GEOTECHNICAL REPORT
MONTROSE REGIONAL AIRPORT
EXPANSION
MONTROSE, COLORADO

Executive Summary
The proposed addition site on the south side of the Montrose Regional Airport Terminal is
suitable for the intended construction with special attention to foundation design, site
preparation and control of drainage. We drilled two boreholes on February 25, 2010 at the
proposed addition site on the south side of the terminal building. The following is a summary of
our findings:
• The airport terminal addition site is located on slopes less than 2% in an area mapped
as undivided stream alluvium, alluvial-fan deposits, and terrace gravel.
• Drainage in the vicinity of the airport terminal is to the northwest. The airport terminal
is located between Cedar Creek, approximately 2,000 feet to the northeast, and the
Uncompahgre River, approximately 2,500 feet to the southwest.
• The soil in our boreholes was found to consist of clay and silt to a depth of 25 feet.
Below 25 feet the soil consisted largely of rounded alluvial gravel.
• The upper clay and silt soils represent low energy deposition across a low angle alluvial
fan. The lower gravel deposits were likely deposited as a relic cut-off meander bend of
the Uncompahgre River, currently incised in a channel west of the airport terminal
building.
Below is a summary of our conclusions and recommendations. See the Conclusions and
Recommendations Section of this report for more detailed explanations.
• In order to insure that the proposed addition to the existing terminal building does not
settle in relation to the existing structure, we recommend a deep foundation system.
• Due to the potential of disturbance to the existing terminal structure caused by the
noise and shock waves produced during installation of driven piers as well as the
requirement of placement of piers adjacent to the existing structure, we consider drilled
caissons or micropiles to be suitable alternatives for a deep foundation system.
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•

•

It is extremely important to prevent moisture from penetrating into the soil beneath or
adjacent to the structure. Moisture can accumulate as a result of poor surface drainage,
over-irrigation of landscaped areas, waterline leaks, seepage, or condensation from
vapor transport.
All of the recommendations presented in the Conclusions and Recommendations Section
of this report should be incorporated into design and construction at this site.

Introduction
Buckhorn Geotech, Inc. conducted an investigation of subsurface and site conditions on
February 25, 2010 at the location of the proposed addition to the Montrose Regional Airport
Terminal building in Montrose, Colorado. This work was performed at the request of Scott
Martin of Jacobs Engineering Group, Inc., Salt Lake City, Utah. The purpose of the investigation
was to evaluate the property for construction of an addition to the existing terminal building.
The investigation consisted of a site inspection, drilling of two boreholes, logging and testing of
materials encountered, and analysis of available data. This report presents the findings of our
investigation and our geotechnical engineering recommendations for site preparation and
foundation design.
Construction Plans
Based on plans provided to us by the architect, we understand the proposed addition will be
approximately 10,000 square feet in size and consist of ticket counters, lobby, lounge, and
storage. The addition will be on the southeast end of the original terminal building which was
built in 1987. It is anticipated that the structure will transfer approximately 2,000 to 5,000
pounds per linear foot to the foundation level with concentrated loads of 75,000 to 125,000
pounds.
Site Conditions
The Montrose Regional Airport Terminal is located north of Montrose, Colorado with access
from Highway 50. The attached Site Plan shows the proposed addition to the existing terminal
building and the approximate locations of our drill holes with respect to existing structures. The
airport terminal is located at an average elevation of approximately 5,710 feet. Terrain in the
vicinity of the terminal slopes gently (less than 2%) down to the northwest. The terminal site is
located in the Uncompahgre Valley floor and is bordered by Cedar Creek to the northeast and
the Uncompahgre River to the southwest. The area of the proposed addition is currently a
paved parking lot on the east side and landscaped lawn on the west side with a flagpole and
light fixture (see Site Plan). The following photograph was taken of the addition site at the time
of our field investigation.
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BH#1

Looking northwest across the addition site and showing the southeast
end of the existing terminal building, the location of Borehole #1 (BH#1), and
the conditions at the time of our site investigation. Borehole #2 (BH#2) was
located a few feet south of BH#1.

Larry Blackwell, Montrose Regional Airport Operations Manger, was present at the time of
drilling and provided guidance on location of the boreholes in relation to existing utilities. We
drilled two boreholes near the center of the proposed addition (BH#1 and BH#2), as indicated
on the Site Plan and on the photograph above. Borehole #1 (BH#1) was augered to a total
depth of 46 feet with standard penetration tests (STP) and soil sampling every five feet, as
conditions allowed. Borehole #2 (BH#2) was augered to a depth of 5.5 feet then completed
with a Dynamic Cone Penetration (DCP) test to 18.5 feet where refusal was met. The results of
our field and laboratory testing are discussed in the Subsurface Conditions Section of this
report.
Geology
The Montrose Regional Airport Terminal is located within the Uncompahgre River Valley, a
northwesterly trending depression lying between the Uncompahgre Plateau uplift to the west
and the Gunnison uplift, consisting of Pre-Cambrian age Black Canyon schist, to the east. The
Cretaceous age Dakota Sandstone is a prominent formation exposed along the west and east
margins of the valley. The Mancos Shale (locally known as the “Adobes”) overlies the Dakota
Sandstone and is the bedrock unit underlying the Uncompahgre Valley. The Mancos Shale
forms a bedrock wedge that is thickest in the eastern portion of the valley, where it outcrops as
adobe badlands, and thins to the west at the edge of the Uncompahgre Plateau. Under the
subject property, the Mancos Shale is approximately 700 feet thick and is composed of variably
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silty, calcareous clay shale with minor inclusions of sandstone, siltstone and limestone (Geologic
Map of the Montrose 30’ x 60’ Quadrangle, USGS Map I-1939: Steven and Hail, 1989).
The valley floor is a broad outwash plain formed by meltwater from glaciers. As glaciers in the
headwaters of rivers melted, mud, sand, and gravel contained within the mass of ice were
swept downstream and redeposited by the Uncompahgre River, eventually filling in the valleys
to a depth of 30 to 50 feet. Erosion of the adjacent adobe hills transported fine-grained silts
and clays into the valley floor that were deposited on broad, gently sloping alluvial fans over the
glacial outwash alluvium. Subsequent erosion by the river and its tributaries has incised the
valley to the present landscape. This incision has not been a uniform process but has been
punctuated by climatic cycles that accelerated the rate of erosion during extended periods of
high energy flow which were often followed by periods of quiescence.
The subject property is located on the valley floor of the Uncompahgre River and is mapped as
undivided stream alluvium, alluvial-fan deposits, and terrace gravel (Qa), consisting of alluvial
deposits in floodplains flanking modern streams, alluvial fans at the mouths of tributaries, and
older gravels covering stream terraces graded to former stream levels (Geologic Map of the
Montrose 30’ x 60’ Quadrangle, USGS Map I-1939: Steven and Hail, 1989). Our Borehole #1
at the terminal addition site encountered rounded alluvial gravels at a depth of 26.5 feet to total
depth of our boring at 46 feet. The size and rounded shape of the gravels reflect high energy
fluvial deposition and likely represent a cut-off meander of the Uncompahgre River, now buried
by low energy alluvial fan deposits.
Previous Work at the Montrose Regional Airport Terminal
Buckhorn Geotech conducted the original geotechnical investigation at the Montrose Regional
Airport Terminal in 1987. In this site investigation, three borings were drilled at the present
location of the airport terminal to depths of 35 feet. The soil description from the report is
summarized below:

