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Interoffice Memo 
 

TO:   FRANK FILAS    

FROM:  DICK WHITE, CERTIFIED PROFESSIONAL GEOLOGIST #8792   

DATE:  JANUARY 8, 2008  

SUBJECT: GEOLOGICAL INTERPRETATION OF BEAVER MESA WATER-
BEARING ZONES BASED ON EXPLORATION DRILLING RESULTS 

___________________________________________________________________________ 

 
 
 
In their review of the Whirlwind permit application, the Bureau of Land Management (BLM) and the 
Division of Reclamation, Mining and Safety (DRMS) asked if our exploration drilling activities could 
provide additional geologic and ground water information for the Whirlwind Mine area. Based on the 
2007 drilling on Beaver Mesa and similar mesas throughout the Colorado Plateau where I have managed 
exploration drilling programs for 30 years, I believe that the characterization of the water-bearing 
sandstone lenses located above the ore zone in the permit applications is generally accurate. The results of 
the packer tests conducted by Umetco in Boring BM00-1 (see Appendix C of the applications) are 
especially relevant because they provide quantifiable data for each of the sandstone lenses encountered 
near the proposed mine development.  
 
The ground water discussion in the permit applications does not, however, completely characterize the 
shape and continuity of these water-bearing zones. The sandstone lenses within the Brushy Basin unit of 
the Morrison Formation were formed by ancient stream and river channels flowing across a slowly 
subsiding plain. These channels were limited in width, varied in depth, and meandered within the 
surrounding landscape. As with streams today, coarser-grained sands were deposited within the areas of 
the channels while finer-grained materials were deposited within the much larger floodplain areas. This 
resulted in the creation of isolated sandstone lenses within the massive mudstone deposits of the Brushy 
Basin. These lenses are irregular in shape and size and seldom continuous over a large area because the 
stream locations usually shifted over time. In contrast, the basal sandstones and conglomerates of the 
Burro Canyon Formation coalesce into a more continuous unit with fewer and smaller interbedded shales.  
 
When the formations are relatively flat, as is the case on Beaver Mesa, the Brushy Basin sandstone lenses 
do not typically contain much ground water. Ground water, if encountered, is typically found along the 
base of the sandstone lenses and is unconfined (under no pressure). In these cases, ground water recharge 
is almost non-existent due to the overlying mudstones and shales that prevent ground water from 
percolating downward. Since the Burro Canyon forms the majority of the mesa cap, it receives more 
recharge than the underlying Brushy Basin. However, runoff and evapo-transpiration preclude significant 
quantities of water from entering the formation in this semi-arid environment. Recharge may be more 
extensive where perennial streams flow over extensive outcropping of the sandstone zones. In those 
locations where the formations dip steeply, confined ground water (i.e., under pressure) may be 
encountered at depth.  Neither of these conditions exist on Beaver Mesa. 
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Energy Fuels does not have access to the historic drill logs for the mines located in Lumsden Canyon, so 
it is not possible to prepare a detailed geologic cross section of the mining area. Our exploration activities 
in 2007 do, however, support the interpretation of geology and ground water that was developed by 
Umetco, which previously operated many of the uranium mines on Beaver Mesa. Based on drilling 
completed in 2007 and inspection of the Whirlwind decline, two schematic cross sections of the local 
lithology were developed. Figure 1 shows the location of the two cross sections. Figure 2 presents a 
northwest to southeast cross section (A-A’) from four exploration drill holes to the lower level of the 
Whirlwind decline while Figure 3 shows a northeast to southwest cross section through the center of the 
decline. Known contacts are shown with a solid line while inferred contacts are shown with a dashed line.   
 
Review of Figure 2 shows that the lower Burro Canyon aquifer and the middle and lower Brushy Basin 
water-bearing zones described in the permit applications and U.S. Environmental Service Report on 
Boring BM00-1 (see Appendix C of the permit applications) are present in the new exploration holes. This 
is not surprising, as these holes were all drilled within 850 feet of Monitoring Well BM00-1 where Umetco 
conducted their pumping tests in the fall of 2000. The Umetco boring also delineated an upper Brushy 
Basin water-bearing zone that was distinct from the basal sandstone of the Burro Canyon. In the case of 
the exploration holes, however, the mudstone/shale partings between the sandstone lenses in this zone 
were not large enough to justify delineation of an upper Brushy Basin water-bearing zone distinct from 
the Burro Canyon aquifer.  
 
The variability of the sandstone lenses is apparent on Figure 2 as the thickness and mudstone/shale 
partings vary noticeably from hole to hole. As shown on the lower right-hand side of Figure 2, the lower 
sandstone lens of the Brushy Basin is very thin with numerous shale/mudstone partings where it 
intersects the Whirlwind decline. It does not appear that this lens, which is making water, continues much 
further to the southeast. Without more information between the holes and the decline, it is also entirely 
possible that the sandstone in the decline is not connected to the sandstone encountered in the drill holes. 
The water flowing into the decline is responsible for the water pool that existed in the lowest portion of 
the decline and the approximately 700 feet of mine drift over a period of about 20 years.  It is interesting 
to note that ground water could not be produced from the upper Salt Wash sandstone in Umetco’s Boring 
BM00-1, even though it was only 200 feet from the flooded mine workings.  
 
