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1 INTRODUCTION 
The Mile High Flood District (MHFD) and the City and County of Denver (CCD) plan to 
make improvements to Sanderson Gulch between W. Florida Avenue and W. Arkansas 
Avenue (the Project).  Shannon & Wilson previously performed a subsurface investigation 
and prepared a geotechnical report for two box culvert structures (Shannon & Wilson, 2023).   

This current phase of work is for retaining wall design.  In 2024, Shannon & Wilson 
performed a subsurface investigation and prepared a geotechnical report for wall 
improvements during the 60% design phase (Shannon & Wilson, 2024).  In 2025, Shannon & 
Wilson performed a supplemental subsurface investigation for the retaining walls in 
support of the 90% design effort.  The results of both the 2024 and 2025 subsurface 
investigations are presented in this report.  The recommendations provided in this report 
supersede those provided in 2024 and supplement those provided in 2023.   

This report presents our interpretation and characterization of the subsurface conditions at 
the site; presents recommendations for retaining wall, low water crossings, and light pole 
foundation design; and discusses construction considerations for these features.  Our 
services were completed in accordance with Modifications 2, 3 and 4 to our Field Services 
Task Order 148037174 with Jacobs Engineering Group, Inc. (Jacobs) dated December 22, 
2023, August 6, 2024, and March 24, 2025, respectively.  Our scope of services included: 

 Coordinating a subsurface exploration program, which included staking and clearing 
utilities with the Utility Notification Center of Colorado (UNCC), obtaining permits, and 
coordinating with a drilling subcontractor. 

 Observing, logging, and collecting samples from 18 geotechnical borings and 11 test pit 
excavations. 

 Completing laboratory index and engineering property testing on selected soil and rock 
samples retrieved from the borings. 

 Retaining Pinyon Environmental, Inc. (Pinyon) for environmental services, including: 
radium monitoring, field screening of soil samples, visual inspection of soil for presence 
of asbestos-containing materials, soil sampling and analytical testing for volatile organic 
compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), polychlorinated 
biphenyls (PCBs), total Resource Conservation and Recovery Act (RCRA) metals, 
Toxicity Characteristic Leachate Procure (TCLP), and asbestos.  

 Conducting geotechnical engineering analyses to develop recommendations for design 
and construction of the retaining walls and low water crossings. 

 Preparing this Geotechnical Report. 
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The scope of our services did not include evaluating the presence of cultural resources at or 
around the site.  The scope of our services did not include any environmental assessment or 
evaluation regarding the presence or absence of wetlands.  If a service is not specifically 
indicated in this report, do not assume it was performed.  Refer to Appendix D for further 
discussion of Pinyon’s scope of work (Pinyon, 2024 and 2025). 

2 PROJECT AND SITE DESCRIPTION 
The Project is located along Sanderson Gulch between W. Arkansas Avenue and W. Florida 
Avenue in Denver, Colorado (see Figures 1 and 2).  As part of this Project, regrading will be 
performed along an approximately 0.5-mile-long segment of Sanderson Gulch to 
accommodate trail and channel improvements.  The Project is located in a primarily 
residential area, with parks located at both the northern and southern ends of the alignment 
as well as on both sides of the channel.  The channel flows to the north.  The ground surface 
slopes down towards the channel at grades ranging from approximately 5,263 to 5,305. The 
existing slopes at this site range from nearly vertical to nearly horizontal but are typically 
2.5 horizontal to 1 vertical (2.5H:1V) to 4H:1V.  High voltage power lines are located at the 
west end of the W. Arkansas Avenue improvements, as shown in Exhibit 2-1.  

 
Exhibit 2-1: Powerlines West of W. Arkansas Avenue Walls  
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Based on 60% design plans provided by Jacobs (Jacobs, 2025a), 19 retaining walls were 
initially anticipated along both sides of Sanderson Gulch.  However, during 90% design 
development several walls were eliminated from the project or reduced to landscaped 
boulder walls.  The walls were not renumbered to reflect these design changes. 

Based on 90% design plans, the proposed height of the retaining walls will vary from 
approximately 3 to 15 feet (Jacobs, 2025b, 2025c).  The wall height is based on the height 
above the design scour depth, and does not reflect the exposed wall height.  The slope at the 
toe of the walls will vary from horizontal to 2H:1V (horizontal to vertical) and the backslope 
above the walls will vary from horizontal to 2.5H:1V.  The walls will be constructed using 
both cut and fill methods with potential wall types including: soldier pile and lagging, cast-
in-place, block, and mechanically stabilized earth walls; refer to Section 6 for design 
recommendations and considerations.  Exhibit 2-2 presents a summary of the geometry of 
the proposed walls along with the adjacent subsurface explorations considered in our 
geotechnical analyses.  

Exhibit 2-2: Wall Summary  

Wall 
Number 

Max. Wall 
Height 
(feet) 

 
Max. Cut 
for Wall 

(feet) 

 
Max. Fill 
for Wall 

(feet) Nearby Borings and Test Pits 

W. Arkansas Avenue Walls 

Wall 2 12 5 - SW-20, SW-21, SW-22 

Wall 4 14.1 9.5 9.5 SW-02, SW-03, SW-04, SW-19, TP-06, TP-11 

Wall 6 22.6 1 1.5 SW-02, SW-04, TP-05, TP-11 

Wall 7 11.6 2.5 1.5 SW-02, TP-06, TP-11 

Wall 8 12.9 16 - SW-06, SW-17 

Wall 9 12.8 3 6 SW-06, SW-17, SW-18, TP-04 

Wall 10 16.4 - 4.5 SW-17, SW-18, TP-10 

W. Florida Avenue Walls 

Wall 12 12.6 - 6 SW-07, SW-08, TP-09 

Wall 14 15.5 9.5 - SW-01, SW-11, SW-15 

Wall 15 12.5 2 - SW-01, SW-09, SW-11, TP-02 

Wall 16 12.5 4.5 6.5 SW-01, SW-09, SW-11, SW-15 

Wall 17 9.3 - 4.5 SW-01, SW-13, TP-01 

Wall 18 6.5 - 3 SW-01, SW-12, SW-13, SW-14 

Wall 19 13.2 1.5 - SW-01, SW-13, SW-14 
NOTES: 
Max. = maximum 
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In addition to the retaining walls, two cast-in-place concrete low water crossings of the trail 
and 19 light poles will be required.   

3 FIELD EXPLORATIONS AND LABORATORY TESTING 
3.1 Previous Exploration (2023) 

Shannon & Wilson performed a subsurface investigation for the proposed culvert structures 
in October 2022 (Shannon & Wilson, 2023).  This investigation included two borings 
(designated SW-01 and SW-02) drilled in the vicinity of the proposed structures.   

Approximate boring locations are shown in Figure 2.  Excerpts from the previous report, 
including boring logs and laboratory test results, are included in Appendix C.   

3.2 Retaining Wall Explorations 

The subsurface exploration programs for the 60% and 90% design phases of the Project were 
developed in conjunction with Jacobs, MHFD, and CCD based on the proposed retaining 
wall and low water crossing locations.  Boring locations were not selected to evaluate 
specific conditions for the light poles; rather, nearby borings were utilized in our evaluation. 

3.2.1 Borings 

Shannon & Wilson conducted a field exploration program from January 23 through 
February 2, 2024, and from March 31 through April 11, 2025, at the proposed retaining wall 
and low water crossing locations.  The subsurface exploration program consisted of drilling 
and sampling 18 borings in the vicinity of the proposed retaining walls, as shown in Figure 
2.     

Appendix A presents a discussion of the drilling and sampling procedures used to complete 
the borings.  Appendix A also presents the individual exploration logs and an explanation 
of the symbols and terminology used to classify soil and rock samples recovered from the 
borings. 

3.2.2 Test Pits 

MHFD and CCD requested test pit excavations to evaluate fill mapped in the Project area 
for the presence of asbestos and other potentially hazardous substances.  The historic fill 
limits were gathered from CCD Open Data Catalog - Historical Fill Areas (CCD, 2019).   
Shannon & Wilson conducted the test pit field exploration program to explore subsurface 
conditions on January 25, 2024, February 2, 2024, and April 11, 2025.  The test pit exploration 
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program consisted of excavating 11 test pits at the approximate locations shown in Figure 2.  
Appendix A presents a discussion of the excavation procedures used to complete the test 
pits.  Appendix A also presents the individual test pit logs and an explanation of the 
symbols and terminology used.   

3.3 Laboratory Testing 

Geotechnical index and property laboratory tests were completed on selected samples 
retrieved from the borings.  Index tests included natural water content, grain size analysis, 
grain size analysis, and percent passing the #200 sieve.  Engineering properties tests 
included unit weight, one-dimensional swell/collapse, and corrosion testing.   

Laboratory test results and a discussion of the testing procedures are included in Appendix 
B.  The natural water content and fines content are also shown on the individual boring logs 
included in Appendix A. 

3.4 Environmental Investigations 

Shannon & Wilson subcontracted with Pinyon to perform an environmental investigation at 
the Project during both the 2024 and 2025 subsurface exploration programs.  Pinyon's scope 
of work included radium monitoring and field screening, soil sampling, and analytical 
testing for potential hazardous materials and asbestos containing materials.  See Appendix 
D for their reports (Pinyon, 2024 and 2025) which include a summary of the work performed 
and results of field screening and analytical testing.   

