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ACRONYMS & ABBREVIATIONS

Acronyms/Abbreviations Definition

AASHTO American Association of State Highway and Transportation Officials
ASTM American Society for Testing and Materials
bgs below the ground surface

CAC crushed aggregate course

CBR California Bearing Ratio

CTB cement treated base

HMA Hot-Mix-Asphalt

MOR Museum of the Rockies

MSU Montana State University

pcf pounds per cubic foot

pci pounds per cubic inch

psi pounds per square inch

SPT Standard Penetration Test
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1.0 INTRODUCTION

Tetra Tech has been retained by Montana State University (MSU) Facilities to perform subsurface explorations and
provide geotechnical foundation recommendations for the reconstruction and expansion of the MSU Bobcat
Stadium and Museum of the Rockies (MOR) parking areas. The purpose of the project is to replace existing paved
areas, and to improve and expand existing gravel surfaced parking areas around the MSU Stadium.

This report covers the geotechnical exploration and design efforts for the Stadium Lot and MOR Lots within the
MSU campus.

2.0 SITE DESCRIPTION AND PROJECT UNDERSTANDING

The project site is located within the MSU Campus in the areas directly surrounding the MSU Bobcat Stadium.
Currently the area is mostly comprised of gravel parking areas with paved drive lanes surrounding the stadium. In
some areas primarily along the south side the parking areas are expected to be expanded into existing undisturbed
grass fields with minor landscaping. We understand the proposed project is expected to consist of removing or
reclaiming the existing paved drive lanes, regrading the parking areas to improve drainage, and placing an asphalt
surface throughout as well as constructing a concrete pavement apron in select areas near the stadium. The
approximate limits of the paving areas are shown in Figure 1 and the locations of the exploratory borings are shown
in Figure 2.

3.0 FIELD EXPLORATION

Tetra Tech performed a geotechnical subsurface exploration within the Stadium and Museum of the Rockies
proposed parking areas on December 13" and 14", 2023, which consisted of advancing 14 boreholes and three
infiltration testing boreholes throughout the project area. The borings were advanced up to 6.5 feet below the ground
surface (bgs). On February 1st, Tetra Tech performed a second geotechnical exploration at the site, which included
advancing three infiltration test boreholes to deeper depths near the locations of the infiltration tests performed in
December. The three additional infiltration test boreholes were advanced to 15 feet bgs and terminated within
underlying alluvial gravel subsoils. Prior to both phases of the subsurface exploration, we marked exploratory
locations and Montana One Call (811DIG) was contacted to request the location and clearance of public
underground utilities before performing drilling. MSU facilities personnel visited the site to identify any conflicts with
public utilities.

O’Keefe Drilling from Butte, Montana was subcontracted to advance the exploratory borings for both field
exploration phases. Borings were advanced using a truck-mounted Mobile B60X drill rig equipped with 8-inch
outside diameter, continuous flight, hollow stem augers and 12-inch, continuous flight, hollow stem augers for the
infiliration tests. As the boring progressed, Tetra Tech’s onsite field engineer provided technical oversight, which
consisted of observing drilling operations, visually classifying soil samples collected, bagging select soil samples
for laboratory testing, developing field borehole logs, and installing infiltration testing standpipes.

Samples of the subsurface materials were collected by advancing 2-inch outside diameter split-spoon samplers into
the subsurface strata using a 140-pound hammer falling 30 inches onto the drill rods. The number of blows required
to advance the sampler each of three successive 6-inch increments was recorded and the total number of blows
required to advance the sampler the second and third 6-inch increments is the penetration resistance (N value), as
described by ASTM International (ASTM) Method D1586. Penetration resistance values generally indicate the
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relative density or consistency of the subsurface soils. Bulk samples of disturbed materials were collected from
auger cuttings for moisture density testing.

Boring logs were prepared noting the borehole location and elevation, equipment and drill methods used,
subsurface profile and descriptions per ASTM D2487, and groundwater conditions (not encountered). Depths at
which the samples were obtained along with the penetration resistance values are shown on the logs of exploratory
borings, presented in Appendix A. Boring locations were collected at the time of the field exploration using a
handheld GPS system and elevations were inferred from the plan documents provided by DJ&A.

3.1 Infiltration Testing

During the December geotechnical exploration, Tetra Tech installed three 4-inch solid PVC pipes (INF23-01A, 02A,
03A) through hollow stem augers to depths of approximately 5 feet bgs and terminated in clay soils. The infiltration
testing of the clay soils indicated little to no infiltration throughout the three hours of testing and the tests were
abandoned.

On February 1%, we returned to the site and advanced three exploratory borings near the locations of INF23-01A,
02A, and 03A to perform an infiltration testing on the underlying native gravels. Native gravel soils were encountered
in the three borings between 9 and 12 feet bgs in each of the borings and the approximate depths are presented in
Figures A-2, A-4, and A-6 in Appendix A. We installed two 4-inch solid PVC pipes through hollow stem augers to
the underlying native gravels in INF24-02B and 24-03B. No infiltration testing was performed on INF24-01B, as
design plans had changed, per discussions with DJ&A, and the area south of MOR was no longer expected to be
developed during this project. Following installation of the PVC, the auger was removed from the borehole and the
remaining borehole was backfilled with auger cuttings. Infiltration testing was subsequently performed through the
open-end of the pipe. For the infiltration tests, an approximate 4-foot head of water was used at the beginning of
each trial and the time for the water column to drop 24 inches was measured. The infiltration rates displayed in
Table 3.1 below are the average of the last four measured rates not varying by more than 10 percent.

Table 3.1: Infiltration Test Results

. . Depth (Below Existing Infiltration Rate
Test Location Soil Type (USCS) Ground) (in/hr.)
INF24-02B GP-GM 14 ft 68.5
INF24-03B GP-GM 12.5 ft 94.5

4.0 LABORATORY TESTING

Samples obtained during the field exploration were taken to Tetra Tech's laboratory, where they were observed and
visually classified in accordance with ASTM Method D2488, which is based on the Unified Soil Classification
System. Representative samples were selected for testing to determine the physical properties of the soils in
general accordance with ASTM or other approved procedures. The following list describes laboratory testing
completed, and their purpose:
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Tests Conducted: To Determine:

Natural Moisture Content Moisture content representative of field conditions at the time samples
were taken.

