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i~~CN.WHtT~ MESA MtLL COOEEMtLOOS.REVO (7/79)
ETSET' ONSITE METOATA
, 'JOINT FREOUENCY IN PERCENT. DIRECTION INDICATES WH ERE WINO IS FROM FREOWS' .37367.
PH' N NNE NE ENE E ESE SE SSE S SSW SW WSW

OATE= 85/05/31.
PAGE NO. 2

.29282•. 12185 •• 01950 •• 00353 •. 18785
W WNW NW NNW TOTALS

,~---------------------------------------------------- ------------------------------------------------------------------------------
:::'TAiHLITV CLASS 1
1.5 .4478 .2171 .3329 .2595 .3329 .3322 .7119 .6999 1.0312 ••212 .9393 ••661 .5690 .2195 .3793 .2321 7 .•779
~.5 .1555 .0990 .1555 .0565 .1555 • 1 131 .4948 .9047 1.5833 1.1733 1.2016 .3958 .4806 .1838 .2969 .1414 7.5913
0.<1 . 1131 .0990 .0990 0.0000 0.0000 .0141 .0424 .1212 .3817 .6503 .7775 .2120 .2403 .1414 .1919 .1131 3.2090
5.5 .0424 .0141 0.0000 0.0000 .0141 .0141 0.0000 0.0000 0.0000 .0565 .0990 .0424 .0707 .0283 .0141 .0141 .•098
1.50.00000.00000.00000.00000.00000.00000.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
R.O .129. .0430 .1710 .1429 .1996 .1574 .2583 .3734 .3329 .2609 .2157 .1009 .0565 .1431 .onl .1002 2.7271

L"" .8872 .•722 .758. ..598 .7021 .6309 1.5074 2.0951 3.3291 2.5622 3.1321 1.217 I 1 •• 1/11 .7151 .9303 ./1009 2 I .• 150

STABILITY CLASS 2
1.5" .0565 .0565 .0565 .0990 .0648 • 1555 .3817 .5937 .9471 .8058 .3917 • 1979 • 1131 . 1414 .0707 .0990 •. 2.09
5.5 .0848 .0484 .0424 .0141 .0283 .0848 .0990 • 1414 .4906 1.1309 .9058 .3393 .1696 .0565 .1696 .2120 3.9075
0.0 .0282 0.0000 0.0000 .0141 .0141 0.0000 0.0000 .0424 .1555 .2403 .3817 .3 110 . 1 131 .0565 .0707 .0948 1. 51 24
5.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0282 .0141 0.0000 0.0000 0.0000 0.0000 0.0000 .0283 .0706
1.50.00000.00000.00000.0000 0 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
8.0 .0990 .0424 .15550.0000 .0424 .0282 .0565 .0848 . 11 31 .1272 .0565 .0283 .0565 .0141 0.0000 .0141 .9186
LL .2685 .1473 .2544 .1212 .1696 .2685 .5372 .8623 1.7245 2.3193 1.6257 .8765 .4523 .2685 .3110 .4382 '0.6500
-----------------------------------------------------------------------------------------------------------------------------------
STAftlLJTV CLASS 3
1.5 .1555 .1414 .0565 .0263 .0990 .00.8 .2262 .3251 .6644 .3958 .1555 .0424 .1131 .0707 .• 938 .0848 2.8273
5.5 .0565 .0141 .0141 .0141 .0141 .0707 .0948 .2262 .4524 .5230 .2262 .1272 .1272 .0565 .0990 .0565 2.1626
0.0 .0848 0.0000 0.0000 0.0000 0.0000 .0141 .0141 0.0000 .113 I .1979 .2545 .1272 .2545 .0565 .1839 .0849 1.3953
5.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0141 .0424 .0283 .0283 .0141 0.0000 0.0000 .0282 .1554
1.50.00000.00000.00000.00000.00000.00000.00000.0000 .0141 0.0000 0.0000 0.0000 .0141 0.0000 0.0000 0.0000 .0282
~ .0 .•665 .7775 .4948 . 1272 . 1 131 .0283 .0565 .113 I • 113 I .0849 .1272 .0424 .0849 .0283 .0848 .0707 2.8131
I.L .7633 .9330 .5654 .1696 .2262 · 1979 .3816 .6644 1.37'2 1.2439 .7911 .3675 .6078 .2120 .5514 .3250 9.3119
._---------------------------------------------------------------------------------------------------------------------------------
STABILITY CLASS 4
1.5 1.5126 1.7246 1.0319 .1696 .1939 .0707 .2262 .3534 .4949 ••392 .3534 .2696 .2262 .2403 .39.7 .5513 8.2273 w
3.5 1.1592 .6079 .6361 .0848 .2120 .0848 .2686 .1979 .5513 .4806 .6220 .4100 .3251 .5372 .6785 .9330 7.7890 00

