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Geotechnical Engineering Report
Outpatient Mental Health Facility
3687 Veterans Drive

Fort Harrison, Montana
Terracon Project No. C4185062
February 7, 2019

INTRODUCTION

This report presents the results of our subsurface exploration and geotechnical engineering
services performed for the proposed Outpatient Medical Health Facility to be located on the
campus of the Fort Harrison VA Medical Center located at 3687 Veterans Drive in Fort Harrison,
Montana. The purpose of these services is to provide information and geotechnical engineering
recommendations relative to:

= Subsurface soil conditions = Foundation design and construction
= Groundwater conditions = Floor slab design and construction
= Site preparation and earthwork = Seismic site classification per IBC

= Excavation considerations = Lateral earth pressures

= Frost considerations

The geotechnical engineering Scope of Services for this project included the advancement of four
borings to depths ranging from approximately 21.0 to 31.5 feet below existing site grades.

Maps showing the site and boring locations are shown in the Site Location and Exploration
Plan sections, respectively. The results of the laboratory testing performed on soil samples
obtained from the site during the field exploration are included on the boring logs and as separate
graphs in the Exploration Results section.
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SITE CONDITIONS

The following description of site conditions is derived from our site visit in association with the
field exploration and our review of publicly available geologic and topographic maps.

Item Description

The project is located at 3687 Veterans Drive in Fort Harrison, Montana.
Approximate GPS coordinates of the OPMH Building are 46.6191° N /
112.0999° W

See Site Location

Parcel Information

Existing The project will be constructed on an open area to the east of the existing
Improvements main hospital building.

Current Ground

Grass covered
Cover

Relatively flat with a gentle slope from west-northwest toward east-

Existing Topography southeast

The site is located on the western edge of the Helena Valley, to the
northwest of Tenmile Creek. Topography of the site is indicative of alluvial
and colluvial influences from the Cherry Creek and Sevenmile Creek
Geology drainages emanating from the low hills to the west of the site and the
Tenmile Creek flood plain to the south of the project site. Soils are primarily
alluvial sand and gravel materials, with some interbedding of silt and clay
soils that are likely overbank flood deposits.

PROJECT DESCRIPTION

Our initial understanding of the project was provided in our proposal and was discussed during
project planning. A period of collaboration has transpired since the project was initiated, and our
final understanding of the project conditions is as follows:

ltem Description

The project will consist of the construction of a 14,650 square foot stand-
alone, single story, slab-on-grade building for an outpatient mental health
facility. The OPMH building will have an entrance from the east side of the
Project Description north parking lot to support patient privacy and shall have appropriate site
development of an area not more than 1 acre to facilitate patient support
requirements and site utilization. The existing detention basin will be
expanded to accommodate the added impervious area.

Column: 25 to 100 kips
Maximum Loads Wallls: 4 to 6 kips per lineal foot
Floor slab: 150 to 250 pounds per square foot (psf)

Final grading is expected to be minimal, with anticipated cut and/or fill to
be less than 3 feet.

Grading/Slopes
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ltem Description
Below-Grade Structures | None anticipated
Free-Standing Retaining

None anticipated

Walls
Below-Grade Areas None anticipated

None required for the facility, the OPMH building will utilized an existing
Pavements

parking structure to the north.

GEOTECHNICAL CHARACTERIZATION

We have developed a general characterization of the subsurface conditions based upon our
review of the subsurface exploration, laboratory data, geologic setting and our understanding of
the project. This characterization forms the basis of our geotechnical calculations and evaluation
of site preparation and foundation options. Conditions encountered at each exploration point are
indicated on the individual logs. The individual logs can be found in the Exploration Results
section of this report.

The subsurface conditions encountered consisted of a nominal thickness of approximately 0.4 to
1.0 feet of fill/topsoil overlying native soils. Below this fill/topsoil layer the general site subsurface
conditions are characterized by the nature of their alluvial and colluvial deposition, in that
(predominantly recent) coarse-grained deposits of silty, clayey sand with gravel or clayey sand
are encountered within the upper zone of the profile. These soils are interbedded with low to
moderate plasticity sandy lean clay materials at varying depths. The profile also contains varying
amounts of gravel and fines such that the classification of the soils is interchangeable between
silty, clayey sand with gravel to silty, clayey gravel with sand depending on the location of the
samples. The predominant coarse-grained sands and gravels exhibit varying strength
characteristics within the anticipated zone of influence for new foundation load distribution (the
upper 15 feet), with Standard Penetration Test (SPT) recorded N-values ranging between 6 to 55
blows per foot (bpf) throughout their depths, indicating loose to very dense conditions. Where
encountered within the zone of stress influence, the cohesive soils were generally found to be
medium stiff to stiff with SPT N-values in the range of 6 to 12 bpf. The natural moisture content
of the cohesionless (coarse-grained) soils was found to be in the range of 1 to 11 percent, varying
with the amounts of fines. The cohesive (fine grained) soils encountered had natural moisture
contents within the range of 7 to 15 percent.

GEOTECHNICAL OVERVIEW

The near surface sand and gravel soils have varying strength characteristics, along with varying
amounts of silt and clay fines. These near surface soils could become unstable under
construction traffic resulting in pumping or yielding subgrade conditions that could impact overall
construction activities. Effective drainage should be completed early in the construction sequence
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and maintained after construction to avoid potential issues. If possible, the grading should be
performed during the warmer and drier times of the year. If grading is performed during the winter
months, an increased risk for possible undercutting and replacement of unstable subgrade will
persist. Additional site preparation recommendations, including subgrade improvement and fill
placement, are provided in the Earthwork section.

The subsurface conditions encountered indicate that varying strength and settlement
characteristics are likely to be encountered throughout the footprint of the planned OMHP
building, with SPT recorded N-values at planned bearing stratum varying from approximately 6 to
28 bpf. Due to this variability, special foundation preparation is recommended to provide reliable
bearing and minimizing the potential for differential settlement. The Shallow Foundations
section addresses support of the building bearing on Structural Fill extending to properly prepared
native sand/gravel soils. The Floor Slabs section addresses slab-on-grade support of the building.

The General Comments section provides an understanding of the report limitations.

EARTHWORK

Earthwork is anticipated to include clearing and grubbing, excavations, and fill placement. The
following sections provide recommendations for use in the preparation of specifications for the
work. Recommendations include critical quality criteria, as necessary, to render the site in the
state considered in our geotechnical engineering evaluation for foundations and floor slabs.

Site Preparation

Prior to placing fill, existing vegetation and root mat should be removed. Complete stripping of the
topsoil and fill to a nominal depth of 1.0 feet below existing grade should be performed in the
proposed building area. Following completion of stripping activities, the foundation excavations
should be conducted by excavation equipment operating above and outside the limits of the
subgrade area. Excavations should be completed to a minimum depth of 2.0 feet below the base
of footing to allow for placement of Structural Fill gravel mat. Following excavation and prior to
placement of Structural Fill, the native sand/gravel subgrade should be moisture conditioned and
recompacted to a minimum of 98 percent of the maximum laboratory dry density as determined
by ASTM D 698. Once the subgrade has been prepared, Structural Fill placement should be
conducted based on the recommendations below.

