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1.0   SUMMARY 

Project Location: 

The project lies in portions of Sections 28, 29, 32 and 33, Township 12 South, Range 64 West 

of the 6th Principal Meridian.  The site is located north of Highway 24, approximately 3 miles 

northeast of Falcon, Colorado, in El Paso County. 

 

Project Description: 

Total acreage involved in the project is approximately 62 acres.  The proposed site development 

is to consist of single-family residential development with areas of open space and park areas.  

The development will utilize central water and sewer.   

 

Scope of Report: 

The report presents the results of our geologic investigation and treatment of engineering 

geologic hazards.  This report is the result of our geologic reconnaissance, a review of available 

maps, aerial photographs and our conclusions with respect to the impacts of the geologic 

conditions on development.  Preliminary foundation recommendations are also included. 

 

Land Use and Engineering Geology: 

This site was found to be suitable for the proposed development.  Geologic conditions will 

impose some constraints on this phase of the development.  These include areas of seasonal 

shallow groundwater, areas where there is a potential for ponded water, floodplains, unstable 

slopes, artificial fill, the potential for shallow bedrock, loose soils, and expansive soils.  Based on 

the proposed development plan, it appears that these areas will have some impact on the 

development.  Site conditions will be discussed in greater detail in this report.   

 

In general, it is our opinion that the development can be achieved if the observed geologic 

conditions on site are either avoided or properly mitigated.  All recommendations are subject to 

the limitations discussed in the report. 
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2.0   GENERAL SITE CONDITIONS AND PROJECT DESCRIPTION 

The site lies in portions of Sections 28, 29, 32 and 33, Township 12 South, Range 64 West of 

the 6th Principal Meridian, in El Paso County, Colorado.  The site is located north of Highway 24, 

approximately 3 miles northeast of Falcon, Colorado.  The location of the site is shown on the 

Vicinity Map, Figure 1. 

 

The topography of the site is gently to moderately generally sloping to the southeast.  Several 

drainages exist on the site that flow in southeasterly directions.  The area of the site is indicated 

on the USGS Map, Figure 2.  The site contains primarily low field grasses and weeds.  Past 

uses have included grazing and pasture land.  Site photographs are included in Appendix A.  

The locations and directions of the photographs are indicated on Figure 3. 

 

Total acreage involved in the proposed development is approximately 62 acres.  The proposed 

development is to consist of 201 single-family residential lots ranging from 5,020 to 8,000 

square feet and areas of open space and parks.  The Development Plan is shown on Figures 3, 

9 and 15.  

 

 

3.0   SCOPE OF THE REPORT 

The scope of this report will include the following: 

 

 A general geologic analysis of the site utilizing published geologic data, and subsurface soils 

information. 

 

 Detailed site-specific mapping will be conducted to obtain general information in respect to 

major geographic and geologic features, geologic descriptions, geologic hazards, and their 

effects on development of the property. 

 

 Recommended mitigation of geologic hazards/constraints where they affect development. 

 

 Preliminary recommendations pertaining to foundations, floor slabs and concrete, and land 

use. 
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4.0   FIELD INVESTIGATION 

The site was previously investigated in a Soil, Geology, Geologic Hazard and Wastewater Study 

and Preliminary Subsurface Soil Investigation by Entech Engineering, Inc. January 22, 2004 

(Entech Job No. 61992, Reference 1).  The previous investigation addressed the entire 558 

acre 4-Way Ranch parcel and included a wastewater study for individual water treatment 

systems.  The southwestern portion of 4-Way Ranch has been platted and several single-family 

residential structures have been constructed.  Three addendums were written by Entech 

Engineering, Inc. May 18, 2004 (Reference 2), June 25, 2004 (Reference 3) and January 26, 

2009 (Reference 4).  The third addendum (Reference 4) addressed the southern portion of the 

558-acre site (south of Stapleton Road) where commercial and multi-family residential 

development was proposed.  At the time of this investigation Stapleton Road had been 

constructed, paved and curb and gutter installed.   

 

A Soil, Geology, Geologic Hazard and Preliminary Subsurface Soil Investigation Report 

addressing the Waterbury PUD development proposed for the area north of Stapleton Road, 

north of the proposed commercial and multi-family area and east of the platted single-family 

residential areas was prepared by Entech Engineering, Inc. May 16, 2012, Entech Job No. 

121481, Reference 5.  The investigation for the entire 558-acre parcel was used in evaluation of 

the Waterbury PUD site.  Additionally, A Subsurface Soil Investigation/Bedrock/Groundwater 

Investigation was conducted on the site July 18, 2012. (Entech Job No. 120675, Reference 6).  

The investigation consisted of drilling an additional 19 test borings on the Waterbury PUD site to 

evaluate soil, bedrock and groundwater conditions where utilities are proposed.  This report is 

for Phase I of the Waterbury PUD.  Information from these reports was used in evaluating the 

site.  Site photographs are included in Appendix A.  

