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February 8, 2018

Subject: HDD Feasibility Memorandum — Updated 02.08.18
26-inch Northeast Supply Enhancement Project — Madison Loop
Cheesequake Road HDD

Attachment: Cheesequake Road HDD Plan, Profile and Stringing Drawing
Hydraulic Fracture and Inadvertent Drilling Fluid Returns Analysis
AECOM Boring Log and Laboratory Test Results

Laney Directional Drilling Co. (Laney) is pleased to present this Horizontal Directional Drill (HDD) feasibility
memorandum for the proposed Cheesequake Road HDD summarizing the results of our constructability
review based on information available to us as of the issuance of this memorandum. The proposed HDD is
part of the Transcontinental Gas Pipe Line Company, LLC’s Northeast Supply Enhancement Project 26-inch
Madison Loop and is located in Middlesex County, New Jersey. The HDD method of construction is being
considered by Williams E&C (Williams) to cross beneath a creek and Cheesequake Road approximately 2
miles southwest of South Amboy, New Jersey.

Surface Conditions:

Laney visited the Cheesequake Road site on June 23, 2016 and again on August 31, 2016 with
representatives from Williams to assess the surface conditions along and near the proposed Cheesequake
Road HDD. The Cheesequake Road HDD alignment is roughly orientated from east to west (entry and exit
sides, respectively).The Cheesequake Road HDD, as currently proposed, is 1,900 feet in length measured
along the centerline alignment. Please refer to the “NOT FOR CONSTRUCTION?” plan, profile and stringing
drawing Cheesequake Road HDD Revision J dated February 8, 2018 (plan, profile and stringing drawing) for
reference.

The proposed entry point is located in a relatively flat densely wooded area at an elevation of approximately
83 feet North American Vertical Datum 88 (NAVD 88). ). From entry, the HDD alignment trends along the
existing pipeline right-of-way with the ground surface sloping down to a low lying area and a creek before
undulating along the north creek bank to Cheesequake Road. To the west of the entry location, the HDD
alignment trends adjacent to the existing pipeline right-of-way crossing it twice with the ground surface
sloping up a hill before sloping back down to the proposed exit point at an elevation of approximately 72 feet
NAVD 88.

The entry side workspace may be accessed from the east by Highway 9 and a temporary access road along
the pipeline right-of-way (ROW). Note that an existing powerline corridor exists across the access to the entry
workspace. Height restrictions of equipment may be required along this area. The exit side workspace may
be accessed from the east by Cheesequake Road via the pipeline ROW and a temporary access road. The
carrier pipe stringing area will be located on the exit side of the crossing and extend approximately 800 feet
west of the proposed exit point. A minimum of two tie-in welds is required during pullback operations due to
the limited carrier pipe stringing area length.

Subsurface Conditions:

Williams retained AECOM to perform a geotechnical exploration and laboratory testing program at the
proposed HDD site. The geotechnical exploration program has completed three (3) geotechnical boring
between September 15, 2016 and August 23, 2017 for the Cheesequake Road crossing. The borings were
completed to depths ranging from 113-ft to 157-ft below ground surface (bgs). The location of the
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geotechnical borings relative to the HDD alignment are depicted in the plan and profile drawing. The
subsurface materials noted in the boring logs consisted predominately of clay with sand and sand with varying
amounts of silts overlying silts, sands and clays. Refer to TABLE 1: Summary of Geotechnical Borings for
further information.

TABLE 1: SUMMARY OF GEOTECHNICAL BORINGS

08/14/17 - SANDY CLAY / SAND / SILTY
CB-1 08/15/17 71.8 ft. 113.4 ft. SAND FIRM / MEDIUM / VERY DENSE
SANDY SILT / CLAYEY SILT / STIFF/ VERY STIFF / VERY
EEas ez it i tiletis SAND / CLAY DENSE / VERY STIFF
09/15/16 -
CB-3 09/20/16 66.3 ft. 157.0 ft. SAND / SILT / SILTY SAND MEDIUM / STIFF / VERY DENSE

Hydraulic Fracture Analysis:

Analysis of hydraulic fracture potential (fracture of the soil formation being drilled because of the annular
pressure during drilling operation) consists of two steps: (i) estimation of annular drilling fluid pressure, and
(ii) estimation of pressure at which shear failure of soil occurs (formation limit pressure). Typically, the
maximum drilling fluid pressure occurs during pilot hole process. This is because frictional head loss is
reduced in larger hole diameters. Also, in granular soil formations (angle of friction greater than zero), the
shear failure pressure or limiting pressure increases with the increase in drilled hole diameter. For these
reasons, the hydraulic fracture analysis is carried out for pilot hole process only. The factor of safety against
hydraulic fracture is defined as the ratio between the estimated formation limit pressure and the estimated
annular drilling fluid pressure. Similarly, factor of safety against inadvertent returns measures risk of
inadvertent returns to the surface if the fracture of the formation being drilled occurs. This is calculated by
dividing the limit pressures of the strongest soil layer above the drill path by the fluid pressure that layer is
expected to be subject to.

Laney performed a hydraulic fracture and inadvertent returns analysis for the HDD pilot hole. As shown in
the attachment, the factor of safety against hydraulic fracture under majority of the crossing, including the
Cheesequake Road will be greater than 1.5 for the majority of the drill path. The exception to this occurs
approximately at station 118+50 which is located approximately 50-ft from exit. Based on this analysis, we
conclude that there is a low risk of inadvertent returns if the pilot hole is drilled as designed. This includes
under critical areas along the drill path with exception of near the exit which can appropriately mitigated
during construction.

Based on our evaluation of the proposed crossing, the anticipated drilling fluid properties and tooling used in
our analysis are presented in Table 2 below.
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TABLE 2: ANTICIPATED FLUID PROPERTIES AND TOOLING

Drill Bit Diameter 10.625 Inch
Drill Pipe Diameter 5.5 Inch
Drilling Fluid Flow Rate 300 gpm?
Drilling Fluid Weight 9.5 ppg?

Notes:
! Gallons per minute.
2Pounds per gallon (drilling fluid anticipated to be mainly water with additional of minimal bentonite for this crossing).

Drilling fluid properties are dependent on construction practices of the HDD contractor, field conditions and
interpretations of the drilling fluid engineer. Annular drilling fluid pressures can significantly change with
changes in drilling fluid properties. Therefore, it is important to re-evaluate drilling fluid pressures based on
fluid properties during HDD installations and compare them with estimated limiting pressures of the formation.
Additionally, annular pressure measurement tools can be used to monitor annular pressure during the HDD
installation.

The hydraulic fracture analysis performed by Laney does not account for pre-existing fractures in the
formation. The inadvertent returns may occur through the pre-existing fractures in the formation.

Calculated factors of safety against hydraulic fracture are presented in the attachment. It should be noted
that the analysis is based on the HDD contractor maintaining fluid returns to the entry pit; if drilling fluid returns
are not maintained the analysis may no longer be valid. However, loss of drilling fluid returns does not
automatically indicate that an inadvertent drilling fluid returns occurrence is imminent.

HDD Feasibility Considerations and Recommendations:

The Cheesequake Road HDD is currently proposed with a length of 1,900 feet and based on the current
stringing area of approximately 800 feet, two (2) tie in welds will be required during pullback. We do not
recommend extending the currently proposed length of the crossing beyond 1,900 feet because additional
tie-in weld(s) will be required during pullback. Increasing the length of the crossing would create additional
tie-in weld(s) during pullback and increase the risk of failure of the crossing especially when the HDD profile
is located in overburden soils.

The risk of inadvertent drilling fluid returns along the HDD alignment near exit is generally low when the HDD
profile is located in the medium dense to very dense sand. The highest risk of inadvertent returns is near the
entry and exit points where the depth of cover is thin. We anticipate that the highest risk of inadvertent drilling
fluid returns to be within approximately 75-50 feet of exit.

The HDD alignment crosses the existing 42-inch Lower Bay Loop “C” pipeline at approximate stations 5+60
and 16+80. We understand that the 42-inch Lower Bay Loop “C” pipeline was conventionally installed at
stations 5+60 and 16+80 at depth of approximately 4 feet below ground surface (bgs). Based on the depth
of the existing pipeline and the designed HDD profile depth there is over 40 feet of vertical separation at both
crossing locations.
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We anticipate that access to both the entry and exit sides of the proposed crossing from Highway 9 and
Cheesequake Road will require traffic control for construction traffic ingress and egress to the workspaces.
There is less than 3 feet of shoulder on Highway 9 with a high traffic density and will likely require closing the
outside (west) lane during HDD construction. Cheesequake Road may require flaggers and traffic signs for
construction traffic ingress and egress.

There is approximately 11 feet of elevation differential between the entry and exit sides of the crossing and
we anticipate that challenges associated with elevation change should be minimal.

The entry and exit points are located within approximately 760 feet and 790 feet, respectively from noise
sensitive areas (NSA) such that noise mitigation measures may be required during construction. Noise
mitigation measures may include mufflers on diesel engines and/or noise abatement walls. Depending on
local ordinances, the decibel level may not be able to exceed certain thresholds. In addition to noise mitigation
measures, active monitoring of the construction sites decibel level output may be required.

Based on the results of our analysis, site visit and geotechnical data at the proposed Cheesequake Road
HDD, we anticipate that this HDD is feasible from the currently available geotechnical data, geometrical, and
surface conditions perspective.
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A-13

LOG of BORING No. CB-1

Sheet 1 of 3

Northing: 40.444758

DATE _8/14/2017-8/15/2017  SURFACE ELEVATION 71.8 LocaTioN _Easting: -74.304155
W i o
: u = RS
25 |52 | gr|os|o% |
E o E'@ § DESCRIPTION 'Ez:<>t 5% Ll 3E| 28 »
a1z 25 |2 U 1R5 22|25 |25 | 4
al?| oW | < 2] =z S =
P w o
0
4 SS Firm to very stiff dark gray to gray silty to sandy CLAY 18
8 |SS 2.4
5 4 |SS 1.6
10 |SS 1.9
7 |SS 1.6
10
12 |SS 1.0
15] 6 |SS 15
20] 6 |SS 1.6
1M 49.3
Medium dense gray to orange brown silty fine SAND to
25] 12 [SS| sandy SILT
30] 16 |SS
] 20 |SS
35
] 22 |SS
40
’ (Undivided Magothy Unit)
% ] 22 |SS (Continued on Sheet 2 of 3)
é Completion Depth: 113.4 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.
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LOG of BORING No. CB-1

Sheet 2 of 3

Northing: 40.444758

DATE _8/14/2017-8/15/2017  SURFACE ELEVATION 718 LocaTioN _Easting: -74.304155
W i »
. u o z [ X =
L1822 | S0 ot g= (o525 B
E < %5 § DESCRIPTION << 8&"2 i 5% %ﬂé o
wi S =R | = EW gL 22|45 23| T
=) oyl b4 n ] = (@] =
x | & w o o)
45
. - Continuing medium dense to very dense gray to orange
. brown silty medium to fine SAND
] 16 |SS
50
] 23 |SS
55
] 21 |SS
60
] 27 |SS
65
| GRS
70—
:|I 88 |SS
75—
] 9 |gg| -loose
80
Jsonnrr|ss
85—
’ (Undivided Magothy Unit)
% ] 12 |SS (Continued on Sheet 3 of 3)
é Completion Depth: 113.4 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.
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LOG of BORING No. CB-1

