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PREDICTION OF THE NET RADON EMISSION FROM A MODEL OPEN PIT URANIUM MINE

ABSTRACT

Radon emission from a model open pit uranium mining operation has been
estimated by applying radon exhalation fluxes measured in an open pit uran-
jum mine to the various areas of the model mine., The model mine was defined
by averaging uranium concentrations, mine dimensions, production and procedur-
al statistics for eight major open pit uranium mines in the Casper, Wyoming
area. The resulting emission rates were 630 Ci/RRY* during mining operations
and 26 Ci/RRY/yr after abandonment of the mine assuming 100% recovery of
Us0¢ from the ore, or 700 Ci/RRY and 29 Ci/RRY/yr assuming 90.5% recovery.

INTRODUCTION

In connection with the decision of the Nuclear Reguiatory Commission
(NRC) to re-examine the basis of the radon entry in the S-3 table, Pacific
Northwest Laboratory entered intc a contract with the NRC in 1978 to measure
radon releases from open pit uranium mines. The measurements, which require
an extensive and complicated field sampling program, will continue at least
into 1980 in order to provide an assessment of radon releases during a vari-
ety of mining and seasonal conditions. In order to provide the NRC with an
interim estimate of radon releases from open pit mining, this report pre-
dicts these releases from selected mine parameters and measured radon exhala-

tign fluxes.

The present revised report supersedes the April, 1979 report by the
same name and document number, and contains definitions and units consis-
tent with other pertinent NRC documents. It also corrects some minor tech-
nical inconsistencies and attempts to provide a clear elucidation of the
methods and basis for predicting the releases of radon from open pit uran-
ium mining. The following estimates were originally made tc serve as a
guide to the related field sampling program and necessarily involve many

*RRY = Reference Reactor Year is a 1000 MWe reactor operating for one year.
In this report, the fuel requirement for the reference reactor year is taken
to be 182 metric tons (tonnes) of U;04. Taking into account milling recov-
ery of 90.5%, the requirement of Us0s in the ore as mined is taken to be
201 metric tons.



assumptions. Their value as an interim representation of the U. S. open
pit uranium mining industry is based on their being the best presently-
available estimates of mine parameters and radon fluxes, and their being
consistent with anticipated future trends in open pit uranium mining prac-

tices.

Radon-222, herein called radon, is exhaled continuously from virtually
all exposed soil and rock surfaces due to the ubiquitous distribution of
uranium, and hence radium, in these materials. The exhalation flux in-
creases linearly with the parent radium concentration, assuming all other
parameters remain constant. Since radium (°?®Ra) and its parent uranium
(2%%U) generally occur in equilibrium if considered on the size scale of a
large open pit mine, radon can reasonably be said to be exhaled from soil
or rock surfaces in proportion to their uranium concentrations for the aver-
age case. The total radon exhalation from a given surface can thus be es-
timated as the product of the uranium concentration, the surface area, and
a standard value of the radon flux per unit area and per unit ore grade.
Radon fluxes from various types of surfaces can then be summed to estimate
the total radon emission rate for an open pit mining operation. We have
used this approach to predict radon emissions from a "model" or average
open pit uranium mine based on eight Wyoming open pit mines. This method
clearly avoids the complications of radon diffusion characteristics, and
simply depends on the representativeness with which the surface areas, ore
grades, and standard radon flux can be estimated. This model includes all
known significant radon sources from open pit mining up to the delivery of
ore to the mill, but does not include radon releases during milling or tail-

ings disposal.

