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Final Geotechnical Investigation and Foundation Recommendation Report
BIA Project N8066(3), N8065(1) and School Spur

1.0 PROJECT INFORMATION AND PURPOSE

Included in this report are the results of our investigation in support of the planned improvements
to the Bureau of Indian Affairs (BIA) Route N8066(3) drainage crossing at approximately
Station 22+431, and BIA Route N8065(1) drainage crossing at approximately Station 0+327. The
project consist of one new culvert structure or arch bridge structure along BIA Route N8066(3)
and one new bridge structure along BIA Route N8065(1), both crossing the Oraibi Wash. The
geological and geotechnical findings, along with the recommendations for the foundations, are
presented in two separate Foundation Design Memoranda, which have been provided as
Appendices A and B to this document. Each Foundation Design Memorandum presents a
summary of the investigations performed at each drainage crossing, a summary of the geological
and geotechnical conditions at the drainage crossing, the results of our engineering analyses,
and discussions of foundation design considerations. Pavement design recommendations for the
roadway improvements to the existing unpaved roads at BIA N8066(3), N8065(1) and School
Spur are provided under separate cover in the Geotechnical Investigation and Pavement Design
Report.

At the request of the BIA, our investigation consisted of a subsurface exploration and a laboratory
testing program to classify and evaluate the subgrade soils at the two drainage crossing locations
identified above. This report provides foundation recommendations and construction
considerations for each of the structures.

This report does not address any environmental issues related to the site or the project. If you
have any questions concerning environmental aspects of this project please contact us and we
can discuss additional services with you.

This report has been prepared for the BIA, Navajo Regional Office for the purpose of providing
the information described in the attached documents. This report has not been prepared for any
other parties, and may not contain sufficient information for purposes of other parties. If any of
the project information described in this report has changed, we should be notified so that we may
amend our recommendations, as necessary.
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1.0 INTRODUCTION

This memorandum provides recommendations for the design of box culvert or arch bridge
structure foundations at the BIA Route N8066(3) drainage crossing, as part of the BIA N8066(3),
N8065(1) and School Spur project. The foundation design was based on the geotechnical
investigation segment performed at the BIA N8066(3) drainage crossing by Amec Foster Wheeler
Environment & Infrastructure, Inc. (Amec Foster Wheeler). The planned structure will cross the
Oraibi Wash at approximately BIA Route N8066(3) Station 22+431. The box culvert structure will
be supported on shallow foundations, and the arch bridge structure will be a one-span arch with
abutments founded on deep foundations.

2.0 FIELD INVESTIGATION
2.1 Subsurface Exploration

The subsurface exploration for the BIA N8066(3) culvert structure segment was performed from
January 27 to February 3, 2016, and February 18 to February 19, 2016. Field direction, sample
collection and logging of borings were performed by Joseph Zaleski, EIT and Mark Keyes, PG of
Amec Foster Wheeler Environment & Infrastructure, Inc. (Amec Foster Wheeler). Logs of the
completed borings are presented in Attachment A of this memorandum. Attachment A also
includes a description of drilling and sampling procedures, and photographs of the rock core
recovered from the borings. Amec Foster Wheeler advanced five borings for the proposed BIA
N8066(3) drainage structure to depths ranging from 15 to 30 meters below existing site grades.
Borings B-1 and B-2 correspond to the arch bridge structure option; borings B-4 and B-5
correspond to the box culvert structure; and boring B-3 applies to both structures. The total drill
footage was approximately 126 meters, which was less than the targeted/proposed footage of
150 meters due to borings B-2, B-4 and B-5 encountering rock prior to reaching the 30-meter
boring depth. Rock coring was performed at four of the five boring locations, once encountered,
for 6 meters or to the required 30-meter depth, whichever was reached first. Locations of the
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borings are shown on Figure 4, Boring and Resistivity Location Map, and are presented in tabular
format in Table 1.

The borings were completed by Southlands Engineering, LLC (Southlands) with a specialized
ATV mounted CME-75 drill rig utilizing a 210-millimeter outside-diameter continuous-flight hollow-
stem auger for the soil portion and a triple-core barrel and HQ sized wireline diamond-bit rock
coring system for the rock coring portion. The HQ core system produces a 63.5-millimeter
diameter core. Completed soil borings were backfilled with soil cuttings and cement grouted in
the upper 6 meters.

Each boring location was established in the field using the laid out proposed alignments for the
roadway segment and confirmed with a handheld GPS unit in NAD 83 — UTM Zone 12N
coordinates. The locations of the borings are shown on the boring logs and are presented in
Attachment A. Encountered soils were visually inspected, labeled and classified in the field, and
logged in general accordance with ASTM D2488 and the Unified Soil Classification System. After
completion of the laboratory tests on the samples retrieved, the field logs were reviewed and
modified, where necessary, to produce the final boring logs presented in Attachment A.

2.2 Laboratory Testing

Laboratory tests were performed on representative bulk, split-spoon, ring, and Shelby tube
samples obtained during our subsurface exploration to evaluate and characterize the site soils for
engineering analysis and design. The following tests were performed in general accordance with
applicable American Association of State Highway and Transportation Officials (AASHTO) test
methods. In the absence of an AASHTO test method, American Society for Testing and Materials
(ASTM) test methods were used.

e Sieve Analysis (Gradation and minus 75-micrometer wash) (AASHTO T11,T27)

e Plasticity Index (AASHTO T89, T90)

e Density Test (ASTM D2937)

¢ Moisture (AASHTO T265)

e Direct Shear Test of Soils (AASHTO T236)

¢ Unconsolidated-Undrained Triaxial Compression Test on Cohesive Soils (AASHTO T296)

e One-Dimensional Consolidation (AASHTO T216)

¢ Unconfined Compressive Strength of Rock (AASHTO T208)

A summary of the laboratory test results is presented in Table B-1 in Attachment B, along with
the test worksheets.

3.0 GEOTECHNICAL PROFILE
3.1 Geologic Setting

Surficial geologic units exposed within the project site include Holocene-aged and/or
Pleistocene-aged Quaternary alluvial and eolian deposits and Upper Cretaceous-aged sandstone
and siltstone. The Holocene deposits are comprised of stream deposits and windblown silt and
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sand deposited on benches, small terraces and in broad valleys. These deposits have been
reworked by water. The Upper Cretaceous-aged sandstones and siltstones of the Wepo
Formation are part of the Mesaverde Group. The Wepo Formation is comprised of alternating
siltstone and sandstone layers of continental and near-shore origin, and to some extent coal beds
of up to 1.5 meters in thickness. The siltstone is generally olive-green in color and the sandstone
is typically yellowish-gray. This unit varies from 40 meters to 225 meters in thickness. (Haynes
and Hackman, 1978). The Wepo Formation sandstone with siltstone and mudstone interbeds
was encountered at various depths in borings B-1 through B-5 at the N8066(3) culvert structure.

3.2 Geotechnical Profile

The native soils encountered during the investigation along the proposed BIA N8066(3) drainage
structure crossing primarily consist of fine-grained soil mixtures, including sandy clays to clays,
overlaying course-grained soil mixtures of silty sand to sand with silt or bedrock. The predominant
soil types were combined into two groups based on their characteristics: clays and silts. The clays
group consists of high-plasticity clays (CH), low-plasticity clays (CL) and clayey sands (SC). The
silts group consists of silty sand (SM) to sand with silt (SP-SM).

In general, the site soils can be characterized into three layers: Layers A, B and C. These layers
are described in detail in Sections 3.2.1 through 3.2.3. The profiles for the two drainage crossing
structures differ slightly, specifically as it pertains to the bedrock in Layer C. A subsurface profile
of the soil borings for the arch bridge structure and the box culvert structure alignment, at the BIA
N8066(3) drainage crossing, is provided in Figures 7 and 8, respectively. An overview of the three
layers is as follows:

o Layer Ais primarily expressed at the Oraibi Wash banks and extends from the surface to
a depth of about 16 meters below the ground surface (bgs), and predominantly consists
of a mixture of fines (particles less than the 75-micrometer sieve), including sandy clay to
clayey sand. At the wash bottom, Layer A extends to about 10 meters bgs within borings
B-3 and B-5 and to about 4 meters bgs within boring B-4, and is overlain by a 1.5 to
3 meter silty sand to silty gravel layer.

e Layer B extends from a depth of about 16 meters to 22 meters bgs at the wash banks and
from about 10 meters to 18 meters bgs at the wash bottom. Layer B was not encountered
within boring B-4. The layer predominantly consists of lower fines content and increased
sand content soils. The soils are predominantly classified as silty sand to sand with silt.
Layer B is interfingered with zones of higher fines content soils, approximately
150 millimeters in thickness.

o Layer C extends below the B Layer to the full depth of the investigation, approximately
30 meters bgs from the wash banks, and 30 meters bgs from the wash bottom. Layer C
consists of the Wepo Formation bedrock. The bedrock varies in depth along the box
culvert alignment in the Oraibi Wash (borings B-4, B-3 and B-5), sloping downwards from
the west to the east (Figure 7). The bedrock profile along the arch bridge structure
alignment in line with the BIA N8066 roadway alignment (B-1, B-3 and B-2) was relatively
uniform in depth (Figure 8).

1 References are presented in Section 5.0 of this memorandum.
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The direct shear test result, adjusted to show the residual shear strength, is plotted on Figure 5.
An internal friction angle of 14 degrees and 36 kilopascals (kPa) cohesion is the lower bound for
the data. The unconsolidated-undrained triaxial compression (UU) tests, performed on cohesive
soils, are plotted on Figure 6. Analysis of the UU test results was completed as a function of soll
type and depth. The various soil layers are discussed in greater detail in the following sections.

3.2.1 Layer A — Near Surface Clayey Soils

Layer A extends from the surface to a depth of about 16 meters bgs at the wash banks and
consists primarily of clayey soils. At the wash bottom, Layer A extends to about 10 meters bgs
within borings B-3 and B-5 and to about 4 meters bgs within boring B-4, and is overlain by a 1.5- to
3-meter thick silty sand to silty gravel layer. The soil types include low plasticity clay (CL), high
plasticity clay (CH) and, to a lesser extent, zones of clayey sand (SC). Layer A soils are
characterized as having a fines content typically greater than 50 percent with a maximum of
100 percent. The soils within Layer A primarily have medium to high plasticity and, to a lesser
extent, zones of low plasticity. The zones of low plasticity are primarily localized to clayey sand
zones. Layer A is predominantly moderately firm to very firm with some soft and hard zones. The
measured uncorrected SPT blow counts varied from zero (i.e., weigh of hammer for a
300-millimeter interval) to 34 with an average of 13 and a median value of 9. The soils are
predominantly uncemented.

The direct shear test result performed on Layer A, adjusted to show the residual shear strength,
is plotted on Figure 5. Based on these results, an angle of internal friction of 14 degrees with a
cohesion intercept of 36 kPa was determined. UU test results performed on Layer A soils show a
range of undrained shear strength, from 320 to 720 kPa, as shown on Figure 6. Undrained shear
strength values were also developed using correlations by Terzaghi and Peck, as presented in
Kulhawy and Mayne (1990), and ranged from approximately 40 to 120 kPa.

3.2.2 Layer B - Silty Sand Soils

Layer B extends from a depth of about 16 meters to 22 meters bgs from the wash banks and
about 10 meters to 18 meters bgs from the wash bottom and predominantly consists of lower
fines content and increased sand content soils. Layer B was not encountered within boring B-4.
The soil types consist primarily of silty sand (SM) and, to a lesser extent, zones of sand with silt
(SP-SM). The fines content for Layer B is typically less than 50 percent. These soil types are
primarily non plastic with occasional zones of medium to high plasticity. The zones of medium to
high plasticity are localized to thin clay soil zones encountered at depth. These soils are
predominantly soft to moderately firm with some firm zones. The measured uncorrected SPT blow
counts varied from 2 to 25 with an average of 5 and a median value of 5. The soils are
predominantly uncemented.

Due to the nature of these soils, adequate undisturbed samples could not be obtained to perform
direct shear tests or UU tests. The average blow count value of 5 was considered very
conservative for strength estimation of the material due to the likelihood of heaving sand during
sampling given that Layer B was below the groundwater table. The correlations presented in
FHWA Design and Construction of Driven Pile Foundations guidelines (2006) recommend a
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friction angle of 27 to 32 be used for loose soils. Amec Foster Wheeler selected the upper bound
of 32 degrees for analysis, which is a typical friction angle value for this type of material.

3.2.3 Layer C - Wepo Formation Bedrock

Layer C extends from a depth of about 20 meters to the depth of the investigation (i.e. 30 meters
bgs) at the wash banks and about 18 meters to the depth of the investigation (i.e. 30 meters bgs)
at the wash bottom and consists primarily of the Wepo Formation bedrock. The bedrock was
encountered at depth within borings B-1, B-2, B-3, and B-5, ranging from approximately 18 meters
to 20 meters bgs. However, at boring B-4, the planed box culvert outlet, bedrock was encountered
at approximately 4.5 meters bgs. Photographs of the core recovered from the borings are
presented in Attachment A, Core Photographs. The Wepo Formation sandstone and siltstone,
encountered at the site is a massive unit with few discontinuities. Almost all of the core breaks
that occurred within the core samples can be attributed to machine breaks resulting from the
drilling process. These breaks tend to break along laminations within the sandstone and siltstone.
The definition of RQD includes rock soundness and all intervals of the rock were soft to very soft;
therefore, the RQD values assigned to some core runs were low. Some of the low RQD values
were the result of soft zones within the rock mass rather than the presence of discontinuities or
joints.

The UCS of the sandstone and siltstone encountered during our investigation ranged from
1,427 to 28,524 kPa, with an average of 15,419 kPa and a lower quartile of 14,503kPa. The
Geologic Strength Index (GSI) ranged from 37 to 45, and the intact rock modulus ranged from
146,667 to 1,345,456 kPa. The rock mass density is approximately 2,080 kilograms per cubic
meter (kcm). Due to the soft to very soft nature of the sandstone and siltstone, a portion of the
rock encountered, was advanced with auger. Split-spoon samples were taken at 5-foot intervals
within those depths, and the blow count values ranged from 22 to refusal (i.e., 50 blows for less
than a 150-mm interval).

Amec Foster Wheeler performed a sensitivity analyses on the sandstone/siltstone bulk rock
modulus as a function of both a soft to very soft rock and a hard sand with fines. The bulk modulus,
when analyzed as rock using the Yang correlation presented in AASHTO (2014), varied slightly
compared to the modulus when analyzed as soil. The rock modulus when analyzed using the
Hoek and Brown criterion as presented in AASHTO (2014) was very low and improbable.
Comparing the calculated rock modulus using Yang to the published values in AASHTO (2014)
for sandstone and siltstone, the calculated values were still conservative. The average soil
modulus for a sand with fines, based on a correlation from Kulhawy and Mayne (1990), using a
refusal blow count is 69.1 megapascal (MPa), and the average bulk rock modulus, based on
Yang's correlation, using GSI and intact rock modulus, ranged from 9.9 to 88.1 MPa, with an
average of 62.2 MPa. The rock bulk modulus varied with depth. Amec Foster Wheeler used the
average bulk rock modulus based on Yang's correlations, for design.