Sheet 3 of 3

Northing: 40.444758

DATE _8/14/2017-8/15/2017  SURFACE ELEVATION 71.8 LocaTion _Easting: -74.304155
W i o
. i N
g g2 |& 38 |52 | go|ox|os| B
gl = = Yol S -
E % %% § DESCRIPTION .E(E% 8.‘3_‘?, L;_(E g% %E o
D) w o
90
. - Continuing very dense light gray to orange brown silty
. fine SAND to sandy SILT
] 49 |SS
95
] 44 |SS
100—
] 55 |SS
105
W 505" |sS
110
] (Old Bridge Sand)
™ 50/5" [SS -41.6
115+
— Notes:
= 1. Ground surface elevation at the boring location was
= surveyed by Williams surveyors.
120 2. Groundwater level could not be measured due to the
. drilling method.
. 3. Values under "Pocket Penetrometer" are pocket
. penetrometer resistance readings in tons per square foot, an
. indication of unconfined compressive strength of cohesive
125— soils.
130
% Completion Depth: 113.4 ft. Water Depth: __See  ft,After____ hrs.
g Project No.: 60515039 Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.
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LOG of BORING No. CB-2

Sheet 1 of 3

Northing: 40.443491

DATE 8/23/2017 SURFACE ELEVATION 69.1 LocaTioN _Easting: -74.307126
W i o
B Lu OO
n i 2% % %é EE,\ nc:" o |28 E
£l Tl |4 DESCRIPTION << §g§ £l 3|25
RS EAEE EEIE:
s\"l 7% |5 - 5
o
0 9 ss Medium dense orange brown silty coarse to fine SAND
with gravel 67.1
9 ss \ (Pennsauken Formation)/
5 9 |ss| Medium dense to dense light brown to orange brown 56 M
medium to fine SAND with silt
16 |SS
10 |SS
10
8 |SS
4 | L. 56.1
Soft to very stiff brownish gray to dark gray clayey SILT to
15] 5 SS silty CLAY, trace sand 031253 M
20] 22 |SS 4.1
1 | L 46.6
Medium dense gray to brown silty fine SAND
25] 16 |SS 22.6 M
39.1
30] 27 |SS Very stiff to hard dark gray silty CLAY >4.5121.2 M
N N 37.1
16 |ss Medium dense to dense light brown silty medium to fine
35 SAND to medium to fine SAND with silt
] 13 |SS
40
’ (Undivided Magothy Unit)
% ] 29 |SS (Continued on Sheet 2 of 3)
é Completion Depth: 115.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.
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LOG of BORING No. CB-2

Sheet 2 of 3

Northing: 40.443491

DATE 8/23/2017 SURFACE ELEVATION 69.1 LocaTioN _Easting: -74.307126
ol o |8 2| B s o
L1822 | 50 |52 ge|o%|es| ¢
~ _ YA 5. - [
E < Lt § DESCRIPTION << 8&"2 i 5% %ﬂé o
wi S =R | = EW gL 22|45 23| T
a wd < N =z 8 =
D) w o
45
. - Continuing medium dense to dense orange brown to light
. grayish brown silty medium to fine SAND to medium to
fine SAND with silt
] 18 |SS
50
] 10 |SS
95
] 19 |SS
60
] 34 |SS
65
] 30 |sg| - tracegravel 224 M
70
] 37 |SS 5.4 |>4.5
75
. Very stiff brownish gray to light brown silty to sandy
- CLAY
] 27 |SS 2.1(20.0 M
80
1 .- -12.4
Very dense gray silty medium to fine SAND, trace clay
] 82 |SS
85
1 .- -17.4
’ (Undivided Magothy Unit)
% ] 36 |SS (Continued on Sheet 3 of 3)
é Completion Depth: 115.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.
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LOG of BORING No. CB-2

Sheet 3 of 3

Northing: 40.443491

DATE 8/23/2017 SURFACE ELEVATION 69.1 LocaTioN _Easting: -74.307126
W i o
B Lu OO
g 22 | & 25 |5l | oc|os|os| B
£l Eg Y DESCRIPTION 5% ég"'u_'s EE 3= '%E E
IéJ % % & <§( 'U_) d D_% = % =3 (a3 E
x | & w o o)
90
. Medium dense to dense gray to dark brownish gray sandy
. to clayey SILT
] 50 |SS 3.6 (285 M
957 (Undivided Magothy Unit) |
Medium dense to very dense gray to brownish gray silty
] 27 |SS| medium to fine SAND, trace gravel
100
W 505" |sS
105—
W 505" |sS
110 -41.9
j Stiff to very stiff light brown silty CLAY
29 |SS (Old Bridge Sand) 1.8
115—:I -45.9
| Notes:
120 1. Ground surface elevation at the boring location was
| surveyed by Williams surveyors.
| 2. Groundwater level was measured at approximately 12.9
| ft below existing ground surface on completion of drilling.
| 3. Values under "Pocket Penetrometer" are pocket
1251 penetrometer resistance readings in tons per square foot, an
| indication of unconfined compressive strength of cohesive
| soils.
130
é Completion Depth: 115.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 Notes it After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.
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LOG of BORING No. CB-3

Sheet 1 of 4

Northing: 40.44282019

paTe _9/15/2016-9/20/2016 SURFACE ELEVATION 66.3 LOcATION _Easting: -74.30894441
W i o
1] o
Flo|l 00 | & 52 |- Sl eloel B
; Iji'J §|<Z£ E DESCRIPTION '25 30 E% %i E,i— F
S £ SEL 2£|85|335| §
wi S =R | = EW gL 22|45 23| T
a wd < N =z 8 =
D) i o
O o
10 |SS . . .
Loose to medium dense orange brown to light brown silty
13 |sg| coarse to fine SAND, trace gravel
5 8 |SS 16.5 M
15 |SS
8 |SS
10
11 |SS
15
] 8 |SS
20
] 7 |SS 16.7 M
1 | L 42.8
25 Medium dense to very dense orange brown to light brown
] 29 | SS| SILT with sand to silty medium to fine SAND
30
] 49 |SS 5.0 M
35
J o511 |88 3.7 M
40
] 30 |SS
i (Undivided Magothy Unit)
% . (Continued on Sheet 2 of 4)
é Completion Depth: 157.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
g Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM
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LOG of BORING No. CB-3

Sheet 2 of 4
Northing: 40.44282019

paTe _9/15/2016-9/20/2016 SURFACE ELEVATION 66.3 LOcATION _Easting: -74.30894441
W i o
B Lu (=]
L@l 2 % % %5 EE n:i" as gc\° E
| H| 3 FE |¥Bh| WwZ |5 - bl I
E % %% § DESCRIPTION .E(E% 8.%?, L;_(E §§ %E o
g & < g % n d D-%J 8 N e | E
45 o
89/7" 1SS Continuing medium dense to very dense orange brown to 20.2 M
. light brown SILT with sand to silty medium to fine SAND
50
] 24 |SS
95
] 13 |sg| -trace gravel 191 M
60
] 34 |SS
65
J sanrrss 23.0 M
70—
1| 7om1" | ss.
1 | L -7.2
75—_|l 50/3" | SS ;;?1?1/ stiff to hard light gray to orange brown CLAY with 331167] 291 17| ™
| Undivided Magothy Unit
. . (Undivided Magothy Unit) |},
80—|l 50/4" | SS Very dense light brown to light gray silty medium to fine 224 M
- SAND
85
] 69 |SS
i (Old Bridge Sand)
% . (Continued on Sheet 3 of 4)
é Completion Depth: 157.0 ft. Water Depth: __See ft, After hrs.
% Project No.: 60515039 __Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
§ Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM
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LOG of BORING No. CB-3

Sheet 3 of 4
Northing: 40.44282019

paTe _9/15/2016-9/20/2016 SURFACE ELEVATION 66.3 LocaTioN _Easting: -74.30894441
W i o
. u o z [ X =
Tl g2 |E o2 a2 g (o% (25|
T 3 w o O =
E % %% = DESCRIPTION .3(_‘% 8.‘”_‘?, L;_‘LIEJ g% %% o
ol|?| od = og (T4 S - =
D) w o
90
50 |SS| - Continuing very dense light brown to light gray silty 21.0 M
medium to fine SAND
95
] 55 |SS 22.8 M
100
] 67 |SS
1 | L -37.2
105—m s50/5" |ss| Medium dense to very dense light brown to orange brown
— medium to fine SAND with silt
110-g s0i4" | ss 22.7 M
115
] 32 |SS
120
] 62 |SS
1t | L -57.2
125 Dense light gray sandy SILT with clay
] 51 |SS
1t | L -62.2
130 Dense to very dense light gray to orange brown coarse to
] 88 |SS| fine SAND
i (Old Bridge Sand)
% . (Continued on Sheet 4 of 4)
é Completion Depth: 157.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
g Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM
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LOG of BORING No. CB-3 _ Sheet 4 of 4
Northing: 40.44282019

pATE _9/15/2016-9/20/2016 SURFACE ELEVATION 66.3 LocaTion _Easting: -74.30894441

u i ”
- Lu o
L8] 2 % % %5 EE n:i" ol gc\° ﬁ
Tl & = EE |xph| Wz |5 bl I
E % %% § DESCRIPTION ,E(E% 8.‘3_‘?, L;_(E gé %E o
aly 0w <§( n d D.% ) a3 E
x | & w o o)
135
44 |SS| - Continuing dense to very dense light gray to orange

brown coarse to fine SAND

140
q = |

1 .- -77.2
145 Very stiff to hard light gray silty CLAY
] 72 |SS 3.2
1 | L -82.2
150 Dense to very dense dark gray to light brown silty fine
] 65 |SS| SAND, trace clay
1 | L -87.2
155__ - no sample taken at 155 to 157 ft
| (Old Bridge Sand) -90.7
160—
| Notes:
| 1. Ground surface elevation at the boring location was
165 surveyed by Williams surveyors.
| 2. Groundwater levels were measured as shown below:
| Date & Time GW Depth (ft) GW Elev. (ft)
| 09/16/16 08:55 42.0 24.3
| 09/16/16 10:55 40.7 25.6
170— 09/20/16 08:00 44.0 22.3
| 3. Values under "Pocket Penetrometer" are pocket
| penetrometer resistance readings in tons per square foot, an
| indication of unconfined compressive strength of cohesive
| soils.
175+
é Completion Depth: 157.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
§ Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM




