August 31, 2006

Lone Eagle Land Brokerage o

21330 6785 Ct. L2 @

Montrose, CO 81402 JuL 31 21
Diran.. .

Attn: Mr. Joseph Burns o ‘ffaf(:n“é:‘ Fioi oyee
Miring ang Gomatis,

RE: GROUNDWATER MONITORING RESULTS waley

MONTROSE 552-ACRE RANCH
MONTROSE COUNTY, COLORADO

Dear Mr. Burns:

Please find enclosed the results of the groundwater monitoring for the Montrose 552-Acre
Ranch, located between Government Springs Road to the south, T Road to the north, west of the
Uncompahgre River, east of U.S. Highway 550 and extending to Sims Mesa, in Montrose
County. The Geologic Report for this property was completed and submitted to you on May 3,
2006. These groundwater monitoring results form the final portion of our geologic analysis.

Twenty groundwater monitoring standpipe piezometers were installed on the property during
January, February, and March, as part of our site investigation. As indicated on the attached Site
Plan, Standpipe #1 (SP#1) through Standpipe #20 (SP#20) were placed in each test pit location
prior to backfilling the excavations. The piezometers were monitored during a period from April
10 to July 27, 2006. The results of the monitoring are presented on the attached spreadsheets.
The reading on April 10, 2006, was taken to demonstrate the groundwater level prior to the
irrigation season. Generally, the piezometers situated in agricultural areas experienced high
groundwater levels due to flood-type irrigation practices, while the piezometers positioned
within the escarpment and on top of the mesa remained relatively dry during the monitoring
period.

It was a pleasure to work with you on this project. Buckhorn Geotech is a full-service
engineering firm providing foundation, site drainage, structural, and retaining structure design
services, as well as construction materials testing and inspections. If you require any of these
services or have any questions regarding the above, please do not hesitate to contact us.

Respectfully Yours,
BUCKHORN GEOTECH, INC.

Timothy P. Brethauer, Geologist
Encl:  Site Map, Monitor Welt Summary
Moose 552-Acre Ranch
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GEOLOGIC REPORT
LOAN EAGLE LAND BROKERAGE
MONTROSE 552-ACRE RANCH
T ROAD
MONTROSE COUNTY, COLORADO

Buckhorn Geotech, Inc. conducted a series of investigations of site and subsurface conditions in
January, February, and March of 2006 at the Montrose 552-Acre Ranch in Montrose County,
Colorado. This work was performed at the request of the property co-owner, Mr. Joseph Burns,
on behalf of Lone Eagle Land Brokerage, Inc. The purpose for the analysis was 1o assess the
general suitability of the property for development of a major subdivision. The investigation
consisted of a site inspection, excavation and logging of twenty test pits, drilling and logging of
four borings, percolation and radon testing, installation and monitoring of twenty groundwater
standpipes, testing of soil materials encountered, and analysis of available data. Our geologic
report includes an analysis of the geologic hazards and constraints relating to groundwater, soil
and/or geologic conditions within the 552-acre ranch. The following report presents the findings
of our investigation and our conclusions and general engineering considerations for planning,
development, and construction within the ranch.

Site Conditions and Proposed Development

The Montrose 552-Acre Ranch is located between Government Springs Road to the south,

T Road to the north, west of the Uncompahgre River, east of U. S. Highway 550 and extending
west to Sims Mesa, approximately 7 miles south of downtown Montrose (see Vicinity Map).
The property is situated in Sections 26, 27, 34, and 35, Township 47 North, Range 9 West,
N.M.P.M. The ranch contains a segment of Horsefly Creek to the east, the West Canal, and a
portion of the eastern flank of Sims Mesa, locally known as “Moonlight Mesa.” Agricultural
fields occupy the lower eastern portion of the property between U. S. Highway 550 to the West
Canal. The West Canal flows from the southeast corner of the property to the northwest,
aligning with the toe of the eastern escarpraent of Moonlight Mesa. The top of Moonlight Mesa
15 relatively level with a subtle general dip to the north and east. A network of small irrigation
ditches intersect through the lower fields, while seasonal drainages crease the escarpment and
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mesa top. The approximate elevation of the property ranges from 6,140 near the highway to
6,500 feet on top of the mesa (USGS 7.5 Montrose East Topographic Quadrangle). Topography
across the ranch consists of gentle slopes (2 to 5%) on top of the mesa, an escarpment comprised
of undulating slopes (30 to 60%) to the east approximately 200 to 250 feet down, and lower
nearly level agricultural fields. Vegetation on the non-irrigated mesa top and escarpment
consists of sage, yucca, cacti, some juniper and pinon trees, native grasses, and riparian growth
such as Russian olives, willows, cottonwoods, and cattails within the drainages leading off the
top of the mesa. The lower fields generally consist of hay meadows and some riparian growth
along the banks of Horsefly Creek, the West Canal and other surrounding irrigation ditches. An
existing homestead, located on the escarpment toe, is surrounded by some landscaped trees and
lawn,

The attached Site Map shows the basic features of the property, including property boundaries,
and the approximate locations of our test pits. The following photographs taken from various
locations across the property, shows the vegetative cover, local topography, and general
characteristics of the ranch,

West Canal

ED

Looking south from on top of the escarpment, majority of the jower agricultural fieids
is pictured. T Road is fo the left of the photograph, while the West canal is running
through the center of the photo.

Montrose 552-Acre Ranch
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Locking west, the escarpment and the eastern most agricultural field can be seen.
The frontage road for Highway 550 is pictured in the immediate foreground.

Looking north, the mesa top s pictured. BLM land boarders the south and west. The
astarpment is to the right of the photographer.
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Geology

The Montrose 552-Acre Ranch is located within and along the western margin of the
Uncompahgre River Valley, which is a northwesterly trending depression lying between the
Uncompahgre Plateau uplift to the west and the Gunnison uplift, consisting of pre-Cambrian
Black Canyon schist and gneiss, to the east (Geologic Map of the Montrose 30" x 60°
Quadrangle, USGS Map [-1939: Steven and Hail, 1989). A prominent formation exposed along
the west and east margins of the valley is the Dakota Sandstone Formation (Kd), a resistant
sandstone unit that forms a cap layer on the Uncompahgre Plateau and the western flank of the
Black Canyon. The Dakota Sandstone consists of massive, light brown sandstone layers
interbedded with weaker, thin strata of gray to black shale, mudstone and some coal. The
Mancos Shale Formation (Ki) overlies the Dakota formation and is the main rock unit
immediately underlying the Uncompahgre Valley. The Mancos Shale, a dark-gray to dark-
brown, marine clay shale that is locally calcareous or sandy, forms a bedrock wedge that is
thickest on the eastern portion of the valley, where it outcrops as “adobe badlands”, and thins to
the west at the edge of the Uncompahgre Plateau. Under the ranch property, the Mancos Shale is
approximately 200 to 300 feet thick and is composed of variably silty, calcareous clay shale with
minor inclusions of sandstone, siltstone and Hmestone.

The valley floor 1s a broad outwash plain with low mesas formed by melting glaciers. As the
glaciers in the surrounding mountains melted, the mud, sand, and gravel contained within the
mass of ice was swept downstream, eventually filling in the incised river valley to a depth of 30
to 80 feet. Sims Mesa is an outwash glacial plain that has been isolated by post-glacial down-
cutting of the Uncompahgre River. In some places, the escarpment profile shows the cap of
glacial outwash as well as the underlying shale bedrock, Erosion of the adjacent adobe hills and
terraces has brought fine-grained silts and clays into the valley floor that has spread over the
glacial and fluvial alluvium. Subsequent erosion by the river and its tributaries has re-excavated
the valley to the shape seen today. This re-excavation has not been a uniform process but has
been punctuated by climatic cycles that accelerated the rate of erosion during extended periods
which were often followed by periods of quiescence.

According to the Geologic Map of the Montrose 30" x 60" Quadrangle (USGS Map 1-1939), the
lower agricultural fields and portions of the mesa are mapped as undivided stream alluvium,
alluvial-fan deposits, and terrace gravel (Qa), consisting of “alluvial deposits in floodplains
flanking modern streams, alluvial fans at the mouths of tributaries, and older gravels covering
stream terraces graded to former stream levels,” while the escarpment is mapped as Mancos
Shale (Km). Much of the Mancos Shale along the margins of the Uncompahgre River valley is
covered by surficial outwash deposits, as observed during cur investigation. The conditions
encountered during our field investigation are consistent with this mapping.

Montrose 552-Acre Ranch
Projzet #06-023.GEO
Pagedof 22



Soil Classification

According to the Delta-Montrose Area Soil Survey (Soil Conservation Service: Cline et al.,
1967), the soils in the lower agricultural fields are classified as Vernal clay loam (Ved, 0 to 2%
slopes), Colona clay, gravel substratum (Cs4, 0 to 2% and CoC, 2 to 8% slopes), Genola clay
loam (Ged, ( to 2% slopes), Billings silty clay (BdB, 2 to 5% and BdC, 5 to 10% slopes),
Billings silty clay loam (BgC, 5 to 10% slopes), and Chipeta-Persayo-Mesa association (CkC, 2
to 10% slopes) surrounding the existing homestead. The majority of the escarpment is classified
as Rough Broken Land, Shale and Till Materials (Rv), while the soils on top of the mesa are
classified as Mesa clay loam to Mesa gravelly clay loam (M4, 0 to 2%, MIB, 2 to 5%, MoB, 2 t0
5%, and MoA, 5 to 10% slopes).

Vernal soils are deep, well-drained, and moderately fine-textured soils formed on stream
terraces, which are not highly susceptible to erosion, have a moderate organic content, and have
a stable structure. Colona soils are deep, moderately well drained, and mainly fine textured.
They form on floodplains and at the low end of alluvial fans in uniform, fire-textured, calcareous
alluvinm derived mainly from sedimentary rocks, and are very similar to Genola soils. Billings
soils are deep, well-drained, moderately to fine-textured, and calcareous soils that are formed on
the lower portion of gently sloping alluvial fans in sediments washed from adjacent exposures of
shale and siltstone. Billings soils are noted for their weak and unstable structure. Rough Broken
Land, Shale and Till Materials accur on the steeply sloping sides of erosional valleys and
isolated mesas. Mesa s0ils are deep, well drained, and moderately fine textured grassland soils
formed on mesas and high terraces in gravelly, caleareous alluvium of mixed mineralogy. These
soil types are consistent with the findings of our field investigation.

Geologic Hazards

A variety of geological hazards can exist in western Colorado as a result of elevation, extreme,
topography, soil/geologic conditions, surface and groundwater, and climatic effects. The hazards
that potentially affect the Montrose 552-Acre Ranch are discussed below. Some buildings,
roadways, and septic systems throughout the region have experienced negative impacts due to
slope movement, expansive and compressible soils, and groundwater problems. Appropriate
engineering techniques for design and construction relating to troublesome climate and soil
conditions should be used to reduce the potential for such problems. However, because of the
overall dynamic characteristics of the area, almost every site is subject to at least some degree of
potential risk. These risks are explained below.

Unstable Slopes

Slopes on the property range from approximately 2 to 5% on top of the mesa, 30 to 60% as
uneven slopes on the escarpment, and nearly level agricultural fields on the valley floor. The
slopes of the escarpment appear to be well-vegetated and stable. Although some steep slopes in
the region that are composed of these materials are susceptible to potential slope movement, we
did not observe any features that may indicate recent movement such as leaning or splayed trees,

Montrose 552-Acre Ranch
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scarps, soil tension cracks, seeps, disrupted vegetation, or hummocky topography. Although the
slopes of the escarpment appear currently stable, they can be destabilized through design and
construction practices that ignore the potential for earth movement. If development through the
escarpment is proposed, we recommend a slope stability analysis.

Slope stability can be impaired by cutting into steep slopes {especially near the toe of the slope),
applying loads at the crest of a slope, careless removal of vegetation, and introducing soil
moisture or disrupting the existing pattern of surface or subsurface water flow. Providing logical
landscape topography, developing an integrated grading and drainage plan, and retaining cut
slopes over 3 feet high will be important in preserving site stability. Due to the multiple possible
home sites, slope stability will be a site specific issue. Slope stability should be examined for
each building site (as needed) as development is planned. Other recommendations for enhancing
slope stability are presented in the Conclusions and Recommendations Section of this report.

Erosion

Erosion can be a hazard due to sparse vegetation, low organic content of the soil, sloping terrain,
weak soil structure, and/or a thin layer of soil over bedrock. During medium- to high-intensity
precipitation events, large volumes of runoff can drain from the surrounding areas, causing a
concentration of high flows in the seasonal drainages. High velocity runoff can erode surface
sediments and scour channel walls, causing widening and/or down-cutting of drainages. Careful
soil and water management is recommended along drainages and for construction on or near the
escarpment to maintain and enhance the existing stability. Careful and conscientious
construction practices should be used when developing to minimize the potential for erosion.

Shallow Groundwater

Shallow groundwater can be problematic as it weakens foundation soils, creates hydraulic
pressure, can seep into the interior of buildings if foundation components are not properly
waterproofed, and can interfere with the operation of an improperly designed septic system. On
moderate to steep slopes, saturated soil conditions can also contribute to unstable slope
conditions. Management of surface and subsurface water at this site is important for the long-
term performance of foundation components and slope stability. A comprehensive site drainage
plan, designed in tandem with the grading and landscape plans, should be designed to intercept
surface and subsurface water and remove it from development areas. Care should also be taken
so that outfall from drains is not concentrating the runoff, which could cause crosion or slope
stability problems. General recommendations for grading and foundation preparation are given
below in the Conclusions and Recommendations Section of this report.

Although we did not find groundwater during our subsurface investigations and did not observe
any indications of seeps or springs, we did observe iron-oxide staining, mottling, and in some of
the lower test pits, an abrupt cessation of roots, suggesting that groundwater may seasonally rise,
Since we performed our investigation during a time of the year when irrigation is not oceurring
and groundwater levels are cyclically low (winter), it is expected that groundwater levels will be
higher during the irrigation season. Groundwater monitoring standpipes (piezometers) were
installed in the excavations prior to backfilling. These piezometers were positioned to
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demonstrate the limits of high groundwater that may occur on the property. Groundwater levels
will be monitored as per the County requirements. When our measurements are complete, and
we are comfortable determining the level of shallowest groundwater, we will tabulate the results
to be summarized in a letter that will be an addendum to this report.

Wetiands

Field observations of various areas within the ranch, particularly the southern portion, indicate
that potential jurisdictional wetland(s) may exist along principal drainages. Jurisdictional
wetlands are defined by the U.S. Army Corps of Engineers as areas that are inundated by surface
and/or groundwater in durations sufficient to support a prevalence of vegetation suited to
saturated ground conditions. Section 404 ofthe 1977 Clean Water Act requires a permit 1o be
obtained before a wetland or water of the U.S. can be impacted. Wetlands adjacent to waters of
the U.S. such as lakes, rivers, and streams are considered waters of the U.S. In addition, specific
County regulations, permits, and setbacks may apply. It is recommended that a wetlands
delineation survey be conducted to identify wetland areas that may be impacted by proposed
development.

Flooding

According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map
Panel 402B, the majority of the 552-acre ranch is located in Zone C, areas of minimal flooding,
where no special precautions are required ro mitigate potential flood hazards. Areas within the
Horsefly Creek channel are mapped as Zone 4, areas affected by the 100-year flood. No
observable signs of recent flooding were seen on the property. However, due to the mapping
designation along Horsefly Creek, the close proximity of the West Canal and surrounding
ditches, we recommend that the property owners avoid all potential floodplains and consider
elevating the first floor level of any home built downgrade of these water features, a minimum of
1-foot above surrounding grade to minimize the hazard resulting from an unlikely breach.

Expansive and Compressive Soil and Rock

Soil materials containing some types of clay, especially bentonite (montmorillonite), can expand
in volume as they absorb water and then shrink as they become dry. In some areas of Colorado,
these expansive soils are very hazardous and can cause serious damage to foundations,
roadways, pavements, and embankments. The geology of swelling soils, the effects of moisture
on these soils, and dealing with construction and landscaping on swelling soils are discussed in
the Colorado Geological Survey publication, A4 Guide to Swelling Soils for Colorado
Homebuyers and Homeowners (Special Publication #43: Noe et al., 1997). In the Montrose area,
these clays are principally derived from Mancos Shale.

Compressive soils are those that have generally been laid down rapidly, have a weak matrix
containing voids, and/or are not naturally in a dense or compacted state. Compressive soils
typically have a large proportion of fine-grained materials, especially sili, but this is not always
the case. For example, alluvial and debris fan deposits contain soil, rock and organic debris that
is laid down during flood events in an unsorted and uncontrolled manner. Consequently, the
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debris contains voids and, although it contains rocks up to boulder-size, the interstitial material is
often not dense or in a well-consolidated state. Clayey soils can also be compressive if saturated
when loads are applied.

Mancos Shale and its residual soil can be very sensitive to variations in moisture, being quite
strong when dry but either expansive or losing strength rapidly when wetted. Additionally,
wetting and drying cycles can weaken the shale so that it becomes highly erodible. Whenina
dry and dense state, the shale and its residual soil can exert expansive pressures when moisture is
absorbed. Conversely, when in a loose, highly fractured state, the material can consolidate when
weited under moderate loads. The expansive and compressive characteristics of the shale and
soil are discussed in detail in the Subsurface Conditions Section of this report.

