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August 29, 2022

Attn:  Mr. Robert Welch, PE
City of Sedona

Re: Final Geotechnical Report
SR 179 at Tlaquepaque Pedestrian Crossing
Sedona, Arizona

Presented herein is our Final Geotechnical Report for the subject project. This report is based on the
results of our evaluation of pre-existing subsurface information collected by others in the immediate
area and our surface observations of the geologic and geotechnical conditions during a limited site
reconnaissance. A new subsurface exploration specifically for the pedestrian crossing was not
performed for this project, due to the limited access for exploration equipment and because some
subsurface data from others was available. As a result, we recommend performance of on-site
inspections by the Geotechnical Engineer during construction to confirm the geotechnical assumption
made herein.

The evaluation included a review of available geologic and geotechnical information from nearby
projects and the anticipated geotechnical profile associated with the geologic units exposed in the
immediate vicinity of the project. The report presents our geotechnical recommendations for design
and construction of planned structure and earth-related elements.

Please do not hesitate to contact us if you have any questions concerning this report.

Respectfully submitted,
WSP USA

By:
Reviewed By:

Kevin L. Porter, PE David E. Peterson, PG
Senior Geotechnical Engineer Senior Geologist
cc: Addressee (PDF)
WSP USA Tel.: +1 480 966 8295
1230 West Washington Street, Suite 405 wsp.com
Tempe, AZ 85281
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1 INTRODUCTION & SCOPE OF WORK
The proposed project consists of the construction of a new pedestrian crossing beneath SR 179, in the Tlaquepaque area of
Sedona, Arizona. The path of the pedestrian walkway will follow Alternative 3, Underpass at Oak Creek, as provided in the
Feasibility Study for the project by WSP, dated June 2019. This alternative includes a pathway under the existing Oak Creek
bridge to cross SR 179 with less disturbance to vehicular traffic on SR 179. The project will include access ramps from the
roadway elevation down to the lower path crossing under the bridge on each side of the SR 179 roadway.

Our geotechnical scope of work included the following:

 Review of the record drawings for the existing bridges, published geologic and hydrogeologic literature, relevant
reports, and subsurface data from geotechnical reports by others at the project site.

 A brief on-site geologic site reconnaissance to observe existing site features and confirm geologic deposits present.

 Preparation of this geotechnical design report, presenting the results of our review, site observations, and
geotechnical design profile and recommendations for the planned improvements.

Due to access constraints and pre-existing geotechnical information available for the immediate area, new geotechnical
borings were not performed for this project. Our geotechnical design recommendations presented herein rely on existing
subsurface information provided on record drawings by others for the existing bridges in the immediate area and surface
exposures observed during the site visit.

The following record drawings from projects near the site were reviewed for existing geotechnical information as part of
this project.

 North Forest Boundary to City of Sedona (179 CN 310 H3414 03C): Record Drawings, including Foundation Data
Sheets.

A site inspection during excavation for the sidewalk ramps. retaining walls and the sidewalk beneath the bridge by the
Geotechnical Engineer or Geologist is essential for confirmation of foundation conditions, particularly since undocumented
fills are present at the site and project specific exploratory borings were not completed.
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2 PROJECT DESCRIPTION
As noted above, the recommended alternative is to construct a pedestrian pathway under the existing SR 179 Oak Creek
Bridge, with access ramps dropping down to the creek level from the roadway elevation on each side of SR 179. The pathway
will be constructed of concrete, including the section under the Oak Creek Bridge, and it will connect both the north and
south sidewalks of SR 179. In addition, pavement markings, signage, pedestrian channelization and enhanced landscaping
will be included.

The planned concrete pedestrian path will be approximately 10 to 12 feet wide. Since the path will ultimately drop below
the highwater level of Oak Creek, scour and erosion protection of the pathway will be required to reduce potential damage
to the pathway during storm water runoff events. In addition, we understand that retaining walls, generally less than 15
feet in height, will be needed along portions of the path due to topographic relief and side hill construction along the ramps.
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3 SITE CONDITIONS
The project site is located near downtown Sedona along SR 179 near the developed Tlaquepaque area, as depicted in Figure
1 below. SR 179 at this location is an east-west trending asphalt concrete (AC) paved roadway with one lane in each direction
of travel. SR 179 crosses Oak Creek Bridge to the east and includes a roundabout immediately east side of the bridge that
transitions to a north-south trending roadway. There are existing sidewalks on both sides of the roadway and a raised
median. The Oak Creek Pedestrian Bridge is located immediately north of SR179 providing pedestrian connectivity across
Oak Creek on the north side of SR 179.

