
 
 
 
 
 

 
 
 
 
 
 
 
 
 

GEOTECHNICAL REPORT 
MATTHEWS RESIDENCE 

LOT P16 PANDORA 
IDARADO LEGACY SUBDIVISION 

SAN MIGUEL COUNTY, COLORADO 
 
 
Executive Summary 
 
The proposed building site on Lot P16 is suitable for the intended construction with special 
attention to foundation design, site preparation, hazard mitigation, and control of drainage.  We 
excavated two test pits on February 11, 2008 at the proposed house site and one test pit at the 
designated leachfield site on the Matthews property.  The following is a summary of our 
findings: 

• According to the Phase I Environmental Site Assessment (ESA) prepared by MFG, Inc. 
(July 2004) for Lot P16, the property had contained a road, one or more trailer pads, 
and buried utilities.  These have since been removed as part of the 2004 remediation 
efforts by Idarado Legacy to remove transite (asbestos cemented) pipe and mill tailings 
used as utility trench bedding. 

• Once the potentially harmful materials were removed, the Pandora lots were regraded 
for the development of homesites.  Since we found little topsoil development at the 
surface and no buried topsoil horizons on Lot P16, it appears that the site had been 
extensively graded after removal of deleterious material.  This is similar to what we 
found at Lot P15, where the new, existing grade represents the bottom of the depth of 
previous utility trenches that had been removed.   

• The soil was found to be generally rocky, containing 40 to 80% subangular to 
subrounded gravels, cobbles, and small boulders in a matrix of silty to clayey sand and 
gravel.  However, the soil is not in a naturally dense state.  The MFG, Inc. report (July 
2004) suggests that the west-central and northwest corners of Lot P16 contain dumped 
soil, rock and non-hazardous household debris.  We found no man-made materials in 
our three test pits, but the soil could be reworked native soils.  Also, it is possible that 
dumped material may be found at this site when the foundation excavation is underway.   

• The house site is located on the eastern portion of the Cornet Creek debris flow fan and 
is composed of unconsolidated alluvial, colluvial and slope wash material.   

• No groundwater or bedrock was found to a depth of up to 10 feet.  Bedrock is 
considered to be quite deep at this site, based on water wells drilled in the area. 
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• Although Lot P16 is located outside of the active portion of the Cornet Creek channel, 
there is some potential for debris flow flooding due to the nature of the landform. 

• A test pit was excavated at the leachfield site to determine if the site had been recently 
impacted by debris flow events.  There was no evidence of recent debris accumulation 
at this site.  Percolation tests were performed at this site in 2003 by Buckhorn Geotech 
as part of a subdivision-wide evaluation for Idarado Legacy and rates of 10 to 20 
minutes per inch (mpi) were recorded. 

• According to a study for Idarado Legacy by A. Mears in 2003, the western edge of the 
property, including the leachfield site and a portion of the garage site, are in the powder 
blast avalanche zone associated with Royer Gulch. 

 
Below is a summary of our conclusions and recommendations.  See the Conclusions and 
Recommendations Section of this report for more detailed explanations. 

• Although we did not observe signs of impending slope failure, this slope should be 
developed with care due to the low cohesion of the native soils, seasonally saturated 
soils due to snowmelt, and increasing slope steepness above the house site.  
Consequently, site drainage, soil preparation, and cuts/fills should be carefully 
considered during design and construction at this site. 

• If the distribution and/or the intensity of loading on the lot will be altered through 
grading or construction, a slope stability analysis should be utilized to verify the 
preservation of slope stability given the intended construction.   

• An aggressive site drainage plan that is integrated with the site grading and landscape 
plans will be important for properly managing surface and subsurface water, thus 
preserving slope stability.  Springtime seeps may also occur in the hillside and this water 
should be intercepted with a foundation drain system. 

• Due to the extensive modifications of this lot over historic time, there is the potential for 
an unknown amount of fill on this lot.  It will be important to not bear on any fill and we 
should be called out before forms are placed to verify native soil conditions.   

• Since the soils are not in a naturally dense state, there is risk of compressible soils and 
differential settlement of the foundation components.  To provide a uniformly dense, 
stable bearing surface for conventional spread footings, we recommend an over-
excavation of the native soils by 1-foot, proof-compaction of the surface, and 
replacement of the native granular soils or structural fill in compacted 6-inch lifts.  None 
of the finer-grained native soil should be used for this purpose.  A Proctor test will need 
to be performed in the laboratory to determine the moisture-density relationship of the 
native soil prior to density testing. 

• Slabs on-grade may be used for the garage and interior floor slabs.  If clayey/silty or 
soft lenses of soil are encountered beneath the slabs, they should be removed and 
replaced with compacted structural fill. 

• If a basement is constructed, an excavation stabilization plan may be necessary to 
support the low cohesion soils during construction, if the slope cannot be safely laid 
back, so that the adjacent trail, utilities, and road are not undermined.   

• As specified by Idarado Legacy, a specially engineered on-site wastewater system will 
need to be designed to ensure that the San Miguel River and Town of Telluride drinking 
water supply are not compromised. 

• All of the recommendations presented in the Conclusions and Recommendations Section 
of this report should be incorporated into design and construction at this site.   
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Introduction 
 
Buckhorn Geotech, Inc. conducted an investigation of subsurface and site conditions on 
February 11, 2008 at the proposed building and leachfield sites on Lot P16 of Pandora 
Subdivision near Telluride, Colorado.  This work was performed at the request of Bruce Wright 
of One Architects on behalf of the owners, John and Margaret Matthews.  The purpose of the 
investigation was to evaluate the property for construction of a single-family dwelling and on-
site wastewater disposal system.  The investigation consisted of a site inspection, excavation of 
three test pits, logging and testing of materials encountered, and analysis of available data.  
This report presents the findings of our investigation and our geotechnical engineering 
recommendations for site preparation and foundation design. 
 
It is beyond the scope of this report to provide an assessment of the geologic hazards for the 
entire property or to perform a slope stability evaluation.  We did, however, assess the known 
geologic hazards pertinent to the proposed building site to identify hazards of which the owner 
should be aware and the constraints to construction that those hazards impose.  A detailed 
assessment of geologic hazards and/or a slope stability analysis can be performed by Buckhorn 
Geotech for an additional charge and may require drilling and additional laboratory testing.  A 
slope stability analysis requires deep characterization of the subsurface, including overburden 
and bedrock stratigraphy, soil and/or rock strength, and groundwater conditions.  
 