LAB_SUMMARY_TABLE_BLUEBELL MADISON_LAB.GPJ URS_BLUE.GDT 10/3/17

Project: Williams NESE - Madison
Project No.: 60515039

SUMMARY OF LABORATORY TEST RESULTS

Atterberg Limits Grain Size S é Unconfined Triaxial 2
Boring Water |Dry Unit Organic Z g Compression | Compression =
and Sample| Depth Classification USCS [Content| Weight Liquid Pl_ast_ic Specific| Content| <#200 | <2u 8 § Stress | Strain g 2 Special
Number (feet) Symbol | (%) (pcH | Limit | Limit |Gravity| (%) (%) (%) § é (psi) (%) uu Clu E g Tests
AB-1
8.0-10.0 | Brown SILTY SAND SM 11.7 15
AB-L 24.0-26.0 28.4 87
AB-1 48.0-50.0 275 38 23
AB-1
58.0-60.0| Gray SANDY SILT ML 18.7 57
AB-2
50.0-52.0] Brown SILTY SAND SM 239 17
AB-2
55.0-57.0| Dark gray SILT ML 26.8 42 26 86
AB-2 .
60.0-62.0| Dark gray SILT with SAND ML 22.6 71
AB-2
70.0-72.0] Gray SILTY SAND SM 244 33
AB-2
75.0-77.0] Gray SANDY SILT ML 214 54
AB-2 .
80.0-82.0| Gray LEAN CLAY with SAND CL 26.0 35 22 81
AB-2 .
85.0-87.0| Gray SILT with SAND ML 244 82
AB-2
95.0-97.0| Gray SILTY SAND SM 22.0 19
AB-3 .
6.0-8.0 | Brown SILTY SAND with GRAVEL SM 18.8 24
AB-3
10.0-12.0] Brown SANDY LEAN CLAY CL 17.4 34 18 60
AB-3
20.0-22.0| Brown gray SILTY SAND SM 12.5 30
AB-3
30.0-32.0| Brown gray SILTY SAND SM 8.6 16
AB-3
40.0-42.0| Brown gray SILTY SAND SM 12.5 25
AB-3
50.0-52.0 Brown gray SILTY SAND SM 12.2 27
AB-3 60.0-62.0 glr&vyn POORLY GRADED SAND with SP-SM 8.7 1
Note: The soil classification is based partially on visual classification unless both grain size and Atterberg limits are performed.
% Refer to Laboratory Test Curves Sheet 1 of 3
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LAB_SUMMARY_TABLE_BLUEBELL MADISON_LAB.GPJ URS_BLUE.GDT

Project: Williams NESE - Madison
Project No.: 60515039

10/3/17

SUMMARY OF LABORATORY TEST RESULTS
Atterberg Limits Grain Size S é Unconfined Triaxial 2
Boring Water |Dry Unit Organic Z g Compression | Compression =
and Sample| Depth Classification USCS [Content| Weight Liquid Pl_ast_ic Specific| Content| <#200 | <2u 8 § Stress | Strain g 2 Special
Number (feet) Symbol | (%) (pcH | Limit | Limit |Gravity| (%) (%) (%) § é (psi) (%) uu Clu Eg Tests
AB-3
70.0-72.0| Gray brown SILTY SAND SM 23.8 19
AB-3
75.0-77.0] Brown SILTY SAND SM 12.1 25
AB-3
80.0-82.0 Brown SILTY SAND SM 12.0 16
AB-3
90.0-92.0| Dark gray SILT ML 30.3 45 29 91
AB-3
95.0-97.0| Dark gray SANDY SILT ML 37.9 69
AB-4
8.0-10.0 | Brown SILTY SAND SM 12.8 17
AB-4 29.0-31.0 glr&vyn POORLY GRADED SAND with SP-SM 120 12
AB-4
39.0-41.0 22.6 30 18
AB-4 78.0-80.0, 28.0 43 22
AB-4 .
83.0-85.0| Light brown SILTY SAND SM 17.5 31
CB-2 4.0-6.0 Brown POORLY GRADED SAND with SP-SM 5.6 7
SILT
B2 14.0-16.0 25.3 45
CB-2
24.0-26.0| Gray SILTY SAND SM 22.6 32
B2 29.0-31.0 21.2 71
CB-2 Light brown POORLY GRADED SAND
68.0-70.0 with SILT SP-SM 224 7
B2 78.0-80.0 20.0 65
B2 93.0-95.0 28.5 43
CB-3
4.0-6.0 | Brown gray SILTY SAND SM 16.5 40
CB-3
20.0-22.0| Brown SILTY SAND SM 16.7 19
Note: The soil classification is based partially on visual classification unless both grain size and Atterberg limits are performed. g
% Refer to Laboratory Test Curves Sheet 2 of 3




LAB_SUMMARY_TABLE_BLUEBELL MADISON_LAB.GPJ URS_BLUE.GDT

Project: Williams NESE - Madison
Project No.: 60515039

10/3/17

SUMMARY OF LABORATORY TEST RESULTS

Atterberg Limits Grain Size S é Unconfined Triaxial 2
Boring Water |Dry Unit Organic Z g Compression | Compression =
and Sample| Depth Classification USCS [Content| Weight Liquid Plast_ic Specific| Content| <#200 | <2u 8 § Stress | Strain g 2 Special
Number (feet) Symbol | (%) (pcH | Limit | Limit |Gravity| (%) (%) (%) § é (psi) (%) uu Clu Eg Tests
CB-3 .
30.0-32.0| Brown SILT with SAND ML 5.0 77
CB-3 350-37.0 glr&vyn POORLY GRADED SAND with SP-SM 37 7
CB-3
45.0-47.0| Brown SILTY SAND SM 20.2 18
CB-3
55.0-57.0] Brown SILTY SAND SM 19.1 23
CB-3 65.0-67.0 glr&vyn POORLY GRADED SAND with SP-SM 23.0 9
CB-3 .
75.0-77.0] Brown LEAN CLAY with SAND CL 16.7 29 17 71
CB-3
80.0-82.0| Brown SILTY SAND SM 224 18
CB-3 90.0-92.0 glr&vyn POORLY GRADED SAND with SP-SM 210 9
CB-3
95.0-97.0| Gray SILTY SAND SM 22.8 48
CB-3 LlO.O-llZ.OEIrE.IWn POORLY GRADED SAND with SP-SM 297 8
MDE-1 10.0-12.0 1838 55
MDB-1
19.0-21.0] Brown gray SILTY SAND SM 28.4 33
MDB-1 34.0-36.0 glr&vyn POORLY GRADED SAND with SP-SM 256 9
MDB-1 i
48.0-50.0 glr&vyn POORLY GRADED SAND with SP-SM 255 7
MDE-1 63.0-65.0] 19.6 33 16
Note: The soil classification is based partially on visual classification unless both grain size and Atterberg limits are performed.
% Refer to Laboratory Test Curves Sheet 3 of 3
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SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

Light brown POORLY GRADED SAND with SILT (SP-SM)

Williams NESE - Madison

SYMBOL X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring CB-2 CB-2 CB-2
coarse fine coarse| medium fine Sample
Spec
Depth (ft) 68.0-70.0 78.0-80.0 93.0-95.0
U.S. STANDARD
SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % +3" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 91 0.0 0.0
100 BRI EEL ?\p] 1 T T T [0 % Sand 83.9 0.0 0.0
" ; ; % Fines 7.0 64.5 42.5
90 ; g : % -2
‘: : Cc 1.14
80 : Cu 2.64
: LL
70 PL
: Pl
2 n uscs SP-SM
g 60 : w (%) 224 20.0 285
£ \ : Particle
£ %0 ; Size PERCENT FINER
L - Sieve #
8 A ( ) X A
@ 40 \ : 3n
[a \ o
30 r
3/4" 100.0
\ 1/2" 97.1
20 \ 3/8" 92.9
4 90.9
10 & 10 90.3
‘—H 20 89.6
0 : F| 40 86.8
100 10 1 0.1 0.01 0.001 60 44.3
PARTICLE SIZE (mm) 100 11.8
200 7.0 64.5 42.5
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION

Light brown ()

Project Number
60515039

October 2017

Figure B-14

Gray ()

v1-d



SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

SYMBOL P4 A
GRAVEL SAND -
COBBLES SILT OR CLAY Boring CB-3 CB-3 CB-3
coarse fine coarse| medium fine Sample
Spec
Depth (ft) 4.0-6.0 20.0-22.0 30.0-32.0
U.S. STANDARD
SIEVE OPENING IN NCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 4.6 4.9 0.0
100 I I TTT m:\ I I T I % Sand 555 75.9 0.0
; T % ——i'\ ; % Fines 40.0 19.2 77.3
80 2 2 2 % -2y
CHL I c
80 * : Cu
A LL
20 3 PL
: PI
Q \ : uscs SM SM ML
=z 60 :
@\ \ \ : w (%) 16.5 16.7 5.0
I \ Particle
£ %0 \ ; Size PERCENT FINER
E)J (Sieve #) X A
@ 40 \ - "
3
w & :
o o
30 \ 1"
NI 34 100.0
: 1/2" 100.0 96.4
20 4 3/8" 99.3 96.4
: 4 95.4 95.1
10 10 93.8 94.2
20 91.7 93.7
: , : 40 86.1 93.1
° 100 0 1 01 0.01 0.001 60 8.9 88.1
PARTICLE SIZE (mm) 100 64.5 36.1
200 40.0 19.2 77.3
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
@ Brown gray SILTY SAND (SM) -
P“gggtl'g‘ggber October 2017 | Figure B-15
X Brown SILTY SAND (SM)
A Brown SILT with SAND (ML) m
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SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

SYMBOL X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring CB-3 CB-3 CB-3
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 35.0-37.0 45.0-47.0 55.0-57.0
U.S. STANDARD
SIEVE OPENING IN NCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 0.0 2.1
100 I I [y ] T i I % Sand 92.9 81.9 747
: \ ; % Fines 7.1 18.1 232
% ; : % -2u
; Cc 1.41
80 : Cu 2.48
\* LL
70 't\ : PL
: PI
9 § uscs SP-SM SM SM
g 60 : w (%) 37 20.2 19.1
I : Particle
£ %0 \ ; Size PERCENT FINER
E)J \\\ (Sieve #) x A
i 40 ; 3
: il
20 \l_\ 1" 100.0
N E 34 97.9
\ \ W 1/2" 97.9
20 R ﬁ 3/8" 97.9
: 4 100.0 100.0 97.9
10 \ 10 99.9 99.3 97.5
. 20 99.9 97.0 96.9
: || 40 97.0 90.4 93.9
° 100 10 1 o1 0.01 0.001 60 72.8 75.0 68.7
PARTICLE SIZE (mm) 100 18.6 29.6 384
200 7.1 18.1 232
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
) Brown POORLY GRADED SAND with SILT (SP-SM) -
Project Number | . 1or 2017 | Figure B-16
X Brown SILTY SAND (SM) 60515039
A Brown SILTY SAND (SM) m

9T-d



SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

Brown POORLY GRADED SAND with SILT (SP-SM)

Williams NESE - Madison

SYMBOL X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring CB-3 CB-3 CB-3
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 65.0-67.0 75.0-77.0 80.0-82.0
U.S. STANDARD
SIEVE OPENING IN NCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 0.0 0.0
100 I | TTTT m | ¥ TR | I % Sand 90.9 28.7 81.8
] \ ; % Fines 9.1 713 182
% : : % -2u
\ \* IXI\\ Ce 1.48
80 : : cu 3.41
: \ \ : LL 29
70 1 b4 PL 17
\ : PI 12
9 | § USCS SP-SM cL SM
g 60 \ : w (%) 23.0 16.7 224
I \ Particle
£ %0 \ ; Size PERCENT FINER
I : Sieve #
S U mens = =
& 1l
30 * 1"
\ O\ 3/4"
\ ; 1/2"
20 N 3/8"
: 4
10 10 100.0 100.0
20 100.0 99.9 99.9
, . . 40 96.1 99.9 99.6
O . . .
100 10 1 0.1 0.01 0.001 60 50.8 99.2 83.3
PARTICLE SIZE (mm) 100 16.3 892 324
200 9.1 713 182
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION

Brown LEAN CLAY with SAND (CL)

Project Number
60515039

October 2017

Figure B-17

Brown SILTY SAND (SM)