Oak Creek is a perennial spring-fed stream generally flowing in a southerly direction and lined with vegetation consisting
of trees, grass and bushes. Surface water flows within the drainage bottom of Oak Creek immediately upstream of the bridge
site include two distinct flow paths. The main channel which carries the higher volume flows is located on the east side of
the drainage floor and crosses under the bridge between the east piers and the east abutment. The secondary channel flows
along the west side of the drainage floor and turns east toward the main channel where it intersects the base of the fills
placed on the north side for the SR 179 roadway approach. The two channels merge beneath the Pedestrian Bridge before
flowing under the SR 179 Bridge as shown in Figure 2. The surface water level of the secondary channel is higher than the
lower main channel upstream of the bridge crossing.  The existing western side slopes on both the upstream and
downstream sides of SR 179 are lined with gabion mattresses for erosion protection. Bedrock exposures are visible below
the east abutment of SR 179 but no bedrock outcrops were observed on the west side of the creek.

FIGURE 1: Project Site

Pedestrian
Crossing
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Figure 2: Oak Creek Flows in Site Area (looking West)
Based on review of the record drawings for the existing bridges, Abutment 2 of both the Oak Creek Bridge (Structure No.
2850) and the Oak Creek Pedestrian Bridge (Structure No. 10624) (shown in Figure 2) are supported on 42-inch diameter
drilled shaft foundations socketed into the underlying bedrock.

Grouted riprap, reportedly 5 to 10 feet in width, extends down to the bedrock contact in front of the Abutment 2 foundations
of both bridges for scour protection. The grouted riprap also reportedly was placed along retaining wall R6, which is located
parallel to SR 179 on the north side of the Pedestrian Bridge Abutment 2 for a length of about 55 feet. The top of the grouted
riprap is reported to match the elevation of the top of the adjacent footing. Select drawings/details from the record drawings
are provided in Appendix A.

The existing ground surface elevation along the proposed path alignment varies from about Elevation 4,200 feet near the
connections with SR 179 roadway surface down to about Elevation 4,180 below the bridge in front of the existing bridge
abutments (noted as New Walkway in Figure 2).

3.1 GEOLOGIC SETTING
The project site lies within the Transition Zone Physiographic Province in central Arizona at the base of the Mogollon Rim.
The Mogollon Rim marks the boundary between the Transition Zone and the uplifted Colorado Plateau. However, the
geologic units exposed in the Sedona area are dominated by a thick sequence of Paleozoic-age sedimentary rocks including
siltstone, sandstone, mudstone and lesser limestone which is typically associated with the sequence underlying the Colorado
Plateau Province. Significant erosion over time below the uplifted Mogollon Rim escarpment has resulted in the high relief
topography of the Mogollon foothills in the Sedona area.  The sequence of Paleozoic sedimentary rocks is ultimately capped
with Tertiary volcanic flows on top of the Rim at the higher elevations.
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The primary unit of the Paleozoic sedimentary sequence exposed in the site area consists of the Lower Permian-age Hermit
Formation. The formation generally consists of thin-bedded deposits of fine-grained sandstone, siltstone and mudstones
(Dewitt et al., 2008) and previously was referred to as the Hermit Shale. The Hermit Formation is locally covered with Oak
Creek Alluvium that was deposited within the defined path of Oak Creek, which passes through the project site.

3.2 GENERAL GEOTECHNICAL PROFILE
Based on review of the available record drawings for the adjacent bridge structures and our observation during the geologic
site reconnaissance, we anticipate a relatively shallow profile of alluvial soils and fill primarily consisting of silty sand,
gravel, and cobbles/boulders overlying bedrock of the Hermit Formation. Large boulders associated with the high energy
depositional environment within Oak Creek are present and should be anticipated during construction. Previous
explorations near Abutment 2 indicate that the elevation of top of bedrock is near Elevation 4,170 feet. It is likely that the
top of bedrock elevations will vary along the pathway alignment due to variable erosion over time.