3.3 Groundwater and Soil Moisture Conditions

Groundwater was encountered at the drainage crossing. Moisture content tests developed as part
of the density tests (ASTM D2937) and UU test (AASHTO T296) were used to evaluate the on-site
soil moisture characteristics. The site soils were generally described as being slightly moist with
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occasional moist zones above the groundwater table, and moist to wet below the groundwater
table. The measured soil moisture contents varied from 13.5 to 25.2 percent (of dry weight), with
an average value of approximately 19 percent.

The groundwater level was encountered near the ground surface of the Oraibi Wash. The
groundwater level elevation dropped slightly within the wash banks of the drainage crossing.

Seasonal variations could cause fluctuations in groundwater depth and depth to groundwater
could be shallower or deeper depending on the water flow in Oraibi Wash.

3.4 Site Seismicity

The project seismic criteria were determined in accordance with Section 3.10 of AASHTO (2014).
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 U.S. Geological Survey (USGS) seismic hazards program website (2014). The
values obtained from the website are based on 2009 AASHTO Guide Specifications for Load and
Resistance Factor Design (LRFD) Seismic Bridge Design and use 2002 USGS seismic hazard
data. The values for the box culvert structure and the arch bridge structure are presented in
Table 3.1.

Table 3.1: BIA N8066(3) - Seismic Design Parameters for Site Class B?

Period, seconds Spectral Acceleration Value, g Seismic Design Parameter
0.0 0.051 PGA?
0.2 0.111 Ss
1.0 0.032 S1

Note:
1 Results are based on a latitude of 36.34559 degrees and a longitude of -110.07058 degrees.
2PGA = peak ground acceleration

Based on the geotechnical investigation blow counts, a weighted average blow count of 12 was
determined for the upper 30 meters using Method B or the N Method from Table C3.10.3.1-1 of
AASHTO (2014). Site Class E was selected for the site as the weighted average blow count was
between 9 and 15, with the exception of B-4. Site Class E is defined as a site underlain by soft
clay. The modified seismic design parameters for Site Class E are presented in Table 3.2.

Table 3.2: BIA N8066(3) - Seismic Design Parameters for Site Class E!

Period, seconds Spectral Acceleration Value, g Seismic Design Parameter
0.0 0.129 As
0.2 0.277 Sbs
1.0 0.112 Sp1

Note:
1 Results are based on a latitude of 36.34559 degrees and a longitude of -110.07058 degrees.
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A horizontal response spectral acceleration coefficient (Sp1) of 0.112 was calculated using the
long-period range of acceleration spectrum coefficient (Fv). The calculated Sps is less than the
threshold value of 0.15g for Seismic Zone 1, Table 3.10.6-1 (AASHTO 2014).

4.0 DISCUSSION AND RECOMMENDATIONS

The following sections provide information and recommendations for foundation types for the
proposed culvert structure at the BIA Route N8066(3) Oraibi Wash crossing.

4.1 Foundation Type Recommendations

Amec Foster Wheeler understands that the BIA plans to construct a concrete box culvert structure
at the BIA Route N8066(3) Oraibi Wash crossing, at approximately Station 22+431. The bottom
of a box culvert structure behaves as a mat foundation supporting the box culvert and
embankment fill, and therefore was designed as a mat foundation.

Based on the differential bedrock profile depth encountered at the bottom of the Oraibi Wash at
the BIA Route N8066(3) crossing, and the potential for differential settlements between the inlet,
midpoint and outlet of the box culvert structure, Amec Foster Wheeler recommends BIA consider
an arch bridge structure supported on driven steel H-piles as an alternative to the box culvert.
Based on discussions with the BIA, the proposed precast concrete arch structure would span the
wash without a pier in the middle. If the arch structure layout changes, and a pier is needed in the
middle of the wash, Amec Foster Wheeler recommends using H-piles to support the arch structure
pier.

This memorandum presents recommendations for mat foundations for the box culvert in
Section 4.2.1 and H-pile foundations for the arch structure are discussed in Section 4.2.2.

4.2 Foundation Design Recommendations

The recommended design criteria is based on AASHTO LRFD Bridge Design Specifications
(AASHTO 2014).

Scour depths were considered in the design and are based on discussions and e-mail
correspondence with Messrs. Corwyn Henry and Harold Riley at the BIA. Scour depths for the
BIA Route N8066(3) crossing are reported in Table 4.1 for a 100-year storm event.

Table 4.1: Scour Depths for Oraibi Wash BIA N8066(3) Drainage Crossing

Scour Type 100-Year Scour Depth
Concrete Box Culvert with Wing Walls 1.5 meters
Piers 1.5 meters

The channel thalweg was identified as elevation 2028.3 meters. The scour depth values
presented in Table 4.1 need to be confirmed by the designer once the final drainage report is
available. If the recommendations in the final drainage report differ from what is presented above,
Amec Foster Wheeler should be contacted to revise our recommendations.
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Seasonal frost depth was considered in the design of the foundations. Amec Foster Wheeler
calculated a frost depth for design of spread footings based on the Arizona Department of
Transportation (ADOT) Freezing Index (1989). A frost depth of approximately 1 meter was
calculated based on the drainage crossing location. A conservative frost depth of 1.5 meters was
used in design. Any foundations placed should be founded a minimum of 1.5 meters below grade
to mitigate impacts due to frost.

The following sections provide design recommendations for the strength limit state and the service
limit state accounting for the 100-year scour depth.

4.2.1 Box Culvert Mat Foundation
4.2.1.1 Strength Limit State

The factored bearing resistance is calculated by multiplying the nominal bearing resistance by the
appropriate resistance factor. The resistance factor used in the determination of the factored
bearing resistance is a function of the design methodology, the soil type and the test method used
to determine the strength of the soil. The resistance factor used was 0.45, as presented in Table
10.5.5.2.2-1 of AASHTO (2014) using the theoretical method and standard penetration test
results. The nominal bearing resistance was calculated using a friction angle of 14 degrees and
cohesion of 36 kPa to evaluate the equations in Section 10.6.3 of AASHTO (2014).The factored
bearing resistance chart for various box culvert mat foundation widths is provided in the Mat
Foundation Design Chart shown in Figure 4.1. Calculation inputs and outputs for the design chart
are provided in Attachment C.

The factored bearing resistance chart in Figure 4.1 presents bearing resistances for various
effective footing widths. The bearing resistance for the strength limit state is identified by the
“Strength Limit State” curve. The effective width of eccentrically loaded footings should be
determined using equation 10.6.1.3-1 of AASHTO (2014). Note that the footings should be sized
to satisfy the limiting eccentricity requirements discussed in Section 4.4.2.

4.2.1.2 Service Limit State

The magnitude of foundation settlement is a function of the vertical net bearing resistance
developed by the soil. The relationship between settlement and nominal net bearing resistance
was calculated using the method presented by Schmertmann (1970) and Schmertmann, et al
(1978). Estimates of soil elastic modulus were developed using correlations with SPT blow counts
presented in Bowles (1982), AASHTO (2014: Article 10.4.6.3) and Kulhawy and Mayne (1990).
The uncorrected SPT (N) values ranged from 3 to 36. The soil modulus values used in the design
varied from approximately 412 to 29,664 kPa. As discussed in Section 3.2.3 of this memorandum,
estimates of rock bulk modulus were developed using GSI and intact rock modulus values
(AASHTO 2014: Article 10.4.6). The rock bulk modulus value used in the design was 62.2 MPa
from approximately 19.5 to 25.5 meters bgs and 71.8 MPa below 25.5 meters bgs.
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Box Culvert Mat Foundation
Footing Length = 60 meters, Depth of Embedment = 0.3 meters
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Figure 4.1: Mat Foundation Design Chart
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The limited vertical net bearing resistance was determined for settlement values of 50, 100, 150,
200, 250, and 300 millimeters, and various box culvert mat foundation footing widths and is
provided in the Mat Foundation Design Chart shown in Figure 4.1. The net bearing resistances
for the various service limit states is identified by the “Long-term settlement in millimeters (S)”
curves.

Due to the low soil modulus values overlaying the bedrock, settlements of up to 300 millimeters
can be anticipated depending on the mat foundation loads. As mentioned in Section 3.2.3, the
bedrock depth varies across the length of the planned box culvert alignment, and the shallowest
rock depth is at the outlet of the planned box culvert. The bedrock drops off to the east or toward
the inlet of the structure. The variable rock depth will lead to differential settlements of the
embankment and should be considered when designing the drainage flow of the box culvert.

The liquid limit of the clays encountered at the wash bottom varied from medium to high plasticity.
Based on the liquid limit, an estimated coefficient of consolidation and the drainage path length,
primary consolidation (90 percent) of the clay could take two to three years to occur.

If the anticipated settlement determined from the Mat Foundation Design Chart shown in Figure
4.1, along with the potential differential settlement and duration, is not acceptable to the designer,
Amec Foster Wheeler recommends that the BIA consider the arch structure supported on driven
H-piles for the drainage crossing at BIA N8066(3). The arch structure foundations are addressed
in Section 4.2.2 of this memorandum.

4.2.1.3 Modulus of Subgrade Reaction

Amec Foster Wheeler recommends mat foundations bearing on native soils be designed using a
modulus of subgrade reaction (k) value of 18,000 kilo Newton per cubic meter.

4.2.1.4 General Design Criteria

The footings should be founded on a minimum of 150 millimeters of bedding material that is
scarified and recompacted to at least 95 percent of maximum dry density (standard Proctor) as
determined by the applicable AASHTO test methods. The bedding material should be in
accordance with Federal Highway Administration (FHWA) FP-14 Standard Specifications for
Construction of Roads and Bridges Section 704.02 (2014).

4.2.2 Driven H-Pile Foundations for Arch Bridge Structure
4.2.2.1 General

Recommendations are presented herein for driven H-piles bearing in predominantly fine-grained
soils for support of the arch bridge structure. The recommended design criteria presented herein
is based on the AASHTO LRFD procedures presented in Section 10.7 of AASHTO (2014) and
FHWA Design and Construction of Driven Pile Foundations guidelines (2006).

Amec Foster Wheeler evaluated if negative skin friction loads, or downdrag, needed to be
included for the piles at the bridge abutments. Based on a review of the available road profile
design plans provided by the BIA on September 12, 2015, the bridge abutment foundations do

BIA Order No. A15PD00791
Black Mesa Community School, Arizona June 15, 2016 Page 10


josh.papworth
Highlight
f the anticipated settlement determined from the Mat Foundation Design Chart shown in Figure 
4.1, along with the potential differential settlement and duration, is not acceptable to the designer, 
Amec Foster Wheeler recommends that the BIA consider the arch structure supported on driven 
H-piles for the drainage crossing at BIA N8066(3). 

josh.papworth
Highlight
The footings should be founded on a minimum of 150 millimeters of bedding material that is 
scarified and recompacted to at least 95 percent of maximum dry density (standard Proctor) as 
determined by the applicable AASHTO test methods. The bedding material should be in 
accordance with Federal Highway Administration (FHWA) FP-14 Standard Specifications for 
Construction of Roads and Bridges Section 704.02 (2014).


Foundation Design Memorandum No. 1
BIA Project N8066(3) Drainage Crossing

not penetrate fill and will be founded in native soils. Since no fill is present, settlement of the soil
around the pile is not anticipated to cause downdrag. Therefore, downdrag loads were not
included. If the abutment locations, as drilled, or road profile alignment changes, Amec Foster
Wheeler should be notified to review the revised drawings and modify our recommendations, as
necessary.

Scour depths were considered in the design and are based on discussions and e-mail
correspondence with Messrs. Corwyn Henry and Harold Riley at the BIA. Scour is not anticipated
at the abutments for the BIA N8066(3) drainage crossing. However, if the location of the
abutments, as drilled, changes, scour should be evaluated and scour protection of the abutments
may be necessary.

Seasonal frost depth was considered in the design of the foundations. Amec Foster Wheeler
calculated a frost depth for the design based on the Arizona Department of Transportation (ADOT)
Freezing Index (1989). A frost depth of approximately 1 meter was calculated based on the bridge
location. A conservative frost depth of 1.5 meters was used in the design. The upper 1.5 meters
were not considered to contribute to the vertical resistance of the piles at the abutments.

The following sections provide design recommendations for the strength limit state. The service
limit state could not be assessed due to limited information available on foundation loads and pile
group configurations. The design charts for the strength limit state are presented in Figures 4.2
through 4.5.

Section 10.7.6 of AASHTO (2014) provides direction regarding minimum pile penetration. The
minimum pile penetration needs to be determined to meet the following requirements:

1. Single and pile group settlement (service limit state)
2. Lateral loading and deflection (service limit state)

3. Uplift (strength limit state)

4. Downdrag (strength limit state)

5

Scour

Uplift, downdrag and scour were considered for the development of the strength limit design
charts presented in Section 4.2.2.2 of the memorandum.

4.2.2.2 Strength Limit State

Resistance factors used in the determination of the vertical resistance for H-piles are a function
of the design methodology. The H-pile capacities were calculated using the Nordlund/Thurman
Method for side resistance and tip resistance in cohesionless soils (AASHTO 2014:
Section 10.7.3.8.6f). The a-Method was used for side resistance calculations and the tip
resistance method was used for tip resistance calculations in cohesive soils as presented in
Section 10.7.3.8.6 (b and e) of AASHTO (2014). The corresponding nominal bearing resistance
factor for the Nordlund/Thurman Method driven pile design, for side resistance and end bearing,
is 0.45 and the nominal bearing resistance factor for the a-Method is 0.35, as presented in
Table 10.5.5.2.3-1 of AASHTO (2014). The resistance factors used for the vertical resistance
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assume redundant foundations as defined in Section 10.5.5.2 of AASHTO (2014), see
Section 4.2.2.5 of this memorandum for details. Calculation inputs and outputs for the vertical
resistance design charts are provided in Attachment C.

The uplift resistance was determined based on AASHTO (2014) Section 10.7.3.10 for single piles.
Uplift on single piles should be evaluated when tensile forces are present. The resistance factors
for uplift are 0.35 for cohesionless soils using the Nordlund/Thurman Method and 0.25 for
cohesive soils using the a-Method. Calculation inputs and outputs for the uplift resistance design
charts are provided in Attachment C. Uplift resistance of a pile group will need to be verified per
Section 10.7.3.11 of AASHTO (2014) once the pile configuration and embedment depth have
been determined. The nominal uplift resistance should be taken as the lesser of the sum of the
individual pile uplift resistance, or the uplift resistance of the pile group considered as a block.

The vertical resistance above elevation 2031.5 meters for the abutments, and 2026.5 meters for
the pier, was neglected during the development of the design charts due to frost potential and/or
scour within that zone.

The maximum factored pile strength, assuming the use of 345 MPa steel and a resistance factor
of 0.50 (AASHTO Section 6.5.4.2), shall be less than 172.5 MPa.