DEFINITION OF THE MODEL MINE

The model mine is defined by the average of selected parameters from
eight major open pit uranium mines in the Casper, Wyoming area. These mines
were visited in June, 1978, and were observed to all be represented by having
relatively dry, sandy roll-front deposits of uranium ore. The combined pro-
duction of the eight Wyoming mines studied is about 4500 tonnes UsCs/yr, or
about 65% of the total U. S. U;0s production from open pit mines in 1977.!
Further, the sedimentary sandstone formations which characterize the Wyoming
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mines are also similar to those of the New Mexico open pit mines, where min-
ing methods are also similar. It is believed that a model mine defined by
the average of selected parameters from the eight major open pit uranium
mines in the Casper, Wyoming area listed in Table I is an adequate character-
ization of the uranium open pit mining operations in the U. S. with regard
to radon emissions. An exception to the present model with respect to size
is Anaconda's Jackpile-Paguate complex, which annually produces more than
four times the uranium of the model mine,? but affects less than twice the
Tand surface area.® Since its average ore grade’ is onlty slightly higher
than that from the model mine, radon emission per unit uranium production
would be expected to be similar to that from the composite of the eight
Wyoming uranium mines. It is readily apparent that an individual mine could
be quite different from the composite model mine due to the range of param-
eters, but our supposition is believed reasonable that the composite repre-
sents a hetter estimate than that for any individual mine. Research under-
way 1s expected to yield more definitive radon release values. Should field
measurements underway or justified refinements in model parameters be forth-
coming, we would undertake to modify the radon release values based on the
model herein described.

Through discussions with resident mine managers and engineers, charac-
teristic data on production, ore grades, depths of ore, and other pertinent
parameters were obtained. These data are surmmarized in Table Il by the in-
dicated averages and ranges.

TABLE I
Open Pit Uranium Mines Used for Averaging for the Model Mine

1. Federal American Partners Riverton, Wyoming

2. Western Nuclear Mine Jeffrey City, Wyoming
3. Big Eagle Mine Jeffrey City, Hyoming
4. Exxon's Highland Operation Casper, Wyoming

5. Morton Ranch COperation Casper, Wyoming

6. Bear Creek Uranium Mine Casper, Wyoming

7. Pathfinder Shirley Basin Mine Shirley Basin, Wyoming
8. Getty Petrotomics Mine Shirley Basin, Wyoming



TABLE 1I

Model Mine Parameters Averaged from Eight Open Pit Uranium Mines

Mean Range
Expected mine Iife(a) 17 years 10-20 years
Ore production 1560 tonnes/day 910-2700 tonnes/day
Average ore grade 0.11% U204 0.065-0.19% U0
Average cutoff grade 0.03% U304 0.02-0.05% U;04
Thickness of overburden 64 m 0-110 m
Thickness of ore zone 12 m(c) ' 0.3-6T m
Ore stockpile residence time 4] days(c) 4-180 days
Overburden/are ratio(b) 77 30-110
Number of pits\P) 7 5-9

(a)Data available from six of the mines
(b)Data available from four of the mines

(C)Geometric mean calculated from a log-nocrmal distribution















than a hundred meters in extent. The subore usually occurs at the outer
edges, or "shell" of the ore pod, at the contact between the ore and the
surrounding overburden material. Its proximity to the overburden results
in frequent mixing of subore with the overburden extracted from the ore
zone of the pit. To simplify the present calcuiations, ore and subore are
assumed to have a constant lateral distribution with depth in the ore zone.
This distribution is illustrated in Figure 2, where the ore and subore de-
posits are shown as vertical cylinders.

The model mining operation is viewed at two points in time in order to
separately estimate the radon emissions during (a} active mining, and (b}
the post-mining period. The first view of the mine, as illustrated in
Figure 3, is near the middle of the mine's 1ifetime. The first two pits
have been compietely refilled. The third has been filled with the overbur-
den from pit five except for that from the ore zone. The fourth pit is open
and has been mined nearly to the bottom of the ore zone, and the fifth pit
has just heen developed or excavated to near the top of the ore zone, with
no ore or subore yet exposed. The proposed sixth and seventh pits are not
yet disturbed and therefore need not he considered. For simplicity of cal-
culation, the exposed ore and subore surfaces in pit four are "thick" with
respect to radon exhalation, despite their being at the bottom of the ore
zone. Similarly, all surfaces in pit five are considered to consist of
overburden with no radon release from the underlying ore or subore except
through contamination of the overburden surfaces during excavation.