3.4.1 Radium Monitoring 

The Project is located west of Operable Unit 6e of the Denver Radium Superfund Site.  This 
area is defined as Ruby Park along Jewell Avenue and South Platte Drive.  Pinyon 
performed radiological screening using a Ludlum 44-10 gamma radiation detector to 
evaluate the potential for encountering radioactive materials during construction.   

Field screening was performed at the 2024 test pits (TP-01 through TP-06) and boring 
locations (SW-03, SW-04, SW-06, SW-07, SW-08, SW-09, SW-11, SW-12) after establishing 
background gamma radiation levels, which were found to range from 9,000 to 16,000 
counts/minute.  Field screening results were consistent with background levels, except for 
two anomalous readings in boring SW-09 and test pit TP-05 which were taken adjacent to a 
cobble.  Radium tailings are typically characterized as fine-grained and gleyed materials, 
which were not observed. 
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3.4.2 Hazardous Materials 

Pinyon performed field screening for non-specific VOCs using a photoionization detector 
(PID) at each of the test pit and boring locations.  PID readings were generally consistent 
with background levels (i.e., 0 parts per million [ppm]).  However, elevated PID readings 
ranging from 0.4 to 148.4 ppm were detected in borings SW-03, SW-11, SW-12, SW-16, SW-
19, and SW-22.  Pinyon attributed these higher readings to the relatively high moisture 
content of the soils.  In boring SW-15 at a depth of 10 feet bgs, Pinyon observed dark colored 
soil and odor consistent with organic material.    

Pinyon collected 10 soil samples and submitted them for analytical testing for VOCs, PAHs, 
PCBs, RCRA 8 Metals, and TCLP.  Samples were collected from borings SW-04, SW-07, SW-
11, SW-12, and test pits TP-03, TP-07, TP-08, TP-09, TP-10, and TP-11.  Most of the samples 
tested did not exceed their respective screening levels except for the following: 

 TP-03: two PCB constituents were found to exceed the November 2023 EPA Regional 
Screening Level for Residential Soil (RRSLs).   

 TP-07 and TP-11: arsenic was detected at concentrations of 13 mg/kg and 12.4 mg/kg 
respectively, which exceed the Colorado Department of Public Health and Environment 
(CDPHE) Risk-Based Screening Level (RBSL) of 11 mg/kg 

 TP-08: lead was detected at a concentration of 156 mg/kg which exceeds the Hazardous 
Waste 40 CFR Part 261 Rule of 20 value of 100 milligram per kilogram (mg/kg); however, 
this result is below the RRSL for lead.  

 SW-11: a sample was found to have a total lead concentration that exceeded the 
Hazardous Waste 40 CFR Part 261 Rule of 20.   

Subsequent testing by the TCLP method indicated the concentrations of lead detected in TP-
08 and SW-11 were below the hazardous waste value.  Pinyon concluded that analytical 
testing results did not indicate the presence of chemicals of concern that would preclude 
disposal of the material at a licensed landfill. 

3.4.3 Asbestos 

Debris was observed in test pits TP-01, TP-02, TP-03, TP-05, TP-06, TP-07, TP-08, TP-10, and 
TP-11 to depths of 10 feet bgs.  Debris consisted of concrete, brick, grout, wood, tile, 
clothing, wire, rubber, plastic, asphalt, trash, glass, metal, and pipe insulation, and was 
estimated to comprise 10% to 60% of those test pit excavations.  Similar debris was also 
observed in borings SW-09, SW-11, SW-15, and SW-19. 

Pinyon collected 13 samples of debris and submitted them for analysis for the presence of 
asbestos.  None of the samples were found to contain asbestos, except for a sample from TP-
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08 which was found to be 3% chrysotile asbestos.  It is possible that asbestos-containing 
material could be present in fill throughout the Project due to the presence of buried debris. 

4 REGIONAL GEOLOGY AND SUBSURFACE 
CONDITIONS 

We based our understanding of the geology and subsurface conditions at the site on a 
review of regional geologic maps, the results of our field explorations program, and select 
laboratory testing on samples retrieved from the borings. 

4.1 Regional Geology 

Based on a review of a geological map of the Fort Logan quadrangle (Lindvall, 1978), 
surficial deposits at the site are mapped as Piney Creek alluvium, loess, colluvium, and fill.  
Alluvium is mapped along the gulch, and is described as interbedded sand, silt, and clay.  
Loess is mapped north of the gulch, and is described as sandy silt.  Colluvium is mapped 
south of the gulch, and is described as sandy silt and clay.   

In addition to the geologic map, Shannon & Wilson reviewed a map of Historical Fill Areas 
to gain an understanding of fill in the Project area (CCD, 2019).  Mapping indicates that fill 
at the Project is variable and consists of clay, silt, gravel, and a variety of other debris 
consisting of wood, brick, concrete, metal, plastic, glass, vegetation, and other trash.  

Underlying the overburden materials are residuum and bedrock of the Denver Formation.  
The formation in the vicinity of the Project is characterized as olive-gray to light-gray, silty 
claystone and sandy siltstone interbedded with thin, lenticular beds of olive-yellow to light-
brown tuffaceous sandstone and andesitic pebble conglomerate. 

4.2 Subsurface Conditions 

Fill, alluvium, loess, residuum, and bedrock were observed in the explorations and are 
described in the sections below.  Refer to the boring logs and test pit logs in Appendix A for 
further description of subsurface conditions encountered in the borings and test pit 
explorations. 

4.2.1 Fill 

Shannon & Wilson reviewed a map showing areas of historical fill, and indicated these areas 
on Figure 2 (CCD, 2019).  Fill was encountered in the mapped areas of historical fill, as well 
as in other locations as shown in Figure 2.  Fill was encountered in most of the explorations, 



MHFD CCD Sanderson Gulch Retaining Walls 
DRAFT  Geotechnical Report 

109250-003 August 2025 
8 

except for borings SW-03, SW-04, SW-07, SW-08, SW-16, SW-18, and test pits TP-04 and TP-
09.   

Where observed, fill was first encountered at the ground surface and extended to depths as 
great as 20 feet bgs.  As observed in the explorations, fill consisted of soft to hard, sandy 
lean clay (CL) and sandy, fat clay (CH), along with loose to medium dense, clayey sand (SC) 
and silty sand (SM) with varying amounts of gravel.   

Iron oxide and manganese staining and rootlets were commonly observed in the fill.  In 
addition, debris consisting of concrete, brick, grout, wood, tile, clothing, wire, rubber, 
plastic, asphalt, trash, glass, metal, and pipe insulation, and were encountered in some of 
the borings and test pit excavations (see Exhibits 4-1 and 4-2).  The estimated percentage of 
trash observed in the fill ranged from approximately 5% to 60% 

 

Exhibit 4-1: Debris in Fill Excavated from Test Pit TP-08 
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Exhibit 4-2: Debris in Side Walls of Test Pit TP-08 

4.2.2 Alluvium 

Alluvium was encountered in most of the explorations, except for borings SW-01, SW-02, 
SW-12, SW-14, and test pits TP-02, TP-06, and TP-11.  Alluvium was first encountered at the 
ground surface or below the fill or loess at a depth of 4 to 16.5 feet bgs.  The explored 
thickness of alluvium ranged from approximately 4 to 25.5 feet.  However, several 
explorations were terminated in this unit; for this reason, the actual thickness of the unit is 
unknown. 

As observed in the explorations, alluvium consisted of interbedded layers of cohesive and 
granular soils.  The cohesive soils consisted of soft to hard, sandy lean clay/lean clay with 
sand (CL) with varying amounts of gravel, and soft to hard, sandy fat clay/fat clay with 
sand (CH).  The granular soil primarily consisted of very loose to very dense, clayey sand 
(SC) and silty sand (SM) with varying amounts of gravel, along with very loose to very, 
dense poorly graded sand (SP).  

4.2.3 Loess 

Loess was encountered in boring SW-07 from the ground surface to a depth of 4 feet bgs.  As 
observed in the boring, loess consisted of hard, sandy elastic silt (ML). 
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4.2.4 Residuum 

Residual soil derived from the underlying claystone bedrock was encountered in borings 
SW-17, SW-18, and SW-22 and test pit TP-09 below the alluvium.  The explored thickness of 
residuum ranged from 3 to 4.5 feet.  As encountered in the borings, residuum consisted of 
very stiff to hard, lean clay (CL) with sand. When described as bedrock, residuum consisted 
of extremely weak, completely weathered claystone. 

4.2.5 Bedrock 

Bedrock was encountered in all the borings except for SW-06 and in test pit TP-09.  Bedrock 
was first encountered below the alluvium and residuum and extended to the bottom of the 
explorations (where encountered).  As encountered in the borings, bedrock consisted of 
extremely weak to weak, highly weathered to fresh claystone, siltstone, and sandstone of 
the Denver Formation.  When classified as a soil, claystone and siltstone bedrock was 
described as hard, lean clay (CL), fat clay (CH), and elastic silt (ML) with varying amounts 
of sand.  Sandstone bedrock was described as dense to very dense sand with varying 
amounts of clay and silt (SM, SC, SP).   

4.3 Groundwater 

Groundwater was encountered in most of the borings except for SW-07, SW-12, SW-13, and 
SW-14.  Groundwater was encountered in nearly half of the test pits except for TP-01, TP-02, 
TP-04, TP-06, TP-10, and TP-11.  During the explorations, groundwater was observed at 
depths ranging from approximately 3 to 20.5 feet bgs using an electronic water level 
indicator.    

