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PURPOSE AND SCOPE OF STUDY 

This report presents the results of a preliminary geotechnical evaluation performed by 

GROUND Engineering Consultants, Inc. (GROUND) for Evergreen Devco, Inc. for the 

proposed development located near the intersection of Central Park Boulevard and 40th 

Avenue in Denver, Colorado.  Our study was conducted in general accordance with the 

Agreement for Consulting Services between Evergreen Devco, Inc. and GROUND dated 

July 7, 2020 and GROUND’s Proposal No. 2006-1237, dated June 26, 2020. 

A field exploration program was conducted to obtain information on the subsurface 

conditions.  Material samples obtained during the subsurface exploration were tested in 

the laboratory to provide data on the engineering characteristics of the on-site soils.  The 

results of the field exploration and laboratory testing are presented herein. 

This report has been prepared to summarize the data obtained and to present our findings 

and conclusions based on the proposed development/improvements and the subsurface 

conditions encountered.  This report should be understood and utilized in its entirety; 

specific sections of the text, drawings, graphs, tables, and other information contained 

within this report are intended to be understood in the context of the entire report.  This 

includes the Closure section of the report which outlines important limitations on the 

information contained herein. 

This report was prepared for Evergreen Devco, Inc. based on our understanding of the 

proposed project at the time of preparation of this report.  The data and conclusions 

provided herein should not be construed to be sufficient for other purposes, including the 

use by contractors, or any other parties for any reason not specifically related to the design 

of the project.  Furthermore, the information provided in this report was based on the 

exploration and testing methods described below.  Deviations between what was reported 

herein and the actual surface and/or subsurface conditions may exist, and in some cases 

those deviations may be significant.  Specific subsurface exploration and site 

evaluation MUST be performed for each lot in order to provide geotechnical 

parameters for use in final design and construction operations.  A proposal for these 

services can be provided upon request. 
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PLANNED DEVELOPMENT 

We understand that proposed construction may ultimately include a commercial 

development with new private drive lanes and utility installation.  A preliminary lot/building 

layout was provided but had not yet been finalized at the time of this report preparation.  

We assume that structural loads will be low to moderate, typical of this type of 

development.  Based on the existing topography, minimal material cuts and fills, up to 

approximately 3 feet, may be necessary to facilitate grading operations.   If the proposed 

construction differs from that described or assumed above, GROUND should be notified 

immediately to re-evaluate the parameters contained herein. 

Geotechnical parameters associated with the private drive lanes, general overlot grading 

operations, and utility installation for the proposed development are provided herein.  

Preliminary geotechnical considerations regarding foundation/floor systems for 

buildings/structures, exterior flatwork, and private parking lots for individual lots are also 

provided herein (see Preliminary Geotechnical Evaluation section).   

SITE CONDITIONS  

The project area generally consisted 

of vacant, undeveloped land with 

short grasses and weeds and 

cobbles and boulders scattered on 

the surface.  The project site was 

bordered by Central Park Boulevard 

to the west, East 40th Avenue to the 

south, the I-70 right-of-way to the 

north, and undeveloped land to the 

east.  Topographically, the project 

site was relatively flat with slopes of 

about 2 percent generally 

descending toward the north and east.  

The project site was once associated with the Stapleton Airport.  According to Google 

Earth Historical Imagery, portions of a runway, taxiways, and connecting taxiways were 

associated with the project site (see Google imagery below).  Based on our experience 

with the Stapleton Airport redevelopment project and a review of available Google Earth 

Historical Imagery, two or more overlot grading events have occurred within the project 
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site due to the excavation of the existing runway/taxiways/connecting taxiways and the 

construction and subsequent infill of the detention pond/water quality pond.   Additionally, 

an approximate 10 foot in height stockpile was constructed in 2019 that has since been 

removed during recent overlot grading operations.  The overlot grading operations 

appeared to have been performed in 2007 and 2008 and more recently, in 2019.  The 

exact extents, limits, and composition of any man-made fill were not determined as part 

of the scope of work addressed by this study and should be expected to potentially exist 

at varying depths and locations across the site.   

GEOLOGIC SETTING 

The subject parcel lies within the Denver Basin geologic province that consists largely of 

a sequence of sedimentary rock formations deposited and preserved in a structural 

depression in north-central Colorado.  In the general project area, these sedimentary rocks 

dip eastward at low angles (less than 10 degrees, typically) and are overlain by a variety 

of surficial deposits including alluvial (stream-laid) sediments, eolian (wind-blown) 

materials and colluvial (slope-wash) deposits. 

12/2002 7/2007 

9/2019 
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Published geologic maps (Machette, et al (2004)1 & Lindvall, R.M. (1980)2) depict the 

project area as underlain by Artificial Fill (af), Upper Pleistocene Broadway Alluvium (Qb) 

and Lower Holocene to Upper Pleistocene Windblown Sand (Qes).  These materials are 

underlain in turn by the Paleocene and Upper Cretaceous Denver Formation bedrock 

(TKd).  The Broadway Alluvium consists of gravel, sand, silt, and clay deposited by 

streams and the Windblown Sand is described as generally consisting of fine to medium 

sand.  The Denver Formation is described as generally consisting of interbedded 

claystone, siltstone, and sandstone.  A portion of that geologic map is reproduced below. 

SUBSURFACE EXPLORATION  

Field reconnaissance and subsurface exploration for the project was conducted from July 

7 through 9, 2020.  A total of twenty-two (22) test holes were drilled with buggy and truck-

mounted drill rigs advancing continuous flight augers to evaluate subsurface conditions, 

including depths to groundwater, and to retrieve samples for laboratory testing and 

analyses.  The test holes were drilled to depths ranging from approximately 18 to 41 feet 

below existing grade.  A representative of GROUND directed the subsurface exploration, 

logged the test holes in the field, and prepared the samples for transport to our laboratory.   

 
 
 
 
1 Trimble, D. E., Machette, M. N., Brandt, T. R., Moore, D. W., & Murray, K. E. (2004). A spatial database of bedding attitudes 

to accompany Geologic map of the greater Denver area, Front Range Urban Corridor, Colorado (No. 2003-25). 
2 Lindvall, R. M. (2004). Geologic map of the Commerce City quadrangle, Adams and Denver Counties, Colorado: U.S. 

Geological Survey, Geologic Map GQ-1541, scale 1:24,000 

Approximate Project Site 
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Samples of the subsurface materials were retrieved with a 2-inch I.D. California liner 

sampler and a 1⅜ inch sampler.  The samplers were driven into the substrata with blows 

from a 140-pound hammer falling 30 inches. This procedure is similar to the Standard 

Penetration Test described by ASTM Method D1586. Penetration resistance values, when 

properly evaluated, indicate the relative density or consistency of soils. Depths at which 

the soil samples were obtained and associated penetration resistance values are shown 

on the test hole logs. 

The approximate locations of the test holes are shown in Figure 1.  Logs of the exploratory 

test holes are presented in Figures 2 through 4 and Appendix A.  Explanatory notes and 

a legend are provided in Figure 5.  GROUND utilized the Client-provided site plan 

indicating existing features, Google Map imagery and a hand-held GPS to approximately 

locate the test holes.   

LABORATORY TESTING  

Samples retrieved from our test holes were examined and visually classified in the 

laboratory by the project engineer.  Laboratory testing included standard property tests 

such as natural moisture contents, dry unit weights, grain size analyses, and liquid and 

plastic limits. Swell-consolidation testing, water-soluble sulfates, and corrosivity testing 

were performed on select samples as well. Proctor and resilient modulus testing were 

performed on collected bulk samples.  Laboratory tests were performed in general 

accordance with applicable ASTM and AASHTO protocols.  Results of the laboratory 

testing program are summarized on Tables 1 and 2.   

SUBSURFACE CONDITIONS  

Our interpretation of the subsurface conditions is based on the results of the field 

exploration and laboratory testing, and our experience with the general geology of the 

area. Generally, man-made fills underlain by sands and/or clays/silts were encountered 

beneath the surface. Claystone bedrock was encountered at a depth of approximately 

40½ feet below existing grades in Test Hole L-4.  The test holes extended to depths 

ranging between approximately 18 to 41 feet below surface grades. 

It should be noted that coarse gravel, cobbles and boulders are not well represented in 

samples obtained from small diameter test holes.  At this site, therefore, it should be 

anticipated that gravel and cobbles, and possibly boulders, may be present in the site 
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soils, as well as comparably sized fragments of construction debris (i.e. concrete, asphalt, 

etc.), even where not included in the general descriptions of the site soil types below. 

The following provides generalized descriptions of the materials encountered. Additional 

detail is presented in Figure 5 and Appendix A. 

