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NOTE

Figure based on Babb topographic survey
performed 3-14-22.
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EXISTING RAIL CENTERLINE
SIMPLE CURVE DATA:

AS—BUILT MARCH 14, 2022
DEG= 136'35" (1'33'00" record)
R= 3559.412" (3696.62" record)
DELTA= 818'51" (726°23" record)
L= 516.504" (480" record)
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Boring Designation and
Approximate Location

Test Pit Designation and
Approximate Location

Generalized
Subsurface Cross Section
(See Figures A-2 and A-3)
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CONTROL POINT #1001:
DESCRIPTION.: 5/8" DIA. REBAR, 24" LONG, WITH 2—1/2" DIA. ALUMINUM CAP-
STAMPED "STEPHEN D. BABB, PLS 11699, CFedS #1355 SET FLUSH WITH THE
SURFACE, 2.5 FT. N. OF S. R/W FENCE NEAR A POST WITH METAL MARLS
MONUMENT SIGN ATTACHED, 97.6 FEET S. OF TRACK CL
N=9957.740 £=48145.458 ELEV.=3333.32 (NAVD8S)
WGS 84 NAD_83(2011)(EPOCH: 2010.0000):
LAT.=N48'33'25.80512" LONG: =W11048'22.10862"
Ellipsoid HT.=3283.14" (+0.04))
OPUS processed 38,344 observations, Overall RMS: 0.015 m, Rapid Ephemeris
| | |
[ |
[ ]
Scale in Feet

BNSF Railway Company
Embankment Stabilization
Hi Line Subdivision, Montana

MP 1014
SITE AND EXPLORATION PLAN

September 2022 108788-001

FIG. A-1

=“' SHANNON &WILSON, INC.
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Fill Road Constructed Along Embankment Toe
Up to Approximately 3 Feet High

NOTE

Figure based on Babb topographic survey
performed 3-14-22.

CONTROL POINT #1000:
DESCRIPTION.: 5/8" DIA. REBAR, 24" LONG, WITH 2—1/2" DIA. ALUMINUM CAP
STAMPED "STEPHEN D. BABB, PLS 11699, CFedS #1355" SET FLUSH WITH THE
SURFACE, 2 FT. N. OF N. R/W FENCE AT PROJECT STA. 5357+856.68 & 99.9
FEET N. OF TRACK CL

N=10415.503 E=46031.112 ELEV.=3366.37 (NAVD8S)

WGS 84 NAD_83(2011)(EPOCH: 2010.0000):

LAT.=N48°33'30.31808" LONG: =W110°48'53.53380"

Ellipsoid HT.=3316.25' (£0.04’)

OPUS processed 38,344 observations, Overall RMS: 0.015 m, Rapid Ephemeris
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LEGEND

Boring Designation and
BH-1 @ Approximate Location

Test Pit Designation and
- == |
TP-1S Approximate Location

Generalized

A Subsurface Cross Section
(See Figures A-2 and A-3)

EXISTING RAIL CENTERLINE
CLOTHOID SPIRAL CURVE DATA:
AS-BUILT WARCH 14, 2022:
R= 3559.41"

L= 474.59" (450" RECORD)
THEDA= 349'11”

BNSF Railway Company
Embankment Stabilization
Hi Line Subdivision, Montana

MP 1014
SITE AND EXPLORATION PLAN

September 2022 108788-001
=1 SHANNON &WILSON, INC. FIG. A1
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3 TP-3S Balast Balast (Pro}. 18 SE) 1. Ground surface based on Babb topographic
2 (Proj. 18' SE) Siiff, dark brown and black, Sandy survey performed 3-14-22.
< Medium stiff, brown, Sandy Lean to Fat Clay Lean Clay with Gravel (CL); moist
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Rev: CDK Typ: LKN

Log: ELM

Total Depth: 25.91t. Latitude: NA

Top Elevation: _ 3352.0 ft. Longitude: NA
Datum: NAVD88 Station: 5356+813 ft.
Horiz. Datum: NAD83 Offset: _10'S of CL Main

Vert.