o.'il .1555 .1414 .0282 .0848 .0141 .0283 •• 979 .0424 .2120 .3958 .2545 .3675 .3110 .0565 .3817 .3393 3.0109
5.5 .0565 0.0000 .0141 0.0000 0.0000 0.0000 .0141 0.0000 .0565 .0848 • 1131 .0707 .12720.0000 .0565 .0707 .6642
1.5 .01.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0283 .0424 .0849 .0283 0.0000 0.0000 0.0000 0.0000 • 1979
~.o .7257 .7107 .5811 .0567 .0142 .0142 .1135 .0428 .1276 .0143 .0710 .0284 .1559 .0709 .14'8 .1420 3.0108
LL 3.62363.1846 2.291. .3959 .424' .1980 .8203 .6365 1.•705 1.4561 1.4999 I • 1735 I. 1454 .9049 1.6402 2.0363 22.900.
-----------------------------------------------------------------------------------------------------------------------------------
\TABILITY CLASS 5
1.5 3.8309 2.9545 .9047 . 1 131 .0424 .0.2. .2686 .3534 .25.5 .1272 .2686 .0990 .2'20 .1839 .3110 .5089 10.H50
~.5 2.1487 1.3571 .2969 .0424 .0283 .09.8 .2969 .0565 .6079 .2969 •• 353. .2969 .2403 .2686 .6503 .7069 7.7327
3.0 • 1,~72 .1696 .2545 .0283 0.0000 .014' .0283 .0283 .1979 .4100 .3817 .1555 .0990 .0990 .6079 ."'665 3.0678
I 5 0.0000 .0.2. .08.80.0000 0.0000 0.0000 .0141 0.0000 .0141 .0848 • 0990 .042• .0565 0.0000 .1272 .08·8 .650'
1.50.00000.00000.00000.00000.00000.00000.0000 0.0000 0.0000 .0707 .0283 .0141 .0141 0.0000 0.0000 0.0000 .1272
I.;) 1 •• 1.7 .9.25 1. 0996 .5712 ••985 .2923 .3960 .2070 .3976 .2652 .3685 . 1921 .5272 .3261 .9751 .8423 9.3159
.L 7.5215 5 .•661 2.6405 .7550 .5692 ••336 1.0039 .6452 1.4720 1.2548 1.4995 .8000 '.1491 .8775 2.6715 2.6093 31.3687
--._------------------------------------------------------------------------------------------------------------------------------

.TASIlITV CLASS 6
1.5 .6927 .•382 .3393 .1555 .1555 .0565 .1272 .1272 .1836 .1272 .1938 .113 I .1313 .2272 .5655 .4948 •. 1188
•. 5 .0990 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0990
1.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
•. 5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.0 O.COOO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.L .7917 .•382 .3393 .1555 .1555 .0565 .1272 .1272 .1838 .1272 .• 1838 . 1131 .1313 .2272 .5655 .4948 •. 2178
._---------------------------------------------------------------------------------------------------------------------------------
.L 13.855810.6.1. 6.8.94 2.0620 2.2.67 1.785••• 3778 5.0307 9.5511 8.9625 9.73164.5477 •• 90203.2052 6.6699 6.50.5 99.9235
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f t = fraction of ore content of particular nuclide present in the
tailings;

S = annual release for the particular beach area, Ci/year;

C = assumed raw ore activity, pCi/g;

2.5 = dust-to-tails activity ratio;

10-12 = Ci/pCi.

The staff considered one evaporative pond and four tailings impoundments
increasing in beach area from startup in 1985.8. The total impoundment
is estimated to have a maximum capacity of 534,200 m2 • However, during
the operational phase of the mill's life, 80% of the total area is
assumed to be available for dusting. In the final year of the renewal,
427,360 m2 are assumed to be available for dusting; the remainder of the
tailings are assumed to be covered by tailings liquid or controlled by
water spraying.

I
Dust losses from the ore storage piles were estimated by assuming that
they would be about 10% of those from an equivalent area of tailings
beach.

8.2 ATMOSPHERIC TRANSPORT

The staff analysis of offsite air concentrations of radioactive materials
has been based on two years of meteorological data collected at the White
Mesa uranium mill site from June 1981 to June 1982. The collected
meteorological data are entered into the MILDOS code as input in the form
of a joint frequency distribution by stability class, wind speed group,
and direction. The joint frequency data employed by the staff for this
analysis are presented in Table 8.2.

The dispersion model employed by the MILDOS code is the basic
straight-line Gaussian plume model. Ground-level, sector-average
concentrations are computed using this model and are corrected for decay
and ingrowth in transit (for radon-222 and daughters) and for depletion
caused by deposition losses (for particulate matter). Area sources are
treated using a virtual point source technique. Resuspension into the
air of particulate material initially deposited on ground surfaces is
computed using a resuspension factor that depends on the age of the
deposited material and its particle size. For the isotopes of concern
here, the total air concentration including resuspension is about
1.6 times the ordinary air concentration.

