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1 INTRODUCTION
In accordance with our proposal dated February 22, 2017, and your authorization, we have
performed a geotechnical evaluation for the Horseshoe Bend Trail Improvements project located
in Page, Arizona. The purpose of our evaluation was to assess the subsurface conditions at the
project site in order to provide geotechnical recommendations for design and construction. This
report presents the results of our evaluation and our geotechnical conclusions and
recommendations regarding the proposed construction.

2 SCOPE OF SERVICES
The scope of our services for this project generally included:
•

Reviewing available geologic literature, topographic information, soil surveys, geologic
literature, and aerial photographs of the project area.

•

Preparing a geotechnical exploration plan for the parking, trail and viewpoint facilities.

•

Establishing the test locations in the field and arrange for the mark out of underground
utilities through Arizona 811.

•

Performing a geotechnical field investigation for the parking area, trail, viewpoints, overlook
and culvert locations. A total of 12 locations were excavated using hand-operated augers, to
depths of up to 5 feet, or auger refusal on bedrock.

•

Conducting a geological reconnaissance of the sandstone outcrops at the canyon overlook,
including measurement of rock structure discontinuities (bedding, joints and fractures),
in-situ compression testing of outcrops, and relative degree of cementation.

•

Preparing this report that presents our findings and conclusions.

Our scope of services did not include environmental consulting services such as hazardous
waste sampling or analytical testing at the site. A detailed scope of services and estimated fee
for such services can be provided upon request.

3 SITE DESCRIPTION
The project site is located approximately 5 miles downstream of Glen Canyon Dam and 4 miles
southwest of downtown Page, Arizona, see Figure 1. At the time of our evaluation, the site
generally consisted of a parking area, restrooms and a 1.5 mile long, unpaved hiking trail.
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4 PROPOSED CONSTRUCTION
We understand that the project will involve the design and construction of a new hiking trail,
approximately 4,000 feet in length. In addition, a stem wall with a railing on top of it is planned at
the overlook / viewing area. Future phases may include paved parking and access areas,
restrooms and pay kiosks at the parking lot area, and monument signage. No grading
information was available at the time of preparation of this report.

5 FIELD EXPLORATION AND LABORATORY TESTING
On May 16, 2017, Ninyo & Moore conducted a subsurface exploration in order to evaluate the
subsurface conditions and to collect soil samples for laboratory testing. Our evaluation
consisted of drilling, logging, and sampling of 12 small-diameter borings, denoted as B-350
through B-361, using a hand operated auger. The borings extended to depths ranging from 1.0
to 5.0 feet below ground surface (bgs). We also collect three rock outcrop samples, denoted as
BH-362, BH-363 and BH-364, at the canyon overlook. Detailed descriptions of the soils
encountered are presented on the boring logs in Appendix A. The approximate locations of the
borings are depicted on Figure 2.
Ninyo & Moore personnel logged the borings in general accordance with the Unified Soil
Classification System and ASTM International (ASTM) D2488 by observing cuttings and drive
samples. Soil samples were sealed in plastic bags to retain their approximate in-place moisture.
The soil samples collected from our exploratory activities were transported to the Ninyo & Moore
laboratory in Phoenix, Arizona for geotechnical laboratory testing. The tests included in-situ
gradation and Atterberg limits. Three rock outcrop samples were collected at the canyon
overlook and tested for compressive strength. A description of each laboratory test method and
the remainder of the test results are presented in Appendix B.
Schmidt Hammer readings were taken on BH-362, BH-363 and BH-364 and compressive
strength reading were collected. The results of these tests are presented in Table 1.
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Table 1 – Schmidt Hammer Results
Boring No.

Sample No.

BH-362

1
2
3
4
Average
1
2
3
4
Average
1
2
3
4
Average

BH-363

BH-364

Schmidt
Hammer
31
39
41
39
19
22
32
21
41
29
49
41

PSI
3500
5500
6000
5000
5000
<1500
2000
3500
2000
2250
6000
3000
8000
6000
5750

6 GEOLOGY AND SUBSURFACE CONDITIONS
The project area is located in what is known as the Colorado Plateau tectonic province, which
encompasses much of northern and central Arizona. In the Paleozoic Era, Arizona was part of a
low-lying platform that was periodically inundated by sea water. During this time, layers of
limestone, shale, and sandstone were deposited. The plateau region was uplifted and there was
an increase in volcanic activity during the Cenozoic. Today, this province is characterized by
gently warped and faulted sedimentary Paleozoic and Mesozoic rocks and Cenozoic volcanic
rocks and sparse seismicity and few Quaternary faults.
Horseshoe Bend is an incised meander comprised of Navajo Sandstone that was subjected to
uplift during the Laramide Orogeny, approximately 75 million years ago. The surficial geology of
the site is described as Early Jurassic sedimentary rocks, predominantly red, cliff-forming
cross-bedded, eolian silty sandstone (Richard, S. M., et al, 2000). These outcrops are
predominately, hard, fine grained, cross-bedded, slightly to moderately weathered and
moderately to highly fractured.

