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1.0 INTRODUCTION & PROJECT DESCRIPTION 
 
The Devil’s Corral Mine (also known as the 36 Mine) is a vested operation in Lassen County 
which has existed since the 1920s. The quarry site is located at the eastern side of Little 
Fredonyer Peak, west of the Susan River and seven miles west of the City of Susanville, 
California. The site is located in Section 6, T29N, R11E, MDBM (Lassen County APNs 115-
200-55-11 and 115-200-32-11). The general site location is shown on Figure 1.  
 
The planned mine will cover an approximately 9.2-acre area. Reclamation being proposed would 
occur over the entire site. Reclamation methods, including topsoil replacement and revegetation, 
would be completed in all disturbed areas by methods described in the Surface Mine 
Reclamation Plan Application prepared for Lassen County.  
 
The facility mines construction-grade aggregates, primarily for road construction and 
maintenance. A portable crushing and screening plant will be used at the quarry in the future but 
there is currently no equipment at the site. The site does not operate full time. The mine has 
historically operated to serve public works as needed, and only operates during spring, summer 
and fall months as the site is inaccessible during winter months. 
 
Reclamation will occur at the cessation of the mining operation. All activities to remove rock 
debris and stabilize slopes, rip to reduce compaction, and revegetate will occur within one year 
following cessation of mining at the site. Reclamation will include revegetation of the site 
including planting ponderosa/Jeffrey pine (Pinus ponderosa/Pinus jeffreyi) plugs along with 
broadcasting native shrub and non-native herbaceous plants and grass seed. In areas where 
ponderosa pine and shrubs are not supported due to shallow soils, naturalized revegetation will 
include only the seeding of native perennial grasses and forbs.   



P:\Projects\2020\72028 Turner Excavating\Rec Plan Biological Resources\Biological Assessment_Appendix A to Rec Plan\DevilsCorral_Biological Resources Report Feb 2021.docx 2 

2.0 REGULATORY FRAMEWORK FOR BIOLOGICAL RESOURCES 
 
This section describes the federal and state regulation of special-status species, waters of the 
United States, and other sensitive biological resources. 
 

2.1 Federal Regulations 
 
2.1.1 Federal Endangered Species Act 
 
Section 9 of the federal Endangered Species Act of 1973 (ESA) prohibits acts that result in the 
“take” of threatened or endangered species.  As defined by the federal ESA, “endangered” refers 
to any species that is in danger of extinction throughout all or a significant portion of its current 
range.  The term “threatened” is applied to any species likely to become endangered within the 
foreseeable future throughout all or a significant portion of its current range.  “Take” is defined 
as “harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to engage 
in any such conduct.”  Sections 7 and 10 of the federal ESA provide methods for permitting 
otherwise lawful actions that may result in “incidental take” of a federally listed species.  
Incidental take refers to take of a listed species that is incidental to, but not the primary purpose 
of, an otherwise lawful activity.  Incidental take is permitted under Section 7 for projects on 
federal land or involving a federal action; Section 10 provides a process for non-federal actions.  
The act is administered by the U.S. Fish and Wildlife Service (USFWS) for terrestrial species. 
 
2.1.2 Clean Water Act 
 
The objective of the Clean Water Act (1977, as amended) is to restore and maintain the 
chemical, physical, and biological integrity of the nation’s waters.  Discharge of dredged or fill 
material into waters of the United States, including jurisdictional wetlands, is regulated by the 
Corps under Section 404 of the Clean Water Act (33 USC 1251-1376) under a permitting 
process.  Applicants for Section 404 permits are also required to obtain water quality 
certification or waiver through the local Regional Water Quality Control Board under Section 
401 of the Clean Water Act (33 USC 1341). 
 
Corps regulations implementing Section 404 define waters of the United States to include 
intrastate waters, including lakes, rivers, streams, wetlands, and natural ponds, the use, 
degradation, or destruction of which could affect interstate or foreign commerce.  Wetlands are 
defined for regulatory purposes as “areas that are inundated or saturated by surface or 
groundwater at a frequency and duration sufficient to support, and that under normal 
circumstances do support, a prevalence of vegetation typically adapted for life in saturated soil 
conditions” (33 CFR 328.3; 40 CFR 230.3).  To comply with the Corps policy of “no net loss” 
of wetlands, discharge into wetlands must be avoided and minimized to the extent practicable.  
For unavoidable impacts, compensatory mitigation is typically required to replace the loss of 
wetland functions in the watershed. 
 
2.1.3 Migratory Bird Treaty Act 
 
Migratory birds are protected under the Migratory Bird Treaty Act (MBTA) of 1918 (16 USC 
703-711).  The MBTA makes it unlawful to take, possess, buy, sell, purchase, or barter any 
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migratory bird listed in 50 CFR Part 10, including feathers or other parts, nests, eggs, or 
products, except as allowed by implementing regulations (50 CFR 21).  Mitigation measures can 
be identified to avoid or minimize adverse effects on migratory birds.   
 

2.2 State Regulatory Requirements 
 
2.2.1 California Endangered Species Act 
 
The California Endangered Species Act (CESA) lists species of plants and animals as threatened 
or endangered.  Projects that may have adverse effects on state-listed species require formal 
consultation with CDFW.  “Take” of protected species incidental to otherwise lawful activities 
may be authorized under Section 2081 of the California Fish and Game Code.  Authorization 
from the CDFW is in the form of an Incidental Take Permit, and measures can be identified to 
minimize take.  CDFW Species of Special Concern are considered under the California 
Endangered Species Act.   
 
2.2.2 Streambed Alteration Agreement  
 
A Lake or Streambed Alteration Agreement (Sections 1600-1616 of the California Fish and 
Game Code) requires an entity to notify CDFW prior to commencing any activity that may 
substantially obstruct the natural flow or use any material from a river, stream, or lake, or deposit 
or dispose of debris where it may pass into any river, stream, or lake.  The notification 
requirement applies to any ephemeral or perennial river, stream, or lake in California.   
 
2.2.3 Birds of Prey 
 
Under Section 3503.5 of the California Fish and Game Code, it is unlawful to take, possess, or 
destroy any birds in the orders of Falconiformes or Strigiformes (birds of prey) or to take, 
possess, or destroy the nest or eggs of any such bird, except as otherwise provided by this code 
or any regulation adopted pursuant thereto.  Project features will be implemented to protect 
nesting migratory birds and birds of prey to comply with this code. 
 
2.2.4 Migratory Birds 
 
The California Fish and Game Code, Section 3513, states that it is unlawful to take or possess 
any migratory nongame bird as designated in the MBTA or any part of such migratory nongame 
bird except as provided by rules and regulations adopted by the Secretary of the Interior under 
provisions of the MBTA.  Project features will be implemented to protect nesting migratory 
birds and birds of prey to comply with this code. 
 