 

Twenty-five (25) test borings were drilled as a part of a preliminary subsurface soil investigation 

for the entire site (Reference 1).  Five (5) of these test borings were drilled on or immediately 

adjacent to this Phase of the development.  The borings were drilled with a power-driven 

continuous flight auger drill rig to depths ranging from 10 to 20 feet.  Samples were obtained 

during drilling using the Standard Penetration Test, ASTM D-1586, utilizing a 2-inch O.D. Split 

Barrel Sampler.  Results of the penetration tests are shown on the drilling logs to the right of the 

sampling point.  The locations of the test borings are included on the Test Boring Location Plan, 

Figure 3.  The drilling logs are included in Appendix B.  Profile holes from previous percolation 
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tests were also used in evaluating the site.  The locations of these profile holes are shown on 

Figure 3.  The profile hole logs are included in Appendix C. 

 

Laboratory testing was performed to classify and determine the soils engineering characteristic.  

Laboratory tests included moisture content, ASTM D-2216, grain size analysis, ASTM D-422 

and Atterberg Limits, ASTM D-4318.  Swell tests included both FHA and Denver 

Swell/Consolidation Testing.  Results of the laboratory testing are included in Appendix D.  A 

Summary of Laboratory Test Results is presented in Table 1. 

 

Nineteen test borings were drilled on the Waterbury PUD site as a part of a Subsurface Soil 

Investigation/Bedrock/Groundwater Investigation (Reference 6).  Seven (7) of these test borings 

were drilled on Phase I of the development.  The locations of these test borings are indicated on 

the Test Boring Location Map, Figure 3.  The Test Boring Logs and Laboratory Test Results are 

included in Appendix E. A Summary of Laboratory Test Results is presented in Table 2. 

 

The geologic analysis was performed using information from the preliminary subsurface soil 

investigations (References 1 and 6), site-specific mapping and published sources including the 

Geologic Map of the Pueblo 1º x 2º Quadrangle, South-Central Colorado distributed by the U.S. 

Geological Survey (Reference 7) and a study performed by Charles S. Robinson and 

Associates, Inc. for El Paso County Planning Department (References 8,9).  The Soil 

Conservation Service (SCS) Survey was also reviewed to evaluate the site. 

 

 

5.0 SOIL, GEOLOGY AND ENGINEERING GEOLOGY 
 

5.1 General Geology 

Physiographically, the site lies in the western portion of the Great Plains Physiographic 

Province.  Approximately 17 miles to the west is a major structural feature known as the 

Rampart Range Fault.  This fault marks the boundary between the Great Plains Physiographic 

Province and the Southern Rocky Mountain Province.  The site exists within the southern edge 

of a large structural feature known as the Denver Basin.  Bedrock in the area tends to be very 

gently dipping in a northerly direction (Reference 10).  The rocks in the area of the site are 

sedimentary in nature, and typically Tertiary to Cretaceous in age.  The bedrock underlying the 
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site itself is the Dawson Formation.  Overlying the Dawson are unconsolidated deposits of 

alluvial and residual soils.  The site’s stratigraphy will be discussed in more detail in Section 5.3. 

 

5.2 Soil Conservation Service 

The Soil Conservation Service (Reference 11) has mapped two soil types on the site (Figure 4).  

In general, the soils consist of gravelly sandy loam over a yellowish and pale brown gravelly, 

loamy sand subsoil.  Soils are described as follows: 

 

Type Description 

19 Columbine gravelly sandy loam, 0-3% slopes 

83 Stapleton sandy loam, 3-8% slopes 

 

Complete descriptions of the soils are presented in Figures 5 and 6.  The soils have been 

described to have very rapid to rapid permeabilities. Limitations for development on Soil Type 

83 include frost action potential and soil blowing as described by the Soil Conservation Service. 

Special design for roadways may be necessary due to frost heave.  Limitations on Soil Type 19 

include the hazard of flooding in some areas.  Cut banks in excavations are susceptible to 

caving as described in Table 8 from the Soil Survey (Reference 11).  The soil blowing hazard is 

severe if vegetation is removed.  Possible hazards with soil erosion are present on the site.  The 

erosion potential can be controlled with vegetation.  The soils have been described to have 

moderate erosion hazards.  

 

 

5.3 Site Stratigraphy 

The Colorado Geologic Map showing the location of the site is presented in Figure 7 (Reference 

7).  The Geology Map prepared for the Falcon Quadrangle by Charles S. Robinson and 

Associates, Inc. for the El Paso County Planning Department (Reference 8) showing the 

location of the site is presented in Figure 8.  The Geology Map prepared for the site is presented 

in Figure 9.  Four mappable units were identified on this site which are discussed as follows: 

 

 Qaf Artificial Fill of Quaternary Age:  These are man-made deposits associated 

with earthen dams on site. 
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 Qal Recent Alluvium of Quaternary Age:  These are recent water deposited soils 

associated with the bed of streams and along valley floors.  The soils consist of 

silt, clay, and sands. 