Grain-size Distribution Size and distribution of soil particles (i.e., clay, silt, sand, and gravel).

Atterberg Limits The effect of varying water content on the consistency of fine-grained
soils.

Moisture-Density Relationship  The optimum moisture content for compacting soil and the maximum
dry unit weight (density) for a given compactive effort.

California Bearing Ratio (CBR) The capacity of a subgrade or subbase to support a pavement section
designed to carry a specific traffic load.

Field and laboratory test results are summarized in presented on Figures B-1 through B-14 in Appendix B. This
data, along with the field information, were used to prepare the logs of exploratory borings in Appendix A.

5.0 SUBSURFACE CONDITIONS

The following section presents subsurface soil conditions encountered during our geotechnical exploration.
Subsurface soils were classified in accordance with the ASTM Soil Classification System and soil classifications
are included on the logs and laboratory data presented in Appendix A and B for each soil sample tested.

A characterization of the subsurface profile includes grouping soils having similar physical and engineering
properties into several distinct layers. The soils encountered within the exploratory borings are discussed in detail
below, beginning at the ground surface. The boring logs in Appendix A should be referenced for complete
descriptions of the soil types and their estimated depths.

5.1 Asphalt

In general, the site consisted of paved drive lanes accessing the mostly gravel lots throughout the Stadium area.
Borings within the existing asphalt areas encountered between three and six inches of asphalt surfacing with the
majority being about four inches thick. Visual observations of the asphalt indicated the majority of the drive areas
were in fair to good condition within minimal cracking and no signs of rutting.

5.2 Base Course

Poorly graded gravel surfacing was encountered throughout developed areas of the site and was used a surfacing
layer in parking areas and a base course below paved travel lanes. The granular base course ranged in thickness
from 3 to 32-inches and was generally 10 to 12-inches thick throughout the majority of the site. A bulk sample of
the base course was tested from a depth of 0.5 to 1.5 feet from Boring 23-09. Results of the testing indicate the
base course classified as a poorly graded gravel with silt and sand (GP-GM) and contained approximately 12
percent fines; results of the testing are shown in Figure B-4.
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5.3 Topsoil

Surficial topsoil was encountered in undeveloped areas around the Stadium Lots and at the proposed MOR lot. The
topsoil was generally dark brown to black in color and ranged in thickness from 2 to 24 inches thick.

5.4 Clay

The layer immediately beneath the granular base course in the Stadium borings consisted of natural clay soil that
extended to about 11 to 12 feet bgs in the two infiltration borings performed within the north end of the Stadium lot.
SPT blow counts within the native clay ranged from 2 to 11 blows per foot indicating a soft to stiff relative
consistency.

Four bulk samples of the native clay were tested from samples collected at each of the proposed lots. Results of
the testing indicated the clay classified as a sandy lean clay (CL) to lean clay with sand (CL). Liquid limits ranged
from 42 to 25 percent and plastic limits ranged from 24 to 19 percent. Results of the testing are shown in Figures
B-3, B-5, B-6, and B-8. Moisture density tests from bulk samples collected indicate the clays have a theoretical
maximum dry density ranging from of 112 to 119 pounds per cubic foot with optimum moisture contents between
10 and 15 percent. Moisture density test results are shown in Figures B-9 through B-11. Bulk clay samples were
tested under the California Bearing Ratio procedure to estimate the soils resilient modulus for traffic loading. The
results of the CBR testing indicates the native clay soils have a CBR value between 3 and 11.

5.5 Native Gravel

Underlying the clay soils, we encountered native alluvial gravels that extended past the depth of exploration in
INF24-02B and INF24-03B (Figures A-4 and A-6). A 2.5 foot thick gravel seam was encountered at 9 feet bgs in
INF24-01B. Native gravels were generally coarse subrounded to rounded alluvial gravels. SPT blow counts within
the gravel soils were generally over 50 blows per foot indicating a very dense relative consistency.

6.0 PAVEMENT SECTION DESIGN AND CONSTRUCTION

A pavement section is a layered system designed to distribute concentrated traffic loads to the subgrade.
Performance of the pavement structure is directly related to the physical properties of the subgrade soils and the
traffic loadings. A uniformly compacted subgrade free of excess moisture is vital for good pavement performance.
The following sections discuss the existing subgrade soils, estimated daily traffic loading, flexible and rigid pavement
design parameters, pavement alternatives, and associated costs.

6.1 Anticipated Traffic

Traffic within the Stadium and MOR Lots is expected to be moderate, consisting of primarily passenger cars, pickup
trucks, garbage trucks, snowplows, and occasional semi-trucks and fire trucks. Tetra Tech estimated a maximum
of 3 ESAL'’s per day over the next 20 years for flexible pavements and 30 years for rigid pavements.
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6.2 Existing Subgrade Soils

Pavement design procedures are based on strength properties of the subgrade and pavement materials, along with
the design traffic conditions. For pavement thickness design, subgrade soils are represented by means of a
California Bearing Ratio (CBR) value for subgrade soils. The existing subgrade consisted of clay soils that are
considered poor subgrade materials based on the AASHTO Soil Classification Chart. A representative CBR value
of 3 which corresponds to a conservative soil resilient modulus of 3,000 pounds per square inch (psi) was used in
the pavement analyses for the native clay subsoils.

Overlying the clay subgrade, we encountered gravel surfacing either as the wear coarse or underlying an asphalt
surfacing layer. The gravel layer ranged in thickness from 3 to 30 inches in depth and averaged approximately 10-
inches thick throughout most of the test areas. The boring logs should be referenced to evaluate approximate
depths.

6.3 Pavement Materials

To best distribute traffic loadings a flexible pavement is generally constructed with a Hot-Mix-Asphalt (HMA) or a
Portland Concrete Cement (PCC) surface, overlying a base course material, overlying a subbase course (if
necessary), overlying subgrade soils. In accordance with the AASHTO 1993 flexible pavement design methodology,
the HMA, base, and subbase materials are given a structural coefficient based on material strength and drainage
characteristics. The following list presents pavement section layers and the associated structural layer coefficients
used in our analyses and are based on our past project experience and published data.