2.2.5  Surface Mining and Reclamation Act of 1975 (SMARA) 
 
SMARA Chapter 9, Division 2 of the Public Resources Code, requires the State Mining and 
Geology Board to adopt State policy for the reclamation of mined lands and the conservation of 
mineral resources. These policies are prepared in accordance with the Administrative Procedures 
Act, (Government Code) and are found in California Code of Regulations, Title 14, Division 2, 
Chapter 8, Subchapter 1. The Surface Mining and Reclamation Act of 1975 (SMARA, Public 



P:\Projects\2020\72028 Turner Excavating\Rec Plan Biological Resources\Biological Assessment_Appendix A to Rec Plan\DevilsCorral_Biological Resources Report Feb 2021.docx 4 

Resources Code, Sections 2710-2796) provides a comprehensive surface mining and reclamation 
policy with the regulation of surface mining operations to assure that adverse environmental 
impacts are minimized and mined lands are reclaimed to a usable condition. The reclamation 
plan for this site has been prepared to satisfy SMARA requirements.  
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3.0 AFFECTED ENVIRONMENT/NATURAL RESOURCES 
 

3.1 Soils 
 

The Natural Resources Conservation Service (2019) identified soils within the project boundary 
as Ulhalf-Southpac complex, 2 to 30 percent slopes (NRCS 2020). These soils are colluvium 
derived from volcanic rock and residuum weathered from volcanic rock. The typical restrictive 
layer is approximately 40 to 60 inches deep and is comprised of paralithic bedrock.  
 

3.2 Hydrology 
 

No streambeds, banks, channels, or drainages are located in the reclamation plan area or in the 
immediate vicinity of the mine. The nearest waterways are the Susan River (0.15 miles east) and 
Willard Creek (0.35 miles south). No groundwater delivery is required onsite. No impact to 
aquatic habitats will occur. Hydrology of the mine site and surrounding area is shown on    
Figure 2.  
 

3.3 Vegetation Communities 
 

Vegetation at the project site has been identified via the California Department of Fish and 
Wildlife’s (CDFW) Vegetation Classification and Mapping Program (VegCAMP) data and field 
surveys as eastside pine and bitterbrush as shown on Figure 3.   
 

The site visit found that the site was predominantly an eastside pine forest pre-fire, with the 
surrounding area dominated by bitterbrush and other shrub species. Annual grassland comprises 
the ground cover within eastside pine habitat. Antelope bitterbrush (Purshia tridentata) comprises 
the understory of the eastside pine habitat and large stands of shrubland surround the forested 
mine site. The typical structure and composition of habitat types that were observed onsite are 
described below.  
 

Eastside Pine 
Eastside pine habitat can occur as a pure pine stand or as a mixed forest that includes an oak or 
juniper understory. Ponderosa pine (Pinus ponderosa) is often the dominant pine species with less 
representation by Jeffrey pine (Pinus jeffreyi), lodgepole pine (Pinus contorta), and western juniper 
(Juniperus occidentalis). An open stand of low shrubs and a grassy herb layer are typical. The pine 
canopy within this habitat is open which allows for light, wind, and rain to reach the understory. 
The understory composition includes Idaho fescue (Festuca idahoensis), bluebunch wheatgrass 
(Pseudoroegneria spicata), and bottlebrush squirreltail (Elymus elymoides). This habitat covers the 
entire mining area. 
 

Bitterbrush  
Bitterbrush habitat is a shrub dominant habitat, with antelope bitterbrush (Purshia tridentata) 
comprising most of the shrub community. Other species present in this habitat include low 
sagebrush (Artemisia arbuscula), annual grasses, and forbs such as lupine (Lupinus ssp.), mule ears 
(Wyethia sp.), and Penstemon species. Bitterbrush habitat covers the area south of the mine 
boundary. No further disturbance will occur within this habitat. One existing access road is 
located in this habitat, and leads to the eastside pine habitat where the mine is located. 
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4.0 BIOLOGICAL SITE SURVEY 
 

4.1 Pre-Survey Review 
 
Special-status plant and animal species and sensitive habitats that have the potential to occur 
within the project area were determined, in part, by reviewing agency databases, literature, and 
other relevant sources. The CNDDB map of nearby special-status species occurrences is 
included as Figure 4. The following information sources were also reviewed to aid this 
determination: 
 

 Roop Mountain, California, USGS 7.5-minute quadrangle; 

 Aerial photography of the project area and vicinity; 

 The U.S. Fish and Wildlife Service (USFWS) official list of endangered and threatened 
species that may occur, or be affected by projects, as provided by the Sacramento and 
Reno Fish and Wildlife Offices (Consultation Codes 08ESMF00-2020-SLI-2361 and 
08ENVD00-2020-SLI-0508); 

 The California Department of Fish and Wildlife (CDFW) California Natural Diversity 
Database (CNDDB) (California Department of Fish and Wildlife 2015a) records for the 
Roop Mountain, California USGS 7.5-minute quadrangle and the eight surrounding 
quadrangles; 

 The California Native Plant Society (CNPS) online Inventory of Rare and Endangered 
Plants (California Native Plant Society 2015) records for the Roop Mountain, California 
USGS 7.5-minute quadrangle and the eight surrounding quadrangles;  

 California Wildlife Habitat Relationships (CWHR) System (California Department of 
Fish and Game 2020). 

 GIS shapefiles of designated critical habitat from the USFWS Critical Habitat Portal 
website; 

 CDFW publications including State and Federally Listed Endangered, Threatened and 
Rare Plants of California (California Department of Fish and Wildlife 2015b); State and 
Federally Listed and Threatened Animals of California (California Department of Fish 
and Wildlife 2015d); and Special Animals List (California Department of Fish and 
Wildlife 2015e); and 

 Pertinent biological literature including Bird Species of Special Concern in California 
(Shuford and Gardali 2008). 
 

4.2 Survey Methods 
 
A site visit was conducted on July 8, 2020, to characterize the habitat types onsite as well as to 
document any observations of special-status species or their habitat within the mine area.  A 
Trimble Geo XT Explorer 6000, Nikon P530 camera, and binoculars were used during the 
survey to observe and document site characteristics and species presence.  Biological resources 
within these areas were documented, including all wildlife species and plant species observed 
during the survey.   
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A special-status botanical survey was completed according to methods outline in CDFW’s 
“Protocols for Surveying and Evaluating Impacts to Special Status Native Plant Populations and 
Sensitive Natural Communities” published March 20, 2018. The survey covered all areas within 
the mine boundary, access roads, and surrounding areas that may be impacted by mining 
activities. The survey found a population of Susanville Beardtongue which occurs on rock 
outcrops and other disturbed soils onsite. This population was previously documented onsite in 
2015. 

 
4.3 Survey Results 
 
No special-status wildlife species were observed onsite during the survey.  Wildlife observed 
onsite includes black tailed deer (Odocoileus hemionus), Stellar’s jay (Cyanocitta stelleri), Great Basin 
fence lizard (Sceloperus odccidentalis longipes), and common passerines (song birds).  A black-tailed 
deer doe and fawn were observed bedded down within the mine boundary. Evidence of rodent 
activity was observed throughout the site including scat and active burrows, likely belonging to 
ground squirrels (Citellus sp.).  
 
The following plant species were observed within the project area:  
 

 Ponderosa pine (Pinus ponderosa) 

 Jeffery pine (Pinus jeffreyi) 

 Low sagebrush (Artemisia arbuscula) 

 Downy chess (Bromus tectorum) 

 Antelope bitterbrush (Purshia tridentata) 

 Mahala mats (Ceanothus prostrates) 

 Pursh’s milk vetch (Astragalus purshii) 

 Susanville beardtongue  (Penstemon sudans) 

 Sulphur-flower buckwheat (Eriogonum umbellatum) 

 Hawksbeard (Crepis ssp.) 

 Lupine (Lupinus ssp.) 