Figure 3 presents a cross-section through the decline. The decline starts at the surface immediately below 
where the middle sand lens of the Brushy Basin would outcrop if it were present. Some sandstone 
outcrops do exist in this area; however, there are no seeps along these outcrops that would indicate a 
source of ground water. As shown, water flows into the decline near its base at an approximate rate of 1.5 
gpm. This ground water appears to originate from the lowest sand lens in the Brushy Basin, which as 
discussed above, is very thin with multiple shale/mudstone partings where it intersects the decline. 
Another very thin sandstone lens (< 5 feet thick) was identified further up in the decline; however, this 
sand lens does not produce measurable water.  There is, however, a damp spot on the rib and sill for 30 to 
40 feet. 
 
Plugging information and drilling logs are attached for the 14 exploration holes drilled in Colorado and 
the 14 exploration holes drilled in Utah in 2007. The logs indicate that the Burro Canyon and two Brushy 
Basin sandstone lenses are present at most locations. However, in some locations, the upper of the two 
lenses is very thin or absent altogether.  
 
Exploration drilling also indicated that the sandstone lenses produce relatively little water. When geologic 
formations are dry, they typically can be drilled without adding water. When a small amount of water is 
produced, it is usually necessary to add additional water to carry the wetted cuttings out of the hole. When 
a lot of water is produced or when the formations are unstable, bentonite is added to the injected water. 
In the 28 holes drilled on the Whirlwind property, 5 of the 28 holes were drilled without injecting water. 
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Water was injected in the remaining holes starting at various depths ranging from 120 to 660 feet below 
ground surface. The holes to the west in Utah were generally dryer and required less injection of water 
starting at greater depths. Addition of bentonite was not required in any of the holes. 
 
Because of the need to inject water, it was not possible to determine ground water inflow rates except for 
Hole WW-07-9. This hole was drilled dry to its total depth of 660 feet. When it was probed two hours 
later, it had 56 feet of standing water. The hole had a diameter of 6 inches, which equated to a cumulative 
inflow rater of 0.7gallons per minute over 660 feet of drill hole and 4 potential water-bearing zones. Based 
on the 5 dry holes and the other drill holes where water was only injected near the bottom of the hole to 
clean the holes out, it did not appear that the upper Salt Wash formation (ore zone) was producing water.    
 
The water that flows from the hole during drilling is almost entirely injected water, so it is impossible to 
sample and analyze ground water from discrete water bearing intervals during exploration drilling. 
However, the location of perched water tables can be estimated based on cuttings, electric logs of the 
hole, and the depth at which the driller has to start injecting water. The attached well logs indicate where 
the driller started injecting water and the water level in the hole when it was later probed. These standing 
water levels should not be interpreted as static water levels because the ground water may not have fully 
equilibrated when the probing was performed.     
 
The drill logs for the four holes used to develop cross section A-A’ in Figure 2 provide the following 
information: 
 
Hole WW-07-12: Driller started injecting water at 420 feet; water level when probed = 394 feet; Brushy 
Basin sandstone (Jmb ss) interval was 395-435 feet. 
 
Hole WW-07-13: Driller started injecting water at 400 feet; water level when probed = 385 feet; Brushy 
Basin sandstone (Jmb ss) interval was 380 to 418 feet. 
 
Hole WW-07-11: Driller started injecting water at 150 feet (base of Burro Canyon); water level when 
probed = 618 feet; Brushy Basin sandstone (Jmb ss) interval was 383 to 421 feet. 
 
Hole WW-07-10: Driller started injecting water at 400 feet; water level when probed = 397 feet; Brushy 
Basin sandstone (Jmb ss) interval was at 388 to 416 feet.  
 
In the case of Holes 10, 12, and 13, the top 12 to 25 feet of the Brushy Basin sandstone interval was not 
wet enough to require water injection for drill cutting removal. The same is true in the decline where the 
two thin stringers above the water producing zone are both dry. The water levels when probed were never 
found to be above the sandstone interval. If the ground water were confined, it would rise up the hole to a 
point above the top of the sandstone interval.     
 
Conclusion 
 
The drilling information indicates that the ground water encountered in the Brushy Basin is unconfined, 
perched, and limited in extent. Based on the information presented above, I believe the lower Brushy 
Basin water-bearing zone encountered in the decline is lenticular and probably does not extend over a 
wide area. I do not believe that the ground water could ever rise significantly above its entrance point in 
the decline. For this reason, I believe that a design head for the seal need not be more than 15 vertical feet 
above the water entrance point into the decline.   
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