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Introduction

This Land Suitability Analysis Report (LSAR) has been prepared for Filing 20 of The Meadows, part of the
Meadows Preliminary PD Site Plan - The Meadows Fourth Amendment. The property comprises 298
acres of the approximately 4,200 acres of The Meadows property and is planned for 2,822 residential units.
The site is located within the Town's Primary Urban Service Area within The Meadows Prafiminary PD Site
Plan (Source: Town of Castle Rock; 2010 Comprehensive Master Plan). This analysis explores the
property’s opportunities and constraints for development by analyzing the siope of the topography, existing
vegetation, wildlife, existing man-made improvements, and other unique natural features found on the site.
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Location

This site is located in the Southeastern Quarter of Section 28, a part of Section 33, and the Northwestern
Quarter of Section 34 of Township 7 South, Range 67 West of the 6% Principal Meridian, Town of Castle
Rock, Douglas County, Colorado. The property is generally located west of Interstate 25, South of
Meadows Boulevard, North of Meadows Parkway and East of Meadows Fifing 1.
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Methodology

This LSAR has been compiled utilizing a number of existing reports and maps, supplementad by on-site
review of existing conditions.. Based on this information, Composite Analysis Maps were created to iflustrate
the site’s opportunities and constraints. The Composite Analysis Maps are included in Appendix A of this

document.

Sources of information researched in the development of this LSAR include:

» AG Wassenaar, Inc; Preliminary Geotechnical Study, October 7, 2003.

» Town of Castle Rock; 2010 Comprehensive Master Plan, January 1991.

= Town of Castle Rock; Parks, Recreation, Trails and Open Space Master Plan Update, December
2002.

» Town of Castle Rock, 2020 Comprehensive Master Plan - Adopted November 25, 2002,

» U.S. Department of Agriculture, Scil Conservation Service; Soil Survey of Castle Rock Area,
Colorade, November 1974,

» ACI Consulting, The Meadows Town Center Vegetation Assessment / Wildlife Corridor and Habitat
lssues, October 13, 2003.

Natural Features and Cultural Resources.

The Composite Analysis Maps identify a number of natural features and cultural resources including views,
drainages, and trail linkages. Natural features have been preserved to the greatest extent possible as
amenities to the proposed development.

Views abound on the site, the most dramatic of which are to the west, providing vistas of the mountains and
sweeping plains of Front Range. The proposed development will address the preservation of ridgelines and
views in accordance with the Town of Castle Rock Ridgeline Ordinance. The ordinance identifies red,
yellow, and biue zones, which define allowable development patterns along affected ridgelines. Only the
blue zone (minor skyline area) exists within the Filing 20 area. Any development occurring in this zone will
be responsive to height and aesthetic requirements imposed by the Ridgeline Ordinance.

Slope Analysis

The site consists of rangeland, which generally drains from the south west to the north east eventually
arriving at the East Plum Creek. A ridgeline defines the westem boundary of the property and the majority
of this area will be dedicated as open space. Two drainages cross the site from south to north. The eastem
most drainage is located within the 100-year floodplain and will not be preserved in its existing condition.
The western most drainage area will be preserved generally in its existing location and will be dedicated as

open space.

The slope analysis was prepared using 2' contour intervals with categories of 0-8%, 8-12%,12-15%, 15-25%
and 25% and greater. Elevations range from a low point of 6,080 at the eastern portion of the site to 6,200’
at the westemn portion of the site.
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Vegetation / Wildlife

Vegetation
Filing 20 is located entirely in open grassland with the exception of a few trees located along Meadows
Boulevard. The site has historically been used for cattle grazing.

Wildlife

There is no connectivity of Filing 20 fo viable wildlife habitat and/or viable wildlife movement corridors.
Given this lack of connectivity to wildlife habitat and / or wildlife corridors and the designation of open space
(a drainage corridor that bisects the site from south to north), the propased development in of Filing 20 will
not result in a significant impact to the integrity of wildlife habitat or wildlife movement corridors within the
Meadows Property. (Source: “The Meadows Town Center Vegetation Assessment / Wildlife Corridor and
Habitat Issues” by ACI Consuiting)

Geology / Soils

Geology

According to the Prefiminary Geotechnical Report Study (Appendix B), the sub-surface materials
encountered in the test borings consisted of slightly sandy to very sandy clays, interlayed very sandy clay
and very clayey sand, and silty to clayey sands overlying sedimentary bedrock. Claystone or sandstone
bedrack was encountered at depths of 3 to 19 feet in 36 of the 38 borings. Slightly sandy to very sandy clay
was found in 35 of the 38 borings. These soils exhibited low to very high swell when tested and was
assessed to possess a moderate to very high expansion material. Interlayed very sandy clay and very
clayey sand was encountered in three of the test borings across the site. These soils exhibited low to high
swell when tested and is considered to possess low to moderate expansion potential. Silty to clayey sand
was encountered in 13 of the 38 test borings. These soils exhibited low consolidation when tested and are
considered to possess no to low expansion potential. Claystene bedrock was encountered in 29 of the 38
borings. The claystone exhibited low to very high swell when tested and is considered to possess a
moderate to high expansion potential. All of these conditions are considered common at the Meadows and
for this region of Colorado and can be mitigated as prescribed in the included report. (Source: “Preliminary
Geotechnical Study / the Meadows Town Center / Meadows Boulevard and Meadows Parkway” by AG
Wassenaar, Inc.)

Soils

In general, the soils found in locations of proposed development are suitable to support the type of use
proposed in the given locations. The soil or subsurface properties encountered during test borings of the
site consisted of slightly sandy to very sandy clays, interlayered very sandy clay and very clayey sand, and
silty to clayey sands overlaying sedimentary bedrack. Because of expansive clays and claystone bedrock,
encountered across the site; drainage, future irrigation controls, proper fill placement, foundation design and
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construction technigues common to the area can prohibit this being a problem. (Source: “Preliminary
Geotechnical Study / The Meadows Town Center, Meadows Boulevard, and Meadows Parkway” Filing 20
by A.G. Wassenaar, Inc.).

Opportunities and Constraints / Conclusion

The development of this property, as designed, will not significantly impact wildlife, vegetation and natural
features. Constraints to development identified by this report are minor, and can be mitigated through
appropriate techniques as discussed above.

This Land Suitabifity Analysis Report determines that this site is suitable for development as proposed by
Filing 20 Preliminary Plat.
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Introduction

This Land Suitability Analysis Report (LSAR) has been prepared for Filing 20 of The Meadows, part of the
Meadows Preliminary PD Site Plan - The Meadows Fourth Amendment. The property comprises 298
acres of the approximately 4,200 acres of The Meadows property and is planned for 2,822 residential units.
The site is located within the Town’s Primary Urban Service Area within The Meadows Preliminary PD Site
Plan {Source: Town of Castle Rock; 2010 Comprehensive Master Plan). This analysis explores the
property’s opportunities and constraints for development by analyzing the slope of the topography, existing
vegetation, wildlife, existing man-made improvements, and other unigue natural features found on the site.
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Location

This site is located in the Southeastern Quarter of Section 28, a part of Section 33, and the Northwestemn
Quarter of Section 34 of Township 7 South, Range 67 West of the 6 Principal Meridian, Town of Castle
Rock, Douglas County, Colorado. The property is generally located west of Interstate 25, South of
Meadows Boulevard, North of Meadows Parkway and East of Meadows Filing 16.
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Methodology

This LSAR has been compiled utilizing a number of existing reports and maps, supplemented by on-site
review of existing conditions.. Based on this information, Composite Analysis Maps were created to illustrate
the site's opportunities and constraints. The Gomposite Analysis Maps are included in Appendix A of this
document.

Sources of information researched in the development of this LSAR include:

¢ AG Wassenaar, Inc; Preliminary Geotechnical Study, October 7, 2003.

» Town of Castle Rock; 2010 Comprehensive Master Plan, January 1991.

e Town of Castle Rock; Parks, Recreation, Trails and Open Space Master Plan Update, December
2002.

» Town of Castle Rock, 2020 Comprehensive Master Plan - Adopted Novermber 25, 2002.

= U.S. Department of Agriculture, Soil Conservation Service; Soil Survey of Castle Rock Area,
Colorado, November 1974,

* ACI Consulting, The Meadows Town Center Vegetation Assessment / Wildlife Corridor and Habitat
Issues, October 13, 2003.

Natural Features and Cultural Resources.

The Composite Analysis Maps identify a number of natural features and cultural resources including views,
drainages, and trail linkages. Natural features have been preserved to the greatest extent possible as
amenities to the proposed development.

Views abound on the site, the most dramatic of which are to the west, providing vistas of the mountains and
sweeping plains of Front Range. The proposed development will address the preservation of ridgeiines and
views in accordance with the Town of Castle Rock Ridgeline Ordinance. The ordinance identifies red,
yellow, and blue zones, which define allowable development pattems along affected ridgelines. Only the
blue zone {minor skyline area) exists within the Filing 20 area. Any development occurring in this zone will
be responsive to height and aesthetic requirements imposed by the Ridgeline Ordinance.

Slope Analysis

The site consists of rangeland, which generally drains from the south west to the north east eventually
arriving at the East Plum Creek. A ridgeline defines the western boundary of the property and the majority
of this area will be dedicated as open space. Two drainages cross the site from south to north. The eastern
most drainage is located within the 100-year floodplain and will not be preserved in its existing condition.
The western most drainage area will be preserved generally in its existing location and will be dedicated as

open space.

The slope analysis was prepared using 2' contour intervals with categories of 0-8%, 8-12%,12-15%, 15-25%
and 25% and greater. Elevations range from a low point of 6,080 at the eastern portion of the site to 6,200'
at the western portion of the site.
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Vegetation / Wildlife

Vegetation
Filing 20 is located entirely in oper: grassland with the exception of a few trees located along Meadows
Boulevard. The site has historically been used for cattle grazing.

wildlife

There is no connectivity of Filing 20 to viable wildlife habitat and/or viable wildlife movement corridors.
Given this lack of connectivity to wildlife habitat and / or wildlife corridors and the designation of open space
(a drainage corridor that bisects the site from south to north), the proposed development in of Filing 20 will
not result in a significant impact to the integrity of wildlife habitat or wildlife movement corridors within the
Meadows Property. {Source: “The Meadows Town Center Vegetation Assessment/ Wildlife Corridor and
Habitat Issues” by ACI Consulting}

Geology / Soils

Geology

According to the Preliminary Geotechnical Report Study (Appendix B), the sub-surface materials
encountered in the test borings consisted of slighty sandy to very sandy clays, interlayed very sandy clay
and very clayey sand, and silly to clayey sands overlying sedimentary bedrock. Claystone or sandstone
bedrack was encountered at depths of 3 to 19 feet in 36 of the 38 borings. Slightly sandy to very sandy clay
was found in 35 of the 38 borings. These soils exhibited low to very high swell when tested and was
assessed to possess a moderate to very high expansion material. Interlayed very sandy clay and very
clayey sand was encountered in three of the test borings across the site. These soils exhibited low to high
swell when lested and is considered to possess low to moderate expansion potential. Silty to clayey sand
was encountered in 13 of the 38 test borings. These soils exhibited low consolidation when tested and are
considered to possess no to low expansion potential. Claystone bedrock was encountered in 29 of the 38
borings. The claystone exhibited low to very high swell when tested and is considered to possess a
moderate to high expansion potential. All of these conditions are considered common at the Meadows and
for this region of Colorado and can be mitigated as prescribed in the included report. (Source: “Preliminary
Geotechnical Study / the Meadows Town Center / Meadows Boulevard and Meadows Parkway” by AG
Wassenaar, Inc.)

Soils

In general, the soils found in locations of proposed development are suitable to support the type of use
proposed in the given locations. The soil or subsurface properties encountered during test borings of the
site consisted of slightly sandy to very sandy clays, interlayered very sandy clay and very clayey sand, and
silty to clayey sands overlaying sedimentary bedrock. Because of expansive clays and claystone bedrock,
encountered across the site; drainage, future irrigation controls, proper fill placement, foundation design and
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construction technigues common to the area can prohibit this being a problem. (Source: “Preliminary
Geotechnical Study / The Meadows Town Center, Meadows Boulevard, and Meadows Parkway” Filing 20

by A.G. Wassenaar, Inc.).

Opportunities and Constraints / Conclusion

The devefopment of this property, as designed, will not significantly impact wildlife, vegetation and natural
features. Constraints to development identified by this report are minor, and can be mitigated through
appropriate techniques as discussed above.

This Land Suitabifity Analysis Report determines that this site is suitable for development as proposed by
Filing 20 Prefiminary Plat.
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October 7, 2003

Castle Rock Development Company
3033 East First Avenue, Suite 410
Denver, Colorado 80206

Attention:  Mr. Tim Amberry

Subject: Preliminary Geotechnical Study
The Meadows Town Center
Meadows Boulevard and Meadows Parkway
Castle Rock, Colorado
Project Number 72607

Gentlemen;

We have conducted a preliminary geotechnical study for the proposed commercial/residential
development at the subject site. Qur summary of the data collected during our field and laboratory
work and our analysis, opinions, and conclusions are presented in the attached report. The purpose
of our study is to provide geotechnical design criteria for planning and site development, and
preliminary design concepts for foundation systems, interior floor support, and drainage for the

proposed development. Preliminary pavement thickness recommendations are also included.

In general, the subsurface materials encountered consist of slightly sandy to very sandy clay,
interlayered very sandy clay and very clayey sand, and silty to clayey sand overlying sedimentary
bedrock. Claystone and/or sandstone bedrock was encountered at depths of three (3) to 19 feet
below the ground surface in 36 of the 38 test borings. Ground water was encountered in five (5)

of the 38 test borings at depths ranging from 15 to 29 feet during this study.



Castle Rock Development Company
Project Number 72607

October 7, 2003

Page 2

Site development considerations should include provisions related to the presence of expansive

clays and bedrock.

