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Environmental Impact Analysis 
 
This section uses information from the EFR application, reviewed and supplemented by 
state staff. 
 

Site Location and Layout 
The site is located in Paradox Valley of western Montrose County, approximately seven 
miles east of the unincorporated community of Bedrock and 12 miles west of the town of 
Naturita (Figure 24). The property encompasses approximately 880 acres. The licensed 
portion of the site, known as the restricted area, lies within the 880 acre property, and 
occupies approximately 300 acres. The balance of the site is considered buffer area. 

 
Figure 24: General Site Location (source: Environmental Report) 

 
The mill facility includes an administration building, a 17-acre mill, tailing ponds totaling 
approximately 90 acres, a 40-acre evaporation pond (expansion capacity to 80 acres), an 
approximately six-acre ore storage pad, and access roads (Figure 25). 
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Figure 25: Site Plan (source: Facility Operations Plan) 

 
The mill layout is designed to limit access to the restricted area. Secondary buildings are 
located outside of the restricted area, including the administration building, change house 
and laboratory building, warehouse, truck shop (including a garage for the onsite 
ambulance), and guardhouse. The mill operating areas include ore handling and grinding; 
leaching, thickeners and tailings disposal; uranium solvent extraction and precipitation; 
vanadium oxidation, solvent extraction and precipitation; and utilities. 
 

Alternatives to the Proposed Action 
No Action Alternative 
Under this alternative, the Energy Fuels Resources (EFR) Radioactive Materials License 
application for the proposed Piñon Ridge Uranium Mill would be denied. Construction 
and operation of the conventional mill facilities would not occur, and neither positive nor 
negative impacts associated with the mill would occur.  
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Site Location Alternatives 
As described in the Environmental Report, seven potential site locations were evaluated 
in detail as potential candidates for the location of the mill facility. Two of the seven sites 
were considered because they were previously used for uranium recovery and waste 
disposal operations. Other former uranium processing sites were eliminated from 
consideration after less detailed review. The sites evaluated in detail are: 

 Piñon Ridge site  located on 880 acres in Montrose County, Colo. in the 
Paradox Valley, approximately 12 miles west of Naturita and approximately 
seven miles east of Bedrock along the northeastern edge of Davis Mesa. 

 Former Rio Algom Mill site  located on approximately 758 acres in San Juan 
County, Utah, four miles south of La Sal and 10 miles from the Colorado/Utah 
border. 

 Pioneer Nuclear site  located on 1,425 acres in San Miguel County, Colo., 
approximately four miles west of the former town of Slick Rock. 

 Durita-Hecla site  located on 160 acres approximately four miles west of 
Naturita in Montrose County. 

 West Durita site  located on 160 acres near Naturita in Montrose County, just 
northwest of the Durita-Hecla site mentioned above. 

 Honeywood site  located on a plateau immediately southeast of Naturita in 
Montrose County. 

 Carver site  located in the Paradox Valley on 900 acres approximately 10 miles 
southeast of Bedrock and nine miles west of Naturita in Montrose County. 

 
The Piñon Ridge site was chosen based on regulatory issues, site conditions, access, and 
proximity to occupied properties, as explained in the Environmental Report. 
 
Technical Alternatives 
The alternatives for processing uranium are limited to conventional acid- or alkaline-
leach milling, heap leaching, and in-situ leaching. In the case of the Uravan Mineral Belt 
ores comprising the majority of the feed for this project, conventional-acid leach milling 
was proposed for the mill because it provides the highest recovery rate of uranium and 
vanadium at the lowest price per pound recovered. 
 
Mill configuration alternatives were evaluated based on processing efficiency, ability to 
control materials and exposures, regulatory requirements, and costs. In some cases, 
process changes were made during the application review based on process control, 
worker safety, environmental factors, or other concerns. 
 

Environmental Approvals and Consultation 
In addition to the radioactive materials license required under the Colorado Radiation 
Control Act, the proposed mill requires other approvals: 

 Special use permit, Montrose County, issued Sept. 30, 2009 
 Building permits and septic system permits, Montrose County 
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 Access permit, Colorado Department of Transportation (CDOT), issued May 
2008 

 Well permits and water rights, Colorado Department of Natural Resources 
(DNR), Division of Water Resources 

 Aboveground fuel storage tank permits, Colorado Department of Labor and 
Employment (DOLA), Division of Oil and Public Safety 

 Potable water system permit, Colorado Department of Public Health and 
Environment, Water Quality Control Division (WQCD) 

 Construction storm water discharge permit, Colorado Department of Public 
Health and Environment, WQCD 

 Air emissions permits (APENs), Colorado Department of Public Health and 
Environment, Air Pollution Control Division (APCD) 

 National Emissions Standards for Hazardous Air Pollutants (NESHAP), U.S. 
Environmental Protection Agency (EPA) 

 
The Montrose County Commissioners conducted a public process related to the special 
use permit for the proposed mill. Comments and documents created during this process 
were reviewed by the department and department staff attended several county public 
comment meetings. In addition, local government officials were contacted and provided 
information, including officials from Montrose County and San Miguel County.  
 
Several state agencies provided information or document review during the process, 
including: 

 Colorado Department of Local Affairs 
 Colorado Department of Natural Resources, Division of Wildlife 
 Colorado Department of Natural Resources, State Engineer 
 Colorado Department of Public Safety 
 Colorado Department of Public Health and Environment, Water Quality Control 

Division 
 Colorado Department of Public Health and Environment, Air Pollution Control 

Division 
 Colorado Department of Transportation 
 Colorado Office of Archaeology and Historic Preservation 

 
Materials generated by the numerous public meeting or hearings include meeting 
transcripts or notes, and supplemental information provided at these meetings. Specific 
meetings included: 

 Jan. 21, 2009: First required public hearing (Nucla) 
 Feb. 17, 2010: Second required public hearing (Montrose)  
 Feb. 18, 2010: San Miguel County Commissioner Meeting (Telluride) 
 June 8, 2010: Public comment meeting (Montrose) 
 June 9, 2010: Public comment meeting (Telluride) 
 June 10, 2010: Availability session (Ophir) 
 July 13, 2010: Public comment meeting (Naturita) 
 July 13, 2010: Availability session (Paradox) 
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Numerous comment letters, e-mails or cards also were received and considered in the 
development of the license decision. 
 

Land Use, Locations and Proximity to Nearby 
Communities and Residences 
The site is located in the Paradox Valley of western Montrose County, approximately 
seven miles east of the unincorporated community of Bedrock and 12 miles west of the 
town of Naturita. The property boundary for the proposed action encompasses 
approximately 880 acres, along State Highway (SH) 90. On Sept. 30, 2009, the Montrose 
County commissioners approved a special use permit for the Piñon Ridge site. 
 
Montrose County, which includes the site, covers approximately 2,200 square miles of 
southwest Colorado. Most of the land in the county is publicly owned. The Bureau of 
Land Management (BLM) is the dominant federal land management agency in Montrose 
County, overseeing 44 percent of the county’s surface area. The U.S. Department of 
Energy (DOE) uranium lease tracts overlap with approximately two percent of U.S. 
Bureau of Land Management (BLM) administered lands in the county. The DOE has 
jurisdiction over activities related to uranium and vanadium mining on lease tracts, and 
the BLM has jurisdiction and authority over all other surface and subsurface uses. 
National Forest Service (NFS) lands cover 23 percent of Montrose County, National Park 
lands cover one percent, and state lands cover another one percent. Private lands cover 31 
percent of the county.  
 
Major land uses in Montrose County include agriculture, mining, and recreation. Public 
lands provide the public with multiple use opportunities. Areas of urban concentration are 
limited to the city of Montrose and town of Olathe, both of which are located on the 
eastern side of the county. The only other incorporated jurisdictions are the towns of 
Naturita and Nucla, both of which are located on the western side of the county. 
 
The majority of land in the vicinity of the site is public land administered by the BLM 
and the U.S. Forest Service (USFS). BLM lands include DOE uranium lease tracts in the 
Gateway area of Mesa County, Uravan, and Paradox Valley areas of Montrose County, 
and the Slick Rock area of San Miguel County (U.S. Department of Energy, 2007.). 
Private lands comprise 30 percent of the land within 50 miles (80 km) of the site. 
Portions of the San Juan National Forest, Uncompahgre National Forest, Manti-LaSal 
National Forest, Lizard Head Wilderness Area, Black Canyon of the Gunnison 
Wilderness Area, Gunnison Gorge National Conservation Area, Arches National Park, 
and Canyonlands National Park are located within 50 miles (80 km) of the site, The Ute 
Mountain Indian Reservation covers a portion of Montezuma County, Colo., and the 
Navajo Indian Reservation covers a portion of San Juan County, Utah; these tribal lands 
are located more than 50 miles (80 km) away from the site. 
 
Based on information provided by the Montrose County GIS Department, 88 percent of 
the land within five miles (eight km) of the site is undeveloped land administered by the 
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BLM and 12 percent is privately owned. Some lands within the vicinity of the site, 
including the site itself, are currently used to graze livestock. Grazing lands in the vicinity 
of the site are zoned as general agricultural districts, which allow for the placement of an 
on-site-built or manufactured single family home on the property. Therefore, some 
grazing lands near the site include a residence and some are vacant. A small portion of 
land in the immediate vicinity of the site is used for residential and other agricultural 
purposes. The Cotter JD-7 open pit uranium mine is adjacent to the mill site on the east. 
The mine is currently inactive. 
 
The climate in the Paradox Valley is arid. Measured precipitation at the site is 12.6 inches 
per year; average high temperature in December is 45o F, and the average high 
temperature in July is 96o F for the town of Bedrock (Wikipedia, 2010). 
 
The Paradox Valley is bounded on the north and south by bluffs towering up to 1,500 feet 
above the valley floor, and the valley floor slopes from the east near the site to the 
Dolores River, then rises again to the west. The site is at approximately 5,500 feet; the 
town of Bedrock is located on the west side of the Dolores River at an elevation of 
approximately 5,000 feet; the town of Paradox is farther west at an elevation of 
approximately 5,300 feet. The Dolores River crosses the valley from southwest to 
northeast at Bedrock. The western end of the valley receives surface water runoff from 
the mountains to the west and ground water flow from the surrounding higher ground, 
such that springs exist in the bluffs above Paradox. Ground water beneath the west end of 
the valley flows toward the Dolores River, and is used extensively for irrigated 
agriculture. As a result, the west end of the valley contains fields, clusters of trees around 
ditches and streams, and a few orchards. The eastern end of the valley is stark and dry 
with desert vegetation. 
 
In contrast to the east end of the valley, the west end has scattered homes and farms, 
either on private wells or the Paradox Pipeline Company water system. The communities 
of Bedrock and Paradox have small centers of development, but consist primarily of 
dispersed structures. Only a few residences exist east of the Dolores River and no 
concentration of structures exists until Vancorum at the intersection of Highway 90 and 
Highway 141. 
 
There are five operable water wells and one spring completed in the Chinle Formation in 
the study area. The nearest well is three miles northwest along the flank of the south 
Paradox Valley. The water from these wells is used for domestic and stock purposes. The 
greatest extent of ground water impact shown by pump tests at the Piñon Ridge site is 
1,000 feet.  
 
The U.S. Bureau of Reclamation’s (BOR’s) Paradox Valley Unit (PVU) desalinization 
plant is located on the east side of the Dolores River just south of Bedrock. The BOR’s 
PVU is located approximately 7.5 miles (12 km) west of the site. As part of the Colorado 
River Basin Salinity Control Project, the PVU is designed to prevent natural salt loads in 
ground water from entering the Dolores River and degrading the quality of water flowing 
into the Colorado River. The PVU intercepts brine ground water before it enters the 
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Dolores River and disposes of the brine by deep-well injection. Major project facilities 
include a brine production well field, brine surface treatment facility, injection facility, a 
15,932-foot deep injection well, and associated roads, pipelines, and electrical facilities. 
 
Demography/Population Distribution 
In the Paradox Valley between Vancorum (at the intersection of Highway 90 and 
Highway 141) and Bedrock on the Dolores River (approximately 16 miles), there are 
only a few structures, and possibly a handful of residents. The mesas to the north and 
south of the valley have a few structures related to mines and possibly a part-time 
residence or two. Thus, the immediate vicinity around the site is almost entirely 
undeveloped and used only for grazing. The exception is the Cotter JD-7 open pit mine 
adjacent to the site to the east.  
 
The population center of Paradox and Bedrock in the western end of the Paradox Valley 
contains an estimated 500 residents and the Nucla-Naturita area contains an estimated 
1,500 residents. Other communities farther away include Redvale (25 miles by road), and 
Norwood and La Sal, Utah (population 429 and 462, respectively; each 35 miles by 
road).  
 
Socio-economic Resources 
Most data related to socio-economic factors is collected at the county level, which is 
skewed towards the larger, more economically active Montrose portion of the county. 
Information collected for this analysis included actual data (where available), 
supplemented by interviews with state and local officials.  
 
The West End of Montrose County is separated from the more economically active part 
of the county along Highway 50 by the Uncompahgre Plateau, and is not accessible by 
paved road within the county. Traffic from Montrose to the West End must travel either 
north through Mesa County or south through Ouray and San Miguel Counties. The travel 
distances from the Paradox Valley to other towns or cities are shown in Table 9. 
 

Table 9: Estimated Distances from the Project Site 

Location (Colorado unless noted) Direct 
Distance 2 

(miles) 

Paved Road 
Distance 1 

(miles) 

Estimated Travel 
Time 1 

(hours:minutes) 
Montrose 51 100 2:10 
Ridgeway 55 74 1:36 
Telluride 57 68 1:33 
Ophir 58 73 1:46 
Placerville 42 52 1:10 
Monticello, UT 41 75 1:22 
Dove Creek 35 78 1:32 
Slick Rock 17 55 1:04 
Norwood 27 35 0:44 
Redvale 20 25 0:31 
Naturita 11 15 0:18 
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Location (Colorado unless noted) Direct 
Distance 2 

(miles) 

Paved Road 
Distance 1 

(miles) 

Estimated Travel 
Time 1 

(hours:minutes) 
Nucla 12 19 0:25 
Bedrock 7 7 0:07 
Paradox 13 13 0:14 
La Sal, UT 26 34 0:41 
Moab, UT 51 65 1:15 
Gateway 31 61 1:15 
Grand Junction 57 114 2:22 
1 Estimated using Mapquest.com 
2 Estimated using Google Maps Distance Measurement Tool 
 
Local jobs in the small towns near the project site are relatively limited. The major local 
employer is the Nucla Station, a 100-megawatt coal-fired power plant east of Nucla. 
Other local employment is found in retail trade, education, accommodation and food 
service, and intermittently in construction. A small number of residents are involved with 
agriculture or ranching.  
 
A significant portion of employed residents commute or travel to jobs elsewhere, to 
towns including Montrose, Moab, Telluride, and Grand Junction. Based on the travel 
times shown in Table 1, commute times range from one to two hours or more under 
favorable road conditions. Per capita income in Montrose County is reported at 
approximately 70 percent of the state average, and West End per capita income is lower 
than the county average. While Montrose County unemployment rates have been 
consistent with statewide averages over the last few years, West End unemployment is 
perceived to be higher than the county average. 
 
“Overall, the economies of the Western Slope and Central Mountains of Colorado rely on 
energy-related natural resources extraction, traditional tourism, and infusion of income 
related to second home development and occupancy. Quality of life attracts both 
residents and businesses.” (Montrose County, March 31, 2010, p.6) While the second 
home market appears to have had an impact on the Montrose area and areas associated 
with either ski resort or park access, there is little evidence to show such a driver for the 
West End. Areas attractive for retiree and older individuals’ homes are tied to quality of 
life, access to community amenities, availability of medical services and costs. (Colorado 
Department of Local Affairs, January 2010) Lack of services, transportation and travel 
distances make the Paradox Valley less attractive than other West Slope areas for retirees. 
 
Agriculture in the Paradox Valley is confined to the end of the valley west of the Dolores 
River where water availability makes it feasible. Hay appears to be the largest crop, but 
smaller acreages are used for vegetables and fruit. Grazing is practiced on both private 
land and the surrounding federal land. Areas adjacent to the proposed mill site are used 
for cattle grazing. Commercial forestry is limited in the vicinity of the site, with some use 
of the piñon-juniper timber for firewood and fence posts from the mesas on both sides of 
the Paradox Valley. The Uncompahgre Plateau is harvested for timber, particularly for 
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the removal of pine beetle-damaged trees. Access to this area is limited due to the 
seasonal nature of the unpaved road between Montrose and Nucla. 
 
The spectacular vistas across the Paradox Valley attract drive-through tourism as it is on 
the route between Moab and Telluride/Ouray and places further east. However, none of 
the locations in the Nucla-Naturita-Paradox vicinity have been shown to be significant 
tourist destinations.  
 
Recreational uses of the area are important to both locals and in-state and out-of-state 
users.  

 Big game hunting occurs primarily on federal lands in wooded, mountainous 
areas on the Uncompahgre Plateau and the mesas above the Paradox Valley. Big 
game season usually lasts approximately two months during the fall.  

 Mountain biking and all-terrain-vehicle (ATV) or four-wheel drive use also 
occurs primarily on the plateaus and mesas. 

 Bedrock is one of the take-out areas for rafting down the Dolores River below the 
McPhee Reservoir dam. Rafting is popular and supported by BLM and USFS 
recreational sites along the river south of Bedrock. Rafting activity occurs 
primarily between April 30 and June 15 in years when flows in the river are high 
enough to support rafting. 

 
Employment related to tourism is difficult to quantify because it crosses several job 
categories. Data indicated that tourism accounted for more than 50 percent of the direct 
employment in San Miguel County, but only nine percent in Montrose County, consistent 
with statewide averages. (Colorado Department of Local Affairs, 2001) Montrose County 
tourism-related jobs were categorized as parks (most likely Black Canyon of the 
Gunnison), touring (including Highway 50 attractions) and outdoor recreation. In-state 
tourism accounted for 28 percent of tourism employment statewide. 
 
The Dolores River canyon north of Uravan and the Unaweep Canyon along Highway 
141are spectacularly attractive and have contributed to the development of a resort at 
Gateway, 50 road miles north of Naturita. The resort has tourist accommodations, limited 
staff housing, a restaurant, a car museum, and a convenience store/gas station. This is 
intended to be a destination resort with use of the surrounding area for outdoor recreation 
as a major draw. The resort is directly across the Dolores River from the old Gateway 
mill that previously processed various minerals and served as a uranium ore-buying 
station. Under a Nuclear Regulatory Commission (NRC) grant, the Colorado Department 
of Public Health and Environment (the department) conducted a major clean-up on this 
site in 2006, and environmental covenants control access to residual radioactivity. The 
Energy Fuels Whirlwind Mine is located five miles southwest of Gateway, and the haul 
route from the mine is east to Highway 141 south of Gateway. 
 
Infrastructure 
The loss of population over time and the scarcity of employment or tourists in the Nucla-
Naturita area have limited the need for new housing. Consequently, housing is available 
even though it may not always be in prime condition. Vacancy rates are reported on the 
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order of 15 percent to 20 percent in Nucla, Naturita, and Paradox, and median home age 
is between 35 and 40 years (Sperling’s, May and November, 2010).  
 
The Mustang Water Authority provides water service to Nucla and Naturita and has 
sufficient capacity for major expansion of users. Both communities have adequate 
sewage systems; however, improvements in treatment capability may be required over 
time. 
 
In the Paradox Valley, only limited housing is available, and due to the lack of water 
supplies, it is unlikely that significant increases in housing units would be possible. The 
Paradox Pipeline Company currently provides water to approximately 50 or 60 users near 
Paradox. The company captures water from a spring above the far west end of the valley 
above Paradox Creek. Other residences in the valley use local ground water, which may 
be of uncertain quality, and/or haul water for domestic use. Sewage treatment consists of 
septic tanks and leach fields, which limits the density of the housing due to county codes. 
 
Other small water systems may serve a limited number of remote subdivisions, such as 
the Vancorum system that provides water to approximately 15 homes (Montrose County, 
Thompson, June 8, 2010). 
 
Solid waste is disposed locally at the Broad Canyon Landfill, which meets regulatory 
requirements and has significant capacity for future growth. In addition, Waste 
Management operates a transfer station in Nucla and Paradox that takes trash to the 
Montrose landfill (Colorado Department of Public Health and Environment, Peterson, 
February 6, 2010). 
 
Education is provided through two school districts, Montrose County West End Public 
School District Re-2 and San Miguel County Norwood R-2J. Norwood has a Pre-K 
through five school and a six through 12 school on the same campus that includes some 
students from Montrose County. West End schools include: 

 An elementary school in Naturita, 
 A junior/senior high school in Nucla, and  
 A charter elementary school in Paradox. 

 
The former Nucla Elementary school was closed in 2004 due to declining enrollment and 
costs for repair. School funding is based on enrollment, and enrollment has declined in all 
area schools since the 1970s, with some limited exceptions. 
 
Medical services are provided by clinics in Naturita and Norwood and by hospitals in 
Montrose and Grand Junction. The Basin Clinic in Naturita provides family care and 24-
hour emergency care, and serves a population that is up to 50 percent uninsured. This 
facility was largely the result of the decommissioning of the Uravan Mill and the town of 
Uravan. The Uncompahgre Medical Clinic in Norwood also provides family and 
emergency care, and preventive dental services. 
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Emergency response is provided by local fire protection districts based in Nucla/Naturita 
and Paradox that rely on volunteers. Equipment is sufficient; however, manpower is in 
short supply in the Paradox Valley. The Nucla/Naturita service includes ambulance 
service, and 911 access is generally available throughout the area, except for stretches 
along Highway 141 north of Uravan where no radio or cell service is functional. 
Emergency services on roadways may be supplemented by the Sheriff’s Department’s 
Nucla substation, and the very limited Colorado State Patrol (CSP) staff in Nucla. Some 
support may be provided from the Utah San Juan County Sheriff’s offices in Monticello 
and La Sal. The CSP can mobilize hazmat teams, but arrival times would be on the order 
of hours.  
 
As described in the EFR application, roadways related to the site are limited and, in 
general, are two-lane blacktop with limited shoulders. Funding for road maintenance is a 
need-based formula, tied to use. While most of the roads were developed during periods 
of intensive uranium mining and processing, maintenance has lagged for roads in the 
West End. The low traffic volumes have limited funding for maintenance in the past. 
Potentially dangerous stretches of road include Highway 90 on Paradox Hill west of 
Paradox, and Highway 141 north of Uravan (Montrose County Sheriff’s Office, July 
2010).  
 
Community Services 
Each of the three larger communities in the vicinity of the project  Nucla, Naturita and 
Paradox  has a strong community identity. The absence of jobs causes many residents 
to commute long distances or temporarily relocate to job locations; however, most remain 
very loyal to their home communities and are very protective of them (Montrose County, 
White, February 17, 2010 and Wilson, February 17, 2010). For example, the recent New 
Yorker magazine story, “Uranium Widows,” (September 13, 2010) quoted many former 
residents of the town of Uravan expressing deep feelings for the now-demolished town. 
These sentiments were also expressed by residents in multiple public meetings and 
interviews. 
 
In addition, the lack of local opportunities for employment and education has caused a 
significant concern among families regarding the ability to keep younger family members 
in the community. “Nucla high school drop-out rate has ranged from 10 percent to 27 
percent over the years.” “The school system has a serious drug and alcohol problem and 
the community as a whole has a growing reputation for crystal meth use, drug and 
alcohol abuse, and associated crime” (Telluride Foundation). Such behaviors are 
indicative of poverty and a perceived lack of opportunities. County health staff perceive 
these issues to be primarily of a social rather than health concern (Montrose County, 
Thompson, June 8, 2010). Neither the sheriff’s office nor the CSP identified a local crime 
problem. 
 
Social institutions include churches (five in Nucla, three in Naturita and one in Paradox), 
libraries (one each in Nucla and Naturita), a senior center in Nucla, a juvenile diversion 
facility in Nucla, and a Montrose County health and social services office in Nucla. In 
addition, there is a local Moose Lodge and a 4-H Chapter in Norwood. 
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Tax Revenue 
The largest sources of revenue to the Montrose County government are charges for 
services, federal and state revenues, property taxes, and sales and use taxes. Mineral 
processing, which includes uranium milling, affects the county’s fiscal status largely 
through the processing activity’s impact on the property, or ad valorem, tax base. 
Montrose County’s property tax base has been increasing for the past several years. 
 
Sales tax is the largest source of revenue to the towns of Naturita and Nucla. Sales tax 
typically accounts for approximately 50 percent of each town’s revenues. Property taxes 
comprise a smaller portion of town revenues. Property taxes typically comprise 
approximately 12 percent of Naturita’s revenues and 20 percent of Nucla’s revenues. 
 
The state of Colorado assesses a severance tax on metallic minerals, including uranium 
and vanadium, of 2.25 percent of the gross income from the mining operations in excess 
of $19 million per year. Gross income is determined by the value of the ore immediately 
after its removal from the mine, and does not include any value added subsequent to 
mining by any treatment processes or transportation from the mine. Severance taxes are 
divided equally between the Department of Natural Resources and DOLA. DOLA’s half 
of the severance tax revenue is distributed to local governments. Seventy percent is 
available through discretionary loans and grants to local governments in areas impacted 
by the mineral extraction industry. Local governments apply for the loans and grants, 
which must be used to plan, construct, and maintain public facilities or to provide public 
services. The remaining 30 percent of DOLA severance tax revenue is distributed directly 
to local governments. In the past, direct local distributions were determined by the 
proportion of mining employment in the county. These funds are extremely volatile from 
year to year (Colorado Department of Local Affairs, October 2010).  
 
Historic, Archeological, Cultural and Architectural Resources 
Part of the process for conducting the Environmental Review (ER) to support this 
Environmental Impact Analysis (EIA) is a detailed survey of the area for evidence of 
historic or cultural resources that could be damaged by development of the facility. It 
should be noted that the Piñon Ridge facility is located on private land. There is no 
regulatory driver mandating these surveys; however EFR chose to perform them for 
completeness. 
 
Cultural resources are definite locations of past human activity. These resources 
encompass archaeological, historic, traditional, religious, and built environment locales 
of importance. They are discussed in Chapter 3.8 of the ER. This section focuses on early 
inhabitants of the area. In most cases, cultural resources are evaluated based on eligibility 
criteria for listing in the National Register of Historic Places (NRHP). NRHP significance 
criteria are codified under 36 CFR 60.4 and are summarized below: 
 

The quality of significance in American history, architecture, archaeology, and 
culture is present in districts, sites, buildings, structures, and objects that possess 
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integrity of location, design, setting, materials, workmanship, feeling, and 
association, and: 
a) are associated with events that have made a significant contribution to the 

broad patterns of our history; or 
b) are associated with the lives of persons significant in the past; or 
c) embody the distinctive characteristics of a type, period, or method of 

construction, or represent the work of a master, or possess high artistic 
value, or represent a significant or distinguishable entity whose 
components may lack individual distinction; or 

d) that have yielded, or are likely to yield, information important in 
prehistory or history. 

 
With respect to item (a) above, the mining history of the area certainly is part of the local 
history. For more information on recent settlement and history of the area, see Section 1 
of the ER. Construction and operation of the mill would almost certainly generate some 
new uranium mining in the area. Numerous commenters at the public meetings stated 
uranium mining and milling is part of their heritage. The events of the uranium booms of 
the past, particularly its role in World War II have been documented in numerous books, 
and are of historic importance (Mogren, Pasternack, Frenzy). The ER and EIA have been 
written to characterize potential new impacts, and the department has considered them in 
its crafting of the license for the Piñon Ridge facility. US DOE has addressed potential 
impacts from uranium mining on their lease tracts (U.S. Department of Energy 2007). 
 
With respect to item (d) above, Energy Fuels contracted with ERO Resources 
Corporation (ERO) to conduct archeological investigations at the site. ERO conducted a 
file and literature review with the Colorado Office of Archaeology and Historic 
Preservation (OAHP) in Denver. The review indicated that three previous cultural 
resource inventories were conducted within one-half mile of the site. No previously 
documented cultural resources occur within the 880-acre portion of the site (ERO, 2007). 
A survey conducted by Lone Mountain Archaeological Services in 1999 is the only 
project that resulted in the location of cultural resources  two isolated finds  within 
one-half mile of the site. The other two previous inventories include a 6,000-acre survey 
by Fort Lewis College in 1975 in Montrose and San Miguel counties that resulted in the 
location of 22 archaeological sites, none within one-half mile of the site (ERO, 2007). 
ERO conducted Class III cultural resource inventories and evaluative testing for the site 
(ERO, 2007 and 2009a). The full report and its addendum provide detailed descriptions 
of methodology, regional temporal frameworks, and area prehistoric and historic 
contexts. ERO submitted the full report and its addendum to the SHPO and SHPO 
concurred with ERO’s finding of “no historic properties affected.” On behalf of the 
department, ERO also notified Native American tribal affiliates. The tribes were 
contacted numerous times and did not respond.  
 
The 2007 ERO inventory covered the site (all on privately owned lands) and resulted in 
documentation of 20 new archaeological sites and 14 isolated finds. The sites consisted of 
16 prehistoric open artifact scatters, one sheltered artifact scatter, and three historic 
habitation sites. Of the 20 sites documented, four are recommended eligible for listing on 
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the NRHP and 16 are recommended not eligible. The isolated finds are not sites, 
buildings, structures, objects, or districts and do not meet the minimum requirements for 
consideration for NRHP eligibility. Thirteen of the prehistoric sites were located in the 
sagebrush flats of Paradox Valley. Four prehistoric sites were located in the piñon-juniper 
woodlands of Davis Mesa. Controlled collection took place at eight sites, and six 
archaeological sites were trenched in order to evaluate their potential for subsurface 
cultural deposits. The 2009 ERO inventory resulted in documentation of four new 
archaeological sites and two isolated finds. Most sites are open lithic scatters. Two sites 
include a historic component  one consists of a historic can scatter and the other is the 
remains of a homestead. All but one site are recommended not eligible for listing on the 
NRHP due to their limited research potential beyond current documentation. A portion of 
one site is recommended eligible for the NRHP based on the potential for a buried 
thermal feature. These are described in the Section 3.8 of the ER.  
 
One BLM staffer noted in a local newspaper that the closest resource may be a 
petroglyph that is more than three miles away on the north face of the valley. The facility 
is not expected to have any negative impact on the feature. 
 
There are no significant architectural resources in the area. Based on these reviews, the 
department finds this part of the application and ER are adequate. There are plans in 
place to continue surveying for artifacts as the facility is developed. This is above and 
beyond the regulatory requirements for development of private property. 
 
Scenic, Cultural, and Natural Landmarks, and Visual Resources 
The Paradox Valley is considered one of the most beautiful places in Colorado. Impacts 
to the local scenery and vistas are described in Section 3.9 of the ER. Visual resources are 
the visible physical features of a landscape that convey scenic value and are often the 
dominant resource value involved in providing recreational opportunities. NUREG-1748 
suggests that ratings for visual resources at proposed sites follow the BLM’s Visual 
Resource Management (VRM) System, where applicable. That process is discussed in the 
ER. According to BLM, none of their lands within the immediate vicinity of the site have 
designated VRM classifications. 
 
The site is located in the relatively isolated and unaltered landscape near the center of the 
Paradox Valley, in an area known locally as East Paradox Valley (Figure 26). Paradox 
Valley is atypical for the area in that it is a wide plane sharply defined by the steep mesa 
cliffs and bluffs that bound it  an area known as Carpenter Ridge on the north and 
Davis Mesa on the south. Elsewhere in the vicinity, landscapes more common to the 
Colorado Plateau are found, including the rugged, tight-twisting canyon lands carved out 
by the Dolores and San Miguel river drainages. 
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Figure 26: The Paradox Valley showing locations of major features 

(source: Google Earth) 
 
Most visitors to the valley use Colorado SH 90 to access nearby small towns, recreation 
sites in the Manti La Sal National Forest and area BLM lands, and sites along the scenic 
gorges of the Dolores and San Miguel rivers. Remnants of past mining activity can be 
seen throughout the area (Figure 27). The Piñon Ridge facility will be visible primarily 
from Davis Mesa. Considering the site is next to an open pit mine that can be seen from 
outer space, the department has concluded that the facility will not significantly degrade 
the viewshed from Davis Mesa (Figures 28 and 29). The view of the facility from the 
highway will be limited because the mill complex is at the far south end of the site 
(Figure 30). It should be noted that the tallest mill building is approximately 96 feet tall, 
so some buildings will clearly be visible. The evaporation ponds, entry road and 
administration building will be most visible from the road. EFR has committed to using 
colors that are consistent with the area. The department concludes the facility will not 
significantly impact the viewshed from the highway, and the data in the ER are adequate. 
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Figure 27: Davis Mesa and mines. The Piñon Ridge facility would be in the valley to 

the right. 
 
 

 
Figure 28: The Cotter JD-7 Open Pit Mine from Davis Mesa. The mill will be 

located in the valley to the left of the spoils pile. (source: P. Egidi) 
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Figure 29: The JD-7 from the north. Note the extensive mine roads. 

(source: Google Earth) 
 

 
Figure 30: Site view from the highway. Cotter JD-7 mine is in background. 

(source: P. Egidi) 
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Geologic, Topographic, and Hydrologic Features 
The Piñon Ridge site is in the eastern part of the Paradox Valley. The valley was formed 
by a salt plug lifting the overlying rock and sediment. The salt plug is called a diapir and 
the uplifted area is an anticline fold. The anticline was breached and the salt eroded away. 
So much salt was eroded that the anticline collapsed, leaving the valley as a topographic 
low. Some blocks of the overlying formations slid down the side of the valley. The 
geologic faults found at the site are from this collapse event. The center of the valley is 
composed of gypsum and clay associated with the Hermosa Formation. The valley has 
been filling in with sediments brought by wind and water.  
 
The descriptions that follow are synopses of the relevant sections in Volumes 4 and 5 of 
the application. The descriptions given in the application are consistent with field 
findings and reliable literature on the area. Readers who wish to get a more 
comprehensive description should read the application and the cited references. 
 
Stratigraphy 
The stratigraphy of the site is well described by F. W. Cater (1955). From oldest to 
youngest it is: 

 The Pennsylvanian Age (Upper Carboniferous  318 -299 million years ago 
(Mya) Hermosa Formation consists of gray fossiliferous limestone at the top, with 
thin beds of shale. At the bottom, the formation consists of sandstone, black shale, 
gypsum and salt. These are the sediments of a shallow inland sea. Salt was not 
found during drilling on-site. The Hermosa Formation is the bedrock found north 
of the fault zone defined by faults 4, 5, and 6 (Figure 31). 

 

 
Figure 31: Geologic Cross Sections (source: Geologic Report) 
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 The Triassic Age Moenkopi Formation (~240 Mya) is a chocolate-brown, ripple-
bedded shale, brick-red sandy mudstone, reddish-brown and chocolate-brown 
sandstone, and purple and reddish-brown arkosic conglomerate. The Moenkopi 
Formation is rich in oxides and hydrides of iron which are responsible for the red, 
brown, and chocolate color. These sediments represent mudflats and are laterally 
discontinuous. The Moenkopi Formation is not conformable with the Hermosa 
Formation. It is up to 200 feet thick and not found north of the fault zone defined 
by faults 4, 5, and 6.  

 The Triassic Age Chinle Formation is a red to orange-red siltstone, with 
interbedded lenses of red sandstone, shale, and limestone-pebble and clay-pellet 
conglomerate. There are lenses of quartz-pebble conglomerate and grit at the 
base. This represents a fluvial, or river and stream, system. The red and orange 
color of this formation is from iron oxides and hydroxides. The Chinle Formation 
appears to be conformable with the Moenkopi Formation. It is up to 400 feet thick 
and not found north of the fault zone defined by faults 4, 5, and 6. 

 The Jurassic Age Wingate Sandstone (~200 Mya) is a light brown to buff, well 
sorted, quartz sandstone. It is a cliff that was formerly in this location. It is thick-
bedded with massive cross-bedding. It was formed from large wind-deposited 
(eolian) sand dunes. It is found only in the southwest part of the site along the 
slope of Davis Mesa. It is up to 325 feet thick in the Davis Mesa area F. W. Cater 
(1955). 

 
Soils 
The majority of the site is covered by a light brown soil composed of sand, silt, and clay. 
The area is primarily eolian, with some alluvial deposits. Most on-site soils are classified 
as sandy loam (Kleinfelder, 2009a). It is up to 140 feet thick in the central part of the site 
and thins both north and south. Three distinct soil horizons were found during trenching 
which represent a series of glacial and inter-glacial soil formation since mid-Pleistocene 
time. The soils react with acid and so contain significant calcium carbonate. Soil horizons 
across faults showed no displacement. 
 
Geomorphology 
The topography and landforms of the Piñon Ridge site reflect its geology. The cliffs on 
the south side of the site are the valley edge and are fault bounded. Mesozoic formations 
are exposed in the cliff. The valley fill sediments slope to the north at a uniform rate 
consistent with lessening alluvial deposition towards the valley center. The surface 
drainage patterns are dendritic and consistent with valley fill alluvial patterns with a 
moderate slope. There are incipient alluvial fans associated with drainage off the cliffs. 
 
Structural and Tectonic Features 
The Paradox Valley was formed when a salt diapir forced the overlying rock into an arch 
or anticline structure. The arch was pierced and the salt holding the arch up was eroded 
away. The arch then collapsed forming the valley. The oldest rock is in the center of the 
valley. Sediments brought in by wind and water have been filling the valley since then.  
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The forces that formed the Paradox Valley formed other valleys in the area such as 
Sinbad Valley, Lisbon Valley, Moab Valley, and Castle Valley. This area is known as the 
Paradox fold and fault belt (Kelly, 1955). The evaporates, shales, and carbonates of the 
Hermosa Formation were laid down in the Paradox Basin in Pennsylvanian time. Later 
sediments covered the Hermosa Formation and the salt began to rise in response to the 
pressure. The rising salt diapirs displaced the overlying sediments creating a structural 
arch. Later sediments thin against these arches (Chenoweth, 1987).  
 
The tectonic compression of the Laramide orogenic event in late Cretaceous and early 
Tertiary time accentuated the syncline and anticline structure. The regional uplift of mid-
Tertiary time exposed the sediments to increased erosion and water circulation that 
unloaded the area (Hoffman, 2010). The salt dissolution removed the support of the 
anticline and it collapsed, leaving the valley. The faults seen in the Piñon Ridge area are 
associated with the collapse of the structural anticlines caused by salt dissolution. Soil 
investigation shows no evidence of movement at the Piñon Ridge site since mid-
Pleistocene time. 
 
Seismology. The geologically recent seismic history of the area has been very quiet. 
There is no evidence of recent seismic movement beneath the proposed Piñon Ridge 
Facility. The USGS Quarternary Fault and Fold Database for the United States references 
two earthquake listings for the Paradox Valley. The first is the Paradox Valley graben (a 
formation downthrown in blocks along fault lines). This is an historical reference to the 
structure of the Paradox Valley. The Mancos Shale is the latest deposit mapped as 
showing a seismic offset. The age of the Mancos Shale is late Cretaceous (99.6–65.5 
Mya). The most recent earthquake along this fault is listed as Quaternary (<1.6 Maximum 
Amplitude). 
 
The second earthquake listed is for unnamed faults at the northwest end of Paradox 
Valley. There are eight mapped faults in this area and three show Quaternary movement 
(2.6 Mya to the present). These faults appear to be associated with the northwest margin 
of the Paradox Valley graben. 
 
A check of the Colorado Geological Survey earthquake database shows several small 
earthquakes, approximately magnitude 3, occurring along the Paradox Valley fault along 
the southwest margin of the graben over the last few decades. These small earthquakes 
are associated with the deep injection of brine along this fault into the Leadville 
Limestone. These earthquakes stopped once injection rates were reduced. Two other 
small earthquakes were noted along the northeast margin of the graben on the far west 
end and are associated with the Paradox Valley graben faults. The noted earthquakes are 
15 miles or further from the proposed Piñon Ridge site. 
 
The site characterization performed on the proposed Piñon Ridge site included surface 
mapping, electrical conductivity surveys, transient electromagnetic (TEM) soundings, 
and seismic surveys. These surveys indicated areas where faults occur. Drilling 
confirmed the bedrock offsets. Soil trenching was performed to see if there have been 
recent movements along bedrock faults found during the site characterization. Below the 
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present soil profile were two ancient soil profiles. These are middle and late Pleistocene 
in age. They relate to the Bull Lake and Pinedale glacial episodes (Pierce, 2003). There is 
no observed movement for the last 130,000 years. Pleistocene refers to the ice ages 
preceding the current Holocene warm period. 

 
Surface Water 
There are four surface runoff channels on the site. There is no permanent surface water 
and there are no wetlands. Up-stream and down-stream samples were taken using below-
ground water traps that captured snow melt and rain surface runoff. Total and dissolved 
sample analyses were performed. Radium and chromium concentrations exceed the 
surface water standard for many samples; total suspended solids exceeded surface water 
standards for all but one sample; and many trace metals were also found, including 
uranium, vanadium, barium, and manganese. This finding suggests that surface water in 
the area is unsuitable for domestic use. The site runoff channels are tributary to East 
Paradox Creek. Water flow in East Paradox Creek is intermittent and responds to high 
precipitation runoff events. Evaporation greatly exceeds precipitation. 
 
Ground Water 
Ground water exists in two stratigraphic locations at the proposed Piñon Ridge facility. 
The first zone is the contact area between the Chinle and Moenkopi Formations. The 
second zone is the contact area between the Moenkopi and the Hermosa Formations. 
Ephemeral ground water was found intermittently at the contact between the soil and the 
Hermosa Formation. 
 
Principal ground water recharge appears come from Davis Mesa. Some recharge may 
come from surface infiltration, but the high rate of evaporation-transpiration at the site 
does not support this infiltration as a significant source. The scarcity of any water found 
at the contact between the soil and the bedrock supports this argument. 
 
Water can move from the south until it is blocked by the Hermosa Formation. It then will 
move northwest towards the Dolores River. The down-valley hydraulic velocity has an 
average range of 84 to 56 feet per year based on an average hydraulic conductivity of 
3x10-3 cm/sec, a gradient of 0.0054 based on water elevations between MW-6 and well 
#234136 or the Grey well, and an effective porosity between 20 percent and 30 percent. 
This is the bulk ground water velocity and does not include any retardation effects. 
Potentially impacted wells down gradient of the site will be monitored. 
 
