v
NUREG/CR-1133 NUREG/CR-1133

@"NL/ES-81 mm ANL/ES-81

RADON AND RADON-DAUGHTER CONCENTRATIONS
IN AIR IN THE VICINITY OF
THE ANACONDA URANIUM MILL

by

Michael H. Momeni, J. B. Lindstrom,
C. E. Dungey, and Walter E. Kisieleski

AIRBORNE EFFLUENTS

Liauib
EFFLUENT

HUMAN-EXPOSURE PATHWAYS FROM
‘ URANIUM-MINING AND -MILLING FACILITIES

DISTRIBUTION OF THIS DOCUMENT IS UNCIMITED

Uof C-AUA-USDOE

. ARGONNE NATIONAL LABORATORY, ARGONNE, ILLINOIS

Prepared for the U. S. NUCLEAR REGULATORY COMMISSION
under Interagency Agreement DOE 40-550-75




The facilities of Argonne National Laboratory are owned by the United States Govern-
ment. Under the terms of a contract (W-31-109-Eng-38) among the U. S. Department of Energy,
Argonne Universities Association and The University of Chicago, the University employs the
staff and operates the Laboratory in accordance with policies and programs formulated, ap-
proved and reviewed by the Association.

MEMBERS OF ARGONNE UNIVERSITIES ASSOCIATION

The University of Arizona The University of Kansas The Ohio State University
Carnegie-Mellon University Kansas State University Ohio University

Case Western Reserve University Loyola University of Chicago The Pennsylvania State University
The University of Chicago Marquette University Purdue University

University of Cincinnati The University of Michigan Saint Louis University

Illinois Institute of Technology Michigan State University Southern Illinois University
University of Illinois University of Minnesota The University of Texas at Austin
Indiana University University of Missouri Washington University

The University of Iowa Northwe stern University Wayne State University

Iowa State University University of Notre Dame The University of Wisconsin-Madison

NOTICE

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their contractors, subcontractors, or any of their em-
ployees, makes any warranty, expressed or implied, or as-
sumes any legal liability or responsibility for any third
party's use, or the results of such use, of any information,
apparatus, product or process disclosed in this report, or
represents that its use by such third party would not infringe
privately-owned rights.

Available from
National Technical Information Service
Springfield, Virginia 22161




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



NUREG/CR-1320
ANL/ES-89

Distribution
Code: RU

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois 60439

MEASURED CONCENTRATIONS OF RADIOACTIVE PARTICLES IN AIR
IN THE VICINITY OF THE ANACONDA URANIUM MILL

by

Michael H. Momeni and Walter E. Kisieleski

Project Manager: Walter E. Kisieleski

Division of Environmental Impact Studies

DISCLAIMER

This book was orepared as an account of work sponsored by an agency of the United States Government
Ne ther the Un ted Stares Governmen nor any agency thereof nor any of their employees makes any
warranty express of impied or assumes any legal hiablty or responsibil ty for the accuracy
completeness or usefulness of any informaton apparstus product or process disciosed or

presents that 1ts use would not nfringe privately owned nghts Reference heren to any specifc
oMMy product process of serv ce by trade name trademark manufacturer or otherwise does
ot ar ly constitute or imply ts endorsement recommendaton or favoring by the United

not
States Government or any agency thereof The vews and op nons of authors expressed here n do not
necessarily state or reflect thase of the United States Government or any agency thereof

February 1980

Prepared for
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555
Under Interagency Agreement DOE 40-550-75

NRC FIN No. A2046

P

MIQTO L TIe N e » . -
SSTREITION 6F 1L Leve fe s o uhlFITER






FOREWORD

The Argonne National Laboratory, under contract with the U.S. Nuclear
Regulatory Commission (NRC), Division of Safeguards, Fuel Cycle and Environ-
mental Research, has conducted extensive long-term field studies at operating
uranium mills to provide input for the Generic Environmental Impact Statement
on Uranium Milling being prepared by the NRC.

The overall field study program was intended to:

(1) Provide measurements that could be used to characterize and to estimate
the rates of release of airborne radicactive effluents (source terms) for
uranium milling activities. This would include release rates of radio-
active particulates (specific nuclides) and radon-222 from (a) mill stacks
and vents, (b) ore piles, and (c¢) tailings piles.

(2) Provide data that could be used to verify predicted offsite environmental
concentrations of radionuclides based on source terms and dispersion cal-
culations.

(3) Provide data that could be used to evaluate the potential radiological
significance of food ingestion pathways for airborne effluents released
from uranium mills, focusing primarily on ingestion exposures associated
with grazing animals and locally raised food crops or garden produce.

(4) Serve as a means to test, demonstrate, and evaluate environmental moni-
toring methods and techniques in order to provide information that could
be used in the development of guidance for monitoring programs.

As part of this broad field study program, measurements were made at an
operating uranium milling facility to characterize and establish airborne con-
centration levels of U-238, Th-230, Ra-226, and Pb-210. The data and results
are presented in this report. Site-specific climatological and meteorological
factors are assessed. Measured airborne concentration of radioactive particles
are compared to natural background levels and to maximum permissible concen-
trations.

This is one in a series of reports leading to comparison of experimentally
determined gaseous and airborne particulate concentrations with theoretically
predicted concentrations such as by the UDAD Code (Momeni et al. 1979a). Other
published reports in this series are:

* "Uranium Dispersion and Dosimetry (UDAD) Code,' NUREG/CR-0553, ANL/ES-72.
Momeni et al. (1979).

+ "Radon and Radon-Daughter Concentrations in Air in the Vicinity of the
Anaconda Uranium Mill," NUREG/CR-1133, ANL/ES-81, Momeni et al. (1979).

iii



» "Radioisotopic Composition of Yellowcake: An Estimation of Stack Release
Rates,'" NUREG/CR-1216, ANL/ES-84. Momeni et al. (1979).

Other reports on size distribution of airborne particulates, characteri-
zation and size distribution of ore and tailings solids, ground migration of
ground-deposited radionuclides and ground contamination will be issued in the
future.

‘The authors express their appreciation to Drs. L. Roberts (Argonne
National Laboratory), L. Schwendiman (Battelle-Pacific Northwest Laboratory),
P. Magno, W. Fort, and D, Hendricks (U.S. Environmental Protection Agency)
for their critical reviews of this report before publication. The authors
are indebted to the management and staff of the Kerr-McGee Nuclear Corpora-
tion, the Anaconda Company (Bluewater NM Operation), Exxon (Highland Uranium
Operation), and Union Carbide (Uravan Uranium Operation) for their cooperation
and assistance during this research.

