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1.0 INTRODUCTION 

 

  This report presents our geologic hazard evaluation for the proposed residence at Lot P16 in the 

Idarado subdivision located in Telluride, Colorado.  Our study was requested by Mr. Tommy Hein 

of Tommy Hein Architects and was performed in accordance with the scope of services outlined in 

our December 9, 2016 proposal. 

 

  This geologic hazard study presents our interpretation of the surface characteristics and geologic 

exposures at the project site.  Our hazard assessment is based on our observations and 

measurements, a review of available literature, geologic mapping, and our experience in the area. 

 

1.1 Geologic Hazard Definition and Discussion 

 

  There are three (3) statutes that were adopted by the Colorado Legislature that are pertinent to 

geologic hazards and land use.  “The Land Use Act” of 1970 established the basis for which later 

bills could be enforced.  The Land Use Act mandated that decisions and authority to develop and 

enforce land use planning regulations should be conducted at local government levels.  Senate Bill 

35 was passed in 1972.  This bill required that local county governments either adopt a land use 

planning regulations for subdivisions or follow a model set of regulations developed by the state.  In 

1974 the Colorado House amended the Land Use Act by adopting House Bill 1041. 

 

  House Bill 1041 provided legal definition of natural and geologic hazards.  A natural hazard is 

considered any hazard from geologic conditions, wildfire, or flooding.  A geologic hazard is defined 

as “a geologic phenomenon which is so adverse to past, current, or foreseeable construction or land 

use as to constitute a significant hazards to public health and safety or to property”.  The geologic 

hazards identified and defined in HB 1041 include; avalanche, landslide, rockfall, mudflow and 

debris fans, unstable or potentially unstable slopes, seismic effects, radioactivity, and ground 

subsidence.  In Appendix A we have provided excerpts from “Guidelines and Criteria for 

Identification and Land Use Controls of Geologic Hazard and Mineral Resource Areas”, 1974, 

Rogers, W.P. et al., Special Publication 6, Colorado Geological Survey; which provided legal and 

descriptive definitions of the geologic hazards outlined in House Bill 1041. 

 

 

2.0 PROJECT BACKGROUND, SCOPE OF DEVELOPMENT AND SCOPE OF STUDY 
 

The project is located on Lot P16 in the Idarado Subdivision on the east side of Telluride, Colorado. 

The lot is currently undeveloped. 

 

2.1 Current Scope of Development 

 

    We understand that the proposed project will consist of a single family wood-framed residence 

constructed on a steel reinforced concrete foundation system. We understand that the final design 

for the proposed structure are not complete at the time of this report.    
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Figure 1 Vicinity Map of East Telluride (San Miguel County GIS Map) 

 

 

2.2 Scope of This Geologic Hazard Study 

 

  We performed a geologic field reconnaissance of the site on April 6, 2017.  Reconnaissance 

included field observations and measurements of the site topography, geologic character, and 

geomorphology.  We observed the site for evidence of the geologic hazards outlined in Colorado 

House Bill 1041 that may influence the project development.  The geologic hazards we evaluated as 

as part of this study include: 
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• Avalanche:  there are slopes above the property that exceed 30 degrees and therefore 

have the potential for avalanche activity.   

• Expansive soil and rock:  evaluation and mitigation techniques are typically provided 

within the site-specific geotechnical engineering study for the proposed building. 

• Mudflow and debris fans:  there are small gullied areas of potential mud and debris 

flow above and adjacent to the project site.  

• Rockfall:  there are potential rockfall source areas on the steeper slopes above the 

project site to the north. A discussion of site-specific rockfall analysis using the 

Colorado Rockfall Simulation Program (CRSP) results is included in section 4.4 

(CRSP data is included in Appendix B) 

• Radioactivity:  there are no known sources of radioactivity on the site. A radiometric 

analysis can be initiated if desired.  

• Seismic effects:  There are no active faults or recent earthquake activity in the 

vicinity of the project site according to the Colorado Geological Survey’s Colorado 

Late Cenozoic Fault, Fold and Earthquake Database. 

  

We are available to provide continued consultation through the review and approval process of this 

project.  This report does not provide geotechnical engineering subsurface exploration or 

recommendations.  Our geotechnical engineering study is presented separately. 

 

 

3.0 GEOLOGIC OBSERVATIONS 
 

  We have provided a brief and cursory discussion of the regional and local geology followed by a 

more specific discussion of the site geology below to provide background information prior to 

discussing the site specific geologic hazard considerations. 

 

3.1 Regional Geology Discussion 

 

    The site is located in the San Juan Mountains of southwestern Colorado.  There are diverse 

geologic conditions in the area, all of which may have an influence on geologic hazard 

considerations and land use. 

 

  Geologic rock units in the area include: Proterozoic metamorphic and plutonic rock; Paleozoic, 

Mesozoic and Cenozoic sedimentary units of shale, sandstone, and limestone; and Tertiary volcanic 

units.  Younger Quaternary sediments produced by glacial, fluvial, and eolian weathering and 

transportation commonly overly the rock units.  The shale and sandstone rock units and associated 

soils produced from weathering of these materials are commonly encountered in developed areas. 