The assumed particle size distribution, particle density, and deposition
velocities for each source are presented in Table 8.3.

..
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Table 8.3. Physical characteristics assumed for particulate
~ateria1 releases

Deposition
Diameter . Density Velocity AMAD'"

Activity source (IJm) (g/cm3 ) (cm/s) (IJm)

Crusher dusts 1.0 2.4 1.0 1. 55
Yellowcake dusts 1.0 8.9 1.0 2.98
Tailings, ore pile dusts

30% 5.0 2.4 1.0 7.75
70% 35.0 2.4 8.8 54.2

Ingrown radon daughters 0 1.0 0.3 0.3

-Aerodynamic equivalent diameter, used in calculating inhalation
doses. 1

8.3 CONCENTRATION IN ENVIRONMENTAL MEDIA

Information prOvided below describes the methods and data used by the staff to
determine the concentrations of radioactive materials in the environmental
~edia of concern in the vicinity of the site. These include concentrations in
the air (for inhalation and direct external exposure), on the ground (for
direct external exposure), and in ~eat and vegetables (for ingestion exposure).
Concentration values are computed explicitly by the MIlDOS code for U-238,
Th-230, Ra-226, Rn-222 (air only), and Pb-210. Concentrations of Th-234,
Pa-234, and U-234 are assumed to equal that of U-238. Concentrations of
8i-210 and Po-210 are assumed to equal that of Pb-210. _

8.3.1 Air concentrations

Ordinary, direct air concentrations are computed by the MIlDOS code for each
receptor location from each activity source by particle size (for particulates).
Direct air concentrations computed by MIlDOS include depletion by deposition
(particulates) or the effects of ingrowth and decay in transit (radon and
daughters). To compute inhalation doses, the total air concentration of each
isotope at each location, as a function of particle size, is computed as the
sum of the direct air concentration and the resuspended air concentration:

(B-3)

where

= total air concentration of isotope i, particle size p. at time
t, pCi/1I 3 ;
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Caipd =direct air concentration of isotope i, particle size p, for
the time constant, pCi/m3 ;

Caipr(t) = resuspended air concentration of isotope i, particle size p,
at time t, pCi/m3 •

The resuspended air concentration is computed using a time-dependent
resuspension factor, Rp(t), defined by

Rp(t) =(l/V )lO-S e-ARt for t < 1.82 year
p -

=(1/Vp )10-9 for t > 1.83 year, (B-4)

where

R (t) =ratio of the resuspended air concentration to the ground
p concentration, for a ground concentration of age t years, of

particle size p, m- 1 ;

Vp =deposition velocity of particle size p, cm/s;
1

AR =assumed decay constant of the resuspension factor (equivalent to
a 50-d half-life), 5.06 years;

10-s =initial value of the resuspension factor (for particles with a
deposition velocity of 1 cmls), m- 1 ;

.
10-9 =terminal value of the resuspension factor (for particles with a

deposition velocity of 1 cm/s), m- 1 ;

1.82 = time required to reach the terminal resuspension factor, years.

The basic formulation of the above expression for t~e resuspension factor, the
initial and final values, and the assigned decay constant derive from experi­
~ental observations. 4 The inverse.relationship to deposition velocity
eliminates mass balance problems involving resuspension of more than 100% of
the initial ground deposition for the 35-~m particle size (see Table B.3).
Based on this formulation, the resuspended air concentration is given by

Caipr(t) = 0.01 Caipd x 10- 5
1 - exp[-(Ai * + AR) (t - a)]

(Ai* + AR)

exp[-A.-(t - a)] - exp(-A.*t)
+ 10- 4 o(t) 1 A.* 1 (3.156 x 107 ),

1
(B-5)



where

a =(t - 1.82) if t < 1.82, years;

6(t) =O·if t < 1.82 and is unity otherwise, dimensionless;

~~ =effective decay constant for isotope i on soil, year _1;
1

0.01 =deposition velocity for the particle size for which the
initial resuspension factor value is 10-s per meter, m/s;

3.156 X 107 =s/year.

Total air concentrations are computed using Eqs. B-3 and 8-5 for all
particulate effluents. Radon daughters that grow in from released radon are
not depleted because of deposition losses and are therefore not assumed to
resuspend.

