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ABSTRACT

Radon-222 flux from representative sections of the United Nuclear
St. Anthony open-pit mine complex was measured. A flux measurement
system incorporating a collection surface of 0.23 m2 with a desiccant
to remove moisture was designed for this study. The collected radon
was adsorbed on activated charcoal and the radon activity was measured
by gainma spectroscopy (609 kev Bi-214) . System design, calibration,

2and the procedure to determine radon flux density (pC1/m s) are
described. A continuous series of radon flux densities were measured
over a 5-month period at a control point in the mine. The average
flux density at the control point was 1.9 pC1/m .s (range: 0.44 to2

10.6 pCi/m2 s). A close correlation between radon flux density vari-
ations and changes in barometric pressure was observed by a comparison
of meteorological data and average daily radon flux density measured
at the control point. The data from the control point was used to
normalize measurements at other locations for variations in radon
release rates caused by changing meteorological and climatic condi-
tions. The release rate from each section of the mine was calcu-

,

lated from the average radon flux density and the area of the section,
as determined from enlarged aerial photographs. The average radon
flux density for eight locations over the ore-bearing section was ,

2 27.3 pC1/m s (range: 0.41 to 36.0 pC1/m s). The average flux den-
sity for four locations over undisturbed topsoil was 0.17 pCi/m s2

2(range: 0.12 to 0.22 pC1/m s). The average Ra-226 content of ten
samples taken from the ore-bearing region was 102 pCi/g ore. The
ratio of radon flux density to radium content (specific flux) was

20.072 [(pC1 Rn-222/m s)/(pCi Ra-226/g ore)]. This specific flux
density is about five times lower than indicated by our previous
measuremtnts over aged tailings. The release rate from the entire
St. Anthony opea pit was determined to be 3.5 x 105 pCi/s. This
rate is comparable to the natural release of radon from one square
mile of undisturbed topsoil.
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FOREhDRD

One of the main concerns regarding the environment in the vicinity of
uranium mining and milling operations has been the elevated atmospheric con-
centrations of radon-222 and its daughters. Uranium mining is a source of
radon-222 which emanates from the high concentrations of radium-226 in the
ore. The environmental assessment of the radon hazard is complicated by the
variability of meteorological conditions which affect radon release and
transport.

This report presents the results of the following tasks undertaken in
this study:

(a) Measurement of radon flux from the ground.

(b) Measurement of working level and airborne radon concentrations.

(c) Measurement of meteorological parameters.
.

(d) Development of a theoretical model to describe the release of radon
frcm open pit mines.

*

In January 1979, permission was obtained from United Nuclear Corporation
to install equipment for these measurements at the St. Anthony Mine in the
Grants, New Mexico, mineral belt. This report describes measurements and
details of the studies performed from March through September 1979.

.i

j The authors express their appreciation to personnel of United Nuclear

| Corporation--John Abbiss, Marshall Fletcher, Noel Savignac, John Cesar,
j William Sabo, and Frank Wills--for their cooperation and assistance. Acknow-
j ledgments are also extended to the following persons at Argonne National
'

Laboratory: Sylvanus Tyler and Nancy Krysko for statistical data analysis;
and William Hallett, Luis Saguinsin and Lalitha Sanathanan for their critical
reviews of this report before publication.

The overall study was conducted by the Division of Environmental Impact
Studies of Argonne National Laboratory. This activity was monitored by Harry
Landon, John LeRohl, Bill Thompson, and currently by Laura Santos, all of the
U.S. Nuclear Regulatory Commission.
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RADON RELEASE AND DISPERSION FROM AN
OPEN PIT URANIUM MIhT

- ,

EXECUTIVE SUMMARY

Data from meteorological measurements made at the St. Anthony Mine,
compared with data from the Albuquerque airport, demonstrated that onsite
information is needed to estimate local radon dispersion. Wind speed, wind
direction, temperature, and dew point were measured at two locations at the
mine. Variation in hourly wind direction indicated the effects of local

terrain. Average wind speed was sometimes a factor of three lower than That

at the airport. Differences in temperature and dew point were less significant.,

A system using activated charcoal to collect radon was designed and
.

tested at Argonne National Laboratory. A combination of the high radon
adsorption efficiency and improved collection and counting techniques resulted
in an overall reproducibility of 3%, with a lower detection ilmit for a

224-hour radon flux collection period of 0.025 0.013 pCI/m s. System

design, calibration, and the procedure to determine radon flux density are
described.

Radon-222 flux was measured from representative sections of the United
Nuclear St. Anthony Mine open pit complex. A flux measurement system incor-
porating a collection surface of 0.23 m2 with a desiccant to remove moisture
was designed for this study. The collected radon was adsorbed on activated
charcoal and the radon activity was measured by gamma spectroscopy (609 kev

Bi-214). A continuous series of radon flux densities were measured over a
* 5-month period ai a control point in the mine. The average flux density at

2 2the control point was 1.9 pCi/m s (range: 0.44 to 10.6 pCi/m s). A close
correlation betyeen radon flux density variations and changes in barometric-

pressure was ob-erved by a comparison of meteorological data and average
daily radon flu : density measured at the control point. The data from the

1



2

control point were used to normalize measurements at other locations for
,

variations in radon release rates caused by changing meteorological and
climatic conditions. The release rate from each section of the mine was

.

calculated from the average radon flux density and the area of the section,
as determined from enlarged aerial photographs. The average radon flux

2density for eight locations over the ore-bearing section was 7.3 pCi/m .s
2(range: 0.41 to 36.0 pCi/m s). The average flux density for four locations

2 2over undisturbed topsoll was 0.17 pCl/m s (range: 0.12 to 0.22 pCi/m .s).

The total release rate from the inactive open pit was determined to be
3.5 x 105 pCl/s. These data, with surface area projections, were used to
estimate annual radon release as a function of mine age.

The average Ra-226 content of ten samples taken from the ore-bearing
region, determined by the radon de-emanation me+ hod, was 102 pCi/g. This
average, divided by the average fiux density for an undisturbed ore-bearing

2 2region (7.3 pCI/m .s), yielded a specific flux of 0.072 (pCi Rn-222/m .s)/
.

(pCi Ra-226/g ore).

.

Radon air concentration and working level measurements were made at

locations in the St. Anthony Mine complex and at cne background station il km
north of the mine using a system containing a scintillation cell for continu-
ous radon measurement and a surface barrier detector for measurement of
working level. A comparison of the background and mine data taken at SA-l

showed no observable di f ferences in the air concentration of radon. A
comparison of the working level averages showed an elevated working level at
the mine site.

Radon f lux and air concentration were measured simultar eously using a
continuous radon measurement system. This system--containing two scintilla-
tion cells, one for monitoring air concentration and the other for ground
flux--is described. These data indicated a parallel rise and fall of ground
exhalation and radon air concentration over a 24-hour period. The air con- ~

centration varied by a factor of four, ground flux by a factor of two.
.
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INTRODUCTION
'

,

One of the hazards associated with uranium mining arises from inhalation
of radon and its daughters. The ore, overburden, and inclusive wastes removed
during mining contain radionuclides in the U-238 series. The Ra-226 in these*

materials decays to Rn-222, which is released to the atmosphere.

Surface mining for uranium ore is a dynamic process involving continual
stripping of overburden to expose and then remove the underlying ore deposits.
The procedure for surface mining ore, often synonymously called strip mining
or open pit mining, is a combination of area mining and contour mining. Area
mining is nostly applicable to gently rolling hills, whereas contour mining is
of ten practiced in mountainous or steep, hilly regions. In area mining, a
trench or box cut is made through the overburden to expose the ore; the over-
burden, inclusive waste, and marginal ore removed from the pit are deposited
in piles on the ground surface near the mine. In contour mining, the over-
burden is removed from the strata above the ore bed and is discharged down the
hill. Often, contour mining is combined with auger mining (horizontal tunnels)
following the ore seams.

Mining procedures such as backfilling reduce the area of the exposed ore
zone and thus reduce the total radon released. Mining techniques are specific
for individual mines and will change with time as the ore is removed and the
open pit is developed. Therefore, a comparison of the radon release from two.

different mines should include the mining procedures used, the age of the
mine, and the mine size.

.

The St. Anthony Mine, selected for this study, is located about 60 miles
northwest of Albuquerque on the old Spanish Cebolleta land grant. Exploration
in the St. Anthony area began about 1964 and stripping started in 1975. The
mine complex consists of an operating open pit, an inactive open pit, and a
developing underground mine. The St. Anthony Mine is near the largest open
pit uranium mine in the United States, Jackpile, operated by the Anaconda
Company; it is also adjacent to the Sohio Mine and Uranium Mill (Figure 1).
North of these mines are the foothills of Mount Taylor, an extinct volcano
with an elevation of 11,700 feet. The area is a southern section of the
Colorado Plateau which is extensively covered with igneous rock. Most of the
lava from Mount Taylor covered an erosion plane developed over Cretaceous rock.

At the St. Anthony Mine site, the upper formations are Dakota and Lower
Mancos Shale. Erosion of the softer rock has left numerous volcanic necks

i

standing above the surrounding land, forming valleys and arroyos (Figure 2)
and exposing ore deposits in several locations. The Morrison Formations
(Figure 3) are in ascending order: Recapture Member, Westwater Canyon Member,
and Brushy Basin Member. The ore deposits are generally contained in the
upper part of the Brushy Basin Member, in so-called Jackpile sandstone (Hilpert
and Freeman 1955). The topography of the St. Anthony Mine site, with an exten-,

sively eroded mesa, is shown in two aerial photographs, Figures 1 and 4;
Figure 4 also shows the location of the meteorological and air monitoring
stations. Figures 5 and 6 show the active mine pit, overburden, and secondary*

mine waste deposits.

|
!
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To meet the main tasks outlined in the foreword, the following studies
'

were initiated:

l. Measurement of meteorological coraditions that affect both radon
*

release and dispersion.

2. Determination of radon (Rn-222) release rates from dif ferent areas
within an open pit uranium mine.

3. Measurement of the inherent parameters controlling radon release
rates.

4. Determination of radon and radon daughter concentrations in the
atmosphere within the mining area and the vicinity (background).

5. Development of theoretical methods for estimating radon release.

METEOR 01DGY

Radon release and dispersio9 are affected by site-specific meteorological
conditions. Bez iuse topography and elevation affect temperature, dew point,
wind speed and wind direction, these four parameters were measured at the mine.
Chagges in atmdspheric pressure are not significantly affected by local topog- -

raphy; therefore, pressure data from the Environmental Data Service Station in
Albuquerque were used for th's study.

.

The parameters of wind speed and wind direction were measured with a
WM III (Clisatronics Corporation) system, which includes a three-cup anemo-
meter and a wind vane. The minimum wind velocities required to activate the
anemometer and wind vane, respectively, were 0.25 and 0.12 m/s.

~

The temperature was measured by an aspirated thermistor protected from
direct sunlight; a fan provided a constant air flow through the shield. The
vertical temperature profile (AT) was measured using two sensors, one at 3 m
and the other at 30 m above the ground. A dew point sensor for the measure-
ment of relative humidity was also incorporated with one of the shielded
thermistors.

Atmospheric stability was determined from the standard deviation of the
horizontal wind direction, using a sigma translator.

The weather sensors were mounted on two towers at the mine: a 10-m
tower about 100 m east of the mine entrance in the valley (St. Anthony
Station 1, SA-1); and a 30-m tower erected on top of the mesa on the west
side of the valley, overlooking the mine complex (SA-3). The distance
between the two towers is slightly less than a kilometer. The 30-m tower is -

equipped with a lightning rod for protection of the electronic equipment.
Figure 7 shows the 30-m tower during installation of the sensors, and Fig-
ure 8 shows the sensors mounted at the 3-m level and the shed containing the .

electronic equipment.
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The primary data-logging device for each meteorological station is a
Cassette Data Acquisition System (CDAS). The CDAS records the day, time, and
meteorological data on a magnetic cassette tape. An analog backup system
consisting of a multiplex recorder was installed in case the CDAS failed.
Each multiplex recorder was capable of plotting three parameters on pressure-
sensitive strip chart paper. Because of the large number of parameters col-
lected at SA-3, two recorders were used at that station.

The air movement through the mine valley was followed using a smoke bomb
released at the edge of the mesa. A strong upward air motion that occurs in
the late afternoon is shown in Figure 9. During the evening hours, the air
flow reverses itself with the onset of cold air drainage.

Dust released from overburden blasting is also a visible ladicator of the
air flow patterns in the valley. Figures 10a through 10d are sequential pic-
tures taken from the mesa following a detonation. These observations could be '

utilized to compare specific wind conditions to dust dispersion in the valley.

The reteorological data measured at the St. Anthony Mine are summarized -

in Appendix A, Tables A.1 through A.14. Daily maximum and minimum temperature,
along with daily averages of temperature, wind speed, and dew point are pre-
sented. A comparison of these data with data from the International Airport

I

I

_ _ _ __ __
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i

(Albuquerque) shows the necessity for onsite meteorological data. The daily
average wind speed at the mine was sometimes a factor of three lower than that
at the airport. The variation in hourly wind direction between the upper and
lower levels of the 30-m tower is indicative of the effects caused by local
terrain. These effects would not be apparent from wind direction information
recorded at the Albuquerque airport. The dew point at the mine was always
lower, indicating a drier climate. The maximum daily average temperature
difference was 3"C.

,

| SELECTION, TESTING, AND CALIBR\ TION OF 'IllE RADON FLUX
MEASURDIENT SYSTDI

To study radon flux from the ground over an area as large as an open pit
mine, a sensitive and cost-effective method of collecting and measuring radon
is needed. A method previously used by Countess (1977) seemed most applicable.

,

, to this need. In this method, military gas mask canisters containing acti-
| vated coconut charcoal were positioned on the ground to collect radon released
'

from the surface. Dewar (1903) reported on the ability of activated coconut,

charcoal to adsorb and hold inert gases. Rutherford (1906) and Boyle (1907)
used charcoal to study thorium and radium emanations.

. . . . _ . - _ _ - -
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; After collection, the activity in the canister is determined by measuring .

! the gamma-ray intensity of the radon daughters. To establish the efficacy of

i using this method for measurements of radon flux density, the canisters were

| tested under laboratory conditions. These tests were designed to answer the ,

| following questions:
!

|

| 1. What is the radon collection efficiency of the activated charcoal in
! these canisters?

l

2. What is the variation in collection efficiency between canisters?

3. Can radon be cleared from the canisters, and are these canisters
usable after clearing?

i

I

RADON TEST SOURCE FOR CANISTER EXPOSURE

A radon bubbler assembly (Figure 11) was utilized to expose the activated
charcoal filters to a determined quantity of Rn-222. The Ra-226 in the bub-

3bler solution decays to radon, and a constant flow (10 cm / min) of nitrogen
gas is bubbled through the solution, carrying with it a fraction of the radon.
This process is called de-emanation. With continued bubbling, the radon pro-
duction and de-emanation rates equilibrate and a constant flow of radon is

,

obtained. A canister is attached to the assembly and the charcoal filter is
allowed to adsorb radon for a measured exposure interval (t). The total radon
exposure (Rn) is determined by the following formula:

.

