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1.0 SUMMARY

Project Location:

The project lies in a portion of Sections 29 and 30, Township 11 South, Range 66 Wast of the
6" Principal Meridian. The site is located north of Baptist Road, in El Paso County, Coloradc.

Project Description:

Total acreage involved in the project is approximately 461 acres. No development plan was
available at the time of this investigation

Scope of Report:

The report presents the results of our geologic investigation and treatment of engineering
geologic hazard study. This report presents the results of our preliminary geoiogic
reconnaissance, a review of available maps, aerial photographs and our conclusions with

respect to the impacts of the geologic conditions on development.
Land Use and Engineering Geology:

Geologic conditions will impose some constraints on development and land use. These include
areas of potentially expansive soils, artificial fill, unstable slopes, potentially unstable siopes,
downslope creep, rock fall hazards, ponded water, seasonal and potentially shaliow
groundwater. Areas of shallow bedrock may also be encountered. Site conditions will be
discussed in greater detail in this report. All recommendations are subject to the limitations
discussed in the report.



2.0 GENERAL SITE CONDITIONS AND PROJECT DESCRIPTION

The site lies in a portion of Sections 29 and 30 Township 11 South, Range 66 West E| Paso
County, Colorado. The site is iocated north of Baptist Road approximately 3 miles southeast of
Monument, Colorado. The location of the site is shown on the Vicinity Map, Figure 1.

The topography of the site ranges from gently to steeply sloping. Minor drainages exist on the
site and flow in southerly and westerly directions. No water was observed flowing in these
drainageé at the time of this investigation, however, an area of ponded water was observed.
The area of the site is indicated on the USGS Map, Figure 2. The site is currently being used as
a Church Camp and Conference Area. Several structures, cabins, and trailers exist on the site.
The site contains primarily ponderosa pine tree coverage -with an understory of low field
grasses, weeds and shrubs. Site photographs are included in the Appendix . The approximate
location and direction of the photographs are indicated on the Geology Map, Figure 10.

The properties to the west and south of the site are single-family residential development. The
properiies to the north of the site are developed as singie family estates. Fox Run Regional
Park exists east of the site Total acreage involved in the proposed development is
approximately 461 acres. No development plan or detailed topographic map was availabie at
the time of this investigation. 1t is our understanding single-family residential development is
proposed. The majority of the development will be central wéter and sewer. Some iots on the

northern portion may utilize individual wells and septic systems.

3.0 SCOPE OF THE REPORT
The scope of this report will include the following:
« A preliminary geologic analysis of the site utilizing publishad geologic and soils data.
« Preliminary site-specific mapping of major geographic and geoiogic features.

+ Identification of geologic hazards and impacts on the proposed development.



» Recommended mitigation of geologic hazards where they affect development.

4.0 FIELD INVESTIGATION

Our field investigation consisted of the preparation of a preliminary geologic map of bedrock
features and significant surficial deposits. The Soil Conservation Service (SCS) survey was
also reviewed to evaluate the site.

The position of mappable units within the subject property are shown on the Geologic Map. Our
mapping procedures involved field reconnaissance, measurements and interpretation. The
same mapping procedures have also been utilized to produce the Engineering Geology Map

which identifies pertinent geologic conditions affecting development.

This investigation is intended to be preliminary for land use decisions. A subsurface soil
investigation was not performed as a part of this study. A subsurface soil investigation and

detailed mapping will be necessary prior to final recommendations.

Other reports done in the vicinity of the site by Entech Engineering, Inc. have included & Soiis
and Geology Study performed on a property south of the site dated August 21, 1996 (Reference
1), a Sail, Geology and Wastewater Study performed on a property northeast of the site, dated
January 3, 2002 (Reference 2), and several subsurface soil investigations for lots in the
Homestead at Jackson Creek Subdivision, Filing No. 3, west of the site (References 3 and 4).
Additionally, a study was performed by Charles S. Robinson and Associates for El Paso County
Planning Department in 1977 (Reference 5) including geologic mapping and engineering
characteristics of the site. These reports and studies were used in evaluating the area
conditions.



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 5 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. The rocks in the area of the site are sedimentary in nature, and
typically Tertiary to Cretaceous in age. The bedrock underlying the site itself is the Dawson
Formation, Ovérlying the Dawson are unconsolidated depesits of residual, alluvial and artificiat

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 6) has mapped three soil types on the site (Figure 3).
In general, the soils consist of gray gravelly, sandy loam and brown sandy loam over a pale

brown gravelly, loamy sand subsoil with some lenses of sandy clay loam. Soils are described

as foliows:
Tvpe Description
41 Kettie gravelly loamy sand, 8-40% slopes
42 Kettle — Rock outcrop complex
g3 : Tomah — Crowfoot loamy sands, 8-15% slopes

Complete descriptions of the soils are presented in Figures 4 through 6. The soils have
generally been described to have moderate to rapid permeabilities. Special design for
roadways may be necessary due to frost heave. Limitations for development as described by
the Soil Conservation Service include frost action potential, moderate to steep slopes, depth 1o
bedrock, fire hazard during dry periods and erosion potential due to surface runoff. Possible
hazards with soil erosion are present on the site. Gullies may form in drainageways. The
erosion potential can be controlled with vegetation and other methods described in the Erosion

Control Section of this report. The majority of the soils have been described to have slight to
high erosion hazards.