The view of the mine at its mid-life represents a status which actually
exists over a large fraction of the mine's life. During the early develop-
ment of pit one and pit two, surfaces yielding significant radon will be pri-
marily the enlarging overburden piles, two pit surface areas exposed above
the ore, and when the ore is reached, the ore surface. At this point no
ore has been removed, but from this time on, the status of the multiple pit
mine is quite well represented by that shown in Figure 3, which is deemed
"near the middle of its active lifetime.” The status as far as surfaces for
radon release is concerned will remain essentially the same from this point
on until the mine is ready for abandonment just prior to returning the ore
overburden pile to pit 6. Thus the status of the mine depicted in Figure 3
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represents, for the purpose of radon release estimates, very nearly the
status at any time in the active life of the mine, except during the exca-
vation to reach ore in the first two pits.

The second view of the model mine, also shown in Figqure 3, is after
the active mining period, and consists of six completely filled pits and
a seventh one which is left open. Although two pits could conceivably re-
main open if the mine were abandoned, present reclamation regulations require
a substantial final reclamation effort. The final mine status iflustrated
in Figure 3 is intended to be a compromise between the completely reclaimed
mines anticipated for many future operations and the Targe abandoned open
pits left by many past mining operations. The pile of subore, which was
never used, is at its maximum size. The ore was completely milled and is
no longer stockpiled. All ore was removed from the final pit, but the last
of the subore was left in place. Again, radon exhalation estimates for
overburden and subore assume the various deposits to be thick with respect
to radon exhalation.

The ground swell which normally accompanies any excavation would pre-
clude the overburden from actually fitting back into the conic pits as the
model has described. The volume increase of 10-30% has been neglected, how-
ever, in view of the wide variety of overburden handling methods in current
use. The swell is partially offset by the remcval of ore and subore and
could be accommodated with minimal impact in the model as a curved or dome-
shaped top surface for the refilled pits. In reality, the extent, shape,
and depth of the pit is so variable that the potential increase in exposed

overburden surface area due to ground swell is considered insignificant.

The wuranium content of overburden is highly erratic, depending both on
the natural uranium content of the constituent sand and on the degree of
mixing with low grade ores during its removal. ATl overburden surfaces are
assumed to contain 20 ppm Us0s, compared to surrounding undisturbed areas
which are assumed to contain a background Tevel of 4 ppm Us0g." The nominat
20 ppm value is based upon our observations up to the present time of ra-
dium in 22 overburden samples (average equivalent U;0s = 19 ppm}. It is
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also consistent with the 248 ppm U305 concentration averaged from gamma-
ray logging data from boreholes in overburden piles of six open pit mines

{a)

at 31 points on an active overburden pile averaged 2 pCi/m®> sec. This com-

by Kilborn/NUS, Inc., Denver, Colorado. Radon exhalation fiuxes measured
pares with a radon exhalation rate of 5.8 pCi/m® sec based on accepted values
for soil containing 20 ppm U30s. The exhalation fiux of ~2 pCi/m® sec sug-
gests either a lower uranium content or, more likely, a lower diffusion rate
for radon in the overburden. The relatively high uranium content in overbur-
den surfaces is probably a result of "inversion" of the overburden during
stripping (i.e., deposition of uncontaminated material at the bottom of the
pile foliowed by contaminated material from the ore zone at the top of the
pile). Alternative mine planning or reclamation efforts could readily re-
duce this exhalation from overburden surfaces; however, data confirming ra-
don fluxes from overburden surfaces to be significantly lower are presently
inadequate.

The release of radon during truck loading and dumping is considered to
be complete for the emanated fraction of radon. This fraction, assumed to
be 20%, is that part of the radon which has emanated from its parent sand
grain into the interstitial soil gas.® The release of radon from trucking
occurs once for all subore and overburden and twice for the ore due to the
two trips required from the pit to the stockpile and from the stockpile to
the mill 41 days later. Al1l ore, subore, and overburden are considered to
have a density of 1.78 tonnes/m* {1.50 ton/yd3)(b) and to be in equilibrium
(radium to uranium). The availability of men and equipment is assumed to
be 330 days/yr to allow for holidays, equipmert breakdowns, and other normal
"outages.”