Man-Made Fill consisted of silty to clayey sand with gravel/cobbles and lenses of clay, 

was fine to coarse grained, non to highly plastic, slightly moist to wet, and light brown to 

brown in color.  Occasional construction debris (concrete) was observed in the test holes. 

The man-made fill encountered is assumed to be derived from previous grading activities 

associated with the Stapleton Airport redevelopment project and recent infill operations 

for the detention pond/water quality pond.  It should be noted that the native soils and 

man-made fills were very similar in composition and the delineation of the complete lateral 

and vertical extents of any fills at the site, or their compositions, however, was beyond our 

present scope of services.  If fill soil volumes and compositions at the site are of 

significance, they should be further evaluated using test pits. 

Sand was silty, fine to gravel grained, non-plastic to medium plastic, medium dense to 

dense, moist to very moist, caliche stained, and brown to gray in color. 

Sands and Clays/Silts were interbedded, fine to coarse grained, low to highly plastic, 

medium/loose to hard/dense, slightly moist to moist, caliche stained, and light brown to 

brown to gray in color. 

Claystone Bedrock was fine-grained, medium to highly plastic, hard to very hard, moist, 

and brown to gray in color.  

Groundwater was encountered in some of the test holes at depths ranging from 

approximately 18 to 24 feet at the time of drilling. The test holes were backfilled upon 

drilling completion per Code of Colorado Regulations (2 CCR 402-2).  Groundwater levels 

can be expected to fluctuate, however, in response to annual and longer-term cycles of 

precipitation, irrigation, surface drainage, nearby rivers and creeks, land use, and the 

development of transient, perched water conditions.  The groundwater observations 

performed during our exploration must be interpreted carefully as they are short-term and 

do not constitute a groundwater study.  In the event the Client desires additional/repeated 

groundwater level observations, GROUND should be contacted; additional exploration 

and fees will be necessary in this regard. 
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Swell-Consolidation Testing of samples of the on-site materials encountered in the 

project test holes indicated a potential for heave and consolidation (See Table 1).  Swells 

of approximately 0.6 and 1.8 percent and consolidations ranging from approximately 0.1 

to 1.4 percent were measured at various surcharge loads.    

WATER-SOLUBLE SUFATES 

The concentrations of water-soluble sulfates measured in selected samples retrieved from 

the test holes ranged from approximately 0.02 to 0.04 percent by weight (see Table 2). 

Such concentrations of water-soluble sulfates represent a negligible degree of sulfate 

attack on concrete exposed to these materials.  Degrees of attack are based on the scale 

of 'negligible,' 'moderate,' 'severe' and 'very severe' as described in the “Design and 

Control of Concrete Mixtures,” published by the Portland Cement Association (2011). The 

Colorado Department of Transportation utilizes a corresponding scale with 4 classes of 

severity of sulfate exposure (Class 0 to Class 3) as described in the published table below. 

REQUIREMENTS TO PROTECT AGAINST DAMAGE TO 

CONCRETE BY SULFATE ATTACK FROM EXTERNAL SOURCES OF SULFATE 

Severity of 
Sulfate 

Exposure 

Water-Soluble 
Sulfate (SO4)  

In Dry Soil  
(%) 

Sulfate (SO4)  
In Water  

(ppm) 

Water 
Cementitious 

Ratio  
(maximum) 

Cementitious 
Material 

Requirements 

Class 0 0.00 to 0.10 0 to 150 0.45 Class 0 

Class 1 0.11 to 0.20 151 to 1500 0.45 Class 1 

Class 2 0.21 to 2.00 1501 to 10,000 0.45 Class 2 

Class 3 2.01 or greater 10,001 or greater 0.40 Class 3 

Based on these data GROUND, makes no suggestion for use of a special, sulfate-

resistant cement in project concrete. 

SOIL CORROSIVITY 

The degree of risk for corrosion of metals in soils commonly is considered to be in two 

categories: corrosion in undisturbed soils and corrosion in disturbed soils. The potential 

for corrosion in undisturbed soil is generally low, regardless of soil types and conditions, 

because it is limited by the amount of oxygen that is available to create an electrolytic cell. 

In disturbed soils, the potential for corrosion typically is higher, but is strongly affected by 

soil chemistry and other factors. 
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A corrosivity analysis was performed to provide a general assessment of the potential for 

corrosion of ferrous metals installed in contact with earth materials at the site, based on 

the conditions existing at the time of GROUND’s evaluation. Soil chemistry and physical 

property data including pH, reduction-oxidation (redox) potential, and sulfides content 

were obtained.  Test results are summarized on Table 2. 

pH  Where pH is less than 4.0, soil serves as an electrolyte; the pH range of about 6.5 to 

7.5 indicates soil conditions that are optimum for sulfate reduction. In the pH range above 

8.5, soils are generally high in dissolved salts, yielding a low soil resistivity (AWWA, 2010). 

Testing indicated pH values of approximately 8.7 to 9.7. 

Reduction-Oxidation testing indicated negative potentials: -153 and -93 millivolts. Such 

low potentials typically create a more corrosive environment. 

Sulfide Reactivity testing for the presence of sulfides indicated ‘positive’ and ‘trace’, 

results. The presence of sulfides in the site soils also suggests a more corrosive 

environment. 

Soil Resistivity In order to assess the “worst case” for mitigation planning, samples of 

materials retrieved from the test holes were tested for resistivity in the in the laboratory, 

after being saturated with water, rather than in the field. Resistivity also varies inversely 

with temperature. Therefore, the laboratory measurements were made at a controlled 

temperature.   

Measurements of electrical resistivity indicated values from approximately 5,822 to 17,752 

ohm-centimeters in samples of the site earth materials.  

Corrosivity Assessment The American Water Works Association (AWWA, 20103) has 

developed a point system scale used to predict corrosivity. The scale is intended for 

protection of ductile iron pipe but is valuable for project steel selection.  When the scale 

equals 10 points or higher, protective measures for ductile iron pipe are suggested.  The 

AWWA scale (Table A.1 Soil-test Evaluation) is presented below. The soil characteristics 

refer to the conditions at and above pipe installation depth. 
  

 
 
 
 
3 American Water Works Association ANSI/AWWA C105/A21.5-05 Standard 
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Table A.1 Soil-test Evaluation 

 
Soil Characteristic / Value              Points 
 
Resistivity 
<1,500 ohm-cm  ..........................................................................................…  10 
1,500 to 1,800 ohm-cm  ................................................................……......….   8 
1,800 to 2,100 ohm-cm  .............................................................................….   5 
2,100 to 2,500 ohm-cm  ...............................................................................…   2 
2,500 to 3,000 ohm-cm  ..................................................................................   1 
            >3,000 ohm-cm  ................................................................................…   0 
 
pH 
 0 to 2.0  ............................................................................................................   5 
2.0 to 4.0  .........................................................................................................   3 
4.0 to 6.5  .........................................................................................................   0 
6.5 to 7.5  .........................................................................................................   0 * 
7.5 to 8.5  .........................................................................................................   0 
        >8.5  ..........................................................................................................   3 
 
Redox Potential 
< 0 (negative values)  .......................................................................................   5 
  0 to +50 mV ................................................................................................….   4 
+50 to +100 mV  ............................................................................................…   3½ 
        > +100 mV  ...............................................................................................   0 
 
Sulfide Content 
Positive  ........................................................................................................….   3½ 
Trace .............................................................................................................…   2 
Negative .......................................................................................................….   0 

Moisture 
Poor drainage, continuously wet ..................................................................….   2 
Fair drainage, generally moist    ....................................................................…   1 
Good drainage, generally dry     ........................................................................   0 

 

*  If sulfides are present and low or negative redox-potential results (< 50 mV) are obtained, add 3 

points for this range. 

We anticipate that drainage at the site after construction will be effective.  Nevertheless, 

based on the values obtained for this study, the overburden soils and to bedrock appear 

to comprise a potential corrosive environment for ferrous metals (10 to 11½ points).   

Corrosive conditions can be addressed by use of materials not vulnerable to corrosion, 

heavier gauge materials with longer design lives, polyethylene encasement, or cathodic 

protection systems.  If additional information is needed regarding soil corrosivity, the 

American Water Works Association or a corrosion engineer should be contacted.   
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Structure-specific soil corrosivity studies should be performed to evaluate the conditions 

in support of utility design.  It should be noted, however, that changes to the conditions at 

a site conditions during construction, such as the import of other soils, or the intended or 

unintended introduction of off-site water, may alter corrosion potentials significantly.  

Additional testing may be appropriate during construction. 

