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PREFACE

The computer program MILDOS was designed as a primary licensing and
evaluation tool and is expected to provide basic input to critical
licensing, regulatory and policy decisions. The current version of
MILDOS was developed from version IV of the Argonne National Laboratory
{ANL) computer program UDAD, (Uranium Dispersion And Dosimetry}. Ver-
sion IX of UDAD is documented as NUREG/CR-0553 (Momeni et al. 1979).
The preparation of MILDOS was performed by staff of the Nuclear Requla-
tory Commission under the direction of Giorgio Gnugnoli and Dan Martin.
The models and assumptions on which the MILDOS program is based are
described in the U.S. Nuclear Regulatory Commission Draft Regulatory
Guide RH 802-4 (USNRC 1979) and portions of the UDAD document. The user
is encouraged to be familiar with the mathematical models to aid in
preparation of input as detajled in Section 2.

A copy of the MILDOS program can be obtained from USNRC using the
request form provided on page v, accompanied with a blank computer tape.
The tape will be returned containing the MILDOS program and a sample
problem. A 1isting of the code, and sample problem input and output
will also be included.

This form should be mailed along with the reel of tape to:

James A. Shields

Mail Stop P-624

U.S. Nuclear Regulatory Commission
Washington, DC 20555

The MILDOS computer code has been prepared as an account of work spon-
sored or performed by the United States Government. Neither the United
States nor the Nuclear Regulatory Commission, nor any of their employees,
makes any warranty, expressed or implied, or assumes any legal responsi-
bility for the accuracy, completeness or usefulness of any information,
apparatus, product or process disclosed, or represents that its use
would not infringe privately owned rights.






UNITED STATES
NUCLEAR REGULATORY COMMISSION
VIASHINGTON, D. C. 20555

REQUEST FOR THE MILDOS CODE

This form should be used to request a copy of the U.S. Nuclear
Regulatory Commission's MILDOS computer code for radiological impact
evaluation. Please provide the following information in order to
facilitate distribution:

Requestor:

Organization:

Requestor's Address:

Date of Request:

This request must be accompanied by a 2400-foot reel of magnetic
tape. Unless otherwise requested, the tape will be written as follows:

~- 9-track

-- 1600 BPI

-~ EBCDIC

~- 80 characters per record
-= 3200 characters per block

If a different format is required, please indicate it below:

-~ tape format (9- or 7-track)
~- recording density

-~ character code
-- number of characters per record
~-- number of characters per block

The charge for processing this request is fifty-one dollars ($51.00)
including postage. An additional charge of ten dollars ($10.00) should
be remitted, if Express Mail return is desired. Please indicate below
whether Express Mail return is desired. For requests outside the
continental United States, any additional postage or customs fees must
be paid by the requestor. Payment may be in the form of a check or
purchase order made to the order of the U. S. Nuclear Regulatory Commission.

Express Mail return is desired, and an additional $10.00 is enclosed

(yes or no)






ABSTRACT

The MILDOS Computer Code estimates impacts from radicactive emissions
from uranium milling facilities. These impacts are presented as dose
commitments to individuals and the regional population within an 80 km
radius of the facility. Only airborne releases of radioactive materials
are considered: releases to surface water and to groundwater are not
addressed in MILDOS. This code is multi-purposed and can be used to
evaluate population doses for NEPA assessments, maximum individual doses
for predictive 40 CFR 190 compliance evaluations, or maximum offsite air
concentrations for predictive evaluations of 10 CFR 20 compliance.

Emissions of radiocactive materials from fixed point source locations and
from area sources are modeled using a sector-averaged Gaussian plume
dispersion model, which utilizes user-provided wind frequency data.
Mechanisms such as deposition of particulates, resuspension, .
radicactive decay and ingrowth of daughter radionuclides are included in
the transport model. Annual average air concentrations are computed,
from which subsequent impacts to humans through various pathways are
computed. Ground surface concentrations are estimated from deposition
buildup and ingrowth of radicactive daughters. The surface concentra-
tions are modified by radiocactive decay, weathering and other environ-
mental processes. The MILDOS Computer Code allows the user to vary the
emission sources as a step function of time by adjusting the emission rates,
which includes shutting them off completely. Thus the results of a com-
puter run can be made to reflect changing processes throughout the
facility's operational lifetime.

The pathways considered for individual dose commitments and for population
impacts are:

¢ Inhalation

External exposure from ground concentrations

e External exposure from cloud immersion

o Ingestion of vegetables

¢ Ingestion of meat

o Ingestion of milk.
Dose commitments are calculated using dose conversion factors, which are
ultimately based on recommendations of the International Commission on
Radiological Protection (ICRP). These factors are fixed internally in

the code, and are not part of the input option.

Dose commitments which are avajlable from the code are as follows:
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e Individual dose commitments for use in predictive 40 CFR 130 compliance
evaluations (Radon and short-lived daughters are excluded)

e Total individual dose commitments (impacts from all available
radionuclides are considered)

¢ Annual population dose commitments (regional, extraregional, total
and cummulative).

This model is primarily designed for uranium mill facilities, and should
not be used for operations with different radionuclides or processes.
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1.0 INTRODUCTION

This report describes the use of the computer program MILDOS for the
purpose of calculating doses to humans resulting from uranium milling
activities. It is used by the staff of the Nuclear Regulatory Commis-
sion to perform routine radiological impact and compliance evaluations
for various uranium recovery operations. The present MILDOS code was
developed as an outgrowth of the staff's work with version IV of the
Uranium Dispersion and Dosimetry {(UDAD} code developed by Argonne
National Laboratory. An expanded version of the code, version IX of
UDAD, is documented as NUREG/CR-0553 {Momeni et al. 1979). MILDOS uses
the dispersion models of UDAD IV to determine the incremental normaiized
concentrations due to each source and radionuciide as a function of the
meteorology. The total concentrations and dose determinations have been
rewritten from that of UDAD IV to reflect the NRC's requirements,

Hode1§ are included in M%LDOS to consider both po;nt sources (stacks,

vents) and area sources (ore pads, tailings as)._ Release particu-
lates are limited to considergtion of §§33, ggsTh, 226Ra and SIOPb.

Other radionuclides are implicitly accounted for under the secular equi-
librium assumption. Gaseous releases are limited to consideration of 222Rn
plus ingrowth of daughters. Exposure pathways of concern are assumed to

be inhalation of airborne radiocactive material, ingestion of vegetables,
meat and milk contaminated via deposition, and external exposure to
radiation emitted by airborne activity and activity deposited on ground
surfaces. Liquid exposure pathways are not treated by the MILDOS code.

The dose to exposed individuals is calculated for comparison with
requirements of both 40 CFR Part 190 and 10 CFR Part 20.

The Environmental Protection Agency (EPA) regulation, 40 CFR Part 190,
addresses individual radiation doses from all pathways and all nuclear
fuel cycle facilities combined, except exposure from radon and its
daughters is excluded. The regulation 10 CFR Part 20 states that all
radiation exposure be kept "as Tow as reasonably achievable” (ALARA).
For ALARA evaluations all releases, including radon and its daughters,
are considered for calculation of population doses as well as individual
doses. Population doses are calculated for the region (within 80 km)

of the mill center, and for the continental U.S. {from radon and its
daughters only). A summary of the models and doses considered by MILDOS
are described in Section 2.

The remainder of the report gives information on the computer program

including input preparation, a sample problem and program design
information.
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2.0 PROGRAM DESCRIPTION

This section describes the purpose of the computer program MILDOS and
the mathematical models used. The program calculates radiation exposure
to individual and the population from releases of particulates and gases
from uranium milling operations.

The physical description of the mill site includes a grid of twelve con-
centric distance intervals (within 80 km) and sixteen angular intervals
based on the sixteen compass directions {N, NNE, etc.}. Figure 2.0-1
illustrates the grid system and nomenclature. The mill center is at the
center of the grid. Source and receptor locations are defined relative
to the mill center by specifying distances on a cartesian grid with east
represented by the positive abscissa and north by the positive ordinate.
The elevation with reference to the mill center is also defined.

2.1 Source Description

Sources can be defined by the user to represent each significant radio-
nuclide release point for the mill under consideration. The locations
of the radiation sources are defined relative to the mill center on the
cartesian grid system mentioned above. Typical sources include yellow-
cake stacks, crushers, grinders, conveyers, rod mills, fine ore blend-
ing, tailings areas and ore pads. Radionuclide re]gases are defined for
each source for particulates and radon gas. The 238y decay chain is
assumed to be the only significant source of radiation for uranium mill-
ing operations,_ The contribution from the 235y chains is less than 5% of
that from the 238 8y cha1n Part1§u1ate relfases are defined to include
the radionuclides 238y bRa and 2 The gaseous releases are
defined for 222Rn w1th 1ngrowth of short- 11ved daughter products also
considered. These 222Rn daughters include 2 2lagi  210pp ang
10py,  The dosimetry model accounts for re1eases and 1ngrowth of other
radionuclides using assumptions of secular equilbrium.

The time history of release for each source is defined for the life of
the mill and post operational periods. Typically, a uranium mill will
operate for a period of years during which there will be radon and par-
ticulate releases from the ore storage pile, the mill itself, and the
tailings disposal area. During this operational period releases from
tailings areas can be 1imited by wetting the piles to inhibit air sus-
pension by wind action. Upon completion of the actual milling opera-
tion, the tailings pile is normally allowed to dry by natural evapora-
tion until it is ready for stabilization. During this period there are
essentially no releases from the ore pad or the mill. However, as the
tajlings pile dries radon and particulate releases from this source may
increase, reaching a maximum prior to stabilization. After stabiliza-
tion and reclamation of the tailings area, there should be no further
particulate releases. However, small quantities of radon may continue
to be released to the atmosphere for Tong periods.
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2.2 Atmospheric Transport and Diffusion

Models for dispersion, transport, deposition and resuspension of parti-
culates and gases in the atmosphere are given in this section. Wind
suspension of tailings dust is considered as a potential source of air-
borne contamination. The vertical flux rate from area sources is cailcu-
lated by MILDOS using the UDAD model. This model calculates the verti-
cal flux as a function of windspeed, surface roughness, taiiings density,
average tailing grain diameter and tailings water content.

The equations for calculation of wind suspension of tailings material

are as follows, where the vertical and horizontal flux are for particles
smaller than 20 um in diameter.

2.2



c ) ” {p/3)
@ L[E)] e

where

g, ¢ vertical flux of particulate material, gm msec”

g * horizontal flux of particulate material, gm m-lsec-l

C, » cogfficjent of proportionality for vertical flux, 2x10™° gn
m “sec

Ch . empiricaé congﬁantzto relate shear velocity to horizontal
flux, 10°gm m “sec

u* ¢ shear velocity, m sec'1

Uy ® threshold shear velocity, m sec”!

p » percent of tailing mass that has a diameter smaller
than 20 um

The values of Cy and Cp are those given by Gillette (1973). The
wind velocity profile near the surface is described by Bagnold (1941}
as:

u, = 2.5 u, In (g—) (2.2-2)
0

where

uy » wind velocity at height z, m sec-l
z « height at which wind is measured, m
Zg * characteristics surface roughness height, m

In calculating the shear velocity ux, the ratio (z/zy) is assumed to be
constant and equal to 100.
The threshold shear velocity for the initiation of saltation is given by

the following expression (Bagnold, 1941} as modified by Belly (1964) to
consider the influence of moisture.

PP
Uy =Gy / Sp gd (1.8 + 0.6 Tog,, W) (2.2-3)
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dimensionless coefficient of 0.1 in value

I
ot
[ ]

density of particie, gm m-3

L=l
vy
[ ]

density of air, gm m=3

L]
]

gravitational acceleration, m sec-2

g

d « average diameter of saltating particle, m
W « water content expressed in weight percent

The horizontal flux is calculated by the following equation proposed by
Lettan and reported by Gillette (1973)

2
qh = ch Uy, (U* - u*t) (2.2-—4)

For ux less than uxt, the horizontal flux is taken to be zero.

The radioactivity of radionuclide i released from the tailings surface, Ej
(pCi per year}, is dependent on the wind speeds, their frequency of
occurrence, and the total tailings area:

I
= 20 7 sec
£ = A ; f,q,(u) Foy (3156 x 107§ (2.2-5)

where

A » tailings area, m2
f, o frequency of wind speed u

q,(u) » vertical flux for wind speed, u, gm m'2 sec'l

120 « specific activity of radionuciide i with diameter less
than 20 pm, pCi gm 1
on e activity fraction of suspended particulates Tess than

20 um in diameter

The specific activity for particles with diameter less than 20 um is obtained
from the bulk specific activity for all particles times an activity ratio
factor, which MILOOS assumes to be 2.5.

The parameter values for estimating particulate flux from tailings piles are
given in Table 2.2-1.
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TABLE 2.2-1., Particulate Release Rate Parameters

Parameter Yalue Used

gy 1
Pg 2.4 gm cm-3
d 0
W 0.
p 3

0

F20

The specific activity, I2g, is computed based on inputed values of
bulk specific activity for each radionucide and an activity ratio of

2.5.

Atmospheric dispersion of effluents is modeled using the straight Tine
crosswind-integrated Gaussian dispersion model. The ground level air
concentration at a receptor which is downwind a distance x and crosswind
a distance y for a pollutant i from a source j is given by:

X(x’yai,jss)

where

X(Xs¥,753,8)

X

y

i

j

S
Q(i,3,y,s)
%

u

h

TX/8

. 2
Q(i,d.y,8) exp [- > (2.2-6)
Va2 Uiﬁ {wx/8) 2 o,

ground level air concentration, €i m-3
downwind distance, m

crosswind distance, m

pollutant i

source J

particie size

emission rate, Ci sec-1

vertical standard deviation of plume concentration,

3

average windspeed, m sec-1
effective height of plume centerline, m

sector width at distance x, m
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The vertical dispersion, oz, as a function of downwind distance x is
calculated using the following empirical expression (Briggs 1974;
Gifford 1976).

o = {ax) (1 + bx)© {2.2-7)

The constants, a, b, and ¢ are given in Table 2.2-2 as a function of
atmospheric stability. For distances less than 100 meters from source
to receptor the value of o, at 100 meters is used.

The effect of mixing layer height on dispersion is considered only for
unstable and neutral conditions {Pasquill A-D), as stable conditions
limit the plume dispersion in the vertical direction. Equation 2.2-7 is
used to calculate vertical dispersion out to a downwind distance xi, at
which 0, = 0.47L, where L is the vertical distance from the ground to
the base of the stable atmosphere layer {mixing layer height). At the
base of the stable layer, the concentration of the radionuclide will be
one-tenth of that at the plume centerline, for the distance x| . At dis-
tances between x| and 2x;, the concentration (for non-stable conditions)
is determined by a linear interpolation between Equation 2.2-6 and
Equation 2.2-8.

K(,1,9) = Wadl (2.2-8)
g
where

L » mixing layer height.

TABLE 2.2-2. Stability Class Parameters for Equation 2.2-7

Stability Class Pasquill Type a b C
1 Extremely unstable A 0.20 0.0 1.0
2 Moderately unstable B 0.12 0.0 1.0
3 Slightly unstable c 0.08 0.0002 -0.5
4 Neutratl D 0.06 0.0015 -0.5
5 Moderately stable E 0.03 0.0003 -1.0
6 Very stable F 0.016 0.0003 -1.0
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The mixing Tayer height L varies greatly with the season, day to day,
and also diurnally. An estimate of mixing height for a given location
can be made from figures presented in Holsworth 1972, The annual
average height for the mixing layer L can be estimated from:

1 1/ 1 1 )
Loy A (2.2-9)
) 2(LAM Con

where

Lam * mean annual morning mixing height, m

LpM * mean annual afternoon mixing height, m
The average annual mixing layer is provided by the user or a default
value of 1000 meters is used. For downwind distances greater than 2x,

Equation 2.2-8 is used to calculate concentrations.

The six wind speed categories have the following averages in miles per
hour: 1.5, 5.5, 10.0, 15.5, 21.5, and 28.0,

The effective plume height, h, takes into account plume rise due to
effluent momentum from a stack or vent and also vertical movement due to
particle settling. The rise due to momentum is based on the model of
Holland {1953):

ho=1.5%L (2.2-10)
u
where
V o effluent exit velocity, m sec-1
D e inside diameter of stack, m
U e average windspeed, m sec-1

The vertical settling is based on a "tilted plume mode]“ where the down-
ward movement of the plume is given by:

h = —23 (2.2-11)

where Vg is the settling velocity and is calculated from:

v (n/s) = 3x107° o d? (2.2-12)

S
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where
d e particle diameter, m

Pg o density of particle, gm em=3

For settling velocities less than 0.0l meter per second, the vertical
sett1ling is ignored. The effective plume height is thus:
h = hs + hm - hv - hr (2.2-13)

where
hg e stack height above mill center, m

hy e elevation of receptor above mill center {negative if below
mill center), m

For population exposure calculations within 80 km, the concentrations
are evaluated at the midpoint of each spatial interval, and applies to
all points within that sector, see Figure 2.0-1. However for individual
receptor Tocations the concentration is weighted by the distance from
the midline of the sector. This is calculated by adjusting the source
strength to be:

Q(isJay) = Q(isjso) . (2‘2—14)

Thus any receptor within 22-172° (one sector width) in either direction
from the centerline of the wind direction sector receives some concen-
tration. A1l other receptors receive zero. Area sources are given an
additional lateral dispersion by using a "virtual point source" method.
The size of the area source is provided by the user iin km¢ and is then
converted to a square source of equivalent area. The distance to the
"virtual point", taken upwind from the area source is calculated by:

-8 -
xvp - T S (2.2 15)

where

S e Jength of the side of an equivalent square source
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This distance is added to the downwind distance when calculating the
sector width, see Figure 2,2-1. It is recommended by the NRC that area
sources larger than 0.1 km¢ be partitioned into area sources of size less
than or equal 0.1 kmé. This limits the virtual point source distance to
0.8 km or less.

For receptors that cannot "see" the entire area source, a correction
factor is applied. This factor is the ratio of that portion of the
square source area within the 22.5 degree sector located upwind from the
receptor (assuming the receptor is on the centerline of the sector) to
that of the total source area, see Figure 2.2-1.

Muitiplying the concentrations by the fractional joint frequency of
occurrence of wind speed, wind direction, and atmospheric stability fac-
tors in the meteorology at the site, the annual average concentration at
receptor k for pollutant i from all sources j is calculated from:

<x(i,k)>= D D fxlx,y,i,d) (2.2-16)
if

where

f o fractional joint frequency of occurrence by wind speed, wind
direction, and atmospheric stability

Plume depletion due to ground deposition is also incorporated in the
calculations. This deposition is estimated using an effective deposi-
tion velocity for each particle size class. The deposition rate has
been empirically defined by Chamberlain (1953) as:

ﬁs =<:x(s)>Vd(s) (2.2-17)

where

ﬁs e deposition rate, Ci m'zsec'1

< x{s)> e average air concentration of particles of size s, Ci m'3

Vd(s) o deposition velocity for particles of size s, m sec”

For particles with settling ve]ocitiei less than 0.01 m sec-l, the depo-
sition velocity is set to 0.01 m sei' . For particles with settling
velocities greater than 0.01 m sec~!, the deposition velocity is assumed
equal to the calculated settling velocity, see Equation 2.2-12,

Table 2.2-3 defines the particle size categories used in MILDOS and
indicates the radionuclide particle size combinations for which air
concentrations are explicitly computed.
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Figure 2,.2-1. Area Source as "Seen" by Receptor

The decrease in source strength due to deposition is calculated using
Chamberiain (1953). For unstable and neutral atmospheric stability the
calculations are divided into the same distance intervals as the concen-
tration calculations, Equation 2.2-6 and 2.2-8.

-
1:|!c1.

Q(x) = Q{o) exp [ (} ) Fl(o,x)] for x = X, (2.2-18)

Vd (x-xL)2

Q(x) = Qo) exp (— -ﬁ) [ Filo,x, ) + Folx s x) + -g;L—L]}
for X, < xhs_ZxL (2.2-19)
Vd XL x-2xL

Q(x) = Q(o) exp (__TI) [ Fl(o,xL) + F2 (xL, 2xL) t ot ] }
for x > ZXL (2.2_20)
where
oo 4 ()]

- i 2-21)

F1 (xl,xz) o X (2.

*1
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TABLE 2.2-3. Particle Size Category Characteristics and
Isotope-Particle Size Combinations for Which
Air Concentrations are Explicitly Computed

Particle Size Diameter Mean Densigg
Category (p)* Range, um Diameter, um gm cm

1 -- 1.0 8.9

2 -- 1.0 2.4

3 1 to 10 5.0 2.4

4 10 to 80 35.0 2.4

5 - - -

Isotope-Particle Size Combinations**

_i Isotope (i) p=1 p =2 p=3 p=4 p=5

1 U-238 CE CE CE CE --
2 Th-234 se se se se --
3 Pa-234 se se se se -
4 U-234 se se se se --
5 Th-230 CE CE CE CE --
6 Ra-226 CE CE CE CE --
7 Rn-222*** se se se se -
8 Po-218 se se se se CE
9 Pb-214 se se 5e se CE
1D Bi-214 se se $3 se CE
11 Po-214 se se se se se
12 Pb-210 CE CE CE CE CE
13 Bi-210 se se se se CE
14 Po-210 se se se se CE

* In this analysis particle size groups are assigned to effluents as
follows: p=1 for yellowcake dust; p=2 for fugitive ore dust; p=3 (30
percent) and p=4 (70 percent) for fugitive tailings dust; and p=5
for air ingrowth concentrations of Rn-222 particulate daughters.

** The entry “CE" denotes "calculated explicitly." The entry "se"
denotes "secular equilibrium"in which case the air concentration of
the indicated isotope, in the particular size category, is assumed
to be identical to that of the first parent for which it is
explicitly calculated.

*** The air concentration of Rn-222 is also computed; Rn-222 is an inert
gas and no particle size is assigned.
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(2%, -x) 27
Falxyaxy) = —L e [ -1 (%z-) J dx (2.2-22)

and
Q{o) e source strength at x = o
Q{x) » source strength at x

For stable conditions equation 2.2-18 is used to calculate the effective
source strength. The integrals F1 and Fp are evaluated numerically using
the fourth Newton-Cotes closed integration formula (see Section A.3.3).

With suspension of previously deposited material (resuspension) is con-
sidered as a potentially significant exposure pathway. The air concen-
tration due to resuspension is calculated using a time dependent and
particle dependent resuspension factor, which, for deposits of age t
years, is defined by:

_ 0.01 -5
R () = (FEFET) 107 exp (- Agt) for t < 1.82 yr (2.2-23)
. 0.01 -9
Rs(t) = (w) 10 © for t > 1.82 yr (2.2-24)
where
Rs(t) e ratio of the resuspended air concentration to the ground

concentration, at t years after deposition, m~
%L%%T s ratio of minimum deposition velocity, 0.0l m sec—1 to
d deposition velocity of particle size s

10'5 s initial resuspension value, m

xp o assumed decay constant of resuspension factor, 5.06 yr‘l

(equivalent to a weathering half-time of 50 days)

-9
.

10 final resuspension value, m'1

The annual average resuspended air concentration is given by:

7 1-exp [—(A:+AR)t]

_ (3.156x107)
(11_+l

xg{X:¥>1,3,5) = X(5)10
2)
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for t € 1.82 yr (2.2-25)

%
l-exp | -(x,+2,){1.82)

XR(XSYQi!j)S) = 'K(S) (0001) 10-5 [ [* 1R ]]

(x; + 1)

i R
9 exp(—1.821:) - exp(-A:t) 7
+10” [ . ] } (3.156x107)

A
for t > 1.82 yr {2.2-26)
where

*
. o the effegfive removal constant for radionucTide i on
soil, yr

3.156x107 o sec yr '}

Particulate daughters of 222Rn (particle size 5 in Table 2.2-3) are
assumed not to be depleted because of deposition and are also assumed
not to be resuspended. In order to compute inhalation doses, the total
air concentration of each radionuclide at each receptor (as a function
of particle size) is computed as the sum of the air concentration from
all sources and the resuspended air concentration.

Xp = X +Xp (2.2-27)

Since radon has a half-life of 3.82 days, its decay during transport in
the atmosphere is important. The radon source strength is corrected for
radioactive decay by:

Q (radon,j,x) = Q (radon,j,0) exp (-ArT) (2.2-28)

where
Q(radon, j,0) e source strength of radon, Ci

T o transit time = é, sec
u
A, ¢ decay rate = l%—g sec'1
r

T.. » half-Tife of radon, sec

b
]

downwind distance, m
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The concentration of radon daughters in the air is given by:

n n exp {-Ar,.t)
n =X ( I Ai) '2% [ n : ] (2.2-29)

-~
I}

j=2 To(ay - )
n=2,...7 j=1

concentration of radon, Ci m

-~
—
[ ]

A, o decay rate - l%—g sec

;
h

1

half-life of it

—
L ]

daughter, sec

the daughters of radon (see Table 2.2-3, p=5)

3
]

Since the half-life of 214po is so short, it is not included.

2.3 Exposure Pathways

The air and ground concentrations at each location of interest are used
to calculate radiation doses to individuals and the population for the
pathways shown in Figure 2.3-1 (USNRC 1979). Pathways shown in this
Figure result from airborne releases of radicactivity: liquid exposure
pathways are not considered because there are usually no discharges to
surface waters from uranium recovery operations. A detailed description
of the environmental pathway models and equations follow. Suggested
parameter values are provided in reference USNRC 1979.

Material deposited on the ground is assumed to contribute to external
radiation exposure and ingestion exposure from intake of contaminated
food products. Inhalation of resuspended material is also included
through the total air concentration term. The ground concentration is
assumed to increase from the constant deposition source terms and to
decrease from environmental loss of availability processes such as down-
ward migration in soil and chemical bonding. The concentrations of
radionuclide i due to constant deposition over time interval t is
calculated as

1 - exp [-(li * J\‘-__.)t:l :E: x({1,s) Vd(S) (2.3-1)

¥
Aj T X S

4 "t =
Ag(1 )
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where

X {1,t) o ground_surface concentration of radionuclide i at time t,
g {(pCi m¢),
t « time interval over which deposition has occurred, sec,

A. e assumed rate constant for environmental loss, sec'l,

. . -1
%. e radioactive decay constant, sec ,

x(i,s) o direct annual average air concentration of radigguc]ide i
associated with particle size fraction s, pCi m ~,

V, « deposition velocity of particle size fraction s, m/sec.

Environmental losses are described by a rate constant corresponding to a
fifty year half-time. Resuspension is not treatsd as a_loss term

Ground concentrations are caleulated for 238U, 230Th, 226Ra and 210pb,
The incremental ingrowth of 210pp from 226Ra, AXg, on the ground is
calculated from:

A
g (210pp, t) = PR o 1 (226pa, s) vy (s)p
g lﬁa S d

* * *
{1 - e*Pbt  oAppt . o-PRat

(2.3-2)
b "B - *Ra }

where

App ¢ decay rate of 210Pb, sec'ls

ARy ¢ effective rate constant for loss by radioactive decay and
migration of ground-deposited radium and is equal to
ARa * *e»> Sec~l, where Apy is the decay rate of radium and
Ae corresponds to a 50-year half-life for loss of environ-
mental availability,

x(zzsRa, s) 8 direct annual average air concentration of radiug
associated with particle size fraction s, pCi m™~,

A5p o equals App + Ae, Secl, and parallels the explanation of ARa.

Exposure to contaminated ground results in dose from external radiations.
An occupancy factor of 100% is assumed for this external exposure pathway.

Inhalation doses are calculated from the total annual average air con-
centration; direct air concentration (Equation 2.2-6) plus resuspended
air concentration (Equation 2.2-25 or 2.2-26).

The concentration of radionuclides in vegetation is calculated from
total air concentrations and ground concentrations for five categories
of plants:
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o edible above-ground vegetables
» potatoes
o other edible below-ground vegetables

* pasture grass } for meat and milk ingestion pathway only

e hay

The total deposition rate to plants for determining plant concentrations
is given by Equation 2.2-17.

Vegetation concentrations are calculated as follows.

C (i)=w F_E i-e "', v (2.3-3)
y VT PRy Y, M X3(i) "o .

C (i) = concentration of radionuclide i in vegetation v (pCi kg‘l),

F_. e fraction of the total deposition retained on plant
surfaces, 0.2 (dimensionless),

E. e fraction of foliar deposition reaching edible portions of
vegetation v (dimensionless},

x,, ¢ decay constant accounting for yfathering losses {assumed to
have a 14 day half-time), (sec ~),

t o duration of exposure while growing of vegetation v (sec}.
Y e yield density of vegetation v (kg m'z)

B (i) e soil-to-plant transfer coefficient for radionuclide i and
vegetation v (dimensionless),

Pp e soil areal density for plowing {240 kg m_z).

The value of E, is assumed to be 1.0 for all above ground vegetation and
0.1 for all below-ground vegetables. The value of ty is taken to be 60
days, except for pasture grass where a value of 30 days is assumed. The
yield density, Yy, is assumed to be 2 kg m-2, except for pasture grass
where a value of 0.75 kg m-2 is used.
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The radionuclide concentrations in meat (beef) and milk are calculated
from pasture grass and hay (stored feed)} concentrations using feed-to-
meat and feed-to-miltk transfer factors. Consideration is also given to
the fraction of the animals total intake satisfied by each feed type
{grazing and stored feed). These fractions are defined by the user for
calculation of both individual doses and population doses.

The equation used to estimate radionuclide concentrations in meat is

Cy(i) = OF, (1) [Fpgcpg(i) + ich(i)] (2.3-4)

Cb(i) » average concentration of radionuclide i in meat (pCi kg'l),

Ch(i) e concentration 0{ radionuclide i in hay (or other stored
feed), (pCi kg ~),

pg concentration of radionuclide i in pasture grass (pCi kg'l),
feed-to-meat, transfer coefficient for radionuclide i (pCi kg~
per pCi day ~ ingested),

’Fh e the fractions of the total annual feed requirement assumed to
P3 be satisfied by pasture grass or locally grown stored feed
{hay), respectively (dimensionless),

[}
——
—_
[a—

L J

-
o
—
-t
P
.

Q « feed ingestion rate, 50 kg day'1

The equation used to estimate milk concentrations from cows ingesting
contaminated feed 1is

c,(1) = OF (i) [Fp Cogli) * ichci}] (2.3-5)

-1y,

C (i) e average concentration of radionuclide i in milk (in pCi ¢

Fm(i) » feed-to-milk,transfer coefficient for radionuclide i (pCi ¢
per pCi day = ingested).

To estimate the average media concentrations during the final year of
mill operat10n, the value of the time parameter t in Equations 2.2-26
and 2.3-1 is set to T, year where T, is the operational lifetime., This
gives concentration values for the end of the final year. During the final
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prerectamation year exposure results from postoperational releases and
residual contamination due to releases during the period of mill opera-
tion. Because there are no direct air releases during the prereclama-
tion period, contamination results only from residual ground and resus-
pended air concentrations. Ground concentrations at the end of the mill
operation period are calculted using Equation 2.3-1 with the value of t
set to Ty, the operational lifetime. The ground concentration at the
end of the final prereclamation year is then calculated as:

xg(1:Tg) = %g(1,T,) exp [-A:Td ] (2.3-6)

where
X (1,TO) + ground concentration_gf radionuclide i at the time of
J mill shutdown (pCi m™<),

X (i,Td) » residual ground concentration of radionuclide i
g resulting from operational rgﬂeases at the end of the
T0 year drying period (pCi m ),

Td e duration of time required to dry the tailings pile prior
to reclamation {yr).

Residual resuspended air concentrations resulting from operational
releases are determined for the end of the final prereclamation year by

- w
Xg (x,¥,1,3,8, Td) = 0.01 x(s,i) 10 g(exp -Ade )

1 - exp(-n:T )
[ exp* 10 ] (3.156 x 107)  (2.3-7)

A,
i

where

x{s,i) « direct air concentration of radionuclide i in particle
size s at 1ocatjgn (x,J) resulting from operational
releases (pCi m~),

Xg(%,¥,1,3,5,Tg) * residual resuspended air concentration of radionuclide
i in particle size s resulting from operational
releasgs at the end of the Td -year drying period
{(pCi m ).

2.4 Dose Calculations

Radiation doses are calculated by MILDOS for evaluating:
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« compliance with 40 CFR Part 190, EPA Radiation Protection Standard
e compliance with 10 CFR Part 20, NRC Radiation Protection Standard

e overall environmental impact required by the National Environmental
Policy Act (NEPA).

Doses to maximum exposed individuals are calculated to determine compli-
ance with the CFR criteria. The NEPA evaluation also reguires calcula-
tion of exposure of populations. All dose calculations consider the
exposure pathways described above with one exception: the 40 CFR Part
190 evaluation ex§18des doses from radon and its daughters. However
radon daughters {210Pb specifically) produced after release of radon
parents are included when significant.

Doses are calculated from air, ground and food concentrations using dose
conversion factors (provided internal to the program in Block Data).

The doses at a given location are calculated by multiplying the media
concentration by the appropriate dose conversion factor and summing over
all radionuclides of importance. Population doses are calculated as the
sum of population times dose for each spatial interval. The dose
conversion factors are listed in Figure C.2-1, output pages 5 and 6.

Internal dose conversion factors give the 50 year dose commitment fr?m
one year of uptake normalized to unit air concentration, (mrem year-
per (i m‘3). For inhalation doses, the conversion factors are calcu-
lated by the Argonne National Laboratory computer program UDAD (Momeni
1979) in accordance with the Task Group on Lung Dynamics lung model
(TGLM) of the International Commission on Raidological Protection (ICRP
1966; ICRP 1972). 1Inhalation dose conversion factors for the lung are
weighted averages over the nasopharyngeal, tracheobronchial, lymph and
pulmonary regions as defined for the TGLM. Dose conversion factors are
vided as unction of ticle sjze and organ_for the radionuclides
558U, Sg4U,, S36Th, 586Ra, EfEPb and HSPo. Fog 222Rpn and short-lived
daughters the dose to the bronchial epithelium is also calculated.

Inhalation doses are computed by the equation:

d(inh) = & % x(s,i) DCF,, (inh) (2.4-1)

188

where

dQ(inh) . inha1atigT dose to organ 2, at Jocation (x,Jj),
(mrem yr ),

DCF., (inh) o inhalation dose conversion factor for_yadionuclide,i,
125 organ %, and particle size s (mrem yr = per pCi m ~)
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Ingestion dose conversion factors (Hoenes and Soldat 1977) are grovigzd
for four gge ngups and afgera1 organs for the radionuclides 233y, 234y,
230Th, 226Ra, 210pb and 210pg, These dose conversion factors are based

on the ICRP Publication 2 (1959) ingestion model. The dose conversion
factor for 2¢6Ra (Fletcher and Dotson 1971) is based on models recom-
mended in ICRP Publication 10A (1971). The calculation of ingestion doses
from consumption of vegetables includes a factor of 0.5 to account for
loss of contamination during food preparation.

The annual radionuclide intake via ingestion is calculated as

where

ik ® activity ingestion rate,of radionuclide i by an individual
in age group k (pCi yr "),

Uni>Vpk ® MiTK (s yr'l) and meat (kg yr’l) ingestion rates for
age group Kk,
ka . ingestj?n rate of vegetable category v for age group

(kg yr ),

0.5 ¢ the fraction of vegetable activity remaining after food
preparation {dimensionless).

Ingestion doses are then computed by

dy (ing) = D 1;,0CF,, (ing) (2.4-3)
1'

where

dak(ing) e ingestion dose for organ 2, age group k (mrem yr'l),

DCFitk(ing) e ingestion dose conversion factor foy radionuclide 1,
organ &, and age group k (mrem pCi = ingested).

The dose from external exposure to contaminated ground is calculated
assuming 100 percent occupancy at a given receptor location. A struc-
tural shielding factor of 0.825 is applied to account for indoor
occupancy 14 hours per day at a shielding factor of 0.7.

The external dose to an individual is given by:

dy{ext) = 0.825 Z [xg('i)DCFu(gnd) + DCF,, (cld) xT] (2.4-8)
i
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where

T total air concentration of radionuclide i in size fraction
s at given location

de(ext) e external dose to organ & (mrem yr_l),

DCFiE(cld) dose conversion factor for external exposure_fo the

cloud for radionucTlidei and organ & (mrem yr ~ pCi 1 m3)
DCFiE(gnd] e dose conversion factor_for ground exposure for radionuclide
i and organ ¢ {mrem yr = per pli m ),

effective reduction factor of structural shielding for
indoor exposure periods.

0.825

Individual doses are calculated at each receptor location defined by the
user. These locations are normally defined to represent locations where
high exposures are likely. The maximum doses to individuals are usually
calculated for the Tast year of mill operation and for the Tast year of
tailings pile drying prior to stabilization. However, doses can be
computed for any time period.

Two types of population doses may be calculated at the option of the
user: the annual population dose commitment or the 100 year environmen-
tal dose commitment. The annual population dose commitment gives the
dose received by the population from one year of exposure and consump-
tion with a 50 year dose commitment period (for the material in the body
from the first year's consumption}. The environmental dose commitment
{EDC) concept of EPA {1974) considers future exposure and consumption of
residual environmental contamination. The two types of population doses
are calculated in a similar manner except that total uptake for the
annual population dose is calculated for one year and the total uptake
for the EDC are calculated for a period of one hundred years. The
radiological impacts from a given release are integrated over a period
of 1D0 years following the release.

Population doses are calculated for the region {within the 80 km grid)
for the mill operation time period and the tailings drying period {post-
operational, prestabilization). These doses include contributions from
particulate releases and 222Rn releases. Annual population doses from
transcontinental transport of 222pn are evaluated for all three mill-
life-cycle time periods (above plus post stabilization).

Inhatation and external doses to the regional population are calculated
by the following procedures.

e For each spatial interval of the grid doses to the average indivi-

dual are calculated {based on air and ground concentrations at the
interval midpoint)
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e Individual doses are multiplied by the population within the
spatial interval

e The total dose is then calculated as the sum over all spatial
intervals.

The population dose from inhalation and external exposure in the site
region is calculated by the following equations.

Mg (inh + ext) = 100 2 p o, (inh) + dy(ext)] (2.4-5)

where

My(inh + ext) e population dosgf from inhalation and external pathways
{person-rem-yr ~)

P, ® population residing in spatial interval a (at
Jocation, see Figure 2.0-1)

a o indicates summation at over all spatial intervals

153 e conversion from mrem to rem

The total population dose from ingestion pathways is calculated on the
basis of the regional agricultural productivity rather than population.
This is because the total activity in the food determines the doses
rather than the number of people exposed. Ingestion population doses
are calculated by the following procedure.

e The productivity rate (kg yr-1 per mé) of each food category is
assigned (vegetables, meat and milk) by the user.

e For each spatial interval the activity concentrations in each food
type are calculated and multiplied by the production rate and the
interval area to find the total activity in each food for the
spatial interval.

e The total activity for the region is determined by summing over
all spatial intervals.

» Population doses are determined assuming all food produced in the
region is consumed by a population with the same age distribution
as the U.S. population.

The population doses from ingestion is calculated by the following
equations. First the gross activity in each food type is calculated by:

Qf; = Za: Gey Ay Cpyli) (2.4-6)
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where

A_ e area of spatial interval a (kmz)

Cfa(i)o concentration of radionuclide i in spatial interval a in food
type f where f represents m for milk, b for meat and v for
vegetables (Ci kg-1 or Ci 2-1)

o production rEte of foo? typg f in spatial interval a
(kg yr = km © or g yr

Qf. ® Qross act1f1ty content of rad1onuc11de i in food
f (pCi yr

The consumption by each age group in the population is calculated using
weighting factors Ffy defined as follows (see Table 3.3-8).

F ]
pk_fk (2.4-7)

F. =
fk ; Fpk Uy

where

e fraction of the production of food type f ingested by
individual in age group k {dimensionless)

K ® fraction of the regional population belonging to age
PX" group k (dimensionless)

Ufk * average consumption rfte of foo? type f for an individual
in age group k{kg yr ~ or ¢ yr

The region population ingestion dose from all food categories is
caltculated by:

TS B .
M (ing) = 10 Ef, Z: Zk: E,QpF ey DCF (ing) (2.4-8)
where
Ef o fraction of activity remaining on food type f after
preparation for eating (dimensionless)
My(ing) e regional p0pulg§ion dose to organ & from ingestion

(person rem yr )
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Population doses to the North American continent from 222Rn are calcu-
lated using estimates of population dose resulting from 1000 Ci releases
from four specific locations in the western United States:

¢ Casper, Wyoming
o Falls City, Texas
e Grants, New Mexico

e Wellpinit, Washington

*

Data is contained within MILDOS for each of these sites giving the con-
tinental population dose that would result from release during the
calendar year 1978. The user may select any one of the four sites as
representative of the site under study or a weighted average of the four
sites may be used. For projected releases in future years doses are
assumed to be proportional to the U.S. population increase. The user
supplies population increase factors (relative to 1978) for each time
period of interest.

The regional and continental population doses are calculated on an
annual basis for milling, pile drying and postreclamation phases. The
total radiological impact due to emissions during the first two phases
is estimated by multiplying the annual impacts by the duration and sum-
ming. The total population dose to the regional and continental popula-
tion is calculated by

Mg = M, (inh + ext) + M (ing) + M {Rn) (2.4-9)
where
M, o total population dose to organ s {person rem yr'l)
M, (Rn) o continegtal population dose to organ 1 from radon (person
rem yr )

A technical review of the dispersion and dose models used in MILDOS has
been performed by Horst and Soldat (1981)}. 1In their document the models
are evaluated to determine if they represent adequate application of the
state-of-the-art in predicting environmental impacts.
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3.0 PROGRAM CONSIDERATIONS

This section describes details of the computer program useful to users
such as program Timitations and execution time estimates. Details of
the program structure are given in Appendix A, Computer specific
requirements are given in Appendix C.

3.1 Program Limitations

Three major features of the calculations performed by MILDOS rely on
definitions made by the user. These are definition of:

o source terms for significant releases,
e time steps for describing the mill life-cycle,
o individual receptor locations
The current version of MILDOS allows the user to define a maximum of

twenty source terms, ten timesteps and forty-eight individual receptor
locations.

The radionuclides considered_by MILDOS arg those fn the ranigT-238
deca¥ Beries: 235U, 34U, 230Th, 226Ra, 22Rn, 2 8Po, 2 4Pb, 4Bi, 210py,
and 210pp, The user does not have the option to include additional
radionuclides through input parameters.

3.2 Execution Time

The MILDOS program runs rapidly with typical execution times of less
than 1 minute. The sample problem described in Appendix C requires about
46 seconds on the CDC 7600 computer at Brookhaven National Laboratory.

The execution time depends mainly on the type and number of sources
specified and on the fraction of non-zero values given in the meteoro-
logical data set (see array FREQ in Section 4.2). Other parameters
having a minor effect on execution time include the number of time
steps, the number of individual receptors and output report requests.
Three types of sources are generally defined in using MILDOS:

e point source with particulate release only

e point source with particulate and 222Rn release

e area source with particulate and 222Rn release
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TABLE 3.2-1. MILDOS Execution Time Tests

Source Types

Paigjgﬁiate Point, Radon/ Area, Radon/ Met. Data

p Particulate Particulate Fraction Number of Number of Execution Time
p P A F Timesteps Receptors tstimate Actual
1 .- - 0.49 1 1 3.4 3.31
- 1 -- 0.49 1 1 7.4 7.53

-- -- 1 0.49 1 1 9.8 13.16
1 -- -- 0.49 6 1 3.4 4,93
1 -- -- 0.49 1 6 3.4 3.64
1 2 - 0.49 3 3 18.1 16.31
-- 1 -- 1.0 1 5 15.0 17 .40
1 1 3 0.49 3 30 40.2 37.30
1 2 3 0.49 1 1 47.5 41.96

1 2 3 0.49 6 6 47.5 45 .87



Several test runs were performed to determine the effect of input para-
meters on execution time. Results of these tests are indicated in
Table 3.2-1. This table also indicates the calculated execution times
based on the following equation.

T=F(7 Pp + 15 P + 204)

—
a

execution time, seconds

-
]

number of points sources with particulate releases only,

-
[ ]

number of point sources with particulate and radon releases

=
[ ]

number of area sources with particulate and radon releases,
F » fraction of meteorological data set entries that are non-zero.

This equation gives an approximate execution time that will be within
50% {high or Tow) for most cases.

3.3 Data Constants

Parameters are initialized in MILDOS using a block data procedure
labeled FRESH and specification statements in several subroutines. This
section lists the initial values given to parameters of interest to the
user, These parameters include input variables and constants used in
several of the models.

The input parameters are initialized to values indicated in Table 3.3-1.
This table lists the parameters which can be defined by the user through
the NAMELIST input data set INDATA {see Section 4.2).

The atmospheric transport model for particulates used by MILDOS requires
data on the particle size distribution and density. Table 3.3-2 1ists
values assumed by MILDOS for these parameters.

The exposure pathway model requires radionuclide transfer factors for
vegetables, meat and milk. The vegetable ingestion pathway uses the
soil-to-plant transfer factor (dimensionless). The meat and milk inges-
tion pathways use feed-to-meat and feed-to-milk transfer factors which
relate animal intake to animal product {meat or milk) contamination
Tevels. Values used for these parameters are defined in Table 3.3-3
(USNRC 1980).

Dose conversion factors are defined for inhalation, ingestion and exter-
nal exposure pathways. Dose conversion factors are set in block data
FRESH. Values for these factors are defined in Tables 3.3-4 thru 3.3-6
(USNRC 1980).
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TABLE 3.3-1. Values assumed by MILDOS for NAMELIST INDATA Parameters

Parameter Type Initial Value in Block Data FRESH

Job Control

IFTODO Integer 0 {10 values)

IRTYPE Integer -1 {48 values)

JC Integer 0 {10 values)
Source Terms

FRADON Real 0.0 (4 values)

IPACT Integer Not Set

NSORCE Integer 0

PACT Real 0.0 {12 values)

QAJUST Real 0.0 (400 values)

SORCE Real 0.0 (240 values)
Meteorology

DM Real 1000. meters

FREQ Real 0.0 {576 values)}

Food Pathway Parameters

FFORI Real 0.5 dimensionliess
FFORP Real 0.5 dimensionless
FHAYI Real 0.5 dimensioniess
FHAYP Real 0.5 dimensionless
FPR Real 0.0 {3 values)

Population Distribution

1pOp Integer 0 (192 values)
PAJUST Real 1.0 dimensionless
{10 values)

Individual Receptors

TADD Integer 0

XRECEP Real 0.0 (144 values)
Time History

NSTEP Integer 0

TSTART Real Not Set

TSTEP Real 5.0 years {10 values)
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TABLE 3.3-2., Particle Size Parameter Values

3 Particle Size Fraction PTS/FC
Particulate Density,gm/cm Particle size 1.0 1.0 5.0 35.0

Group PDEN (um)
1 8.9 1.0 0.0 0.0 0.0
Fd 2.4 0.0 1.0 0.0 0.0
3 2.4 0.0 0.0 0.3 0.7

Intake of radionuclides by individuals via ingestion is dependent on
food consumption rates. The vegetable, meat and milk consumption rates
used in MILDOS (for individual dose calculations) are listed in

Table 3,3-7 for four age groups: infant, child, teen and adult. Data
in Table 3.3-7 is stored internally in the data array UOF in labeled
common block FDATA.

For population doses the total vegetable consumption is assumed to be
78.3% from above ground vegetables, 19.6% from potatoes and 2.1% from
other below ground vegetables {parameter FGBVT defined in subroutine
POPDOS, Appendix B).

In estimating the fraction of the regional food production that is con-
sumed within the region, MILDOS uses the age dependent food consumption
rates shown in Table 3.3-8. The total per capita consumption values are
defined in subroutine POPDOS as parameter array PCCR. The fraction of
the regional production eaten by each age group for each food type is
given in Table 3.3-9 (USNRC 1977). Data is defined in subroutine POPDOS
as parameter array FIK.

The population dose to the North American continent from 222pp releases
is based on precalculated dose estimates for 1000 Ci releases from four
sites. (See section 2.4). These dose factors are given in Table 3.3-10
(USRNC 1979) and are defined in subroutine POPDOS as the array
parameter RADPOP.

3.4 Error Handling

There are no tests performed on input parameters in MILDDS. The user is
required to provide valid data within defined ranges for necessary para-
meters. An output report is prepared giving values for input parameters
as read by the computer. The user should check these reports carefully
to ensure that the input data was interpreted correctly. Improper
definition of parameters may or may not be apparent in the resultis.

Some errors will cause abnormal run termination while others may not be
noticeable.

3.5



§°¢

TABLE 3.3-3.

Pathway

Soil-to-Plant (BIV)

Above Ground Vegetables 2.
Potatoes 2.
Other Below Ground 2.
Vegetables
Pasture Grass 2.
Stored Feed 2.
Feed-to-8eef (FBI) 3.

{pCi/kg per PCi/day)

Feed-to-Milk (FMI) 6.

(pCi/e per pCi/day)

Food Pathway Transfer Coefficients

Transfer Coefficients by Element

10-3
10-3
10-3

10-3
10-3
10-4

v S |«
x 10-3 4.2 x
x 10-3 4.2 x
x 10-3 4.2 x
x 10-3 4,2 x
x 10-3 4.2 x
x 10-4 2.0 x
x 10-4 5.0 2

Ra

x 10-2
x 10-3
x 10-2

x 10-2
x 10-2
x 10-4

x 10-4

Pb

10-2
10-2
10-4

10-4
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TABLE 3.3-4.