The southern water-bearing zones of the Chinle Formation can be used to produce limited 
amounts of water for industrial purposes. 
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Ground Water Quality 
Arsenic, sulfate, selenium, boron, iron, manganese, and uranium in the ground water are 
consistently above domestic water supply and agricultural standards. Chromium, 
molybdenum, and nitrite/nitrate are naturally present above standards in some wells. 
Water in the Chinle Formation tends to be oxidizing with lower dissolved solids, and is 
rich in sulfate. Water in the Moenkopi Formation tends to be chemically reducing, has 
little or no free oxygen, has higher dissolved solids, and has free sulfide and ammonia. 
This suggests that ground water is unsuitable for domestic use. 
 

Meteorology, Climatology, and Air Quality 
Meteorology, climatology, and air quality are described in Section 3.6 of the ER, and the 
Meteorology, Air Quality and Climatology Report, which is Vol. 7 of the application, 
along with subsequent quarterly reports. Three air monitoring stations and two 
meteorology towers on the site and two additional off-site air monitoring stations were 
installed and monitored starting in March 2008 (Figure 32). The baseline analysis 
presented here is based on the first four quarters of baseline data collected at the site 
(April 2008 through March 2009). The monitoring sites for the project were chosen 
according to NRC Reg. Guide 3.63 and EPA guidance (U.S. Nuclear Regulatory 
Commission, 1988 and U.S. Environmental Protection Agency, 2000). Meteorological 
monitoring continues at the site. The minimum one-year baseline data have been 
collected for the other parameters. 

 
Figure 32: Location of air monitoring stations 

(source: Meteorology, Air Quality and Climatology Report). 
 
Three monitoring locations were located near the property boundary. A fourth location 
was selected as a background location and was located to the northwest, and a fifth 
location was selected at the nearest residence located to the southeast. 
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Monitoring sites 1 and 2 are equipped with meteorological, particulate matter less than 10 
microns (PM10), and radionuclide monitoring instrumentation, while sites 3, 4, and 5 only 
support radionuclide monitoring. Site 1 is located near the property boundary on the 
north, and has a 10-meter tower with meteorological sensors, and precipitation and 
evaporation gauges. Site 2 is near the eastern edge of the property boundary and has 
meteorological sensors on a 30-meter tower. Site 3 is near the western edge of the 
property boundary. Site 4 is located upwind in accordance with NRC guidance and is 
approximately two miles northwest of the site near SH 90. Site 5 is located at the nearest 
residence in accordance with NRC guidance and is in a downwind location 
approximately three miles southeast of the site. 
 
Data from the monitoring sites are summarized in quarterly reports. The quarterly reports 
include data recovery statistics, data analysis, details about station operations, and audit 
and calibration reports. The results from the quarterly reports are combined in the 
Meteorology, Air Quality and Climatology Report. It should be noted that some of the 
early reports were updated after review by the department and can be found on the 
CDPHE Piñon Ridge correspondence web page. 
 
A Work Plan for Ambient Air Monitoring was submitted to the department for review 
and comment and formed the basis for baseline data collection at the site. It is provided in 
Vol. 8 of the application. Department staff evaluated the proposed equipment and made 
comments prior to purchase and installation of the equipment because the technology has 
improved since the guidance documents were last updated. The meteorological sensors 
were operated based on EPA guidance (U.S. Environmental Protection Agency, 2000) 
because it is more widely used and more current. 
 
Meteorology 
Section 3.6.1 of the ER discusses the meteorology in detail. The section presents 
temperature, relative humidity, solar radiation, wind speed, maximum wind gusts, 
evaporation, and precipitation data. The most important aspects with respect to public 
health and the environment are wind speed, wind direction, and atmospheric stability, 
because they may impact particulate concentrations. 
 
Copies of the quarterly wind rose patterns are presented below. The Meteorology, Air 
Quality and Climatology Report has monthly, as well as the annual wind roses plotted 
(Figures 33 and 34). 
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Figure 33: Quarterly wind rose plots from Site 1 

(source: Meteorology, Air Quality and Climatology Report). 
 

 
Figure 34: Wind rose patterns from Site 2.1 

(source: Meteorology, Air Quality and Climatology Report). 
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In the wind rose, each hourly measurement of wind direction is assigned to a 16-point 
sector of the compass, and the frequency of occurrence of wind from a direction is 
proportional to the length of the solid line beginning in the central circle and extending 
outward. The color bars within each compass direction indicate the frequency of specific 
wind speeds within each wind direction. 
 
The wind rose for Site 1 shows two dominant directions (ESE and SE) with very light 
wind speeds. They show the nighttime southeast valley flow through each quarter. The 
various westerly winds with many speed groups are associated with the daytime hours. 
These are associated with nighttime, stable, drainage breezes that flow parallel to the axis 
of the Paradox Valley. 
 
Site 2 experiences westerly and southwesterly winds during both daytime and nighttime 
hours, and the wind patterns do not resemble the persistent nighttime valley flow 
observed at Site 1. The calm winds at Site 2 are most likely the result of local canyon 
drainage flows from the mesa located west and southwest of Site 2. The wind rose for 
Site 2 indicates that the various westerly winds persist through the entire year.  
High-wind storm events are addressed separately based on stakeholder concerns and are 
discussed below.  
 
Atmospheric Stability 
Atmospheric stability is typically used for assessing dispersion of emissions because the 
stability describes the potential for vertical motion in the atmosphere. Unstable conditions 
encourage positive vertical motion or movement toward the sky, and stable conditions 
encourage negative vertical motion or movement toward the ground. Stability is 
important with respect to dust storms because winds must be sustained at about 40 mph 
before significant re-suspension of particulates will occur. All the tailings at Piñon Ridge 
will be kept wet, and the ore on the pads will be treated to mitigate dusting; however, the 
farmland soils to the south and the red desert soils will dry out and create dust. Satellite 
pictures in Reddy (2010) show patterns of dusting coming from the south and southwest, 
not the northwest (where the Piñon Ridge mill would be located). 
 

The data from both meteorological sites at the proposed Piñon Ridge site exhibit similar 
patterns with neutral to stable conditions being the most frequent (Figure 35). Site 2 does 
have a larger percentage of hours with very stable conditions than those recorded at Site 
1. These very stable conditions at Site 2 are most likely a result of the calmer nighttime, 
canyon winds. 
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Figure 35 Site Stability (source: Meteorology, Air Quality and Climatology Report) 
 

Climate 
The discussion of climate is presented in Section 3.6.2 of the ER. Climate descriptions 
involve averaging meteorological records over a period of time. The National Oceanic 
and Atmospheric Administration’s National Climatic Data Center uses 30 years of data to 
calculate the classical “normal” values often used to describe long-term climate 
conditions. In some cases, climate can be adequately described with shorter or longer 
periods of records, depending on the purpose of the data. The one-year site-specific 
baseline data from the Piñon Ridge site are compared to local climate trends. 
 
Sources of meteorology data in the region of the site were evaluated based on data 
availability, location, and topography to assess if the station is representative of the site 
conditions. Climate data from nearby stations relevant to characterizing the site area are 
presented, with a focus on precipitation data. In addition to the 30-year normal values 
often used in climate analyses, data from other time periods are presented when available. 
 
Thirty-year normal values for the period 1971-2000 for Uravan, the station identified as 
the most representative of the site area, are presented in Appendix D of the Meteorology, 
Air Quality and Climatology Report. The precipitation data include monthly and annual 
mean and extreme totals. The 30-year normal values for the preceding statistics were very 
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similar to the long-term results. During the baseline year of onsite monitoring, 10.01 
inches of precipitation were recorded as representative of the site area. During the same 
period, Uravan recorded 9.52, which is 4.9 percent less than the monitored total. 
Applying the difference observed between the monitored and Uravan annual totals during 
the monitoring year, -4.9 percent, to the long-term average annual total for Uravan, 12.63 
inches, the expected average annual total precipitation for the site area is 13.28 inches. 
 
Wind and Local Air Patterns 
Data of the average annual wind speed and maximum wind gusts for the Nucla station 
appears in Appendix C in the Meteorology, Air Quality and Climatology Report. The 
average annual wind speed from 1999 through 2008 at the Nucla station is 5.2 miles per 
hour (mph). The 10-year monthly averages range from 3.6 mph in December and January 
to 6.7 mph in April and June. Extreme values of wind gusts are less likely to show 
regular patterns than the monthly average and total values that are typically presented. 
The monthly average wind gusts for the 1999 through 2008 period ranged from 40.3 mph 
to 54 mph, with a tendency for the higher speeds to occur during April through June. The 
overall maximum gust speed recorded was 76 mph in June 2005. The next highest 
maximum gust speed was 60 mph in May 2004. 
 
The Nucla station wind sensor is located approximately three meters above ground 
surface, while the Piñon Ridge sites 1 and 2 wind sensors were installed at 10 meters and 
30 meters for sites 1 and 2, respectively. Average wind speeds typically increase with 
height. Accordingly, the monthly wind speed averages from sites 1 and 2 are higher than 
the Nucla long-term averages; however, both data sets exhibit similar annual patterns. 
Both the station and the data from sites 1 and 2 record the highest monthly wind speed 
averages in the months of March, April, May, and June, and the lowest wind speeds are 
collected during the winter months. 
 
Humidity 
Long-term dew-point temperature monthly summaries for the Nucla station are provided 
in Appendix D of the Meteorology, Air Quality and Climatology Report. The overall 
annual average dew-point temperature at Nucla is 24.8ºF. The monthly mean values 
range from 16.1ºF in January to 42.8ºF in August. 
 
The average annual relative humidity for the period from 1999 through 2008 at the Nucla 
station is 41.9 percent. The monthly averages are provided in Appendix C of the 
Meteorology, Air Quality and Climatology Report. June has the lowest monthly average 
relative humidity, with 22.7 percent. The highest monthly average is December, with 
58.4 percent. This opposite cycle (summer minimum) to the temperature data is, in part, 
due to the opposite relation between relative humidity and temperature. 
 
For the monitoring period, April 2008 through March 2009, the monthly average relative 
humidity values at Piñon Ridge sites 1 and 2 are very similar to the data from the Nucla 
station. The overall average of monthly differences for the Piñon Ridge sites 1 and 2 
compared to the Nucla Station are 2.4 percent and -0.2 percent, respectively. 
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Solar Radiation 
The monthly total incoming solar radiation values on a flat surface were obtained for the 
Nucla station. The corresponding average monthly values for the 10-year period in 
kwh/m2 were 78.2 in December and 236.7 in June. The monthly totals for each year, and 
the overall monthly averages of the totals, are summarized in Appendix D of the 
Meteorology, Air Quality and Climatology Report. 
 
The comparison between the Nucla station and Piñon Ridge sites 1 and 2 shows that 
measured solar radiation from sites 1 and 2 occurred within the range of values measured 
at the Nucla station.  
 
Evaporation 
Summaries of pan evaporation data from two NWS stations were obtained to estimate 
pan evaporation in the region. The Grand Junction data were taken from 1962 through 
2005; Montrose data were taken from 1948 through 1982. A summary of the monthly and 
annual totals is provided in Appendix D of the Meteorology, Air Quality and Climatology 
Report. 
 
The long-term pan evaporation rate for the site was estimated by taking an average of the 
available monthly values from Grand Junction and Montrose. The calculated results for 
the site are provided in Appendix D of the Meteorology, Air Quality and Climatology 
Report. The estimated long-term monthly average pan evaporation rates ranged from 1.30 
inches (33.0 mm) during December to 10.7 inches (270.5) mm) in June. The annual total 
estimated pan evaporation is 64.75 inches (1,644.7 mm). An accepted pan evaporation 
coefficient to calculate lake (free water) evaporation is 0.77 (Linacre, 1994). According 
to this method, the corresponding lake evaporation would be 49.9 inches (1,266 mm) per 
year. 
 
Evaporation data were collected at Site 1 during the non-freezing months and resulted in 
a seven-month total of 55.26 inches. The total for the same seven months for the 
calculated average of Montrose and Grand Junction is 55.1 inches, which is nearly 
identical to the measured value of 55.26 inches. Evaporation at the site during the winter 
period was also estimated based on the data available from Montrose because winter 
evaporation measurements were taken at Montrose. Accordingly, the evaporation from 
April through June accounts for 84 percent of the evaporation at Montrose. This factor 
was applied to the evaporation data collected at Site 1and estimated that the total annual 
site evaporation as 65.8 inches (55.26/0.84). This is only a 1.5 percent difference from 
the average annual pan evaporation from Grand Junction and Montrose of 64.8 inches. A 
graph of the long-term monthly averages from the two NWS stations, the seven-month 
results from the Piñon Ridge Site 1 data, and the estimated site evaporation rate based on 
the NWS data are shown in Figure 36, reprinted below. 
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Figure 36: Evaporation Rates 

(source: Meteorology, Air Quality, and Climatology Report) 
 
Climate Change 
This section is repeated from Section 3.6.2 of the ER. Most of the data presented in the 
preceding sections describe conditions occurring during the 10-year period from 1999 
through 2008. Data from longer periods of time are available from more distant sites, but 
data from more distant sites with differing geography do not represent conditions in the 
Paradox Valley. Trends in climate change are not clearly evident in the data evaluated. 
Therefore, in addition to that data, information from a recent report on climate change in 
Colorado was evaluated to assist with projecting the climatic conditions that could occur 
during the lifetime of the site, a period of approximately 40 years.  
 
The Western Water Assessment (WWA) group associated with the University of 
Colorado prepared a report for the Colorado Water Conservation Board in 2008, Climate 
Change in Colorado (WWA, 2008). The report acknowledges the difficulty in projecting 
regional changes in response to global-scale changes in climate conditions and weather 
system occurrences, though temperature and precipitation trends on a regional basis are 
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shown. Montrose, located approximately 50 miles north-northeast of the site, is one of the 
stations depicted in the WWA report. 
 
The primary points from this report relevant to the site are: 

 Temperature: Climate models project Colorado will warm by 4ºF by 2050, 
relative to the 1950-1999 baseline values. 

 Precipitation: Climate models do not agree on changes in annual mean 
precipitation, though seasonal shifts may occur, including a lower snowpack 
occurring by 2050. 

 
The WWA report shows that since 1970, 10-year average observed temperatures have 
increased across the state. The increase from 1977 through 2006 for the southwestern 
regional corner of the state is reported as 2ºF. The Montrose data in the WWA report are 
representative of trends at other regional stations in the report. Year-to-year variations of 
average temperature have exceeded 1ºF, including during the most recent period. The 
warming trend could include shorter periods during the year of freezing temperature 
occurrences. Although not documented in the WWA report, evaporation rates are 
expected to increase with warmer temperatures. 
 
In the WWA report, no apparent precipitation trends in the water-year (October through 
September) were presented for the regional stations. This lack of trend is also found in 
the climate model projections. The WWA report also discusses that annual values can 
range from one-half to twice the long-term average values. The annual variation in annual 
precipitation at the Uravan COOP station was nearly a factor of three, demonstrating the 
large year-to-year variability that occurs in the site area. In another section of the WWA 
report, the regional drought during 2000 through 2007 is seen to be consistent with 
natural variability observed in the long-term and paleoclimatic records covering 
thousands of years. 
 
This conclusion helps with designing the runoff channels to ensure they can handle 
increased storm volumes from variation in storm intensity. Because of complex 
interactions between climatic elements and factors affecting water use, the lack of 
apparent trend and projected changes in total precipitation do not carry through to future 
water resource expectations. The WWA report concludes that a reduction in total water 
supply will occur during the projection period. Drought severity could be increased due 
to higher temperatures alone. Runoff in the Upper Basin of the Colorado River is 
expected to decline by six to 20 percent by the year 2050 (WWA, 2008). 
 
In addition to water supply, this information is important with respect to site closure. The 
trend towards a drier climate reinforces the decision to design a water balance cap instead 
of a highly engineered cap at Piñon Ridge. If the climate is drier, that would lead to less 
moisture and less infiltration into the cover. Since the Paradox Valley is a depositional 
environment, it is anticipated that deposition of soil over the closed site will also lessen 
the chance for infiltration through the cap. 
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Air Quality 
The EPA sets National Ambient Air Quality Standards (NAAQS) and the Colorado 
Department of Public Health and Environment sets Colorado Ambient Air Quality 
Standards (CAAQS), which are health-based criteria for the maximum acceptable 
concentrations of air pollutants at all locations to which the public has access. According 
to the Colorado Air Quality Control Commission’s Annual Report to the Public 2008-
2009, all of Montrose County is designated as “attainment” for all criteria pollutants 
(Colorado Department of Public Health and Environment, 2009a). Criteria pollutants for 
which CAAQS and NAAQS exist include carbon monoxide (CO), nitrogen dioxide 
(NO2), ozone (O3), particulate matter less than 10 microns in effective diameter (PM10), 
particulate matter less than 2.5 microns in effective diameter (PM2.5), sulfur dioxide 
(SO2), and lead (Pb). 
 
All areas of the West Slope of Colorado are currently in attainment of the NAAQS for all 
six criteria pollutants. The nearest area to the Piñon Ridge site to be in non-attainment 
was Telluride, but that was prior to 2000. The APCD and EPA helped Telluride back into 
attainment by road paving and wood burning restrictions. It should also be noted that the 
APCD has had a particulate monitor in Telluride since 1985 to track PM10 air quality. 
The APCD has a PM10 Attainment/Maintenance Plan that provides more information.  
 
Most of the Paradox Valley, including the land surrounding the site, is considered 
unincorporated. Most of the valley is utilized for open ranching, but some agricultural 
sources exist near Bedrock and Nucla. There are several minor sources throughout the 
valley including aggregate processing operations, concrete batch plants, and 
uranium/vanadium ore mining. These operations are primarily sources of particulate 
matter, but can also utilize processes and/or equipment that emit nitrogen oxides (NOx), 
sulfur dioxide (SO2), carbon monoxide (CO), and some Hazardous Air Pollutants 
(HAPs). Tri-State Generation and Transmission also operates a coal surface mine and a 
coal-fired power plant in Nucla. The mining activities are another source of particulate 
matter, while the power plant is a major source for NOx, SO2, CO, particulate matter, and 
HAPs. 
 
The site area air quality is required to meet both the NAAQS and the CAAQS. The EPA 
monitors PM10 attainment status with a 24-hour standard. During the course of one year, 
PM10 concentrations may only exceed 150 microgram per cubic meter (μg/m3) one time. 
If the PM10 concentrations exceed the 150 μg/m3 more than once during the year, the area 
is designated as nonattainment for PM10. The department enforces the 24-hour standard, 
but also requires areas to comply with an annual PM10 standard. To attain this standard, 
the three-year average of the weighted annual mean PM10 concentrations from one or 
several monitors must not exceed 50 μg/m3. The Piñon Ridge sites 1 and 2 had 24-hour 
and annual PM10 concentrations less that the NAAQS and the CAAQS. 
 
During the monitoring program, the annual averages for sites 1 and 2 were 9 μg/m3 and 8 
μg/m3, respectively, both well below the CAAQS of 50 μg/m3. April 2008 had the highest 
monthly average PM10 concentration, 22 μg/m3, and December 2008 had the lowest 
average PM10 concentration of 3 μg/m3. For comparison, the annual average value in 
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Telluride for 2008 was 18.3 μg/m3. The annual average value in Grand Junction for 2008 
was 35.1 μg/m3. The maximum 24-hour concentration recorded at both Site 1 and Site 2 
on April 30, 2008was 66 μg/m3, considerably less than the NAAQS 24-hour standard of 
150 μg/m3. The maximum 24-hour concentration recorded at Telluride was 82 μg/m3. 
The maximum 24-hour concentration recorded at Grand Junction was 149 μg/m3. Table 
10 provides summary data. Figure 37 shows plotted results for sites 1 and 2. 
 

Table 10: Summary Data for PM10 Background Concentrations 
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Figure 37: PM10 Concentrations for Sites 1 and 2 

(source: Meteorology, Air Quality and Climatology Report) 
 
Although the regulations do not require modeling for a minor source, the APCD 
requested that modeling be done for PM10 emissions, which are related to dust in the air. 
Modeling was performed for the Piñon Ridge facility using conservative assumptions 
(24/7 operation, maximum exposed beaches, and 1,000 tpd) and site-specific data. Based 
on the modeled concentrations, the PM10 results are below the NAAQS and CAAQS. The 
department has since requested that PM2.5 evaluation be conducted because requirements 
have changed since the application was originally submitted. APCD did not require 
modeling of the other criteria pollutants or other secondary pollutants because they are 
below modeling thresholds. The impacts to air quality in the area of the proposed facility 
would be less than levels deemed to be protective of human health and the environment 
and would not degrade the existing air quality. More information about individual point 
and area sources at Piñon Ridge can be found in the APENS application, called the Air 
Pollution Emission Notice in Volume 14 of the application. 
 

Site and Uranium Mill Tailings Characteristics 
The geotechnical field exploration program consisted of two phases. For preliminary 
geotechnical information, the Phase 1 program included drilling 20 relatively shallow 
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borings for geotechnical sampling purposes. In addition, nine ground water monitoring 
wells were completed, and 18 deeper borings ranging to more than 1,000-foot depth were 
drilled to assess the deeper geological and hydrogeological conditions. After evaluation 
of the Phase 1 data, further site-specific information was obtained during the Phase 2 
program. The Phase 2 program targeted the proposed tailings cells, ore pad, and 
evaporation ponds areas, and included drilling 48 additional soil borings and excavating 
11 test pits. Geotechnical samples from Shelby tubes, modified California barrel drive 
samples, and standard penetration test split spoons were obtained during drilling 
operations. In addition to the hollow stem augur, 12 borings were continued through 
bedrock using continuous core. While coring, packer permeability tests were conducted 
at selected intervals to measure in situ horizontal permeability of the bedrock units 
encountered. 
 
Investigations, sampling, and analysis have used acceptable standards and practices. 
Samples collected from the geotechnical field exploration programs as well as 
geosynthetic samples (e.g., geosynthetic clay liner [GCL], geomembrane, and drainage 
geocomposite) were tested in accredited laboratories. Geotechnical and geosynthetic 
laboratory testing included the following:  
 

 Particle Size Analysis – ASTM D422 
 Atterberg Limits – ASTM D4318 
 Natural Moisture Content – ASTM D2216 
 Natural Dry Density – ASTM D2937 
 Standard Proctor Compaction – ASTM D698 
 One-Dimensional Swell/Consolidation – ASTM D4546 
 Constant Head Flexible-Wall Permeability – ASTM D5084 
 Consolidated-Undrained (CU) Triaxial Compression – ASTM D4767 
 Interface Shear (geosynthetics) – ASTM D5321, D6243 
 Unsaturated Hydraulic Conductivity (Soil Water Characteristic Curve) – ASTM 

D6836 
 Hydraulic Properties of GCL Permeated with Potentially Incompatible Liquids –  
 ASTM D6799 

 
The material characteristics of the uranium mill tailings were based on laboratory data for 
uranium tailings produced at two nearby facilities with similar ore and processing 
methods. The Cotter Mill, located near Cañon City, Colo., and the Moab Mill in eastern 
Utah both process material from the Salt Wash member of the Morrison Formation and 
similar Chinle Formation, as is proposed for the Piñon Ridge project. 
 
Borrow material required for facility construction and closure activities were identified. 
Both on-site and off-site sources will ultimately be needed. The on-site borrow was 
appropriately characterized, which included exceeding the EPA (U.S. Environmental 
Protection Agency,1993) and Daniel and Koerner (2007) recommended minimum testing 
frequency for pre-construction borrow source testing. Although the majority of site 
construction requires the use of on-site borrow materials, some closure construction 
activities will require the use of imported materials, such as sand, gravel, and rock for 
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some of the cover layers and erosion protection. The applicant reviewed the availability 
and durability of nearby rock sources, and found that sufficient quantities of suitable 
material are anticipated to be available at the time of site reclamation, possibly 30 to 40 
years from construction. Sampling and laboratory testing for each rock borrow source 
will be conducted prior to its use to assure it meets the project specifications.  
 
Interface friction testing was performed on the various geosynthetic components to 
ensure stability of the proposed liner system under anticipated loading conditions. The 
following interfaces were evaluated:  

 textured geomembrane / drainage geocomposite; 
 textured geomembrane / GCL; 
 High Density Polyethylene (HDPE)-laminated GCL / soil; and 
 reinforced GCL / soil.  

 
Results of the geosynthetic interface testing were used in the stability analysis. In the 
event that different geosynthetics or interfaces that have not been tested for interface 
friction are selected for use, those products will be sampled and tested to confirm the 
parameters used in the design. In addition, GCL leachate compatibility testing was 
performed to evaluate the GCL’s hydraulic conductivity after being subjected to synthetic 
acidic leachate expected to be similar to leachate produced during operations. 
 
Unstable geotechnical conditions, primarily the wind-blown silty sand deposits (loess), 
have been identified, and measures have been planned to mitigate their potential impacts 
on the proposed facility. Specifically, much of the collapsible soils, which exhibited a 
collapse potential ranging up to 16.7 percent will be over-excavated, removed, and 
replaced with fill material that will be moisture conditioned and adequately compacted to 
greatly reduce or eliminate the collapse potential of the silty soils.  
 
Slope Stability 
The applicant has acceptably described the slope stability by:  

 providing cross-sections and profiles of natural and cut slopes in sufficient detail 
and number to represent significant slope and foundation conditions;  

 placing tailings mostly below grade;  
 ensuring that slope steepness for final covers are five horizontal (5h) to one 

vertical (1v) or less;  
 providing measurements of static and dynamic properties of soil, rock, and 

geosynthetics using standards such as those established by the American Society 
for Testing and Materials (ASTM), International Society of Rock Mechanics 
(ISRM), or the Geosynthetic Research Institute (GRI); and  

 selecting locations for slope stability analysis while considering the location of 
maximum slope angle, slope height, weak foundation, the extent of rock mass 
fracturing, and the potential for local erosion. 

 
The static loads analysis is acceptable and includes: 
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 appropriate uncertainties and variabilities in important rock/soil/geosynthetic 
parameters; 

 consideration of appropriate failure modes; 
 a discussion of the effect of the assumptions inherent in the method of analysis 

used; and 
 consideration of adverse conditions with appropriate safety factors. 

 
The dynamic and pseudostatic analyses are acceptable and include: 

 calculations with appropriate assumptions and methods; 
 treatment of important interaction effects in a conservative fashion; 
 an accounting of the dynamic stresses of the maximum credible earthquake on 

soil strength parameters; 
 an appropriate pseudostatic analysis of slopes subjected to earthquake loads, with 

consideration of the added driving horizontal force acting in the direction of a 
potential failure; 

 a selection of appropriate design-level seismic event or strong ground motion 
accelerations; 

 evaluation of local site conditions; and 
 design of an appropriate vegetative/evapotranspiration (ET) cover that is 

consistent with current state-of-the-practice for such covers in a semi-arid climate. 
 
Since the stability analysis was performed, modifications to the final cover system have 
been proposed. In addition, and as discussed further in this analysis, test plots using 
several potential final cover designs will be constructed and percolation measured in 
order to optimize the final cover for the tailings cells. A final slope stability check 
calculation must be performed once the cover design is finalized to ensure that the final 
proposed cover remains stable, as demonstrated with the current cover design. Although 
the final cover design may be modified based on further testing and optimization, the 
stability is not expected to significantly change or even approach the minimum Factors of 
Safety (FS) recommended in NRC Reg. Guide 3.11. According to this guide, the end of 
construction embankment stability minimum static FS is 1.3, while the seismic FS is 1.0. 
The minimum calculated FS for the Piñon Ridge tailings cells, with the current cover, is 
2.3 for static stability and 4.4 for seismic stability, well above the cited minimum values. 
 
Settlement 
Settlement has been considered by evaluating the individual components of the tailings 
cell, consistent with standard engineering practice. The evaluation considered the 
following scenarios: 
 

 The settlement and associated strain on the liner system due to foundation 
settlement caused by the embankment fill; 

 The settlement and associated strain on the liner system due to foundation 
settlement caused by filling the cell with tailings during operations; 

 The settlement and associated strain on the liner system in the unlikely event that 
the subsoils become saturated and exhibit their full collapse potential; 
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 The settlement of the cover system due to tailings consolidation to evaluate the 
post-closure cover slopes (grades); and 

 The settlement of the cover system due to tailings consolidation to evaluate 
impacts to the radon barrier. 

 
In all cases, the applicant demonstrated that the various components of the liner and 
cover systems can maintain their integrity when subjected to the induced strains 
associated with settlement as determined in the total and differential settlement 
evaluation. Therefore, on the basis of information presented in the application and the 
detailed review conducted of the characteristics of the settlement at the proposed Piñon 
Ridge facility, the department staff conclude that the settlement analysis and associated 
calculations present information that appropriately demonstrate compliance with 6 CCR 
1007-1, Part 18, Appendix A, Criterion 6(1), which requires that the impoundment 
designs providing reasonable assurance of control of radioactive hazards to be effective 
for 1,000 years to the extent reasonably achievable, and in any case for at least 200 years. 
 
Liquefaction Potential 
Liquefaction potential was evaluated based on results from properly conducted laboratory 
and field tests. The methods used for interpretation of test data are consistent with current 
practice. In particular, the methodology described by Youd and others (Youd et. Al 
2001.) was used to estimate the cyclic stress ratios of the various components and 
ultimately characterize its liquefaction potential. This method is consistent with current 
engineering practice. The evaluation determined that the native soils and structural fill, 
which will be used for the tailings cell embankment, are not prone to liquefaction. 
However, the evaluation also determined that the tailings are likely to remain liquefiable. 
Due to the tailings being delivered to the cell as a slurry during operations, this result was 
expected. Dewatering the tailings as part of the closure process will eliminate the 
liquefaction potential for long-term considerations. 
 
Disposal Cell Cover Engineering Design 
The final cover proposed for the tailings ponds at the Piñon Ridge mill will deviate 
significantly from the traditional (e.g., prescriptive) covers which were approved in the 
past for seven Title I and three Title II radioactive disposal cells in Colorado. Previously 
approved cover designs, as discussed extensively by DOE (U.S. Department of Energy 
1989), generally consisted of a low permeability radon barrier (typically compacted clay) 
with a rock-armored top deck and side slope, predominantly designed to resist erosion 
from surface water and wind. Although erosion protection is a critical element for long-
term design considerations, it has been shown that the rock-armored covers tend to 
enhance water infiltration and biointrusion. While there has never been a cover failure at 
any of the Colorado Title I or Title II sites (e.g., elevated radon flux, seeps, excessive 
erosion, slope instability), unwanted vegetation growing within the rock covers has 
shown to be persistent and requires vigilant maintenance to control. If not controlled, root 
intrusion from unwanted vegetation can potentially accelerate the physical degradation of 
a cover through several mechanisms, including wet-dry and freeze-thaw cycles. 
Macropores left by decomposing plant roots may also provide channels for water 
percolation. In addition, plant roots seeking moisture may ultimately penetrate the radon 
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barrier, typically constructed from compacted clay. Extraction of the radon barrier 
moisture by plants (transpiration) can challenge the radon barrier’s ability to limit radon 
flux and water infiltration over the long term. 
 
In contrast, the final cover proposed for the Piñon Ridge mill tailings ponds will be a 
water balance cover (also known as an “evapotranspiration” (ET) or a “store-and-release” 
cover) with a capillary barrier. The concept of a water balance cover is similar to a 
sponge  a thick layer of soil will store infiltrating moisture until plant transpiration and 
surface evaporation return the moisture to the atmosphere. Water is stored when 
precipitation exceeds evapotranspiration, and it is removed during drier periods. 
According to EPA (U.S. Environmental Protection Agency 2003), a capillary barrier 
cover consists of fine-grained soil overlying coarse-grained soil. The differences in the 
unsaturated hydraulic properties between the two layers minimize percolation into the 
coarser-grained (lower) layer under unsaturated conditions. The coarser-grained layer 
forms a capillary break at the interface of the two layers, allowing the finer-grained layer 
to retain more water than it would without the capillary break. 
 
In a side-by-side comparison, Benson and others (2002) have demonstrated that in semi-
arid climates, water balance covers perform as well as or better than conventional barrier 
covers with respect to percolation rates. Albright and others (2010) estimate that, 
depending upon various factors including climate, conventional RCRA Subtitle C-
compliant composite covers, consisting of a combination of compacted 
clay/geomembrane/geosynthetic clay liner (GCL), can expect to have percolation up to 
about four mm/year. For water balance covers, achieving low percolation rates clearly 
depends on climatic conditions as well as appropriate soil and vegetation design and 
installation. Extremely favorable climatic conditions exist at the subject site, where 
annual precipitation is about 10 inches and annual pan evaporation is about 55 inches. 
Benson (2008) suggests that for sites where the ratio of precipitation/potential 
evapotranspiration (P/PET) is less than 0.2, expected percolation is essentially zero. The 
P/PET for this site is about 0.18, making it extremely favorable for success. 
 
With the above background, the proposed cover system for the Piñon Ridge Uranium 
Mill tailings ponds was evaluated relative to state-of-the practice for design and 
construction of such covers, as generally discussed in Albright (2010) and ITRC 
(Interstate Technology & Regulatory Council, 2003). This evaluation is below. 
 
Climate. The regional and site-specific climatic factors have been appropriately 
investigated. Critical input parameters for numerical modeling, such as precipitation and 
evapotranspiration, have been identified. Other climatic factors such as maximum and 
minimum temperatures, relative humidity, solar radiation, and wind have been identified 
and considered. 
 
Soil Characterization. The hydraulic characteristics of the proposed cover soil was 
appropriately characterized through site-specific testing for saturated hydraulic 
conductivity properties (Ksat) (ASTM D5084) and unsaturated hydraulic conductivity, 
also known as the soil water characteristic curve (SWCC) (ASTM D6836). In addition, 
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other properties of the soil, such as compaction characteristics, Atterberg limits, grain 
size distribution, and strength were also tested, as discussed above in the Site and 
Uranium Mill Tailings Characteristics section of this report. 
 
Vegetation Characteristics. Vegetation plays a key role in the success of water balance 
covers. In addition to erosion protection and transpiration, cover vegetation is designed to 
minimize ongoing maintenance and promote sustainability of the natural or near-natural 
ecosystem. The proposed vegetative species for the Piñon Ridge tailings ponds covers 
were based on recommendation from the Natural Resources Conservation Services 
(NRCS), with consideration of design objectives, site-specific conditions, and local 
experience. 
 
Geosynthetics. The low permeability geosynthetic currently selected for use in the cover 
system is a High Density Polyethylene (HDPE) membrane-supported geosynthetic clay 
liner (GCL). This is a single product that consists of a relatively thin HDPE 
geomembrane laminated to a GCL. GCLs consist of a layer of natural sodium bentonite 
clay encapsulated between two geotextiles. The product was selected primarily for its low 
hydraulic conductivity property and its ability to “self-heal” around penetrations and 
punctures when hydrated. Specific products have been tested in the laboratory for 
interface shear strength, and those results have been used in the slope stability evaluation. 
If alternates to the tested products are ultimately used, then further material-specific 
testing of the alternative material will be required to verify that the alternative 
geosynthetic will meet or exceed the design requirements. In addition, conformance 
testing for physical properties of the actual geosynthetic rolls delivered to the project site 
will be performed as a component of the quality plan and project specifications. 
 
Numerical Modeling. Infiltration modeling for the subject cover was evaluated using the 
UNSAT-H Version 3.01 code. The UNSAT-H model is valid for this type of analysis 
because it simulates unsaturated flow in a rigorous manner (i.e., solves the Richards’ 
equation) and attempts to capture the physical and biological processes of the cover. 
Input parameters selected for the model included the soil properties developed through 
site-specific geotechnical investigations and laboratory testing. Design configurations, 
compaction requirements, expected vegetation cover, and simulation of a bounding range 
of soil infiltration rates for a several year period were modeled. Based on a conservative 
surface infiltration rate assumed to reach the geosynthetic liner, the modeling shows that 
percolation below the liner into the interim cover is very low, about 0.001 mm/year. 
 
Laboratory Testing, Test Plots, and Design Optimization. Several potential sources of 
borrow material for the clean granular soil to be used in the capillary break/drainage layer 
will be tested in the laboratory. The tests are designed to quantify and compare the 
capillarity of the candidate materials. The selected material will be used within the test 
plots described below. 
 
Test plots will be designed, constructed, and tested to evaluate the effects of several 
design variables, including various types or configurations of geosynthetic liners, cover 
soil thickness, and vegetation within the time available for the field test. Percolation will 
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be measured with direct-reading pan lysimeters, similar to those used for the EPA-
sponsored Alternative Cover Assessment Project (ACAP). The test cover will be large 
enough to allow the use of full-sized equipment as well as minimize lateral boundary 
effects.  
 
The results of the laboratory and field testing will be used to refine and optimize the 
proposed cover design. Depending on results, additional numerical modeling runs or 
sensitivity analysis may be warranted to more efficiently finalize the cover design. This is 
a common practice for water balance covers, as they are performance-based rather than 
prescriptive. 
 
Because the first cover for this proposed facility will not be constructed for 
approximately 15 to 20 years, it is impossible to “reserve” a specific commercial source 
of material until that time. However, the applicant has reviewed the availability and 
durability of nearby rock sources, and found that sufficient quantities of suitable material 
are anticipated to be available at the time of reclamation. Appropriate laboratory testing 
will be performed to confirm the suitability for each potential rock source prior to use for 
cover construction. The applicant also has provided acceptable schematic drawings and 
sections displaying the various disposal cell layers and thicknesses. A description of the 
applicable field and laboratory investigations and testing is provided, including 
identification of material properties. The properties of the cover material have been 
measured properly using standards such as ASTM. Details have been provided for the 
disposal cell termination boundaries and propose geosynthetics and their physical, 
mechanical, and strength properties. Methods of installation have been described and 
expected service life has been justified.  
 
Construction Considerations 
The construction considerations are described through engineering drawings showing 
design features and describing the sources, quantity and quality of on-site borrow 
materials through the use of acceptable field and laboratory testing. Off-site sources of 
borrow material that will be necessary during closure have been also evaluated; however, 
as discussed above in the Disposal Cell Cover Engineering Design section, off-site 
borrow cannot be procured and set aside for future use. The applicant has committed to 
additional sampling and testing of these materials in order to confirm that they will meet 
their intended design function prior to their use. Disposal cell soil compaction plans are 
supported by field and laboratory tests that assure stability and performance.  
 
Appropriate Construction Quality Control (CQC) and Construction Quality Assurance 
(CQA) provisions are in place to ensure that construction will be in accordance with the 
approved plans, drawings, and specifications. Beyond the quality requirements discussed 
by NRC (2003), but analogous to the Colorado Hazardous Waste Regulations, §265.115, 
the Colorado Solid Waste Regulations, 6 CCR 1007-2, Part 1, Section 3.5.8, and the 
guidance provided by EPA (1993), the applicant will implement a CQA program 
independent and separate from the contractor and the CQC organization. All quality 
activities, including those conducted by the CQC organization as well as the CQA 
organization, will be documented and compiled into a report that will be signed and 
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sealed by the CQA Engineer, a Professional Engineer registered in Colorado. The 
Engineer will certify that the construction was completed in accordance with the 
approved plans, drawings, specifications, and quality plan.  
 
Although appropriate CQA and CQC plans have been developed, the frequency of testing 
during construction activities by each organization may need to be adjusted. For example, 
the current plan states that each CQC field density test will have an equivalent number of 
CQA field density tests. Standard practice typically calls for the majority of testing to be 
performed by CQC, with about 10 percent of the total testing performed by CQA. 
Frequencies for the various required testing should be similar to or greater than the 
frequencies shown in EPA (U.S. Environmental Protection Agency, 1993), unless 
appropriate justification is provided (e.g., homogenous soils may require less testing than 
soils that are variable). The current plan requires some adjustment to attain those 
frequencies.  
 
Disposal Cell Hydraulic Conductivity 
For conventional tailings cell cover designs, NUREG-1620 requires that a technical basis 
be established to justify the use of a low permeability barrier layer (design saturated 
hydraulic conductivity of 1.0 x 10-7 cm/sec or less). As discussed in the Disposal Cell 
Cover Engineering Design section, in lieu of a low permeability barrier layer, the cover 
design for the tailing cells at the Piñon Ridge facility will consist of a water balance cap 
with a capillary barrier. The radon barrier will also contain a low permeability 
geosynthetic material designed to augment its ability to minimize infiltration. Currently, 
the selected geosynthetic for the cover is a geomembrane-supported GCL, which is 
essentially a relatively thin HDPE geomembrane laminated to a traditional GCL. 
However, other geosynthetics will be tested during test cover program to determine the 
feasibility and optimize the various materials and cover configurations. 
 
The applicant has demonstrated that the water balance conditions for the final cover will 
be acceptable by providing sufficient numerical modeling and calculations to support the 
technical basis. A field testing program is planned to verify the constructability of the 
disposal cell cover and test various cover materials and configurations in order to 
optimize the design. Appropriate CQC and CQA will be utilized during the test plots as 
well as full-scale construction. 
 
Surface Water Hydrology and Erosion Protection 
Hydrologic Description of Site. The characterization of flood potential and the 
documentation of the site design conform to the requirements of Criterion 1 of 6 CCR 
1007-1, Part 18, Appendix A, which requires a design that provides for permanent 
isolation of tailings and minimizes disturbance and dispersion by natural forces. 
 
However, it is also the department’s conclusion that the incised drainage channels 
(arroyos) to the west and east side of the tailings ponds must be further evaluated prior to 
construction to determine potential impact, if any, to the tailings cell. The concern is 
related to potential further erosion of the incised drainage into the tailings cell toe and 
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beyond. The evaluation should consider whether further erosion protection is required 
within the channel itself or as part of the tailings cell.  
 
Flooding Determinations. The mill tailings at the proposed Piñon Ridge uranium mill 
facility will be protected from flooding and erosion by an engineered water balance cover 
with rock “mulch” that has been designed in accordance with the guidance provided in 
NRC NUREG-1623 (U.S. Nuclear Regulatory Commission, 2002). Flood analysis 
presented in the license application demonstrate that the erosion protection is adequate 
based on: 

 selection of proper rainfall and flooding events;  
 selection of appropriate parameters for determining flood discharges; and  
 computation of flood discharges, using appropriate and conservative 

methods. 
 
The application presents analysis to show that the site is located in an area rarely flooded 
by off-site floods and that it is protected from direct on-site flooding. The erosion 
protection is large enough to resist flooding from the shallow depths and minimal forces 
of floods occurring from a probable maximum flood (PMF) in the upstream drainage 
area. The department therefore concludes that the erosion potential at the proposed site 
has been acceptably minimized, since flooding at the site is mitigated by erosion 
protection, and the forces associated with off-site floods are minimal. The department 
also concludes that, because the rainfall and flooding events have very low probabilities 
of occurrence over a 1,000 year period, no damage to erosion protection is expected from 
these, or more frequent events. Therefore, active maintenance or repair of damage is not 
anticipated. 
 