The design chart for the arch structure abutments, presenting the nominal bearing resistance of
various H-piles, is presented in the Arch Structure Foundation Design Chart - Abutments shown
in Figure 4.2. The design chart for the arch pier, presenting the nominal bearing resistance of
various H-piles, is presented in the Arch Structure Foundation Design Chart - Pier shown in
Figure 4.3.

The nominal uplift resistance of various H-piles for the arch structure abutments, is presented in
the foundation design chart shown in Figures 4.4. The design charts for the arch pier, presenting
the nominal uplift resistance of various H-piles, is presented Figures 4.5.

4.2.2.3 Service Limit State

Service limit state for the bridge abutments was not assessed due to limiting information available
on the foundation loads and configurations. The service limit state will need to be examined once
more information is available. Service limit state settlement of driven piles is a function of the pile
group size, pile embedment depth and corresponding soil strata, and the net foundation pressure
applied.

Amec Foster Wheeler has provided a sample calculation for anticipated settlement of pile
foundations, assuming foundation loading and number of piles. An estimated settlement of about
1 inch at the abutments was calculated for four HP12x53 H-piles, spaced at four diameters, and
embedded at 40 feet below ground surface. The sample calculations are provided in
Attachment D.
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N8066(3) - Abutments
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Figure 4.2: Arch Structure Foundation Design Chart for Bearing Resistance — Abutments
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N8066(3) - Pier
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Figure 4.3: Arch Structure Foundation Design Chart for Bearing Resistance — Pier
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N8066(3) - Abutments

Nominal Uplift Resistance [kN]
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Figure 4.4: Arch Structure Foundation Design Chart for Uplift Resistance — Abutments
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N8066(3) - Pier
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Figure 4.5: Arch Structure Foundation Design Chart for Uplift Resistance — Pier
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4.2.2.4 Group Effects - Axial

Design criteria for reductions in axial resistance resulting from group effects are presented in
Section 10.7.3.9 of the AASHTO (2014) manual. For pile groups in clay, if the cap is not in firm
contact with the ground and if the soil at the surface is soft, the individual nominal resistance of
each pile shall be multiplied by an efficiency factor n, taken as:

e n = 0.65 for a center-to-center spacing of 2.5 diameters,

e n = 1.0 for a center-to-center spacing of 6.0 diameters.
For intermediate spacings, the value of n should be determined by linear interpolation.

If the cap is in firm contact with the ground, the nominal resistance of each pile does not need to
be reduced. Also, if the cap is not in firm contact with the ground and if the soil is stiff, the nominal
resistance of each pile does not need to be reduced.

For pile groups in cohesionless sall, if the cap is or is not in contact with the ground, the efficiency
factor, n, shall be 1.0 for a center-to-center pile spacing of 2.5 diameters or greater.

Based on the ground conditions encountered at the site, Amec Foster Wheeler recommend using
an efficiency factor n for pile groups in clay where the soil at the surface is soft due to the seasonal
moisture variation of the soils at the ground surface.

In addition, for pile groups in clay, the nominal bearing resistance should be the lesser of:
e The sum of the individual nominal resistances of each pile in the group, or

e The nominal resistance of an equivalent pier consisting of the piles and the block of soil
within the area bounded by the piles.

For pile groups in cohesionless soil, the nhominal bearing resistance should be the sum of the
resistances of all the piles in the group.

4.2.2.5 Redundancy of Foundations

The resistance factors used for calculating the vertical capacity may need to be modified
depending upon the number of piles used at each foundation element or the redundancy of the
foundations. Section 10.5.5.2.3 of AASHTO (2014) states, “If the resistance factors provided in
Table 10.5.5.2.3-1 are to be applied to small pile groups, the resistance factor values in the table
[Table 10.5.5.2.3-1] should be reduced by 20 percent to reflect the reduced ability for
overstressing of an individual foundation element to be carried by adjacent foundation elements.
The minimum size of a pile group necessary to provide significant opportunity for load sharing
ranges from 2 or 3 (Isenhower and Long, 1997) to 5 (Paikowsky, et al., 2004)".

The BIA stated that a minimum of four piles will be used per foundation element, and thus the
minimum group pile size requirement will be met. The strength limit state design charts,
Figures 4.2 through 4.5, were prepared assuming redundancy in the foundations, and can be
used without the 20 percent reduction.
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4.2.2.6 Resistance to Lateral Load — Lateral Analysis

Lateral soil-structure interaction analyses of single piles are typically performed using the
computer program LPILE (Ensoft 2012). This procedure estimates the lateral load-displacement
behavior using a finite difference technique based on elastic beam column theory and soil
reaction-displacement curves. Based on Reese and others (1984), the behavior of the soil
surrounding the laterally loaded pile is described by lateral load-transfer functions referred to as
p-y curves. The soil reaction (p) is related to the pile deflection (y) for various depths below the
ground surface. In general, these curves are nonlinear and depend upon several parameters
including depth, pile size and soil strength. Deflection, bending moment and shear profiles at
specified intervals along the length of the pile can be computed.

An L-Pile analysis is recommended to evaluate the soil-structure interaction. Soil strength
parameters for use in LPILE analyses are provided in Table 4.2.

Table 4.2: Soil Strength Parameters for LPILE Analyses — BIA N8066(3)

Average Eriction Undrained Soil Horizontal Recommended
Elevation Moist Unit Anale Shear Strain Subgrade Soil Type in
(meters) Weight?! (de rgees) Strength Ratio Modulus K LPI)I/_pE
(kg/m?) 9 (kPa) €50 (KN/m?)
Abutments 1 & 2
Above 20315 | - | - | e | e | e e
2031520255 1,760 | - 120 0.005 | - Stff Clay without
free water
2025.5-2018 1,920 | - 38 0.010 |  ---- Soft Clay
2018 — 2012 2,000 32 o | - 13,570 Sand
Below 2012 2,080 35 o | - 21,715 Sand
Pier
Above 20265 | | |
(or scour depth)
2026.5 - 2019.5 1920 | - 38 0.010 | - Soft Clay
2019.5 - 2010.5 2,000 32 o | - 13,570 Sand
Below 2010.5 2,080 35 o | - 21,715 Sand
Notes:

1 Soil buoyant unit weight should be used in LPILE below the groundwater elevation. Groundwater elevation was at
approximately elevation 2024 meters for the abutments and 2028 meters for the pier, at the time of the geotechnical
investigation. Buoyant unit weight is obtained by subtracting 1000 kilograms per cubic meter from the moist unit
weight in the above table.

kg/m?3 kilogram per cubic meter, kPa = kilopascal, kN/m? kilonewton per cubic meter.

Where embankments, in front of piles, slope downward away from the abutment, the lateral soil
resistance against piles should be reduced. It is conservatively recommended that lateral soil
pressures (for loading normal to the column line) be neglected within the zone above the catch
point (on the slope) of a horizontal line projected outward a distance of three pile diameters or
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1.5 meters, whichever is greater (for example, a horizontal distance of 1.5 meters to the catch
point on the slope for a 0.5-meter-diameter pile) from the front of the pile.

4.2.2.7 Group Effects — Lateral

The design of laterally loaded piles must account for the influence from adjacent piles in a group.
Section 10.7.2.4 (AASHTO 2014) defines a group with respect to lateral loading as piles spaced
less than five diameters center-to-center in the direction parallel and normal to the applied load.
When the piles are in a group, the lateral resistance of the soil is reduced to account for the
influence of adjacent piles by multiplying the values of p, of the p-y curves, by P-multiplier values
(Pm). The values of Py, vary as a function of the center-to-center spacing of the piles within the
group. The loading direction and spacing are shown in Figure 10.7.2.4-1 in AASHTO (2014).
Recommendations for P, values are also shown in Table 10.7.2.4-1 in AASHTO (2014).

The center-to-center pile spacing should not be less than 76 centimeters or 2.5 pile diameters.
The distance from the side of any pile to the nearest edge of the pile cap should not be less than
23 centimeters.

4.2.2.8 Overall Stability

The overall stability of the abutments will need to be examined once more information is available
on the foundation loading and pile configuration. To determine the slope stability of the slope, a
friction angle of 14 degrees with a cohesion intercept of 36 kPa and a unit weight of 1920 kcm
should be used for the clay soil (Layer A) strength. For the silty sand soil (Layer B) strength, a
friction angle of 32 degrees, zero cohesion, and a unit weight of 2000 kcm. Layer A extends form
the surface to a depth of about 16 meters bgs at the wash banks and layer B extends from a
depth of about 16 meters to 22 meters bgs at the wash banks (Section 3.2 of this memorandum).

4.3 Construction Considerations
4.3.1 Temporary Excavations for Spread-Type Footings or Mat Foundations

Temporary excavations above the groundwater table should conform to Occupational Safety and
Health Administration (OSHA) regulations. Within this system, the classification of the on-site soils
is Type B. It is recommended that unsupported temporary cut slopes, less than 20 feet in height,
in these soils be made no steeper than 1H:1V. Excavations below the groundwater table should
conform to the site conditions during construction. The slopes may need to be flatter than a 1H:1V.
The Contractor should analyze the stability to the slopes prior to construction. A temporary bracing
system and dewatering of the trench may be necessary. A temporary excavation support systems
should be designed by a geotechnical engineer. Due to soft ground conditions (low blow count
values and groundwater), the contractor may need to use a working platform during construction.

Spoil piles should be located no closer than 2 meters from the crest of the slopes. Large patrticles,
including large clods, should be kept away from the crest of the slopes. Moisture increases in the
soils will weaken them and could cause slope failures. Some localized raveling could occur as
the exposed soils dry. The excavations should be protected from stormwater runoff or other
sources of moisture. Small berms may be necessary to protect the excavations from storm runoff.
If the soils are subjected to moisture increases, the stability of the slopes should be reevaluated.
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4.3.2 Excavations Adjacent to Spread-Type Footings or Mat Foundations

Excavations adjacent to spread footings or mat foundations should not be permitted within the
area of influence of the footings. The influence area is defined as the footing width (B) with 1H:1V
(horizontal to vertical) side slopes continuing to depth. If excavations in the native soils, extending
into the area of influence, are performed prior to construction of the spread-type footings or mat
foundations, the excavations should be backfilled with structural backfill. If excavations in the
bedrock, extending into the area of influence, are performed prior to construction of the footings,
the excavations should be backfilled with a controlled low-strength material (CLSM) (i.e., one-sack
slurry).

4.3.3 Pile Load Testing

A test pile program at the site is strongly recommended for this project prior to construction. The
purpose of the test pile program is to gather information regarding hammer/pile/soil interaction,
develop driving criteria, verify the contractor’s equipment and installation procedures, determine
the uplift resistance and verify the pile capacities estimated from the static analysis.

If possible, the test pile program should be performed during the design phase to confirm and
verify the recommendations contained in this report, and properly evaluate the pile driving
characteristics of the subsurface profile. A design stage test pile program would yield a more
sophisticated design that would allow for a more cost efficient foundation design. Otherwise,
consideration should be given to limit the number of piles ordered before the pile testing program
is performed.

Adjustments, based upon the dynamic testing results, may need to be made to the pile capacities
estimated from the static analysis in this report.

4.4 Box Culvert Design Considerations
4.4.1 Sliding

Sliding resistance can consist of two components: sliding resistance between soil and foundation
and passive resistance of the soil. The resistance factor for sliding depends on the resistance
component, the soil type and construction method. Resistance factors are shown in Table 4.4 and
should be used in conjunction with Equation 10.6.3.4-1 (AASHTO 2014) to calculate the factored
nominal sliding resistance.

Table 4.4: Resistance Factors for Sliding of Shallow Foundations at the Strength Limit
State (After Table 10.5.5.2.2-1 of AASHTO 2014)

Method/Soil/Condition Resistance Factor
Precast concrete placed on sand 0.90
Cast-in-place concrete on sand 0.80
o Cast-in-place concrete or precast concrete on clay 0.85
Soil on soil 0.90
dep Passive earth pressure component of sliding resistance 0.50

BIA Order No. A15PD00791
Black Mesa Community School, Arizona June 15, 2016 Page 20



Foundation Design Memorandum No. 1
BIA Project N8066(3) Drainage Crossing

The nominal sliding resistance between soil and foundation should be calculated using
Equation 10.6.3.4-2 (AASHTO 2014). An internal friction angle of the soil (¢r) of 14 degrees is
recommended for determining the sliding resistance between the soil and the foundation.

The nominal passive resistance of soil can be included below a depth of 1.5 meters from the
finished grade. The passive resistance against the edges of footings, stem walls and other vertical
foundation elements, in contact with properly compacted structure backfill or native site sails,
should be considered as being equal to the force exerted by a fluid pressure of 14.4 kPa, per foot
of depth. For sloping ground conditions, the above passive value should be applied only to the
portions of the footing that are a minimum horizontal distance of 3 meters from the edge of the
slope.

4.4.2 Limiting Eccentricity

The maximum allowable eccentricity, e, of loading at the strength limit state for spread footings
should be calculated. AASHTO Section 10.6.3.3 Eccentric Load Limitations does not account for
a backslope inclination angle of soil retained behind a wall; hence, Amec Foster Wheeler
recommends calculating the e in accordance with Arizona Department of Transportation’s (ADOT)
Geotechnical Design Policy SF-2 (ADOT 2010). The formulas are presented below:

e e < BJ[(1/3) — (B/320)] for footings on soils
e e < BJ(3/7) — (B/500)] for footings on rock

Where:

B = This represents the footing dimension (width of length) for which eccentricity is being
calculated.

B = The backslope inclination angle for the soil retained behind the wall in degrees with
respect to horizontal. The maximum limit on  is 26.6 degrees.

The formula for soils should be used for footings on this project.
4.4.3 Overall Stability

The overall stability of the embankment will need to be examined once more information is
available. The current source of borrow is unknown and therefore shear strength parameters
cannot be provided. Prior to construction, the roadway designer will need to evaluate the soil
shear strength characteristics and provided stability analysis results for the proposed
embankment geometry.

4.5 Corrosion and Degradation Potential — Steel Pipes

Corrosion potential was not evaluated at the N8066(3) box culvert structure. However, if the arch
bridge structure supported on H-piles is considered, the test results from the N8065(1) bridge
structure can be used to assess the soil due to the similarity in soil properties. Three soil samples
at the N8065(1) bridge borings BS-2, BS-4 and BS-5, located within the planned pile locations,
were tested to evaluate the corrosion potential on steel H-piles. The corrosion potential for the
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site was characterized using laboratory pH and electrical resistivity testing, performed in
accordance with Arizona Test Method 236.