 
Construction Plans 
 
We do not possess plans for the residence proposed for this lot, but we understand from Mr. 
Wright that the 4,000 to 5,000 square foot house will be conventionally framed with 4 to 5 
bedrooms.  It will be two stories with the possibility of a partial basement.  A detached garage 
will be west of the main house.  It is anticipated that the structure will have loads on the order 
of 1,000 to 3,000 pounds per linear foot to the foundation level with concentrated loads of 
approximately 20,000 to 50,000 pounds. 
 
 
Site Conditions 
 
Lot P16 is 1.5 acres located between Colorado Avenue on the north and the cul-de-sac of 
Pandora Lane on the south, in the eastern portion of the Pandora Subdivision.  The attached 
Site Plan shows the topography of the property and the approximate locations of our test pits.  
According to a site sketch provided to us by the architect, the house site is oriented east-west 
and occupies the east-central portion of the lot at an average elevation of 8,935 feet.  Terrain 
across the lot slopes down to the south at grades of 5 to 15% below the house site, 15 to 25% 
at the house and garage sites, and 25 to 35% above the house.  There is an interpretive trail 
immediately uphill of the northern property line of Lot P16.  There is a cluster of aspen and 
conifer trees in the southwest corner of the lot, but most of the property is open and treeless.  
At the time of our testing, the site was covered with 4 to 5 feet of snow, so the ground surface 
could not be observed except where it was scraped for access to our test pits.  Groundcover 
appears to consist of grasses and forbs.  The following photograph was taken looking northwest 
across the building site and shows the general site conditions. 
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Test Pit #1 

Test Pit #3
Test Pit #2

 
Looking northwest across the building site, shows the snow cover, the 
local topography, the locations of our test pits, and the conditions at the time 
of our site investigation.   

 
The project architect, Bruce Wright, was present to indicate the building site to us and to 
discuss construction plans.  We excavated two test pits at the house site (TP#2 and TP#3) and 
one test pit (TP#1) at the designated leachfield site, as indicated on the Site Plan and on the 
photograph above.  The results of our field and laboratory testing are discussed in the 
Subsurface Conditions Section of this report. 
 
 
Geology 
 
The San Juan Mountains of southwestern Colorado are a region of uplifted Paleozoic and 
Mesozoic sedimentary formations that have been intruded by Tertiary volcanics.  In the 
Telluride region, the uplifting that accompanied the volcanic eruptions caused local warping and 
folding of the older sedimentary beds.  As magma rose towards the ground surface, some 
migrated through the deeper fractures in the sedimentary beds forming a network of dikes and 
sills.  Some of the joints and faults were injected with mineralized fluids that formed the gold 
and silver veins that made the area a rich mining district.  In the millions of years since the 
intrusives were formed, much of the overlying deposits of sedimentary rock have been 
weathered and stripped away by erosion, landslides, and glaciation to create the dramatic 
present landscape.   
 
The San Miguel River canyon, in which the Pandora Development lies, is a glacially-carved 
canyon.  The surficial deposits on the canyon bottom and lower side slopes comprise river 
alluvium, side canyon alluvium and debris fans, colluvial debris, and glacial lateral moraine 
remnants.  The Cutler and Dolores sedimentary formations (“red beds”) form the lower steep 
canyon walls, and are capped by multiple igneous formations (Geologic Map of the Telluride 
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Quadrangle, USGS Map GQ-504:  Burbank and Luedke, 1966).  This steep topography, 
indicative of young mountains, provides a strongly energized erosive environment, which 
continues to feed the canyon bottom with rock debris and sediments via dry and wet 
weathering and mass wasting processes. 
 
Lot P16 is located on alluvial cone (fan) deposits (Qac) in the upper portion of the Royer Creek 
fan (Burbank and Luedke: 1966).  This kind of deposit is also called a debris fan, due to the 
deposition of debris (soil, rock, and woody debris) during flooding events that disperses over 
the valley floor in a fan-shape.  Given the location of Lot P16 on the upper portion of the debris 
fan, there is typically gravel, cobble and boulder-sized material in the sandy matrix, with some 
silt and clay.  Given the nature of the deposit, some larger boulders should be anticipated.  
There are also colluvial and slope wash debris mixed into and interbedded with the alluvial 
deposits.  Soils found in our test pits are consistent with the mapped geology.  The soils found 
at this site are further discussed in the Subsurface Conditions Section of this report.   
 
 
Geologic Hazards 
 
This section of the report is included so that the potential building owner is aware that the 
beauty of the Telluride area comes with certain risks.  Modern development in the valley can be 
considered to be only about 40 years old, with most occurring in the past 25 years.  Because of 
this relatively short period of time, useful empirical data are limited.  Some buildings and 
roadways throughout the local mountains and valleys have experienced negative impacts due to 
slope movement and groundwater problems.  Logical structural engineering techniques for 
design and construction of buildings and roadways can be used to reduce the potential for 
problems related to troublesome climate and soil conditions.  However, because of the overall 
dynamic characteristics of the area, almost every structure is subject to at least some degree of 
potential risk.  These risks are explained below. 
 

Slope Instability 
 
As indicated in the Geology Section, the building site is located on the debris fan deposit formed 
by Royer Creek.  This unconsolidated material is variable in composition, thickness, and density 
but is generally regarded as a stable landform.  Due to the relatively gentle slopes of most of 
the fan, we are not aware of any failed slopes in the Pandora Development.  However, these 
soils have low cohesion and can slump when undercut or oversteepened.  Because the ground 
surface was obscured with snow, we were not able to observe small-scale indications of scarps, 
tension cracks or slump features at the house site.  There are no trees within the proposed 
building footprint, but the trees in the general area are growing vertically, which indicates 
stable conditions.  Although the house site has slopes of 15 to 25%, which are not particularly 
steep, the terrain steepens above the house site to 25 to 35%. 
 
The slope at the building site appears currently stable.  However, slope stability can be impaired 
by cutting into steep slopes (especially near the toe), applying new loads (especially near the 
crest of steep slopes), 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.  Revegetating the open slopes below 
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the house will help reduce erosion and the root systems will bind the soil.  Other 
recommendations for enhancing slope stability are presented in the Conclusions and 
Recommendations Section of this report. 
 