Based upon the results of this preliminary study, we expect that the structures at the site will be
founded on straight shaft piers drilled into either competent bedrock or into clay soils; footings or
footing pads placed upon non to low expansive soils, properly constructed fills or sandstone

bedrock; or post-tensioned slab foundations constructed upon fills. Preliminary foundation design

concepts are given in the report.

Slabs-on-grade will require some special consideration because of the swelling potential of the
clay. Where the structures are founded upon straight shaft piers, structurally supported floors or
slabs constructed upon thick buffer zones of non-expansive soils can be anticipated. Where

footings are constructed, slabs-on-grade may be appropriate.
Perimeter subdrains will be necessary for all below grade areas.

Sulfate test results indicate that concrete placed across the site may be designed for negligible

sulfate conditions,.

Preliminary pavement sections are given in the following report. Overexcavation and placement
of moisture treated fill in the streets during site grading may be advantageous in some areas prior

to pavement construction.

Additional recommendations are presented in the following report.
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Project Number 72607
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If you have any questions regarding the contents of this report or our analyses of the subsurface
conditions which will influence the proposed development, please call us. We have appreciated the

opportunity to provide this service for you.

Sincerely,

A.G. WASSENAAR, INC..

Keith D. Seaton, P. E.- ,/a/g/dj -
Project Engineer S

it /. o
bjnald L. Taylor, (Jr.,@

Vice President

KDS/DLT/lia
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Preliminary Geotechnical Study
The Meadows Town Center
Meadows Boulevard and Meadows Parkway
Castle Rock, Colorado
October 7, 2003

PURPOSE

This report presents results of a geotechnical study for a proposed development located in the
eastern portion of The Meadows development in Castle Rock, Colorado. This study was conducted
for the purpose of generating geotechnical data to assist in determining geotechnical design criteria
for planning, site evaluation, and development considerations, Preliminary geotechnical design
conceptsare also presented for foundations, interior floor support, drainage, and street construction,
Factual data gathered during the field and laboratory work is summarized on Figures 1 through 44
and Table [ attached. Our opinions and recommendations presented in this report are based on the
data generated during this field exploration, associated laboratory testing, our experience with

similar type projects, and our understanding of the proposed project.

This report was not intended to provide design criteria for individual structure foundations or street
construction. Additional geotechnical studies will be required to develop these types of final design

criteria and construction recommendations.

PROPOSED CONSTRUCTION

We understand the proposed development will consist of a mixture of multi-family residential and

commercial structures. No specific details of construction are available at this time. Grading plans



are 1n the preliminary stages of development. Discussion with the site Civil Engineer indicates that
the existing topography will be significantly changed by the development. Grading cuts and fills
of 20 to 25 feet were noted on a preliminary grading plan. Additionally, it is our understanding that
a significant amount of fill is to be imported to the site from adjacent parcels. One of the drainages

crossing the site is to be channelized. The other drainage will be filled.

SITE CONDITIONS

The site consists of portions of Sections 28, 33. and 34, Township 7 South, Range 67 West, located
to the west of the intersection of Meadows Boulevard and Meadows Parkway in Castle Rock,
Colorado (see Figure 1). The site consists of range land which drains generally towards the north
to East Plum Creek. The site is mainly rolling hills to the west with more level areas to the east.
The site is covered by brush and rangeland grasses with some pine and scrub oak. Two major
ephemeral drainages cross the site from south to north. A total elevation difference of
approximately 210 feet was noted across the site based upon the USGS Topographic Map of the
area. The site is bounded on the north, east, and south by Meadows Boulevard, and on the west by

undeveloped land.

FIELD EXPL ORATIONS

Subsurface conditions were explored by drilling thirty eight (38) test borings at the approximate
locations indicated on Figure 2. The boring locations were staked in the field by others at locations
chosen by this firm. The locations were surveyed for elevation. The borings were then drilled to
depths ranging from 20 to 30 feet. The borings were advanced using a 4-inch diameter, continuous

flight auger powered by a truck-mounted, CME 45 or 55 drilling rig. At frequent intervals, samples



of the subsurface materials were taken using a Modified California sampler which is driven info the
soil by dropping a 140-pound hammer through a free fall of 30 inches. The Modified California
sampler is a 2.5-inch outside diameter by 2-inch inside diameter device. The number of blows
required for the sampler to penetrate 12 inches gives an indication of the consistency or relative
density of the soils encountered. Results of the penetration tests and location of sampling are
presented on the "Logs of Exploratory Borings," Figures 3 through 9. In addition to sampling and
logging each boring for material types, ground water measurements were made at the time of

drilling and again 14 to 19 days after drilling.

LABORATORY TESTING

Samples were returned to the laboratory where they were visually classified by a geotechnical
engineer. Testing was then assigned to specific samples to evaluate their engineering properties.
The laboratory tests included fifty (50) settlement-swell tests to evaluate the effect of wetting and
loading on the selected soils samples. The results of the settlement-swell tests are presented on
Figures 10 through 34. Nineteen (19) gradation analysis tests and Atterberg limits tests were
conducted to evaluate grain size distribution and plasticity. These results are presented on Figures
35 through 44. In addition, representative samples were tested for water soluble sulfates, pH,
resistivity, and chlorides. These results are discussed under the heading "Site Concrete and

Corrosivity". The test results are summarized on Figures 3 through 9 and Table 1.

SUBSURFACE CONDITIONS

The subsurface materials encountered in our test borings consisted of slightly sandy to very sandy

clays, interlayered very sandy clay and very clayey sand, and silty to clayey sands overlying

Lo



sedimentary bedrock. Claystone or sandstone bedrock was encountered at depths of three (3) to 19
feetin 36 of the 38 borings. Ground water was encountered in only Test Boring 4 at a depth of 29
feet at the time of drilling. When checked 14 to 19 days after drilling, ground water was found in
five (5) of the borings at depths ranging from 15 to 27% feet. A graphical depiction of the
subsurface materials and ground water encountered is shown on Figures 3 through 9. Plans

showing our estimation of the depth and elevation of the bedrock surface are shown on Fi gures 45

and 46.

Slightly sandy to very sandy clay was found in 35 of the 38 borings. This material was medium stiff
to very stiff, silty with sand lenses, calcareous, slightly moist to moist and brown in color. It
cxhibited in-situ dry densities ranging from 86 to 118 pounds per cubic foot at in-situ moistures
ranging from 7 to 26 percent. The samples tested were of moderate to high plasticity. These soils
exhibited low to very high swell (+0.4% to +11.5%) upon wetting and under a oad of 1,000 pounds

per square foot. This soil is assessed to possess a moderate to very high expansion potential.

Interlayered very sandy clay and very clayey sand was encountered in three of the test borings.
These materials were silty with scattered small gravel, stiffto very stiff, slightly moist to moist, and
brown in color. The samples tested exhibited low to moderate plasticity. The samples tested
exhibited low to high swell (+1.2% to +4.2%) when wetted under a 1,000 psf surcharge load. The

material is considered to possess low to moderate expansion potential depending upon sand content

and plasticity.



Silty to clayey sand was encountered in 13 of the 38 test borings. It was loose to densc, slightly
moist and light brown to gray in color. The material contained some clay lenses and/or gravel. The
samples tested were either non-plastic or of low plasticity. The sample tested exhibited low
consolidation (-2.0%) when wetted under a 1,000 psf surcharge load. The sands are considered

to possess no to low expansion potential.

Claystone bedrock was encountered in 29 of the 38 borings. It was silty and sandy in part, with
some sandstone lenses. It was weathered to very hard, moist, iron stained and olive to brown to
gray incolor. The material tested exhibited moderate to high plasticity. The claystone exhibited low
to very high swell (+0.8% to +6.8%) upon wetting and under a loading of 1,000 pounds per square
foot. One sample which was determined to be disturbed consolidated 3.5% when wetted under a
1,000 pstf surcharge load. The claystone is considered to possess a moderate to high expansion

potential.

Sandstone bedrock was encountered in 17 of the 38 borings across the site. The sandstone
encountered was silty or clean to clayey, with occasional claystone lenses. Tt was weakly cemented,
weathered to very hard, moist, and gray to brown in color. The clean to silty sandstone was of no
to low plasticity; however, the clayey sandstone was of moderate to high plasticity. The samples
of the sandstone tested exhibited low swell (+0.4%) when wetted under a 1,000 psf surcharge load.

The sandstone is largely considered to possess no to low expansion potential.



GEOTECHNICAL CONCERNS

Expansive clays and claystone bedrock were encountered across the site. The clays exhibited low
to very high swell when tested and exhibited an average swell of 4.7% across the site. The
claystone exhibited low to high swell when tested and exhibited an average swell of 2.6% across
the site. However the claystone is assessed as possessing a moderate to high expansion potential.
In our opinion, the expansive properties of the soil and bedrock may be reduced across some
portions of the site with proper fill placement, drainage, future irrigation controls, and with the use
of proper foundation design and construction techniques common to the area. Consideration should
be made to perform mitigation of soil/bedrock expansion in the form of overexcavation and
placement of moisture treated fill across the residential portion of the site during site grading. For
the commercial portions of the site, it may be more appropriate to perform this type of operation
on a structure by structure basis. However, mitigation of these materials should be considered

beneath the roadways across the site. We are available to discuss this with yOu,

SITE DEVELOPMENT

Overlot Grading

The fill materials to be used at the site will be from on-site cut areas and from off-site sources. In
general, suitable inorganic on-site or off-site soils may be used for structural fill. Any topsoil, or
soil containing vegetation or other deleterious material, should also be removed prior to placement
of structural fill. Any materials that have been chemically contaminated should be removed from
the site for proper disposal. Off-site material considered for structural fill should be evaluated by

our office prior to hauling to the site.



Construction of the fill embankments throughout the site will consist of proper foundation

preparation, constructing embankiment benching where necessary, disposition of strippings, proper

{ill placement and compaction, and designing and vegetating slopes in accordance with the analysis

performed and the applicable governing regulations. Following are general site grading

recommendations:

b

(]

It is recommended that we be called to observe and test the fill placement so that a
uniform, compacted fill will be placed.

Based upon the subsurface information contained in this report, and our assumption
that the near surface soils will be used as fill, we have provided general specifications
for the project in the Appendix.

All vegetation, topsoil, or soft surface soils beneath planned fill areas should be
thoroughly stripped and removed prior to fill placement. These soils should be
removed from the site or stockpiled for future use in revegetating exposed slopes. In
no case should these materials be used in the structural areas or where the stability of
slopes will be affected by their low shear strength. If these materials are used in non-
structural areas, they should only be placed in fills where the embankment section
does not exceed five feet in height.

The drainages should be specifically observed by a geotechnical engineer prior to fill
placement. Areas of potential slope instability should be identified. Any areas
identified should be laid back or removed to the underlying undisturbed natural soils.
This 1s more fully discussed in the following section entitled "Slopes".

If' soft, rutting soils become a problem in the drainages, stabilization with rockfill may

be necessary. Stabilization prior to fill placement may be accomplished by placing



6-inch minus pit-run, crushed rock or equivalent material, which should be evaluated
by our office prior to use. The material should be placed in approximately etght-inch
loose lifts and rolled into the underlying soft or loose soils with a rubber-tired, fully
loaded front-end loader or similar equipment. This procedure should be observed by
a representative of our firm and should continue until a front-end loader with loaded
bucket or similar equipment can be supported on the rock fill with no significant
deformation. Insome instances, a geogrid or geotextile fabric may be economical for
use in conjunction with rock stabilization.

Where natural slopes exceed an existing slope of 5:1 (horizontal to vertical}, benching
of the slope before fill placement will be required for structural integrity. Prior to
placing fill sections in these areas, the natural slopes should be benched as showsn on
Figure 47. This would not be required in the incised drainages where the fill would
abut an opposing drainage sidewall which is within about 50 feet of the sidewall
being filled. More information concemning the filling of slopes 1s included in the
section of this report entitled, "Slopes".

The existing drainages will tend to collect subsurface water after fill has been placed.
This may cause an increase in pore water pressure in the fill that may make the fill
either unstable or prone to settlement. In order to help prevent this situation, we
recommend that the existing drainages which are filled with more than 15 feet of fill
be drained. A blanket or “burrito” drain should be constructed along the flow line of

the drainages to a daylight. A typical drain figure is shown on Figure 48,



10.

1.

After the foundation has been properly prepared, the natural foundation soils should
be scarified to a minimum depth of 6 inches, brought to the proper moisture content
and then compacted according to the Appendix.

The compaction and moisture control of the soils will be dependent upon material
types. The specifications outlined in the Appendix are based upon providing a fill
with sufficient shear strength to support structures and controlling residual swell of
expansive soil used in fill sections. It will be necessary to provide additional
compactive effort in order to reduce settlement of the decper fills. This is necessary
for fill more than 20 feet below the ground surface. These specifications are also
provided in the Appendix.

Particular attention should be paid to compaction of the exterior faces of slopes (i.e.,
slopes should be compacted to the minimum specification to the surface of the fill
embankment).

Other specifications outlined in the Appendix of this report should be followed.

Overexcavation and Placement of Moisture Treated Fil

An option to reduce the amount of swell of the expansive clays and claystone would be to remove

themn from beneath the foundation and pavement areas and then to replace them as a moisture

treated fill. This procedure generally results in a fill that is either able to support footing type

foundations or reduces the swell of the materials sufficiently to allow the construction of minimum

per lengths. This procedure involves excavating to a depth below the foundations and pavements

as determined by the amount of potential swell. The excavated soil is then wetted to above the

optimum moisture content and then compacted into the excavations.



The following recommendations should be followed during grading operations in order to enable

the placement of a2 moisture treated fill that could be used for foundation support. This may also

be required in the street subgrade and would be most efficiently performed during site grading.

These recommendations may be modified during construction if soil conditions differing froni those

anticipated are encountered.

1.

The existing soils should be excavated to a depth of at least ten feet below the bottom
of the lowest foundation level on each site (approximately 13 to 14 feet below overlot
final grade for crawl space or post-tensioned slab type structures; 17 to 18 feet for the
basement structures), or to a level where the soils become soft or unstaﬁle under
wheeled excavation loads or to a significant layer of sand or sandstone. For street
right-of-way, overexcavation should be accomplished to a depth of at least three feet
below the pavement subgrade elevation. Overexcavation is most effectively
accomplished by mass excavation rather than by excavating individual foundations.
The base of the excavation should extend to a width of at least five feet beyond the
foundation footprint (including any counterforts). The excavation should be sloped
following current OSHA regulations. A licensed surveyor must verify the depth and
width of the excavation prior to any fill placement.