 

  During the middle to late Cretaceous, approximately 80 to 66 million years ago, a mountain 

building episode termed the “Laramide Orogeny” caused regional uplift of the area. This activity 

caused upwarping and deformation of the geologic units in the area.  During this period the San 

Juan Dome was formed, the erosional remnant of which exists under the mountainous areas in the  
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region, as well as the San Juan Basin to the south of the San Juan Mountain Range, which has since 

largely filled with sediment.  Features associated with the orogenic activity are evidenced in 

outcrops of the sedimentary units of the region which exhibit bedding planes that dip (tilt) generally 

away from the center of the San Juan Dome and toward the center of the San Juan Basin.  Uplift and 

deformation during the Laramide orogenic event was accompanied by volcanic activity.  This and 

subsequent volcanic events occurring until roughly 35 million years ago are the sources of Tertiary 

volcanic rock units which often cap the high alpine terrain of the region.  These volcanic units are 

often grouped together and referred to as the San Juan Volcanics. 

 

  The numerous hogback ridges and questas in the area are formed by dipping interbedded units of 

limestone, shale, and sandstone deposited in marine and coastal environments.  The dipping 

geologic units in the area are associated with numerous active landslides and unstable slope areas.  

In areas where the bedding planes parallel the slope inclinations translational landslide activity is 

common.  The region hosts several rotational and multi-unit landslide complex areas where 

movement was initiated during glacial melt and/or wetted soil conditions.  Many of these areas are 

located adjacent to highly developed areas. 

 

  There have been several glacial episodes which have occurred in the area.  The steep walled U-

shaped valleys in the region are a testament to the erosional forces imposed by the glaciers.  Glacial 

moraine, outwash, and terrace deposits are common in the area.  The glacial outwash and alluvial 

sediment deposits are relatively benign, from a development and foundation design perspective, 

however, the soils produced by weathering of the sedimentary units in the area (particularly shale 

and claystone units) and eolian deposits usually have expansive characteristics and may warrant 

additional foundation design considerations.   

 

3.2 Local Geology 

 

  The town of Telluride is located along the San Miguel River in a glacio-fluvial valley.  There are 

numerous steep gullies in the valley that flow into the river.  During heavy rain events and strong 

spring snow melt periods these gullies are sites of potential mudflow and debris flow.  Geologic 

units in the Telluride area consists of Tertiary San Juan Volcanics and Telluride Conglomerate 

overlying Paleozoic and Mesozoic sedimentary layers of sandstone, limestone, shale, and claystone. 

The sedimentary units outcropping in the area include the Telluride Conglomerate, Mancos Shale, 

Dakota Sandstone, the Morrison Formation, the Wanakah Formation, the Entrada Sandstone, the 

Dolores Formation and the Cutler Formation.  Rock units in the area are often overlain by sediment 

from glacial, fluvial, eolian, mass wasting, and colluvial processes. 

 

3.3 Site Geology 

 

  The subject property is located on the north side of the east-west trending, glacially carved San 

Miguel River valley with a tributary drainage adjacent to the west named Royer Creek.  Most of the 

property is located on alluvial deposits overlying the Permian Cutler Formation; a dark red 

sandstone and arkosic conglomerate.  Said alluvial deposits occur in the form of San Miguel River  
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terraces and a fan deposit from Royer Creek.  There is evidence of debris flow and hyper-

concentrated flood material in the Royer Creek fan deposit.  The subject property is located on a 

gentle south facing slope at the base of the steeper walls on the north side of the valley.  All of the 

rock units mentioned in section 3.2 outcrop on the slope and cliffs above the site except for the 

Mancos Shale.  A cursory geologic map of the site is presented on Figure 2. The original Idarado 

Geologic Hazard map is provided on Figure 3. 

 

 

 
Figure 2  Geologic Map of Lot P16 Vicinity, from the Geologic map of the Telluride quadrangle, southwestern 

Colorado, Burbank, W.S., and Luedke, R.G., U.S. Geological Survey 
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4.0 GEOLOGIC HAZARD DISCUSSION 
 

  As discussed in section 2.2 above, we observed evidence of the following geologic hazards which 

may influence the proposed project development: 

 

- Avalanches 

- Rockfall 

- Mudflow, Debris Flow and Debris fans 

- Expansive Soil and Rock 

- Seismic Effects 

- Radioactivity 

 

  We have provided a brief discussion of the observed conditions and modeling results followed by 

a discussion regarding potential mitigation concepts for the observed geologic hazards.  
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Figure 3   Idarado Geologic Hazards Site Constraints Map, San Miguel County (from Mears) 

 

4.1 Avalanche 

    

  Avalanches typically occur on slopes between 30 and 45 degrees in steepness where there is 

enough snow to cover low-lying vegetation. The area above the project site to the north exceeds 30 

degrees in steepness and has the potential for avalanche hazard. The avalanche hazard will generally 

be low except for unusual storm periods when snowfall exceeds the annual average. The subject 

property is mapped in a snow avalanche mitigation area on the Idarado Geologic Hazards Site 

Constraints Map, San Miguel County. 

