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US Environmental Protection Agency's assessment of
environmental impacts of TENORM radiation sources:
The example of uranium mining TENORM wastes

L.W. Setlow
US Environmental Protection Agency, Washington, D.C., United States of America

Abstract. Over the last 30 years the US Environmental Protection Agency (EPA) has conducted field,
laboratory, and scientific literature studies on a variety of technologically enhanced naturally occurring
radioactive materials. In doing so, EPA has recognized that the physical and chemical characteristics of these
wastes and products can vary significantly, and the Agency is conducting detailed evaluations of these
radioactive materials on an industry-by-industry basis. An example of the Agency's current efforts to
characterize and assess the risks of these materials from the uranium mining industry in a technical report is
presented along with information on EPA's current field and laboratory studies.

1. INTRODUCTION

1.1. Technologically Enhanced Naturally Occurring Radioactive Material (TENORM)

The US Environmental Protection Agency (EPA) and other federal as well as state government
agencies, industries, and international organizations have identified an array of naturally occurring
materials that, because of human activity, may present a radiation hazard to people and the
environment. In general terms, technologically enhanced naturally occurring radioactive material
(TENORM) is material containing radionuclides that are present naturally in rocks, soils, water, and
minerals and whose radioactivity has become concentrated and/or exposed to the accessible
environment as a result of human activities such as manufacturing, water treatment, or mining
operations. The principal radioactive elements of concern in TENORM are the radionuclides of
radium, uranium, thorium, radon, and potassium, and their progeny.

1.2. Legal oversight

EPA radiation protection standards are utilized by the US Nuclear Regulatory Commission (NRC) and
the US Department of Energy for closure of uranium mill tailings sites. In addition, EPA has the
federal government's responsibility for developing guidance and criteria for radiation protection and
disposal of TENORM. If federal government agency regulations have not been written, the states may
prepare their own. Uranium mining TENORM includes conventional mining overburden, interburden,
and drill cuttings. Under US law, the NRC regulates both the production of uranium and thorium, and
disposal of tailings from the extraction process rocks. EPA and the states can regulate the handling and
disposal of residual mining wastes including such things as mining overburden, interburden, and drill
cuttings from conventional mines.

In the United States, over a dozen major statutes or laws, plus Executive Orders by the US President
form the legal basis for programmes of the Environmental Protection Agency, including its authority
to develop radiation protection standards and to regulate radioactive materials such as TENORM.
Some principal laws providing these authorities include the Atomic Energy Act, the National
Environmental Policy Act, the Safe Drinking Water Act, the Clean Water Act, the Clean Air Act, the
Comprehensive Environmental Response, Compensation and Liability Act, the Toxic Substances
Control Act, and the Resource Conservation and Recovery Act. As a result, EPA set standards for
limits of radionuclides in drinking water and industrial water discharges, guidelines for cleanup of
radioactively contaminated soils, and limits for radon emissions from specific wastes including
uranium mill tailings. However, regulations and radiation protection guidance for a variety of
TENORM substances and wastes have not as yet been developed.
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2. EPA's TENORM STRATEGY

The goal of EPA's programme for technologically enhanced naturally occurring radioactive materials
(TENORM) is to evaluate the risks of exposure to this source of radiation and determine the
appropriate next steps to be taken to reduce these risks. Although EPA has developed regulations to
provide radiation protection and waste disposal guidelines for certain types of TENORM such as
phosphogypsum and elemental phosphorous, there are others for which only limited protections exist.
The agency has conducted field and laboratory studies for these radioactive materials since the earliest
days of its history in the 1970s. However, over the last ten years, EPA undertook efforts to
characterize and assess the risks from all TENORM industry wastes and products in a single draft
"scoping document". The last draft report was studied and evaluated in 1994 by an internal review
organization within EPA, its Science Advisory Board [1]. That review made a number of
recommendations, which would require substantial efforts to update information on the
characterization of each TENORM source, methods by which it was generated, and how risk
assessments of the materials' hazards were carried out.

EPA took steps to respond to its Science Advisory Board recommendations in the ensuing years,
further revising the draft scoping report on TENORM wastes while attempting to obtain voluntary
industry and state data. These efforts were generally unsuccessful in obtaining the levels of
information needed. Additionally, information came to light that other industries not originally
characterized in the previous draft reports had TENORM problems. A study [2] on TENORM by the
National Academy of Sciences in 1999, mandated by the US Congress, also made recommendations
that affected EPA's approach to TENORM wastes and products. Among the recommendations was
that EPA should look at each source of TENORM radiation separately as each material may have
varying physical and chemical characteristics that could be modeled differently for risk assessments.
The Academy also recommended that EPA should take into account background levels of radiation
when evaluating the TENORM substances and wastes.