Once the excavation width and depth has been verified, fill placement may begin.
The bottom of the excavation should be scarified and moistened prior to fill
placement. The fill, consisting of the overexcavated materials, should be placed in
maximum eight-inch, loose lifts. The fill should be moistened and thoroughly mixed
to obtain a relatively uniform moisture content between 0 and +4% of optimum

moisture content. Mixing should be performed using a construction disc. The fill

10



should then be compacted to a minimum of 95% of maximum dry density. Optimum
moisture content and maximum dry density should be obtained from a Standard
Proctor test (ASTM D698) for cohesive soils. If granular soils are used as fill in
overexcavations, they should be compacted as outlined for traditional overlot grading.
This procedure for fill placement should also be accomplished for fill placed beneath
the structures in areas where excavation is not necessary.

3. Observation and testing of fill placement must be performed by this firm on an
essentially full-time basis. Testing should include in-place moisture content and dry
density as well as periodic swell-consolidation and unconfined compressive strength
testing performed at the discretion of the engineer.

4. Placement and compaction of fill should continue to final overlot grade. We do not
recommend that placement of fill stop at foundation elevation as drying of the near
surface fill prior to foundation construction may allow sufficient heave after
construction to distress the structure. Ifthe structures are not to be constructed within
one year of completion of the fill, additional effort will need to be taken to help
maintain the moisture within the fill. This may include the addition of more soil to
blanket the compacted fill, the placement of mechanical or chemical barriers, or

applying water periodically to the fill surface. We are available to discuss this with

you.

[t must be understood that while this method is used to reduce the likelihood of future heave, it is

not free of risk of foundation movement. While future heave is less likely, the possibility of

11



scttlement induced by excess moisture is increased. Therefore, the control and removal of surface

water al the site will continue to be very important.

Slopes

A slope stability analysis was not conducted as part of this study. Based upon preliminary site
specific observation, most of the existing slopes appear stable. Potential instabilities noted were
the result of erosion of banks along the various gullies and intermittent stream channels on the site.
Where these areas will be included in fill areas, they should be removed prior to fill placement. In
cut areas they should be entirely removed by the grading. It will be necessary for a geotechincal
engineer to filed identify these areas as grading begins. Where natural slopes exceed 5 to 1,
horizontal to vertical, benching to maintain structural integrity will be required. Construction of
conventional fill slopes should be limited to 2 to 1 or flatter. Cut slopes steeper than 2 to 1 should

be evaluated for stability.

Construction Excavations

In our opinion, the foundation and utility excavations may be constructed using conventional earth-
moving equipment for the Front Range area. The excavations in areas where bedrock is present at
or near the surface may require some additional effort , especially where cemented sandstone is
encountered. Excavations deeper than three feet should be properly sloped or braced to prevent

collapse because of caving soils. Local, city, county, state, and federal (OSHA) regulations should

be followed.
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Site Drainage

We recommend that provision be made to divert surface runoff away from foundation areas. This
may reduce potential problems associated with excess water in the foundation bearing soils. The
site should be designed such that a 10% slope can be established at the residential structures after
foundation construction. Slopes of at least 2% should then be planned in landscaped areas once the

water is away from the foundation. The commercial areas should be des; gned to shed water away

from the structural areas.

Subsurface Drainage
The ground water encountered is not anticipated to cause significant problems during development.
Blanket drains should be constructed in the existing drainages where they are to be filled more than

about 15 feet in depth as discussed previously. We should be retained to review the final site

grading plans to make this determination and to provide drain specifications.

The types of materials encountered have a relatively low permeability, and are, therefore,
susceptible to the creatjon of a perched water condition. Perched water, in conditions such as these,
forms after construction has taken place, when extensive trrigation is introduced to the property.
For this reason, we recommend an overall area drain be considered during site development,
particularly in the area of the residential structures. In addition, the overall area drain can also
provide for a discharge and collection point for individual foundation drains. Because the sanitary
sewer trench excavation is typically the deepest excavated trench area, area drains can be desi gned
and constructed with installation of the sanitary sewer system, if allowed by the governing

sanitation district. The civil engineering company contracted to design the infrastructure should be



able to provide this design. We are available to assist in drain design. For the system to work, the
area drain must be graded to a positive discharge point. Given the topography of the site, it should
be possible to lead the area drain to a gravity "daylight" outfall on the lower topographic portions
of the site. If a permanent outfall for an area drain cannot be determined, the area drain
should not be constructed. Ifan areadrainis not constructed, it would be advantageous to provide

a gravity outfall for the sewer bedding material, where feasible.

Utility Construction

Uttlity excavations will encounter sands, clays and bedrock. The overburden clay above the ground
water level may be considered a "Type B" soil, and the sands and any soil influenced by ground
water should be considered as a "Type C" soil. Final determination of the soil types must be made
by the contractor's "competent person” at the time of construction. All excavations should be sloped

or shored in the interest of safety, following local and federal (OSHA) regulations.

The bedrock, when encountered, may stand vertically unsupported, except where fractured or
inundated with water. In the interest of safety, bedrock excavations should be sloped as outlined
above. In our opinion, the utility excavations may be constructed using conventional earth-moving

equipment for the Front Range area. Difficulty may be experienced if cemented sandstone is found.

Trench backfill should be well compacted to prevent future settlement. Trenches, as a minimum,
should be compacted to the same specifications as required for overlot grading. Trenches in streets
should be compacted to City of Castle Rock specifications, Density-compaction testing must be

performed during trench backfilling,
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SITE CONCRETE AND CORROSIVITY

Testing performed on selected soil samples indicates a water soluble sulfate content ranging from
less than 50 to 200 ppm. This is considered to be a negligible concentration relative to potential
corrosive attack on concrete. Therefore, all concrete in contact with the soils on the site should be
designed for negligible sulfate exposure in accordance with the American Concrete Institute (ACDH)

Design Manual, Section 318, Chapter 4.3, 1999 Edition.

The pH testing exhibited levels of 7.0 to 8.3. Resistivity testing at in-situ moistures resulted in
levels from 454.5 to 1,548.0 Ohms/cm. Chloride test results indicated 0.0001% to 0.0017%. These
results are summarized on Table I The results of this testing should be used as an aid in choosing
the construction materials in contact with these soils and will be resistant to the various corrosive
forces. Manufacturer’s representatives should be contacted regarding the specific corrosivity
resistance to the stated levels of pH, resistivity, and chlorides for their particular product. [n

addition, local district specifications should be consulted when selecting pipe materials.

PRELIMINARY FOUNDATION DESIGN CONCEPTS

The foundation recommendations for each structure are dependent upon the subsurface profile and
engineering properties of the materials encountered at and near to the depth of the proposed
foundation. These are dependent upon the final configuration and construction methods used
during overlot grading at the site and the type of structure to be constructed. Therefore, foundation
design recommendations for each structure cannot be presented until site grading is complete. The
infermation presented in the following sections presents preliminary foundation concepts

which must be finalized for each building site upon completion of the overlot grading
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operations. We should be retained to provide an additional soil and foundation exploration after

completion of site grading to provide specific foundation design recommendations for each site.

Piers

A surtable foundation system for structures founded where claystone bedrock or moderate to hi ghly
expansive clay soils are at or near to the bottom of the final excavations would be straight shaft
piers drilled into bedrock, or into natural clays or well compacted clay fills (friction piers). The
piers drilled into bedrock will likely be designed for an end bearing press‘ure in the range of 135,000
to 30,000 pounds per square foot (psf), a minimum dead load pressure in the range of 15,000 to
20,000 psf, and a side shear in the range of 1,500 to 3,000 psf. The side shear would be applied for
that portion of the pier in undisturbed bedrock with the exception of the upper ten feet of each pier
beneath the grade beam or foundation wall. Pier lengths on the order of 20 to 30 feet with bedrock

penetration from 8 to 15 feet can be anticipated.

Friction piers may be necessary where the clays are expansive and the bedrock is deep below the
ground surface. Friction piers would likely be designed for allowable end bearing pressures of
8,000 to 12,000 psf, side shear on the order of 8% to 10% of the end bearing pressure. Construction
of friction piers would be very difficult where caving soils (sands) are encountered. This situation

would likely require casing of the piers to complete construction.

Footings
It is likely that most of the structures across the site could be supported by spread footings or pad-

type footings bearing on the natural sands, clays, and on deep, non- to low expansion potential fills.
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In areas where expansive materials are overexcavated and replaced as moisture treated fill, most
of the structures would likely be supported by footings. The footings must be founded below frost
depth. Some densification may be required for footing support in areas where loose sand is
encountered at foundation level. The footings will likely be designed for a maximum soil pressure
ranging from 1,000 to 3,000 pounds per square foot (psf). A minimum dead load pressure may be

required where clays are present.

Post-Tensioned Slab Foundation

Post-tensioned slab type foundations would be feasible across the site, if the supporting soils are
modified as moisture treated fill. These foundations are most often used for apartment buildings
in this area; however, multi-family residential structures on these foundations have proven feasible
where basements ere not planned. Our experience in the Denver are indicates that the design

parameters should fall within the following ranges:

Edge Lift e, = 2.0-3.0 feet
Ym = 0.5-1.4inches

Center Lift e, = 35.0-6.0feet
Ym = 2.0-6.8inches

Allowable Bearing Capacity 2,000 psf - 3,000 psf

Specific design recommendations are dependent upon the soil types found beneath each structure.
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Lateral Earth Pressures
Foundation walls with fill on only one side will need to be designed for lateral earth pressures. For
this site, lateral equivalent fluid pressures on the order of 45 to 60 pounds per cubic foot should be

anticipated dependent upon the type of soil used to backfill the walls.

Intenior Floor Construction

Where straight shaft piers are used for foundation support, the sites will be assessed with a moderate
to very high slab risk performance evaluation. Where footing type foundations are constructed, it
is likely that the sites will be assessed with a low or moderate slab risk performance evaluation. For
structures constructed on piers, it is likely that it will be necessary to either construct a structural
basement floor where moderate or higher risk is present or to place the interior slab upon a 'buffer’
zone of low to non-expansive fill. Where footings are constructed, we expect that most of the
interior floors could be supported by concrete slabs-on-grade if the risk of floor movement is
deemed acceptable. If the risk tolerance for slab movement is zero, structural floors should be

considered in all areas.

Drain Systems

Due to the relatively impermeable nature of the soils encountered on the site, drain systems will be
required where below grade spaces are planned. Either interior or exterior drains may be used in

dry areas. The drains must be led to a positive gravity outfall or sump.
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Backfill and Surface Drainage
Backfill should be moistened and compacted to reduce future settlement. The site grading should
consider a slope of 10% away from the foundations at the completion of construction. All other

drainage swales in landscaped areas should slope at a minimum of 2%,

PRELIMINARY STREET PAVEMENT DESIGN

Pavement design procedures are based on strength properties of the subgrade and pavement
materials, along with the assumed design traffic conditions. Subgrade materials, such as the clay
and claystone materials encountered on this site, are potentially expansive and require additional
precautions be taken to provide for adequate pavement performance. The pavement design
procedures outlined address expansive subgrade materials primarily by modifying the subgrade
materials in such a manner as to reduce the swell potential and then by attempting to minimize

subgrade wetting after construction.

Based upon our preliminary analysis, it appears the proposed pavement subgrade materials will be
the slightly sandy to very sandy clays, silty to clayey sands, and/or bedrock. These soils are

summarized below according to their AASHTO Soil Classification System and Group Index

Method.
AASHTO AASHTO
Soil Classification Group Index

Silty or Clayey Sand; Silty or Clayey A-1-b, A-2-4, A-2-6, A-2-7 0-3
Sandstone

Very Clayey Sand; Slightly Sandy to Very A-4, A-6 0-14
Sandy Clay; Sandstone, very silty

Very Clayey Sand, Sandy Clay; Claystone A-7-6 7-42
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From these soil classifications, we have estimated strength values in order to determine the
preliminary pavement thicknesses. Based on this information and utilizing thickness as determined
from the City of Castle Rock Design Nomograph, the alternatives presented below were calculated.

Pavement Alternatives for Interior Streets

A-1-b, A-2-4, A-2-6 (0), A-2-7 (3) Soils
Traffic Category HBP HBP/ABC
Local Residential 5.0"* 3.0"/76.0"*
Entry Residential 5.07* 3.0"76.0"*
Minor Collector-Residential 5.5" - 6.5" 3.5"-40"77.0"-8.5"

*Indicates City minimum

A-4, A-6 (0-14) Soils

Traffic Category HBP HBP/ABC

Local Residential 5.5"-6.5" 3.5"-4.0"/77.0" -8.5"

Entry Residential 6.0"-7.0" 3.57-4.0"/8.5" -10.0”
Minor Collector-Residential 75" -8.5" 45" -50"/710.0"-12.0"

A-7-6 (7-42) Soils

Traffic Category HBP HBP/ABC

Local Residential 6.5"-7.5" 40"-45"/85"-10.0"

Entry Residential 7.0" -8.0" 4.0"-45"/100"-11.5"
Minor Collector - Residential 8.5"-95" 50"-5.5"/12.0"-13.5"

A-1-b, A-2-4, A-2-6 (0), A-2-7 (3) Soils

Traffic Category HBP HBP/ABC
Local - Commercial 6.0" -6.5" 3.5"/785"-4.0" /8.5"
Minor Collector - Commercial 6.5"-7.0" 4.0" /85" -4.0"/10.0"
Major Collector - Commercial 7.5" - 8.0" 4.5"/710.0" -5.0"/10.0"

A-4, A-6 (0-14) Soils

Traffic Category HBP HBP/ABC
Local - Commercial 8.0 -8.5" 5.0"710.0"-5.0"/12.0"
Miner Collector - Commercial 8.5"-9.0" 5.07/712.0"-5.5"/12.0"
Major Collector - Commercial 9.5"-10.0" 5.5"/13.5"-6.0"/13.5"
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A-7-6 (7-42) Soils
Traffic Category HBP HBP/ABC
Local - Commercial 9.0"-9.5" 55" /120" -55"/13.0"
Minor Collector - Commercial 9.5 -10.0" 5.5" /130" -6.0"/13.5”
Major Collector - Commercial 10.57 - 11.0" 6.5" /135" - 65" /15.0"

11BP = Hot Bituminous Pavement ABC = Aggregate Base Course

Traffic on the roadways was assumed to be Local Residential traffic (EDLA =5), Entry Residential
traffic (EDLA = 10), Minor Collector-Residential traffic (EDLA = 30), Local Commercial (EDLA
=30), Minor Collector Commercial (EDLA = 50) or Major Collector - Commercial (EDLA =100).
A design life of 20 years is assumed. It should be emphasized that the design alternatives provided

above are preliminary. The final design thickness could be more or less than indicated.