The laboratory resistivity values ranged from 212 to 1,468 ohm-centimeters (ohm-cm), and the
pH values ranged from 8.3 to 8.4. Section 10.7.5 of AASHTO (2014) states that pile corrosion
and/or deterioration is likely under the following site conditions:

1. Resistivity less than 2,000 ohm-cm

2. pHlessthan5.5

3. pH between 5.5 and 8.5 in soils with high organic content
The site soils meet the first condition, which warrants the use of pile coatings or other protective
methods. Protective coatings should be abrasion resistant. Piles can also be protected by low

permeability concrete encasement, or made of special steel alloys of increased corrosion
resistance.
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Boring Locations - BIA N8066(3)

TABLE 1

i ; : Targeted Actual Boring Depth
Borin
Boring Station Reference Location Elevation Direction® QIR ? Structure Boring (m)
Number (m) (m) Type Sttt .
epth (m) Auger Coring
B-1 Proposed BIA Route N8066 CL 22+480 2033.0 CL - ATV Arch 30 29.7 0
B-2 Proposed BIA Route N8066 CL 22+418 2032.7 CL - ATV Arch 30 21 6
B-3 Proposed BIA Route N8066 CL 22+435 2028.3 CL - ATV Culvert/Arch 30 27.6 2.4
B-4 Proposed BIA Route N8066 CL 22+422 2028.3 L 8.4 ATV Culvert 30 8.85 6
B-5 Proposed BIA Route N8066 CL 22+455 2030.0 R 13 ATV Culvert 30 18 6.4
LCL - centerline, R - Right, L - Left
ZATV - Specialized ATV Mounted Drill Rig with 220mm Hollow Stem Auger
BIA Order No. A12PC00121
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FIGURE 5
Summary of Direct Shear Test Results
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FIGURE 6
Summary of UU Test Results
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Figure 7

Subsurface Profile for N8066(3) Arch Bridge Structure
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Figure 8
Subsurface Profile for N8066(3) Box Culvert Structure
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TEST DRILLING EQUIPMENT AND PROCEDURES

Description of Subsurface Exploration Methods

Auger Boring Drilling through overburden soils is performed with 6 5/8-inch O.D., 3 1/4-inch I.D.
hollow stem auger or 4 1/2-inch solid stem continuous flight auger. Carbide insert teeth are
normally used on bits so they can penetrate soft rock or very strongly cemented soils. A CME-75
truck-mounted drill rig is used to advance the auger. The drill rigs are powered with six-cylinder
Cummins diesel engines capable of delivering about 11.4 kN-m torque to the drill spindle. The
spindle is advanced with twin hydraulic rams capable of exerting 90 kN (20,000 pounds) downward
force.

Generally, refusal to penetration of the auger is adopted as top of the SGC or “river-run” material or
harder bedrock, which require other techniques for penetration. Grab samples or auger cuttings
may be taken as necessary. Standard penetration tests or 2.42-inch diameter ring samples are
taken in conjunction with the auger borings as needed, with the sampling interval and type being
indicated on the boring logs.

Hammer Drill Drilling with the Hammer drill is accomplished with a Drill Systems AP-1000 drill rig
advancing a double-walled drive casing with a link-belt 180 diesel pile driving hammer, having a
rated energy of 8,100 foot-pounds per blow. Where noted on the boring log, the hammer is
equipped with a supercharger which can boost the energy to approximately 12,000 foot-pounds per
blow. The supercharger is used only in portions of the boring where blow counts are relatively high.
Cuttings are removed with compressed air by a reverse circulation process, and are collected in a
cyclone from which grab samples are obtained. The drive casing is either 9-inch O.D. by 6-inch |.D.
or 6 5/8-inch O.D. by 4-inch I.D. and employs an expendable bit of slightly larger diameter than the
O.D. of the casing. Hammer blows required to advance the drive casing are recorded in 1-foot
increments, as noted on the boring logs. Standard penetration tests or 2.42-inch diameter ring
samples taken are noted on the boring logs.

Core Boring Rock core samples are retrieved using a CME-75 drill rig, SAITECH GH 3 rig or Burley
2500, 4500 or 4000. The GH 3 is a portable hydraulic core drill. The GH 3 is powered by a Kohler
two-cylinder 25-horsepower engine. The hydraulics motor which feeds a two-speed transmission
and powers the BW spindle. This unit has a 3-foot stroke and is hand-fed with a 2,000 pound push-
pull capability. The GH 3 has the capability of drilling with either B- or N-size core steel using
standard or wireline systems. N-size core is the preferred size and it has a nominal O.D. of about 2
inches. The Burley 2500 and 4500 series are portable hydraulic core drills. The 4500 series is
capable of a track-mounted or skid-type chassis. The Burley 2500 and 4500 series are powered by
44 and 75 HP power units, respectively, provide up to 2,000 foot-pounds (ft.-Ibs.) of torque and in
excess of 1,000 revolutions per minute (RPM) of spindle speed. Both rigs are capable of retrieving
either N- or H-sized core using wireline systems. The N-size core has a nominal O.D. of about 2
inches and the H-size of about 2.4 inches. The Burley 4000 is a track-mounted core drill.

The CME-75 utilizes a wireline core drilling system that takes N-size cores. Using the NQ wireline
system, core is recovered quickly by retrieving the core-laden inner tube through the drill string.



TEST DRILLING EQUIPMENT AND PROCEDURES (Cont.)

Sampling Procedures Dynamically driven tube samples are usually obtained at selected intervals in
the borings by the ASTM D1586 test procedure. In many cases, 2-inch O.D., 1 3/8-inch I.D.
samples are used to obtain the standard penetration resistance. “Undisturbed” samples of firmer
soils are often obtained with 3-inch O.D. samples lined with 2.42-inch 1.D. brass rings. The driving
energy is generally recorded as the number of blows of a 140-pound, 30-inch free fall drop hammer
required to advance the samples in 6-inch increments. However, in stratified soils, driving
resistance is sometimes recorded in 2- or 3-inch increments so that soil changes and the presence
of scattered gravel or cemented layers can be readily detected and the realistic penetration values
obtained for consideration in design. These values are expressed in blows per 6 inches on the
boring logs. "Undisturbed" sampling of softer soils is sometimes performed with thin walled Shelby
tubes (ASTM D1587), pitcher samplers, Denison samplers or continuous CME samplers. Where
samples of rock are required, they are obtained by NQ diamond core drilling (ASTM D2113). Tube
samples are labeled and placed in watertight containers to maintain field moisture contents for
testing. When necessary for testing, larger bulk samples are taken from auger cuttings. Also,
representative samples are obtained from the cuttings from the hammer and Schramm drill rig.

Boring Records Drilling operations are directed by our field engineer or geologist who examines
soil recovery and prepares the boring logs. Soils are visually classified in accordance with the
Unified Soil Classification System (ASTM D2487), with appropriate group symbols being shown on
the boring logs.




TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY,

CONSISTENCY OR FIRMNESS OF SOILS

The terminology used on the boring logs to describe the relative density, consistency or firmness of soils
relative to the standard penetration resistance is presented below. The standard penetration resistance (N)
in blows per foot is obtained by the ASTM D1586 procedure using 2" O.D., 1 3/8" I.D. samplers.

1. Relative Density. Terms for description of relative density of cohesionless, uncemented sands and

sand-gravel mixtures.

N
0-4
5-10

11-30

31-50

50+

Relative Density

Very loose
Loose
Medium dense
Dense

Very dense

2. Relative Consistency. Terms for description of clays which are saturated or near saturation.

N Relative Consistency
0-2 Very soft
34 Soft
5-8 Medium stiff
9-15 Stiff
16-30 Very stiff
30+ Hard

Remarks

Easily penetrated several inches with fist.

Easily penetrated several inches with thumb.

Can be penetrated several inches with thumb with
moderate effort.

Readily indented with thumb, but penetrated only with
great effort.

Readily indented with thumbnail.

Indented only with difficulty by thumbnail.

3. Relative Firmness. Terms for description of partially saturated and/or cemented soils which commonly
occur in the Southwest including clays, cemented granular materials, silts and silty and clayey granular

soils.

Relative Firmness

Very soft

Soft
Moderately firm
Firm

Very firm

Hard



UNIFIED CLASSIFICATION SYSTEM FOR SOILS

Soils are visually classified by the United Soil Classification System on the boring logs presented in this report.
Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification.
The classification system is briefly outlined on this chart. For a more detailed description of the system, see

" The Unified Soil Classification System " ASTM Designation: D2487

MAJOR DIVISION GRAPH | GROUP TYPICAL DESCRIPTION
SYMBOL |SYMBOL
(=)
>° Q; GW Well graded gravels, gravel-sized mixtures
ﬁg\ CLEAN GRAVELS OOQ . or sand-gravel-cobble mixture.
g 2 (Less than 5% passes No. 200 sieve) 5 -
o § < B .; GP Poorly graded gravels, gravel-sized mixtures
=5 2 S~ or sand-gravel-cobble mixture.
— z g g 'o <
2 223 Limits plot below - @&
" .g (C] 2 g GRAVELS WITH "A" line & hatched zone GM Silty gravels, gravel-sand-silt mixture.
28 S5 FINES on plasticity chart <
8 S = g (More than 12% Limits plot below
S = asses No. 200 sieve) | wpu 1:
a < P ) A" line & hatched zone GC Clayey gravels, gravel-sand-clay mixture.
% o on plasticity chart
[2]
X ©
[T [o%
‘L})'-l gu: . SW Well graded sands, gravelly sands.
% c 82 CLEAN SANDS
8 2 3 % (Less than 5% passes No. 200 sieve)
= 82
ﬁ IS SP Poorly graded sands, gravelly sands.
] BN ez
T | 2833
558 Limits plot below [
s g SANDS WITH "A" line & h.aFched zone -4l SM Silty sands, sand-silt mixtures.
S FINES on plasticity chart . :
5=
=g (More than 12% Limits plot below %
passes No. 200 sieve) | "A" fine & hatched zone [<"<" 1 §C Clayey sands, sand-clay mixtures.
on plasticity chart e
2 2k SILTS OF LOW PLASTICITY Inorganic silts, clayey silts with slight
T, 0% (Liquid limit less than 50) ML plasticity.
] (@]
(/2] 0wz
2 3 H9ZRE
o % HE-TO
8 & 7¢>T ® ,‘2 < § 5 SILTS OF HIGH PLASTICITY MH Inorganic silts of high plasticity, silty soils,
Qo2 | = 13 (Liquid limit more than 50) elastic silts.
250 -
< EQ
g <’3° C; % z 'g CLAYS OF LOW PLASTICITY CL Inorganic clays of low to med?um plasticity,
,_é g =z pEwLg (Liquid limit less than 50) gravelly clays, sandy clays, silty clays, lean clays.
Z 0 =286
w 3358k 7
© z < § 5 CLAYS OF HIGH PLASTICITY / CH Inorganic clays of high plasticity, fat clays,
s £ é (Liquid limit more than 50) / silty and sandy clays of high plasticity.
-
/

NOTE: Coarse-grained soils with between 5% to 12% passing the No. 200 sieve and fine-grained soils with limits plotting in the hatched zone
on the plasticity chart to have dual symbol.

PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS

SOIL COMPONENT | PARTICLE SIZE RANGE

x
o Boulders Above 300mm (12in.)
=z Cobbles 300mm to 75mm (12in. to 3in.)
> Gravel 75mm (3in.) to No. 4 sieve
= Coarse gravel 75mm to 19mm (3in to 3/4in.)
8 Fine gravel 19mm (3/4in.) to No. 4 sieve
[4)) Sand No. 4 to No. 200
j Coarse No. 4 to No. 10
o Medium No. 10 to No. 40

Fine No. 40 to No. 200

Fines (silt or clay) Below No. 200 sieve




\

PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N.4022737.0  E.583433.7 wheeler
JOB NO. 17-2015-4045 DATE 2-2-16to 2-3-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
bop=s g e | . s | _s | SURFACEEL.(m) _2033.4m
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
oo £ oo ScE|SegD 2
s 8 %52 | 5_ |2l8| & |S%g|3e8s| 8%
8.3/ 858| £ 5|8 & |Zzo5|25087 %8 REMARKS VISUAL CLASSIFICATION
0025 15[ 569 cL moist CLAY WITH SAND, fine grained sand in
/ SSLY to CH at surface zones, medium to high plasticity, dark brown
/ N frozen from . i
/ = 0to 0.3m note: some short calcium carbonate filaments
/ = ' below 0.6m
/ SIS| 13-8- moderately firm
/ RS 11 to very firm
/ N slightly moist
>45 / S[12-14- below 0.3m
1.5
/ 17
20 % T 14337] 135
) / note: clayey sand zones up to 100mm thick
2.50 / S|10-12- below 2.7m
% 11
CL CLAY, ftrace silt, fine grained sand, low to
/ medium plasticity, brown
/ slightly moist
S|5-7-11
4.5 % firm
60 % s[7-7-10
| 240 % note: decrease in fines at 6m
7 CH CLAY, trace fine grained sand, considerable
slightly moist calcium carbonate filaments, high plasticity,
/ dark brown
75 % ‘ Ul 39 [1619.8] 18.6 firm note: 8.75 kg/cm2 Torvane Shear Test
) GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
V| 1035 12:30 2-2-16 S-51mm 0.D. 35mm |.D. tube sample. LOG OF TEST BOR'NG NO B-1
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of 4
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PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec [\
Navajo Nation foster
LOCATION () N.4022737.0  E.583433.7 wheeler
JOB NO. 17-2015-4045 DATE 2-2-16 to 2-3-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
_ BORING TYPE 210mm Hollow Stem Auger
bop=s g e | . s | _s | SURFACEEL.(m) _2033.4m
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
~98a| £ oo gsE|SECED =
s 81852 5§ |e2lg © |8%c|Zes3| 2%
8.3/ 858| £ 5|8 & |Zzo5|25087 %8 REMARKS VISUAL CLASSIFICATION
% CH slightly moist CLAY, continued
S| 9-17-
/ 13 firm note: some reddish-brown, iron-oxide staining
% note: decrease in sand below 8m
9.0 >4.5 % S| 9-13- note: 15.6 kg/cm’ Torvane Shear Test
) / 17
% moist at 10m
v % note: some clayey sand zones from 10m to 12m
210 S| 1-3-3 very moist )
10.5 / to wet at 10.35m note: 4.5 kg/cm” Torvane Shear Test
% medium stiff
12.0 3.30 / S| 2-5-8 note: 12 kg/cm® Torvane Shear Test
: / very moist
/ stiff to
/ Ul 15 |1556.8| 24.0 medium stiff
/ below 12m
/ very moist
/ to wet at 13m
1.90 / S| 3-4-6 note: 6 kg/cm® Torvane Shear Test
13.5
/ wet
/ note: 2.5 kg/cm” Torvane Shear Test
15.0 1-1.2 A S| 1-4-4 note: increase in sand at 15m
) GROUNDWATER SAMPLE TYPE
DEPTH (m)] HOUR|  DATE .
- A - Auger cuttings; NR-No Recovery -
V| 1035 12:30 2-2-16 S -51mm O.D. 35mm I.D. tube sample. LOG OF TEST BOR'NG NO B-1
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 2 of 4




