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3.9 GEOLOGY, SOILS, AND LAND CAPABILITY 
This section describes current conditions relative to geology, soils, and land capability within the program area. It 
includes a description of geology, soils, and land capability of the program area, analysis of environmental impacts, 
and recommendations for mitigation measures for any potentially significant impacts. Regulatory requirements that 
pertain to geology, soils, and land capability are summarized in this section. The analysis describes potential direct, 
indirect, and cumulative impacts from implementation of the proposed program. 

Three comments were received on the Notice of Preparation that pertain to geology, soils, and land capability and 
include the following topics: 

 All protection and mitigation measures needed to protect sensitive meadow and riparian habitat while 
conducting restoration and fuels reduction efforts should be included in the Tahoe PTEIR.  

 Best Management Practices (BMPs) for managing, maintaining, and decommissioning access roads to minimize 
erosion risk and stabilize all slopes and surfaces impacted by treatment activities should be incorporated into the 
Tahoe PTEIR. 

 The potential for increased generation of fine sediments through erosion, runoff, and dust (leading to 
atmospheric deposition) should be addressed in the Tahoe PTEIR. 

Section 15128 of the State CEQA Guidelines allows an EIR to identify environmental effects that were determined to 
not be significant and to briefly describe the reasons. The following issues were considered and dismissed from 
further analysis for the reasons stated. 

 The only expansive soil mapped in the program area is the Kings Beach silty sandy loam located in the northern 
part of the program area. Because projects under the PTEIR would not impact infrastructure, there would be no 
impact on expansive soils and issues related to locating activities on expansive soil, potentially creating 
substantial risks to property are not discussed further. 

 Treatment activities under the PTEIR may disturb the very upper portions of the soil, typically shallower than the 
depth of paleontological resources (which are typically in bedrock). Because only the upper part of the soil has 
the potential to be disturbed by later treatment activities, there would be no effects on any unique 
paleontological resources or geologic features. Thus, issues related to direct or indirect destruction of a unique 
paleontological resource or site or unique geological feature are not discussed further. 

 Treatment activities under the PTEIR would not involve excavation or movement of earth and would therefore 
have no effect on topography or ground surface relief. For this reason, issues related to causing a change in 
topography or ground surface relief features inconsistent with the natural surroundings is not discussed further. 

 Treatment activities under the PTEIR would not create, modify, or affect structures or other infrastructure and 
would not affect faults or be affected by seismic risk. Thus, effects resulting from activities that could directly or 
indirectly cause potential substantial adverse impacts, including the risk of loss, injury, or death through the 
rupture of a known earthquake fault, strong seismic shaking, seismic-related ground failure, or soil liquefaction 
are not discussed further. 

 Treatment activities under the PTEIR would not alter soils in any way that could affect their adequacy to support 
the use of septic tanks or other water disposal systems. For this reason, effects resulting from activities where 
soils are incapable of adequately supporting the use of septic tanks or alternative wastewater disposal systems 
where sewers are not available for the disposal of wastewater are not discussed further. 
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3.9.1 Regulatory Setting 

FEDERAL 

Paleontological Resources Preservation Act (16 U.S.C. Section 470aaa)  
Enacted as part of the Omnibus Public Land Management Act (2009), the Paleontological Resources Preservation Act 
(PRPA) requires the Secretaries of the Interior and Agriculture to manage and protect paleontological resources on 
federal land using scientific principles and expertise. The PRPA includes specific provisions addressing management 
of these resources by the Bureau of Land Management, the National Park Service, the Bureau of Reclamation, the 
U.S. Fish and Wildlife Service, and the U.S. Forest Service of the Department of Agriculture. The PRPA affirms the 
authority for many of the policies the federal land managing agencies already have in place for the management of 
paleontological resources, such as issuing permits for collecting paleontological resources, curation of 
paleontological resources, and confidentiality of locality data.  

Clean Water Act (33 USC Section 1251 Et Seq.)  
The Federal Water Pollution Control Act of 1948 was the first major U.S. law to address water pollution. Growing 
public awareness and concern for controlling water pollution led to sweeping amendments in 1972. As amended in 
1972, the law became commonly known as the Clean Water Act (CWA). The CWA serves as the primary federal law 
protecting the quality of the nation’s surface waters, including wetlands. The CWA provides standard regulations for 
the discharge of pollutants to the waters of the United States (U.S.) to maintain their chemical, physical, and biological 
integrity and protect their beneficial uses. In addition, the CWA provides the statutory basis for the National Pollutant 
Discharge Elimination System (NPDES). The CWA requires states to adopt water quality standards that must be 
approved by the U.S. Environmental Protection Agency (EPA) and requires NPDES permits for the discharge of 
pollutants in U.S. waters. In addition, the CWA gives authority to the EPA to (1) implement pollution control programs, 
including setting waste water standards and effluent limits on an industry-wide basis; and (2) authorize the NPDES 
Permit Program permitting, administration, and enforcement to state governments with oversight by the EPA.  

Federal Antidegradation Policy (Code of Federal Regulations – Title 40: Protection of 
Environment 40 CFR 131.12) 
The Federal Antidegradation Policy was issued in 1968 by the U.S. Department of the Interior to (1) ensure that 
activities will not lower the water quality of existing use, and (2) restore and maintain “high quality water.” The federal 
policy maintains that states shall adopt a statewide antidegradation policy that includes the following conditions: 

 Existing instream water uses and a level of water quality necessary to maintain those uses shall be maintained 
and protected. 

 Water quality will be maintained and protected in waters that exceed water quality levels necessary for 
supporting fish, wildlife, and recreational activities, and water quality, unless the State deems that water quality 
levels can be lowered to accommodate important economic or social development. In these cases, water quality 
levels can only be lowered to levels that support all existing uses. 

 Where high quality waters constitute an outstanding National resource, such as waters of National and State 
parks and wildlife refuges and waters of exceptional recreational or ecological significance, that water quality 
shall be maintained and protected. 

TAHOE REGIONAL PLANNING AGENCY 
TRPA was designated as an areawide planning agency under Section 208 of the CWA in 1974. Under the Tahoe 
Regional Planning Compact, TRPA has established environmental threshold standards, goals and policies, and 
ordinances directed at protecting and improving land coverage and soils in Lake Tahoe and the Tahoe region.  
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Tahoe Regional Plan 

Goals and policies 
Goals and policies of the Regional Plan that are related to soil erosion and land coverage are located in the 
Conservation Element. Goals and policies for water quality are located in the Land Use Element. Relevant excerpts are 
included below. 

GOAL S-1: Minimize soil erosion and the loss of soil productivity. 

 Policy S-1.1: Allowable impervious land coverage shall be consistent with the Threshold Standard for impervious 
land coverage. 

 Policy S-1.6: Maintain seasonal limitations on ground disturbing activities during the wet season (October 15 to 
May 1) and identify limited exceptions for activities that are necessary to preserve public health and safety or for 
erosion control.  

GOAL SEZ-1: Provide for the long-term preservation and restoration of stream environment zones (SEZs). 

 Policy SEZ-1.1: Restore all disturbed stream environment zone lands in undeveloped, unsubdivided lands, and 
restore 25 percent of the SEZ lands that have been disturbed, developed, or subdivided. 

 Policy SEZ-1.2: SEZ lands shall be protected and managed for their natural values. 

 Policy SEZ-1.5: No new land coverage or other permanent land disturbance shall be permitted in stream 
environment zones with some exceptions described in the regional plan.  

 Policy SEZ-1.6: Replacement of existing coverage in stream environment zones may be permitted where the 
project will reduce impacts on stream environment zones and will not impede restoration efforts. 

GOAL WQ-2: Reduce or eliminate point sources of pollutants which affect, or potentially affect, water quality in the 
Tahoe region. 