The potential hazard from expansive and compressive soil is the differential movement of
foundation soils under loads applied through the foundation. This hazard can be partly mitigated
by control of on-site drainage so that no water is allowed to accumulate, stand, or penetrate into
the soil in the vicinity of foundations and slab/pavement areas. Further mitigation can be
attained through design of foundation systems that extend to firmer material or which have
sufficient strength to resist differential movements. Another option is the removal of the
problematic soil and replacement with structural fill. These methods are discussed in further
detail below in the Conclusions and Recommendations Section. Special Publication #43 gives
general explanations and illustrations of design and drainage options on swelling soils.

Seismicity

There are no geologically recent (Quaternary-aged) or potentially active faults identified in the
immediate vicinity of the Montrose 552-Acre Ranch in either of the Colorado Geological Survey
(CGS) reports relating to earthquake potential [Earthqguake Potential in Colorado—A
Preliminary Evaluation (Bulletin #43: Kirkham and Rogers, 1981) and Preliminary Quaternary
Fuault and Fold Map and Darabase of Colorado (Open-file Report 98-8: Widmann et al., 1998)].
The closest mapped potentially active faults to the ranch are the Cimarron Fault group, a
segmented fault zone located 8 miles northeast of Montrose and continuing for roughly 35 miles
to the southeast, and the Roubideay Creek Fault, located roughly 12 miles southwest of
Montrose. Both are northwest-trending faults that are interpreted to be Quaternary-aged, but the
Cimarron Fault group consists of five distinct sections with apparently different ages and
amounts of movement associated with the Laramide Gunnison Uplift that was later reactivated,
while the Roubideau Creek Fault appears to be associated with movement on the eastern flank of
the Uncompahgre Plateau. The maximum credible earthquake inferred for the Cimarron Fault
group is M6.75. A maximum credible earthquake has not been assigned to the Roubideau Creek
Fault, but it is believed to be one of the youngest faults in the region, having displaced late
Pleistocene to Holocene age landslide deposits, making it less than 15,000 years old.

Montrose County is located in the Colorado Plateau Seismotectonic Province in Colorado, where
maximum credible earthquakes are estimated to be on the order of magnitude 5.5 to 6.5, which is
equivalent to Modified Mercalli (MM) V to VII (CGS Bulletin #43). The largest recorded
earthquake in the region was the 1960 M5.5 (MM V1) Montrose/Cimarron event [according to
the CGS Bulletin #52 entitled Colorado Earthquake Information, 1867-1996 (Kirkham and
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Rogers, 2000) and the CGS website databage of earthquake events: htip://geosurvey.state.co.us).
There were several other similar magnitude earthquakes in the Montrose region: Ridgway in
1897 (MM V), Lake City in 1913 (MM VI) and 1955 (MM V1), Somerset in 1944 (MM VI), and
Cimarron Ridge/Montrose in 1962 (MM V). Many other earthquake events less than MM V
have been identified for the region.

The Colorado Geological Survey indicates that, based on limited historical records, Colorado is
considered to be a region of minor earthquake activity, where moderate to large events are
relatively infrequent. However, there is a growing body of evidence that suggests that Colorado
is at greater risk than previously thought. According to the Uniform Building Code, western
Colorado is in Seismic Risk Zone 1 where distant earthquakes would be expected to cause only
minor damage to structures with fundamental periods of vibration greater than one second.
Excepting transmission towers, we are unaware of such tall, slender structures in western
Colorado. However, the CGS recommends in their Bulletin #43 that a Seismic Risk Zone 2
designation may be more appropriate for all of Colorado except the extreme northeast corner. It
also suggests that for areas that are far from known active faults, a minimum of 0.1g horizontal
acceleration should be used in design and safety analyses.

Radon Gas

Radon gas is produced by decay of radioactive minerals contained in subsurface rock and soil,
The U.S. Environmental Protection Agency (EPA) has determined that radon is the 2™ leading
cause of lung cancer and that radon can accumulate in homes if the gas is not properly removed
through passive or active methods. The EPA map of Radon Zones indicates that virtually all of
western Colorado, including Montrose County, is in Zone 1 (www.epa. goviiag/
radon/zonemap/colorado.him). Although there is no known safe level of radon, Zone 1 is the
zone of highest risk for exposure to radon gas [i.e., greater than 4 picoCuries per Liter (pCi/L)].
The Colorado Geological Survey (CGS) participated in an EPA study in 1987 and 1988 to record
indoor radon levels throughout Colorado homes and compiled its results in a report that relates
geologic setting and house construction with radon levels (CGS 1991 Open-File Report 91-4).
Generally, homes with basements had higher levels of radon than homes with slabs on the same
geologic material. In our region of Colorado, Precambrian igneous rocks had the highest
readings, followed by older Mesozoic sedimentary rocks, and Tertiary volcanic and
volcaniclastic rocks. Radon values in alluvial and glacial valley fill was highly variable. The
CGS is careful to state that radon potential can vary considerably within the same geologic unit.
This has to do with the non-uniform distribution of uranium, secondary leaching, and the
accumulation of uranium and other radioactive elements into other strata.

The EPA recommends testing radon levels in existing homes, but it has not developed a
sampling test that will determine levels of radon gas in the native soils prior to construction.
This is due to the fact that there are too many factors that affect the movement of radon through
soils, such as soil moisture, soil types, weather patterns, and wind, and these factors cannot be
completely accounted for or controlled during testing. However, based on levels of radon
recorded in existing homes in the region and the presence of rock types that are known to
produce radon, it is reasonable to assume that radon is present in the Montrose area. The EPA,
the Colorado Department of Public Health and Environment (CDPHE) Radiation Management
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Division, and the National Association of Home Builders (NAHB) recommend that all new
homes constructed in Zone 1 shonld include radon-resistant features. They also recommend that
after the house is constructed, radon should be measured in the home and if the results are greater
than 4 pCi/L, the system should be upgraded from passive to active (usually by installing a fan).
In the EPA publication entitled, Building Radon Out: A Step-by-Step Guide on How to Build
Radon-Resistant Homes (USEPA Office of Air and Radiation EPA/402-K-01-002, April 2001),
they present three practical and inexpensive alternatives for a passive, sub-slab depressurization
system: gravel with vents, perforated pipes, or soil gas collection mats. As stated in that EPA
publication, raden-reduction techniques not only reduce radon in the home but also are
“consistent with state-of-the-art energy-efficient construction. .. which will result in energy
savings and lower utility bills for the homeowner” and they have the added benefits of
“decreasing moisture and other soil gases in the home, reducing molds, mildews, methane,
pesticide gases, volatile organic compounds, and other indoor air quality problems.” It is
estimated that retrofitting a house after construction with radon resistant features s 2 to 10 times
more expensive than if it had been included in the original construction.

As required by Montrose County Land Use Regulations, radon tests were performed in the soil at
each test pit location and sent to a laboratory for evaluation. The test results showed radon levels
ranging from lower than the method detection limit (0.5 picoCuries per Liter (pCi/L)) to

38.1 pCi/L (see Radon test results, respectively). A positive reading is common throughout the
Uncompahgre Valley.

The Building Radon Out EPA publication can be obtained from the CDPHE in Denver by calling
(303) 692-3420. Other recommendations for passive and active design and construction
techniques for reducing radon gas can be found on the EPA radon website www.epa.goviradon/
or the CDPHE radon website www.cdphe.state.co.us/hm/rad/radon.

No other geologic hazards are known to be present in the vicinity of the Montrose 552-Acre
Ranch.

Subsurface Conditions

Twenty test pits (TP#1 through TP#20) and four boreholes (BH06-1 through BH06-4) were
excavated/drilled at selected locations shown on the attached Site Map. The locations of the test
pits were chosen based upon the anticipated variation in subsurface conditions, access,
consideration of existing development, and are thought to be representative of the surficial
geologic conditions across the property based on available information. The soil and
groundwater conditions were visually examined and logged, and representative samples of soils
encountered were brought back to our laboratory for detailed examipation and testing. The
stratigraphy encountered in the test pits and boreholes and laboratory results are shown on the
attached Soil Logs and Logs of Exploratory Drilling, Laboratory test results are shown on the
attached laboratory test sheets, and summarized on the attached Summary of Laboratory Test
Results.
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The test pits were excavated using a backhoe/front-end loader. The borings were advanced using
a truck-mounted Simco 2800 HS auger rig. The holes were drilled using a 4.25-inch outside
diameter {0.D.) continuous-flight solid-stem auger. Soil samples were obtained at discrete
intervals while performing in-situ Standard Penetration Tests (SPT) in general accordance with
ASTM Standard D-1586, using a 2-inch LD, “California” split-spoon sampler with liners. The
number of blows required to drive the sampler one foot were recorded (SPT “N” penetration
resistance values) and, when properly evaluated, indicate the relative density or consistency of
the soils. Samples collected from the split spoon sampler were used to classify the soil material
and determine its engineering characteristics.

Generally, the 552-acre ranch consists of three different geologic settings; old lower floodplain
(agricultural fields), escarpment, and mesa top. The lower agricultural fields are generally
comprised of clayey soil with varying amounts of sand and gravel underlain by deep gravel and
cobbles. The escarpment is composed of shale, shale outcrops, and overlying sand and gravel
deposits eroded from the above mesa top. The mesa top generally consists of an undulating layer
of sand, gravel, and cobbles above shale. Test pits #1 through #16 were excavated within the
escarpment and throughout the lower agricultural fields, while test pits #17 through #20 and the
four drilled boreholes were advanced on top of the mesa. The Iaboratory test results are
summarized in the following paragraphs in accordance with their geologic setting.

TP#2, TP#H3, TP#4, TP#5, TP#6, TPHT, TP#9, TP#12, and TP#13 were excavated in the
agricultural fields. These pits generally consisted of approximately 1-foot of damyp, organic, silt
and clay topsoil underlain by stiff silt and clay with varying amounts of sand and gravel. TP#6
and TP#7, which were located furthest east, revealed deep gravel and cobbles underlying the silt
and clay at depths of 2 and 7.5 feet. Atterberg Limits tests performed on the clayey soils
revealed Plasticity Indices (PI) ranging from 19 to 32, indicating that the soil typically has a
moderate to high shrink/swell potential with moisture changes. Gradation Analyses performed
on the clayey samples indicate that these subsoils are typically composed of 61.6 to 95.3% fines
(silt and clay), 2 to 37.7% sand, and 0.0 to 20,1% gravel. A sample of the underlying gravel and
cobbles in TP#6 revealed to be Non-Plastic (NP) and composed of 3.2% fines, 27.7% sand, and
69.1% gravel. Drive samples were taken in these soils and subjected to swell/consolidation tests.
Under a confining pressure of 2000 pounds per square foot (psf) and left at their in-situ moisture
contents ranging from 14.7 to 24.3%, the samples generated estimated swelling pressures
ranging from 190 to 950 psf, considered low to moderate (see Summary of Laboratory Test
Results, respectively). These excavations were terminated at an approximate depth of 8 feet,
with no groundwater being encountered. Samples tested revealed moderately high levels of
sulfates.
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Solls at TP#3 and TP#4. The photograph on the teff shows the typical soil profile
revealed in out test pits throughout the lower agricultural fields, while the photo on the
right shows a test hole during excavation.

TP, TP#S, TP#10, TP#11, TP#14, TP#15, and TP#16 were located within the escarpment.
The soil and rock ranged from shale to sand and gravel. Atterberg Limits tests performed on the
variety of material found revealed PY’s ranging from 22 to 26, indicating that the soils typically
have a moderate shrink/swell potential. Gradation analysis were performed on the various
samples indicate that these subsoils (not including shale) are typically composed of 50 to 83.7%
fines, 16.3 to 31.2% sand and 0 to 29.3% gravel. Drive samples were taken in these soils and
subjected to swell/consolidation tests. Under confining pressures ranging from 2000 to 8000 psf
and left in their in-situ moisture contents ranging from 11.6 to 12.5% the samples generated
swelling pressures ranging from 650 to 2570 psf, considered fow to high (see Summary of
Laboratory Test Results). These excavations were terminated at an approximate depth of 8 feet,
with no groundwater being encountered. A sample of soil from the escarpment area was found
to contain a high level of sulfate.

Spils at TP#16. The photograph shows the typical soll profile revealed in out test pits
within the escarpment. Note the upper granular materlal overlying the fractured shale.

TP#17 through TP#20, as well as BH04-1 through BH04-4, were excavated/drilled on top of the
mesa. These test pits and borings generally revealed clayey sand and gravel overlying sandy
gravel and cobbles, which is underiain by shale at depths ranging from 15 to 35 feet. Atterberg
Limits tests performed on the gravelly soils revealed Plasticity Indices (PI) ranging from Non-
Plastic (NP) to 19, indicating that the soil typically has a low to moderate shrink/swell potential
with moisture changes. Gradation Analyses performed on the sand and gravelly samples indicate
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that these subsoils are typically composed of 1.2 to 40.7% fines {silt and clay), 6.2 10 54.6%
sand, and 16.1 to 92.8% gravel. Drive samples were taken in these soils and subjected to
swell/consolidation tests. Under confining pressures ranging from 2000 to 4000 ps{and left in
their in-situ moisture contents ranging from 6.7 to 9.8% the samples generated swelling
pressures ranging from 360 to 1610 psf, considered low to moderate (see Summary of
Laboratory Test Results).

Soils at TP#18. The picture shows the typical test pit on top of the mesa.

In summary, the property consists of three separate geologic settings, the lower agricultural
fields, escarpment, and upper mesa top, each having distinct soil profiles. Generally the lower
fields consist of a mantle of stiff, moderate to highly plastic clay with moderate to high swell
potential, which thins out to the east where underlying gravels and cobbies are found at shallow
depths. The escarpment is composed of shale outcrops, shale residuum, and small-scale colluvial
fans. The top of the mesa generally consists of calcareous sand and gravel with silt and low to
moderately plastic clay underlain by sandy gravel and cobbles extending to various depths before
reaching shale. Due to the fine-grained nature of the soils and the existing arid conditions in
various areas of the property, management of surface and subsurface water will be essential to
the long-term performance of the foundation soils.

Percoiation Testing

Percolation tests were performed at each of the test pit locations to evaluate the potential for On-
site Wastewater Systems (OWS). The soil profiles of these test pits can be seen on the attached
Soil Logs. The soils found in each percolation hole and the resulting percolation rates are
presented in the attached Summary Table of Percolation Results. The rates are measured in
minutes per inch (mpi), per county requirements.

Generally, the percolation rates at the sites tested on the mesa top were mostly acceptable but, as
expected, the escarpment sites tested were variable but mostly on the slow side. The valley floor
sites were also variable but some tests provided very slow percolation rates.

The Colorado Health Department requires percolation rates to be between 5 and 60 mpi for the
use of a “standard” absorption system, as well as no bedrock, groundwater, or confining layer
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within four feet of the bottom of treatinent zone, Based on our test results, it appears that
specially designed systems will be needed in some locations on the escarpment and valley floor.
Additional site-specific percolation tests will be necessary for OWS design for each lot, unless
the leachfield is located exactly where the tests for this report were conducted.

CONCLUSIONS AND RECOMMENDATIONS

Our evaluation indicates that the Montrose 552-Acre Ranch appears suitable for development
that pays careful attention to foundation design, drainage control, site preparation, septic system
design, and groundwater management. The following recommendations are offered as measures
to enhance the stability of the site and the long-term performance of the foundation soils. These
measures cannot and will not arrest or prevent large-scale geologic processes that may be on-
going elsewhere on the property and within the Montrose area. Also, as mentioned earlier in this
report, some degree of risk is inherent in all construction in mountainous areas of Colorado. The
recommended measures are intended to be reasonable and prudent but cannot be considered as
absolute protection against the vagaries of nature.

Based on our site investigation and laboratory soil testing, the following general
recommendations are offered for foundation evaluation and for mitigation of potential site
hazards. Aside from pavement design sections, these recommendations are conceptual and are
offered as general guidelines, not job specifications. Site-specific investigation and testing
should be done to verify applicability prior to design and construction.

Foundation Systems

e Shallow foundations should perform adequately, but may require some subgrade treatment to
reduce the potential for post-construction differential movement due to either heave or
settlement. This typically involves some overexcavation below foundation level, followed
by replacement with structural fill, but can also involve other forms of treatment of the
subgrade. Additional alternatives that may provide less risk of foundation movement include
post-tensioned raft slabs or deep foundations (drilled caissons, micropiles, or helical piers).
Details of these alternatives can be determined through site-specific testing.

» Site-specific soil investigation and testing should be conducted at each proposed building site
fo determine the specific design parameters required to match the subsurface conditions to
the proposed patterns and intensities of loading incurred by each structure. These

investigations should address potential for soil expansion, hydrocompaction, and settlement,
all of which are known to occur within the highly variable terrain conditions found in the
area.

s Shallow foundation systems should be extended into the subsurface a miniroum depth below
finished grade as prescribed by the local building official for frost heave protection.
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e Basements may be considered but the potential for shallow groundwater should be carefully
evaluated at each proposed building site prior to development of construction plans.

Floor Svstems

e Floor system selection will depend of the results of site-specific soil investigation and testing.
Generally, it can be expected that framed floors over craw! spaces will be acceptable when
properly ventilated and supported on appropriately designed footings and stem walls.