\

PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N.4022737.0  E.583433.7 wheeler
JOB NO. 17-2015-4045 DATE 2-2-16to 2-3-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
bop=s g e | . s | _s | SURFACEEL.(m) _2033.4m
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
oo 2 oo S5sE|S5EEcD 2
s 81852 5§ |e2lg © |8%c|Zes3| 2%
g_31858| &9 |58 & zod o555z =& REMARKS VISUAL CLASSIFICATION
% CH wet CLAY, continued
/ stiff to
/ medium stiff
7
|1 SM SILTY SAND, predominantly fine grained,
subangular to subrounded, nonplastic to low
S| 1-3-3 plasticity, light brown
16.5 S wet . L .
e note: increase in fines in zones up to 150mm
thick
soft to very soft
18.0 S} 1-3-3
note: clay with sand zones, high plasticity, up to
195 S| 2-2-2 125mm thick below 19.2m
note: rare coarse grained gravel at 19.5m
210 ‘ S| 2-1-2
’ R SC note: decrease in fines at 21m
note: rare coarse grained gravel at 21m
8-11-
Sl S| 34
225 GROUNDWATER SAMPLE TYPE
DEPTH (m)] HOUR|  DATE :
- A - Auger cuttings; NR-No Recovery -
V| 1035 12:30 2-2-16 S-51mm 0.D. 35mm |.D. tube sample. LOG OF TEST BOR'NG NO B-1
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 3 of 4




\

PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N.4022737.0  E.583433.7 wheeler
JOB NO. 17-2015-4045 DATE 2-2-16 to 2-3-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
_ BORING TYPE 210mm Hollow Stem Auger
bop=s g e | . s | _s | SURFACEEL.(m) _2033.4m
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
~98a| £ oo gsE|SECED =
s 8 %52 | 5_ |2l8| & |S%g|3e8s| 8%
g_31858| &9 |58 & 2ol |58z 28 REMARKS VISUAL CLASSIFICATION
MESAVERDE GROUP - WEPO FORMATION
SANDSTONE, fine grained texture,
moderately weathered with some staining,
medium bedded, soft to very soft, light
yellowish-gray
note: dark gray to black laminated, soft
mudstone below 23.9m
14-50/
24.0 125mm
50/
255 125mm
note: bluish-gray, very soft to soft sandstone in
50/ zones below 26.7m comprised of predominant
27.0 125mm quartz grains
note: moderately hard sandstone in zones
2 50/ below 28.2m
8.5 100mm
50/ Auger refused at 29.7m
50mm Sampler refused at 29.9m
30.0 GROUNDWATER SAMPLE TYPE
DEPTH (m) DATE .
A - Auger cuttings; NR-No Recovery -
Y 2-2-16 S -51mm O.D. 35mm I.D. tube sample. LOG OF TEST BORlNG NO L
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 4 of 4
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A

PROJECT __BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona amec
Navajo Nation foster
LOCATION () N-4022681.2 E.583401.8 wheeler
JOB NO. 17-2015-4045 DATE 1-30-16 to 1-31-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2033.0m+
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
ol =2a| 2 Q@ &) SsE|SEED| o=
£ 5| $oe2| §_ |2l s |odg|3g83 g3
&c g § gc_, e g é” 3ls % gg,g ‘g § ,57_’ g S 8 REMARKS VISUAL CLASSIFICATION
0.0 ~AS| 7-6-8 CL/CH very moist to CLAY, trace fine grained sand, medium to
/ =S A wet at surface high plasticity, brown
/ N slightly moist ) .
/ = below 0.15m note: some calcium carbonate filaments
/ = ' below 0.6m
3.2->4.9 / S 1215 moderately firm | e 3 25 kg/cm?® Torvane Shear Test
/ AN 19 to very firm
5 % T 1446.5| 15.7
a0l 45 % S[14-16-
) / 14 note: considerable calcium carbonate filaments
% below 2.7m
% note: decrease in sand
>, -O-
45| 745 % S|7-9-12
7 CH CLAY, high plasticity, brown
/ slightly moist
% moderately firm
6.0 % Ul 23 |1610.0] 16.1
>4.5 % S| 6-6-9 note: 12 kg/cm’ Torvane Shear Test
/ note: fine grained clayey sand zones up to
/ 150mm thick below 7.2m
;51924 % S| 4-4-5
) GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
P e | A Auserutings NRorecoery | OG OF TEST BORING NO. _ B-2
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of




\

PROJECT __BIA N8066(3), N8065(1) & School Spur '\
Black Mesa Community School, Arizona amec A

Navajo Nation

foster
LOCATION () N.4022681.2 E.583401.8 wheeler
JOB NO. 17-2015-4045 DATE 1-30-16to 1-31-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
bop=s | R _| _5 | SURFACEEL.(M) _2033.0m +
E5| Fl S |2 8|,.55 3% | DATUM NAVD88
s ¢l sS85 £ |2]8 S |&8s5|35%Y 35
s o xog2 S al [F2 29
5.8/ 8525| £%8 § § § Z293 §§§§ 8 REMARKS VISUAL CLASSIFICATION
% CH moist CLAY, continued
% moderately firm
7
CL SANDY CLAY, predominantly fine grained,
/ subangular to subrounded sand, low to medium
/ wet below 9m plasticity, dark brown
\VA
00 / S| 2:35
: % medium stiff
% note: high_plasticity clay with sand zones up to
0506 / sl 133 100mm thick below 10.2m
10.5 /
% note: gradational clayey sand to sandy clay
0.25-0.9 / S| 1-2-3 below 12m
12.0 /
/ SC CLAYEY SAND, predominantly fine grained,
/ S|WOH * subangular to subrounded sand, low plasticity,
13.5 / very soft light brown
% * note: WOH - weight of hammer
15.0 / S| 1-2-2 note: decrease in fines at 15m
) GROUNDWATER
SAMPLE TYPE

o a5 | A Auger cutings; NR-No Recovery | OG OF TEST BORING NO.  B-2

S -51mm O.D. 35mm |.D. tube sample.
U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 2 of 4

€ K
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PROJECT __BIA N8066(3), N8065(1) & School Spur A
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N.4022681.2 E.583401.8 wheeler
JOB NO. 17-2015-4045 DATE 1-30-16to 1-31-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL.(w) _2033.0m:
E5| Fl S |2 8|,.55 3% | DATUM NAVD88
=9a| & oo gsE|SECED =
s 5| 852 5 _ |2l § |S%g|2e33| &%
<= Sc& © "o | 2¢ 9 =
g2 n?é’.’é ('55) 3ls % EQS §8&,g 58 REMARKS VISUAL CLASSIFICATION
‘/ SC wet CLAYEY SAND, continued
/ very soft note: clayey sand locally grading to sand with
1 5 S| 1-1-1 SM SILTY SAND, occasional fine grained,
6.5 i subangular to subrounded gravel,
‘ very soft predominantly fine grained, subangular to
subrounded sand, nonplastic, light brown
note: clayey sand with considerable gravel in
S| 1-21 zones below 17.7m
18.0
19.5 S|23-31-
) e 15 MESAVERDE GROUP - WEPO FORMATION
o SANDSTONE, siltstone & mudstone interbeds
with some coal, fine grained texture, highly
weathered at contact, soft, yellowish-brown to
dark gray
25-50/
210 S|138mm
Auger refused at 21m
Sampler refused at 21.1m
Began HQ Coring at 21m
22.5 GROUNDWATER
SAMPLE TYPE

o a5 | A Auger cutings; NR-No Recovery | OG OF TEST BORING NO.  B-2

S -51mm O.D. 35mm |.D. tube sample.
U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 3 of 4

€ K




BIA N8066(3), N8065(1) & School Spur

\

A

PROJECT ( _
Black Mesa Community School, Arizona amec
Navajo Nation fohstelr
RIG TYPE CME-75 wheeter
JOB NO. _ 17-2015-4045 DATE 1-30-16 to 1-31-16 METHOD HQ - Wireline Coring
H S E DISCONTINUITIES OPERATOR Southlands Engineering, LLC.
S 8% = LOGGED BY _Mark Keyes
& 8 ¢| Seacing | Orientation | LOCATION (M)__NAD 1983 UTM Zone 12N (Meters)
c = S Q. . 74 K i
'% 2 % e §§ o | >¢% E 'S | STAJOFFSET __Sta. 22+418, on centerline
SE| = 2 g.g > of |52 c |8, 22| cooRrps. N.4022681.2 E.583401.8
O£ £ o028 o g £Z | § 8| Wide-Close | Horiz-Vert | 2 | 22|59 | [ cyation  2033.0m:
zE £ 3/ 5/53 8§35 ES |$6 5 | 38£3
fe| o EE §‘é o § o3 § B g EE S O | DATUM NAVD88
8¢ | 0 |®| o 58 | R |REC 0|1 2345 H 4 V S | m5/25 Rock Type & Remarks
L Began HQ Coring at 21m
1/30 | 21.07=rmq 100 | 50-70 | 35 NONE NONE N/A'| MB | SIW | MESAVERDE GROUP - WEPO FORMATION
el e SILTSTONE & MUDSTONE, occasional
T Fgn irregularly-shaped, high-angle, partially-open fracture,
| moderately soft to very soft zones up to 0.5m thick, gray
| to black
: note: losing partial drilling mud circulation
I 100
| note: predominantly soft to very soft, mudstone
20 5k below 21.6m
1/31 ’ HQ 85 50 5 MdwW
80 [
| 30-40
56 |49 Tra 100 90 MB | SIW
L with
L Lam
L in
| zones
: ] Smth
I cilr(\:/kesd note: slickensides at 24.9m & 25.8m along fracture
| surface
70 [ Ha 100 %
| N/A
Thn note: predominantly moderately hard to hard sandstone
[ to
| MB below 26.1m
L with
L Lam
zones
| = Stopped HQ Coring at 27m
GROUNDWATER BORING OPERATION
DEPTH (m) | HOUR DATE B - BDBGM 51mm O.D. Wireline Rock Coring B-2
[oePTHm WU OATE | 5. como st LOG OF TESTBORINGNO. B2
i HQ - 96mm O.D. Wireline Rock Coring
~ NQ - 74mm O.D. Wireline Rock Coring
A S - 51mm 0.D./35mm |.D. Tube Sample Page 4 of 4
D - Disturbed Bulk Sample
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A

PROJECT __BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona amec
Navajo Nation foster
LOCATION () N-4022698.1  E.583411.2 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
. BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2028.3m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
ol =2a| 2 Q@ &) SsE|SEED| o=
£ gl 82| & glg = 08e 2882 279
§c§ E&C_’S gg’ 3ls % gg,g gé'g‘?g 58 REMARKS VISUAL CLASSIFICATION
0.0 777 S| 24-24- SCISM| frozen ground | CLAYEY SAND TO SILTY SAND,
/ NA 9 from 0 to 0.3m predominantly fine grained, subangular to
/ ’\\ subrounded, low to medium plasticity, brown
/ :i\i: wet below 0.75m | note: 75mm to 100mm of snow on wash bottom
v / S A- ' . . .
B / :\\Q S W1O1H - wet note: increase in clay with depth
= note: some sand-sized coal particles at 0.75m
7 == CH very soft
15 1.00 / S| 1-3-2 * note: WOH - weight of hammer
/ CLAY WITH SAND, some brown iron-oxide
/ very moist staining, high plasticity, reddish-brown to brown
/ to wet )
/ note: 5 kg/cm® Torvane Shear Test
/ medium stiff
/ to stiff
/ note: clayey sand zones 50mm to 75mm thick
1.50 S| 3-3-5 below 2.7m
3.0 /
% note: 3.8 kg/cm” Torvane Shear Test
45 % S| 4-4-6
%
CL SANDY CLAY, predominantly fine grained
/ sand, medium plasticity, reddish-brown to brown
/ S| 223 wet note: alternating fine grained clayey sand zones
6.0 / & highly plastic clay zones 150mm thick below
. . 5.4m
/ medium stiff
/ note: predominantly clay with sand from
% 6.3m to 7.5m
75 0.5-0.6 / S| 3-4-4 note: 0.6 kg/cm” Torvane Shear Test
) GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
AVA 0.75 13:45 1-27-16 S-51mm O.D. 35mm I.D. tube sample. LOG OF TEST BORING NO B 3
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of

5



\

A

5

PROJECT __BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona amec
Navajo Nation foster
LOCATION () N-4022698.1  E.583411.2 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2028.3m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
oo 2 oo SsE|SEED e
s 81852 5§ |e2lg © |8%c|Zes3| 2%
8.3/ 858| £ 5|8 & |Zzo5|25087 %8 REMARKS VISUAL CLASSIFICATION
/ CL wet SANDY CLAY, continued
% medium stiff
S SC CLAYEY SAND, predominantly fine grained,
/ subangular to subrounded, medium plasticity,
/ wet dark brown
0.10 / S| 1-12
9.0 % very soft
: SM SILTY SAND, predominantly fine grained,
subangular to subrounded, nonplastic, light
0.10 S| 1-2-3 brown
10.5 wet
soft to very soft
12.0 S| 1-11
135 S| 1-2-3
) SM/SP wet SILTY SAND TO SAND, predominantly fine
grained, subangular to subrounded sand,
nonplastic, light brown
note: heaving sand at 13.5m, added water to
auger
BER S| 1-21
15.0 GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
AVA 0.75 13:45 1-27-16 S-51mm O.D. 35mm I.D. tube sample. LOG OF TEST BORING NO B 3
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 2 of
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PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N-4022698.1  E.583411.2 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
_ BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2028.3m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
woo | 2 oo SsE|Stem p
s 8 %52 | 5_ |2l8| & |S%g|3e8s| 8%
<= Sc& © "o | 2¢ 9 =
82 n?&’é ('5? 3ls % EQS §8&’g 58 REMARKS VISUAL CLASSIFICATION
- SM/SP wet SILTY SAND TO SAND, continued
very loose to
medium dense
w65l 010 | | [\ /8| 347
' RS note: trace gravel at 16.5m
e note: dark gray, high plasticity clay zone with
>4.5 S| 11-29- coal fragments at 18m
18.0 RN 48
7, - —
? CH wet CLAY, high plasticity, dark gray to black
1550 % G| 1007 hard
e 75mm MESAVERDE GROUP - WEPO FORMATION
SANDSTONE & SILTSTONE INTERBEDS,
soft to very soft, fine grained texture, thinly
bedded to laminated, dark gray
S|45-50/
19.5 [ [100mm
S| 50/
21.0 o 100mm
note: medium bedded zones up to 125mm thick
below 21.6m
50/
S|125mm
22.5 GROUNDWATER

SAMPLE TYPE
DEPTH (m) HOUR DATE L
05| 1aes | vzre | A7 Auserautings NRioRecoery | QG OF TEST BORING NO. _ B-3
U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 3 of 5