Ingestion Dose Conversion Factors

Internal Dose Conversion Factors by Organ and Age, mrem per pCi ingested

Age Group Organ 2380 234U 234Th 230Th 226RA* 210PB 21081 210P0
Infant Wh. Bod 3.33E-04 3.80E-04 2.00E-08 1.06E-04 1.07E~-02 2.38E-03 3.58E-07 7.41E-04
Bone 4.47E-03  4.88E-03 6.92E-07 3.80E-03 9.44E-02 5.28E-02 4.16E-06 3.10E-03
Liver 0. 0. 3.77E-08 1.90E-04 4.76E-05 1.42E-02 2.68E-05 5.93E-03
Kidney 9.28E-04 1.06E-03 1.39E-07 9.12E-04 8.71E-04 4.33E-02 2.08E-04 1.26E-02
Child Wh. Bod 1.94E-04 2.21E-04 9.88E-09 9.91E-05 9.87E-03 2.09E-03 1.69E-07 3.67E-04
8one 3.27E-03  3.57E-03  3.42E-07 3.55E-03 8.76E-02 4.75E-02 1.97E-06 1.52E-03
Liver 0. 0. 1.51E-08 1.78E-04 1.84E-05 1.,22E-02 1.02E-05 2.43E-03
Kidney 5.24E-04 5.98E-04 8.01E-08 8.67E-04 4.88E-04 3.67E-02 1.15E-04 7.56E-03
Teenager Wh. Bod 6.49E-05 7.39E-05 3.31E-09 6.00E-05 5.00E-03 7.01E-04 5.66E-08 1.23E-04
8one 1.09e-03 1.19E-03  1.14E-07 2.16E-03 4.90E-02 1.BlE-02 6.59E-07 5.09E-04
Liver 0. 0. 6.68E-09 1.23E-04 8.13E-06 5.44E-03 4,51E-06 1.07E-03
Kidney 2.50E-04 2.85E-04 3.8lE-08 5.99E-04 2.32E-04 1.72E-02 5.48E-05 3.60E-03
AduTt Wh. Bod 4,54E-05 5.17E-05 2.13E-09 5.70E-05 4.60E-03 5.44E-04 3.96E-08 8.59E-05
Bone 7.67E-04 8.36E-04 8.01E-08 2.06E-03 4.60E-02 1.53E-02 4.61E-07 3.56E-04
Liver 0. 0. 4.71E-09 1.17E-04 5.74E-06 4.37E-03  3,18E-06 7.56E-04
Kidney 1.75E-04 1.99E-04 2.67E-08 5.65E-04 1.63E-04 1.23E-02 3.83E-05 2.52E-03
* Adult whole body and bone dose conversion factors for Ra-226 have been obtained from Momeni et al. (1979)

and are based on applicable models and data from ICRP {1966).
factors for other age groups have been computed by assuming the same proportion to adult whole body and

bone dose factors as given in Hoenes and Soldat (1977).

Hoenes and Soldat (1977} directly.

Ra-226 whole body and bone dose conversion

ATl other dose conversion factors are from



TABLE 3.3-5.

Particle Size = 0.3 Microns

Whole Body

Bone

Kidney

Liver

Mass Average Lung

Particle Size = 1.Q Microns
Qensity = 8.9 g/cm

Whole Body

Bone

Kidney

Liver

Mass Average Lung

Particle Size = 1.0 Microns
Density = 2.4 g/cm

Whole Body

Bone

Kidney

Liver

Mass Average Lung

Particle Size = 5.0 Microns
Density = 2.4 g/cm

Whole Body

Bone

Kidney

Liver

Mass Average Lung

Particle Size = 35,0 Microns
Density = 2.4 g/cm3

Whole Body

Bone

Kidney

Liver

Mass Average Lung

Inhalation Dose Conversion Factors

3
mrem/yr per pci/m

PB210 po210

7.46E+00 1,29E+00
2.32E+02 5.24E+QQ
1.93E+02 3,87E+01
5,918+01 1.15E+01
6.27E+01 2.66E+02

uz3s uz34 TH230 RAZ26

9.82E+00 1.12E+401 1,37E+02  3.58E+01
1.66E+02 1.81E+Q2 4.90E+03  3.58E+02
3.78E+01 4,30E401 1.376403  1.26F+00
0.0 0.0 2.82E+02  4.47E-02
1,07643 1.21E+3 2.37E403  4.88E+03

U238 U234 TH230 RAZ226

4.32E+00 4,92E+00 1.66E+02  3.09E+01
7.92E+01 7.95E+01 5.95E+03  3.09E+02
1,66E+01 1.89E+01 1,67E+03  1.09E+00
0.0 0.0 3.43e402  3.87E-02
1.58E+02 1.80E+02 3.22E403 6.61E+03

uz3s U234 TH230 RAZ226

1.16E+00 1.32€+00 1.01E+02 4.00E+01
1.96E+01 2.14E+01  3.60E+03  4.00E+02
4.47E+00 5.10E+00 1.00E+03  1.41E+00
0.0 0.0 2.07E+02  4.97E-02
1.24E+03 1.42E+03  1.38E+03  2.B4E+H03

U238 U234 TH230 RAZ226

7.928-01 9.02E-01 5,776+01  3.90E+01
1.34F+01 1.46E+01 2.07E+03  3.90E+02
3.05E+00 3.47E+00 5.73E+02 1.38E+00
0.0 0.0 1.19€+02  4.85E-02
3.336+02 3.80E+02 3.71E+02  7.64E+02

3.8

PB210

4,66E+00
1.45g+02
1.216+02
3.69E+01
5.69E+07

PB210

4.36E+00
1.35E+02
1.13E+02
3.45E+01
7.72E+02

PB210

4 84E+00
1.50E+02
1.25€+02
3.83E+01
3.30E+02

P8210

4,43E+00
1.38E+02
1.15E+02
3,51E+01
8.70E+01

POZ10

5.95E-01
2. 43E+00
1.79e+01
&.34E+00
3.13E+02

P0210

4,71E-01
1,92E+00
1.42E+01
4,22E+00
4,20€E+02

P0210

7.10€E-01
2,89E+00
2.13€401
6.36E+00
1.88E+02

P0210

7.28€-01
2.96E+00
2.19e+01
6.52E+00
5.75E+01



TABLE 3.3-6. Dose Conversion Factors for External Exposure

Dose Factors for External Doses from3
Air Concentrations, mrem/yr per pCi/m

Isotope Whole Body*
U238** 1.23E-04
THZ30 3.59E-06
RA226 4 ,90E-05
RN222 2.83E-06
P0218 6.34E-07
PB214 1.67E-03
BI214 1.16E-02
PB210 1.43E-05

Dose Factors for External Doses from 3
Ground Concentrations, mrem/yr per pCi/m

Isotape Whole Body*
U238 % 3.70E-06
TH230 6.12E-07
Ra226 9.47E-07
RN222 5.03E-08
P0-218 1.10E-08
PB214 3.16E-05
BI214 1.85E-04
PB210 2.27E-06

* Doses to internal body organs are assumed to be the same as computed
for the whole bod¥

** Pose fagters for 383 include contributions from daughters
238Th, 234mpa and 234y

TABLE 3.3-7. Food Consumption Rates

Ingestion Rates by Age Group

Food Type Infant Child Teen Adult
Vegetables (kg/yr) -- 47.8 76.1 105.
Meat (kg/yr) - 27.6 44.8 78.3
Milk (1/yr) 208. 208, 246. 130.
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TABLE 3.3-8. Age Distribution of Population, Average and Per Capita
Consumption Rates and Fractions

Age Fraction of Average Total Consumption Rates, kg/yrP
Group Population® Vegetables Meat Milk
Infants 0.0179 0. 0. 207.6
Children 0.1647 238.1 48.7 234.8
Teenagers 0.1957 306.4 78.0 291.4
Adults 0.6217 285.5 127.9 176.3

Per Capita Average:© 276.7 102.8 209.0

dpge fractions given reflect average values for the entire U.S.
population indicated by 1970 census data, as reported in EPA (1973},

bConsumption rates given are average values taken from Fletcher and
Dotson (1971) and are not appropriate to use for the calculation of
maximum individual doses.

CPer capita consumption rates shown are weighted averages over all age

groups. They are used for determining the fractions of regional food
production potentially consumed by the regional population,

TABLE 3.3-9. Food Consumption by Age Group

Fraction of Regional Production
Ingested by Each Age Group

Age Group Vegetables _Meat Milk
Infants 0.0 0.0 0.0178
Children 0.1418 0.0780 0.1850
Teenagers 0.2167 0.1485 0.2728
AduTts 0.6415 0.7735 0.5244
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TABLE 3.3-10.

Release Site

Casper, Wyoming
Falls City, Texas
Grants, New Mexico

Wellpinit, Washington

The sample problem input

Continental Popuiation Dose Factors

Population Doses Resulting from a 1-kCi

Release of 222Rn During 1978, organ-rem
Bronchial Whole Pulmonary
Epithelium Body Lung Bone

56. 8.8 2.0 120.
72. 5.8 1.6 77.
52. 8.2 1.8 110,
43, 9.0 1.7 120.

deck in Section C.1 results in five system

generated diagnostic messages related to the NAMELIST input procedure.
The messages are not significant. They are caused by specifying a para-
meter name on one card without giving any constants on the same card.
The diagnostics are not shown in the sample problem output listing in

Section C.2.
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4.0 DATA INPUT PREPARATION

To execute the computer program MILDOS the user must supply two card
sets: a NAMELIST INDATA set followed by a title card set. All integer
and floating point data is given in the NAMELIST set while the title
card set contains the alphanumeric labels. The FORTRAN NAMELIST state-
ment provides a simplified means of supplying input data to a computer
program. Use of the NAMELIST procedure permits the reading of input
without the need of format specification., A general description of the
NAMELIST input procedure is given in Section 4.1, Details of the NAME-
LIST INDATA parameters are given in Section 4.2. The title card set is
described in Section 4.3.

4.1 Use of NAMELIST

The NAMELIST data input procedure is available with FORTRAN compilers on
most large computing systems. The description which follows is thought
to be generally applicable to most systems. For detailed information

on specific systems the user is referred to system FORTRAN reference
manuals.

The use of the NAMELIST procedure can best be described by the following
set of usage rules.

1. The first column, and only the first column, of each NAMELIST card
is not read by NAMELIST., This column can be used as a label to
indicate the order of the cards or it can be left bhlank.

2, The first card of the set must begin with a blank in column one and
a dollar sign, "$", in column two followed by the set name. For
MILDOS the set name is INDATA and the first card contains $INDATA
in columns 2-8. The next column must be blank (column 9 for
MILDOS).

3. The data set is ended by "$END". On many systems just the dollar
sign is sufficient.

4, Data entries are made by giving the parameter name, an equal sign
and the data value to be assigned to the named parameter.
Allowable forms of parameter specification are as follows:

a. Name = constant '

b. Array Name = set of constants

c. Array Name (subscripts) = set of constants
An example of the first form would be to set the
parameter NSORCE equal to 8:

NSORCE = 8,
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The second and third forms are used to set data into arrays. Note
that for these forms, data values cannot be skipped. The set of
constants consists of one or more data values separated by commas.
As an example consider the array IRTYPE with the first 15
(dimensioned 48) values to be set as follows:

Positions 1-5 set to 1
Positions 6-10 set to 10
Positions 11-15 set to 1

The entry would be as follows:
IRTYPE = 1,1,1,1,1,10,10,10,10,10,1,1,1,1,1,33%0,
or,

IRTYPE(1) = 5%1, 5%10, 5*1, 33*0,

Both of the examples have the same effect.

The repeat form 33*) indicates that the value 0 is to be entered
33 times. In the example this fills the remaining array positions
with zero. This repeat form can be used with both forms of array
specifications. The third form (with a named subscript) is gener-
ally used only when the data specification does not start with the
first element of the array. For example, IRTYPE (6) = 5*10 set
positions 6-10 of array IRTYPE to 10.

The number of data values in the set of constants must be Tess than
or equal to the size of the array. When the third form is used

the number of data values must be less than or equal to the space
between the named element and the end of the array. For example
only 33 values can be specified when the array name is given as:

IRTYPE(16)
because this array is dimensioned 48.
Every data value must be followed by a comma, and no data values
may be skipped, except at the beginning or end of the array.
Variables can be specified in any order.
The order of element entry for multiple dimensioned arrays follows
the FORTRAN array convention wherein the first subscript is varied
most rapidly followed by the second subscript. For a double dimen-

sioned array B(I,J) where I and J represent the array dimensions
the position of element B(i,j} is given by
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i+ {(§-1)1
Thus, B(3,4) is in position 1B for I =5 and J = 5.

For a triple dimensioned array A(I,J,K} the position of element A
(i,j,k} is given by

i+ (§-1)I + (k-1)1J

As an example consider the NAMELIST variable FREQ(16,6,6) for
MILDOS. The position of element FREQ{i,j,k) is given by

i+ (j-1) 16 + (k-1} 96

8. Parameters not named in the input set are left unchanged; there-
fore, the initial values of Table 3.3-1 are invoked.

4.2 Definition of NAMELIST Parameters

The MILDOS parameters supplied through the NAMELIST data set INDATA can
be classified into seven categories as folTlows:

Data Category NAMELIST Parameter Names
Job Control IFTODO, IRTYPE, JC
Source Terms FRADON, IPACT, NSORCE, PACT,
QAJUST, SORCE
Meteorology DM, FREQ
Food Pathway Parameters FFORI, FFORP, FHAYI, FHAYP, FPR
Population Distribution IPOP, PAJUST
Individual Receptors IADD, XRECEP
Time History NSTEP, TSTART, TSTEP

Parameters for each of these categories are described in the following
sections.
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4,2,1 Job Control Parameters

Three job control integer arrays are used by MILDOS; IFTODO, IRTYPE and
JC. The array IFTODO is used in conjunction with the time history data
and controls calculation and printing of doses for each time step. The
array IRTYPE requests output reports for each individual receptor loca-
tion (see Section 4.2.6). The array JC controls selection of calcula-
tional options and report selections. Usage of these arrays is
described in Table 4.2-1., The user is reminded that the value for JC{7)
must be 1 if any element of the array IRTYPE is set to 10. Element
JC{4) selects printing of population doses. Doses are printed for the
pathways and organs indicated in Table 4,2-2.

4.2.2 Source Term Parameters

Multiple release points may be defined as input to the MILDOS program.
The number defined for a run is specified by the parameter NSORCE. The
location, rate of release and characteristics of each release are
defined in the array SORCE. Additional data is defined for area sources
such as tailings piles where wind suspension is the main driving force
for entry to the atmosphere. The sample_area source isotopic composi-
tion mixes (specific activity in pCi gm=1) are defined in array PACT.
Three composition mixes may be defined to represent different ore mixes.
The array IPACT then assigns these composition mixes to represent each
area source as appropriate. Area sources are indicated by a value of
SORCE(10,1) greater than 2000 for a source i. A "virtual point source"
method is used to describe dispersion from area sources. Area sources
larger than 0.1 km? should be broken down to smaller area source.

The population dose to persons beyond the 80 km radius is estimated from
radan releases characterized by the nearest of the following sites:

Casper, Wyoming

Falls City, Texas
Grants, New Mexico
Wellpinit, Washington

The array FRADON is used to select the radon release characteristics for

one of the above sites or as a geographic weighted average of the above
sites.
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(Dimension)

Parameter

TABLE 4.2-1. Job Control Parameters

Type

Description

IFTODO(10)

IRTYPE(48)

JC(10)

Integer

Integer

Integer

This array controls calculation and printing
of doses for each of NSTEP time steps. When
IFTODO(i) = 1 doses will be calculated and
printed for time step i.

This array of control integers is used to
specify the output reports requested for each
of the IADD locations. For a given receptor
location i:

IRTYPE{i) < 0, suppresses printing

IRTYPE(i) = 0, perform a 10 CFR 20 check on
air concentrations and print a report
IRTYPE(i) = 1, print doses totaled over all
exposure pathways.,

IRTYPE(i) = 10, print doses for each exposure
pathway and total doses

If IRTYPE(i) has any positive value other
than 0, 1 or 10, a default value of 1 is
used. If no value is specified IRTYPE is set
to -1 to suppress printing. When IRTYPE{i)
is set to 1 or 10 reports are printed for
total dose commitments and for 40 CFR 190
dose commitments,

Job control integer array to select options
for the current calculation. An option is
selected by setting the appropriate value to
1. Usage is as follows: JC{1)=1, use the
internal dusting rate algorithm {subroutine
TAILPS}, utilizing the input array FREQ for
all sources j having SORCE(10,j} greater than
or equal to 2000. If JC(1)=0, then default
values are used for sources with SORCE (10,
i) 22000.

JC{2)=1, compute the 100 year environmental
dose commitments. If JC{2) = 0, the annual
population dose commitments are computed.

JC&3)=1, print total air concentratjons (pCi
m-2), ground concentrations (pCi m-2), and
total deposition rates (pCi m-2 sec’I) for
each spatial interval (see Figure 2.0-1).
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(Dimension)
Parameter

Type

TABLE 4.2-1. (Cont'd)

Description

JC(4)=1, print annual population doses for
each spatial interval. Reports are printed
for each pathway and organ listed in Table
4.2-2. If JC(4) # 1 then only a summary
table is printed for the 80 km population and
the extra-regional population.

JC{5)}=1, print the normalized dispersion
factor (X/Q) arrays. The outputs include the
air concsngration normalized by the release
rate of 238y for each source, receptor and
particle size; and for 222pn and 6

daughters for each source and receptor.

Units are:

pCi m> {air concentration)
pCi sec"1 {release rate)

This option will generate lengthy output when
several sources and receptor locations are
specified.

JC(6)=1, print a table of dose conversion
factors for various pathways, organs and
jsotopes. Other information printed includes
particle sizes, density, age groups, environ-
mental concentration factors and time step
dependent varijables.

JC{7)=1, print total dose commitments
(mrem/yr) and 40 CFR Part 190 dose commit-
ments by age group, pathway and organ for
each receptor location and timestep. If
JC(7) # 1, then the pathway data are not
printed; only total dose commitments are
printed for each location. This parameter
overrides report requests made through the
parameter IRTYPE(i). If a full dose printout
for any location is desired, then JC(7) must
be set to 1.

JC{8}=1, include the milk pathway in calcula-
tion of doses at receptor locations. If
JC{8) # 1, then the milk pathway is not
included or printed.
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(Dimension)
Parameter

Type

TABLE 4.2-1, (Cont'd)

Description

JC{9)=1, pr1nt the particulate concentrat1ons
for air (pCi m3) and ground (pCi m¢) at each
individual receptor Tocation. Also printed
are particle size data for particulates

2§ gBT 5 bRa and 3{ ) concentrations

r rad and ghters , 218pg, 214Pb,
£?4Bi BT Opy, gi1881 and £ Po) and groTn
g?ﬂcentrit1ons from radon daughters (

and 210pp)y,

JC{10), not currently in use.
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TABLE 4.2-2, Population Dose Tables for JC(4)=1

Exposure Pathway Organ of Interest
Inhalation Whole Body
Bone

Mass Average Lung
Bronchial Epithelium

Ground Exposure Whole Body

Cloud Exposure Whole Body

Vegetable Ingestion Whole Body
Bone

Meat Ingestion Whole Body
Bone

Milk Ingestion Whole Body
Bone

The release rate during each time period (see Section 4.2.7) is defined
by the array QAJUST which is used to adjust the release data in the
SORCE array. This flexibility in source term specification is necessary
over the lifetime of a uranium mill to account for transitions in opera-
tions. For example, as one tailings trench is filled, stabilized and
reclaimed, the source strength should be adjusted accordingly.

Particle size distribution data is used in the atmospheric transport
calculation by MILDOS. Three particle size distribution sets are avail-
able as internal data in MILDOS. The element SORCE(11,i) selects one of
these sets to represent each source i. Characteristics of each set are
given in Table 4.2-3. (Default values are given in Table 3.3-2).

TABLE 4.2-3. Particle Size Distribution Set Characteristics

Percent of Material by

Densigy Particle Size (um)
Set Number g/cm 1.0 5.0 35.0 Source Types
i 8.9 100 0.0 0.0 Yellowcake dryer packaging
2 2.4 100 0.0 0.0 Crushers, grinders rod

mills, conveyers, fine ore
hlending and other mill
process sources

3 2.4 0.0 30 70 Tailings, ore storage piles
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The element SORCE(12,1) gives the product of exit velocity times stack
diameter for source i. Stacks, vents and blending areas have exit
velocities while ore pads and tailings area do not.

Detailed descriptions of each parameter in the source term set is
provided in Table 4.2-4,

4,2.3 Meteorological Parameters

Average meteorological data characteristic at the mill center is
required as input to MILDOS. The data array FREQ is used to provide the
annual average fractional frequency of occurrence of windspeed, wind
direction and atmospheric stability. Data is supplied for

e sixteen wind directions in the order
N, NNE, NE, ENE, E, ESE, SE, SSE, S, SSW, SW, WSW, W, WNW,
NW, NNW.

s six wind speed classifications in the order
0-13, 4-6, 7-10, 11-16, 17-21, > 21 (knots)
0-13, 4-7, 8-12, 13-18, 19-24, > 24 (mph)
.67, 2.5, 4.5, 6.9, 9.6, 12.5 (average m sec-l)

The average wind speed values (m sec-l) are provided in array UU
in block data FRESH.

o six Pasquill atmospheric stability categories in the order
A - extremely unstable

moderately unstable

slightly unstable

neutral

moderately stable

very stable

1

Mmoo
1

The wind direction is the direction the wind is from. These data are
available from the National Weather Service for locations with meteoro-
logical towers and stations.

In addition to the joint frequency array, the annual average mixing
height, DM, is also given. Table 4.2-5 describes the meteorological
parameters,
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TABLE 4.72-4. Source Term Parameters

Parameter
{Dimensions) Type Description

FRADON(4) Real The fraction of radon releases attributable to

each of the following sites:

FRADON{1) - Casper, Wyoming

FRADON(2) - Falls City, Texas

FRADON(3) - Grants, New Mexico

FRADON(4) - Wellpinit, Washington
Each value must be hetween zero and one and the
four values must sum to exactly one. This
array is used to determine impact to popula-
tions outside the 80 km radius. See Figure
4,2-.1 for the geographical location of the
above sites.

IPACT(20) Integer This array assigns mixes defined by PACT (i,k)
to each area source j. A value of IPACT{(j) =
i causes mix i to be used for material in area
source j. IPACT must have non-negative integer
values < 3.

NSORCE Integer  The number of effluent sources to be defined
for the current case. 1 < NSORCE € 20.
{(Maximum of 20).

PACT(3,4) Real Defines up to three isotopic composition mixes
for characterizing of area source particulate
releases. The values given for PACT{i,k)
represents the specific activity (in pico
curies gm~+1} for radionuclide k in mix i
where

k=1 for 238y

k=2 for 230Th
k=3 for 226Ra
k=4 for 210pp

QAJUST Real Adjustment factors for particulate and radon emis-
(10,2,20)} sions for each source and timestep. Usage is as
follows: QAJUST({i,1,j), adjustment factor for
the particulate activities defined for source
j that are released during timestep i (see
SORCE), QAJUST(i,2,j), adjustment factor for
radon activity defined for source j that is
released during timestep i.
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TABLE 4.2-4.

Parameter
{Dimensions) Type

{Cont'd)

Description

SORCE{12,20} Real Data defined for each effluent sorce term j:

SORCE{1,j) =

SORCE(2, ]}

SORCE(3,J)

SORCE(4,])

SORCE(5,J)

SORCE(6,J)

SORCE(7,4)

SORCE(8,])

SORCE(9, J}

4,11

i3

x coordinate for source j,
kilometers. A positive value
indicates east and a negative
value indicates west of the
mill center.

y coordinate for source j,
kilometers. A positive value
indicates north and a negative
value indicates south of the
mill center.

elevation of source j, meters,
above or below {negative
values) the mill center.

areas of source j in square
kiTometers. A value of zero
should be used for point
sources such as stacks.

anngg] average release rate
8U for source Js
curies/year.

ann%g] average release rate
O0Th for source Js
curies/year,

anngg] average release rate
bRa for source Js
curies/year.

ann%T1 average release rate
Opb for source Js
cur1esfyear.

anngg] average release rate
2Rn gas from source j,
curies/year.



TABLE 4.2-4, (Cont'd)

Parameter
(Dimensions) Type

Description

SORCE(10,j) =

SORCE(11,3j)

SORCE(12,j)

identification number for
source j. A value of
SORCE{10,j) 22000 causes the
code to generate source terms
for partisulate releases
(238U, 230Tn, 226Ra and 210pp)
for source j {subroutine
TAILPS). This option is
generally used for arsg
sources. Values for 242Rn
gas must always be supplied
by the user. For SORCE(10,j)
22000, any user supplied
numbers for SORCE{5-8,j) will
be ignored.

assigned particle size distri-
bution set number for source
J. The valid values are 1, 2
or 3. Table 4.2-3 summarizes
the characteristics of each
particle size distribution.

product of stack inside dia-
meter(m) and eff{uent exit
velocity (m_sec” 1 for
source j, mé sec™i, Area
sources should have SORCE
(12,j) set to zero.

A1l default values for SORCE array are 0.0.

4.12



TABLE 4.2-5. Meteorological Parameters

Parameter {(Dimensions Type Description
FREQ{16,6,6) Real Fractional joint frequency of

occurrence of wind direction {16},

windspeed class (6) and atmospheric

stability class (6), dimensionless.

FREQ(i,j,k) = O, E: FREQ(1,j,k)=1.00
1,75k

DM Real Annual average mixing height, meters.
{If not specificied by user, program
uses default value of 1000 meters).

.\i\llELLPINIT, WASHlI\!GTON

1 ® CASPER, WYOMING

i
L

—

4

!

® FALLS CITY, TEXAS

FIGURE 4.2-1, Geographical Locations of Reference Radon Release
Sites for Continental Population Doses




4.2.4 Pathway Parameters

Several parameters used in the food pathway model are to be supplied by
the user. Four parameters are required for the animal product pathway
describing the feeding habits of livestock near the mill site. The
parameters FFORI and FFORP give the fraction of total annual feed require-
ments that are provided as pasture grass for the individual doses and
population doses, respectively. The parameters FHAYI and FHAYP give the
fraction of total annual food requirements that are provided as locally
grown stored hay for the individual doses and population doses, respec-
tively. These numbers are fractions that must be entered as non-negative
real numbers between zero and one. A default value of 0.5 is used for
any of the above parameters that are not supplied in the input set.
Further restrictions on the parameters are

FFORI + FHAYI

| A

1.0
1.0

and
FFORP + FHAYP

Al

The array parameter FPR gives the food production rate for the region
for three food types: vegetables, meat and milk. These rates may be
selected from Table 4.2-6 which gives food production rates for various
states where mining and milling operations are prevalent.

The food pathway parameters are presented in Table 4.2-7.

4,2.5 Population Distribution Parameters

The population distribution within 80 km of the mill center is provided
by the integer array IPOP. This array gives the number of people living
in each of twelve distance intervals in sixteen downwind directions {see
Figure 2.0-1}. The distance intervals are (km):1.2, 2-3, 3-4, 4-5, 5-10,
10-20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80. The direction repre-
sentations are the same as those defined for the meteorological

parameter FREQ {i.e., beginning with the north sector).

The population dose calculations beyond 80 km are based on total U.S.
population growth relative to the year 1978. The array PAJUST gives the
relative population during each time step compared to the 1978 popula-
tion. Projected populations of the U.S. are given in Table 4.2-8 as
taken from USNRC (1979). Population distribution parameters are
described in Table 4.2-9.
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TABLE 4.2-6. Average Agricultural Productivity Factors for
Various States

State-Average Productivity*
(kg/yr per ka)

State Vegetables Meat Milk
Arizona 580 1,040 1,130
Colorado 2,800 3,200 1,400
Idaho 14,200 2,000 3,400
Montana 1,800 2,000 370
Nevada 18 510 230
New Mexico 280 1,150 460
South Dakota 2,400 6,400 3,600
Texas 1,200 5,300 2,100
Utah 370 790 1,800
Washington 10,700 1,600 6,000
Wyoming 320 1,400 230

* Data presented are based on an NRC staff survey.

4,2.6 Individual Receptor Location Parameters

The user may define up to a maximum of thirty locations where doses to
individuals will be calculated such as non-restricted locations subject
to 10 CFR 20 air concentration limits. The parameter IADD gives the
number of individual receptor locations to be considered and the array
XRECEP gives coordinates defining the locations. These parameters are
described in Table 4.2-10,
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Parameter
(Dimensions)

TABLE 4.2-7. Food Pathway Parameters

Type

Description

FFORI

FFORP

FHAYI

FHAYP

FPR(3)

TABLE 4.2-8.

Real

Real

Real

Real

Real

Fraction of total annual feed requirements
assumed to be satisfied by pasture grass used
for calculation of individual doses. Default
value is 0.5

Fraction of total annual feed requirements
assumed to be satisfied by pasture grass, used
for calculation of population doses. Oefault
value is 0.5,

Fraction of total annual feed requirements
assumed to be satisfied by locally grown
stored feed, used for calculating individual
doses. Default value is 0.5.

Fraction of total anmnual feed requirements
assumed to be satisfied by locally grown
stored feed, used for calculation of
population doses. Oefault value is 0.5.

Areal food production rate for 1) vegetables,
2) meat and 3) milk in the region of the mill
site. (Suggested values are given in Table
4.2-6).

Projected Population of the United States, 1978-2100

Projected U.S, Projected U.S.

Population, Population,
Year millions Year millions
1978 218.4 1992 247 .4
1979 220.2 1993 249.3
1980 222.2 1994 251.1
1981 224.2 1995 252.8
1982 226.3 1996 254 .4
1983 228.5 1997 255.9
1984 230.7 1998 257.5
1985 232.9 1999 258.9
1986 235.1 2000 260.4
1987 237.2 2025 287.5
1988 239.4 2050 291.1
1989 241.5 2075 291.9
1990 243.5 2100 293.0
1991 245.5
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TABLE 4.2-9. Population Distribution Parameters

Parameter
{(Dimensions)  Type Description

IPOP(12,16) Integer Population distribution data. IPOP{i,j) gives
the population in the spatial interval defined
by the i-th distance interval and the j-th
direction, where j = 1 indicates north.

PAJUST(10) Real Ratio of the U.S. population during each time
step to that during the year 1878. A value
must be given for each of the NSTEP timesteps
in order. These values are used to obtain the
proper continental population doses as a
function of the time of exposure.

TABLE 4.2-10. Individual Receptor Location Parameters

Parameter
{Dimensions)  Type Description
1ADD Integer This parameter specifies the number of Tocation
for which individual doses will be calculated
1 < JADD < 48.
XRECEP(3,48) Real This array gives coordinates of each individual

receptor location. For each receptor i, the
data is entered as follows:
XRECEP(i,i), distance in kilometers to the
east {positive value) or west (negative
value} of the mill center.
XRECEP(2,i), distance in kilometers to the
north (positive value) or south (negative
value) of the mill center,
XRECEP(3,1), elevation of the receptor in
meters above {positive value) or below
(negative value)} the mill center elevation.

4.2.7 Time History Parameters

This data set describes the time history of the mill operation. The
year of initial release is given by parameter TSTART. The mill lifetime
is divided into timesteps based on transition points in the mill life
and tailings management plans, such as changing from a dry grinding to

a semi-autogenous grinding. Up to 10 timesteps can be defined. The
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number of timesteps is specified by NSTEP and the length of each time-
step is given in array TSTEP. A minimum value of 2 years is allowed for
each defined timestep to accommodate mechanisms such as resuspension.
The time history parameters are described in Table 4.2-11,

Remember to insert a “$END" (starting in the 2nd column) card at the
end of the NAMELIST parameter cards.

4,3 Title Cards

The NAMELIST card set is followed by a set of title cards which contain
descriptive Tabels used on output reports. The title card set contains
four types of label information as follows:

+« identification of the region and meteorological data

e source identification

e identification of individual receptor locations

e timestep identification

The region and meteological data information js contained on one card
with the following format.

Name Columns Format Description
REGION{6) 1-24 64 Region identification
METSET(4) 31-46 474 Meteorological data identification

TABLE 4.2-11. Time History Parameters

Parameter

{Dimensions) Type Description

NSTEP Integer Number of timesteps used to define the mill
lifetime. 1 < NSTEP < 10.
(maximum of 10).

TSTART Real Year of initial effluent release in years
A.D. Fractional values (non-integer) are used
to account for startup during a year i.e.
1980.5 would indicate startup at the beginning
of July 1980,

TSTEP{10) Real The length of each timestep in years. The

number of values to be given is equal to NSTEP
{see below). A minimum value of 2 years is
assumed, i.e., if a smaller value is given it
will be set to 2 years.
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The variable NSORCE defines the number of sources to be considered. The
labels for each of the NSORCE sources are read one per card on the next
NSORCE cards with the following format:

Name Columns Format Description

QNAME(5,]) 1-20 5A4 Label for source j.

Exactly NSORCE cards must be given or there will be confusion in head-
ings and Tabels throughout the output.

The number of individual receptor locations to be considered is given by
the NAMELIST variable IADD. Identification of the individual receptor
locations is given one per card on the next [ADD cards. The format is:

Name Columns Format Description

XNAME(5,1) 1-20 5A4 Label for individual receptor
location i

The number of these cards must be exactly IADD or confusion in output
headings will resuit.

The number of timesteps is given by the NAMELIST variable NSTEP,
Descriptive labels for each timestep are provided on the next NSTEP
cards, one label per card, with the following format:

Name CoTumns Format Description

TNAME (5,k)} 1-20 5A4 Timestep k identification label

There must be exactly NSTEP of these cards.

The order of the labels within each of the last three sets must coincide
with the order in which each item was defined: the source labels must
agree with array SORCE; the receptor labels must agree with array XRECEP;
and the timestep data must agree with array TSTEP. Labels exceeding the
column limitations are truncated (i.e., extra characters are ignored),
The title card set completes the input for MILDOS. Some type of end-of-
data card may be required at the end of the data set depending on
requirements of the computer system being used.
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APPENDIX A - PROGRAM STRUCTURE

This appendix provides information related to program structure and data
transfer used by MILDDS. The information is presented to aid in the
understanding of the program by persons desiring to make modifications
or updates to the present version.

The program MILDOS is composed of sixteen modules including the main
program, subroutines and functions. HNine systems routines are also
referenced. Data transfer is performed mainly through ten labeled com-
mon blocks. The hierarchy of the modules is described in Section A.1
and details of each module are given in Section A.3, The labeled com-
mon blocks are described in Section A.2.

A.1 HIERARCHY

The hierarchy of the sixteen modules in the MILDOS program is shown in
Figures A,1-1 and A.1-2. These diagrams indicate calling seguence and
give a brief description of the purpose of each module. Control logic
is not indicated in these figures. A more detailed description of each
module is given in Section A.3.

In addition to the sixteen modules shown in the hierarchy diagram nine
systems routines are used by MILDOS. These routines are standard
FORTRAN functions except for subroutine SYSTEMC and function DATE.

These two routines, specific to CDC computers, are used only in the main
program MILDOS. The function DATE returns a ten character word giving
the current day-of-year (month/day/year). The system routine SYSTEMC is
called to suppress printing of a diagnostic message for argument under-
flow for the EXP function.

A.2 COMMON BLOCKS

The majority of data transfers between modules is handled through
labeled common blocks. MILDOS uses ten labeled common blocks with usage
as indicated in Table A.2-1. The general purpose of each common block
is given below.

Common Block Type of Parameters

ADATA Meteorological, source, receptor, dispersion
BDATA Source, receptor, particle size

CDATA Source, timestep, options, adjustment factors
DDATA Dose factor, exposure pathway

EDATA Population, radon release, population dose
FDATA Receptor, exposure pathway

GDATA Page title, headings

DEPY Particle deposition results

DSTBZ Dispersion (for particle deposition)

INTG Particle deposition.
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Program MILDOS

TAILPS

HEADER

CHIQU

CALCON

WRITER

Calculate area source vertical
mass flux coefficients

Print a new page heading

Calculate normalized air concen-
A1-2 trations for each source for
particulates and gases

Calculate direct air concentrations
for each time step including
resuspension

Print dose factors and convert to
appropriate format for later use

HEADER

Print a new page heading

POPDBOS

Compute and print air and ground con-
centrations and population doses

HEADER

Print a new page heading

UNIDOS

Calculate and print total individual
doses, 40 CFR 190 doses and test air
concentrations against MPCs

HEADER

Print a new page heading

FIGURE A.1-1 Hierarchy Diagram for Main Program MILDOS
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Subroutine CHIQU

HEADER

POLUT

ACTDR

DDEP

INTEG

ANCA

FERR

FERR]

HT

Calculate normalized air concen-
trations for each source for
particulates and gases.

Print a new page heading.

Compute normalized ground-level
air concentrations at each
location of interest.

Computes 222Rn decay and daughter
product ingrowth.

Computes source depletion factors.

Perform numerical integration
for source depletion.

A utility numerical integration
routine.

Function Fj for evaluation of
source depletion.

Function Fp for evaluation of
source depletion.

Function to compute effective
stack height.

FIGURE A.1-2 Hierarchy Diagram for Subroutine CHIQU

A.3



Py

Module name

MILDOS
FRESH (block data)
ACTOR

ANC4
CALCON
CHIQU
DDEP
FERR
FERR1
HEADER
HT
INTEG
POLUT
POPDOS
TAILPS
UNIDOS
WRITER

TABLE A.1-1 Labeled Common Block Usage in MILDOS

ADATA  BDATA CDATA  DDATA EDATA  FDATA GDATA  DEPY DSTBZ  INTG
used used used used used used used - - -
used used used used used used used -- - -
used -- - -- - - - - - -
-~ used used -~ - -~ - -~ -- --
used used -- -- -- - -- -- -- -
used -- -- -~ -~ -- -- used -— used
-- - - -- - -~ - -- user --
-- -- -- -- -- -- - - used --
-~ -- -- -~ -- -- used -~ -- --
used -- -- - -- - - - - -
used -- -- -- -- -- -- -- used  used
used - -- -- -- - - used - -
-- used used used used -~ - -- - -
-- used used used -- used -- -- - -
- -- used used used used -- - -- -



Note: Any variations or changes to any array's dimensions, or addition
or deletion of variables in any module's common block must be exactly
duplicated in all other modules which reference the same common block.

A.3 Description of Modules

This section presents information on each of the sixteen modules of
MILDOS useful to the programmers desiring to make modifications to
MILDOS. The information provided in the sections which follow includes:

s purpose of module

e functions performed

e calling routine

s argument 1list

e common block usage

e subordinate modules

The main program {module MILDOS) is described first followed by other
subroutines and functions in alphabetical order.

A.3.1 Main Program MILDOS

The main program controls input of all user supplied data, prints
reports of input data, calls subordinate routines to perform calcula-
tions, and performs intermediate calculations. The following modules
are referenced:

e TAILPS - calculate vertical mass flux coefficients (TAILP) which
are used to compute activity releases from exposed tailings sur-
faces (area sources}.

e« HEADER - print page heading showing descriptive titles (for the
site and meteorological data set), date and page number.

s CHIQU - compute normalized air concentrations for particulates
{RXQ array) and gaseous (RXQRN array) releases, sec/ms,

¢ CALCON - calculate air concentrations and ground concentrations for
each radionuclide.

« WRITER - write dose conversion factor reports, and other pathway
and timestep information.
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e POPDOS - calculate and print requested population doses (both
100-year EDC and annual)} and concentrations.

o UNIDOS - calculate total individual doses, 40 CFR 190 individual
doses, and check air concentrations against 10 CFR 20 MPC values
as requested.

A call to subroutine HEADER is made to write headings for each new page.
HEADER is called from several subroutines.

Each execution of MILDOS allows one set of data to be analysed:
multiple cases are not allowed.

MILDOS references the seven Tabeled common blocks: ADATA, BDATA, CDATA,
DDATA, EDATA, FDATA AND GDATA. These common blocks transmit input para-
meters needed in MILDOS. These same common blocks are referenced in the
block data set FRESH where many parameter values are initialized.

A.3.2. Subroutine ACTDR

This subroutine calculates decayed activities for 222Rn and its daughters
{see Equations 2.2-28 and 2.2-29), This routine is called by subroutine
POLUT. Decay parameters are supplied through Tabeled common block

ADATA, The two argument Tist parameters have the following uses:

Parameter Description

TIME Time period over which the decay and daughter ingrowth
is to be calculated, seconds.

N1 Number of decay chain members to pe considered
including the parent. NI is set to 7 in the call
statement. 2<N1<7,

The results of the calculation are returned through array ACTIV(?% which
gives the activity of each radionuclide relative to one curie of 22pp
present at time zero. The radionuclides in the decay chain as currently
defined in MILDOS are:

Chain member Radionuclide

222an
214py,
214
210pp
210p
210P0

N PO R e
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A.3.3 Function ANC4

This function is a numerical integration routine used to evaluate the
integrals F1 and F2 {see Equations 2.2-21 and 2.2-22) used in calculating
the source depletion factor. ANC4 is called by subroutine INTEG. The
argument list for ANC4 is:

Argument Description
Al Lower 1imit of integration (distance from source)
Bl Upper 1imit of integration {distance from source)
EP Error criteria for determining completion of numerical

integration iterations. A value of 1 x 10-% is supplied
in the calling subroutine INTEG.

M This output parameter gives the number of points used in the
integral evaluation.

N This integer selects the criteria used for determining
completion of the integration. 1<N<3. The uses of N are as
follows:

N = 1; the value of EP determines when to stop iterating on

integration.

N = 2; the value of EP weighted by the current value of the
integration estimate determines when to stop iterating
on integration,

N = 3; the value of EP weighted by the maximum value of the
function being integrated determines when to stop
iterating on integration.

FUN This is the function to be evaluated. Two functions are
used: FERR for evaluation of F1 and FERR1 for evaluation
of Fo.

The function ANC4 uses a Newton Cotes formula (Hillstrom, 1968)* to
evaluate the integral. The closed fourth Newton-Cotes formula used in
MILDOS estimates the integral of a function by dividing the interval of
integration into four subintervals. The function values at each end of

* Hillstrom, K. 1968, ANC4, 05/360 Fortran IV Routine for Adaptive
Quadrature Using the Fourth Newton Cotes Formula. ANL-D158,5S.
Argonne National Laboratory, Argonne, [11ingis.
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the subintervals are used to estimate the integral of the function. The
subintervals are then further subdivided and a comparison between the
integral estimate using these subintervals and the former estimate is
made. If the comparison satisfies the error criterion supplied to the
subroutine ANC4, then the integral is taken as the second estimate. If
the error criterion is not satisfied, further subdivisions are made up
to a maximum of thirty levels.

A.3.4 Subroutine CALCON

Subroutine CALCON calculates air concentrations and ground concentra-
tions needed to compute regquested doses. ATl data transfer is performed
through labeled common blocks BDATA and CDATA, For the specified time
step, ISTEP, the following data arrays are calculated:

Array Description
TPSZ{4,4,240} Air concentration (including resuspension& for 4
EartﬁcTe SiiS groups, 4 radionuclides (238y, 230th,
26Ra and 210Pp) and 240 receptor Tocations (192

for the 12 x 16 spatial intgrva] grid plus 48 for
individual receptors) pCi m~.

CISUM(7,240) Direct air concentration from all sources for radon and
daughters and for each receptor location (as defined
for TPSZ above), pCi m=3.

CGIP(4,4,240) Ground concentrations (pCi m~2) for 4 particle size
groups, 4 radionuclides and 240 receptor locations {as
defined for TPSZ above).

CGXRN{4,240) Ground concentrations (pCi m~2) for radon daughters
for each receptor location {as defined for TPSZ above).

When 100 year environmental population dose commitments are to be calcu-
lated, concentrations (TPSZ, CGIP and CGXRN) are calculated for the 192
spatial intervals in the 80 km grid. The 100 year values are calculated
when JC{2)=1, as described in Section 4.2, Calculations are always made
for the individual receptor locations.

A.3.5. Subroutine CHIQU

This subroutine computes normalized air concentrations for transport of
material in each particle size fraction and for radon and each daughter
radionuclide. CHIQU is called by the main program MILDOS. Two Tlabeled
common blocks are referenced by CHIQU: ADATA and BDATA. The argument
Jist parameter NPRINT is used to cause printing of calculated normalized
air concentrations. A report is printed when NPRINT = 1. This
parameter is supplied by the user as JC(5) as described in Section 4.2.
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The calculated air concentrations are returned through common block
BDATA as arrays RXQ and RXQRN:

RXQ(20, 240, 4) - normalized air concentration for particulates in
4 size fractions for each of 20 sources and at each receptor loca-
tion {240 = 192 spgt1a1 grid points plus 48 individual receptor
locations), sec m

RXQRN(ZO 240, 7) - norm lized air concentrat1on for 222Rp and
six daughters (2 i 3 3 10pp, 2108 and 210p Po),
twenty sources and 240 receptor 100at1ons (as defined for RXQ
above), sec m™

The subroutine POLUT is called by CHIQU to generate normalized air con-
centration values for one combination of source term, atmospheric sta-

bility class, wind direction, receptor location and wind speed. Radon

decay and daughter ingrowth is handled in subroutine POLUT.

A.3.6 Subroutine DDEP

This subroutine calculates the fraction of material remaining in the
plume after depletion by dry deposition processes. DDEP evaluates the
depletion factor as defined by Equations 2.2-18 through 2.2-20. The
evaluation is made as a function of windspeed class and particle size
fraction for a given source, receptor location and atmospheric stability
class.

DDEP is called by subroutine POLUT with the following argqument Tist:

Parameter Description

SIGZ Standard deviation of the plume concentration distribution
in the vertical direction at the receptor location for the
given atmospheric stability class, meters.

DNWIND Downwind distance to the receptor location, meters.

X1 Starting point {nearest the source} for the integration
over distance, meters. (If less than 100 meters, X1 is set
to 100 meters.)

PHT Effective plume height at the receptor location, meters.

L1 Atmospheric stability class index.

The integral evaluation is performed through calls to subroutine INTEG,

Three labeled common blocks are referenced hy DBEP as follows:
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ADATA e to provide basic data,
INTG o to communicate with the integration routine INTEG,
DEPY e to return results to the calling routine POLUT.

The calculated depletion factors are transmitted in two arrays O0XQR and
QXQ:

QXQR(j} - fraction of material remaining in the plume for deposition at
0.0lm sec~l for each windspeed class j,

QXQ(i,j) - fraction of material remaining in the plume for deposition at

calculated deposition velocities for each particle size class
i and windspeed class j.

The array QXQ is used in POLUT to calculate the air concentration of
particulates., The array QXQR is not used outside of DODEP.

A.3.7 Function FERR

This function is used to evaluate the kernel of the integral Fq1 in
Equation 2.2-21. The argument 1ist parameter X {meters)} is the downwind
distance at which the evaluation is to be made. The labeled common
block DSTBZ is used to provide necessary data parameters for the evalua-
tion. FERR is named as an external function in subroutine INTEG and is
called through the integration routine ANC4.

A.3.8 Function FERR1

This function is used to evaluate the kernel of the integral Fp in
Equation 2.2-22. The argument 1list parameter X (meters) is the downwind
distance at which the evaluation is to be made., The Tabeled common
block DSTBZ is used to provide necessary data parameters. FERR1 is
named as an external function in subroutine INTEG and is called through
the integration routine ANCA,

A.3.9 Subroutine HEADER

This subroutine writes a new page heading at the beginning of each out-
put report. [Data are transmitted through lTabeled common block GDATA,
The following parameters are printed in the heading.
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Parameter Format Description

REGION(6) pA4 Descriptive title for site identification,

TODAY Al0 Current date expressed as MM/DD/YY,

METSET{4) 4A4 Descriptive title for the meteorological data set,
KPAGE 14 Current page number.

The page count index KPAGE is initialized in block data FRESH and is
incremented on each call to subroutine HEADER.

£.3.10 Function HT

This function calculates the effective plume height by the tilted plume
model. This mode! is described by Equation 2.2-11. The argument Tist
parameters have the following uses:

Parameter Description

I Particle size fraction index,

PHT Effective plume height corrected for plume rise (if
applicable),

XP Downwind distance, meters, for the current evaluation,

1] Average windspeed, m sec‘l, for the windspeed class of
interest.

This function is called by subroutine INTEG in conjunction with the
plume depletion calculation. The function value returned, HT, is actu-
ally the square of the calculated effective height.

A.3,11 Subroutine INTEG

This subroutine controis integration for evaluation of plume depletion
factors., The function ANC4 is used to perform the numerical integra-
tion. The two external functions FERR and FERR1 are referenced (through
ANC4) to evaluate the functions Fy and Fp, respectively. The four
argument 1ist parameters have the following uses:
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Parameter Description

INDEX Control integer to select evaluation funct10n°
INDEX < 1 for Fy (function FERR)
INDEX > 1 for F (function FERR1)

X1 Starting downwind integration distance, m.
XN Ending downwind integration distance, m.
PHT Effective plume height, m,

The function HT is used to evaluate the effective plume height correc-
tion using the titled plume model for particulate settling. Intermedi-
ate parameters in the evaluation of plume depletion factors are trans-
mitted to the calling routine DDEP through the labeled c¢ommon block INTG
using parameters SUM and SUMP. The labeled common block ADATA is also
used by INTEG.

A.3.12 Subroutine POLUT

This subroutine calculates the increments to normalized air concentra-
tion for one combination of source term, atmospheric stability class,
wind direction, receptor location and windspeed class. The appropriate
increments are summed and stored in arrays TPSZ and CISUM, which are
then used to evaluate RXQ and RXQRN in subroutine CHIQU. Specific
calculations made include:

e distance between source and receptor (virtual source distance for
area sources),

e plume rise correction to effective plume height,

e plume height correction for particle settling {tilted plume model),

« vertical dispersion parameter, o,, at the downwind distance,

e nearness of plume to mixing height,

s plume depletion by particulate deposition (subroutine DDEP),

e radon decay and daughter radionuclide ingrowth {subroutine ACTDR).
POLUT is called by subroutine CHIQU with one argument, the parameter
array, PSORC. This array gives 58 8grce S rgngth for_the current

source and each radionuclide: Ra and 210ph, The
source strength represents the average annua1 release rate in Ci year-1,
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Common blocks ADATA and DEPY are used by subroutine POLUT. Common block
DEPY is used to receive intermediate parameters from subroutine DDEP,

The subroutine DDEP is called to calculate plume depletion factors and

the subroutine ACTDR is called to calculate radioactive decay and daugh-
ter product ingrowth for 222,

A.3,13 Subroutine POPDOS

This subroutine computes all requested population doses and prints
reports. Data transfer is through labeled common blocks BDATA, CDATA,
DDATA, and EDATA. Subroutine HEADER is called for each report heading.
Qutput reports are illustrated in the sample problem output listings in
Sections C.2 and C.4., Reports are printed as requested by the user
through control integers described in Section 4.2.1.

A.3.14 Subroutine TAILPS

This subroutine computes the vertical mass flux coefficients used to
calculate releases from area sources., TAILPS is called by the main pro-
gram. The two argument list parameters have the following use:

Parameter Description

TAILP(6) This six member array returns vertical mass flux coeffi-
cients for fach of the six windspeed classes. Units are
g cm~2 sec™l,

Uu(6) This six membered array supplies average windspeed values

for each windspeed class. Units are m/sec. Values for UU
are defined in block data FRESH. These values correspond
to the windspeed ranges used in defining the meteorological
data array FREQ.

This module implements Equations 2.2-1 through 2.2-4. These equations
use the following parameter values

o surface roughness height zg = 1 cm

e characteristic windspeed height z = 100 cm
e density of tailings grains e = 2.4 g cm=3
s+ average grain diameter d = 300 um

e percent of tailings mass that has a diameter smaller than 20um,
p=3.0
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A.3.15 Subroutine UNIDOS

The reports printed by this subroutine present the ultimate output for
the MILDOS program including detailed and summary information for 10 CFR
20 and 40 CFR 190 impacts and MPC comparisons. Data transfered is
through labeled common hlocks BDATA, CDATA, DDATA and FDATA. The sub-
routine HEADER is called to print a page heading for each report.