Rn = Ra x Ax t (1)

where: Ra = Ra-226 activity in pCi,

A = decay rate of Rn-222 in reciprocal minutes, and
t = exposure interval in minutes.

|
|

GAMMA-RAY INTENSITY MEASUREMENT

After exposure, the canisters were stored for at least 3 hours to allow

Bi-214, a gamma-ray emitting daughter, to attain secular equilibrium with Rn-
222. The measurement of Bi-214 gamma-ray intensity was made with a 3 x 3-in.
Nal crystal detector coupled to a multichannel pulse-height analyzer. The
canister, positioned in a shielded counting chamber, was centered on a line
perpendicular to the detector face, with the geometric center of the charcoal
filter at a distance of 10 cm below the detector * (Figure 12). The channel
counts corresponding to the 0.609 MeV gamma-ray of Bi-214 scre summed for a
total counting rate. This counting rate, corrected for background, was
compared to that of an equilibrated Ra-226 standard to convert it to measured

*

activity, expressed in microcuries. This measured activity was corrected for

| Rn-222 decay during the storage time to obtain a corrected activity (Rn')
| relative to the radon exposure (Rn). *

|

|

| *It was later found that changing radon distribution in the filter affected

counting geometry. The method used to correct for this effect is presented
in the section on Radon Distribution in the Charcoal Filter.
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CllARCOAL FILTER ADSORPTION EFFICIENCY .

Nine canisters were individually loaded with a determined quantity of
radon (Rn) by connecting them to the radon bubbler for an exposure interval

.

of 5 minutes. After the appropriate storage time, each canister was counted
and the corrected radon activity (Rn') calculated. Adsorption efficiency was
defined as the ratio of Rn' over Rn, multiplied by 100. The mean and standard
deviation for the nine adsorption efficiencies was 94.5 6.4%.

A second test of adsorption efficiency was performed with two canisters
connected in series with an airtight seal to verify the results of the previ-
ous test. It was presumed that the radon not adsorbed by the first charcoal
filter would be adsorbed by the second. If all of the radon was collected in
the two filters, the net counting rates for the individual canisters could be
used to determine the adsorption efficiency (c) of the first filter:

. .

e= N N +N x 100 (2)
ci ci c2

. .

where: N = net counting rate of the first canister, and

N = net counting rate of the second canister.

Two sets of tandem canisters were loaded with radon. The first set was -

exposed for 30 minutes and the second set for 18 hours. After exposure, the
tandem canisters were separated and individually counted. The adsorption
efficiency determined for the set exposed for 30 ainutes was 99.97 0.2%*; .

the adsorption efficiency for the set exposed for 18 hours was 99.11 1 0.03%*
(average: 99.54%).

The tandem tests showed that essentially all of the radon that enters the
canister is adsorbed in the charcoal filter. Therefore, it was suspected that
the lower estimate of adsorption efficiency (94.5%) determined from the first
test was due to the nonuniform distribution of radon in the charcoal filter.

RADGN DISTRIBUTION IN Tile CIIARCOAL FILTER

The radon distribution in the charcoal filter was examined by making two
different measurements of its gamma-ray intensity. The first measurement was
made with the canister positioned as previously described, with the inlet side
of the canister away from the detector. A second measurement was made after
flipping the canister over. Care was again taken to keep the geometric
center of the charcoal filter at a distance of 10 cm from the detector face.

Three canisters were loaded with radon and measured 7 hours after expo-
sure by the flip method described above. A significant difference in the flip .

measurements (35%) demonstrated that the inlet side of the filter had adsorbed
more radon than the outlet side. The canisters were measured again at 32 and
72 hours af ter exposure. The ratio of the flip measurement, the net count of
the second measurement divided by the net count of the first (plotted in

.

Figure 13), shows that the radon distribution in the filter changes with time.

| *This range was determined by the counting statistics of the second canister
in each set.
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This variation in distribution affects counting geometry and will cause a
significant error in the activity determined at different times after expo-

The flip counts were averaged in an attempt to compensate for thesure.

changing radon distribution. This average was used to determine the radon
activity in the canisters at each of the postexposure times. The average
radon activity values for the three canisters at each postexposure time,
plotted on semilog graph paper (Figure 14), describe an exponential slope.
This slope predicts an Rn-222 decay rate with a radioactive half-life of
92.6 hours, which is in good agreement with the reported 91.8 hours.

,

! To determine the mean adsorption efficiency and the variation expected
using the flip count method, the individual canister activities were corrected

for decay using the reported decay rate for Rn-222 and the appropriate post-*

exposure times. The nine values of corrected activity (Rn') were compared to
. the radon exposure (Rn). The mean and standard deviation was 101.3 2.0%.'

This adsorption efficiency is in good agreement with that obtained from the
t

i
!

,
_ _ _ _ _ _ _ _ _ _ _ _ . --.



. .. _ _-- _ _ _ - . .

18
.

d

0.07 .

i , , , , , ,
f

! 0.06 - .

!

!

; 0.05 - _

i
i -

o
%
! 0.04 - _

t-
2
s
o
<

0.03 - -

;

t

.

t

t

,

' ' ' ' ' ' '0.02
~

4

i 10 20 30 40 50 60 70
|

| TIME AFTER EXPOSURE (hours)
a

:
" Figure 14. Exponential Decay of Radon-222 in the Canister.
!

4
7

!

; tandem canister test, and the standard deviation is significantly less than
that determined with single counts.;

!

4 This test demonstrated that the average of the flip counts would com-
; pensate for variations of radon distribution in the charcoal filter for count-

ing delays of up to 72 hours. It also demonstrated that radon did not leak
from the canister during this period. This improved counting technique was
adapted for all future measurements.

'

CANISTER CLEARANCE AND REUSE *

,

To adequately characterize the radon release from an extensive area such

as an open pit mine, a large number of measurements are required. The cost *

] of canisters and the logistics of transporting and storing a large number of
them were two importaat reasons for examining the possibility of reusing the
canisters.

|
1

?

!

--- . - - .- ,. ._ . . - .
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In previous stulies where radon was collected on activated charcoal, the,

; radon was subsequently released by heating the charcoal (Rutherford 1906). If

Rn-222 could be cleared from the charcoal without affecting its collection
efficiency, then the canister could be reused after the Bi-214 activity

,

decayed. This decay rate is controlled by tne Pb-214 and Bi-214 half-lives.
The storage time required to obtain a 99.9% reduction in activity is approxi-
mately 8 hours. Because this decay time is less than 24 hours, the total
numbcr of canisters needed to perform daily flux measurements at 10 locations
would be 10 x 2, or 20. This possibility could significantly improve the
overall cost-effectiveness of the charcoal canister method.

In the first attempt to clear Rn-222, a small hot air gun consisting of
a squirrel cage fan and an electric heating coil was used to blow heated air
through the canister. The maximum clearance obtained with this system, with
an air temperature of 150*C and a flushing interval of 20 minutes, was 68%.

Testing of this system was discontinued for two reasons: (1) air tem-
peratures above 150* might damage the canister, and (2) flushing times longer
than 20 minutes would limit the cost-effectiveness of reusing the canisters.
The only viable option left was to increase the flow rate of hot air through
the canister.

An improved Rn-222 flushing syst2m (Figure 15) was constructed consisting
* of a shop-vac (Aquavac Model #600), a 1200-watt heating coil, and two canister

ports. This system had three advantages over the first system: (1) the air
flow rate through the canister was much higher; (2) two canisters could be
flushed at the same time, thus reducing the overall flushing time; and (3) air-

was filtered before it was forced through the canister, thus preventing dust
from contaminating and clogging the charcoal filter. The temperature of the
heating coil was controlled with a variable powerstat, and the air temperature
was monitored with a calibrated thermocouple.

Two canisters containing radon were connected to the clearance system and
flushed with 110*C air for a 10-minute interval. The Rn-222 clearance deter-
mined for each canister was 100%. To establish the optimum flushing time at,

"

110*C, five canisters were used, each flushed for a different interval. The

Rn-222 clearance obtained for each interval was calculated and the results
plotted as a function of flushing time (Figure 16). The maximum clearance
(100%) was obtained after 3 minutes. Because of varying line voltage and
ambient air temperature conditions, 4 minutes was established as the optimum
flushing time to ensure total clearance.

As stated previously, a canister could only be reused if the charcoal's
adsorption efficiency was not affected by flushing. To determine the effi-
ciency after flushing, three canisters previously cleared for intervals of 4,
6, and 8 minutes were exposed to the radon bubbler. They were counted by the

' flip method and their adsorption efficiencies determined as previously de--

scribed. The mean and standard deviation of these efficiencies was 99.0 2 3%.
There was no measurable change in efficiency and, therefore, flushed canisters
are reusabic..

I

l

_ .- -
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In summary, the following conclusions were derived from the laboratory
,

tests with charcoal canisters:

1. The Rn-222 adsorption efficiency of the charcoal filters in these
'

canisters is about 99.0%.

2. The collected Rn-222 is not uniformly distributed in the charcoa)
filter.

3. The Rn-222 distribution in a sealed canister changes with tima after
collection.;

4. Once collected, the radon in the canister is effectively held.

5. The standard deviation of canister measurements can be reduced to
approximately 3% by averaging the flip counts.

6. Radon can be totally flushed from the canisters by forcing hot air
through the charcoal filter.

7. The adsorption ef ficiency of the charcoal filter is not measurably
affected by the flushing procedure.

.

COLLECTION AND MEASUREMENT OF RADON FLUX

The rate at which radon (Rn-222) atoms enter the atmosphere across a unit.

geometric surface area of the earth is defined as radon flux density,2 3)
commonly

referred to as radon flux. The preferred units of flux are (atoms /cm
2and (pCi Rn-222/m .s)*. Radon flux is controlled by complex and dynamic

mechanisms involving the inherent parameters of Ra-226 concentration and
distribution in the soil; emanating power of the mineral species; porosity,
density, and moisture of the soil; molecular diffusion; and atmospheric con-
ditions of barometric pressure, wind speed, and temperature.

The modified radon collector designed for this study is schematically
shown in Figure 17. A charcoal canister is connected to the collector base,

2which covers a ground area of 0.23 m . A desiccant column retained between
two stainless steel screens is used to absorb evaporating moisture that would
otherwise condense on the charcoal filter. The open end of the canister,
protected with a loose-fitting dust cover, allows for a passive response to
variations in barometric pressure.

The collector base was set on the ground surface, and soil was packed
around the edge to provide a seal. A canister was mounted on the collector
for a measured interval (ti) and then removed; after a storage interval (t ).2
it was counted as previously described. Following measurement, the canister.

was flushed, stored for 24 hours to allow Bi-214 decay, measured to ensure
that no activity remained, and used for the next flux collection.

.

2 2*1 atom /cm .s = 0.57 pCi/m .s.
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!

The conversion from net counting rate (Nc) to radon flux density (4), in'

2

2pCi/m .s, is as follows:

Rn(pC1)=gxM s (3)g

where: M = measured radon activity in the canister (pC1),g

Ne = net count of canister,<

7 Ns = net count of Ra-226 standard, and

) S = a civity of equilibrated Ra-226 standard (pCi)A
!

,

This activity was corrected for radon decay during the time interval (t ):2

N
! M'g, (pC1) = g , x e N .

.

where: M'h = total Rn-222 activity collected in the canister (pCi),
A = Rn-222 decay rate (in hours-l), and

t2 = time interval between collection and measurement (hours).
|

; ,

_ _ - _ . . -_._ _ _ _ . _ . . - _ _ _ . . _ _ _ _ _ . , _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ , _ _ _ _ _ _ . .
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The average radon collection rate (Q), ccrrected for the incremental-

decay during the collection interval (t ), is:t

tt g, y
"

Q (pCi/h) = M'Rn (5)~

-W
o

The conversion from the average radon collection rate to radon flux density
is:

(QpCiI-
)

6 PCi10
h/ UCi (6)Ci

f3600\" /
20.23 m-

\ / \ /
where: 0.23 m2 = ground area covered by the collector base.

LOWER LIMIT OF DETECTION

The Na1 detector and counting chamber were enclosed in a 2-in. thick lead
shield (Figure 18). This shield reduced the background counting rate in the
Bi-214 energy range from 12.2 to 1.39 counts per second. The calibration-

factor, determined by the net counting rate of an NBS Ra-226 standard (Bi-214
peak) measured at 10 cm from the detector face, was 169.3 counts per second
per microcurie..

If the lower detection limit is defined as a counting rate equal to two
standard deviations of the background count rate, then the following formula
can be used to determine this limit, based on an 800-second counting interval:

2 yC *
b

Lower detection limit = *^ "' (}C x t s" *

s

where: Cb = background counting rate (counts /second),
t = counting interval (seconds),

C = c unting rate of standard (counts /second), ands
A = activity of standard (nC1).s

The corresponding limit for flux density detection using a 24-hour collection
2interval is 0.025 0.013 pCi/m .3,

.

.
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FIELD MEASUREMENT OF RADON FLUX
.

NORMALIZATION OF RADON FLUX FIELD MEASUREMENTS
.

Since atmospheric conditions cause changes in radon release rates,
a reference location was established at an easily accessible location in
the inactive open pit. Radon was collected each day from 1 March through
12 July, except for short interruptions in June. The radon activity in the
canisters was measured after 24-hour collection intervals on weekdays and 48-
or 72-hour intervals over weekends. The flux at the reference location

2varied from 0.44 to 10.6 pC1/m s; the mean and standard deviation for 122
2measurements was 1.9 1.5 pC1/m .s. Figure 19 shows the temporal correla-

tion between radon flux and barometric pressure. A 1% decrease in barometric
pressure is associated with a two-fold increase in radon flux. This signifi-
cant ef fect of barometric pressure is responsible for the large standard
deviation in the average daily flux. An increase in flux of 20 to 60% for a
change in barometric pressure of 1 to 2% has been previously reported (Clements
and Wilkening 1974).

A comparison of radon flux measured at the re.ference location and the
background site (SA-1) is shown in Figure 20. The mean and standard devia-

2tion of 56 measurenents at Station SA-1 was 0.3 0.2 pCi/m s. A moving
average of three successive values was used to smooth the data from each-

location. To plot these data on the same scale, the background values were
multiplied by the ratio of the means of the data from each location. The
plot shows that radon flux variations at the background location concur with.

the barometric pressure-induced changes observed at the reference location.
The fact that other parameters affect radon flux is demonstrated by the
difference in magnitude of the concurrent variations.