LT-d



SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

SYMBOL ° X A
COBBLES CRAVEL SAND SILT OR CLAY Boring CB-3 CB-3 CB-3
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 90.0-92.0 95.0-97.0 110.0-112.0
U.S. STANDARD
SIEVE OPENING IN NCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 0.0 0.0
100 | | 7T ll ’ ! '*‘\é ] % Sand 90.7 51.7 92.4
: : : : \ R % Fines 9.3 48.4 7.6
90 \ % -2
; \ Cc 1.25 1.86
80 . Cu 352 3.94
* \ LL
70 : PL
N Pl
Q x‘ uSsCcs SP-SM SM SP-SM
=z 60 .
? : & w (%) 21.0 22.8 22.7
I \ \ Particle
£ %0 ) & Size PERCENT FINER
E)J \ (Sieve #) ® X A
x : o
m 40 \ : 3
o . on
30 \ r
\ ; 3/4"
* : 1/2"
20 \ ; 38"
: 4 100.0 100.0
10 : 10 99.7 99.4
ll 20 94.1 100.0 92.7
: : : : : 40 77.2 99.9 65.1
0 100 10 . 1 . 0L 0.01 0.001 60 56.7 99.7 22.8
PARTICLE SIZE (mm) 100 251 9.9 131
200 9.3 48.4 7.6
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
) Brown POORLY GRADED SAND with SILT (SP-SM) PP ——
610515039 October 2017 | Figure B-18
X Gray SILTY SAND (SM)
A Brown POORLY GRADED SAND with SILT (SP-SM) m

8T-d



GEOENGINEERS /j Memorandum

3050 South Delaware Avenue, Springfield, Missouri 65804, Telephone: 417.831.9700, Fax: 417.831.9777 www.geoengineers.com
To: Williams Pipeline

From: GeoEngineers, Inc.

Date: May 2, 2018

File: 8169-144-00

Subject: 26-inch Northeast Supply Enhancement Project, Madison Loop—Lockwood Marina HDD

Feasibility Review

INTRODUCTION AND PROJECT UNDERSTANDING

GeoEngineers is pleased to present this Memorandum, describing our feasibility assessment for the proposed
Lockwood Marina HDD from approximate Madison Loop milepost (MP) 11.49 to MP 11.84 in Middlesex County,
New Jersey.

We understand that as part of the Northeast Supply Enhancement Project, Williams Pipeline (Williams) is
proposing to construct the Madison Loop Pipeline which consists of approximately 3.4 miles of
26-inch-diameter steel pipeline in Middlesex County New Jersey. We further understand the proposed
Lockwood Marina HDD is one of three proposed HDDs along the Madison Loop Pipeline route. The proposed
Lockwood Marina HDD is located approximately 1.5 miles southeast of South Amboy, NJ and is proposed to be
installed adjacent to an existing 42-inch pipeline, beneath Crossway Creek and portions of Lockwood Marina.

SURFACE CONDITIONS

The proposed Lockwood Marina HDD entry point is located immediately south of the existing 42-inch pipeline
within a relatively flat, delineated wetland area at an elevation of approximately 4 feet North American Vertical
Datum 88 (NAVD 88). From the entry point, the approximately 1,785-foot-long horizontal alighment trends
roughly eastward, diverging away from the existing 42-inch pipeline, traversing Crossway Creek and portions of
the Lockwood Marina, before exiting within a gently side sloping area adjacent to the existing pipeline right of
way immediately east of Lockwood Marina. The topography along the alignment ranges from relatively flat to
gently sloping and the approximate elevation at the exit point is approximately 17 feet NAVD 88. The HDD
alignment, profile, workspace configurations, approximate boring locations and carrier pipe fabrication area are
shown in the attached design drawing provided in Appendix A.

The proposed HDD entry workspace may be accessed directly from Gondek Drive southwest of the workspace.
The proposed carrier pipe fabrication and stringing workspace is located on the exit side of the proposed HDD
and extends from the exit point northeast, across Old Spye Road and 1st Street to State Highway 35 (Lorraine
Ave). We anticipate the HDD exit side workspace will be accessed via the proposed pipeline fabrication
workspace. Due to the limited horizontal distance between the exit point and State Highway 35, we anticipate
the carrier pipe will be fabricated in three strings and two mid-welds will be required during carrier pipe
installation (pullback). Additionally, we anticipate road closures will be required for both Old Spye Road and
First Street. We understand Williams is coordinating with local entities and effected parties relative to alternate
travel routes and parking areas.

Disclaimer: Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if provided, and any attachments are only a copy of the
original document. The original document is stored by GeoEngineers, Inc. and will serve as the official document of record.
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Depending upon conditions at the time of construction, load-dispersing materials such as timber mats or quarry
rock may be required to maintain stabilization of the equipment entering the locations and within the entry and
exist side workspaces. We recommend the selected contractor visit the site prior to construction to evaluate
the designated access routes and workspaces to determine what improvements might be necessary and what
considerations may be needed prior to mobilization of equipment to the site.

SUBSURFACE CONDITIONS

Subsurface conditions were explored at the site by URS Corporation between June 15 and June 17, 2005 for
the existing 42-inch pipeline (Borings B-1 through B-3) and by AECOM between August 16 and August 17, 2017
for the proposed HDD (Boring MDB-1). We utilized data from both exploration programs to evaluate feasibility
of the proposed 26-inch Lockwood Marina HDD. In general, the subsurface conditions encountered in the
borings consisted predominantly of medium dense to dense, fine to coarse sand with interbedded layers of stiff
to hard silty clay, and soft to very soft clay, silts and isolated gravel pockets.

HYDRALUIC FRACTURE ANALYSIS

In order to evaluate the hydraulic fracture and inadvertent drilling fluid returns potential for a given HDD
alignment, assumptions must be made when selecting the model input parameters. The assumptions used in
the model include the extent and uniformity of soil layers, hydrostatic water pressures, drilling fluid properties,
penetration rates and pump rates. The soil strength properties are estimated based on interpretations of the
boring logs and laboratory test results. The drilling fluid properties, penetration rates and pump rates are
estimated based on generally accepted best management practices (BMPs) of the HDD industry. Consequently,
the results of the evaluation are only estimates of the potential for hydraulic fracture and inadvertent drilling
fluid returns. In addition to the subsurface soil conditions, the drilling fluid properties influence the risk of
hydraulic fracture and inadvertent returns and are dependent on the field conditions and the construction
practices of the HDD contractor and “mud engineer.” Changes in these properties can significantly affect the
potential for hydraulic fracture and inadvertent drilling fluid returns.

The soil units encountered in the vicinity of the HDD are characterized by borings B-1 through B-3 and MDB-1.
In general, the subsurface conditions encountered in the borings consisted predominantly of medium dense to
dense, fine to coarse sand with interbedded layers of stiff to hard silty clay, and soft to very soft clay, silts and
isolated gravel pockets.

We completed a hydraulic fracture and drilling fluid surface release analysis along the proposed HDD profile
under the assumption that the pilot hole will be drilled from the entry side to the exit side. In general, the results
of the analysis, presented in Appendix B, indicate the risk of inadvertent returns of drilling fluid to the ground
surface is generally low to moderate along the majority of the alignment with factors of safety between 1.5 and
2.25. However, factors of safety are substantially lower near the end points, indicating a high risk of hydraulic
fracture and surface release in those areas. In our design, we have specified the use of small diameter casing
on the entry side during pilot hole operations and anticipate this will help mitigate the risk on entry side.
Furthermore, in order to mitigate the risk of hydraulic fracture and surface release along the remainder of the
alignment, we anticipate Williams requiring the following steps be taken during construction: 1) the utilization
of annular pressure monitoring; and 2) the HDD contractor to manage pump and penetration rates, especially
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through the final approximately 250 feet of the HDD (along and adjacent to the exit side tangent section) where
surface release factors of safety are less than 1.0.

HDD FEASIBILITY CONSIDERATIONS & RECOMMENDATIONS

The proposed Lockwood Marina HDD has a directional drill length of approximately 1,793 feet. For design
purposes, we utilized 2,600-foot design radii for the entry and exit vertical curves and have situated the
horizontal bottom tangent at an elevation that takes advantage of the higher shear strength sand layer
identified within the geotechnical exploration borings and provides reasonable horizontal and vertical
separation from the existing 42-inch pipeline. Additionally, we have incorporated a horizontal curve with a
2,600-foot design radius near the exit point to help the HDD alignment line up with the carrier pipe fabrication
workspace.

Currently we anticipate a stringing area with a horizontal length on the order of 820 feet. In order to maximize
the length of the stringing area we have incorporated a horizontal curve with a 1,100-foot radius. We anticipate
the addition of the horizontal curve may necessitate the need of additional pipe support and handling
equipment during both fabrication and carrier pipe installation. Additionally, as described previously, we
anticipate the carrier pipe pullback and fabrication workspace will require road closures for both Old Spye Road
and 1st Street. However, we understand Williams is coordinating with local entities and effected parties relative
to alternate travel routes and parking areas and do not anticipate either the horizontal curvature or the road
closures to introduce complications that will affect feasibility.

Based on the information available at this time, the subsurface conditions observed in the previously completed
geotechnical explorations and our detailed HDD constructability and feasibility review, it is our opinion that the
proposed 26-inch Lockwood Marina HDD is feasible. There are, however, potential risks associated with the
HDD method of construction at this crossing location that will require mitigation during construction. The
primary risk for the proposed 26-inch Lockwood Marina HDD is related to hydraulic fracture and inadvertent
returns potential, which as described above is considered to be low to moderate along the majority of the
proposed alignment. As described above, we have specified the use of small diameter casing on the entry side
during pilot hole operations and anticipate this will help mitigate the risk on entry side. Furthermore, we
anticipate Williams will require the following additional mitigation measures during construction: 1) utilization
of annular pressure monitoring; and 2) the HDD contractor to manage pump and penetration rates, especially
through the final approximately 250 feet of the HDD alignment adjacent to the exit side where surface release
factors of safety are less than 1.0. It is our opinion that these three measures are practical and effective means
to manage potential risks associated with hydraulic fracture and drilling fluid surface release.

CLOSURE

We appreciate the opportunity to provide our feasibility review memorandum for the proposed 26-inch
Lockwood Marina HDD. Please do not hesitate to contact us with questions or concerns.

Sincerely,
GeoEngineers, Inc.

Attachments:
Appendix A. Lockwood Marina HDD Conceptual Design Drawing
Appendix B. Lockwood Marina Hydraulic Fracture and Surface Release Analyses
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April 12, 2018

Subject: HDD Feasibility Memorandum — Updated 04.12.2018
26-inch Northeast Supply Enhancement Project — Madison Loop
Parkwood Village HDD

Attachment: Parkwood Village HDD Plan, Profile and Stringing Drawing
Hydraulic Fracture and Inadvertent Returns Analysis
AECOM Boring Logs and Laboratory Test Results

Laney Directional Drilling Co. (Laney) is pleased to present this Horizontal Directional Drill (HDD) feasibility
memorandum for the proposed Parkwood Village HDD summarizing the results of our constructability review
based on information available to us as of the issuance of this memorandum. The proposed HDD is part of
the Transcontinental Gas Pipe Line Company, LLC’s Northeast Supply Enhancement Project 26-inch
Madison Loop and is located in Middlesex County, New Jersey. The HDD method of construction is being
considered by Williams E&C (Williams) to cross beneath Westminster Boulevard, Parkwood Village and
Highway 9 approximately 2 miles southwest of South Amboy, New Jersey.

