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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. 1g7g). 
The preparation of MILDOS was performed by staff of the Nuclear Regula­
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 197g) and portions of the UDAD document. The user 
is encouraged to be familiar with the mathematical models to aid in 
preparation of input as detailed in Section 2. 

A copy of the MILOOS 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 listing 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 MILOOS 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. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

VSASHINGTON, 0. C. 20555 

REQUEST FOR THE MILDOS CODE 

This form should be used to request a copy of the U.S. Nuclear 
Regulatory Commissian•s MILOOS 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 fallows: 

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) 
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ABSTRACT 

The MILDOS Computer Code estimates impacts from radioactive 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 radioactive 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. 
radioactive 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 radioactive daughters. The surface concentra-
tions are modified by radioactive 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 adjustinq 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 

• External exposure from cloud immersion 

• Ingestioo of vegetables 

• Ingestion of meat 

• 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 available from the code are as follows: 
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• Individual dose commitments for use in predictive 40 CFR 190 compliance 
evaluations (Radon and short-lived daughters are excluded) 

• 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 normalized 
concentrations due to each source and radionuclide 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. 

Models are included in MILDOS to consider both point sources (stacks, 
vents) and area sources (ore pads, tailin

8
gs oreas).

226
Release or

0
particu-

lates are limited to consideration of 23 U, ~:JOTh, Ra and ~ Pb. 
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 radioactive 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 n as 1 ow as reasonably achi evab 1 en (ALAR A). 
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 MILOOS 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-
; ng, tailings· areas and ore pads. Radi onuc 1 ide re 1 eases are defined for 
each source for particulates and radon gas. The 23Bu decay chain is 
assumed to be the only significant source of radiation for uranium mill­
ing operations~ The contribution from the 235u chains is less than 5% of 
that from the £38u chain. Particulate releases are defined to include 
the radionuclides 23Bu, 230Th, 2Z6Ra and 210pb, The gaseous releases are 
defined for 222Rn with ingrowth of short-lived daughter products also 
considered. These 222Rn daughters include 21Bpo, 214pb, 214si, 210pb and 
210po. The dosimetry model accounts for releases and ingrowth 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 limited 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 
tailings 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 long periods. 
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FIGURE 2.0-1 Population Dose Grid System Definition 

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 calcu­
lated by MILDOS using the UDAD model. This model calculates the verti­
cal flux as a function of windspeed, surface roughness, tailings 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 urn in diameter. 
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where 

1 
3 
u*t 

[ (~:J (p/3) -1] 

qv • vertical flux of particulate material~ gm m-2sec-1 

qh • horizontal flux of particulate material, gm m-1sec-l 

(2.2-1) 

cv • ce~ffi,ient of proportionality for vertical flux, 2x1o-6 gm 
m sec 

Ch • empirical con~~ant2 to relate shear velocity to horizontal 
flux, 10 gm m sec 

. -1 u* • shear veloc1ty, m sec 

u*t • threshold shear velocity, m sec- 1 

p. percent of tailing mass that has a diameter smaller 
than 20 "m 

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

where 

Uz • wind velocity at height z, m sec-1 
z • height at which wind is measured, m 

z0 • characteristics surface roughness height, m 

(2.2-2) 

In calculating the shear velocity u*, the ratio (z/z0 ) is assumed to be 
constant and equa 1 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. 

"•t =Ct~ (1.8 + 0.6 log10 W) (2.2-3) 
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where 

Ct • dimensionless coefficient of 0.1 in value 

Ps • density of particle, gm m-3 

P • density of air, gm m-3 

g • gravitational acceleration, m sec-2 

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) 

For u* less than U*t. the horizontal flux is taken to be zero. 

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

where 

E. = A 
1 I: 

u 

I 
~ (3.156 
F2o 

A • tailings area, m2 

f u • frequency of wind speed u 

-2 -1 • vertical flux for wind speed, u, gm m sec 

(2.2-5) 

specific activity of 
than 20 "m, pCi gm-1 

radionuclide i with diameter less 

• activity fraction of 
20 IJffi in diameter 

suspended particulates less than 

The specific activity for particles with diameter less than 20 IJffi is obtained 
from the bulk specific activity for all particles times an activity ratio 
factor, which MILDDS 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 Value Used 

