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Abstract: The environmental effects originated bgnium mining activities
result mainly from the wastes generated by thepoveessing. Large quantities
of radioactive wastes are generated in this extagrocess requiring a safe
management. Besides the radioactivity these wastgs also hold different
amounts of chemicals used in the extraction prodesi pollutants associated
with the mineralization and precipitates provokgdbi or Eh alterations.

The main concern of waste management and long #tafilization is to
confine the residues in order to reduce the digpersf contaminants to
concentrations that not exceed the trigger valoesidered to be safe: there is
thus a need to ensure that the environmental amdthheisk from these
materials are reduced to an acceptable level. Hervatie confinement will
always represent a potential source of environnhe&atatamination to the air,
soil, superficial water and groundwater, due to ¢betaminants release and
transport in the environment, which may occur byural erosion agents like
rainfall or wind.
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1. Introduction

Uranium mining activities generates large volumemalstes composed by
overburden, waste rock and tailings. Generallys¢hmaterials are deposited in
waste rocks piles or dumps. Uranium mill tailinge ahe solid residues
resulting from the leaching of the ore.

The Environmental effects resulting from the uramimining activities are
mainly derived from the wastes generated by the pmacessing. Wastes
constituents of concern include radionuclides (wnaw) radium, radon and
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thorium), arsenic, copper, selenium, vanadium, idénum, heavy metals and
dissolved solids. The radionuclides in the tailingge more mobile and
chemically reactive than in the original ore andyraater into the environment
becoming a contamination source to the soil, aupesficial water and
groundwater.

When modeling contaminant release and transporthaméems for each
environmental compartment, the major output choierthe contaminant
concentration in each exposition point selectediffstance, breathing air zone,
superficial soil and well water). This will allovihné assessment of doses, if an
additional exposure scenery is created. The obgdito quantify the potential
exposure levels of the hazard at the receptoritotanswering to these main
guestions: what is the contaminant concentratiothhénexposition point? How
much of a contaminant do people inhale or ingesindua specific period of
time? Is the situation acceptable?

This work proposes a generic exposure model tlwatrporates simultaneously
an atmospheric and a hydrologic transport modehénatmospheric transport a
two-dimensional model is used for calculating thex fdiffusion from a
radioactive waste disposal, having as result theardtla concentration at a
defined distance from the soil (the breathing oxing height) which will be the
starting point for the dispersion each can be damed either simultaneously in
each wind octant direction or considering only evailing wind direction. For
the hydrologic transport a two-direction model rogosed for simulating the
contaminants release form the waste disposal andigration process through
the soil to the groundwater. The final result is tontaminant concentration in
the groundwater as function of the elapsed time, d¢fined distance from the
waste disposal, generally the location where th@sixion point is considered
being represented by an hypothetical well.

2. Methods and Results

2.1. ATMOSPHERIC TRANSPORT MODEL

For the gaseous contaminants the release mechdrosmthe soil is
generally based in the principles of diffusion @&sr@ porous medium. Basic
diffusion equations are used for estimating theéikical values of the gaseous
flux from the waste material. The generic diffusexjuation can be represented
by a one-dimensional steady-state equation:
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In this equation D (fs?) represents the radon diffusivitk, the radioactive
decay constant 3, C (Bg.m") the radon concentration in the pore space, R
(Bg.kg™) the radium concentration in the materja(kg.ni®) the bulk density of
the dry material, E (dimensionless) the radon etamaower coefficient for
the pore spaces, (dimensionless) the total porosity aBddimensionless) the
moisture. The solution of the diffusion equatiom &m homogeneous medium
represents the flux release from the waste materidde surface,JBg.m?s?).

For a system without cover we obtain (Rogers, 1:984)

J; =RpE|/AD; tam{ /Dixtj (2
t

The contaminant concentration released is estimdigda box model
formulation which has implicit a mass balance folation. The box volume
(V) is defined by its length (L), width (W) and thmixing height (h). As a
consequence of a steady state assumption, we Haate the pollutant
concentration (C) is constant in time, the masw flate entering@) into the
box is equal to the flow rate leaving the box (uSC)
dcC

\Y pm =@A -uSC (3)
The atmospheric dispersion is modeled by a modiiadssian plume equation
which estimates the average dispersion of the nuntnts released from the
source in each wind direction. The Gaussian modieh @lume dispersion
accounts for the gaseous contaminant transport fitoensource area to a
downwind receptor and is represented by the equatid’?asquill as modified
by Gifford (Chacki, 2000):
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This equation represents a Gaussian distributidrerevC (Bq.ri) represents
the radionuclide concentration, Q (BY.ghe source strength, and H (m) the
corrected source released height. Dispersion paeasyg, (m) ando, (m), are
the standard deviations of the plume concentratighe horizontal and vertical
directions respectively. The atmospheric transpsrtdone at wind-speed
(height-independent), u (m)s to a sampling position located at surface
elevation, z (m), and transverse horizontal diganc (m), from the plume
centre.
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2.2. HYDROLOGIC TRANSPORT MODEL

A leaching model based on a sorption-desorptioncegs® is used for
describing the contaminant release from the wasépodal. The leachate
concentration, C(Bq.ni°), is determined by the a distribution or a paotiti
coefficient, K; (cnt.g?) which describes the relative transport speedhef t
contaminant to the water existing in the pores| pobperties such as bulk
density, p (g.cnm®), and water contenf), affect the extent of contamination,
described by the contaminated zone thicknesgmy, area, A (rf) and the
amount of contaminant in the sourgdBq), (EPA 1996; Hung 2000):

CL =1 /[A(x; 8+x,pKy)] )

The transport for the dissolved contaminants issictamed to occur either in the
vertical direction through the unsaturated zond antaquifer is reached either
in the horizontal direction, through the saturatedne flowing to an
hypothetical well, where the contaminants becomeessible to humans or
other forms of life. The vertical flow is considdre be one-dimensional. It is
assumed that there is retardation during the \&@rtiansport that is estimated
assuming that the adsorption-desorption procesdearpresented by a linear
isotherm, which means that there is a linear mmigtip between the
radionuclides concentration in the solid and liqoichses.