Fill Material Types

Fill required to achieve design grade should be classified as Structural Fill and general fill.
Structural Fill is material used below, or within 10 feet of structures or within 2 feet of exterior
slabs-on-grade. General fill is material used to achieve grade outside of these areas. Earthen
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materials used for Structural Fill and general fill should meet the following material property
requirements:

Soil Type * USCS Classification Acceptable Parameters (for Structural Fill)

100% passing 1 1/2-inch size,

- 0, H
. GP, GW, GM. SP, 30-60% passing the No. 4 screen,
Structural Fill

(imported material) SW, SM or dual and no more than 10% passing the No. 200 screen.
symbols
The fines portion should have a maximum Liquid Limit
and Plasticity Index of 25 and 10 percent, respectively
Crushed Base GP. GW. or dual ¥ inch minus crushed material conforming to Montana
Course (Leveling ’symk’)ols Public Works Standard Specification - Section 02235

Course) Crushed Base Course

The on-site soils typically appear suitable for use as
o SC-SM, GC-GM, SM, .  ypicaly app N ;
On-site Soils general fill only, including site grade raising material and
SC,CL . ) .
exterior backfill of foundations

1. Structural and general fill should consist of approved materials free of organic matter and debris. Frozen
material should not be used, and fill should not be placed on a frozen subgrade. A sample of each material
type should be submitted to the Geotechnical Engineer for evaluation prior to use on this site.

Fill Compaction Requirements

Structural Fill and general fill should meet the following compaction requirements.

Iltem Structural Fill General Fill

9 inches or less in loose thickness when heavy,
self-propelled compaction equipment is used

4 to 6 inches in loose thickness when hand- Same as Structural fill

Maximum Lift

Thickness ) i i S
guided equipment (i.e. jumping jack or plate
compactor) is used
Minimum. 98% of maximum below foundations
Compaction 95% of maximum above foundations (backfill), | 92% of max.

1,2,3

Requirements below floor slabs

Low plasticity cohesive: -2% to +3% of optimum
High plasticity cohesive: 0 to +4% of optimum
Granular: -3% to +3% of optimum

Water Content As required to achieve min.

compaction requirements

Range "
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Item Structural Fill General Fill

1. Maximum density and optimum water content as determined by the standard Proctor test (ASTM D 698).

2. High plasticity cohesive fill should not be compacted to more than 100 percent of standard Proctor
maximum dry density.

3. If the granular material is a coarse sand or gravel, or of a uniform size, or has a low fines content,
compaction comparison using local practices may be more appropriate. It should be noted that ASTM D698
allows for rock-correction of samples with up to 30% Retained on the 3/4” screen, but that this can lead to
values not attainable in the field. ASTM allows for use of engineering judgement of field test strips. Local
practice also has utilized successfully for control of the former ASTM D698 method of rock-replacement.

Utility Trench Backfill

For low permeability subgrades, utility trenches are a common source of water infiltration and
migration. Utility trenches penetrating beneath the building should be effectively sealed to restrict
water intrusion and flow through the trenches, which could migrate below the building. The trench
should provide an effective trench plug that extends at least 5 feet from the face of the building
exterior. The plug material should consist of cementitious flowable fill or low permeability clay.
The trench plug material should be placed to surround the utility line. If used, the clay trench plug
material should be placed and compacted to comply with the water content and compaction
recommendations for structural fill stated previously in this report.

Grading and Drainage

All grades must provide effective drainage away from the building during and after construction
and should be maintained throughout the life of the structure. Water retained next to the building
can result in soil movements greater than those discussed in this report. Greater movements can
result in unacceptable differential floor slab and/or foundation movements, cracked slabs and
walls, and roof leaks. The roof should have gutters/drains with downspouts that discharge into a
buried piping system directing water to a positive outlet away from the backfill zone or onto splash
blocks at a distance of at least 10 feet from the building.

Exposed ground should be sloped and maintained at a minimum 5 percent away from the building
for at least 10 feet beyond the perimeter of the building. Locally, flatter grades may be necessary
to transition ADA access requirements for flatwork. After building construction and landscaping
have been completed, final grades should be verified to document effective drainage has been
achieved. Grades around the structure should also be periodically inspected and adjusted, as
necessary, as part of the structure’s maintenance program. Where paving or flatwork abuts the
structure, a maintenance program should be established to effectively seal and maintain joints
and prevent surface water infiltration.

Earthwork Construction Considerations

Shallow excavations for the proposed OPMH building are anticipated to be accomplished with
conventional construction equipment. Upon completion of filling and grading, care should be taken
to maintain the subgrade water content prior to construction of floor slabs. Construction traffic
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over the completed subgrades should be avoided. The site should also be graded to prevent
ponding of surface water on the prepared subgrades or in excavations. Water collecting over or
adjacent to construction areas should be removed. If the subgrade freezes, desiccates, saturates,
or is disturbed, the affected material should be removed, or the materials should be scarified,
moisture conditioned, and recompacted prior to floor slab construction.

As a minimum, excavations should be performed in accordance with OSHA 29 CFR, Part 1926,
Subpart P, “Excavations” and its appendices, and in accordance with any applicable local, and/or
state regulations.

Construction site safety is the sole responsibility of the contractor who controls the means,
methods, and sequencing of construction operations. Under no circumstances shall the
information provided herein be interpreted to mean Terracon is assuming responsibility for
construction site safety, or the contractor's activities; such responsibility shall neither be implied
nor inferred.

Construction Observation and Testing

The earthwork efforts should be monitored under the direction of the Geotechnical Engineer.
Monitoring should include documentation of adequate removal of vegetation and top soil, and
subgrade preparation for foundation and slab support.

The prepared subgrade and each lift of compacted fill should be tested, evaluated, and reworked
as necessary until approved by the Geotechnical Engineer prior to placement of additional lifts.
Each lift of fill should be tested for density and water content, due to the small size of the planned
septage receiving facility it is recommended that frequencies as below be utilized:

" Minimum of one test per 50 lineal feet of footing line, for subgrade and per each
subsequent lift

" Minimum one test per 2,500 square feet for building slab areas, for subgrade and each
subsequent lift

" Minimum two tests per lift of perimeter backfill for every 75 lineal feet of wall line

" Minimum one test per 75 lineal feet of compacted utility trench backfill, per lift

In areas of foundation excavations, the bearing subgrade should be evaluated under the direction
of the Geotechnical Engineer. If unanticipated conditions are encountered, the Geotechnical
Engineer should prescribe mitigation options.

In addition to the documentation of the essential parameters necessary for construction, the
continuation of the Geotechnical Engineer into the construction phase of the project provides the
continuity to maintain the Geotechnical Engineer’s evaluation of subsurface conditions, including
assessing variations and associated design changes.
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SHALLOW FOUNDATIONS

The primary geotechnical consideration for the proposal Outpatient Mental Health building is to
provide reliable bearing support while limiting the potential for differential movement. As the
facility will be an isolated facility, not directly connected to any other structures, the risk for adverse
performance due to differential movement is slightly reduced. However, the variability within the
subsurface encountered within the planned 14,650 square foot plan area could result in
unacceptable levels of differential settlement if not properly addressed. As such, the desire to
provide uniform support while limiting potential for differential movement within the new facility will
be important. The existing native alluvial sands, gravels, and clays exhibit varying strength and
compressibility characteristics, with bearing stratum transitioning from one end of the structure
(near Boring B-02) from dense silty, clayey gravel with sand to loose silty sand (near Boring B-
04). The predominant bearing stratum of sand and gravel provides sufficient strength to support
the structure; however, anticipated settlement under the preliminary loading conditions provided
without improvement is the critical design case.