The data collected at the reference point were used as a control to
adjust the short-term series of measurements made at other locations for the

time-related barometric pressure effect. The procedure used for normalizing
short-term flux measurements to a 5-month average is as follows:

4
c (8)4 =c x

g gat o
c3t

where: 0 the average flux density at the control location (c), measured=
'

over the total 5-month period;

O = the flux density at a given location (g), measured over a
E short interval (At);

4 = the flux density at the control location (c), measured overcat
the same short interval (At);

~

t
#

= the normalization factor (N ); and, At g
c

.

the normalized flux density for a given location.0 =

|

|
|
1
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SURFACE AREA ESTIMATES AT THE ST. ANTHONY MINE.

An enlargement of an aerial photograph taken by the Environmental Moni-
toring and Support Laboratory-Las Vegas (Figure 21) and a schematic repre-

*

senting the vertical cross section of the inactive mine (Figure 22) were used
to describe the surface areas corresponding to the different levels of the
pit. Level 1 represents the natural ground surface before excavation.
Levels 2-6 represent sections in the developed open pit mine. A compensating
polar planimeter was used to measure the areas of the outlined sections in
Figure 21. These areas, multiplied by the appropriate scale factor, deter-
mined the horizontal surface areas of the corresponding mine shelves. The
vertical surface area corresponding to the different levels was determined
using the perimeter of the pit at each level and the estimated distance
between adjacent shelves. Table 1 lists the estimated surface areas of the
mine levels.

RADON RELEASE FROM THE INACTIVE MINE

Measurements of radon flux were made at 35 locations in the inactive
pit. Radon was collected for 24-hour intervals using the previously described
charcoal canister method. A summary of these measurements is presented in
Table 2. The sequential flux measurements at each location were averaged and

'

then normalized for variations in atmospheric conditions using the average
flux at the reference point (see section on Normalization of Radon Flux Field
Measurements). The normalized flux values for each section were averaged to
obtain the radon release rate for that level. Level 1 represents background-

measurements made over undisturbed topsoil. The flux values for the differ-
2ent mine levels (2-6) range from 0.03 pCi Rn-222/m s at Level 2 to 7.3 pCi

2Rn-222/m s at Level 5, the ore zone. The highest average flux measured was
235.97 pCi Rn-222/m s at Location 4, Level 5.

The radon release rate from each section of the mine was determined by
multiplying the surface area of that section (Table 1) by its average radon
flux (Table 2). The flux values for the vertical surfaces were calculated
from the average flux of the adjacent horizontal levels. The calculated
release rates are presented in Table 3. The total release rate for the inac-
tive open pit mine was 3.5 x 105 pCi Rn-222/s. The relative contributions to
this release rate are 6.6% from overburden and 93.4% from the ore zone. If

it is assumed that the average release rate measured over this 5-month period
represents an average for the entire year, then the annual radon release from
the inactive pit would be 11 Ci/yr. In comparison, the annual release from
undisturbed topsoil (Level 1) with an area equal to the horizontal surface
area of the mine would be 0.54 Ci/yr.

The radon flux values for 16 random locations in the ore zone are
listed in order of decreasing magnitude in Tabte 4. These flux values can be.

subdivided into two distinct ranges: 36 to 4.8 pCi Rn-222/m s from ore;2
22.5 to 0.4 pCi Rn-222/m s from subore. The estimated average flux from ore

2in the inactive pit at St. Anthony was 14.18 pCi Rn-222/m .s, whereas that.

2for subore was 1.69 pCi Rn-222/m .s. If the flux from these individual loca-
tions is representative of the entire ore zone, then the fraction of the
total observations relative to quality ore will be 0.25. This assumption is

|

_ _
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Table 1. Estimated Surface Areas of Inactive
Open Pit Mine Areas

Horizontal Shelf Estimated Distance Vertical
2 2Level Area (m ) Bctween Shelves (m) Area (m )

l 0!

1-2 16 20,600

2 19,400,

2-3 8 9,300

3 12,900

3-4 8 8,500

4 8,800.

4-5 8 8,000

5 23,300.

5-6 8 6,300

6 39,200

<
._ - _ _ _ - . _ , _ _ _ _ _ _ . _ . _ _ _ _ _ _ . . .
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Tabic 2. Radon Flux Measured at Levels in the Inactive Open Pit
,

i

|

Average Flus Normalized Average Flux
Measurements per Location Normaliza tion Flux per Level>

=

| Level Description Loca tion per Location (pCifm s) Factor (Ng) (pC1/m *s) (pCi/m *s)2 2 2

!
| 1 Sand eroded 1 7 0.17 0.729 0.12
! ' * * * ' "

2 7 0.17 0.729 0.13
! 3 56 0.29 0.737 0.22

4 10 0.19 0.996 0.19 0.165

2 Dakota or 1 12 0.045 0.9 34 0.042
Mancos Shale

2 12 0.016 0.934 0.015

3 12 0.028 0.934 0.026

| 4 12 0.026 0.934 0.024

5 12 0.027 0.9 34 0.016 0.025

3 Dakota or 1 9 0.096 0.628 0.060
Mancos Shale

2 9 0.057 0.628 0.036

| 3 9 0.J24 0.628 0.015
4 3 0.210 0.628 0.132

5 9 0.107 0.628 0.067 0.062

.

4 Dakota bed, 1 11 2.70 1.114 3.01
" 'I* " ''

2 11 0.55 1.114 0.61zone
3 11 0.42 1.114 0.47

.

4 11 0.58 1.114 0.65
5 11 2.36 1.114 2.62 1.470

8
| 5 Sandstone 1 122 1.90 (1) 1.90
|
' ** * ""

2 30 9.18 0.765 7.02

3 14 12.83 0.696 8.93
4 30 47.01 0.765 35.97
5 30 2.53 0.765 1.93
6 14 2.31 0.696 1.61
7 16 1.02 0.838 0.85
8 16 0.49 0.838 0.41 7.327

6 Sandstone 1 22 1.29 1.274 1.64
'' * ""

2 12 0.96 1.405 1.35

3 12 0.86 1.405 1.26
| 4 22 1.80 1.274 2.29

5 12 1.48 1.405 2.07

6 10 4.18 1.147 4.80
| 7 10 2.20 1.147 2.52 .
I

8 10 2.14 1.147 2.46 2.299
#
Control.

.

l
,
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Table 3. Radon Release Rate by Level
,

Surface Average Release
Area Flux Rate Fraction of.

2 2Level Description (m ) (FC1/m *s) (pCL/s) Total Release

1 0 0.165 0 0

1-2 } 20,600 0.095* 1,960 0.0056)
2 19,400 0.025 480 0.0014

2-3 9,300 0.044* 410 0.0012Overburden (0.066
3 12,900 0.062 800 0.0023'

3-4 8,500 0.765* 6,500 0.0186
4 8,800 1.470 12,900 0.0369

4-5 8,000 4.398* 35,180 0.1007
5 i 23.300 7.327 170,720 0.4886 1Ore zone ,0.934

5-6 6,300 4.813* 30,320 0.0868L,

6 39,200 2.299 90.120 0.2579
TOTAL

|
349,390

Flux was not measured on the vertical surfaces of the mine. These values
were determined by the average of the adjacent levels.

.

Table 4. Ore Zone Flux in Order of Magnitude
,

Normalized Averago Flux Estimated Estimated of Ore
2Flux ([Ci/m *s) of Subdivisions Fraction Zone Fractions

2at Random Locations (pCi/m =s) of Total Area by Weight

35.97

L Ore 14.18 0.25 0.26 ore
*

7.02 1

4.80

2.52

2.46

2.29

2.07

1.93

1.90 Subore 1.69 0.75 0.74 Waste
l inclusions1.64

(Subore)
1.61

*

1.35

1.26

0.85

0.41

These estimates were made from information on the Jackpile Mine (Hoppe
1978). Total monthly values for ore (0.18 x 106 tons) and waste inclusion
(0.5 x 106 tons) were used to determine the fraction of each by weight.
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] supported by information from the nearby Jackpile Mine operation (Hoppe
i 1978), which indicates that 26% of the material removed from the ore zone is

] quality are and 74% is inclusive waste.
,

o

i

; PROJECTION OF RADON RELEASE AS A FUNCTION OF MINE AGE
I

Increase in Surface Area as a Function of Mine Developmentt

,

Since 93.4% of the radon from the open pit is released from the ore
; zone, the surface areas associated with this section of the mine are most

important. The total horizontal area of the zone includes the working4

area (S ) and the mine base (S ) (Figure 22). The vertical surface of theS 6,
'

ore zone is that area included between Levels 4 and 6 [S -6]. The following4
formulas (Equations 9-11) were used to determine the surface area of each4

j section as a function of the volume of material removed from the ore zone.
|

The working area of the ore zone is composed of two equal sections
alternately used for ripping and ere removal. The area of these sections can

i be determined from the volume of material removed per day and the ripping
depth. Assuming the ore removal rate does not change, the surface area SS'

will remain constant for the life of the mine.
,

i
5 = 2 (V lume removed / day) x t (9)(Ripping depth4

.

I where: t = 1 day.

The S6 surface area, corresponding to the mine base, is the total
horizontal area of the ore zone minus the working area; S6 will increase
linearly with time and is directly related to the volume of material removed.

"(Volume removed / year) x T 'S6" -SS (10) -

_ (Ore zone depth)

f where: T = mine age in years.

The vertical surface area of the ore zone wall included between Levels 44

: and 6 is determined from the perimeter of the mine base (assuming a square
geometry) and the depth of the ore zone,

i

V lume rem ved/ year
S -6 = Ore zone depth x 4 xT (11) !4 Ore zone depth

The estimated parameters used for converting the ore production rate to
'

volume removed from the ore zone per day are given in Table 5. United Nuclear -

personnel (Abbiss and Savignac 1980--personal communication) viewed these
'

parameters as reasonable estimates for the St. Anthony Mine. This calculation
i was done as follows: -

V (Volume removed / day) = r (tons / day) 0.9072 metric tons / ton'

2)x
d f p (metric tons /m3)

3= 3820 m / day

. - - - - . - . - - . . -- - - - - - - - - - - - - - - - -. . . - . - .- . - . . . ,. -
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Table 5. Parameters Used to Convert Ore Productior Rate to Volume.

Partmeter Symbol Volume
,

Ore production rate r 2000 tons / day

Ore
f 0.25

(Ore + Subore + Waste inclusion)

Ore zone depth 16 m

Ripping depth 0.5 m

Mine working days per year 285 days / year

tons (metric)Ore density p 1.9 ,3

or*

3V (Volume removed / year) = 3820 m / day x 285 day /yr (13)

= 1.09 x 106 3m /yr.

These rates, and the surface area formulas were used to determine the area
projections presented in Figure 23.

Projection of Radon Release Rates

The projected surface areas and measured radon flux density values pre-
sented in Table 2 were used to determine the annual radon release for each
section of the ore zone. The release rates given in Table 6 were calculated
for yearly increments of mine age. The surface area SS and its corresponding

2radon flux density (7.3 pCi Rn-222/m .s) yielded an annual release of 3.53 Ci/yr.
Since the area is constant and assuming that the ore quality and mining rate
do not change, this annual release remains constant for the life of the mine.
However, the annual radon release for S6 increases as the mine base surface
area expa.ds with continued mine development. The average of the flux density
values for Levels 4 and 6 was used to calculate the annual radon release from
the vertical surface of the ore zone. The data in Table 6 indicate that this
release increases gradually with mine age.

4 The relative contribution from each section of the ore zone to the total.

annual radon release as a function of both mine age and U 08 production is3
shown in Figure 24. The annual radon releases presented in Figure 24 repre-
sent 93.4% of the total release from the open pit. Radon release from,

dynamic processes such as ripping and removal has been considered, and an
estimate (10.04 Ci/yr) for an ore quality of 0.07% U 0s was obtained (see3
Appendix B).
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Table 6. Projected Annual Radon Releasei .

Annual Release (Cifur)
Years of Total
Operation Level 5 . Level 6 Levels 4-6 Ore Zona

1 3.53 3.83 0.99 8.35
,

1 2 3.53 8.78 1.40 13.71
3 3.53 13.72 1.72 18.97
4 3.53 18.66 1.99 24.18 *

5 3.53 23.60 2.22 -29.35
6 3.53 28.55 2.43 34.51
7 3.53 33.50 2.63 39.66
8 3.53 38.48 2.81 44.77
9 3.53 43.37 2.98 49.88.

10 3.53 48.31 3.14 54.98
11 3.53 53.26 3.29 60.08
12 3.53 58.20 3.44 65.17
13 3.53 63.14 3.58 70.25

'
14 3.53 68.09 3.72 75.34
15 3.53 73.03 3.85 80.41

3

16 3.53 77.97 3.97 85.47i

17 3.53 82.91 4.09 90.53,

.

;
90 , i i i i i i i i i i i i i i i i

,
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! Figure 24. Projection of Radon Released from the Ore Zone.
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CmPARISON OF RADON FLUX WITH RADHN-226 CONTENT OF ORE '

In open pit mining, overburden is removed to reach the ore zone. The
ore zone is then ripped to a depth of approximately 2 feet to facilitate ore -

removal. Mine personnel determine the approximate ore quality at several ,

locations in the ripped area, and flags of different colors--each color cor-
responding to a specific ore quality range--are used to mark each location.

Radon flux was measured over these flagged locations using the method-
ology described in previous sections. Sixteen radon collectors were set out i

at the same time: three collectors at each of four different flagged loca-
tions, three in the adjacent unripped area, and one at the control location.
Radon was collected for 24 hours and the radon flux density determined for
each location (Table 7). These measurements were normalized to correct for
the concurrent atmospheric conditions. The variation in flux values is
indicative of radon release rates over deposits that have a nonuniform radium
content.

Table 7. Radon Flux from Ripped Ore in the Active Open Pit
.

Corrected
Flux Density Normaliza tion Flux Density2Location (pC1/m s) Factor (N ) (pCi/m 's)2 ~

g

Red flag 1.8 1.416 2.55"
2.6 3.68
0.8 1.13

Yellow flag 0.2 1.416 0.288

0.2 0.28
0.1 0.14

White flag 0.8 1.416 1.138

1.4 1.98
2.8 3.96

Blue flag 0.9 1.416 1.27"
0.5 0.71
1.8 2.55 *

Unripped area 1.3 1.416 1.84a

.0.3 0.42
5.8 8.21

Samples taken for Ra-226 analysis.