 

 Qp Piney Creek Alluvium of Quaternary Age:  These are water deposited terraces 

along the present streams.  The material generally consists of silty sand and may 

be highly stratified, containing lenses of silt, clay or gravel. 

 

The bedrock underlying the site is Dawson Formation of Tertiary to Cretaceous Age.  This 

formation consists of coarse grained arkosic sandstone with interbedded claystone and 

siltstone.  Typically overlying the Dawson in many areas is a layer of residual soil derived from 

the in-situ weathering of the bedrock materials on-site.   

 

The soils listed above were mapped from the Robinson Study for El Paso County Planning 

Department (Figure 8, Reference 8), the Geologic Map of the Pueblo 1° x 2° Quadrangle 

(Figure 7, Reference 7), and site-specific mapping of the site.  The test borings and profile holes 

of the percolation tests were also used in evaluating the site and are included in Appendices A, 

C and E.  A summary of the geologic units mapped on this site by Charles Robinson and 

Associates, Inc. is included on Table 4 (Reference 12).  

 

5.4 Soil Conditions 

The soils encountered in the test borings and profile holes for the entire site can be grouped into 

six general soil types.  The soils were classified using the Unified Soil Classification System 

(USCS).    

 

Soil Type 1 consists of slightly silty and silty sands (SW-SM, SP-SM).  Areas of clayey sands 

(SC) were also encountered in the test borings.  The sands were encountered in the upper soil 

profile of most of the test borings and profile holes.  These soils were encountered at loose to 

dense states and dry to wet conditions.  Soil Type 1 has 6 to 25 percent passing the No. 200 

sieve.  The soils tested in the test borings and profile holes are non-expansive and generally 

non-plastic.  An FHA Swell pressure of 290 psf was obtained on a sample of silty sand 

(Reference 6, Appendix E) indicating the sand has low swell potential. 
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Soil Type 2 consists of silty to sandy clay (CL).  The clays were encountered in the upper soil 

profile in two of the test borings.  The clays were encountered at very stiff consistencies and at 

moist conditions.  The samples tested have 76 and 95 percent passing the No. 200 sieve.  An 

FHA Swell pressure of 1470 psf was measured on the clays.  A swell of 1.5% was measured on 

the clays in the Swell/Consolidation Test. These swells are in the moderate expansion range. 

 

Soil Type 3 consists of clayey silts (ML).  The silts were encountered in two of the test borings at 

stiff consistencies and moist conditions.  The silts generally have low plasticity and low swelling 

properties. 

 

Soil Type 4 consists of clayey, very silty to slightly silty and slightly clayey sandstone bedrock 

(SC, SM, SM-SW, SW-SC).  The sandstone was encountered in most of the test borings and 

many of the profile holes at depths ranging from the surface to 18 feet below the surface.  The 

sandstones were encountered at very dense states and at moist to wet conditions.  The 

samples tested have 7 and 48 percent passing the No. 200 sieve.  FHA Swell pressures of 350 

psf and 860 psf were measured on the slightly clayey and clayey sandstones.  These swells are 

in the low expansion range.  The silty sandstones are non-plastic and non-expansive.  A 

consolidation of 0.3 % was measured in the Swell/Consolidation Test on the sandstone, 

indicating low potential for consolidation. 

 

Soil Type 5 consists of silty and sandy claystone (CL).  The claystones were encountered in 21 

of the test borings at depths ranging from 3 to 14 feet below the surface.  The claystones were 

encountered at hard consistencies and at moist conditions.  The samples tested have 56 to 93 

percent passing the No. 200 sieve. FHA Swell pressures of 1015 psf to 1470 psf were 

measured on the claystones.  These swells are in the moderate expansion range.  Swells of 

0.6% and 1.7% were measured in the Swell/Consolidation Test on the claystone (Reference 6, 

Appendix E).  These swells are in the low to moderate expansion range. 

 

Soil Type 6 consists of clayey and sandy siltstone (ML).  The siltstones were encountered in 5 

of the test borings at depths ranging from 0 to 12 feet below the surface.  The siltstones were 

encountered at hard consistencies and at moist conditions.  The samples tested have 62 and 82 

percent passing the No. 200 sieve and generally are non-plastic.  FHA Swell pressures of 1150 

psf and 1818 psf and a Denver swell of 3.8% were measured on the siltstones.  These swell 
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pressures are in the moderate to high expansion range. 

 

The laboratory results are summarized in Tables 1 and 2.  Laboratory results are included in 

Appendices D and E.  A summary of depth to bedrock for the test borings from Entech Job No. 

120675 (Reference 6) is shown in Table 3.  The depth to bedrock from Entech Job No. 61992 

(Reference 1) are summarized in Tables included in Appendices B and C. 