Our analysis for bearing capacity and settlement has been based on the controlling case
encountered in the profile of Boring B-03, in which loose sand overlies medium dense to dense
sand and gravel within the zone of stress influence from new foundations. Based on our analysis,
the native alluvial soils would be able to support the anticipated 25 to 100 kips isolated spread
footings and/or 4 to 6 kips per lineal foot continuous footing loads anticipated for the structure on
a standard shallow foundation from a bearing capacity standpoint. However, when the structure
is loaded to the allowable bearing capacity(ies) for the solil, the predicted settlement under load
would exceed 1 inch, which is generally considered undesirable. As such, we recommend that a
nominal overexcavation and replacement zone of 2 feet of Structural Fill, be utilized to provide
uniformity of bearing, act as a stress reduction platform, with the result being predicted settlement
less than the 1 inch allowed.

If the site has been prepared in accordance with the requirements noted in Earthwork, the
following design parameters are applicable for shallow foundations.

Design Parameters — Compressive Loads

Item Description
3,000 psf (strip/continuous foundations bearing within
Maximum Net Allowable Bearing Structural Fill)
pressure = ° 3,500 psf (isolated spread foundations bearing within

Structural Fill)

Structural Fill extending to properly prepared native
alluvial soils

Columns: 32 inches
Continuous: 24 inches

Required Bearing Stratum °

Minimum Foundation Dimensions
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ltem Description

Ultimate Passive Resistance *
(equivalent fluid pressures)

500 pcf (granular backfill)

Ultimate Coefficient of Sliding Friction ° | 0.40 (Structural Fill)

Minimum Embedment below Exterior footings: 48 inches

Finished Grade °© Interior footings, heated areas: 36 inches

Estimated Total Settlement from
Structural Loads °

Less than about 1 inch

Estimated Differential Settlement ** About 2/3 of total settlement

1. Assumes proper preparation of native soil bearing surface and placement/compaction of Structural Fill in
accordance with Site Preparation. Based on a minimum factor of safety of 3.

2. Values provided are for maximum loads noted in Project Description.

3. Unsuitable or soft soils should be over-excavated and replaced per the recommendations presented in the
Earthwork.

4. Use of passive earth pressures require the sides of the excavation for the spread footing foundation to be
nearly vertical and the concrete placed neat against these vertical faces or that the footing forms be
removed and compacted Structural Fill be placed against the vertical footing face.

5. Can be used to compute sliding resistance where foundations are placed on suitable soil/materials. Should
be neglected for foundations subject to net uplift conditions.

6. Embedment necessary to minimize the effects of frost and/or seasonal water content variations. For sloping
ground, maintain depth below the lowest adjacent exterior grade within 5 horizontal feet of the structure.

7. Differential settlements are as measured over a span of 50 feet.

Design Parameters - Uplift Loads

Uplift resistance of spread footings can be developed from the effective weight of the footing and
the overlying soils. As illustrated on the subsequent figure, the effective weight of the soil prism
defined by diagonal planes extending up from the top of the perimeter of the foundation to the
ground surface at an angle, g, of 20 degrees from the vertical can be included in uplift resistance.
The maximum allowable uplift capacity should be taken as a sum of the effective weight of soil
plus the dead weight of the foundation, divided by an appropriate factor of safety. A maximum
total unit weight of 120 pcf should be used for the backfill.
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Limits of Soil for Uplift Resistance

Foundation Construction Considerations

As noted in Earthwork, the footing excavations should be evaluated under the direction of the
Geotechnical Engineer, and should extend to a minimum of 2 feet below footing depth to
accommodate installation of Structural Fill. The base of all foundation excavations should be free
of water and loose soil, prior to placing concrete, and any soils loosened by excavation should be
re-compacted in accordance with the Fill Compaction Requirements section above. Concrete
should be placed soon after excavating to reduce bearing soil disturbance. Care should be taken
to prevent wetting or drying of the bearing materials during construction. Excessively wet or dry
material or any loose/disturbed material in the bottom of the footing excavations should be
removed/reconditioned before foundation concrete is placed.

Over-excavation for Structural Fill placement below footings should be conducted as shown
below. The over-excavation should be backfilled up to the footing base elevation, with Structural
Fill placed, as recommended in the Earthwork section.

i

DESIGN
FOOTING LEVEL @——

STRUCTURAL D
FILL

RECOMMENDED @ T T

EXCAVATION LEVEL =TT
OVER-EXCAVATION / BACKFILL ZONE

NOTE: EXCAVATIONS ARE SHOWN VERTICAL: HOWEVER, THE
SIDEWALLS SHOULD BE SLOPED AS NECESSARY FOR SAFETY
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SEISMIC CONSIDERATIONS

The seismic design requirements for buildings and other structures are based on Seismic Design
Category. Site Classification is required to determine the Seismic Design Category for a structure.
The Site Classification is based on the upper 100 feet of the site profile defined by a weighted
average value of either shear wave velocity, standard penetration resistance, or undrained shear
strength in accordance with Section 20.4 of ASCE 7 and the International Building Code (IBC).
Based on the soil properties encountered at the site and as described on the exploration logs and
results, along with past seismic hazard analysis we have conducted at the VA Fort Harrison
Campus, it is our professional opinion that the Seismic Site Classification is C. Subsurface
explorations at this site were extended to a maximum depth of 31.5 feet. The site properties below
the boring depth to 100 feet were estimated based on our experience and knowledge of geologic
conditions of the general area.

FLOOR SLABS

Based on subsurface conditions encountered, it is anticipated that following topsoilffill removal,
native sand will be encountered at the floor slab subgrade level. These soils should be replaced
with Structural Fill so the floor slab is supported on at least 12 inches of compacted Structural Fill
to improve uniformity of subgrade support.

Design parameters for floor slabs assume the requirements for Earthwork have been followed.
Specific attention should be given to positive drainage away from the structure and. positive drainage
of the aggregate base beneath the floor slab.

Floor Slab Design Parameters

Item Description

Minimum 4 inches of crushed base course (leveling course) aggregate
compacted to at least 95% of ASTM D 698 * °

Floor Slab Support *
At least 12 inches of Structural Fill below the 4 inches of base course with the
Structural Fill extending to properly prepared native sand/clay soils.

Estimated Modulus of

Subgrade Reaction 5 150 pounds per square inch per inch (psi/in) for point loads

1. Floor slabs should be structurally independent of building footings or walls to reduce the possibility of floor
slab cracking caused by differential movements between the slab and foundation.
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Item Description

2. Modulus of subgrade reaction is an estimated value based upon our experience with the subgrade
condition, the requirements noted in Earthwork, and the floor slab support as noted in this table. It is
provided for point loads. For large area loads the modulus of subgrade reaction would be lower.