The soil was found to be very consistent with the findings of previous
investigations. It was a uniform silty clay loam, wet and soft near the surface
but becoming drier and harder below 12 to 15 feet. The soil was difficult to drill
until the moisture content increased again at about 28 to 30 feet. Thin lenses of
silt, silty sand, and sandy gravel were found below 30 feet but no thick or dense
beds of gravel were found to a depth of 35 feet (Buckhorn Geotech, March 19,
1987).
In addition, a number of other engineering geology and soils investigations have been
conducted in the vicinity of the airport terminal building and are summarized in the 1987
Buckhorn Geotech report. As noted above, previous work at the airport and vicinity indicate
soils consistent with those encountered in the Buckhorn Geotech investigation with moister soil
conditions encountered near the ground surface and underlain by harder, drier soils. Drill holes
in the 1987 Buckhorn Geotech investigation penetrated through the harder, drier soils to
encounter more permeable sandy gravels. The difference in moisture content of the soil
horizons is described below:
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It appears that the soil moisture originates from two completely different
sources. The silt, sand, and gravel layers at depth are probably hydraulically
connected to deposits of permeable material laid down by either Cedar Creek or
the Uncompahgre River. The level of water in these deposits probably fluctuates
on a seasonal basis, being highest in late spring-early summer and lowest during
winter(Buckhorn Geotech, March 19, 1987).
Please refer to the 1987 Buckhorn Geotech report for a more complete discussion of previous
work in the vicinity of the Montrose Regional Airport.
Subsurface Conditions
Two borings (BH#1 and BH#2) were advanced to depths of 46 and 18.5 feet using a Simco
2800 H.S. truck-mounted drill rig at the locations noted on the attached Site Map. The
locations of the borings were selected prior to the investigation based on the location of the
proposed addition provided to us by Jacobs Engineering. The boreholes were positioned near
the center of the footprint of the proposed terminal addition and adjusted in the field as
conditions dictated (actual utility locations, paved parking, and existing structures) in
consultation with Larry Blackwell, Operations Manager at Montrose Regional Airport. The
boreholes were drilled with a 4¼-inch solid stem continuous flight auger. Soil samples were
obtained at discrete depths by withdrawing the 4¼-inch drill string and inserting a 2-inch I.D.
split-spoon “California” sampler to perform in-situ Standard Penetration Tests (SPTs) in general
accordance with ASTM Standard D-1586. The number of blows required to drive the sampler
18 inches in 6-inch increments were recorded (SPT “N” penetration resistance values) and,
when properly evaluated, indicate the relative density or consistency of the soils.
The soil, bedrock, and groundwater conditions were logged, and representative samples of
subsurface materials encountered were brought back to our laboratory for detailed examination
and testing. The subsurface conditions encountered in the borings and laboratory results are
shown on the attached Borehole Logs.
In Borehole #1 (BH#1) we encountered a dark brown, damp, clay in the upper 7 feet of the soil
profile. At a depth of 7 feet the soil became a medium brown, sandy silt with moisture content
decreasing from damp to dry. At a depth of 24 feet the drill cuttings became moister although
it should be noted that the driller shoveled a small amount of snow into the borehole to improve
drilling circulation. At a depth of 25 feet a thin lens of moist clayey sand was encountered
which directly overlay gravels of alluvial deposition. These rounded, dry, uniformly sorted
gravels extended to total depth of our test boring at a depth of 46 feet. The rocky nature of
the gravels precluded standard sampling with the California spoon and drilling in the gravel
deposit was difficult. BH#1 was terminated at a depth of 46 feet. Neither bedrock nor
groundwater was encountered to a depth of 46 feet in BH#1.
Borehole #2 (BH#2) was drilled for the upper 5.5 feet and completed with a Dynamic Cone
Penetration (DCP) test from a depth of 5.5 to 18.5 feet where refusal at 50 blows/foot was
encountered. The soils in the upper 5.5 feet were consistent with those in BH#1. The log for
BH#2 shows the results of the DCP test. The following photograph was taken of the rounded
gravel soil that characterized the drill hole cuttings from 27 to 46 feet in BH#1.
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Soils taken from the drill hole cuttings at BH#1 and showing the
rounded gravel soil encountered in the lower 19 feet of BH#1.

