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1 INTRODUCTION
This report presents geotechnical engineering recommendations for the proposed Quebec
Street Over Airlawn Road Project (the Project).  Our work consisted of completing
subsurface explorations and completing geotechnical engineering and pavement design
analyses for the proposed replacement of Quebec Street where it passes over Airlawn Road
in Denver, Colorado.  This report presents our interpretation and characterization of
subsurface conditions beneath the existing Quebec Street Bridge and provides geotechnical
engineering and pavement design recommendations.  Our services were completed in
accordance with our Subcontractor Agreement with MBI dated February 28, 2022 and the
Amendment provided by MBI for final design.

Our scope of services included:

 Coordinating a subsurface exploration program, which consisted of staking boring
locations and clearing utilities with the Utility Notification Center of Colorado, applying
for the required permits, obtaining right-of-way access, coordinating traffic control
services, and drilling six geotechnical borings.

 Collecting two manual groundwater level readings from a monitoring well (SW-03)
installed at one boring location over a two-month period following drilling.

 Coordinating and completing the abandonment of temporary well SW-03 in accordance
with Rule 16.4.1 of the Colorado Water Well Construction Rules.

 Performing geotechnical laboratory testing on select samples retrieved from the borings.

 Developing pavement design recommendations for Quebec Street following City and
County of Denver (CCD) and Metropolitan Government Pavement Engineers Council
(MGPEC) design criteria.

 Evaluating potential settlement resulting from the earthwork associated with the
embankment proposed to replace the existing Quebec Street Bridge.

 Preparation of engineering geology sheets for the Project plans.

 Preparation of this report.

Shannon & Wilson previously submitted a draft geotechnical and pavement design report
for the Project, dated August 2022, which included:

 Deep foundation recommendations associated with a proposed replacement bridge for
Quebec Street,

 Shallow foundation recommendations for a proposed concrete box culvert (CBC)
pedestrian underpass,



Quebec Street Over Airlawn Road
Geotechnical & Pavement Design Report

108105-001 January 2026
2

 Pavement design recommendations for the proposed pedestrian trail, and

 Recommendations for retaining structures associated with the replacement bridge and
pedestrian underpass.

Since issuing the draft report, these elements were eliminated from the final design of the
Project, so our recommendations have been updated to reflect the current Project scope.

The scope of our services did not include evaluating the presence of potentially
contaminated soils or groundwater at or around the site.  Our scope did not include well
development, groundwater sampling, hydrogeologic testing, mechanistic-empirical
pavement design, or pavement life cycle cost analysis.  If a service is not specifically
indicated in this report, do not assume it was performed.

2 SITE AND PROJECT DESCRIPTION
The Project site is located along Quebec Street, which runs north-south between East 40th
Avenue/Sandown Road (to the south) and Interstate 70 (I-70) to the north, in northeast
Denver (see Figure 1).  The existing Quebec Street roadway configuration consists of three
travel lanes in each direction with a bridge where Quebec Street passes over Airlawn Road,
which is a former (now-closed) local street running northwest/southeast between East 41st
Avenue and Niagara Street.  We understand that part of the property below Quebec Street
in this area is owned by the Union Pacific Railroad (UPRR) and Denver Rock Island
Railroad (DRIR).

The proposed improvements include changes to the Quebec Street roadway grade, which
will be lowered by approximately 1 foot, removal of the existing Quebec Street bridge (with
the area under the bridge backfilled to connect the existing approach embankments), and
new pavements along Quebec Street.  The proposed earthwork will require placing up to 24
feet of new fill at the location of the proposed bridge removal.

We understand that a replacement bridge or culvert are no longer being considered.
Further, we understand that no retaining structures are proposed.

3 FIELD EXPLORATIONS AND LABORATORY TESTING
3.1 Field Explorations

Shannon & Wilson conducted a field exploration program to evaluate subsurface conditions
at the initially proposed bridge abutment and pier locations.  Six borings, designated SW-01
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through SW-06, were drilled at the site between April 18 and 22, 2022.  Borings were drilled
to depths ranging from 65.5 to 81.5 feet below ground surface (bgs).  Locations of the
borings are shown in Figure 2.  A monitoring well was installed at an offset of boring SW-03
to allow periodic reading of groundwater levels at the site.  Due to issues related to
obtaining access to railroad right-of-way on the west side of Quebec Street, the design team
elected not to complete subsurface explorations in this area.

Appendix A describes the procedures used to complete the drilling and sampling of the
geotechnical borings and presents the individual exploration logs and an explanation of the
symbols and terminology used on the logs.  Appendix C describes the procedures used to
complete installation of the monitoring well.

3.2 Laboratory Testing

Shannon & Wilson completed geotechnical laboratory testing to determine index and
engineering properties of selected samples from the borings.  Tests included natural water
content, unit weight, grain size distribution, Atterberg limits, one-dimensional
swell/collapse, Hveem Stabilometer (R-value), and corrosion.  The laboratory test results are
presented in Appendix B along with a brief discussion of the laboratory testing procedures.
The natural water contents, Atterberg limits, and percent fines are also indicated on the
individual boring logs in Appendix A.

4 REGIONAL GEOLOGY AND SUBSURFACE
CONDITIONS

4.1 Regional Geology

A geologic map encompassing the Project limits (Lindvall, 1980) indicates that surficial soils
at the Project site consist of embankment fills and Holocene- to Pleistocene-age eolian
(windblown) deposits reported to consist of fine sand, sandy silt, and clay overlying
claystone bedrock of the Denver Formation.  The Project site is located near Sand Creek,
where units of Pleistocene-age Slocum Alluvium (described as well-stratified pebbly clay,
silt, sand, and gravel, grading from fine to coarse with increasing depth) and Holocene-age
Post Piney Creek Alluvium (described as a thin unit containing mostly clay, silt, and sand)
are mapped.  Neither alluvial unit is mapped at the surface within the Project site, but it is
possible that alluvial soils underlie the eolian deposits.
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4.2 Subsurface Conditions

Subsurface conditions encountered during drilling were generally consistent with the
regional geologic mapping, and were grouped into three broad categories: fill, native
overburden, and bedrock.  The native overburden unit consists of soils mapped by Lindvall
(1980) as eolian sand, possibly underlain by alluvial soils; we did not distinguish between
the two units for the purposes of the Project due to similarities in their engineering
properties.

Shannon & Wilson also measured the thickness of existing pavements during drilling.  The
following subsections describe the soil/rock units and groundwater conditions observed in
the borings.

4.2.1 Existing Pavement

Borings drilled in Quebec Street (SW-01, SW-02, SW-05, and SW-06) encountered hot mix
asphalt (HMA) pavement ranging in thickness from 10 to 16 inches, overlying 8 to 23 inches
of aggregate base course (ABC).  Borings SW-03 and SW-04, drilled in Airlawn Road,
encountered 2 to 3 inches of HMA overlying 7 inches of ABC.

4.2.2 Fill

Fill was observed to generally consist of loose to dense, silty to clayey sand associated with
the existing Quebec Street roadway embankment.  Boring SW-03 encountered fill soils
consisting of medium stiff to very stiff, lean clay with varying amounts of sand.  The
thickness of the fill ranged from 28 to 33 feet within the Quebec Street approach
embankments, and approximately 9.5 feet along Airlawn Road.

4.2.3 Native Overburden

The native overburden soils were observed to consist of loose to medium dense, poorly
graded sand with silt to silty clayey sand, to medium stiff to very stiff lean clay with varying
amounts of sand.  Overall thickness of the native overburden ranged from 20.7 to 23.5 feet.

4.2.4 Bedrock

Bedrock was encountered in all six borings and consisted of Denver Formation claystone.
The elevation of the top of bedrock ranged from approximately 5,232 to 5,234 feet.  The
upper approximately 20 to 25 feet of the claystone was highly to moderately weathered.
The mean Standard Penetration Test (SPT) blow count in this layer was less than 50 blows
per foot (bpf).
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We observed a lower layer of comparatively fresh claystone at depth in borings SW-02
through SW-06.  We measured higher SPT blow counts in this layer, with a minimum N-
value of 51 bpf and an average of 84 bpf.

4.2.5 Groundwater

Groundwater was encountered in all six borings during drilling.  Depth to groundwater
measured approximately 43 to 48 feet bgs in the Quebec Street borings and 22 to 29 feet in
the Airlawn Road borings (approximate groundwater elevations of 5,236 to 5,243 feet).  A
monitoring well was installed offset from boring SW-03, and groundwater measurements
were taken in the well on May 23, 2022, June 28, 2022, and immediately prior to
abandonment of the well on January 13, 2026.  The highest groundwater level observed in
the monitoring well at SW-03 measured 20.6 feet bgs (approximate groundwater elevation
5,243.9 feet), about 1.6 feet higher than the groundwater level observed in the boring during
drilling.  Groundwater fluctuations are possible and will depend on many factors such as
seasonal variations, local precipitation and runoff, and surface water levels in Sand Creek.