3. Free-draining granular material should have less than 5 percent fines (material passing the #200 sieve).
Other design considerations such as cold temperatures and condensation development could warrant more
extensive design provisions.

The use of a vapor retarder should be considered beneath concrete slabs on grade covered with
wood, tile, carpet, or other moisture sensitive or impervious coverings, or when the slab will
support equipment sensitive to moisture. When conditions warrant the use of a vapor retarder,
the slab designer should refer to ACI 302 and/or ACI 360 for procedures and cautions regarding
the use and placement of a vapor retarder.

Saw-cut control joints should be placed in the slab to help control the location and extent of
cracking. For additional recommendations refer to the ACI Design Manual. Joints or cracks should
be sealed with a water-proof, non-extruding compressible compound specifically recommended
for heavy duty concrete pavement and wet environments.

Based on details provided by JIRSA/Hedrick Structural Engineers, it is our understanding that the
front entry way will be constructed with a turndown slab-on-grade to limit the potential for
differential movement affecting performance of entry doors. Where floor slabs are tied to
perimeter walls or turn-down slabs to meet structural or other construction objectives, our
experience indicates differential movement between the walls and slabs will likely be observed in
adjacent slab expansion joints or floor slab cracks beyond the length of the structural dowels. The
Structural Engineer should account for potential differential settlement through use of sufficient
control joints, appropriate reinforcing or other means.

Floor Slab Construction Considerations

Finished subgrade, within and for at least 10 feet beyond the floor slab, should be protected from
traffic, rutting, or other disturbance and maintained in a relatively moist condition until floor slabs are
constructed. If the subgrade should become damaged or desiccated prior to construction of floor
slabs, the affected material should be removed and Structural Fill should be added to replace the
resulting excavation. Final conditioning of the finished subgrade should be performed immediately
prior to placement of the floor slab support course.

The Geotechnical Engineer should approve the condition of the floor slab subgrades immediately
prior to placement of the floor slab support course, reinforcing steel, and concrete. Attention should
be paid to high traffic areas that were rutted and disturbed earlier, and to areas where backfilled
trenches are located.
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LATERAL EARTH PRESSURES

Design Parameters

Structures with unbalanced backfill levels on opposite sides should be designed for earth
pressures at least equal to values indicated in the following table. Earth pressures will be
influenced by structural design of the walls, conditions of wall restraint, methods of construction
and/or compaction and the strength of the materials being restrained. Two wall restraint conditions
are shown in the diagram below. Active earth pressure is commonly used for design of free-
standing cantilever retaining walls and assumes wall movement. The “at-rest” condition assumes
no wall movement and is commonly used for basement walls, loading dock walls, or other walls
restrained at the top. The recommended design lateral earth pressures do not include a factor of
safety and do not provide for possible hydrostatic pressure on the walls (unless stated).

For active pressure movement

S = Surcharge —b‘ r(o.ooz H to 0.004 H)

54

For at-rest pressure

‘ 4 - No Movement Assumed
Horizontal
Finished
Grade
H
| / Horizontal
[ Finished Grade
Ild—pz—vk—pw—biv = Retaining Wall
Earth .. : Equival
art Coefficient for Backfill quwa en_t Surcharge Earth Pressure,
Pressure Tvpe Fluid Density Pressure, pa (psf) (osh
Conditions yp (pcf) PP P2 (P
Active (Ka) Structural Fill - 0.26 35 (0.26)S (35)H
Native Sand/Gravel — 0.36 40 (0.36)S (40)H
Native Clay - 0.45 50 (0.45)S (50)H
At-Rest (Ko) Structural Fill - 0.42 55 (0.42)S (55)H
Native Sand/Gravel — 0.53 60 (0.53)S (60)H
Native Clay - 0.63 70 (0.63)S (70)H
Passive Structural Fill - 3.8 500
(Kp) Native Sand/Gravel — 2.8 320
Native Clay — 2.2 250
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Applicable conditions to the above include:

= Foractive earth pressure, wall must rotate about base, with top lateral movements of about
0.002 H to 0.004 H, where H is wall height

= For passive earth pressure to develop, wall must move horizontally to mobilize resistance

= Uniform surcharge, where S is surcharge pressure

= In-situ soil backfill weight a maximum of 115 pcf (native soils), 135 pcf (structural fill)

= Horizontal backfill, compacted between 95 and 98 percent of standard Proctor maximum
dry density

= Loading from heavy compaction equipment is not included

= No hydrostatic pressures acting on wall

= No dynamic loading

= No safety factor included

= Ignore passive pressure in frost zone

Backfill placed against structures should consist of granular soils or low plasticity cohesive solls.
For the granular values to be valid, the granular backfill must extend out and up from the base of
the wall at an angle of at least 45 and 60 degrees from vertical for the active and passive cases,
respectively.

Subsurface Drainage for Below-Grade Walls

A perforated rigid plastic drain line installed behind the base of foundation walls and which extends
below adjacent grade is recommended to prevent hydrostatic loading on the walls and mitigate
the potential for moisture infiltration to foundation subgrade elevation. The invert of a drain line
around a below-grade building area should be placed at the base of Structural Fill replacement
material. The drain line should be sloped to provide positive gravity drainage to daylight or to a
sump pit and pump. The drain line should be surrounded by clean, free-draining granular material
having less than 5 percent passing the No. 200 sieve. The free-draining aggregate should be
encapsulated in a filter fabric such as Mirafi 140N. The granular fill should extend to within 1 foot
above base of foundation, where it should be capped with compacted cohesive fill to reduce
infiltration of surface water into the drain system.

FROST CONSIDERATIONS

The soils on this site are frost susceptible, and small amounts of water can affect the performance
of the slabs on-grade and sidewalks subject to freeze-thaw cycles. Exterior slabs should be
anticipated to heave during winter months, with predicted levels of frost action on the order of 1.0
to 3.0 inches possible at the leading edge of exposed slabs. If frost action needs to be eliminated
in critical areas, we recommend the use of non-frost susceptible (NFS) fill or structural slabs (for
instance, structural stoops in front of building doors). Placement of NFS material in large areas
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may not be feasible; however, the following recommendations are provided to help reduce
potential frost heave:

" Provide surface drainage away from the building and slabs, and toward the site storm
drainage system.

" Install drains around the perimeter of the building, stoops, below exterior, and connect
them to the storm drainage system.

" Grade clayey subgrades, so groundwater potentially perched in overlying more permeable
subgrades, such as sand or aggregate base, slope toward a site drainage system.

" Place NFS fill as backfill beneath slabs critical to the project.
"  Place a 3 horizontal to 1 vertical (3H:1V) transition zone between NFS fill and other soils.
" Place NFS materials in critical sidewalk areas.

As an alternative to extending NFS fill to the full frost depth, consideration can be made to placing
extruded polystyrene or cellular concrete under a buffer of at least 2 feet of NFS material.