= Hot-Mix Asphalt (HMA): asphaltic surfacing pavement and wear coarse — structural coefficient of 0.41
= Crushed Aggregate Course (CAC): common road base gravel mix — structural coefficient of 0.14

= Treated Base: for this project we assumed a water-based product, Base One, would be mixed with the
existing base course to improve strength properties and decrease moisture penetration — structural
coefficient of 0.20 used based on published data for roadway sections stabilized with Base One.

= Subbase — existing in place gravel surfacing — structural coefficient of 0.10

For the analysis and design of the rigid pavement sections we assumed the PCC pavement section would be
constructed with 4,000 psi concrete or greater and estimated the clay subgrade and 10 inches of existing base
would have an effective modulus of subgrade reaction of approximately 140 pounds per cubic inch (pci).

6.4 Site Grading

We evaluated the preliminary site grading plans provided by DJ&A on January 31%, 2024 and shown in Figure 3
and 4. The following section presents an overview of the preliminary grading plans for various areas of the Stadium
Lot.
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6.4.1 Lot 20 — West of Stadium

Preliminary grading plans shown on Figure 3 indicate the majority of the lot will require excavation of the existing
base and native clay soils to lower the final grade between 4 and 12 inches. Minor fill areas are expected to be
required in areas along the south perimeter of the lot and near the north stadium entrance.

6.4.2 Lot 25 — East of Stadium

Preliminary grading plans shown on Figure 4 indicate areas north of the east stadium entrance will require
excavation of the existing base and native clay soils to lower the final grade up to 13 inches. Areas to the south of
the east entrance and along the south entrance to the stadium are expected to require up to 12 inches of fill to
promote adequate drainage. Minor fill areas (up to 4 inches) are also expected to be required along the northeast
perimeter of the stadium.

6.4.3 Grading Recommendations

Our pavement recommendations presented below were evaluated to limit the amount of import and export material
by reusing the existing gravel base withing the parking area and balancing with the preliminary grading plans
provided by DJ&A. Since the majority of Lot 20 and northern portions of lot 25 are expected to require significant
cuts that will remove most if not all of the existing gravel base course. The base course thickness measured in the
areas explored varied from 3 inches to over 12 inches. In an effort to reuse the existing base course, we recommend,
1) in the areas where asphalt exists, reclaim the existing asphalt and base in place to a depth of 8 inches, and 2)
stockpiling the reclaimed asphalt/base mix and the existing gravel base onsite, for reuse as a subbase. Following
stockpiling the entire site can be graded as necessary. This process will provide the most constructable design
solution and provide a uniform section throughout the site, rather than cutting in some areas and raising grade at
various locations throughout the site. The pavement recommendations in Section 6.5 present our pavement design
recommendations based the stockpiling assumption.

6.4.4 Grading Drainage Considerations

Depending on the season and precipitation patterns, based on the information obtained at the time of drilling, the
natural moisture content in the excavated material may be higher or lower than the optimum moisture content.
Moisture- conditioning will be required to adjust the natural moisture content of the soils to within 2 percent of
optimum moisture to achieve proper compaction. Unless the soils are processed to adjust the moisture content, it
will be difficult to achieve compaction when placed as fill.

In addition, depending on the time of construction, natural moisture conditions and precipitation will influence the
mobility of construction equipment. The use of low ground pressure, track-mounted excavation equipment should
be anticipated by the contractor since tracks will exert lower ground pressures than pneumatic tires. In fine-grained
subgrade soils such as these, pneumatic-tired equipment may rut the subgrade and reduce its shear strength.
Construction mats may also be an acceptable alternative to provide a stable working platform for construction
equipment and high traffic areas during wetter periods.

Site grading plans must include drainage features to rapidly drain surface run-off away from the site. All grades
must provide effective drainage away from the pavement areas during and after construction in accordance with
applicable Codes.

Careful attention should be given to weather conditions during preparation of the subgrade to prevent excess
moisture from collecting on or penetrating and possibly saturating the subgrade before and after compaction. The
subgrade should be temporarily sloped to provide drainage into a low area of the excavation and excess water
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should be pumped from the excavation into a nearby drainage sump. In the event that areas of subgrade become
excessively saturated, the wet area should be excavated, replaced with moisture conditioned soil, and compacted.
Such collection and discharge must be in compliance with the Contractor’s site-specific storm water pollution
prevention plan (SWPPP) and State water discharge permits.

6.5 Pavement Recommendations

Based on the anticipated ftraffic loading, subgrade soils, and preliminary grading plans we recommend
reconstructing Lots 20 and 25 within the MSU Stadium Complex by:

= Where asphalt is present, reclaim the existing asphalt and base layers in place with a reclaiming machine,
then stockpiling the reclaimed asphalt/base and existing gravel base onsite for reuse as subbase. The
reclaimed material can be utilized as a subbase the same as the existing base layer and does not need to
be stockpiled separately,

= Re-grade the natural clay subgrade to the desired elevation. Provided the existing clay is properly moisture-
conditioned, it can be reused as fill where necessary,

= Proof roll the graded and compacted subgrade with a fully-loaded dump truck to identify soft areas, and
replace soft or pumping soils with a high-strength geotextile fabric (Mirafi-380i or equivalent) and a minimum
of two feet of pit run gravel fill,

= Place a woven geotextile separation fabric over the remainder of the subgrade that did not require
subexcavation (Mirafi-180N or equivalent),

= Construct one of the two recommended pavement section Alternatives discussed in Table 6.1 below.