Drilling Method:
Drilling Company:
Drill Rig Equipment:
Other Comments:

Hollow Stem Auger Hole Diam.: 8in.

Interstate Rod Diam.: AWJ

Diedrich D-70 Hammer Type: Automatic

Elevation, ft.

SOIL DESCRIPTION

Refer to the report text for a proper understanding of the
subsurface materials and drilling methods. The stratification
lines indicated below represent the approximate boundaries

between material types, and the transition may be gradual.

Depth, ft.

Symbol

Ground

PENETRATION RESISTANCE  (blows/foot)
A Hammer Wt. & Drop: _ 140 Ibs / 30 inches

Water
Depth, ft.

0 20 40 60

Medium stiff, gray-brown Lean to Fat Clay with Sand
(CL/CH); moist; trace fine, angular to subrounded
gravel; fine to coarse sand; medium to high
plasticity; few coal fragments; trace organics;
mottled light gray carbonate preciptate; strong
reaction to HCI throughout.

(Fill)

Stiff, light gray-brown Lean to Fat Clay with Sand
(CL/CH); moist; trace fine, subangular to
subrounded gravel; fine to coarse sand; medium to
high plasticity; few coal fragments; mottled light gray

\carbonate precipitate and nodules; strong reaction to /'
HCI.

(Glacial Soil)

Very stiff, light gray-brown Fat Clay with Sand (CH);
moist; trace fine, subangular to subrounded gravel;
fine to coarse sand; high plasticity; heavily
weathered; some iron oxide staining; trace light gray
carbonate nodules; weak reaction to HCI in matrix.

12.0

~15.0

Very dense, light gray-brown, Silty Sand (SM); moist;
fine sand; nonplastic to low plasticity.
(Judith River Formation)

22.0

AN

BOTTOM OF BORING
COMPLETED 3/30/2022

+25.9

Water Level Not Determined

*

L

LEGEND
Sample Not Recovered
2.0" O.D. Split Spoon Sample

NOTES

Screen and Sand / Gravel Filter
Bentonite-Cement Grout
Bl Bentonite Chips/Pellets
Bentonite Grout

<& % Fines (<0.075mm)
@ % Water Content

BNSF Railway Company
Embankment Stabilization
Hi Line Subdivision, Montana

ASTER LOG E MC 108788.GPJ SHAN WIL.GDT 9/22/22

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

LOG OF BORING MP 1014 BH-1

September 2022 108788-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants FIG- A'4




Rev: CDK Typ: LKN

Log: ELM

ASTER LOG E MC 108788.GPJ SHAN WIL.GDT 9/22/22

Total Depth: 25.8 1t. Latitude: NA Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: _ 3357.0 ft. Longitude: NA Drilling Company: Interstate Rod Diam.: AWJ
Vert. Datum: _ NAVD88  Station: _ 5357+294 ft.  Dirill Rig Equipment: _ Diedrich D-70 Hammer Type: _ Automatic
Horiz. Datum: NAD83 Offset: _14'S of CL Main Other Comments:
dz. SOIL DESCRIPTION £ |5 8 o . & | PENETRATION RESISTANCE (blows/foot)
9o Refer to the report text for a proper understanding of the = Q a % L < | A Hammer Wt. & Drop: _ 140 Ibs / 30 inches
© subsurface materials and drilling methods. The stratification °a S e o © °a
5 lines indicated l?elow represent the app(oximate boundaries 8 U>)” (C/'S C) ; 8
i between material types, and the transition may be gradual. 0 20 40 60
Soft to medium stiff, olive-gray to gray-brown Lean to il d B IR N :
-1 Fat Clay with Sand (CL/CH); moist; trace fine, 1
_|angular to subrounded gravel; fine to coarse sand; L | __
medium to high plasticity; few coal fragments; -
7| mottled and platy light gray carbonate precipitate; I | 2 | *
- weak to strong reaction to HCI in matrix. 1 —
| (Fill) L i -
i | 3
- -
— 4 é
3348 1 2
—1 |o
48. Stiff to very stiff, olive-gray to gray-brown Lean to Fat 9.0 '/ o
-1 Clay with Sand (CL/CH); moist; trace fine, I -/ - 12
_|  subangular to subrounded gravel; fine to coarse L J 5 S
sand; medium to high plasticity; few coal fragments; / — %
~| mottled and platy light gray carbonate precipitate and [ 1 g
- nodules; weak reaction to HCI in matrix. L . 6 =
| (Glacial Soil) | ] % 1
33343 Very dense, light gray-brown, Silty Sand (SM); moist; [ 22.7 RNR 101
fine sand; nonplastic to low plasticity. ol pat
(Judith River Formation) -
3331.2 BOTTOM OF BORING 1258 ¢
- COMPLETED 3/30/2022 L ]
LEGEND

