
0.910 1.975 0.857 1.979

Average 0.908 1.977

Average 0.857 1.979

Thickness / Diameter, (t/d):  0.46
t/D ratio between 0.2 and 0.75 yes

Largest Grain Diameter|:|inch

Thickness / Diameter, (t/d): 0.43

t/D ratio between 0.2 and 0.75 yes
Largest Grain Diameter:| inch

Data Acquisition File B180-4-R3A

Maximum Load 3099 |Ib

Data Acquisition File B180-4-R3B
Maximum Load 3197 Ib

After Test After Test
Container No.: M4 Container No.: M23
Initial Mass + cont. (g): 176.63 Initial Mass + cont. (g): 169.29
Dry Mass + cont. (g): 176.12 Dry Mass + cont. (g): 168.82
Mass of cont. (g):| 51.30 Mass of cont. (g): 51.08
Water content (%):  0.41 Water content (%): 0.40
Total unit weight (pcf):  172.24 Failure Photo Total unit weight (pcf): 172.41
Dry unit weight (pcf):  171.54 Dry unit weight (pcf): 171.72
Splitting Tensile Strength (psi) 1098.73 Splitting Tensile Strength (psi)  1200.31
Mott MacDonald 353754AE01 Penn East Pipeline DATA SHEET
SPLITTING TENSILE STRENGTH TEST
TerraSense, LLC 7978-16001(17) 1-80 Carbon County, PA Boring: B-180-4
Run: R-3 Depth: 110.3-110.5 ft.

Analysis File: D3967V4.xls (9/09) 1/11/2017 BR-b180-4r3.xIs




Depth:

Load Orientation: Diametral Axial
Length to nearest

free end, L (mm) 28.3 25.5
Specimen Width,

W (mm) 50.2 50.2

D (mm) 50.0 47.0

D' (mm) 50.0 47.0

D, (mm) 50.0 54.8

Failure Load, P (Ib) 1076 1364

Point Load (N) 4786 6067

Point Load (Mpa) 1.91 2.1

Index, 1s50 (psi) 280 310
Unconfined

Compressive 6474 7435

Strength (psi)

Specimen
/Failure
photo
Tare No. M-24
Wet + Tare (gm) 265.78
Dry + Tare (gm) 265.11
Tare (gm) 50.99
Water Content% 0.31
Comments
Test by: RAT Test Date:  1/5/2017 Reviewed by: GET
Penn East Pipeline
POINT LOAD STRENGTH INDEX OF ROCK
1-80 ASTM D5731
Carbon County, PA
Mott MacDonald 353754AE01

Boring: B-180-4 Run: R-4

TerraSense, LLC

7978-16001(17)

Depth: 116-116.65 ft.

Analysis File: PLV4 (9/09)

1/11/2017
PL-b180-4r4.xlIsx




SPLITTING TENSILE (Brazilian) TEST
ASTM D 3967

Project Number: 7978-16001(17) Test by: AM Boring: B-180-4
Project Name: Penn East Pipeline I-80 Carbon County, PA Test Date: 1/6/17 Run: R-5
SPECIMEN READINGS
Test Number: A Test Number: B
Depth: 120.05-120.15 Depth: 120.15-120.25
Specimen mass(gm): 116.39 Specimen mass(gm): 119.15
Thickness Diameter Thickness  Diameter
(inch) (inch) (inch) (inch)
0.850 1.970 0.871 1.966
0.851 1.970 0.872 1.966
0.849 1.971 0.874 1.967
Average 0.850 1.970 Average 0.872 1.966
Thickness / Diameter, (t/d):  0.43 Thickness / Diameter, (t/d): 0.44
/D ratio between 0.2 and 0.75 yes /D ratio between 0.2 and 0.75 yes
Largest Grain Diameter|:|inch Largest Grain Diameter inch
Data Acquisition File B180-4-R5A Data Acquisition File B180-4-R5B
Maximum Load| 4409 |Ib Maximum Load 2896 Ib
After Test After Test
Container No.:, M31 Container No.: M10
Initial Mass + cont. (g): 165.40 Initial Mass + cont. (g): 169.95
Dry Mass + cont. (g):| 165.02 Dry Mass + cont. (9): 169.58
Mass of cont. (g):| 49.39 Mass of cont. (g): 51.83
Water content (%):  0.33 Water content (%): 0.31
Total unit weight (pcf):  171.21 Failure Photo Total unit weight (pcf): 171.51
Dry unit weight (pcf):  170.65 Dry unit weight (pcf): 170.97
Splitting Tensile Strength (psi) 1676.71 Splitting Tensile Strength (psi) 1075.51

Mott MacDonald

353754AE01 Penn East Pipeline

TerraSense, LLC

7978-16001(17) 1-80 Carbon County, PA

DATA SHEET
SPLITTING TENSILE STRENGTH TEST
Boring: B-180-4
Run: R-5 Depth: 120.05-120.25 ft.

Analysis File: D3967V4.xls (9/09)

1/11/2017

BR-b180-4r5.xls




