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Historic drill holes and vent shafts are also probable conduits for ground water inflow. The ground 

water entering the formation appears to pond in lower areas of the mine and then gradually infiltrate 

into the sandstone and move both downward and laterally. Downward movement is, however, limited 

by a 1 to 10-foot thick mudstone aquitard that is located below the mine workings. Lateral movement 

is believed to be predominantly along the northeast trending dip toward Lumsden Fault. Additional 

details regarding the local hydrogeology are presented in a 2001 memorandum by Frederick Peel of 

U.S. Environmental Services Inc. (USES, 2001) that is included in its entirety as Part 2 of Appendix C.  

Water quality issues associated with this introduced water are discussed in detail in Section 7 below.      

 

There is also some ground water present lower in the Salt Wash as evidenced by PR Spring, which 

flows from the lower portion of the Top Rim sandstone unit. The spring water is a sodium-bicarbonate 

water of poor quality (i.e., elevated levels of radium, uranium, arsenic and selenium) as is discussed in 

Section 8.4, Surface Water. The Top Rim sandstone unit sits on a thick mudstone unit that effectively 

isolates it from the Middle Rim sandstone unit below. 

 

7. Mine Water 

 

The majority of the ground water found in the Top Rim mines on Beaver Mesa appears to be seeping 

into the underground workings from above through open drill holes, shafts, declines, and natural 

fractures. This conclusion is based on the packer tests performed by Umetco in 2000, inspections of the 

Whirlwind and Packrat Mines by Energy Fuels personnel, and anecdotal remarks from miners that 

previously worked in the area.  

 

The ground water inflow rate appears to be very low for all of the mines located in the Lumsden 

Canyon area because there is currently no flow out of the many mine portals that daylight into the 

canyon. Since the mine drifts (i.e., tunnels) follow the ore zone and the ore zone dips toward the 

canyon, these mines are essentially self draining. As discussed below, the combined inflow into the 

Whirlwind and Packrat workings is estimated to be 10 gpm or less. During previous mining operations, 

this water was used to support drilling and other mining activities. Currently, the water appears to 

collect and infiltrate into the sandstone formation in the lower portions of the mine.  
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Most of the ground water inflow probably originates from the lower Brushy Basin sandstone units 

since they are located closest to the mine workings. If the lower Brushy Basin water were subject to 

Colorado water quality regulations, such as a discharge from a mine, it would probably need to be 

treated to reduce radium to less than the 5 pCi/L water quality standard. Once this water enters the 

mine workings, its quality deteriorates further due to contact with the ore zone, which contains 

elevated levels of uranium, radium, and trace metals. This is evident from water quality sampling 

conducted by Umetco and the BLM of the Packrat and other nearby mines during the 1990s and more 

recent sampling of standing water within the Packrat Mine by Energy Fuels. Water quality data for the 

various mine waters are compiled in Table E-2.   

 

7.1 Current Mine Conditions 

Most of the water that has accumulated in the lower portion of the Whirlwind Mine appears to be 

seeping from the decline where it intersects the lower portion of the Brushy Basin. Ground water can 

be clearly seen seeping into the decline and then flowing down to the bottom of the Whirlwind 

workings. The flow was estimated to be 1 to 2gpm during a recent inspection.  

 

Analytical data for two water samples collected from the decline within the Brushy Basin intercept 

area in early May 2007 are presented in Table E-2. The first sample, called the Whirlwind Seep, had 

levels of selenium (0.023 mg/L), uranium (0.0814 mg/L), and radium-226 (6.5 pCi/L) above some 

regulatory standards plus an elevated arsenic concentration (0.024 mg/L). The second sample from the 

Upper Whirlwind Sump in the Brushy Basin unit had similar concentrations of selenium (0.038 mg/L), 

uranium (0.0993 mg/L), and arsenic (0.029 mg/L). Radium-226 was not tested in this sample. These 

analytical results confirm the previous findings from Boring BM00-1 that the natural background 

ground water entering the mine from the lower Brushy Basin unit is of poor quality.    

  

Analysis of water samples collected in the lower Whirlwind sump or pool, which is within the Salt 

Wash unit, show that the sump water has the same water quality as the water seeping into the mine 

from the decline above. Piper Plots of the decline water and the Whirlwind Pool, as shown on Figure 

G6, are similar in water quality chemistry to the two water samples collected from Boring BM00-1 in 

the lower Brushy Basin Sandstone. 
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Energy Fuels’ inspections of those areas of the Packrat Mine that are currently accessible have 

encountered standing water (typically boot high) in some portions of the drifts. One open exploration 

drill hole was also observed that was producing about 1 gpm of water. Historically, drillers were not 

required to plug their exploration holes and these holes can provide an open conduit for ground water 

flow. Based on historic data, there are probably hundreds of open drill holes on Beaver Mesa that were 

drilled from the late 1940s through the 1970s by uranium companies and federal agencies. It is also 

known that the 10-Straight Shaft in the older portion of the Packrat Mine is delivering some water 

from either Burro Canyon or Brushy Basin (or both) into the mine. This area of the mine is currently 

not accessible but water can be heard cascading in the shaft from the surface above. Umetco maps 

from the early 1990s indicate that approximately 3 gpm was flowing into the mine from this shaft. 