Laboratory tests were performed on the soils to determine the plasticity and particle size
characteristics (see attached Sieve Analysis and Atterberg Limits laboratory results). An
Atterberg limits test was performed on a soil sample collected at a depth of 15 to 16.5 feet in
BH#1 (sample DS3). The sample was found to have a liquid limit (LL) of 47, a plastic limit (PL)
of 19, and a plasticity index (PI) of 28. A soil with a PI of between 15 and 30 is considered to
have moderate potential for swelling or shrinking.
The soil was found to consist of 29% silt and 71% clay (see the Hydrometer Analysis results for
sample DS3). Based on these laboratory test results, this soil classifies as a lean clay (CL)
according to the Unified Soil Classification System (USCS). Natural moisture content of the bulk
sample was measured to be 15%. The dry density of the soil was determined to be 98.7
pounds per cubic foot (pcf).
A swell/consolidation test was performed on a sample collected at a depth of 3 to 4.5 feet in
BH#1 and represents the dark brown, stiff to very stiff, damp clay (see Swell/Consolidation
graph for sample DS1). Under a seating pressure of 100 pounds per square foot (psf) and left
at its in-situ moisture content of 17.8%, the sample compressed 0.5%. When inundated with
water at constant stress, the sample swelled 1.7%. Upon the addition of progressively
increasing pressures to 2,000 psf, the sample consolidated a total of 2.7%. The initial dry
density of this sample was 113 pounds per cubic foot (pcf). The estimated swelling pressure
generated within the sample is 800 psf.
Two unconfined compressive strength (UCS) tests were run on soils taken from a depth of 15 to
16.5 feet and the graphs of these UCS tests are attached. In one test the sample had a heavy
root band extending through the sample. It had an unconfined compressive strength of 1,310
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psf (see UCS graphs for sample DS3-BU). In the second test the sample was not compromised
by root growth and had an unconfined compressive strength of 10,530 (see UCS graphs for
sample DS3-BH).
In summary, the soils at the addition site are similar in composition, color, and physical
properties to soils encountered in the geotechnical investigation at the original airport terminal
building with the exception of the thick gravel horizon encountered at a depth of 27 feet. The
field and laboratory testing indicates that the soils have moderate plasticity, moderate density,
low consolidation potential, low swell potential, and moderate swelling pressure. Management
of surface and subsurface water will be important to the long-term performance of the
foundation soils.

CONCLUSIONS AND RECOMMENDATIONS
Based upon our site inspection and results of the shallow soil exploration, it appears that the
addition site at the Montrose Regional Airport Terminal is suitable for the construction of the
proposed addition with special attention to foundation design, site preparation and control of
drainage. The following recommendations are offered as measures to enhance the stability of
the site and the long-term performance of the foundation soils. It should be noted that the
mitigation measures offered address only the construction at the building site. They cannot and
will not arrest or prevent large-scale geologic processes that may be on-going elsewhere on the
property and within the Montrose area. Also, as mentioned earlier in this report, some degree
of risk is inherent in all construction in Colorado. The recommended measures are intended to
be reasonable and prudent but cannot be considered as absolute protection against the
vagaries of nature.
This report does not contain project specifications. The recommendations given are provided to
guide the design process. We anticipate these recommendations, together with site-specific
geotechnical information, will be used by the design team to formulate specifications for
construction of buildings, infrastructure, and grading.
General Design Criteria
1.

A Basic Roof Snow Design Load of 30 psf is typically used for the Montrose area. The
City of Montrose requires a minimum of 20 psf Ground Snow Load for a wind speed of
80 mph and frost depth of 20 inches. It is recommended that the local building official
be contacted to verify the required snow design load for this property.

2.

Shallow components of the foundation system should be extended into the soil a
minimum depth below finished grade as prescribed by the local building official to
reduce the negative effects of frost heave.
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Seismic Design Criteria
In accordance with Section 1615 of the 2003 International Building Code (IBC) and our
knowledge of the site, this site may be designated as Site Class C. This classification is based
on limited shallow exploratory data and assumes that subsurface conditions similar to those
encountered during our site investigation extend to a depth of 100 feet. The mapped spectral
response acceleration at short periods (0.2 second, Ss) is 0.476g and at one second (S1) is
0.096g. These values are taken from the USGS website based on the latitude and longitude
coordinates for the site, and are referenced to the National Earthquake Hazard Reduction
Program (NEHRP) 1997 and 2000 maps, reproduced in the IBC. As provided in the 2003 IBC,
these values are for Site Class B, and should be adjusted accordingly for the proper site class
given above.
Foundation
In order to insure that the proposed addition to the existing terminal building does not settle in
relation to the existing structure, we recommend a deep foundation system. The original
Montrose Regional Airport Terminal building was constructed on driven steel pilings. Due to the
potential of disturbance to the existing terminal structure caused by the noise and shock waves
produced during installation as well as the requirement of placement of piers adjacent to the
existing structure, we do not recommend driven piles. We consider drilled caissons or
micropiles to be suitable alternatives. However, since large diameter drilled caissons are
susceptible to heave from expansive soil, our recommendation is for a foundation system
supported on micropiles.
Micropiles typically consist of 1- to 4-inch diameter steel bars (solid or hollow) that are drilled
and grouted into place. In swelling soil, the micropiles must be drilled and grouted deep
enough to provide resistance to anticipated uplift pressures. Once the micropiles are installed,
reinforced concrete grade beams spanning across the micropiles are cast on void forms that
separate the beams from the potentially swelling soil. The structure and flooring is then
constructed on these grade beams. Designed properly, they will isolate the structure from
subsurface and surficial movement. Preliminary design parameters and recommendations for
the micropile foundation system are outlined below.
1.

A contractor with demonstrated successful experience installing micropiles with qualified
personnel in similar conditions should be chosen to perform the installations.

2.

A pre-construction meeting with the geotechnical engineer, foundation engineer,
contractor, and drilled shafts subcontractor is required to discuss the construction
process and highlight typical challenges relating to drilled pier installations. Ideally, this
meeting should be carried out at least one week prior to commencement of drilling to
ensure the proper equipment is brought to the site.

3.

The preliminary design criteria given herein must be verified by a minimum of two
sacrificial verification tests conducted at the site in advance of production installation.
The designer should select an allowable bond value (factor of safety) based upon the
results of testing and structural considerations.
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4.

For preliminary design considerations, an allowable ground to grout bond stress of 5 psi
may be used for compressive resistance of the micropiles in the soil to a depth of 25
feet. If the required design length extends into the gravel, a bond stress of 22 psi may
be used. The upper ten feet of each pile should not be credited with any capacity for
bearing foundation loads because of soil disturbance during installation.

5.