4.3 Subsurface Variation

Our observations are specific to the locations, depths, and times noted on the logs and may
not be applicable to all areas of the site.  No amount of explorations or testing can precisely
predict the characteristics, quality, or distribution of subsurface and site conditions.
Potential variation includes, but is not limited to:

 The conditions between explorations may be different.

 The passage of time or intervening causes (natural and human-caused) may result in
changes to site and subsurface conditions.

If conditions that are different from those described herein are encountered during
construction, we should review our description of the subsurface conditions and reconsider
our conclusions and recommendations.

5 GEOLOGIC HAZARDS
5.1 Corrosion

The soil/rock encountered at the Project site can be corrosive to substructure elements.  To
assist in estimating the corrosion potential at the site, selected samples were tested for pH,
resistivity, water-soluble sulfates, and chlorides.  The results are presented in Table B-1 in
Appendix B.
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AASHTO (2020) Section 10.7.5 defines soil as aggressive for steel piles if resistivity is less
than 2,000 ohm-centimeters, pH is less than 5.5, or sulfate concentrations are greater than
1,000 parts per million (0.1 percent by weight).  The laboratory data indicate a minimum pH
of 7.5, and a maximum sulfate content of 0.04 percent by weight in dry soil, which classify
the soil as non-aggressive.  However, the resistivity measurements ranged from 713 to 1,180
ohm-centimeters, which are indicative of aggressive soil conditions for steel piles.

The concentration of water-soluble sulfates measured in the samples ranged from 0.02
percent to 0.04 percent by weight.  Based on standard construction specifications developed
by CDOT (2025), these test results correspond to Class 0 requirements for sulfate resistance.
However, CDOT (2025) specifies Class 2 sulfate exposure unless otherwise indicated in the
plans (with a noted exception of concrete Class PS, a prestressed concrete mix).

The test results and above discussion are provided to assist the designer in the selection of
project materials, concrete type, pile section size, or other features with respect to corrosion.
As appropriate, the designer should consider protective measures, such as coatings,
upsizing for section loss, or using alternative materials to reduce the corrosion potential.

5.2 Swelling and Collapsible Soils

Swell-susceptible soil and bedrock are common along the Front Range of Colorado.  These
materials have the potential to cause substantial damage to pavements and structures
supported by shallow foundations when the soils undergo a change in moisture content.

In addition, collapse-susceptible windblown soils are common in northeast Denver.  Hydro-
compactive soil collapse is a process where relatively dry, low unit weight soils undergo
volume decrease due to collapse of air voids in the soil upon wetting.  Collapse-susceptible
soils typically consist of fine-grained, low-plasticity eolian soils, which is consistent with the
geologic mapping of surficial deposits at the Project site.  Due to rapid depositional process,
these types of soils can develop a porous, open structure consisting of loosely packed, clay-
cemented silt grains.  When deposited in arid to semi-arid environments, groundwater
tables may not rise high enough to saturate these soils after deposition.

To assist us in determining the swell/collapse potential at the Project site, we reviewed a
published geologic map of potentially swelling soil and bedrock of the Front Range urban
corridor developed by Hart (1974).  The site is mapped as being overlain by windblown
deposits with collapse potential.

To further evaluate the potential for swell or collapse, we completed swell/collapse tests on
three overburden samples.  The swell test specimens were tested at the in-situ moisture
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content and an inundation pressure of 200 pounds per square foot (psf).  Swell test results
indicated up to 0.2 percent swell and up to 1.0 percent collapse.

Overall, in our opinion, the risk of swell impacting proposed structures (bridge/culvert and
retaining walls) is low.  Provided that pavement subgrades are adequately moisture-
conditioned and compacted, in our opinion the risk of swell impacting roadway and trail
pavements is also low.

To further evaluate the potential for hydro-compactive soil collapse, we reviewed published
correlations between collapse potential and soil index properties, including dry density,
moisture content, and liquid limit (LL) (White and Greenman, 2008; Mock and Pawlak, 1983;
Gibbs and Bara, 1962).  Figures 3 and 4 present a comparison of soil index properties to
these correlations.  Based on the results of index property correlations and our collapse tests,
in our opinion the site soils in the areas of our explorations exhibit a negligible to low
collapse potential as defined by the collapse potential criteria of Mock and Pawlak (1983)
presented in Exhibit 5-1.

Exhibit 5-1: Collapse Potential Criteria (after Mock and Pawlak, 1983)

Collapse Potential (%) Hazard

0 – 1% Negligible

1 – 3% Low

3 – 5% Moderate

>5% High

5.3 Seismic Hazards

The Front Range of Colorado is an area of low potential for damaging earthquakes.  It is not
possible to accurately estimate the timing or location of future earthquakes, because the
occurrence of earthquakes is relatively infrequent and the historical earthquake record in
Colorado is short (about 130 years).  Based on a recent geologic map by the U.S. Geological
Survey (2009), the nearest fault to the Project is the Golden Fault, approximately 18 miles to
the west.  However, there is only disputed evidence that this fault has been active in the
Quaternary Period, (i.e., within the last 1.6 million years).  Therefore, in our opinion, the
potential for ground surface fault rupture is low.

Liquefaction may occur in loose, saturated, cohesionless soils when subjected to earthquake
ground shaking, which can cause loss of soil shear strength and settlement of structures.
Similarly, seismic compression may occur when loose, granular soils above the
groundwater table are rearranged into a tighter packing configuration during seismic
ground shaking, which can also cause settlement.  Based on the subsurface conditions
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encountered at the Project site and the relatively low peak horizontal ground acceleration
for this area (see Section 6.1), it is our opinion that the risk of settlement from liquefaction
and seismic compression is low.

6 GEOTECHNICAL RECOMMENDATIONS
6.1 Seismic Ground Motion Design Parameters

Using the AASHTO Load and Resistance Factor Design (LRFD) Bridge Design
Specifications (AASHTO, 2020) criteria, and based on subsurface conditions encountered in
our borings, we recommend Site Class D be used for the Project site.

Ground motion parameters were determined using the USGS Seismic Design Map Webb
Application (USGS, 2022), and procedures recommended by AASHTO (2020).
Recommended seismic ground motion parameters are summarized in Exhibit 6-1.

Exhibit 6-1: Seismic Design Ground Motion Parameters

Ground Motion Parameters

Peak Ground Acceleration1 (PGAB) 0.057 g

Short-period Spectral Acceleration, SS 0.122 g

Long-period Spectral Acceleration, S1 0.033 g

Site Class D

Site Factor, FPGA 1.6

Site Factor, Fa 1.6

Site Factor, Fv 2.4

Peak Design Spectral Acceleration, As 0.091

Short-period Design Spectral Acceleration, SDS 0.195 g

Long-period Design Spectral Acceleration, SD1 0.080 g

Short-period Reference Time, T0 0.08 sec.

Long-period Reference Time, TS 0.41 sec.

Seismic Zone2 1

NOTES:
PGAB = peak ground acceleration for a site underlain by Site Class B material (soft rock)
Seismic Zone from AASHTO (2020) Table 3.10.6-1

g = gravitational acceleration; PGA = peak ground acceleration; sec. = second
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6.2 Embankment Slopes

Based on discussions with MBI, we understand that the proposed grading will involve
removal of the existing Quebec Street bridge and placement of a “plug fill” to connect the
existing approach embankments, resulting in an embankment-supported roadway.  The
proposed embankment slopes range from 2H:1V to 4H:1V.

6.2.1 Embankment Settlement

We estimated the magnitude of settlement resulting from construction of the proposed plug
fill embankment using Settle 3 (RocScience, 2025), considering a combination of elastic and
consolidation settlement mechanisms.  Our understanding of the grading and fill geometry
was based on drawing files provided by MBI in December 2025.  We assumed a total unit
weight of 135 pounds per cubic foot for the new embankment fill.  The overburden soils at
the site primarily consist of lean clays and clayey sands, with about two-thirds of the
overburden thickness in an unsaturated condition (i.e., the soils are located above the
groundwater table) and with the lower third of the soil profile beneath the groundwater
table.

Granular soils (primarily clayey sands) and unsaturated clayey soils (primarily sandy lean
clays) are anticipated to undergo elastic settlement mechanisms.  Soil modulus values for
these materials were based on SPT N-values and soil type (Das, 2004).  Cohesive soil layers
below the groundwater table are expected to settle via long-term consolidation.  Values for
the compression index (Cc), recompression index (Cr), and over-consolidation ratio (OCR)
were estimated based on correlations with moisture content and Atterberg limits as
published in NAVFAC DM 7.1 (2022).  The coefficient of consolidation (cv) to estimate time-
rate for consolidation was also derived from the correlations published in the NAVFAC
manual.