The overall study was conducted by the Division of Environmental Impact
Studies at Argonne National Laboratory. This activity was monitored by Harry
Landon, Paul Magno (now with EPA-Washington), Hubert Miller, and presently
Ms. Laura Santos (NRC).
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MEASURED CONCENTRATIONS OF RADIOACTIVE PARTICLES IN AIR
IN THE VICINITY OF THE ANACONDA URANIUM MILL

by

Michael H. Momeni and Walter E. Kisieleski

ABSTRACT

Concentrations of radioactive particles (U-238, Th-230, Ra-226,
and Pb-210) in air were measured in the vicinity of the Anaconda
Uranium Mill, Bluewater, New Mexico. Airborne particles were col-
lected at fthree stations for about two-thirds of a year using a con-
tinuous collection method at a sampling rate of 10 L/min, and also
were measured in monthly composites collected periodicalily at four
stations using "high volume" air samplers at a sampling rate of
1400 L/min. The ratios of concentrations of each radionuclide to
the concentrations of U-238 indicate that the concentrations of the
radionuclides are influenced principally by the proximity of fhe
major sources of emission and the direction of the wind. In all
cases, the concentration of Pb-210 exceeded that of U-238. The
ratio of Pb-210/U-238 was 12.3 and 13.3 for stations dominated by
The emissions from the fTailings and ore pads, but was only |.6 for
the station dominated by the vyellowcake stack emission. The ratio
of the radionuclide concentrations measured by the two methods of
sample collection was between 0.8 and .2 for uranium, radium, and
lead at station 104, but was 0.28 to |.7 for thorium, radium, and
lead at stations 10l and 102. The average concentrations calcu-
tated from the measurements made in This study suggest that releases
from the Anaconda mill were well within the existing [imits of the
maximum permissible concentrations for inhalation exposure of the
general public (10 CFR Part 20, Appendix B).

INTRODUCTION

All mining and milling operations are sources of airborne particles
through direct discharge into the atmosphere and through fugitive dust loading
attendant to alteration of the ground surface. Uranium mining and milling,
because of the high radioactivity of the ore, present a potential radiation-
induced health hazard. Release of radioactive airborne particles (principally
the uranium-238 series) from these sources causes increased human exposure to
radioactivity through the pathways of inhalation, ingestion of food grown on
contaminated ground or in contact with contaminated water, and external exposure.

Atmospheric aerosols, relatively stable, minute, suspended particles in
air, are natural components of the air we breath. The concentration of aerosols
in the urban environment might average about 100 ng/m3 (NCRP #45 1975), but



varies widely. 1In the unpolluted environment, average aerosol concentrations
up to 50 ug/m3 are encountered, but during short dust storms, concentrations
several magnitudes higher are reached. The atmospheric residence time of
suspended particles varies from several years for particles of ~ 0.5 um diam-
eter in the stratosphere to a few minutes for larger particles near the surface
of the ground.

In contrast to the relatively brief residence time of most particulates
(i.e. radioactive particles) in the atmosphere, ground contamination in the
vicinity of milling operations from deposition of airborne particulates and
movement of larger grains of ore and tailings will persist for a long period,
especially in the arid mining regions of the West. 1In addition, transport of
ground surface contaminants by runoff will result in accumulation of radio-
active material in drainageways and reservoirs.

Background concentrations of airborne particulates mirror the distribu~
tion of these radionuclides in soil, except for Pb-210 and Po-210, which
include contributions from decay of airborne Rn-222. The background concen-
tration of radionuclides in general is dependent on regional topography and
wind speed. Although they may be present only in minute, gravimetric quanti-
ties, radionuclides such as thorium (Th-230) in the atmosphere may pose a more
significant potential health hazard than the relatively large quantities of
resuspended natural soil and sand.

Predictions of the radiological impacts from particulates released during
uranium milling operations (U-238, U-234, Th-230, Ra-226, and Pb-210) are
based on:

1. Estimates of the average aerosol release rate from each
source of emission.

2. Spatial and temporal distributions of the aerosols within
the atmosphere.

3. Estimates of dose and dose rate to the population in
the vicinity of the mill.

4, Estimates of health effects based on dose rate, dose,
and age.

Major sources of particulate emissions at uranium mills are ore pads (the

storage piles of ore at the mill), ore-crushing and -grinding operatioms,

stacks venting gases from yellowcake-drying and -packaging operations, and
fugitive dust from dried surfaces of tailings piles.

The rates of release of particulates from these sources are dependent on
the procedures employed to control fugitive dust (Momeni et al. 1979¢) and on
site-specific climatological and meteorological factors.

The purpose of this study was to obtain field data on concentrations of
the radionuclides in the air in the vicinity of an operating uranium mill and
on site-specific meteorology for comparison with theoretical predictions based
on mathematical models incorporated into computer codes such as the UDAD Code
(Momeni et al. 1979a) for estimation of radiological impacts based on dose and



dose rates from uranium milling operations (NRC 1979). To ‘achieve this objec-
tive, the following parameters were measured at the Anaconda Uranium Mill near
Bluewater, New Mexico (Fig. 1):

¢ Meteorological Parameters

Wind speed &1d direction were measured continuously for
about omne year.

e Aerosol Concentrations

1. Airborne particulates were collected at three sampling
stations at the Anaconda mill (Fig. 2) for about two-thirds
of a year using a "continuous collection' technique at an
air-sampling rate of 10 L/min. The concentrations of the
radionuclides U-238, Th-230, Ra-226, and Pb~-210 were measured
in monthly composite samples.

2. Airborne concentrations of the same radionuclides also
were measured in monthly composites collected periodically
at four stations using a high volume sampling technique
at an air-sampling rate of 1400 L/min.

THE MILL AND ITS ENVIRONMENT

The field study for this report was conducted at the Anaconda Uranium
Mill (Figs. 1 through 3), Bluewater, New Mexico, between 1977 and 1978.
Between 1955 and 1978, an acid leaching process was used at the Anaconda mill
to extract uranium; the daily throughput was about 2500 tonnes of ore contain-
ing about 0.25% uranium (U30g). At present, the mill processes 5400 tonnes of
ore per day with an ore quality of less than 0.2% uranium.

The tailings from the uranium extraction currently are pumped to a reten-
tion pond that covers about 1.1 km? and is about 8 m above the basaltic rock
formation. The tailings retention area (Figs. 4, 5, and 6) is constructed in
a natural basin to the north of the plant area. The basin was formed by the
higher mesas to the east and north and higher lava flow escarpment to the
south and west. Two small seasonal lakes were formed from the adjacent water-
sheds by runoff. The dry beach tailing solids area has been reduced by keep-
ing surfaces moist since reconstruction of the tailings dam and adoption of a
protocol for tailings management similar to that described by Momeni et al.
(1979¢).

The estimated entire beach surface area (moist and dry) was 0.64 km?
before 1979 and 0.96 km? thereafter. During dry seasons, surface moisture has
varied from very dry (moisture content less than 0.5%) to wet (saturated) at
the edge of the solution. Calculation of average moisture is not feasible at
this time, but a study in progress using aerial photography and ground mea-
surements may provide a moisture isopleth in the future. The median tailings
grain diameter was 250 um and 350 um, respectively, as measured in composite
samples obtained from surface areas at southern and eastern sections of the
tailings retention area. Detailed characterization of tailings solids will be
reported in the future.
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Figure 1. Location of the Anaconda Uranium Mill at Bluewater,

New Mexico, in the Grants Mineral Belt.