CORROSIVITY

Based on our experience at the VA Fort Harrison site, laboratory saturated paste resistivity testing
for native clayey/silty sands generally have minimum resistivity values in the range of 2,000 to
3,200 ohm-cm.

SOIL RESISTIVITY (ohm-cm) CORROSION POTENTIAL
0 to 1,000 Very High

1,000 to 2,000 High

2,000 to 5,000 Moderate

> 5,000 Mild

Data suggests that the soil pH should not be a dominant soil variable affecting soil corrosion if the
soil pH in the range of 5 to 8. Based on historic analytical laboratory pH testing, the site soils
generally have pH values in the range of 7.5 to 8.0. The pH falls at the upper end of the
recommended range and indicates that the soil pH may provide a minor contribution to corrosion.

This data indicates that the controlling subsurface profile is a moderately corrosive environment
for buried metals. Any planned buried metals should be designed in accordance to the
recommendation of a corrosion engineer were necessary.

Based on our local experience and results of the past laboratory testing, the sulfate contents of
the sand materials are generally to be considered as having the negligible potential for severe
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sulfate attack on concrete. Based on our experience, concrete in contact with native soils, in the
presence of groundwater transporting the sulfate concentrations indicated, or subject to freeze-thaw
cycles should be designed according to PCA Design and Control of Concrete Mixtures, utilizing
Type I-1l cement with minimum 28-day compressive strength of 4,500 psi and minimum water-
cement ratio of 0.45.

GENERAL COMMENTS

Our analysis and opinions are based upon our understanding of the project, the geotechnical
conditions in the area, and the data obtained from our site exploration. Natural variations will occur
between exploration point locations or due to the modifying effects of construction or weather.
The nature and extent of such variations may not become evident until during or after construction.
Terracon should be retained as the Geotechnical Engineer, where noted in this report, to provide
observation and testing services during pertinent construction phases. If variations appear, we
can provide further evaluation and supplemental recommendations. If variations are noted in the
absence of our observation and testing services on-site, we should be immediately notified so
that we can provide evaluation and supplemental recommendations.

Our Scope of Services does not include either specifically or by implication any environmental or
biological (e.g., mold, fungi, bacteria) assessment of the site or identification or prevention of
pollutants, hazardous materials or conditions. If the owner is concerned about the potential for
such contamination or pollution, other studies should be undertaken.

Our services and any correspondence or collaboration through this system are intended for the
sole benefit and exclusive use of our client for specific application to the project discussed and
are accomplished in accordance with generally accepted geotechnical engineering practices with
no third-party beneficiaries intended. Any third-party access to services or correspondence is
solely for information purposes to support the services provided by Terracon to our client.
Reliance upon the services and any work product is limited to our client, and is not intended for
third parties. Any use or reliance of the provided information by third parties is done solely at their
own risk. No warranties, either express or implied, are intended or made.

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any
use of our report in that regard is done at the sole risk of the excavating cost estimator as there
may be variations on the site that are not apparent in the data that could significantly impact
excavation cost. Any parties charged with estimating excavation costs should seek their own site
characterization for specific purposes to obtain the specific level of detail necessary for costing.
Site safety, and cost estimating including, excavation support, and dewatering
requirements/design are the responsibility of others. If changes in the nature, design, or location
of the project are planned, our conclusions and recommendations shall not be considered valid
unless we review the changes and either verify or modify our conclusions in writing.
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EXPLORATION AND TESTING PROCEDURES

Field Exploration

Number of Borings Boring Depth (feet) Planned Location
4 21.0t0 315 building

Boring Layout and Elevations: Unless otherwise noted, Terracon personnel provided the boring
layout. Coordinates were obtained with a handheld GPS unit (estimated horizontal accuracy of
about +10 feet) and approximate elevations were obtained by interpolation from the
GoogleEarth™. If elevations and a more precise boring layout are desired, we recommend
borings be surveyed following completion of fieldwork.

Subsurface Exploration Procedures: Our exploration was completed on December 20, 2018,
when we advanced the borings with a subcontracted truck-mounted Mobile B-57 drill rig operated
by Boland Drilling. The borings were advanced using continuous flight hollow stem augers. In
general, four samples were obtained in the upper 10 feet of each boring and at intervals of 5 feet
thereafter. In the thin-walled tube sampling procedure, a thin-walled, seamless steel tube with a
sharp cutting edge was pushed hydraulically into the soil to obtain a relatively undisturbed sample.
In the split-barrel sampling procedure, a standard 2-inch outer diameter split-barrel sampling spoon
was driven into the ground by a 140-pound automatic hammer falling a distance of 30 inches. The
number of blows required to advance the sampling spoon the last 12 inches of a normal 18-inch
penetration is recorded as the Standard Penetration Test (SPT) resistance value. The SPT
resistance values, also referred to as N-values, are indicated on the boring logs at the test depths. A
3-inch O.D. split-barrel sampling spoon with 2.5-inch I.D. ring lined sampler was used for sampling
in the upper 5 feet. Ring-lined, split-barrel sampling procedures are similar to standard split spoon
sampling procedure; however, blow counts are typically recorded for 6-inch intervals for a total of
12 inches of penetration. We observed and recorded groundwater levels during drilling and
sampling. For safety purposes, all borings were backfilled with auger cuttings after their
completion.

The sampling depths, penetration distances, and other sampling information was recorded on the
field boring logs. The samples were placed in appropriate containers and taken to our Great Falls
laboratory for testing and classification by a Geotechnical Engineer. Our exploration team, which
included the drill crew and a staff engineer, prepared field boring logs as part of the drilling
operations. These field logs included visual classifications of the materials encountered during
drilling and our interpretation of the subsurface conditions between samples. Final boring logs
were prepared from the field logs. The final boring logs represent the Geotechnical Engineer's
interpretation of the field logs and include modifications based on observations and tests of the
samples in our laboratory.
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Laboratory Testing

The project engineer reviewed the field data and assigned laboratory tests to understand the
engineering properties of the various soil strata, as necessary, for this project. Procedural
standards noted below are for reference to methodology in general. In some cases, variations to
methods were applied because of local practice or professional judgment. Standards noted below
include reference to other, related standards. Such references are not necessarily applicable to
describe the specific test performed.