 

Project Site 
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  Avalanche paths generally consist of three parts:  

 

• the starting zone; where avalanches initiate,  

• the track; where avalanches reach maximum velocity, and, 

• the runout zone; where avalanches decelerate and deposit snow and debris.  

 

  Avalanche paths can be either unconfined, channelized, or have a combination of both. In 

Colorado, many avalanches are confined by gullies and forested areas. 

 

  The destructive force of avalanches occurs in two ways, the force from the powder blast which is 

at the leading edge of a moving avalanche and the force from the dense flowing debris which makes 

up the bulk of entrained snow. The debris has the largest impact pressures and typically follows 

behind the powder blast by a few seconds. The magnitude of the avalanche impact pressure depends 

on the velocity of the flow and density of the debris, as well as the angle of the impact.  The 

maximum impact pressure on a structure occurs perpendicular to the flow of the avalanche.  As this 

angle is decreased the pressure decreases.  The calculated design pressure for a structure can vary 

due to the predicted impact pressure. 

 

  Avalanches have return periods similar to floods based on the probability of avalanche occurrence. 

Some avalanche paths will have avalanches occur numerous times during each winter season. Other 

avalanche paths may only have avalanche occurrences every one to three hundred years. A return 

period of 100 years has a probability of occurrence of 0.01 in any given year.  Similar to floods, the 

probability of an avalanche occurring is not dependent on the time since the last event.  Unlike 

flooding, the return period of an avalanche is dependent on extreme weather events and the 

structure of the snowpack when the extreme weather event occurs.   

 

  Avalanche hazard zoning is usually based on the design avalanche. The “design avalanche” has a 

destructive potential that depends on the return period and the encounter probability. The only 

reliable method for accurate identification of the return period and encounter probability is a long 

observation period that is at least twice as long as the design period (Mears, 1992).  For most zoning 

situations the design avalanche is based on an avalanche with a 100 year return period. 

 

  Avalanche paths near residential areas in Colorado are generally delineated into two zones; the 

Red or High Hazard Zone and the Blue or Moderate Hazard Zone. The Red Zone is generally 

defined as an area affected by an avalanche with a return period of less than 30 years and/or by an 

avalanche with a dynamic impact pressure of greater than 30 kPa (or 600 lb/ft2). The Blue Zone is 

generally defined as an area affected by an avalanche with a return period of 30 to 100 years and/or 

by an avalanche with a dynamic impact pressure of less than 30 kPa (or 600 lb/ft2).  Residential and 

commercial structures are generally permitted in Blue Zones when some type of mitigation is 

incorporated into the design of the building.  Avalanche hazard zoning is not consistent within the 

state of Colorado and is usually defined by the county government.  Some municipalities have 

adopted specific avalanche hazard zoning rules. 
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4.1.1 Avalanche Path Characteristics and History 

  There are three main drainages that merge into one avalanche path above the Tomboy Road to the 

north. The starting zones are at an approximate elevation of 12,427 feet (3,788m) and run down to 

8,965 (2733 m) feet to the Idarado subdivision. The avalanche paths start above treeline and merge 

into a gully that crosses the Tomboy Road. A large part of the avalanche starting zones are south 

facing and do not generally hold as much snow as north facing paths in the region. Therefore this 

avalanche path can be characterized as low probability and low frequency with high consequence.  

 There are two historic avalanche events recorded in the Royer Creek Drainage that occurred in 

1912 according to the Map of Snow Avalanche Areas and Known Accident Sites in the Telluride 

Region, San Miguel County, Colorado (Armstrong and Carrara, 1981, USGS Map I-1316). The 

events took place on the Tomboy Road at an elevation of approximately 10,250 feet. There were no 

fatalities but one wagon was swept down the slope by an avalanche and 5 men were buried to the 

shoulders.  

  The project site is included in the Minimal Avalanche Hazard zone on the Map of Snow 

Avalanche Areas and Known Accident Sites in the Telluride Region, San Miguel County, Colorado. 

This includes “Areas where avalanches are unlikely; may include areas of moderate avalanche 

hazard which are too small to identify at this scale.” (Armstrong and Carrara, 1981). 

4.1.2 Avalanche Dynamics Modeling  

  We analyzed the potential for snow avalanches to occur on the slopes Lot P16 Idarado  using the 

Swiss RAMMS (Rapid Mass Movements Simulation) model and  AVAL-1D model. AVAL-1D is a 

one-dimensional avalanche dynamics program that predicts runout distances, flow velocities and 

impact pressures of both flowing and powder snow avalanches. RAMMS is a two-dimensional, 

state-of-the-art numerical simulation model to calculate the motion of geophysical mass movements 

(ie. snow avalanches) from initiation to runout in three-dimensional terrain at the subject property 

(RAMMS User Manual v1.5). RAMMS is based on the same motion equations as the AVAL-1D 

model used in our previous study. We utilized a Digital Elevation Model (DEM) and orthophotos of 

the site and surrounding terrain acquired from Digital Data Services (DDS) for the analysis.  

