JUNE 2012

FOR THE
ST. MARY RIVER SIPHON CROSSING

GEOTECHNICAL STUDIES

N
=
e
=
-
o
=
=
7z
Q
|,
AN
ad
=
>
frm
-
2
<
=
—
N




TABLE OF CONTENTS

1.0 INTRODUCTION...cuciiiinuinrensensaissenssesssnssssssesssnsssssssssssssssssssssssssssssssssssasssssssssssssssssssssassssssss 1
1.1 PUrpoSe and SCOPE .....eeuveeuiertieieiiierieee ettt 1

1.2 Project DESCIIPLION. ...ceutietieiieiiie ettt ettt ettt eeaeeas 2

2.0 SUMMARY OF FIELD AND LABORATORY STUDIES .......ccccceeveerruecserssecsuecsaccsessae 7
2.1 Field EXPIOTAtiONS .....cccuviiiieiieiiieee ettt e 7

2.2 INSIUMENLATION ..evuretieiieriierieete ettt ettt sttt sb ettt sb et eeaee b 9

23 Laboratory TESTINE .....cccueeriieiiieeiie ettt ettt ettt et sttt e et esaeeens 10

3.0 SITE CONDITIONS....couiiriiensricsnissenssesssnssesssessssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssss 12
3.1 Geology and PhySiography .........c.cccooiieiiiiiiiiieeeee e 12

3.2 Surface CONItIONS. ...cc.eeieruiertieieriieieete ettt sttt ettt sttt st enbeeneseeens 12

33 Subsurface CONAItIONS ........c.eevueeriieiierieeiie ettt eeees 13

3301 S00LS ettt ettt et 13

3.3.2 GIoUNA WLLT......eiiiiieiieiiieiieee ettt ettt sttt st seeeeaeeas 16

4.0 ENGINEERING ANALYSIS 24
4.1 INEEOAUCTION. .ttt ettt ettt et esae e 24

4.2 S1oPe INCHNOMELETS. ...cuueeuieiieiieieeiieteeie e stee ettt sttt ettt e seee e enee s 25

4.3 S1ope Stability ISSUES ....ccueeevieiieeiieiieeieeiie ettt ettt ettt esite e b e sseeeaneens 26

4.3.1 INtrOAUCTION ..c..eeiiiiiieiiee et 26

4.3.2 GroUNA WALT....cueiiiiiiiieiie ettt ettt ettt ettt e e esneeeaneas 27

4.3.3 Soil Shear Strengths ........cc.eeeciiieiiieeieeceeeeeee e e s 28

4.3.4 Slope Stability MOdeling .........cccoecueriininiiniiiiiiceeeeeereeeeeeeee e 29

4.4 Replacement SIPHONS.......ooiuiiiiiiiiiiiiieiere ettt 30

4.5 Slope Stability ENhancements. ...........ccccueeruieriieiiiniieiieeie et 31

5.0 RECOMMENDATIONS . ..cuuiiiiiiininsnnssenssisssnssesssisssssssssssssssssessssssssssssssssssssssssassssssssssssssass 33
5.1 GONETAL ...ttt sttt 33

5.2 Replacement SIPhomnS. ........ooouiiiiiiiiiiiiiie e 33

53 Slope Stability ENhancements.........c.ccocevierierienieniinienieneeeneneee e 34

54 CONNUING SEIVICE....eeiuiiiuiieiiiiiieitieeteestte et et e et e sttesbeesbeeesbeesbeesabeesbeeesbeesseesaseas 34

6.0 LIMITATIONS ...coouiiriirninsensecssicsenssecssessssssncssessasssessssssssssesssssssssssssssssssssssssessassssssssssassssssae 35

Geotechnical Studies

Table of Contents

St. Mary River Siphon Crossing 1



APPENDIX

APPENDIX A - ST. MARY RIVER SIPHON CROSSING

® & & & O O O o o o

Plan and Profile (Figure A1)

Logs of Exploratory Borings (Figures A2 through A9)

Logs of Cone Penetration Testing (Figures A10 through A15)
Laboratory Test Data (Figures A16 through A31)
Inclinometer Data (Figures A32 through A37)

Geologic Cross-Section (Figures A38)

Slope Stability Models (Figures A39 through A48)
Analytical Test Data (12 Sheets)

USBR Boring Logs (14 Sheets)

TD&H Boring Logs for St. Mary River Bridge (8 Sheets)

APPENDIX B - PROPOSED REPLACEMENT - ST. MARY RIVER CROSSING

*® & & ¢ oo o

Plan and Profile (Figure B1)

Logs of Exploratory Borings (Figures B2 through B14)
Laboratory Test Data (Figures B15 through B24)
Inclinometer Data (Figures B25 through B32)
Geologic Cross-Section (Figures B33)

Slope Stability Models (Figures B34 through B42)

APPENDIX C - GENERAL APPENDICES

*

*
*
*

Soil Classification and Sampling Terminology for Engineering Purposes
Classification of Soils for Engineering Purposes

Conceptual Detail of an Elevated Installation (Figure C1)

Conceptual Detail of a Buried Installation (Figure C2)

Geotechnical Studies Appendix
St. Mary River Siphon Crossing ii



GEOTECHNICAL REPORT
ST. MARY RIVER SIPHON CROSSING
ST. MARY DIVERSION AND CONVEYANCE FACILITIES

1.0 INTRODUCTION

1.1 Purpose and Scope

This report presents the results of our geotechnical studies for the replacement of the St. Mary River
Siphon crossing, part of the St. Mary Diversion Facilities located northeast of Babb, Montana. The
purpose of the geotechnical studies was to determine the general surface and subsurface conditions at
the siphon crossings and to develop geotechnical engineering recommendations to enhance long-term
performance of the existing or any replacement structures. This report describes the fieldwork and
laboratory analyses conducted for each of the field investigations performed since 2006, the surface
and subsurface conditions encountered, and presents our recommendations for the existing siphon
and future replacement siphon crossings. Any additional data which is collected after the time of this
report may warrant modifications to the conclusions and recommendations contained herein. An
exploration program for a proposed alignment of a replacement siphon was performed for the St.
Mary River crossing and will be included as part of the discussion within this report. To our
knowledge, a final design has not been initiated and the alignment investigated has not been
approved as a final alignment for a replacement structure.

Our field work consisted of several separate investigations spanning from 2006 to present. Various
investigations were performed to evaluate the existing siphon at the St. Mary River crossing as well
as an investigation of the preliminary alignment for the proposed replacement siphon at the St. Mary
River crossing. These investigations consisted of several borings, Cone Penetration Tests (CPT), the
installation of various instruments, and long-term data collection and analysis. Each of the
investigations performed will be discussed in greater detail in the following report. Samples were
obtained from the various borings performed for each investigation and were returned to our Great
Falls laboratory for testing. Laboratory testing was performed on select soil samples to determine
engineering properties of the subsurface materials. The information obtained during our field
investigations, laboratory analyses, and monitoring of field instrumentation was used to develop
preliminary recommendations for the design of the replacement siphons.
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1.2 Project Description

The St. Mary River siphon crossing is one of the most significant structures of the 29 miles of the St.
Mary River Diversion Facilities. The inverted siphon consists of two riveted steel pipes ranging in
diameter from 84 to 90 inches. The 90-inch pipe transitions to an 84-inch diameter as it crosses the
St. Mary River Bridge and then back to 90 inches (see Photo 1). The overall siphon length from inlet
to outlet is reported by the United States Bureau of Reclamation (USBR) to be 3,281 feet. The design
discharge capacity of each pipe is 425 cfs for a combined capacity of 850 cfs. The maximum static
head is 165 feet (71.5 psi) which is the elevation difference between the inlet water level and the
center of the pipes at their lowest elevation (St. Mary River Bridge crossing). The siphon inlet and
outlet consist of concrete transition structures.

Photo 1 View of the St. Mary River Bridge carrying the siphon, looking downstream
(southeast). The old bridge shown was replaced up river with a new bridge
constructed during the winter of 2008 and 2009 (06/04/04)

The left pipe, looking downstream, was constructed from 1912 to 1915, and the right pipe was
constructed from 1925 to 1926. Most of the left, original pipe was placed underground with 3 to 5
feet of soil cover. The water diversion started in June of 1916 with just the left pipe. After nine
years of operation, the left pipe underwent a major repair due to damages caused by corrosion,
compression buckling, and development of major leaks. Because of this, it was decided that the right
pipe should be constructed above ground on concrete saddles on 20-foot centers to support the new

Geotechnical Studies Introduction
St. Mary River Siphon Crossing Page 2



pipe. This also facilitated maintenance of the exterior protective coating. Additional
expansion/contraction joints were also installed at this time to increase the internal joint movement
distance from 10 inches to 24 inches. A typical expansion/contraction joint with a cathodic
continuity cable is shown in Photo 2.

Photo 2 St. Mary River Siphon — Typical expansion/contraction joint, including cathodic
protection continuity cable (10/26/04)

During the 1926 operation season, the recently constructed right pipe failed at the outlet transition.
The pipe moved downslope such that approximately 100 lineal feet collapsed or was damaged. The
repair was made by constructing an anchor just upstream of the outlet transition to stabilize the pipe
and prevent it from moving downslope.

In the spring of 1937, the left pipe again underwent a major renovation which took place over a two-
year period. The earth material was removed from the left pipe and concrete supports were
constructed under the portions of the pipe that lay on the ground in the trench. Both pipes were
recoated at that time.

In 1954, a section of the left pipe was replaced and steel plates were installed where corrosion had
damaged the steel. Typical siphon repairs due to deflection and corrosion are shown in Photos 3 and
4. Also, there appeared to be seepage from the canal which moved along the siphon support
foundation at both pipes. The left pipe was further unearthed and a perforated drain pipe installed,

Geotechnical Studies Introduction
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surrounded with well-graded gravel. One drain was installed on the north side of the left pipe, and
one on the south side of the right pipe. A cathodic protection system was also installed on both
pipes. This system remained in effect until 1997 when the pole support for the rectifier tipped over

damaging the rectifier beyond repair.

Photo 3 Typical siphon repair due to deflection and/or corrosion (10/13/04)

Photo 4 Typical siphon repair due to deflection and/or corrosion (10/13/04)

Introduction
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The left siphon between Station 512+30 (location of the most downstream pipe anchor) and Station
518+21 (downstream end of steel pipe) historically has been a major problem area. Part of this
section has moved up to 4.5 feet downslope since the pipe was constructed. The movement caused
major compression buckling near Station 513+00. An inspection in the Fall of 1996 revealed
complete closure of all the expansion joints in the left siphon, which resulted in compression
buckling. This also caused the pipe supports to rotate downslope which created a point-load bearing
condition. This resulted in up to 6-inch indentations in the pipe at the points of the concentrated load
(Photo 5).

Photo 5 Photo shows ground movements right to left causing rotation of concrete support
and point-loading of siphon which can lead to buckling (10/13/04)

The right pipe exhibits similar movement; however, the larger expansion joints used during
construction allow the pipe to accommodate larger displacements. Inspections of the right pipe
revealed that several of the larger expansion joints had also become entirely closed.

In June 1996, there was a significant amount of surface water which appeared to be coming from
leaks in both pipes along the north slope. This resulted in erosion and loss of support for the left
pipe at a vertical change in slope.

Geotechnical Studies Introduction
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Repairs were carried out in February 1997. The work performed is listed as follows:

Buckled section in left pipe was replaced.

The expansion join near the buckled section was re-done.

A 7-inch long extension was welded to the downstream end of the left pipe.

The male ends in two expansion joints in the right siphon were cut and repaired to make
them operable again.

In summary, the existing St. Mary River siphon, excluding the concrete transitions and bridge,

exhibits the following deficiencies:

The exposed concrete pipe supports are deteriorating.

The left conduit continues to slide down the slope.

Concrete supports under the conduit are rotating because of ground movements relative to
the pipe. As the supports tip, they buckle the bottom of the pipe.

Portions of the pipes continually need to be removed at the expansion/contraction joints to
keep them functional. Additional lengths of pipe need to be added to replace displaced
sections.

Most of the expansion/contraction joints leak and tend to saturate the supporting soils and
hillsides.

The St. Mary River siphon is in very poor condition and represents the most fragile component of the

overall Diversion Facilities. Sudden failure could cause both economic and environmental

catastrophes. Alternatives were considered by the Design Team for replacing the St. Mary River

Siphon and include the various design parameters:

One large replacement pipe versus two smaller pipes.

Above ground supported siphon versus direct bury construction with integrated drainage.
Combinations of direct bury and above ground supported may be ideal for this crossing.
Pipe materials, i.e. cast-in-place concrete, steel, or other.

Below river crossing or elevated above.

New alignment and reduction of overall length.

Level of corrosion protection necessary and which method is best suited for this site.
Slope stability issues and level of stabilization corrective measures required.

Geotechnical Studies Introduction
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2.0 SUMMARY OF FIELD AND LABORATORY STUDIES

2.1 Field Explorations

An initial exploration of the St. Mary River Crossing siphon was performed by the USBR in 1999
with a follow-up performed in 2001. In 1999, three soil borings were drilled on the south slope and
completed as piezometers for future water level measurements. In 2001, three additional soil borings
were drilled on the north slope and two borings were drilled at each end of the proposed replacement
bridge. The three soil borings on the north slope were completed as piezomenters, although only two
have survived. The locations of each of the borings are shown on Figure A1 and logs of the USBR
soil borings are included near the end of Appendix A.

The first field investigation by TD&H was performed in September 2005. During this investigation
six soil borings were drilled to depths ranging from 23.0 to 55.2 feet at the locations shown on
Figure A1 to observe subsurface soil and ground water conditions. The borings were advanced
through the subsurface soils using a truck-mounted, Mobile BK-81 drill rig equipped with 8-inch
O.D. hollowstem augers. Rock coring was performed in one boring (SSI-3) and approximately 10
feet of HQ-size rock core (2.375-inch diameter) was obtained. The borings were logged by Mr.
Erling A. Juel, P.E. of TD&H.

In-situ soil parameters were measured adjacent to the six soil boring locations using an electric cone
penetrometer during the 2005 investigation. The cone penetration test with pore water measurements
(CPTu) is described by ASTM D-5778. The CPTu probe measures cone tip resistance (q.), sleeve
friction (f;), pore pressure behind the cone tip (u;) generated during penetration, and the tilt angle of
the probe during the push. A depth synchronization unit tracks the probe depth and penetration rate
as the CPTu probe is systematically pushed into the subsurface soils using 1-meter long rods. A
target penetration rate of 20 mm per second was utilized and data was electronically recorded every
second.

In 2006 an investigation was performed to evaluate the subsurface conditions for design of the
replacement St. Mary River bridge. The replacement structure is located just south (upstream) of the
existing siphon crossing. This investigation consisted of five soil borings with depths ranging from
12.7 to 45.0 feet at the locations shown on Figures Al and A2. Copies of these logs have been
included at the end of Appendix A.

Geotechnical Studies Summary of Field & Laboratory Studies
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A follow-up phase of geotechnical exploration was performed in the summer of 2007. This work
was warranted and scoped based on the results of the monitoring program implemented after the
installation of the instrumentation in 2005. The 2007 field work included the following:

e Dirilled two additional HSA soil borings on the south slope, PW-1 and PW-2, to depths of
48.0 and 43.0 feet, respectively (Figure Al).

e Eachboring was completed as a ground water monitoring well with one well casing sized for
pump testing.

e Ten feet of HQ-size rock core was obtained.

e Ground water pump testing was performed to characterize the aquifer parameters on the
south slope.

e Preliminary slope stability modeling and analysis was completed to evaluate initial slope
stability issues.

In the summer of 2008, several backhoe test pits were excavated adjacent to the left siphon barrel.
This work helped characterize the nature of the trench backfill conditions, siphon leakage trapped in
this zone and the nature of the subsurface drain reportedly installed in the 1950°s. Although related
to the overall project but not contracted by DNRC, TD&H drilled five soil borings for the Montana
Department of Transportation (MDT) to facilitate design of the new Glacier Country bridge now
located upstream of the siphon-bridge crossing.

PROPOSED REPLACEMENT ST. MARY RIVER SIPHON

An initial geotechnical investigation of the proposed replacement siphon alignment at the St. Mary
River crossing was investigated during August and September 2009. The proposed replacement
alignment was located on the north side of the existing siphon. As part of this investigation a total of
13 soil borings were drilled to depths ranging from 26.5 to 80.0 feet at the locations shown on Figure
B1 to observe subsurface and ground water conditions. The borings were performed using a truck-
mounted, Mobile BK-81 drill rig with 8-inch O.D. hollowstem augers. Rock coring was performed
in nine of the borings (09PA-1 through 09PA-9) and approximately 144 feet of HQ-size rock core
was obtained. The borings were logged by Mr. Craig Nadeau, E.I. of TD&H and copies of the
boring logs are included in Appendix B.

As part of this study, many of the borings were completed as either slope inclinometers, ground
water monitoring wells, or both. Slope inclinometers were installed in borings 09PA-1 through
09PA-4 and 09PA-7 through 09PA-10 by installing 2.75-inch, ABS plastic inclinometer casing. In
addition to the dual-purpose slope inclinometers, a total of 12 ground water monitoring wells were

Geotechnical Studies Summary of Field & Laboratory Studies
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installed (including nested wells in borings 09PA-5 and 09PA-6). The wells were constructed using
PVC plastic pipe ranging in size from %:-inch to 1%-inch diameter. At borings 09PA-7 through
09PA-10, a second boring was fast-augered adjacent to the slope inclinometer to set the monitoring
well and were installed using 1%-inch PVC pipe. At borings 09PA-1 through 09PA-3, the ground
water monitoring well was placed in the same boring as the slope inclinometer and completed using
¥-inch PVC pipe.

During each of the geotechnical investigations described above, samples of the subsurface materials
were taken using 13z-inch LD. split spoon samplers. The samplers were driven 18 inches, when
possible, into the various strata using a 140-pound drop hammer falling 30 inches onto the drill rods.
For each sample, the number of blows required to advance the sampler each successive six-inch
increment was recorded, and the total number of blows required to advance the sampler the final 12
inches is termed the penetration resistance (“N-value”). This test is known as the Standard
Penetration Test (SPT) described by ASTM D-1586. Penetration resistance values indicate the
relative density of granular soils and the relative consistency of fine-grained soils. Samples were
also obtained by hydraulically pushing 3-inch L.D., thin-walled Shelby tube samplers into the
subsoils. Logs of all soil borings, which include soil descriptions, sample depths, and penetration
resistance values are presented in the Appendix associated with each alignment.

Measurements to determine the presence and depth of ground water were based on observations
made during the progression of drilling and by lowering an electronic water sounder through the
open boring or auger shortly after the completion of drilling. The depths or elevations of the water
levels measured, if encountered, and the date of measurement are shown on the boring logs.

2.2 Instrumentation

Many of the soil borings performed adjacent to the existing siphon and along the proposed alignment
of the replacement system were completed as slope inclinometers and ground water monitoring
wells. Slope inclinometers are geotechnical devices used for monitoring soil deformation normal to
the casing axis. The casing serves as an alignment guide for a gravity-sensing transducer to pass.
Casing inclination with respect to vertical is a measure of lateral soil movements. Inclinometers are
used primarily for monitoring and assessing slope stability parameters.

Slope inclinometers were installed by placing a 2.75-inch diameter, ABS plastic inclinometer casing
which extended from the bottom of the boring to a height ranging from approximately one foot to
three feet above the ground surface into the open boring. The outside annulus was back-filled with
cement-lime-bentonite grout slurry. Many of the slope inclinometers installed along the proposed
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alignment were constructed as dual purpose instruments by slotting the bottom ten feet of the casing
and completing the inclinometer as a ground water monitoring well to this point. A bentonite plug
was placed over the well sand to prevent contamination and plugging of the well section and the
remainder of the outside annulus was back-filled with cement-lime-bentonite grout slurry as was
used during previous installations. A protective steel monument which was set using pre-mixed
concrete was installed at the ground surface to protect each of the pieces of instrumentation installed.
Specifics regarding the method of installation used for each piece of instrumentation and the
thickness of the various well components are shown on the borings logs in the appendices.

2.3 Laboratory Testing

Samples obtained during the field exploration were returned to our materials laboratory where they
were observed and visually classified in general accordance with ASTM D-2487, which is based on
the Unified Soil Classification System. Representative samples were selected for testing to determine
the engineering and physical properties of the soils in general accordance with ASTM or other

approved procedures.

Tests Conducted: To determine:

Natural Moisture Content Representative moisture content of soil at the time of
sampling.

Grain-Size Distribution Particle size distribution of soil constituents describing the

percentages of clay/silt, sand, and gravel.

Atterberg Limits A method of describing the effect of varying water content on
the consistency and behavior of fine-grained soils.

Natural Dry Density Dry unit weight of samples, representative of in-situ
conditions.
UU Shear Strength (Field) The undrained, unconfined shear strength (s,) of cohesive

soils as determined in the field by either a pocket
penetrometer or a hand torvane.

Unconfined Compression Undrained shear strength properties of cohesive soils
determined in the laboratory by axial compression.

Rock Compressive Strength Compressive strengths of rock cores determined in the
laboratory by axial compression.

Geotechnical Studies Summary of Field & Laboratory Studies
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Sulfate Content Indication of a soil’s potential to deteriorate normal-strength
concrete.

Resistivity and pH The combination of these properties provides a measure of a
soil’s potential to corrode metal.

The laboratory testing for the various geotechnical phases of this project consisted of approximately
228 moisture-visual analyses, 32 sieve (grain-size distribution) analyses, and 34 Atterberg Limits
analyses. In addition, 11 unconfined compression tests of soil, 11 unit weight (in-place dry density)
tests, 2 unconfined compression tests of rock, and 6 corrosion/chemical determinations were
performed. The results of all moisture-visual determinations are presented on the boring logs and the
laboratory reports are shown within the appendix for the associated site being investigated. The
results of the chemical analyses are included as well, and are discussed further within the report.
Numerous unconfined compressive strengths (q,) were determined in the field using a pocket
penetrometer. The results are shown on the boring logs at the depths the samples were tested.

Geotechnical Studies Summary of Field & Laboratory Studies
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3.0 SITE CONDITIONS

3.1 Geology and Physiography

The site is geologically characterized as consisting of Quaternary-aged alluvial and glacial deposits
of clay, sand, and gravel and is underlain by Cretaceous-aged sedimentary bedrock of the Virgelle
Formation (K,;). Glacial till/drift is the most predominant soil type which blankets the upper slopes
of the project site. It is typically a clay soil with varying concentrations of sand and gravel. The
glacial till/drift was deposited by past widespread alpine glaciation. Alluvial deposits of sand and
gravel were encountered below the glacial drift on the north slope of the siphon crossing and at lower
elevations near the St. Mary River. Alluvium is deposited by flowing water and most likely
represents both stream or river deposits and glacial outwash deposits. Sedimentary bedrock was
encountered at depth in many of the borings performed. The geologic cross-section for the siphon
crossings (existing and proposed) were prepared based on the soil borings and are presented in the
associated appendices.

The appropriate 2009 International Building Code (IBC) seismic design parameters for the site
include site coefficients of 1.46 and 2.33 for F, and F,, respectively. The site class for the site is D,
and the mapped spectral response accelerations at short periods (S;) and at 1-second intervals (S;) are
0.63g and 0.27g, respectively. For slope masses, embankments, and active landslides, risks from
seismic activity include increased driving forces from lateral acceleration and a significant reduction
of resisting shear strength forces. The likelihood of seismically-induced soil liquefaction or
settlement for this project is not probable and does not warrant additional evaluation.

32 Surface Conditions

The siphon crossing currently consists of native grasses, brush, and bushes. Locally, areas in
proximity to the existing siphon have been disturbed due to the initial construction and the
subsequent repairs which were required. Maintenance access roads traverse each of the siphon
slopes providing access to the required drilling areas. The proposed alignment, located north of the
existing siphon at the St. Mary River crossing, had experienced very little disturbance prior to our
investigation. To facilitate drilling, some minor earthwork to create drilling pads was performed at
two drilling locations and vehicle paths were created by the daily access to the drilling sites. Since
the completion of drilling the vehicle travel paths have overgrown and the signs of disturbance are
limited to those areas which required earthwork.

Geotechnical Studies Site Conditions
St. Mary River Siphon Crossing Page 12



Both sides of the river valley slope downward toward the St. Mary River. On the north side, slopes

range from 16 to 25 percent and the topography is best described as strongly sloping to moderately

steep and gently rolling. Slopes on the south side range from 14 to 26 percent and the terrain is best

described as being slightly hummocky.

33

Subsurface Conditions

3.3.1 Soils.

Subsurface soil conditions between the existing siphon alignment and the proposed
replacement siphon alignment appear to be relatively consistent based on the various
explorations. On the north slope, approximately 6 to 22 feet of glacial till/drift consisting of
fat and lean clay with varying sand and gravel concentrations was encountered extending
from the existing site grades. The fine-grained till is underlain by interbedded deposits of
alluvial and/or glacial outwash soils consisting predominantly of gravels with occasional
sand layers. The coarse-grained alluvium ranges in thickness from 7 to 44 feet with the
overall thickness of the alluvium increasing near the top of the north slope. Sedimentary
bedrock including sandstone and shale was encountered in nearly all of the borings
performed along the two alignments. Bedrock depths ranged from 8.0 to 66.0 feet. Bedrock
depths during the investigation correspond to elevations of approximately 4,275.5 near the
St. Mary River and elevations up to 4,408.9 near the proposed Spider Lake dam. The
sedimentary bedrock continued to depths of at least 80.0 feet which was the maximum depth
investigated.

On the south slope, subsurface conditions consist of a fine-grained glacial till/drift extending
from the ground surface to depths ranging from 23 to 37 feet. The surficial fine-grained
till/drift is underlain by either alluvial sands and gravels or sedimentary bedrock. The
majority of the south slope contained alluvial sands and gravels ranging in thickness from 6
to 16 feet beneath the surficial till/drift. Two boring (SSI-1 and SSI-2) near the top of the
slope along the existing siphon alignment contained no significant thickness of alluvium and
the glacial till/drift is believed to directly overly bedrock at these locations. The pump well
installed mid-slope between SSI-1 and SSI-2 in 2007 (PW-1) encountered approximately 10
feet of alluvial gravels which are believed to lie in a depressional zone within the bedrock
and represent a pocket of alluvium. The underlying sedimentary bedrock primarily consists
of shale; however, interbedded zones of sandstone were observed in the core samples. The
sedimentary bedrock was encountered in each of the borings performed on the south slope

Geotechnical Studies Site Conditions
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and extends to a depth of at least 60.0 feet which was the maximum depth investigated on the
south slope.

Two soil borings, 09PA-5 and 09PA-6, from the investigation for the proposed replacement
siphon alignment were drilled in proximity to the St. Mary River. Subsurface soils near the
river consist of 8.0 to 11.5 feet of coarse-grained alluvium underlain by sedimentary bedrock.
In addition, three borings were performed during this investigation at the location of a
proposed earthen dam upstream from Spider Lake. These borings include 09PA-11 through
09PA-13 which consisted of approximately 18.0 to 53.0 feet of glacial till/drift overlying
sedimentary bedrock consisting of shale. A zone of poorly-graded sand was encountered in
boring 09PA-12 between the glacial till and the sedimentary bedrock from 18.0 to 23.5 feet.
The top 35.3 feet of glacial till observed in 09PA-11 was classified as fill due to the
heterogeneity of the material. This fill is believed to have been placed at the time of the
original canal construction.

Glacial Till/Drift
Glacial derived soil deposits are encountered at both siphon crossings. These soil deposits

consist predominantly of lean clay with zones of fat clay. Clay deposits ranged in thickness
from 6.5 feet to 53.0 feet and were noticeably thicker on the south slope of the St. Mary
River siphon. The glacial deposits contain varying concentrations of sand, occasional seams
of silt and/or sand, and occasional subrounded gravels. The clay soils are soft to hard as
indicated by penetration resistance values that ranged from 3 to greater than 50 blows per
foot (bpf) and averaged 19 bpf. Twenty-four samples of the material obtained from various
borings contained between 0 and 22 percent gravel, between 1 and 49 percent sand, and
between 51 and 99 percent fines (silt and clay). The glacial till/drift exhibited liquid limits
ranging from 22 to 77 percent and plasticity indices ranging from 6 to 51 percent. The
natural moisture contents measured varied from 8 to 37 percent and averaged 19 percent.

Ten samples of the fine-grained soils were tested to determine typical unconfined, undrained
compressive strengths. The results are summarized in Table 1 and presented in the
appendices. In addition, six samples were submitted for corrosivity testing. The results are
summarized in Table 2 below and included in the appendix.
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Table 1 Unconfined, Undrained Compression Test Results

. Undrained
Dry Unit
Boring | Sample Depth Soil Type Weight Shear
(ft) Strength
(pcf) (psh)
09PA-1 | A-2502 | 10.2-10.7 Fat CLAY 104 3949
09PA-8 | A-2478 | 20.9-21.5 | Sandy Lean CLAY 108 2760
09PA-10 | A-2492 | 10.3-10.9 Fat CLAY 89 1085
NSI-1 S-4 10.0-12.0 | Sandy Lean CLAY 101 1155
SSI-1 S-3 7.5-9.5 Sandy Lean CLAY 113 975
SSI-1 S-14 | 35.0-37.0 | Fat CLAY with Sand 84 545
SSI-2 S-4 10.0-11.0 | Gravelly Fat CLAY 89 265
SSI-2 S-8 20.0-21.0 Fat CLAY 100 140
SSI-3 S-3 7.5-9.5 Sandy Lean CLAY 109 510
SSI-3 S-9A | 22.5-23.5 Lean CLAY 111 665
Table 2 Corrosivity Test Results
) Depth . Resistivity Soluble
Boring | Sample Soil Type pH Sulfates
(ft) (ohm-cm)
(%)
SSI-1 S-3 7.5-9.5 | Sandy Lean CLAY | 8.5 5555 <0.01
SSI-2 S-5 12.5-14.0 Fat CLAY 8.3 1755 0.06
SSI-3 S-1 25-4.0 Lean CLAY 8.1 5885 <0.01
NSI-1 S-3 7.5-9.0 | Sandy Lean CLAY | 8.7 2085 0.05
NSI-2 S-2 50-6.5 Lean CLAY 9.2 2380 0.02
NSI-3 S-2 5.5-7.0 | Sandy Lean CLAY | 8.0 4545 <0.01

Granular Alluvium / Glacial Qutwash

Granular alluvium and/or glacial outwash were encountered below the glacial till in many
borings; however, the majority of the alluvium is concentrated on the north slope of the St.

Mary River crossing. The predominant soil type is gravel with occasional occurrences of

clayey and/or silty sand. The alluvium outwash is loose to very dense as indicated by
penetration resistance values which ranged from 17 to greater than 50 bpf and averaged
greater than 50 bpf. Nine samples of the material obtained from various borings contained
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between 10 and 55 percent gravel, between 25 and 62 percent sand, and between 12 and 48
percent fines (silt and clay). Four samples of the glacial outwash exhibited liquid limits
ranging from 22 to 42 percent and plasticity indices ranging from 4 to 23 percent. Three
additional samples contained fines which were determined to be granular and non-plastic.
The natural moisture contents of samples above the water table (when encountered) varied
from 1 to 18 percent and averaged 8 percent.

Sedimentary Bedrock

Sedimentary bedrock was encountered below the alluvium or glacial till in most of the
borings performed during our investigations. The sedimentary bedrock is comprised
primarily of shale with occasional zones of sandstone which vary in thickness. The shale and
sandstone were observed to be relatively thinly interbedded at some locations. The bedrock
is highly weathered at the upper contact and the degree of weathering appears to decrease
with depth. Rock cores were obtained from borings in each of the various investigations. In
general, recovery from the coring was good and ranged from 60 to 100 percent and averaged
approximately 90 percent. RQDs (Rock Quality Designation) measured during coring ranged
from 0.13 to 0.96 and averaged 0.59. The lower RQD values were obtained near the top
contact with the bedrock in which the material is still fairly soft and fissile. The sedimentary
bedrock is medium dense to very dense as indicated by penetration resistance values which
ranged from 29 to greater than 50 bpfand averaged greater than 50 bpf. The natural moisture
contents measured varied from 4 to 28 percent and averaged 13 percent.

3.3.2 Ground Water

Ground water was encountered within 18 of the 21 borings performed by TD&H along the
existing and proposed alignments at the St. Mary River crossing. Ground water was
encountered at depths ranging from 4.0 to 56.0 feet below the ground surface. The ground
water depths measured at the time of the investigation correspond to ground water elevations
ranging from 4,274 to 4,415. Water levels were measured at the time of drilling and the
presence or absence of observed ground water may be directly related to the time of the
subsurface investigation. Numerous factors contribute to seasonal ground water occurrences
and fluctuations, and the evaluation of such factors is beyond the scope of this report.

The slope inclinometers installed on this project are not intended to serve as ground water
monitoring wells (unless constructed as dual purpose instruments such as those installed
during the 2009 investigation) due to the inherent nature of their construction and the annulus
grout backfill. However, the USBR installed several piezomenters along the existing siphons
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and additional instrumentation intended for ground water monitoring has been installed by
TD&H during the investigations described previously. As part of the regular slope
inclinometer data collection performed by TD&H since the first installation in 2005, readings
were obtained from the piezometers installed by both TD&H and the USBR. The following
tables and exhibits summarize the ground water measurements made by TD&H.

Geotechnical Studies Site Conditions
St. Mary River Siphon Crossing Page 17



TABLE 3 - Summary Of Ground Water Elevations

St. Mary River Siphon Crossing

North Slope South Slope

guosl.r SDl\l;llgllvl NSI-1 NSI-2 NSI-3 DH99-1 | DH99-2 | DH99-3 SSI-1 SSI-2 SSI-3 PW-1 PW-2

Ground Elev. | 4434.13 | 4390.90 | 4433.56 | 4388.37 | 4325.06 | 4423.25 | 4387.71 | 4303.98 | 4428.90 | 4387.29 | 4335.43 | 4407.29 | 4362.90

Top Elevation | 4436.68 | 4393.40 | 4436.36 | 4390.92 | 4327.86 | 4426.00 | 4390.89 | 4306.88 | 4431.67 | 4390.09 | 4338.63 | 4410.28 | 4366.08

Bottom Elev. | 4393.98 | 4367.20 | 4392.76 | 4348.22 | 4301.36 | 4375.10 | 4354.69 | 4275.58 | 4373.87 | 4352.49 | 4290.83 | 4359.51 | 4322.88

Casing Length 42.7 26.2 43.6 42.7 26.5 50.9 36.2 31.3 57.8 37.6 47.8 50.77 43.2
11/4/2005 NE 4368.06 NE NE NE 4400.63 | 4365.94 | 4282.38 NE NE NE
11/28/2005 NE 4368.04 NE NE NE 4400.60 | 4363.04 | 4281.93 NE NE NE
1/5/2006 NE 4368.04 NE NE NE 4400.48 | 4359.75 | 4281.70 NE NE NE
2/7/2006 NE 4368.05 NE NE NE 4400.43 | 4359.16 | 4281.40 NE NE NE
3/8/2006 NE 4368.05 NE NE NE 4400.34 | 4359.04 | 4281.56 NE NE NE
4/5/2006 NE 4368.05 NE NE NE 4400.29 | 4362.87 | 4282.83 NE NE NE
5/8/2006 NE 4368.08 NE NE NE 4400.32 | 4372.60 | 4282.83 NE NE NE
6/6/2006 NE 4368.05 NE NE NE 4400.40 | 4374.23 | 4283.86 NE NE NE
7/10/2006 NE 4368.05 NE NE NE 4400.52 | 4376.00 | 4285.12 NE NE NE
8/5/2006 NE 4368.05 NE NE NE 4400.65 | 4376.58 | 4284.46 NE NE NE
9/8/2006 NE 4368.05 NE NE NE 4400.82 | 4377.82 | 4283.88 NE NE NE
9/25/2006 NE 4368.11 NE NE NE 4400.91 | 4377.00 | 4283.87 NE NE NE
12/20/2006 NE 4368.05 NE NE NE 4401.06 | 4362.79 | 4282.00 NE NE NE
2/12/2007 NE 4368.05 NE NE NE 4400.92 | 4359.35 | 4281.54 NE NE NE
3/5/2007 NE 4368.05 NE NE NE 4400.81 | 4359.01 | 4281.46 NE NE NE
4/11/2007 NE 4368.11 | 4393.02 NE NE 4400.72 | 4364.70 | 4281.47 NE NE NE
5/15/2007 NE 4368.09 | 4393.04 NE NE 4400.74 | 4372.32 | 4282.85 NE NE 4290.94
6/7/2007 NE 4368.09 | 4393.04 NE NE 4400.79 | 4373.86 | 4283.59 NE NE 4290.93
6/27/2007 NE 4368.10 | 4393.06 NE NE 4400.82 | 4374.46 | 4283.85 NE NE 4290.93
7/16/2007 4400.91 | 4375.68 | 4283.86 NE NE

8/13/2007 NE 4368.15 | 4393.12 NE NE 4400.46 | 4376.46 | 4283.78 NE NE 4290.93 | 4389.98 | 4328.63




TABLE 3 Cont. - Summary Of Ground Water Elevations

St. Mary River Siphon Crossing

North Slope South Slope

gu%lT glugh NSI-1 | NSI-2 | NSI-3 | DH99-1 | DH99-2 | DH99-3 | SSI-1 | SSI2 | SSI-3 | PW-1 | PwW-2
Ground Elev. | 4434.13 | 4390.90 | 4433.56 | 4388.37 | 4325.06 | 4423.25 | 4387.71 | 4303.98 | 4428.90 | 4387.29 | 4335.43 | 4407.29 | 4362.90
Top Elevation | 4436.68 | 4393.40 | 4436.36 | 4390.92 | 4327.86 | 4426.00 | 4390.80 | 4306.88 | 4431.67 | 4390.09 | 4338.63 | 4410.28 | 4366.08
Bottom Elev. | 4393.98 | 4367.20 | 4392.76 | 4348.22 | 4301.36 | 4375.10 | 4354.69 | 4275.58 | 4373.87 | 4352.49 | 4290.83 | 4359.51 | 4322.88

E:rfglﬁ 42.7 26.2 43.6 42.7 26.5 50.9 36.2 31.3 57.8 37.6 47.8 50.77 43.2
9/24/2007 NE | 4368.13 | 439317 | NE NE | 4400.90 | 4369.44 | 4283.25 | NE NE | 4290.92 | 4380.98 | 4328.41
10/15/2007 NE | 4368.15 | 4393.18 | NE NE | 4400.93 | 4366.20 | 4282.63 | NE NE NE | 4377.94 | 4328.16
1/4/2008 NE | 4368.17 | 439324 | NE NE | 4400.67 | 4350.59 | 4281.43 | NE NE NE | 4371.13 | 4327.69
3/21/2008 NE | 4368.14 | 439325 | NE NE | 4400.29 | 4358.41 | 4281.80 | NE NE NE | 4369.79 | 4326.20
4/7/2008 NE | 4368.14 4400.18 | 4358.98 | 4281.99 4371.20 | 4325.99
4/11/2008 NE | 4368.04 4400.16 | 4359.17 | 4281.91 4372.12 | 4325.96
4/18/2008 NE | 4368.15 4400.15 | 4360.64 | 4282.10 4377.70 | 4326.18
5/5/2008 NE | 4368.12 | 439325 | NE NE | 4400.12 | 4366.47 | 428151 | NE NE | 4290.93 | 4383.88 | 4327.68
5/16/2008 NE | 4368.13 4400.19 | 4370.44 | 4281.41 4386.19 | 4328.50
6/2/2008 NE | 4368.11 | 439324 | NE NE | 4400.00 | 4373.61 | 4284.94 | NE NE NE | 4388.39 | 4329.00
7/3/2008 NE | 4368.12 | 439327 | NE NE | 4400.06 | 4375.35 | 4284.66 | NE NE NE | 4389.50 | 4329.01
7/18/2008 NE NE | 4338.63 | 4390.08 | 4328.89
8/4/2008 NE | 4368.20 | 439332 | NE NE | 4400.13 | 4376.40 | 4283.72 | NE NE | 4290.88 | 4390.40 | 4328.74
9/2/2008 NE | 4368.15 | 439332 | NE NE | 4400.99 | 4377.35 | 4283.37 | NE NE NE | 4391.19 | 4328.78
9/17/2008 NE 4400.24 | 437650 | 428328 | NE NE NE | 4389.42 | 4328.84
9/22/2008 NE 4400.23 | 4369.79 | 4283.16 | NE NE | 4338.63 | 4386.60 | 4328.64
10/14/2008 NE | 4368.15 | 439347 | NE NE | 4400.26 | 4367.58 | 4282.75 | NE NE NE | 4379.08 | 4328.20
3/10/2009 NE | 4368.10 | 439352 | NE NE | 4399.79 | 4358.71 | 4281.31 | NE NE NE | 4370.14 | 4326.76
5/11/2009 NE | 4368.12 | 439355 | NE NE | 4399.58 | 4359.69 | 4283.55 | NE NE NE | 4386.36 | 4328.62
6/12/2009 NE | 4368.12 | 439357 | NE NE | 4399.68 | 4374.11 | 428357 | NE NE NE | 4388.56 | 4328.98
8/11/2009 NE | 4368.11 | 439362 | NE NE | 4399.87 | 4376.58 | 4283.63 | NE NE NE | 4390.59 | 4328.73




TABLE 3 Cont. - Summary Of Ground Water Elevations

St. Mary River Siphon Crossing

North Slope South Slope
DHO1- | DHO1-
e || s | NSHL NSI-2 NSI-3 | DH99-1 | DH99-2 | DH99-3 | SSI-1 SSI-2 SSI-3 PW-1 PW-2
Ground Elev. | 4434.13 | 4390.90 | 4433.56 | 4388.37 | 4325.06 | 4423.25 | 4387.71 | 4303.98 | 4428.90 | 4387.29 | 4335.43 | 4407.29 | 4362.90
Top Elevation | 4436.68 | 4393.40 | 4436.36 | 4390.92 | 4327.86 | 4426.00 | 4390.89 | 4306.88 | 4431.67 | 4390.09 | 4338.63 | 4410.28 | 4366.08
Bottom Elev. 4393.98 | 4367.20 | 4392.76 | 4348.22 | 4301.36 | 4375.10 | 4354.69 | 4275.58 | 4373.87 | 4352.49 | 4290.83 | 4359.51 | 4322.88
E:rfglﬁ 42.7 26.2 43.6 42.7 26.5 50.9 36.2 31.3 57.8 37.6 47.8 50.77 43.2
9/25/2009 NE 4368.11 | 4393.68 NE NE 4400.05 | 4377.19 | 4283.27 NE NE NE 4390.64 | 4328.80
11/16/2009 NE 4368.15 | 4393.72 NE NE 4400.11 | 4365.25 | 4282.53 NE NE NE 4377.18 | 4328.17
3/16/2010 NE 4368.15 | 4393.80 NE NE 4399.75 | 4358.94 | 4281.60 NE NE NE 4370.36 | 4326.79
4/27/2010 NE 4368.15 | 4393.83 NE NE 4399.69 | 4367.73 | 4282.43 NE NE NE 4384.48 | 4328.22
7/16/2010 NE 4368.10 | 4393.83 NE NE 4399.90 | 4375.41 | 4284.88 NE NE NE 4389.36 | 4328.80
9/14/2010 4395.95 | 4368.00 | 4393.91 | 4350.36 NE 4400.26 | 4375.25 | 4283.79 NE NE NE 4387.76 | 4328.72
11/11/2010 | 4395.90 | 4368.11 | 4394.02 | 4354.44 NE 4400.39 | 4363.34 | 4282.51 NE NE NE 4375.65 | 4327.98
3/30/2011 4395.03 | 4368.05 | 4394.20 | 4360.99 NE 4400.04 | 4358.84 | 4282.76 NE NE NE 4370.36 | 4325.82
5/19/2011 439558 | 4368.15 | 4394.23 | 4383.15 NE 4399.90 | 4359.73 | 4284.71 NE NE NE 4377.48 | 4326.69
6/28/2011 4396.12 | 4368.10 | 4394.26 | 4384.03 NE 4399.96 | 4372.17 | 4285.69 NE NE NE 4387.61 | 4328.85
10/9/2011 NE 4368.12 | 4394.39 | 4380.43 NE 4400.27 | 4359.75 | 4283.26 NE NE NE 4390.02 | 4328.77
11/14/2011 NE 4368.15 | 4394.43 | 4378.28 NE 4400.46 | 4374.40 | 4282.80 NE NE NE 4388.31 | 4328.66
Note: DHO01-SMSB, DHO1-SMBW, and DHO1-SMBE not completed as groundwater observation wells.