= ASTM D2216 Standard Test Methods for Laboratory Determination of Water (Moisture)
Content of Soil and Rock by Mass

= ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of
Soils

= ASTM D422 Standard Test Method for Particle-Size Analysis of Soils

The laboratory testing program often included examination of soil samples by an engineer. Based
on the material's texture and plasticity, we described and classified the soil samples in accordance
with the Unified Soil Classification System.
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BORING LOG NO. B-01

Page 1 of 1
PROJECT: VA Fort Harrison - Outpatient Mental Health | CLIENT: Valhalla Engineering Group, LLC
Addition Littleton, CO
SITE: 3687 Veterans Drive
Fort Harrison, MT
8 LOCATION See Exploration Plan ﬁ% E ~ STRENGTH TEST R - AT]I:IIEI\'/TI?'ERG
= £ |>9| > n" w |8
© |Latitude: 46.619° Longitude: -112.1003° ”Iv' = g w | =z g hs Z ,%
2 £ o|x|y 02 £ 82« z |2E (3
< o (EE| T o Eo|EEE| 5 |32 29 | LL-PL-PI
% Approximate Surface Elev.: 3983 (Ft.)+/- | O <§i @ <§( g @ (g g 8 o %
o|n F |own %)
_|DEPTH ELEVATION (Ft.) 8]
“rasj04 4 FILL - , TOPSOIL, dark brown, sparse vegetation, 3 +
gf organics degreasing through depth, scattered ]
’t gravels at surface —
’/ SILTY, CLAYEY SAND with GRAVEL (SC-SM), | 446
f! light brown, medium dense to dense, subangular N=10 1
"‘ gravels —
g? Trace of oxidation from 5' to 9' +/- 5] 5-9-17
f'{ — N=26 0 22-16-6
7 :
A . 14-18-22
ﬁt -]9.0 3974+/- | N=40 2
7 SANDY LEAN CLAY (CL), light brown, stiff,
Z scattered gravels, trace of oxidation 10 266
s sorise| ] N=12 12
Vé. SILTY, CLAYEY GRAVEL with SAND (GC-GM), —
'"jf light brown, dense, scattered large gravels/cobbles B
2?2
& |
@]
?i‘; 15 12-18-26
{74 _ _ 2
2 N=44
7 i
o
% i
1819.0 3964+/- |
/ / SANDY LEAN CLAY (CL), light brown, very stiff,
74|  fine sand, bedded, friable, trace of oxidation 20 5718
4215 3961.5+/- 7 N=25 3
Boring Terminated at 21.5 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Hammer Type: Automatic
Logged by A. Proud

Advancement Method:
3 1/4" hollow stem augers

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

Elevations were interpolated from GoogleEarth

Notes:

WATER LEVEL OBSERVATIONS

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL C4185062 VA FORT HARRISON.GPJ MODELLAYER.GPJ 2/7/19

Groundwater not encountered

Tlerracon

1392 13th Ave SW
Great Falls, MT

Boring Started: 12-20-2018 Boring Completed: 12-20-2018

Drill Rig: B-57 Driller: C. Boland

Project No.: C4185062




BORING LOG NO. B-02 page 1 of
PROJECT: VA Fort Harrison - Outpatient Mental Health | CLIENT: Valhalla Engineering Group, LLC
Addition Littleton, CO
SITE: 3687 Veterans Drive
Fort Harrison, MT
8 LOCATION See Exploration Plan ﬁ% E ~ STRENGTH TEST R - AT]LIIE'\I/TEERG
= £ |>9| > n" w |8
O |Latitude: 46.6191° Longitude: -112.0999° = |uglF wh wizz | g |Bs|22
T Eolezld 0R Fl92s| z | 2B |25
= . & (Fm|g o W 282 £ |SE |2 weun
Approximate Surface Elev.: 3980 (Ft)+/- | O [ZQ| Z Fr @ (g & Q|e 2
© =8| @ F |d» %) o
i DEPTH ELEVATION (Ft.) &)
XS o.g FILL - , TOPSOIL, dark brown, sparse vegetation,  3979+/
375, organics degreasing through depth, scattered ]
Ql"ﬁf gravels at surface _
%218  SILTY, CLAYEY GRAVEL with SAND (GC-GM), | TRTEY]
SIS é, light brown, medium dense to very dense, trace of N=29 3
ﬂf aﬁ clay and oxidation —
o]0’ 5
B H 9-13-15
Ariy — = 3
e N=28
LIy 1
997
o) — 10-25-18
2 dl’j? N=43 2
N g;r _
3 'A'z 104
5 ;Fé’y 14-17-20 )
™ jb,ﬂf - N=37
> “"’
L1445 =
el :
S pLTS
= ‘A" 3 _
g PILK
2 Q'rjf 157 25-30-25 :
2 ;2?2 - N=55
o P —
2 P
et :
x k‘Aoﬁ
s f‘:’g" 20-
{50 - ‘
o ] ~ — N=
§ é’rg? | 50+ / 5"
Y
o 23.5 3956.5+/- ]
i 7 LEAN CLAY (CL), orangish brown, hard, scattered —
b4 / gravels, friable 25
(O]
Sy 7 126.0 3954+/- ] 3NA::$95 7
& g"@. SILTY, CLAYEY GRAVEL with SAND (GC-GM), ~ 2
2[5  light brown, very dense, trace of clay and oxidation —
» }'
o '2‘;2 —]
& ;r@ _
: p
o A
g ‘g‘ 30 20-27-33 5
e Pr 315 3948.5+/- ] N=60
E Boring Terminated at 31.5 Feet
%
o
s
7
@
= Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
g Logged by A. Proud
o
ﬁ Advanc?menl Method: See Exploration and Testing Procedures for a Notes:
= 3 1/4" hollow stem augers description of field and laboratory procedures
2 used and additional data (If any).
i See Supporting Information for explanation of
O | Abandonment Method: symbols and abbreviations.
i Boring backfilled with auger cuttings upon completion.
o Ela?vations were interpolated from GoogleEarth
le) a
5 WATER LEVEL OBSERVATIONS Boring Started: 12-20-2018 Boring Completed: 12-20-2018
5 Groundwater not encountered erra con
8 Drill Rig: B-57 Driller: C. Boland
@ 1392 13th Ave SW
T Great Falls, MT Project No.: C4185062




THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL C4185062 VA FORT HARRISON.GPJ MODELLAYER.GPJ 2/7/19

BORING LOG NO. B-03

Boring backfilled with auger cuttings upon completion.

used and additional data (If any).

See Supporting Information for explanation of
Abandonment Method: symbols and abbreviations.

Elevations were interpolated from GoogleEarth

Page 1 of 1
PROJECT: VA Fort Harrison - Outpatient Mental Health | CLIENT: Valhalla Engineering Group, LLC
Addition Littleton, CO
SITE: 3687 Veterans Drive
Fort Harrison, MT
8 LOCATION See Exploration Plan - 2 E ~ STRENGTH TEST R - AT]I:IIEI\'/TI?'ERG
= £ |>9| > n" w |8
© |Latitude: 46.6189° Longitude: -112.0997° = |u 2l Hh5 w =z s | &g Z ,%
T Eolezld oz Flaes| z |EH[SE
= . & (Fm|g o W C|EEE| £ |52 |&8| weLe
% Approximate Surface Elev.: 3979 (Ft.) +/- o g Al = b 8| sE E 8 S
o|l® - |Ow %)
_|DEPTH ELEVATION (Ft.) s}
~\$1 o FILL - , TOPSOIL, dark brown, sparse vegetation, 5970,/
77—\ organics degreasing through depth, scattered ]
ravels at surface _
CLAYEY SAND (SC), light brown, loose to medium
: — 4-4-2
dense, scattered subangluar gravels, trace of silt N=6
and oxidation —
5 —]
Y — 3-5-9-10 9 32-15-17
A LAT0 3972+/- |
1 e SILTY SAND with GRAVEL (SM), light brown, 6-6-7 4
: .‘ medium dense, trace clay and oxidation ] N=13
1195 3969.5+/- 1
T SILTY GRAVEL with SAND (GM), light brown, 10—
)O ISF dense, scattered gravels, trace of silt and oxidation B 11,\]1_32";0 4
o|(15F |
o|LBg i
o|(15F
oK 157 33-25-22 6
H 7 N=47
1 l18.0 3961+ h
/ / SANDY LEAN CLAY (CL), light brown, hard,
22 friable, bedded, fine sand, scattered small gravels, 1
0 trace of silt 20
/ 21.0 3958+/- 22-50 12
Boring Terminated at 21 Feet 50+/5
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Logged by A. Proud
Advanc?menl Method: See Exploration and Testing Procedures for a Notes:
3 1/4" hollow stem augers description of field and laboratory procedures