The micropiles will be subject to uplift from the expansive soil at this site. Micropile
design should consider the uplift skin friction to be 6 psi acting on the upper 15 feet of
the micropiles. Resistance to uplift pressure should be accounted for in the design so
that micropiles and superstructures are not subject to post-construction heave.
Resistance to uplift includes the foundation dead loads and skin friction between the
micropiles and soil below a depth of 15 feet. We recommend the uplift resistance be
provided entirely by dead loads from the structure where possible. Where a dead load
deficit exists, an uplift resistance of 5 psi may be used for the portion of the micropile
embedded in soil between 15 and 25 feet. A value of 15 psi may be used for that
portion of the micropile extending into the gravel.

6.

Four-inch void form should be placed under all grade beams to accommodate potential
expansion of the subgrade soil.

7.

The foundation components should be sufficiently interconnected to ensure that they act
as a unit. This will provide resistance to the forces associated with soil movement and
will provide unity to the foundation systems.

8.

Continuous observation of the installation should be performed by Buckhorn Geotech as
a representative of the owner. A log should be maintained detailing the depth and grout
pressure and volume of each micropile installation.

9.

If this option is chosen, foundation design can be performed by Buckhorn Geotech.

10.

The addition should be designed so that the loading on the existing foundation is not
increased. This may involve special framing arrangements or cantilevered sections.

11.

To reduce the potential for differential movement of the two structures where the new
foundation abuts the old, the addition should be dowelled to the foundation and
stemwalls of the existing structure. The dowels should be installed and anchored as
directed by the foundation engineer.

Floor Systems
1.

To provide an adequate bearing surface, topsoil and organic material should be stripped.
The subgrade material should be proof-compacted and soft spots removed and replaced
with washed rock or structural fill. A minimum of 30 inches of over-excavation and
replacement with structural fill should be used under all interior floor slabs. If any
additional fill is needed to elevate the slab area to the desired foundation grade, this can
be accomplished using structural fill.
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2.

To provide a capillary break, slabs on-grade should be placed on 4 inches of ¾-inch to
1½-inch washed rock on the prepared subgrade. Where moisture-sensitive interior floor
finishes are applied to the slab, an unpunctured vapor barrier between the gravel and
the floor slab is also recommended.

3.

The addition floor should be structurally separate from the foundation bearing walls,
column pads, and interior partitions so that the slab can “float” freely in response to soil
volume changes.

4.

Under-slab plumbing should be avoided to minimize the potential for leakage under the
slab. Where necessary, under-slab plumbing should be provided with flexible couplings
and should be leak-tested prior to being placed in service.

5.

Slab sections constructed upon the native subgrade should be designed using a vertical
subgrade modulus of 40 pci. A 25 pci increase in the subgrade modulus may be granted
for each 6 inches of structural fill placed under the slab.

6.

It is imperative that moisture be kept away from the foundation soil. See applicable
recommendations regarding flatwork, grading, and drainage given in the following
sections.

Exterior Concrete Flatwork
1.

Flatwork may be placed on proof compacted native soil with the topsoil and organic
material removed. If fill is needed, it should consist of washed rock or structural fill,
placed and compacted in accordance with project specifications.

2.

Flatwork adjacent to buildings should not be placed over loosely compacted fill. To
minimize future settlement and damage to the flatwork and/or adjacent foundations, the
fill should consist of approved material placed and compacted per project specifications.

3.

Flatwork adjacent to exterior doorways should be dowelled into the foundation to
prevent long-term differential movement between the flatwork and structure.

4.

Exterior concrete flatwork should be designed and constructed so that it drains freely
away from the structure. Concrete flatwork adjacent to the foundation should slope
away at a grade of at least ¼-inch per foot.

5.

All concrete used at this site in contact with native soil should comply with the
recommendations in the Concrete Section of these recommendations.
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Retaining Structures
1.

Walls acting to restrain soil should be designed using the lateral earth pressures given in
Table 1 below. These values assume a level backslope with no hydraulic pressures
behind the wall, the use of structural fill, and no surcharge loads applied within the
backslope zone (as defined on the attached Foundation Excavation Detail). We should
be contacted to recommend lateral earth pressure values for increased backslope angles
or loading within the backslope zone.
Table 1. Lateral Earth Pressures
Structural Fill
Active Earth Pressure
Passive Earth Pressure
At-Rest Earth Pressure
Unit weight of soil
Coefficient of Friction

*
**
***
2.

34
400
64
120
0.32

pcf*
pcf
pcf
pcf**
***

pounds per cubic foot (fluid equivalent)
pounds per cubic foot
concrete on dry soil conditions

Fill material placed behind the walls should consist of free-draining granular material
(specified below) compacted as per the design engineer’s specifications. Native soil
should not be used as backfill due to the predominance of fines and their expansive
qualities. Compaction of 85 to 90% of Standard Proctor maximum dry density is
typically used to minimize post-construction settlement of the backfill. Over-compaction
of the backfill should be avoided so that excessive pressures are not placed against the
stemwalls. Unless expressly approved by the design engineer, only hand-operated lightduty compaction equipment should be used within three feet of the wall. The upper one
foot of backfill should consist of clayey soil to create a barrier against infiltration of
surface runoff.

Concrete
Because of the potential sulfates in the soil and their corrosive qualities, Type I/II sulfateresistant cement should be used in all concrete at this site.
Foundation Drainage and Ventilation
It is extremely important to prevent moisture from penetrating into the soil beneath or adjacent
to the structure. Moisture can accumulate as a result of poor surface drainage, over-irrigation
of landscaped areas, waterline leaks, seepage, or condensation from vapor transport.
1.

Provisions should be made to evacuate subsurface moisture accumulation from around
foundations and under slabs. This may be accomplished using conventional footing
drains in tandem with a positively-vented moisture and radon control system.
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Alternatively, consideration may be given to using concrete forms that facilitate both
dewatering and the removal of radon gases and vapors.
2.

Roof drainage should be captured by eave gutters. Downspouts should be fitted with
extensions to discharge a minimum of 10 feet away from the house or piped into a
closed underground drain system and evacuated off-site. In no case should the
downspouts be directed into the perforated foundation drain system. These points of
discharge should be identified in the site drainage plan so that water is readily removed
from the site.

3.

All foundation drains should be integrated into the site drainage plan as discussed below
for final disposal from the building site. In no case should surface or roof drainage be
introduced into the foundation drain system.

4.