 Policy WQ-3.1: Reduce loads of sediment, nitrogen, and phosphorus to Lake Tahoe; and meet water quality 
thresholds for tributary streams, surface runoff, and groundwater.  

Thresholds 
Through adoption of Resolution 82-11, TRPA has established threshold standards and indicators for nine resource 
areas including soil conservation. TRPA threshold standards are minimum standards of environmental quality to be 
achieved in the Tahoe Region. Every 4 years, TRPA evaluates the attainment status of all TRPA threshold standards. 
The latest TRPA Threshold evaluation was completed in 2015. There are two TRPA threshold indicator reporting 
categories related to soil conservation which direct development towards less sensitive lands and establish 
restoration goals to reverse impacts of existing development in SEZs: Land Coverage and SEZs. 

Land Coverage 
Impervious cover (or land coverage) is an indicator of land disturbance. Impervious coverage alters surface hydrology 
and modifies groundwater recharge regimes. There are two types of coverage defined by TRPA: hard and soft 
coverage which are distinguished by their degree of imperviousness. Hard coverage is completely impervious to 
infiltration of water into the soil (e.g., roofs, asphalt pavement, concrete sidewalks, etc.). Soft coverage is defined as 
disturbed or degraded soils not covered by a structure or paved surface that have water infiltration rates that are up 
to 75 percent of their natural value. Examples of soft coverage include soil compacted by vehicles, unpaved roads, 
dirt walking trails, and unpaved dirt driveways. The TRPA impervious cover threshold is guided by the Land-Capability 
classification system for the Lake Tahoe Basin, California-Nevada (Bailey 1974). Land capability districts (LCDs) are 
defined based on their Bailey classification, which is a function of soil type, erosional hazard, soil drainage, position in 
the landscape, and other features. The nine separate LCDs reflect the amount of development an area can support 
without soil or water quality degradation. Under this system, TRPA allows landowners to cover 1, 5, 20, 25, or 30 
percent of their parcel with impervious surfaces, depending on its environmental sensitivity as defined by the Bailey 
classification system (Table 3.9-1).  
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Table 3.9-1 Description, Allowable Cover, and Status of Bailey Land Capability Districts 

Land Capability 
District Description Allowable Cover Status 

1a steep uplands (> 30%, very shallow soil) 1% Considerably better than target  

1b streams, marshes, floodplains, meadows 1% Considerably worse than target 

1c Mountainous uplands, no soil 1% At or somewhat better than target 

2 soil mantled (slope > 30%) 1% Somewhat worse than target 

3 low elevation moderately steep slopes (9-30%) 5% Considerably better than target 

4 moderately steep mountain slopes 20% Considerably better than target 

5 flat areas around Lake Tahoe 25% Considerably better than target 

6 gently sloping north side of Lake Tahoe 30% Considerably better than target 

7 dense forest, little erosion potential 30% At or somewhat better than target 
Note: Land Capability District and Bailey Land Capability Class are identical. 

Source: TRPA 2012 

For the 2015 Threshold Evaluation, estimates of impervious coverage were produced by land capability type using 
high-resolution Light Detection and Ranging (LiDAR) data compared with the TRPA land capability map.  

Stream Environment Zones 
Hydrology, soil, and water-associated vegetation define SEZ areas. SEZs only constitute a small portion of the total 
land area in the Lake Tahoe Region but perform many ecosystem services such as nutrient cycling and sediment 
retention, flood attenuation, infiltration and groundwater recharge, open space, scenic and recreational enjoyment, 
wildlife habitat, and wildfire abatement (Roby et al. 2015). The SEZ threshold includes preserving existing functioning 
SEZ lands in their natural hydrologic condition and restoring 25 percent of the SEZ lands that have been identified as 
disturbed, developed, or subdivided, to attain a five percent total increase in naturally functioning SEZ lands. 

Code of Ordinances 
Requirements listed in the TRPA Code of Ordinances (TRPA Code) that relate to soil conservation are described in 
Table 3.9-2.  

Table 3.9-2 TRPA Code Requirements Related to Geology and Soils 

Code Section Requirements 

Chapter 61.1.1.6D Establishes minimum standards for tree cutting including yarding practices to reduce soil erosion.  

Chapter 61.1.1.6E Describes removal methods based on LCDs to limit soil erosion. 

Chapter 61.1.1.6F Describe skidding processes to limit soil erosion. 

Chapter 61.1.1.6I Describes erosion control measures associated with forest management. 

Chapter 60.4 Sets standards for installation of BMPs for the protection or restoration of water quality. 
Source: TRPA 2012 

STATE 

Alquist-Priolo Earthquake Fault Zoning Act (Cal. Public Res. Code, Section 2621 et seq.)  
This act provides policies and criteria to assist cities, counties, and state agencies in the exercise of their 
responsibilities to prohibit the location of developments and structures for human occupancy across the trace of 
active faults. The act also requires site-specific studies by licensed professionals for some types of proposed 
construction within delineated earthquake fault zones.  
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California Department of Fish and Wildlife 
Fish and Game Code Section 1602 requires an entity to notify the California Department of Fish and Wildlife (CDFW) 
before commencing any activity that may: substantially divert or obstruct the natural flow of any river, stream, or lake; 
substantially change or use any material from the bed, channel, or bank of any river, stream, or lake; or deposit 
debris, waste, or other materials that could pass into any river, stream, or lake. CDFW requires a Lake and Streambed 
Alteration Agreement when it determines that the activity may substantially adversely affect existing fish or wildlife 
resources. A Lake and Streambed Alteration Agreement includes measures necessary to protect existing fish and 
wildlife resources. The primary focus is the protection of fish habitat from suspended sediments, turbidity, and 
alteration of the lakebed or streambed.  

California Geological Survey 
The California Geological Survey’s Forest and Watershed Geology Program provides technical information and advice 
about landslides, slope stability, erosion, sedimentation, and other geological hazards across the state's watershed 
and parkland areas. CAL FIRE and other entities use these data to evaluate soil conditions and geologic hazards. The 
California Geological Survey Forest and Watershed Geology Program may perform vital geological reviews of Timber 
Harvesting Plans pursuant to the California Forest Practice Rules (CFPR) (e.g., 14 CCR Sections 1037.3 and 1037.5), 
along with CAL FIRE, Department of Fish and Wildlife, and Regional Water Quality Control Boards. 

Lahontan Regional Water Quality Control Board 
The Lahontan Regional Water Quality Control Board (Lahontan RWQCB) is a regulatory agency with the mission to 
preserve, enhance, and restore the quality of California’s water resources and drinking water. The Clean Water Act 
Section 401 program regulates discharges of fill and dredged material to all waters of the state, including waters of 
the U.S. under the Clean Water Act of Section 401 and the Porter-Cologne Water Quality Control Act. Lahontan 
RWQCB sometimes serves as the lead agency for CEQA compliance.  

Porter-Cologne Water Quality Act (Cal. Water Code Div. 7)  
The Porter-Cologne Water Quality Act is a key element of California water quality control legislation. Under the act, 
the State Water Resources Control Board (SWRCB) is given authority over state water rights and water quality policy 
and it established the State’s nine regional water quality control boards (RWQCBs) to regulate and oversee regional 
and local water quality issues. The RWQCB is also responsible for developing and updating Basin Plans targeted 
toward (1) protecting waters designated with beneficial uses, (2) establishing water quality objectives for surface water 
and groundwater, and (3) determining actions necessary to maintain water quality standards and control point- and 
nonpoint-sources of pollution into the state’s waters. Under the Act, proposed waste dischargers are required to file 
Reports of Waste Discharge to the RWQCB and the SWRCB and RWQCB are granted jurisdiction over the issuance 
and enforcement of Waste Discharge Requirements, NPDES permits, and Section 401 water quality certifications.  