Basemenis slabs may require special design and/or waterproofing pending the results of

groundwater monitoring and further site investigations.

s Where the foundation conditions allow, floating slabs on-grade may be used at the site for
garage and interior floor slabs, so long as such slabs will not be subjected to groundwater
seepage and/or hydraulic forces. Long-term differential movement between the foundations
and slabs on-grade may occur. For this reason, any floating slabs on-grade should be
structurally isolated from the foundation, bearing walls, and interior partitions so that the
stabs can float freely in response to soil volume changes without distressing the structure.
Construction methods exist to provide slip joints with interior finishes so that slab movement
does not compromise the finished product.

e We recommend under-slab plumbing be avoided where possible to minimize the potential for’
leakage under the slabs. Where necessary, under-slab plumbing should be provided with
flexible couplings and should be leak-tested prior to being placed in service.

e Suspended floor systems have historically performed well, but are subject to moisture
accumulation in the crawlspaces that can not only cause environmental concerns but also
compromise the structural integrity of the flooring system over the long-term. To ensure the
long-term performance of these systems, site grading, drainage and ventilation of the
crawlspace are important considerations.

Exterior Concrete Flatwork

e Exterior concrete flatwork should be designed and constructed so that it drains freely away
from structures. Concrete flatwork adjacent to foundations should slope away at a rate of at
least Ya-inch per foot.

e Flatwork may be placed on native soil with the topsoil and organic material removed. If fill
is needed under exterior flatwork, it should consist of washed rock or structural fill, placed
and compacted in accordance with project specifications.

¢ Flatwork adjacent to exterior doorways should be dowelled into the foundation to prevent
long-term differential movement between the flatwork and structure.
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All conerete used at this site in contact with native soil should comply with the
recommendations in the Concrete Section of these Recommendations.

Retaining Structures

Lateral loads developed against retaining walls are a function of the height of the retained
soil, the backslope angle, soil placed against the walls, the drainage conditions, and the
compactive effort applied to the backfill. Walls designed to retain lateral loads should be
designed based upon site-specific investigation and testing, and should account for any
expansive pressures that may develop within the soil and backfill.

The retaining walls should have provisions for drainage so that hydrostatic pressures are not
allowed to build up. This is usually accomplished by providing free-draining granular
back{il] between the walls and retained soil, with a collection drain provided at the bottom of
this granular zone, and/or the use of weep holes through the face of the walls. The drain
systerns should be continuous and have positive outfalls which release the collected water
well away from the walls in a manner that minimizes the erosive energy of concentrated
flow. The design engineer should ensure that drainage design is compatible with design
assumptions.

Fill material placed behind the walls should be specified and compacted as per the design
engineer’s specifications. Compaction of 85 10 90% of Standard Proctor maximum dry
density is typically used to minimize post-construction settlement of the backfill. Over-
compaction of the back{ill should be avoided so that excessive pressures are not placed
against the retaining wall. Unless expressly approved by the design engineer, only hand-
operated light-duty compaction equipment should be used within three feet of the wall. The
upper one foot of backfill should consist of clayey soil to create a barrier against infiltration
of surface runoff.

Concrete

Long-term performance of concrete in contact with soils and rock can be impaired by sulfates
present within the soil and bedrock by a phenomenon called “sulfate attack”. When sufficient
amounts of sulfate are present, the sulfates can react with chemicals in the cement paste,
destroying the paste, causing cracks in the concrete, and ultimately reducing or eliminating the
concrete strength. Where high quantities of sulfates are known to be present, non-standard
cements that can resist the sulfate attacks are used. These cements resist sulfate attacks due to
lesser amounts of the sulfate-reactive chemicals used in the manufacturing process. The

American Concrete Institute (ACI), as well as other organizations, has provided guidance levels

for the types of cements to be used. Water-soluble sulfates tests conducted on samples of the
soils encountered in our excavations showed sulfate concentrations ranging from 0.189 to
0.539%, considered by the Aimnerican Concrete Institute (ACI) to be “moderate to severe” sulfate
exposure. Based on this information, Type V sulfate-resistant cement should be used in areas
with elevated sulfate concentrations. If securing Type V cement proves difficult at this project
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location, alternatives may be considered provided the contractor can demonstrate equivalent
performance. Typically a Type V1l cement with a specified type and amount of fly ash has been
found acceptable. In any case, air entrainment, a maximum water/cement ratio of 0.43, and a
minimum unconfined compressive concrete strength of 4,500 psi is recommended by the ACL

Foundation Drainage and Ventilation

e It is important to prevent moisture from penetrating into the soil beneath or adjacent to
foundations. Moisture can accumulate as a result of poor surface drainage, over-irrigation of
landscaped areas, subsurface seepage, or condensation from vapor transport.

e Provisions should be made to evacuate subsurface moisture accumulation from around
foundations and under floors. This may be accomplished using conventional footing drains
in tandem with a positively-vented moisture and radon control system. Alternatively,
consideration may be given to using concrete forms that facilitate both dewatering and the
removal of radon gases and vapors.

o Floor systems and confined areas above concrete floor slabs should be properly ventilated to
allow for the release of moisture and/or radon gas. (Sce the Radon Gus Section of this report
for EPA references for design and construction techniques.)

e Aggressive dewatering or other forms of groundwater management may be required if
basements are constructed in areas having seasonally high groundwater.

e Roof drainage should be captured by eave gutters. Downspouts should be fitted with
extensions to discharge a minimum of 10 feet away from structures or piped into a closed
underground drain system and evacuated off-site. In no case should the downspouts be
directed into foundation drain systems. These points of discharge should be identified in the
site drainage plan so that water is readily removed from the site.

Site Preparation and Grading

e The site drainage plan, in tandem with the landscape and grading plans, should ensure that
each lot is adequately drained and that captured runoff is discharged from the development in
a manner that is compatible with the natural drainage patterns and pertinent local regulations.

s Swrface water should be removed and not allowed to accumulate or stand anywhere near
building sites either during or after completion of construction. This includes water from
landscaped areas, patios, decks, and roofs. Drainage plans should ensure that precipitation,
snowmelt, and runoff are conveyed around and away from buildings as well as driveways.
This is typically accomplished by raising the final grade of each building site above the
roadways to direct the surface drainage onto the streets.
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e An integrated drainage plan should be developed for the property that provides a network of
casernents and structures to completely control surface runoff. This should include
provisions for retention and detention as temporary and/or permanent features of a
stormwater management plan.

e Final grading around the perimeter of foundations should slope downward with at least one
foot of drop within the first 10 feet of horizontal distance. Concrete flatwork adjacent to the
foundations should slope away at a rate of at least Y-inch per foot.

e Asa precaution against an unlikely breach or flooding of Horsefly Creek, the West Canal, or
other nearby irrigation canals and ditches, we recommend elevating the first floor level of
homes built down grade of these water features, a minimum of 1-foot above surrounding
grade to minimize the hazard resulting from an unlikely breach.

s Development should utilize "best practices” for design and construction so that on-site
erosion is minimized. This may include selective thinning of vegetation, construction of
temporary diversion diiches, silt fencing, and/or dust suppression. If the cumulative area of
disturbance equals or exceeds one acre, on-site erosion control should be planned and
executed in conformance with Colorado Department of Public Health and Envitonment
(Water Quality Control Division) stormwater discharge regulations. The local building
official will be able to provide specific details regarding these requirements

s Grading of all permanent cut and fill slopes should not exceed 2H:1V. All slopes greater
than 2H:1V and over 3 feet in vertical height shounld be restzained by an engineered retaining
structure/sysiem.

s Trrigation of lawn and landscaped areas should be kept at a distance of at least 5 feet from the
perimeter of the building and sprinkler heads should be set to spray away from and not
towards the foundation.

« Backfill placed in utility trenches should be compacted in accordance with project
specifications. This will inhibit surface water infiltration and migration towards foundations,
as well as to minimize post-construction seitlement of the trench backfill.

» Disturbed areas should be revegetated as soon as practical to reduce soil erosion.

e Iffill is used during construction, it should meet the gradational and compaction
requirements specified by the design engineer and it should be placed and compacted in
maximum 6-inch lifts, unless otherwise directed by that engineer. Structural fill should not
be placed on topsoil, organic debris, or frozen or wet native soil.

Excavation and Shoring

e Temporary excavations should be made consistent with Occupational Safety and Health
Administration (OSHA) regulations and with worker safety in mind.
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If the excavations for foundations, floor slabs, or other settlement-sensitive structures will be
made or remain open during wet weather or if they will be left open for extended periods, it
1s recommended that polyethylene sheeting be secured over the excavation faces to minimize
sediment runoff and deterioration of the foundation soils. Trafficking should be keptto a
minimurm, but where these areas will be subject to traffic, it is recommended that these areas
be protected by 6 inches of sand and gravel or a 2-inch layer of lean concrete as a working
mat. Large rocks exposed in the excavation face should be scaled for worker safety.

Excavation dewatering may be required if excavations are made during peak groundwater
season (spring through summer). The excavations should be designed to accommodate
clarification and discharge of this intercepted water. The Montrose County Building
Departiment should be contacted for specific regulations regarding the clarification and
discharge of groundwater off-site. Surface runoff above the cuts should be directed away
from excavations using berms or diversion ditches.

We anticipate that excavation of the site soils can be accomplished by conventional
excavating equipment.

Pavement Section Design

Pavement section designs for the proposed development are presented below. The section
designs are based upon an estimate of 180 residences (assuming density of I home per 3-acres),
estimated traffic loadings, and results of field and laboratory testing. Two soils types were
checked for bearing strength, with areas of native clay resulting in a low bearing strength (CBR-
value of 2) and the areas with native gravels and sand resulting in a higher bearing value (CBR-
value of 5). Two pavement section designs were developed for the different subgrade
conditions,

Daily traffic volumes were estimated based on the estimated density of development of
approximately 180 residential units for the development. The traffic estimations were based
upon the Institute of Transportation Engineer’s trip generations for residential development
with added trips for school buses, trucks, and construction traffic. Vehicle loadings are
correlated to an 18-kip Equivalent Single Axle Load (ESAL) for design purposes. The traffic
estimation was projected for a 20-year pavement life resulting in 205,000 18-kip ESALs
which is lower than the minimum design traffic of 300,000 18-kip ESALs required by
Montrose County for residential streets. The required 300,000 18-kip ESALs value was
used for the 20-year pavement design.

The following parameters were used in the analyses, and stem from the Colorado
Department of Transportation 's Pavement Design Manual and the Colorado Asphalt
Pavement Association’s Guidelines for the Design and Use of Asphalt Pavements for
Colorado Roadways.
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Parameter  claysubgrade gravel subgrade .

Resilient Modulus (ksi) 3.0 7.5
Drainage coefficient 1.0* 1.0%
Reliability {%) 75 75
Serviceability Loss (psi) 2.5 2.5
Strength coefficients:
HMA 0.44 0.44
ABC 0.12 0.12
SUBBASE D 10 e R i, et -.-‘.u"\-\;\-hlo_‘? 0

"haged upon unknown 6ramage detalls per CHOT

o Based upon the parameters provided above, the Montrose County minimum pavement
section is not adequate for the clay subgrade and the following pavement sections are
provided for the given 18-kip design ESALyp. For the gravel subgrade the minimum County
section of 3-inches of asphalt over 4-inches of Class 6 aggregate and 12-inches of Class 2
subbase is adequate for the design section. Options for alternative sections are given below
to allow some flexibility 1 the section design.

Pavement section for 300,000 18-kip ESAL,, (residential streets) CLAY SUBGRADE

Asphalt Thickness (m ) Base Course Thickness {in. ) Subbase Course
i ... Thickness (in)
3.0 8 14
3.0 6 16
30 4 . 18

BaBub A8 o LT Ban R A S P e S 7 18— e he e et v e i T

_Pavement section for 300,000 18-kip ESAL,, {residentizl streets) GRAVEL SUBGRADE

Asphalt Base Course Subbase Course Notes
Thickness (in.) _ Thickness(in)  Thickness(n}
3.0 4 12 Minimum County section
3.0 4 8 Need County approval (less than
minimum section)
3.0 12 0 © Need County approval (less than

... minimum section)

¢ To provide a stable base for construction of the pavement sections, we recommend that the
subgrade be scarified to a minimum depth of 12 inches below the subbase level, moisture
conditioned to -2% to +4% of optimum meoisture content, and recompacted to a minimum of
95% of Standard Proctor maximum dry density (ASTM D-698). If soft areas are
encountered that can not achieve compaction requirements the engineer should determine if a
woven geotextile (Mirafi 500X or equivalent) or a biaxial geogrid (such as Tensar BX1200)
is required to provide longevity of the roadway,

¢ Roadbase and subbase sections should have sufficient width to fully extend beneath road
shoulders. Construction of the roadway prism should promote drainage away from the prism
and subgrade. Adequate borrow ditches and culverts should be provided and, where needed,
latcral and/or crossdrains should be installed to keep water away from the roadways.
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Subgrade preparation, backfill gradation and placement, and asphalt and cement concrete
mix designs should follow the specifications given in the Montrose County Standards and
Specifications for Roads and Bridges. Topsoil should be removed and organic material
grubbed prior 1o commencing construction of the road sections.

On-Site Wastewater Svstem Design and Construction

We measured percolation rates of 3 to greater than 320 minutes per inch (mpi) in the soil at
the sites tested. “Special” systems are reconmmended that accommodate areas demonstrating
rates that do not meet or exceed the Colorado Health Department requirements (5 to 60 mpi).
1t is expected that additional site-specific percolation tests will be necessary for the planned
deveiopment.

Water conservation devices should be used in the home to reduce the volume of water that
will be passing through the septic system. This will help to extend its working life.

Care must be taken in locating the disposal areas to ensure proper system operation,
compliance with state and local setback criteria, and not to disrupt existing slope stability,

The percolation tests were conducted in accordance with Colorado State regulations and for
engineering of on-site wastewater systems. However, Buckhorn Geotech takes no
responsibility for OWS designs carried out by others using this information.

Closing Considerations

This report has been prepared in 2 manner consistent with local standards of professional
geotechnical engineering practice. Investigation of the site for environmental contaminants was
not part of our scope of services performed at this site. The classification of soils and
interpretation of subsurface stratigraphy is based on our training and years of experience, but is
necessarily based on limited subsurface observation and testing. As such, inferred ground
conditions cannot be guaranteed to be exact. No other warranty, Express or Implied, is made.

If the proposed arrangement of lots changes from what we have described in this report, we
should be notified to reevaluate our recommendations, Also, if during excavation, seil and
groundwater conditions are discovered that vary from these discussed herein, construction should
be stopped until the situation has been assessed by a representative of Buckhom Geotech.
Construction should be resumed only when remedies or design adjustments, as necessary, have
been prescribed.
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Additional Services

Thank you for the opportunity to perform this geologic investigation for you. Buckhorn Geotech
is a full-service engineering firm providing foundation, roadway, on-site wastewater systern, site
drainage and grading, structural, and retaining structure design services, as well as surveying,
construction materials testing, and inspections. For a full description of our services please talk
with us or visit our website at www.buckhorngeo.com. If you require any of these services,
please do not hesitate o contact us.

To provide continuity and consistency from project start to finish, we should be retained to make
observations and carry out materials testing as a service to the owner. As noted above, we
recommend the owner contact us to discuss required services and scheduling in advance of the
construction phase.

Thank you again for the opportunity to perform this work for you. If you have any questions
regarding this report or our services, please do not hesitate to contact us.