Fluctuations in the groundwater level at the site are expected to reflect the water level in 
Sanderson Gulch which will likely follow seasonal variations, local precipitation and runoff, 
and flood events.  

4.4 Anticipated Subsurface Conditions 

4.4.1 W. Arkansas Avenue 

Proposed Walls 1 through 11 are located along W. Arkansas Avenue.  Wall 1, Wall 5, and 
Wall 11 are planned as low (< 4 feet high) boulder walls which do not require engineering 
design.  For this reason, subsurface conditions were only generalized for Wall 2, Wall 4, and 
Walls 6-10 at this location.  A low water crossing is planned on the northwest end of Wall 2 
and nine light poles are proposed throughout the project area.  Anticipated subsurface 
conditions for these structures are summarized in Exhibit 4-3 and discussed below. 
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As shown in Figure 2, areas of historical fill were mapped both north and south of the 
roadway and additional areas of fill were identified during our explorations.  Fill is 
anticipated in the excavations and/or at the foundation elevation for all of the wall locations 
evaluated, as well as the low water crossing and five of the light pole locations.  Trash and 
debris were encountered in the fill in explorations for Wall 4, Wall 6, Wall 7, Wall 9, and 
Wall 10 as well as the light poles in these locations.  Most of the structure excavations will be 
founded on alluvium.  In all cases, saturated, soft clay or very loose to loose sand are 
anticipated at or below the foundation elevations.  Portions of Wall 4 and Wall 6 and some 
of the light poles will also be founded on bedrock. 

Exhibit 4-3: Anticipated Subsurface Conditions Along W. Arkansas Avenue Structures 

Structure Fill 
Fill with 
Debris 

Groundwater Very Loose 
Sand/Soft Clay Bedrock 

Wall 2 Yes  Yes Yes  

Wall 4 Yes Yes Yes Yes Yes 

Wall 6 Yes Yes Yes Yes Yes 

Wall 7 Yes Yes Yes Yes  

Wall 8 Yes  Yes Yes  

Wall 9 Yes Yes Yes Yes  

Wall 10 Yes Yes Yes Yes  

Low Water Crossing Yes  Yes Yes  

Light Poles Yes Yes Yes Yes Yes 
NOTES: 
The conditions described above were noted where encountered within the borings performed at the wall locations.  

4.4.2 W. Florida Avenue  

Proposed Wall 12 and Walls 14 through 19 are located along W. Florida Avenue.  A low 
water crossing is planned on the west end of Wall 12 and 10 light poles are proposed 
throughout the project area.  Anticipated subsurface conditions for these structures are 
summarized in Exhibit 4-4 and discussed below. 

As shown in Figure 2, areas of historical fill were mapped both north and south of the 
roadway and additional areas of fill were identified north of the roadway during our 
explorations.  Fill is anticipated in the excavations and/or at the foundation elevation for all 
of the wall locations evaluated except for Wall 12, as well as six of the light pole locations.  
Fill is not anticipated at the low water crossing.  Trash and debris were encountered in the 
fill in explorations for Wall 14, Wall 15, and Wall 16 as well as the light poles in these 
locations.  Most of the structure excavations will be founded on a combination of 
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alluvium/residuum and bedrock.  In all cases, saturated, soft clay or very loose to loose sand 
are anticipated at or below the foundation elevations.   

Exhibit 4-4: Anticipated Subsurface Conditions Along W. Florida Avenue Structures 

Structure Fill 
Fill with 
Debris 

Groundwater Very Loose 
Sand/Soft Clay Bedrock 

Wall 12   Yes Yes Yes 

Wall 14 Yes Yes Yes Yes Yes 

Wall 15 Yes Yes Yes Yes  

Wall 16 Yes Yes Yes Yes Yes 

Wall 17 Yes  Yes Yes Yes 

Wall 18 Yes  Yes Yes Yes 

Wall 19 Yes  Yes Yes Yes 

Low Water Crossing   Yes Yes Yes 

Light Poles Yes  Yes Yes Yes 
NOTES: 
The conditions described above were noted where encountered within the borings performed at the wall locations.  

4.5 Subsurface Variation 

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

 The conditions between explorations may be different.  

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

5 GEOLOGIC HAZARDS 
5.1 Swell and Collapsible Soils 

Expansive and collapsible soils (soils that experience volume change upon wetting) are 
common along the Front Range of Colorado.  To assist us in determining the swell and 
collapse potential at the site, we reviewed a published geologic map of potentially swelling 
soil and rock along the Front Range urban corridor developed by Hart (1974).  The map 
indicates the Project area has moderate swell potential.   
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To further evaluate the potential for swell at the site, we performed six swell/collapse tests 
on soil samples encountered in our explorations.  The results are presented below in Exhibit 
5-1. 

Exhibit 5-1: Swell Testing Results 

Boring 
Depth 
(feet) 

% 
Swell/Collapse 

Inundation 
Pressure (psf) 

SW-02 15 -0.2 500 

SW-04 20 -1.1 1,500 

SW-06 10 -0.3 1,250 

SW-07 2.5 -0.1 500 

SW-08 10 -0.1 1,250 

SW-11 7.5 -0.3 1,250 
NOTE: 
psf = pounds per square foot 

Swell test results indicated -0.1% to -1.1% collapse at an inundation pressure ranging from 
500 to 1,250 pounds per square foot (psf).  The laboratory test results indicate that 
overburden material has a low potential swell potential, based on criteria by CAGE (1996).  
Based on these results and considering the proposed improvements, we anticipate a 
relatively low risk of swell to impact the proposed retaining walls.   

5.2 Corrosive Soils and Bedrock 

Soil and bedrock materials along the Front Range of Colorado can be corrosive to steel and 
concrete in contact with the ground.  To assist in estimating the corrosion potential at the 
Project, eight samples were tested for pH, resistivity, water soluble sulfates, and chlorides to 
assess corrosion potential at the Project site.  Test results are presented in Appendix B.   
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Exhibit 5-2: Corrosion Testing Results 

Boring 
Depth 
(feet) pH 

Resistivity 
(ohm-cm) 

Sulfate 
Content 

(%) 

Chloride 
Content 

(%) 

SW-01 8.5 7.8 780 0.07 0.03 

SW-02 5 8.1 1,600 0.06 0.02 

SW-06 5 7.8 1,800 0.15 0.03 

SW-08 7.5 7.9 640 0.31 0.04 

SW-09 10 7.8 1,100 0.1 0.01 

SW-14 7.5 7.7 1,500 <0.01 0.06 

SW-19 7.5 6.0 2,700 0.11 0.07 

SW-22 10 7.1 2,100 <0.01 0.08 

NOTES: 
 Water-soluble sulfate and chloride content values are shown as percent weight in dry soil. 

ohm-cm = ohm-centimeter 

The resistivity measured in the samples ranged from 640 to 2,700 ohm-centimeters.  Based 
on correlations developed by Roberge (2012) as shown in Exhibit 5-3, these values suggest 
an extremely corrosive to highly corrosive subsurface environment for metal in contact with 
subsurface materials. 

Exhibit 5-3: Corrosivity Ratings Based on Soil Resistivity 

Soil Resistivity 
(ohm-cm) Corrosivity Rating 

>20,000 Essentially Noncorrosive 

10,000-20,000 Mildly Corrosive 

5,000-10,000 Moderately Corrosive 

3,000-5,000 Corrosive 

1,000-3,000 Highly Corrosive 

<1,000 Extremely Corrosive 

The concentration of water-soluble sulfates measured in the samples ranged from less than 
0.01 to 0.31% by weight (less than 100 to 3,100 parts per million).  Based on classifications as 
defined by American Concrete Institute (ACI) ACI-318-21 (ACI, 2021) as shown in Exhibit 5-
4, these results suggest a negligible to severe degree of sulfate attack on concrete exposed to 
site soils (exposure class S0 and S2).   
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Exhibit 5-4: Corrosivity Ratings Based on Water Soluble Sulfate Exposure 

Water Soluble Sulfate in Soil 
(Percent by Weight) 

Sulfate Severity 
(Class) 

<0.10 Negligible (S0) 

0.10-<0.20 Moderate (S1) 

0.20-2.00 Severe (S2) 

>2.00 Very Severe (S3) 

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

5.3 Undocumented Fill 

Undocumented fill soils are mapped in the Project area (CCD, 2019) and were encountered 
in 22 of our explorations as  shown in Figure 2 and in our boring logs.  We observed 
occasional roots and wood chips, deleterious material, and refuse in our explorations.  The 
extent and quality of the fill material could vary from our explorations.   

In general, we recommend that all undocumented fill materials be removed from beneath 
the proposed structures.  Leaving undocumented fill materials in place may result in poor 
subgrade performance and settlement greater than estimated herein.  However, the project 
team may consider a reduced overexcavation depth as described in Section 6 for selected 
walls based on their height and subgrade conditions, if the project team is willing to accept 
these risks.  Undocumented fill soils below such structures should be observed by a 
representative of the geotechnical engineer during construction to evaluate their suitability 
to remain in place.  Additional overexcavation may be appropriate. 

Undocumented fill is anticipated to remain in other areas of the site (e.g., beneath trail 
pavements, the stream channel, and areas of general grading).  It is likely not cost effective 
to remove undocumented fills from such areas.  However, the project team should be 
prepared for potential future maintenance related to settlement in these areas.  If such 
maintenance is not acceptable, the undocumented fill materials should be removed.  
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6 GEOTECHNICAL RECOMMENDATIONS 
6.1 Seismic Ground Motion Design Parameters 

Using the AASHTO (2020) criteria, and based on subsurface conditions encountered in our 
explorations (assuming that similar conditions are present from the maximum depth of our 
borings to a depth of 100 feet bgs), Site Class D is recommended.   