 

5.5 Groundwater 

Groundwater was encountered in all of the test borings drilled on or immediately adjacent Phase 

I of the development, as a part of the Subsurface Soil Investigation/Bedrock/Groundwater 

Investigation (Figure 3, Reference 6) at depths ranging from 4 to 11.5 feet.  A summary of 

groundwater depths is presented in Table 3 and included in Appendix E. 

 

Groundwater was encountered in all of the test borings drilled on or immediately adjacent Phase 

I, ranging from the surface to 8 feet below the surface (Figure 3, Reference 1).  A summary of 

groundwater depths for all of the test borings drilled on the entire development is included in 

Appendix B.  Groundwater was also encountered in profile holes drilled on or immediately 

adjacent to Phase I of the development, at depths ranging from 4 to 9.5 feet below the surface 

(Figure 3, Reference 1).  

 

Fluctuation in groundwater conditions may occur due to variations in rainfall and other factors 

not readily apparent at this time.  Isolated sand layers within the variable soil profile, sometimes 

only a few feet in thickness and width, can carry water in the subsurface.  Water may also flow 

on top of the bedrock.  Contractors should be cognizant of the potential for the occurrence of 

such subsurface water features during construction on-site. 
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6.0   ENGINEERING GEOLOGY  

The Engineering Geology Map of the Falcon Quadrangle as mapped by Charles Robinson and 

Associates, Inc. for El Paso County Planning Department is presented in Figure 10 (Reference 

9).  The Robinson Study map and site-specific mapping were utilized to produce an Engineering 

Geology Map, Figure 9.  This map shows the location of various geologic conditions of which 

the developers and planners should be cognizant during the planning, design and construction 

stages of the project.  The hazards/constraints identified on this site include floodplains, 

seasonally shallow groundwater areas, potentially seasonal shallow groundwater areas, areas 

of seepage or springs, area of ponded water, unstable slopes, artificial fill, loose soils, and 

expansive soils.  These hazards and the recommended mitigation techniques are as follows: 

 

Expansive Soils - constraint 

 The clays, silts and some of the bedrock encountered in the test borings are expansive.  

While the majority of the upper sandy soils on the site are non-expansive, expansive clays 

will likely be encountered in building excavations.  These clays, if encountered beneath 

foundations, can cause differential movement in the structure foundation.  Due to the 

sporadic nature of these occurrences, none have been indicated on the maps.  These 

occurrences should be identified and mitigated on an individual basis. 

 

 Mitigation:  Should expansive soils be encountered beneath the foundation, mitigation will 

be necessary.  Mitigation of expansive soils will require special foundation design.  

Overexcavation and replacement with non-expansive soils at 95% of its maximum Modified 

Proctor Dry Density, ASTM D-1557 is a suitable mitigation which is common in the area.  

The use of drilled pier foundation systems is another option on highly expansive soils. Floor 

slabs on expansive soils should be expected to experience movement.  Overexcavation and 

replacement has been successful in minimizing slab movements.  The use of structural 

floors should be considered for basement construction on highly expansive clays.  Final 

recommendations should be determined after additional investigation of each building site. 

 

Slope Stability and Landslide Hazard 

 The majority of the slopes observed on the site are gently to moderately sloping.  Small 

areas of unstable slopes were identified along a few of the drainages on site.  These areas 
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are subject to failure due to erosion by the creeks.  These areas lie east of Phase I.  

According to the grading plan (Figure 9), much of this area is to be filled and the drainage 

rerouted through a drainage easement.  No known past landslides have been mapped on 

the site (References 7, 8, 9). 

  

Mitigation:  Due to the location of these slopes associated with the floodplains and a 

drainage easement, these areas are avoided by development.  A minimum setback of 20 

feet should be maintained between buildings and the crest of any remaining unstable 

slopes.  Other options to stabilize the slopes include regrading to no steeper than 3:1 or the 

use of engineer designed retaining walls.  According to the development plan, there appears 

to be sufficient room on the affected lots to allow building areas outside the recommended 

setback limits.  Site grading will mitigate the slopes in many of these areas as well.  Some 

erosion protection may be necessary in order to prevent further erosion by the creeks during 

high water. 

 

Groundwater and Floodplain Areas - constraints 

 Groundwater was encountered at depths ranging from the surface to 11.5 feet in the test 

borings and profile holes drilled on Phase I of the development.  Areas were observed on 

the site that will experience shallow groundwater on a seasonal basis.  Additionally, areas 

where ponded water could accumulate, and floodplain areas exist on this site.  These areas 

are discussed as follows:   

sw -  Seasonal shallow groundwater areas:  In these areas, we anticipate the potential for 

periodically high subsurface moisture conditions, frost heave potential, and highly organic 

soils.  The majority of these areas are to be filled and regraded or designated as open space 

according to the grading plan, Figure 9.  Three to nine feet of fill is proposed in these areas.  