8.3.2 Ground concentrations

Radionuclide ground concentrations are computed from the ~alculated airborne '
particulate concentrations arising directly from onsite sources (not including
air concentrations resulting from resuspension). Resuspended particulate
concentrations are not considered for evaluating ground concentrations. The
direct deposition rate of radionuclide i is calculated using the following
relationship:

(B-6)

(B-7)

where

C d' =direct air concentration of radionuclide i, particle size p,
a 1p pCi/m3 j

Ddi =resulting direct deposition rate of radionuclide i, pCi/m2 ·sj

V =deposition velocity of particle size P. m/s (see ref. 4).p

The concentration of radionuclide i on a ground surface resulting from
constant deposition at the rate Ddi over time interval t is obtained from

1 - exp(-A i + ~e)t

C .(t) =Dd·
gl 1

where

ground surface concentration of radionuclide i at time t,
pCi/m2 ;
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t = time interval over which deposition has occurred, s;

A =assumed rate constant for environmental loss, ,_I;e

A. = radioactive decay constant& for radionuclide i. S·I.
1

The environmental loss constant Ae corresponds to an assumed half-time for
loss of environmental availability of 50 years. 4 This parameter accounts for
downward migration in soil and loss of availability caused by chemical
binding. It is assumed to apply to all radionuclides deposited on the ground.

Gr9und concentrations are explicitly computed only for U-238, ·Th-230, Ra-226,
and Pb-210. For all other radionuclides, the ground concentration is assumed
equal to that of the first parent radionuclide for which the ground
concentration is explicitly calculated. For 1ead-210, ingrowth from deposited
radium-226 can be significant. The concentration of lead-210 on the ground
caused by radium-226 deposition is calculated by the staff using the standard
Bateman formulation and assuming that radium-226 decays directly to 1ead-210.
If i =6 for radium-226 and i = 12 for lead-210 (ref. 1), the following
equation is obtained:

where

I
1 - exp(-A* t) exp(-A6*t) - exp(-A*12t)____...:1~2:..- + __~ :.:.._

Ai2 A6- AU
, (8-8)

incremental lead-210 ground concentration resulting from
radium-226 deposition, pCi/m2 ;

)..1< =
n

effective rate constant for loss by radioactive decay
migration of a ground-deposited radionuclide and
=A + A S·I.n e'

8.3.3 Vegetation concentrations

Vegetation concentrations are derived from ground concentrations and total
deposition rates. Total deposition rates are given by the following
sUlMlation:

and

(8-9)

where D. is the total deposition rate, inclUding deposition of resuspended
activity, of radionuclide i, pCi/m2 ·s.

Concentrations of released particulate materials can be environmentally
transferred to the edible portions of vegetables or to hay or pasture grass
consumed by animals by two mechanisms - direct foliar retention and root
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uptake. Five categories of vegetation are treated by the staff: edible above
ground vegetables, potatoes, other edible below ground vegetables, pasture
grass, and hay. Vegetation concentrations are computed using the following
equation:

(8-10)

where

=soil-to-p1ant transfer factor for isotope i, vegetation type v,
dimensionless;

=resulting concentration of isotope i, in vegetation v, pei/kg;

Ev =fraction of foliar deposition reaching edible portions of
vegetation v, dimensionless;

E =fraction of total deposition retained on plant surfaces, 0.2,
r dimensionless; •

P =assumed areal soil density for surface mixing, 240 kg/m2 ;

tv =assumed duration of exposure while growing for vegetation v, s;

y =v
A =w

assumed yield density of vegetation v, kg/m2 ; .

decay constant accounting for weathering losses
14-d half-life), 5.73 x 10-7 per second.

{equivalent to a

The value of Ev is assumed to be 1.0 for all above ground vegetation and 0.1
for all below ground vegetab1es. 6 The value of t is taken to be 60 d, except
for pasture grass, where a value of 30 d is assum~d. The yield density, Y ,
is taken to be 2.0 kg/m2 , except for pasture grass, where a value of v
0.75 kg/m2 is applied. Values of the soil to plant transfer coefficients,
8 " are provided in Table 8.4.

Vl

8.3.4 Heat and milk concentrations

Radioactive ~ateria1s can be deposited on grasses, hay, or silage, which are
eaten by meat animals, which are, in turn, eaten by man. It has been assumed
that meat animals obtain 75% of their feed requirements by open grazing and by
eating non10ca11y grown stored feed for the remaining portion of their feed
requirement. The equation used to estimate meat concentrations is

(8-11)



where
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Table 8.4 Environmental transfer coefficients

Material U Th Ra Pb

Plant/soil, Bvi
Edible above ground 2.5E-3· 4.2E-3 1.4E-2 4.0E-3
Potatoes 2.5E-3 4.2E-3 3.0E-3 4.0E-3
Other below ground 2.5E-3 4.2E-3 1. 4E-2 4.0E-3
Pasture grass 2.5E-3 4.2E-3 1. 8E-2 2.8E-2
Stored feed (hay) 2.5E-3 4.2E-3 8.2E-2 3.6E-2

Beef/feed. Fbi' pCi/kg 3.4E-4 2.0E-4 5.1E-4 7.1E-4
per pCi/d

"'Read as 2.5 x 10-s. or .0025.