Debris/Mudflows 
 
The original geologic hazard work by Art Mears for the Idarado Legacy development (Rockfall, 
Snow Avalanche and Debris Flow Hazard Mapping Analysis with Mitigation Concepts, February 
2001) and subsequent letters (dated July 17, August 11, and August 21 of 2003) submitted by 
Mr. Mears as updates to revised property lines and in response to Colorado Geological Survey 
comments, located Lot P16 outside of the 100-year debris flow area of the Royer Creek fan.  
Mr. Mears wrote an additional letter on August 11, 2006 to the Idarado Legacy Homeowner’s 
Association to explain his evaluation of a significant debris flow event on July 31, 2006.  During 
this event, large boulders and debris clogged the mouth of the Royer Creek canyon and the 
creek flooded large portions of the fan.  Although we could find no evidence that the flood 
reached Lot P16, debris was deposited on more than half of the lots within the Pandora 
Subdivision.  The event demonstrated the ability of Royer Creek to change its course and flow 
across new areas of the fan.  Based on field evidence before and after the event, Mears 
determined that the large debris flow event on Royer Creek has a return period of roughly 300 
years, which is why it exceeded the mapped hazard boundaries (based on 100-year events).  
Mears is careful to state that the return period is an indication of probability, but is not a 
prediction about when the next event will occur.  Another event of similar magnitude to that 
which occurred in 2006 could easily occur again during the lifetime of a home.   
 
Significant work has been performed by Idarado Legacy to improve the Royer Creek channel 
and increase its capacity.  This work will reduce the hazard at Lot P16.  However, we have 
observed that the small drainages associated with the lower cliffbands immediately above the 
Pandora development can produce concentrated “chute” debris flows that cascade down the 
colluvial slope below them.  This type of event can produce concentrated debris flows in the 
steeper, upper slopes, and sheetflow type flooding in the lower, more gentle slopes.  Numerous 
events such as this have been observed along the south-facing slope above Colorado Avenue, 
both east and west of Telluride.   
 
Therefore, all areas of Lot P16 should be considered vulnerable to potential shallow debris flows 
and mitigation measures are recommended to reduce the impacts of a future debris flow or 
sheetflow flooding event.  The buildings and driveway should be designed to facilitate drainage 
of water and debris rather than impede it.  The leachfield and buildings sites should also be 
appropriately protected and designed to withstand future events.  Buckhorn Geotech can assist 
with an analysis of the forces associated with debris flows that reach this lot and to provide 
site-specific mitigation measures for development on Lot P16. 
 

Avalanche 
 
According to Mr. Mear’s assessments of the avalanche hazard at Lot P16 (2001 report and 
subsequent letters, listed above), the western edge of the lot (including the leachfield site and a 
portion of the detached garage site) is located within the powder blast avalanche hazard zone.  
These boundaries are not an absolute line but are a best estimate of hazard potential.  It is 
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suggested that Mr. Mears be contracted to specify avalanche mitigation measures that are 
sufficient for the selected building sites. 
 

Rockfall 
 
Lot P16 is outside of Mear’s mapped rockfall zone.  However, we are aware of rockfall events 
that have impacted The Falls Subdivision and a portion of the Bridal Veil Subdivision, both of 
which are above (north of) Lot P16.  It would be prudent, in light of more recent events, that 
either Mr. Mears or Buckhorn Geotech be retained to reevaluate the rockfall hazard at Lot P16 
and provide mitigation measures, if necessary. 
 

Runoff & Erosion 
 
Surface runoff from rainfall and snowmelt drains as sheetflow across the building and leachfield 
sites down to the south.  The ground surface could not be evaluated for signs of erosion, such 
as rills or gullying.  No natural or man-made drainages (swales, ditches, gullies, etc.) are 
mapped as crossing the building site.  Due to the steepness of the slope above the house site 
and the potential for sheetflow flooding and debris flows (see previous discussion), the site 
grading and drainage plans should be designed to divert, but not concentrate, this type of 
event. 
 

Compressive Soil 
 
Compressive soils are those that have generally been deposited rapidly, have a loose particle 
structure, 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 fines (i.e., silt and 
clay).  For example, debris fan and colluvial deposits are often laid down rapidly and therefore 
the materials are not sorted or reworked, which leaves behind voids and a loose matrix of 
rocks, soil, and possibly organic debris.   
 
The potential hazard from compressive soil is excessive settlement or differential settlement of 
foundation soils under loads applied through the foundation.  Mitigation of the hazard depends 
on the nature and extent of the compressible soil.  However, settlement can be minimized by 
treatment of foundation soils, control of on-site drainage, foundation systems that extend to 
more competent soil or bedrock, design of foundation systems that have sufficient strength to 
resist differential movements, or removal and recompaction of native soil or replacement with 
compacted structural fill.  These methods are discussed in further detail below in the 
Conclusions and Recommendations Section. 
 

Seismicity 
 
According to the Geologic Map of the Telluride Quadrangle (USGS Map GQ-504), the Vanadium 
Fault is located roughly 5 miles to the west of Lot P16.  This northwest trending fault, which 
extends from the intersection of the Skunk Creek drainage and Highway 145 (western edge of 
the Telluride Mountain Village) to the south side of Gray Head Mountain, is not identified in 
either of the Colorado Geological Survey (CGS) reports identifying geologically recent 
(Quaternary-aged) and potentially active faults [Earthquake Potential in Colorado—A Preliminary 
Evaluation (Bulletin #43:  Kirkham and Rogers, 1981) and Preliminary Quaternary Fault and 
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Fold Map and Database of Colorado (Open-file Report 98-8:  Widmann et al., 1998)].  The 
closest mapped potentially active faults to the subject property are the San Miguel Canyon 
Faults (located roughly 14 miles northwest of Telluride).  These faults, interpreted as active 
during the Quaternary, are thought to be related to salt tectonism (movement of deep-seated 
salt deposits).  A maximum credible earthquake for this fault zone is a magnitude (M) 5.0 
event.  The next closest potentially active faults are the Ridgway, Busted Boiler, and Log Hill 
Mesa Graben Faults north of Ridgway (roughly 16 miles north of Telluride).  These faults are 
located at the southern end of the Uncompahgre Plateau and are also interpreted to be 
Quaternary-aged.  The maximum credible earthquake inferred for these faults is M6.0 to 6.75. 
 