NE = Not
Encountered

Starting 11/4/05 readings were obtained by TD&H. Prior to 11/4/05 readings were collected by USBR Staff










TABLE 4 - Summary Of Ground Water Elevations
St. Mary River Siphon Crossing - Proposed Alignment

North Slope(Proposed Alignment) South Slope (Proposed Alignment)

09PA-1SI (?LS:\LDVA\\/- 09PA-2SI | 09PA-3SI %?\I;VA\}- 09PA-4SI1 | 09PA-5A | 09PA-5B | 09PA-6A | 09PA-6B | 09PA-6C | 09PA-7SI 079|\|/|3VA\‘/ 09PA-8SI (?SQI\IADVA\\/ 09PA-9SI %QI\IADVA\‘/ Ofopsp; 285"\6;\/ 22;6\/

Ground Elev. | 4450.68 4450.68 4417.08 4370.76 4370.76 4308.30 4286.85 4286.85 4284.09 4284.09 4284.09 4324.52 4325.02 4362.37 4361.92 4396.49 4396.95 4416.42 4416.00 4410.75
Top Elevation | 4452.02 4451.69 4419.00 4372.52 4371.78 4311.00 4288.68 4288.79 4285.80 4285.67 4285.74 4326.46 4326.58 4364.20 4363.14 4398.14 4398.75 4418.44 4418.22 4412.90
Bottom Elev. 4371.07 4387.64 4339.05 4339.86 4353.24 4273.33 4255.58 4275.47 4255.43 4268.78 4275.84 4271.88 4285.20 4303.29 4313.24 4341.34 4359.95 4371.47 4377.27 4390.93
E:ﬁglﬁ 80.95 64.05 79.95 32.66 18.54 37.67 33.10 13.32 30.37 16.89 9.90 54.58 41.38 60.91 49.90 56.80 38.80 46.97 40.95 21.97
9/25/2009 4394.80 4394.72 4383.86 4347.29 NE 4279.55 4275.99 4275.98 4277.63 4277.58 4277.69 4283.75 NE 4316.53 4315.19 4374.25 4375.46 4409.53 4409.36 4407.03
11/16/2009 4394.80 4394.65 4384.05 4346.85 4353.18 4279.59 4276.09 4276.11 4277.48 4277.40 4277.58 4283.46 NE 4315.97 4314.29 4368.41 4366.00 4397.36 4396.93 4406.91
3/16/2010 4394.04 4393.93 4383.89 4347.18 4354.17 4279.55 4275.86 4275.87 4276.74 4276.73 4276.76 4282.98 NE 4315.46 4313.90 4363.05 4361.30 4391.92 4392.25 4407.24
4/27/2010 4393.97 4393.92 4383.91 4347.73 NE 4278.57 4276.39 4276.40 4277.67 4277.65 4277.85 4283.10 NE 4315.61 4313.88 4366.96 4369.05 4407.47 4409.17 4408.12
7/16/2010 4395.73 4392.40 4384.13 4349.27 NE 4279.65 4277.57 4277.59 4280.10 4279.95 4280.11 4284.58 NE 4317.12 4315.26 4373.55 4374.52 4409.74 4409.33 4409.07
9/14/2010 4398.11 4398.13 4384.67 4350.94 NE 4279.60 4276.94 4276.95 4278.42 4278.35 4278.72 4283.87 NE 4317.03 4315.06 4374.55 4373.93 4408.93 4406.67 4408.70
11/11/2010 4397.80 4397.77 4384.74 4350.70 NE 4279.59 4276.54 4276.54 4277.59 4277.52 4277.83 4283.53 NE 4315.95 4314.01 4367.32 4364.64 4397.00 4395.87 4407.54
3/30/2011 4396.26 4396.18 4384.57 4350.18 4353.81 4279.59 4276.48 4276.48 4278.08 4278.04 4278.27 4283.29 NE 4315.35 4313.86 4362.98 4361.28 4392.26 4392.24 4407.62
5/19/2011 4397.40 4397.33 4384.79 4350.93 4353.90 4279.63 4277.94 4277.95 4280.05 4279.93 4280.13 4284.19 NE 4315.42 4313.76 4365.61 4364.84 4398.56 4404.85 4408.78
6/28/2011 4398.29 4398.26 4385.02 4352.67 4355.46 4279.68 4278.84 4278.85 4280.95 4280.77 4280.83 4284.81 NE 4316.52 4314.80 4372.19 4374.57 4409.02 4408.43 4409.28
10/9/2011 4398.14 4392.38 4385.27 4351.70 NE 4279.58 4276.79 4276.81 4278.12 4278.05 4278.26 4283.60 NE 4316.75 4314.92 4374.72 4374.63 4409.57 4409.22 4408.22
11/14/2011 4397.46 4397.38 4385.17 4350.47 NE 4279.56 4276.19 4276.22 4277.72 4277.63 4277.92 4283.73 NE 4316.74 4314.80 4374.49 4373.73 4408.30 4407.89 4408.17

Note: NE = Not Encountered
Slope Inclinometers 09PA-1 through 09PA-12 completed as Dual Purpose Instruments
No instrumentation was installed at 09PA-11 and 09PA-13



Exhibit 3 - Potentiometric Surface Elevations (PSE's)
5t. Mary River Siphon - Proposed Alignment North Slope
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Exhibit 4 - Potentiometric Surface Elevations (PSE's)
St. Mary River Siphon - Proposed Alignment South Slope
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4.0 ENGINEERING ANALYSIS

4.1 Introduction

Both the north and south sides of the existing St. Mary River siphon have a history of slope
movements which have impacted siphon performance and necessitated numerous repairs. Repairs
consisting of installing replacement expansion/contraction joints have been performed on both
siphons in the past as recently as 2006. Slope movements are on-going and can be characterized as
follows:

e The older, buried siphon experiences more movement-related distress than the newer siphon
which is supported above ground.

e The south slope exhibits more siphon movement than the north slope.

¢ Slope and siphon movements are seasonal and directly a function of ground water levels
and/or operation of the diversion facilities

Translation and rotation of the concrete supports (Photo 5) tend to reduce the frictional drag from
ground movements relative to the adjacent buried siphon. Also, leakage from the above ground
supported siphon tends to promote runoff whereas leakage from the buried siphon tends to saturate
the surficial and supporting soils. These two combined observations result in the older, buried pipe
being more prone to displacements than the elevated pipe.

Continual downward slope movements create internal stresses within the siphon barrels that tend to
resist movements. The siphon barrel eventually buckles when the cumulative drag forces imposed
by the moving soil exceed the internal strength of the siphon material itself. Tendency for buckling
is enhanced when driving and resisting forces become eccentric. The use of expansion/contraction
joints allow siphon movements to occur and reduces the buildup of resisting forces until full travel of
the joint is realized. On the other hand, expansion/contraction joints offer little resistance to siphon
movements and thereby facilitate siphon movement.

Design of the replacement siphon structure must consider the current or potential slope stability
issues in order to ensure acceptable long-term performance. The studies performed to date provide
background information and recommendations to be considered during final design. The
recommendations contained within this report should be reviewed and revised as appropriate once a
final alignment and construction details of the replacement structure have been established.
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4.2 Slope Inclinometers

Regular readings of the slope inclinometers installed at the existing St. Mary River crossing and
along the preliminary replacement alignment have been obtained since completion of the various
installations. The results of the slope inclinometers vary depending on location and will be
addressed separately below.

EXISTING ST. MARY RIVER SIPHON

The slope inclinometers constructed along the existing alignment of the St. Mary River siphon
include a total of six instruments. Regular data obtained from these instruments since their
installation in 2005, indicate that both slopes of the existing alignment are experiencing sliding of
varying magnitudes. On the north slope, the boring located at mid-slope (NSI-2) has undergone
movement on the order of 1%4-inches since the beginning of monitoring in October 2005. The
sliding appears to be occurring at a depth of approximately 11.0 feet which corresponds relatively
closely with the contact between the glacial till and the underlying alluvium. The remaining
inclinometers on the north slope have experienced much smaller movements on the order of
approximately Y4-inch. The movements appear to be occurring within the glacial till and occur
approximately four to six feet above the contact with the underlying alluvium. In the case of both
NSI-1 and NSI-2, the slope movements are occurring at a depth which exhibited a spike in soil
moisture and an overall softening of the clay during the original drilling exploration.

Two of the three instruments installed on the south slope indicate clearly defined slide planes. The
slope inclinometer constructed at the top of the south slope (SSI-1) does not indicate any significant
movements or trends. All movements measured at this instrument occur within the top 3 feet and
appear to be surficial in nature. The remaining two inclinometers indicate movements on the order
of 1% to 2 inches. Readings were unable to be obtained from the mid-slope instrument (SSI-2)
during the most recent data collection which occurred on November 14, 2011. Excessive slope
movements had restricted the opening of the inclinometer casing beyond the required diameter to
safely lower the instrument into the casing. The slide planes on the south slope are occurring at
depths of 22 and 18 feet in SSI-2 and SSI-3, respectively. The slide plane measured in SSI-2
corresponds closely with the contact between the glacial till and the underlying sandstone bedrock,
similar to what was seen on the north slope. At SSI-3, the slide plane has formed within the glacial
till, approximately five feet above the contact with the underlying alluvium. As was observed on the
north slope, this depth corresponds closely to a zone of increased moisture and decreased unconfined
compressive strength measured in the field using a pocket penetrometer. All of the inclinometers
indicate that the underlying granular alluvium and sedimentary bedrock is stable and minimal
movements have been observed historically.
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PROPOSED ST. MARY RIVER SIPHON ALIGNMENT

The slope inclinometers constructed along the proposed alignment of the replacement siphon at the
St. Mary River crossing include a total of eight instruments. Data obtained from these instruments
since their installation in 2009, indicate that slope movements have occurred on both slopes and are
similar in nature to those observed adjacent to the existing siphon. Movements observed on the
north slope are relatively small in magnitude and range from less than “-inch to as much as }4-inch.
The depth of the sliding varies from 6 to as deep as 22 feet along this portion of the proposed
alignment. The slide planes from all four instruments correspond relatively well with the elevation
of the contact between the glacial till and the underlying alluvium.

A total of four instruments have been installed on the south slope of the proposed alignment. Three
of these instruments are located on the main slope and have undergone movements of similar depth
and magnitude as those observed on the existing siphon. Movements for these three instruments
range from 1-inch to 12-inch. The movements being observed in inclinometers 09PA-7 and 09PA-9
(bottom and top of slope) are occurring at a depth of approximately 25 feet. This depth corresponds
closely with the transition from glacial till to the underlying alluvium in both cases. Inclinometer
09PA-8, installed at mid-slope, has undergone movements of approximately 1-inch which are
occurring at a depth of approximately 30 feet. This zone is approximately eight to ten feet above the
underlying alluvium; however, this zone did exhibit increased moisture and decreased strength as
was observed on previous inclinometers. The final inclinometer (09PA-10), is located down station
from the top of the south slope (See Figure B-1). This inclinometer indicates that minimal
movements less than Ys-inch have occurred. The movements appear to be occurring above the
alluvium within the glacial till. Minimal deviation in the inclinometer data is first observed
approximately five feet above the alluvium. While minimal movements are observed at this depth,
the majority of the movements appear to be concentrated around a depth of approximately 15 feet.
The material encountered within this boring between 10 and 15 feet exhibited increased moisture and
decreased undrained shear strengths measured using the pocket penetrometer. This similar
phenomenon was seen at other inclinometers; however, the overall magnitude of the movements
observed is likely reduced due to the rather shallow slope to the surface terrain at this location.

4.3 Slope Stability Issues

4.3.1 Introduction

The slope stability history of the siphon crossing prior to the original siphon construction in
1915 is not known. Hummocky terrain on the south slope of St. Mary River crossing
suggests instability prior to siphon construction. In addition, the alignment of the proposed
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replacement siphon is a reasonable distance from the existing siphon and separated by
sufficient surface contours to assume that leakage from the existing siphon would have
minimal impact on the slope along the proposed alignment. The proposed alignment exhibits
measurable slope movements at each of the inclinometers installed on the south side of the
crossing. The terrain on the north side of the crossing does not support the theory of natural
instability and the measurements made along the existing alignment agree. The existing
alignment has undergone minimal movements during monitoring and all movements are
occurring at relatively shallow depths.

4.3.2 Ground Water

Ground water levels have been measured by TD&H personnel since November 2005 and the
amount of readings obtained expanded to include the additional instrumentation as it was
installed over the years. Potential sources of ground water in vicinity to the siphon crossings
include the following:

e [Leakage from the unlined canal prism upstream and downstream of the siphon
transition structures

e Leakage from the concrete to steel siphon interfaces at the transition structures

e Leakage from the siphon barrels and expansion/contraction joints

e Storm water infiltration due to surface irregularities on the slopes

e Natural occurring sources of ground water

In general, the glacial clay soils are relatively impervious; however, excavation and the
construction of the buried siphon created a ready seepage path for upslope leakage to follow
which increased shear strength softening directly below and adjacent to the buried siphon
sections. Also, as movements of the siphon occur, whether above or below ground, leakage
tends to increase which further exacerbates slope instability.

In general, the ground water monitoring wells located along the siphon exhibit ground water
fluctuations that reach seasonal highs in September and lows in March. A similar
phenomenon was observed in the ground water monitoring equipment installed along the
proposed alignment; however, the magnitude of the variation in ground water levels was
minor and appeared only on a small portion of the overall alignment. This corresponds to the
natural fluctuation of ground water levels as well as the seasonal operation of the canal
facilities. The range of ground water levels to date for each observation well is shown on the
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geologic cross-sections. To date, seasonal fluctuations within the monitoring wells installed
along the St. Mary River crossing siphon (existing and proposed) range from less than one
foot to greater than 20 feet. Larger fluctuations in the ground water levels are observed in
monitoring wells located at the top of the slopes, which are closest to the canal and the
transition structures. Along the proposed alignment, the only measurable fluctuations are
observed in 09PA-1, 09PA-9, and 09PA-10 all of which are located at the top of the slopes
and closest to the canal prism. Minimal fluctuations were observed within the other ground
water monitoring instruments along this alignment. Overall fluctuations tend to decrease as
you move down slope which supports the theory that ground water levels are strongly
impacted by the loss of water in the canal prism and at the transition structures. Fluctuations
observed down slope are likely due to leaking of the existing siphon which impact soils in
close proximity to the siphon.

Along the south slope of the St. Mary siphon, ground water was observed to be in a confined
condition within the fractured sandstone in borings SSI-1 and SSI-2. A similar phenomenon
was observed in boring PW-1 within a pocket of isolated alluvium. The overlying
impervious clay provides an “impermeable” layer through which water flow is very limited.
During drilling, penetration into the sandstone allowed the ground water to rise up into the
soil boring. The confining hydrostatic pressures acting on the base of the clay confining
layer are on the order of 610 psf (9.75 ft) in SSI-1 and 500 psf (8 ft) in SSI-2. The alluvium
encountered between the glacial till and the bedrock along the proposed alignment reduces
the potential for the accumulation of significant hydrostatic pressures; however, a relatively
thin alluvium section encountered at 09PA-9 and 09PA-10 along with increased ground
water level created a similar confined flow situation with hydrostatic pressures on the order
of 220 pst (3.5 feet) and 840 psf (13.5 ft), respectively. These pore water pressures and
hydrostatic forces are most likely a primary contributing factor to a deep seated failure plane
along the south slope and is likely the sole cause of slope movements on the relatively flat
slope near 09PA-10.

4.3.3 Soil Shear Strengths

Our experience with similar till soils indicates that the residual drained shear strength angle
(¢) is commonly between 8 and 18 degrees. Residual shear strength in the clay would tend to
develop with increasing displacements along a developed slide plane. The existing slopes
vary from 14 to 26 percent (8 to 15 degrees) along the St. Mary River siphon. Increased
moisture within the clay mass would tend to reduce the overall shear strength of the soil in
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localized areas. Seepage paths through the clay would tend to be softer, weaker, and more
susceptible to sliding.

4.3.4 Slope Stability Modeling

Based on the location of known slides obtained from the inclinometer data, the soil
properties of the various layers were back calculated using Slope-W, a slope stability
modeling software which is part of the GeoStudio package. Inclinometer data indicate that
the underlying alluvium and bedrock are stable and only minimal movements have been
recorded near the very surface of the alluvial deposits.

The primary causes of the slope movements appear to be related to seasonal high water levels
and impacts of soil softening due to leaking of the existing siphon system. The south slope
appears to suffer from inherent instabilities due to the slope topography, geology, and the
seasonal high ground water elevations. The impacts of the existing system are extremely
difficult to model due to the complexity of the situation. Thus, the proposed replacement
alignment on the south slope was used to back calculate properties of the glacial till. Impacts
of the existing system are likely to affect the results of the inclinometer data along the
existing alignment which may result in slightly erroneous soil properties. The proposed
alignment is sufficient distance away from the existing system and separating by enough
grade change that potential impacts to this portion of the slope are reduced. The soil
properties, shown in the table below, were back calculated for the glacial till to provide
failure conditions (safety factor equal to 1.0) under high ground water conditions.

Soil Type Unit Weight, y (pcf) | Friction Angle, ¢ (deg) | Cohesion, ¢ (psf)
Glacial Till 130 5.0 170
Alluvium 140 44.0 0
Sandstone Bedrock Impenetrable

The soil properties shown above are assumed constant within each distinct soil type and
exhibit no variation with depth or location on the slope. This assumption is likely unrealistic
as soil strength properties commonly vary with both depth and moisture, as can be seen when
looking at the pocket penetrometer results shown on the boring logs. The values shown
above are considered average values within the profile and values both higher and lower than
those shown are likely present.
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4.4

Using the soil properties shown above, the majority of the known slides were able to be
replicated with factors of safety of approximately one, which indicates failure conditions.
Some slide locations were not able to be replicated or did not achieve safety factors
indicating failure, especially on the north slope. This is partially due to the limits of the
model developed; however, instabilities observed in field instrumentation are believed to be
the result of leaking from the existing siphon system, which could not be accurately
incorporated into the model. The model was used to evaluate the effectiveness of slope
drainage and seismic activity on overall slope stability.

In those zones which experience high hydrostatic uplift forces due to the confined flow of the
ground water, such as the top of the south slope, a slope drainage system would help to
improve the overall stability of the crossing. However, portions of the slope experience no
hydrostatic uplift and still exhibit relatively deep seated movements which are likely due to
the steep terrain and geologic conditions.

For the seismic analysis, peak horizontal ground accelerations of 0.005g and 0.035g were
analyzed. These values represent the peak horizontal ground accelerations for a 10-year and
100-year return interval, respectively. During seismic events of these magnitudes, safety
factors were reduced by approximately 2.5 percent and 19 percent, respectively.

Based on the field data collected and the long term performance of the existing structure, it is
apparent that the slopes are not stable. This modeling demonstrated that methods to reduce
the hydrostatic pore pressures within the slope, such as a horizontal drain system, are valid
approaches and will help improve the stability of portions of the slope. Ground water and
seepage from the existing siphon appear to be a significant driving force in the overall
instability; however, the natural geology and grade of both slopes create inherent instabilities.
These instabilities are increased by the addition of water or potential seismic activity in the
area.

Replacement Siphons

To reduce seepage and increases in soil-moisture on the slopes, considerations should be given for

lining portions of the canal prism both upstream and downstream of the siphon transition structures.

In addition, attention should be given to the interface between the transition structure and the siphon

to further reduce leakage and seepage.
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In our opinion, slope movements on the south slope of the St. Mary River crossing are a combination
of shallow and deep-seated failures. The shallow movements are likely related to siphon operations
while the deep-seated movements are most likely naturally occurring. These deep-seated movements
are a product of the subsurface soil and ground water conditions present on the slope. However,
leakage from the canal prism downstream of the outlet may be contributing to ground water flows
exiting the natural drainage swale in the vicinity of the south slope. The proposed alignment, which
should see minimal impacts from the operation of the existing canal system, exhibited significant
slope movements during the two-year period of monitoring. Based on the overall instability of the
south slope, we feel it is prudent to either support the replacement siphons above ground or utilize a
deep excavation and replacement backfill prism incorporating ground stabilization. To increase the
cost effectiveness of a deep excavation alternative, a single large diameter siphon barrel would be
required. Incorporation of a horizontal drain system in the south slope would also help to
significantly reduce the magnitude of potential movements.

Based on the findings from the investigations and monitoring performed, it is our opinion that the
replacement siphon on the north slope of the St. Mary River crossing can either be buried or
supported above ground depending on the configuration chosen for the replacement structure. The
slope is generally more stable than the south slope at this crossing; however, minor movements are
already occurring along the proposed alignment. The movements are occurring at the contact
between the surficial till and the underlying alluvium encountered at depths ranging from 7 to 22 feet
below current site grade. A buried siphon installation using a single barrel would likely extend to
depths on the order of 15 to 20 feet. With this alternative the excavation could cost effectively be
continued deeper at specific locations to remove the remaining till. The overexcavation would
subsequently be filled with compacted granular backfill which would increase the strength and
drainage around the siphon and improve overall stability of the slope.

Lining of the canal prism (both upstream and downstream) as well as improvements to the transition
structures to minimize leakage will be important in reducing the potential for additional sliding and
improve the long term performance of this replacement structure. Design of the any above ground
support structures must include provisions for siphon adjustment in the event the supports should
move. The foundations for these supports would likely include driven piling or drilled shafts
extending down into bedrock or to sufficient depth within the alluvium to resist potential sliding. A
conceptual detail for an elevated siphon installation is shown in Figure C1. Alternatively, a buried
installation should consider the use of a single, large diameter siphon barrel to increase the depth of
the excavation which will cut off many of the existing slide planes. This design should also
incorporate a drainage system integral to the backfill zone to intercept and convey leakage, seepage,
and infiltration away from the foundation soils. A conceptual detail of a buried installation utilizing
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a single replacement pipe is shown in Figure C2. The ground surface should be revegetated and
sloped to drain away from the buried siphon to reduce infiltration. Also, siphon anchorage, tied into
the underlying bedrock, should also be included in the final design to provided additional resistance
against potential sliding.

4.5 Slope Stability Enhancements

The slope instabilities and ground movements impacting the St. Mary River siphon are a
combination of relatively shallow and deep seated slope movements. The shallow movements
appear to be limited to the local area surrounding the siphon structure; however, deep-seated
movements are documented to be occurring on both alignments. Deep-seated movements appear to
be mainly occurring on the south slope of the river crossing; however, instabilities were commonly
noted on the north slope at the contact with the glacial till and the underlying alluvium. The
shallower movements appear to be primarily due to increases in infiltration and soil moisture in
proximity to the existing siphons. These increases in moisture lead to softening of the supporting
soil and an overall loss of strength. Methods to improve the drainage around the existing siphon
structure would tend to reduce pore pressures within the soil mass. The reduction in pore pressures
would simultaneously increase the shear strength of the soil and decrease the total driving forces
acting on the slope.

The main sources of the additional moisture are due to natural annual precipitation and the additional
loss of water from the siphon structure. Of these two factors, only the loss of water by the system is
within our control; however, improved drainage surrounding the structure will help with the
management of the naturally occurring precipitation. The monitoring wells along the slope show a
strong correlation between ground water elevations and the length of canal operation. At the time of
the seasonal canal start-up, the ground water levels are near the lowest elevation. The ground water
levels gradually rise and reach their peak near the end of the operation season for the system. Once
the canal is shut-down for the season, the ground water levels gradually return to the base values.
This trend is readily seen on Exhibits 1 and 2 and the trend is better defined in years prior to 2009 in
which more frequent data collection was performed.

As discussed previously, the main sources of water infiltration from the siphon system are due to
leaks from the pipes themselves and infiltration through the unlined canal prism upstream and
downstream of the siphon. Reduction in these two factors should have a beneficial influence on the
overall stability of the slopes. This approach would include prompt repair and maintenance of the
existing siphons to repair leaks and minimize water losses and potential lining of the upstream and
downstream canal prism. Additional improvements in the overall stability of the slopes may be
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realized by implementing a horizontal drain system as described in our previous design report dated
April 2008. This horizontal drain system is designed to help alleviate the hydrostatic pressure acting
at the base of the glacial till which is a major driving force in the overall instability on the south
slope. Large hydrostatic forces are not seen on the north slope due to the thickness of the alluvium;
thus, installation of a horizontal drain system would not necessarily provide substantial
improvements to the stability of the north slope.

These potential improvements are considered relatively short-term in nature, as the existing siphon
structure is in poor condition. These options will help to reduce the seepage volumes and minimize
the potential for slope movements until a replacement siphon system can be designed, constructed,
and placed into operation. These alternatives will require seasonal maintenance and/or repair which
can be quite costly if implemented for a long-term fix of this system. The horizontal drain system
should be installed and stay in use after the construction of the new siphon system. The horizontal
drains will help reduce the magnitude of hydrostatic pressures which develop at the base of the
glacial till and minimize the risk of slope movements which may impact the recommended above
ground siphon supports. Continued monitoring of slope movements and ground water elevations
prior to and after the implementation of any improvements or replacement structure will help in
gauging their effectiveness and functionality.
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5.1

52

5.0 RECOMMENDATIONS

General

Periodic or annual inclinometer and piezometer monitoring should be continued until
final design of the replacement siphons has been completed. It is important to obtain
and review this additional data to confirm or modify the recommendations provided
in this report. In addition, collection of seasonal data will provide a baseline for
evaluating the effectiveness of future improvements and/or replacement systems.

Replacement Siphons

2. Considerations should be made for lining portions of the canal prism both upstream

and downstream of the siphon transition structures to help reduce seepage and the
introduction of additional moisture to the siphon slopes. These improvements will
help minimize the addition of ground water and provide some improvement to the
overall stability of the slopes.

The corrosivity analyses on similar soils indicate that the soils are corrosive to bare
metal and aggressive to normal concrete. Based on our past experience and
laboratory testing and field observations, moderate concentrations of water-soluble
sulfates are common in the local clay soils. The concentration of sulfates is
considered detrimental causing deterioration of concrete. Sulfate resistant cement
(Type V) or Type II cement with a maximum of 8 percent C;A (tricalcium aluminate)
content should be used in all concrete exposed to the native clay soils. Likewise, the
native clay soils have a known propensity for moderate to severe corrosion activity
towards unprotected, bare metal surfaces. Corrosion protection schemes should be
incorporated into the designs where applicable.

The slope movements occurring on the slopes require either an above ground
supported system similar to that shown on Figure C1 or a deep excavation and
backfill system similar to that shown on Figure C2. The buried alternative is best
suited for a single, large diameter replacement siphon which will maximum the
excavation depth and effectively cut off many of the existing slide planes. The above
ground supported system is best suited for a replacement siphon utilizing two or
more, smaller diameter barrels. In order to maintain continuity between the two sides
of the crossing we recommend that the same configuration be used for both slopes.
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5.3  Slope Stability Enhancements

5. Installation of a horizontal drain system on the south slope will help alleviate the high
hydrostatic pressures which act as a driving force for the instability of the slope.
Reductions in the hydrostatic forces will provide an increase in the overall stability
for both alignments if constructed to span the hillside.

6. Improvements discussed above (Item 2) to reduce potential infiltration should be
considered for the existing system if a substantial amount of time is anticipated prior
to construction of a replacement system. Any reduction in the volume of the seepage
which enters the slope will help reduce the potential for sliding and help control

potential maintenance costs.

54 Continuing Services

7. Consultation between the geotechnical engineer and the design professionals during
the design phases is highly recommended. This is important to ensure that the
intentions of our recommendations are incorporated into the design, and that any
changes in the design concept consider the geotechnical limitations dictated by the

on-site subsurface soil and ground water conditions.
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6.0 LIMITATIONS

This report has been prepared in accordance with generally accepted geotechnical engineering
practices in this area for use by the client for design purposes. The findings, analyses, and
recommendations contained in this report are based on site conditions encountered and further
assume that the results of the exploratory borings are representative of the subsurface conditions
throughout the site, that is, that the subsurface conditions everywhere are not significantly different
from those disclosed by the subsurface study. If during construction, subsurface conditions appear
different from those encountered during our study, this office should be advised at once so we can
review these conditions and reconsider our recommendations, when necessary.

Unanticipated soil conditions are commonly encountered and cannot be fully determined by a limited
number of soil borings and laboratory analyses. Such unexpected conditions frequently require that
additional expenditures be made to obtain a properly constructed project. Therefore, some
contingency fund is recommended to accommodate such potential extra costs.

If substantial time has elapsed between the submission of this report and the start of work at the site,
or if conditions have changed because of natural causes or construction operations at or adjacent to
the site, we recommend that this report be reviewed to determine the applicability of the conclusions
and recommendations considering the time lapse or changed conditions.

If you desire, we will review those portions of the plans and specifications which pertain to
earthwork and foundations to determine if they are consistent with our recommendations. In
addition, we are available to observe construction, particularly the placement and compaction of all
fill, preparation of all foundations and quality control testing of Portland cement concrete.

This report was prepared for the exclusive use of the owner and architect and/or engineer in the
design of the subject facility. It should be made available to prospective contractors and/or the
contractor for information on factual data only and not as a warranty of subsurface conditions such as
those interpreted from the boring logs and presented in discussions of subsurface conditions included

( (ladenss

in this report.

Prepared by: A_Aﬁ Reviewed by:
Craig R:Nadeau, P.E. Erling A. Juel, P.E.
Geotechnical Engineer President
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SURFACE: Native Grasses and Vegetation r Sl T [PENETRATION RESISTANCE/MOISTURE CONTENT
. = E A =BLOWS PER FOOT
SURFACE ELEVATION: 4433.6 m og|2 i @ =MOISTURE CONTENT
SOIL DESCRIPTION o 535 : 0 10 20 30 40 50
TOPSOLANDORGANMATERAL Jos
Sandy LEAN CLAY, stiff to very stiff, occasional
subangular to subrounded gravel, occasional -
mottled, occasional salt crystals, moist, brown to S—1 1 ®
grayish brown L \
. N
S-2 N
—qu=3.0 to 4.0 tsf A©
1 7
T 4
—qu=4.0 to 4.5 tsf S_3 ‘I{/ .
(i |
—21" of Recovery g 5—4} ] —e !
Q T \
] - 1
—qu=2.5 to 3.0 tsf 3 !
q o> A o
SE| '
55|
Z o |s-6 N
—qu=1.5 to 2.0 tsf P X @
za = /
- , ) 2 S—7 ) ®
—qu=1.5 to 2.0 tsf, rough drilling 18.5 to 19.5 § 4
o 1
G 20
—qu=1.5 to 2.5 tsf S-8 P
77777777777777777777 | 22.0 - Bt S
.1 Silty SAND with Gravel, very dense, generally T
S subrounded to subangular, slightly moist to moist, 5—9I e 50/0_5"‘?
"/{reddish brown 1
o ]
1
] S—10 !
'} —brown, subangular I @ o4
2 | 27.0 89/0.9 ‘:‘
Silty GRAVEL with Sand, very dense, subrounded S—11T ¢ 1
to subangular, moist to slightly moist, grayish 50/0.2"}
brown ]
Logged by:  Erling A. Juel, P.E. (09/12/05) 5-127301 e 50/0.1"%
|
Drilled by: Haztech Drilling using a BK-80 1
A4 drill rig with 8-inch HSA. :
O] | ——————— | 330 !
. & o|Poorly—Graded GRAVEL with Silt and Sand, very :
° 9 %ldense, subangular to subrounded, slightly moist, H
{a~] Q R i
5 = o] grayish brown :
<o o { H NN so/.0'4
P | 375 |
&r Silty GRAVEL with Sand, very dense, subangular, :
~ Y] moist, brown :
Y (Continued on Following Sheet) 40 —'"|
0 10 20 30 40 50
LEGﬂ Note: The_ stratification lines repr_'esent approximate boundarie_s_ between
A SPT blows per foot Atterberg Limits soil types. Actual boundaries may be gradual or transitional.
[} Field Moisture content — Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng NSI_1
I Grab/composite sample ‘Lﬁiﬁﬁ St. Mary River Siphon Crossing
L 1-3/8-inch 1D. spiit spoon <> St. Mary Rehabilitation Project
[ ZVamen D it spoon Plastie fndex North of Babb, Montana
I ?1 /i—l”l‘:h“::[)- rml? dsamplerl GNP = Granul d Nonplasti September 2005 04-167
iy —INncC L. In—walled sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. n
* No sample recovery H = Sample Heave TD&IE};}gw@w{zBNQ%%E%;;;‘E&EL}SULTANTSWMJ glr?euerte N01 Ong




2 SURFACE: Native Grasses and Vegetation z S|y T |PENETRATION RESISTANCE/MOISTURE  CONTENT
% 8 SURFACE ELEVATION: 4433.6 B 8 E % & A -=BLOwS PER FOOT
<9 : . w n:%t s w ® =MOISTURE CONTENT
o SOIL DESCRIPTION o>|o 0 10 20 30 40 50
= Continued from Previous Sheet 1. ® A
(Continued from Previous Sheet) 103 5—140 50/0 3
Practical Auger Refusal at 40.3 feet
Installed Slope Inclinometer Casing
— Top of Casing Elevation: 4436.36
— Overall Length: 43.6 feet
Construction: 2.75—inch 1.D., ABS plastic
inclinometer casing; cement/lime/bentonite
annulus grout; steel, protective casing
monument 50
©
g
[
)
[=
=
o
c
T
- =
<) |
25
™
0 £
®5 60
2 A
<
c
=
e
O
70
Logged by: Erling A. Juel, P.E. (09/12/05)
Drilled by: Haztech Drilling using a BK-80
drill rig with 8-inch HSA.
80 o
0 10 20 30 40 50
LEGﬂ Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot Atterberg_Limits soil types. Actual boundaries may be gradual or transitional.
[} Field Moisture content — Plastic Limit . .
v Groundwater Level i ntent Log Of SO” Borlng NSI'1 (Cont)
I Grab/composite sample ‘Lﬁiﬁﬁ St. Mary River Siphon Crossing
L 1-3/8-inch 1.D. split spoon _ St. Mary Rehabilitation Project
I 2—1/2—inch I.D. split spoon Plastic Index North of Babb. Montana
Ik 2—1/2—inch 1.D. ring sampler September 2005 04-167
Ik 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic
THOMAS, DEAN & HOSKINS, INC. i
* No sample recovery H = Sample Heave TD&I{;}-gw@w{zBNQ%%E%;;;‘E&EL}SULTANTSNMJ glr?:erte N02. Ong




PENETRATION RESISTANCE/MOISTURE CONTENT
A =BLOWS PER FOOT
® =MOISTURE CONTENT

0 10 20 30 40 50

2 o | SURFACE: Barren Soil — Cleared Pad
% G | SURFACE ELEVATION: 4388.4
Y]

DEPTH
GROUND
WATER
SAMPLE

SOIL DESCRIPTION

o| DEPTH

%% LEAN CLAY with Sand, firm, trace angular to
subrounded gravel, trace organics, slightly varved,

g% moist to very moist, grayish brown

%% —qu=1.0 tsf s—[ N
f
% —qu=1.5 to 2.0 tsf S—ZI A e
%% —qu=1.0 to 1.5 tsf .
9.5 TS~

i
[&]
3

/
»

é@f Cloyey GRAVEL with Sand, very dense, subangulor | | .10 s mmEREERRGER
“\x\“| to subrounded, occasional cobbles, slightly moist S—4 T o]
§>§3>2 to moist, grayish brown //
/.| —rough drilling from 10" to 14’ s
%(a SN [ | 13.5 | .
/': // Silty SAND, medium dense to dense, occasional /‘"
// sandstone fragments, moist o JEd
T S-5 ° i
2 A L N\
Y \
Z _ \
Yo S-6 ° a
A I | 195 | .
‘SS Sandy LEAN CLAY, very stiff, moist, light grayish 20 R
-~ | brown 21.0 [s—7 e L N
....] SANDSTONE, very dense, highly weathered and - - AN
{decomposed, fine to medium—grained, friable, no g \ .
7 ]structure, massive, noncalcareous, moist, olive 42 s-81 ® 50/0.2' &
..Jbrown to light gray 3 i
I =) ]
GE [s-oT o 50/0.5' &
8T !
z9 ,
52 !
=T
® i
_% a i
Logged by: Erling A. Juel, P.E. (09/16/05 to 09/17/05) £ :
[ Driled by:  Haztech Drilling using a BK-80 £ s-10 730 °® 50/0.5 %
: drill rig with 8-inch HSA. |
325 i
I | 020 | '
— | SHALE, very dense/hard, highly weathered, friable, i
[ |noncalcareous, occasional sandy layers, moist to H
— very moist, medium gray !
[ S-11.L ® 50/0.4' A
— |
[ I
1
I
!
(Continued on Following Sheet) 40 :
0 10 20 30 40 50|
LEGﬂ Note: The_ stratification lines repr_'esent approximate boundarie_s_ between
A SPT blows per foot Atterberg Limits soil types. Actual boundaries may be gradual or transitional.
[} Field Moisture content — Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng NSI_Z
I Grab/composite sample ‘Lﬁiﬁﬁ St. Mary River Siphon Crossing
L 1-3/8-inch 1.D. split spoon _ St. Mary Rehabilitation Project
[ ZVamen D it spoon Plastie fndex North of Babb, Montana
I ?1 /i—l"::h“::[)- rml? dsamplerl GNP = Granul d Nonplasti September 2005
iy —INncC L. In—walled sampler = ranular an onplastic n
* No sample recovery H = Sample Heave TD&I@;;;;;;gg%ﬁ;ﬁg&ﬁiﬂfﬂﬁfg&J glr%é? No.