Crawl spaces, the gravel lenses beneath floor slabs, and confined areas above concrete
floor slabs should be well ventilated to allow for the release of radon gas, a known
carcinogen. Recommendations for design and construction techniques found effective in
the reduction of radon gas can be found in the pamphlet entitled, Building Radon Out: A
Step-by-Step Guide on How to Build Radon-Resistant Homes (USEPA Office of Air and
Radiation EPA/402-K-01-002, April 2001). This publication can be obtained from the
CDPHE in Denver by calling (303) 692-3420. Other recommendations for passive and
active design and construction techniques for reducing radon gas can be found on the
websites www.epa.gov/radon/ or www.cdphe.state.co.us/hm/rad/radon.

Site Preparation and Grading
1.

The site drainage plan, in tandem with the landscape and grading plans, should ensure
that the construction does not impede natural drainage patterns. Surface water should
be removed and not allowed to accumulate or stand anywhere near the building
foundation either during or after completion of construction. This includes water from
landscaped areas, patios, decks, and roofs. Drainage plans should ensure that
precipitation, snowmelt, and runoff are conveyed around and away from the building as
well as the driveway. This runoff should be dispersed (not concentrated) in a manner
consistent with the natural, pre-construction drainage pattern.

2.

Final grading around the perimeter of the foundation should slope downward with at
least one foot of drop within the first 10 feet of horizontal distance. Concrete flatwork
adjacent to the foundation should slope away at a grade of at least ¼-inch per foot.

3.

Grading of all permanent cut and fill slopes should not exceed 2H:1V. All slopes greater
than 2H:1V and over 3 feet in vertical height should be restrained by an engineered
retaining structure/system.

4.

Irrigation of lawn and landscaped areas should be kept at a distance of at least 10 feet
from the perimeter of the building and sprinkler heads should be set to spray away from
and not towards the foundation.
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5.

Backfill placed in utility trenches leading to the structure should be densely compacted in
accordance with project specifications to inhibit surface water infiltration and migration
towards the foundation, as well as minimize post-construction settlement of the trench
backfill. We recommend low-permeability check-dams be installed in the trenches at the
lot line and the house to inhibit water flow along any utility trenches.

6.

Disturbed areas should be revegetated as soon as practical to reduce soil erosion.

7.

Fill used at this site should meet the gradational and compaction requirements listed in
Tables 2 and 3 below. Fill should be placed and compacted in maximum 6-inch lifts,
unless otherwise directed by the design engineer. Structural fill should not be placed on
frozen or wet native soil. It is recommended that the foundation excavation be open a
minimum period of time to avoid degradation of the foundation soils.

Table 2. Gradation Requirements for Fill Material
Type

Sieve

%Passing, by weight

Structural Fill (CDOT Class 6 roadbase)

3/4” (19.0 mm)
#4 (4.75 mm)
#8 (2.36 mm)
#200 (0.075 mm)

100
30-65
25-55
3-12

Structural Fill (CDOT Class 1)

2.5” (63.5 mm)
2” (50 mm)
#4 (4.75 mm)
#200 (0.075 mm)

100
95-100
30-65
3-15

Fill under exterior concrete flatwork

3” (75 mm)
#200 (0.075 mm)

100
0-5

Free-draining fill

3” (75 mm)
¾” (19 mm)
#4 (4.75 mm)
#200 (0.075 mm)

100
20-90
0-20
0-3

Note: The Plasticity Index for all fill soils should be less than 6.
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Table 3. Compaction Requirements for Fill Material
Application

Compaction
Requirement

Proctor

Moisture

Under footings and slabs

95% max. dry density

Modified

±2% of optimum

Under exterior flatwork

90% max. dry density

Modified

±2% of optimum

Road Subgrade

95% max. dry density

Standard

0-4% above optimum

Road Subbase

95% max. dry density

Modified

±2% of optimum

Road base course

95% max. dry density

Modified

±2% of optimum

Behind retaining walls

Per project specifications*

Utility Trenches

Per project specifications*

General landscaping

Per project specifications*

*As specified by the design engineer on project documents or in accordance with local municipal requirements.

8.

Any soils containing organics, debris, topsoil, frozen soil, snow, ice, and other
deleterious materials shall not be used for anything other than landscaping unless
authorized by the foundation engineer.

9.

A representative of Buckhorn Geotech should be called out to the site to observe
placement of structural fill and verify the compacted density. The owner should contact
Buckhorn Geotech in advance of the excavations to discuss the specific testing
requirements, budget, and scheduling needed for these services.

Excavation and Shoring
1.

Temporary excavations should be in accordance with Occupational Safety and Health
Administration (OSHA) regulations and with worker safety in mind.

2.

Construction equipment, materials, and soil stockpiles should be located a minimum
horizontal distance equal to the height of the excavation from the crest of the
excavation unless otherwise approved by the design engineer.

3.

Due to the presence of existing structures, utilities, and sidewalks/roads near the
proposed house site, and the low cohesion of the native soils, construction excavations
may require temporary support during construction as spatial site constraints may not
allow laying back the excavation to the extent needed to create stable slopes. Failure to
provide excavation support could endanger construction personnel and could undermine
adjacent roads or structures. Therefore, an excavation stabilization plan may be
needed. There are numerous methods of providing support for the excavation walls.
Buckhorn Geotech should be contacted to provide geotechnical input into the design of
the excavation support once the foundation plan is available.
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Closing Considerations

Standard of Care and Interpretation of Subsurface Data
This report has been prepared in a manner consistent with local standards of professional
geotechnical engineering practice. Investigation for environmental contaminants was not part
of our scope of services performed at this site. The classification of soils and interpretation of
subsurface conditions is based on our training and years of experience, but is necessarily based
on limited subsurface observation and testing. As such, inferred ground conditions cannot be
guaranteed to be exact. No other warranty, express or implied, is made.
Inspection of the excavation(s) subgrade by Buckhorn Geotech prior to erection of the
foundation system is an integral part of these recommendations. If subsurface conditions
differing from those described herein are discovered during excavation, construction should be
stopped until the situation has been assessed by a representative of Buckhorn Geotech.
Construction should be resumed only when remedies or design adjustments, as necessary, have
been prescribed.