Sample output reports are illustrated in the sample problem output
listings in Sections C.2 and C.4.

A.3.16 Subroutine WRITER

This subroutine writes a report of dose conversion factors and combines
dose conversion factors for more efficient use in dose calculations,
Terrestrial pathway environmental concentration factors are also listed.
The subroutine HEADER is called to write a report heading, Data are
supplied through labeled common blocks CDATA, DDATA, EDATA and FDATA.
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APPENDIX B - COMPUTER PROGRAM LISTING

This appendix presents a 1isting of the FORTRAN code for the computer
program MILDOS. The listing of the main program (MILDOS) is given first
followed by the other modules in alphabetical order in Figure B,0-1.
A listing of the block data procedure FRESH is given in Figure B.0-2,
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NAMEL IST/INDATA/FREQ,NSORCE , SORCE DM, PACT, IPACT, TSTART, IFTODO FPR,
FEORT,FHAYI ,FFORP,FHAYP, TADD, IRTYPE, IPOP, JC , XRECEF ,QAJUST, TSTEP,

t

FIGURE B.0-1. Program MILDOS Listing

PROGRAM MILDOS(INPUT ,OUTPUT, TAPES=TNPUT, TAPEG=OUTRUT)

THIS 15 PRDGRAM MILDOS, REVISION D +«.CREATED JULY79

Le R s R Rl L E Rt bt P LT S d s L e L g g g S I g e e e ey

MILDOS [5 A COMPREHENSIVE COMPYTER CODE FOR THE EVALUATION OF
RADIOLOGTCAL IMPACTS RESULTING FROM URANIUM MILLING OPERATIONS.

THIS
ANCE

CODE 15 CURRENTLY EMPLOYED BY THE WRC STAFF IN THE PERFORM-
OF LICENSING EVALUATIONS WITH RESPECT TO URANIUM MILLS AND

OTHER FRONT-END FUEL CYCLE FACILITIES. IT IS AVAILABLE T0 THE
PUBLIC. FOR INFORMATION COMTACT O. MARTIN OR G. GNUGNOLT BY PHONE
AT 301-427-4103 OR WRITE TO U.S.HRC, WASHINGTON, D.C. 20555.

MILDOS TS AN MRC ADAPTATION OF YERSION TV OF THE ARGONNE WATTONAL
LARORATORY URANIUM DISPERSION AND DOSIMETRY {UDAD) CODE.

TEEE AN A NT A rdtddh b rd ke R r R h e TR AN AR Ak R T AT

REAL HLM,ACTIV,GMAT ,DUMMY,DATE, TODAY

LEVEL 2, NSDRCE,NRECEP,TPSZ,CISUM, [PACT,PACY,PDEN,DLST20,ACTRAT,
1 PT5220,RXQ,RXORN,PTSZ, OHAME

COMMON/ ADATA/PTSZFC{4,3) ,FREQ(16,6,6),50RCE(12.20} DM, HLM{ 7},

1 VDER{&),GMAT(7,7),VSET{4),ACTIV(7),ZRECER(240) ,RECEPT(2,240),
2 GDSCAL,QSCALE,NA(6),08(6),0C(6),UU(6),NPS, NPE NPP, IFLAG, JFLAE,
3 ISORCI,KSORCE,TWD, IWS,ISTAB, IWSE, 1NSB, IRECEP, IFPART, IFRN,

4 PINK{4,9) ,RINK{7)

COMMON/BOATA/NSORCE ,NRECEP, TPS2{4,4,240) ,CISUM(7,240), [PACT(20),
1 PACT{3,4},PDEN(4) ,DUST20{6) ,ACTRAT,PTSZ20,RXQ(20,240,4},
2 RANAN(20,240,7),PTSZ(4),0NAME(S,20)

COMMON/CDATA/OAJUST(10,2,20) ,REPYEL {4) ,CPY({5,20) , ISTEP, [RCY, 1ADD,
1 ALN2,TSTEP{10) ,ALF{6),GFACT(4,10) ,GPFACT{4) TFACT(4,10} NSTEP,
2 TPFACT(4),CGIP(4,4,240) ,CGXRN(A,240),JC(10)  XPFACT

COMMON/PDATA/WLFACT(3) ,DCFA(5,7,5},DCFGP{4) ,DCFCP(4) ,DCFGR(S),
1 DCFCR{5),DCFF(A,4,4) BIV(4,5),FR1{4),FMI(4),0F ,SHIELD RF{3},
2 FREP(4,5),TISSUE(6),PATH(8) , SRHO,WHL , TSTART, IFTODO{10),

3 TRAME(S,10]

COMMON EDATA/FFORP . FHAYP FPR(3) , IPOP{12,16] ,WINDR(16) , XRHO{12),
1 IPTOT,FRARDON{4),PAJUST(10),PDREG{5,8,10) ,PDXREG(6,8,10),
2 PDTOT(6,8,10)

COMMON/FDATA/KNAME (5,48} ,FFORY ,FHAY]  IRTYPE(4B) XRECEP{3,48),
1 NIST(44),U0F(4,3) FBVT(4.3)

COMMON/GDATA/METSET({d) ,REGION[6) ,KPAGE , TODAY

DIMENSION FREQWS{6),1ARY(5),IPBD{16) ,UUMPH{&),TAILP(&) ,TA(16),
TB{163,70{16), TINC(16) HFLFE(7) NUMBER{10) ,RHALF {6) , THETAS{16)

DATA
DATA
DATA
NATA
DATA
DATA
DATA
DATA

TARY/5*0/

FREQWS /60, /

IPRO/16#0}

UUMPH/1,50,5, 0,10.0,15.5,21.5,28.0/
TAILP/O.,0.,3.920E-5,9.6753E-4,5.7T046€-2, 2.0750E -2/
HFLFE/3.03E5,1.83€2,1.608E3,1,194E3,7.028FR , 4.329E5, 1, 196E7/
NUMBER/1,2,3,4,5,6,7,8,9,10/

RHALF /4. 47ES,7.764,1.6E3,2.23E1,1,372€-2,3, 789E-1¢

2 NSTEP,FRADON, PAJUST

Cti*ltli‘ti*iii‘tiitit Ll b e L L Ll e L Ly g e T

[

3.2

MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
HILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDDS
MILDOS
MILDOS
MILDOS
MNILDOS
MILDOS
MILDOS
MILDOS
MILDOS
WILDOS
MILPOS
MILDOS
MILDOS
H1LDOS
MILDOS
MILDOS
MILDOS
NILDOS
MILDOS
®ILDOS
MILDOS
MILDOS
MIL.DOS
MILDOS
ILDOS
HILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
M1LDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
I1LD0S
MILDOS
MILDOS
MILDOS



FIGURE B.0-1. (Continued)

READ( 5, INDATA} MI1LDDS
C MILDOS
C‘l‘il""l‘ﬁ"!i"tl‘tl‘-"tl‘ A e s ol ol ol ol ol o e sk o o e o o oy el e e i i e i ke "ILmS
IF (EOF(5).NE.0) STOP MILDOS
READ(5,4010) {REGTON{T),1=1,6),(METSET{1),1=1,4) MILDOS
READ(S, 4020} { (QNAME(I,J},1=1,5},Ja1 ,NSORCE) nILDOS
READ(5, 4020} { XNAME(T,J),T=1,5},J=1,1ADD) MILDOS
READ{5,4020} { { TNAME(I,J},1=1,5},J=1 HSTEP) mILDOS
ci'!‘!l“l‘tl‘ll‘"tl‘tl‘ﬁtiti ARRERERR TR ARk ik bk ik b ik deded debe b dek AR AR " I LDDS
3 GLOSSARY OF INPUT DATA MILDOS

t'ltiiiitiiiitiiiiiitt i ek e ek ek R R R R AR R R ek deked ek H[Lms

FREG(T,J,k) TS THE FRACTIONAL JOINT FREQUENCY OF WIND FROM NDIREC- MILDOS

TION T, IN WIND SPEED CLASS J, TN STABILITY CLASS K MTLDO%
MILDOS

NSORCE IS THE MUMBER OF EFFLUENT SOURCES INPUT MILDOS
MILPOS

SORCE{!,J) 1S SOURCE TERM DATA FOR SOURCE J MILDOS
SORCE(1,J) TS THE X LOCATION COORDINATE, KM MILDOS
SORCE{2,J) IS THE Y LOCATION CODRDINATE, EM MILDOS
SORCE{3,J) IS THE I (HEIGHT) CODRDINATE, M MILDOS
SO0RCE{4,J) IS5 THE SOURCE AREA, EM2 MILDROS

SORCE(5-9,J) ARE RELEASE RATES OF 1J-238, TH-230, RA-226, PB-210, MILDOS
AND RN-222, RESPECTIVELY, CU/YR --PARTICULATE RELEASE RATES HILDOS

C
¢
C
€
[
c
C
¢
C
L
C
C
¢ RECOMPUTED BY CODE IFF SORCE(10,J}=20M0 OR HIGHER. MILDOS
c SORCE{10,J) IS THE SOURCE ID MUMBER MILBOS
C SORCE(11,d) IS THE ASSIGNED PARTICLE SIZE DISTRIBUTJON, INTEGER MILDOS
< SORCE{12,J) IS THE PRORUCT OF THE EXIT VELOCITY AND THE RILDOS
L STACK NTAMETER ,M**2/5EC MILDOS
L DM 1S THE ANNUAL AVERAGE ATMOSPHERIC MIXIWG HEIGHT, M MILNOS
c RILDOS
c PACT(1,J) 15 THE BULK SPECIFIC ACTIVITY OF ISOTOPE 2 IN SOURCE I, MILDOS
c J=1-4 FOR U-238, TH-230, RA-226, AND PR-21Q, RESPECTIVELY, PC1/G MILDOS
c MILDOS
c TPACT(T} IS THE PACT YALUE SET ASSIGNED FOR SOURCE MUMBER I MILNOS
c MILDOS
[ TSTART [5 THE YEAR EFFLUENT RELEASES BEGIM, E.G., 1981.5 MILPOS
c MILDOS
£ TFTONO{ T} MUST EQUAL 1 FOR CALCULATION AND PRINT OF DOSE AWD MILDDS
C CONCENTRATION DATA FOR TIME STEP I NILNOS
C MILDOS
[ FPR{1) IS THE AREAL FOOD PRODUCTION RATE OF FOMD TYPE I, I-1-3 HILDOS
c FOR VEGETABLES, MEAT, AND MILK, RESPECTIVELY, KG/KMZ-YR MILDOS
C MILDOS
C FFORT TS THE FRACTION OF ANNUAL AMTHMAL FEED OBTAINED BY GRAZING, MILDDS
L FOR USE I[N CALCULATING TNDIVIDUAL DOSES MILDOS
c MILDOS
C FHAYD I5 THE FRACTION OF ANMUAL ANTMAL FEED CONSISTING OF LOCALLY MILDOS
E GROWN STORE[D FEED, FOR USE IN CALCULATING INDIYIDUAL DOSES MILDOS
MILDOS
C FFORP AND FHAYP ARE SAME AS FFOR1 AMD FHAYD EXCEPT THAT THEY ARE  MILDOS
C FOR USE IN CALCULATING POPULATION DOSES MILDOS
[ MILDOS
E TADD 15 THE NUMBER OF INDIVIDUAL RECEPTDR LOCATIONS INPUT MILDOS
MILDOS
L IRTYPE(T) SPECIFIES DESIRED OUTPUT FOR [NDIVIDUAL RECEPTOR I MILDOS
C IRTYPE( [=HEGATIVE WUMBER FOP MO PRINT MILDOS
C IRTYPE{[)=D FOR 10CFR20 MPC COMPLIAMCE CHECE MILDOS
[ IRTYPE(T)=1 FOR PRINT OF TOTAL DOSES OVER ALL PATHWAYS, OMLY MILRDS
C IRTYPE({I}=10 FOR PRINT OF DOSES BY EXPOSURE PATHWAY (MOT ALLCWED MILDOS
¢ UNLESS JC(7}=1 ) MILDOS
t MILDNS
c TPOP{1,J) TS THE INPUT POPULATION FOR ANNULUS I,IN DIRECTION J MILDOS
[ HILDOS
¢ JC{T) MUST BE INPUT AS 1 TO UTILIZE PROGRAM OPTION I MILDOS
[ JC{1)=1 TO USE TAILPS SUBRDUTINE (VALUES OF YAILF IN ABOVE DATA MILDOS
t STATEMENT USED OTHERWISE, [F NEEDED) MILNOS
C JC{2)=1 TO COMPUTE 100-YR ENVIRONMENTAL DOSE COMMITMENTS RILDOS
¢ JC(3}=1 TO OATAIN POPDOS COMCENTRATION DATA PRINT MILDOS
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FIGURE B.0-1. ({Continued)

JC{4}=1 TO DRTAIN POPDOS DOSE PRINT BY GRID SEGMENT

JC[S)=1 TD DATAIN CRIQU PRINT OF X/0 DATA

JC{6)=1 TO DBTAIN WRITER PRINT OF DOSE AND OTHER FACTORS
JC{T)=1 TO DRTAIN UNIDOS PRINT OF DOSES BY EXPOSURE PATHMWAY
JC{B)=1 TO INCLUDE MILK PATHWAY [N 4NIDOS CALCULATIONS
JC{9)=1 TO ORTAIN UNIDOS PRINT OF COMCENTRATION DATA

JC{10) IS MOT CURRENTLY IN USE

YRECEP[I,J}[5 A LOCATION CDORDINATE FOR INDIVIDUAL RECEFTOR .
¥RECEP(1,d) IS THE X COORDINATE, KM
ARECEP(2,0) 15 THE ¥ COORDINATE, KM
YRECEP(3,J) IS THE 2 COORDINATE, M

QAJUST{1,J,K) TS A FACTOR FOR MULTTPLYING THE INPUT SOURCE
STRENGTH OF SOURCE k TD GET THE DESIRED SOURCE STRENGTH OF
SOURCE K FOR THE DURATIOM OF TIME STEP 14 J=1 FOR PARTICULATES
AND J=2 FOR RAOON

TSTEP{I) IS THE DURATION OF TIME STEP I, YRS

NSTEP IS THE WUMBER OF TIME STEPS TO RE UTILIZED

FRADON(I} IS THE FRACTION OF RADON RELEASES FOR WHICH DOSES BEYOND
80 KM ARE CALCULATED USING DOSE/KCI COEFFICIENTS FOR RELEASE
POINT I# 1=1-4 FOR CASPER, FALLS CITY, GRANTS, AMD WELLPINIT

PAJUST{I[} IS THE RATIO OF THE U.S. POPULATION DURING TIME STEP I
TO THAT DURING THE YEAR 1978

wkiwkdkwabsiest  FORMATTED ALPHAMERIC [NPUT DATA (NAMES) iwsdwaswiiwe

FIRST CARD---
REGION(G}=NAME OF PLACE (COL. 1-24)
METSET(4)=MET DATA SOURCE {COL. 31-46)

NEXT NSORCE CARDS-~-
ONAME(5,J)=NAME OF SOURCE J (COL. 1-20, | CARD/NAME)

NEXT IADD CARDIS---
INAME(S,J)=NAME OF IRECEP J (COL. 1-20, 1 CARC/NAME)

NEXT NSTEP CARDS--
TNAME(5,J)=NAME OF TIME STEP J {COL. 1-20, 1 CARD/NAME}

LA RS Ll EL L bl Ll d s R kL L R e g e A ey

TODAY=DATE { DUMMY )

CALL SYSTEMC(115,IARY)
ALNZ=ALOG(Z.)
KRHO=12

TFTAIL=0

00 10 [=1,7
HLM{ T} =ALNZ/HFLFE( 1)

00 20 I=1,7

po 20 J=1,7
GMAT(J, 1 )=HLM{J)-HLM(I)
GMAT(1,J)=-GMAT(J, I}

DO 30 T=1,NSORCE

[F(SORCE(4,1).LE.0.0) SORCE(4,1}=1.0€-6
ID=$ORCE(1D, 1)

IF{TD.GE.2000) IFTATL=1

CONTINUE

IF{IFTATL.NE.1} GO TO 40
[F{JC{1).NE.1) GO TO 40
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MILDOS
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MILDOS
MILDOS
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FIGURE B.0-1. {Continued)

C MILDOS
CALL TAILPS{TAILP,UU) MILDOS
MILDOS

[hidwdbrbndbdbbbiedpis Sthbibibitbib bbb bdb ik bbb b bbbkt ey MILDOS
C MILDOS
L SUBROUTTINE TAILPS COMPUTES VALUES OF TATLP{IWS)# THEY ARE THE MILDOS
4 VERTICAL MASS FLUX COEFFICIENTS USED TO COMPUTE CURIE RELEASES KILDOS
C FROM EXPOSED TAILINGS SURFACES. MILOOS
I MILDOS
[hirdk e d RN R RRANR R rE AR R RN ER AR TR AR A AR ARk M) [0S
40 QPTAIL=0.0 MILDOS
t HILDOS
PO 60 IWS=1,6 MILDOS

DO 50 [STAB=1,6 MILDOS

DO S0 IWD=1,16 MILDOS

50 FREQWS{TWS)=FREOWS{IWS}+FREQ({TWD, IS, TSTAB} ®ILDOS
OPTAIL=OPTAIL+TAILP{INS)*FREWS( INS) MILDOS
DUST20({ [WS)=TAILP(IWS) MILDOS

60 CONTINUE MILDOS
¢ MILDDS
DO 80 I=1,NSORCE MILDOS
10=S0RCE(10,1) MILDOS
IF{ID.LT.2000) GO TO 80 MILDOS
IPX=IPACT{]) MILDOS
QPX=0PTAIL=SORCE(4,1)*31.56*ACTRAT/PTSI20 ) MILDOS

D0 70 J=5.8 “ILDOS

70 SORCE(J,[}=PACT{1PX,J-4)*0PX MILDOS
80  COMTTMUE MILDOS
ek ek e rr ke AANANA AR AR ARERTATd b dd bbb e ks TR e ek ke ks M1 05
¢ MILDOS
CALL HEADER HILDOS

[ MILDOS
Cormmmmkskhh kb rerrs wvdnrwrwtdndhkadd * * R MILOOS
c NILDOS

4 SUBRDUTINE HEADER PRINTS THE PAGE HEADING SHOWING REGION, DATE, MILDOS
£ METSET AND PAGE MUMBER. IT IS CALLED FOR EACH NEW PAGE PRINTED. MILDOS

C MILDPDS
ctt*tl‘-'!titittiti*tii Al ik R R R AR AR Ah ki bk bbb ek b i ek HILHDS
PRINT 4030,NSORCE MILDOS

PRINT 4040 MILDOS

PRINT 4150 MILDOS

PRINT 4060 MILDOS

¢ MILDODS
DO 90 I=1,NSORCE MILDOS
1D=SORCE(10,1) MILDOS
IK=SORCE{11,1) MILDOS

90 PRINT 4070,1,{SORCE(J,T},d=1,9),10,1K,SORCE(L2, 1), (ONAME(J, 1) ,J=1, MILDOS
15} MILDOS

¢ MILIXS
PRINT 4080, (PTSZ(1),1=1,4) MILDOS

D0 100 1=1,3 MILDOS

100 PRINT 4090,1,{PACT{1,0},d=1,4),1,{PTSZFC{J,1},0=1,4).PDEN(T) MILDOS
IF(NSORCE.LT.12) GO 70 105 MILDOS
Cﬂ“ﬂ‘ﬁ‘*t**itti“tt‘ﬂ e o e o o o e o e e e e e e il i e e el ik i e Hle‘s
¢ MILOOS
CALL HEADER MILDOS

c MILDOS
c*tttil‘l‘!l‘.l‘l‘ﬂl‘ﬁiiti*' drdrdrd ik A RN A A Ad TRkt A Ak ko kb ddrr bk ik HILmS
105 CONTINUE MILDOS
PRINT 4100, NSTEP,{MUMBER(I},I=1,10),(TSTEP{1),I=1,10) MILDOS

PRINT 4110 MILROS

O 110 K=1,NSORCE HILDOS

110 PRINT 4120,K, {QAJUST{I,2,K},1=1,10) MILDOS
¢ MILDOS
PRINT 4130,NSTEP, (NUMBER{1),1=1,10),(TSTEP{1},1-1,10) HILDOS

PRINT 4110 MILDOS

DO 120 Kel,NSORCE HILDOS

120 PRINT 4120, K,{QAJUST(I,2,K),T=1,10) MILDOS
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FIGURE B.0-1. (Continued)

Cohrddrbdkdrdrdrkd e dhahhdad b deddd R dm rwr wnr d ik bk e T T bk i "ILDDS

c MiLDOS
CALL HEADER NILODS
¢ NILDOS
[l kA AR AR R AR RS Rh T dd R E R AT kb b AT R ik ik bk Rk MILDOS
PRINT 4140, (FRE(MS{I),I=1.6) MILDOS
PRINT 4150, {WINDR{K},K=1,15) MILDOS
PRINT 4080 MILDOS
TTC=0.0 NILDODS
TTE=0.0 MILDOS
DD 160 I=1.6 MILDOS
PRINT 4160, 1 MILDOS
00 140 J=1,6 MILDOS
00 130 K=1,16 MILDOS
TINC(K)=FREQ({K,J,1}*100.0 WILDOS
TALD}=TA{J)+TINC{K) MILDOS
130 TB(K}=TR{K)+TINC{K) wILDOS
PRINT 4170, UUMPH(J),(TINC(X),K=1,16),TA(J} MILDOS
TIC=TTC+TA{J) MILDOS
140 TA{J)=0.0 MILDOS
PRINT 41RO, (TB{K),k=1,16),TTC MILOOS
PRINT 4060 M1LDOS
TTE=TTE+TTC MILOOS
TTC=i. 0 MILDOS
PO 150 K=1,16 MILOOS
TO{KY=TD(K}+TB{K) MILDDS
150 TB(K)=0.0 MILDOS
160 CONTIMUE MILDOS
PRINT 4180, (TD(K},k=1,16),TTE MILDOS
CHEARAEad e e s da e e A adn kbbb bt ke A AT AR TPk e s At bbbk bk NT| DOS
C MILDOS
CALL HEADER MILDOS
[ MILDOS
CHPERRNRAb b bbb ik kAW S h TR P b A S ke bers ) L DOS
DO 170 [=1,1ADD MILDOS
170 DIST(I)=SORT{XRECEP(1,1)**2+XRECEP(2,1)+*2) MILDOS
C MILDOS
PRINT 4190, IADD MILDOS
PRINT 4200 MILDOS
PRINT 4210 HILDOS
TNK=1ADD/2 MILDAYS
TMP=THK*2 MILDOS
IF{IMP.LT.1ADD) THK=INK+1 MILDOS
00 190 I=1,1ADD MILDOS
[T=T*2 MILDOS
IX=I+INK MILDOS
[F{IT.GT.IADD) GO TG 180 MILDOS
PRINT 4220, [,{XNAME{J,I),d=1,5},{XRECEP(J,}),Ja1,3).DIST(!}, MILDOS
1 IRTYPE({I}, 1%, {XNAME(J.1X),J=1,5), (XRECEP{J.IX),J=1,3),DIST(IN}, MILDOS
2 IRTYPE{1Y) MILDOS
GO 7O 190 MILDOS
180 CONTIMUE MILDOS
[TT=]T-1 RILDOS
IF{ITT.GT.IADD) GO TC 190 KILDOS
PRINT 4220, I,{XNAME{J,1),2=1,5),{XRECEP{D,1),0=1,3},DIST{1), MILDOS
1 IRTYPE(I) MILDOS
190 CONTINUE MILDOS
C MILDOS
PRIRT 4710 MILDOS
PRINT 4230 MILPOS
PRINT 4240 MILDOS
FRINT 4250, BM,TSTART,FFORI,FHAYT,FFORP FHAYP, {FPR{I),1=1,3}, MILDOS
1 ACTRAT,(TPACY{I),I=1,NSORCE} MILDOS
PRINT 4260, (JC{1),1=1,10) MILDOS
PRINT 4210 MILDOS
DO 200 I=1,NSTEP MILDOS
TF{TSTEP{1}.LT.2.0) TSTEP{I)=2.0 MILDOS
200 PRINT 4280, I,(TNAME({IM,I},IM=1,5},TSTER!T), IFTODO{IY MILDDS
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FIGURE B.0-1. (Continued)

PRINT 4290, (XRHO{13,1=1,KRHD) MILDOS

¢ MILDOS
IPTOT=0 MILDOS

00 220 121,12 MILDOS

DO 210 J=1,16 MILDOS
IPBD{J)=IPBO{D)+IPOP(],J) MILDOS

210 IPTOT=IPTOT+1POR(1,J) M1LDOS
220 CONTIMUE MILDOS
C MILDOS
00 230 ND=1,16 MILDOS

230 THETAS{ND)={ND-1)*022,5) MILDOS
Ctitittlt‘*iti!tliltti Lt LR e LT e T TR AR PR TS S R L L LT L L) “ILDUS
C MILDOS
CALL HEADER MILDOS

c MILDOS
cil‘t!tttt*tiiititttt*t ekl el e W e ek e ol e W ek ek e e W e bk Bl W e W Ak el HILDDS
PRINT 4300 MILDCS

PRINT 4310, WINDR MILTOS

PRINT 4320, THETAS MILDQS

PRINT 4060 . MILDDS
DEL=0,5 ’ NILDOS

D0 240 11,12 MILPOS
IF(1.€0.5} DEL=2.% MILDOS
IF(1.GT.5} DEL=5.0 MILDOS

I N=XRHO{ 17-DEL MILDOS
DOUT=XRHO( { }+DEL MILDOS

PRINT 433D MILDOS

240 PRINT 4340, DIK,DOOT,{IPOP{I,0),J=1,16} MILDOS
C MiLDOS
DIN=1.0 MILDBOS
DOUT=80.0 MILDOS

PRINT 4060 MILDOS

PRINT 4330 MILDOS

PRINT 4340, DIN,DOOT,(IPRO{LY,J=1,16) MILDOS

PRINT 4350, IPTOT MILDOS

¢ MILNOS
£0 250 J=1,NSDRCE MILDOS

SORCE {4,])=1000. 0*SPRT{ SORCE(4,J}] MILDOS

DO 250 1=5,¢ NILDOS

250 SORCE(1,J)=50RCE{I,J)*(1.NE12Y/(3.156E7} MILDOS
o MILPOS
IRECEP=0 MILDOS
IF(IFTOT.LE.OY GO TO 270 MILDOS
DP1=3.1459765/8.0 MILDDS

C MILDOS
DO 260 ND=1,16 MILDOS
THETA= (ND-1]*0P] MILDOS
CTH=COS{ THETA} NILDOS
STH=STN{ THETA} MILDDS

0 260 NR=1,12 MILDOS
IRECEP=IRECER+] MILDDS
RECEPT{1,IRECEP}=XRHO(NR }*STH MILDOS
RECEPT{2, IRECEP)=XRHO[NR}*CTH MILDOS

260 ZRECEP[IRECEP}=0 MILDDS
¢ MILDDS
270 NRECFP=IRECEP MILDOS
IRCY=NRECEP MILDOS
IF{IADC.EQ.Q) 60 T 290 MILDOS

C MILDOS
DO 280 IR=1,IADD MILDOS
NR=IRC¥+IR MILDOS
RECEPT(1,NR)=XREGEP(T, IR} MILDOS
RECEPT(2,WR}=XRECEP(2,IR} MILDOS

280 ZRECEP(NRY=X¥RECEP(3, IR} MILDOS
c MILDDS
290  NRECEP=NPECEP+IATD MILDOS
NPRINT=JC(5) MILDOS

Ctttitiii!ttttttttut*t EL ARt s R PR R R s R RS R R Ll L e e R T T T MILnOS
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FIGURE B.0-1. {Continued)

CALL CHIQU{MPRINT}

Al Ad Ak Aol W A ek W o A e o e ol o e e e i e

SUBROUTINE CHIOU HAS COMPUTED RXQ{ISORCE,IRECEP,PTSZ) IN SEC/M3
FOR 1-218 AND RUOQRN{ISORCE,IRECEP,ISOTOPE} IM SEC/M3 FOR RN-222
AND 6 DAUGHTERS. RESULYS ARE PRINTED IFF JC(5)=l.

ol drd d R kR AR R Ak R et i ek o e ol o e el e e e ek S el ek el o e i e o

DO 300 1=1,4
300 DEPVEL(I)=WDEP{I}

DO 310 1S=1,NSORCE
00 310 [J=5.¢
[=1J-4
310 CPY(I,15)=50RCE(1J,15)*{3.156E7/1.0E12}

00 320 1x=1,4

320 ALF{IX)sALN2/RHALF( [X)
ELRC=ALNZ/50.0
00 340 I1%=1,4
ALF (1X)=ALF{1X)+ELRC
DO 330 1T=1,NSTEP
TEXP=ALF( 1X)*TSTEP(iT)
IF{TEXP.LE.1.DE-5) GN TO 330
TEXP=1.0-EXP({-TEXP}

330 GFACT{1%,1T)=FEXP/ALF(1X)*(3.156E7)
TEXP=ALF{ IX}*100.0
TF{TEXP.LE,1.0E-5) GO TO 340
TEXP=1.0-LXP{-TEXP)

M0 GPFACT{IX)=TEXP /ALF{ 1X)*({3.156E7)

RLRC=ALNZ/{50.0/365.25)
TEE-1.8189887
00 350 I1X=1.4
TALF=ALF{ 1¥} «RLRC
FlX=(1.0-EXP{-TALF TEE)}*3.156E2/TALF
TPFACT( [X)=FTXe{EXP{-ALF(1X)*TEE) -EXP{~ALF{1X}*100.0)}*.03156 /ALF(
1K)
D0 350 1T=1,NSTEP
TI=TSTEP{IT) '
FOX=(EXP(-AUF{ |X}¥TEE)-EXP{-ALF [TX)*TT))*(3.156E-2) /ALE( 1X)
350 TFACT({LX,IT}=1.0+(0.01%(FIX+FOX}}
360 TPFACT{IX)=1.0+({0. I*TPFACT{IX})

DO 380 IR=1,NRECEP
DO 370 IX=1.4
00 370 IP=1,8

370 CGIP{IP,TX,IR)=0.0
N0 380 1x=1,6

380 COGXRN{IX,IR}=0.D

YPFACT={ 1. 0/HIM{2)}

ISTEP=0
LR L LR S LR LA E R b bl L PR et Ll e R e e R L L e e T
390 ISTEP=ISTEP+]

IF{ISTEP.GT.NSTEP) GO TO 430

LER S an bbb R el el Ly bt R sl L L L L g g R e P T g g S P e

CALL CALLON

LA AL s A EL LS Rt B EL L L R R LT e TR R e I

SUBROUTINE CALCON HAS COMPUTED TPSZ{PTSZ,ISNTOPE,IRECEP) [N PCI/M3
IMCLUDING RESUSPENSION, CISUM{ISOTOPE,IRECEP), CGIP{PTSZ,ISOTOPE,
IRECEP) [N PCI/M2 {FOR PARTICULATE RELFASES), AMD CGXRN (ISOTOPE,
IRECERY [N PLI/M2 {FOR RAPDN RELEASE DAUGHTERS), FOR TSTEP=ISTEP.
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FIGURE B.0-1. {Continued)

C

Ctiiiiti"'iiititittti ik AR R ek A R e AR ek o ek e ke Ao e ik

IF(ISTEP.GT.1} GO TO 400

[rrdddrnhnnabdbbidbatns P L e L e LR T e e R Lt R ek el bl s bl
C

CALL WRITER
C
[hramurdkkddh AR rawkrdd ok ARwAw L2 *RwK wENA® Wk ki ik
¢

c WRITER PRINTS DOSE FACTORS AN ™ORE, AND CONYERTS DOSE FACTORS TO
C A MDRE APPROPRIATE FORMAT FOR LATER USE. HO PRINT UNLESS JC{6)=1.
<
e o A e e L
400 CONTINUE

IF{IRCY.LE.O) GO TQ 410
[ T e e e L e T )
C

CALL POPDOS

A AARARR R r kA AR kb dh kAR TR bk AR Ak AR R ik b A Rk

SUBROUTINE POPNNS HAS COMPUTED CAT({ISOGTOPE,IRECEP) IN PCI/M3 AND
CGI[150TOPE, IRECEP) [N PLI/MZ, AND: POPULATION DOSES FROM ALL EXPO-
SURE PATHWAYS.

ENVIRONMENTAL DOSE COMMITMENTS [FF JC{2)=1.

POPDOS COMCENTRATION DATA IS PRINTED IFF 2C{3)=1.

C
[
o
[
[
C
C
¢ ALL CONCENTRATIONS AND DOSES ARE COMPUTER TO YIELD 100-YEAR
C
¢
[
C DMLY SUMMARY POPDOS DOSE PRINT UNLESS JC(4)=1.

C

[

WAR AR A AR AR r i kb d R R bk b d R bR ARk ek AR R b e kR Wk ik ok

410 CONTINUE

IF{IRCY.GE.MRECEP} GO TO 420

IF{IRDD.EQ.0) GO TO 420

IF{IFTODO{ [STEP).ME.1) GO TO 420
[ L T T T e e Ty e
C

CALL UNIDOS

LLalfa g et s S a2l ol AR 2y v gt e el s e e e el e

C

¢

c

C SUBRDUTINE UNIDOS HAS COMPUTED TOTAL AND 40CFR19n DOSES TO INDI-
¢ VIDUALS AND HAS CHECKED AIR CONCENTRATIONS AGATWST 10CFRZD MPCS,
C AS SPECIFIED BY INPUT YALUES OF IRTYPE({IRECEP}.
[
C
C
C
¢

UNIDOS CONCENTRATION DATA IS PRINTER IFF JC(3)=1.
DOSES BY PATHWAY PRINTED IFF JC(7}=1 AND IRTYPE(IRECEP)=10,

Fh ARk Ak kkhkk AR ERERER FRA R A AR TR kR R AR AR T R h AR AR R e d
420 CONTINUE
TF{1STEP.EQ.10) GO TO 430
G0 TO 390
C
430 CONTINUE
Ciifiﬁti‘tl”ttt't'*t*i Eada R R S RS Ll ALl R eIl P L et )

4010 FORMAT(684,6X,4A4)

4020 FORMAT{5A4)

4030 FORMAT(1HO, ‘NUMBER OF SOURCES=',12}

4040 FORMAT(TH-,7%,'KM' 6%, 'KM',7X,"M",7X, 'KM2' 24X, 'CI/YEAR", 20X,

1 PPSIZE', 2K, "M**2/SEC')

4050 FORMAT(' NO.',5K, X', 6X,'Y',7X,"Z',6X, 'AREA",5X, 'U-ZI8*, X,
1'TH-230",4%, 'RA-226" 4%, ' PB-210",4X, 'RN-222' 5%, ' ID' 4, 'SET*, 3X,
2'DIAYEX VEL',3¥,’SOURCE NAME')

4060 FORMAT{1X,132('-"})

4070 FORMAT{1H ,[2,3FB.2,F8.4,1X,1P5E10.2,2X,215,1PE12.2,3%,5A4)

40B0 FORMAT{1HD,20X,' INPUT TAILS ACTIVITIES, PCI/G',22X,'PARTICLE SIZES
1 AND FRACTIONAL DISTRIBUTINN ',/14X,'SET URANIUM  THORIUM  RADIL

B.9

MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILBOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILPOS
MILDOS
MILDOS
MILDOS
MILDOS
®ILDOS
MILDOS
MILDOS
MILDOS
MILDNS
MILDOS
NILDOS
MILDOS
| RIS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
M1LDOS
MILROS
MILDOS
MILDOS
MILDOS
MILOOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILNOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDOS
MILDDS
MILDOS
MILDOS
MILDOS



FIGURE B.O-1.

{Continued)

2UM LEAD * *¢¥ 'SET ',4F7.1,6X,'PDEN',/14X,2(42('-'),16X))
4090 FORMAT(14X,12,1P4£10.2,16%,12,3X,0P4F7.3,2X,F6.3)

4100 FORMAT(1HO0,21X, 'PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME ST

1EP, °, [2,' TIME STEP(S) USED FOR THIS RUN',/2X,'SOURCE®,10{aX
2,'TSTEP',12,1X),/2X, ' NUMBER',2X,10(F6.2, ' YRS®,3X))

4110 FORMAT(2X,126('-"))

4120 FORMAT(4X,12,5X,10(1PE9.3,3X)) |
4130 FORMAT(1HO,11X, 'RADON SOURCE STRENGTH MULTIPLIFRS BY TIME STEP,’,
1 12,' TIME STEP(S) USED FOR THIS RUN',/2X,'SOURCE',10(4X,’TSTEP',

2 12,1X),/2X," NUMBER' ,2X,10{F6.2, ' YRS, 3X})

4140 FORMAT(1H ,4X,'JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WH

1ERE WIND IS FROM',2X,'FREQWS=',5(F7.5,','},F7.5)

4150 FORMAT(1H ,'MPH',16(2X,A4,1X},5X, ' TOTALS')
4160 FORMAT(IH ,1X,'STABILITY CLASS ',I1)

8170 FORMAT(1H ,F4.1,16(F7.4),2X,F8.4)

4180 FORMAT(1H ,'ALL ',16F7.4,2X,F8.4)

4190 FORMAT(1HO,1X,32('-'), ' INDIVIDUAL RECEPTOR LOCATIDN DATA, ',13,1X,

1 'LOCATIONS INPUT THIS PUN'
4200 FORMAT(2X,2(" 1

1) TYPE ')
4210 FORMAT{2X,126('-"'})

LOCATION NAMES

»31("-1))

4220 FORMAT(2(2X,12,2X,5A4,4(F7.2),3%,13,3X))
4230 FORMAT(1HO,45X, 'MISCELLANEOUS INPUTTABLE PARAMETER VALUES')

4240 FORMAT(1HD,5X, " M

TSTART

1FFORP FHAYP FPR(1) FPR(2)

2 ‘,fsxylzotl_‘))

X(KM)

FFORI

Y (KM)

FPR(3)

4250 FORMAT(6X,10(F9.2,3X),//5X, ' IPACT EQUALS',4D(f2,','})

4260 FORMAT{1HO,4X,'JC EQUALS

4270 FORMAT{1HO,4X,'TIME STEP DATA....',7X,'STEP NAMES',9X,

1 'LENGTH, YRS',4X,'IFTODO"}

“,9{12,','}),I12)

4280 FORMAT(21X,12,2X,5A4,7X,F6.2,8X,12)

4290 FORMAT{1HO,4X,'XRHO EQUALS ',12(F6.1,','})

4300 FORMAT{1HO,T53, 'POPULATION DISTRIBUTION')
4310 FORMAT(1HO,T13,']",5X,16(A4,3X))
4320 FORMAT(1X, 'KILOMETERS ] ',16F7.1)

4330 FORMAT(12X,']")

4380 FORMAT(IH ,F4.1,'-',F4.1,2%,']",1X,1617)
4350 FORMAT(1HO0,40X,'TOTAL 1-80 KM POPULATION IS',I7,' PERSONS')

C******************tt* e e e ekt v ek g ke dr ke dr ok kb ko ke ok ek ko Ak

STDP
END

Z(M) DIST(KM

FHAYI

ACTRAT
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MILDOS
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SUBROUTINE ACTDR (TIME, N1}

REAL HLM,GMAT,ACTIV,EHLM(7),X,Y,2

CDMMON/ADATA/PTSZFC{4,3) ,FREQ(16,6,6),SORCE(12,20),DM,HLM(7),

1 VDEP(4),GMAT{7,7),VSET{4),ACTIV(7),ZRECEP(240)} ,RECEPT(2,240),
2 GDSCAL,QSCALE,0A(6),0B(6),0C(6),UU{6),NPS,NPE,NPP, IFLAG,JFLAG,
3 ISORC1,KSORCE,IWD,IWS,ISTAB, IWSE, [WSB, IRECEP, IFPART, IFRN,

4 PINK(4,4),RINK{7)

CALCULATE ACTIVITY AT TIME ' TIME®

N=N1
DO 20 1=1,N
X=-HLM(I)*TIME

FOLLOWING GUARDS AGAINST UNDERFLOW ERRDR FOR DEXP(X)
IF(-X.LT.(1.5€2))GOTD10

EHLM(1)=0.F0

GO TO 20
EHLM{T)=EXP(X)
CONTINUE
ACTIV(1}=EHLM(1}

DO 60 1=2,N

Y=1.0

DO 30 J=2,1
Y=Y*HLM(J)
ACTIV(1)=0.EO

00 50 K=1,I
Z=EHLM(K)

00 40 J=1,I

IF (K.EQ.J) GO TO 40
7=1/GMAT(J,K)
CONTINUE
ACTIV(I)=ACTIV{I)+Z
CONTINUE
ACTIV{I)=ACTIV(1)*0
CONTINUE

RETURN

RETURN

END

{Continued)
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ADAPTIVF INTEGRATION USING NEWTON-COTLS NO. 4

FUMCTION ANCA{AL,B1,EP,M,N.FUN}

REAL A1,B1,EP,FUN,A,R,EPS,ESUM, TSUM, DA, XR,SX,FAF1,FS,F3,FM,F2
* F1,F4,FB,FTP,FRP,FMAX, FTST EST,AEST,E8T] EST2,AESTL, REST? , ABSAR,D
*ELTA,DIFF ,DAFT, SUM

DIMENSIDN F2{3N),F4{30),FTP{30),FEP{IN) FTST(5),EST?{30)  MPTR(30)

DIMENSION AEST2(30),XB(30}

THE PARAMETER SETUP FOR THE IMITIAL CALL

IF{N.LE.DYED TO 210

IF{N.GT.3)G0 T0O 211

A=Al

R=BL

EPS=EP*63.0(0

ESUM=D.DED

TSUM=0.0ED

L¥L=1

DA=f-A

FA=FUN(A)

FS=FUN[{3.0E0*#+R)/4,0E0}

FM=FUN{ {A+R}*D.5E0)

FT=FUN{{A+3.DEO*E] /4. DEQY

FB=FUN{R}

M=5

FMAX=ABS{FA}

FIST{1}=FMAX

FTST{2}=ABS(FS}

FTST{2)=ARS{FM)

FIST(4}=ARS(FTY

FTST{5)=ABS(FR}

D0 100 1=2.%

TF(FMAX,GLLFTST(I}}GO TO 100

FMAX=FTST{I}

CONTINIJE

EST=[7.060%(FA+FR) 32.0F0% (FS+FT)+12.0C0%FMY*DA/ 90, 0FD

ABSAR={7.0EO*{FTIST{1Y+FTST{S) )1+ 32. DE0* (FTSTE2 J+FTST{4) 1+ 12.MEO*FTS
*T(2))*DA/ 90, 0EN

AEST=ARSAR

1-RECUR

SX=(DA/{2.0E04*L¥L) ) /90.0E0

F1=FUN{{7.0E(*A+B) /8, 0ED)

F3=FIIN{ (5.REN*A+3.0E0*B } /8. DEO)

F2{L¥L)=FUN{{3.DEO*A+5,0E0%B) /8 OE}

FA{LVLY=FUN{ {A+7.DE0D*R) /8.0ED)

CSTY=S¥*[7.OFN*{FO*FS)

FRP{LVL)=F8

FIP{LYLY=FT

KR{LYL) =R

EST2{H WL }=SAv (T.OED*{ FM+FR) + 22, 0E0%{FZ{LVL)+FA{LYL })+12.0FO*FT)

SUM=LSTI+EST2{LY¥L]

FYST{1}=ABS(F1}

FTST(2)=ARS{F2{L¥L}}

FTST{I)=ABS(F2)

FISTE4)=ABSIFAfLYLY)

FTST(5)=ARS(FM]

AESTI=SY* (7. 0E0%{ABS{FAT«F TST{S})+32, 060 (FTST{1)+FTST({3)}+12. 0FO>
*ABS(FSYY

AEST2(LVL)=5X+{7. 060 FTST{5)+ABS{FR) )+32,. 0E0*(FTIST!2}+FTST(4)}+17
* DED*ARS{ETY})

ABSAR=ABSAR-ALST+AESTI+AFSTZ{LYL)

M=M+d

GO T {201,200,202) N

DELTA-=ARSAR

GO T 205

PRINT 39

FORMAT(* CRROR RETURN-N.LF.N'}

RETURN

PRINT 40t

FORMAT(' FRRI® RETIEN-N.GT.3*}
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RETURN
DELTA=1,0E0

GO TO 205

PO 203 1=1,4

IF (FMAX.GE.FTST(1)}G0 TO 203
FMAX=FTST(1)
CONTINUE
DELTA=FMAX
DAFT=EST-SUM
DIFF=ABS{DAFT)
DAFT=DAFT/63,0£0
IF{DIFF-EPS*CELTAY6,6,3
IF(LVL-30)4,2,2
IF{LVL-1)2,4,2
2=UP

A=B
ESUM=ESUM+DAFT
TSUM=TSUM+SUM
LVL=LVL-1
L=NRTR(LVL}
IF(L.LT.1.DR.L.GT.2) GO TO 4
GD TO (11,12),L
11=R1,12=R2
NRTR(LVL)=1
EST=EST]
AEST=AEST]

FB=FM

FT=F3

FM=FS

FS=F1
B=(A+B)/2.0£0
EPS=EPS/2.0E0
LVL=LVL+1

60 T0O 1
NRTR{LVL)=2
FA=FB

FS=F2{LVL)
FM=FTP{LYL)
FT=FA(LVL)
FB=FBP(LVL)
B=XB(LVL}
EST=EST2(LVL)
AEST=AEST2(LVL)
GO TO 7
£PS=2.0EQ¥EPS
IF(LVL-1)5,5,9
ANCA=TSUM-ESUM
RETURN

END

B.13
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SUBRQUT INE CALCON

{Continued)

ctii'*tit"ﬁiitttiit!i e A e e e o e o O e o o A e i el e e el e e e

ciitl‘tii!"'i*.‘tiit!t A e R o o e I el o e e e e e sl ek e e e e

LEVEL 2, NSORCE,MRECEP,TPSI,CISUM, IPACT,PACT,PDEN,DUST20,ACTRAT,
1 PTSZ220,RX0,RXQRN,PTSZ ,QNAME

c

Cl"l‘i*t‘tiitl’ltil’l’iiitt thkwERy

10
20
30

COMMON/BDATA/NSORCE , NRECEP, TPSZ{4,4,240) ,CISUN{ 7,240} , IPACT(20),
1 PACT{3,4) ,PDEN{4},DUSTZ0(6) ,ACTRAT,PTSZ20,RX0{20, 240,4),
2 REQRN(20,240,7Y ,PTSZ(4) .QNAME(S,20)

COMMON/CDATA/QAUST{10,2,20) ,DEPYEL {4),CPY{5,20), [STEP, IRCY, TADD,
L ALN2,TSTEP{10)},ALF{6) ,GFACT{4,10) ,GPFACT(4),TFACT{4,10) NSTEP,
2 TPFACT{4) LGIP(4,4,240) ,CGXRN(A,240) ,JC(10) ,XPFACT

DIMENSION DC{4),TEMPO(4,4) , TEMPT(4)

SPY=3.156E7
GFACTR=1.DE12/SPY
IT=ISTEP

DO 30 IR=1,MRECEP

DO 20 1x=1,7
CISUM{IX,IR}=M.0
IF{1X.GT.4} GO 1O 20
DO 10 Ip=1,4
TPSZ(IP, X, [R)=0.0
CONTINUE

CONTIMUE

DO 63 IR=1,NRECEP
D0 60 151, ,NSDRCE
0¢ S0 I%=1,7

ANK=CPY{5,IS}*QAJUST(IT,2, IS)*QF ACTR*RXQRN{ IS, IR, 1X)

CISUM{TX, TR} =CTISUM{IX, IR )+ANK

IF{I1X.GT.4) GO TO 50
DO 40 1p=1,4

ke

ANK=CPY( [X, IS}*QAJUST{ 1T, 1, 1S)*GFACTR*RXQ{ 15, IR , 1P}
TRSZ(1P, T, IRY=TPSZ( 1P, IX, IR)+ANK

CONTTNUE
CONTINUE

M A WA i

b b A Ea Ll o s il sl L L Ll e L R L R T L e L R L F A e e e ey ey

WE HOW HAVE DIRECT AIR CONCENTRATIONS COMPUTED. NOW MUST COMPUTE
NEW GROUMD AND TOTAL AIR COWCEMTRATIONS. IF JC(2}=1
POPULATION DOSES WILL BE 100-YEAR ENVIROMMENTAL DOSE COMMITMENTS.

Chhnsdhhrtahbhedhhbhdd et d A r e hhdrd kA e E W r S d kA e & A b ki ek

3
C
C

RALAM=ALF{3}*100.0
PHLAM=ALF {47%100.0

PREXP={1.-EXP{-PBLAMY/ALF(4})

PREXP=PREXP+(FXP(-RALAR}-EXP (~PELAM) ) /{ALF{3)-ALF{4})

LOLAM=ALNZ«3.156€7/{2.23E01)

PUEXP=PBEXP+LDI AM/ALM{ 1)
IRE=1

IF{TRCY.GT.0.AND.JC{2).EQ.1) IRR=IRCV+]

[F{IRB.EQ.1} GO TO 110

COMPUTED

P L bl i L L e e L g L L Y P

C

NOW COMPUTE CONCENTRATIONS FOR EDC CALCULATIONS.

crti*tlti*i!ti*t‘ti*tl Al A hr koA W W Rk W kW A d e Ak e e i ok o ek ek

L

70

p0 100 [R=1,IRCY
DO 70 I%=1,3

COXRNELX, IR} =0.003%CTSUM{2, IRVYKPFACT

po 70 1P=1,4

CGIPIP,TX, IR)=DEPYEL(IP)*TPSZ(1P,IX, IR}XGPFACT{IX)
ADJST=PREXP*DEPYEL{TP}*TPSZ{1P,3, IR}

IF{IX.EQ.3} CAIP{IP, A, TRY=COIP{IR, IX, TR}+ADIST

CONTINUE

CGXRN{4,IR)=0.003*CISUM{5, IR) *GPFACT{4)

00 90 [P=1.4
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NOW COMPUTE CONCENTRATIONS FOR NORMAL CALCULATIONS.

C**************tt**t** e e e e s i e e iy o e ke o e e i e e s ool vk e ol e die ol e she ol i e ol e s ek ek o e e e de ke e de

£

C

C******i*******ti**t** e e e i e e e e v e o i ok i ok e i She oie ol ol e sir Shevie ol e i Sie ol i ol e she i ok ol ke i oie S e e i

SUBROUTINE CALCON HAS COMPUTED VALUES OF TPSZ, CISUM, CGIP, AND
CGXRN FOR TIMFE STEP ISTEP. TPSZ AND CGIP ARE FOR PARTICULATES
OKLY# TPSZ VALUES INCLUDE RESUSPENSION. CISUM AND CGXRN ARE FOR
RADON AND INGROWN DAUGHTERS ONLY. PARTICULATE AND RADDN COMPO-
NENTS ARE KEPT SEPARATE TO PERFORM 40CFR190 CALCULATIONS IN UNIDOS

o v ke o e ok o el o el e de ke vk vk e e e ke e s ke e ol e i ol e i e i o i e ol e e e oy e e S o ek e el o o o ke e ok ek R

C
C
C
C
C
C

80
90
100

110

120

130
140

150

160

170
180

190

FIGURE B.0-1.