Before reconstruction of the dikes, tailings overflowed and were collected
in catch basins. These deposits are about 125 cm deep. Between 1953 and 1956
Anaconda also operated a carbonate leach process. The tailings from this
process were separated from those of the acid leach process, and in late 1977,
these inactive carbonate leach tailings were covered with an average of 85 cm
of siltelay. Tt is estimated that currently about 32 million tonnes of tail-
ings are stored at the Anaconda mill. These tailings contain about 20,000 Ci
each of Th-230, Ra-226, Pb-210, and Po-210, and less than 2000 Ci each of U-
238 and U-234,

Details of the geology and meteorology of Bluewater have been reported
previously (Momeni et al. 1979b). Wind speed and direction measured during
1977-1978 are summarized in Table 1 and Figure 7. The average 24-hour wind
speeds are shown as a function of time in Figures 8 and 9 for portions of 1977
and 1978. During the period covered, the wind conditions varied from nearly
stagnate to speeds of about 20 mph. A seasonal variation also seems to be
indicated, with the largest fluctuations in wind speed occurring during
November-December 1977. The wind speed recorded during the period of mid-
April to May 1978 was near zero. The average wind speed was highest during
the winter and lowest during autumn (Table 1). .
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Figure 2. Schematic Map of Anaconda Mill Site Showing Locations of
the Mill, Ore Pad, Tailings Retention Area, and Monitoring
Stations. (The cross-hatched section is the tailings
retention area.)




Figure 3. The Anaconda Uranium Mill and Tailings Pond before 1979. (From
'Water Quality Impacts of Uranium Mining and Milling Activities
in the Grants Mineral Belt, New Mexico," U.S. EPA 906/9-75-002.)



Figure 4. Aerial View of the Anaconda Uranium Mill (facilities to the upper righthand side of the
tailings area were installed in 1978).



Figure 5. Anaconda Tailings Retention Area; View from the Western Embankment.

Figure 6. Anaconda Tailings Retention area in Foreground Showing the
Southern Embankment and the Solution Pond.
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Table 1. Daily Wind Speed Distribution (mph)

Hour Summer Autumn Winter Spring Annual
0100 3.5 4.3 4.0 3.2 3.8
0200 3.3 4.1 4.3 3.3 3.7
0300 2.8 3.9 4.3 2.8 3.5
0400 2.6 3.5 4.7 2.5 3.4
0500 2.4 3.4 4.7 2.3 3.2
0600 2.2 3.3 4.0 2.0 2.9
0700 2.1 3.1 3.5 2.3 2.8
0800 2.6 3.6 4.5 2.9 3.4
0900 3.4 4.3 6.1 4.2 4.5
1000 5.1 4.7 7.9 6.3 5.9
1160 6.2 6.0 8.2 7.4 6.9
1200 7.3 6.8 9.3 8.2 7.8
1300 7.6 7.5 9.7 9.0 8.4
1400 8.3 8.1 10.3 9.3 8.9
1500 8.7 8.2 10.0 10.1 9.2
1600 8.5 7.8 9.4 10.6 9.0
1700 8.3 6.9 8.1 10.5 8.3
1800 8.2 5.9 6.2 10.3 7.5
1900 7.4 4.7 5.0 8.4 6.3
2000 5.6 4.4 4.5 6.0 5.1
2100 4.7 4.1 4.0 4.6 4.4
2200 4.0 4.1 3.8 3.5 3.9
2300 3.6 4,2 3.7 3.5 3.8
2400 3.6 4.1 3.9 3.4 3.8
Average 5.1 5.0 6.0 5.7 5.4
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EXPERIMENTAL PROCEDURE

Six air-sampling stations were operated in the vicinity of the Anaconda
mill during portions of 1977 and 1978. The locations of the sampling stations
are shown in Figure 2. Airborne particulate samples were collected using a
continuous collection procedure at a flow rate of 10 L/min at stations 102,
103, and 104. Samples were collected using Andersen Hi Vol (high volume) air
samplers operated at a flow rate of 1400 L/min at stations 100, 101, 104, and
105. The experimental setup at a representative station is shown in Figure 10.

The system for continuous collection of airborne particulates on a 47-mm
membrane filter has been described previously (Momeni et al. 1978). With this
system, airborne particles were continuously collected from a height of 75 cm
above the ground for periods of three to seven days, depending on the atmo-
spheric dust concentration. The total collected filters were composited
approximately monthly for measurement of average concentrations of uranium
(U-238), thorium (Th-230), radium (Ra-222), and lead (Pb-210).

The Hi Vol air samplers were operated periodically for periods of 24 to
48 hours. Air was sampled at a height of about 3 m at stations 100, 101, and
104, and at about 7 m at station 105. The Hi Vol samplers were calibrated
following the manufacturer's recommendations. The filters (cellulose Whatman
41) were composited to monthly samples for measurement of concentrations of
radiocactivity. Both before and after air-sample collection, selected filters
were stored in a desiccator for about one day to minimize the effect of the
hygroscopic properties of filters and aerosols on the small air-sample weights.

Radiochemical measurements of samples collected by both techniques were

performed by Environmental Analysis Laboratory (LFE Corporation), Richmond,
California.

RESULTS AND DISCUSSION

Continuous Collection Sampling

Airborne concentrations (and the standard errors of the analytical mea-
surements) of U-238, Th-230, Ra-226, and Pb-210 sampled by the continuous
collection method with a flow rate of 10 * 1 L/min at stations 102, 103 and
104 are given in Tables 2 through 4.

The average airborne concentration of uranium collected at station 102
(Table 2) was 2.2 x 1073 pCi/m3. The standard error of this average was
3.1 x 10~% pci U-238/m3, about 14% of the mean. The range of concentration
was 3.03 x 10~% pCi/m3 to 6.37 x 10™3 pCi/m3. This range corresponds to a 21-
fold change in airborne concentration of U-238. The average airborne concen~-
trations (pCi/m3) of U-238 at stations 103 (Table 3) and 104 (Table 4) were,
respectively, 1.8 x 1073 (range 3.42 x 107% to 2.9 x 1073) and 8.8 x 103
(range 7.92 x 1074 to 3.23 x 10"2). These ranges correspond to 8.5-fold and
41-fold changes in U-238 concentrations. The changes in airborne U-238 con-~
centrations with time are shown in Figure 11. Comparison of uranium concen-
trations among the three stations shows in general a lower concentration
during July and November through December 1977, and a higher concentration
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Figure 10. Photo of Representative Sampling Station.

during October 1977 and January through March of 1978. Tt appears that the
airborne concentration of U-238 increased after 1977.

The average airborne concentrations (pCi/m3) of Th-230 were 1.3 x 10—3,
5.5 x 10—3, and 1.2 x 103 at stations 102, 103, and 104. The ranges of
measured thorium concentrations (pCi/m3) were 2.69 x 10~% to 3.86 x 10~3
(14.3-fold change) at station 102, 9.51 x 10=% to 1.23 x 10”2 (12.9-fold) at
station 103, and 4.46 x 107" to 2.65 x 1073 (5.9~fold) at station 104. The
thorium concentrations measured at these stations are shown in Figure 12. 1In
contrast to what was observed for U-238, thorium concentration did not seem to
increase after 1977, but the maximum and minimum Th-230 concentrations followed
the trend of the U-238 concentrations (Fig. 11).