Use of This Report
This report is intended for use by the Client specifically to address the site and subsurface
conditions as they relate to the proposed structure(s) described in the Construction Plans
Section. Changes to the site or proposed development plans may alter or invalidate the
conclusions and recommendations contained herein.
Buckhorn Geotech retains an ownership and property interest in this report. Consistent with
the industry, copies of this document that may be relied upon by the Client are limited to
printed copies (also known as hard copies) that are signed and sealed by the Geotechnical
Engineer (Standard Form of Agreement Between Owner and Geotechnical Engineer for
Professional Services, Engineer’s Joint Contract Documents Committee, 1996). Any conclusions
or information obtained or derived from electronic files, data, or graphics will be at the user’s
sole risk. This report together with ancillary data, analyses, test results, and other components
and/or supporting parts are not intended or represented to be suitable for reuse by the Client or
others on extensions to this project or on any other project. Any such reuse or modification
invalidates all aspects of the report and excuses the Geotechnical Engineer for all responsibility
and liability or legal exposure.
This report is considered valid for a period of two years from the date of issue provided the site
conditions and development plans have not changed from what is referenced in this report.
Changes to the site may occur due to development or natural processes. Additionally,
technological advances made in construction and changes in legislation may alter the
recommendations made herein. Depending upon the site and proposed development changes,
Buckhorn Geotech may require additional investigation (at additional cost) to update the
recommendations contained herein.
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Hydrometer Analysis and Atterberg Limits
Project Name

Montrose Regional Airport Addition

Date

3/4/2010

Project Location
Client
Test Location
Sample #

Montrose, CO
Jacobs Engineering
BH#1 @15.0-16.5'
DS3

Project #
Sample by
Tested by

Hydrometer Analysis

Atterberg Limits

ASTM D422

ASTM D4318

Sieve

Opening
(mm)

% Passing

#4
#10
#40

4.75
2.0
0.425

100.0
100.0
100.0

#200

0.075

100.0

Liquid Limit (LL)

47

Plastic Limit (PL)
Plasticity Index (PI)

19
28

Natural Moisture Content (%) =

Soil Description
USCS Classification

10-019-GRP
NL
CC

14.6%

brown lean CLAY
CL
#200

#40

#10

#4

3/4"

3"

100
90
80

Percent Passing

70
60
50
40
30
20
10
0
0.001

0.01

Clay size

0.1
1
Particle Diameter (mm)
Silt size

Fine

FINES
% Clay =

71.0

% Silt =

Medium

SAND
29.0

% Sand =

0.0

10

Coarse

Fine

100

Coarse

GRAVEL
% Gravel =

0.0

Dry Density

Project Name

Montrose Regional Airport Addition

Project Location

Montrose Airport

Client

Jacobs Eng.

Date
Project #

3/1/2010
10-019-GRP

Sample by

NL

Test by

SJ

Sample #

Test Location

Sample description

Wet Density
(pcf)

Moisture
Content (%)

Dry Density (pcf)

DS3

BH#1 @15.0-16.5'

brown CLAY (CL) with some
sand, calcium carbonite present

113.1

14.6

98.7

Swell/Consolidation Test
ASTM D4546
Project Name
Project Location
Client
Sample Location
Sample #
Soil Description

Montrose Regional Airport Addition
Montrose, CO
Jacobs Engineering
BH#1 @3.0-4.5'
DS1
dark brown CLAY

Date
03/01/10
Project #
10-019-GRP
Sampled by
NL
Tested by
SJ

Initial compression due to 100 psf pressure = 0.47%
Swell potential due to water and 100 psf pressure = 1.66%
Total consolidation due to water and 2000 psf pressure = 2.67%
Estimated swell pressure = 800 psf
Initial Moisture Content
17.8 %
Initial Dry Density
112.7 pcf
Initial Wet Density
132.7 pcf

Final Moisture Content
Final Dry Density
Final Saturated Density

19.6 %
112.2 pcf
134.2 pcf

10

8

6

Percent Consolidation/Swell

4

2

0

water added

*

-2

-4

-6

-8

*Estimated Unloading Curve
-10
10

100

Applied Pressure (psf)

1000

10000

Unconfined Compressive Strength of Cohesive Soil
ASTM D 2166

Montrose Regional Airport Addition

Project Name
Project Location
Client
Test location
Sample #
Soil Description

Montrose Airport
Jacobs Eng.
BH#1 @15.0-16.5'
DS3-BU
brown lean CLAY (CL)

Test Date
Project #
Sample by
Tested by

Test Remarks

fracture through center of sample, heavy root band through fracture line

3/1/2010
10-019-GRP
NL
CC
(ASTM D 2487)

Stress-Strain Graph
10000

9000

8000

Insert photo here,
cover or remove box

7000

Stress (psf)

6000

5000

4000

3000

Test Results
Strain Rate = 1.5%/min.
Strain at Failure = 2.8%
Unconfined Compressive Strength = 1310 psf
Shear Strength = 660 psf
Sample moisture content = 15.4%, taken after testing

2000

1000

0
0

1

2

3

Axial Strain (ε, %)

4

5

6

Unconfined Compressive Strength of Cohesive Soil
ASTM D 2166

Montrose Regional Airport Addition

Project Name
Project Location
Client
Test location
Sample #
Soil Description

Montrose Airport
Jacobs Eng.
BH#1 @15.0-16.5'
DS3-BH
brown lean CLAY (CL)

Test Date
Project #
Sample by
Tested by

Test Remarks

voids mid-height of sample; middle portion barreled during test

3/1/2010
10-019-GRP
NL
CC
(ASTM D 2487)

Stress-Strain Graph

10000

Insert photo here,
cover or remove box

Stress (psf)

8000

6000

4000

Test Results
Strain Rate = 1.5%/min.
Strain at Failure = 3.9%
Unconfined Compressive Strength = 10530 psf
Shear Strength = 5270 psf
Sample moisture content = 13.8%, taken after testing

2000

0
0

1

2

3

4

Axial Strain (ε, %)

5

6

7

Glossary of Engineering & Soils Terms
active earth
pressure

The pressure that a soil exerts against a vertical surface which is allowed a certain degree of flexure or
rotational freedom.

allowable soil
bearing capacity

The recommended maximum contact stress developed at the interface of the foundation and the
supporting soil. Given in psf (pounds per square foot).

alluvial fan

A cone-shaped deposit of water-transported material (alluvium). They typically form at the base of
topographic features where there is a distinct decrease in gradient. Consequently, alluvial fans tend to
be coarse-grained near their mouths and relatively fine-grained at their edges.

alluvium

Rock and soil material deposited by moving water. Rocks are generally rounded and sorted by size as
they are worked by water. Found in river channels or alluvial fans.