 Rubber rabbitbrush (Ericameria nauseosa) 

 Western juniper (Juniperus occidentalis) 

 Chokecherry (Prunus virginiana) 

 Wooly mullein (Verbascum Thapsus) 

 Narrow-leaved mule ears (Wyethia angustifolia) 

 Woolly mule's ears (Wyethia mollis) 

 Deltoid balsam root (Balsamorhiza deltoidea) 

 Hooker's balsam root (Balsamorhiza hookeri) 

 Twin arnica (Arnica sororia) 

 Regel's mountain Penstemon (Penstemon roezlii) 

 Diamond clarkia (Clarckia rhomboidea) 

 Varileaf phacelia (Phacelia heterophylla) 

 Spreading dogbane (Apocynum androsaemifolium) 
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 Bottlebrush squirreltail (Elymus elymoides) 

 Medusahead (Elymus caput medusa) 

 One spiked oatgrass (Danthonia unispicata) 
 
The survey found a population of Susanville beardtongue which occurs on rock outcrops and 
other disturbed soils onsite. This population was previously documented onsite in 2015. The 
locations of each rare plant occurrence are shown on Figure 5. The characterizations of each 
observed “patch” is described in Table 1.  
 
 

Table 1 
OBSERVATIONS OF SUSANVILLE BEARDTONGUE 

JULY 8, 2020 

Observation # Coordinates Description 

1 40.39596444, -120.78805556 50 plants within 100’ radius next to access rd. 

2 40.39404583, -120.78888889 35 plants in 50’ radius, disturbed rocky soils 

3 40.39505139, -120.78916667 100 plants within 200’ radius in quarry area 

4 40.39503500, -120.78833333 3 plants in sandy soils below quarry (undisturbed) 
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5.0 POTENTIAL IMPACTS TO BIOLOGICAL RESOURCES  
 

5.1 Special-Status Species 
 
The regionally occurring species identified during the pre-s455urvey consultation were assessed 
based on the potential for their habitat to occur within the project area.  The habitat of each 
species and determination of whether the species is likely to occur in the project area is 
summarized in Table 2.  Species that are determined to potentially occur in the project area were 
included in the scope of a biological resources survey.   
 
 

Table 2 
POTENTIALLY OCCURRING SPECIAL STATUS SPECIES 

Scientific 
Name 

Common 
Name 

Fed 
Status 

State 
Status 

CRPR 
Status Habitat 

Habitat 
Present 

Project 
Impact 

Birds 

Accipiter gentilis 
northern 
goshawk 

-- 
CDFW 
SSC 

N/A 
Nest in mature and 
old-growth forest 
stands 

No No impact 

Falco mexicanus prairie falcon 
USFWS 
BCC 

CDFW 
WL 

N/A 

Nest on cliff ledge 
overlooking open 
meadows in grasslands 
and forests 

No No impact 

Haliaeetus 
leucocephalus 

bald eagle FDR -- N/A 

Nest in forested areas 
adjacent to large 
bodies of water in 
large, super-canopy 
trees  

No No impact 

Strix occidentalis 
occidentalis 

California 
spotted owl 

-- 
CDFW 
SSC 

N/A 

Nest in mature, multi-
layered forest stands 
in tree or snag cavities, 
or in broken top of 
large trees. 

No No impact 

Mammals 

Myotis evotis 
long-eared 
myotis 

-- 
CDFW 
SSC 

N/A 

Coniferous woodland 
and forests; roosts in 
tree crevices, snags, 
and behind bark 

Yes 
Less than 
significant 
impact 

Antrozous 
palligus 

pallid bat -- 
CDFW 
SSC 

N/A 

Forages over many 
habitats; primarily 
roosts in buildings, 
mines and caves; also 
in oak and pine 
forested areas, usually 
near a source of water 

No 
Bridge ¼ 
mile from 
site 

No impact 

Aplodontia rufa 
californica 

Sierra Nevada 
mountain 
beaver 

-- 
CDFW 
SSC 

N/A 

Dense riparian-
deciduous and open, 
brushy stages of most 
forest types 

No No impact 

Erethizon 
dorsatum 

North 
American 
porcupine 

-- -- N/A 
Montane conifer and 
wet meadow habitats 

No No impact 

Gulo gulo luscus 
North 
American 
wolverine 

FPT ST N/A 
Mixed conifer, red fir, 
and lodgepole pine 
habitats 

No No impact 
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Table 2 
POTENTIALLY OCCURRING SPECIAL STATUS SPECIES 

Scientific 
Name 

Common 
Name 

Fed 
Status 

State 
Status 

CRPR 
Status Habitat 

Habitat 
Present 

Project 
Impact 

Vulpes vulpes 
necator 

Sierra Nevada 
red fox 

FC ST N/A 

Open conifer 
woodlands and 
mountain meadows 
near tree line in high 
mountain elevations 

Yes 
Less than 
significant 
impact 

Reptiles 

Ambystoma 
macrodactylum 
sigillatum 

Southern long-
toed 
salamander 

-- 
CDFW 
SSC 

N/A 

Ponderosa pine, 
montane hardwood-
conifer, mixed conifer, 
montane riparian, red 
fir, and wet meadows 

No No impact 

Invertebrates 

Bombus 
occidentalis 

western 
bumble bee 

-- SC N/A 

Meadows and 
grasslands with 
abundant floral 
resources 

Yes 

Less than 
significant 
impact with 
mitigation 
proposed 

Plants 

Astragalus 
pulsiferae var. 
pulsiferae 

Pulsifer’s milk-
vetch 

-- -- 1B.2 
Sandy or rocky soils in 
pine or sagebrush 
communities 

Yes No impact 

Penstemon 
sudans 

Susanville 
beardtongue 

-- -- 4.3 
Open, rocky soils in 
pine or sagebrush 
communities 

Yes 

Less than 
significant 
impact with 
reclamation 
proposed 

Phlox muscoides 
squarestem 
phlox 

-- -- 2B.3 Open, rocky areas Yes No impact 

Botrychium 
ascendens 

upswept 
moonwort 

-- -- 2B.3 
Moist meadows, open 
woodlands near 
streams or seeps 

No No impact 

Botrychium 
crenulatum 

scalloped 
moonwort 

-- -- 2B.2 
Saturated hard water 
seeps and stream 
margins 

No No impact 

Botrychium 
minganense 

Mingan 
moonwort 

-- -- 2B.2 
Meadows, open forest 
along streams or 
around seeps 

No No impact 

Botrychium 
montanum 

western goblin -- -- 2B.1 

Shady conifer 
woodland, especially 
under Calocedrus along 
streams 

No No impact 

Juncus dudleyi Dudley’s rush -- -- 2B.3 
Wet areas in montane 
conifer forests 

No No impact 

FED – FPT: Federally proposed (threatened); FC: Federal candidate for listing; FDR: Federally delisted (recovery); USFWS BCC: US Fish and 
Wildlife bird species of special concern; STATE – SE: State listed (endangered); ST: State listed (threatened); SC: Candidate for listing (endangered); 
CDFW SSC: California Department of Fish and Wildlife Species of Special Concern; CDFW WL: watch list; CRPR - 1B: rare, threatened, or 
endangered in California and elsewhere; 2B: rare, threatened, or endangered in California, but more common elsewhere. 
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Based on the above assessment of the presence of potential habitat for species that are known to 
occur in the region, the following species were found to have the potential to occur onsite: 
 

 Long-eared myotis (Myotis evotis) 

 Sierra Nevada red fox (Vulpes vulpes necator) 

 Western bumble bee (Bombus occidentalis) 

 Pulsifer’s milk-vetch (Astragalus pulsiferae var. pulsiferae) 

 Susanville beardtongue (Penstemon sudans) 

 Squarestem phlox (Phlox muscoides) 
 

Long-eared myotis  
Myotis evotis 
Ecological requirements for bat roosts, including maternity roosts, include an appropriate 
thermal gradient, shelter from predators, and close proximity to foraging sites near open water.  
Trees near riparian areas have the potential to meet these requirements; the roost can occur in 
small hollows or even underneath exfoliating tree bark (Johnston 2004).  During the summer 
when bats are most active and raising their young, they frequently use one roost during the day 
where they sleep and keep their young, and another roost at night for resting and digesting food. 
 