PRELIMINARY GEOTECHNICAL EVALUATION 

Presented below are preliminary considerations and parameters regarding geotechnical 

aspects of the proposed development, which we have assumed will be light to moderately 

loaded structures.  The provided considerations and parameters are intended only to 

assist with preliminary project planning.  Based on our experience within the Stapleton 

Airport redevelopment project and a review of available Google Earth Historical Imagery, 

it appears that two or more overlot grading events have occurred within the project site 

due to the excavation of the runway/taxiway/connecting taxiway associated with the 

Stapleton Airport and infill of the existing detention pond/water quality pond.  Additional 

material cuts and fills (up to approximately 3 feet) may be necessary across the site to 

facilitate proposed construction.  Structure-specific studies must be performed to 

develop design-level geotechnical considerations and parameters.   

Geotechnical Risk 

The shallow site soils exhibited potentials for heave and consolidation.  Estimates of post-

construction movements could be on the order of 1 to 2 inches or more, based on the 

swell and consolidation data obtained for this preliminary evaluation.   

Man-made fill was observed in the test holes, extending to depths up to approximately 19 

feet below existing grades.  Based on our experience within the project area as well as a 

review of GROUND’s compaction testing for this general area during overlot grading for 

the detention pond/water quality pond, it is our opinion that the existing fill materials were 

generally placed in a relatively controlled moisture-density treated manner.  Compaction 

test results performed during the initial grading operations (demolition/excavation of the 

Stapleton Airport) were not available for our review.  It should be understood that the 

testing frequency (for overlot grading) of these man-made fills is not commonly as robust 

as the typical testing frequencies utilized for the placement of man-made fills intended to 

support shallow foundations and slabs-on-grade (for structural fill) on a lot by lot basis.  

Typically, requirements/expectations for lot-specific development are not known at the 



Central Park Boulevard and 40th Avenue Development 
Denver, Colorado 

 

Job No. 20-3595 GROUND Engineering Consultants, Inc. Page 11 of 33 

time of overlot grading.   Therefore, during the final geotechnical studies for each lot, 

removal and replacement of the man-made fill materials in a moisture-density treated 

manner may be deemed necessary.  Additionally, development in the lots associated with 

the recently infilled detention pond/water quality pond may be more problematic/costly as 

this area may contain non-uniform fill prism thicknesses resulting in an increased potential 

for differential movement.  Greater excavation and replacement depths may be deemed 

necessary. 

GROUND is available to discuss these and other geotechnical considerations upon 

request. 

Anticipated Foundation/Floor Systems  

Below is a general discussion of potential foundation/floor systems within the project site.  

They are provided to assist in general overall project cost estimates but may not contain 

enough information for specific cost analysis. All discussions/parameters provided herein 

are subject to revisions and modifications after site-specific studies are performed. 

Additionally, specific tenant requirements for corporate facilities should be 

provided during the final geotechnical studies for individual structures. 

Anticipated Foundation Systems  

Drilled Pier Foundation System: For the least risk of post-construction movement, 

a deep foundation system should be used to support the proposed structures.  This 

includes any attached building appurtenances.  Commonly, along the Front Range 

area, deep foundations consisting of drilled piers advanced into the underlying 

formational bedrock are used to reduce potential structural movements as a result 

of heave (expansive materials) or consolidation to an owner-acceptable level.  As 

stated previously, building specific conditions will need to be identified, verified, 

and evaluated to provide final parameters. 

Anticipated piers may be designed for allowable end bearing pressures of 25,000 

to 40,000 psf and skin friction values of 2,000 to 3,000 psf for the portion of the 

pier penetrating ‘comparatively unweathered’ bedrock. Piers will require minimum 

penetrations into competent bedrock of 10 feet or greater.  Bedrock was 

encountered in Test Hole L-4 at a depth of approximately 40½ feet below existing 

grades.  Therefore, pier lengths greater than 50 feet below existing grades appear 

to be necessary (not considering below grade levels or the addition of fill material 
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to achieve proposed final grades). The actual pier lengths, however, should be 

based on the design loads, etc., as determined by the structural engineer following 

site-specific geotechnical explorations.  

Spread Footing Foundation System: In general, structures underlain by properly 

moisture-density treated materials could be founded on shallow foundation 

systems designed for allowable soil bearing pressures of 2,000 to 2,500 psf.  

Spread footings should have a minimum footing dimension of 14 or more inches.  

Actual footing dimensions, however, should be determined by the Structural 

Engineer, based on the design loads.  Final geotechnical exploration in order to 

confirm foundations must be performed prior to final design. 

Anticipated Floor Systems 

Structure Floor System:  Structural floors should be utilized as the floor system 

with the least potential for movement.  Due to the nature of proposed construction, 

these systems may not be practical for all building structures. 

Slab-on-Grade Floor System: The on-site materials, exclusive of vegetation and 

any deleterious materials, are suitable to support lightly to moderately loaded slab-

on-grade construction, provided they are properly moisture-density treated to a 

depth determined following a final geotechnical evaluation.  An allowable subgrade 

vertical modulus (K) value of 75 to 100 pci could be assumed for slabs placed on 

the on-site materials.  These values are for a 1-foot x 1-foot plate; they should be 

adjusted for slab dimension. 

Exterior Flatwork   

It may be beneficial to support critical flatwork, such as flatwork at entrance and exits of 

buildings, on a fill section like that for a slab-on-grade floor to achieve similar performance.  

In other areas, it may be beneficial to perform limited remedial earthwork beneath less 

critical flatwork to potentially reduce project costs but in turn increasing potential post-

construction movements.  Greater than typical flatwork maintenance, however, should be 

anticipated for this site. 
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Surface and Subsurface Drainage   

Wetting of the bearing soils can lead to loss of support and greater than anticipated 

settlements on most sites.  Project plans should include establishment and maintenance 

of effective drainage (both surface and subsurface).   

Underdrains can be a beneficial part of the site drainage program, and given the risk of 

heave at the site, the use of underdrains will help limit the risk of post-construction 

movements.  Additionally, buildings with below-grade or partially below-grade levels 

should be provided with underdrains. 

Preliminary Pavement Sections – Proposed Lots   

The following initial or preliminary pavement sections are based on current grades and the 

shallow on-site soils.  Final pavement design must be completed once final grades are 

established. 

Preliminary Pavement Thicknesses: We anticipate pavement sections for the private 

internal drives and parking areas within the lots may consist of a full depth asphalt section 

ranging from approximately 5 to 7 inches of asphalt.  A minimum section of 6 inches of 

Portland cement concrete underlain by at least 6 inches of Class 6 aggregate base course 

may also be necessary.  Heavy truck traffic and loading/unloading areas should ideally be 

designed as a reinforced slab and consist of at least 6 to 7 inches of concrete underlain 

by at least 6 inches of Class 6 aggregate base course.  Additionally, composite sections 

consisting of asphalt over aggregate base course may be utilized.   

Potential Remedial Earthwork: For private pavement areas within the lots, remedial 

earthwork will vary depending on the owner’s tolerance for movement and level of future 

maintenance that the owner is willing to perform throughout the life of a facility.  To achieve 

similar potential movements as a foundation/floor system, a similar fill section should be 

performed beneath pavement areas.  Lesser depths of remedial earthwork may be 

performed, but will result in an increased potential for movement and subsequent 

pavement distress.   

Based on CDOT guidelines and the plasticity of the site soils, the pavements would need 

to be constructed on a section of properly moisture-conditioned and compacted soils to a 

depth of at least 12 inches.  Greater depths of over-excavation and replacement of 

existing man-made fill materials may further enhance the post-construction performance 
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of site pavements.  This section assumes that a) traffic speeds in the parking areas and 

driveways will be relatively slow, and b) the facility owner will be tolerant of significant total 

and differential pavement post-construction movements (on the order of several inches) 

and the associated maintenance costs that that are necessary to re-establish effective 

drainage, replace distressed pavement, etc.  

Subgrade preparation should extend the full width of the pavement from back-of-curb to 

back-of-curb.  The subgrade for sidewalks and other project hardscaping also should be 

prepared in the same manner. 

GENERAL PROJECT EARTHWORK  

The following information is for private improvements; public roadways or utilities 

should be constructed in accordance with applicable municipal / agency standards.  

Additionally, this information pertains to general overlot grading.  It should not be 

anticipated to be sufficient for all future site improvements. 

General Considerations 

 

Site grading should be performed as early as possible in the construction sequence to 

allow settlement of fills and surcharged ground to be realized to the greatest extent prior 

to subsequent construction.   

Prior to earthwork construction, concrete/asphalt, vegetation and other deleterious 

materials should be removed and disposed of off-site or stockpiled for reuse evaluation.  

