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GENERAL SITE AND PROJECT DESCRIPTION

Project Description

The site is located in the southwest portion okBgrColorado, northwest of the intersection of tBou
Chambers Road and Hess Road. The approximatedoaztihe site is shown on the Site Vicinity Map,
Figure 1.

The project is to consist of mixed commercial, frgmily residential and public park construction
across approximately 13.8 acres at the site. Mpeegifically, RMG understands construction at tte s
will include:

» 72 single family lots of 1 to 2 stories in heightiwunknown use of basements.

» 8 commercial lots with buildings approximately 12tstories in height up to 10,660 square feet.
* 0.14 acres of park space in the northeast cornireddite.

* Roadways, drive aisles, parking areas, and entsance

Rocky Mountain Group (RMG) was retained to explitve subsurface conditions at the site and develop
preliminary geotechnical engineering recommendatifom design and construction. A final grading
plan and/or architectural drawings of the propostedctures have not been provided to RMG prior to
the issuance of this report. We understand that ghrpose of this report is for preliminary
recommendations only and that they will not be ufedfinal design or submittal for construction.
Preliminary recommendations stated herein will nemde verified and may be subject to change
according to the findings during the final inveatign and subsurface exploration. RMG assumes that
the construction will consist of mass site gradamg overexcavation where required.

Existing Site Conditions

Available historical imagery indicates that the pathoe Canal ran north-south across the western side
of the site. Additionally, a small unnamed drai@dgending east-west bisected the site and appears
have fed the Arapahoe Canal. The Arapahoe Carthluanamed drainage at the site were infilled
during development of the surrounding areas pmo2@®04. The site experienced site grading and
construction activity during residential developmanthe surrounding area. Unknown amounts of fill
may exist across the site but despite previousiggdthe site is presently undeveloped. Vegetasibn
the site consisted of native grasses and weedg aldtlhh few deciduous trees. Areas with little
vegetation are primarily located on the westerre sid the site where bedrock was shallow and
outcropping at the existing ground surface. Topphy across the site consists of mild to moderate
slopes downward from South Chambers Road to tie eas

FIELD INVESTIGATION AND LABORATORY TESTING

Drilling

The subsurface conditions on the site were invatgdyby drilling five exploratory test borings. The
approximate locations of the test borings are prteskin the Test Boring Location Plan, Figure 1.
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The test borings were advanced with a power-drivvamtinuous-flight auger drill rig to depths of
approximately 20 to 30 feet below the existing gmbsurface (bgs). Samples were obtained in general
accordance with ASTM D-3550 utilizing a 2%-inch @ibdified California sampler. Explanation of
Test Boring Logs is presented in Figure 2. The Besing Logs are presented in Figures 3 through 5.

Laboratory Testing

The moisture content for the recovered samples otdigined in the laboratory. Grain-size analysis,
Atterberg Limits, Natural Dry Unit Weight/DensityWater Soluble Sulfate, and Denver

Swell/Consolidation tests were performed on setec@mples for purposes of classification and to
develop pertinent engineering properties. A Sumnodryaboratory Test Results is presented in Figure
6. Soil Classification Data are presented in Figureand 8. Swell/Consolidation Test Results are
presented in Figures 9 through 11.

GEOLOGY, FAULTING, AND SUBSURFACE CONDITIONS

Geologic Setting

The project site is located approximately 16.5 méast of the southern Rocky Mountains, within the
Colorado Piedmont section of the Great Plains Bigyaphic Province. Parker is located within a large
north-south trending structural basin called theni2e Basin which consists of an asymmetric syncline
of Paleozoic, Mesozoic, and Cenozoic sedimentack tayers. The Denver Basin formed during the
Laramide Orogeny that uplifted the Rocky Mountathging the late Cretaceous and early Tertiary
(Trimble, 1980). The surficial geology of the sitemapped by Matthew L Morgan (2014) as early
Paleocene-age to early to middle Eocene-age Famid@sfour and five (Dawson and Arapahoe

Formations), and late Pleistocene-age Older alfaviwo.

Faulting

Historically, several minor earthquakes have besonded around the Denver metropolitan area. Based
on our field observations and our review of rea@diilable published geological maps and literature
there are no known active faults underlying or egljd to the subject site. Therefore, the probghilit
damage at the site from seismically induced graurthce rupture is considered to be low.

Seismicity

In accordance with the International Building Co@612/2015, seismic design parameters have been
determined for this site. The Seismic Site Class lbeen interpreted from the results of the soil tes
borings drilled within the project site. The USGS8ssic design tool has been used to determine the
seismic response acceleration parameters. The osoithis site is not considered susceptible to
liquefaction.

The following recommended Seismic Design Parameterdased upon Seismic Site Class D, and a 2
percent probability of exceedance in 50 years. Séismic Design Category is “B”.
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Table 1: Seismic Design Parameters

Mapped MCE Adjusted
Period I:\’Spectral Site MCE Spectral| Design Spectral
(sec) esponse Coefficients Respon§e Respo'nse
Acceleration Acceleration | Acceleration (g)

(9) (9)
02 | Ss| 0176 | Fal 1.6 Sms 0282 Sfs 0.188

1.0 S1 0.058 Fv 2.4 Sml 0.139 Sdi 0.092

Notes: MCE = Maximum Considered Earthquake
g = acceleration due to gravit

SUBSURFACE CONDITIONS

Subsurface Materials

The subsurface materials encountered in the teshdsowere classified using the Unified Soils
Classification System (USCS).

Topsaoil

From the surface, topsoil was encountered in tegh@s to approximately 3 inches bgs. Topsoll is
generally defined as a surficial layer of soil whicontains a higher percentage of organic matter of
decayed plant roots, stems, and leaves. Topsedtisonsidered suitable for construction. Topgsais
visually described as light brown to brown and tie&y dry.