*

H'-1 Screen and Sand / Gravel Filter
Bentonite-Cement Grout
Bl Bentonite Chips/Pellets
Bentonite Grout

Sample Not Recovered
1 2.0"0.D. Split Spoon Sample

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

<& % Fines (<0.075mm)
@ % Water Content

BNSF Railway Company
Embankment Stabilization
Hi Line Subdivision, Montana

LOG OF BORING MP 1014 BH-2

September 2022 108788-001
SHANNON & WILSON. NG | FIG. A5
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1) SHANNON SWILSON. INC.

GEQTECHNICAL AND ENVIRONMENTAL GCONSLULTANTS

LOG OF TEST PIT TP-1N

JOB NO: 108788-001

PROJECT: BNSF HiLine Sub

DATE: 3-29-22

LOCATION: MP 1014

SOIL DESCRIPTION

Ground
Water
% Water

Content

Samples

o|Depth, Ft.

Sketch of

West

Pit Side

Top of Tie Elevation: Approx. 3353 Ft.

Horizontal Distance in Feet

10 12

Soft to medium stiff, gray-brown, Lean
to Fat Clay with Sand (CL/CH); moist;
trace fine to coarse, angular to
subrounded gravel; fine sand; low to
medium plasticity; strong reaction to
HCI.

(Fill)

Loose to medium dense, black, Poorly
Graded Gravel with Silt and Sand
(GP-GM) to Silty Gravel with Sand (GM);
moist; fine to coarse gravel and sand;
nonplastic to low plasticity; coal and ash.
(Fill)

Medium stiff, brown, Sandy Lean Clay
with Gravel (CL); moist; fine to coarse
gravel and sand; low to medium
plasticity.

(Fill

@ Loose to medium dense, black, Silty
Sand with Gravel (SM); moist; fine to
coarse, angular to subrounded gravel;
fine to coarse sand; low plasticity; coal,
ash, wood.

(Fill

@ Soft to medium stiff, gray-brown, Sandy
Silt (ML) and Lean Clay (CL); moist; few
fine to coarse, subangular to
subrounded gravel; fine to medium
sand; low to medium plasticity; strong
reaction to HCI.

(Glacial Soil)

Stiff to very stiff, brown, Lean to Fat
Clay (CL/CH) and Sandy Silt with Clay
(ML/CL); moist; fine sand; low to high
plasticity; few clay clasts; weak reaction
to HCI.

(Glacial Soil)

9-V 'Old

None Observed

S-1

S-2

S-3

10

12

- ¥ VS 15 -
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Date: 06-22-2022

Author: SAC

S{JJ SHANNON&WI

:
BEQTECHNICAL AND ENVIRONMENTAL CONSULTANTS

LOG OF TEST PIT TP-1S

JOB NO: 108788-001

PROJECT: BNSF HiLine Sub

DATE: 3-29-22

LOCATION: MP 1014

SOIL DESCRIPTION

Ground
Water

% Water

Content

Samples

Sketch of

West

Pit Side

Top of Tie Elevation: Approx. 3354 Ft.

Horizontal Distance in Feet

(1) Medium stiff, brown, Lean Clay with
Sand (CL); moist; trace fine sub-
angular gravel; fine sand; trace coal
fragments; low to medium plasticity.
(Fill

@ Loose to medium dense, gray- brown,

Silty Sand with Gravel (SM); moist;

fine to coarse, angular to subangular

gravel; fine to coarse sand;
nonplastic to low plasticity; metal,
coal, ash, and cinder fragments;
strong reaction to HCI.