€ K
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PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N-4022698.1  E.583411.2 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2028.3m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
oo 2 oo SsE|SEED 2
s 8 %52 | 5_ |2l8| & |S%g|3e8s| 8%
g_31858| &9 |58 & 2ol |58z 28 REMARKS VISUAL CLASSIFICATION
MESAVERDE GROUP - WEPO FORMATION
SANDSTONE & SILTSTONE INTERBEDS,
fine grained sandstone texture (predominantly
sandstone from 22.5m to 24m), medium
bedded, soft, gray to light gray
note: occasional thin coal zone up to 12.5mm
S| 50/ thick below 23.7m
24.0 100mm , _
note: predominantly subangular quartz grains
within sandstone zones
S| 50/
25.5 100mm
note: soft, dark gray siltstone laminae to thin
57 S| 50/ laminae in zones below 26.7m
0 75mm
Auger refused at 27.6m
Begin HQ Coring at 27.6m
28.5
30.0 GROUNDWATER SAMPLE TYPE
DEPTH (m) DATE X
A - Auger cuttings; NR-No Recovery -
¥ 1-27-16 S -51mm O.D. 35mm I.D. tube sample. LOG OF TEST BORlNG NO —B 3
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 4 of 5




BIA N8066(3), N8065(1) & School Spur

\

7\
PROJECT | ; «
Black Mesa Community School, Arizona amec
Navajo Nation fohstelr
RIG TYPE CME-75 wheeter
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 — -
METHOD HQ - Wireline Coring
H S E DISCONTINUITIES OPERATOR Southlands Engineering, LLC.
S §& — LOGGED BY _Mark Keyes
[/ . - .
& 8 § Spacing | Orientation | LOCATION (M)__NAD 1983 UTM Zone 12N (Meters)
c = S Q. . 74 K i
2s % 9 g 8 S | >¢ 3 5 | STAJOFFSET __Sta. 22+435, on centerline
© x
g_ﬁ = 2 g.g > of |52 c | & o 22| cooRrps. N.4022698.1 E.583411.2
CE| £ |0 0|88 | o8 £3 | 38| Wide-Close | Horiz-Vert | 2 | 225 %| o ryation  2028.3m+
2|22 %2 63 |3 |x2 5 | 58| E0
tg | 2 |E E|gE 0g a5 | ¢Dd S | Qv |32 | pATUM NAVD88
8¢ |0 (o » |58 | R | ®E ®a|12345H 4 V| O | @525 Rock Type & Remarks
527'0 Began HQ Coring at 27.6m
1/28 HQ 100 100 25 NONE NONE N/A | ThB | SIW | WEPO FORMATION
g% | Ltaom SANDSTONE & SILTSTONE INTERBEDS, soft to
ol some moderately soft, dark gray & gray zones
I ThL
| note: horizontal to subhorizontal, wavy bedding
—= 285 .
40 | HQ 85 45 note: low RQD values due to machine breaks along
| ‘ | bedding planes
MB
L Ttr?B note: moderately hard sandstone zones up to 300mm
L thick below 28.8m
: note: sample from 29.6m to 29.9m
| Stopped HQ Coring at 30m
~31.5
~33.0
[ \
GROUNDWATER BORING OPERATION
DEPTH (m) | HOUR DATE B - BDBGM 51mm O.D. Wireline Rock Coring B-3
o CETHm) | HOUR | DATE B B0BGM S C LOG OF TESTBORINGNO. B3
i HQ - 96mm O.D. Wireline Rock Coring
~ NQ - 74mm O.D. Wireline Rock Coring
A S - 51mm 0.D./35mm |.D. Tube Sample Page 5 of 5
D - Disturbed Bulk Sample
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PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N-4022699.2 E.583380.3 wheeler
JOB NO. 17-2015-4045 DATE 1/29/16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
_ BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2028.3m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
ol =2a| 2 Q@ &) G5 E|SEED| o=
£ §| 32| 5§ glel : |odg|Be8s| 237
82 é gc_, e g é” 3ls % gg,a ‘g é g, g S 8 REMARKS VISUAL CLASSIFICATION
0.0 N A S| 19-29- SM/SP| frozen ground SILTY SAND TO SAND, trace fine grained
Al 15 from 0 to 0.3m gravel, fine grained, subangular to subrounded
’\\ sand, nonplastic, brown
=3 very moist
= to wet
N S| 2-1-2 very loose
VA AN SM/GM SILTY SAND TO SILTY GRAVEL,
=\ wet below 0.9m predominantly medium to coarse grained,
. subangular sand, predominantly coarse grained,
S| 1-3-3 loose angular gravel, nonplastic, brown
1.5
note: high plasticity clay zones up to 75mm thick
CL CLAY WITH SAND & GRAVEL, trace fine
0.75 / T 1810.6| 14.0 grained, subangular to angular gravel,
/ predominantly fine grained, subangular sand,
/ medium to high plasticity, black & brown zones
% note: 3.1 kg/cm” Torvane Shear Test
/ wet
3.0 / S| 2-12- note: considerable black organic material at 3m
) / 16 very stiff
/ note: high plasticity clay zones up to 150mm
% thick
% hard below 4m
S| 50/ MESAVERDE GROUP - WEPO FORMATION
4.5 125mm SILTSTONE TO SANDSTONE INTERBEDS,
fine grained texture, slightly weathered to
moderately weathered, soft, light brown & gray
zones
6.0 S| 50-50/
’ 4 | 75mm note: predominantly sandstone below 6m
50-50/
75 o S| 75mm
) GROUNDWATER SAMPLE TYPE
DEPTH (m)l HOUR| DATE .
- A - Auger cuttings; NR-No Recovery -
AVA 0.9 12:15 1-29-16 S-51mm O.D. 35mm L.D. tube sample. LOG OF TEST BOR'NG NO B-4
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of 3




PROJECT __BIA N8066(3), N8065(1) & School Spur

Black Mesa Community School, Arizona

\

A

Navajo Nation ?on;?gr
LOCATION () N-4022699.2 E.583380.3 wheeler
JOB NO. 17-2015-4045 DATE 1/29/16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2028.3m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
ol =2a| 2 Q@ &) SsE|SEED| o=
g 21 g82| 5o |B|E| 3 |2%s|zfiy i
&c 2 n?é’.’é 58 |sls % gg,a §8&,g 58 REMARKS VISUAL CLASSIFICATION
= MESAVERDE GROUP - WEPO FORMATION
SILTSTONE TO SANDSTONE INTERBEDS,
continued
S| 50/
100mm
9.0 Stopped Auger at 8.85m
Sampler refused at 8.95m
Began HQ Coring at 8.85m
10.5
12.0
13.5
15.0 GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
v 0.9 12:15 1-29-16 S-51mm O.D. 35mm L.D. tube sample. LOG OF TEST BOR'NG NO B-4
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 2 of 3




BIA N8066(3), N8065(1) & School Spur

\

q
PROJECT | ; «
Black Mesa Community School, Arizona amec
Navajo Nation fohstelr
RIG TYPE CME-75 wheeter
JOB NO. 17-2015-4045 DATE 1-29-6 ,_ )
METHOD HQ - Wireline Coring
H S E DISCONTINUITIES OPERATOR Southlands Engineering, LLC.
S §& — LOGGED BY _Mark Keyes
[/ . - .
E _ g 8 § Spacing | Orientation | LOCATION (M) NAD 1963 UTM Zone 12N (Meters)
% g % g g-g g. 3': 3 % STA/OFFSET Sta. 22+422, 8.4m L
5 g = 2 g.g > of |52 c | & o 22| cooRrps. N.4022699.2 E.583380.3
CE| £ |0 0|88 | o8 £3 | 38| Wide-Close | Horiz-Vert | 2 | 225 %| o ryation  2028.3m+
2l = 2/ 2|52 |03 T3 |xP 5 | 58| E0
tg | 2 |E E|gE 0g a5 | ¢Dd S | Qv |32 | pATUM NAVD88
dE | O |®|? |52 | R | RL (0|1 2345H 45 V| S w525 Rock Type & Remarks
HSA | Began HQ Coring at 8.85m
1/29 90 HQ 85 100 40 NONE NONE N/A | Fgn | SIW | MESAVERDE GROUP - WEPO FORMATION
'1"% e "{'f SANDSTONE, predominantly fine grained with thin
T TkB coarse grained zones, moderately hard, light gray with
L with reddish-brown streaks & black laminea
occ
[ Lam s . - .
L note: thin, highly oxidized zones up to 75mm thick
: note: wavy, low-angle to subhorizontal bedding
25 HQ 75 10 Mdw
~10.5 zones
I SIW
6.8 HQ 75 50 [ThB |
—12.0 to
3 MB
: note: some thin, soft clay-rich mudstone zones up to
L 150mm thick from 12m to 13.5m
I | | note: predominantly dark gray & black, organic-rich,
3.2 135 HQ 80 70 Lam moderately soft siltstone below 13.2m
[ 1o to
r ThB
: MdwW
L 15.0 Stopped HQ Coring at 14.85m
[ \
GROUNDWATER BORING OPERATION
DEPTH (m) | HOUR DATE B - BDBGM 51mm O.D. Wireline Rock Coring B-4
_[oEPTHm [ FOUR [ OATE | o-eoscusiom LOG OF TEST BORINGNO. B-4
i HQ - 96mm O.D. Wireline Rock Coring
~ NQ - 74mm O.D. Wireline Rock Coring
A S - 51mm 0.D./35mm |.D. Tube Sample Page 3 of 3
D - Disturbed Bulk Sample




\

PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec [\
Navajo Nation foster
LOCATION () N.4022711.0 E.583434.1 wheeler
JOB NO. 17-2015-4045 DATE 2-18-16to 2-19-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
. BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2029.0m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
ol =2a| 2 Q@ &) SsE|SEED| o=
£ 5| 852 S5 glel : |odg|Be8s| 237
§c§ §,§C_’|9 gé” 3ls % gg,g gég,g 58 REMARKS VISUAL CLASSIFICATION
0.0 TTTRES| 112 SM | slightly moist | FILL
A SILTY SAND, predominantly fine to medium
PN very soft to soft grained, subrounded sand, nonplastic, brown
:i\i: note: possiblg sandstone zones about 75mm
:\\\\ S 224 thick, yellow in color at 1m
7 S[ 332 CH NATIVE
1.5 CLAY WITH SAND, predominantly fine
/ grained, subrounded sand, high plasticity, dark
/ moist brown
/ soft to
/ moderately firm
/ note: trace silt below 2.4m
/ S| 2-2-3
3.0 %
/ note: 12.5 kg/cm® Torvane Shear Test
45| 325 / U| 18 [1552.2| 252
’ / note: increase in clay at 4.5m
/ S| 3-4-5
/ S[ 335
o é
/ note: up to 150mm thick sandy clay zones
/ throughout, medium plasticity & dark brown
/ below 6.9m )
note: 8 kg/cm® Torvane Shear Test
75 1.50GROLN//6WATELFJ{ 11 |1619.5| 24.2
SAMPLE TYPE
DEPTH (m)| HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
P S | A Auserutings Neorecoery | OG OF TEST BORING NO. _ B-5
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of 4




\

PROJECT __BIA N8066(3), N8065(1) & School Spur >
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N.4022711.0 E.583434.1 wheeler
JOB NO. 17-2015-4045 DATE 2-18-16to 2-19-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2029.0m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
~9%a| £ 9| S=E|SEED 2
s 8 %52 | 5_ |2l8| & |S%g|3e8s| 8%
g_31858| &9 |58 & 2ol |58z 28 REMARKS VISUAL CLASSIFICATION
% CH moist CLAY WITH SAND, continued
S| 4-5-5
/ soft to note: up to 150mm thick clayey sand zones
/ moderately firm throughout, low plasticity & brown below 7.8m
/ S| 1-1-3
9.0 %
v / wet
/ below 9.3m
/ medium stiff
/ note: up to 75mm thick silty sand zones
/ throughout, nonplastic & brown below 9.9m
105 % S| 2-35
7
A SM SILTY SAND, predominantly fine grained,
subrounded sand, nonplastic, brown
wet
S| 1-2-2 note: up to 75mm thick sandy clay zones with
12.0 very soft to soft depth, low to medium plasticity, brown
13.5 51233
S S| 2-2-3
15.0 GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
P e | A Ausereutings Neorecoery | OG OF TEST BORING NO. _ B-5
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 2 of 4




BIA N8066(3), N8065(1) & School Spur

\

PROJECT \P
Black Mesa Community School, Arizona amec A
Navajo Nation foster
LOCATION () N.4022711.0 E.583434.1 wheeler
JOB NO. 17-2015-4045 DATE 2-18-16to 2-19-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | s | _s | SURFACEEL. (M) _2029.0m +
£E5 | w Fl 5 | % 8|,.55 3% DATUM NAVDS8
ol g2 2 o l2 O S5E|S5EEL os
£ g| $z2| & glg = a8o 3883 2747
&c g E gc_, é 8 é” 3ls % gg,g ‘g é g, g S 8 REMARKS VISUAL CLASSIFICATION
- SM wet SILTY SAND, continued
firm note: up to 75mm thick clay with sand zones
below 15m, medium to high plasticity, dark
brown
S| 3-15-
16.5 10
SP-SM SAND WITH SILT, predominantly medium
grained, subrounded sand, weakly cemented,
wet nonplastic, yellow
medium dense note: possible sandstone
S|2-4-18
18.0 Auger refused at 18m
Stopped Sampler at 18.3m
Began HQ Coring at 18m
19.5
21.0
22.5 GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
P e | A Ausereutings Neorecoery | OG OF TEST BORING NO. _ B-5
A 4 U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 3 of 4




BIA N8066(3), N8065(1) & School Spur

\

q
PROJECT ( _ ﬁ
Black Mesa Community School, Arizona amec
Navajo Nation fohstelr
RIG TYPE CME-75 wheeter
JOB NO. _ 17-2015-4045 DATE 2-18-16 t0 2-19-16 METHOD HQ - Wireline Coring
H S E DISCONTINUITIES OPERATOR Southlands Engineering, LLC.
a S¥ — LOGGED BY _Joe Zaleski
[/ . - .
& 8 § Spacing | Orientation | LOCATION (M)__NAD 1983 UTM Zone 12N (Meters)
€~
'.g 3 E [ g‘ é o >,5 % % STA/OFFSET Sta. 22+455, 13m R
Ss | 2 g/38 ¢ £5 E | oa N. 40227110 E.583434.1
g_g = -3 2 > g, - g :‘3 Wide - CI H v g © ol £ ;; COORDS. : : - :
Ot | £ |0 0|28 | 0o | =% ide - Close | Horiz- Vert 2| 2|3 2029.0m +
2E| /3852 53 E5 (SO 5 |58 €@ CEATON .
tg | 2 |E E|gE 0g a5 | ¢Dd S | Qv |32 | pATUM NAVD88
8¢ |0 (o » |58 | R | ®E ®a|12345H 4 V| O | @525 Rock Type & Remarks
| Began HQ Coring at 18m
2118 | 18.0—1q 100 100 35 NONE NONE N/A | Fgn | HIW | MESAVERDE GROUP - WEPO FORMATION
HQ MB SILTSTONE & MUDSTONE Interbeds, soft to
8.0 to MW .
| TkB moderately soft, dark gray to grayish-green
| with
zonfes note: very soft from 18m to 18.3m
r ol
L Lam
| note: horizontal to subhorizontal bedding
: note: moderately hard siltstone zone from
L 19,5/ 19.4m to 19.7m
7.0 ’ HQ 90 30 SIW
L Mtc(!)W note: iron-oxide staining from 19.4m to 19.7m (wavy,
| near vertical fracture)
L note: dark gray to gray mudstone below 19.7m
L note: occasional slickensides from 19.7m to 20m
SIW
L note: moderately hard siltstone from 20.9m to 21.3m
— 210
8.0 L HQ 100 40 MS)W note: mechanical breaks throughout recovery (breaking
L Hiw | along bedding planes)
L S note: moderately hard to moderately soft below 22m
30 [**° [Ha 100 80
F Fgn | SIW | MESAVERDE GROUP - WEPO FORMATION
- Iv'ftﬁ SANDSTONE, moderately hard to hard, gray with
r Lam occasional black mudstone laminae
r zones
| Stopped HQ Coring at 24.4m
| Backfilled with cuttings & grouted upper 6m
[ \
GROUNDWATER BORING OPERATION
DEPTH (m) | HOUR DATE B - BDBGM 51mm O.D. Wireline Rock Coring B-5
_[oEPTHm [ FOUR [ OATE | o-eoscustom LOG OF TEST BORINGNO. B-5
i HQ - 96mm O.D. Wireline Rock Coring
~ NQ - 74mm O.D. Wireline Rock Coring
A S - 51mm 0.D./35mm |.D. Tube Sample Page 4 of 4
D - Disturbed Bulk Sample