% SURFACE: Barren Soil — Cleared Pad T % orfw - |PENETRATION RESISTANCE/MOISTURE CONTENT
o 8 ) N = A =BLOWS PER FOOT
< 9 | SURFACE ELEVATION: 4388.4 ] 8 < <§( ] @ =MOISTURE CONTENT
& SOIL DESCRIPTION o 53 “lo 10 20 30 40 50
- < T, @ A
(Continued from Previous Sheet) 203 | s—1 240 50/0.3"
Practical Auger Refusal at 40.3 feet
Installed Slope Inclinometer Casing
— Top of Casing Elevation: 4390.92
— Overall Length: 42.7 feet
Construction: 2.75—inch I.D., ABS plastic
inclinometer casing; cement/lime/bentonite
annulus grout; steel, protective casing
monument 50
©
g
[
e
[=
=
o
c
T
- =
<) |
Z5
™
]
£< 60
2 A
<
c
=
e
O
70
Logged by: Erling A. Juel, P.E. (09/16/05 to 09/17/05)
Drilled by: Haztech Drilling using a BK-80
drill rig with 8-inch HSA.
80 o
0 10 20 30 40 50
LEGﬂ Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot Atterbera Limits soil types. Actual boundaries may be gradual or transitional.
[ ] Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng NSI_Z (Cont)
I Grab/composite sample ‘Lﬁiﬁﬁ St. Mary River Siphon Crossing
I 1-3/8—inch 1.D. split spoon _ St. Mary Rehabilitation Project
I 2—1/2—inch I.D. split spoon Plastic Index North of Babb. Montana
Ik 2—1/2—inch 1.D. ring sampler September 2005 04-167
Ik 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic n
THOMAS, DEAN & HOSKINS, INC.
* No sample recovery H = Sample Heave TD&I{;}-gw@w{zBNQ%%E%;;;‘E&EL}SULTANTSNMJ glr?:erte N02. Ong




Q | SURFACE: Native Grasses and Brush r Qolu — |PENETRATION RESISTANCE,/MOISTURE CONTENT
& & | SURFACE ELEVATION: 4325.1 B 3E|L B 4 CBrows PER FOOT
29 : . o Q<2 w @ =MOISTURE CONTENT
o SOIL DESCRIPTION 0 53|a “lo 10 20 30 40 50
//\|TOPSOIL AND ORGANIC MATTERIAL BEN
%)% Sandy LEAN CLAY, stiff, moist, dark brown
>g S—1 3
0 50 | - i
)6 Sandy SILTY CLAY, stiff, slightly moist, dark brown — \
S/g to black S_2 o)
A | 75 | i
& Sandy LEAN CLAY, soft to stiff, moist, black to - St
>l dark brown S-3 pd o 1
% | t S —
'% 10 \\‘
. T \
'S S—4 A °
. | o ] \\
g% —less sand, more clay fines — b
L 14.0 |s—5 SJo—
~ = | Well-Graded GRAVEL with Silt and Sand, dense to 4 B
~ »°| very dense, subangular to subrounded, occasional BIRRRE
° -9 cobbles, slightl ist t ist, b t ish - s
s 5o gtr)ownes slightly moist to mois rown to grayis S_p * 95/0.2" I30unc|ng/
N A 7
3 Do < //
o af R
L e S—{ ° X
o © N,
SENE= 20 \\
S 2 *\
S - S_BI a NID \LA
o Q g L4 3 {
o> b L 58/1.0'*
o g 230
Practical Auger Refusal at 23.0 feet 3
ks
c
3
e g
Installed Slope Inclinometer Casing ""_‘,é
— Top of Casing Elevation: 4327.86 25
— Overall Length: 26.5 feet P
Construction: 2.75—inch [.D., ABS plastic %'g
inclinometer casing; cement/lime/bentonite 2A 30
annulus grout; steel, protective casing 2
monument 3
L=
o
Logged by: Erling A. Juel, P.E. (09/16/05)
Drilled by: Haztech Drilling using a BK-80
drill rig with 8-inch HSA.
40 =0l
0 10 20 30 40 50
LEGﬂ Note: The_ stratification lines repr_'esent approximate boundarie_s_ between
A SPT blows per foot Atterberg Limits soil types. Actual boundaries may be gradual or transitional.
[} Field Moisture content — Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng NSI_3
I Grab/composite sample ‘Lﬁiﬁﬁ St. Mary River Siphon Crossing
L 1-3/8-inch 1.D. split spoon _ St. Mary Rehabilitation Project
[ ZVamen D it spoon Plastie fndex North of Babb, Montana
I ?1 /i_;n;hn:-& rml? dsamplerl GNP = Granul d Nonplasti September 2005 04-167
iy —INncC L. In—walled sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. n
x No sample recovery H = Sample Heave TD&IE};%'ggw%gu'?BNQ?JATN‘EE'}#?EEE?AS”"TANTSWWFEJ glr?:erte N01 ofA"]‘.




© | surRFACE: Native Grasses T Qofu < |PENETRATION RESISTANCE,/MOISTURE CONTENT
z8 . N 5 A =BLOWS PER FOOT
5 G | SURFACE ELEVATION: 4428.9 i o%|s & ©® —MOISTURE CONTENT
o SOIL DESCRIPTION 0 63 Slo 10 20 30 40 50|
—/~>-] TOPSOIL AND ORGANIC MATERIAL Jio.iS — ol
Sandy LEAN CLAY, stiff to very stiff, occasional
subrounded to subangular gravel, moist, brown to .
grayish brown I
—qu=4.0 to 4.5 tsf =11 ar e
J— I"-
—qu=3.0 to 3.75 tsf 5—2 A —e
\
V¢ i
5-3 \
10| \_
e
—more gravel, qu=2.5 to 3.0 tsf S—4 | H
T |
S-5 el
o )
—qu=2.5 to 3.0 tsf i - 1
= v
g€ sl o}
H i
I.E T |
—crushed shelby tube, no sample recovery + O /
o |57 * 1
® £ 1
2 E 20| i
E 8 |s-s 4 ®
—more plastic fines, less gravel, wet at 21.5 feet 0 - i
o P— l'
!
A . 1
—qu=1.0 tsf S-9 | e 1
T |
S-10 | * A
- i
v27.5 B
1
—more plastic fines, qu=1.5 to 2.0 tsf S-11 4 ®
77777777777777777777 | 295 !
FAT CLAY, stiff, mottled, slightly moist, brown to —30| E
grayish brown H 1
5-12 4 e
o I
Logged by: Erling A. Juel, P.E. (09/13/05) T !
Driled by:  Haztech Drilling using a BK-80 s-13] e ®
drill rig with 8-inch HSA. Sso
S-14 RS e LL=76%
77777777777777777777 37.25 | T hONE
""" ] SANDSTONE, very dense, intensely weathered to 42 feet, T RN
".]less weathered with depth, fine to medium grained, S-15 . Y
..] mostly friable, weakly to moderately calcareous, medium L 74/0.8'
- gray (Cont. on Following Sheet) 40| '
0 10 20 30 40 50|
LEGﬂ Note: Thg stratification lines repn_'esent approximate boundarie_s_ between
A SPT blows per foot Atterbera Limits soil types. Actual boundaries may be gradual or transitional.
@ Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SO|| Borlng SSI-1
Io Grab/composite sample ‘w St. Mary River Siphon Crossing
L 1-3/8-inch 1.0. split spoon _ St. Mary Rehabilitation Project
% 2=1/2~inch LD. splitspoon Flostic Index North of Babb, Montana
ﬂf §_1 /i‘l";:h“:-.[)' rml? dsomplerl GNP = Granul d Nonplasti September 2005 04-167
iy —INC D, In—walled sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. n
* No sample recovery H = Sample Heave TD&]E} P M S e glr?euéte NO1. Ong




%0 SURFACE: Native Grasses = %5 IEJ z PENETRATION ARE'EIBSI:I'évl\JgEéé\/IROIESg_I?E CONTENT
gg SURFACE ELEVATION: 4428.9 % gg 2 % @ —MOISTURE CONTENT

% SOIL DESCRIPTION c=|o _ 0 1 ’0 20 30 40 50

- . : _ A

(Continued from Previous Sheet) S-16-40 50/0.4' !

1

|

!

1

S-17T * 25/0.2' Bouncing®

i

1

. H I

Logged by: Erling A. Juel, P.E. (09/13/05) I

"""" Drilled by: Haztech Drilling using a BK-80 :

drill rig with 8-inch HSA. H

"""" s-18 150 d 50/0.3' Bouncmgf

....... :

e 1

. |

!

....... !

....... !

1—-Clay shale fines ;

4 55.2 |s-19-- ®  50/0.2' Bouncing®

Bottom of Boring at 55.2°

s HEeE L e >

Groundwater Level i ntent
Grab/composite sample ‘ iquid_Limi

1-3/8—inch I.D. split spoon < >

2—1/2—inch I.D. split spoon Plastic Index

2—1/2—inch 1.D. ring sampler

3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic
No sample recovery H = Sample Heave

Installed Slope Inclinometer Casing 60
— Top of Casing Elevation: 4431.67
— Overall Length: 57.8 feet 3
Construction: 2.75—inch I.D., ABS plastic o
inclinometer casing; cement/lime/bentonite §
annulus grout; steel, protective casing 8 E’
monument €=
[ 1T
5 [a)
o
(=
=
25
Il =]
5
o
[c]
70
80
LEGEND 0 10 20 30 40 50|
—_— = = Note: The stratification lines represent approximate boundaries between
SPT blows per foot Atterberg Limits soil types. Actual boundaries may be gradual or transitional.
Field Moisture content — Plastic Limit

Log of Soil Boring SSI-1 (cont.)
St. Mary River Siphon Crossing
St. Mary Rehabilitation Project
North of Babb, Montana
September 2005 04-167

ENGINEERING CONSULTANTS

AT EALS BTN AT AEP vom
i w2 ee 0
i 4

TD&‘E%— THOMAS, DEAN & HOSKINS, INC] Figure No. A5




© | sURFACE: Native Grasses T Qo|uw — | PENETRATION RESISTANCE /MOISTURE CONTENT
g8 . - E SHlz E A =BLOWS PER FOOT
< G | SURFACE ELEVATION: 4387.3 i og[2 & © —MOISTURE CONTENT
5} SOIL DESCRIPTION o 53 “lo 10 20 30 40 50
I 0
TOPSOLANDORGANKMATERAL [os
Sandy LEAN CLAY , stiff to firm, trace subrounded
gravel, trace organics, moist, grayish brown -
—qu=2.0 to 2.5 tsf S—1 N e
—qu=1.5 tsf - i
S-2 1 e
- ;
—less sand and gravel, qu=1.0 tsf o3 Ai o
77777777777777777777 [ 95 | M
FAT CLAY, stiff, occasional trace coarse sand, EO \ " LE=65%
slightly layered to slightly varved, moist, medium S—4 f ¢
gray \
—more sand and gravel o v
S-5 P
w1650 | i ¢
o i
c - I
, , 55 "
—qu=1.5 to 2.0 tsf 12.5" to 14.0" and 5a |57 4 ®
) ) H o €L
15.00 to 16.5 8T E !
E5E 0 i LE=599
1H=N | o :
3 H
©3 ;;
I.E 1
—Qu = 1.0 to 1.5 tsf S-9 I JL i ; e LL=58%
iiiiiiiiiiiiiiiiiiii | 24.5 | T ==
{1 SANDSTONE, very dense, serverely weathered, 8—101 \""=.._~_
]1mostly friable, harder with depth, medium to ¢ ' T4
....... fine—grained, lack of structure/ no bedding, 25/0.2 Bcuncmgi
1weakly to noncalcareous, olive brown to grayish i
o brown S_“I . 70,1‘0.4;
_______ Installed Slope Inclinometer Casing 5
— Top of Casing Elevation: 4390.09 S—1ZI3° ® 50/0.5'4,I
------- — Overall Length: 37.6 feet :
["""1 Construction: 2.75—inch I.D., ABS plastic i
inclinometer casing; cement/lime/bentonite :
annulus grout; steel, protective casing i
monument '
35.1 o i
- 5-13= ® 25/0.1" sing 4
Practical Auger Refusal at 35.1 $9/0.1-Bouncing
Logged by: Erling A. Juel, P.E. (09/15/05)
Drilled by: Haztech Drilling using a BK-80
drill rig with 8-inch HSA.
40 =0l
0 10 20 30 40 50
LEGﬂ Note: The_ stratification lines repr_'esent approximate boundarie_s_ between
A SPT blows per foot Atterberq Limits soil types. Actual boundaries may be gradual or transitional.
@ Field Moisture content — Plastic_Limit . .
v Groundwater Level i ntent Log Of SOII Borlng SSI_Z
I Grab/composite sample ‘Lﬁiﬁﬁ St. Mary River Siphon Crossing
L 1-3/8-inch 1.D. split spoon _ St. Mary Rehabilitation Project
%R 2-1/2~inch 10, spit spoon Plostic Index North of Babb, Montana
I §_1 /i_l"l‘:h“::[)- rml? dsamplerl GNP = Granul d Nonplasti September 2005 04-167
iy —INncC L. In—walled sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. n
x No sample recovery H = Sample Heave TD&IE};}%?é“%““@"N"?g‘a‘“‘;g‘l}"‘gﬁﬁgr‘SULTANTsm'ﬁ?n"gng glr%é? N01 ofA?




SPT blows per foot

Field Moisture content
Groundwater Level
Grab/composite sample
1-3/8—inch I.D. split spoon
2—1/2—inch I.D. split spoon
2—1/2—inch 1.D. ring sampler

3—inch 1.D. thin—walled sampler

s HEeE L e >

No sample recovery

SURFACE: Barren Soil — Cleared Pad z g i u z PENETRATION RE§ISTANCE/MOISTURE CONTENT
SURFACE ELEVATION: 4335.4 & ok iz; o o HOSTURE CONTENT
SOIL DESCRIPTION o % = ) a o 10 20 30 40 50
FILL; LEAN CLAY , moist, grayish brown 0
ffffffffffffffffffff | 2.0
LEAN CLAY with Sand, soft to firm, subrounded -
gravel, abundant organics, moist, grayish brown S—1 A e
o T
_ i
S-2 4 @
77777777777777777777 | 7.0 | - “
Sandy LEAN CLAY, firm, mottled, trace fine - i
subrounded gravel, scattered salts, moist, grayish 9 S-3 \ e |
brown ..2 \ !
S o - !
—qu=1.0 to 2.0 tsf e 10 A
s E S—4 | A ¢
—qu=1.5 to 2.0 tsf, more gravel, less moisture § o !
g § Ail @
2a S5 i h
—qu=1.5 to 2.0 tsf, high plasticity fines, slight 3 35
layering o T i
S-6 & ®
77777777777777777777 | 17.0 | - i
FAT CLAY, firm to stiff, slightly varved, occasional T t N
coarse sand, occasional saturated 1—inch thick 5-7 A | PRl L il
Sg silt seams, moist to wet, brown to medium gray 4 \
SS —qu=1.0 to 1.5 tsf 20 \\1
SSS —qu=1.5 to 2.5 tsf s-8 A_ ®
(< 23.5 > |
SILT, relatively loose, very moist, grayish brown S-9 L R
25.5 T ° SN
2y Silty, Clayey GRAVEL with Sand, dense to very v26.0 1S-10 ® — S
dense, subangular, wet zones, generally moist to o |5
D saturated, grayish brown - /-
/ij 4 S-11 ° <
253 - N
A 30 S
..-..] SANDSTONE , very dense, highly weathered at [ | -
“*{upper contact, less weathered with depth, S-13= T 25/0.1' Bouncing ®
] moderately to intensely fractured, thinly bedded,
{weakly to moderately calcareous, olive brown to
“'1grayish brown
Logged by: Erling A. Juel, P.E. (09/14/05)
Drilled by: Haztech Drilling using a BK-80 C—1
drill rig with 8-inch HSA.
e d (Continued on Following Sheet) 40
LEGEND 0 10 20 30 40 50|

Note: The stratification lines represent approximate boundaries between
soil types. Actual boundaries may be gradual or transitional.

Atterberg Limits

Plastic _Limi

Plastic Index

GNP

Granular and Nonplastic

September 2005

Log of Soil Boring SSI-3
St. Mary River Siphon Crossing
St. Mary Rehabilitation Project
North of Babb, Montana
04-167

T
|

= Sample Heave

TD&H)

NGINEERING CONSULTANTS
1 of 4

GREAT EALS- BTN AALSTRL AP v
i w2 ee
s 4

THOI\:ZIAS, DEAN & HOSKINS, INC] Figure NO. A7




%0 SURFACE: Barren Soil — Cleared Pad z %5 'é z PENETRATION EEEIBSJQVI\JgEQAROIEgg?E CONTENT
gg SURFACE ELEVATION: 4335.4 % 8'%2 s % ® —MOISTURE CONTENT
o SOIL DESCRIPTION o K 0 10 20 30 40 50
"""" (Continued from Previous Sheet) 40
....... Rock Core Run#1 (See Sheet 3)
Depth: 35.0" to 40.0° c—2
Coring Rate:  2.30 min/ft.
Recovery: 94%
RQD: 0.73 45.0
\ Rock Core Run #2 (See Sheet 4) ‘
\ Depth: 40.0" to 45.0° /
| Coring Rate:  1.70 min/ft. |
| Recovery: 100% /
\\ RQD: 0.96 ,
Bottom of Boring at 45.0° E 50
2
5o
Logged by: Erling A. Juel, P.E. (09/14/05) E "Q_-
Drilled by: Haztech Drilling using a BK-80 % E’
drill rig with 8-inch HSA. )
]
Il =]
5
o
[c]
Installed Slope Inclinometer Casing
— Top of Casing Elevation: 4338.63 60
— Overall Length: 47.8 feet
Construction: 2.75—inch I.D., ABS plastic
inclinometer casing; cement/lime/bentonite
annulus grout; steel, protective casing
monument
70
80 =0l
0 10 20 30 40 50
LEGﬂ Note: The stratification lines represent approximate boundaries between
A SPT blows per foot Atterberg Limits soil types. Actual boundaries may be gradual or transitional.
[} Field Moisture content Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng SSI-3 (Cont')
I Grab/composite sample ‘Lﬁﬁﬁ St. Mary River Siphon Crossing
L 1-3/8-inch 1D. spiit spoon _ St. Mary Rehabilitation Project
I 2—1/2—inch I.D. split spoon Plastic Index North of Babb. Montana
Ik 2—1/2—inch 1.D. ring sampler September 2005 04-167
Ik 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic n
THOMAS, DEAN & HOSKINS, INC.
x No sample recovery H = Sample Heave TD&I{;%—%%gu@BN?‘ZJE}};‘NEKEMR&E&EL‘ASU'—TANTSNW%J glr?euéte N02. ofAZ]_




BORING SSI-3, ELEVATION 4335.4 FT, ROCK CORE RUN
CORE RUN 1: DEPTH=35.0" TO 40.0’, RQD=73%, RECOVERY=94%

1

ST. MARY RIVER SIPHON CROSSING
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING SSI-3
CORE RUN 1

FIGURE A/
I\§ THOMAS, DEAN & HOSKINS, INC.
TD&@» ENGINEERING CONSULTANTS
| [GREAT FALLS-BOZEMAN-KALISPELL padioNTANA
1 LEWISTON IDAHO
DRAWN BY: WAB DATE: SEPTEMBER 2005

DESIGNED BY: HMM

JOB NO. 04-167

QUALITY CHECK:

CAD NO. 04167-SSI-33 .DWG
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BORING SSI-3, ELEVATION 4335.4 FT, ROCK CORE RUN 2
CORE RUN 2: DEPTH=40.0" TO 45.0°, RQD=96%, RECOVERY=100%

FIGURE A7

ST. MARY RIVER SIPHON CROSSING
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING SSI-3
CORE RUN 2

TD&@
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ENGINEERING CONSULTANTS
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WASHINGTON
IDAHO

DRAWN BY:
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DATE: SEPTEMBER 2005

DESIGNED BY:

HMM

JOB NO.

04-167

QUALITY CHECK:

CAD NO. 04167-SSI-34 .DWG
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9 | surFace: Notive Grasses and Weeds = gy = |PENETRATION RESBTANCE/MOBTURE CONTENT
gg SURFACE ELEVATION: 4407.3 E ég % % s :chI)%{vTSU RFéE% OFh?r%LT
G} SOIL DESCRIPTION ol K lo 10 20 30 40 50|
SS TOPSOIL 0.2 0|
LEAN CLAY with Sand, firm, trace rounded fine
g% gravel, moist, grayish brown
ég —qu=2.0 to 3.5 tsf S_1I .:, e
55 -
!
%g —qu=2.0 to 2.5 tsf S_ZI 4 ®
77777777777777777777 | 9.5 1
% FAT CLAY, soft to firm, occasional salt crystals, o 10| : tL=62%
coarse sandy zones, slightly layered to slightly o S—SMT ! e
S% varved, occasionally interbedded silt layers, moist % !
S% to very moist, medium gray 22 _ h
— ’ ' V= !
—qu=1.5 to 2.0 tsf between 10" and 18.3 EZ |s-4 i °
S Hi
82 T !
& £5 |5 !
—cobble at 16.8’ S - |
o i
S% ® S—6 A e
Logged by: Erling A. Juel, P.E. (7/16-17/07) 4 !
Sg Drilled by: Boland Drilling using a Mobile B-59 1;.88 ,'
drill rig with 10-inch HSA. v]] 4
gé s—ﬂf 1 l .
T ]
1
T
> .
Sg —qu=05 to 1.5 tsf s | 4 o
>
~qu=1.5 to 2.0 tsf T v
g gl S
N
— \\
<4 28.3 S °
77 1 LEANCLAY, stiff, high plasticity, very moist, S—19 x °
yellowish brown 28.9 30| N
P Clayey GRAVEL with Sand, medium dense to very S—11 i \\1 o
() dense, subrounded to subangular, frequent cobbles, 1 "
moist to wet, grayish brown i
_ /,
S—12 ® DR
;;z T \\\\\\
S—-13] ° 51/10?
SANDSTONE, very dense, moderately weathered at o :
@/&Z upper contact, moderately fractured, thinly bedded, 38.7 ® i
=1 slightly calcareous, olive brown to grayish brown 1S-14| ® 53/1.0°4
. (Continued on Following Sheet) 40| !

LEGEND
A SPT blows per foot Atterberg Limits
@ Field Moisture content — Plastic limit
v Groundwater Level i ntent
I Grab/composite sample ‘w
I 1-3/8—inch I.D. split spoon
I 2—1/2—inch I.D. split spoon Plastic Index
Ik 2—1/2—inch 1.D. ring sampler
Ik 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic
* No sample recovery H = Sample Heave

0 10 20 30 40

Note: The stratification lines represent approximate boundaries between
soil types. Actual boundaries may be gradual or transitional.
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Log of Soil Boring PW-1
St. Mary River Siphon Crossing
St. Mary Rehabilitation Project
North of Babb, Montana
July 2007

04-167

ENGINEERING CONSULTANTS
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TD&IE;?%— THOMAS, DEAN & HOSKINS, INC. Figure NO. A8
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GRAPHIC
LOG

SURFACE: Native Grasses and Weeds
SURFACE ELEVATION: 4407.3

SOIL DESCRIPTION

DEPTH

PENETRATION RESISTANCE/MOISTURE CONTENT
A =BLOWS PER FOOT

® =MOISTURE CONTENT

20 30 40 50

GROUND
WATER
SAMPLE
DEPTH

0 10

(Continued from Previous Sheet)

Rock Core Run #1 Run #2
Depth 40.0" to 43.5" Depth = 43.5" to 44.6'
Recovery = 54.8% Rate 2.72 min/ft.
RQD 0.35 Recovery = 54.5%

RQD 0.00

Run #3
Depth 446" to 46.9°
Rate 6.1 min/ft.

~
o
o

S-15/4
C—1

° 50,/0.2' A

Recovery = 95.7%
RQD = 0.87

Reamed core holes with augers
Bottom of Boring at 48.0°

Logged by:
Drilled by:

Erling A. Juel, P.E. (7/16-17/07)

Boland Drilling using a Mobile B-59
drill rig with 10-inch HSA.

Installed Groundwater Monitoring Well

Top of Casing Elevation: 4410.28

Overall Length: 50.77’

Construction: 4.0—inch, PVC plastic casing;
Steel protective casing monument
Screened PVC 20-slot (0.020” openings)
Screened Interval 47.15" to 37.65" BGS
10—20 Sand Pack 48.00° to 24.00" BGS
Bentonite Seal 24.00° to 19.25" BGS
Auger Cuttings 19.25" to 1.00" BGS

Groundwater Encountered

50

During Drilling

60

70

80

LEGEND

SPT blows per foot

Field Moisture content

Atterberg Limits
Plastic. Limi
Groundwater Level

i ntent
Grab/composite sample ‘ iquid Limi

1-3/8—inch I.D. split spoon
2—1/2—inch I.D. split spoon
2—1/2—inch I.D. ring sampler

Plastic Index

3—inch I.D. thin—walled sampler GNP

No sample recovery H

Granular and Nonplastic

Sample Heave

0 10 20 30 40

Note: The stratification lines represent approximate boundaries between
soil types. Actual boundaries may be gradual or transitional.

50|

Log of Soil Boring PW-1 (cont.)
St. Mary River Siphon Crossing
St. Mary Rehabilitation Project
North of Babb, Montana
July 2007

THOMAS, DEAN & HOSKINS, INC.
TD&%%. ENGINEERING COmSULTANTS J

04-167

Figure No. A8
2 of 3
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BORING PW—1, SURFACE ELEVATION 4407.3 FT
CORE RUN 1: DEPTH=40.0" TO 43.5’, RQD=35%, RECOVERY=55%
CORE RUN 2: DEPTH=43.5" TO 44.6’, RQD= 0%, RECOVERY=55%
CORE RUN 3: DEPTH=44.6" TO 46.9’, RQD=87%, RECOVERY=96%

FIGURE A8

ST. MARY RIVER SIPHON CROSSING
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING PW-1
CORERUNS 1,2 & 3

TD&I@
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ENGINEERING CONSULTANTS
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WASHINGTON
IDAHO
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mwc

DATE:
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DESIGNED BY:

EAJ

JOB NO.
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QUALITY CHECK:

CAD NO. 04167-PW-13 .DWG
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2 | surFacE: Native Grasses and Weeds = Saly = |PENETRATION RESISTANCE/MOISTURE. CONTENT
% O | SURFACE ELEVATION: 4362.9 & 3k & 4 CDows FER f091
9 : . o 2|2 w ©® =MOISTURE CONTENT
o SOIL DESCRIPTION o= 0 10 20 30 40 50
S SI\__TopsoiL 0.3 0
%g LEAN CLAY with Sand, firm, subrounded fine gravel,
%g moist, grayish brown
S o itk
]
1
S .
I
o> -'
I
1
S5 T
g —qu=1.5 to 2.0 tsf between 4.0’ and 10.5’ s-2 |10 —4 '
\
77777777777777777777 | 12.0 | “
§> FAT CLAY, firm to stiff, thinly bedded to slightly L
S% varved with fine sand and silt, scattered \
subrounded fine gravel, moist, medium gray
S% —qu=1.5 to 2.0 tsf 5_3I A ®
> ’
]
-]
D> :
g !
c
S TR
—qu=1.0 to 1.5 tsf o= [s-4 |20 ) o
S =
55 !
gL :
3 5 1
Logged by: Erling A. Juel, P.E. (7/17-18/07) - :
. - . . 3 i tL=54%
Drilled by: Boland Drilling using a Mobile B-59 = MT | I—e
SS drill rig with 10-inch HSA. ° S—5 :
i
|
> :
S ‘
|
g% —qu=1.5 to 2.5 tsf S—6 Iso A °
N
N
(% 77777777777777777777 | 32.0 | S
Clayey GRAVEL with Sand, dense, rounded to ™~
subrounded, moist to wet, brown N
Vi y ma
@ //gAm)SiTOWE,iveT'yidenise,i m?c@r&ﬁv@o?he@d@tj\
% upper contact, moderately fractured, thinly bedded, 38.0
[.....] slightly calcareous, olive brown to grayish brown ]
cee (Continued on Following Sheet) c—1 %40
0 10 20 30 40 50|
LEGﬂ Note: The stratification lines represent approximate boundaries between
A SPT blows per foot Atterberg Limits soil types. Actual boundaries may be gradual or transitional.
[} Field Moisture content — Plastic Limit . .
v Groundwater Level i ntent Log Of SO|| Borlng PW-2
I Grab/composite sample ‘Lﬁjﬁ St. Mary River Siphon Crossing
L 1-3/8-inch 1.D. split spoon _ St. Mary Rehabilitation Project
I 2—1/2—inch I.D. split spoon Plastic Index North of Babb. Montana
%[]DIR §_1 /i_li'::h“::[)- rinl? dsamplerl GNP = Granul d Nonplasti July 2007 04-167
iy —Iinc D In—walled sampler = ranular an onplastic n
* No sample recovery H = Sample Heave TD&‘E??;j;zggsif%?;&t@%gﬂﬁmgﬁé:g@ glr?euéte NO1 Ong




%0 SURFACE: Native Grasses and Weeds = S © 'é = PENETRATION fEEISJéngéyROIESg‘?E CONTENT
gg SURFACE ELEVATION: 4362.9 % ég s % ® —MOISTURE CONTENT
0] SOIL DESCRIPTION o o 10 20 30 40 50
"""" (Continued from Previous Sheet) 0
c-1
cont
42.9
Bottom of Boring at 42.9’
Rock Core Run #1
Depth = 38.0" to 42.9" BGS
Coring Rate = 1.84 min/ft.
Recovery = 86.2%
RQD = 0.43
® 50
]
S o
8=
5%
5 [a)
82
35
Logged by: Erling A. Juel, P.E. (7/17-18/07) 2a
3
Drilled by: Boland Drilling using a Mobile B-59 g
drill rig with 10-inch HSA. ©
Installed Groundwater Monitoring Well
— Top of Casing Elevation: 4366.08 60
— Overall Length: 43.2°
— Construction: 1.0—inch, PVC plastic casing;
— Steel protective casing monument
— Saw—Cut Interval 39.67" to 36.67° BGS
— Sand Pack 39.80" to 30.00° BGS
— Bentonite Seal 30.00" to 26.50° BGS
— Auger Cuttings 26.50" to 1.00" BGS
70
80 =0l
0 10 20 30 40 50
LEGﬂ Note: The stratification lines represent approximate boundaries between
A SPT blows per foot Atterberg Limits soil types. Actual boundaries may be gradual or transitional.
[ ] Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SO|| Borlng PW-2 (Cont')
I Grab/composite sample ‘Lcjﬁ St. Mary River Siphon Crossing
L 1-3/8-inch 1D. spiit spoon _ St. Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
Ik 2—1/2—inch I.D. ring sampler July 2007 ' 04-167
Ik 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic n
* No sample recovery H = Sample Heave TD&IE};;}%g;ggﬁi@géﬁﬁgggégfgfw:% glr?euéte N02. Ong




BORING PW-2, SURFACE ELEVATION 4362.9 FT

CORE RUN 1: DEPTH=38.0" TO 42.85’, RQD=43%, RECOVERY=86%

FIGURE A9

ST. MARY RIVER SIPHON CROSSING !
NORTH OF BABB, MONTANA TD&@
]
PHOTO OF SOIL BORING PW-2 DRAWN BY: o
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WASHINGTON
IDAHO
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R [%]

0.1 0.2 0.3 0.4 0.590

u2 [MPa]

0.|15 0.i’30 0.|45 0.60
1 1 1

fs [MPa]

Test no:
1:40
A10

Scale:
Fig:

NSI-1.cpd

11

9/12/2005

4433.6
Page:

Ground level:
Date:

File:

10 15 20 25 30 350

qc [MPa]

DNRC - CARDD

Position:
Client:

St. Mary River Siphon Crossing

NSI-1, North Side
04-167-002

Location:
Project ID:
Project:

[3] mdaq

Clayey silt to silty clay (5)
Clayey silt to silty clay (5)

Clay (3)

Classification by
Robertson 1986

23.2— -

U2
Sleeve area [cm2]: 150

Cone No: 0
Tip area [cm2]: 10

)
®)

Sandy silt to clayey silt (6)
Gravelly sand to sand (10)
Sandy silt to clayey silt (6)
Sandy silt to clayey silt (6)
Clayey silt to silty clay (5)

Clayey silt to silty clay (5)
Clay (3)

Clay (3)
Silty clay to clay (4)
Sand to silty sand (8)

Clay (3)
Clay (3
Clay

Clay (3)
Clay (3)
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R [%]

0.1 0.2 0.3 0.4 0.590

u2 [MPa]

0.15 0.30 0.45 0.60

fs [MPa]

10 15 20 25 30 350

qc [MPa]

[3] mdaq

Sensitive fine grained (1)
Sand to silty sand (8)
Clayey silt to silty clay (5)

Clay (3)
Clay (3)

Classification by
Robertson 1986

Test no:
1:25
A1l

Scale:
Fig:

NSI-2.cpd
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9/17/2005

4388.4
Page:

Ground level:
Date:

File:

DNRC - CARDD

Position:
Client:

St. Mary River Siphon Crossing

NSI-2, North Side
04-167-002

Project ID:

Location:

Project:

126 -

U2
Sleeve area [cm2]: 150

Cone No: 0
Tip area [cm2]: 10

Sand to silty sand (8)

Sand (9)
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Classification by
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Classification by
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3)
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u2 [MPa] Rf [ %]

fs [MPa]

10 15 20 25 30 350

qc [MPa]

10 15 20

5

Test no:

Scale:

: 50

1

Fig:

A15

0.1 0.2 0.3 0.4 0.590

Ground level:

4335.4

Date:

9/15/2005

Page:

11

SSI-3.cpd

File:

0.15 0.30 0.45 0.60

Position:

Client:

DNRC - CARDD

Location:

SSI-3, South Side

Project ID:

04-167-002

Project:

St. Mary River Siphon Crossing

Classification by
Robertson 1986

SRR

[3] mdaq

Sandy silt to clayey silt (6)

Clay (3)
Organic material (2)
Clay (3)
Organic material (2)
Clay (3)
Clay (3)
Organic material (2)

3)

Clay (

Clayey silt to silty clay (5)
Silty clay to clay (4)
Sandy silt to clayey silt (6)

Clay (3)
Clay (3)

u2

Cone No: 0

Sleeve area [cm2]: 150

Tip area [cm2]: 10
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UNIFIED SOIL CLASSIFICATION

GRAVEL SAND
COBBLES SILT OR CLAY
COARSE FINE COARSE MEDILM FINE
U.S. SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER
3 3/4 3/8 4 10 20 40 80 140 200
100 = Q\@N 0
\V ~ \ﬁk‘\ﬁ
80 AR R0
e ast
as X T
& i =
= pt i
:Eﬁ m
60 L\ é 40 ~
& =
Z \ =
7 =
£y
A k\ \ o
=40 60 £
25 =]
= \ A\ 2
= AN N e
a \E & =
20 = 80
;\S\"E]
0 100
Trr 11 T T T ‘I\I T T T ‘\I\Il T T "|T||| T T T |}F\1I T T iIIIF T
10° 10° 10 1 107" 107® 1o°
GRAIN SIZE IN MILLIMETER
DEPTH L PI
SYMBOL BORING (ft) (%) (%) DESCRIPTION
O NSS4 10—-12 41 22 SANDY, LEAN CLAY (CL)
0 NSIT,513 35—36.54kk ok POORLY—GRADED GRAVEL WITH SAND AND SILT (GP-—-GM)
VA NSI2,53 5-85 49 29 LEAN CLAY WITH SAND (CL)
) NSIZ,55 T5—16.5%k kK SILTY SAND (SM)
Remark : *** Granular — Nonplasiic

Project No.04-—-167

St. Mary River Siphons

THOMAS, DEAN & HOSKINS

Engineering Consultants

GRAIN STZE DISTRIBUTION

Figure No Al6
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UNIFIED SOIL CLASSIFICATION

GRAIN SIZE IN MILLIMETER

DEPTH

LL Pl
(ft) . (&) ()

GRAVEL
COBBLES SAND SILT OR CLAY
COARSE FINE COARSE MEDIUM FINE
U.S. SIEVE SIZE IN INCHES U.5. STANDARD SIEVE No. HYDROMETER
3 3/4 3/8 4 1G 20 40 80 140 200
100 \ i o 0
80 \ \ \ 20
: \
= \
=
= \
> \
m gD 40
. \ X
= \
/2] 1]
N
<T}
z \\
£ 40 60
. N
[
: <
20 \@\ 80
\<
0 100
TT T T |\I|\\I T T |\I\III T |Flf'\'\l T T |\\\l|l T |\\\I T
10° 10 10 1 10" 107 107°

PERCENT RETAINED BY WEIGHT

Froject No.04-167

SYMBOL BORING DESCRIPTION
O NSI2,57 20-21.5 33 10 SANDY, LEAN CLAY (CL)
O N3I3,33 8.0-9.5 38 15 SANDY, LEAN CLAY (CL)
A NSIZ, 55 13145 32 13 LEAN CLAY WITH SAND {(CL)
O NSI3,58 20,522 xx . SILTY GRAVEL WITH SAND (GM)
Remark : *** Granular — Nonplastic

st. Mary River Siphons

THOMAS, DEAN & HOSKINS

Engineering Consultants

GRAIN SIZE DISTRIBUTION

Figure No. Al7
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UNIFIED SOIL CLASSIFICATION

GCRAVEL SAND
COBBLES SILT OR CLAY
COARSE FINE  |cOARSE| MEDIUM FINE
U.S. SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER
3 3/4 3/8 4 id 20 40 60 140 200
100 @ o 0
g RN
\ N
& 4 %
2 =
= i o
E 60 0 -
4
o =
E ,
7 o
% =
<X =]
a e
=40 60 £
= =
U )
o o~
= =
a® [
20 80
0 100
T T 1T T T T lflll T T T T II‘Ill T T IIII\ T T T ‘lllll T T IIII\ T T
10° 107 10 1 107 107° 10°
GRAIN SIZE IN MILLIMETER
DEPTH LL Pl
SYMBOL BORING (ft}  (#) (%) DESCRIPTION
O SSI1,53 7.5-95 33 16 SANDY, LEAN CLAY (CL)
O 3801,59 22.5-24 37 186 SANDY, LEAN CLAY (CL)
AN 55011,514 35—37 76 49 FAT CLAY WITH SAND (CH)
<> S512,54 10—="11 [<)e) 4 GRAVELLY, FAT CLAY (CH)
Remark : *** Granular — Nonplastic
Project No.04—167 St. Mary River Siphons

!
: THOMAS, DEAN & HOSKINS

GRAIN SIZE DISTRIBUTION Figure No. AlS8

Engineering Consullants
Do
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UNIFIED SOIL CLASSIFICATION

GCRAVEL SAND
COBBLES — SILT OR CLAY
COARSE | FINE  |coaRst| MEDIUM |  FINE
UE CIEVE SEE IN IWNCHRS UE UTANDARD CIEVE No. HYDBRGUETER
3 3/4 3/8 4 10 20 40 80 140 200
LB Py .
100 7 d\g\gl == 0
= h\ﬁ