Construction in these areas, should follow these precautions: 

 

Mitigation:  In these locations, foundations are subject to severe frost heave and should 

penetrate to a sufficient depth so as to discourage the formation of ice lenses beneath 

foundations.  At this location and elevation, a foundation depth for frost protection of 3 feet is 

recommended.  In areas where high subsurface moisture conditions are anticipated 

periodically, a subsurface perimeter drain will be necessary to help prevent the seepage of 

water into areas below grade.  A typical perimeter drain detail is presented in Figure 12.  
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Any grading in these areas should be done in a manner that directs surface flow around 

construction to avoid areas of ponded water.  Areas of organic material will require removal 

prior to any fill placement.  Unstable soil conditions should be expected in areas of shallow 

groundwater.  Where foundations approach the groundwater level, stabilization of the 

excavations utilizing shot rock may be necessary.  Underslab drains or capillary breaks, and 

interceptor drains may be necessary to prevent the intrusion of water into areas below 

grade.  Typical drain details are presented in Figures 13 and 14.   

 

w - Areas of ponded water:  These are areas where water could potentially pond behind 

existing earthen dams.  According to the grading plan, Figure 9, this area is to be regraded 

and the dam removed.  All soft and organic soils should be removed prior to fill placement.  

All uncontrolled fill associated with the dams should be recompacted at a minimum of 95% 

of its maximum Modified Dry Density ASTM D-1557. 

 

fp - Floodplain:  Areas of the site have been mapped as floodplains according to the FEMA 

Map No. 08041CO575F (Figure 11, Reference 13).  The physiographic floodplains on site 

have been mapped on the Engineering Geology Map (Figure 9).  Areas of flowing water, not 

identified as floodplains on the FEMA map (Figure 11) have been mapped as a 

physiographic floodplain hazard on Figure 9.  It is our understanding a Letter of Map 

Revision (LOMR) has been submitted for the site and that some drainage improvements 

and channelization are proposed.  A Conditional Letter of Map Revision (CLOMR) is to be 

submitted for the proposed drainage improvements.  The exact floodplain locations should 

be determined in a drainage study.  It should be possible to avoid the floodplain areas with 

structures on most of the site.  The majority of the floodplain areas have been designated as 

open space.  Those areas that currently lie within the FEMA floodplain area will require 

approval of the Drainage Report.  Finished floor levels should be a minimum of one foot 

above the floodplain level.  Structures should not block drainages.   Specific floodplain 

locations and drainage studies are beyond the scope of this report.     

 

Artificial Fill - constraint 

 Areas of artificial fill may be encountered on site associated with the small earthen dams 

observed on site.  These areas are limited and it is anticipated they will be either avoided by 

development or removed during site grading.  Any uncontrolled fill encountered beneath 
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foundation will require removal and recompaction at 95% of its maximum Modified Proctor 

Dry Density, ASTM D-1557. 

 

Collapsible Soils - constraint 

 Areas of loose soils and possible collapsible soils were encountered in two of the test 

borings drilled on the entire development.  These soils are subject to settlement if 

encountered beneath foundations. 

 

Mitigation:  Should loose or collapsible soils be encountered beneath foundations, removal 

and recompaction with thorough moisture conditioning at 95% of its maximum Modified 

Proctor Dry Density, ASTM D-1557 will be necessary.  Specific recommendations should be 

made after additional investigation of each building site.  

 

 

7.0   RADIOACTIVITY  

Radon levels for the area have been reported by the Colorado Geologic Survey in the Open-

File, Report No. 91-4 (Reference 14).  Radon levels ranging from 0 to 20 pci/l have been 

measured in the area.   Only one reading had been taken in the area and it is between 4 and 10 

pci/l.  The minimal information from this report is not sufficient to determine if radon levels are 

higher for this site.  Occurrences of radioactive minerals have been identified 11 miles east and 

10 miles west of the site (Reference 15).  This occurrence to the west is associated with a 

limonite deposit in the Dawson Formation.  The occurrence to the east is in a carbonaceous 

clay in the Ogallala Formation.  No known occurrences exist on the site.   

 

While it is anticipated that radon levels for the site would not be considered excessive, the 

potential exists for radon gas to build up in areas of the site.  Build-ups of radon gas can be 

mitigated by providing increased ventilation of basements and crawlspaces and sealing of joints.  

Specific requirements for mitigation, if any, should be based on site specific testing after the site 

is constructed. 
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8.0   EROSION CONTROL 

The soil types observed on the site are mildly to moderately susceptible to wind erosion, and 

moderately to highly susceptible to water erosion.  A minor wind erosion and dust problem may 

be created for a short time during and immediately after construction.  Should the problem be 

considered severe enough during this time, watering of the cut areas or the use of chemical 

palliative may be required to control dust.  However, once construction has been completed, 

and vegetation reestablished, the potential for wind erosion should be considerably reduced.  