Based on the Science Advisory Board and National Academy of Sciences reviews, EPA re-evaluated
its approach to TENORM and decided that covering all forms of TENORM in a single scoping report
could not be accomplished with its available resources and time. Accordingly, a four pronged
approach was decided upon. First, the agency would address only one commodity/TENORM industry
waste at a time in a series of sequential technical reports. Similar to an effort undertaken previously on
non-radioactive components of mining waste by another part the Agency [3], the sequential reports
allow EPA to concentrate its activities and better characterize each source.

Secondly, while developing these reports, field studies of existing sites could be conducted. The field
studies would help provide a nation-wide view by identifying problems with the waste or product,
finding out where it was being produced or where it had been left unreclaimed by previous operators
in years gone by. Also field and laboratory studies would be used to characterize the waste or product
chemically and physically, and more realistically assess the risks of the TENORM source.

Thirdly, the Agency plans to develop and provide education and guidance. This would be for the
purpose of preventing accumulation of TENORM wastes and products and unnecessary radiation
exposure to workers and members of the public. It would also hopefully provide for a means for more
safely and economically preventing, cleaning up and disposing of TENORM; this includes existing or
"legacy" waste sites which may not have a current owner or industry operator planning on reclaiming
the site.

Lastly, EPA will work to establish partnerships with other organizations and stakeholders to enhance
data sharing, and avoid duplication of efforts. This includes states and localities, indigenous
populations, other federal agencies, industry and environmental groups, and international entities, as
well as the general public. By taking this step, EPA can gauge the need and type of solutions to
risks/hazards of each TENORM substance.
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3. URANIUM MINING TENORM REPORT

As an example of what EPA plans to do, the following describes what the Agency has underway for
uranium mining TENORM. To assess the risks and impacts of uranium mining TENORM, EPA is
developing a technical report that will provide a "state of the industry" overview, the risks presented
by the resulting waste streams, remediation and reclamation efforts by stakeholders including costs
and methods, and the results of case studies. The intended audience is anyone impacted by uranium
mining and these wastes.

While it is being prepared as a technical document, some topics will be presented in a manner which
will allow the general public to better understand the discussion. The draft report will be provided for
stakeholder review and meetings with affected parties, plus peer review of the written material. After
revision and issuance as a final report, it is expected that the study will be used as the basis for
decisions on next steps for providing health standards or guidance for radiation exposure, economic
and safe waste disposal practices, community and industry education, or regulations for this waste if
needed.

Supporting the development of the report, and providing more data for input to the risk assessment, the
Agency has commenced a number of field and laboratory projects. These projects expand knowledge
of uranium mining TENORM's physical and chemical characteristics, as well as its uses and disposal.
This research also fulfills certain recommendations regarding TENORM made to EPA by the National
Academy of Sciences. In addition, the field projects establish additional contacts between EPA, the
uranium industry, governmental and Tribal organizations, and individuals who manage or oversee the
reclamation of uranium mining TENORM wastes.

This is a significant challenge with approximately 4000 abandoned uranium mines nationally in more
that 10 US States (both eastern and western). The variety of environments and physical/chemical
conditions can vary significantly from site to site. EPA contract studies developed estimates that
perhaps only 5 percent of these mines' wastes have been reclaimed nationally.

Based on EPA's previous and ongoing studies, radium content in the mining overburden tends to be
low, averaging on the order of 20 pCi/g (0.7 Bq/g), but it may also include elevated uranium, thorium,
and metals content. Radioactive dusts, radon, and migration of radionuclides and metals in water are
the particular hazards of this waste material. Using the collected data, EPA will be modeling the risks
of exposure to the uranium TENORM materials using realistic scenarios for maximally exposed
individuals.

As well, EPA will examine the present methods and standards of remediation of these sites, the costs
of remediation plus the existing regulatory regime. A significant amount of information has been
generated recently in support of the joint Organization for Economic Cooperation and Development's
Nuclear Energy Agency and International Atomic Energy Agency study of restoration of world
uranium recovery facilities. The report of that international effort will be quite useful in assessing
costs and methods worldwide.