California State Antidegradation Policy (SWRCB Resolution No. 68-16, “Policy with Respect to 
Maintaining higher quality waters in California”)  
In 1968, the State of California adopted an antidegradation policy in response to directives under the Federal 
Antidegradation Policy. The antidegradation policy applies to high quality waters of the state, including surface 
waters and groundwater, and all existing and potential uses. The policy requires that high quality waters be 
maintained to the maximum extent possible and any proposed activities that can adversely affect high quality surface 
water and groundwater must (1) be consistent with the maximum benefit to the people of the State, (2) not 
unreasonably affect present and anticipated beneficial use of the water, and (3) not result in water quality less than 
that prescribed in water quality plans and policies.  

Z’berg-Nejedly Forest Practice Act  
The Z’berg-Nejedly Forest Practice Act (Forest Practice Act) identifies operating methods and procedures that seek to 
protect fish, wildlife, forests, and streams within timber harvesting areas where later fuel treatments may also be 
implemented under the proposed program. The Forest Practice Act is intended to achieve “maximum sustained 
production of high-quality timber products…while giving consideration to values relating to recreation, watershed, 
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wildlife, range and forage, fisheries, regional economic vitality, employment and aesthetic enjoyment” (PRC Section 
4513[b]). The regulations created by the Board of Forestry and Fire Protection and authorized by the Forest Practice 
Act define factors such as the size and location of harvest areas, include measures to prevent unreasonable damage 
to residual trees, and address the protection of riparian areas, watercourses and lakes, wildlife, and habitat areas (14 
CCR Chapter 4) (see Appendix B). 

3.9.2 Environmental Setting 
The Lake Tahoe Basin is located between the Sierra Nevada Range to the west and the Carson Range to the east. The 
Basin was created by a series of parallel normal fault blocks between these two ranges (Saucedo et al. 2005). The 
geology of the Basin consists of granodiorites which underlie most of the Basin (intrusives on Figure 3.9-1), volcanic 
rocks in the northwest portion of the Basin (volcanics), glacial deposits along glaciated valleys that feed Lake Tahoe 
(till), metamorphic rocks in the higher peaks in the southwest portion of the Basin (metamorphic), and glacial outwash 
and alluvium, which is particularly common in the southern portion of the Basin (Saucedo et al. 2005).  

The largest fault in the Tahoe Basin is the Tahoe-Sierra frontal fault zone which extends from Echo Lakes to northwest 
of Truckee. The West Tahoe-Dollar Point Fault zone extends under the lake from Emerald Bay north to near Truckee 
and the North Tahoe-Incline Village Fault Zone is located in the northeast portion of the Basin and extends under the 
lake near the Nevada border (Schweickert et al. 2019). Earthquakes on these faults have led to several large landslides 
visible on the bed of Lake Tahoe (Schweickert et al. 2019). 

Lake Tahoe began to form about 2 million years ago following the eruption of Mt. Pluto, which dammed the outlet of 
the lake several times and allowed the lake to fill. During the Pleistocene epoch, the Tahoe region was altered by glacial 
activity, and many of the landforms including lateral and terminal moraines that surround the lake were deposited. 
During glacial activities, valley glaciers dammed the Truckee River Canyon, raising the water level of Lake Tahoe. 
Lakebed sediments were deposited in the bays and canyons around the lake as a result of the rising lake levels.  

Relative to the Tahoe Basin as a whole, the Community Fuel Reduction Areas and planned CWPP Projects are more 
likely to be underlain by alluvium and less likely to be underlain by intrusive rocks (Table 3.9-3). This is because of the 
prevalence of program area lands in lower elevations, flatter areas of the Basin, particularly near South Lake Tahoe and 
the lower elevation portion of drainage basins. In addition, the California side of the Basin consists of more volcanic 
rocks and glacial till than the Nevada side of the Basin, which is more likely to consist of intrusive rocks. The proportion 
of glacial till in the Community Fuel Reduction Areas is greater than the proportion of glacial till in the Basin as a whole, 
in part because of projects on the dense forests that line moraines along Cascade Lake and near Homewood.  

Table 3.9-3 Distribution of Geologic Types in the Program Area and Lake Tahoe Basin 

Geology 
Community 

Fuel Reduction 
Areas acres 

Community Fuel 
Reduction Areas 

percent 

Planned CWPP 
Projects acres 

Planned CWPP 
Projects percent 

Total Area in 
Lake Tahoe 
Basin acres 

Total Area in 
Lake Tahoe 

Basin percent 
Alluvium 2,295 39.3 3,305 28.6 20,322 13.0 
Metamorphic rocks 19 0.3 245 2.1 5,361 3.4 
Older alluvium  - 0.0 106 0.9 4,869 3.1 
Glacial outwash 182 3.1 135 1.2 3,822 2.4 
Glacial till 1,913 32.8 2,568 22.2 32,108 20.5 
Construction fill 16 0.3 41 0.4 461 0.3 
Intrusive igneous rocks 616 10.6 850 7.3 60,931 38.9 
Volcanic rocks 792 13.6 4,318 37.3 28,904 18.4 

Total 5,834 100 11,569 100 156,779 100 
Note: Older alluvium includes Miocene landslide deposits.  

Source: Plume et al. 2009 
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Source: Data downloaded from NRCS in 2018 

Figure 3.9-1 Distribution of Soils in the California Portion of the Lake Tahoe Basin 
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SOILS 
NRCS Soil Survey of the Lake Tahoe Basin (USDA NRCS 2007) describes many soil map units in the Basin. Soils can be 
differentiated using characteristics such as parent material, landscape position, texture, structure, organic matter 
content, depth to bed rock, depth to groundwater, and hydrologic function. In the Basin, soils from similar parent 
materials found in similar landscape positions will have many qualities in common. For this analysis, soils have been 
grouped by origin. There is limited soil development in large areas of the Lake Tahoe Basin because of glacial 
removal of the soils and extensive bedrock outcrops. The major soil types found in the Basin are described below and 
their locations are shown in Figure 3.9-1: 

 Volcanic Soils: Volcanic soils occur in the northwest portion of the Basin where volcanic rocks make up the 
surficial geology.  

 Granitic Soils: Granitic soils formed over granitic bedrock which makes up the areas not scoured by glaciers in the 
southwest portion of the program area. 

 Glaciated Soils: These soils are located in the downstream portion of the glaciated valleys along the west shore of 
Lake Tahoe in lateral and terminal moraines. These soils have a wide grain size distribution with fine material, 
gravels, cobbles, and boulders.  

 Alluvial Soils: The alluvial soils in the program area are deposited in floodplains in low-relief valleys. The surface of 
these soils can be fine-grained as the sediments resulted from overbank deposition of fine materials during floods. 
Many sensitive ecosystems such as wetlands, meadows, and riparian areas are associated with alluvial soils.  

 Organic Soils: Organic soils are commonly alluvial soils that developed in an area where a persistently high water 
table allows the accumulation of organic matter. These highly sensitive soils are found in the wettest areas of 
meadows and stream margins, particularly in the downstream end of the Upper Truckee River floodplain.  

 Beach Soils: Beaches are characterized by well-drained, homogenous, gravelly coarse sand in places along the 
shorezone of Lake Tahoe. 

