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Geology and uranium in the Grand Canyon region: In 1990, the U.S. Geological Survey
estimated that a mean undiscovered uranium endowment of 1.3 million tons (2.6 billion pounds)
U308 is present in breccia pipe deposits in northern Arizona. This estimate is almost 3 times the
U.S. uranium reserves estimate of 445 thousand tons (890 million pounds) U308 for developed
deposits elsewhere in the United States.

Uranium mobilizes in aerobic (with oxygen) environments and is precipitated in anoxic
(without oxygen) environments. Uranium is also mobilized and dispersed by wind as dust and
airborne particles. This results in a wide range of geologic environments where uranium can
accumulate or be mobilized and dispersed. One of these environments unique to the Grand
Canyon region are breccia pipes, non-volcanic collapse features that originate in caves forming
in the Redwall and Muav Limestones. Over time the roofs of the caves collapse and continue to
stoop upward to the surface. Not all breccia pipes reach the surface, but where they do, they are
commonly associated with circular collapse features of a few hundred feet up to a half a mile.
Since the Grand Canyon region is layered with limestone sedimentary rocks karst topography is
also quite common. As a result, many collapse features are sinkholes and solution collapse not
associated with breccia pipes. Not all breccia pipes are mineralized with uranium. Those that are
formed under anoxic (without oxygen) conditions as groundwater rich in dissolved uranium and
other dissolved minerals from areas that contained dispersed or concentrated uranium ores and
migrated up, down, or through the breccia pipes.

Uranium has been naturally eroding from breccia pipes in the Grand Canyon region for 200 to
300 million years. Mining in the Grand Canyon region for copper and silver since the late 1800’s
and for uranium since about the 1950°s has exposed more of the breccia pipe ore deposits to air
and oxygenated water that can increase the local dispersal of uranium to the environment.



The natural background radiation at the surface in the Grand Canyon region is about 5 to
10 microrems, about the same as one cross country, round trip airline trip (5 microrems) or one
chest x-ray (10 micro rems). The historical average concentration of dissolved uranium in the
Colorado River (since the 1970’s) is from 3 to 5 micrograms per liters (ppb), compared to the
EPA limit for safe drinking water of 30 micrograms per liter.

These references describe the current best understanding of the regional geology of the
Grand Canyon and the development, natural erosion, and mining of breccia pipe ore deposits in
the region.
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action would be recontoured, revegetated as required, and released for unrestricted use.

U.S. Department of Energy, 1985, Environmental Assessment of Remedial Action at the Tuba
City Uranium Mill Tailings Site Tuba City, Arizona: Albuquerque, NM, U.S. Department
of Energy, December 1985.

The proposed remedial action for the Tuba City tailings is stabilization in place. All of

the tailings and other contaminated materials would be consolidated with the existing tailings
pile, and the resulting pile would be recontoured to have 20 percent side slopes (five horizontals

15



to one vertical) and a gently sloping top. The pile would then be covered with 1.5 feet of
compacted earth to inhibit radon emanation and water infiltration and to ensure compliance with
a one-foot-thick layer of gravel sized rock to protect the pile against erosion, penetration by
animals, and inadvertent human intrusion. The south side slope and the drainage ditches
surrounding the pile would be covered with a two-foot-thick layer of large rock. The top of the
stabilization pile would average approximately 33 feet above the surrounding terrain. A drainage
ditch would divert surface runoff around and away from the pile. Areas disturbed by remedial
action would be recontoured, revegetated as required, and released for unrestricted use.

U.S. Department of Energy, 1986, DOE, Plan for Water Protection Standards UMTRA:
Uranium Mill Tailings Remedial Action Project, 1986.

U.S. Environmental Protection Agency, 1980, Impact of Uranium Mining and Milling on Water
Quality in the Grants Mineral Belt - New Mexico, 1980.

U.S. Environmental Protection Agency, 1983, EPA - Ground Water Protection Standards For
Inactive Uranium Tailing Sites Background Information for Proposed Rule: U.S.
Environmental Protection Agency, 1983.

U.S. Environmental Protection Agency, 1983, EPA - Potential Health and Environmental
Hazards of Uranium Mine Wastes, Executive Summary Report to the Congress of the
U.S. Volume 1 of 3, 1983.

U.S. Environmental Protection Agency, 1983, EPA - Potential Health and Environmental
Hazards of Uranium Mine Wastes Report to the Congress of the U.S. Volume 2 Of 3,
1983.

U.S. Environmental Protection Agency, 1983, EPA - Potential Health and Environmental
Hazards of Uranium Mine Wastes, Appendixes: Report to the Congress of the U.S.,
Volume 3 Of 3, U.S. Environmental Protection Agency, 1983.

U.S. Environmental Protection Agency, 2000, Abandoned Uranium Mines Project Arizona, New
Mexico, Utah: Navajo Lands 1994-2000 Project Atlas Version 2000.12.02., by
TerraSpectra Geomatics, contributors, U.S. Army Corps of Engineers; San Francisco:
U.S. Environmental Protection Agency, Washington D.C., December, 2000, 195 p., 1
CD-ROM. searchworks.stanford.edu/view/4552171

The purpose of the Abandoned Uranium Mines Project was to identify the radiation
sources, characterize the exposure, and recommend methods to reduce radiation exposure from
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mines, was also an important component of the project. For the Abandoned Uranium Mines
Project to be sued, it was necessary to involve the affected communities and to engage them as
active community partners. An important objective of the project was to develop an outreach
strategy that would result in a two-way sharing information. This involved educational efforts to
increase understanding and awareness of the mines and their possible effects, as well as engaging
the participation of Chapter Officials to assist in identifying water sources used for human
consumption and homes that should be surveyed.
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This Phase | Ground Water Compliance Action Plan for the Tuba City, Arizona,
Uranium Mill Tailing Remedial Action (UMTRA) Project site describes the first phase, Phase I,
of ground- water remediation activities that will take place at the Tuba City site. Phase I is
expected to last approximately 3 years. The second phase, Phase I1, will include expansion of
remediation capacity and monitoring to assure that the project aquifer restoration standards are
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to address uranium contamination in the Navajo Nation. The effort focused on the most
imminent risks to people living on the Navajo Nation. While the last five years represent a
significant start in addressing the legacy of uranium mining, much work remains and the same
federal agencies have collaborated to issue a second Five-Year Plan. The purpose of the second
Five-Year Plan is to build on the work of the first plan, make adjustments based on information
gained during this period, and plan the next steps in addressing the most significant risks to
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Northeast Church Rock Mine Site and Additional High Priority AUM Sites-Complete the design
of the cleanup of the Northeast Church Rock mine site with input from the Navajo Nation, the
community, and other agencies. For the United Nuclear Corporation to submit a License
Amendment Request to the NRC for the disposal of the mine waste at United Nuclear
Corporation Mill Site, and if approved, for EPA to negotiate a consent decree with GE to begin
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implementing a remedy. Objective 6: Protection of Human Health and the Environment at
Former Uranium Processing Sites—Update the groundwater compliance strategy at Shiprock,
NM and evaluate different treatment options for the Tuba City, AZ site. Objective 7: Health
Studies—Complete work on the Navajo Birth Cohort study in cooperation with the University of
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Impacts of Uranium Contamination in the Navajo Nation 2014 residence and known radiation
exposure sources, and the health status of descendants of uranium miners/mill workers.
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