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1.0  REPORT INTRODUCTION 
 
  This report presents our geotechnical engineering recommendations for the proposed 
Montezuma County, County Road N Bridge Replacement Project.  The Colorado Department of 
Transportation (CDOT) project number has been designated as BRO C320-004, Project 
Identification 22521.  This report was requested by Mr. Rich Bechtolt, P.E., Bechtolt 
Engineering, Inc.  Our initial field study for the project was performed on April 25, 2019 at 
which time the location of the bridge abutments had not been finalized.  Our draft report which 
reflected the results of our initial field and laboratory studies was submitted on May 17, 2019.  
We performed additional field study on November 2 and 3, 2020, advancing additional test 
borings at our understanding of the proposed new bridge abutment locations.  This report 
includes the results of this additional field study.  Other than additional unconsolidated-
undrained (UU) tests, we have not performed additional laboratory study on the samples 
obtained from the additional test borings, as the subsurface materials were relatively consistent 
with those encountered during our initial field study.  
 
  The information provided in this report is intended to help develop a design and implementation 
of construction strategies that are appropriate for the subsurface soil and water conditions at the 
project site.  It is important that we are consulted throughout the design and construction process 
to verify the implementation of the geotechnical engineering recommendations provided in this 
report.  The recommendations and technical aspects of this report are intended for design and 
construction personnel who are familiar with construction concepts and techniques, and 
understand the terminology presented below.  We should be contacted if any questions or 
comments arise as a result of the information presented below.  The following outline provides a 
synopsis of the various portions of this report; 
 

 Sections 1.0 and 2.0 provide an introduction and an establishment of our scope of 
service.  

 Sections 3.0 and 4.0 of this report present our geotechnical engineering field and 
laboratory studies  

 Sections 5.0 through 7.0 presents our geotechnical engineering design parameters and 
recommendations which are based on our engineering analysis of the data obtained.  

 Section 8.0 provides a brief discussion of construction sequencing and strategies which 
may influence the geotechnical engineering characteristics of the site.   

 
  The discussion and construction recommendations presented in Section 8.0 are intended to 
help develop site soil conditions that are consistent with the geotechnical engineering 
recommendations presented previously in the report.  The construction considerations section is 
not intended to address all of the construction planning and needs for the project site, but is 
intended to provide an overview to aid the owner, design team, and contractor in understanding 
some construction concepts that may influence some of the geotechnical engineering aspects of 
the site and proposed development. 
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  The data used to generate our recommendations are presented throughout this report and in the 
attached figures. 
 
  1.1  Scope of Project  

 
  We understand that the proposed project will consist of designing and constructing a new 
bridge structure to replace the existing County Road N Bridge that crosses Alkali Creek.  We 
understand that the new bridge is a single span, and will likely be supported by driven piles, 
potentially driven in pre-drilled borings through the formational materials that underlie the 
project site.  Our original draft report that was submitted on May 17, 2019 provided 
recommendations for drilled caissons as well as driven piles.  We have omitted our original 
recommendations for drilled caissons in this report, as we understand that only driven piles are 
being considered to support the bridge abutments at this time.  New asphalt pavement is 
proposed for the bridge approach surfaces.  
 
 
2.0  GEOTECHNICAL ENGINEERING STUDY 
 
  The scope of our study which was delineated in our proposal for services, and the order of 
presentation of the information within this report, is outlined below. 
 
 Field Study  
 

• Our original field study performed on April 25, 2019 consisted of advancing two test 
borings at locations specified to us by Bechtolt Engineering.  Each test boring was 
advanced within the County Road N pavement surface, adjacent to each (east and west) 
existing bridge abutments.  We advanced additional test borings adjacent to our 
understanding of the selected bridge abutment locations on November 2 and 3, 2020.  A 
test boring was advanced within the north and south lanes of County Road N at our 
understanding of the new proposed bridge abutment locations.    

• The test borings were advanced with our approximate 13,000 pound CME-45c track 
mounted drilling equipment.  The field crew for our original field study consisted of a 
professional geotechnical engineer and an engineering geologist.  The field crew for the 
additional November 2 and 3, 2020 field study consisted of a professional engineer and 
two drill helpers. 

• Select driven modified California and standard split spoon samples, bag and bulk 
samples, and core of the formational materials underlying the project site were obtained 
from the test borings and returned to our laboratory.   
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Laboratory Study 
 

• The laboratory testing and analysis of the samples obtained included; 
 

 Moisture content and dry density of select soil samples obtained from Modified 
California Barrel samples.  In addition, the density of select rock core obtained 
from the formational materials that underlie the project was determined. 

 Direct shear strength tests performed on select soil samples to help establish a 
basis for development of lateral earth pressure values for retaining structures. 

 Unconsolidated-Undrained (UU) triaxial strength tests performed on select 
Modified California Barrel soil samples in order to assess the undrained shear 
strength versus strain parameters for the site soil materials. 

 Unconfined compressive strength tests on select sections of rock core in order to 
provide engineering design parameters for the formational materials that underlie 
the project site. 

 Swell/consolidation tests to help assess the expansion and consolidation potential 
of the existing site soil materials. 

 Plastic and liquid limit tests to determine the Plasticity Index of the existing site 
soil materials that overlie the formational materials. 

 Sieve analysis tests to determine the gradation of the site soil materials that 
overlie the formational materials. 

 Chemical tests including soluble sulfates, chloride ion, and pH to generally assess 
the corrosion potential of the site soils on Portland cement concrete and steel 
components. 

 Laboratory resistivity tests to assess the resistivity characteristics of the site soils 
that overlie the formational materials. 

 Modified Proctor (AASHTO T-180/ASTM D1557) tests to determine the 
laboratory compaction characteristics of the existing roadway subgrade soil 
materials. 

 California Bearing Ratio (CBR) tests to assess the subgrade resilient modulus of 
the existing roadway subgrade soil materials.  
  

Geotechnical Engineering Recommendations 
 

• This report addresses the geotechnical engineering aspects of the site and provides 
recommendations including; 

 
Geotechnical Engineering Section(s) 

 
 Subsurface soil and water conditions that may influence the project design 

and construction conditions. 
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 Geotechnical engineering foundation design parameters that generally 
follow AASHTO LRFD bridge design specifications including; 
 Geotechnical engineering design parameters for driven pile foundation 

systems.  Our initial May 17, 2019 draft report included 
recommendations for drilled caissons, however we understand that 
only driven piles are being considered for the project at this time. 

 LPILE computer modelling parameters for use in modeling laterally 
loaded deep foundation components. 

 Lateral Earth Pressure values for design of retaining structures. 
 

Construction Considerations Section 
 

 Fill placement considerations including cursory comments regarding site 
preparation and grubbing operations.  

 Considerations for excavation cut slopes.  
 Compaction and moisture conditioning recommendations for various types 

of backfill that may be used for the project. 
 

• This report provides design parameters, but does not provide foundation design or 
design of structure components.  The project structural engineer may be contacted to 
provide a design based on the information presented in this report. 

 
• Our subsurface exploration, laboratory study and engineering analysis do not address 

environmental or geologic hazard issues with exception to potential expansive soil 
conditions. 

 
 
3.0  FIELD STUDY 
 
  3.1  Project Location 
 
  The proposed bridge replacement project is located at the existing Montezuma County Road N 
bridge structure that crosses Alkali Creek.  The existing bridge will be removed as part of the 
project.  The project site is located within Montezuma County, Colorado, approximately 0.3 
miles southwest of the intersection of County Road N and County Road 22.  The project site is 
located west of U.S. Highway 491, approximately 4.6 miles northwest of Cortez, Colorado.  The 
general location of the project site is provided in Figures 3.1and 3.2 presented below.  The aerial 
imagery used for Figures 3.1 and 3.2 was obtained from Google Earth (imagery date: 
10/12/2017). 
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Figure 3.1: Approximate Project Location 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 Project Location (more detailed view) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General Project Location 

Project Location 
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   3.2  Site History, Site Description, and Geomorphology 
 
  We understand that the existing bridge was constructed about 40 years ago.  The existing bridge 
length is approximately 28 feet between the east and west abutments.  The width of the bridge is 
approximately 24 feet.  The existing bridge deck surface is located approximately 18 to 20 feet 
above the flowline elevation of Alkali creek.  The existing bridge abutment/foundation support 
elements consist of driven H-piles.  Based on our subsurface field study, we anticipate that the 
existing abutment support piles extend to the formational materials that underlie the project site 
(subsurface conditions are discussed in more detail in Section 3.3.1 and 3.3.2 below).   The 
abutment walls and adjoining wingwalls consist of corrugated metal cribbing that is laterally 
restrained by the driven H-piles.  We observed evidence of relatively severe corrosion in the 
abutment/wingwall corrugated metal cribbing, as well as some evidence of corrosion in the 
driven H-piles at the stream water elevation. 
  
  Alkali Creek may be considered as a perennial flowing stream.  Water flow within the stream 
channel is likely primarily influenced by surface water runoff and irrigation water delivery needs 
in areas upstream (north) of the project site.  However, we anticipate that subsurface water flow 
into the stream channel (via seeps and springs) also occurs.  Surface water runoff into the stream 
channel is influenced by general precipitation/snowmelt conditions, and heavily influenced by 
extensive agricultural irrigation in areas upstream of the bridge.  Fine grained soils consisting of 
sandy silt/clay soil are predominantly exposed within the bank areas and stream channel in the 
vicinity of the bridge.   
 
  The subsurface soil and rock materials encountered in the vicinity of the project generally 
consists of a variable sandy clay soil loess deposit that overlies the Dakota Sandstone formation.  
The clay soil materials encountered in the vicinity of the project site typically exhibit a moderate 
to high swell potential.  The formational materials consist of interbedded layers of tan to white 
colored sandstone, shale, and claystone materials.  Lignite (coal like material) may also be 
encountered within the formational materials.  We observed outcrops of the Dakota Sandstone 
formation in the vicinity of the bridge.  The depth to the formational sandstone materials will be 
variable in relation to the Alkali Creek stream channel. 
 
  3.3  Subsurface Soil and Water Conditions 
 
  This section of the report provides a description of the subsurface conditions encountered in the 
various test borings advanced for the project.  Section 3.3.1 provides a description of the soil 
materials encountered in Test Borings TB-1 and TB-2 which were advanced as part of our 
original April 25, 2019 field study for the project.  The subsurface description provided in 
Section 3.3.1 below was presented in our May 17, 2019 draft report for the project.  Section 3.3.2 
provides a description of the subsurface conditions encountered in the additional test borings 
(Test Borings TB-3 through TB-6) that were advanced on November 2 and 3, 2020 at the design 
locations for the bridge abutments.  Relatively similar subsurface conditions were encountered 
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between our original April 25, 2019 field study and additional November 2 and 3, 2020 field 
study. 
 
  The approximate locations of the test borings are presented on Figures 3.3(a) and 3.3(b) below.  
The imagery used for Figure 3.3(a) was obtained from Google Earth (imagery date: 10/12/2017).  
The site plan used for Figure 3.3(b) was provided to us by Bechtolt Engineering.  The logs of the 
subsurface conditions encountered in the test borings are presented in Appendix A of this report. 
 
Figure 3.3(a): Approximate Test Boring Locations Relative to Google Earth Imagery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TB-1 
TB-2 

TB-3 

TB-4 TB-5 

TB-6 
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Figure 3.3(b): Approximate Test Boring Locations Relative to Project Site Plan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  The approximate test boring locations shown on the figures above were prepared using notes 
taken during the field work and are intended to show the approximate test boring locations for 
reference purposes only.  The test borings were patched with asphalt cold-patch material and 
may be survey located by the project surveyor.  
 
 
 
 
 
 
 
 
 

TB-1 

TB-2 

TB-3 

TB-4 TB-5 

TB-6 

N 
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  3.3.1 Subsurface Conditions in Test Borings TB-1 and TB-2 (04/25/2019 Field Study) 
 
  In general, we encountered about 2 inches of a chip seal roadway surface overlying 2 to 2½ feet 
aggregate base course material.  It was difficult to discern the exact size of the existing aggregate 
base course materials, however we anticipate that it consists of 3/4-inch minus aggregate 
material (similar in gradation to CDOT Class 6 material). 
  