Respectfully Submitted, Reviewed by:

May3, 2006

Timothy P. Brethauer Thomas E. Griepentrog, P.E.,CPG.
Geologist

Enclosures:  Vicinity Map, Site Map, Radon test results, Soil Logs, Summary Table of
Laboratory Results, Atterberg Limits and Sieve Analysis results, Summary
Table of Percolation Results, Swell/Consolidation graphs

Maontroge 532-Acra Ranch
Project #06-023-GEOQ
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SOIL LOG TEST PIT #1 (TP#1)
South finger

Depth () Swmbol  Somple  Soll Description Laboratory Test Results
0 — c —
2 gray-brown, domp, stff to very stff blocky, SILT and CLAY:
- e soits in lower 1' {0-2)
P rounded te subroundsd cobbles and smoll to medium-—sized
boulders on surfuce
prpu—
- dark gray-~brown, damp, highly fractured/highly weathered
SHALE, mottfad, iron oxide staining, herizontel bedding Wi/R1
Fo » grading to W3/R3 (becoming less weatherad ond fractured with —
depth (2-8'}
15.5% swell@100psf+water
— $P=2570 psf
TH=19.8% @B000 psf
4 — "t bulk somple “G51" @35 i 5" @4’ 00=101.5 pcf
itk sample and drive somple 'S5 MC=12.1%
] roots extend fo 4-5'
5 G35l
R - {i=83 PL=27 PI=26
MC=137%
[S—
—
§—1| - end of excovation @8
no groundwater encountered
T *Standpipe instalied
f-R—
10—
1 —
12—
DRAWING
[t
NUMBER WYESTGATION T JOEY BURNS
RAF TIN: 4G
1 ALTNG 552 ACRE RANCH E T ——
222 South Park A
DATE 1/31/06 MONTROSE, COLORADO Mortias, Colrsdy 8141
o 20 B NO. J6—023—CED Phona (67042086828  Fax (370) 249-0045




SOIL LOG TEST PIT 42 (TP#2)

Below escarpment pasture (upper)

Laboratory Test Resuffs

Depth (ft) Symbol  Somple  Soit Dascription
0 B MYy 1
S gray—brown, domp, orgonic SILT and CLAY [TOPSOIL] with rect
- - mat (0-13
T
aty gray-brown, mofsi, stff to very stiff, small vesicular pores,
e 1 -1 motted ST and CLAY with ftroce sond and grovel iron
// i staining, softs present (1-47)
2 — L Gsz
i }/ =52 PL=20 PI=32
- ¥ bufk sample "GS2” @2-3 Gr=0.0%
A / ; SF=82%
| RN P . P F200=31.5%
3 / 28 = drive somple "DJ" @3 HC=29.6%
] e ' Sulfates=0.198%
A ] Ll bucket sample 851" @2-5' Q"
groy—brown, moist, motiled, residudl shaole, SILT and CLAY with 0.07% cons@100pst+water
— smalf shale frogmenis and occosional gravel and sand: iron Ti=2.3% @200G psf
staining ond salts present (4-»89 DD=714.3 pef
s — - MO=14.7%
-~ - bulk sample "GS3"7 @5-6" and drive sample “AQ” @5.5° 653
5 LL=43 PL=25 Pi=20
] I~ CF=0.0%
SF=37.7%
- F200=62.3%
HC=24.0%
p—
p; JO— _.I end of excovation @8
no groundwater or bedrock encountered
1 *Standplpe nsialied
G ]
70—
77—
12—
ORAWING
2 LRAFIING JG 552 ACRE RANCH v, l. anc Geolechrical Engineers, inc.
. 222 South Park A
ML 131400 MONTROSE, COLORADO kot Gt 1401
oF 20 0B NO. DB—D23—CE0 Phone (970) 2408828 Fax (§70) 240.0045




SOIL LOG TEST PIT #3 (TP#3)
Fasture stream terrace
Depth (F) Sampla Soil Description Laboratory Test Results
(7 s o
] gray-brown, damp, organic SILT and CLAY [TOPSOL] (0-1)
7 —
brown, domp, blacky, stiff to very stiff, SILT and CLAY with
— gravels, cobbles and sand: small vesicufor pores (f~2.57)
7]
1 . . . H
brown, 'damp, stiff, slightly blocky SILT and CLAY with sond 0.4% swell@100psf+water
3 (2.5-8) SP=190 psf
hsgz s
_ | »”, m W . g ) =Zd.0 pC
bulk somple G54 @3-4" and drive sample "H” @35 MC=03.3%
4 ]
G54
] e LL=38 PL=20 Pi=19
roots extend to 4-5 Cr=0.0%
5 SF=236%
F200=75.4%
— MC=25 1%
6 —
a—
- J— i L end of excovetion 68 large rock at 8’
ne groundweter or bedrock encountered
™ *Standpipe instatled
s —
10—
77—t
12—
[ DrRAWNG
WVES,
NUMBER ] JOEY BURNS
RAFTING JG :
5 1 31 /08 552 ACRE RANCH Civil, Strustural, and Geatpehalcal Engineers, Inc.
\oATE 222 Soulh Park Ay
MONTROSE, COLORAGO Noninose, Colorado 24401
| o 20 B8 N 06— G23—GED Phong (970) 2486828 Fax (970) 240-0045




SOIL LOG TEST PIT #4 (TP#4)
N. of corraf
Depth {it) Symbot Soil Deserlption Loboratory Test Results
00— =
e dork brown—groy, demp, orgonic SILT and CLAY [TOPSOHL ] with
— " root mat (017}
71— 7
— brown, domp to moist, stiff; sfightly blocky SILT ond CLAY with
trace sand ond small vesiculor pores (1-47)
/ p—
Ji; g
% 2.8% swellG100pstwater
4 e SN SP=920 psf
LN TM=3.2% @2000 psf
— N T bulk sample "6S5” ®4-5 and drive somple "¢ @5 DD=97.6 pef
Y MC=24.3%
5 A s =
\\_\ gray—-brown, domp fo moist, stff SILT and CLAY with troce ass
" . iy ol f — 4 AR,
| \\ sand; salts present, mottled, very smaoll vesicular pores (4-87 Timtd PL=27 Pl=32
K =0.0%
6 e T =2.0%
i) | F200=88.0%
B IERN | MC<24.4%
7— TN
] N
L
8— nus end of excavation @8
ne groundwater or bedrock encountered
- *Slundpipe instalied
fs U
10—
17 et
72—
[ DrAWNG
041
WVESTICATION 1B
NUMBER JOEY BURNS WEK WNGEOTECH
[PRAFTING
4 552 ACRE RANCH Givil, Strucigret, and Geolechnical Englneers, i,
DATE 222 South Park A
MONTROSE, COLORADO Hicrirose, Coforado S1401
L_oF 20 L0B NO 06—023—GEG Phone (970) 249-6828 Fax (970) 249-0945




Depth (fi) Symbol  Sample

O”""“"" “‘ »“. .
— B
AL
o— M
Edl;
- Al
i ra— 171 ‘;:./f
14l
T SEIY
4| '3,}-/..‘ L
A1)
] 1A
:’/Il, .
bt 1A
85 R
K
Rl
I 1
Z ]
g ]
g
70—
71—
2 —

SOIL LOG TEST PIT #5 (TP#5)

Pasture (north by V Rd.) streom terrace

Soil Descrigtion Laboratory Test Resulls

dark brown, domp, orgonic, SILT and CLAY [TOPSOIL] and root
mat (017

gray—brown, motted, slightly blocky, damp fo moist, SILT and
CLAY with lrace sond, sliff to very stiff, salts present end
very small vesicular pores (1-8'}

Gcs6
LL=50 Fi=21 Fl=29

GF=0.0%
Py : . o gt SF=4.7%
bulk sample "GSE" @3.5-4.5" and drive sampie "NZ" &4 Fo00—08 3%
MC=23.2%
roots exiend to 45" similor lo TP§4 Sulfoles=0.185%

end of excavation €8
no groundweter or bedrock encountered

*Stangpipe instaifed

[ DrRAMNG
NUMBER INVESTICATION TR JOEY BURNS
IDRAF TIN, JG
5 ¢ 552 ACRE RANCH Civit, Stectural, and Geotachnical Engineers, Inc.
ark Avan
LATE 1/31/06 MONTROSE, COLORADO e s
. OF 20 Lng KO, 06-023—GEQ Phone (870) 436328 Fa (570} 248045




SOIL LOG TEST PIT #6 (TP#6)

Eastern most posture, stream terrace

Loboratory Test Results

Depth (e} Symbo!  Somple  Soil Description
0— % —
dark brown, domp, vrgonic SILT and CLAY [TOPSGIL] with root
1 mat (0-=17]
7 —od
groy--prown, damp, sHff, blecky, SILT and CLAY with frace sand
— (1-2}
2 —
reddish—brown, demp, compact to dense, clayey SAND, GRAVEL
— and COBBIES (2-3.57)
i — bulk somple "G57" @2.5-3.5'
4 reddish—brown, damp, compact SAND, GRAVEL and COBBLES
T with little to troce sit and cloy, occasiona! smafl boulder; less
fines with depih, roots to epproximately 4™ (3.5-8
° bulte sample 058" @5~5.5" G54
” ' NON—PLASTIC
] GF=69.1%
SF=27.7%
5 man F200=3.2%
MC=5.3%
a—
g— end of excovation €8'
ne groundwater or bedrock encountered
1 *Standpipe instalied
g —
7 e
77—
12 o]
ORAWNG |,
O JOEY BURNS
6‘ RALTING £ - 552 ACRE RANCH S‘ruil.StrucmraI.andGeimlEnginaers, inc.
222 South Park A
AT L/31/06 MONTROSE, COLORADO i)
or 20 OB NO 06023 GED Phone (870) 2486528 Fax (970) 248-0845




SOt LOG TEST PIT #7 (TP#7)

Pasture (mideast), stream terrace

Depth (%) Symbel  Samples Soil Description Laboratory Test Resufts

00— - .
e dark brown, domp, organic, SILT and CLAY [TOPSOL] root mat
] - (0-1")
[
-
™ gray-brown, domp, stiff to firm, blocky, slightly mottled SILT
3 ond CLAY with sand or sond pockels (1-7.57
— bulk sampte "6S3” @3~4" and drive sample 8" &¢'
4 —] L
o7 g—
[ g—
e
A
— ot brown, compacl, domp, clayay SAND, GRAVEL and COBBLES
938 (7.5-8}
8 — £ — end of excavation @8"
no groundwater or bedrock encountered
N *Standpipe instalted
- Jo—
10—
17—
12 e
DRAWING
NUMBER INVESTIGATION T8 JOEY BURNS
7 BAFTNG _JG 552 ACRE RANCH L o, B e
222 South Park A
DATE 1/31/06 MONTROSE, COLORADO ertoge,Caorsta 8401
oF 20 08 NO. CE—023—CED : Phons (070} 240-8828 Fax {970) 2400045




SOIL LOG TEST PIT #8 (TP#8)
agpprox. 150" west uphill of corral
Depth (ft) Symbol  Somple  Soil Description Laboratory Test Results
0— — —
~ brown, damp, stiff to very stiff, slightly blocky, SILT and CLAY
1 with sand, gravel and eceasional cobble to small boulders (G—17)
f—
7
— brown, dry—damp, compact, sandy GRAVEL and COBBLES with
occasiond! small to medium, subanguior fo subrounded houlder
3 — (-8}
4— - 6510
Li=d2 Pl=19 Pl=23
- bulk sample "6S10" @45 GF=29.3%
SF=19.3%
o J— F200=51.5%
MC=6.8%
—_ vold or vormint hole 5.5
6 ]
r—
8 ] L] end of excovotion @8
no groundwater or bedrock encountered
=1 *Stendpipe instofled
g—
10—
71—
12
(" DRAWING
INVESTIGA T
NUMBER ARy 18 JOEY BURNS 1
DRALTING JG .
8 552 ACRE RANCH Civll, Straetural, and Geatechnica: Enginesrs, inc.
222 South Park A
47 21406 MONTROSE, COLORADO 22 Soum Pat e,
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SOIL LOG TEST PIT #9 (TP#9)

pasture befow main drainage

Laboratary Test Resulls

Depth (71 Symbol  Somple  Soll Description
0 _—| v —
o dark brown--gray, damp, blocky, very sHff te sliff SILT and CLAY
- with trace sond ang grave! (0-1)
f—
2 - gray—brown, damp, slightly blocky, stiff lo very sitiff, sandy
SILT and CLAY with grovel (1-87}
3 oceasional cobbles and smalf boulders, vesiculor pores
P | bucket sample "852° @2-5" bulk sample "GS11” @3.5-4.5 -f—fffﬁ,—{: 20 Piez0
and drive sompie "DN" @4 CF=16.4%
- SF=18.2%
F200=65.4%
&5 — MC=15.2%
roots extend to 58
[ p——
7
; — L | end of excovation &8’
no groundwater or bedrock encountered
1 *Standpipe Installed
fo QU
10—
1 —
12 et
[ orawng |
NUMBER INVESTIGATION TR JOEY BURNS
RAFIING. JG
9 552 ACRE RANCH Civil, Structueal, and Gentechmcal Engineers, Inc.
222 South Park A
A 241706 MONTROSE, COLORADO (2o Pk s,
_OF 20 OB NO 06-023-0F0 Phore (670) 2408828 Fax (970) 240-0045




SOIL LOG TEST PIT #10 (TP#10)

Southern port of droinage, East side

Depth {f) Symbol  Sumple  Soil Description Loboratory Test Results
3 - I
" dork groy to dark brawn, domp, blocky, very SUff SILT and CLAY
- - —— with troce sand ond grovel: root mot [TOPSOR] {D~17)
pR— e
] # gray—brows, dry—-domp, blocky, very stiff SILT and CLAY with
'-:-’ angular to subangular gravel and send: softs present (1-47
72— ST
— ? 5’1’ ”, M
B3 4.8% swell@100psH-water
3] S 5P=650 psf
A4 TM=7.3% §2000 psf
v - - bucket sample ‘853" @2-5 DD=710.8 pcf
;/ MC=11.6%
P A— H P A 3+ drive sample “GU” &4’
i roats extend to 4-4.5' 853
— ﬁ = bulk sample "G512" @4-5' | [{=qd PL=25 PI=18
\# | GFe=14.3%
5— P o dark gray-brown, dry to domp, very blocky, very stiff very SFe332%
e 4 highly fractured/highly weothered SHALE and siity clayey shale | F200=52.6%
P IS residuurm, iron staining bands {4-87)
b PR
& — g -l
IR
7 {: =
R
- X shole Is less weathered with depth
| NE
8 N L] end of excavation 68
no groundwater encountered
] *Stondpipe nstalied
[ Jr—
10—
11—
J.2 s
DRAWING
INVESTIGA
NUMBER 1o JOEY BURNS
DRAFTING JC
70 552 ACRE RANCH Civit, Structurai, and Geotechsical Engineers, Inc.
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Depth ()
0] e

Somple

=TT

SOIL LOG TEST PIT #11 (TP#11)

northern part of drainage, west side

Soif Description

brown, damp, stiff, biocky, SILT and CLAY with sond ond gravel,

oceasional cobbles and small boulder (0~17}

brown, dry to damp, cormpact silly sandy GRAVEL ond
COBBLES with little clay, occasional small to medium,
subangular to subrounded boulders (187

bucket sampte "854" @25

’

secondary colclum deposits @45, roots extend to 45
bulk sample "G513" 84-5'

shale contact 88’
end of excavolion @8' in shale
no groundwater encountered

*Stondpipe installed

Lehoratory Test Results

g2

Liwdd PL=21 PI=23
GF=49.2%

SF=15.5%

[ F200=35.3%

ORAWING lNWSﬂGAﬂON 78

NUMBER JOEY BURNS
11 PRAFTING .. G 552 ACRE RANCH A m—
DATE 2/1/06 MONTROSE, COLORADO e, Coado T1AD3
oF 20 08 A0, 0B6—-D23—-GEG Prone (370} 2406828 Fau (070) 2400945




SOIL LOG TEST PIT #12 (TP#12)

pinned posture, east of corral

Laborotory Test Results

Depth (7t} Symbol ~ Sample  Soil Descripifon
(0 —
dork brown, domp, organic, blocky SILT and CLAY with occosional
- gravel and littie o froce sand: root mat [TOPSOL] (0=17)
y—
] gray-brown, domp, stiff SILT ond CLAY with sand and
occasional gravel, mottled, softens with depth becomes more
jr—— sandy (1-87)
] roots exfend to 2--2.5'
F o]
H e - bulk sample "G514” @3.5-4.8" ond drive sample TY" @4
5 —
[ —
77—
2 Ju— ] end of excavation 68§’
no groundwater or bedrock encountered
1 *Standpipe Mstolled
g—
THIE
77 i
12—
DRAWING
NUMBER esrosey 12 JOEY BURNS
7 2 PEALING £ 552 ACRE RANCH Civil, sm.:m;.z asn: ?h%P:;h;mai Enginears, Inc.
DATE 2/1/06 MONTROSE, COLORADO oo e i1
oF 20 Li0B ND 0B (323 GEC Phana (870} 240-6826 Fax {070) 2480945




SOIL LOG TEST PIT #13 (TP#13)

71 accers east of corral

Depth (1) Symbo!  Sample  Soff Description Laboratory Test Results
0§ woner _—
dark gray—dark brown, domp, orgonic ST ond CLAY with root
. mat and eccasional gravel, fittle fo lrace sand, blocky, sHff
[roPsaiL] (o-17}
f —
] gray—brown, damp to moist, blocky, sHff SILT and CLAY with
2 sand and angular to subangular gravel, salts present (1—47
J ga—
= 2, 423
4 2.3% swell@100pst+water
. SP=850 psf
roofs extend fo 4-5& =2.8% G2000 psf
] - bulk somple "5515" @4—-5" and drive somple TH46” @4.5' DD=105.4 pcf
MC=18.3%
55— gray—brown, damp to moist, siightly blocky and mottled, stiff
gravelly SILT and CLAY, with sand ond some soits (481} | G515
— | LL=47 PL=2] PI=26
[ GF=20.1%
6 SF=18.3%
M F200=61.6%
MC=17.5%
7 —
J. pu— L snd of excavation 68
no groundwater or bedrock encountered
7 *Standpipe installed
g—
10—
71—
12—
DRAMNG |,
INVESTIGATION
NUMBER = JOEY BURNS
IDRAFTING. JG
73 — 552 ACRE RANCH Givil, Structuse, and Beolechnins Engineers, Inc.
222 South Park A
DATE 2/1/06 MONTROSE, COLORADO Honieea,Ceorado 8401
oF 20 8 N 06-023~GED Phane (970) 248-6828 Fax (970} 240-0045




SOIL LOG TEST PIT #14 (TP#14)

West of canal, just W. of “11 acres”