Relic underground utilities should be abandoned in accordance with applicable 

regulations, removed as necessary, and properly capped.  

Drainage During Construction   

The contractor should take pro-active measures to control surface waters during 

construction, to direct them away from excavations and into appropriate drainage 

structures.  Wetting of foundation soils during construction can have adverse effects on 

the performance of a proposed facility.  

Filled areas should be graded to drain effectively at the end of each work day. 
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Existing Fill Soils  

Man-made fill material was encountered in the test holes at the time of drilling.  Actual 

contents and composition of all of the man-made fill materials are not known. We 

anticipate much of the existing fill soils may be re-used in earthwork operations provided 

deleterious materials are removed and the soils are placed as indicated below.  The 

Geotechnical Engineer should be retained during site excavations to observe the 

excavated fill materials and provide guidance for its suitability for reuse. 

Use of Existing Native Soils  

The local native soils free of organic material are suitable, in general, for placement as 

compacted fill.  Organic materials should not be incorporated into project fills.   

Cobbles and fragments of rock up to 3 inches in maximum dimension may be included in 

project fills, in general.  However, such materials should be placed as deeply as possible 

in the project fills.  Such materials should be assessed on a case-by-case basis as they 

are identified during earthwork.  Standard recommendations that likely will be generally 

applicable can be found in Section 203 of the current CDOT Standard Specifications for 

Road and Bridge Construction.   

Imported Fill Materials  

If it is necessary to import material to the site, the imported soils should be free of organic 

material, and other deleterious materials.  Imported material should consist of soils 

that have less than 50 percent passing the No. 200 Sieve and should have a 

plasticity index of less than 10.   Representative samples of the materials proposed for 

import should be tested and approved by the Geotechnical Engineer prior to transport to 

the site. 

Imported Select, Granular Fill    

Material to be imported to the site should meet the criteria for CDOT Class 1 Structure 

Backfill.  Materials proposed for import should be tested and approved prior to transport 

to the site.  
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Fill Platform Preparation  

Prior to filling, the top 8 to 12 inches of in-place materials on which fill soils will be placed 

should be scarified, moisture conditioned and properly compacted in accordance with the 

parameters below to provide a uniform base for fill placement.   

If surfaces to receive fill expose loose, wet, soft or otherwise deleterious material, 

additional material should be excavated, or other measures taken to establish a firm 

platform for filling.  The surfaces to receive fill must be effectively stable prior to placement 

of fill.   

Fill Placement 

Fill materials should be thoroughly mixed to achieve a uniform moisture content, placed in 

uniform lifts not exceeding 8 inches in loose thickness, and properly compacted.   

Soils that classify as GP, GW, GM, GC, SP, SW, SM, or SC in accordance with the USCS 

classification system (granular materials) should be compacted to 95 or more percent of 

the maximum modified Proctor dry density at moisture contents within 2 percent of 

optimum moisture content as determined by ASTM D1557. 

Soils that classify as ML, MH, CL or CH should be compacted to 95 percent of the 

maximum standard Proctor density at moisture contents from 1 percent below optimum to 

3 percent above the optimum moisture content as determined by ASTM D698.   

No fill materials should be placed, worked, rolled while they are frozen and/or thawing.   

Care should be taken with regard to achieving and maintaining proper moisture contents 

during placement and compaction.  Materials that are not properly moisture conditioned 

may exhibit significant pumping, rutting, and deflection at moisture contents near optimum 

and above.  The contractor should be prepared to handle soils of this type, including the 

use of chemical stabilization, if necessary. 

Compaction areas should be kept separate, and no lift should be covered by another until 

relative compaction and moisture content within the ranges are obtained.   
 
Settlements 

Settlements will occur in filled ground, typically on the order of 1 to 2 percent of the fill 

depth.  If fill placement is performed properly and is tightly controlled, in GROUND’s 
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experience the majority (on the order of 60 to 80 percent) of that settlement will typically 

take place during earthwork construction, provided the contractor achieves the 

compaction levels provided herein.  The remaining potential settlements likely will take 

several months or longer to be realized, and may be exacerbated if these fills are 

subjected to changes in moisture content. 

Cut and Filled Slopes 

Permanent site slopes supported by on-site soils up to 10 feet in height may be 

constructed no steeper than 3 (H) to 1 (V).  In the event slopes greater than 10 feet in 

height are planned, a slope stability analysis should be performed.  Minor raveling or 

surficial sloughing should be anticipated on slopes cut at this angle until vegetation is well 

re-established.  Surface drainage should be designed to direct water away from slope 

faces.  

Wet Subgrade Preparation 

The following subgrade preparation parameters and considerations should be utilized 

where soft, wet, and unstable subgrade conditions are encountered: 

a. In areas where apparently stable conditions are found, the subgrade should 

be proof-rolled. 

b. Pockets of weak or pumping soils should be excavated and replaced with 

pre-approved coarse granular fill or road base.  The depth of over-

excavation will be on the order of 1 to 3 feet or more to provide a stable 

surface.  The use of recycled concrete aggregate may be a cost effective 

alternative in this application.  

c. In cases where placement of coarse aggregate fill does not result in stable 

conditions, it will be necessary to place a woven geotextile, Mirafi® RS380i 

or equivalent fabric placed below the coarse aggregate fill. 

d. The surface of the subgrade should be leveled prior to geosynthetic 

reinforcement placement.  Very weak or pumping soils should be 

excavated and replaced with granular fill or road base for best 

performance.  The geosynthetic reinforcement should be placed directly on 
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the prepared subgrade.  Placement should be performed according to 

manufacturer’s recommendations. 

e. The geosynthetic rolls should be overlapped in accordance with 

manufacturer’s recommendations. 

f. Geosynthetic reinforcement will be disturbed under the wheel loads of 

heavy construction vehicles, especially track type vehicles, therefore no 

vehicle traffic should be allowed over the geosynthetic reinforcement until 

8 or more inches of soil has been placed over.   

Use of Squeegee 

Relatively uniformly graded fine gravel or coarse sand, i.e., “squeegee,” or similar 

materials commonly are proposed for backfilling foundation excavations, utility trenches 

(excluding approved pipe bedding), and other areas where employing compaction 

equipment is difficult.  In general, GROUND does not suggest this procedure for the 

following reasons: 

Although commonly considered “self-compacting,” uniformly graded granular materials 

require densification after placement, typically by vibration.  The equipment to densify 

these materials is not available on many job-sites.  

Even when properly densified, uniformly graded granular materials are permeable and 

allow water to reach and collect in the lower portions of the excavations backfilled with 

those materials.  This leads to wetting of the underlying soils and resultant potential loss 

of bearing support as well as increased local heave or settlement. 

Wherever possible, excavations should be backfilled with approved, on-site soils placed 

as properly compacted fill.  Where this is not feasible, use of “Controlled Low Strength 

Material” (CLSM), i.e., a lean, sand-cement slurry (“flowable fill”) or a similar material for 

backfilling should be considered. 

Where “squeegee” or similar materials are proposed for use by the contractor, the design 

team should be notified by means of a Request for Information (RFI), so that the proposed 

use can be considered on a case-by-case basis.  Where “squeegee” meets the project 

requirements for pipe bedding material, however, it is acceptable for that use. 
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Detention Ponds 

Detention ponds may be planned for the project site.  When a detention ponds fills, the 

rate of release of the water is controlled and water is retained in the pond for a period of 

time.  Where in-ground storm sewers direct surface water to the pond, the granular pipe 

bedding also can direct shallow groundwater or infiltrating surface water toward the pond.  

Thus, detention ponds can become locations of enhanced and concentrated infiltration 

into the subsurface, leading to wetting of foundation soils in the vicinity with consequent 

heave or settlement.  Therefore, unless the pond is clearly down-gradient from proposed 

buildings and other structures that would be adversely affected by wetting of the subgrade 

soils, including off-site improvements or structures, the detention ponds should be 

provided with an effective, low permeability liner.  In addition, cut-off walls and/or drainage 

provisions should be provided for the bedding materials surrounding storm sewer lines 

flowing to the pond.   

EXCAVATION CONSIDERATIONS 

The test holes for the subsurface exploration performed to date by GROUND at the site 

were advanced to the depths indicated on the test hole logs by means of conventional 

buggy and truck-mounted, continuous flight auger equipment.  Man-made fill was 

encountered in the test holes during our exploration program.  Construction debris, such 

as concrete, asphalt, rebar, etc., should as be anticipated.  The contractor should be 

prepared to handle these large and potentially awkward materials.  Practical drill rig refusal 

was not encountered at the time of subsurface exploration.   We anticipate no significant 

excavation difficulties in the majority of the site with conventional heavy-duty excavation 

equipment in good working condition.  