Table 6.1: Reconstructed Pavement Section Alternatives

Alternative 1 — New Base Alternative 2 — Base One Treated Base

Design Section

Layer 1 3-inches HMA 5-inches PCC 3-inch HMA 5-inches PCC
Layer 2 6-inches Base One  6-inches Base One
4-inches CAC 4-inches CAC Stabilized reused Stabilized reused
base base
Layer 3 2-inches Reused
8-inches Reused 6-inches Reused 3-inches Reused Base to serve as a
Base Base Base buffer over the
geotextile
Separation Fabric Mirafi 180N or equivalent Mirafi 180N or equivalent
Assumed
Subgrade Type Lean Clay Lean Clay

The above pavement design assumes the maijority, or all of the required subbase material quantities will be available
from onsite stockpiles of reclaimed gravel base. If additional, subbase materials are required for the final gradation,
pit run gravel may be used as additional fill and is available from local sources.

6.5.1 Alternative Cost Benefits

The Alternative 2 pavement section provides several cost benefits over Alternative 1, including:
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1. areduced amount of subexcavation into the clay layer will be required based on a 9-inch gravel section for the
flexible Alternative 2 in lieu of a 12 inch section for Flexible Alternative 1,

2. no new gravel will need to be imported for either flexible or rigid pavement section of Alternative 2,

3. the stabilized base will provide a much more rigid base layer to bridge over the native clay subgrade and support
the asphalt and concrete sections than the crushed granular base layer.

The additional cost ltems required for Alternative 2 are the cost to reclaim the existing asphalt in place, the cost of
a reclamation machine to inject the base stabilizer, and the cost of the Base One product. The cost differences will
need to be evaluated by the design team.

6.5.1.1 Alternative 2 Preliminary Cost Estimate

For Alternative 2, the base stabilizer utilized for the analyses is Base One, a proprietary water-based stabilization
agent designed to be used with gravel base layers.

Following is an estimated cost of the Base One product provided by the supplier, based on approximate area of
asphalt and concrete provided by DJ&A. The depth of stabilization for this estimate is assumed to be 6 inches for
both asphalt and concrete sections per our design.

Asphalt:
Heavy duty Pavement Areas: approximately 112,756 sq ft = 12,530 sq yds of treatment = 380 gallons BASE ONE
Light duty Pavement Areas: approximately 367,366 sq ft = 40,820 sq yds of treatment = 1225 gallons BASE ONE

Total Gallons of BASE ONE product: 1605 gallons x $27.25/gallon = $43,627 including shipping to Bozeman.
David West is the contact for Base One:

David West

Vice President

Team Laboratories — Base One
"Innovative Solutions"
800-721-9537 - Cell
800-522-8326 - Office

Tetra Tech has provided a Base One construction specification in Appendix D for use with the plan and construction
documents. Preliminary cost estimates to inject and stabilize six inches of reused base would be on the order of
$1.25 per square yard (plus approximately $7k to $10k mobilization) and does not include grading and compaction,
this is based on a preliminary quote from Allstate Pavement Recycling and Stabilization out of North Dakota.
Additional approved reclamation contractors and contact information are provided in Appendix D.

6.6 Design and Construction Criteria

Design and construction criteria presented below should be observed for the pavement section and construction
details should be considered when preparing project documents.

4. All existing asphalt driving areas and parking areas should be removed or reclaimed the full depth and
stockpiled onsite for re-use as subbase. The reclaimed asphalt/base material can be reused as the subbase or
stabilized base layer material provided it is mixed within the stockpile so that the asphalt does not make up
more than 50 percent of the product.
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5. Once the native clay subgrade is exposed, the lots should be graded and sloped to the appropriate design
elevations. In currently undeveloped areas, the existing subgrade should be subexcavated to the appropriate
grade. The clay subgrade can be used as fill provided it is properly moisture-conditioned and compacted to 95
percent of the maximum dry density and compacted in a maximum 8-inch lifts.

6. After grading, the clay subgrade should be proof-rolled with a fully loaded 10 cubic yard dump truck to identify
soft of pumping areas. All soft areas should be sub-excavated and replaced with a Mirafi 380i high strength
geotextile and a minimum of two foot of pit run gravel fill, and compacted per ltem 5. We recommend Tetra
Tech observe the proof rolling operations to make the determination of areas that need to be sub excavated.

7. Imported granular fill and reclaimed base course/asphalt material should meet the following gradation for use
within the pavement section.

Table 6.3: Engineered Gravel Fill Gradation

Sieve of Screen Size .
Percent Passing

(US No.)
6-Inch 100
3-Inch 90 - 100
No. 4 25-50
No. 200 0-12

8. The base course and subbase material should be prepared by moisture-conditioning to within 2 percent of
optimum moisture content and compacting to 95 percent of the dry density as determined by ASTM D698. The
testing firm should consider the asphalt millings in the reclaimed layer when evaluating the percent compaction.
Once the layer is reclaimed, the testing firm should immediately obtain a sample to determine the maximum
dry density and optimum moisture content.

7.0 CONTINUING SERVICES

Two additional elements of geotechnical engineering service are important to the successful completion of this
project.

1. Consultation with Tetra Tech during the design phase. This is essential to ensure that the intent of our
recommendations is incorporated in design decisions related to the project and that changes in the design
concept consider geotechnical aspects.

2. Observation and monitoring during construction. Tetra Tech should be retained to observe the
earthwork phases of the project, including the site grading and excavations, to determine that the
subsurface conditions are compatible with those described in our analysis. In addition, if environmental
contaminants or other concerns are discovered in the subsurface, our personnel are available for
consultation.

8.0 LIMITATIONS

This study has been conducted in accordance with generally accepted geotechnical engineering practices in the
region where the work was conducted. The conclusions and recommendations submitted in this report are based
upon project information provided to Tetra Tech, data obtained from the exploratory borings drilled at the locations
indicated. The nature and extent of subsurface variations across the site may not become evident until construction.
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Tetra Tech should be on site during construction, to verify that actual subsurface conditions are consistent with
those described herein.

This report has been prepared exclusively for our client. This report and the data included herein shall not be used
by any third party without the express written consent of both the client and Tetra Tech. Tetra Tech is not responsible
for technical interpretations by others. As the project evolves, Tetra Tech should provide continued consultation
and field services during construction to review and monitor the implementation of the recommendations and verify
that the recommendations have been appropriately interpreted. Significant design changes may require additional
analysis or modifications of the recommendations presented herein. Tetra Tech recommends on-site observation
of excavations and foundation bearing strata and testing of fill by a representative of the geotechnical engineer.