Native Soils

Underlying the surficial topsoil, native soils weeacountered in test borings along the central and
eastern portions of the site (B-1, B-2, B-3). Matsoils were encountered to depths ranging from
approximately 11 to 19 feet bgs. Native soils wgemerally classified as very stiff sandy fat clay.
Native soils were visually classified as light brovo brown, reddish brown, light to dark gray, eliv
with white mineral deposits and oxidation stainiagg relatively dry to moist.

Bedrock

Bedrock was encountered underlying topsoil or gaarof outcroppings along the western portion ef th
site (B-4 and B-5) and continued to boring termoradepths. In the central and eastern portiorthef
site bedrock was encountered underlying the nas continuing to the termination depths. Be#roc
appears to generally dip steeply from the westh® dast across the site. Bedrock was generally
classified as hard to very hard sandstone and tiirnrmedium hard claystone. Bedrock was visually
classified as light brown to brown, yellowish browight to dark gray, reddish gray, olive, with i
mineral deposits and oxidation staining, and moist.

Additional descriptions and the interpreted disttibn (approximate depths) of the subsurface nmalteri
are presented on the Test Boring Logs. The claasidins shown on the logs are based upon the
engineer’s classification of the samples at thetldepndicated. Stratification lines shown on thgslo
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represent the approximate boundaries between mlatgpes and the actual transitions may be gradual
and vary with location.

Groundwater

Groundwater was encountered in test boring B-4ppraximately 13 feet bgs at the time of field
exploration. However, when checked five days subsegto drilling, groundwater was encountered at
approximately 12 feet bgs in test boring B-4. Grebuater was not encountered in the remaining test
borings. Fluctuations in groundwater and subserfaoisture conditions may occur due to variations i
rainfall and other factors not readily apparenthé$ time. Development of the property and adjacent
properties may also affect groundwater levels.

PRELIMINARY CONCLUSIONS AND RECOMMENDATIONS

The following discussion is based on the subsurtacelitions encountered in the test borings and on
the project characteristics previously describéaohditions are different from those describedhis
report or the project characteristics change, RM®Gukl be retained to review our preliminary
recommendations and adjust them, if necessary.

Geotechnical Considerations

The primary geotechnical concern at this site v 1o moderately expansive native soils and bedrock.
Volumetric change of expansive soil may cause estgescracking and heaving of structures with
shallow foundations, concrete slabs-on-grade, @emp@&nts supported on these materials. In general,
swell potential increases as the dry density ire@eand the moisture content decreases. Also thié sw
potential increases as the surcharge pressure smil decreases. Construction on soils known to be
potentially expansive will have a significant impé&ethis project.

The native soil and bedrock samples tested exdilvidéeiable swells ranging between approximately 0.1
to 2.9 percent when wetted against a surchargesyme®f 1,000 pounds per square foot (psf). The
swelling soils were encountered across the sitee Slvelling soils are widespread throughout the ait
different depths. These soils are not suitabledfogct bearing of shallow foundations or floor slab
their present condition. In order to reduce theepbal for post-construction total and differential
vertical movement we recommend project improvementdude on-site soils and bedrock be
overexcavated, moisture conditioned, and reusexdm@mpacted structural fill to a depth which resiuits

as much as 6-7 feet of moisture conditioned strattiill beneath foundation components and floor
slabs. Personnel of RMG should be present duhiegoerexcavation process to observe and verify
overexcavation depths and separation from expamsaterials.

Fill soils were not encountered during our fieldsestigation. However, our review of available
historical imagery indicates that fill material még encountered during construction, particularly
within the area of the Arapahoe Canal and unnamaidage previously mentioned. Additionally, this
area may contain soft or loose alluvial soils iraa@r that are not identified on the Test Boring Logs
Furthermore, due to the variability in selectiolagement, and compaction of fill soils, unsuitafille

soils may be encountered in excavations, even wiamne are indicated on the Test Boring Logs. Itis
recommended that new foundations extend down tlhrdlg fill materials to bear on the native soils or
bedrock below. As with expansive clay soils andrbekl, fill material and soft/loose alluvial soilsea
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not considered suitable for support of shallow fiations. Soft/loose soils may require removal
(overexcavation) and/or scarification and recompadf encountered.

Groundwater was encountered at depths that areamitipated to affect construction at the site.
However, due to the tendency of groundwater totdlate, groundwater may be encountered during
excavation, even when not indicated on the Tesingdrogs. Depending on the conditions encountered
in the excavation, additional drainage/dewateriygtesns and/or foundation stabilization may be
recommended.

Preliminary recommendations based on the field stigation and laboratory testing, are presented
below. These preliminary recommendations may Jzaged on anticipated cut/fill and excavation
depths. RMG should review the preliminary recomdations once final grade and excavation depths
have been determined. Additional investigation e required prior to final recommendations and
design values being provided. It must be undedsthat these recommendations should be verified
after the individual lots have been drilled or aft&cavation on each individual lot is completed.

SITE DEVELOPMENT AND EARTHWORK

The following sections present our preliminary maooendations for site development and earthwork.
Site Preparation

Prior to construction, the ground surface in pregbstructure and improvement areas should be sttipp
of existing vegetation, debris, topsoil, undocuredngxisting fill, soft, loose, or disturbed natiseils,
and other deleterious material. Materials generdtethg clearing operations should be removed from
the project site for disposal. Soft, loose, ordirf) subgrade should be removed to a depth thatsesp
firm subgrade and replaced with structural fill.dreas to receive engineered fill, the exposedrsuleg
should be scarified, moisture conditioned, and cactgd per the recommendations set forth herein.