With regard to water erosion, loosely compacted soils will be the most susceptible to water 

erosion, residually weathered soils and weathered bedrock materials become increasingly less 

susceptible to water erosion.  For the typical soils observed on site, allowable velocities or 

unvegetated and unlined earth channels would be on the order of 3 to 4 feet/second, depending 

upon the sediment load carried by the water.  Permissible velocities may be increased through 

the use of vegetation to something on the order of 4 to 7 feet/second, depending upon the type 

of vegetation established.  Should the anticipated velocities exceed these values, some form of 

channel lining material may be required to reduce erosion potential.  These might consist of 

some of the synthetic channel lining materials on the market or conventional riprap. 

 

In cases where ditch-lining materials are still insufficient to control erosion, small check dams or 

sediment traps may be required.  The check dams will serve to reduce flow velocities, as well as 

provide small traps for containing sediment.  The determination of the amount, location and 

placement of ditch linings, check dams and of the special erosion control features should be 

performed by or in conjunction with the drainage engineer who is more familiar with the flow 

quantities and velocities. 

 

Cut and fill slope areas will be subjected primarily to sheetwash and rill erosion.  Unchecked rill 

erosion can eventually lead to concentrated flows of water and gully erosion.  The best means 

to combat this type of erosion is, where possible, the adequate re-vegetation of cut and fill 

slopes.  Cut and fill slopes having gradients more than three (3) horizontal to one (1) vertical 

become increasingly more difficult to re-vegetate successfully.  Therefore, recommendations 

pertaining to the vegetation of the cut and fill slopes may require input from a qualified 

landscape architect and/or The Natural Resource Conservation Service (previously the Soil 

Conservation Service).  
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9.0  ECONOMIC MINERAL RESOURCES 

Some of the sandy materials on-site could be considered a low-grade sand resource.  

According to the El Paso County Aggregate Resource Evaluation Map (Reference 16), the area 

is mapped as upland deposits.  According to the Atlas of Sand, Gravel and Quarry Aggregate 

Resources, Colorado Front Range Counties distributed by the Colorado Geological Survey 

(Reference 17), areas of the site are mapped as U4 - Upland deposits: probably aggregate 

resource and A3 – Alluvial fan: sand resource.  According to the Evaluation of Mineral and 

Mineral Fuel Potential (Reference 18), the area of the site has been mapped as “Good” for 

industrial minerals. Several mines exist in the area of the site for sand and gravel.  A gravel 

quarry is located immediately south of the site.  Considering the silty to clayey nature of much of 

these materials and abundance of similar materials through the region, they would be 

considered to have little significance as an economic resource.   

According to the Evaluation of Mineral and Mineral Fuel Potential of El Paso County State 

Mineral Lands (Reference 18), the site is mapped within the Denver Basin Coal Region.  

However, the area of the site has been mapped as “Poor” for coal resources.  No active or 

inactive mines have been mapped in the area of the site.  The El Paso County Aggregate 

Resource Map (Reference 16) has mapped coal resources in the Falcon area, 1 mile south of 

the site; however, none are mapped on the site itself.  No metallic mineral resources have been 

mapped on the site (Reference 18). 

 

The site has been mapped as “Fair” for oil and gas resources (Reference 18).  No oil or gas 

fields have been discovered in the area of the site.  An exploratory well was drilled northeast of 

the site to 8,263 feet deep in 1955.  The sedimentary rocks in the area lacked the essential 

elements for oil or gas; therefore, the well was plugged and abandoned. 
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10.0   RELEVANCE OF GEOLOGIC AND SITE CONDITIONS TO LAND 
USE PLANNING 

Site Conditions and Development Considerations 

It is our opinion that the existing anticipated geologic and engineering geologic conditions will 

impose some constraints on the proposed development and construction.  The most significant 

problem affecting development will be that of shallow groundwater, potentially shallow bedrock, 

and floodplains.  Other anticipated constraints such as expansive soils can be mitigated through 

proper engineering design and construction.  Geologic conditions and land use considerations 

are presented in Table 4 (Reference 12). 

 

The upper soils are typically at loose to very dense states.  Expansive layers may be 

encountered.  Expansive soils, if encountered, will require special foundation design and/or 

overexcavation and replacement with non-expansive material compacted at 95% of its 

maximum Modified Proctor Dry Density ASTM D-1557.  These soils will not prohibit 

development.  Loose or collapsible soils, if encountered, may also require recompaction at 95% 

of its maximum Modified Proctor Dry Density, ASTM D-1557. 

 

Small earthen dams observed on site can be avoided by development or regraded.  Small 

erosion berms can be penetrated by foundations or regraded.  Should any uncontrolled fill be 

encountered beneath foundations, it will require recompaction at 95% of its maximum Modified 

Proctor Dry Density, ASTM D-1557. 

  

Areas of shallow groundwater and floodplains exist on this site.  The floodplains are to be either 

avoided by development or channelized and preserved as open space in drainage easements.  