Design of Erosion Protection for the Cover and Other Features. The mill tailings will 
be protected by an earthen water balance cover with a capillary barrier and low 
permeability geosynthetic liner that also has appropriately sized soil/rock “mulch” 
designed to resist erosion within the top six inches. In addition to the cover, erosion 
protection designs have been performed for the tailing cell toe and diversion berm. PMF 
unit discharges were calculated and used in the Safety Factors Method to determine an 
appropriate rock size for the tailing cell cover top deck. The Maximum Permissible 
Velocity (MPV) method was used to design a stable vegetated soil/rock mulch cover. 
PMF unit discharges were also used with the Stephenson Method to design a rock cover 
for the steeper tailing cell outboard slopes. Consistent with NUREG-1623, the Safety 
Factors Method was used to design slopes less than 10 percent, the Stephenson Method 
was used for slopes greater than 10 percent, and the Abt equation was used for design of 
erosion protection for the toe of the tailing cell. 
 
Although the numerical portion of the design appears acceptable, a comprehensive 
drawing showing all of the final site erosion protection features (e.g., diversion berm) and 
topography should be provided.  
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Background Radiological Characteristics 
Background concentrations of radionuclides in soil, ambient gamma exposure rates, air 
particulates, radon measurements, surface water and groundwater were made as part of 
the pre-operational monitoring efforts required by Part 18 of the Radiation Regulations. 
Background is discussed in Section 3.11.4 of the ER, and in the following reports Table 
11: 
 

Table 11: Background Reports in the Application 
 
Surface Water: Baseline Surface 

Hydrology Modeling
Land: Soil Survey.  

Groundwater: Hydrogeologic 
Report 

 Geologic Report 
 

 Phase 3 Long Term 
Pumping Test Data 
Report 

Flora and Fauna: Vegetation Survey 
 

Air: Meteorology, Air 
Quality and 
Climatology Report. 

 Wildlife Survey 
 

 Air Dispersion 
Modeling Report 

 Biological Survey 
 

Radiological 
Surveys: 
 

Baseline 
Radiological 
Investigation Report 
 

 Baseline Survey of 
Radionuclides in 
Animal Tissue 

 
Background is also discussed in more detail in the Decision Analysis, under 
Preoperational Monitoring Studies. 
 
The scope of the background studies exceed the minimum requirements from NRC Reg. 
Guide 4.14. Technology has improved greatly since the Reg. Guide was published, 
particularly the use of GPS surveys. Geostatistical methods have matured with 
improvements in computing power and more sophisticated software (examples are Surfer 
and SADA). 
 
Background, or baseline radiological conditions at the Piñon Ridge site were carefully 
measured due to the historic vanadium and uranium mining in the area. Considering that 
numerous mine adits exist above the site to the south, and a very large open pit uranium 
mine is located to the east of the site (Cotter JD-7), it is important to document any 
insults to the site from these off-site sources. 
 
Results of the investigations show gamma exposure rates: 

 The majority of the site exhibits exposure rate data points ranging between 11 
and 20 μR/hr.  

 Readings between 14 and 20 μR/hr,  
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 appear to coincide with western and eastern drainages. 
 Elevated levels of radioactivity, as characterized by gamma readings greater than 

20,000 cpm and estimated exposure rates greater than 20 μR/hr, appear to be 
limited to three discrete areas. 

 
Patterns of slightly elevated radioactivity are also apparent in the three site drainages 
(note darker patterns in Figure 38), where exposure rates range from approximately 15 to 
17 μR/hr.  
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Figure 38: Gamma Exposure Rates 

(source: Baseline Radiological Investigation Report) 
 
Background Soil Concentrations 
Most of the surface 226Ra concentrations measured at the Piñon Ridge site are less than 2 
pCi/g. Although most of the site exhibits 226Ra concentrations of approximately 1 pCi/g, 
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areas in the southern portion of the site exhibit radiological anomalies from natural and 
potentially historic anthropogenic sources within the area. Additionally, slightly elevated 
levels of surface soil 226Ra concentrations are apparent in all three major drainages — the 
western, central, and eastern drainage. The median of the surface soil 226Ra data set is 
0.97 pCi/g, with a corresponding non-outlier range of 0.13 to 2.6 pCi/g. The median is 
comparable to the mean of the data set excluding the outliers (0.98 pCi/g). 
 
Subsurface Soil Sampling 
Subsurface samples (15 – 30 cm, and 30 – 100 cm) were collected at six locations. Two 
of the locations had 226Ra concentrations > 1 pCi/g, the remainder were below 1 pCi/g. 
No trends were discerned. 
 
Other Radionuclides 
Consistent with Reg. Guide 4.14, 18 samples were analyzed for natural uranium (U-nat), 
230Th, and 210Pb in addition to 226Ra. Concentrations correlate well to the 226Ra results are 
provided in the DA. 
 
Ambient Radon Monitoring 
Passive track etch detectors were placed at each of the five AMS locations to measure 
222Rn air concentrations. The 222Rn measurements were collected for over a year from 
March 8, 2008 through July 1, 2009, with detectors exchanged quarterly. 
 
There appear to be no spatial trends in the data set, other than that the levels are within 
the same order of magnitude across the AMS locations. 
 
Radon Flux Measurements 
Three rounds of 222Rn flux measurements were taken to characterize pre-operational 
conditions. 222Rn emission rates were measured from nine locations within the proposed 
tailings area. Nine canisters were deployed in the fall 2007, spring 2008, and summer 
2008. These canisters were analyzed using EPA Test Method 115. 
 
Sampling for all periods yielded an average flux of 1.7 picocuries per meter squared 
second (pCi/m2-s). Radon-222 flux rates ranged between 0.41 and 3.78 pCi/m2-s. No 
correlation between 222Rn flux and 226Ra soil concentration data is evident. 
 
Environmental Dose Rate Measurements 
OSL dosimeters were placed at each of the five air monitoring locations to measure 
external ionizing radiation exposure. These exposure measurements were collected for a 
year with dosimeters exchanged quarterly by EFR personnel. 
 
The ambient gamma dose rate monitoring results are consistent with the exposure rate 
results from the GPS survey. The ranges of observed gamma dose rates are 11.6 to 14.5 
μrem/hr and 11 to 19 μR/hr as measured using the OSLs and PIC (via correlation of 
gamma count rates), respectively. 
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Airborne Particulate 
Tisch Hi-Vol monitors were installed at sites 1, 2, 3, 4, and 5 to collect radionuclide data. 
The monitors were run continuously on a 14-day filter exchange schedule. The laboratory 
composited the sample filters by quarter. The average air flow rate was calculated for 
each filter exposure period based on the calibration values of the samplers and average 
stagnation pressure, temperature and pressure during the filter exposure period. 
 
Background values for NatU, 226Ra, 230Th are very low, despite legacy mining in the area.  
 

Table 12: Radionuclide Annual Average Concentrations 
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Figure 39: Air and Meteorological Site Location Map 

 
Vegetation 
One vegetation sample was collected at each of the five AMS locations during the annual 
sampling periods. Samples were collected using grass clippers or shears and placed in 
large plastic lawn bags, labeled appropriately, and stored in a laboratory-supplied cooler 
until transferred to the laboratory. Only vegetation available to and likely eaten by locally 
grazed livestock was collected. No segregation by common or genus/species names was 
performed. The samples were analyzed for 226Ra, 230Th, Nat-U, 210Pb, and 210Po. 
 

226Ra and 230Th concentrations were detected at concentrations comparable to, and 
sometimes below the corresponding method detection limit (MDL). 226Ra concentrations 
ranged from 0.03 to 0.6 pCi/g; those for 230Th from –0.2 to 1.2 pCi/g. Nat-U 
concentrations ranged from 0.08 to 2.41 mg/kg (equivalent to 0.05 to 1.6 pCi/g. 210Pb and 
210Po concentrations were somewhat higher. 210Pb concentrations ranged from 1.4 to 6.6 
pCi/g, with the maximum concentration measured at the onsite location AMS-02. 210Po 
concentrations ranged from 0.2 to 4.3 pCi/g. The maximum 210Po concentration was 
measured at offsite location AMS-04. 
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Comparison with corresponding soil sample results yields no apparent relationship. 
Radionuclide concentrations were highest in on-site soil sample AMS-02, located in the 
southeastern portion of the site. The corresponding vegetation sample collected at this 
location actually had the lowest radionuclide concentrations of the five samples collected. 
 
Surface Water 
Sampling of surface water on the Piñon Ridge Uranium Mill site has been conducted to 
establish baseline conditions since February 2008. Surface water has been sampled on a 
run-off event basis, rather than a fixed calendar schedule, due to the intermittent nature of 
run-off events in the area. Surface water sample collection will resume on a quarterly 
basis prior to the start of mill construction. 
 
Four surface water samplers are installed in selected drainages on the site (Figure 40).  
 

 
Figure 40: Surface Water Sampling Locations 

(source: Baseline Surface Hydrology Modeling Report) 
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In addition to many chemical parameters (discussed in Section X), samples are analyzed 
for: 

 Dissolved Radionuclides – gross alpha, 226Ra, 228Ra, lead-210, 228Th, 230Th and 
232Th. 

 Total Radionuclides – 226Ra, 228Ra, 210Pb, 228Th, 230Th and 232Th.  

The dissolved radionuclide levels are generally low for gross alpha (i.e., dissolved in 
solution). A few samples have shown values well in excess of the average. (NOTE: gross 
alpha can vary significantly if the sample has high sediment loading). The dissolved 
radioisotopic radium, lead and thorium levels were low in the samples.  
 
Total radioisotopic (i.e., dissolved plus suspended particles) radium, lead and thorium 
were consistently higher, indicating the presence of radionuclides in the soils and 
sediments within the sampling areas. This is to be expected given that uranium 
mineralization is located immediately above the site in the Salt Wash Member of the 
Morrison Formation. As noted during the gamma radiation surveys, there is transport of 
radioactivity onto the site from Davis Mesa. This is being monitored and will be continue 
to be characterized. 
 
Ground Water 
The only known occurrences of ground water within the surface drainage area are close 
to the contact between the Chinle and Moenkopi formations and close to the contact 
between the Moenkopi and Hermosa formations. Ground water samples are primarily 
from the Chinle Formation, near the contact with the underlying Moenkopi Formation.  
 
Ground water quality monitoring at the site and within the vicinity of the site has been 
conducted at 20 locations dispersed along a 10-mile stretch of Paradox Valley on the 
southwest side of the valley axis. Nine monitoring wells have been installed at the site: 
MW-1 through MW-9. The sampling locations are presented on figures 41 and 42. 
Ground water sampling locations included:  

 Five monitoring wells (MW-5, MW-6, MW-7, MW-8B, and MW-9); 

 Three ground water production wells (PW-1, PW-2, PW-3); 

 Seven exploratory holes (EX-5, EX-6, EX-7, EX-10, EX-12, EX-15, and EX-23); 

 Four off-site wells, referred to by the last name of the well owner (Boren Well, 
BLM Well, Davis Well, and Hurdle Well); and 

 One off-site spring.  
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Figure 41: On-site Ground Water Sampling Locations 
 

 
Figure 42: Off-site Ground Water Monitoring Locations 
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Uranium concentrations and gross alpha activity levels are above the domestic water 
supply standards of 0.03 mg/L (uranium) and 15 pCi/L (gross alpha) at the majority of 
the sampling locations. However, the gross alpha analyses included uranium and radon; 
therefore, these results cannot be directly compared to the water quality standard, which 
specifically excludes the alpha contributions from these two elements. It is likely that the 
majority of the gross alpha in the ground water is attributable to uranium. Gross alpha 
and uranium concentrations are generally higher at wells with high dissolved oxygen and 
positive oxidation-reducing potential (ORP), such as MW-5, MW-7, and PW-3. 
 

Background Non Radiological Characteristics 
Background values for non-radiological parameters (e.g. chemical constituents and 
physical parameters) were also collected as part of the site evaluation. Data for surface 
water and ground water are provided in the tables in the DA. Measurements and samples 
were also collected for air particulates (PM10). Physical (geotechnical) parameters for site 
soils are reported in the updated Borrow Source Characterization Addendum, Technical 
Specifications in Vol. 2 of the application.  
 
Organic vapors and their monitoring are discussed in the revised RACT report and the 
Raffinate Characterization. Calculations were developed with respect to impacts from 
organic vapors and mists and heavy metals, e.g. emission rates of the metals and organics 
were calculated and compared to guidelines. This is discussed below and in the revised 
Risk Assessment Report and the Revised Exposure Pathways Report. Since ore or 
reagents have not been brought on site, there are no background values for those items. 
Heavy metals exist in trace amounts in surface soils, but would be in much higher 
concentration in the ore that is brought on site. 
 
The main sources and emissions of non-radioactive constituents are in the table below: 
 

Table 13: Sources and Emissions of Non-Radionuclides 
 

 
 
The analysis of the ores from several mine sites in the area were analyzed to identify 
constituents that may be of concern. They include V, As, Pb, Mo, Cd, Se, Cu, U and Zn. 
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Table 14: Analyses of the Ores from Several Mine Sites 
 

 
 
During the milling process, the concentrations of these constituents are enhanced in the 
acid leaching solution, raffinate, and tailings solution. The supporting data are found in 
the Material Containment Plan in Volume 12 of the application. 
 

Other Environmental Features 
Energy Fuels Resources conducted ecological studies, including collection of baseline 
flora and fauna data. Surveys for vegetation were conducted during four seasons starting 
in summer 2007 and continuing through spring 2008. Concurrently, wildlife, wildlife 
habitat, and point bird surveys were conducted. Wetland delineation surveys were 
conducted and visual observations were used to identify vegetation, soil, and 
hydrological characteristics within the vicinity of the sample plots. The EFR 
Environmental Report provides more detail regarding the ecology and biota at the site. 
 
Fauna and biota were evaluated for potential impacts from siting, construction and 
operation of the facility. The land has been used traditionally as grazing land for cattle. 
 
Four ecotones (areas where two distinctly different habitats converge) are relevant to the 
ecology and wildlife species of the site. These ecotones include a piñon-juniper habitat 
along the bluffs in the southwest portion of the site; a joining, narrow strip of big sage 
habitat; a native grassland habitat abuts both the big sage habitats throughout the central 
portion of the site extending centrally from the northwest corner of the site to the 
southwest portion of the site; and another big sage habitat occupies the northeast half of 
the site. Refer to the Vegetation Survey (Kleinfelder, 2009) for details of each ecotone 
and habitat found on the site. 
 
Historical land use of the site exhibits characteristics of agricultural practices and cattle 
grazing on the flat portions of the site. Past and current mining activities continue to the 
southeast and southwest of the site. These activities are visually evident by road cuts, 
excavations, and overburden piles located adjacent to the site. 
 
Habitat types are indicative of wildlife species expected to occupy those habitats. 
Terrestrial wildlife such as elk, deer, bear, coyote, fox, etc. prefers habitats that provide 
seasonal food, cover, and water. Avian species occupy habitats that provide nesting and 
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fledging habits and adjacent feeding areas. Raptors i.e. eagles, hawks and owls prefer 
habitats that provide prey species for food and other habitats for nesting. The site 
provides habitats and ecotones for wildlife that are associated with the big-sage habitat 
and grassland habitat. No waterfowl is expected to occur on the site due to the lack of 
perennial water or preferred nesting habitat. It would not be uncommon for types of 
waterfowl such as ducks to visit the site after a rain event to rest on ponded water. 
 
Vegetation 
Three dominant vegetation communities are located within the site and include  

 piñon-juniper vegetation along the bluffs in the southwest portion of the site,  
 big sagebrush habitat located in a narrow strip adjacent to the piñon-juniper 

habitat and on the northeast half of the site, and  
 a mixed grassland habitat located in the central portion of the site between both 

big sagebrush habitats. 
 
The more prevalent vegetation community is the piñon/juniper woodland, Gambel oak 
woodland, and sagebrush steppe with black sagebrush (Artemsia nova), winterfat 
(Krascheninnikovia lanata), Mormon tea (Ephedra virdis), four-wing saltbrush, 
shadscale, galleta grass, and blue gramma (Bouteloua gracilis) (Chapman et al., 2006). 
Other common plants observed on the property include blue gramma grass (Condrosum 
gracile), galleta grass (Pleuraphis jamesii), three-awn grass (Aristida spp.), Indian 
ricegrass (Acnatherum hymenoides), needle-and-thread grass (Hesperostipa comata), 
sand drop-seed (Sporobolus cryptandrus), broom snakeweed (Gutierrezia sarothrae), 
hedgehog cactus (Echinocereus triglochidiatus ) nipple cactus (Coryphantha zizipara), 
plantain (Plantago major), yucca (Yucca baccata), four o’clock (Mirabilis multiflora), 
and mountain mahogany (Cercocarpus montanus).  
 
Terrestrial Wildlife 
The Wildlife Survey Report describes surveys conducted for species identification. It 
describes the ecological classifications of the area. An additional Biological Survey was 
conducted for the 80-acre parcel obtained for the pumping wells. The site is located 
within the migratory bird Pacific Flyway. 
 
Mammals observed during the four season surveys include coyotes, black-tailed 
jackrabbit, eastern cottontail, elk, mule deer, and domestic cattle. A second survey for the 
additional 80-acres also found bobcat (Lynx rufus) tracks in damp soil in the vicinity of a 
recent well drilling site on the property. Desert cottontail rabbit (Sylvilagus audubonii) 
were also observed during the survey. 
 
The above-listed mammals are typical for the habitat and ecosystems found on the site. 
Mountain lion (Felis concolor) likely follow wintering big game to the area. A variety of 
small mammal species may be present on the project site including long-tailed weasel 
(Mustela frenata), Ord’s kangaroo rat (Dipodomys ordii), least chipmunk (Tamias 
minimus), Hopi chipmunk (Tamias umbrinus), valley pocket gopher (Thomomys bottae), 
and other rodent species.  
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Birds observed during the four-season point count survey include lark sparrows, dusky 
flycatchers, cliff swallow, western meadowlarks, mourning dove, western scrub-jay, 
rubythroated hummingbird, loggerhead shrike, dark-eyed junco, European starling, and 
American crow. The second survey for the additional 80-acres also identified: Broad-
tailed Hummingbird (Selasphorus platycercus), Common Raven (Corvus corax), 
Loggerhead Shrike (Lanius ludovicianus), Mountain Bluebird (Sialia currucoides), and 
Rock Wren (Salpinctes obsoletus). The above-listed birds are typical for the habitat and 
ecosystem found on the site. 
 
Reptiles observed during the four season surveys included Eastern fence lizard, five-lined 
skink, and greater short horned lizard. These reptiles are typical for the habitat and 
ecosystem found on the site. 
 
Insects and spiders observed during the four season surveys included red harvester ant, 
praying mantis, and Argiope spider. These insects and the spider are typical for the 
habitat and ecosystem on the site. 
 
Endangered Species 
The purpose of the Endangered Species Act of 1973 (ESA) is to conserve “the 
ecosystems upon which endangered and threatened species depend” and to conserve and 
recover listed species. Under the law, species may be listed as either “endangered,” 
“threatened,” or a “candidate” species. Endangered means a species is in danger of 
extinction throughout all or a significant portion of its range. Threatened means a species 
is likely to become endangered within the foreseeable future. Candidate means a species 
is likely to decline in numbers due to habitat loss and that additional data are needed to 
warrant listing as an endangered or threatened species. All species of plants and animals, 
except pest insects, are eligible for listing as endangered or threatened. In addition to the 
Federal list, Colorado has its own list. Both lists are found in the Wildlife Survey (Table 
15). 
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Table 15: Species Likely to Be Found at the Site 

 
 
No federally threatened, endangered, or candidate species were observed during the 
surveys conducted in 2007 and 2008. In addition, no state species of concern were 
observed on the site. A bald eagle was observed flying along the portion of the highway 
that bisects the northern portion of the site. 
 
Four habitats of interest to the CDOW were located and identified on the site that are of 
importance to the areas wildlife resources: 

 Severe winter range for deer and elk; 
 Potentially suitable habitat for the Gunnison Sage Grouse; 
 Potentially suitable habitat for the Western Burrowing Owl; 
 Potentially suitable habitat for the Gunnison’s Prairie Dog. 
 

EFR has proposed offsets for these potential impacts, which are discussed later. 
 
Aquatic Species/ Wetlands 
Nine ephemeral drainages on-site have been described as discontinuous; however, the 
ephemeral drainage crossing the northwest portion of the site appears to have connections 
to East Paradox Creek (Kleinfelder, 2008c). No aquatic species or habitats occur within 
the site. 
 
No U.S. Army Corps of Engineers jurisdictional wetlands were observed within the site. 
Only one non-jurisdictional wetland feature, a retention pond located on the site 
historically used to water cattle, exhibited hydrologic criteria necessary for classification 
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as a wetland. Vegetation present at the retention pond sample plots did not meet the 
standards to be considered wetland vegetation. 
 
Several species of native non-game fish are possible within East Paradox Creek if flows 
are sufficient to provide habitat, and downstream in the Dolores River. Speckled dace 
(Rhinichthys osculus) likely inhabit riffles and gravel substrates, longnose suckers 
(Catostomus catostomus) inhabit pools and riffles, and mottled sculpins (Cottus bairdii) 
are associated with cobbles and rubble bottoms of cool clear streams (Woodling, 1985). 
Native flannelmouth suckers and roundtail chubs may be present but are more typical 
inhabitants of larger streams, including the Dolores River. Flannelmouth suckers and 
roundtail chubs are BLM-sensitive species and Colorado species of concern. Other 
species including fathead minnows (Pimephales promelas) and white suckers 
(Catostomus commersoni) may also be present. They are native to Colorado, but were 
originally restricted to east slope streams. Over time, they and many other fish species 
have been introduced to the upper Colorado River Basin. 
 
Investigations were conducted into the Potential Impacts to Dolores River and Potential 
Effects to Pikeminnow. Those studies show that the project will not reduce runoff to East 
Paradox Creek and the Dolores River and that any depletion of ground water inflow or 
benefit to water quality from the project’s operation will be delayed, given an estimated 
travel time of more than 300 years for ground water from the project site to reach the 
Dolores River. 
 
With respect to the pikeminnow, the extremely low probabilities associated with 
occurrence of extreme low flows during the life of the project, based on the past 40 years 
of stream flow data, and the simultaneous occurrence of Colorado pikeminnow, the 
likelihood of which is unknown, leads to a conclusion that project-related effects on the 
endangered species are discountable (i.e., extremely unlikely to occur) and insignificant 
(never reaching the point where take occurs) because extreme low flows in the Dolores 
River do not appear to persist for more than a few days. This assessment does not take 
into consideration the potential for pikeminnow to relocate to deeper water, if available, 
in case of extreme low flow events. 
 
Federally Listed, Candidate and BLM Sensitive Species 
Canada Lynx. Lynx have dispersed from the San Juan Mountains into the Uncompahgre 
National Forest in central Montrose County. A few lynx have been located in San Miguel 
County, south of the site and in San Juan County, Utah to the west of the site. 
Compilations of lynx locations between 1999 and 2008, following reintroduction to 
southern Colorado, indicated most used Engelmann spruce/subalpine fir forest cover 
types throughout the year, including mixtures of conifers with aspen. Lynx also utilized 
riparian cover types, primarily from July through December. Lynx were mostly found at 
elevations averaging above 10,000 feet. The site is not suitable habitat for lynx and a 
resident population of lynx in the project vicinity is highly unlikely. 
 
Black-Footed Ferret. Black-footed ferrets are closely associated with prairie dogs, 
particularly black-tailed prairie dogs and to a lesser extent, white-tailed prairie dogs and 
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Gunnison’s prairie dogs. No critical habitat has been designated for black-footed ferrets. 
Black-footed ferrets are highly unlikely to occur in the site and vicinity. 
 
Owls. There is no critical habitat for Mexican spotted owls near the site, and they are 
highly unlikely to occur at the site or in the vicinity. Western burrowing owls are 
classified as threatened in Colorado. No burrowing owls or sign of owls were seen in any 
of the burrows, but they may have been present on the adjacent 80-acre parcel in 2008. 
 
Gunnison Sage-grouse . The Gunnison Sage-grouse was named a separate species in 
2000, and subsequently determined to be “important” under the ESA. In September 2010, 
the USFWS determined that there was sufficient scientific and commercial data to 
propose threatened or endangered status for the species, but it is of a lower priority than 
other species for listing under the Act (Montrose Daily Press, 2010).  
 
Studies have identified seven highly fragmented populations scattered in eight different 
counties in Colorado. The San Miguel Basin population consists of six distinct occupied 
subpopulations, and there are two additional areas of potential habitat where the species 
was thought to occur historically, but there have been no recent documented sightings. 
One of these potential habitat areas is the portion of the Paradox Valley east of the 
Dolores River (Colorado Division of Wildlife, 2009). Former habitat west of the Dolores 
River has been lost to agriculture and development (Colorado Division of Wildlife, 
DOW, 2010).  
 
Colorado Hookless Cactus. Colorado hookless cactus is a federally listed threatened 
plant (U.S. Fish and Wildlife Service, 1979) that occurs on river benches, valley slopes, 
and rolling hills in Delta, Garfield, Mesa, and Montrose counties. No critical habitat has 
been designated for the species. The Colorado hookless cactus is highly unlikely to occur 
at the site and vicinity. 
 
Bats. Four of the six species of bats considered sensitive or of special concern could 
occur at the site. There are currently no roosting sites or colonies on the site. 
 
Gophers. Botta’s pocket gopher is a medium-sized rodent and Northern pocket gophers 
are found in many different habitat types. Although there is suitable habitat at the site for 
both species, neither was observed during surveys conducted in 2007 and 2008. 
 
Fish. Four species of Colorado River Basin fish (the bonytail chub, Colorado 
pikeminnow, humpback chub, and razorback sucker) are listed as endangered and critical 
habitat has been designated, although none has been designated in Montrose County for 
any of the four species. 
 

Proposed Mill Facilities 
The proposed mill facilities are described throughout the application. A summary of the 
facilities and equipment are found in the Facility Operating Plan.  
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The Piñon Ridge mill facility includes an administration building, a 17-acre mill, tailing 
ponds totaling approximately 90 acres, a 40-acre evaporation pond (expansion capacity to 
80 acres), an approximately six-acre ore storage pad, and access roads. The mill is 
designed to process ore produced from mines on the Colorado Plateau located within a 
reasonable truck-haul distance. The mill will initially process 500 tons of ore per day and 
is designed for future expansion capable of accommodating a production capacity of 
1,000 tons per day (“tpd”). The surrounding property consists of rangeland, uranium 
mines, and undeveloped land. The uranium mines include an open pit operation 
immediately southeast of the property and underground mines along the top of the mesa 
south of the property. EFR does not own or operate these mines, which are currently 
inactive. The closest residences to the property are located 1.8 miles southwest, 3.2 miles 
northwest, and 3.1 miles southeast of the property boundary. More specifically, these 
residences are located 2.3 miles west-southwest, 3.4 miles northwest, and 3.5 miles 
southeast of the mill license boundary, which is positioned within the property boundary. 
 
EFR categorizes the milling and process components into the following 10 areas (Figure 
43): 

 Area 100 – Ore Handling and Grinding 
 Area 200 – Leaching 
 Area 300 – CCD Thickeners and Tailings Disposal 
 Area 400 – Uranium Solvent Extraction (SX) 
 Area 500 – Uranium Precipitation 
 Area 600 – Vanadium Oxidation and Solvent Extraction (SX) 
 Area 700 – Vanadium Precipitation 
 Area 800 – Reagents 
 Area 900 – Utilities and Buildings 
 Area 1000 – General Plant 
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Figure 43: Major Mill Facilities (source: Facility Operating Plan). 

 
The department reviewed drawings and plans provided in the application. Originals can 
be found in the application and on the web site. They include the Basic Engineering 
Report Selected Drawings - General Arrangements, Basic Engineering Report Selected 
Drawings - Process Flows, Roadway Pavement Design Recommendations, Site Drainage 
Analysis and Design Report, Ore Stockpile Pad Design Report, Tailings Cell Design, and 
Evaporation Pond Design.  
 
Locations of the updated designs are in the individual sections below. Revised foundation 
design for all mill buildings is found in the Response #2 to RFI #1. Special emphasis has 
been placed on building and facility design to mitigate the chances for leaks to the 
environment. An assessment of volume for secondary containment was provided. 
Information on air pollution control equipment is presented in the Air Emission Control 
Data report. 
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A simplified flow chart of the mill facilities is shown in Figure 44. 

 
Figure 44: Facility Process Flow Diagram (source: Facility Operating Plan) 

 
Area 100 – Ore Handling and Grinding 
The ore pad (Figure 45) is designed to encompass approximately six acres. 
Approximately one acre of the ore pad will be lined with concrete and the remaining five 
acres will be lined with a geosynthetic clay liner (GCL) covered with a protective layer of 
compacted native soils and roadbase materials. The concrete pad will be located next to 
the feed hopper and conveyor, where equipment loading and unloading activity is 
greatest. The five-acre lined pad will be in a horseshoe-shaped configuration encircling 
the feed hopper and concrete pad. A front-end loader will feed the dumped ore into the 
ore hopper. The hopper will be enclosed within a three-sided structure to minimize 
fugitive dust emissions. The department had numerous comments on the geotechnical 
aspects of the pad; these were answered in the response to comments. 
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Figure 45: Area 100 (source: Facility Operations Plan) 

 
Haul trucks entering the site will be weighed at an on-site truck scale before moving to 
the ore pad facility. After being weighed, trucks would move onto an elevated earthen 
platform (located on the east end of the ore pad) and dump their loads over a retaining 
wall onto the five-acre ore pad without entering the ore pad area. Trucks dumping onto 
the pad from the dumping platform will not require washing prior to leaving the site 
provided they pass the required radiation screening. Under certain situations and after 
being weighed, trucks delivering ore may enter directly onto the concrete ore pad or five-
acre ore pad to dump their loads. Upon leaving the pad, these trucks will be washed at the 
onsite truck wash facility and screened for radiation prior to leaving the site. 
 
The unloading and handling of ore will utilize dust suppression methods. A built-in, 
winterized dust mitigation system will be built into the unloading area to mitigate dusts.  
 
The ore will be dumped into a feed hopper and delivered by belt conveyor to a 
semiautogenous grinding (SAG) mill located in the main mill building (grinding and 
leaching building). In the SAG mill, the ore will be combined with water and tumbled 
with steel balls. The grinding and leaching building and the pulp storage and pre-leach 
pad will have concrete floors and concrete stem walls or curbs around their perimeters, 
which will provide secondary containment. 
 
Abrasion-resistant HDPE pipe will be used for process lines, while steel pipe will be used 
for water and compressed air lines. The tanks and sumps will be equipped with high- and 
low-level gauges, and alarms that alert the control room and mill operators in the event of 
upset conditions. 
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The proposed SAG mill is an advancement over earlier mills that used cone crushers or 
other crushing methods that released significant amounts of dust. The SAG mill will be 
completely enclosed and will not emit dust from an outdoor stack. This is a reduction in 
potential radioparticulates to the environment. 
 
Before an ore truck or other piece of equipment would leave the ore pad area, its tires and 
chassis will be cleaned at the truck wash facility. The truck wash will be a partially 
enclosed and fully automated touch-less system consisting of a platform constructed of 
heavy-duty angle iron with high pressure water sprays mounted both below and on the 
sides. The high-pressure sprays will remove dirt or mud tracked off the ore pad area, and 
will require between one and two minutes to wash a truck. 
 
Area 200 – Leaching, Pre-leaching, and Thickening 
The resulting slurry from the SAG mill will be distributed to one of two large, steel pulp 
storage tanks located outside in the area west of the grinding and leaching building. The 
pulp storage and pre-leach Area facilities will be located on a concrete pad enclosed 
within a 4.5-foot tall concrete containment wall. This wall will provide containment equal 
to the volume of the largest tank on the pad plus 10 percent. 
 
The slurry will be pumped from the storage tanks to two rubber-lined, steel pre-leach 
tanks where the pulp will react with sulfuric acid reducing the pulp density to 
approximately 25-percent solids. The pulp will then report to a rubber-lined, steel 
thickener tank. A thickener is a device that separates the solid material in the process 
stream from the liquid portion by creating a very gradual upward current of solution that 
is too slow to carry the solid material up with it. 
  
The overflow from the thickener will be clarified, filtered, and sent to a feed tank for use 
in the uranium recovery circuit. These processing units will be located outside, next to the 
pulp storage tanks on the same concrete pad. 
 
The partially dewatered underflow from the thickener will be pumped to the leaching 
circuit. 
 
The pre-leach tanks will be completely enclosed. When the feed pulp is mixed with the 
low-pH solution from the counter current decantation (CCD) circuit, acidic fumes will be 
generated. These fumes, as well as the fumes from the leach tanks, will be vented to the 
wet Venturi scrubber located in the northeast corner of the grinding and leaching 
building. 
 
Leaching. The leach circuit, located on the north end of the grinding and leaching 
building, will consist of eight rubber-lined steel tanks with agitators. Five leach tanks will 
be required to process 500 tpd. They will be 21-foot diameter by 24-foot high rubber-
lined, steel tanks, each with a nominal capacity of 60,000 gallons. The leach tank area 
will be enclosed within a concrete curb and/or wall along the perimeter of the building 
and between the tanks and the SAG mill area. 
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Figure 46: Area 200 (source: Facility Operations Plan) 
 
The tanks will be arranged in a cascading and staggered configuration so that individual 
tanks can be bypassed if necessary. The tanks will be arranged in a stair-step fashion so 
that the pulp gravity flows from one tank to the next. In the leaching circuit, the pulp 
pumped from the pre-leach thickener tank will be heated with steam and then leached 
with sulfuric acid to dissolve the uranium and vanadium minerals. Sodium chlorate will 
also be added as an oxidant, as necessary. 
 
After leaving the last leach tank, the pulp will flow by gravity to the CCD circuit. The 
leach tanks will be completely enclosed. When reagents and heat are added to the 
solution, acidic fumes will be generated. These fumes, as well as the fumes from the pre-
leach tanks, will be vented to the wet Venturi scrubber located in the northeast corner of 
the Grinding and Leach Building. 
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Area 300 – CCD Thickeners and Tailings Disposal 
The leached pulp will be pumped to a series of 40-foot diameter CCD thickeners, where 
liquids and solids will be separated (Figure 47). The CCD thickener tanks will be located 
outside, on the north side of the grinding and leaching building, and the CCD thickener 
building will run between the two rows of tanks. The CCD circuit will consist of a series 
of thickeners in which the pulp (i.e., underflow) will go in one direction, while the 
uranium/vanadium-bearing solution (i.e., overflow) will go  in the opposite direction. As 
the pulp is pumped from one thickener to the next, it will gradually be depleted of its 
uranium and vanadium. By the time the pulp leaves the last thickener, it will essentially 
be barren waste that is disposed of in the tailings cells. 
 

 
Figure 47: Area 300 (source: Facility Operations Plan) 

 
The pregnant solution will be pumped to the pre-leach tanks and subsequently to the 
uranium recovery feed tank. The underflow from the last CCD thickener, a portion of the 
vanadium raffinate stream, and the intermittent backwash stream from the vanadium 
polishing filters will flow into the tailings sump. The tailings will then be pumped to the 
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operating tailings cell for disposal. The tailings sump area will be located outside and 
immediately northwest of the CCD thickeners on an extension of the CCD concrete pad. 
 
The tailings cells and evaporation cells are described in detail elsewhere. 
 
Area 400 – Uranium Solvent Extraction (SX) 
 A solvent extraction (SX) process will be used to concentrate and recover the uranium 
from the pregnant solution (Figure 48). In the SX process, the pregnant solution will be 
filtered and the uranium separated and purified using a kerosene-based solvent. The result 
will be a relatively pure, but weak, uranium solution, which will be washed with sulfuric 
acid and water to remove impurities. Following washing, the uranium will be stripped 
from the solvent using a sodium carbonate solution. The uranium SX circuit will be 
located in the solvent extraction building. 

 
Figure 48: Area 400 Solvent Extraction Circuits source: Facility Operations Plan) 
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Area 500 – Uranium Precipitation 
The circuit will consist of the uranium precipitation tanks, dewatering thickeners, and 
drying and packaging systems (Figure 49). 
 

 
Figure 49: Area 500 – Uranium Precipitation 

 
The loaded (pregnant) solution will then be pumped from the clarifier overflow pipe to 
the polishing filters, which will remove fine-grained particles that could potentially 
contaminate the extraction system (i.e., cause emulsification within the mixer-settler 
tanks). After filtering, the solution will flow into the uranium SX feed tank, while the 
solids removed by the filters will be pumped to the tailings cell. 
 
Within the precipitation and packaging building, the uranium will be continuously 
precipitated from the stripping fluid by adding hydrogen peroxide to the solution, which 
precipitates a bright yellow powder referred to as yellowcake. The powder will then be 
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partially dewatered, washed, filtered, and dried in a vacuum dryer. The filter press will 
remove additional water from the yellowcake using a high-pressure filtering system. 
 
Finally, the dried yellowcake will be packed, weighed, and sealed in 55-gallon, steel 
drums for shipment. The wet yellowcake containing 35 percent moisture by weight will 
be transferred from the decant tank into the yellowcake vacuum dryer, which is a 
zero-emission dryer where the cake will be indirectly heated to evaporate the contained 
moisture. The dried cake will then be transferred to 55-gallon drums via a rotary valve 
and an enclosed packaging system. This is a major change from legacy mills that used 
calciners (i.e. furnaces) rather than vacuum drying and extraction. There will be no 
yellowcake stack to the environment; rather there will be a dryer vent inside the building. 
 
At an ore processing rate of 500 tpd, an average ore grade of 0.23 percent U3O8, and a 96 
percent recovery rate, approximately 2,200 pounds of yellowcake (or two and one-half 
drums) will be produced per day. A rotary valve and transfer hood will be incorporated 
into the yellowcake dryer. The transfer hood will lower directly to the top of an open 
drum. 
 
The uranium precipitation tanks and adjacent uranium thickener will be enclosed within a 
concrete curbed area designed to contain the contents of the largest tank (i.e., the 
thickener) plus 10 percent. The uranium thickener will be a 32-foot diameter by 12-foot 
high rubber-lined steel tank with a sloped bottom. The uranium thickener will have a 
capacity of approximately 100,000 gallons and, because of its relatively large size, can be 
used to store yellowcake slurry over a number of consecutive operating shifts. 
 
Area 600 – Vanadium Oxidation and Solvent Extraction (SX) 
The raffinate solution that remains after the uranium minerals have been recovered will 
be prepared for vanadium recovery by oxidizing the vanadium ion species in solution 
with the addition of sodium chlorate, and reducing the acid concentration slightly by the 
addition of ammonia. In a similar fashion to the uranium recovery process discussed 
above, the vanadium circuit will use an SX process to recover vanadium. The barren 
raffinate from the vanadium circuit will be pumped to the CCD circuit for use in 
transporting the tailings to the tailings cell or to the evaporation pond for disposal. The 
vanadium SX circuit will be located in the solvent extraction building (Figure 50). 
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Figure 50: Area 600 Vanadium SX (source: Facility Operations Plan) 

 
Given the flammable nature of the organics present in the stripping process, the solvent 
extraction building will be equipped with smoke and heat detectors, which activate a 
suppression system. Fire extinguishers will be present at key locations throughout the 
building. 
 
Area 700 – Vanadium Precipitation 
The vanadium will be precipitated by adding ammonium sulfate to the stripping fluid 
within the precipitation and packaging building (Figure 51). The precipitate will then be 
dewatered, dried, and removed of ammonium in a kiln. The V2O5 discharging from the 
kiln will be melted in a furnace and solidified into a black-flake product, which will be 
packed, weighed, and sealed in 55-gallon, steel drums for shipment. All tanks in the 
vanadium precipitation circuit will be enclosed at the top. Tanks No. 1 through No. 5 will 
be vented to a packed-bed wet scrubber to remove the ammonia fumes and cool the air 
prior to venting. This system, which will be located on the first floor near the center of 
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the building, will provide 99 percent removal efficiency for particle sizes down to five 
microns. 

 
Figure 51: Area 700 Vanadium Precipitation (source: Facility Operations Plan) 

 
The vanadium dryer will consist of a U-shaped steel trough with a screw-type shaft that 
advances the cake through the dryer. A 30-foot-long by 30-inch diameter rotary kiln will 
be constructed of stainless steel. The cake will be fed in at one end of the kiln and will 
gradually move to the other end as the kiln rotates. The granular vanadium oxide will be 
conveyed from the rotary kiln to the 5-foot diameter by 10-foot-long fusion furnace. The 
furnace will discharge to a casting water wheel where the vanadium oxide melt will be 
solidified into a fused black-flake product. 
 
Two sets of scrubbers will be located in the precipitation and packaging building. The 
first scrubber will be a packed bed wet scrubber and the second will be a wet Venturi 
scrubber. The gas emissions from the steam dryer and rotary kiln along with the vacuum 
flow from the belt filter will all be directed to the packed bed wet scrubber. The 
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emissions from the dryer will first be vented through a baghouse before entering the 
scrubber. 
 
At an ore processing rate of 500 tpd, an average ore grade of 0.92 percent V2O5, and an 
80 percent recovery rate, approximately 7,300 pounds of V2O5 (or 13 drums) will be 
produced per day. The drums of V2O5 will be shipped via truck to a plant that produces 
ferro-vanadium products. Two of the larger plants include the Stratcor plant in Hot 
Springs, Ark. and the Bear Metallurgical plant in Butler, Penn. 
 
Area 800 – Reagents 
Area 800 facilities will consist of the chemical reagent handling and storage systems. 
During operations, varieties of reagents will be used in the uranium and vanadium 
recovery processes. The reagents will be stored on-site in prepackaged totes, barrels, and 
bulk bags within weatherproof buildings and/or in closed bulk storage tanks. The 
containers will be chemically and physically compatible with the media stored and will 
meet applicable local, state and federal storage regulations, including secondary 
containment. They are shown on Figure 52 and listed in Table 16. 
 

 
Figure 52: Area 800, Reagent Storage and Handling 

(source: Facility Operations Plan) 
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Table 16: Primary Reagents 

 
 
With the exception of ammonia, reagents will be offloaded at the reagent unloading area, 
located on the south side of the mill. Ammonia will be offloaded directly from a tanker 
truck into the on-site storage vessel located west of the solvent extraction building. Both 
the reagent unloading area and the ammonia storage tank will be located outside of the 
restricted area (i.e., mill license boundary) so that delivery trucks are not exposed to mill 
process areas. 
 