  Below the existing chip seal surface and aggregate base course section, we generally 
encountered medium stiff to stiff and moist sandy clay soil material to the surface of the Dakota 
Sandstone formation which consisted of very hard, tan to white colored sandstone.  The 
formational sandstone materials were encountered at a depth of about 36½ feet below the 
roadway surface in Test Boring TB-1, and at a depth of about 26 feet below the roadway 
elevation in Test Boring TB-2.    The upper approximate 1 foot of the formational material was 
somewhat weathered.  Standard penetration tests within about 1½ to 2 feet below the surface of 
the formational material ranged from about 50 blows for 2 inches to 50 blows for no penetration.   
 
  We anticipate that a substantial depth of the sandy clay soil materials that were encountered in 
Test Borings TB-1 and TB-2 consists of man placed backfill that is retained by the existing 
bridge abutment/wingwall cribbing.  Standard penetration tests within the sandy clay soils 
ranged from about N=4 to N=10.  We encountered evidence of man placed fill in Test Boring 
TB-1 to a depth of at least 21 feet below the roadway elevation as evidenced by a section of #3 
rebar within a Modified California sample obtained at this depth.  A photograph of this sample is 
provided below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

#3 rebar in 
Modified California 
Sample 
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  We advanced NW wireline (NQ diameter) core within the formational materials encountered in 
Test Borings TB-1 and TB-2.  Core drilling operations were initiated at a depth of 38 feet below 
the roadway elevation in Test Boring TB-1, and at a depth of 28½ feet below the roadway 
elevation in Test Boring TB-2. 
 
  We obtained nearly 100 percent core recovery in all of the core runs with exception to the first 
core run in Test Boring TB-2 where we obtained about 85% recovery.  Rock Quality Designation 
(RQD) of the core ranged from as low as about 50% to 75% from depths ranging from 28½ to 
about 36 feet below the roadway elevation in Test Boring TB-2.  Otherwise, the RQD of the rock 
core obtained was about 100%.  The photographs presented below indicate the nature of the rock 
core obtained from our test borings.  It should be noted that some of the fractures shown in the 
photograph presented below are due to mechanical fracturing from the core drilling operation. 
 
Photograph of core, Test Boring TB-1, 38 to 50½ feet below the roadway elevation 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Start of Core Runs @ 38 feet 

End of Core Runs 
@ 50½ feet (note 
shale in last ½ 
foot of core) 
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Photograph of core, Test Boring TB-2, 28½ to 41 feet below the roadway elevation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Subsurface free water was encountered at depths ranging from about 17 to 18 feet below the 
roadway elevation at the time of our field study.  The subsurface free water elevation will be 
primarily influenced by the water elevation within the creek.  
 
 
 
 
 
 
 
 
 
 

Start of Core Runs @ 28½ feet 

End of Core Runs @ 41 feet 
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  3.3.2 Subsurface Conditions in Test Borings TB-3 through TB-6 (11/2-3/2020 Field Study) 
 
  Test Borings TB-3 through TB-6 were advanced at the proposed new bridge abutment 
locations.  Test Borings TB-3 and TB-4 were advanced in the vicinity of the north and south 
sides of the proposed eastern bridge abutment location, while Test Borings TB-5 and TB-6 were 
advanced in the vicinity of the north and south sides of the proposed western bridge abutment 
location.  We advanced NWL wireline core near the surface of the formational materials in Test 
Borings TB-3 and TB-6 to obtain visual samples of the formational materials.  Test Borings TB-
4 and TB-5 were advanced with 4-inch diameter solid flight auger only in order to obtain 
standard penetration test results within the formational materials, as well as to estimate auger 
drilling refusal depths within the formational materials.  We utilized our approximate 13,000 
pound CME 45c track mounted drilling equipment to advance the test borings. 
 
  Generally, in Test Borings TB-3 and TB-4 which were advanced at the proposed eastern bridge 
abutment location, we encountered about 1 inch of chip seal surface over about 2½ to 3 feet of 
aggregate base course material.   Below the existing chip seal surface and aggregate base course 
section, we generally encountered medium stiff to stiff and moist to very moist sandy clay soil 
material to the surface of the Dakota Sandstone formation which was encountered at depths 
ranging from about 37 to 38 feet below the roadway elevation at our test boring locations.  
Periodic layers of clayey sand (USCS type SC materials) were encountered at depths below 
about 17 feet below the roadway elevation to the surface of the formational materials.  
Subsurface free water was measured at depths ranging from about 17 to 17½ feet below the 
roadway elevation in Test Borings TB-3 and TB-4.  
 
  The formational materials generally consisted of tan to gray colored sandstone.  The upper 
approximate 1 to 2 feet of the formational material was somewhat weathered, with the upper 
approximate 2 feet of the formational materials encountered in Test Boring TB-3 consisting of 
shale material.  Standard penetration tests obtained within the formational sandstone material at a 
depth of 43 feet below the road surface elevation in Test Boring TB-4 was about 50 blows for 
1/2 inch of penetration.  Near auger refusal occurred in Test Boring TB-4 from depths ranging 
from about 40 to 43 feet below the ground surface elevation.  
  
  Suspected man placed embankment fill material was encountered in Test Boring TB-3 to a 
depth of about 12 feet below the road surface elevation.  Standard penetration tests within the 
sandy clay soils that overlie the formational materials generally ranged from about N=6 to N=17.   
 
  A photograph of core of the formational materials obtained from Test Boring TB-3 from depths 
ranging from 38 to 51 feet below the road surface elevation is shown below. 
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Photograph of core, Test Boring TB-3, 38 to 51 feet below the roadway elevation 
 

 
 
 
  Generally, in Test Borings TB-5 and TB-6, which were advanced at the proposed western 
bridge abutment location, we encountered about 1 inch of chip seal surface over about 2 feet of 
aggregate base course material.   Below the existing chip seal surface and aggregate base course 
section, we generally encountered medium stiff to stiff and moist to very moist sandy clay soil 
material to the surface of the Dakota Sandstone formation which was encountered at depths 
ranging from about 25 to 27½ feet below the roadway elevation at our test boring locations.  
Periodic layers of clayey sand (USCS type SC materials) were encountered at depths below 
about 17 feet below the roadway elevation to the surface of the formational materials.  
Subsurface free water was initially measured at a depth of about 22 feet below the road surface 
elevation in Test Boring TB-5.  Given sufficient time we estimate that the subsurface water 
elevation will be approximately equal to the water elevation in Alkali Creek, at a depth of about 
17 feet below the roadway elevation. 
  
 

Shale materials 38 to 39 feet 

Shale materials 50½ to 51, no return of core  
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  The formational materials generally consisted of tan to gray colored sandstone.  The upper 
approximate 1 to 2 feet of the formational material was somewhat weathered.  Standard 
penetration tests obtained within the formational sandstone material at a depth of 28 feet below 
the road surface elevation in Test Boring TB-5 was about 50 blows for 2 inches of penetration.  
Near auger refusal occurred in Test Boring TB-5 from depths ranging from about 25 to 31 feet, 
with auger refusal occurring at a depth of about 31 feet below the ground surface elevation.  
  
  Suspected man placed embankment fill material was encountered in Test Borings TB-5 and 
TB-6 to depths ranging from about 10 to 12 feet below the road surface elevation.  Standard 
penetration tests within the sandy clay soils generally ranged from about N=7 to N=15.   
 
  A photograph of core of the formational materials obtained from Test Boring TB-6 from depths 
ranging from 28 to 46 feet below the road surface elevation is shown below. 
 
Photograph of core, Test Boring TB-6, 28 to 46 feet below the roadway elevation 
 

 

Top of Core @ 28 feet 

Bottom of Core @ 46 feet 

Color change in formational 
sandstone from tan to gray @ 36 feet 
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  The logs of the subsurface soil conditions encountered in our test borings are presented in 
Appendix A.  The logs present our interpretation of the subsurface conditions encountered in the 
test borings at the time of our field work.  Subsurface soil and water conditions are often variable 
across relatively short distances.  It is likely that variable subsurface soil and water conditions 
will be encountered during construction.  Laboratory soil classifications of samples obtained may 
differ from field classifications. 
 
3.4 Site Seismic Classification 
 
  The seismic site class as defined by the AASHTO LRFD Bridge Design Specifications, Eighth 
Edition, 2017, is based on some average values of select soil characteristics such as shear wave 
velocity, standard penetration test result values, undrained shear strength, and plasticity index. 
 
  We utilized standard penetration test results and undrained shear strength tests as a basis for the 
site seismic classification provided below.  Based on this information we calculated the Average 
Standard Penetration Test (N̅) using Method B as detailed in Table C3.10.3.1-1 of the AASHTO 
Bridge Design Specifications.   
  
  Based on our calculations we obtained a N̅ value equal to about 25 for Test Borings TB-3 
through TB-6 advanced at the actual proposed bridge abutment locations.  Based on an average 
N̅ value equal to about 25, a seismic site class designation of Site Class D should be used for the 
project seismic design (Table 3.10.3.1-1).     
 
  The table below presents the seismic site coefficients for the project site based on a Site Class D 
designation in conjunction with the mapped zero period acceleration, short period acceleration, 
and long period acceleration.  The spectral response maps and subsequent seismic site 
coefficients were obtained from the 2017 AASHTO Bridge Design Specifications. 
 

Mapped Spectral 
Peak Ground 

Acceleration, PGA 
(Figure 3.10.2.1-1) 

 

Mapped Spectral 
Short Period 

Acceleration Ss 
(Figure 3.10.2.1-2) 

Mapped Spectral  
1-second 

Acceleration S1 
 (Figure 3.10.2.1-3) 

Zero Period 
Site 

Coefficient 
Fpga 

Short Term 
Period Site 
Coefficient 

Fa 
 

Long Term Period 
Site Coefficient 

 
Fv 
 

 
0.05g 

 

 
0.12g 

 
0.035g 

 
1.6 

 
1.6 

 
2.4 

  
  Based on the product of the values obtained for Fv and S1, the site Seismic Zone obtained from 
Table 3.10.6-1 is a Seismic Zone 1. 
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3.5 Estimates of Streambed D50 Particle Size 
 
  Often, bridges are located over relatively granular alluvial deposits of gravels, cobbles, and 
boulder sized particles.  In these instances, we typically estimate the streambed D50 particle size 
based on string line measurements of the exposed particle size at set intervals (2 to 3 feet along 
the string line alignment) to estimate the streambed D50 particle size.  This is due to the fact that 
soil samples that accurately represent the granular subsurface soils typically cannot be obtained 
using auger drilling techniques. 
 
  In the case of the subject project bridge, we did not observe notable granular deposits (gravel 
and cobble sized materials) in the streambed immediately upstream of the bridge.  Based on the 
subsurface soil conditions encountered in our test borings, we recommend performing the project 
scour analysis (which will be performed by others) based on the grain size distribution of the 
fine-grained soil materials that were encountered in our test borings below the approximate 
flowline elevation of Alkali Creek.  We feel that the soil samples obtained from our test borings 
are representative of the grain size distribution of the subsurface soil materials below the 
flowline elevation of the creek. 
 
  Based on the grain size distribution (sieve analyses) for the soil samples encountered below the 
flowline elevation of the creek in Test Borings TB-1 and TB-2, we recommend assuming a D50 
particle size equal to the #200 sieve screen (0.075 millimeter).  The results of our sieve analyses 
are discussed in more detail in Section 4.0.  The sieve analysis test results for Test Boring TB-1 
at depths ranging from about 21 to 22 feet below the existing roadway elevation are presented on 
Figure 4.2 of Appendix B, while the sieve analysis test results obtained from Test Boring TB-2 at 
depths ranging from about 19½ to 23½ feet below the roadway elevation are presented on Figure 
4.4 of Appendix B. Similar gradation characteristics occur in the subsurface materials 
encountered in Test Borings TB-3 through TB-6. 
 