Some areas will require approval of the Drainage Report that excludes them from the FEMA 

floodplain prior to construction.  Finished floor levels must be a minimum of one foot above the 

floodplain level.  Exact floodplain locations are beyond the scope of this report.  The majority of 

the floodplain areas are in proposed open space areas.  According to the grading plan (Figure 

9), the minor drainages are to be filled and will mitigate the hazard.  Areas of perched 

groundwater were encountered on this site.  Shallow groundwater was encountered in the area 

of Test Boring Nos. 301, 303, and 305 and Profile Hole No. 7.  According to the grading plan, 3 

to 9 feet of fill is proposed in these areas.  It is anticipated the majority of the areas where 

shallow groundwater exists on the site will be mitigated with the proposed grading.  Subsurface 
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drains may be necessary in some areas to prevent the intrusion of water below grade.  

Dewatering systems may be necessary in some areas where seepage and perched water 

occurs.  Unstable conditions should be expected where excavations approach the groundwater 

level.  Stabilization using geofabric or shot rock may be necessary.   

 

Shallow bedrock will be encountered on portions of this site where the overlying alluvial 

materials are thinner.  Bedrock depths encountered in the test borings and profile holes are 

indicated on the Bedrock Map, Figure 15.  Depths of bedrock are also shown on Figure 3.  

Higher bearing capacities for foundations can be expected in areas of shallow bedrock.  Difficult 

excavation can be expected in areas of shallow bedrock.  The use of track mounted equipment 

may be necessary in areas of shallow bedrock.  Rubber tired equipment can be used where 

bedrock is not encountered.   

 

Preliminary Foundation Recommendations 

Shallow foundations are anticipated for the structures on this site including standard spread 

footing/stemwall systems in conjunction with recompaction of loose soils or overexcavation of 

expansive soils where encountered.  Reinforcing for foundations should be designed to span a 

minimum of 10 feet under the design load and should extend a minimum of 30 inches below 

finished grade for frost protection.  Interior support columns may be supported by isolated 

concrete pads.  Bearing capacities of 2000 to 2400 psf are anticipated for foundations bearing 

on native granular soils.  A bearing capacity of 2400 to 2800 psf is anticipated for foundation 

members bearing on compacted structural fill.  Bearing capacities of 3000 to 4000 psf are 

anticipated for foundations on shallow sandstone.  Actual bearing capacities should be 

determined after additional investigation of the site after grading and at the time of the 

excavation observations. 

 

Foundation walls should be designed to resist lateral pressures generated by the soils on this 

site.  An equivalent hydrostatic fluid pressure (in the active state) of 40 pcf is anticipated for the 

granular soils and 50 for the clayey soils.  

 

It should be noted that these values apply to level backfill conditions.  Pressures will increase 

substantially depending on the conditions adjacent to the walls.  Surcharge loading should be 

considered in wall designs.  Equivalent fluid pressures for sloping conditions should be 
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determined on an individual basis. 

 

Additional Investigation and Foundation Excavation Observation 

Additional investigation of building sites is required to provide foundation recommendations. 

During construction, the open foundation excavation should also be observed prior to 

construction of the foundation in order to verify that no anomalies are present, that materials at 

the proper design bearing capacity have been encountered, and that no soft spots or debris are 

present in the foundation area.  Areas requiring overexcavation should also be determined 

during the excavation observation of each lot.  Final drainage recommendations should also be 

determined at the time of the observation. 

 

Floor Slabs 

The medium dense to dense granular soils will provide adequate support for floor slabs.  

Removal and replacement of loose soils is recommended to minimize slab movement.  Floor 

slabs placed on expansive clays should be expected to experience movement.  Floor slabs 

should be separated from structure components to allow for vertical movement.  Control joints in 

concrete slabs are recommended at 10 to 15 feet spacing each direction.    

 

Surface and Subsurface Drainage 

Positive surface drainage must be maintained around all structures to minimize 

infiltration of surface water.  A minimum gradient of 10% in the first 10 feet adjacent to 

foundation walls is recommended.  The use of drainage swales may be required on the 

upslope of the structures.  All downspouts should be extended to discharge well beyond 

the backfill zone of the structures. 

 

Subsurface perimeter drains are recommended for useable space below finished ground 

surfaces or are required around the entire structure if expansive soils are encountered.  

Subdrains are not required for slab-on-grade construction.  Drains should consist of a perforated 

drainpipe, gravel collector and approved filter fabric.  Any drains should be provided with a free 

gravity outlet.  If such an outlet is not available, a sump and pump will be required.  A typical 

perimeter drain detail is presented in Figure 12.  In areas that approach groundwater level, 

underslab drains will be necessary to prevent the intrusion of water into areas below grade.  A 

typical underslab drain detail is presented in Figure 13.  In areas of seepage or directional flows, 
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interceptor drains may be necessary for dewatering.  A typical interceptor drain detail is 

presented in Figure 14. 

 

Concrete 

Type II cement is typically recommended for all concrete in the vicinity on this site.  Additional 

testing is recommended to evaluate the soils corrosive characteristics prior to construction.  