Excavations

Excavations for the project are expected to en@yumative soils and bedrock. The native soils will

generally be excavatable with heavy-duty earth mpwquipment. Excavation rates will be very slow

within bedrock and the use of more aggressive etaavtechniques, such as single-shank rippers, hoe
rams, or rock breaking equipment, may be needexthdeve proposed grades. The contractor for this
project should anticipate increase wear and teaguipment when excavating bedrock. The excavation
activities may generate oversize material (paditdeger than 3 inches) that will not be suitaloleufse

as backfill. Bedrock was encountered at depthgingnbetween approximately 0.25 to 19 feet bgs. The
excavated on-site native soils and bedrock mayesed as structural fill if needed, provided the

recommendations set forth herein are implemented.

The contractor should provide safely sloped exdamator an appropriately designed and constructed
braced-shoring system, in compliance with Occupafi’Gafety and Health Administration (OSHA,
2005) guidelines, for employees working in an exatin that may expose employees to the danger of
moving ground. In our opinion, the native overburdmeils should generally be considered a “Type A”
soil when applying the OSHA guidelines. For exceret within the bedrock, either “Type A” soil
conditions and/or “Stable Rock” is appropriate.eptr cut slopes may be utilized for excavations les
than 4 feet deep depending on the strength, meistomtent, and homogeneity of the soils as observed
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in the field. Appropriate slope inclinations should evaluated in the field by an OSHA-qualified
“Competent Person” based on the actual conditiooeuntered.

Overexcavation and Replacement

The native clayey soil and claystone bedrock hawe to moderate swell potential and may not be
suitable for direct bearing of shallow foundatioos floor slabs in their present condition. We
preliminarily recommend the overexcavation of natsoils and bedrock beneath foundations and floor
slabs, moisture conditioning, and replacement ragtsiral fill to depths which result in as much4aé

feet of moisture-conditioned compacted structueaddath all foundation components and floor slabs. |
claystone bedrock is to be reused as moisture-tondd compacted structural fill it will require
additional processing and preparation. Reductioovierexcavation can be assessed once final grading
plans and additional subsurface investigations Heeen conducted. The base of the fill prism should
extend outward and upward from the outside edgéhefbuilding footprints on a 1:1 (horizontal:
vertical) slope to include areas under building lagmances. Structural fill should be observed and
tested during placement as indicated in the folhgngection, to ensure proper compaction.

Moisture Conditioned Structural Fill

Areas to receive moisture-conditioned structutékfiould have topsoil removed and the upper 6esch
of the exposed surface soils scarified and moistanglitioned to facilitate compaction (usually vitl2
percent of the optimum moisture content) and corgobto a minimum of 95 percent of the maximum
dry density as determined by the Standard Proesar(ASTM D-698) prior to placing structural fill.

Moisture-conditioned structural fill placed on séspshould be benched into the slope. Maximum bench
heights should not exceed 4 feet, and bench walhbsld be wide enough to accommodate compaction
equipment.

Moisture-conditioned structural fill shall consisf moisture-conditioned, on-site native soils and
bedrock, and should generally be free of topsaijanics, debris, particles greater than 3 inches in
diameter, and other deleterious materials. Restiof non-expansive material or crystalline rockym
be included up to 6 inches in diameter.

Moisture-conditioned structural fill materials shiaé moisture-conditioned to a minimum of O percent
to 4 percent above optimum moisture content (asroheéhed by the Standard Proctor test, ASTM D-
698).

Claystone materials used as moisture-conditionecdttstral fill shall be processed to contain clapsto
fragments no greater than 3 inches in diameter.n\dheystone is to be incorporated, the fill matsria
will require being processed with construction disiteepsfoot roller, and bladed until the matasal
well mixed and free of large clods and broughttthproper moisture content. Claystone materiaddl sh
be moisture-conditioned to a minimum of 1 percenttpercent above optimum moisture content (as
determined by the Standard Proctor test, ASTM D-6%&operly processing claystone material as
structural fill does not eliminate swell potentatl the moisture-conditioned and compacted claystone
fill. These recommendations are intended to redbeeswell potential within the claystone structural
fill. Itis incumbent upon the contractor to ensproper moisture-conditioning of the claystoneeariat

to reduce the swell potential and meet the stapmtiications. If claystone materials are to be
stockpiled during construction activity, the clayst¢ materials should be re-wet and re-mixed tcacepl
the surficial moisture lost to evaporation durimg tresting period. The processing and placement of
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claystone material as moisture conditioned strattéil should be observed by a representative of
RMG.

The moisture-conditioned materials should be planeshiaximum 8" compacted lifts. These materials
should be compacted to a minimum of 95 percenhefrhaximum dry density as determined by the
Standard Proctor test (ASTM D-698). Material noetiey the above requirements shall be reprocessed.

Materials used for moisture-conditioned structuiill should be approved by RMG prior to use.
Moisture-conditioned structural fill should not paced on frozen subgrade or allowed to freezenduri
moisture conditioning and placement.

Earthwork operations should be observed and compaidn of structural fill materials should be
tested by the project’'s geotechnical consultant. lis the responsibility of the builder or contractor

to schedule with this officeto conduct compaction tests, retrieve or accelpaty of a fill sample, or
certify the fill material. Early testing is recomnded to demonstrate that placement and compaction
methods are achieving the required compaction Her @ntire depth of fill. Without a strict quality
assurance program, the fill may not be of sufficegumlity to achieved required performance.

Exterior Backfill

Backfill should generally be free of topsoil, orgem particles greater than 3 inches in diametelyid,

or other deleterious material. Backfill should placed in loose lifts not exceeding 8 to 10 inches,
moisture conditioned to facilitate compaction (Usuaithin 2 percent of the optimum moisture cort)en
and compacted to 90 percent of the maximum dryitleas determined by the Standard Proctor test,
ASTM D-698 on exterior sides of walls in landscapedas. In areas where backfill supports pavement
and concrete flatwork, the materials should be amtgnl to 95 percent of the maximum dry density as
determined by the Standard Proctor test, ASTM D-698

Fill placed on slopes should be benched into tbpeslMaximum bench heights should not exceed 4
feet, and bench widths should be wide enough torantodate compaction equipment.