ASTM

American Society for Testing and Materials (a national non-profit organization which writes testing
standards for materials, products, systems and services).

at-rest earth
pressure

The pressure that soil exerts upon a vertical surface which is restrained from any movement.

Atterberg limits

Named for a Swedish scientist, Atterberg limits are defined by the water content that produces a
specified soil consistency. See liquid limit and plastic limit.

auger-cast pile
(ACP)

A deep foundation system that consists of an auger-advanced hole, followed by grouting of the hole
through the auger during withdrawal. A reinforcement cage is lowered into the wet grout.

backfill

A specified material placed and compacted in a confined area.

backslope zone

The area in which loads applied to the ground surface or increase in slope angle will increase the total
lateral force against a retaining wall.

base course

A layer of specified material placed on a subgrade or subbase.

bedrock

Sedimentary, igneous, or metamorphic rock that has not been weathered or broken down by the
elements of water, ice, wind, or gravity. Also referred to as “formational” material, as bedrock is
known as a particular formation for the region.

bench

A horizontal or near-horizontal surface in a sloped deposit.

calcareous

Containing calcium carbonate (lime). A distinct layer of calcium carbonate hardpan is called caliche.

clay

A fine-grained soil (<0.002 mm) composed of very small platy (flat) particles that are smaller than silt
particles. Forms lumps or clods when dry and is plastic (Plasticity Index > 4) and sticky when wet.

cohesionless soil

Non-plastic granular soils (silt, sand, gravel) composed of bulky grains that are not attracted to each
other with the addition of water.

cohesive soil

Soils (i.e., clays and some silts) in which adsorbed water and particle attraction work together to
produce a mass which holds together and deforms plastically.
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collapse

Soil Settlement due to wetting at constant vertical stress.

colluvium

Rock and soil material deposited by gravity. Rocks are generally angular to subangular, loose and not
sorted. Found below steep slopes and at the mouth of canyons; talus and cliff debris are included.

compaction

The decrease in volume of an unsaturated soil mass due to a decrease in the void spaces, usually by
mechanical means.

consolidation

The decrease in soil volume due to a release of water when a saturated soil is subjected to stress
increase. As a soil consolidates, its void ratio decreases. Loosely, the term is used to describe timedependent compression of a fine-grained soil.

crawlspace

The space beneath the house that has a raised stemwall foundation and is typically 18 to 36 inches in
height.

creep

A slow, nearly continuous movement of soil caused by changes in soil moisture and the downhill force
of gravity.

dead load

Static loads transferred to the foundation, usually the weight of building materials, but can also be the
loads imposed by retained soil or a constructed slope.

debris flow

Debris flows are rapid flood-like events consisting of mud, water, rock and organic debris and that
have 20 to 80% particles coarser than sand sizes. Steep slopes, weak or weathered rock, a lack of
vegetative cover, and abnormal precipitation contribute to debris flows. (See mud flow)

differential
settlement

Unequal settlement between or within foundation elements of a structure.

dispersive soils

Fine-grained soils whose clays have been neutralized by an abundance of cations which are then
susceptible to removal (dispersion) from the soil matrix. This weakens soil strength; piping and
gullying are common features in this soil.

drilled pier

A deep foundation system that consists of reinforced concrete piers cast into a drilled hole that extends
into bedrock or other suitable material.

driven pile

A deep foundation system that consists of steel, concrete, or timber that is driven into bedrock or other
suitable material.

existing fill

Materials placed by man prior to geotechnical exploration of the site.

existing grade

The ground surface at the time of field exploration.

expansive soil

A soil containing clay which expands (increases in volume) when exposed to an increase in moisture.

fine grained soil

Soils composed of silt and/or clay-sized particles.

flowing avalanche

The turbulent cascade of slabs and blocks of relatively high-density (>25 pcf) snow and air downslope.

fluvial

Deposited or transported by a stream or river.

fluvioglacial

Alluvial deposits derived from the rivers originating from the melting of glaciers. Glacial outwash is
the term used to describe fluvioglacial deposits.

formational
material

See bedrock. Also known as the "R" horizon.
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grade beam

Typically, concrete beams that are constructed at or just below ground elevation that are used to
transfer building loads to deep foundation elements. Walls and floor systems are then built upon the
grade beams.

groundwater

Water that is resident beneath the ground surface in porous soil and rock. This level can fluctuate due
to seasonal changes and irrigation.

heave

Upward movement of soil or foundation components.

helical piers

Helical piers typically consist of 5- to 10-foot long sections of solid square high-strength steel bar with
the lead (deepest) section having one or more 6- or 8-inch diameter helixes welded to the bar. These
piers are “screwed” into the ground using a torque head which stops driving the pier when the head
reaches a design torque pre-selected by the engineer based on correlations with bearing capacity.

hinge point

Toe of excavated wall without footing or outside edge of concrete if footing is used.

hummocky

The uneven, bumpy or chaotic terrain typically resulting from a landslide or glacial deposit. The rock
and soil materials are unsorted and often jumbled.

hydrocompactive
soils

Soils that have considerable voids, thus making it susceptible to consolidation in the presence of
water.

jumping jack

A construction machine, used to compact both cohesive and cohesionless soils, that consists of a
curved shoe that tamps the soil in an up and down motion.

landslide

The general term for the downward and outward movement (flow, slide or fall) of slope-forming
bedrock, rock debris and soil (fine-grained fragmental debris). See "slump," a type of landslide.

lifts

Horizontal layers of fill, generally 6 to 8-inches thick.

liquid limit (LL)

The water content above which a soil behaves as a liquid.

live load

Transient loads introduced onto a structure and its foundation due to occupancy, wind, snow and rain,
earthquakes, changes in groundwater, and other environmental factors.