Based on our analyses, we estimate on the order of 4.5 inches of total settlement occurring in
the overburden soils due to new embankment construction.  We anticipate that the majority
of the settlement (about 3.5 inches) will occur during construction of the embankment, with
an additional 1 inch of settlement over 12 months post-construction.  We estimate less than
1/2-inch of total settlement at the tie-ins to the existing Quebec Street pavement.

6.2.2 Self-Weight Settlement

The estimates provided in Section 6.2.1 do not include self-weight settlement of the
embankment fill.  A borrow source for the embankment fill is unknown, but embankments
in the vicinity of the project site are often constructed with surficial native clayey soil.
Clayey soils experience higher long-term self-weight settlement than fills constructed from
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granular soils, especially clay soils placed wet of optimum moisture content.  Higher levels
of compaction tend to reduce the magnitude of self-weight settlement in soils.

A preliminary estimate for post-construction self-weight embankment settlement composed
primarily of clays is approximately 0.5 to 1% of the embankment fill (NAVFAC, 2022; U.S.
Bureau of Reclamation, 1987), or about 1.5 to 3 inches for a 24-foot-high embankment.  The
rate and magnitude of long-term settlement will depend on the embankment material and
placement (e.g., soil type, degree of compaction, moisture content), but we anticipate that
this settlement will occur over several years.  Long-term maintenance may be required to
smooth differential pavement settlement between the existing approach embankments and
the new “plug fill” embankment.

To reduce the potential for long-term settlement and to improve constructability, we
recommend placing granular embankment fill.  Self-weight settlement is anticipated to be
relatively minor for properly compacted granular soils.  We recommend that fill material
consist of imported granular soils with an AASHTO classification of A-1-a, A-1-b, or A-2-4.
Additionally, the upper 2 feet of the embankment should have a minimum R-value of 18 as
assumed for the pavement design (see Section 7.2).

6.2.3 Additional Settlement Considerations

Assuming the use of granular fill, we do not anticipate that settlement mitigation will be
required for the embankment construction, considering the relatively minor post-
construction settlements estimated, as discussed in Section 6.2.1.  This assumes that the
entire width of the fill (in the transverse direction) is placed at one time, which would
require a full closure of Quebec Street.  Based on discussion with MBI, we understand that
the design team anticipates the bridge demolition and fill placement will occur under a full
roadway closure.  However, if the construction phasing is configured such that half of the
width of the fill is placed at a time (i.e., half of the bridge is demolished, fill is placed and
paved, then the remaining half of the bridge is demolished, and the remaining fill is placed
and paved), there is potential for the second phase of fill placement to cause the fill placed
in the first phase to settle, potentially affecting the pavement placed on the first half of the
fill.  In addition, any fill placed while the existing bridge is in place could induce settlement
of the spread footings supporting Piers 2 and 3 of the existing bridge.

6.2.4 Global Stability

We completed global stability analysis which showed that a 2H:1V slope will result in factor
of safety (FS) values of about 1.5.  Based on these results, we anticipate that the proposed
slopes will have adequate global stability at a 2H:1V slope; however, a 2.5H:1V slope may
be preferable for maintenance purposes.  We recommend that the slopes be adequately
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vegetated or otherwise protected (e.g., slope paving) to resist shallow sloughing failures and
for erosion control.

7 PAVEMENT DESIGN
7.1 General

Performance of a pavement system depends on the pavement material and thickness,
subgrade strength, traffic loads and repetitions, design life, and subgrade drainage
characteristics.  Based on the anticipated traffic volumes (discussed in further detail in
Section 7.3), we anticipate that the Quebec Street pavement section will be a flexible
pavement section consisting of hot-mix asphalt (HMA) over aggregate base course (ABC)
constructed on existing fill.

Pavement designs for Quebec Street are described in the following sections.  Our pavement
designs were completed in general accordance with CCD pavement design standards,
which reference MGPEC (2021) requirements.

7.2 Subgrade Conditions

Based on the materials encountered in the borings, the proposed roadway and trail
pavements will be constructed primarily on existing fill soils.  A bulk sample from boring
SW-06 (drilled in the Quebec Street roadway) was classified and tested for R-value.  Test
results indicated a silty, clayey sand (AASHTO designation A-2-4) and an R-value of 18.

7.3 Traffic Loading

We obtained traffic data from the CDOT Online Transportation Information System (OTIS),
which includes a short duration traffic data collection station along Quebec Street close to
the Project site.  The OTIS traffic data is summarized in Exhibit 7-1.
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Exhibit 7-1: Quebec Street Traffic Data, OTIS Station ID 203815

Parameter Value

AADT 59,000

Truck Traffic (% of AADT) 10.2

Single / Combined Truck Distribution (%) 55 / 45 1

Annual Compounded Growth Rate (%) 1.0

18-kip ESALs 26,900,000 2

NOTES:
Truck distribution is based on CDOT Traffic Cluster 3.
20-year design life minimum design lane 18-kip ESAL value was determined based on MGPEC ESAL truck equivalency factors.

AADT = annual average daily traffic; ESAL = equivalent single-axle load

7.4 Recommended Pavement Sections

For pavement design, we evaluated a two-layer system of HMA overlying ABC.  Appendix
D contains a summary of the design parameters used in our analysis, as well as our
pavement design calculations.  We recommend the following pavement section alternatives:

 Alternative 1: 13.5 inches of HMA overlying 8 inches of Class 6 ABC.

 Alternative 2: 12.5 inches of HMA overlying 12 inches of Class 6 ABC.

At the tie-in locations, we recommend that the existing HMA pavement be milled at least 2
inches and overlain with HMA across the full roadway width.  Additionally, longitudinal
joints in HMA should not be placed beneath the proposed wheel paths.

8 CONSTRUCTION CONSIDERATIONS
The applicability of the design recommendations provided in this report is contingent on
good construction practice.  Poor construction techniques may alter conditions from those
on which our recommendations are based, resulting in reduced foundation capacity and
increased settlement.  The following sections present additional construction and material
considerations for this Project.

8.1 Earthwork

8.1.1 Clearing and Grubbing

Before construction, ponded water should be drained from low-lying areas.  Prior to site
grading, construction areas should be cleared to a depth necessary to remove all surface and
subsurface structures associated with current development of the site, including all
foundations, pavements, utility poles, fence poles, underground utilities, and other
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deleterious material.  Trees, shrubs, or crops designated to be removed should include
rootball and all roots larger than ½-inch diameter.  This may require laborers handpicking
the roots from the subsurface soils prior to compaction.

8.1.2 Subgrade Preparation

Proper subgrade preparation is required for adequate performance of embankment fills and
pavements.  We recommend that the subgrade condition be observed and either probed or
proof-rolled to confirm adequacy for support.

We recommend the exposed subgrades be scarified to a depth of 12 inches in place,
moisture treated, and recompacted in accordance with Section 203.07 of the CDOT Standard
Specifications for Road and Bridge Construction (2025).  The compacted surface should be
proof-rolled in accordance with CDOT (2025).

We recommend that the subgrade preparation and moisture treatment be extended over the
entire footprint of the roadway, including curb and gutter and any proposed concrete
drainage cross-pans located in the roadway.

If any areas are identified as being loose, soft, or yielding during proof-rolling, these areas of
the subgrade should be improved by overexcavating to expose a firm and unyielding
subgrade.  We recommend a maximum overexcavation of 2 feet.  If soft or yielding soils are
encountered after overexcavating 2 feet, a geogrid (Tensar biaxial grid BX1300, Tensar
triaxial grid TX5, or equivalent) could be installed at the base of the excavation before
backfilling with CDOT Class 1 Structure Backfill.

8.1.3 Excavation Potential

We anticipate that excavation of overburden can be accomplished with conventional
excavating equipment, such as dozers, front-end loaders or scrapers.  Bedrock is not
anticipated to be encountered in excavations required for the Project.

8.1.4 Fill Materials, Placement, and Compaction

We recommend that fill material for embankment construction and grading consist of
imported granular fill meeting the requirements discussed in Section 6.2.2 and the project
special provision (PSP) revisions to Section 203 of the CDOT Standard Specifications for
Road and Bridge Construction (2025).  We recommend that the embankment fill be placed
and compacted per Section 203 of CDOT (2025).
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8.2 Temporary Slopes and Shoring

The safe slope for the excavation of subsurface materials depends on many factors,
including: (a) the presence and depth of groundwater; (b) the type, density, and shear
strength of the subsurface materials; (c) the depth of excavation; (d) the presence of adjacent
facilities; (e) surcharge loading adjacent to the excavation (including stockpiled excavated
material, existing dead or live loads, and construction equipment); and (f) duration of
construction.  Considering these factors, unshored, temporary excavation slopes may be
possible in areas around the site.  However, we recommend that unshored, temporary
excavation slopes only be utilized above the groundwater level.  Constructing excavation
slopes below the groundwater level may cause slope instability due to the seepage of
groundwater into the excavation.