Temporary, unshored excavation slopes up to 10 feet in height should be cut no steeper 

than 1½:1 (horizontal:vertical) or flatter in the on-site soils in the absence of groundwater 

or seepage. Some surficial sloughing may occur on slope faces cut at this angle. Local 

conditions encountered during construction, such as groundwater seepage and loose 

sand, will require flatter slopes.  Stockpiling of materials should not be permitted closer to 

the tops of temporary slopes than 5 feet or a distance equal to the depth of the excavation, 

whichever is greater.   
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Should site constraints prohibit the use of the slope angles, temporary shoring should be 

used.  The shoring should be designed to resist the lateral earth pressure exerted by 

building, traffic, equipment, and stockpiles.   

Groundwater was encountered in some of the test holes at depths of approximately 18 to 

24 feet below existing grade at the time of drilling.  The test holes were backfilled upon 

drilling completion per Code of Colorado Regulations (2 CCR 402-2).  Groundwater levels 

can be expected to fluctuate, however, in response to annual and longer-term cycles of 

precipitation, irrigation, surface drainage, nearby rivers and creeks, land use, and the 

development of transient, perched water conditions.  The groundwater observations 

performed during our exploration must be interpreted carefully as they are short-term and 

do not comprise a groundwater study.  In the event the Client desires additional/repeated 

groundwater level observations, GROUND should be contacted; additional exploration 

and fees will be necessary in this regard. 

It is possible that groundwater may be encountered in project excavations at depths both 

shallower and deeper than those indicated above.  The contractor should be prepared to 

dewater the excavation during construction.  Pumps adequate to discharge water and/or 

well points to draw down the water level may be appropriate methods.  Other methods 

may also be necessary.  The dewatering approach should ultimately be determined by the 

contractor based on their means and methods experience.  Dewatering operations may 

be necessary as both temporary and long-term/permanent installations.  If seepage or 

groundwater is encountered during excavation or at any time during construction, the 

Geotechnical Engineer and project team should be contacted to evaluate the conditions.  

The presence of groundwater in these types of situations and associated potential design 

changes can have an impact to both the financial and schedule components of a project. 

Good surface drainage should be provided around temporary excavation slopes to direct 

surface runoff away from the slope faces.  A properly designed drainage swale should be 

provided at the top of the excavations.  In no case should water be allowed to pond at the 

site.  Slopes should also be protected against erosion.  Erosion along the slopes will result 

in sloughing and could lead to a slope failure. 

Excavations in which personnel will be working must comply with all OSHA Standards and 

Regulations.  The Contractor’s “responsible person” should evaluate the soil exposed in 

the excavations as part of the Contractor’s safety procedures.  GROUND has provided 
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the information above solely as a service to the Client, and is not assuming responsibility 

for construction site safety or the Contractor’s activities. 

Locations of plowed and/or stockpiled snow during and after construction should be 

reviewed by a civil engineer. Snow should not be stockpiled above permanent cut and fill 

areas or above and below retaining structures. 

UTILITY PIPE INSTALLATION AND BACKFILLING  

As stated, man-made fill materials were encountered on-site and may be encountered 

within the proposed utility alignments.  Although these materials are likely adequate to 

support the proposed utility if it is bedded properly, the contractor should expect that some 

of the fill material may not be suitable for re-use and should expect to remove and replace 

some of the fill locally.  Construction debris, such as concrete, rebar, etc. may also be 

encountered and should be removed prior to construction.  In general, the native materials 

appear adequate to support proposed utilities, if it is bedded properly.   

Pipe Support    

The bearing capacity of the site soils appeared adequate, in general, for support of the 

proposed water line.  The pipe + water are less dense than the soils which will be displaced 

for installation.  Therefore, GROUND anticipates no significant pipe settlements in these 

materials where properly bedded. 

Excavation bottoms may expose soft, loose or otherwise deleterious materials, including 

debris.  Firm materials may be disturbed by the excavation process.  All such unsuitable 

materials should be excavated and replaced with properly compacted fill.  Areas allowed 

to pond water will require excavation and replacement with properly compacted fill.  The 

contractor should take particular care to ensure adequate support near pipe joints which 

are less tolerant of extensional strains. 

Trench Backfilling   

Some settlement of compacted soil trench backfill materials should be anticipated, even 

where all the backfill is placed and compacted correctly.  Typical settlements are on the 

order of 1 to 2 percent of fill thickness.  However, the need to compact to the lowest portion 

of the backfill must be balanced against the need to protect the pipe from damage from 

the compaction process.  Some thickness of backfill may need to be placed at compaction 
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levels lower than specified (or smaller compaction equipment used together with thinner 

lifts) to avoid damaging the pipe.  Protecting the pipe in this manner can result in somewhat 

greater surface settlements.   Therefore, although other alternatives may be available, the 

following options are presented for consideration: 

Controlled Low Strength Material:  Because of these limitations, the most conservative 

option consists of backfilling the entire depth of the trench (both bedding and common 

backfill zones) with “controlled low strength material” (CLSM), i.e., a lean, sand-cement 

slurry, “flowable fill,” or similar material along all trench alignment reaches with low 

tolerances for surface settlements. 

If used, the CLSM used as pipe bedding and trench backfill should exhibit a 28-day 

unconfined compressive strength between 50 to 200 psi so that re-excavation is not 

unusually difficult.   

Placement of the CLSM in several lifts or other measures likely will be necessary to avoid 

‘floating’ the pipe.  Measures also should be taken to maintain pipe alignment during 

CLSM placement. 

Compacted Soil Backfilling:  Where compacted soil backfilling is employed, using the site 

soils or similar materials as backfill, the risk of backfill settlements entailed in the selection 

of this higher risk alternative must be anticipated and accepted by the Client/Owner. 

We anticipate that the on-site soils excavated from trenches will be suitable, in general, 

for use as common trench backfill within the above-described limitations.  Backfill soils 

should be free of vegetation, organic debris and other deleterious materials.  Fragments 

of rock, cobbles, and inert construction debris (e.g., concrete or asphalt) coarser than 3 

inches in maximum dimension should not be incorporated into trench backfills.   

Soils placed for compaction as trench backfill should be conditioned to a relatively uniform 

moisture content, placed and compacted in accordance with the Project Earthwork section 

of this report. 

Pipe Bedding   

Pipe bedding materials, placement and compaction should meet the specifications of the 

pipe manufacturer and applicable municipal standards.  Bedding should be brought up 

uniformly on both sides of the pipe to reduce differential loadings. 
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As discussed above, the use of CLSM or similar material in lieu of granular bedding and 

compacted soil backfill should be utilized where the tolerance for surface settlement is 

low.  (Placement of CLSM as bedding to at least 12 inches above the pipe can protect the 

pipe and assist construction of a well-compacted conventional backfill, although possibly 

at an increased cost relative to the use of conventional bedding.) 

If a granular bedding material is specified, with regard to potential migration of fines into 

the pipe bedding, design and installation follow ASTM D2321.  If the granular bedding 

does not meet filter criteria for the enclosing soils, then non-woven filter fabric (e.g., Mirafi® 

140N, or the equivalent) should be placed around the bedding to reduce migration of fines 

into the bedding which can result in severe, local surface settlements.  Where this 

protection is not provided, settlements can develop/continue several months or years after 

completion of the project.  In addition, clay or concrete cut-off walls should be installed to 

interrupt the granular bedding section to reduce the rates and volumes of water 

transmitted along the sewer alignment which can contribute to migration of fines. 

If granular bedding is specified, the contractor should anticipate that significant volumes 

of on-site soils may not be suitable for that use.  Materials proposed for use as pipe 

bedding should be tested by a geotechnical engineer for suitability prior to use.  Imported 

materials should be tested and approved by a geotechnical engineer prior to transport to 

the site. 

PAVEMENT SECTIONS – PRIVATE DRIVE LANES 

A pavement section is a layered system designed to distribute concentrated traffic loads 

to the subgrade.  Performance of the pavement structure is directly related to the physical 

properties of the subgrade soils and traffic loadings.  The standard care of practice in 

pavement design describes the flexible pavement section as a “20-year” design pavement: 

however, most flexible pavements will not remain in satisfactory condition without routine 

maintenance and rehabilitation procedures performed throughout the life of the pavement.  

Pavement designs for the private pavements were developed in general accordance with 

the design guidelines and procedures of the American Association of State Highway and 

Transportation Officials (AASHTO).   The pavement sections provided below are for 

private drive lanes only (see yellow lines on Figure 1 at the end of this report).  Public 

pavement sections or pavement sections associated with the individual lots are not 

included herein. 
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Subgrade Materials 

Based on the results of our field exploration and laboratory testing, the potential pavement 

subgrade materials classify as A-2-4 to A-6 soils in accordance with the American 

Association of State Highway and Transportation Officials (AASHTO) classification 

system. 