Long-eared bats roost in tree cavities and beneath exfoliating bark in both living trees and dead 
snags. Pregnant long-eared myotis often roost at ground level in rock crevices, fallen logs, and 
even in the crevices of sawed-off stumps, but they cannot rear young in such vulnerable 
locations. A recent study found that lactating females selected rock crevices as maternity roosts 
more frequently than tree cavities, whereas males used tree roosts and rock roosts more evenly. 
Trees were selected for maternal roosts at sites where rock crevices were relatively less abundant. 
Proximity to at least one perennial water source was found to be a priority for long-eared bat 
roost selection; bats were found to select roosts that were an average of 600 feet from a water 
source (Snider 2013).  
 

Rock outcrops and boulder fields were observed onsite. According to CNDDB, these provide 
“low” and “medium” quality habitat occupying the mine area (Gogol-Prokurat 2017). This 
quality rank represents the average likelihood that the species will utilize the area for breeding, 
foraging, and roosting. The relatively low quality of the rock outcrops onsite is likely due to the 
low elevation and the shade cover, which inhibit the required thermal gradient and shelter from 
predators. The surrounding area, occupied by thousands of acres of land managed by the U.S. 
Forest Service, is shown as “high” quality habitat for long-eared myotis. This “high” quality 
habitat exists within large-diameter snags and vast exposed rock outcrops that provide numerous 
roosting opportunities. Bats in the area likely select roost habitat in these areas rather than the 
mine site.  
 

Sierra Nevada red fox  
Vulpes vulpes necator 
The Sierra Nevada red fox (SNRF) historically occupied alpine and subalpine habitats in the 
Sierra Nevada and Cascade Mountains of California and Oregon. Inhabiting remote, high 
elevation habitats, Sierra Nevada red fox was historically widespread but occurred at low 
population densities throughout its range. Estimates of Sierra Nevada red fox home ranges vary 
from 160 to 17,150 acres. Sierra Nevada red fox diet consists of mammals, reptiles, arthropods, 
fruit and manmade items, in that order of abundance. Dens have been recorded as occurring in a 
variety of habitats from tallus slopes to woodland habitat. While not many dens have been 
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observed, characteristics of the few observed dens include multiple entry/exit holes and a close 
proximity to water.  
 

The known range of Sierra Nevada red fox today is limited to two small populations in 
California; one is near Lassen Peak, and a second lives near Sonora Pass on the Humboldt-
Toiyabe and Stanislaus National Forests (Center for Biological Diversity 2021). The Lassen 
population is limited to a small area that includes portions of the Lassen Volcanic National Park 
and Lassen National Forest. Surveys completed in 1981 found a SNRF den located 
approximately two miles northwest of the project area. Data collected since the den was 
discovered suggests that populations of SNRF have declined in recent decades. Data collected 
near Lassen Peak found that the total population of SNRF may be between 50 and 15 foxes.  
 

The Center for Biological Diversity mapped the approximate historical and known current 
ranges of Sierra Nevada red fox using a conservative interpretation of historical range maps and 
information about the fox’s current known range. While this map should be considered a very 
rough estimate of both ranges, it depicts a 96 percent reduction from approximate historical 
range (12,454,124 acres) to approximate current known range (566,197 acres).  
 

The prevailing long-term potential impact to SNRF from development and grazing is the loss of 
foraging habitat. Residential development generally results in the loss of acreage of native 
vegetation and open space. Grazing of non-native livestock presents competition for SNRF 
herbivorous prey species such as voles because they rely on the same grasses that are grazed by 
cattle and sheep. While the presence of SNRF is not anticipated to occur due to dramatic 
population declines, the potential remains for the mine area to overlap with the home range of 
one or more SNRF. Due to the large home range of an individual Sierra Nevada red fox, if any 
foxes occur in the area they will likely select foraging habitat outside of the proposed 
development. 
 

Due to the potential for SNRF to be present based on historic data, and the critical need for 
conserving the few remaining SNRF individuals in the area, the site survey considered SNRF 
dens and den habitat. The survey found that there are no dens or habitat for denning within the 
proposed mine and reclamation boundary. Due to the low population numbers in the area, no 
SNRF is anticipated to occur onsite. If this species is determined to inhabit the project site at 
any time during mining or reclamation, impacts would be avoided through consultation with the 
U.S. Fish and Wildlife Service which would occur to determine appropriate measures to avoid or 
minimize impacts to SNRF. The project will have no impact of SNRF.  
 

Western bumble bee  
Bombus occidentalis 
Historically, the western bumble bee one of the most broadly distributed bumble bee species in 
North America.  Currently, the western bumble bee is experiencing severe declines in 
distribution and abundance due to a variety of factors including diseases and loss of genetic 
diversity.  Exposure to certain insecticides has recently been identified as another major 
contributor to the decline of many pollinating bees, including honey bees and bumble bees.  In 
the absence of fire, native conifers encroach upon a meadow, which also decreases foraging and 
nesting habitat available for bumble bees (Jepsen 2014). 
 

The western bumble bee has three basic habitat requirements: suitable nesting sites for the 
colonies, suitable overwintering sites for the queens, and nectar and pollen from floral resources 
available throughout spring, summer and fall (Jepsen 2014).  Nests occur primarily in 
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underground cavities such as old squirrel or other animal nests and in open west-southwest 
slopes bordered by trees.  Queens overwinter in the ground in abandoned rodent nests in the 
ground and typically emerge about mid-March.  The queen then lays fertilized eggs underground 
and nurtures a new generation.  The workers that emerge will begin foraging and provisioning to 
accommodate additional recruits to the colony.  Individuals emerging from fertilized eggs will 
become workers that reach peak abundance during July and August.  Foraging individuals are 
largely absent by the end of September.  
 

The nearest documented occurrence of western bumble bee to the mine site is approximately 4.5 
miles northwest near Hog Flat Reservoir. These occurrences were recorded in 2013 during a 
targeted survey on USFS land.  
 

The site was burned during the Hog Fire in July 2020. The fire burned severely and resulted in 
the loss of majority of the canopy onsite as is visible in Google Earth aerial imagery (Figure 6). 
The direct impacts from wildfire are unknown but mortalities likely affected bees in the area 
given that the fire occurred during the time of year when individuals are foraging above ground 
in greatest abundance (Ecological Society of America 2020). However, the loss of conifers from 
the site and surrounding area due to fire may have created an open meadow-like landscape 
which may improve nesting and foraging habitats for western bumble bees in future years.  
 

The three habitat requirements of western bumble bees are assessed herein individually for 
potential impacts from the proposed activities onsite.  The first two requirements, suitable 
nesting sites and suitable overwintering sites for the queens, would not be significantly impacted 
by the mine activities.  Burrowing rodents commonly adapt to inhabiting areas with high human 
disturbance. Rock crevices and disturbed soils onsite have facilitated many rodent burrows. 
These burrows demonstrate that the mine site provides potential habitat for western bumble bee 
in the quarry and surrounding areas. Therefore, nesting sites will be preserved throughout the 
life of the mine.  
 