The Project team may choose to limit where the contractor can make temporary excavation
slopes based on the need to limit impacts to the roadway and adjacent property and or to
avoid utilities.  If it is possible to slope the excavation, we recommend the temporary slopes
be consistent with the Occupational Safety & Health Administration (OSHA) guidelines
contained in 29 CFR 1926, Subpart P (1989).  For cost estimating and planning purposes
only, we recommend assuming temporary excavations above groundwater level are sloped
at 1.0H:1V to 1.5H:1V, consistent with OSHA Type B and C soils.  If groundwater is actively
seeping into the excavation, flatter slopes will be required.  The contractor should
continually classify the soils that are encountered as excavation progresses with respect to
the OSHA system.

Feasible shoring methods for the subsurface conditions present at the site include driven
sheet piling, soldier pile wall with lagging, or temporary soil nail walls.  All temporary
walls should include wall drainage measures and should be designed with appropriate
surcharge loads.

Consistent with conventional practice, the contract documents should require the contractor
to be responsible for the actual temporary excavation slopes, including methods, sequence,
and schedule of construction.  The contractor is able to observe the nature and conditions of
the subsurface materials encountered and should evaluate the factors discussed above.  If
instability is observed, slopes should be flattened or shored.  All excavations should be
accomplished in accordance with local, state, and federal safety regulations.

8.3 Dewatering

Based on the anticipated depths of excavation and the groundwater conditions encountered
at the site, we do not anticipate that significant construction dewatering will be necessary.
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To the extent that construction dewatering is required, it would likely be limited to
controlling surface and perched groundwater.

8.4 Paving Materials

8.4.1 ABC Materials

The ABC material should meet CDOT Class 6 specifications (refer to Section 703.04 of
CDOT, 2025).  ABC material should be placed in maximum 6-inch lifts and compacted to a
dense and unyielding condition and to at least 95 percent of the maximum dry density as
determined by AASHTO T180 (modified Proctor).

8.4.2 HMA Materials

The HMA mix design should be in accordance with CDOT and Superpave standards.
Binder selection is based on the anticipated pavement temperatures, traffic patterns, and
local availability.  We recommend an asphalt binder grading of PG 76-28 for the top lift and
PG 64-22 for lower lifts.  We recommend using a Grade SX mix for the top lift.  Underlying
HMA layers can be composed of a Grade S mix.  For the Grade SX mix, CDOT recommends
that lift thickness range from 1.5 to 3 inches.  For the Grade S mix, CDOT recommends lift
thickness between 2¼ and 3½ inches.  We recommend a Superpave design gyratory number
(NDES) of 100 be used for the mix design.  In addition, a tack coat should be placed between
subsequent lifts.

9 DOCUMENT REVIEW AND CONSTRUCTION
OBSERVATION
We recommend that we be retained to review the geotechnical aspects of the plans and
specifications before construction begins, to determine that they are in accordance with our
recommendations.  Although this phase of a project is often neglected, it has been our
experience that substantial savings in future cost overruns during construction can be
avoided by a geotechnical review of these documents prior to construction.

Geotechnical design recommendations are developed from a limited number of explorations
and tests.  Therefore, recommendations may need to be adjusted in the field.  To this end,
we recommend that a construction observation and monitoring program be implemented
for the Project and that Shannon & Wilson be retained to monitor the geotechnical aspects of
construction, particularly subgrade preparation and EPS geofoam placement (if used).  This
monitoring would allow us to confirm that conditions encountered are consistent with those
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indicated by the explorations.  We could provide expedient recommendations should
conditions be revealed during construction that are different from those anticipated.

Unanticipated soil conditions are commonly encountered and cannot be fully determined
by a limited boring and testing program.  Such unexpected conditions frequently require
that additional expenditures be made to attain a properly constructed project.  Therefore,
some contingency fund is recommended to accommodate such potential extra costs.

10 LIMITATIONS
This report was prepared for the exclusive use of MBI and the City and County of Denver
for use in design of the Quebec Street Over Airlawn Road project.  It should be made
available to prospective contractors and/or the contractor for information on factual data
only, and not as a warranty of subsurface conditions.

Within the limitations of scope, schedule, and budget, the analyses, conclusions, and
recommendations presented in this report were prepared in accordance with generally
accepted professional geotechnical and geological principles and practice in this area at the
time this report was prepared.  We make no other warranty, either express or implied.

Shannon & Wilson has prepared the attached document, "Important Information About
Your Geotechnical Report," to assist you and others in understanding the use and
limitations of our reports.
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FIG. 4

FIG
. 4

Quebec Street Over Airlawn Road 
Denver, Colorado

COLLAPSE POTENTIAL
DRY DENSITY VS. MOISTURE 

CONTENT

SHANNON & WILSON, INC. 
Geotechnical and Environmental Consultants

1.  Collapse potential lines are based on White & Greenman (2008) for 
Colorado soils with collapse-severity categories defined by  Mock
and Pawlak (1983).
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Figures 
Soil Description and Log Key  

Rock Description and Log Key 

Log of Borings SW-01 through SW-06 
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strength, the rock resembles a very low strength rock.  Therefore, for completeness, the 
boring logs contain dual descriptions of the bedrock using the Unified Soil Classification 
System (USCS) and rock classification shown in the Rock Description and Log Key, where 
appropriate.  

A.2.2 Standard Penetration Test  

Disturbed samples were obtained in the borings in general accordance with the Standard 
Penetration Test (SPT) (ASTM Designation: D1586).  The SPT consists of driving a 2-inch 
outside diameter (O.D.), 1.375-inch inside diameter split -spoon sampler 18 inches. An 
automatic, free-falling  140-pound hammer was used to advance the split spoon sampler.  
During sampling, the Shannon & Wilson field representative recorded the number of blows 
for each 6-inch increment of penetration and summed the blow counts for the last two 6-
inch increments.  This sum is recorded as the penetration resistance number, or N-value.  If 
high penetration resistance prevented driving the total length of the sampler, the Shannon & 
Wilson field representative recorded the partial penetration depth and blow count.  The N -
values provide a means for evaluating the relative density or compactn ess of cohesionless 
(granular) soils and consistency or stiffness of cohesive (fine-grained) soils (see Soil 
Description and Log Key ).  The raw N-values are shown on the individual boring logs.  
Representative portions of the split -spoon sample obtained in conjunction with the SPT 
were placed in a screw-top plastic jar and transported to our laboratory.  

A.2.3 Modified California Test and Sampling  

Samples were also obtained using a Modified California (MC) barrel sampler.  The MC test 
procedure is similar to the Standard Penetration Test (SPT), except the sample barrel is 
larger (2½-inch O.D.) and lined with 2 -inch-diameter brass tubing.  The MC sampler is only 
driven 12 inches.  During sampling, the Shannon & Wilson field representative recorded the 
number of blows for each 6-inch increment of penetration.  As a result of the larger 
diameter, the MC sampler yields slightly higher raw blow count numbers when compared 
to SPT N-values for similar soils.  Because the difference in blow counts does not 
significantly impact our evaluation, we used the field MC blow counts over the 12 -inch 
increment to define the relative density and consistency/stiffness of the subsurface materials 
following  SPT terminology.  Representative samples were sealed in the brass liner tubes 
with plastic caps and transported to our laboratory  for further testing . 

A.2.4 Pocket Penetrometer  

Select cohesive soil samples were also tested in the field using a pocket penetrometer.  The 
penetrometer estimates the unconfined compressive strength of clay soil samples by 
penetrating the clay with a one-quarter-inch-diameter penetrometer and measuring the 
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resistance (in units of tons per square foot [tsf]) with a calibrated spring.  Measurements can 
be taken to the nearest 0.25 tsf increment.  The field measurements from the pocket 
penetrometer are listed on the boring logs. 

A.2.5 Bulk Sampling  

Bulk grab samples were obtained by collecting the drill cuttings  obtained from select 
borings.  Approximately 20  to 30 pounds of material  were placed in a sealed plastic bag and 
transported to our laboratory for further analysis and testing .   
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B.1 INTRODUCTION  

Laboratory tests were completed on soil samples retrieved from the site in general 
accordance with the American Association of State Highway and Transportation Officials 
(AASHTO) , ASTM International (ASTM ), and CDOT (CP-L) testing methods. The 
laboratory testing program was performed to classify the materials into similar geologic 
groups and provide data that can be used for design of the project. The geotechnical 
laboratory testing was performed at our laboratory in Denver, Colorado , and Vine 
Laboratories, Inc. (Vine) in Commerce City, Colorado . A summary of the laboratory test 
results is presented in Table B-1. The following sections describe the laboratory testing 
procedures. 

B.2 GEOTECHINCAL INDEX TESTS 

B.2.1 Water Con tent  

Water content was determined for selected samples in general accordance with AASHTO 
T265, Laboratory Determination of Moisture Content of Soils.  To perform this test, a sample 
was weighed before and after oven-drying, and the water content was calculated.  Water 
content determinations are summarized in Table B-1. 