Source: U.S. Nuclear Regulatory Commission. "Calculational
Models for Estimating Radiation Doses to Man from
Airborne Radioactive"Materia1s Resulting from
Uranium Operations." R~port Task RH 802-4 •.
Washington. D.C .• May 1979.

Cpgi

Chi

Cbi

Fbi

=concentration of isotope i in pasture grass. pCi/kg;

= concentration of isotope i in hay (or other stored feed), pCi/kg;

=resulting concentration of isotope i in meat. pCi/kg;

=feed-to-meat transfer factor for iso~ope i. pCi/kg per pCi/d
(see Table B.4);

Q =assumed feed ingestion rate, 50 kg/d;

0.25 = fraction of total annual feed requirement assumed to be satisfied
by pasture grass;

0.75 = fraction of the total annual feed requirement assumed to be
satisfied by locally grown stored feed (hay).

The above grazing assumptions are also reflected in the following equation for
_ilk concentrations:

C . = QF • (0. 80C ." o. OCt .) •
ml III pgl 11

(8-12)
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where

=average concentration of isotope i in ~ilk, pCi/l;

= feed-to-milk activity transfer far.tor for isotope i, pCi/l per
pCi/d ingested (see Table B.4).

B.4 DOSES TO INDIVIDUALS

Doses to individuals have been calculated fer inhalation; external exposure to
air and ground concentrations; and ingestion of vegetables, meat, and milk.
Internal doses are calculated by the staff, using dose conversion factors that
yield the SO-year dose commitment; that is, the entire dose insult received
over a period of SO years following either inhalation or ingestion. 2 '7 Annual
doses given are the SO-year dose commitments resulting from a one-year
exposure period. The one-year exposure period was taken to be the final year
of mill operation, when environmental concentrations resulting from plant
operations are expected to be near their highest level.

B.4.1 Inhalation doses

Inhalation doses have been computed using air concentrations. obtained by
Eq. B-3 (resuspended air concentrations are included) for particulate
materials and the dose conversion factors presented in Table B.S.

Dose to the bronchial epithelium from radon-222 and short-lived daughters were
computed based on the assumption of indoor exposure at 100% occupancy. The
dose conversion factor for bronchial epithelium exposure from radon-222
derives as follows:

1. 1 pCi/m3 radon-222 =5 x 10-6 working levels (Wl).*

2. Continuous exposure to 1 Wl =25 cumulative working level months (WLM)
per year.

3. 1 WLM =5000 mrem. 8

Therefore,

(1 pCi/m3 radon-222) x 5 x 10-6 Wl

pCi/m3
x 25 WLM x

WL
5000 mi 11 i rem =

WLM

0.625 mi11irem,

and the radon-222 bronchial epithelium dose conversion factor is taken to be
0.625 millirem per year per pCi/m3 •

~One WL concentration is defined as any combination of short-lived radioactive
decay products of radon-222 in 1 L of air .hat will release 1.3 x lOS MeV of
alpha rarticle e~ergy during radioactiv~ decay to lead-?lO.
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Table 8.5 Inhalation dose conversion factor,'. Values
are given in millirem per year per pCi/m3

Particle size =0.3 ~m

Organ U-238 U-234 U-230 Ra-226 Pb-210 Po-210

4. 36E+0
1.35E+2
1.13E+2

·3.45E+l
7. 72E+3

Whole body
Bone
Kidney
liver
Hass average lung

Whole body
Bone
Kidney
Liver
Hass average lung

Whole body
Bone
Kidney
liver
Hass average lung

7. 46E+0'"
2.32E+2
1.93E+2
5.91E+l
6.27E+l

Particle size =1.0 pm, density =8.9 g/cm3

9.82E+0 1.12E+1 1.37E+2 3.58E+1 4.66E+0
1.66E+2 1.81E+2 4.90E+3 3. 58E+2 1.45E+2
3. 78E+1 4.30E+1 1.37E+3 1.26E+0 1.21E+2
O. O. 2. 82E+2 4.47E-23.69E+l
1.07E+3 1.21E+3 2'. 37E+3 4.88E+3 5.69E+2

Particle size =1.0~m, density =2.4 g/cm3

4.32E+0 4.92E+0 1.66E+2 3.09E+l
7.92E+1 7.95E+l 5. 95E+3 3.09E+2
1.66E+1 1.89E+1 1.67E+3 1.09E+0
O. O. 3.43E+2 3.87E-2·
1.58E+2 1.80E+2 3. 22E+3 6.61E+3