LAND CLASSIFICATION 
Since the late 1970s, TRPA has used a land capability classification system based on the ability of areas of soil to 
tolerate use without resulting in environmental damage (Bailey 1974). These Land Capability Districts (LCDs) in the 
California portion around Lake Tahoe are shown in Figure 3.9-2. The Bailey Land Capability Index divides the Lake 
Tahoe Basin into nine LCDs based on elevation, geomorphic history, and hillslope angle. LCDs are used to regulate 
the intensity of development that a site can support and are a useful tool to assess potential soil erosion (Table 3.9-
4). LCDs 1a and 2 are identified as having high erosion potential, LCDs 3 and 4 (which have slopes of 0-16 percent) as 
having moderate erosion potential, and LCDs 5 – 7 as having slight erosion potential. LCDs 1b and 1c had poor 
natural drainage and hosted fragile biota and therefore both were recommended for protection regardless of their 
susceptibility to erosion. Areas in LCDs 1 – 2 are more likely to experience soil erosion during treatment activities than 
the rest of the Basin, and LCDs 1a and 2 are the most likely to experience landslides following disturbance. The 
mapped land capability has implications for the type of treatment activities that would be allowed. For instance, 
ground skidding is only permitted in LCDs 3, 4, 5, 6, and 7, and ground-based vehicle systems for removing trees 
may be approved in LCDs 4, 5, 6, and 7.  
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Source: Data received from Stillwater in 2019 

Figure 3.9-2 Land Capability Map of the California Portion of the Lake Tahoe Basin  
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Table 3.9-4 Land Capability Areal Extent in the Program Area and Lake Tahoe Basin 

Land Capability 
District Description Community Fuel 

Reduction Areas (acres) 
Planned CWPP 
Projects (acres) 

Total Area in Lake 
Tahoe Basin (acres) 

1a steep uplands (> 30%, very shallow soil) 811  2,790 51,895  

1b streams, marshes, floodplains, meadows 932 1,791  9,363  

1c Mountainous uplands, no soil 170 1,191 50,732 

2 soil mantled (slope > 30%) 158 390 4,000 

3 low elevation moderately steep slopes (9-30 percent) 642 916 9,188 

4 moderately steep mountain slopes 531 847 5,731 

5 flat areas around Lake Tahoe 1,705 1,936 17,328 

6 gently sloping north side of Lake Tahoe 358 1,229 6,564 

7 dense forest, little erosion potential 524 428 3,086 

 Total 5,831 11,518 157,887 
Source: Bailey 1974 

Approximately 64 percent of the Community Fuel Reduction Areas and 46 percent of the Planned CWPP Project 
areas occur in LCDs 3 – 7 relative to 26 percent of the Basin as a whole. Planned CWPP Projects are located in more 
sensitive areas (LCDs 1 – 2) in the Homewood Creek, Cascade Creek, Trout Creek, Upper Truckee, and Ward Creek 
watersheds. The LCDs 1 – 2 sites in these watersheds include sparsely forested glaciated uplands, forested moraines, 
and the floodplains of the Upper Truckee River and Trout Creek. Roads are a component of existing land coverage. 
Approximately 71 percent of the program area is within 0.25-mile of an existing paved road (Figure 3.9-3).  

GEOLOGIC AND SOIL HAZARDS  

Landslides 
Numerous landslides have been identified as part of the geologic mapping of the Lake Tahoe Basin (Saucedo 2005). 
Landslides consist of the downslope movement of soil and rock under the influence of gravity. There are numerous 
types of landslides (Varnes 1978, Highland and Bobrowsky 2008), based on their materials (soil versus bedrock), water 
content, and speed of movement. A useful classification system for assessing forestry impacts divides landslides into 
deep-seated slides and shallow slides (Highland and Bobrowsky 2008). Deep-seated slides involve movement of soil 
and bedrock, while shallow landslides only involve the soil and weathered bedrock. The California Geological Survey 
has mapped deep-seated landslide susceptibility for the entire state, with the highest susceptibility in the Lake Tahoe 
Basin occurring on the steep, unconsolidated moraine deposits along the west shore of Lake Tahoe, including the 
lateral moraines surrounding Cascade Lake and the upslope reaches of Ward Creek (Willis et al. 2011).  

Soil Erosion  
Soil erosion in the Lake Tahoe Basin occurs through overland flow erosion of altered soils and erosion of 
streambanks. Results from monitoring data coupled with streambank erosion studies determined that just under half 
of the soil erosion in the Lake Tahoe Basin occurred in just four drainages: Upper Truckee River, Blackwood Creek, 
Trout Creek, and Ward Creek (Simon 2008). Simon suggested that about half of the fine sediment originated from 
stream bank erosion. Bank erosion could occur because of either direct disturbance and tree removal along streams 
or changes to the watershed that increase the magnitude of peak flows including urbanization and road construction. 
In Blackwood Creek, the legacy of logging, grazing, and gravel mining coupled with relatively unstable soils has led to 
the higher erosion rates.  
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Source: Data received from CTC in 2019; adapted by Ascent Environmental in 2019 

Figure 3.9-3 Proximity to Paved Roads in the Program Area  
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Particle detachment can increase if the soil surface becomes finer, or the resistance to erosion decreases because of 
loss of vegetation. Focused erosion studies in the Lake Tahoe Basin have observed that soil erosion because of 
overland flow only occurs in disturbed soils, with little erosion of undisturbed soils and erosion in volcanic soils is 
greater than granitic soils (Grismer and Ellis 2006). Soil erosion because of overland flow is greatest on steeper slopes, 
where gravitational forces can be highest. Figure 3.9-4 shows the hillslope angle (in percent slope). The steepest 
hillslopes in Figure 3.9-4 are located in historically glaciated headwaters and along the flanks of lateral moraines. The 
lowest hillslope angles are located in glacial valleys and outwash deposits of the Upper Truckee River (Figure 3.9-4).  

An estimated 3,362 acres (84 percent) of the Community Fuel Reduction Areas are located in areas with hillslope angles 
less than 30 percent and 6,232 acres (40 percent) of Planned CWPP Projects are located in this hillslope angle range 
(Table 3.9-5). Approximately 505 acres and 2,012 acres of Community Fuel Reduction Areas and Planned CWPP Project 
areas, respectively (13 percent of each category) have hillslope angles from 30-50 percent (Table 3.9-5). Only 111 acres (3 
percent) of the Community Fuel Reduction Areas occur where the hillslope angle is 50-65 percent, but 7,312 acres (47 
percent) of the Planned CWPP Projects occur in the slope range. An estimated 15 acres (0.4 percent) of the Community 
Fuel Reduction Areas and 149 acres (0.9 percent) of the Planned CWPP Projects occur where hillslope angles exceed 65 
percent. TRPA does not allow tractor roads or skid trails in areas with slopes that exceed 30 percent; whereas, the CFPRs 
allow heavy equipment use for hillslope angles up to 50 percent for soils with high or extreme erosion hazard and 65 
percent for soils with moderate erosion hazard. Large portions of the program area, particularly for the Planned CWPP 
Projects occur on slopes steeper than currently permitted for heavy equipment use by TRPA. 

Table 3.9-5 Areal Extent of Hillslope Angle in the Program Area 

Slope Range (percent) Community Fire Reduction Areas (acres) Planned CWPP Projects (acres) 

0-30 3,362 6,232 

30-50 505 2,012 

50-65 111 7,312 

>65 15 149 
Source: compiled by Stillwater Sciences in 2019 

Erodibility of soil by water can be represented using the K factor, an index which quantifies the relative susceptibility 
of the soil to sheet and rill erosion. Soil properties affecting the K factor include texture, organic matter content, 
structure, and saturated hydraulic conductivity, and values range from 0.02 for the least erodible soils to 0.64 for the 
most erodible (Renard et al. 1997). In the Lake Tahoe Basin, the mapped K factor ranges from 0 to 0.36 (USDA NRCS 
2007). The soils with the highest K-factor are in the Upper Truckee River basin, Blackwood Creek, and Ward Creek. 
Comparison of the K-factor (Figure 3.9-5) and hillslope angle (Figure 3.9-4) show that the most erodible soils tend to 
be at lower slopes. Glaciation stripped the steepest slopes of sediment, and the lateral moraines, which are close to 
their angle of repose, are made up of a wide range of grain sizes (from silt to boulders) and are therefore relatively 
stable. Large areas of the program area occur in the highly erodible lowland areas.  
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Source: Data received from Stillwater Sciences in 2019 