4. URANIUM MINING TENORM FIELD STUDIES

To illustrate the range of some of the sites EPA is looking at in its current effort to categorize the
physical and chemical aspects of uranium mining TENORM, as well as the risks posed by the mines,
several of those field studies are described here. Locations of the sites are shown in Map 1 below.
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1. CanvoxUwls National Park, Uiak
2. Midnita Mine, Washington State
3. Orplian Mine, Arliona
4. Taiii 312 Mine. Ca»enm,
Afilcni

5. Smith Texas ISL Mine
C. Wyoming [XL Mine

Col^ndo Plat^a^i
GISAwa

M4P i. i^ey to Uranium mining TENORM study locations mentioned in the text.

FIG. 1. One of 12 underground mines examined in Canyonlands National Park, Utah (Site 1 on
Map). TENORM waste rock is located in bottom of picture underneath black dashed line. Mine entries
are above the waste rock on the left of side the photo.
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Many of the abandoned and unreclaimed mines we find in the southwest desert areas of the United
States include small entry underground mines. A number of these can be found in isolated locations
far from population centers. One site like that is found in the Canyonlands National Park in Utah (site
number 1 on Map 1). While some of the spoil waste rock from the mine has been left in the rooms of
this underground mine, other material has been dumped over the edge of the mine openings onto the
slope and ground below. This spoil material has relatively low radioactivity, but yet could affect local
wildlife, and the site poses a small but real radiation and safety hazard to occasional hikers. Fig. 1 is a
photograph of the mine openings and spoil material below. EPA staff collected water and sediment
samples for radionuclide and heavy metals analysis from this location and 11 other mines in the
vicinity [4]. Detailed physical analyses and measurements of spoil piles and sediments were made to
characterize the TENORM from these mines.

The Midnite Uranium Mine in Washington State is on the Spokane Indian Reservation and its location
is Site 2 on Map 1; an aerial photograph of this open pit mine is shown in Fig. 2. The mine was
developed in 1955 and produced uranium until 1981. Currently, protore and waste rocks are located
over the 320 acres (130 hectares) disturbed by mining. Two open pits collect seep water, pit water, and
surface runoff. The other mined pits are back filled with waste rock. Water from the mine is
contaminated with radionuclides and metals and is moving in plumes and seeps towards stream
drainages. This site is now listed by EPA as a Superfund site and undergoing a detailed environmental
site assessment [5]. Fifty-two monitoring wells have been drilled at the site, hundreds of sediment and
water samples are being collected and analyzed for chemical composition including metals and
radionuclides, and site radiological, ecological and cultural studies have been conducted as well.
Challenges include how to reclaim the site, identifying who would be the maximally exposed
individual in dosage pathway risk assessments, how to prevent drainage to the nearby streams, and
what measures need to be taken to protect the local Tribal population.

FIG. 2. Midnite uranium mine, Washington State (Site 2 on Map).

Another study site is the underground Orphan Uranium Mine in the Grand Canyon National Park. The
location of this mine is Site 3 on Map 1; a photograph of the mine's headframe and truck loadout area
at the canyon rim is shown in Fig. 3. This mine site is 10 minutes walk from the visitor's center where
2 million people visit each year.
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FIG. 3. Orphan uranium mine, Grand Canyon, Arizona (Site 3 on Map). Head-frame for the mine is
shown on the canyon rim and the mine entry portal is near the bottom left of the photo.

Loosely fenced until 1998, the ground surface was contaminated with spilled ore and TENORM spoil
materials. The mine and waste rock dumps, located down the Canyon wall over a hundred meters
below, may leak water with radionuclides into springs at a site where park visitors hike a main trail in
the Park. This site has presented a small but real hazard to a large number of incidental visitors. A
number of radiological and geochemical site characterization studies were conducted by the US
National Park Service, and consultations were held with EPA.

FIG. 4. Yazzi 312 water filled open pit uranium mine, Cameron, Arizona (Site 4 on Map).