- - - _ , . .-- , - - . . - . - - - - , - .. .._- - - - - - _ - - -
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Surface ore samples (500 g) were taken from under one of the three radon
*

.

collectors located at each site. In the laboratory, the ore was dried at

80*C for 24 hours in an oven. Each sample was weighed before and after
drying to determine the moisture content of the ore. Two 10-g (dry weight)

.

fractions were taken from each sample. The radium was leached by heating the
fractions in concentrated nitric acid for 48 hours. Following this, the
solution was centrifuged to remove the undissolved material and diluted to
100 mL. Ten milliliters of the radium leach solution was slowly evaporated
to dryness. The residue was redissolved in 10 mL of 0.1 N nitric acid (to
prevent damage to the radon bubbler from concentrated acid). This solution
was then transferred to a radon bubbler and sealed. Radon was allowed to
build up to 88.6% equilibrium (12 days). The radon was de-emanated from the
solution into an evacuated scintillation cell using nitrogen as the carrier
gas. The radon de-emanation apparatus used is similar to that described and
illustrated by Rushing et al. (1964) the American Public Health Association
(1971), and Beckman (1975). Included in this system are a vacuum pump,
mercury manometer, radon bubbler, scintillation cell, and counting equipment.
The scintillation rate in the cells was measured with a 3-inch photomultiplier
tube connected to a scaler. The activity of Ra-226 was calculated from the
counting rate (R ) as follows:s

~

s b 1 1 At3Ra (pCi) =
R -Ati -At2 -At3.

c 1-e e 1-e

where: t1 = time interval allowed for growth of radon from radium (time
between sealing and de-emanating bubbler) (days);

*

t2 = time between sealing the cell and counting it (days);

t3 = time interval of counting (days);

A = decay constant for Rn-222 = 0.181d-l-

bserved count rate of sample (counts per minute [ cpm]);R =
s

Rb = background count rate (cpm); and
R = cell calibration factor (cpm /pCi Rn-222 in equilibrium withc

daughters).

The percent moisture and Ra-226 activity (pCi/g) of the ore at each
flagged location are presented in Table 8. The moisture content of the
ore varied from approximately 3 to 16%. The Ra-226 activity of the fractions
analyzed ranged from 32.9 to 256.1 pCi/g. The difference in activity between
two fractions indicates a lack of homogeneity in the 500-g sample.

In Table 9, the Ra-226 concentrations are compared to the corresponding
Rn-222 flux density values. The calculated specific flux, the ratio of flux

2density (pCi Rn-222/m s) to Ra-226 activity (pCi/g), varied from location to-

location. This ratio is affected by (1) spacial distribution of radium,
(2) percent radon emanation, and (3) radon transport parameters, particularly
moisture..

At the St. Anthony Mine, uranium ore is found in scattered stringers
which are 6 to 18 inches deep (Anon. 1979). This irregularity in ore deposi-
tion results in nonuniform distribution of radium.

|

i

,, . -
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Table 8. Radiem-226 Assay of Ore from the Active Mine -

Average -

Ra-226 Activity Ra-226 Activity
Location % Moisture (pCi/g dry) (pCi/g dry)

Red flag 15.8 256.1

198.8 227.5

Yellow flag 14.3 60.5

79.5 70.0

White flag 7.3 50.6

32.9 41.8

Blue flag 3.4 38.9

53.8 46.4

Unripped area 6.4 136.4

108.4 122.4 -

,

Table 9. Comparison of Radon Flux with Radium-226 Concentration of Ore

Specific Flux

(pCi.sa-226/g
Radon Flux Density Ra-226 Activity 2pCi Rn-222/m *s

2Loca tion (pCi/m *s) (pCi/g dry)

Red flag 2.55 227.5 0.011

Yellow flag 0.28 70.0 0.004

White flag 1.13 41.8 0.027

Blue flag 1.27 46.4 0.027

Unripped area 1.84 122.4 0.015
,

.
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Laboratory studies have shown that variations in the percent emanation.

are large, even with ores from one locale. Austin (1975) reported a range of
values for the effective emanating power of ore from different mines of 0.01
to 0.90. Many characteristics--including particle size, porosity, and mineral.

,

species--can affect the number of Rn-222 atoms that escape from the ore
mineral grain. The theory for the emanating process has been outlined by

Tanner (1964).

In light of the differences in measured moisture content of the ore
(Table 8), its effect on radon transport should be considered. Tanner

j (1964) describes in detail the mechanisms controlling this effect.

The average of the specific flux values in Table 9 is 0.017, with a
2range of 0.004 to 0.027 (pCi Rn-222/m s)/(pCi Ra-226/g). This range demon-

strates the effects caused by the conditions previously described. The
2average radon flux density for the 15 measurements (2.01 pCi/m s [ Table 7])

2was less than the 7.33 pCi/m s measured over the unripped working area in
the inactive pit. This difference is probably due to the ripping procedure,
which releases radon from the void space in the ore, thus reducing the sub-
sequent radon flux. A mare representative estimate of specific flux, 0.072

2(pCi Rn-222/m s)/(pCi Ra-226/g), was obtained using the average Ra-226
content of the samples in Table 8 (102 pC1/g) and the average radon flux

2density measured at 8 locations over undisturbed ore (7.33 pCi/m s [ Table 2]).,

Although the correlation between radium and radon appears obvious, the
parameters afft eting radon release vary to such a degree from location to

* location that estimates of radon flux density using theoretical methods based
on diffusion phenomena and an average radium-226 concentration should be
critically questioned. This is not to say that a theoretical method could
not be devised. However, the data needed for a site-specific estimate would
be more difficult to obtain than actual radon flux measurements.

RADON AIR CONCENTRATION AND WORKING LEVEL

Continuous measurements of working level and radon concentration in the
air were made at Stations SA-1, SA-2 and SA-3 (see Figure 4) in the mine
complex, and at Station SA-4 (background), located about 11 km north of the
mine.

A description of the continuous radon and working level monitor (CRWM)
(Figure 25) has been previously reported (Momeni et al. 1979). Air is drawn
through a membrane filter at the rate of 30 L/ min. The airborne radon daugh-
ters, Po-218 and Po-214, are collected on the filter, and their alpha activ-
ity is counted with a silicon-diffused junction detector. A fraction of this
filtered air is directed through a scintillation cell, which is used to

*

detect the alphc disintegrations from radon in the air. The response of the
scintillation cells used in this system ranged from 3 to 5 cpm /pCi Rn/L and
the background ranged from 1 to 4 cpm. The estimated lower limit of detec-

'

tion for the cells was 0.15 0.07 pCi Rn/L, or 150 i 70 pCi Rn/m ,3' -

The background for the silicon detector systems was less than 5 counts
per hour and did not change significantly during the field studies. Efficiency

;

|
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Figure 25. Continuous Radon and Working-Level Monitor.
*

!

estimates for these detectors ranged from 10 to 15%, and the lower limit of
i detection was 1 x 10-4 0.5 x 10-4 working level (WL), or 0.1 ~0.05 milli

working level (mWL).

RADON CONCENTRATION IN AIR

Typical hourly variations in the air concentration of radon measured at
Station SA-1 on three different days are shown in Figure 26. Radon concen-
tration is highest during the early morning hours and lowest during the
middle afternoon. This phenomenon, previously observed by Momeni et al.

,

(1979) was attributed to a thermal inversion. The complex radon concentra-
tion profile indicates four distinct peaks during 30 June 1979. A comparison
of the data from Station SA-1 with that from the background Station SA-4
(Figure 26c) indicates that the radon air concentrations at these locations
are nearly the same. This is also confirmed by the daily averages for SA-1
and SA-4.

.

Average monthly radon concentrations measured during June and July 1979
are given in Table 10. The means and standard deviations for Station SA-1 in

3 and 1030 200 pCi/m , respectively. At
'

3June and July were 750 170 pCi/m,

Station SA-3, located on a mesa 600 m due west of SA-1, the mean and standard
3deviation was 150 140 pCi/m . Radon concentrations at the mesa station

were about five times lower than those at the station in the valley.

. . - . . - - -
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| Table 10. Summary of Working Level and Radon Concentration Data .

a
| at St. Anthony Mine

3 *Workint] Level Radon Concentration (rCi/m )
Nourly Est. Nourly Es t .b

Unit Date Measurements Mean Std. Dev. Measurements Mean Std. Dev.

Station SA-1

CRWM 104 Jun 79 491 9.182E-03 1.877E-03 491 7.478E+02 1.678E+02

CRWM 104 Jul 79 275 1.023E-02 2.193E-03 275 1.034 E+03 2.005E+02

Station SA-2
CRWM 103 Jun 79 218 3.708E-03 7.076E-04 0 0 0

CRWM 103 Jul 79 203 5.561E-03 1.156E-03 0 0 0

Station SA.-_3

CRM 102 Jun 79 0 0 0 161 1.491E+02 1.439E+02

Station SA-4

CRWM 102- Jun 79 415 1.231E-03 2.31RE-04 415 8.808E+02 2.007E+d2

CRWM 102 Jul 79 382 1.290E-03 2.350E-04 382 9.745E+02 2.108E+02

" Location of stationst SA-1, near the 10-m tower in the middle of the valleys SA-2. between active and inac-
tive pits (about 10 m above the base of the valley oa topsoll storage site); SA-3. on the mesa near the 33-m
tower (about 100 ta above the valley floor): SA-4 (background) . at field laboratory trailer about il km north

of the mine.
~

Calibra tion date for all units was 6 June 1979.

(The data used to prepare this summary are available as a supplement to this document on request from Argot.ne
*

National Laboratory.)

|

| The means and standard deviations for the background Station SA-4 in
3 and 975 210 pC1/m , respectively.3

| June and July 1979 were 880 200 pCi/m

| A comparison of the background data with that collected in the mine valley
I (SA-1) shows no significant differences in the air concentration of radon.

! It should be noted that these radon concentrations may include contributions

| from the Jackpile Mine and the Sohio Uranium Mill, which are near the

| St. Anthony Mine.

WORKING LEVEL CONCENTRATION

Hourly variations in working level and radon concentration at Station
SA-1 during 14 June 1979 are shown in Figure 27. Although the fluctuations
in radon concentration are more pronounced, the 24-hour profiles seem rela-
tively consistent. With few exceptions, this general relationship between
radon concentration and working level was observed.

.

The means and standard deviations of working level measurements at the
background station (SA-4) for June and July 1979 were 1.23 0.23 mWL and
1.29 0.24 mWL, respectively (Table 10). At SA-1, the means and standard .

deviations for the same two months were 9.18 1.88 mWL and 10.2 2.19 mWL
(Table 10), respectively. The measurements made at Station SA-2, which is
located between the active and inactive pits, had means and standard devia-

| tions of 3.71 0.71 mWL and 5.56 1.16 mWL for these corresponding periods

_ _
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Figure 27 Comparisen of Working Level and Radon
Air Concentration at Station SA-1 on
14 June 1979

(Table 10). Working level averages at the mine show an elevated concentra-
tion when compared to the background averages. This conclusion, however, is
not supported by corresponding radon concentrations at SA-1 and SA-4. Dif-

ferences in topography should allow a higher buildup of radon-progeny in the
mine canyon, but at this time any conclusion is only tentative.

CGIPARISON OF RADON GROUND FLUX WI111 RADON AIR CONCENTRATION

"
The exhalation rate of radon from any ground surface is dependent on

meteorological and climatic factors. The difficulty in understanding the
effect of a single variable on the radon exhalation rate is due to the com-
plex interrela.tionship between variables. The major portion of flux data has*

been obtained with radon collections of short duration. It is difficult to
correlate the variations in these measurements with changes in atmospheric
conditions. To facilitate a better comprehension of the observed variation
in radon flux, a continuous radon flux monitor (CRFM) was constructed.

-_
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The design of the CRFM* is shown schematically in Figure 28 and in
,

photographs in Figure 29. The principle of measurement is based on the
simultaneous determination of radon concentration in air before and after
mixing with the radon exhaled from the surface area of the ground. Air is

*

continuously pulled through the system at a height of 1.5 m above the ground
using two mass-flow-regulated pumps, P1 and P . Large particles are filtered2
from the inlet air using a stainless steel screen (S). The air flow is sub-
divided at junction J, and one stream designated as " Air" is passed through a
membrane filter (F ). The air, free from radon daughters, is then passed1

through a 2-liter aluminum scintillation cell (C ). During the passage of1

radon through the cell, it decays to Po-218 ions, which subsequently deposit
on the scintillation surface due to their electrostatic charge. The alpha
emission from Po-218, and subsequently from Po-214, results in scintillations
within the cell, which then are detected by the phototube (PM ).1

? --.4 PR |
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Figure 28. Schematic of Continuous Radon Flux Monitor.

The photomultiplier signal was amplified (PR , A ) and processed (DL)I 1

for both analog (AN) and digital (PR) readout. The operation of the system
is programmed for preselected intervals of data integration.

The remaining air flow subdivided at junction J passes through the radon -

collector (C). Radon released from the ground under the collector is mixed
with this air which, in addition to the radon, carries moisture evaporated
from the ground surface. The condensor (B) and drier (D) remove moisture .

before the air passes through the filter (F ) and cell (C ). The detection2 2
and readout system is similar to that described above.

_

* Patent application in progress.

_ _ _ _ _ _ _ _ _ _ _
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The CRFM was field-tested at the Anaconda Uranium Mill. Figure 30 shows
,

radon flux and air concentration as a function of time. Radon flux varied
Z 2from 8 pCi Rn-222/ n s to 38.5 pCi Rn-222/m s. This demonstrates a five-

fold change in flux within an 85-hour measurement. Over short periods, the
flux showed well-defined variations, which seemed to follow a diurnal cycle. *
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Figure 30. Coricurrent Radon Air Concentration and Ground Flux
at the Anaconda Uranium Mill.
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The plot of the radon flux and air concentration measurements made at
'

St. Anthony Mine Station SA-1 (Figure 31) shows a parallel rise and fall of
ground exhalation and radon air concentration. Over this 24-hour period, the
air concentration varied by approximately a factor of four, while ground flux

-

varied by less than a factor of two. Preliminary data measured at Station SA-1
are given in Table 11.

In open pit mining, explosives are used to loosen overburden. This
blasting process results in an instantaneous radon release from the open pit.
This release was observed at Station SA-1, about 400 m away, as a temporary
increase in radon air concentration. The radon ground flux was not signifi-
cantly increased by the blasting (Table 11).
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Figure 31. Concurrent Radon Air Concentration and Ground Flux
at the St. Anthony Mine.
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Table 11. Radon Air Concentration and Flux Measurements at
.

St. Anthony Mine Station SA-1, April 1979

11 April 12 April 1S April *

Radon Radon Radon
Time Concentra tion Radon Flux Concentration Radon Flux Concentration Radon Flux

2 2 2(h) (pci/L) (pCL/m *s) (pci/L) (pci/m s) (pci/L) (pCi/m s)
._

1 2.3 0.87 2.0 0.84 3.2 :.02

2 2.0 0.85 2.0 0.72 3.1 1.07

3 2.2 0.78 1.8 0.83 3.8 1.06

4 2.1 0.88 1.9 0.91 3.6 1.14

5 2.1 0.86 2.1 0.99 4.1 1.22

6 2.8 0.86 2.1 0.88 4.8 1.26

7 1.9 0.73 1.6" 0.71* 5.2 1.13

8 2.1 0.76 1.5 0.63 3.5 0.91

9 1.9 0.55 1.5 0.65 2.4 0.95

10 1.8 0.71 1.5 0.64 1.5 0.72

11 1.9 0.73 1.4 0.65

12 1.4 0.66

13 1.7 0.59 1.3 0.66
,

14 1.8 0.50 1.8 0.57 1.4 0.70

15 1.8 0.56 1.7 0.59 1.4 0.62

16 24.7 0.71' 9.6 0.28" 1.3 0.56c c
-

17 1.6 0.63 1.6 0.77 1.4 0.53

18 2.0 0.82 1.4 0.86 1.6 0.67

19 1.8 0.86 1.5 0.84 2.9 0.96

20 1.8 0.87 1.4 1.06 3.0 1.13

21 10.4 0.36 1.9 0.92 2.7 0.93

22 1.8 0.86 1.8 1.04 2.9 1.06

23 1.8 0.77 2.0 1.05 3.2 1.05

24 1.8 0.80 1.8 0.88 3.4 1.12

#
Windy, 50 mph.

Pump fluctuation.