Particle size = 5.0 pm

1. 29E+0
5.24E+0
3.87E+l
1.15E+l
2.66E+2

5.95E+l
2.43E+0
1. 79E+l
5.34E+0
3.13E+2

4.71E-l
1.92E+0
1.42E+l
4. 22E+0
4.20E+2

Whole body
Bone
Kidney
Liver
Hass average lung

Whole body
Bone
Kidney
Liver
Hass average lung

1. 16E+0
1. 96E+1
4.47E+0
O. _.
1.24E+3

7.92E-l
1. 34E+l
3.05E+0
O.
3.33E+2

1.32E+0 1.01E+2 4.00E+l
2.14E+l 3.60E+3 4.00E+2
5.10E+0 1.00E+3 1.41E+0
O. 2.07E+2 4.97E-2
1.42E+3 1.38E+3 2. 84E+3

Particle size =35.0 pm
9.02E-l 5.77E+l 3.90E+l
1.46E+l 2.07E+3 3.90E+2
3.47E+0 5. 73E+2 1.38E+0
O. 1.19E+2 4.85E-2
3.80E+2 3.71E+2 7.64E+2

4.84E+0
1.50E+2
1. 25E+2
3.83E+l
3.30E+2

4.43E+0
1. 38E+2
1.15E+2
3.51E+l
8.70E+l

7.10E-l
2.89E+0
2.13E+l
6.36E+0
1. 88E+2

7.28E-l
2.96E+0
2.19E+l
6. 52E+0
5.75E+l

"'Read as 7.46 x 100 , or 7.46.
Sources: H. Homeni et·al., "Uranium Dispersion and Dosimetry (UDAD) Code," Report

ANLlES-72, NUREG/CR-0553, Argonne National laboratory, Chicago, Hay
1979 and D. R. Kallcwarf, "Solubility ClaHification of Airborne Pro­
ducts from Uranium Ores and Tailings Pile"" ReportPNl-2830,
NUREG/CR-0530, Pacific North....est Laboratory. Richland, Wash., January
1979.
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B.4.2 External doses

External doses from air and ground concentrations are computed using the dose
conversion factors provided in Table B.6. 1 Doses are computed based on 100%
occupancy at the particular location. Indoor exposure is assumed to occur
14 hid at a dose rate of 70% of the outdoor,dose rate.

B.4.3 Ingestion doses

Ingestion doses are computed for vegetables and meat (beef and lamb) on the
basis of concentrations obtained using Eqs. B-9 through 8-12. ingestion rates
given in Table B.7. and dose conversion factors given in Table B.8. 1 ' 4

Vegetable ingestion doses were computed assuming an average 50% activity
reduction caused by food preparation. 4 Ingestion doses to children and teen­
agers were computed but were found to be equal to or less than doses to adults.



49

Table B.6 Dose conversion factors for external exposure

Isotope

U-238
Th-234
Pa(m)-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Po-214
Pb-210

U-238
Th-234
Pa(m)-234
U-234
Th-230
Ra-226
Rn-222
Po-21S
Pb-214
Bi-214
Po-214
Pb-210

Skin

For air concentration doses,
mi11irem per year per pCi/m3

1.05E-S*
6.63E-5
8.57E-S
1. 36E-S
1. 29E-9
6.00E-S
3.46E-0
8.18E-7
2.06E-3
1. 36E-2
9.89E-7
4. 17E-S

For ground concentration doses,
mi11irem per year per pCi/m2

2. 13E-6
2.10E-6
1.60E-6
2.60E-6
2.20E-6
1.16E-6
6.1SE-8
1.42E-8
3.89E-S
2.18E-4
1.72E-8
6.65E-6

Whole body

1. S7E-6
5.24E-5
6.64E-5
2.49E-6
3. S9E-6
4.90E-5
2.83E-6
6.34E-7
1. 67E-3
1. 16E-2
7.66E-7
1. 43E-3

3. 17E-7
1.66E-6
1.24E-6
4.78E-7
6.12E-7
9.47E-7
S.03E-8
1. 10E-8­
3.16E-5
1.85E-4
1.33E-S
2.27E-6

*Read as 1.05 x 10-s, or .0000105.

Source: U.S. Nuclear Regulatory Commission, "Calculational Models
for Estimating Radiation Doses to Man from Airborne
Radioactive Materials Resulting from Uranium Hilling
Operations," Report Task RH 802-4, Washington. D.C., May
1979.
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Table B.7 Assumed food ingestion rates-

Infant Child Teen Adult..
Vegetables, kg/year 48 76 105

Edible above ground 17 29 40
Potatoes 27 42 60
Other below ground 3.4 5.0 5.0

Meat (beef, fresh pork, 28 45 78
and lamb), kg/year

Milk, L/year 208 208 246 130

-Ingestion rates are averages for typical rural farm
households. No allowance is credited for portions of
year when locally or homegrown food may not be
available. f

Source: J. F. Fletcher and W. L. Dotson, "HERMES - A
Digital Computer Code for Estimating Regional
Radiological Effects from the Nuclear Power
Industry," Report HEOL-TME-71-168, Hanford
Engineering Development Laboratory, Hanford,
Wash., December 1971.