The appropriate government/utility specificatiofw@d be used for fill placed in utility trenchds.
material is imported for backfill, the material sia be approved by the Geotechnical Engineer poor
hauling it to the site.

The backfill should not be placed on frozen subgradallowed to freeze during moisture conditioning
and placement. Backfill should be compacted by raeidal means, and foundation walls should be
braced during backfilling and compaction.

Utility Construction

The contractor should provide adequate mechanicalpaction in the utility trench backfills. The
contractor should take particular care in the lop@itions of excavations and around manholes, valve
risers and other vertical pipeline elements whetdesnents are commonly observed. Our experience
indicates that significant settlement of backfdincoccur in utility trenches, particularly whennicees

are deep, when backfill materials are placed ioktfifts with insufficient compaction, and when wat
can access and infiltrate the trench backfill mater
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Soils in utility excavations may encounter “Type Abils and “Stable Rock” according to OSHA
regulations. Trench backfill should be compactedCity and/or County specifications and it is
recommended that a representative of RMG providltifoe observation and compaction testing to
ensure the backfill meets the required specificatio

Utility mains such as water and sanitary sewersliage typically placed beneath paved roadways. The
settlement of the utility trench backfill can hawedetrimental effect on pavements and roadway
surfaces. We recommend that utility trench backidlplaced in 5 inch loose lifts, moisture condiéd

as required and compacted to 95 percent of thed&tdrProctor test, ASTM D-698. The placement and
compaction of utility trench backfill should be @pged and tested by a representative of RMG during
construction.

Sandy pipe bedding materials can function as casdoi re-distribution of natural and applied watar

the subsurface. Development of site grading pldmosilsl consider the subsurface transfer of water in
utility trenches and the pipe bedding in areas whée utility service trenches enter structures. If
groundwater is encountered during excavation, waifer is found in the excavated utility trenchas;

off walls in utility trenches or other water-stopgimeasures may be implemented to reduce the rates
and volumes of water transmitted along utility ahigents toward structures, where wetting of the
underlying soils increases the potential for smhements, material degradation, or structural esstr

PRELIMINARY FOUNDATION RECOMMENDATIONS

The preliminary foundation recommendations preskbtow are based on the preliminary subsurface
soil findings documented in this report. The filatommendations for each individual site will deghen
on the subsurface investigation for that specdtdd be conducted at a later time after final grgcnd
overexcavation has occured. RMG should be retdimedach individual site for further soil explom@ti
and will then provide specific foundation recommatnohs for each individual lot. Depending on the
effectiveness of the overexcavation, moisture dmlng, and replacement, foundations may congist o
continuous bearing spread footing foundations teradtively spread footings with a minimum dead
load.

Spread footing foundation bearing on structurdlrfiby be designed for maximum allowable bearing
pressures in the range of 2,000 to 2,500 psf. Armim dead load spread footing foundation may be
designed for a minimum dead load of 600 to 800wt a maximum allowable bearing pressure in the
range of 2,000 to 2,500.

Spread footing foundation bearing on sandstonedo&dmay be designed for maximum allowable
bearing pressures in the range of 2,500 to 3,00®&igs no minimum dead load requirement.

Foundation components must be below all organienatand should extend 36 inches or more below
the lowest exterior finished grade for frost proi@t. Continuous wall footings should have a width

16 or more inches, and column footings should Fawedth of 24 or more inches. Footings should be
reinforced in accordance with the recommendatidriiestructural engineer. The bearing capacity may
be increased by one-third when considering loadshoft duration such as wind or seismic forces. The
foundations should preferably be proportioned ghel the resultant force from design loads, incigdi
lateral loads, falls within the kern (i.e., middiee-third of the footing base).
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LATERAL EARTH PRESSURES

Foundation and basement walls should be designeelstst lateral earth pressures. For onsite backfil
materials, the estimated range of equivalent fhuressures will be 40 to 60 pcf for active condisi@amd

60 to 80 pcf for at-rest conditions. The lateratle@ressures apply to level, drained backfill adods.
Equivalent Fluid Pressures for sloping/undraineddéions should be determined on an individual lot
basis.

INTERIOR FLOOR SYSTEMS

The following sections present our preliminary maooendations for slab-on-grade floors and isolating
interior partitions.

Slab-on-Grade Floors

Slab performance risk evaluation is an enginegrudgement which is used as a predictor of the ggner
magnitude of potential slab heave, and the rigkaonir slab performance. The Slab Performance Risk fo
slabs bearing atop undisturbed, on-site soils auhldek at this site is judged to be highly variaioden
‘Low’ to ‘Moderate’ based on the criteria in thdlfaving table.

Table 2: Slab Performance Risk Categories

Slab Performance Representative Percent| Representative Percent Swell
Risk Category Swell (500 psf Surcharge (1,000 psf Surcharge)
Low Oto<3 Oto<?2
Moderate 3to<5 2to<4
High 5t0<8 4t0<6
Very High >8 >6
Note: Based on Colorado Association of Geotechritcafineers, Guidelines for Slab Performance Riskliation
and Residential Basement Floor System Recommemdafizenver Metropolitan Area, 1996).

The Colorado Association of Geotechnical Engind€&&GE) recommends structural floors where the
slab performance risk is judged to be high or v@gh. This risk is anticipated to be reduced by the
overexcavation and replacement measures specifieinh However, the owner must understand that
vertical slab movement on the order of four incbhesnore is considered possible for soils/bedrock of
low to moderate expansion potentaadd for structural fill after removal (overexcawat) of expansive
soils/bedrock. In some cases, vertical movement exaeed this range. If movement and associated
damage to floors and finishes cannot be toleratestkuctural floor system should be used.

Floor slabs should be separated from structuralpocmants to allow for vertical movement. Controtlan
construction joints should be placed in accordamitie the latest guidelines and standards publighed
the American Concrete Institute (ACI) and appliealdcal Building Code requirements. Slabs should
also be separated from any utility components biat®n joints. Mechanical equipment supported on
slabs should be provided with expandable/collaps#igictions in order to allow movement of the slab
without damage to the equipment or structure.