Depth (ft) Symbol  Somple  Soil Description Laboratory Test Resulls
0— _ —
e brown, damp, orgamic, sity, clayey SAND and GRAVEL, roaf mat
- ——— (@-1)
J— e —
light brewn—gray, upper 2' is loose then compaet fo dense,
2 — slity, sondy CLAY and GRAVEL, very stiff ciay, angular fo
subrounded cobbles to smolf boulders {1-87)
3 —
— - raots extend fo 35 J
(=48 PL=23 Pl=26
4 bulk sample "GSI6” @3.5-4.5" =26.6%
increase in mositure @ approximately 4 SF=23.3%
— F260=50.0%
MO=13.3%
5 Sulfotes=0.538
[ p—
- decreased rock content with depth, sofiens
7 ]
8 —] L end of excavation G8'
no groundwater or bedrock encountered
I *Standpipe instalied
G —t
70—
77—
12—
DRAWING
NUMpER  [LESHCATION 16 JOEY BURNS
F i JG
] 4 RAFTNG 552 ACRE RANCH [ Civil, Struclural, and Geolechnical Engineers, Inc.
ATE 2/1/06 MONTROSE, COLORADO o o atane
o 20 8 MO, 06—023-GED Phorie {070} 249.6828  Fax (570) 249-0045




SOU LOG TEST PIT 15 (TP#15)

Northern most pit, below tunnel

Laboratory Test Results

Depth () Symbol  Sormple  Soil Description
0— -
brown, dry to damp, firm, silfy, clayey, biocky SAND ond GRAVEL
- [ToPSOL ) root mar {017
j ——
light brown—gray, dry to damp, siity sandy CLAY end GRAVEL,
. compoct, stiff, angular to subrounded cobbles to small boulders
(1-2.57
2—
i e— rools extend to approximotely 3 o517
L=43 PL=2T PI=22
— bulk somple “GS17" @3-4' GF=8.3%
SF=J1.2%
4 gray-brown, damp, stiff fo very stiff, grovelly, sandy SILT and ;%?___0552252
CLAY, blocky, salis present {2.5-8%) [
5 —
6 —1
p
y, g— L] end of excavgtion 88
no groundwater or baedrock encountered
7 *Stondpipe installed
[ J—
10—
17—
12—
DRAWING '
N
NUMBER VESTIGATION TR JOEY BURNS
15 DRAFTING JO 552 ACRE RANCH e e
PATE 2/2/08 MONTROSE, COLORADO L2 Soum Pk ence
oF 20 e NE 06—023—CED Phane (570) 2406028 Fax (970} 243-0845




SOIL LOG TEST PIT #16 (TP#16)

Within escarpment, above (west) of biue house

Laboratory Test Resuits

Depth (1t} Symbol  Somple Soll Description
L J— = —
— brown, domp, firm, blocky, sifty cfayey SAND and GRAVEL
— - [TOPSOIL] root mat (0-17)
I— T, :e,-’Lim
. 4 f/’ gray—brown, dry to damp, stiff fo compoct, blocky, silty sandy
I ; CLAY and GRAVEL; angular to subangulor (1-37)
2—] B
A5t
p 5.3% swell@100ps+water
i g - SP=1280 psf
roots extend to 3 TM=8 4% ©4000 psf
» » s DD=102.9 pef
- bulk sample "G518" @34 ey
4 L drive sample THM" &4’ fecy]-
Ll=q45 Pl=22 P}=23
] brown—gray, dary to domp, stif to very stiff, blocky SILT and gﬁ‘?ﬁafz
CLAY with sand and gravel lots of salts and secondary calcium F;?EO;B.I 7
5 — deposits (3-8") -
MC=12.8%
56—
—
8 — - end of excavation @8
no groundwater or bedrock encountered
] *Standpipe instalied
[+ J—
10—
71—
jZ2—
[ DRAWING
NUppcp  DAESTIGATION T8 JOEY BURNS
7 6 RAETING =4 352 ACRE RANCH Ciwl, Streetural, zisd Geotechnisal Enginesrs, Ing,
222 South Park A
DATE 202/06 MONTROSE, COLORADO b, Clord #1401
_ or 20 08 NO 0B—023—CED Phona (870) 246-6828 Eax (970} 2490845




SOIL LOG TEST PIT #17 (TP#17)
SW on mesa top (next to BHO6—1)

Depth () Symbol  Sample  Soff Description Laboratory Test Rasufls
O — — —
o brown, damp, organic, compoct, silly SAND with clay and
~ — occasicnal gravel {reot mat} {(0~17)
|
— T
(b /' light brown, dry, compoct/blocky, clayey SAND with gravel and
= A Jittle salts present (1-87)
2 e 20~-30% rock
\; p——
4 < bulk sample “GS29" @3.5-4.5 ond drive sample "PX° @4’
5— rools exiend fo gpproximately 5
J; —
At
-3 ] end of excavation €8
no groundwater or bedrock encountered
] *Standpipe Installed
G ]
10—
77 s
iz —
DRAWING
NUMBER wesicoy 1 JOEY BURNS T
IBRAFTING B
77 252 ACRE RANCH Civi, Structural, and Gecleshnicat Engineers, tnc.
222 South Park A
PATE 124,06 MONTROSE, COLORADO Nononn Calrodo 401
oF 20 08 _NO. 06— 023—CED Phone (070) 240-8528 Fax (570) 240-0045




SOIL LOG TEST PIT #18 (TP#18)
SE on mesa top (nest to BHD6-2)

Depth (rt) Symbol  Somple  Soll Description Laboratory Test Results
[Fp— r-"-|
brown, damp, organic, compact, silty SAND with clay ond gravel
— {raot mat) (0-1)
o
2 o |
light brown, dry—damp, compact, clayey SANG and
- GRAVEL /COBBLES with sift calcarsous (1-4.57)
2 70-80% rock
-
X bulk sample "GS30" G4—4.5
o —
6 ] -
gray—-brown, dry; compact, sondy GRAVEL and COBBLES with
— sift (4.5-127}
7 80— 90% rock
] 851
L1=29 PL=18 Pl=18
88— roots extend thoughout pit GF=61.5%
SF=34.1%
— LY T | F200=4.4%
bulk sample "GS31" @6-10 MO=3.0%
o —
10— -
11—
12 - end of excovation @12'
no groundwater or bedrock encounlersd
*Stondpipe installed
[ oramNG |
NUMBER INVESTIGATION _TB JOEY BUBNS . :
RAFTING 1B
7 8 552 ACRE RANCH Civii, Struztural, and Geolechnical Enginesss, Inc.
222 South Park A
DATE JL24/06 MONTROSE, COLORADO Morvtse, Calorado 141
L _oF 20 L8 N, D6-023—CE0 Phong {970} 243-6828 Fax (§70) 245-0945




SOIL LOG TEST PIT #19 (TP#13)
NE on mesa top (next to BHO6-3)

Laboratory Test Results

Depth () Symbol  Somple  Soft Deseription
o0— S
‘\ = brown, domp, compact, organic, SAND and GRAVEL with sitt ond
. ~— clay {0-1%
1— —
" tfé ped light brown, dry—domp, compact, clayey SAND end
Bycy-p GRAVEL /COBBLES with sift, caleareous (1—47)
2— £ 70-80% rock
3 1
~ A
4]
5 bulk le "6S32" §4-5' G342
— : ui sample NON—PLASTIC
aaks , GF=92.6%
5 ' tg roots extend fo 5 SF=8.2%
L0 FR00=1.2%
- ; gray=brown, dry, compact, sondy GRAVEL and COBBLES with MC=4.2%
s e st (48"
_\;c PN o 80~90% rock
— feles
=
7 g
. go— = o] end of excovation €8’
no groundwater or bedrock encountered
1 *Standpipe installed
8 acd
10 e
T
J2 et
ORAWNG
INVESTIGATION T
NUMBER g JOEY BURNS
IRAFTING B
7 9 " 552 ACRE RANCH Civit, Struciural, and Geolechrical Engineers, Inc.
227 South Park A
oATE 3/24./06 MONTROSE, COLORADC Mortrose, Cobrado 85401
or 20 5 N0 06—~0123—GEQ Phuoe {§70) 496525 Fa (§70] 249-0845




SOIL LOG TEST PIT #20 (TP#20)
NW on mesc top (next to BS06—4)

Depth () Symbol  Somple Soif Description taboratory Test Results
0 — _
T brown, domp, compoct, orgonie, sifty SAND with clay and grave!
- _— (0-1)
- —
gy
B!
p— Saavy light brown, dry—damp, blocky/compact, clawey SAND with silt
Lt and gravel, calcareous (1-5)
] A
o {/ 10-20% rock
3 / s —
—] L= tal
e ./ P
— EgP L 1.6% swell@100pst+water
l o Yl =360 psf
y— g bulk sample “0S33" @3-4' and drive sample "NX” @3.5' -aex fff”g psf
B 4 MC=9.8%
5 roots extend to 5
— gray—brown, dry, compact, sandy GRAVEL and COBBLES with
silt (4.5-12")
6 80--90% rock
y——
8 — i end of sxcovation 68
no groundwater or bedrock encountered
i *Standpipe installed
G
70 i
7
12—
DRAWING
NUMBER WESTIGATION 1D JOEY BURNS ! 1 _
RAFTING 8
20 552 ACRE RANCH Shruchirat, and Geotechnical Engingsrs, Inc.
222 South Park &
DATE /2408 MONTROSE, COLORADO Hiontoss, olora $1401
oF 20 g N, OE—0235—CF O Phonie (3701 2486028 Fax {570) 248-0943




LOG OF EXPLORATORY DRILLING — AUGER HOLE #X }
|

and fab Test Kesults

| SURFACE ELEVATION: DRILL STENM:
DRILLER: SAMPLER:
i DRILLRIG: CASING:
NOTES: SPT N-values not camecled for energy or depth; stratigraphic ransitions are approximate and are infarres fam cutings and drllers commerss
: T R Y
; i Ic“u“‘ w | § %i w |2 SOIL DESCRITION FIELD&LABORATORY |
.. ElE|3 HEN TEST RESULTS 1
= OF oalwiw o= =
E 2 85 8 FlEes :
_,_ B8 3 Z B BEIR
: | :
. : | R indicales drive sample
— =
— ‘ Noles in this column
5 - & . indicates bulk sample indicale tesls performed
1 e L and test resulls
- S ' indicales core sampie | DD:  dry density in cubic
i potinds per foot (pecf)
10 =1 : e % moist tent
N DPSI e — Sample identifier: DS=Drive sample ) ML @ moisture conten
B : i L AS=duger sample from auger flights o
. : P C8=Core sample Li:  Liquid Limil
15 — . PL: Plastic Limi
] _!90. .. flows reguired to drive sampler & inches each.  The ) astic Limit
- Ty T first six inches is coasidered lo be the ‘sealing” drive
o e Pr Plasticity Index
20 I s1e18 indicates seven bloews required lo drive the sampler
T : - twelve inches wilh a [40-}h hammer falling 30 inches GF: Gravel fraction (%}
_ i . ) SF:  Sand fraction (%,
oF : 12 <« fength of intact sofl plug recovered from the sampler (%)
_ F200:  Silt/Clay (%)
- A indicales free waler surface al lime of drilling
— - Sh:  Shear resistance
30—
__,f}";‘ i P Penetration resistance
s clay i . . .
- California Bearin,
e CBR:  Calif B 74
35 - Ratio
- , ] silt _ psf:  pounds per sq. ft.
i Unified Classification System (ASTM D-2487)
40 -  sand CL = lean ciay lo sandy/graveily lean clay pel: pounds per cu. fi
— ! ML = silt lo sandy/gravelly silt
; _ @\3‘% ravel CH - high plasticily clay to sandy/gravelly high plasticity elay
P45 Mr_w{r\:s} = MH = high elasticity silt lo sandy/gravelly high elasiicity siit
' ::I:_:_:é W = well-graded sand or well -graded sand with gravel
! 50 —- - :: shale P - poorly graded sand or pooriy graded sand with gravel
v _%‘ EM = silly sand to silty sand with gravel
. S0 = ek cand } d
R hard bedrock clapey sand to clayey sand with gravel
55 —5Y G = well-graded gravel or weli-graded gpravel wilh sand
— [ : i GF = poorly graded gravel or poorly graded gravel with sand i
. ! ! | GH = silty gravel or silty gravel with sand
80 i ; | GC = clayey gravel or clayey gravel with sand
i .
ikeld Testmg < 7 : ™
Sheet , s ! KLY ! " | i
j iLabs/Drafting l ; 1 i i
| o ; o : : ;
| .1 |DATE | Test BO[IH-’_"’ i Civil, Structural & Geotechnicol Engineers
H 222 Soulh Pork Ave. Monbrose, Colerade 81401
i PROJECT # $70-249-6828 Fox, No. §70-249-0943 i




LOG OF EXPLORATORY DRILLING — BORE HOLE #1 (BHO6—1)

§

URFACE ELEVATION:

DRILLER: McCracken

DRILL RIG: Simco 2800 . )
NOTES; SPT N-values ot corracted for energy o depth; stratigraphic iransftions are approximete and are inferred from cutfings and drillers comments

DRILL STEM: 4" Solid-stem corfinuous Bight aucer

SAMPLER: 1,375" 1. Standarc and Z° 1D, Cafifomia splt spoen

CASING: Nena used

e Bl 5
g8l =1 FIELD & LABORATORY
i_—d T [rey =
= o H % % % g % S0t DESCRIPTION TESTRESULTS
E |2IE|2|E|E| 2
o2 [BEFI5|5 5|8
: light brown, dry-damp, compact, silty SAND and GRAVEL with
G515 clay (0-57)
6520l 15 | 25 || CCo5TonS cobble A o123 Pi=ts
!’2 " ’ = = =4
B0 | 1p A drifler added water @6.5 P72 8%
SF=39.5%
o increase in density to very dense F200=37.7%
6521| 41 | 2 |12s| $ame as above (ton), almost no rock from 1i-19° MC=7.9%
12 5521
=37 PL=18 Pl=19
_ one rock @4 CF=16.1Z
] increase In clay content ﬁg;gff 7%
- MCO=5.4%
T 0522 50 (50,37 3/5 brown, domp, very dense, clayey, sandy GRAVEL ond COBBLES
25 -
30 —“C?a :
"'5\'@1 .
end of bore hole @32
T no grotndwater or bedrock encountered
35 —
40 -
45 —
50
55 —
EO eed
DRAWING "
inoes  [MUESTOIOY 1B JOEY BURNS
DRAFTING JG - ‘
7 552 ACRE RANCH Civil, Steuctusal, and Geotechnical Engineers, ing.
DATE 2/23/08 222 Sauth Park Avenue
MONTROSE, COLORADO Mentrose, Galorads 81441
L oF 4 JOB NO. 06—023—GEO Phane (570) 240-0828 Fax (570) 2490045




LOG OF EXPLORATORY DRILLING — BORE HOLE #2 (BHO6-2)

SURFACE ELEVATION: DRILL STEM: ¢* Sofd-stem confinuous fight auger
DRILLER: McCracken SAMPLER: 1.375"L.D. Standard ang 2* 1.0, California spit spoon

DRILLRIG: Bimeo 2800 CASING: None used
NOTES: SPT N-values not comected for energy or depth; stratigraphic iransitions are approximete and are inferred from cuflings and drillers comments

AL
Slwi2lslw| & FIELD & LABORATORY
= o % % % % % E 80i DESCRIPTION TESTRESULTS
AL
PR HEIEIEIE
_ My
— 523 tarn, dry silty SAND and GRAVEL wilh clay; very dense (057}
5 Tz 524 12 | 52 lio/| Somes o anme L=25 PL=18 PI=8
_ e Z GFm37.0%
i SFu54.6%
] F200=6.4%
10 —i% MC=2.4%
> dark groy, thinly bedded, jurnbled SHALE: highly
] fractured/highly weathered @11' RI-R2/Wi-W4
15 —.
- end of bore hole @17 In dork gray, thinly bedded, formational
- SHALE R3/Wd
20— na groundwater
- *Standpipe instolled fc 12
25 —
30 —
35 —
40 -
45 o
S0 —
55 et
80 —
DRAWING  liwvesmoamon 72
NUMBER DRAFTNG P JOET BURNS e
2 852 ACRE RANCH Givi, Structural, 2ed Gestectizal Engineers, Inc,
DATE Z / 2 J/ 05 222 South Park Rvenue
MONTROSE, COLORADD Montrose, Colorada 81401
L OF 4 JO8 NO. OB 023~GEO Phone (970) 248-6828 Fax (870) 249-0945




B

LOG OF EXPLORATORY DRILLING — BORE HOLE #3 (BH06-3)
SURFACE ELEVATION: DRILL STEM: 4° Solic-stem confinvous fight auger
DRILLER: McCracken SAMPLER: 1.375" LD, Standard and 2° 1.0, Califomia spit speon
DRILL RIG: Simeo 2800 CASING: None used
NOTES: SPT Novaluas not comectd for energy or depth; stratigranhic transitions are approximate and are infatred from cutlings and drillers commans
x| E|&|_

ol ® AR FIELD & LABORATORY
= |, |8E S |E 2| & SOIL DESCRIPTION TEST RESIATS
£ Z|EZl2|=2|2]8
o [d

8 181213 3 |6]5 8
—{|:H tan, dry, siity GRAVEL with clay te gravely SILT with clay and
3 b sz troce fine sand (0~57)
:; ;}’/ increased gravel content @4’
S 18
5 et ;;’T G526, 73 ¢ 57 |12 /1 tan, dry, very dense, silly SAND and GRAVEL with little clay
—‘ :; J4 18
10 4
15
K fncrease in gravel and cobbles
20 ] refusal @21' in grovels and cobbles
— na groundwaler or bedrock encountered
25 —
30 —]
40 —
45 —f
T
- !
[ 55 —
60 —
DRAWING fmfé:m ON T8
AFTING
3 552 ACRE RANCH G, Struchurs], and Geatachnical Enginaers, .
DATE 2/23/08 222 South Patk Avenue
MONTROSE, COLORADO Montrase, Colorado 81401
| oOF 4 JOB NO. 08—023—GED Phane (§70) 240-6828 Fax {970) 245-0045