80 20 _
£ T
2 N\ 5
o \\] =
2 e =
E 60 40 E
o =
= =
83 =1
s} =
s i
n o=
= 40 60 £
=) =
O U
= o
5| =)
Ay o

20 80

0 100
rrerT 1 T T ]fllWl T T T ‘I[TIIT T |\Ir!1’f T T ‘||||| T T T |I|I1 T
10° 107? 10 1 107 107 107°
GRAIN SIZE IN MILLIMETER
DEPTH LL PI
SYMBOL BORING — _(ft) () (%) DESCRIPTION

O 5512,58 20-21 53 36 FAT CLAY (CH)

0 3512,59 22 5-24 58 37 FAT CLAY WITH SAND (CH)

A $513,53 75-9.5 42 24 SANDY, LEAN CLAY (CL)

O 8513,57 17.5-19 77 50 FAT CLAY (CH)

Eemark : *** Granular — Nonplastic

Froject No.04-167

St. Mary River Siphons

THOMAS, DEAN & HOSKINS

Engineering Consultants

GRAIN SIZE DISTRIBUTION

Figure No. Al9
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UNIFIED SOIL CLASSIFICATION

i
1

GCGRAVEL SAND
COBBLES SILT OR CLAY
COARSE FINE  |COARSE|  MEDIUM FINE
‘ U8 SIEVE SIZE IN INCHES U.3. STANDARD SIEVE No. HYDROMETER
3 a/4 3/8 4 10 20 40 80 140 200
100 \ S ) 0
. 80 ) 20 E
5 A\ E
—_ Bﬂ
=
= N .
: \ :
60 N 40 4
&} i
= \ Z
2 <t
v =
<0 =]
f, \ o
40 N 60 £
3 \ S
[ o=
5 \ :
20 x‘ 80
0 100
TTTT 1771 T T Illlffl T T il[ll T™T T |l|\l| T T Tllll LI T T ]l[Tl T F
10° 107 10 1 107" 107 10°°
GRAIN SIZE IN MILLIMETER
DEPTH LL P1
SYMBOL BORING (ft) (=) (%) DESCRIPTION
O $513,59A 02.5-24 48 27 LEAN CLAY (CL)
O S513,58B 235-24 28 4 SILT (ML)
Ja 5513,510 255-30 22 5 SILTY, CLAYEY GRAVEL WITH SAND (GC—GM)
RKemark : *** Granular — Nonplastic
Project No.(4—-167 St. Mary River Siphons
THOMAS, DEAN & HOSKINS N . )
GRAIN STZE DISTRIBUTION Figure No. A20

Engineering Consultants ‘
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Particle Size Distribution Report
< < g'\% < E Eo% o o o o o 8 g 8
© o - —3 N b3 * I & ¥ ¢
100 T T T T e — _#_ T
R i T el
90 | | . | | N
\ IR | \ \ \ [
\ IR | \ \ Il ELH [l
80
\ IR | \ \ Il [l
\ IR | \ \ ) BN
70 1 1 i 1 1 t—+ Mf
- \ IR | \ \ by
0 60 | INER N | | | IR
% \ IR | \ \ by
\ IR | \ \ by
l_ | | | | | | | | | | | | | |
E 50 \ \ T \ \ T
- R |
40
'6[_" | Wity 1 | \ by
\ IR | \ \ by
30 i i [ i i T 1
\ IR | \ \ by
20 | | Ll | | | I | A
\ IR | \ \ by
\ IR | \ \ by
10 T T T T T
\ IR | \ \ by
0 | | | L |l | | | | | Uil
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE - mm.
+3" % GRAVEL % SAND % SILT % CLAY uscs LL PL PI
o 0.0 1.8 5.9 92.3 CH 62 20 42
o 0.0 1.6 29.3 69.1 CL 40 19 21
SIEVE PERCENT FINER SIEVE PERCENT FINER Material Description
inch b O Fat CLAY
InSCiZ:S O D nusriT;eer O D al
12 100.0 | 100.0 #4 98.2 98.4
3/8 98.7 99.6 #10 97.9 97.4 O Sandy Lean CLAY
#20 97.6 96.0
#40 97.1 93.6
#60 96.2 87.9
#30 95.4 83.2
#100 94.9 80.7
GRAIN SIZE #200 92.3 69.1 REMARKS:
D60 O Report No. A-799-206
D30
D1g O Report No. A-801-206
COEFFICIENTS
CC
Cy

O Location: PW-1
O Location: PW-1

Depth: 10.0 - 11.0 ft
Depth: 15.0 - 16.5 ft

Sample Number: A-799
Sample Number: A-801

Client: Department of Natural Resources and Conservation

Project: St. Mary River Siphon

Project No.: 04-167 Figure A21

Tested By: CRN

/T ladean

Checked By: mj
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Particle Size Distribution Report
< < g'\% < E Eo% o o o o o 8 g 8
© o a= -~ X F:__ 3 * I & ¥ ¢
100 \ \ T ? 1920 “&-6--_& T T 1
\ IRRRA ! \ \ TN [l
90 | | A | | TN
\ I\ \ \ bty b
\ IR [l \ \ by
80 Ty T T T T
\ IRR AN \ \ by
70 1 1 i 1 1 Tt
- \ IRRE ! EV% \ \ by
0 60 | IR NI = | | IR
=z | WL TN \ by
t \ IR | \\ \ by
| | | | | | | j | | | | | |
pd 50 \ \ T LT\\ \ T
% \ IR | \ N \ by
T T ULl
o | | Ly b \ TG ﬁl [
\ IR | \ \ \ [l
30 i i [ i i Tt q\j\i
\ IR | \ \ [ -
20 | | Ll | | | I | A
\ IR | \ \ by
\ IR | \ \ by
10 T T T T T
\ IR | \ \ by
0 | | | L |l | | | | | Uil
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE - mm.
+3" % GRAVEL % SAND % SILT % CLAY uscs LL PL PI
o 0.0 0.8 10.8 88.4 CL 40 16 24
O 0.0 49.6 25.6 24.8 GC 25 16 9
SIEVE PERCENT FINER SIEVE PERCENT FINER Material Description
inch b O Lean CLAY
InSCiZ:S O D nusriT;eer O D an
1.5 100.0 #4 99.2 50.4
1.0 83.2 #10 98.6 43.4 O Clayey GRAVEL with Sand
3/4 100.0 77.5 #20 98.0 40.0
12 99.5 63.0 #40 97.2 38.0
3/8 99.5 61.7 #60 95.5 35.1
#30 93.9 33.0
#100 93.0 31.6
GRAIN SIZE #200 88.4 24.8 REMARKS:
Do 8.7384 O Report No. A-803-206
D30 0.1240
D10 O Report No. A-809/810/820-206
Composite Samples
COEFFICIENTS
CC
CU

O Location: PW-1
O Location: PW-1

Depth: 20.0 - 21.0 ft
Depth: 30.5 - 31.5 ft

Sample Number: A-803

Sample Number: A-809/810/820 Comp

Client: Department of Natural Resources and Conservation

Project: St. Mary River Siphon

Project No.: 04-167

Figure A22

Tested By: « CRN  mDSM

/)

Checked By: (_za.y

(1 ladeane

J
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Particle Size Distribution Report

100 T RS-~y --iﬁ =
\ 1NN ! \ T LTI
% ) Wt T
\ IRR . T\\j%. \ Il Il
80 \ IR | \\/g\‘ | \l
\ IR | | ‘w«ﬁ e
\ IR | \ \ NG|
70 1 1 i 1 1 1 \4\ —trt
- \ IR | \ \ Il AA\ \
0 60 | INER N | | | Il Jil
% \ IR | \ \ Il \\ \
\ IR | \ \ Wy N
l_ | | | | | | | | | | | | | |
E 50 \ \ T \ \ T TN
- R
40
'6[_" | IR | \ \ by
\ IR | \ \ by
30 i i [ i i T 1
\ IR | \ \ by
20 | | Ll | | | I | A
\ IR | \ \ by
\ IR | \ \ by
10 T T T T T
\ IR | \ \ by
0 | | | L |l | | | | | Uil
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE - mm.
+3" % GRAVEL % SAND % SILT % CLAY uscs LL PL PI
o 0.0 2.1 19.7 78.2 CL 43 19 24
O 0.0 0.1 1.9 98.0 CH 54 21 33
A 0.0 16.0 35.6 48.4 SC
SIEVE PERCENT FINER SIEVE PERCENT FINER Material Description
inch b O Lean CLAY with Sand
InSCiZ:S O D A nusriT;eer O D A an W1 an
1.5 100.0 #4 97.9 99.9 84.0
1.0 90.8 #10 96.9 99.8 80.9 O Fat CLAY
3/4 90.8 #20 95.8 99.6 78.3
12 100.0 90.4 #40 94.4 99.5 76.0 ,
3/8 99.0 | 100.0 88.8 #60 91.6 99.1 70.7 | [ Clayey SAND with Gravel
#30 88.6 98.9 65.1
#100 86.9 98.7 61.9
GRAIN SIZE #200 78.2 98.0 48.4 REMARKS:
Do 0.1349 O Report No. A-814-206
D30
D1g O Report No. A-817-206
COEFFICIENTS
CC A Report No. A-819-206
CU

O Location: PW-2
O Location: PW-2
A Location: PW-2

Depth: 9.0 - 10.5 ft
Depth: 24.0 - 25.0 ft
Depth: 34.0 - 35.0 ft

Sample Number: A-814
Sample Number: A-817
Sample Number: A-819

Client: Department of Natural Resources and Conservation

Project: St. Mary River Siphon

Project No.: 04-167 Figure A23

Tested By: CRN

7 e

Checked By: M
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St. Mary River Siphons TD&H Project #: 04-167

UNCONFINED COMPRESSION TEST

2500

[g,=2310psf&s, =1

2000 /

&
2,
)
&

% 1500
e "
»n
g .
G ¢
2
2 Sample Failure |
S 1000 -
500 -

0 1 2 3 4 5 6 7 8 9 10 11 12
Sample Strain (%)

Soil Classification: Sandy, LEAN CLAY (CL)

Sample Location: NSI-1, S-4 NI O TF
Sample Depth: 10.0 - 12.0 ft. Atterberg Limits TD&]{I
Field Moisture: ~ 24% LL= 41 fnginecring Conmula§

Dry Unit Weight: 101 pcf Pl =22 ’

Figure A24
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St. Mary River Siphons TD&H Project #: 04-167

UNCONFINED COMPRESSION TEST

2000

[
qu = 1850 psf & s, = 975 psf
1800 | | Le——%—¢

il ~

o .
1400 - ” \

1200 é

1000 /

800 - / [ Sample Failure |

Vertical Stress (psf)

600 /

400 - /

200 -

0 ‘ T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Sample Strain (%)

Soil Classification: Sandy, LEAN CLAY (CL)

Sample Location: SSI-1, S-3 NIy O XX
Sample Depth: 7.5-9.51t. Atterberg Limits TD&];\QI
Field Moisture: 17% LL= 33 Engineering ConsultaniQ

Dry Unit Weight: 113 pcf Pl=16 ’

Figure A25
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St. Mary River Siphons TD&H Project #: 04-167

UNCONFINED COMPRESSION TEST

1200
. \
1000 | g, = 1090 psf & s, = 545 psf |
]
800 ¥
D
£
w f
7
e
& 600 - /
©
2
=
(@)
> /
400 -
+ | Sample Failure |
200 /
0 l T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Sample Strain (%)
Soil Classification: FAT CLAY with sand (CH) " o & Hoskins, In &
Sample Location: SSI-1, S-14 ~\
Sample Depth: 35.0 - 37.0 ft. Atterberg Limits TD&I{J ) —a—
Field Moisture: 37% LL= 76 fngineering Consulta T
Dry Unit Weight: 84 pcf Pl = 49 ’

Figure A26
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St. Mary River Siphons TD&H Project #: 04-167

UNCONFINED COMPRESSION TEST

600

,c\.\* | 9. = 530 psf & s, = 265 psf i
500 {'

(MR
o] 7 \

300 - *
200 - \
|

\ | Sample Failure |

100 &

Vertical Stress (psf)
/
e

0 1 2 3 4 5 6 7 8 9 10 11 12
Sample Strain (%)

Soil Classification: Gravelly, FAT CLAY (CH) o & Hoskins, In &
Sample Location: SSI-2, S-4 N
Sample Depth: 10.0- 11.0 ft. Atterberg Limits TD&I{J ) —a—
Field Moisture: 32% LL= 65 fngineering Consulta T

Dry Unit Weight: 89 pcf Pl = 41 ’

Figure A27
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St. Mary River Siphons TD&H Project #: 04-167

UNCONFINED COMPRESSION TEST

300

o [ . = 280 psf & s, = 140 psf

250
/

200

150 - ,

Vertical Stress (psf)

100 -

l { Sample Failure |

50

0 1 2 3 4 5 6 7 8 9 10 11 12
Sample Strain (%)

Soil Classification: FAT CLAY (CH)

Sample Location: SSI-2, S-8 NIy O XX
Sample Depth: 20.0 - 21.0 ft. Atterberg Limits TD&];\QI
Field Moisture: ~ 25% LL= 59 fnginecring ConmultaiR

Dry Unit Weight: 100 pcf Pl=36 ’

Figure A28
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St. Mary River Siphons TD&H Project #: 04-167
UNCONFINED COMPRESSION TEST
1200
[ g, = 1020 psf & s, =510 psf |
1000 i P i mAL
’/./t//././
1
800
D
e
n
73
e /
& 600
¥
400 A
+ | Sample Failure |
l
|
200 A
I
0 l T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Sample Strain (%)
Soil Classification: Sandy, LEAN CLAY (CL) Thomas, Dean & Hoskins, In ‘\
Sample Location: SSI-3, S-3 s O T'A\\
Sample Depth: 7.5-951t. Atterberg Limits l U& ) %
Field Moisture: ~ 20% LL= 42 Endincering ConsunsiQ) /
Dry Unit Weight: 109 pcf Pl = 24 ’

Figure A29
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St. Mary River Siphons TD&H Project #: 04-167
1 1110
/::.kﬁkqu\: 1330 psf & s, = 665 psf |
1200 /
1000
D
£ 800 -
"
7]
o
n
8
£ 600
)
> | Sample Failure |
400 A
200 A
0 , T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Sample Strain (%)
Soil Classification: LEAN CLAY (CL) Thomas, Dean & Hoskins, Inc. | |
Sample Location: SSI-3, S-9A
Sample Depth: 22.5-23.5ft. Atterberg Limits TD&I{J \)
Field Moisture: ~ 19% LL= 46 fngincering Consulan T
Dry Unit Weight: 111 pcf Pl=27 ’

Figure A30
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St. Mary River Siphons TD&H Project #: 04-167

UNCONFINED COMPRESSION TEST

1000
{ |
| gy =910 psf & s, = 455 psf |
900
4
800 /
/
/

700 4

600

500 /

400 1 §d

Vertical Stress (psf)

300 -
200 - //
100 - L 4

r./'/ | Sample Failure

0 1 2 3 4 5 6 7 8 9 10 11 12
Sample Strain (%)

Soil Classification: SILT (ML) , Dean & Hoskin £

Sample Location:  SSI-3, S-9B — \
Sample Depth: 23.5-24.0ft. Atterberg Limits TD&]@ o
Field Moisture: 27% LL= 28

Dry Unit Weight: 98 pcf Pl=4 ’

\//

Figure A31
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Elevation (feet)

NSI-1, (-=South & += North)
4436 :
4434 :
4432 | ;
4430 - |
4428 | ﬁ
4426 - |
4424 - §
4422 - |
4420 | ?
4418 -
4416 - |
4414 -
4412
4410+ S
4408 D RN SR SRR
440G
44041 e
44021 R RRE SN
~ 1/5/2006
44007 12/20/2006
4308 |~ 10115/2007
10/14/2008 Lo
ssop - 11eR009 |
- 11/11/2010 W[ A
4394 - e/28i2011 |
8/12/2011 A
@m0t
= 11/14/2011 A
4390’\ T T T T T T
06 04 02 00 02 04

Cumulative Displacement (in) from 11/4/2005

Elevation (feet)

4436

4434 -

4432 -

4430 1

4428 1

4426 -

4424 1

4422 1

4420 1

4418 -

4416 -

4414 1

4412

4410 1

4408 1

4406 1

4404 1

4402 1

4400 1

4398 1

4396 1

4394 1

4392 1

4390 -
-0.4

NSI-1, (-=West & += East)

'~ 10/14/2008

| = 11/16/2009

o 11/11/2010

- 6/28/2011
- 8/12/2011

""" = 10/9/2011
: = 11/14/2011

-0.2 0.

0 0.2 0.4 0.6

Thomas, Dean & Hoskins, Inc.

TD&H

Engineering Consultants ',

‘ Ground Elevation= 4433.4

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
A St. Mary River Siphon Crossing, North Slope

Figure A32




Elevation (feet)

4391

4389 1

4387 1

4385 1

4383 1

4381 1

4379 1

4377 1

4375 1

4373 1

4371

4369 1

4367 1

4365 1

4363 1

4361 1

4359 1

4357 1

4355 7~

4353 -

4351

4349 1

4347

-2.50 -2.00

NSI-2, (-=South & += North)

toAs/2007 b

107142008 |

- 11/16/2009 @
11112000 1

——

om0t

'8/12/2011

10/9/2011
11/14/2011

0

-1.50

-1.00 -0.50 0.00 0.50
Cumulative Displacement (in) from 10/4/2005

Elevation (feet)

4391

4389 1

4387 1

4385 1

4383 1

4381 1

4379 1

4377 1

4375 1

4373 1

4371

4369 1

4367 1

4365 1

4363 1

4361

4359 1

4357 1

4355 |

4353

4351

4349 1

4347

-1.25

NSI-2, (-=West & += East)

 12/20/2006
10/15/2007
10/14/2008

~ 11/11/2010

- e/28i011

8/12/2011

- 10/9/2011
- 11/14{2011

T

o 1171602009 ¢

-0.75 -0.25

0.25 0.75

Thomas, Dean & Hoskins, Inc.

TD&H

Engineering Consultants ',

‘ Ground Elevation=4388.4

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
A St. Mary River Siphon Crossing, North Slope

Figure A33




Elevation (feet)

NSI-3, (-=South & += North) NSI-3, (-=West & += East)
4335 — 4335 —
4334 4334
43331 43331
43321 43321
43311 43311
43301 43301
43291 43291
43281 43281
43271 4327
4326 4326
4325 7/ 4325 -

43244 s 4324

4323 * 4323

4322 4322

4321 4321

4320 4320

4319 | T 4319

4318 = 4318

4317 *§ 4317

4316 L 4316

4315 4315

4314 4314

4313 4313

4312 L 4312

43111 43111

43101 b 43101

4391 43091

4308 |-~ 11/28/2005 & 4308 |~ 11/28/2005

4307 1 12/20/2006 N EEETI R R R 4307 1~ 12/20/2006 = -

a305 | 101502007 | 4306 10152007 |

4305 |0714/2008 L 43051 10/14/2008 ¢ @
o 11/16/2009 o 11/16/2009

430471 1112000y 430471 11112000

4303 |-+ 6/28/2011 | 4303 -+ o

4302 |~ 8M2r2011 L 4302 |

wmor o 02011 4301 | to@eott
= 11/14/2011 = 11/14/2011

4300 | ‘ ‘ 4300+
06 04 02 00 02 04 06 04 0.2

Cumulative Displacement (in) from 10/4/2005

Thomas, Dean & Hoskins, Inc.

TD&H

Engineering Consultants ',

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT

A St. Mary River Siphon Crossing, North Slope

Ground Elevation= 4325.1

Figure A34




Elevation (feet)

SSI-1, (-=North & += South) SSI-1, (-=East & += West)

4432 4432
4430 | 4430 -
4428 - 4428 -
44261 426 om0
4424 1 aa24 o B
4422 aa22
4420 - 4420 11 ie i
4418 - 4181
4416 - aat6
4414 | 4414 | B R
4412 asr24
4410 4400 1 e
4408 - 44084 |
4406 | $a406 ]
4404 - Sas04, 1
T ®©@ 7
4402 - o 44021 | e
1 (I} AR R ool o e s Foe s
44007 44007 S
43981 4381 [ R
4396 43961
4394 | 434 1
43921 432, """ e § """ § """
4390 - i 4300 |
. B R AR S o }"44'1’1/28/2005
4388 1. 4388 1 jjjj}jjjj}jjjjjﬁjjjjjjjjj%jjjjj%je%‘jﬁjz/jzjozz‘oos
43861 43861 [ 10152007
1 @ 10/14/2008
43841 sl | = 11/16/2009
4382~ 1v/1tot0 43821 | = 112010
|- e@8201t e oy esR0tt
43801 gropott | 480 | sn2p011
4378 {1~ 10/9/2011 | 43784 | =~ 10/9/2011
q'}']"T1/14/2()1'1""3""3"'3"'3"'3"'3 """ e - C o= 11/14/2011
43767‘ f 4376’\ f T f f f f 7
-3.25 -2.50 -1 75 -1 00 -025 050 -1.00 -0.50 0.00 0.50 1.00 1.50
Cumulative Displacement (in) from 11/4/2005
Thomas, Dean & Hoskiny, Inc. St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
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‘ Ground Elevation= 4428.9 Figure A35
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‘ Ground Elevation= 4335.4 Figure A37
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FIGURE A39
ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
GEOMETRY, MATERIAL PROPERTIES, AND ELEVATED GROUND WATER LEVEL

Material #1:  Description: Glacial Till Unit Weight: 130 pcf  Cohesion: 170 psf  Friction Angle: 5.0 deg
Material #2:  Description: Alluvium Unit Weight: 140 pcf  Cohesion: 0 psf Friction Angle: 44.0 deg
Material #3:  Description: Sandstone Bedrock Inpenetrable
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FIGURE A40
8o ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
BLOCK FAILURE, ELEVATED GROUNDWATER LEVELS, NONSEISMIC
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[
Model indicates sliding at SSI-1 which has
not been observed in the field historically
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FIGURE A41
8o ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
BLOCK FAILURE, REDUCED GROUNDWATER LEVELS, NONSEISMIC
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Model indicates sliding at SSI-1 which has
not been observed in the field historically
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FIGURE A42
465 ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
BLOCK FAILURE, ELEVATED GROUNDWATER LEVELS, SEISMIC Kh = 0.005¢g
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Safety factor is based on a peak horizontal ground acceleration of
0.005g which has a return interval of approximately 10 years for this site.
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FIGURE A43
465 ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
BLOCK FAILURE, ELEVATED GROUNDWATER LEVELS, SEISMIC Kh = 0.035¢g

4.60 —
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Safety factor is based on a peak horizontal ground acceleration of
0.035g which has a return interval of approximately 100 years for this site.
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FIGURE A44
ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
BLOCK FAILURE, ELEVATED GROUNDWATER LEVELS, NONSEISMIC

1.26
o

0.7

Factor of safety does not indicate failure and will
not be impacted by improved drainage. Instability
observed in SSI-3 is likely caused by the addition
of softening caused by pipe leakage.
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470~ FIGURE A45
ST. MARY RIVER SIPHON CROSSING - NORTH SLOPE
GEOMETRY, MATERIAL PROPERTIES, AND ELEVATED GROUND WATER LEVEL
4.60 — Material #1:  Description: Glacial Till Unit Weight: 130 pcf  Cohesion: 170 psf  Friction Angle: 5.0 deg
Material #2:  Description: Alluvium Unit Weight: 140 pcf  Cohesion: 0 psf Friction Angle: 44.0 deg
Material #3:  Description: Sandstone Bedrock  Inpenetrable
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FIGURE A46
ST. MARY RIVER SIPHON CROSSING - NORTH SLOPE
BLOCK FAILURE, ELEVATED GROUND WATER LEVELS, NONSEISMIC
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FIGURE A47
ST. MARY RIVER SIPHON CROSSING - NORTH SLOPE
BLOCK FAILURE, ELEVATED GROUND WATER LEVELS, SEISMIC Kh = 0.005¢g
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Safety factor is based on a peak horizontal ground acceleration of
0.005g which has a return interval of approximately 10 years for this site.

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
Distance (ft) (x 1000)

1.3

1.4

1.5

1.6



Elevation (ft) (x 1000)

4.70—

4.65—

4.60 —

4.55—

4.50 —

4.45)—

0.1

FIGURE A48
ST. MARY RIVER SIPHON CROSSING - NORTH SLOPE
BLOCK FAILURE, ELEVATED GROUND WATER LEVELS, SEISMIC Kh = 0.035¢g
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Safety factor is based on a peak horizontal ground acceleration of
0.035g which has a return interval of approximately 100 years for this site.
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NORTHFRN

602 South 25th Streef

P O Box 30315

Billings, MT 59107
Telephone: (406) 254-7226
Fax: (406) 254-1389

REPORT TO: ATTN: HARTWIG MOELLER DATE:  December 12, 2005
THOMAS, DEAN & HOSKINS JOB NUMBER: 67-250
ENGINEERING CONSULTANTS PAGE: 10f10
1200 25™ STREET SOUTH INVOICE NO.: 5110172

GREAT FALLS, MT 59405

REPORT OF: Soil Analysis — Project #04-167

CASE NARRATIVE:

On November 16, 2005, these soil samples (laboratory numbers 2005110172-1 through -6) were received in
our laboratory for analysis. Tests were conducted in accordance with American Association of State
Highway and Transportation Officials (AASHTO) and a method specified by the Montana Department of
Transportation.

The results of the analysis are shown on the following pages. A < sign indicates the value reported was the
practical quantitation limit (PQL) for this sample using the method described. Concentrations of analyte, if
present, below this were not quantifiable. Sample results are not corrected for analyte blank concentrations.
Values in brackets are the quality control iimits for the associated quality controf test.

The condition of the samples upon receipt at the laboratory is noted on the attached sample receipt checklist.
A letter of transmittal is enclosed.

Reviewed by C&ﬁh

Kathleen A. Smit - Laboratory Manager

Aftachments:  Letter of Transmittal
Sample Receipt Checklist
nct

As a mutual protection to clients, the public and ourselves, all reports are submitted as the confidential property of our clients and authorization for publication of
statements, conclusions or extracts from or regarding our reports is reserved pending our written approval. Test results apply specifically to the samples tested only.
The entire report shall not be reproduced, except in full, without the written approval of the laboratory. Samples will be disposed of after testing is completed unless
other amangements are agreed to in writing.



‘Northern Analytical Laboratories, Inc. Page 2
Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS
Project No.: NONE GIVEN
Project Name: 04-167
rSamp“; No.: 20051101721 Description: $Si-1, S3 Matrix: SOIL )
Date Received: 11/16/2005
Date Coliected: —-- Coliected by: NONE GIVEN
= =
Laboratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS
Sulfate Water Soluble Dry Basis <0.01 % l T290-95 MOD | 11/25/2005
INORGANICS
pH, Soil in Water 8.5 — T 289-91 12/02/2005
Electrical Conductivity, Soil in Water 1:2 0.18 mmhos/cm MDT 12/02/2005




Northern Analytical Laboratories, Inc. Page 3
Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS
Project No.: NONE GIVEN
Project Name: 04-167
(Sample No.:  2005110172-2 Description: SSI-2, S5 Matrix: SOIL )
Date Received: 11/16/2005
Date Collected: ——- Collected by: NONE GIVEN
\, vy
Laboratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS
Sulfate Water Soluble Dry Basis 0.06 % T290-95 MOD | 11/25/2005
INORGANICS
pH, Soil in Water 83 -—— T 289-91 12/02/2005
Electrical Conductivity, Soil in Water 1:2 0.57 mmhos/cm MDT 12/02/2005




Northern Analytical Laboratories, inc.

Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS

Project No.: NONE GIVEN
Project Name: 04-167

Page 4

(Sample No.:  2005110172-3
Date Received: 11/16/2005

Description: S$S|-3, S1

Date Coiiected: —— Coliected by: NONE GIVEN

Matrix: SOIL

—________________________________________/

Laboratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS
Sulfate Water Soluble Dry Basis ]<0.01 % T290-95 MCD I 11/25/2005
INORGANICS
pH, Soil in Water 8.1 - T 289-91 120212005
Electrical Conductivity, Soil in Water 1:2 0.17 mmhos/cm MDT 12/02/2005




Northern Analytical Laboratories, Inc. Page 5
Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS
Project No.: NONE GIVEN
Project Name: 04-167
(Sample No.:  2005110172-4 Description: NSI-1, S3 Matrix: SOIL
Date Received: 11/16/2005
Date Collected: ——-- Collected by: NONE GIVEN
\—m
Laboratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS
Sulfate Water Soluble Dry Basis 0.05 % T290-95 MOD 11/25/2005
INORGANICS
pH, Soil in Water 87 |- T 289-91 12/02/2005
Electrical Conductivity, Soil in Water 1:2 0.48 mmhos/cm MDT 12/02/2005




Northern Analytical Laboratories, Inc. Page 6

Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS
Project No.: NONE GIVEN

Project Name: 04-167

(Sample No.:  2005110172-5 Description: NSI-2, $2 Matrix: SOIL

Date Recelved: 11/16/2005

Date Coliected: -— Coilected by: NONE GIVEN

._ G - O O
Laboratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS

Sulfate Water Soluble Dry Basis 0.02 % T290-95 MOD § 11/25/2005
INORGANICS

pH, Soil in Water 9.2 —— T 289-91 12/02/2005

Electrical Conductivity, Soil in Water 1:2 0.42 mmhos/cm MDT 12/02/2005




Northern Analytical Laboratories, Inc. Page 7
Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS
Project No.: NONE GIVEN
Project Name: 04-167
rSamp|e No.. 2005110172-6 Description: NSI-3, S2 Matrix: SOIL h
Date Received: 11/16/2005
Date Collected: —— Coilected by: NONE GIVEN
Laboratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS
Sulfate Water Soluble Dry Basis <0.01 % T290-95 MOD 11/25/2005
INORGANICS
pH, Soil in Water 8.0 - T 289-91 12/02/2005
Electrical Conductivity, Soil in Water 1:2 0.22 mmbhos/cm MDT 12/02/2005




‘Northern Analytical Laboratories, Inc. Page 8
Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS
Project No.: NONE GIVEN
Project Name: 04-167
'Sample No.: 2005110172-7 Description: DUPLICATE QF 2005110172-4 Matrix: SOIL
Date Received: 11/16/2005
Lnate Coilected: - Coliected by: NONE GIVEN
Laboratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS
Sulfate Water Soluble Dry Basis 0.04 % T280-95 MOD | 11/25/2005
INORGANICS
pH, Soil in Water 8.7 —— T 289-91 12/02/2005
Electrical Conductivity, Soil in Water 1:2 0.48 mmbhos/cm MDT 12/02/2005




Northern Analytical Laboratories, Inc. Page 9
Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS
Project No.: NONE GIVEN

Project Name: 04-167

rs;..-.-.pu; No.: 2005110172-8 Description: METHOD BLANK Matrix: SOIL

Date Received: 11/16/2005

Date Coiiected: —- Coiiected by: PREPARED BY LAB
Lahoratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS

Sulfate Water Soluble Dry Basis <0.01 % T290-95 MOD | 11/25/2005
INORGANICS

pH, Soil in Water NA —_— e ——
Electrical Conductivity, Soil in Water 1:2 <001 mmbhos/cm MDT 12/0212005




Northern Analytical Laboratories, Inc.

Page 10
Client Name: THOMAS, DEAN & HOSKINS ENG. CONSULTANTS
Project No.: NONE GIVEN
Project Name; 04-167
rSampIe No.: 2005110172-9 Description: LABORATORY CONTROL SAMPLE  Matrix: SOIL
Date Received: 11/16/2005
Date Coilected: - Coliected by: PREPARED BY LA
m
Laboratory Measured Test Test Date of
Test Value Units Method Analysis
ANIONS
Sulfate Water Soluble Dry Basis 1156 |% [84-122} | T290-95 MOD 112512005
INORGANICS
pH, Soil in Water 102 % [97-103} T 289-31 12/02/2005
Electrical Conductivity, Soil in Water 1:2 100 % [83-117] MDT 12/02/2005




" THOMAS, DEAN & HOSKINS, INC. 1200 Twenty-Fifth Street South
Great Falls, MT 59405

LETTER OF TRANSMITTAL
TO: NORTHERN Analytical DATE: November 15, 2005
Laboratories, Inc.
Attn.: Kathleen A. Smit, CIH JOB: # 04-167
602 South 25t Street
Billings, MT 59101

FAX: (406) 254-1389

Tel.: (406) 254-7226

WE ARE SENDING YOU [ ] Attached [X] Under separate cover via_UPS the following items:

[ ] Shop Drawings [ 1 Prints [_] Plans [X] Samples
[_] Copy of letter [_] Change Order [_] Specifications [ ] Submittals
COPIES DATE NO. DESCRIPTION

The following six (6) to be tested for 1) Soil Resigfivity,
2} Soluble Sulfates, 3) pH '? SSI-1, 5-3%81-2, S-5;651-3, 5-1;

L0055 0o /7 1¢[NSI-1, 5-3; NSI-2, S-2; NSI-3, 5-2
-z o
]
Dep 7
A ‘Z‘
Las 7

THESE ARE TRANSMITTED as checked below:

[_] For approval [ ] No exception taken [_] Resubmit _ copies for approval
[ ] For your use [ ] Make corrections noted [ ] Submit _ copies for distribution
[X] As requested {_] For review and comment [ ] Return _ corrected prints

CC: E. Juel THOMAS, DEAN & HOSKINS, INC.

2ol ////6 /oS @ /5’/5_%2&&)( Hartwig Moeller

PS5 éj W(wﬂ’a Geotech. Lab. Supervisor



NORTHERN

SAMPLE RECEIPT CHECKLIST
Dear Valued Client: This checklist documents the condition of your sample(s) as it (they) arrived at our lab. Please review it and familiarize yourself with
its contents, Should you have any questions or comments, please contact us. Thank you for your use of our services.

Client Name MQMB Date/Time Received _// / /e Jos /0 /5/
’ Date / Time

Dieninnt /)-4/—/-7{[ Q-/’) ....... MJI)
L Ly 7 . Lo sl

vy n : Jh B R
Ciujei bt nCCCiyou 0y ! P A A, 2 sttt

Laboratory Number(s}) / / 0 / 70’\) £ / 7 _3 Carrier Name Z/ P 5

Checklist Completed by Vo PP g[zé /e s Sample Type Sad s

Initials / Date

YES NO YES NO
1. Shipping container in good condition? L 14. pH check performed by:
2. Custody seals present on shipping container? ____ 15. Metals bottle(s) pH <27 _NA L
Condition: Intact___ Broken
16. Nutrient bottle(s) pH <2? _ .
3. Chain of custody present? ~

17. Cyanide bottle(s) pH >12?

4. Chain of custody signed when relinquished .

and received? 18. Sulfide bottle(s) pH >9?

@ Chain of custody agrees with sample labels? _ g~ 19. TOC bottle(s) pH <2? ' — _—

6. Custody seals on sample bottles? 20. Phenolics bottle(s) pH <2? — —_—

Condition: Intact.__ Broken ___ 21. Oil & grease bottle(s) pH <2? N

7. Samples in proper container/bottie?* _/ (checked by analyst)
) . 22. EPH/DRO bottle(s) pH <27 S -

8. Sample containers intact™ e (checked by analyst)

9. Sufficient sample volume for indicated test7* L 23. Volatiles (VOA) pH <29

N (checked by analyst)
10.Ice/Frozen Blue Ice present in shipping

container? (circle one)

Nl RRD TN

24. Semivolatiles (525) pH <27

, G {checked by analyst)
container temperature 1. [,5 8 2. 3.
* (if <0 or>10) 25. Other test types
11. All samples rec’d within holding time?* [ 26. Client contacted?
12. VOA vials have zero headspace? A4 27. Person contacted

* (if contains >5mm headspace)
28. Date contacted

13. Trip Blank received?

NQTES: Samples may be affected when not transported at the temperature recommended by the EPA for the test you’ve selected.
Please contact the lab if you have concerns about the temperature of your samples.

* Critical item - if marked “NO” contact lab manager.

COMMENTS: JL{LMM_M&H B-7:S)




LGOT 11/7/03

1.OG - 4 NCMRFS2.¢

© BEGUN: 6/24/01
DEPTH AND ELEV OF WATER

GEOLOGIC LOG OF DRILL HOLE: D.HO‘I-SMST

FEATURE: No. Central Montana Regional Feasibility Study PROJECT: Milk River Project

LOCATION: St Mary Siphon
FINISHED: 6/25/0%

LEVEL AND DATE MEASURED: N.R.

COORDINATES: N 1,735,143.8 E 1,037,857.8

TOTAL DEPTH: 40.0
DEPTH TO BEDROCK: N.R.

STATE: Montana

GROUND ELEVATION: 4436.7
ANGLE FROM HORIZONTAL:
HOLE LOGGED BY: C, Clark
REVIEWED BY: L. Crutchfield

-80  AZIMUTH: ©

tube piezometer from 40.0' to 38.0°
with 1" PVC riser pipe to 2.7 above
ground surface; augers were pulled
and hole caved to 30.0°; placed 3/8"
bentonite chip hole plug from 30.0' to
1.5 set 5’ long 4" steel protective
standpipe with locking cap from 1.5 to
3.0 above ground surface in neat
cement grout. ‘

BOTTOM OF HOLE

E |glz| ¢
= 15 L
‘ | 2 |81k g CLASSIFICATION AND
NOTES 5 3 g3 g
8 © w4 2 PHYSICAL CONDITION
a o i} &
[ a‘i & w a
NOTES: All measurements are given 4 L 0.0t023.8' - QUATERNARY GLACIAL TILL {Qgt):
in feet and taken from the ground 4 L E
surface unless otherwise noted. - 50 - 0.0'to 9.0'- SANDY LEAN CLAY (CL): About 70%
N.M. = Not Measured 1 o - medium plasticity fines; about 30% fine sand; trace
N.R. = Not Reached 5 . — of fine to coarse, hard gravel: maximum size
. 33 11 - recovered, 1"; moist; firm, strong reaction with HCI.
LOCATION: Approximately 25" West 7 100 B
of 3t. Mary siphon, 150" downstream 7 80 % [ 9.0'1017.5'- LEAN CLAY WITH SAND (CL): About
from siphon intake. St. Mary Canal, 100 [ 75% medium plasticity fines; about 25% fine sand;
Montana. Near station 487+00. w—: 80 |~ trace of fine to coarse, hard gravel; maximum size
7 ] j 60 Qgt 0 i recm{ered, 3.";.Iight brown to mgdium brown; moist;
PURPOSE OF HOLE: Investigate the 1 o = . L firm; iron staining; strong reaction with HC),
foundation conditions for a proposed J L :
siphon replacement across the St. 15— 100 L 17.5't0 23.8'- LEAN CLAY WITH SAND (CL):
Mary River, St. Mary Canal. . 100 ®9 L About 85 to 95% medium plasticity fines; about 5 to
. 100 - 15% fine sand; maximum size recovered, fine sand;
DRILLING EQUIPMENT: Truck > 100 L] - fight brown to red-brown; moist: firm; no reaction with
mounted CME-85 drill; 4-1/4™ Hollow . T - HCL
Stem Augers (HSA) with split inner 20 1 o [T . i i )
arrel, CME automatic hammer with 2 23.8't0 40.0' - QUATERNARY GLACIAL
long Standard Penetration Test (SPT) B 190 . T QUTWASH (Qow):
barrel on NWJ rods. ] 67 27 f
] 100 [ 23.81030.0'- SILTY SAND WITH GRAVEL (SM):
DRILLING METHODS: HSA with split %] o %0¢,  About 50 to 60% fine to coarse, predominately fine,
sample barrel from 0.0' to 5.0' and 4 sm [Tm | sand; about 20 to 30% nonplastic fines; about 20%
cleanout intervals; continuous SPT's J o0 504  fine io coarse, hard, subangular gravel; maxirmum
at 2.5 intervals from 5.0' to 40.0", 4 E0  size recovered, 3" light brown; slightly moist; firm:
30 100 - strong reaction with HCI.
DRILLER: Mike Kocian - USBR 4 oM |63 %
4 5™ | 80 | CQow 30.0't0 31.5' - SILTY GRAVEL WITH SAND (GM):
DRILLING CONDITIONS AND 71 ew | &7 0 About 65 to 70% fine to coarse, hard, angular gravel,
COMMENTS: Lost lead auger and T00 about 15% fine 1o coarse sand; about 15 to 20% low
bit in the hote at 40.0' 354 o 50, plasticity fines; maximum size recovered, 2*; white to
7 light brown; moist; firm; strong reaction with HCI.
WATER LEVEL: N.R. I W 50,
] | 73 31510 32.5' - SILTY SAND (SM): About 70% fine
4 HOLE COMPLETION: Set porous " lo coarse sand; about 20% nonplastic fines; about
B 10% fine to coarse, hard, subangular gravel:

maximum size recovered, 2-1/2"; light brown; firm;
strong reaciton with HCI.