Foundation Design Memorandum No. 1
BIA Route N8066(3) Drainage Crossing

CORE PHOTOGRAPHS

Boring B-2
Core Box 1 Interval 70.0’ to 79.0’ (21 m to 23.7 m)
Core Box 2 Interval 79.0’ to 88.8’ (23.7 m to 26.6 m)
Core Box 3 Interval 88.8’ to 90.0’ (26.6 m to 27.0 m)
Boring B-3
Core Box 1 Interval 92.0’ to 100.0’ (27.6 m to 30.0 m)
Boring B-4
Core Box 1 Interval 29.5’ to 40.1° (8.9 m to 12.03 m)
Core Box 2 Interval 40.1° to 49.5’ (12.03 m to 14.85 m)
Boring B-5
Core Box 1 Interval 60.0’ to 68.6’ (18 m to 20.6 m)
Core Box 2 Interval 68.6’ to 75.0’ (20.6 m to 22.5 m)
Core Box 3 Interval 75.0’ to 80.0° (22.5 m to 24.0 m)

BIA Order No. A15PD00791
Black Mesa Community School, Arizona June 2016

Page 1



Foundation Design Memorandum No. 1
BIA Route N8066(3) Drainage Crossing

S?ﬂ,. Black MGn'Comm_' Schoa|
“OA\)G:)D Co. ﬂ\:ulonq
“Job Mo . 11-’lo|6 HYo45
Docing
‘ BO\( h\o \
Jofewl  70.6-79.0'
1-31-1b

BIA Order No. A15PD00791
Black Mesa Community School, Arizona

June 2016

Page 2



Foundation Design Memorandum No. 1
BIA Route N8066(3) Drainage Crossing

. Fob Ne. m-zo‘s.mg
: Boring B2 S
Box 3 :
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BIA Order No. A15PD00791
Black Mesa Community School, Arizona June 2016 Page 3



Foundation Design Memorandum No. 1
BIA Route N8066(3) Drainage Crossing
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BIA Order No. A15PD00791
Black Mesa Community School, Arizona June 2016




Foundation Design Memorandum No. 1
BIA Route N8066(3) Drainage Crossing

A
E ? Sehosl - SpPUr
Black Meso Comn. Schoo

Nowayo Co. Acizona
Job No. [13-2015-4045
RBoring B-5

Rox |
Intecvol £0.0' —€8.6'

&~ 5]
AT e v o JIM

S —

2
7B 5
S

¥

| st /[
A

TR D

5 :ﬂﬁ&f”fﬁéw L

'ﬁ.!' = %

: 240 ." 4
ot

oy S AR cAY A YT ) -_=“ =

Black Meso <omm. School
Nowep County Acizonea 3
Tob No. [}-2015-Yoys
Borin925-5
1n+erv§f’xés.a' - 750"
Z/18/16 - 2119/16

BIA Order No. A15PD00791
Black Mesa Community School, Arizona June 2016
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Foundation Design Memorandum No. 1
BIA Route N8066(3) Drainage Crossing

oods NBOLE, NZOLS
S<,l|ool Spur ]

B\Mk Meso. Coemn. School

Dok pNo. |F-2015-49045
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BIA Order No. A15PD00791
Black Mesa Community School, Arizona June 2016
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ATTACHMENT B

LABORATORY TEST RESULTS

amec
foster
wheeler



LABORATORY TESTING PROCEDURES

Consolidation Tests Soiltest or Clockhouse apparatus of the "floating-ring" type are employed
for the one-dimensional consolidation tests. They are designed to receive 1-inch high 2.5-inch
O.D. brass liner rings with soil specimens as secured in the field. Procedures for the tests
generally are those outlined in ASTM D2435. Loads are applied in several increments to the
upper surface of the test specimen and the resulting deformations are recorded at selected
time intervals for each increment. For soils which are essentially saturated, each increment of
load is maintained until the deformation versus log of time curve indicates completion of primary
consolidation. For partially saturated soils, each increment of load is maintained until the rate of
deformation is equal or less than 1/10,000 inch per hour. Applied loads are such that each new
increment is equal to the total previously applied loading. Porous stones are placed in contact
with the top and bottom of the specimens to permit free addition or expulsion of water. For
partially saturated soils, the tests are normally performed at in situ moisture conditions until
consolidation is complete under stresses approximately equal to those which will be imposed by
the combined overburden and foundation loads. The samples are then submerged to show the
effect of moisture increase and the tests continued under higher loadings. Generally, the tests
are continued to about twice the anticipated curve due to overburden and structural loads with a
rebound curve then being established by releasing loads.

Expansion Tests The same type of consolidometer apparatus described above is used in
expansion testing. Undisturbed samples contained in brass liner rings are placed in the
consolidometers, subjected to appropriate surcharge loads and submerged. The loads are
maintained until the expansion versus log of time curve indicates the completion of "primary
swell".

Direct Shear Tests Direct shear tests are run using a Clockhouse or Soiltest apparatus of the
strain-control of approximately 0.05 inch per minute. The machine is designed to receive one of
the 1-inch high 2.42-inch diameter specimens obtained by tube sampling. Generally, each
sample is sheared under a normal load equivalent to the effective overburden pressure at the
point of sampling. In some instances, samples are sheared at several normal loads to obtain
the cohesion and angle of internal friction. When necessary, samples are saturated and/or
consolidated before shearing in order to approximate the anticipated controlling field loading
conditions.




Foundation Design Memorandum No. 1
BIA Route N8066(3) Drainage Crossing

TABLE B-1
SUMMARY OF LABORATORY TEST RESULTS
n
3 z |5 E - 25 5
[0} — = - A7) — T . — o E ; R
e 3 5 £% & % g 5 8 5 gl g 58 @ |2Efee
: £ 2 5 2 Else|s |8 |5.3 8|58 | 2c 8|825382
2 (@) £ o E S = c c 5 g = 852, 25+ 25 F |sESakF
3] S = o £ = ) o a- 08 g2 S o w8 =o®
4 c =z = = > LLN [ ’g .C-g-coo EUO (=] @] o0 un 9O
S c 2 o Q - S T o 5 S = S==SlERERE = = 0 x e o c 90 2=kE
o o g e ) | = o 3 2 2 |ls,955| 835 S8l | 58285
= = 2 = [8) = 17} o £ B~ T 2 L2229V 0 29 ER T2 s 22
IS T = S ; %) =3 © oS o X L5 |=566% co™ =S a < c2566S
& & meter | 3 @ Begin| End 5 Jla | fE|[sSS | ==2]|58682] 662 | 5652|5586
Proposed BIA Route N8066 CL 22+480 - CL B-1 2.85 3.15 CH 50 27 91 13.5 1433.0 X
Proposed BIA Route N8066 CL 22+480 - CL B-1 4.35 4.80 CL 38 17 91
Proposed BIA Route N8066 CL 22+480 - CL B-1 7.35 7.65 18.6 1619.8
Proposed BIA Route N8066 CL 22+480 - CL B-1 12.45 12.75 CH 62 39 100 24 1556.8 X
Proposed BIA Route N8066 CL 22+480 - CL B-1 17.85 18.30 SM NV | NP 49
Proposed BIA Route N8066 CL 22+418 - CL B-2 1.35 1.77 CH 54 32 94 15.7 1445.8 X
Proposed BIA Route N8066 CL 22+418 - CL B-2 5.85 6.15 CH 60 36 100 X
Proposed BIA Route N8066 CL 22+418 - CL B-2 8.85 9.30 CL 26 10 65
Proposed BIA Route N8066 CL 22+418 - CL B-2 16.35 16.80 SM NV | NP 28
Proposed BIA Route N8066 CL 22+418 - CL B-2 21.72 21.93 18,821
Proposed BIA Route N8066 CL 22+418 - CL B-2 24.00 24.15 17,145
Proposed BIA Route N8066 CL 22+418 - CL B-2 25.35 25.50 1,427
Proposed BIA Route N8066 CL 22+418 - CL B-2 26.70 27.00 14,976
Proposed BIA Route N8066 CL 22+435 - CL B-3 0.00 0.45 SC 25 9 39
Proposed BIA Route N8066 CL 22+435 - CL B-3 0.00 1.35 CL 36 19 72
Proposed BIA Route N8066 CL 22+435 - CL B-3 5.85 6.30 CL 26 11 54
Proposed BIA Route N8066 CL 22+435 - CL B-3 11.85 12.30 SM NV | NP 41
Proposed BIA Route N8066 CL 22+435 - CL B-3 29.10 29.40 17,139
Proposed BIA Route N8066 CL 22+422 8.4 L B-4 1.95 2.55 CL 43 24 77 14 1810.6 X X
Proposed BIA Route N8066 CL 22+422 8.4 L B-4 9.00 9.15 7,962
Proposed BIA Route N8066 CL 22+422 8.4 L B-4 13.80 13.92 14,352
Proposed BIA Route N8066 CL 22+422 8.4 L B-4 14.43 14.70 28,524
Proposed BIA Route N8066 CL 22+455 13 R B-5 4.35 4.65 CH 71 46 98 25.2 1552.2 X
Proposed BIA Route N8066 CL 22+455 13 R B-5 7.35 7.65 24.2 1619.5
Proposed BIA Route N8066 CL 22+455 13 R B-5 13.35 13.80 SM NV | NP 46
Proposed BIA Route N8066 CL 22+455 13 R B-5 22.14 22.44 16,890
Proposed BIA Route N8066 CL 22+455 13 R B-5 22.95 23.40 16,951
MEAN| --- - 70 19 1577 - - 15419 -
STDEV| --- - 25 5.1 127.3 - - 7043 -
MAXIMUM| 71 46 100 25.2 1810.6 - - 28524 -
MINIMUM|[ NV NP 28 13.5 1433.0 - - 1427 -
COUNT| 15 15 15 7 7 1 4 10 2

Y(kg/cu.m) = kilograms per cubic meter
(kPa) = kilopascal
X = see attached test data sheet

BIA Order No. A12PC00121
Black Mesa Community School, Arizona June 2016 Page 1 of 1



PROJECT: BIA N8066(3), 8065(1), & School Spur
LOCATION: Black Mesa Community School, AZ

MATERIAL: Native Soil

SAMPLE SOURCE: SEE BELOW

.
amec foster wheeler "e§p

JOB NO: 17-2015-4045
WORK ORDER NO: 3
DATE ASSIGNED: 2/25/16

MECHANICAL SIEVE ANALYSIS
GROUP SYMBOL, USCS (AASHTO T27/T11/T89/T90)

PERCENT PASSING BY WEIGHT

silt or SAND GRAVEL BohEE
Clay Fine Medium Coarse Fine Coarse
Location & Depth USCS | LL | PI | 75um | 150um]| 300um| 425um | 600um|1.18uml2.00mm2.36mmi4.75mn]|6.3mm | 9.5mm [12.5mm{ 19mm | 25mm [31.2mm{37.5mm 50mm [ 75mm | 152mm Lab #
B-3 (0.00-1.35m) cL 36 [19] 72 [ 82 [ 97 | 99 | 99 | 100 | 100 | 100 | 100 || 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 || 16-1010-01
BS-3 (0.00-1.35m) cem |l 25 [ 6 | 56 | 78 | 97 | 99 | 100 | 100 | 100 | 100 | 100 |f 100 | 100 | 100 | 100 [ 100 | 100 | 100 [ 100 | 100 100 || 16-1010-23

amec foster wheeler
3630 E Wier Ave.
Phoenix, AZ 85040

REVIEWED BY W




3,
amec foster wheeler "¢\

PROJECT: BIA N8066(3), 8065(1), & School Spur JOB NO: 17-2015-4045
LOCATION: Black Mesa Community School, AZ WORK ORDER NO: 3
SAMPLE SOURCE: SEE BELOW DATE ASSIGNED: 2/25/16

MECHANICAL SIEVE ANALYSIS

P P S o — - 100

\\ 90

50

Percent Passing

- 20

R P L NATTTRL

|y ..
1S S

1000 100 10 1 0.1 0.01

Grain Size (mm)

(T, W,
NATUNA ~ R

—+—B-3(0.00-1.35m) _ —8—BS-3(0.00-1.35m) |




PROJECT: BIA N8066(3), 8065(1), & School Spur
LOCATION: Black Mesa Community School, AZ

MATERIAL: Native Soil

SAMPLE SOURCE: SEE BELOW

v,
amec foster wheeler P4

JOB NO: 17-2015-4045
WORK ORDER NO: 4
DATE ASSIGNED: 3/7/16

GROUP SYMBOL, USCS (AASHTO T27/T11/T89/T90)

MECHANICAL SIEVE ANALYSIS

PERCENT PASSING BY WEIGHT

Silt or

SAND

GRAVEL

COBBLES
Clay Fine Medium Coarse Fine Coarse

Location & Depth USCS | LL | PI | 75um | 150um]| 300um| 425um | 600um|1.18um2.00mm2.36mm4.75mn]| 6.3mm | 9.5mm [12.5mm{ 19mm | 25mm [31.2mm37.5mm 50mm [ 75mm | 152mm Lab #
BS-06 (1.95-2.40m) SM NV | NP 48 77 96 99 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 16-1044-134
BS-06 (7.95-8.40m) CL 35 16 92 98 99 99 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 16-1044-139
BS-06 (19.35-19.80m) ML NV | NP 59 89 99 99 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 16-1044-148
B-1 (2.85-3.15m) CH 50 27 91 97 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 16-1044-161
B-1 (4.35-4.80m) CL 38 17 91 96 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 16-1044-163
B-1(12.45-12.75m) CH 62 39 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 16-1044-170
B-1(17.85-18.30m) SM NV | NP 49 69 90 96 97 99 99 100 100 100 100 100 100 100 100 100 100 100 100 16-1044-174

amec foster wheeler
3630 E Wier Ave.
Phoenix, AZ 85040

REVIEWED BY m\ﬁg




3
amec foster wheeler P<§p

PROJECT: BIA N8066(3), 8065(1), & School Spur JOB NO: 17-2015-4045
LOCATION: Black Mesa Community School, AZ WORK ORDER NO: 4
SAMPLE SOURCE: SEE BELOW DATE ASSIGNED: 3/7/16