  As discussed in Section 3.3 above, we encountered very hard formational sandstone materials at 
depths ranging from approximately 36 to 38 feet below the roadway elevation in Test Borings 
TB-3 and TB-4, and at a depths ranging from approximately 25 to 27½ feet below the roadway 
elevation in Test Borings TB-5 and TB-6.  Assuming the flowline elevation of the creek is about 
19 feet below the bridge deck elevation, the very hard formational sandstone materials should be 
located within about 7 to 17 feet below the flowline elevation of the creek.  As discussed in 
Section 4.0 below, the unconfined compressive strength of the upper portions of the formational 
sandstone materials is in the range of about 2,900 pounds per square inch.  We anticipate that 
significant future scour below the surface elevation of the formational sandstone materials below 
the streambed channel is unlikely to occur.  
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4.0  LABORATORY STUDY 
 
  The following discussion of the laboratory study that we performed for the project is based 
primarily on the results of tests obtained from our initial field and laboratory study performed in 
the spring of 2019.  We obtained very similar subsurface conditions in the additional test borings 
(Test Borings TB-3 through TB-6) that were advanced during our subsequent November 2 and 3, 
2020 field study.  Based on the similar soil conditions we feel that our previous laboratory study 
accurately characterizes the subsurface conditions at the new proposed bridge abutment 
locations.  In addition to the test results obtained from our original laboratory study we have 
performed additional unconsolidated-undrained (UU) triaxial compression tests on driven 
Modified California liner samples obtained from Test Borings TB-3 and TB-6.  These additional 
tests were performed in order to provide additional stress-strain type data for the LPILE 
parameters provided in Section 5.2 below. We performed the following tests on select samples 
obtained from our test borings; 
  
  Unit Weight;  The unit weight and moisture content of select driven Modified California liner 
samples obtained from the subsurface soil materials, and unit weight of select sections of rock 
core obtained from the formational sandstone materials were measured.  The results of the unit 
weight measurements for both soil materials and formational sandstone rock core are tabulated 
below in this section of the report. 
  
  Atterberg Limits and Sieve Analysis Tests; the plastic limit, liquid limit and plasticity index in 
conjunction with the grain size distribution (sieve analysis tests) were performed on select 
samples obtained from the soil materials encountered in our test borings.  The results of the sieve 
analysis and Atterberg Limits tests are presented on Figures 4.1 through 4.4 of Appendix B. 
 
  Based on the results of the sieve analysis and Atterberg Limits tests, the soil materials that were 
encountered above the formational sandstone materials generally classify as AASHTO type A-6 
or USCS type “CL” sandy lean clay material. 
  
  Swell-Consolidation Tests; the one-dimensional, swell-consolidation potential of select 
Modified California soil samples was determined in general accordance with constant volume 
methodology.  The test samples were exposed to varying loads and inundated with water at 
surcharge pressures ranging from 100 to 500 pounds per square foot.  The one-dimensional 
swell-consolidation response of the soil samples to the loads and the addition of water is 
represented graphically on Figures 4.5 through 4.7 of Appendix B.  A synopsis of some of the 
pertinent information obtained from the swell-consolidation test results are tabulated in Table 4.1 
presented below. 
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Table 4.1 

Sample 
Designation 

Moisture 
Content 
(percent) 

Dry Density 
(pcf) 

Measured Swell 
Pressure* 

(psf) 
Swell Potential 

(%) 

TB-1 @ 3 feet 14.5 110.0 none measured 0.0 
(100 psf surcharge load) 

TB-2 @ 8.5 feet 10.8 114.7 1,270 0.7 
(500 psf surcharge load) 

TB-2 @ 13.5 
feet 12.4 114.7 940 0.2 

(500 psf surcharge load 
*NOTE: We determine the swell pressure as measured in our laboratory using the constant volume method.  The graphically 
determined swell pressure may be different from that measured in the laboratory. 
 
  The site sandy clay soil materials encountered and tested in our test borings exhibit a relatively 
low swell potential at surcharge pressures of up to 500 pounds per square foot.  We feel that 
potential heave of the site clay soils and the potential influence on the various aspects of the 
project (such as heave of asphalt pavement or uplift forces on deep foundation components due 
to expansive soil conditions) is relatively minimal. 
 
  Unconsolidated-Undrained (UU) Triaxial Compression Tests; the undrained shear strength 
(su) and general stress-strain relationship of select soil samples extruded from Modified 
California liners that were obtained at various depths in our test borings was determined in 
general accordance with ASTM D2850.  The results of these tests were used to assess input 
parameters for LPILE computer modelling, specifically including the undrained shear strength 
parameters (su) and E50 parameters that are used for these types of soils in LPILE modelling.  
The test samples were approximately 2 inches in diameter by 4 inches in length, and were 
exposed to effective confining pressures that are approximately equal to the estimated effective 
pressures at the depth the samples were obtained.  The test results from UU triaxial compression 
tests are presented on Figures 4.8 through 4.11 of Appendix B.  It should be noted that the 
presentation of the test results in these figures is not intended to indicate any type of linear 
relationship between the various test samples, as the test samples consisted of somewhat 
different soil compositions at various densities, moisture content, and degrees of saturation.  
Some of the pertinent information obtained from the UU strength tests are tabulated in Table 4.2 
presented below. 
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Table 4.2 
Sample 

Designation 
and Sample 

Depth/ 
(N-value) 

Sample 
Moisture 
Content 

 
 

(%) 

Sample 
Dry 

Density 
 
 

(pcf) 

Initial Void 
Ratio/Degree 
of Saturation 

(S.G.=2.65 
assumed) 

Effective 
Confining 
Pressure 
During 
Testing 

(psi) 

Peak 
Deviator 

Stress 
 
 

(psf) 

Strain at 
Peak 

Deviator 
Stress  

 
(percent) 

Undrained 
Shear 

Strength 
(su) 

 
(psf) 

Strain at 
50% of su 

(E50) 

TB-1 @ 8 feet 
(N=9) 

13.1 111.2 0.49/71.0% 6.9 7,775 9.3 3,890 0.015 

TB-1 @ 23 
feet (N=9) 

21.5 105.2 0.57/99.5% 17.4 2,580 15.0* 1,290 0.036 

TB-1 @ 28 
feet (N=10) 

21.4 106.0 0.56/100% 19.5 3,040 15.0* 1,520 0.011 

TB-2 @ 18.5 
feet (N=9) 

16.0 114.7 0.44/95.9% 15.6 5,740 15.0* 2,870 0.020 

TB-2 @ 23.5 
feet 

 (N=10) 

21.0 108.0 0.53/100% 17.8 1,950 13.4 975 0.017 

TB-3 @ 8 feet 
(N=9) 

14.9 111.6 0.48/81.7% 6.9 3,860 8.5 1,930 0.017 

TB-3 @ 18 
feet 

(N=17) 

18.2 111.4 0.48/99.6% 15.2 4,370 15.0* 2,190 0.020 

TB-3 @ 28 
feet 

(N=9) 

21.4 106.3 0.56/100% 19.5 3,210 14.1 1,610 0.014 

TB-6 @ 8 feet 
(N=7) 

14.3 107.4 0.54/70.3% 6.9 6,380 13.3 3,190 0.027 

TB-6 @ 13 
feet 

(N=15) 

17.9 107.9 0.53/89.0% 11.3 4,330 15.0* 2,160 0.046 

TB-6 @ 18 
feet 

(N=10) 

19.4 114.4 0.45/100% 15.2 4,310 15.0* 2,150 0.048 

*A maximum sample strain of 15.0% was used for the UU tests 
 
Unconfined Compressive Strength; the unconfined compressive strength of select sections of 
the NWL (NQ diameter) core that was obtained from the formational sandstone materials was 
tested.  The results of the unconfined compressive strength tests are presented in Table 4.3 
below.   
 
Table 4.3 

 Core Boring and Depth 
(feet below the road surface) 

Unit Weight 
(pcf) 

Unconfined Compressive 
Strength 

(psi) 
TB-1 @ 38 feet 136.4 2,870 
TB-1 @ 42 feet 137.1 3,700 
TB-2 @ 29 feet 141.8 2,970 
TB-2 @ 32 feet 137.0 1,600 

 



PN: 55458GE  
November 9, 2020 
 

 21 

  Direct Shear Strength tests;  Direct shear strength tests were performed on select soil samples 
obtained from the existing suspected man placed bridge abutment backfill materials.  The sample 
that was tested was encountered in Test Boring TB-2 at a depth ranging from about 10 to 14 feet 
below the roadway elevation.  We obtained an angle of internal friction (phi) of about 23 degrees 
and a cohesion of about 390 pounds per square foot.  The results of the direct shear test are 
presented on Figure 4.12 of Appendix B.  
 
  Chemical Tests; The water soluble sulfate, chloride ion concentrations, and pH of several 
samples obtained from our test borings was measured by Green Analytical Laboratories.  The 
results of these tests are tabulated below and provided in Appendix C of this report.  We 
performed soluble sulfate tests in-house for a sample of the formational sandstone material 
obtained from Test Boring TB-2.  The results of these tests are tabulated below in Table 4.4 
below.  
 
Table 4.4 

Test Boring 
and Depth 

(feet) 

Soil Type Sulfate in Water 
(parts per million) 

Chloride Ion 
(parts per million) 

pH 

TB-1; 13.0-14.5  Sandy clay 
(existing abutment 

backfill) 

757 180 11.7 

TB-2; 9.5-13.5  Sandy clay 
(existing abutment 

backfill) 

4,140 546 7.9 

TB-2; 19.5-23.5  Sandy clay 
(existing abutment 

backfill) 

4,550 157 7.4 

TB-2; 28.5 Formational 
Sandstone 

200 -- -- 

 
  Based on Section 601.04 of the 2011 CDOT Standard Specifications for Road and Bridge 
Construction, and the results of the soluble sulfate testing, the severity of sulfate exposure should 
be considered as ranging from a Class 1 to Class 2 severity of sulfate exposure.  Based on the 
chemical testing that we have performed to date, we recommend that the CDOT requirements for 
cementitious materials for Class 2 requirements be followed.  
 
  A relatively high pH level was obtained for the soils encountered in Test Boring TB-1 at depths 
ranging from about 13 to 14½ feet below the ground surface elevation.  These test results were 
checked again by Greene Analytical and similar test results were obtained.  
 
Soil Resistivity;  we performed resistivity measurements for select soil samples obtained from 
our test borings.  The resistivity testing was performed in the laboratory with a soil box using the 
Wenner 4-electrode method.  The soil samples were remolded to an approximate wet density of 
about 125 pounds per cubic foot at the existing moisture conditions of the soil materials.  The 
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samples tested and obtained from Test Boring TB-1 at a depth of 19½ to 21 feet below the 
roadway elevation and TB-1 at a depth of 14½ to 18½ feet below the roadway elevation 
consisted of saturated clay soils (saturated with the existing subsurface free water of Alkali 
Creek).  These tests represent the laboratory soil box resistivity values for fully saturated soils.  
The results are tabulated in Table 4.5 below. 
 
Table 4.5 

Test Boring and 
Sample Depth 

Remolded Dry 
Density 

Moisture Content 
of Remolded Soil 

Resistivity 

TB-1; 4’-8’ 109.4 pcf 14.3 % 3,300 ohm.cm 
TB-1; 19.5’-21’ 103.4 pcf 20.9% 3,400 ohm.cm 

TB-2; 14.5’-18.5’ 103.6 pcf 20.6% 4,200 ohm.cm 
  Based on Section 10.7.5 of the AASHTO LRFD bridge design specifications, resistivity levels 
less than 2,000 ohm.cm may be indicative of potential corrosion on steel components. 
 
Moisture content-dry density relationship (modified Proctor) tests;  We performed laboratory 
moisture content-dry density tests to assess the relationship between the soil moisture content 
and dry density.  The Proctor tests were performed in accordance with AASHTO T-180.  The 
tests were performed on a bulk sample of the existing roadway subgrade materials obtained from 
Test Boring TB-2 at depths ranging from about 2½ to 5 feet below the roadway surface.  The 
results of the modified Proctor tests are presented on Figure 4.13 of Appendix B.  We obtained a 
maximum dry density of about 123 pounds per cubic foot at an optimum moisture content of 
about 11 percent.  We recommend that the moisture-density relationship (modified Proctor) be 
tested during construction to verify the test results that we obtained (due to the limitations of our 
sampling) are representative of the project-wide subgrade soil materials. 
 