Ground motion parameters were determined for the project site using the USGS U.S. 
Seismic Design Maps Web Application (USGS, 2020) and procedures recommended by 
AASHTO (2020).  We utilized a centralized location in the Project area with coordinates of 
39.689668° N latitude and -105.009832° W longitude.  Recommended seismic design ground 
motion parameters are summarized below. 

Exhibit 6-1: Recommended Seismic Design Parameters  

 

NOTES: 
g = gravity; sec. = seconds 

6.2 Retaining Wall Selection Considerations 

6.2.1 General 

Based on discussions with Jacobs, CCD and MHFD at a project design workshop in May 
2025, selection criteria for the retaining wall types will include the following safety and 
aesthetic considerations in addition to engineering factors: 

 Boulder walls are desirable for aesthetic reasons; 

Design Parameter Recommended Value 

Site Classification D 

Risk Category III 

Peak Ground Acceleration, PGA (g) (Site Class B) 0.059 

Short-period Spectral Acceleration, Ss (g) 0.126 

Long-period Spectral Acceleration, S1 (g) 0.034  

Site Factor, Fpga 1.6 

Site Amplification Factor at 0.2s, Fa 1.6 

Site Amplification Factor at 1.0s, Fv 2.4 

Peak Design Spectral Acceleration, AS (g) 0.095 

Short-period Design Spectral Acceleration, SDS (g) 0.202 

Long-period Design Spectral Acceleration, SD1 (g) 0.082 

T0 0.081 sec. 

Ts 0.403 sec. 
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 Limit the height of the walls using a terraced configuration where possible for safety and 
aesthetics; 

 Keep the slope of the resurfaced ground to a maximum of 4H:1V for maintenance; 

 Soil nails are not desirable based on CCD’s preferences; 

 Preference is to not use multiple wall types in one location for continuity and 
consistency; and 

 For block walls, concrete masonry unit (CMU) walls are not desirable due to durability 
concerns.  Precast concrete block walls (e.g., Redi-Rock) are considered more durable by 
CCD. 

6.2.2 Boulder Walls 

Boulder walls are generally most cost effective for cut or fill situations where the height of 
the wall does not exceed four feet.  The walls consist of large, natural stones stacked 
together to support the slope, prevent erosion, and improve landscape aesthetics.  Based on 
the proposed wall heights, boulder walls are considered appropriate for Walls 3, 11, and 13.  
The City and County of Denver Zoning Code Standards - Division 10.5 (CCD, 2010) indicate 
that retaining walls less than four feet in height do not require engineering design.  For this 
reason, no design recommendations are provided for this wall type. 

6.2.3 Cast-in-Place Concrete and Block Walls 

Cast-in-place (CIP) concrete and block walls are generally most cost effective for fill 
situations but can also be used in cut situations if the right-of-way is available to 
accommodate the wall excavation and backfill zone.  These wall types are typically most 
cost-effective for relatively low wall heights (less than 10 feet).  Due to the height of the 
proposed walls and the relatively poor quality of the site soils and presence of 
undocumented fill in many locations, the required footing width size would exceed five 
feet, resulting in a relatively larger excavation that would require temporary shoring.  For 
this Project, the proposed wall locations are such that sufficient right-of-way is generally not 
available for the required excavations due to site topography and the proximity of 
residential properties.  Additionally, dewatering would also be necessary during 
construction of CIP or block walls that extend below groundwater and robust permanent 
drainage features could be recommended if the wall extends below the groundwater/gulch 
water level.  Block walls are considered feasible due to the relatively low wall height and 
anticipated ground conditions for Walls 2, Wall 8, Wall 12, Wall 16, and Wall 18.  However, 
based on external stability considerations (which is typically evaluated by the block wall 
vendor/designer due to their proprietary nature), walls over approximately 10 feet may 
require MSE construction. 
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6.2.4 Mechanically Stabilized Earth 

Similar to CIP or block walls, MSE walls are typically most cost effective for fill situations 
but can also be used in cut situations.  MSE walls will require an excavation laterally behind 
the proposed face of the wall to accommodate the reinforced zone and the retained zone 
(the backfill in the zone behind the reinforced zone), unless temporary shoring is used.  
Additionally, dewatering would also be necessary during construction for MSE walls that 
extend below groundwater, and robust permanent drainage features could be 
recommended if the wall extends below the groundwater/gulch water level.  MSE walls are 
generally more cost effective than CIP or block walls for higher wall heights in excess of 10 
feet.  MSE and block walls are considered feasible due to the relatively low wall height and 
anticipated ground conditions for Wall 8.  Block walls may be preferred by the project team 
due to the reduced excavation requirements and potentially lower costs. 

6.2.5 Sheet Pile 

Based on the soil conditions encountered in our borings, construction of sheet pile walls 
would likely be feasible in some of the proposed wall locations.  However, bedrock may be 
encountered at shallow depths in many locations, particularly at the walls planned along W. 
Florida Avenue, which would limit the potential wall embedment and allowable exposed 
height.  Vibrations during driving of sheet piles may not be acceptable to adjacent nearby 
properties.  For these reasons, sheet pile walls are not recommended for this Project. 

6.2.6 Soldier Pile 

Soldier pile walls are a top-down earth retention system for use in cut or combined cut/fill 
situations.  Soldier pile walls have the advantage over sheet piles that vertical elements can 
be installed by drilling instead of driving, reducing construction vibrations and obtaining 
sufficient embedment in bedrock for lateral stability.  Additionally, soldier pile walls can be 
cantilevered for heights on the order of 15 feet, meaning ground anchors extending off right-
of-way are not required.  We anticipate that vertical elements will consist of drilled shafts 
(or steel sections installed in drilled holes filled with structural concrete).  Pile driving is 
likely not feasible due to concerns with vibrations, noise, and overhead utilities.  Based on 
the proposed wall heights and the anticipated subsurface conditions, we recommend soldier 
piles for Wall 4, Wall 6, Wall 7, Wall 9, Wall 10, Wall 14, Wall 15, Wall 17, and Wall 19.   

6.3 Feasible Wall Types 

Exhibit 6-2 presents a summary of the proposed walls along with their feasible wall type 
and the subsurface explorations used for their design.  The feasibility assessment was 
conducted based on geotechnical factors and input from the project team during the May 7, 
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2025 team meeting.  Considerations included wall height, cost implications, owner 
preferences, right-of-way (ROW) constraints, and excavation impacts. 

Exhibit 6-2: Feasible Wall Types 

Wall Feasible Wall Type 

Wall 2 CIP or Block 

Wall 3 Boulder 

Wall 4 Soldier Pile 

Wall 6 Soldier Pile 

Wall 7 Soldier Pile 

Wall 8 MSE or Block 

Wall 9 Soldier Pile 

Wall 10 Soldier Pile 

Wall 11 Boulder 

Wall 12 CIP or Block 

Wall 13 Boulder 

Wall 14 Soldier Pile 

Wall 15 Soldier Pile 

Wall 16 CIP or Block 

Wall 17 Soldier Pile 

Wall 18 CIP or Block 

Wall 19 Soldier Pile 

6.4 Soldier Pile Walls 

6.4.1 Design Recommendations 

Our recommendations were developed based on the AASHTO LRFD Bridge Design 
Specifications (AASHTO, 2020).  We understand the soldier pile walls will be designed 
using the p-y method (LPILE) and active earth pressures to evaluate the lateral behavior of 
the deep foundation elements.  Recommendations for generalized LPILE parameters 
(Ensoft, 2022) and lateral earth pressure loading are provided in Tables 1 and 2.  Refer to 
Table 3 for soil/rock stratigraphy at the wall locations to be used in conjunction with the 
parameters provided in Tables 1 and 2 

If the permanent facing for the wall (between the piles) consists of precast concrete panels or 
timber lagging and the spacing between the piles is three column widths or less, the lateral 
earth pressure between the shafts (for facing design) can be multiplied by a reduction factor 
of 0.67 to account for arching between adjacent shafts.  The column width is the width of 
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pile along the exposed height.  If a wider spacing than three column widths is used or if the 
facing consists of CIP concrete or another rigid facing type, earth pressures for facing design 
should not be reduced for soil arching.  The soldier piles should be designed to resist full 
lateral earth pressure acting along the full width of wall. 

We have provided short-term and long-term LPILE parameters for the clay and clay-like 
materials below the base of exposed wall.  These lateral earth pressures apply for both the 
short- and long-term cases above the exposed bottom of wall.  We recommend evaluating 
the wall for both drained and undrained conditions, and designing for the critical case. 

Surcharge loads, as appropriate, should be added to the earth pressures in Table 2.  
Surcharge pressures can be determined using the parameters provided in Table 2 and the 
loading diagrams provided in Figure 3. 

The soldier pile embedment depth should be determined by the wall designer.  In addition, 
we recommend the embedment depth extend to full fixity (i.e., to a depth sufficient to 
achieve a zero-moment condition).  Also, based on our global stability analyses, we 
provided an additional recommendation for minimum pile embedment in bedrock (see 
Section 6.4.2). 

Paneling or facing for the wall should be installed at such a depth that the bottom of the 
paneling remains below frost line depth after consideration for scour.  According to the 2022 
Denver Building Code Administration, frost line depth is 36 inches below finished grade. 