 RAMMS allows the user to input various snow slab heights for the avalanche release zone and to 

vary the friction parameters for forested regions within the avalanche path. We input the forested 

regions based on our site analysis in the field as well as utilizing the orthophotos from DDS and 

Google Earth images. We input the snow height release areas based on our field reconnaissance. We 

applied the Swiss default friction values for the avalanche paths in the study.  

  The predicted runout, flow heights, velocities and calculated impact pressures for a 100 year return 

period avalanche event from the AVAL 1D and RAMMS model are shown in the figures below. 

  Parameters for the avalanche simulation were based on topographical and vegetative indicators 

within the avalanche path. Snow depth and density were based on NRCS SNOTEL data from the 

Lizard Head Pass SNOTEL site and the Western Regional Climate Center data for Telluride. The 

average snow depth for the subject property avalanche paths were interpolated for the site. 
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       The calculated potential impact pressure from the design avalanche at the property location is 

approximately 11 kPa (or 230 lb/ft2) (Figure 4). These pressures fall within the parameters for the 

Blue or Moderate Hazard Zone (Figure 9). The maximum calculated velocity for the design 

avalanche at the site is 7.2 m/s (16.1 mph) (Figure 5). It should be noted that a slab size of 1.25 

meters was used for the modeling. If storms or slabs greater than modeled are encountered, then 

larger avalanches may occur.  
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Figure 4  Topographic profile of the Royer Creek avalanche path with modeled maximum impact pressure in green for  

release with a 1.25 meter slab. The estimated impact pressure at the edge of the  proposed building envelope (black dot) 

is approximately 11 kPa (or 230 lb/ft2). The red line indicates an impact pressure of 30 kPa on the right Y axis. 

 

Figure 5  Topographic profile of the Royer Creek avalanche path with modeled maximum velocity in red for a release 

with a 1.25 meter slab. Velocity is 7.2 m/s (16.1 mph) at the edge of the proposed building envelope (black dot). Scale 

is in meters/second. 
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Figure 6  Topographic profile of the Royer Creek avalanche path with maximum flow height of snow in blue for a 

release with a 1.25 meter slab. Scale is in meters. Estimated flowing snow height at the edge of the proposed building 

envelope (black dot) is 0.7 m or 2.2 feet. 

   The modeled potential avalanche flow heights at the edge of the proposed building envelope are 

shown in Figure 6, with a maximum estimated flow height of approximately 0.7meters (2.2 feet).  

Snow depth at a potential mitigation wall can be greater than the estimated flow height as avalanche 

debris piles up as flow velocities decrease.  

  We feel that the avalanche hazard at the subject property can reach the edge of the proposed 

building envelope with a moderate magnitude hazard due to the relatively large size of the 

avalanche path above the property and the proposed house location outside of the avalanche hazard 

zone. While the flowing avalanche debris will not reach the proposed house location, the powder 

blast or air blast component could affect the house on the west and north sides of the proposed 

structure. These powder blast effects will be approximately 0.5-2 kPa (10-42 psf) if perpendicular to 

the structure surface. These will decrease with angle to flow direction. Site specific mitigation 

recommendations are beyond the scope of this report.  

 

 While avalanche mitigation would be prudent at this site and we recommend avalanche mitigation 

which could be incorporated into the building design, a detailed avalanche mitigation design 

concept is beyond the scope of this study and needs to include considerations specific to the chosen 

structure design.  We are available to assist and provide consultation in regard to avalanche 

mitigation for the structure as the site and structure design are developed.  

 

  An avalanche hazard map is shown on Figures 8, 9 and 10 indicating the Red and Blue Hazard 

zones as discussed in section 4.1 above.  
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4.1.3 Dendrochronology and Vegetative Indicators of Avalanche Frequency 

 

  Trees within and adjacent to the avalanche path that has the potential to affect the property were 

bored with an increment core to determine the age of the trees. Past avalanche activity can also be 

interpreted from increment cores and cross sections where the tree has been partially damaged from 

avalanches. Dendro-ecological techniques can provide a means for reliably dating avalanches and 

calculating frequency where sufficient woody vegetation exists for sampling (Jenkins and 

Hebertson, 2004).  

 

 Eight trees were sampled, with an increment core sampler, in or adjacent to the avalanches paths 

near property and above the property on Tomboy Road. The locations are shown on Figure 7. The 

ages of the trees are shown in Table 1. Trees of similar diameters were noted in areas where 

samples were taken.  

 

  Based on the dendrochronological techniques used and the modeling methods described above, the 

avalanche paths were drawn as shown on Figures 8, 9 & 10. 
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Figure 7   Locations of dated trees near Lot P16 Idarado. Tree numbers correspond to Table 1. Red line indicates flow 

of Avalanche Path. 

Table 1  Ages of trees in avalanche paths near Lot P17 Idarado, dated with increment bore.  Ages are +/- 5yrs 

Location Type of Tree Approximate Age in years 

Tree 1 Aspen 98 

Tree 2 Spruce 96 

Tree 3 Spruce 53 

Tree 4 Spruce 45 

Tree 5 Spruce 80 

Tree 6  Douglas Fir 85 

Tree 7 Spruce  78 

Tree 8 Spruce 104 
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4.2 Avalanche Mitigation 

 

  The Lot P16 Idarado Property site can expect potential impact pressures from snow avalanches at 

the western edge of the building envelope up to approximately 11kPa (230 lb/ft2 ) from a design 

avalanche for solid debris from the slopes to the north. These pressures are considered to be in the 

Blue or Moderate Hazard zone and are large enough to destroy trees, break windows and damage 

walls and roofs of a typical wood framed house. There will also be impact pressures associated with 

an avalanche powder blast above the height of the flowing avalanche debris. The powder blast 

pressures will be significantly lower than the flowing debris pressures and should be taken into 

account when designing the north and west facing walls, roof and windows.  