(Fill

Loose to medium dense, brown,
Poorly Graded Gravel with Silt and
Sand (GP-GM) to Silty Gravel with
Sand (GM); moist; fine to coarse,
subangular to subrounded gravel;
fine to coarse sand; nonplastic to low
plasticity.

(Fill)

Soft to medium stiff, dark brown,
Sandy Silt with Clay (ML/CL) to
Sandy Lean Clay (CL); moist; fine to
coarse sand; low to medium plasticity.
(Filr)

Soft to very stiff, brown, Lean to Fat
Clay with Sand (CL/CH); moist; fine

to coarse, subangular to subrounded
gravel; fine to coarse sand; low to
medium plasticity; blocky soil
structure with iron-oxide staining on
fracture faces; coal clasts.

(Glacial Soil)

LV 'Old

None Observed

S-1

S-3

o|Depth, Ft.

ol N

12

- “PIP:2103- ¢
C VS35
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S |]) SHANNON SWILSON. |

GEQTECHNICAL AND ENVIRONMENTAL CONSLLTANTS

LOG OF TEST PIT TP-2S

JOB NO: 108788-001
PROJECT: BNSF HiLine Sub

DATE: 3-28-22

LOCATION: MP 1014

SOIL DESCRIPTION

Ground
Water

% Water

Content

Samples

Sketch of  West Pit Side

Top of Tie Elevation: Approx. 3357 Ft.

Horizontal Distance in Feet
12

@ Gray Ballast.

(=)

8-V 'Old

Loose to medium dense, red, Silty Gravel with
Sand (GM); moist; fine to coarse, angular
gravel and sand nonplastic to low plasticity.
(Fill)

Loose to medium dense, black, Silty Sand with
Gravel (SM); moist; fine to coarse, subangular
to subrounded gravel; fine to coarse sand;
nonplastic to low plasticity; coal, cinders, and
ash; frozen near track.

(Fill)

Loose to medium dense, brown, Poorly Graded
Gravel with Silt and Sand (GP-GM) to Silty
Gravel with Sand (GM) and Silty Sand with
Gravel (SM); moist to wet; fine to coarse,
subangular to subrounded gravel; fine to coarse
sand; nonplastic to low plasticity; frozen near
track.

(Fill)

Medium stiff, brown, Sandy Lean to Fat Clay
(CL/CH); moist; few fine to coarse gravel; fine
to medium sand; medium to high plasticity;
(ffroz)en near track at ~3.5 feet below top of tie.
Fill

Stiff to very stiff, gray-brown, Clayey Silt with
Sand (ML/CL) and Lean Clay with Sand (CL);
moist; fine to trace medium and coarse sand;
low to medium plasticity.

(Glacial Soil)

Very stiff to hard, light gray-brown to
gray-brown, Lean to Fat Clay with Sand
(CL/CH) to Sandy Fat Clay (CH) and Clayey
Silt with Sand (ML/CL); moist; few fine to
coarse, subangular to subrounded gravel; fine
to coarse sand; low to high plasticity; coal
fragments; blocky texture; scattered iron-oxide
staining; strong reaction to HCI .

(Glacial Soil)

- White spots ~4.5 to 5.5 feet below
top of tie.

Loose to medium dense, brown to gray, Silty
Gravel with Sand (GM) to Poorly Graded
Gravel with Silt and Sand (GP-GM); moist; fine
to coarse, subangular to subrounded gravel;
fine to coarse sand; nonplastic low plasticity.
(Fill)

None Observed

S-1

S-2

S-3

o|Depth, Ft.

12

16

20

24

- Harder Digging ~ ¥ e
g ~B€I6W~4~.5~Feet~’~ L

) .s .-




File: E:\\J\_SEA\108788\001\108788-001 Test Pits_MP 1014.dwg Date: 06-22-2022  Author: SAC
) SHANNON EWILSON, INC. JOB NO: 108788-001 DATE: 3-29-22  LOCATION: MP 1014

LOG OF TEST PIT TP-3N

PROJECT: BNSF HiLine Sub

SOIL DESCRIPTION

Ground
Water

% Water

Content

Samples

Sketch of  West  Pit Side Top of Tie Elevation: Approx. 3357 Ft.