Table B.8 Ingestion dose coversion factors, values are in millirem/pCi ingested

Isotope
Age Group Organ U-238 U-234 Th-234 Th-230 Ra-226 . Pb-210 8i-210 Po-210

Infant Whole body 3.33E-4* 3.80E-4 2.00E-8 1. 06E-4 1.07E-2 2.38E-3 3. 58E-7 7.41E-4
Bone 4.47E-3 4.88E-3 6.92E-7 3.80E-3 9.44E-2 5.28E-2 4.16E-6 3. 10E-3 .
Liver O. O. 3. 77E-8 1.90E-4 4.76E-5 1. 42E-2 2. 68E-5 5.93E-3
Kidney 9. 28E-4 1. 06E-3 1. 39E-7 9.12E-4 8. 72E-4 4.33E-2 2.08E-4 1.26£-2

Child Whole body 1.94E-4 2.21E-4 9.88E-9 9.91E-5 9.87E-3 2.09E-3 1. 69E-7 3.67E-4
Bone 3.27E-3 3.57E-3 3.42E-7 3.55E-3 8.76E-2 4.75E-2 1.97E-6 1. 52E-3
liver O. O. 1.51E-8 1.78E-4 1. 84E-5 1. 22E-2 1.02E-5 2.43E-3
Kidney 5.24E-4 5. 98E-4 8.01E-8 8. 67E-8 4.88E-4 3.67E-2 1.15E-4 7.56E-3

.- <.n

Teenager
~

Whole body 6.49E-5 7.39E-5 3.31E-9 6.00E-5 5.00E-3 7.01E-4 5.66E-8 1.23E-4
Bone 1. 09E-3 1.l9E-3 1. 14E-7 2.16E-3 4.09E-2 1. 81E-2 6. 59E-7 5.09E-4
Liver O. O. 6.68E-9 1. 23E-4 8.13£-6 5.44E-3 4.51E-6 1. 07E-3
Kidney 2.50E-4 2. 85E-4 3.81E-8 5. 99E-4 2.32E-4 1. 72E-2 5. 48E-5 3.60E-3

Adult Whole body 4.54E-5 5. 17E-5 2. 13E-9 5.70E-5 4.60E-3 5.44E-4 3.96£-8 8.59E-5
Bone 7.67E-4 8. 36E-4 8.01E-8 2.06E-3 4.60E-2 1.53E-2 4.61E-7 3. 56E-4
Liver O. O. 4.71E-9 1. 17E-4 5.74E-6 4. 37E-3 3.18E-6 . 7.56E-4
Kidney 1.75E-4 1. 99E-4· 2.67E-8 5.65E-4 1.63E-4 1. 23E-2 3.83E-5 2.52E-3

*Read as 3.33 x 10- 4 or .000333.

Sources: U.S. Nuclear Regulatory Commission, "Calculational Models for Estimating Radiation Doses to
Man from Airborne Radioactive Materials Resulting from Uranium Milling Operations," Report
Task RH 802-4, Washington, D.C., May 1979 and G. R. Hoenes and J. K. So1dat, "Age-specific
Radiation Dose Conversion Factors for a One-Year Chronic Intake," Report NUREG- 172,
Battelle Pacific Northwest Laboratories, Richland, Washington, November 1977.
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APPENDIX C

CALCULATION OF GAMMA RADIATION ATTENUATION FOR
RECLAIMED TAILINGS IMPOUNDMENT,
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APPENDIX C

CALCULATION OF GAMMA RADIATION ATTENUATION FOR RECLAIMED TAILINGS IMPOUNDMENT

Assuming soil to be composed mainly of $i02 the ~ass attenuation coefficient
for a 1 to 2 MeV gamma ray is 0.0518 cm2/~.i (Most of the dose rate from a
typical natural emitter is ;n this range. ) Assuming that the tailings Ra-226
activity of the slimes is 1196 pCi/Q, as indicated in Table 2; and the con­
version facto.s of 2.5 uR/hr per pC,/g Ra-226; then the esti.ated gamma
radiation should not exceed 26.2 R/year. If the bulk density of the soil is.
assumed to be 1.6 g/cm3 , then the effect of the proposed 2. 7~ m(9 ft) of soi 1
~aterial would reduce the gamma radiation to about 3.60 x 10-9 R/year. The
calculation is as follows:

1/1
0

= exp[-(IJen/p)px) = exp[-(O.0518 cm2/g)(1.6 g/cm3 )( 274cm)) =1.37 x 10-10;

I = <1.37 x 10-10)(26.2 R/year} = 3.60 x 10-9 R/year = 3.60 x 10-6 mR/year

f •
The area's background radiation dose from all sources of radioactivity,including
the contribution from fallout, is about 147 ~R/year.4 Thus, the gamma radiation
from the deposited tailings after reclamation would be insignificant compared
to the natural background radiation.
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APPENDIX D