As noted, the geologic units exposed at the site include undocumented fill, coarse-grained Oak Creek alluvium and sandstone
bedrock as presented below:

Oak Creek Alluvium:

The Oak Creek alluvial deposit is exposed within the confines of the Oak Creek drainage channel and adjacent terrace levels
above the creek floor. The exposures of Oak Creek alluvium at the site occur in the drainage floor beneath the bridges and
on the west banks of the creek. The deposit is expected to be very lenticular and composed of minor sand layers interbedded
with poorly sorted sand, gravel and cobble mixtures with boulders. The alluvial soils are highly variable and range in density
from loose to dense. The sand lenses are composed of brown fine-grained sand and the material is non-plastic to low in
plasticity. Figure 3 shows a thin deposit of sand along the walkway alignment below the bridge. The deposit is local and non-
continuous and represents deposition during lower flow or backwater conditions in recent runoff events.
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Figure 3: Oak Creek sand layer along pathway alignment beneath bridge

The coarse-grained poorly sorted mixtures of sand, gravel, cobbles, and boulders are prevalent over the site. The deposits
are expected to be highly variable and contain some silt and locally may contain a small amount of clay. The particles are
generally rounded to sub-rounded in shape and the deposit is low in plasticity to non-plastic, dense and grayish brown.
Boulders are common up to about 3-feet in diameter.
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Figure 4: Coarse-grained Oak Creek alluvium

Undocumented Fill:

Fill material is present at the site and largely consists of reworked Oak Creek alluvial deposits. The fill is generally located
in three areas including:

 Area 1 - Parking lot fill south of SR 179 forming the current western banks of Oak Creek,

 Area 2 - Grouted Riprap beneath the SR 179 bridge in front of the west abutment, and,

 Area 3 - North side fill between the SR 179 retaining wall and the secondary creek channel.

Area 1 likely includes some fill over native Oak Creek alluvium. The entire height of the slope below the parking lot down to
the upper level of the creek floor is covered with a gabion mattress and thus no native alluvium is exposed in the slope. It is
not known how thick the fill may be at this location. Figures 5 and 6 shows photos of the slope in this access ramp area.
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Figure  5: Parking lot fill looking south
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Figure 6: Parking lot fill looking north with gabion mattress
Construction of the pathway on this south side of SR 179 will require side hill construction and a retaining wall on the
downslope side. Due to a lack of subsurface information in this area, an inspection of conditions is required during
construction to verify the foundations are placed on native alluvium and the capacity of the alluvium is adequate to support
the wall and sidewalk. The lower portions of the walkway and wall will be below the high-water mark and require scour
protection.

Area 2 is reported to have grouted riprap down to the bedrock contact estimated at 10-feet deep (elevation 4170 feet).
Exposures in this area include a thin sand layer overlying gravel, cobbles and boulders. However, the grouted riprap is not
exposed at the surface.  It is reported that the width of grouted riprap in front of the abutment wall is about 5 to 10 feet.
Figure 7 shows the area and coarse-grained material in front of the wall but the grouted riprap is not exposed. There is a 36-
inch diameter drain pipe penetrating through the abutment wall in the photo.
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Figure 7: Coarse-grained rock in front of abutment wall
 Area 3 is composed of gabion mattresses on the surface of the access ramp for the north side of SR 179. The exposed fill
consists of gravel and cobbles and the thickness is not known. At some depth, the fill likely overlies coarse grained Oak Creek
alluvium as exposed across the drainage channel. Figure 8 shows the gabion mattress of Area 3. Depths of fill and foundation
conditions will need to be inspected during construction to verify adequate conditions are present. The lower levels will also
require scour protection from adjacent flows within Oak Creek.
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Figure 8: Access ramp and fill on north side of SR 179

Bedrock, Hermit Formation:

Bedrock is exposed only on the west side of the Oak Creek bank in the site area. The bedrock is reddish brown and consists
of horizontally layered beds of silty sandstone and sandy siltstone. The bedrock is medium to thickly bedded. and  is soft to
moderately hard and reddish brown.
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Figure 9: Hermit Formation sandstone bedrock on east Oak Creek banks

3.3 GROUNDWATER CONDITIONS
The regional depth to groundwater based on historic available well data from the Arizona Department of Water Resources
(ADWR), is on the order of 30 feet or more below ground. However, groundwater is expected to be present along the creek
within the Oak Creek alluvium. The depth to water will fluctuate seasonally and given the surface flows it should be expected
in excavations at depths of a few feet below the ground surface and is anticipated to be a constraint to design and
construction of the planned improvements.  The elevation of the ground in front of the abutment is approximately 3 to 5
feet higher than directly adjacent surface water levels in the two channels of the creek.

3.4 SITE SEISMICITY
The project seismic AASHTO LRFD criteria were included in this report, in accordance with Section 3.10 of the AASHTO LRFD
Bridge Design Specifications (2012). The horizontal design acceleration is defined as having a 7 percent chance of exceedance
during a 75-year recurrence interval. The probabilistic horizontal spectral acceleration values for the designated return
period and corresponding peak horizontal ground acceleration (PGA) were obtained from the United States Geological
Survey (USGS) seismic hazards program website (USGS 2013). The values obtained from the website are based on 2009
AASHTO Guide Specifications for LRFD Seismic Bridge Design and use 2002 USGS seismic hazard data.