 

  We feel that if the proposed house location is located outside of the avalanche area shown on 

Figures 9 and 10 then minimal direct protection avalanche mitigation incorporated into the structure 

design by a competent structural engineer will adequately mitigate the subject property.  

 

  It should be noted that any mitigation concepts will decrease but not eliminate the effects of a high 

velocity powder avalanche. The main debris, which is the most destructive part of an avalanche, can 

be slowed and deflected, but the powder blast will still have an effect on the structure. The powder 

blast can break windows and cause some structural damage. 
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Figure 8  Royer Creek Avalanche Path showing extent of 100 year event.  

Dashed lines show approximate location of Lot P16 

  

 

Lot P 16 
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Figure 9  

Figure 9. Geologic Hazard Constraints Map. See Key Below. Note not to scale. 
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Key to Geologic Constraints Map 

 

Avalanche Red or High Hazard Zone 

 

 

Avalanche Blue or Moderate Hazard Zone  

 

 

Potential Debris Flow Area  

  

 

Potential Debris Flow Mitigation Berm 
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Figure 10 

Geologic Hazard constraints map with aerial photo. Blue area refers to Blue or Moderate 

avalanche hazard zone. See key above. 

 

4.3 Mud flows, debris flows and debris fans 

 

   Mud flows and debris flows initiate when soils become saturated and begin to flow down slope, 

often carrying rocks and boulders within a matrix of mud and water. Debris fans are areas where 

debris flows or mud flows deposit material that spreads out in a fan-like shape at the bottom of 

gullies. The slopes above the property to the north are prone to mudflows and debris flows,  
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particularly in the Royer Creek drainage.  Royer Creek is a known debris flow zone with active 

debris flows occurring during large rainfall events. There is a channel of Royer Creek on the west 

border of the property that appears to have relict debris flow levee morphology along the banks of 

the creek.   We observed rocks up to four (4) feet in diameter in the debris flow levees on the west 

side of the property The geologic constraints map (Figure 9 & 10) shows the debris flow mitigation 

area on the subject property. A larger magnitude low frequency event could reach the proposed 

driveway area west of the proposed house location. The proposed house location appears to be 

located east of the debris flow hazard zone.  

 

4.3.1 Debris Flow Mitigation 

 

  We estimate that debris flow heights will be one to three (1-3) feet in the southwest corner of the 

building envelope on Lot P16. Possible debris flow mitigation involves building up the existing 

debris flow levees with debris flow mitigation berms on the west side of the property as shown in 

Figure 9 & 10. A small, approximately 4 foot tall, debris flow mitigation berm west of the proposed 

building envelope for Lot P16 for static loads of debris and impact of rocks and other entrained 

objects.  Note that the length of the debris flow berm is not to scale and should be adjusted based on 

the placement of the house location. This will help to keep debris flow material channeled to the 

west of the building envelope. It would be possible for debris flow material to enter the subject 

property from the northwest during a large debris flow event that overtops the culvert beneath 

Highway 145. Site specific debris flow mitigation design is beyond the scope of this report.  We are 

available to work with the project civil engineer to help with debris flow design impact pressures 

and loads as the project progresses. 

 

4.4 Rockfall 

 

  There is evidence of relict rockfall in the vicinity of the property.  There is evidence of recent and 

relict rockfall on the slopes above the property.  

 

  The outcroppings of the San Juan Formation (Volcanics), Telluride Conglomerate, Wanakah 

Formation, Entrada Sandstone, and Dolores Formation are potential source areas for rockfall north 

of the project site. There are also small rocks and boulders on many of the steep slopes to the north 

of (above) the property that may become dislodged and move downhill to pose a potential rockfall 

hazard.  A site-specific rockfall hazard analysis is shown below.  

 

  We conducted a rockfall analysis using the Colorado Rockfall Simulation Program (CRSP) 

Version 4.0 in order to predict rockfall behavior at the subject property. CRSP is a tool used to 

predict rockfall behavior and to assist in the design of rockfall protection measures. We created a 

topographic profile using a hand held GPS unit and available topographic data (Figures 10 and 11). 

We input the topographic profile into the CRSP model. We ran the model to simulate the existing 

conditions at the subject property. We manipulated the model’s input parameters such as surface 

roughness, tangential and normal coefficients to match the existing conditions. 
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Figure 11 Satellite image showing the rockfall path used in our CRSP analysis. 