32.5'10 34.0" - WELL GRADED GRAVEL {GW):
About 65% coarse, subrounded 1o angular, gravel;
about 35% fine to coarse sand; trace of nonplastic
fines; maximum size recovered, 1-1/2*; brown, moist,
firm; strong reaction with HC!

COMMENTS.

Conlinued naxt page
.

SHEET 1 OF 2
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LOG -4 NCMRF32.¢

GEOCLOGIC L.OG OF DRILL HOLE: DHO01-SMST SHEET 2 OF 2
FEATURE: No. Central Montana Regional Feasibility Study PROJECT: Milk River Project STATE: Montana
LOCATION: St. Mary Siphon COORDINATES: N 1,735,143.8 E 1,037,857.8 GROUND ELEVATION: 4436.7
. BEGUN: B/24/01 FINISHED: 6/25/01 TOTAL DEPTH; 404 ANGLE FROM HORIZONTAL: -90 AZIMUTH: ¢
| DEPTH AND ELEV OF WATER DEPTH TO BEDROCK: N.R. HOLE LOGGED BY: C. Clark
LEVEL AND DATE MEASURED: N.R. REVIEWED BY: L. Crutchfield
E 0§ ¥ f
F 8 s é CIATION AN
NOTES T :Z% sk ] CLASSIFICATION AND
o - r =1 !
wl
= b w4 2 PHYSICAL CONDITION
] [+] w a
[t o o ]
= [=] 8

32.8'- Heavily oxidized coarse sand lense

34.0" 10 40.0" - SILTY SAND WITH GRAVEL (SM);
About 50 to 55% fine to coarse sand; about 30 to
35% fine to coarse, hard, subrounded to subangular
gravel, 15% low to nonplastic fines; maximum size
recovered, 3"; brown; soft; moist; strong reaction with
HC\.




SHEET 1 OF 1

GEOLOGIC LOG OF DRILL HOLE: DH01-SMSM
FEATURE: No. Central Montana Regional Feasibility Study PROJECT: Milk River Project STATE: Montana

LOCATION: St Mary Siphon

BEGUN: &:25/01 FINISHED: &/725/01
DEPTH AND ELEV OF WATER

LEVEL AND DATE MEASURED: N.R.

COORDINATES: N 1,734,956.6 E 1,038,028.%

TOTAL DEPTH: 23.8
DEPTH TO BEDROCK: N.R.

GROUND ELEVATION: 4392.4

ANGLE FROM HORIZONTAL: -90 AZIMUTH: 0
- HOLE LOGGED BY: C. Clark

REVIEWED BY: L. Cnitchflsid

DRILLING METHODS: HSA with spiit
sample barred from 0.0' to 4.3' and
cleanout intervals; continuous SPT's at
2.5"intervals from 4.3'to 23.8",

DRILLER: Mike Kocian - USBR
WATER LEVEL: N.R.

HOLE COMPLETION: Set porous

tube piezometer from 23.0' to 21.0' with
1" pve riser pipe to 3.2' above ground
surface; placed 8/12 graded sand from
23.8't0 16.0'; placed 3/8" bentonite
chip hole plug from 16.0" to 1.5"; set 5'
iong 4" steel protective standpipe with
locking cap from 1.5 to 3.5' above
ground surface in neat cement grout

-3 g | =
= 1813 g
Z '] § = : CLASSIFICATION AND
NOTES B 2 {5 1
& § glgl 2 PHYSICAL CONDITION
2 [8]8 P &
‘ # &
NOTES All measurements are given in J L ©0.0"t0 11.8" - QUATERNARY GLACIAL TILL (Qgt):
feet and taken from the ground surface 4 N
uniess otherwise noted. ] ° - 0.0't0 5.3'- LEAN CLAY WITH SAND (CL): About
N.M. = Not Measured . - 75% medium plasticity fines; about 25% fine to coarse
N.R, = Not Reached 5— & 13 b — sand, predominately fine sand; trace of fine gravel;
- 100 | ot - maximum size recovered, 3/4" dark brown to black;
LOCATION: Approximately 25" West . - moist, soft; weak reaction with HCL
of St. Mary siphon, about halfway down 7 ? L B
hill on Noitheast side of St. Mary Canal, ) . [ 8.3'to 11.8'- LEAN CLAY WITH SAND (CL): About
Montana. Near station 498+70, "1 oa | 4 [~ 90% medium plasticity fines; about 10% fine to coarse
I s | sand, predominately fine sand; trace of fine, hard,
PURPOSE OF HOLE: To determine i} a7 % L subrounded gravel; maximum size recovered, 3/4",
g;g ;c;:ggastin;rr:o%oped;::: r;z; ?across 15__ a [2 50;6 brow. moist to wet, soft; weak reaction with HCL
the St Mary River, St Mary Canal. 4 0 L 11.8"to 23.8"' - QUATERNARY GLACIAL
. OUTWASH (Qow):
DRILLING EQUIPMENT: Truck 1 % Joowl %5 L
mounted CME-85 drill; 4-1/4™ Hollow . g _ - 11.8'to 16.8' - CLAYEY SAND WITH GRAVEL (SM):
Stemn Augers (HSA) with spiit inner BV o | B % [~ About50 to 60% fine to coarse sand, predominatety
barref; CME automatic hammer with 2* T : 0 s - fine sand; about 15% to 25% medium plasticity fines;
long Standard Penetrafion Test (SPT) ¥ 100 ¢, about 25% subrounded, fine to coarse gravet;
barrel on NW.J rods. 100 maximum size recovered, 2-3/4"; light brown; soft
BOTTOM OF HOLE rmoist; no reaction with HCI.

' 16.8'to 23.8' - SILTY SAND (SM): About 75% fine to
“coarse sand; about 20% nonpiastic fines; about 5%

subangular, fine to coarse gravel, maximum size
recovered, 2", light brown; soft: moist; weak reaction
with HCI,

198.7' to 20.8" - 60% fine to medium sand: about 40%
- low plasticity fines; some iron oxidation; light
brown to gray; no reaction with HCI.

2G0T 100202

COMMENTS:

LOG - 4 NCMRFS2.4




0

FEATURE: No. Central Montana Regional Feasibility Study PROJECT: Milk River Project
LOCATION: St. Mary Siphon
BEGUN: 6/26/01 FINISHED: 6/26/01
DEPTH AND ELEV OF WATER

LEVEL AND DATE MEASURED: N.R.

TOTAL DEPTH: 18.6
DEPTH TO BEDROCK: N.R.

GEOLOGIC LOG OF DRILL HOLE: DH01-SMSB

COORDINATES: N 1,734,632.6 E 1,038,318.1

STATE: Montana

GROUND ELEVATION: 4317.3

ANGLE FROM HORIZONTAL: -30 AZIMUTH: 0
HOLE LOGGED BY: C. Clark

REVIEWED BY: L. Crutchfield

mounted CME-85 drill; 4-1/4" Holiow
Stem Augers (HSA) with split sample
barrel; CME automatic hammer with 2'
long Standard Penetration Test (SPT)
barrel on NW.J rods.

DRILLING METHODS: HSA with split
sampie barrel from 0.0'10 5.1' and
cleanout intervals; continuous SPT's
at 2.5 intervals from 5.1" o 18.3".

DRILLER: M. Kocian - USBR
DRILLING CONDITIONS AND
COMMENTS: Could not advance
past 18.6" due to boulders.
WATER LEVEL: N.R.

HOLE COMPLETION: Pulied augers.
Backfilled hole with cuttings and
marked with a T-post.

gz ¢
= > I =
= | g [ 81¢% g CLASSIFICATION AND
NOTES o 2 g |3 2
o Q. w g = PHYSICAL CONDITION
2 |8 i8] &
153 =] 3
NOTES All measurements are given 4 L 0.0'1{0 18.6' - QUATERNARY ALLUVIUM (Qal):
in feet and taken from the ground 4 L
" surface uniess ofherwise noted. {4 [ - 0.0'to 5.1 - SANDY LEAN CLAY (CL): About 60%
N.M. = Not Measured . - medium plasticity fines; about 40% fine to coarse,
N.R. = Not Reached 5 — predominately fine, sand; trace of fine to coarse,
1 s |80 * - hard gravel; maximum size recovered, 1-1/4"; light
LOCATION: Near bottom of slope on . so - brown to black; soft; moist; tan sand lens up to 1/8"
the west side of St. Mary Siphon, 717 eL | oeo e, " throughout; roots throughout; no reaction with HCI.
approximately 25' south of south &0 ] Qal -
siphon barrel, St. Mary Canal, 7 se [ 5.1't0 7.6'- CLAYEY SAND (SC): About 70% fine o
Montana. Near station 505+30. i — % [ coarse, predominately fine, sand: about 30%
1 ew-aMm e« | Mmedium plasticity fines; trace of fine, hard gravei;
PURPOSE OF HOLE: Investigate the 67 33 | maximum size recovered, 3/4™; dark brown to black;
foundation conditions for a proposed 15 gw [100 sof- moist, soft; no reaction with HCI.
siphon reptacement across the St. &3 (
Mary River, St. Mary Canal. w10 - 7.6'10 9.1 - SANDY LEAN CLAY (CL): About 60%
4 sp |80 %] medium plasticity fines: about 40% fine to coarse,
DRILLING EQUIPMENT: Truck BOTTOM OF HOLE predominately fine, sand; trace of fine to coarse,

hard gravel; maximum size recovered, 1-1/4"; light
brown to black; moist; no reaction with HCI.

9.1't0 11.6' - CLAYEY SAND WITH GRAVEL (SC):
About 70% fine sand; about 30% medium plasticity
fines; maximum size recovered, 3"; dark brown to
black; wet; weak reaction with HCI.

11.6'to 14.1" - WELL GRADED GRAVEL WITH SiLT
AND SAND (GW-GM): About 70% fine to coarse,
hard, subrounded gravel; about 20% fine io coarse
sand; about 10% low plasticity fines; maximum size
recovered, 3"; wet, soff; weak reaction with HC!,

12.6't0 13.0' - CLAYEY SAND (SC)

14.1' 1o 15.9' - WELL GRADED SAND WITH
GRAVEL AND COBBLES (SW):

COMMENTS:

2.GDT 11/7/03

Conlinued next page

SHEET 1 OF 2




GEOLOGIC LOG OF DRILL HOLE: DHO01-SMSB

FEATURE: No. Central Montana Regional Feasibility Study PROJECT: Milk River Project

LOCATION: St. Mary Siphon
BEGUN: 6/26/01 FINISHED: 6/26/01
DEPTH AND ELEV OF WATER
LEVEL AND DATE MEASURED: N.R.

COORDINATES: N 1,734,632.6 £ 4,038,218.1
TOTAL DEPTH: 18.6
DEPTH TO BEDROCK: N.R.

STATE: Montana
GROUND ELEVATION: 4317.3

ANGLE FROM HORIZONTAL: -3¢ AZIMUTH: ¢

HOLE LOGGED BY: €. Clark
REVIEWED BY: L. Crutchfield

NOTES

DEPTH

FLD. CLASSILITH.

% CORE RECOVERY

GEOL. UNIT SYM.

0

SPT (BLOWS/FT)

50

I ARIFY
CLASSIFICATION AND

PHYSICAL CONDITION

2.GDT 117103

LOG -4 NCMRFS2,(

About 70% fine to coarse sand; about 25% fine 1o
coarse, hard, subrounded gravel: about 5% low
plasticity fines; frace of cobbles; maximum size
recovered, capacity of sampler; moist: firm; no
reaction with HCI.

15.9'to 17.1' - WELL GRADED SAND WITH
GRAVELL {SW): About 55% 1o 0% fine to coarse
sand; about 40% to 45% fine to coarse gravel; trace
of medium plasticity fines; maximum size recovered,
2-1/2";, light brown; moist; firm; no reaction with HCI.

17.1 10 18.6' Poorly Graded Sand with Gravel (SP):
About 75% fine to coarse sand; about 20% fine to
coarse gravel, about 5% low plasticity fines;
maximum size recovered, 1-1/2™ medium brown;
moist; firm: no reaction with HCI.

SHEET 2 QF 2




FEATURE: Neo. Central Montana Regional Feasibility Study PROJECT: Milk River Project
COORDINATES: N 1,734,322 E 1,038,542

LOCATION: St. Mary Bridge, East Abutment
BEGUN; 3/30/02 FINISHED: 3/30/02

DEPTH AND ELEV. OF WATER

LEVEL AND DATE MEASURED: -14.3 (4273.4)

GEOLOGIC LOG OF DRILL HOLE: DHO2-SMBW

TOTAL DEPTH: 28.7

17.3

SHEET 1 OF 1
STATE: Montana
GROUND ELEVATION: 4287.7
ANGLE FROM HORIZONTAL: -90 AZIMUTH: 0

HOLE LOGGED BY: P. Atherton
REVIEWED BY: L. Crutchfield

NOTES

CLASSIFICATION AND

PHYSICAL CONDITION

.GOT #1/7/03

LOG - + NCMRFS.GF.

Notes: .

All measurements are in feet, from
ground surface, unless otherwise
noted.

N.M. = Not Measured

N.R. = Not Reached or not
encountered.

LOCATION:

150 feet southwest of the west
abutment of St. Mary River Bridge,
adjacent to the St. Mary Siphon, St.
Mary Canal, Montana.

PURPOSE OF HOLE:

Investigate foundation conditions for
replacing the bridge over St. Mary
River o Camp 9.

DRILL EQUIPMENT:

Truck mounted SIMCO AV5000, 0.0 to
18.7": 3-1/2" 0.D. rods, 5-7/8" tricone
roller rockbit, 6" Aardvark casing; 18.7'
i0 28.7": HQ wireline rods and 10'

HRkT §0's bars!

PRILLING METHODS:

Rockbit and advance casing 0.0' to
18.7" with air as drilling medium; HQ
core with ciear water as drilling
medium from 18.7' to 28.7'.

DRILLER
J. Mclaughlan - USBR

WATER LEVEL:
14.3' on 03/30/02, during drilling

HOLE COMPLETION:

Pulled Casing. Backfilied hole with 3/8"
bentonite chips, then set fence post
rarker.

DEPTH TO BEDROCK:
03130002
+
| 5]«
Eig(3
T @ g | e
T 21elz
k] o w =
fas [*] © )
. [ 913
(=1 (&) ]
[y £ |0
CL
T Gw
Seuud
- Qal
10—
GP
15—
20—
- ss Kvi
_ 96
25—
-

BOTTCM OF HOLE

No intact sample recovered, interval from 0 to 18.7" drilled
with tricone roller rockbit, the estimates are based upon
observation of cuttings and drilling conditions. Generally,
recovered angular, fine hard gravel with varying amounts of
angular o rounded fine to coarse sand with varying
amounts of fines; predominantly flat fragments of volcanic,
metamorphic, and sedimentary rock; moderate reddish
brown to tan; moist to wet; maximum size, 1".

0.0"t0 17.3' - QUATERNARY ALLUVIUM (Qal):

0.0'to 0.8"- SANDY LEAN CLAY (CL): About 60% low
plasticity fines; 40% fine 1o coarse, predominantly fine,
sand; maximum size, 1/4"; dark brown to black; moist; firm;

~ weak reaction with HCI.

0.0't0 0.8 - Roots

0.8'to 8.4' - WELL GRADED GRAVEL WITH SAND AND
COBBLES (GW): About 60% subrounded to rounded, fine
to coarse, hard gravel; about 35% fine to coarse sand;
about 5% fines of undetermined plasticity; moderate
reddish brown; moist; firm to hard; weak to moderate
reaction with HCl. .

0.8't0 6.8' - Roots

Total Sample {by volume): About 5% 3-5" cobbles, 5%
5-12" cobbles; maximum size, 9". :

8.4'to 17.3' - POORLY GRADED GRAVEL WITH SAND,
COBBLES, AND BOULDERS (GP). About 70%
subrounded to rounded, fine to coarse, predominantly
coarse, hard gravel; about 25% fine to coarse,
predominantly fine, sand; about 5% fines of undetermined
plasticity; greenish gray to pale yellowish brown; wet; firm

" fo hard; weak to moderate reaction with HC!

Total Sample (by volume): About 15% 3-5" ¢obbles, 5%
5-12" cobbies, and 5% boulders; maximum size, 14";

17.3"to 28.7' - CRETACEOUS VIRGELLE FORMATION
{Kvi): :
17.3"10 18.7' SANDSTONE - No sample retained,
rockbitted to confirm not on a boulder, tan sand returned in
air medium,

18.7" to 28.7' SANDSTONE - Fine to medium grained; pale
gray to biuish gray; slightly fractured; soft to moderately
soft; bedding is indistinct to thin; interval displays a few
randomly spaced very thin mudstone beds less than 1/4"
thick; slightly fractured; decomposed to moderately
weathered; moderate to strong reaction with HCL




GEOLOGIC LOG OF DRILL HOLE: DHO2-SMBE

FEATURE: No.Central Montana Regional Feasibility Study PROJECT: Milk River Project

LOCATION: St Mary Bridge, West Abutment

; BEGUN: 4/11/02 FINISHED: 4/15/02

DEPTH AND ELEV OF WATER

LEVEL AND DATE MEASURED: 6.8 (4279.80) 04/15/02

COORDINATES: N 1,734,042.7 E 1,038,740.7
TOTAL DEPTH: 40.5

DEPTH TO BEDROCK: 32.9

STATE: Montana

GROUND ELEVATION: 4286.6
ANGLE FROM HORIZONTAL: -90
HOLE LOGGED BY: P. Atherton
REVIEWED BY: L, Crutchfield

AZIMUTH: 0

E§|E| ¢
i = w =
NOTES El 2 |2|g| £ CLASSIFICATION AND
- o o ]
& z g |2 f‘f PHYSICAL CONDITION
2 |38 5
. 3
LOCATION: J L
100 feet southeast of the east 4 © L 0.0'to 32.9' - QUATERNARY ALLUVIUM (Qal):
abutment of St. Mary River Bridge, 1 L
adjacent to St. Mary Siphon, St. Mary . - No intact sampie recovered (0.0 to 14.0' and cleanout
Canal, Montana. 5 — intervals between SPT's drilied with tricone roller
. - rockbit), these intervals are estimaies based upon
PURPOSE OF HOLE: 1 ©¢ - observation of cuttings and drilling conditions.
investigate foundation conditions for 7 I Generally, recovered angular, fine hard gravel with
replacing the St Mary River Bridge 7 [ varying amounts of angular to rounded fine to coarse
for St. Mary Canal. ‘ w-: | sand with varying amounts of fines; predominantly
) ] [ flat fragments of volcanic, metamorphic, and
DRILL EQUIPMENT: ; | sedimentary rock; moderate reddish brown to tan:
Truck mounted SIMCQO AV5000, 3-1/27 i L moist to wet; maximum size, 1.
0.D. rods, 5-7/8" tricone rolier rockbit, 15— {
6" Aardvark casing; Cored intervals 4 8P : L 0.0'to 3.2' -SANDY LEAN CLAY (CL): About 60%
with HQ wireline rods and 10' HQD3 - 6 Gal - low plasticity fines; about 35% fine to coarse,
core barrel; Standard Penetration - - predominantly fine, subrounded sand; about 5% fine,
Tests {(SPT's) with 2' long SPT barrel . - hard, subrounded gravel; maximum size, 1/2";
on NWJ rods, cathead driven manual 20— — moderate to dark brown; dry; firm.
hammer. 7 03 o I 0.0’ to 3.0 - Roots
DRILLING METHODS: } . e [ 3210106 - CLAYEY GRAVEL WITH SAND AND
2.0 to 14.0' and cleanout intervals 25 & 34 [ COBBLES (GC): About55% fine to coarse
between SPT's; Rockbit and advance i - sl subrounded, hard gravel, about 30% fine to coarse
6" Aardvark casing. d L |73 ko Sand; about 15% low plasticity fines: a trace of
14.0' to 20.8'; HQ3 wireline. i L cobbles, maximum size, 6.
20.8'to 33.5" continuous SPT's (2.5 - 67 ol
intervals). ' 30— - — 10.6'to0 20.8' - POORLY GRADED SAND WITH
33.5" to 40.5": HQ3 wireiine. . p” o GRAVEL, COBBLES, AND BOULDERS (SP):
- 48 About 60% subrounded, fine to coarse,
DRILLER - 250 predominantly fine, sand; about 35% fineto coarse,
J. McLaughlan - USBR " ] Y * subrounded gravel; 5% fines of undetermined
m ~ plasticity.
WATER LEVEL: T e Kyi i
6.8"on 4/16/02 ] 100 [ Total sample {by volume). About 5% 3 - 5" cobbles,
i [ atrace of 5- 12" cobbles and boulders, maximum
HOLE COMPLETION: a0 | size, 14"

Pulled Casing. Backfilled hole with
cuttings from 40.5" back to 14', 3/8"
bentonite chips from 14' back to
ground surface, then set fence post
marker.

BOTTOM OF HOLE

20.8'to 32.9' - SANDY LEAN CLAY WITH COBBLES
{CL): About 65% low to medium plasticity fines,
about 30% fine to coarse, subrounded sand, about
5% fine to coarse, predominantly fine, hard gravel;
moist, firm, tan t& brown; a trace of cobbles,

AGDT 1147103

ARF S GF

COMMENTS:

Note: All measurements in feet and from ground surface.

N. R. = Not Reached
N. M. = Not Measured

Continued nexl page

SHEET 1 QF 2




GEOLOGIC LOG OF DRILL HOLE: DHO2-SMBE - SHEET 2 OF 2

FEATURE: No. Central Montana Regional Feasibility Study PROJECT: Milk River Project STATE: Montana
LOCATION: St Mary Bridge, West Abutment ) COORDINATES: N 1,734,042.7 E 1,038,740.7 GROUND ELEVATION: 4286.6
- BEGUN: 4/11/02 FINISHED: 4/15/02 TOTAL DEPTH: 40.5 ANGLE FROM HORIZOHTAL: 80 AZIMUTH: 0
DEPTH AND ELEV OF WATER DEPTH TO BEDROCK: 32.9 HOLE LOGGED BY: P. Atherton
LEVEL AND DATE MEASURED: -6.8 (4279.80) 04/15/02 REVIEWED BY: L, Crutchfieid
- E B : ¢
é > @ % el B Netallailal had V=t
OTES z § 3 & E LASSIFICATION AND
NCTE & 4 5 =
o © ¥ 4 iy PHYSICAL CONDITION
o o el o
[ & 15} w o
2 o )

Y GOT 1177403

LOG - 4 NCMRFS.GF

maximum size, 5.

32.9"to 40.5' - CRETACEOUS VIRGELLE
SANDSTONE (Kvi):

32.9"to 33.5' SANDSTONE - No sample retained,
rockbitted to confirm not on a boulder, tan sand
returned during drilling.

33.5'1t0 40.5' SANDSTONE - Fine to medium
grained; pale yellowish brown to gray; slightly
fractured (except 25.9' to 28.5' displays numerous,
closely spaced, sub-parallel fractures which dip 40 to
50 degrees, are open 1/10" o 1/4", are clean and
slightly rough); soft to moderately soft {(moderately
hard from 21' to 28.7"); displays some cross bedding,
bedding is thin, dips about 10 degrees; interval
displays a few randomly spaced very thin shale or
silistone beds less than 1/4" thick; moderaie to
strong reaction with HCI.




GEOLOGIC LOG OF DRILL HOLE: DH99-1

PROJECT: Miik River Project
COORDINATES:
TOTAL DEPTH: &04

SHEET 1 OF 2
STATE: Montans

GROUND ELEVATION: 4409.9.
ANGLE FROM HORIZONTAL: 90 AZIMUTH: .

FEATURE: St Mary Siphon
LOCATION: Left of Siphon on Outlet Sikde
BEGUN: 6H3/93 FINISHED: EM4/99

3_2.GDT &/5/99

LOG - 4 STMAR"

DEPTH AND ELEV OF WATER . . DEPTH TO BEDROCK: 39.7 HOLE LOGGED BY: L. Cruichfield
LEVEL AND DATE MEASURED: 29.5_(4439.40) 511439 REVIEWED BY:
| : (81T 15[z
: § A g il § CLASSIFICATION AND
NOTES u Gl e E T Q PHVYSICAL CONDITION
[ ] ()- § g g § 62 E T P11 Wil WAL 1IN
Q HEFEFHELS E
NOTES ] 100 | 0.0 to 35.7' GLACIAL DRIFT - QUATERNARY (Qg):
All measurements are from . -
ground surface and in feet 1 i -
unless ctherwise noted. 59 53 %o - 0.0to 6.6' LEAN CLAY WITH.SAND (CL). About 85%
' ] 100 | low plasticity fines; about 15% fine to coarse sand;
Hole diilled from pad dozed into i o ) . trace of fine to coarse, hard subangular gravel;
slope. - 100 - maximum size recovered, 2-1/2"; moist; firm; dark gray
10— o 1 —  brown; grass roots to 1.7*; strong reaction with HCI.
PURPOSE OF HOLE 1a by . " 6.6107.3' SILTY SAND WITH GRAVEL (SM). About
To determine subsurface 4 56 8 | 65% fine fo coarse sand; about 25% fine to coarse,
condition of siphon foundation | 15— 100 . . hard, subangular gravel; about 15% fines with no
and to install piezometers in . o - plasticity; maximum size recovered, 2-1/4"; moist; soft;
foundation. A 00 . i dark gray brown; strong reaction with HCL
B e . " 7.3t0 18.4' LEAN CLAY WITH SAND (CL). About
DRHILLER i 100 5 L B0% low plasticity fines; about 15% fine to coarse
M. Kocianh - BOR . - sand; about 5% fine to coarse, hard, subangufar
1 100 - gravel; maxdmum size recovered, 2-3/4"; moist; firm;
25 " dark gray brown; weak to moderate reaction with HCI,
DRILL RIG ] 73 '4 N
Truck-mounted CME 85 auger. ] L 18.410 19.3' SANDY SILT (ML). About 85% fines with
4 100 L to plasticity; about 15% fine to coarse, predominately
1a - fine to medium, sand; trace of fine to coarse, hard,
DRILLING METHOD 30': 20 . [~ subangular gravel; maximum size recovered, 1-3/4";
040;%1.2'1' (ﬁoredthole with ] A moist; soft; brown; strong reaction with HCI.
-1/4" hollow stem augers i 20 N
while performing continuous 4 5
Standard Penetration Testing. | 35— = . —  19.3t0 39.7' LEAN CLAY WITH SAND (CL). About
No fluid added while ) ] : i B5% medium plasticity fines; about 15% fine to coarse,
performing penetration testing. ] 2 | predominatelt fine, sand; trace of fine to coarse, hard
J | subangular gravel, maximum size recovered, 2-1/2";
40— 5 h L. moist; firm; dark gray brown; na to weak reaction with
21.2-50.4' Cored hole with - - HCL . '
4-1/4" hollow stem augers 7 -
while performing Standard ] n -
Penetration Testing at Pras B . [ 39.7 to 50.4' VIRGELLE FORMATION -
approximate 5’ intervals. No 3 53 10 L CRETACEOUS (Kvt):39.7 to §0.4' Sandstone (ss).
fiuid added while performing . - Brown to gray brown; fine to medium grained;
penetration testing. : . n - decomposed (W9) 39.7-49.6" and intensely weathered
50_: - i {(W7) 49.6-50.4"; very soft (H7) to moderately soft

DRILLING CONDITIONS
AND DRILLER'S

BOTTOM OF HOLE

{H5); very intensely fractured (FD9) where discenible;
moderate to strong reaction with HCI.

COMMENTS:

Continued next page




3 2.G0T 8/599

LOG - 4 STMAR)

FEATURE: St Mary Siphon

LOCATION: Laft of Siphon on Outiet Side

BEGUN: &§/13/99 FINISHED: 6/M14/99

GEOLOGIC LOG OF DRILL HOLE: DH99-1

PROJVECT: MIlk River Project
COORDINATES:
TOTAL OEPTH: 504

STATE: Montana
GROUND ELEVATION: 44059

SHEET 2 OF 2

ANGLE FROM HORIZONTAL: 80 AZIMUTH:

DEPTH AND ELEV OF WATER DEPTH TOQ BEDROCK: 39.7 HOLE LOGGED BY: L. Crutchfiald
LEVEL AND DATE MEASURED: 29.5 (4439.40) 5/14/99 REVIEWED BY: '
3 E . . B = :
s 5 8 g g '5 6 g CLASSIFICATION AND !
NOTES B S £ & &8 8 2 3 PHYSICAL CONDITION !
s 8 £3¢23 °f ‘
§_# £ * ® 0o & 2 ‘
COMMENTS

4.7-6.2' Penetrated 0.2' with
weight of rods and hammer.

7.2-8.7" Penetrated 0.7" with
weight of rods and hammer.

9.7-11.2' Penetrated 0.3' with
weight of rods and hammer.

14.7-16.2' Penetrated 0.5 with

weight of rods and hammer.

17.2-18.7" Penetrated 0.2' with
weight of rods and hammer.

19.7-21.2 Penetrated 0.8' with
weight of rods and hammer.

247-26.2' Penetrated 0.9 with
weight of rods and hammer.

19.7-31.2' Penetrated 1.0" with
weight of rods and hammer.

34,7-36.2' Penetrated 1.0" with
weight of rods and hammer.

36.2-39.7' Core loss due to
large rock stuck in shoe.

39.7-41.2' Penetrated 0.8' with
weight of rods and hammer.

44.7-46.2' Core loss due to
large rock stuck in shoe.

Water Levels
Date Depth
5M14/809 295

DRILL FLUID

Augered dry. No fluid added
while performing penetration
testing.

HOLE COMPLETION

Set porous tube piezometer
48.5-46.5" with 3/4" PVC to
2.4’ above ground surface.
Sand-packed hole 50.4-34.4'
with .010/.020 sand. Backfilled
hole with bentonite chips and
cuttings 34.4' to 3.0".
Cemented in steel stand pipe
with lockabie fid.




GEOLOGIC LOG OF DRILL HOLE: DH99-2 SHEET 1 OF 2

3 2.GDT 8/5/59

-4 STMARY

-
2]

FEATURE: St Mary Siphon PROJECT: Milk River Project STATE: Montana _
LOCATION: Leftof Siphon on Outlet Side GOORDINATES: GROUND ELEVATION: 4374.6
BEGUN: 6/15/%9 FINISHED: S/15/93 TOTAL DEPTH: 353 ANGLE FROM HORIZONTAL: 90 AZIMUTH:
. DEPTH AND ELEV OF WATER DEPTH TO BEDROCK: 24.2 HOLE LOGGED BY: L. Crutchfield
LEVEL AND DATE MEASURED: 13.2 (4387.80) 5/16/99 . REVIEWED BY:
= 1B | |EB|=
| 1EIHHHHEE CLASSIFICATION AND
OTES i z
N Bl 3lelels|el3] & PHYSICAL CONDITION
; |S|2|5|218 g
3 ® | *® : 2 |lob E 4
] 100 0.0 to 24.2' GLACIAL DRIFT - QUATERNARY (Qg):
NOTES I i
All measurements are from i
ground surface and in feet 1 — .B r 0.0:0 242 LEAN CLAY WlTH SAND (CL). oAbOUt
unless otherwise noted. 5— 100 - 80% low to medium plasticity fines; about 20% fine to
i L coarse sand; trace of fine, hard, subangular gravel;
Hole drilled from pad dozed into J - i maximum size recovered, 1/27, mois_t; firm, low density
slape. i 87 8 | (disturbed?) to 8.7"; dark gray brown; weak to
100 i moderate reaction with HCI.
-
PURPOSE OF HOLE 10 ° 2 B )
To determine subsurface . 67 - 24.2 to 35.3' VIRGELLE FORMATION -
condition of siphon foundation 1 - CRETACEOUS (Kvt):
and to install piezometers in { & Ge 19 L .
foundation. | 100 | 242.10353 Sandstone (ss). Brown to gray brown;
o . | fine to medium grained; decomposed to intensely
154 4 weathered (W9-WT7); very soft to soft (H7-H6),
DRILLER 7 100 i hardens with depth; massive bedding; no to weak
M. Kocian - BOR . 100 ) - reaction with HCI.
J 9 5 28.81029.1' Limestone interbed.
JRILL RIG 20 100 b -
ituck-mounted CME 85 auger. N R
4 o i
DRILLING METHOD ) 3
0.0-20.6' Cored hole with 7 S r
4-1/4" hollow stem augers 25 =
while performing continuous 4 S
Standard Penetration Testing. i 14 |
No fiuid added while ] |
performing penetration testing. | |
20.6-35.3' Cored hole with 0| = K ~
4-1/4" hollow stem augers. 4 " -
DRILLING CONDITIONS ] I
AND DRILLER'S . 00
COMMENTS = =
6.6-8.1' Penetrated 0.1' with BOTTOMOFHOLE
weight of rods and hammer.
9.1-10.5' Penetrated 1.3" with
COMMENTS: Continued next page



5 2.GDT &/5/99

LOG - 4 STMARY

FEATURE: St Mary Siphon

LOCATION: Laft of Siphon on Qutiet Side

BEGUN: B6/15/8% FINISHED: 5/15/9%

DEPTH AND ELEV OF WATER

LEVEL AND DATE MEASURED: 13.2 (4387.80) 6/16/99

PROJECT: Milk River Project
COORDINATES:

TOTAL DEPTH: 363

DEPTH TO BEDROCK: 24.2

GEOLOGIC LOG OF DRILL HOLE: DH99-2

STATE: Montana
GROUND ELEVATION: 43746

SHEET 2 OF 2

ANGLE FROM HORIZONTAL: 80 AZIMUTH:

HOLE LOGGED BY: L. Crulchfisid
REVIEWED BY;

NOTES

DEPTH

FLD. CLASS/LITH,

% CORE: RECOVERY

% FINES BY WT.

% MCIST CONTENT
GEOL. UNIT SYM.

SPT (BLOWS/FT)

% SAND BY WT,

50

CLASSIFICATION AND
PHYSICAL CONDITION

weight of rods and hammer,

12.1-13.1" Penetrated 0.6 with
weight of rods and hammer,

Water Levels
Date  Depth
5M16/99 132

DRILL FLUID

Augered dry. No fluid added
while performing penetration
testing.

HOLE COMPLETION -

Set porous tube piezometer
33.1-31.3' with 3/4" PVC riser
pipe to 3.1' above ground
surface. Sand-packed hole
35.3-20.8' with .0107.020
sand. Backfilled hole with
bentonite chips and cuttings
20.8'to 3.0'. Cemented in
steel stand pipe with lockable
lid.,




3 2.GDT a/599

LOG -4 STMARY

FEATURE: St Mary Siphon

LOCATION: Laft of Siphon on Outiet Side

BEGUM: GH7M9 FINISHED: 5/18/99

GEOLOGIC LOG OF DRILL HOLE: DH99-3

PROJECT: Mitk River Project
COORDINATES:
TOTAL DEPTH: 36.8

SHEET 1 OF 2
STATE: Montana ’
GROUND ELEVATION: 4290.8
ANGLE FROM HORIZONTAL: 80 AZIMUTH:

R—

DEPTH AND ELEV OF WATER DEPTH TQ BEDROCK: 25.3 HOLE LOGGED BY: L. Crutchfieid
LEVEL AND DATE MEASURED: REVIEWED BY:
z Bl .| 18|z
IEHIHEHHIER] CLASSIFICATION AND
NOTES E S - E E % o TR NIENI ALl ™ ombh i e
8! 3 lu '2‘ g 1,5; 3 g FRATOIVAL CONDITION
1 [«
AHHHHEINE ~
NOTES | a Qcol  0.0t0 1.2° COLLUVIUM - QUATERNARY {Qcol):
All measurements are from '
ground surface and in feet 7] 62 - 0.0to 1.2° SANDY LEAN CLAY (CL). About 65%
unless otherwise noted. . - medium plasticity fines; about 35% fine to medium
: 4 - sand; maximum size recovered, medium sand; moist,
Hole drilled from pad dozed into | s . —  firm; dark brown; grass roots to 1.2"; moderate to
slope. e |® 12 L strong reaction with HCE
PURPOSE OF HOLE 1
To determine subsurface i 8 [ 1.2to 25.3' ALLUVIUM - QUATERNARY (QAL):
condition of siphon foundation ] i
and to install piezometers in 10— 0 —  1.2t0 10.3' POORLY GRADED GRAVEL WITH
foundation, . ‘ 2 - SAND (GP). About 75% fine to coarse, hard,
. - subrounded gravel; about 25% fine to coarse sand;
DRILLER Jom e Qat I trace of fines with no plasticity; TOTAL SAMPLE (BY
M. Kocian - BOR 1 | VOLUME)}, about 15% 3- to 5-inch subrounded
cobbles; remainder minus 3-inch; maximum size
DRILL RIG 15 27 o[  recovered, 4-1/4"; wet; soft, loose; dark gray brown;
Truck-mounted CME 85 auger. . B moderate to strong reaction with HCI.
DRILLING METHOD J u - 10.31t0 14.9' SILT WITH SAND (ML). About 85%
0.0-16.2" Cored hole with i | fines with no plasticity; about 15% fine sand; maximum
4-1/4" hollow stem augers 20 | size recovered, fine sand; wet to moist, soft brown;
while performing continuous ce weak to moderate reaction with HCL
Standard Penetration Testing E i
at 5' intervals. No fluid added 1 36 - 14910 25.3' POORLY GRADED GRAVEL WITH
while performing penetration . - SAND (GP). About 50% fine to coarse, hard,
testing. E L subrounded gravel; about 45% fine to coarse sand:
25 L about 5% fines with no plasticity; TOTAL SAMPLE (BY
16.2-30.2" Continuously cored i i VOLUME), about 10% 3- to 5-inch subrounded
with 4-1/4" iD hollow stem cobbles; remainder minus 3-inch; maximum size
augers. ] 100 i recovered, 3-3/4"; wet; soft, loose; gray brown; strong
. 7 - reaction with HCIL.
30.2-36.8' Continuously cored . B
with HQ wireline core barrel 30| 0 -
and rods. 1. ot [ 25.310 36.8' VIRGELLE FORMATION -
| | CRETACEOUS (Kvt):
DRILLING CONDITIONS
AND DRILLER'S i 100 " 25.3to 36.8' Sandstone {ss). Gray to gray brown; fine
COMMENTS 1 i to medium grained; very intensely to intensely
16.2" Stopped Standard 35— —  weathered (W8-W7) 25.3-30.2' and moderately to
Penetration Testing due to . - slightly weathered (W4) 30.2-36.8", very soft (H7) to
coarse material in alluvium. BOTIOM OF HoLE moderately hard (H4), dependant on weathering; very

19.7-30.2' Used a basket core
catcher with augers due to low

intensely fractured (FD9) to moderately fractured (FD5)
dependant on weathering; no to weak reaction with
HCi.

COMMENTS:

Corfirued nexi page




3_2.GDT 8/5M49

LOG - 4 STMARY

FEATURE: St Mary Siphon

LOCATION: Laft of Siphon on Outtet Side

"BEGUN: S8M7M99 FINISHED: 618/99
DEPTH AND ELEV OF WATER
LEVEL AND DATE MEASURED:

GEOLOGIC LOG OF DRILL HOLE DH99-3

PROJECT: . Milk River Project
COORDINATES:

TOTAL DEPTH: 368

DEPTH TO BEDROCK: 253

STATE: Montana

GROUND ELEVATION: 42908 N
ANGLE FROM HORIZONTAL: 90 AZIMUTH:
HOLE LOGGED BY: L. Crutchfield
REVIEWED BY:

NOTES

DEPTH

FLD. CLASS/LITH.

}

% CORE RECOVERY
% FINES BY WT.

% SAND BY WT,

% MOIST CONTENT
GEOL. UNIT SYM.
SPT [@BLO

CLASSIFICATION AND
PHYSICAL CONDITION

cohesion of material.

DRILL FLUID

0.0-30.2° Augered dry. No fluid
added while performing
penetration testing.

