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4.1 PRODUCTION

Uranium is present in the earth's crust at approximately 3 ppm (2 pCi/g) (du Preez 1989).  Although there

are more than 100 uranium ores, carnotite, pitchblende, coffinite, uraninite, tobernite, autunite,

tyuyamunite, and a few others are the main ores of commercial interest.  The main ores are described in

Table 4-1.  The most economically attractive uranium ores have uranium concentrations in excess of

1,000 ppm (700 pCi/g) (Stokinger 1981; Weigel 1983).  In the United States, the major ore deposits are

located in Colorado, Utah, Arizona, New Mexico, Wyoming, Nebraska, and Texas (EPA 1985a).  The steps

necessary to produce uranium for its various uses include mining, milling, conversion to uranium

hexafluoride (UF6), enrichment, reduction to metal or oxidation to uranium oxide, and fabrication into the

desired shape.  The steps for preparing commercial reactor grade, submarine reactor grade, or weapons-

grade uranium are the same, except the last two require a more aggressive enrichment process.  Depleted

uranium metal is produced by reducing the depleted uranium hexafluoride byproduct.   Conventional

fabrication methods are used to configure the uranium for specific uses, such as rectangular solid blocks for

helicopter rotor counterbalances and parabolic or cylindrical solids for military depleted uranium

projectiles.  

Mining.    Open-pit mining, in situ leaching, and underground mining are three techniques that have been

used for mining uranium-containing ores (EPA 1985a).  Uranium is found in all soil and rock, but the

higher concentrations found in phosphate rock, lignite, and monazite sands are sufficient in some areas for

commercial extraction (Lide 1994).  The two most commonly used mining methods are open-pit and

underground mining.  The choice of method is influenced by factors such as the size, shape, grade, depth,

and thickness of the ore deposits (Grey 1993).  In situ leaching involves leaching (or dissolving) uranium

from the host rock with liquids without removing the rock from the ground and can only be carried out on

unconsolidated sandstone uranium deposits located below the water table in a confined aquifer.  A leaching

solution is introduced into or below the deposit and pumped to the surface, where the uranium-pregnant

liquor is processed in a conventional mill to precipitate the uranium as yellowcake (U3O8 and other oxides)

(DOE 1995b; Grey 1993).
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Milling.    Ore mined in an open-pit or underground mine is crushed and leached in a uranium mill.  The

initial step in conventional milling involves crushing, grinding, and wet and/or dry classification of the

crude ore to produce uniformly sized particles that are similar in size to beach sand.  A slurry generated in

the grinding circuit is transferred to a series of tanks for leaching by either an alkaline or acid process. 

Generally, leaching is a simple process whereby uranyl ions are extracted by a solvent.  Uranyl ions are

stripped from the extraction solvent and precipitated as yellowcake, predominantly U3O8 (EPA 1995d). 

Yellowcake is pressed, dried, banded, and shipped for refinement and enrichment.  Some of the process

streams can also be used to extract other oxides, such as vanadium pentoxide.  The byproduct of this

process is the leftover sand, known as tailings.  Thus, tailings are the original sand minus much of the

uranium plus residual process chemicals and tailings are less radioactive than the original ore.  (Uranium

metal production in a conversion facility is done post-enrichment.)  Generalized flow charts for the alkaline

and acid leaching processes for ore concentration and uranium production are shown in Figure 4-1.

Enrichment.    Next, the U3O8 is chemically converted to UF6.  The enrichment process increases, or

enriches, the percentage of the fissionable 235U isotope, as well as 234U.  In the United States, the process

used for enrichment is gaseous diffusion.  The mechanism for enrichment is based on the fact that a UF6

molecule containing 235U or 234U is lighter and smaller, and has, therefore, a slightly higher thermal velocity

than a UF6 molecule containing 238U.  As the UF6 passes through the series of diffusion stages, the 234UF6

and 235UF6 molecules gradually become more concentrated downstream and less concentrated upstream,

while the 238UF6 concentrates conversely.  The lead portion of the stream is collected and recycled to reach

the desired enrichment. The tail portion containing a reduced 235UF6 content called depleted UF6 can be

stored in the vicinity of the gaseous diffusion plant sites (DOE 1994b).  There are an estimated

560,000 metric tons of depleted uranium currently in storage as UF6.  A second enrichment technology, gas

centrifuge separation, has been used in Europe.  A third technology, laser separation, is currently under

development (DOE 1995b).  A fourth technology, thermal separation, is inefficient and no longer used.