10
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Tetra Tech Boring Log Descriptive Terminology (e rerma e
Key to Soil Symbols and Terms

SOIL CLASSIFICATION CHART Order of Descrivtors
MAJOR DIVISIONS STHBOLS TYPOAL - Group Name ’
GRAPH | LETTER DESCRIPTIONS C ) . .
IS - Consistency or Relative Density
°0’©‘°0“< GW | Wel-graded gravels, gravel sand mix- - Moisture Condition
GRAVEL G%ll\EIAE'\II_S ,,OODO :0‘50 tures, little or no fines. - Color
AND e boorly graded gravels, gravelsandmx. |~ P article size descriptor(s) (coarse grained soils only)
GRAVELLY | UTECRNOFNES) yhqgliq  gp | e ot | - Angularity of coarse grained soils
SOILS eg.0 '
it - Other relevant notes
COARSE -0 I, , .
G;RSH:‘SED gg%%m‘s\g - GRA\éIIE’\II.ESSWITH :,. g .. GM  Silty gravels, gravel-sand-sitt mixtures. C_I'i teria For D_e script ors .
FRACTION (APPRECIABLE AMOUNT Cleyey ravts, graveksand-y Consistency of Fine Grained Soils
RETAINED ONNO. OF FINES) 6C s Consistency N-Value (uncorrected)
: Very Soft <2
qu | Welrgraded sands, gravely sands, Soft 2-4
SAND CLEAN SANDS ltle or no fines. I\S/Ief?ium Stiff % - ?
) ti -15
MORE THAN 50% .
OF MATERIAL IS S;\\“BY (HTTLE OR NOFINES) gp  [Poorly graded sands, gravelly sands, Very Stiff 16 - 30
SO SEVE St SOILS ltle or no fines. Hard > 30
' it mi Apparent Density of Coarse Grained Soils
O Tt SANF?I\?E\QHTH gy [Sity sands, sand-sit mixtues. Relative Density N-Value (uncorrected)
Very Loose <4
PACSNG ONNO. 4 (APPRECIBLE AMOUNT (52 ) Loose 4-10
SIEVE CRFES) 2705 SC  [Clayey sands, sand-clay mixures. Medium Dense 11-30
/ -
Inorganic silts and very fine sands, rock Dense 31-50
ML |flour, silty or clayey fine sands or Very Dense > 350
clayey sths with slight plasticity.
SILTS Inorganic clays of low to medium Moisture Condition
L |plasticty, gravelly clays, sand -
e | oo e © B e Dry “Absence of moisture, dusty, dry to the touch.
SOILS oL Organic silts and organic silty clays of Wet -Visiblé free water. '
low plasticity.
IORE THAN 5% MH g”,g{g?n";gjgﬁi f?]igi‘;en%‘;,so‘;r . Definition of Particle Size Ranges
OF MATERIAL IS silty sols, elastic sits. Soil Component Size Range
SMALLER THAN SILTS LIQUID LIMIT % Inorganic clays of high plasticity, fat Boulder . >12in (300 mm)
NO. 200 SIEVE SIZE AND GREATER THAN 50 / CH s, Cobble 3in (75 mm) - 12 in (300 mm)
CLAYS 7 Gravel No. 4 Sieve (4.75 mm) to 3 in (75 mm)
OH  |Organic lays of medium to high Sand No. 200 (0.075 mm) to No. 4 Sieves (4.75 mm)
plasticity, organic silts. Silt < No. 200 Sieve (0.075 mm)*
i Clay < No. 200 Sieve (0.075 mm)*
HIGHLY ORGANIC SOILS -'_’_L_i_i PT  |Peat and other highly organic soils. *Atterberg limits and chart below to differentiate
between silt and clay.
NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS
Notes
See Soil Boring Information Special Provision. 70 D i i Z
SPT (Standard Penetration Test-ASTM D1586): 60| coarse-grained soils. - £
The number of blows of a 140 Ib (63.6 kg) hammer = o L @ﬁ *® e
falling 2.5 ft (750 mm) used to drive a 2 in (50 mm) I R YRR
0O.D. tsptl'lt Spoon sampler for a total of 1.5 ft (0.45 m) of § gt | AR DERL_ i
penetration. = then PI=0.9(LL-8) S
Written as follows: é 30 ) o —
first 0.5 ft (0.15 m) - second 0.5 ft (0.15 m) - third 0.5 ft (0.15 m) T o0 | cdl oo\’ or
(ex: 1-3-9) 7 ov
Note: if the number of blows exceeds 50 before 0.5 ft 10—
(0.15 m) of penetration is achieved, the actual penetration o | ML of OL
rounded to the nearest 0.1 ft (0.03 m) follows the number of 0 10 2|0 30 40 50 60 70 80 90 100 110
blows in parentheses (ex: 12-24-50 (0.09 m), Liquid Limit (%)
34-50 (0.4 ft), or 100 (0.3 ft)).WR denotes a zero blow count
with the weight of the rods only. Angularity of Coarse-Grained Particles
WH denotes a zero blow count with the weight of the rods Angular -Particles have sharp edges and relative
plus the weight of the hammer. plane sides with unpolished surfaces.
Subangular -Particles are similar to angular description,
MC=Moisture Content, LL=Liquid limit, PL=Plastic Limit Subrounded g:‘rth;‘éi LO;n:ii:ﬁgesléne sides. but have
-200%=percent soil passing 200 sieve, DD=Dry Density ubrou -no eld os v yp Ides, but hav
Soil Classifications are Based on the Unified Soil Rounded  -Pariicios have smoothly curved sides and
Classification System, ASTM D2487 and D2488 well-rounded corners and edges.