6.4.2 Global Stability 

Although pile embedment depth should ultimately be determined by the wall designer, we 
performed global stability analyses for the wall to estimate the minimum pile embedment 
necessary to achieve a global stability factor of safety (FS) that meets or exceeds 1.3 for static 
conditions and 1.1 for seismic conditions.   

Global stability analyses were performed using the SLOPE/W software (Geo-Slope 
International, 2021), a component of the Geo-Slope 2021 suite.  The software employs the 
two-dimensional, limit equilibrium method of analysis.  The Morgenstern-Price method of 
slices was used.  Material parameters for the analyses were based on our subsurface 
explorations, penetration testing performed in situ, laboratory test results, published 
correlations, and our experience with similar type materials in similar conditions. 

Our global stability analyses assume the piles will be capable of contributing a minimum 
3,500 pounds of lateral shear resistance per foot of wall.  The wall designer should verify 
that the piles will be capable of achieving this resistance.  We consider this loading 
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condition a separate case from the lateral earth pressure loading cases.  The load 
distribution for the 3,500 pounds of pile resistance per foot of wall may be applied as a 
linear distribution from the top of wall to the critical slip surface attained from global 
stability analysis (see Exhibit 6-3).   

 
Exhibit 6-3: Lateral Pile Resistance from Global Stability Analysis 

To satisfy global stability requirements (i.e., achieve a minimum FS of 1.3 for static 
conditions), and to account for undocumented fill and possible deleterious subsurface 
materials, we recommend a minimum 5-foot penetration into bedrock.  

Based on the hydrograph of the Project area provided by Jacobs (Jacobs, 2024a), the peak 
flood event has a duration of approximately four hours.  Site soils consist of clay and clay-
like soils that have low hydraulic conductivity.  For these reasons, we did not analyze or 
evaluate stability of the slope during rapid draw down conditions for the walls. 

We also did not analyze or evaluate stability of the slope for the existing condition or for 
conditions during construction of the walls.  Stability of the slope during construction is 
considered the responsibility of the contractor.  We recommend that the contractor evaluate 
the stability of the slope for anticipated construction conditions prior to commencing 
construction. 
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6.4.3 Settlement 

Because the wall systems will be supported by piles, we anticipate only nominal settlement 
of the wall structure.  Also, because the proposed grades of most walls will not result in 
significant net loading compared to existing conditions (except for Wall 14), we anticipate 
that total settlement of the retained ground will be less than about 1 inch. 

Wall 14 is a fill wall with estimated fill heights of up to 9 feet.  Based on the borings drilled 
at these locations (borings SW-01, SW-11, and SW-15), soft clay soils are anticipated at the 
foundation elevation for these walls.  Placement of wall backfill may result in several inches 
of settlement in the wall backfill zone.  The majority of this settlement is anticipated to occur 
as the fill is placed, and post-construction settlement of 1 to 2 inches is possible in the 
backfill zone.  

6.5 CIP, Block, or MSE Walls 

6.5.1 General 

We understand Wall 2, Wall 12, Wall 16, and Wall 18 are generally "cut walls", meaning the 
top of wall elevation will be near the existing ground surface in most areas.  Wall 8 is a "fill", 
meaning the top of wall is below the existing ground surface.  These will be designed as 
CIP, block walls, or MSE walls where site soils allow for sufficient bearing and sliding 
resistance or will transition into soldier pile walls where necessary, as determined by Jacobs.  

Our recommendations for CIP and block walls were developed based on the AASHTO 
LRFD Bridge Design Specifications (AASHTO, 2020).  Our recommendations for MSE walls 
are developed based on AASHTO (2020), the CDOT Bridge Design Manual (2024), the 
CDOT Geotechnical Design Manual (GDM) (2025), and the applicable CDOT B-504 
Structural Worksheets (CDOT, 2016). 

6.5.2 Lateral Earth Pressures 

We recommend backfilling walls with CDOT Class 1 Structure Backfill or free-draining 
material where walls could be inundated as specified in Section 6.6.  For MSE walls, we 
recommend backfilling the 1H:1V (horizontal to vertical) zone extending upward from a 
point 1.5 feet behind the heel of the reinforced zone also with CDOT Class 1 Structure 
Backfill.   

The lateral earth pressures against retaining walls will depend on many factors, including 
surcharge loads, the type of adjacent native soil, drainage features, and the degree to which 
the wall can yield or deflect laterally or rotate at the top.  If the wall is free to yield at the top 
a sufficient amount to mobilize active earth pressures (approximately 0.001 times the height 
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of the wall), then soil pressures generally will be less (active case) than if this amount of 
movement is not allowed due to stiffness or resistance of the wall (at-rest condition).  
Recommended soil parameters for the active case of CDOT Class 1 Structure Backfill are 
provided in Table 2.  If the walls are not designed to move at the top, we should be notified 
and will provide at-rest earth pressures parameters. 

Surcharge loads, such as traffic and construction equipment will induce lateral loads on 
retaining walls.  Consistent with AASHTO (2020) criteria, we recommend using a live load 
traffic surcharge of 250 psf for areas subject to motor vehicle loading.  Lateral loads due to 
various types of surcharges can be calculated using the earth pressure coefficients provided 
in Table 2 and the loading diagrams provided in Figure 3, along with appropriate load 
factor(s). 

6.5.3 Global Stability, Embedment, and Reinforcement Length 

To satisfy global stability requirements (i.e., achieve a minimum FS of 1.3 for static 
conditions), and to account for undocumented fill and possible deleterious subsurface 
materials, we recommend a minimum two-foot overexcavation below wall foundations and 
replacement with CDOT Class 1 Structure Backfill.  The base of the overexcavation should 
extend at least 2 feet beyond the plan dimensions of the wall.  The side slopes of the 
overexcavation should be 1H:1V or flatter as required for temporary stability.   

We recommend a minimum foundation width equal to 60% the wall height with a 
minimum of 6 feet for CIP or block walls.  For MSE walls, we recommend a minimum 
reinforcement strap length equal to 70% of the wall height but no less than 8 feet in 
accordance with AASHTO (2020). 

We recommend a minimum wall embedment of 36 inches in accordance with the 2022 
Denver Building Code Administration frost line depth below finished grade.  Where scour 
will occur, ensure that foundations extend below the maximum scour depth to prevent 
undermining.  As discussed in Section 6.4.2, we did not analyze or evaluate stability of the 
slope during rapid draw down conditions for the walls, stability of the slope for the existing 
condition, or for conditions during construction of the walls. 

6.5.4 Bearing and Sliding Resistance 

Shallow foundation load capacity is governed by the strength and settlement characteristics 
of the underlying soil strata.  We recommend using the values provided in Table 4 to 
calculate a nominal bearing resistances, assuming that proper subgrade preparation is 
performed.  We recommend a resistance factor of 0.55 for CIP and block walls and 0.65 for 
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MSE walls for the Strength Limit State in accordance with AASHTO LRFD Bridge Design 
Specifications (2020).   

Horizontal loads on the walls may be resisted by friction along the base of the walls.  Due to 
two feet of overexcavation and replacement of the overburden beneath the walls, the walls 
can be designed assuming a nominal coefficient of friction of 0.45.  If walls bear on bedrock, 
we recommend a nominal coefficient of friction of 0.35.  We recommend a resistance factor 
of 1 for the Strength Limit State in accordance with AASHTO LRFD Bridge Design 
Specifications (2020).   

6.5.5 Settlement 

The proposed grades of the cut walls identified in Section 6.5.1 (Walls 2, 12, 16, and 18) are 
not significantly different from the existing grade and are not expected to impart a 
significant increase in the net loading on the ground.  For this reason, we anticipate the total 
settlement for these walls to be on the order of 1 inch with differential settlement of ½ inch 
over a distance of 40 feet.  Settlement could be higher if undocumented fill is not properly 
removed. 

Wall 8 is a fill wall with an estimated fill height of up to 16 feet.  Settlement from placement 
of the proposed fill is estimated to be on the order of 4 to 5 inches.  We anticipate the 
majority of settlement will occur during fill placement, with post-construction settlement on 
the order of 1 inch.  If MSE is used at this location, we recommend the use of 5’x5’ square 
panels to accommodate the estimated settlement.  

6.6 Wall Drainage 

Groundwater levels behind the retaining walls will likely vary with the season (higher 
groundwater during months with higher precipitation and lower groundwater during dry 
months).  The drained earth pressure parameters provided in Table 2 assume that 
unbalanced hydrostatic pressures do not develop in the retained zone behind the walls.  We 
recommend that either the walls be designed for saturated backfill conditions with 
differential hydrostatic water pressure between the inside and outside of the walls 
considering design flood levels (using the saturated backfill parameters provided in Table 2) 
or that a permanent drainage system be included directly behind the walls.  Approximate 
top of wall and bottom of wall elevations are shown along with 100-year flood elevations in 
Exhibit 6-4.  In Exhibit 6-4, the flood elevations exceed the bottom of wall elevation for most 
of the walls and exceed the top of wall elevation for a few walls.  The 100-year flood 
elevations were obtained from the “24.04.23_Sanderson_Wall Design Flood WSEL.pdf” file 
provided by Jacobs on April 25, 2024. 
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Exhibit 6-4: 100-year Flood and Proposed Wall Elevations 

Wall 

100-year Flood 
Elevation1 

(feet) 

Approx Bottom of 
Wall Elevation2 

(feet) 

Approx. Top of 
Wall Elevation3 

(feet) 

Wall 2 5,267.3 5,264 5,275 

Wall 4 5,273 to 5,271 5,265 5,274 

Wall 6 5,273 5,262 5,275 

Wall 7 5,273 5,273 5,278 

Wall 8 5,280 to 5,279 5,274 5,280 

Wall 9 5,280 to 5,279 5,265 5,273 

Wall 10 5,273 5,265 5,277 

Wall 11 5,280 to 5,279 5,271 5,275 

Wall 12 5,280 5,274 5,285 

Wall 14 5,286 5,279 5,288 

Wall 15 5,286 5,283 5,289 

Wall 16 5,286 5,277 5,284 

Wall 17 5,287 5,279 5,288 

Wall 18 5,287 5,277 5,281 

Wall 19 5,287 5,284 5,290 
NOTES: 
 Approx. bottom of wall elevations were measured where the wall contacts the proposed ground surface.   
 Approx. top of wall elevations were measured at the tallest point. 