CALCULATION OF THICKNESS OF REQUIRED COVER MATERIAL,
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Appendix D

CALCULATION OF THICKNESS OF REQUIRED COVER MATERIAL

D.1 INTRODUCTION

The thickness of cover material required for uranium mill tailings

reclamation is usually determined by a radon flux or concentration

criterion which must be satisfied. The general approach used in

estimating the required thickness of a cover can be divided into two

phases. First, the characteristic parameters of the tailings and cover

must be measured or estimated. These include the radon diffusion

coefficients, porosities and moistures of t~e tailings and cover, and the,
radium content and emanating power of the tailings. Second, the

thickness of cover needed to achieve a prescribed radon flux is

determined by iteratively calculating radon fluxes for various cover

thicknesses until the thickness giving the prescribed flux is found.

Alternatively, an approximate expression can be used to calculate the

cover thickness directly.

In the following equations, the diffusion coefficient for radon in the total

pore space of the soil is designated by the symbol D, consistent with

recent reports on radon movement. A second parameter, the effective

bulk diffusion coefficient of the soil, is often designated D , and hase

sometimes been confused with D due to varying symbols and nomenclature

used in the literature. The two are related by D = De/p, where p is

the total soil porosity.
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2.1 RADON DIFFUSION EQUATION

The one-dimensional steady-state radon diffusion equation is:

where

C = radon concentration in the total pore space (pCi cm-3)

D = diffusion coefficient for radon in the total pore space

(cm2 s-1)

1\ = decay constant of radon (2.1 x 10-6 s-I)

R = specific activity of radium in the soil (pCi g-I)

f = dry bulk density of the soU (g cm-3 )

E = radon emanation coefficient (dimensionless)

p = total porosity of the soil (dimensionless)

The radon flux from the bulk soil material is related to the radon

(1)

concentration in its pore space by Fick's Law:

J = _104 Dp dC
dx '

where

(2)

J =bulk radon flux (pCi m-2 s-I)

104 = factor to convert units from pCi cm- 2s- 1 to pCi m- 2s-1

Verification of Umetco's proposed tailings cover will be performed using

the RAECOM computer program since the necessary iterative calculations

are best performed by a computer.
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The licensee proposed to reclaim the White Mesa tailings impoundments

using 9.0 feet of soil and 2 to 4 feet of rock cover to prevent erosion of

the soil cover. Estimated input parameters are conservative and no

credit was given for radon attenuation by the top layer of rock.

The attached table lists the input parameters utilized for the RAECOM

computer program. Results of the RAE COM computer run indicate that

approximately 7.5 feet of cover will attenuate radon to 20 pCi/m2 -sec.

Therefore, the cover proposed by Umetco for the existing tailings

impoundments should attenuate radon to less than 20 pCi/m2-sec in

accordance with the 40 CFR 192 standard. Should the impoundment's

size or constituents change from that described in Appendix A of the
'.

licensee's renewal application dated May, 1985, a new cover evaluation

should be performed.
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Table D.1

Parameters Used in URFO RAECOM Run
For Umetco White Mesa Mill

Thickness
(em)

Porosity3
(fraction)

Diffusion
Coefficient
(cm2/s)

Radon Source4

Term (pCi/cm 3 /s)

Moisture4

(%)

Tailings

5002

0.40

0.030

0.0012

8.0

Soil

274

0.39

0.012

o

9.0

1 Since the licensee will scatter sands and slimes. the
tailings are considered to be a homogeneous mixture of
sands and slimes.

2 A maximum depth of tailings is assumed.

3 Conservative estimates.

4 From Q =Rp E~/P where R =specific activity. p =bulk
density, E =emanation fraction, i\ =2.1E-6/s decay
constant and P =porosity.
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:TCO WHITE MESA MILL

••••••• I N PUT PAR A MET E R S ••••••••••

pCi/m2/SEC
pCi/LITER

!BER OF LAYERS :
~N FLUX INTO LAYER 1 :
lFACE RADON CONCENTRATION :

:ER 2 ADJUSTED TO MEET JCRIT :

2
.000
.000

20.0 +/- .100E-02 pCi/m2/sec

lE SOURCE FLUX (JO) FROM LAYER 1: 573.4 pCi/m2/sec

,ER

!

THICKNESS
(cm)
500.
274.

OIFF COEFF
(cm2/sec)
3.00000-02
1.20000-02

POROSITY

.4000

.3900

SOURCE
(pCi/cm3/sec)

1.20000-03
.00000+00

MOISTURE
(DRY WT. PERCENT)

8.00
9.00

Ise.
!ase press <return> to continue.

iULTS OF RADON DIFFUSION CALCULATION

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC
(cm) (pCi/m2/sec) (pCl/liter)

1 500. 2.11850+02 3.60320+05 .7602
2 231. 1.99880+01 .00000+00 .7187

>p - Program terminated.