Also included are the AASHTO qroup classifications (M145).
Descriptions are based on visual observation, excePt where
they have been modified to reflect results of laboratory tests

as deemed appropriate. Example soil description: Sandy FAT CLAY (CH), soft, wet, brown. (A-7)
Page 1 of 2
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Tetra Tech Boring Log Descriptive Terminology ) rerarees
Key to Rock Symbols and Terms

Rock Type Symbol Rock Type [Symbol JRock Type Symbol Order of Descriptors
= = = ]
- . . - Rock Type
Argilite | === Dolomite Quartzite | [Ty “Color "
——— = - - Grain size (if applicable)
Basalt Gnei ] f() R - Stratification/Foliation (as applicable)
asa neiss Rhyolite | | . T ¢ - Field Hardness
= Do - Other relevant notes
Bedrock - oo RN o )
(other) Granitic|| , /! -, Sandstone [|-:::c0 e Criteria For Descriptors
Mt | [ | G Gram Size
i Au Au N Li t L] § \\ Description Characteristic
i imestone i haracteristic
Breccia I l I l Schist \\\\\\\ Coarse Grained -Individual grains can be easily
= distinguished by eye
E Siltstone |[. iy Shale Fine Grained -Individual grains can be dis-
Claystone | SESEgES tinguished with difficulty
Conglomerate % o %I Suatum ThHickness
Q Thickly Bedded 3-10 ft (1-3 m)
Medium Bedded 1-3 ft (300 mm - 1 m)
Thinly Bedded 2-12in (50-300 mm)
Rock Field Harohess Very Thinly Bedded <2 in (50 mm)
Very Soft -Can be carved with knife. Can be excavated readily with point of rock hammer. Can be scratched readily by fingernail.
Soft -Can be grooved or gouged readily by knife or point of rock hammer. Can be excavated in fragments from
chips to several inches in size by moderate blows of the point of a rock hammer.
Medium -Can be grooved or gouged 0.05 in (2 mm) deep by firm pressure of knife or rock hammer point. Can be

excavated in small chips to pieces about 1 in (25 mm) maximum size by hard blows of the point of a rock hammer.
Moderately hard -Can be scratched with knife or pick. Gouges or grooves to 0.25 in (6 mm) can be excavated by hard blow of rock

hammer. Hand specimen can be detached by moderate blows.
Hard -Can be scratched with knife or pick only with difficulty. Hard hammer blows required to detach hand specimen.

Very Hard -Cannot be scratched with knife or sharp rock hammer point. Breaking of hand specimens requires several hard
blows of a rock hammer.
Notes:
UCS = Unconfined Compressive Strength obtained from laboratory testing at the given depth.
See Soil Boring Information Special Provision.

Miscellaneous Sail/Rock Symbols and Terms

1 Concrete Explanation of Text Fields in Boring Logs:
Material Description: Lithologic Description of soil or rock encountered.

Remarks: Comments on drilling, including method, bit type, and problems encountered.
Asphalt Unless stated on logs as being surveyed by district survey, all locations are considered approximate.

General Notes
Water - Descriptions on these boring logs apply only at the specific boring, and at the time
the time the borings were made. These logs are not warranted to be representative
of subsurface conditions at other locations or times.

- Boulders and Cobbles - Water level observations apply only at the specific boring, and at the time the
borings were made. Due to the variability of groundwater measurements given
Coal the type of drilling used, and the stratification of the soil in the boring, these logs are
not warranted to be representative of groundwater conditions at other locations or
times.
Fill - Other terms may be used as descriptors, as defined by the profession.
i ; C
gr)ggg?on m Auger %g;[;l:e gzg‘o n g Pgr?eetrometer
D)) ) Casing
-Soil and Rock descriptions are based )“‘1 Advancer . Shelby Vane Shear
on visual observation, except where Core =23 Buk Spedial
they have been modified to reflect Barrel =7 samol Sp |
results thlaboratory tests as deemed are Z vampe amplers
appropriate. Drive Grab .
pprop Casing @ Sample E Testpit
Example Rock Log

SANDSTONE, gray, 1ine gramed, hickly beaaed, hard feld haraness.
Page 2 of 2




TETRATECH

ASTM Designation: D 2487 — 83
(Based on Unified Soil Classification System)

CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES

GROUP
MAJOR DIVISIONS GROUP NAME
SYMBOL
Clean Gravels Cu=4and1<Ccs<3F GW Well graded gravel
Gravels Less than 5%
% > ° £ F
More than 50% fines Cu<4andlor1>Cc>3 GP Poorly graded gravel
coarse
fraction Gravels with Fines classify as ML or MH GM Silty gravel " ¢"
c Grained Soil retained on Fines
oarse-Grained Soils i
More than 50% No. 4 sieve Morfcientehsan 12% Fines classify as CL or CH GC Clayey gravel " ¢"
retained on No. 200
sieve Sands Clean Sands Cu=6and1<Ccs<3F SW Well-graded sand !
50% or more of Less than 5% - |
coarse fines Cu<6and/or1>Cc>3 SP Poorly graded sand
faction
paslses No. 4 Sands with Fines Fines classify as ML or MH SM Silty Sand GHI
sieve ' More than 12% o
fines Fines classify as CL or CH SC Clayey sand
) Pl > 7 and plots on or above “A” line CcL Lean clay "M
. Inorganic
Silts and Clays P,
Liquid limit less Pl < 4 or plots below “A” line ML Silt
than 50 . . . KLMN
) . . ) Liquid limit — oven dried Organic clay
Fine-Grained Soils Organic Liquid limit —not dried < °7° oL Organic silt " ©
50% or more passes
the No. 200 sieve ) Pl plots on or above “A” line CH Fat clay "
Silts and Clays Inorganic - — m
Liquid limit 50 or Pl plots below “A” line MH Elastic silt
more . ) : KLMO
. Liquid limit — oven dried Organic clay
Organic Liquid limit — not dried <075 OH Organic silt <-M©
Highly organic soils Primarily organic matter, dark in color, and organic odor PT Peat

A Based on the material passing the 3-in.
(75-mm) sieve.

8 |f field sample contained cobbles or
boulders, or both, add “with cobbles or
boulders, or both” to group name.