 

Energy Fuels collected samples of standing water in the Packrat Mine in October 2006 and January 

and April 2007. This water has the same major ion profile as the Whirlwind sump water and the lower 

Brushy Basin water; however, the levels of uranium, vanadium, radium, arsenic, and selenium are 

substantially higher in the Packrat water as shown in Table E-2. These increases in concentration and 

activity levels are attributable to the water being in contact with the uranium-bearing sandstone for a 

considerable period of time. Similar water quality will probably exist during mining operations 

because the mine water will be used for drilling operations in the ore zone. 
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Sampling of Standing Water in Packrat Mine 

 

7.2 Historic Mine Water Information 

Data gathered between 1993 and 1997 by Umetco and the BLM shows that approximately 1 gpm of 

water discharged from the Packrat portal up until the end of 1995 when the flow ceased. Small flows 

of similar magnitude were also reported from the Lumsden #2 and Lumsden #5 (also known as the 

Rajah 49) portals, which have also ceased. This cessation of flows from the portals was probably due 

to decreasing ground water inflows into the mine workings over time as a result of aquifer depletion 

and implementation of source control measures by Umetco. No discharges were reported from the 

other portals in Lumsden Canyon including the Bonanza, Dutchman, Hubbard, La Sal, La Salle #1 and 

#2, Lumsden #1 and #3, and Austin #4 even though they are all located at the downdip edge (northeast 

edge) of the mesa. Map G-3 shows the mapped extent of standing water in the Packrat Mine, 

Whirlwind Decline, and Lumsden #2 Mine in 1994. At that time, the Packrat and Lumsden #2 still had 

small portal discharges.  

 

Water quality analyses of the Packrat discharge during the early 1990s are presented in Table E-2. The 

data shows that this water is of similar quality to the standing water recently sampled in the Packrat 

Mine. This is not surprising because the discharge water would have flowed along the floor of the main 

drifts for some distance prior to exiting the mine portal. This would have created a prolonged contact 

time between the water and the uranium-bearing sandstone similar to that observed with the standing 

water.  

 

The Rajah 30 Mine is the only mine on Beaver Mesa that historically had a ground water problem. 

This mine, which is now flooded, discharged approximately 15 gpm into John Brown Canyon during 

the 1990s when it was still open. Most of the water entering the mine originated from the shaft where it 

intersected the mid-portion of the Brushy Basin unit. The ground water inflow into the mine decreased 

substantially when the shaft was sealed with concrete as part of Umetco’s reclamation activities (Bates, 

2007). The mine discharge ceased completely when Umetco sealed the main portal with a concrete 

bulkhead in 2001 (Fowler, 2007a).  
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7.3 Water Treatment and Source Reduction 

Most of the ground water inflow into the mine during active operations is expected to be consumed by 

mining activities. Energy Fuels will treat any mine water that needs to be discharged so that it meets 

Colorado water quality discharge standards for radium and other constituents. The company will also 

plug point sources of groundwater inflow during mining operations (e.g., open drill holes, seepage 

around vent shafts) where feasible and install a series of underground sumps to minimize the 

uncontrolled flow of water in the drifts. Plugging of point sources is expected to reduce the volume of 

water entering the mine and that would otherwise need to be treated and discharged. Additional source 

reduction will be performed at the time of mine closure and reclamation including sealing of the 

portion of the decline that intersects the Lower Brushy Basin Sandstone. Over the long-term, source 

control is expected to minimize future ground water impacts in the Salt Wash and depletion of water 

from the Brushy Basin and Burro Canyon aquifers located above the mine. Source reduction is 

described in more detail in Exhibit 8.   

 

8. Surface Water 

 

The surface water in Lumsden Canyon has been extensively characterized by Umetco and the BLM as 

part of past mine closure and reclamation activities in the area. Much of the information presented in 

this section and in the Appendix E water quality tables was provided by the Grand Junction BLM Field 

Office; its receipt is gratefully acknowledged.  

 

As shown on Map G-1, the Whirlwind Mine area is located within the Lumsden Canyon drainage, 

which discharges into the Dolores River immediately north of Gateway. All of the proposed surface 

disturbance is outside of the 100-year flood boundary for Lumsden Creek. Lumsden Creek is an 

intermittent stream that flows only in response to sizable rain events and snowmelt (WWE 1999). 

There are three springs that feed into Lumsden Creek: DP Spring, PR Spring, and Lumsden Spring (see 

Map G-1). However, these springs are relatively small and the flows dissipate within a short distance 

downstream of their source (BLM, 1993 and Fowler, 2001).  

 

8.1 Lumsden Creek 

From the Whirlwind Mine, Lumsden Creek is in a relatively steep gully for the initial 1-1/4 mile. In 

this area, the creek runs along the east side of the Packrat access road and reclaimed waste pile. 
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Approximately 1,200 feet of this section crosses through reclaimed waste rock from the Lumsden #2 

Mine. Some waste rock has also washed downstream of the reclaimed areas. After one mile, the creek 

joins with the west tributary that comes from the DP Spring and Dutchman Mine area. Another one-

quarter-mile downstream, the east tributary from the Rajah 49 (a.k.a., Lumsden #5) Mine area flows 

into the creek. From this point, the creek slope becomes progressively less steep with the elevation 

decreasing approximately 1,000 feet over the next two miles. At the mouth of the canyon, the area 

flattens out and the elevation falls only about 300 to 400 feet before reaching the Dolores River located 

approximately two miles away. Overall, the total distance from the main Whirlwind disturbed area to 

the River is 5.15 miles and the total elevation drop is approximately 2,500 feet.  

 

Because of its ephemeral nature and remote location, very few surface water samples have been 

collected of Lumsden Creek other than those taken of the three springs that discharge into the 

streambed. In 1996 and 1997, Wright Water Engineers set up a series of monitoring stations in 

Lumsden Creek to sample water. Numerous visits were made to the monitoring stations, but water 

flow was not recorded in the creek except for those areas immediately downstream of the springs. 

WestWater Engineering, Inc. studied the stream biology in 1997 and indicated that Lumsden Creek 

does not support aquatic life due to limited flow in the stream. 