California Bearing Ratio (CBR) Tests;  We assessed the pavement section support 
characteristics of select composite soil samples in general accordance with ASTM D1883.  The 
results of the CBR tests are presented on Figure 4.14 of Appendix B.  We obtained a CBR of 3.0 
for the existing site subgrade soils that are densified to 90 percent of the maximum dry density as 
established by the modified Proctor test (see above). 
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5.0  BRIDGE ABUTMENT FOUNDATION RECOMMENDATIONS 
 
  Our May 17, 2020 draft report for the project provided recommendations for both driven piles 
and drilled caissons.  We understand that at this point only driven piles are being considered to 
support the bridge.  Please contact us if recommendations for drilled caissons are desired   Our 
recommendations for driven piles are provided in Section 5.1 below.  We are available to 
provide recommendations for alternative deep foundation components such as cased micropiles 
at your request.  Recommended parameters for LPILE computer modeling for laterally loaded 
deep foundation components are provided in Section 5.2 below.  The AASHTO LRFD Bridge 
Design Specifications, 8th Edition, was used as the primary source for the recommendations 
provided in this section of the report. 
 
  Based on the subsurface conditions encountered, we anticipate that the use of driven piles has 
advantages over drilled caissons with regard to the ease of installation and general 
constructability.  In addition, due to the relatively high soluble sulfate levels encountered at some 
depths in our test borings, driven steel piles are advantageous from the perspective of potential 
sulfate attack on the Portland cement concrete associated with drilled caissons.   
 
  The potential disadvantage of driven piles relates to obtaining adequate penetration into the 
underlying formational sandstone materials to resist lateral loads and potential scour.  It may be 
necessary to pre-drill driven piles to obtain sufficient embedment into the formational sandstone 
materials to resist lateral loads and potential scour (calculated by others).  As discussed in more 
detail below, we anticipate that driven piles will “set” rapidly within the formational sandstone 
materials, likely only achieving about 1 to 3 feet of embedment into the upper weathered zone of 
the formational sandstone materials.  
 
  5.1  Driven Piles 
 
  Driven piles that are end/tip bearing in the competent formational sandstone materials that 
underlie the project site may be used to support the proposed bridge abutments and potential 
associated wingwall structures.  Based on the subsurface conditions encountered in our test 
borings, obtaining a tip bearing condition on the very hard formational sandstone materials 
should be readily obtained for H-section piles.  We anticipate that about 1 to 3 feet of penetration 
into the formational sandstone materials may be obtained for H-section piles.  It is also likely 
feasible to obtain a tip bearing condition for driven pipe piles, however we anticipate that very 
little penetration into the formational sandstone materials will be obtained for pipe piles.   
 
  Based on Section 10.7.3.2.3 of the AASHTO LRFD specifications, the piles may be considered 
as being point/tip bearing on hard rock.  Therefore, the nominal axial compression resistance of 
the piles is controlled by the structural limit state of the selected pile section.  Based on Table 
10.5.5.2.3-1 of the AASHTO LRFD specifications, the applicable resistance factor for steel piles 
shall be based on the structural limit state (Article 6.5.4.2 of the AASHTO LRFD specifications).  
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The project structural engineer should calculate the capacities of the piles based on AASHTO 
LRFD specifications.    The minimum center to center spacing between the individual piles 
should be 30 inches or 2.5 times the pile diameter, whichever is greater. 
 
  We anticipate that relatively immediate refusal will occur once the tip of the pile encounters the 
formational sandstone materials.  We anticipate that damage to the pile could easily and rapidly 
occur if the potential energy of the hammer is greater than the yield stress of the selected pile 
section.  The piles should be driven with high strength tip protection. 
 
  We recommend that the piles be driven with an appropriately sized hammer and/or adjustable 
stroke/energy hammer to avoid damage to the pile.  When the tip elevation seats against the 
formational sandstone materials, then a set-criteria of 5 blows per 1/2 inch of pile penetration 
may be used to verify the set of the pile.  Again, the energy output of the pile driving equipment 
must not exceed the structural capacity of the selected pile.  We recommend that at least one pile 
per bridge abutment be monitored with signal matching pile driving analyzer (PDA) equipment, 
to verify that the needed capacity of the pile is obtained, and that the pile is not damaged at the 
set criteria discussed above (based on an allowable hammer energy for the selected pile). 
  
  Forces due to down drag of the existing bridge abutment backfill materials on the piles may be 
disregarded based on our understanding of the time frame that the existing abutment backfill 
materials have been in place (about 40 years).  If substantial new fill materials (greater in depth 
than about 5 feet) are placed over the existing bridge abutment fill materials or native 
undisturbed soil materials, then down drag forces may need to be considered.  We should be 
contacted to evaluate potential down drag forces on the piles if more than about 5 feet of fill 
material will be placed over the existing abutment backfill materials or native undisturbed soil 
materials.  In addition, uplift forces acting on the piles due to expansive soil conditions may be 
disregarded based on the results of our laboratory swell test results. 
 
  We anticipate that penetration of the piles into the formational sandstone materials may be 
necessary to resolve lateral forces that act on the piles.  As discussed above, we anticipate that 
embedment of the piles into the formational sandstone materials will be relatively limited, and 
the penetration that does occur may cause fracturing/disturbance to the formational materials 
surrounding the pile.  Achieving embedment of the piles into the formational materials will 
likely require predrilling the formational materials to the desired depth of pile embedment.  The 
diameter of the predrilled boring must be carefully selected to verify that sufficient contact down 
the length of the pile installed within the formational materials is achieved in order for the lateral 
support parameters that we have provided in Section 5.3 below (LPILE parameters) to be 
applicable.  At minimum, we suggest that the predrilled boring diameter be sized slightly under 
the diagonal distance between the outside edges of the pile flange.  Preplacement of fluid grout 
within the predrilled boring may be considered to assure that full engagement of the surface area 
of the pile against the adjacent supporting materials is occurring.  We are available to provide 
design parameters for the grout if grouting of the piles is determined to be necessary.   
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  It should be noted that the soil materials that overlie the formational materials generally exhibit 
a relatively high amount of strain to achieve the full undrained shear strength characteristics of 
the soils.  If the overlying soil materials (soil materials above the surface of the formational 
materials) will be relied on for lateral support of the pile, and the pile locations will be pre-
drilled, then we recommend that fluid grout be placed in the pile borings immediately prior to the 
installation of the pile.  Alternatively, it may be possible to backfill the borings with the drill 
cuttings prior to installation of the pile.  Utilizing battered piles to resolve lateral forces may also 
be considered for the project. 
 
  We performed a number of laboratory tests to assess the corrosion potential of the site 
soils/formational materials on Portland cement and steel components such as driven piles.  These 
test results are discussed in more detail in Section 4.0 above.  Based on our review of Section 
10.7.5 of the AASHTO LRFD specifications and our laboratory test results, the site soils should 
not exhibit a high potential to cause corrosion of steel piles.  It should be noted that are chemical 
tests did not include performing tests on the water within Alkali Creek.  
 
5.2  LPILE Computer Modelling Input Parameters 
 
  The LPILE parameters provided below may be utilized for lateral design of the deep foundation 
components.  As discussed above, the foundation component should exhibit full lateral contact 
with the various types of support stratums provided below for the parameters to be applicable.  If 
only partial support of the foundation component is obtained, such as for driven H-piles socketed 
within the formational materials, then the lateral support parameters may need to be reduced.   
 
  The tables provided below present a summary of soil/formational material parameters for use 
with LPILE computer analysis program for the different subsurface strata encountered at the Test 
Boring TB-3 through TB-6 locations which were advanced in our understanding of the proposed 
new bridge abutment locations.  The depths of the various layers are based on the depths of 
materials encountered in our test borings from the existing roadway elevation.  The applicability 
of the depths of the various material types presented below will need to be determined based on 
the proposed elevations of the deep foundation component relative to the elevation of our test 
borings. 
 

• The referenced soil layer depths are based on the road surface elevation adjacent to our 
test boring at the time of the field study.  The parameters should be adjusted based on 
the actual ground surface elevation adjacent to the driven piles. 

• LPILE soil types were obtained from LPILE version 2019 computer software. 
• The effective unit weight values are based on laboratory determined densities of select 

soil samples that we obtained during our field study. 
• The LPILE “k” value, or soil modulus value is based on default data provided with the 

LPILE software.  Obtaining project specific “k” values would require full-scale load 
testing of drilled caissons placed on the project site. 
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• The values for k_rm are estimated. 
• The values for Young’s Modulus are based on estimations. 
• The rock quality designation (RQD) values are based on average RQD measurements 

performed on rock core that we obtained from the test borings. 
• The uniaxial compressive strength values for the formational materials (referenced as 

weak rock) were estimated from the overall strength characteristics of the formational 
materials, being partially based on the actual unconfined compressive strength tests 
that we performed. 

• Parameters for the existing aggregate base course materials of the current roadway 
section are not provided due to the limited depth of these materials.  

 
  It should be noted that we anticipate some error messages may be obtained in the LPILE 
models due to variations between the LPILE values tabulated below and the default values that 
are provided with the program.  We should be contacted to discuss the error messages with the 
project structural engineer to verify that the computer model is accurate for the actual subsurface 
conditions encountered and our laboratory test data. 
 

LPILE Parameters for Test Borings TB-3 and TB-4 (Proposed East Bridge Abutment) 
 

 
Top of 
Layer 

 
 

(ft) 

 
Bottom 

of 
Layer 

 
(ft) 

 
LPILE 

Soil 
Type 

 
Unit 

Weight 
 
 

(pcf) 

 
Undrained 
Cohesion 

 
 

(psf) 

 
Static  
p-y 

Modulus 
(k) 

(pci) 

 
Strain 
Factor 
(Em) or 
(Krm) 

 
Young’s 
Modulus 

(estimated) 
 

(psi) 

 
RQD 

 
 
 

(%) 

 
Uniaxial 

Compressive 
Strength 

 
(psi) 

 
0 
 

 
17 

 
Modified 
Stiff Clay 
w/o free 

water 

 
125.0 

 
2,000 

 
500 

 
0.020 

 
-- 

 
-- 

 
-- 

 
17 
 

 
37 

 
Stiff clay 
w/ free 
water 

 

 
62.6 

 
1,500 

 
500 

 
0.020 

 
-- 

 
-- 

 
-- 

37 51 Weak 
Rock 

135.0 -- -- 0.0005 100,000 90 2,500 

 
 
 
 
 
 
 
 
 



PN: 55458GE  
November 9, 2020 
 

 27 

LPILE Parameters for Test Borings TB-5 and TB-6 (Proposed West Bridge Abutment) 
 
 

 
Top of 
Layer 

 
 

(ft) 

 
Bottom 

of 
Layer 

 
(ft) 

 
LPILE 

Soil 
Type 

 
Unit 

Weight 
 
 

(pcf) 

 
Undrained 
Cohesion 

 
 

(psf) 

 
Static  
p-y 

Modulus 
(k) 

(pci) 

 
Strain 
Factor 
(Em) or 
(Krm) 

 
Young’s 
Modulus 

(estimated) 
 

(psi) 

 
RQD 

 
 
 

(%) 

 
Uniaxial 

Compressive 
Strength 

 
(psi) 

 
0 
 

 
17 

 
Modified 
Stiff Clay 
w/o free 

water 

 
125.0 

 
2,000 

 
500 

 
0.020 

 
-- 

 
-- 

 
-- 

 
17 
 

 
26 

 
Stiff clay 
w/ free 
water 

 

 
62.6 

 
1,500 

 
500 

 
0.020 

 
-- 

 
-- 

 
-- 

26 46 Weak  
Rock 

135.0 -- -- 0.0005 100,000 90 2,500 

 
 
6.0  LATERAL EARTH PRESSURE VALUES/RETAINING STRUCTURES 
 
  This section of the report provides lateral earth pressure values for both the existing sandy clay 
soil materials that are retained by the existing bridge abutment, and values for imported granular 
fill materials.  The AASHTO LRFD bridge design specifications was the primary source that 
was used to calculate the various lateral earth pressure values provided below.  The lateral earth 
pressure values provided below are based on the following assumptions; 
 

• The retaining wall structure will exhibit a vertical back face (face of wall directly against 
the retained soil mass). 