6.1

Subsurface Conditions

Our knowledge of the subsurface conditions at the project site is based on our field exploration,
laboratory testing, and our general understanding of the geology of the area. The following
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paragraph provides a generalized description of the materials encountered. More detailed
stratigraphic information is presented on the boring logs in Appendix A. The boring logs contain
our field and laboratory test results, as well as our interpretation of conditions believed to exist
between actual samples retrieved. Therefore, these boring logs contain both factual and
interpretive information. Lines delineating subsurface strata on the boring logs are intended to
group soils having similar engineering properties and characteristics. They should be
considered approximate, as the actual transition between soil types (strata) may be gradual. A
key to the soil symbols and terms used on the boring logs is provided in Appendix A.
Native soil deposits were encountered in our borings and extended to the termination depths of
our borings. In general, the soil consistency was loose and consisted of well graded fine sand to
silty sand.
Native soil deposits were encountered in our borings and extended to the termination depths or
bedrock in our borings. In general, the soil consistency was loose and consisted of well graded
fine sand to silty sand.
Bedrock encountered in our borings was comprised of Navajo Sandstone. This unit is light red,
dry, moderately hard, moderately weathered, cross-bedded sandstone.

6.2 Groundwater
Groundwater was not encountered in our exploratory borings. Based on well data provided by
the Arizona Department of Water Resources, groundwater in the Page area has been
historically measured at a depth on the order of 7 feet bgs. However, it should be noted that
groundwater levels near the site can fluctuate due to seasonal variations, flows in nearby
washes, irrigation, groundwater withdrawal or injection, and other factors. In general,
groundwater is not expected to be a constraint to project design and construction.

7 GEOLOGIC HAZARDS
The following section provides a discussion regarding potential geologic hazards such as land
subsidence, and earth fissures, and faulting and seismicity.

7.1 Land Subsidence and Earth Fissures
Groundwater depletion, due to groundwater pumping, has caused land subsidence and earth
fissures in numerous alluvial basins in Arizona. It has been estimated that subsidence has
affected more than 3,000 square miles and has caused damage to a variety of engineered
structures and agricultural land (Schumann and Genualdi, 1986). From 1948 to 1983, excessive
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groundwater withdrawal has been documented in several alluvial valleys where groundwater
levels have been reportedly lowered by up to about 500 feet. With such large depletions of
groundwater, the alluvium has undergone consolidation resulting in large areas of land
subsidence.
In Arizona, earth fissures are generally associated with land subsidence and pose an on-going
geologic hazard. Earth fissures generally form near the margins of geomorphic basins where
significant amounts of groundwater depletion have occurred. Reportedly, earth fissures have
also formed due to tensional stress caused by differential subsidence of the unconsolidated
alluvial materials over buried bedrock ridges and irregular bedrock surfaces (Schumann and
Genualdi, 1986).
Based on our field reconnaissance and our review of the referenced material, there are no
known earth fissures underlying or adjacent to the site. Based on our research, the closest
published earth fissure is located approximately 270 miles to the south of the project site
(Shipman, 2007). Continued groundwater withdrawal in the area may result in future subsidence
and the formation of new fissures or the extension of existing fissures. The future occurrence of
land subsidence and earth fissures cannot accurately be predicted.

7.2 Faulting and Seismicity
Based on our field observations, review of pertinent geologic data and analysis of aerial
photographs, faults are not located on or adjacent to the site. The closest Quaternary fault to the
site is the Eminence fault zone, located approximately 20 miles to the south of the site
(Pearthree, 1998). This northeast striking normal fault dips to the northwest and the most recent
documented movements along this fault was less than approximately 1.6 million years ago
during the middle Pleistocene epoch. The slip-rate category of this fault is less than 0.2
millimeters per year (Pearthree, 1998).

8 CONCLUSIONS
Based on the results of our subsurface evaluation, laboratory testing, and data analysis, the
proposed

construction

is

feasible

from

a

geotechnical

standpoint,

provided

the

recommendations of this report are incorporated into the design of the project, as appropriate.
Geotechnical considerations include the following:
•

The on-site surface soils should generally be excavatable to the anticipated depths using
light to medium-duty earthmoving construction equipment. However, relatively shallow
bedrock should be anticipated, which may result in difficult and/or slower excavation rates.
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•

Based on the results of our study, soils of variable relative densities encountered near the
ground surface in our borings may be sensitive to moisture content fluctuations.

