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Assessment of Potential Migration of Radionuclides
and Trace Elements from the White Mesa Uranium Mill
to the Ute Mountain Reservation and Surrounding

Areas, Southeastern Utah

By David L. Naftz, Anthony J. Ranalli, Ryan C. Rowland, and Thomas M. Marston

Abstract

In 2007, the Ute Mountain Ute tribe requested that the U.S. Environmental Protection
Agency and U.S. Geological Survey conduct an independent evaluation of the potential regarding
the offsite migration of radionuclides and selected trace elements associated with the ore storage
and milling process at asseciated-with an active uranium mill site near White Mesa, Utah. Specific
objectives of this study were (1) to determine recharge sources and residence times of
groundwater surrounding the mill site, (2) to determine the current concentrations of uranium
and associated trace elements in groundwater surrounding the mill site, (3) to differentiate
natural and anthropogenic contaminant sources to groundwater resources surrounding the mill
site, (4) to assess the solubility and potential for offsite transport of uranium-bearing minerals in

groundwater surrounding the mill site, and (5) to use stream sediment and plant material samples



from areas surrounding the mill site to identify potential areas of offsite contamination and likely

contaminant sources.

discharging-from-Entrance-Spring—The results of age-dating methods and an evaluation of

groundwater recharge temperatures using dissolved-gas samples indicate that groundwater

sampled in wells in the surficial aquifer in the vicinity of the Mill is locally recharged by

precipitation. Tritium/helium age dating methods found a “modern day” apparent age in water

samples collected from springs in the study area surrounding the Mill. Entrance-Spring: This

apparent age indicates a-localized recharge sources and possibly likely-induced-flowpath-from

artificial recharge which includes seepage from constructed wildlife refuge ponds near the Millte

thesurficialaguifer. The 8'%0 and 8D data indicate that water discharging from Entrance Spring is

isotopically enriched by evaporation and has a similar isotopic fingerprint as water from

Recapture Reservoir that is used as facilities water on the mill site. Water from Recapture

Reservoir also is used to irrigate fields surrounding the town of Blanding and infiltration of this

irrigated water also could contribute to the enriched isotopic fingerprint observed for Entrance

Spring. Similarities in the delta sulfur-34ate values in water samples from the wildlife ponds and

tailings cells indicate a potential contaminant linkage between the tailings cells and the refuge

ponds that may be related to eolian transport of aerosols from the tailings cellserigirating-from

the-tailingseels. To date (2010), neither the delta sulfur-34,ste NOr the delta oxygen-18yiate
values measured in the wells and springs surrounding the uranium mill site have an isotopic

signature characteristic of water from the tailings cells.



Except for Entrance Spring and Mill Spring, all groundwater samples collected at down-

gradient sample sites during this study had dissolved uranium concentrations in the range

expected for naturally occurring uranium. The uranium isotope data indicate that the Mill is not a

source of uranium in the groundwater in the unconfined aquifer at any sites monitored during

the study, with the possible exception of Entrance Spring. The uranium-234 to uranium-238

concentration ratios measured in water samples collected at Entrance Spring, and the decrease in
this ratio concomitant with an increase in the concentration of dissolved uranium indicate-suggest

possible that-mixing of uranium ore with groundwater at the spring through eolian transport of

small-sized particles are-being-blewn-eff-thefrom ore storage pads, subsequent deposition

depesited-in the Entrance Spring drainage, and subsequenthy dissolutionwing in the groundwater.
The isotopic values of uranium found in other water samples collected during the study do not

appear to be related to uranium ore deposits.

Water samples collected from Entrance Spring contained the highest median uranium
concentrations relative to water samples collected from the other wells and springs monitored
during the study. Water samples collected from Entrance Spring also contained elevated
concentrations of selenium and vanadium. Sediment samples collected from three ephemeral
drainages east of the uranium mill site (including Entrance Spring) contained uranium
concentrations exceeding background values. Sediment samples collected from ephemeral
drainages on the south and west boundaries of the uranium mill site generally did not exceed
background-uranium concentrations. Elevated concentrations of uranium and vanadium,
indicating offsite transport, were found in plant tissue samples collected north-northeast, east,

and south of the mill site, downwind of the predominant wind directions at the site. The uranium



and vanadium concentrations in plant tissue samples collected west of the uranium mill site were

low.

On the basis of the study results, consideration should be given to future monitoring
programs in areas surrounding the uranium mill site to address current and future environmental
impacts. These potential monitoring programs should consider (1) quarterly monitoring of major-
and trace-element concentrations in selected springs and wells; (2) annual monitoring of Entrance
Spring for uranium isotopes, delta sulfur-34,.t, delta oxygen-18, and delta deuterium; (3) annual
monitoring of background water quality at selected spring and monitoring well sites; (4) periodic
sampling and chemical analyses of sagebrush in areas east of the uranium mill site; (5) installation
of a new monitoring well upgradient from the East and West wells; (6) the addition of non-routine
chemical constituents to ongoing monitoring programs within the uranium mill site that could
provide additional insight(s) into potential contaminant sources and processes; and (7) archiving
future monitoring data into a maintained database that is easily accessible to all project

stakeholders.