Surface Conditions:

Laney visited the Parkwood Village site on June 23, 2016 and again on August 31, 2016 with representatives
from Williams to assess the surface conditions along and near the proposed Parkwood Village HDD. The
Parkwood Village HDD alignment is roughly orientated from east to west (entry and exit sides,
respectively).The Parkwood Village HDD, as currently proposed, is 2,300 feet in length measured along the
centerline alignment. Please refer to the “NOT FOR CONSTRUCTION” plan and profile drawing Parkwood
Village HDD Revision M dated February 8, 2017 (plan and profile drawing) and the “NOT FOR
CONSTRUCTION?” stringing drawing Parkwood Village Stringing Revision M dated February 8 2018 (stringing
drawing) for reference.

The proposed entry point is located in a relatively flat area at an elevation of approximately 119 feet North
American Vertical Datum 88 (NAVD 88) in a cleared pipeline right-of way (ROW). From entry, the HDD
alignment trends along the existing pipeline right-of-way with the ground surface sloping down to a low lying
area before gently sloping up to an apartment parking lot. From the parking lot, the HDD alignment crosses
Westminster Boulevard and additional apartment parking lots with the ground surface generally sloping down
to Highway 9. To the west of Highway 9, the HDD alignment trends through the existing pipeline right-of-way
adjacent to a densely vegetate area with the ground surface gently sloping up to the proposed exit point at
an elevation of approximately 88 feet NAVD 88.

The entry side workspace may be accessed from the west by Westminster Road and a temporary access
road. The exit side workspace may be accessed from the east by Highway 9 via the pipeline ROW and a
temporary access road. The carrier pipe stringing area will be located on the exit side of the crossing and
extend approximately 1,200 feet west of the proposed exit point. A minimum of one tie-in weld during pullback
operations due to the limited carrier pipe stringing area length.

Laney Directional Drilling Co. * 831 Crossbridge Drive, Spring, Texas 77373 ¢ (281) 540-6615 « www.laneydrilling.com
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Desian Considerati

A horizontal curve design radius of 3,030 feet was incorporated into the bottom tangent of the HDD design
profile so that the HDD alignment maintained as much separation from the apartment complexes as possible
with the current constraints and to assist in line-up of the stringing section for pullback operations.
Additionally, the horizontal curve was used to attempt to stay as close as practical to the current right-of-way.

Subsurface Conditions:

Williams retained AECOM to perform a geotechnical exploration and laboratory testing program at the
proposed HDD site. The geotechnical exploration program completed to date consisted of drilling four (4)
geotechnical borings between September 21, 2016 and August 21, 2017. The borings were completed to
depths of up to 112 feet below ground surface (bgs). The locations of the geotechnical borings relative to the
HDD alignment are depicted in the plan and profile drawing. The subsurface materials noted in the boring
logs consisted predominately of sand overlying silt and clay. Refer to TABLE 1: Summary of Geotechnical
Borings for further information.

TABLE 1: SUMMARY OF GEOTECHNICAL BORINGS

AB-1 08/14/17 84.9 1t 73.4 ft. SAND / CLAY / SAND LOOSE / VERY STIFF / DENSE
9/21/2016- DENSE / STIFF / VERY DENSE /

AB-2 9/22/2016 105.2 ft. 112.0 ft. SAND / SILT / SAND / CLAY/ SAND HARD / DENSE
09/22/16 - STIFF / DENSE / VERY STIFF /

AB-3 09/23/16 118.9 ft. 112.0 ft. SILT / SAND / CLAY / SILTY SAND DENSE

AB-4 8/21/2017 120.2 105.0 SAND / CLAY / SAND LOOSE / STIFF / DENSE

Analysis of hydraulic fracture potential (fracture of the soil formation being drilled because of the annular
pressure during drilling operation) consists of two steps: (i) estimation of annular drilling fluid pressure, and
(ii) estimation of pressure at which shear failure of soil occurs (formation limit pressure). Typically, the
maximum drilling fluid pressure occurs during pilot hole process. This is because frictional head loss is
reduced in a larger hole diameters. Also, in granular soil formations (angle of friction greater than zero), the
shear failure pressure or limiting pressure increases with the increase in drilled hole diameter. For these
reasons, the hydraulic fracture analysis is carried out for pilot hole process only. The factor of safety against
hydraulic fracture is defined as the ratio between the estimated formation limit pressure and the estimated
annular drilling fluid pressure. Similarly, factor of safety against inadvertent returns measures risk of
inadvertent returns to the surface if the fracture of the soil layer being drilled occurs. This is calculated by
dividing the limit pressures of the strongest soil layer above the drill path by the fluid pressure that layer is
expected to be subjected to.

Laney performed a hydraulic fracture and inadvertent returns analysis for the pilot hole assuming the HDD
contractor completed the pilot hole from east to west as designed and also from west to east as a potential
mitigation measure for inadvertent return risk near Highway 9. When drilled from east to west, the risk of
inadvertent drilling fluid returns along the majority of the HDD alignment is generally low when the HDD profile
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is located in the medium dense sand layers. The risk of inadvertent returns is generally elevated near the
entry and exit points where the depth of cover is thin. From approximate stations 155+00 to 165+00, the HDD
alignment is within approximately 50 feet to 25 feet of several apartment complexes and dependent on if
basements or foundations for the apartment complexes extend below the ground surface, the risk of
inadvertent drilling fluid returns may be elevated at these locations. Our analysis indicates that an elevated
risk of inadvertent returns is anticipated from approximate station 151+00 to exit due to the elevation
differential along the HDD alignment, increased annular pressure as the pilot hole extends further away from
the drill rig and the potential presence of a notable clay layer as observed in Boring AB-1. To mitigate this
potential risk, the HDD contractor may elect to drill the pilot hole from the west side of the crossing. The
hydraulic fracture and inadvertent returns potential based on each pilot hole completion direction is shown in
the attached hydraulic fracture and inadvertent returns analysis. As shown in the attachment, the factor of
safety against hydraulic fracture under majority of the crossing, including the Highway 9 will be greater than

1.5 if drilled from the west side.

Based on our evaluation of the proposed crossing, the anticipated drilling fluid properties and tooling used in
our analysis are presented in Table 2 below.

TABLE 2: ANTICIPATED FLUID PROPERTIES AND TOOLING

Drill Bit Diameter 10.625 Inch
Drill Pipe Diameter 5.5 Inch
Drilling Fluid Flow Rate 300 gpm?
Drilling Fluid Weight 9.5 ppg?

Notes:
! Gallons per minute.
2Pounds per gallon (drilling fluid anticipated to be mainly water with additional of minimal bentonite for this crossing).

Drilling fluid properties are dependent on construction practices of the HDD contractor, field conditions and
interpretations of the drilling fluid engineer. Annular drilling fluid pressures can significantly change with
changes in drilling fluid properties. Therefore, it is important to re-evaluate drilling fluid pressures based on
fluid properties during HDD installations and compare them with estimated limiting pressures of the formation.
Additionally, annular pressure measurement tools can be used to monitor annular pressure during the HDD
installation and are recommended to be used on this crossing.

The hydraulic fracture analysis performed by Laney does not account for the pre-existing fractures or voids
in the formation, which if present, may provide a preferential flow path for drilling fluid outside of the borehole.

Calculated factors of safety against hydraulic fracture are presented in the attachment. It should be noted
that the analysis is based on the HDD contractor maintaining fluid returns to the entry pit; if drilling fluid returns
are not maintained the analysis may no longer be valid. However, loss of drilling fluid returns does not
automatically indicate that an inadvertent drilling fluid return occurrence is imminent.
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There is approximately 30 feet of elevation differential between the entry and exit sides of the crossing which
may cause approximately 180 feet of the entry tangent and portion of the entry curve to be in a “dry hole”
condition, i.e. above the drilling fluid equilibrium point which in this case would be the exit elevation of 88 feet
NAVD 88. The “dry hole” section may not have the benefit of being filled with fresh drilling fluid during
construction after completion of the pilot hole. The risks associated with “dry hole” are hole collapse, a rapid
and potentially significant release of drilling fluid to the low side in the event of a hole flush, and inability to
maintain drilling fluid in the dry section of the hole. We anticipate that the risk of major hole collapse can be
mitigated through the use of appropriate Best Management Practices (BMPs) including optimal penetration
rates, drilling fluid flow rates and drilling fluid properties based on ground conditions encountered while
conducting HDD operations. The HDD contractor may also elect to install large diameter casing to mitigate
hole instability issues within the alluvial soils, if required. Additionally, our analysis indicates that an elevated
risk of inadvertent returns is anticipated from approximate station 151+00 to exit due to the elevation
differential along the HDD alignment, increased annular pressure as the pilot hole extends further away from
the drill rig and the potential presence of a notable clay layer as observed in Boring AB-1. To mitigate this
potential risk, the HDD contractor may elect to drill the pilot hole from the west side of the crossing.

The Parkwood Village HDD is currently proposed with a length of 2,300 feet and based on the current
stringing area of approximately 1,205 feet, one (1) tie in weld will be required during pullback. We do not
recommend extending the currently proposed length of the crossing beyond 2,300 feet because additional
tie-in weld(s) will be required during pullback. Increasing the length of the crossing would create additional
tie-in weld(s) during pullback and increase the risk of failure of the crossing especially when the HDD profile
is located in alluvial soils. Although there is inherent risk in completing a tie-in weld during pullback operations,
we anticipate that the subsurface conditions encountered at this site, as represented by the geotechnical
borings, do not pose a significant risk of failure during pullback operations. However, the Pipeline Contractor
will need to make all necessary preparations and plans to ensure that the downtime during pullback
operations due to the tie-in weld are kept as minimal as possible.

The HDD alignment crosses the existing 42-inch Lower Bay Loop “C” pipeline at approximate stations 153+91
and 160+87. We understand that the 42-inch Lower Bay Loop “C” pipeline was conventionally installed at
stations 153+91 and 160+87at depth of approximately 4 feet below ground surface (bgs). Based on the depth
of the existing pipeline and the designed HDD profile depth there is over 50 feet of vertical separation at both
crossing locations.

We anticipate that access to the exit side of the proposed crossing from Highway 9 will require traffic control
for construction traffic ingress and egress to the exit workspace. There is less than 3 feet of shoulder on
Highway 9 with a high traffic density and will likely require closing the outside (west) lane during HDD
construction. Additionally, the mechanical contractor will be required to operate equipment below the existing
power lines that cross the proposed pipe string. Height of equipment restrictions may be limited in this area.

The entry and exit points are located within approximately 140 feet and 450 feet, respectively, from noise
sensitive areas (NSA) such that noise mitigation measures may be required during construction. Noise
mitigation measures may include mufflers on diesel engines and/or noise abatement walls. Depending on
local ordinances, the decibel level may not be able to exceed certain thresholds or work-hour limitations may
be imposed. In addition to noise mitigation measures, active monitoring of the construction sites decibel level
output may be required.