•

Imported soils and soils generated from on-site excavation activities that exhibit a relatively
low plasticity index (PI) and fines content not exceeding 50 percent can generally be used
for engineered fill. Based on our laboratory testing, some on-site soils are not suitable to be
used as engineered fill.

•

The proposed rail at the overlook can be supported on shallow foundations (spread
footings) constructed on a zone of moisture-conditioned and compacted engineered fill.

•

Groundwater was not observed in our borings. In general, groundwater is not expected to
be a constraint to the design and construction of this project.

•

No documented geologic hazards are present underlying or immediately adjacent to the
site.

9 RECOMMENDATIONS
The following sections present our geotechnical recommendations for the project design and
construction. If the proposed construction is changed from that discussed in this report,
Ninyo & Moore should be contacted for additional recommendations.

9.1 Earthwork
The following sections provide our earthwork recommendations for this project. In general, the
earthwork specifications contained in the Maricopa Association of Governments (MAG), Uniform
Standard Specifications and Details for Public Works Construction, and/or any Coconino County
Drainage Standards (dated 2001), are expected to apply, except as noted.

9.1.1

Site Preparation

Construction areas should be cleared of deleterious materials, if any are present,
construction debris, vegetation, and any other material that might interfere with the
performance or progress of the work. These materials should be disposed of at a legal
dumpsite. Existing features that call for relocation or removal and extend below finish
grade, if present, should be removed, and the resulting excavations backfilled with
compacted engineered fill as discussed in this report.

9.1.2

Excavations

Our evaluation of the excavation characteristics of the on-site soils is based on the results
of our exploratory borings, site observations, and experience with similar soils. The site
surface soils can generally be excavated using light to medium-duty earthmoving or
excavation equipment. However, relatively shallow bedrock should be anticipated, which

Ninyo & Moore

|

Horseshoe Bend Trail, Page, Arizona

|

605379001 R

|

September 5, 2018

6

may be more difficult to excavate and/or slow the excavation rate. The contractor should be
prepared for such conditions.

9.1.3

Fill Placement and Compaction

Prior to the placement of engineered fill, exposed surfaces from excavations should be
proof-rolled and carefully evaluated by Ninyo & Moore for the presence of soft, loose, or wet
soils that were not removed as part of the improvement process. Based on this evaluation,
additional remediation may be needed. This could include further scarification of the
exposed surface. This additional remediation, if needed, should be addressed by the
geotechnical consultant during the earthwork operations.
Engineered fill should be placed in lifts not exceeding 8 inches in loose thickness and
compacted by appropriate mechanical methods to a relative compaction of 95 percent as
evaluated by ASTM D698 at a moisture content slightly above the laboratory optimum.
As stated previously, our borings disclosed native soils generally consisting of silty sand.
Accordingly, we recommend that new hiking trail and paved areas be supported on a zone
of moisture-conditioned and compacted engineered fill, as defined in this report, which
extends 6 inches below the aggregate base (AB) layer. This improved zone should extend a
horizontal distance from the edge of the new hiking trail and paved area that is equal to the
depth of the improvement.
We recommend that new footings for the restrooms and pay kiosk structures at the parking
lot area also be supported on a zone of moisture-conditioned and compacted engineered
fill, as defined in this report, which extends 12 inches below the bottom of the foundation.
This improved zone should extend a horizontal distance from the edge of the foundation
that is equal to the depth of the improvement. An earthwork (shrinkage) factor of 10 to 20
percent is estimated. This shrinkage factor range represents an average of the material
tested and assumes that materials excavated from the site will be placed as fill. Potential
bidders should consider this in preparing estimates and should review the available data to
make their own conclusions regarding excavation conditions.