GROUND collected composite bulk samples from the test holes.  Resilient Modulus (MR) 

testing (AASHTO T-307) was performed on representative composite samples of the 

subgrade materials encountered within the private paved areas. Typically, the R-value, 

unconfined compressive strength, California Bearing Ratio (CBR), or other index 

properties of subgrade materials have been obtained and the resilient modulus obtained 

only by correlation.  However, due to the variability in the correlations, subjecting 

representative samples of the subgrade to the actual resilient modulus test is the most 

accurate way to determine soil support characteristics for use in pavement design. 

As a dynamic load test, the resilient modulus measures the elastic rebound stiffness of 

flexible pavement materials, base courses and subgrades under repeated loading.  The 

loading cycles were applied under various confining and deviatoric stresses as specified 

in AASTHO T-294.  The material was compacted to approximately 95 percent of maximum 

dry density at optimum moisture content and at approximately 2 percent above the 

optimum, based on AASHTO T-99 (the “modified Proctor”) for granular soils.   

Resilient modulus tests of the composite bulk samples were performed at 2 percent above 

optimum moisture content.  According to our testing results, resilient modulus values of 

approximately 7,152 and 8,225 psi were determined for the on-site materials within the 

private pavement areas.   

It is important to note that significant decreases in soil support as quantified by the resilient 

modulus have been observed as the moisture content increases above the optimum.  

Therefore, pavements that are not properly drained may experience a loss of the soil 

support and subsequent reduction in pavement life. 

Design Traffic  

Traffic information was unavailable at the time of this report preparation.  Based on our 

experience with similar projects, equivalent 18-kip daily load application (EDLA) values of 

30 and 50 were assumed for private drive lanes and heavy truck traffic areas, respectively 
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(see Figure 1 at the end of this report). The EDLA values of 30 and 50 were converted to 

equivalent 18-kip single axle load (ESAL) values of 219,000 and 365,000 for a 20-year 

design life, respectively.  If anticipated traffic loadings differ significantly from these 

assumed values, GROUND should be notified to re-evaluate the pavement sections 

below. 

If anticipated traffic loadings differ significantly from these assumed values, GROUND 

should be notified to re-evaluate the pavement sections below 

We understand that general parking lot areas for the proposed lots will be 

determined during specific geotechnical studies for each lot.  

Pavement Design  

The soil resilient modulus and the ESAL values were used to determine the required 

design structural number for the project pavements.  The required structural number was 

then used to develop the pavement sections.  Pavement designs were based on the 

DARWin™ computer program that solves the 1993 AASHTO pavement design equations.  

A reliability level of 80 percent and a terminal serviceability of 2 were utilized for design of 

the pavement sections.  A structural coefficient of 0.44 was used for hot bituminous asphalt 

and 0.12 was used for aggregate base course.  The minimum pavement sections for a 20-

year design are tabulated below.   

Minimum Private Pavement Sections – Drive Lanes 

Location Flexible Section 
(inches HBA) 

Composite Section 
(inches HBA  /  inches 

ABC) 

Rigid Section 
(inches PCC) 

Private Drive Lanes  6½ 4½ / 8 6½ 

Heavy Truck Traffic 
Areas 7½ 5  / 8 7 

Additionally, trash collection area, as well as other pavement areas subjected to high 

turning stresses or heavy truck traffic should be provided with rigid pavements consisting 

of Portland cement concrete (see table above).  Additionally, the owner should consider 

reinforced concrete in these areas.  Concrete sections should be underlain by 6 inches of 

properly compacted aggregate base.  It has been GROUND’s experience that a composite 

asphalt pavement section may provide better long-term performance when subjected to 

higher levels of traffic, e.g., heavy duty pavement. 
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Pavement Properties 

Hot Bituminous Asphalt (HBA): Asphalt pavement should consist of a bituminous plant mix 

composed of a mixture of aggregate and bituminous material.  Asphalt mixture(s) should 

meet the requirements of a job-mix formula established by a qualified Engineer. 

Aggregate Base Course (ABC): The aggregate base material should meet the criteria of 

CDOT Class 6 aggregate base course.  Base course should be placed in uniform lifts not 

exceeding 8 inches in loose thickness and compacted to at least 95 percent of the 

maximum dry density a uniform moisture contents within 2 percent of the optimum as 

determined by ASTM D1557 / AASHTO T-180, the “modified Proctor.”  Recycled materials 

such as crushed asphalt and crushed concrete should not be considered as equivalents 

to virgin CDOT Class 6 base materials. 

Portland Cement Concrete (PCC): Concrete pavements should consist of a plant mix 

composed of a mixture of aggregate, Portland cement and appropriate admixtures 

meeting the requirements of a job-mix formula established by a qualified engineer.  

Concrete should have a minimum modulus of rupture of third point loading of 650 psi. 

Normally, concrete with a 28-day compressive strength of 4,000 psi should develop this 

modulus of rupture value.  The concrete should be air-entrained with approximately 6 

percent air and should have a minimum cement content of 6 sacks per cubic yard.  

Maximum allowable slump should be 4 inches.   

In areas of repeated turning stresses the concrete pavement joints should be fully tied or 

doweled.  We suggest that civil design consider joint layout in accordance with CDOT’s M 

Standards.  Standard plans for placement of ties and dowels, etc., (CDOT M Standards) 

for concrete pavements can be found at the CDOT website:  

http://www.dot.state.co.us/DesignSupport/. 

Subgrade Preparation 

Remedial earthwork to any depth will not prevent pavement distress on these soils, but 

will tend to reduce it and improve perceived rideability. 

Remedial Earthwork  Based on CDOT guidelines and the plasticity of the site soils, the 

pavements should be constructed on a section of properly moisture-conditioned and 

compacted soils to a depth of at least 12 inches.  Greater depths of over-excavation and 

replacement of existing man-made fill materials may further enhance the post-construction 
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performance of site pavements.  This section assumes that a) traffic speeds in the parking 

areas and driveways will be relatively slow, and b) the facility owner will be tolerant of 

significant total and differential pavement post-construction movements (on the order of 

several inches) and the associated maintenance costs that that are necessary to re-

establish effective drainage, replace distressed pavement, etc.  

Criteria for placement and compaction of fill are provided in the Project Earthwork section 

of this report.   

Subgrade preparation of the selected depth should extend the full width of the pavement 

from back-of-curb to back-of-curb.  The subgrade for any sidewalks and other project 

hardscaping also should be prepared in the same manner. 

Geotechnical criteria for fill placement and compaction are provided in the Project 

Earthwork section of this report.  The contractor should be prepared to either dry the 

subgrade materials or moisten them, as needed, prior to compaction. 

Proof Rolling  Immediately prior to paving, the subgrade should be proof rolled with a 

heavily loaded, pneumatic tired vehicle.  Areas that show excessive deflection during proof 

rolling should be excavated and replaced and/or stabilized.  Areas allowed to pond prior 

to paving will require significant re-working prior to proof-rolling.  Establishment of a firm 

paving platform (as indicated by proof rolling) is an additional requirement beyond proper 

fill placement and compaction.  It is possible for soils to be compacted within the limits 

indicated in the Project Earthwork section of this report and fail proof rolling, particularly in 

the upper range of moisture content.   

Additional Observations 

The collection and diversion of surface drainage away from paved areas is extremely 

important to the satisfactory performance of the pavements.  The subsurface and surface 

drainage systems should be carefully designed to ensure removal of the water from paved 

areas and subgrade soils.  Allowing surface waters to pond on pavements will cause 

premature pavement deterioration.  Where topography, site constraints, or other factors 

limit or preclude adequate surface drainage, pavements should be provided with edge 

drains to reduce loss of subgrade support.  The long-term performance of the pavement 

also can be improved greatly by proper backfilling and compaction behind curbs, gutters, 

and sidewalks so that ponding is not permitted and water infiltration is reduced. 
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Landscape irrigation in planters adjacent to pavements and in “island” planters within 

paved areas should be carefully controlled or differential heave and/or rutting of the nearby 

pavements will result.   Drip irrigation systems are suggested for such planters to reduce 

over-spray and water infiltration beyond the planters.  Enclosing the soil in the planters 

with plastic liners and providing them with positive drainage also will reduce differential 

moisture increases in the surrounding subgrade soils.  In our experience, infiltration from 

planters adjacent to pavements is a principal source of moisture increase beneath those 

pavements.  This wetting of the subgrade soils from infiltrating irrigation commonly leads 

to loss of subgrade support for the pavement with resultant accelerating distress, loss of 

pavement life and increased maintenance costs.  This is particularly the case in the later 

stages of project construction after landscaping has been emplaced but heavy 

construction traffic has not ended.  Heavy vehicle traffic over wetted subgrade commonly 

results in rutting and pushing of flexible pavements, and cracking of rigid pavements.  In 

relatively flat areas where design drainage gradients necessarily are small, subgrade 

settlement can obstruct proper drainage and yield increased infiltration, exaggerated 

distress, etc.  (These considerations apply to project flatwork, as well.) 