Bulk shipments of reagents received in liquid form (e.g., sulfuric acid, sodium chlorate, 
hydrogen peroxide, and kerosene) and in dry form (e.g., ammonia sulfate and sodium 
carbonate) will be offloaded from tanker trucks at the reagent unloading area via hose 
connections, and pumped/blown into mixing and/or storage tanks located within various 
areas of the mill. Reagents delivered in prepackaged totes, barrels and bulk bags will be 
offloaded at the reagent storage area and subsequently moved to the warehouse for 
storage or directly to the area of the mill where they will be used. 
 
Area 900 – Utilities and Buildings 
Area 900 facilities will consist of the utility and building systems, which will include 
electric power, propane heating, fuel storage, water supply, septic, buildings and parking 
systems (Figure 53). 
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Figure 53: Area 900, Utilities (source: Facility Operations Plan) 
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Area 1000 – General Plant 
Area 1000 facilities will consist of the general plant and ancillary facilities and systems, 
which will include access, security, warehouse, shop and laboratory facilities, and 
environmental monitoring and emergency response systems (Figure 54). 

 
Figure 54: Area 1000 General Plant (source: Facility Operations Plan) 

 
Facility Layout and Restricted Area (Licensed) Area Boundary 
The property covers approximately 880 acres in the southeastern portion of Paradox 
Valley. The restricted area will be about 300 acres (Figure 55). 
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Figure 55: Restricted Area 

 
The mill layout is designed to limit the access to the restricted area by administrative and 
support services. All secondary buildings will be located outside of the mill license 
boundary area. These include an administration building, change house and laboratory 
building, warehouse, truck shop, and guardhouse. The administration building, located 
east of the main access road at the north end of the project site, will house office facilities 
for both milling and mining personnel and will include a garage for the onsite ambulance. 
The change house and laboratory building, warehouse, and truck shop will be located 
next to the primary process facilities at the mill. Gravel parking areas will be located at 
the administration building and secondary mill buildings. 
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The mill facility will be located toward the back of the property (when looking from the 
road). The tailings cell(s) and evaporation cells will be closer to the road. The low-profile 
tailings cells will be approximately 30 feet above grade at their highest point. The 
evaporation cells will have bird netting and will be visible from the road. The highest mill 
building will be about 96 feet above grade. 
 

Mill Health and Safety 
The applicants, Energy Fuels Resources, Inc. (EFR) have established a structured, tiered 
Health and Safety (H&S) program as part of their application for a radioactive materials 
license using a top-down approach that stresses the importance of all personnel at all 
levels being responsible for safety. The H&S Plan outlines the requirements and 
responsibilities of each layer of management in establishing a safe work environment for 
mill workers, contractors, and visitors to the mill site. The overall occupational safety 
program is implemented through a series of health and safety procedures as part of the 
H&S plan, which address the following “key” areas: 

 Hazard Communication Program; 
 Administrative Procedures; 
 General Health and Safety Procedures; 
 Radiological Health and Safety Procedures; 
 Environmental Procedures; and  
 Security Procedures. 

 
The Colorado Department of Public Health and Environment has reviewed and provided 
comments on the H&S Plan. 
 
Radiological and non-radiological safety is administered through a series of operational 
procedures found in the H&S Plan. These procedures guide management, workers, 
contractors, and visitors in the fundamental aspects and requirements associated with 
safety at the mill. Radiological safety is regulated by the requirements of the Colorado 
Rules and Regulations Pertaining to Radiation Control at 6 CCR 1007-1 (the 
regulations), parts 1, 3, 4, and 18, and the facility-specific radioactive materials license. 
Additionally, the applicants’ procedures and related documents submitted as part of the 
application process are tied to the license through license conditions that mandate the 
licensee adhere to their procedures. Once a license is issued, compliance with the 
requirements is verified through routine inspection processes. Failure of a licensee to 
follow the legally binding requirements may result in issuance of violations by the 
department and where warranted, escalated enforcement actions, which can carry 
administrative or other monetary penalties.  
 
Due to the inherent dangers associated with a heavy industry such as milling, non-
radiological, industrial hazards often outweigh the risks and subsequent impacts 
presented solely from radiological hazards. Non-radiological safety at mill sites is 
governed by federal Mine Safety and Health Administration (MSHA) requirements and 
other state and federal workplace requirements. Although not the primary focus of the 



[EIA — 77] 

review for licensed activities, non-radiological safety procedures were reviewed as part of 
the application process for general consistency and integration with the radiological 
safety procedures. A complex radiation safety program such as that found at a 
conventional uranium mill requires a fully integrated safety program. Following review 
and comment by the department, the H&S Plan and associated procedures were revised to 
address some inconsistencies and ensure better integration. 
 

Radiological Safety 
Members of the public are protected from direct contact with radiological materials on 
the mill site through physical means such as fences, and other access-control measures. 
Visitors to the site are required to be under escort by mill employees to ensure their 
overall safety. This approach is consistent with the regulatory requirements and is 
common practice at other licensed facilities. 
 
Workers at the mill site are occupational radiation workers and are limited to the annual 
dose limits specified in Part 4 of the regulations. Worker exposure is controlled and 
limited through proper implementation of a well-defined radiological safety program. 
 
From an occupational radiation safety perspective, conventional uranium mills generally 
present lower external radiation hazards than many other radioactive materials licensees. 
Although some external radiation hazards exist at a mill, more significant occupational 
radiological exposures associated with milling activities and operations typically arise 
from internal exposures due to accidents, or from system, equipment, or personnel 
failures. Thus, the mechanisms put in place to prevent and monitor internal exposures (or 
potential exposures) are paramount to ensuring radiological safety. Although radiation 
exposure and personnel contact with radioactive materials and contaminated systems 
cannot be fully avoided in the operation of a mill, the implementation of a radiological 
safety program helps minimize the potential radiological exposures to workers. 
 
A properly designed and implemented program for occupational radiological safety is 
expected to carry out two primary functions: (1) to prevent or reduce the potential for 
exposure before it occurs; and (2) to measure, monitor, and help mitigate dose through 
implementation of “retrospective” programs. The preventive aspects of a radiation safety 
program are implemented through elements that involve: 

 personnel training; 
 operational procedures; 
 establishment of an As Low As Reasonably Achievable (ALARA) program; 
 use and implementation of radiation work permits; 
 use of Personal Protective Equipment (PPE), such as respiratory protection; 
 performance of job safety analyses for unique or complex work activities; and 
 routine radiological surveys and monitoring of work areas.  

 
The retrospective side of a radiological safety program involves: 

 procedures that establish action levels; 
 personal and area air monitoring; 
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 routine and special bioassay measurements; and 
 external dose monitoring (dosimetry). 

 
While the radiological safety program for the EFR mill addressed the above elements, it 
was discovered during the application review process that many of the health and safety 
procedures were not well integrated with one another. While a smaller, simpler facility 
using radioactive materials may function with less integrated procedures, a conventional 
uranium mill mandates a greater degree of consistency and integration due to the 
complexity of the program. The applicant was informed of the procedural integration 
issues and submitted revised health and safety related procedures as part of the 
application review process. The revised documents are deemed acceptable for licensing 
purposes. 
 
The EFR mill Health and Safety Plan and its underlying procedures as described in the 
application and subsequent documents follows standard protocols and processes for 
ensuring radiological safety for workers, contractors, and visitors to the site. The plan, 
procedures and subsequent documents also address the preventive and retrospective 
program needs. The EFR radiation safety program is consistent with federal guidance and 
addresses the requirements of the regulations, and is deemed acceptable for licensing 
purposes. Due to the complexity of operations at the site, it is expected that some aspects 
of the operational radiation safety program will require adjustment and modification and 
will be phased in as part of start up operations following construction of the facility. Any 
license issued will contain license conditions restricting possession of radioactive 
material until certain milestones or requirements are achieved. For example, 
procurement, calibration, and availability of radiological survey instruments for 
performing site surveys are not necessary since with a new facility, there would be no 
immediate physical location in which to use them. Unlike most other applicants whose 
start-up time is shorter and simpler, licensing of a conventional uranium mill requires a 
phased implementation approach. 
 

Impact Analysis 
A significant number of documents have been generated evaluating various potential 
impacts from the proposed mill. The EFR application, including the Environmental 
Report and other studies, has been a primary resource for evaluating impacts from the 
mill. In addition, information provided by other state agencies, external organizations, 
and numerous individuals have been used to supplement and supplant the EFR 
information. In general terms, EFR information was found to be accurate and appropriate 
for the analysis, and most of that analysis is not repeated in this section. The reader is 
referred to the EFR documents for an understanding of the project and its basic impacts. 
Additional discussion of the impacts and significant issues raised in the review by 
department staff, other agencies, local government, or the public is presented below. 
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Environmental Effects of Site Preparation and Mill 
Construction 
Potential impacts from mill site construction and operation are discussed throughout 
Section 4 of the ER. Excerpts are presented here for brevity. 
 
Land Use 
Land use impacts during construction would include traffic-related impacts to nearby 
residents and recreationists and rangeland impacts. Traffic associated with construction 
could impact nearby landowners who use SH 90 to access their property. During the 
Dolores River’s floating season, which typically extends between April 30 and June 15, 
floaters who take out at the Bedrock launch site potentially could encounter additional 
traffic on SH 90. Bicyclists along SH 141 also could encounter increased truck traffic. 
The site would be removed from use as seasonal rangeland, which would result in the 
loss of approximately 90 to 124 AUMs. To the extent that hunting has been allowed on 
the site in the past, construction would remove 880 acres for use by game and bird 
hunters. 
 
Transportation 
Traffic associated with construction would include heavy vehicles delivering materials 
and equipment to the site and light vehicles transporting workers to the site. 
Approximately 2,250 truckloads of materials and equipment would be delivered during 
the first two quarters of construction (Golder, 2009b). Deliveries would include gravel 
and concrete from the local community and fencing, building steel and siding, culverts, 
piping, electrical, and grounding materials from regional sources. Another 4,350 
truckloads of equipment and materials would be delivered between the third and seventh 
quarters of construction. These deliveries would include gravel, fencing supplies, 
concrete, and petroleum products from the local area, and structural steel, plate work, and 
building, liner, and piping materials from all areas of the continental United States 
(Golder, 2009b). 
 
Peak traffic would occur in the fourth quarter of construction. During construction, daily 
(one-way) trips to and from the site would range from a low of 12 trips during the 
seventh quarter to a high of 234 trips during the fourth quarter. All road segments 
affected by the proposed action are classified as rural arterial or rural collector roads by 
the respective Colorado and Utah Departments of Transportation. During construction, 
the most heavily used public road segments would be SH 90 between the site and 
Vancorum, and SH 141 between Vancorum and Naturita. Most construction-related 
traffic would be associated with the workforce. 
 
Average daily traffic on SH 90 between Vancorum and the site would increase by 39.6 
percent during the fourth quarter of construction. Average daily traffic on SH 141 
between Vancorum and Naturita would increase by 29.7 percent. The greatest increases 
in truck traffic would occur along SH 90, between the site and Vancorum, and on a two-
mile segment of SH 141 north of Vancorum. Truck traffic would increase by 36.6 percent 
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along this segment of SH 90, and by 34.8 percent on this segment of SH 141 during the 
fourth quarter of construction. 
 
EFR has obtained a site access permit from the CDOT that provides for safe site access 
and egress (Colorado Department of Transportation, 2008). Consistent with the terms of 
the access permit, EFR would widen SH 90 over a length of 2,175 feet at the site access 
intersection by constructing a left-turn deceleration lane for westbound traffic on SH 90, 
and a 10-foot-wide shoulder on the south (eastbound) side of SH 90, east of the site 
access road (Colorado Department of Transportation, 2008). 
 
EFR would encourage its workers to carpool to reduce project-related traffic. To reduce 
project-related traffic during construction, EFR would encourage its contractors to 
provide busses or vans at central collection points in nearby towns to transport 
construction workers to and from the site. 
 
Dust suppression measures would include magnesium chloride or equivalent treatments 
and water sprays on gravel roads on the site. 
 
Soil/Geology 
Geology-related potential impacts could occur during construction, operation, or closure. 
Potential impacts could result from geologic hazards such as slope instability, flooding 
and headward erosion, karst or dissolution features, faulting, seismicity, liquefaction, 
collapsible soils, and volcanism. 
 
Part 18, Appendix A, Criterion 1 of the Radiation Regulations relates to site selection, 
and favors minimal potential for erosion and disturbance in the long-term. Criterion 3 
favors placement below grade, or “reasonably equivalent isolation of tailings from natural 
erosional forces.” 
 
The site was selected to minimize impacts from geologic hazards. Tailings cells would be 
mostly below grade, minimizing the height of disturbance and allowing for construction 
of very gradual, erosion-resistant embankment slopes during closure in compliance with 
Criterion 6 of Appendix A. 
 
No saturated soils were observed, either perched or at the base of the alluvium. The 
uppermost materials contain some poorly packed, collapsible soils, which would require 
removal prior to laying foundations. Local soils, including the surficial collapsible 
material, could be moisture conditioned (wet to optimum moisture) and re-laid and 
compacted to achieve a competent base for spread foundations. The site alluvium would 
therefore be a suitable foundation, provided that some loose soils were removed or 
replaced and re-compacted and deep foundations installed under critical plant areas. 
These requirements have been incorporated as license conditions. 
 
There would be no insurmountable soil stability problems in terms of bearing competence 
or destabilization by natural events. Appropriate foundation design would preclude any 
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subsidence due to soil instability or probable seismic disturbance. The alluvium is well-
drained and has limited plasticity. 
 
Faults parallel the valley side, formed by the collapse of the former anticlinal dome. 
Trenching over known faults in the valley floor indicated no displacement of Quaternary 
soils. Falls and slides pose no plausible risk to the mill. 
 
The hazards of seismicity include potential damage to the mill due to ground acceleration 
and destabilization of the subsurface beneath the plant. The historic seismicity of the area 
is low, and associated with distant faults or with the Paradox Valley Unit (PVU) brine 
injection, which has been scaled back, with concomitant decrease in quake intensity. 
 
The probability of natural earthquake occurrence and magnitude was assessed. The 
design earthquake (the magnitude the plant would be designed to resist with a factor of 
safety) has magnitude 4.8 at a distance of 10 miles from the site, and causes a ground 
acceleration of 0.161 g (16 percent of the acceleration of gravity, or five ft/s2). All 
facilities, including the plant, offices, foundations, containments, storm water structures, 
and roadways are designed in accordance with Montrose County building codes. The 
county currently relies on the Uniform Building Code (UBC) but is transitioning to the 
International Building Code (IBC), which includes a more comprehensive analysis of 
earthquakes. Under the IBC, the facility would be designed based on the design 
earthquake with a suitable safety factor. The final design would then be checked for 
stability using the acceleration of gravity associated with the maximum credible 
earthquake (MCE). The MCE has a probability of occurrence of two percent in 50 years, 
corresponding to a return period of 2,475 years. 
 
Potential impacts to soil resources within the site would be associated with development 
activities from the construction, operation, and closure of the mill. Construction activities 
would include site clearing and grading activities required to install the project 
components which include the mill, administration building, ore stockpile pad, tailing 
cells, evaporation ponds, and surface water control features, as well as disturbance 
associated with general site grading requirements, roads, soil stockpiles, and other minor 
ancillary facilities. 
 
In construction, the site would be disturbed and modified, surficial soils stripped and 
stockpiled, subsoils excavated and/or compacted, foundations (deep and shallow) 
installed for the plant, and an access road constructed. 
 
The site access road and surface water control structures would be the first items 
constructed at the site so that complete runoff and sedimentation controls would be in 
place prior to facility construction. During the construction of the site access road and 
surface water control structures, temporary erosion and sediment control measures would 
be installed. These include the use of silt fences and straw bale filters where appropriate, 
water sprays to control dust, and stabilization of disturbed areas and embankments as 
soon as is practicable. While the facility is being constructed, permanent surface water 
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controls would be in place, and mobilized sediment would be contained to the extent 
practicable. 
 
Impacts to soils from construction would occur from the loss of soil production 
associated with the long-term disturbance and occupation of the area by the mill. 
Although topsoil salvaging would occur during clearing and grading, soil productivity 
could diminish through the loss of topsoil, or from the mixing of topsoil with less 
productive subsoils. Soil productivity could be degraded by soil compaction and damage 
or loss of soil structure from the movement of heavy construction equipment, soil mixing 
or displacement during grading, and site development activities. The long-term storage of 
topsoil in stockpiles could decrease soil quality by the loss in organic matter or biological 
activity. Soil disturbance from clearing and grading could increase the potential for soil 
loss and sedimentation from wind and water erosion. This may occur because increased 
soil exposure would occur from the loss of vegetation cover, loss of biological or 
physical soil crusts, and from physical disturbance. Soils disturbance could increase the 
potential for noxious weed infestation which typically decreases soil productivity. 
 
Approximately 415 acres of soils would be disturbed by site development activities. 
Although the soils that would be affected are not considered prime farmland because they 
have not been irrigated or farmed, the majority of the soils that would be affected have 
chemical and physical characteristics that rate them as suitable topsoil and reclamation 
materials. 
 
Topsoil would be stripped to depths of six to 12 inches and stockpiled for later use during 
reclamation and closure. Topsoil salvaging would occur in a manner to minimize 
contamination with other soil horizons, and to ensure topsoil removal does not result in 
erosion or excessive sedimentation. Further, topsoil stockpiles would not be disturbed 
and would be protected from wind and water erosion, compaction, and contamination. 
Topsoil stockpiles would be graded to prevent erosion and an effective cover of non-
noxious, quick-growing, annual and perennial plants would be established to stabilize the 
stockpiles and to ensure long-term viability of the topsoil. The topsoil stockpiles would 
be seeded and mulched during the first appropriate growing season after topsoil stripping 
and stockpiling. Diversion channels would be constructed around each pile to minimize 
storm water run-on. 
 
During topsoil salvaging efforts, EFR would ensure that a qualified representative would 
observe these operations to verify and confirm suitable topsoil salvaging depths are being 
utilized to prevent potential loss of this resource. 
 
None of soils that would be affected by development activities have a high wind or water 
erosion hazard. Although a large area of disturbance would occur during clearing and 
grading, the mill has been designed to occupy or disturb the minimum area necessary for 
construction and operations. The area is generally flat, which minimizes the potential for 
slope wash erosion. Prior to clearing and grading, the site would be surveyed and staked 
to minimize disturbance to surrounding areas outside of the construction footprint. 
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The native overburden soils may be used as engineered fill anywhere on the site provided 
they are processed and moisture conditioned. 
 
Water 
The potential for erosion would be minimized by diverting un-impacted or undisturbed 
surface water drainage around the mill through designed diversion berms and channels 
that are directed into natural drainage channels east and west of the site. Diverting runoff 
around the facilities would minimize potential sedimentation by minimizing runoff 
volumes over disturbed areas of the site. 
 
Surface water control structures would be constructed at the start of construction 
activities, so that full erosion and sedimentation control would be in place before most 
surface disturbance would occur. During construction there is the potential for damage to 
partially constructed runoff control structures. Best-management-practices (BMPs) 
temporary erosion and surface water control measures would be used during construction 
of the site access road and permanent surface water control structures. Disturbed soils and 
constructed berms would be stabilized as soon as is practicable, using DOT liner and 
riprap on storm water diversionary dikes, grouted riprap in runoff diversion channels, and 
vegetation on low to moderate slopes. 
 
A detailed Construction Stormwater Management Plan is required prior to site 
construction. Implementation of the storm water management plans would minimize the 
potential for erosion and sediment-laden runoff. During construction, grading of the site 
would be managed to control runoff, erosion, and sediment transport by utilizing a 
variety of sediment control measures including hay bales, silt fences, and temporary 
detention basins. The purpose of these controls would be to minimize the amount of 
sediment runoff from the property boundary to levels that approximate conditions prior to 
initiating construction. 
 
During construction of the storm water control structures, there is the potential of storm 
water eroding disturbed areas and contributing sediments to East Paradox Creek. EFR 
would implement temporary sediment control measures, such as erosion control matting, 
silt fences, straw bale wattles, and swales outlined in the BMPs to control erosion during 
construction, and temporarily halt construction that would create muddy and rutted 
conditions until the soil dries out sufficiently to support the appropriate equipment. 
Disturbed areas outside of the facility footprint would be vegetated as soon as is practical. 
BMP control measures would continue to be used in those areas until soils are fully 
stabilized. 
 
Water supply wells would be installed prior to any other construction and water would be 
available from the wells as required through the life of project. Impacts to the bedrock 
aquifer (dewatering) may therefore begin during construction. Spills of equipment fuel 
could occur and enter the subsurface. Once installed, storm water control structures 
would intercept water that would otherwise have infiltrated or run off. 
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Water for dust suppression would be a small and intermittent demand compared to plant 
use and is not expected to make measurable impacts to the water table. On-site fuel tanks 
would be in secondary containment and BMPs would be in effect to prevent or mitigate 
any spills or leaks. 
 
Vegetation 
Construction would directly impact vegetation, primarily by removal. Direct impact 
within the mill license boundary is expected to be long-term (for the life of the project). 
Although the entire mill license boundary would not be void of vegetation, the entire area 
is being considered for direct impact (307.8 acres). The majority of the development 
within the mill license boundary would affect big sagebrush shrublands, removing 
approximately 236.5 acres. Approximately 71.3 acres of mixed grasslands would be 
affected. No piñon-juniper would be removed; therefore no direct impact to this dominant 
vegetation type is expected. Long-term disturbance (for the life of the project) outside the 
mill license boundary would be approximately 46.1 acres and would include 8.8 acres of 
big sagebrush habitat and 37.3 acres of mixed grassland habitat. Disturbance that would 
be revegetated during the life of the project (soil stockpile and pipelines) would be 
approximately 60.7 acres and would include 2.3 acres of big sagebrush and 58.4 acres of 
mixed grasslands. 
 
The amounts of impacted big sagebrush and mixed grasslands are minor compared to the 
extent of each vegetation type within the region surrounding the site. For example, there 
are 70,396 acres dominated by big sagebrush vegetation and 29,119 acres of grass/forb 
rangeland (corresponding to mixed grasslands) that have been identified with the San 
Miguel Basin Gunnison Sage-Grouse Conservation Area (Gunnison Sage-Grouse 
Rangewide Steering Committee, 2005), within which the site is located. Consequently, 
the proposed action would impact 0.4 percent of sagebrush and 0.6 percent of grasslands 
in this portion of the San Miguel Basin Gunnison Sage-Grouse Conservation Area. 
 
Because noxious weeds are often able to establish in cleared areas following surface 
disturbance, primarily along roads and areas of development, construction of the 
proposed action could increase the presence of these weed species and/or introduce them 
into areas that are not currently infested with non-native species through increased 
vehicle traffic, equipment placement and operation, foot traffic, and other surface-
disturbing activities associated with the project. Establishment of noxious weeds could 
alter the native plant communities, which may out-compete more desirable native plant 
species and be less palatable than native vegetation, indirectly impacting wildlife. EFR 
will implement a weed control program. 
 
Threatened and Endangered Species 
The reader is directed to Section 4 of the ER for a detailed discussion of impacts to 
wildlife. Only a brief summary is presented here. 
 
Construction of the mill would generate noise. The closest construction area to piñon-
juniper habitat where noise would be generated is the subsoil stockpile (480 feet away). 
Noise produced by some construction equipment (jackhammers, mounted impact 
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hammer, graders) could generate noise ≥70 dBA which would be sufficient to disturb 
northern spotted owls. In most of the piñon-juniper habitat, noise would range between 
57 dBA (threshold causing alert behavior in northern spotted owls) and 70 dBA during 
construction. Based on responses to noise by northern spotted owls, Mexican spotted 
owls, if they were present in the piñon-juniper woodlands, could be affected by noise 
produced during construction. However, their presence within the site is highly unlikely 
and adverse effects to Mexican spotted owls due to construction noise would be minimal 
and discountable. 
 
Soil disturbance during construction of the mill site could provide habitat suitable for 
colonization by prairie dogs during or following construction. If they did colonize the 
site, they could be susceptible to direct mortality by construction equipment. 
 
Construction of the mill would impact 247.6 acres of big sagebrush, which would reduce 
the amount of available sagebrush within Paradox Valley. Construction could potentially 
interfere with attempted movements by Gunnison Sage-grouse between occupied habitat 
in Dry Creek Basin (where there is oil and gas development) and potentially suitable 
habitat in the East Paradox Valley. Consequently, the mill could potentially affect efforts 
to re-establish Gunnison Sage-grouse populations in East Paradox Valley. Recent 
decisions by the DOI do not impact this site. 
 
Night lighting would likely occur during construction and could act as a barrier to bat 
movements, bat activity in the immediate vicinity, or have an opposite effect by attracting 
nocturnal insects to mercury vapor lamps. Loss of foraging habitat can adversely affect 
bats (Adams, 2003) and potential use by foraging bats of the retention pond on the 
southern end of the site may be limited by noise and other disturbances associated with 
construction. Construction of the proposed action would impact 247.6 acres of big 
sagebrush and 167.0 acres of mixed grasslands that provide feeding habitats for these 
species. 
 
Removal of foraging habitat or alteration in vegetation cover and vegetation composition 
from introduced, invasive species may negatively affect the pocket gophers, if present. 
Increased traffic resulting from with construction of the mill would increase the potential 
for vehicular collisions with wildlife and potential mortality for bald eagles scavenging 
along roadsides. 
 
Although western burrowing owls are relatively tolerant of passive human disturbance, 
such as increased traffic or construction noise, the owls could be indirectly impacted 
during their breeding season from noise and vibration associated with construction and 
increased human presence, habitat loss including destruction or degradation of foraging 
habitat adjacent to occupied or potentially occupied burrows, and decrease in prey 
species. Such disturbance may displace individuals to surrounding habitat, possibly 
resulting in overcrowding and increased competition for food resources and nesting sites. 
Colorado Partners in Flight (2000a) recommend a disturbance buffer of 100 to 300 
meters (328 to 984 feet) to minimize disturbance to nesting or foraging western 
burrowing owls, especially during the breeding season (Feb. 1 through Aug. 31); 
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therefore, any activity or project component within 300 meters may indirectly impact this 
species. 
 
Increased traffic due to mill construction could potentially contribute to mortality of mule 
deer, elk, and possibly pronghorn. Mule deer mortality could potentially increase on 
several routes during construction including 1) SH 90, east and west of the site in 
Colorado where it passes through a resident population of mule deer, severe winter 
ranges and/or winter concentration areas, 2) on SH 141 in San Miguel County and 
Montrose County where the highway passes through mule deer winter range, severe 
winter range, and winter concentration range, and 3) on SH 46 in Utah, which connects 
U.S. Highway 191 to SH 90 while passing through mule deer crucial range. 
 
The site is entirely within elk overall range, elk winter range, elk severe winter range, and 
an elk winter concentration area. In addition, routes to be used during construction would 
pass through resident elk populations, elk winter ranges, severe winter ranges, and winter 
concentration ranges in Colorado, and elk crucial ranges in Utah. Based on similar 
assumptions to those discussed for mule deer, elk vehicle-related mortality would most 
likely increase during construction 1) on SH 90, east and west of the Piñon Ridge Mill in 
Colorado where it passes through a resident population of elk, as well as through elk 
severe winter range, 2) on SH 141 in Montrose County where the highway coincides with 
elk winter range and severe winter range, and 3) on SH 46 in Utah, which connects U.S. 
Highway 191 to SH 90 while passing through elk crucial winter range. 
 
U.S. Highway 191 in San Juan County, Utah and SH 141 in San Miguel County, 
Colorado also pass through pronghorn crucial yearlong range and winter range, 
respectively. However, given the existing (2008) traffic levels and relatively few project-
related trips per day through those ranges, increased pronghorn mortality due to traffic 
associated with construction of the proposed action is expected to be minimal. 
 
Construction of the mill would take nearly two years to complete and would possibly 
coincide with two consecutive winters. Mule deer and elk wintering on or in the vicinity 
of the site would potentially be displaced by construction activity. Mule deer, elk, and 
pronghorn mortalities occur when they attempt to jump fences and their legs become 
ensnared between the top two fence wires (Harrington and Conover, 2006). Additional 
mortality can also occur if the property boundary fence would cause mule deer and elk to 
cross SH 90 more often than they would in its absence. Increased crossing rates are 
assumed to increase animals’ risk of collision with vehicles. Increased mortality could 
potentially occur for fawns that are unable to cross fences (usually woven wire fence) and 
die next to the fence. Ninety percent of ungulate carcasses found adjacent to fences were 
fawns lying in a curled position, probably after being separated from their mothers. 
 
Most indirect effects to mule deer and other wildlife are associated with degradation 
and/or alterations to habitats (habitat loss). The proposed action could potentially impact 
mule deer and elk by reducing the amount of habitat available and/or causing diminished 
use of habitats adjacent to human activities. Increased presence of humans in wildlife 
habitats induced by the action also contributes to indirect (sometimes called “secondary”) 
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impact. Examples typically include increased recreation demand (including off-highway 
vehicle use), increased habitat conversion, habitat degradation by human encroachment, 
and increased illegal harvest. 
 
No mule deer winter concentration areas would be directly affected by the project. The 
project would affect the non-concentration portion of the winter range so that, if mule 
deer became distributed on winter concentration areas (where densities are at least 200 
percent greater than the surrounding winter range) during average five out of 10 winters, 
then habitat on the non-concentration area affected by the proposed action would have 
supported 14 mule deer. However, the direct loss of severe winter range due to 
construction of the proposed action would have otherwise supported 48 mule deer on the 
site during the worst two out of 10 winters. The effects of construction, however, could 
alter mule deer and elk distributions on winter ranges some distance away from the 
property boundary. 
 
Birds 
Some migratory birds, especially raptors, are susceptible to electrocution on power lines, 
which can occur whenever a bird touches a conductor while perched on a grounded 
crossarm, or touches two phase conductors or a conductor and ground wire 
simultaneously while in flight. Bird species susceptible to electrocution use power lines 
and power poles as hunting and resting perches and/or nesting structures, and have 
wingspans large enough to connect two sources of electricity. Species found within the 
site that may be affected by electrocution belong to the following orders: Falconiformes 
(eagles, hawks, kites, falcons, and osprey), Strigiformes (owls), and Passeriformes 
(perching birds). Electrocution of some species may increase temporally during juvenile 
dispersal, as observed for owls and eagles. 
 
Modifications to existing transmission lines or that have been incorporated into new 
transmission lines have been effective at reducing the number of casualties resulting from 
electrocution. Because the site does not have a lot of perching sites there is potential for 
the new power line to be used as perch sites frequented by hunting raptors. However, 
potential for electrocution of raptors should be minimized from new transmission line 
designs, including spacing of conductors and adequate insulation. 
 
Air 
Emissions during construction would be limited to those associated with land-clearing 
and construction equipment and would include particulate matter emissions in the form of 
fugitive dust and combustion emissions associated with fuel-burning equipment. Because 
the land development for the proposed action is expected to continue longer than six 
months and would cover an area greater than 25 acres, EFR would be required to prepare 
an APEN form for land development. EFR would also be required to follow measures 
described in the Fugitive Dust Control Plan included in the APEN to minimize fugitive 
dust. 
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Noise 
During mill construction, it is estimated that an average of 65 trucks per day would arrive 
at the site, with the highest vehicle estimates occurring during the second and third 
quarter of 2011. Most construction-related traffic (90 percent) is expected to arrive from 
the east on SH 90 and would consist mostly of light vehicles transporting workers to the 
site. 
 
Construction-related traffic would increase daily traffic on SH 90 east of the site by 
nearly 40 percent above the 2008 average annual daily traffic volume. Less of an increase 
in construction traffic (only 4.5 percent) is expected on SH 90, arriving from west of the 
site. 
 
All project-related construction traffic, when added to the 2008 daily volume on SH 90 
(530 vehicles per day) would produce the estimated noise levels 50 feet away from the 
highway. Expected increase in vehicular traffic during construction would generate the 
highest noise levels because of traffic volume on SH 90 arriving from Vancorum, east of 
the site. However, the distance for construction traffic noise from the highway to 
attenuate to background levels of 40 dBA is estimated to increase by only about 300 feet 
(soft site reduction) or by 2,440 feet (hard site reduction), a very conservative estimate. 
There are five known residences and one structure within 5.5 miles of the site. The 
loudest construction noises would be associated with clearing and grading, materials 
handling, and stationary equipment would attenuate to background noise at each of the 
five residences. 
 

Cultural Resources 
The greatest potential for an unanticipated discovery of cultural resources would likely 
occur during construction when most surface-disturbing activities would occur. However, 
cultural resource sites in the area tend to be located near or on the mesas with NRHP-
eligible sites found in the central portion of the valley where construction activities would 
be concentrated. EFR would follow measures in their Unanticipated Discovery Plan if 
cultural resources are encountered as described in Operational Monitoring Plan (Visus 
and Energy Fuels, 2009b). 
 
Visual Impacts 
Visual impacts during construction would be temporary and would include the presence 
of large vehicles and construction equipment and materials necessary to construct the 
mill. The stripping of vegetation over a large area and the creation of the soil stockpiles 
on the west end of the site would also present a temporary visual impact until such time 
that the soil stockpiles are revegetated and the facilities are constructed. 
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Environmental Effects of Operations 
 
Land Use 
Land use impacts during operations would be comparable to impacts during construction. 
Nearby residents and recreationists would encounter increased traffic, especially ore-
hauling trucks, along SH 90 and SH 141. During the anticipated 40-year operational life 
of the mill, the entire 880-acre site would be unavailable for use as hunting land or 
seasonal rangeland. The latter would result in the ongoing loss of 90 to 124 AUMs. 
Because existing mines within the region are capable of supplying the mill with feedstock 
ore throughout its operational life, no changes in land use are expected to be associated 
with the mining of feedstock ore for the mill, except that it would allow some of the 
mines currently on standby to resume production. 
 
Transportation 
During operations, trucks transporting ore to the site would comprise a substantial portion 
of operational traffic. According to the Mine Operations Plan (Energy Fuels, 2009d), 
daily ore deliveries would include between 12 and 18 trucks traveling from mines in 
Colorado and between eight and 12 trucks traveling from mines in Utah. 
The U.S. Department of Transportation (USDOT) is the primary regulatory authority for 
uranium ore haulage. All ore shipments would be conducted in accordance with USDOT 
hazardous materials shipping regulations and requirements (49 CFR Parts 171, 172, 173, 
177, 178, and 179). Additionally, ore shipments would be tarped to reduce the potential 
for accidental spillage or fugitive dust during transportation (SENES Consultants - 
SENES, 2009a). The Ore Transportation Plan (Appendix B of the Mine Operations Plan) 
describes EFR’s procedures and methods for shipping uranium ore from a mine site to an 
off-site mill (Energy Fuels, 2009d). The ore trucks would, in most cases, be dedicated to 
hauling ore from a specific mine or mines to the mill. Prior to being released for 
unrestricted use, the trucks would be thoroughly washed and screened to verify that they 
meet regulatory standards for radiation levels. 
 
Additional heavy-vehicle truck traffic during operations would include water trucks, 
tankers, and semi-trailers delivering chemical reagents and fuel. Chemical reagents, 
diesel fuel, and propane used to process ores would be delivered to the site by licensed 
haulers in approved USDOT containers. Reagents would be transported to the site in 
tankers or prepackaged totes, barrels, and bulk bags. The bulk materials are typically 
transported by closed tanker trucks. Bulk material transported in open trucks would be 
covered with tarps to reduce dusting and falling debris during transportation (SENES, 
2009a). Light-vehicle traffic would include miscellaneous delivery trucks (e.g,. UPS and 
FedEx), straight-day and shift workers, and visitors. With the exception of some shift 
worker traffic, most of this traffic would occur during daylight hours. 
 
Additional traffic associated with operations would include product shipments from the 
mill. Approximately 50 truckloads of vanadium and 15 truckloads of yellowcake would 
be shipped from the mill annually (Visus, 2009). This corresponds to one truckload 
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shipment of vanadium per week and one yellowcake truckload shipment every three 
weeks. 
 
During operations, daily trips to and from the site would be relatively constant, consisting 
primarily of ore, material and water deliveries, and worker traffic. As with the 
construction phase, the most heavily used public road segments would be SH 90 between 
the site and Vancorum and SH 141 between Vancorum and Naturita. Trucks delivering 
ore to the site would represent a substantial increase in truck traffic along many road 
segments, including all of SH 90 and SH141 between Naturita and Gateway. 
Based on anticipated ore haul routes and worker commuting patterns, the intersections 
that would be most affected by traffic associated with the mill would be the site access 
road/SH 90 intersection and the SH 90/SH 141 intersection. 
 
EFR will construct a left-turn deceleration lane for westbound traffic on SH 90 so that 
traffic can access the site safely. A 10-foot wide shoulder will also be constructed on the 
south (eastbound) side of SH 90, east of the site access road. The entire length of 
highway widening would be 2,175 feet. Additional warning signs may be placed along 
the highway on either side of the site access road to warn on-coming vehicles of truck 
traffic entering the highway 
 
No significant dust or fume emissions are expected during routine shipment of chemical 
reagents and other hazardous materials. Therefore, no significant non-radiological risks 
and/or health related impacts to the driver or members of the public are expected from the 
routine transportation of these materials. 
 
Similarly, no significant dust emissions are expected during the routine transport of ore, 
which accounts for the majority of material shipments associated with the mill. The ore 
would be covered with tarps to reduce dusting and falling debris during transportation. 
The ore being shipped from mines contains a substantial amount of moisture and has a 
lower percentage of fines than ore that has been crushed. Minor spillage of ore from 
trucks in transit would add little additional radioactivity to the mineralized natural 
environment of the Colorado Plateau. 
 
Geology/Soils 
Impacts of a geologic nature that might occur during operations include seismic activity, 
settlement and erosion. Impacts of seismicity might include damage to the plant and 
structures, and destabilization of foundation subgrade. All components would be 
designed to withstand the MCE, determined from historic seismicity records and 
assessment of the energetic capability of capable faults within 100 miles of the site 
During operations, surface disturbances outside of the mill and ancillary facilities would 
have been stabilized with vegetation and other methods. Potential impacts during 
construction might consist of seismic disturbance, erosion of surface water control 
structures, or settling caused by incompetent foundation materials. 
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There is little potential of seismicity disrupting or compromising operations through soil 
(geotechnical) destabilization. Trenched soils show no evidence of dislocations since at 
least the Pleistocene (from 75,000 to 125,000 years ago) (Kleinfelder, 2009e). The mill, 
including tailings cells, would be designed to meet IBC requirements for earthquake 
protection. Because of the absence of saturated material in the alluvium beneath the site, 
the factor of safety against any seismic liquefaction in the alluvium under the MCE event 
is generally greater than 10, even if saturation is conservatively assumed. 
 
Failure of a tailings embankment because of an earthquake would be unlikely because the 
site is in a zone of low to moderate seismicity based on the number of sizable earthquakes 
that have occurred in the historical and more recent record. The three tailings cells were 
designed in accordance with the IBC based on a magnitude 4.8 earthquake occurring at a 
distance of approximately 10 miles from the site. Minimum static and pseudo-static 
factors of safety ranged from 2.0 to 4.9 and 1.7 to 2.7, respectively, during the life of the 
cells, with the highest factors of safety occurring during the post-closure period. Faults 
beneath the site are “non-capable” (analogous to a volcano being extinct) according to the 
Colorado Geological Survey (Kleinfelder, 2009e) and are believed to not have moved 
since the Pleistocene at the most recent (from 75,000 to 125,000 years ago). No evidence 
of soil displacements was found in several site trenches overlying bedrock faults, except 
for one shallow dislocation between five and seven feet depth, without any extension at 
depth in the trench or geophysical investigations (Kleinfelder, 2009e). The investigation 
results indicate that the site meets the requirements of Criterion 4E of Appendix A of 6 
CCR 1007-1 Part 18 (Colorado Department of Public Health and Environment, 2001), 
because there are no capable faults as defined in section III(g) of Appendix A of 10 CFR 
Part 100 that could cause a MCE larger than that which the tailings cells could be 
expected to withstand. 
 
Surface Water 
The mill, ore pad, tailings cells, and evaporation ponds have been designed as zero-
discharge facilities where there would be no off-site storm water discharge. Precipitation 
and storm water runoff that contacts these areas would be contained on-site in lined 
ponds or cells and recycled for use in the mill and/or evaporated. Storm water runoff 
from the administration facility and other structures not within the footprint of the zero-
discharge area (e.g., monitoring stations, water supply well field, secondary roads, soil 
stockpiles) would be controlled using best management practices (BMPs) for storm water 
and erosion control. These measures include surface water diversion channels, energy 
dissipating structures, slope projection and sediment catchment basins. 
 
Potential hydrological impacts during the 40 years of anticipated operations could include 
flooding of the facility and spreading of contamination, erosion or breaching of storm 
water control channels, and reduction of flow to the Dolores River due to precipitation 
captured in the zero-discharge area of the site. 
 
Critical elements of the storm water control structures have been designed to manage the 
1,000-year, 24-hour storm event. They include: 
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 Storm water ponds with capacity to hold the 100-year storm runoff from the mill, 
with overflow to evaporation ponds which can readily hold the difference 
between 100- and 1,000-year events. Tailings cells would always have sufficient 
freeboard to contain direct precipitation of the 1,000-year storm event. 

 Diversionary dikes at the south end of the facility and channels, suitably armored 
against erosion, to carry runoff from Davis Mesa around the mill to natural 
drainages. 

 Elevated ore pad and mill with perimeter berms and channels to prevent run-on. 
Tailings cells and evaporation ponds would also be protected by berms and/or 
embankments from run-on. 

 
The process fluid remaining after uranium and vanadium have been extracted (raffinate 
solution) would be directed to evaporation ponds. Evaporation ponds would have 
sufficient capacity to contain the raffinate solution, accumulated precipitated salts, and 
the direct precipitation and storm water pond overflow from the 1,000-year, 24-hour 
storm event. 
 
During operations, water in storm water ponds may be used in the mill to both maintain 
storm water capture capacity and to reduce water supply requirements. The storm water 
control structures would contain runoff resulting from precipitation up to the 1,000-year, 
24-hour storm event. 
 