Based on the results of our analysis, site visit and geotechnical data at the proposed Parkwood Village HDD,
we anticipate that this HDD is feasible from the geotechnical data, geometrical, and surface conditions
perspective. We recommend that the potential risks noted in this memorandum be discussed by the project
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team prior to mobilization to develop and agree on the anticipated level of risk and potential mitigation
measures to be incorporated into the project.
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A-2

LOG of BORING No. AB-1

Sheet 1 of 2

Northing: 40.445039

DATE 8/14/2017 SURFACE ELEVATION 84.9 LocaTioN _Easting:-74.300287
W i o
. u o z [ X =
L1822 | S0 ot g= (o525 B
E < %5 § DESCRIPTION << 8&"2 i 5% %ﬂé o
wi S =R | = EW gL 22|45 23| T
=) oyl b4 (%)) ] = (@] =
v ) i} O o)
O o
10 |SS .
Loose to very dense brown to orange brown silty coarse to
26 |ss fine SAND, trace gravel
5 11 |SS
6 |SS
4 |SS 11.7 M
10
8 |SS
15] 5 |SS
20] 7 |SS 64.4| 1.5
= Stiff to very stiff dark gray silty CLAY, trace sand
25] 9 |SS 161|284 M
30] 9 |SS 2.5
] 10 |SS 1.9
35
] 11 |SS 2.3
40
’ (Undivided Magothy Unit)
] 9 |ss (Continued on Sheet 2 of 2) 2.4
é Completion Depth: 73.4 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.

AZCOM




A-3

LOG of BORING No. AB-1

Sheet 2 of 2

Northing: 40.445039

DATE 8/14/2017 SURFACE ELEVATION 84.9 LocaTioN _Easting:-74.300287
W i o
. i N
t1g 22 | 38 |58 | ac|ox|ox| &
| F| = = Yol S -
E % %5 § DESCRIPTION .E(E% 8.‘3_‘?, EE §§ %E o
LIDJ 2] % a <§( n d D.% = ) J|la3d E
x | & w o o)
45
. - Continuing stiff to very stiff dark gray silty to sandy
- CLAY
] 5 |SS 1.4 |275| 38| 23
50
] 19 |SS 2.9
95
] 38 |SS 2539170187 M
60 | Dense to very dense gray to dark gray sandy SILT to silty
| medium to fine SAND, trace gravel
] 47 |SS
65
] 34 |SS
70
] (Undivided Magothy Unit)
™ 50/5" [SS 11.5
75—
| Notes:
| 1. Ground surface elevation at the boring location was
| surveyed by Williams surveyors.
80 2. Groundwater level was measured at approximately 4.5 ft
| below existing ground surface on completion of drilling.
| 3. Values under "Pocket Penetrometer" are pocket
| penetrometer resistance readings in tons per square foot, an
| indication of unconfined compressive strength of cohesive
85| soils.
é Completion Depth: 73.4 ft. Water Depth: __See  ft,After____ hrs.
g Project No.: 60515039 Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.

AZCOM




A-4

LOG of BORING No. AB-2

Sheet 1 of 3
Northing: 40.44525521

DATE _9/21/2016-9/22/2016 ~ SURFACE ELEVATION 105.2 LocaTion _Easting: -74.29773516
W i o
B Lu OO
Ll 2% % %é EE,\ $; R |28 ﬁ
- < — = Yol 5= - =
E % Lt § DESCRIPTION é% 8.%?, EE §§ %E o
LIDJ 2] % a <§( '(/_) d D.% = ) J|la3d E
v ) i} O o)
O o
12 |ss TOPSOIL 104.2
8 |ss| Loose to dense orange brown to brown silty medium to fine
SAND with gravel
4 |SS
° 99.2
4 |SS . . .
Loose orange brown gravelly medium to fine SAND with
3 ss silt
10 95.2
3 55 Loose orange brown silty medium to fine SAND with
| gravel
15
] 4 |SS
1 | L 86.7
20 Medium dense light brown to reddish brown medium to
] 15 |[SS| fine SAND
25
] 13 |SS
1 | L 76.7
30 Medium dense orange brown coarse to fine SAND with
] 15 |[SS| gravel, trace silt
35
] 17 |SS
(Pennsauken Formation)
1t | LT 66.7
40 Medium dense orange brown to light gray medium to fine
] 17 |SS| SAND
i (Undivided Magothy Unit)
% . (Continued on Sheet 2 of 3)
é Completion Depth: 112.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
g Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM




A-5

LOG of BORING No. AB-2

Sheet 2 of 3
Northing: 40.44525521

DATE _9/21/2016-9/22/2016 ~ SURFACE ELEVATION 105.2 LocaTion _Easting: -74.29773516
W i o
: u ~ RS
L8 22 3 35 |2 TEREE 9
E o E'@ § DESCRIPTION 'Ez:<>t 5% Ll 3E| 28 »
a1z 25 |2 U 1R5 22|25 |25 | 4
al?| oW | < “m |z S =
D) w o
45
18 |SS| - Continuing medium dense orange brown to light gray
medium to fine SAND
1 .- 56.7
50 Very loose orange brown to brown silty coarse to fine
] WOH |SS| SAND, some gravel 23.9 M
1 .- 51.7
55 Very stiff gray to dark gray SILT with sand
] 22 |SS 26.8| 42| 26 | M
60
] 29 |SS 2.7 226 M
1 | L 41.7
65 Medium dense to dense light gray to dark gray silty
] 32 | SS| medium to fine SAND
70
] 23 |SS 24.4 M
1 | L 31.7
75 Very dense gray sandy SILT
] 40 |SS 21.4 M
1 .- 26.7
80 Hard gray CLAY with sand
] 38 |SS 26.0| 35| 22| M
1 .- 21.7
85 Very stiff gray SILT with sand
] 20 |SS 24.4 M
(Undivided Magothy Unit) 16,7
1 - \_______(ContinuedonsSheet30f3) S
% Completion Depth: 112.0 ft. Water Depth: __See ft, After hrs.
% Project No.: 60515039 __Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
§ Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM




A-6

LOG of BORING No. AB-2

Sheet 3 of 3

Northing: 40.44525521

DATE _9/21/2016-9/22/2016 ~ SURFACE ELEVATION 105.2 LocaTion _Easting: -74.29773516
i 0d o z E X P2
L8 2z | 59 |2 go (% (25| 8
— @) - -
E % %5 § DESCRIPTION .E(E% 8.‘3_‘?, EE §§ %E o
LIDJ 2] % a <§( n d D.% = ) J|la3d E
x | & w o o)
90
27 | SS| Medium dense to very dense light gray to dark gray silty
coarse to fine SAND
95
] 88 |SS 22.0 M
100
] 43 |SS
105
] 49 |SS
110
] 43 |SS (Undivided Magothy Unit) 6.8
115—
| Notes:
| 1. Ground surface elevation at the boring location was
120 surveyed by Williams surveyors.
| 2. Groundwater levels were measured as shown below:
| Date & Time GW Depth (ft) GW Elev. (ft)
| 09/21/16 10:30 45.0 60.2
| 3. Values under "Pocket Penetrometer" are pocket
1251 penetrometer resistance readings in tons per square foot, an
| indication of unconfined compressive strength of cohesive
| soils.
130—
é Completion Depth: 112.0 ft. Water Depth: __See  ft,After____ hrs.
g Project No.: 60515039 Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
g Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM




A-7

LOG of BORING No. AB-3

Sheet 1 of 3
Northing: 40.44596302

DATE _9/22/2016-9/23/2016 ~ SURFACE ELEVATION 118.9 LocaTion _Easting: -74.29521804
W i o
B Lu OO
Ll 2% % %é EE,\ $; R |28 ﬁ
| F| = = ¥l S -
E % Lt § DESCRIPTION é% 8.%?, EE §§ %E o
LIDJ 2] % a <§( '(/_) d D.% = ) J|la3d E
v ) i} O o)
o
0
16 |SS .
Dense to very dense brownish gray to orange brown sandy
10 |ss| o clayey SILT
113.9
5 12155 Medium dense light to reddish brown silty coarse to fine
11 |ss SAND with gravel 18.8 M
(Pennsauken Formation)
11 |ss 109.9
10 .
12 |ss Very stiff gray to orange brown sandy CLAY 571174| 34| 18| ™
1 | L 1054
15 Medium dense light gray to orange brown silty medium to
] 12 |SS| fine SAND
20
] 10 |SS 12.5 M
25
] 12 |SS
30
] 18 |SS 8.6 M
35
] 19 |SS
40
] 19 |SS 12.5 M
i (Undivided Magothy Unit)
% . (Continued on Sheet 2 of 3)
é Completion Depth: 112.0 ft. Water Depth: ___See ft., After hrs.
% Project No.: 60515039 __Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
§ Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM




A-8

LOG of BORING No. AB-3 Sheet 2 of 3

Northing: 40.44596302

DATE _9/22/2016-9/23/2016  SURFACE ELEVATION 118.9 LocaTion _Easting: -74.29521804
u i »
. W S
Ll 2% 2 §§ Egﬁg;oggg 7
= _ YLl S . [l
E g ap § DESCRIPTION << 8%0_) s 5% %E o
wi S =R | = EW gL 22|45 23| T
a ow | Z Y|z S =
x | & w o o)
45
17 |SS| - Continuing medium dense light gray to orange brown
silty medium to fine SAND
50
] 20 |SS 12.2 M
55
] 22 |SS
60
] 15 |SS 8.7 M
65
] 21 |SS
70
] 12 |SS 23.8 M
75
] 30 |SS 12.1 M
80
] 20 |SS 12.0 M
85
] 7 SS
% (Undivided Magothy Unit) 204
. \_______(ContinuedonSheet3of3) ______ J
% Completion Depth: 112.0 ft. Water Depth: __See  ft,After_____ hrs.
% Project No.: 60515039 Notes  #t., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
g Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM




A-9

LOG of BORING No. AB-3

Sheet 3 of 3

Northing: 40.44596302

DATE _9/22/2016-9/23/2016 ~ SURFACE ELEVATION 118.9 LocaTion _Easting: -74.29521804
W i o
. u o z [ X =
L1822 | S0 ot g= (o525 B
E % Lt § DESCRIPTION é% 8.%?, EE §§ %E o
LIDJ 2] % a <§( '(/_) d D.% = ) J|la3d E
x | & w o o)
90
43 |SS| Medium dense to dense dark gray to black SILT to sandy 303 451 29| M
SILT
95
] 27 |SS 37.9 M
100
] 40 |SS
105
] 33 |SS
1 | L 10.4
= Medium dense gray silty fine SAND
110
] 37 |SS (Undivided Magothy Unit) 6.9
115—
| Notes:
| 1. Ground surface elevation at the boring location was
120 surveyed by Williams surveyors.
| 2. Groundwater levels were measured as shown below:
| Date & Time GW Depth (ft) GW Elev. (ft)
| 09/22/16 13:20 71.0 479
| 09/23/16 09:45 55.0 63.9
1251 3. Values under "Pocket Penetrometer" are pocket
| penetrometer resistance readings in tons per square foot, an
| indication of unconfined compressive strength of cohesive
| soils.
130—
é Completion Depth: 112.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 Notes it After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
g Drilling Method: Hollow Stem Auger ft., After hrs.