C Gravels with 5 to 12% require dual
symbols:

GW-GM well-graded gravel with silt
GW-GC well-graded gravel with clay
GP-GM poorly graded gravel with silt
GP-GC poorly graded gravel with clay

P Sands with 5 to 12% fines require dual
symbols:

SW-SM well-graded sand with silt
SW-SC well-graded sand with clay
SP-SM poorly graded sand with silt
SP-SC poorly graded sand with clay

SIEVE ANALYSIS

£ Cu = Dgo/D1o Ce=(Dso)” / (D10 X Do)

FIf soil contains 215% sand, add “with
sand” to group name.

© If fines classify as CL-ML, use dual
symbol GC-GM, or SC-SM.

" If fines are organic, add “with organic
fines” to group name.

"If soil contains 215% gravel, add “with
gravel” to group name.
If soil contains = 15% gravel, add “with
gravel” to group name.

|scaeen-mv | sevewo. |
woliMIN % 4 10 2 4060 10200
™ []
&0 »
N [Do=15 2
= 15 mm
* ]
Zw \‘\ 80z
é [~ |On=15mm g
T
Hi ¥
20 ~ 0
— { » D= 0075
ot oo
1 11 11! |
L] w s 1.0 05 (%[

PARTICLE SIZE IN MILLIMETERS

Dso (D30)2

C=

(2.5)-

_ 15 _
c= —p= =200

0. Dz X 10
Classifications.doc Rev. 10/03 12X 1

* 0075x15

LI Atterberg limits plot in hatched area, soil
is a CL-ML, silty clay.

X If soil contains 15 to 29% plus No. 200,
add “with sand” or “with gravel”, whichever

is predominant.

" If solid contains = 30% plus No. 200,
predominantly sand, add “sandy” to group

name.

MIf soil contains = 30% plus No. 200,
predominantly gravel, add “gravelly” to

group name.

NPl 4 and plots on or above “A” line.
°Pl<4or plots below “A: line.

PPl plots on or above “A: line.

2 Pl plots below “A: line.

10

&0 7
For classificzion of ine—grained softs snd A /
fine-grained fraction of coarsepgrained 7
50 solls 7 V.
e 7
Equation of “A™line 24 <9/
= Horizomtal &t P = 410 LL = 255 =
S & than Pi = 073 LL-20) ~ S LA
] Equation of “"U™-ine F AN &
% Verticsi gt LL = 1810 Pl = 7 7/ O‘!\
= then Pf = 0.9 (LL-8) 4
E oF =
[&] /
= 7 lav /
‘20 I "/ - [®) .
A / MH o= OH
// 0/
10 = ] / 1
: r ML e OL
0 l ! i
0 0 1820 30 a0 50 50 i 80 20 100
LIQUID LIMIT {LL)
=56 N::\Geotech\Forms\Soil




7100 Commercial Ave. Figure No. A-1

Billings, MT 59101 LOG OF BORING '|'.|: TETRATECH

Phone: 406-248-9161

Fax: Boring INF23-01A Sheet 1 of 1

TT LOG OF BORING - MDT _REVISED 2009+.GDT - 2/12/24 19:09 - \TT.LOCAL\GFS\USVOLUME4\LEGACY\TTS079FS1\DATA\GEOTECH\REPORTS\REPORT 2023\MSU PARKING LOT REPAVING 001068-24001\24002 MSU STADIUM & MOR PAVEMENTS\LAB LOGS\BOF

Project: MSU Parking Area Reconstruction |Rig: Mobile B60HD |Boring Location N: 45.65766
- Stadium and MoR Lots Hammer: Auto Coordinates  E:-111.046484
Project Number: Boring Diameter: | System: Decimal Degrees Top of Boring
117-001068-24002 8" Datum: WGS84 Elevation: 4944.0 ft
Date Started: Date Finished: Drilling Fluid: Abandonment Method:
12/13/23 12/13/23 None Backfilled with CUttIngS
Driller: O'Keefe Location: Refer to Site Map.
Logger: K Farber
Depth| _ | & g - € = Depth
) ||| 2|8 3 2 (Ft) = Remarks
g 2121 a o ) Material Description $ S and
Elev. | 8| E| 3 g 8 = Elev. | 5 8l a Other Tests
(ft) 3| e o - (f) [=|d|2|¥| a
| N Lean CLAY (CL), medium stiff to soft,
| i moist, dark brown, low plasticity.
| 1 ] 50 4-3-4
[4943.0]
[ 2
4942.0]
[ 3 ]
4941.0
N 100 2-2-2
BEAL
4940.0)
[ 5
4939.0)
[ ] 100 0-1-1
- 6 —
4938.0]
I _ : 65,
Boring Depth: 6.5 ft, Elevation: 4937.5ft  4937.5
Water Level Observations Zgﬁﬂﬂ% Not Encountered Remarks:
After After
1 Drilling: Not Recorded ! Drilling: Not Recorded




TT LOG OF BORING - MDT _REVISED 2009+.GDT - 2/12/24 19:09 - \TT.LOCAL\GFS\USVOLUME4\LEGACY\TTS079FS1\DATA\GEOTECH\REPORTS\REPORT 2023\MSU PARKING LOT REPAVING 001068-24001\24002 MSU STADIUM & MOR PAVEMENTS\LAB LOGS\BOF