5.3 Site Stratigraphy

The Front Range Geologic Map showing the general area of the site is presented in Figure 7
(Reference 7). The Monument Quadrangle Geology Maps showing the site as prepared by The
Robinson Study (Reference 5) and the Colorado Geological Survey (Reference 8) are
presented in Figures 8 and 9, respectively. The Geology Map prepared for the site is presentad
in Figure 10. The geologic mapping is preliminary and has been mapped on & USGS
topographic map. Detailed geologic mapping for the site will be provided wher a detailed
topographic map base is made available. Four mappable units were identified within the

mapped area, which are identified as follows:

+ Qaf Artificial Fill of Quaternary Age: These are man-made fill deposits and fill piies
observed on-site. Unless records can be obtained, the fill will be considered

uncontrolled for constructiont purposes.

« Qal Recent Aliuvium of Quaternai'y Age: These are recent stream deposiis
associated with the drainages on-site. They typically consist of silty to clayey
sands and may be highly stratified, containing lenses of very silty or clavey soil.

« QTa Alluvium of the Paimer Divide of Quaternary to Tertiary Age: These are
water deposited materials that occur as pinkish brown coarse grained silty sands.
Gravel and cobbles derived from the Pikes Peak Granite and the Dawson
formation may also be present.

« Tkd Dawson Formation of Tertiary to Cretaceous Age: This formation consists of
coarse grained arkosic sandstone with interbedded lenses of fine grained
sandstone, claystone or siltstone. Typically, it is buff to light brown and iight aray
in color. A variable layer of residual soils may be present overlying the Dawson
formation. These are formed by the in-situ weathering of the bedrock maieriale

on-site.

The soils listed above were mapped from the Site-specific preliminary field mapping, The
Geologic Map of the Colorado Springs-Castle Rock Area Front Range Urban Corridor,
Colorado, by Trimble and Machette, 1979 (Reference 7, Figure 7), and the Robinson Study in



1977 (Reference 5, Figure 8) and The Geologic Map of the Monument Quadrange, by Thorson
and Madole in 2003 (Reference 8, Figure 9). A summary of the geologic units mapped on this
site as described in the Robinson Study (Reference 8} is included on Table 1.

5.4 Soil Conditions

The Soil Conservation Service (SCS) was reviewed for soil characteristics (Reference 8) A tabie
of the SCS Soil Properties and Classifications for the soils on this site is presented in Table 2.
The majority of the site is mapped as Soil Type 41: Kettie gravelly loamy sand. (Figure 3)
These soils generally classify as silty to clayey sands (SM, SC, SM-SC) with low shrink/swell
potential. Soil Type 42: Kettlerock Outcrop Complex is mapped in the southwest corner of the
site. These soils are similar to Soil Type 41 and also generally classify as silty to clayey sands
(SM,SC,8M-SC) with low shrink/swell potential. Soil Type 93: Tomah Crowfoot loamy sands ic
mapped in the extreme southwest corner of the site. These soils generally classify as silty
sands with a layer at 22 to 48 inches that classifies as a clayey sand to sandy clay (SC,CL).
These solis generally have a low shrink/swell potential with a moderate shrink/swell potentiai in
the clayey lense at 22 to 48 inches. A site-specific subsurface soil investigation will be

necessary prior to development to determine specific soil properties and swell potentials.

5.5 Groundwater

Areas of ponded water, seasonal and potentially seasonal shallow groundwater have been
mapped in this site. These areas are discussed in the following section. Test borings drilied or-
site will further delineate groundwater depths on-site. A Subsurface Soil investigation wili be

necessary to determine groundwater levels

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 soif profile, sometimes
only a few feet in thickness and width, can carry water in the subsurface. Water may aiso flow
on top of the sandstone.



6.0 ENGINEERING GEOLOGY - IDENTIFICATION AND MITIGATION
OF GEOLOGIC HAZARDS

As mentioned previously, preliminary mapping has been performed on this site to produce an
Engineering Geology Map (Figure 10). This map shows the location of various geologic
conditions of which the deveiopers and planners should be cognizant during the pianning,
design and construction stages of the project. Detailed mapping should be performed when a
more detailed topographic map base is made available. The hazards identified on this site
include areas of artificial fill, potentially expansive soils, unstable slopes, potentialiy unstabie
slopes, downslope creep, rock fall, ponded water, potentially seasonal shallow groundwater anc
seasonal shaliow groundwater. The following hazards have been addressed as a part of this
investigation.

Expansive Soils

The site is classified in an area of low to moderate swell potential according fo the Map of
Potentially Swelling Soil and Rock in the Front Range Urban Corridor, Colorado by Hart,
1974 (Reference 10). While many of the soils in the area of the site typically have iow swell
potential according to the Soil Conservation Service (Reference 6, Table 2), the potential for
expansive clays encountered in the subsurface is possible on this site. These occurrences
are typically sporadic, therefore, none have been indicated on the maps. These clays, i
ehcouhtered beneath foundations, can cause differential movement in the structure
foundation. These occurrences should be identified and dealt with on an individua! 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 a minimum of 90% of its
maximum Modified Proctor Dry Density, ASTM D-1557 is a suitable mitigation which is
common in the area. Another alternétive in areas of highly expansive soils is the use of
drilled pier foundation systems. Typical minimum pier depths are on the order of 20 fast or
more and require penetration into the bedrock material a minimum of 4 to 6 feet, depending
upon building loads. Floor siabs 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.



Subsidence Area

Based on a review of Subsidence and Coal Mining reports for the Colorado Springs area
and State Mineral Lands for El Paso County (References 11-13), the site is not undermined.
The closest underground mines in the area are 9 miles to the south therefore, itis

anticipated there is a low potential for subsidence on this site.