' Blasting.

.

e

.
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Table A.l. Meteorological Data from 6 September 1979

OATA FROM THE 30 AND 3 METER LEVFLS OF THE 3n NFTER T0aER DATA FROM THE

UPPEw LEVEL L0aER LEVEL TEN METER 70mER

PONTM/ HOUW WIND WIND STAR. WIND WIND STAR = TEMP WIND TEMP DEW
DAY SPEED DTRECTION ILITY SPEED DIRECTTON ILITY LAPSE SPEED (C) POINT '

(MPM) (MPM) (C) (MPM) (C)
9/ 6 0 7.6 375.0 Nm 5 2.6 pa2.5 kNM 4 0.8 1.3 23.0 =7.9
9/ 6 100 2.4 322.0 ha 3 0.4 251.0 ash 4 0.6 2.5 22.8 =8.1
9/ 6 200 4.M A2.5 E 4 3.1 131.5 SF 4 1.6 4.3 21.6 =8.3
9/ 6 300 4.9 341.0 NNa 5 2.1 324.0 NNw 3 n.7 3.0 21.4 =8.8
9/ 6 400 5.6 249.5 eNn 5 3.A 266.5 a 3 0.4 1.7 20.3 =8.2
9/ 6 500 6.4 336.0 6Nn 4 1.2 275.0 a 4 0.9 2.0 17.7 =7.8
9/ 6 600 2.2 258.0 ASn 4 1.1 192.0 SSW 5 =0.6 0.9 16.9 =6.9
9/ 6 700 1.5 216.5 Sa 4 2.6 137.5 SE 5 0.9 1.2 19.4 =5.4
9/ 6 A00 2.4 346.5 NNw $ 0.7 301.0 WNW 3 1.4 1.6 24.1 5.1
9/ 6 900 2.2 293.5 nN6 3 1.5 99.5 E 4 0.0 3.6 27.7 =5.8
9/ 6 1000 3.5 138.5 SE 5 3.1 104.5 ESF 3 =1.3 4.7 30.3 -6.6
9/ 6 1100 6.4 125.0 SE 4 3.8 88.0 E 3 =1.7 4.7 32.4 =6.3
9/ 6 1200 7.1 100.5 E 1 5.0 On.n NE 1 =1.3 5.0 32.8 =5.0 w
9/ 6 1300 6.1 51.5 NE 3 4.4 344.0 NNW 2 -1.6 5.9 32.9 =5.2 N

9/ 6 1400 6.9 136.0 SE 4 5.C 142.3 SE 2 =1.8 4.7 33.2 4.9
9/ 6 1500 5.A 348.0 f.Nn 4 5.2 27.0 NNF 2 -1.9 5.7 33.7 =4.4
9/ 6 1600 7.3 126.0 SE 3 5.2 176.0 S 3 =2.2 5.4 33.5 =4.6
9/ 6 1700 6.6 196.0 SSn 4 5.3 166.5 SSE 2 =1.9 3.7 33.2 =5.7
9/ 6 1800 4.1 151.5 SSE 4 3.1 157.0 SSF 3 =0.4 0.7 31.1 =7.1
9/ 6 190n 3.1 181.0 S 5 2.4 181.0 S 4 =0.1 5.2 29.2 =5.3
9/ 6 2000 8.2 101.6 ESE 4 3.1 61.0 ENE 3 0.1 9.4 29.6 =2.3
9/ 6 2100 9.9 137.5 SE 5 7.6 154.5 SSE 4 =0.1 3.3 27.8 =2.4
9/ 6 2200 4.7 171.5 5 4 2.7 172.0 S 4 0.0 3.5 24.0 =2.8
9/ 6 2300 3.1 19.5 NNE 4 1.2 322.0 Nn 4 =0.1 1.3 23.4 =2.1

DAILY SUMMARY

MIN max AVE AVE MIND SPEED (MPM) AVF dew BAROMETRIC
TEMP TEMP TEMP TEN METER ATRPORT POINT PNESSONE
(C) (C) (C) DATA AND DATA FROMt (C) (IN OF MG)

TOP OF TEN METER
30 METER T0aER T0nER

ST. ANTMONY
MINE 16.9 33.7 26.8 5.1 3.6 =5.7

ALRUQt>ERCUE
AthPORT 17.2 36.7 27.2 9.2 9.2 1.7 2a.82

. . . . . .
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Table A.2. Meteorological Data from 7 September 1979

OATA FROM THE 30 AND 3 METER LEVELS OF THE 30 NETER TOWER DATA FROM THE

UPPER LEVEL LOWER LEVEL TEN METER 70mER

MONTH / HOUR w!ND w!ND STAR = WIND WINn STAR = TEMP WIND TEMP DEN
DAY SPEED DIRECTION ILITY SREED DIRECTION ILITY LAPSE SREED (C) POINT

(MPH) (MPM) (C) (MPH) (C)
9/ 7 0 4.4 35.0 NE 4 1.5 16.5 NEE 3 0.5 1.5 22.5 =1.8
9/ 7 100 6.4 84.0 E 5 2.4 104.0 ESF 3 0.8 2.0 21.3 -1.3
9/ 7 200 3.7 84.5 F 5 2.5 116.9 ESF e 0.5 2.6 19.7 =1.3
9/ 7 300 2.8 329.5 NNh 4 0.7 29.0 NNE 5 0.7 3.0 18.3 -1.3
9/ 7 400 1.9 360.0 N 6 0.8 306.5 Na 5 0.6 3.6 17.7 =1.3
9/ 7 500 1.8 5.5 N 4 1.0 P82.5 aNh 5 0.9 2.3 17.0 =1.2
9/ 7 600 1.9 272.5 a 5 0.8 301.0 WNw 4 1.3 1.5 16.9 =1.1
9/ 7 700 1.6 15.0 NNE 4 1.1 336.0 NNW 4 0.8 0.2 21.1 0.2
9/ 7 800 1.8 67.0 ENE 5 0.8 333.5 NNw 4 =0.3 1.3 25.0 1.2
9/ 7 900 2.4 35.5 NE 5 1.6 356.0 N 4 =0.8 3.3 26.4 1.6
9/ 7 1000 5.0 144.0 SE 4 3.8 134.7 SE 4 =1.6 4.6 27.7 1.0
9/ 7 1100 6.6 144.5 SE 4 4.1 151.5 SSF 4 -1.8 6.3 28.5 0.3
9/ 7 1200 8.0 187.5 5 4 6.3 173.0 3 4 =2.4 5.6 29.0 0.3 ,
9/ 7 1300 6.4 165.0 SSE 4 5.8 159.0 SSE 3 -2.5 6.1 29.7 =0.2 v2

9/ 7 1400 6.6 164.0 SSE 4 5.7 193.5 SSW 3 =2.3 3.1 31.3 =1.0
9/ 7 1500 5.2 126.6 SE 4 3.1 25.5 NNE 4 =1.5 4.2 31.8 =2.9
9/ 7 1600 5.7 192.0 S$h a 4.4 170.5 5 4 -2.0 5.8 31.7 =3.6
9/ 7 1700 7.6 346.0 NNn 4 5.0 349.5 N 4 -1.1 2.6 31.3 =3.4
9/ 7 1800 3.9 85.5 E 4 2.5 37.0 NE 4 -1.0 5.5 30.9 -3.3
9/ 7 1900 8.4 356.5 N 5 5.4 323.5 NW 5 =0.7 4.3 29.4 =2.0
9/ 7 2000 6.4 341.5 NNn 5 4.2 329.0 NNh 4 =0.3 1.5 29.0 =1.8
9/ 7 2100 5.7 214.0 SW 5 3.8 186.0 S 6 0.2 1.4 27.9 =1.7
9/ 7 2200 4.8 106.5 ESE 4 2.n 17.0 NNE 4 0.0 3.3 25.4 =2.1
9/ 7 2300 5.5 187.0 S 5 1.1 193.0 S$w 5 0.9 2.5 23.3 =2.8

DAILT SUMMARY

MIN Max AVE AVE WIND SREED (MPH) AVE dew BAROMETWIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRESSURE
(C) (C) (C) n&TA AND DATA FROMt (C) (IN OF MG)

TOP OF TEN METER
30 METER T0wER T0wER

ST. ANTHONY
MINF 16.9 31.8 25.5 4.8 3.3 =1.2

At atRQUE
AT 16.7 35.6 26.1 5.8 5.8 5.6 24.86



Table A.3. Meteorological Data from 8 September 1979
.

DATA FR0u THE 30 AND 3 PETER LEVELS OF THE 30 METER 70hER DATA Fe0M TME

UPPER LEVEL LOWER LEVFL TEN METEe 70wtR

MONTH / HOUR WTND w!ND Stas = w1No w!No STAR. TEwP WIND TEMP DEW
OAY 9 REED DIRECTION ILITY SPEED DIRECTION IL IT V LAPSE SPEED (C) POINT

(MPM) (MPH) (C) (MPM) (C)
9/ A 0 1.3 312.5 Nw a n.7 301.5 WNw 5 1.0 2.4 21.1 =3.1
9/ A 100 1.6 195.5 SSm 5 0.9 217.0 Sn 5 1.0 3.2 20.7 =3.0
9/ 8 200 2.1 300.5 kNm 4 0.7 792.5 wNW 5 0.8 4.8 1g.7 -3.0
9/ A 300 1.6 299.5 ann 4 0.9 100.0 E 7 1.1 3.0 19.5 *2.9
9/ A 400 4.1 23.0 NNE 5 1.5 119.4 ESE 4 0.5 2.0 19.3 =2.2
9/ A 500 4.3 27.5 NNE 5 2.0 115.5 Nw 4 0.3 2.9 18.8 =2.1
9/ A 600 5.2 323.0 Nd a 2.1 315.0 Na 3 0.4 2.3 19.8 =1.6
9/ A 700 5.9 66.0 ENE 4 2.7 7A.0 ENE 4 =0.2 3.1 20.5 =1.1
9/ A son 3.3 354.5 N 4 1.4 106.5 Na e =0.2 1.4 23.3 =0.3
9/ A 900 2.5 1.0 N 3 1.A 21.0 hhE 3 =0.8 2.0 25.3 0.4
9/ 8 1000 4.0 103.5 ESE 4 3.9 96.5 E 3 -1.4 3.4 27.2 0.7
9/ P 1100 3.5 130.8 SE 4 2.7 118.5 ESE 4 =1.3 3.1 28.5 0.7
9/ 4 1200 4.4 143.5 SE 3 4.0 164.5 SSF 3 =2.0 5.5 29.2 0.8 on
9/ 4 1300 5.5 132.0 SE 3 4.A 148.5 SSF 3 -2.5 5.0 30.5 0.4 #'
9/ p 1400 6.7 133.3 SE 4 5.3 11A.5 ESE 3 =2.5 5.3 31.5 =0.1
9/ a 1500 7.3 124.6 SE 4 5.4 145.5 SE 3 =2.1 6.1 32.1 =1.7
9/ e 1600 6.0 87.5 E 4 4.5 34.5 NE 3 =1.7 7.3 32.3 =2.0
9/ P 1700 9.5 124.3 SE 4 4.3 123.3 ESE 3 =1.6 5.1 32.4 =1.7
9/ A 1R00 A.8 124.4 SE 4 4.5 142.8 SE 3 =1.2 7.7 31.6 =1.6
9/ 8 1900 17.5 126.5 SE 5 A.9 175.0 5 4 =0.8 13.3 29.8 0.6
9/ A 2000 20.0 149.5 SSE 5 13.8 151.3 SSE 5 =0.5 10.9 28.0 1.6
9/ A 210n 13.5 168.5 SSE 4 7.9 161.5 SSF 4 =0.2 5.0 27.2 1.8
9/ 8 2200 4.2 249.5 min 4 3.0 273.0 h 5 =0.1 3.8 25.1 1.6
9/ A 2300 4.2 283.0 *Nn 5 2.3 265.5 W 5 0.3 ?.9 21.8 1.0

DAILY SUMMARY

MIN par AVE AVE WIND SPEED (MPH) AVE nEw 94ROMETdIC
TEMP TEMP TEMP TEN METFR AIRPOR7 POINT PRESSURE
(C) (C) (C) NATA AND DATA FNOMI (C) (IN OF MG)

TOP OF TEN PETER
30 NETER T0 DER 70nEN

ST. ANTHONY
MINE 18.8 32.4 25.6 6.2 4.6 =0.7

ALRUcuERQUE
AIRPORT 18.9 34.4 26.7 9.2 9.2 8.9 24.85

.
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Table A.4. Meteorological Data from 9 September 1979

OATA FROM THE 30 AND 3 METER LEVELS OF THE 30 METER 70nER DATA FWOW THE

UPPER LEVEL LOWER LEVEL TEN METER TOWER

MONTH / HOUR NIN3 w!ND STAn= WIND w!ND STAR = YEWP h!ND TEMP OEW,

DAY SPffD DIRECTION ILITY SPEED DIRECTION IIITY LAPSE SPEED (C) POINT
(%7H) (MPH) (C) (NPM) (C)