Figure 3.9-4 Hillslope (in percent) for the California Portion of the Lake Tahoe Basin 
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Source: Data downloaded from USDA NRCS in 2007 

Figure 3.9-5 Soil Erosivity in the California Portion of the Lake Tahoe Basin 
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3.9.3 Environmental Impacts and Mitigation Measures 

METHODOLOGY 
Analysis of soil conservation, landslide impacts, and paleontological resources was based on a review of documents 
pertaining to the geology and soils of the Lake Tahoe Basin, including the geologic map of the Basin, NRCS soil 
survey of the Lake Tahoe Basin, California and Nevada, scientific studies, and TRPA regulations and planning 
documents. The information obtained from these sources was reviewed and summarized to establish existing 
conditions and to identify potential environmental effects, based on the thresholds of significance presented in this 
section. In determining the level of significance, the analysis assumes that later treatment activities under the 
proposed program would implement the standard project requirements (SPRs) developed for the program and the 
following analysis assumes their incorporation into later treatment activities under the proposed program; it also 
assumes that treatment activities would comply with relevant federal and state laws, regulations, and ordinances. The 
SPRs also include applicable CFPRs that apply to timber operations for commercial purposes (PRC Section 4527(a)), 
as well as additional measures that apply to all later treatment activities (see Appendix B): 

 SPR GEO-1 Suspend Disturbance during Heavy Precipitation: The project implementer will suspend mechanical 
treatments if the National Weather Service forecast is a “chance” (30 percent or more) of rain within the next 24 
hours. Activities that cause soil disturbance may resume when precipitation stops and soils are no longer 
saturated (i.e., when soil and/or surface material pore spaces are filled with water to such an extent that runoff is 
likely to occur). Indicators of saturated soil conditions may include, but are not limited to: (1) areas of ponded 
water, (2) pumping of fines from the soil or road surfacing, (3) loss of bearing strength resulting in the deflection 
of soil or road surfaces under a load, such as the creation of wheel ruts, (4) spinning or churning of wheels or 
tracks that produces a wet slurry, or (5) inadequate traction without blading wet soil or surfacing materials. This 
SPR applies only to mechanical treatment methods. 

 SPR GEO-2 Limit High Ground Pressure Vehicles: The project implementer will use heavy equipment only where 
the ground is dry, frozen, or covered in snow to limit soil disturbance or compaction. Machinery will be kept off 
moist soils to reduce compaction and/or damage to soil structure. Saturated soil means that soil and/or surface 
material pore spaces are filled with water to such an extent that runoff is likely to occur. If use of heavy 
equipment is required in moist areas, other measures such as operating on organic debris, using low ground 
pressure vehicles, or operating on frozen soils/snow covered soils will be implemented to minimize soil 
compaction. Existing compacted road surfaces are exempt as they are already compacted from use. This SPR 
applies only to mechanical treatment methods. 

 SPR GEO-3 Stabilize Disturbed Soil Areas: The project implementer will stabilize soil disturbed during mechanical 
and prescribed herbivory treatments with mulch or equivalent immediately after treatment activities, to the 
maximum extent practicable, to minimize the potential for substantial sediment discharge. If mechanical activities 
could result in substantial sediment discharge from soil disturbed by machinery, organic material from 
mastication or mulch will be incorporated onto at least 75 percent of the disturbed soil surface where the soil 
erosion hazard is moderate or high, and 50 percent of the disturbed soil surface where soil erosion hazard is low 
to help prevent erosion. Where slash mulch is used, it will be packed into the ground surface with heavy 
equipment so that it is sufficiently in contact with the soil surface to disrupt overland flow but does not compact 
the soil. This SPR applies only to mechanical treatment activities. 

 SPR GEO-4 Erosion Monitoring: The project implementer will inspect treatment areas for the proper 
implementation of erosion control SPRs and mitigations before the rainy season. Additionally, the project 
proponent will inspect for evidence of erosion a sufficient number of times during the extended wet weather 
period, particularly after large winter storm events (i.e., ≥ 1.5 inches in 24 hours) and at least once annually, to 
evaluate the function of drainage facilities and structures. Any area of erosion that will result in substantial 
sediment discharge will be remediated. This SPR applies to mechanical and understory burning treatment 
methods.  
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 SPR GEO-5 Drain Stormwater via Water Breaks: The project proponent will drain compacted and/or bare linear 
treatment areas capable of generating storm runoff (i.e., roads and skid trails) via water breaks using the spacing 
and erosion control guidelines contained in Section 954.6(c) of the CFPRs. Where water breaks cannot effectively 
disperse surface runoff, including where water breaks cause surface runoff to be concentrated on downslopes, 
other erosion controls will be installed as needed to comply with 14 CCR Sections 954 et seq.].  

 SPR GEO-6 Minimize Burn Pile Size: The project proponent will not create burn piles that exceed 20 feet in length, 
width, or diameter, except when on landings, road surfaces, or on contour to minimize the spatial extent of soil 
damage. In addition, burn piles will not occupy more than 15 percent of the total treatment area. The project 
proponent will not locate burn piles in a WLPZ as defined in 14 CCR Section 956.5 of the CFPR, in a SEZ as defined 
in TRPA Code of Ordinances Section 61.1.6.C, or in another area where existing regulations limit ground 
disturbance to reduce erosion and protect beneficial uses of water. 

 SPR GEO-7 Minimize Erosion on Steep Slopes: To minimize erosion, the project proponent will limit mechanical 
treatments on steep slopes. If TRPA regulations are not changed, mechanical treatments as described will not occur 
in slopes exceeding 30 percent. If TRPA regulations are changed, mechanical treatments will not occur in slopes 
exceeding the new threshold, or the CFPR for the Southern District, whichever is lower.  

 SPR GEO-8 Unstable Soils and Active and Dormant landslide exclusion: The project proponent will require a 
Registered Professional Forester (RPF) or licensed geologist to evaluate treatment areas for unstable areas and 
unstable soils including active or dormant landslides. If unstable areas or soils are identified within the treatment 
area, are unavoidable, and will be potentially directly or indirectly affected by the treatment, a licensed geologist 
(P.G. or C.E.G.) will determine the potential for landslide, erosion, of other issue related to unstable soils and 
identity measures that will be implemented by the project proponent such that substantial erosion or loss of 
topsoil would not occur.  

 SPR GEO-9 Skidding Practices to Limit Erosion: Ground skidding will be limited to Land Capability Districts 3, 4, 5, 
6, and 7 and logs will be skidded endwise. Where possible ground skidding will be conducted over snow rather 
than bare ground. If TRPA rules are changed, ground skidding may also occur over frozen ground. This SPR 
applies only to mechanical treatment activities. 

 SPR GEO-10 Limit Intensity of Prescribed Burns: To limit erosion following prescribed burns by maintaining >50% 
litter and duff, prescribed burns will be limited to the fall through spring months when forest duff is sufficiently 
moist to maintain low severity fires. This SPR applies to pile and understory burning. 

 SPR GEO-11 Minimize New Land Coverage During Road Improvements: To avoid new land coverage, 
improvements to existing roads necessary for access to or hauling will be limited to within the existing footprint 
of the road, where feasible. If it is not feasible to remain within the existing footprint of the road, the portion of 
the road that is widened or otherwise extends beyond the existing footprint will be limited to the minimum 
amount necessary to provide safe access or hauling. If any portion of an improved road will extend beyond the 
footprint of the existing road, the proponent will coordinate with TRPA and acquire a permit or other approval 
necessary for the creation of new land coverage, if applicable. 