Landslide Hazard
The site is not mapped within any past landslide deposits (References 5, 7, and §). Nc

recent landslide features were observed on the site, however, areas of unstable and
potentially unstable slopes exist that could trigger isolated slides if not handled properly.
Additionally, areas of downslope creep have been identified on the site. These siopes and

suggested mitigation techniques will be discussed under Slope Stability.

Slope Stabifity
Many of the siopes on the site have been identified as downslope creep, potentially unstabie

and unstable slopes on the Engineering Geology Map (Figure 10). Recommendations for
these areas are discussed as follows:

Downslope Creep Areas
These areas are acceptable as building sites, however, in areas identified with this hazare

classification, we would anticipate accelerated lateral and vertical movement of the near
surface soils in the downslope direction. |

Mitigation: One option for mitigation in downslope creép areas is avoidance, howsver, these
areas are puildabie with the following constrainis. This tybe of movement wili increase
pressures against foundation walls on the uphill side of structures. The design of
foundations in these areas should account for this additional pressure. The lateral pressure
distribution for sloping conditions in downslope creep area is presented in Figure 11. Tie-
beams and special foundation design may be necessary in some areas. Where possibie, in
areas of downslope creep, structures should be designed to be as compact and rigid as
possible. This will help them better toierate the vertical and lateral movements to which the
foundation system may be subjected with minimal damage. Long, rambling, irregular
structures should be avoided, as they are associated with much greater potential for
damaging differential movement. Additionally, structures should be designed to step up the

slope. Deep cuts in these areas should be avoided. Any retaining walls proposed in these
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areas should also be properly designed for by a qualified professional engineer the giobal
slope stability.

Potentially Unstabie Siopes

Some of the very steep slopes have been identified as potentially unstable. These siopes
are considered- stable in their present condition, however, considerable care musi be
exercised in these areas not to create a condition which would tend to activate instability.

Mitigation: Additional investigation is recommended if development is to be considered in
this area. Site specific mapping and measurements will be necessary once a more detailed
topgraphic map base is made available. Slope stability analysis may be required. Deep
cuts on the slope or in the toe area of the slopes should be avoided. Proper control of
drainage at both the surface and in the subsurface is extremely important. Areas of ponded
water at the surface should be avoided. Utility trenches, basement excavations ang other
subsurface features should not be permitted to become water traps which may promote
saturation of the subsurface materials. Interceptor drains should be used in areas above
potentially unstable slopes. Specific recommendations should be made after additional

investigation when development and grading plans are finalized.

Unstable Slopes

Some of the steeper slopes on-site have been identified as unstable slopes. These are
areas where exposed rocks and cliffis exist. Boulder and cobble-sized talus can be
produced due to erosion and steep slopes in these areas. The rockfall hazard is discussed
in the foliowing section.

Mitigation: Building should be avoided on these slopes. Structures should be located a
minimum of 30 feet from the crest or a toe of these slopes unless additional slope stability
analysis is performed. Additionally, the recommendations for the potentially unstable slopes

concerning drainage applies to these slopes as well.
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Rockfall Hazard
Areas were encountered on site where sandstone outcrops are exposed and produce

boulder and cobble-sized talus. The areas of this rockfall hazard are divided into two

separate zones based on the severity of the hazard. Areas lying topographically below the
runout zone would be considered reasonably safe from rockfall. Preliminary mapping of
rockfall zones are shown on the Engineering Geology Map, Figure 10. Detailed mapping of
these areas should be performed when a more detailed topographic map base is made
available. Recommendations for the rockfall areas are presented as follows:

ris — rockfall source area: This zone delineates the major rockfall source areas or the
sandstone bluffs and outcrops themselves. This area carries the highest risk of damaging
rockfall, but also is an area which is not likely to be considered for development for many:
reasons. ‘Some of the rock fragments located within this zone should be stabilized or
knocked down to more stable areas, lessening the hazard in areas below this zons.
Mitigation: Stabilization of the area can include removal of loose blocks of rock, often
referred to as scaling. Other techniques include stabilization of loose blocks mechanically
and may involve pinning the toose rocks to the face of the cliff to prevent dislodgment. This
may be accomplished with Portland cement grout, gunite or a combination of mechanical
rock bolts and some form of netting material such as chainlink fence or other similar
materials. Some of these techniques, although effective in controlling rockfall, can be very
unpleasing aesthetically.

rir - rockfall runout zone: This area delineates the runout zone immediately beneath the
rockfall source areas. This area is typically strewn with many farge rock fragments in e stats
of marginal instability. The detached rock fragments already present in this zone may also
serve as a source of rockfall to the slopes below. Permanent structures in this zone could
be anticipated to be subject to impact from boulders and taius having a low to moderately
high velocity depending upon their position in the zone and the steepness of the siope.
Many of the rock source areas are minimal and mitigation such as scaling and grouting
could be economically feasible. Many of the smaller outcrops can be easily stabilized.

Mitigation: Should construction in the runout zone or immediately adjacent to this zone be
considered, the following mitigations should be followed: Depending upon the location of

the structure in the zone, several mitigation techniques are used. One method in siow
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velocity zones is the use of concrete foundation walls on the upsiope side that extended &
minimum of 4 feet above grade, with no windows located in this portion of the concrete wall,
to help prevent catastrophic damage to a structure in the event of rockfall impact. In
addition, the use of earthen berms sloping away from structure foundations for a distance of
at least 15 feet may also be used to significantly reduce the danger of damage from rockfalt
impact. Grades of 10 percent are recommended. An aiternative to the earthern barms,
particularly in areas of moderate velocity includes cable fencing and concrete or rock
building walls designed by a qualified professional geologist to catch debris that may be
dislodged. Loose blocks will require stabilization as discussed under the rockiall source
area that inciudes grouting. It is anticipated that the rockfali mitigation will incorporate
several of the above systems.