As noted above, the standard care of practice in pavement design describes the flexible 

pavement section as a “20-year” design pavement; however, most pavements will not 

remain in satisfactory condition without routine, preventive maintenance and rehabilitation 

procedures performed throughout the life of the pavement.  Preventive pavement 

treatments are surface rehabilitation and operations applied to improve or extend the 

functional life of a pavement.  These treatments preserve, rather than improve, the 

structural capacity of the pavement structure.  In the event the existing pavement is not 

structurally sound, the preventive maintenance will have no long-lasting effect.  Therefore, 

a routine maintenance program to seal cracks, repair distressed areas, and perform thin 

overlays throughout the life of the pavement is suggested. 

A crack sealing and fog seal/chip seal program should be performed on the pavements 

every 3 to 4 years.  After approximately 8 to 10 years, patching, additional crack sealing, 

and asphalt overlay may be required.  Prior to future overlays, it is important that all 

transverse and longitudinal cracks be sealed with a flexible, rubberized crack sealant in 

order to reduce the potential for propagation of the crack through the overlay.  Traffic 

volumes that exceed the values utilized by this report will likely necessitate the need of 

pavement maintenance practices on a schedule of shorter timeframe than that stated 
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above.  The greatest benefit of preventive maintenance is achieved by placing the 

treatments on sound pavements that have little or no distress. 

GROUND’s experience indicates that longitudinal cracking is common in asphalt-

pavements generally parallel to the interface between the asphalt and concrete structures 

such as curbs, gutters or drain pans.  Distress of this type is likely to occur even where 

the subgrade has been prepared properly and the asphalt has been compacted properly.  

The use of thick base course or reinforced concrete pavement can reduce this.  Our office 

should be contacted if these alternates are desired.  

The assumed traffic loading does not include excess loading conditions imposed by heavy 

construction vehicles.  Consequently, heavily loaded concrete, lumber, and building 

material trucks can have a detrimental effect on the pavement.   An effective program of 

regular maintenance should be developed and implemented to seal cracks, repair 

distressed areas, and perform thin overlays throughout the life of the pavements. 

Temporary Fire Truck Access   

Commonly, construction sites are required by local fire departments to provide temporary 

access for emergency response.  It has been GROUND’s experience these access drives 

are to provide support for trucks weighing up to 90,000 pounds and are typically desired 

to be gravel/aggregate-surfaced. 

Based on our experience, a temporary section consisting of at least 12 inches of material 

meeting the requirements of CDOT Class 5 or Class 6 Aggregate Base Course or at least 

8 inches of CDOT Class 5 or Class 6 Aggregate Base Course over a layer of stabilization 

geotextile/geofabric, such as Mirafi® RS380i or the equivalent, could be utilized provided 

the Owner understands that this section is for temporary access during construction only 

and is not a replacement or an equal alternate to the pavement section(s) that was 

indicated previously.  The aggregate base course placed for this purpose should be 

compacted to at least 95 percent of the maximum modified Proctor dry density.  It should 

be noted that the aggregate base course sections indicated above are not intended to 

support fire truck outriggers without cribbing or similar measures. 

It should be understood that with any aggregate surface, shoving and displacement of the 

granular materials should be expected during repetitive vehicular/equipment loading.  

Therefore, regular maintenance should be implemented to ensure proper surface and 

subsurface drainage, repair distressed/damaged areas, and re-establish grades.  
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Application of additional aggregate may be required in this regard.  Additionally, the ability 

of the aggregate temporary access drive to accommodate loads as indicated above is 

directly related to the quality of the subgrade materials on which the aggregate is placed, 

not only on the aggregate section.  If water infiltrates these areas, additional rutting and 

other distress, including a reduction in capacity, will result, requiring additional 

maintenance. 

ADDITIONAL EXPLORATION REQUIREMENTS 

The above data and information are for general overlot grading operations, utility 

installation, and pavement sections for the private drive lanes.  Additional geotechnical 

studies must be performed to further evaluate each lot for building-specific 

foundation and floor system parameters, site grading, pavement sections, etc. 

CLOSURE 

Geotechnical Review   

The author of this report or a GROUND principal should be retained to review project plans 

and specifications to evaluate whether they comply with the intent of the measures 

discussed in this report.  The review should be requested in writing. 

The geotechnical information presented in this report are contingent upon observation and 

testing of project earthworks by representatives of GROUND.  If another geotechnical 

consultant is selected to provide materials testing, then that consultant must assume all 

responsibility for the geotechnical aspects of the project by concurring in writing with the 

parameters in this report, or by providing alternative parameters. 

Materials Testing   

Evergreen Devco, Inc. or the owner should consider retaining a geotechnical engineer to 

perform materials testing during construction.  The performance of such testing or lack 

thereof, however, in no way alleviates the burden of the contractor or subcontractor from 

constructing in a manner that conforms to applicable project documents and industry 

standards.  The contractor or pertinent subcontractor is ultimately responsible for 

managing the quality of his work; furthermore, testing by the geotechnical engineer does 

not preclude the contractor from obtaining or providing whatever services that he deems 

necessary to complete the project in accordance with applicable documents.   
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Limitations   

This report has been prepared for Evergreen Devco, Inc. as it pertains to design of the 

proposed the Central Park Boulevard and 40th Avenue Development as described herein.  

It should not be assumed to contain sufficient information for other parties or other 

purposes.  The Client has agreed to the terms, conditions, and liability limitations outlined 

in the agreement between Evergreen Devco, Inc. and GROUND.  Reliance upon our 

report is not granted to any other potential owner, contractor, or lender.  Requests for third-

party reliance should be directed to GROUND in writing; granting reliance by GROUND is 

not guaranteed. 

In addition, GROUND understands that geotechnical subsurface explorations will be 

performed for each lot prior to construction.  Changes in project plan development or 

schedule should be brought to the attention of the Geotechnical Engineer, in order that 

the geotechnical information may be re-evaluated and, as necessary, modified. 

The geotechnical conclusions in this report were based on subsurface information from a 

limited number of exploration points, as shown in Figure 1, as well as the means and 

methods described herein.  Subsurface conditions were interpolated between and 

extrapolated beyond these locations.  It is not possible to guarantee the subsurface 

conditions are as indicated in this report.  Actual conditions exposed during construction 

may differ from those encountered during site exploration.  In addition, a contractor who 

obtains information from this report for development of his scope of work or cost estimates 

does so solely at his own risk and may find the geotechnical information in this report to 

be inadequate for his purposes or find the geotechnical conditions described herein to be 

at variance with his experience in the greater project area.  The contractor should obtain 

the additional geotechnical information that is necessary to develop his workscope and 

cost estimates with sufficient precision.  This includes, but is not limited to, information 

regarding excavation conditions, earth material usage, current depths to groundwater, etc.  

Because of the necessarily limited nature of the subsurface exploration performed for this 

study, the contractor should be allowed to evaluate the site using test pits or other means 

to obtain additional subsurface information to prepare his bid. 

If during construction, surface, soil, bedrock, or groundwater conditions appear to be at 

variance with those described herein, a geotechnical engineer should be retained at once, 

so that our conclusions for this site may be re-evaluated in a timely manner and dependent 

aspects of project design can be modified, as necessary.   
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The materials present on-site are stable at their natural moisture content, but may change 

volume or lose bearing capacity or stability with changes in moisture content.  

Performance of the proposed improvements will depend on implementation of the 

conclusions and information in this report and on proper maintenance after construction 

is completed.  Because water is a significant cause of volume change in soils and rock, 

allowing moisture infiltration may result in movements, some of which will exceed 

estimates provided herein and should therefore be expected by Rocky Mountain 

Resources. 

ALL DEVELOPMENT CONTAINS INHERENT RISKS.  It is important that ALL aspects of 

this report, as well as the estimated performance (and limitations with any such 

estimations) of proposed improvements are understood by Evergreen Devco, Inc.  