• The retaining wall structures will consist of concrete.  The values provided below may 
not be appropriate for steel retaining components such as steel sheet piling 

• The top of the retained soil mass consists of level backfill. 
• The values provided for imported granular fill materials are based on a minimum angle of 

internal friction (phi) of 35 degrees. 
• The values provided below are appropriate for drained soil conditions, and do not include 

the influence of hydrostatic pressures. 
• Equations 3.11.5.2-1 and 3.11.5.3-1 were used to calculate values for ko and ka.  Figure 

3.11.5.4-1 was used to calculated kp. 
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  The values provided below for at-rest, active, and passive earth pressures are based on the 
calculated lateral earth pressure coefficients (ko, ka, kp) multiplied by the estimated moist unit 
weight of the soil.  A moist unit weight of 125 pounds per cubic foot (pcf) was assumed for the 
existing sandy clay soil materials, while a moist unit weight of 135 pcf was assumed for 
imported granular fill materials.  The backfill height variable (z) should be analyzed based on the 
project design heights for the retained soils.  In addition, we have not included soil cohesion (c) 
for passive pressure calculations (c=0).  Depending on the design situation, we are available to 
address cohesional characteristics for passive pressures for cohesive soils at your request.  
 
       Lateral Earth Pressure Values 

Type of Lateral Earth 
Pressure 

Level Sandy Clay Native Soil 
Backfill  

(pounds per cubic foot) 

Level Imported Granular 
Backfill 

(pounds per cubic foot) 
At-rest 76 58 
Active 48 33 
Passive 400 900 

 
  We have provided coefficient of friction values for cast in place concrete placed on the native 
sandy clay soil materials or on a layer of imported aggregate base course such as CDOT Class 6 
material below, with the assumption that spread footings may be used to support retaining 
structures associated with the project.  We must be contacted to evaluate the allowable bearing 
capacity and potential settlement for footings placed on the site soil materials.  This may require 
additional subsurface data and laboratory testing depending on the location of potential footings.   
 
  A preliminary coefficient of friction of 0.30 may be used for concrete footings that are cast 
directly on the existing site native sandy clay soils, while a preliminary coefficient of friction of 
0.50 may be used for concrete footings that are cast direct on imported structural fill material 
such as CDOT Class 6 material. 
 
   The values provided above do not include the influence of hydrostatic pressures developing 
within the retaining wall backfill materials.  The project retaining walls must be designed to 
allow drainage of subsurface water within the retained soil mass.  
 
  Backfill should not be placed and compacted behind the retaining structure unless approved by 
the project structural engineer.  Backfill placed prior to construction of all appropriate supporting 
structural members, or prior to appropriate curing of the retaining wall concrete (if used) may 
result in severe damage and/or failure of the retaining structure(s). 
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6.1 Considerations for Settlement of New Abutment Backfill Materials 
 
  The existing retained bridge abutment materials appear to be relatively well consolidated (based 
on the current loads that act on these materials) based on our field observations at the interface of 
the existing supported bridge deck relative to the existing abutment backfill materials.  In 
addition, we are not aware that settlement of the existing bridge abutment fill materials has been 
an issue in the recent past. 
 
  Some post construction settlement of new backfill material will occur regardless of the backfill 
material characteristics and regardless of the compaction level of the material.  If possible, we 
recommend that new backfill material consist of imported granular fill material such as a CDOT 
Class 2 aggregate sub-base course or Class 6 aggregate base course materials.  We anticipate that 
at least 1 to possibly 2 percent post construction settlement could occur within properly densified 
granular backfill materials.  For example, about 1½ to 2½ inches of settlement could occur 
within a 10 foot depth of backfill provided the backfill consists of imported granular materials 
such as CDOT Class 6 or Class 2 material that is properly densified.  Clay soil backfill materials 
will likely exhibit a significantly higher post construction settlement potential.  
 
  The roadway/bridge design should accommodate the potential for future settlement of the 
abutment backfill (and supported roadway) relative to the bridge abutments.  We anticipate that 
additional asphalt cement pavement will need to be placed periodically at the interface between 
the bridge abutments and adjacent roadway for some time after construction of the project if the 
project will require placement of substantial depths of abutment fill material.  We are available to 
evaluate the potential settlement of potential new fill materials as the project design progresses 
and fill quantities are known.  Lean concrete, cellular concrete, or foam backfill may be 
considered to help reduce the influence of fill settlement, as well as potentially reducing lateral 
pressures that act on retaining structures. 
 
 
7.0 ASPHALT PAVEMENT THICKNESS DESIGN RECOMMENDATIONS 
 
  This section of our report provides asphalt pavement thickness design recommendations for the 
new roadway section associated with the bridge project.  Existing traffic count data for the 
roadway and associated calculated 18kip-equivalent single axle load data (18k ESAL values) has 
not been provided to us at this time.  Therefore, we have provided pavement section design 
recommendations for various 18k ESAL values.  The project civil engineer and/or county may 
select the appropriate 18k ESAL design section based on the current and projected roadway 
traffic use.  The Colorado Department of Transportation (CDOT) 2014 Pavement Design Manual 
was utilized as the primary source for the recommendation provided below. 
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  The various factors utilized for our recommendations are itemized below. 
  

• Reliability Factor R=90% 
• Overall Standard Deviation, So=.44 
• Change is serviceability index, Delta PSI=2.0 
• Structural Coefficient of new Asphalt Pavement = 0.44 
• Structural Coefficient of new CDOT Class 6 aggregate base course materials =0.12 
• Structural Coefficient of new CDOT Class 2 aggregate subbase course materials=0.09 
• Subgrade resilient modulus for the existing subgrade soils under the existing roadway, 

MR= 4,500 psi.  This value was obtained by estimating the subgrade resilient modulus 
based on MR = 1500(CBR). A CBR value of about 3.0 was obtained from the existing 
roadway section subgrade materials that are compacted to 90 percent of the maximum 
dry density as established by AASHTO T-180/ASTM D1557.  

 
  The subgrade soil materials should be scarified to a depth of 12 inches, moisture conditioned, 
and compacted to at least 90 percent of the maximum dry density as defined by AASHTO T180.  
Proof rolling observations should then be performed over the prepared subgrade surface.  We 
recommend that the moisture content of the subgrade soils be within optimum to 2 percent above 
optimum moisture content.  Any areas of significant yielding should be stabilized as needed prior 
to placement of the overlying aggregate base course materials.  The surface of the subgrade soil 
should be graded and contoured to be parallel to the finished grade of the asphalt surface.  
 
  The asphalt pavement used on this project should be mixed in accordance with a design 
prepared by a licensed professional engineer, or an asphalt pavement specialist.  We should be 
contacted to review the mix design prior to placement at the project site.  We recommend that the 
asphalt pavement be compacted to between 92 and 96 percent of the maximum theoretical 
density. 
 
  The aggregate materials used within the pavement section should conform to the requirements 
outlined in the current Specifications for Road and Bridge Construction, Colorado Department of 
Transportation (CDOT).  The aggregate base material should be a three-quarter (3/4) inch minus 
material that conforms to the CDOT Class 6 aggregate base course specifications and have an R-
value of at least 78.  The aggregate sub-base course should conform to the CDOT specifications 
for Class 2 material and should have a minimum R-value 70.  Aggregate sub-base and base-
course materials should be compacted to at least 95 percent of maximum dry density as defined 
by AASHTO T-180. 
 
  Thorough proof rolling with a fully loaded tandem axle water truck should be performed across 
the prepared aggregate surface prior to placement of the asphalt cement.  Any areas that are 
observed to yield should be stabilized as necessary.  We should be contacted to observe the proof 
rolling operations and provide recommendations for stabilization if necessary. 
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  We have provided pavement section design thicknesses for 100,000 and 250,000 18k ESAL 
values below.    We are available to provide recommendations for other 18k ESAL values at your 
request.  The structural support characteristics of each section are approximately equal.  The 
project civil engineer, or contractor can evaluate the best combination of materials for economic 
considerations.  We recommend that estimations regarding potential future gas/oil industry type 
traffic be considered for the roadway.  The projected volume of heavily loaded truck traffic will 
have a major influence on the future condition of the roadway and suitable 18k ESAL value that 
should be designed for.  
 
Pavement Section Design Thickness 
100,000 18k ESAL (Design Critical Lane) 
 
Pavement Section Component Alternative Thicknesses of Each Component  
         (inches) 
Asphalt Concrete     3 3 3 4  4   
Class 6      4 6 12 4 9  
Class 2      11 8 0 6 0  
Reconditioned Subgrade   12 12 12 12 12 
 
Pavement Section Design Thickness 
250,000 18k ESAL (Design Critical Lane) 
 
Pavement Section Component Alternative Thicknesses of Each Component  
         (inches) 
Asphalt Concrete      4 4 5   
Class 6       6 12 8  
Class 2       8 0 0  
Reconditioned Subgrade    12 12 12 
 
 
8.0 CONSTRUCTION CONSIDERATIONS 

 
  This section of the report provides comments, considerations and recommendations for aspects 
of the site construction which may influence, or be influenced by the geotechnical engineering 
considerations discussed above.  The information presented below is not intended to discuss all 
aspects of the site construction conditions and considerations that may be encountered as the 
project progresses.  If any questions arise as a result of our recommendations presented above, or 
if unexpected subsurface conditions are encountered during construction we should be contacted 
immediately. 
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  8.1 Fill Placement Recommendations 
 
  There are several references throughout this report regarding both natural soil and compacted 
structural fill recommendations.  The recommendations presented below are appropriate for the 
fill placement considerations discussed throughout the report above. 
 
  All areas to receive fill, structural components, or other site improvements should be properly 
prepared and grubbed at the initiation of the project construction.  The grubbing operations 
should include scarification and removal of organic material and soil.  No fill material or 
concrete should be placed in areas where existing vegetation or poor quality or poorly 
consolidated fill materials exist. 
 
  8.1.1  Natural Soil Fill 
 
  Any natural soil used for any fill purpose should be free of all deleterious material, such as 
organic material and construction debris.  Natural soil fill includes excavated and replaced 
material or in-place scarified material.   
 
  The natural soils should be moisture conditioned, either by addition of water to dry soils, or by 
processing to allow drying of wet soils.  The proposed fill materials should be moisture 
conditioned to between about optimum and about 2 percent above optimum soil moisture 
content.   
 
  Moisture conditioning of clay or silt soils may require many hours of processing.  Water should 
be added and thoroughly mixed into fine grained soil such as clay or silt the day prior to establish 
properly moisture conditioned soils.  This technique will allow for development of a more 
uniform moisture content and will allow for better compaction of the moisture conditioned 
materials.  
 
  The moisture conditioned soil should be placed in lifts that do not exceed the capabilities of the 
compaction equipment used and compacted to at least 90 percent of maximum dry density as 
defined by AASHTO T-180.  We typically recommend a maximum fill lift thickness of 6 inches 
for hand operated equipment and 8 to 10 inches for larger equipment.  Care should be exercised 
in placement of utility trench backfill so that the compaction operations do not damage the 
underlying utilities.  Rocks larger that about 3 inches in diameter should be discarded from the 
fill materials. 
 
  8.1.2 Granular Compacted Fill 
 
  Granular compacted fill is referenced in numerous locations throughout the text of this report.  
Granular compacted fill should be constructed using an imported commercially produced rock 
product such as aggregate road base.  In general, we recommend that CDOT Class 6 or Class 2 
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specification products be used for backfill materials.  Alternative backfill materials may be 
appropriate for the project depending on the intended use of the material.  We are available to 
review proposed imported granular fill materials for the project. 
 