Of all people affected by uranium mining TENORM, the Navajo and other Native American Tribes of
the desert southwestern US may be the most heavily impacted. Located in Utah, Arizona, and New
Mexico, Tribal members have unreclaimed mines on their property and in their communities. Some
individuals have reportedly used the readily available spoil materials for home construction. The water
filled open pits, like the Yazzi 312 Mine site of Fig. 4 (Site 4 on the Map), may be the only water for
miles around in a very arid climate. This pit mine, which is currently being studied by EPA for ground
water contamination and communication, has been used for swimming, livestock watering, and dust
suppression. EPA's Regional Office has been analyzing pit and well water quality across the
Reservation in Arizona, and mapping by air and ground the locations of mine sites. Laboratoiy and
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field data on TENORM waste rock spoils and water contamination at these former uranium mine sites
will be used in the EPA Technical report and risk analyses; information on ground water
contamination will be used to assist the Navajo Abandoned Mine Land Reclamation Agency in
deciding how to reclaim the Yazzi 312 and similar pits in the area.

In an effort to understand the radiological and other characteristics of the water, evaporates and drill
cuttings from in-situ leaching (ISL) uranium mining operations, EPA has collected data at some of
these ISL sites. It was determined recently that waste from these operations falls under the regulatory
jurisdiction of another US federal agency (NRC), so EPA would not establish standards for ISL
wastes. Data that EPA has collected will be used in EPA's technical report to present a more complete
assessment of risks from uranium mines. Fig. 5 shows evaporation ponds from ISL operations in
Texas (Site 5 on Map 1); other sites visited by EPA are in Wyoming (Site 6 on Map 1).

FIG. 5. Evaporation pond at ISL mine in South Texas (Site 5 on Map).

To assess the regional impacts of abandoned uranium mines, EPA is also developing a geographic
information system for the Colorado Plateau in co-operation with the 4 states involved (Colorado,
Utah, Arizona and New Mexico), plus the land owning government agencies and Tribes. This system
which includes population data, abandoned uranium mine land locations, land ownership, wildlife and
water data, will help EPA to assess the population and other impacts of the mines on a regional scale.
The location of the Colorado Plateau is shown on Map 1.

5. RISK ASSESSMENT

In conducting EPA's new risk assessments, the Agency will be using both its own and commercially
available risk assessment models. Data sets to model the uranium mining TENORM will include data
from both previous research and the new studies. Monte Carlo approaches for calculating uncertainty
and sensitivity of the models as well as TENORM data variability will be used. Radiation dose levels
will be based on realistic scenarios and maximally exposed individuals in each case. Observations of
human presence and interactions/use of these materials will provide information that can be used in
formulating the dosage pathways and scenarios. Guidance obtained from EPA's Science Advisory
Board will assist in model parameter setting and other aspects of the modeling effort including
exposure scenarios to be used. Information on the non-radioactive chemical aspects of the uranium
mining TENORM will be included in the characterization of the waste materials, and assessing their
risks as appropriate.

6. STAKEHOLDERS

EPA's uranium TENORM stakeholders are the public, uranium and mining industries, government
agencies at all levels, the indigenous populations and government for which EPA has a trust
responsibility, environmental and other non-governmental organizations. These organizations EPA
expects to turn to in sharing the data which is gathered, and to look towards in developing EPA's
approaches to uranium mining TENORM.

257



The next steps for EPA will be based on what is learned from the technical report and stakeholders
views. EPA expects to evaluate the needs for specific health standards and guidance to radiation
exposure to this TENORM waste, evaluate what may be responsible economic and safe waste disposal
practices, assist in community and industry education efforts if appropriate, and develop regulations if
they are needed. While US sources of uranium mining TENORM are dominated by abandoned, not
active mines, EPA is obtaining useful information from international co-operation with organizations
such as the International Atomic Energy Agency and the Nuclear Energy Agency. Both of those
organizations are co-operating with the EPA in studies of the enviromnental impact and methods for
uranium mine reclamation.

7. CONCLUSION

The US EPA has changed its approach to TENORM wastes and products and is now developing a
series of sequential, individual technical reports on each TENORM waste/product industry sector. The
first technical report, which will be issued in draft for stakeholder and peer review, will be on the topic
of uranium mining TENORM. This spoil material consists of overburden, interburden, as well as drill
cuttings from conventional mines. EPA field studies at these sites around the country are providing
new physical and chemical data on the TENORM wastes, and contributing to an understanding of the
risks posed by the materials. This information will be used in conducting the risk assessment modeling
of uranium mining TENORM. Meetings with stakeholders affected by these sites and peer reviews
will be held to finalize the technical report. Based on these efforts and recommendations of the
stakeholders, EPA will make decisions on its course of action: developing health standards or
guidance for radiation exposure, new standards for economic and safe waste disposal practices,
approaches for community and industry education on the wastes, or regulations for control of this
waste if needed.
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