AZCOM




A-10

LOG of BORING No. AB-4

Sheet 1 of 3

Northing: 40.446484

DATE 8/21/2017 SURFACE ELEVATION 120.2 LocaTioN _Easting:-74.29365
W i o
: Wola z | F 5 =
L8 22 |e S0 ot g=(ef|es] &
E gl gh § DESCRIPTION << 8&"2 FH 3L %ﬂé o
wi S =R | = EW gL 22|45 23| T
=) oyl b4 n ] = (@] =
v ) i} O o)
o
0
8 |SS . . .
Loose to dense light gray to orange brown silty medium to
fine SAND to medium to fine SAND with silt
12 |SS
5 4 |SS
2 |SS
4 |SS 12.8 M
10
5 |SS
15] 6 |SS
20] 23 |SS
25] 9 |SS
30] 8 |[SS 12.0 M
35] 16 |SS
1 .- 82.7
Firm to stiff light brown to orange brown sandy silty
40] 12 [SS| CLAY 0.8(226| 30| 18
4 N N 78.2
2 (Undivided Magothy Unit)
% ] 20 |SS (Continued on Sheet 2 of 3)
é Completion Depth: 105.0 ft. Water Depth: __See  ft,After____ hrs.
% Project No.: 60515039 _ Notes  ft After___ hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.

AZCOM




A-11

LOG of BORING No. AB-4

Sheet 2 of 3
Northing: 40.446484

DATE 8/21/2017 SURFACE ELEVATION 120.2 LocaTioN _Easting:-74.29365
W i o
. Ll R
Clgl £2 | 25 ol | g|oz ez k
~ _ YA 5. - [
E < Lt § DESCRIPTION é% 8.%?, i 5% %ﬂé o
[a) 2] ¥ < I =z O =
D) w o
45
. Medium dense to dense orange brown to dark brown silty
. medium to fine SAND with clay
] 27 |SS
50
] 30 |SS
95
] 26 |SS
60
] 30 |SS
65
] 33 |SS
70
] 25 |SS
75
1 .- 43.7
Stiff to very stiff gray to brown silty sandy CLAY
] 24 |SS 1.9(28.0| 43| 22
80
1 .- 38.7
Medium dense to dense grayish brown to orange brown
] 28 | SS| silty medium to fine SAND 175 M
85
’ (Undivided Magothy Unit)
% ] 38 |SS (Continued on Sheet 3 of 3)
é Completion Depth: 105.0 ft. Water Depth: __See ft, After hrs.
% Project No.: 60515039 __Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.

AZCOM




A-12

LOG of BORING No. AB-4 _ Sheet 3 of 3
Northing: 40.446484
DATE 8/21/2017 SURFACE ELEVATION 120.2 LocaTioN _Easting:-74.29365
W i o
. u o z [ X =
L8 22 | ¢ 50 |me | gelo|ex]| g
T = L P4 O - =
E % %% Y DESCRIPTION .E(E% g2Y) '%—(E g'é %’% x
& & S - |ew o) a3 T
e " | S W E 3] 5
90
. - Continuing medium dense to dense brown to orange
. brown silty medium to fine SAND
] 38 |SS
95
q als
100
] 28 |SS (Undivided Magothy Unit)
15.2
105
| Notes:
110 1. Ground surface elevation at the boring location was
| surveyed by Williams surveyors.
| 2. Groundwater level was measured at approximately 9.6 ft
| below existing ground surface on completion of drilling.
| 3. Values under "Pocket Penetrometer" are pocket
115 penetrometer resistance readings in tons per square foot, an
| indication of unconfined compressive strength of cohesive
| soils.
120
125+
130
% Completion Depth: 105.0 ft. Water Depth: __See  ft,After____ hrs.
g Project No.: 60515039 Notes ., After hrs.
=] Project Name: Williams NESE Madison ft., After hrs.
3 Drilling Method: Hollow Stem Auger + Mud Rotary ft., After hrs.

AZCOM




LAB_SUMMARY_TABLE_BLUEBELL MADISON_LAB.GPJ URS_BLUE.GDT 10/3/17

Project: Williams NESE - Madison
Project No.: 60515039

SUMMARY OF LABORATORY TEST RESULTS

Atterberg Limits Grain Size S é Unconfined Triaxial 2
Boring Water |Dry Unit Organic Z g Compression | Compression =
and Sample| Depth Classification USCS [Content| Weight Liquid Pl_ast_ic Specific| Content| <#200 | <2u 8 § Stress | Strain g 2 Special
Number (feet) Symbol | (%) (pcH | Limit | Limit |Gravity| (%) (%) (%) § é (psi) (%) uu Clu E g Tests
AB-1
8.0-10.0 | Brown SILTY SAND SM 11.7 15
AB-L 24.0-26.0 28.4 87
AB-1 48.0-50.0 275 38 23
AB-1
58.0-60.0| Gray SANDY SILT ML 18.7 57
AB-2
50.0-52.0] Brown SILTY SAND SM 239 17
AB-2
55.0-57.0| Dark gray SILT ML 26.8 42 26 86
AB-2 .
60.0-62.0| Dark gray SILT with SAND ML 22.6 71
AB-2
70.0-72.0] Gray SILTY SAND SM 244 33
AB-2
75.0-77.0] Gray SANDY SILT ML 214 54
AB-2 .
80.0-82.0| Gray LEAN CLAY with SAND CL 26.0 35 22 81
AB-2 .
85.0-87.0| Gray SILT with SAND ML 244 82
AB-2
95.0-97.0| Gray SILTY SAND SM 22.0 19
AB-3 .
6.0-8.0 | Brown SILTY SAND with GRAVEL SM 18.8 24
AB-3
10.0-12.0] Brown SANDY LEAN CLAY CL 17.4 34 18 60
AB-3
20.0-22.0| Brown gray SILTY SAND SM 12.5 30
AB-3
30.0-32.0| Brown gray SILTY SAND SM 8.6 16
AB-3
40.0-42.0| Brown gray SILTY SAND SM 12.5 25
AB-3
50.0-52.0 Brown gray SILTY SAND SM 12.2 27
AB-3 60.0-62.0 glr&vyn POORLY GRADED SAND with SP-SM 8.7 1
Note: The soil classification is based partially on visual classification unless both grain size and Atterberg limits are performed.
% Refer to Laboratory Test Curves Sheet 1 of 3

T-d



LAB_SUMMARY_TABLE_BLUEBELL MADISON_LAB.GPJ URS_BLUE.GDT

Project: Williams NESE - Madison
Project No.: 60515039

10/3/17

SUMMARY OF LABORATORY TEST RESULTS
Atterberg Limits Grain Size S é Unconfined Triaxial 2
Boring Water |Dry Unit Organic Z g Compression | Compression =
and Sample| Depth Classification USCS [Content| Weight Liquid Pl_ast_ic Specific| Content| <#200 | <2u 8 § Stress | Strain g 2 Special
Number (feet) Symbol | (%) (pcH | Limit | Limit |Gravity| (%) (%) (%) § é (psi) (%) uu Clu Eg Tests
AB-3
70.0-72.0| Gray brown SILTY SAND SM 23.8 19
AB-3
75.0-77.0] Brown SILTY SAND SM 12.1 25
AB-3
80.0-82.0 Brown SILTY SAND SM 12.0 16
AB-3
90.0-92.0| Dark gray SILT ML 30.3 45 29 91
AB-3
95.0-97.0| Dark gray SANDY SILT ML 37.9 69
AB-4
8.0-10.0 | Brown SILTY SAND SM 12.8 17
AB-4 29.0-31.0 glr&vyn POORLY GRADED SAND with SP-SM 120 12
AB-4
39.0-41.0 22.6 30 18
AB-4 78.0-80.0, 28.0 43 22
AB-4 .
83.0-85.0| Light brown SILTY SAND SM 17.5 31
CB-2 4.0-6.0 Brown POORLY GRADED SAND with SP-SM 5.6 7
SILT
B2 14.0-16.0 25.3 45
CB-2
24.0-26.0| Gray SILTY SAND SM 22.6 32
B2 29.0-31.0 21.2 71
CB-2 Light brown POORLY GRADED SAND
68.0-70.0 with SILT SP-SM 224 7
B2 78.0-80.0 20.0 65
B2 93.0-95.0 28.5 43
CB-3
4.0-6.0 | Brown gray SILTY SAND SM 16.5 40
CB-3
20.0-22.0| Brown SILTY SAND SM 16.7 19
Note: The soil classification is based partially on visual classification unless both grain size and Atterberg limits are performed. g
% Refer to Laboratory Test Curves Sheet 2 of 3




LAB_SUMMARY_TABLE_BLUEBELL MADISON_LAB.GPJ URS_BLUE.GDT

Project: Williams NESE - Madison
Project No.: 60515039

10/3/17

SUMMARY OF LABORATORY TEST RESULTS

Atterberg Limits Grain Size S é Unconfined Triaxial 2
Boring Water |Dry Unit Organic Z g Compression | Compression =
and Sample| Depth Classification USCS [Content| Weight Liquid Plast_ic Specific| Content| <#200 | <2u 8 § Stress | Strain g 2 Special
Number (feet) Symbol | (%) (pcH | Limit | Limit |Gravity| (%) (%) (%) § é (psi) (%) uu Clu Eg Tests
CB-3 .
30.0-32.0| Brown SILT with SAND ML 5.0 77
CB-3 350-37.0 glr&vyn POORLY GRADED SAND with SP-SM 37 7
CB-3
45.0-47.0| Brown SILTY SAND SM 20.2 18
CB-3
55.0-57.0] Brown SILTY SAND SM 19.1 23
CB-3 65.0-67.0 glr&vyn POORLY GRADED SAND with SP-SM 23.0 9
CB-3 .
75.0-77.0] Brown LEAN CLAY with SAND CL 16.7 29 17 71
CB-3
80.0-82.0| Brown SILTY SAND SM 224 18
CB-3 90.0-92.0 glr&vyn POORLY GRADED SAND with SP-SM 210 9
CB-3
95.0-97.0| Gray SILTY SAND SM 22.8 48
CB-3 LlO.O-llZ.OEIrE.IWn POORLY GRADED SAND with SP-SM 297 8
MDE-1 10.0-12.0 1838 55
MDB-1
19.0-21.0] Brown gray SILTY SAND SM 28.4 33
MDB-1 34.0-36.0 glr&vyn POORLY GRADED SAND with SP-SM 256 9
MDB-1 i
48.0-50.0 glr&vyn POORLY GRADED SAND with SP-SM 255 7
MDE-1 63.0-65.0] 19.6 33 16
Note: The soil classification is based partially on visual classification unless both grain size and Atterberg limits are performed.
% Refer to Laboratory Test Curves Sheet 3 of 3
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SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

Brown SILTY SAND (SM)

Williams NESE - Madison

SYMBOL X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring AB-1 AB-1 AB-1
coarse fine coarse| medium fine Sample
Spec
Depth (ft) 8.0-10.0 24.0-26.0 58.0-60.0
U.S. STANDARD
SIEVE OPENING IN NCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 0.0 0.0
100 | | TTTT ll * | | | ] % Sand 84.7 0.0 42,7
; ; % Fines 15.3 87.0 57.3
90 - - % -2u
. x\ I:z Ce
80 : Cu
: \ LL
70 : PL
: PI
Q : uscs SM ML
=z 60 :
@\ * w (%) 11.7 28.4 18.7
£ 3 : Particle
£ %0 il ; Size PERCENT FINER
W (Sieve #) X A
x : o
& 40 : 3
o . on
30 1"
: 3/4"
: 1/2"
20 \'\ : 3/8"
g 4 100.0
10 : 10 99.1
20 87.1
: : 40 56.4
0 : :
100 10 1 0.1 0.01 0.001 60 29.2 100.0
PARTICLE SIZE (mm) 100 204 86.7
200 15.3 87.0 57.3
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION

Gray ()