B.2.2 Grain Size Analysis 

The grain size distribution of one sample was determined in general accordance with 
AASHTO T311, Standard Method of Test for Grain-Size Analysis of Granular Soil Materials. 
Results of the analysis are presented as a grain size distribution curve and summarized in 
Table B-1. Selected samples were tested for the percentage of material passing the No. 200 
sieve in general accordance with ASTM D1140, Standard Test Method for Amount of 
Material in Soils Finer than the No. 200 (75-µm) Sieve. The percent fines (silt - and clay-sized 
particles passing the No. 200 sieve) are shown graphically on the boring logs in Appendix A 
and are also summarized in Table B-1. 

B.2.3 Atterberg Limits  

Soil plasticity was determined by performing Atterberg limits tests on a selected fine-
grained sample. The tests were completed in general accordance with AASHTO T89, 
Standard Test Method for Determining the Liquid Limit of Soils and AASHTO T90, 
Standard Test Method for Determining the Plastic Limit and Plasticity Index of Soils.  The 
Atterberg limits include liquid limit (LL), plastic limit (PL), and plasticity index (PI equals 
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Laboratory tests were completed on soil samples retrieved from the site in general 
accordance with the American Association of State Highway and Transportation Officials 
(AASHTO) , ASTM International (ASTM ), and CDOT (CP-L) testing methods. The 
laboratory testing program was performed to classify the materials into similar geologic 
groups and provide data that can be used for design of the project. The geotechnical 
laboratory testing was performed at our laboratory in Denver, Colorado , and Vine 
Laboratories, Inc. (Vine) in Commerce City, Colorado . A summary of the laboratory test 
results is presented in Table B-1. The following sections describe the laboratory testing 
procedures. 

B.2 GEOTECHINCAL INDEX TESTS 

B.2.1 Water Con tent  

Water content was determined for selected samples in general accordance with AASHTO 
T265, Laboratory Determination of Moisture Content of Soils.  To perform this test, a sample 
was weighed before and after oven-drying, and the water content was calculated.  Water 
content determinations are summarized in Table B-1. 

B.2.2 Grain Size Analysis 

The grain size distribution of one sample was determined in general accordance with 
AASHTO T311, Standard Method of Test for Grain-Size Analysis of Granular Soil Materials. 
Results of the analysis are presented as a grain size distribution curve and summarized in 
Table B-1. Selected samples were tested for the percentage of material passing the No. 200 
sieve in general accordance with ASTM D1140, Standard Test Method for Amount of 
Material in Soils Finer than the No. 200 (75-µm) Sieve. The percent fines (silt - and clay-sized 
particles passing the No. 200 sieve) are shown graphically on the boring logs in Appendix A 
and are also summarized in Table B-1. 

B.2.3 Atterberg Limits  

Soil plasticity was determined by performing Atterberg limits tests on a selected fine-
grained sample. The tests were completed in general accordance with AASHTO T89, 
Standard Test Method for Determining the Liquid Limit of Soils and AASHTO T90, 
Standard Test Method for Determining the Plastic Limit and Plasticity Index of Soils.  The 
Atterberg limits include liquid limit (LL), plastic limit (PL), and plasticity index (PI equals 





Quebec Street Over Airlawn Road
 Geotechnical & Pavement Design Report

USCS 
Symbol¹ Gravel Sand Fines Liquid 

Limit
Plastic 
Limit

Plasticity 
Index pH Resistivity Sulfates Chlorides

Percent 
Swell or 
Collapse

Inundation 
Pressure R-Value

Top Bottom (%) (pcf) (%) (%) (%) (ohm-cm) (%) (%) (%) (psf)

S-1 2.5 4.0 SM A-2-4 (0) 9.7 0 73 27 NV NP NP
S-2 5.0 6.5 9.6
S-3 7.5 9.0 9.1

S-4 10.0 11.5 8.3
S-5 15.0 16.5 11.0
S-6 20.0 21.5 9.2
S-7A 25.0 25.8 12.5
S-7B 25.8 26.5 8.4
S-8 30.0 31.5 5.2
S-9 35.0 36.5 15.6
S-10 40.0 41.5 13.2
S-11 45.0 46.5 CL A-7-6 (27) 22.6 84 49 17 32

S-12A 50.0 50.7 12.3
S-12B 50.7 51.5 22.9
S-13 55.0 56.5 32.0
S-14 60.0 61.0 32.3
S-15 65.0 66.5 25.5
S-16 70.0 70.9 CH A-7-6 (43) 33.1 75 83 29 54
S-17 75.0 76.5 30.9
S-18 80.0 81.5 26.2
S-1 2.5 4.0 10.4 8.1 787 0.02 0.06
S-2 5.0 6.5 SM A-2-4 (0) 9.8 0 74 26 NV NP NP

S-3 7.5 9.0 9.1
S-4 10.0 11.5 10.9
S-5 15.0 16.5 9.4
S-6 20.0 21.5 9.1
S-7A 25.0 25.8 9.3
S-8 30.0 31.5 4.8
S-9 35.0 36.5 17.5
S-10 40.0 41.5 18.5
S-11 45.0 46.0 CL A-6 (14) 25.0 71 38 15 23

CORROSION SWELL/COLLAPSE

Boring Sample
Depth
(feet)

Natural 
Moisture 
Content

SW-02

SW-01

Table B-1 - Summary of Laboratory Test Results by Boring

SAMPLE DATA
AASHTO Soil 
Classification 

and Group 
Index

GRAIN SIZE ANALYSIS2 ATTERBERG LIMITS
Moist 
Unit 

Weight
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Quebec Street Over Airlawn Road
 Geotechnical & Pavement Design Report

USCS 
Symbol¹ Gravel Sand Fines Liquid 

Limit
Plastic 
Limit

Plasticity 
Index pH Resistivity Sulfates Chlorides

Percent 
Swell or 
Collapse

Inundation 
Pressure R-Value

Top Bottom (%) (pcf) (%) (%) (%) (ohm-cm) (%) (%) (%) (psf)

CORROSION SWELL/COLLAPSE

Boring Sample
Depth
(feet)

Natural 
Moisture 
Content

Table B-1 - Summary of Laboratory Test Results by Boring

SAMPLE DATA
AASHTO Soil 
Classification 

and Group 
Index

GRAIN SIZE ANALYSIS2 ATTERBERG LIMITS
Moist 
Unit 

Weight

S-12 50.0 51.5 SC A-2-6 (2) 1 73 26 38 13 25
S-14 60.0 61.0 20.3
S-15 65.0 66.5 27.8

S-16 70.0 71.5 39.6
S-17 75.0 76.0 29.6

S-18A 80.0 80.5 24.9
S-18B 80.5 81.5 22.5

SW-02
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Quebec Street Over Airlawn Road
 Geotechnical & Pavement Design Report

USCS 
Symbol¹ Gravel Sand Fines Liquid 

Limit
Plastic 
Limit

Plasticity 
Index pH Resistivity Sulfates Chlorides

Percent 
Swell or 
Collapse

Inundation 
Pressure R-Value

Top Bottom (%) (pcf) (%) (%) (%) (ohm-cm) (%) (%) (%) (psf)

CORROSION SWELL/COLLAPSE

Boring Sample
Depth
(feet)

Natural 
Moisture 
Content

Table B-1 - Summary of Laboratory Test Results by Boring

SAMPLE DATA
AASHTO Soil 
Classification 

and Group 
Index

GRAIN SIZE ANALYSIS2 ATTERBERG LIMITS
Moist 
Unit 

Weight

S-1 2.5 4.0 6.3
S-2 5.0 6.5 CL A-4 (1) 8.1 0 48 52 21 12 9
S-3 7.5 9.0 8.4

S-4 10.0 11.5 18.4
S-5 15.0 16.5 SC A-2-6 (1) 8.6 119.9 27 31 12 19 0.2 200
S-6 20.0 21.5 23.7
S-7 25.0 26.5 26.7
S-8 30.0 31.0 21.0
S-9 35.0 36.5 31.3
S-10 40.0 41.5 33.4
S-11 45.0 46.5 34.6 7.5 713 0.04 0.014
S-12 50.0 51.5 32.1

S-13 55.0 56.5 24.3
S-14 60.0 61.5 24.9
S-15 65.0 66.5 18.3
S-1 2.5 4.0 SC A-2-6 (0) 7.9 29 40 31 21 10 11
S-2 5.0 6.5 5.7
S-3 7.5 9.0 13.6
S-4 10.0 11.5 21.3
S-5 15.0 16.0 18.1 116.9
S-6 20.0 21.0 SC A-6 (4) 17.7 123.9 43 33 14 19 0.1 200
S-7 25.0 26.5 21.6