D0 80 1x=1,3

(Continued)

TPSZ{IP,IX,IR}=TPSZ{IP,IX,IR)*TPFACT(IX)

TPSZ(1P,4,IR)=TPSZ(IP,3,IR)
CONTINUE

IRE=NRECEP
IF{IRE.LE.IRCV) GO TO 190
TEE=TSTEP({ISTEP)

DO 120 IX=1,4
DC{IX)=EXP(-TEE*ALF{IX))
CONTINUE

PRFAC={(1.-DC(4))/ALF(4)) + ({DC(3)-DC{4))/ALF(3)-ALF(4)})

PBFAC = (LDLAM/ALF(3))*PBFAC

DO 180 IR=IRB,IRE
DO 140 IP=1,4
DO 130 1X=1,3

TEMPO(IP, IX)=DC{IX}*CGIP(IP,IX,IR)

TEMPO{IP,4)=TEMPO(IP,3)
DO 150 IX=1,3
TEMPI(1X)=0.0

TEMPI (4)=CGXRN(4, IR)*DC(4)
DO 160 IX=1,3

CGXRN(IX,IR)=0.003*CISUM(2, IR)*XPFACT

DO 160 IP=1,4

CGIP{IP,IX, IR)=DEPVEL{IP)*TPSZ(IP,IX, IR}Y*GFACT{IX,IT)+TEMPO(IP,1X)

IF(IX.EQ.3) CGIP(IP,4,IR)=CGIP{IP,IX,IR)

CONTINUE

CGXRN{4,1IR)=0.003*CISUM(5,IR)*GFACT(4,IT)+TEMPI{4)

DO 170 1X=1,4
D0 170 IP=1,4

TPSZ{IP,IX,IR)=TPSZ(IP,IX, IR} *TFACT(IX,IT)+TEMPO(IP,IX)/(1.0E9)

CONTINUE

CONTINUE

RETURN
END
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FIGURE B.0-1. (Continued)

SUBRNUTINE CHIQU{NPRINT) CHIOU
c*tiiitiktt!ttitiiki‘t ttlltﬁ*ii‘ti'Qﬁlttti!Qiﬁi"ttlitt'*iiiti‘iitiﬁﬁi* CHIOU
REAL HLM,ACTIV,GMAT CHIQU
¢ CHIOU
LEVEL 2, NSORCE,NRECEP,TPSZ,CISUM,TPACT,PACT,PDEN,DUST20,ACTRAT,  CHIQU
1 PTSZ20,RX0,RXQRN,PTSZ ,ONAME CHIQU
€ CHIQU
COMMON/ADATA/PTSIFC(4,3) ,FREQ(16.6,5) ,50RCE{ 12,207 ,DM, HLM(7), CHIQU

L WDEP{4),GMAT{7,7},VSET(4)} ACTIV(?),ZRECER(240) ,PECEPT(2,240), CHIQU
2 GDSCAL,QSCALE,DA(B),0B(6),0C{6),UU(6),NPS.NPE NPP, IFLAG,JFLAG, CHIQY

3 TSORCQ,KSORCE,IWD, WS, ISTAB, IWSE, IWSB, [RECEP, TFPART, IFRH, CHIGU
4 PINK(4,8) RINK{T} CHIGU
c CHINY
COMMON/BDATA/NSORCE  NRECEP, TPSZ{4,4,240),CTISUM[ 7,240}, IPACT{20),  CHIOU
1 PACT{3,4),PDER(4) ,DUST20(6} , ACTRAT, PTSZ20,RXQ{20,240,4), CHIQU
2 RXQRN(20,240,7),PTSZ{4),ONAME(S,20) CHIQU
C CHIQY
t CHIQY
DIMENSION PSORC({4)} CHIQU
ci!tii*tiittttttnttttﬂ ke LA S L3R d ik L -k *k e 2 s RYT RS L L2 L CH]UU
[F{NPRINT.NE.1} GO TO 10 CHIQY
cttttttttiiititttttiit LR AR L L L L E L E Ry DL L e Ty e e p e ) CHIQU
€ CHIOU
CALL HEADER CHIQU
c CHIQU
Clttit*tt!tiitltttt!ti LA R L et e T T s P Y e L 1] CHIQU
PRINT 1000 CHIQU
C CHIOU
10 CONTINUE CHINY
DO 330 I5=1,NSORCE CHIQY
ISORCI=1S CHIOW
IB=SORCE( 10,15} CHIQU
KS=SORCE{11,IS) CHIQU
KSORCE=KS CHIQU
IFLAG=0 CHIGQU
IPX=IPACT(1S) CHIMW
c cHIgY
Do 100 IP-1,4 CHIQU
IF{PTSZFC{IP,KS).EQ.0.0) GO TO 100 CHIOU
¥DEP{IP}=0.01 CHIMUY
VSET{IP)={3.0E-5)*PDEN{KS)*{{PTSZ{IP))**2} CHIO
IF{¥SET{IP}.GT.0.01) VDEP{IP)=¥SET{[P)} CHIQY
NPE=TP cHIQU
IF(IFLAG.NELNY GO TD 100 CHIgU
IFLAG=1 CHIMY
NPS=1P CHIQY
100 CONTINUE CHIN
C CHIQU
JFLAGS IFLAG CHION
IF(IFLAG.EN.O) GO TO 130 cHInUY
NPP=NPS CHIQU
U0 110 [=NPS,NPE CHlgy
IF(PTSZFC{I,KS).EQ.0.0) GO TO 110 CHIQU
TF{¥SET{1}.GT.0.01) GO TG 120 CHIQU
110 CONTINUE CHION
L CHINY
JFLAG=0 CHIQU
120 KPP=[ CHIQU
130 CONTINUE CHIOU
C CHIQU
DO 160 [R=1,NRECEP CHIM
DO 160 I=1,7 cHIqU
CISUM{I,[R)=0.0 CHIQU
[F{1.GT.4) GO TO 150 CHIQU
DO 140 IP=1,4 CHinY
TPSZ{IP, 1, IR}=0.0 CH1OY
140 CONTINUE CHINW
150 CONTINUE CHIQU



FIGURE B.0-1. ({Continued)

160 CONTIMUE CHInU
C CHIQU
00 170 1=1,4 CHIOU
PSORC{T)=SORCE{I+4,15) CRIQU

170 CONTIRUE CHIMY
c*i*iiltt*t.tti*il*ti‘ R L E R R L e e e A e NI SRR L AT XL TN S LS P Rl g CHIQU
c BIG LOOP OVER POLUD BEGINS NEXT. TPSZ AMD CISUM ARRAYS HAVE CHIDY
C BEEN ZERDED QUT ABOVE. THEY WILL NOW RF VALUED AS THE INCREMENTAL CHIOU
c ATR CONCENTRATIONS DUE TO SOURCE 15. CHINY
ctt*i*iit*ti*iw*itf'*t LRI R LR LIS R L R e L LR e Ld gt CHIOU
Do 270 JSTAB=1,6 CHIOU
I5TAB=J5TAR CHIOU

C CHIOU
00 270 JWD=1,16 CHIqQU
1WD=JWD CHIQU

c CHIQU
00 270 TR=1,NRECEP CHIGY
IRECEP=IR CRIDU

Iy CHIQU
OO 180 1=1,6 CHINU
IWSE=7-T cHIQU
LF{FREQ( W0, TWSE, L1STAB).GT.0.0) GO TC 190 CHIQU

180 CONTINUE CHIQU
190 IWSB:1 CHIQU
DO 260 JWS=1,6 CHIQU

WS =I5 CHIGN
IF(FREQ(IND, NS, ISTAB).LE.D.0) GO TO 260 CHIOU
IF{ID.LT.2000) GO TD 210 CHIoU

DO 200 1=1,4 CHINU
PSORC{T)=PACT( IPX, 1) *DUST20{ [WS)*{SORCE(4, 15} **2)*ACTRAT/PTSI20  CHIQU

200 CONTINUE CHINY
210 CONTINUE CHIQU
IFPART=0 CHINY
IFRN=0 cHIOU
cii'i'ttit'tﬁiﬁttt*itt RIS RIS TR P S A R S RS L PR AR L ) CHIQU
¢ CHIOU
CALL FOLUT{PSORC} CHIQU

t CHIQU

E*tit’titi!*tt*i'*iitt AR R AR T RN ET A AR A AR T ATk kR ik ok ik CHIQU

L SUBROUTIME POLUT COMPUTES THE WALUES OF THE ARRAYS PINK AND RINk. CHIQU
¢ PINK AND RINK ARE USED TO IMCREMENT TRSZ AMD CISUM, RESPECTIVELY. CHIQU

‘:Iitit ENARREERAA SR hhS AARET AR A A Ak At A AR TN A e T A AR d ARk CHIGU

IF{1FFART.NE.1) GO TO 230 CHIQU

D0 220 I=NPS,NFE CHIOU

0d 220 J=1,4 CHIQU

220 TPSZ{I,J, IRY=TPSZ(I,J,IR)+PINKIT,J) CHIQU
230 COMTINUE CHIOU
IF{IFRN.NE.1) GO TO 250 CHIOW

0o 24p 1=1,7 CHIQU

240 CISUM{T,TIR)=CISUM{I,LR}+RINK{1} CHIQU
250 CONTTMUE CHIMY
TWSR=IWSB+1 CRIQU

260 CONTINUE CHINY
C CHIQU
270 CONTINUE CHIM)
Al AR A L b L el b bl b bbbt bbb bl b bl Al i A L E LA bl bbb b bt bl CHIOU
C TPSZ AND CISUM HAYE NOW BEEN YALUED AS THE INCREMENTAL ATR CHIOU
¢ CONCENTRATTONS NUE TO SOURCE IS, THEY WILL NOW BE USED TO CHINU
¢ ESTABLTSH VALUES OF RXQ AND RXQRN FOR SDURCE IS. CHIQU
[HrRerdhhhdrditidtdies HARER AT RN AR T AR AR AR AR AS AN AT AN R TR AT AR TN CPIQU
00 320 [R=1,NRECEP CHINU
IF{SORCE(5,ISY.LE.0LD) GO TD 29D CHiNY

o0 280 1P<1,4 CHINU
IF{PTSZFCLIP, XS).LE.0.0) GO TO 280 cHIQU
RAG{IS, IR, IP}=TPSZ{IP,1,1R}/SORCE{5,TS) CHIOU

280 CONTYNUE CHIQU
290  CONTINLE CHIGU
IF{SORCE(9,15}.LE.0.0) GO TO 310 CHINU



FIGURE B.0-1.

DO 300 1=1,7

(Continued)

300 RXURN(1S,1R,1)=CISUM{I,[R)/SURCE(9,1S)

310 CONTINUE

320 CONTINUE
c

330 CONTINUE

C***ti*ii*t**********t e v vk e v v vk kv ek ok e ek vy e ol e ek ol e e ok i e o i vk e e e ok o o e sk ik e ok

c VALUES OF RXQ AND RXQRN HAVE NOW BEEN COMPUTEQ FOR ALL SOURCES
C AS REQUIREO. THEY WILL BE USED BY SUBROUTINE CALCON TO CALCULATE
C KEW DIRECT AIR CORCENTRATIONS FOR EACH TIME STEP, RXQ AND RXQRN

C ARE PRINTED BY FOLLOWING ROUTINE IFF JC{5)=NPRINT=1.

C*i*i*ii*iti*******t** e e 0 ol e e it e e v ol o ol iy 9 o A ol i ol ok e o e e vl e ol ol ol ok ol ol vkl ol ol ok ke ok

IF{NPRINT.NE.1) RETURN
C

LL=4

DO 350 IS=1,NSORCE

DO 35D IR=1,NRECEP

IF(LL.LT.60) GO TO 340

Ct*i****i*ii********t* v i vk 7 s i vl e 3 o v ok e vl ol vt ol e ok i vl o ol ol ol sl vl vl v v e e i o e i il ok e

C

CALL HEADER
C

c**i***itti*****ii**** el vk iy vk e i e e i e e e e v o ol o ol o e e el e ek e e ol ek e e ki e e ek

PRINT 1000
LL=4

340 PRINT 1010, IS,IR,{RXQ(IS,IR,IP),IP=1,4),(RXORN(IS,IR,IX},IX=1,7)

LL=LL+1
350 CONTINUE
RETURN

Ci*i**i*************** Aol e 9 vk A ek ek v ot e 2 e A o ok e ek v e vk ok e i e i i vk e o vk e i ol e o e e ok o e vk

1000 FORMAT(1H ,28X,'RELATIVE DISPERSION FACTORS, CHI/Q VALUES, IN ',

1 'PCI/M3 PER PCI/SEC (SEC/M3)',/3X,'IS IR',4X%,'PTSZ 1',5X,

2 'PTsSZ 2',5X%,'PTSZ 3',5X%,'PTSZ 4',5X,'RN-222',5X,'P0-218",5X,

3 'PB-214',5X,'BI-214',5X,'PB-210",5X, 'B1-210",5X, 'P0-210")
1010 FORMAT(1H ,2X,12,2X,13,11(2X,1PE9.3})

Ct*ii*f**ittiiti*t*ti* Je e v ok v ol o ok e o e e e e 9 e e skl e el e o 29 ok i e e el e A ke i e e ek

END
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FIGURE B.0-1. (Continued)

SURROUTINE DDEP {SIGZ,0HWIND,%1,PHT,L1}

REAL HLM,ACTIV CMAT

COMMON/ [ NTG/SUMP{5=6) , 5UM, H,L XL

COMMON/DEPY /QX0(5,67 ,0XOR(5)
COMMON/ADATASFTSZFC (4,3} FREQ(16,6,6), SPRCE(12,20),0M HLM(7),

1 VDEP(4),GMAT{7,7},¥SET{4] ,ACTIV{7),ZRECEP(24D) RECEPT(2,240),
2 GDSCAL,OSCALL,DAG),DR(6),00(6 ), IU{F),NPS, NPE NP, TFLAG, JFLAG,
3 ISORCI,KSORCE,IWD, 1WS, ISTAR, IWSE, INSE, IRECEP, [FPART, {FRN,

4 PINK(4,4) ,RTNK(T)

L=L1

HaPHT*#*2

A=x1
SI100=0A(L}*100,*(1.+0B{L )*100. j**GC{L}
SUM= 100, *EXP{-H*0.5/{ST100%*2}} /52100
IF {JFLAG.EC.0} GO TD 20

AP=50.,

DO 10 [=NPP,NPE

IF {PTSZFLC{L,KSORCE).£Q.0,0) GO TO 10
D0 5 J=TWS5, IWSE

HP=PHT-XP*¥SET{ 1}/U0{J)

IF (HP.LT.D.0) HP=0.0
SUMP{1,J]=100.*EXP(-HP=HP40, 57 (52100%52100) }/57100
CONT INUE

CONTINUE

IF {DAWIMD.LE.1ON.) GO TO 70

IF {L,GT.4) GO TO 60

I {SIGZ.LT.0.47*DM) GO 1O &N

IF {DNWIND.LE.X1) GO TO &0

IF (X1.LT7.100.) X1=100,

CALL INTEG (0,100.,X1,PHT)

AM=DNWIND

IF (OMWIND.GT.2.%K1) XM=2,%X1

CALL INTEG {1.X1,XM,PHT)
DSUM=(XM-X1)#=2/ {2, *X]%DM}
SLM=SUM+DSLM

IF (JFLAG.EQ.O) GO TD 40

0O 30 [=NPP,NPE

IF (PTSZFC{1,XSORCE).EQ.0,0) GO TO 30
DO 25 J=IWS, [WSE
SUMP{1,J}=SUMP{ ] ,J}+DSkM

CONTINUE

CONTINUE

IF {DMWIND,LE.2.%X}) GO TO 9D
XL=2.*x1

DSUM={DNWIND-XL) /O™

SUM= SUM+DSUM

IF [JFLAG.EQ.O) GO TO 90

00 50 T=NPP,NPE

[F {PFSZFC(I.KSORCE}.EQ.0.0} GO TO 50
DO 45 J=1WS, INSE
SUMP{1,2)=5UMP{T,J)+DSUM

CONTINUE

CONTINUE

GO T0 90

CALL INTEG {0,100.,DNWIND,PHT}

GO TO 90

SUM=SUM=DNY THD /100,

IF (JFLAG.EQ.0) GO TO 90

AP=DNWIND/2.

DD 80 1=NPP,NPE

YF [PTSZFC{I,KSO0RCE)LEQ.0.0} GO TO 80
DO 75 J= WS, IWSE
HP=PHT-XP*¥SET{1]/UU(J}

IF {HP.LT.0,0} HP=0.0

SUMP{ 1,0)=DNW IND®EXP (- HP*HP*N. 5/ ( SZI00*SZ 100} ) /52100
CONT THUE

CONTINUE
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FIGURE B.0-1. {Continued)

90 CONTINUE DDEP

F=SQRT{2.0/3.141593) DDEP

DO 100 J=IWS, TWSE CDEP

WDF=F*0.01*SUM/UY(J) DDEP

IF (WDF.GT.60.) WDF=60. DDEP

100 QXQR(J)=EXP{-WDF) DDEP

IF {IFLAG.EQ.0) GO TO 130 DDEP

DO 110 I=KPS,NPE NDEP

IF (PTSZFC{I,KSORCE).EQ.0.0) GO TO 110 NDEP

DO 105 J=IWS, IWSE DPEP

OXQ(1,J)=0XQR(J) DDEP

105 CONTINUE DDEP

110 CONTINUE PDEP

IF {JFLAG.EQ.0) GO TO 130 DDEP

DO 12D I=NPP,NPE DDEP

IF (PTSZFC{I,KSORCE}.EQ.0.0) GO TO 120 CDEP

DO 115 J=IWS, IWSE DDEP

WDFP=F*VDEP(I)*SUMP{1,J)/UU(J) DDEP

IF {WDFP.GT.60.) WDFP=60. NDEP

QXQ{1,Jd)=EXP(-WDFP) DDEP

115 CONTINUE DDEP

120 CONTINUE DDEP

130 RETURN DDEP

END ODEP
FUNCTION FERR (X) FERP,
C IMPLICIT REAL*8 (A-H,0-2) FERR
COMMON/DSTBZ/00A,DOB,BOC,DH,DX1 FERR
ST1Z=DOA*X*{1.0+DOR*X)**D0C FERR
FERR=EXP{-DH/(2.0*S12**2)}/S17 FERR
RETURN FERR
END FERR
FUNCTION FERRL (X} FERR1
IMPLICIT REAL*8 {A-H,D-Z) FERR1
COMMON/DSTBZ/D0A,D08,D0C,DH,DX1 FERR1
SIZ=DOA*X*(1.0+DOB"'X)**DOC FERR1
FERR1={2.0%*DX1-X)*SXP(-DH/(2.0*S1Z**2})/S1Z FERR1
RETURN FERR1
END FERR]
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FIGURE B.0-1. (Continued)

SUBROUTINE HEADER
C****************t**** i e e e i vk o i v i i e i o i e i e T i o v i o ok v s vt o sk e ok ol ol A e ol e ol ol o ok e
REAL TODAY,METSET
COMMON/GDATA/METSET(4) ,REGION(6) ,KPAGE , TODAY
C************i*****ii* e e e v ok i v i v o ol i vl e ol o o e o ol oo s e e o e o e e i e e e ol o ke ok e e e W e o
C
C SUBROUTINE HEADER PRINTS THE HEADING AT THE TOP OF EVERY PAGE.
c
C********i****i**i***i e vir e 9 e i v e v e e iy o ol e e ol i ol ok ol ol vl i i ol e ol e ol i o o i ol e e vl e e o ol ek e o
KPAGE=KPAGE+1
PRINT 10, (REGION(I},I
PRINT 20, {METSET(I),!
RETURN
C*t*t****************i Jedd A d kW kW kAT Ak kA ke ko ko
10 FORMAT{1H1,'REGION=‘,6A4,29X,' CODE=MILDOS,REVO (7/79)',21X,
1 'DATE=',A10)
20  FORMAT(1X,'METSET=',4A4,81X, PAGE NO. ',14)

C********************* e v i e o oy i i ok e v ke i o ol ol i i ol ke e vir e o e ke ol Y vl vl Y v v e i ol i ol ok ol e o vl e o e e o

END

=1,6),TODAY
1,8),KPAGE

FUNCTION HT {I,PHT,XP,U)

REAL HLM,ACTIV,GMAT

COMMON/ ADATA/PTSZFC(4,3) ,FREN(16,6,6),SORCE(12,20),DM,HLM(7),

1 VDEP(4),GMAT(7,7),VSET(4) ,ACTIV(7},ZRECEP(240) ,RECEPT(2,240),
2 GDSCAL,QSCALE,DA(6),08(6),0C(6),UU(6),NPS,NPE ,NPP, IFLAG,JFLAG,
3 ISORC1,KSORCE, IWD, INS, ISTAB, IWSE, IWSB, IRECEP, IFPART, IFRN,

4 PINK(4,4) ,RINK(7)

HH=PHT-XP*VSET(1)/0
IF (KHM.LT.0.0) HH=0.0
HT=H**2

RETURN

END
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FIGURE B.0-1. (Continued)

SURROUTTNE INTEG (INDEX,X1,%N,PHT)

EXTERNAL FERR,FERRI

REAL HLM,ACTIV,GMAT
REALDOA,DOB,DOC,DH,DX1, DXL, DXN, ER,FERP FERR]
COMMON/ TNTC/SUMP(S 6, SUM, ML L, KL

COMMON/ADATA/PTSZFC{4,3) FRED(16,6,6) ,SORCE(12, 20, DM, HLM(TY,

1 VDEP{4)} ,GMAT(7,7},VSET{4) , ACTIV({7},ZRECEP(240) ,RFCLPT(2,240),
2 GDSCAL,QSCALF,0A(6},0B(6),0C(F),UL(E) NPS,NPL,NPP, IFLAG, JFLAG,
3 1SDRC1,KSORCE, IWD,IWS, ISTAS, IWSE, IWSB, IRECEP, IFPART, IFRN,

4 PINK{A,2),PINK{7)

COMMON/DSTRZ/DOA, DOR ,DOC, NH, DX
FUNG{ALB,CY=EXP{ (-A+BY*0.57{C*C 1}
IF (XI.GT.XMY GO TO 70

DX:=DBLE(X1)

RAN=DBLE{ XN)

NX1=DBLE(XL)

[=DBLE {H})

BOA=PBLE{OA{L))

DOS=DRELECOR{LYY

DOC=DELE{OC{L))

£=1.08-4

IF (INDEX.FQ.1} GO TO 10
GSUM=ANCA{DXI,DXN,EF,M,1,FFRR)

60 T0 20
DSIM=ANCA{DXI,DXN,EP,M, 1,FERRY) /CX]
SUM=SUM+DSUM

IF (JFLAG.E0.0) RETURN
AP=(XL+ENY /2.
SIBAR=DA{LY*XP*{1.+0B{L)*¥P)**0C(L)
DO 60 1=NPP,NPE

IF (PTSZFC{T,KSORCLY.EQ.0.0) GO IO &D
D0 55 J=IWS, IWSE

U=UU{d)

AH=PHT*UYSET{T)

IF {f#.LELXT) GO TC an

[F (XM.GF,¥MY o0 TQ 30
XPL={XI+XM}/2.

HP=HT(I,PHT,%P1,U}

HP=HP* [ {XM-X 1) (XN-XT))%*2

G0 TO 50

HP=HT{1,PHT AP, 1N

G0 10 &0

HP=0,0

SUMP (T, J)=5SUMP{ [, J)+0SUMSFUNC(HP H,SZRARY
CONTIHUE

CONTIMUE

RETURM

PRINT &0

sTOP

FORMAT('1','ERROR IN SURRDUTINE INTEG, XI.GT.XM'}Y
NG
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FIGURE B.0-1. {Continued)

SUBROUTINE POLUT {PSDRC)
LOGICAL SGTOMX

COMMON/ADATA/PTSZFL[4,3),FREQ{16,6,6),SDRCE(12,20) , DM, HLM{ 7},

1 YDEP(4),GMAT(7,7} ,¥SET{4),ACTIV{ 7}, ZRECEP{ 240 ,RECFPT( 2,740},
2 GOSCAL,QSCALE,0A(6),0B{6),0C(6),UU(EY, NP, NPE,NPP, TFLAG, FLAG,
3 1SORCI,KSORCE , IWD, TWS, ISTAR, IWSE , TWSR, TRECER, IFPART, IFRN,

4 PINK{A,4) RINK(T)

COMMON/BEPY/0%0{5,6) LOXIR(6)

DIMENSION COSWD({L6},SINWD{16) ,PSURC(4)
DIMENSION PHTP(5).01P{5}.C3P{5),ARGIP(5)
FOUIVALENCE {TWNDIR, IND)

SINWD{ IWNDTR)=SIN{ {PI*FLOAT{ IWNDIR-1}}/B)

DATA STMWD/0.1, 3R268,.70711,.92348,1.0,.02388,.70711,, 3R268, 1.0,

1 -.38268,-.70711,-.92388,-1.0,-.92388, . 70711, -. IR2ER/
COSWD{ IHNDIR]=COS{ (P 1*FLDAT{ TWNDIR-1}]/8)

CATA COSWD/1.0,.92288,.70711, . 38268,0.0,-, 38268, -, 70711, -, 92304,

1 -1.0,-.923868,-,7071L,-,38268,0.0, . 38268, .70711, . 92388/
DATA PLA,PIf/.7853982,.3026091/

SDIAM=SORCE{4,1SNRCT)

SRAD=5DIAM/2,

PSEACT=FREQ( Wl [W5, [STAR)

DNWIND=GDSCAL*{ (SORCE(2, ISORCT}-RECEPT{2, JRECEP) y*COSHDT LWNDIR )+ (5

LORCE{1,TSORCI}-RECEPT{1,IREEEP) }*SINWD! INNDIR])
A-=DNHTND+SDTAM/P18

IF (SDTAM.GT.100.) GO TO 10

IF [X) 250,250,20

1} IF (SRAD+ONWINDY 250,250,20

20 CXWIND=GDSCAL*ABS{ (SORCE(2, ISORC1}-RECEPT{Z, TRECEP) )= STNWD( LWNDIR)

30 Q=0SCALE={PIA*[r*} 4 DR*X=SDIAM+4.1616*SDIAM*SDIAMY )/ (SRAD*SRAC*1h

1-{SORCE{1, ISORCT)~RECERT( 1, IRECEP Y *COSKO{ THNDIRY)
Y=X*P18

IF [¥.LE_CXWiND) GO TO 250

1F (SPAD.GT.ABS(DNWIND)) GO TO 30

IF (SOIAM.LE. (ONWINO®PTR)} GO TO 40
0=0SCALE*{{P18*X-SDIAM) /SO 1AM)
ONMIND=S0RT{ (MW IND*CNMIND Y+ SRADNSRAN] )

FROM DNWIND={ {4, *ONWIND®*2, +SOIAM**2 4= 5] /2,
1=2. *DMWIND

IF {CXWIND-{SRAD+X*P18}} 50,50,250

1.}

FROM Q=0SCALE*{,1965% (X-7, 040%SOIAMI** 2. 1 /ST 1AMR*Z,
ONNIND=SINND{3 )™ DNWIND+ SRAD)

WHERE SINWD({3] = SIN(PIE*Z) OR SIN(PT/4) OR ,J0711
L=DMWIND*2Z,

IF [CXWIND-SRAD} 50,50,250

4G Q=Q5CALE
50 Q=0*{Y-CXWIND)fY

o

C
[

Chwk
{wee

C

CORRECTLION SUGGFSTED BY APCD -- JANUARY 1971

IF {%.LT7.100.40) ¥=100.0

LUl IHS)

L=15TAB

Y2100, 0%/

IF (¥.LE.0.0) GO TO 250
DK INDN=DNKIND

L1=t

LR s b LTl 1 g

BRIGGS FLUME RISE FORMULATION & JANUARY 1071

HS=SORCE (3, ISNRCL)Y

ADD HOLLAND-STUMKE-MOSES/CARSON RISE 1F vnpen. g

NOTE THAT ¥nD 1S SORCE(12,ISORCI}

IF [SORCE{12,1SDRCY).OT.0.0) HS=HS+1.5%SORCF{17, ISORCL} A
PHT=HS

IF (ZRECEP{IRECEP).NE.DY PHT=PHT-ZRECFP{IRFCEP}

Shh kAt ETRN

IF {PHT.LT.D.N) PHT=0.0
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FIGURE B.0-1. {Continued)

IF {TFLAG.EQ.N) GO TO S0 FOLUT
DO 80 [=NPS,NPE POLLT
IF (PTSZFC(I,KS0RCE).EQ.0.0) GO TO &n POLUT
IF {¥SET{1}.LE.0.01) 60 TO &0 FOLUT
PHTP{1)=PHT-DMWINO*¥SET( T} /Y POLUT
G0 TO 70 POLUT
60 PHTR{1})=PHT POLUT
70 TF (PHTP(1).LE.0.04 PHTR{I)=0.0 POLUT
80 CONTIMUE POLUT
90 IF {DMWIND.LT.100.) DNWIND=100. FOLUT
SIGZ=0A(L)*DNWIND*Y1. +QB{L)*DHW IND}**0C{L ) POLLT
ARGL={ - G*PHT**2 ) JUS[GI**2) POLUT
{F {IFLAG.EQ.0) GO TO 110 POLUT
DO 100 1=NPS,NPE POLUT
IF (PTSZFC{I,KSORCE).EQ.0.0) GO TO 100 POLUT
ARGIP(1}=(-.5*PHTR[I)**2)/(SIGZ**3) POLUT
100 CONTINGE POLUT
110 SGTDMY=.TRUE. POLLT
IF {L.GT.4) GO T0 170 POLYT
TF {SIGZ.LT..A7%DMH GO TO 170 POLUT
X1=0.47+DM/0AL) POLUT
IF {L.LT.3} 60 10 120 POLUT
1l=x1*x] POLUT
Al11=X1*0B{L}/2. POLUT
¥1=X114{X11*X114%1}**0.5 poLuT
120 IF {X.GE.X1*2.) GO TO 130 POLUT
AD=z.*%] POLUT
SGTOMY=,FALSE, POLUT
GD TO 140 POLUT
130 XDO=Xx POLUT
Y40 C2={.0255%Y)/(OM*XD) POLUT
IF {.NOT.SGTOMX) GO TO 160 pOLUT
C3=C2 POLUT
IF {IFLAG.EQ.0) GO TO 200 POLUT
00 150 T=NPS,NPL FOLUT
IF {PTSZFC{I,KSORCE).EQ.0.0) GO TO 150 POLUT
CIP{I)=C2 POLUT
150 COMTIMUE POLUT
G0 TD 200 POLUT
160 XD=X1 POLUT
G0 TO 180 POLUT

170 XD=X POLUT
180 IF (ABS{ARG1).GT.60.} ARG1=-60. POLUT
C1=f.0203%Y)/[SIGI*XD)*ELP{ARG]) POLUT
€3=(1 POLUT
IF (.NOT.SGTOMK} C3=Cl-{{X-X1)/%1}*{C1-C2} POLUT
IF (IFLAG.EQ.{T} 60 TO 200 POLUY
00 180 [=KPS,NPE POLUT
IF {PTSIFC{I, KSORCE).EQ.0.O) GO TO 190 POLUT
IF {ARS{ARGIP(1)).6T.60.) ARGIP(}}=-60. POLUT
AREXP=EXP{ARGIP(L}) POLUT
CIP(I)={.0203*Y}/{SIGZ*XD}*AREXP POLUT
C3r{1)=CIP{1) POLUT
IF (. NOT.SGTOMX) C3P{1)=ClP{1}-({X-X1}/X1}*{CIP(1)-C2} POLUT
190 CONTINUE POLUT
HALF-LIFE MOBIFICATION FOR RADQN222 POLUT
200 TIME=DMWTNG/U POLUT
CONCRN=SORCE {9, I50RC]) POLUT
IF {IFLAG.EQ.N) GO TO 23D POLUT
IF {IWSB.GT.1} GO TO 210 POLUT
CALL DDEP {S16Z,DWINDD,X1,PHT,L]Y POLUT
210 DO 220 1=NPS,NPE POLUT
IF {PTSZFC{I,KSNRCE).EN.0.0) GO TO 220 POLUT
DO 215 1(=1,4 POLUT
216 PINK(I,IT)=C3P(1}*PTSZFC[ T, KSDRCEY*PSORC] |1 )*NX0( T, TWSI*PSFACT POLUT
220 CONTIMJE POLUT
[FPART=1 POLUT
230 IF{CONCRN.E0.0.0) GO TO 250 POLUT
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CALL ACTDR(TIME,7)
IFRN=1
FIX=PSFACT*C3*CONCRN
D0 240 I=1,7
240 RINK(T)=FIX*ACTIV(I}
250 RETURN
END

B.25

(Continued)

POLUT
POLUT
POLUT
POLUT
POLUT
POLUT
POLUT



R L L L T e GV QPP UrUrE P,

L b b L L L L e L e Y 2 I S ST s e

I e A T Y B T B R Y T 1 T R rr P ra gy

20

FIGURE B.0-1. (Continued}

SUBROUTINE POPDOS

LEVEL 2, NSORCE,NRECEP,TPSZ,CISUM,IPACT,PACT ,PDEN,DUSTZ0,ACTRAT,
1 PTSZ20,R%0),RAQRN,PTSZ ONAME

COMMON/BDATA/NSORCE ,NRECEP, TRSZ (4,4, 240),CISUM{ 7,240), [PACT{20),
1 PACT(3,4),PDEN(4),DUST20({6) ,ACTRAT PTSZ20,RAG{20, 24D, 4),
2 RXORM{20,240,7),PTS2(4) ,ONAME(S, 70)

COMMON/CDATA/QANIST(10,2,20) ,DEPYEL [4),CPY(5,20Y, 1STER, IRCY, 1ADD,
1 ALN2,TSTEP(10),ALF{6) ,GFACT(4,10) ,GPFACT(4) , TFACT(4,10),NSTEP,
2 TPFACT{4),C01P(4,4,240) ,CGXPN4, 280} ,JC{ 10}, XPFACT

COMMON/DDATA/WLFACT(3) , DCFA(S,7,5) , DCFGPA) , DCFCP{4) DCFGR(S),
1 DCFCR(5),NCFF(8,4,4) BIV{4,5) ,FBI(4),FML{4).0F , SHIELD,RF (2],
2 FREP(4,5),TISSUE(E),PATH{8) ,SRHO,WHL , TSTART, LFTODO( 103,

3 TNAME{S, 10)

COMMON/EDATA/FFORP FHAYP FPR{3), IPOP{ 12,16} WINDR( 16}, SRHO{ 12),
1 IPTOY,FRADON{4),PAJUST{10Y,PDREG(6,8,10) , POXREG(6,8,10)
2 PDTOT(&,8, 10)

DIMENSION AREA(12),PCCR(2),FIK(4,3},FGBNT(3),CAL{10,192),
1 DRI{4,192),D0STYP(6,2},PD{6,6),PWD{12,16},C1F(4,7),
2 SUMTOT{4,3),CBFT{4,3),PFA(3,12,16),PFB(3,12,16),PFC(3,12,16),

3 PFD(3.12,16},RADPOF({4 4] ,RADNAH{A) ,RADDCF{4) ,POPRAR(EY ,FOODP{3),

4 FOOBRC(3},FRACON(3)

CATA AREA/0.589,0.982,1.274,1.767,14.73,58,9,98,2 137.4,176.7,
1 216.0,255.3,294.5/

DATA PCCR/276.7,102.8,209,0/

DATA FIK/0.0, 0.1418,0.2167,0.6415,

1 0.0y,  D.0780,0,1485,0,7735,
2 0.0179,0.1850,0.2728,0.5244/

DATA FGBVT/D.783,0,196,0.021/

DATA DOSTYP/10HID0-YEAR £,1DHNVIRONMEMT,10HAL DOSE (D,
1 10HMMITMENTS, , 10H PERSON-RE , 1OHM/YERR .
2 10HARKUAL POP, LOHULATION DO, INHSE COMM[TM,
k| IDHENTS, PERS,INHON-REM PER,LOH YEAR {

DATA RADPOP/8.B,120.,2.0,56.,

1 5.8, 77.,1.8,%2.,
2 8.2,110.,1.8,52.,
3 9.0,120.,1.7,43./

DATA RADNAM/ 1OHCASPLH JJOHFALLS CITY, 1OHGRANTS '
1 IDHHELLFINET /

IF(IRCY.ME.192) RETURN
IT=ISTEP

DO 60 IR=1,[RCY

Do 10 1%=1,10
CAT(1X,TR}=0.0
IF{1X.EQ.10) GO TC 1O
€61 LXK, IR)=0.0
IF{IX.GY.4) GO TO 10
DRI{IY,IR)=0.0
CONTINUE

D0 20 [¥=1.,4
D0 26 1P=1,4

CAT(1X, IR} =CAI{1X,IR}+TPSZ{IP,IX, IR}

DRI(IX, IR)<ORIEIX, IR} +DEPYEL(LP}#TPSZ(IP, 1K, IR}
COL{IX, IR}=CGI{ X, IR}+CGIP(1P, IX, IR}

DRI(4,IR)=DRI{4, IR} «(0.003)*CISUM{5, IF)
PLUS=CGI(3,IR)

po 40 1x-5,9

XX 1%-4
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POFDOS
POPDOS
POPDOS
POPDOS
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POPROS
POPDQS
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POPROS
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POPDOS
POPROS
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POPDOS
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POPDOS
POPDOS
POPOOS
POPOOS
POPDAS
POPROS
POPDOS



30

49

50
80

CRANERFAARAKAEATAAREEEE AR AR ET RS ARG F IR F AR AR AR EEERA ARG R AR Rk

C
C
C
¢
¢
c
C
C
C
¢
¢
C
[
C
C

HY

CAnaddddhhh ke rdbrhhtd bbbk AR rrr Atk A drdtt bbbkt bt habd et ewdd ok

[
i)
C

CErhtdhhh e wr Ak d kAR RE r et A A AR ARk kAR AT A A RN AR A AT Rk AN dd

FIGURE B.0-1. (Continued)

CAT{LX, IR)=CISUM{ LXK, IR)
1F{3X.GT.5) GO T0 30
CGI{5, 1R} =PLUS

G0 TO 40

IF(IX.GT.R) PLUS=0.0
CGI{1X,IR)=CGXRNE TXK-1,IR}+PLUS
CONTIHUE

DO 50 IW<1,3

1WX=Ih+1
CAI(10,1R}=CAI (1D, 1R} +WLFACT{ IW}*C ISIM{ IWX, 1R}
CONTINUE

WE HAYE NOW COMPUTED TOTAL AIR CONCS, CAI(IX,IR],IX=ti-238,TH-230,
RA-226, AND PB-210 (PARTICULATES ONLY}, RN-222,PD-218,PB-214,
B1-214,PB-210,ANE WL {RADON ONLY). ALL IN PC1/M3 EXCEPT W(.

DRL{IX,IR) 1S TOTAL DEPOSITION RATE, PCI/M2-SEC, FOR U-238,
TH-230,RA-226,AND PB-210, THCLUDING RN DAUGHTER.

CGI{IX, IR} IS GROURD COMC., PCI/MZ FOR U-238, TH-23N, RA-276,
AND PB-210 (PARTICULATES), RN-222, PD-218, PE-214, B1-214, AND
PR-Z210 (FROM RN RELEASES AND RA-226 OFLAY).

NOW WE TEST JC{3) FOR CONCENTRATION PRINT AND PROCEEQ,

EEE AR A AR Ak AR rdh AA AT E A AR AN A A AR RN A AT e N Ak AR AN eSS R

IF{JC{3).KE.1) GO TO 120
TWDMAX=1

RRMAX=CA] (5,4)

00 70 IW-2,16

IRX=1W*12-8

1F(CAT(S, IRX).LT.RNMAX} GO TO 70
IWDMAX= [W

RNMAX=CAI{5, [RX}

CONTINUE

00 110 12=1,14,4
Th=12

CALL HEADER

PRINT 2000, ISTEP,(TNAME(L,ISTER),1=1,5},TSTEP(ISTER)
DEGREE=22.5%( IW~-1}

PRINT 2010, WINDR{IW) ,DEGREE

PRINT 2020

PRINT 2030

IRB={ 1W-1}*12+]

IRE=[RB+1]

10=0

DO 80 IR=IRE,IRE

0= 1D+1

PRINT 2040, XRND{1D},{CAI{IX,IR},IX=1,10)
CONTINUE

PRINT 2050

PRINT 2060

D=1}

DO 90 1R=[RB,IRE

JD=1D+1

PRINT 2070, XRHG{ID),(CGI(1X,1R).I¥=1,9}
CONTIMUE

PRINT 2080
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FIGURE B.0-1. ({Continued}

PRINT 2090 POPDOS
D=0 POPDOS

DO 100 I1R=1RB, IRE POPDNS
1D=1D+1 POPDOS

PRINT 2100, XRHO({ID),(DRI{IX,IR},1%=1,4) PQPDOS

100 COMTINUE POPDOS
C POPOS
IF{IWDMAX,LE. 1M} GO TO 110 POPDOS

IF{ IWOMAX,GE . W48} GO TO 110 POPDOS
IW=TWDMAX POPNGS

0 TO 75 POPDOS

110 CONTINUE POPNNS
£ PIPDOS
120 CONTINUE POPDOS
ci**llti**t*l“#tit!“‘* LA AR R LIl e LT I Y T L e L s I Pﬂpnos
£NPODS

£ WE CAN NOW PROCEED YO DOSE CALCULATIONS, PRINTING OUT TABLES AND  POPDDS
C SUMMARY [F JU(d)=1. OTHERWISE SUMMARY ONLY. MUST ITERATE POPDNS
C OVER PATH {L}, ORGAN{J), DIRECTION (IW), DISTANCE (ID), POPDOS
C ISQTOPE (1X), PTSZ (1P}, AND AGE (K). POPDOS
C POPDOS
c!‘tiiti!titit‘i‘ﬁ‘i'l AR AN AR AR S A A A A A A AN TR A A AR T ATk ATk Ahd pUPDUS
DO 130 L=1,6 POPROS

00 130 31,6 POPDOS

130 PDLJ,L)=0.0 POPDOS
s POPDOS
ILK=? POPOOS
IF{JC{2).EQ.1} ILKB] POPDOS

¢ POPDES
L=l POPDOS

00 170 J=1,5 POPDOS

DO 140 1W-1,16 POPDOS

00 180 1D=1,12 POPDOS

140 PWD{ID, IW)=M10 POPDOS
£ PIPMOS
IR=0 POPDOS

00 160 IW-1,16 pOPNAS

B0 160 ID=1,12 POPDOS
IR=1R+1 SDPDAS

D0 150 1%=1.4 POPROS

DO 150 1P=1,4 POPDOS
PWO(ID, IW}=PHO{ID, [N} +DCFA(IP, 1K, J)¥TRSZ(IP,1X, IR) POPDNS

150 CONTINUE POPDOS
ABC-CISUM{S,IR)*DCFA[S,%,d) POPDINS
ABC=ABC+CTSUM(6, IR)*DCFA(S,6,4) POPPDS
ABC=ABC+CISUM{T, IRY*DCFA(S, 7 ,J) POPDOS

PWD LD, IW}=(PRD (1D, [W)+ABC)* TPOP( 1D, IN)*{0.001) POPDOS
PO{J,L)=PD[J,L }+PWD{ ID, IW) POPDOS

160 CONTINUE POBONS
c POPDAS
IF[JC(A).NEL1) GO TO 170 POPOOS
IF{J.GT.3) 60 TO 170 POPNOS

60 TO 1000 POPBOS

170 CONTINUE POPDOS
¢ PCPDOS
J=6 POPROS

1R=0 POPROS

DO 180 1W=1,16 POPDDS

B0 180 10<1,12 POPINS
IR={R+1 POPDOS
PWD{10,IH)=CISUM{1=1R}*(0.625}*1POPLID, TW)*(D. 001} POPRNS
PD{J,LY=PD{J,L)+PHD( 1D, IW) POPOOS

180 CONTINUE POPDCS
C PORDDS
LF{JC{4).NEL1) GO TO 190 POPINS

50 10 1000 POPINS

190 CONTINUE POPDOS
T POPOOS
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FIGURE B.0-1. {(Continued)}

d=1 POPDOS
o 290 L=2,3 POPDOS
IR=0 POPNOS
DO 280 IW=1,16 POPDAS
C raPOOS
00 280 1D=1,12 POPDOS
IR=IR+1 FOPDOS
ABC=0.0 FOPDOS
IF({L.EQ.3) GO TD 230 POPDOS
C POPDOS
00 220 [¥=1,9 POPROS
IF{IX.6T.4) GO TD 200 POPDOS
BCF=DCFGP{IX) POPROS
GG TG 210 POPDOS
200 DCF=DOFGR{1X-4} POPDOS
210 ABC=ABC+DCF+CGI(TX,IR) POPOOS
220 CONTINUE POPDOS
GO T 27D POPNOS
C POPDOS
230 CONTINUE PaPNOS
00 260 1X%=1,9 POPDOS
IF{IX.GT.4) GO TO 240 POPDOS
DCF=DCFCP(IX} POPDDS
GO 10 250 POPDOS
240 DCF=DCFCR{IX-4) POPOAS
250 ABCaABC+DCF*CAI{IX,IR) POPDOS
260 CONTINUE POPDOS
C POPDOS
270 CONTINUE POPNOS
PWO{ID, [W)=ABC*TPOP{ID, IW)*SHIELD*{0.001}) POPEAS
PD{2,L}=PD{J,L)+PND{10,IN} POPROS
280 CONTINUE POPDOS
C POPDOS
IF{JCE4).NE.1} GO TO 290 POPDOS
GO TD 1000 POPTIDS
230 CONTINUE POPDDS
C POPOOS
DG 300 L=2,3 POPDIS
DD 00 J=2,6 POPONS
PD{J,L)=PD(1,L} POPDNS
300 CONTINUE POPBOS
bbb bl A A b S LR LS e 2 Ll R R e R e A L e L e e L Ly E s 2 Popﬂns
C POPNNS
C WE HAVE COMPUTED PO{J,L) FOR J=1,6 AND FOR L=1,3. NOW COMPUTE PORDNS
c POPULATION DOSES FROM FOOD [NGESTION PATHWAYS. POPDOS
¢ POPDOS
citittti!l‘!tt*il*t*ﬂtl‘ FRAE A A AN AN ek N TN A ARk kR ko PUPDOS
WLAMDA=ALNZ /WHL POPONS
TICK=(1,0-EXP(~30.*WLAMDA Y} /WLAMDA*( 24, #3600, §*{0.2/0.75) POPDOS
TOCk= ‘l.[)—E!P{-E-l].*HLMDA%;!HLMDM(?“.‘SBUO.%‘(O f2.0) POPDOS
C POPNOS
DO 310 [x=],4 POPDOS
My 310 IC=1,3 POPDOS
SUMTOT(1X,IC}=0.0 POPDOS
310 CONTINUE POPDOS
C POPDOS
IR=0 POPDOS
DO 380 1W=1,16 POPNOS
DO 380 ID=1,12 POPONS
TR=TR+1 POPDIGS
AOS=AREA( ID) POPDOS
¢ POPNNS
D0 330 Iv=1,5 POPONS
TEX=TICK PORDNS
IF{IY¥.NE.4} TEX=TOCK POPDDS
c POPDOS
No 320 Ik=1,4 POPDOS

320 CIF{IX,T¥)<DRT(IX, IR)*TEX*FREP(TX,1¥)+CGI (1K, IRY*BIV{IX,I¥)/SRHO  POPPOS
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FIGURE B.0-1. (Continued)

POPDOS

CIF(4,1v}=CIF (4, I¥)+CGI(9, IRY"BLY¥{4, IV) FSRHD POPDOS

330 COMTINUE POPDOS
t POPDOS
B0 350 IX=1,4 POPDOS
ABC=FFORP*CIF{IX,4)+FHAYP*CIF{1X,5) POPDIYS
CIF{X,6)=ABCYQF*FEBI{1X)} POPDOS
CIF(EX, 7Y =ABC*QF*FHI{ 1) POPROS
CBFT(1%,1)=0.0 POPDOS
POPDOS

D0 340 1v=1,3 POPDUS

340 CBFT{IX,1}=CBFT{IX,1)+FGBYT{[¥)*CIF(IX,1¥) POPDOS
POPDOS

CBFT({1X,2)=CIF{1X,6) POPDOS
CBFT{IX,3)=CIF{1X,7) POPTHYS

350 CONTIMUE POPDOS
POPDOS

L0 360 1€<1,3 POPDOS
PFACIC, 1D, IW)=0.0 POPDOS
PFB{1C,1D,IW}=0.0 POPDOS
PFC{IC,1D,IM)=0,0 POPRS
PFD{IC,1D,IW}=0.0 pPOPDOS

360 CONTINUE PRPDOS
POIPDOS

D0 370 IC=1.3 POPDOS
PFA{TC,ID, IN)=PFA{IC,ID, IN)+ADS*FPR{IC}*CBFT(1,1C)*RF(IC} POPROS
PFB{IC,1D,IW}=PFB[IC,ID, IW)+AOS*FPR{IC)*CBFT{2, 1C)*RF{IC) POPDOS
PEC{IC, 10, [N} =PFC{IC, 1T, TH}+AQSAFPR{[C)*CBFT{ 3, 1CI<RF{ 1) POPNIDS
PED{IC,ID, [W}=PFD{IC,TD, |W)+AOS*FPR{ ICI*CRFT{4,1C *RF( IC) POPDOS
POPDOS

00 370 1x-1,4 POPDOS
SUMTOT{T%,IC)=SUMTOT{ 1X,1C)+AOS*FPR{IC}*CBFT( 1%, ICY*RF{IC) POPDOS

370 CONTINUE POPDOS
POPDOS

380 CONTINUE FOPDOS
POPDOS

DD 420 L=4,6 POPDOS
ICaL-3 POPDOS

Do 420 J=1,4 POPDDS
POPDOS

D0 400 IM=1,16 POPDOS

DO 400 1D=1,12 POPOOS
ABC=0.0 POPDOS
POPNOS

0 390 [k=1,4 POPDOS
ABC=ABC+PFA{IC, 1D, IM)*#FIK( 1K, IC)*DCFF{1,J, IK)*{D.001} POPDDS
ABC=ABC+PFB{IC, ID, IW)*FTE{ 1K, 1CY*DCFF(2,4,TK)*(0,001] POPDOS
ARC=ABC+PFC{IC, 1D, IW)*FIK{ 1K, ICY*DCFF{3,0,1K)*(0.001) POPDOS
ABC=ABC+PFD{IC, 1D, IW)*FIK{ K, ICI*DCFF(4,J, 1K}*{0,001) POPDAS