 

The only know samples of the creek were collected by the BLM in 1996 and 1997 at the mouth of 

Lumsden Canyon (see Map G-1) about 1.5 miles from the Dolores River (Fowler, 2001). A sample 

station consisting of containers buried in the streambed with a series of surface intakes was installed in 

1996. Two samples were collected of stormwater in 1996 when creek flow was believed to be about 5 

cubic feet per second (cfs). The analytical results showed that radium-226 and uranium were present (2 

pCi/L and 0.025 mg/L, respectively) in the water but at levels below regulatory standards. The sampler 

failed to collect water in 1997; however, three grab samples of creek water were collected during 

minor storm events when the creek flow was reported to be intermittent. These samples, collected 

during low flow conditions, contained noticeably higher levels of radium-226 (5.2 to 6.0 pCi/L) and 

uranium (0.185 to 0.448 mg/L). The data for all five sampling events is presented in Table E-3.  

 

Although there is very little water sampling data for the creek, inferences can be made regarding the 

creek’s water quality based on the sampling and analytical data collected for the creek and associated 

springs. Waters from both the DP Spring and Lumsden Spring flow within the creek for a short 
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distance before infiltrating into the creek bed. In both cases, the water quality degrades somewhat (i.e., 

radionuclide and metal levels increase) due to contact with historic mine waste (BLM, 1993 and 

Fowler, 2001). The most significant impact to the creek is the Dutchman waste dump. A large portion 

of this dump was placed in the upper west tributary of Lumsden Creek in the area just below DP 

Spring. Over the years, storm events have carried this material down the creek.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surface Drainage Through the Lost Dutchman Waste Dump, 

West Tributary of Lumsden Canyon 

 

The BLM performed an informal background survey of Lumsden Creek a number of years ago using a 

scintillator and found that radioactivity was elevated above background levels through the entire length 

of the creek (Fowler, 2007b). Accordingly, low flows such as those produced by melting snow in the 

spring would be expected to have increased levels of radionuclides and metals. The historic waste 

material would likely have less effect on water quality during large storm events when the water flows 

are substantially higher and of shorter duration.  

 

The only known uses of Lumsden Creek are the small stock ponds located above the mining area in the 

creek’s upper watershed. There are no known uses of the creek from the mines down to the Dolores 
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River, although a water right has been filed on Lumsden Spring. A residence (Lonie Ranch House) and 

a new sewage treatment plant for the town of Gateway are located on County Road 4 1/10 near where 

Lumsden Creek discharges into the Dolores River. Mesa County has also approached the BLM about 

acquiring land in this area near the river to construct a transfer station and county shop (B. Fowler, 

2007b). The remainder of Lumsden Creek between the mines and the mouth of the canyon is relatively 

remote with no road access.   

 

A sample of the Lonie residential well water was collected and analyzed in 1994. The depth of the well 

was not recorded, but it is likely a shallow well completed in the alluvium. The results show that the 

water was very hard (332 mg/L CaCO3) and slightly elevated in total dissolved solids (693 mg/L), but 

otherwise of good quality. Radium was not detected and uranium and vanadium were detected, but at 

very low concentrations.  A water sample was also collected from the Dolores River below where 

Lumsden Creek outlets in the river on September 1, 1994. The sample was collected just below the 

gaging station when the river was flowing at 113 cubic feet per second (cfs). The water was very hard 

(460 mg/L CaCO3) and had a high sediment load as evidenced by a turbidity of 150 nephelometric 

turbidity units (NTUs); otherwise, the water chemistry appeared normal. Neither radium nor uranium 

was detected in the water sample from the river. The analytical results for the Lonie Well and Dolores 

River samples are presented in Table E-3.     

 

8.2 Burro Canyon Springs 

DP Spring, as shown on Map G-2 is located next to Lumsden Fault along the Burro Canyon/Brushy 

Basin contact. It is situated where the vertical displacement along the fault resulted in the Burro 

Canyon aquifer abutting against impermeable Brushy Basin claystones. This barrier terminates local 

ground water regimes and forces Burro Canyon water to the surface at the DP Spring. DP Spring flows 

at approximately 4-14 gpm (average of about 10 to 11 gpm) depending upon the season. The highest 

flows are recorded in the spring and the lowest flows in late summer. The spring water is a calcium-

bicarbonate water of good quality, as shown in Table G-4, with no reported exceedance of water 

quality standards. The DP Spring was used intermittently in the past as a source of domestic water; 

however, current water uses appear to be limited to ranching and wildlife. 

 

The spring is channeled into a pipe that discharges into a stock tank. From that point, the water 

overflows and flows downstream approximately 700 feet to the historic Dutchman Mine. The water 
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flows through the mine dump resulting in infiltration of water and water quality degradation. The water 

seeps into the streambed at the toe of the dump and Lumsden Creek is normally dry from this point all 

the way down to the Lumsden Spring location. Sampling and analysis of the residual water before it 

completely infiltrated into the streambed showed significant increases in radium, uranium, and arsenic 

levels as can be seen for the Dutchman Mine (Toe of Dump) analytical results presented in Table E-4.  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Stock Tank at DP Spring 

8.3 Brushy Basin Springs 

Willow Spring is located approximately two miles south of DP Spring in John Brown Canyon. It is 

situated near the Burro Canyon/Brushy Basin contact and appears to be flowing from two locations, 

one at the base of the Burro Canyon Formation and one at a lower elevation in the upper portion of the 

Brushy Basin. The water chemistry is similar to DP Spring, as shown on Figure G6, but with a higher 

ratio of sodium and higher levels of dissolved solids (see Table G-4). This spring has an average flow 

of approximately 6 gpm but shows similar seasonal fluctuations as DP Spring.  