9.1.4

Footings

We understand that footings will be needed for the wall supporting the railing at the
overlook / viewing area, the new restrooms and pay kiosk structures at the parking lot area,
shade structures and monument signage. We recommend utilizing shallow spread footings
for this project.
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Spread footings supporting the restrooms and pay kiosk structures should be supported at
a depth of 24 inches or more below finished grade. Finished grade is defined as the lowest
adjacent grade for perimeter or exterior footings. Footings supporting the restrooms and
pay kiosk structures may be designed using an allowable net bearing pressure of up to
2,500 pounds per square foot (psf) for static conditions for footings founded on engineered
fill as described in this report. The allowable soil bearing pressure may be increased by
one-third when considering total loads including loads of short duration such as wind or
seismic forces.
Total and differential settlement of 1-inch and 1/2-inch, respectively, may occur. These
settlement estimates are based on the estimated loading conditions, the available soil
boring information, and our experience with similar soils.
Foundations bearing on engineered fill and subject to lateral loadings may be designed
using an ultimate coefficient of friction of 0.35 (total frictional resistance equals the
coefficient of friction multiplied by the dead load).
An ultimate passive resistance value of 350 psf per foot of depth can be used up to a value
of 3,500 psf. The ultimate lateral resistance can be taken as the sum of the frictional
resistance and passive resistance, provided that the passive resistance does not exceed
one-half of the total allowable resistance. The passive resistance may be increased by
one-third when considering loads of short duration such as wind or seismic forces. The
foundations should preferably be proportioned such that the resultant force from lateral
loadings falls within its kern (i.e., middle one-third).
Footings supporting the railing at the overlook / viewing area may be founded on the
exposed sandstone bedrock. Footings founded on bedrock may be designed for an
allowable net bearing pressure of 4,000 psf for static conditions. The allowable bearing
pressure may be increased by one-third when considering total loads including loads of
short duration such as wind or seismic forces. Footings constructed in contact with exposed
bedrock should be secured by epoxied dowels or rock bolts.
The railing support wall should be designed to resist an at-rest lateral soil pressure
equivalent to that imposed by a fluid with a density of 95 pounds per cubic foot. Lateral
loads may be resisted by a combination of the wall base friction and shear resistance
provided by the epoxied dowels. A coefficient of sliding friction of 0.35 may be assumed
between poured-in-place concrete and the exposed sandstone. The shear resistance
supplied by the dowels or rock bolts will depend on their depth of embedment and diameter.
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Dowels should be embedded 2 feet or more into the exposed sandstone. For dowels
embedded 2 feet or more into the sandstone, the shear resistance may be estimated as:
S = 3,750 x D x d
Where:
S = Shear resistance in pounds
D = The depth of embedment of the dowel in feet
d = The diameter of the epoxied dowel in feet.

Both the coefficient of sliding resistance and the shear resistance are ultimate values to
which no factor of safety has been applied.
The dowels or rock bolts should be placed no nearer than 0.5 times the embedment depth
to the edge of the cliff and in no case closer than 2 feet. The wall should not be founded on
sandstone bedrock ledges which have been undercut by erosion. Actual dowel locations
should be located in the field and check by Ninyo & Moore prior to installation. Dowels
should be spaced no closer than 1.25 times the embedment depth. Dowel embedment
should vary 1 foot or more between adjacent dowels.
Uplift resistance of the dowels or rock bolts will also vary with depth of embedment and
dowel diameter. A bond strength of 4,800 psf or less is estimated between the epoxy and
the sandstone. If the epoxy manufacturer estimates a lower bond strength, the
manufacturer’s estimate should govern.
The design capacities determined from the estimated values supplied above should be
verified by load testing in the field.

9.1.5

Hiking Trail and Pavement

The following section presents our recommendations for the new hiking trail and pavement
sections anticipated for the project. We understand that the paved driveways and parking
lots will need to accommodate mainly passenger vehicles and busses, light pick-up trucks,
and maintenance vehicles; however the new hiking trail will accommodate mainly foot
traffic.
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We assumed that the subgrade preparation recommendations outlined in this report will be
employed.
For the hiking trail, recommend a section consisting of 6 inches of crusher fines with
magnesium chloride treatment over 6 to18 inches of +/- 3 inch diameter crushed limestone
aggregate. As an alternative, we recommend 2 to 3 inches of decomposed granite (DG)
over 5 inches of compacted AB for the hiking trail. We recommend a pavement section
consisting of 3 inches of asphalt concrete (AC) over 4 inches of compacted AB or 4 inches
of DG over 6 inches of AB for the parking lot expansion areas. For heavier traveled areas of
the driveways, the pavement section consisting of 4 or more inches of AC over 6 or more
inches of AB should be utilized.
Portland Cement Concrete (PCC) pavement sections should be used in areas that may
receive relatively higher traffic and/or areas of ingress, egress, and turning (e.g., large bus
parking, etc.). For these areas, we recommend a pavement section consisting of 6 inches
of PCC, and the edges of the pavement should be thickened to 8 inches.
PCC pavements should have longitudinal and transverse joints that meet the applicable
requirements of the MAG Uniform Standard Specification and/or any City of Page
requirements. Concrete pavements should be underlain by 4 inches or more of AB, as
shown in Table 2:
Table 2 – Recommended AB Gradation
Sieve Size
(per ASTM D422-63)
1 1/8 inch
No. 4
No. 8
No. 30
No. 200
PI Maximum