Horizontal Distance in Feet

o|Depth, Ft.

OJO,

Gray Ballast

Medium stiff, dark brown and black,
Sandy Lean Clay with Gravel (CL);
moist; fine to coarse, angular to
subrounded gravel; fine to coarse sand;
low to medium plasticity.

(Fouled Ballast/Fill)

@ Loose to medium dense, brown, gray

and black, Silty Sand with Gravel (SM)
to Silty Gravel with Sand (GM); moist;
fine to coarse, angular to subrounded
gravel; fine to coarse sand; low
plasticity; coal, ash; frozen near track at
~2.5 feet below top of tie.

(Filr

@ Stiff to very stiff, dark brown to brown,

Lean Clay with Sand (CL) and Sandy
Silt with Clay (ML/CL); moist; fine sand;
low to medium plasticity; frozen near
track at ~2.5 to 3.5 feet below top of tie.
(Glacial Sail)

-Dark brown in upper ~1.5 feet

6-V 'Old

LEGEND

P/P = Pocket Penetrometer Reading
in tons/ft?

V/S = Vane Shear Reading in kPa

None Observed

S-1

Tie

. Frozen =

o

12 .........




File: E:\\J\_SEA\108788\001\108788-001 Test Pits_MP 1014.dwg Date: 06-22-2022  Author: SAC

=1 SHANNON EWILSON, INC, JOB NO: 108788-001 DATE: 3-28-22  LOCATION: MP 1014
LOG OF TEST PIT TP-3S PROJECT: BNSF Hi Line Sub
= % E ﬁ i Sketch of  West  Pit Side Top of Tie Elevation: Approx. 3359 Ft.
-— -— Q. =
SOIL DESCRIPTION 5 g = 5| E 2 Horizontal Distance in Feet
(O] ° O ®© [O)
N » | Aalo 4 8 12 16 20 24
0 >

@ Gray Ballast.

Loose to medium dense, red, Silty Gravel with
Sand (GM); moist; fine to coarse, angular
gravel; fine to coarse sand; nonplastic to low
plasticity.

(Fowled Ballast)

oo

None Observed
N

@ Loose to medium dense, black, Silty Sand
with Gravel (GM); moist; fine to coarse, S-3
subangular to subrounded gravel; fine to .
coarse sand; low plasticity; coal, ash, and — | —
cinder fragments. . . AL . T Harder Digging
(Filr . . . . . . P v DY . Below 6 Feet.

@ Loose to medium dense, brown, Poorly
Graded Gravel with Silt and Sand (GP-GM) to 8
Silty Gravel with Sand (GM); moist to wet; fine
to coarse, subangular to rounded gravel; fine
to coarse sand; trace gray clay; nonplastic to
medium plasticity; trace coal fragments; S-5
frozen near track.
(Fill)

Medium stiff to very stiff, dark brown, Sandy
Silt (ML) and Sandy Lean Clay (CL); moist; 12
low to medium plasticity; frozen in upper part
near track.

(Fill)

Medium stiff, yellow brown, Sandy Lean to Fat
Clay (CL/CH) and Sandy Silt with Clay
(ML/CL); moist; few fine to coarse gravel, fine
to medium sand; nonplastic to high plasticity.
(Fill) 16

Medium stiff to hard, brown to brown-gray,
Lean Clay with Sand (CL) to Fat Clay with
Sand (CH); moist; few fine to coarse,
subangular gravel; fine to coarse sand;
medium to high plasticity; blocky texture; coal
and highly weathered sandstone fragments;
iron-oxide staining; strong reaction to HCI.

& ©® ©

(Glacial Soil) 20
- scattered sand pockets
- harder digging below 6 feet

Loose to medium dense, brown, Poorly
Graded Gravel with Silt and Sand (GP-GM) to
Silty Gravel with Sand (GM); moist; nonplastic
to low plasticity.