 

There are no known springs in the middle and lower Brushy Basin anywhere on Beaver Mesa, in spite 

of the fact that aquifers have been encountered at these formation levels in drill holes, shafts and 

declines. This lack of Brushy Basin springs may be attributable to the following hydrologic conditions: 

 



Whirlwind Mine 07 – rev. 3/08 14-23 

1) The recharge area for the Brushy Basin on Beaver Mesa is very limited.  

2) The lenticular and discontinuous nature of the sands prevent steady flow over a great distance, 

resulting in pods of water bearing strata that cannot migrate.  

3) The perforations from drill holes, shafts, natural fractures, faults, etc. are allowing the Brushy 

Basin water to enter existing mine workings along the edge of the mesa where water would 

normally seep. 

 

8.4 Salt Wash Springs 

PR Spring is located 400 feet north and 44 feet lower than the Packrat portal and about 800 feet from 

the Lumsden Fault. The spring occurs at the base of the Top Rim sandstone unit where it contacts a 

thick red mudstone unit (USES, 1991). It flows at approximately 4-10 gpm depending upon the season. 

The water flows into a stock tank and then overflows into a natural drainage below. The water flow 

from the PR Spring normally does not reach Lumsden Creek, but rather infiltrates into the soil within 

about one-quarter mile of the stock tank (BLM, 1993).  

 

The PR Spring water is of poor quality with elevated levels of radium, uranium, arsenic, and selenium. 

Water quality data for this spring, both historic and more recent, are presented in Table E-4. The 

spring’s ion chemistry is also plotted on the trilinear diagram presented in Figure G6. The figure shows 

that the spring water is higher in calcium and sulfate when compared to the Lower Brushy Basin 

ground water.  
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Stock Tank at PR Spring 

 

At the request of the Colorado Water Quality Control Division, the spring was previously evaluated to 

determine if its occurrence near the Packrat Mine and its poor quality were associated with mining 

activities at the Packrat Mine. The investigation determined that there was no connection between the 

mine and the spring because:  

 

1) PR Spring existed in its present form before the Pack Rat Mine was started in the 1950s. This 

conclusion was based on interviews with original residents of Beaver Mesa (Umetco, 1995a).  

2) The Packrat Mine was separated from PR Spring by a 1 to 10-foot thick gray mudstone unit of 

low permeability that prevents mine water from percolating into the lower strata where the spring 

is located. 

3) The water chemistry of the Packrat Mine water was different from the PR Spring water with 

respect to some key constituents (magnesium, bicarbonate, uranium and radium).  

  

A March 15, 2001 technical memorandum by Frederick Peel of U.S. Environmental Services, Inc. 

(USES, 2001) that addressed items 2 and 3 above is presented in its entirety in Part 2 of Appendix C.  
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The high level of radium, uranium, arsenic and selenium seen in the PR Spring water is apparently a 

natural phenomenon due to the geochemistry of the rock formation. The lower portion of the Top Rim 

sandstone where the spring occurs contains elevated levels of radionuclides and metals, although they 

are not as concentrated as in the uranium ore deposit found in the upper portion of the Top Rim 

sandstone.  

 

Energy Fuels believes that hydraulic connections between the Lumsden Canyon mines and the PR 

Spring strata cannot be totally ruled out. Some water from the mines is probably entering the lower 

sandstone unit (albeit at a relatively low rate) because: 

 

1) Open drill holes from historic exploration activities are probably present throughout the area and 

would have extended through the full extent of the Top Rim sandstone. 

2)  The gray mudstone unit beneath the ore zone may not be present throughout the entire mesa. 

3) Natural fracturing and faulting in the area provide conduits for ground water flow between strata. 

4) The older mine workings in Lumsden Canyon may extend through the entire Top Rim sandstone 

in localized areas. 

 

Accordingly, source control of water entering the mines, both during operations and subsequent 

reclamation, is an important best management practice for the mine so as to minimize the potential for 

future infiltration into the lower sandstone unit. 

 

8.5 Springs Below the Summerville Formation 

Lumsden Spring is located about 3 miles below the Whirlwind Mine within Lumsden Creek. It can be 

easily spotted from the county road below by the cottonwood trees growing in the immediate area. The 

spring flows from the alluvium that has collected in the stream bed. The alluvial material, although 

well rounded from stream action, probably contains some mine waste rock from the Lost Dutchman 

and other upstream mines because mining-related debris is also present. It is not certain whether the 

spring results from shallow alluvial ground water flow that daylights at this location or if the spring 

emanates from the underlying sandstones in the lower Chinle Formation or upper Moenkopi 

Formation.  
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When Lumsden Spring was sampled in August 1993, approximately 4 gpm of water was reported as 

flowing out of the stream bed and then flowing approximately 1,500 feet before infiltrating back into 

the streambed (BLM, 1993). When inspected on April 25, 2007 by Energy Fuels, the spring was 

flowing at approximately 7 gpm and surface flows were observed further downstream.  

 

As shown on Table E-4, the spring is a calcium-magnesium bicarbonate water, very similar to DP 

Spring in terms of ion chemistry. Water samples were collected in 1993 at the point where the spring 

first appeared and then just before it infiltrated into the streambed. The upper contact sample contained 

detectable levels of uranium, arsenic, and selenium below water quality standards and radium-226 

activity levels of 16.7 picoCuries per liter (pCi/L), which is above the regulatory standard of 5 pCi/L 

for combined radium-226 and 228. The lower contact sample contained higher concentrations of 

uranium, arsenic, and selenium with both uranium and arsenic exceeding drinking water standards. The 

radium activity level also increased to 33 pCi/L (BLM, 1993). Analysis of the water sample collected 

in 2007 near the mid-point of the spring flow indicated that arsenic (0.004 mg/L) and radium-226 (1.3 

pCi/L) levels were relatively low and within drinking water standards. However, selenium (0.086 

mg/L) and uranium (0.216 mg/L) concentrations were elevated. The results from the 1993 and 2007 

sampling events are presented in Table E-4.   
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Lumsden Spring Area 

 

Upstream deposition of historic mine waste in the creek has likely impacted the water quality in 

Lumsden Spring. Natural erosion of the uranium-bearing sandstones in both the Salt Wash member of 

the Morrison Formation and the Chinle Formation (which is also mined for uranium on the Colorado 

Plateau) may also be contributing to the elevated levels of radionuclides and metals observed in the 

spring water. 