An alternative mining procedure commonly called "continuous backfill-

ing" was observed in some of the Wyoming mines. The method, which is ap-

(a)

Data from a draft of a report by Donald W. Riedel and Norman F. Lewis,
Estimates of Equivalent Uranium and Radon Flux for Uranium Mine Dumps
Based on Natural Gamma Radiocactivity.

(b)

The density of ore, subore, and overburden can be quite variable de-
pending upon moisture content., degree of aggregation, and compaction.
Handbook values for dry sand range between about 1.2 and 1.5 tons/yd>.
We have chosen the nominal value of 1.50 tons/yd® which should be
reasonably representative of loose sand with some moisture.
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plicable only to areas having contiguous or closely proximate ore bodies,
involves excavation and mining from one side of the pit and backfilling the
overburden on the other side. The resulting pit "moves" horizontally to
follow the ore body as mining progresses. Surface areas of the pit may be
comparable to those resulting from discrete pit mining, but the areas of
exposed ore are potentially lower with the continuous backfill method. In
this respect, the present model may slightly cverestimate radon releases;
however, the discrete pit method appears to be prevalent in both present

and future mine plans.

PRELIMINARY CALCULATIONS

Effective Surface Area of Ore Stockpiles

The radon-exhaling surface area of stockpiled ore is calculated from
the geometry of the ore stockpiles and the effective volume of stockpiled
ore. Each load of ore is assumed to release all radon upon dumping, follow-
ing which radon will build to full emanating rate in several days. A
small correction in residence time on the ore pad should be made to account
for the time during which radon has not reached equilibrium; however, the
correction is hardly justified when the rather wide variation in the stock-
pile size and shape from mine to mine and from time to time is taken into
account. Furthermore, the ore most recently deposited may be the first to
move to the mill. For these reasons, we assume that the volume on the
stockpile is the product of days of backlog and daily mill capacity, or
(41){(1560) = 63,960 (rounded to 64,000) tonnes ore. The volume of the ore
is thus 63,960/1.78 tonnes/m®, or 35,933 (rounded to 36,000) m®. Each
stockpile is 8032 m?; thus there will be 4.5 stockpiles for the model mine,

with a combined area of 10,800 m?.

Surface Area of the Subore Pile

The subore pile near the middle of the active mining period (after 8.5
yr @ 330 days/yr) contains 2.46 x 10° m® of subore. The frustum of a 100-
foot high (30.5 m) right circular cone with 45° sloping sides having this
volume has a base radius of 174 m and a surface area of 1.09 x 10° m?.
After the 17-yr active 1ife of the mine, the subore pile contains 4.92 x 10°
m®> of subore. The correspending pile has a base radius of 242 m and a sur-

face area of 2.02 x 10° m?.
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Dimensions and Surface Areas of the Pits

An active open pit, illustrated as the fourth pit in Figure 3, has
been excavated through both the coverburden and ore zones. Its volume is es-
timated from the ore production rate, the mine Tifetime, the subore/ore ratio,

the overburden/ore ratio, ore density, and number of pits as
1 1y _
Vp = {1560)(330)(17}(2 + 77) (%T?@)(?)- 5.55 x 107 m?.

Modeling the pit as a conic section (Figure 1), the total pit volume may be
defined as

_mlhy + h;)
Vp = 3
where ry; = r; + (h; + h,) and

(ri2 + rirz +r27)

ry =r; + hy

Solving for the various pit radii from the pit volume and the overburden
and cre zone heights (h, = 64 m, h. = 12 m), the radii illustrated in Fig-
ure 1 are r; = 520 m, ro = 444 m, and r; = 456 m. The surface area of the
active pit is next caiculated as

Spay =7 20 * 72 (h1 + ho)(r1 + r2) = 9.45 x 10%m?

This surface area also applies to each overburden pile and to the abandoned
open pit. The surface area of the developing pit {(pit 5 in Figure 3) is
similarly estimated as

Sdev =rry +mhy2 {(ry +rs) = 9.31 x 10%m?