 

    Once we were satisfied that we had simulated the existing conditions, we ran numerous iterations 

of the program with varying sizes and shapes of potential rocks to analyze the rockfall behavior at 

the building envelope of the proposed development.  Figure 11 shows the CRSP profile with results 

of our most significant iteration: a six (6) foot sphere originating from the upper source area (see 

Appendix B for corresponding CRSP data).  In this simulation there are no rocks that pass the north 

(upper) side of the building envelope, represented as analysis point 1 (AP1, Figure 11), however 

there are rocks that get close to the analysis point.  We did not run any iterations using larger rock 

sizes than six (6) feet and we believe that the bedding and fracture patterns in the source areas will 

not yield rocks of larger size.  In our other iterations,   all of the rocks are stopped above the lot.   

 

   Based on our CRSP analysis and field data we estimate the rockfall hazard to be minimal for this 

site and therefore do not propose a necessary mitigation.  We are available to provide more 

consultation on this subject.    

Rockfall Path 

Analyzed in CRSP 

Lower Source 

Upper Source 
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Figure 12  CRSP profile showing results of modeling a six (6) foot spherical rock releasing from the upper source area.  

Note no rocks make it past the analysis point which represents the upper boundary of the building envelope. 
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4.5 Expansive Soil and Rock 

 

  Uplift associated with swelling soils typically occurs only where the foundation support soils have 

been exposed to water.  This uplift may impose shear stresses in the foundation system.  The 

magnitude of the imposed shear stress is related to the swell pressure of the support soil, but is 

difficult to estimate.  Properly designed and constructed foundation systems have the ability to 

distribute the forces associated with swelling of the support soil.  The rigidity of the system helps 

reduce differential movement and associated damage to the overlying structure.  Analysis and 

engineering recommendations regarding expansive soil and rock are outside of the scope of this 

report.  Site-specific geotechnical studies are recommended to determine the expansive 

characteristics of soils at individual building sites.   

 

4.6 Radioactivity (Radon Issues) 

 

   Many soils and formational materials in western Colorado produce Radon gas. There are no 

known sources of radioactivity on the site. Structures should be appropriately ventilated to reduce 

the accumulation of Radon gas.  Several Federal Government agencies including the Environmental 

Protection Agency (EPA) have information and guidelines available for Radon considerations and 

home construction. If a radon survey of the site soils is desired, please contact us and a radiometric 

analysis can be initiated. 

 

4.7 Seismic Effects 

 

  There are no active faults or recent earthquake activity in the vicinity of the project site according 

to the Colorado Geological Survey’s Colorado Late Cenozoic Fault, Fold and Earthquake Database.  

Seismic activity is therefore not considered a hazard to the proposed project.   

 

   

5.0  CONCLUSION 

 

  The information presented in this report is based on our understanding of the proposed 

construction and on the data obtained from our field reconnaissance, measurements, and 

observations.  We recommend that we be contacted and included in future design phases and 

development of this project to provide engineering geology consultation.  Please contact us 

immediately if you have any questions, or if any of the information presented above is not 

appropriate for the proposed site development. 

 

  It should be understood that the area surrounding the proposed development is also subject to the 

geologic hazards described above and anyone in the vicinity of the proposed development during 

periods of geologic hazard events will be subjected to the same hazards as the proposed structures. 

Mitigation intended to protect a structure will not protect persons outside of the structure.  

 

  The geologic evaluation presented above is intended to be used only for this project site and the 

proposed scope of development which was provided to us.  The geologic hazard evaluation 

presented above is not suitable for adjacent project sites, or for a proposed scope of development 

which is different than that outlined for this study.   



PN: 54544 GE/GH 

June 9, 2017 

Page 25 

 

 

 

  We are available to review and tailor our study, if needed, as the project progresses and additional 

information which may influence our evaluation of the site becomes available. 

 

  Mr. Jason Center, Geologist, Trautner Geotech, contributed to the preparation of this report. 

   

  Please contact us if you have any questions, or if we may be of additional service. 

 

Respectfully submitted, 

TRAUTNER GEOTECH 

                           
                        

J. Andrew Gleason David L. Trautner, P.E., CPG 

Engineering Geologist Principal Geotechnical Engineer 

  

06-09-17 
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APPENDIX A:  Definitions of Geologic Hazards Delineated in House Bill 1041 
 

  This Appendix provides a brief description of the geologic hazards outlined in HB 1041.  The 

explanations are brief and are only intended to familiarize the reader with the basic definition of 

each hazard.  Site specific evaluation of each hazard is presented in the body of the report text. 

 

  The definitions presented below were excerpted from "Guidelines and Criteria for Identification 

and Land-Use Control of Geologic Hazard and Mineral Resource Areas", 1974, Roger, W.P., et al., 

Colorado Geological Survey Special Publication 6,  

 

   A.1 Avalanches 

 

  Snow avalanches are a common process in the Alpine areas of Colorado.  Avalanche activity in the 

San Juan Mountains is particularly frequent, partially due to the nature of snow accumulation in the 

area.  Intermittent snow fall early in a winter season followed by long periods of persistent snow fall 

can create conditions that are conducive to avalanche activity.  It is relatively common for the San 

Juan Mountains to receive snow early in each winter season, followed by a snow fall hiatus which 

promotes development of hoar frost and/or depth hoar.  Hoar is a term used to describe a crystalline, 

almost icy condition of snow.  Hoar is a fragile layer that promotes failure and avalanche of 

overlying more competent layers of snow.  Avalanches are most common at elevations in excess of 

about 8,000 feet and slopes of 30 to 45 degrees.   