9/ 9 0 1.3 357.0 N 3 1.0 144.0 SE 6 0.7 2.2 20.9 0.3
9/ 9 100 4.1 122.5 ESE 5 1.7 115.5 ESE 5 0.5 1.5 20.c 0.2
9/ 9 200 2.5 97.0 E 3 1.4 94.0 E 5 0.1 1.4 19.2 0.2
9/ 9 300 2.1 97.6 E 4 1.1 344.0 NNW 5 0.1 1.9 18.8 =0.2
9/ 9 400 2.0 338.0 NNW 4 1.0 319.5 Na 5 0.0 2.0 18.2 0.1
9/ 9 500 1.6 190.0 5 5 1.1 16n.0 SSE 5 0.4 2.5 17.7 0.2
9/ 9 600 3.0 102.5 ESE 4 0.9 85.5 E 5 0.5 2.2 17.4 0.1
9/ 9 700 4.3 43.6 NE 4 1.5 22.0 NNE 5 =0.1 2.2 17.5 0.1
9/ 9 A00 4.1 80.0 E 4 2.1 98.0 E 5 =0.4 0.9 21.6 1.7
9/ 9 900 4.8 71.0 ENE 5 2.8 68.0 ENE 4 =1.0 3.3 24.3 1.7
9/ 9 1000 4.8 140.5 SE 4 3.n 136.4 SE 4 -1.4 2.6 25.3 1.4
9/ 9 1100 4.4 117.4 ESE 3 3.4 185.5 S 4 =1.4 3.8 26.9 1.6
9/ 9 1200 7.2 148.0 SSE 4 4.3 218.0 Sn 4 -1.8 6.3 27.4 0.7
9/ 9 1300 8.2 125.4 SE 4 6.3 165.n S$F 3 -2.4 6.5 28.5 =0.1 b|9/ 9 1400 6.1 151.5 SSE 3 5.2 151.0 SSE 3 =2.4 6.4 29.2 0.0
9/ 9 1500 7.7 141.2 SE 4 4.5 168.0 SSF 4 =2.0 7.0 29.5 =0.7
9/ 9 1600 8.9 165.5 SSE 4 7.6 156.5 SSE 4 =1.9 6.3 30.1 =1.9
9/ 9 1700 10.0 179.0 $ 4 5.9 166.0 SSF 4 -1.8 6.7 30.2 =2.4
9/ 9 1800 10.1 167.5 SSE 5 A.1 171.0 S 5 -1.3 5.8 30.1 -3.1
9/ 9 1900 9.5 159.5 SSE 5 5.1 156.5 $$F 5 =0.4 5.2 29.2 =2.6
9/ 9 2000 9.0 180.5 5 6 5.8 177.0 S 6 0.6 3.3 27.7 =2.6
9/ 9 2100 8.4 199.5 SSn 6 5.8 188.0 S 6 1.2 2.1 26.2 -3.1
9/ 9 2200 8.8 193.0 ssp 5 4.6 176.0 $ 6 1.0 2.8 21.9 ~3.0
9/ 9 2300 7.7 196.0 SSW 5 3.6 177.5 5 5 0.9 1.8 20.1 -2.7

DAILY SUMMARY '

MIN MAX AVE A%E WIND SPEED (MPM) AVE DEW BARUNETWIC
TEMP TEMP TEMP TEN NFTER AIRPORT POINT PRESSUNE
(C) (C) (C) DATA AND DATA FROMs (C) (IN OF NG)

TOP Or TEN METEP
30 METER TanER T0*ER

ST. ANTHONY
MINE 17.4 30.2 24.1 5.9 3.6 =0.6

ALBUGUERouE
AIRPORT 18.3 32.8 25.6 7.1 7.1 8.3 24.83
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Table A.S. Meteorological Data from 10 September 1979

NATA FRnw THE 30 AND 3 METFR LEVELS OF THE 30 METED tower DATA FROM THE

U#PER LEVEL LOWER LEVEL TEN METER 70wE4

PONTH/ HOUD wind wfho STAR = w!ND w!ND STAR = TEMP w!ND TEMP DEW
nay SPEED DIRECTION ILITY SPEED DIRECTION ILITY LAPSE SPEED (C) POINT

(MPH) (MPH) (C) (WPI4) (C)
9/10 0 7.5 242.0 WSW 6 3.7 227.0 Sw 5 1.3 2.1 18.5 -3.0

9/10 100 5.9 222.5 Sw 5 3.6 170.5 5 5 1.8 0.9 17.8 =3.1
9/10 200 7.0 216.5 SW 6 a.3 175.5 $ 5 2.3 2.0 17.1 -3.3
9/16 300 3.2 246.0 MSW 4 2.3 112.0 FSF 5 1.6 1.6 17.1 =3.0
9/10 400 3.1 215.0 SM 3 1.A a7.5 NE 3 1.2 1.1 16.6 =3.3
9/10 500 e.3 74.5 ENE 5 1.1 5A.0 NE 4 0.8 1.5 15.3 =2.9
9/10 600 4.5 19.5 hE 4 1.0 276.5 w 5 0.7 0.9 15.0 -3.0
9/10 700 6.3 6a.5 ENE 5 1.1 109.6 ESF a 1.5 1.6 14.8 =2.9
9/10 A00 1.5 50.5 NE e 1.e 93.1 E 4 =0.2 0.6 20.0 =1.7
9/10 900 1.9 74.5 ENE a 1.6 83.9 E 3 =0.8 1.9 23.2 =1.3
9/10 1000 3.3 162.0 SSE a 2.A 13a.8 SE 3 =1.4 2.7 25.5 =1.1
9/10 1100 3.9 142.h SE 3 3.1 153.5 SSE 4 =1.7 8.1 27.0 =0.6
9/10 1200 5.3 148.5 SSE 3 3.3 177.0 5 3 =1.7 4.7 28.3 =0.8 y
9/10 1300 6.2 125.3 SE 4 5.2 152.5 SSE 3 =2.1 5.3 28.8 -1.7
9/10 1400 a.a 252.0 wSW 3 3.9 207.0 SSw 3 =2.2 5.7 29.8 =2.3
9/10 1500 5.2 218.0 Sw 2 4.a 147.5 SSF 3 =2.1 5.3 30.5 =2.0
9/10 1600 6.1 143.5 SE 3 5.3 160.0 SSF 3 =2.0 5.3 30.9 =2.6
9/10 1700 5.6 19k.0 S3w e 5.1 172.9 S e =1.9 a.7 30.8 -2.7
9/10 1A00 6.1 167.5 SSE 4 5.A 15a.0 SSE 8 =1.2 a.3 30.4 -4.3
9/10 1900 s.o 19h.5 SSW 5 5.8 189.0 S 5 =0.1 a.9 29.6 =3.6
9/10 2000 10.0 17A.5 5 6 6.8 173.5 3 5 0.7 3.2 28.7 =e.3
9/10 2100 10.0 186.0 5 6 6.A 180.0 S 5 0.8 3.1 24.5 =4.2
9/10 2200 9.5 219.5 SW 5 5.4 205.9 SSW 6 1.2 3.2 23.2 =3.9
9/10 230ft 7.s 206.5 SSW 5 5.2 178.5 S 5 1.3 3.s 21.9 -3.4

DAILY SUMMART

HIN ** A t AVE AVE WIND SPEED (MPH) AVE dew 9AROMETRIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRESSURE
(C) (C) (C) DATA AND DATA FROHI (C) (IN OF HG)

TOP OF TEN METEP
30 METFR tower T0aEW

MT. ANTHONY
MINE 14.a 30.9 23.6 %.7 3.1 =2.7

ALHuo0ER00E
AIRPORT 15.0 33.9 24.4 7.3 7.3 5.6 24.75

. . . . . .
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Table A.6. Meteorological Data from 11 September 1979

DATA FROM THE 30 AND 3 METER LEVELS OF THE 3n METER 70mER MATA FROM THE
>

UPPER LEVEL LONES LEVEL TEN METER TOWER

MONTH / HOUR WTND WIND STA8 WIND WIND STAR. TEMP WIND TEwP DEN
DAT SPEED DIRECTION ILITY SPEED DIRECTTON ILITY LAPSE SPEED (C) POINT

(MPM) (MPH) (C) (MPM) (C)
9/11 0 6.5 233.0 SW 5 4.4 200.5 SSW 5 1.4 2.3 20.4 -3.6
9/11 100 7.7 219.5 SW 4 4.6 214.0 SW 5 2.3 3.4 20.4 -2.2
9/11 200 7.1 242.0 nSn 5 3.8 222.0 Sn 5 2.2 1.3 18.9 =2.6
1/11 300 7.1 204.5 SSM 5 4.4 206.5 SSW 5 1.6 2.7 18.4 =2.3
9/11 400 5.2 32n.0 NW 3 2.7 345.0 NNW 4 0.5 2.4 18.6 =2.1
9/11 500 5.8 79.5 E 1 2.1 79.4 E 4 0.6 2.0 20.0 =2.6
9/11 600 4.1 71.5 ENE 4 0.4 110.0 ESF 4 0.9 2.9 17.6 =2.6
9/11 700 4.6 38.0 NE 5 1.6 13.5 NNE 4 0.6 0.6 17.7 =2.4
9/11 800 7.4 82.0 E 4 3.2 43.0 NE 4 0.0 1.6 21.6 =1.7
9/11 900 7.0 67.5 ENE 4 3.3 5m.5 ENE 4 =0.9 3.4 23.6 =1.6
9/11 1000 4.9 65.5 ENE 4 3.5 0.5 N 3 =1.0 3.6 25.3 =1.2
9/11 1100 6.1 69.5 ENE 4 3.5 34.0 NE 4 =1.6 5.6 27.0 -1.4
9/11 1200 6.8 131.0 SE 4 5.2 144.0 SE 3 *1.9 5.6 27.7 -1.2 w
9/11 1300 6.5 101.0 E 4 4.3 32.5 NNE 4 =1.6 5.5 28.2 +1.4 w
9/11 1400 6.8 140.0 SE 4 5.9 145.5 SE 4 =2 0 6.4 29.1 =1.2
9/11 1500 7.1 131.5 SE 4 6.5 140.5 SE 4 -2.2 6.8 30.2 =1.1
9/11 1600 7.0 145.0 SE 4 6.1 151.5 SSE 4 =1.9 7.9 30.3 -1.4
9/11 1700 7.1 110.9 ESE 4 4.5 150.5 SSE 4 -1.5 7.1 30.4 =2.2
9/11 1800 7.1 159.0 SSE 4 5.4 164.0 SSE 5 =1.0 6.2 30.2 =2.0
9/11 1900 6.0 164.5 SSE 4 5.0 159.0 SSE 4 0.2 5.4 29.0 =1.4
9/11 2000 4.2 303.0 MNp 4 1.7 273.5 W 4 0.0 3.4 26.3 =1.7
9/11 2100 7.4 237.5 WSh 5 6.4 240.0 WSW 4 =0.1 4.1 27.4 =1.1
9/11 2200 8.6 167.5 SSE 4 5.3 168.0 SSE 4 0.0 11.8 25.8 0.3
9/11 2300 8.8 144.5 SE 5 7.0 144.0 SE 4 =0.2 5.4 25.0 0.4

DAILY StIMMARY

MIN MAX AVE AVE WIND SPEED (MPH) AVE DEW RAR0 METRIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRESSURE
(C) (C) (C) DATA AND DATA FROMt (C) (IN OF HG)

TOP OF TEN METER
36 METER TOWER T0aEH

ST. ANTHONY
HINE 17.6 30.4 24.5 6.5 4.5 =1.7

AL8UQUERQUE
AIRP0pT 16.7 34.4 25.6 4.1 9.1 6.7 24.72
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Table A.7. Meteorological Data from 12 September 1979

OATA FROM TME 30 AND 3 METER LEVELS OF THE 30 METER T0nER DATA FROM THE

tiPPE t LEVEL LOWER LEVEL TEN METER T0wER

NONTH/ MOUR WIND WIND STAB = d!ND WIND Stam. TEMP WIND TEMP DEW
DAY SPEED DIRECTION ILITY SPEED DIRECTinN ILITY LAPSE SREED (C) POINT

(MPH) (MPM) (C) (MPM) (C)
9/12 0 6.4 112.3 ESE 5 3.0 153.5 S$F 4 =0.2 4.6 24.3 =0.9
9/12 100 6.7 55.5 NE 5 2.3 12.5 NNE 4 =0.1 3.4 23.6 =0.7
9/12 200 3.6 348.5 NNn 4 1.8 301.5 WNW 4 =0.1 2.8 21.7 =1.1
9/12 300 3.9 331.0 NNW 4 1.7 266.0 a 5 0.1 2.2 20.8 =1.3
9/12 400 3.4 350.0 N 5 2.2 285.5 MNW 4 0.0 1.9 19.7 -1.3
9/12 500 3.5 67.0 ENE 4 1.4 6A.5 ENF 4 0.1 1.5 18.2 =1.7
9/12 600 3.2 67.5 ENE 4 1.7 109.A ESF 4 0.3 1.6 17.0 -1.9
9/12 700 2.7 307.0 NW 4 1.6 114.6 ESE 5 0.6 2.7 17.1 =1.3
9/12 =00 2.9 18.0 NNE 4 1.2 291.0 WNa 5 =0.1 0.9 20.4 =0.8
9/12 900 3.5 101.0 E 4 2.3 92.5 E 4 =0.9 1.6 23.3 =0.6
9/12 1000 4.0 AA.0 E 4 2.6 94.5 E 3 -1.2 2.6 24.6 =0.4
9/12 1100 5.4 138.0 SE 4 3.1 107.3 ESF 4 =1.4 3.2 26.8 =0.4
9/12 1206 5.3 109.1 ESE 4 4.4 12A.3 SE 3 =1.7 3.9 28.3 =0.6 Ln

U*
9/12 1300 5.7 116.3 E SE 4 4.2 12A.0 SE 3 =1.8 3.9 29.4 =1.1
9/12 1400 4.A 134.0 SE 4 5.3 161.5 SSF 3 =2.2 4.3 30.3 =2.7
9/12 1500 5.8 291.0 nNW 3 4.9 163.5 SSE 3 =2.1 5.0 30.9 =5.0
9/12 1600 A.4 345.5 NN* 4 6.3 106.0 NW 3 =1.7 7.0 32.3 =5.2
9/12 1700 8.0 33a,0 NNn 5 5.7 322.5 Nw 5 -1.3 5.8 32.2 =6.0
9/12 1P00 10.2 335.5 AN> 5 4.5 327.0 N 4 -1.2 7.8 32.1 =6.6
9/12 1900 12.2 327.0 NNn a 6.1 333.5 NNN 5 -1.0 10.5 29.1 =3.8
9/12 2000 17.9 120.0 ESE 5 5.6 322.0 NW 4 =0.6 10.7 27.6 =0.9
9/12 2100 5.4 26.0 NNE 4 9.7 152.0 SSE 4 =0.6 4.2 26.3 =0.7
9/12 2200 5.0 59.5 ENE 5 5.6 261.0 W 2 =0.5 3.4 24.8 =0.7
9/12 2300 4.3 140.0 SE 5 3.1 21.5 NNE 4 =0.5 2.5 23.8 =0.8

DAILY SUMMARY

MIN MAN AVE AVE WIND SPEED (MPM) AVE DEW RAR0 METRIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRESSilRE
(C) (C) (C) DATA AND DATA FROMt (C) (IN OF NG)

TOP Or TEN METER
30 METER TOMER TOMEW

ST. ANTMONY
MINF 17.0 32.3 25.2 5.9 4.1 =1.9

ALRUQt'ERQttE
AIRPORT 16.1 35.0 25.6 12.7 12.7 6.1 24.72

. . . . . .
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Table A.8. Meteorological Data from 13 September 1979

DATA FROM THE 30 AND 3 METER LEVELS OF THE 30 METER TOWER DATA FROM THE

UPPER LEVEL LOWER LEVEL TEN METER TOWER

HONTM/ HOUR WIND WIND STA8= WIND WIND STAR = TEMP WIND TEMP DEN
DAY SPEED DIRECTION ILITY SPEED DIRECTION ILITY LAPSE SPEED (C) POINT