For Ra-226, the average airborne concentrations (pCi/m3) were 3.3 x 1073,
7.3 x 10_3, and 1.3 x 1073 at stations 102, 103, and 104, respectively. The
ranges of concentrations (pCi/m3) were 2.72 x 10~% to 1.64 x 10~2 (60.3-fold
change) for station 102, 1.53 x 1073 to 1.77 x 10~2 (11.6~fold) for station
103, and 3.67 x 107" to 3.35 x 1073 (9.1-fold) for station 104. The profile
of distribution of the Ra-226 concentration with time is shown in Figure 13.
The pattern is similar for the three stations. The periods of maximum and
minimum concentrations of Ra-226 corresponded to those of U-238 and Th-230,
except for November and December 1977 and January 1978. During those periods,
the concentrations increased at station 103 and decreased at stations 102 and
104. No change in airborne Th-230 concentration was observed after 1977.



Table 2. Radionuclide Concentrations (pCi/m3) in Air Measured at Station 102
Using Continuous Collection Method

. a
Concentration * Standard Error

Collection

Period U-238 Th-230 Ra~226 Pb~-210

1977
6/27-7/1 2.1 E—3b +3.4 E~4 1.70 E-3 3.9 E-4 1.74 E-3 +4.0 E-4 2.10 E~-2 4.4 E~3
7/1-7/29 3.03 E-4 5.5 E~5 1.2 E-3 x1.2 E-4 1.86 E-3 #1.3 E-4 1.75 E-2 +1.1 E-3
7/29-9/2 1.06 E-3 1.4 E-4 5.19 E~-4 %£6.23 E-5 6.07 E-4 +7.3 E-5 1.55 E-2 £#1.6 E-3
9/2-9/30 1.49 E-3 1.5 E~-4 5.16 E-4 +9.1 E-5 1.97 E-3 +2.6 E-4 1.53 E-2 £1.7 E-3
9/30-10/28 3.25 E-3 £3.3 E-4 3.86 E-3 *+4.63 E~4 7.85 E~-3 £8.63 E-4 7.6 E-2 £7.6 E-3
10/28-12/1 4.78 E~4 £7.2 E-5 2.69 E-4 £7.27 E-5 1.26 E-3 *1.8 E-4 1.09 E-2 #1.2 E-3
12/1-12/6 1.0 E-3 #1.6 E-4 2.96 E-4 1.5 E~4 3.42 E-4 *1.54 E-4 1.68 E-2 £#1.85 E-3

1978
12/16-1/30 2.07 E-3 +2.1 E-4 2.45 E~4 +4.9 E-5 2.72 B~4 *6.5 E-5 1.47 B-2 #1.5 E-3
1/30-2/10 4.17 E-3 4.6 E-4 3.27 E-4 1.5 E-4 9.03 E-4 2.4 E-4 3.74 E-2 £3.7 E-3
4/28-5/19 6.37 E-3 +6.4 E-4 3.70 E~3 *£3.7 E-4 1.64 E-2 +1.64 E-3 4,15 E-2 £4.2 E-3

Average 2.2 E-3 £3.1 E—Aa 1.3 E-3 2.4 E-4 3.3 E~3 6.0 E-4 2.7 E~2 £3.4 E-3

a . . . .
Analytical error for estimation of concentration.

bpxponential notation: 2.1 E-3 = 2.1 x 1073 = 0.0021.
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Table 3. Radionuclide Concentrations (pCi/m3) in Air Measured at Station 103
Using Continuous Collection Method

. a
Concentration * Standard Error

Collection

Period U-238 Th-230 Ra-226 Pb-210

1977
6/27-7/1 1.50 E—Bb +3.6 E-4 1.23 E-2 #1.4 E-3 1.27 E-2 £1.5 E-3 2.0 E~2 +6 E-3
7/1-7/29 3.42 E-4 +6.9 E-5 9.60 E~3 *1.3 E-4 4,29 E-3 +4.3 E-4 1.49 E~-2 £1.5 E-3
7/29-9/2 1.30 E-3 *1.4 E-4 3.31 E-3 %£3.3 E-4 2.66 E-3 +2.,7 E-4 1.87 E-2 +1.9 E-3
9/2-9/30 1.29 E-3 +*1.7 E-4 4.9 E-3 +4.9 E-4 6.67 E-3 6.7 E-4 2.25 E-2 £2.3 E-3
9/30-10/28 2,90 E-3 £2.9 E-4 5.46 E-3 £5.5 E-4 6.72 E~3 6.7 E-4 3.55 E~-2 +3.6 E-3
10/28-12/1 9.55 E-4 *x1.24 E-4 1.81 E-3 +1.8 E-4 4.02 E-3 +4.0 E-4 1.93 E-2 #1.9 E-3
12/1-12/16 2.41 E-3 £2.9 E-4 7.18 E-3 £7.2 E-4 1.77 E-2 1.8 E-3 3.97 E-2 £4.0 E-3

1978
12/16-1/30 2.60 E-3 *2.6 E-4 3.85 E-3 +3.9 E~4 9.74 E-3 £9.8 E-4 2.34 E-2 *2.3 E-3
1/30-2/10 2.86 E-3 3.7 E~4 9.51 E-4 *2.3 E-4 1.53 E~-3 +3.1 E-4 2.28 E-2 +3.2 E-3

Average 1.8 E-3 £2.5 E-4a 5.5 E-3 *6.0 E-4 7.3 E-3 9.3 E-4 2.4 E-2 3.3 E-3

a . . . .
Analytical error for estimation of the concentration.

bExponential notation: 1.50 E-3 = 1.50 x 1073 = 0.00150.
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Table 4. Radionuclide Concentrations (pCi/m3) in Air Measured at Station 104

Using Continuous Collection Method

. a
Concentration * Standard Error

Collection

Period U-238 Th-230 Ra-226 Pb-210

1977
6/27-7/1 1.13 E-3° #3.5 E-4  1.25 E-3 4 E-4 1.91 E-3 #5.9 E-4 -
7/1-7/29 9.97 E-4 1.3 E-4 2.65 E-3 +5.3 E-4 3.35 E~3 3.4 E-4 2.60 E-2 +2.6 E-3
7/29-9/2 3.41 E-3 #3.4 E-4 5.49 E~4 +8.8 E-5 5.29 E~4 +1.0 E-4 1.46 E-2 #1.6 E-3
9/2-9/30 3.45 E-3 3.5 E-4 4.46 E-4 *8.9 E-5 9.00 E~4 *1.35 E-4 1.32 E-2 #1.5 E-3
9/30-10/28 4.19 E-3 4.2 E~4 1.76 E-3 £1.9 E-4 1.95 E~3 #2.3 E-4 2.73 E-2 +2.7 E-3
10/28-11/4 2.82 E-3 4.2 E-4 1.19 E-3 %3.78 E-4 _c 1.69 E-2 3.4 E-3
11/4-12/6 7.92 E-4 £9.5 E-5 1.28 E-3 1.4 E-4 3.67 E~4 6.6 E-5 1.17 E-3 5.2 E-4