Percent Passing
by Weight
100
38-65
25-60
10-40
3-12
5

9.2 Seismic Design Considerations
Design of the proposed improvements should be performed in accordance with the
requirements of governing jurisdictions and applicable building codes. Table 3 presents the
seismic design parameters for the site in accordance with the CBC (2013) guidelines and
adjusted MCER spectral response acceleration parameters (USGS, 2016b).
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Table 3 – 2015 IBC Seismic Design Criteria
Site Coefficients and Spectral Response Acceleration Parameters
Class

Values
C

Coefficient, Fa

1.6

Coefficient, Fv

2.4

Mapped Spectral Response Acceleration at 0.2-second Period, Ss

0.290g

Mapped Spectral Response Acceleration at 1.0-second Period, S1

0.093 g

Spectral Response Acceleration at 0.2-second Period Adjusted for Site Class, SMS

0.348 g

Spectral Response Acceleration at 1.0-second Period Adjusted for Site Class, SM1

0.157 g

Design Spectral Response Acceleration at 0.2-second Period, SDS

0.232 g

Design Spectral Response Acceleration at 1.0-second Period, SD1

0.105 g

The minimal reinforcement for the concrete pavement areas should be No. 4 reinforcing bars
placed 18 inches on-center (each way) in the middle one-third of slab height. The structural
engineer may decide that additional reinforcement is needed.
AB material beneath the pavements should be compacted to a relative compaction of 100
percent as evaluated by ASTM D698 at a moisture content generally near optimum.

9.3 Site Drainage
Surface drainage should be provided to divert water away from the structures and off of paved
surfaces. Surface water should not be permitted to drain toward the structures or to pond
adjacent to footings or on flatwork or pavement areas. Positive drainage for this project is
defined as a slope of 2 or more percent for a distance of 5 or more feet away from the
structures. Roof gutters should be installed on structures. Downspouts should discharge to
drainage systems away from structures, pavements, and flatwork.
Further drainage recommendations include the following:
•

Roof drain downspouts should be tightlined to an appropriate outlet such as a storm drain
or the street. If tightlining of the roof drains is not practicable, they should discharge
approximately 5 feet away from the structure or onto flatwork (with flexible sealant in its
joints), which slopes away from the structure. Roof drains should not be allowed to
discharge onto the ground surface near the building foundations.
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•

Beneath the perimeter of any structure, utility trenches should be backfilled with either
compacted non-pervious fill material (pea gravel or clean sand backfill should be avoided in
these areas) or lean concrete to reduce water infiltration into the interior of the building.
Special care should be taken during installation of sub-floor water and sewer lines to reduce
the possibility of leaks.

9.4 Pre-Construction Conference
We recommend that a pre-construction conference be held. Representatives of the owner, the
civil engineer, Ninyo & Moore, and the contractor should be in attendance to discuss the project
plans and schedule. Our office should be notified if the project description included herein is
incorrect or if the project characteristics are significantly changed.

9.5 Construction Observation and Testing
During construction operations, we recommend that Ninyo & Moore perform observation and
testing services for the project. These services should be performed to evaluate exposed
subgrade conditions, including the extent and depth of over-excavation, to evaluate the
suitability of proposed borrow materials for use as fill, and to observe placement and test
compaction of fill soils. If another geotechnical consultant is selected to perform observation and
testing services for the project, we request that the selected consultant provide a letter to the
owner, with a copy to Ninyo & Moore, indicating that they fully understand our recommendations
and that they are in full agreement with the recommendations contained in this report. Qualified
subcontractors utilizing appropriate techniques and construction materials should perform
construction of the proposed improvements.