(MPM) (MPH) (C) (MPH) (C)
9/13 0 10.8 111.0 ESE 5 2.0 353.0 N 4 =0.3 7.1 23.2 0.8
9/13 100 7.5 115.5 ESE 5 2.2 111.5 ESE 4 =0.2 5.5 21.5 2.9
9/13 200 6.9 112.2 ESE 5 4.2 141.0 NNW 4 =0.4 3.8 20.6 2.9
9/13 300 5.1 139.0 SE 4 4.3 161.0 SSE 3 =0.6 2.7 20.5 2.4
9/13 400 3.1 199.0 SSW 4 3.5 121.5 ESE 3 =0.6 2.3 18.8 2.3
9/13 500 7.3 248.0 WSn 5 3.2 142.0 SE 4 =0.6 2.0 17.2 0.8
9/13 600 9.2 204.5 SSh 6 3.7 152.0 SSE 5 =0.4 2.0 17.1 1.3
9/13 700 8.4 206.0 SSN 6 3.0 170.0 S 5 0.0 2.6 16.5 0.6
9/13 800 4.9 155.5 SSE 4 3.4 203.0 SSW 5 0.3 2.5 18.6 1.3
9/13 900 5.6 177.5 S 4 4.4 185.0 5 6 0.7 3.9 19.4 1.1
9/13 1000 7.5 151.5 SSE 4 5.7 174.5 8 6 0.6 5.7 20.3 1.2
9/13 1100 7.8 156.5 SSE 4 5.0 164.0 SSE 5 =0.2 6.9 21.6 1.3
9/13 1200 8.6 152.0 SSE 4 2.9 15A.5 SSE 4 -1.2 6.9 23.2 0.9 g
9/13 1300 9.3 175.5 5 4 4.0 164.0 SSE 4 =1.6 7.8 24.6 1.0 u2

9/13 1400 9.9 149.0 SSE 4 5.3 150.0 SSE 4 -1.7 8.0 26.1 1.1
9/13 1500 9.7 170.0 5 5 7.0 147.5 SSE 5 -2.3 7.4 27.6 0.6
9/13 1600 11.5 57.0 ENE 3 5.1 140.0 SE 4 =2.3 6.8 22.3 4.7
9/13 1700 7.0 31.0 NNE 3 6.4 154.5 SSF 4 -2.6 6.8 23.5 4.3
9/13 1800 10.6 167.0 SSE 4 6.7 137.0 SE 4 -2.7 4.7 23.0 2.2
9/13 1900 5.8 177.5 5 4 5.4 156.0 SSE 4 =2.4 4.2 22.7 2.6
9/13 2000 9.9 247.5 MSh 5 5.2 343.% NNW 4 =1.5 5.5 22.4 2.1
9/13 2100 6.0 224.0 SW 5 3.0 26.5 NNE 4 0.0 2.5 22.1 1.7
9/13 2200 8.9 215.0 SW 5 2.2 197.0 SSW 5 0.1 3.8 22.0 1.2
9/13 2300 10.2 184.5 S 5 7.0 144.5 SSF 5 =0.3 4.0 21.5 1.2

DAILY SUMMARY

MIN Max AVE AVE WIND SPEED (MPH) AVE OEW RAR0 METRIC
TEMP TEke TEMP TEN METER ATRPORT POINT PRESSURE
(C) (C) (C) DATA AND DATA FROM (C) (IN OF HG)

TOP OF TEN METER
30 METER TOWER TOWER

ST. ANTHONY
HINE 16.5 27.6 21.5 A.f 4.A 1.8

ALBUQUERQUE
AlkPORT 15.6 30.6 73.3 12.8 17.A 8.3 24.77
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Table A.9. Meteorological Data from 14 September 1979

UATA FROM THE 30 AND 3 METER LEVELS OF THE 30 METER tower DATA FROM THE

UPPER LEVEL LOWER LEVEL TEN METER TOWER

MONTH / HOUR WIND MIND STAB. WIND WIND STAR. TEMP m!ND TEMP DEN
DAY SPEED DIRECTION ILITY SPEED DIRECTION ILITY LAPSE SPEED (C) POINT

(MPH) (MPH) (C) (MPH) (C)
9/14 0 14.0- 32.0 NNE 7 4.3 151.5 SSE 4 0.1 5.3 21.3 1.9
9/14 100 13.5 18.5 NNE 7 4.7 236.5 WSn 5 0.4 3.7 20.5 1A
9/14 200 10.4 15.0 NNE 7 4.8 206.5 SSW 4 0.3 3.5 19.2 4a
9/14 300 3.7 42.0 NE a 3.8 220.5 SW 5 0.7 2.3 18.3 d.9
9/14 400 6.4 105.5 ESE 5 6.3 212.0 SSW 5 0.7 2.4 18.0 2.9
9/14 500 6.0 101.5 ESE 5 6.4 191.5 SSW 5 0.6 3.5 19.2 1.9
9/14 600 4.9 71.5 ENE 5 8.1 203.5 SSW 5 0.9 3.6 18.8 2.3
9/14 700 10.9 77.5 ENE 6 7.6 175.5 5 5 1.4 4.9 18.7 1.8

9/14 800 10.3 71.0 ENE 6 8.4 18A.5 3 5 1.5 6.4 18.4 2.7

9/14 900 11.9 66.0 ENE 7 4.8 176.0 5 4 1.2 7.6 19.1 .2*

9/14 1000 10.6 61.5 ENE 6 1.8 57.0 ENE 4 =0.2 3 8.0 19.9 3.6

9/14 1100 13.3 280.5 W 6 3.4 75.0 ENE 4 =0.2 11.2 19.3 !.4

9/14 1200 19.1 59.5 ENE 6 3.1 37.5 NE 4 =0.4 13.1 18.4 1.7 as

9/14 1300 15.6 256.0 WSW 6 4.3 99.5 E 4 =0.4 9.9 18.1 9.9 0

9/14 1400 15.8 247.0 mSo 3 5.9 23.5 NNE 3 =0.8 9.9 17.3 C.4
9/14 1500 21.1 241.5 WSh 6 7.7 31.5 NNE 3 =1.0 12.7 16.2 0.E
9/14 1600 20.3 227.0 SW 6 9.6 34.5 NE 4 -1.0 13.0 14.8 0.3
9/14 1700 12.6 238.5 nSw 6 8.3 30.0 NNE 4 =0.9 6.0 13.8 0.4

9/14 1800 13.1 19.5 NNE 6 7.5 29.0 NNE 4 =0.8 7.2 13.5 0.8

9/14 1900 12.1 354.0 N h 5.8 26.5 NNE 4 =0.7 7.1 13.1 0.2

9/14 2000 7.4 206.5 SSw 6 6.7 24.0 NNE 4 =0.7 4.4 13.2 0.2

9/14 2100 6.0 212.5 SSn 6 4.3 50.5 NE 3 =0.5 4.1 13.0 0.4
9/14 2200 7.5 193.0 SSa 6 3.4 58.0 ENE 3 =0.4 4.0 13.2 0.9
9/14 2300 10.1 199.0 SSW 6 3.6 25.5 NNE 4 =0.4 7.5 12.8 =0.1

DAILY SUMMARY

MIN max AVE AVE WIND 3 PEED (MPH) AVE nEW 8AR0 METRIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRESSURE
(C) (C) (C) MATA AND DATA FROMt (C) (IN OF HG)

TOP OF TEN METER
30 METER TOWER T0nEN

ST. ANTHONY
MINE 12.8 21.3 17.0 11.5 6.7 1.5

AL8t00ERQUE
AIRPORT 8.9 18.9 13.9 23.6 23.6 6.7 24.86

. . . . . e
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Table A.10. Meteorological Data from 15 September 1979

i

| OATA FROM THE 30 AND 3 NETER LEVFLS OF THE 30 METER TOWER DATA FROM THE

UPPER LEVEL LOWER LEVEL TEN METER TOWER

MONTH / HOUR WIND WIND STAR = WIND WIND STAP= TEMP WIND TEMP DEN
DAY MPEED DIRECTION ILTTY SPEED DIRECTION ILITY LAPSE SPEED (C) POINT

(Mpd) (MPM) (C) (MPM) (C)*
9/15 0 8.9 331.5 NNW 6 4.3 20.5 NNE 3 =0.6 5.2 12.6 0.2
9/15 100 7.2 325.0 NW 6 3.0 337.5 NNW 4 =0.8 5.1 12.4 0.6
9/15 200 6.2 313.5 Na 6 5.5 17.5 NNE 4 =0.7 4.8 12.8 0.8
9/15 300 7.0 316.0 NW 6 4.7 30.5 NNE 4 =0.7 5.5 12.6 0.7
9/15 400 6.1 164.5 SSE 6 4.0 21.5 NNE 4 =0.6 4.3 12.5 0.8
9/15 500 11.0 14A.5 SSE 6 3.5 27.0 NNE 3 =0.6 6.8 12.1 0.3
9/15 600 9.9 140.5 SE 6 2.1 25.5 NNE 3 =0.5 5.6 12.3 0.1
9/15 700 7.5 300.5 nNE 6 3.7 3.5 N 4 =0.2 3.9 12.2 0.3
9/15 A00 9.0 280.5 W 6 7.4 29.5 NNE 4 0.2 5.0 13.0 0.4
9/15 900 9.9 242.5 *Nw 6 3.9 7.5 N 3 0.5 6.2 13.2 0.1
9/15 1000 13.0 129.5 SE 6 4.2 39.0 NE 4 11 8.0 13.3 =0.2
9/15 1100 8.6 120.5 ESE 6 4.A 26.5 NNE 4 0.9 7.0 14.0 0.0
9/15 1200 10.7 264.5 a 5 4.6 261.5 W 3 0.0 7.6 14.4 0.1 $9/15 1300 10.4 102.3 ESE 5 3.7 169.5 S 3 =0.5 7.1 15.1 =0.2
9/15 1400 A.0 106.1 ESE 6 3.8 226.5 "M 3 =0.9 5.7 15.4 0.1
9/15 1500 7.4 102.9 ESE 6 4.0 292.5 WNW 3 =0.8 4.7 15.7 0.0
9/15 1600 6.7 8 8.0 E 6 3.5 132.3 SE 3 =1.0 4.7 16.0 0.6
9/15 1700 4.7 95.8 E 5 ?.5 133.0 SE 3 =0.8 4.1 16.5 0.4
9/15 1A00 3.3 49.6 E 6 S.0 173.0 S 3 =0.8 2.9 16.7 0.2
9/15 1900 2.A 77.0 ENE 5 2.6 133.4 *E 3 =0.6 1.3 16.4 0.6
9/15 2000 4.1 104.1 ESE 6 3.0 140.5 SE 4 =0.9 1.9 15.3 1.0
9/15 2100 2.2 103.8 ESE 5 1.4 137.0 SE 4 =0.5 0.7 14.3 1.1
9/15 2200 3.5 504.0 N 7 1.1 5.5 N 4 =0.2 0.9 14.4 1.4
9/15 2300 3.1 504.0 N 7 3.2 188.5 S 5 0.7 2.6 13.8 1.2

DAILY SUMMARY

MIN MAX AVE AVE WIND SPEED (MPH) AVE DEW BAROMETRIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRESSURE
(C) (C) (C) DATA AND DATA FROM (C1 (IN OF HG)

TOP OF TEN METER
30 METER TOWER 70nEW

ST. ANTHONY
HINF 12.1 16.7 14.0 7.1 4.6 0.4

ALBUQUERQUE
AIRPORT 6.3 17.2 12.8 13.R 13.8 6.7 24.98
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Table A.ll. Meteorological Data from 16 September 1979

l

, DATA FROM THE 30 AND 3 METER LEVELS OF THE 30 PETER TOWER DATA FROM THE

UPPER LEVEL LOWER LEVEL TEN METER TOWER

NONTM/ HOUR WThD WIND STAB = WIND WIND STAB = TEMP WIND TEMP DEW
j DAY SPEED DIRECTION ILI1Y SPEED DIRECTION ILITY LAPSE SPEED (C) POINT

(MPM) (:1PM) (C) (MPM) (C)
9/16 0 2.9 316.5 NW 5 1.6 189.5 S 5 0.3 1.2 14.0 1.4
9/16 100 1.7 349.0 N 4 2.7 172.0 S 5 0.6 1.6 13.4 1.3
9/16 200 1.2 147.5 SSE 5 1.2 248.0 WSW 4 0.2 1.6 12.5 1.3
9/16 300 2.1 192.7 SSh 3 1.2 28A.0 WNW 4 0.1 2.8 12.9 0.8
9/16 400 3.3 212.5 SSW 4 0.3 g3.5 E 6 0.5 4.3 12.9 0.8
9/16 500 3.9 336.0 NNW 4 0.3 103.0 ESE 6 0.3 1.5 13.3 1.0
9/16 600 4.1 46.5 NE 5 2.1 194.0 SSW 6 0.8 1.8 12.8 0.8
9/16 700 2.2 2.5 N 4 1.9 327.5 NNW 5 0.5 2.4 12.0 0.4
9/16 800 3.2 48.5 NE 3 1.3 336.5 NNW 5 0.3 1.6 14.0 2.0
9/16 900 3.3 118.5 ESE 2 0.9 209.0 SSW 6 0.8 1.7 16.6 2.4
9/16 1000 6.3 99.6 E 3 0.9 344.5 NNW 5 0.5 4.6 14.8 2.4
9/16 1100 7.8 46.0 NE 4 1.8 50.0 NE 4 =0.6 5.7 20.1 2.1
9/16 1200 7.5 104.6 ESE 3 2.2 353.5 N 3 =0.8 5.3 20.8 2.3 m
9/16 1300 6.8 120.3 ESE 4 3.3 22.5 NNE 4 =0.9 6.3 20.9 2.6 N
9/16 1400 8.5 142.9 SE 3 4.8 23.0 4NE 4 .t.0 7.4 21.5 2.3
9/16 1500 9.6 175.5 5 4 3.6 29.5 NNE 3 =1.3 6.7 21.4 2.7
9/16 1600 10.1 173.5 8 4 3.6 134.3 SE 3 =1.4 6.8 21.4 2.7
9/16 1700 9.4 172.0 S 4 5.1 150.0 SSE 4 -1.4 6.4 21.1 2.6
9/16 1800 9.3 187.0 3 4 6.3 154.5 SSE 4 =1.3 6.4 20.6 2.9
9/16 1900 9.9 169.0 5 5 6.4 149.5 SSE 4 =1.3 6.9 19.5 3.0
9/16 2000 9.4 183.5 3 5 5.6 168.0 SSE 4 =0.9 6.2 18.4 2.9

i 9/16 2100 5.9 199.0 SSW 5 5.5 157.5 SSE 5 =0.5 3.7 17.9 2.1
9/16 2200 2.1 159.5 SSE 4 6.2 162.5 SSE 5 =0.2 1.5 17.7 2.6
9/16 2300 1.4 148.0 SSE 4 9.0 167.0 SSE 5 0.0 1.1 17.1 3.0