The City of Castle Rock requires mitigation of swell for subgrade materials which swell more than
2% under a 150 psfsurcharge load when remolded to 95% of the appropriate maximum dry density.
Our experience indicates that the natural clays and claystone bedrock may swell more than this
amount. Therefore, overexcavation and replacement with non- to low expansive materials (sands,
sandstone) or chemical stabilization should be anticipated across portions of the site where the
natural clays or claystone is exposed at the street subgrade. Overexcavation and moisture treatment
of the top three (3) feet of the natural clays or claystone at the street subgrade should be considered

in order to mitigate the potential for pavement heave.

Proper surface and subsurface drainage is essential for adequate performance of pavements
constructed on these types of subgrade materials. It has been our experience that water from

landscape areas will infiltrate pavement subgrade soils and result in loss of subgrade integrity
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followed by pavement damage. Therefore, provisions should be made to maintain adequate
drainage and/or contain runoff from such areas. This is especially important since composite
pavement sections, which include base course, tend to promote further subgrade moisture
infiltration and damage. Inaddition, water and irrigation lines should be thoroughly pressure tested

for leaks prior to placement of pavement materials.

It must be reiterated that the information contained in this section is preliminary in nature.
More detailed information will be required by the City of Castle Rock prior to issuance of a
paving permit. Therefore, when overlot grading is complete at the site, a final pavement

evaluation must be performed.

FINAL DESIGN CONSULTATION AND CONSTRUCTION OBSERVATION

This report has been prepared for the exclusive use of Castle Rock Development Company for the
purpose of providing geotechnical criteria for the proposed project. The data gathered and the
conclusions and recommendations presented herein are based upon the consideration of many
factors including, but not limited to, the type of structures proposed, the configuration of the
structures, the proposed usage of the site, the configuration of surrounding structures, the geologic
setting, the materials encountered, and our understanding of the level of risk acceptableto the client,
Therefore, the conclusions and recommendations contained in this report shall not be considered

valid for use by others unless accompanied by written authorization from A. G. Wassenaar, Inc.

It is recommended that A. G. Wassenaar, Inc. be retained to provide general review of the final

design and specifications in order that the recommendations presented may be properly interpreted

22



and implemented. Our firm should also be retained to provide geotechnical engineering and
material testing services during construction of the site grading, utilities, and drainage features. The
purpose of these services is to observe the construction with respect to the geotechnical design
concepts, specifications or recommendations, and to facilitate design changes in the event that
subsurface conditions differ from those anticipated prior to start of construction. It is also
recommended that our firm be retained to perform a final pavement design for the streets in the

development and to perform a final foundation design report for each structure in the development

after site grading 1s complete.

GEOTECHNICAL RISK

The concept of risk is an important aspect of any geotechnical evaluation. The primary reason for
this is that the analytical methods used to develop geotechnical recommendations do not comprise
an exact science. The analytical tools which geotechnical engineers use are generally empirical and
must be tempered by engineering judgment and experience. Therefore, the solutions or
recommendations presented in any geotechnical evaluation should not be considered risk-free and,
more importantly, are not a guarantee that the interaction between the soils and the proposed
structure will perform as desired or intended. What the enginecring recommendations presented
in the preceding sections do constitute is our best estimate, based on the information generated
during this and previous evaluations and our experience in working with these conditions, of those
measures that are necessary to help the development perform in a satisfactory manner. The
Developer, Builder, and future Owners must understand this concept of risk, as it is they who must

decide what is an acceptable level of risk for the proposed development of the site.
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LIMITATIONS

The professional judgments expressed in this report meet the standard care of our profession in this
area at this time. The test borings drilled for this study were spaced to obtain a reasonably accurate
picture of underground conditions for design purposes. Variations frequently occur from these
conditions which are not indicated by the test borings. These variations are sometimes sufficient
to necessitate modifications in the designs. For this reason, we should be retained to observe the

site during construction.

Our scope of services for this project did not include any research, testing, or assessment relative
to past or present contamination of the site by any source. If such contamination were present, it
is likely that the exploration and testing conducted for this report would not reveal its existence.
If the Client is concerned about the potential for such contamination, additional studies should be

undertaken. We are available to discuss the scope of such studies with you.
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\
I
SWELL UNDER CONSTANT
|~ PRESSURE BECAUSE OF WETTING
L~
P [
H‘“““\\ \
L1
»
WATER ADDED ——]
T
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
DRY UNIT WT. 106 PCF

SAMPLE DESCRIPTION _CLAY, SANDY

MOISTURE CONTENT __12 %

LOCATION TEST BORING NO. 3 @ DEPTH OF 4.0
L\ |
\\ I
" l
>‘// SWELL UNDER CONSTANT
X PRESSURE BECAUSE OF WETTING
e N I
N\
-__.________? X
y %
//
/1
7
WATER ADDED ——
100 1,000 APPLIED PRESSURE- PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, VERY SANDY, SLIGHTLY GRAVELLY DRY UNIT WT. 113 PCF

LOCATION

TEST BORING NO. 4 @ DEPTH OF 9.0

SETTLEMENT - SWELL TEST RESULTS

FIGURE 11

MOISTURE CONTENT __ 12 %



SETTLEMENT - % - SWELL

- SWELL

%

SETTLEMENT -

5

5

GEOTECHNICAL CONSULTANTS

\ A. G. WASSENAAR, INC.

i
SWELL UNDER CONSTANT
A PRESSURE BECAUSE OF WETTING
1 |
|
|
[
q N
b, J i
> \ \
- I
[
WATER ADDED ——] . |
r
I
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _SAND, VERY CLAYEY DRY UNIT WT. 105 PCF
LOCATION TEST BORING NO. 5 @ DEPTH OF 14.0' MOISTURE CONTENT 38 %
|
SWELL UNDER CONSTANT
PRESSURE BECAUSE OF WETTING
=] ri ==
P,
"
WATER ADDED ——
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAYSTONE DAY UNIT WT. 108 PCF

LOCATION

TEST BORING NO. 8 @ DEPTH OF 15.0°

SETTLEMENT - SWELL TEST RESULTS

FIGURE 12

MOISTURE CONTENT

75

%
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NC.

|
L SWELL UNDER CONSTANT
A PRESSURE BECAUSE OF WETTING
=
"'-...‘_.\
\"'--.
4
P4
|
L~ l
WATER ADDED —— | |
\
|
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DAY UNIT WT. 100 PCF

LOCATION TEST BORING NO. 7 @ DEPTH OF 14.0' MOISTURE CONTENT 18 %
T !
|
!
SWELL UNDER CONSTANT
L PRESSURE BECAUSE OF WETTING
J i
\\ \\
N ; \
L% o |J
|
WATER ADDED —— |
|
T
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAY, VERY SANDY

LOCATICN TEST BORING NO. 8 @ DEPTH OF 4.0

SETTLEMENT - SWELL TEST RESULTS
FIGURE 13

DRY UNIT WT. 114 PCF
MOISTURE CONTENT __ 12 %
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|
SETTLEMENT UNDER CONSTANT
) PRESSURE BECAUSE OF WETTING
g |
I
-_— |
"\\
"‘-..‘_. /
.
|~ //r
WATER ADDED —{— /
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _WEATHERED CLAYSTONE, VERY SANDY

DAY UNIT WT, 95 PCF

MOISTURE CONTENT __ 23 %

LOGATION TEST BORING NO. 8 @ DEPTH OF 8.0
[
J
I
’\\‘. I
™ B SWELL UNDER CONSTANT
>\/ PRESSURE BECAUSE OF WETTING
|
h-.____ l
-..__\\ J
\‘\
L]
vl
WATER ADDED ——
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTICN _CLAYSTONE

LOCATION

DRY UNIT WT. 105 PCF

TEST BORING NO. 8 @ DEPTH OF 19.0¢

MOISTURE CONTENT __21 %

SETTLEMENT - SWELL TEST RESULTS

FIGURE 14
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100,000

|
\\\ |
\‘ |
| SWELL UNDER CONSTANT
P ™. | PRESSURE BECAUSE OF WETTING
P l
L]
WATER ADDED ——] |
NOTE: CHANGE IN SCALE
l
J
100 1,000 APPLIED PRESSURE - PSF 10,000
SAMPLE DESCRIPTION CLAY, SANDY DRY UNIT WT, 108 PCF
LOCATION TEST BORING NO. S @ DEPTH OF 4.0 MOISTURE CONTENT __ 17 9
I
I
SWELL UNDER CONSTANT
-1 PRESSURE BECAUSE OF WETTING
e
/
T’;<\
--..._____h--.-- \
] \
N
L]
1
WATER ADDED ~{]
100 1,000 APPLIED PRESSURE - PSF 10,000

SAMPLE DESCRIPTION _CLAY, VERY SANDY

LOCATION

TEST BORING NO. 10 @ DEPTH OF 9.0'

SETTLEMENT - SWELL TEST RESULTS
FIGURE 15

100,000

DRY UNIT WT. 110 PCF
MOISTURE CONTENT __ 10 %
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N L SWELL UNDER CONSTANT
) //f PRESSURE BECAUSE OF WETTING
| ‘\ l
: N,
0 T
; A
//
A
2 4
WATER ADDED ——]
3
4
5
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT. 118_PCF
LOCATION TEST BORING NO. 11 @ DEPTH OF 9.0 MOISTURE CONTENT __ 10 %
6 | -
5 L I
\ |
4 P, |
N s SWELL UNDER CONSTANT
1 PRESSURE BECAUSE OF WETTING
3 \/
2 \\
1 \\
0 L \
-‘-\-"'-.. \

WATER ADDED ——

4

100 1,000  APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT. 108 PCF
LOCATION TEST BORING NO. 12 @ DEPTH OF 4.0' MOISTURE CONTENT _ 15 %

SETTLEMENT - SWELL TEST RESULTS

FIGURE 18
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|
]
SWELL UNDER CONSTANT
A PRESSURE BECAUSE OF WETTING
=
=T
fa 1
7 |
- F
WATER ADDED ——|
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION SANDSTONE, VERY SILTY DRY UNIT WT. 104 PCF
LOCATION TEST BORING NO. 12 @ DEPTH OF 14.0 MOISTURE CONTENT _ 20 %
|
[
SWELL UNDER CONSTANT
v PRESSURE BECAUSE OF WETTING
e /
\\ /
\\
N
N \
| —1
WATER ADDED ——1 |
100 1,000 APPUED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT. 101 PCF

LOCATION

JEST BORING NO. 13 @ DEPTH OF 4.0'

MOISTURE CONTENT 7%

SETTLEMENT - SWELL TEST RESULTS

FIGURE 17
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SWELL UNDER CONSTANT
% PRESSURE BECAUSE OF WETTING
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|
I N |
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)
WATER ADDED ——1
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAYSTONE, VERY SANDY DRY UNIT WT. 100 PCF
LOCATION TEST BORING NO. 13 @ DEPTH OF 19.0° MOISTURE CONTENT __ 20 %
| [ [
i
B SWELL UNDER CONSTANT
P PRESSURE BECAUSE OF WETTING
/ \\
\\
._._-__‘_______?
vl )
I~
WATER ADDED ——
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT. 117 PCF

LOCATION

TEST BORING NO. 15 @ DEPTH OF 9.¢¢

SETTLEMENT - SWELL TEST RESULTS

FIGURE 18

MOISTURE CONTENT __10__ %
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T\ PRESSURE BECAUSE OF WETTING
N
|
|
l
|
WATER ADDED ——1_| | \
9 — |
i
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
DRY UNIT WT. 113 PCF

SAMPLE DESCRIPTION _CLAY, SANDY

MOISTURE CONTENT

L

%

LOCATION TEST BORING NO. 16 @ DEPTH OF 4.0

i
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Il

|

SWELL UNDER CONSTANT
PRESSURE BECAUSE OF WETTING
|
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\
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—
~ N |
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WATER ADDED ——]
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION CLAYSTONE DRY UNIT WT. 112 PCF

LOCATION

TEST BORING NO. 168 @ DEPTH OF 14.0°

SETTLEMENT - SWELL TEST RESULTS

FIGURE 19

MOISTURE CONTENT

17

%
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\\ SWELL UNDEA CONSTANT
ol PRESSURE BECAUSE OF WETTING

|

W
R

\

WATER ADDED ——

100

1,000 APPLIED PRESSURE - PSF 10,000

SAMPLE DESCRIPTION _CLAYSTONE

LOCATION

TEST BORING NO. 16 @ DEPTH OF 24.0'

100,000

DRY UNIT WT. 110 PCF
MOISTURE CONTENT __ 19 %

o —
/“‘

SWELL UNDER CONSTANT
[
\X/ PRESSURE BECAUSE OF WETTING

N

WATER ADDED —|—]

100

1,000 APPLIED PRESSURE - PSF 10,000

SAMPLE DESCRIPTION _CLAYSTONE

LOCATION

TEST BORING NO. 17 @ DEPTH OF 8.0¢

SETTLEMENT - SWELL TEST RESULTS

FIGURE 20

100,000

DRYUNITWT. 105 PCF
MOISTURE CONTENT __ 21 %
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|
SWELL UNDER CONSTANT
LT PRESSURE BECAUSE OF WETTING
. 1
o | '
P
/ N |
=S
% \
//
L~
WATER ADDED ——]