  All compacted fill below roadway areas or behind retaining wall structures should be moisture 
conditioned and compacted to at least 90 percent of maximum dry density as defined by 
AASHTO T-180, Modified Proctor test.  Areas where aggregate base course will directly support 
traffic loads under concrete slabs or asphalt concrete should be compacted to at least 95 percent 
of maximum dry density as defined by AASHTO T-180. 
  
  Clean aggregate fill, if appropriate for the site soil conditions, must not be placed in lifts 
exceeding 8 inches and each lift should be thoroughly vibrated, preferably with a plate-type 
vibratory compactor prior to placing overlying lifts of material or structural components.  We 
should be contacted prior to the use of clean aggregate fill materials to evaluate their suitability 
for use on this project. 
 
  8.2 Excavation Considerations 
 
  Unless a specific classification is performed, the site soils should be considered as an 
Occupational Safety and Health Administration (OSHA) Type C soil and should be sloped 
and/or benched according to the current OSHA regulations.  Excavations should be sloped and 
benched to prevent wall collapse.  Any soil can release suddenly and cave unexpectedly from 
excavation walls, particularly if the soils are very moist, or if fractures within the soil are present.  
Daily observations of the excavations should be conducted by OSHA competent site personnel to 
assess safety considerations. 
 
  If possible, excavations should be constructed to allow for water flow from the excavation the 
event of precipitation during construction.  If this is not possible it may be necessary to remove 
water from snowmelt or precipitation from the foundation excavations to help reduce the 
influence of this water on the soil support conditions and the site construction characteristics. 
 
  
 8.2.1 Excavation Cut Slopes 
 
  We anticipate that both permanent and temporary excavation or embankment fill slopes will be 
included with the project.  Temporary cut slopes should not exceed 5 feet in height and should 
not be steeper than about 1:1, horizontal to vertical.  Permanent excavation or embankment fill 
slopes of greater than 5 feet or steeper than 2½:1, h:v must be analyzed on a site specific basis. 
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9.0  CONSTRUCTION MONITORING AND TESTING 
 
  Construction monitoring including engineering observations and materials testing during 
construction is a critical aspect of the geotechnical engineering contribution to any project.  
Unexpected subsurface conditions are often encountered during construction. The site foundation 
excavation should be observed by the geotechnical engineer or a representative during the early 
stages of the site construction to verify that the actual subsurface soil and water conditions are 
consisting with the subsurface materials encountered in our test borings.  If the subsurface 
conditions encountered during construction are different than those that were the basis of the 
geotechnical engineering report then modifications to the design may be implemented prior to 
placement of fill materials or foundation concrete. 
 
  Compaction testing of fill material should be performed throughout the project construction so 
that the engineer and contractor may monitor the quality of the fill placement techniques being 
used at the site.  We recommend that compaction testing be performed for any fill material that is 
placed as part of the site development.  Compaction tests should be performed on each lift of 
material placed in areas proposed for support of structural components.  In addition to 
compaction testing we recommend that the grain size distribution, clay content and swell 
potential be evaluated for any imported materials that are planned for use on the site.  Concrete 
tests should be performed on foundation concrete and flatwork.  We are available to develop a 
testing program for soil, aggregate materials, concrete and asphaltic concrete for this project. 
 
 10.0  CONCLUSIONS AND CONSIDERATIONS 
  
  The information presented in this report is based on our understanding of the proposed 
construction that was provided to us and on the data obtained from our field and laboratory 
studies.  We recommend that we be contacted during the design and construction phase of this 
project to aid in the implementation of our recommendations.  Please contact us immediately if 
you have any questions, or if any of the information presented above is not appropriate for the 
proposed site construction. 
 
  The recommendations presented above are intended to be used only for this project site and the 
proposed construction which was provided to us.  The recommendations presented above are not 
suitable for adjacent project sites, or for proposed construction that is different than that outlined 
for this study.   
 
  Our recommendations are based on limited field and laboratory sampling and testing.  
Unexpected subsurface conditions encountered during construction may alter our 
recommendations.  We should be contacted during construction to observe the exposed 
subsurface soil conditions to provide comments and verification of our recommendations. 
We are available to review and tailor our recommendations as the project progresses and 
additional information which may influence our recommendations becomes available. 
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   Please contact us if you have any questions, or if we may be of additional service. 
 

Respectfully submitted, 
TRAUTNER GEOTECH 

 

 
 

Jonathan P. Butler, P.E. 
Staff Geotechnical Engineer 

 
 

11/09/2020 
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Field Engineer : J. Butler

Hole Diameter : 4 inch/NWL

Drilling Method : 4" Solid Auger/NWL wireline

Sampling Method : Mod. California/Core

Date Drilled : 04/25/2019

Total Depth : 50.5 feet

Location : 6' E. of E. Bridge Abutment

: C.L. of Westbound Lane

Elevation : Approx. 19' above creek F.L.

Water Table : Approx. 17 feet

LOG OF TEST BORING TB-1

PN: 55458GE

Bechtolt Engineering Inc., Mr. Rich Bechtolt
Montezuma County, Colorado
Bridge Replacement Project
Montezuma County Road N 
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DESCRIPTION

Sample Type

Bag Sample

Core Run

Standard Split Spoon

Mod. California Sampler

Water Level

Water Level During Drilling

Water Level After Drilling

2 inch Chip Seal Surface over 22 inches of Aggregate 
Base Course

CLAY, sandy, medium stiff to stiff, very moist to wet, 
dark brown

CLAY, sandy, gravels, few cobbles, stiff, moist, 
brown

CLAY, GRAVEL, sandy, few cobbles, stiff/medium 
dense, moist, brown

CLAY, SAND, few gravels, stiff/medium dense, wet, 
tan

SAND, clayey, medium dense, wet, tan

CLAY, slightly sandy, stiff, wet, dark brown

Dakota Sandstone Formation at 36.5 feet

Begin Core at 38', Dakota Sandstone Formation, 
Medium to Coarse Grained Sandstone, very hard, low 
fracturing, white

Shale, highly fractured, black

Bottom of Test Core at 50.5 feet
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38 feet to 40.7 inches

Recovery=100%        R.Q.D.=100% 

40.7 feet  to 45.7 inches

Recovery=100%        R.Q.D.=98%

45.7 feet  to 50.5 feet 

Recovery=100%        R.Q.D.=83%               

Water Level After Drilling



Field Engineer : J. Butler

Hole Diameter : 4 inch/NWL

Drilling Method : 4" Solid Auger/NWL wireline

Sampling Method : Mod. California/Core

Date Drilled : 04/25/2019

Total Depth : 41 feet

Location : 6' W. of W. Bridge Abutment

: C.L.of Eastbound Lane

Elevation : Approx. 19' above creek F.L.

Water Table : Approx. 17.5 feet

LOG OF TEST BORING TB-2

PN: 55458GE

Bechtolt Engineering Inc., Mr. Rich Bechtolt
Montezuma County, Colorado
Bridge Replacement Project
Montezuma County Road N 
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DESCRIPTION

Sample Type

Bag Sample

Core Run

Standard Split Spoon

Mod. California Sampler

Water Level

Water Level During Drilling

Water Level After Drilling

2 inch Chip Seal Surface over 28 inches of Aggregate 
Base Course

CLAY, sandy, medium stiff to stiff, moist, tan

CLAY, sandy, few gravels, stiff, very moist to wet, 
dark brown, some gypsum crystals

Dakota Sandstone Formation at 26 feet, Sandstone, 
very hard, fractured, wet, white

Begin Core at 28.5 feet, Dakota Sandstone Formation, 
Medium to Coarse Grained Sandstone, very hard

Moderately to Highly Fractured, tan

Moderately Fractured

Medium to Coarse Grained Sandstone, low fracturing, 
white

Bottom of Test Core at 41 feet
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Recovery=85%        R.Q.D.=50% 

31 feet to 36 feet 

Recovery=100%        R.Q.D.=75%

36 feet to 41 feet 

Recovery=100%        R.Q.D.=96%               

Water Level After Drilling



Field Engineer : J. Butler

Hole Diameter : 4 inch

Drilling Method : Solid Auger / NWL Wireline

Sampling Method : Mod. California / Core

Date Drilled : 11/02/2020

Total Depth (approx.) : 51'

Location : 30' E. of E. Existing Bridge

: Abutment, 10' North of

: Road Centerline

 LOG OF BORING TB-3
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DESCRIPTION

Sample Type

Mod. California Sampler

Standard Split Spoon

Bag Sample

Core Run

Water Level

Water Level During Drilling

Water Level After Drilling

1" CHIPSEAL OVER 1" MINUS AGGREGATE BASE 
COARSE

MAN PLACED EMBANKMENT FILL, CLAY, sandy, medium 
stiff to stiff, moist, brown

CLAY, sandy, stiff, very miost to wet, dark brown

CLAY, sandy, stiff, wet, brown

DAKOTA SANDSTONE FORMATION, shale, very hard, 
wet, gray

sandstone, highly fractured, tan to gray

sandstone, fine to medium grain, lightly fractured, gray

sandstone, medium to coarse grain, highly fractured, gray

shale, black

Boring Terminated @ 51'
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Project Number: 55458GE

Bechtolt Engineering Inc., Mr. Rich Bechtolt

Montezuma County, Colorado
Bridge Replacement Project

Montezuma County Road N 

Periodic SC Layers from 17'-37'

Start NWL Core @ 38'

TOR #1: 38 feet

Recovery: 89%
R.Q.D: 17%

BOR #1:41 feet

TOR #2: 41 feet

Recovery: 100%

R.Q.D: 87%

BOR #2:46 feet

TOR #3: 46 feet

Recovery: 88%
R.Q.D: 65%

BOR #3: 51 feet



Field Engineer : J. Butler

Hole Diameter : 4 inch

Drilling Method : Continuous Flight Auger

Sampling Method : Standard Split Spoon

Date Drilled : 11/02/2020

Total Depth (approx.) : 43'

Location : 30' E. of E. Existing Bridge

: Abutment, 10' South of

: Road Centerline

 LOG OF BORING TB-4

Project Number: 55458GE

Bechtolt Engineering Inc., Mr. Rich Bechtolt
Montezuma County, Colorado
Bridge Replacement Project
Montezuma County Road N 
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DESCRIPTION

Sample Type

Mod. California Sampler

Standard Split Spoon

Bag Sample

Core Run

Water Level

Water Level During Drilling

Water Level After Drilling

1" CHIPSEAL OVER 1" MINUS AGGREGATE BASE 
COARSE

CLAY, sandy, stiff, moist, brown

CLAY, sandy, stiff, very moist to wet, tan

DAKOTA SANDSTONE FORMATION, shale, hard to very 
hard,wet, gray

sandstone, very hard, tan to gray

Boring terminated @ 43'
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Increasing moisture with depth

Periodic SC Layers from 15'-36.5'

Near Auger Refusal @ 40'-43'



Field Engineer : J. Butler

Hole Diameter : 4 inch

Drilling Method : Continuous Flight Auger

Sampling Method : Standard Split Spoon

Date Drilled : 11/03/2020

Total Depth (approx.) : 31'

Location : 16.5' W. of W. Existing

: Bridge Abutment, 10'

: South of Road Centerline

 LOG OF BORING TB-5

Project Number: 55458GE

Bechtolt Engineering Inc., Mr. Rich Bechtolt
Montezuma County, Colorado
Bridge Replacement Project
Montezuma County Road N 
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DESCRIPTION

Sample Type

Mod. California Sampler

Standard Split Spoon

Bag Sample

Core Run

Water Level

Water Level During Drilling

Water Level After Drilling

1" CHIPSEAL OVER 1" MINUS AGGREGATE BASE 
COARSE

PROBABLE MAN PLACED EMBANKMENT FILL, CLAY, 
sandy, medium stiff, moist tan

CLAY, sandy, stiff, moist to very moist, brown to red

COBBLES, clayey & sandy & gravelly, dense, wet, brown

DAKOTA SANDSTONE FORMATION, sandstone, very 
hard, very moist to wet, tan

Auger Refusal @ 31'
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Field Engineer : J. Butler