Ground Water 
The principal potential impact to ground water during operations would be depletion of 
the bedrock aquifer by the supply wells. Such depletion could possibly impact other 
ground water users, lowering the water levels in their wells, or drying up springs. Other 
potential impacts to ground water include leaks and spills affecting water quality. Capture 
of incident precipitation by the storm water control structures would continue to intercept 
water that would either have infiltrated the alluvium or run off to the Dolores River. 
 
There are other ground water wells and springs in the southeast Paradox Valley, which 
are completed in or flow from the same valley margin Triassic aquifer. Those wells and 
springs located northwest of the site may experience some drawdown due to ground 
water withdrawals at the site, if the drawdown is highly elliptical. However, those wells 
to the northwest should also continue to get most of their recharge from the valley side. 
Impacts are therefore possible, though not quantifiable until ground water withdrawals 
begin at the site. 
 
There would be a very low probably of impacting the ground water quality from leaks or 
releases during operations because: 

 The multiple liner systems below waste disposal facilities and the secondary 
containment measures in the mill are designed to minimize the potential for a 
release to the environment. Spill response measures and monitoring of soils and 
ground water are designed to limit the impact of a spill or release should it occur. 
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 Ground water is absent below most of the tailings cells (i.e., Tailing Cells B and 
C) and all of the evaporation ponds. Where water is present below the mill and 
Tailings Cell A, it is of poor quality, limited in extent, and more than 450 feet 
deep. Low permeable formations between the surface and the ground water would 
also prevent seepage from reaching the ground water. 

 
Vegetation 
Indirect impact to vegetation may occur during mill operations if the proposed action 
displaces native and domestic herbivores, causing excessive browsing and/or grazing on 
vegetation resources that would otherwise not occur. Indirect impact to native vegetation 
could also occur if invasive, non-native species become established in disturbed areas and 
result in infestations that may limit or prohibit growth of native and/or desirable species. 
Weed seeds or cuttings of some species could be transported naturally (wind and water) 
or accidentally (vehicles or other equipment) to the disturbed areas. Also, weed seeds 
may be present in the native soil materials and the removal of vegetative cover and soil 
disturbance may promote weed establishment at the expense of the native species. Soil 
disturbance and potential weed distribution due to surface disturbance, increased vehicle 
traffic, equipment placement and operation, foot traffic, and other activities associated 
with the proposed action may promote the spread of invasive plants and noxious weeds. 
Surface disturbance at the soil stockpiles that would be revegetated within one growing 
season of construction would be less likely to be infested by weeds than if left as exposed 
soil for longer periods. 
 
The potential for invasive, non-native species to become established, as described above 
and during construction, will continue during operation. Introduction of additional 
noxious and invasive weed species may occur as a result of ore trucks entering the site 
from mines outside the county or state, including species not currently located at or 
within the vicinity of the site. EFR will implement a weed control program. 
 

Threatened and Endangered Species 
Maximum noise at the property boundary during operations has been estimated at 60 
dBA. Within the closest piñon-juniper habitat to the mill (approximately 750 feet away), 
the maximum noise level is estimated at 64 dBA, less than the expected level sufficient to 
disturb Mexican spotted owls but loud enough to possibly cause alert behaviors if owls 
were present. 
 
During operations, Gunnison’s prairie dogs could possibly pass through the chain-link 
fence and/or burrow beneath. Depths of Gunnison’s prairie dog burrows range from 33 
inches to more than six and one-half feet (Pizzimenti and Hoffmann, 1973) and burrow 
diameters may be as small as 3.6 inches (Verdolin et al., 2008). Most common mesh sizes 
for chain-link fence are two inches or more (2.25 and 2.375 inches). Gunnison’s prairie 
dogs could suffer direct mortality or injury if they access the evaporation ponds or 
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tailings cells. The raffinate solution and tailings solution is potentially acutely and 
chronically toxic to wildlife because of low pH and elevated metal concentrations. 
 
The proposed action could potentially hinder re-establishment of Gunnison Sage-grouse 
populations in East Paradox Valley during operations. In general, sage-grouse are 
sensitive to disturbance from roads and noise during breeding. Females avoid nesting and 
utilizing brood-rearing habitats in areas with high levels of human presence related to oil 
and gas industrial activities. The traffic and noise associated with operations and traffic 
on SH 90 could similarly affect Gunnison Sage-grouse if they do occupy habitats in the 
Paradox Valley. 
 
Night lighting would be present during operations, and could act as a barrier to bat 
movements such as described during construction. Loss of foraging habitat can adversely 
affect bats. Potential use by foraging bats of the retention pond on the southern end of the 
site may be limited by noise and other disturbances associated with operations. The 
proposed action would impact 247.6 acres of big sagebrush and 167.0 acres of mixed 
grasslands that provide feeding habitats for these species. 
 
Revegetation of disturbed sites with grasses may attract Botta’s pocket gophers. Potential 
impacts to pocket gophers would be similar to those described above for Gunnison’s 
prairie dog if they were to enter the evaporation ponds and tailings cells. 
 
Increased traffic during operations would increase the potential for vehicular collisions 
with wildlife and potential mortality for bald eagles scavenging along roadsides. 
Project components within 300 meters of potential burrowing owl nesting sites (i.e., 
abandoned Gunnison’s prairie dog burrows) include the barbed wire perimeter fencing, 
spoil storage sites, access roads, and pipelines to water wells. The barbed wire fence 
could provide additional elevated perches near potential nest burrows in grassland areas 
used for foraging, potentially benefiting the western burrowing owl. However, the spoil 
storage sites would be approximately 30 feet high, altering the existing, relatively flat and 
open landscape. It is possible that burrowing owls would permanently vacate the 
abandoned prairie dog burrows along the western portion of the site adjacent to the spoil 
storage sites, although the amount of disturbance that burrowing owls will tolerate before 
nest desertion is unknown. 
 
One threat identified for the western burrowing owl includes collisions with moving 
vehicles and barbed wire fence because this species flies low to the ground (U.S. Fish and 
Wildlife Service, 2003b). It is possible that an increase in traffic associated with the 
proposed action and erection of barbed wire fence along the perimeter of the site may 
increase owl mortality. 
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Terrestrial Wildlife 
Increased traffic could potentially increase mule deer mortality on several routes. 
Similarly, vehicle-related elk mortality would most likely increase during operation of the 
mill. Increased pronghorn mortality due to traffic associated with operations is expected 
to be minimal. As described for project effects during construction, mule deer and elk 
wintering in the vicinity of the site could suffer direct mortality due to additional fencing 
proposed along the perimeter of the property boundary. 
 
Most indirect effects to mule deer and other wildlife are associated with degradation 
and/or alterations to habitats (habitat loss). The proposed action would impact mule deer 
and elk by reducing the amount of habitat available and/or causing diminished use of 
habitats adjacent to human activities, as described above under construction. There would 
be long-term similar losses of habitats supporting elk on winter range, severe winter 
range and winter concentration areas. Because densities of elk on winter ranges are less 
than mule deer densities, numbers of elk supported by lost habitat are less than effects to 
mule deer. 
 
Due to increased traffic, mule deer are likely to disperse away from the location as 
described above for construction. Similar dispersion of wintering elk away from the site 
during operations is also expected and could result in lower winter habitat functionality 
as a result. 
 
Small game birds and mammals are not expected to be affected by compounds present in 
the evaporation pond or the tailings cells. Construction of an eight-foot chain-link fence 
topped with three-strand barbed wire surrounding each facility is expected to be a 
completely effective deterrent to small game mammals (assumed to be lagomorphs and 
carnivores). Bird netting would be placed on a support system elevating it over the 
evaporation pond. The netting would completely seal off access to the pond. 
 
During the operative life of the tailings cell, the tailings solution from the tailings slurry 
would collect on the surface and be recovered and pumped back to the mill for reuse by a 
floating pump barge. At most, the tailings solution could encompass an area of 
approximately 30 acres. The tailings solution can be acutely and chronically toxic to 
wildlife because of its low pH and elevated metal concentrations. 
 
To discourage bird use of the fluctuating levels of tailings solution that collects within the 
tailings cells, EFR has proposed to place bird balls on top of the ponded portion of the 
cells. Bird balls float on top of exposed water and prevent birds from landing on the 
water by creating a physical barrier and disguising the surface of the water within the 
tailings cells. USFWS (2009f) has identified the use of bird balls as a potential solution to 
excluding wildlife and preventing mortality at various industrial wastewater 
impoundments including cyanide ponds, coal-fired power plant evaporation ponds, and 
acidic water impoundments. 
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Use of bird balls is generally accepted as an effective means of excluding small game 
birds (e.g., mourning doves) from the pond water within the tailings cells. Mill personnel 
would inspect the tailings cells daily and identify and record any wildlife mortalities, and 
where possible, implement measures to reduce or eliminate future occurrences. 
 
Air 
Emissions from the mill would be considered either non-fugitive emissions or fugitive 
emissions. Fugitive emissions are emissions from facilities or activities that could not 
reasonably pass through a stack, chimney, vent, or other equivalent opening. In 
determining if a facility is a “major source” or “minor source,” only non-fugitive 
emissions would be considered for comparison against the thresholds for facilities that 
are not considered a “Categorical Source” by the EPA (of which the mill is not). Potential 
emissions from the mill do not exceed the thresholds for a major source permit and 
therefore, EFR is seeking a minor source permit from the APCD. Based on the estimated 
emissions, the Prevention of Significant Deterioration (PSD) thresholds would also not be 
exceeded. 
 
In conversations between EFR and APCD, PM10 is the only emission that is anticipated 
to be a concern and therefore, EFR conducted baseline monitoring for PM10 to get a 
background concentrations at the site as reported in the Meteorology, Air Quality, and 
Climatology Report (Kleinfelder, 2009i). Impact modeling was conducted to demonstrate 
that PM10 emissions added to this background measurement would not cause an 
exceedance of either the National Ambient Air Quality Standards or the Colorado 
Ambient Air Quality Standards and is reported in the Air Dispersion Modeling Report 
 
Noise. All project-related operations traffic, when added to the 2008 daily volume on SH 
90 (530 vehicles per day) would produce the estimated noise levels 50 feet away from the 
highway. Distances estimated for traffic noise on SH 90 to attenuate to background levels 
(assumed to be 40 dBA) under soft site or hard site conditions are also included in the 
table below. 
 

Table 17: Estimated Noise Generated by Project-Related Traffic on 
SH 90 during Operation 

 

Approach 
Direction 
on SH 90 

Daily Traffic on SH 90 
Due to Operation 

Total 
Volume 
(added to 
2008 
baseline) 

Estimated 
Hourly 
Traffic 
Volume 

Estimated 
Noise 
(dBA) 
Level 
at 50 feet 1 

Distance (feet) to Attenuate to Assumed 
Ambient Noise Level of 40 dBA

Trucks 
Light 
Vehicles 

Soft Site Reduction 
At 4.5 dB per 
double of distance 

Hard Site Reduction
At 3 dB per 
double of distance 

East 58 70 658 65.8 61.5 1,470 7,670 
West 38 10 578 57.8 61.0 1,340 6,400 
1 Derived from the progressive relationship between traffic volume and associated noise provided in WSDOT’s (2008) Table 7-3, 
hourly traffic volumes, traveling at 65 miles per hour. 

 
Ore unloading and loading activities would be the primary source of noise generated 
during operations. In particular, the backup alarms from the front-end loaders and 
highway trucks are expected to generate the loudest noises at the mill. Warning horns are 
expected to attenuate to background levels 2,660 feet away (soft-site reduction) or 7,184 
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feet away (hard-site reduction). Soft-site conditions surrounding the site are more realistic 
due to vegetative ground cover. Other operations, which generate high noise levels, 
would be located within enclosed buildings (e.g., the SAG mill). For comparison, the 
estimated maximum noise level occurring at the property boundary was modeled using 
conservative assumptions and determined to be 60 dBA. This level is well below the 
most restrictive maximum permissible noise level of 75 dBA established by Montrose 
County for gravel mining operations located within 1,320 feet of an existing residence or 
an existing platted subdivision. The estimated maximum noise level at the property 
boundary occurs at the south end of the site, approximately 800 feet south of the mill if 
the attenuation rate of 6 dB per doubling of distance is assumed (hard-site reduction) or 
about 460 feet if the attenuation rate of 7.5 dB per doubling of distance is applied (soft-
site reduction). 
 
Cultural Resources 
There is little potential for disturbance of known cultural sites or unanticipated discovery 
during operations because surface disturbance should be minimal during this period and 
would have to be cleared with the radiation safety officer (RSO) prior to startup (Visus 
and Energy Fuels, 2009b). Most of the projected surface disturbance that would occur 
during operations would be for the construction of Tailings Cells B and C. If surface 
disturbing activities encounter cultural resources during operations, EFR would follow its 
Unanticipated Discovery Plan (Operational Monitoring Plan – Visus and Energy Fuels, 
2009b). 
 

Visual Resources 
Visual resource impacts from the site would be most prominent when the evaporation 
ponds are completed to full 80-acre capacity sometime near the later portion of its 40-
year production life. Operation of the mill, and the initial series of evaporation ponds and 
tailings cells, would be noticeable in the middleground viewsheds for observers traveling 
on SH 90. The evaporation ponds and the administration building would be 
approximately 675 feet from the road at their closest point. An approximately 9,000 
square-foot administration building and associated parking area would be a similar 
distance from SH 90 and would be clearly visible to observers using the road. 
 
The ponds and eventual three tailings cells (covering 30 acres each) would have low-
profile containment embankments, with the majority of their storage capacity located 
below the existing ground level. The embankments, protective six-foot-high fencing, and 
bird netting over the evaporation ponds may be noticeable to observers. 
 
The mill and associated ore pad would be approximately three-quarters of a mile south of 
SH 90 and would sit about 100 feet higher in elevation than SH 90. The mill buildings 
would have varying heights up to 85 feet and would be visible in the middle-background 
from SH 90 but are not expected to dominate the view of the casual observer. 
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To a large extent, the existing open pit mine overburden pile, vegetation alterations, 
waste rock dumps, mine buildings, and access roads present in the landscape around the 
site currently draw the attention of observers on SH 90. The site would be an obvious 
addition to the human developments in the area, but it would not dominate the landscape. 
 
Emergency Plan 
As an element of the Health & Safety Plan, the applicant has established a site emergency 
plan outlining potential hazards resulting from site activities or from naturally occurring 
hazards to which the mill and personnel may be exposed. The plan and its associated risk 
analysis evaluate the consequences of the postulated accident scenarios for onsite and 
offsite receptors and establish certain response actions. At the request of the department, 
the applicant made modifications to their emergency plan, associated risk assessment, 
and radiological health procedures to incorporate or address comments and to better 
integrate the documents. The revised emergency plan provided by the applicant is 
consistent with the NRC guidance and Part 3 of the regulations. 
 

Design Features to Mitigate Releases 
Mill buildings and equipment have many features associated with a containment 
structure, and procedures are designed to institute rigorous inspection, maintenance, and 
repair plans on critical path systems such as secondary containment and liners. Equally 
important is personnel training. 
 
The building foundations are designed to minimize movement due to total settlement and 
differential settlement, which prevents releases as structures settle over time, and 
minimizing settlement will minimize the stress on pipes and tanks. All concrete slabs, 
secondary containment, and sumps will be constructed with continuous, welded-
construction waterstop at all expansion, construction, and other joints. Concrete slabs 
have been designed to facilitate lateral movement, but constrain vertical movement with 
requisite joints to eliminate cracking. Acid-resistant concrete will be used in lieu of 
epoxy-based coatings. 
 
All process, fuel, chemical, and process waste pipelines will have secondary containment 
in the form of buildings, containment piping, or lined areas and leak detection. Buried 
lines will have appropriate cathodic protection. Secondary containment is used for 
chemical and fuel tanks, process areas, and various pipelines. 
 
Run-off from the two ore pads, facility footprint, and ore dumping platform is collected 
in two storm water ponds, which will keep contaminated runoff from exiting the site. 
Both ponds will be double-lined with leak detection/collection systems. 
 
The raffinate has low concentrations of heavy metals, so there will only be minor 
accumulations in the tailings and evaporation ponds. The tailings cells that hold process 
waste and evaporation ponds are double-lined with a leak detection/collection system. 
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The bulk reagents unloading area will have a divider to prevent inadvertent mixing of 
hydrogen peroxide or sodium chlorate oxidizers with organics such as diesel fuel or 
kerosene during unloading operations when spills might occur. The bulk reagent storage 
tanks will be equipped with level-indicating instruments warning the operator that the 
tank is approaching maximum fill height to prevent releases during filling operations. 
 
Table 18 summarizes some mill design features used to mitigate potential impacts from 
the mill. 
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Table 18: Mitigation of Impacts 
 
Impacts to Mitigation 
Land use  All building and parking facility designs at the site will conform 

to Montrose County development standards and will be 
submitted to the Montrose County Building Department for 
approval prior to construction. 

 Upon closure, all areas of the site except the Restricted Tailings 
Cell Area will be returned to rangeland. 

 Upon closure, EFR will cap the tailings cells with an engineered 
soil cover and fence the entire restricted tailings cell area 
pursuant to relevant EPA/NRC/state surface stabilization 
requirements and guidance. EFR will provide the DOE or the 
state of Colorado with the funds necessary to conduct long-term 
surveillance and monitoring of the restricted tailings cell area 
and funds for maintenance of fencing for 200 to 1,000 years.

Transportation  EFR has obtained a site access permit from the CDOT that 
provides for safe site access and egress (CDOT, 2008). 
Consistent with the terms of the access permit, EFR will widen 
SH 90 over a length of 2,175 feet at the site Access intersection 
by constructing a left-turn deceleration lane for westbound traffic 
on SH 90, and a 10-foot wide shoulder on the south (eastbound) 
side of SH 90, east of the site access road (CDOT, 2008). 

 EFR will encourage its workers to carpool to reduce project-
related traffic. 

 To reduce project-related traffic during construction, EFR will 
encourage its contractors to provide busses or vans at central 
collection points in nearby towns to transport construction 
workers to and from the site. 

 Dust suppression measures will include magnesium chloride or 
equivalent treatments and water sprays on gravel roads on the 
site. 

 All ore shipments will be transported in dedicated ore haulage 
trucks, and will be conducted in accordance with USDOT 
hazardous materials shipping regulations and requirements. 

 EFR will verify that the trucking contractors transporting ore, 
chemical reagents, and fuel to the mill and yellowcake and 
vanadium oxide from the mill have emergency response plans in 
place to respond to highway accidents and cargo spills. 
Guidelines for evaluating the effectiveness of ore transportation 
carriers’ emergency response plans are provided in Appendix B 
to the Mine Operations Plan (Energy Fuels 2009d). 

 Ore shipments will be tarped to reduce the potential for 
accidental spillage or fugitive dust during transportation. 

 Chemicals reagents, diesel fuel, and propane used to process ores 
will be delivered to the site by licensed haulers in USDOT-
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Impacts to Mitigation 
approved containers. 

 EFR’s emergency response teams will be available to assist with 
radiological screening, surveying, and clean-up at off-site 
accident locations and will provide verification sampling of 
cleanup actions. 

Geology and 
soils 

 The site was selected in part for its isolation from geologic 
hazards such as slope instabilities, significant seismicity, and 
erosion potential. Extensive geotechnical and geophysical studies 
(Kleinfelder, 2009e) showed no subsurface cavities (karst) or 
insurmountable soil stability issues. The research and 
investigations showed that the risk of geologic hazards is low. 

 All facilities (mill, tailings cells, evaporation ponds, and 
ancillary facilities) will be designed to withstand the MCE’s 
ground acceleration in accordance with IBC requirements. 

 In areas where collapsible soils have been identified at the 
surface within the mill footprint, soils will be removed and a 
competent compacted soil base would be created. 

 Engineering control of surface water runoff including diversion, 
soil stabilization, riprap, etc. as described in the Stormwater 
Management Plan (Golder, 2009a) will be incorporated into the 
design of the mill. 

 Timing of construction and removal of surface water control 
structures (first built, last dismantled) will maintain erosion and 
sediment control during construction, operations, and closure. 

 BMPs for erosion control, as outlined in the Stormwater 
Management Plan (Golder, 2009a), will be implemented during 
construction of the access road and surface water structures. 

 Post-closure monitoring and maintenance of the reclaimed 
facilities will be conducted to verify long-term stability prior to 
transfer of the reclaimed tailings cells to the state of Colorado or 
the DOE for long-term surveillance and monitoring. 

Surface water 
and ground 
water 

 The mill is designed to be a zero-discharge site. This means no 
industrial wastewater will leave the milling and waste disposal 
areas of the site. Septic adsorption fields will treat the only water 
released to the environment. 

 Storm water containment structures will be constructed to 
contain direct precipitation on the zero-discharge area of 240 
acres including the mill, ore pad, tailings cells, and evaporation 
ponds to prevent any runoff, sediment transport or solute 
migration from the facility. Storm water control structures will 
be completed prior to facility construction so as to minimize 
erosion and impacts to drainages during construction. The storm 
water structures will be removed only after facility 
decommissioning. 

 Permanent diversionary dikes at the south end of the site will 
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Impacts to Mitigation 
prevent run-on during the life of the mill, and divert runoff from 
the closed tailings cells. Diversion channels will carry 
intercepted runoff to existing drainages. 

 The mill and its storm water control structures are designed to 
withstand and fully contain the 1,000-year, 24-hour storm event. 

 Regular inspections and maintenance of storm water structures, 
as required in the Stormwater Management Plan, would keep the 
storm water management system operating as designed. 

 The Material Containment Plan and the SPCC Plan detail 
extensive structural (physical containment) and non-structural 
(institutional practices, training, reporting) measures to prevent 
spills of chemicals, reagents or products. Quarterly storm water 
inspections, semi-annual facility inspections, and standard 
operating procedures in the Facility Operating Plan for each 
process area also are independently protective of the 
environment and water quality in particular. 

 Aquifer depletion by water supply wells will be closely 
monitored at startup and during the project’s life to project long-
term performance and develop a water supply strategy that is 
protective of the resource and other ground water users. 

 The ground water monitoring program will include off-site wells 
and springs, to detect and manage any aquifer depletion impacts. 
The on-site and vicinity ground water monitoring program will 
detect contamination of ground water by the mill. 

 The surface water monitoring program will allow for evaluating 
water quality of the site’s runoff over time and provide early 
detection of potential surface water impacts. 

 Tailings cells and evaporation ponds will be constructed with 
leak collection and recovery systems between the primary and 
secondary liners. An engineered cover, constructed at closure, 
will limit percolation into the dewatered tailings and provide 
long-term erosion protection. 

 Operation of the LCRS in the tailings cells and evaporation 
ponds will result in little to no hydraulic head on the secondary 
and tertiary liners; therefore, the driving force behind any 
seepage from these facilities will be minimal. 

Wetland 
features 

 EFR will locate project components and access roads away from 
the non-jurisdictional retention pond. 

 The mill (the area within the mill license boundary) is designed 
as a “zero discharge” facility, so that all runoff will be contained 
on-site in lined ponds and cells and recycled for use in the mill. 
No contaminated water will enter natural drainages or ground 
water systems. 

 Tailings cells and evaporation pond will be equipped with 
multiple liners and leak collection and recovery systems to 
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Impacts to Mitigation 
provide containment of 11e.(2) byproduct material during 
operations. During closure, the tailings would be dewatered and 
the mill, ore pad, and evaporation ponds would be removed and 
placed in the final tailings cell. The tailings cells will be capped 
with an engineered cover that is designed to provide containment 
of 11e.(2) byproduct material for 200 years, and, to the extent 
practicable, 1,000 years with no active maintenance or controls 
to minimize the potential for the 11e.(2) byproduct material to 
impact ground water 

 EFR will follow measures in its SPCC and Material Containment 
Plan, which include methods to contain spills and prevent 
oils/chemicals from reaching waters of the U.S. 

 
Vegetation 
resources 

 EFR will develop and implement a weed control plan to 
minimize potential impacts and expansion of noxious weeds 
(Colorado Division of Wildlife, 2008). 

 During construction, EFR will retain and stockpile topsoil (six to 
12 inches) and vegetative matter to use during interim and final 
reclamation of the site as described in the Specifications for 
Closure and Reclamation of Mill Facilities (Golder, 2009c). 
Topsoil stockpiles will be seeded and mulched using certified 
weed-free seed mix and mulch during the first appropriate 
growing season after topsoil stripping and stockpiling to 
minimize infestation of invasive and noxious weeds and 
stabilization during the life of the project. 

 During construction, sediment control measures will be utilized, 
including weed-free hay bales, silt fences, and temporary 
detention basins as described in the Stormwater Management 
Plan (Golder, 2009a). 

 Dust suppression will be used on roads (magnesium chloride, 
water), ore pads, tailings cells, and evaporation ponds to 
eliminate fugitive dust from negatively affecting native 
vegetation within the site. 

 EFR will implement the measures included in the Tailings Cell 
Closure Design Report (Kleinfelder, 2009c) the Specifications 
for Closure and Reclamation of Mill Facilities (Golder, 2009c), 
the Mill Decommissioning Plan (Kleinfelder, 2009b), and the 
Mill Decommissioning and Reclamation Cost Estimate (Energy 
Fuels, 2009h), which describe methods for recontouring, topsoil 
redistribution, soil preparation, fertilization, and revegetation, 
including a recommended seed mixture, mulching, seeding 
methods, and timing. 

 EFR will exclude livestock from revegetated and rehabilitated 
areas to promote complete revegetation. Exclusion will continue 
until the vegetation in the reclaimed area is established and self-
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Impacts to Mitigation 
sustaining. 

 EFR will include revegetation status in the reports required by 
the department. 

Noxious 
weeds 

 EFR will develop and implement a Weed Control Plan to 
minimize potential impacts and expansion of noxious weeds 
(Colorado Division of Wildlife, 2008). 

 Weed-free sedimentation barriers will be used. 
 The soil stockpile will be revegetated during the first growing 

season to minimize infestation of invasive and noxious weeds. 
 Revegetation will occur during the first growing season 

following closure. 
 EFR will conduct weed control monitoring and implement weed 

control measures, as necessary, on a biannual basis (spring and 
fall) to limit the occurrence of noxious weeds on the property. 
The program will start prior to construction and continue until 
the site is successfully reclaimed. Records will be kept of the 
weed surveys and herbicide applications. 

General 
wildlife 

 Employees will receive environmental awareness training during 
project orientation. EFR will provide information about: native 
wildlife including ESA-listed species, BLM sensitive species and 
state of Colorado special status species, and terrestrial wildlife 
within the site and vicinity, sensitivity to various kinds of 
impacts; consequences of poaching; and information about 
federal and state wildlife laws. 

 Recreational hunting will not be allowed on site. EFR would 
encourage its employees and contractors to report any incidents 
of poaching immediately to the CDOW, such as through the 
program “Operation Game Thief.” EFR would place “No 
Hunting” signs on the property boundary. 

 EFR would erect a six-foot chain-link fence topped with three 
strands of angled barbed wire around the tailings cells and 
evaporation ponds to eliminate entry of larger terrestrial wildlife. 
A fine mesh wire fence or hardware cloth apron extending two 
feet below the ground surface will be buried around the outside 
perimeter of the chain-link fence to minimize or eliminate 
burrowing animals from entering tailings cells and evaporation 
ponds. Fine mesh fencing extending to three feet above ground 
around the inside perimeter of the chain-link fence would be 
placed to prevent smaller, ground-dwelling wildlife (i.e., pocket 
gophers and other rodents, lizards, and snakes) from entering 
tailings cells and evaporation ponds. EFR would inspect the 
fence daily, and repair, as necessary. 

 Bird netting will be placed over the evaporation pond to 
eliminate birds and other wildlife species from entering 
potentially toxic raffinate solution. Netting would be securely 
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Impacts to Mitigation 
fastened to the pond-top perimeter to seal off access to the ponds 
at ground level. 

 Bird balls will be used in the ponded portion of tailings cells to 
disguise the tailings solution and prevent birds from landing on 
the tailings solution. 

Threatened, 
endangered, 
and candidate 
wildlife 
species 

 EFR may cooperate in ongoing efforts to reopen sagebrush 
habitats/remove piñon-juniper woodlands on Monogram Mesa to 
mitigate for impacts to Gunnison Sage-grouse by the proposed 
action. The off-site mitigation could create usable habitat further 
south and east of the site and close the gap between occupied 
habitat in Dry Creek Basin and potentially suitable habitat in 
East Paradox Valley. 

 EFR will follow measures in its SPCC Plan (Energy Fuels, 
2009b) and Material Containment Plan (Energy Fuels, 2009c), 
which include methods to contain spills and prevent 
oils/chemicals from reaching waters of the U.S. 

 EFR will obtain approximately 415 acres of habitat similar to the 
mill site in the East Paradox valley floor on private lands prior to 
construction. The mitigation site would be fenced to exclude 
domestic livestock and livestock grazing would be prohibited as 
would public access and development. The goal is to increase the 
carrying capacity of similar, adjacent habitats so that displaced 
wildlife can remain in the general area. EFR will propose 
improvements to increase the quality of the habitat, such as 
restoration of shrubs, increasing desirable understory species, 
and reducing the widespread weed problems found in the area.

BLM 
Sensitive 
Wildlife 
Species and 
State of 
Colorado 
Wildlife 
Species of 
Special 
Concern 

 To minimize attracting bats and disrupting bat feeding behaviors, 
EFR will utilize monochromatic orange sodium lamps that do 
not attract insects or bats, except in those locations where health, 
safety, or security considerations require additional lighting. 
Night lighting would be the direct cut-off variety that points 
down and minimizes lateral light glare. 

 EFR will conduct burrowing owl surveys prior to construction 
and soil storage site use. If this species is present, EFR will 
maintain a 328- to 984-foot (100- to 300-meter) disturbance 
buffer around nest burrows to prevent possible disturbance to 
adjacent burrows and foraging habitat (Colorado Partners in 
Flight, 2000a). EFR will avoid affecting occupied burrows until 
vacated. If destruction of potential burrows is unavoidable, EFR 
would consider creating artificial burrows away from impacted 
areas (Marks and Ball, 1983). 

 EFR will minimize fugitive dust on adjacent burrowing owl 
foraging habitat from access roads and milling operations 
through application of magnesium chloride and/or water on the 
roads and pads.
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Impacts to Mitigation 
Terrestrial 
wildlife 

 Risks of collisions of project-related vehicles with big game and 
other terrestrial wildlife would be reduced but not eliminated 
with the majority of ore, reagent, and fuel deliveries scheduled 
during daylight hours. 

 EFR would erect barbed wire perimeter fencing around the 
property boundary to permit big game passage to the extent 
possible. The fence would be no taller than 42 inches with at 
least 12-inch spacing between the top two wires to minimize big 
game entanglement with the fence. The bottom wire would be at 
least 16 to 18 inches off the ground to allow passage of young 
deer and elk. If domestic cows with calves are present in adjacent 
pastures and calf penetration is an issue, fencing could be 
designed so that the bottom wire could be lowered although 
bottom wires 16 inches off the ground would hold livestock. 
EFR will visually inspect and maintain the fence, as needed, so 
that wires are taut to minimize entanglement. 

 Vegetation removal will occur prior to May 15 or after July 15 to 
avoid taking of migratory bird species, nests, or eggs (U.S. 
Bureau of Land Management, 2007). 

 EFR will require that contractors install raptor-safe transmission 
lines and they would be inspected to determine if raptor perch 
deterrents are warranted. 

 EFR will use bear-resistant containers and collect refuse 
frequently to minimize potential for conflicts with bears at the 
site. 

 The site will be revegetated with species palatable for livestock 
and wildlife. Weeds would be controlled to maintain native 
vegetation. 

 EFR will obtain approximately 415 acres of habitat similar to the 
mill site in the East Paradox valley floor on private lands prior to 
construction. The mitigation site would be fenced to exclude 
domestic livestock and livestock grazing would be prohibited as 
would public access and development. The goal is to increase the 
carrying capacity of similar, adjacent habitats so that displaced 
wildlife can remain in the general area. EFR will propose 
improvements to increase the quality of the habitat, such as 
restoration of shrubs, increasing desirable understory species, 
and reducing the widespread weed problems found in the area. 

Air quality  EFR will enforce low speed limits on roads within the mill to 
reduce particulate matter emissions. 

 The unpaved main haul road will be treated with magnesium 
chloride with the first application typically in the spring and two 
to three additional treatments through the summer, as necessary. 
Supplemental watering of the road to control fugitive particulate 
matter emissions may occur during dry and windy periods. 
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Impacts to Mitigation 
 Motion-sensing water sprays will be located at the dumping 

platform dump points for emission control. Both the ore 
stockpiles and the ore pad travel routes will be sprayed with 
either water or a raffinate solution from the mill. 

 Emissions at the feed hopper building area will be controlled 
through the use of drive-through curtains over the open side of 
the building as well as water sprays located at the grizzly screen. 
Further, air from the grizzly screen, coarse feed hopper, and 
apron feeder area will be vented to a dust collecting baghouse 
and then through a stack to the atmosphere. 

 The vibratory feeder area and discharge end of the SAG mill will 
be connected to a dust scrubber with a control efficiency of 99 
percent. 

 The pre-leach and leach tanks will be enclosed and vented to a 
Venturi scrubber that will provide 99 percent control for sulfuric 
acid emissions. 

 During the hotter months, the beaches of the tailings cells and 
evaporation ponds will be sprayed with tailings water or raffinate 
to control particulate emissions. 

 Tanks in the vanadium precipitation and packaging area will be 
vented to a packed-bed wet scrubber to remove the ammonia 
fumes, providing 99 percent removal efficiency for particulate 
emissions. 

 The diatomaceous earth and ammonium sulfate systems will be 
equipped with dust filters for emission control. 

 Ammonia will be stored in a pressure vessel designed to prevent 
vapor from escaping. 

 Low-NOx burners will be used on the boilers for emission 
control. 

 The uranium and vanadium SX tanks will be covered to reduce 
volatile organic compound (VOC) emissions from the process by 
approximately 90 percent during normal operation and by 
approximately 75 percent overall considering the tanks may be 
occasionally opened. 

 Solvent extraction solution will be collected during an upset 
condition and the organic solution will be recovered from 
emulsified and entrained mixtures reducing the amount of 
kerosene added to the system by 279 tons per year. 

 Pressure leaf filters will be used to reduce the amount of 
kerosene added to the organic makeup solution by 25 tons or 
more per year. 

 EFR will prepare and implement a Fugitive Dust Control Plan to 
minimize impacts from fugitive dust during construction and 
closure. 
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Impacts to Mitigation 
Cultural 
resources 
 

 All four sites located in the 80-acre well field will be avoided by 
ground disturbance, where feasible, regardless of eligibility 
status. 

 Where outstanding, Energy Fuels’ cultural resources consultant 
will continue and complete Native American consultation. 

 If newly discovered cultural resources are identified during 
project implementation, work in that area will stop and the 
SHPO will be notified immediately (36 CFR §800.13) according 
to Energy Fuels’ Unanticipated Discovery Plan (Operational 
Monitoring Plan – Visus and Energy Fuels, 2009b). 

 Strict adherence to the confidentiality of information on the 
description and location of archeological resources (43 CFR 
7.18). 

 EFR will inform all persons associated with construction and 
maintenance of the proposed action that they will be subject to 
prosecution for knowingly disturbing historic or archaeological 
sites, or for collecting artifacts.

Visual/scenic 
resources 

 All aboveground facilities will be painted to blend with the 
surrounding landscape with an appropriate color selected from 
the BLM Standard Environmental Colors chart or a similar color 
reference. 

 Outdoor lighting will be down-directed, with fixtures having a 
90degree cutoff, to eliminate glare and minimize upward light 
scattering. 

 An efficient lighting scheme will be designed to provide the 
minimum amount of lighting required for safety and security. 

 Fences will be coated or painted with non-reflective surfacing, or 
an appropriate color that blends with the surroundings. 

 EFR will minimize disturbance and control erosion by avoiding 
steep slopes and by minimizing the amount of construction and 
ground clearing needed for roads, staging areas, and crane pads. 

 To the extent practicable, facility construction and placement 
will utilize natural features in the landscape to screen operations 
from observers. 

 All disturbed areas will be re-contoured and revegetated to blend 
with the natural topography as soon as possible after disturbance, 
where practicable. 

 Dust abatement measures will be practiced on the gravel roads 
and parking lots as needed.

  

Exposure Impacts 
Radiological Exposure Pathways 
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Exposure to radiation is generally thought of in two forms – external and internal. There 
are numerous pathways through which radioactivity can come in contact with receptors. 
An exposure to radiation can lead to a dose (but not always). The radioactivity must 
travel through an environmental medium to reach receptors. These are discussed in a 
trilogy of reports in the application, all of which have been revised based on requests for 
additional information submitted by the department. The revised reports are: 

 Revised Exposure Pathways Report, 
 Estimates of Radiation Doses to Members of the Public from the Piñon Ridge 

Mill, and 
 Risk Assessment Report. 

 
The Exposure Pathways Report describes the potential releases of radioactive and non-
radioactive materials from normal mill operations and activities and the consequent 
potential for exposing plants, animals, and humans to radionuclides of concern. Further 
discussion of the effects of exposure to radioactive and non-radioactive emissions 
described in this report is provided in the risk assessment (SENES 2010), which also 
discusses the potential exposures and risks arising from malfunctions and accidents. 
 
Pathway analysis is a mature environmental impact assessment technique, which has 
been used for many years to assess the release, transport and fate of radionuclides and 
other contaminants of potential concern (COPC) through environmental media to 
receptors of interest (human and/or other biota). The pathways analysis links the source 
of the COPC with the local mechanisms of environmental transport (action of wind, 
water, etc.) through receiving and exposure media (air, soil, vegetation, surface and 
ground water, etc.) and identifies the exposure mechanisms and receptors of interest. The 
results can then be used as input for risk and/or dose assessment. 
 
Figure 56 below shows a simplified schematic illustrating pathways of exposure for 
biota. 
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Figure 56: Simplified Schematic Illustrating Exposure Pathways for Biota 

(source: Revised Exposure Pathways Report) 
 
The general operation of the proposed mill includes the processes provided in Table 19. 
The potential for release of contaminants from each process is also provided in the table. 
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Table 19: Mill Processes and Potential Releases 
 

 
Source: Revised Risk Assessment Report 
 
A discussion of the uranium decay series is presented in the report. Isotopes of concern at 
the site are: 

 Uranium-238 (238U) is the most common isotope of uranium and represents 99.3 
percent by mass of natural uranium (and along with its daughter product, 
uranium- 234 (234U), about 98 percent of the radioactivity of the uranium present 
in uranium ores). Of the 15 radionuclides presented in the 238U series, the 
dominant contributors to dose are 238U, 234U, 230Th, 226Ra,210Po, 210Pb and 222Rn 
(and its short-lived decay products). 

 
 Uranium isotopes (238U, 234U and 235U), 226Ra, 230Th, 210Po, and 210Pb will be 

present in ore dust that may be generated through ore transfer operations such as 
truck travel on the ore pad, dumping ore from trucks onto the pad, picking up ore 
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and dumping it into the grizzly, and subsequent crushing and grinding. Ore dust is 
also generated from wind erosion of the ore pile. The size of the dust particles 
generated by the various mill activities can be an important factor in determining 
dose. The MILDOS-AREA code considers the effects of particle size on its 
calculation of dose. 

 Polonium-210, although with a relatively short half life, can exist in the 
ecosystem since it is a decay product of 210Pb (and in turn, of 222Rn) and is 
potentially important radiologically in the ingestion pathway. However, for this 
site, ingestion pathways (consumption of meat, milk, and vegetation) contribute 
only a very small percentage of the dose. 

 Uranium-238 series radionuclides are present in equilibrium with the 238U parent 
in the ore. Thus, in dust originating from ores, all 238U series radionuclides must 
be considered. In the mill, once the uranium has been separated from the bulk of 
the ore, the uranium isotopes are the primary isotopes of concern. The final 
product, yellowcake, consists mainly of uranium oxides and their hydrates (e.g., 
UO4, UO3 with H2O). 

 
Milling activities are closely monitored and potential dust sources carefully controlled 
through a combination of isolation and dust control at the source. Air exhausted from the 
mill process areas is directed through high efficiency dust collectors. The mill stacks 
release only very limited quantities of radionuclides due to the use of highly efficient 
effluent control systems in the mill. These stacks are considered minor pathway sources. 
Emissions from these stacks are quantified in the Air Permit Application. 
 
Essentially all of the 230Th, 226Ra,210Po, and 210Pb and limited amounts (on the order of 
four percent) of 238U, 234U will be present in the tailings placed in the tailings cells. 
Application of tailings solution or raffinate on the tailings beaches will minimize dust 
generation, but some tailings solids may dry out on the beaches and become airborne. 
Radon will be produced from the beaches and, to some degree, from tailings solutions. 
The dust and radon are considered pathway sources for exposure to humans and animals. 
Liquids containing these sources will be prevented from entering pathways to plants, 
animals, and/or humans by the lining system under the tailings. 
 
At the mill site radon is released from the ore storage pad, from processing the ore in the 
mill and from the mill tailings in the tailings cells. The radon that is released into the air 
from those sources is dispersed by local winds and air currents. 
 
During the milling process, the concentration of radionuclides including 226Ra is 
enhanced in the acidic leached solution. After selective extraction of uranium and 
vanadium, the leached radionuclides remain in the raffinate and the tailings. Therefore, 
evaporation ponds and tailings are potential sources of 222Rn. 
 
Sources of non-radioactive constituents are also evaluated; they are listed in Table 20. 
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Table 20: Non-radioactive Sources and Potential Emissions 

 

 
Source: Revised Risk Assessment Report 
 
The source of heavy metals at the site is uranium ore. Ore from numerous mines in the 
area were evaluated for metals and shown in Table 21 
 

Table 21: Metals Concentrations in Area Ores 
 

 
Source: Revised Risk Assessment Report 
 
During the milling process, the concentration of these heavy metals is enhanced in the 
acidic leach solution, raffinate, and tailings solution. 
 
Based on a comparison of the concentrations of 21 elements in raffinate process water to 
ecological screening levels, neutralization of the acidic raffinate process waters before 
discharge to surface impoundments would not reduce the metal concentrations in the 
solution to non-toxic levels for wildlife. The dissolved concentrations of boron, cadmium, 
copper, manganese, selenium, and uranium concentrations exceed ecological screening 
levels even at neutral pH while several other metals (barium, nickel, and zinc) were 
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elevated above screening levels at the pH level of 7.5 in one of the two samples tested. 
The selenium concentrations observed in the raffinate are of most concern given its 
toxicity to waterfowl and elevated concentrations compared to the screening level. 
Details can be found in the Ecological Screening of Raffinate Process Water report. 
 