Telluride is located in the Western Mountain Seismotectonic Province in Colorado, where 
maximum credible earthquakes are estimated to be on the order of magnitude 6 to 6.5, 
equivalent to Modified Mercalli (MM) VI to VIII (CGS Bulletin #43).  The largest recorded 
earthquake in the region was the 1994 M4.4 (MM VI) Norwood event [according to the CGS 
Bulletin #52 entitled Colorado Earthquake Information, 1867-1996 (Kirkham and Rogers, 2000) 
and the CGS website database of earthquake events: http://geosurvey.state.co.us].  There 
were several other similar magnitude earthquakes in the Telluride region: Telluride in 1894 (MM 
IV), Ridgway in 1897 (MM V), Lake City in 1913 (MM VI) and 1955 (MM VI), and Cimarron 
Ridge/Montrose in 1960 (MM VI) and 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.  There is a growing body of evidence, however, suggesting 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.  
Except for 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 a minimum 0.1g horizontal acceleration be used in design and safety 
analyses even for areas that are distant from known active faults. 
 

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 second 
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 San Miguel County, is in Zone 1 (www.epa.gov/iaq/ 
radon/zonemap/colorado.htm).  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 built on grade 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 
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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 due to 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 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 many factors that affect the movement of radon through soils, such as soil moisture, soil 
types, weather patterns, and wind.  These factors cannot be completely accounted for or 
controlled during testing.  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 Telluride area.  The EPA, the Colorado Department of Public Health 
and Environment (CDPHE) Radiation Management Division, and the National Association of 
Home Builders (NAHB) recommend that all new homes constructed in Zone 1 should include 
radon-resistant features.  These organizations 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), three practical and 
inexpensive alternatives for passive, sub-slab depressurization systems are presented:  gravel 
with vents, perforated pipes, or soil gas collection mats.  As stated in that EPA publication, 
radon-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 is 2 to 10 times more expensive than if it 
had been included in the original construction. 
 
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.gov/radon/ 
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 Lot P16. 
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Subsurface Conditions 
 
Three test pits were excavated at the building and leachfield sites using a backhoe.  Test Pit #1 
(TP#1) was located within the designated leachfield site, Test Pit #2 (TP#2) was located in the 
garage site in the western portion of the lot, and Test Pit #3 (TP#3) was located in the main 
house site in the eastern portion of the lot, at locations shown on the attached Site Plan.  The 
soil and groundwater conditions were examined and logged, and representative samples of soils 
encountered were brought back to our laboratory for detailed examination and testing.  The 
subsurface conditions encountered in the test pits and laboratory results are shown on the 
attached Test Pit Logs.  The contents of the two building site test pits are similar, with minor 
variations, and are described together. 
 
Our building site test pits reached depths of 10 feet.  Our findings and recommendations are 
based on materials encountered within these profile depths.  Soil conditions may change below 
these depths.  If deeper excavations are contemplated, Buckhorn should be called to verify soil 
continuity and validity of our recommendations.  This may require drilling, excavation of 
additional test pits into the subgrade material below foundation grade, or a simple excavation 
verification inspection. 
 
At the house site, we found brown to red-brown, dry to moist, silty to clayey sand with 40 to 
80% subrounded to subangular gravels, cobbles and some small boulders.  The soils are 
jumbled, loose, relatively easy to excavate, and non-uniform in color, texture, and density.  No 
topsoil was found at the surface and no buried topsoil horizons were observed in any of the 
three test pits.  Due to the ease of excavation, this material could be either native soil with the 
topsoil stripped during regrading after remediation (see previous discussion) or reworked native 
soil to an unknown depth.  No bedrock was found to a depth of 10 feet.  The following 
photograph was taken of the soil excavated from TP#2. 
 

 
 

Soils excavated from TP#2.  Shows the granular nature of the soil at this 
site below a depth of 4 to 5 feet. 
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Laboratory tests were performed on the major soil types to determine the range of plasticity 
and particle size characteristics (see attached Sieve Analysis and Atterberg Limits results).  
Atterberg limits tests were performed on bulk samples collected at depths of 3 to 4 feet and 10 
feet in TP#2 and 9 to 10 feet in TP#3 (samples GS1, GS2, and GS3, respectively).  Sample GS1 
had a liquid limit (LL) of 29, plastic limit (PL) of 22, and plasticity index (PI) of 7, while the 
other two samples were non-plastic.  A soil with a PI of less than 15 is considered to have a low 
potential for swelling when wetted and shrinking when dried, while a soil that is non-plastic has 
very low potential for volume changes with variations in moisture content and has little or no 
cohesion.  Gradation analyses performed on these samples indicate that the soils are composed 
of 2 to 25% fines (mostly silt and trace clay), 27 to 48% sand, and 27 to 71% gravel.  The 
shallower sample (GS1) contained 25% fines, while the deeper samples (GS2 and GS3) 
contained less than 10% fines.  Based on these laboratory test results, these soils classify as 
silty/clayey sand with gravel (SC-SM), poorly graded gravel with sand (GP), and well-graded 
gravel with silt and sand (GW-GM) according to the Unified Soil Classification System (USCS).  
Natural moisture contents of the two bulk samples ranged from 2 to 6%.  Due to the high rock 
content in the soil, we were not able to obtain a drive sample for swell/consolidation testing. 
 
In summary, the field and laboratory results indicate that the subsoils are non-plastic to low 
plasticity, have low cohesion, are dominated by granular material, and are loose with 
moderately low density.  These soils are not naturally in a dense state and may be compressible 
and subject to differential settlement of a foundation under the intended loads.  Given the 
nature of the mixed debris fan and colluvial deposit, large boulders should be anticipated during 
excavation.  Seasonal groundwater in the form of hillside seeps can be expected and 
appropriate foundation drains installed.  To create a more uniformly dense bearing surface, we 
recommend that the native soils be over-excavated by 1-foot, the surface proof-compacted, and 
the more granular native soil replaced in moisture-conditioned and compacted 6-inch lifts to 
95% of Modified Proctor density.  If boulders or soft spots are encountered in the over-
excavation, they should be removed and replaced with compacted structural fill or 
recompacted, granular native soil.  Conventional spread footings are appropriate if placed on 
soil prepared as just described.  Due to the low cohesion of these soils, an excavation 
stabilization plan may be necessary to properly shore the hillside, temporarily or permanently, 
during construction.  Management of surface and subsurface water and attention to the 
sensitivity of the slope on the north side of the house will be essential to the long-term 
performance of the site. 
 