The top surface area of each refilled pit is simply = r1® = 8.49 x 10° m?
each, with the exception of the third pit (Figure 3), which is lacking the
overburden from the ore zone of pit 5. The open volume for pit 3 equals
the ore zone volume and is caiculated from similar equations to those used

above to give 7.63 x 10° m*. The resulting top surface area for pit 3 is sim-

ilarly calculated to be 8.62 x 10" m2.

Surface Area of Ore and Subore in the Pits

The total volume of ore in a single pit is estimated from the ore pro-

duction rate, the mine lifetime, number of pits and density as

Vore = (1560)(330)(1?)(%)(T7;E) = 7.02 x 10°m°.

13-



An equal volume in each pit is occupied by subore. Since the ore and sub-
ore are assumed to have a constant lateral distribution with depth in the
12-m ore zone, the surface area of exposed ore in the active open pit is
estimated as

_7.02 x 10° m’

Sor‘e 12 m

= §5.85 x 10° m°.

An equal area of subore is assumed to exist in the active open pit as well
as in the abandoned open pit of the inactive mine.

surface Area of Overburden in Active and Developing Pits, Refilled Pits,
Bump Piles, and the Abandoned Pit

The overburden surface area in the active open pit is estimated as the
total pit area minus the areas occupied by ore and subore, and equals
8.28 x 10° m?. A)] other overburden surface areas equal their respective pit
or pile surface areas except in the abandoned pit. Overburden in the

abandoned pit covers the pit surface area minus the area of the subore left
in the pit, or 8.86 x 10° m?.

The total overburden surface area for the active model uranium mine
(Figure 3) is thus estimated as

e 2 x 9.45 x 10° m? for overburden piles,
¢ 7 x 8.49 x 10° m* for refilled pits,
o 8.62 x 10° m? for partially refilled pit,
¢ 8.28 x 10" m

m

* 9.31 x 10°

for active pit,
for deveioping pit,

giving a total of 6.21 x 10° m*. The inactive mine {Fiqure 3) similarly
involves a total overburden surface of

. 9.45 x 10° m? for overburden pile,
e 6 x 8.49 x 10° m? for refilled pits,
N 8.86 x 10° m? for abandoned pit,

for a total of 6.93 x 10°% m?.

Area of Original Land Surface Affected by the Mine

The active model mine entails disturbance of original land areas equal
to the top planar .surface at all pit locations, plus the areas covered by
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the bottom of all ore, subore, and overburden piles. The subore pile covers
an area of m{175 m)? = 9.6 x 10*, and the ore stockpiles cover an area of
2400 m? each. The disturbed land surface area for the active mine is thus

e? x 8.49 x 10° m* for overburden piies,
5 x 8.49 x 10° m* for pits.
. 9.6 x 10" m* for subore piles.
. 4.5 x 2000 m* for ore piles,
or a total of 6.05 x 10° m®.

The inactive model mine (Figure 3) is similarly estimated to disturb

the following original land surfaces:

. 8.49 x 10° m?® for overburden piles,
o 7 x 8.49 x 10° m* for pits,
. 1.84 x 10° m’ for subore pile,

or a total of 6.98 x 10° m’. The area covered by the second overburden
pile is considered to have been sufficiently reclaimed to not Teave per-

sisting mine-related radon sources.

Radon Exhalation Rate

Various estimates of radon exhalation are reported for ore and soil
surfaces, some of which are listed in Table III. As indicated, the rates
we have measured from various surfaces of ore at one of the Wyoming open
pit uranium mines are of comparable magnitude to the other estimates. They
include 22 measurements in the pit and on ore and subore piles, and were
taken over a variety of seasconal, moisture, and temperature conditions.