10 LIMITATIONS
The field evaluation, laboratory testing, and geotechnical analyses presented in this
geotechnical report have been conducted in general accordance with current practice and the
standard of care exercised by geotechnical consultants performing similar tasks in the project
area. No warranty, expressed or implied, is made regarding the conclusions, recommendations,
and opinions presented in this report. There is no evaluation detailed enough to reveal every
subsurface condition. Variations may exist and conditions not observed or described in this
report may be encountered during construction. Uncertainties relative to subsurface conditions
can be reduced through additional subsurface exploration. Additional subsurface evaluation will
be performed upon request. Please also note that our evaluation was limited to assessment of
the geotechnical aspects of the project, and did not include evaluation of structural issues,
environmental concerns, or the presence of hazardous materials.
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This document is intended to be used only in its entirety. No portion of the document, by itself, is
designed to completely represent any aspect of the project described herein. Ninyo & Moore
should be contacted if the reader requires additional information or has questions regarding the
content, interpretations presented, or completeness of this document.
This report is intended for design purposes only. It does not provide sufficient data to prepare an
accurate bid by contractors. It is suggested that the bidders and their geotechnical consultant
perform an independent evaluation of the subsurface conditions in the project areas. The
independent evaluations may include, but not be limited to, review of other geotechnical reports
prepared for the adjacent areas, site reconnaissance, and additional exploration and laboratory
testing.
Our conclusions, recommendations, and opinions are based on an analysis of the observed site
conditions. If geotechnical conditions different from those described in this report are
encountered, our office should be notified and additional recommendations, if warranted, will be
provided upon request. It should be understood that the conditions of a site could change with
time as a result of natural processes or the activities of man at the subject site or nearby sites.
In addition, changes to the applicable laws, regulations, codes, and standards of practice may
occur due to government action or the broadening of knowledge. The findings of this report may,
therefore, be invalidated over time, in part or in whole, by changes over which Ninyo & Moore
has no control.
This report is intended exclusively for use by the client. Any use or reuse of the findings,
conclusions, and/or recommendations of this report by parties other than the client is
undertaken at said parties’ sole risk.
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APPENDIX A
BORING LOGS
Field Procedure for the Collection of Disturbed Samples
Disturbed soil samples were obtained in the field using the following method.
Bulk Samples
Bulk samples of representative earth materials were obtained from the exploratory borings.
The samples were bagged and transported to the laboratory for testing.
Field Procedure for the Collection of Relatively Undisturbed Samples
Relatively undisturbed soil samples were obtained in the field using the following method.
The Modified Split-Barrel Drive Sampler
The sampler, with an external diameter of 3 inches, was lined with 1-inch-long, thin brass
rings with inside diameters of approximately 2.4 inches. The sample barrel was driven into
the ground with the weight of a hammer in general accordance with ASTM D3550-01. The
driving weight was permitted to fall freely. The approximate length of the fall, the weight of
the hammer, and the number of blows per foot of driving are presented on the boring logs
as an index to the relative resistance of the materials sampled. The samples were removed
from the sample barrel in the brass rings, sealed, and transported to the laboratory for
testing.
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Grain Size

Soil Classification Chart Per ASTM D 2488
Secondary Divisions
Group Symbol
GW

well-graded GRAVEL

GP

poorly graded GRAVEL

GW-GM

well-graded GRAVEL with silt

GP-GM

poorly graded GRAVEL with silt

GW-GC

well-graded GRAVEL with clay

GP-GC

poorly graded GRAVEL with

GM

silty GRAVEL

GC

clayey GRAVEL

GC-GM

silty, clayey GRAVEL

SW

well-graded SAND

SP

poorly graded SAND

SW-SM

well-graded SAND with silt

SP-SM

poorly graded SAND with silt

SW-SC

well-graded SAND with clay

SP-SC

poorly graded SAND with clay

SM

silty SAND

SC

clayey SAND

SC-SM

silty, clayey SAND

CL

lean CLAY

ML

SILT

CL-ML

silty CLAY

OL (PI > 4)

organic CLAY

OL (PI < 4)

organic SILT

CH

fat CLAY

MH

elastic SILT

CLEAN GRAVEL
less than 5% fines

GRAVEL
more than
50% of
coarse
fraction
retained on
No. 4 sieve

GRAVEL with
DUAL
CLASSIFICATIONS
5% to 12% fines

GRAVEL with
FINES
more than
12% fines

COARSEGRAINED
SOILS
more than
50% retained
on No. 200
sieve

CLEAN SAND
less than 5% fines

SAND
SAND with
50% or more
DUAL
of coarse
CLASSIFICATIONS
fraction
5% to 12% fines
passes
No. 4 sieve
SAND with FINES
more than
12% fines

FINEGRAINED
SOILS
50% or
more passes
No. 200 sieve

SILT and
CLAY
liquid limit
less than 50%

Group Name

INORGANIC

ORGANIC

OH (plots

> 12”

> 12”

Larger than
basketball-sized

Cobbles

3 - 12”

3 - 12”

Fist-sized to
basketball-sized

Coarse

3/4 - 3”

3/4 - 3”

Thumb-sized to
fist-sized

Fine

#4 - 3/4”

0.19 - 0.75”

Pea-sized to
thumb-sized

Coarse

#10 - #4

0.079 - 0.19”

Rock-salt-sized to
pea-sized

Medium

#40 - #10

0.017 - 0.079”

Sugar-sized to
rock-salt-sized

Fine

#200 - #40

0.0029 0.017”

Flour-sized to
sugar-sized

Passing
#200

< 0.0029”