 
Leachfield Site Evaluation 
 
Buckhorn Geotech evaluated the designated leachfield site in 2003 by as part of subdivision-
wide testing for Idarado Legacy.  Percolation rates between 10 and 20 minutes per inch (mpi) 
were recorded and no confining layers were observed in the test pit.  In our current evaluation 
of Lot P16, a test pit (TP#1) was excavated at the leachfield site to verify whether recent debris 
flow material exists.  The soil log for this pit is shown on the attached Test Pit Log for Test Pit 
#1.  Although there was no topsoil at the surface, this can be explained by regrading of the site 
in 2004 following the remediation efforts.  No buried topsoil layer was observed in the upper 6 
feet at this site, further indicating that the recent (2006) flood event did not reach this site.  
However, given the shifting nature of the creek channel on the fan deposit and the potential for 
sheetflow flooding, the leachfield site should be protected with a deflection berm.   
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It is important to mention that the designated leachfield site was carefully sited to comply with 
domestic well and property line setbacks.  In order to ensure that OWS systems within the 
Pandora Subdivision do not cause degradation to local groundwater and the San Miguel River 
water quality, specially engineered septic systems will be required.  These systems must have 
the minimum treatment components of (1.) primary treatment via a septic tank with effluent 
filter and high-level alarm; (2.) secondary treatment via a recirculation textile filter (or equal) 
with pump system and control panel; (3.) pressure dosing basin with control panel; (4.) 
ultraviolet disinfection unit; and (5.) shallow “trench” configuration subsurface disposal field. 
 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
Based upon our site inspection and results of the shallow soil exploration, it appears that the 
building site on Lot P16 is suitable for the construction of the proposed single-family dwelling 
with special attention to foundation design, site preparation, hazard mitigation, and control of 
drainage.  The following recommendations are offered as measures to enhance the stability of 
the site and the long-term performance of the foundation soils.  It should be noted that the 
mitigation measures offered address only the construction at the building site.  They cannot and 
will not arrest or prevent large-scale geologic processes that may be on-going elsewhere on the 
property and within the Telluride 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. 
 
This report does not contain project specifications.  The recommendations given are provided to 
guide the design process.  We anticipate these recommendations, together with site-specific 
geotechnical information, will be used by the design team to formulate specifications for 
construction of buildings, infrastructure, and grading. 
 
 
General Design Criteria 
 
1. Based on the elevation of 8,935 feet, the Structural Engineers Association of Colorado 

recommends that the Basic Roof Snow Design Load be a minimum of 78 psf.  It is 
recommended that the local building official be contacted to verify the required snow 
design load for this property. 

 
2. Shallow components of the foundation system should be extended into the soil a 

minimum depth below finished grade as prescribed by the local building official to 
reduce the negative effects of frost heave. 

 
3. The potential hazards from debris flows, sheetflow flooding, rockfall, and avalanche 

should be further evaluated to determine appropriate mitigation measures, if necessary. 
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Seismic Design Criteria 
 
In accordance with Section 1615 of the 2003 International Building Code (IBC) and our 
knowledge of the site, this site may be designated as Site Class D.  This classification is based 
on limited shallow exploratory data and assumes that subsurface conditions similar to those 
encountered during our site investigation extend to a depth of 100 feet.  The mapped spectral 
response acceleration at short periods (0.2 second, Ss) is 0.419g and at one second (S1) is 
0.094g.  These values are taken from the USGS website, and are referenced to the National 
Earthquake Hazard Reduction Program (NEHRP) 1997 and 2000 maps, reproduced in the IBC.  
As provided in the 2003 IBC, these values are for Site Class B, and should be adjusted 
accordingly for the proper site class given above. 
 
 
Foundation 
 
Due to the potential for settlement of the native subgrade soils, we recommend a minimum of 
1-foot of overexcavation and replacement with recompacted native soil.  The following 
recommendations are provided to guide foundation design and construction. 
 
1. The footings, bearing pads, and retaining walls to be placed on the prepared native soil 

should be designed using an allowable bearing capacity (qa) of 2,000 psf.   

2. Footing trenches and bearing pads should be excavated to a minimum depth of 1-foot 
below design footing grade.  The footing trench should extend a minimum distance 
equal to one-half the depth of overexcavation horizontally from the edge of the footings 
(as shown on the attached Foundation Excavation Detail).  The over-excavated surface 
should be proof-compacted prior to replacement of compacted native soil or structural 
fill.  The removed native soil should be moisture-conditioned (based on the results of a 
Modified Proctor test performed in the laboratory) and compacted in 6-inch lifts.  
Moisture-density tests should be performed to ensure that the recompacted soil has 
achieved 95% of Modified Proctor.  If the presence of large rocks makes disturbing the 
native soils below footing elevation unavoidable, then the rocks should be removed and 
replaced with compacted structural fill.  If soft or yielding soils are encountered in the 
trench bottoms, they should be removed until firm material is encountered and replaced 
with compacted structural fill or gravelly, native soil.  If the soft or yielding areas appear 
to be more extensive, we should be contacted to assess the soil conditions and prescribe 
remedial action.  If structural fill is used, as defined in Table 2, should be compacted in 
6-inch lifts until the desired footing elevation is achieved. 

3. Once the excavation is exposed and proof-compacted, but prior to placement of any fill 
or footing forms, a representative of Buckhorn Geotech must be called out to verify the 
nature and density of the foundation excavations, to ensure that uniform soil conditions 
are present and to confirm that our recommendations are consistent with actual 
conditions.  If we do not verify the soil conditions, Buckhorn Geotech cannot be held 
responsible for recommendations that may be inconsistent with actual conditions. 

 
4. Observation and testing during construction is essential to ensure that the geotechnical 

recommendations are consistent with conditions and that the project is constructed in 
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compliance with project design and specifications.  Moisture-density testing of both lifts 
of the recompacted native soil is highly recommended to ensure that uniformly dense 
conditions have been achieved.  Any geotechnical observations or testing will be 
provided at additional charge and we should be contacted at least 2 days in advance for 
scheduling site visits.  In addition to excavation observations, we can provide 
observation and testing of soil density, concrete and grout, foundation forms and rebar, 
pile installation, steel, welds, grading features, and drain systems. 