  

A water right has been filed on the spring; however, the location is relatively remote and there is no 

roaded access to the spring. No apparent use is being made of the water at the present time. The water 

from this spring infiltrates into the streambed and evaporates under normal (i.e., dry) conditions before 

it reaches the Dolores River. 

 

8.6 Water Containment, Treatment and Discharge 

The analytical data for the existing mine water and previous discharges of mine water presented in 

Table E-2 indicate that the mine water will require treatment for radionuclides and metals prior to 

discharge. The proposed water treatment system is described in detail in Appendix H. Energy Fuels 

proposes to discharge the treated water into the middle tributary of Lumsden Canyon at Outfall 001. 

As shown below and on the next page, this drainage has been impacted by waste rock from the 
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Lumsden No.2 and Packrat waste dumps; however, the impacts have been significantly less than those 

observed in the west tributary (see photographs on next page). 

 

Energy Fuels conducted leach testing of both its waste and ore materials to characterize their 

geochemical properties. This testing indicated that the ore material was capable of generating elevated 

levels of radionuclides and metals if placed in an uncontrolled environment but that the waste rock was 

relatively inert. Based on this information, the exploration and mine plans were designed to contain 

precipitation runoff from ore stockpiles and minimize the runoff from waste rock piles as described in 

Exhibit 5.  

 

 
Middle Tributary Below Reclaimed Waste Dump 
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Middle Tributary Immediately Downstream of Reclaimed Waste Dumps 

 

9. Sanitation Facilities 

 

Portable sanitation facilities will be provided at the mine site during exploration and the initial phase of 

mine operation. The waste will be taken off site for treatment at an approved facility. A leach field will 

be constructed to dispose of wastewater when a new dry and shop are constructed during the 

production phase of mine operation. The leach field will be designed in accordance with state and 

county regulations and will be permitted with the Mesa County Health Department. The preliminary 

location of the leach field is shown on Map C-2 near the water treatment area north of County Road 

5/10.  
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CAVE RESOURCES       EXHIBIT 15 
 
Currently, the smaller Packrat portal is unsealed and covered by a bat gate to allow bat ingress/egress.  

 
Packrat Portal Bat Gate – November 2006 

 

The BLM Bats/Inactive Mines Project identified the Packrat/Hubbard complex as a hibernaculum 

during the winter for Townsend’s big-eared (Corynorhinus townsendii) bat, and a roost for several 

other species of bat. The Townsend’s big-eared bat is a BLM sensitive species. The Packrat mine is 

reported to be too cold for summer bat habitat. The BLM has recommended that mine re-openings in 

the area take place during the summer months in order to minimize impact on the bat population. 

 

Reclamation of the Packrat portal will include backfilling of the smaller Packrat portal and the 

installation of a bat gate on the larger portal, allowing for improved bat access. 
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AIR QUALITY     EXHIBIT 16 
 

The Whirlwind project is located on Beaver Mesa about 5 miles southwest of Gateway. The area is 

rural and relatively remote. To maintain good air quality in the area, Energy Fuels Resources will 

monitor and control fugitive and point source emissions of criteria and hazardous air pollutants at the 

mine site and monitor and model radon gas emissions from the active underground mine workings. 

Criteria pollutants include carbon monoxide, nitrogen oxides, particulate matter less than 10 

micrometers in size (PM-10), total suspended particles (TSP), volatile organic compounds (VOCs), 

sulfur dioxide, and lead. Hazardous air pollutants include many other gases generally emitted in much 

smaller quantities.  A discussion of the emission control program is provided below followed by a 

review of the radon gas monitoring program. 

 

Currently, the primary source of fugitive emissions is PM-10, TSP, and nitrogen oxide generated by 

occasional traffic on the unpaved county roads in the area. Fugitive emissions may also be generated 

by ranching activities (i.e., plowing and disking) and wildfires. No significant sources of other criteria 

or hazardous air pollutants are currently associated with the Whirlwind Mine area. 

 

Energy Fuels has submitted Air Pollutant Emission Notices (APENs) to the Colorado Air Pollution 

Control Division for fugitive emissions associated with mining activities, emissions associated with 

mine ventilation, and emissions associated with internal combustion engines (generators). These 

APENs have been issued and Preliminary Construction Permits have been issued for each APEN. Final 

permits will be approved following the self-certification process, to be conducted within 180 days of 

the start of mining activities. Energy Fuels calculated the maximum anticipated emissions from the 

above sources based on conservatively estimated maximum production rates, stockpile volumes, 

cumulative haulage distances, generator emission rates, electrical needs, mine ventilation needs, and 

emission controls to be implemented at the site. Energy Fuels used EPA’s “AP 42, Fifth Edition, 

Compilation of Air Pollutant Emission Factors, Volume 1: Stationary Point and Area Sources” to 

calculate anticipated emissions. The issued permit numbers are 07ME1051F (mining activities), 

07ME1052 (ventilation), and 07ME1053 (generators). As a condition of these permits, Energy Fuels 

will calculate emissions on a monthly basis to ensure that none of the above sources are exceeding the 

permit limits. Mining activities are considered a minor source of fugitive emissions.   
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Potential sources of fugitive emissions associated with mining activities at the Whirlwind project 

include: 

1)  Topsoil Stripping 

2) Topsoil, waste rock, and ore stockpiles. 