Fuel fabrication.    The enriched UF6 is either reduced to metallic uranium and machined to the

appropriate shape, or oxidized to uranium dioxide and formed into pellets of ceramic uranium dioxide

(UO2).  The pellets are then stacked and sealed inside metal tubes that are mounted into special fuel

assemblies ready for use in a nuclear reactor (DOE 1995b; Uranium Institute 1996).
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Product fabrication.    Uranium metal has commercial and industrial uses due to its great density and

strength.  It is alloyed with a range of metals to meet other commercial and industrial needs.  As with steel,

uranium can be formed and fashioned by drop forging, dye casting, and machining and is often painted to

minimize oxidation.  Some well known uses for these products are gyroscopic wheels in guidance systems,

helicopter rotor blade counterbalances, weights in airplane control surfaces, and radiation shields for high

radioactivity sources (e.g. industrial radiography). 

Production.    Uranium production from 1975 to 1996 is shown in Table 4-2.  Peak production of

uranium occurred in 1980 at 21,852 short tons (1.98x107 kg) and decreased until 1993.  This was the same

period when the planning and construction of new nuclear power plants ceased in the United States. 

Production of U3O8 had decreased to 4,443 short tons (4.03x106 kg) in 1990 and to 1,534 short tons

(1.39x106 kg) in 1993, a 65%  reduction (ABMS 1994; EPA 1985a).  In 1996, U.S. uranium production was

3,160 (2.87x106 kg)  short tons, an increase of 5% from the 1995 level and the highest level since 1991

(DOE 1996a).  Underground and open-pit mining have been the two most commonly used methods of

mining uranium ores.  However, by 1994, uranium was produced primarily by in situ leaching methods.  A

summary of U.S. mine production from 1985 through 1996 (see Table 4-3) illustrates the shift from under-

ground and open-pit mining to in situ leaching.

Leached uranium concentrate was produced in 1996 in Wyoming, Louisiana, Nebraska, New Mexico, and

Texas.  At the end of 1996, two phosphate by-product plants and five in situ leaching plants were in

operation.  In addition, seven phosphate by-product and in situ leaching plants were inactive, and seven

conventional uranium mills were being maintained in stand-by mode (DOE 1996b).

4.2 IMPORT/EXPORT

The importation of uranium increased significantly in the 1980s (EPA 1985a).  In 1983,  3,960 short tons of

U3O8 equivalent were imported into the United States (USDOC 1984), which was about 37% of the

domestic production.  In 1987, the amount of U3O8 equivalent imported into the United States was

5,630 short tons (USDOC 1988).  The amounts of uranium and uranium compounds imported into the

United States during the period 1989–1997 are presented in Table 4-4 (USDOC 1995, 1997).  The

importation of uranium and uranium compounds peaked in 1990 at about 23 million kg (about 1 million

tons) and has remained approximately the same, with some fluctuation, since that time. 
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The amount of uranium and uranium compounds exported from the United States during 1989–1993 is

shown in Table 4-5.  The total volume of uranium and uranium compounds exported during 1989–1993 was

two orders of magnitude lower than the quantities imported during this same time period.  Exports in 1996

were 5.2 million kg.  Most of the foreign sales (Canada, France, Germany, Japan, South Korea, United

Kingdom) occurred after the uranium entered the U.S. market as imports (DOE 1999b).

4.3 USE

Uranium has been produced for use in the commercial nuclear power industry as low-enriched metal or

ceramic UO2 fuel pellets; smaller quantities of high-enriched fuel are produced for U.S. Navy ships and for

weapons manufacture (EPA 1985b; Stokinger 1981).  Uranium fuel lasts months to years before refueling is

needed, and then only a small fraction of the uranium has actually been fissioned, making fuel reprocessing

an option used in other countries.  One pound of completely fissioned uranium produces the same amount

of energy as 1,500 tons of coal (Lide 1994).  Depleted uranium is used in the manufacture of armor-piercing

ammunition for the military, in inertial guidance devices and gyro compasses, as counterbalances for

helicopter rotors, as counterweights for aircraft control surfaces, as radiation shielding material, and as x ray

targets (EPA 1985b; USDI 1980).  Uranium dioxide is used to extend the lives of filaments in large

incandescent lamps used in photography and motion picture projectors.  Uranium compounds are used in

photography for toning, in the leather and wood industries for stains and dyes, and in the silk and wood

industries as mordants.  Ammonium diuranate is used to produce colored glazes in ceramics.  Uranium

carbide is a good catalyst for the production of synthetic ammonia (Hawley 1981).  Additionally, uranium

was used in dental porcelains for many years, but this practice has been discontinued (Thompson 1976). 