Debris Fans

Based on site observations, debris fans were not observed in this area.

Eloodplain and Drainage Areas

Areas within the drainages on site have been identified as areas of ponded waler,
seasonally shallow groundwater areas and potentially seasonally shaliow groundwater
areas. The majority of these areas are associated with drainages on-site. Water was not
flowing in drainages at the time of this investigation although one area on site contained
ponded water. No areas of the site lie within any fioodplain zones according to the FEMA

Map Nos. 08041CO279F, 08041C0O285F, 08041C0O287F and 08041CO295F, Figure 12
(Reference 14).

Areas of Ponded Water

These are areas of standing water behind an earth dam on site. We would not expect
development in this area. Either the dam can be avoided by construction or the area
may be completely regraded. Should complete regrading of the site be considered, ali
organic matter and soft, wet soils should be completely removed before filling. Any
drainage into these areas should be rerouted in a non-erosive manner off of the site

where it does not create areas of ponded water around proposed structures.
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Potentially Seasconal High Groundwater

In these areas, we would anticipate the potential for periodically high subsurface
moisture conditions and possible frost heave potential, depending on the soil conditions.
Mitigation: In these locations, foundations in areas subject to severe frost heave
potential should penetrate sufficient depth so as to discourage the formation of ice
ienses beneath foundations. At this location and elevation, a foundation depth for frost
protection of 2.5 feet is recommended. In areas where high subsurface moisture
conditions are anticipated periodically, a subsurface perimeter drain wilt be necessary ic
help prevent the intrusion of water into areas located below grade. Typical perimeter
drain details are presented in Figure 13. Additionally, swales should be created to
intercept surface runoff and carry it safely around and away from structures. Additional
investigation is recommended in these areas prior to building. Site grading may mitigate
the drainages in some areas. The water table may be of sufficient depth to minimize the

effects on buiidings in some areas.

Seasonallly High Water Table

in these areas, high subsurface moisture condition, frost heave potential and highiy
organic soiis may exist. |

Mitigation: These areas lie within drainages and in many areas can be avoided by
development. in areas where development is desired, overlot grading may miligate the
drainages. Swales should be created in other areas to intercept surface water and carry
it safely away from structures. All organic materiat should be removed prior tc any filfing.
The same mitigation recommendations for potentially high groundwater areas as
discussed previously should be followed in these areas of seasonally high groundwater,
Additional investigation will be necessary to determine the water depth and its affect on
development. Other areas than those mapped could encounter groundwater that couid

affect shallow foundations on site.

Artificial Fill
Filt associated with berms and piles was observed on site. Additionally, other areas of
artificial fill may be encountered on site that were not mapped. These berms and piles are

considered uncontrolied for construction purposes.
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Mitigation: These areas are limited and it is anticipated they will be removed during site
grading. Any uncontrolied fill encountered beneath foundation will require removai and

recompaction at a minimum of 90% of its maximum Modified Proctor Dry Density, ASTM D-
1557.

Faults

The closest fault is the Rampart Range Fault, located 5 miles to the west. No faults are
mapped on the site itself. Previously Colorado was mapped entirely within Seismic Zone 1,
a very low seismic risk. Additionally, the Uniform Building Code (UBC), 1997, currentty
places this area in Seismic Risk Zone 1. According to a report by the Colorado Geological
Survey by Robert M. Kirkman and William P. Rogers, Bulletin 43 (1981) (Reference 15) this
area should be designed for Zone 2 due to more recent data on the potential for movement
in this area, and any resultant earthquakes.

Dipping Bedrock

The bedrock underlying the site'is the Dawson Formation of Tertiary to Cretaceous Age.
The Dawson in this area is very gentiy dipping a northerly direction according tc the
Geologic Structure Map of the Pueblo 1x2 Quadrangle, South-Central Colorado {1978)
(Reference 16). Bedrock observed on this site was gently dipping in a northerly direction. It
is not anticipated steeply dipping expansive bedrock wili be encountered on fis site.
Mitigation Is necessary where expansive bedrock dipping over 30 degrees is encountered
beneath foundations.  Specific recommendations should be made after additional

investigation,

Radioactivity
Gamma Radiatiot: -

Levels of gamma radiation taken on the site ranged from 13 to 18 inches micro R/Hr. Levels
ranging from 14 to 18 micros R/Hr were taken on areas surrounding the site. These
readings are below typical mitigation levels. Typically mitigation involves over excavation
and replacement of the soils. Additional measurements in excavated areas are

recommended to determine the need for mitigation.
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Radon
Radon levels for the area have been reported by the Colorado Geologic Survey in the Open-

File, Report No. 91-4 (Reference 17). Radon levels ranging from 0 to 20 pci/l have been
measured in the area. The foliowing is a table of radon levels in this area.

0<4 pcill ' 100.00
4<10 pcifl 0.00
10<20 pcifl 0.00

>20 pci/l 0.00

Only one reading has been taken in the area and it is below 4 pci/l. This level is not
considered excessive, however, the minimal information from this report is not sufficient o
determine if radon levels are higher for this site. According to the El Paso County Natural
Hazard Maps for Radon (Reference 18), the area of the site is mapped with leveis greater
than 4 pcifl. An occurrence of radioactive minerals has been identified 4.5 miles south of the
site (Reference 19). This occurrence is associated with a limonite deposit in the Dawson
Formation. No known occurrences exist on the site, however, radon gas originating in the
bedrock underlying the site could migrate up into the upper soil profile.

Mitigation: The 'potentia[ exists for radon gas te build up in areas of the site. Build-ups of
radon gas can be mitigated by providing increased ventilation of basements and site specific
testing after the site is constructed.