Recommendations for exterior concrete slabs, sagatos, driveways, and sidewalks, are not indude
in this report.
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Structural Floors

If movement cannot be tolerated, a structural flggstem (supported by the foundation independently
of the subgrade soils) is recommended for theiontédoor system of the proposed structures. Thaym
include conventional floor framing or a structucahcrete slab adequately voided from the soil below
Suspended slab systems include the TellaFirma ponelich uses a post-tensioned structural concrete
slab poured on the ground and raised to createethared floor space. Garage floor slabs suppated
the on-site soils may experience vertical movemnénhne to six inches, or more.

If a non-concrete system is used, environmentaltthdaazards associated with mold growth in
crawlspaces must be reduced by utilizing “cleamistauction methods. The floor should be properly
sealed and vented. A ventilation system activaietéimperature and humidity levels may be requined i
the crawlspace. The entire floor system and vdidilasystem should be designed by a qualified
professional.

Recommendations for exterior concrete slabs, ssgatos, driveways, and sidewalks, are not incdude
in this report.

Interior Partitions

Interior non-bearing partitions and attached furimgs (e.g., cabinets, shower stalls, etc.) on &ac
slabs should be constructed with a void so that tteenot transmit floor slab movement to the roof o
overlying floor. A void of at least 1-1/2 inchesrecommended beneath non-bearing partitions. The vo
may require reconstruction over the life of theustire to re-establish the void due to verticabsla
movement.

SURFACE GRADING AND DRAINAGE

The ground surface should be sloped from the mgklwith a minimum gradient of 10 percent for the
first 10 feet. This is equivalent to 12 inches all facross this 10-foot zone. If a 10-foot zonenat
possible on the upslope side of the structure, therll-defined swale should be created a minimum 5
feet from the foundation and sloped parallel witl tvall with a minimum slope of 2 percent to inegpt
the surface water and transport it around and dveely the structure. Roof drains should extend acros
backfill zones and landscaped areas to a regidnighgraded to direct flow away from the structure.
Homeowners should maintain the surface grading dnathage recommended in this report to help
prevent water from being directed toward and/ordoag near the foundations.

Landscaping should be selected to reduce irrigatgnirements. Plants used close to foundationswall

should be limited to those with low moisture reguients and irrigated grass should not be located
within 5 feet of the foundation. To help control ede growth, geotextiles should be used below
landscaped areas adjacent to foundations. Impexyalastic membranes are not recommended.

Irrigation devices should not be placed within &tfef the foundation. Irrigation should be limitedthe
amount sufficient to maintain vegetation. Applicatiof more water will increase the likelihood cétsl
and foundation movements.

The recommendations listed in this report are méento address normal surface drainage conditions,
assuming the presence of groundcover (establislegmtation, paved surfaces, and/or structures)
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throughout the regions upslope from this structug@wever, groundcover may not be present due to a
variety of factors (ongoing construction/developmewildfires, etc.). During periods when
groundcover is not present in the "upslope” regibigher than normal surface drainage conditiong ma
occur, resulting in perched water tables, excessffuflash floods, etc. In these cases, theamerf
drainage recommendations presented herein (eveproperly maintained) may not mitigate all
groundwater problems or moisture intrusion into sheicture. We recommend that the site plan be
prepared with consideration of increased runofirduperiods when groundcover is not present on the
upslope areas.

SUBSURFACE DRAINAGE

A subsurface perimeter drain is recommended argontibns of structures which will have habitable or
storage space located below the finished groundeirThis includes crawlspace and walkout portions
of foundations, if applicable. A perimeter draetail is provided in Figure 12.

A subsurface perimeter drain is designed to infgreeme types of subsurface moisture and not others

Therefore, the drain could operate properly andmtgate all moisture problems relating to foundat
performance or moisture intrusion into the baseraesd.

CONSTRUCTION IN COLD OR WET WEATHER

During construction, the site should be graded gheh surface water can drain readily away from the
building areas. Given the soil conditions, it ispwntant to avoid ponding of water in or near
excavations. Water that accumulates in excavatsimsuld be promptly pumped out or otherwise
removed and these areas should be allowed to diyedare resuming construction. Berms, ditches, and
similar means should be used to decrease stormeatering the work area and to efficiently conviey i
off site.

Earthwork activities undertaken during the cold thea season may be difficult and should be done by
an experienced contractor. Fill should not be plame top of frozen soils. The frozen soils shoudd b
removed prior to the placement of fill or other stvaction material. Frozen soil should not be used
engineered fill or backfill. The frozen soil may tBised (provided it meets the selection criteviae it

has thawed completely. In addition, compactionhef $oils may be more difficult due to the viscosity
change in water at lower temperatures.

If construction proceeds during cold weather, fatmhs, slabs, or other concrete elements should no
be placed on frozen subgrade soil. Frozen soilldrether be removed from beneath concrete elements
or thawed and recompacted. To limit the potentiakbil freezing, the time passing between excawati
and construction should be minimized. Blanketgvetisoil cover, or heating may be used to discaurag
the soil from freezing.

PRELIMINARY PAVEMENT DESIGN

It is not known at this time if local residenti@adways, drive aisles, and parking areas at theogex
development will be maintained privately and/orthg city/county. For the purpose of this prelinmna
pavement design, RMG assumes that the proposedangatereas will be maintained by the City of
Parker. This is considered a preliminary pavemeéesign and does not meet the regulatory
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requirements or design criteria of the final desigAreliminary recommendations provided are from
information generated from preliminary borings whigre not considered to be at or near final design
grades of the proposed roadways.