 
5. To the extent possible, an amount of soil equal to the full dead load plus one-half the 

anticipated live load for the house should be removed from the building footprint so that 
the new construction will not disrupt the distribution of weight on the slope.  To fulfill 
this requirement, the soil excavated from beneath the house footprint should be 
completely removed from the lot. 

6. Foundation walls should be designed with sufficient strength to resist lateral earth 
pressures and to bridge an unsupported span of at least 10 feet.  The components of 
the foundations should be sufficiently interconnected to ensure that they act as a unit.  
This will provide resistance to the forces associated with soil movement and will provide 
unity to the foundation systems. 

 
 
Floor Systems 
 
Slabs on-grade may be used at the site for garage and interior floor slabs if the slab will not be 
susceptible to groundwater seepage and/or hydraulic forces. 
 
1. To provide an adequate bearing surface for a slab floor, topsoil, loose fill, man-made 

debris, and organic material should be removed.  The subgrade material should be 
proof-compacted and soft spots removed and replaced with washed rock or structural 
fill.  If any fill is needed to elevate the slab area to the desired foundation grade, this 
can be accomplished using structural fill.   

2. To provide a capillary break, slabs on-grade should be placed on 4 inches of ¾-inch to 
1½-inch washed rock on the prepared subgrade.  Where moisture-sensitive interior floor 
finishes are applied to the slab, an unpunctured vapor barrier between the gravel and 
the floor slab is also recommended. 

3. Under-slab plumbing should be avoided to minimize the potential for leakage under the 
slab.  When necessary, under-slab plumbing should be provided with flexible couplings 
and should be leak-tested prior to being placed in service. 

4. Suspended floors may be considered for use at this site.  Suspended floors can consist 
of conventionally-framed wood flooring systems, thin concrete slabs supported on steel 
or wood decking, or prestressed slabs.  These systems have historically performed well, 
but may be susceptible to moisture accumulation in the crawlspaces that can not only 
cause environmental concerns but also compromise the structural integrity of the 
flooring system.  To ensure the long-term performance of these systems, site grading 
and drainage plans must be appropriate and a properly-vented crawlspace is required. 
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Exterior Concrete Flatwork 
 
1. Flatwork may be placed on undisturbed native soil with the topsoil and organic material 

removed.  If fill is needed, it should consist of washed rock or structural fill, placed and 
compacted in accordance with project specifications.   

 
2. Flatwork adjacent to buildings should not be placed over loosely compacted fill.  To 

minimize future settlement and damage to the flatwork and/or adjacent foundations, the 
fill should consist of approved material placed and compacted per project specifications. 

 
3. Flatwork adjacent to exterior doorways should be dowelled into the foundation to 

prevent long-term differential movement between the flatwork and structure. 
 
4. Exterior concrete flatwork should be designed and constructed so that it drains freely 

away from the structure.  Concrete flatwork adjacent to the foundation should slope 
away at a grade of at least ¼-inch per foot. 

 
5. All concrete used at this site in contact with native soil should comply with the 

recommendations in the Concrete Section of these recommendations. 
 
 
Retaining Structures 
 
1. Walls acting to restrain soil should be designed using the lateral earth pressures given in 

Table 1 below.  These values assume a level backslope with no hydraulic pressures 
behind the wall, the use of native soil or structural fill, and no surcharge loads applied 
within the backslope zone (as defined on the attached Foundation Excavation Detail).  
We should be contacted to recommend lateral earth pressure values for increased 
backslope angles or loading within the backslope zone. 

 
Table 1.  Lateral Earth Pressures 

  Structural Fill 
or Native Soil 

Active Earth Pressure 34 pcf* 
Passive Earth Pressure 400 pcf 
At-Rest Earth Pressure 64 pcf 
Unit weight of soil 120 pcf** 
Coefficient of Friction 0.32 *** 

* pounds per cubic foot (fluid equivalent) 

** pounds per cubic foot 

*** concrete on dry soil conditions 

 
2. 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 
backfill between the wall and retained soil, with a collection drain provided at the 
bottom of this granular zone (shown in the attached Foundation Excavation Detail), 
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and/or the use of weep holes through the face of the wall.  The drain system should be 
continuous and have a positive outfall which releases the collected water well away from 
the wall in a manner that minimizes the erosive energy of concentrated flow.  The 
design engineer should ensure that drainage design is compatible with design 
assumptions. 

 
3. Excavations for retaining and foundation walls should be laid back a minimum of 35° 

from the vertical prior to backfilling against retaining structures (see attached 
Foundation Excavation Detail).  For safety, excavations should also be in accordance 
with OSHA Regulations 29 CFR 1926.  Consequently, gentler excavation faces may be 
required. 

4. Fill material placed behind the walls should consist of free-draining granular material 
(specified below) compacted as per the design engineer’s specifications.  Clean native 
soil material (less than 10% passing the #200 sieve and rocks larger than 6-inches 
removed) can be used for this purpose if approved by the design engineer.  Compaction 
of 85 to 90% of Standard Proctor maximum dry density is typically used to minimize 
post-construction settlement of the backfill.  Over-compaction of the backfill 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 
 
Because of the potential sulfates in the soil and their corrosive qualities, Type I/II sulfate-
resistant cement should be used in all concrete at this site. 
 
 
Foundation Drainage and Ventilation 
 
It is important to prevent moisture from penetrating into the soil beneath or adjacent to the 
structure.  Moisture can accumulate as a result of poor surface drainage, over-irrigation of 
landscaped areas, waterline leaks, melting snow, subsurface seepage, or condensation from 
vapor transport. 
 
1. Provisions should be made to evacuate subsurface moisture accumulation from around 

foundations and under slabs.  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. 

2. Seasonal seeps may exist in the hillside due to spring snowmelt.  Foundation drains 
should be designed to collect this water and deliver it away from the foundation.  All 
foundation drains should be integrated into the site drainage plan as discussed below for 
final disposal from the building site.  In no case should surface or roof drainage be 
introduced into the foundation drain system. 
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3. Floor systems and confined areas above concrete floor slabs should be properly 
ventilated to allow for the release of radon gas.  See the Radon Gas Section of this 
report for more radon information. 