The third requirement, proximity to nectar and pollen resources, may be temporarily impacted 
by the proposed mine activities due to the associated removal of vegetation within the mine area. 
During reclamation, native wildflowers and native grasses will be planted to improve foraging 
habitat for western bumble bees and other bee species. The revegetation palette has been 
selected to achieve a continuous availability of pollen and/or nectar between spring and fall 
when foraging habitat is most critical for bees. These areas will be monitored for invasive plants 
species which, if encountered, will be removed by hand. Additional overwintering opportunities 
would be created by placing small leaf and brush piles in the wildflower meadow during mine 
reclamation in addition to planting bunch grasses.  
 

The proposed seed mix to be spread onsite during reclamation is shown in the revegetation 
palette (Table 3).  This mix was selected to improve habitat quality for Bombus occidentalis upon 
reclamation. The seed mix will create a vegetative community onsite that provides wildflowers 
from spring through autumn annually to benefit bumblebees and other pollinators throughout 
all stages of their life history. The mix is composed of native shrub, grass, and forb species as 
well as non-native forb species that are naturalized in the wild in California. These naturalized 
species are included in the seed mix because of their positive contribution to the bumblebee 
habitat during the fall season, when few natives remain. CDFW will be asked to approve the use 
of naturalized species for this site. None of the proposed species are listed by the California 
Invasive Plant Council (Cal-IPC). 
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Table 3 
REVEGETATION PALETTE 

Species Common Name Scientific Name 

Flowering 
Period 

SPR      SUM      FALL 

California 
Native 
(Y/N) Source 

Lewis blue flax Linum lewisii    Y 

Great Basin 
Seed – Great 
Basin 
Wildflower Mix 
or Custom Mix 

Blanketflower Gaillardia aristata    Y 

California poppy Eschscholzia californica    Y 

Clarkia Clarkia sp.    Y 

Palmer penstemon Penstemon palmeri    Y 

Plains coreopsis Coreopsis tinctoria    Y 

Rocky Mountain beeplant Cleome serrulata    Y 

Showy goldeneye Heliomeris multiflora    Y 

Globemallow Sphaeralcea sp.     Y 

Balsamroot Balsamorhiza hookeri or B. saggitatta    Y 

Yarrow Achillea millefolium    N 

Phacelia Phacelia sp.    Y 

Gilia Gilia sp.     TBD 

Indian blanket Gaillardia pulchella    N 

Silvery lupine Lupinus argenteus    Y 

Cosmos Cosmos bipinnatus    N 

Prairie Aster Symphyotrichum spp    N 

Prairie coneflower Echinacea    N 

Penstemon Penstemon sp.     Y 

Antelope bitterbrush Purshia tridentata    Y 
Great Basin 
Seed 

Idaho fescue Festuca idahoensis    Y 
Great Basin 
Seed 

Balsamroot Balsamorhiza sp.     Y 
Seed bank 
existing onsite 

Susanville beardtongue* Penstemon sudans     Y 

Sulphur buckwheat Eriogonum umbellatum    Y 

Jeffery pine Pinus jefferyi N/A Y Plugs 

Ponderosa pine Pinus ponderosa N/A Y Plugs 
* Seeds will be collected during appropriate time of year and spread onsite to maintain existing population (seeds are viable for up to 5 years after 
collection) 

 
 
Mine activities generate opportunistic burrowing habitat for rodents, which in turn benefits bees 
onsite that utilize these rodent burrows. Reclamation activities will improve all three of the 
aforementioned habitat requirements for western bumble bee by providing overwintering 
habitat, retaining burrow sites, and propagating a biodiverse and high quality foraging habitat for 
the species. Therefore, the project may have a positive impact on western bumble bees.  
 
Pulsifer’s milk vetch (Astragalus pulsiferaw var. pulsiferae) 
Federal Status: None 
State Status: None 
California Rare Plant Rank: 1B.2  
Pulsifer’s milk vetch is a native perennial herb endemic to California and Nevada. This species 
inhabits sandy or rocky soil areas within sagebrush scrub, yellow pine forest, and northern 
juniper woodland habitats between elevations of 1300 and 1900 meters. This species flowers 
annually between May and August (Calflora 2020). 
 

https://greatbasinseeds.com/product/rocky-mountain-beeplant/
https://greatbasinseeds.com/product/showy-goldeneye/
https://greatbasinseeds.com/product/small-leaf-globemallow/
https://greatbasinseeds.com/product/arrowleaf-balsamroot/
https://greatbasinseeds.com/product/rocky-mountain-penstemon/
https://greatbasinseeds.com/product/arrowleaf-balsamroot/
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Because of the proximity of special-status species to the study area and the presence of potential 
habitat, surveys were conducted on July 8, 2020, for the potentially occurring Pulsifer’s milk 
vetch. The pedestrian survey covered the entire Reclamation Plan area. No Pulsifer’s milk vetch 
was observed. 
 
Susanville beardtongue (Penstemon sudans) 
Federal Status: None 
State Status: None 
California Rare Plant Rank: 4.3  
Susanville beardtongue is a native perennial herb/sub-shrub that occurs throughout the western 
United States but is rare in California. This species inhabits sandy to rocky substrates in open 
areas within sagebrush and forested habitats (Calflora 2020). The status of Susanville 
beardtongue was recently reduced from 1.2 (Threatened) to 4.2 (Watch List) due to reported 
additional populations. According to the CNDDB, Susanville beardtongue is prevalent in the 
area surrounding the mine site. One previous observation from 2015 is located at the southern 
mine boundary. Due to the presence of habitat for this species, and the known nearby 
occurrences, a pedestrian survey was completed onsite. The survey was completed on July 8, 
2020, and covered the site area. Several occurrences of Susanville beardtongue were observed 
onsite. All occurrences are considered a single population based on their close proximity to one 
another. 
 
Lassen County commented that ‘The proposed mine site burned in the Hog Fire in July of 2020. Salvage 
logging was witnessed onsite as of October 30, 2020. Despite this burn, native vegetation is growing back 
including Susanville beardtongue (P. sudans), as seen on a series of site visits, the first being on October 8, 
2020”. The California Natural Diversity Database (CNDDB) shows that the plant occurred 
onsite in 2015. Susanville beardtongue was observed by VESTRA on July 8, 2020, about one 
week prior to the Hog Fire reaching the site. On July 8, 2020, prior to burning, the population 
onsite was observed growing in areas where mine-related ground disturbance had occurred, 
which indicates that the activities onsite have created habitat for the species. Further disturbance 
occurred during the fire and the current status of Susanville beardtongue onsite is unknown.  
 
Penstemon species generally do best in well-drained soils and most ecotypes do well on infertile, 
disturbed soils. They are usually found in open areas, but will tolerate semi-shaded conditions. 
They are somewhat fire-resistant due to leaves staying green with relatively high moisture 
content during the fire season (USDA 2021). Therefore, the anticipated response to recent 
project-related ground disturbance and wildfire impacts is an increase in the number of plants 
onsite as well as in the surrounding area where logging has caused ground-disturbance. Proposed 
activities that could indirectly impact Susanville beardtongue are rocking roads and dust 
generation during processing and hauling. The magnitude of these indirect impacts would be less 
than significant because of the intermittent operation schedule of the mine. Additionally, dust 
would be controlled using a water truck during dry, dust-prone periods. 
 