100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION CLAYSTONE DAY UNIT WT. 114 PCF
LOCATION TEST BORING NO. 17 @ DEPTH OF 29.0 MOISTURE CONTENT 17 %

|
SWELL UNDER CONSTANT
o PRESSURE BECAUSE OF WETTING
™~
-—.__- \
“-..___ \
/ }
e
WATER ADDED ——]
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAY, SLIGHTLY SANDY

LOCATION

TEST BORING NG. 13 @ DEPTHOF 1.0¢

MOISTURE CONTENT

SETTLEMENT - SWELL TEST RESULTS

FIGURE 21

DRYUNITWT. 100 PCF
26

%
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|
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M~y 1 PRESSURE BECAUSE OF WETTING

\ ]
|

1

-

4
WATER ADDED - {—]

100 1000 APPUED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION CLAYSTONE DRY UNIT WT. 95 PCF
LOCATION TEST BORING NO. 19 @ DEPTH OF 9.0 MOISTURE CONTENT __ 28 %

|
SWELL UNDER CONSTANT
// PRESSURE BECAUSE OF WETTING
" T
~ ™
" \‘
% \f
/’/
WATER ADDED ——]

T

100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAYSTONE DRY UNIT WT. 82 PCF
LOGATION TEST BORING NO. 20 @ DEPTH OF 14.0° MOISTURE CONTENT __ 27 %

SETTLEMENT - SWELL TEST RESULTS

FIGURE 22
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5 \\ !
| LTt SWELL UNDER CONSTANT
s - PRESSURE BECAUSE OF WETTING
| N |
) \\
2
1
0 | \
'-_-_-_-_'-.-
WATER ADDED \
1
) |
3 |
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT. 111 PCF
LOCATION TEST BORING NO_15 @ DEPTH OF 4.0' MOISTURE CONTENT __17___ %
8
k J
7 |
\ |
6 \\ |
\ | SWELL UNDER CONSTANT
PRESSURE BECAUSE OF WETTIN
. \< L SE O G
) / \\
3
2 I
l
1 |
WATER ADDED éﬁ\\\
0
—__,--__._._________:._5 |\
: | \+
2 |
00 1,000  APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT. 115 PCF
LOCATION TEST BORING NO_ 22 @ DEPTH OF 4.0' MOISTURE CONTENT __ 13 %

SETTLEMENT - SWELL TEST RESULTS
FIGURE 23



SETTLEMENT - % - SWELL

SETTLEMENT - % - SWELL

5

5

\ A. G. WASSENAAR, INC.

GEQTECHNICAL CONSULTANTS

I
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\\ |
|| SWELL UNDER CONSTANT
o PRESSURE BECAUSE OF WETTING
\ 1
I
——
~L_ \
] !
L]
L~
WATER ADDED ——]
100 1,000  APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAY, SANDY

DAY UNIT WT. 99 pPCF

MOISTURE CONTENT __ 16 %

LOCATION TEST BORING NO. 23 @ DEPTH OF 4.0
|
(
|
SWELL UNDER CONSTANT
// PRESSURE BECAUSE OF WETTING
> | ,</ |
T
/ \\
[
--.._____M\ \¢
e
vd
-
WATER ADDED —
|
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAYSTONE

LOCATION

DRY UNIT WT. 98 PCF

TEST BORING NO. 23 @ DEPTH OF §.0°

MOISTURE CONTENT __25 %

SETTLEMENT - SWELL TEST RESULTS

FIGURE 24
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l

T\ |

\ |

N SWELL UNDER CONSTANT
-1 PRESSURE BECAUSE OF WETTING
/
|~ \\
]
WATER ADDED =
I
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAY, SANDY

DRY UNIT WT. 111 PCF

MOISTURE CONTENT __ 13 %

LOCATION TEST BORING NO. 25 @ DEPTH OF 4.0
l\ J
|
\ I
~ |
\X___. SWELL UNDER CONSTANT
1] PRESSURE BECAUSE QF WETTING
| ] \\ I
\
/ \
/ \
WATER ADDED ——/ ?
100 1,000 APPLIED PRESSURE - PSF 10,000 106,000
SAMPLE DESCRIPTION CLAY, SLIGHTLY SANDY DRY UNIT WT. 107 PCF

LOCATION

TEST BORING NO. 26 @ DEPTH OF 4.0'

MOISTURE CONTENT __ 10 %

SETTLEMENT - SWELL TEST RESULTS

FIGURE 25
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|
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|
SWELL UNDER CONSTANT
P PRESSURE BECAUSE OF WETTING
A |
]
/‘} N
A \
e
WATER ADDED -]
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAY, SANDY

DRY UNIT WT. 88 PCF

LOCATION TEST BORING NO. 27 @ DEPTH OF 4.0 MOISTURE CONTENT __ 15 %
[ |
|
» SWELL UNDER CONSTANT
A PRESSURE BECAUSE OF WETTING
/
/ I
™~ ;
=
A
e
%
WATER ADDED —] |
i
F
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAY, SANDY

LOCATION

TEST BORING NO. 28 @ DEPTH OF 1.0'

SETTLEMENT - SWELL TEST RESULTS
FIGURE 26

DRY UNIT WT. 105 PCF
MOISTURE CONTENT __ 13 %
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|
|

l
f

d PRESSURE BECAUSE OF WETTING

—- SETTLEMENT UNDER CONSTANT

|

WATER ADDED ——] ?

100

1,000

APPUED PRESSURE - PSF

SAMPLE DESCRIPTION _SAND, SILTY TO CLAYEY
TEST BORING NC. 28 @ DEPTH OF 4.0'

LOCATION

10,000 100,000

DRY UNIT WT. 106 PCF

MOISTURE CONTENT S %

l
|

SWELL UNDER CONSTANT

// PRESSURE BECAUSE OF WETTING

v d l

|

L |

//
yd
WATER ADDED ——]
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _SANDSTONE, VERY SILTY
TEST BORING NO. 25 @ DEPTH OF 14.0

LOCATION

DRY UNIT WT. 101 _PCF

MOISTURE CONTENT __ 24 %

SETTLEMENT - SWELL TEST RESULTS

FIGURE 27
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. X// PRESSURE BECAUSE OF WETTING
/ ¥
TN |
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2 \\
;
0
"
WATER ADDED ———— 1~ \
| \
2 |
. |
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT, 118 PCF
LOCATION TEST BORING NO. 30 @ DEFTH OF 4.0 MOISTURE CONTENT __ 10 %
10 |
8 \
|
6 s N ]
NP = SWELL UNDER CONSTANT
PRESSURE BECAUSE OF WETTING
" BRI
2
0 L
[ —
"'---________.l \
. 7
L1 I
d |
4 i
WATER ADDED ——]
5 J
NOTE: CHANGE IN SCALE
8
l
10 f
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
DRY UNIT WT. 109 PCF

SAMPLE DESCRIPTION _CLAY, VERY SANDY

LOCATION TEST BORING NO, 31 @ DEPTH OF 4.0

SETTLEMENT - SWELL TEST RESULTS

FIGURE 28

MOISTURE CONTENT __ 18 %
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NC.
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SWELL. UNDER CONSTANT
L~ PRESSURE BECAUSE OF WETTING

|
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*——
/ \\

WATER ADDED ——]

100

1,000 APPLIED PRESSURE - PSF 10,000

SAMPLE DESCRIPTION _CLAYSTONE

100,000

DRY UNIT WT. 87 PCF

MOISTURE CONTENT __ 34 %

LOCATION TEST BORING NO. 31 @ DEPTH OF 14.0
I
!

SWELL UNDER CONSTANT
// PRESSURE BECAUSE OF WETTING
vd d |
] |
|
Vi
//
7/

WATER ADDED || |
{
!

100 1,000  APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _SANDSTONE DRY UNIT WT. 103 PCF

LOCATION

TEST BORING NO. 32 @ DEPTH OF 29.0¢

SETTLEMENT - SWELL TEST RESULTS

FIGURE 29

MOISTURE CONTENT __ 23 %
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|
SWELL UNDER CONSTANT
L] PRESSURE BECAUSE OF WETTING
~
7 \
//
/ |
WATER ADDED —]

100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT. 113 PCF
LOCATION TEST BORING NO. 33 @ DEPTH OF 1.0° MOISTURE CONTENT 8 %

‘\\ l
> |- SWELL UNDER CONSTANT
A < PRESSURE BECAUSE OF WETTING
N\
[
y l
\\
WATER ADDED ——1"|

100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAYSTONE DRY UNIT WT. 91 PCF
LOCATION TEST BORING NO. 33 @ DEPTH OF 9.0 MOISTURE CONTENT __ 30 %

SETTLEMENT - SWELL TEST RESULTS

FIGURE 30
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L] PRESSURE BECAUSE OF WETTING
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WATER ADDED ——

100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION CLAY, SANDY DRY UNIT WT. 98 PCF
LOCATION TEST BOAING NO. 34 @ DEPTH OF 4.0 MOISTURE CONTENT __ 18 %
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P SWELL UNDER CONSTANT
L |1 PRESSURE BECAUSE OF WETTING
\>< |
/ \
™
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A
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[
~ ] N
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b
WATER ADDED ——]
1

100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAYSTONE DRY UNIT WT. 82 pCF
LOCATION TEST BORING NO. 34 @ DEPTH OF 9.0 MOISTURE CONTENT _ 40 o

SETTLEMENT - SWELL TEST RESULTS
FIGURE 31
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(/ PRESSURE BECAUSE OF WETTING
= \\ |
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WATER ADDED ——T |
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAY, SANDY DRY UNIT WT. 100 PCF
LOCATION TEST BORING NO. 35 @ DEPTH OF 4.0 MOISTURE CONTENT __ 17 %
|
SWELL UNDER CONSTANT
1 PRESSURE BECAUSE OF WETTING
|
—— - ]
™
NV ~
N ™S
5 e
WATER ADDED ——1" |
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000
SAMPLE DESCRIPTION _CLAYSTONE DRY UNIT WT. 94 PCF
LOCATION TEST BORING NO. 35 @ DEPTH OF 29.0/ MOISTURE CONTENT __ 20 %

SETTLEMENT - SWELL TEST RESULTS
FIGURE 32
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A1 SWELL UNDER CONSTANT
>< PRESSURE BECAUSE OF WETTING
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/
WATEA ADDED ——1 |
NOTE: CHANGE IN SCALE
I
f
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAY, SANDY

DRY UNIT WT. 101 PCF

MOISTURE CONTENT __ 19 %

LOCATION TEST BORING NO. 36 @ DEPTH OF 4.0
|
|
SETTLEMENT UNDER CONSTANT
e PRESSURE BECAUSE OF WETTING
Sy
~J f
/] \
WATER ADDED ——]
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _WEATHERED CLAYSTONE

LOCATION

DRY UNIT WT. 94 PCF

TEST BORING NO. 37 @ DEPTH OF 4.0/

MOISTURE CONTENT __18 ¢

SETTLEMENT - SWELL TEST RESULTS

FIGURE 33
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WATER ADDED —] |
I
|
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _CLAYSTONE

DRY UNIT WT. 87 PCF

MOISTURE CONTENT __ 26 %

LOCATION TEST BORING NO. 37 @ DEPTH OF 29.0'
|
i
SWELL UNDER CONSTANT
L] PRESSURE BECAUSE OF WETTING
// |
L~ ’
1]
A
//
WATER ADDED ——"
100 1,000 APPLIED PRESSURE - PSF 10,000 100,000

SAMPLE DESCRIPTION _SANDSTONE, VERY CLAYEY

LOCATION

DRY UNIT WT. 108 PCF

TEST BORING NO. 38 @ DEPTH OF 14.0°

MOISTURE CONTENT __18__ %

SETTLEMENT - SWELL TEST RESULTS

FIGURE 34



\ A. G. WASSENAAR, INC.

GEQTECHNICAL CONSULTANTS
HYDROMETER AMALYSIS SIEVE ANALYSIS
SAND GRAVEL
LA N
CLAY (PLASTIC) TO SILT (NON-PLASTIC) E I VEDIOM [COARSE FINE J COmSE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
D01 002 005 008 019 037 074 149 297 500 119 238 476 952 194 381 762 127 200
100 — a
20 — et 10
80 — —+ 20
- > i a8 -
— B O
2 = g
% 60 0o
& Ly
— 50 s T
> — &
L i
) 4 60 O
N £
0 3 70 tﬁE
20 — 80
10 50
0 - 100
B z he  GOMn 19min  4min Tmin #200  #100  #SO #ADF0  #16 H10HE A4 g A 1-1/2 a3 56 &
| T!ME READINGS | U.S. STANDARD SERIES I CLEAR SQUARE OPENINGS
LOCATION ' TEST BORING NO. 1 @ BEPTH OF 4.0 GRAVEL D % LIQUID LIMIT 42
SAMPLE DESCRIFTION _ CLAY, SANDY (CL) SAND 30 % PLASTICITY INDEX 27
CLASSIFICATION __ AASHTO A-7-6 {16) SILT & CLAY 0 %
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC) ENE I WEDT ICGARSE T I CORPSE COBBLES
DIAMETER OF PARTICLE IN MILLUMETERS
001 oM 005 003 019 037 074 143 207 50 119 238 478 952 191 381 762 127 200
100 , 0
.
90 — 10
L
—— -
80 e 20
-’/J
70 0
O
=z z
) g 40 ‘_(
2 b
- 50 s O
z Z
L LLE
QO 4 0 5
@x [+
L Ul
o g oo
20 80
10 9
0 100
Bheo Ihe o B0min f9min  4min Tmin #4200 4100 #50 #4040 #I6 #1048 #4 ECT - V7L 12 3 56 8
| TIME AEADINGS | U.S. STANDARD SERIES | CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 2 @ DEPTH OF 9.0’ GRAVEL 0 % LIQUID LIMIT 55
SAMPLE DESCRIPTION __ CLAYSTONE, SANDY ({CH) SAND 27 % PLASTICITY INDEX 29
- CLASSIFICATION _ AASHTO A-7-6 (22) SILT & CLAY 73 %
GRADATION TEST RESULTS

FIGURE 35
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A. G. WASSENAAR, INC.