1978
12/16~1/30 3.23 E-2 #3.2 E-3 1.07 E-3 1.2 E-4 8.71 E~4 *1.1 E-4 1.75 E-2 #1.8 E-3
1/30-2/10 2.98 E-2 *+3.0 E-3 9.03 E-4 2.3 E-4 7.64 E-4 +2.2 E~4 3.78 E-2 #3.8 E-3

Average 8.8 E-3 *1.5 E-3% 1.2 E-3 2.8 E-4 1.3 E-3 #2.6 B-4 1.4 E-2 +2.3 E-3

aAnalytical error for estimation of the concentration.
bExponential notation: 1.13 E-3 = 1.13 x 1073 = 0.00113.

c
Not measured.
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The average Pb-210 concentration (pCi/m3) was 2,7 x 1072 (range 1.09 x 10~2
to 7.6 x 1072) at station 102, 2.4 x 10~2 (range 1.49 x 1072 to 3.97 x 1072)
at station 103, and 1.4 x 1072 (range 1.17 x 1073 to 3.78 x 102) at station
104. The changes in Pb-210 concentration with time are shown in Figure 14.

The average concentrations of Th-230, Ra-226, and Pb-210 normalized to
the average concentration of U-238 for each station are given in Table 5. 1In
all cases, the concentration of Pb-210 exceeded that of U-238, but only at
station 103 was the concentration of Th-230 larger than the concentration of
U-238. The concentration of Ra-226 also was larger than that of U-238 at
stations 102 and 103. Because the major source of airborne U-238 is the
drying and packaging operations (Momeni et al. 1979b) and because our mea-
surements suggest secular radioactive equilibrium in the ore, the data in
Table 5 seem to indicate that the dominant source of Th-230 and Ra~226 mea-
sured at station 103 was the tailings pile. With respect to station 102, the
Ra-226 concentration seems to be dominated by the tailings, where the U-238
concentration is a fraction of the Ra-226 concentration. However, in light
of the variability of these data with respect to time, the suggested correla-
tion between the sources and the concentrations is highly speculative. A
detailed analysis of the correlation between each source and the concentra-
tion would have to include consideration of a variety of atmospheric and
climatic factors and is beyond the scope of this report. Again, comparison
between the measured concentrations and theoretical predictions will be
reported elsewhere.

The major source of airborne Pb-210 is from decay of Rn-222 present in
the atmosphere. Other sources of Pb-210 in the air are the ore as a result
of direct release during milling operations, and the ore pad and tailings by
means of resuspension. The ratios of airborne concentrations of Pb-210 to
U-238 at stations 102, 103, and 104, respectively, were 12.3, 13.3 and 1.6
(Table 5). The ratio at station 104, the closest station to the mill, sug-
gests a strong contribution of uranium from the yellowcake stack.

Table 5. Concentrations of Airborne Radionuclides
Normalized to Uranium Concentration as Measured
by Continuous Collection Method

Ratio Station 102 Station 103 Station 104
Th~230/U-238 0.6 3.1 0.14
Ra-226/U-238 1.5 4.1 0.15

Pb-210/U-238 12.3 13.3 1.6
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High Volume Sampling

Airborne concentrations of U-238, Th-230, Ra-226, and Pb-210 were sam-
pled using Andersen "Hi Vol" samplers with a flow rate of 1400 * 150 L/min at
stations 100, 101, 104 and 105. The concentrations (and the standard error
of analytical measurements) are given in Tables 6 through 9. Because of the
short collection periods (24 to 48 hours), the average concentrations calcu~
lated from the samples may not be representative of the true monthly aver-
ages. Detailed comparison of the measured concentrations with meteorological
parameters will be reported elsewhere.

The average gravimetric particulate concentrations are given in Tables 6
through 9 for the selected perlods of measurement. The average particulate
concentration was 74.4 * 8.2 ug/m during the period 1-5 August 1977 at sta-
tion 100. At station 101 the average concentration was 41.6 * 8.1 ug/m
(range of 30 to 48.9 ug/m3) for August to October 1977 (Table 7). At station
104 the average concentration was 54.8 % 8.7 ug/m® (range of 44.4 to 65.3 ug/m3)
for September and October 1977 (Table 8). The lowest concentration was measured
at station 105, with an average of 25.0 * 5.4 ug/m3 (range of 16.7 to 33.2 ug/m3)
(Table 9). Station 105 is 7 m above the ground, whereas the other stations
are only 3 m aboveground. In addition, station 105 is farther from the mill
site and the tailings (Fig. 2) than the other stations. These two factors may
partially explain the lower observed particulate concentration at station 105.
These concentrations were recorded for periods of average wind speed and the
average thus derived may be less than the seasonal average. In comparison
with the reported gravimetric concentratlons of about 100 ug/m in urban areas
(NCRP #45 1975) and about 50 ug/m® in the unpolluted air, the average airborne
particulate concentration measured at the Anaconda site does not seem to be
elevated.

Average airborne concentration of U-238 at station 100 between June 1977
and April 1978 was 9.2 x 1073 pCi/m3, with a range of 9.4 x 10™* to
2.17 x 1072 pCi/m . This range corresponds to a 23-fold change in uranium
concentration. The average concentratlons of U—238 at statlons 101, 104, and
105, respectively, were 2.2 x 10~3, 1.1 x 1072, and 1.2 x 10~ pCl/m . The
ranges in concentrations (pCi/m3) were 6.47 x 107" to 5.08 x 10~3 (8.6~fold
change) at station 101, 7.4 x 10" to 4.33 x 10~2 (58.5-fold) at station 104,
and 4.31 x 107% to 2.52 x 10~3 (5.8-fold) at station 105. The variation of
average U-238 concentrations with time is shown in Figure 15. Comparison of
the change in concentration among the stations does not show a common pattern
as was observed for data from the continuous mode of particle collection.
Station 105 is farther from the mill and the tailings than the other stations;
therefore a lower airborne concentration of U-238 at this station may reflect
the additional distance from the sources of release.

The distribution of the average airborne concentrations of Th-230, Ra-226,
and Pb-210 as a function of the collection date is shown in Figures 16 through
18. The pattern at station 101 was similar for all the radionuclides, with a
period of high concentration during July 1977. Th-230 concentration peaked in
July at this station, but it decreased at all other stations (Fig. 16). It
appeared that for all stations the changes in concentration of Ra-226 (Fig. 17)
were similar between June and October 1977. After 1977, the profiles for sta-
tions 100 and 104 seemed to be similar for Th-230 and Ra-226. At stations 101



Table 6.