Movement and fate of radionuclides in groundwateltov the transport
components represented by the basic diffusion/dispe-advection equation.
The following expression describes the basic equatbr the advective and
dispersive transport with radioactive decay andrdattion for the radionuclide
transport in the groundwater:

2
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In this equation, D represents the molecular diffuscoefficient (2T, C
represents the solute concentration (B),LV represents the interstitial velocity
(L.TY, R represents the retardation factor due thetisorphenomena. The
component dispersive and diffusive is representeé’®/0x? the advection is
represented by YC/ox and the concentration gradient is representeiiyx.

In the analytical solution the term for the contaamt concentration, C, was
replaced by the rate of radionuclide transportf)(Q(Hung 1986)

Q(t) = Qo(t —%j e [-(AaRL)V] )

The rate of radionuclide transport to the well pdm represented by Q'(t)
(Bq.yrY), the rate of radionuclides transport at x = Ordpresented by §



MODELING THE TRANSPORT AND FATE OF CONTAMINANTS INHE 5
ENVIRONMENT: SOIL, WATER AND AIR

(Bq.yrY), t (yr) is the elapsed time and L (m) the distafrom the disposal site
to the well point.

2.3. ACASE STUDY

The model was applied to a specific case of comtants from a uranium
waste disposal. The contaminants of main concere wensidered to be radon
in air and radium in groundwater. The expositionnpdor the atmospheric
model is a receptor located about 2 km from thecand for the hydrological
model the exposition point is a hypothetical wettdted about 100 meters from
the source.

The final output for the atmospheric model is tiaglan concentration at a
defined distance from the source, in each windctiva and in the dominant
wind direction, where is considered to be locatee teceptor. For the
hydrological model the final outputs are the radicomcentration in the well
water and the corresponding cumulative rate ofuradiransported to the well
after the time considered.

The necessary parameters for the simulation weoptad from some local
measurements made in this particular site (Vic20Gb).

Local meteorological data, namely wind velocity drefjuency, was used for
simulating the dispersion in each octant directibhese data was obtained
from a local automatic meteorological station (INAXBO4). The dominant
wind direction is NW. The unknown parameters westineated from available
data.

The contaminated site is composed by 1,6xb® of two different kind of
wastes with a total area of approximately 75060 The total waste volume is
about 1,5x1&m°>. It was assumed in the simulation that there iToneering
system although there is some natural vegetatidrafha covering the site.

The air breathing tallness, or mixing height, wasirked as 1,0 m. The radon
concentrations were calculated in each sectori@htfight, taking into account
the average wind speed and respective frequenblpwaing. The concentration
at the breathing height in the dominant wind dimttrefers only to the
boundary side that limits the respective sectore @tspersion results can be
seen in the figures below.

Local hydro-geological conditions were considered dach zone where the
radionuclides transport occurs, namely for the aamimated zone, for the
unsaturated zone and for the saturated zone, difiegent densities, porosities,
hydraulic conductivities, radionuclide distributiooefficients and thicknesses.
The well is located at the down-gradient edge efdbntamination source.
Meteorological data, precipitation and evaporatioom the same automatic
meteorological station were used for estimate tifikrating water rate into the
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contaminated zone. The figures 4 and 5 shows thdtseobtained for radium in
groundwater.

N 0 (Brym3)
1025
200
102
1015 1 i
E om -
=
100
1.005
1
20
0995
05k

285 29 285 3 a0s 31 315 32
= i 10"

Figure 1 Radon dispersion in each wind direction, B4.m
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Figure 2: Radon dispersion in each wind direction, Bg.m
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Figure 3 Radon dispersion, dominant wind direction, Bg.m
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Ra-226 Activity in the well water.
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Figure 4 Radium activity concentration in the well water,/Bq

Rate of Ra-226 transport at the well point.
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Figure 5 Cumulative rate of radium release, Bq.

3. Conclusions

Contaminants may travel through the atmospheré, gmundwater and
superficial waters affecting the organisms thataih these media. The
exposure modeling quantifies the impacts of contamis as they travel
through more than one of these compartments.

The atmospheric model describes the contaminansgmat from the source
area to a downwind receptor and the correspondmglation quantifies the

contaminant dispersion concentration in each wiretton.

The hydrologic model quantifies the movement of ssuface water and

provides inputs to contaminant transport modetsu#iage as a simulation tool
allows previewing the contaminant behaviour in ¢ileundwater al well as a
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guantitative assessment for the concentration ef tlontamination at a
particular exposition point.

The model limitations are mostly related with thgplécation of an analytical
solution which is limited by its specific form ofobndary conditions. The
boundary conditions are stipulated in order to eolie unknowns in the
problem domain. This will generate some error whitagnitude will depend
on the conformity between the local conditions d@hdse stipulated in the
model. The forecast accuracy of models are oftempcomised since some key
parameters are imperfectly known and may have testienated from literature
references in the absence of actual site specdasorements.

Many soil specific parameters show a great vaitgbidoth in space and in
time. Also these parameters will vary over the ydae to climatic changing.
This will generate some difficulties in obtain thmst appropriate data needed
to characterize the contaminated site.
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