Flour-sized and
smaller

Gravel

Fines

70
60
50

CH or OH
40
30

CL or OL

PT

10
7
4
0

ML or OL

CL - ML
0

10

20

30

Spooling Cable or Cathead

Modified
Split Barrel

(blows/foot)

Modified
Split Barrel

Consistency

(blows/foot)

Modified
Split Barrel

Very Loose

<4

<8

<3

< 5

Very Soft

<2

Loose

5 - 10

9 - 21

4-7

6 - 14

(blows/foot)

Medium
Dense

11 - 30

Dense

31 - 50

64 - 105

21 - 33

Very Dense

> 50

> 105

> 33

22 - 63

8 - 20

50

60

70

80

90

100

Consistency - Fine-Grained Soil

Automatic Trip Hammer

SPT

40

Peat

(blows/foot)

SPT

MH or OH

20

LIQUID LIMIT (LL), %

Apparent Density - Coarse-Grained Soil
Apparent
Density

Boulders

organic SILT

below “A”-line)

Spooling Cable or Cathead

Approximate
Size

organic CLAY

above “A”-line)

Highly Organic Soils

Grain Size

Plasticity Chart

INORGANIC
OH (plots on or

Sieve
Size

Sand

ORGANIC

SILT and
CLAY
liquid limit
50% or more

Description

PLASTICITY INDEX (PI), %

Primary Divisions

(blows/foot)

SPT

Automatic Trip Hammer

(blows/foot)

Modified
Split Barrel

<3

<1

<2
2-3

(blows/foot)

SPT

(blows/foot)

Soft

2-4

3-5

1-3

Firm

5-8

6 - 10

4-5

4-6

Stiff

9 - 15

11 - 20

6 - 10

7 - 13

43 - 70

Very Stiff

16 - 30

21 - 39

11 - 20

14 - 26

> 70

Hard

> 30

> 39

> 20

> 26

15 - 42

USCS METHOD OF SOIL CLASSIFICATION

CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)
0

BORING LOG EXPLANATION SHEET

Bulk sample.
Modified split-barrel drive sampler.
No recovery with modified split-barrel drive sampler.
Sample retained by others.
Standard Penetration Test (SPT).

5

No recovery with a SPT.
Shelby tube sample. Distance pushed in inches/length of sample recovered in inches.

XX/XX

No recovery with Shelby tube sampler.
Continuous Push Sample.
Seepage.
Groundwater encountered during drilling.

10

Groundwater measured after drilling.

15

20
20

SM

MAJOR MATERIAL TYPE (SOIL):
Solid line denotes unit change.

CL

Dashed line denotes material change.
Attitudes: Strike/Dip
b: Bedding
c: Contact
j: Joint
f: Fracture
F: Fault
cs: Clay Seam
s: Shear
bss: Basal Slide Surface
sf: Shear Fracture
sz: Shear Zone
sbs: Shear Bedding Surface
The total depth line is a solid line that is drawn at the bottom of the boring.

BORING LOG
Explanation of Boring Log Symbols
PROJECT NO.

DATE

FIGURE

BORING LOG
Updated Nov. 2011

2.5

CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

GROUND ELEVATION 4,315' ± (MSL)

BH-350

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

SW

BORING NO.

5/16/17

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

EOLIAN:
Light brown, dry, loose, well graded SAND; few silt.

Refusal @ 2.8 ft on bedrock.
Total Depth = 2.8 feet. (Refusal)
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.

5

The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.

7.5

10

FIGURE A- 1
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

GROUND ELEVATION 4,310' ± (MSL)

BH-351

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

SW

BORING NO.

5/16/17

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

EOLIAN:
Light brown, dry, loose, well graded SAND; few silt.

Refusal @ 1.8 ft on bedrock.
Total Depth = 1.8 feet. (Refusal)
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
2.5

Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.
The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.

5

7.5

10

FIGURE A- 2
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

BORING NO.

5/16/17

GROUND ELEVATION 4,318' ± (MSL)

BH-352

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

SP-SM EOLIAN:
Light brown, dry, loose, poorly graded SAND with silt.

2.5

Refusal @ 4.5 ft on bedrock.

5

Total Depth = 4.5 feet. (Refusal)
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.
The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.

7.5

10

FIGURE A- 3
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2.5

5

CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

GROUND ELEVATION 4,315' ± (MSL)

BH-353

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

SM

BORING NO.

5/16/17

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

EOLIAN:
Light brown, dry, loose, silty SAND with silt; trace gravel.

Becoming slightly moist @ 2.5 ft.

Total Depth = 5 feet.
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.