Preliminary pavement design criteria in this repgvtes options for full depth and composite asphalt
pavement sections. Final pavement grades havieereot provided at this time. Additional investigati
within the proposed pavement areas will be requiogorovide final pavement recommendations. Final
recommendations will require samples to be takéer grading of the roadways have been completed
and the subgrade is rough cut.

Preliminary pavement sections were developed ineiggnaccordance with the guidelines and
procedures of the American Association of StatehWiy and Transportation Officials (AASHTO),
City of Parker “Street Classification and Roadwagsgn Criteria” and “Pavement Section Design”
(PRDC), and Colorado Department of Transportatiethmdology.

Subgrade Preparation

Section 6.4 of the PRDC requires mitigation meastioe soils with swell test results greater than or
equal to 2.0 percent swell with a 200 pounds paasgfoot (psf) surcharge at specified compactien p
CDOT at optimum moisture content. Additionally, tig@tion may be required of soil conditions
exhibiting collapse, low density, and/or a shall@ater table.

Clay will be prone to swelling and heaving upontwet The native soil and bedrock samples tested
exhibited variable swells ranging between approxéiya0.1 to 2.9 percent when wetted against a
surcharge pressure of 1,000 psf. These samplestalezn of in-situ conditions and not represengativ
of the requirements of the final pavement desighRurthermore, these samples were wetted at a
surcharge greater than the surcharge requireddisatad in the PRDC and may experience greater
swell potential under a smaller surcharge. Weimishrily recommend that clay and claystone
encountered at subgrade elevation should be owevated as much as 5 feet, adjusted to within 2
percent of the optimum moisture content and recatepato a firm and unyielding condition per City
and/or project specifications, typically 98 perceh&tandard Proctor test, (ASTM D-698), or treated
accordance with City of Parker mitigation measulésxpansive soil mitigation is made, the soil
treatment shall extent to one foot beyond the lHeburb (if detached walk or not walk), or to omwef
beyond the back-of-walk (if attached walk or motiod walk).

In areas of suitable subgrade soil the exposedrmkathould be scarified to a depth of 12 inches,
adjusted to within 2 percent of the optimum moistaontent and recompacted to a firm and unyielding
condition per City and/or project specificationgitally 98 percent of Standard Proctor test, (ASDM
698). The subgrade should then be proof-rolledh w&itheavy, pneumatic tired vehicle. Areas which
deform under wheel loads should be removed andceglwith select material.

Preliminary Pavement Design

To accurately demonstrate that the pavement segtibrbe adequate when a superior subgrade is
installed, we provide pavement design calculatiogelew based upon the moderately plastic sandy fat
clay (A-7-6) soils existing on site. Pavement desparametric input data follows the guidelines
presented in Section 6.0 of the PRDC. The roadwagsumed to be classified as “Local Residential -
>50 Residential Units”. The pavement design patarseand design calculations for Flexible
Pavements are presented below:
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Table 3 - Design Parameters

Pavement Source
ESAL 73,000 PRDC Table 6-1
Serviceability Loss 2.0 CDOT Table 1.5
Assumed R-Value 5.0 --
Reliability 80 CDOT Table 1.3
Standard Deviation -0.841 CDOT Table 1.4
Calculated Subgrade
Resilient Modulus 3,025psi PRDC Section 6.2|3
(MR)

The Subgrade Resilient Modulus gMbf 3,025 pounds per square inch (psi) was caiedlasing
eqguations developed by the Colorado Departmentarisportation.

Flexible Pavement Design

Section 6.3 of PRDC specifies a minimum full defiéxible pavement thickness of 5.0 inches and
minimum composite flexible pavement sections of iB€hes of asphalt and maximum 8.0 inches of
base for flexible pavements of “Local-Residentiab0 Residential Units” sites. The flexible paverme
design parameters are presented below. Desigulatdms are based on the general equation (SN = a
D;+& D+ & Ds......) as presented in Section 6.2.3 of the PRDC.

Table 4 - Strength Coefficients

Pavement Source
Asphalt (HMA) 0.44 CDOT Table 3.2
Aggregate Base
Course (ABC) 0.15 CDOT Table 3.2

The following Structural Number is recommended dame Figure 3.1 “Design Nomograph for Flexible
Pavements” in the CDOT manual.

Table 5 - Structural Numbers
Pavement
Structural Number 3.6

Composite Hot Mix Asphalt Pavement Sections

Options for composite hot mix asphalt pavementigeaowith aggregate base course, granular
subbase course, and lime treated subgrade ardagsfo

Calculated Range of Hot Mix Asphalt Pavementkhess = D = 5.5 — 7.0 inches
Calculated Range of ABC thickness =14.0 — 8.0 inches

Required Minimum Hot Mix Asphalt Pavement thickness.0 inches (Section 6.3)
Maximum Base thickness = 8.0 inches (Section 6.3)
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The following Composite Hot Mix Asphalt Pavementtgen is recommended.

Table 6 — Recommended Composite Hot Mix Asphalt Pa@ment Sections

Base
Section Type HMA Layer
(in) (in)

Hot Mix Asphalt Pavement wit

A
Aggregate Base Course 5.5—7.0| 4.0-8.0

Full Depth Hot Mix Asphalt

As an alternative to the Hot Mix Asphalt plus baseommended above, a Full Depth Hot Mix
Asphalt section is also suitable.

Full Depth Hot Mix Asphalt Pavement Section

Calculated Minimum Full Depth Hot Mix Asphalt Pavent thickness = D= 8.5 inches
Required Minimum Full Depth Hot Mix Asphalt Paverémckness = 7.0 inches
(Section 6.3)

The following Full Depth Hot Mix Asphalt Pavemermcsion is recommended.