DAILY SUMMARY

MIN MAX AVE AVE WIND SPEED (MPM) AVE DEW 8AROMETRIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRES 8URE
(C) (C) (C) DATA AND DATA FROM (C) (IN OF NG)

TOP OF TEN METER
30 METER TOWE4 TOWER

ST. ANTMONY
MINE 12.0 21.5 17.1 5.5 4.0 2.0

AL8000ERQUE
AIRPORT 8.3 22.4 15.6 7.9 7.9 A.9 24.91

. . . . . ,
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Table A.12. Meteorolegical Data from 17 September 1979

OATA FROM THE 30 AND 3 METER LEVELS OF THE 30 METER TOWER DATA FROM THE

UPPER LEVEL LOWER LEVEL TEN METER TOWER

MONTH / HOUR WTNO n!ND STA8= WIND WIND STAR. TEMP n!ND TEMP DEW
DAY SPEED DIWECTION ILITY SPEED DIRECTION ILITY LAPSE SPEED (C) POINT

(MPH) (MPH) (C) (MPM) (C)
9/17 0 5.2 114.0 ESE 5 2.6 164.5 SSE 5 =0.2 2.2 16.8 3.8
9/17 100 6.0 207.0 S5n 5 0.8 122.5 ESE 7 =0.3 2.2 16.5 3.0
9/17 200 2.4 142.5 SE 4 0.4 346.0 NNW 6 =0.2 1.9 16.7 3.3
9/17 300 3.7 161.5 SSE 4 2.6 185.0 S 6 0.0 2.1 16.8 3.2
9/17 400 3.2 20u.0 SSn 5 3.5 176.5 5 5 0.0 2.1 16.6 3.0
9/17 500 2.0 198.5 SSn 5 1.3 140.5 SE 5 =0.2 1.5 16.8 3.1
9/17 600 3.6 256.5 *SW 4 1.3 151.0 SSE 4 =0.3 2.5 16.8 3.3
9/17 700 2.3 194.0 SSW 3 1.7 184.0 5 6 =0.2 2.3 16.8 3.0

9/17 A0C 2.7 92.0 E 5 1.3 201.5 SSW 5 =0.3 3.1 16.8 3.2

9/17 900 3.6 41.5 NE 3 2.2 161.0 SSE 4 =0.2 2.9 17.7 3.2

9/17 1000 4.4 86.9 E 4 0.7 21A.0 Sw 5 =0.3 4.5 18.4 3.2

9/17 1100 6.6 143.0 SE 4 1.7 124.5 SE 4 =0.5 5.8 18.7 3.7
9/17 1200 6.7 164.0 SSE 4 2.0 57.5 NE 4 =0.9 6.3 18.9 3.3 ,
9/17 1300 5.9 150.0 SSE 4 2.4 130.5 SE 4 =0.9 5.4 19.6 2.7 w
9/17 1400 6.0 177.5 3 4 4.4 176.0 S 4 =1.7 5.3 20.4 2.8
9/17 1500 7.4 158.5 SSE 4 5.6 150.5 SSE 4 =1.4 5.7 21.1 2.4

9/17 1600 6.9 14A.0 SSE 4 4.2 147.0 SSE 4 =1.1 7.3 21.0 2.3
9/17 1700 5.5 133.5 SE 4 3.2 137.5 SE 4 =0.9 5.5 20.6 2.1
9/17 1800 4.5 141.5 SE 4 3.0 134.0 SE 4 =0.6 5.1 20.6 2.3
9/17 1900 2.6 142.5 SE 4 1.7 136.5 SE 5 =0.3 2.5 20.3 2.1

9/17 2000 2.0 170.5 S 4 1.0 137.0 SE 6 0.0 0.8 19.0 2.9
9/17 2100 3.8 338.0 NNW 5 0.4 283.5 WNW 4 0.0 2.9 18.2 3.4
9/17 2200 4.5 326.0 NW 4 1.3 234.0 Sn 4 =0.2 1.6 19.1 3.6
9/17 2300 2.2 19.5 NNE 4 0.7 306.5 Nh 4 =0.2 2.6 18.8 4.2

DAILY SUMMARY

MIN MAX AVE AVE WIND SPEED (MPH) AVE DEW RAR0 METRIC
TEMP TEMP TEMP TEta METER AIRPORT POINT PRESSURE
(C) (C) (C) DATA AND DATA FROMs (C) (IN OF HG)

TOP OF TEN METER
30 METER TOWER 70nEd

ST. ANTMONY
MINE 16.5 21.1 18.5 4.3 3.5 3.0

ALRilollERQUE
ATRPORT 12.A 23.3 18.3 6.4 6.8 10.0 24.87
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Table A.13. Meteorological Data from 18 September 1979

DATA FROM THE 30 AND 3 METER LEVELS OF THE 30 METER toner DATA FROM YME

UPPER LEVEL LOWER LEVEL TEN METER toner

MONTM/ HOUR WTND MIND STAB = WIND WIND STA8= TEMP w!ND TEMP DEW
CAY SPEED DIRECTION ILITY $ PEED DIRECTION II. I T Y lap 3E SPEED (C) POINT

(MPH) (MPH) (C) (MPH) (C)
9/18 0 2.9 102.5 ESE 5 1.3 119.0 ESE 5 =0.2 1.6 18.7 3.3
9/18 100 2.4 19.5 NNE 4 1.1 317.0 NN 5 =0.3 2.2 17.7 3.7
9/18 200 2.2 282.0 MN> 3 1.3 258.0 WSW 4 =0.2 2.2 17.0 2.8
9/18 300 3.0 65.0 ENE 5 1.4 128.8 SE 4 0.0 1.4 16.8 2.3
9/18 400 0.8 47.0 NE 3 0.5 63.5 ENE 6 0.2 2.7 14.9 2.2
9/1m 500 2.6 28.0 NNE 4 1.1 44.0 NE 5 0.3 2.6 14.3 .2.0
9/18 600 2.8 345.0 NNW 5 1.3 317.0 NW 5 0.0 2.8 14.0 1.7
9/18 700 3.0 320.0 NM 5 1.4 291.0 WNW 4 0.0 2.5 14.4 2.1
9/18 800 1.5 107.5 ESE 4 1.A 92.6 E 3 =0.4 0.8 16.8 3.1
9/18 900 2.6 83.5 E 4 2.4 41.5 NE 4 =1.0 1.0 19.7 3.6
9/te 1000 5.4 98.5 E 4 3.6 157.0 SSE 3 -1.4 4.6 20.8 3.8
9/18 1100 7.4 121.1 ESE 4 5.3 148.5 SSE 3 =1.9 6.8 22.0 3.6
9/18 1200 7.8 108.4 ESE 4 5.2 141.5 SE 3 =1.6 7.8 22.7 1.9 os
9/18 1300 11.4 117.7 ESE 4 4.R 125.5 SE 3 -1.6 8.4 23.8 0.4 #'

9/18 1400 15.4 84.0 E 4 6.0 52.5 NE 3 =1.2 9.6 24.4 =1.6
9/18 1500 15.6 128.5 SE 4 10.0 131.7 SE 4 =1.3 12.5 24.5 -1.6
9/18 1600 17.0 131.5 SE 4 12.8 149.5 SSE 4 =1.5 17.0 23.6 0.8
9/18 1700 18.2 126.5 SE 5 11.6 149.5 SSE 3 -1.3 15.2 23.1 1.3
9/18 1800 14.9 123.5 ESE 5 9.5 141.5 SE 3 =0.9 12.4 22.1 0.7
9/1s 1900 10.1 115.3 ESE 5 5.5 143.5 SE 4 =0.4 9.0 21.8 0.1
9/18 2000 8.5 147.0 SSE 4 6.0 140.5 SE 5 =0.2 6.4 20.3 0.3
9/18 2100 2.9 136.5 SE 4 2.4 13A.5 SE 5 =0.1 2.9 19.4 1.3
9/1A 2200 2.6 188.5 5 4 1.7 226.0 Sn 5 0.0 3.7 18.0 1.0
9/18 2300 2.9 322.0 NM 4 1.2 267.0 W 4 0.2 3.8 16.9 1.2

DAILY SUMMARY

MIN MAN AVE AVE w!ND SPEED (MPM) AVE dew RAR0 METRIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRESSURE
(C) (C) (C) NATA AND DATA FROMI (C) (IN OF MG)

TOP OF TEN METER
30 METER TOMER 70wFW

ST. ANTMONY
MINE 14.0 24.5 19.5 6.4 5.8 1.7

AL9UQUERQUE
AIRPORT 12.2 24.4 18.3 A.9 A.9 8.3 24.92

. . . . . .
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Table A.14. Meteorological Data from 19 September 1979 '

OATA FROM THE 30 AND 3 METER LEVELS OF TME 30 METER 70hER DATA FWDM THE

UPPER LEVEL L0wfR LEVEL TEN METER 70nER

NONTH/ HOUR w!ND WIND STAB = MIND WIND STA8= TEMP WIND TEMP DEW
DAY SPEED DIRECTION ILITY SPEED DIRECTION ILITY LAPSE SPEED (C) POINT

(M#H) (MPH) (C) (WPN) (C)
9/19 0 4.1 300.5 WNw 4 2.6 264.0 h 5 0.6 3.4 17.1 1.0
9/19 100 3.3 224.5 SW 5 3.2 225.5 SW 5 0.8 2.3 16.1 1.4
9/19 200 2.0 3n4.0 NN 4 1.3 299.0 WNW 5 0.6 4.9 15.3 1.1
9/19 300 2.3 296.0 MNw 4 1.3 188.5 S 5 0.5 3.2 14.3 0.8
9/19 400 4.1 346.5 NNw 5 1.7 313.5 Nm 4 0.4 3.3 13.0 0.3
9/19 500 5.3 323.5 Nw 5 2.5 320.5 N9 4 =0.1 2.8 12.8 0.2
9/19 600 4.9 335.0 NNW 5 2.6 305.5 Nn 4 0.0 1.7 13.3 0.2
9/19 700 4.3 347.5 NNW 4 1.8 314.5 Nw 4 0.0 3.1 13.6 0.2
9/19 800 2.1 341.0 NNw 4 1.8 299.0 hNW 4 =0.3 1.8 15.4 1.3
9/19 900 1.9 247.0 mSW 4 1.9 283.0 WNW 3 =0.9 1.5 18.1 1.7
9/19 1007 2.7 141.0 SE 3 2.9 147.0 SSE 4 -1.3 2.7 19.5 1.4
9/19 1100 3.5 45.2 E 4 3.0 155.0 SSE 3 -1.3 3.2 20.5 1.4
9/19 1200 3.6 202.5 SSh 2 3.3 152.4 SSE 3 =1.4 3.4 21.0 1.4 m9/19 1300 4.6 1A6.0 S 3 3.9 155.5 SSE 3 =1.9 3.8 22.3 1.2 'n
9/19 1400 5.7 147.7 SSE 3 4.9 194.0 SSM 3 =2.1 4.9 23.2 0.6
9/19 1500 4.0 136.1 SE 3 4.0 160.5 SSE 3 =2.0 4.3 24.3 0.7
9/19 1600 3.9 163.5 SSE 4 3.4 120.3 ESE 3 =1.8 4.4 24.9 0.8
9/19 1700 4.3 168.0 SSE 3 3.8 165.5 SSE 3 =1.7 5.0 25.4 1.0
9/19 1800 4.4 175.0 S 4 4.2 161.5 SSC 4 =1.3 3.4 25.5 0.1
9/19 1900 5.8 1R3.5 3 5 3.8 169.5 5 5 =0.1 3.8 25.0 0.2
9/19 2000 6.4 167.0 SSE 5 4.4 161.0 SSE 5 0.6 1.8 23.4 =0.1
9/19 2100 5.5 190.5 S 4 4.0 201.5 SSW 4 0.9 3.1 20.7 0.7
9/19 2200 4.6 244.5 *Sn 4 1.2 237.5 *SW 5 0.8 3.2 19.7 1.3
9/19 2100 3.6 261.5 * 5 3.2 253.0 WSW 5 0.7 3.2 17.5 0.8

DAILY SUMMARY

MIN Man AVE AVE WIND SPEED (MPM) AVE dew 8AR0 METRIC
TEMP TEMP TEMP TEN METER AIRPORT POINT PRESSURE
(C) (C) (C) DATA AND DATA FROMt (C1 (IN OF HG)

TOP OF TEN METER
30 METER T0hER T0nEM

37 ANTMONY
NINE 12.8 25.5 19.2 4.0 3.3 0.8

ALBUQUEROUE
AIRP00T 12.4 26.7 20.0 8.2 8.2 7.2 24.84

_ _
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APPFEDIX B. ESTIM\TES OF RADON RELEASE RATES FROM RIPPING,
RB10 VAL, AND CRUSHING OF ORE

The radon release rates from static sources such as exposed ore, oves
burden, and marginal ore storage piles can be measured; but rates from
dynamic operations such as ripping, removal, and crushing of ore are diffi-
cult to measure. To obtain values for the release rates from these processes,
it is necessary to estimate the radon concentration in the soil pore space.
Radon accumulated within these spaces is released when ore is ripped or
crushed. This release may be estimated given an ore production rate of
2000 tons / day and an ore quality of 0.07% U 0s (196 pCi/g), assuming that the3
ore is in secular equilibrium with Ra-226. The radon activity entering the
pore space will be equal to the radium activity in the ore multiplied by the
emanation factor (c). Austin (1975) determined an emanation factor of 7%
for Laguna ore (near the St. Anthony Mine). The annual radon activity
released (Qo) from the daily production of 2000 tons (approximately 1800
metric tons) is:

(0.07) x (285 working days / year) x (1800 metric tons (B.1)Q =-
g

x 106 g/ metric ton) x (196 pCi/g) x (10-12 Ci/pci)
.

7.04 Ci/yr=

Assuming that the flux measurements are proportional to the radium content,
the annual radon releases from the disturbance of inclusive waste (Qi) and
overburden (Q ) re, respectively:b

1.69 pCi/m .s [0.75wastefraction
2

Q '= 7.04 C1/yr x (B.2)i 14.18 pCi/m2.s \0.25 ore fraction j

2.52 Ci/yrQ =
1

2where 1.69 and 14.18 pC1/m .s are the average flux values from inclusive
waste and ore, respectively (Table 18); and 0.75 and 0.25 are the fractions

of waste and ore in the ore zone (Table 18).

x[12 overburden)
20.08 pCi/m .s

Q = 7.04 Ci/yr x (B.3)b l4.18 pC1/m2.s /oreg g

Q = 0.48 Ci/yr
b

where 12 is the overburden to ore ratio, based on the dimensions of the,

inactive pit (Table 15); and 0.08 is the average flux estimated for the
overburden from Levels 1 to 3 (Table 16).

.

Qr, the annual release from dynamic mining procedures, is thus:

= 10.04 Ci/yr (B.4)Qr"9 +91+9b0

!
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