Overall, non-radiological COPC considered for this study are: 

 heavy metals and particulate matter from erosion of ore stockpiles, and dry 
tailings; 

 heavy metals and particulate matter from transportation and handling of ore and 
yellowcake; 

 heavy metals and particulate matter from ore grinding, uranium/vanadium 
recovery and drying processes; 

 acid mists and fumes from the leach and CCD circuits; 
 organic vapors from SX circuits; 
 heavy metals in surface runoff and evaporation ponds, tailings impoundments, 

and beach sands; and 
 acid solutions in evaporation ponds and tailings impoundments. 

 
Conceptual Site Model. The environmental fate of radionuclides released from a source 
is determined through a combination of processes. The released radionuclides are 
transported through the air or water and subsequently distributed into other 
environmental media via processes such as deposition to soil or transfer to plants and 
animals. Radionuclides distributed in the environment can then result in exposure from 
external radiation (direct exposure, immersion and groundshine) or from the intake of 
radioactivity in air, water or food. Similarly, plants and animals can be exposed. 
 
The Conceptual Site Model (CSM) is the primary tool that is used to conduct the 
exposure pathways analysis and risk assessment. The CSM links the source of COPC 
with their environmental fate and transport mechanisms, receiving and exposure media, 
exposure mechanism, and the receptors. It is shown graphically in the following figures 
for human receptors and non-human receptors. 
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Figure 57: Conceptual Site Model for Human Exposure 

(source: Revised Exposure Pathways Report) 
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Figure 58:Conceptual Site Model for Biota other than Humans 

(source: Revised Exposure Pathways Report) 
 
Airborne Pathways. The following processes have a potential for generating sources of 
airborne radioactivity to humans and flora and fauna: 
 transportation of ore to the mill; 
 transportation of yellowcake from the mill to out-of-state processing plants; 
 on-site storage and use of ore; 
 ore handling and grinding; 
 leaching; 
 uranium recovery including solvent extraction (SX), precipitation, drying, and 

packaging; and 
 waste disposal facilities including tailings cells and evaporation ponds. 
 
Radionuclides released into the atmosphere from the Piñon Ridge Mill, as particulates or 
as radon gas, are dispersed by the local winds. Although the predominant wind direction 
shifts diurnally between east and west, dispersion occurs in all directions. These are 
discussed in detail in the Revised Exposure Pathways Report Each of these sources have 
been evaluated and input into the MILDOSE_AREA model. The results are discussed 
below. 
 
Waterborne Pathways. The mill is located in a semi-arid environment with an absence of 
lakes, running streams or tributaries near the site. The dry washes that cross the site from 
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south to north will occasionally contain running water for a short period of time after a 
significant rain event. Engineering controls, such as diversion channels, will be used to 
direct runoff away from the facility limiting the potential for this water to come in direct 
contact with the mill infrastructure. Runoff from the mill itself will be collected and 
contained on site in the storm water ponds, which will be monitored and maintained by 
mill personnel. At the Piñon Ridge Mill, there will be no releases of water arising from 
normal operations. Accidental releases are discussed later in the Risk Assessment Report. 
 
Because of the lack of inhabitants near the mill and the lack of waterborne sources of 
radioactivity, potential contamination to humans from the surface water pathway is 
negligible. 
 
Evaporation ponds are not a source of drinking water for human receptors, and bird 
netting and fencing are expected to exclude livestock and wildlife including birds from 
the ponds. The bird netting may be difficult to maintain, particularly in the winter 
months. The department will be monitoring the performance of the bird netting (and bird 
balls on the tailings cells) for effectiveness. 
 
De Minimis. De minimis is a Latin expression meaning “about minimal things,” normally 
in de minimis non curat lex (“The law does not concern itself with trifles”). In risk 
assessment, it refers to a level of risk too small to be of concern. Some refer to this as a 
“virtually safe” level. EFR chose to use this term. For purposes of this pathway analysis, 
de minimis pathways are those that are considered too small to be of consequence or with 
a probability of occurrence that is so low as to be “incredible.” For the Piñon Ridge 
Uranium Mill, the de minimis pathways for radiological contaminants of potential 
concern result from incomplete pathways or those pathways that contribute less than five 
percent to the overall dose. A pathway is considered “incomplete” if the contaminant 
cannot reach the receptor of interest due to absence of the source (no release), and/or the 
absence of a mechanism of transport (e.g., surface or ground water) and/or absence of a 
media of exposure (soil, vegetation, biota in food chain to humans, etc.). 
 
The de minimis pathways include: 
 

 Yellowcake drying and packaging area. Legacy uranium mills used calciners, or 
furnaces, to dry yellowcake. The calciner exhaust went out the yellowcake stack, 
a major particulate source. The vacuum dryer eliminates this emission point. 

 Soil. Dust suppression techniques built into the mill and standard procedures for 
dust control should mitigate soil as a pathway that will contribute to dose. Despite 
EFR’s classification of soil as de minimis, the department will be monitoring soil 
concentrations and any transport away from the site. The dose from soil is 
discussed in the Estimates of Radiation Doses to Members of the Public from the 
Piñon Ridge Mill report. 

 Meat, vegetation, and milk. Cattle are grazed seasonally near the mill on some 
lands in Paradox Valley. Vegetables and milk are not produced in the immediate 
area of the mill; however, for completeness of the radiological assessment of 
effluents from the mill, vegetable and meat pathways were included in the 
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computer model MILDOS-AREA. Consumption of wild game is another pathway 
of radionuclides to humans. This pathway depends on the uptake of radionuclides 
by wild game (i.e., from soils to plants to animals) and on the subsequent 
harvesting and consumption by humans. This pathway is discussed in more detail 
in the report. 

 Water runoff and ground water. Under normal conditions, consumption of locally 
occurring water is not anticipated by humans in the mill area because of the 
scarcity of perennial surface waters in the area. Animals may drink rainwater 
when available, but that activity is limited at the site because of the lack of 
available water collection areas and low rainfall, and should not be a significant 
pathway of radionuclides to animals. Bird balls will cover the water surfaces in 
the tailings cells and bird netting will cover the evaporation pond area. These 
measures will block access by waterfowl and birds that might attempt to drink 
from the tailing cells or evaporation ponds. Accidental releases are discussed later 
in the Risk Assessment Report. 

 Sprinklers. Sprinklers (or misters) often are used to assist in the evaporation of 
tailings liquid from the evaporation pond. Winds can carry the spray beyond the 
edges of the evaporation pond. An analysis of the radon emissions from the 
evaporation ponds indicated that the emissions from the sprinkler system are 
extremely insignificant compared to the estimated total emissions from the ponds 
(approximately six orders of magnitude smaller) (SENES 2010a). This pathway is 
considered de minimis. 

 Wildlife and livestock pathways. Limited airborne releases and subsequent 
deposition to the soil results in soil and offsite surface water concentrations that 
are likely to be within background levels. In addition, the access to tailings 
impoundments and evaporation ponds is limited due to the bird netting, bird balls 
and the presence of an eight-foot high chain-link fence around these facilities. 
Therefore, pathways to wildlife and livestock are considered to be de minimis. 

 Pathways for future land use. Although future residential development near the 
mills is theoretically possible, it is anticipated that future land use “at the fence 
line” is likely to be limited to non-residential, industrial/commercial exposure 
scenarios. 

 
Radiological Impacts on Humans 
Inhalation is the main pathway of radionuclides from the Piñon Ridge mill to people 
residing in the vicinity of the mill. Radon progeny, 230Th and 226Ra, in inhaled dust 
particles from the tailings impoundments and the milling operations, produce the greatest 
radiation dose to people in the environment. MILDOS-AREA modeling has been used to 
assess the magnitude of that impact in units of millirem per year (mrem/yr) to the general 
public within an 80-km radius of the mill. Details of the modeling effort are presented in 
Estimates of Radiation Doses to Members of the Public from the Piñon Ridge Mill. 
 
The model estimated a maximum Total Effective Dose Equivalent (TEDE) for an off-site 
receptor of 8.21 mrem/yr (including radon) compared to the regulatory maximum limit of 
25 mrem/yr (40 CFR 190) excluding radon and 100 mrem/yr (Colorado 6 CCR-1007-1, 
Part 4) including radon. However, this estimate was not based on the presence of an 
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existing residence, but rather a theoretical residence located at the property boundary. 
The estimated maximum TEDE for an actual off-site receptor (i.e., the nearest downwind 
resident) was estimated to be 0.50 mrem/yr. Natural background in the area results in an 
estimated TEDE of approximately 400 mrem/yr. 
 
The maximum doses at the property line are shown in Table 22. 
 

Table 22: Maximum Calculated Doses at the Property Line 
 

 
 
The maximum doses at the nearest residence are shown in Table 23. 
 

Table 23: Maximum Calculated Doses at the Nearest Residence 

 
 
The reader is referred to the Estimates of Radiation Doses to Members of the Public from 
the Piñon Ridge Mill report for detailed discussion of public dose. 
 
Summary of Occupational Dose 
The pathways that result in radiological impact to mill employees and visitors are 
exposure to gamma rays from radionuclides in the mill and exposures from the inhalation 
of yellowcake dust, ore and tailings dust, and radon progeny. The ongoing radiological 
impact of mill operations to the mill employees and visitors will be assessed by the mill 
radiation safety officer and staff. 
 
Doses are determined from mill area air samples, breathing zone air samples, uranium in 
urine bioassay samples, and by direct measurement of radiation in the mill. Procedures 
for collecting those samples and making the measurements are presented in the Piñon 
Ridge Mill Health and Safety Plan (Energy Fuels, 2009). 
 
Radiation doses to workers must be limited to 5,000 mrem/yr per the department by 
regulations, but EFR’s goal is to limit exposure for employees to 100 mrem/yr or less. 
Radiation doses will be evaluated regularly, including on a daily basis for some 
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operations. Employee dose reports from the RSO will be sent to employees and the 
department. Additionally, copies will be sent to mill management and to the Safety 
Committee to determine if the doses are as low as reasonably achievable (ALARA). 
 
The radiation safety program for Piñon Ridge is based largely on that of the Cotter mill in 
Cañon City. That program has been evaluated and refined by Cotter and the department 
with excellent results over the last decade. Doses to workers at Cotter have come down 
by about 50 percent since the late 1990s due to program improvements. Doses to workers 
at Cotter now are less than 500 mrem/yr, with many employees below 100 mrem/yr. 
 
Chemical Impacts on Humans 
The impact of chemicals used (e.g., reagents) and heavy metals released from the site are 
discussed in the Risk Assessment Report and the Revised Exposure Pathways Report. 
Hazardous chemicals are used at the mill facilities, the amount and variation of such 
chemical usage is small compared to large chemical facilities and many other industrial 
plants. The reagents are stored on site in pre-packaged totes, barrels, and bulk bags within 
weatherproof buildings and/or in closed bulk storage tanks. Additional information about 
the specific chemicals used, and their Material Safety Data Sheets are provided in the 
Material Containment Plan. 
 
In addition to the reagents, the heavy metals contained in the uranium ore could 
potentially have impact on the humans and the environment. Various processes and 
associated release mechanisms have a potential for generating airborne particulate matter 
and heavy metals (including V, As, Pb, Mo, Cd, Se, Cu, U and Zn) that could impact 
humans and flora and fauna. 
 
Examples of milling activities that generate emissions are shown in Table 24, below. 
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Table 24: Examples of Milling Activities that Generate Emissions 

 
 
The mill facilities with potential for release of dust or toxic fumes (e.g., SAG mill, leach 
tanks, precipitation tanks, vanadium kiln and furnace) are equipped with baghouses or 
wet scrubbers to minimize emissions of dust or fumes to the atmosphere. The uranium 
dryer and its off gas system is zero-emission equipment. 
 
It is expected that dust emissions from ore handling and grinding and resuspension and 
erosion of particulate matter from soil, ore stockpiles, and dry tailings will be the major 
sources of exposure to heavy metals. Metals in the emissions from the ore and byproduct 
material processes were estimated based on the modeled PM10 emissions for a 1,000 tpd 
mill in the Air Dispersion Modeling Report (Kleinfelder 2010b) as well as the metal 
concentrations in the ore and tailings. 
 
The potential emissions from the 1,000 tpd mill are shown in Table 25 below. 
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Table 25: Potential Emissions from a 1,000 tpd Mill 

 
 (Note that the Piñon Ridge Mill is only being authorized for 500 tpd; therefore the 
emissions are expected to be half of what is modeled here.) 
 
The point of maximum impact for the 24-hour averaging period was located at the 
receptor on SH 90 that was adjacent to the main haul road for the proposed facility. The 
ore and byproduct material were determined to be 30 percent and 8 percent of the total 
PM10 emissions, respectively. The balance of the PM10 emissions is from roads (61 
percent) and combustion processes (one percent).The impact levels diminish quickly 
from the maximum of 104 μg/m3 to values below 60 μg/m3 just outside the proposed 
facility site fence line and to below 26 μg/m3 more than one km from the proposed 
facility site fence line. 
 
The point of maximum impact for annual averaging was located on the proposed facility 
site fence line on the northern border. Emissions generated from travel on the unpaved 
main haul road and the unpaved secondary roads were the largest contributor to the 
impact. The impact levels diminish quickly from the maximum of 24 μg/m3 to values 
below 15 μg/m3 just outside the proposed facility site fence line and to below 5 μg/m3 
more than one km from the proposed facility site fence line. 
 
Therefore, impacts to air quality in the area of the proposed facility would be less than 
levels deemed to be protective of human health and the environment and would not 
degrade the existing air quality. Further, many conservative assumptions were used in the 
modeling analysis, such as modeling worst-case operating hours and assuming more 
acreage exposed to wind erosion for the evaporating ponds than would most likely occur; 
thus, the actual impacts would likely be less than those modeled. 
 
It is worth repeating that the conservative model results for 1,000 tpd mill would be half 
of the values for the 500 TPD mill being proposed, more than 60 percent of the emissions 
are from driving on gravel roads, and the impacts that do exist diminish quickly within 
one km of the proposed facility site fence line. 
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Based on the total PM10 emissions and concentrations of various metals in ore and 
byproduct material, the amount of metals emitted from the mill per year (at the point of 
emission, i.e., on site) are shown in Table 26. 
 

Table 26: Total Metals Emissions 
PM10=67.26 ton/yr 

 
 
The following tables show the annual estimated average metal concentrations in the 
atmosphere at the property line (maximum location) and at the nearest residence in 
Paradox Valley based on the modeled PM10 concentrations and concentrations of various 
metals in ore and byproduct material. These concentrations are in micrograms per cubic 
meter (μg/m3) and represent the incremental concentrations above background levels. 
 

Table 27: Maximum Annual Concentrations at the Property Line 
PM10=μg/m3 
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Table 28: Annual Concentrations at the Nearest Residence 
PM10=1.7μg/m3 

 
 
For comparison purposes, exposure limits from various agencies are presented here. 
 

Table 29: Air Quality Guidelines 
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Process Chemicals. The following processes have a potential for generating sources of 
airborne acid mists and fumes and organic vapors that could impact humans and flora and 
fauna: 

 Acid mists and fumes emissions from the leach and CCD circuits; 
 Organic vapor emissions from SX circuits. 

 
The process vessels in the leach, CCD, and SX circuits are closed to minimize the 
emissions of the acid mists and fumes and organic vapors. However, off-site receptors 
may also be exposed to very low concentrations of organic vapors emitted from the SX 
circuits and evaporation ponds. 
 
The organic reagents used in the uranium and vanadium SX circuits include kerosene 
(“C14H30”), amine (“Alamine 336 (R3N)”) and isodecanol (“Exxal 13(C10H22O)”). The 
organic mixture is nominally 96 percent kerosene, three percent isodecanol, and one 
percent alamine. For a 1,000 tpd processing rate, it is estimated that 36.4 tons/year (1.06 
g/s) of VOCs are emitted from the SX system and 162 tons/year (4.7 g/s) of VOCs are 
emitted from the tailings and evaporation facilities. Those values for the 500 tpd mill 
under consideration would be reduced accordingly. 
 
The average concentrations of organic vapor (mostly kerosene) at the nearest residence 
and at the site boundary were 3.4 μg/m3

 and 48.8 μg/m3, respectively. These are very 
conservative estimates since it is assumed that all kerosene in the tailings slurry and 
raffinate solutions evaporates to the atmosphere. 
 
Occupational Hazards. EFR claims that the modern state-of-the-art design of the Piñon 
Ridge Mill (monitoring; containment and control of hazardous materials, dust and fume 
emissions; HVAC systems; process control; etc.) combined with the implementation of 
the Health and Safety plan, extensive training program, availability of personal protection 
equipment, and compliance with federal (e.g., MSHA, EPA) and Colorado (CDPHE) 
regulations will ensure that occupational health and safety limits are not exceeded and 
that a safe workplace is maintained at all times. The department will monitor the 
industrial hygiene program at the mill to verify that workers are safe. 
 
In addition to the workplace safety measures, uranium exposure of workers will also be 
monitored using a uranium-in-urine bioassay program, which monitors the levels of 
uranium in the human body. Uranium will be monitored in the mill using breathing-zone 
air samples that sample uranium in the air while workers conduct tasks potentially 
generating uranium dusts. 
 
Area air samplers also will be used to monitor uranium concentrations in specific work 
areas of the mill. In addition to uranium, concentrations of other heavy metals, ammonia, 
sodium hydroxide, and sulfuric acid will be controlled to comply with the Mine Safety 
and Health Administration (MSHA) regulations and the Threshold Limit Values (TLVs) 
recommended by the American Conference of Governmental Industrial Hygienists 
(ACGIH). Control of acid and caustics is important because these chemicals are corrosive 
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and can cause burns upon contact with skin (which happened at Cotter in 2005, leading to 
the cessation of operations). 
 
Based on the occupational health and safety measures and other control measures in place 
at the mill, it is expected that the worker exposure to elevated levels of non-radiological 
COPC is unlikely. In addition, the exposure to acid fumes and organic solvent vapors will 
also be reduced by process control measures (i.e., closed systems equipped with 
scrubbers or baghouses) implemented in the acid storage areas and the leach, CCD, and 
SX circuits. Therefore, no significant non-radiological risks and/or health related impacts 
to workers are expected from the routine operation of the mill. As discussed above, 
accidents do happen, and those risks are evaluated in the Risk Assessment Report. 
 
Effects of Sanitary and Other Waste Discharges 
The Water and Wastewater Plan in Vol. 13 of the application discussed management of 
sanitary and other liquid waste discharges. Mill wastewater is created from three sources 
in the mill. The first is the barren process water that remains after the uranium and 
vanadium have been recovered from the process solution. The second is the gray water 
that comes from the sinks, showers, and laboratory drains. The third is the water from the 
commodes and urinals that is handled in the sanitary septic system. 
 
Once the supply water is utilized in the milling process, it is termed process water. The 
process water is utilized in all areas of the plant and is recycled wherever practicable. 
After uranium and vanadium have been recovered from the process stream in the solvent 
extraction (SX) building, the barren solution ( i.e., raffinate) is pumped to the tailings 
box, where it is used to dilute the tailings as described above. Excess raffinate, which 
contains high salt levels, is pumped to the evaporation pond, where the water is allowed 
to evaporate and the salts precipitate out in the bottom of the lined ponds. 
 
A large portion of the tailings water is recovered. A floating barge-mounted pump on top 
of the cell’s water pool pumps process water back to the return water tank in the mill for 
reuse. There is also a drainage layer above the tailings liner system that collects water 
that percolates through the tailings, which is then pumped back to the water pool on top. 
A portion of the wastewater remains entrained within the tailings solids. 
 
During processing, a small amount of the process water evaporates from open storage 
tanks in the system or is exhausted from air pollution control scrubbers on process tanks. 
The makeup water that is added in the milling process represents about 40 percent of the 
total process flows ( i.e., 130 gpm makeup water of 318 gpm process flows). 
 
The gray water is used water from the showers, sinks, and laboratory. It should be noted 
that 100 percent of the gray water is recycled into the process water system through the 
process water tank. The source water for the gray water is the potable water system. 
 
The sanitary septic system handles waste from the urinals and commodes in the mill. The 
3,475 square-foot septic system was designed to handle 3,885 gallons per day. The water 
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from the potable water system flows to the bathrooms and then from the urinals and 
commodes into the septic system. 
 
The administration building has a potable water supply that feeds through the building. 
All building drains, water coolers, commodes and urinals drain to the sanitary septic 
system. The 544 square-foot system was designed to dispose of 608 gallons per day. The 
design and tests for the septic systems is described in Appendix C of the Water and 
Wastewater Plan. 
 

 
Figure 59: Schematic of Water and Wastewater 
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Figure 60: Location of Septic Systems 
 
Radiological Impacts on Ecological Receptors 
Radiological impacts on plant and animal receptors result from pathways such as the 
uptake and physical contact of plants with tailings and/or ore, inhalation of ore dust and 
tailings dust, and the consumption of vegetation by animals. Inhalation of radionuclides 
by animals near the mill site may occur, but the magnitude of these exposures is expected 
to be minimal due to the movement of animals in and out of the area. The radiation doses 
to animals can be approximated by the radiation doses to humans as calculated by 
MILDOS, e.g., <10 mrem/yr. 
 
The liquids that will be contained in the evaporation ponds and tailings cells have 
attracted birds, including ducks and geese, at some mill sites. The liquids will have a low 



[EIA — 129] 

pH and elevated concentrations of radionuclides, and birds may attempt to drink from or 
land on the ponds. To prevent this from occurring, bird balls will be placed over the 
tailings water pool and bird netting will be installed over the evaporation ponds. Bird 
balls are floating plastic balls placed on the surface of the tailings liquid. In addition, the 
evaporation ponds will be covered with netting to prevent access, and a chain link fence 
will be installed around the perimeter of the tailings cells and evaporation ponds to 
prevent access to the area by terrestrial wildlife. 
 
The maximum gamma exposure rate in the vicinity of a typical uranium mill tailing site 
is only a few mrem/yr. That rate is very low and will not impact plants significantly. For 
example, the DOE has concluded that for a facility in compliance with the dose limits for 
humans, the total doses to plants and animals should be well below the recommended 
dose limit for animals of 0.1 rad/day and the higher limit of 1 rad/day for plants (U.S. 
Department of Energy, 2002). Additionally, it is generally considered that when 
radiological doses to humans are small, doses to animals are similarly small (Whicker 
and Schultz, 1982). 
 
Non-Radiological Impacts on Humans 
Toxicology is the study of the adverse effects of chemicals on living organisms. Of all the 
radioactive materials in the uranium-238 and uranium-235 decay chains, uranium is 
singled out in the state of Colorado radiation control regulations as important to regulate 
based on chemical toxicity (chemotoxic impact on renal system, i.e., kidneys). Uranium 
is a heavy metal that can concentrate in the bones of mill workers. At the Piñon Ridge 
Uranium Mill, uranium will be monitored using a uranium-in-urine bioassay program that 
monitors uranium levels in the human body. 
 
In addition to uranium, concentrations of other heavy metals, ammonia, sodium 
hydroxide, and sulfuric acid will be controlled to comply with MSHA regulations and the 
TLVs recommended by the ACGIH. 
 
Dust emissions from ore handling and grinding and resuspension and erosion of 
particulate matter originating from soil, ore stockpiles, and dry tailings likely will be the 
major sources of exposure to heavy metals. However, these emissions are expected to be 
quite low. Dust emission controls such as water spraying, baghouses, and scrubbers will 
reduce the offsite receptors exposure to dust. In addition, the exposure to acid fumes and 
organic solvent vapors also will be reduced by process control measures implemented in 
the acid storage areas and the leach, CCD, and SX circuits. The Risk Assessment Report 
(SENES 2010) evaluates the potential impact to off-site receptors for metal 
concentrations in the air. 
 
Radiological Impacts on Biota Other Than Humans 
Radiological impacts on wildlife and plants are discussed primarily in the Risk 
Assessment Report as well as the Revised Exposure Pathways Report. Radiological 
impacts on plant and animal receptors result from pathways such as the uptake and 
physical contact of plants with tailings and/or ore, inhalation of ore dust and tailings dust, 
and the consumption of vegetation by animals. Inhalation of radionuclides by animals 
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near the mill site may occur, but the magnitude of these exposures is expected to be 
minimal due to the movement of animals in and out of the area. 
 
The radioactive materials handled at a uranium mill have relatively low specific activities 
(amount of radioactivity per unit mass, e.g., μCi/g). The low specific activities require the 
release of exceedingly large quantities of material to be of concern. Driving forces 
(energy sources  initiating events for accidents) for such releases are generally lacking 
or extremely unlikely in the milling operation. 
 
The greatest hazard to wildlife is from the liquids that will be contained in the 
evaporation ponds and tailings cells. The liquids that will be contained in the evaporation 
ponds and tailings cells have attracted birds, including ducks and geese, at some mill 
sites. The liquids will have a low pH and elevated concentrations of radionuclides and 
birds may attempt to drink from or land on the ponds. Because of their elevated metal and 
radionuclide concentrations, the tailings and raffinate solution can be acutely and 
chronically toxic to wildlife; especially birds and bats that may attempt to drink from or 
land on the ponds. Therefore, the waste management facilities (tailings cells and 
evaporation ponds) represent the primary potential sources of exposure pathways to 
wildlife. 
 
A screening exposure pathway assessment was conducted to estimate the radiation dose 
to a bird (mallard duck) landing on the tailing cells. This assessment was based on 
wildlife having unlimited access to the tailings impoundments and evaporation ponds. 
The major exposure pathways considered was drinking the water and direct gamma 
exposure to the duck. A chemical analysis for the tailing solution from a conventional 
uranium mill, conducted in April 2003 (Energy Laboratories Inc., 2003) was used for the 
dose estimation. The calculations show that the total dose from 226Ra, 210Pb, 230Th, and 
232Th could be as high as 1,400 milliGrays per day (mGy/d), which exceeds the 
benchmark of 5 mGy/d (Garisto 2005) for birds (See Appendix A1 of the Risk 
Assessment for details of calculations). 
 
The ponds will be fenced. The evaporation ponds will have bird netting and the tailings 
cells will use bird balls for the ponded portions of the cells. Due to the fairly steep sides 
to the cells, exposed beaches should be minimized. Mill staff will inspect the cells daily 
and will take mitigative measures to chase birds away from exposed beaches if necessary. 
The restricted area fencing is sufficient to prevent mammals from accessing the beach 
sands; however, birds could land on the salt-encrusted beach sands. The beach sands are 
acidic and constantly being deposited during operations and would not be expected to 
support vegetation or a large number of insects; but there is the potential for direct 
exposure. Generally, metals are much more soluble in acidic conditions and any tailings 
solution coming in contact with birds is likely to have dissolved metal cations as well as 
radionuclides. Birds could be exposed by directly drinking this solution or by preening 
wetted and encrusted feathers. 
 
The maximum gamma exposure rate in the vicinity of a typical uranium mill tailing site 
is only a few mrem/yr. That rate is very low (a fraction of natural background) and will 
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not impact plants or animals. Additionally, it is generally considered that when 
radiological doses to humans are small, doses to animals are similarly small (Whicker 
and Schultz 1982). 
 
Limited airborne releases and subsequent deposition to the soil results in soil and offsite 
surface water concentrations that are likely to be within background levels. This is 
validated by the very low deposition onto soil as suggested by the very low doses from 
the worst-case MILDOS Area analyses in the Regional Dust Report, as well as the 
limited area of deposition as shown in the Air Dispersion Modeling Report. 
Inhalation of radionuclides by animals near the mill may occur, but the magnitude of 
these exposures is expected to be minimal due to the movement of animals in and out of 
the area, thus reducing the exposure time. 
 
Part of the environmental monitoring program for the site is to monitor radionuclide 
uptake in flora and fauna. Baseline concentrations in cattle and rabbits are described in 
the Baseline Survey of Radionuclides in Animal Tissue report. 
 
Non-Radiological Impacts on Biota other than Humans 
The Piñon Ridge Uranium Mill is designed as a zero-discharge mill in terms of surface 
and ground water. Process solution is routed from the mill to lined tailings cells and lined 
evaporation ponds for evaporation. No liquids are released from those structures to runoff 
channels near or on the property. Without perennial surface water in the area, 
bioaccumulation of uranium, thorium, radium, and lead and other heavy metals cannot 
occur in the runoff channels. 
 
The waste management facilities (tailings cells and evaporation ponds) represent the 
potential sources of exposure pathways to the wildlife. Because of their low pH and 
elevated metal concentrations, the tailings and raffinate solutions can be acutely and 
chronically toxic to wildlife; especially birds and bats that may attempt to drink from or 
land on the ponds. 
 
Aquatic organisms that may be present within the tailings cells and evaporation ponds 
can take up uranium, thorium, radium, or lead but those organisms will remain in those 
structures. At the end of the mill life those organisms will be buried under a tailings cover 
and will not be available to transfer these elements to human or animals as a part of the 
food chain. 
 
Surface water channels near the mill will contain water after local rains but not for a long 
enough period of time for aquatic organism to live in the channels and take up uranium, 
thorium, radium, or lead from dust generated from mill operations. 
 
Summary 
The following tables summarize the pathways and exposure potential from the Piñon 
Ridge Mill. The department concurs in general with the analysis. Empirical sampling and 
continued monitoring and modeling will be used to verify the accuracy of the estimates. 
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Table 30: Summary of Radiological Pathways 
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Table 31: Summary of Non-radiological Pathways 

 

 
 

Effects of Accidents 
A keystone of the mill license approval is to prevent releases or accidents from occurring 
and mitigate their impact when they do occur. Mill design, as discussed above, 
incorporates features and considerations directed to preventing contamination of workers 
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or the environment. The above sections also address the mechanisms for prevention 
during construction, operation and decommissioning and provide insight to the potential 
impact of chemical and radiological exposures, should they occur. 
 
EFR has established a structured, tiered Health and Safety (H&S) program as part of its 
application for a radioactive materials license using a top-down approach that stresses the 
importance of all personnel at all levels being responsible for safety. The H&S Plan 
outlines the requirements and responsibilities of each layer of management in 
establishing a safe work environment for mill workers, contractors, and visitors to the 
mill site. 
 
Design features and operating protocols minimize the possibility of spills or other 
accidents and include physical and procedural steps for mitigation when accidents or 
releases do occur. As noted in the above sections, releases from the mill can be managed 
to minimize impact. 
 
The radioactive materials handled at a uranium mill have relatively low specific activities 
(amount of radioactivity per unit mass, e.g., μCi/g). The low specific activities require the 
release of exceedingly large quantities of material to be of concern. Driving forces 
(energy sources  initiating events for accidents) for such releases are generally lacking 
or extremely unlikely in the milling operation. 
 
It has also been recommended (Stratus, December 15, 2010) that over the period of 
operation, EFR and the department continue to evaluate mill operations and features as 
experience is gained, and institute changes and improvements as appropriate. This 
process is compatible with the ongoing monitoring, inspection, and evaluation of 
operations and incidents that will occur throughout operations. 
 
No significant dust or fume emissions are expected during routine shipment of chemical 
reagents and other hazardous materials. Therefore, no significant non-radiological risks 
and/or health-related impacts to the driver or members of the public are expected from 
the routine transportation of these materials. 
 
Similarly, no significant dust emissions are expected during the routine transport of ore, 
which accounts for the majority of material shipments associated with the mill. The ore 
would be covered with tarps to reduce dusting and falling debris during transportation. 
The ore being shipped from mines contains a substantial amount of moisture and has a 
lower percentage of fines than ore that has been crushed. Minor ore spillage from trucks 
in transit would add little additional radioactivity to the mineralized natural environment 
of the Colorado Plateau. Transportation issues are discussed in greater detail below, but 
accidents involving trucks carrying ore, yellowcake, or chemicals could result in spills of 
those materials. The roadways in the region are consistently narrow and winding with 
limited shoulders, and in some reaches, parallel rivers or streams. 
 
The trucking companies transporting ore, chemical reagents and fuel to the mill and 
yellowcake and vanadium oxide from the mill to other processing facilities are required 
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under USDOT regulations to have an emergency response plan in place for responding to 
accidents and cargo spills. As part of its contracting program, EFR will verify that these 
plans are in place. In addition, carriers of low-level radioactive shipments ( i.e., ore, 
yellowcake, etc.) may incorporate the EFR emergency response teams into their 
emergency management planning for incidents occurring within a reasonable distance 
from the mill. The extent to which mill personnel will travel to respond to an incident 
will be included in the contract with the carrier. Generally the shipping company has 
either an in-house emergency response team or has hired a contractor to deal with these 
types of shipments. 
 
Local and regional response capability exists; however, response times and specific 
capabilities are limited. The presence of a large safety-trained workforce at the mill and 
mines will significantly improve the response capability of the local resources. The EFR 
response teams will have expertise in radiation control and will have the necessary 
specialized monitoring equipment that is generally not available to law enforcement 
agencies, fire departments, and other first responders. In addition, requirements for truck 
drivers specify medical exams, successful testing, and records checks, and a hazardous 
materials endorsement specifies a detailed background check and additional training. 
 
Heavy-vehicle truck traffic during operations would include water trucks, tankers, and 
semi-trailers delivering chemical reagents and fuel. Chemical reagents, diesel fuel, and 
propane used to process ores would be delivered to the site by licensed haulers in 
approved USDOT containers. Reagents would be transported to the site in tankers or 
prepackaged totes, barrels, and bulk bags. The bulk materials are typically transported by 
closed tanker trucks. Bulk material transported in open trucks would be covered with 
tarps to reduce dusting and falling debris during transportation. Most of this traffic would 
occur during daylight hours. Bulk shipments of reagents in liquid form include sulfuric 
acid, sodium chlorate, hydrogen peroxide, and kerosene, and in dry form include 
ammonia sulfate and sodium carbonate. sodium hydroxide (“NaOH”) is delivered in 275-
gallon totes. (Facility Operations Plan) 
 
Large quantities of ammonia are used as fertilizer in agricultural operations and 
numerous shipments are transported on U.S. highways every day without incident. Truck 
shipments of anhydrous ammonia to the mill could result in a significant environmental 
impact if involved in a severe accident (SENES, 2009a). Anhydrous ammonia is 
delivered by tanker as a compressed liquid. If released, liquid ammonia reacts violently 
with water and a vapor cloud is produced. 
 
The number of shipments of anhydrous ammonia to the mill is expected to be 
approximately three times the number of yellowcake shipments from the mill. However, 
ammonia is expected to be shipped from a supplier closer to the mill, therefore the Risk 
Assessment estimates that the frequency of a rollover and crush of an ammonia truck that 
could result in a catastrophic release of ammonia would be much smaller than that of a 
yellowcake truck. In the event of a minor release of ammonia, impacts to members of the 
public are expected to be small. However, the driver could be exposed to elevated 
ammonia concentrations before he could be evacuated from the scene of the accident. If a 
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large amount of ammonia were released in a populated area, members of the public and 
the driver could be exposed to high ammonia concentrations. In the event of a traffic 
accident resulting in an ammonia spill, USDOT and/or CDOT hazmat teams would 
respond to the accident and would initiate appropriate evacuation and corrective actions. 
 
Under most circumstances, a spill of liquid or solid materials onto land would be easily 
contained, which will allow more complete recovery of spilled material by the emergency 
response team. As a result of the low probability and the small consequences, the risk of 
this scenario of yellowcake and ore transportation accidents on members of the public 
would be small. Even if the contents of an ore container were washed into a river, the 
effect on metal and radionuclide concentrations in the surface water would dissipate 
quickly. However, short-term effects within the areas affected by the spill would be 
expected. 
 
The U.S. Department of Energy (2007) considered a transportation accident in which 
uranium ore was dumped into a surface water source. DOE concluded that it is unlikely 
that any adverse impacts to biota would occur because of the relatively low toxicity and 
low concentrations of the potentially hazardous constituents of uranium ore. If the ore 
were spilled into a shallow surface-water source, it would be removed before water 
quality could be adversely affected. Most ore would be in large enough sizes (e.g., 
cobbles) that it would be recovered easily from the water source. The finer particles 
would be dispersed by stream flow and would not create a radiological hazard to aquatic 
life. The primary impact to water quality from a spill would be a short-term increase in 
turbidity and total suspended solids. 
 
An assessment of impact of release of radioactive materials due to a tornado was reported 
by NRC (U.S. Nuclear Regulatory Commission, 1980). Based on a conservative 
assumption that the tornado lifts about 11,400 kg (25,100 lb) of yellowcake, the 
maximum exposure occurs at a distance of approximately four km (2.5 miles) from the 
mill, the 50-year dose commitment to the lungs of an individual was estimated to be 8.3 x 
10-7

 rem (0.00083 mrem). For individuals at the fence line 500 m (1,600 ft) the 50-year 
dose commitments were estimated to be 2.2 x 10-7 rem (0.00022 mrem). Between 1950 
and 1995, there have been 1,160 tornados in Colorado with various strengths (26 
tornados per year) and the vast majority of tornadoes occur in eastern Colorado. With low 
frequency of occurrence and low impact, the risk of a tornado striking the mill and 
impacting a member of the general public is judged to be low. 
 

Employment 
EFR estimated that construction of ancillary site facilities during the first two quarters of 
construction would require between 25 and 45 workers. Mill construction would begin in 
the first quarter of 2011 and continue through the end of the year, requiring between 125 
and 200 workers. Upon opening in the first quarter of 2012, the mill would employ 85 
workers for a 24/7 operation. 
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EFR anticipates that the operational workforce would include some construction workers, 
such as electricians, instrumentation workers, boiler makers, and mechanics, who would 
transition to permanent maintenance positions. EFR expects that approximately 80 
percent of the operational workforce would comprise workers already residing in the 
local area. In addition to the direct employment, the proposed mill is estimated by EFR to 
generate indirect employment of approximately 228 workers by stimulating regional 
mining activities and transporting ore to the mill. Most of these jobs would be in 
Montrose, Mesa, and San Juan (Utah) counties with mines that supply ore to the mill. 
 
The Montrose Economic Development Corporation (2010) has estimated that in addition 
to the 85 direct jobs, the mill would create an additional 105 jobs (indirect) locally. They 
also estimate that the mill would create 538 direct jobs in mining and another 664 indirect 
jobs associated with the mining jobs. 
 
The Montrose County Socioeconomic Impact Study (2010) estimated direct milling and 
mining employment at 313 jobs, indirect employment at 212 jobs and induced 
employment at 124 jobs for total employment created by the mill at 649 jobs. Induced 
jobs are created by the spending power of the direct and indirect jobs. 
 
The Colorado Office of Economic Development and International Trade (2010) estimated 
that the 85 direct jobs during operation of the mill would create an additional 230 indirect 
and induced jobs. Power Consulting prepared a report for the SMA and estimated that the 
mill would generate a total of 116 jobs (Power, 2010). 
 

Table 32: Mill Operation Employment Estimates 
 
Source Direct Jobs Indirect Jobs Induced Jobs Total Jobs 
Energy Fuels 85 228  313
Montrose EDC 85 + 538** = 

623
105 + 664 = 

769*
 1392

Montrose County 85 + 228** = 
313

212 124 649

Colorado OEDIT 85 230*  315
Power Consulting 85 31*  116

*Includes indirect and induced 
**mine-related direct employment 

 
As shown in Table 32, estimates for the employment impact vary widely. In general, it 
seems that most estimates assume a local impact from employment that includes direct 
employment at the mill, indirect employment for mining and provision of goods and 
services and transportation related to the mill, and induced employment related to 
spending power generated by direct and indirect employment. EFR has estimated that 
roughly 80 percent of mill employees would be from local residents and that 20 percent 
would either relocate to the area or commute. The two main mines expected to provide 
ore to the mill are located near Gateway, Colo. and LaSal, Utah. Thus the mining-
associated direct employment would occur at those locations, and indirect employment 
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would relate to those locations, as well. Indirect impacts could be felt in a wider service 
area depending on where goods and services for those locations are available. 
 

Land Use, Housing, and Infrastructure 
Montrose County already has approved zoning changes for the site from agricultural to 
special use, specifically for the uranium mill. There is limited privately owned land in the 
eastern portion of the Paradox Valley, and lack of water limits the development of 
properties there. In addition, EFR has committed to restrict development of 
approximately 415 acres of private land in this area as habitat mitigation for wildlife 
(Energy Fuels, “Habitat Mitigation Plan,” November 13, 2010). 
 
The added workforce is expected to come largely from local residents, but the increase in 
jobs from direct and indirect effects will undoubtedly increase the demand for housing. 
Currently, housing in the mill-area communities reflects a vacancy rate between 15 and 
20 percent; however, the age and condition of some units may limit their use. Water 
supply limitations would restrict growth in the Paradox Valley, but growth in the 
Nucla/Naturita area would occur. Given the current experience with Nucla/Naturita 
residents commuting to jobs elsewhere, and the high unemployment levels in this part of 
the county and surrounding counties, it is likely that workers from communities farther 
away will be willing to commute to the site. This may be particularly true during 
construction and decommissioning, when jobs will be of a finite duration. 
 
The availability of housing in the Gateway area also is limited and many employees of 
the Gateway Resort commute from Grand Junction. Housing is dominated by newer, 
relatively expensive homes, and the vacancy rate is half that of the Nucla/Naturita area. 
The creation of direct and indirect jobs at the Whirlwind Mine will increase local demand 
for housing and likely increase commuter traffic from Mesa County and eastern Montrose 
County. 
 
LaSal’s housing situation is similar to that in the Nucla/Naturita/Paradox area, with a 20 
percent vacancy rate and older homes. The unemployment rate is lower at approximately 
10 percent, possibly due to the greater access to jobs in Moab. The creation of direct and 
indirect jobs at the Energy Queen Mine will increase local demand for housing. 
 
Questions have been raised about the potential negative impact of the mill on land values. 
One property owner provided information that an offer on his property five miles 
northwest of Paradox was withdrawn due to concerns about the perceived impact of the 
mill (Schneider, 2010). Several organic gardeners in the west end of the Paradox Valley 
have expressed concern that the presence of the mill would undermine their “organic” 
designation and the ability to sell their produce. Technical analyses described elsewhere 
in this report demonstrate that the mill would not have a direct impact on these properties. 
Perception of impact is difficult to assess; however, both Cañon City, Colo., and Moab, 
Utah, now host both uranium mills and organic farms, or have in the past. The Uravan 
Mineral Belt stretching across southwestern Colorado has relatively high background 
levels of uranium in soils and, as discussed in the EFR application, is dotted with historic 
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uranium mines. If there is a negative association between the perceived presence of 
uranium and organic farming, the mill in the eastern Paradox Valley with its proposed 
environmental controls is unlikely to be a major factor. 
 
