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ABSTRACT

Progress on a research study sponsored by the U.S. Nuclear Regulatory
Commission is presented. The objective of this study is to develop an
understanding of the nature and transport of solid particles from a uranium
mill tailings pile. The intent is to develop and verify suspension and
transport models that may be useful when applied more generically to similar
spoil piles of uranium extraction tailings. A field study is reported,
showing that for a carbonate-leach-process mill tailings pile in the Grants,
New Mexico region much of the residual radioactive constituents in the
tailings is found associated with particles 7 um in diameter and smaller.

As the tailings material dries, particle attachment and aggregation occurs
with the result that radiocactive constituents become associated more with
Targer particles. Soil samples taken at surface and subsurface on radial
lines extending from the tailings pile for 5 miles showed the distribution
of radium-226 and other radionuclides in the soil. After corrections for
background were made, it was shown that the 226Ra deposited on the soil
was distributed in such a manner that about 1.6 {i of radon-222 per day
enters the atmosphere from this secondary source.

The suspension and transport of particles were studied using an array
of sampling towers and wind speed and velocity instrumentation that signaled
designated samplers at upwind and downwind locations to operate when wind
direction and speed criteria were satisfied. Flux of particles in various
size ranges was determined as a function of wind speed. The radionuciide
content of airborne particles as a function of particle size was measured
for some samplers. A general conclusion was reached that a significant
fraction of airborne radioactive material is associated with respirable
particles. Additional field experiments are continuing.

Suspension and transport models and their application to this problem
are under investigation., Several curves are presented to show how
deposition and downwind concentration are related to wind speed, distance

downwind, and particle mass or size. Continuing study will apply site



meteoroTogy to estimate airborne concentrations downwind, using pile release
fluxes as the primary source data. An attempt will be made to reconcile
field data and transport models.
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INTROBUCTION

One of the potential environmental impacts of uranium extraction from the
ore is the windblown particles from the uranium mill tailings disposal sites.
These tailings are the fine "sand" that is produced when the ore is crushed
and then rod-milled. The resulting fine, ground sand is subseguently leached
either with dilute sulfuric acid or alkaline carbonate that dissolves any
uranium present on the grains. Since virtually all the uranium and daughter
products are associated with a thin coating on the sand grains, the ore mil-
1ing process is designed to break up and remove this coating, thus permitting
ready access of the leach chemicals. For efficient dissolution of uranium,
the alkaline Teach process requires a finer breakup of the particles than does
the acid leach process.

Following uranium extraction, the sand and very fine particles from the
breakup of the active coating is slurried to a disposal site——the tailings
pile--where carrying water is allowed to form a pond over some portion of the
tailings area. The very fine particle fraction is called "slimes." FEvapo-
ration and infiltration are the principal modes of water disposal. Some water
may be recirculated as process water.

Each uranium mill has a more or less unique method for tailings disposal,
but as all tailing piles dry out, they produce windblown particles under some
conditions. The particles blown from the piles are of concern because of the
presence of long-lived thorium-230, uranium-238, and radium-226 and its
daughter products on particles of respirable size. Moveover, the suspension
into the air and deposition of radium-containing particles over a long period
of time produce a secondary source of radon which could be significant.

Estimates have been made of airborne release of particles from a tailings
pile {Sears et al. 1975; Mills, Dahliman and Olson 19?4);!h0wever, these
estimates have required use of theoretical principles and models of aerody-
namic behavior of particles, as well as greatly simplified assumptions about
the nature of the surface. Because of meager theoretical! and experimental



information relating to airborne movement of particles from an operationatl
tailings pile, the Office of Nuclear Regulatory Research, U.S. Nuclear Reg-
ulatory Commission, sponsored the study described here. The principal objec-
tive of the study is to develop methods for evaluating airborne particle
releases, taking into account wind speed and the characteristics of the tail-
ings particles. Whereas the authors anticipated that much information would
be developed about airborne release of particles from the particular tailings
pile(s} chosen for the field portion of the study, the "monitoring" of the
particles airborne from a given tailings pile was not a primary objective.