390 CONTINUE POPDOS
POPDOS

PWD{1D, IN)=ABC POPDOS
PD({J,L)=PD{J,L}+PWD[ID, IW) POPDOS

400 CONTINUE POPDOS
POPDOS

IF{JC(4).NE.1) GO TD 420 POPDOS
IF{J.GT.2) GO TO 420 POPDOS

GO TO 1000 POPDOS

410 CONTINVE POPDOS
POPDOS

420 CONTINUE POPROS
POPDOS

Dt 430 L=4,6 £OPDOS
PD{5,L)=PD{4,L} FOPDDS
PO{4,L}aPD{3,L) POPDNS
PO(6,LY=PO{1,L} POPONS
PO{3,L)=PD{L.1) FOPNOS

430 CONTINUE POPDOS
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FIGURE B.0-1. (Continued)

C POPPOS
DO 440 J¥=1,4 POPDOS
RADDCF (JX)=0.0 POPDOS

C POPDOS
DO 440 L¥=1,4 POPDOS
RADDCF {JX) =RADDCF { JX) +RADPOP{JX, L X }*FRANON{ LY} POPDOS

450 CONTINUF POPDOS

c POPDOS
CPYRN=0,0 POPDOS

c POPDOS
00 450 15-1,NSDRCE POPDOS
CPYRN=CRYRN+CPY(S, 1S)*QAJUST{ISTEP, 2,15} POPDOS

450 CONTINUE POPDOS

C POPDOS
POPRAD(1)=CPYRN*RADDCE {17 (0. 001} *PAJUST{ 1STEP) POPDOS
POPRAD( 2) =CPYRK*RADDCF (2) (0. 001 ) *PAJUST( TSTEP) POPDDS
POPRAD( 3} =CPYRN*RADDCF { 3)* (0. 001 )*PAJUST( ISTEP) POPDDS
POPRAD(4)=CPYRN*RADDCF [1)*{0.001)*PAJUST{ ISTER) POPDOS
POPRAD{5)=CPYRN*RADDCF { 1)+{0.,001 }*PAJUST( ISTEP} POPDOS
POPRAD(6 ) =CPYRN*RADOCF {41+ {0,N01 }*PAJUST { ISTER) POPDNS

¢ POPDNS
ADS=(3.1415027)*{B0.*80.-1.) POPDOS

¢ POPDOS
00 460 1¢=1,3 POPNOS
FOODP{ 16 )=AOS*FPR{+C) POPDOS
FOODC( 1C)=1PTOT*PCCR{1C) POPDOS
FRACON( £ )=FDODC{ 1€} /FOODP{TC) POPDOS
[F{FRACON{IC}.GTalHD) FRACON{IC}=1.0 POPDOS

460 CONTINUE POPDOS

c POPDUOS
00 490 1d=1,6 POPROS

C POPDOS
DO 480 IL=1,6 POPDOS
IF(IL.GT.3) GO TO 470 POPDOS
PDREG{ 1., IL, ISTEP}=PD(1J,IL) POPDOS
POXREG( 1J,TL,ISTEP'=0.0 POPNOS
POTOT(1J,IL, ISTEP}=PD(1J, IL) POPDOS
GO TO 480 POPDOS

470 COMTINUE POPDNS

C POPDOS
I¢=IL-3 PUPDOS
POREG{TJ, IL,ISTEP}=PD{ [J, IL}*FRACON{ 1€) POPDOS
PDTOT{1J,IL, ISTEP}=PD{IJ,I1) POPDOS
PDXREG(TJ,IL,ISTEP*=PD(1d, IL)*(1.0-FRACON{IC)} POPDDS

480 CONTINUE POPDOS
¢ POPNOS
POREG{1,7, ISTEP)=0.0 POPDOS
PDXREG(1J, 7. ISTEP}=POPRAC( 1) POPDOS
PETAT{1J,7, ISTEP)=POPRAD( [} POPDOS

490 CONTIMUE POPDOS
¢ POPDOS
RO 500 1J=1,6 POPDOS
PDREG(1J,8,1STEP}=0.0 POPDOS
PDXREG(1J,8,ISTEP)=0.0 POPDDS
PDTOT{1J,8,1STEP)=0.0 POPDOS

¢ POPDNS
00 500 I1L=1,7 POPDOS
PDREG{1J,8,1T)=POREG(TJ,8, IT)+POREG{TJ,IL,IT} POPDOS
PDXREG(1J,8, IT)=PROREG (1,8, IT)+POXREG(1J,11,1T) POPDOS
POTGT{12,8,1T]=PDTOT( 11,8, IT}+ROTAT{IJ,TL,IT} POPDOS

500 CONTINUE POPRNS

Cﬁl‘i‘tl‘ﬁtl‘l!l’t*l*tittit At e o e ok ol i wke i e ol e o A Tk ki o sk b ke e e i ke o Ak popﬂﬂs

c POPDOS

c PROCEED WITH SUMMARY PRINT OF POPULATION DOSES/YR FOR THIS TSTEP. POPDDS

C PDAS

Citt*tititti‘ittti*l*t LR s L L el LT e R P L L T IR Ll L L Lt Egpgns

¢ POPDOS
CALL HEADER POPNOS
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FIGURE B.0-1. (Continued)

[ POPNOS
ARl R ey L L L L R PR TR S ENPNPIR e a POPODS
PRINT 2000, ISTER,(THAME{[,ISTEP),i=1,5},TSTEP({ISTEP) POPONS

PRINT 2150, 'ISTEP,(DOSTYP{I,TLK},!=1,6) POPDOS

PRINT 2180 POPDOS

PRINT 2170, (TISSUE(1),1=1.6) POPDOS

[ POPDOS
DO 510 11=1,8 POPDOS
[LX=1L POPDOS
IF(IL.EQ.7) ILX=8 POPDOS
TF{ILLEQUBR) ILX=T POPIHIS
IF{IL.EQ.8} PRINT 2200 POPDDS

PRINT 2180, PATH{ILX), (PDREG({IJ,IL,IT),TJ=1,R} POPOOS

510 CONTINUE POPDNS
C POPLAS
PRINT 2130 POPDOS

PRINT 2170, (TISSUE(1},1=1,6} POPDOS

¢ POPDNS
Do 520 IL-1,8 POPDOS
ILx=IL POPDOS
IF{IL.EQ.7) ILX=8 POPDOS
IF{IL.EQ.B)} ILX=7 POPDOS
IF{IL.EQ.B) FRINT 2200 POPDAS
PRINT 2180, PATH{ILX),{PDXREG{IJ,IL,IT),1J=1,6) POPDOS

520 CONTINUE POPDNS
C POPOOS
PRINT 2210 POPDOS

PRINT 2170, {TISSUE{I},1=1.6) POPBOS

C POPDOS
D3 530 [L=1,8 POPDOS
TLx=1t POPOOS
IF{IL.EQ.7) ILX=8 POPDOS
IF{IL.EQ.A} ILx=7 POPDDS
IF{IL.£0Q.8) PRINT 2200 POPDODS

PRINT 2180, PATH(ILX), {POTOT({J,IL,IT),lJ=1,6} POPDIDS

530 CONTINUE POPDOS
I L L L B R I S e R & S g ey POPROY
¢ POPROS
€ SUMMARY TABLE OF ANNUAL POPULATION DOSES FOR THIS TSTEP HAS BEEN  POPDOS
C COMPUTED, PRINTED AND STORED. NOW RETURN TO MILDOS MAIN UNLESS POPDOS
C ILE=1 AND ISTEP=NSTEP. POPDOS
C POPDAS
Al bl R L T L s e s L P T T e POPDOS
IF{ILK.NE.1) RETURN POPDOS
IF{ISTEP.RE.NSTEP) RETURN POPOOS

I R R L e T T R L T e T L POPDOS
¢ POPNAS
¢ NOW PROCEED T(t COMFUTE AN PRINT ENVIRONMENTAL DOSE COMMITMENTS POPDOS
¢ INTEGRATED OVER ALL TSTEPS. FOPDOS
¢ POPDOS
CrERAANTNFTRSETLA AN AR A AR RS TEN AR A AR TN r R d bk kT A e p bk b bbb erenenes DOPOOS
DG 550 ld=1,6 POPRCS

DO 540 IM=1,3 POPDOS

PO [M,TJ}=0.0 POPOOS

540 CONTINJE PAPDOS
[ POPDOS
D0 550 ITS=1,NSTEP POPNNS
POREG!1J,R, ITS}=PDREG{ 10,8, ITS)*TSTER(ITS) PORDOS
PDXREG{1J,8,1TS)=PDXREG(ID,B,1TSI*TSTEP{ITS) POPOOS
POTOT([J,8,1T5)=PDTOT(1J,8, ITS}*TSTER[1TS) POPDOS
®D(1,10)=PD(1, [J)+PDREG( [J,R,ITS) POPDOS
PD(2,1J)-PD{2, IJ)+PDXREG(1J,8, IT5) POPDOS
PD{3,1J)=PD{3,TJ)+PDTOT{1J,8,{T5) POPDOS

5560 CONTINUE POPDOS
[rahatbd bbbk kA kb A d AR AR AU R AR A A AT AR R RN ATk rra bk drd e rrers DOPOAS
C POPDOS
CALL HEADER FOPOOS

c POPDOS
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FIGURE B.0-1. (Continued)

Crerrrdddd kA wk ki aRrdd wewbdkkhhd AA e e rrr kAt r e ri Ak b veweedrnn DOPNNS

PRINT 2220 FOPDOS

PRINT 2230 POPOOS

PRINT 2240, (TISSUE(T},I=1,6} POPDOS
TS=TSTART POPDOS

c FOPDAS
00 BAO 175=1,MSTEP POPROS
TE=TS+TSTEP(ITS) POPDOS

PRINT 2250, 1TS,TS,TE,TSTEP{ITS},PATH{7},(PDREG(}J,B,1TS},1d=1,6} POPDOS

560 TS=TE POPDOS
C POPDOS
FRINT 2260 POPDDS

PRINT 2270, HSTEP,({PD(1,1J),1J=1,6) POPDOS

PRINT 2280 POPROS
PRINT 224D, (TISSUE{1),I=1,6) POPDOS
TS=TSTART POPDOS

C POPONS
DO S5H 175=1,M5TEP POPDOS
TE=TS+TSTER(IT5) POPDOS

PRINT 2250, ITS,TS,TE,TSTEP(ITS),PATH({7},(PDXREG({IJ,B,1TS),IJ=1,6) POPDOS

870 TS=TE rOPDOS
C POPONS
PRINT 2260 POPDOS

PRINT 2270, NSTEP,(PO{Z,{J},TJ=1,6) POPDOS

PRINT 2290 POPDOS

PRINT 2240, (TISSUE(I).1=1,6) POPDOS
TS=TSTART POPROS

c POPDOS
0o S80 ITS=1,NSTEP POPDOS
TE=TS+TSTEP{ITS) POPONS

PRINT 2250, 1TS,TS,TE,TSTEP{ITS),PATH{?),(PDTOT({!J,8,1TS),1J=1,6} POPRGS

580 TS=TE POPDOS
L POPOOS
PRINT 2260 POPDOS

PRINT 2270, NSTEP,(PD{3,1J},1J=1,5) POPDAS

¥ POPOOS
GO TO 620 POPDOS

C POPDOS
1000 CONTINUE POPNOS
R e e L L e Lt T S T L E T L e T T v Ty
¢ POPDOS
CALL HEADER POPDOS

C POPONS
Crewddwdkbd kb A hRERRANE frerdbbdd b AR v d bbb rr ek bk arwewrks BPROS
PRINT 2600, ISTEP.(TNAME(I,ISTEP),I=1,5),TSTEP{ISTEP} POPDOS

PRINT 2110, PATH{L},TISSUE{J)},{DOSTYP(I,ILK),I=1,6}, POPOQS

1 {XRHD(1),1-1,12) POPDDS

C POPDAS
D0 590 1A=1,16 POPDOS

580 PRINT 2120, WINOR(IA),{PWN({IB.IA},iB=1,12) POPRODS
9 FOPDOS
PRINT 2130, PD({J,L) POPONS

[ POPDOS
IF{L.GT.1) 60O TO 60O POPDOS
IF{J.LT.6) GO TO 170 £OPNOS

GO TO 190 POPDAS

GD TO 190 POPDOS

¢ POPROS
600 CONTIMUE POPDNS
IF{L.GT.3) GO TO 610 POPONS

GO TO 290 POPOOS

C POPDOS
810 PRINT 2140 POPTIOS
GO TO 410 POPONS
CRetrirdtddthanARttidy podedhpdufmenmmrrrdddiiradrersesaddihddtdesaraenir POPOGS
620 CONTIMUE POPDOS
RETURN POPROS

Ctiiitiii*ii'itil“tl‘ii Ahdht kA AR TR AR A E A AN AR w A kKA A A NT T T popnns
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FIGURE B.0-1. (Continued)

2000 FORMAT{1H0,28X,'TIME STEP NUMBER',12,', ',5A4,10X,'DURATION IN YRS
1 IS...",F5.1)

2010 FORMAT(IHO,32X,’CONCENTRATION DATA FOR THE',1X,A4, 'DIRECTION, THET
1A EQUALS ',F5.1,' DEGREES')

2020 FORMAT(1HO,46X, ' TOTAL AIR CONCENTRATIONS, PCI/M3, AND WL')

2030 FORMAT(IH ,’ XRHO, KM',5X,'U-238",7X,'TH-230',6X, 'RA-226",6X,
1'PB-210',6X,'RN-22 ',6X,'P0-218" ,6X, ' PB-214*,6X, 'RI-214",6X,
2 'PR-210",8X,'WL",/1X,132('-'))

2040 FORMAT(1H ,2X,F4.1,4%,10{2X,1PES.3,1X)}

2050 FORMAT{1HD,48X,'GROUND SURFACE CONCENTRATIONS, PCI/M2')

2060 FORMAT(IH ,7X,*XRHO, KM',5X,'U-238',7X, TH-230',6X, 'RA-226",6X,
1 'PB-210',6X, 'RN-222",6¥, ' P0-218" ,6X, ' PR-214" ,6X, 'B[-214° ,6X,
2 'PB-210",/7X,120('-"}}

2070 FORMAT(1H ,8X,F4.1,4X,9{2X,1PE9.3,1X))

2080 FORMAT{1HO,49X,'TOTAL DEPOSITION RATES, PCI/M2-SEC')

2090 FORMAT{IH ,37X,'XRHO, KM',5X,'U-238%,7X,'TH-230",6X, 'RA-226",6X,
1 'PB-210",/37X,60('-"))

2100 FORMAT{1H ,38X,F4,1,4X,4{2%,1PES.3,1X))

2110 FORMAT{1HO,34X, ‘EXPOSURE PATHWAY IS *,AB,10X,'EXPOSED ORGAN IS '
1 AB,//27X,'DOSES SHOMN BELOW ARE *,6A10,/7/9%,12(6X,'XRHO'),/2X,
2 'DIRECTION',2X,12(2%,Fd.1,4%),/1%,131{' "))

2120 FORMAT(1H ,4X,A%,3X,12(1X,1PE9.3))

2130 FORMAT(1HO,15X, ' TOTAL DOSE COMMITMENT IS ',1PE9.3,' PERSON-REM/YR'
1}

2140 FORMAT{1HO,40X,'WARNING--POPULATION FOOD INGESTION DOSES SHOWN',
1 /42X, ABOVE HAVE NOT BEEN CORRECTED TO REFLECT POTENTIAL'
2 ,/42%,'FOOD EXPORT AND MAY EXCEED DOSES ACTUALLY RECEIVED
3 *,/,42X,'BY THE POPULATION OF THIS REGION. SEE SUMMARY’,
4 /,42X, TABLE FOR THIS INFORMATION.')

2150 FORMAT{'Q',*SUMMARY PRINT OF POPULATION NOSES COMPUTED FOR ',
1 'TSTEP',12,'--DOSES SHOWN ARE ',6A10)

2160 FORMAT('0',/,44X,'DOSES RECEIVED BY PEOPLE WITHIN 80 KILOMETERS',
1 7,17%,98('-"))

2170 FORMAT(17X, ' PATHWAY ' ,6(7X,A8},/,17%,98{*-'})

2180 FORMAT(17X,A8,6{6X,1PEG.3))

2190 FORMAT{'0*,/,44X, 'DOSES RECEIVED BY PEOPLE BEYOND 80 KILOMETERS',
1 /,17%,98{"-"})

2200 FORMAT(17X,98{*-'))

2210 FORMAT('0',/,46%,' TOTAL DOSES COMPUTED OVER ALL POPULATIONS',
1 /,17%,98{"'-'})

2220 FORMAT{'0',20X,’COMPLETE SUMMARY OF COMPUTED ENVIRONMENTAL DOSE ',
1 'COMMITMENTS, TNTEGRATED OVER ALL TIME STEPS')

2230 FORMAT('0',20X,'100-YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVED',
1 ' BY PEOPLE WITHIN 80 KILOMETERS, PERSON-REM',/,2X,129('-'}}

2240 FORMAT(' ',1X,'NO.‘,4X,'T-START',6X,T-END*,7X,’ T-LONG*,5X,
1 'PATHWAY',1X,6(5X,A8),/.2X,129(*-"))

2250 FORMAT{' ',1X,12,3(5X,F7.2),5%,A8,6(4X,1PE9.3})

2260 FORMAT{" *,1X,129('-*}}

2270 FORMAT(* *,1X,'TOTALS OVER ALL',12,' TIME STEPS®,23X,6(4X,1PE9.3))
2280 FORMAT(’0',20X,'100-YEAR ENVIRONMENTAL DCSE COMMITMENTS RECEIVED',
1 ' BY PEOPLE BEYOND 80 KILOMETERS, PERSON-REM',/,2X,129('-'}))

2290 FORMAT('0',20%,'GRAND TOTAL 100-YEAR ENVIRONMENTAL DOSE COMMITMENT

1S RECEIVED OVER ALL POPULATIONS, PERSON-REM®,/.2X,120('-'})

Ci dhhkk R R b A bk kdh Ak kA ke d A kR kW Ak Ak bk ek kA ko ko kb

END

L
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FIGURE B.0-1. (Continued)

SUBROUTINE TAILPS(TAILP,UU)

REALHLM,GMAT, ACTIV

DIMENSION TAILP(6),UU(6)

DATA DRHO,DM,A,Z,70,P,W/2.4,0.03,0.1,100.,1.0,3.,0.1/
FST=A*(1.8+0.6*ALOG10(W))

FST=FST*( (DRHO-1.23E-3)*DM/1.22E-6)%*0.5

DO 10 11,6

FS=tU(1)*1.0E2/(2.5%ALOG(Z/70))

QH=1.0E-6*(FS**2, )*(FS-FST)

IF {OH.LE.0.0) QH=0.0
TAILP(I)=OQH*(2.E-4/{FST**3.))*{(FS/FST)**(P/3.}-1.)*1.0E4
CONTINUE

RETURN

END
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FIGURE B.0~1. {Continued)

SUBRDUTINE UNIDOS

IRl LT T L T T N
LEVEL 2, NSORCE,MRECEP,TPSZ,CISUM,IPACT PACT,PDEN,DUST20,ACTRAT,
1 PTSZ20,RXQ,RX0RN,PTSI, (INAME

COMMON/BDATA/NSORCE NRECEP, TPSZ(4,4,240) ,CISUM(7,240) , 1PACT( 20),
1 PACT(3,4},POEN(4) . DUST20{6] ,ACTRAT,PTSZ20,R¥0{20,240,4},
2 RXQAN(20,240,7),PTSZ{4),ONAME(S,20)

COMMON/COATA/QRJUST( 10, 2,20, DEPYEL (4} ,CPY(5,20%,1STEP, IRCY, TADD,
1 ALN2,TSTEP{10),ALF(6),GFACT(4,10) ,GPFACT(4},TFACT{4,10) ,NSTEP,
2 TPFACT(4),CGIP{4,4,240) ,CGXRN{4,240) ,JC{10) ,XPFACT

COMMON/DOATA/MLFACT(3} ,DCFA{5.7,5),0CFGP {4} ,DCFCP(4),DCFGR(5),
1 DCFCR(5),DCFF(8,4,4) ,BIV(4,5) FBI{4),FMI{4},QF ,SHIELD,RF(3),
2 FREP(4,5),TISSUE{®),PATH{B) ,SRHO, WHL , TSTART, IFTODO(10),

3 TNAME (5,10}

COMMON/FOATA/ ANAME ,5,48) ,FFOR T, FHAYT, IRTYPE{ 48, XRECER(D,48),
1 DIST{48),UOF{4,3},FRYT(4,3)

DIMENSION EMPC{8),CATP(4,4),CAT{4),DRI{4),CARN{7),C61{4),CaRNA),
1 FMPC{9),CON(BY,0JKL(6,4,7},ACTING(4,3,4},CTV(4,7) AGE(4)
c't"titiiittl‘l"titii LS LET L R F e L LT e eI L LI e e T ey
DATA EMPL/5.0,4.0,0.08,2.0,0.0333,4.0,200.,7.0/
DATA AGE/BHINFANT ,BHCHILD  ,BHTEENAGER,BHAOULY 7
c"tiit*ii'!ttﬂi'itit- LA R T d s EL L g I e L Ll Ea e bl e LIl ettty
MILK=C(8)
IF(MILK.NE.1) MILK=0
[T=ISTEP
WEAMDA=AL N2 /WHL
TICK={1.0-EXP(-30, *KLAMDA) )} /WLAMDA® { 24.%3600. }*(0, 270, 75)
TOCK=(1.0-EXP(-60.*KLAMDA} ) /WLAMDA= ( 26,3600, }*(0.2/2.0)

C AR R ik dk A Ak dk e e ek deiedr s i A e e e e e el e o A ek e

€ EXIT TO CONCENTRATION PRINT {FF JC(9)=1
ciiiit'iti*ittl“iﬂtit' LA AR e Ll At e L L TRt L sty ]y
TF{JC(9).E0.1) GO TG 370
1 CONTINUE
Cl’l"ti*ii*il"!“‘ﬁitti* LIS R s L DL AL L e s sl d LIl Eed st s LELL LT elll]
€ PROCEED WITH INOIVIDUAL RECEPTOR DOSE AND MPC CALCULATIONS
C
IPAGE=1
DO 360 TRA=1,TADD
TR=IRA+IRCY
IRT=IRTYPE{ IRA]
IF{IRT.LT.0) 60 TO 360
IF{JC(7).NE. 1. AND, IRT.GT.0) [RT=1

Do 20 I%=1.7
CARN{I1X}=0.0
IF{IX.GT.4) GD TO 20
CAI(TX)=0.0
DRI{IX)=0.0
CGI{Ix}-0.0
CGRN{ IX)=0.0
NG 10 1P=1,4
CAIP(IP,1X)=TPSZ{IP,IX,IR)
CAT(TX}=CAI{IX)+CAIP{ TP, [X}
DRI{TX}=DRI{IX)+DEPVEL {TP)*CAIP{IP,TX)
CGI{IX)=CGI{ 1K} +CCIP{IP, 1K, IR}
19 CONTINUE
20 CONTINUE
c*i'*l‘l'i*i""iﬁiit" EEAARA TR A AR AR R A A AN AT T AR TRtk
c COMCENTRATION DATA 15 NOW SUITABLE FOR 40CFR190 CALCULATIONS
cttt"ttit'***t‘tiiiti ER L2 g Ll e L L e L e s T T T
LAPx1
GO 10 50
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40

FIGURE B.O-1.

CONTINUE

DO 40 [x=1,7
CARN{1X)=CISUM{1X,IR)

[F{IX.GT.4) GO TO 40

CGRN{ TX)=CGXRN{1X, IR)

CONTINUE
DRI{4)=DRI(4)+(0.003)*CISM(5,IR)
LAPx2

{Continued)

cl‘ dre e dedeied bl ol deief ol TR e o e dek deed el Ao SR R el el ek ek el el R R ke i

C
[

CONCENTRATIONS ARE NOW SUITABLE FOR TOTAL DOSE OR MPC CALCU-

LATIONS

c ik e ek ek ek ek b o ORI e e deedeied el RO O R ke ek ded ke R R R

50

CONTINUE

c AR RN R R i d e e o i el R R i i e e R R ek i i A

NOW PROCEED WITH DDSE CALCULATIONS {GO TO 80) IF IRTYPE 1S

o
C
t
C

GREATR THAN ZERO (LAP=1 FOR 40CFR1S0, LAP«Z FOR TQTAL DOSES}
IF IRTYPE=0 PROCEED DIRECTLY WITH MPC CHECXING BY ROUTINE BELOW,
IF LAP=2. IF LAP=1 RETURN TO 30 TO PICK UP RADON CONTRIBUTIONS

[t

50

70

L drkedr AR R ARTRR W ek ek died e dek ol AR RN R ek ek ek ek R

IF(IRT.NE.O} GO TO 8O
IF(LAP.EQ.1} GO TO 30
FMPC{9)=0.0

WL=0.0

00 60 IXa1,3
WL=WL+WLFACT{IX}=CARM({IX+1}
CONTINUE

FMPC(1}=CAI{1]/EMPE(1)
FMPC{2)=CAI{1)/EMPC(2)
FMPC{2)=CAI{2)/ENPC(3)
FMPC{4)=CAT{3) /EMPCI4)
FMPC(5)aWL/EMPCES}
FMPC{6)=(CAT(4}+CARN(5))/EMPC(6)
FMPC{T)=(CAT{4)+CARN(6))/EMPC(7)
FMPC{8}=(CAT{4)+CARN(7))/EMPC{BY
D0 70 IX«1,8
CON[IX)=FMPC[IX)*EMPC(IX)
FMPC{3)=FMPC{9}+FMPC{IX)
CONTINUE

IF(TPAGE.NE.1) GO TO 75

IPAGE=2

Cl‘l‘tl’il‘*l‘l‘l‘l’!’l‘*l‘l’l‘l’l‘l‘* e o o e oy ek ok e e o o o e ol e A A T R R el ek e

C

C

CALL HEADER

c'l‘itttiti*iiitttttitt *

15
T

c

PRINT 2000, ISTEP,(TNAME(1,[STEP),I=1,5),TSTEP{ISTEP}

G0 T0 76
TPAGE=1
CONTINUE

PRINT 2010, IRA,{XNAME(T,IRA),1=1,56),{XRECER{],IRA},!=1,3),

1 DIST{IRA},IRT

PRINT 2020

PRINT 2030

PRINT 2040, (COH{1X),1X=1,8)
PRINT 2050, (EMPC{IX},1X-1,8)
PRINT 2060, (FMPC{IX},IX=1,8)
PRINT 2070, FMRC(9)

MPC PRINT COMPLETED, EXIT TO LDXP END FOR NEW IRECEP

GO TO 360

CANhhh ok hk kot hde b ddved deddd ke ki b A A e ok e A Ad A Ak A el A e e

NOSE CALCULATION ROUTINES FOLLOW BELOW. IP=PARTICLE $IZE,
IX=1S0TOPE, J=CRGAM, K=AGE, L=PATHWAY, USUALLY

cl‘ FERNRARARSREARARAR AN bk kbbb bbb ddddddbde b td bbbt b dd A Ad ok ded &l

c
t

a0

CONTINUE

Do 90 1.)=1,6

DO 90 1k=1,4

00 90 [L=1,7
DJKL(1d,1K, IL)=0.0
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FIGURE B.D-1. ({Continued)

CONTINUE

NOW CALCULATE THMALATION DOSES FROM PARTICULATES
L:1

k-1

DO 110 J-
DO 100 1%
DO 10D 1p
DIKL{L,K,L
CONTINUE
ABC=CARN(5)¥DCFA(S,5, ) +CARN(6)*DEFA{5,6, ) +CARN{ T} *DCFA(5.7,J)
BIKL{J,K,L}=DIKL{J, K, L)+ABC

CONTINUE

MOW CALCULATE RADDN DAUGHTER BRONCHTAL TPITHELIUM DOSE
DIKL{6,K,L}=0.625*CARN(])

NOW ASSIGN [NHALATION DOSES COMPUTED FOR K=l TO OTHER AGES

00 120 J=1,6

00 120 1K=2,4

DJKL{d, K, LY =DOEL[,K,L)

CONTINUE

NOW COMPUTE EXTERNAL DOSES FROM GROUND AND CLOUD

J=1

00 190 L=2,3

ARC=0.0

IF(L-£Q-3) GO TO 160

DD 130 1x<1,4

ABC=ABC+CGI{ %) *DCFGR( 1)

CONT INUE

[F{LAP.EQ.1) 60 TO 140
ABC=ABC+CGI{3)*(DCFGR{1)+DCFGR{2)+DCFER (3)+DCFGR{4))

CONT INUE

DO 150 1%=1,4

IXX=1%+1

ABC=ABC+CGRN{1X)*DCFGR{ [XX)

CONTINUE

HAVE NOW COMPUTED WHOLE BODY DOSE FROM GROUND

GO TC 180

1.5
=1,4
=1,4
}=OJKLED K, LY+CATP{IP , IX}*DCFAL P, IX,d)

3

DO 170 1X=1,4

ARC=ABC+CAL{ IX)*DCFEP(TX)

ABC=AEC+CARN{ [X)*DCFCR{ IX)

CONTINUE

ABC=ASC+CARN( ) *NCFCR{5)

HAVE NOW COMPUTED WHOLE BODY DOSE FROM CLOUD
CONTINUE

DJKL{J.K,L)=ABC*SHIELD

CONT I MUE

NOW ASSIGN COMPUTED EXTERNAL WHOLE BODY DDSES TO ALL ORGANS, AGES

00 200 1d-1,6
DO 200 1£-1,4
no 200 L=2,3
DIKLE TS, IK,LY=00KL{S K, L)

NOW FROCEED TO CALCULATE FOOD INGESTION DOSES. FIRST STEP IS

TC ZERD OQUT ACTING ARRAY# ACTING{IX,IC,IK}= PCI/YR OF IX INGESTED

EN FOOC IC BY AGE (K

DO 210 1X=1,4
DO 210 TC=1,3
00 210 Ik=1,4
ACTING{IX,IC,TK}=0.0

00 230 Iv=1,5

TEL=TICK

IF(TV.NE, 4} TEX=TOGK

DO 220 1X=1,4

CIVEIX, IVY=NRI[IX}*TEX*FREP(IX, TV)+CGI{TX}I*BIV{ 1%, IV} /SRHO
CIV{A, IVI=CTV(8, IV}+CORN{4)*RIV(4, V] /SRHD
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FIGURE B.0-1. (Continued)

N0 250 Ix=1,4
RBC=FFORI*CIV{IX 4} +FHAYI*CIV{1X,5)
CIVM{TX.6)=ABLTOF*FBT{1X}
CIVIX,7}=ABC*NF*FMI{ 1K)
DO 250 TK=1,4
ACTING([X,1,1K]=0.
DO 240 1¥=1,3
ACTING( 1,1, 1K) =ACTING{T%, 1, IKY «UDF { Tk, 1)*FBVT( 1K, Iv)
1 *CIV(IX, IVi"RF(1}
240 CONTLNUE
ACTINGLTX, 2, TK)=UOF (1K, 2)*CIV{IX,6}*RF (2}
250 ACTING(IX,3,1K)=U0F{ 1K, 3)*CT¥{1X,7)*RF (3}
[ ACTING VALUES ARE COMPUTED, NOW CALCULATE DOSES
DO 260 L=4.6
IC=L-3
Do 260 J=1,4
oo 260 K=1,4
DO 260 IK=1,4
260 DJEL{J,K,LY=DIKL{d K, L) +ACTING{IX, IC, K)*DCFF{1X,0,K)
C NOW REORGANTZE ORGAN SEQUENCIMG FOR CONSISTENCY, AND ASSIGN
C WHOLE RNDY DOSE TO LUNG AND BRONCHI
po 270 L=4,6
B0 270 k=1,4
DJKL (6, K, LY =DIKL{1,K,L
DJKL[5,K,L)=0JKL[4,K,1
DKL (4,K,L}=DIKL{3,K,L
DJKL{3,K, L Y =DIKL{1,K,L
270 CONTINUE
I e R e E e L e L e et et
C ALL DDSES FOR ALL EXPOSURE PATHWAYS ARE NOMW COMPUTED. TOTAL
C DOSES OYER ALL PATHWAYS ARE COMPUTED BELDW
[abdkderwhhhkdd e e bdkd whh b drrhrdrrr ke r ek dd e dd kb ik e w
DB 280 J=1,6
00 Z8Q0 k=1,4
DO 280 L=1,6
DJKL (LK, 7)=DIKL{J .k, TY+DJEL (3K, L)
280 CONTINUE
Ce FHR KA AR AR AARE T TR AT T A A AN T Tk e T Tk e rrh bk h e d e h A e d bk b ik
C fI0SE PRINT ROUTIMES FOLLOW BELOW
Chkdthddermdhtterdhhth FFed AR N Rk AN TR I A At b e b Ay F ek e d ok kv d ek
TF{IRT.NE.10) 1RT=1
TRE=LAP+TRT+ [PAGE
IF(INK.EQ.4.0R. INK.EQ.S5) GO TO 290
LRtk kAN RA AR ET T, AR R Ak T ARk ke bk ek b Ak b drk

C

)
)
)
)

CALL HEARER
|4
R R e e L L L L e e L T T e 2
. PRINT 2000, IT,{TNAME{L,17),1=1,5),TSTEP{IT)
290 CONTIWUE
IF{LAP.EQ.1} GO TO 200
TF{IPAGE.Ef). IRT) NPAGE=?
IF[IPAGE.NE.IRT) NPRGE=1
TPAGE=NFAGE
300 CONTINUE .
TF{LAP.[(Q.2.ANDLIRT.EQ.L1} GO TO 310
PRINT 2010, [RA,(XNAME{T,{RA),1=1,5) {XRECEP(I,IRA],I=1,3},
)} DIST{IRAY,IRT
310 CONTIMUE
IF{LAP.EQ.1) PRINT 2080
IF{LAP.EG.?) PRINT 2090
IF{IRT.CO.10Y 6O TQ 330
PRINT 2100, {TISSUE(TY,1=1,8)

00 320 k=1,4

PRINT 2120, AGE{KY,PATH{7),{DJXL(J,K,7),J=1,8)
320 CONTINUE
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FIGURE B.0-1. (Continued)

GO TO 350

330 CONTINUE
DO 34D K-1,4
PRINT 2100, (TISSUE(I},I=1,6)
DO 380 L-1,7
IF{L.EQ.7}) PRINT 2110
PRINT 2120, AGE{K).PATH{L),{DJKL(J,k,L),J=1,6)
340 CONTINUE
c
350 COMTINUE
TF{LAP.EN.1) GO TO 30
¢
360 CONTINUE
GO TO 460

cttitl'tttttt‘kiiitt'ﬁ A o e o AR A el Wt o o e el e el e e ek ik

C UNIDOS CONCENTRATION PRINT ROUTINE FOLLOMS RELOW.

c"ﬁti*"kiii'!ttitit‘ Ahkd A E AR d e bk bk Rtk R R bk AN bRk

370 CONTIMUE

ctiitt‘*tittttitt'l'*i rer ATk AR R T TRk kR ARk TRk A hd

L PROCEED WITH PRINT OF PARTICULATE-ONLY CONCENTRATION DATA
i T T L Tt e P e Py
LL=0
00 420 [RA=I,]ADD

¢
[R=TRA+IRCY
DO 380 1x=1,4
CAT(T2)=0.0
CRI(1X)=0.0
380 CONTINUE
c

TF{LL.LE.S3.AND. IRA.HE. 1) GO TO 290
kL T T Tl e e
C
CALL HEADER
L
[ T e B e ey
PRINT 2000, IT,(TMAME{IL,IT),I=1,58),TSTER{IT)
PRINT 2120
LL=2

330 CONTINUE
DO 410 1P=1,4
PRINT 2140, TRA,{YNAME{I,IRA)_[=1,5),1P (TPSZ{IP,TX,IR},1X=1,4},
1 {CGIF{IP,IX,IR},17=1,4)
DO 400 1X=1,4
CAT(TX)=CAT{ IX)}+TPSI{IP, 1%, [R)
CEI{1X}=CGI{1X}+COIP(TP,TX, IR}
400 CONTINUE
410 CONTINUE
PRINT 2150, {CAI{IX),IX=1,8},(CGI(IX},1Xa1.4)
LL=LL+6
420 CONTIRUE

CHFERhhh etk Ah b dk bk d AT d A AR A AT AT R kAR TR AT IRk b d b e wd

C PROCEED WITH PRINT OF RADON AND DAUGHTER COMCENTRATION DATA
cttitttl'ittt!ltti*t‘t el kel e o Sk ek e e e el e el e el el o e e ek
c
CALL HERDER
C
ci*l‘lt*t'!l‘i*i'l‘iltitl‘ R R PR LR E L LR L LT T T Y
PRINT 2000, IT,{TNAME(T,1T},1=1,5},TSTEP{LT)
PRINT 2160

M0 450 IRA=1,1ADD d
[R=IRA+IRCY

WL=0.0

DO 440 1x=1,2

B.40

UNIDOS
UHIDOS
UNIDOS
UNIDOS
UNLDOS
UNIDOS
UNIDOS
URIDOS
UNIDOS
UNIBasS
UNIDOS
UNIDDS
UNIDOS
UNIDOS
UHIDOS
UNIDROS
UNTDOS
LNIDOS
UNLDOS
UNIDOS
UNIDOS
UNTIDOS
UNTDOS
UNTDOS
UNLEDS
UNIDOS
UNIDODS
UNIDOS
UNIDOS
UNIDDS
UNIDOS
UNIDOS
UNIDOS
UNIDOS
UNIDOS
UNTDOS
UNIDOS
UNIDDS
UNIDOS
UNIDOS
UMIDOS
UNIDOS
UNIDDS
UNIDOS
UNIDOS
UNIDOS
LUNID0S
ONIDDS
INIDOS
UNIDOS
UNID0S
UNIDOS
URIDDS
UNIDOS
UNIDOS
UNTD0S
UNIDOS
HNTROS
UNIDOS
UNIDOS
UNIDDS
URIDOS
UINIDOS
UNIDOS
UNIDOS
UNIDDS
UNIDOS



FIGURE B.O-1.

IXX=1X+]
WL=WL+CISUM{IXX,IR)*WLFACT{IX)
440 CONTINUE

PRINT 2170, TRA,(CISUM(I,IR),I=1,7),WL,{CGXRN(I,IR},I=1,4)

450 CONTINUE

Cii*iiiit*iiii*ii**t*i e v e e vk Tk e e s o o ook g e ol o ok o e e o ok sy ol ke e S ol ooy e e e ok i o

¢ CONCENTRATION PRIMT OPTION HAS BEEN EXECUTED# RETURN FOR DDSE

C CALCULATIONS AND MPC CHECKING

Ct*i********it*****i*i ir 4 i iy sk ot o o o e oy e i ol i e ol o e e ol ol vl ol ol ol e ok ke s i ol vl ol e ol e ke e ek

G0 TO 1

5 o a3 s ke o o g ok ol e e g e e ok it 9 iy e e ol e e ke e v e ok vl v vt ol ol ol ol ke ol ol iyl e e e e ol e i ik e ek dr kel

460 CONTINUE
RETURN

c*iii**ii***iii*tii*i* e i e vir e ol e o s o ool i vl vl ol i ol e e o e vk vk il o e ol e ke o e vl o e dr ek e de

2000 FORMAT{' ',28X,'TIME STEP NUMBER',12,', ',5A4,10X,'DURATION IN YRS

1 1S...",F5.1)

2010 FORMAT{1HO,'NUMBER ',12,2X,'NAME=",5A4,2%,'X=",F6.1,'KM, Y="',F6.1,

{Continued)

1 ‘KM, Z=',F6.1,'M, DIST=',F6.1,'KM, IRTYPE=',]2)

2020 FORMAT('0',47X,'RESULTS OF MPC CHECK AT THIS LOCATION',/.6X,

1119(*-"))

2030 FORMAT(6X,21X,'U-238 *,7X,'U-234 *,7X,'TH-230',7X, 'RA-226",5X,

1 'RN-222(WL}',5X,'PB-210",7X,'B1-210',7X,'P0-210",/,6X,119( -"))
2040 FORMAT('0*,5X,'CONC., PCI/M3',2X,8(5X,1PE8.2))
2050 FORMAT{'0',5X,'MPC, PCI/M3',4X,8(5%,1PEB.2))

2060 FORMAT{1HO,5X,'FRACTICN OF MPC',8(5X,1PE8.2),//,6X,119('-"})

2070 FORMAT(1HO,5X,'SUM OF FRACTIONS EQUALS ',1PEB.2)
2080 FORMAT(1HO,31X,'40CFR190 ANMUAL DOSE COMMITMENTS COMPUTED FOR ',
1 ‘THIS LOCATION, MREM/YR',/13X,106("'-'}}

2090 FORMAT(1HO,//29X,'TOTAL ANKUAL DOSE COMMITMENTS COMPUTEQ FOR

1 'THIS LOCATION, MREM/YR',/13X,106{'-'})}

2100 FORMAT(1HO,15X,'AGE',10X, 'PATHWAY ',6{6X,AB),/13X,106('-"))

2110 FORMAT{13X,106('~"'))

2120 FORMAT(1H ,13X,A8,6X,A8,6{6X,1PEB.2))

2130 FORMAT(1HO,41X,'INDIVIDUAL RECEPTOR PARTICULATE CONCENTRATIONS',/,
1 40X,’AIRBORNE CONCENTRATIONS, PCI/M3',22X,'GROUND CONCENTRATIONS,
2 PCI/M2',/,X,'NO.",9X, 'NAME' ,BX, 'PTSZ',6X,'0-238",7X," ' TH-230",7X,
3 'RA-226',7X,'PB-210',8X,'U-238',7X,'TH-230"',7X, 'RA-226",7X,

4 'PB-210',/,%,"'--= *,19{'-")," ----',3X,48('-"),4X,48('-"'})
2140 FORMAT{1X,12,2X,5A4,13,8{4X,1PE9.3))
2150 FORMAT(4X,’CONCENTRATION TOTALS',4X,8(4X,1PE9.3),/,1X,'~-- ',
119("-'Y," ——-=",3X,4B{"-"),4X,48{'-"))

2160 FORMAT(1HO,36X,'INDIVIDUAL RECEPTOR RADON AND RADON DAUGHTER *,

1 'CONCENTRATIONS',/,34X, AIRBORNE CONCENTRATIONS, PCI/M3',30X,

2 'GROUNO CONCENTRATIONS, PCI/M2',/,3X,'NO.',5X,'RN-222*,4X,

3 'p0-218',4X,'PB-214",4X,'B1-214",4X, 'PB-210"',4X,‘BI-210',4X,

4 'P0-210',7X,'WL',5X,'P0-218",4X, ‘PB-214",4X, 'B[-214"',4X,'PR-210",
-1)

C**i***iitli**i****iii e e e W e v ok vk ok ol i o e sk ok vkl e ik e ek dedr bk e e e e o e e

5 /.34, ---", 3,790 -1 ), 1X,39("
2170 FORMAT(3X,12,3X,12{1X,1PE9.3))

END
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FIGURE B.0-1. {Continued)

SURROUTINE WRITER WRITER

I T L LT T L TPy WRITER
COMAON/CDATA/NAINST{10,2,20) ,0EPYEL(4),CPY(5,20)  1STEP, IRCY, [ADD, WRITER

1 ALNZ,TSTER(10),ACF(6),CFACT{4,10Y,CPFACT(A) JTFACT{4,10) NSTEP, WRITER

2 TPFACT({4),CGIP(4,4,240),CGXRN(4,240),JCL10), KPFACT WRITER
C WRITER
COMMON/ODATA/MLFACT (3}, DCFA(5,7,5) ,DCFGP{4) ,DCFCR{4) ,DCFGR{S) WRITER
1 OCFLR{S),DCFF{8,4,4) BI¥(4,5),FBI(4),FMI{2),0F,SHIELD,RF (3}, WRITER
2 FREP(4,5),TISSUE{) ,PATH{BY, SRHO,WHL , TSTART,, IF TADD( 10 , WRITER
3 TNAME(S,10) WRITER
C WRITER
COMMON/EDATA/EFORP  FRAYP FFR{3Y, 1POP(12,16) MINDR(16). XRHO(12},  WRITER
1 1PTOT,FRANON{4},PAJUST{10) PDREG(6,8,10) ,PRXREC(E,8, 107, WRITER
2 PDTOT{6,8,10) WRITER
¢ WRITFR
COMMON/FDATA/XRAME (5 ,48) FFOR T, FHAYY, IRTYPE (AR) , XRECEP{3,48), WRITER
1 DIST(48),40F (4,3}, FBVT{4,3) WRITER
C WRITER
DIMENSTON PSZ(5),PRHO(E},AMD{7) ,AGE{4) ,AMAS(R) ,AVEC(5) WRITER
£ WP ITER
DATA P§Z/2%1.0,5.1,35.0,0.3/ WRITER
NATA PRHO/8.9,3+2.4,1.0/ WRITER
DATA AMO/6HU-238 ,6HU-234 ,BHTH-Z30,6HRA-226,6HPB-210,6HB[-21N,  WRITER
1 6HPO-210/ WRITER
DATA AGE/BHTNFANT  BHCHILD  ,BHTEENAGE ARADULT / WRITER

DATA AVEG/BHED.ABG. ,BHPOTATO ,8HBELOW G.,AHFORAGE RHST. FEED/ WRITER
DATA AMAS/EMU-238 ,6MU-234 ,EHTH-234,6HTH-220,AHRA-226 6HPB-210,  WRITER

1 &HBI-210,6HP0-210Y KRITER
el AR b bl L L L L L E T L L B R R pAl v SRR Py WRITER
c WRITER

IF{IC{6).NE. 1) GO TO 4n WRITER
CALL HEADER WRITER
C WRITER
o e R R L L L L R A PR R ey WRITER
PRINT 1000 WRITER
DO 20 1P=1,% WRITER
PRINT 1010, PSZ{1P],PRUO{TPY,{AMO(TY,1=1,7) WRITER
00 20 1J-1.5 WRITER
1IF{IP.EQ.S) €O TO 1D WRITEP
PRINT 1020, TISSUE({1J),{DCFA{IP,IX,1J),1%=1,7) WRTTER
G0 T 20 WRITER
13 PRINT 1030, TISSUE{IJ),(DCFA{IP,IX,10),1X=5,7} WRITER
20 CONTINUE WRITER
C WEITER
PRINT 1040 WRITER
PRINT 1050, (DEFGP(1},1=1,4},(DCFGR{IY.1=1,4} WRITER
PRINT 1060, {DCFCP{[),[=1,4),(DCFCR{T},1=],4) WRITER
PRINT 1070, {WLFACT(I),1=1.3) WRITER
LA A e AR b L Ty L R R P T R e WRITER
C WRITER
CALL HEADER WRITLR
c WRITER
[t DA A SRS g Lo AR R LS E I ety ey I e T et I ey H“!TER
PRINT 1080 WRITER
PRINT 1090, (AMAS{1},1=1,B} WRITER
DO 30 1k=1.4 WRITER
PRINT 1100 WRITER
D030 =1, 4 WRITER
TLABEL=1J WRITER
IF{1J.GT.2) LLAREL=1Js} WRITER
PRINT 1110, AGE{TE}, TISSUE( TLABLL Y ,(DCFF(TX, T2, TRY, I%=1,8) WRITER
30 CONTINUE WRITER
80 CONTINGE WRITER
Cre etk w gk k ke kR b T rd ks AN kAN A kA h b v A A TR d e AR dhd T kA wE HRITFR
C WRITELR
C WE NOW MANTRULATL DCFA AND DCFF FOR TASIER USF LATER. WRITER
[ WRITER

IR AL AR R LRt e b by I L e L e e I ) WRITFR

B.42



FIGURE B.0-1. {Continued)

DO S0 1P-1,4

00 50 1J=1,5

DEFA{TP,1,103=DCFA{IP, 1, LJ)+DEFALLP, 2. 1Y)
DCFA(IP,2,10)=DCFA(IP, 3,103

DCFA{IP,3,10)=0CFA(1P,4, 10}
DCFA{IP,4,13}=NCFA{ [P,5, 1J}+DCFAL PR, L3)+NCFA(IP,7,10)

2
=

B0 60 TX=1,4
00 60 [J=1,4
DCFF(LL1J, [KI=DCFF (1, [, TK)+RCFF(2, 10, IK)«DCFF{3, 1d,1¥)
DCFF(2,10, 1K)=OCFF{4,13,1K)
DCFF{3,1,1K}=DCFF (S, 13, 1K)
60 DCFF{8,1J,1K)=DCFF{6,1d, 1K) +DCFF(7,1d, IX)+PCFF(8, 1J, 1K)

IF{JC({6).NE.1} RETURN

PRINT 1120, AMD{1),(AMO(T),I=2,5}
80 70 1¥=1,5
70 PRINT 1130, AVEG(IV) {BIV{IX,1¥),1%=1,4}

PRINT 114D, [FRI{IX),T¥-1,4)
PRINT 1150, (FMI{1X},1X=1,4}
PRINT 1150, {FMI{IX],IX-1,4)
00 80 1y=1,5
a0 PRINT 1160, AVEG{IV},{FREP{TX,1V),1¥=1,4)

PRINT 1170
PRINT 1180, AMO(1},(AKO(T),1=3,5),AMO(1},(AMO(T},1=3,5)
00 90 [TS=1,NSTEP
PRINT 1100, ITS,(THAME{L,ITS),1=1,5},PAJUST{ITSY, (GFACT{I,ITS), =1
1,8, {TFACT{!,175}),9=),4)
50  COMTINUE
PRINT 1200, XPFACTY{GPFACT(1),1=1,4},(TPFACT(1},I=1,4}
c
RETURN
[HeshkaAtheddtb kA dtdad oA ARt d b A AE TR b AR A A ST A NN A SRS N AR b hh b
1000 FORMAT{1H ,40X,' INHALATION DOSE CONVERSION FACTORS, “R/YR PER ',
1 'PCI/M3Y, /)
1010 FORMAT{1MD, 4X,*SIZE=',F4.1,°UM, RHO=*,F3.1,8%,6({A6,9%),A6,/51,
1zt-n
1020 FORMAT{13X,A8,7(7X,1PEB.Z})
1030 FORMAT(13X, AR, &{15X),3{7%,1PER.2})
1040 FORMAT(1HD,43%, EXTERNAL WHOLE BODY DOSE COMYERSIDN FACTORS',/,
1 32x,'U-238 ', 7X," H-220° 74, 'RA-226' 7X,'PR210' (T, 'RN-222° 7Y,
2 'PO-21R', 7%, 'PE-214° 7%, 'R1-214" /2%, 128{"' - })
1050 FORMAT(2X,'GROUMD, MR/YR PER PC1/M2* R[SX,.1PER.2))
1060 FORMAT{2X,'CLOUD, MR/YR PER PCI/M3 ' 85X, 1PFR,2))
1070 FORMAT(2X, 'WORKING LEVEL CONCENTRATION FACTORS, WL PER PCI/M2',
1 3{54,8(*.*)),3(5%,1PE6.2})
1080 FORMAT{1H0, 38X, ' INGESTION DOSE CONVFRSION FACTORS, MR PER PCT ',
1 'INGESTED',/}}
1090 FORMAT{AX, ‘AGE GROUP' 4X, TISSUE',1X,B{7X,A6})
1100 FORMAT{4X,125(*-"))
1110 FORMAT(4X,A8,5%,A8,8(5X,1PEB.2}}
1120 FORMAT{IHO,47X, ' ENVIRONMERTAL CONCERTRATION FACTORS®,/,17X,
1 'CONCENTRATION FACTOR® ,9X,'FOOD TYPL',2X,4{7%,A6,2%},/,17X,
2 980~}
1130 FORMAT(17X,'BIY¥, DIMENSIONLESS' 12X, AR, 4(7X,1PER.2))
1140 FORMAT(17X,'FBT, PCI/KG PER PCI/DAY',7X, 'MEAT* 4X 4(7X,1PER.2))
1150 FORMAT(17X,'FM1, PCI/L PER PCI/DAY',BX, 'MILK' ,4x,4(7%,1PEB.2))
1160 FORMAT(17X,'FRACTION IN ED PORTION',8X AR, 4({7X,1PE8.2)}
1170 FORMAT{1HO, 50X, ' TIMF STEP DEPEMDENT VARIARLES')
11RG FORMAT(SX,'NO.* 4%, 'TIME STER NAME',5X, 'PAJUST' 2X,4(3X,'GFACT',
12X}, 403K, TRACT" . 2X),/ 43X, R(2X, A6, 2X ), /OX, 114("-" 1)
1190 FORMAT{9X,12,2X,5A4,9(1X,1PEA.3})
1200 FORMAT(//6%, ' KPFACT=",1PES, 3,23, "GPFACT(4}=" ,4(1PEY.3,1X),
1 2K, TPFACT{4)="',4(1PED. 3,140}

ci‘l‘ti'iiitl‘l‘ttiti"l" WhkRERAEEAAREE T A A a s kT A kA w AR,

END
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FIGURE B.0-2. Block Data FRESH Listing

RLOCK DATA FRESH

LEWEL 2, NSDRCE,NRECEP,TPSZ,CISIM, IPACT,PACT,PREN, DUST20,ACTRAT,
1 PTS220,RXQ,PXORN,PTST , ONAME

COMMON/ADATA/PTSZFC{4,3),FREQ{16,6,6) ,SO0RCE (12,20} DM, HLM({ 7},

1 WNEP(4),GHAT(7,7),VSET(4) , ACTIV(7},ZRECLR(24N) ,RECEPT( 2,240},
2 GDSCAL,OSCALE ,DA{E),0B{6),0C(6),1U{5) ,NPS NPE NP, IFLAG, JFLAG,
3 ISORCI,KSORCE, IWD, TWS, ISTAB, IWSE , INSB, IRECEP, IFPART, TFRN,
4 PINK{S,4) ,RINK(T)

COMMON/BDATA/NSORCE ,NRECEP , TPSZ(4,4,240) ,CISUM(7,240) , TPACT(20),
1 PACT(3,4),PDEN{4},DUST20{6) ,ACTRAT,PTS220,RX0(20,240,4) ,
2 RXORN{20,240,7),POS2{4) ,ONANE[S, 20}

COMMON/CDATAZQAJUST{10,2,20) ,DEPVEL{4),CPY(5,20], ISTEP, IRCY, TARD,
1 ALN2,TSTEP{IN),ALF{6).GFACT{4,10),GPFACT{ 4}, TFACT(4,10) ,NSTEP,
2 TPFACT(4},CGIP{4,4,240} CGYRN(4,280),JC(10Y, XRFACT

COMMON/DDATA/MLFACT{3} ,DCFA(5,7,5) ,DCFGR{4) ,DEFCP(4) ,NCFGR(SY,
1 DCFCR{5),NCFF{R,4,4 RI¥(4,56) FRI{4),FHI{4) NF SHIELD,RF(3),
2 FREP(4.5),TISSUE(H),PATH{R),SRID,WHL , TSTART, IFTONC(1D},

3 THAME(5,10)

COMMONZEDATA/FFORP, FHAYP FPR{3), TPOP{12,16) WINDE{16)  XRHO(12),
1 IPTOT,FRADON(4}, PAJUST( 10} ,POPEG{6.,8,10]  PDXREG{R B, 1N},
2 PDIDT{6,8,10)

COMMON/FDATA/XNAMEYS , 48) FFORT FHAY(, IRTYPE{48) ¥RECEP{3, 48},
1 DIST{48),U0F(4,3),FBVT{3,7)

COMMON/GDATA/METSET(4} ,REGION(6) . KPAGF, TODAY
FRESH INITIALIZES THE VALUES OF ITEMS [N COMMON BLOCKS A THRU G.