LOG OF EXPLORATORY DRILLING — BORE HOLE #4 (BH06—4)
SURFACE ELEVATION. DRILL STEM: 4° Solid-stem confinuous fight auger
DRILLER: McCracken SAMPLER: 1.375* 1D, Standard and 2° L. Cafffornia spiit spoon
DRILL RIG: Simeo 2800 CASING: None used
NOTES: $PT N-values nict comected for gheray ar depth; stratigraphic ransitions are approximate and are infermed from cutfings and drilers comments
LN =S
I I N
dlwe|EBiolwig FIELD & LABORATCRY
= o % % = % g = SOIL DESCRIPTION TEST RESULTS
= 2B 22|28
=
B B2 3 25|58
] 527 light brown, dry, siity SAND and GRAVEL with clay (0-5)
5 — 0 driller added water @5
=1 65261 17 | 41 115/| same os above
— 24 8
10 ~—F
- 6528
15 — LL=29 PL=21 Pl=8
— GF=40.7%
—¥ SF=d34%
— F200=15.9%
20 —4 Me=3.6%
— brown, dry—damg, sandy SILT and CLAY with little grovel @23
28 — drifler cornmented that it becare stiff after 23°
30 —
— very little rock from J3—35.5, possible shale contact
35 R end of bore hole @355
. ne groundwater encountered
40 —
45 —
50 —
55—
60 —
DRAWING | NvESTIGATION _ S,
NUMBER = JOEY BURNS 1L GEOTECH
4 DEAFTING € 552 ACRE RANCH Givi, Btructural, and Geolechnical Engineers, Inc.
DATE 2/23/08 227 South Park Averue
MONTROSE, COLORADO Maorrircse, Sojorado 8144
OF 4 JOB NO. 06—023—6ED Phaone (970} 240-6828 Fax (970) 248-0945
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Project Name
Project Location
Client

Test Location
Sample #

Civil, Structurai & Geotechnical Engineers

222 South Park Ave » Mortreae, CO 51401
Bl {870 2486828 - FAX {270} 249-09458

Montrose 552-Acre Ranch Date 2/2/2006

Government Springs Rd

Project # 06-023-GEQ

Josy Burns

Sample by TB

TP#1 @3-5'

Tested by SM

GS1

Sieve Analysis

Atterberq Limits

ASTM C136/C117 ASTM D4318
| Opening .
Si % P
Ve {mm) assing Liquid Limit (LL) 53
3" 76.2 100.0 Plastic Limit {PL) 27
34" 18.0 g97.1 | Plasticity Index (P 26
3/8" 9.5 91.3 ' '
#4 4.75 542
#10 2.0 226
#40 0425 5.0
#200 0.075 0.5 Natural Moisture Content (%) = 13.7%
Soil Description dk. gray-brown fat clayey SHALE all clay shalg”
USCS Classification Sw
20 0
100 o d T
90 ) -+ ‘ : :
80 1{ ,
70 :
o !
‘= 60 i
2]
@ i
% 50 _
=1 i :
i %
= 40
f
30 - B Nh
20 ‘ e : f % // f g f
10 L e it ‘ :
- D [ : i ?
0+ ..-.—-——-'1""5‘4’; St SR i
0.01 01 1 10 100
Particle Diameter {(mm)
Clay/Sit " Fine | Medium | Coarse | Fire Coarse
FINES SAND GRAVEL
% Flnes = 0.4 % Sand = 53.7 % Gravel = 45.8



vl Structural & Geotechnical Enginoers

222 South Park Ave, « Montrese, CO 31401
Pl (970} 248-B828 « FAX: (970) 248.0845

Project Name Montrose 552-Acre Ranch Date 2/2/2006
Project |.ocation Government Spfings Rd Project # 06-023-GED
Client Josy Bumg Sample by B
Test Location TP#2 @2-3' Tested by SM
Sample # GS2

Sieve Analysis

Atterberg Limits

ASTM G138/ G117 ASTM D4318
. Opening .
§ %P
eve (mm) | "7 Liquid Limit (LL) 52
3" 76.2 100.0 Plastic Limit (PL) 20
3/4" 19.0 100.0 Plasticity index {P1) 32
ams" 9.5 100.0
#4 4.75 100.0
#10 2.0 99.0
#40 0.425 96.6
#200 0.075 91.8 Natural Moisture Content (%) = 28.6%
Soil Description gray-brown fat CLAY
USCS Classification CH
100 o #ﬁ% { E' ﬁ:;o . #10 # . w 7
% A e :
70 ? ; . |
o f 3‘ B 5
7 801 : gt ' H
[2:] 3 . Do 5 :
o z ! P
< 50 : : : —
& | | 1L
IR HH it :
a. - 1 i ! i RN »
30 ] s ERy —t
i a
20 ; j ; L j
1 Pl | I .
10 : : ! I E L i ;
: g H
: : ; P :‘ :‘
0 : : i ‘ L
0.01 .1 1 10 100
Particle Diameter {mm)}
Clay/ai Fine | Mesum | Coarse Fine | Coarse
FINES SAND GRAVEL
%Fnes= 91.8 % Sand = 8.2 % Gravel = g.0



Gl Structural & Geotechnical Engineers

222 South Park Ave. « Montroge, CO B1461
Bl (9707 249-8828 » FAX (970} 249-0845

Project Name Montrose 552-Acre Ranch Pate 21212006
Project Location  Government Springs Rd Project # 06-023-GEQ
Clignt Joey Burng Sample by B
Test Location TPi#2 @5-6' Tested by VB
Sample # Gs3
Steve Analysis Atterberg Limits
ASTM G138/ CH17 ASTM D4318
. Opening .
S % P
R assia Liquid Limit (LL) 43
3" 76.2 100.0 Plastic Limit {PL) 23
3i4" 14.0 100.0 Piasticity Index (PI) 20
38" 0.5 100.0
#4 4.75 100.0
#10 2.0 896.9
#40 0.425 79.3
#200 0.075 62.3 Natural Moisture Content (%)= 24.0%
Soil Description gray-brown sandy iean CLAY
US{S Classification CL
100 — #g{qo #?0 _ #?0 # - ol - 3
o 1 I i | . i
[<Ty i Sp— i ! H :
T i
] LT i
89 ) + T 1
70 . : // : : : [ L ; : ‘
£ RN el a8 P % |
‘s 60 R e 1
® - : : : i : N i
& NN o o N
L 50 f hadi - :
= P ' \ i
8 L : : ?
= 40 _ - ot
a 1 | i P P ;
1 P D
20 , L —
10 - : i : . _
] o t i ! o
0 i i L : H ) 1
0.01 0.1 1 10 100
Particle Diameter (mm)}
Clay/Sik Fine Medum | Coarse Eing Coarse
FINES SAND GRAVEL
% Fines = 62.3 % Sand = 37.7 % Gravel = 0.6



Montrose 552-Acre Ranch

Project Name
Project Location

... Givil, Stuctural & Geotechnical Engineers

222 Sowh Park Ave. - Montrose, CO 31407
Ph . {970} 245-6828 » FAX (970) 248-0045

Covernment Springs Rd

Date 2/212006
Project # 06-023-GEC
Sample by 18
Tested by SM

Client Joey Bums
Test Location TP#3 @3-4'
Sample # GS4

Sieve Analysis

Afferberg Limits

ASTM G136/ C117 ASTM D4318
Opening .
Si %P
ove (mm) | ©TOSSNG Liquid Limit (LL) 39
3" 76.2 100.0 Plastic Limit (PL) 20
314" 19.0 100.0 Plasticity Index {P) 19
_______ 3!8" 8.5 100.0
#4 4.75 100.0
#10 2.0 989.0
#40 0.425 85.1
#200 0.075 76.4 Natural Moisture Content (%)= 25.1%
Soil Description brown lean CLAY with sand
USCS Classification CL
100 #200 #40 Aoi #4 4" 3"
ST I N — N T
il A i P 1HE
e e : > ot t ‘
i : i : . i
[ : i I
80 i ,j,/ ‘ ;
o j
70 : b : -
> ; S
‘% 60 - vt
e H
e ] ; i
< 50 1
§ 1 ; L 5
2w | et -+
o E ; :
30 -l b
I ;
10 : ; :
i} % - : ! E ! L ' . F »
0.01 0.1 1 10 100
Particle Diameter {mm)
Ciay/Silt Fine | Medium | Coarse Fine [ coame
FINES SAND GRAVEL
% Fines = 764 % Sand = 23.8 % Gravel = 0.0



~ Civil, Structural & Geotechnical Engineers

272 South Park Ave, « Monirose, GO 814401
Ph. {8701 2488828 » FAX {§70) 245.0945

Project Name Montrose 552-Acre Ranch Date 2/6/2006
Project Location  Government Springs Rd Project # 08-023-GEO
Client Joey Burns Sample by B
Test Location TP#4 @4-5 Tested by SM
Sample # G85
Sieve Analysis Atterberg Limits
ASTM C138 /G117 ASTM D4318
Sieve Opening % Passing o
_.__ (mm) Liquid Limit (LL) _ s4
3" 76.2 100.0 Plastic Limit {(PL) 22
3/4" 19.0 100.0 Plasticity Index (Pl) 32
3/18" 8.5 100.0
#4 4.75 100.0
#10 2.0 100.0
#40 0.425 99.8
#200 0.075 98.0 Natural Moisture Content (%)= 24.4%
Soil Description gray-brown fat CLAY
USCS Classification CH
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Percent Passing

Project Name
Project Location Government Springs Rd

Test Location
Sample #

GEOTECH |

Montrose 552-Acre Ranch

... Civil, Structural & Geotechnical Engineers

292 South Park Ave » Montrose. GO 81401
Bh (H70) 245.6828 « FAX (9T0) 248-0545

Date 2/6/2008
Prolect # 06-023-GEC

Joey Bums Sample by TB
TP#5 @3.5-4.5' Tested by LS/SM
GS6
Sieve Analvsis Atterberg Limits
ASTM C136/C117 ASTM D4318
Qpening
Si % Passi
eve (mm) assing Liquid Limit {LL) 50
3 76.2 100.0 Plastic Limit (PL) 21
34" 19.0 100.0 Plasticity index (P1} 29
3ams" 9.5 100.0
#4 4,75 100.0
#0 | 20 | 997
#40 0.425 89.1
#200 0.075 95.3 MNatural Moisture Content (%) = 23.2%
Soil Description gray-brown fat CLAY
USCS Classification ~ CH
#200 #40 #10 4 34
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..Civil, Structural & Geotechnical Engineers

222 South Park Ave - Mortrose, CO 81401
£h (8701 2486828 - FAX (970) 245-0945

Project Nams Montrose 652-Acre Ranch Date 21212006
Project Location  Government Springs Rd _ Project # 06-023-GEO
Client Joey Bums Sample by TB
Test Location  TP#6 @5-5.5' o __ Tested by SM/LS
Sample # G538
Sieve Analysis Atterberg Limits
ASTM C136/ G117 ASTM D4318
. Opening .
S % P
eve {mm) | °Toseng Liquid Limit (LL) NP
3" 6.2 160.0 Plastic Limit (PL) NP
314" 19.0 52.8 Plasticity Index (P1) NP
3/8" 9.5 38.6
#4 475 | 308 NP = Non-Plastic
#10 2.0 255
#40 0.425 10.7
#200 0.075 3.2 Natural Moisture Content (%) = 5.3%
Soil Description reddish-brown well-graded GRAVEL with sand
USCS Classification GwW
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.. Civil, Structural & Geotechnicai Engineers

227 Soyth Park Ave. + Montrose, CO 81401
Ph. {8701 240-8828 - FAX' (#70) 249.0948

Project Name Montrose 552-Acre Ranch Date 21772006 _
Project Location Government Springs Rd Project # 06-023-GEO
Client Joey Burng Sample by T8
Test Location TP#3 @4-5 Tested by BAU
Sample # Gs10
Sleve Analysis Atterberg Limits
ASTM G136/ C117 ASTM D4318
Sieve Opening % Passing e
(mm) Liquid Limit (EL) 42
¥ 76.2 100.0 Plastic Limit (PL) 19
3/4" 18.0 ar.9 Plasticity index (P} 23
3i8" 9.5 78.6
#4 4.75 70.7
#10 2.0 63.9
#40 0.425 _ 58.1
#200 0.075 515 Natural Moisture Content (%) = 6.8%
Soil Description brown gravelly lean CLAY with sand
USCS Classification CL
#200 #40 #10 #4 34" 3
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Project
Project
Client

Test Location TPHO @3.5-4.5'

Name Montrose 552-Acre Ranch

Daie 2/9/2006

Location Government Springs Rd

Joey Burns

Sample by Te

Sample # GSH

Soil Description

Sieve Analysis

ASTM C138/C117
Sieve Opening % Passing
{(mm)

3" 76.2 100.0
34" 18.0 80.1
38" 8.5 88.0
e 536 ]
#10 2.000 80.6
#40 0.425 76.8
#200 0.075 65.4

Natural Moisture Content (%} = 15.2%

gray-brown sandy lean CLAY with gravel

Atterberg Limits
ASTM D4318

Project # 06-023-GEO

Tested by &M ]

Plastic Limit (PL)} 20

| Liquid Limit (L) 40

| Piasticity Index (P1) 20

.. Ciwil, Structural & Geotechnical Engineors

222 Soh Park Ave, « Mentose, CO 81401
Ph.. (370} 249-6828 - FAK (D70} 249.0045

USCS Classification CL
#200 #40 #10 #a 34" 3
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GEOTECH

. Civil, Structural & Geotechnical Engineers

272 Soukn Park Ave, - Montrose, GO 81404
Ph. (970) 249-5828 - FAY {§70) 248-0845

Project Name Monirose 552-Acre Ranch Date 219/2006
Project Location  Government Springs Rd ' Project # 08-023-GED
Client Joey Burns Sample by T8
Test Location TP#13 @4-5 Tested by SM
Sample # G815

Sieve Analysis

Atterberg Limits

ASTM G136/ C117 ASTM D4318
. Opening .
s %P
B fmm | R TEOSRS Liguid Limit (LL) 47
3" 76.2 100.0 Plastic Limit (PL) 21
34" 19.0 91.0 Plasticity Index (P1) 28
3/8" 8.5 85.1
#4 4,750 79.9
#10 2.000 73.9_
#40 {1.425 68.5
#200 0.075 61.6 [ Natural Moisture Content (%) = 17.5%
Soil Description gray brown gravelly lean CLAY with sand
USCS Classification CL
#200 #40 #10 # 344" 3
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__Civil, Structural & Geotechnical Engineers

222 South Park Ave ~ Montrosa, CO 844014
Ph. {G70) 249-6828 - FAX" (970} 249-C245

Project Name Montrose 562-Acre Ranch Date 2192006
Project Location  Government Springs Rd Project # 06-023-GEO
Client Joey Burns Sample by B
Test Location TP#14 @3.5-4.5' Tested by SM
Sample # G316
Sieve Analysis Atterberg Limits
ASTM C136/C117 ASTM D4318
Opening |
Sieve | "y | % Passing Liquid Limit (LL) 49
3" 76.2 100.0 Plastic Limit (PL) 23
34" 18.0 82.9 Plasticity index (P}) 26
38" 9.5 79.2
#4 4.750 73.4
#10 | 2.000 69.1
#40 - 0.425 63.8
#200 0,075 50.0 Natural Moisture Content (%)=  13.3%

Soil Description
USCS Ciassification

light brown-gray gravelly lean CLAY with sand
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Project Name
Project Location

Montrose 552-Acre Ranch

Govermnment Springs Rd

Client Joey Burns
TestLocation  TP#15 @3-4'
Sample # Gs17

Sieve Analysis

Soil Description

Percent Passing

o Civil, %u@gra? & Gggtechnica! Engineers

272 South Patk Ave. « Montrese. CO 81401
R (870) 2488528 - FAX (B70) 2450845

Date 2/8/2008
Project # 06-023-GEO
Sample by B
Tested by SM/BAU

Atterberg Limits

ASTM G136 ASTM D4318
. Opening |, .
Sieve | mm) |0 Passing Liquid Limit (L) 43
3" 76.2 100.0 Plastic Limit (PL) 21
3ig" 18.0 100.0 Plasticity Index (P1} 22
3/8" 9.5 896.7
#4 4.750 at.7
#10 2.000 85.7
#40 0.425 72.9
#200 0.075 0.0 Natural Moisture Content (%)= 10.4%
gray-brown sandy lean CLAY
LISCS Classification CL
#200 #40 #10 #4 34 ¥
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'GEOTECH |

Civil, Structural & Geotechnical Engineers

Project Name Maontrose 552-Acre Ranch
Project Location  Government Springs Rd
Clignt Joay Burns

Test Location TP#16 @3-4'