According to the USDI (1980), the major uses of depleted uranium in 1978 were military ammunition,

71.8%; counterweights, 11.4%; radiation shielding, 13.6%; and chemical catalysts, 3.2% although this ratio

may shift to support war efforts.

4.4 DISPOSAL

Radioactive waste containing uranium is usually grouped into three categories:  uranium mill tailings, low-

level waste, and, in the case of spent reactor fuel, high-level waste.  
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Uranium mill tailings are the residual sand and trace chemicals from the processing of uranium ore.  About

150 tons of enriched uranium are required per year to fuel a 1,000-megawatt electric nuclear power reactor,

and about 500 times that amount of ore is required to obtain the uranium.  The total accumulation of

uranium mill tailings in the United States is approximately 140 million tons (Murray 1994).  Tailings from

mines and mills that process other metals should also be expected to contain elevated concentrations of

uranium and its progeny, although this may not be readily recognized. 

Disposal methods for processed uranium tailings have been discussed by Bearman (1979).  In the late

1940s, mainly unconfined disposal systems were used.  Untreated solid wastes were stored as open piles

and, in some cases, were spread in urban areas where they were used as fill and as the sand in concrete used

to build roads, walks, drives, and concrete block, and in brick mortar.  As a result of the Animas River

Survey in the United States, tailing control programs were instituted in 1959 to prevent airborne and

waterborne dispersal of the wastes.  Confined disposal methods were devised to reduce the exposure and

dispersion of wastes and to reduce seepage of toxic materials into groundwater to the maximum extent

reasonably achievable.  Under the Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978, the

U.S. Department of Energy (DOE) designated 24 inactive tailings piles for cleanup.  These 24 sites

contained a total of about 28 million tons of tailings and covered a total of approximately 1,000 acres (EPA

1985b).  Cleanup has been completed at some sites.

In 1977, the EPA issued Environmental Radiation Protection Standards to limit the total individual

radiation dose due to emissions from uranium fuel cycle facilities, including licensed uranium mills. This

standard specified that the "annual dose equivalent does not exceed 25 millirems (0.25 mSv) to the whole

body, 75 millirems (0.75 mSv) to the thyroid, and 25 millirems (0.25 mSv) to any other organ of any

member of the public as the result of exposures of planned discharges of radioactive materials...to the

general environment" (40 CFR 190).  The EPA also established environmental standards for cleanup of

open lands and buildings contaminated with residual radioactivity from inactive uranium processing sites

(40 CFR 192).

Low-level radioactive waste (LLRW), which may contain uranium, is disposed of at DOE facilities and at

commercial disposal facilities.  Since 1963, six commercial LLRW facilities have operated, but only two

were in operation in 1995.  A 1992 report listed the total volume of LLRW buried at all 6 sites to be

approximately 50 million cubic feet (Murray 1994).  Only a small fraction of the LLRW contains uranium.  



URANIUM 256

4.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL

The method of disposal for commercial and DOE LLRW has been shallow land burial, in which the waste

is disposed of in large trenches and covered.  This method of disposal relies upon natural features to isolate

the waste.  Although U.S. Nuclear Regulatory Commission (USNRC) regulations for LLRW disposal

(10 CFR 61) permit shallow land burial, many states have enacted more stringent regulations that require

artificial containment of the waste in addition to natural containment (Murray 1994).    The EPA has

proposed regulations for LLRW disposal that would apply to DOE facilities (EPA 1998b).

High-level radioactive waste (HLRW) includes spent fuel, which is the uranium fuel rods that have been

used in a nuclear reactor.  When the fuel rods are removed from the reactor for refueling, they still contain

most of the original unfissioned uranium.  However, the hazard from the large activity of fission products

and plutonium that have been produced in the fuel rods overshadows that of uranium.  Approximately

30,000 metric tons of spent fuel have been removed from U.S. power reactors through 1994 (Murray 1994). 

There is currently no permanent disposal facility for HLRW in the United States; these wastes are being

stored at commercial nuclear power plants and DOE facilities where they were produced.  The NRC has

issued standards for the disposal of HLRW (10 CFR 60), and the DOE is pursuing the establishment of an

HLRW facility.  Efforts to establish an HLRW facility, which began over two decades ago, have

experienced many delays.  A facility for the permanent disposal of HLRW is not projected to be in

operation before 2010 (Murray 1994).