Based on the assumed soil and bedrock characteristics at the site, the underlying bedrock is expected to have a shear wave
velocity of more than 2,500 feet/sec. As such, in accordance with AASHTO (2012), the site was classified as Site Class B. The
seismic design parameters are presented in Table 3.1 - Summary of Seismic Design Parameters.
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Table 3.1 - Summary of Seismic Design Parameters

Location
Latitude &

Longitude(1)

Site
Class

Seismic
Design

Parameter

Period, T
(second)

Spectral
Acceleration

Value, g

SR 179 at
Tlaquepaque

34.862441°N
-111.762065°W

B
AS 0.0 0.088
SDS 0.2 0.208
SD1 1.0 0.062

Note: 1 Latitude and longitude of location used to determine seismic design coefficients from USGS website.
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4 DISCUSSION AND
RECOMMENDATIONS

The following sections present our geotechnical recommendations for the planned improvements based on limited
subsurface data. These recommendations are based on our understanding of the project. We should be contacted for
additional recommendations and/or evaluation during construction to confirm assumptions presented in this report.

4.1 PATH STABILIZATION TECHNIQUES
We understand that stabilization of the alluvial materials beneath the planned pathway is needed to protect the pathway
from scour and erosion. Various stabilization methods could be considered, as well as other structural techniques. We
recommend that within the limits of the pathway subject to scour/erosion, the existing alluvial materials be removed down
to bedrock and replaced with scour-resistant materials such as grouted riprap, controlled low strength material (CLSM), or
mass concrete.

Excavation of the alluvial materials overlying bedrock are discussed below. The excavation should penetrate the underlying
bedrock a minimum of 6 inches. The exposed bedrock surface should be observed and approved by the geotechnical engineer
prior to placement of any backfill materials. Groundwater and seepage from adjacent creeks and drainages should be
anticipated. Dewatering and the overall stability of the excavation should be made the sole responsibility of the contractor.

Excavation adjacent to the existing grouted riprap should be performed so that damage to the grouted riprap does not occur
or cause the mass to become unstable. The limits of the grouted riprap may be different than shown on the record drawings.
The contractor should perform their own evaluation of the existing conditions.

4.2 FOUNDATIONS
Shallow spread footings sized to support the structural loads are anticipated to support retaining walls for the access ramps
on the north and south sides of SR 179. Based on our review of available information and our experience, we recommend
footings for retaining walls that are supported on stabilized materials or on at least 2 feet of engineered fill be designed
using an allowable bearing capacity of 4,000 pounds per square foot. Total and differential settlement of the footings are
anticipated to be less than ½-inch and ¼-inch, respectively.

Footings should be at least 18 inches in width and located at least 1.5 feet below the lowest adjacent grade. Where adjoining
continuous footings are located at different elevations, we recommend that the upper footings be stepped down to the lower
footing.

Lateral resistance for spread footings is provided by sliding along the base of the footing. Foundations subject to lateral
loading may be designed using a coefficient of friction of 0.5 for footings bearing on stabilized materials.

4.3 EARTHWORK
The following sections provide our earthwork recommendations for the project. The earthwork specifications contained in
the Maricopa Association of Governments (MAG), Uniform Standard Specifications and Details for Public Works
Construction (including any amendments from the City of Sedona) should apply, except as noted in this report.
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4.3.1 EXCAVATIONS
Based on our review of available information, the surface materials should be excavatable with heavy-duty excavation
equipment to the depths anticipated for this project. Bedrock was encountered in previous borings in the vicinity and should
be anticipated. Heavy-duty excavation equipment is anticipated to be able to penetrate the bedrock materials to the depths
needed for this project.

4.3.2 TEMPORARY SLOPE STABILITY AND SHORING
Excavations that are less than 20 feet in depth may be constructed using a sloped excavation in accordance with
Occupational Safety and Health Administration (OSHA) Standards and based on the soil types encountered during
excavation. We recommend that the OSHA soil “Type C” be used for the alluvial soils present at the site with a temporary
slope of 1.5H:1V (Horizontal:Vertical) be considered for sloped excavations less than 20 feet deep. Excavations extending
significantly into bedrock are not anticipated but steeper slope excavations in rock may be possible based on the condition
of the bedrock encountered.