One impact of growth in the Nucla/Naturita/Paradox area is that some surveys for 
property lines in the West End are off by as much as 30 feet, so new developments and 
redevelopment of older properties should consider updated surveys. In addition, building 
codes in the West End may be out of date, which could hinder construction of new 
buildings and building restoration or refurbishment (Montrose County, White, February 
2010). 
 
The current infrastructure was largely established during previous periods of relative 
affluence, thus some existing infrastructure has been designed for greater-than-current 
uses. For these systems, adequate capacity may depend on maintenance upgrades or 
refurbishment to expand service. Services that fall into this category include water supply 
and wastewater systems for Nucla and Naturita, local roads, and schools. Current levels 
of service that meet requirements during mill operation levels include medical and 
emergency services, law enforcement, and housing. Infrastructure and services dependent 
on taxes may suffer a period of inadequacy because tax revenue and distribution will lag 
the increase in use and demand for services. This situation will likely be worsened during 
the construction period. 
 
Increases in local employment and demand for services will result in greater tax 
revenues. Locally, sales taxes generate the largest portion of revenues for Nucla and 
Naturita, and may provide a more timely revenue stream than other deferred sources of 
income. Property taxes are also important locally as well as within the county, and 
increases in employment and housing demand will likely increase the assessed value of 
properties across the area, resulting in higher taxes on property owners and more tax 
revenue to local governments. Severance taxes, a portion of which are distributed to local 
governments, would increase for mining properties as mining resumes; however, the two 
primary mines expected to produce ore for the mill initially are located in Mesa County 
and San Juan County, Utah. Thus severance tax increases would not necessarily be 
reflected in an increase in local government funding. 
 
One concern regarding increases in tax revenues relates to the variable nature of the 
resource extraction economy. Dependence on one component of the economy can lead to 
significant swings in prosperity that impact both public and private components of the 
community. Specifically, prosperous periods may lead to lower specific taxes due to 
distribution of costs, broader sources of income, etc. Concern exists that during an 
economic downturn, the broader tax base may disappear, and raising taxes at that point 
may be problematic. Thus an economic downturn not only impacts the economy in 
general, but may have an amplifying negative impact on tax revenues. 
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Recreation and Tourism 
In other parts of western Colorado, recreation, tourism, and second homes are an 
important part of the local economies. These components are not significant contributors 
in the West End of Montrose County. The proposed mill could negatively impact these 
potential components of the economy through competition for limited services, perceived 
or real environmental or health impacts, or direct conflict with resource use. 
 
The proposed mill would increase the availability of local services, and over time may 
result in greater government expenditures locally for roads, medical services, and other 
amenities. Concurrently, property taxes could increase with the demand for housing, 
which may increase home costs. These factors could improve the desirability of the area 
for second or retirement homes. In this case the pre-existence of the uranium mill would 
be an inherent factor in the area’s attractiveness, rather than an imposed condition on 
existing home owners. 
 
The increased availability of local services as a result of the mill may provide an impetus 
for expansion of the area as a tourism or recreation destination. Currently, the lack of 
services facilitates the drive-by aspect of the Paradox Valley and the surrounding area. 
The most identifiable recreation resource in the valley is the rafting take-out area near 
Bedrock; however, except for the limited amenities of the Bedrock Store, no services are 
available to capture recreationist dollars. In a similar vein, it is thought that Highway 90 
serves as a corridor for tourist traffic between Moab and Telluride, Ouray, or other points 
east. The lack of services throughout the area limits the destination attractiveness for 
tourists. For example, along Highways 141 and 90, there are only convenience stores/gas 
stations in Gateway, Naturita, and La Sal, Utah. There is a bed and breakfast in Paradox, 
and motels in Gateway, Naturita, and in towns to the south and east. 
 
Mining and milling has been alleged to have a negative impact on tourism and local 
development, but data supporting this assertion has not been found. Areas with tourism as 
a major part of the economy have existed with uranium and other mineral mines and 
mills for years. For example, in Telluride, extensive tourism-related development exists 
adjacent to the Idarado tailings impoundment, and the California Gulch Superfund site in 
Leadville has mine waste piles located throughout the community, as does the Central 
City/Blackhawk Superfund site. In Moab, the Atlas mill operated on the edge of town, 
and contaminated soils and tailings are stored in a repository on the major highway into 
town on the bank of the Colorado River. Each of these communities relies on tourism as a 
major component of the local economy. 
 
In Cañon City, the Cotter uranium mill caused significant ground water contamination 
during the 1960s and 1970s, but operated through 2005. Tourism and retirement homes 
continue to be a major part of the local economy, and numerous new housing 
developments have encroached on the areas surrounding the mill in the last 15 years. A 
review by the EPA in 2007 and 2009 determined that the remediation measures 
undertaken were protective of human health and the environment, and a recent draft 
public health assessment conducted by the U.S. Agency for Toxic Substances and 
Disease Registry concluded that no health effects or risks were discernable from the site. 



[EIA — 141] 

 

Community and Social Impacts 
The proposed uranium mill and the associated employment and local revenue will 
provide direct and indirect benefits and impacts. The influx of construction workers will 
likely overwhelm some aspects of local resources, and introduce a transient population 
into the area. Recent experience with major construction projects has shown that 
companies are concerned about impacts on local communities and consider employee 
behavior in hiring and management practices. Thus, companies are taking more 
responsibility for employee behavior (Montrose County Sheriff’s Office, July 2010). 
 
The increase in local employment and attendant economic improvements likely will 
stabilize the community to some extent, although the influx of new people and businesses 
will be disruptive to many established community members and business owners. While 
direct and indirect employment will be most apparent, induced effects of these increases 
may encourage the development of new businesses or endeavors. These effects could 
include larger resources for recreational or social organizations to draw upon, and more 
local people staying local during the day, which could improve family situations, local 
business use, and school attendance. 
 
In the same vein, however, if the employment decreases or becomes volatile, the impacts 
on the community would be negative. Businesses that anticipated continued prosperity 
could be endangered and individuals that gave up jobs elsewhere may be unable to return 
to them. This circumstance could undo progress made during better times. Dealing with 
this possibility is part of the community responsibility to plan and implement change 
appropriately, as well as the responsibility of EFR to communicate their activity status to 
their workers and the community in a timely manner. 
 

Transportation 
The site is located on Highway 90, and all traffic to and from the site will utilize 
Highway 90 west or east of the site. Traffic will include trucks with construction 
materials, ore, process chemicals, and drinking water, and personal vehicles carrying 
employees. Truck traffic carrying ore will originate near Gateway and approach the site 
on Highway 141 and Highway 90 from the east, and near La Sal, Utah and approach the 
site on Highway 90 from the west. Other truck traffic will originate locally in the Naturita 
vicinity, and regionally from Interstate 70 via Highway 141 to the east or via Highway 
191 and Utah Highway 46 to the west, and possibly from the south or east via Highway 
145 and 141. Most truck traffic will occur during daylight hours. 
 
Personal vehicles will most likely originate locally, although in this region, individuals 
are accustomed to driving long distances routinely, as illustrated in Table 33. Public 
comments have indicated that individuals from Nucla, Naturita, and the Paradox Valley 
regularly commute to jobs as far away as Telluride, Montrose, and Grand Junction. 
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Table 33: Estimated Distances from the Project Site 
 
Location (Colorado unless noted) Direct 

Distance 2 

(miles) 

Paved Road 
Distance 1 

(miles) 

Estimated Travel 
Time 1 

(hours:minutes) 
Montrose 51 100 2:10 
Ridgeway 55 74 1:36 
Telluride 57 68 1:33 
Ophir 58 73 1:46 
Placerville 42 52 1:10 
Monticello, UT 41 75 1:22 
Dove Creek 35 78 1:32 
Slick Rock 17 55 1:04 
Norwood 27 35 0:44 
Redvale 20 25 0:31 
Naturita 11 15 0:18 
Nucla 12 19 0:25 
Bedrock 7 7 0:07 
Paradox 13 13 0:14 
La Sal, UT 26 34 0:41 
Moab, UT 51 65 1:15 
Gateway 31 61 1:15 
Grand Junction 57 114 2:22 
1 Estimated using Mapquest.com 
2 Estimated using Google Maps Distance Measurement Tool 
 
Traffic-related issues include congestion at key intersections, accidents resulting in spills, 
and accidents causing damage or injury. In addition, weather impacts on mill access may 
have consequences. 
 
EFR has estimated traffic loading into and out of the site during construction, operation, 
and decommissioning. According to CDOT, traffic in the region is sparse and even the 
estimated increased traffic associated with the mill does not represent a large amount of 
traffic. Based on the estimated traffic, EFR is required by CDOT regulation to enhance 
Highway 90 at the entrance to the mill, including a westbound deceleration left-turn lane 
and widened shoulder to accommodate eastbound right-turn accelerating vehicles. In 
addition, EFR evaluated the intersection of Highways 90 and 141, and CDOT is 
concerned that left-turn lanes are already desirable at that intersection; however, the 
estimated increased traffic at that point does not justify additional traffic-control features 
at this time (Colorado Department of Transportation, July 1, 2010 ). 
 
Another potential issue is the use of County Road Y-11 between Bedrock and Uravan. 
This gravel road parallels the Dolores River north from Bedrock through a narrow, 
winding canyon until the junction with the San Miguel River, which it follows upstream 
to Uravan. This road currently experiences traffic problems due to the unimproved and 
sinuous nature of the road. This circumstance would likely worsen with the presence of 
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the mill, as it represents a shorter drive than the Highway 141-90 route from the north 
(Montrose County Public Works, February 17, 2010). The condition of the road would 
limit its attractiveness to truck traffic, and would likely limit travel speeds for other 
vehicles. 
 
Accidents involving trucks carrying ore, yellowcake, or chemicals could result in spills of 
those materials, and EFR will require contractors hauling materials to the mill to have 
emergency response plans in place in the event of incidents. The roadways in the region 
are consistently narrow and winding with limited shoulders. Two specific stretches of 
concern are Highway 90 west of the mill (Paradox Hill) and Highway 141 between 
Uravan and Gateway, each of which is on a primary access route to the mill. In addition, 
the area between Uravan and Gateway is served poorly or not at all by cell phone or radio 
coverage. Spills must be addressed by the hauler, with technical support from mill staff, 
as discussed in the Emergency Response Plan. 
 
Both the Montrose Sheriff and Colorado Highway Patrol have response authority and 
limited capability. The state hazmat team can be mobilized out of Mesa County, Cortez, 
or Monarch, but response times are one and one-half hours at a minimum. The 
Nucla/Naturita Fire Protection District and Paradox Volunteer Fire Department also 
provide limited emergency response capability. It is anticipated that the presence of a 
large safety-trained workforce at the proposed mill would significantly improve the 
response capability of the local resources. Mill staff will provide support to response 
actions related to mill traffic and, as available, to the local area. 
 
Requirements for truck drivers have improved from historic uranium milling periods. 
Drivers are required to obtain a commercial driver’s license, which specifies medical 
exams, successful testing, and records checks. In addition, a hazardous materials 
endorsement is required to transport hazardous materials and specifies a detailed 
background check and additional training. Commercial drivers must obtain a hazmat 
endorsement to transport both uranium ore and yellowcake shipments (CFR 49, Vol. 2, 
Chapter 383.93). 
 
Most accidents in the area are single-vehicle accidents (Colorado State Patrol, June 9, 
2010; Montrose Sheriff, July 14, 2010). These accidents include vehicle-animal collisions 
or near-collisions resulting in accidents due to avoidance maneuvers. Over a recent four-
year period, 10 wildlife/vehicle accidents occurred on a section of Highway 90 near the 
proposed mill, and 24 wildlife/vehicle accidents occurred on Highway 141 north of 
Vancorum. The greater number along Highway 141 likely reflects higher traffic and 
worse road conditions, such as steep slopes and limited shoulders. In addition, parts of 
Highway 90 in the Paradox Valley are open range with cattle grazing adjacent to the 
roadway. It is estimated that approximately two vehicle/cow accidents occur in any given 
year (Colorado State Patrol, July 1, 2010). 
 
Worker-related traffic will be significant during shift changes. Historically, construction-
worker-related traffic has caused a significant increase in incidents; however, more recent 
experience has shown that construction companies are more responsible and more 
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selective about employees, resulting in far fewer worker traffic problems. In addition, 
recent experience has shown that the use of a predominantly local (non-transient) 
workforce with ties to the local community results in fewer problems, as well (Montrose 
Sheriff, July 14, 2010). 
 
Beginning in 2008, CDOT instituted a policy that limited the amount of snow removal on 
highways with low traffic volumes. Both Highway 141 and 90 fall into this category, and 
during the winter will not have snow removal between 7 p.m. and 5 a.m. (Colorado 
Department of Transportation, July 1, 2010). The bulk of the workforce works during the 
day shift, and truck traffic is concentrated during daylight hours. The nighttime road 
conditions will likely limit access to and from the site on occasion. 
 

Specific Issues and Concerns 
Questions have arisen through public processes and the license application review 
process. This section summarizes and addresses concerns expressed during public 
processes and the license application review process. 
 
Cumulative Impacts 
Concern. Assessment of the uranium mill does not adequately evaluate the regional and 
cumulative effects of the uranium industry on the Uravan Mineral Belt. 
 
Response. There is no single agency responsible for determining impacts of uranium 
development on a regional level. The department’s Radiation Program licenses only the 
uranium milling process. Air emissions from mines and mills are controlled by the Air 
Pollution Control Division regulations, and liquid discharges are regulated by the Water 
Quality Control Division regulations. Active mines are regulated primarily by the 
Colorado Department of Natural Resources, Division of Reclamation, Mining and Safety. 
The Environmental Protection Agency regulates radon emissions from active tailing 
impoundments at mills and from uranium mines. 
 
As described in the EFR application, this area has historically had significant numbers of 
uranium mines and mills, dating back to the beginning of the 1900s. Many of the 
communities in the area exist due to the uranium industry, as evidenced by place names, 
such as Nucla, Uravan, and Vancorum. (Similarly, many community histories are tied to 
the gold and silver districts further south, such as Telluride, Placerville, Ophir, and 
Silverton.) 
 
Concern. Construction impacts will be similar to those of oil and natural gas 
development. 
 
Response. Major impacts of oil and gas development occur during initial development of 
the wells, construction of gathering pipelines, and management facilities. During this 
period, traffic is concentrated on gravel and unimproved roads, activities occur 
continuously until completed, and many facilities are remote from any communities, 
requiring significant travel for workers and equipment. For a single well or drilling pad, 
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the activity is of a finite duration, and once operational, traffic and attendance at the site 
is intermittent. Impacts are more complicated when an entire region or well field is in 
development, such that activities shift only a limited distance as work progresses. 
 
In contrast, the EFR mill construction is anticipated to last approximately two years, with 
operations subsequently utilizing a smaller, more stable local workforce. Mining will 
likely occur at various locations, but will continue for extended periods, allowing some 
stability in workforce and impacts for each location. 
 
Concern. Other regional development should be considered in the mill application. 
 
Response. Highway 90 between Nucla and Montrose could be converted to an all-
weather, all-season road, and the Gateway Canyons Resort or development of other resort 
properties could be expanded. The Montrose County Commissioners have considered a 
project to upgrade Highway 90 between Nucla and Montrose to provide more direct 
access between the east and west portions of the county and to allow greater access to the 
Uncompahgre Plateau for recreation, timber harvest, and pine beetle-killed tree 
management (Montrose County, March 2010). This plan would increase the connectivity 
between the populated and unpopulated parts of the county, and distribute jobs and access 
to goods and services more evenly. The Gateway Canyons Resort has considered a major 
expansion to include a large golf course surrounded by high-end resort facilities and 
residences (Grand Junction Free Press, 2010). This development would have major local 
impacts due to construction activities, as well as longer term impacts associated with 
increased population, access to services, tax base, and employment. 
 
Dust Control/Windblown Contamination 
Concern. The uranium milling process, and associated handling requirements, can 
generate dust containing radioactivity. Dust particles can be deposited on ground surfaces 
and can be re-suspended and re-deposited over time, which can pose both an occupational 
and environmental hazard. 
 
Response. Various dust-suppression mechanisms have been designed to minimize the 
spread of these particulates, including use of water, surfactants, gravel, and clean soils. 
EFR has generated various plans and commitments describing dust-suppression activities 
at the mill, and required dust-control measures limit dust and radiation releases at the 
boundary to levels protective of human health. 
 
Dust storms are observed fairly often in the western U.S. when periods of hot, dry, windy 
weather coincide with disturbances to surface and soil conditions. Windblown dust is of 
interest because of concerns with soil erosion, driving safety affected by poor visibility, 
PM10 air quality, and potentially reduced snow cover and water runoff in the mountains 
during late spring and summer because of dust deposition causing more rapid melting in 
early spring. Dust storms and subsequent dust deposition have been reported frequently 
in the mountains of the Colorado River Basin. Dust produced in the western deserts has 
been attributed to contributing to early snow melt and reduced runoff (Belnap et al, 
2010). Neff and his colleagues (2008) reported that dust fall in the San Juan Mountains 
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was five times heavier than any time in the previous 5,000 years. Regional dust storms 
are natural events that do not count against the PM10 standard if the state documents the 
occurrence and the EPA concurs on our analysis. Telluride had a PM10 24-hour maximum 
of 354 μg/m3 from one of these storms. 
 
Community members in the Telluride and Ophir area have repeatedly made allegations 
that the proposed facility will impact air quality and perhaps even pollute drinking water 
sources as a result of these storms scouring radioactive dust from the site and depositing 
them in the Telluride watershed, based almost exclusively on studies on impacts from 
coal fired power plants. 
 
The Regional Dust Report addresses the impact on a regional scale of particulate 
emissions from Piñon Ridge Mill. The regional dust analysis was completed in response 
to the department request that EFR evaluate the effect of uncontrolled dust emissions 
from the tailings cells on regional concentrations and in particular on concentrations and 
deposition rates in the Telluride area. 
 
The scientific literature includes hundreds of papers on dust storms in the western U.S. 
Most of these papers deal with the meteorological and surface conditions that are 
associated with regional scale dust storms. For example, Painter et al (2007) performed 
isotopic analyses of soils collected on the Colorado Plateau and compared the results to 
dust deposited in the San Juan Mountains. Painter and his colleagues also performed back 
trajectory wind modeling to identify dust source regions. The isotropic and trajectory 
analyses and other research led the Painter team to conclude that most of the dust 
deposited in the San Juan Mountains originated on the Colorado Plateau in northwestern 
New Mexico and northeastern Arizona over an area of hundreds of thousands of square 
km (km2). 
 
In order to respond to the questions posed by the department regarding regional dust, an 
analysis was conducted of the regional impact of particle deposition from the Piñon 
Ridge Mill during short-term high wind events. To address the scenario with the 
hypothetical maximum dust release from the facility, the analysis was based on the period 
when one of the tailings cells would be at full capacity and dewatered prior to closure. 
The analysis was done using AERMOD, with the Breeze interface. 
 
During normal operations, ore storage piles and tailings cells will be subject to dust 
suppression and mitigation practices such as application of water or raffinate to maintain 
higher moisture, reducing the particulate emissions due to wind erosion. The cells will be 
approximately 70 feet deep and mostly below surface grade. Each tailings cell will also 
typically have a water pool covering 20 to 80 percent of its surface. However, before 
final closure of a tailings cell, the cell would be dewatered prior to placement of the final 
cap. This dewatering procedure would leave a maximum of one tailings cell at full 
capacity (approximately 30 acres) without a water cover. The exposed surface would still 
be sprayed with water or treated with a chemical dust suppressant during this time; 
however, a dry condition is assumed for worst-case dust modeling purposes. 
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Because wind erosion does not depend on operational schedules, the emissions were 
calculated over 24 hours per day, 365 days per year. The emissions were calculated 
assuming no control efficiency (no dust mitigation measures) to determine maximum 
dust emissions under a worst-case scenario. This assumes the surface of the tailings cell 
is continuously disturbed and does not crust over to form a barrier that would limit 
scouring of particles from the wind. In fact, tailings have so much salt in them that they 
do form crusts, so this is a very conservative assumption. 
 
The analysis addressed emissions of PM10. Total suspended particulates (TSP) were not 
considered because a large fraction of the larger particles would be deposited near the 
proposed facility and because the Telluride area was formerly recognized as a 
nonattainment area for PM10 prior to 2000 (significantly impacted by wood stoves). The 
PM10 air quality levels modeled from the proposed Piñon Ridge Mill were then compared 
to PM10 background concentrations in the region to elucidate the addition of PM10 
generated by the proposed facility. The analysis included evaluation of the impacts of the 
proposed facility’s PM10 emissions at receptors 25 to 100 km from the proposed facility 
in the Colorado Rockies where ambient monitoring data are available. Also, PM10 
emissions from the proposed Piñon Ridge Mill were compared to PM10 emissions 
estimated during regional dust storms. Emissions from the proposed Piñon Ridge Mill in 
this analysis are consistent with emissions that were calculated in the recent Air Pollution 
Emission Notice for Permit to Construct, and the Air Dispersion Modeling Report, except 
that one of the tailings cells was considered to be dewatered and without dust mitigation 
in order to represent a hypothetical worst case scenario. 
 
The facility is being licensed for only 500 tpd production. However, some of the 
equipment sizing and air permitting were performed to 1,000 tpd production in case EFR 
decides to increase the production of the mill over time (which would require a major 
amendment to the license and another environmental review). Using the 1,000 tpd 
emission rates adds more conservatism to the modeling effort. The total PM10 emissions 
for the 1,000 tpd facility are 401.29 lbs/day or 71.53 tpy including the dewatered tailings 
cell. It is worth noting that the majority of the controlled PM10 emissions originate from 
road use within the property, which has natural background levels of radiation. 
 
Several field studies have also been performed to characterize emissions of particulate 
matter during dust storms. Although no studies were identified that estimated emissions 
during dust storms over the Colorado Plateau, results from field campaigns performed by 
scientists at the Great Basin Unified Air Pollution Control District in California around 
the dry lake bed at Owens Lake (e.g., Ono et al, 2003) and by the U.S. Department of 
Agriculture and university researchers on the Columbia Plateau, Wash. (e.g., Kjelgaard et 
al, 2004) provide useful data to better understand and characterize PM10 emissions during 
periods of windblown dust. 
 
Other studies addressed dust and emissions in the Mojave Desert, on the Great Plains in 
the central United States, and the Chihuahuan Desert that straddles the Mexico/New 
Mexico border. To show the relative difference within an expected order of magnitude 
between the dust emissions generated by the proposed facility and its small geographic 
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footprint versus a typical dust storm in the western United States, which occurs on a 
regional scale of tens of thousands of square kilometers, e.g., the southern half of the 
Colorado Plateau, the PM10 emissions estimated for dust storms were compared to 
emissions from the Piñon Ridge Mill shown in Table 34. 
 

Table 34: Estimated Regional PM10 Emissions from Dust Storms 
 

 
 
The AERMOD air dispersion model calculated concentrations of PM10 at the five 
receptor locations. The 24-hour average modeled concentrations for both the total facility 
and the dewatered tailings cell are presented below. These results represent the air quality 
impact on the day with the worst-case meteorological and operating conditions for 
dispersion. The modeled PM10 air quality impact in Telluride from the proposed Piñon 
Ridge Mill of 0.032 μg/m3 is very small compared to the existing background 
concentration of 19 μg/m3annually. 
 

Table 35: 24-Hour Average PM10 AERMOD Air Dispersion Model Results 
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The one-hour average modeled concentrations were also calculated to determine air 
quality impacts from the worst-case hour of meteorology data. The one-hour average 
PM10 air quality impact at the Telluride receptor is 0.018 μg/m3 from the dewatered 
tailings cell alone and 0.76 μg/m3 from the proposed facility in total with the tailings cell. 
Even if this worst-case meteorological condition were to persist for an entire day, the 
resulting concentration would again be very small compared to the background 
concentration at Telluride, which is 19 μg/m3 annually. The modeled 24-hour 
concentration of 0.032 μg/m3 would produce dry-particle deposition of approximately 14 
μg/m2 (14 millionths of a gram) per day, based on a dry-deposition velocity of 0.5 
cm/sec. A PM10 concentration of this magnitude persisting for a year would produce an 
annual estimated deposition of about 0.005 grams of dust per square meter — less than 
one grain of sand per square meter. 
 
Based on these results, the PM10 emissions from the proposed facility are insignificant 
compared to PM10 emissions estimated during regional dust storms. For example, 24-
hour emissions from the proposed facility are 401 lbs/day compared to estimated order of 
magnitude dust storm emissions of 7,200 tons/day. Similarly, annual emissions are 71.5 
tpy from the proposed facility versus an annual aggregated value of 79,000 tpy from dust 
storms. The difference in scale is due to the fact that the Piñon Ridge Mill’s dust 
emissions are produced by a proposed facility with a very small geographic footprint 
compared to the large scale (hundreds of square kilometers) source of the regional 
emissions during a dust storm. 
 
Because the PM10 air dispersion modeling does not include an analysis of radiation 
impacts, EFR requested that additional modeling be included in the analysis to quantify 
potential radiation impacts. Dr. Craig Little completed two analyses using the MILDOS-
AREA model. 
 
Like the PM10 analysis, a worst-case scenario was assumed in which a 30-acre tailings 
cell was left uncovered with no dust emission controls. Impacts were evaluated at nearby 
towns ranging from Bedrock to Telluride. 
 
Maximizing assumptions were made for the calculation. A 30-acre tailings cell with no 
dust control measures was modeled similar to the AERMOD analysis. Based on the 
average uranium content in the ore of 0.23 percent, radionuclide concentrations in the 
tailings cell were set at 647 picoCuries per gram (pCi/g) for the progeny of Uranium-238 
(238U), including Thorium-230 (230Th), Radium-226 (226Ra), and Lead-210 (210Pb) (Two 
Lines, Inc, 2010). 
 
Concentrations of 238U were set at 25.8 pCi/g, which is consistent with a 96-percent 
uranium milling efficiency. A second analysis was also completed that included the ore 
stockpiles as well as the 30-acre tailings cell without dust control measures. 
 
Under the maximizing conditions noted above in the model, the activity per square meter 
from the proposed facility’s dewatered tailings cell that could be deposited annually on 
each of the locations modeled is shown in Table 36 below. The activity per square meter 
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from the proposed facility’s ore stockpiles and dewatered tailings cell that could be 
deposited annually on each of the locations modeled is shown in Table 37. 
 

Table 36: Activity from Tailings Piles 

 
 

Table 37: Activity from Ore Piles and Dewatered Tailings Cell 

 
 
It is important to note the magnitude of the concentrations presented in these tables. For 
example, 226Ra has a generally agreed-upon background of 1 - 2 pCi/g soil. Assuming 
that soil has a bulk density of 1.2 grams per cubic centimeter (g/cm3), then a square meter 
of soil with a 15-centimeter depth contains approximately 180,000 grams (approximately 
400 pounds) of soil. At background concentrations of one to two pCi/g, this means there 
are approximately 180,000 – 360,000 pCi of 226Ra in each square meter of soil at each 
location without the influence of the Piñon Ridge Mill. The location with the highest 
modeled annual deposition, would have its 226Ra concentration in the top 15 cm (six 
inches) of soil increased from a low background value of 180,000 pCi/m2 to 180,055 
pCi/m2, an increase of only three ten-thousandths from the annual deposition modeled. 
For more distant locations such as Telluride, the contribution from the Piñon Ridge Mill 
would add only about two one-millionths (1.9x10-6 pCi/m2) to the existing 226Ra 
background. A picocurie is to a curie as one penny ($0.01) is to 10 billion dollars 
($10,000,000,000). 
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APCD Review. The Air Pollution Control Division is responsible for monitoring air 
conditions across the state. It regulates air quality from pristine areas such as Rocky 
Mountain National Park and Mesa Verde, to less-pristine areas such as the Front Range. 
They are expert at evaluating pollution levels and their impacts. APCD’s review of the 
Piñon Ridge proposal and its impacts on Telluride as alleged by stakeholders is presented 
in Reddy (2010) and is attached. Highlights are presented here. 
 
The APCD prepared NOAA HYSPLIT (Draxler and Rolph, 2010, and Rolph, 2010) back 
trajectory model runs for 21 “dust on snow” days identified by Landry and Neff (2010). 
These significant dust deposition events occurred between the fall of 2008 and spring of 
2010. The back trajectories show where air parcels originate during each of 12 hours 
preceding each hour of the day for the dust-on-snow days. Figure 61 presents a composite 
of these back trajectories for Telluride. The grid cells are color-coded by the number of 
back trajectory points occurring in each cell. This plot shows that most of the dust 
deposition events are associated with southwesterly flow from extreme southwestern 
Colorado, northeastern Arizona, and northwestern New Mexico. Only a small fraction of 
event-days are associated with flow from the Piñon Ridge area towards Telluride. 
 
Figures 62 through 64 contain wind roses for the proposed Piñon Ridge facility, Cortez, 
and Durango, respectively, for wind or gust speeds just below the thresholds identified by 
the APCD for blowing dust conditions. Values just below the thresholds were selected in 
order to provide a conservative estimate for dust storm conditions. These plots further 
demonstrate that dust storm conditions are predominantly associated with flows from the 
southwest. 
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Figure 61: Back Trajectories 
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Figure 62: Piñon Ridge wind rose showing the number of hours with gust speeds of 

39 miles per hour or higher at 10-meters height by wind direction for 
July 2008 through June 2010. 
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Figure 63: Cortez wind rose showing the number of hours with wind speeds of 

25 mile per hour or higher by wind direction for 2005 and 2006. 
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Figure 64: Durango wind rose showing the number of hours with wind speeds of 25 

mile per hour or higher by wind direction for 2005 and 2006 
 
Controls of potential dust sources at the Piñon Ridge EFR facility will create soil 
moisture fractions that are not conducive to dust emission even under high wind 
conditions. 
 
Finally, extensive work by the U.S. Army Corps of Engineers (2007) and aerial 
radiological surveys associated with this work (Hendricks, 2001) have identified 15 
square miles of abandoned uranium mining areas on the Navajo Nation in northeastern 
Arizona and southern Utah. The abandoned and or un-reclaimed uranium-mining lands 
are located in the portions of the Four Corners region most likely to be source areas for 
blowing dust. These mines have been abandoned for several decades. These areas are 
also upwind of the Telluride area during most dust storms. While the extent of potential 
impacts from transport of radionuclides from the abandoned uranium mines into 
southwestern Colorado is not known, it is worth pointing out that (in 2006) no public 
water systems in any of the southwestern Colorado counties had radionuclides above the 
Maximum Concentration Limits (Colorado Department of Public Health and 
Environment Hazardous Materials and Waste Management Division and Water Quality 
Control Division, 2007, see also: 
http://www.durangogov.org/forms/City%20of%20Durango%202010%20CCR.pdf and: 
http://www.telluride-co.gov/Modules/ShowDocument.aspx?documentid=1912 ). This 
provides some perspective on the role of dust storms in radionuclide transport in the area. 
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The large expanse of un-reclaimed sources upwind of Telluride will dwarf the impacts 
from a relatively small and highly controlled facility that will not normally be upwind of 
Telluride during a dust storm. 
 
Summary. The application, ER and subsequent reports adequately address meteorology 
and climate relative to the project and are acceptable. Dust storms are a very real and 
persistent problem. They transport large volumes of particulate matter from the desert 
southwest and deposit in the high country. The increased dust levels exacerbate snow 
melt. It has since been demonstrated by numerous parties that the proposed Piñon Ridge 
facility will not negatively impact air, soil or water quality in the Telluride basin, nor will 
it add to natural radioactivity levels already present in the soil. The wind direction of 
these dust storms is not from Piñon Ridge, but rather from the south and southwest. 
Dilution and dispersion of particulates precludes any significant (if any) amount of 
deposition from this site that far away. 
 
The Piñon Ridge facility has been designed from the ground up to mitigate dust losses 
that were prevalent at these mills 50 years ago. All ore and tailings are subject to dust-
suppression systems and programs. The tailings are kept below grade and kept wet to 
prevent them from becoming airborne. Even when modeling under extreme conditions, 
the facility source terms are so small compared to the thousands of source terms that have 
existed for decades and not shown to impact the environment near Telluride. 
 
The impacts and geographic extent of dust emissions from the proposed facility are 
virtually negligible compared to the massive emissions produced during a regional dust 
storm. 
 
Alternate Feed 
Concern. EFR would accept materials for direct disposal and alternate feed for 
processing. 
 
Response. EFR does not want to process alternate feed wastes from industry. The 
company has not asked for that authorization, and therefore is precluded from processing 
alternate feed without additional approval. Additionally, the special use permit from 
Montrose County limits the mill to processing only native ore. However, it is the position 
of the department that the filter cake material that EFR owns at its mines is source 
material, does not contain listed hazardous waste, and is not a sham recycling effort to 
avoid strict, joint and several liability under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA, commonly known as Superfund). 
 
“Byproduct Material Type II” means the tailings or wastes produced by the extraction or 
concentration of uranium or thorium from any ore processed primarily for its source 
material content… (10 CFR 40.4, CCR 1007-18). This definition was crafted carefully 
when the Atomic Energy Act was amended with the UMTRA legislation. NRC did not 
want to capture mills that may have had a uranium side-stream, such as copper mills. 
Therefore the term “primarily for its source material content” was crafted. 
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Over time, it became apparent that some wastes from outside the uranium mine and 
milling arena had potential for uranium recovery due to their high uranium content (e.g., 
radium tailings, Formerly Utilized Sites Remedial Action Project, or “FUSRAP” tailings 
that were physically, chemically, and radiologically similar to uranium mill tailings). It 
would make sense to recover uranium from these materials. However, those materials are 
not “ore” and therefore could not be processed at a uranium mill without special 
approval. 
 
It also became apparent to others (e.g., mill owners who were in a huge economic slump) 
that by processing the waste at a uranium mill, whatever classification the waste had prior 
to being run through the uranium mill became moot, as the discharge was designated 
11e.(2) (or Type II) byproduct material. The liability for the waste would then transfer 
from the generator to the taxpayer (in the long term, because DOE takes custody of the 
sites in perpetuity, and the material would be indistinguishable from and comingled with 
the other tailings). The mill owners could charge large sums to take the waste and run it 
through the mill. The generator would save money over disposal at hazardous waste sites, 
and the cradle-to-grave liability would shift to others. 
 
NRC issued final guidance in 2000 in RIS-00-023: 

“1. Determination of whether the feed material is ore. 
For the tailings and wastes from the proposed processing to qualify as 11e.(2) 
byproduct material, the feed material must qualify as “ore.” In determining whether 
the feed material is ore, the following definition of ore will be used: 
Ore is a natural or native matter that may be mined and treated for the extraction of 
any of its constituents or any other matter from which source material is extracted in a 
licensed uranium or thorium mill. 
 
2. Determination of whether the feed material contains hazardous waste. 
If the proposed feed material contains hazardous waste, listed under subpart D 
Sections 261.30-33 of 40 CFR (or comparable Resource Conservation and Recovery 
Act (RCRA) authorized state regulations), it would be subject to the U.S. 
Environmental Protection Agency (EPA) or state regulation under RCRA. If the 
licensee can show that the proposed feed material does not contain a listed hazardous 
waste, this issue is resolved. 
 
Feed material exhibiting only a characteristic of hazardous waste (ignitable, 
corrosive, reactive, toxic) would not be regulated as hazardous waste and could 
therefore be approved for recycling and extraction of source material. However, this 
does not apply to residues from water treatment, so determination that such residues 
are not subject to regulation under RCRA will depend on their not containing any 
characteristic hazardous waste. Staff may consult with EPA (or the state) before 
making a determination of whether the feed material contains hazardous waste. 

 
If the feed material contains hazardous waste, the licensee can process it only if it 
obtains EPA (or the state) approval and provides the necessary documentation to that 
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effect. Additionally, for feed material containing hazardous waste, the staff will 
review documentation from the licensee that provides a commitment from the U.S. 
Department of Energy or the state to take title to the tailings impoundment after 
closure. 
 
3. Determination of whether the ore is being processed primarily for its source-
material content. 
For the tailings and waste from the proposed processing to qualify as 11e.(2) 
byproduct material, the ore must be processed primarily for its source-material 
content. If the only product produced in the processing of the alternate feed is 
uranium product, this determination is satisfied. If, in addition to uranium product, 
another material is also produced in the processing of the ore, the licensee must 
provide documentation showing that the uranium product is the primary product 
produced. 
 
If it can be determined, using the aforementioned guidance, that the proposed feed 
material meets the definition of ore, that it will not introduce a hazardous waste not 
otherwise exempted, or if it has been approved by the EPA (or the state) and the long-
term custodian, and that the primary purpose of its processing is for its source-
material content, the request can be approved.” 

 
In 2006, the department denied an application to bring alternate feed material from the 
Sequoyah Fuels Facility in Gore, Okla. to Cotter. The material had copious amounts of 
uranium in it; however it also had high levels of fluorine, which is extremely toxic when 
it comes in contact with acid  like at a uranium mill (hydrogen sulfide gas is deadly). 
The material was neither physically, chemically, nor radiologically similar to uranium ore 
or mill tailings. 
 
EFR has not proposed to accept alternate feed; however, EFR would want to recover 
uranium that is source material from its mines that is in liquid form instead of solid form. 
EFR did not ask for specific authorization to accept its mine water-treatment residuals in 
the application; it was discussed in Section 3 of the Material Containment Plan, and as 
such, is a request to accept the material. However, because EFR did not provide any 
information on how it will transport, store, and introduce the material into the mill circuit, 
we will not authorize it at this time. Concurrently, if acceptance of that material is 
desired, EFR would need to modify the Montrose County special use permit. Should EFR 
get the changes to the county permit, and submit a material acceptance report with all 
necessary information, including public comment, then the department would consider an 
amendment to the license for the authorization. 
 
An additional alternate feed material that has been discussed in the public is water 
treatment plant residuals from municipalities that are required to remove uranium from 
their water sources to meet the regulations for drinking water. EFR has not requested 
authorization for this material; however, the technical attributes of the material make 
reprocessing at a uranium mill desirable. In addition, if reprocessing is not an option, 
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disposal of this material can be very expensive and many small public water systems do 
not have the necessary resources. 
 
Another issue that has been raised is the direct disposal of off-site waste in a uranium mill 
tailings impoundment. Direct disposal was proposed for the Cotter mill in 2002 for out-
of-state material nearly identical to the mill tailings already in the impoundment, and 
would have provided significant revenue to Cotter. In the department evaluation of this 
proposal, it was determined that the shift of the mill from uranium processing to waste 
disposal was perceived by the local community as extremely negative, and evidence was 
provided that it would negatively impact future growth and development of the 
community. The benefit of this activity was solely to Cotter and the negative impact was 
solely to the local community. The department denied the proposal in 2005. Any direct 
disposal proposals would be subject to significant regulatory and public scrutiny. 
 
Boom and Bust Cycles 
Concern. Historically, the economic viability of resource extraction industries has 
suffered significant variability over time. Multiple factors influence this variability 
including resource availability, local, national and international markets, weather, 
politics, and others. The uranium mining and milling industry has been in a slowdown 
since the early 1980s as a result of numerous converging factors. The uranium market 
expressed by the spot price continues to show wide fluctuation in recent years. 
 
Response. These swings in economic viability are similar to those experienced in other 
industries, such as agriculture, tourism, manufacturing, construction, finance and 
housing, among others. A boom or bust is determined by the rapidity of the change in the 
viability, as opposed to the gradual economic cycles experienced by every sector of the 
economy. The bulk of uranium sales are conducted on long-term private contracts and are 
not necessarily subject to the spot price volatility. 
 
While the country experienced major downturns in uranium mining and milling, one of 
the two operating uranium mills’ experience may be informative. The Cotter Cañon City 
mill employment is shown in Table 38. 
 

Table 38: Cotter Cañon City Mill Employment 
 
Time 
period 

Estimated Average 
Employment 

Comment 

1950s - 
1960s 

80 - 100  

Early 
1970s 

100 - 120  

Late 
1970s 

150 - 200 Alkaline mill expansion and catalyst plant 
construction; national recession1(1975)  

1980 - 
1981 

90 - 100 National recession1(1980) 

1981 - 75 National recession1 (1983) 
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Time 
period 

Estimated Average 
Employment 

Comment 

1986 
1987 - 
1990 

30  

1990 - 
1995 

25 National recession1(1991) 

1996 40  
1997 45  
1998 50  
1999 80  
2000 80  
2001 120 Mill conversion; National recession1  
2002 55  
2003 30  
2004 55  
2005 101 Mill refurbishment 
2006 65  
2007 32  
2008 31 National recession 
2009 31 National recession 
1Headwaters Economics, December 2, 2008 
Source: Cotter, June 29, 2010 
 
The data shows that the mill employment estimated at 120 for full operations beginning 
in 2000 was never consistently achieved. However, in spite of the fluctuating uranium 
economy, employment at the mill remained from about a quarter to a third of the full 
employment level during lulls. Furthermore, employment at the mill actually increased 
during several periods of national recession (1975, 1980, and 2001), reinforcing the need 
for communities to establish a diverse economy. It should be noted that during periods of 
low or no production, the auxiliary industries affiliated with the mill would not likely be 
required at the same level. These off-site industries would include mining, transportation, 
and the provision of various goods and services. 
 
If the same model were applied to the Piñon Ridge Mill, the lowest employment at the 
mill during “bust” periods would be roughly 21 employees, with limited amounts of 
goods and services or mining and transportation employment. The reduction in 
employment and loss of income to affiliated industries would have a negative impact on 
those individuals and businesses impacted. Laid-off individuals may not be able to obtain 
their previous employment, most of which occurred outside the local area, or other jobs. 
Local businesses may not be able to effectively transition back to lower service levels. 
However, during this period, the level of local employment and infusion of income into 
the local community due to the Piñon Ridge mill would still be greater than that existing 
without the mill. In addition, Paradox Valley residents have indicated that they are 
interested in developing a diverse economic base that is not totally dependent on mining 
and milling. 
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Process Water Availability 
Concern. Availability of water in this area is limited. 
 
Response. The department requires that at a minimum amount of water be available for 
dust control, and the minimum estimate of 64 gallons per minute is adequate for dust 
control. The estimate for Piñon Ridge Mill water usage during operations is 141 gallons 
per minute (gpm) process water and three gpm potable water. Potable water is to be 
hauled from Naturita and stored on-site. The estimate for the sustainable long-term 
pumping rate for on-site wells is 135 gpm to 64 gpm depending on the geometry of the 
aquifer. If additional water is required for the mill, EFR has a long-term water access 
agreement with the town of Naturita for more water. 
 