(Fill) 24

0l-V 'Old




S SHANNONSWILSON. INC.

L3
TAL CONSULTANTS

LOG OF TEST PIT TP-4S

JOB NO: 108788-001 DATE: 3-28-22
PROJECT: BNSF HiLine Sub

LOCATION: MP 1014

SOIL DESCRIPTION

Ground
Water

% Water

Content

Sketch of  West Pit Side

Horizontal Distance in Feet

12 16

20

Top of Tie Elevation: Approx. 3360 Ft.

24

Gray Ballast.

Loose to medium dense, red-gray, Silty
Gravel with Sand (GM); moist; fine to
coarse, angular gravel and sand; nonplastic
to low plasticity.

(Fouled Ballast/Fill)

Loose to medium dense, black, Silty Sand
with Gravel (SM); moist; fine to coarse
gravel and sand; low plasticity; coal and ash.
(Filly
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Loose to medium dense, gray-brown, Poorly
Graded Gravel with Silt and Sand (GP-GM)
to Silty Gravel with Sand (GM); moist to wet;
fine to coarse, subangular to subrounded
gravel; fine to coarse sand; nonplastic to low
plasticity; frozen near track.

(Filly

(@

Stiff to medium stiff, dark brown, Silt with

Sand (ML) and Sandy Lean Clay (CL); moist;

few fine to coarse, subangular to
subrounded gravel; fine to medium sand;
low to medium plasticity; few coal fragments;
frozen near track.

(Glacial Soil)

Medium stiff, brown, Sandy Lean to Fat Clay
(CL/CH); moist; few fine to coarse,
subangular to subrounded gravel, fine to
coarse sand; medium to high plasticity.

(Filly

Stiff to hard, brown, Lean to Fat Clay
(CL/CH) and Sandy Lean Clay (CL); moist;
few fine to coarse, subangular to
subrounded gravel; fine to coarse sand;
medium to high plasticity; blocky texture with
iron-oxide staining on fracture faces; weak to
strong reaction to HCI; coal fragments; .

= @ @

(Glacial Soil)
- White spots from 5 to 6 feet below
top of tie.

Loose to medium dense, brown-gray, Silty
Gravel with Sand (GM); moist; fine to coarse
gravel and sand; nonplastic to low plasticity.
(Filly
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None Observed

S-4

S-5

S-7

o|Depth, Ft.

12

16

20

24

® S-2

P/P:210 3

V/S: 2.5
/7 Harder Digging

6 # S-4

3 P/P: 4.5+
V/S: Not

Performed

® S-5

$ S-6

Below 5 Feet

® S-7

LEGEND

P/P = . Pocket Penetrometer Reading
in tons/ft?

V/S = ' Vane Shear Reading in kPa




Particle Size Distribution Report
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(no specification provided)
Location: Milepost 1014, TP-1N, S-2

Sample Number: Y0464
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LIQUID AND PLASTIC LIMITS TEST REPORT

50 [— >

N
o
\
N
AN
\
N

PLASTICITY INDEX
8
!
\\
\\
N
\\\

N
o
\
\
\
\
\
\
N
[ ]
Q
2.
X}

10— >
yd B

/ ‘;‘ / ML or OL
H |

MH or OH

0 10 20 30 40 50 60 70
LIQUID LIMIT

80 90

100

110

34.6

34.4
K

34.2

w
)

VYATER CONTENT
w
=]

«
>

33.2

33

32.8

32.6

NUMBER OF BLOWS

25

30

40

MATERIAL DESCRIPTION LL PL PI

%<#40

%<#200

USCS

[ Sandy Lean Clay 33 15 18

92.6

65.8

CL

Project No. 10622087 Client: Shannon & Wilson Inc.
Project: BNSF Hi-Line Sub

Location: Milepost 1014, TP-1N, S-2
Sample Number: Y 0464 Depth: 4'

Remarks:

17.9%

o T

ZsKrazan

f!’;;

Figure

@A s-Received Moisture Content:



SRM
Highlight


LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID AND PLASTIC LIMITS TEST REPORT
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