30.2-36.8' Cored with clear
water collected from siphon
seepage.

HOLE COMPLETION

Set porous tube piezometer
28.4-26.4' with 3/4" PVC to
2.9' above ground suiface.
Sandpacked hole 36.8-18.7°
with .010/.020 sand. Backfilled
hole with bentonite chips and
cuttings 18.7' to 3.0'.
Cemented in steel stand pipe
with lockable lid.

SHEET 2 OF 2




Qo SURFAGE: Native Grasses STATION/OFFSET: 108+51.96, 13.95' RT |z S o|u - |PENETRATION RESISTANCE/MOISTURE CONTENT
z9 _ E sS4z N A =BLOWS PER FOOT
< O [ SURFACE ELEVATION: 4307.0 b okl & ® —MOISTURE CONTENT
o SOIL DESCRIPTION o &53|a “lo 10 20 30 40 50|
//\|TOPSOL ANDORGANICMATERIAL o [
o Sandy, LEAN CLAY, A-7-6(11), relatively stiff,
g% abundant organics, slightly moist, dark brown ° . I
%% s-1/6
< | 5.0 | _
S'é@" o |Well—graded GRAVEL with silt and sand, medium
> o 9ldense, occasional cobbles, subangular to S-2 ® A
a3 o - X - !
~ 5 subrounded, moist, grayish brown 1
o g II
i [
= 7975 ] /
[ [Sondy, LEAN CLAY, A-6(8), stiff, interbedded with Y
-/ dsilty clay and silty sand, very moist, grayish brown 10 A ¢
% S-3 \
lo4 | 12.0 A
& & o Well-graded GRAVEL with silt and sand, medium \
~ 2. o dense, occasional cobbles, subangular to !
o % o|subrounded, moist, greenish gray 1
o a \
a g \
oo \
o d 165 S_4I ® A
Bottom of Boring : 16.5 feet
°
g
3
g 20
g g
w =
= T
[}
z5
9 £
L
©
23
S
c
3
2
(C]
Logged by:  Erling A. Juel, P.E. (09/28/06)
Drilled by: Haztech Drilling using a track-mounted 30
CME-850 drill rig with 8-inch HSA.
40 =3
0 10 20 30 40 5
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content — Plostic limit . .
v Groundwater Level i ntent Log Of SOII Borlng BB-1
I Grab/composite sample ‘Lﬁiﬁ:ﬁ St. Mary River Bridge Replacement
I 1-3/8—inch 1.D. split spoon MT 18(35) UPN 6001
%R 21/2=inch 1.D. spit spoon Flastic Index North of Babb, Montana
I 2—.1/2—|nch I..D. ring sampler . . November 2006 06-093
i 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic THOMAS, DEAN & HOSKINS, INC. Figure No 4
£ No sample recovery TD&*G?%S;“N%GC ol Sheet 1 of 1




o SURFACE: Native Grasses STATION/OFFSET: 110+34.21, 0.11' LT |r 2 o|uw — | PENETRATION RESISTANCE/MOISTURE CONTENT
£9 _ EoSula E =BLOWS PER FOOT
< O [ SURFACE ELEVATION: 4289.8 i S5z i ek S
o SOIL DESCRIPTION o S|a ) 10 20 30 40 50|
AT TOPSOIL AND ORGANIC MATERIAL 0= 0
e Sandy SILT, A-4(1), relatively dense, abundant i
" /“lorganics, moist, dark brown ® f
] | 35 [s-1]c
o 3 o|Poorly—graded GRAVEL with silt and sand, very
s & |dense, numerous cobbles and boulders, subangular 50/0.3"
R & o to subrounded, slightly moist to saturated, grayish S—ZI ® A
22, obrown Lt
a3 o /”
Q af Pr 2l
o A -
o o, vy3.91 | J--
oQx\ 79.75 ] ’/”
S§ LEAN CLAY with sand, soft, saturated, gray 10 ‘,/’ o
%g s—{ o
N
N
N
S ‘
\
A
\\
o5 ‘
\
v 15.5 \\ 4
?GO<§ Clayey GRAVEL with sand, medium dense, S—4 o f-
>\a\“ subangular to subrounded, cobbles and boulders, I
0>f>2 saturated, grayish brown !
]
- 1
il : /
3 20 1
c I
>:> g g‘ S_SI ® ‘L\
< < Logged by:  Erling A. Juel, P.E. (09/27/06) 2= DN
a w = SO
S Drilled by: Haztech Drilling using a track-mounted 5 a O
>D> CME-850 drill rig with 8-inch HSA. =2 sl
3 s T~
© 3 ° S
<G<0 § 50/0.2°
>;?D —sandstone boulder 25-27 feet G
N
O (3 Q
D<Q<Q
T\ o\ 2
5)2%
°/&/al—sandstone boulder 30—-30.8 feet
() DD
O(Za N 31.5
SHALE, moderately hard, moderately weathered,
| |massive to very thickly bedded, blocky to —fo= 7420psi @ 32.5" to 32.9
conchoidal—type breaks, occassional slickensides,
| |noncalcareous, dark gray
—intensely fractured 36.75 to 37.25 feet
ANDSTONE, moderately soft, moderately weathered
Ishaly partings, joints at 60°, secondary 37.8 : , ’
....... mineralization of joints, thinly bedded, medium —fo=6170psi @ 381 to 384
{1gray, salt and pepper 39.4
[ | SHALE (See Description on Following Sheet) =0l
0 10 20 30 40 5
m Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content — Plostic limit . .
A A Groundwater Level i ntent Log Of SOII Borlng BB-2
I Grab/composite sample ‘Lﬁiﬁ St. Mary River Bridge Replacement
I 1-3/8—inch 1.D. split spoon MT 18(35) UPN 6001
%R 21/2=inch 1.D. spit spoon Flastic Index North of Babb, Montana
I 2—.1/2—|nch I..D. ring sampler . November 2006 06-093
i 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic TD&}Q;% THOMAGS,DEAlj;ngOSKINS,INC. Figure No. 5
* No sample recovery ngEﬂNrEmsEfgz{ﬁﬁ&%wsz&wEULTANTS wdonTaa Sheet 1 of 6




%G SURFACE: Native Grasses STATION/OFFSET: 110+34.21, 0.11" LT T g x w T PENETRATION RESISTANCE/MOISTURE CONTENT
< O [ SURFACE ELEVATION: 4289.8 i §§ % i ® WOISTURE CONTENT
o SOIL DESCRIPTION o> o 0 10 20 30 40 50|
(Continued from Previous Sheet) 40
—SHALE, moderately hard to hard, moderately
[ |weathered, highly fractured, massive to thickly
—1bedded, blocky to conchoidal—type breaks, non C—4
[ |calcareous, dark gray
— 445
Bottom of Boring/Coring: 44.5 feet
Rock Core Run#1 (See Sheet 3)
Depth: 25.0" to 30.0° 50
Coring Rate: 1.25 min/ft.
Recovery: 57%
RQD: 0%
Rock Core Run #2 (See Sheet 4)
Depth: 30.0° to 34.5
Coring Rate: 1.25 min/ft.
Recovery: 78%
RQD: 48%
Rock Core Run #3 (See Sheet 5)
Depth: 34.5" to 39.5
Coring Rate:  Not Recorded
Recovery: 78% i
RQD: 35% % 60
Rock Core Run #4 (See Sheet 6) 3o
Depth: 39.5 to 44.5° g =
Coring Rate:  0.60 min/ft. was
Recovery: 100% 3 @
RQD: 65% St
u :
c
5
e
o
70
Logged by:  Erling A. Juel, P.E. (09/27/06)
Drilled by: Haztech Drilling using a track-mounted
CME-850 drill rig with 8-inch HSA.
800 10 20 30 40 50|
5
m Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content — Plostic limit . .
A A Groundwater Level i ntent Log Of SOII Borlng BB-Z (Cont')
I Grab/composite sample ‘Lﬁiﬁ St. Mary River Bridge Replacement
I 1-3/8—inch 1.D. split spoon MT 18(35) UPN 6001
I 2—1/2—inch I.D. split spoon Plastic Index North of Babb. Montana
Ik 2—1/2—inch I.D. ring sampler November 2006 ’ 06-093
I 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic THOMAS, DEAN & HOSKINS, INC| i N 5
* No sample recovery TD&‘Q?*%Mﬁ&%‘;TEEEQESE&'L‘?””AN“ ;Asu%gg Slﬁgerte 02' of 6




9 | surFace: Brush and Decidious Trees : Qolu — |PENETRATION RESISTANCE /MOISTURE CONTENT
[ [ =
%9 SURFACE ELEVATION: 4285.8 STATION/OFFSET: 112+44.46, 3.29° RT|%; é':( % & : =3'6?,5YVT%RFEE%OZOT%LT
® SOIL DESCRIPTION o &3 o D_ 0 10 20 30 40 50|
[~ TOPSOIL AND ORGANIC MATERIAL 0= 0
7 /"]Sandy SILT, relatively dense, fiberous organics,
o moist, dark brown | 25|
> S o |Well-graded GRAVEL with silt and sand, A-1-a(0),
= o “very dense, frequent cobbles, subrounded to
V] 2 Q . . .
%52 subangular, slightly moist, greenish gray
22 68/1.0"
>S5 o 5_1I - GNP U A
o o 9 ’/’
J Do L ”.r
R -
oo v8.86 | S
o x| ] /,' 7
%@ LEAN CLAY, A-6(15), soft, varved with silt, 9.5 10 o
occasional silty, fine sand, saturated, gray S—ZI f" } o
S |
]
S =
oS :
I
%g — more silt and silt with sand S—:’I A Py
\
oS |
\
\
\
> ‘\
20 A
%g — sandy seams S—4I A ®
% e 22.0 N
I ZBEN - - - - - - Y Y Y Y Y /" |— — N\
/ Silty, clayey SAND with gravel, A-1-b(0), medium N
< : A
e dense, medium dense, subangular, saturated, N
"7 T ]grayish brown N
/ / \\
/' ../.'_ _ I \\A
- S-5 et
A | 27.5 | DN
(.. ...]SANDSTONE, hard to very hard, slightly weathered N
"{to fresh, slightly to moderately calcareous (varies),| = "So
,,,,,, ]slightly fractured, occasional joints at 607, mostly % S
-{horizontal mechanical brecks and bedding joints, t Lt e | , 2070.5 T4
" ""1occasional cross—bedding, near horzontal bedding, §E’ fo.= |2730psi @ 30.6. 10 [31.0
[ ...]abundant quartz, medium—grained, meduim gray, £ = il
salt and pepper ':,;E —f. = [8460psi @ 32.2" to [32.6
....... 8o . ’ '
Logged by:  Erling A. Juel, P.E. (09/26-27/06) gg —fc = 110,000psi @ 53.8 to 34.2
°
....... Drilled by: Haztech Drilling using a track-mounted s a
CME-850 drill rig with 8-inch HSA. g
[ (Continued on Following Sheet)
0 10 20 30 40 50|
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Llimit . .
A A Groundwater Level i ntent Log Of SOII Borlng BB-B
I Grab/composite sample ‘Lﬁiﬁ St. Mary River Bridge Replacement
I 1-3/8—inch 1.D. split spoon . MT 18(35) UPN 6001
%R 2-1/2=inch 1.D. split spoon Plastic Index North of Babb, Montana
I ?1 /i_;nDChtrlw.'D rml? dsample: GNP = Granul d Nonplasti November 2006 06-093
i —Iinc U, In—walled sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. .
* No sample recovery TD&‘Q?*%Mﬁ&%TEEEQESE&'L‘?””AN“ wiBg glﬁgerte N01. of g




%G SURFACE: Brush and Decidious Trees T g x u T PENETRATION REEISTANCE/MOISTURE CONTENT
%9 SURFACE ELEVATION: 4285.8 STATION/OFFSET: 112+44.46, 3.29° RT|%; é':( % & : ;3'@?&%;;%&%%&
% SOIL DESCRIPTION S 53w “lo 10 20 30 40 50|
] (Continued from Previous Sheet) 40
_______ /” SHALE, moderately hard to moderately soff, c-3
slightly weathered, very thinly bedded, fissile, 44.3
— — | noncalcareous, blocky, dark gray 450 |
Bottom of Boring/Coring: 45.0 feet
Rock Core Run #1 (See Sheet 3) 50
Depth: 30.0" to 35.0°
Coring Rate:  1.00 min/ft.
Recovery: 100%
RQD: 90%
Rock Core Run #2 (See Sheet 4)
Depth: 35.0" to 40.0°
Coring Rate:  1.00 min/ft.
Recovery: 100%
RQD: 80%
Rock Core Run #3 (See Sheet 5)
Depth: 40.0" to 45.0° -
Coring Rate: 1.60 min/ft. g
Recovery: 93% ] 60
RQD: 56% g ,E‘
i
5 o
§E
f
4
3
2
o
70
Logged by:  Erling A. Juel, P.E. (09/26-27/06)
Drilled by: Haztech Drilling using a track-mounted
CME-850 drill rig with 8-inch HSA.
800 10 20 30 40 50
5
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot AMterberg Limits soil types. Actual boundaries may be gradual or transitional.
[ ] Field Moisture content — Plostic limit . .
v Groundwater Level i ntent Log Of SOII Borlng BB-B (Cont')
I Grab/composite sample ‘Lﬁiﬁ:ﬁ St. Mary River Brldge Replacement
I 1-3/8—inch 1.D. split spoon MT 18(35) UPN 6001
%R 2=1/2=inch |.D. spiit spoon Flostie Index North of Babb, Montana
Ik §_1 /i_;nDChtr:'D rml? dSGmP'e: GNP = Granul d Nonplasti November 2006 06-093
i —Iinc U, In—walle sampler = ranular an onplastic 0 S, & HOS S, INC. "
* No sample recovery TD&%;%‘;;;;Egﬁﬁgézgfﬂgs””l‘gi m:?\;m glﬁgerte N02 of g




O | sURFACE: Notive Grosses and Brush : Qolu - |PENETRATION RESISTANCE/MOISTURE CONTENT
[ [ =
% 3 | SURFACE ELEVATION: 4290.3 STATIONIOFFSET: 116+00.32, 1214’ Rlfy 3% % o ek S
% SOIL DESCRIPTION S 53w “lo 10 20 30 40 50|
/-/—-{. TOPSOIL AND ORGANIC MATERIAL P . 0
[ -%ﬂ?y?AND, relatively dense, slightly moist, dark | 1.5 |
2 I\ brown
B Sso N - _7
> o o|Poorly—graded GRAVEL with clay and sand, A-1-a(0), e I I
= o 9 very dense, subrounded to subangular, slightly S-11]¢g
< s 2 moist, grayish brown
Qg )
>Tn s—2[ | e 50/0.1'4
O &L I
oy | 7.0 _ | !
"I SANDSTONE, very dense, mostly friable, slightly to H
....... strongly calcareous, slightly moist, grayish brown I
1
50/0.1°1
A
....... 5_3110 @ T
I
....... ]
12.7 | s g4z o 50/0.2"4
Bottom of Boring: 12.7 feet
°
g
]
c
3
e g
w =
o
24 20
52
o =
24
-]
c
=
2
(U]
30
Logged by:  Erling A. Juel, P.E. (09/27/06)
Drilled by: Haztech Drilling using a track-mounted
CME-850 drill rig with 8-inch HSA.
40

LEGEND
A SPT blows per foot Atterberg Limits
® Field Moisture content — Plastic limit
A A Groundwater Level i ntent
Ic Grab/composite sample ‘Lﬁiﬁ:ﬁ
I 1-3/8—inch I.D. split spoon <>
I 2—1/2—inch I.D. split spoon Plastic Index
Ik 2—1/2—inch I.D. ring sampler
I 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic

*

No sample recovery

0 10 20 30

Note: The stratification lines represent approximate boundaries between
soil types. Actual boundaries may be gradual or transitional.

40 50|

Log of Soil Boring BB-4

St. Mary River Bridge Replacement

MT 18(35) UPN 6001
North of Babb, Montana
November 2006

06-093

ENGINEERING CONSULTANTS

SREAT (LS Do TP, —
Ay wiSE ee

CEWISTON IDAHO|

THOMAS, DEAN & HOSKINS, INC. i
m&r@} \ , Figure No. 7

1 of 1




e SURFACE: 18” inches of water STATION/OFFSET: 111+48.93, 2.42' RT| 2 x|y T |PENETRATION RESISTANCE/MOISTURE CONTENT

z9 _ . E sS4z E A =BLOWS PER FOOT

o SOIL DESCRIPTION o S|a ) 10 20 30 40 50|
— 0

0
~) (| COBBLES AND BOULDERS, relatively loose, silty sand

Qlwith gravel matrix, subrounded to subangular,

g) S| saturated, variegated, reddish, greenish, grayish

Abrown
Sle
()

- I e A
:) o S—1 \\\
\\
A - \\\

0 oS
SR 10 T

[U|-Silty SAND with gravel matrix, A-2-4 ' N
> St2 ® GNP A

Q 54/1.0°
oo ¢C—1
[ O Y
) Core Runs C—1 and C—-2 contained subrounded S

- . X 4; 2
) \{gravel alluvium, mostly limestone cobbles and

boulders
A 15.5 s
S LEAN CLAY with sand, comprised chiefly of highly
weathered, reworked shale with sandstone, siltstone
gg and limestone fragments, hard, medium gray
gg C—4
- 205 20
.. ...]SANDSTONE, very hard, slightly weathered to fresh, —fo=15900psi @ 20.8" to 21.2
*{slightly to moderately calcareous(varies), slightly
. Yfractured, joints at 60°, occasional cross—bedding,

-{bedding approximately horizontal, mechanical breaks —f = |11.500psi @ D3.2 to 23.6
""" ‘{and bedding joints at horizontal, abundant quartz, c—5 ¢ P ' ’
....... medium—grained, medium gray, salt and pepper

'§ —f. = 113,180psi @ 5.8 to 26.2°
[ 2
5 o
N 88| goo
Logged by:  Erling A. Juel, P.E. (09/26/06) t E 130
Drilled by: Haztech Dirilling using a track-mounted % _E’
_______ CME-850 drill rig with 8-inch HSA. _§ 'g
5
2
....... © c-6
36.5
Bottom of Boring/Coring: 36.5 feet
(See Following Sheet For Core Run Data) 40 50l
(1] 10 20 30 40 5
m Note: The stratification lines represent approximate boundaries between

A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.

® Field Moisture content — Plostic limit . .

A A Groundwater Level i ntent Log Of SOII Borlng BB-5

I Grab/composite sample ‘Lﬁiﬁ St. Mary River Bridge Replacement

I 1-3/8—inch 1.D. split spoon MT 18(35) UPN 6001

%R 21/2=inch 1.D. spit spoon Flastic Index North of Babb, Montana

I ?1 /'21—'"1[)‘3“;-.0 fml? dsample: GNP = Granul d Nonplasti November 2006 06-093

iy —inc L. In—walled sampler = ranular an onplastic 0 S, & HOS S, INC. n

* No sample recovery m&%;};ﬁﬁg&b&%}iﬁgﬁ&;u:ﬂi m:‘gﬁ% glﬁgerte N01 of g




%G SURFACE: 18” inches of Water STATION/OFFSET: 111+48.93, 2.42' RT T %% § T PENETRATION fEEEEOAVNngQAROI%gTRE CONTENT
$ G | SURFACE ELEVATION: 4276.7 (River Bottom) i g'%; = i @ —MOISTURE CONTENT
[} SOIL DESCRIPTION o> o 1] 10 20 30 40 50|
40
Rock Core Run #1
Depth: 10.0" to 12.5°
Coring Rate:  1.80 min/ft.
Recovery: N/A
RQD: N/A
Rock Core Run #2
Depth: 12.0" to 145
Coring Rate:  3.25 min/ft.
Recovery: N/A
RQD: N/A
Rock Core Run #3 (See Sheet 3) 50
Depth: 14.5" to 16.5
Coring Rate:  3.38 min/ft.
Recovery: 90%
RQD: N/A
Rock Core Run#4 (See Sheet 4)
Depth: 16.5" to 21.5°
Coring Rate:  2.80 min/ft.
Recovery: 100%
RQD: 56%
Rock Core Run#5 (See Sheet 5)
Depth: 21.5" to 26.5 ]
Coring Rate: 1.15 min/ft. b 60
Recovery: 100% €
RQD: 100% g g
Rock Core Run#6 (See Sheet 6) ST
Depth: 26.5" to 31.5° 59
Coring Rate:  1.20 min/ft. ® £
Recovery: 1007% .E 5
RQD: 100% g0
Rock Core Run #7 (See Sheet 7) g
Depth: 31.5" to 36.5
Coring Rate:  1.40 min/ft.
Recovery: 100%
RQD: 100%
70
Logged by:  Erling A. Juel, P.E. (09/26/06)
Drilled by: Haztech Drilling using a track-mounted
CME-850 drill rig with 8-inch HSA.
800 10 20 30 40 50|
m Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content — Plastic limit . .
A A Groundwater Level i ntent Log Of SOII Borlng BB-5 (Cont')
I Grab/composite sample ‘Lﬁzf‘:ﬁ St. Mary River Bridge Replacement
I 1-3/8—inch 1.D. split spoon <> MT 18(35) UPN 6001
I 2—1/2—inch I.D. split spoon Plastic Index North of Babb, Montana
Ik 2—1/2—inch I.D. ring sampler November 2006 06-093
I 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic THOMAS, DEAN & HOSKINS, INC. Figure No 3
* Mo sample recovery m&ﬁﬁﬁ_mﬁ“ .| Sheet 2 of 7
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DESIGNED BY: EAJ
QUALITY CHECK:
DATE: 09.10.07
JOB NO. 04-167
FIELDBOOK
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NORTH REPLACEMENT ALIGNMENT & 2009 SOIL BORINGS
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SURFACE: Native Grasses and Weeds
SURFACE ELEVATION: 4450.68
SOIL DESCRIPTION

FAT CLAY, stiff, brown, slightly moist, trace gravel,

SS mottled.
:

PENETRATION RESISTANCE/MOISTURE CONTENT
A =BLOWS PER FOOT
® =MOISTURE CONTENT

(0] 10 20 30 40 _ 50

GRAPHIC
LOG
DEPTH
GROUND
WATER
SAMPLE

ol peEPTH

v/
M

5.
%S% g, = 3.0 to 3.5 tsf. ]

3.0 to 3.5 tsf.

LL=57

_\a.o| Clayey GRAVEL with Sand, very dense to hard, A
=) . . N
>2_3>2 brown, slightly moist.

X /5/e 30| \\
o\ a\d x

NN 83i
Q>CD 1
< (S
N4 !
o (A @ |
D<Q<"—7 i
e '
Q)A T ® y
RSN 50/0.35'
o Oo<o :
=\a\“ —core boulder @37.0 i
I\ o\ 2 1
5)25
=) i) 1
< of © . 1
oAl = Continued to Next Page 40| !
LEGEND 0 10 20 30 40 50
=== = Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content — Plastic limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-1
Ic Grab/composite sample \m St Mary River Siphon Crossing-Proposed Alignment
L 1-3/8—inch 1.D. split spoon <> St Mary Rehabilitation Project
_ _ . Plastic Index
%R 2-1/2=inch 1. split spoon ' North of Babb, Montana
2—-1/2—inch I.D. ri |
. 1/2=inch 1D. ring sampler B _ September 2009 04-167
i 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic TD& h;}THOMAs,DEAN&HOSKINS,INC Figure No B2
ENGINEERING CONSULTANTS :
* No sample recovery ]E9 %L\sfﬂnz{mwmuwu wiB Sheet 1 of 5



CRN
Typewriter
B2


PENETRATION RESISTANCE/MOISTURE CONTENT
A =BLOWS PER FOOT
® =MOISTURE CONTENT
[0 10 20 30 40 50
| ® 4
50/0.35"

SURFACE: Native Grasses and Weeds
SURFACE ELEVATION: 4450.68
SOIL DESCRIPTION

DEPTH
GROUND
WATER
SAMPLE
DEPTH

VAR
B\Q{‘) LOG
}7
IN
ol

A\ N\ i
Q>:Q>a —core boulders from 43.7 to 50. I

9o '
Q)3 I
P95 50|

—Medium dense sandy zone near 55.0'. \ 4 I /

0 DOD
o
) .3
7
,
’

~| —core boulder @58.9° .

-~ *-*{ SANDSTONE, hard, gray, slightly moist, weathered
(... 1(decreases with depth).

" 7""]1 Rock Core Run #1

.-.-{Depth: 70.0" to 75.0°
."1Coring Rate: 1.82 min/ft.
.-.-{Recovery: 98%
--{RaD: 0.73
"1 Rock Core Run #2
--1Depth: 75.0" to 80.0°
" "'{Coring Rate:  2.24 min/ft.
....... Recovery: 100%

-1 RQD: 0.59

SHALE, hard, gray, slightly moist, weathered zones

] 79.0
— Continued to Next Page
LEGEND 10 20 30 40 50|
=== = Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
e Field Moisture content — Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-1
Ie Grab/composite sample ) iquid_Limi St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8=inch 1.D. split spoon <> St Mary Rehabilitation Project
— —i i Plastic Index
%R 2-1/2~inch |.D. split spoon ' North of Babb, Montana
2—-1/2—inch I.D. ri |
. 1/2=inch 1D. ring sampler . _ September 2009 04-167
i 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic TD& h;}THOMAs,DEAN&HOSKINS,INC Figure No B2
ENGINEERING CONSULTANTS .
* No sample recovery ]E9 i S wiesl Sheet 2 of 5



CRN
Typewriter
B2


PENETRATION RESISTANCE,/MOISTURE CONTENT

g o | SURFACE: Native Grasses and Weeds z S § z A Calows beR FooT
%9 SURFACE ELEVATION: 4450.68 i 3 &= i ® ;MOISTURE CONTENT
O SOIL DESCRIPTION o 533 D_|o 10 20 30 40 50|
Bottom of Soil Boring : 80.0 feet 80|
Logged by: Craig R. Nadeau, E.I. (09/01-03/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
90|
Installed Dual Purpose Slope Inclinometer /
Monitoring Well
— Top of Casing Elevation: 4452.02
— Overall length: 81.0 feet
Construction:
2.75—inch |.D., ABS plastic inclinometer casing
(Bottom 8.0 feet slotted) + 3/4—inch 0.D. PVC 100j
plastic pipe
—Screened interval: 80.0" to 82.0° BGS
—10-20 Sand Pack 20.0" to 70.0° BGS
—Bentonite Seal 70.0" to 68.0° BGS
—Screened interval (3/4—inch PVC) 79.8" to
69.8" BGS
—10-20 Sand Pack 70.0" to 53.0° BGS
—Bentonite Seal 53.0° to 51.0° BGS
—Cement/lime/bentonite grout 51.0° to 1.0 BGS
—Steel protective casing monument set in
concrete
110j
120 50|
0 10 20 30 40 5
m Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-1
Ie Grab/composite sample \W St Mary River Siphon Crossing-Proposed Alignment
L 1-3/8~inch 1D. spiit spoon < > St Mary Rehabilitation Project
%I]IR 2-1/2-inch LD. spiit spoon Flostic Index North of Babb, Montana
I 2_1 /i—:r;:ht;:D- rm|<|; dsamplerl GNP = Granul d Nonplasti September 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic "
* No sample recovery TD&IE};}';;g:gg?ﬁ:‘}'g;f&gE&Oggﬁli'{'ljss;;%;ﬁ glﬁgerte N03 othz-)
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BORING O9PA—1, ELEVATION 4450.7 FT, ROCK CORE RUN 1

CORE MISC. BOULDERS 37.0" TO 50.0°

CORE RUN 1: DEPTH=70.0" TO 75.0', RQD=0.73, RECOVERY=98%

FIGURE B2

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-1
CORE RUN1

TD&IQ;‘%,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL
SPOKANE
LEWISTON

MONTANA
WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE: SEPTEMBER 2009

DESIGNED BY:

CRN

JOB NO. 04-167

QUALITY CHECK:

CAD NO. 04167-B01-4.DWG

SHEET 4 of 5



CRN
Typewriter
FIGURE B2


BORING O9PA—1, ELEVATION 4450.7 FT, ROCK CORE RUN 2
CORE RUN 2: DEPTH=75.0" TO 80.0’, RQD=0.59, RECOVERY=100%

FIGURE B2

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT TD&I}&EN

NORTH OF BABB, MONTANA

§

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

PHOTO OF SOIL BORING 09PA-1 DRAWN BY:

RLR

DATE: SEPTEMBER 2009

CRN

JOB NO. 04-167

SHEET 5 of 5

CORE RUN 2 DESIGNED BY:

QUALITY CHECK:

CAD NO. 04167-B01-5.DWG
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FIGURE B2


Lf) © SURFACE: Native Grasses and Shrubs T % i w — |PENETRATION RESISTANCE/MOISTURE CONTENT
o ) 5 SEla . A =BLOWS PER FOOT
< S | SURFACE ELEVATION: 4417.08 L O« <§( ] @ =MOISTURE CONTENT
10} SOIL DESCRIPTION o 3|5 “lo 10 20 30 40 50
‘| FAT CLAY, stiff to very stiff, brown, slightly moist, ol
occasional gravel.
— N [
SS q, = 3.0 to 3.5 tsf. I ’
> ‘
!
> ‘
1
I
10| 1
S% q, = 3.0 to 3.5 tsf. I 0 1
> S
\
|
\
\
> |
\
1
> |
! L o
(¢ 16.5 I L N
7/ &7 Clayey GRAVEL with Sand, very dense to hard, REN T
o<a< light brown, slightly moist. S
S\ a\D N
AN\ \? ~
%)92 .
/570 20 NG
o (A © ~
~ Q<a ® 1 ‘f
AN\\©
3 .
o DG |
Q o/ |
Q () |
I~ Q<C |
A2\ © 1
Q>:O>D L 50/0.25'
o (| [
/570
o<a o [
o (= 3
\&o| —core boulder @27.5 |
Q>OD % 1
o DQ I
X 5/ |
Ke$e 30| )
AN T ) 50/0.25')
S5 !
/570
o(nf o I
a>f>; 33.2 [
Q)3 [
o O |
ol o [ )'
Ja ) | 36.0 | L 50/0.25'
—— | SHALE, hard, gray, slightly moist, weathered and |
fractured in zones. !
I
—] 1
— Continued to Next Page 40| _ﬁll
0 10 20 30 40 5
m Note: Thg stratification lines repl_'esent approximate boundurie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-2
Ic Grab/composite sample \w St Mary River Siphon Crossing-Proposed Alignment
I 1-3/8—inch 1.D. split spoon ‘ St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
%[]%R 2—.1/2—inch I:D. ring sampler . August 2009 04-167
i 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic TD& N}THOMAS,DEAN&HOSKINS,INC. Figure No. B3
* No sample recovery ]E9 gm@u‘?ﬂ‘ﬁg{,‘,‘&f)}&ﬁCONSUL“NTS wazl Sheet 1 of 8
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No sample recovery

Lf’ o SURFACE: Native Grasses and Shrubs z S 12 W z PENETRATION RE%ISTANCE/MOISTURE CONTENT
< O | SURFACE ELEVATION: 4417.08 5 3g|S i : ;ab%%g%oﬁ%%r
© SOIL DESCRIPTION o 533 D_|o 10 20 30 40 50
Rock Core Run #1 ¢ 40] h 50/0.5'
Depth: 40.0" to 45.0°
___]Coring Rate: 1.71 min/ft.
— | Recovery: 90%
RQD: 0.37
Rock Core Run #2
Depth: 450" to 50.0°
Coring Rate:  2.54 min/ft.
| | Recovery: 100%
— | RQD: 0.63
— | Rock Core Run #3
—] Depth: 50.0° to 55.0° 50|
Coring Rate:  2.09 min/ft.
— Recovery: 100%
RQD: 0.35
N | 95.0 |
------- SANDSTONE, hard, gray, slightly moist, fractured
[ 1with salts in joints
[ ."_] Rock Core Run #4
-1 Depth: 55.0° to 60.0°
[ ...]Coring Rate: 1.75 min/ft.
------{Recovery: 100% 60;
"1 RQD: 0.64
**1Rock Core Run #5
.. ] Depth: 60.0° to 65.0°
"~*{Coring Rate:  1.52 min/ft.
....]Recovery: 100%
--{ RQD: 0.67
Y | 67.9 |
SHALE, hard, dark gray, slightly moist, fractured
——1 Rock Core Run #6
Depth: 65.0° to 70.0° 70}
—Coring Rate: 1.79 min/ft.
Recovery: 100%
— | RQD: 0.68
Rock Core Run #7 Rock Core Run #8
Depth: 70.0" to 75.0" Depth: 75.0" fo 79.0
Coring Rate: 1.81 min/ft. Coring Rate: 1.58 njin/ft.
Recovery: 100% Recovery: 100%
RQD: 0.48 RQD: 0.77
79.0
Bottom of Soil Boring: 79.0 feet 80|
— 0 10 20 30 40 50|
m Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-2
Ie Grab/composite sample \m St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8~inch 1D. spiit spoon < > St Mary Rehabilitation Project
%I]IR 2-1/2-inch LD. spiit spoon Flostic Index North of Babb, Montana
. 2—.1/2—mch I:D. ring sampler . August 2009 04-167
*T 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic TD&]E&;%_ THOI\gﬁGSl’]‘Eg{ﬁVI\éE&Og?LSTEESS’INC’ Figure No. B3
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Groundwater Level i ntent
Grab/composite sample ‘w
1-3/8—inch I.D. split spoon < >

2-1/2—inch 1.D. split spoon Plastic Index

2—1/2—inch 1.D. ring sampler

3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic

s EHEEHHE e >

No sample recovery

9 [ 'surrace: Native Grasses and Shrubs z 2g[y  z[PENETRATION RESISTANCE/MOISTURE CONTENT
< O | SURFACE ELEVATION: 4417.08 5 ok = i ® —MOISTURE CONTENT
© SOIL DESCRIPTION o 535 D_|o 10 20 30 40 50|
80|
Logged by: Craig R. Nadeau, E.I. (08/31/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
90|
Installed Dual Purpose Slope Inclinometer
— Top of Casing Elevation: 4419.00
— Overall length: 80.0 feet
Construction:
—2.75=inch 1.D., ABS plastic inclinometer casing
Bottorm 10.0 feet slotted as well 100|
—Screened interval: 79.0° to 69.0° BGS
—10—20 Sand Pack 79.0° to 39.0° BGS
—Bentonite Seal 39.0" to 37.5" BGS
—Cement/lime/bentonite grout 37.5" to 1.0 BGS
—Steel protective casing monument set in
concrete
110j
120 50|
0 10 20 30 40 5
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
Field Moisture content ~ Plastic Limit

Log of Soil Boring 09PA-2
St Mary River Siphon Crossing-Proposed Alignment
St Mary Rehabilitation Project
North of Babb, Montana
August 2009 04-167

THOMAS, DEAN & HOSKINS, INC. i
TD&IE;@ e covurns - | Figure No. - B3
i WASHINGTON Sheet 3 of 8
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BORING O9PA—-2, ELEVATION 4417.1 FT, ROCK CORE RUNS 1 & 2

CORE MISC. BOULDERS 27.5" TO 29.5

CORE RUN 1: DEPTH=40.0" TO 45.0', RQD=0.37, RECOVERY=90%
CORE RUN 2: DEPTH=45.0" TO 50.0’, RQD=0.63, RECOVERY=100%

FIGURE B3

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-2
CORE RUNS 1 & 2

TD&I{;‘E,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE: AUGUST 2009

DESIGNED BY:

CRN

JOB NO. 04-167

SHEET 4 of 8

QUALITY CHECK:

CAD NO. 04167-B02-4.DWG
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BORING O9PA—-2, ELEVATION 4417.1 FT, ROCK CORE RUNS 3 & 4
CORE RUN 3: DEPTH=50.0" TO 55.0', RQD=0.35, RECOVERY=100%
CORE RUN 4: DEPTH=55.0" TO 60.0', RQD=0.67, RECOVERY=100%

FIGURE B3

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-2
CORE RUNS 3 & 4

TD&I{;‘E,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA
SPOKANE WASHINGTON
LEWISTON IDAHO

DRAWN BY:

RLR

DATE: AUGUST 2009

DESIGNED BY:

CRN

JOB NO. 04-167 SHEET 5 of 8

QUALITY CHECK:

CAD NO. 04167-B02-5.DWG
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BORING O9PA—-2, ELEVATION 4417.1 FT, ROCK CORE RUN 5
CORE RUN 5: DEPTH=60.0" TO 65.0', RQD=0.67, RECOVERY=100%

FIGURE B3

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-2
CORE RUN §

TD&IQ;‘%,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE: AUGUST 2009

DESIGNED BY:

CRN

JOB NO. 04-167

SHEET 6 of 8

QUALITY CHECK:

CAD NO. 04167-B02-6 .DWG
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BORING O9PA—-2, ELEVATION 4417.1 FT, ROCK CORE RUNS 6 & 7/
CORE RUN 6: DEPTH=65.0" TO 70.0’, RQD=0.68, RECOVERY=100%
CORE RUN 7: DEPTH=70.0" TO 75.0', RQD=0.48, RECOVERY=100%

FIGURE B3

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-2
CORE RUNS 6 &7

TD&I{;‘E,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA
SPOKANE WASHINGTON
LEWISTON IDAHO

DRAWN BY:

RLR

DATE: AUGUST 2009

DESIGNED BY:

CRN

JOB NO. 04-167 SHEET 7 of 8

QUALITY CHECK:

CAD NO. 04167-B02-7.DWG
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BORING O9PA—-2, ELEVATION 4417.1 FT, ROCK CORE RUN 8
CORE RUN 8: DEPTH=75.0" TO 80.0', RQD=0.77, RECOVERY=100%

FIGURE B3

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-2
CORE RUN 8

TD&IQ;‘%,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE: AUGUST 2009

DESIGNED BY:

CRN

JOB NO. 04-167

SHEET 8 of 8

QUALITY CHECK:

CAD NO. 04167-B02-8 .DWG
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S | surrace: Native Grasses and Shrubs T E — | PENETRATION RESISTANCE /MOISTURE CONTENT
= = =
< Q | SURFACE ELEVATION:  4370.76 5 8k = i e HOISTURE. CONTENT
O SOIL DESCRIPTION ° 53 o “lo 10 20 30 40 50
%SS FAT CLAY, stiff to very stiff, brown, slightly moist, ol
SS visible salt crystals, trace gravel and Cobbles.
S I .
S | 7.0 | RN
N
i/g Al Clayey GRAVEL with Sand, very dense to hard, A
e(gbrovn. sfightly moist to ary. 00
/ - Clayey SAND, very dense to hard, light brown to 10| SN
<< tan, dry. No
.. N \\\
AN N
0 .
7 e 50/0.45"
et | 140 | '
SHALE, hard, light brown to gray, dry, weathered, :
) o R ~
highly fractured, oxidized in joints. I 50/0.353
E— l
I
R |
Rock Core Run #1 :
L | Depth: 20.0" to 25.0° 20| |
Coring Rate: 1.85 min/ft. ® 50/0.35'4
—— | Recovery: 84%
—__|RQD: 0.28
Rock Core Run #2 v
L | Depth: 25.0' to 30.0’ 23.5
Coring Rate: 1.87 min/ft.
—— | Recovery: 90%
RQD: 0.26
Rock Core Run #3
| | Depth: 30.0° to 35.0°
Coring Rate:  1.87 min/ft.
L | Recovery: 100% 30}
RQD: 0.78
— 35.0
Bottom of Soil Boring: 35.0 feet
40|

LEGEND
A SPT blows per foot Atterberg Limits
® Field Moisture content ~ Plastic Limit
v Groundwater Level i ntent
Is Grab/composite sample ‘m
I 1-3/8—inch I.D. split spoon < >
I 2—1/2—inch 1.D. split spoon Plastic Index
Ik 2—1/2—inch 1.D. ring sampler
I 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic
*

No sample recovery

0 10 20 30 40 50|

Note: The stratification lines represent approximate boundaries between
soil types. Actual boundaries may be gradual or transitional.

