
N
o other element on the periodic 
table elicits quite as strong a 
reaction as atomic number 92, 

uranium. It is the heaviest of all naturally 
occurring elements and is ubiquitous in 
nature. Uranium has been mined in the 
United States since the latter 19th century. 
Early on, it was used to color glass and 
ceramic glazes, and to obtain radium, a 
common byproduct of uranium processing, 
which was needed in the field of medicine. 
Development of the atomic bomb by the 
United States during World War II and 
growing energy demands following the 
war led to greatly increased production 
and use of uranium. In the late 1950s and 
early 1960s, uranium was in demand for 
use in nuclear weapons (Shawe and others, 
1991). Uranium production in the United 
States again peaked in the 1970s, due to the 

increased development of nuclear power, 
then declined sharply after 1980 because 
of environmental concerns, health concerns 
for uranium miners, and the availability 
of cheaper foreign energy sources.

Currently we find ourselves in another 
uranium boom cycle driven by demand 
for nuclear power across Asia, Europe, 
and Africa, as well as North and South 
America. Uranium development is 
gathering momentum through the expansion 
of global distribution of reactor units (439 
operating, 36 under construction, 93 in 
planning, and 218 proposed). The western 
United States used to be the world’s 
leader in production of uranium. Now 
95 percent of our uranium is imported 
from Canada, Australia, Kazakhstan, 
Namibia, Uzbekistan, and Russia.

The U.S. Bottleneck
Western U.S. uranium development is at 
a bottleneck that is continuing to tighten 
due to infrastructural impediments and 
conflicting opinions about its legacy versus 
current safety standards. But technology 
and the protection of both worker health 
and the environment in the U.S. uranium 
extraction industry have improved in the 
past decade. The United States will likely 
see an imminent increase in small-scale 
conventional (open-pit and underground) 
mining and processing in the Colorado 
Plateau, and the continued use of in-situ 
recovery (ISR, see pages 28 and 30) in the 
Rocky Mountain and Texas coastal plain 
regions. Both methods are now highly 
regulated and monitored by multiple state 
and federal agencies.

Current U.S. uranium production in the 
Colorado Plateau comes from conventional 
mining, but is limited by only one operating 
uranium mill in Utah. Additional mills are 

How Bad Is It?

Uranium can be both chemically 

and radioactively toxic. Chemically, 

large amounts of uranium can cause 

kidney damage in humans. Long-

term exposure to radiation from 

uranium’s decay products, especially 

radium and radon, can cause cancer 

(uranium itself is not known to cause 

cancer). Uranium and its decay 

products enter humans and other 

mammals primarily by inhalation 

(such as radon gas or uranium dust 

in building materials) and ingestion 

(such as in drinking water).
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It’s a Southwest necessity.
Together we can attain it. 

• Groundwater resource evaluation and basin inventory analysis
• Modeling of groundwater and surface water flow systems
• Wellhead and aquifer source protection
• Assured water supply planning and development
• Litigation support for water rights and resource damage
• Water quality evaluation and treatment (including arsenic)

For more information, contact Brad Cross at 480.905.9311 
or via e-mail at brad.cross@lfr.com.

LFR Inc. is an environmental management & consulting engineering firm with 29 offices nationwide. For more 
information, call 800.320.1028 or visit us at www.lfr.com.
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planned, but permitting times are lengthy. ISR production currently 
occurs in Wyoming, Nebraska, and Texas; other mines are in the 
permitting stage in these states as well as Colorado and South Dakota. 

Production in New Mexico, where tremendous uranium resources exist, 
is hampered by the lack of an operating mill and concerns related to 
groundwater protection, conflicting cultural beliefs, and perceived mine 
impacts. Even with expanded domestic uranium mining, the United 
States will continue to have a significant need to purchase uranium in 
the global market to fulfill current and projected energy requirements. 

Then Versus Now
Why, as hydrologists and water managers, do we care about uranium 
mining? Because no matter how we may feel about nuclear energy 
or other uses of uranium, the worldwide demand for it is high and 
uranium mining is going to increase in the Southwest, presenting 
numerous hydrologic, water chemistry, and policy issues that are 
important to consider:
• How have regulations for protecting groundwater and remediating 

mined-out sites changed since the mining boom of the 1970s, when 
water quality standards for uranium were lacking? How do those 
differences impact water quality, the development of new mines, and 
the cleanup of old mines?

• What has happened to the old mining and milling operations that 
contaminated groundwater? 

• How does in-situ mining and uranium recovery actually work from 
the standpoint of water chemistry, well mechanics, and aquifer 
properties? In-situ mining is becoming more prevalent because of 
the types of deposits that are being mined and because it does not 
generate the large amounts of tailings that conventional practices 
do. A saturated, confined aquifer with certain ranges of hydrologic 
properties is essential to making in-situ work, but how is containment 
of the uranium-bearing fluids ensured?  

• How are background water quality levels determined? For old mines 
now being reclaimed, this is a particular challenge: background 
uranium data were not collected prior to the start of mining because 
uranium standards did not exist then. Mineralized areas generally 
have poor water quality before mining even begins, yet some 
argue that existing regulations may allow the “contaminated” 
zone to extend even further once the mines are developed. 

These issues are addressed by the following articles, along with 
background about how uranium deposits are formed and extracted.

Reference
Shawe, D.R., J.T. Nash, and W.L. Chenoweth, 1991. Uranium and vanadium deposits, 

in The Geology of North America, Vol. P-2, Economic Geology, U.S., Geologic 
Society of America, pp 103-123. 

No matter how we may feel about 
nuclear energy or other uses of 
uranium, the worldwide demand 
for it is high and uranium mining is 
going to increase in the Southwest.

World production 

• Total production: 45,500 tons uranium

• 60% of production (27,258 tons) was from three 

countries:

 Canada (23%)

 Australia (21%)

 Kazakhstan (16%)

• 4% was from the United States (1,800 tons)

Production method

• Conventional underground and open pit: 61%

• In-situ leach: 29% 

• By-product: 10%

Top known recoverable sources of uranium (tons 

uranium, percent of world reserves)

• Australia (1.3 million, 23%) 

• Kazakhstan (901,000, 15%)

• Russia (602,000, 10%)

• South Africa (480,000, 8%)

• Canada (466,000, 8%)

• United States (377,000, 6%)

• The world’s known uranium resources increased 15% 

from 2005 due to increased mineral exploration.

• Seven companies marketed 85% of the world’s 

uranium mine production.

In the United States 

• Six underground and five in-situ leach mines operated, 

along with just one uranium mill (in White Mesa, Utah)

• 4,000 mines have a history of uranium production

• 104 nuclear reactors provided 19% of U.S. electricity

• Amount of uranium used for nuclear weapons: not 

published

References
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Production and Demand. http://213.253.134.43/oecd/pdfs/browseit/
660831E.pdf.

U.S. Energy Information Administration (accessed August 2008): www.eia.doe.gov

2007 Uranium
Production Statistics

Western Uranium
Development: The Next Boom?

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

1945 1954 1964 1974 1984 1994 2004
year

pr
od
uc
tio
n
(m
et
ric
to
ns
)

$0

$10

$20

$30

$40

$50

$60

$70

$80

$90

$100

pr
ic
e
($
/p
ou
nd

U
3O
8)

worldwide U.S. price

Worldwide and U.S. Uranium Production Compared to Price
(source: OECD 2006 and 2008) 

November/December 2008 • Southwest Hydrology • 19



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ([Based on '[Smallest File Size]'] Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