 SPR HYD-3 Identify and Protect Watercourse and Lake Protection Zones and Waterbody Buffer Zones: The 
project proponent will establish WLPZs as defined in 14 CCR Section 956.5 of the CFPR and Waterbody Buffer 
Zones as defined in Attachment B of the Timber Waiver (Lahontan RWQCB 2019a). WLPZs and Waterbody Buffer 
Zones are classified based on the uses of the stream and the presence of aquatic life. Wider zones are required 
for steep slopes. Waterbody Buffer Zone widths for Class I and II watercourses are equivalent to WLPZs. Whereas 
WLPZ widths or other watercourse protections for Class III and IV watercourses are determined on a site-specific 
basis (see 14 CCR Section 956.4), Waterbody Buffer Zone widths for Class III and IV watercourses are fixed and 
correspond with the steepness of adjacent slopes, as defined in Attachment B of the Timber Waiver (Lahontan 
RWQCB 2019a). The following protections will be applied for all treatments: 

 Treatment activities within Waterbody Buffer Zones and WLPZs will meet the overstory and understory 
vegetation retention guidelines and ground disturbance limitations described in the Timber Waiver 
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(Lahontan RWQCB 2019a) and in 14 CCR Section 956.4 Subsection (b) and Section 956.5, including retention 
of at least 75 percent surface cover and undisturbed area. 

 Equipment, including tractors and vehicles, must not be driven in wet areas, Waterbody Buffer Zones, or 
WLPZs, except over existing roads or watercourse crossings where vehicle tires or tracks remain dry.  

 Equipment used in vegetation removal operations will not be serviced in Waterbody Buffer Zones or WLPZs, 
within wet meadows or other wet areas, or in locations that would allow grease, oil, or fuel to pass into lakes, 
watercourses, or wet areas. 

 Watercourses will be kept free of slash, debris, and other material that harm the beneficial uses of water. 
Accidental deposits will be removed immediately.  

 Burn piles will be located outside of WLPZs or other applicable watercourse protection zones unless all 
applicable Timber Waiver and/or Basin Plan exemption requirements are met. 

 No fire ignition will occur within WLPZs or other applicable watercourse protection zones unless all 
applicable Timber Waiver and/or Basin Plan exemption requirements are met; however low intensity backing 
fires may be allowed to enter or spread into watercourse protection zones. 

 Within the WLPZs, mulch treatments to stabilize soils, minimize soil erosion, and prevent significant sediment 
discharge, as described in 14 CCR Section 956.9(n)(1), will be as follows: 

o Soil stabilization is required for areas where timber operations have exposed bare soil exceeding 100 
contiguous square feet. 

o Where straw or slash mulch is used, the minimum straw coverage shall be 90 percent, and any 
treated area that has been reused or has less than 90 percent surface cover shall be treated again by 
the end of timber operations. 

o Where slash mulch is packed into the ground surface through the use of a tractor or equivalent 
piece of heavy equipment the minimum slash coverage shall be 75 percent. 

 Equipment limitation zones (ELZs) will be designated adjacent to Class III and Class IV watercourses with 
minimum widths of 25 feet where side-slope is less than 30 percent and 50 feet where side-slope is 30 
percent or greater. An RPF will describe the limitations of heavy equipment within the ELZ and, where 
appropriate, will include additional measures to protect the beneficial uses of water.  

 SPR HYD-4 Identify and Protect Stream Environment Zones: Prior to conducting treatment activities, an RPF or 
qualified biologist or botanist will flag SEZ areas within the treatment site. Project implementers will comply with 
TRPA requirements for tree cutting within SEZ areas. These requirements, described in detail under TRPA Code of 
Ordinances Section 61.1.6.C and Attachment N of the Timber Waiver (Lahontan RWQCB 2019a), include: 

 Vehicle use is restricted in SEZs with exceptions for use of vehicles in over-snow tree removal operations and 
use of “innovative technology” vehicles or “innovative techniques,” provided that no significant soil 
disturbance or significant vegetation damage will result from the use of equipment; 

 Work within SEZs shall be limited to times of the year when soil conditions are dry and stable, when 
conditions are adequate for over-snow tree removal operations, or when conditions are consistent with TRPA 
and Lahontan RWQCB standards for tree removal operations on frozen ground; 

 Felled trees and harvest debris will be kept out of all watercourses classified as Class I through IV including 
perennial streams, intermittent streams, man-made waterbodies, and ephemeral (unclassified) streams;  

 Crossings of perennial streams or other wet areas, shall be limited to improved crossings meeting Best 
Management Practices or to temporary bridge spans that can be removed upon project completion or at the 
end of the work season, whichever is sooner; 

 New waterholes will not be constructed within the 100-year floodplain or SEZ;  
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 Permanent disturbance or fill within SEZs will be avoided;  

 Activities conducted within 100-year floodplains or in SEZs that would require a Timber Waiver exemption 
granted by the Lahontan RWQCB include: enlargement of existing permanent watercourse crossings and/or 
roads, construction of temporary roads, construction of temporary watercourse crossings and associated 
approaches in place longer than one season, construction of skid trails, slash piling and burning not 
conducted in accordance with Timber Waiver, and conventional equipment operated off-road in SEZs or 
floodplains; and  

 Discharge or threatened discharge, attributable to human activities, of solid or liquid waste materials 
including soil, silt, clay, sand, and other organic or earthen materials to lands within the highwater rim of Lake 
Tahoe or 100-year floodplains of any tributary (including the Truckee River and Little Truckee River and 
tributaries) to Lake Tahoe and to SEZs in the Lake Tahoe Basin is prohibited.  

THRESHOLDS OF SIGNIFICANCE 
Significance criteria are based on Appendix G of the State CEQA Guidelines. Applicable TRPA threshold standards 
and land criteria from the TRPA Initial Environmental Checklist were also considered in developing thresholds of 
significance. 

The impacts of later treatment activities under the proposed program can be divided into impacts that increase soil 
compaction and erosion and impacts that increase landslide frequency or magnitude. An impact would be significant 
if later treatment activities implemented under the Tahoe PTEIR would: 

 result in substantial soil erosion or the loss of topsoil or changes to deposition; 

 be located on a geologic unit or soil that is unstable, or that would become unstable as a result of later treatment 
activities, and potentially result in on-site or off-site landslide or collapse; or 

 directly or indirectly cause substantial adverse effects, including risk of loss, injury, or death involving landslides, 
mud slides, and avalanches. 

IMPACTS AND MITIGATION MEASURES 

Impact 3.9-1: Substantially Increase Soil Erosion or Lose Topsoil, Degrade Soil Condition, or 
Cause Sediment Deposition Downslope or Downstream of Project Sites 

The later treatments activities that would be implemented under the proposed program have the potential to disturb 
soils and reduce vegetation cover that, together, could increase soil loss and erosion. If eroded sediment enters 
watercourses, downstream deposition could degrade aquatic habitat, reduce the clarity of Lake Tahoe, or cause other 
alterations in streams and lakes. Mechanical treatments have the potential to increase erosion by disturbing or 
compacting the soil as machinery is driven over hillslopes, altering hydrologic flow paths and increasing overland flow 
and overland flow erosion. Driving vehicles over saturated dirt roads can increase erosion of the road surface and 
compact the soil, reducing infiltration and increasing overland flow and soil erosion. Areas subject to tree removal or 
prescribed fire could experience a loss of root strength, decreasing the resistance to soil movement and leading to 
increased erosion via rainsplash, overland flow erosion, and shallow landslides. High intensity burning can remove 
forest duff and increase erosion rates. Later treatment activities implemented under the proposed program would be 
subject to the erosion control and avoidance measures contained in the CFPRs and would implement the SPRs listed 
above to provide additional protections in erosion prone areas and monitor soil and erosion conditions. With 
implementation of these rules and requirements, the impact of later treatment activities on soil erosion, soil 
condition, and sediment deposition would be less than significant.  