Introduction

Legacy uranium (U) mining and milling operations have resulted in soil and water

contamination at many sites throughout the western United States. In 1978, Congress passed the

Uranium Mill Tailings Radiation Control Act (UMTRCA) that directed government agencies to

stabilize, dispose of, and control materials contaminated by uranium milling operations (Peterson

and others, 2008). There are a total of 23 former uranium mill sites in the western United States

that have required active remediation in the Department of Energy’s Uranium Mill Tailings



Remediation Action (UMTRA) program (Jordan and others, 2008). Liquid wastes associated with
these legacy mill sites typically contain radionuclides, heavy metals, ammonia, nitrate, and
sulfates that have seeped into the vadose zone and sometimes reached underlying aquifers. A few
examples of soil and water contamination from milling operations include (1) groundwater from a
uranium-mill tailings repository near Durango, Colorado, which is contaminated with As, Mn, Mo,
Se, U, V and Zn (Morrison and others, 2002); (2) groundwater from the Bear Creek mill site in
northeastern Wyoming, which is contaminated with uranium (U) and sulfate (S04%), and has an
unnaturally low pH (Zhu and Burden, 2001); and (3) U and vanadium (V) contaminated soil and
groundwater from a uranium mill site near Naturita, Colorado (Davis and others, 2006). While

UMTRCA has addressed the remediation of legacy uranium milling sites, there are over 4,000

mines with a history of uranium production in the western United States that may also pose

environmental risks (Peterson and others, 2008).

The White Mesa uranium mill is an active facility that is operated by Denison Mines. This
facility is a fully licensed, conventional processing mill with a V co-product recovery circuit
(Dennison Mines, 2010). The mill site is located in San Juan County, Utah, about 10 kilometers
(km) south of the city of Blanding and 6 km north of the Ute Mountain Ute Reservation (fig. 1).
Ore material processed at the mill is obtained from Dennison mine properties in the Colorado
Plateau, the Henry Mountains Complex, and the Arizona Strip. The mill site is currently (2010) the

only conventional uranium mill operating in the United States (Dennison Mines, 2010).

Figure 1. Map showing location of (A) White Mesa mill site relative to the town of Blanding and the Ute
Mountain Ute Reservation, San Juan County, Utah, and (B) tailings cells, ore-storage pad, and wildlife

ponds on the mill property.



Construction of the mill began in 1979 and the first U/V ore was processed during May
1980 (Dennison Mines, 2010). The mill uses sulfuric acid (H,SO,) leaching and a solvent extraction
recovery process to extract and recover U and V from the ore material. The mill is currently
licensed to process an average of 2,000 tons of ore per day and produce 3.6 million kilograms (kg)
of triuranium octoxide (U3Og) per year (Dennision Mines, 2010). The mill is also licensed to
process alternate feed materials, which include U-bearing materials derived from U conversion,
tantalum (Ta) and other metal processing facilities or material from U.S. government cleanup
projects. In 2007, the mill produced approximately 115,300 kg of U3Og from alternate feed

materials (Dennison Mines, 2010).

An evaluation of the concentration of major ions and metals measured in the groundwater
up- and down-gradient of the mill reveals complex spatial variations in (1) the concentration of U
and other metals in bedrock, soils, and groundwater; (2) the geochemical conditions favorable for
either U solubility or precipitation in groundwater; and (3) geologic conditions that can influence
groundwater-residence times in White Mesa. This spatial variability makes it extremely difficult to

assess the environmental impact of the mill by using trace-element concentration data alone.

A groundwater study by independent scientists to characterize groundwater flow,
chemical composition, noble gas composition, and apparent age was conducted because of
increasing and elevated trace metal concentrations in monitoring wells within the White Mesa
mill site. On the basis of apparent recharge dates from chlorofluorocarbons (CFCs) and tritium (3H)
concentrations, most groundwater beneath the mill was estimated to be more than 50 years in
age. An exception to this trend, measurable levels of tritium found in some monitoring wells in

the northeast part of the site, likely resulted from leakage of constructed wildlife ponds on mill



property (fig. 1). Hurst and Solomon (2008) concluded that active vertical and horizontal
groundwater flow is clearly evident beneath the mill; however, trace-metal concentrations, age-
dating methods, and stable-isotope fingerprinting did not detect leakage from the tailing cells.
Because of active groundwater flow, continued monitoring of the groundwater to evaluate the

future performance of the tailing cells within the mill was strongly recommended.

Although personnel and contractors for the White Mesa mill have been collecting
groundwater- and air-quality data since 1980, the Ute Mountain Ute tribe requested the U.S.
Environmental Protection Agency (EPA) and the U.S. Geological Survey (USGS) to perform an
independent evaluati