WATER LEVEL OBSERVATIONS

1392

Great Falls, MT Project No.: C4185062

Boring Started: 12-20-2018 Boring Completed: 12-20-2018

data
Groundwater not encountered 1 re rra c D n
Drill Rig: B-57 Driller: C. Boland

13th Ave SW




BORING LOG NO. B-04 page 1 of 1
PROJECT: VA Fort Harrison - Outpatient Mental Health | CLIENT: Valhalla Engineering Group, LLC
Addition Littleton, CO
SITE: 3687 Veterans Drive
Fort Harrison, MT
8 LOCATION See Exploration Plan - 2 E ~ STRENGTH TEST R - AT]I:IIEI\'/TI?'ERG
= £ |>9| > n" w |8
© |Latitude: 46.6186° Longitude: -112.0999° = |u 2l Hh5 w =z s | &g Z ,%
T Eolezld oz Flaes| z |EH[SE
: . o|calz) s | |E0B| £ |Gg|EQ| v
% Approximate Surface Elev.: 3980 (Ft.) +/- [a) g Al = T 8| sE = 8 =
o|w F |[Ow %)
i DEPTH ELEVATION (Ft.) &)
?& ~\$1 o FILL - , TOPSOIL, dark brown, sparse vegetation, 599,/
T \organics degreasing through depth, scattered ]
\gravels at surface _
SILTY SAND (SM), light brown, loose B 344 s
B N=8
. |- 5 —1
-06.0 3974+/- | e
CLAYEY SAND with GRAVEL (SC), light brown, 4-8-10-6 6
loose medium dense, scattered angular gravels, I 466
trace of silt _ _ 11
N=12
10
3969+/- | ?;ﬁ‘g’ 13
SANDY LEAN CLAY (CL), light brown, medium -
stiff, scattered gravels, trace of oxidation 1
3965+ 45|
SITLY, CLAYEY SAND with GRAVEL (SC-SM), 20-21-25 15
light brown, dense, trace of oxidation 7 N=46
3960 50|
SITLY, CLAYEY GRAVEL with SAND (GC-GM), 20-21-35 3
light brown, very dense, trace of oxidation 1 N=56
) {25, 305+ op_|
Y SANDY LEAN CLAY (CL), light brown, hard, 35-19-19 10
Y, scattered gravels, trace of oxidation 1 N=38
/ 30 12-15-25 10
5070315 3948.5+/- N N=40
Boring Terminated at 31.5 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Logged by A. Proud
Advanc?menl Method: See Exploration and Testing Procedures for a Notes:
3 1/4" hollow stem augers description of field and laboratory procedures
used and additional data (If any).
See Supporting Information for explanation of
Abandonment Method: symbols and abbreviations.
Boring backfilled with auger cuttings upon completion.
Elevations were interpolated from GoogleEarth
data
WATER LEVEL OBSERVATIONS Boring Started: 12-20-2018 Boring Completed: 12-20-2018
Groundwater not encountered erra con
Drill Rig: B-57 Driller: C. Boland
1392 13th Ave SW
Great Falls, MT Project No.: C4185062

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL C4185062 VA FORT HARRISON.GPJ MODELLAYER.GPJ 2/7/19
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ATTERBERG LIMITS RESULTS

ASTM D4318
60 / //
50 // P
P /
L
S
T ¢ o /
I
c X /
I
T 30 7
\% o /
I
N 20 o
E x o / MH |or OH
1 0 // /
~ === // CL*",'/ ML or OL
0 i I/
0 20 40 60 80 100
LIQUID LIMIT
Boring ID Depth LL | PL Pl | Fines USCS Description
®  B-01 5-6.5| 22 16 6 15 |SC-SM| SILTY, CLAYEY SAND with GRAVEL
X | B-03 5-7| 32 15 17 43 SC | CLAYEY SAND

PROJECT: VA Fort Harrison - Outpatient
Mental Health Addition

SITE: 3687 Veterans Drive
Fort Harrison, MT

1lerracon

1392 13th Ave SW
Great Falls, MT

PROJECT NUMBER: C4185062

CLIENT: Valhalla Engineering Group, LLC
Littleton, CO
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GRAIN SIZE DISTRIBUTION

ASTM D422 /| ASTM C136
U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
6 445 2 H)‘ 1 1255 3 4 6 10 1416 50 30 40 50 o) 100 41,0200
100 IITE \#m T ET T T T T
95 AT
%0 MR : :
85 \Q 3
. RLUITIE N NI z
75 A LATRE :
70 : :
65 N
g™
= 55 . -
m . :
i 50 : h\ :
z : :
o : :
E 45 : :
W : x
& 40 : :
o o : :
35 : :
30 \ :
25
20 \
15 8
10 :
5
0 : B :
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES ) ) ) SILT OR CLAY
coarse | fine coarse | medium | fine
Boring ID Depth USCS Classification WC (%) LL & PL Pl Cc | Cu
® B-01 5-6.5 SILTY, CLAYEY SAND with GRAVEL (SC-SM) 0 22 16 6
X | B-03 5-7 CLAYEY SAND (SC) 9 32 15 17
Boring ID Depth Dioo Dg, D;, D,, %Gravel %Sand | %Silt %Fines %Clay
® B-01 5-6.5 37.5 3.856 0.498 36.6 48.5 14.9
X | B-03 5-7 19 0.25 10.3 47.2 42.5

PROJECT: VA Fort Harrison - Outpatient

SITE: 3687 Veterans Drive

Mental Health Addition 1 rerra con

Fort Harrison, MT

1392 13th Ave SW
Great Falls, MT

PROJECT NUMBER: C4185062

CLIENT: Valhalla Engineering Group, LLC
Littleton, CO




SUPPORTING INFORMATION

Contents:

General Notes
Unified Soil Classification System

Note: All attachments are one page unless noted above.
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GENERAL NOTES

1lerracon

DESCRIPTION OF SYMBOLS AND ABBREVIATIONS U
VA Fort Harrison - Outpatient Mental Health Addition M Fort Harrison, MT G e OR e pOf' t
February 7, 2019 Terracon Project No. C4185062
SAMPLING WATER LEVEL FIELD TESTS
» N Standard Penetration Test
\/ Water Initially Resistance (Blows/Ft.)
Encountered
N4 Water Level After a (HP)  Hand Penetrometer
Ring Spli Specified Period of Time
Sampler plit Spoon
v Water Level After m Torvane
a Specified Period of Time
s . . DCP) D i P
Water levels indicated on the soil boring logs are (BCP)  Dynamic Cone Penetrometer
the levels measured in the borehole at the times
indicated. Groundwater level variations will occur | UC Unconfined Compressive
over time. In low permeability soils, accurate Strength
determination of groundwater levels is not
possible with short term water level (PID)  Photo-lonization Detector
observations.
(OVA) Organic Vapor Analyzer

DESCRIPTIVE SOIL CLASSIFICATION

Soil classification is based on the Unified Soil Classification System. Coarse Grained Soils have more than 50% of their
dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine Grained Soils
have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic,
and silts if they are slightly plastic or non-plastic. Major constituents may be added as modifiers and minor constituents
may be added according to the relative proportions based on grain size. In addition to gradation, coarse-grained soils are
defined on the basis of their in-place relative density and fine-grained soils on the basis of their consistency.