Sample # G518

Sieve Analysis

222 Sowth Park Ave. + Montrase. CO 81461
Pl (870) 2496828 + FAX: (D70} 249-0345

Date 2/8/2006
Project # _06-023-GEQ
Sample by TB
Tested by SM

Atterberg Limits

ASTM G136/ CH1T ASTM D4318
. Opening : .
Sieve ( hrmy | % Passing Liquid Limit (LL) 45
3 78.2 100.0 Plastic Limit (PL) 22
34 18.0 100.0 Plasticity index (P 23
3/8" 9.5 100.0
#4 4.75 100.0
- #10 20 98.3
#40 0.425 95.8
#200 0.075 83.7 Natural Moisture Content (%)=  12.8%

Soil Description

light brown-gray lean CLAY with sand

USCS Classification CL
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... Cuiit, Structural & Geotechnical Engineers

.‘;’22 South Park Ave. « Montrose, CO 81401
Ph o (970} 248-5828 « FAX (970 249.0045

Project Name Montrose 552 Acre Ranch Date 227120086
Project Location  Government Springs Rd Project # 06-023-GEQ
Client Josy Bumns Sample by TB
Test Location BHO6-1 @5-6.5° Tested by VB/SM
Sample # (G520
Sieve Analysis Atterberg Limits
ASTM C138/C117 ASTM D4318
. Opening .
8 % P
e (mm) assing Liquid Limit {LL) 39
3" 76.2 100.0 Plastic Limit (PL) 23
314" 18.0 985 Plasticity Index (P!} 16
3/8" 9.5 86.4
#4 4.750 77.2
#10 2.000 70.2
#40 0.425 57.8
#200 0.075 37.7 Natural Moisture Content (%) = 7.8%
Soil Description brown clayey SAND with gravel
USCS Classification 8C
#200 #40 #10 #4 34" 3
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Project Name
Project Location

Montrose 552 Acre Ranch

_...Cwil, Structural & Geotechnical Engineers

Government Springs Rd

Client Jc_ey Burns
Test Location BHO6-1 @10-11
Sample # G821

Sieve Analysis

242 South Park Ave - Montregs, CO 81401
Pl {B70) 249-8828 - FAX. [§70) 249-0048

Date 2/28/2006
Project # 06-023-GEO
Sample by T8
Tested by SM

Atterberg Limits
ASTM D4318

Liguid Limit (LL)
Plastic Limit (PL)
Plasticity Index {Pl)

37
18
19

ASTMC136/CH17
Sieve Opening % Passing
{rarn)

3" 76.2 100.0
34" 18.0 852
3/8" 8.5 91.0

#4 4.750 83.9
#10 2.000 75.0
#40 0.425 60.1

#200 0.075 40.7

Soil Dascription

U3CS Classification

Natural Moisture Content (%) =

brown clayey SAND with gravel
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Project Name
Project Location

Client

Test Location

Sample

.. Civil, Structural & Geotechnical Engineers

227 Sowuih Park Ave -« Montrose. CO 81401
Ph, {5701 249-5828 « FAX. (B70) 349.0845

Montrose 552 Acre Ranch Date 212812006
Government Springs Rd Project # 06-023-GEOQ
Joey Burnsg Sample by TB
BH(OG-2 @5-6.5' Tested by SM
# Gs24
Sieve Analysis Atterberg Limits
ASTM C136/ 117 ASTM D4318
. Openin, .
Seve | T | % Passing Liquid Limit {LL) 26
3" 78.2 100.0 Plastic Limit (PL) 18
34" 18.0 83.4 Plasticity index {Pl} g
3/8" 9.5 74.0
#4 4,750 63.0
#10 2000 | 482
#40 0.425 213
#200 0.075 84 Natural Moisture Content (%) = 2.4%

Soll Description
LUSCS Classification

Percent Passing

light brown well-graded SAND with clay and gravel
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. Civit, Structural & Geotechnical Engineers

222 South Park Ave - Montrose, TO 8140
Fh - (670) 249-6828 + FAX. (970} 240.0045

Project Name Montrose 552 Acre Ranch Date 2128/2006
Project Location  Government Springs Rd Projeci # 06-023-GEQ
Client Joey Burns Sample by TB
Test Location BHO6-4 @5-6.5 Tested by VB/BAL
Sample # G528

Soil Description

Sleve Analysis

ASTM C136/1 C117
Sieve Opening % Passing
{mm)

3" 76.2 100.0
3/4" 19.0 84.2
3/8" 9.5 M7
#4 4,760 59.3
#10 2.000 46.2
#40 0.425 27.3
#200 | D.075 15.9

Atterberg Limits
ASTM D4318

Liquid Limit (LL) 28
Plastic Limit (PL) 21
Plasticity Index (P} 8

Natural Moisture Content (%) = 3.8%

light brown clayey SAND with gravel

USCS Classification 5C

Percent Passing
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Civil, Structural & Geotechnical Engineers

222 South Pask Ave. « Montrose, CO 81401
Ph {970) 245-6828 « FAX; (970) 249.0945

Sieve Analysis and Atterberg Limits

Project Name Monirose 552 Acre Ranich Date 3/29/2006
Project Location Government Springs Rd Project # 06-023-GEO
Ciient Joey Burns Sample by TB
Test Location TP#18 @610 Tested by VB
Sample # G531
Steve Analysis Atterberg Limits
ASTM C136/C117 ASTM Da318
. Opening ,
S % Passin :
Y] (mm) ssing  Liquid Limit (LL) 29
3" 76.2 100.0 | Plastic Limit (PL) 18
3/4" 19.0 72.2 Plasticity index (P) 11
a/8" 8.5 B3.0
_#4 4.750 38.5
#10 2.000 243
#40 0.425 103
#200 0.075 44 Natural Moisture Content (%) = 3.2%
Soil Deseription gray-brown well-graded GRAVEL with sand
USCS Classification GwW
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Civil, Structural & Geotechnical Engineers

222 South Park Ave, - Montrose. CO 8140
Ph {G70) 2498828 - FAX: [970} 249-094‘*

Sieve Analysis and Afterberg Limits

Date 4/3/2006
Project # 08-023-GEQ
Sampleby _TB

Project Name  Montrose 552 Acre Ranch
Project Location  Government Springs Rd

Client Joey Burns _
Test Location TP#19 @4.0-5.0' Tested by VB
Sample # 5832
Sieve Analysis Atterberg Limits
ASTM C138/C117 ASTM D4318
Opening .
Si % P
¢ | (mm) | % FPassing Liquid Limit (L) NP
3" 76.2 100.0 Plastic Limit (FL) NP
34" 19.0 23.8 Plasticity index (P NP
/8" 9.5 11.8
#4 4.75 7.4 NP = Non-Plastic
#10 2.0 5.5
#40 0.425 3.0
#200 0.075 1.2 Natural Moisture Content (%) = 4.2%
Soli Description gray well-graded GRAVEL
USCS Classification GW
#200 #40 #10 #4 Fan 3
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_ Civil, Structural & Geotechnical Engineers

#22 Sputh Park Ave. » Montrose, CO 81401
Ph {870) 245-6828 - FAX (870} 249-0845

Sieve Analysis and Atterberg Limits

Project Name Montrose 552 Acre Ranch Date 4/11/2006
Project Location Government Springs Rd Project # 06-023-GEC
Client Joey Burns Sample by T8
Test Location TP#10 @2-5' Tested by VB/BAU
Sample # BS3
Sieve Analysis Aterberg Limits
ASTM C136/ Ct17 ASTM D4318
Sieve Opening % Passing . .
{mim) Liquid Limit {LL) 44
3" 76.2 100.0 Plastic Limit {PL) 25
3/4" 19.0 '99.6 Plasticity Index (PI) 19
3/8" 9.5 98.2
#4 _ 4,750 85.7
#10 2.000 79.9
#40 0.425 68.5
#200 0.075 52.8
Soil Description dark gray sandy lean CLAY (shale}
USCS Classification CL
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Givil, Structural & Geotechnical Engineers

222 South Park Ave « Mortrese, C0 81401
Ph§F0) 2486828 » FAX (970) 249-0045

Sieve Analysis and Atterberg Limits

Praject Name Montrose 552 Acre Ranch Date 4/11/2006
Project Location  Governmard Springs Rd Project # 06-023-GEO
Client Joey Burns Sample by TB_
Test Location TP#11 @2-8" Tested by BAU
Sample # BS4
Sieve Analysis Atterberq Limits
ASTM C136/C117 ASTM D438
. Opening :
Sieve % Passin
v (mm) | © 72509 Liquid Limit (LL) 44
I 76.2 100.0 Plastic Limit (PL} 21
344 19.¢ 628 Plasticity Index (P} 23
3/8" 8.5 56.0
#4 4.750 508
#10 2.{_)00_ 451
#40 0425 39.8
#200 0.075 353
Soit Description light brown clayey GRAVEL with sand
USCS Classification GC
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SwelllConsoiidation Test

Civil, Stn.{:_:_tggua! & Geotechnical Engineers

ASTM D4546
Project Name  Monirose 552 Acre Ranch Date 02/01/06
Location TPHT @4 Project#  06-023-GED
Sample # S Sample by T8
Soii Description  dark gray clayey SHALE Test by BAL
Commenis Tast for B
Drafling by BAU
Initial compression (Due to 100 psf pressure) +4.48%
Initial swell {Due 1o water & 100 psf pressure) =15.50%
Total consolidation (Due to water & 8000 psf pressure) *19.80%
Estimated swalling pressure =2570 psf
initial Moisture Gontent 121 % Finat Moisture Content 283 %
Initial Dry Dersity 101.8 pef Final Dry Densily 88.0 pef
Initial Wet Density 113.9 pef Final Salurated Density 125.8 pof
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Ciyi!,ﬂStmcturai & Geotechnical Engineers

222 South Park Ave. - Montrose, CO 81401
Ph.; {070} 249-6828 - FAX: (970} 249-0845

Swell/Consojidation Test

ASTM D4546
Project Name  Montrose 552 Acre Ranch Date 02/02/08
Location TR#2 €@5.5 Praject # 06-023-GEC
Sampia # AQ Sampte by B
Soil Description  gray-brown sandy lean CLAY {CL) Test by SM
Comments Test for 1B

Drafting by BAU

initial compression (Due to 100 psf pressure) =1.44%
Initial consolidation (Due to water & 100 psf pressure) =0.07%
Total consolidation {Due to water & 2000 psf pressure) 2.29%

Initiat Moisture Content 14.7 % Final Moisture Content 15.0 %
Initial Dry Density 114.3 pef Final Dry Density 120.1 pef
inifial Wat Density 131.0 pef Final Saturated Density 138.1 pof
000 ; _f
‘ B.OD
8.00 . -
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P GEOTECH |

Swell/Consolidation Test

ASTM D4546
Project Name  Montrase 552 Acre Ranch
Location TP#3 @3.5'
Sample # H
Soif Description  brown lean CLAY with sand {CL)
Comments

Civil, Structural & Geotechnical Engineers

Date  __02002008 _
Project # 06-023-GEQ

Sample by T8
Test by SM
Testfor _  TB
Draftingby __ BAU

Initial compression {Due to 100 psf pressure) =3.10%
initial swel! (Due to water & 100 psf pressure) :0.41%
Totat consolidation (Due to water & 2000 psf pressure) :5.12%
Estimated swelling pressure =180 psf
initial Moisture Content
Initial Bry Density
Initial Wet Density

23.3 %
93.5 pef
115.3 pcf

Finat Molsture Cantent
Final Dry Density
Finat Saturated Density

26.6 %
874 pef
123.3 pet
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Swell/Consolidation Test

.G, Structural & Geotechnical Engineers

ASTM D4546
Project Name  Montrose 552 Acre Ranch Date 02102108
Location TPH4 @5' ' Project# _06-023-GEQ
Sample # G Sample by T8
Soil Description  gray-brown fat CLAY {CH) Test by SM
Comments Test for T8
Dratting by BAL
Initial compression {Due to 100 psf pressure) 23.73%
Initial swell {Due to water & 100 psf pressurse) :22.76%
Total consolidation (Due to water & 2000 psf pressure) 8.24%
Estimated swelling pressure =920 psf
tnitial Moisture Content 24.3 % Final Moisture Content 256 %
initial Dry Density 97.6 pcf Finat Dry Density 100.6 pcf
Initial Wet Density 121.4 pef Fina! Saturated Density 126.3 pef
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Swell/Consolidation Test

. Civil, Structural & Geotechnical Enginaors

Applied Pressure (psf)

ASTM D4546
Project Name  Montrose 552 Acre Rangh Date __02/06/06
Location TP#10 @5 Project# _06-023-GEO
Sampla # GuU Sample by T8
Soil Description  dark gray-brown CLAY Test by SM
Comments clay shale ] Test for TB
Drafting by BAU
Initial compression (Due to 100 psf pressure) <2.680%
initial swell {Due to water & 100 psf pressure) 4.75%
Totat consolidation (Due to water & 2000 psf pressure} <7,.28%
Estimated swalling pressure =650 psf
Initial Moisture Content 11.6 % Finat Moisture Coritent 238 %
Initia! Dry Density 110.8 pcf Final Dry Density 102.8 pof
Initial Wet Density 123.7 pef Final Saturated Density 127.0 pof
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Swell/Consoiidation Test

Civil, Structural & Geotechnical Engineers

ASTM D4546
Project Name  Monlrose 552 Acre Ranch Date 0206/06
Location TP#13 @4.5 Profect# _06-023-GEQ
Sarmpie # H48 Sample by B
Soii Description  gray brown gravelly lean CLAY with sand (CL} Test by SM
Comments Test for TB
Drafting by BAU
Initial compression (Due to 100 psf pressure) #1.03%
initial swelt (Due to water & 100 psf pressure} =22.27%
Total consolidation {Due fo water & 2000 psf pressure) 2.77%
Estimated swelling pressure =957 psf
Initial Moisture Content 183 % Final Moisture Content 224 %
Initial Dry Density 105.4 pef Final Dry Density 104.1 pef
initial Wet Density ._.1247 pof Finat Saturated Density 127.5 pef
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SwelliConsolidation Test

ASTM DAB4B
Project Name  Montrose 552 Acre Ranch Date 02/08/08
Lacation TRH#E @4 Project #  06-023-GEO
Sample # HM Sample by T8
Soll Description  Hght brown-gray lean CLAY with sand {CL) Test by SM
Comments Test for T8
Drafting by BAU
Initial compression (Due 1o 100 psf pressure) =0.98%
Initiat swell (Due fo water & 160 psf pressure) =5.30%
Total consolidation {Due to water & 4000 pef pressure) 8.41%
Estimated swelling pressure =1280 psf
indial Moisture Content 125 % Final Moisture Contant 235%
Initial Dry Density 102.8 pof Finat Dry Density 101.8 pef
Imitiat Wat Der sity 115.8 pof Final Saturated Densily 125.7 pof
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Civil, Structural & Geotechnical Engineers

222 South Park Ave. » Montrose, CO 81401
Bh o {§70) 249-6828 « FAX: (970} 249-08945

SwelllConsolidation Test

ASTM D4546
Project Name  Montrose 552 Acre Ranch Bate _02r27ios
Location BHO8-1 @5-6.5 Project#  06-023-GEO
Sample # BD Sample by B
Soil Description  reddish yellow clayey SAND with gravel (SC) Test by SM
Comments Test for B
Drefting by BAL
initial compression (Due to 106 psf pressure) :0.59%
Initial consofidation (Due to water & 100 paf pressure) 0.29%
Total consolidation {Due to water & 2000 psf pressure) 7.97%
initial Moisture Content 9.6 % Final Moisture Content 28.8 %
tnitial Dry Density 87.8 pef Final Dry Density 94.3 pef
Initial Wet Density 96.0 pcf . _ Final Saturated Density 121.5 pcf
( _
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Swell/Consolidation Test

Civih, Structural & Geotechnical Engineers

ASTM D4546
Project Name  Monirose 552 Acre Ranch Date 02127106
Location 2HOE-1 @10-11" Project#  08-023.-GEQ
Sample # (0.9 Sample by 1B
Soil Description _brown clayey SAND with gravel (SC) Test by SM
Comments TFest for T8
Drafting by BALI
initral compression {Due to 100 psf pressure) =0.39%
Initiai swell (Due to water & 100 psf pressure) 7.40%
Total consolidation (Due to water & 4000 psf pressure) -8.89%
Estimated swelling pressure =1610 psf
Initial Moisture Cantent 6.7 % Final Moisture Content 237 %
Initial Dry Density 109.9 pcf Final Dry Density 103.1 pef
Initizl Wet Density 117.2 pef Final Saturated Density 1276pef |
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Project Name  Montrose 552-Acre Ranch

0 :1 GEOTECH |

Swell/Consoclidation Test

ASTM D446

. Civil, Structural & Geotechnical Engineers

Date 04/03/06

Project Location Government Springs Rd.