OBJECTIVES

A prime objective of this study is to determine the flux of airborne

particles from an operating tailings pile as a function of wind speed. Sup-

plemental objectives that relate closely to the principal objective are also
identified:

Characterize the particulate material on and near the surface of the
tailings pile.

Determine the transport of particulate materials from the tailings pite
that have been deposited on the soil surfaces surrounding the mill during
the operating 1ife of the mill chosen for the study. This information
will hopefully support conclusions concerning the pature and flux of
particles suspended from the tailings pile and the meteorology of the
site.

Explore transport and deposition models that, when applied to the problem
at hand, will prove useful in predicting the fate of airborne particles
from any tailings pile that can be characterized according to important
parameters.

In relation to the preceding, apply the data to estimate radiological
dose commitment to individuals who may be Tiving in the vicinity of such
a mill tailings pile. (This segment of the study is not discussed in
this interim report.)

Progress made to date toward reaching these objectives is reported here.






SUMMARY AND CONCLUSIONS

This report describes progress on the characterization of particulate
materials discharged on a uranium mill tailings pile and reports on the deter-
mination of the guantity, nature, and fate of material transported by the wind
into the environment as a function of wind speed and other variables. Data
developed are to be used to validate suspension, dispersion, and deposition
models. Data have been obtained from extensive field measurements on and in
the vicinity of the tailings pile. Important observations from these studies
to data are the following:

¢ Residual radioactivity in the tailings slurried from the mill is asso-
ciated with particles of all sizes, but about 60% of the active material
is found with the <20 um fraction, which represents roughly 15 w/o. As
the sand is dewatered by infiltration and evaporation, a much higher
fraction is associated with the larger particles by cementation and
physical attachment.

e Core samples taken from the tailings pile show wide variability of radio-
nuclide content with depth.

e Selenium was found in tailings at levels of 70 to »>200 ppm.

e Radium-226 and lead-210 could be distinguished from background out to a
distance of about 5 miles in soil taken on radial lines from the tailings
pile. Much of the active material was found in the first four cm depth.
The 226Ra present in the soil is estimated to generate about 1.6 Ci per
day above the natural background from soil.

® . The concentration of radionuclides carried from the tailings pile was
measured in several samples for various particle sizes, both in terms of
uCi per gram of soil and also uCi!cma. These values were compared with
samples obtained at a site upwind of the tailings pile. Concentrations
of the order of 10713 to 10714
ground of the order of 10_14

uCi/cm3 were found compared to back-
to 1071 ucifem’.



® Data relating to radicactivity on airborne particles of various sizes
show that the active material is distributed among all particle sizes,
but a consistent relaticnship with particle sizes emerges for particles
larger than about 100 um, suggesting strongly that larger particles are
carrying a "coating” of small particles.

® [stimates were made of average airborne mass flux and radioactive mate-
rial flux over some periods of sampling for the background location and
various downwind locations. Fluxes of larger particles ranged from 10 to
several thousand grams per square meter per day depending on sampling
height.

e There appears to be no consistent pattern emerging from these studies of
wind pickup of particles as a function of wind speed. In some cases
concentrations have increased with wind speed. In other instances, this
has not occurred.

e C(Cross-wind variability was demonstrated and showed that a factor of 10
variability over distances of several hundred meters could be expected.

e Site meteorology was obtained and models for transport, deposition, and
entrainment were developed, and some cases were calculated to show the
relative importance of assumptions. These models are to be applied to
current and future data tc determine the applicability of the models to
the mill tailings particles.

The work undertaken has illuminated the multidimensional features of the
problem of windbiown particles from uranium mill tailings piles. A con-
siderable effort will be undertaken in an attempt to find conformance to
models or to generate empirical relationships useful in determining the envi-

ronmental consequences of uranium and its daughter products in blowing dust.































































































































































































































































































































