Radionuclide Concentrations (pCi/m3) in Air Measured at Station 100 Using High Volume Sampler

Concentration * Standard Errora

Total
Collection Air Volume Particulates
Period (m3) (ug/n?) U-238 Th-230 Ra-226 Pb-210
1977
6/29-7/1 4.76 E+3b =€ 2.19 E-3 2.2 E~4 3.66 E-3 +3.7 E~4 8.28 E-4 %9.1 E-5 2,25 E~2 2.3 E-3
7/1-7/2 2.00 E+3 - 9.40 E-4 =1 E-4 9.75 E-4 %1 E-4 1.61 E-3 #1.9 E-4 1.92 E-2 +2 E-3
8/1-8/5 7.25 E+3 74.4 8.2 1.19 E~-2 #1.2 E-3 2.84 E~3 £2.9 E-4 4.81 E~4 5,3 E-5 2,32 E-2 +2.3 E~3
1978
2/6-2/21 6.12 E+3 - 2.17 E~2 +2.,2 E-3 1.17 E-3 #1.2 E~4 1.56 E-3 *1.6 E-4 7.19 E-3 7.2 E~4
3/1-3/29 1.22 E+4 - 1.72 E-2 #1.7 E-3 3.06 E-3 +3.1 E-4 5.02 E-3 %5 E-~4 1.48 E~2 #1.5 E-3
4/4<4/5 2.04 E+3 - 1.45 E-3 +1.5 E-3 4.9 E-4 +5 E~5 1.6 E-3 +1.6 E-4 8.48 E~3 *8.5 E-4
Average 9.2 E-3 +1.4 E-32 2.0 E-3 £2.4 E-4 1.8 £-3 £3.3 E~-4 1.6 -2 21.8 E-3

a
Analytical error for estimation of the concentration.

Exponential notation:

C,
Not measured.

Table 7.

4.76 E4+3 = 4.76 x 103 = 4760.

Radionuclide Concentrations (pCi/m3®) in Air Measured at Station 101 Using High Volume Sampler

. a
Concentration * Standard Error

Total
Collection Air Volume Particulates
Period (m3) (ng/m®) U-238 Th-230 Ra-226 Pb-210
1977
6/29-7/1 4,65 E+3b =€ 6.60 E~4 +6.6 E-5 1.41 E-3 £1.4 E~-4 2.60 E~4 3.9 E-5 1.89 E~2 #1.9 E-3
7/1-7/2 1.99 E+3 - 5,08 E~3 #5.1 E~4 2.37 E-2 *2.4 E-3 7.10 E-3 £7.2 E-4 4,39 E~2 4.4 E-3
8/1-8/7 9.60 E+3 48.9 5.4 1.47 E-3 £1.5 E-4 8.33 E-4 *1.3 E-4 4,17 E-4 *4,.6 E-5 1.65 E~2 #1.7 E-3
9/15-9/27 6.41 E+3 30.0 %3.3 4,21 E~3 +4.2 E~4 2,62 E-3 *2.6 E-4 4,37 E~4 *4,.8 E-5 1.34 E~2 1.3 E=3
10/3~-10/4 2.17 E+3 46.0 £5.1 1.71 E-3 *1.7 E-4 3.34 E-3 £3.3 E-4 5.57 E-3 #5,6 E~4 2.32 E~2 *2.3 E-3
1978
2/6-2/21 6.12 E+3 - 6.47 E~4 6,5 E~5 3.97 E~4 %4 E-5 1.37 E~4 £1.5 E-5 8.7 E-3 8.7 E-4
3/1-3/29 1.02 E+4 - 1.50 E-3 1.5 E-4 1.2 E~4 1,4 E~5 1.52 E-4 *1.5 E-5 3.56 E~3 3.6 E~4
Average 41.6 +8.12 2.2 E-3 *2.7 E-4 4.6 E-3 9.1 E-4 2,0 E-3 #3.4 E-4 1.8 E~2 +2.2 E~3

a N s
Analytical error for estimation

bExponential notation:

[«
Not measured.

of the concentration.

4.65 E+3 = 4,65 x 103 = 4650.

£T



Table 8.

Radionuclide Concentrations (pCi/m3) in Air Measured at Station 104 Using High Volume Sampler

. a
Concentration * Standard Error

Total

Collection Air Volume Particulates

Period m?) (rg/m3) U~238 Th-230 Ra-226 Pb-210

1977 ¢
6/29-7/1 4,79 E+3b - 4,26 E-3 4.3 E-4 5.09 E-3 5.1 E-4 1.86 E-4 £3.2 E-5 2.25 E~-2 +2,3 E-3
7/1-7/2 2.01 E+3 - 1.95 E-3 #2.0 E-4 1.14 E-3 1.0 E-4 1.00 E~-3 £1.3 E-4 1.13 E-2 z1.1 E~3
9/15-9/27 6.37 E+3 65.3 £7.2 1.16 E-3 1.2 E-4 8.73 E-4 8,7 E~5 1.07 E~4 1.5 E-5 6.3 E-3 6.3 E-4
10/3-10/4 2.01 E+3 44,3 4.9 3,51 E~3 +3,5 E~4 3.00 E~3 3.0 E-4 9.65 E-4 *1.2 E-4 1.99 E-2 2 E-3

1978
2/6-2/21 6.12 E+3 - 4,33 E-2 *4.3 E-3 1.36 E-3 t1.4 E-4 1.28 E~3 *1.3 E~4 7.11 E-3 *7.1 E~4
3/1-3/29 1.22 F+4 - 2,42 E~2 2.4 E~3 2.89 E-3 #2.9 E-4 3.89 E-3 £3.9 E~4 1.0 E-2 %1 E=-3
4/4-4/5 2.04 E+3 - 7.40 E-4 7.4 B-5 5.78 B~4 £5.8 E~5 4,75 E-4 4,8 E-5 8.19 E-3 #8.2 E-4

Average 54,8 18.7a 1.1 E-2 #1.9 E-3 2.1 E-3 *2,6 E-4 1.1 E~3 £2.1 E~4 1.2 E-2 *1.4 E-~3

aAnalytical ervor for estimation
4.79 E+3 = 4.79 x 103 = 4790.

bExponential notation:

c
Not measured.

Table 9.

of the concentration.

Radionuclide Concentrations (pCi/m3) in Air Measured at Station 105 Using High Volume Sampler

a
Concentration * Standard Error

Total
Collection Air Volume Particulates
Period (m3) (ug/m?) U-238 Th-230 Ra-226 Pb-210
1977
6/29-7/1 4.47 E+3b - 6.85 E~4 *6.9 E-5 2.28 E-3 2.3 E-4 4.41 -4 25.73 E-5 1.43 E-2 f1.4 E-3
7/1-7/2 2.01 E+3 - 4,31 E~4 4.3 E-5 1.16 E-3 +1.2 E~4 4,92 E-4 8.9 E-5 1.59 E-2 #1.6 E-3
8/1-8/7 1.00 E+4 25.1 2.8 2,52 E-3 *2.5 E~4 1.24 B-3 *1.6 E-4 6.39 E-5 £1.5 E~5 1.47 E-2 1.5 E-3
9/26-9/27 2,05 E+3 33.2 £3.7 1.72 E~3 1.7 E-4 4.61 E-3 #4.6 E~4 1.53 E-3 #1.7 E~4 1.92 E-2 £1.9 E-3
10/3~10/4 2.04 E4+3 16.7 x2.7 1.08 E-3 $1.1 E-4 1.31 E-3 1.3 E-4 1.49 E-3 +1.8 E~4 1.56 E-2 +1.6 E~3
1978
3/1-3/29 1.22 E+4 - 8.85 E~4 *8,9 E-5 3.73 E~4 £3,7 E-5 3.89 E-4 £3.9 E-5 7.32 E~3 £7.3 E-4
4l4-4/[5 2.04 E+43 - 7.99 E~4 *8 E-5 1.12 E-3 *1.1 E-4 8.14 E-4 *8.1 E~5 8.68 E-3 #8.7 E-4
Average 25.0 #5,4 1.2 E-3 #1.3 E-4 1.7 E-3 £2,2 E=~4 7.5 E-4 £1.1 E-4 1.4 E-2 *1.4 E-3

aAnalytical error for estimation of the concentration.