3)  Waste rock and ore handling. 

4)  The haulage roads throughout the mine site. 

 

Fugitive emissions will be monitored by observing opacity by EPA Method 9.  In addition, fugitive 

emissions will be calculated on a monthly basis based on actual production rates.  Emission control 

measures proposed by Energy Fuels at each of these areas are described below.  

 

Topsoil Stripping  

 

Topsoil will be stripped incrementally from areas as needed so that the total stripped area is minimized 

at any one time. In addition, topsoil will be moistened prior to stripping, as necessary. 

 

Topsoil, Waste Rock, and Ore Stockpiles 

 

Topsoil stockpiles will be seeded at the earliest appropriate season to establish a good vegetative cover.  

A good vegetative cover will minimize erosion and fugitive dust at the topsoil stockpiles.  Every effort 

will be made to establish vegetative cover within one year of completion of the stockpile. 

 

Waste rock will be moist or wet when brought out of the mine. Subsequently, the waste rock dump will 

be compacted with construction equipment on a regular basis. The slopes on the western portion of the 

waste rock dump will be reclaimed concurrently with mining as the waste rock dump expands to the 

east. 

 

Ore, like waste rock, will be moist or wet when brought out of the mine. Ore will typically be stored 

for short periods of time on the ore pad while it awaits shipment to the mill. During extended periods 

of storage, the ore stockpile will be wetted as needed to maintain an adequate moisture content. 
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Waste Rock and Ore Handling 

 

Waste rock will come out of the mine in a moist or wet condition, minimizing fugitive emissions when 

unloading onto the waste rock dump. 

 

Ore, like waste rock, will come out of the mine in a moist or wet condition.  Ore will be wetted during 

storage and prior to loading onto haul trucks, as necessary, to maintain moisture. 

 

Haulage Roads Throughout the Mine Site 

 

To minimize the amount of particulate emissions generated by haulage of ore and waste rock over dirt 

haul roads, Energy Fuels will treat the haul roads with magnesium chloride or a similar product, per 

the manufacturers’ recommendations. These chemical treatments bind the upper three to four inches of 

soil together creating a hard surface that generates minimal dust. If fugitive dust becomes a problem, a 

water truck may be used to wet down the haul roads and the top of the waste rock dump. This would 

likely occur during the summer when generation of dust is more common due to weather conditions 

(i.e., dry, hot, and windy). 

 

In addition, Energy Fuels will work cooperatively with Mesa County under a surface alteration permit 

to employ dust control measures on County Road 5/10. This most likely would consist of one or two 

applications of magnesium chloride or equivalent product in late spring and mid-summer. The vent 

shafts on top of the mesa to the west of the mine portals will be visited only once per shift or less; 

accordingly, the county and side roads from the mines to the top of the mesa and these vent shafts will 

experience very little traffic. Fugitive particulate emissions are expected to be minimal and similar to 

the current emissions from the light traffic in this area. 

 

Ventilation Emissions 

 

Ventilation emissions were calculated based on the maximum allowable in-mine level of PM-10.  

Based on this level and conservatively estimated maximum emission levels, PM-10 emissions from 
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mine ventilation is minimal. The Whirlwind Mine ventilation emissions are considered a minor source.  

Ventilation emissions will be calculated on a monthly basis based on actual ventilation rates. 

 

Internal Combustion Engine (Generator) Emissions 

 

Emissions of criteria pollutants and hazardous air pollutants from generators are considered a minor 

source. Generator emissions are composed primarily of nitrogen oxides. The generators to be used on-

site will meet strict New Source Performance Standards (NSPS).  These generators incorporate 

modern, best-available control technology to limit emissions.  In addition, Energy Fuels will use very 

low sulfur content diesel fuel, containing less than 15 parts per million of sulfur, in all its generators 

and equipment.  Generator emissions will be calculated on a monthly basis based on actual fuel usage. 

 

Mine Radon Gas Emissions  

 

Energy Fuels will monitor and model the radon emissions from its vent shafts and portals. This 

information is collected and presented annually to the U.S. Environmental Protection Agency. The 

monitoring is performed with radon canisters and air velocity meters while the modeling is completed 

using EPA approved air pollutant concentration models. The maximum radon dose permitted at the 

closest receptor under the National Emission Standards for Hazardous Air Pollutants (NESHAP) is 10 

millirems per year. This maximum dose rate is equivalent to a calculated increased lifetime cancer risk 

of about 2 in 10,000. 
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CULTURAL/ARCHAEOLOGICAL RESOURCES     EXHIBIT 17 

 

A cultural resource survey was conducted by Alpine Archaeological Consultants, Inc. (Alpine) in May 

of 2007 encompassing 144.17 acres – 109.81 acres in Mesa County, Colorado on lands administered 

by the Grand Junction Field Office of the Colorado BLM and 34.36 acres in Grand County, Utah on 

lands administered by the Moab Field Office of the Utah BLM. In Utah, 59.4 acres of the project area 

had previously been surveyed to current standards and were excluded from the current inventory. The 

acreage totals include 11.52 acres of access road survey in Colorado and 9.33 acres of access road 

survey in Utah.  

 

Portions of the current project area had been previously inventoried in 1986 for the Dolores Point 

Fuelwood Sale (High 1986) and in 1997 for the Cotter Corporation Liberty Uranium Leases survey 

(Fuller 1997). The Dolores Point Fuelwood inventory areas were reexamined, whereas the Cotter 

Corporation inventory areas were not, because the Cotter Corporation inventory was conducted to 

current standards. Previously recorded sites from the Cotter Corporation inventory within the current 

project area were revisited and considered relative to proposed actions.  