S-8 30.0 31.0 15.4
S-9 35.0 36.5 24.1
S-10 40.0 41.5 29.0
S-11 45.0 46.5 33.1
S-12 50.0 51.5 34.7
S-13 55.0 56.5 28.4
S-14 60.0 61.5 CH A-7-6 (42) 24.5 95 64 26 38
S-15 65.0 66.5 22.4

SW-04

SW-03
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Quebec Street Over Airlawn Road
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USCS 
Symbol¹ Gravel Sand Fines Liquid 

Limit
Plastic 
Limit

Plasticity 
Index pH Resistivity Sulfates Chlorides

Percent 
Swell or 
Collapse

Inundation 
Pressure R-Value

Top Bottom (%) (pcf) (%) (%) (%) (ohm-cm) (%) (%) (%) (psf)

CORROSION SWELL/COLLAPSE

Boring Sample
Depth
(feet)

Natural 
Moisture 
Content

Table B-1 - Summary of Laboratory Test Results by Boring

SAMPLE DATA
AASHTO Soil 
Classification 

and Group 
Index

GRAIN SIZE ANALYSIS2 ATTERBERG LIMITS
Moist 
Unit 

Weight

S-1 2.0 3.5 8.3
S-2A 4.0 5.0 10.3
S-2B 5.0 5.5 18.6

S-3 7.0 8.5 12.3
S-4 9.0 10.0 SC A-6 (2) 13.5 128.6 0 58 42 27 13 14 -1.0 200
S-5 14.0 15.5 18.5
S-6 19.0 20.5 SM 9.0 0 60 40
S-7 24.0 25.5 4.3
S-8A 29.0 30.0 5.6
S-8B 30.0 30.5 10.0
S-9 34.0 35.5 CL A-6 (16) 16.7 73 37 12 25
S-10 39.0 40.5 5.8

S-11 44.0 45.5 25.7
S-13 54.0 55.5 36.4
S-14 59.0 60.0 36.5
S-15 64.0 65.5 42.2
S-16 69.0 70.0 43.9
S-17 74.0 75.4 27.4
S-18 79.0 80.0 21.4

SW-05
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Quebec Street Over Airlawn Road
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USCS 
Symbol¹ Gravel Sand Fines Liquid 

Limit
Plastic 
Limit

Plasticity 
Index pH Resistivity Sulfates Chlorides

Percent 
Swell or 
Collapse

Inundation 
Pressure R-Value

Top Bottom (%) (pcf) (%) (%) (%) (ohm-cm) (%) (%) (%) (psf)

CORROSION SWELL/COLLAPSE

Boring Sample
Depth
(feet)

Natural 
Moisture 
Content

Table B-1 - Summary of Laboratory Test Results by Boring

SAMPLE DATA
AASHTO Soil 
Classification 

and Group 
Index

GRAIN SIZE ANALYSIS2 ATTERBERG LIMITS
Moist 
Unit 

Weight

G-1 2.0 5.0 SC-SM A-2-4 (0) 8.6 7 58 35 19 13 6 18
S-1 2.5 4.0 9.8
S-2 5.0 6.5 10.9

S-3 7.5 9.0 13.8 7.5 1,180 0.02 0.029
S-4 10.0 11.5 13.4
S-5 15.0 16.5 24.6
S-6 20.0 21.0 SM A-2-4 (0) 11.6 119.6 0 85 15 NV NP NP
S-7 25.0 26.5 14.0
S-8 30.0 31.5 6.1
S-9 35.0 36.5 15.4
S-10 40.0 41.0 12.5 128.2
S-11a 45.0 45.8 13.1

S-11b 45.8 46.5 9.1
S-12b 50.0 50.8 29.2
S-12b 50.8 51.5 24.6
S-13 55.0 56.5 26.1
S-14 60.0 61.0 37.5
S-15 65.0 66.5 CH A-7-6 (54) 30.7 92 75 23 52
S-16 70.0 71.5 36.9
S-17 75.0 76.5 29.9
S-18 80.0 81.5 25.4

NOTES:

AASHTO = American Association of State Highway and Transportation Officials; NV = no value; NP = non-plastic; psf = pounds per square foot; ohm-cm = ohm-centimeter; pcf = pounds per cubic foot; USCS = Unified Soil Classification System

1  Refer to Appendix A, Figure A-1 for definitions.

2  Gravel defined as particles larger than the No. 4 sieve size, Sand as particles between the No. 4 and No. 200 sieve sizes, and Fines as particles passing the No. 200 sieve. 

SW-06
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NOTES:

1.

2.

The swell pressure is the applied pressure required to compress 
the sample to its height immediately prior to inundation. 

24.9
Moist Unit Weight =

Swell =
Inundation Pressure =

Initial Moisture Content =
Final Moisture Content =

0.2
200
21.5

108105-001

Quebec Street Over Airlawn Road
Denver, Colorado

SWELL/COLLAPSE TEST REPORT
BORING SW-03, SAMPLE S-5

Swell Pressure = - psf

Testing was done in general accordance with Method B (an intact 
specimen obtained from a natural deposit) of ASTM D 4546, 
Standard Test Methods for One-Dimensional Swell or Collapse of 
Soils. SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants
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SWELL/COLLAPSE TEST REPORT
Boring SW-03 Sample S-5, 15 to 16 ft

WATER ADDED

January 2026
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NOTES:

1.

2.

23.4
Moist Unit Weight =

Swell =
Inundation Pressure =

Initial Moisture Content =

108105-001

Quebec Street Over Airlawn Road
Denver, Colorado

SWELL/COLLAPSE TEST REPORT
BORING SW-04, SAMPLE S-6

The swell pressure is the applied pressure required to compress 
the sample to its height immediately prior to inundation. 

Swell Pressure = - psf

Testing was done in general accordance with Method B (an intact 
specimen obtained from a natural deposit) of ASTM D 4546, 
Standard Test Methods for One-Dimensional Swell or Collapse of 
Soils. SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

123.9
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SWELL/COLLAPSE TEST REPORT
Boring SW-04 Sample S-6, 20 to 21 ft

WATER ADDED

January 2026
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NOTES:

1.

2.

15.5
Moist Unit Weight =

Swell =
Inundation Pressure =

Initial Moisture Content =

108105-001

Quebec Street Over Airlawn Road
Denver, Colorado

SWELL/COLLAPSE TEST REPORT
BORING SW-05, SAMPLE S-4

The swell pressure is the applied pressure required to compress 
the sample to its height immediately prior to inundation. 

Swell Pressure = - psf

Testing was done in general accordance with Method B (an intact 
specimen obtained from a natural deposit) of ASTM D 4546, 
Standard Test Methods for One-Dimensional Swell or Collapse of 
Soils. SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants
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SWELL/COLLAPSE TEST REPORT
Boring SW-05 Sample S-4, 9 to 10 ft

WATER ADDED

January 2026
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R-VALUE TEST REPORT

R-VALUE TEST REPORT

Vine Laboratories
Date: 5/19/2022

Project No.: 108105-001

Project: Quebec Street Over Airlawn Road

Location: SW-06 / G-1 / Bulk / 2-5.0

Sample Number: S3498

Remarks: 

Checked by: 
Tested by: Juan Romero

SW-06 / G-1 / Bulk / 2-5.0

108105-001

Material DescriptionTest Results

No.
Compact.
Pressure
psi

Density
pcf

Moist.
%

Expansion
Pressure
psi

Horizontal
Press. psi
@ 160 psi

Sample
Height
in.

Exud.
Pressure
psi

R
Value

R
Value
Corr.

Resistance R-Value and Expansion Pressure - ASTM D2844

R-value at 300 psi exudation pressure = 17.8

1 350 125.2 10.5  0.00105 2.54 360 21.8 21.8
2 170 123.1 11.2  0.00117 2.52 181 16.5 16.5
3 350 124.5 10.3  0.00100 2.52 389 25.0 25.0

Exudation Pressure - psi

R
-
v
a
l
u
e
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Appendix C: Monitoring W ell

Appendix C

Monitoring Well

CONTENTS

C.1 Monitoring Well ..................................................................................................................... C-1

C.1.1 Permitting ................................................................................................................... C-1

C.1.2 Monitoring Well Installation ................................................................................... C-1

C.1.3 Monitoring Well Abandonment .............................................................................. C-1

Figures
Notice of Intent to Construct Monitoring Holes (form GWS-51)

Well Construction and Yield Estimate Report (form GWS-31)

Well Abandonment Report (form GWS-09)
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C.1 MONITORING WELL

C.1.1 Permitting

Before performing the subsurface investigation, Shannon & Wilson filed a Notice of Intent
to Construct Monitoring Hole(s) form (GWS-51) with the State Engineer’s Office (SEO).  The
City and County of Denver is listed as the owner.  The registration form received from the
SEO is included in this appendix.  Upon completion of drilling and well installation,
Shannon & Wilson filed a Well Construction and Test Report form (GWS-31) with the SEO,
which is included in this appendix.