Approx. = Approximate  

Weep hole drains should be installed through the walls; however, the drains may provide 
an infiltration path for surface water from the creek to the retained soils.  Therefore, the 
weep hole drains should be provided with backflow preventers (e.g., flap gates) to reduce 
the amount of infiltration through the weep holes.  The backflow preventers will likely 
require some maintenance to prevent plugging.  If weep hole drains are installed, the 
manufacturer should be consulted for recommended maintenance procedures and intervals.   

The weep hole drains should be located above the seasonal highwater levels.  Also, 
corresponding strip (geo-composite) drains should be installed on the face of the excavation, 
behind the wall structure that tie into the weep hole drains.  To reduce the amount of 
surface infiltration, we do not recommend that the strip drains be installed to the top wall, 
but rather that they begin about 1 to 2 feet down from the top of wall 

Due to some uncertainty in the performance of weep hole drains for the proposed 
construction (especially if they are not maintained properly), we also recommend that the 



MHFD CCD Sanderson Gulch Retaining Walls 
DRAFT  Geotechnical Report 

109250-003 August 2025 
26 

wall designer consider unbalanced hydrostatic loading between the maximum design water 
surface elevation and the bottom of exposed wall.   

As an alternative to designing for hydrostatic loading conditions in zones of new fill, a 
relatively free draining granular backfill material, such as No. 57 or 67 stone, could be used 
instead of CDOT Class 1 Structure Backfill.  If alternative backfill materials are utilized, it 
may be necessary to encapsulate the material in a geotextile separator to prevent migration 
of soil and piping into the backfill.   

6.7 Low Water Crossings 

Based on discussion with Jacobs, we understand that either drilled shafts or driven piles will 
be used to support the low water crossings 

6.7.1 Driven Piles - Axial Resistance 

Driven piles should extend through overburden soils and develop capacity in the bedrock.  
We recommend using a nominal compressive axial resistance of 28 kips per square inch (ksi) 
times the cross-sectional area of the steel (accounting for any loss of section as a result of 
corrosion and/or use of sacrificial steel), assuming Grade 50 steel, for steel H-piles driven to 
practical refusal into bedrock.  A resistance factor of 0.65 should be applied to the nominal 
compressive axial resistance, which assumes construction quality control testing (pile 
driving analyzer data and Case Pile Wave Analysis Program [CAPWAP] analyses) is 
completed, per Section 10.5.5.2.3 of AASHTO (2020).  

In our experience, pile refusal in sedimentary bedrock similar to that encountered at the site 
is usually achieved after approximately 5 to 10 feet of penetration, depending on the 
selected pile driving hammer and capacity.  For cost estimating purposes, we estimate piles 
will be driven about 10 feet below the bedrock contact (assuming piles are driven to full 
geotechnical capacity; refer to Table 5).     

A minimum spacing of 2.5 pile widths (center-to-center) for axial loads is recommended to 
reduce the stress overlap between the adjacent piles.  If this condition cannot be met, a 
reduction in axial capacity parameters, i.e., consideration of group effects, may be necessary.  
Lateral capacity of driven piles is discussed in Section 6.4.1.  If battered piles are to be 
implemented for resistance to lateral loading, the piles should be battered no flatter than 
4V:1H (vertical to horizontal), as specified in the CDOT BDM (CDOT, 2024).   

For properly designed and installed piles, we estimate settlement to be on the order of ½ 
inch or less, not including the elastic compression of the pile structural element.  About 75% 
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of the settlement is anticipated to occur as the load is applied with the remaining settlement 
occurring within the first year following construction. 

Pile installation will encounter hard driving in the bedrock and possibly overburden if fill 
material with debris is encountered.  Consistent with the CDOT BDM, we recommend that a 
protective rock tip be welded to the end of each pile to reduce the possibility of pile damage 
during driving.  The protective rock tip should be welded flush with the outside edge of the 
HP pile flange and in accordance with the manufacture’s installation specifications.  

Additionally, the presence of debris material in the overburden fill may result in driving 
refusal in the overburden.  Therefore, the contract documents should specify the minimum 
required tip elevation and should include provisions for predrilling of piles if refusal occurs 
above the minimum tip elevation. 

6.7.2 Drilled Shaft - Axial Resistance 

Drilled shafts can be designed for tip and side resistance in bedrock.  The design criteria 
presented herein were developed based on recommendations presented in the AASHTO 
LRFD Bridge Design Specifications (AASHTO, 2020) and CDOT BDM (2024).  In addition, a 
CDOT research report (Abu-Hejleh and others, 2003) was used to supplement drilled shaft 
design procedures and develop the axial resistance parameters, which are presented in 
Table 5.  The nominal shaft resistance parameters are based on a single shaft and do not 
consider group action of closely spaced shafts closer than two diameters, center-to-center.     

Consistent with local practice, and because of disturbance from drilling tools and 
differences in strain compatibility between the soil and bedrock, side resistance from the 
overburden soils should be ignored.  Additionally, the side resistance should be ignored in 
the upper 2 feet of bedrock (due to weathering at the top of the layer and the potential for 
disturbance during installation from the casing).  We recommend that drilled shafts have a 
minimum bedrock penetration below any casing of 1.5 D where D is the diameter of the 
drilled shaft but no less than 10 feet. 

Assuming drilled shafts are constructed using good installation techniques and equipment 
based on criteria described in the 2018 Federal Highway Administration (FHWA) Manual 
“Drilled Shafts:  Construction Procedures and LRFD Design Methods” (Brown and others, 
2018), we anticipate that total settlement for a single drilled shaft at the service limit state 
will be approximately ½ inch or less.  This settlement value does not include elastic 
compression of the shaft under the service load.  About 75% of the settlement is anticipated 
to occur as the load is applied with the remaining settlement occurring within the first year 
following construction. 
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6.7.3 Lateral Resistance of Deep Foundations 

Lateral loads acting on the structure from wind, seismic, and other loadings are typically 
resisted by the passive earth pressure against the caps, the frictional resistance developed 
between the sides of the cap and surrounding soils, and the lateral resistance provided by 
the deep foundation members.  The lateral behavior of the shafts/piles is highly dependent 
on the degree of fixity of the top of the shaft/pile.  

In our opinion, frictional sliding resistance at the base of the cap should be ignored because 
a deep foundation-supported structure may not transmit load directly to the soil beneath 
the cap.  The degree of movement required to initiate passive soil pressure and pile cap 
movement will depend on the degree of fixity to the deep foundation element.  Passive soil 
resistance against the cap and frictional resistance along the sides of the cap should be 
ignored because of the relatively small allowable design deflections and the comparatively 
larger movements required to mobilize the passive soil and frictional resistance.  Therefore, 
we recommend the lateral resistance be determined based on only the deep foundation 
elements. 

To determine the lateral load capacity of an individual drilled shaft or driven pile, and the 
deflection, shear, and moment along the shaft or pile, we have provided input parameters 
for the commercial software LPILE by Ensoft, Inc. (2022).  LRFD design methods for lateral 
loading of shafts and piles utilize a resistance factor of 1.0 and are controlled by allowable 
movement criteria.  Geotechnical parameters required for input into LPILE for an individual 
shaft or pile are presented in Table 5.  If groups of drilled shafts or driven piles are used, the 
effects of group interaction should be considered when evaluating the horizontal load-
deflection behavior.  When using the P-Y method of analysis, the values of P (load) should 
be factored appropriately to account for the group effects.  Recommended values of P-
multipliers for loading perpendicular and parallel to a line of shafts or piles are provided on 
Figure 4. 

6.8 Light Poles 

Based on discussion with Jacobs, we understand that drilled shafts will be used to support 
the proposed light poles.  We assume these structures to be lightly loaded and that design 
will be controlled by lateral loading.  Due to the variability of site soils, we recommend 
developing a generalized foundation design based on the parameters provided in Table 1 
for overburden.  
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7 CONSTRUCTION CONSIDERATIONS 
The applicability of the design recommendations provided in this report is contingent on 
good construction practice.  Poor construction techniques may alter conditions from those 
on which our recommendations are based, resulting in undesirable lateral movements 
and/or settlement.  The following sections present additional construction and material 
considerations for this project.  We assume the Project will be constructed in accordance 
with CDOT Standard Specifications for Road and Bridge Construction (2025). 

7.1 Dewatering 

The presence of groundwater may cause instability of open-cut excavations and subgrades.  
Groundwater levels will likely be influenced by the stages and seasonal changes of 
Sanderson Gulch.  The Contractor should consider these seasonal conditions in planning the 
work and the groundwater control measures. 