Lassen County also stated that the Initial Study should be based on the “realized physical conditions 
on the ground”. A survey will be completed in late spring 2021 to determine current conditions 
with regards to the population of Susanville beardtongue. If increased baseline population 
numbers are observed, the potential project impacts would be reduced compared to the pre-fire 
conditions. 
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Mining activities could remove individual plants from the site. Reclamation would preserve the 
Penstemon population and characteristics onsite that provide its habitat. Seed collection during 
the appropriate time of year could support future attempts to plant Susanville Beardtongue 
onsite. Seeds can be collected from plants onsite within five years prior to reclamation (APS 
2006-2020). Seed will be collected from the site (depending on the availability of plants onsite 
following the Hog Fire). If seeds are found and collected, they will be spread in the suitable 
habitat areas onsite during reclamation. Therefore, mine activities and reclamation will result in 
improved habitat quality and population health of Susanville beardtongue. In addition, areas of 
the Susanville beardtongue population will be preserved onsite to ensure population survival. 
These areas will be marked with exclusion fencing. Impacts will be less than significant.  
 
Squarestem phlox (Phlox muscoides) 
Federal Status: None 
State Status: None 
California Rare Plant Rank: 2B.3 
Squarestem phlox, also referred to as “moss phlox,” is a rare native perennial herb that grows in 
Central and Northern California, primarily in the Warner Mountains, the High Cascade Range 
and Modoc Plateau regions. The plant grows in mat-like clumps resembling pin moss. This 
species inhabits rocky soils within forested areas (Calflora 2020).  
 
Because of the proximity of special-status species to the study area and the presence of potential 
habitat, surveys were conducted on July 8, 2020, for the potentially occurring squarestem phlox. 
The pedestrian survey covered the entire Reclamation Plan area. No squarestem phlox was 
observed onsite.  
 

5.2 Raptors and Migratory Birds 
 

Raptor species (birds of prey) and migratory birds may nest in trees and other vegetation located 
within or in the immediate vicinity of the study area.  All raptors and migratory birds, including 
common species and their nests, are protected from “take” under the California Fish and Game 
Code Section 3503 and 3503.5, and federal Migratory Bird Treaty Act.  Large trees onsite and in 
the surrounding forest provide potential nesting habitat for raptors and migratory birds. 
 

Blasting and other noise-generating activities that occur during the nesting season (February 1 – 
August 31) could result in impacts to nesting birds. Impacts to nesting birds can be avoided by 
completing nest surveys prior to completing activities that could disturb nesting birds (Shuford 
and Gardali 2008). Should a site survey detect nesting raptors or migratory song birds in close 
proximity to the project area, appropriate spatial and temporal buffers will be implemented.  
Therefore, the project is not anticipated to have a direct effect on raptors or migratory birds or 
their habitat.  
 

5.3 Critical Habitats 
 

The project site is not located within any USFWS-designated critical habitats.  
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6.0 DISCUSSION 
 
One special-status species, Susanville beardtongue, was observed within the mine area and will 
be disturbed by mining activities. The impacts to this species will be minimized during 
operations so that a portion of the population onsite will not be disturbed. Revegetation of this 
species within the disturbed areas will be supported by seeding efforts using seeds collected from 
the site. The mine activities will not have any significant impacts on any other special-status 
species. Habitat for western bumble bee will be improved by reclamation activities.   

 
Impacts to nesting birds can be avoided by completing nest surveys prior to completing 
activities that could disturb nesting birds. Should a site survey detect nesting raptors or migratory 
song birds in close proximity to the project area, appropriate spatial and temporal buffers will be 
implemented.  
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ROCK SLOPE STABILITY STUDY 
36 MINE EXPANSION 

LASSEN COUNTY, CALIFORNIA 



/ 

1612 Wedding Way 
Redding, CA 96003 

Ph: 530.244.6277 
Fax: 530.244.6276 

January 14, 2011 
CGI: 10-1334.51 

Mr. Steve Manning 

STEVE MANNING CONSTRUCTION, INC. 
5200 Churn Creek Rd. Suite. E 

Redding, CA 96002 

Subject: Rock Slope Stability Evaluation 
36Mine 
Lassen County, Califomia 

Dear Mr. Manning, 

CGI Technical Services, Inc. (CGI), is pleased to submit this rock slope stability study 

for the proposed 36 Mine expansion project located near Susanville in Lassen County, 

California. This report presents our findings , opinions, and recommendations regarding 
cut slope construction at the mine site. 

We appreciate the opportunity to perform this study. If you have any questions 

pertaining to this report, or if we may be of further service, please do not hesitate to 
contact us. 

Regards, 

Azeddine Bahloul, P.E., G.E. 
Senior Geotechnical Engineer 
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1.0 INTRODUCTION 

CGI Technical Services, Inc. (CGi), is pleased to submit this rock slope stability report to Steve 

Manning Construction, Inc. (SMC), for the reclamation plan at the 36 "tvfine, located in Lassen 
County, California. The work area is shown on Plate 1 - Site Location Map. 

The following report discusses our understanding of the project, observations and measurements 

within the mine area, discusses our analyses, and presents our opinion regarding slope inclinations 
and slope stability at the project site. 

1.1 STUDY PURPOSE 
The purpose of this study was to evaluate geologic site conditions and perform geotechnical 

evaluations of proposed cut slopes to render an opinion regarding cut slope inclinations and slope 
stability for the proposed mining plan. 

1.2 PROJECT & PROJECT LOCATION 
The project, as we understand it, consists of the expansion of an existing, vested, quarry. Currently, 

the quarry consists of a number of rock faces and benches located at varying elevations across the 

site. The proposed mining plan, as we understand it, consists of creating a relatively gently inclined 

cut up to a relatively large bench, as shown on Plate 2 - Proposed Mining Plan. The gently inclined 
cut is proposed to descend towards the east at about 12 degrees. The bench and a portion of the 

gently inclined cut would be bordered by steeply inclined cut slopes that descend onto the bench 

from the south, west, and northwest. Those cuts are anticipated to be up to about 40 feet tall. 

The project site is located north of Highway 36 and west of the Susan River, approximately 7 miles 
west of Susanville, as shown on Plate 1. 

1.3 PREVIOUS WORK PERFORMED 
Some drilling has been performed at the project site to identify the thicknesses of basaltic rock 

materials. Those data have not been published but were provided to us for our review and use 

during this study. No additional geologic or geotechnical studies are known to have been performed 

at the site. 

1.4 SCOPE OF SERVICES 
Services performed for this study included: 

• 
• 

• 
• 

Reconnaissance of the site surface conditions; 

Acquisition of selected, existing, available geological data relevant to the subject site 

conditions; 

Review of pertinent, selected regional geological data; 

Observation of exposed geological conditions at the project site, including 

measurement of discontinuity (fractures, joints, flow bands, bedding planes, etc.) data 

at selected locations. Discontinuity data are presented in Append.i..-..;: A -
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• 
• 

Discontinuity Orientations; 

Performance of laboratory testing to estimate rock strength characteristics for use in 

stability analyses. Those data are presented in Appendix B - Rock Strength 
Information; 

Performance of rock slope stability analyses for the proposed cut slopes; 
Preparation of this report, which includes: 

e A description of the proposed project; 

• A summary of our field observation and laboratory testing programs; 

o A description of site surface conditions encountered during our field 

investigation; and 

• Our opinion of slope stability and recommendations for cut slope 
inclinations. 

2.0 FINDINGS 

2.1 FIELD STUDIES 
CGI visited the project site on December 13, 2010 to observe rock slopes, rock quality, and gather 

discontinuity data and samples from the project area. Our field studies were limited to observations 

of rock outcrops and slopes. In addition, we obtained discontinuity orientation and rock quality 
data, and rock samples from selected locations within the study area. 