Soil erosion occurs when soil is moved downslope under the influence of water or gravity. Soil naturally moves 
downslope under the influence of gravity or overland flow, but a steady soil thickness can occur if rates of soil erosion 
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are balanced by soil production and soil delivery from upslope (Gilbert 1909). Soil mass loss can occur either through 
the physical movement of the soil or via chemical weathering. Soil movement occurs through a variety of processes 
including soil creep, rainsplash, and erosion by overland flow--sheet erosion, rill erosion, gullying. Erosion by 
overland flow occurs when flows over the ground surface are sufficient to entrain particles and move them 
downstream. Increases to the stress because of the flows (either by increasing the discharge of overland flow, its 
velocity, or depth) will lead to increased erosion because of overland flows.  

Overland flow discharge can increase through decreased water infiltration into the soil because of soil compaction, 
development of impervious soil layers because of high intensity fires, or increases in soil moisture that promote 
overland flows. Forestry practices can increase soil erosion through road improvements (Reid et al. 1984), soil 
compaction (Robichaud et al. 2010), and reduced soil strength caused by removing roots and vegetated understory 
(Robichaud et al. 2010). These actions can increase the portion of the water balance that contributes to overland flow.  

Soil can also be eroded through erosion of riverbanks which remove floodplain soils and transport that material 
downstream. If the channel is migrating without incising, the overall contribution to erosion is 10-20% of the total 
amount of material removed as sediment is depositing on the inside bank of the point bar while the outer bank is 
eroding (Lauer and Parker 2008), provided that the sediments deposited on the inner and outer banks are the same 
size. If, however, the channel is widening or incising soil erosion from floodplains can be a large contributor to 
sediment budgets (e.g., Simon 2008). Research by Simon (2008) suggested that a substantial portion of the fine 
sediment eroding from Tahoe Basin drainages originated from stream bank erosion. Bank erosion could occur 
because of either direct disturbance and tree removal along streams or changes to the watershed that increase the 
magnitude of peak flows.  

Soil Disturbance from Manual and Mechanical Treatments 
Erosion rates in the Lake Tahoe Basin tend to be higher in volcanic soils than granitic soils (Stubblefield et al. 2009), 
with very high erosion rates in the disturbed volcanic soils of Blackwood Creek and Ward Creek in the northwest 
portions of the Basin (Simon et al. 2003). Erosion rates increase when the vegetative cover is removed or reduced, the 
soil is otherwise disturbed, or when both of these conditions exist. In general, areas with less vegetative cover are 
more prone to soil erosion than heavily vegetated areas, because surface cover and additional soil structure from 
plant roots can reduce soil erosion potential.  

Surface erosion typically increases on steeper slopes. The steepest hillslopes in the program area are located in the 
headwaters of glaciers, along the flanks of lateral moraines and the lowest hillslope angles are located in glacial 
valleys and outwash deposits of the Upper Truckee River (Figure 3.9-4). Nearly 60 percent of the Planned CWPP 
Projects and about 15 percent of the Community Fuel Reduction Areas lie within the 30-65 percent slope range, 
particularly along the southwest portion of the basin. Under current TRPA rules, tractor yarding would not be 
permitted on these slopes, effectively minimizing the risk of soil disturbance and erosion. However, these areas may 
be subject to heavy equipment use if the TRPA revises its regulations. Avoiding unstable slopes and active and 
dormant landslides (SPR GEO-8) and using skidding practices to limit erosion (SPR GEO-9) would minimize erosion in 
the event that changes to the TRPA regulations allow equipment use on slopes greater than 30 percent. Stabilization 
of disturbed areas consistent with(SPR GEO-3) would help to limit erosion of any disturbed soils following program 
operations using erosion control BMPs. By monitoring sites following treatment, (SPR GEO-4) would help to assess 
treated areas that may require additional erosion control measures to be implemented. If monitoring indicated that 
additional measures are necessary, the project proponent would be required to take actions to remediate erosion. 
While treatment activities could also cause soil loss via landslides and in SEZs, implementation of SPRs to avoid or 
protect these areas would avoid or minimize these effects. Avoiding steep slopes (SPR GEO-7), WLPZs (SPR HYD-3), 
and sensitive stream environment zones (SPR HYD-4) would help to limit soil loss in locations where it is most likely 
to occur. 

Wildfire 
Surface erosion from high severity wildfire can increase runoff and erosion rates by two or more orders of magnitude 
relative to unburned conditions (Robichaud et al. 2010). Following fires in Lake Tahoe, sediment loads largely 
increased with the extent of the burned ground surface (Harrison et al. 2016). Because the proposed program is 



Geology, Soils, and Land Capability  Ascent Environmental 

 California Department of Forestry and Fire Protection 
3.9-20 Draft Tahoe Program Timberland EIR 

expected to reduce the extent of wildfire and the extent of high severity wildfire (See Section 3.2, “Wildfire”), its 
implementation would reduce erosion associated with wildfires. 

Prescribed Burning 
Low-severity wildfire similar to the prescribed burning proposed for later treatment activities under the proposed 
program has a much smaller effect, if any, on sediment loads (Robichaud et al. 2010) and this increase can be 
mitigated by placing masticated organic material on the ground surface (Harrison et al. 2016). Prescribed fire is 
generally designed to have a low intensity and not disturb the soil. However, high fire intensity patches within the 
prescribed burn and areas that were disturbed before the prescribed fire can lead to higher erosion rates (McNabb 
and Swanson 1990). Fire prescriptions that retain at least 50% of the litter and duff were able to capture hillslope 
sediment and limit increases in fire-associated sediment supply (Harrison et al. 2016). SPR GEO-3 would require 
immediate stabilization of disturbed soil after treatment activities. With implementation of this SPR, initial treatment 
activities would not create disturbed areas that could lead to increased erosion during subsequent prescribed 
burning treatments. Implementation of SPR GEO-10 would limit prescribed burning to the fall through spring months 
when forest duff is sufficiently moist to maintain low severity fires with the goal of maintaining >50% litter and duff. 
With implementation of these SPRs, prescribed burning would not result in a substantial increase in erosion or soil 
degradation. 

Road Maintenance and Off-Road Equipment Use 
Changes to soils (i.e., compaction, increased runoff) could affect the attainment and maintenance of land coverage 
targets for the Lake Tahoe Land Capability system which has goals for the extent of impervious surfaces for each 
Land Capability district. TRPA defines soft land coverage as land coverage that allows less than 75 percent of natural 
infiltration (a 25 percent decrease from natural conditions). Although later treatment activities would not include new 
road construction, compaction could occur through targeted widening of existing roads, driving on unpaved roads, 
and through log skidding and use of off-road equipment. Approximately 71 percent of the program area is within 
0.25-mile of an existing paved road (Figure 3.9-3). For this portion of the program area, maintenance and/or 
widening of existing unpaved roads would not be necessary. For the remaining 29 percent of the program area, 
treatment sites would be accessed using existing unpaved roads. Depending on the condition of these roads, they 
may need to be widened or maintained to allow equipment to access treatment sites. Road widening would increase 
the extent of soft land coverage and the degree to which road maintenance would affect soft land coverage depends 
on the initial condition of the road. Road widening and/or maintenance would be subject to permits from TRPA. 
These permits would include BMPs to avoid significant impacts to soils and geology. Minimizing new land coverage 
during road improvements (consistent with SPR GEO-11,) would minimize the creation of soft coverage, and would 
ensure that any additional soft coverage is consistent with applicable TRPA ordinances and would not adversely affect 
attainment of the TRPA Land Coverage Threshold. Additionally, suspending disturbance during precipitation (as 
required by SPR GEO-1), would further limit compaction of roads to some degree by limiting use during wet periods.  