GEQTECHNICAL CONSULTANTS

HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TQ SILT (NON-PLASTIC) FE I VeI ]COARSE o | COARSE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
001 o0e £05 009 019 037 074 149 297 590 118 238 476 952 199 381 7B2 127 200
100 — 0
,I
80 — 10
B0 = — 20
70 - — % A
= |, 2
— =
g 60 — 40 E
o 50 y — [an
= L™ -
z z
L L
QO 4w« Q
s T
w g —] ]
- — 70 @
20 | 80
10 20
0 , 100
Lh Ih o 6Omin 19min 4min 1min  #200  #100 #50 440K #16 #1048 #4 g (BT o s'§ B
| TIME READINGS I U.8. STANDARD SERIES I CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 4 @ DEPTH OF 9.0' GRAVEL 14 % LIQUID LIMIT 42
SAMPLE DESCRIPTION _ SAND, VERY CLAYEY, SLIGHTLY GRAVELLY {8C) SAND 40 % PLASTICITY INDEX 25
CLASSIFICATION __AASHTO A-7-6 (7 SILT & CLAY 48 %
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC) FINE I WEDIM ICOAHSE e [ COARGE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
001 02 £0S 009 019 037 074 149 297 590 119 238 476 052 193 3891 762 127 200
100 0
// i
9 10
17
80 L 20
II
o] 2 [a]
i
2 Z y
o ® —= 0 <
: = 2
~ 50 =< 50 E
= o z
] = g
[SI 8
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20 80
10 — %0
[1] 100
Qb Th BOmin 19min . 4min fmin  #200  #100 #50 #40A30  #1E #1048  #s 38" 34" 12 3 -
| TIME READINGS [ U.S. STANDARD SERIES | CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 5 @ DEPTH OF 4.0¢ GRAVEL 2 % LIQUID LIMIT 31
SAMPLE DESCRIPTION _ SAND. VERY CLAYEY (SC) SAND 58 % PLASTICITY INDEX 15
CLASSIFICATION _ AASHTO A-6 (2) SILT & CLAY 44 %

GRADATION TEST RESULTS

FIGURE 36




A. G. WASSENAAR, INC.

\

GECTECHNICAL CONSULTANTS
’ HYDROMETER ANALYSIS SIEVE ANALYSIS
. SAND GRAVEL
CLAY {PLASTIC) TO SILT (NON-PLASTIC) TNE [ VED [COARSE = | COARSE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
001 002 005 008 019 037 074 149 297 580 1.9 238 476 952 191 381 782 127 200
100 — — 70
90 ey it 10
80 — 20
-
70 0 N
g g
9 w0 0 o
: 5
— 50 sa &
4 Z
w ]
4w 85
o T
L I i L
. 30 - woo
20 )
10 %0
0 100
Z5he Thi o BOmin igmin 4min imin  #200  #100 #50 #40F30  H16 #1048 #4 38 8 1T T 56 6

I TIME READINGS [ U.S. STANDARD SERIES | CLEAR SQUARE OPENINGS
LOCATION TESTBORING NO. 7 @ DEPTH OF 14.0¢ GRAVEL 1 % LIQUID LiMIT 36
SAMPLE DESCRIPTION _ CLAY, SANDY (CL) SAND 28 % PLASTICITY INDEX 24
CLASSIFICATION __ AASHTO A-6 (14) SILT & CLAY 71 %

HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY {PLASTIC} TO SILT (NON-PLASTIC) FE I MEDO ICOARSE EE [ COARSE COBBLES
DIAMETER OF PARTICLE IN MILUMETERS
00 002 005 003 019 037 074 149 297 500  1.4% 238 476 8952 191 381 762 127 200
100 0
/j
850 L 10
Il
80 — 20
— ol

70 — n o
@ —= — £
9 g — 0
= 0 50 E
- 4
L v}
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o — [ia
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& g % o

20 80

10 90

0 - 100

Bh Th 6Qmin jgmin 4min Imin #4200  #100 #50 #5030 #I6 #10%8 #4  3F & T 3 56 &

[ TIME READINGS | U.S. STANDARD SERIES | CLEAR SQUARE GPENINGS
LOCATION TEST BORING NO. 8 @ DEPTH OF 4.0 GRAVEL 2 % LIQUID UMIT 45
SAMPLE DESCRIPTION _ CLAY, VERY SANDY {5C) SAND 46 % PLASTICITY INDEX 29

—  CLASSIFICATION _ AASHTO A-7-6 {11) SILT & CLAY 52 %
GRADATION TEST RESULTS

FIGURE 27




GEQTECHNICAL CONSULTANTS

‘ A. G. WASSENAAR, INC.

HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC) FE 1 VEDIO |COAHSE e I COARSE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
.001 002 005 009 618 .37 0674 148 297 580 119 238 476 952 191 381 762 127 200
100 —— ~T S S—— — — T T T o
. — 1 1 a N | I__I__
.__- - s 2l =
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T = — o e e
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g = = i &
g E=t—u s
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) - Q
T - - foa
ul [— n— = o —t o gl i
o a0 b— — ————————J 70 Q.
26 — — e i __j": — 77: 80
0 |— e e St L e
I e e — ot ; s pasesnl B B
250 Thr BOmin 19min  4min imin #3200  #100 A50 #40#30  #16 #1048 #4 yE e -z 58 B
45 min 15 min
| TIME READINGS | U.5. STANDARD SERIES { CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 9 @ DEPTHOF 4.0 GRAVEL 0 % LIQUID LIMIT 52
SAMPLE DESCRIPTION __ CLAY, SANDY {CH) SAND 18 % PLASTICITY INDEX 34
CLASSIFICATION _ AASHTO A-7-6 (28) SILT & CLAY 82 %
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT {NON-PLASTIC) TTE MEDIUM ICOAHSE e I COAASE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
001 002 005 003 019 037 074 148 297 580 1.1 238 475 952 191 38.1
100 — - — . —
S0 _ i — —
80 |— — — — —=
70 - [a)
) . A — —
A E 7 - E =
I g 4 @0 <
7] 2 —7 ] ] — — =
hod : - —— w
a /I o
— S0 — 50 -
= = — Z = - — =
ul i Z = &
0O 40— —— — +T— 60 5
N = i = &
@ g —— - — = —— i 70 g
e ,// _ —|-| -
20 = - — ~ 80
— - il JR —
10 - — S r—— — = 7;77 —r — —— 90
o L= [ S et | S— p— e - ! o Dbt s v (00
25hr  7hr BOMin 19min  4min  1min  #200 4100 #50 #40430  #16 #1088  #4 s as -1z ar 5§ 8
45 min 15 min
| TIME READINGS ‘ LL.5. STANDARD SERIES | CLEAR SQUARE CPENINGS
LOCATION TEST BORING NO. 10 @ DEPTH QF 4.0 GRAVEL 3 % LIQUID LIMIT NV
SAMPLE DESCRIPTION _ SAND, SILTY, TRACE GRAVEL SAND 84 % PLASTICITY INDEX NP
CLASSIFICATION _ AASHTO A-1-b SILT & CLAY 13 %
GRADATION TEST RESULTS

FIGURE 38
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A. G. WASSENAAR, INC.

GEOTECHNICAL CONSULTANTS

HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
Y {P - Tl
CLAY {PLASTIC) TO SILT (NON-PLASTIC) e MEDII [COARSE TNE l COBRGE COBBLES
DIAMETER OF PARTICLE iN MILLIMETERS
001 002 005 pOS .19 037 074 148 297 590 119 248 475 952 194 381 782 127 200
e - e —— T T— 9
S - e Fi —T-
e B — e o i o E—
o - — FA - .z
B0 ——1 +
3 /—
70 - — A [
g - b by ‘::-Tf i %
% = & - ::
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) — — e
= JE— /- =
% il — = —_ f/‘ pad
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10 —— — __: —- — ——+—] %0
0 ——— —— — — " L ——————F——- - 100
25hr  7hr S0 min t9min  4min  Imin  #200  #100  #50 #40430  #16 #1048  #4 38 34 - 5" 6" 8
45 min 15 min
i TIME READINGS ; U.S. STANDARD SERIES [ CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 12 @ DEPTH OF 14.0¢ GRAVEL 0 % LIQUID LiMIT NV
SAMPLE DESCRIPTION __SANDSTONE, VERY SILTY (SM) SAND 69 % PLASTICITY INDEX NP
CLASSIFICATION _ AASHTO A-2-4 SILT & CLAY 31 %
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC) TE I YT [COARSE FINE [ COARSE COBBLES
DIAMETER OF PARTIGLE IN MILUMETERS
001 002 005 009 .018 037 074 148 297 580 119 238 475 952 191 38! 762 127 200
100 ]\ hl_, _ ]T //{ T_m],___,_ e Mp— D — | — 0
90 [——= — S — — 10
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80 - — = 4 4+ a0
- — I 7[/ I 1= S A B —
o O — f— - ————— —H % o
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< - [eo— — I L
o e r— e A L
- 50— — — 50 *
Z = I il e e S
w - = W
QO 40 —— 60 (3
[ia = - o
wu o ——— = = == i
8- 30— — L — 70 O
20 f—t™ — 5 — e - -
10 _____" - S . Ea——
N e e e
25hr  Fhr B0min 19 min  4min  Imin  #200 #100  #50 #40#30  #16 #10#B  #4 38" A [ F- Sl 56 g
45 min 15 min
[ TIME AEADINGS | U.S. STANDARD SERIES | CLEAR SQUARE DPENINGS
LOCATION TEST BORING NO. 13 @ DEPTH OF 19.0' GRAVEL 0 % LIQUID LIMIT 42
SAMPLE DESCRIPTION _ CLAYSTONE, VERY SANDY SAND 35 % PLASTICITY INDEX 24
CLASSIFICATION _ AASHTO A-7-6 {13) SILT & CLAY 65 %
GRADATION TEST RESULTS

FIGURE 39




GECTECHNICAL CONSULTANTS

\ A. G. WASSENAAR, INC.

HYDROMETER ANALYSIS SIEVE ANALYSIS
- SAND GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC) EE l Y] ICOARSE i f COARGE COBBLES
DIAMETER OF PARTICLE IN MILUMETERS
o061 002 005 009 019 037 074 148 297 580 110 238 476 952 19.1 |1 TE2Z 127 200
100 T et — 0
90 e — 10
80 20
70 <" M
2 g
9D gy a4 <
2 m
o @«
L. 50 so
= 2
u w
Q 40 60 O
E o
G 3 — 70 g
20 80
10 20
0 L =
25 Thr G0min 19 min  4min 1min  #200  #100 #50 #4DFI0  #16 #1048 #4 g s 1 o 56 8
A5 min 15 min
( TIME READINGS : U S. STANDARD SERIES | CLEAR SQUARE OPENINGS
LOCATION 'TEST BORING NO. 16 @ DEPTH OF 4.0/ GRAVEL 0 % LIQUID LIMIT 43
SAMPLE DESCRIPTION __ CLAY, SLKGHTLY SANDY (CL) SAND 14 % PLASTICITY INDEX 27
CLASSIFICATION _ AASHTO A-7-6 (23) SILT & CLAY 86 %
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC) i [ weoam [commse —E [ comst CORBLES
DIAMETER OF PARTICLE IN MILLMETERS
o001 o2 005 008 019 037 074 149 287 580 1.19 238 476 952 191 g1 782 127 200
100 — [
7
20 > 10
I’
80
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g 7 a2
4 i =
@ — 1 W £
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g = &
50 L 50
5 = =
] — w
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5 = i
8. a0 70 &
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10 90
0 it I
B 57 he SOmin 19 min  4min  Tmin  #200 #100 #50 #40#30  #15 WIO#B  #4 T T -1 3 56 B
[yt min
| TIME READINGS | U.S. STANDAAD SERIES | CLEAR SQUAHE OPENINGS
LOCATION TEST BORING NO. 18 @ DEPTH OF 4.0 GRAVEL 4 % LIQUID LIMIT 25
SAMPLE DESCRIPTION __ SAND, VERY CLAYEY, TRACE GRAVEL (SC) SAND 63 % PLASTICITY INDEX 11
- CLASSIFICATION AASHTO A-2-6 (0) SILT & CLAY 33 %
GRADATION TEST RESULTS

FIGURE 40




GEOTECHNICAL CONSULTANTS

\ A. G. WASSENAAR, INC.

HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
T -PLASTI
CLAY (PLASTIC} TO SILT (NON-PLASTIC) TE I PRGN ICOAHSE FE ] COARSE COBBLES
DIAMETER OF PARTICLE N MILLIMETERS
.01 002 005 005 .9 037 074 149 297 590 119 238 476 952 181 381 782 127 200
100 T =k
20 — 10
80 20
70 X 0O
2 g
% &0 “ .‘S
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e 50 ~{s0 =
P i z
w w
Q ® o
o- @
L i}
& g 70 o
20 80
10 %0
D - 100
JGohr The  6Omin Y9min  4min Tmin  #200  #100 #50 #40430 16 #10#8  #s s A 12 55 o
| TIME READINGS | U.S. STANDARD SERIES | CLEAR SQUARE OPENINGS
LOCATION ' TEST BORING NO. 19 @ DEPTH OF 9.0 GRAVEL 0 % LiQUID LT 61
SAMPLE DESCRIPTION  CLAYSTONE (CH) SAND 1 % PLASTICITY INDEX 36
CLASSIFICATION AASHTO A-7-6 (42) SILT & CLAY 99 9%
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT {(NON-PLASTIC) FINE I WEDTO ICOAHSE EINE I COARSE COBBLES
DIAMETER OF PARTICLE IN MILLMETERS
0o 002 005 009 019 037 074 149 297 550 119 238 476 952 191 381 TB2 127 200
100 [/
-
90 — 10
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z Z
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x i
1 L
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10 %0
4255 hr I 60min 19min  4min 1min  #200 #100 #50 #40#30 #16 #1045 44 38" 3/t 11/ 3 § 6 3'1
min min
I TIME READINGS N U.8. STANDARD SERIES 1 CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 23 @ DEPTH OF 4.0 GRAVEL 0 % LIQUID LIMIT 53
SAMPLE DESCRIPTION _ CLAY, SANDY {CH} SAND 30 % PLASTICITY INDEX 33
CLASSIFICATION _ AASHTO A-7-6 (22) SILT & CLAY 70 %
GRADATION TEST RESULTS

FIGURE 41




‘ A. G. WASSENAAR, INC.