Project Number
60515039

October 2017

Figure B-4

Gray SANDY SILT (ML)

v-4



SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

SYMBOL ® X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring AB-2 AB-2 AB-2
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 50.0-52.0 55.0-57.0 60.0-62.0
U.S. STANDARD
SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER %% +3" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 143 0.0 13.9
100 I TTTT TR ?\ [I] [ TR | I % Sand 68.5 14.3 153
: \ : : : % Fines 17.2 85.7 70.8
20 - - : ; : % -21
\:‘—\ "“‘“\1\ h Cc
80 : q\ : a5 cu
s SEEE : LL 42
70 h i PL 26
: : PI 16
O} : \ : uscs SM ML ML
=z 60 : :
a : \ : w (%) 23.9 26.8 22.6
I : : Particle
£ %0 ; Size PERCENT FINER
E)J \ (Sieve #) ® X A
x : .
o : on
30 \ : 1" 100.0
: 3/4" 100.0 86.1
b\ : 1/2" 93.8 86.1
20 - 3/8" 91.1 86.1
\’ 4 85.7 86.1
10 10 80.4 84.5
20 75.7 100.0 84.5
: : : : : 40 71.1 98.7 83.9
100 10 1 0.1 0.01 0.001 60 37.2 97.4 831
PARTICLE SIZE (mm) 100 23.6 94.8 80.9
200 17.2 85.7 70.8
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
) Brown SILTY SAND (SM) -
Project Number .
60515039 October 2017 Figure B-5
X Dark gray SILT (ML)
Dark gray SILT with SAND (ML) m

S-4d



SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

SYMBOL X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring AB-2 AB-2 AB-2
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 70.0-72.0 75.0-77.0 80.0-82.0
U.S. STANDARD
SIEVE OPENING IN NCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 0.0 0.0
100 | | TTTT ll | ik 1 | ] % Sand 66.7 46.4 18.9
: : : : \ \R : % Fines 33.3 53.6 81.1
90 \ \ % -2
\ Cc
80 A Cu
\ \ : LL 35
0 \ : PL 22
\ : PI 13
9 ® | USCS SM ML cL
g 60 \ : w (%) 24.4 214 26.0
I \ h Particle
= 50 \ : Size PERCENT FINER
E)J (Sieve #) X A
x "
m 40 3
[a on
30 r
3/4"
1/2"
20 3/8"
4
10 10
20 100.0 100.0
o : : : : : 40 99.5 100.0 98.1
100 10 1 0.1 0.01 0.001 60 98.6 99.1 96.7
PARTICLE SIZE (mm) 100 63.3 92.9 925
200 33.3 53.6 81.1
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
* crey STTYSATD 5 Project Number October 2017 Figure B-6
X Gray SANDY SILT (ML) 60515039
A Gray LEAN CLAY with SAND (CL) m

9-d



SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

SYMBOL X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring AB-2 AB-2 AB-3
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 85.0-87.0 95.0-97.0 6.0-8.0
U.S. STANDARD
SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER %% +3" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 1.2 15 15.2
100 I | I [ N“r‘ ———] -6_\* ] % Sand 16.7 79.2 60.7
; \ ; % Fines 82.1 19.3 24.1
% : : % -2u
N - Cc
: : »
80 \ . - Cu
M : : LL
70 N \ PL
Nl \ : PI
Q : : uSsCcs ML SM SM
Z 40 '
@ : w (%) 24.4 22.0 18.8
I \\ Particle
£ %0 N ; Size PERCENT FINER
E)J (Sieve #) X A
@ 40 1N : "
- 3
i x\ :
o : on
2 3 1" 100.0
: 3/4" 94.0
E 1/2" 94.0
20 X 3/8" 100.0 100.0 925
: 4 98.8 98.5 84.8
10 10 98.6 97.9 77.8
20 98.5 96.5 71.9
: : 40 98.2 82.8 65.7
O . .
100 10 1 0.1 0.01 0.001 60 97.6 44.7 531
PARTICLE SIZE (mm) 100 %3 26.8 38.2
200 82.1 19.3 24.1
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
Gray SILT with SAND (ML -
® ey " (ML) Project Number .
60515039 October 2017 Figure B-7
X Gray SILTY SAND (SM)
A Brown SILTY SAND with GRAVEL (SM) m

,-d



SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

SYMBOL ® X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring AB-3 AB-3 AB-3
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 10.0-12.0 20.0-22.0 30.0-32.0
U.S. STANDARD
SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER %% +3" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 0.0 0.0
100 I I T T fftj* I I % Sand 40.0 69.6 84.1
' ' ' W1 ' % Fines 60.0 30.4 159
90 *\ % -2
\\ Cc
80 Cu
\ LL 34
20 * \ PL 18
\ \ ¥ PI 16
O \ \ usCcs cL SM SM
Z 40 s
7 \ w (%) 17.4 12,5 8.6
I \ Particle
E 50 \ .L Size PERCENT FINER
E)J (Sieve #) ® X A
© 1\ :
3
: R
30 \ H o
A L 34"
\ : 1/2"
20 - 3/8"
b 4 100.0 100.0 100.0
1 : 10 99.2 99.8 99.8
20 98.8 99.7 99.7
o : : 40 98.2 99.5 99.5
100 10 1 0.1 0.01 0.001 60 87.0 96.7 72.8
PARTICLE SIZE (mm) 100 66.4 453 27.8
200 60.0 30.4 15.9
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
) Brown SANDY LEAN CLAY (CL) -
Pr(gg(sztllglg;gber October 2017 Figure B-8
X Brown gray SILTY SAND (SM)
A Brown gray SILTY SAND (SM) m
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SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

Brown gray SILTY SAND (SM)

Williams NESE - Madison

SYMBOL X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring AB-3 AB-3 AB-3
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 40.0-42.0 50.0-52.0 60.0-62.0
U.S. STANDARD
SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 5.2 01 0.0
100 | | T | E I in 7T ] % Sand 69.9 733 89.1
: % Fines 24.9 26.6 10.9
0 ; % -2
\\ Cc 1.49
80 : Cu 3.94
: \ LL
20 : kﬁ PL
\ PI
9 Uscs SM SM SP-SM
g €0 w (%) 12,5 12.2 8.7
£ Particle
E 50 Size PERCENT FINER
Ll Sieve # A
8) \ ( ) X
& 40 3
u \ >
20 3 1" 100.0
\ g 3/4" 95.0
* " 1/2" 95.0
20 - 3/8" 95.0 100.0
: 4 94.8 99.9 100.0
10 i 10 94.4 99.8 100.0
: 20 94.1 99.5 99.9
: : 40 93.9 98.7 97.9
0 : :
100 10 1 0.1 0.01 0.001 60 56.3 60.1 49.6
PARTICLE SIZE (mm) 100 293 S1.1 226
200 24.9 26.6 10.9
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION

Brown gray SILTY SAND (SM)

Project Number
60515039

October 2017

Figure B-9

Brown POORLY GRADED SAND with SILT (SP-SM)
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SYMBOL ° X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring AB-3 AB-3 AB-3
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 70.0-72.0 75.0-77.0 80.0-82.0
U.S. STANDARD
SIEVE OPENING IN NCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 01 0.0
100 | | 1T T i Tl I % Sand 80.7 747 83.8
' ' N ' % Fines 193 253 162
90 \ % -2
- Cc
80 : \ & Cu
\ \\ LL
20 : \ PL
\ PI
o
2 o \\ \ usCcs SM SM SM
0,
7 x\ \ w (%) 23.8 12.1 12.0
I \ L Particle
E 50 ..‘ Size PERCENT FINER
E)J \ \ (Sieve #) ® X A
x "
w © L\ >
30 \ r
3/4"
1/2"
20 3/8" 100.0
4 100.0 99.9 100.0
10 10 99.7 99.9 99.9
20 99.4 99.8 99.7
. : : 40 95.7 98.7 97.6
100 10 1 0.1 0.01 0.001 60 71.3 81.2 59.0
PARTICLE SIZE (mm) 100 24.8 49.7 212
200 19.3 25.3 16.2
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
o Gray brown SILTY SAND (SM) -
P“gggtl'g‘ggber October 2017 | Figure B-10
X Brown SILTY SAND (SM)
A Brown SILTY SAND (SM) m

otT-d




SIEVE_BLUEBELL_NEW MADISON_LAB.GPJ URS_BLUE.GDT 10/4/17

SYMBOL ° X A
GRAVEL SAND )
COBBLES SILT OR CLAY Boring AB-3 AB-3 AB-4
coarse fine coarse| medium fine Sample
Spec
Depth (ft) | 90.0-92.0 95.0-97.0 8.0-10.0
U.S. STANDARD
SIEVE OPENING IN NCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER % 43" 0.0 0.0 0.0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 0.7 0.0
100 I M R R8T e ||| % Sand 8.8 306 832
: % Fines 91.2 68.7 16.8
\ Cc
80 : Cu
\\ : LL 45
: PL 29
70
\ ﬁ PI 16
o
2 o * usCcs ML ML SM
? \ w (%) 30.3 37.9 12.8
I \ Particle
E 50 \ Size PERCENT FINER
E)J \ (Sieve #) ® X A
x "
m 40 3
[a on
30 r
3/4"
1/2"
20 3/8" 100.0
4 99.3
10 10 100.0 98.1
20 99.9 97.6 100.0
: : 40 99.4 96.1 99.3
0 100 10 1 0L 0.01 0.001 60 98.6 93.6 96.9
PARTICLE SIZE (mm) 100 %8 878 63.0
200 91.2 68.7 16.8
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION
Williams NESE - Madison
* e gray ST Project Number | . 1or 2017 | Figure B-11
X Dark gray SANDY SILT (ML) 60515039
Brown SILTY SAND (SM) m
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Brown POORLY GRADED SAND with SILT (SP-SM)

Williams NESE - Madison

SYMBOL P4 A
COBBLES CRAVEL SARD SILT OR CLAY Bofing AB-4 AB-4 B2
coarse fine coarse| medium fine Sample
Spec
SIEVE OPEN MR S U.S. STANDARD SIEVE NUMBERS HYDROMETER D(;?T;..ﬂ) 29'2(3)1'0 83'(;25'0 4'(;?2'0
6 43 215134 38 4 10 20 40 60 100 200 % Gravel 0.0 0.0 0.0
100 I [ 7T m I — ‘ﬂ\ T ] % Sand 88.1 69.4 93.2
' ' 3 N ' % Fines 119 306 6.8
90 ¥\ \ % -2
Cc 1.95 1.47
80 . \ Cu 4.97 2.31
10 L
0 1 & PL
1]\ PI
S o AR USCS SP-SM SM SP-SM
a : w (%) 12.0 17.5 5.6
£ Particle
E S0 \\ Size PERCENT FINER
L Sieve # A
5 T (e x
: I
30 \ M1 1
| {[E 34"
: /2
20 - 3/8"
: 4
10 \ » 10 100.0
N 20 98.8 100.0
: || 40 85.2 98.9 100.0
° 100 10 1 0.1 0.01 0.001 60 35.9 711 91.6
PARTICLE SIZE (mm) ;gg ﬁg ‘3‘22 264;30
SYMBOL DESCRIPTION AND REMARKS PARTICLE SIZE DISTRIBUTION

Light brown SILTY SAND (SM)

Project Number
60515039

October 2017

Figure B-12

Brown POORLY GRADED SAND with SILT (SP-SM)
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