Wildlife Impacts 
Concern. The mill would have a negative impact on wildlife, primarily through the 
disruption of habitat critical to Gunnison Sage-grouse, elk and deer, the use of the tailings 
and evaporation impoundments by wildlife, and the depletion of the Dolores River. 
 
Response. EFR negotiated a Habitat Improvement Plan, dated November 2010, that 
addresses habitat loss related to the mill. The mitigation goal is to increase the carrying 
capacity of similar, adjacent habitats so that displaced wildlife can remain in the general 
area. EFR is committed to obtaining a suitable site and improving habitat on that site in 
consultation with CDOW. The site will consist of approximately 415 acres of private land 
of similar habitat in the east Paradox Valley floor between the Dolores River and Dry 
Creek. 
 
Gunnison Sage-Grouse. The Gunnison Sage-grouse was named a separate species in 
2000, and subsequently determined to be “important” under the Endangered Species Act 
(ESA). In September 2010, the USFWS determined that there was sufficient scientific 
and commercial data to propose threatened or endangered status for the species, but it is 
of a lower priority than other species for listing under the Act (Montrose Daily Press, 
2010). 
 
Studies have identified seven highly fragmented populations scattered in eight different 
counties in Colorado. The San Miguel Basin population consists of six distinct occupied 
subpopulations, and there are two additional areas of potential habitat where the species 
was thought to occur historically, but there have been no recently documented sightings. 
One of these potential habitat areas is the portion of the Paradox Valley east of the 
Dolores River (Colorado Division of Wildlife, 2009). Former habitat west of the Dolores 
River has been lost to agriculture and development (Colorado Division of Wildlife, 
2010). 
 
Various groups have worked with the CDOW and other agencies to develop the San 
Miguel Basin Gunnison Sage-grouse Conservation Plan. This plan evaluated grouse 
populations, habitat, linkages among populations, and conservation measures to promote 
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the species and mitigate impacts of resource extraction and land development. The 
majority of occupied and potential habitat is located on federal- or state-owned land. 
 
Studies of the grouse indicated their presence in the Paradox Valley in a 1942 survey, but 
no populations were identified in the Paradox Valley during surveys conducted in 1945 
and 1961. The plan also identified important linkage zones where the grouse may move 
from an occupied area to currently unoccupied potential habitat. The Paradox Valley was 
not within a linkage zone, nor was it connected to other current or potential habitat. 
Gunnison Sage-grouse were not found on or near the proposed mill property during 
studies conducted by EFR contractors. 
 
The proposed Piñon Ridge Mill sits within the potential habitat identified in the Paradox 
Valley. Implementation of the San Miguel Basin conservation plan is voluntary for 
private landowners, and CDOW has signed a Candidate Conservation Agreement with 
Assurances with the USFWS that can incorporate Certificates of Inclusion for specific 
landowners. No private landowners in the Paradox Valley have signed Certificates of 
Inclusion thus far. 
 
EFR has negotiated mitigation measures with the CDOW regarding potential impacts to 
the possible future grouse population. Given the current absence of grouse populations, 
and the relatively small disturbed footprint of the proposed mill compared to the 
remainder of the potential habitat in the Paradox Valley, the impact on the Gunnison 
Sage-grouse population from this project would be minimal. 
 
Elk Winter Concentration Area. The mill site is located in an area that provides winter 
range and severe winter range for elk and mule deer, and provides an elk winter 
concentration area. The Habitat Mitigation Plan approved by CDOW is designed to 
increase the carrying capacity of similar adjacent habitats so that displaced wildlife can 
remain in the general area. To this end, EFR will obtain control over a suitable similar-
sized property in the area through either purchase or a long-term lease, and improve the 
habitat on that property, in consultation with CDOW, to roughly double the carrying 
capacity of the property. 
 
Impoundment Protection. The liquids that will be contained in the evaporation ponds and 
tailings cells have attracted birds, including ducks and geese, at some mill sites. Because 
of their elevated metal and radionuclide concentrations, the tailings and raffinate solution 
can be acutely and chronically toxic to wildlife; especially birds and bats that may 
attempt to drink from or land on the ponds. Therefore, the waste management facilities 
(tailings cells and evaporation ponds) represent the primary potential sources of exposure 
pathways to wildlife. 
 
Measures will be implemented to minimize the access of wildlife and livestock to the 
tailings cells and evaporation ponds. These measures include: 

 An eight-foot high chain-link fence topped by three strands of barbed wire 
installed around the entire perimeter of the tailings cells and evaporation ponds. 
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The fence will be inspected daily and repaired, as necessary, to prevent access to 
the area by wildlife. 

 A fine mesh wire fence or hardware cloth apron extending two feet below the 
ground surface buried around the outside perimeter of the chain-link fence to 
minimize or eliminate burrowing animals from entering tailings cells and 
evaporation ponds. Fine mesh fencing extending to three feet above ground 
around the inside perimeter of the chain-link fence placed to prevent smaller, 
ground-dwelling wildlife (i.e., pocket gophers and other rodents, lizards, and 
snakes) from entering tailings cells and evaporation ponds. 

 Bird balls placed on top of the ponded portion of the tailings area to deter birds 
from landing on the water. The hollow balls are made of plastic and float on top 
of the water, concealing the water surface and creating a physical barrier. 

 Woven bird netting installed over and along the sides of the evaporation ponds on 
wooden support poles elevating it over the evaporation pond. The netting would 
completely seal off access to the pond because nets would be fastened at the base 
to wood furring strips. The bird netting is designed with two-inch openings to 
prevent access by waterfowl and small game birds (e.g., mourning doves). 

 Mill personnel will inspect the tailings cells on a daily basis. They will inspect the 
fence daily and make repairs as necessary, identify and record any wildlife 
mortalities, and, where possible, implement measures to reduce or eliminate 
future occurrences. 

 
The noise and movements associated with mill activity may also deter wildlife 
encroachment on the impoundments. If monitoring indicates this is not the case, hazing 
of birds and other animals in combination with the construction of an alternate water 
source (e.g., pond) away from the mill may be effective. 
 
Dolores River Water Depletion. Ground water moving off of the Piñon Ridge site now 
flows towards the Dolores River. The ground water pumping program for process water 
at the mill has an upper estimate of sustainable flow of 135 gallons per minute. The 
stream flow report for the Dolores River at Bedrock has low volume at about 50 cubic 
feet per second (CFS) and a high volume of 4,000 CFS. This is equivalent to a range of 
22,442 gallons per minute to 1.8 million gallons per minute. Even at low water, the 
ground water used by the mill represents a loss of 0.6 percent or 0.31 cfs at most. 
 
Currently, it is not clear that water from the Piñon Ridge site actually reaches the Dolores 
River. The BOR desalinization project pumps 230 gpm of salt water (A. Nicholas, 2010) 
from the valley before it reaches the river. After treatment, approximately half that 
amount is discharged into the Dolores River and the salt-laden brine is injected into the 
deep well. 
 
Tailings and Evaporation Impoundment Liner Systems 
Concern. The integrity of the liner system beneath the tailings cells and its ability to 
contain liquids is suspect. 
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Response. Information on projects that were designed and constructed many years, often 
decades, ago, where specific quality control and quality assurance requirements were 
lacking or nonexistent have shown liner leakage. The impoundment leaks through liners 
were determined to be torn, to contain holes, to be installed incorrectly, or to have been 
exposed to long periods of solar (UV) radiation. These concerns may have been valid 
historically, but state-of-the-practice for liner design, installation, and quality control has 
been significantly improved since that time. For example, after installation but prior to 
operation, the primary liner will have an electric leak-detection survey to determine 
whether imperfections as small as a pinhole exist. This technology did not exist when 
liners were installed at older facilities. In addition, some common-sense measures such as 
prohibiting vehicle traffic over the installed geomembrane were not a standard practice in 
the past. It has been shown that heavy vehicle traffic caused about 75 percent of liner 
tears historically. Other improvements to the industry have also been made with respect 
to materials and formulation, seaming and installation, and quality control. 
 
Catastrophic Emergency Conditions and Response 
Concern. Low-probability incidents could create catastrophic impacts. These incidents 
include spills at the mill and leakage from the impoundments, wildfires, and releases of 
materials or dust from the mill being dispersed by high wind events. 
 
Spills and Leakage. One of the principal considerations in deciding the suitability of a 
particular site for the placement of a long-term disposal facility is how the native 
materials react with the materials being disposed. Even in the best designed 
impoundment or disposal cell there may be leakage or there may be operational spills. 
 
Two types of impoundments would exist at the proposed mill. Tailings impoundments 
will receive slurried tailings and evaporation ponds will receive processing liquids. For 
both impoundment types, design and construction will focus on minimizing the potential 
for leakage or liner failure. Tailings impoundments will be operated such that tailings 
solids will accumulate and the water is pumped back to the mill for reuse. When enough 
solids have accumulated in the impoundment, a new one will be put into service and the 
old impoundment will be dewatered and closed. It is expected that each of the three 
tailings impoundments will be operated for around 10 years. The design of closure is 
such that liquids are removed and the tailings cell sealed to prevent inflow or infiltration, 
which makes safe, long-term disposal possible. The evaporation ponds will hold liquids 
only during operation and once emptied and closed, will not require long-term care. 
 
It is also prudent to examine the fate of potential leakage before it gets to ground water. 
 

Unsaturated Zone  At the proposed Piñon Ridge site there are soils covering the 
Chinle Formation and Moenkopi Formation. Ground water is found at the 
boundaries between these formations and the Hermosa Formation. Ground water 
is not found where the soil covers only the Hermosa Formation. Ground water is 
not found at the soil interface with either the Chinle Formation of the Moenkopi 
formation. The soil area without ground water is the unsaturated or vadose zone. 
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There are three possible adsorptive media available for solutions moving through 
the unsaturated zone: organics, iron and manganese oxides, and clays (smectites) 
(U.S. Environmental Protection Agency, 1999). 

 
 The organic soil carbon is a sink for organics. 
 The clays are a sink for cations due to the negative surface charge. 
 The iron and manganese oxides are sinks for anionic species like uranium and 

molybdenum because of their positive surface charge. 
 
There are exceptions, overlaps, and changes due to pH and solution content, but 
this represents the basic adsorptive behavior in soil (Deutsch, 1997). 

 
Eastern Paradox Valley soils contain little carbon to act as a uranium sink. The 
clays’ ability to absorb uranium is limited because the high carbonate content of 
these soils (U.S. Environmental Protection Agency, 1999) and the preponderance 
of negative net charge on clay surfaces. The iron and manganese oxides can act as 
a sink for some of the uranium moving through it, but the high carbonate content 
of the soil will inhibit adsorption. (Hsi and Langmuir, 1985, and Waite, et al, 
1994). However, if the solution is acidic, and has time to act on the iron oxides, 
the iron oxides will adsorb the uranium species because the acid will change the 
surface charge to positive. Primarily, the soil will act to chemically neutralize 
acidic solutions and physically disperse solutions with capillary forces. Plus, there 
is some potential for physical adsorption of uranium. 

 
Radium-containing waters will be greatly affected by the site soil. Acidic waters 
with dissolved radium will be pH neutralized by the soil carbonate. Radium 
carbonate and sulfate are essentially insoluble (CRC, 1975) and will precipitate 
onto soil particles. The other daughter products of uranium such as bismuth, 
thorium, lead, and polonium are essentially insoluble in oxidizing and pH-neutral 
waters. 

 
Uranium-containing waters moving through the Chinle and Moenkopi formations 
will be subject to a strong adsorption by the high iron oxide/hydroxide content of 
these formations. EPA (1999) gives values in the range of 100 to 1,000,000 for 
the Kd or partition coefficient in the pH range of four to 10. Kd is the ratio of how 
a material, like dissolved uranium, will partition to a solid surface, like iron 
oxyhydroxides, rather than remaining in solution. The variable carbonate content 
of these formations will also allow the clay to act as adsorptive media for cations 
in some zones. The adsorption thermodynamics of uranyl on iron oxide surfaces 
are discussed in Sanpawanitchakit (2001). Dragun (1988) gives a pH value of 8.5 
for when the goethite (iron oxyhydroxide) surface charge is neutral. So long as the 
pH is less than 8.5, it will act to adsorb the uranyl ion. 

 
The other anionic metal species such as chromium, molybdenum, and vanadium 
will behave very much like uranium in solution. They are mobile when they are 
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oxidized and immobile when they are reduced. Their negative surface charge 
means they will sorb to iron oxyhydroxides. Arsenic may be present in some ores. 

 
The soil found at this site has a high reactivity with acids as noted in the drilling 
logs. Because this mill will process ores using an acid solution, the soils will tend 
to neutralize the acid content of any spill or release. This process will inhibit 
ability of a solution to carry some dissolved metals and enhance partitioning to 
the solid phase, as well as reducing the corrosive hazard of the solution. 

 
When considering the physical action of soil on released water, it is probably 
easiest to think of the soil being momentarily saturated by the release. It will 
retain the field capacity of the soil and the rest of the water will continue down 
until the liquid is all suspended in the soil or the water is impeded by low 
permeability. Capillary action will “wick” the water away laterally. Because no 
damp or wet zones were found in the soil drilling program, it is appropriate to 
assume air movement through the soil contributes to the evaporation of any water 
in the soil. Any dissolved or suspended solids in the released water will be 
retained in the soil and will not reach the ground water. 

 
Saturated Zone  There are two saturated zones associated with the main part of 
the proposed Piñon Ridge site: the Chinle/Moenkopi contact and the Hermosa 
contact. The Chinle Formation is the principal water-bearing formation and 
extends beneath the proposed mill and tailings cell locations; however, the Chinle 
is not water-bearing beneath the tailing cell locations. The Wingate Sandstone is 
not water bearing at the site. 
 
The Hermosa contact water found in monitoring wells MW-6 and MW-8B show 
reducing conditions with free Mg, Fe, and sulfide species. The oxidation-
reduction potential (ORP) is approximately -200 mV in MW-8B and there is 
dissolved uranium (VI). MW-6 has an ORP less than -300 mV and has no 
dissolved uranium (VI). 

 
The Chinle/Moenkopi contact water is oxidizing and capable of carrying 
dissolved uranyl complexes. No studies have been performed on the Chinle water 
to determine if uranium is at equilibrium. It is assumed that any uranium-
contaminated waters reaching this aquifer will raise the uranium concentration. 
The same is assumed for the other metallic anion species. The very low oxidation-
reduction potential of the Moenkopi/Hermosa contact waters indicates that they 
are not in direct contact with significant surface waters. 
 

 
Wildfire Protection. The Montrose County Master Plan 2010, Appendix F (4) indicates 
that the proposed mill site is located in an area designated as a “moderate” to 
“substantial” wildfire hazard area. EFR has included measures to mitigate the impact of a 
wildfire on the mill, and to mitigate the possibility of a fire on the site becoming a 
wildfire. Few areas within the restricted area will be vegetated to the extent that a fire at 
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the mill would spread, and the roadway surrounding the restricted area would also serve 
as a fire break to fire movement in or out of the restricted area. 
 
For the purposes of the emergency response plan, wildfires are defined as fires outside of 
the restricted area. Fires within or entering the restricted area will be treated as a 
fire/explosion under the plan. Wildfires will be detected by visual observation by mill 
personnel. Most wildfires are expected to affect outdoor operations only. Responses 
include internal and external communication, evacuation as necessary, and appropriate 
fire fighting and control response. 
 
Off-site wildfires will be controlled primarily by the local fire department and/or BLM. 
In this context, wildfires only include fires that are outside of the restricted area, and 
there is very little likelihood of chemical or radiological exposure associated with a 
wildfire outside this boundary. Mill emergency response personnel may provide off-site 
assistance for wildfires upon request, as long as the capacity to control the fire if it 
reaches the license boundary is not compromised. The first priority of mill emergency 
response personnel will be to protect the mill facilities on the mill property. 
 
A number of local emergency planning organizations and other emergency response 
organizations were consulted and provided input during the preparation of the emergency 
response plan, including the Nucla/Naturita and Paradox fire departments, Montrose 
County Sheriff’s Office, Basin Clinic, St. Mary’s Hospital, Montrose Memorial Hospital, 
BLM, Montrose LEPC, Colorado State Patrol, Utah Highway Patrol, Colorado DOT, 
Utah DOT, and the Colorado Department of Public Health and Environment. The local 
emergency planning organizations will be asked to review the plan and provide input 
prior to start-up of mill construction and operations. 
 
High Wind Events. Studies directed at wind dispersion of dust from the mill, noted 
above, have concluded that distribution of contaminants from the mill under regional dust 
storms does not present a risk to nearby or distant receptors. Mitigation measures 
implemented at the mill will serve to minimize releases from the site during both normal 
and high wind events. 
 
An assessment of impact of release of radioactive materials due to a tornado was reported 
by NRC (U.S. Nuclear Regulatory Commission,1980). Based on a conservative 
assumption that the tornado lifts about 11,400 kg (25,100 lbs) of yellowcake, the 
maximum exposure occurs at a distance of approximately four km (2.5 miles) from the 
mill, the 50-year dose commitment to the lungs of an individual was estimated to be 8.3 x 
10-7

 rem (0.00083 mrem). For individuals at the fence line 500 m (1,600 ft) the 50-year 
dose commitments were estimated to be 2.2 x 10-7

 rem (0.00022 mrem). Between 1950 
and 1995, there have been 1,160 tornados in Colorado with various strengths (26 
tornados per year) and the vast majority of tornadoes occur in eastern Colorado. With low 
frequency of occurrence and low impact, the risk of a tornado striking the mill and 
impacting a member of the general public is judged to be low. 
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Taxpayer Funds Spent on Uranium Mill Cleanup 
Concern. Historic uranium mills required significant amounts of public funds for 
remediation and closure. 
 
Response. Uranium mills operating in the United States from the 1940s through the early 
1970s produced uranium concentrate for the federal government, primarily for the 
nuclear weapons program. The federal government has accepted responsibility for 
cleanup of sites that were under contract to them, under the Uranium Mill Tailings 
Remedial Action Project (UMTRA) Title I. Clean up costs are shared with the states in a 
90-percent federal, 10-percent state fund share, with a total cost for 24 sites estimated at 
$1,476,340,000. For the seven mill sites in Colorado, an estimated $720 million to $850 
million has been spent by the federal government and $72 million to $85 million has been 
spent by the state (Scheppers, March 30, 2010; DOE, USEIA, Uranium Mill Sites, 
September 2010). 
 
Additionally, in Grand Junction, where local governments, businesses, and individuals 
removed mill tailings from an abandoned mill site for construction projects, the total 
cleanup cost was $22.7 million, of which the federal government paid 75 percent 
($17.025 million) and the state paid 25 percent ($5.675 million) (Colorado Department of 
Public Health and Environment, Daniel Scheppers, e-mail message to Steve Tarlton, 
March 26, 2010). Additional cost summaries show that the DOE spent approximately 
$250 million on the Grand Junction vicinity properties (U.S. Department of Energy, 
1999). 
 
Uranium mills operated after 1978 were licensed by the NRC or an Agreement State and 
were required to maintain financial assurance to cover the commercial operation portion 
of the final decommissioning and cleanup. These sites were designated UMTRA Title II 
sites and cost for decommissioning related to operations performed under contract to the 
federal government are reimbursed to the company under Title X of the Energy Policy 
Act of 1992. Reimbursement is based on the amount of tailings produced and disposed 
related to operations prior to 1970 (U.S. Department of Energy, March 2010). Title X 
estimates of total cleanup costs for UMTRA Title II sites is approximately $1,765 
million, with federal government costs of approximately $821 million and private sector 
costs greater than $944 million. 
 
In addition to decommissioning costs, two Colorado operations were also required to pay 
for historic natural resource damages. At the UMETCO Uravan site, $852,360 is being 
used to remediate mine wastes associated with more than 400 mines within the San 
Miguel and Dolores River watersheds. At the Cotter Cañon City site, Cotter has funded 
more than $2 million for community and environmental improvement projects. 
 
Projected closure costs for new uranium mills will be scrutinized during license 
application review and annually thereafter, and financial assurance will be adjusted as 
necessary to cover the estimated costs. Average decommissioning costs for conventional 
uranium mills are estimated at $14.1 million, including $7.7 million for tailings 
reclamation (DOE, USEAI, Decommissioning, September 29, 2010). The intent of the 
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financial assurance process is to minimize or eliminate the possibility that public funds 
would be required for decommissioning of the mill. Currently in Colorado, one mill has 
an active license, and the financial assurance amount for that facility has been recently 
adjusted to $30.7 million. The company operating the facility has responsibility for 
completing any required cleanup, or will forfeit the financial assurance amount. 
 
New and existing mills are required to transfer their final material repositories to the 
federal or state government at closure; however, states generally have chosen not to take 
the properties. The companies maintain a long-term care fund that will be transferred to 
DOE at closure to pay for long term surveillance and maintenance of the repositories. 
 
Financial Status of Energy Fuels 
Concern. EFR does not have resources to complete the mill project. 
 
Response. EFR is required to establish financial assurance as described above, in order to 
receive a license. In addition, construction implementation of all environmental 
protections and development of operating controls must be in place in order for EFR to 
proceed from construction to receipt of ore and begin processing. There are no other 
specific demonstrations of financial status required for approval. 
 
If a license is issued to Energy Fuels, that license cannot be transferred to another entity 
without the department’s review and approval, as noted in the regulations, section 3.15.2: 

“No license issued or granted under this part and no right to possess or utilize 
radioactive material granted by any license issued pursuant to this part shall be 
transferred, assigned, or in any manner disposed of, either voluntarily or 
involuntarily, directly or indirectly, through transfer of control of any license to 
any person unless the department shall, after securing full information, find that 
the transfer is in accordance with the provisions of the Act, now or hereafter in 
effect, and to all valid rules, regulations, and orders of the department, and shall 
give its consent in writing.” 
 

Environmental Justice 
Concern. Siting the facility in the Paradox Valley violates environmental justice 
requirements. 
 
Response. As defined by the U.S. EPA, 

“Environmental Justice is the fair treatment and meaningful involvement of all people 
regardless of race, color, national origin, culture, education, or income with respect to 
the development, implementation, and enforcement of environmental laws, 
regulations, and policies. Fair Treatment means that no group of people, including 
racial, ethnic, or socioeconomic groups, should bear a disproportionate share of the 
negative environmental consequences resulting from industrial, municipal, and 
commercial operations or the execution of federal, state, local, and tribal 
environmental programs and policies. Meaningful Involvement means that: (1) 
potentially affected community residents have an appropriate opportunity to 
participate in decisions about a proposed activity that will affect their environment 
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and/or health; (2) the public’s contribution can influence the regulatory agency’s 
decision; (3) the concerns of all participants involved will be considered in the 
decision-making process; and (4) the decision-makers seek out and facilitate the 
involvement of those potentially affected.” 

 
The Paradox Valley does not appear to have a significant population of an ethnic or racial 
minority; however, poverty levels are relatively high, as is true throughout most of rural 
Colorado. Even though this EPA policy is not required under a state process, the 
approach used by the department for reaching a decision on the proposed EFR mill 
satisfies the policy process requirements. 
 
Radiation Dangers 
Concern. Any amount of radiation is harmful to humans and the environment. 
 
Response. The earth’s environment is radioactive. Radiation is what sustains life on 
Earth, and is probably responsible for the evolution of life on the planet. Like anything 
else, radiation is harmful in the wrong amount; however, determining that amount is 
difficult. 
 
Research has been done to evaluate the impact of radiation on individual cells and 
cellular structure, and radiation has been conclusively shown to cause damage. However, 
since cellular damage and creation is constantly occurring in all organisms from various 
causes, it is more difficult to demonstrate impact to the organism. A significant amount of 
the data related to radiation impacts on humans comes from studies of the Hiroshima and 
Nagasaki bombing, radium dial painters, unprotected underground uranium miners and, 
more recently, Chernobyl and radiation workers. Most of the long-term data relates to 
high levels of exposure, complicating extrapolation to lower exposure levels. In all cases, 
determining the exposure amount is complicated, and along with modifying factors such 
as smoking, adds uncertainty to the analysis. 
 
A National Academy of Sciences committee is chartered to study the effects (risks) of 
low-level ionizing radiation. Results of these studies are presented in Biological Effects 
of Ionizing Radiation (BEIR) VII, Health Risks from Exposure to Low Levels of Ionizing 
Radiation (National Academy of Sciences, 2005). BEIR VII evaluated the current 
knowledge and research on radiation exposure, and concluded, 

“At doses less than 40 times the average yearly background exposure (100 mSv), 
statistical limitations make it difficult to evaluate cancer risk in humans.” 
 

The value 100 mSv (milliSieverts) is equal to 10 Rem. 
 
This information can be placed in context, below: 

 10 Rem (10,000 mrem): Cancer occurrence from lifetime exposure estimated at 
one in 100 

 Less than 10 Rem (10,000 mrem): Cannot evaluate cancer risk 
 5 Rem (5,000 mrem): Worker exposure standard 
 300 mrem/yr; Average U.S. background exposure 
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 350-650 mrem/yr: Colorado background exposure 
 100 mrem/yr: Public exposure standard 
 25 mrem/yr: Public exposure standard (one source) 
 30-250 mrem/yr: Typical Cotter mill worker exposures 
 5-20 mrem/yr: Typical maximum Cotter mill public exposures (calculated) 

 
In addition to the numerical standards, the department applies an As Low As Reasonably 
Achievable (ALARA) approach, which drives potential exposures even lower. As noted 
in the above sections, none of the EFR exposure projections exceed the 100 mrem 
standard. 
 
Furthermore, natural and man-made radiation are ubiquitous in the environment. Natural 
rock and soils derived from those rocks contain varying amounts of natural radioactivity. 
Where that natural radioactivity is concentrated, mining of the materials may be 
profitable, such as in the Uravan Mineral Belt. Even without mining, natural processes, 
including wind and water erosion and freeze/thaw cycles break down the rock structure 
and spread the material through the environment. Throughout Colorado, water supplies 
are reported with high natural radioactivity, and radon testing of homes throughout the 
state confirms the widespread presence of natural radioactivity in soils. 
 
Man-made radiation exists throughout the planet from both the atomic weapons used on 
Japan and the atmospheric testing of nuclear weapons that occurred from 1943 through 
the 1980s. Levels of this radiation are extremely low, but detectable, and are often 
reported and misinterpreted in the media for specific areas. 
 

Evaluation of Impacts 
The impacts of each alternative have been evaluated in the application, and in 
supplemental documents, including two reports prepared by the Fremont County 
Commissioners. The department’s summary evaluation of impacts is presented in Table 
39 below. 
 

Table 39: Summary of Impact Analysis 
 
Category Issue Significance Impact 
Alternatives Action or 

no action 
If not approved, 
neither benefits 
nor costs would 
accrue. 

The environmental analysis concludes 
that the project has a positive net 
benefit. 

Site 
location 

Site selection 
crosses all impact 
categories. 

The Piñon Ridge site was chosen 
based on regulatory issues, site 
conditions, access, and proximity to 
occupied properties. 

Tech-
nology 

Mill technology 
and configuration 
is key to meeting 

The technology selected provides the 
highest recovery rate of uranium and 
vanadium at the lowest price per 
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Category Issue Significance Impact 
regulatory 
requirements and 
optimizing 
processing. 

pound recovered. Mill configuration 
was selected for processing efficiency, 
ability to control materials and 
exposures, regulatory requirements 
and costs. 

Facility 
Layout 

Visual, 
lighting 

The scenic and 
rural nature of the 
project area could 
be disturbed.  

The ponds and tailings cells would 
have low-profile containment 
embankments with the majority of 
their storage capacity located below 
the existing ground level. All disturbed 
areas would be re-contoured and re-
vegetated to blend with the natural 
topography. Lighting would be 
directed downward to minimize glare 
and scattering. 

Land use Surrounding land 
use is for grazing 
or vacant land. 

Montrose County has approved a 
special use permit for the site to allow 
milling. The mill construction or 
operation would have no impact on the 
current uses of nearby lands. Habitat 
mitigation will remove some private 
land from grazing or development. 
Final closure of the site will 
permanently remove approximately 
100 acres from future grazing or 
development use.  

Chemical and 
Radioactivity 
Containment 

Exposure 
controls/ 
Dose 

Workers, members 
of the public and 
biological 
receptors. 

Material management procedures and 
facility processes are designed to 
minimize exposure. Monitoring will 
be conducted in the facility, at the 
boundary and off-site.  

Spill 
controls/ 
Response 

Uncontrolled 
releases present 
different exposure 
scenarios. 

Response plans and mechanisms are in 
place to respond to spills or releases. 
Hydrologic conditions would limit the 
extent of spills, and meteorological 
conditions would limit the extent of 
releases.  

Impound-
ments 

Intrusion by 
human or 
biological 
receptors. 

Fencing and site security will 
minimize the potential for human 
intrusion. Fencing, bird netting, and 
bird balls will minimize the potential 
for animal intrusion. 

Water Use Avail-
ability 

Limited water is 
available at the 
site. 

Water supplies have been located that 
can supply the mill process 
requirements, and potable water will 
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Category Issue Significance Impact 
be trucked from Naturita. If required, 
additional water can be trucked from 
Naturita. 

Depletion 
of Dolores 
River 
water 

The Dolores River 
provides habitat 
for several 
threatened or 
endangered 
species. 

Ground water used at the mill accounts 
for less than one percent of the low 
flow in the river. In addition, the BOR 
desalinization project likely captures 
ground water from this formation prior 
to reaching the Dolores River.  

 
Access and 
security 

Restricted 
area 

Intentional or 
unintentional 
contact with 
materials or 
operations. 

The site is remote and fenced; access 
to the restricted area is restricted 
physically and through other controls, 
including site inspection and 
surveillance. 

Boundary/
Off-site 
monitor-
ing 

Intentional or 
unintentional 
contact with 
materials or 
operations. 

The site is remote and fenced; Gate 
house controls access; routine 
surveillance of boundary and 
surrounding areas. 

Environ-
mental 
 
 

Site 
selection/ 
Land use 

Development of 
the site has 
inherent impacts 
on the site 
ecology. 

The site was selected to avoid 
sensitive physical and environmental 
limitations. The mitigation plan 
approved by DOW addresses issues 
associated with the potential Gunnison 
Sage-grouse habitat and elk 
overwintering. 

Transport-
ation 
accidents 

Releases could 
occur along 
roadways and 
threaten 
population or the 
environment. 

Trucker training and requirements will 
minimize accidents. Response 
capability will be improved locally 
and support can be provided by the 
mill. Solid and liquid materials spilled 
to the ground can be retrieved by 
responders; Solid materials released to 
waterways may be retrieved, but liquid 
materials released to waterways will 
be dispersed.  

Hydrology Activities could 
interfere with local 
ground water and 
surface water. 

There is no permanent surface water 
on the site. The subsurface water 
comes primarily from waters moving 
off Davis Mesa to the south, which 
then flows northwest along the 
Hermosa Formation to the Dolores 
River.  

Dust 
controls 

Fugitive dust or 
emissions from the 

Controls will limit emissions at the site 
boundary to within regulatory 
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Category Issue Significance Impact 
facility could 
impact offsite 
areas.  

requirements and be protective. 
Extreme wind events would dilute site 
emissions significantly, and primary 
high wind events flow from southwest 
to northeast, away from populated 
areas. 

Wildlife The activities at 
the site could 
disturb sensitive 
species 

The mitigation plan approved by 
DOW addresses issues associated with 
the potential Gunnison Sage-grouse 
habitat and elk overwintering. 

Social and 
Economic 

Employ-
ment 

The mill would 
create up to 200 
jobs during the 
construction phase 
and an estimated 
85 employees 
during operation. 

EFR estimates that approximately 80 
percent of the operations jobs would 
be filled locally and a lesser 
percentage during construction. Jobs 
are scarce in southwest Colorado with 
unemployment rates above the state 
average. The mill would generate an 
additional 228 to 770 indirect and 
induced jobs associated with services 
to the mill, including transportation, 
mining and materials and equipment, 
as well as services to the increased 
numbers of employees and families. 

Transport-
ation 

A significant 
increase in car and 
truck traffic is 
expected to and 
from the site 

EFR will upgrade Highway 90 at the 
entrance to the mill. The traffic 
increase does not require additional 
roadway changes; however, the 
increased traffic will create an 
increased need and additional funding 
for road maintenance. 

Housing/ 
Land use 

The increase in 
employment will 
drive the need for 
local housing. 

The Nucla/Naturita/Paradox area has 
relatively high vacancy rates for 
housing; however, age of available 
housing may limit its suitability. Water 
supply limitations probably prevent 
the addition of housing in the Paradox 
Valley, but housing growth should be 
possible in Nucla and Naturita, and in 
other area communities for 
commuters. Indirect job increases 
associated with the uranium mines 
near LaSal, Utah and Gateway, Colo. 
will likely cause a need for additional 
housing in those communities, as well. 
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Category Issue Significance Impact 
 

Infrastruc-
ture 

Adequacy of basic 
infrastructure to 
handle the 
increases in 
population. 

Nucla and Naturita have adequate 
water supply and sanitary services, 
local roads and schools for the 
anticipated growth. Medical and 
emergency services and law 
enforcement may be stretched during 
construction, and relief through 
increased tax revenues will be delayed 
by several years.  

Commun-
ity and 
social 
context 

Increases in 
population will 
change demands 
for community 
services and 
change social 
structure  

The influx of construction workers 
will likely overwhelm some local 
resources and introduce a transient 
population into the area. The increase 
in local employment and attendant 
economic improvements will likely 
stabilize the community, although the 
influx of new people and businesses 
will be disruptive to many established 
community members and business 
owners. Induced effects may 
encourage the development of new 
businesses or endeavors and could 
include larger resources for 
recreational or social organizations 
and more local people staying local 
during the day. If the employment 
decreases or becomes volatile, the 
impacts on the community would be 
negative. 
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Category Issue Significance Impact 
Recreation
/Tourism 

The presence of a 
uranium mill may 
have a negative 
perception or 
stigma. 

In the West End of Montrose County, 
recreation, tourism, and second homes 
are not significant contributors to the 
local economy. The proposed mill 
could potentially compete with other 
parts of the economy for limited 
services, present perceived or real 
environmental or health impacts, or 
cause direct conflict with resource use. 
However, the increased availability of 
local services may cause expansion of 
the area as a tourism or recreation 
destination. Areas with tourism as a 
major part of the economy have 
existed with uranium and other 
mineral mines and mills, including 
Moab, Telluride, and Cañon City. 

The presence of a 
uranium mill may 
have a negative 
perception or 
stigma. 

In the West End of Montrose County, 
recreation, tourism, and second homes 
are not significant contributors to the 
local economy. The proposed mill 
could potentially compete with other 
parts of the economy for limited 
services, present perceived or real 
environmental or health impacts, or 
cause direct conflict with resource use. 
However, the increased availability of 
local services may cause expansion of 
the area as a tourism or recreation 
destination. Areas with tourism as a 
major part of the economy have 
existed with uranium and other 
mineral mines and mills, including 
Moab, Telluride, and Cañon City. 

 

Costs and Benefits 
EFR conducted an evaluation of financial costs and benefits of the project in the 
Environmental Report, and the department does not take issue with that analysis. 
However, a significant part of the impact of the proposed mill is in unquantifiable terms 
and not subject to financial accounting. The department’s analysis of benefits and costs is 
more qualitative and presented below in Table 40. 
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Table 40: Benefits and Costs of the Piñon Ridge Uranium Mill 
 
Impact Accrued to 
Benefits  
The uranium oxide (yellowcake) generated by this mill would 
be used primarily in the production of electricity by nuclear 
power plants, and as such would contribute a small amount to 
the international trade balance as a domestic fuel source.  

U.S. economy 

The uranium oxide (yellowcake) generated by this mill would 
be used primarily in the production of electricity by nuclear 
power plants, and may spark a resurgence in uranium mining 
and milling in the Uravan Mineral Belt, contributing to 
environmental and social impacts in the region. 

Local and regional 
workers, local and 
regional businesses, 
local and regional 
governments  

Construction of the mill would generate up to 200 jobs and 
operations would generate 85 jobs.  

Local and regional 
workers 

Construction of the mill would generate a large number 
(estimated at 326) indirect and induced jobs to support 
construction.  

Local and regional 
workers, local and 
regional businesses 

Operation of the mill would generate a large number of direct 
(estimated at 228 to 536) and indirect and induced (estimated 
at 228 to 664) jobs in mining and transportation. 

Local and regional 
workers, local and 
regional businesses in 
Montrose, Mesa, and 
San Juan (Utah) 
counties 

Unemployment in the West End would be reduced 
significantly due to direct, indirect, and induced employment, 
achieving greater individual and family financial stability  

Local and regional 
workers and families 

Increased employment with benefits provides greater spending 
power, increasing the viability (and profitability) of local 
businesses.  

Local and regional 
workers and families, 
local and regional 
businesses 

Increased employment with benefits provides greater medical 
insurance coverage for individuals and families. The 
percentage of patients with medical insurance will increase, 
improving the viability (and profitability) of medical service 
providers. 

Local and regional 
workers and families, 
local and regional 
medical service 
providers 

Increased local employment will increase the pool of capable 
individuals able to support volunteer emergency services and 
community activities. 

Local communities, 
families, emergency 
service providers, and 
service organizations 

Construction and operation of the mill would generate jobs, 
creating demand for local housing, and increasing housing 
prices, costs of local services, and a likely increase in 
commuter traffic into the Paradox Valley. 

Local property 
owners, developers 
and local businesses 

Increased refurbishment and development of housing and 
businesses will require greater adherence to established or new 

Local governments, 
property owners 



[EIA — 178] 

Impact Accrued to 
building codes in the local communities and likely redefinition 
of legal property boundaries in the Paradox Valley. 
Transportation infrastructure would experience increased 
traffic which would, after some delay, increase maintenance 
and repair funds for local roadways. In addition, impact funds 
may be more available for some local traffic issues.  

Montrose County, 
local communities 

The sale of ore and processed uranium would generate more 
than $2 billion in estimated gross sales. 

EFR and some 
additional mining 
companies 

Economic activity associated with the mill would generate a 
significant amount of county, local government, school, and 
water conservancy district taxes. 

Montrose County, 
local governments, 
school, and water 
conservancy districts 

Property taxes could increase with the demand for housing, 
which may increase home costs. These factors could improve 
the desirability of the area for second or retirement homes. 

Property owners, 
developers, local 
governments 

The increased availability of local services as a result of the 
mill may provide an impetus for expansion of the area as a 
tourism or recreation destination. 

Local businesses, local 
governments 

The economic viability of resource extraction industries can be 
significantly variable over time, based on resource availability, 
local, national, and international markets, weather, politics, and 
other factors. However, base employment in uranium milling 
in the recent past has been relatively unaffected by national 
recessions. 

Workers, local 
governments, local 
businesses 

Potential loss of wildlife habitat due to the construction of the 
mill is being addressed through a wildlife mitigation plan that 
proposes to offset impacted property by establishing additional 
protected habitat on nearby property. Because the amount of 
private property is very limited in the eastern Paradox Valley, 
long-term protection of this additional private property reduces 
the amount of property available for subsequent development 
and habitat loss. 

Recreational users, 
wildlife officials 

  
Costs  
The uranium oxide (yellowcake) generated by this mill would 
be used primarily in the production of electricity by nuclear 
power plants, and may spark a resurgence in uranium mining 
and milling in the Uravan Mineral Belt, contributing to 
environmental and social impacts in the region. 

Local and regional 
workers, local and 
regional businesses, 
local and regional 
governments 

Construction of the mill would generate up to 200 jobs, 
creating a temporary peak in demand for local housing and 
housing prices, local services, and a likely increase in 
commuter traffic into the Paradox Valley. 

Local residents, 
commuting 
employees, and 
transient visitors to the 
area 
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Impact Accrued to 
Operation of the mill would generate an estimated 85 direct 
jobs and numerous indirect and induced jobs locally, which 
would create a demand for local housing, increasing housing 
prices and potentially limiting the availability of housing for 
transient visitors to the area. 

Local residents and 
transient visitors to the 
area 

Increased housing and services demand would increase 
property values locally, leading to higher property taxes. 

Local property 
owners, renters 

Increased employment and mill construction and operations 
will increase traffic, leading to higher road maintenance costs, 
and potentially an increase in traffic accidents.  

Montrose County, 
local governments, 
local residents and 
commuters 

EFR and associated mining companies have to invest 
significant capital and operating costs to be able to implement 
the mill and associated mining. 

EFR and some 
additional mining 
companies 

Economic activity associated with the mill would generate a 
significant amount of county, local government, school, and 
water conservancy district taxes. If tax rates were reduced 
based on the greater income, a reduction in mill activity could 
result in lower tax revenue and possibly the inability to raise 
tax rates back to the original level. 

Montrose County, 
local governments, 
school and water 
conservancy districts 

Given the variable nature of the resource extraction economy, 
dependence on this one component of the economy can lead to 
significant swings in prosperity that impact both public and 
private components of the community. Businesses that 
anticipated continued prosperity could be endangered and 
individuals that gave up jobs elsewhere may be unable to 
return to them. 

Local and regional 
workers and residents, 
local and regional 
businesses, local 
governments, EFR, 
and other mining 
companies 

Truck traffic associated with the mill would travel largely on 
routes with narrow roadways, dangerous curves, and limited 
emergency response access, such as Highway 141 north of 
Vancorum and Highway 90 at Paradox Hill. 

Truck drivers, 
emergency responders, 
and other travelers on 
these roadways 

CDOT limits the amount of snow removal on highways with 
low traffic volumes including both highways 141 and 90, and 
during the winter will not have snow removal between 7 p.m. 
and 5 a.m. The nighttime road conditions will likely limit 
access to and from the site on occasion. 

Workers, EFR, and 
other mining 
companies 

Potential loss of wildlife habitat due to the construction of the 
mill is being addressed through a wildlife mitigation plan that 
proposes to offset impacted property by establishing additional 
protected habitat on nearby property. Because the amount of 
private property is very limited in the eastern Paradox Valley, 
long-term protection of this additional private property reduces 
the amount of property available for subsequent development 
and habitat loss. 

Developers, property 
owners, ranchers 
seeking grazing areas, 
local governments 
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From the above analysis, it appears that both benefits and costs are spread across the 
communities, local governments, and companies involved. Benefits and costs do not 
appear to be unfairly distributed to any specific sector, but benefits and costs both accrue 
to all segments of the larger community. Thus, this project does not benefit one aspect of 
the community at the expense of another. 
 
The failure of the project economically is a risk that is borne primarily by Energy Fuels 
Resources Corporation, and the potential benefits of the project appear to outweigh the 
costs across all segments of the larger community. 