We recommend that the groundwater level be kept a minimum of 3 feet below the bottom of 
excavation elevation or at the top of bedrock, whichever is shallower, to reduce the potential 
for disturbance to the subgrade.  The groundwater level should be drawn down prior to 
excavating and should be maintained in a dewatered state until the walls are constructed 
and backfilled.  In addition to dewatering of excavations, it will likely be necessary for the 
Contractor to create a temporary bypass to convey stream flows around the worksite. 

In approximately half of the wall locations (Walls 2, 3, 6, 9, 10, 13, 16, and 18), groundwater 
was encountered in the explorations at elevations ranging from about 1 to 3 feet above the 
range of anticipated wall foundation elevations being considered.  Due to the cohesive 
nature of the soils, it is expected that the majority of dewatering can be addressed via 
sumping.  However, layers of more granular clayey sand will produce more water than the 
clay fill.  Depending on the thickness of the clayey sand layers encountered during 
excavation, it is possible that wellpoints may be required for effective dewatering.  Vacuum 
wellpoints connect to a common vacuum header and typically operate using a single pump 
for the whole system.  They are constrained by atmospheric pressure that limits available 
vacuum to lift groundwater.  In Denver, the effective depth of wellpoint installation is 
typically limited to 10 to 15 feet since atmospheric pressure is just 75% of its sea level value.  
If the selected foundation elevation greater than 15 feet bgs which is expected at Wall 6, the 
Contractor would need to lower the top of the header pipe using a benched excavation, by 
suspending the pipe within the shoring system, or other means to reduce the maximum 
suction lift. 
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Consistent with typical practice, the Contractor will be responsible for control of surface 
water and groundwater during construction, including the design of dewatering and 
diversion features.  In this regard, slope protection, ditching, sumps, dewatering wells, 
diversions, and other measures should be employed as necessary, to direct water away from 
excavations, to prevent ponding of water next to the work zone, and to permit completion 
of the work.   

7.2 Earthwork 

Earthwork should be performed in accordance with CDOT Standard Specifications (2025) 
and City and County of Denver Capital Projects Standard Construction Specifications 
(2016). 

7.2.1 Clearing and Stripping 

In the areas where excavation will be required for the retaining walls, we recommend that 
any brush and other vegetation be cleared, and roots and stumps be removed from all areas 
to be graded.  Care should be taken to avoid disturbing subgrade soils and supporting soils 
that will remain in place, as they can rut and pump under repeated construction traffic.  The 
final subgrade surface should be sloped to promote positive drainage. 

7.2.2 Excavation 

We anticipate that excavation will occur in overburden and can be accomplished with 
conventional excavating equipment, such as backhoes, dozers, front-end loaders, or 
scrapers.  Although not anticipated, if bedrock is encountered, we anticipate that could be 
excavated with conventional equipment as described above.  However, slower excavation 
production should be anticipated in the bedrock. 

Debris, obstructions, cobbles, boulders, and potentially other deleterious debris may be 
encountered in the undocumented fill.  The contractor should be prepared for this 
possibility. 

7.2.3 Fill Materials, Placement, and Compaction 

All fill placed should be free of organics, deleterious material, contaminants, construction 
debris, and rock fragments larger than 3 inches.  All fill material should be placed in 
horizontal lifts and be compacted to a dense and unyielding condition.  The thickness of 
loose lifts should not exceed 8 inches for heavy equipment compactors and 4 inches for 
hand-operated compactors, but may be less depending on that required to obtain the 
required compaction.   
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Granular soils should be compacted within 2% of optimum moisture content and to at least 
95% of the maximum dry density as determined by ASTM D1557 (modified compaction 
effort).  Cohesive soils should be compacted to 0% to 3% above optimum moisture content 
and to at least 95% of the maximum dry density as determined by ASTM D698 (standard 
compaction effort). 

Backfill in the retained zone of retaining walls should consist of CDOT Class 1 Structure 
Backfill.  Compaction of backfill adjacent to walls can result in higher lateral earth pressures 
against the wall.  As such, heavy machine-operated equipment should stay behind a line 
extending upward from the base of the walls at 0.5H:1V, or 3 feet from the wall, whichever 
is greater.  The backfill within this zone should be compacted with hand-operated 
equipment or smaller machine-operated equipment.  In such areas, the maximum lift 
thickness of fill should be reduced to 4 inches. 

Due to spatial constraints, it may be challenging to place and compact fill in areas where a 
small wedge of void is formed between the wall face and the lower existing grade.  As an 
alternative, to reduce the effort of fill placement and compaction, these fill wedges may be 
filled with a crushed stone (such as No. 57/67 stone).  To reduce the potential for future 
settlement of the crushed stone, it should be placed in lifts not exceeding 8 inches and 
should be compacted by a minimum of three passes of a vibratory compactor exerting 2,000 
pounds of centrifugal force or until no additional deformation is observed, whichever is 
less.   

7.2.4 Subgrade Preparation 

Proper subgrade preparation is required for adequate structure performance.  We 
recommend that subgrades (including the base of over-excavations where used) be scarified 
in place to a depth of 12 inches, moisture treated, and recompacted as discussed above.  The 
exposed subgrade should then be proof rolled with a fully loaded, tandem-axle, 10-yard 
dump truck or equivalent before placing any remaining fill.  If proof rolling is not feasible 
due to site constraints, the subgrade could be evaluated by probing.  If proof rolling or 
probing indicates an unacceptable subgrade, the subgrade should be overexcavated to 
expose a stable subgrade. 

If soft or yielding soils are encountered after overexcavating 2 feet, a geogrid (Tensar biaxial 
BX1200, Tensar triaxial TX5, or equivalent) should be installed at the base of the over-
excavation before backfilling.  The over-excavation should be backfilled with CDOT Class 1 
Structure Backfill.   
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All subgrades should be protected during construction from drying or wetting in excess of 
the requirements for moisture conditioning.  Additionally, prepared subgrades should be 
protected from construction traffic. 

7.3 Drilled Pile and Drilled Shaft Installation  

7.3.1 Installation Methods and Equipment 

Specifications and installation methods should be in general accordance with our 
recommendations and guidelines in the 2018 FHWA Manual, “Drilled Shafts: Construction 
Procedures and Design Methods” (Brown and others, 2018) and CDOT Standard 
Specifications (2025).   

Drilled piling for the walls and drilled shafts for the low water crossings will be socketed in 
the bedrock.  Our experience indicates heavy-duty drill rigs using auger drill methods can 
usually penetrate bedrock similar to the hard Denver Formation bedrock encountered at the 
site.  The specifications should require the drilled shaft contractor to demonstrate experience 
in similar geologic conditions, to confirm proposed methods and expected production.   

Based on the groundwater encountered in several borings and surface water observed in the 
creek, the Contractor will likely encounter groundwater and surface water during drilling 
and excavation and should be prepared to manage it.  We anticipate the potential need for 
temporary casing sealed into the bedrock to prevent raveling and caving conditions in the 
overburden during drilled pile installation.   

Raveling or sloughing conditions during excavation for the drilled piling wall may be 
encountered, especially in locations where seeping groundwater conditions are 
encountered.  The Contractor should be prepared with casing and other methods to handle 
caving soil and groundwater. 

Where casing is used, it should be pushed, rotated, vibrated, or driven into the bedrock.  
The inside diameter of the casing should be equal to or larger than the specified drill hole 
dimensions.  The use of casings larger than the diameter of the specified casing must have 
prior approval from the Engineer.  Groundwater can infiltrate into drill holes from perched 
water or within fractured or more permeable zones within the bedrock.  Hence, the 
Contractor should be prepared for underwater concrete placement techniques (tremie 
pipes).     

If slurry methods are required to stabilize the excavation, we recommend the use of 
polymer slurry.  Uncontrolled slurries should not be permitted.  Construction of drill holes 
using wet methods (i.e. slurry) is more difficult than constructing drill holes using dry 



MHFD CCD Sanderson Gulch Retaining Walls 
DRAFT  Geotechnical Report 

109250-003 August 2025 
33 

methods.  Because a wet excavation cannot be easily visually observed, good construction 
practices are critical to constructing drill holes that perform adequately.  Wet installation 
methods and specifications should be in accordance with the 2018 FHWA Manual, “Drilled 
Shafts:  Construction Procedures and Design Methods” (Brown and others, 2018).   

7.3.2 Drilled Pile Inspection and Observation 

A geotechnical engineer familiar with the subsurface conditions at the site should observe 
drilled piling installation to determine the top of rock elevation and shaft penetration into 
rock.  The hole should be cleaned of loose material, firm, and observed by the geotechnical 
engineer prior to pouring concrete.  The drilling and concreting process should be relatively 
continuous with minimal stoppage of work between the completion of drilling, cleaning the 
hole, and the placement of concrete.  

7.3.3 Concrete Placement 

Groundwater inflow into pile holes from fractured or more permeable zones within the 
sandstone bedrock is possible.  Pumping and/or tremie concrete placement may be required 
if significant water inflow develops in the bedrock or pile holes are constructed using wet 
methods.  Tremie placement should be used if wet methods are used to construct the piling 
or if water cannot be controlled by pumping or bailing such that more than 3 inches of water 
is present when concrete is placed.  The Contractor should be prepared to address these 
issues. 