SET UP ADATA VALUFS

DATA PTSIFC/1.0,440.0,1,0,470.0,0.3,0.7/

DATA FREQ/S76*0/

DATA SORCE/240mwn/

DATA DM,GDSCAL,OSCALE /1000, , 1000, 1.0/

DATA ZRECER;Z240*0.0/7

DATA RECEPT/4R0*D,0/

DATA 0A/0.2,0.12,0.08,0.06,0,03,0.06/

MATA 0B/0.0,0.0,2.0-4,1,56-3,3.6-4,3.E-4/7

DATA 0€/1.0,1.0,-0.5,-0,5,-1.0,-1.0/

DATA UU/.67056, 2.45872, 4.4708P, F,99912, 9.61136, 12.51712/

SET UP BDATA YALUES

DATA NSORCE,NRECEP/2*0/
DATA TPSZ/3840+0.07

DATA CISUM/1680+0.0/

DATA PACT/1240.0/

DATA PDEN/R.9,3%2.4/

DATA PDEN/B.9,3*2.4/

DATA ACTRAT,PTSZ20/2.5,0.5/
DATA RXQ/19200*0.0/

DATA RXOGRN/33600%0.0/

DATA PTSZ/1.0,1.0,5.0,35.0¢

SET UP LDATA WALUEZ
DATA QAJUST/400%0.0/

DATA IRCY, TADD,NSTEP/3*=0/
DATA TSTER/IN*S. 0y
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FIGURE B.0-2. (Continued)

DATA CGIP/3840%0.0/
DATA CGXRN/BE0%D.0/
DATA JC/10%0/

SET UP DDATA VALUE2

DATA {(DCFA{1,1%,J),1X=1,7),3<1,5)/
1 9.87E00,1,12E01,1.37E02,3. 58601 ,4.66E00,0,00E00, 5.95E-1,
2 1.66E02,1.81£02,4.90EN3,3.58E02,1.45E02,0.00£00,2.43E00,
3 1.07E03,1.21€03,2.37£03,4,8REN3, 5. 69E07,0.00€00,3. 13002,
4 D.00E00,0.00E00,2. 82602, 4. 67E-2, 3. 69501 ,0. 00E00,5. J4E00,
5 3.78E01,4,30E01,1.37603,1.26£00,1.21E02,0.00E00,1,79E01/
DATA ((DCFAL2,1X,0},1%=1,7),d=1,5}/
4.32E00,4,92E00,1.66E02,3.09E01 4, 36£00,0.00£00,4.21E-1,
92€01,7.95E01,5,95€03,3.09€02, 1. 35£02,0.00E00, 1. 92600,
58£02,1.80E02,3,22E03,6.61E03,7. 72602,0. 00E00, 4., 20E02,
00F00,0.00E00,3,43E02,3.87E-2,3.45601,0.00E00, 4. 22E00,
66E01,1.89E01,1.67E03,1.09E00, 1. 13002,0.00E00,1.42E01/
DATA {(DCFA{3,1X,J},1%=1,7},J=1,5}/
1BE0A,1, 32E00,1.01£02,4.00E01, 4. BAEDD, 0. 00E00, 7, 10E-1,
96£01,2.14E01,3,60E03,4.00£02, 1.50E02,0.00E00, 2, 89E0D,
24E03,1,42E03,1.38E03, 2. B4ED3, 3. 30E02, 0. 00E00, 1. B8ED2,

1
z7.
31.
40,
5 1.
A
1.
1.
1.
0.00EDD,0.00ENG, 2.07E02,4,971 -2, 3. 82601, 0.00E00 , 6, I6E0D,
1.
L)
7.
l.
3.
a.

1
2
3
4
5 4?E00.5.10E00.1.00€03,l.41€00,1.25E02,ﬂ.00£00,2.13£01!
DATA {(DCFA{4,1%,d),1%=1,7},J=1,58)/
92E-1,9.02E-1,5.77E01,3,90E01,4. 43600, 0. 00EQ0, 7, 2BE-1,
34£01,1,46E01,2.07E03,3.90E02, 1. 38E02, 0, 00£00, 2, 9RECD,
33E02,3,R0E02,3, 71602, 7.64E02 ,8, 7DEOL, 0. ANEND, 5, 75EQ],
00E00,0.00800,1,19E02,4.85E-2,3.51E01,0. 00600, 6. 52E00,

3.05£00,3.47600,5, 73607, 1. 3BE00, 1. 15602 ,0. 00600, 2. 19E01/
DATA [(DCFA(S,1X,J),1%=x1,4),0=1,5)/2040,0/

1
2
3
4
5

DATA {(DCFA(S,IX,J},J=1,5),1%=5,7}/7.46,232.,62.7,59.1,193.,5*0.0,
1 1.29,5.24,266.,11.5,38.7/

DATA DCFGP/I.T0E-6,6.12€-7,9.47E-7,2.276-6/

DATA OCFGR/5.03E-8,1.10E-8,3.16€-5,1.85C-4,2.27F-6/

DATA DCFCP/1.23E-4,3.59E-6,4,908-%,1.43E-5/

DATA DCFCR/2.82E-6,6.340-7,1.67E-3,1.166-2,1.43E-5/

DATA WLFACT/1.03E-6,5.07E-6,3,73E-6/

DATA GCFF/
A3.33E-4,3.80E-4,2.D0E-8,).N6E-4,1_N7E-2,2.3RE-3,3,58F-7,7.41E -4,
B4.470-3,4.88E-3,6.92E-7,3.90E-3,9,44€-2,5. 288 2,4, 16E -6, 3. INE-3,
co.o0 ,0.0 W3 FIE-8,1.90E-4,4,76E-5,1.42E-2,2,A8BE-5,5.93E-3,
09.28E-4,1.06E-3,1.39E-7,8.12F-4,8.71E-4,4.33E-2, 2. 0RE -4, 1, 26£-2,
€1,94£-4,2.71E-4,9.86€-9,9.91C-5,9.876-3,2.09E-3,1.690-7, 2.6 76 -4,
F3.27E-3,2.57€-3,3.42E-7,3.55E-3,8, 16E-2,4.750-2,1.97E-6,1.52E-3,
Go.0 0.0 »1.51E-8,1.78E-4,1.84E-5,1.226-2,1.02E-5,2.42E-3,
HS.24E-4,5.9RE-4,8.01E-8,8.67€-4,4,.88E-4,3.676-2,1.15€-4, 7. 56E -3,
16.49E-5,7,39E-5,3.31€-9,F.00E-5,5.00E-3,7.01€-4,5.66E-8,1,23E-4,
J1,096-3,1.19€~3,E.18E-7,2.16E-3,4 . 90E-2,1.81F-2,6.59E-7 5. 00EC-4,
KG.0 0.0 ,6.68E-9,1.23E-4,8.13E-6,5,84E-3,4,.51F-6,1.07E -3,
L2.50E-4,2.85E-4,3.B1E-8,5,99F-4,2.320-4,1.72E-2,5.4BE-5,3.60E-3,
M4.54E-5,5.17E-5,2,13E-9,5.70E-5,4.60E-3,5.44E-4, 3. 96E-8,8.59E-5,
N7.67E-4,8,36E-4,R.N1E-R,2.0RE-3,4.6DE-2,1,83E-2,4,1FE-7 3.5k -4,
0 0.0,0.0 J4.71E-9,1,17€-4,5. 74E-6 4. 37E-3,3.18E-6,7.56E -4,
P1.75E-4,1.99E-4,2.67E-8,5.650-4,1.63E-4,1.23E-2,3.836.5,2. 520/

DATA BIV/2.5E-3,4.26-3,1.46-2,4.0E-3,

1 2.5E~3,4.26-3,3.06-3,4,.0€-3,
2 2.5E-3,84.2E-3,1,.4£-2,4.0E.3,
3 2.56-3,4.2E-3,1.8E-2,2.8E-2,
4 2.5£-3,4,26-3,8.26-2,3.6E-2/

DATA FEI/3.4E-4,2,00-4,5.1E-4,7.1E-4/

DATA FMI/6.1E-4,5.0E-6,5.90-4,1.2E-4/

DATA QF ,SRIELD,SRHO,WHL/50.0,0.825,240. 14,0/

DATA RF/0.5,2%1.0/
DATA FREP/4%1.0,8*0.1,8*1.0/

NATA TISSUE/BHWH.BOOY | AHATGNE JBHAYG,LUNG,RHLIVER
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FIGURE B.0-2. ({Continued)

1 BHKIDNEY ,BHERONCHI / FRESH

DATA PATH/BHINHAL. ,8HGROUND ,BHCLOUD  ,8HVEG.ING., FRESH

1 8HMEAT ING,BHMILK ING,BHTOTALS ,BHRNPLUSS0/ FRESH

DATA IFTODO/10*0/ FRESH

DATA TNAME/S0*'TIME'/ FRESH

C FRESH
C SET UP EDATA VALUES FRESH
C FRESH
DATA FFORP,FHAYP/0.5,0.5/ FRESH

DATA FPR/3*0,0/ FRESH

DATA [POP/192%0/ FRESH

OATA WINDR/4HN  ,4HNNE ,4HNE ,4HENE ,4HE  ,4HESE ,4HSE FRESH

1 4HSSE ,4HS  ,4HSSW ,4HSW ,4HWSW ,4HW  ,4HWNW ,4HNW ,4HNNW /  FRESH

DATA XRH0/1.5,2.5,3.5,4.5,7.5,15.,25.,35.,45.,55,,65.,75./ FRESH

DATA FRADON/4*0.0/ FRESH

DATA PAJUST/10*1.0/ FRESH

DATA PDREG/48D*D.0/ FRESH

DATA PDXREG/480%0.0/ FRESH

DATA PDTOT/48D*0.0/ FRESH

C FRESH
C SET UP FDATA VALUEZ FRESH
DATA XNAME/240* ' XNAM' / FRESH

DATA FFORI,FHAYI/2*0.5/ FRESH

DATA IRTYPE/48%-1/ FRESH

DATA XRECEP/144*0.0/ FRESH

DATA DIST/48%0.0/ FRESH

DATA UOF/ D.O, 47.8, 76.1,105.3, FRESH

1 0.0, 27.6, 44.8, 78.3, FRESH

2 208.0,208.0,246.0,130.0/ FRESH

DATA FB¥T/0.000,0,360,0.379,0.378, FRESH

1 0.p00,D.567,0.554,0.573, FRESH

2 0.000,0.073,0.067,0.049/ FRESH

C FRESH
L SET UP GDATA VALUE2 FRESH
C FRESH
DATA METSET/4*'AERO'/ FRESH

DATA REGION/6*'AREA'/ FRESH

DATA KPAGE/Q/ FRESH
C*******l’***l’********* v 3 v e i e v ok vk i v ok e v ke o e ok e e v v 7 e ok ok ol o W ok o o e e ok o oo e o ok o ok ol ok i FRESH
END FRESH
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APPENDIX C - Sample Problem

This section provides an illustration of the use of the computer pro-
gram MILDOS. SectionC. defines a sample problem including 1) a descrip-
tion of the site to be modeled and 2) the corresponding data cards pre-
pared to represent the problem to the MILDOS program. The output
reports prepared by MILDOS are described in Section(C.2. Additional
options of the MILDOS program are illustrated by a second sample problem
in Section C.3. This sample problem is a shortened version of the first
sample problem. Output from the second sample problem is described in
Section C.4.

C.1 Sample Problem One Input

The first sampie problem considers releases from the hypothetical
Sierra Madre mill site. The problem considers six sources, six time
steps and six receptor locations. Descriptive titles for each of these
parameters are shown in Table C.1-1.

Table C.1-1 Sample Problem Title Information

Sources Receptor Locations Timesteps
Yellowcake Stack Fence Boundry E After 2.25 years
Ore Pad
Grizzly Dump-Hopper Fence Boundary SSE After 4.25 years
Tailings Area 1 Grazing E After 6.5 years
Tailings Area 2 Grazing ESE After 11.5 years
Tailings Area 3 Nearest Resident- After 19.5 years

NNW

Nearest Resident in After 14.5 years
Prevailing Wind

Direction

These titles appear on input data cards following the NAMELIST card set
INDATA as described in Section 4.2. 1In addition to the above titles,
the title of the meteorological data set is entered as "Casper Wyoming”.

The problem description information is discussed in conjunction with
the input card listing shown in Figure C.1-1. The order of the dis-
cussion follows the order given in Section 4.2 for description of input
parameters.,
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€.1.1 Job Control Parameters

The control parameter arrays IFTQDQ, IRTYPE and JC are set as follows:

e« IFTODO = 0, 0, 0, 0, 1, 1, to cause calculation and printing of
doses after the fifth and sixth time periods,

e IRTYPE =0, 0, 1, 10, 10, 10, to request printing of total dose

summary report after location 3 and total doses {over all pathways)
for the last three individual receptor Tocations (see Table C.1-1},

s J=1,0,1,0,0,1, 1, 0, 1, to select the following options:

JC{1) - use internal dusting rate algorithm for area
sources,

JC(3} -~ print total air concentrations, ground concen-
trations, and deposition rates for each spatial
interval,

JC(6) - print dose conversion factors, environmental concen-

tration factors and timestep dependent parameters,

JC(7} - print reports of total dose commitments and 40 CFR
190 dose commitments for each receptor location
requested by the parameter IRTYPE,

JC(9)} - print particulate concentrations for air and ground

at each individual receptor Tocation.

See Table 4.2-1 for full description of options.

C.1.2 Source Term Parameters

The location and characteristics of the six release sources are indi-
cated in Table C.1-2. The release rates in this table are average
release values to be used with the parameter QAJUST to calculate actual
release rates for each timestep and source for particulates and radon.
The corresponding adjustment factors (QAJUST) are shown in Table C.1-3.
The tailings activity mix set values given in Table C.1-2 assign tail-
ings composition mix sets for each area source, The composition of each
mix set is given in Table C.1-4. The data in this table is entered as
input parameter PACT.

The continental population doses are generated using the representative
site fractions given in Table C.1-5 (as input parameter FRADON).
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LINDATA
1FTOR0=4%0, 2%, 4%,
[RTYPE=2+01,1,3*10,
JC=1,0,1,2*0,2+%},0,1,0,
FRADON= 0.86,0.06,0.04,0,04,
IPACT=3#0,1,2,3,14%0,
NSORLE=F,
PACT= 11.4,17.1,22.8,271.0,407,0,542,5,2R4.4 ,427,1,570.0,284.7,427.1,570.0,
BJUST=
1.0,2%1.5,2%2,0,15%0. ,
1.0,2%1.6502,2*2.004 ,%*0.0,  1.0,2%},502,242.004502,2%2.004,5*0.0, 1.0,2%1.502,2*2.0104,5+0.40,
0.3,1.0,8%0., 2+=1.0,4*.007,4*1.0,
G.0,2%0.3,1.0,6%0., 0.0,3%1.,0,2%.00%,4*0.0,
I*0.0,2+0,3,540.0, 3*0.0,2+1.0,3.004,4*0.0,
280+0.0,
SORCE=
2¢0.0,20,0,0.0,4, 12RBE-2, 2. 16561 -3, 2%, A225E-5,0.0,1101,1.0,17.11,
2%0.40,6.0,0.16,4%4,084E-2, 1089, 74,1201, 3.0,0.0,
2*0.20,.0,0.0,4%2,6026-2,41.64,1301,2.0,0.0,
1.393,0.975,-10.0,0,143,4%1,0,1281,5,2001,3.0,0.1,
<1, 30,- 844 ,-10.0,0,270,4*%1,0, 3636, 80,2002, 3.0,0,0,
1.092,-0,975,-10.0,0.877 ,4+1.0, 14863, 73, 2003, 3.0,0.0,
FRED-=
0.000069,0,0002410, 0. 000103, 0. 000240, 0, 0001 71,0.000102,71, MANGES 0 00n41 ],
0.000137,0,000206,0.00024¢,0.000240,0,000377,0.000171,0.000G206,0, 0001032,
0.000137,0.000274 .0, 0O020E,N.A0DOED, 0,000 37, 0.000206, 0, DONT 37, 0000617,
0.O000N6S, D, 00206 , 1. ODANGS , N, 0002 74,0, INNRAR, (. O0NIA2, 0, MNOOND, 0, HORZ0E,
64+, 0,0.000554,0.000507,0.000374, 0, 000421, 0. 000SE0,0,000474 0, 60NGAS, 0, (0065T,
0.000977,0.000410,0.DODAER, N NNNAAE D, NN 126, 0. PD04OZ, DL ODNPNR P _ON0GAS,
0.0009%9,0.001233,0.00D685,3.000411,0.001233,0.001165,0.001302, 0, 001165,
0.002124, 0001028, 0. 001576, 0.001370,0,00] 370, 1.00N954 0. ANN54R D, ONINGE |
¢.000685,0.000617,0.000685,0.000411,0.000617,0, 000206, 0.N0N54R, 0, ON274
0.000548,0, 000685, 0. 000822, 0, M01096, 0001 AL, 000685 ,0, 000754, 0, DOANRPZ,
46%0.0,0,000186,0.000133,0.000115,0.0001 18,0, 000366, 0.00018A,0,000127,0.000037,
0.000282, 2+4.000186,4G.000292,0.000179,0,000273,0.000320,0, 000028,
0.000959,0,001370,0.000959, 1, 001028, 0. 001781, 0. 000960, 0,001233,0.000822,
0.001507,0,000958, 0. 04006959,0,001713,0.002398,0,001302, 0000754 ,0,0DGELT,
(.002535,0.001850,4,001576 0,401 713,0.002329,0.001918,0.001233,0.000R22,
0.001233,N.001987,0.0036599,0, 006429, 0, 0NA727 0, 002261 ,0.001644 1. 001576,
0.000274,0.000137,0.000137,0.000137,0, 00034 3,0, 000343, 0,000137 0. 000000,
0.000343,0.000959,0,002065,0,001713,0.001918,0.000343,0.000411,0.000685,
0.0,0.000N69, 640, 0, 0.000137,0, 0N00AS, 2*0. 000243, 0. 000411, 0.000206,12+0.Q,
0.0N00EY, 0. 000137,0. 000069, 3*C, DONOM,
0.000792,0.001053,0.000854 0. 000741, 0,00050¢ ,0, 000592, 0. ANOE4R, 0 OMZER,
0.000548, 0. 000336, 0. 000411, 0000530, D, A006 73,0, NN0R16, N. (D430, 0, 003008,
0.005412,0.005823,0.004453,0,003220,0.004110,0.003220,0. 001918 0. 001307,
0.001918,0.001233,0.002055,0.603357,0,003357,0,00239P.,0,0N1439, 1. 0104521,
1.011440,0.014249,0.010207 ,0.0NRZER, 0. NOY24R 0, 004932 0. 0030114, 0, BN 370,
0.002124,0.006307,0.0141A0,0.021304,0,01 7468, 0,005412,0,006206 ,0.004001,
0.011097,0, (28650010275 ,0.006508, 0. 110001, 0, DOB4R0, N.ONL9RT [, IN0S4E,
0.003659,0.020825,0.065420,0. 051993, 0, 019318, 0,053 N, 0N5E6) D, NN4NA7
0.00280%,0.003768,0.001713,0.000617 ,0.002261 ,0.MN0822, 0000811, 0.000137,
n.001781,0.026716,0.050075,0,022126,0.00924R 0, 0DAN42 N AN2368 0, (01 02F,
0.001028 41, COLD28 0. 000274 ,0.00DOO0, 0. 0NN 37, 0. OODORY 0. OODDAN, 0, DAONNN,
0000411 ,0, 014797, 0, 022469, 0. 008727 0. 005206 ,0, 000 LAS, (.0NNR4 1 1,0, 00N343,
0.003723,0.001664,0.001431,0,001104,0.001609,0,0011 24,0, 000635, 0. 0D05R3,
0.001221,0,001124,0, 001448, 0.002996 0. 008786, 0,0DZAD T 0.0N2NP3, N N2EDE,
£.011098,0, 008974 .0, 0N6439,0, 0NS4R80, 0006224 0, N38A3 0, 0020R3, 4,001 914,
0.003014,0.003152,0.005275,0,.012741,0. 020140, 0, 0ORES, N.O0G042 . 0.(109932,
0.003425,0,003014, 0. 002R09, 0.ANZRTT,0.0D4NAZ 1, NDINRY 0. NNL ARG, D, NONARN,
0.00054R8 11, 004042, 11 .0L0AGZ , 0. N2R223, 0., D194, (1.0NANM2 N, DNZARE, 1. DOZRN3,
144*0.0,
IM=R6(.0,
FEORI=0,50, FHAYI=0.00,FFORP=0, 50, FHAYP =050,
FPR= 320.0,1400.0,230.0,

IpiP=
2%0,1,5,0,15,2*0,4,8,14,410,
2*0,2,3,0,14,0,40, 27,110,300, 350,

FIGURE C.1-1 Sample Problem One Input Listing
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FIGURE C.1-1. (Continued)

2*0,1,2,0,1,0,15,14,4,800,97,
2*(,3,4*0,10,8,1,327,655,
2*0,2,1,0,3,0,1,3,0,50,422,
2*0,1,3,3*0,4,2,3*0,
2*4,1,2*0,1,0,2,4%0,
2*0,2,5*0,1,2*0,25893,
2*0,4,2,0,1,2*0,10,0,17,37372,
2*0,3,1,0,1,0,25,4,0,254,0,
2*0,1,3,0,2,0,8,27,0,322,0,
2*0,3,2*0,1,0,9,6,0,145,0,
2*0,2*2,4*0,3,0,89,0,
2*Q,2*1,0,3,0,4,4*0,
2*0,2,1,3*0,5,3%0,427,
2*0,3,1,4*0,1,2*0,1000,
PAJUST=1.039,1.059,1.081,1.129,1.189,1.215,4*0.0,
[ADD=6 ,
XRECEP=

2.040,-0.200,8.8,
1.08,-1,440,2.4,
2.56,00.0,3.7, 2.584,-0.890,-1.4,
-0.448,1.466,12.3, 2.168,2.168,10.2,
NSTEP=6,TSTEP=2.25,2.0,2.25,5.0,8.0,5.0,4*0.0,
TSTART= 1980.0
$END
SIERRA MADRE MILL CASPER WYOMING
YELLOWCAKE STACK
ORE PAD
GRIZZLY DUMP-HOPPER
TAILINGS AREA 1
TAILINGS AREA 2
TAILINGS AREA 3
FENCE BOUNDARY E
FENCE BCUNDARY SSE
GRAZING E
CRAZING ESE
NEAREST RESIDENT [NNW]
NEAREST RES IN PRE. WINDR.
AFTER 2.25 YEARS
AFTER 4.25 YEARS
AFTER 6.5 YEARS
AFTER 11.5 YEARS
AFTER 19.5 YEARS
AFTER 24.5 YEARS
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TABLE C.1-2. Source Description Parameters
Saurce
YeTTowcake Grizzly Variable
Parameter Stack Qre Pad Dump-Happer 1 2 3 Name

Location:

East-West (km) 0.0 0.4E 0.2F 1.39¢ 0.30M 1.09€ SORCE(1, 1)

North-South{km) 0.0 0.4N 0.4N 0.98N 0.84% 0.98$ SORCE{2, i)

Elevation (m) 20.0 6.0 0.0 -10.0 -10. -10.0 SORCE(3, i)
Area {km?) - 0.16 0.0 0.143 0.270 0.827 SORCE{4, i)
Particle Size Set 1 3 2 3 3 3 SORCE(11, i)
Release Rates{Ci/yr):
238y 4,14 x 102 4.08 x 10-2 2.60 x 10-2 5,67 x 103 1.61 x 10-2 6.56 x 10-2  SORCE(5, i}
2307 2.16 x 103 2,08 x 10-2  2.80 x 102 1.35 x 101 3.82 x 101 1.56 x 109  SORCE(6, i)
226p, 8.67 x 1072 4,08 x 102 2.60 x 10-¢ 1.41 x 10°1 4,01 x 10-] 1.64 x 100  SORCE(7, 1)
210pp 8.62 x 105 4,08 x 10-2 2.60 x 10-2 1.41 x 1071 4,00 x 10-1 1.64 x 100  SORCE(8, i}
222gn 0.0 1.09 x 103 4.16 x 10! 1.28 x 103 3.64 x 103 1.49 x 10%  SORCE(9, i)
Stack Data:

Yelocity (m/sec) 17.0 0.0 0.0 0.0 0.0 0.0 SORCE(12,1)

Oiameter (m) 1.0 0.0 0.0 0.0 0.0 0.0 SORCE(12,1)
Tailings Activity

Mix Set 0 0 0 1 2 3 IPACT( i)



Table C.1-3 Sample Problem Release Adjustment Factors

Particulate Release Factors

Time Step
Source 1 2 3 4 5 6
1-YeTllowcake Stack 1.0 1.5 1.5 2.0 2.0 0.0
2-0Ore Pad 1.0 1.502 1.502 2.004 2,004 0.0
3-Grizzly Dump-Hopper 1.0 1.502 1.502 2,008 2.004 0.0
4-Tailings Area 1 0.3 1.0 0.0 0.0 0.0 0.0
5-Tailings Area 2 0.0 0.3 0.3 1.0 0.0 0.0
6-Tailings Area 3 0.0 0.0 0.0 0.3 0.3 0.0
Radon Release Factors
Time Step
1 2 3 4 5 6
1-Yellowcake Stack 0.0 0.0 0.0 0.0 0.0 0.0
2-0Ore Pad 1.0 1.502 1.502 2.004 2.004 0.0
3-Grizzly Dump-Hopper 1.0 1.502 1.502 2.00§ 2.004 0.0
4-Tailings Area 1 1.0 1.0 0.007 0.007 0.007 0.007
5-Tailings Area 2 0.0 1.0 1.0 1.0 0.005 0,005
6-Tailings Area 3 0.0 0.0 0.0 1.0 1.0 0.004
Table C,1-4 Tailing Mix Activities
Tailings Activities, pCi/g
Set Number Uranium Thor ium Radjum Lead
11.3 277, 284" 284.
2 17.1 407. 427. 427.
3 22.8 543, 570. 570.

Table C.1-5 Radon Release Fractions for Continental Doses

Representative Site Equivalent Release Fraction
Casper, Wyoming 0.86
Falls City, Texas 0.06
Grants, New Mexico 0.04
Wellpinit, Washington 0.04

C.1.3 Meteorological Parameters

The annual average joint frequency of occurrence meteorological data set
is entered through the array FREQ. A listing of this data is given in
the sample output listing in Section C.2 (output page 2) and will not be
repeated here, The average annual mixing layer height is 850 meters
(input parameter DM).
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C.l.4 Pathway Parameters

The four pathway parameters describing annual animal feed requirements
are set as indicated in Table C.1-6. Because the default value for
these parameters is 0.5, it is only necessary to give the value of
FHAYI = 0.0 in the input set. However all values are given for com-
pleteness {see Figure C.1-1). The regional food production rates
(kg/yr per kmZ) for Wyoming (see Table 4.2-6) are: vegetables - 320.,
meat - 1400., and milk - 230. The food production rates are entered
through the array FPR.

Table C.1-6 Sample Problem Animal Feed Requirements

Feed Type Fraction of Intake Parameter

Individual Dose:

Forage 0.5 FFORI

Stored Feed 0.0 FHAYI
Population Dose:

Forage 0.5 FFORP

Stored Feed 0.5 FHAYP

C.1.5 Population Distribution Parameters

The population within each of the 192 spatial intervals about the site
is given in input array IPOP, A table of population data is given in
the sample problem output listing {see Section C.2, output page 4) and
will not be repeated here.

The changes in total YU.S. population during each time step is required
for the continental population dose calculation. The parameter PAJUST
gives the ratio of the population at the end of each timestep to the
1978 population. The values used for the sample problem are ¥isted in
Table C.1-7 and were calculated from data given in Table 4.2-8.

Table C.1-7 Sample Problem Population Growth Factors

Time Step Population factor
1-After 2.25 Years 1.039
Z-After 4.25 Years 1.059
3-After 6.5 Years 1.081
4-After 11.5 Years 1.129
5-After 19.5 Years 1.189
b-After 24.5 Years 1.215
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C.1.6 Individual Receptor Location Parameters

The Tocation of the six individual receptors is given through the input
array XRECEP. Table C.1-8 presents the location coordinates to be used.

Table C.1-8 Sample Problem Receptor Locations

Locations Relative to Mill Center

Receptor East-West(km)  North-Scuth(km) Elevation{m)

Fence Boundary E 2.040 -0.200 8.8
Fence Boundary SSE 1.080 -1.440 2.4
Grazing E 2.560 0.0 3.7
Grazing ESE 2.584 -0.890 -1.4
Nearest Resident NNW -0.448 1.466 12.3
Nearest Resident in the

Prevailing Wind Direction 2.168 2.168 10.2

C.1.7 Time History Parameters

The time steps given in Table C.1-1 are described through input array
TSTEP. Values given are the duration of each time step in years as
indicated in Table C.1-9. The start of the first time step is defined
as 1980 by the input parameter TSTART. :

Table C.1-9 Sample Problem Time Steps

Time Step Quration, Years
T-After 2.25 Years 2.25
2-After 4.25 Years 2.
3-After 6.5 Years 2.
4-After 11.5 Years 5.

8
5

5

b-After 19.5 Years
6-After 24,5 Years .

0
2
0
0
0

C.2 Sample Problem One Output

Execution of sample problem one results in fifty-nine pages of output
reports. A summary of information given on each page is presented in
Table C.2-1. A listing of selected portions of the output is given in
Figure C.2-1. Specific items of interest on the output reports are
indicated by circled numbers and are discussed below.

Page 1

Each page has the same heading giving site name (item 1, parameter
REGION), meteorological data set name (item 2, parameter METSET},
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program version (item 3), current date (item 4) and page number (item
5}. The table marked as item 6 gives values provided in input array
SORCE. The source names (item 7} are supplied on title cards as QNAME.
Tailing activity mixes (item 8) are supplied as array PACT and particle
size fraction data (item 9) are defined internally in block data FRESH
as array PTSZFC. Source strength factors for particulates (item 10} and
radon (jtem 11) are provided as input parameter QAJUST.

Page 2

This page gives the percent joint frequency of occurrence of wind speed,
direction and atmospheric stability. The percent values are generated
internal to the program from the fractional (decimal) values provided
by the used in the input array FREQ ( £ FREQ=1.00). The total frac-
tional freguency for each wind speed is given as FREQWS (item 12}.
Totals by stability and direction are also indicated in the table. The
direction is the direction the wind is from.

Page 3

This report gives additional input information. Data for each indi-
vidual receptor location is given first {item 13). This data is entered
as XRECEP with titles given as XNAME. Qther input parameters are given
by name (item 14).

Table C.2-1 Sample Problem One Output Reports

Page

Number Description of Report

1 Input source description data

2 Input meteorological data

3 Input receptor and timestep data

4 Input population data

5 Inhalation and external dose conversion factors

6 Ingestion dose conversion factors, environmental concentrations
factors and timestep dependent variables.

7 Air and ground concentrations and total deposition rates for
timestep 1 and direction N

g* Same as page 7 for timestep 1 and direction ENE

g* Same as page 7 for timestep 1 and direction E

10* Same as page 7 for timestep 1 and direction S

11* Same as page 7/ for timestep 1 and direction W

12 Annual population dose summary for timestep 1

13* Same as page 7 for timestep 2 and direction N

14* Same as page 7 for timestep 2 and direction ENE

15% Same as page 7 for timestep 2 and direction €

16* Same as page 7 for timestep 2 and direction S

17* Same as page 7 for timestep 2 and direction W
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Table C.2-1 cont'd.

18* Same as page 12 for timestep 2

19* Same as page 7 for timestep 3 and direction N

20* Same as page 7 for timestep 3 and direction ENE

21* Same as page 7 for time step 3 and direction E

22% Same as page 7 for timestep 3 and direction S

23% Same as page 7 for timestep 3 and direction W

24% Same as page 12 for timestep 3

25% Same as page 7 for timestep 4 and direction N

26* Same as page 7 for timestep 4 and direction E

27* Same as page 7 for timestep 4 and direction 3

28%* Same as page 7 for timestep 4 and direction W

29* Same as page 12 for timestep 4

30* Same as page 7 for timestep 5 and direction N

31* Same as page 7 for timestep 5 and direction E

32* Same as page 7 for timestep 5 and direction S

33* Same as page 7 for timestep 5 and direction W

34> Same as page 12 for timestep 5

35 Particulate concentrations at receptor locations for timstep 5

36 Radon and daughter concentrations at receptor locations for
timestep 5

37 Results of MPC checks at receptor locations for timestep 5

38 40 CFR 190 dose commitment totals and total annual dose com-
mitments at receptor 3 for timestep 5

39 40 CFR 190 dose commitments at receptor 4 for timestep 5

40 Total annual dose commitments at receptor 4 for timestep 5

41* Same as page 39 for receptor 5

42* Same as page 40 for receptor 5

43* Same as page 39 for receptor 6

44* Same as page 40 for receptor 6

45% Same as page 7 for timestep 6 and direction N

dp* Same as page 7 for timestep & and direction E

47% Same as page 7 for timestep 6 and direction S

4g* Same as page 7 for timestep & and direction W

49* Same as page 12 for timestep 6

50* Same as page 35 for timestep 6

61* Same as page 36 for timestep 6

52* Same as page 37 for timestep 6

53* Same as page 38 for timestep 6 and receptor 3

54 * Same as page 39 for timestep 6 and receptor 4

b5* Same as page 40 for timestep 6 and receptor 4

56* Same as page 39 for timestep 6 and receptor 5

57* Same as page 40 for timestep 6 and receptor 5

H8* Same as page 39 for timestep 6 and receptor 5

59* Same as page 40 for timestep 6 and receptor 6

* These pages are repetitious and are not included in the output T1ist-
ing of Figure C.2-1.
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FIGURE C.2-1. Sample Problem One Output Listing

REGION=STERRA HADRE MILL <::) CODE=MILDOS,REYD (7,79) (::> DATE=  2/1'7/P1
METSET=CASPER WYOMING (::) PAGE M.
NUMBER OF SOURCES= 6 t::)
KM KM M KM? (::) C1/YEAR PSIZE  MZ/SEC
NC. X ¥ z AREA U-238™ TH-230  RA-226 PR-210  RN-722 10 SET  EXIT VEL  SODRCE NAHE(::)
1 0.00  0.00 20,00 L0000 4.14E-02 2.1RE-D3  B.B2F-05 8.62F-N5 0, 1101 1 1.70E+N1  YELLOWCAKE STACK
2 40 .40 6,00 L1600 4.080-02 4.08E-02 4.0R€-02 4.080-07 1.09f+03 1201 30, ORE PAD
3 .20 L2000 D.00 0PN 2.60E-07  2.60E-N?  2.60E-02 2.6DE-NZ A 1RE+11 1301 2 0. GPIZZLY FUMP-HOPPER
4 1.39 J98 -10.00 L1430 S.670-03 1.35£-01 1.41E-01 1.41E-01 1.2RF+03 2001 3 n, TAILINGS ARLA 1
5 -1.30  -.84 -10.00 .2700  1.E1E-DP2 3.82E-D1 4.ME-0F 4.01E-D1 3.64£+03 2002 3 O, TAILINGS AREA 2
6 1.0 .98 -10.00 L8270 6.56E-02 1.56E+00 1.RAL+PN  1LRAE+DD  1.80F+04 2003 3 N TATLINGS APEA 3
INPUT TAILS ACTIVITIES, PCI/G PARTICLE SIZES ANP FRACTIOMAL DISTRIBUTION
SET URAMIUM  THORIUM  RADIUM LEAD SFT 1.0 1.0 &0 35,0 PNEN
1 1.14E+01 2.71E+(12 2.RAE+0Z  2.04E+N2 1 1000 p.O00 0,000 ¢,.000  8.000
2 1.71E+01 4.07E+402 4,27E+02 4,27E+02 @ 2 n.opn 1,000 00000 o.anp 2,400
3 Z.28E401 5.A3F+02 5.70E+07  5,70E+072 3 0.000 0,000 L300 700 2,400
PARTICULATE SOURCE STRENGTH MULTIPLIERS B8Y TIME STEP, 6 TIME STEP({S) USED FOR THIS RUN.
SOURCE  TSTEP 1 TSTEP 2 TSTEP 3 TSTEP & TSTEP 5 TSTEP 6 TSTER 7 TSTEP 8 TSTEP 9 TSTLPIN
NUMBER 2.25YRS 2.00YP% 2.75YRS 5.C0YRS 8.0NYRS 5.NOYRS 0.0NYPS a.a0YRS 0.00YRS 0.OOYRS
1 1.000E+00  1.S0RE+DD  1LS00E+N0  2.000E+00  2,000F+a0 0, 0. 0. 0. n
2z 1.000E+00 1.50ZE«N0 1. BN2E+10 2.004E+00 Z2.004F +00 n n. 0. 0. 0
3 1.O00E+00  1.502E+00  1.G02E+00  2.004E+00  2.004E+00 D, n. n. n. n.
4 3.000F-01 1.NO0E+0N n. n, n., n. n, N. a. n
5 o, 3.000E-N1  3.00PEL01 FLOCDEOD 0, n n. r. n. n
6 0. Q. 0. 3.000E-p1  3.00DE-01 DL n. n. 0. .
RADON SOURCE STRENGTH MULTIPLIERS RY TIME STEP, & TIME STEP(S) USED FOR THIS BUN 0. 6::::KL
SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP & TSTER 6 TSTEP 7 TSTEP TSTEP © TSTERLQ
MUMEER 2.25YRS 2.00YPS 2.25YRS 5.00YRS E.ONYRS H.00YPS n.rOYRS 0. 00YRS 0. NOYRS 0.NN¥RY

1 0. 0. o, 0. a. 0 . n
2 1.000E+00  1,6N2E+00  1.502E+N0 2,004E+00  2,004E+00 0. 0. n. n. n
@ 3 1.000E+00  1.502E+00  1,5CZE+00  2.004E+00 2. 004E+D0 O . LB
4 1.ONCE+OD  1.000E«00 7.000E-N3  7.000E-03  7.000E-03 7.000E-02 0, Q. n. 0.
5 0. 1.000E+00  1.000E+00  1.000E+C0 5.000E-03  5.700E-03 1. 0. 0. 0
£ M. 0. 0. 1.00DE+0Q  1.000E+00  4,000E-N3 0. n. 0, 0



FIGURE C.2-1. {Continued)

REGTON=SIERRA MADRE MILL CONEaMILDDS  REVD {7/79) DATE= 2717771
METSET=CASPER WYOMING PAGE KO, 2

JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WHERE WIND IS FPOM FREOWS= 08734, 21073, .28176, .26134, 13153, 06734
WPH W LL13 NE ENE 4 ESE SE 55E 5 S5W W WSW W WM M NHW IOTALS

STABILITY CLASS 1

1.5 0062 .0240 .0103 .024¢ .0171 .0103 0069 .0411 .0Y37 .0206 .0240 .024D .0377 .M71 .N206 .0ND3 .Jnaa
5.5 0137 0274 L0206 .0068 0137 D206 .O137 .0€17 .NDES L0206 006G 0274 0548 L0343 0.0000 .0206 .3498
10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0,.0000 D.00CD 0.0000 0.00M0 N.0000 0.0000 0,0000 0.0000 0,000 N.0000 0.0N0N 0. 0N00H
18.5 0.0000 ¢.0000 0.0000 0.0000 G.0N00 0.NOCD 0.000C 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000
21.5 0.0000 (0000 .0000 0.0000 Q,0000 D.0000 0.0000 0.0000 0.0000 00000 G.0N00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
28.0 0.0000 0.0000 0.0000 ¢.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00MD 0,0000 0,0000 G.0M00 0.0000 0.0000 0.0000 n.oeon
ALL 0206 .0S14 0309 .0309 .0308 .0309 .0206 1028 L0206 .0412 .0309 .0514 .0925 .0514 .D206 .03N9 6584
STABILITY CLASS 2

1.5 .06h4 0507 ,0274 .0421 .0960 0424 0665 0651 0977 .041n LNGLE .nd4s 1126 .0402 .0208 (0644 L3386
5.5 0059 1233 .068S .0411 .1233 L1165 1302 .1165 .2124 .1028& 1576 .137n 1370 .D95G .0h48 109 1.8224
10.0 .0685 .0617 .0685 0411 0617 .n206 0548 .0274 .N54R (0GRS .NA22 .109f ,17Rl .0685 .0754 0922 1.1236
15.5 0.0000 0.0000 0.000C 0.0000 0.00D0 0.0DDO (,0O0O 0.0000 0.0000 D.0N00 0.000D C.ONOG N.D00CG 0.0000 0.0000 0,0000 0,0000
21.5 0.0000 0.0000 0.0000 06,0000 0.0000 0.0000 01,0000 0.00N0 0.0000 0,N0N0 00000 D.0OND D.0000 D.0000 0.0000 0.0000 0.0000
28.0 0.000¢ 0.0000 0.0000 0.0000 @.0000 0.0000 0.0000 3.0000 0.0000 0.0000 GAMOE 0.ODOA 0.0000 1.0000 000N 0,0000 0.0060
ALL 2198 2357 (1744 1743 .2810 ,179% .2515 L2090 3649 ,2123 .3nl§ .2911 4277 .2046 .1510 .2%A2 3.8846

STABILITY CLASS 3

1.5 .p18s 0133 .011% .D118 ,03&6 ,DIRG .0127 .0037 .0282 .DMIRG6 .O1Be .PP92 .0179 .0273 .032n .o028 L3014

5.5 .0959 .1370 .09%9 .1M28 .1781 .0959 .1233 .0822 .150% .D9S¢ .maso (1713 .2398 .1302 0754 L0617 1.9320
10.0 .2535 .1850 .1576 .1713 .2329 .191R .1233 .0B22 .1233 .19R7 .369% ,6439 ,4727 .27261 .1644 .157F 3.7542
15.6 0274 .0137 .0137 .0137 .0243 ,0343 0137 0.0000 L0343 .095%9 .2055 .1713 .1918 .0343 .0Dall 0685 L9935
21.5 0.0000 .0Q69 0.0000 0.0000 0.0000 0.0000 0.0000 M.000Q ,0137 ,00R9 (1343 D343 .0411 .0206 0.0000 0,0000 .1878
28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00OD 0.0000 .AD6O  .N137  .ONGY 0.00N0 N.0000 0.0000 N275
ALl 3954 3559 2787 72996 .4B19 .3406 .2730 L16R1 .3502 (4160 .71 L.0637 9702 4386 .3129 .7906 7.1664

STABILITY CLASS 4

1.5 .0r92 .1053 .0854 .074%1 ,0598 .0592 .0548 .026& 0548 0336 .04I1 .0520 0679 .0R16 .0420 1009 1.020%

5.5 L5412 5823 .4453 .3220 .411n 3220 .1918 1302 .191B .1233 .205% 3357 .3357 .2398 .1439 .4521 4.9736
10.0 1.1440 1.4249 1.0207 .R768 ,9248 .4932 .3014 1370 .2124 .6307 1.4180 2.1304 1.7468 .5612 .5206 .S0N1 14,0226
15.5 1.1097 1.4865 1.0275 .6508 1.0001 5480 1987 .0548 .3699 3.MR26 6.5420 5.19093 1,9318 .9453 .5891 .4047  25.1403
21.6 L2809 .376B .1713 L0617 .2261 .na2z .04l .0137 L1781 2.6716 H.0OO7E 2,2126 (9748 4042 (2398 (1028 12.9952
28.0 .1028 .1028 .0274 C.OGNO .0137 .0PGY 0.0000 0.0000 .0411 1.4797 P 2460 (0727 5206 .1165 .0411 0343 57085
ALl 3.2578 4.0786 2.7776 1.9854 2,6355 1,5115 7878 .3625 1.0481 B.0Z1015.461010.9037 5.5276 2.3286 1.5775 1.5944  63.8586

STARILITY CLASS B

1.5 .3723 .186B ,1431 .1104 .1608 1124 .0635 .0BA2 ,1221 .1124 .]144r .799% 5746 .2607 .2023 2606 3.1647
5.5 1.1098 .8974 .6439 .54B0 6234 .3563 3082 .1919 3014 .3152 (5275 1.7741 2.0140 .9865 (9047 ,9933  11,99R2
10.0 .3425 .3014 .280% 2877 .4042 .I0RI L1165 .04R0 0548 .ANA2 1.0807 2.R273 1.9044 4042 L2466 .26M3 9.2755
15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,.0000 0.0000 D,AAN0 0, 0000 D.0000 0.0 D.NO0N 0. 000N
21.% 0.0000 0.0000 0.0000 0.M000 0,0000 0,0000 0.0002 0.OC00 00000 D.0000 0.ADRO 0,0000 0.0000 0.000C 0.0000 0. 0000 p,0noQ
28.0 0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 D.0000 00000 0.0ND0 0,0000 0.0000 0,0000 0,0000 0.0000 0.0000 n,nono
ALL 1.8246 1.3656 1.0679 ,9461 1.1884 7770 4883 7982 4781 8318 1,7R15 4,060 4.4030 1,.6514 1,3531 1.5142  74.4354

STABILITY CLASS €

1.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 00000 00000 00000 §.0000 0.0000 0.0000 0.nong

5.5 0.0000 0.0000 0.0000 0.0000 0,000 0.000D 0.0000 0.0000 0.0000 00000 N.NOAR N.ORI0 0,0000 0.0000 0,000 0, 0000 1, 0000
10.0 0.0000 0.0000 0.0000 ©.0000 0.0000 0.0000 ¢.0000 0.0000 0.0000 6.0000 00000 0.0000 00000 0,000 N.0000 0.0000 n.0ONOR
15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 A,0000 0,000 0,000 0.000C 00000 0.0000 0, 0000 0, 0000
21.% 0.0000 0.0000 0.0000 00,0000 D.0N0D 0.00O0 0.D0CG M.ONAD 0.0008 0.0000 Q.000N 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000
28.0 0,0000 0.0000 0.0000 0.0000 0.0000 0.000Q 0.0000 O,0000 0,000C 0.0000 H,0000 G.OMOO 0.0000 N.0000 0,0000 0.0000 ¢.0000
ALL  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 N.0000 0.0000 O.0000 O.0000 0.0000 0.0000 ©,0000 0,000

ALL 5.7182 6.0R72 4.3295 3.3863 4.6176 2.#395 1.R212 1.1406 2.2621 9.522318,7AR116,705911.5110 4.6745 13,4151 3.ARE1 100.0034

€.12
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FIGURE C.2-1. {Continued)

REGION=SIERRA MADRE MILL CODE=MILDOS,REVD (7/74) DATE=  7717/P1
METSET=CASPER WYOMING PAGE ND. 3
-------------------------------- INDIVIDUAL RECEPTOR LOCATION DATA, 6 LOCATIONS INPUT THIS RUN-commmmoocossmmmmc o cmmmmm o ammem
I LOCATION NAMES X{KM) Y{KM)  Z(M) DIST{KM} T¥PE ! LOCATION NAMES X(KM) Y(KM)  Z{M) DIST(KM) TYPE
1 FENCE BOUNDARY E 2.04 -.20  8.80 2,05 0 4 GRAZING ESE 7,58 -.89 -1.40 2,73 10
2 FENCE BOUNDARY SSE 1.08 -1.44 2,40  1.80 0 5 NEAREST RESIDENT ®NM  -.45 1,47 12.30 1.53 10
3 GRAZING E 2.56  0.00 3,70 2.56 10 6 NCAREST RES IN PRE.  2.17 2.17 10.20 3,07 10

MISCELLANEDUS INPUTTABLE PARAMETEP YALUES
DM TSTART FEORT FHAY] FFORP FHAYP FPR{1) FPR{Z) FPR{3) ACTRAT
es0.00 180,00 .s0 0.0 w50 s0 3.0 laco.on  230.00  2.50
[PACT EQUALS O, O, 0, 1, 2, 3,

JC EQUALS 1,0,1,0,0,1,1,0,1,0

. T‘]HE STEP DATA. ... STEP NAMES LEMGTH, ¥PS IFTOND
1 AFTER 2.2% YEARS 2.25 0
@ 2 AFTER 4.25 YFARS 2.00 n
3 AFTER 6.5 VYELARS 2.25 n
4 AFTER 11.5 YEARS 5.00 n
5 AFTER 19.5 YEARS B.0O0 1
6 AFTER 24.5 YEARS 5.00 1

XRHO EQUALS 1.5, 2.5, 3.5, 4.5, 7.5, 15,0, 25.0, 35.0, 45.0, 55.0, &5.0, 75.0,
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FIGURE C.2-1. {Continued)

REGION=SIERRA MADRE MILL CODE=MILDOS,REND {7/79) DATE=  2/17/21
METSET=CASPER WYOMING PAGE NO. 4
PRPULATION DISTRIBUTION

' N (::) NNE NE ENE £ ESE 5E S5E S SSH W HSK W WHK MW MK
KILOMETERS * 0.0 22.% 45,0 87.5 9n.0 112.5 135.0 157.5 180.0 2n2.5 2P5.0 247.5 270.0 292.5 315.0 337.5
1.g- z.0 ¢! 0 0 o 0 n n 0 0 n fl 0 f i 0 n a
Z2.0- 3.0 " o n a n n n g Q 0 0 0 0 0 0 t 0
3.0- 4.0 1 2 1 3 2 1 1 7 4 3 1 3 2 1 2 3
4.0- 5.0 ¢ 5 3 2 n 1 3 n 0 2 1 3 o 7 1 1 1
5.0-10.0 ° 0 0 o n 5 0 0 0 f 0 n n 0 n 0 r
10.0-20.0 : 15 14 1 n 3 n 1 n L i 2 1 {l 3 n a
20.0-30.0 0 0 0 0 n 0 0 r n 0 n 0 0 0 n 4
30.0-40.0 0 40 15 10 1 4 2 0 0 25 8 9 U 4 5 0
40.p-50.0 ¢ 4 27 14 a 3 Z a 1 0 4 a7 6 3 0 N 1
0.0-60.0 ' 2 10 4 1 0 0 n 0 n 0 0 0 n 0 n n
¢.0-70.0 14 oo 8OO 327 50 0 0 o 17 254 322 145 aa 0 ¢ n
0.0-80.0 ' 400 250 97 655 422 ¢ 0 29893 37372 o Q n 0 ¢ 427 1000
1.0-80.0 447 646 934 1004 482 10 4 25836 37406 288 363 164 96 g 435 1005

TOTAL 1-BO KM POPULATION IS 69189 PERSONS
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REGIDN=STERRA MADRE MILL
METSET=CASPER WYDMING

S17ZE= 1.0UM, RHO=8.9

FIGURE C.2-1. {Continued)

CODE=MILDOS REYO (7/79)

INHALATION DOSE CONVERSTOM FACTORS, MR/YR PER PCISM3

DATE= 2/17/81

PAGE HNO.