Hole Diameter : 4 inch

Drilling Method : Solid Auger / NWL Wireline

Sampling Method : Mod. California / Core

Date Drilled : 11/02/2020

Total Depth (approx.) : 46'

Location : 16.5' W. of W. Existing

: Bridge Abutment, 10'

: North of Road Centerline

 LOG OF BORING TB-6

Project Number: 55458GE

Bechtolt Engineering Inc., Mr. Rich Bechtolt
Montezuma County, Colorado
Bridge Replacement Project
Montezuma County Road N 
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DESCRIPTION

Sample Type

Mod. California Sampler

Standard Split Spoon

Bag Sample

Core Run

Water Level

Water Level During Drilling

Water Level After Drilling

1" CHIPSEAL OVER 1" MINUS AGGREGATE BASE 
COARSE

MAN PLACED EMBANKMENT FILL, CLAY, sandy, medium 
stiff, moist to very moist, tan

CLAY, sandy, stiff, very moist, brown

DAKOTA SANDSTONE FORMATION, sandstone, lightly to 
moderately fractured, very hard, very moist to wet, tan

sandstone, medium to coarse grain, lightly to moderately 
fractured, gray

Boring Terminated @ 46'
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REMARKS, RECOVERY, R.Q.D

Periodic SC Layers from 17'-27.5'

Start NWL Core @ 28'

TOR #1: 28'

Recovery: 89%

R.Q.D: 72%

BOR #1:31'

TOR #2: 31'

Recovery: 100%

R.Q.D: 90%

BOR #2:36'

TOR #3: 36'

Recovery: 100%

R.Q.D: 98%

BOR #3: 41'

TOR #4: 41'

Recovery: 100%

R.Q.D: 86%

BOR #4: 46'
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Laboratory Test Result 
 

Atterberg Limits and Sieve Analysis Tests………………………………….. Figures 4.1-4.4 
Swell-Consolidation Tests…………………………………………………… Figures 4.5-4.7 
UU Triaxial Compression Tests……………………………………………… Figures 4.8-4.11 
Direct Shear Tests……………………………………………………………. Figure 4.12 
Proctor Tests…………………………………………………………………. Figure 4.13 
CBR Tests……………………………………………………………………..Figure 4.14 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tested By: R. Barrett Checked By: J. Butler

4/26/19
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(no specification provided)
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Tested By: R. Barrett Checked By: J. Butler

4/26/19

4.2

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

CL Lean Clay with Sand
.375
#4
#8
#10
#16
#30
#40
#50

#100
#200

100
100
100
100
100
100
100

98
92
80

16 31 15

0.1354 0.1000

CL A-6(10)

Bechtolt Engineering Inc., Mr. Rich Bechtolt

County Road N Bridge Replacement Project

55458GE

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: TB-1
Sample Number: C10223-L+M Depth: 22' Date:

Client:

Project:

Project No: Figure
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Tested By: R. Barrett Checked By: J. Butler

4/26/19

4.3

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

CL Lean Clay with Sand
.75
.50
.375
#4
#8
#10
#16
#30
#40
#50

#100
#200

100
99
98
97
95
95
93
91
90
89
82
72

16 32 16

0.3809 0.2017

CL A-6(9)

Bechtolt Engineering Inc., Mr. Rich Bechtolt

County Road N Bridge Replacement Project

55458GE

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: TB-2
Sample Number: C10223-W Depth: 9.5'-13.5' Date:

Client:

Project:

Project No: Figure
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SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T
 F

IN
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0 0 3 2 5 18 72

6
 i
n
.

3
 i
n
.

2
 i
n
.

1
½

 i
n
.

1
 i
n
.

¾
 i
n
.

½
 i
n
.

3
/8

 i
n
.

#
4

#
1
0

#
2
0

#
3
0

#
4
0

#
6
0

#
1
0
0

#
1
4
0

#
2
0
0

Particle Size Distribution Report



Tested By: R. Barrett Checked By: J. Butler

4/26/19

4.4

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

CL Sandy Lean Clay
.375
#4
#8
#10
#16
#30
#40
#50

#100
#200

100
100
100
100

99
99
98
95
69
55

14 24 10

0.2505 0.2207 0.1070

CL A-4(2)

Bechtolt Engineering Inc., Mr. Rich Bechtolt

County Road N Bridge Replacement Project

55458GE

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: TB-2
Sample Number: C10223-CC Depth: 19.5'-23.5' Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Sample Source:

Visual Soil Description:

Swell Potential (%)

Initial Final

Moisture Content (%): 14.5 17.2

Dry Density (lb/ft
3
): 110.0 115.6

Height (in.): 1.000 0.932

Diameter (in.): 1.94 1.94

4.5

CL Sandy Lean Clay

55458GE

Constant Volume Swell 

Pressure (lb/ft
2
):

N/A

Project Number:

Figure:

SUMMARY OF TEST RESULTS 

TB-1@3'

Sample ID: C10223-E

SWELL - CONSOLIDATION TEST

Consolidated
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Sample Source:

Visual Soil Description:

Swell Potential (%)

Initial Final

Moisture Content (%): 10.5 18.5

Dry Density (lb/ft
3
): 115.0 116.0

Height (in.): 1.000 0.955

Diameter (in.): 1.94 1.94

SUMMARY OF TEST RESULTS 

TB-2@8.5'

Sample ID: C10223-V

SWELL - CONSOLIDATION TEST

0.8%

4.6

CL Lean Clay with Sand

55458GE

Constant Volume Swell 

Pressure (lb/ft
2
):

1,270

Project Number:

Figure:

-5.0

-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

1 10 100 1000 10000

V
e
rt

ic
a
l 

D
is

p
la

c
e
m

e
n

t 
(%

)

Pressure (Pounds per Square Foot)

Constant 
Volume 

Pressure

Water 
added to
sample



Sample Source:

Visual Soil Description:

Swell Potential (%)

Initial Final

Moisture Content (%): 10.5 18.5

Dry Density (lb/ft
3
): 115.0 117.6

Height (in.): 1.000 0.942

Diameter (in.): 1.94 1.94

4.7

CL Lean Clay with Sand

55458GE

Constant Volume Swell 

Pressure (lb/ft
2
):

940

Project Number:

Figure:

SUMMARY OF TEST RESULTS 

TB-2@13.5'

Sample ID: C10223-X

SWELL - CONSOLIDATION TEST

0.3%
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A B C D
13.08 21.49 21.37 0.00

111.19 105.21 105.97 0.00
71.04 99.48 100.0 0.00
0.49 0.57 0.56 0.00
1.935 1.940 1.940 0.000
4.004 3.995 3.970 0.000

2.650 2.650 2.650
A B C D

n/a n/a n/a 0.00
A B C D

0.040 0.040 0.040 0.00
53.998 17.916 21.142 0.000
9.261 14.994 15.088 0.000

6.9 17.4 19.5 0.0
n/a n/a n/a n/a

60.9 35.3 40.6 0.0
6.9 17.4 19.5 0.0

Project Information
Project Name:
Project Number:
Location:
Client:
Remarks:

Sandy clay (CL) AASHTO A-6

Unconsolidated Undrained Triaxial Test (ASTM D2850)

Void Ratio

Height (in)

Specimen
Before Test

Water Content (%)
Dry Density (pcf)
Saturation (%)

Liquid Limit
Plastic Limit

C
he

ck
ed

 B
y:

 J.
 B

ut
le

r
D

at
e:

 4
/2

9/
19

Friction Angle Ø

σ3 (psi)

C (psi) Section 4.0 of Report
n/a

Diameter (in)

σ1 (psi)

Mohr-Coulomb Strength Parameters Sample Description

Cell Pressure

Principle Stresses at Failure

Cell (psi)

Specific Gravity  
After Test

Water Content (%) 
Test Data

Strain Rate (in/min)
Peak Deviator Stress (psi)
Axial Strain @ Failure (%)

Te
st

ed
 B

y:
 J.

 B
ut

le
r 

Boring Number: Sample A @ 8', B @23', C @28'
CDOT Number:55458GE

Back (psi)

CR N-Alkali Creek Bridge

Bechtolt Engineering Sample Number: C10223G, O, P
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UU Triaxial Test - Results Page 1 of 1 CR N Bridge TB-1  UU.HSD

TB-1

Test Results Discussed in Section 4.0 of Report

UU Test Results for TB-1 Samples

BRO C320-004

Figure 4.8



A B C D
16.00 21.00 0.00 0.00

114.71 108.02 0.00 0.00
95.88 100.0 0.00 0.00
0.44 0.53 0.00 0.00
1.934 1.935 0.000 0.000
3.950 3.975 0.000 0.000

2.650 2.650
A B C D

n/a n/a 0.00 0.00
A B C D

0.040 0.040 0.00 0.00
39.852 13.574 0.000 0.000
15.165 13.409 0.000 0.000

15.6 17.8 0.0 0.0
n/a n/a n/a n/a

55.5 31.4 0.0 0.0
15.6 17.8 0.0 0.0

Project Information
Project Name:
Project Number:
Location:
Client:
Remarks:

Sandy Clay (CL) AASHTO A-6

Unconsolidated Undrained Triaxial Test (ASTM D2850)

Void Ratio

Strain Rate (in/min)

Height (in)

After Test
Water Content (%)

Specimen
Before Test

Water Content (%)
Dry Density (pcf)
Saturation (%)

Liquid Limit
Plastic Limit

Specific Gravity

C
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 B
y:

 J.
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D

at
e:

 4
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9/
19

Friction Angle Ø

σ3 (psi)

C (psi) Section 4.0 of Report
n/a

Diameter (in)

σ1 (psi)

Mohr-Coulomb Strength Parameters Sample Description

Cell Pressure

Principle Stresses at Failure

Cell (psi)

Test Data

Peak Deviator Stress (psi)
Axial Strain @ Failure (%)

Te
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ed
 B

y:
 J.
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r 

Boring Number:Sample A @18.5', B @23.5'
CDOT Job Number:55548GE

Back (psi)

CR N-Alkali Creek Bridge

Bechtolt Engineering Sample Number:
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UU Triaxial Test - Results Page 1 of 1 CR N Bridge TB2 UU.HSD

BRO C320-004
TB-2
C10223BB, EE

Test Results Discussed in Section 4.0 of Report

UU Test Results for TB-2 Samples Figure 4.9



A B C D
14.89 18.22 21.43 0.00

111.57 111.43 106.29 0.00
81.73 99.62 100 0.00
0.48 0.48 0.56 0.00
1.935 1.935 1.940 0.000
3.790 3.855 3.985 0.000

2.650 2.650 2.650
A B C D

14.89 18.22 0.00 0.00
A B C D

0.04 0.04 0.04 0.00
26.800 30.345 22.288 0.000
8.546 14.996 14.095 0.000

7.1 15.2 19.5 0.0
n/a n/a n/a n/a

33.9 45.5 41.8 0.0
7.1 15.2 19.5 0.0

Project Information
Project Name:
Project Number:
Location:
Client:
Remarks:

Clay, sandy CL

UU Test Results for TB-3 Samples
Unconsolidated Undrained Triaxial Test (ASTM D2850)

Void Ratio

Strain Rate (in/min)

Height (in)
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Water Content (%)
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Before Test

Water Content (%)
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Saturation (%)
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Friction Angle Ø
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C (psi) Section 4.0 of report
n/a

Diameter (in)

σ1 (psi)

Mohr-Coulomb Strength Parameters Sample Description

Cell Pressure

Principle Stresses at Failure

Cell (psi)

Test Data

Peak Deviator Stress (psi)
Axial Strain @ Failure (%)
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 J.
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BRO C320-004
Boring Number: TB-3TB-3; Sample A @8', B @ 18', C @ 28'
CDOT Number:55458GE

Back (psi)

CR N Bridge Replacement Project

Bechtolt Engineering Sample Number: C10319 A, B, C

0.000

10.000

20.000

0.000 10.000 20.000 30.000 40.000

Sh
ea

r 
St

re
ss

 (p
si

)

Normal Stress (psi)