 
 
Site Preparation and Grading 
 
1. The site drainage plan, in tandem with the landscape and grading plans, should ensure 

that the construction does not impede natural drainage patterns.  Surface water should 
be removed and not allowed to accumulate or stand anywhere near the building 
foundation 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 the building as 
well as the driveway.  This runoff should be dispersed (not concentrated) in a manner 
consistent with the natural, pre-construction drainage pattern. 

2. Final grading around the perimeter of the foundation should slope downward with at 
least one foot of drop within the first 10 feet of horizontal distance.  Concrete flatwork 
adjacent to the foundation should slope away at a grade of at least ¼-inch per foot. 

3. 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 ditches, 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 
Environment (Water Quality Control Division) stormwater discharge regulations.  The 
local building official will be able to provide specific details regarding these 
requirements. 

4. 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 should be restrained by an engineered 
retaining structure/system. 

5. Grading plans that alter the distribution and/or the intensity of loading on the lot 
(including the use of retaining walls) should utilize a slope stability analysis to verify the 
preservation of slope stability. 

6. Backfill placed in utility trenches leading to the house should be densely compacted in 
accordance with project specifications to inhibit surface water infiltration and migration 
towards the foundation, as well as minimize post-construction settlement of the trench 
backfill.  We recommend low-permeability check-dams be installed in the trenches at the 
lot line and the house to inhibit water flow along the trenches. 

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

8. Fill used at this site should meet the gradational and compaction requirements listed in 
Tables 2 and 3 below.  Fill should be placed and compacted in maximum 6-inch lifts, 
unless otherwise directed by the design engineer.  Structural fill should not be placed on 
frozen or wet native soil.  It is recommended that the foundation excavation be open a 
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minimum period of time to avoid degradation of the foundation soils.  Clean native soil 
material with all deleterious material and over-size rock removed may be used as 
structural fill. 

 
Table 2.  Gradation Requirements for Fill Material 

Type Sieve %Passing, by weight 
   
Structural Fill (CDOT Class 6 roadbase) 3/4” (19.0 mm) 100 
 #4 (4.75 mm) 30-65 
 #8 (2.36 mm) 25-55 
 #200 (0.075 mm) 3-12 
   
Structural Fill (CDOT Class 1) 2.5” (63.5 mm) 100 
 2” (50 mm) 95-100 
 #4 (4.75 mm) 30-65 
 #200 (0.075 mm) 3-15 
   
Fill under exterior concrete flatwork 3” (75 mm) 100 
 #200 (0.075 mm) 0-5 
   
Free-draining fill 3” (75 mm) 100 
 ¾” (19 mm) 20-90 
 #4 (4.75 mm) 0-20 
 #200 (0.075 mm) 0-3 
   

Note: The Plasticity Index for all fill soils should be less than 6. 

 
Table 3.  Compaction Requirements for Fill Material 

Application Compaction 
Requirement Proctor Moisture 

    
Under footings and slabs 95% max. dry density Modified ±2% of optimum 
    
Under exterior flatwork 90% max. dry density Modified ±2% of optimum 
    
Road Subgrade 95% max. dry density Standard 0-4% above optimum 
    
Road Subbase 95% max. dry density Modified ±2% of optimum 
    
Road base course 95% max. dry density Modified ±2% of optimum 
    
Behind retaining walls Per project specifications*   
    
Utility Trenches Per project specifications*   
    
General landscaping Per project specifications*   
    

 *As specified by the design engineer on project documents or in accordance with local municipal requirements. 
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9. Any soils containing organics, debris, topsoil, frozen soil, snow, ice, and other 
deleterious materials shall not be used for anything other than landscaping unless 
authorized by the foundation engineer. 

10. A representative of Buckhorn Geotech should be called out to the site to observe 
placement of structural fill and verify the compacted density.  The owner should contact 
Buckhorn Geotech in advance of the excavations to discuss the specific testing 
requirements, budget, and scheduling needed for these services. 

 
 
Excavation and Shoring 
 
1. Temporary excavations should be in accordance with Occupational Safety and Health 

Administration (OSHA) regulations and with worker safety in mind. 
 
2. Construction equipment, materials, and soil stockpiles should be located a minimum 

horizontal distance equal to the height of the excavation from the crest of the 
excavation unless otherwise approved by the design engineer. 

 
3. Due to the low cohesion of the native soils and increasing slope above the house site, 

the foundation excavation (if a basement is constructed) may require temporary support 
during construction as spatial site constraints probably will not allow laying back the 
excavation to the extent needed to create stable slopes.  Failure to provide excavation 
support could endanger construction personnel and could undermine adjacent roads or 
structures.  Therefore, an excavation stabilization plan is recommended.  There are 
numerous methods of providing support for the excavation walls.  Buckhorn Geotech 
should be contacted to provide geotechnical input into the design of the excavation 
support once the foundation plan is available. 

 
4. Based upon our investigation, the silty to clayey sand and gravel found throughout the 

soil column would be most nearly represented by an OSHA Type B soil.  Our assessment 
is based upon the soil and groundwater conditions encountered in limited investigation 
and sampling.  The contractor’s “competent person” (defined by OSHA as “an individual 
capable of identifying existing and predictable hazards…and who has the authorization 
to take prompt corrective measures to eliminate or control these hazards and 
conditions) should evaluate the soil materials exposed during excavation based on 
composition, structure, and environmental conditions per 29 CFR 1926 and recommend 
appropriate slope laybacks or shoring, as required.  Refer to OSHA’s Technical Manual 
Section V: Chapter 2 on Excavations: Hazard Recognition in Trenching and Shoring 
(available on-line at:  www.osha.gov) for further excavation guidelines.  We are happy 
to provide these services, as requested. 

 
5. If the excavations will be made or remain open during wet weather, it is recommended 

that polyethylene sheeting be secured over the excavation face to minimize sediment 
runoff and deterioration of the foundation soils.  Surface runoff above the cuts should be 
directed away from the excavation using berms or diversion ditches.  Large rocks 
exposed in the excavation face should be scaled for worker safety. 
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6. Excavations should be performed during the low groundwater season (late summer 
through early spring) to minimize the amount of water that needs to be removed during 
shoring and construction operations.  This will also minimize pumping of the soil so that 
maximum densities can be achieved. 

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

excavating equipment.   

8. An effort should be made to reduce the potential impacts of “runaway” rocks that are 
dislodged during excavation and construction activities.  This includes rocks that may roll 
downhill onto other property due to the activities on the subject lot.  Careful excavation 
and temporary retaining walls, berms, or fencing may be necessary. 