Table 7 — Recommended Full Depth Hot Mix Asphalt Peement Sections

: HMA SS
Section Type (in) (in)
Hot Mix Asphalt Pavement 8.5 --

Pavement Specifications
Flexible Pavement Materials

The asphalt pavement shall consist of a bitumir@aat mix composed of a mixture of high quality
aggregate and bituminous material, which meetsdbeirements of a job-mix formula established by a
qualified engineer. Grading S should be used ferakver lift(s) and grading SX should be used far t
surface course. Pavement layer thickness should toe3 inches for the lower lift(s) and 1.5 to 2.5
inches for the surface course with tack coat layar( between. The geotechnical engineer should be
retained to review the proposed pavement mix desiggrading, and lift thicknesses prior to
construction.

Aggregate base material placed beneath pavememifdsmeet the criteria of CDOT Class 6 aggregate
base. Requirements for CDOT Class 6 aggregatedaasbe found in Section 703 of the current CDOT
Standards and Specifications for Road and Bridges@action. Aggregate base should be placed at
moisture contents within 3 percent of optimum meistcontent and compacted to a minimum of 95
percent of the maximum dry density as determinethbyodified Proctor test (ASTM D-1557)
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Pavement Maintenance

The collection and diversion of surface drainageayvirom paved areas is vital to satisfactory
performance of the pavements. Surface drainagddhbelcarefully designed to facilitate removal lud t
water from paved areas and subgrade soils. Allowiumface waters to pond on pavements will cause
premature pavement deterioration. Where topogragitey/,constraints or other factors limit or pre@dud
adequate surface drainage, pavements should beledowith edge drains to reduce loss of subgrade
support.

Landscape irrigation in planters adjacent to pavemand in “island” planters within paved areas
should be carefully monitored or differential heared/or rutting of the nearby pavements will result
Drip irrigation systems are recommended for su@mntelrs to reduce over-spray and water infiltration
beyond the planters.

As noted above, the standard care of practice werpant design describes the recommended rigid and
flexible pavement section as a “20-year” designepaent; however, pavements in Colorado will not
remain in satisfactory condition without routinggpentive maintenance and rehabilitation procedures
performed during the life of the pavement. Prewenpiavement treatments are surface rehabilitation a
operations applied to improve or extend the fumalidife of a pavement. These treatments preserve,
rather than improve, the structural capacity offiaeement structure.

CONCRETE

Sulfate testing was performed on selected and ceitgpsamples based on ASTM C1580. Test results
showed 0.07 percent by weight, indicating the gmiésent negligible (Class 0) sulfate exposureseBa

on these results Type I/ll cement or equivalenttamx according to ACI 201.2R-10 is suggested for
concrete in contact with the subsurface materi@dlement type shall be designed and approved by a
licensed Colorado Professional Engineer and Foiorddesigner. Calcium chloride should not be
used for the onsite soils. The concrete shouldaqgilaced on frozen ground. If placed during peviod
cold temperatures, the concrete should be kept freezing. This may require covering the concrete
with insulated blankets and heating. Concrete vabruld be completed in accordance with the latest
applicable guidelines and standards published by AC

CLOSING

This report has been prepared for the exclusivgpga& of providing preliminary geotechnical
engineering information and recommendations foretlgyment described in this report. RMG should be
retained to review the final construction documept®r to construction to verify our findings,
conclusions and recommendations have been appieprimplemented.

This report has been prepared for the exclusivebydéentana Capital for application as an aid in the
design and construction of the proposed developnientaccordance with generally accepted
geotechnical engineering practices. The analysdsezommendations in this report are based in part
upon data obtained from test borings, site obsematand the information presented in referenced
reports. The nature and extent of variations mayeoome evident until construction. If variatidhen
become evident, RMG should be retained to reviesy icommendations presented in this report
considering the varied condition, and either veoifynodify them in writing.
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Our professional services were performed usingdbgtee of care and skill ordinarily exercised,emd
similar circumstances, by geotechnical engineeastming in this or similar localities. RMG doestno
warrant the work of regulatory agencies or othédtiparties supplying information which may have
been used during the preparation of this report. idoranty, express or implied is made by the
preparation of this report. Third parties reviewitigs report should draw their own conclusions
regarding site conditions and specific constructemhniques to be used on this project.

The scope of services for this project does nofude; either specifically or by implication,
environmental assessment of the site or identiinabf contaminated or hazardous materials or
conditions. Development of recommendations forrthiggation of environmentally related conditions,
including but not limited to biological or toxicajecal issues, are beyond the scope of this refidte
Client desires investigation into the potential $och contamination or conditions, other studiesikh

be undertaken.

If we can be of further assistance in discussirggdbntents of this report or analysis of the prepgos
development, from a geotechnical engineering pointiew, please feel free to contact us.
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Al B4 14.0 11.6
*| B-5 9.0 69.9
®| B-5 19.0 54.3
4 ROCKY MOUNTAIN GROUP N Y4 N\
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ARCHITECTS
= (RMG ) == |SOIL CLASSIFICATION| cureno s
ENGINEERS DATA
Colole S Camont O DATE  11/27/18
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COMPRESSION % EXPANSION
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APPLIED PRESSURE - PSF
PROJECT: S. Chambers Road & Hess Road Project Parker, Colorado SAMPLE LOCATION: B-1 @ 14 FT
SAMPLE DESCRIPTION: CLAYSTONE NATURAL DRY UNIT WEIGHT: 87.1 PCF
NOTE: SAMPLE WAS INUNDATED WITH WATER AT 1,000 PSF NATURAL MOISTURE CONTENT: 29.9%
PERCENT SWELL/COMPRESSION: 0.1
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100 1,000 10,000
APPLIED PRESSURE - PSF
PROJECT: S. Chambers Road & Hess Road Project Parker, SAMPLE LOCATION: B-2 @4 FT
Colorado SAMPLE DESCRIPTION: Sandy Fat CLAY NATURAL DRY UNIT WEIGHT: 93.8 PCF
NOTE: SAMPLE WAS INUNDATED WITH WATER AT 1,000 PSF NATURAL MOISTURE CONTENT: 26.2%
PERCENT SWELL/COMPRESSION: 1.9
4 ROCKY MOUNTAIN GROUP N\ N )
JOB No. 167366
ARCHITECTS
RM G SWELL/CONSOLIDATION | ccUrE No. 9
Forensics Civil, Planning .
ENGINEERS TEST RESULTS
forado Springs: (Corporate Office
el 29d103Aus(in Bhﬁfs Parliwa(z/m DATE 1 1 /27/1 8
Colorado Spings, CO 80918
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COMPRESSION % EXPANSION