BI-210

5

WH.BODY
BONE
AVG, LUNG
LIVER
KIONEY
SIZE= 1.0UM, RHD=2.4

&.95E-01
2.43E+00
3.13E+02
5. 3AE+00
1.79E+D]
pO-2101

WH.B0DY
BONE
AYG.LUNG
LIVER
KIDNEY

SIZE= H.0iM, RHO=Z.4

4,71E-01
1. 2E+D0
4, 2NE 402
4, 220400
1.42E+01

PC-2101

WH.BODY

BONE

AVG . LUNG

LIYER

KIONEY
SIZE=35-0(M, RHO=2.4

T.anr.nl
2.89E+00
1.BRE+D2
6. 36E+00
7.13E+401
P-2101

WH.BODY
BONE
AVG.LUNG
LIVER
KIDREY

SIZE=  .3UM, RH=1.0

6.57E+00
2L18E+01
P-2101

WH.BODY
BOME
AVG. LUNG
LIVER

K IDREY

GROUND, MR/YR PER PLI/MZ
CLOUR, MRJYR PER PLI/M3

U-238 U-234 TH-230 RA-226 PR-210
9.82E+00 1.12E+01 1.3TE+02 J.5RE+NL 4. 6GE+00
1.66L402 1.81E+02 4.90E+03 3.5RE+N2 1.45E+02
1.076+03 1.21E+03 2.37E403 4.88€+03 5.69E+07
a. 0. 2.B2E+02 4.47E-02 3.69E+01
3.7BE+01 4.300401 1.376+03 1.26E+00 1.21E+02

U-238 U-234 TH-230 RA.226 PB-210
A4.32E+00 4,92E+00 1.66E+07 3.09E+01 4. 36E+00
7.92E+01 7.95E+0] 5.96E+03 3.09E+02 1,35E+02
1.5BE+02 1.ROE+D2 3.220403 f.RLE+N] T IZ2E+02
0. a. 342402 3.87E-02 3.45E+01
1.66E+01 1.89E+01] 1.67E+03 1.M9E+n0 1.13E+02

\J-238 U-234 TH-230 RA-22h PBR-210
1. 1RE+0H] 1.37E400 1.01E+02 4.00E+01 4, RACHO0
1.96E+01 2.14E+01 1.60E+03 A ONE+NZ 1.60E+02
1. 24E403 1.47E+02 1.3RE+N3 7 REE+N3 A, ANE+02
0. n., 2.07e+02 4.,97E-02 3.R3E+01
4 ATE+OD 5.1NE+00 1.00E+N3 1.41E+00 1.25E402

y-238 U-234 TH-230 RA-226 PR-210
7.928-01 G.02E-0] 5.77E+01 3.90E+0] 4, 43E+00
1. 34E+01 1.46E+01 2.07E+03 3.90E+02 1.3RE+02
3.230402 3.8NE+DZ 3. FIE+02 F.BaF+012 f.70E+D
a. N 1.190+02 4_85E-112 3.51E+01
3.05E+00 34TE+N0 5.73E+02 1. IRE+N0 1.15€+02

U-238 u-224 TH-230 RA_Z7R PR-2Z10

7.48E+00
2.32E+402
AL 27E+(H
5.91E+01
1.93E+07
EXTERNAL WHOLE RODY DOSE CONVERSION FACTORS
U-238 TH-230 RA-226 FR-Z10 Rh-222
3.70E-06 6.12E-07 04707 2. 2701 S.03F -8
1.73E-N4 3.59F-06 4,90E-05 1,436-n5 2.RIE-DA

.EIHURK]NG LEVEL CONCENTRATION FACTORS, WL PER PCI/M3

PO-Z18 PR-214

1.108-08 3. 16E-0%
6.34F-n7 1.£7E-N3
1.03E-D6 5.07E-06

1.29E+00
5. 24E+00
2 . BRC+(17
1.15E+01
JLBTE+M

RI-714
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REGION=-STERRA MADRE MILL

METSET=CASPER WYOMING

AGE GROUP TISSUE

FIGURE

C.2-1. {Continued)

CODE=MILNOS ,RE¥D (7/79)

@ INGESTTON DGSE CONVERSION FACTORS, MP PER PCI INGESTED

U-234

TH-234 TH-230 RA-

3.276-03

J.428-07 3.55E-03 B.76
3.42E-07 3.55E-03 8.76

1.09E-13
1.09E-03

1.14€-07 2.16E-D3 4.90
1.14E-07 2.16E-M3 4,90

F.67E-04
7.67E-04

8.01E-08 2.06E-03 4,60
a.01E-08 2.06E-03 4,60

INFANT THHAL .
INFANT INHAL.
CHILD INHAL.
CHILD [NHAL
TEENAGE INHAL .
TEENAGE INHAL.
ADULT IKHAL
ADULT INHAL

FHL,

FRACT
FRACT
FRACT
FRACT
FRACT

NG. TIME §

DIMENS [ONLESS
DIMENSTONLESS
DIMENSIONLESS
DIMENSI(MLESS
OIMENSTONLESS
FLIZEG PER PLISDAY
BCY1AL PER PCI/DAY
[fN TN ED PORT(ON
Nk I8 LM eperiar
INk 1K L0 PORTION
NN IR T parTIee
JGN Th ED POPTICN

TEP NAHE@ PAJUST

1.40E-02 4.00E-03 2.50
1.40E-02 4.00E-03 2.50

ENVIRONMENTAL CONCENTRATION FACTORS

FOD TYPE

BELOW G.
FORAGE
ST. FEED
MEAT
MILK
ENLABG.
POTATN
RELMW G.
FORAGE
ST. FFED

‘EII' TIME

NEACT
1i-P2F

U-238 TH-230
Z.50E-12 4.70E-03
2.50E-02 4,20E-02
2.50E-03 4,20E-03
7.60E-03 4.20E-03
7.50E-03 4.208-n3
3.40E N4 2.00E-04
6. 10E-014 5.00E-06
1.0QE+00 1. 00E+00
t.onf-m 1.M0E-N]
1.00E-M 1.00€-01
1.00E +00 1.A0E+an
1.00E+00 L.NNF+0f

STEP NEPENNERT VAPRLARLES @
CracT GFACT GFACT TFALT

™-230 RA-226 PR-210

AFTER 2.25 YEARS LOBLE+ON £.9911 +N7 A, 0F10+07 6, 9RBE+N7 E.7541+07

AFTER 4.25 YEARS

1
z
3 AFTER 6.5
4 AFTER 11.
5 AFTER 19.
& AFTER 24.

1.NTSE+00 £, 2250407 A.PPHE4NT 6.2230407 RLN3TE+07

YEARS 1.OG2E+00 F.A91F+07 6, 001F+07 A, GRBE+0F 6, 754E+07

5 YEARS 1.191E+00 2, 300 NP 2 3000+08 7U3RAE+0R 2,1210+08
5 YEARS L.231E400 1.5250 408 15760400 1,65230+408 1.4130+08

1
!
1
5 YEARS 112964000 L6260 +0N# 1,525 +0R 1.5230+40R 1.413E+08 1.
1
1

DATE= 2/17/81
PAGE WO, 6
226 FB-210 B1-210 FO-210
E-N2 4,75E-02 1.97E-06 1.52E-03
E-nz 4,75E-07 1.97E-06 1.52E-03
E-p2 1.81E-D2 6.59e-107 S.09E-Nd
E-N2 1.81E-n2 6.59E-07 5.09E-04
E-N2 1.53E-02 4,61E-007 3.5RE-04
£-02 1.53€-02 4,61E-07 3.56E-04
E-N2 4.20e-03 1.80E-N2 2.80E-02
£-0n3 4,20E-03 1.80E-02 2.80E-02
RA-226 PR-210

1.40E-02 4,00E-03

3.00E-03 4,00E-03

1.40€-02 4.00E-03

1.80E-02 2_BOE-N2

B.20E-N2 J.60NE-D2

5.10E-04 T.10F-04

5,90E-04 1.206-04

1.00E+40G 1.00E+00

1. 0NE-01 1.ME-01

1.00E -] 1.00E-0]

1.00C+00 L.0OE+0n

L.O0F +nD 1.0nE+00

TFALT TFALT TFACT

1-23R =230 RA-226 PR-Z10
622000 16720400 T.6720+00 VL A1RE-Q0
BPPTA00 1.622E+00 1,622F+00 1, RLBE+OD
JBZZ20A00 1LR22E400 1.672T+00 1 F]RC+0N
RPPE+MN 1.A2ZE+00 1,6770+00 Y F19E+DN
LB230N0 1 RZ3E+00 1.R2304N0 T.ATOF 400
LEZPEA00 1LB22E400 1 622000 LR 1Q00]

.XPFACT=2.64UE+HZ GPFACT{A}=1,707L400 1,707 4049 | 470 +08 6.943F+NR  TPFACT(4)=1.63BE+00 1.638E+00 1.62RE+ON 1.624E4+00
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FIGURE C.2-1. (Continued)

REGION=SIERRA MADRE MILL CODE=MILNOS REVD (7/79) DATE= 2/17/R1
METSET=CASPER WYDMING PAGE N0, ¥

TIME STEP NUMBER 1, AFTER 2.25 YEARS DHPATION IN YRS IS... 2.3
@ CONCENTRATION DATA FOR THF N DIRFCTION, THETA EDOUALS (0.0 DEGREES

TOTAL AIR COMCENTRATIONS, PCI/M2, AND WL

RHD, KM U-238 TH-230 RA-226 PB-210 RN-222 FN-21R PR-214 f1-214 PB-210 L

6.B79E-04  4.363E-04  4.230E-04  4.220E-D4  2.892E+01  Z2.133E+01  6.131E+00  2.049E«D0  L.3D4E-06  6.070E-085
2.7590-04  1.396L-04  1.324E-04  1.3Z1E-04  B.GINE+DN  A.OTFEN0  3.322E400  1,55QE+00  1.AB6E-06  3.097E-05
1.574E-04  7.2R7E-05  6.BAlE-D5  6.B25E-05  4,163E+00  4,058E+00  2.1350+00  1.247E+00  2.145€-06  1.965E-05
1.033E-DA  4,721E-05  4.4266-0%  4,4156-05  2,9740+00  2_G3SE+D0  1.797E400  1.I91E40D  2.R86E-06  1.BSBE-0S
4,3836-05 1.966£-05  1.B40E-N5  1.836E-D5  1.4I1E+0R  1.407E+00  1.076E+00  8.4D6E-01 A 102E-06  1.004E-05
1.3296-05  K.112E-06  5.733E-06  5.7200-06  5.730E-01  5,723E-01  5.233E-0F  4.676E-00  5.203L-06  4.988E-06
5.497£-06  2.5911-06  2.437E-06  2.437E-06  3.0Z8E-01  3.0A0E-01  2.947E-DP  2.82%€-D1  5.535E-06  2.86CE-06
3.039E-06  1.453E-06 1.369E-N6  1.386E-06 2.D03E-0]1  2.004E-01  1.987E-01  1.952F-01  5.599E-06  1.942(-06
1.932€-06  §.331£-07  8.R03E-07  B.7836-07  1.4726-01 1.473E-01  1.471E-0! 1.46DE-DI  5.583f-DE  1.4420-06
1.335E-06  &£.509£.07  6.1470-07  6,133E.07 1.153E-01  1.153E-P1  1.156E-01  1.153€.01  5.543E-06  1,135E.06
5.749E-07  4.79BE-07  4.536E-07  4.526£-07  9.3845-02 9.390E-02  9.4226-02  9.424E-M2  5.485E-06  9.259E-07
7.497E-07  A.730E-07  3.531E-07  3.523E-07  7.88VE-PZ  1.892E-07  7.9250-02  7.93BE-02  5.431E-06  7.792E-C7

IR DA AR O W LA~ S La o e
DD Dot

Sl O LN A L P

GROUND SURFACE CONCENTRATIONS, PCIfMZ2

ARHO, KM u-238 TH-230 RA-226 PR-210 RN-222 PO-218 P8-214 RI-214 PR-210

S.113E+02 4.557E+02  4.557E+02  4.557E+02  AL726E+N2  4.726E+D7  4.7Z6E+DZ 2.642E-01
1.684E+02  1.199E+N2  1,173002  1,173E402  1.173€+02  1,237E402  1.227E+02  1,237€+02  3.415E-01
9.1Z6E+01  5.737E+0]  S.55SE+0]1  S.555E+01  S.555E+01  5.B76E+01  5,B7SE+01  5.B76E«0l  4.345.01
5.817E+01  3.754E¢0  3.683E+01  3.643E+01  3.R43E+01  3I.RTSE+N]  3.87SE+01  J.B75E+N1  5,B4A7E-01
2.324E+01  1.543E+01  1.500E+0]1  1.SO0E+01  1.500E+01  1.612E+01  1,612E+01  1.612E+01 B.311E-01
6.815E+00 A, 981E+00  4.354E+00  4.354E+00  4,354E+00 A RORE«DD  4.BOAE+DD  4.BD8E+00  1.OS4E+DD
2.750E+00  1.77SE+00  1.723€400  1,723€+00  1.723E+00  1.963E+00 1.963E-00  1.963E+D0)  1.121E+00
1.494E+00  9.459€-01 9,164E-01 9.164E-01 9.164E-01  1.07SE+00  1.07SE+D0  1.075E+00  1.134E+00
9.380E-01 5.626E-01 5.6356-01 5.635€-01 5.6356-01 6.802E-01  6.802E-01  6.RO2E-0F  1.131E+00
6.JBAE-01  3.922E-01  3.7ROE-0]  3.7B9E-01  3.789E-01 4.703E-01  4,703E-01  4.703E-01  1.123E+00
4.6156-01  2.B02£-01 2.705E-01  2.708E-01  2.705E-01  3.44BE-01  3.44BE-01  3.448E-01 1.111E«0D
3.514E-01  2,121E-0]  2.046E-01  2.046E-01  2.046E-01  2.671E-D1  2.671E-01  2.671€-01  1.100E+00

AR O AN DR AR LN - et P
== === = = T T T R

O LN A L DO e

TOTAL DEPQSITION RATES, PCI/M2-SEC

XRHD, KM u-z218 TH-220 RA-226 PR-210
1.5 1.186€-05  1.064E-05 1.057E-05  1.055E-05
2.5 J.505E-06  Z.7B1E-D6  2.721E-ME 2.720E-06
3.5 2.1176-06  1.331E-06 1.288E-06  1.293E-06
4.5 1.M9E-06 B.707E-07  B.453E-07  RA.520E-07

@ 1.5 5.413E-07  3.579E-07  3.4B1E-07  2.59RE-07
15.n 1.581E-07  1.039E-0F  1.010E-D7 L. 1B4E-07
25.0 6.379E-08 4,.11BE-08  J.9O9RE.NR  5.649E-08
35.0 3.455C-080  2.194f-0R  Z.127E-08  2.BNIE-0R
45.0 2.171E-08  1.351F-08  1.30BE-0H  2.980E-O8
55.0 1.4B2E-08  9.097¢-09  B.793E-09  2.SAQDE-08
65.0 1.076E-08  B.439(-09 6.276E-09 2.272E-08
75.0 A.151E-09  4,.%20E-09  4.748€-09%  2.103E-DA
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FIGURE C.2-1. {Continued)

REGION=S1ERRA MADRE MILL CODE=MILDOS,RE¥D (7/79) DATE= 2/17/81
METSET=CASPER WYOMING PAGE ND. 12

TIME STEP NUMBER 1, AFTER 2.25 YEARS DURATION [N YRS IS... 2.3

SUMMARY PRINT OF POPULATION DOSES COMPUTED FOR TSTEP 1--DOSES SHOWN ARE ANNUAL POPULATION DOSE COMMITHMENTS, PERSON-REM PER YEAR

POSES RECEIVED BY PEOPLE WITHIN 80 FILOMETERS

PATHWAY WH.BODY BONE AVGLLUNG LIVER KIDNEY BRONCHI
THHAL . 2.072E-02 6.070E-01 8.332€-01 ¥.452E-02 2.B21E-01 $.539€+00
@ GROUND 1.139t-02 1.139E-02 1.139E-02 1.139E-02 1.1358E-02 1.13%E-n2
CLouD 1.634E-01 1.634E-01 1.634E.-01 1.634E-01 1.634E-01 1.634E-01
VEG, NG, 3.690E-01 4.503E+00 3.690E-01 4.514E-0] 1. 407E+00 3.690E-01
MEAT NG 4,023E-02 §5.135E-01 4.0236-02 6.310E-02 1.909E-01 4,023E-02
MILE ING 2.894€-02 2.973E-01 Z2.B94E-0? B,599E-03 2.973E-n2 2.894E-07
RNFLUSSD 0. n. n. . ol a.
TOTALS 6.336E-01 6.086E+00 1. 446E+00 Foy2ap-nl 2.N8AE+N 1.016E+01

DOSES RECETVED RY PEDPLE BEYOND BO KILOMETERS

PATIWAY WH.BODY BONE AVG.LUNG LIVER KIDNEY BRONCHI
INHAL 0. ., n. Al 0. 0.

GROUND 0. a. 0. ] . i,

CLoun 0. 0. n. f 0. 0.

VEG. IRG 0. 0. o. a. L o,

MEAT ING 1.190€E-01 1.518£+00 1.190E-0]1 1.866E-01 5. 645E-01 1.180E-01
MILE ING o L 0. n 0. 0.
PNPLUSEO 2,157+ 2.93E+02 4.904£+00 2.157t+01 2.157E+N] 1.411E+02
TOTALS 2. 165E401 2.94GE402 S.DZ3E+00 2, 176E+011 2.213E+0] 1.412E+02

TOTAL DOSES COMPUTED OVER ALL POPULATIONS

PATHWAY WH.EODY RONE AVG.LUNG LIVER KIDMEY BRONCHI
INHAL. 2.072E-02 6.070E~01 R.332E-01 7.4526-02 2.821E-D1 9. 539E+M0
@ GROUND 1.139E-02 1.136E-02 1.13%E-n2 1.139E-02 1.139€-02 1139002
CLouD 1.634E-01 1.634€-01 1.634E-N] 1.634E-01 1.634E-N] 1.6388-01
MEAT ING 1.592E-01 2.032E+00 1.592E-01 Z2.497E-N1 7.555E-01 1.590-01
MILK ING 2.894E-02 2.973E-01 2.894E-02 B.599E-03 2.973E-07 Z-BOME-12
RNPLUSS0 2.157E+01 2.934F+02 4. GDAE+DD 2.157E+01 2.167F+(1 1.411E+02

TOTALS 2.232E+0] 3.010E+02 6. 469E+00 2.253E+01 2.422E+01 1.514E+402
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REGION=SIERRA MADRE MILL
METSET=CASPER WYOMING

NO. NAME PTSZ
1 FENCE BOUNDARY E 4
1 FENCE BDUMDARY E 2
1 FENCE BOUNDARY E 3
1 FENCE BOUNDARY E 4

CONCENTRATION TOTALS
2 FENCE SOUNDARY SSE 1
2 FENCE BOUKDARY SSE 2
2 FENCE BOUKDARY SSE 3
2 FENCE BOUNDARY SSE 4
CONCENTRATION TOTALS
3 GRAZING E 1
3 GRAZING E 2
3 GRAZING E 3
3 GRAZING E 4
CONCENTRATION TOTALS
4 GRAZING ESE 1
4 GRAZING ESE 2
4 GRAZING ESE 3
4 GRAZING ESE 4
CONCENTRATION TOTALS
5 NEAREST RESTDENT ONN 1
5 NEAREST RESIDENT NN 2
5 NEAREST RESIDENT ®NN 3
5 NEAREST RESIDENT NN 4
CONCENTRATION TOTALS
6 NEAREST RES IN PRE. 1
6 NEAREST RES IN PRE. 2
6 MEAREST RES IN PRE. 3
6 MNEAREST RES IN PRE. 4
COMCENTRATION TOTALS

FIGURE C.2-1. (Continued)

CODE=MILDOS,REVO {7/79) DATE= 2/17/B1
PAGE NO. 35
TIME STEP NUMBER 5, AFTER 19.5 YEARS DURATION IN YRS IS... 8.0

(::) INDIVIDUAL RECEPTOR PARTICULATE CONCENTRATIONS
ATRBORNE CONCENTRATIONS, PCI/M3 GROUND CONCENTRATIONS, PCI/M2
U-238 TH-230 RA-226 P8-210 U-238 TH-230 RA-226

1.985E-03 1.034E-04 4.135E-06 4.125E-06 5.916E+03 3.081E+02 1.228E+01
9.048E-04 9.048E-04 9,048E-04 8.026E-04 2.696E+03 2.696E+03 2.686E+03
5.825E-04 4.163E-03 4.353E-03 4.3472E-03 1.652E+03 1.041E+04 1.084E+04
4.121E-04 5.857E-03 6.145E-03 6.130E-03 9.562E403 1,250E+05 1.307E+05
3.884E-03 t.103E-02 1.141£-02 1.138£-02 1.983E+04 1.3B4E+05 1.442E+05

9.082E-04 4.730E-05 1.892E-06 1.887E-06 2.707E+03 1.410E+02 5.618E+00
4.908E-04 4_908E-04 4,907E-04 4.895E-04 1.462E+03 1,462E+03 1.457E+03
3.B46E-04 2.796E-03 2.923E-03 2,916E-03 1.088E+03 6.983E+03 7.273E+03
2.977E-04 5.016E-03 5.265£-03 5.253E-03 6.708E+03 1.059E+05 1. 108E+05
2.081E-03 8.350E-03 8.681E-03 8.660E-03 1.187E+04 1.145E+05 1.196E+05

1.582E-03 8.239E-05 3.296E-06 3.287E-06 4. T15E+03 2.455E+07 9.786E+00
7.509E-04 7.50%E-04 7.509E-04 7.490E-04 2.237E+03 2.2378+03 2.279E+03
4.27BE-04 2.938E-03 3.071E-03 3.064E-03 1.219E+02 7.426F+03 7.732E403
2.799E-04 3.876E-03 §.066E-03 4,056E-03 6.550E+03 B.354E+04 B.736E+04
3.041E-03 7.648E-03 7.891E-03 7.872E-03 1.472E+04 9.345E+04 9.733E+04

6.813E-04 3.549E-05 1.418E-06 1.416E-06 2.031E+03 1.068E+02 4.215E+00
2.903t-04 2.303E-04 2.903E-04 2.896E-04 B.651E+02 B.650E+02 8.619E+02
2.279E-04 1.900E-03 1.988E-03 1.983E-03 6.431E+02 4,B07E+03 5.012E+03
1.705E-04 2.638E-02 2.768E-03 2.762E-03 3.943E+03 5,699E404 5.963E+04
1.370e-03 4.863E-03 5.048E-03 5.036E-03 7.482E+03 6.277E+04 6.550E+404

4.624E-04 2.408E-05 9.633E.07 9.609E-07 1.378E+Q3 7.177E401 2.B60E+00
2.513t-04 2.513E-04 2.513E-04 2.506E-04 7.487E+02 7. 486E+02 7.460E+02
1.766E-04 1.960E-04 1.970E-04 1.965E-04 5.826E+02 1.922E+03 1.982E+03
7.631E-05 1.127E-04 1.145E-04 1.143E-04 2,638E+02 1.854E+04 1.927E+04
9.666£-04 5.841E-04 5.638E-04 5.624E-04 5.347E+03 2.128E+04 2.200E+04

1.052E-03 5.478E-05 2.191E-06 2.186E-06 3.134E+03 1.632E+02 6, 506E+00
6.578E-04 6.578E-04 6.578E-04 6.562E-04 1.260E+03 1.960E+03 1.953E+03
2.366E-04 1.308E-03 1.354E-03 1.351E-03 1.330E+03 4,590E+03 4.742E+03
3.565E-04 1.482E-D3 1.542E-M2 1,538E-03 9.582E+03 4.641E404 4. B15E+04
2.503E-03 3.503E-03 3.555E-03 3.547E-03 1.602E+04 5.312E+04 5.4B5E+04

1.228£+01
2.686E+03
1.084E+04
1.307E+05
1,442E+05
5.618E+00
1.457E+03
7.273E+03
1.108E+05
1.196E+0%
3.786E+00
2.229E+03
7.732E+03
B.736E+04
3.733E+04
4.215E+00
8.619E+02
5.012E+03
5.963E+04
6.550E+04
2.860E+00
7.460E+02
1.982E+03
1.927E+04
2.200E+04
6.506E+00
1.953E+02
4.742E+03
4.815E+04
5.485E+04



0Z°2

REGION=SIERRA MADRE MILL
METSET=CASPER WYOMING

NO.

TN B g B

TIME STEP NUMBER 5, AFTER 19.5 YEARS

INDIVIDUAL RECEPTOR RADON AND RADON DAUGHTER CONCENTRATIONS
(::) ATRBORNE CONCENTRATIONS, PCI/M3

RKN-222 P0-218 PB-214 B1-214

FIGURE €.2-1. (Continued)

PB-210

CODE=MILDOS,REVD (7/79)

BI-210 PO-210 WL P0-218

DATE= 2/17/81
PAGE NO, 36

DURATION IN YRS IS... 8.0

PR-214 BI-214

GROUND CONCENTRATIONS, PCI/M2

PE-210

4.641E+02 3.326E+02 7.081E+401 2.178E+01
B.341E+02 4.539E+402 6.736E+01 1.37BE+01
3.361E+02 2.682E+02 6.961E+01 2.660E+01
3.959E+02 3,209E+02 8.823E+01 3.234E+01
4.608E+01 4,288E+01 1.800E+01 8,955E+00
9.798E+01 8.48BE+01 2.754E+01 1.3B6E+D]

1.367E-05
6.B10E-06
2.398E-05
2.56%9E-05
1.242E-05
2.386E-05

1.106E-08B 2.703E-13 7.829E-D4 2.635E+402
6.01BE-09 1.822t-13 B.605E-D4 3.595E+02
2.694E-08 8.81RE-13 7.2B4E-N4 2,125E+02

2.635E+02 2.635E+02
3.595E+02 3.595E+402
2.125E+02 2.125E+02

2.123E+01
1.284E+01
3.192E+01

2.621E-08B B.1B7E-13 B.9BSE-04 2.542E+02 2.542E+402 2,542E+02 3.542E+01

2.146E-08 1.064E-12 1.6BBE-04 3.395E+01
4.960E-08 2.895E-12 2.787E-04 6.723E+01

3.396E+01 3.396E+01
6.723E+401 6.723E401

1.399E+0]
2.739E+01



1273

FIGURE €.2-1. (Continued)

REGION=SIERRA MADRE MILL CODE=MILDNOS,REVD (7/79) DATE= 2/17/R1

METSET=CASPER WYOMING PAGE NO. 37
TIME STEP NUMBER 5, AFTER 19.5 YEARS DURATION IN YRS I5... 8.0

NUMBER 1 NAME=FENCE BOUNDARY £ X= 2.0KM, Y= -.2KM, Z= B.8BM, DIST=  2.0KM, IRTYPE= 0

RESULTS OF MPC CHECK AT THIS LOCATION

_______________________________________________________________________________________________________________________

U-238 U-234 TH-230 RA-226 RN-222 (WL} PR-210 BI-210 PD-210
CONC., PCI/M3 3.88BE-03 3.88£-03 1.10E-02 1.14E-02 7.83E-04 1.14E-02 1.14E-02 1.14€-02
MPC, PLI/M3 5, 00E+00 4.00E+00 3.00E-01 2.DOE+Q0 3.33E-02 4.00E+00 2.00E+02 7.00E+00

FRACTION OF MPC 7.77£-04 9.17E-04 3.68E-02 5.70£-03 2.35E-02 2.B5E-03 5.69E-05 1.63E-03

SUM OF FRACTIONS EQUALS 7.23E-02

NUMBER 2 NAME=FENCE BOUNDARY SSE X= 1.1KM, Y= -1.4KM, Z=  2.4M, DIST=  1.8KM, IRTYPE= O

RESULTS OF MPC CHECK AT THIS LOCATION

_______________________________________________________________________________________________________________________

-238 u-234 TH-230 RA-226 RN-222{WL} PB-210 BI-210 PO-210
CONC., PCI/M3 2.0BE-03 2.08E-03 8.35E-03 8.68E-03 8.60E-04 8.67E-03 B.66E-03 B.66E-03
MPC, PCI/M3 5.00E+00 4.00E+00 3.00E-01 2.00E+00 3.33E-02 4.00E+00 2.00E+02 7.00E+00

FRACTION OF MPC 4.16E-04 5.20E-D4 2,7BE-02 4,34E-03 2,58E-02 2.17E-03 4.33E-03 1.24E-03

SUM OF FRACTIONS EQUALS 6.24E-02



¢¢™)

EGION=SIERRA MADRE MILL
METSET=CASPER WYOMING

@)
NUMBER 3 NAME=GRAZING E

FIGURE C.2-1.

CODE=MILDOS,REVD (7/79}

TIME STEP NUMBER S, AFTER 19.5 YEARS

(Continued}

DURATION IN YRS IS... 8.0

2.6KM, Y= 0.0KM, I-  3.7M, DIST=  2.6KM, IRTYPE=1

40CFR190 ANNUAL DOSE CCMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

L e et T R e ek e e T R AL e e e T R A e e e A e e e e e A M e e e e L e e e e e = = =

AVG.LUNG

LIVER

L i e o ot e e Y L e et T et e o o e e e ek e e e T e e e T e A

INFANTS
CHILD
TEENAGER
ADULT

TOTALS
TOTALS
TOTALS
TOTALS

TOTAL ANKRUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

6.67E+00
1.61E+01
1.19E+01
1.25E+01

7.81E+01
1.85E+02
1.49E+02
1.60E+02

3.88E+01
4.82E+01
4.41E401
4, 46E+01

3.99E+400
1.50E+01
1.13E+01
1.19E+01

kA T e A e e o e T T e e e e e e e R R e o o W =

AVG.LUNG

LIVER

o R A e e e R L e N e B o e e

TRFANT
CHILD
TEENAGER
ADULT

TOTALS
TOTALS
TOTALS
TOTALS

2.45E+01
31.38E+01
2.97E+01
31.03E+01

9,59E+01
2.03E+02
1.66E+02
1.77E+02

5.66E+01
6.60E+01
6.19E+01
6.24E+01

2.18E+D01
3.28E401
2.91E+01
2.97E+01

DATE= 2/17/81
PAGE NO. 38
KIDNEY BRONCHI
1.41E+01 5.62E+00
4.83E+01 1.50E+01
3.85E+01 1.09E+01
3.74E+01 1.14E+01
KIDNEY BRONCHT
3.19E+01 2.33E402
6.61£+01 2.43E+02
5.63£+01 2.39E+02
5,52E+01 2.39E+02



FIGURE C.2-1. {Continued)

REGLON=STERRA MADRE MILL CONE=MILDOS,REVD {7/79) DATE= (12/17/B1

METSET=CASPER WYOMING PAGE HD. 29
TIME STEP NUMBER 5, AFTER 19.5 YEARS DURATINN IN YRS I5... B.D

NUMBER 4 WNAME=GRAZING ESE X= 2.6KM, Y= -.9KM, 7= -1.4M, DIST=  2.7KkM, IRTYPE=LO

ADCFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR  THIS LOCATION, MREM/YR

AGE PATHWAY WH.EODY BONE AVG.LUNG LIVER KIONEY BROMCHI
TNFANT INHAL. 6.38E-01 1.72E40) 1.85E+01 1.03E+00 4.73E+00 0.
IHFANT GROUND 2.28E-D] 2.2RE-01 2-28E-01 2.28E-01 2. 28E-01 2.780-01
INFANT cLoun 4.17E-07 4.17E-07 4.17E-07 a4.17E-07 4.17€-07 4.17€-07
INFANT VEG. ING. n. t. n. 0. n. 1.
INFANT MEAT NG a. 0. 0. 0, . .
INFANT MILE ING 3.54E+00 3,328+ 3.54E+00 1.32E+D0 31.96E+00 3.54F+00
INFANT TCTALS 4. 416400 5.06E+01 2.22E+01 2.5BE+00 8.91F+00 3170400

AGE PATHWAY WH . BODY BONE AVGLLUNG LIVER EIDNEY BRONCHT
CHILD INHAL, 6.38E-0) 1. 726401 1.85E+0] 1.03£+00 A, 73E+00 0.
CHILD GROUND 2.28E-D1 2.7RE-01 2.28E-01 2.28F-01 2.z280-0 2.2BE-0
CHILD CLouD 4.17e-07 4.17E-07 4.178-07 4.17E-07 4.17E-07 4.17e-07
CHILD VEG. ING. 5. 15400 6.88E+01 6, 15E+00 7.01F+00 2. 17E+01 &, 156400
CHILD MEAT ING 4, 7RE-01 5. 66E+00 4.78F-01 7.450-01 2.28E+00 4.,7181-01
CHILD MILX ING 3.23€+00 1.05E+01 3.230+00 9.52E-01 3.05E+400 3,230+00
CHILD TOTALS 1.07E+D] 1.22E+02 2.B50+401 5, 97E+00 3.2DE+D1 1.ME+0L

AGE PATHWAY WH. BODY BONE AVGLLUNG LIVER KIDNEY ERONCHI
TEENAGER INHAL . £.38E-D1 1.72£+01 1.B5E+0] 1.03E+00 A4.F3E+00 n.
TEENAGER GROUND 2. 28801 2.28E-01 2.28t-01 2.28E-M 2.28E-01 2.2Rt-01
TEENAGER LoD 4,17E-07 2.17E-01} 4,17E-07 4.17E-07 4.17E-07 4.17E-07
TEENAGER VEL. ING. 4.B2E+00 S.RTE+N] 8. H2E400 6. 19E+00 1.70E+01 4,828 +00
TEENAGER MEAT [NG 3.58E-01 4, 4LE+0N 3.58E-01 5.39t-0) 1.74E+00 3.5BE-0]
TEENAGER MILK LNG 1.90£+00 1.95E+M 1.90€+00 B.HE-M 1. T0E 00 1. 90E+00
TEENAGER TOTALS 7.95E+00 S.BOE+D] ?.58E+01 7498400 Z2.54F+01 L3000

AGE PATHWAY WH_BOTHY BONE AVC . LUNG LIVER EAONEY RRONCHT
ADULT INHAL, 6.38E-01 1.72E+01 1.85E+01 1.03E+00 4, 73E+00 .
ADULT GROUND 2.2RE-01 2.28E-01 2.28E-01 2.7RE-01 2.7RE-01 Z2.280-01
ADULT CLOUD 4.171.07 4.17E-0D7 4.17E-07 4_1FE-07 4.178-07 &.17e-07
ADULT VEG. ING. 5-97E+00 F.14E4Q1 5.97E+00 5. 68E+D0 1.68E+01 5.9TE+0
ADULT MEAT ING 5.57E-01 6. 98E+00 5.57E-D1 F.A3E-N1 2. 18E+00 5,57¢-01
ADULT MILK ING 9.18E-01 G.5BE+0N 9.18E-01 2.NBE-0] A.ANE-M] 9. 18E-01
ADULT TOTALS 8.31F«00 1.05E+D2 2.61F+0 7.BEE+D0 2.46E+01 FORTLHO0

C.23



REGION=SIERRA MADRE MILL
METSET=CASPER WYOMING

FIGURE C.2-1.

(Continued)

CODE=MILDOS,REVD (7/79)

TIME STEF NUMBER 5, AFTER 19.5 YEARS

NUMBER 4 MAME=GRAZING ESE

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

Y=

Z2.6KM, Y=

-.9M, 2=

-1.4d, DIST=

DATE= 02/17/81
PAGE NO. 4R

DURATION TN YRS 1S... 8.0

2.7KM, IRTYPE=10

................. B e Tt T T p——y )

PATHWAY

WH.BODY

AVG, LUNG

LIVER

KIDNEY

BRONCHT

[NFANT
INF ANT
INFANT
INFANT
INFANT
INFANT

6.3RE-01
1.20E+(1
4.32E-01
0.

a.
3.54C0+00

1. 126401
1.20E+01
4.32€-01
0.
0.
1.326+01

1.85£401
1.208+01
4.32€-01

w oD

1.02E+00
1.20E+01
4.32E-01
0.
o,
1.32E+00

A4.738400
1.20E+0]
4.320-01

i O

2.47E+02
1. 20E+01
4.32E-01
0.

0.
3.54E+00

TOTALS

PATHMAY

2.11E401

KIDNEY

2.53E+02

BRONCHT

6.38E-01
1.20E+0)
4,32e-01
6. 156400
4,78E-0]
3. 736+00

1.728401
1.20£+01
4.320-01
6. 88E+01
5.B6E+DD
3.05E+01

1.85€+01
1.20E+01
4.32£-01
6. 15E+00
4. 78E-0)
3.23€+00

1.03E+00
1.20E+01
4.326-01
7.02E+00
7.46E-01
9.52E-01

4.73E+00
1.20E+01
4,32E-11
2.17E+01
2.28E+00
J.0BE+NO

2.47E402
1.20E+01
4.32E-01
6. 16E+00
4.78E-01
3.23E+00

TOTALS

FATHWAY

2.29E+01]

WH.EQDY

4.07E+01

AVG . LUNG

4.47E+01

KIDMEY

2.70E+02

BRONCH!

TEEMAGER
TEEMAGER
TEENAGER
TEEMAGER
TEENAGER
TEERAGER

CLouD

VEG. ING.
MEAT ING
MILK ING

6.38e-01
1.20E+01
4,326-01
4.RZE+0N
3.58E-01
1.50E+00

1.72E401
1.20€+01
4.32€-01
5.67E+01
4.41E+00
1.95E+01

1.85E+01
1.20€+01
4.326-01
4.82E+00
3.58E-01
1. 9)E+00

1.03E+0D
1.20E+D01
4.328-01
5.19E+0N
5.39E-01
§.02E-01

A4.73E+00
1.20E+01
4.376-01
1.70E+0]1
1. F5E+00
1.70E+00

2. 47E+402
1.20€+01
4.32E-01
£,82E+00
3.5RE-01
1.90E+0G0

TOTALS

PATHWAY

2.01E+01

WH. BODY

3.B0E+01

AVGLLUNG

3. F6E+0L

KIDMEY

2.67E+02

BRONCHI

MEAT 1NG
MILE ING

6. IBE-0D1
1. 20E+01
4.326-01
5.97E+00
5.57E-01
9.18E-M

1.72E+01
1.20E+01
4.32E-01
7.14E+01
6. 98E+00
9. 58E+00

1.85E+01
1.20E+01
£.32E-01
5.97£+00
&5.57E-01
9.18E-01

1.03E+00
1.20€+01
4.326-01
5.457E+00
7.43E-01
2.08E-01

4.73E+00
1.20E+01
4.328-01
1.59E+01
2. 18E+00
6.40E-01

2.47E+02
1. 20€+01
4.32E-01
5.97E+00
5.57E-01
9.18E-01

et ot e R e i M ek e B -

TOTALS

2.05E+01

1.18E+02

C.24

3.R3E+01

2.01E+01

3.6RE+QY

2.67E+02



Timestep data (TSTEP) and the control array IFTOD0 are listed with time-
step tities (TNAME) as item 15. The distance from the mill center to
the midpoint of each distance interval is printed as XRHO (item 16).
These distance values are internal to the program.

Page 4

This report gives the population distribution data supplied in data
array IPOP., The direction titles (item 17) correspond to downwind
directions with north represented as 0.0 degrees. The total population
for the region {80 km radius) is calculated and printed at the bottom
of this report.

Page §

This report presents inhalation dose conversion factors (item 18),
external dose conversion factors (item 19) and working level concent-
ration factors (item 20). These values are defined internally in block
data FRESH.

Page 6

This report 1lists ingestion dose conversion factors (item 21), environ-
mental concentration factors (item 22} and several timestep dependent
variables. The ingestion dose factors and environmental concentration
factors are supplied internally in block data FRESH. The timestep
dependent data includes input population adjustment array PAJUST (item
23) and several parameters calculated in the main program for use in
calculating environmental concentrations (items 24, 25 and 26).

Page /7

This report contains calculated air concentrations, which includes
resuspension, (item 27), ground surface concentrations (item 28}, and
deposition rates (item 29) for the first timestep and for the north (N)
direction. This report is printed as the result of setting the parame-
ter JC(3) to 1. A report of this type is printed for each combination
of timestep and major compaga direction (N, E, S and W) and for the
direction with the maximum 222Rn air concentration at a distance of
4.5km (fourth distance interval). The maximum for the first three time
steps corresponds to the ENE direction causing pages 8, 14 and 20 to be
printed.

Page 12

This report gives annual population dose commitments for the Tast year
of timestep 1 for the population within 80km (item 30), the continental
population {item 31) and the total population {item 32). This is a
summary table; a detailed table is printed if JC (4) = 1.

€.25



Page 35

This report gives particulate radionuclide concentrations at each indi-
vidual receptor location for each particle size group. A table is given
for air concentrations, which includes resuspension, {item 33) and
ground concentrations {item 34). A report of this type is printed for
each time step with IFTODO(i} = 1.

Page 36

This report gives air and ground concentrations at each individual
receptor location for radon and daughters. Airborne concentrations
(item 35} are given for the radionuclides radon and all daughters and
the ground concentrations (item 36) are only given for long-lived par-
ticulate radionuclides. The air concentration expressed in working
Tevels is also printed (item 37}, A report of this type is printed for
each timestep for which IFTDDO({) = 1.

Page 37

This report gives results of the MPC check at named individual receptor
locations {item 38). A report is written for each receptor for which
IRTYPE(i) = O {item 39). The sum of the fractional MPC values is also
printed (item 40). This value should be less than one to be within MPC
criteria.

Page 38

This report gives summary tables annual dose commitments computed
according to 40 CFR 190 and the total annual dose commitments for time-
step five and receptor location 3 (item 41). A report of this type is
printed for each timestep with IFTOD0O = 1 and each receptor with IRTYPE
=1 {item 42) when JC(7) = 1. Individual dose commitments are reported
by age group and exposed organ.

Page 39

This report gives annual dose commitments computed according to 40 CFR
190 for timestep five and receptor location 4. A report of this type
is printed for each timestep with IFTODO = 1 and each receptor location
with IRTYPE =10 when JC (7) = 1. Individual dose commitments are
reported by age group, pathway and exposed organ.

Page 40

This report is similar to page 39 except the doses are total annual dose
commitments. This report is printed whenever a report like page 39 is
printed.

C.26



The sample problem does not include examples of all possible reports.
When control parameter JC(2) is set to 1, the 100 year environmental
dose commitments are calculated and printed. The report for this
option is illustrated in the second sampie problem (see Sections C.3
and C.4).

When the control parameter JC(4) is set to one, population dose com-
mitments are reported for each spatial interval on the 80 km circular
grid. A report is printed for each time step, exposure pathway and
organ of interest. Use of this option can greatly increase the amount
of output for a run. This option is illustrated in the second sample
problem.

Setting the option JC{5) to 1 causes relative dispersion factors to be
printed at each spatial interval and receptor location. One line is
printed for SEE“ location gigzng dispersion factors for each particle
size group, Rn and each 22Zpn daughter. The output generated

using this option can be quite lengthy and should be avoided. This
option is jllustrated in the second sample problem.