bExponential notation: &.47 E+3 = 4.47 x 10% = 4470,

c
Not measured.
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and 105 the same pattern was observed for Th~230 during the period after 1977.
Airborne concentration of Pb-210 (Fig. 18) at stations 100 and 105 was nearly
constant during 1977 and seemed to be similar to the U-238 concentration
distribution (Fig. 15) observed at station 101.

Average airborne concentrations of particulates at the same stations
used by our group also were measured by the staff of the Anaconda Uranium
Mill (Tables 10 and 11). Comparison of these averages with our data (Tables 7
through 9) seems to show a good correspondence between all measurements except
that of uranium at station 104. Since contribution of U-238 to the activity
of natural uranium is about 50%, the concentrations 3.83 x 1073 and 1.89 x 10”3
pCi/m3 natural uranium measured during 1978 and 1979 by Anaconda personnel at
station 104 (Tables 10 and 11) are, respectively, equivalent to about
1.9 x 1073 and 0.95 x 1073 pCi U-238/m3. These are about one order of magni-
tude less than our value of 1.1 x 1072 + 5 x 1073 pCi U-238/m3. The reasoun
for this difference is not yet known.

Table 10. Average Airborne Concentrations of U-Nat, Th-230,
Ra-226, and Pb~210 as Collected by Anaconda Company
Using High Volume Air Sampling System
for the Last Six Months of 19782

Concentration (1073 pCi/m3)

Station Location U-nat Th-230 Ra-226  Pb-210
105 Weather station 2,65 0.16 0.16 5.59
100 Golf course 4.75 0.78 0.79 7.47
104 Sewage plant 3.83 3.18 1.88 4.13
101 Northern perimeter 1.22 0.66 0.35 8.70

gFrom report to the State of New Mexico by the Anaconda Company.
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Table 11. Average Airborne Concentrations of U-Nat, Th-230,
Ra-226, and Pb-210 as Collected by Anaconda Company
Using High Volume Air Sampling System
for the First Six Months of 19792

Concentration (1073 pCi/m3)

Station Location U~-nat  Th-230 Ra-226 Pb-210
105 Weather station 2,20 0.92 1.25 4,81
100 Golf course 1.62 0.82 0.85 7.47
104 Sewage plant 1.89 2.51 1.57 17.28
101 Northern perimeter 1.30 0.42 0.15 26.30

%From report to the State of New Mexico by the Anaconda Company.

Comparison of Continuous and High Volume Sampling

The variation in airborme U-238 concentration with time, as measured by
the two collection methods, is shown in Figures 11 and 15. Data from stations
101 and 102, located in the northwestern corner of the Anaconda site only about
200 m apart (Fig. 2), indicate some differences between the sampling methods.
The data collected by the continuous sampling technique suggest a low U-238
concentration during July 1977, while the data collected by the Hi Vol technique
suggest a low concentration during August. However, air samples were collected
only during the first week of August using the Hi Vol sampler. For both
techniques, the minimum concentrations were recorded during the same collection
period. Furthermore, the rise and fall in concentrations of U-238 at station
104 during 1978 are comparable for the two methods (Figs. 11 and 15).

The average concentrations and ratios of concentration for U-238, Th-230,
Ra-226, and Pb-210 using the two collection techniques are given in Table 12
for stations 101, 102, and 104. At stations 101 and 102, the agreement is
satisfactory only for uranium. A major difference in the data is that the
duration of Hi Vol collection may have been too short to represent the actual
monthly average concentrations. As data from the continuous collection tech-
nique indicate, a wide range of airborne particle concentrations are expected
because of climatic and meteorological factors and the dynamic nature of the
milling operation. During short collection periods, a 100-fold change in the
airborne concentration can be expected because of wind storms. In general,
for short periods of 24 to 48 hours, the higher rate of air sampling of the
Hi Vol system will provide a better estimate of low particle concentrations
than will the continuous collection technique. However, the longer collection
period of the continuous method provides samples which are more representative
of the average airborne concentrations. In principal, comparisons such as
those in Table 12 are fraught with difficulty because of the problem of obtain-
ing a representative sample using a short-duration collection technique. The



31

authors recommend that a continuocus particulate collection method, composited
to a monthly sample, with an air sampling rate of 25 L/min or more, would pro-
vide both a representative measurement and sufficient sensitivity for detec-
tion of low-level particulate concentrations.

Table 12. Comparison of Airborne Concentrations of Radionuclides Measured
Using Continuous Collection and High Volume Air Sampling Procedures

Average Concentration (pCi/m3)

Technique U-238 Th-230 Ra-226 Pb-210

Stations 101 and 102

Continuous 2.
Hi Vol 2
Ratio (continuous/Hi Vol) 1.0

N W
@ 8
= O W
w W
=N
= 00 ~d

Station 104

Continuous 8.8
Hi Vol 1.1
Ratio (comntinuous/Hi Vol) 0

O =N
Nbll'.!rfi
w W
NN

%pxponential notation: 2.2 E-3 = 2.2 x 10~3 = 0.0022.

Comparison with Background and Maximum Permissible Concentration

There are wide temporal and spatial variations in background concentra-
tions of radiocactive aerosols across the United States. At Argonne National
Laboratory near Chicago, Illinois, concentrations of airborne radionuclides
were reported by Sedlet et al. (1973) as 1.2 x 10~% pCi/m3 for U-238 and
U-234, and 0.45 x 10~% pCi/m3® for Th-230, with a soil uranium concentration
of 1.5 pCi/g. McEachern et al. (1971) reported an average uranium concentra-
tion of about 4 x 107% pCi/m3 from measurements at several sites within the
State of New York. Breslin and Glauberman (1970) measured an airborne uranium
concentration of 1 pCi/m® in the vicinity of one uranium mill tailings pile.
They reported lower concentrations (0.1 pCi/m3 and 0.05 pCi/m3) at two other
mill sites. Ra-226 concentrations ranged from 0.04 to 0.2 pCi/m3. The data
from these authors seem to indicate that airborne concentrations of radio-
nuclides are reduced about tenfold at a distance of about 1 km from the site
of origin.