 

The inventory resulted in the recordation of one new site, re-recordation of nine previously recorded 

sites, and recordation of four new isolated finds (IF’s). The new site – 5ME15765 – in on land 

administered by the Grand Junction Field Office of the Colorado BLM. Three previously recorded 

sites  - 5ME5116, 5ME5117, and 5ME5119 – were originally recorded during the Dolores Point 

Fuelwood Sale inventory; all three are on land administered by the Grand Junction Field Office. Five 

previously recorded sites are on land administered by the Moab Field Office of the Utah BLM. Site 

42GR2095 was originally recorded during the Dolores Point Fuelwood Sale inventory. Sites 

42GR2776, 42GR2777, and 42GR2778 were originally recorded in 1997 for the Cotter Corporation’ 

Liberty Uranium Lease survey (Fuller 1997). Site 42GR3188 was originally recorded in 2002 for the 

State land exchange. Table 17-1 displays the results in tabular form, including recommendations 

regarding eligibility for the National Register of Historic Places (NRHP).  
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Table 17-1 Summary of Alpine’s Recommendations.  

 
 

All sites recommended or determined to be eligible for inclusion on the NRHP will be avoided by 

proposed actions. In order to avoid impacts to these sites, mine ventilation shafts, power supply, and 

associated access roads will be constructed outside of the identified site boundaries. In the unlikely 

event that a significant site cannot be avoided, a treatment plan will be prepared and implemented in 

conjunction with the BLM prior to project impacts. 
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SOCIOECONOMIC RESOURCES     EXHIBIT 18 
 

The Whirlwind Mine will not have a large economic impact on the area because it will only employ 10 

to 12 people initially and a maximum of about 24 at peak production. The miners are expected to live 

in or near the nearby communities of Gateway, Nucla, Naturita, and Grand Junction. The mine 

workforce will consist of several experienced miners with the balance of the crews being made up of 

newly-trained personnel from the local workforce. The average miner’s salary will be between $40,000 

and $50,000 per year. Service providers and vendors in these communities will also benefit from 

providing power, fuel, mine equipment and parts, drilling and facility construction services, and other 

services and products to the mine and mine personnel. Both Mesa County and Montrose County would 

benefit from the increased tax base.  

 

Gateway is the closest community to the mine. It is located approximately 11 miles by road from the 

Whirlwind Project and approximately 30 minutes by automobile. Gateway is a small, unincorporated 

town of about 200 people. A modern resort, Gateway Canyons, was constructed several years ago at 

Gateway. This resort dramatically changed the socioeconomic base of the community and currently 

employs 80 to 90 staff members plus numerous construction workers. Most of the staff and 

construction workers commute to the resort from Grand Junction via vans and busses. Pricing for 

housing and other services has increased significantly in Gateway during the past several years. Trailer 

parks and the few rental homes in the area are fully occupied. The current high land prices in the area 

would make it difficult for a miner to find affordable lodging within the community; however, the 

mine may attract young existing residents interested in pursuing mining as an occupation.  

 

Naturita and Nucla are sister cities of about 700 people each located about 1 hour south of Gateway 

and 1.5 hours from the Whirlwind Project by automobile. Historically, these communities relied 

heavily on uranium mining and milling for employment. When the price of uranium collapsed in the 

early 1980s, the local economy suffered and many miners relocated to other areas or changed 

occupations. Currently, the primary employers in these communities are a surface coal mine and power 

plant. Energy Fuels’ mine office is located in Nucla and the managers, engineers, and geologists that 

will support mining operations are based at this office. Housing and infrastructure at Naturita and 
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Nucla appears to be adequate to accommodate some additional influx of miners and their families to 

support the Whirlwind Project and other mines that may be restarting in the area.    

 

Grand Junction is the largest city on the west slope of Colorado with a population of almost 50,000. 

The Grand Valley area around Grand Junction including Clifton, the Redlands, Palisade, and Fruita has 

a population in excess of 100,000. Grand Junction is located about 1 hour north of Gateway and about 

1.5 hours from the Whirlwind Project. Although the natural resource industries (petroleum, mining, 

and logging) have been a key component of the local economy, commerce and industry has become 

much more diversified in the Grand Valley over the past 20 years. The economy is currently vibrant 

with the recent petroleum upswing. Because of its relatively large population, the socioeconomic 

impacts of the mine on the Grand Junction area are expected to be negligible.      
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BACKGROUND RADIATION   EXHIBIT 19  
 

An increase in background radiation levels is expected near uranium mines and in mineralized zones 

containing uranium ores. Waste rock (or sub-ore grade material) is generated during mining operations 

and, because this material is uneconomical to process for its mineral content, it is either placed on the 

surface in a physically stable location or placed in unused underground areas of the mine when 

feasible. The waste rock contains low levels of radium-226, uranium, and other radioactive elements. 

These radioactive elements continue to decay and emit radiation in the form of gamma rays and alpha / 

beta particles or as a radioactive gas called radon. Placement of this rock on the surface may increase 

the overall radiation level above natural background conditions on the waste dump and in the area near 

the waste dump, although this is not always the case since mines are sited in mineralized zones where 

the natural background radiation is generally higher than non-mineralized zones.  

 

Typically, the radiation level on waste dumps increases above non-mineralized natural background 

levels by approximately one order of magnitude. This increase in the overall radiation level may 

increase the risk level of contracting cancer in humans because radon gas could become more 

concentrated in a closed building and direct gamma radiation exposure would be greater if a person 

were to construct a house or other permanent building on top of the waste dump. A permanent or long 

term exposure to an increased level of radiation has been shown to increase the risk level for certain 

cancers (i.e. lung cancer).  