We recommend concrete be designed and placed with a slump of 6 to 9 inches with 
maximum aggregate size of ⅜ inch consistent with CDOT Class BZ concrete (CDOT, 2025).  
When tremie placement methods are used, we recommend the higher end of the slump 
range for Class BZ concrete (minimum slump of 8 inches, and it may be appropriate to 
increase the maximum allowable slump to 10 inches).  When casing and/or tremie concrete 
placement methods are used, a minimum head of concrete of 5 feet above the bottom of the 
tremie pipe and/or casing should always be maintained. 

Drilled shaft defects in cased holes are frequently the result of an inadequate head of 
concrete, particularly when combined with marginal or low slump concrete.  If a truck-
mounted pump is used to tremie concrete, the tremie pipe can pull-out of the concrete if a 
pressure surge causes upward boom movement.  Adequate methods should be established 
to measure and confirm that minimum head requirements are met throughout the concrete 
placement process. 
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7.4 Driven Pile Installation 

7.4.1 Wave Equation Analysis of Pile Driving 

A wave equation analysis of pile driving (WEAP) should be completed using the selected 
pile type and the Contractor’s pile driving equipment.  Information required for such an 
analysis is presented on Figure 6.  The wave equation analysis should be completed prior to 
the start of driving production piles at the site.  The WEAP analysis should be used to 
establish preliminary driving criteria and to confirm that the Contractor’s selected hammer 
is capable of installing the pile and mobilizing adequate axial resistance without damaging 
the pile.  Production driving criteria should be determined by dynamic testing (see Section 
7.4.4. 

7.4.2 Pile Driving Equipment 

Fixed-lead pile driving equipment is recommended for driving the piles.  The use of 
hanging or swinging leads is not recommended unless they are constructed to be held in a 
fixed position during driving operations.  An air-, steam-, hydraulic- or diesel-powered 
hammer may be used for driving the proposed piles.  The recommended ranges of hammer 
energies for driving the piles may be determined using a WEAP.  All pile-driving 
equipment should be designed, constructed, and maintained in a manner suitable for the 
work to be accomplished for this project.  The Contractor will be responsible for selecting an 
appropriate hammer-cushion system to drive the piles to the depths required without 
damaging the piles during installation. 

7.4.3 Monitoring of Pile Driving 

All pile driving should be monitored by taking a continuous driving record of each pile.  For 
this purpose, the Contractor should mark the pile in 1-foot increments.  During re-strike (if 
required), additional 1-inch increments between the 1-foot marks would be necessary. 

The pile-driving record should be complete.  The form should have spaces to record 
hammer stroke (diesel hammers), blows per foot, time, date, reasons for delays, and other 
pertinent information.  In addition, the record should include tip elevation, driving criteria, 
and initials of inspectors making final acceptance of the pile.  The pile-driving records 
should be reviewed on a daily basis.  For this purpose, we recommend that an experienced 
and qualified geotechnical engineer familiar with the subsurface conditions of the project 
site be assigned to assist in construction monitoring. 

It is often difficult to estimate the energy delivered by diesel hammers with visual 
observation.  The Saximeter, developed by Pile Dynamics, Inc., can be used to record 
hammer strokes and provide an estimate of the driving energy of diesel hammers.  If the 
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Contractor selects a diesel hammer, we recommend that a Saximeter be used during pile 
driving. 

7.4.4 Dynamic Testing of Pile Driving 

Dynamic testing during pile driving is required by AASHTO (2020) to confirm that piles are 
not damaged during installation.  Dynamic testing should also be completed to confirm 
adequate geotechnical axial resistance (see Section 6.4.1).  The resistance factor of 0.65 (on 
the resistance determined from dynamic testing) recommended in Section 6.4.1 assumes that 
dynamic pile testing with signal matching (e.g. Case Pile Wave Analysis Program 
[CAPWAP]) is completed on a minimum of two piles, but no less than 2% of the production 
piles at the bridge, and that production driving criteria are developed based on the results of 
the dynamic testing.  As a result, the Contractor’s pile driving schedule should consider that 
acceptance criteria for production piles will not be available prior to completing dynamic 
testing.    

Based on CDOT criteria (CDOT, 2025), unless otherwise specified in the Contract, a 
minimum of two piles per structure will be monitored, each at a separate foundation 
element (abutment or pier foundation).  Monitoring will be conducted with a PDA, with one 
test performed at each abutment. 

We anticipate that adequate geotechnical resistance will be available at the end of initial 
driving (EOID).  However, if adequate geotechnical resistance is not available at EOID, a 
subsequent re-strike may be required after setup has occurred (and resistance has increased) 
to confirm the geotechnical resistance. 

7.5 Temporary Slopes, Shoring, and Lagging 

7.5.1 Temporary Slopes and Shoring 

The safe slope for the excavation of subsurface materials depends on many factors, 
including: (a) the presence and depth of groundwater; (b) the type, density, and shear 
strength of the subsurface materials; (c) the depth of excavation; (d) the presence of adjacent 
facilities; (e) surcharge loading adjacent to the excavation (including stockpiled excavated 
material, existing dead or live loads, and construction equipment); and (f) duration of 
construction.  Considering these factors, unshored, temporary excavation slopes may be 
possible in areas around the site.  However, we recommend that unshored, temporary 
excavation slopes only be utilized above the groundwater level.  Constructing excavation 
slopes below the groundwater level may cause slope instability due to the seepage of 
groundwater into the excavation. 
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The Project team may choose to limit where the Contractor can make temporary excavation 
slopes based on the need to limit impacts to the roadway and adjacent property and or to 
avoid utilities.  If it is possible to slope the excavation, we recommend the temporary slopes 
be consistent with the Occupational Safety & Health Administration (OSHA) guidelines 
contained in 29 CFR 1926, Subpart P (1999).  For cost estimating and planning purposes 
only, we recommend assuming temporary excavations above groundwater level are sloped 
at 1.5H:1V, consistent with OSHA Type C soils.  If groundwater is actively seeping into the 
excavation, flatter slopes will be required.  The Contractor should continually classify the 
soils that are encountered as excavation progresses with respect to the OSHA system. 

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

7.5.2 Lagging 

For permanent soldier pile wall construction, temporary lagging may be required between 
soldier piles to prevent sloughing, caving, or raveling of the excavated face prior to 
installation of the permanent facing.  A flash application of shotcrete could also be applied 
to temporarily retain soil.  Strip drains would need to be installed behind (prior to) the 
installation of temporary lagging or shotcrete.   Partial excavation heights and immediate 
placement of lagging or shotcrete can mitigate soil loss during excavation. 

7.6 Construction Monitoring 

Geotechnical design recommendations are developed from a limited number of explorations 
and tests.  We recommend that Shannon & Wilson be retained to monitor the geotechnical 
aspects of construction, particularly subgrade preparation.  This monitoring would allow us 
to evaluate the subsurface conditions as they are exposed during construction and to 
determine that the work is accomplished in accordance with our recommendations and 
good construction practice. 

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

9 LIMITATIONS 
This report was prepared for the exclusive use of Jacobs for use in design of the Sanderson 
Gulch Retaining Walls project.  Our evaluations, analyses, conclusions, and 
recommendations are based on the limitations of our approved scope, schedule and budget 
described in Modification 2 and 3 to our Field Services Task Order 148037174 with Jacobs 
dated December 22, 2023 and August 6, 2024, respectively.  It should be made available to 
prospective contractors and/or the Contractor for information on factual data only, and not 
as a warranty of subsurface conditions.   

This report should not be used without our approval if any of the following occurs: 

 Conditions change due to natural forces or human activity under, at, or adjacent to the 
site. 

 Assumptions stated in this report have changed. 

 Project details change or new information becomes available such that our analyses, 
conclusions, and recommendations may be affected. 

 If the site ownership or land use has changed. 

 More than 5 years has passed since the date of this report. 

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

If any of these occur, we should be retained to review the applicability of our analyses, 
conclusions, and recommendations.   

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

Shannon & Wilson has prepared the attached document, "Important Information about 
Your Geotechnical Report," to assist you and others in understanding the use and 
limitations of our reports.  
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CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR 
SPECIFIC CLIENTS. 
Consultants prepare reports to meet the specific needs of specific individuals.  A report prepared for 
a civil engineer may not be adequate for a construction contractor or even another civil engineer.  
Unless indicated otherwise, your consultant prepared your report expressly for you and expressly for 
the purposes you indicated.  No one other than you should apply this report for its intended purpose 
without first conferring with the consultant.  No party should apply this report for any purpose other 
than that originally contemplated without first conferring with the consultant. 

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

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

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

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

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

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

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

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

READ RESPONSIBILITY CLAUSES CLOSELY. 
Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is 
far less exact than other design disciplines.  This situation has resulted in wholly unwarranted claims 



MHFD CCD Sanderson Gulch Retaining Walls 
DRAFT  Geotechnical Report 

109250-003 August 2025 
II-3 

IM
PO

RT
AN

T 
IN

FO
RM

AT
IO

N 
being lodged against consultants.  To help prevent this problem, consultants have developed a 
number of clauses for use in their contracts, reports, and other documents.  These responsibility 
clauses are not exculpatory clauses designed to transfer the consultant’s liabilities to other parties; 
rather, they are definitive clauses that identify where the consultant’s responsibilities begin and end.  
Their use helps all parties involved recognize their individual responsibilities and take appropriate 
action.  Some of these definitive clauses are likely to appear in your report, and you are encouraged 
to read them closely.  Your consultant will be pleased to give full and frank answers to your 
questions. 

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