7.0 ON-SITE DISPOSAL OF WASTEWATER

A development plan was not available at the time of this investigation. It is our understanding

that in the northern portion of the site may utilize individual seWage treatment systems. The site

will reguire evaluation according to the El Paso County Land Development Code prior to final

approval.

The Soil Conservation Service {SCS) soil map and soil descriptions are presented in Figures 3

through 6. The site has been mapped with 3 soil descriptions. The soils are described as

having moderate to rapid percolation rates. The majority of the soils in the northern portion of
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the site are mapped as Soil Type 41: Kettle gravelly loamy sand. According to the SCS,
permeabilities on these soils range from 6.0 to 20 inches/hour. The permeabilities on these
soils are considered rapid. Limitations to setic systems on these soils as described by §CS3

inctude severe slope. El Paso County guidelines require designed systems for siopes steeper
than 30%.

Shallow bedrock may be encountered on the northern portions of this site. Designed systems
are generally required in areas of shallow bedrock.

Leach fields must be maintained a minimum of 4 feet above groundwater. Areas of seasonal
and potentially seasonal shallow groundwater areas have been mapped on the site. Should
groundwater be encountered within 6 feet of the surface, shaliow ieaching fields wouid be

recommended. In areas where groundwater is less than 4 feet, designed systems will be
required.

The soils described in the Soil Conservation Service in this area generally have rapid
percolation rates that are suitable for conventional systems. El Paso County guidelines require
designed systems for percolation rates exceeding 60 minutes per inch. Where shallow bedrock,
shaliow groundwater, or steep slopes are encountered, designed systems may be required. in
areas where suitable percolation rates cannot be found, designed systems will be required in
these areas as well. Percolation testing should be performed on the site after development

plans are finalied. Specific percolation testing will be required on each individual lot prior to
construction.

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 probiem 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 corﬁpleted,
and vegetation reestablished, the potential for wind erosion should be considerably reduced.
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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 velogities 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 fiow 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 fiow

quantities and velocities.

Cut and fill slope areas will be subjected primarily to sheetwash and rill erosion. Unchecked rill
erosion can eventually tead to concentrated fiows 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
pecome increasingly more difficult to re-vegetate successfully. Therefore, recommendations
pertaining f‘o the vegetation of the cut and fill slopes may require input from = gualified

landscape architect and/or the Soil Conservation Service.

9.0 ECONOMIC MINERAL RESOURCES

Some of the sandy materials on-site could be considered a low grade sand resource. According
to the Ef Paso County Aggregate Resource Evaluation Map (Reference 20}, the arez is not
mapped with any resources. According to the Atlas of Sand, Gravel and Quarry Aggregate
Resources, Colorado Front Range Counties distributed by the Colorado Geological Survey
(Reference 21), areas of the site are not mapped with any resources. According to the

Evaluation of Mineral and Mineral Fuel Potential (Reference 13), the area of the site has been

18



ma‘pped as "Good” for industrial minerals. Several mines exist in the area of the site for sand
and gravel. Two inactive gravel quarries are 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 and the close proximity to developed land, they would be considered to have littie
significance as an economic resource.

According to the Evaluation of Mineral and Mineral Fuel Potential of £/ Paso County State
Mineral Lands (Reference 13), 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. No metallic mineral resources have
been mapped on the site (Reference 13).

The site has been mapped as “Fair" for oil and gas resources (Reference 13). No oil or gas
fields have been discovered in the area of the site. The sedimentary rocks in the area iacked

the essential elements for oil or gas.

10.0 RELEVANCE OF GEOLOGIC AND SITE CONDITIONS TO LAND
USE PLANNING

ltis our opinion that the existing geologic and engineering geologic conditions will impose some
constraints on development and construction. Unstable slopes and rockfall source areas should
be avoided by construction. Other constraints identified on the site such as the potential for
expansive soils, seasonal shallow groundwater areas, downslope creep and artificial fili can be
mitigated through proper engineering design and construction, Geologic conditions and iand

use considerations from the Robinson Study (Reference 9) are presented in Table 1.

The majority of the soils expected at typicat foundation depths consist of silty to clayey sands.
These soiis will provide good support for residential foundations. Areas of shaliow bedrock may
be encountered on this site. Difficult excavation should be expected in areas of shaliow
bedrock. Shallow bedrock will also affect the type or location of individual septic systems,
should they be used. Expansive layers may be encountered across the site. Expansive soils, if
encountered, will require special foundation design and/or overexcavation and replacement with
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non-expansive material compacted at a minimum of 90% of its maximum Modified Proctor Dry
Density ASTM D-1557. These soils will not prohibit development.

Areas of seasonal and potentially seasonal shallow groundwater may be encountered on the
site. In these areas, drains may be necessary in order to prevent the seepage of water below
grade. Additionally, shallow groundwater may affect the type and location of individual septic
systems should they be used. Additional investigation is recommended to delineate groundwater

levels across the site,

An area of ponded water observed on-site can be avoided by development. Should grading be

desired in this area, all soft, wet or organic soils should be removed prior to filling.

Areas of unstable slopes should be avoided by development. A building setback of 30 feet is
recommended from the crest or toe of the unstable slopes. Set backs from slope may be

modified if slope specific analysis is completed.