GEOTECHNICAL CONSULTANTS
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT [NON-PLASTIC) e l MEDI |COARSE e I COARGE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
061 .DO2 05 008 019 037 074 14% 297 590 (.19 238 476 952 191 381 762 127 200
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SShe T 6Omn 19min 4min Tmin  #200  #100  #50 #40630 416 F10#B K4 k7L 7 Y 1y o 5" g 3'1
min
‘ TIME READINGS y U.S. STANDARD SERIES I CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 24 @ DEPTH OF 8.0y GRAVEL 3 % LIQUID LIMIT 29
SAMPLE DESCRIPTION _ SAND, VERY CLAYEY SAND 61 % PLASTICITY INDEX 17
CLASSIFICATION _ AASHTO A-6 (1) SILT & CLAY 3B %
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY [PLASTIC) TO SILT (NON-PLASTIC} E EDTIM lCDAFlSE =T I COARSE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
o001 op2 005 009 019 097 074 149 297 590 119 238 478 852 191 381 782 127 200
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2 e E hr 80min 19min  4min 1min #2060 #100 #50 #40#30  #15 #1048 #4 38" a4 T - 56 la'1
min min
| TIME READINGS | U.S. STANDARD SERIES I CLEAR SQUARE DPENINGS
LOCATION TEST BORING NO. 29 @ DEPTH OF 14.0¢ GRAVEL 0 % LIQUID LIMIT NV
SAMPLE DESCRIPTION _ SANDSTONE, VERY SILTY (SM) SAND 53 % PLASTICITY INDEX NP
—  CLASSIFICATION AASHTO A-4 SILT & CLAY 47 %
GRADATION TEST RESULTS

FIGURE 42




GEQTECHNICAL CONSULTANTS

\ A. G. WASSENAAR, INC.

HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC} FINE I WEDToM ICOAHSE FINE l COARSE COBBLES
DIAMETER OF PARTICLE IN MILLIMETERS
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ﬁsnr‘nirn e 60min 19min  4min Tmin  #200 #100 #50 440430 #1686 S10#E 4 v e -z 56 :l'1
| TIME READINGS | U.S. STANDARD SERIES | CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 33 @ DEPTH QOF 1.0' GRAVEL 0 % LIQUID LmaT 40
SAMPLE DESCRIPTION __ CLAY, VERY SANDY SAND 43 % PLASTICITY INDEX 25
CLASSIFICATION _ AASHTO A-6 (B) SILT & CLAY 51 %
HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC) ENE l MEDIOV |COARSE THiE I COARSE COBBLES
DIAMETER OF PARTICLE N MILLIMETERS
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4255 nr11i;n . 57 rrru‘rin BOmin 19min  4min Smin  #200 #100 #50 #40#30  #16 #1048 44 e A 1 3 56 B
| TIME READINGS | L.S. STANDARD SERIES [ CLEAR SQUARE OPENINGS
LOCATION TEST BORING NO. 35 @ DEPTH OF 4.0 GRAVEL 0 % LIQUID LIMIT 60
SAMPLE DESCRIPTION _ CLAY, SANDY (CH) SAND 18 % PLASTICITY INDEX 42
CLASSIFICATION _ AASHTO A-7-6 (36) SILT & CLAY B2 %
GRADATION TEST RESULTS

FIGURE 43




\ A. G. WASSENAAR, INC.

GEOTECHNICAL CONSULTANTS

HYDROMETER ANALYSIS SIEVE ANALYSIS
SAND GRAVEL
CLAY {PLASTIC) TO SILT (NON-PLASTIC) COBBLES
FINE MEDIUM COARSE FINE COARSE
DIAMETER OF PARTICLE IN MILLIMETERS
001 oa2 D05 008 019 037 074 140 297 590 119 238 476 952 191 81 762 7 200
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a0 70
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10 90
o 100
25k 7hr BImin 19min  4min 1min  #200  #100 #50 #40¥30  #16 #10#8 24 s am LRV 56 g8
45 min 15 min
TIME READINGS U.S. STANDARD SERIES CLEAR SQUARE OPENINGS
LOCATICN TEST BORING NO. 38 @ DEPTH OF 14.0' GRAVEL 0 % LIQUID LIMIT 50
SAMPLE DESCRIPTION _ SANDSTONE, VERY CLAYEY (SC) SAND 66 % PLASTICITY INDEX 24
CLASSIFICATION _ AASHTO A-2-7 (3) SILT & CLAY 4 %
GRADATION TEST RESULTS

FIGURE 44







LEGEND
TB = TEST BORING NO

NOTE: ELEVATION OF BEDROCK CONTOURS ARE BASED UPON INTERPOLATION

OF DATA FROM WIDELY SPREAD TEST BOAINGS. THE CONTOURS ARE

B-19
CCCCCCCCCCCC © THE DEGREE IMPLIED BY THE METHOD USED. A. G. WASSENAAR, INC.
6120 GEOTECHNICAL & ENVIRONMENTAL CONSULTANTS
ESTIMATED ELEVATION PROJECT NO. 72607
OF BEDROCKMAP |  FIGURE 46
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| TOP OF DRAINAGE
AREA OF SEEP |
— o OR SPAING A
' Oz (WHERE FOUND) |
I
|
|

CONFIGURATION AND THICKNESS TO
VARY WITH SIZE OF SEEP OR SPRING

PLAN VIEW
N
i GRAVEL SPECIFICATION: 100 % PASSING 2-INCH
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AL G WASSENAAR, INC.

PHONE: 303/759 8100

GEOTECHNICAL CONSULTANTS

FAX: 303/756-2920

2180 S. IVANHOQE, SUITE & DENVER, COLORADO R0O222

SUMMARY OF LABORATORY TEST RESULTS

Natural Water
Test Dry Natural Swell (+)/ Swell Atterberg Atterberg Soluble
Boring | Depth Density | Moaisture | Consolidation (-} | Pressure | % Passing Liquid Plasticity Resistivity { Sulfates | Chlorides
No. (feet) Soil Type (pef} (%) (%) * {ksh) #200 Sieve Limits Index pH (ohm/cm) (ppm) (%)
] 4 Clay, sandy 118 13 +4.3 9.3 70 42 27
2 9 Claystone, sandy 96 26 +4.4 19 73 55 29
19 Sandstone, silty 7.0 1,462.0 <50 0.0012
k! 4 Clay, sandy 106 12 +2.7 43
9 Sand, very clayey 83 1.548.0 <50 0.0005
4 9 Sand, very clayey, slightly gravelly 113 12 +4.8 9 46 42 25
5 4 Sand, very clayey 6 4 31 15
14 Sand, very clayey 105 18 +1.1 4
b 9 Clay, very sandy 7.4 1,362.4 100 1.0003
19 Claystone 108 19 +0.8 4.3
7 14 Clay, sandy 100 ig +0.4 28 71 36 24
8 4 Clay, very sandy 114 12 +0.9 is 32 45 29
9 Weathered Claystone, very sandy 95 23 =33 —
19 Claystone 103 21 +4 .4 15
9 4 Clay. sandy 108 17 +10.4 33 82 32 34
10 4 Sand. slightly silty, trace gravel 3 13 NV NP
9 Clay. very sandy it 10 +1.3 3.3
11 9 Clay, sandy 118 10 +4.8 12
12 4 Clay, sandy 102 15 +6.0 8.8
14 Sandstone, very silty 104 20 +0.4 2.3 3t NV NP
13 4 Clay. sandy 101 7 +0.4 23
19 Claystone, very sandy 100 20 +0.8 34 63 42 24

* Swell or consolidation of a sample when wetted under a 1,000 psf surcharge load.

;e
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AL G WASSENAAR, INC.

PHOMNE: 303/759-8100

GECTECHNICAL CONSULTANTS

FAX: 303/756-2920 2180 S. IWVANHOE, SUITE 5 DENVER, COLORADO 80222

SUMMARY OF LABORATORY TEST RESULTS

Natural Water
Test Dry Natural Swell (+)/ Swell Atterberg | Atterberg Soluble
Boring | Depth Density | Moisture | Consolidation (-) | Pressure % Passing Liquid Plasticity Resistivity | Sulfates | Chlorides
No. (feet) Seil Type (pch) (%) (%) * (ksf) #200 Sieve Limits Index pH {ohm/cm) {ppm) (%)
14 24 Claystone, silty 8.1 1,519.8 <30 0.0001
[5 9 Clay, sandy 117 10 +3.1 7.1
16 4 Clay, slightly sandy 113 13 +7.7 34 86 43 27
14 Claystone 112 17 +1.7 72
24 Claystone 110 19 +5.3 13
17 9 Claystone 105 21 +3.5 13
29 Claystone 114 17 +1.1 14
18 4 Sand, very clayey, trace gravel 5 33 25 11
19 1 Clay, slightly sandy 100 26 +2.7 g
4 Clay, sandy 7.6 4345 200 0.0G17
9 Claystone 93 28 +3.1 16 99 ol 36
20 14 Claystone 92 27 +1.1 8.4
21 4 Clay, sandy 111 17 +7.1 18
22 4 Clay, sandy 15 13 +7.7 17
23 4 Clay, sandy 99 16 +3.5 9 70 53 33
9 Claystone 98 25 +2.1 10
24 9 Sand, very clayey 11 36 29 17
25 4 Clay, sandy i 13 +6.3 13
26 4 Clay, slightly sandy 107 10 +4.3 7.6
27 4 Clay, sandy 86 15 +1.2 1.9
9 Sand, silty 7.8 1,175.1 50 0.0012
* Swell or consolidation of a sample when wetted under a 1,000 psf surcharge load. ) )
( - TABLE/ ™age2of 3) A
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PHONE: 303,/759-8100

FAX. 303/756-2920

AL G.WASSENAAR, INC.

GEOTECHNICAL CONSULTANTS

2180 5. IVANHOE, SUITE 5 DENVER, COLORADO BO222

SUMMARY OF LABORATORY TEST RESULTS

Natural Water
Test Dry Natural Swell (+)/ Swell Atterberg Atterberg Soluble
Boring | Depth Density | Moisture | Consolidation (-) | Pressure | % Passing Liquid Plasticity Resistivity { Sulfates | Chlorides
No. (fect) Seil Type {pch (%) (%) * (ksf) #200 Sieve Limits Index pH {ohm/cm) (ppm) (%)
28 1 Clay, sandy 105 i3 +2.4 4.3
4 Sand, silty to clayey 106 5 -2.0 —
29 14 Sandstone, very silty 101 24 +0.4 3 47 NV NP
30 4 Clay, sandy 118 10 +71.5 13
3 4 Clay, very sandy 109 16 +8.0 13 51 40 25
14 Claystone 87 34 +2.0 8.2
32 19 Sandstone 73 657.0 50 0.0009
29 Sandstane 103 23 +0.1 1.5
33 1 Clay, sandy 113 8 +2.9 5
S Claystone 91 30 +6.8 20
34 4 Clay, sandy 98 16 +2.4 59
9 Ciaystone 82 40 +2.9 10
35 4 Clay, sandy 100 17 +6.4 10 82 60 42
29 Claystone 94 29 +1.1 6
36 4 Clay. sandy 101 19 +11.5 17
37 4 Weathered Claystone 94 18 -03 —
29 Claystone 97 26 +1.5 10
38 14 Sandstone, very clayey 108 18 +0.4 24 34 50 24

* Sweil or consolidation of a sample when wetted under a 1,000 psf surcharge load.

o
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M A.G.WASSENAAR, INC. GEOTECHNICAL CONSULTANTS
PHCONE: 303/759-8100 FAX: 303/758-2020 2480 S. IVANHOE, SUITE 5  DENVER, COLORADO 80222

APPENDIX

SPECTFICATIONS FOR PLACEMENT OF OVERLOT GRADING FILL

GENERAL

The Soil Engineer, as the Owner's representative, shall conduct tests to determine if the material,
method of placement, and compaction are in reasonable compliance with the specifications.

PREPARATION OF NATURAL GROUND

Vegetation, organic topsoil, any existing man-made fill and any other deleterious materials shall be
removed from the fill area. The area to be filled shall then be scarified, moistened 1f necessary, and
compacted in the manner specified below prior to placement of subsequent layers of fill.

PLACEMENT QF FILL. MATERIAL

No organic, frozen, perishable, or other unsuitable material shall be placed in the fill. The materials
shall be delivered to the fill in a manner which will permit a well and uniformly compacted fill.
Before compacting, the fill material shall be properly mixed and spread in approximmately horizontal
layers not greater than 8 inches in loose thickness.

MOISTURE CONTROL

While being compacted, the material shall contain uniformly distributed optimum moisture for
compaction. The Contractor shall be required to add moisture to the materials if, in the opinion of
the Soil Engineer, proper and uniform moisture is not being obtained for compaction. If the fill
materials are too wet for proper compaction, aerating and/or mixing with drier materials may be

required.