The one-sigma confidence interval for our mean unit radon flux is 0.19 -
0.46 pli/cm’ sec % Us0s. Thirty-two additional measurements of the unit
radon flux from overburden and undisturbed soil surfaces gave a somewhat
lower mean, but are not used here due to the great inhomogeneities in these
materials and the resulting variance in results. Our average measured
exhalation rate of 0.29 pCi/cm2/sec % U ;04 is used in the present calcula-
tions as 0.092 Ci/m2/yr % U,04 after converting from the units in Table III.
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TABLE III

Estimates of the Radon Flux Exhaled from the Ground Surface

{pCi/cm® sec % U;04) Surface Reference
0.29 Ore in open pit mine This work
0.33 Tailings Silker, et al®
0.24 Soil Junge’
0.25(3) Sail Wilkening and Hand®
0.062 Soil Clements and Wilkening®

(a)
(0.25 pCi/em® sec %) x (0.0004% Us0g) gives 1 pCi/m* sec., the backgqround
exhalation rate used in the generic environmental impact statement on
uranium miljing.!?®

RADON EMISSION FROM THE ACTIVE MODEL MINE

Radon emissions are calculated as the product of surface area, ore
grade, and the unit radon flux for all exhaling surfaces in the mine. Ra-
don releases due to truck loading and dumping are estimated as the product
of the uranium concentration, the production or haulage rate, the number of
trips made, the emanaticon fraction (0.2}, and the upit radon activity
{0.0050 Ci/m® % Us0s). The production rates for ore and subore are both
2.89 x 10° m*/yr, and that for overburden is 77 times greater, or 2.23 x
107 m*/yr. The net radon release caused by mining is estimated by sub-
tracting from the total emissions the natural background radon flux of
3.68 x 10~ Ci/m* yr times the area of 6.05 x 10° m? disturbed by mining.
The total and net radon emissions from the active model mine are summarized
in Table IV.
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TABLE 1V

Net Radon Emissions from the Active Model Mine

Area Grade Emission Rate

Source . (m?) (ppm U,04) (Cifyr)
Active pit {No. 4)

Ore 5.85 x 1¢* 1100 592

Subore 5.85 x 10" 150 81

Overburden 8.28 x 105 20 152
Developing pit (No. 5)

Overburden 9.31 x 10° 20 17
Refilled pits
(Nos. 1 and 2)

Qverburden 2 x 8.49 x 10° 20 312
Partially filled pit .
(No. 3)

Overburden 8.62 x 10° 20 159
Dump piles

Subore 1.09 x 10° 150 150

Overburden 2 x9.45 x 10° 20 348
Stockpiles

Ore 1.08 x 10* 1100 109
Truck dumping

Ore 1100 64

Subore 150 4

Overburden 20 45
TOTAL RADON EMISSION/YR 2187
Natural background
emissions from surfaces
affected by mining 6.05 x 10° 4 -223
NET INCREASE IN RAOON EMISSICNS DUE TO MINING 1964
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Since the active model mine produces 1560 tonnes/day of 0.11% U,0; ore
during 330 days/yr, its eguivalent U;0s output is 566 tonnes/yr. The fuel
requirement for an operating 1000 megawatt electric power plant using a
1ight water reactor has been estimated at 182 tonnes U;0g annually.'! A
"Reference Reactor Year" (RRY) is thus defined as 182 tonnes U504, and the
active model mine's production can be expressed as 3.11 RRY/yr. The 1964
Ci/yr of radon released by the active model mine (Table IV) is thus eqguiva-
lent to 630 Ci/RRY. An alternative definition of the RRY has been suggested
due to the omission of the uranium mi}l efficiency in the original defini-

tion.!?

If a 90.5% recovery of uranium from uranium ore is obtained by the
mill, a definition of 201 tonnes U;05/RRY results.!'? The active model mine
produces 2.82 RRY/yr and emits ~700 Ci/RRY using this definition. Radon
emissions from the entire U. S. open pit uranium mining industry can be
estimated from the ~3.5 Ci/tonne Us0s figure developed here, or can be

more accurately estimated by compiling data such as in Table II on all U.S.
open pits and related surface areas and applying the appropriate exhaiation

fluxes.