Areas of potentially unstable siope and downslope creep areas have been identified on this site.
Detailed mapping of the areas should be performed when a detail topographic map base is
made available. Additional investigation is recommended in areas of potentially unstable siopes
should development be considered in these areas. Slope Stability Analysis may be requirec. In
areas of downslope creep, structures should be designed to be as compact and rigid as
possible. Foundations may require tie-beams or additional foundation reinforcement in these
areas. Foundations should be designed to step up the siopes to avoid deep cuts. Deep cuts
should be avoided on all steeper sloping areas of the site. Any retaining walls proposed should
be designed for the global slope stability by a qualified professional engineer. Proper control of
drainage at both the surface and subsurface is important. Saturation of materials shouid be

avoided that may create unstable conditions.

Areas of rockfall hazards exist on this site. Should development be considered in these areas,
mitigation will be necessary. Exact iocations of these hazards should be identified when 2 detail
topographic map is made available. Mitigation in these areas may involve stabilization of icose
rocks by scaling grouting or bolting. The use of designed walls or cavement structures is
another alternative. Specific mitigation recommendations should be made on an individual

basis after additional investigation,
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Fill piles were observed on site. It is anticipated these will be removed during site grading. Any
uncontrolled fill encountered beneath foundations shouid be removed and recompacted at a
minimum of 90% of its maximum Modified Proctor Dry Density, ASTM D-1557.

In summary, development of the site can be achieved if the items mentioned above are either
avoided or mitigated. Much of this site is not affected by major geologic constraints. The
majority of the western portion of the site will be affected by downslope creep. Special
foundation designs may be required in these areas. This report is intended for preliminary
planning and development decisions. Additional investigation is recommended involving more

detailed mapping and a Subsurface Soil investigation prior to final recommendations.

11.0 CLOSURE

It is our opinion that the existing geologic engineering and geologic conditions will impose
constraints on development and construction of the site. These conditions should be

considered as development and grading plans are finalized.

tt should be pointed out that because of the nature of data obtained by random sampling of such
variabie 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 for
building sites will be required prior to construction. Planning and design personnel shouid be
made familiar with the contents of this report. '

This report has been prepared for Classic Communities for appiication 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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Table 2: SCS Soil Properties and Classifications

Soil Type 41: Ketile gravelly loamy sand

Percent Passing Sieve No.

Atterbert Limits

Unified Soil Shrink
Depth (inches) Classification Swell
4 10 40 200 LL Pl System Polentjal
0-3 80-85 | 50-100 25-70 10- NV NP SM Low
25
3-40 85- 50-100 25-70 15- 25-35 5-15 SC,SM-SC Low
100 35
40-60 75-90 : 20-50 10-25 0-15 | 20-30 5410 SM-SC, SP-5C Low
Soil Type 42: Kettle-Rock outcrop complex
Percent Passing Sieve No. Atterbert Limits i ;
i Unified Soil | Shrinic 1
Depth {inches) Classification Sweli
7 10 40 200 L PI System Potentiai
0-3 80-95 50100 25-70 10-25 NV NP SM Low
3-40 85-100 | 50-100 25-70 15-35 25-35 5-15 SC,SM-SC Low
40-60 75-90 20-50 10-25 0-15 20-30 510 SM-SC, SP-SC Low
Soil Type 93: Tomah Crowfoot loamy sands Tomah part
Percent Passing Sieve No. Atterbert Limits Unified Soil | Shrink
Ciassification P Swell
Depth {inches) System Potential :
4 10 40 200 LL Pi |
0-10 95100 | 90-100 60-80 30-40 20-30 NP-5 SM Low '
10-22 95-100 80-100 50-75 15-3C 10-20 NP-5 | SM Low
22.4% 95-100 75-100 40-65 25-45 20-40 10-2G | SC | Low
48-60 90-100 75-90 30-45 10-25 15-25 5-10 SM-SC Low
Crowfoot Part:
Percent Passing Sieve No. Atterbert Limits Unified Soi i Shrink
Classification Swell
Depth {inches) System Fotential
4 10 40 200 LL P!
0-10 85-100 75-100 40-6C 25-40 20-30 NP-§ | SM Low
12-23 85-100 75-100 35-55 15-30 NV NP SM Low
23-36 85-100 75-100 60-385 45-55 30-40 10-20 | GL,SC Mod
36-60 75-100 65-90 25-60 15-30 NV NP SM Low
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41—Keitle gravelly foamy sand, § to 40 percent
siopes. This deep, well drained soil formed in sandy ar-
kosic deposits on uplands. Elevation ranges from 7.000 to
7,700 feet. The average annual precipitation is about 18 :
inches, the average annual air temperature is about 43 :
degrees F, and the average frost-free period is about 120
days.

Typically, the surface layer is gray gravelly loamy sand
about 2 inches thick. The subsurface laver is light gray
gravelly loamy sand about 13 inches thick The subsoil is
very pale brown gravelly sandy loam about 24 inches
thiek. It consists of & matrix of loamy coarse sand that
has thin bands of coarse sandy leam or sandy clay loam.
The substratum to & depth of 60 inches or more is light
vellowish brown extremely gravelly loamy sand.

Included with this soil in mapping are small areas of §
Elbeth sandy loam, & to 15 percent slopes; Pring coarse
sandyv loam, 8 to 15 percent slopes; Tomah-Crowioot
loamy sands, 8 to 15 percent slopes: and a few rock out-
erops.

Permeability of this Kettle soil is rapid. Effective root-
ing depth is 60 inches or more. Available water capacity
is low to moderate. Surface runoff is medium, and the
hazard of erosion is moderate. Some gullies have formed
in drainageways. ;

The soil is used for woodland, livestock grazing, wiidlife :
habitat, reereation, and homesites.