2.2 REGIONAL GEOLOGY 
The project site is located southeastern of Mount Lassen in the Cascade Range geomorphic 

province. The Cascade Range province extends from the northern end of the Sierra Nevad1 north 

to the Canadian border. In the project vicinity the Cascade Range province is bounded to the west 

by the I<]amath Mountain province, to the east by the Modoc Plateau province, to the south by the 

Sierra Nevada province, and to the north by the Cascade Range extending through Oregon and 

Washington. 

The Cascade Range province consists of a north-northwest-trending, relatively linear belt of active 

and dormant strata and shield volcanoes. The regional geologic conditions are dominated by 

andesitic, rhyolitic and basaltic volcanic rocks mantled with surficial deposits consisting of 

pyroclastic rocks, lahar deposits, alluvium, and local lacustrine sediments (Hinds, 1952). 

2.2 LOCAL GEOLOGIC SETTING 
The project region has been mapped as being underlain by Pleistocene-age volcanic rocks (Lydon et 

al, 1960). The predominate rock materials underlying the project site are basaltic flow units. The 

exposed basalt appears to consist of an upper relatively massive cooling unit flow overlying a lower 

basalt exhibiting somewhat of a columnar texture. For purposes of discussion, we will refer the 

upper unit as the "massive" unit and the lower unit as the "columnar" unit. The site geology is 

noted on Plate 3 - Site Geology. 
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The massive unit consists of a non-vesicular to slightly vesiculated basalt with minor porphoritic 

inclusions. These materials were observed to range from slightly weathered to fresh and moderately 
fractured with relatively closely spaced, closed, relatively irregular fractures. The massive unit was 

estimated to range in thickness up to about 15 to 18 feet; however, much of these materials have 

previously been mined and the true thickness may be much greater. These materials were mined to 

inclinations ranging from about 2:1 (horizontal to vertical) to near vertical and all slopes observed 

appeared to be performing well, with no signs of recent or incipient failure. 

The columnar unit consists of moderately weathered to slightly weathered, slightly vesiculated basalt. 

It is moderately fractured with closed to slightly open fractures having no infilling. Fractures 

appeared to follow consistent trends and spacing, with numerous near vertical and nea.r horizontal 

discontinuities. Existing cut slopes indicate this unit to be about 15 to 18 feet thick. It has been 

mined to create cut slopes at near vertical angles and has performed well except for some localized 

toppling of individual columns. 

Underlying the columnar basalt is an alluvial/lacustrine deposit of unknown thickness. This material 

is a fine to coarse sand ,vith moderate to abundant clay and subordinate fine angular gravel. As 

noted on Plate 3, it is exposed in two locations; however, coring information (performed by others) 

at the site was able to identify the presence of these materials at each exploration location. 

The general profile of rock and soil units observed at the site is shown on Plate 4 - Generalized Site 

Geologic Profile. 

3.0 ROCK SLOPE STABILITY 

Stability of proposed cut slopes at the mine will be controlled by the geometry of discontinuities 

(fractures, joints, flowbands, etc.) present in the basalt along with the strength and character of the 

rock on site. The following sections discuss our evaluation methods and the results of those 

analyses. 

3.1 DISCUSSION CONCERNING FACTORS OF SAFETY 
The evaluation of stability of rock slopes genera.Uy takes into consideration a number of rock 

strength parameters, geologic conditions within the slope, orientations of discontinuities (fractures, 

joints, flow bands, faults, etc.), hydrogeologic conditions, and surcharge and seismic loads that could 

affect the slope. Those parameters are typica.lly modeled using limit-equilibrium methods (and less 

commonly using finite element or finite difference modeling) to estimate if the modeled scenario 

meets or exceeds a target minimum factor of safety (FOS) against failure. The FOS is estimated by 

calculating the forces resisting slope failure divided by the forces causing slope failure. Thus, a FOS 

of greater than 1 implies a stable slope, a FOS of less than 1 a slope that is failing, and a FOS of 1, a 

slope that is on the verge of failure. 

Slopes having a minimum FOS of 1.5 for static evaluations are typically considered stable for 

permanent engineered conditions. For mines in remote areas where there are no improvements 



near the base of the slope, the FOS for static conditions is often reduced to 1.15 because the risk to 

structures, people, and improvements is low. 

3.2 ROCK SLOPE STABILITY 
The stability of a rock slope is dependent upon the balance of forces driving and resisting slope 

failure. Those forces are based upon a wide range of geological and physical influences, of which 

the most significant are: 

e Surface slope geometry; 

• Subsurface rock profiles; 

• Strength of underlying earth materials; 
• Orientation of discontinuity planes; 

e Surcharge loads; and 

• Hydrogeologic conditions within the slope. 

The following sections discuss the influences noted above and the results of our stability analyses. 

3.2.1 Surface Slope Geometry 

Topographic information for the site was obtained from Plate 3 and used in our evaluations for 

slope height and slope orientation. 

3.2.2 Subsurface Profile 

Subsurface geological conditions within the project area are discussed in Section 2.2 and graphically 

illustrated on Plate 4. 

3.2.3 Engineering Properties of Significant Earth Materials 

Eight rock samples were obtained and tested to estimate the unconfined compressive strength of the 

basalt materials. Four samples of massive basalt and four samples of columnar basalt were tested. 

The results of the unconfined compressive tests are as follows: 

Unconfined Compressive Strength (psi) 

Massive Basalt Columnar Basalt 
10,023 10,736 
10,322 7,232 
10,425 9,911 
11,113 13,397 

.Average: 10,470 A vcrage: 10,319 

In order to estimate the rock mass strength, we evaluated the Geological Strength Index (GSI; 

Marinos et al., 2005; Marinos et al., 2000) of the rock materials within the massive and columnar 

basalts. GSI values for the rock materials were estimated to be the following:: 
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Geologic Strength Index Ranges 
Flow Unit GSI Es_tjmate 

Columnar Basalt 60 

Massive Basalt 50 

Using those values, we used ROCKLAB! Vl.031 (Rocscience, 2007) to estimate the rock mass 

strength based on the Hoek-Brown failure criterion (Hoek et al., 2002). Rock mass strength 

estimates the cohesion and angle of internal friction (0) based on the degree of weathering, 

fracturing, unconfined compressive strength, and rock type to estimate what the overall strength of 
the rock mass might be. Based on those criterions, the following rock mass strength values were 

estimated. 

Estimated Rock Strength 

Massive Basalt Columnar Basalt 

Cohesion (tsf) 0 Cohesion (tsf) 0 

10.55 44.9° 13.85 49.7° 

10.66 45.1° 11.87 46.8° 

10.70 45.2° 13.38 49.1° 

10.98 45.7° 15.24 51.20 

For the stability analyses, we used the lowest obtained rock strength, having a cohesion of 10.5 tons 

per square foot (tsf) and a 0 of 45° for both units . 