 

  There are three primary zones within an avalanche path. 

 

• The Starting Zone; this zone is where snow accumulates and is the area of primary failure.   

• The Track; this portion of the avalanche path is variable and dependent on a specific 

avalanche pathway.  Often this portion of the avalanche path is narrow and easily 

identifiable in the field. 

• The Runout Zone; the runout zone exists at the lowest elevation of the avalanche path.  This 

zone may be defined by termination of the path into a lower valley, or by a decrease in slope 

gradient to less than about 15 degrees.  

 

   A.2 Landslides 

 

  The term “landslide” is used to describe slope failure and mass soil movement within definable 

limits.  Named portions and features of landslides include;  

 

• main scarp:  where the upper portion of the failure plane intersects the ground surface,  

• lateral scarps:  similar to the main scarp except they exist along the edges of the slide mass 

and are generally oriented somewhat parallel to the fall-line of the slope, 

• transverse or extension fractures:  the area of the slide where bending of the materials occur, 

usually in the lower third of the mass, and 

• toe:  which is the bottom of the slide and often presents itself as a lobate bulge in the ground 

surface.  
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  Landslides can encompass very large masses of soil, some covering several acres in size while 

others only encompass a few hundred square feet.  Smaller movements are often referred to as 

slumps. 

 

   A.3 Rockfall 

 

  Rockfall is a hazard that may occur in areas where a rock becomes detached from a larger rock 

body or slope and moves downslope by the force of gravity.  Rockfall usually is associated with a 

weathering front of formational material.  Erosion of soft rock units causes undercutting of 

overlying competent material.  As fractures develop, failure occurs and blocks of rock become 

detached and move downslope.  The movement of a singular rock may trigger the movement of 

other rocks downslope.  Hazards from falling rocks generally occur in areas beneath steep slopes or 

cliffs. 

 

   A.4 Mudflows and Debris Fans 

 

  Debris flows are common in many mountainous areas of Colorado.  Debris flows are one of the 

most catastrophic and dangerous geologic hazards that influence potential development sites.  

Debris flows consist of high concentrations of hydraulically entrained soil, rock, and organic 

material such as trees and brush.  Rapidly moving debris flow material can cause significant 

damage to existing structures and property.  Stream drainage basins that have been denuded of 

vegetation due to fire are particularly prone to debris flow activity. 

 

  Debris fans and alluvial fans are common in most of the Alpine areas of Colorado.  There are 

subtle differences between these two types of fan deposits related to the mode of transportation and 

deposition of each.  Debris fans generally have steeper slope gradients than alluvial fans and are a 

result of debris flow activity such as that described above.  The material deposited in debris fans 

consists of mud, boulders, trees and other natural debris materials and is often matrix supported.  

Alluvial fan deposits generally have flatter slope gradients and are often associated with lower 

energy flow entraining lower concentrations of sediment, though dangerous conditions associated 

with alluvial fan deposits are still common.  Alluvial fan deposits with flat slope gradients often are 

composed of smaller rocks and more uniform soil materials with limited amounts of organic 

material and clast supported deposition. 

 

   A.5 Potentially Unstable and Unstable Slopes 

  

  The chief difference between potentially unstable slopes and unstable slopes is the evidence of 

previous slope movement.  Potentially unstable slopes are often defined as any slope with a gradient 

steeper than thirty (30) percent, though flatter slopes can be unstable or potentially unstable 

depending on the soil characteristics and subsurface water conditions. 

 

  Potentially unstable slopes include areas which may become unstable due to slight changes in 

slope geometry, such as those associated with excavation cuts or placement of fill, or due to 

changes in the subsurface moisture conditions. 
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  An unstable slope is considered an area that exhibits evidence of current or past movement.  Soil 

creep is a common, slow movement of material in unstable slope areas.  Unstable slope areas may 

be distinguished from a landslide by the lack of definable landslide features, such as those discussed 

under Section A.2 above.  

 

   A.6 Seismic Effects 

 

  Colorado is considered to have a relatively low potential for damage or hazards associated with 

seismic activity despite numerous earthquakes occurring in and adjacent to Colorado in the past.  

This is evidenced by inactive faults throughout western Colorado that are associated with past 

seismic activity and have since become dormant.     

 

  With the exception of a small area near Dulce, New Mexico, all of Colorado is designated as a 

Zone 1 (the lowest risk) Seismic Risk area.  Several formidable events have been recorded in the 

Dulce, New Mexico area south of Pagosa Springs.   Also, the Ridgeway Fault exhibits recent 

enough activity to be considered potentially active.   

 

   A.7 Radioactivity 

 

  Several locations in western Colorado have been mined for radioactive elements and by-products 

such as, Uranium, Thorium, and Vanadium.  Tailings from these mines are one of the chief sources 

of hazards due to radioactivity.  Other sources of radioactive hazards include natural surficial 

deposits of ore laden with radioactive elements, as well as the sun.  The emission of radiation may 

consist of the release of Alpha or Beta particles, or Gamma rays.  The radiation is released as part of 

the decay of a radiometrically unstable isotopes, as this decay occurs by-products are produced.  