Client Bums
TestLocation  TP#17 @4.0°
Sample # PX

Seil Description  yellow brown CLAY with sand

Project # 06-023-GEQ
Sample by T8
Test by __BAU

Estimated swelling pressure =530 psf

Initiat compression (Due to 100 psf pressure) <1.28%
Initial swell {Due to water & 100 psf pressure) :2.09%
Total consolidation {Due to water & 2000 psf pressure) 5.12%

Initial Moisture Content 10.8 % Finat Maisture Content 258 %
initial Dry Density 7.0 pof Final Dry Dengity 99.2 pef
initial Wet Density 107.5 pcf_ Final Sgturated Density 124.8 pcf
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Civil, Structural & Geotechnical Enginers

RS

Swell/Consolidation Test

ASTM D4548
Project Name  Monirose 552-Acre Ranch Date 04/03/06
Project Location Government Springs Rd. Project# _06-023-GEC
Client Bums Sampie by T8
Testiocation  TPH20 @3.5° Testby BAU
Sample # NX
Soll Description  light vellow brown CLAY
tritiat compression {Due to 100 psf pressure) 0.50%
Initial swell {Due to water & 100 psf pressure) :1.61%
Total eonsolidation (Due io water & 2000 psf pressure) 8.56%
Estimated swelling pressure =360 psf
Initial Moisture Content 9.8 % Finai Moisture Content 388 %
tnitiat Dry Density 77.7 pef Finial Dry Density 80.8 pef
Initial Wet Denslty 85.3 pef Final Saturated Density 110.4 pcf
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BUCKHORN GEOTECH, INC

Montrose 552-Acre Ranch
Summary of Percolation Tests

TESTRIT Bepth (inchos) ’;‘:&“}:‘E‘;‘ Soil Daseription Satting
14 240 brown gray SILT and CLAY sstarpment
25 160 dk. gray brown SHALE
TRt 33 320 dk. gray brewn SHALE
47 160 ck. gray brown SHALE
13 80 dk, beown BILT and CLAY agricuftueal
TR#2 38 >320 griay-brown SE.T and GLAY figkls
£3 160 gray-browa SHALE RESIDLIUIM
26 40 browrs SILT and CLAY agricultural
TP#3 41 40 brown SILT and CLAY falds.
53 g0 brown SILT and CLAY
13 53 dk, brown SILT and CLAY agricultural
41 =320 brown SILT and CLAY frelds
TP#d 54 >320 gray-brown SILT and CLAY
81 »320 gray-brown SILT and CLAY
12 80 dk. brown 5iLT and CLAY agricudtural
28 =320 gray-brown SiLT and CLAY felds
TP#S 36 =320 gray-brown SILT and CLAY
52 >3320 gray-brown SILT and CLAY
28 80 gray-brown SILT and CLAY agricultural
TPRE 37 15 reddish-brown clayey GRAVEL fields
6% 8 raddish-brown GRAVEL and COBBLES
13 16 dk. brown SILT and CLAY agricutural
a7 >320 gray brown SIET and CLAY Selds
TP#T H 80 gray beown SILT and CLAY w/ sand
64 80 gray brown SILT and CLAY wf sand
34 168 srown sandy GRAVEL w/ clay escarpment
TF#8 48 20 brawn sandy GRAVEL wi clay
57 16 brown sandy GRAVEL w/ clay
L] 160 gray brown graveily SILT and CLAY agricultursl
TPH#E 52 160 gray brown gravelly SILT and CLAY fiaids
66 180 gray brown gravelly SILT and CLAY
14 »320 dk, gray-dk. prown SILT and CLAY escarpment]
38 8a dk. brown SILY and CLAY
TREH0 47 160 gray brown SILT and CLAY (residuum)
4] & gray brown SHALE
38 3z brown sandy GRAVEL w/ clay escarprmant]
TP#1 50 20 beown sandy GRAVEL w/ clay
[ 3z brown sandy GRAVEL w/ clay
12 180 dk.brown SILT and CLAY agricutturat
48 >320 gray brown SILT and GLAY figlds
TR#12 83 160 gray brown BILT and CLAY
£6 >320 gray brown SILT and CLAY
T4 180 dk gray-dk.brown SILT and CLAY agriculurat
38 >320 gray brown SiLT and CLAY figlds
TP#3 44 160 gray brown SILT and CLAY w/ sand
52 520 gray brown BILT and CLAY wf sand ]
48 60 brown sandy GRAVEL w/ clay agricultural
TP#i4 57 164G brown sandy GRAVEL w/ clay fields
70 23 brown sandy GRAVEL wf clay
15 53 brown silly clayey SAND and GRAVEL | escarpmant
38 =320 gray brown SILT and CLAY w/ gravel
TP#IS 8% 160 gray brown SILT and CLAY
a1 >320 gray brown SILT armd CLAY !
14 £3 brown clayey GRAVEL w/ sand and sift | escarpment
a2 160 orown sandy CLAY end GRAVEL wi shit
TP#16 58 5 It. brown gray SILT and CLAY w/ gravel
I3 53 It. brown gray SiLT and CLAY w/ gravel
] 16 k. brown clayay SAND wi gravet mesa lop
TP#IT 51 32 . brown clayey SAND wf gravel
£6 40 It. brown clayey SAND wf gravel
3t 53 &. brovmn clayey SAND and GRAVEL masa lop
TR#1E 58 20 gray brown sandy GRAVEL & COBBLES
76 H gray brown sandy GRAVEL & COBBLES
44 23 brown clayay SAND w/ gravei mesa iop
TRi#19 68 27 aray brown sandy GRAVEL & COBBLES
76 5 gray brows sandy GRAVEL & COBBLES
44 11 It. brown cayey SAND wi gravel mesa 1op
TRI20 &0 4 gray brows sandy GRAVEL & COBBLES
71 10 grity brown sandy GRAVEL & COBRLES

Monkrosw 562-Acre Ranch percclation test sumimasy
Project #06-023-GES



~ Civil, Structurai & Geotechnical Engineers

222 South Park Ave, » Montrose, CO 81401
Ph.; (970) 249-8828 = FAX: (970) 248-0945

Glossary of Engineering & Soils Terms

Active Earth
Pressure

The pressure that a soil exerts against a vertical surface which is allowed a certain degree of flexure or
rotational freedom.

Allowable soil
| bearing capacity

The recommended maximum contact stress developed at the interface of the foundation and the
supporting soil. Given in psf (pounds per square foot).

Alluvial Fan

¢ A cone-shaped deposit of water-transported material (alluvium), They typically form at the base of
| topographic features where there is a distinct decrease in gradient. Consequently, alluvial fans tend to

be coarse-grained near their mouths and relatively fine-grained at their edges.

Rock and soil material deposited by moving water. Rocks are generally rounded and sorted by size as

Altuvivm they are worked by water. Found in river channels or altyvial fans.
American Society for Testing and Materials {2 national non-profit organization which writes testing
AST™M . h
standards for materials, products, systems and services).
lé:_;?s‘;s:fa rth The pressure that soil exerts upon a vertical surface which is restrained from any movement.
- Named for a Swedish scientist, Atterberg Limits are defined by the water content that produces a
Atterberg Limits specified soil consistency. Sce Liguid Limit and Plastic Limit.
Backfill A specified material placed and compacted in a confined area.
Backslope Zone The area in w!uc‘h loads app_hed to the ground surface or increase in slope angle will increase the total
lateral force against a retaining wall.
Base Course A layer of specified material placed on a subgrade or subbase.
| Sedimentary, igneous, or metamorphic rock that has not been weathered or broken down by the
Bedrock | elements of water, ice, wind, or gravity. Also referred to as “formational” material, as bedrock is
known as 2 particular formation for the region.
Bench A horizontal or near-horizontal surface in a sloped deposit.
Calcareous + Containing calcium carbonate (lime). A distinct layer of calcium carbonate hardpan is called caliche.
A fine-grained soil (finer than 0.002 mm) composed of very small platy (flat} particles that are smaller
Clay than silt particles. 1t forms lumps or elods when dry and is plastic (Plasticity Index greater than 4) and

sticky when wet,

Cohesionless Soil

i Non-plastic granular soils (silt, sand, gravel) composed of bulky grains that are not attracted to cach

other with the addition of water.

Cohesive Seoil

Soils (i.e., clays and some silts) in which adsorbed water and particle attraction work together to
produce a mass which holds together and deforms plastically.

CoBuvium

Rock and soil material deposited by gravity. Rocks are generally angular to subangular, loose and not
sorted. Found below steep stopes and at the mouth of canyons; talus and cliff debris are included.

glossary of eng & soils terms
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The decrease in volume of an unsaturated soil mass due o a decresse in the void spaces, usually by

Compaction i mechanical means.
The decrease in soil volume duc {0 a release of water within a saturated soil volume. As a soil
Consolidation consolidates, its vold ratio decreases. Loosely, the term is used o describe the result of collapse of a
loose soll structure.
Crawlspace The space beneath the housc that has a raised stemwall foundation and is typically 18 to 36 inches in
height.
Cree A slow, neasly continuous movement of soil caused by changes in soil moisture and the downhill force |
P of gravity,
Dead Load Static loads transferred to the foundation, usually the weight of building materials, but can also be the
loads imposed by retained soil or 2 constructed slope.
Debris flows are rapid flood-tike events consisting of mud, water, rock and organic debris and that
Debris Flow have 20 to 80% particles coarser than sand sizes. Steep slopes, weak or weathered rock, a lack of
vegetative cover, and abnormal precipitation contribute to debris flows. (See mud flow)
]S);gf;:;g?l . Unequal settlement between or within foundation elements of a structure.
Fine-grained soils whose clays have been neutralized by an abundance of cations which are then
Dispersive Soils i susceptible to removal (dispersion) from the soil matrix. This weakens soil strength; piping and

gullying are common features in this soil.

Dritled Caisson

A deep foundation systemn that consists of reinforced conerete piers cast into a drilled hole that extends
into bedrock or other suitable material,

Driven Pile

A deep foundation system that consists of steel, concrete, or timber that is driven into bedrock or other
suitable material.

Existing Fil}

Materials deposited through the action of man prior to geotechnical exploration of the site,

Existing Grade

. The ground surface at the time of field exploration,

Expansive Soil

A soil containing clay which expands (increases in volume) when exposed to an increase in moisture,

Fine Grained Seil Soils composed of siit and/or clay-sized particles.
Flowing Avalanche ;J;ﬁle) ;urbulcnt cascade of stabs and blocks of relatively high-density (>25 pef) snow and air down a
Fluvial Deposited or transported by a stream or river.
Fluvioglaciat Alluvial deposits deri\'red fron:: the r@vers origirxating from the melting of glaciers. Glacial outwash is
the term used to describe fluvioglacial deposits.
Formational See bedrock. Also k he "R" hori
Material e bedrock. Also known as the horizon.
Typically, concrete beams that are constructed at or just below ground elevation that are used to
Grade Beam transfer building loads to deep foundation elements. Walls and floor systems are then built upon the

grade beams.

glossary of eng & s0ils lerms
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Groundwater

Water that is resident beneath the ground surface in porous soil and rock material. This level can
fiuctuate due to seasonal changes and brrigation,

Heave

! Upward movement of soil or foundation components.

Hinge Point

Toe of excavated wall without footing or outside edge of concrete if footing is used.

The bumpy or chaotic terrain on the slumped material typically resulting from a landslide or glacial

Hummocky deposit. The rock and soil materials are unsorted and unsystemnatic.
Hydrecompactive Soils that have considerable voids, thus making it susceptible to consolidation in the presence of
Soils watet.
Fumpine Jack A construction machine, used to compact both cohesive and cobesionless soils, that consists of a
ping - curved shoe that tamps the soil in an up and down motion.
Landslide The general term for the rapid downward and outward movement (flow, slide or fall) of stope-forming
: bedrock, rock debris and "earth” (fine-grained fragmental debris). See "slump,” a type of landslide.
Lifts Horizontal layers of fill, generally in 6 to 8-inch increments.
Ligquid Limit (LL} | The water content above which a soil behaves as a liquid.
Live Load Transient loads introduced onto a structure and its foundation due to occupancy, wind, saow and rain,
garthquakes, changes in groundwater, and other environmental factors.
L An mixture of sand, silt and clay. It is easily crumbled when dry and has a slightly gritty, yet fairly
oam X - .
smooth feel, and is often slightly plastic,
Monolithic Slab A shallow foundation system that consists of a single unit of reinforced concrete with downturned
edges and may include thickened ribs on the underside of the slab.
Deposits formed by direct glacial action. There are many forms of moraines, but they generally
Maraine | consist of unsorted, unstratified, subrounded to subangelar materials deposited by glacial ice. Also
- generally known as “drift” or “ifl”
The discoloration of a soil due to the reaction of water with clay minerals during prolonged periods of
Mottling saturation. Red colors indicate the presence of iron oxides in an oxidized state and gray indicate the
removal of free iron in reducing conditions.
Mud flows are flood-like events that have 80% or more mud and sand. Over-saturation of fine-
Mud Flow grained soils triggers mud flows, which are 2 rapid failure or slippage of mud and other debris
entrained in the movement. (See debris flow)
Native Grade The naturally oceurring ground surface (before disturbance),
Nafive Soil Naturally occurring on-site soil.

Parent Material

The formational material from which a soil is derived.

Passive Earth
| Pressure

The resistance of a soil against movement when a lateral force Is exerted upon it,

glossary o eng & soils terms
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A feature in fine-grained soils whereby water preferentially follows root zones, ammai burrows and
surface soil cracks, and carries soil particles downwards through voids, leaving behind weak vertical

Piping
planes, voids, and/or tunnels in the soil structure.
| When the base of tree trunk is widened and bent upwards due to soil creep or slope movement. The
Pistol Butting tree continucs to grow vertically despite the ground moving downslope, thus creating a shape like 2

"pistol butt" in the expanded trunk.

Plastic Index (PI)

The difference between Liquid and Plastic Limits (LL - PL). This represents the moisture content
range that the soil is in the plastic state. The larger the Pl, the more plastic a soil is.

Plastic Limit (PL)

The water content at which a soil becomes brittle after being in the plastic state. The soil breaks apart
or crumbles when its moisture content is equal to or less than its PL.

Plastic Soil

A predominately silt or clay soil that exhibits plastic (deformable) behavior.

Powder Avalanche

The relatively low-density (12.5 pef), high velocity, turbulent force of snow, air and entrained debris
that precedes and extends beyond a dry-snow avalanche. The powder and air blast can travel at speeds
in excess of 100 mph.

A laboratory compaction procedure to determine the maximum dry density and optimum moisture

Proctor Density
(Standard & content of soil. The Standard Proctor procedure uses a 5.5-Ib hammer and 3 lifts, while the Modified
Modified) Proctor procedure uses a 10-ib hammer and 5 lifts.
Refusal ‘When very dense native material is encountered which cannot be excavated or penetrated further by
- whatever equipment is being used.
Rock A patural aggregate of minerzl grains connected by strong cohesive forces, usually requiring heavy
equipment, drilling, wedging, blasting or other methods of extraordinary force for excavation.
Scarify - To mechanicaily loosen or break down existing soil structure.
Settlement Downward movement of foundation components due to compression of a soil mass.
A thinly-bedded rock formation composed of clay or stlt muds that have been sofidified into rock. The
Shale Lo - : Ny
Mancos Shale Formation in Colorado is of marine origin.
Sitt Fine-grained soil particles measuring 0.002 to 0.075mm, which are larger than clay but smatler than

sand. Silt can exhibit plastic characteristics,

Slab-on-Grade

A concrete layer cast directly upon a base, subbase or subgrade.

Slope The angle of a hillside, usually expressed in degrees or percent {elevation drop per given distance),
i The rotational slip along a concave-up surface of rupture. A “main scarp” is the crescent shaped
Shamp failure plane formed at the source of the slump. A slump is a form of landslide most common in thick,
hemogeneous, cohesive materials such as clay.
Soil Any unconsolidated, excavatable earth material composed of discrete solid particles, with air or
liquids between, that is the result of the chemical and mechanical weathering of rock.
Soil Log A graphic representation of a column of soil indicating textural changes and general properties of soil

or rock types encountered in a test pit or boring,
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A shallow foundation system that consists of a wide (typically from {2 to 48 inches) "foot” of

Spread Tooting reinforced concrete upon which vertical wall components are built.
Stenmwall A vertical concrete foundation component, normaliy 6 to 12 inches wide, that rests on the spread
wa footing and exvends up to the floor level.
Subbase A layer of specified material between the subgrade and base course.
Subbase Grade Top of subbase elevation.
Subgrade Prepared native soil surface.
N The layer of soil below the topsoil and above the substratum, that has undergone pedogenesis {soil
Subseil . N
formation}. The "B" horizons.
The layer of soil below the subsoil that has not undergone soil genesis, It contains weathered parent
Substratum K i p
material. The "C" horizons.
Swell Potential The potential of a soil to expand (increase in volume) due to absorption of moisture,

Tension Cracks

Transverse cracks (linear openings) in the soil due to s0il movement.

Topsoil The surface layer of soil containing organic material and roots. The "A" horizons.

Transverse A feature (like a crack or ridge) that is at right angles to the slope of a hillside or the general trend of a
valley.
Sponge-like openings in a fine-grained soil that are the result of the solution and dispersal of clay

Vesicular Pores particles. The pores are discontinmous and vary in size. These pores are often found in soils that have
been irrigated.

Vibratory Roller A construction machine, used to compact soil and aggregate material, that consists of a heavy
vibrating drum that is rolied across a surface.

Void Ratio A ratio of the volume of voids (pore spaces) to the volume of mass of a soil,

Water Table The relatively continuous and consistent level of groundwater below the ground surface.

Weathering The breakdown of intact masses of rock into smaller pieces by mechanical, chemical or solution

Processes.

plossury of eny & suily lermy

Page 3 of &