Moisture content shall be controlled as a percentage deviation from optimum. Optimum moisture
content is defined as the moisture content corresponding to the maximum density of a laboratory
compacted sample performed according to ASTM D698 for cohesive soils or ASTM D1557 for
granular soils. The moisture content specifications for the various areas are as follows:

Castle Rock Development Company
The Meadows Town Center
Project Number 72607
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APPENDIX
SPECIFICATIONS FOR PLACEMENT OF STRUCTURAL FILL

PAGE TWO
1. Beneath Structural Areas: Cohesive -1 to +3 percent
Granular -2 to +2 percent
2. Beneath Non-Structural Areas: -3 to +3 percent
3. Moisture Treated Fill: Cohesive 0 to +4 percent
Granular -2 to +2 percent
COMPACTION

When the moisture content and conditions of each layer spread are satisfactory, it shall then be
compacted by an approved method. Moisture-density tests shall be performed on typical fill
materials to determine the maximum density. Field density tests must then be made to determine
the adequacy of the fill compaction. The compaction standard to be utilized in determining the
maximum density is ASTM D698 for cohesive soils or ASTM D1557 for granular soils. The
following compaction specitications should be followed for each area:

. Beneath Structural Areas: 95% of Maximum Dry Density

2. Beneath Non-Structural Areas: 50% of Maximum Dry Density -

Note:  Inareas where fill depths exceed 20 feet, additional compaction considerations
will be required to minimize fill settlement. We recommend any fill placed
within 20 feet of final subgrade elevation be compacted to a minimum of 95%
of the appropriate maximum dry density, and deeper fills be compacted to 100%
of the appropriate maximum dry density. The required moisture content for all
fills more than 20 feet deep shall be -2 to +2 percent of optimum moisture

content.

If the structural fill contains less than 10 percent passing the No. 200 sieve, it may be necessary to
control compaction based on relative density (ASTM D 2049). If this is the case, then compaction
around the structures and beneath slabs shall be to at least 60% relative density, and compaction
beneath foundations and pavements shall be to at least 70% relative density.

Castle Rock Devetopment Company
The Meadows Town Center
Project Number 72607
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October 13, 2003

Mr. Scott Chomiak

Castle Rock Development

3033 East First Street, Suite 410
Denver, Colorado 80206

RE: The Meadows Town Center Vegetation Assessment / Wildlife Corridor and
Habitat Issues

Dear Scott:

The purpose of this letter is to provide an assessment of possible impacts to vegetation,
potential wildlife habitat, and wildlife corridors resulting from the development of The
Meadows Town Center Preliminary Plat and Final PD Site Plan (The Meadows Town
Center). aci consulting biologists investigated the subject area on August 12, 2003: a
vegetation assessment resulting from the investigation is attached as Appendix A. The
Town Center subject area is bounded by Meadows Blvd. and Meadows Parkway. The
Meadows Town Center comprises approximately 200 acres of the approximately 4,200
total acres of The Meadows Property. Of the 200 acres comprising the Town Center,
approximately 65 acres are designated as open space.

The Town Center is entirely open grassland, historically used for cattle grazing. There is
no connectivity of the Town Center to viable wildlife habitat and/or viable wildlife
movement corridors. A drainage corridor is also being established as open space which
bisects the site from north to south.

There is known Preble’s Meadow Jumping Mouse (Zapus hudsonius preblei) (PMIM)
habitat on a portion the Meadows property; however, the United States Fish and Wildlife
Service (USFWS) issued concurrence that proposed construction of the remainder of the
Meadows Property would not adversely affect the continued existence of the mouse. The
Town Center is located outside of the area designated as PMIM habitat and within the
area of concurrence. Concurrence was issued by USFWS with the no adverse-effect
finding in a letter dated June 10, 1999 from LeRoy Carlson of USFWS to Mr. Steve

Paulson (Appendix B).

In 1998, SWCA, Inc. and representatives of the Colorado Division of Wildlife (CDOW)
conducted a site investigation of The Meadows Property, including the Town Center, to
assess the potential for the regular occurrence of special status wildlife and regular
utilization of travel corridors by elk and deer. SWCA determined that the closest known
occurrence of Species of Special Significance near the Meadows Property was the Plains
sharp tail grouse (Tympanuchus phasianellus Jamesi). In 1997, a male Plains sharp tail

AT a s s s e e - - - - = .- -
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grouse was documented by CDOW west of the Meadows Property; however, no sightings
have been made since. SWCA did not preclude the utilization of the Meadows Property
by raptors (such as Ferruginous Hawk (Bureo regalis)) or burrowing owls (Athene
cunicularia hypugaea) in search of small prey. SWCA also determined that deer and elk
do utilize the area, including the Meadows Property. However, the closest known travel
corridor for elk is located significantly north of the property.

The four federally-threatened or endangered terrestrial animal species listed by the
Colorado Natural Heritage Program (CNHP) as potentially occurring in Douglas County
are the bald eagle (Haliaeetus leucocephalus), Mexican spotted owl (Strix occidentalis
lucida), Preble’s meadow jumping mouse (Zapus hudsonius preblei), and the Pawnee
montane skipper (Hesperia leonardus Montana). Currently, there is no known presence
of bald eagles, Mexican spotted owls, or Preble’s meadow jumping mice within the Town
Center subject area. The Pawnee montane skipper butterfly occurs in Douglas County
but only within South Platte Canyon, no further south than the town of Deckers, and not
below 6,200 feet (CNHP, 2001). The black-tailed prairie dog (Cynomys ludovicianus)
was petitioned to be listed as an endangered species in March 1999; however, no prairie
dog towns were observed during the investigation of the Town Center subject area.

Given the lack of connectivity to viable wildlife habitat and/or wildlife corridors and the
designated of open space, the proposed development of the Town Center will not result in
a significant impact to the integrity of wildlife habitat or wildlife movement corridors
within the Meadows Property. Additionally, USFWS has issued concurrence that
proposed development of portions of the Meadows Property, the Town Center, would
have no adverse effects on PMJM.

If you have any questions or concerns, please contact me at your earliest convenience.

Sincerely,

Stacy Nipper
aci consulting
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INTRODUCTION

On August 12, 2003, aci consulting biologists investigated The Meadows Town Center
project area.

PROPERTY DESCRIPTION

The Meadows Town Center is located in the foothills transition zone between the
grasslands of the eastern Colorado plains and the ponderosa pine forests to the west.

The subject area is underlain by sedimentary units of the upper Tertiary age Castle Rock
Conglomerate Member, of the Dawson Formation. This unit consists of claystones,
siltstones, and light colored arkosic conglomerates, sandstones, and gravels.
Additionally, limestones, lignites, and coals occur throughout the 300-1400 foot
thickness of the unit (Chase/ McConaghy USGS Publication I-731, 1972). Alluvial
material within drainages is of Pleistocene and Holocene age (post Piney Creek). The
geologic formations are highly permeable and often contain low levels of organic
material. These conditions result in highly erodible, poorly vegetated soil.

The Meadows site contains the Larkson, Newlan, and Sampson soil Series according to
the U.S. Soil Conservation Service “Soil Survey of the Castle Rock Area, Colorado,
1977 publication.

FINDINGS

The subject area reviewed for this report consists of approximately 200 acres. The
vegetative landscape of the subject is entirely open, rolling grassland without the
presence of trees or shrubs (see photo below), |
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DEPARTMENT OF THY ARMY
CORPS QF E.‘!GJNE‘.‘:i-i.Q, QMAIIA BIsmacT
DENVER REGULATORY OIFICE, 9397 SOUTH WADSWORTH O EVARD
LITITETQN, COLORAND §0128-£00;

Scptemnber 3, 2002

Mr. Jim Riley

Castle Rock Development Company
3033 T Firsl Avenue

Denver, CO 80206

RE: Approved Turisdictional Determination, Meadows Development Project, Custle Reck,
Wetlands in Drainages to Plam Creek and Plum Crecl:
Corps File No. 200280574 (previous Corps File No. 199980868)

Dicar Mr, Riley:

Reference js made to the above-mentioned project on behalf of the applicant, Castle Roclk
Development Company. This project is located in all of Seeton of 33, porlions of Seclions 23, 27, 28,
29,32 qiad 34, Tovnship 7 South, Range 67 West, and porlions of Seclions 3, 4, 5, 9 and 10, Township 8
Sauth, Range 67 West, Douglas County, Colorado,

‘[his projuct has been reviewed in accordance with Seetion 404 of the Clean Water Act under
which the 118, Army Corps of Enginecrs regulates the discharge of dredged and (1l materal, and any
excavalion aclivities associated with a dredged and il project, inlo waters of the United States. Walers
ol the Usited States nelude cphienicral, mtenmittent and percamal streans, their surfuce comueled
willuds and adjcent wellands and certain lakes, ponds, drainage ditches and irrigation ditches that have
¥ onexus to interslate conunerce.

Dascd upon the ruling by the Supreme Court in the matter of Salid Wask Agency of Noribom
Caok.Counly v XIS Army Corps of Hnoineers, No. 99-1178 (January 9, 2001), the Department of the
Army’s regulatory jursdiction over isolated, non-navigable, intrastate waters has been eliminaled if the
solunexus to interstate comineree was use of the waters by migratory birds. Wetlands that are surface
conaceled or adjacent to a river/tributary are waters of the United Sites. Streambed areas {Other Waters)
it voravet to a Iarger river sysiem arz also waters of the United States.

Mo Creek and wetland T ace waterz of the U.S. Drainage A (no wetland and no strea mbed),
Drainage I3 wetland, Diainage C wetland, Drainage E welland, Drainace G (no wetland and no
streambad), Drainnge H wetland and Drainage T(ne watland and no sireambed) are not waters of the U.S.
The drainage up gradient of wettand F is not a watees of the .S, The atlached Jurisdictionsl
Netermination fona provides the basis for the furisdiction of thesc waters. This letter is 10 inform you
Hinlour oflice considers the welland delineation map and report by Environmental Resources
SEanagement (or this project accurute and accontable.

i

L et



JURISDICTTONAT, DFETERAINATION
U.S. Army Corps of Brrincers, Crsha Disrice

AUPLICANT: Cuslle Rock Develapment

PROJECT LOCATIONAVATERWAY: Dotiglas Co/ Drainage A (no wetland and ng strexmbed), Drainnge B owetland,
Dralaagee Cwetland, Diginnee I8 wethand, Drainage up graclicnt of wetland Ey Drainage G (no welland and ne
stesabed), Dridage 1weiland and Drainame [ (o wetland and na stee méicdy

FHILE NUSMEBIR: 200380574

PROJECT REVIEW COMPLETED: [x] Office [] Field
Jurlsdictienal Determvination (JD):

[] Ereliminay JD - Dased an availaile information, there appear o be (] arthere appear 1o be no [ ] watess of tha
Uniced Starces on the project site. A preliminary I is nal appealable.
L &] Approved dD - Fere are [ ] or there are no [ x] waters of the United States in the abave-mentioned driinnes, An
approved 1T i un appealable action,
Fasiy of inlsdledisan Determination:

[ X1 There are no jurisdictional waters of the United Stares prasent in rhe above-mentionsd drainages.
1 The presence aof waters wlich are currently used, or were used in the past, or mav be susceptible for use 1o lransport
fusrsicve o furcipn comneree, including all waters which are subject Lo tha ebb and flow of the lide (1.2, navigable wazers
ol the U.8.)
[] hepresence of infersiate walers (including interstate weelands').
[T ‘The presence ofa iriluitary to an interstate warer or other waler of the US,
(] Imspeundnients of flerstate or other warers of the US or their triburaries.
[7] 71w presence of territorial seas,
[1 The presence ol wetlnds adjacent? ta inferstate or other waters of the US, exeept for those watlunds 2djacent Lo other
wetlunds,
(7] The presencs of an igoloted water {e.z.. intrasiate lakes, rivers, siroanis (including intermuigent slreams), mud{ats,
suadilals, wetluads, sloughs, praivie polholes, wet meudows, nlaye lakes, or najural ponds).
™ he site iz used by interstule or foreign travelors for recrestional purposes.
L3 he site s fish oc shellfish dhat are taken and sold in interstate or fareign commerce.
L} Thesite is used for induserial Jurpases by indusirics in interstare cammerce,

(1 O - .

feiionate for Basls (apyslies 1o any boxes cheeloed above):  Sincu there arc upland inclusions with in the drainnges of B, C, U4
and 11 Getwonn the wa thunds and Plum Creel, these wellands ars neiher adjacent t nor sutfee connected to an interstate waters,
Therelore, these wellands arg izolared and non-jurisdictional. Drainages A, G and T have no characteristics of waters of the L.S.
snch as wathunda or strenmbeds, Drainage up gradient of wetland F. Therefore, these drajarges are non-jurisdictiona

Laleral Extent of Juvisdlertan (33 CFR 328 and 329):

P Ordinary Hip!c Water Mank indicuted by [J High Tidz Linc indicated by:
0] clear, nueal Hne imprezsad on the bank 0 ot or seum line aleng shore abjects
{1 :he presence ol litter and debris (. fine shell or debris depoasits {Toreshory)
[] chamges in the churacter of sall CJ physisal murkings/characteristics
[ ] destruction of tereastrial vevelitiog [] tida! gages
(1 shelving 7 ather s
[] other

(1 Memn Hich Water Male indicated by
1 suevey to avidlable datuin: [ physical markings; [ vegetition lires/ehang s in vey types
- Jrrozenn or cousiul area) site 15 In g vone theee geonraphic (pautical) miles scaward of e haseling?
U] Wetund, as sbown ca the stiached wetland delinearion mip andfor in a jurisdietionad report preparad by: Putricia
Corbetia und Srephaaie Larson of Envirenmena! resourees Management

[ Aditoral supnorting nformation,
Peopirees Tervy Melee  Date: August 30, 2002
“Wellaneds e fdentified ond delinenied using the methorls and aritaria esiablishad in the Corps Wetland Delineation
Mapual (37 ManozlYoe, occurrencs of hydrophytic veasiation, hydeic soils und wetland hydrology). Proceases fur
dubrmmining wethinds et agricaliueal lanils may vary from mothods descrired in e Corps Wetland Delinealion Manual,

il e fudjacent” means bordering, contizuous, or neighboring. Wetlands separzred fiom other walers of ihe
ders or basiacs, natural river berns, beach dunes, and thz ke are aizg adjagent.

LA by avin s i

“eline s the line on ihe shore reached Ly the ardlnary Jow lides rem whizh s dissanca ofthree imilzs 13 measured
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9/3/02

Terry McKee, US Army Corps of Engineers
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