7.5

The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

GROUND ELEVATION 4,310' ± (MSL)

BH-354

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

SM

BORING NO.

5/16/17

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

EOLIAN:
Light brown, dry, loose, silty SAND; trace gravel.

2.5

Refusal @ 3.25 ft on possible bedrock.
Total Depth = 3.25 feet. (Refusal)
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.
5

The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.

7.5

10
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

GROUND ELEVATION 4,320' ± (MSL)

BH-355

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

SW

BORING NO.

5/16/17

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

EOLIAN:
Light brown, loose, dry, well graded SAND.

2.5

5

Total Depth = 5 feet.
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.

7.5

The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

BORING NO.

5/16/17

GROUND ELEVATION 4,305' ± (MSL)

BH-356

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

SP-SM EOLIAN:
Light brown, dry, loose, poorly graded SAND with silt; trace gravel; trace
organics.

2.5

5

Total Depth = 5 feet.
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.

7.5

The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

GROUND ELEVATION 4,280' ± (MSL)

BH-357

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

SW

BORING NO.

5/16/17

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

EOLIAN:
Light brown, dry, loose, well graded SAND; trace gravel.

Refusal @ 2.5 ft on bedrock.
2.5

Total Depth = 2.5 feet. (Refusal)
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.

5

The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.

7.5

10
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

BORING NO.

5/16/17

GROUND ELEVATION 4,260' ± (MSL)

BH-358

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

Refusal @ surface; bedrock outcrop.
EOLIAN:
Sandstone, light red, hard, fine grained, cross-bedded, slightly to moderately
weathered and moderately to highly fractured.
Total Depth = 0 feet. (Refusal)
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.

2.5

The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.

5

7.5

10

FIGURE A- 9
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

BORING NO.

5/16/17

GROUND ELEVATION 4,230' ± (MSL)

BH-359

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

SP-SM EOLIAN:
Light brown, dry, loose, poorly graded SAND with silt.

2.5

5

Total Depth = 5 feet.
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.
Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.

7.5

The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.

10
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

GROUND ELEVATION 4,241' ± (MSL)

BH-360

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

SW

BORING NO.

5/16/17

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

EOLIAN:
Light brown, dry, loose, well graded SAND; trace gravel.
Refusal @ 1 ft. on bedrock.
Total Depth = 1.0 feet. (Refusal)
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.

2.5

Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.
The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.
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CLASSIFICATION
U.S.C.S.

SYMBOL

DRY DENSITY (PCF)

MOISTURE (%)

BLOWS/FOOT

SAMPLES
Bulk
Driven

DEPTH (feet)

0

DATE DRILLED

BORING NO.

5/16/17

GROUND ELEVATION 4,233' ± (MSL)

BH-361

SHEET

1

OF

1

METHOD OF DRILLING Hand Auger
DRIVE WEIGHT
SAMPLED BY

-RMT

DROP

LOGGED BY
BJC
REVIEWED BY
DESCRIPTION/INTERPRETATION

-JAT

SP-SM EOLIAN:
Light brown, dry, loose, well graded silty SAND; trace gravel.

Refusal @ 1 ft. on bedrock.
Total Depth = 1.0 feet. (Refusal)
Groundwater not encountered during sampling.
Backfilled with cuttings on 5/16/17 shortly after completion of sampling.

2.5

Notes:
Groundwater, though not encountered at the time of sampling, may rise to a
higher level due to seasonal variations in precipitation and several other factors
as discussed in the report.
The ground elevation shown above is an estimation only. It is based on our
interpretations of published maps and other documents reviewed for the purposes
of this evaluation. It is not sufficiently accurate for preparing construction bids and
design documents.
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APPENDIX B
LABORATORY TESTING
Classification
Soils were visually and texturally classified in accordance with the Unified Soil Classification
System (USCS) in general accordance with ASTM D2488-00. Soil classifications are indicated
on the logs of the exploratory borings in Appendix B.
In-Place Moisture and Density Tests
The moisture content and dry density of relatively undisturbed samples obtained from the
exploratory borings were evaluated in general accordance with ASTM D2937-04. The test
results are presented on the logs of the exploratory borings in Appendix B.
Gradation Analysis
A gradation analysis test was performed on a selected representative soil sample in general
accordance with ASTM D422. The grain-size distribution curve is shown on Figure B-1 through
B-4. These test results were utilized in evaluating the soil classifications in accordance with the
USCS.
Compressive Strength Test
Direct shear tests were performed on relatively undisturbed and remolded samples in general
accordance with ASTM D3080 to evaluate the shear strength characteristics of selected
materials. The samples were inundated during shearing to represent adverse field conditions.
The results are shown on Figure B-6.
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