This soil is suited to the production of ponderosa pine.
It is capabie of producing 2,240 cubic feet, or 4,900 board

feet (International rule), of merchantable timber per acre
from a fully stocked, even-aged stand of B0-year-old trees.
The main limitation for this use is the moderate hazard of
erosion. Measures must be taken to reduce erosion when
harvesting timber, especially on the steeper slopes. The
low to moderate available water capacity also influences
seedling survival, especially in areas where undersiory
{ : plants are plentiful.

This soil has good potential for mule deer. tree squirrei.
cottontail, and wild turkey. These animals obtain their ;
food and shelter from pine trees, shrubs. and ground '
sover, which provide browse, forps, fruit, and seeds. The
presence of ponderosza pine and Gambel oak should en-
courage wild turkey populations: hewever, where water is
not naturally present, wildlife watering facilities must be
provided to attract and maintain wild turkey and other
wildlife species. Livestock grazing management is vital on
this soil if wildlife populations are to be maintained.

The meoderately sloping to steep siopes limit the suita- ;
pility of this soil for homesites. Special practices must be
provided to minimize surface runoff and thus keep ero-
sion to a minimum. This soil requires special site or build-
ing designs beeause of the siope. Deep cuts, to provide es- ;
sentially level building sites, may expose bedroek. Access
roads must be designed tc provide adeguate cut-siope |
grade, and drains must be used to controt surface runoff
and keep soil losses to & minimum. During seasons of low
precipitation, fire may become a hazard to homesites. This
hazard can be minimized by installing firebreals and
redueing the amount of litter on the forest floor. Capabiii-
ty subelass Ve
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412 —Kettle-Rock ouicrop compiex.
to very steep complex, is mostly on the side siopes of
uplands. Slopes range from 3 to 80 pereent. Elevation
ranges from 6800 to 7,700 feet. The average annual
precipitation is about 18 inches, and average annual air
temperature is about 43 degrees I,

The Kerttle zoil makes up about 60 percent of the com-
plex, Roek outerop about 20 percent, and other seoils about
20 percent.

Included with this complex in mapping are areas of
Pevton-Pring complex, 38 to 15 percent slopes: Elbeth
sandy leam, 8 to 15 percent siopes; and Elbeth-Pring com-
viex, 5 to 50 percent slopes.

The Kettle soil is deep and well drained. It formed in
sandy arkosic deposits, mostly on the lower siopes of the
complex. Slope i3 commoniy less than 20 percent. Typi-
cully, the surface layer is gray, medium acid or slightly
acid gravelly loamy sand about 3 inches thick. The sub-
surface layer is light gray, medium acid gravelly leamy
sund zbout id inches thick. The subsoil is very pale
brown, medium acid or slightly acid gravelly sandy loam
about 24 inches thick. It consists of loamy coarse sand
that has thin bands of coarse sandy loam or sandy clay
loam. The substratum to a depth of 60 inches or more is
Hgnt vellowish brown extremely gravelly loamy sand.

Permeability of the Kettle soil is rapid. Effective root-
ing rdepth is more than 60 inches. Availabie water cavaci-
iy iz low to moderate. Surfazce runoff is medium to rapid.
and the hazard of erosion ig slight o high. Soil slippage
and deep guilies are common.

Rock outerop s mostly in the form of vertical cliffs
Large stones are common on the lower slopes of this com-
plex.

This gently rolling

This complex is suited toc the production of ponderosu
pine. [t is eapabpie of produeing 2.244) cubie feet, or 4201
poard feet (International rule) of mercnantable timber
per aere from o fully stocked. even-aped scand of SG-year-
old trees. The main limitation of this complex for this use
is the presence o Rock outerop and the mocderate hazard
of erpsion on the Kettie s0il. Measures must be tuken to
minimize eresion when harvesting rimber. especlally on
the steeper siopes. The low toc moderate available water
eapacity alsc  influences seedling  survival, espeeclaliy
where understory planis are plentiful

This comnplex has good potential for proaucing hubital
for mule deer, tres sguirrels. cottontail and wild turkey.
Thege animais obtain thewr food and sheiter rom pine
trees. shrubs. and zround cover, wnich provide browse,
forps, fruit. and seeds. The presence o7 porwierosa pine
and Gambel oak shouid enecourage wild turkey popula-
tions; however, where water is not naturally present, wii-
dlife watering facilities must be provided e attraet ana
maintain wiid turkey and other wildlife specia
orazing management is vital on this soil
tlons are Lo De maintained.

The moderate to verv steen slopes fimit tne potenting of
this complex for homesites. Special practices must be pro-
vided to minimize surface runoff and thus keepn erosion
a2 minimum. Speecial site or buiiding rdesigns are required

Livestoek
‘o popula-

weiledl

because of the sicpe. Deap suts, to provide sssentially
level building sites. The imication o
iarge stones on the soil surface can he overcome througn
the use of heavy =quinment when preparing building
sites. Access roads must be designed Lo provide tdeouais
eur-siape grade, and Araing must oe used Lo control sar-
face runoff and thus keep soil losses to 4 minimum. Dean
cuts along the uphill side of the roads con axpose
bedrock. Capabiiity subcinss Ve,

wUn 2Xpose bedluck
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93__Tomah-Crowfoot loamy sands, 8 fo 15 percent
siopes. These moderately sloping to strongiy sloping soils
are on zlluvial fans, hills, and ridges in the uplands.
Elevation ranges from about 7,200 to 7,600 feet. The
average annual preeipitation is about 17 inches, the
average annual air temperature is about 42 degrees F,
and the average frost-free period is about 120 days.

The Tomah soil makes up about 50 percent of the com-
plex, the Crowfoot soil about 20 percent, and other soils
about 20 percent. '

Ineluded with these soils in mapping are areas of El-
beth sandy loam, 8 to 15 percent slopes; Peyton-Pring
compiex, 8 to 15 percent slopes; and Kettle gravelly
loamy sand, 8 to 40 percent slopes.