C.3 SAMPLE PROBLEM TWO INPUT

The second sample problem is similar to the first sample problem except
that different options are selected and fewer sources and receptor Toca-
tions are defined. A listing of the input cards is shown in Figure
C.3-1. The following discussion of input for sample problem two only
considers parameters that have been changed from sample problem one.
Changes to job control parameters are as follows:

s JC=1,1,0,1,1, 0, 0, 0, 0, 0, to select the following options:

JC {1) = 1; use internal dusting rate algorithm for area sources,

JC {2) = 1; to calculate and print 100-year enviornmental dose
commitments,

JC (3) = 0; to not print concentration data requests,

JC (4) = 1; to print detailed population dose reports

JC (5) = 1; to print normalized dispersion factor data,

JC (6) = 0; to not print dose conversion factor reports

{pages 5 and 6 of sample problem one),

JC (7) = 0; to not print total dose commitment reports requested by
parameter IRTYPE,

JC (8) = 0; don't include the milk pathway for individual receptor
locations,
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SINDATA
[FTOD0=4%0,2*]1 4*0),
IRTYPE=2*0,1,3*11,
JC=1,1,0,1,1,5%0,
FRADON= 0.86,0.06,0.04,0.04,
IPACT=3*0,1,2,3,14+0,
NSORCE=1,
PACT= 11.4,17.1,22.8,271.0,407,0,582.5,284.4,427.1,570.0,284.4,427.1,570.0,
QAJUST-
1.0,2*1.5,2+2.0,15*0. .
1.0,2%1.502,2%2.004, 54", 0, 1.0,2%1.502,2*2.004,540.0,
2%1.502,242.004,5%0.0, 1.0,2*1.502,2*2.004,5*0,0,
1.0,8*%0.,  2%1.0,4%.007,4*%0.0,
2*0.3,1.0,6*0., 0.0,3*1.0,2%.005,4%0.0,
0,2%0.3,9*0.0,  3*+0.0,2¢1.0,0.004,4%0.0,
280+0.0
SORCE=
2*0.0,20.0,0.0,4.1388E-2,2.1596E-3,2*A.6225E-5,0.0,11M,1.0,17.,0,
2%0.40,6.0,0.16,4%4 . 0BAE-2,1089.74,1201,3.0,0.0,
2*(+,20,.0,0.0,4*2 602F-2,41.64,1301,2.0,0.0,
1.393,0.975,-10.0,0.143,4*1.0,1281.5,20M,3.0,0.0,
-1.30,-.844,-10.0,0.270,4*1.0,3636,80,2002,3.0,0.0,
1.092,-0,975,-10.0,0.827,4%) .0, 14863.23,2003,3,0,0.0,
FREQ=
0.000063,0.000240,0.000103,0.000240,0.000171,0,000103,0.000069 ,0.000411,
0.000137,0.000206,0.000240,0.000240,0,000377,0.000171, 0.000206,0. 000102,
0.000137,0.000274,0.000206,0.000069,0.400137,0,000206,.000127,0.000617,
0.000069,0.000206,0. 000069, 0. 000274 ,0, 000542, 01, 00034 3, 0. 000000, 0. 000206,
64*0.0,0,000554,0.000507,0.000374,0.000421,¢. NG90, 0.000424 0, 000665, 8. 000651,
0.000%77,0.000410,0.000618,0,000445,0.001 126, 3, 000402 , 0. 0002018, 0. 000644,
0.000959,0.001233,0.000685,0.000411,0. 001233, 0. 001165, 0,001302 ,0.001165,
0.002124,0,001028,0.001576,0.001370,0.001370,0. 000958, 0, DONGAR, 0, 001096,
0.000685,0.000617,0.000685,¢.000411,0.000617,0.000206,0.000548,0. 000274,
0.000548,0,000685,0.000822,0.001096,0.0017R1, 0, 0D068E, N, 000754 ,0.000822,
44*0.0,0.000186,0.000132,0.000115,0.000118,0.000366,0.000186,0.000127,0.000037,
0.000282,2+(}.000186,0.000292,0.000172,0.000273,0,00032¢,0, 000028,
0.000959,0.001370,0. 0009590, 001028,0.001731,0.000959,0.001233,0.000822,
0.001507,0.000959,0.000950,0.001713,1.002398,0.001302,0.000754,0.000617,
0.002535,0.001850,0.001576,0.001713,0.002329,0.001918,0.001233,0. 00022,
0.001233,0.001987,0., 003699, 0.006439,0.004727 0. M2261,0. 001644 D, ONL5TE,
0.000274,0.000137,0,000127,0.000137,0.000343,0,000343,0.000137,0.000000,
0.00D343,0.000658, 0, 002055,0.001713,0.011918,0.000343,0.00041 1,0, ODEES,
0.0,0.000069,6%0.0,0, 000137, M. 000069, 20, 000343, 3. 00011, 0, 000206, 12%0.0,
©.000062,0.000137,0. 000069, 3*0,00000D,
0.00079%2,0.001053,0,700854,0.000741,0.000594,0,000592 ,0, 100548, 0. 00268,
0.000548,0.0002336,0.000411,0. 000530, 0. 000679, 0. NONRLA,N. 000430,0.001009,
0,005412,0.005823,0.004453,0.003220,0. 004110, 0.ON3220,0.0014918, 0,001 302,
©.001912,0.001233,0.002055,0.003357,0.003357,0.002398 0. 001439, 0, ONA621,
0.011440,0.014249,0.010207,0.008768,0.0092482, 0. 004932, 0.003014,0, 001370,
Q4.002124,0,006302,0.014180,0,021304,0,017468,0,005412,0.005206,0, 005001,
0.011097,0.014865,0.0410275.,0.006508,0. 010001, 0.005480,0,001987,0.000548,
0.003699,0.030826,0.065420,0.051993,0.019318,0.009453,0.005891,0, 004042,
0.002809,0.002768,0.001713,0.000617,0,002261,0.000822,0.000411,0.000137,
6.001781,0.026716,0.050075,0.022126,0.009248 (1. 004042 ,(1.002398,0.001028,
0.001028,0.001028,0.000274,0.000000,0, 300137, 0.000069,0. 000000, 0, 000000,
0.000411,0,014797,0,022469,0.009727,0.005206,0.001165,0.000411,0.000343,
0.003723,0,001668,0.001431,0.001104,0.001608,0.001124,0.000635,0.000583,
0.001221,0,001124,0.001444,0.002996,0,005746,0.002607,0.002023,0. 002606,
0.011098,0.0084974,0.006439,0.005480,0.006234,0.003662,0,003083,0,001919,
(.003014,0.003152,0,005275,0.012741,0.020140,0. 09865, 0. 005042 ,0,009933,
N.003425,0.003014,0.002609,0.002877,0.004042,0.003083,0.001165,0, 000480,
0,000548,0.004042,0.010892,0.028223,0.019044,0.004042,0.002466 ,0. 002603,
144*0,0,
DM=8503.0,
FFOR1=0,50,FHAY1=D. 00, FFORP=0. 50, FHAYP=N.50,
FPR= 220.0,1400.0,230.0,
1POP=
2*0,1,5,0,15,2*0,4,8,14,400,

-

1.0,
0.3,
0.0,
*0.

FIGURE C.3-1. Sample Problem Two Input Listing
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2*0,2,3,0,14,0,40,27,10,300,250,
2*0,1,2,0,1,0,15,14,4,800,97,
2*0,3,4%0,10,8,1,327,655,
2*0,2,1,0,3,0,1,3,0,50,422,
2+(,1,3,3%0,4,2,3%0,
2*0,1,2%0,1,0,2,4%01,
2*0,2,5%0,1,2*0,75893,
Z*0,4,2,0,1,2%0,10,0,17,37372,
2%0,3,1,0,1,0,25,4,0,254,0,
2*0,1,3,0,2,0,8,27,0,322,0,
2*0,3,2%0,1,0,5,6,0,145,0,
2*(,2*2,4+*0,3,0,89,0,
7%0,2*1,0,3,0,4,4%0,
2*0,2,1,3*0,5,3%0,427,
2*(0,2,1,4%0,1,2*0,1000,
PAJUST=1.039,1.059,1,081,1.129,1.189,1.215,4*0.,
1ADO=1,
XRECEP=

2.040,-0.200,8.8,
1.08,-1.440,2.4,
2.56,00.0,3.7, ?.584,-0.290,-1.4,
-0.448,1,466,12.3, 2.168,2.168,10.2,

STEP=6,TSTE P 2.25,2.0,2.25,5.0,8.0,5,0,4*0.0,
TSTRRT= 1980,

SEND
SIERRA MADRE MILL CASPER WYOMING

YELLOWCAKE STACK
FENCE BOUNDARY t
AFTER 2.75 YEARS
AFTER 4.25 YEARS
AFTER €.5 YEARS
AFTER 11.5 YEARS
AFTER 19.5 YLARS
AFTER 24.5 YCARS

FIGURE €., 3-1. {Continued)

JC (9) = 0; to not print particulate and ground concentrations at
each individual receptor location.

e One source is specified for this sample problem. This source is
identical to the first source for sample problem one. NSORCE is
set to 1. Titles for the last 5 sources have been deleted.

e One receptor location is specified for this sample problem corre-
sponding to the first receptor location of sample problem one.
TIADD is set to 1. Titles for the last 5 locations have been
deleted,

Note that the sample problem two input card deck still contains param-
eters for all six sources and all six receptor Tocations.
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However, only the first set of each is used by the program because
NSORCE and IADD have been set to 1.

C.4. SAMPLE PROBLEM TWO OQUTPUT

Execution of sample problem two results in eighty-nine pages of output
reports. A summary of information given on each page is presented in
Table C.4-1. A listing of selected output reports is given in Figure

C.4-1. Specific items of interest are indicated by circled numbers on
the output reports and are discussed below.

Page 1

This report gives input source information for one source {item 1).
This source is the same as the first source of sample problem one and
only includes particulate releases. The tails activities (item 2} and
particle size data (item 3) are unchanged.

Page 2

Same as sample problem one,

Page 3

This report identifies one receptor location (item 4} and six timesteps.
The receptor Jocation is the same as the first receptor location of pro-
blem one and the timesteps are the same as those for problem one. One
value of IPACT is listed (item 5) because only one source is defined.

Page 4

Same as sample problem one.

Page 5

This report (continued on pages 6, 7 and 8) gives the relative dispers-
jon factors for each particle size, radon and radon daughter calculated
at each receptor location. The total number of locations considered is
the 192 spatial intervals (12 distance x 16 directions} pius one indi-
vidual receptor (for a tota) 193 locations). Only one column {PTSZ 1)
has non-zero values for the one source term defined. A report of this
type is printed when JC (5) =1.

Page 9

This report gives 100-year enviornmental dose commitments (EDC) for
timestep 1, inhalation uptake and whole body as the organ of interest.
The table (item 6) gives population dose for each spatial interval., The
EDC values are printed because JC {2) was set to 1. The detailed
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TABLE C.4-1. Sample Problem Two Qutput Reports

Page

Number Description of Report

1 Input source description data

2 Input meteorology data

3 Input receptor and timestep data

4 Input population data

5 Dispersion factors for each receptor location

6-8* Continuation of page 5

9-21 {Results for timestep 1)

g 100-year EDC to wholebody from inhalation

10* 100-year EDC to bone from inhalation

11+ 100-year EDC to lung from inhalation

12* 100-year EDC to bronchi from inhalation

13* 100-year EDC to wholebody from external ground exposure
14* 100-~year EDC to wholebody from external cloud exposure
15 100~year EDC to wholebody from vegetable ingestion
16* 100-year EDC to bone from vegetable ingestion

17* 100-year EDC to wholebody from meat ingestion
18* 100-year EDC to bone from meat ingestion

19* 100~year EDC to wholebody from milk ingestion

20* 100-year EDC to bone from milk ingestion

21 Summary report of 100-year EDC values for timestep 1

21-34* Same as pages 9-21 for timestep 2

35-47%* Same as pages 9-21 for timestep 3

48-60* Same as pages 9-21 for timestep 4

61-73* Same as pages 9-21 for timestep 5

74* Results of MPC check for receptor location 1 and
timestep 5 (same as page 37 of sample problem 1)

75-87* Same as pages 9-21 for timestep 6

88 Summary of EDC values integrated over all timesteps

89 Same as page 74 for timestep 6

report (bypathway and organ) is printed because JC (4) was set to 1.
Reports of this type are printed for each pathway and organ listed in
Table 4.2-2. These reports are printed on pages 9 through 20. Zero
values in these tables result for spatial intervals where no people
reside. The table for inhalation dose to bronchi (page 12) is zero
because no radon releases were specified for the source term. These 12
pages are repeated for each timestep.

Page 15

Ingestion pathway tables (pages 15-20} contain a footnote {item 7) warn-
ing that total production of the area is assumed to be eaten by the
regional (B0 km) population. No consideration is made for possible
export of food for consumption outside the 80 km radius.
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Page 21

This report summarizes the information in pages 9-20. This report alsec
presents doses received by the population outside the 80 km radius
(item 8)., The totals reported on this page (item 9) represent data

from pages 9 through 20 and are the sum of regional (item 10) and off-
jsite (item 8) doses.

Reports similar to pages 9-21 are repeated for each timestep. The
reports for timestep 6 are all zero because no releases are specified
for this timestep. For timesteps 5 and 6 reports giving results of MPC
checks are also printed {pages 74 and 89) because for these timesteps
IFTODO was set to 1. These reports are similar to page 37 of sample
problems one and are not repeated here,

Page 88

This report gives a complete summary of the 100-year EDC values
received over all timesteps.
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FIGURE C.4-1. Sample Problem Two Qutput Listing

REGTON=S1ERRA MADRE MILL COOE=MILDOS ,REVD (7779} DATE= 02/25/81

METSET=CASPER WYOMING PAGE NO. 1
NUMBER OF SOURCES= 1 @
KM KM M KMz CI/YEAR PSIZE  MZ/SEC
NO. X f Fd AREA U-238 TH-230 RA-226 PE-210 RN-222 mn SET  EXIT YEL  SCURCE NAME
1 0.00 0.00 20.00 .NOOO  4.14E-02 2.16E-03 8.62E-05 8.62E-05 0. 1101 1 1.70E+01  YELLOWCAKE STACK

£€°)

INPUT TAILS ACTIVITIES, PCI/G
SET URANTUM  THORIUM RADIUM tEAD
1 1.14E401 2.71E+02 2.84E+02 2.B4E+07
@ 2 1.71E+01 4.07E+02 4.27E+02 4.27E+02
3 2.2BE+401 5.43f+402 S5.70E+0Z2  5.70E+02

PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME STEPR,

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP & TSTEP 7 TSTEP 8 TSTEP ©
NUMBER 2,25YRS 2.00YRS 2.25YRS 5.00¥RS 8.00YRS 5.00YRS 0. DOYRS D.0OYRS 0.08YRS
1 1.000E+D0  1.500E+00  1.500E+00  Z.000E+Q0  2.0CDE+DD 0 o 0. 0.
RADON -SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 6 TIME STEP{3) USED FOR THIS RUN
SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTER 4 TSTEP 5 TSTEP & TSTEP 7 TSTEP B TSTEP @
KUMBER 2.25YRS 2.00YRS 2.25YRS 5.00YRS 8.00YRS 5.00YRS 0.00YRS D, 0DYRS 0.00YRS
1 o, a. Q. 0. a. 0. 0. a. .

PARTICLE SIZES AND FRACTIONAL DISTRIRUTION
SET 1.0 1.0 5.0 35.0 PDEN
1.000 0.000 0.000 0.000 B.30D0
0.000 1.000 0.0060 G0.Q00
0.000 0,000,300 700 Z2.400

6 TIME STEP{S)} USED FOR THIS RUN

TSTEPID
0,.00YRS

TSTEP1O
0.00YRS



FIGURE C.4-1. (Continued)

REGT(M=SIERRA MADRE MILL CODE=MLILDNS,REYN [7/79) DATE= 02/25/81
METSET=CASPER WYOMING FAGE NC. 2

JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WH ERE WIND I5 FROM FREQWS= 05734, .21073, 28176, .26134, .13153, .N5734
MPH N NHE NE ENE E ESE SE 55E 5 55K 5w WSk " Wi H i1 TOTALS

STABILITY CLASS ]
1.5 L0069 L0240 D103 (0240 .0171 .01N3 L0069 (0411 .OM37 .0206 L0240 0240 L0377 L0171 L0206 L1003 . A086
5.5 137 .0273 .0D206 .DO69 .0137 .0206 0137 (0617 .0OE9 L0206 0069 (274 0548 .(1343

0.
10.0 0.0000 0.0000 0.0000 05,0000 0.000D 0.0000 0,0000 D.0000 0.0000 0.0000 0.000C 0.0000 0.0000 0.0000 0.0000 0,n000 0, 0000
15.6 0.0000 0.0000 ¢.0000 ©.0000 0,0000 0.0000 0,0000 0,0000 0.0000 0.0000 f1.0000 0.0000 0.0000 0,.0000 0.0000 D.0000 n.o000
21.5 0.0000 0.0000 Q.0000 Q.0000 0.0000 0.0000 0.0000 0.00N0 0.0000 D.00N0 0.0000 D.0DOD 0.0000 0.0000 0.0000 00000 0. 0000
28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 70,0000 (L0000 0.0000 0.0000 0,0000 0.0000 D,.ODDN 6.0000 D.NAOM 00000 n,0000
ALL L0206 .0514 .0309 .0309 L0308 0309 L0206 L1028 .Q206 .0412 L0308 0814 0925 L0814 L0206 0309 6084

STABILITY CLASS 2

1.5 .0554 .0807 0374 .0421 .0960 .0424 0665 L0651 L0977 0410 .06]8 0445 1126 0402 L0208 0644 L9386
5.5 .0959% 1233 (06RH L0411 .1233 L1165 L1302 L11RG L2124 LQ1D2R L1576 L1370 L1370 L0959 0548 1096 1.8224
10,0 .0685 0617 .06BS .DA11 .nR1? L0206 .0B48 0274 L0048 0GRS L0RZ2 1096 1781 .06RE (1754 L0822 1.1236
15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0D.0CDN 0.0000 D.0000 0.0000 0.0RG0 0.0000 0.000N 4.0300 0,0000 ©.0000 0.0000 o.0000
21.5 0.0007 0.0000 0.0000 0.0000 0.0000 4.0000 00000 0.0000 D.0000 0.0OON D.ANDN 1L.NGON 0.0000 ¢, 0000 A.00G0 .0000 0.0000
28.0 0.0000 0.0000 0.0000 0.0000 0.G00C 0.0030 0,.0000 0.0000 0.0000 0.00ND 14,0000 0.A00D N.ODED 0,000 N.0000 01,0000 n.0000
ALL 2198 L2357 L1744 1243 L2R10 L1795 (2515 .2000 .3649 2173 .301F L2011 L4277 L2046 (1510 .2S62 3.3846
STABILITY CLASS 3

1.5 .0186 .0133 .011% .D118 .0366 .N18G@ .0127 .0037 .n282 .0NA6 DIRE  .NP9Z2 0179 0273 0320 0028 -3014
5.5 .095% .1370 ,09%9 L1028 1781 .0959 1233 .0822 .1807 ,0%59 .D9sd 1713 L2398 .1302 0754 L0617 1.9320
10,0 .2535 .1850 .1976& L1713 .2329 .191& .123} .0822 .1233 L1987 3609 ,A430 4727 2261 .l1644 1576 3.7642

15,6 L0274 0137 L0137 .0137 .0343 .N3a3 .0137 D.0000 .0343 0959 2055 L1713 .1918 .0343 .0411 .0635 L9935
21.5 0.0000 .Q069 0.0000 0.0000 0.0000 0.0000 0.0000 £.0000 .0137 .OD6D .N343 .0343 .N411 .0D206 N.0000 0.0000 L1578
28.0 0.0000 ¢.0000 0.0000 0.0000 0.0000 0.0000 0.0000 4.0000 0.0000 0000 .0DRS  .0137  .00E9 0.0000 D.O0OC 00000 D275

ALL 3954 3558 (2787 .2996 4819 3406 2730 (1681 .3502 L4160 L7211 1.0637 .9702 L4385 3129 .29 T.1664

STABILITY CLASS 4
1.5 L0792 1053 .08%4 .0741 .0R98 .0597 0548 .0262 .NS48 0336 0411 0530 (0679 LDAIE (430 L1009 L.n20s

5.5 (5412 .5823 .4453 3220 .4110 3220 1918 .1302 .1918 1233 2055 3257 L3357 .2394 1439 4571 4.9734
10.0 1.1440 1,4245 1,0207 .8768 ,924R ,4932 .3014 .1370 .2174 G302 1.41R7 2.1304 1.7468 ,54]2 .5206 %001  14.027%
15.5 1.1097 1.4865 1.0275 .6508 1.0001 .5480 ,1987 ,0548 .3899 3.0826 6.5420 5.1593 1.9318 .9453 .5891 .40472  25.14(3
Z21.5 .2809 .3768 (1713 0617 .2261 .0BZ22 .0411 .0137 L1781 2.6716 S.PNFS 2.2126 LOP4R 4042 ,2398 1028 17.99%2
28.0 .l028 L1028 .0274 0.0000 0137 L0069 R.O00C 0.0000 0411 1.4797 2,2468 .9727 5206 .1165 .M411 .1n2343 5. 7065
ALL  3.2578 4,0786 2.7776 1.9854 2.6355 1.5115 7878 .3625 L.D4R1 £.021015.461010.2037 5,5276 2,3286 1.5775 1.5944  £3.8586

STABILITY CLASS &

1.6 .3723 L1868 .1431 1104 .1608 .1124 0635 .0583 .122] .1174 .144F _2936 5746 2607 .2023 2606 3.1647
5.5 1.1098 .BS74 6439 _54B0 L6234 2563 3083 L1919 .3014 3152 .5275 1.2741 2.0140 .9Be5 .0047 9933 11.9952
0.0 .3425 L3014 .2BOS 2877 4042 L3083 L1165 LDARD .DS48 4042 1.NROZ 2.R222 1.9044 .AD42 L2466 .2602 9.2755
15.5 0.0000 ¢.0000 €.0000 0.0000 Q.0000 Q0000 0.0000 00000 ¢.0000 0.0000 N.00PD D.0NON 0.AODD 0.0000 A.DD0D 0.0000 0, noon
21.5 0.0000 0.0000 0.0000 0.0000 0.000C 0.0000 C.0000 0.000Q 0.0000 Q.0000-0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 LRy
28.00 0.00¢Q0 0.0000 €.0000 0.0000 0.0000 f,0000 0.0000 0.0000 0.0000 ¢.0000 0.0000 0 3.0000 06,0000 0. 0000
ALL 1.8246 1.3656 1.0679 .946] 1.1BR4 7770 _4BB3 ,2087 ,4783 .A31R 1.7615 4.3960 4,4930 1.6514 1.3531 1.5142  24.43%4
STABILITY CLASS 6

1.5 0.0000 0.0000 0.0000 0.000C 00000 0.0000 0.0000 0.0000 0.0000 0.0000 0400 0.4000 0.0000 0.30000 4.0000 Q,0000 n.0000
5.5 0.0000 0.0000 0.0000 0.000C 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 {0000 0.0000 0.0000 0.0000 40,0000 0.0000
a4 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 D.OQOD D.0ONO N.DO00 D.0000 0,0000 0.0000 0.0000 0.00OND 0.0000
5 0.0000 0.0000 (.0000 0.00C0 ¢.0000 0.0000 0.0000 0.0000 0,0000 0.0000 D.OOND D.ODOD 0.0000 0.0000 0.0000 O, 0000 0. dooo
5 0.0000 0.0000 0.0040 0.6000 0,0000 0.0000 0.0000 0.000C 0.0000 0.0000 D.OOOD {.0000 0.0000 0.0000 D.00D0 D.0000 n.hant
¢ 5.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0040 .0000 0.0000 4.0000 0.0008 0.0000 0.0000 0.0000
L 0.0000 0.0000 (.0000 0.0000 0,0000 0,0003 0.0000 0,0000 0.0000 0.00N0 0,000 00000 0,000 (0000 0.0000 Q.0000 0, 0000

ALL  5.71B2 6.0872 4.3295 3.3R63 4,176 2.8395 1.8212 1.1406 2,262 9.52231R.2A6116,705911.5110 4.6745 2.415]1 3.6RE3  L0N.0NJ4

10
15
21
28
AL

C.34
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FIGURE C.4-1. (Continued)

REGION=STERRA MADRE MILL CODE=MILNOS,REVD (7/79) DATE= 02/25/81
METSET=CASPER WYOMING PAGE MO, 3
-------------------------------- INDIVIDUAL RECEPTCR LOCATION DATA, 1 LOCATIONS [NPUT THIS RUN—oomceomcommmcmaccmocacammoaaes
1 LOCATION NAMES A(KM} Y(KM)  Z{M) DIST(KM) TYPE I LOCATION NAMES L(KM}  Y(KM)  Z{M) DIST{KM) TYPE
1 FENCE BOUNDARY E 2.00  -.20 8.80 2.08 0
MISCELLANEQUS INPUTTABLE PARAMETER VALUES
oM TSTART FFORT FHAYI FFORP FHAYP FPR1) FPR{2) FPR{3) ACTRAT
£50.00 1280.00 .50 0.00 .50 .50 320.00 140000 230.00 2.50

IPACT EQUALS O,
JC EQUALS 1, 1,0,1,1,0n,0,0,0,0

TIME STEP [CATA.... STEP HAMES LENGTH, YRS IETORQ
1 AFTER 2.25 YEARS 2,25 0
2 AFTER 4.25 YEARS 2.00 0
3 AFTER 6.5 YEARS 2.2% 0
4 AFTER 11.5 YEARS 5.00 n
5 AFTER 19.5 YEARS 8.00 1
6 AFTER 24.5 YEARS 5.00 1

LRHO EQUALS 1.5, 2.5, 3.5, 4.9, 7.5, 15.0, 25.0, 35.0, 45,0, 55.0, 65.0, 7%.0,
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FIGURE C.4-1. Continued

REGION=STERRA MADRE MILL CODE=MILDOS,REVD {7/79) DATE= 0Z2/25/81
METSET=CASPER WYOMING PAGE NO. 4
POPULATION DISTRIBUTION
! M NNE NE ENE £ ESE SE S5 5 SSW SH WSW W WHW NW NHW
KILOMETERS ' 0.0 22.5 45,00 &7.5 90.0 112.5 135.0 1R%7.% 1RO 202,50 225.0 247.5 2700 292.5 315.0 337.5
1.0- 2,0 0 0 0 0 r n 0 0 n 0 n n 0 0 0 n
2.0- 3.0 0 Y 0 0 0 f 0 n n Q 0 0 0 0 0 0
3.0- 4.0 : 1 2 i 3 2 1 1 2 4 2 1 3 2 1 2 3
4.0- 5.0 F 5 3 2 Y 1 1 f f ? 1 3 n ? 1 1 1
5.0-10.0 \ 0 0 0 0 f 0 n 0 n n f 4] 0 n n
10.0-20.0 ¢ i5 134 1 f; 3 n 1 n 1 1 2 I 0 2 n -
20.0-30.0 : 0 0 0 [t 0 0 D n o 0 o 0 0 f 0 0
in,0-40.0 : 0 40 15 1 1 4 2 o o 25 a 9 Q 4 5 n
40.0-500.0 : 4 27 14 8 3 2 0 1 10 a 27 f 3 {l n 1
%0.0-60.0 ¢ e i 4 1 ¢ 0 f ) 0 0 n n 0 ] n 0
60.0-70.0 ' 14 300 anm 37 50 0 0 4] 17 254 322 145 A9 0 0 4]
70,0-80.0 ' A0} 250 97 655 4227 0 n 25893 37372 0 n 0 4 n 427 1000
1.0-80.0 ' 447 646 934 1004 482 )y 4 25RG6 37406 288 363 164 56 8 435 1005

TOTAL 1-BO KM POPULATION IS 69189 PERSONS



FIGURE C.4-1. {Continued)

REGION=SIERRA MADRE MILL CODE=MILDOS ,REVD [7/79) DATE= 12/25/81
METSET=CASPER WYDMING PAGE MO. 5
RELATIVE DISPERSION FACTORS, CHI/O WALUES, IN PCI/MI PER PCIfSEC (SEC/M3)

PTSZ 1 PTSZ 2 PTSI 3 PTSI & RN-222 PO-218 PR-214 R1-214 PR-210 R1.210 Pl-210
1.394E-07 0.
7.040E-08 0.
4.265€-08 a.
2.880E-08 0.

I R
1
2
3
4
5 1.250£-08 D.
[
7
8
k]

N
.

.
v

3.829e-09 0.
1.560E-05 0.
8.532E-10 0.
5.383€-10 0.
10 3.694£-10 a.
11 2.682£-10 0.
12 2.049E-10 o
13 3.518€-07 o,
14 1.679€-07 0.
15 1.008E-07 0.
16 6.832E-08 U8
17 3.052E-08 0,
18 9.990E-09 0.
19 4.38t-09 0. n.
20 2.458E-09 0.
21 1.599E-09 OC.
22 1.126E-09 Q.
23 8.36BE-10 0.
24 6.592(-10 0.
25 6.7B3t-07 0.
26 3.214£-07
27 1.926E-07
1.306E-07
29 5.BY3E-08
30 1.951E-08
31 8.526E-09
32 4.876E-09
37 3.178E-09
34 2.238E-09
35 1,662E-09
36 1.307E-09
37 B.144£-07
38 4.030E-07
39 Z2.454E-07
40 1.6/BE-07
41 7.624E-08
42 Z.545E-D8
43 1.105E-D8
44 6,239E-09
45 3.994E-09
46 2.755E-09
47 1.999E-09
48 1.524€-09
49 8.962E-07
50 3.657E-DF
51 2.266E-~07
52 1.556€-07
53 7.013c-08
&4 2.250E-08
55 9,38E-09
56 5.099E-0%

v
= 20 3 D o
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FIGURE C.4-1.

REGION=SIERRA MADRE MILL
METSET=CASPER WYOMING

DIRECTION

CODE=MILDOS ,REVD (7/79)

TIME STEP NUMBER 1, AFTER 2.25 YEARS

EXPOSURE PATHWAY TS INHAL.

{Continued)

DURATION IN YRS IS...

EXPOSED ORGAN IS WH.BOODY

DATE= D2/25/81

PAGE NO.

2.3

DOSES SHOWN BELOW ARE 100-YEAR EMVIRONMENTAL DOSE COMMITMENTS, PERSON-REM/YEAR

XRHD ARHO XRHO XRHKO
1.5 Z2.5 3.5 4.5

XRHO
7.5

XRHO
15.0

YRHO
25.0

XRHO
35.0

XRHO
45.0

ARHO
55.0

g

XRHO
65.0

XRHO
715.0

e o A e T T e e o A e e Y e e e W e ke e P e e Rt R e

0. 2.587E-06 8.736E-06
0. 1.223E-05 1.243€-05
. 1.169E-05 1.585E-05
. 4.466E-05 0.

2.750E-05 9,442E-06
5.917€-06 1.215E-05
4.614E-06 0,

1.108E-05 0.

2.997E-05 1.024E-05
2.024£-05 4.582E-06
5.018E-06 1.023E-05
1.225E-D5 0,

1.036E-05 7.034E-06
3.309€-06 2.246E-06
4,375E-06 1.478E-06
0. 4.136E-06 9.340E-07

GDOOOOPOODDOO

3.484E-06
8.4B4L-06
1.1B4E-06
0.
4,095e-06
0.
4.421E-07
0.
6.914€-07
6.444F-07
9.498E-07
3.900E-07
0.
9.348£-07
0.
0‘

TOTAL OOSE COMMITMENT IS 2.359E-03 PERSON-REM/YR

0.
5.964E-D6
4_437€-06
3.785E-D6
3.084E-07
4.867E-07
1.895E-07
0.

a.

3.613E-06
8.449E-07
7.876E-07
0.

2.828E-07
2.344€-07
0.

1.306£-07
2.619E-06
2.699E-06
1.938E-06
5.774E-07
1.493E-07
0.

6.457E-08
8.891€-07
3.596E-07
1.771E-06
3.262E-07
2.136E-07
0.

0.

1.912e-08

1.793E-07
6.833E-07
5.432E-07
1.672E-07

0
0
0.
0
0
o.
0.
0.
0.
0.

0.
0.

2.278E-07
1.523E-0%
B.064E-05
3.965E-05
4,586E-06
0.
0.
0.
7.08DE-07
1.N99E-05
1.013E-05
3.769E-06
3.092E-06
0.
a.
0.

4.971E-06
9.998E-06
7.68BE-06
6.056E-05
2.876£-05
0.
0.
5.525¢-04
1.153E-03
f1.
0.
a.
0.
0.
4.616E-06
7.1B4£-06
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REGION=SIERRA MADRE MILL
METSET=CASPER WYOMING

CIRECTICN

FIGURE C.4-1.

{Continued)

CODE=MILDOS,REVO (7/79)

TIME STEP NUMBER 1, AFTER 2.25 YEARS

EXPOSURE PATHWAY IS VEG.ING.

DATE= 02/25/81

PAGE WO,

DURATION IN YRS IS... 2.3

EXPOSED ORGAN IS WH.BODY

DOSES SHOWN BELOW ARE 100-YEAR ENVIRONMENTAL DOSE COMMITMENTS, PERSON-REM/YEAR

XRHO XRHQ
7.5 15.0

XRHO
25.0

XRHO
35.0

XRHO XRHO
45.0 55.0

15

XRHO
65.0

XRHO
15.0

__________________________________________________________________________________________________________________________________

6.961E-06 5.860E-06 4.968E-06
1.755E-05 1.398E-05 1.174E-05
3.387E-05 2.676E-05 2.244(-05
4.066E-05 3.355E-05 2.B58E-05
3.476E~05 3.044£-05 2.640E-05
1.492E-05 1.313E-05 1.136E-05
1.152E~05 1.020E-05 B8.85BE-06
1.375E-05 1.226E-05 1.063E-05
1.879£-05 1.660E-05 1.43BE-05
1.831E-D5 1.526E-D5 1.295E-05
1.346E-05 1.131E-05 9.633E-06
1.09BE-05 %.214E-06 7.B40t-06
1.405E-05 1.171E-05 9.943E-06
B.882E-N6 7.467E-06 6.353E-06
6.009E-06 4.977E-06 4.200E-0D6
3.763t-06 3.133E-06 2.647E-06

4.314E-06
1.023E.D5
1.957€-05
2.513E-05
2,331E-05
9.995£-06
7.810E-06
9.349E-06
1.264E-05
1.131E-05
8.416E-06
6.852E-06
8.683E-06
5.545E-06
3.650E-06
2.306E-06

1.560E-05 1.912E-05
3.811E-05 4.9B7E-05
7.333E-05 9.741E-05
9.519E-05 1.271E-04
8.756E-05 1.124E-04
3.705£-05 4.620E-D5
2.908E-05 3.639E-05
3.446E-05 4.232E-05
4.652E-05 5.690E-05
4.184E-05 5.303E-05
3.106E-05 3.908E-05
2.535t-05 3.210E-05
3.209E-D5 4.079E-05
2.040E-05 2.564E-05
1.337E-05 1.691E-05
8.483E-06 1.077E-05

TOTAL DDSE COMMITMENT IS 4,391E-D3 PERSON-REM/YR

1.298E-05
3.594E-05
7.097E-05
9.201E-05
7.781E-0%
3.118E-05
2.447E-05
2.795E-05
3.76BE-05
3.648E-05
2.674E-05
2.209E-05
2.833E-05
1.769€-05
1.172E-05
7.500E-06

9.937E-06

2.862E-05

5.67%E-05
7.266E-05
5.939E-05
2.336E-05
1.819E-05
2.055E-05
2.795E-05
2.775E-05
2,028E-05
1.680E-05
2.177E-05
1.357E-05
9.000E-06
5.801E-06

WARRING--POPULATION FOOD INGESTION DOSES SHOWM
ABOVE HAYE NOT BEEN CORRECTED TO REFLECT POTENTIAL

FOOD EXPORT AND MAY EXCEED DOSES ACTUALLY RECEIVED
BY THE POPULATION OF THIS REGION. SEE SUMMARY
TABLE FOR THIS INFORMATION.

B.063E~-06 6.764E-06
2.395E-05 2.062E-05
4.760E-05 4.099E-05
5.982E-05 5.045E-05
4.752E-05 3.907E-05
1.844t-05 1.500E-05
1.421E-05 1.143E-05
1.594E-05 1.276E-05
2.195E-D5 1.783E-DS
2.219E-05 1.8B30E-05
1.619E-05 1.334E-05
1.342t-05 1.104E-05
1.758E-05 1.461E-D5
1.096E-D5 9.127E-06
7.260E-06 6.030E-D6
4.721E-06 3.956E-06

5.804E-06
1.811E-05
3.596E-D5
4,326E-05
3.272E-05
1.247E-D5
9.391E-06
1.044E-05
1.481E-05
1.543€-D5
1.123E-05
9.272E-06
1.239E-05
7.753E-C6
5.114E-06
3.382€-06

5.114E.06
1.646E-05
3.262E-05
3.805E-05
2.BO5E-N5
1.065E-05
7.921E-06
8.7B0E-06
1.270E-05
1.343E-05
9.754E-06
8.017E-06
1.081E-05
6.767E-06
4.448E-06
2.956E-06



FIGURE C.4-1. (Continued)

REGION=SIERRA MADRE MILL CODE=MILDOS,RE¥D (7/79) DATE= 02/25/81
HETSET=CASPER WYOMIKG PAGE #0. 2]

TIHE STEP MUMBER 1, AFTER 2.25% YEARS WRATIDN IN YRS I5... 2.3
SUMMARY PRINT OF POPULATION DOSES COMPUTED FOR TSTEP 1--DOSES SHOWN ARE 100-YEAR ENVIRONMENTAL DOSE COMMITMENTS, PERSON-REM/YEAR

DOSES RECEIVED B8Y PEOPLE WITHIN B0 KILOMETERS

PATHWAY WH.BODY BONE AVG.LUNG LIVER KIDMEY BROMCHY
EHHAL . 2,359€-03 5.040E-02 2.018E-01 1.224£-03 1.274E-02 Q.
GROUND 3.005€-03 1.00SE-02 1,005E-03 3.005E-03 2.005E-03 3.005£-03
CLoUD 8.500E-09 8,500£-09 8.500E-0% 8.500E-02 8.500E-09 8.500E-09
YEG. ING. 4,391E-03 7.191E-02 4.391E-03 5.SRBE-04 1.522€-02 4,391€.03
MEAT ING 2.979E-04 4.707E-03 2.979E-04 7.781E-05 1.082E-03 2.979E-04
MILE TNG 4,255E-04 §.629E-03 4.755£-04 9.837E-06 1.281E-03 4,2556-04
RNPLUSS0 0. 0. 0. 0. . 0.
TOTALS 1.038E-02 1.366E-01 2.099E.01 4.884E-03 3.332€-02 8.119E-03

DOSES RECEIVED BY PEOPLE BEYOND 80 KILOMETERS

PATHWAY WH.BODY BOME AVGLLUNG LIVER KIDNEY BRONCHI
INHAL . 0. o, . 0 0. 0.

GROUND 0 0 0. D n. .

cLoun 0. a, ft, 0 \S 0.

YEG. ING, 1N a. 0. . n. n.

MEAT ING 8.BO9E-04 1.392E-02 B.RO9E-04 2.201E-04 3.199£-03 8.805E-04
MILE ING 0. 0. Q. 0 0. 0.
RNPLUSSD 0. 0. g. Q 0. i

TATALS 8,809E-04 1.392E-02 8.8B0O9E-04 2.300E-04 1.199€-03 8.809E-04

TOTAL DOSES COMPUTED NWER ALL POPULATIONS

PATHWAY WH.BODY BONE AYG.LUNG LLVER KIOMEY BRONCHI
INHAL . 2.359E-03 5.04anE-N2 2.018E-01 1.234E-03 1.274E-02 0.

GROUND 3.005E-03 3.005E-03 3.00%E-03 3.005E-03 3.005E-03 3.005E-03
CLoup 8.500E-09 B.500E-09 8.500E-09 8. 5N0E-019 B.SNOE-NY a,500F-09
VEG. ING. 4.391E-03 7.191E-02 4,331E-02 5.568E-04 1.522E-02 4.391C-03
MEAT ING 1.179£-02 1.862E-02 1.179E-03 3.0798.04 4.280E-03 1.179F-03
WILK ING 4.255E-04 6.629E-03 4,255E-N4 3.RI7E-DE 1.281E-03 4. 255€-04
RNPLUISSO a. 0. a. n, 0. o,

TATALS 1.136€-02 1.G06E-01 2.108E-01 5,114E-03 3.653E-02 9.000£-03

€.40
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REGION=SIERRA MADRE MILL
METSET=CASPER WYOMING

FIGURE C.4-1.

{Continued)

CODE=MILDOS,REVO {7/79)

DATE= D2/25/81
PAGE NO. 88

COMPLETE SUMMARY OF COMPUTED ENVIRONMENTAL DOSE COMMITMENTS, INTEGRATED OVER ALL TIME STEPS

1006-YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVED BY PENPLE WITHIN 80 KILOMETERS, PERSON-REM

_________________________________________________________________________________________________________________________________

b ke T T e e L e A ] A W e e o T A Al T o e o e A e B e U e e ko i AP el A R T kB e

1 198D.00
2 1982.25
3 1984.25
4 1986.50
5 1991.50
6 1999.50

1982.25
1984.25
1986.50
1991.50
1999.50
2004.50

TOTALS
TOTALS
TOTALS
TOTALS
TOTALS
TOTALS

2.358t-02
3.143E-02
3.536t-02
1.048E-01
1.677E-01
.

3.075E-01
4,099E-01
4.612E-01
1.366E+00
2.186E+D0
0.

4.723E-01
6.297E-01
7.0B5E-D1
2.099E+00
3.359E+00
0.

1.099E-D2
1.465E-02
1.648E-.02
4.884E-02
7.814£.02
0.

7.499E-02
9.998E-02
1.125E-01
3.333E-01
5.332E-01
0.

1.827E-02
2.436E-02
2.740E-02
8.119E-02
1.299€-01

_________________________________________________________________________________________________________________________________

TOTALS OVER ALL 6 TIME STEPS

100-YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVED

3.628FE-01

4.731E+DO

BY PEOPLE

7. 26RE+00

1.691E-01

1.154E+00

BEYOND 80 KILOMETERS, PERSON-REM

_________________________________________________________________________________________________________________________________

---------------------------------------------------------------------------------------------------------------------------------

1 1980.00
F4 1982.25
3 1984.25
4 1986.50
5 1991.50
6 1999.50

1982.25
1984.25
1986.50
1991.50
1595.50
2004,50

TOTALS
TOTALS
TOTALS
TOTALS
TOTALS
TOTALS

1.982E-03
2.643E-03
2.973E-03
B.BO9E-03
1.409E-02
0.

3.131E-02
4.175E-02
4.697€-02
1.392E-01
2.227E-01

1.982€-00
2.643E-03
2,973E-03
8.809£-03
1.408E-12

5.177E-04
6.903E-04
1.766E-04
2.301E-03
3.681E-03

7.197£-03
9.596E-03
1.079£-02
3.1998-02
5.118E-02

1.982£-03
2.543E-03
2.973£-03
8.809E-03
1.409E-02
n.

TOTALS OVER ALL 6 TIME STEPS

3.050£-02

4.819£-01

3.05NE-D2

7.967E-03

1.107E-01

GRAND TOTAL 10Q-YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVED OVER ALL POPULATIONS, PERSON-REM

1 1980.00
2 1882.25
! 1984.25
4 1886.50
5 1991.50
6 1599.50

1982.25
1984.25
1986.50
1991.50
199%,50
2004.50

TOTALS
TOTALS
TOTALS
TOTALS
TOTALS
TOTALS

2.556E-02
3.408BE-02
3.B34E-02
1.136E-01
1.817e-01
0.

3.388E-01
4,517E-01
5.082E-01
1,506E+00
2.409E+00
0.

4.743E-01
6.324E-01
7.114E-01
2.108E+00
3.373E400

1.151£-02
1.534E-02
1.726€-02
5.114E-02
8.182£-02

B.218E-02
1.096E-01
1.233t-01
3.653E-01
5.844F-01

2.025E-02
2.700E-02
3.037e-02
9.000E-02
1.440E-01
a.

TOTALS OVER ALL 6 TIME STEPS

3.933E-01

5., 2138400

7.2959E+0N

1.771E-01

1.265E+00

3.116E-01






APPENDIX D - COMPUTER SPECIFIC INFORMATION

This appendix provides information useful to users of the MILDOS
version operable on the COC 7600 computer at Brookhaven National
Laboratory. Section D.1 gives core storage requirements and Section
D.2 gives two sample control card decks.

D.1 Storage Reguirements

The computer program MILDOS requires 86K decimal words to execute on a
COC 7600 computer. The allocation is 27.2 K words in small core memory
{SCM) and 85.5 K words in large core memory (LCM). The LCM space
represents the labeled common block BDATA {see Appendix A, Section A.2).

D.2 System Control Requirements

The computer program MILDOS described in this report resjdes on the CDC
7600 system at Brookhaven National Laboratory. A sample control card
deck is shown in Figure D.2-1., This deck will access the master MILDOS
file and initiate program execution. The first two cards give
accounting information. The "ATTACH" card accesses the master file and
assignsa temporary name "FILE". The “SKIPF" command positions the file
to the start of the binary execution element. The "COPYP" command
copies the executable element to another temporary file "GO". The
"RETURN" command terminates access to the master file for the current
run. The "GO" command inttiates execution of the program on the file
G0. The end-of-file card (punched 7/8/9) separates control cards from
the input data cards which follow.

The program may be updated and executed using the control cards listed
in Figure D.2-2. This deck uses the UPDATE processor to modify the
existing program library (file OLDPL) and generate a new FORTRAN deck
COMPILE used as input to the FORTRAN compiler FTN. This compiler
generates the executable file LGO which is then executed {LGO
statement). UPDATE cards follow the first end-of-file card.
Preparation of UPDATE cards is decribed in CDC system UPDATE Processor
manuals.
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BCMILD,T300,STMFZ,TPO,P1.

ACCOUNT ( NAME , NUMBER))

ATTACH(FILE ,MARTINMILDOSREV0O0O, ID=ZZRNRC,MR=1)
SKIPF,FILE,2,17.

COPYP,FILE,GO.

RETURN,FILE.

GO.

@ END-OF-FILE

FIGURE D.2-1. Run Control Card Listing

BCMIL,T300,STMFZ,TPO,P1.
ACCOUNT ( NAME , NUMBER)
ATTACH (OLDPL ,MARTINMILDOSREVCOQ, ID=ZZRNRC ,MR=1)
UPDATE(F)
REWIND{COMPILE)
FTN{I=COMPLIE,R=0,L=0)
RETURN,FILE.
LGO.
® END-OF-FILE

PLACE UPDATE CARDS HERE.
@ END-OF-FILE

PLACE INPUT DATA CARDS MERE
@ END-OF-FILE

FIGURE D.2-2. Update Control Card Listing
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APPENDIX E., Verification of Computér Program

The verification of the MILDOS code has been divided into two parts,
those calculations concerned with the concentration of radionucltides and
those calculations concerned with the dose from the concentrations of radio-
nuclides. Different test cases were performed on each part so that the
numerical checks would be independent of each other.

E.1 Calculation of Radionuclide Concentrations
A test case containing two sources of pollutants was used to generate

concentration values. The first source was an area source of one square
kilometer located one kilometer East and one kilometer North of the mill
center. The second source was a stack 10D meters in height located at two
kilometers West and two kilometers South of the mill center. Particulate
release rates from the area source were calculated by the MILDOS program
with particie size distribution 3. The stack released 0.1 Ci/yr of 238U
and 500 Ci/yr of 2%%

velocity.

Rn with particle size distribution 2 and no exit

Two additional receptors were included along with the 192 grid point
receptors. One was located at 15 kilometers East of the mill center and
another was located 5 kilometers North of the mill center.

The joint frequency wind data was selected so that only six entries
were non-zero. The wind speed category and stability ciass index values
were taken to be equal for the non-zero values (i.e., 1.5 mph windspeed
occurred in stability class 1; 5.5 mph windspeed occurred in stability
class 2, etc.). Also each combination occurred only once, thus only six
wind directions occurred, which were N, NE, E, SE, S, and W. This gives
the following non-zero elements in the array FREQ:FREG(1,1,1), FREG(3,2,2),
FREQ{5,3,3), FREQ(7,4,4), FREQ(9,5,5), and FREQ{13,6,6). With this
restricted wind data set the Tocation of those grid points which should
receive radionuclides was verified. This was accomplished by using Equation
2.2-14 to define the width of the plume for the stack source and using a
virtual point source for the area source as presented in Figure 2.2-1.

E.T



The relative dispersion factors in picocuries/m3 per picocurie/sec
were spot checked for numerical accuracy using Equation 2.2-6 thru 2.2-8
describing the Gaussian dispersion of the sources. The conversion from
these dispersion factors to air concentrations in picocuries/m3 and ground
surface concentrations in picocuries/m2 were also spot checked for numerical
accuracy.

Table E.1-1 gives the relative dispersion factor of radon from the
stack source for various directions and distances from the center of the
mill. The hand calculations and program generated values agree to the
first significant figure. ODifferences in the second significant figure
can be attributed to numerical round-off errors and approximations used in
the computer program.

TABLE E.T1-1. Relative Dispersion Factor for Stack
Source and Radionuclide 222Rn

Recentor* Handlf?1cu1atiqﬂ Proggam Va]ue_]
{direction-distance,km) {pCi m ~/pCi sec ) {pCi m ~/pCi sec ')
N-75 2.6 x 107 2.5 x 107
E-3.5 1.2 x 10710 1.2 x 10719
E-75 9.5 x 10710 9.4 x 10710
5-2.5 9.2 x 10713 8.4 x 10713
5-75 6.4 x 107 6.4 x 107
SSW-4.5 3.6 x 1077 3.7 x 1077
SW-75 2.3 x 107 2.2 x 107
WSH-4.5 1.3 x 1077 1.2 x 1077
W-75 1.2 x 107° 1.1 x 107

*Direction and distance are taken from the mill center.
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The annual average concentrations in the N, E, S, SSW, and W
directions for those distances in Table E.1-1 are simply calculated by
multiplying the relative dispersion factors by the source strenath and also
multiplying by the appropriate units conversion factors to obtain the con-
centrations in pCi m'3. These values in the program outputs have been
verified.

E.2 Calculation of Doses
MILDOS is used to calculate doses from most environmental pathways

by which uranium mill residues may reach man. Doses from internal and
external radiation sources are calculated by organ for particulates and
radon gas and its daughters. Internal sources are a consequence of
inhalation of contaminated air and ingestion of contaminated foods. Doses
calculated include 100-year dose commitments, 50-year dose commitments,

and 40 CFR 190* doses. These doses are calculated for the population in an
80 km radius circle around the mill and for specific receptor points chosen
by the user. In addition, U.S. population doses &0 km from the mill are
calculated.

In order to simplify the hand calculations, all values in the joint
frequency array were set to 1.74 x 10-3 and all entries in the population
distribution array were set to 1.0. Two separate runs of MILDOS are
required in order to check all of the possible dose outputs. One run
calculates the concentration factors for computing 100-year environmental
population dose commitments and the other run calculates the concentration
factors for computing annual dose commitments.

The input for a sample MILDOS run is presented in Table E.2-1.

*
This term is used to designate calculations which do not include dose
from Rn or its daughters.
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TABLE E.2-1. Input Data for Sample Problem

$INDATA
FREQ=576*1.74E-03,

NSORCE=2, SORCE=0.0,0.0,0.0,3.1416,1.0,1.0,1.0,1.0,1.0,1,1,1.0,
SORCE=0.0,0.0,0.0,3.1416,1.0,1.0,1.0,1.0,1.0,1,1,2000.,
PACT=10.0,2*0.0,10.0,2*0.0,10.0,2*0.0,70.0,2*0.0,

IPACT=1, TSTART=1980.0,

IFT000=1,

FPR=10000.,1000.,1000., TADD=5, IRTYPE=-1,0,1,10,10,
IPOP=192*1.0,

Jc=1,0,1,1,1,1,1,1,1,0,
XRECEP=0.0,10.0,0.0,0.0,10.0,0.0,0.0,10.0,0.0,0.0,10.0,0.0,
0.0,10.0,0.0,

QAJUST=1.0,19%0.0,1.0,1.0,19*0.0,1.0,
NSTEP=1,TSTEP=10. 0

FRADON=0.1,0.2,0.3,0.5, PAJUST=1.0%

TEST REGION TEST AREA

TEST SOURCE 1

RECEPTOR 1

RECEPTOR 2

RECEPTOR 3

RECEPTOR 4

RECEPTOR &

AFTER 10 YEARS

Using the input from Tabie E.2-1 and the equations in Sections 2.3 and
2.4 a representative sample of the dose values calculated by MILDOS were
verified by hand calculations. A1l the various pathways had at least one
receptor (such as whole body, bone, liver, etc.) dose value hand calculated
for the population within 80 km of the mill and beyond 80 km. Since the
totals to the receptors of the populations within and beyond 80 km are simply
the sum of the various pathways and the total dose received by all populations
is the sum of the two distinct populations, these totals were easily verified
by summing values in the output tables. For the individual receptors
representative dose values were verified for the MPC check, the 40CFR190
annual dose commitments and the total annual dose commitment.

The authors would like to acknowledge the contributions of M. G.
Zimmerman in performing the hand calculations for the verification of the
dose values,
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