C.1.2 Monitoring Well Installation

A Shannon & Wilson representative observed the installation of a monitoring well in boring
SW-03 at the location indicated in Figure 2.  The monitoring well consisted of a threaded,
flush-jointed, 2-inch outside diameter, Schedule 40, polyvinyl chloride (PVC) well casing
with a slotted portion (screen) to allow for inflow of groundwater.  The machine-slotted
screen had 0.010-inch-wide openings (No. 10-slot).  End caps were attached to the bottom of
the slotted section.  The length and depth of the screened intervals were selected based on
soil units encountered for each boring and the anticipated groundwater level.  The screened
interval is shown on the boring logs in Appendix A.

A filter pack consisting of No. 10-20 silica sand was poured in the annular space between
the boring wall and the well screen from the bottom of the well to a height of approximately
11.5 feet above the top of the screen.  A bentonite seal was constructed above the top of the
filter pack using hydrated bentonite chips, which were placed near the ground surface.  The
well was completed flush with the surrounding grade by placing an 8-inch diameter, flush-
mounted steel monument over the top of the borehole.  The steel monument was set in place
with quick-set concrete.

C.1.3 Monitoring Well Abandonment

A Shannon & Wilson representative completed the abandonment of the monitoring well at
boring SW-03 on January 13, 2026.  The well casing was filled with clean sand from the
bottom of the well to a depth above the highest recorded groundwater level, and the
remaining depth was backfilled to the ground surface with hydrated bentonite pellets.  The
flush mount well monument was left in place.  Upon completion of the well abandonment,
Shannon & Wilson filed a Well Abandonment Report form (GWS-09) with the SEO, which is
included in this appendix.
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Appendix D: Pavement Desi gn Calculations  

Appendix D 

Pavement Design Calculations  
Quebec Street Traffic Loading  
Exhibit  D-1: Rigid  Pavement 18-kip Equivalent Single -Axle Loading (ESAL), Quebec Street 

 

Quebec Street MGPEC Flexible Pavement Sections  
Exhibit  D-2: Alt. 1: HMA over 8 in. ABC  

Exhibit D -3: Alt 2: HMA over 12 in. ABC  

Exhibit D -4: Design Chart for Flexible Pavements 

 

Quebec Street Asphalt Binder Selection  
Exhibit D -5: LTTPBind Output  

 

 

 

 

 

 

 

 

 
 
 
 
  



SHANNON & WILSON, INC.

Project No: Location:
Comments:

Notes:
Equations

(b) = [ (a) / 100% ] (TT%)
Traffic Study Year: 2024 % Truck Traffic (TT%): 10.2 % (c) = 2027 ADT x [ (b) / 100% ]

Paving Year: 2027 Pavement Design Life (D): 20 years (d) = (c) x 365 days/yr
2024 Two-way Average Daily Traffic (ADT): 59,000 [(1 + r / 100%)^20 yr - 1] / ( r / 100%)

2027 ADT = 2024 ADT (1 + r /100)^3 = 60,788 vpd (f) = (d) x (e)
Estimated 2047 ADT = 2024 ADT (1 + r /100)^23 = 74,173 vpd (h) = (f) x (g)

Annually Compounded Growth Rate (r) : 1.00 % (k) = (h) x (i) x (j)

(a) (b) (c) (d) (e) (f) (g) (h) (j) (k)

CDOT
Traffic
Cluster

Overall
Traffic
Distr.

2027
ADT

2027
Total

Traffic

Growth
Factors

20 yr
2-way
Traffic
Volume

Flexible
LEF

Roadway
Design

18k ESAL

Bi-
Directional
Lane Dist.

Factor

Design
Lane

18k ESAL

1. - 0.00 0.0002 0.30
2. - 89.83 54,606 19,931,060 22.02 438,862,090 0.0018 789,952 0.30 236,986
3. - 0.00 0.0030 0.30
4. 5.1 0.519 315 115,080 22.02 2,533,949 0.110 278,734 0.30 83,620

0 0 0.747 0.30
0 0 2.791 0.30
0 0 3.701 0.30
0 0 5.328 0.30

5. 32.3 3.28 1,997 728,840 22.02 16,048,341 0.864 13,865,767 0.30 4,159,730
6. 18.0 1.83 1,113 406,165 22.02 8,943,348 2.499 22,349,426 0.30 6,704,828
7. 0.3 0.03 19 6,769 22.02 149,056 1.346 200,629 0.30 60,189
8. 4.9 0.50 303 110,567 22.02 2,434,578 2.793 6,799,776 0.30 2,039,933
9. 36.8 3.74 2,275 830,382 22.02 18,284,178 2.322 42,455,861 0.30 12,736,758

5 axle Single-Trailer (36 kip GVW) 0 0 0.102 0.30
10. 6 or more axle Single-Trailer Trucks 1.2 0.12 74 27,078 22.02 596,223 1.313 782,841 0.30 234,852
11. 5 or less axle Multi-Trailer Truck 0.7 0.07 43 15,795 22.02 347,797 3.747 1,303,195 0.30 390,959
12. 6 axle Multi-Trailer Truck 0.5 0.05 31 11,282 22.02 248,426 1.851 459,837 0.30 137,951
13. 7 or more axle Multi-Trailer Truck 0.2 0.02 12 4,513 22.02 99,371 1.027 102,054 0.30 30,616

100 100 60,788 22,187,532 488,547,357 89,388,072 26,816,422

Notes
1.

Ò4 axle Single-Trailer Truck
5 axle Single-Trailer (78 kip GVW)

Total

26,900,000The 2024 ADT, percentage of truck traffic, and truck traffic distribution based on SH 35A traffic data from CDOT's OTIS database.

Ó4 axle Single-Unit Truck (avg.)

FHWA Vehicle Classification
and Description

Motorcycles
Passenger Cars
Pickups, vans
School Bus, Typ. A, 2 axle, 10 pass.
S.B., Typ. C, 2 axle, 40 Passengers
S.B., Typ. C, 2 axle, 71 Passengers
City Bus, Single-unit, 2 axle
City Bus, Articulated, 3 axle
2-axle, 6-tire Single-Unit Truck
3-axle, Single-Unit Truck (avg.)

vehicles per day       (e) =

Flexible Pavement 18-kip Equivalent Single-Axle Loading (ESAL) Worksheet
108105-001 Quebec Street

Analysis based on MGPEC ESAL calcuations provided in Section 4.1 of the 2019 MGPEC Pavement Design Standards.

12/8/2025
ESAL MGPEC.xlsx Page 1 of 1
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  SHANNON & WILSON, INC.

Job No.: 108105-001
Location: Quebec Street
Comment: Analysis based on the 1993 AASHTO Guide for the Design of Pavement Structures with parameter guidelines

from the 2019 MGPEC Pavement Design Standards
Alt. 1: HMA over 8 in. ABC (Aggregate Base Course)

1. Pavement Design Life: Table 5.3B-2 (MGPEC, 2019) 20.0 years

2. Traffic Loading (W18): 18k ESALs: per lane

3. Serviceability:
p0: 4.5 Table 5.3B-2 (MGPEC, 2019) DPSI: 2.0
pt: 2.5 Table 5.3B-2 (MGPEC, 2019)

4. Subgrade Resilient Modulus (MR):

R-value: 18.0 Equation 5.3B-1 (MGPEC, 2019)

S1 = [(R-value - 5) / 11.29] + 3
MR = 10[(S

1
 +  18.72) / 6.24] = 4,627 psi MR: 4,627 psi

5. Reliability:
R: 95 % Table 5.3B-2 (MGPEC, 2019) ZR: -1.645

6. Design Standard Deviation (So):
So: 0.44 Table 5.3B-2 (MGPEC, 2019)

7. Required Structural Numbers (SNi):

SN1: 4.139 0.0

SN2: 6.560 0.0

SN3: -NA- #VALUE!

Layer Analysis
8. Pavement Materials Characterization:

Layer

1 a1: 0.44
2 a2: 0.09 m2: 1.00
3 a3: m3:

9. Solutions for thicknesses:  [ Figure 3.2, Part II of 1993 AASHTO]
SN*1 = a1D*1 >= SN1

SN*2 = a1D*1 + a2D*2m2 >= SN2

SN*3 = a1D*1 + a2D*2m2 + a3D*3m3  >= SN3

Layer SN*i SNi

1 13.5 inches 5.940 4.139
2 8.0 inches 6.660 6.560
3 inches

Note: Required SN <= Pavement SN, Design is Acceptable

Flexible Pavement Design Worksheet

26,900,000

Analysis MR

20,000

4,627

-NA-

Material Structural Layer
Coefficients

Drainage
Coefficients

Layer Modulus
(psi)

Recommended Thicknesses
Material Thickness (D*i)

HMA - -
ABC 20,000

HMA
ABC

07.8)(log32.2

)1(
109440.0

5.12.4
log

20.0)1(log36.9)(log 10

19.5

10

101810 -+

+
+

ùú
ø

éê
è

-
D

+-++= RoR M

SN

PSI

SNSZW

108105_MGPEC_HMA-Quebec.xlsm  Page 1 of 3
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  SHANNON & WILSON, INC.