'\\\
1 _
~—¢
-2
-3 \
-4
) ki
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APPLIED PRESSURE - PSF
PROJECT: S. Chambers Road & Hess Road Project Parker, SAMPLE LOCATION: B-3 @9 FT
Colorado SAMPLE DESCRIPTION: Sandy Fat CLAY NATURAL DRY UNIT WEIGHT: 110.1 PCF
NOTE: SAMPLE WAS INUNDATED WITH WATER AT 1,000 PSF NATURAL MOISTURE CONTENT: 16.9%
PERCENT SWELL/COMPRESSION: 2.9
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100 1,000 10,000
APPLIED PRESSURE - PSF
PROJECT: S. Chambers Road & Hess Road Project Parker, Colorado SAMPLE LOCATION: B-3 @19 FT
SAMPLE DESCRIPTION: CLAYSTONE NATURAL DRY UNIT WEIGHT: 94.6 PCF
\ NOTE: SAMPLE WAS INUNDATED WITH WATER AT 1,000 PSF NATURAL MOISTURE CONTENT: 28.6% /
PERCENT SWELL/COMPRESSION: 1.6
4 ROCKY MOUNTAIN GROUP N\ N )
JOB No. 167366
ARCHITECTS
RM G SWELL/CONSOLIDATION | £cURE No. 10
Forensics Civil, Planning .
ENGINEERS TEST RESULTS
ot Satr o ) DATE  11/27/18
Colorado Spings, CO 80918
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100 1,000 10,000
APPLIED PRESSURE - PSF
PROJECT: S. Chambers Road & Hess Road Project Parker, Colorado SAMPLE LOCATION: B-5@ 9 FT
SAMPLE DESCRIPTION: CLAYSTONE NATURAL DRY UNIT WEIGHT: 97.8 PCF
NOTE: SAMPLE WAS INUNDATED WITH WATER AT 1,000 PSF NATURAL MOISTURE CONTENT: 32.2%
PERCENT SWELL/COMPRESSION: 2.0
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100 1,000 10,000
APPLIED PRESSURE - PSF
PROJECT: S. Chambers Road & Hess Road Project Parker, Colorado SAMPLE LOCATION: B-5@ 19 FT
SAMPLE DESCRIPTION: CLAYSTONE NATURAL DRY UNIT WEIGHT: 102.5 PCF
NOTE: SAMPLE WAS INUNDATED WITH WATER AT 1,000 PSF NATURAL MOISTURE CONTENT: 23.5%
PERCENT SWELL/COMPRESSION: 0.3
4 ROCKY MOUNTAIN GROUP N N )

JOB No. 167366

oz, | SWELL/ICONSOLIDATION | figure no. 11
o TEST RESULTS

Colorado Springs: (Corporate Office) DATE 1 1 /2 7/1 8

2910 Austin Bluffs Parkway
Colorado Spings, CO 80918

(719) 548-0600
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GENERAL NOTES:

1.
2.

WHICH SHALL BE SOLID, NON—PERFORATED PIPE.

DRAIN PIPE SHALL BE PROVIDED WITH A FREE GRAVITY QUTFALL, IF POSSIBLE.

MINIMUM GRADE FOR DRAIN PIPE SHALL BE 1%, OR 3 INCHES OF FALL IN 25 FEET.

IF

OUTFALL CANNOT BE ACHIEVED, THEN A SUMP PIT AND PUMP SHALL BE USED.

PERSONNEL PRIOR TO BACKFILLING TO VERIFY INSTALLATION.

f
/
//> EXTERIOR BACK FILL
Lz
2
< POLYETHYLENE FILM SEALED TO WALL AND
2 EXTENDED AROUND BOTTOM OF GRAVEL
. 3% COLLECTOR AS SHOWN
L
PAD
s 3 MIRAFI ® 140N GEOTEXTILE OR EQUIVALENT
i 8 MIN[ ™ — WRAP BOTTOM EDGE ALONG
Uk POLYETHYLENE FILM AND WRAP TOP EDGE
_ B 237N ALONG FOOTING (AS SHOWN)
= n \\ .
= .o / GRAVEL COLLECTOR:
= : N K< //\Y ’ GRAVEL SIZE TO BE AT LEAST 2X
T P \/ [ THE WIDTH OF SLOTTED
zl PERFORATIONS OR 1.5X THE
— %\\\/\\\ DIAMETER OF ROUND
. FOOTING . N, o] PERFORATIONS
a > .
X WE
NN S %
/\//\\//\ AR
AN R
= 3" MIN PERFORATED
RE PIPE (U.N.O.)

BOTTOM OF DRAIN PIPE SHALL BE AT OR BELOW BOTTOM OF FOOTING AT ALL LOCATIONS
ALL DRAIN PIPE SHALL BE PERFORATED PLASTIC, WITH THE EXCEPTION OF THE DISCHARGE PORTION

A GRAVITY

ALL DRAIN COMPONENTS SHALL BE RATED/APPROVED BY THE MANUFACTURER FOR THE INSTALLED
DEPTH AND APPLICATION

DRAIN SYSTEM, INCLUDING THE OUTFALL OF THE DRAIN, SHALL BE OBSERVED BY QUALIFIED

.
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ROCKY MOUNTAIN GROUP

Southern Office

Colorado Springs,CO
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(719) 548-0600
Central Office:
Englewood, CO
(303) 688-9475

Greeley / Evans, CO 80620

(970) 330-1071
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