Log of Soil Boring 09PA-3

St Mary River Siphon Crossing-Proposed Alignment

St Mary Rehabilitation Project
North of Babb, Montana

September 2009

04-167

TD&H

ENGINEERING CONSULTANTS

PR —
oty w2 ee
) X

;;3}- THOMAS, DEAN & HOSKINS, INC. Figure No. B4

1 of 4
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£ o | SURFACE: Native Grasses and Shrubs r Z2gly | PENETRATION fE§'§ngng/é"R0'§gg$E CONTENT
%9 SURFACE ELEVATION: 4370.76 i 3 g <§( i ® ;MOISTURE CONTENT
© SOIL DESCRIPTION o 535 D_|o 10 20 30 40 50|
40|
Logged by: Craig R. Nadeau, E.I. (09/03/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
50
Installed Dual Purpose Slope Inclinometer
— Top of Casing Elevation: 4372.52
— Overall length: 32.7 feet
Construction:
—2.75=inch 1.D., ABS plastic inclinometer casing
and 1—inch 1.D. PVC plastic pipe 60|
—Bottom of inclinometer casing at 33.5 feet
due to hole caving
—Screened interval: 33.5" to 23.5" BGS
—10—20 Sand Pack 33.5" to 20.0° BGS
—Bentonite Seal 20.0° to 18.5" BGS
—Screened interval (17 well) 18.1° to 8.1" BGS
—10-20 Sand Pack 18.5" to 5.0° BGS
—Bentonite Seal 5.0° to 3.5 BGS
—Steel protective casing monument set in
concrete
70
§OI() 10 20 30 40 50
5
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot ﬂELbim_lelﬁ soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-3
Ie Grab/composite sample \w St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8-inch 1D. split spoon St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
Ik 2—1/2—inch 1.D. ring sampler s '
I 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic eptember 2009 04-167
o THOMAS, DEAN & HOSKINS, INC. i
* No 3Qmp|e recovery m&q;}-gm@u@%%l’mﬁﬁl&gﬁCONSULTANTS o gll‘?gerte N02 OfBj
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BORING O9PA-3, ELEVATION 4370.8 FT, ROCK CORE RUNS 1 & 2
CORE RUN 1: DEPTH=20.0" TO 25.0', RQD=0.28, RECOVERY=84%
CORE RUN 2: DEPTH=25.0" TO 30.0', RQD=0.26, RECOVERY=90%

FIGURE B4

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-3
CORE RUNS 1 & 2

TD&I{;‘E,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL
SPOKANE
LEWISTON

MONTANA
WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE: SEPTEMBER 2009

DESIGNED BY:

CRN

JOB NO. 04-167

QUALITY CHECK:

CAD NO. 04167-B03-3.DWG

SHEET 3 of 4
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BORING O9PA-3, ELEVATION 4370.8 FT, ROCK CORE RUN 3
CORE RUN 3: DEPTH=30.0" TO 35.0', RQD=0.78, RECOVERY=100%

FIGURE B4

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-3
CORE RUN 3

TD&IQ;‘%,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL
SPOKANE
LEWISTON

MONTANA
WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE: SEPTEMBER 2009

DESIGNED BY:

CRN

JOB NO. 04-167

QUALITY CHECK:

CAD NO. 04167-B03-4.DWG

SHEET 4 of 4
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PENETRATION RESISTANCE/MOISTURE CONTENT
A =BLOWS PER FOOT

SURFACE: Native Grasses
SURFACE ELEVATION: 4308.30
SOIL DESCRIPTION

Sandy LEAN CLAY, very stiff, brown, dry to
slightly moist, minor oxidation.

® =MOISTURE CONTENT
|0 10 20 30 40 _ 50

DEPTH
GROUND
WATER
SAMPLE

ol peEPTH

e
6.5 ' N

Clayey GRAVEL with Sand, very dense to hard, AN
light brown, dry to moist. N

L.....] SANDSTONE, hard, light grayish brown to gray, dry
------- to slightly moist, weathered, highly fractured zones I ®
[T 7 ]with clay in fractures

{ Rock Core Run #1

- 1Depth: 20.0" to 25.0°
L.....]Coring Rate: 1.67 min/ft.
- - --{Recovery: 60%

[ "1RrRQD: 0.20 20|
-.-1 Rock Core Run #2

"*1Depth: 25.0" to 27.0
.-JCoring Rate:  2.32 min/ft.
-*1Recovery: 93%

" 1 RrRaQD: 0.63

--{ Rock Core Run #3

" 1Depth: 27.0° to 29.0°
------- Coring Rate:  2.75 min/ft.
(""" "1Recovery: 85%

-.1rap: 0.63
4{ Rock Core Run #4

-+ { Depth: 29.0' to 30.0’ A 4

L-...-{Coring Rate:  3.07 min/ft.

" ""1Recovery: 100%

L.....]RQD: 0.46

L. ... 1 Rock Core Run #5

1Depth: 30.0" to 35.0°

.-{Coring Rate: 1.84 min/ft.
1Recovery: 100%

1RraD: 0.90 35.0

Bottom of Soil Boring: 35.0 feet

\
_———r—TT7"

50/0.5'

40|
LEGEND 0 10 20 30 40 50|

Note: The stratification lines represent approximate boundaries between
SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.

Field Moisture content — Plastic Limit . .
Groundwater Level i ntent Log Of SOII Borlng 09PA-4
Grab/composite sample \m St Mary River Siphon Crossing-Proposed Alignment
1-3/8—inch I.D. split spoon <> St Mary Rehabilitation Project

2=1/2=inch 1.0. split spoon Plastic Index North of Babb, Montana

2—.1/2—inch I:D. ring sampler . August 2009 04-167
3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic

THOMAS, DEAN & HOSKINS, INC.| Fiqure No. B5
No sample recovery TD&]E};;)' gm@m‘ﬂ%{,‘}‘&%éﬁéﬁ consuLants wSRE Sl‘?eet 1 of 4
it i)

s EHEEHHE e >
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S | SURFACE: Native Grasses Y E = [PENETRATION. RESISTANCE/MOISTURE. CONTENT
% O | SURFACE ELEVATION: 4308.30 & 8 = % & A =BLOWS PER FOOT
g3 : w 2L ui ® =MOISTURE CONTENT
O SOIL DESCRIPTION ° 53 o D_|o 10 20 30 40 50|
40!
Logged by: Craig R. Nadeau, E.I. (08/30/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
50|
Installed Dual Purpose Slope Inclinometer
— Top of Casing Elevation: 4311.00
— Overall length: 57.7 feet
Construction:
—2.75=inch 1.D., ABS plastic inclinometer casing
—Screened interval: 35.0" to 25.0° BGS 60|
—10—20 Sand Pack 35.0" to 20.0° BGS
—Bentonite Seal 20.0° to 19.0" BGS
—Cement/lime/bentonite grout 19.0° to 1.0 BGS
—Steel protective casing monument set in
concrete
70}
§OI() 10 20 30 40 50|
5
—LEGEND Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot ﬂELbim_lelﬁ soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-4
Ie Grab/composite sample \w St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8~inch 1D. spiit spoon < > St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
%[]@IR i—j/i—:’;:ht;‘.& finl? dsamplerl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic 0 S, & HOS, S, INC. n
* No sample recovery TD&IE;s';N?Egﬁﬂ:g;@gmgunﬂﬁ w;;&éﬁ glﬁgerte N02 ofBg
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BORING O9PA—4, ELEVATION 4308.3 FT, ROCK CORE RUNS 1-4

CORE RUN 1: DEPTH=20.0" TO 25.0', RQD=0.20, RECOVERY=60%
CORE RUN 2: DEPTH=25.0" TO 27.0', RQD=0.63, RECOVERY=93%
CORE RUN 3: DEPTH=27.0" TO 29.0', RQD=0.63, RECOVERY=85%
CORE RUN 4: DEPTH=29.0" TO 30.0’, RQD=0.46, RECOVERY=100%

FIGURE B5

NORTH OF BABB, MONTANA ¥ gggﬁ;NFEALLS—EOZEMAN—KAUSPELL
| LEWISTON

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT |-y &B&E\ THOMAS, DEAN & HOSKINS, INC.

& ENGINEERING CONSULTANTS

MONTANA
WASHINGTON
IDAHO

PHOTO OF SOIL BORING 09PA-4 DRAWN BY: RLR DATE:  AUGUST 2009

CORE RUNS 1-4 DESIGNED BY: CRN JOB NO. 04-167

QUALITY CHECK: CAD NO. 04167-B04-3.DWG

SHEET 3 of 4
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BORING O9PA—4, ELEVATION 4308.3 FT, ROCK CORE RUN 5
CORE RUN 5: DEPTH=30.0" TO 35.0', RQD=0.90, RECOVERY=100%

FIGURE B5

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-4
CORE RUN §

TD&IQ;‘%,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE:

AUGUST 2009

DESIGNED BY:

CRN

JOB NO.

04-167

SHEET 4 of 4

QUALITY CHECK:

CAD NO. 04167-B04-4 .DWG
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FIGURE B5


S | suRFACE: Native Grasses and Shrubs z Saly = |PENETRATION RESISTANCE/MOISTURE CONTENT
< O | SURFACE ELEVATION: 4286.85 5 ok % i : ;SB%NT%RFEERCOF,%%LT
© SOIL DESCRIPTION o 535 D_|o 10 20 30 40 50|
< < Clayey SAND, loose to medium dense, brown, ol
>> moist, occasional gravel.
: > :>': I A e
e [ 70 Rea
~ & o| Poorly—Graded GRAVEL with Sand, very dense to Sl
oo © . . N
~ o g hard, tan, slightly moist. S
a3 e RS
SRS 10| AN
] OD ~ SN
ERSNS 11.5 I ° Y
{ SANDSTONE, very dense to hard, tan to blueish v
"1gray, slightly moist, weathered, highly fractured 12.5
...] zones.
---4 Rock Core Run #1
[.....]Depth: 14.5" to 19.5
{Coring Rate:  2.49 min/ft.
(" ""1Recovery: 85%
.-{ RQD: 0.23
-1 Rock Core Run #2
.. ...]Depth: 19.5" to 24.5
------1Coring Rate: 2.43 min/ft. 20|
[ 1Recovery: 96%
......1 RQD: 0.32
("' "] Rock Core Run #3 Rock Core Run #4
......]Depth: 24.5" to 29.5'Depth: 29.5" t¢ 34.5
---71Coring Rate:  2.10 min/ft. Coring Rate:  2.22 m|n/ft.
......]Recovery: 84% Recovery: 90%
------{ RQD: 0.41 RQD: 0.34
" 26.5
SHALE, hard, dark gray, slightly moist, fractured.
[ 30.3 30}
"1 SANDSTONE, hard, gray, slightly moist, fractured.
32.8
— | SHALE, hard, dark gray, slightly moist, fractured.
— 34.5
Bottom of Soil Boring: 34.5 feet
40'0 10 20 30 40 50|
5
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-5
Ie Grab/composite sample \W St Mary River Siphon Crossing-Proposed Alignment
L 1-3/8-inch 1D. split spoon : St Mary Rehabilitation Project
%I]IR 2-1/2-inch LD. spiit spoon Flostic Index North of Babb, Montana
I 2_1 /i—;r;:hﬂl{.D- rm|<|; dsamplerl GNP = Granul d Nonplasti August 2009 04-167
iy —Iinc D. In—wallea sampler = ranular an onplastic n
* No sample recovery TD&IE};} ;gﬁgg‘:‘}‘g‘;ﬁ; E&OE{S?LSTE:I:SS;;;E:% gll‘?gerte N01 OfBg
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9 [ 'surrace: Native Grasses and Shrubs = Zgly  z[PENETRATION RESISTANCE/MOISTURE CONTENT
< O | SURFACE ELEVATION: 4286.85 5 ok = i ® —MOISTURE CONTENT
© SOIL DESCRIPTION o 535 D_|o 10 20 30 40 50|
40!
Logged by: Craig R. Nadeau, E.I. (08/31/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
50|
Installed Nested Wells
— Top of Casing Elevation: 4288.74
— Overall length: 33.1 feet
Construction:
—1)4—inch and 1—inch PVC plastic pipe
—Screened interval (1)4—inch PVC): 32.0° to 60|
22.0° BGS
—10—20 Sand Pack 32.0° to 14.5" BGS
—Bentonite Seal 14.5’ to 11.67" BGS
—Screened interval (1—inch PVC): 11.5" to 6.5
BGS
—Gravel backfill 11.67° to 5.0° BGS
—Bentonite Seal 5.0" to 3.0° BGS
—Steel protective casing monument set in
concrete
70}
§OI() 10 20 30 40 50|
5
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-5
Ie Grab/composite sample \w St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8-inch 1D. split spoon St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
%R ;-j/i-lir;:ht;:D- finl? dsamplerl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic n
* No sample recovery TD&IE;}- ;gﬁgg‘:wg;ﬁ; E&ONHSEJ)LSTE:I:SS;:“T‘;E:% gll‘?gerte N02 OfB‘61
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BORING O9PA-5, ELEVATION 4286.9 FT, ROCK CORE RUNS 1
CORE RUN 1: DEPTH=14.5" TO 19.5’, RQD=0.23, RECOVERY=85%
CORE RUN 2: DEPTH=19.5" TO 24.5', RQD=0.32, RECOVERY=96%

& 2

FIGURE B6

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-5
CORE RUNS 1 & 2

TD&I{;‘E,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE:

AUGUST 2009

DESIGNED BY:

CRN

JOB NO.

04-167

SHEET 3 of 4

QUALITY CHECK:

CAD NO. 04167-B05-3.DWG
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BORING O9PA-5, ELEVATION 4286.9 FT, ROCK CORE RUNS 1
CORE RUN 3: DEPTH=24.5" TO 29.5', RQD=0.41, RECOVERY=84%
CORE RUN 4: DEPTH=29.5" TO 34.5', RQD=0.34, RECOVERY=90%

& 2

FIGURE B6

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-5
CORE RUNS 3 & 4

TD&I{;‘E,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE:

AUGUST 2009

DESIGNED BY:

CRN

JOB NO.

04-167

SHEET 4 of 4

QUALITY CHECK:

CAD NO. 04167-B05-4.DWG
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Lf) SURFACE: Native Grasses, Shrubs and Trees r S o 4 = [PENETRATION RESISTANCE/MOISTURE CONTENT
% 8 SURFACE ELEVATION: 4284.09 B 3g% B A ZBLOWS PER FOO0T
<9 : . i 2<|2 ] ® =MOISTURE CONTENT
o SOIL DESCRIPTION e 53| D|() 10 20 30 40 50
> fa Poorly—Graded GRAVEL with Sand, very dense to ol
> 9 5|hard, brown, moist to wet, cobbles and boulders
~ o 9 present.
a o
o o
o g
QD & o
Q Cj o
o o G
o3 2 I ®
S v | 54
s 6.5 !
lod ) 78;0 | I
— SHALE, hard, grayish brown, slightly moist to dry, :
weathered. I
10| :
L e 50/0.2' 4
| [
|
IR |
| [
[
] [
— -+ ® 50/0.45%
l
[
| [
] i
- )
Rock Core Run #1 20 o 50/0.3"
—— | Depth: 20.0" to 25.0'
— | Coring Rate:  2.47 min/ft.
Recovery: 88%
— | RQD: 0.67
Rock Core Run #2
—— | Depth: 25.0" to 30.0°
— ] Coring Rate: 1.80 min/ft.
— | Recovery: 100%
___ | RQD: 0.48
. : 30.0 30|
Bottom of Soil Boring: 30.0 feet
40'0 10 20 30 40 50
5
m Note: Thg stratification lines repl_'esent approximate boundurie_s_ between
A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.
e Field Moisture content — Plastic limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-6
Ie Grab/composite sample \w St Mary River Siphon Crossing-Proposed Alignment
I 1-3/8—inch 1.D. split spoon St Mary Rehabilitation Project
%R 2-1/2=inch . spit spoon Plostic Index North of Babb, Montana
Ik ;-f/i-:f;:ht;:& f'nI? dSGmP'efl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. n
* No sample recovery TD&IE;%’gm@s@%%w&%égﬁCONSULTANTS e glﬁgerte N01 ofB:YJ)
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SURFACE: Native Grasses, Shrubs and Trees

PENETRATION RESISTANCE,/MOISTURE CONTENT

z o z 2glf L
< O | SURFACE ELEVATION: 4284.09 5 3g|S i ® UOSTURE CONTENT
O SOIL DESCRIPTION o 533 D_|o 10 20 30 40 50|
40!
Logged by: Craig R. Nadeau, E.I. (08/29-30/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
50|
Installed Nested Monitoring Wells
— Top of Casing Elevation: 4285.73
— Overall length: 30.4 feet
Construction:
—1)4—inch and 1—inch I.D. PVC plastic pipe
—Screened interval (1)4—inch PVC): 30.0° to 60|
22.0° BGS
—10—-20 Sand Pack 30.0° to 18.5" BGS
—Bentonite Seal 18.5" to 17.0° BGS
—Screened interval (1—inch PVC): 16.5" to 11.5
BGS
—10-20 Sand Pack 17.0" to 10.0° BGS
—Bentonite Seal 10.0° to 8.5 BGS
—Screened interval (1—inch PVC): 8.4" to 3.4’
BGS
—10-20 Sand Pack 8.5  to 3.3° BGS
—Bentonite Seal 3.3" to 3.0° BGS
—Steel protective casing monument set in 7ol
concrete
§OI() 10 20 30 40 50|
5
m Note: The stratification lines represent approximate boundaries between
A SPT blows per foot ﬂELbim_lelﬁ soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-6
Ie Grab/composite sample \w St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8-inch 1D. split spoon St Mary Rehabilitation Project
%I]IR 2-1/2-inch LD. spiit spoon Flostic Index North of Babb, Montana
I ;-j/i-:r;:ht;:& fml? dsamplerl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic "
* No sample recovery TD&IE};}';;g:gg?ﬁ:‘}'g;f&gE&Oggﬁli'{'ljss;;%;ﬁ glﬁgerte N02 ofB:7>,
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BORING O9PA—-6, ELEVATION 4284.1 FT, ROCK CORE RUNS 1 & 2
CORE RUN 1: DEPTH=20.0" TO 25.0', RQD=0.67, RECOVERY=88%
CORE RUN 2: DEPTH=25.0" TO 30.0', RQD=0.48, RECOVERY=100%

FIGURE B/

NORTH OF BABB, MONTANA

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT TD&I}&EN

§

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL
SPOKANE
LEWISTON

MONTANA
WASHINGTON
IDAHO

PHOTO OF SOIL BORING 09PA-6 DRAWN BY:

RLR

DATE: AUGUST 2009

CORERUNS 1 &2 DESIGNED BY:

CRN

JOB NO. 04-167

QUALITY CHECK:

CAD NO. 04167-B06-3.DWG

SHEET 3 of 3
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SURFACE: Native Grasses and Shrubs
SURFACE ELEVATION: 4324.52
SOIL DESCRIPTION

DEPTH

GROUND

WATER
SAMPLE

PENETRATION RE
A

®

(0] 10

SISTANCE/MOISTURE CONTENT

=BLOWS PER FOOT
=MOISTURE CONTENT
20 30 40

50

LEAN CLAY, stiff, light brown, moist, minor sand
and gravel, trace organics.

2.0 to 3.0 tsf.

du

pockets from 10.0° to 11.5
2.0 tsf.

—Large sand
a, 0.5 to

0.5 to 1.5 tsf.

du

0.5 to 2.0 tsf.

du

1.0 to 1.5 tsf.

du

25.5

ol peEPTH

e ———
——

e

‘| Clayey SAND
‘1 grayish tan, moist.

> Clayey GRAVEL with Sand, very dense to hard,
“| brown, slightly moist.

o| —core boulder at 35.5°

with Gravel, medium dense to dense,

SHALE, hard, grayish brown, slightly moist, highly

| 27.0 |

38.0

50/0.3'

weathered and fractured. (decreases with depth).

Continued to Next Page

40|

LEGEND

SPT blows per foot

Field Moisture content

Atterberg_Limits
Slastic. Lim

i ntent
2D

Plastic Index

Groundwater Level

Grab/composite sample
1-3/8—inch 1.D. split spoon
2—1/2—inch ID. split spoon
2—1/2—inch 1.D. ring sampler
3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic

No sample recovery

0 10

Note: The stratification lines represent
soil types. Actual boundaries m

20

30 40

approximate boundaries between
ay be gradual or transitional.

50)

o iy

Log of Soil Boring 09PA-7

St Mary Rehab

St Mary River Siphon Crossing-Proposed Alignment

ilitation Project

North of Babb, Montana

August 2009

04-167

TD&H),

GREAT FALLS~BOZEMAN—KALISPELL
SPOKANE
CEWISTON

THOMAS, DEAN & HOSKINS,
ENGINEERING CONSULTANTS

INC) Figure No. B8
wig8 Sheet 1 of 4
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£ o | SURFACE: Native Grasses and Shrubs r Z2gly | PENETRATION fE§'§EéngQ"R0'§CT)gTRE CONTENT
%9 SURFACE ELEVATION: 4324.52 i 3 2= i ® ;MOISTURE CONTENT
% SOIL DESCRIPTION o 533 °lo 10 20 30 40 50
\ 4 40 i 0/0.45'
- 40.8 00
——1 Rock Core Run #1
Depth: 45.0" to 50.0°
— Coring Rate:  2.71 min/ft.
Recovery: 95%
— RQD: 0.37
Rock Core Run #2
— | Depth: 50.0" to 55.0°
Coring Rate:  2.45 min/ft.
Recovery: 100%
RQD: 0.59
| + 50|
Logged by: Craig R. Nadeau, E.I. (08/28-29/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
55.0
Bottom of Soil Boring: 55.0 feet
Installed Dual Purpose Slope inclinometer
— Top of Casing Elevation: 4326.46
— Overall length: 54.6 feet
Construction: 60|
—2.75—=inch 1.D. ABS plastic inclinometer casing
—Screened interval: 55.0° to 45.0° BGS
—10—20 Sand Pack 55.0° to 41.6" BGS
—Bentonite Seal 41.6" to 38.0° BGS
—Cement/lime/bentonite grout 38.0° to 1.0" BGS
—Steel protective casing monument set in
concrete
Installed Secondary Monitoring Well (separate
fast—augered boring)
— Top of Casing Elevation: 4326.58 70|
— Overall length: 41.4 feet
Construction:
—1—=inch I.D. PVC plastic pipe
—Screened interval: 40.0° to 35.0° BGS
—10—20 Sand Pack 40.0° to 32.3° BGS
—Bentonite Seal 32.3" to 30.7" BGS
—Auger cuttings 30.7° to 1.0° BGS
—Steel protective casing monument set in
concrete
§0I0 10 20 30 40 50|
5
m Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-7
Ie Grab/composite sample \m St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8-inch 1D. split spoon St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
%[]@IR ;-f/i-lir;:ht;:& rin;la dsamplerl GNP = Granul d Nonplasti August 2009 04-167
iy —Iinc D. In—wallea sampler = ranular an onplastic n
* No sample recovery TD&IE?};;Egg&g&@gﬁ%ﬁ?ﬂﬁﬂfﬁéﬁ glﬁgerte N02 ofBi
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BORING O9PA-7/, ELEVATION 4324.5 FT, ROCK CORE RUN 1
CORE MISC. BOULDERS 35.0" TO 40.0°
CORE RUN 1: DEPTH=45.0" TO 50.0', RQD=0.37, RECOVERY=95%

FIGURE B8

NORTH OF BABB, MONTANA 1 ENGINEERING CONSULTANTS

8| |GREAT FALLS—BOZEMAN—KALISPELL MONTANA

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT |-y &B&E\ THOMAS, DEAN & HOSKINS, INC.

SPOKANE WASHINGTON
v LEWISTON IDAHO

PHOTO OF SOIL BORING 09PA-7 oRATN BY.
CORE RUN 1 SHEET 3 of 4

QUALITY CHECK: CAD NO. 04167-B07-3.DWG
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BORING O9PA-7, ELEVATION 4324.5 FT, ROCK CORE RUN 2
CORE RUN 2: DEPTH=50.0" TO 55.0’, RQD=0.59, RECOVERY=100%

FIGURE B8

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-7
CORE RUN 2

TD&IQ;‘%,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE:

AUGUST 2009

DESIGNED BY:

CRN

JOB NO.

04-167

SHEET 4 of 4

QUALITY CHECK:

CAD NO. 04167-B07-4.DWG
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SURFACE: Native Grasses and Shrubs z g & § T PENETRATION fE§|§Iéngp/éAROI|§g)g$E CONTENT
SURFACE ELEVATION: 4362.37 & 3k = % ® —MOISTURE CONTENT
SOIL DESCRIPTION o 3|5 D_|o 10 20 30 40 50|
FAT CLAY, stiff, brown, moist, laminated, trace ol
gravel.
| Frre
T
1
l
—gravel pocket from 8.0" to 8.5 !
l
10; :
q, = 1.0 to 2.0 tsf. I i ()
1
1
1
I
:
1
1
q, = 1.0 to 2.0 tsf. I A ®
\
77777777777777777777 | 18.0 | v
Sandy LEAN CLAY, very stiff, brown, moist, trace \
gravel, contains pockets of gypsum crystals. ¥
0}
\
T ‘\_
\
1.5 to 2.0 tsf. 2 |
- 1
1
. ”
1.25 to 2.25 tsf. A
1 P
77777777777777777777 | 28.0 | /
CLAY, firm to very stiff, grayish brown, very I
, thinly laminated, trace gravel. /
30| 1
/ ®
0.5 to 1.5 tsf. I A
\\
\
\
\
\
\
\
\
AY
2.5 tsf I —a
\\
\\
777777777777777777 J
Poorly—Graded GRAVEL with Sand, hard, tan, moi:‘R SN
to wet, cobbles and boulders. | 38.0 | \\\
Continued to Next Page 40| e
0 10 20 30 40 50|
LEGEND Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
e Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-8
Ie Grab/composite sample \W St Mary River Siphon Crossing-Proposed Alignment
L 1-3/8~inch 1.D. split spoon St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
%R ;—f/i—lir;:ht;:D- finl? dsamplerl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. n
© No sample recovery TD&H) | iy o Figure No. B9
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PENETRATION RESISTANCE/MOISTURE CONTENT

g o | SURFACE: Native Grasses and Shrubs z S § z A Calows beR oot
%9 SURFACE ELEVATION: 4362.37 i 3 g 2 i ® ;MOISTURE CONTENT
O SOIL DESCRIPTION o 535 D_|o 10 20 30 40 50
o OO c';j 40' @ \\\
NS
o g o| —core boulder at 41.5 e 53
Q A
oo g |
N & o I
o O © I
o o Y
o2 2 LS :
%Qaa v a |
ER 457
o | | 47.0 | o 8r :
SHALE, hard, grayish black, moist, weathered near !
top and decreasing with depth. :
[
+ 50| M-
Rock Core Run #1 - i 00/0.25
Depth: 50.0" to 55.0°
L |Coring Rate:  2.21 min/ft.
Recovery: 80%
- | RQD: 0.15
—1 Rock Core Run #2
Depth: 55.0" to 60.0°
Coring Rate:  2.36 min/ft.
Recovery: 100%
RQD: 0.15
60.0 60|

Bottom of Soil Boring: 60.0 feet

Logged by: Craig R. Nadeau, E.I. (08/27-28/09)

Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.

Installed Dual Purpose Slope Inclinometer
— Top of Casing Elevation: 4364.20
— Overall length: 60.9 feet

Construction:
—2.75—=inch 1.D., ABS plastic inclinometer casing 70
—Screened interval: 60.0" to 50.0° BGS
—10—20 Sand Pack 60.0° to 49.0° BGS
—Bentonite Seal 49.0° to 47.5" BGS
—Cement/lime/bentonite grout 47.5" to 1.0 BGS
—Steel protective casing monument set in

concrete
80|
LEGEND 0 10 20 30 40 50|
=== = Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content ~ Plastic limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-8
Ie Grab/composite sample \m St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8=inch 1.D. split spoon <> St Mary Rehabilitation Project
_ i B Plastic Index
%I]IR 2-1/2~inch |.D. split spoon ' North of Babb, Montana
2—1/2—inch |D. ri |
I 3 '/h Ich thi rml? dsamp e: GNP G | d Nonplasti AUQUSt 2009 04-167
i —inch I.D. thin—walled sampler = Granular an onplastic n
. Tnscl@; THON s comscnne” | Figure No. B9

No sample recovery

GREAT FALLS—BOZEMAN—KALISPELL NONTANA Sh t 2 f 5
SPORANE WASHINGTON
ey ki ohee o
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Groundwater Level i ntent
Grab/composite sample ‘w
1-3/8—inch 1.D. split spoon < >

2-1/2—inch 1.D. split spoon Plastic Index

2—1/2—inch 1.D. ring sampler

3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic

s EHEEHHE e >

No sample recovery

O T SURFACE: Native Grasses and Shrubs z 2g[y  z[PENETRATION RESISTANCE/MOISTURE CONTENT
< O | SURFACE ELEVATION: 4362.37 5 ok = i ® —MOISTURE CONTENT
O SOIL DESCRIPTION o 535 “lo 10 20 30 40 50|
80| -
Installed Secondary Monitoring Well (separate
fast—augering boring)
— Top of Casing Elevation: 4363.14
— Overall length: 49.9 feet
Construction:
—1)—inch L.D. PVC plastic pipe
—Screened interval: 48.0° to 43.0° BGS
—10—20 Sand Pack 48.0° to 38.0° BGS
—Bentonite Seal 38.0° to 36.0° BGS
—Auger cuttings 36.0" to 2.0" BGS 90|
—Steel protective casing monument set in
concrete
100
110)
120 50|
0 10 20 30 40 5
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
Field Moisture content ~ Plastic Limit

Log of Soil Boring 09PA-8
St Mary River Siphon Crossing-Proposed Alignment
St Mary Rehabilitation Project
North of Babb, Montana
August 2009 04-167

THOMAS, DEAN & HOSKINS, INC. i
TD&H | i o | Figure No. B9
Rt w5 Sheet 3 of 5
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BORING O9PA-8, ELEVATION 4362.4 FT, ROCK CORE RUN 1
CORE MISC. BOULDERS 41.5" TO 45.0°
CORE RUN 1: DEPTH=50.0" TO 55.0', RQD=0.15, RECOVERY=80%

FIGURE B9

NORTH OF BABB, MONTANA 1 ENGINEERING CONSULTANTS

8| |GREAT FALLS—BOZEMAN—KALISPELL MONTANA

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT |-y &B&E\ THOMAS, DEAN & HOSKINS, INC.

SPOKANE WASHINGTON
v LEWISTON IDAHO

PHOTO OF SOIL BORING 09PA-8 oRATN BY.
CORE RUN 1 SHEET 4 of 5

QUALITY CHECK: CAD NO. 04167-B08-4.DWG
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FIGURE B9


BORING O9PA-8, ELEVATION 4362.4 FT, ROCK CORE RUN 2
CORE RUN 2: DEPTH=55.0" TO 60.0’, RQD=0.15, RECOVERY=100%

FIGURE B9

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT
NORTH OF BABB, MONTANA

PHOTO OF SOIL BORING 09PA-8
CORE RUN 2

TD&IQ;‘%,

THOMAS, DEAN & HOSKINS, INC.
ERING CONSULTANTS

GREAT FALLS—BOZEMAN—KALISPELL MONTANA

SPOKANE
LEWISTON

WASHINGTON
IDAHO

DRAWN BY:

RLR

DATE:

AUGUST 2009

DESIGNED BY:

CRN

JOB NO.

04-167

SHEET 5 of 5

QUALITY CHECK:

CAD NO. 04167-B08-5.DWG
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FIGURE B9


Lf) o | SURFACE: Native Grasses and Shrubs z g & § T PENETRATION fE§|§Iéngp/éAROI|§g)g$E CONTENT
%9 SURFACE ELEVATION: 4396.50 & 3% = & @ —MOISTURE CONTENT
© SOIL DESCRIPTION o 3|5 D_|o 10 20 30 40 50|
>> FAT CLAY, stiff, brown, moist, mottled, trace ol
SS gravel.
SS q, = 1.5 tsf. I A i
S |
i
» |
i
i
S '
10| 1 e
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g, = 1.0 to 2.0 tsf. I A
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22.8 \\\
hY
SS
/Ay = 2.5 tsf. 25.5 I IREEL \‘\
g>fa>g Clayey GRAVEL with Sand, very dense to hard, \
°/~/9 light brown, moist. 1A
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D<i<a —core boulders below 31.0 feet
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O(Q’ZS Continued to Next Page 40|
0 10 20 30 40 50|
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
e Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-9
Ie Grab/composite sample \W St Mary River Siphon Crossing-Proposed Alignment
L 1-3/8~inch 1.D. split spoon St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
% ;-f/i-lif;:ht;:& finI<I3 dSGmP'efl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic "
* No sample recovery TD&IE;)';;?Eggﬁ:g;f&g&ggﬁﬂﬁsig;ﬁ glﬁgerte N01' oBf1g
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O T SURFACE: Native Grasses and Shrubs z 2g[y  z[PENETRATION RESISTANCE/MOISTURE CONTENT
< O | SURFACE ELEVATION: 4396.50 5 ok = i ® —MOISTURE CONTENT
O SOIL DESCRIPTION o 535 D_|o 10 20 30 40 50|
EEE | 41.0 | 40|
— | SHALE, hard, gray, slightly moist, highly fractured
and cemented with clay, fracturing decreases with
— | depth.
Rock Core Run #1
Depth: 45.0" to 50.0°
—1Coring Rate:  2.75 min/ft.
| |Recovery: 74%
RQD: 0.13
Rock Core Run #2
| | Depth: 50.0" to 55.0°
Coring Rate:  2.51 min/ft. 50|
—— | Recovery: 100%
RQD: 0.55
— | Rock Core Run #3
— | Depth: 55.0" to 60.0°
Coring Rate:  2.45 min/ft.
— Recovery: 94%
RQD: 0.37
60.0 g0l
Bottom of Soil Boring: 60.0 feet
Logged by: Craig R. Nadeau, E.I. (08/26-27/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
Installed Dual Purpose Slope Inclinometer
— Top of Casing Elevation: 4398.14
— Overall length: 56.8 feet
Construction:
—2.75—=inch 1.D., ABS plastic inclinometer casing 70
—Screened interval: 55.5" to 45.5" BGS
—10—20 Sand Pack 55.5" to 44.0° BGS
—Bentonite Seal 44.0° to 43.0° BGS
—Cement/lime/bentonite grout 43.0° to 1.0" BGS
—Steel protective casing monument set in
concrete
§OI() 10 20 30 40 50|
5
m Note: The stratification lines represent approximate boundaries between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-9
Ie Grab/composite sample \w St Mary River Siphon Crossing-Propsed Alignment
L 1-3/8-inch 1D. split spoon St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
Ik 2—1/2—inch 1.D. ring sampler August 2009 ' 04-167
I 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic THOMAS. DEAN & HOSKINS. INC. n
* No sample recovery TD&IE;}'%%g%u‘i%ﬁl:‘ﬁ%é&ﬁCONSULTANTS @éﬁﬁ glﬁgerte N02 oBf1(€))
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S [ SURFACE: Notive Grasses and Shrubs z Qglu c[PENETRATION RESISTANCE/MOISTURE CONTENT
%9 SURFACE ELEVATION: 4396.50 5 oK%= i @ —MOISTURE CONTENT
O SOIL DESCRIPTION o 533 “lo 10 20 30 40 50|
80| N
Installed Secondary Monitoring Well (separate
fast—augered boring)
— Top of Casing Elevation: 4398.75
— Overall length: 445 feet
Construction:
—1)—inch L.D. PVC plastic pipe
—Screened interval: 43.0° to 33.0° BGS
—10—20 Sand Pack 43.0° to 26.0° BGS
—Bentonite Seal 26.0" to 22.0° BGS
—Auger cuttings 22.0" to 2.0" BGS 90|
—Steel protective casing monument set in
concrete
100j
110}
120

LEGEND
A SPT blows per foot Atterberg Limits
® Field Moisture content ~ Plastic Limit
v Groundwater Level i ntent
Is Grab/composite sample ‘w
I 1-3/8—inch 1.D. split spoon
I 2—1/2—inch 1.D. split spoon Plastic Index
Ik 2—1/2—inch 1.D. ring sampler
I 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic
*

No sample recovery

1] 10 20 30 40 50|

Note: The stratification lines represent approximate boundaries between
soil types. Actual boundaries may be gradual or transitional.

Log of Soil Boring 09PA-9
St Mary River Siphon Crossing-Proposed Alignment
St Mary Rehabilitation Project
North of Babb, Montana
August 2009 04-167

THOMAS, DEAN & HOSKINS, INC. i
TD&H e covoron | Figure No, - B10
Rt «l Sheet 3 of 5



CRN
Typewriter
B10


BORING O09PA-9, ELEVATION 4396.5 FT, ROCK CORE RUN 1
CORE MISC. BOULDERS 31.0" TO 42.5
CORE RUN 1: DEPTH=45.0" TO 50.0', RQD=0.13, RECOVERY=74%

FIGURE B10

NORTH OF BABB, MONTANA 1 ENGINEERING CONSULTANTS

8| |GREAT FALLS—BOZEMAN—KALISPELL MONTANA

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT |-y &B&E\ THOMAS, DEAN & HOSKINS, INC.

SPOKANE WASHINGTON
v LEWISTON IDAHO

PHOTO OF SOIL BORING 09PA-9 oRATN BY.
CORE RUN 1 SHEET 4 of 5

QUALITY CHECK: CAD NO. 04167-B09-4.DWG
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BORING O9PA-9, ELEVATION 4396.5 FT, ROCK CORE RUNS 2 & 3
CORE RUN 2: DEPTH=50.0" TO 55.0', RQD=0.55, RECOVERY=100%
CORE RUN 3: DEPTH=55.0" TO 60.0', RQD=0.37, RECOVERY=94%

FIGURE B10

NORTH OF BABB, MONTANA 1 ENGINEERING CONSULTANTS

8| |GREAT FALLS—BOZEMAN—KALISPELL MONTANA

ST MARY RIVER SIPHON CROSSING-PROPOSED ALIGNMENT |-y &B&E\ THOMAS, DEAN & HOSKINS, INC.

SPOKANE WASHINGTON
v LEWISTON IDAHO

PHOTO OF SOIL BORING 09PA-9 DRAWN BY: RLR DATE:  AUGUST 2009
CORE RUNS 2 & 3 DESIGNED BY: CRN JOB NO. 04-167 SHEET 5 of 5

QUALITY CHECK: CAD NO. 04167-B09-5.DWG
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© | SURFACE: Native Grasses r 2o|y - |PENETRATION RESISTANCE,/MOISTURE CONTENT
z9 ) E SHlz 5 A =BLOWS PER FOOT
< O | SURFACE ELEVATION: 4416.42 b okl2 8 ® —MOISTURE CONTENT
© SOIL DESCRIPTION ° 53 o “lo 10 20 30 40 50
OO eat CLAY, stiff, brown, moist, trace organics, ol
thinly laminated, trace mottling.
e
q, = 2.5 to 3.0 tsf. A
':
,I
Il
v
9.5 10} T
1
!
l. L [
qu = 0.5 to 1.0 tsf. 1 4\ i * LL=527
\
15.5 T \ ®
FAT CLAY with Sand, stiff, brown, moist, trace 1 A ®
gravel. ||
1
\
1
20| ‘|
q, = 05 to 1.0 tsf. I L°
77777777777777777777 23.0 | IRENY
o Clayey GRAVEL with Sand, hard, brown, wet. RN
1 ¢ 501025 4
!
/
1
1
1
77777777777777777777 29.0 | Il
“..] Clayey SAND with Gravel, hard, brown, very moist 30| 1
C.{to wet. B
o, = 25 to 3.5 tsf. ° 4
‘\
\
\
7777777777777777777 34.0 | Ll
...]Interbedded SANDSTONE and SHALE, hard, tan and \
‘{dark gray, slightly moist. o 50/0-2'1
....... i
i
[
I
i
Continued to Next Page 40| _d'l
0 10 20 30 40 5
m Note: Thg stratification lines repl_'esent approximate boundurie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-10
Ie Grab/composite sample \w St Mary River Siphon Crossing-Proposed Alignment
L 1-3/8=inch 1.D. split spoon St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
%R ;—f/i—lir;:ht;:& finl? dsamplerl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. "
. No sample recovery TD&E;%—gmN?LSIE%%l&EEA%gECONSULTANTS " o gll‘?gerte NO1 oBf112
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|GRAPHIC
LOG

SURFACE: Native Grasses
SURFACE ELEVATION: 4416.42
SOIL DESCRIPTION

DEPTH

GROUND

PENETRATION RESISTANCE/MOISTURE CONTENT
A =BLOWS PER FOOT
® =MOISTURE CONTENT

(0] 10 20 30 40 50

WATER
SAMPLE
DEPTH

45.3 T °

H
B
[=]]

50/0.2'

50/0.3' A

Bottom of Soil Boring : 45.3 feet

Logged by:
Drilled by:

Craig R. Nadeau, E.I. (08/25-26/09)

BK-81 drill rig with 8-inch HSA.