The average airborne concentration of Pb-210 seems to range from
1 x 1073 to 3 x 1072 pCi/m3 (NRCP #45 1975). Poet et al. (1972) report con-
centrations of Pb-210 ranging from 1 x 1073 to 2.1 x 1072 pci/m3. A survey
by Magno et al. (1970) of airborne Pb-210 in several states showed concentra-
tions of 2.6 x 1072 pCi/m3 (Illinois and Utah) and about 1.5 x 1072 pCi/m3
(California and Massachusetts). The lowest concentration reported
(5 x 1073 pCi/m3®) was in the State of Hawaii.
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Our preliminary theoretical calculations using the UDAD Code as a tool
for prediction of an optimum monitoring station show a 100~fold reduction in
airborne uranium concentration at station 105 (Fig. 2) relative to the con-
centration at the mill. The UDAD calculations also predicted a Ra-226 con-
centration of about 5 x 1073 pCi/m3 at that distance. This concentration is
about the same as the reported background concentration for Ra-226. Because
of variation in topography and ground canopy conditions, it is difficult to
select stations for measurement of the background radionuclide concentrations
that are representative of the area around the Anaconda mill, yet sufficiently
outside the zone of mill influence. The particulate concentrations at station
105, over 2 km from the tailings, were assumed to represent estimates of the
background concentrations for this study. Additional measurements at dis-
tances farther removed from the Anaconda mill are necessary to justify our
selection of station 105 as being representative of regional background.

The reported background airborne concentrations of 1.2 x 107" pCi
U-238/m3 (Sedlet et al. 1973) and 4 x 107% pCi U-238/m3 (McEachern et al.
1971) are smaller than the average (1.2 x 1073 + 1.3 x 10™% pCi U-238/m3)
measured in this study at station 105, considered to be representative of
background in the Anaconda mill area. The concentration (pCi/ms) of uranium
measured at station 105 ranged between 4.31 x 10™% + 4.3 x 1075 and
2,52 x 1073 + 2.5 x 107%, This entire range is above the previously reported
background concentrations for regions of New York (McEachern 1971) and the
Chicago area (Sedlet et al. 1973). We surmise that this higher concentration
may be partially a result of the higher mineralization of soil in this region
of New Mexico (Fig. 1) than in the regions east of the Mississippi River.

Similarly, concentrations (pCi/m3) of Th-230, Ra-226, and Pb-210 at sta-
tion 105 were, respectively, 1.7 x 1073 £ 2.2 x 107%, 7.5 x 10™% + 1.1 x 107%
and 1.4 x 1072 % 1.4 x 1073, The estimated average value u for the concen-
trations (pCi/m3) at the confidence level of two standard errors of the mean
would be 1.3 x 1073 < Th-230 < 2.1 x 1073, 5.3 x 107% < Ra-226 < 9.7 x 1074,
and 1.1 x 1072 < Pb < 1.7 x 1072, Comparison of Th-230 concentration at this
station with the value measured by Sedlet et al. (1973) for the Argomne
National Laboratory area (4.5 x 107° pCi/ms) suggests at least an order of
magnitude higher concentration for the Anaconda area. The estimated Pb-210
concentration at station 105 is within the range of values reported by Poet
et al. (1972) and Magno et al. (1970).

The current limit of total exposure from inhalation of airborne particu-
lates (maximum permissible concentration, MPC) for the general public at
unrestricted areas of uranium milling operations is specified in the U.S.
Code of Federal Regulations, 10 CFR Part 20, Appendix B.* Of all the radio-
nuclides in the U-238 series, the MPC is lowest for soluble thorium
(Th-230 S)--8 x 10~2 pCi/m® (8 x 10™1% yCi/mL). The highest MPC, 8 pCi/m3,
is for insoluble lead (Pb-210 I).

%*Code of Federal Regulations, Office of the Federal Register, Natiomal
Archives and Records Service, General Service Administration, January 1975.
At the end of 1980, 40 CFR Part 190, which establishes an exposure limit of
25 mrem/yr, will go into effect for uranium mills.
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The average concentration of each radionuclide measured in the vicinity
of the Anaconda mill is compared with the appropriate MPC in Table 13. Sta-
tions 102 and 104 (Fig. 2) are near the boundary of the mill site, and sta-
tion 103 is well within the site and in the direction of maximum transport of
particulates from the tailings surface. The average particulate concentra-
tion at station 103 is 2 to 5 times higher than at other stations for all
radionuclides except for U238. Uranium concentration is highest at station
104 and probably is dominated by the releases from the uranium dryer stacks.
The ratio of the average particulate concentrations (¥) measured at Anaconda
to the appropriate MPC (%/MPC) is the largest for Th-230 S at station 104
(1.5 x 1072) and lowest for Ra-226 S at station 102 (1.1 x 1073),.

Since the average particulate concentrations given include all particle
sizes, the respirable fraction of the concentrations is less than the total
concentration. Therefore, the ratios (¥/MPC) given in Table 13 are comserva-
tive, and the ratios for only the respirable fraction of the particulates
probably are less than the values given in Table 13. Furthermore, the air-
borne particulates are a mixture of soluble and insoluble fractions, and
again the highest (X/MPC) ratio given in the table for each radionuclide is
thus conservative. A better estimate of the particulate concentration based
on the aerodynamic size distribution will be reported in the future. Based
on data in Table 13, the airborne particulate concentrations at the Anaconda
boundary were well below the maximum permissible concentrations for inhala-
tion exposure of the general population in unrestricted areas as specified in
10 CFR Part 20. Comparison of the airborme radionuclide concentrations at
the Anaconda mill with 40 CFR 190 regulations, which go into effect for
uranium mills at the end of 1980, will be reported in the future.



Table 13.

and Insoluble (I) Radionuclides

Comparison of the Average Particulate Concentrations (i} Measured by the Continuous
Sampling Method with the Maximum Permissible Concentration (MPC) or Soluble (S)

Station 102

Station 103

Station 104

a - — —
MPC X _ X _ X -

Radionuclide  (pCi/m3) (pCi/m3) (x/MPC) (pCi/m3) (x/MPC) (pCi/m3) (x/MPC)

U-238 S 3 7.3 x 1074 6 x 1074 2.9 x 10”3
2.2 x 10-3 1.8 x 10-3 8.8 x 10~3

U-238 T 5 4.4 x 107H 3.6 x 1074 1.8 x 1073

Th-230 S 8 x 102 1.6 x 1072 6.9 x 102 1.5 x 10~2
1.3 x 1073 5.5 x 1073 1.2 x 10-3

Th-230 I 3 x 1071 4.3 x 103 1.8 x 10~2 4.0 x 10783

Ra-226 S 3 1.1 x 1073 2.4 x 10™3 4.3 x 104
3.3 x 1073 7.3 x 1073 1.3 x 1073

Ra-226 I 2 1.7 x 1073 3.7 x 10”3 6.5 x 107"

Pb-210 S 4 6.8 x 103 6.0 x 10~3 3.5 x 1073
2.7 x 10-2 2.4 x 1072 1.4 x 1072

Pb-210 I 8 3.4 x 10-3 3.0 x 10~3 1.8 x 10”3

8MPC values are given in 10 CFR 20 in units of uCi/mL.

10 CFR 20 MPC values have been converted to units of pCi/mg.

For the comparison given in this table, the

Re
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