Concrete should not be placed on frozen or wet ground.  If concrete is placed during periods of 

cold temperatures, the concrete must be kept from freezing.  This may require covering the 

concrete with insulated blankets and heating the concrete to prohibit freezing.  

 

Backfill 

Backfill placed around the foundations and in utility trenches should be compacted to a 

minimum of 95% of its maximum Modified Proctor Dry Density, ASTM D-1557.  Material should 

be placed in lifts having a compacted thickness of six inches or less and a moisture content 

conducive to adequate compaction, usually ±2% of optimum Proctor moisture content.  

Mechanical methods should be used in placement of backfill; however, heavy equipment should 

be kept away from foundation walls.  No water flooding techniques of any type should be used 

in compaction of backfill on the site. 

 

Trench backfill should be performed in accordance with City of Colorado Springs specifications. 

All excavating should be performed in accordance with OSHA guidelines. 

 

Structural Fill 

Any areas to receive fill should have all topsoil, organic material, or debris removed.  Any 

uncontrolled fill should be recompacted prior to placing new fill.  The surface should be scarified 

and moisture conditioned to within 2% of optimum moisture content and compacted to a 

minimum of 95% of its maximum Modified Proctor Dry Density, ASTM D-1557, prior to placing 

new fill.  New fill should be placed in thin lifts not to exceed 6 inches after compaction while 

maintaining at least 95% of its maximum Modified Proctor Dry Density, ASTM D-1557.  Fill 

material should be free of vegetation or other unsuitable material and shall not contain rocks or 

pieces greater than six (6) inches.  Topsoil and strippings should not be mixed in the structural 

fill.  Fill material should be placed at a moisture content conducive to compaction, usually ±2% 

of Proctor optimum moisture content.  The placement and compaction of fill should be observed 
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and tested by the Soils Engineer during construction.  Any import materials should be approved 

by the Soils Engineer prior to hauling to the site.  

 

 

11.0   ROADWAY AND EMBANKMENT CONSTRUCTION 
RECOMMENDATIONS 

In general, the site soils are suitable for the proposed roadways and embankments. 

Groundwater should be expected to be encountered in deeper cuts and along drainage areas. If 

excavations encroach on the groundwater level unstable soil conditions may be encountered.  

Excavation of saturated soils will be difficult with rubber-tired equipment. Stabilization using shot 

rock or geogrids may be necessary.  

 

Test Boring No. 4 was drilled in the detention pond embankment, located at the southwest 

portion of the site.  The sandy soils will provide adequate bearing for the embankment fill.  

Loose soils will require recompaction. 

 

Any areas to receive fill should have all topsoil, organic material or debris removed. Prior to fill 

placement Entech should observe the subgrade.  Fill must be properly benched and compacted 

to minimize potentially unstable conditions in slope areas.  Fill slopes should be 3:1. The 

subgrade should be scarified and moisture conditioned to within 2% of optimum moisture 

content and compacted to a minimum of 95% of its maximum Modified Proctor Dry Density, 

ASTM D-1557, prior to placing new fill.  Areas receiving fill may require stabilization with rock or 

fabric if shallow groundwater conditions are encountered.  

 

New fill placed in roads/overlot or pond embankments should be placed in thin lifts not to 

exceed 6 inches after compaction while maintaining at least 95% of its maximum Modified 

Proctor Dry Density, ASTM D-1557 for granular soils.  Clay soils should be compacted to 95% 

of maximum Standard Proctor Dry Density, ASTM D-698.  These materials should be placed at 

a moisture content conducive to compaction, usually 0 to ±2% of Proctor optimum moisture 

content.  The placement and compaction of fill should be observed and tested by Entech during 

construction.  Entech should approve any import materials prior to placing or hauling them to the 

site. Additional investigation will be required for pavement designs once overlot/roadway 

grading is completed and utilities are installed.  
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12.0   CLOSURE 

It is our opinion that the existing geologic engineering and geologic conditions will impose 

minimal constraints on development and construction of the site.  The proposed development is 

consistent with the geologic and engineering conditions observed on the site.  

 

It should be pointed out that because of the nature of data obtained by random sampling of such 

variable and non-homogeneous materials as soil and rock, it is important that we be informed of 

any differences observed between surface and subsurface conditions encountered in 

construction and those assumed in the body of this report.  Reporting such discrepancies to 

Entech Engineering, Inc. soon after they are discovered would be greatly appreciated and could 

possibly help avoid construction and development problems.  Individual investigations of 

building sites are required prior to construction.  Planning and design personnel should be made 

familiar with the contents of this report. 

 

This report has been prepared for Four Way Joint Venture, LLC. for application to the proposed 

project in accordance with generally accepted geologic soil and engineering practices.  No other 

warranty expressed or implied is made. 

 

We trust this report has provided you with all the information you required.  Should you require 

additional information, please do not hesitate to contact Entech Engineering, Inc. 
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