Suspending disturbance during precipitation (and limiting high ground-pressure vehicles as required by (SPR GEO-2) 
would limit soil compaction by avoiding work during wet periods and using equipment designed to limit ground 
pressure. In addition using skidding practices that limit erosion (per SPR GEO-9) would limit compaction during 
skidding operations by reducing pressure on the soil. Erosion from road surfaces and skid trails would be minimized 
through implementation of SPR GEO-1 (suspending disturbance during precipitation), SPR GEO-5 (drain stormwater 
via water breaks), and SPR GEO-8 (unstable soils and landslide exclusion). By avoiding wet roads, SPR GEO-1 
(suspending disturbance during precipitation) would limit direct erosion of road surfaces during storms. By providing 
water breaks on roads and skid trails, SPR GEO-5 (drain stormwater via water breaks) would minimize delivery of 
sediment to watercourses from roads and skid trails. By limiting ground skidding practices to areas where erosion is 
less likely and when the ground is protected by snow, SPR GEO-8 (unstable soils and landslide exclusion) would help 
to limit soil compaction, erosion, and downstream deposition. 

Conclusion 
The later treatment activities that would be implemented under the proposed program have the potential to increase 
soil loss and erosion. Treatment activities could increase erosion through soil disturbance or loss of vegetative cover, 
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prescribed burning, road maintenance, and off-road equipment use. Treatment activities implemented under the 
proposed program would be subject to the erosion control and avoidance measures contained in the CFPRs and 
would implement SPRs to provide additional protections in erosion prone areas and monitor soil and erosion 
conditions. Any widening or maintenance of existing forest roads would implement BMPs to limit soil compaction in 
compliance with TRPA land coverage standards. With implementation of the mandatory requirements of the CFPRs, 
SPRs, and BMPs, implementation of the proposed program would have a less-than-significant impact related to soil 
erosion, loss of topsoil, soil degradation, and soil deposition. 

Mitigation Measures 
No mitigation is required for this impact.  

Impact 3.9-2: Increase in Landslide Hazards, Mudslides, and Avalanches Associated with 
Treatment Activities 

Removal of vegetation can reduce the strength of hillslope soils, potentially increasing the likelihood of shallow 
landslides on steep hillslopes. Landslides would be more common where disturbed areas are larger. These shallow 
landslides could cause debris flows posing hazards to infrastructure and populations downslope. In addition, reducing 
the biomass of trees would reduce the uptake of shallow groundwater, which could lead to increased water retention in 
the soil and increase the potential for landslides. The potential to increase landslides is higher on steeper slopes, 
particularly those where the soil strength is dependent on vegetation, and on recently active or dormant landslides. 
Limiting surface disturbance and overland flow (as described for Impact 3.9-1) would help to limit the potential for 
shallow landslides, as would the focus on selective vegetation removal (i.e., tree thinning) rather than clearcutting. 
Because trees would remain on avalanche-prone slopes following vegetation removal, treatment activities would be 
unlikely to increase avalanche risk. As a result, and with incorporation of SPRs and applicable CFPR measures to 
minimize new road construction, avoid steep and unstable slopes, and minimize changes that might alter subsurface 
flow, treatment activity-related landslide hazards are unlikely. This impact would be less than significant. 

Forest practices are most likely to increase the incidence of shallow slides that involve the soil layers through loss of 
root strength (Swanson and Dyrness 1975) and the impact of roads (Reid et al. 1984). Roads can destabilize the toe of 
landslides and also alter hydrology such that ground becomes saturated and fails. Shallow landslides (which only 
involve the soil and weathered bedrock) often originate in hollows—unchanneled convergent topography at the 
upper end of drainage networks (Dietrich et al. 1986)—and can turn into debris flows. Debris flows (often referred to 
as mudslides) are a rapid movement of a slurry of water and colluvial materials which can travel down the channel 
network and are particularly destructive to people and property. Deep-seated landslides can be mobilized by high 
water content within the landslide or by oversteepening the toe or any other part of the potential slide through 
channel erosion (Highland and Bobrowsky 2008). Fires have reinitiated movement on previously mapped deep-
seated landslides (Mikulovsky et al. 2012) by altering hillslope flow paths. 

Landslides occur when the shear stress exceeds the shear strength of the materials forming the slope (Highland and 
Bobrowsky 2008). Factors contributing to high shear stress on hillslopes include steep slopes, high mass loading (e.g., 
through high soil moisture levels or placement of fill material), slope undercutting (e.g., through erosion or 
excavation), and soils that vary in volume (shrink and swell) in relation to moisture content. Climate and vegetative 
cover also affect landslide hazard because of their influence on soil root support, which resists landsliding, and 
hillslope moisture, which drives landslide risk (Istanbulluoglu and Bras 2005). Later treatment activities under the 
proposed program would focus on thinning trees to reduce wildfire risk, rather than cutting large patches of forest. 
Since most trees (and their associated root strength) would not be impacted by later treatment activities, the 
likelihood of increased landslide risk resulting from vegetation removal is low. 

Landslides can be classified as active or dormant, based on how recently they have moved. Active landslides are 
generally more unstable than dormant landslides and may require mitigation measures to avoid mobilization. 
Excavation, the use of heavy equipment, soil saturation, or the removal of root support can mobilize active landslides. 
Although dormant landslides are less likely to be mobilized by human activities, portions of dormant landslides (e.g., 
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their steep headwalls and margins) are often unstable. Deep-seated and shallow landslides are observed in the Lake 
Tahoe Basin (e.g., Saucedo et al. 2005) because of land use (Glancy 1969), road construction (Bailey 1974), and 
earthquakes (Schweickert et al. 2019). Because later treatment activities under the PTEIR would not include new road 
construction, treatment activities would not destabilize the toes of hillslopes and should not affect deep-seated slides. 
Landslide risk would also be minimized by reducing erosion on steep slopes (SPR GEO-7), avoiding areas with existing 
landslides or unstable soils (SPR GEO-8) and minimizing soil compaction (SPR GEO-2, SPR GEO-5), thus minimizing 
alterations to surface and subsurface flow paths that could otherwise contribute to increased landslide risk. 

Moderate to high severity wildfire can greatly increase the likelihood of debris sliding and debris flows (Highland and 
Bobrowsky 2008). Wildfire can significantly alter the hydrologic response of a watershed to the extent that even 
modest rainstorms can produce dangerous flash floods and debris flows. The joint probability of a wildland fire event 
followed by a debris flow is driven by many factors. The debris-flow potential after a fire is a function of the percent 
of area that burned at a moderate to high severity (Staley et al. 2018). By ensuring that prescribed burns would be 
relatively low intensity (SPR GEO-9), fire-related landslides associated with later treatment activities under the PTEIR is 
very unlikely. 

Clearcut logging can increase the size and severity of avalanches by decreasing the resistance at the avalanche 
initiation site and in the runout zone (McClung 2001, Anderson and McClung 2012). Because later treatment activities 
under the PTEIR would only include thinning and not include any clearcutting, increased avalanche risk because of 
treatment activities is unlikely.  

Conclusion 
The later treatment activities that would be implemented under the proposed program have the potential to increase 
landslides, mudslides, and avalanches. Treatment activities could increase landslides and mudslides by disturbing 
historical landslide location, creating prescribed burning, road maintenance, and off-road equipment use. An increase 
in avalanches is unlikely because the proposed program does not involve clearcutting. Treatment activities 
implemented under the proposed program would be subject to erosion control and avoidance measures contained 
in the CFPRs and would implement SPRs to limit the likelihood of increases to landslide and mudflow risk. With 
implementation of the mandatory requirements of the CFPRs and SPRs, the proposed program would have a less-
than-significant impact related to landslide hazards, mudflows, and avalanches. 

Mitigation Measures 
No mitigation is required for this impact.  
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