loam

A mixture of sand, silt and clay. It is easily crumbled when dry and has a slightly gritty, yet fairly
smooth feel, and is often slightly plastic.

micropile

A deep foundation system consisting of small diameter piles, typically 1- to 4-inch diameter steel bars
(solid or hollow), that are drilled and grouted into place. Micropiles are designed as friction elements
and must be drilled deep enough to provide resistance to anticipated uplift pressures.

monolithic slab

A shallow foundation system that consists of a single unit of reinforced concrete with downturned
edges and may include thickened ribs on the underside of the slab.

moraine

Deposits formed by direct glacial action. There are many forms of moraines, but they generally
consist of unsorted, unstratified, and subrounded to subangular materials deposited by glacial ice.
Also generally known as “drift” or “till.”

mottling

The discoloration of a soil due to the reaction of water with clay minerals during prolonged periods of
saturation. Red colors indicate the presence of iron oxides in an oxidized state and gray indicate the
removal of free iron in reducing conditions.

mud flow

Mud flows are flood-like events that have 80% or more mud and sand. Over-saturation of finegrained soils triggers mud flows, which are a rapid failure or slippage of mud and other debris
entrained in the movement. (See debris flow)
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native grade

The naturally occurring ground surface (before disturbance).

native soil

Naturally occurring on-site soil.

parent material

The formational material from which a soil is derived.

passive earth
pressure

The resistance of a soil against movement when a lateral force is exerted upon it.

piping

A feature in fine-grained soils whereby water preferentially follows root zones, animal burrows and
surface soil cracks, and carries soil particles downwards through voids, leaving behind weak vertical
planes, voids, and/or tunnels in the soil structure.

pistol butting

When the base of tree trunk is widened and bent upwards due to soil creep, snow loading, or slope
movement. The tree continues to grow vertically despite the ground moving downslope, thus creating
a shape like a "pistol butt" in the expanded trunk.

plastic index (PI)

The difference between Liquid and Plastic Limits (LL - PL). This represents the moisture content
range that the soil is in the plastic state. The larger the PI, the more plastic a soil is.

plastic limit (PL)

The water content at which a soil becomes brittle after being in the plastic state. The soil breaks apart
or crumbles when its moisture content is equal to or less than its PL.

plastic soil

A predominately silt or clay soil that exhibits plastic (deformable) behavior.

post-tensioned slab

A post-tensioned slab is a stiffened raft foundation system that has a grid of tensioned cables running
through the concrete slabs and in thickened “ribs.” The cables or tendons are tightened after the
concrete has partially cured. This system minimizes differential movement because it allows the
foundation to act as a rigid unit.

powder avalanche

The relatively low-density (12.5 pcf), high velocity, turbulent force of snow, air and entrained debris
that precedes and extends beyond a dry-snow avalanche. The powder and air blast can travel at speeds
in excess of 100 mph.

Proctor
compaction test
(standard &
modified)

A laboratory compaction procedure to determine the maximum dry density and optimum moisture
content of soil. The standard Proctor procedure uses a 5.5-lb hammer and 3 lifts, while the modified
Proctor procedure uses a 10-lb hammer and 5 lifts.

raft foundation

Also called “mat” foundations, these comprise a single slab that supports an entire structure. The slab
is generally stiffened to resist excessive differential movement.

refusal

When very dense native material is encountered that cannot be excavated or penetrated further by
whatever equipment is being used.

scarify

To mechanically loosen, roughen or break down existing soil surface, usually to improve bonding to
subsequent fill.

settlement

Downward movement of foundation components due to compression of a soil mass.

shale

A thinly-bedded rock formation composed of clay or silt muds that have been solidified into rock. The
Mancos Shale Formation in Colorado is of marine origin.

silt

Fine-grained soil particles measuring 0.002 to 0.075mm, which are larger than clay but smaller than
sand. Silt can exhibit plastic characteristics.
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slab-on-grade

A concrete layer cast directly upon a base, subbase or subgrade.

slope

The angle of a hillside, usually expressed in degrees or percent (elevation drop per given distance).

slump

A type of landslide that has a rotational slip along a concave-up surface of rupture. The resulting
“main scarp” is the crescent shaped failure plane formed at the source of the slump.

soil

Any unconsolidated, excavatable earth material composed of discrete solid particles, with air or
liquids between, that is the result of the chemical and mechanical weathering of rock.

soil (excavation or
borehole) log

A graphic representation of a column of soil indicating textural changes and general properties of soil
or rock types encountered in a test pit or boring.

spread footing

A shallow foundation system that consists of a wide (typically from 12 to 48 inches) "foot" of
reinforced concrete upon which vertical wall components are built.

stemwall

A vertical concrete foundation component, normally 6 to 12 inches wide, that rests on the spread
footing and extends up to the floor level.

subbase

A layer of specified material between the subgrade and base course.

subbase grade

Top of subbase elevation.

subgrade

Prepared native soil surface.

subsoil

The layer of soil below the topsoil and above the substratum that has undergone pedogenesis (soil
formation). The "B" horizons.

substratum

The layer of soil below the subsoil that has not undergone soil genesis. It contains weathered parent
material. The "C" horizons.

swell potential

The potential of a soil to expand (increase in volume) due to absorption of moisture.

tension cracks

Transverse cracks (linear openings) in the soil due to soil movement.

topsoil

The surface layer of soil containing organic material and roots. The "A" horizons.

transverse

A feature (like a crack or ridge) that is at right angles to the slope of a hillside or the general trend of a
valley.

vesicular pores

In a fine-grained soil, the sponge-like openings that are the result of the solution and dispersal of clay
particles. The pores are discontinuous and vary in size.

vibratory roller

A construction machine with a heavy vibrating drum, used to compact soil and aggregate material.

void ratio

A ratio of the volume of voids (pore spaces) to the volume of solids.

waffle slab

A waffle slab is a stiffened raft foundation system that is a monolithic slab with a tight network or grid
of reinforced stemwalls that resemble a waffle from underneath. This system minimizes differential
movement because it allows the foundation to act as a rigid unit.

water table

The relatively continuous and consistent level of groundwater below the ground surface.

weathering

The breakdown of intact masses of rock into smaller pieces by mechanical or chemical processes.
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