Temporary excavations that encounter surface seepage may need temporary shoring or other stabilization techniques.
Excavations encountering seepage, if any, should be evaluated on a case-by-case basis.

Shoring should be used in areas where slopes would exceed the inclinations recommended by OSHA or encounter seepage
causing slope instability. Shoring may be required for construction excavations adjacent to existing structures or retaining
walls. Shoring methods should avoid causing disturbance to existing Sycamore trees. The shoring system details should be
left to the discretion of the contractor and should be designed by a qualified civil engineer.

4.3.3 BOTTOM STABILITY AND DEWATERING
Excavations may encounter perched groundwater or saturated geologic units and may cause the exposed bearing surface to
weaken. The base of excavations should be sloped to drain towards a sump or other dewatering equipment. Heavily saturated
units or zones may call for more aggressive dewatering techniques and consultation with a qualified expert. Discharge of
water from excavations should be in accordance with project specifications and any applicable laws or regulations.

4.3.4 GRADING, FILL PLACEMENT AND COMPACTION
Vegetation, debris and other unsuitable materials from the clearing operation should be removed from the site and properly
disposed. On-site and imported soils with low plasticity indices are considered suitable for re-use as fill. Low plasticity indices
are defined as a Plasticity Index (PI) value of 20 or less, as defined by ASTM D 4318. Suitable fill should not include
construction debris, organic materials, or other non-soil materials. Rock particles and clay lumps should be less than 6 inches
in dimension. Oversize excavation materials should be expected and sorting and/or screening will be needed.

For areas to receive grade-raise fill or below structures, we recommend the surface be prepared by scarifying the upper 8
inches, unless bedrock is exposed. The scarified material should be moisture-conditioned and compacted by appropriate
mechanical methods to a relative compaction of 95 percent and at a moisture content near optimum using ASTM D 698 as a
standard. Grade-raise fill should be placed in lifts less than 8 inches in loose thickness and compacted as noted above.
Unsuitable soils, if encountered, should not be used as backfill behind walls or as structural fill in the upper 3 feet below
structures but may be placed as fill in other non-structural locations.

Placement of fill against sloped surfaces steeper than 5H:1V should be benched so that a weak zone against the slope is not
formed and to promote uniform compaction across each lift of fill.

4.3.5 PERMANENT FILL SLOPES
Permanent fill slopes for this project can be sloped at an angle of 2H:1V if protected from erosion. Flatter slopes may be
used to promote vegetation. Erosion protection could consist of riprap, shotcrete or other manufactured products. Erosion
control products should be placed in accordance with the manufacturer’s recommendations.
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4.3.6 EARTHWORK FACTORS
Based on our review of available data, we estimate the on-site soils will shrink approximately 15 to 20 percent when
recompacted to 95 percent of standard Proctor density. A ground compaction factor of 0.2 feet is estimated for compaction
of the exposed ground surface outside the limits of the existing roadway prism.

4.4 LATERAL EARTH PRESSURES
Active earth pressure occurs when the wall moves away from the soil and the soil mass stretches horizontally, sufficient to
mobilize its shear strength, and a condition of plastic equilibrium is reached. For a drained granular backfill, an equivalent
fluid active earth pressure of 35 pounds per square foot per foot (psf/ft) of wall height should be used for the design of
cantilevered, yielding walls. Drainage should consist of free-draining granular material and could be accompanied by
weepholes through the walls or a geocomposite drainage mat attached to the wall and discharging to a drain pipe may be
considered. If drainage is not provided, an equivalent fluid earth pressure of 85 psf/ft of wall height should be used for
design of the walls. These earth pressures are based on the walls being flexible enough to allow mobilization of the active
earth pressure condition. An outward lateral movement of about 0.001H (where H is the height of the wall) at the top of the
wall is generally needed to mobilize the active earth pressure condition.

A soil mass that is neither stretched nor compressed is said to be in an at-rest state. If the wall is rigidly restrained, so that
it does not rotate sufficiently to reach the active earth pressure condition, at-rest earth pressure conditions will exist. An
equivalent fluid at-rest earth pressure of 57 psf/ft should be used for the drained condition, and 90 psf/ft should be used for
the undrained condition.

Passive earth pressure occurs when the wall or foundation moves into the soil and the soil mass is compressed horizontally,
mobilizing its shear strength. For below-grade portions of the walls with granular backfill in front of the toe of the wall, an
equivalent fluid passive earth pressure of 350 psf/ft of wall height can be utilized (triangular pressure distribution). This
should be reduced for walls with sloping foreslopes and eliminated for walls subject to erosion or scour effects from the
creek.
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