Job No.: 108105-001
Location: Quebec Street
Comment: Analysis based on the 1993 AASHTO Guide for the Design of Pavement Structures with parameter guidelines

from the 2019 MGPEC Pavement Design Standards
Alt. 2: HMA over 12 in. ABC (Aggregate Base Course)

1. Pavement Design Life: Table 5.3B-2 (MGPEC, 2019) 20.0 years

2. Traffic Loading (W18): 18k ESALs: per lane

3. Serviceability:
p0: 4.5 Table 5.3B-2 (MGPEC, 2019) DPSI: 2.0
pt: 2.5 Table 5.3B-2 (MGPEC, 2019)

4. Subgrade Resilient Modulus (MR):

R-value: 18.0 Equation 5.3B-1 (MGPEC, 2019)

S1 = [(R-value - 5) / 11.29] + 3
MR = 10[(S

1
 +  18.72) / 6.24] = 4,627 psi MR: 4,627 psi

5. Reliability:
R: 95 % Table 5.3B-2 (MGPEC, 2019) ZR: -1.645

6. Design Standard Deviation (So):
So: 0.44 Table 5.3B-2 (MGPEC, 2019)

7. Required Structural Numbers (SNi):

SN1: 4.139 0.0

SN2: 6.560 0.0

SN3: -NA- #VALUE!

Layer Analysis
8. Pavement Materials Characterization:

Layer

1 a1: 0.44
2 a2: 0.09 m2: 1.00
3 a3: m3:

9. Solutions for thicknesses:  [ Figure 3.2, Part II of 1993 AASHTO]
SN*1 = a1D*1 >= SN1

SN*2 = a1D*1 + a2D*2m2 >= SN2

SN*3 = a1D*1 + a2D*2m2 + a3D*3m3  >= SN3

Layer SN*i SNi

1 12.5 inches 5.500 4.139
2 12.0 inches 6.580 6.560
3 inches

Note: Required SN <= Pavement SN, Design is Acceptable

Flexible Pavement Design Worksheet

26,900,000

Analysis MR

20,000

4,627

-NA-

Material Structural Layer
Coefficients

Drainage
Coefficients

Layer Modulus
(psi)

Recommended Thicknesses
Material Thickness (D*i)

HMA - -
ABC 20,000

HMA
ABC

07.8)(log32.2

)1(
109440.0

5.12.4
log

20.0)1(log36.9)(log 10

19.5

10

101810 -+

+
+

ùú
ø

éê
è

-
D

+-++= RoR M

SN

PSI

SNSZW

108105_MGPEC_HMA-Quebec.xlsm  Page 2 of 3
Exhibit D-3



SHANNON & WILSON, INC.

108105-001
Quebec Street

108105-001

26.9 x 10^6

0.44
4,600 psi

2.0

SN = 6.6

Page 3 of  3
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Shannon & Wilson, Inc.

Depth = 0 mm Depth = 50 mm (~2 inches)

Latitude = 39.7758 deg.
Longitude = -104.9020 deg.

108105-001

LTPPBind Version 3.1 Beta

Quebec St.

Recommend PG 
76-28 for top lift

Recommend PG 64-22 for lower 
lifts.  Note 98% reliability not 
achieved

Denver Stapleton 
Weather Station

Exhibit D-5
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CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR
SPECIFIC CLIENTS.
Consultants prepare reports to meet the specific needs of specific individuals.  A report prepared for
a civil engineer may not be adequate for a construction contractor or even another civil engineer.
Unless indicated otherwise, your consultant prepared your report expressly for you and expressly for
the purposes you indicated.  No one other than you should apply this report for its intended purpose
without first conferring with the consultant.  No party should apply this report for any purpose other
than that originally contemplated without first conferring with the consultant.

THE CONSULTANT’S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.
A geotechnical/environmental report is based on a subsurface exploration plan designed to consider
a unique set of project-specific factors.  Depending on the project, these may include the general
nature of the structure and property involved; its size and configuration; its historical use and
practice; the location of the structure on the site and its orientation; other improvements such as
access roads, parking lots, and underground utilities; and the additional risk created by
scope-of-service limitations imposed by the client.  To help avoid costly problems, ask the consultant
to evaluate how any factors that change subsequent to the date of the report may affect the
recommendations.  Unless your consultant indicates otherwise, your report should not be used
(1) when the nature of the proposed project is changed (for example, if an office building will be
erected instead of a parking garage, or if a refrigerated warehouse will be built instead of an
unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, or
configuration of the proposed project is altered; (3) when the location or orientation of the proposed
project is modified; (4) when there is a change of ownership; or (5) for application to an adjacent site.
Consultants cannot accept responsibility for problems that may occur if they are not consulted after
factors that were considered in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE.
Subsurface conditions may be affected as a result of natural processes or human activity.  Because a
geotechnical/environmental report is based on conditions that existed at the time of subsurface
exploration, construction decisions should not be based on a report whose adequacy may have been
affected by time.  Ask the consultant to advise if additional tests are desirable before construction
starts; for example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or
groundwater fluctuations may also affect subsurface conditions and, thus, the continuing adequacy
of a geotechnical/environmental report.  The consultant should be kept apprised of any such events
and should be consulted to determine if additional tests are necessary.



Quebec Street Over Airlawn Road 
Geotechnical & Pavement Design Report

108105-001 January 2026
II-2

IM
PO

RT
AN

T 
IN

FO
RM

AT
IO

N
MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.
Site exploration and testing identifies actual surface and subsurface conditions only at those points
where samples are taken.  The data were extrapolated by your consultant, who then applied
judgment to render an opinion about overall subsurface conditions.  The actual interface between
materials may be far more gradual or abrupt than your report indicates.  Actual conditions in areas
not sampled may differ from those predicted in your report.  While nothing can be done to prevent
such situations, you and your consultant can work together to help reduce their impacts.  Retaining
your consultant to observe subsurface construction operations can be particularly beneficial in
this respect.

A REPORT’S CONCLUSIONS ARE PRELIMINARY.
The conclusions contained in your consultant’s report are preliminary, because they must be based
on the assumption that conditions revealed through selective exploratory sampling are indicative of
actual conditions throughout a site.  Actual subsurface conditions can be discerned only during
earthwork; therefore, you should retain your consultant to observe actual conditions and to provide
conclusions.  Only the consultant who prepared the report is fully familiar with the background
information needed to determine whether or not the report’s recommendations based on those
conclusions are valid and whether or not the contractor is abiding by applicable recommendations.
The consultant who developed your report cannot assume responsibility or liability for the adequacy
of the report’s recommendations if another party is retained to observe construction.

THE CONSULTANT’S REPORT IS SUBJECT TO MISINTERPRETATION.
Costly problems can occur when other design professionals develop their plans based on
misinterpretation of a geotechnical/environmental report.  To help avoid these problems, the
consultant should be retained to work with other project design professionals to explain relevant
geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of
their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED
FROM THE REPORT.
Final boring logs developed by the consultant are based upon interpretation of field logs (assembled
by site personnel), field test results, and laboratory and/or office evaluation of field samples and data.
Only final boring logs and data are customarily included in geotechnical/environmental reports.
These final logs should not, under any circumstances, be redrawn for inclusion in architectural or
other design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be
given ready access to the complete geotechnical engineering/environmental report prepared or
authorized for their use.  If access is provided only to the report prepared for you, you should advise
contractors of the report’s limitations, assuming that a contractor was not one of the specific persons
for whom the report was prepared, and that developing construction cost estimates was not one of
the specific purposes for which it was prepared.  While a contractor may gain important knowledge
from a report prepared for another party, the contractor should discuss the report with your
consultant and perform the additional or alternative work believed necessary to obtain the data
specifically appropriate for construction cost estimating purposes.  Some clients hold the mistaken
impression that simply disclaiming responsibility for the accuracy of subsurface information always
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insulates them from attendant liability.  Providing the best available information to contractors helps
prevent costly construction problems and the adversarial attitudes that aggravate them to a
disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.
Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is
far less exact than other design disciplines.  This situation has resulted in wholly unwarranted claims
being lodged against consultants.  To help prevent this problem, consultants have developed a
number of clauses for use in their contracts, reports, and other documents.  These responsibility
clauses are not exculpatory clauses designed to transfer the consultant’s liabilities to other parties;
rather, they are definitive clauses that identify where the consultant’s responsibilities begin and end.
Their use helps all parties involved recognize their individual responsibilities and take appropriate
action.  Some of these definitive clauses are likely to appear in your report, and you are encouraged
to read them closely.  Your consultant will be pleased to give full and frank answers to your
questions.

The preceding paragraphs are based on information provided by the ASFE/Association of
Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland.