Mohr Circles

Specimen A

Specimen B

Specimen C

Specimen D

Tangent Line

0.000

3.186

6.372

9.559

12.745

15.931

19.117

22.304

25.490

28.676

31.862

0.000 5.255 10.511 15.766

St
re

ss
 (p

si
)

Strain (%)

Stress-Strain Curve

UU Triaxial Test - Results Page 1 of 1 CR N TB3 UU.HSD

Figure 4.10

Test Results Discussed in Section 4.0 of Report



A B C D
14.34 17.92 19.39 0.00

107.39 107.89 114.37 0.00
70.31 89.03 100.00 0.00
0.54 0.53 0.45 0.00
1.930 1.935 1.920 0.000
3.700 3.900 3.870 0.000

2.650 2.650 2.650
A B C D

14.34 17.92 19.39 0.00
A B C D

0.04 0.04 0.04 0.00
44.294 30.060 29.859 0.000
13.297 15.002 15.002 0.000

6.9 11.3 15.2 0.0
n/a n/a n/a n/a

51.2 41.4 45.1 0.0
6.9 11.3 15.2 0.0

Project Information
Project Name:
Project Number:
Location:
Client:
Remarks:

Clay, sandy CL

UU Test Results for TB-6 Samples
Unconsolidated Undrained Triaxial Test (ASTM D2850)

Void Ratio

Strain Rate (in/min)

Height (in)

After Test
Water Content (%)

Specimen
Before Test

Water Content (%)
Dry Density (pcf)
Saturation (%)
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Plastic Limit

Specific Gravity
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20

Friction Angle Ø

σ3 (psi)

C (psi) Section 4.0 of Report
n/a

Diameter (in)

σ1 (psi)

Mohr-Coulomb Strength Parameters Sample Description

Cell Pressure

Principle Stresses at Failure

Cell (psi)

Test Data

Peak Deviator Stress (psi)
Axial Strain @ Failure (%)
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BRO C320-004
Boring Number: TB-6Cortez, CO
CDOT Number:55458GE

Back (psi)

County Road Bridge Replacement Project

Bechtolt Engineering Sample Number: C10319 Q, R, S
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Figure 4.11

Test Results Discussed in Section 4.0 of Report



Direct Shear Test Results
ASTM D3080-90

Visual Soil Description: Sandy Clay (CL)
Type of Specimen:   Remolded

Diameter 1.946 in.
Thickness 2.0 in

Sample Source: TB-2; 9.5'-13.5'

Project:   CR N-Alakali Creek Bridge 
Project Number:  55458GE 
Laboratory Number: C10223W 
Date: 4/16/2019
Project Technician:   R.B.
Figure 4.12

Summary of Sample Data:
Initial Moisture Content (%) 15.6
Intial Dry Density (P.C.F) 116.6
Final Moisture Content (%) 15.8
Final Dry Density (P.C.F) 116.8

Residual Direct Shear Test Results:
Normal Stress (P.S.I) 2.14 4.29 8.57
Max. Shear Stress (P.S.I) 3.71 4.54 6.57

ESTIMATED STRENGTH PARAMETERS
Angle of Internal Friction, phi 23
Cohesion, P.S.F. 390
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Project No. :

Figure: 4.13
Date:
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Project: CR N-Alkali Creek Bridge
Sample Source:

Sample Description:

 Bulk from TB-2 @ 2.5 to 5 feet

Test Method: ASTM D1557 Method A 

Maximum Dry Density: 123.0 pcf 

Optimum Moisture Content: 11.0%

Laboratory Number: C10223HH

55458GE

4/26/19

USCS "SC" AASHTO A-6 sandy clay



PROJ NO: 55458GE Date: 5/14/19

C10223HH

PROJECT NAME: CR N/Alkali Creek Bridge 
TECHNICIAN: JB

Figure 4.14

ASTM D1557-A Condition: soaked Sample Source: TB-2; 2.5-5 feet
123.0 pcf Surcharge: 15 Lbs

11.0%

Relative 
Compaction 

(%) Swell (%)
107.4 10.7 87 104.4 23.4 4.1 1.2
111.8 9.9 91 108.5 21.7 4.2 3.1
114.6 10.4 93 111.0 20.7 3.9 3.5

Optimum Moisure 
Content:

California Bearing Ratio Test Results
ASTM D1883

Proctor Method:
Max Dry Density:

CBR (0.100" 
penetration)
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APPENDIX C 
 

Chemical Test Result 
 



Project:

Project Name / Number:

Project Manager:

Reported:

Trautner Geotech

649 Tech Ctr. Dr [none]

Ross Barrett

SO4, Cl, and pH

05/10/19 07:34Durango CO, 81301

dzufelt@greenanalytical.com p: 970.247.4220 f: 970.247.4227 75 Suttle Street Durango, CO 81303

www.GreenAnalytical.com

Sample ID Laboratory ID Matrix Date Sampled

ANALYTICAL REPORT FOR SAMPLES

Date Received Notes

TB-2 @ 19.5'-23.5' C10223 CC 1905002-01 Solid 04/30/19 08:08 04/30/19 08:13

TB-1 @ 13' C10223 - H 1905002-02 Solid 04/30/19 08:08 04/30/19 08:13

TB-2 @ 9.5'-13.5' C10223 - W 1905002-03 Solid 04/30/19 08:08 04/30/19 08:13

Debbie Zufelt, Reports Manager

Green Analytical Laboratories The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. In no event 

shall Green Analytical Laboratories be liable for incidental or consequential damages. 

GALs liability, and clients exclusive remedy for any claim arising, shall be limited to the 

amount paid by client for analyses. All claims, including those for negligence and any other 

cause whatsoever, shall be deemed waived unless made in writing and received within 

thirty days after completion of the applicable service.

Page 1 of 6



Project:

Project Name / Number:

Project Manager:

Reported:

Trautner Geotech

649 Tech Ctr. Dr [none]

Ross Barrett

SO4, Cl, and pH

05/10/19 07:34Durango CO, 81301

dzufelt@greenanalytical.com p: 970.247.4220 f: 970.247.4227 75 Suttle Street Durango, CO 81303

www.GreenAnalytical.com

ResultAnalyte RL Analyzed Method Notes DilutionUnits

TB-2 @ 19.5'-23.5' C10223 CC

1905002-01 (Solid)

AnalystMDL

General Chemistry

05/06/19 % 1 EPA160.3/1684 VJL81.2% Dry Solids

Soluble (DI Water Extraction)

05/07/19 12.3 mg/kg dry 10 EPA300.0 AES157 1.26Chloride

05/01/19 pH Units 1 9040C VJL7.39pH

05/07/19 123 mg/kg dry 100 EPA300.0 AES4550 26.2Sulfate

Debbie Zufelt, Reports Manager

Green Analytical Laboratories The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. In no event 

shall Green Analytical Laboratories be liable for incidental or consequential damages. 

GALs liability, and clients exclusive remedy for any claim arising, shall be limited to the 

amount paid by client for analyses. All claims, including those for negligence and any other 

cause whatsoever, shall be deemed waived unless made in writing and received within 

thirty days after completion of the applicable service.
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Project:

Project Name / Number:

Project Manager:

Reported:

Trautner Geotech

649 Tech Ctr. Dr [none]
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ResultAnalyte RL Analyzed Method Notes DilutionUnits

TB-1 @ 13' C10223 - H

1905002-02 (Solid)

AnalystMDL

General Chemistry

05/06/19 % 1 EPA160.3/1684 VJL90.4% Dry Solids

Soluble (DI Water Extraction)

05/07/19 11.1 mg/kg dry 10 EPA300.0 AES180 1.13Chloride

05/02/19 pH Units 1 9040C VJL11.7pH

05/07/19 22.1 mg/kg dry 20 EPA300.0 AES757 4.71Sulfate

Debbie Zufelt, Reports Manager

Green Analytical Laboratories The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. In no event 

shall Green Analytical Laboratories be liable for incidental or consequential damages. 

GALs liability, and clients exclusive remedy for any claim arising, shall be limited to the 

amount paid by client for analyses. All claims, including those for negligence and any other 

cause whatsoever, shall be deemed waived unless made in writing and received within 

thirty days after completion of the applicable service.
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ResultAnalyte RL Analyzed Method Notes DilutionUnits

TB-2 @ 9.5'-13.5' C10223 - W

1905002-03 (Solid)

AnalystMDL

General Chemistry

05/06/19 % 1 EPA160.3/1684 VJL84.7% Dry Solids

Soluble (DI Water Extraction)

05/07/19 23.6 mg/kg dry 20 EPA300.0 AES546 2.42Chloride

05/01/19 pH Units 1 9040C VJL7.86pH

05/07/19 236 mg/kg dry 200 EPA300.0 AES4140 50.3Sulfate

Debbie Zufelt, Reports Manager

Green Analytical Laboratories The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. In no event 

shall Green Analytical Laboratories be liable for incidental or consequential damages. 

GALs liability, and clients exclusive remedy for any claim arising, shall be limited to the 

amount paid by client for analyses. All claims, including those for negligence and any other 

cause whatsoever, shall be deemed waived unless made in writing and received within 

thirty days after completion of the applicable service.
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Result Limit

Reporting

Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Notes  Analyte

General Chemistry - Quality Control

Batch B905049 - General Prep - Wet Chem 

Prepared & Analyzed: 05/06/19 Source: 1905002-01Duplicate (B905049-DUP1) 

% Dry Solids 81.5 81.2 200.373%

Result Limit

Reporting

Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Notes  Analyte

Soluble (DI Water Extraction) - Quality Control

Batch B905005 - General Prep - Wet Chem 

Prepared & Analyzed: 05/01/19 Source: 1905002-01Duplicate (B905005-DUP1) 

pH 7.36 7.39 200.407pH Units

Prepared & Analyzed: 05/01/19 Reference (B905005-SRM1) 

pH 6.97 7.00 98.5-101.499.6pH Units

Batch B905042 - General Prep - Wet Chem 

Prepared: 05/06/19  Analyzed: 05/07/19 Blank (B905042-BLK1) 

Chloride ND 10.0 mg/kg wet

Sulfate ND 10.0 mg/kg wet

Prepared: 05/06/19  Analyzed: 05/07/19 LCS (B905042-BS1) 

Chloride 248 10.0 250 85-11599.2mg/kg wet

Sulfate 246 10.0 250 85-11598.4mg/kg wet

Prepared: 05/06/19  Analyzed: 05/07/19 LCS Dup (B905042-BSD1) 

Chloride 249 10.0 250 2085-11599.7 0.535mg/kg wet

Sulfate 246 10.0 250 2085-11598.3 0.114mg/kg wet

Debbie Zufelt, Reports Manager

Green Analytical Laboratories The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. In no event 

shall Green Analytical Laboratories be liable for incidental or consequential damages. 

GALs liability, and clients exclusive remedy for any claim arising, shall be limited to the 

amount paid by client for analyses. All claims, including those for negligence and any other 

cause whatsoever, shall be deemed waived unless made in writing and received within 

thirty days after completion of the applicable service.

Page 5 of 6



Project:

Project Name / Number:

Project Manager:

Reported:

Trautner Geotech

649 Tech Ctr. Dr [none]

Ross Barrett

SO4, Cl, and pH

05/10/19 07:34Durango CO, 81301

dzufelt@greenanalytical.com p: 970.247.4220 f: 970.247.4227 75 Suttle Street Durango, CO 81303

www.GreenAnalytical.com

Notes and Definitions 

Sample results reported on a dry weight basis

Relative Percent DifferenceRPD

dry

Not ReportedNR

Analyte NOT DETECTED at or above the reporting limitND

Analyte DETECTEDDET

*Results reported on as received basis unless designated as dry.

Laboratory Control Sample (Blank Spike)LCS 

RL

MDL 

Report Limit

Method Detection Limit

Debbie Zufelt, Reports Manager

Green Analytical Laboratories The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. In no event 

shall Green Analytical Laboratories be liable for incidental or consequential damages. 

GALs liability, and clients exclusive remedy for any claim arising, shall be limited to the 

amount paid by client for analyses. All claims, including those for negligence and any other 

cause whatsoever, shall be deemed waived unless made in writing and received within 

thirty days after completion of the applicable service.
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