Haztech Drilling using a truck-mounted

Installed Slope Inclinometer Casing
— Top of Casing Elevation:
— Overall length:

4418.44
47.0 feet

Construction:

—2.75=inch 1.D. ABS plastic inclinometer casing

—Cement/lime/bentonite annulus grout
—Steel protective casing monument set in
concrete

Installed Secondary Monitoring Well (separate
fast—augered boring)
— Top of Casing Elevation:
— Overall length:

4418.22
41.0 feet

Construction:
—1)4—inch I.D. PVC plastic pipe
—Screened interval: 40.0° to 30.0° BGS
—10-20 Sand Pack 40.0° to 15.0° BGS
—Bentonite Seal 15.0" to 9.0° BGS
—Auger cuttings 9.0" to 2.0’ BGS

—Steel protective casing monument set in
concrete

50)

60;

70j

80|

LEGEND
A SPT blows per foot Atterberg Limits
® Field Moisture content ~ Plastic Limit
v Groundwater Level i ntent
Is Grab/composite sample ‘m
I 1-3/8—inch I.D. split spoon
I 2—1/2—inch 1.D. split spoon Plastic Index
Ik 2—1/2—inch 1.D. ring sampler
I 3—inch I.D. thin—walled sampler GNP = Granular and Nonplastic
*

No sample recovery

0 10 20 30 40 50|

Note: The stratification lines represent approximate boundaries between
soil types. Actual boundaries may be gradual or transitional.

Log of Soil Boring 09PA-10
St Mary River Siphon Crossing-Propsed Alignment
St Mary Rehabilitation Project
North of Babb, Montana
August 2009 04-167

THOMAS, DEAN & HOSKINS, INC. Fl ure No B'] 1
TD&H) . iciriuns oo o Higure No BTY
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No sample recovery

Lf’ © SURFACE: Native Grasses z S i w T PENETRATION RESISTANCE/MOISTURE CONTENT
% O | SURFACE ELEVATION: 4450.72 & 8 g % & A =BLOWS PER FOOT
<9 : . w 2|2 i} ® =MOISTURE CONTENT
10} SOIL DESCRIPTION o 53| “lo 10 20 30 40 50|
SOl FLL: sandy LEAN CLAY, firm to very stiff, light o
- {brown to dark brownish gray, moist, trace gravel
> ->lincreasing with depth, trace organics.
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! ®
g, < 0.25 tsf. I A
\
‘\
\
\
35.3 Y
LEAN CLAY, stiff to hard, dark brown, moist to \
wet, thinly laminated. I \_ e
g, = 1.0 to 2.0 tsf. AN
\\\
\\\\\
Continued to Next Page v 40| oo
39.73 0 10 20 30 40 50
m Note: The_ stratification lines repl_'esent approximate boundarie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
e Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-11
Io Grab/composite sample ‘w St Mary River Siphon Crossing-Proposed Dam
L 1-3/8~inch 1.D. split spoon : St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
%[]%R j_j/i_linDChtI:"D. rinl? dsample: GNP G | d Nonplasti AUQUSt 2009 04-167
i —inch 1.D. thin—walled sampler = Granular and Nonplastic -
* TORT] e S | Flgure No. B12

SPOKANE
CEWISTON

wozsl Sheet 1 of 2
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o SURFACE: Native Grasses r 2oy 1 |PENETRATION RESISTANCE/MOISTURE CONTENT
T o ) = £ A =BLOWS PER FOOT
© SOIL DESCRIPTION o 535 “lo 10 20 30 40 50
af < )
<< q, > 4.5 tsf. L4° * 50/0.5"}I
1
SS |
|
l
SS :
fo———— 1
%S q, > 4.5 tsf. I 82/0.95"
SS /
!
1
1
1
SS ,
%g 50| /'l
q, = 3.0 to 4.5 tsf. I » 4
SS :
P | 53.0 | k|
—— SHALE, hard, dark grayish brown, moist, \
weathered. Y
— T ° 50/0.45'Y
|
| 1
1
] [
. |
[
— l
60.4 60| ° 50/0.4'
Bottom of Soil Boring : 60.4 feet
Logged by: Craig R. Nadeau, E.I. (08/24/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
—No Instrumentation Installed 70l
—Backfilled with bentonite slurry and capped with
bentonite chips.
§0I0 10 20 30 40 50|
5
m Note: Thg stratification lines repl_'esent approximate boundurie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-11
Io Grab/composite sample ‘m St Mary River Siphon Crossing-Propsed Dam
L 1-3/8-inch 1D. split spoon : St Mary Rehabilitation Project
%I]IR 2-1/2-inch LD. spiit spoon Flostic Index North of Babb, Montana
I j—f/i-:f;:hﬂ'{.& f'nl? dSGmP'efl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—walle sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. "
. No sample recovery TD&E;;%—%LSE%%{LH:EAEQQECONSULTANTS g gll‘?gerte NO2 oBf]_%
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S | SURFACE: Native Grasses r 2y = |PENETRATION ARE?IBSESVI\JgEQAROIECT)gTRE CONTENT
< O | SURFACE ELEVATION: 4410.75 5 ok = i ® —MOISTURE CONTENT
O SOIL DESCRIPTION o 535 “lo 10 20 30 40 50
g FAT CLAY, stiff, brown, moist, minor mottling ol
(increasing with depth), sand increasing with
S% depth.
v
4.1
e
S% q, = 1.0 to 2.0 tsf. I A
> '
1
I
1
5 ,
SS 10—
I
q, < 2.5 tsf. I 4 ®
> =
i
» '
!
D> i
|
S% q, = 0.0 to 2.0 tsf. I 7\ )
I
1
L | 18.0 | !
Poorly—Graded SAND, loose, brown, wet. :
i 1
L 20 i
ey | 235 | RN
—— SHALE, hard, dark gray, slightly moist. <
— 26.5 A
Bottorn of Soil Boring: 26.5 feet 741089
Logged by: Craig R. Nadeau, E.I. (08/24/09)
Drilled by: Haztech Drilling using a truck-mounted 30|
BK-81 drill rig with 8-inch HSA.
Installed Groundwater Monitoring Well
— Top of Casing Elevation: 4412.9
— Overall length: 26.5 feet
Construction:
—1J4—inch I.D. PVC plastic pipe
—Screened interval: 25.0" to 15.0° BGS
—10—20 Sand Pack 25.0° to 5.0° BGS
—Bentonite Seal 5.0" to 3.0’ BGS
—Steel protective casing monument set in
concrete 40|
0 10 20 30 40 50|
m Note: Thg stratification lines repl_'esent approximate boundurie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-12
Io Grab/composite sample ‘m St Mary River Siphon Crossing-Proposed Dam
L 1-3/8=inch 1.D. split spoon St Mary Rehabilitation Project
%I]IR 2-1/2-inch LD. spiit spoon Flostic Index North of Babb, Montana
I §_1 /i-;r;:ht;:D- rm;la dsamplerl GNP = Granul d Nonplasti August 2009 04-167
i —Iinc D. In—wallea sampler = ranular an onplastic n
* No sample recovery TD&]E};;)' ;;gg;&g;ﬁ; E&OE{S?LSTEE:SS:;‘;;% gll‘?gerte N01 OBf1%
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2 , | sUrRFACE: Cleared Pad - Disturbed Ground r 2oy T [PENETRATION. RESISTANCE/MOISTURE CONTENT
< O | SURFACE ELEVATION: 4440.26 5 3% % i @ CVOISTURE CONTENT
% SOIL DESCRIPTION o $3|5 °lo 10 20 30 40 50
SSS FAT CLAY with Sand, very stiff to hard, light ol
brown to tan, dry to slightly moist, visible salts
gg% and minor oxidation, thinly laminated.
> T
D |
\
\
> |
\
\
\
\
S \
\
5 il :
/
/
/
> ’
/
/
/
> 1
/
/
| H
5 :
> |
1
1
1
> |
1
SS 20| ‘|
® I ; |
I +
I
T
D2 .
1
> -'
I
1
SS v ° |
25.5 A
5 |
/
/
Vi
> '
/
7
S
L 31.4 I LT
SHALE, very stiff to hard, dark gray, slightly moist ey
to moist, weathered (decreasing with depth), S~
highly weathered zones throughout. ™S
\\\\
— e 644
[
i
I
Continued to Next Page 40| _ﬂll
0 10 20 30 40 5
m Note: Thg stratification lines repl_'esent approximate boundurie_s_ between
A SPT blows per foot A P— soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content ~ Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-13
Io Grab/composite sample ‘m St Mary River Siphon Crossing-Proposed Dam
I 1-3/8—inch 1.D. split spoon ‘ St Mary Rehabilitation Project
%R 2-1/2=inch . spit spoon Plostic Index North of Babb, Montana
Ik ;-f/i-:f;:ht;‘?- fml? dSGmP'efl GNP = Granul d Nonplasti August 2009 04-167
iy —Iinc D. In—wallea sampler = ranular an onplastic THOMAS, DEAN & HOSKINS, INC. .
* No sample recovery TD&]E;%-%Lsﬂgj{%@%ggcmsunmﬁ wiBgas glﬁgerte N01 oBf1g
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No sample recovery

g ., | surFACE: Cleared Pad — Disturbed Ground r 2oy T [PENETRATION. RESISTANCE/MOISTURE CONTENT
% O | SURFACE ELEVATION: 4440.26 & 8 g % & A =BLOWS PER FOOT
& S : . w 22 wi ® =MOISTURE CONTENT
® SOIL DESCRIPTION o 53| “lo 10 20 30 40 50
l45| e
91/0'75'1
|
|
[ |
|
F——— [
T ° 50/0.4' A
[
] |
| [
|
- 1
—— [
I
| 50| !
e
I 77 4
|
|
|
|
[
|
55.33 T | e 50/0.33'A
Bottom of Soil Boring : 55.33 feet
60|
Logged by: Craig R. Nadeau, E.I. (08/24-25/09)
Drilled by: Haztech Drilling using a truck-mounted
BK-81 drill rig with 8-inch HSA.
—No Instrumentation Installed 70l
—Boring backfilled with auger cuttings.
= 50|
0 10 20 30 40 5
m Note: Thg stratification lines repl_'esent approximate boundurie_s_ between
A SPT blows per foot A P soil types. Actual boundaries may be gradual or transitional.
® Field Moisture content . Plastic Limit . .
v Groundwater Level i ntent Log Of SOII Borlng 09PA-13
Io Grab/composite sample ‘m St Mary River Siphon Crossing-Propsed Dam
L 1-3/8-inch 1D. split spoon : St Mary Rehabilitation Project
I 2—1/2—inch 1.D. split spoon Plastic Index North of Babb. Montana
Ik 2—1/2—inch 1.D. ring sampler '
I 3—inch |.D. thin—walled sampler GNP = Granular and Nonplastic AUQUSt 2009 04-167
e THOMAS, DEAN & HOSKINS, INC.| Figure No. B14
. TD&H) e v Shaut

SPOKANE WASHINGTON
CEWISTON IDAHO|

2 of 2
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Particle Size Distribution Report

£ £ £s £S5 = o 2 gg3g g SE8§
© D N = = & NS * 3+ ¥ W R * H O K
100 \ 7T w~. \ \ \ L
| NN . | | i
90 N T T W v S I
| 1 | R | Ui i
80 | IR | | | | [l
| 1 | R | | | | N |
| 1 | R | \ | \ INING
70 1 At 1 1 1 1 —
. | 1 | R | | | | I ’[
] 60 | L | | | | |
% | 1 | R | | | | i
| 1 | R | | | | i
l_ | | Il | | | | | | | | | | | |
prd 50 \ 8 A \ \ \ \ 1
3 | 1 | R | | | | i
E 40 \ T \ \ \ \ L[
o \ 1 | A [ B | | | | i
| 1 | R | | | | i
30 i 8 L L i i i i 1
| 1 | R | | | | i
20 | 1 [ O | | | | [
| 1 | R | | | | i
| 1 | R | | | | i
10 \ T T 1 \ \ T T 11
| 1 | R | | | | i
0 | 1 O I | | | | LAl
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
+3" % GRAVEL % SAND % SILT % CLAY USCS LL PL Pl
o 0.0 9.5 16.6 73.9 CH 70 21 49
ad 0.0 4.5 31.9 63.6 CL 37 13 24
A 0.0 33 26.1 70.6 CL 39 13 26
SIEVE PERCENT FINER SIEVE PERCENT FINER Material Description
inch b O Fat CLAY with Sand
|n;:izzs o) 0 A nl;rir;eer o) 0 A al W1 an
1" 100.0 #4 90.5 95.5 96.7
3/4" 95.7 #10 89.1 93.8 94.4 O Sandy Lean CLAY
12" 92.5 100.0 100.0 #20 87.9 92.2 92.8
3/8" 92.5 99.0 98.9 #40 86.8 90.2 90.9 )
#60 846 855 871 A Lean CLAY with Sand
#80 82.2 80.8 83.4
#100 80.6 77.7 81.0
GRAIN SIZE #200 73.9 63.6 70.6 REMARKS:
Do O Report No. A-2516-206
D3p
D1o O Report No. A-2479-206
COEFFICIENTS
CC A Report No. A-2487-206
Cy
O Location: 09PA-2 Depth: 15.0 - 16.5 ft Sample Number: A-2516
O Location: 09PA-8 Depth: 22.0 - 23.5 ft Sample Number: A-2479
A Location: 09PA-9 Depth: 19.5-21.0 ft Sample Number: A-2487

Client: Department of Natural Resources

Project: St. Mary River Rehabilitation Project
North of Babb, Montana

Project No.: 04-167 Figure BI15

) |
Tested By: O TJR/DSM [1CRN/DSM A CRN Checked By: ( 2ain - y
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S5 £ fs 82 % % §8§% 8 3§
100 \ IR \ \ \ RN
| I N Jj\ N 4\ | i
90 AN [RR AN
Tl T “\\E\ T T Y
80 | IR | \ | | | [l
| 1 | R TN | | | AN
B A T\
70 1 ettt 1 i\ 1 1 e e
| 1 | R | | ‘(ﬁ\ | e
TR N A R T ]
% | 1 | R | | | | [l
| 1 | R | | | | | |
l_ | | 1l | | | | | | | | | | | |
pd 50 \ N L L L \ \ \ \ — 1\
y | 1 | R | | | | IR
O gl
E 40 \ O \ \ \ \ [ A ]]
o | 1 | R | \ \ \ [0l
| 1 | R | | | | i
30 i 8 L L i \ i i 1
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GRAIN SIZE - mm.
+3" % GRAVEL % SAND % SILT % CLAY uscs LL PL PI
o 0.0 17.8 36.1 46.1 SC 42 19 23
o 0.0 3.4 31.5 65.1 CL 36 15 21
A 0.0 9.7 19.0 71.3 CL 41 19 22
SIEVE PERCENT FINER SIEVE PERCENT FINER Material Description
in;:i;:s o O A nusriT;I;er o O A O Clayey SAND with Gravel
3/4" 100.0 | 100.0 100.0 #4 82.2 96.6 90.3
12" 91.3 97.0 98.0 #10 74.8 95.7 80.3 O Sandy Lean CLAY
3/8" 89.0 97.0 96.3 #20 69.2 94.8 75.2
#40 65.8 94.0 73.6 ,
#60 622 908 730 A Lean CLAY Wlth Sand
#30 59.7 86.1 72.7
#100 58.3 82.8 72.5
GRAIN SIZE #200 46.1 65.1 71.3 REMARKS:
Do 0.1875 O Report No. A-2498-206
D30
D1g O Report No. A-2448-206
COEFFICIENTS
CC A Report No. A-2466-206
CU

O Location: 09PA-10
O Location: 09PA-11
A Location: 09PA-13

Depth: 30.0 - 31.5 ft
Depth: 20.0 - 21.5 ft
Depth: 20.0 - 21.5 ft

Sample Number: A-2498
Sample Number: A-2448
Sample Number: A-2466

Client: Department of Natural Resources

Project: St. Mary River Rehabilitation Project

North of Babb, Montana

Project No.: 04-167 Figure B16

Tested By: DSM/C

RN

/] (’ y z! , | e

Checked By: W:j
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LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
MATERIAL DESCRIPTION LL PL Pl %<#40 %<#200 USCs
® Fat CLAY 57 17 40 CH
u Fat CLAY with Sand 70 21 49 86.8 73.9 CH
A Sandy Lean CLAY 30 16 14 CL
* Lean CLAY 37 17 20 CL
Project No. 04-167 Client: Department of Natural Resources Remarks:
Project: St. Mary River Rehabilitation Project ® Report No. A-2503-207
BReport No. A-2516-207
North of Babb, Montana AReport No. A-2526-207
® | ocation: 09PA-1 Depth: 12.0 - 13.5 ft Sample Number: A-2503 #Report No. A-2537-207
B | ocation: 09PA-2 Depth: 15.0-16.5 ft Sample Number: A-2516
A Location: 09PA-4 Depth: 5.0-6.5 ft Sample Number: A-2526
¢ Location: 09PA-7 Depth: 15.0-16.5 ft Sample Number: A-2537
- Figure B17
Tested By:

eTJR mDSM ATJR ¢DSM Checked By: C/z‘.j
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LIQUID AND PLASTIC LIMITS TEST REPORT

60 P 4
Dashed line indicates the approximate /
upper limit boundary for natural soils e >
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LIQUID LIMIT
MATERIAL DESCRIPTION LL PL Pl %<#40 %<#200 USCSs
L] Sandy Lean CLAY 37 13 24 90.2 63.6 CL
u Lean CLAY 40 12 28 CL
A Lean CLAY with Sand 39 13 26 90.9 70.6 CL
. Fat CLAY 52 18 34 CH
Project No. 04-167 Client: Department of Natural Resources Remarks:
Project: St. Mary River Rehabilitation Project ® Report No. A-2479-207
BReport No. A-2482-207
North of Babb, Montana AReport No. A-2487-207
® | ocation: 09PA-8 Depth: 22.0 - 23.5 ft Sample Number: A-2479 ¢ Report No. A-2493-207
B Location: 09PA-8 Depth: 35.0 - 36.5 ft Sample Number: A-2482
A Location: 09PA-9 Depth: 19.5-21.0 ft Sample Number: A-2487
¢ Location: 09PA-10 Depth: 12.0- 13.5 ft Sample Number: A-2493
al Figure B18
T Tl
Tested By: TJR

CheckedBY: [ 7 a.s

J
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LIQUID AND PLASTIC LIMITS TEST REPORT

60 P 4
Dashed line indicates the approximate /
upper limit boundary for natural soils —// Q
/ e p
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\
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0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT
MATERIAL DESCRIPTION LL PL Pl %<#40 %<#200 USCS
L] Clayey SAND with Gravel 42 19 23 65.8 46.1 SC
u Sandy Lean CLAY 36 15 21 94.0 65.1 CL
A Lean CLAY 39 20 19 CL
. Lean CLAY with Sand 41 19 22 73.6 71.3 CL
Project No. 04-167 Client: Department of Natural Resources Remarks:
Project: St. Mary River Rehabilitation Project ® Report No. A-2498-207
BReport No. A-2448-207
North of Babb, Montana AReport No. A-2454-207
® | ocation: 09PA-10 Depth: 30.0 - 31.5 ft Sample Number: A-2498 ¢ Report No. A-2466-207
B ocation: 09PA-11 Depth: 20.0 - 21.5 ft Sample Number: A-2448
A Location: 09PA-11 Depth: 45.0 - 46.5 ft Sample Number: A-2454
¢ Location: 09PA-13 Depth: 20.0 - 21.5 ft Sample Number: A-2466
A Figure B19
Tested By: TJR Checked By: LCZAA\,I (» y "
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UNCONFINED COMPRESSION TEST
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Axial Strain, %
Sample No. 1
Unconfined strength, psf 7898
Undrained shear strength, psf 3949
Failure strain, % 2.8
Strain rate, in./min. 0.03
Water content, % 213
Wet density, pcf 126.6
Dry density, pcf 104.3
Saturation, % 96.3
Void ratio 0.5854
Specimen diameter, in. 2.86
Specimen height, in. 5.58
Height/diameter ratio 1.95
Description: Fat CLAY
LL =57 | PL=17 Pl = 40 Assumed GS= 2.65 Type: Shelby Tube
Project No.: 04-167 Client: Department of Natural Resources
Date Sampled: September 2009
Remarks: Project: St. Mary River Rehabilitation Project
Report No. A-2502-215 North of Babb, Montana
Limits from nearby sample (A-2503) Location: 09PA-1
Sample Number: A-2502 Depth: 10.2 - 10.7 ft
Figure B20
- )

{
/T Thades
Tested By: CRN Checked By: \5
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UNCONFINED COMPRESSION TEST
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Axial Strain, %
Sample No. 1
Unconfined strength, psf 5520
Undrained shear strength, psf 2760
Failure strain, % 12.0
Strain rate, in./min. 0.03
Water content, % 20.1
Wet density, pcf 129.3
Dry density, pcf 107.6
Saturation, % 99.4
Void ratio 0.5370
Specimen diameter, in. 2.87
Specimen height, in. 5.59
Height/diameter ratio 1.95
Description: Sandy Lean CLAY
LL =37 | PL=13 Pl=24 Assumed GS= 2.65 Type: Shelby Tube
Project No.: 04-167 Client: Department of Natural Resources
Date Sampled: August 2009
Remarks: Project: St. Mary River Rehabilitation Project
Report No. A-2478-215 North of Babb, Montana
Limits from nearby sample (A-2479) Location: 09PA-8

Sample Number: A-2478 Depth: 20.9- 21.5ft

Figure B21

7T Tl
Tested By: CRN Checked By: \j
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UNCONFINED COMPRESSION TEST
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2.5 5 7.5 10

Axial Strain, %

Sample No. 1
Unconfined strength, psf 2169
Undrained shear strength, psf 1085
Failure strain, % 4.2
Strain rate, in./min. 0.03
Water content, % 325
Wet density, pcf 118.4
Dry density, pcf 89.4
Saturation, % 101.2
Void ratio 0.8507
Specimen diameter, in. 2.86
Specimen height, in. 5.59
Height/diameter ratio 1.95
Description: Fat CLAY

LL =52 | PL=18 Pl=34 Assumed GS= 2.65 Type: Shelby Tube

Project No.: 04-167
Date Sampled: August 2009

Remarks:
Report No. A-2492-215

Figure B22

Limits from nearby sample (A-2493)

Client: Department of Natural Resources

Project: St. Mary River Rehabilitation Project
North of Babb, Montana
Location: 09PA-10
Sample Number: A-2492 Depth: 10.3- 10.9 ft

Vaa )

Tested By: CRN

Checked By: L}A‘j K, V (“aoﬂ/uu'\
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REPORT OF CORED CYLINDER TEST

Thomas, Dean & Hoskins
208 1/2 17th Street North, Great Falls, MT 59401
Report Date: 12/8/11

Project Number: 04-167-002 St. Mary River Siphon Report Number: B23
Project: St. Mary River Siphon - Proposed Alignment
Client: DNRC - CARDD
Address: P.0O. Box 201601
Helena, MT 59620-1601
Attn: Mr. John Sanders, P.E.

SAMPLING INFORMATION (ASTM C 42)

Date Sampled: 9/16/2009 Time Sampled: N/2A

Technician: CRN

Date Placed: N/A

Location of Sample: 09PA-4 (20.7 - 21.4 ft)
Supplier: N/A

Mix Number: N/2A

Design Strength: N/2A
LABORATORY TEST RESULTS (ASTM C 39)

Test Un-capped Capped Percent of Type of
Specimen Date Age Load Diameter Area  Height Height Strength Design Fracture
A-2543 10/29/2009 N/A 37630 2.39 4.49  5.46 5.68 8380 N/A 3
Remarks: Rock core obtained during September 2009 TYPES OF FRACTURE

Geotechnical Investigation g@ @M i

Type 1 Type 2 Type 3

Copies to: B

Type 4 Type5 Type 6

R : ' Z WL&J&N&
eported by: y

Peter Klevberg, P.E.
Laboratory Manager

FOR
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REPORT OF CORED CYLINDER TEST

Thomas, Dean & Hoskins
208 1/2 17th Street North, Great Falls, MT 59401
Report Date: 12/8/11

Project Number: 04-167-002 St. Mary River Siphon Report Number: B24
Project: St. Mary River Siphon - Proposed Alignment
Client: DNRC - CARDD
Address: P.0O. Box 201601
Helena, MT 59620-1601
Attn: Mr. John Sanders, P.E.

SAMPLING INFORMATION (ASTM C 42)

Date Sampled: Time Sampled: N A

Technician: CRN

Date Placed: N A

Location of Sample: 09PA-6 (22.2 - 23.1 ft)
Supplier: N/A

Mix Number: N/ A

Design Strength: N/2A
LABORATORY TEST RESULTS (ASTM C 39)

Test Un-capped Capped Percent of Type of
Specimen Date Age Load Diameter Area  Height Height Strength Design  Fracture
A-2544 10/29/2009 NA 17920 2.40 4.52 3.93 4.31 3960 N A 2
Remarks: Rock core obtained during September 2009 TYPES OF FRACTURE

Geotechnical Investigation g@ @M i’
4

Type 1 Type 2 Type 3

Copies to:

Type 4 Typf? Type 6

/1 ladean

Reported by: —Zeacq

Peter Klevberg, P.E.
Laboratory Manager

FOR
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Thomas, Dean & Hoskins, Inc.

TD&:H

Engineering Consultants

] Ground Elevation = 4450.68

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
~ St. Mary River Siphon Crosing, Proposed Alignment, North Slope

Figure B25
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Thomas, Dean & Hoskins, Inc.
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Engineering Consultants

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
~ St. Mary River Siphon Crossing, Proposed Alignment, North Slope

Ground Elevation = 4417.08 Figure B26
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Engineering Consultants

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
~ St. Mary River Siphon Crossing, Proposed Alignment, North Slope

Ground Elevation = 4370.76

Figure B27
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Thomas, Dean & Hoskins, Inc.
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Engineering Consultants

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
~ St. Mary River Siphon Crossing, Proposed Alignment, North Slope

Figure B28

‘ Ground Elevation = 4308.30
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Thomas, Dean & Hoskins, Inc. St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
TD&:H A St. Mary River Siphon Crossing, Proposed Alignment, South Slope

Engineering Consultants

‘ Ground Elevation = 4324.52 Figure B29
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‘ Ground Elevation = 4362.37

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
A St. Mary River Siphon Crossing, Proposed Alignment, South Slope

Figure B30
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TD&H 1 St. Mary River Siphon Crossing, Proposed Alignment, South Slope

Engineering Consultants

‘ Ground Elevation = 4396.49 Figure B31
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Engineering Consultants

‘ Ground Elevation = 4416.42

St. Mary River Diversion & Conveyance Facilities, Near Babb, MT
A St. Mary River Siphon Crossing, Proposed Alignment, South Slope

Figure B32
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FIGURE B34

4.625— PROPOSED ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
GEOMETRY, MATERIAL PROPERTIES, AND ELEVATED GROUND WATER LEVEL
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Material #1:  Description: Glacial Till Unit Weight: 130 pcf  Cohesion: 170 psf Friction Angle: 5.0 deg
4525— Material #2:  Description: Alluvium Unit Weight: 140 pcf  Cohesion: 0 psf Friction Angle: 44.0 deg
Material #3: Description: Sandstone Bedrock Inpenetrable
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BACK ANALYSIS, BLOCK FAILURE, ELEVATED GROUND WATER LEVELS, NONSEISMIC
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FIGURE B35
PROPOSED ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
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Unable to replicate the slide at 09PA-10 due to limits of model.

Based on inclinometer data the slide is moving south (right).
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FIGURE B36
PROPOSED ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
BLOCK FAILURE, REDUCED GROUND WATER LEVELS, NONSEISMIC

Reduced pore pressures has negligle influence on the
stability of the slope. A larger influence may be observed
higher on the slope where hydrostatic forces are significant.
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FIGURE B37
PROPOSED ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE
BLOCK FAILURE, REDUCED GROUND WATER LEVELS, SEISMIC Kh = 0.005¢g

Safety factor is based on a peak horizontal ground acceleration of
0.005g which has a return interval of approximately 10 years for this site.
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PROPOSED ST. MARY RIVER SIPHON CROSSING - SOUTH SLOPE

FIGURE B38

BLOCK FAILURE, REDUCED GROUND WATER LEVELS, SEISMIC Kh = 0.035¢g
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Safety factor is based on a peak horizontal ground acceleration of
0.035g which has a return interval of approximately 100 years for this site.
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FIGURE B39
PROPOSED ST. MARY RIVER SIPHON CROSSING - NORTH SLOPE
GEOMETRY, MATERIAL PROPERTIES, AND ELEVATED GROUND WATER LEVELS
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4550 Material #1:  Description: Glacial Till Unit Weight: 130 pcf  Cohesion: 170 pcf  Friction Angle: 5.0 deg
Material #2:  Description: Alluvium Unit Weight: 140 pcf  Cohesion: 0 pcf Friction Angle: 44.0 deg
Material #3:  Description: Sandstone Bedrock Inpenetrable
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FIGURE B40

4625 PROPOSED ST. MARY RIVER SIPHON CROSSING - NORTH SLOPE
BLOCK FAILURE, ELEVATED GROUND WATER LEVELS, NONSEISMIC
4.600—
4.575—
Safety factors near 09PA-1 are approximately 1.5
4.550— under the modeled conditions. Stability would be
reduced by loss of downslope support caused by
movements of the slide plane shown. No improvement is achieved by lowering the water level due
4505 to the lack of hydrostatic forces acting on the glacial till.
1.03
o
4.500—
4.475—, . z
. 0o
’.\\8 .
4.450F— © . . y
° O ° ° C}l
. - <
. . . o
° (o]
4.425— ° . . o ,
y . . . Safety factors near 09PA-4 are approximately 1.4
. . ° under the modeled conditions. Stability would be
waool T ° reduced by increased driving forces caused by
hhEeee— T : movements of the slide plane shown.
4.375
4.350
4.325
4.300
4.275 N\
4.250

000 005 010 0.15 020 025 030 035 040 045 050 055 060 065 070 075 08 08 09 095 100 105 110 115 120 125 130 135 140 145 150 155 160 165 1.70
Distance (feet) (x 1000)



Elevation (feet) (x 1000)

FIGURE B41
825 PROPOSED ST. MARY RIVER SIPHON CROSSING - NORTH SLOPE
BLOCK FAILURE, ELEVATED GROUND WATER LEVELS, SEISMIC Kh = 0.005¢g
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Safety factor is based on a peak horizontal ground acceleration of

0.005¢g which has a return interval of approximately 10 years for this site.
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FIGURE B42
825 PROPOSED ST. MARY RIVER SIPHON CROSSING - NORTH SLOPE
BLOCK FAILURE, ELEVATED GROUND WATER LEVELS, SEISMIC Kh = 0.035¢g
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SOIL CLASSIFICATION AND
SAMPLING TERMINOLOGY
FOR ENGINEERING PURPOSES

THOMAS, DEAN & HOSKINS
Engineering Consultants

Great Falls, Kalispell, Bozeman, Montana
Spokane, Washington, Lewiston, Idaho

STANDARD PENETRATION TEST (ASTM D1586)

RELATIVE DENSITY* RELATIVE CONSISTENCY*
. Standard ] ] . Standard
(ggc:::r’s':ﬁggogess;ﬁz) Penetration Test F|ne-Gra||C1Ied, Cohesive | popetration Test
; ; (blows/foot) (Clays) (blows/foot)
Very Loose 0-4 Very Soft 0-2
Loose 5-10 Soft 3-4
Medium Dense 11-30 Firm 5-8
Dense 31-50 Stiff 9-15
Very Dense +50 Very Stiff 15-30
Hard +30

* Based on Sampler-Hammer Ratio of 8.929 E-06 ft/Ibf and 4.185 E-05 ftA2/Ibf for
granular and cohesive soils, respectively (Terzaghi)

PARTICLE SIZE RANGE

Sieve Openings (Inches) Standard Sieve Sizes
12" 3" 3/4" No.4 No.10 No.40 No.200 <No0.200
BOULDERS | COBBLES GRAVELS SANDS SILTS & CLAYS
Dist hed B
Coarse | Fine | Coarse| Medium| Fine ( A'tfelrr;)%trlésl_?m“s)y
PLASTICITY CHART
60 For classification of fine-grained soils and the -
fine-grained fraction of coarse-grained soils. /
50 | Equation of "A"-line P
Horizontal at Pl = 4 to LL = 25.5, éq;/' /

@ then Pl = 0.73 (LL-20) V\ - 0“\ /@(x
« 40 } Equation of "U"-line 2 < Ay
) Vertical at LL = 16 to Pl = 7, o |7
2 then Pl = 0.9 (LL-8) c,‘<\ /
E 30 L L
O
< 20 S =
o ' v / MH or OH

10 | i /

71 A - yd

s | LML 7| ML ar OL

Vi \ \
0 10 16 20 30 40 50 60 70 80 90 100 110

LIQUID LIMIT (LL)

GW - Well-graded GRAVEL SW - Well-graded SAND CL - Lean CLAY

GP - Poorly-graded GRAVEL SP - Poorly-graded SAND ML - SILT
GM - Silty GRAVEL SM - Silty SAND OL - Organic SILT/CLAY
GC - Clayey GRAVEL SC - Clayey SAND CH - Fat CLAY

MH - Elastic SILT
OH - Organic SILT/CLAY

03/01




THOMAS, DEAN & HOSKINS
Engineering Consultants

Great Falls, Kalispell, Bozeman, Montana
Spokane, Washington, Lewiston, Idaho

FO

ASTM D2487

CLASSIFICATION OF SOILS

R ENGINEERING PURPOSES

Cu>4 and 1<Cc<3

<5% fines <

Cu<4 and/or 1>Cc>3

fines=CL or CH ———> GW-GC

/ Cux>4 and 150053<

GRAVEL (or CL-ML)
%gravel i 5-12% fines.
Y%sand
\ fines=sML or MH ————> GP-GM i;
Cu<4 andfor 1>Cc>3<
fines=CL or CH —— > GP-GC i;
(or CL-ML)
fines=sMLor MH———> GM i
>12% fines / fines=CLorCH— 3 GC i;
\> fines=CL-ML — 3 GC-GM —
Cu>6 and 1<Cc<3 > SW i;
<5% fines
Cu<6 and/or 1>Cc>3 > SP ﬁ
fines=ML or MH——————> SW-SM
Cux6 and 1 500<3< ;)
flnes-CL orCH—— > SW-SC
SAND (or CL-ML) <>)
Y%sand > 5-12% fines
%gravel
fines=sML or MH——> SP-SM
Cu<6 and/or 1>Cc>3< i))
flnes-CL orCH—— > SP-SC

e

finessMLorMH——— > SM ﬁ
fines=CLorCH— 5 SC ﬁ
fines=CL-ML ———> SC-SM ﬁ

(or CL-ML)

> W—">
> G"i;

fines=ML or MH ———> GW-GM ﬁ

<15% sand —> Well-graded GRAVEL

>15% sand —> Well-graded GRAVEL with sand
<15% sand —> Poorly-graded GRAVEL

>15% sand —> Poorly-graded GRAVEL with sand

<15% sand —> Well-graded GRAVEL with silt

>15% sand —> Well-graded GRAVEL with silt and sand

<15% sand —> Well-graded GRAVEL with clay (or silty clay)

>15% sand —> Well-graded GRAVEL with clay and sand
(or silty clay and sand)

<15% sand —> Poorly-graded GRAVEL with silt

>15% sand —> Poorly-graded GRAVEL with silt and sand

<15% sand —> Poorly-graded GRAVEL with clay (or silty clay)

>15% sand ——> Poorly-graded GRAVEL with clay and sand
(or silty clay and sand)

<15% sand —> Silty GRAVEL

>15% sand ——> Silty GRAVEL with sand

<15% sand —>. Clayey GRAVEL

>15% sand — Clayey GRAVEL with sand
<15% sand __ . Silty, clayey GRAVEL

>15% sand 3 Silty, clayey GRAVEL with sand

<15% gravel —> Well-graded SAND

>15% gravel —> Well-graded SAND with gravel
<15% gravel —> Poorly-graded SAND

>15% gravel —> Poorly-graded SAND with gravel

<15% gravel —> Well-graded SAND with silt

>15% gravel —> Well-graded SAND with silt and gravel

<15% gravel —> Well-graded SAND with clay (or silty clay)

>15% gravel —> Well-graded SAND with clay and gravel
(or silty clay and gravel)

<15% gravel —> Poorly-graded SAND with silt

>15% gravel —> Poorly-graded SAND with silt and gravel

<15% gravel —> Poorly-graded SAND with clay (or silty clay)

>15% gravel —> Poorly-graded SAND with clay and gravel
(or silty clay and gravel)

<15% gravel —> Silty SAND

>15% gravel —> Silty SAND with gravel

<15% gravel —> Clayey SAND

>15% gravel —> Clayey SAND with gravel
<15% gravel —> Silty, clayey SAND

>15% gravel —> Silty, clayey SAND with gravel

Flow Chart For Classifying Coarse-Grained Soils (More Than 50 % Retained On The No. 200 Sieve)

<15% plus No. 200
5-29% plus No. 200 ﬁ

<30% plus No. 200
?\ 1

PI>7 and plots

> Lean CLAY

%sand > %gravel > Lean CLAY with sand
%sand < %gravel > Lean CLAY with gravel

<15% gravel —> Sandy lean CLAY

>15% gravel —>» Sandy lean CLAY with gravel
<15% sand ——> Gravelly lean CLAY

>15% sand —> Gravelly lean CLAY with sand

> Silty CLAY

%sand > %gravel - Silty CLAY with sand
%sand < %gravel > Silty CLAY with gravel

<15% gravel —> Sandy silty CLAY

>15% gravel —> Sandy silty CLAY with gravel
<15% sand ——> Gravelly silty CLAY

>15% sand —> Gravelly silty CLAY with sand

> SILT

%sand > %gravel > SILT with sand
%sand < %gravel > SILT with gravel

<15% gravel —> Sandy SILT

>15% gravel —> Sandy SILT with gravel
<15% sand —> Gravelly SILT

>15% sand —> Gravelly SILT with sand

> Fat CLAY

%sand > %gravel > Fat CLAY with sand
Y%sand < %gravel > Fat CLAY with gravel

<15% gravel —> Sandy fat CLAY

>15% gravel —> Sandy fat CLAY with gravel
<15% sand —> Gravelly fat CLAY

>15% sand —> Gravelly fat CLAY with sand

on or above —> CL
"A" - line %sand > %gravel
>30% plus No. 200< <>)
Y%sand < %gravel ﬁ
<30% plus No. ZOOQ <15% plus No. 200
LL<50 4<PI<7 and 15-29% plus No. 200 ii
(inorganic) plots on or above —> CL-ML
9 "A" - line %sand > %gravel
>30% plus No. 200< <>)
%sand < %gravel ﬁ
<30% plus No. 200? <15% plus No. 200
Pl<4 o plots ML 15-29% plus No. 200 i:
below "A" - line —
%sand > %gravel
>30% plus No. 200< <;
%sand < %gravel ﬁ
<30% plus No. ZOOQ <15% plus No. 200
PI plots on or cH 15-29% plus No. 200 i:
above "A" - line o o
Y%sand > %gravel
>30% plus No.200 < 3
%sand < %gravel
LL>50 — i
(inorganic)
<30% plus No. 200? <15% plus No. 200
15-29% plus No. 200
Pl plots below ~ :
"A"- line —>MH

%sand > %gravel i;

>30% plus No. 200<
Y%sand < %gravel ﬁ

03/98

> Elastic SILT

%sand > %gravel > Elastic SILT with sand
%sand < %gravel - Elastic SILT with gravel

<15% gravel —> Sandy elastic SILT

>15% gravel —> Sandy elastic SILT with gravel
<15% sand —> Gravelly elastic SILT

>15% sand —y Gravelly elastic SILT with sand

Flow Chart For Classifying Fine-Grained Soils ( 50 % Or More Passes The No. 200 Sieve)
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TOPSOIL & REVEGETATED IMPERVIOUS
BACKFILL

SLOPE TO DRAIN
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