7100 Commercial Ave. Flgure No. A-2 TETRA TECH
Billings, MT 59101 Ib
Phone: 406-248-9161 LOG OF BORING
Fax: Boring INF24-01B Sheet 1 of 1
Project: MSU Parking Area Reconstruction |Rig: Mobile B60HD |Boring Location N: 45.65766
- Stadium and MoR Lots Hammer: Auto Coordinates E: -111.046484
Project Number: B"orlng Diameter: | System: Decimal Degrees Top of Boring
117-001068-24002 8 Datum: WGS84 Elevation: 4944.0 ft
Date Started: Date Finished: Drilling Fluid: Abandonment Method:
2/1/24 2/1/24 None Backfilled with Cuttlngs
Driller: O'Keefe Location: Five feet south of INF23-01A.
Logger: T Hembree
Depth| _ | & g _ € > Depth
) || =2 3 2 (ft) - Remarks
g %_ Q1o o ° Material Description $ S and
Elev. | 8| E| 3 g 8 = Elev. | 5 8l a Other Tests
(ft) 3|8 @ - f) [5|d|2|§|a
TOPSOIL, Lean CLAY with sand (CL),
i T moist, dark brown, fine grained.
[ 2 : — 2.0
4942.0 Lean CLAY with sand (CL), medium stiff, 4942.0
i T moist, brown, fine grained, low plasticity.
)
4940.0
B a 60 2-3-3
[ 6 |
4938.0
[ 8 |
4936.0
i T — __ 9.0
- E Pl Poorly-Graded GRAVEL with silt and sand | 4935.0
B _ )" | (GP-GM), very dense, moist, gray to
| 10 | 80 27-37-40 2 brown, medium to coarse grained,
[4934.0 P H{ subrounded.
B _ DI
- e Oq i No infiltration test
B _ — 7 - - - 5 casing installed per
12 Lean CLAY with sand (CL), medium stiff, 4932.5 discugsion with gient_
29320 60 9.3.3 moist, tan, low plasticity.
i ' i _ 13.0
Boring Depth: 13.0 ft, Elevation: 4931.0 ft 931.
Water Level Observations ngm& Not Encountered Remarks:
2 After v After
X Drilling: Not Recorded = Drillina: Not Recorded




7100 Commercial Ave. Figure No. A-3

Billings, MT 59101 LOG OF BORING '|'.|: TETRATECH

Phone: 406-248-9161

Fax: Boring INF23-02A Sheet 1 of 1

TT LOG OF BORING - MDT _REVISED 2009+.GDT - 2/12/24 19:09 - \TT.LOCAL\GFS\USVOLUME4\LEGACY\TTS079FS1\DATA\GEOTECH\REPORTS\REPORT 2023\MSU PARKING LOT REPAVING 001068-24001\24002 MSU STADIUM & MOR PAVEMENTS\LAB LOGS\BOF

Project: MSU Parking Area Reconstruction |Rig: Mobile B60HD |Boring Location N: 45.658949
- Stadium and MoR Lots Hammer: Auto Coordinates E:-111.047263
Project Number: Boring Diameter: | System: Decimal Degrees Top of Boring
117-001068-24002 8" Datum: WGS84 Elevation: 4943.0 ft
Date Started: Date Finished: Drilling Fluid: Abandonment Method:
12/13/23 12/13/23 None Backfilled with CUttIngS
Driller: O'Keefe Location: Refer to Site Map.
Logger: K Farber
Depth| _ | & g - € = Depth
) ||| 2|8 3 2 (ft) = Remarks
S22 %¢a © ° Material Description $ = and
Elev. | 8| E| 3 g 8 = Elev. | 5 8l a Other Tests
(f) CAK o - f) |=|3|z|§| a
B N TOPSOIL, Sandy Lean CLAY (CL), soft,
| | moist, dark brown.
[ 67 3-1-1
. : i i 1.0
4942.0 | Lean CLAY with sand (CL), medium stiff, 4942.0
| N moist, light brown, low plasticity.
[ 2 ]
4941.0
[ 3]
4940.0
N 67 1-3-4
AL
4939.0
S
[4936.0) 23|39| 24|84
[ 67 10-3-4
- 6 —
4937.0)
i _ . . &
Boring Depth: 6.5 ft, Elevation: 4936.5ft  4936.5
Water Level Observations Zgﬁﬂﬂ% Not Encountered Remarks:
2 After v After
X Drilling: Not Recorded = Drillina: Not Recorded
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7100 Commercial Ave. Flgure No. A-4 -lt TETRA TECH
Billings, MT 59101
Phone: 406-248-9161 LOG OF BORING
Fax: Boring INF24-02B Sheet 1 of 1
Project: MSU Parking Area Reconstruction |Rig: Mobile B60HD |Boring Location N: 45.658949
- Stadium and MoR Lots Hammer: Auto Coordinates E:-111.047263
Project Number: Boring Diameter: | System: Decimal Degrees Top of Boring
117-001068-24002 8" Datum: WGS84 Elevation: 4943.0 ft
Date Started: Date Finished: Drilling Fluid: Abandonment Method:
2/1/24 2/1/24 None Backfilled with CUttIngS
Driller: O'Keefe Location: Ten feet north of INF23-02A.
Logger: T Hembree
Depth| _ | & g - € = Depth
) ||| 2|8 3 2 (ft) = Remarks
S22 %¢a © ° Material Description $ = and
Elev. | 8| E| 3 g 8 = Elev. | 5 8l a Other Tests
(ft) 3| e o - (f) [=|d|2|¥| a
TOPSOIL, Lean CLAY (CL), moist, dark
i T brown.
| 2 : i i 2.0
4941.0 Lean CLAY with sand (CL), stiff to medium | 49471.0
i T stiff, moist, tan to brown, low plasticity.
| 4
4939.0
[ ¢ | 60 2-4-5
[4937.0]
[ 8 |
4935.0
[ o0 [ R |
4933.0
5 4 50 3-3-4
| 12| _ 12.0
4931.0 P Poorly-Graded GRAVEL with silt and sand | 49371.0
i 7 )" D (GP-GM), moist, gray to brown, medium
B 7 OQ to coarse grained, subrounded to
- B 00 1y rounded.
[ 14 )o<_
4929.0 P 3 Infiltration test casing
B N o installed to 14.1 feet
- E )o 15.0 below the ground
: : - y surface. Infiltration
Boring Depth: 15.0 ft, Elevation: 4928.0 ft \‘1928-d test performed on
2/1/2024. Average test
infiltration rate was
68.5 in/hr.
Water Level Observations ngm& Not Encountered Remarks:
After

1 Drilling: Not Recorded

! After
= Drillina: Not Recorded




TT LOG OF BORING - MDT _REVISED 2009+.GDT - 2/12/24 19:09 - \TT.LOCAL\GFS\USVOLUME4\LEGACY\TTS079FS1\DATA\GEOTECH\REPORTS\REPORT 2023\MSU PARKING LOT REPAVING 001068-24001\24002 MSU STADIUM & MOR PAVEMENTS\LAB LOGS\BOF

7100 Commercial Av