Utilizing the geotechnical parameters and measures herein for planning, design, and/or 

construction constitutes understanding and acceptance of the conclusions with regard to 

risk and other information provided herein, associated improvement performance, as well 

as the limitations inherent within such estimates.  Ensuring correct interpretation of the 

contents of this report by others is not the responsibility of GROUND.  If any information 

referred to herein is not well understood, it is imperative that Evergreen Devco, Inc. or the 

owner contact the author or a GROUND principal immediately.  We will be available to 

meet to discuss the risks and remedial approaches presented in this report, as well as 

other potential approaches, upon request. 

Current applicable codes may contain criteria regarding performance of structures and/or 

site improvements which may differ from those provided herein. Our office should be 

contacted regarding any apparent disparity. 

GROUND makes no warranties, either expressed or implied, as to the professional data, 

opinions or conclusions contained herein.  Because of numerous considerations that are 

beyond GROUND’s control, the economic or technical performance of the project cannot 

be guaranteed in any respect. 

This document, together with the concepts and conclusions presented herein, as an 

instrument of service, is intended only for the specific purpose and client for which it was 

prepared.  Re-use of, or improper reliance on this document without written authorization 

and adaption by GROUND Engineering Consultants, Inc., shall be without liability to 

GROUND Engineering Consultants, Inc. 
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GROUND appreciates the opportunity to complete this portion of the project and 

welcomes the opportunity to provide Evergreen Devco, Inc. or the owner with a proposal 

for construction observation and materials testing. 

Sincerely, 

GROUND Engineering Consultants, Inc.  

 
 
 
Amy Crandall, P.E.    Reviewed by Jason A. Smith, REM, P.E.      

7.28.2020 
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Natural Natural
Test Moisture Dry Volume Surcharge
Hole Content Density Change Pressure
No. (feet) (%) (pcf) (%) (%) (%)  (%) (psf) (psi) (ksf)

R-1  2 7.1 121.7 82 18 NV NP - - - - SM A-2-4 (0) FILL: Silty SAND

R-2  9 10.0 116.7 56 44 NV NP - - - - SM A-4 (0) FILL: Silty SAND

R-3  15 7.6 114.3 72 28 21 6 - - - - SC-SM A-2-4 (0) Clayey, Silty SAND

R-4  8 11.7 119.9 61 39 27 10 -0.4 1,000 - - SC A-4 (1) FILL: Clayey SAND

R-5  3 6.0 SD 91 10 NV NP - - - - SP-SM A-3 (0) FILL: SAND with Silt

R-4  18 18.6 106.9 1 45 54 34 15 - - - - s(CL) A-6 (5) Sandy CLAY

R-6  3 10.2 122.5 70 30 NV NP - - - - SM A-2-4 (0) FILL: Silty SAND

R-6  8 8.4 SD 87 13 NV NP - - - - SM A-2-4 (0) FILL: Silty SAND

R-7  2 8.4 127.5 20 58 22 24 4 - - - - (SC-SM)g A-2-4 (0) LL: Clayey, Silty SAND with Gravel

R-8  8 8.9 117.5 12 69 19 NV NP - - - - SM A-2-4 (0) FILL: Silty SAND

R-9  10 6.3 112.7 14 48 38 26 7 -1.4 1250 - - SC A-4 (0) FILL: Clayey SAND

L-1  4 9.0 124.0 22 59 19 NV NP - - - - (SM)g A-2-4 (0) FILL: Silty SAND with Gravel

L-1  14 8.9 121.5 5 68 27 67 50 - - - - SC A-2-7 (5) FILL: Clayey SAND

L-2  10 9.4 122.5 75 25 19 5 - - - - SC-SM A-2-4 (0) FILL: Clayey, Silty SAND

L-3  4 10.3 120.5 7 65 28 26 7 - - - - SC A-2-4 (0) FILL: Clayey SAND

L-4  13 9.7 116.7 78 22 23 1 - - - - SM A-2-4 (0) FILL: Silty SAND

L-5  4 9.7 120.7 72 28 23 8 -0.1 500 - - SC A-2-4 (0) FILL: Clayey SAND

L-6  5 7.1 116.0 84 16 16 2 - - - - SM A-2-4 (0) FILL: Silty SAND

L-7  22 26.0 99.1 53 47 34 14 - - - - SC A-6 (3) FILL: Clayey SAND

L-8  9 17.5 102.8 23 77 50 22 1.8 1,125 - - (CH)s A-7-6 (18) FILL: CLAY with Sand

L-9  4 7.3 111.2 83 17 20 3 - - - - SM A-2-4 (0) FILL: Silty SAND

L-10  12 25.6 95.0 27 73 37 11 - - - - (ML)s A-6 (8) SILT with Sand

L-11  3 8.2 115.7 80 20 17 2 - - - - SM A-2-4 (0) FILL: Silty SAND

L-12  15 18.9 108.5 32 68 29 10 - - - - s(CL) A-4 (5) Sandy CLAY

L-13  7 19.4 107.7 17 83 41 17 0.6 875 - - (CL)s A-7-6 (15) FILL: CLAY with Sand

L-13  17 22.4 103.6 29 71 32 12 - - 8.8 1.27 (CL)s A-6 (7) CLAY with SAND

Resilient Modulus

L-7  0 to 5 6.9* 133.0* - - 30 16 2 - 8,225 - - SM A-2-4 (0) Silty SAND

R-8  0 to 5 9.3* 130.0* - - 38 26 8 - 7,152 - - SC A-4 (0) Clayey SAND

SD = Sample disturbed, NV = No value, NP = Non-plastic  *Indicates optimum moisture content and maximum modified proctor density (ASTM D1557) Job No. 20-3595

Depth

Central Park Boulevard and 40th Avenue Development

TABLE 1: SUMMARY OF LABORATORY TEST RESULTS

Gradation
USCS

Equivalent
Classification

Sample Location

Sample Description

AASHTO
Equivalent

Classification
 (Group Index)

Swell/ConsolidationAtterberg Limits Unconfined
Compressive

Strength
Gravel Sand Fines Liquid

Limit
Plasticity

Index



Water
Test Soluble
Hole Sulfates
No. (feet) (%) (mv) (ohm-cm)

R-6  3 0.02 8.8 - 99 Trace 5,822 SM A-2-4 (0) FILL: Silty SAND

R-8  8 0.02 9.7 -153 Positive 17,752 SM A-2-4 (0) FILL: Silty SAND

L-3  10 0.04 9.3 -129 Positive 7,963 SC-SM A-2-4 (0) FILL: Clayey, Silty SAND

L-7  5 0.02 9 -112 Trace 9,432 SM A-2-4 (0) FILL: Silty SAND

L-12  3 0.02 8.7 - 93 Trace 8,943 SM A-2-4 (0) FILL: Silty SAND

Job No. 20-3595

Central Park Boulevard and 40th Avenue Development

Redox
Potential

AASHTO
Equivalent

Classification
 (Group Index)

USCS
Equivalent

Classification

Resistivity
Sulfide

ReactivityDepth

Sample Location
pH

Sample Description

TABLE 2: SUMMARY OF SOIL CORROSION TEST RESULTS
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Detailed Test Hole Logs 
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APPENDIX B 

Proctor Test Results 



Client: Evergreen Devco, Inc.

Project No.: 20-3595

Method Hammer

Method A Manual

133.0 6.9 - -

Oversize Sieve: No. 4

Coarse Fraction (%): -

Fine Fraction (%): -

Coarse Specific Gravity: -

Coarse Absorption (%): -

Fine Specific Gravity: 2.65 Estimated

Location: TH L-7 to TH L-11 and TH R-5 at 0 to 5 ft (BULK) Classification: SM < No. 200 (%): 29.9

Description: Silty SAND Liquid Limit: 16

Plasticity Index 2

Results apply only to the specific items and locations referenced and at the time of testing. This report should not be reproduced, except in full, without the written permission of GROUND Engineering 
Consultants, Inc.

Central Park Boulevard and 40th Avenue Development

Modified Proctor (ASTM D1557)
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Client: Evergreen Devco, Inc.

Project No.: 20-3595

Method Hammer

Method A Manual

130.0 9.3 - -

Oversize Sieve: No. 4

Coarse Fraction (%): -

Fine Fraction (%): -

Coarse Specific Gravity: -

Coarse Absorption (%): -

Fine Specific Gravity: 2.65 Estimated

Location: TH R-8 and TH R-9 at 0 to 5 ft (BULK) Classification: SC < No. 200 (%): 37.9

Description: Clayey SAND Liquid Limit: 26

Plasticity Index 8

Results apply only to the specific items and locations referenced and at the time of testing. This report should not be reproduced, except in full, without the written permission of GROUND Engineering 
Consultants, Inc.

Central Park Boulevard and 40th Avenue Development

Modified Proctor (ASTM D1557)
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