LOCATION AND ELEVATION NOTES

Unless otherwise noted, Latitude and Longitude are approximately determined using a hand-held GPS device. The
accuracy of such devices is variable. Surface elevation data annotated with +/- indicates that no actual topographical

survey was conducted to confirm the surface elevation. Instead, the surface elevation was approximately determined from

topographic maps of the area.

STRENGTH TERMS
RELATIVE DENSITY OF COARSE-GRAINED SOILS CONSISTENCY OF FINE-GRAINED SOILS
More than 50% retained on No. 200 sieve. . (50% or more passing the No. 200 sieve.) .
D ensit(y atiaines) b; Standard Penetration Resi)stance Consistency determined by laboratory shear stren_gth testing, field visual-manual
procedures or standard penetration resistance
Descriptive Term Standard Penetration |Ring Sampler| Descriptive Term Unconfined Standard Penetration or |Ring Sampler
(Density) or N-Value Blows/Ft. (Consistency) |Compressive Strength N-Value Blows/Ft.
Blows/Ft. Qu, (tsf) Blows/Ft.
Very Loose 0-3 0-6 Very Soft less than 0.25 0-1 <3
Loose 4-9 7-18 Soft 0.25 to 0.50 2-4 3-4
Medium Dense 10-29 19 -58 Medium Stiff 0.50 to 1.00 4-8 5-9
Dense 30-50 59 -98 Stiff 1.00 to 2.00 8-15 10-18
Very Dense > 50 >99 Very Stiff 2.00 to 4.00 15-30 19-42
Hard >4.00 > 30 > 42
RELATIVE PROPORTIONS OF SAND AND GRAVEL RELATIVE PROPORTIONS OF FINES
Descriptive Term(s) of Percent of Descriptive Term(s) of Percent of
other constituents Dry Weight other constituents Dry Weight
Trace <15 Trace <5
With 15-29 With 5-12
Modifier >30 Modifier >12
GRAIN SIZE TERMINOLOGY PLASTICITY DESCRIPTION
Major Component of Sample Particle Size Term Plasticity Index
Boulders Over 12 in. (300 mm) Non-plastic 0
Cobbles 12in. to 3 in. (300mm to 75mm) Low 1-10
Gravel 3 in. to #4 sieve (75mm to 4.75 mm) Medium 11-30
Sand #4 to #200 sieve (4.75mm to 0.075mm High >30
Silt or Clay Passing #200 sieve (0.075mm)
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UNIFIED SOIL CLASSIFICATION SYSTEM i GeoReportN

UNIFIED SOIL CLASSIFICATION SYSTEM

Soil Classification
Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests ~ | Group
Group Name &
Symbol
E - F
Clean Gravels: Cu34and1£Cc£3 GW | well-graded gravel
Gravels: ;
Less than 5% fines © E F
More than 50% of 0 Cu < 4 and/or [Cc<1 or Cc>3.0] GP | Poorly graded gravel
coarse fraction : ; :
; ; . Fines classify as ML or MH GM F.G. H
retained on No. 4 sieve | Gravels with Fines: y Silty gravel
Coarse-Grained Soils: More than 12% fines © | Fines classify as CL or CH GC |Clayey gravelF G. H
More than 50% retained
on No. 200 sieve Clean Sands: Cu36and1£Cc£3E SW | well-graded sand '
Sands: Less than 5% fines® | cu < 6 and/or [Cc<1 or Cc>3.0] E SP | Poorly graded sand !
50% or more of coarse
i i i i G, H, I
fsriaec\:/téon passes No. 4 Sands with Fines: Fines classify as ML or MH SM Silty sand
More than 12% fines P | Fines classify as CL or CH SC |ClayeysandG: H. !
) PI > 7 and plots on or above “A” CL Lean clay <. L. M
Inorganic: - -
Silts and Clays: PI < 4 or plots below “A” line J ML |siitk L™
Liquid limit less than 50 Liquid limit - oven dried i K,L, M, N
Fine-Grained Soils: Organic: -q i ; <075 oL |Sgancclay
. Liquid limit - not dried Organic silt <. L. M, O
50% or more passes the v
No. 200 sieve Inorganic: Pl plots on or above “A” line CH Fat clay K. L. M
Silts and Clays: Pl plots below “A” line MH Elastic Silt <. L. M
Liquid limit 50 or more Liquid limit - oven dried i KL M, P
Organic: .q — - <0.75 OH Organic clay
Liquid limit - not dried Organic silt <. L. M, Q
Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat
ABased on the material passing the 3-inch (75-mm) sieve. HIf fines are organic, add “with organic fines” to group name.
B |f field sample contained cobbles or boulders, or both, add “with cobbles I If sail contains 3 15% gravel, add “with gravel” to group name.
or boulders, or both” to group name. JIf Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
C Gravels with 5 to 12% fines require dual symbols: GW-GM well-graded KIf soil contains 15 to 29% plus No. 200, add “with sand” or “with
gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly gravel,” whichever is predominant '
graded gravel with silt, GP-GC poorly graded gravel with clay. - ) : )
: . . L If sail contains 3 30% plus No. 200 predominantly sand, add
D Sands with 5 to 12% fines require dual symbols: SW-SM well-graded “sandy” to group name
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded y . 3 2n0 ’ .
sand with silt, SP-SC poorly graded sand with clay. If soil contains 3 30% plus No. 200, predominantly gravel, add
) “gravelly” to group name.
(D 30) NPI 2 4 and plots on or above “A” line.
ECu=De/Di0 Cc= D b OPI < 4 or plots below “A” line.
X
10 60 P Pl plots on or above “A” line.
F If sail contains 3 15% sand, add “with sand” to group name. QPI plots below “A” line.
GIf fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.
60 T T 7
For classification of fine-grained L
soils and fine-grained fraction e
50 | of coarse-grained soils \->(\®/ 2 <@
= Equation of “A” - line N »?\:\/
a Horizontal at Pl=4 to LL=25.5. 7 (
X 40— then P1=0.73 (LL-20) A 0‘3‘
N
=) Equation of “U” - line vl O
z Vertical at LL=16 to PI=7, o
> 30 — thenPI=0.9 (LL-8) 17°
= Vi
o S ov
= AN
@ 2 — M
& /// MH or OH
10 Z -
7 b
af- ]CL-;M'- ML or OL
0 1 | 1 1 ||
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