 
 
On-Site Wastewater System Design and Construction 
 
1. We measured percolation rates of between 10 and 20 minutes per inch in our 2003 study 

of the designated leachfield site on Lot P16.  Neither bedrock nor groundwater was found 
at this site.  An engineered system will be required to fulfill special requirements as 
determined by San Miguel County for properties within the Idarado Legacy development.   

2. The leachfield would need to be protected from debris flow accumulation or sheetflow 
flooding via a berm or other device that can direct flow around the leachfield. 

3. 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. 

 
Closing Considerations 
 

Standard of Care and Interpretation of Subsurface Data 
 
This report has been prepared in a manner consistent with local standards of professional 
geotechnical engineering practice.  Investigation for environmental contaminants was not part 
of our scope of services performed at this site.  The classification of soils and interpretation of 
subsurface conditions 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. 
 
Inspection of the excavation(s) subgrade by Buckhorn Geotech prior to erection of the 
foundation system is an integral part of these recommendations.  If subsurface conditions 
differing from those described herein are discovered during excavation, construction should be 
stopped until the situation has been assessed by a representative of Buckhorn Geotech.  
Construction should be resumed only when remedies or design adjustments, as necessary, have 
been prescribed.   
 

Matthews Lot P16 Pandora geotech report electronic.doc 
Project #08-044 -GEO 
Page 20 of 22 



Use of This Report 
 
This report is intended for use by the Client specifically to address the site and subsurface 
conditions as they relate to the proposed structure(s) described in the Construction Plans 
Section.  Changes to the site or proposed development plans may alter or invalidate the 
conclusions and recommendations contained herein. 
 
Buckhorn Geotech retains an ownership and property interest in this report.  Consistent with 
the industry, copies of this document that may be relied upon by the Client are limited to 
printed copies (also known as hard copies) that are signed and sealed by the Geotechnical 
Engineer (Standard Form of Agreement Between Owner and Geotechnical Engineer for 
Professional Services, Engineer’s Joint Contract Documents Committee, 1996).  Any conclusions 
or information obtained or derived from electronic files, data, or graphics will be at the user’s 
sole risk.  This report together with ancillary data, analyses, test results, and other components 
and/or supporting parts are not intended or represented to be suitable for reuse by the Client or 
others on extensions to this project or on any other project.  Any such reuse or modification 
invalidates all aspects of the report and excuses the Geotechnical Engineer for all responsibility 
and liability or legal exposure. 
 
This report is considered valid for a period of two years from the date of issue provided the site 
conditions and development plans have not changed from what is referenced in this report.  
Changes to the site may occur due to development or natural processes.  Additionally, 
technological advances made in construction and changes in legislation may alter the 
recommendations made herein.  Depending upon the site and proposed development changes, 
Buckhorn Geotech may require additional investigation (at additional cost) to update the 
recommendations contained herein. 
 

Retention of Samples 
 
Samples of soil and rock collected during the course of our geotechnical investigation(s) are 
routinely held in our laboratory for a period of three months from the date of the investigation, 
then discarded.  A written request by the Client is required for samples to be stored for a longer 
period. 
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Additional Services 
 
To provide continuity and consistency from project start to finish, we should be retained to 
make observations and carry out material 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. 
 
Buckhorn Geotech is a full-service engineering firm providing foundation, on-site wastewater 
system, site drainage, structural, and retaining structure design services, as well as surveying, 
construction materials testing, and inspections.  Please visit www.buckhorngeo.com for a full 
description of our services.   
 
Thank you for the opportunity to perform this soil investigation for you.  If you require any of 
these services or have any questions regarding this report, please do not hesitate to contact us. 
 
Respectfully Submitted,    Reviewed by: 
March 31, 2008 
 

ELECTRONICALLY TRANSMITTED 
   
 

Laurie J. Brandt, P.G.     Thomas E. Griepentrog, P.E., P.G. 
Professional Geologist     Principal 
 
Enclosures: Vicinity Map, Site Plan, Test Pit Logs, Sieve Analysis and Atterberg Limits 

results, Foundation Excavation Detail 
 

















Project Name Matthews Date
Project Location Lot P16 Pandora Project #
Client Mattews Sample by
Test Location TP#2 @3-4' Tested by
Sample # GS1

  Liquid Limit (LL) 29
76.2 100.0   Plastic Limit (PL) 22
19.0 93.2   Plasticity Index (PI) 7
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Soil Description red-brown silty, clayey, SAND with gravel
USCS Classification SC-SM

Medium Fine
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Project Name Matthews Date
Project Location Lot P16 Pandora Project #
Client Mattews Sample by
Test Location TP#2 @10' Tested by
Sample # GS2

  Liquid Limit (LL) NP
76.2 100.0   Plastic Limit (PL) NP
19.0 56.1   Plasticity Index (PI) NP
9.5 39.0

4.750 28.8
2.000 21.4
0.425 9.3
0.075 2.3 1.8%

Soil Description brown-gray poorly graded GRAVEL with sand
USCS Classification GP

Medium Fine

% Fines = 2.3 % Sand = 26.5 % Gravel = 71.2

#200 Natural Moisture Content (%) = 

GRAVEL
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ASTM D4318

NP = Non-Plastic

Sieve Analysis
ASTM C136 / C117

3/8"

LB
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2/11/2008

DM

08-044-GEO
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Project Name Matthews Date
Project Location Lot P16 Pandora Project #
Client Mattews Sample by
Test Location TP#3 @9-10' Tested by
Sample # GS3

  Liquid Limit (LL) NP
76.2 100.0   Plastic Limit (PL) NP
19.0 80.7   Plasticity Index (PI) NP
9.5 61.3

4.750 44.9
2.000 33.3
0.425 19.7
0.075 7.7 6.9%

Soil Description red-brown well graded GRAVEL with silt and sand
USCS Classification GW-GM

Medium Fine

% Fines = 7.7 % Sand = 37.2 % Gravel = 55.1

LB

Sieve Analysis and Atterberg Limits

2/11/2008

DM

08-044-GEO

Atterberg Limits
ASTM D4318

NP = Non-Plastic

Sieve Analysis
ASTM C136 / C117

3/8"

Clay/Silt 

FINES

% PassingOpening 
(mm)

#40
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Sieve
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#200 Natural Moisture Content (%) = 
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Coarse Coarse
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