The Tomah soil is deep and well drained. It formed in
alluvium or residuum derived from arkose beds. Typicaily,
the surface layer is dark grayish brown ioamy sand about
10 ineches thick. The subsurface layer is very pale brown
coarse sand about 12 inches thick. The subseil, about 26
inches thick, consists of a matrix of very pale brown
coarse sandy clay loam. The subsiratum is very pale
brown coarse sand to a depth of 60 inches or more.

Permeability of the Tomah soil is moderately rapid. E£-
fective rooting depth is 60 inches or more. Availabie
water eapacity is moderate. Surface runoff is medium,
and the hazard of ercsion is moderate. Some gullies are
present in some drainageways and along stock trails.

The Crowfoot s0il is deep and well drained. It formed
in sediment weathered from arkosic sandstone. Typically,
the surface layer is grayish brown loamy sand about 12
inches thick. The subsurface layer is very pale brown
sand about 11 inches thick. The subsoil is light yeilowish
brown sandy ciay ivam about 13 inches thiek. The sup-
stratum is very pale brown coarse sand to a depth of
about 68 inches.

Permeability of the Crowfoot soil is modersie. Effec-
tive rooting depth is 60 inches or more. Avaiiable water
capacity is moderate. Surface runoff is medium, and the
hazard of erosion is moderate. Some gullies are present in
some drainageways and along stoek trails. )

The soils in this compiex are used as rangeland, for
recreation and wildlife habitat, and as homesites.

Native vegetation is mainly mountain muh}y, biuestem,
mountain brome, needleandthread, and blue grama These
soils are subject to invasion by Kentucky blusgrass ancd
Gambel oak. Noticeable forbs are hairy goldenrod, gerani-
um, milkvetch, low larkspur, fringed sage, and buckwheat.

Proper loestion of livestock watering facilities heips to
control grazing. Timely deferment of grazing is needed to
protect the pilant cover.

Windbrealks and environmental plantings are fairiy weill
suited to these soils. Blowing sand and moderate avaiiabie
water capacity are the main limitations for the estabiish-
ment of trees and shrubs. The soils are so loose thas trees
need to be pianted in shallow furrows and plan: cover
needs to be maintained between the rows. Supplemental
irrigation may be needed to insure survival. Trees that
are best suited and have good survival are Rocky Mourn-
tzin juniper, eastern redcedar, ponderosa pine, and Siberi-
an elm. Shrubs that are best suifed are skunkbush sumac,
iillac, and Siberian peashrub.

These soiis are best suited to habitat for openland wil-
dlife species, such as pronghorn antelope and sharp-taiied
grouse. Although sharp-tailed grouse are not pientiful.
they could be encouraged on these soils, especialir whnere
brush species are interspersed with grasses and forps. I
these soils are used as rangeland, wildlife production carn
be increased by managing livestock grazing itc preciude
overuse of the more desirable grass speecies and devietion
of the various brush species. '

The main limitations for urban uses are frosi-action
potential and slope on the Crowfoot soil and siope on the
Tomah soil Buildings and roads must be designed to
overcome these limitations. Aecess roads must have
adequate cui-siope grade and be provided with drains io
control surface runoff. Maintaining the existing vege
tion on building sites during eonstiruction heips to control
erasion. Capability subelass Vie. ﬁ
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Artificial ¥ili of Quaternary Age:
Man-made fill.

Recent Alluvium of Quaternary Age:
Recent stream deposits.

Alluvium of Palmer Divide of Quaternary to Tertiary Age:

Silty, gravelly sands.

Dawson Formation of Tertiary o Cretaceous Age:
Arkosic sandstone, siltstone and claysione.

rockfali source area

rockfall runout zone

unstabie slope

potentialty unstable slopes

downsiope creep areas

area of ponded water
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SPECIAL FLOOD HAZARD AREAS INUNDATED

BY 100-YEAR FLOOD

ZONE &
ZONE AE
ZONE AH

ZONE AT

ZONE A%%

ZONE V

ZONE VE

No base flood elevations determined.

Flood deptis of 1 to 3 feet {usually aness
of ponding); Dbase flood elevations
determined.

Flood depths of 1 to 3 feet (usualty shee
flow on sioping terrain); average depths
determined. For areas of allinvial fan flooding,

To be protectad from 100-yesr flood by
Federa! fiood protection system under
construction; no base slevations detemnined,

Coastal fiood with velocity hazard (wawe
action); no base fiood elevations determined.

Coastai flood with velocity hazard (wmve
action); base flood elevations determinec.

FLOODWAY AREAS IN ZONEZ AE
OTHER FLOOD AREAS

ZONE X

Areas of 500-year flood; areas of T0(-year
fiood with average depths of less than
1 foot or with drainage areas less them
1 square mile; and areas protectad by
lvees from 100-—year fioog.

OTHER AREAS

ZONE X

ZONE T

Areas determined © be outside 500-year
floadplain.

Areaz  in which fiood hazards  are
undetermined,
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APPENDIX: Site Photographs
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Looking east at
ponded area.

Looking south at
rockfall areas in
northwest
portion of site.
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From north-
central portion
of site, looking
south.
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From north-
central portion
of site looking
south.




From northeast
portion of site,
looking
southeast.
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From southeast
portion of site,
looking north.




From east-
central portion
of site looking
southeast.
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From east-
central portion
of site, looking
northeast.




From north-
central portion
of site, looking
west.

From south-
central portion
of site looking
west.
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