Gaseous radioactive substances, such as radon, are common radioactive hazards in the area. 

   

   A.8 Ground Subsidence 

 

  Hazards due to ground subsidence in Colorado are primarily caused by mining activity.  In other 

states, particularly in the Midwest, ground subsidence may be caused in association with sinkholes 

and other karst features.  Coal mining in the Front Range area has been linked to ground subsidence.  

Only limited areas of ground subsidence have been encountered in western Colorado, but as new 

areas are being considered for development near higher elevation mining territory, this may change.   

  

   A.9 Expansive Soil and Rock 

 

  Expansive soils are common throughout Colorado.  Expansive soils increase in volume when 

wetted and may decrease in volume when dried.  There has been millions of dollars of damage to 

structures, roadways and infrastructure throughout Colorado due to expansive soils and heaving 

bedrock conditions.  The best way to assess the magnitude and risk associated with potentially 

expansive soil conditions is through exploration drilling and sampling followed by laboratory 

testing and geotechnical engineering analysis and recommendations.  
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   A.10 Flooding 

 

  Flooding is not considered a geologic hazard per “Guidelines and Criteria for Identification and 

Land Use Controls of Geologic Hazard and Mineral Resource Areas”, 1974, Rogers, W.P. et al., 

Special Publication 6, Colorado Geological Survey.  Flooding is, however, a natural hazard which 

deserves mention.  Flooding occurs primarily along major drainage channels and within larger 

drainage systems.  Isolated flooding hazards and flash floods can occur along any drainage system.  

100 year flood elevations and associated recommended limits of development should be established 

by a hydrologist and/or civil engineering consultant as part of any development plan. 
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APPENDIX B:  Colorado Rockfall Simulation Program Results 

 

 

   B.1  Upper Rockfall Source – Six (6) Foot Sphere – CRSP Data 
 

CRSP Input File -T:\Current GH\54544GH, Lot P16 Idarado\CRSP Data\Lot P16 

Idarado CRSP Profile.dat 

 

 

Input File Specifications 

 

Units of Measure:  U.S. 

Total Number of Cells:  11 

Analysis Point 1 X-Coordinate:  1505 

Analysis Point 2 X-Coordinate:   

Analysis Point 3 X-Coordinate:   

Initial Y-Top Starting Zone Coordinate:  1430 

Initial Y-Base Starting Zone Coordinate:  1290 

 

Remarks:   

 

 

Cell Data 

 

Cell No.  S.R.  Tang. C.  Norm. C.   Begin X     Begin Y     End X     End Y 

 

 1     1.5    .9            .2            0             1430     65     1290 

 2     1.5    .85           .15           65            1290     326     950 

 3     1.5    .75           .15           326           950     489     550 

 4     1.5    .9            .2            489           550     804     330 

 5     1.5    .75           .12           804           330     848     325 

 6     1.5    .9            .2            848           325     973     235 

 7     1.5    .7            .12           973           235     1016     229 

 8     1.5    .9            .2            1016          229     1217     150 

 9     1.5    .65           .12           1217          150     1288     70 

 10     1.5   .9            .2            1288          70     1320     63 

 11     1.5   .65           .12           1320          63     1723     0 

 

 

 

CRSP Simulation Specifications:  Used with T:\Current GH\54544GH, Lot P16 

Idarado\CRSP Data\Lot P16 Idarado CRSP Profile.dat 

 

 

Total Number of Rocks Simulated:  100 

Starting Velocity in X-Direction:  1 ft/sec 

Starting Velocity in Y-Direction:  -1 ft/sec 

Starting Cell Number:  1 

Ending Cell Number:  11 

Rock Density:  165 lb/ft^3 

Rock Shape:  Spherical 

Diameter:  6 ft 
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CRSP Analysis Point 1 Data - T:\Current GH\54544GH, Lot P16 Idarado\CRSP 

Data\Lot P16 Idarado CRSP Profile.dat 

 

 

Analysis Point 1: X =  1505, Y =  34 

 

 

 

 

                            NO ROCKS PAST ANALSYSIS POINT 1 

 

 

 

CRSP Data Collected at End of Each Cell - T:\Current GH\54544GH, Lot P16 

Idarado\CRSP Data\Lot P16 Idarado CRSP Profile.dat 

 

 

Velocity Units: ft/sec      Bounce Height Units: ft 

 

 

Cell #   Max. Vel.   Avg. Vel.   S.D. Vel.   Max. Bounce Ht.   Avg. Bounce 

Ht. 

 

 1             82            50            17.16         26            8 

 2             105           70            14.67         27            6 

 3             185           124           39.2          142           31 

 4             77            59            9.12          10            3 

 5             40            20            7.66          3             0 

 6             68            46            6.81          8             2 

 7             36            18            6.43          2             0 

 8             45            27            4.91          4             1 

 9             57            45            6.23          7             2 

 10            35            24            5.25          3             0 

 11           No rocks      past end of cell                                         
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