 

As part of its leasing program, the Department of Energy (DOE) conducted a gamma, or direct, 

radiation exposure analysis of 37 reclaimed uranium mines on the Colorado Plateau in 2001 (DOE 

2001). The geology and mineralization at the DOE study sites are similar to the Whirlwind area in that 

the mining occurred in the Salt Wash unit of the Morrison Formation and similar types of waste rock 

would have been generated. The DOE found that the gamma exposure rates at these sites ranged from 

15 to 300 microroentgens per hour (µR/hr) with an average rate of 54 µR/hr. Natural background 

levels in adjacent non-mineralized areas ranged from 5 to 17 µR/hr, with an average of 10 µR/hr. The 

DOE determined that the level of exposure represented by the highest recorded exposure rate of 300 

µR/hr would not significantly impact public health. Their evaluation concluded that: 
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“Public exposure to residual ore materials at abandoned uranium mine sites is not currently regulated. 

However, the Nuclear Regulatory Commission has established an exposure standard (100 milli-rem 

per year) for members of the general public that receive an exposure from regulated sites. For a 

member of the public to be exposed to levels above this standard at any of the aforementioned mine 

sites, the individual would have to remain at the site of greatest potential exposure (the 300 µR/hr 

location on Lease Tract C-G-26A) for an extended period of time (24 hours a day for approximately 14 

days). This scenario is unlikely, given the remoteness of the property and BLM’s 14-day restriction on 

recreational camping.” 

 

The EPA has also previously evaluated exposures from radon emissions for individuals located near 

underground uranium mines (EPA 1989). They found that radon concentrations for nearby individuals 

(within 0.33 to 33 miles) ranged from 2.0 x 10-6 to 0.0031 working levels. Assuming that an individual 

was continuously exposed, this is equivalent to a probability of a latent cancer fatality of 5.5 x 10-8 to 

8.5 x 10-5, or about 5 chances in 100 million to 8 chances in 100,000 (DOE 2006). Over 10 years, the 

probability of a latent cancer fatality would range from 5.5 x 10-7 to 8.5 x 10-4, or about 5 chances in 10 

million to 8 chances in 10,000. For perspective, an individual has a lifetime probability of dying from 

cancer from all sources of about 220,000 in 1 million, or a risk of lung cancer of 60,000 in 1 million 

(DOE 2006). 

 

In the case of the Whirlwind Mine, and most other uranium mines in the area, the site is located in a 

relatively remote area on public land. The closest private land to the waste rock embankment is located 

about 1,800 feet or 1/3rd of a mile to the northwest. This is the closest exposure point at which a house 

could be constructed in the future. Since construction of residential or commercial buildings is not 

allowed on public land managed by the BLM, public exposure after the site is reclaimed will likely be 

limited to occasional recreational uses such as camping, hiking and hunting. 

 

Radiation exposure rates at the Whirlwind Mine site after reclamation are expected to be lower than 

the average levels documented by the DOE for the following two reasons. 

 

1. The older mines studied by the DOE typically had a higher cut-off grade and placed more “proto-

ore” (i.e. lower grade material) in their waste dumps compared to current operations. This proto-ore 
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raised the radioactivity levels of the waste dumps; in fact, the DOE mentioned that the 300 µR/hr site 

contained “small, residual pieces of ore-grade materials”. 

 

2. Plans call for reclaiming the regraded Whirlwind waste embankment with an average of 14 inches of 

clay loam topsoil. The relatively thick clay-rich cover is expected to attenuate radiation better than the 

coarser-grained topsoil used at many sites.   

 

Site-specific modeling conducted by Golder Associates of the waste rock and proposed soil cover 

support this conclusion. This evaluation, which is included as Appendix M, determined that the 

exposure level at the reclaimed waste rock pile would be only 10 mrem/yr for a person camping 

directly on top of the pile for 365 days in that year.  In summary, the radiation levels of the reclaimed 

waste embankment are not expected to present a significant health risk to the general public or 

potential future residents in the private-land areas located nearby.  
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GEOTECHNICAL STABILITY     EXHIBIT 20 
 

The design of the waste embankment is evaluated in this Exhibit for its slope stability. Based on the 

apparent stability of the existing reclaimed and older, unreclaimed waste rock pile slopes in the area, a 

detailed slope stability analysis was not performed. Many of these older mines have slopes as steep as 

1.4H:1V compared to the 3H:1V proposed minimum slope of the Whirlwind waste rock embankment. 

The spring and seep survey of the site conducted by Greg Lewicki, P.E. on May 3, 2007 revealed no 

springs or seeps in the vicinity of the proposed waste rock embankment. Therefore, there is no water 

that could enter the waste from below and potentially compromise the stability of the embankment.  

 

The stability of the proposed slopes can be verified using observed material properties and the factor of 

safety calculation for cohesionless soils without seepage. When including the benches, as shown on 

Map C-3, the overall slope of the reclaimed Whirlwind waste embankment is 16.8 degrees. The 

material is primarily blasted sandstone that will have an internal angle of friction alone of over 34 

degrees. This is based on standard data for material of this type. The material will likely have a small 

amount of cohesion, which will add to the strength, but it is ignored in calculating the factor of safety 

shown below. 

The Safety factor = tangent of internal angle of friction / tangent of the actual angle of material. 

Safety factor = tan 34 deg / tan 16.8 deg = .6745/.3019 = 2.23 

The calculated safety factor of 2.23 is well above the 1. 3 to 1.5 safety factor traditionally 
recommended for permanent slopes.  

 
 