RADON EMISSION FROM THE INACTIVE OR ABANDONED MINE

Radon emissions are calculated in a similar fashion for the inactive-
or abandoned mine as it is illustrated in Figure 3. These radon releases
are summarized in Table V. Since the model mine will produce 9620 tonnes
U+0: during its 17-yr lifetine. the emission of ~1380 Ci/yr from Table V¥
should be viewed as 26 Ci/yr/RRY using the 182 tonnes U;0s/RRY definition,
or 29 Ci/yr/RRY using 207 tonnes Us30s/RRY.

Radon emissions from the abandoned open pit would probably decrease
with time due to several natural reclamation effects which would occur.
Since the pits are generally below the water table, the abandoned pit would
soon become covered with water, greatly reducing radon exhalation. The steep
pit walls would also slough, depositing relatively uncontaminated surface
rock on the ore-zone rock in the pit bottom. Possible wind dispersion of
the subore pile would offset these decreases, however, making long-range
projections impossible without further definition of the reclamation efforts.
Covering of old pits and pile surfaces with topsoil or other clean material
could greatly reduce the lingering radon emissions and is likely to be a
standard practice at many of the mines comprising this model.
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TABLE V

Radon Emissions from the Inactive or Abandoned Model Mine

Area Net Grade Emission Rate

Source (m*) (ppm U305} {Ci/yr)
Abandoned pit

Subore 5.85 x 10 150 8]

Overburden 8.86 x 10° 20 163
Refilled pits

Overburden 6 x 8.49 x 10° 20 937
Dump pites

Subore 2.02 x 10° 150 279

Overburden 9.45 x 10° 20 174
TOTAL RADON EMISSIONS 1634
Natural background
emissions from surfaces
affected by mining 6.98 x 10° 4 -257
NET INCREASE IN RADON EMISSIONS DUE TO MINING 1377

COMPARISON OF RADON EMISSION WITH BACKGROUND LEVELS

The previous calculations of the net radon emission of the model open
pit uranium mine may be put in perspective with the normal or background
radon emission rate of the affected land areas by the following estimates.
For the active mining period, the 6.05 km® of originally undisturbed land
would have emitted radon at the rate of 223 Ci/yr. The medel mine has thus

increased the background radon emission rate of the affected area by a factor
of

2187 Ci/yr {active mine}
223 Ci/yr {no mine)

=9.,8
during the active mining period.

Similarly, for the abandoned or inactive mine, the 7.0 km? of land af-
fected by the mining operation would have emitted radon at the rate of
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257 Ci/yr. The entire operation thus raised the radon emission rate of the
affected area by a factor of

1634 Ci/yr (abandoned mine)
257 Ci/yr (no mining)

= 6.3 for the post-mining period.

Since all eight of the open pit uranium mines comprising the model
mine 1ie within an 80-mile (129 km) radius of Casper, Wyoming, the impact
of the model mine on an area of this size (52,000 km? or 20,000 square
miles) may be of interest. Assuming the area to have a background radon
emission rate eguivalent to the 4 ppm U504 level, the model mine would in-

crease the radon emission of the Casper vicinity by a factor of

(6.05 km?)(9.8)
(129 km)*®

during active mining, and

1 + = 1.001, or 0.1% increase

2
1+ QZLST%ggl%%T%l-= 1.0008, or 0.08% increase

after cessation of mine activities.

SUMMARY

Active mining in the model open pit uranium mine causes net radon re-
leases of 2000 Ci/yr, compared to 220 Ci/yr naturally exhaied radon from
the 6 km? mine area. In terms of annual reactor fuel requirements, this
is equivalent to 630 Ci/RRY {182 tonnes U;05/RRY}. Radon releases would
continue at the reduced rate of ~1400 Ci/yr after the 17-yr lifetime of
the mine, assuming no changes in the physical environment with time. This
may be compared with 260 Ci/yr naturaliy exhaled radon from an equivalent
undisturbed 7 km® area. The continuing radon releases due to the model
mine are equivalent to 26 Ci/yr per RRY produced by the mine (182 tonnes
Us0q/RRY).
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