MECHANICAL SIEVE ANALYSIS

- e O 100
~-3fﬁi\
\ x\, 1\%‘ % 90
\\ - 80
\ K’\
\\-\ 70
NI =
\ ?
50 &
\
40 &
30
20
- 10
+ * oo + # * 0
1000 100 10 1 0.1 0.01
Grain Size (mm)
—&— BS-06 (1.95-2.40m) —#—BS-06 (7.95-8.40m) —#— BS-06 (19.35-19.80m) ——B-1 (2.85-3.15m)
—¥—B-1 (4.35-4.80m) —0—B-1(12.45-12.75m) —+—B-1(17.85-18.30m) ———




PROJECT: BIA N8066(3), 8065(1), & School Spur
LOCATION: Black Mesa Community School, AZ

MATERIAL: Native Soil

SAMPLE SOURCE: SEE BELOW

0/
amec foster wheeler P¢§

JOB NO: 17-2015-4045

WORK ORDER NO: 4

DATE ASSIGNED: 3/7/16

GROUP SYMBOL, USCS (AASHTO T27/T11/T89/T90)

MECHANICAL SIEVE ANALYSIS

PERCENT PASSING BY WEIGHT

Silt or SAND GRAVEL COBBLES
Clay Fine Medium Coarse Fine Coarse
Location & Depth uscs | LL | Pl | 75um | 150um| 300um| 425um | 600um|1.18um 2.00mmi2.36mm4.75mn]| 6.3mm | 9.5mm [12.5mm| 19mm | 25mm [31.2mm37.5mm{ 50mm [ 75mm| 152mm Lab #
B-2 (1.35-1.77m) CH 54 | 32 || 94 97 99 99 | 100 | 100 | 100 | 100 | 100 || 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 16-1044-186
B-2 (5.85-6.15m) CH 60 | 36 || 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 || 100 | 100 { 100 | 100 | 100 | 100 | 100 | 100 | 100 100 16-1044-189
B-2 (8.85-9.30m) CL 26 | 10 || 65 79 91 93 95 97 98 98 99 |l 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 16-1044-192
B-2 (16.35-16.80m) SM NV | NP || 28 50 75 81 84 89 91 92 96 97 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 16-1044-197
B-3 (0.00-0.45m) SC 25 9 39 51 88 97 99 | 100 | 100 | 100 | 100 || 100 | 100 | 100 | 100 | 100.| 100 | 100 | 100 | 100 100 16-1044-206
B-3 (5.85-6.30m) CL 26 | 11 54 67 83 89 92 96 98 98 | 100 || 100 { 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 16-1044-211
B-3 (11.85-12.30m) SM NV | NP || 41 60 82 88 91 95 96 96 98 99 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 16-1044-215
B-4 (1.95-2.55m) CL 43 | 24 || 77 83 85 86 86 87 87 88 89 90 98 98 | 100 | 100 | 100 | 100 | 100 | 100 100 16-1044-233
B-5 (4.35-4.65m) CH 71 | 46 || 98 98 99 99 99 | 100 | 100 | 100 | 100 || 100 | 100 | 100 | 100 { 100 | 100 | 100 | 100 | 100 100 16-1044-248
B-5 (13.35-13.80m) SM NV | NP || 46 68 90 95 96 98 98 98 99 99 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 16-1044-256

amec foster wheeler
3630 E Wier Ave.
Phoenix, AZ 85040

REVIEWED BY \\\5 Q




amec foster wheeler @*&

PROJECT: BIA N8066(3), 8065(1), & School Spur JOB NO: 17-2015-4045
LOCATION: Black Mesa Community School, AZ WORK ORDER NO: 4
SAMPLE SOURCE: SEE BELOW DATE ASSIGNED: 3/7/16

MECHANICAL SIEVE ANALYSIS
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PROJECT: BIA N8066(3), 8065(1), & School Spur
LOCATION: Black Mesa Community School, AZ
MATERIAL: Native Soil

SAMPLE SOURCE: SEE BORING

\/
amec foster wheeler P<§y

JOB NO: 17-2015-4045
WORK ORDER NO: 4
LAB NO: SEE BELOW
DATE SAMPLED: 3/7/16

DENSITY OF SOIL IN PLACE BY THE DRIVE-CYLINDER METHOD(ASTM D2937)

LAB #

16-1044-24
16-1044-41
16-1044-51
16-1044-65
16-1044-87
16-1044-91
16-1044-99
16-1044-113
16-1044-116
16-1044-143
16-1044-165
16-1044-170
16-1044-248
16-1044-251

amec foster wheeler
3630 E Wier Ave.
Phoenix, AZ 85040

BORING

BS-01 (27.45-27.75m)
BS-02 (14.85-15.15m)
BS-02 (28.35-28.65m)
BS-3 (13.35-13.65m)
BS-4 (10.35-10.65m)
BS-4 (14.85-15.15m)
BS-4 (25.35-25.65m)
BS-05 (7.95-8.25m)
BS-05 (11.85-12.15m)
BS-06 (13.35-13.65m)
B-1(7.35-7.65m)
B-1(12.45-12.75m)
B-5 (4.35-4.65m)
B-5 (7.35-7.65m)

MOISTURE

WET WT. DRYWT.  MOISTURE

() (9 CONTENT
878.7 700.1 25.5%
882.6 773.5 14.1%
887.9 691.6 28.4%
364.3 289.6 25.8%
310.3 236.2 31.4%
289.0 243.7 18.6%
867.0 659.1 31.5%
337.2 3116 8.2%
878.3 7425 18.3%
724.3 610.0 18.7%
866.1 730.4 18.6%
285.8 230.4 24.0%
279.7 2234 25.2%
908.8 731.8 24.2%

NUMBER
OF RINGS

OO OODOOTOOOOOAOOOO®

WET WGT. WEIGHT

DRY

+RINGS OF RINGS DENSITY

(9)

1,154.6
1,140.7
1,153.6
776.7
956.7
1,198.5
1,137.7
983.6
1,146.4
946.4
1,132.2
755.0
760.0
1,170.2

(9)

273.5
256.5
263.2
184.1
225.5
271.7
266.7
265.8
266.9
221.0
263.3
172.6
173.9
260.4

(kg/m?)

1551.8
1713.0
1533.1
1562.0
1476.4
1727.6
1463.7
1466.3
1643.6
1620.6
1619.8
1556.8
1552.2
1619.5

REVIEWED BYW
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PROJECT: BIA N8066(3), 8065(1), & School Spur JOB NO: 17-2015-4045
LOCATION: Black Mesa Community School, AZ WORK ORDER NO: 4
MATERIAL: Native Soil LAB NO: 16-1044-233

SAMPLE SOURCE: B-4 (1.95-2.55m) DATE ASSIGNED: 3/7/2016

SAMPLE PREPARATION: Insitu
50kPa, 150kPa, 250kPa Strain rate = 0.002 in/min

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS(AASHTO T-236)

Initial thickness of specimen (mm): 25.4 25.4 25.4
Initial diameter of specimen (mm): 61.5 61.5 61.5
Shearing device used: Humboldt Automated Shear Test System by Trautwein Soil Testing Equipment
Rate of deformation (mm/min): 0.0508 0.0508 0.0508
Direct shear point (Kpa): 50.0 150.0 250.0
Dry mass of specimen (g): 135.9 136.6 136.9
Initial Moisture Content: 13.9% 14.0% 14.2%
Initial Wet Density (Kg per cu.m): 2054.2 2065.7 2075.1
Initial Dry Density (Kg per cu.m): 1802.8 1812.5 1816.4
Final Moisture Content: 18.7% 17.0% 11.5%
Final Wet Density (Kg per cu.m): 2163.6 2170.2 2112.4
Final Dry Density (Kg per cu.m): 1822.9 1855.2 1893.8
Normal Stress (kpa): 50 150 250
Maximum Shearing Stress (Kpa): 51.57 81.23 161.46
Vertical Deformation @ Max Shear (mm): -0.330 -0.258 -0.592
Horizontal Deformation @ Max Shear (mm): 12.450 3.326 11.320
Peak Shear Stresses (Kpa)
300
250
g 200
3
[]
0
£ 150 .
(7]
g
g 100
i
50 -
0
0 50 100 150 200 250 300
Normal Stress (Kpa)

amec foster wheeler

3630 E Wier Ave. “
Phoenix, AZ 85040 REVIEWED BY




PROJECT:

LOCATION:

MATERIAL:

SAMPLE SOURCE:
SAMPLE PREPARATION:

NORMAL LOADS (Kpa):

P A
amec foster wheeler W<€y

BIA N8066(3), 8065(1), & School Spur JOB NO: 17-2015-4045
Black Mesa Community School, AZ WORK ORDER NO: 4

Native Soil LAB NO: 16-1044-233
B-4 (1.95-2.55m) DATE ASSIGNED: 3/7/2016
Insitu

50kPa, 150kPa, 250kPa Strain rate = 0.002 in/min

50.0 150.0 250.0

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS(AASHTO T-236)

180

Shear Stress

o 50,0 i 150,0 emmm—250.0 1

160

SN IS E—

140

120

100

Shear Stress (Kpa)
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Horizontal Displacement (mm)
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L —— 50,0 s 16500

250.0
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S~

Vertical Displacement (mm)
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2 4 6 8 10 12 14

Horizontal Displacement (mm)

amec foster wheeler
3630 E Wier Ave.
Phoenix, AZ 85040



amec foster wheeler !

PROJECT: BIA N8066(3), 8065(1), & School Spur JOB NO: 17-2015-4045
LOCATION: Black Mesa Community School, AZ WORK ORDER NO: 4
MATERIAL TYPE: Native Soil LAB NO: 16-1044-161
SAMPLE SOURCE: B-1 (2.85-3.15m) DATE SAMPLED: 3/7/2016

SAMPLE PREPARATION: Insitu

UNCONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS (AASHTO T296)

Specimen Specimen
Initial Specimen Data A B C Test Data A B
Water Content (%): 14.0% 13.6% 12.9% B Value: N/A N/A
Height (cm): 16.59 15.83 Total Back Pressure (psi): 0.0 0.0
Diameter (cm): 7.31 7.31 Eff. Consolidation Stress (psi): 21.8 36.3
Dry Density (kg/cu.m): 1347.9 1518.1 Strain Rate (%/min): 0.65 0.65
Dry Density (pcf): 84.1 94.8 Axial Strain at Failure (%): 15.0 5.8
Void Ratio: 0.97 0.74 : UL .
Total Major Principal Stress, o4 (psi): 115 4
Saturation %: 38% 48% : E 1 (psi) 248
seluratan Meinod: b NiA Total Minor Principal Stress, o3 (psi): 22 36
Deviator Stress, o4 - 03 (psi): 93 212

Stress-Strain
——— Specimen A Specimen B
% 250.00
o
(0]
£ 200.00 SR
0 150.00
(2]
» 100.00 v
2 P——
2 /
2 50.00
o
o0 ————rino o L — —
0.0 5.0 10.0 15.0 20.0
Axial Strain (%)

amec foster wheeler
3630 E Wier Ave. 'm
Phoenix, AZ 85040 REVIEWED BY
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PROJECT: BIA N8066(3), 8065(1), & School Spur
LOCATION: Black Mesa Community School, AZ JOB NO: 17-2015-4045
MATERIAL TYPE: Native Soil WORK ORDER NO: 4
SAMPLE SOURCE: B-1(2.85-3.15m) LAB NO: 16-1044-161
SAMPLE PREPARATION: Insitu DATE SAMPLED: 3/7/2016
Mohr Stress Circles
e Specimen A - Total Stress = Specimen B - Total Stress
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amec foster wheeler ¥4

PROJECT: BIA N8066(3), 8065(1), & School Spur JOB NO: 17-2015-4045
LOCATION: Black Mesa Community School, AZ WORK ORDER NO: 4
MATERIAL TYPE: Native Soil LAB NO: 16-1044-186
SAMPLE SOURCE: B-2 (1.35-1.77m) DATE SAMPLED: 3/7/2016

SAMPLE PREPARATION: Insitu

UNCONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS (AASHTO T296)

Specimen Specimen
Initial Specimen Data A B C Test Data A B
Water Content (%): 16.1% 15.2% B Value: N/A N/A
Height (cm): 16.38 16.12 Total Back Pressure (psi): 0.0 0.0
Diameter (cm): 7.31 7.31 Eff. Consolidation Stress (psi): 181 32.6
Dry Density (kg/cu.m): 14451 1446.4 Strain Rate (%/min): 0.65 0.65
Dry Density (pcf): 90.2 90.3 Axial Strain at Failure (%): 7.3 9.3
Void Ratio: 0.83 0.83 . AL "
Total Major Principal Stress, o4 (psi): 140 201
Saturation %: 51% 48% ' B 1 (psi) v
Saturation Method: iR o Total Minor Principal Stress, o3 (psi): 18 32
Deviator Stress, o4 - 03 (psi): 122 169

Stress-Strain

Specimen A Specimen B
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amec foster wheeler
3630 E Wier Ave. W
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amec foster wheeler %’*

PROJECT: BIA N8066(3), 8065(1), & School Spur

LOCATION: Black Mesa Community School, AZ JOB NO: 17-2015-4045
MATERIAL TYPE: Native Soil WORK ORDER NO: 4
SAMPLE SOURCE: B-2 (1.35-1.77m) LAB NO: 16-1044-186
SAMPLE PREPARATION: Insitu DATE SAMPLED: 3/7/2016
Mohr Stress Circles
—— Specimen A - Total Stress = Specimen B - Total Stress —‘
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PROJECT: BIA N8066(3), 8065(1), & School Spur JOB NO: 17-2015-4045
LOCATION: Black Mesa Community School, AZ WORK ORDER NO: 4
MATERIAL: Native Soil LAB NO: 16-1044-189

SAMPLE SOURCE: B-2 (5.85-6.15m) DATE SAMPLED: 3/7/16

SAMPLE PREP: Insitu

ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS (AASHTO T216)

INITIAL VOLUME (cu.cm): 75.45 FINAL VOLUME (cu.cm): 71.36
INITIAL MOISTURE CONTENT: 16.1% FINAL MOISTURE CONTENT: 21.0%
INITIAL DRY DENSITY (kg per cu.m): 1610.0 FINAL DRY DENSITY (kg per cu.m): 1694