3.2.4 Discontinuity Data 
Measurements of discontinuity orientations were taken at selected locations across the site, as noted 

on Plate 3. Those measurements were taken with a Brunton compass and the orientations measured 

during this study are as follows: 

Discontinuity Orientations 

Scanline 
Discontinuity 

Strike (0) Dip Direction (0) Dip (0) Domain 
Number 

1 1 N55E 145 88S Columnar 
1 2 N65W 25 84N Columnar 
1 3 N40E 130 9S Columnar 
1 4 N60W 210 83S Columnar 
1 5 N14E 284 74N Columnar 
1 6 N35W 235 sos Columnar 
1 7 N28W 242 24S Columnar 
2 8 NS 90 89E ~fassive 
2 9 N30E 300 10N Massive 
2 10 N72W 198 74S Massive 
2 11 N68E 158 84S Massive 
3 12 EW 180 85S Massive 
3 13 N66W 204 76S Massive 
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Discontinuity Orientations 

Scanline Discontinuity Strike (0
) Dip Direction (0

) Dip (0
) Domain Number 

3 14 N58E 328 89N Massive 
3 15 N35E 305 87N Massive 
3 16 N60W 30 88N Massive 
3 17 N55W 35 30N Massive 
3 18 N60W 30 SN Massive 
3 19 N55W 215 88S Massive 
4 20 EW 0 76N Massive 
4 21 N75E 165 12S Massive 
4 22 N65E 335 69N Massive 
4 23 N26E 116 49S Massive 
4 24 N60W 30 87N Massive 
4 25 N82W 8 89N Massive 
4 26 N74W 16 70N Massive 
5 27 N5W 85 45N Massive 
5 28 N33W 57 70N Massive 
5 29 N75W 195 85S Massive 
6 30 NSSW 35 85N Columnar 
6 31 NlOW 260 89S Columnar 
6 32 N33W 57 34N Columnar 
6 33 N52E 142 85S Columnar 

Stereographic projections of those discontinuity data were performed to evaluate groupings of data 

and predominate dip directions that could influence rock slope stability. The projections are 
presented as Plates 5 through 8. As noted on those plates, the discontinuity orientations between 

the columnar and massive basalts are very similar with mostly steeply dipping fractures having 
strikes oriented towards the northwest. 

3.2.5 Hydrogeologic Conditions 
The presence of water within rock fractures can adversely affect the stability of rock planes and 

wedges. Because the natural slopes behind proposed cuts dip away from the cut slope faces, it is 

anticipated that the buildup of hydrostatic forces in discontinuities within the slope will have little 

effect on the gross stability of the proposed cut slope faces. 

3.3 Slope Stability Evaluations 
A n~mber of slope stability evaluations were performed to estimate the factor of safety (FOS) 

against slope failure for a number of scenarios. The following sections discuss the kinematic and 

limit-equilibrium analyses performed for the study, the scenarios modeled in our stability analyses, 

and the estimated FOS results obtained. 

3.3.1 Kinematic Evaluations 
Rock discontinuities within the basalt can influence slope stability either through planar failures 

along individual discontinuities or by wedge failures along intersecting discontinuities. As noted in 

Section 3.2.4, a total of 33 discontinuity orientations were collected from rock exposures at the site. 
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The purpose of collecting those data was to evaluate whether potential plane or wedge failures 

caused by the intersection of discontinuities could cause a potential slope failure. 

Dip vectors of discontinuity orientations were plotted on an equal-area stereonet, as shown on 
Plates 5 through 8. Using Markland's test of kinematic stability, the great circles and dip vectors for 

the discontinuities for the columnar and massive domains were plotted on a stereonet along with the 

slope orientations and the 0 angle of 45 degrees, as shown on Plates 9 and 10 - Markland's Test of 

Kinematic Stability, Columnar and Massive Basalt, respectively. As noted on Plate 9, there are no 

potential planar failures and 2 potential wedge failures for the columnar basalt materials for the 

proposed mining scheme. Plate 10, however, indicates that there are 2 potential planar failures and 

12 potential wedge failures for the massive basalt under the proposed mining plan. The proposed 

planar failures have the following orientations: 

Potential Planar Failures 

Discontinuity Planet Strike Dip 

23 N26E 49S 

27 N5W 45N 

1 - Sec Section 3.2.4 for oricnt:itions and dips of these discontinuity planes 

The following table presents information on potential wedge failures: 

Potential Wedge Failures 

Domain Wedge Trend (degrees) Plunge (degrees) Intersecting 
Discontinuity Planes1 

.A 100° 64° 12 & 28 

BZ 116° 49° 13 &23 

C 55° 65° 20&26 

D 58° 63° 20& 14 
.:: 
«I E 50 69° 22&8 "' «I 

i:l:l 
~ 

F 30 58° 8&28 
-~ G 50 70° 8& 26 "' "' «I 

~ H 114° 50° 23 & 16 

I 112° 56° 28 & 16 

J 92° 66° 28 & 11 

K 80° 50° 26 & 11 

L 58° 64° 26& 14 

... 
M 347° 58° 5 & 31 «I = .:: 

Ei «I 

"' :::s «I 
0 i:l:l 
u N 128° 56° 4&30 

1 - Sec Section 3.2.4 for orientations and dips of these discontinuity planes. 2 • Slidine: cntireh• on plane 23 



Markland's test of kinematic stability only identifies those potential planes or wedges that have the 

opportunity to fail. To assess the potential of each of those planes or wedges to fail requires limit

equilibrium analyses of slope stability, which are discussed below. 

3.3.2 Stability Analyses 
Planar Failures. Potential planar failures were not identified for the columnar basalt materials. 

Two potential planar failures were identified for the massive basalt materials. Stability analyses of 

those potential planar failures were performed using a cohesion of 20,000 psf, 0 of 45 degrees, and 

no surcharge load. Based on these assumptions, both potential planar failures had FOS exceeding 

2.0 and should be stable under the proposed mining scenario. 

Wedge Failures. Potential wedges were identified for both the columnar and massive basalt 

materials. In order to evaluate the FOS of these wedges against failure, we utilized the computer 

program S\VEDGE (Rocscience, 2002). The factors of safety of the 14 potential wedge failures are 

dependent upon the orientation of the proposed cut slope and were evaluated to be as follows: 

Factor of Safety of Potential Wedge Failures 

Wedge 
Slope Orienta_tion 

North-South East-West N50E 

.,\ 7.1 >20 

B 2.6 

C >20 

D >20 

E 14.9 

F 7.8 

G >20 

H 2.6 2.3 

I 8.5 11.9 

r 8.8 

K 5.4 

L >20 

-M >20 

N >20 >20 

As noted above, all potential wedges were estimated to have a FOS in excess of 1.5 for the proposed 

slope orientations assuming the slopes are excavated at an inclination of 70 degrees (between 1h: and 
1/d [horizontal:vertical]) 

Toppling Failures. The potential for toppling failures to affect the stability of the proposed slopes 

was evaluated. For this evaluation, it was assumed that massive, vertically inclined basalt slabs, 

approximately 1 to 2 feet thick and 15 feet tall are supported on a discontinuity inclined at 5 degrees 

out-of-slope. For this analysis, no cohesion and a 0 of 45 degrees was used. Based on those 
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analyses, the FOS against toppling exceeded 2.0, thus implying that toppling should not pose 
adverse stability issues. 

4.0 CONCLUSIONS 

Based upon the analyses performed in Section 3.0 of this study, it is our opinion that relatively steep 

(70 degree) cut slopes can be constructed at the 36 Mine site without adversely affecting the gross 

stability of those cut slope faces . It should be noted that some raveling and minor rock falls can be 

expected from the cut slopes for a number of seasons following construction; however, that is a 

common occurrence for most rock slope cut faces made in this type of geologic terrain. 

5.0 CLOSURE 

This report has been prepared in substantial accordance with the generally accepted geotechnical 

engineering and engineering geological practice, as it existed in the site area at the time our services 

were rendered. No other warranty, either express or implied, is made. 

\Ve appreciate the opportunity to assist Steve Manning Construction Company, Inc. , with this 
project. If you have any questions, please do not hesitate to contact our office. 

--. --
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Appendix C  

Financial Assurance Cost Estimate (Pending) 

























































































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix G  

Best Management Practices 




























































































































































































