1 em 
2.4 gm cm-3 
0.03 em 
0.1 
3.0 
0. 5 

The specific activity, 120· 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 line 
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,y,i,j,s) 

where 

=_O(i,j,y,s) 

h/2 azu ( ,x/8) 
exp 

X(x,y,i,j,s) • ground level air concentration, Ci m-3 

x • downwind distance, m 

y • crosswind distance, m 

i • pollutant i 

j • source j 

s • particle size 

Q(i,j,y,s) • emission rate, Ci sec-1 

(2.2-6) 

o2 • vertical standard deviation of plume concentration, m 

u • average windspeed, m sec-1 

h • effective height of plume centerline, m 

nx/8 • sector width at distance x, m 
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The vertical dispersion, crz, as a function of downwind distance x is 
calculated using the following empirical expression (Briggs 1974; 
Gifford 1976). 

a = (ax) (1 + bx)c z (2.2-7) 

The constants, a, b, and c 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 az 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 XL, at 
which crz = 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 XL· At dis­
tances between XL and 2xL, the concentration (for non-stable conditions) 
is determined by a linear interpolation between Equation 2.2-6 and 
Equation 2.2-8. 

x(x,i,j) 

where 

=Q(i,j) 
TrXLiJ 
8 

L • mixing layer height. 

TABLE 2.2-2. Stability Class Parameters for 

Stabilitt Class Pasguill Type a 

1 Extremely unstable A 0.20 

2 Moderately unstable B 0.12 

3 Slightly unstable c 0.08 

4 Neutral D 0.06 

5 Moderately stable E 0.03 

6 Very stable F 0.016 

2.6 

(2.2-8) 

Equation 2.2-7 

b c 

o.o 1.0 

0.0 1.0 

0.0002 -0.5 

0.0015 -0.5 

0.0003 -1.0 

0.0003 -1.0 



The mixing layer 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: 

where 

_l - l(_1 + _1 ) 
L - 2 LAM LPM 

LAM • mean annual morning mixing height, m 

LPM • mean annual afternoon mixing height, m 

(2.2-9) 

The average annual m1x1ng layer is provided by the user or a default 
value of 1000 meters is used. For downwind distances greater than 2xL, 
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): 

where 

V • effluent exit velocity, m sec-1 

D • inside diameter of stack, m 

U • average windspeed, m sec-1 

(2.2-10) 

The vertical settling is based on a "tilted plume model" where the down­
ward movement of the plume is given by: 

where V5 is the settling velocity and is calculated from: 

v,(m/s) = 3x1o-5 P,d
2 

2.7 

(2.2-11) 

(2.2-1?) 



where 

d • particle diameter, m 

Ps • density of particle, gm cm-3 

For settling velocities less than 0.01 meter per second, the vertical 
settling is ignored. The effective plume height is thus: 

where 

h = h + h - h - h 
s m v r (2.2-13) 

hs • stack height above mill center, m 

hr • 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 locations the concentration is weighted by the distance from 
the midline of the sector. This is calculated by adjusting the source 
strength to be: 

Q(i,j,y) 
(i x-y) 

= Q(i,j,o) 

*X 
(2.2-14) 

Thus any receptor within 22-l/2° {one sector width) in either direction 
from the centerline of the wind direction sector receives some concen­
tration. All other receptors receive zero. Area sources are given an 
additional lateral dispersion by using a "virtual point source 11 method. 
The size of the area source is provided by the user in km2 and is then 
converted to a square source of equivalent area. The distance to the 
11 Virtual point 11

, taken upwind from the area source is calculated by: 

(2.2-15) 

where 

S • length 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 reconmended by the NRC that area 
sources larger than 0.1 km2 be partitioned into area sources of size less 
than or equal 0.1 km2. 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. 

Multiplying 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: 

where 

< x (i,k)> = L L fx(x,y, i,j) 
j f 

(2.2-16) 

f • 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: 

where 

w • deposition rate, Ci m-2sec-1 
s 

(2.2-17) 

-3 
< x(s)> • average air concentration of particles of size s, Ci m 

-1 Vd(s) • deposition velocity for particles of size s, m sec 

For particles with settling velocities less than 0.01 m sec-1, the depo­
sition velocity is set to 0.01 m sec-1 For particles with settling 
velocities greater than 0.01 m sec-1, 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 11 Seen 11 by Receptor 

The decrease in source strength due to deposition is calculated using 
Chamberlain (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. 

Q(x) = Q(o) exp [ (- V~) F1 (o,x)] for x s x1 (2.2-18) 

J_ (- v_du) [ Q(x) = Q(o) exp / F1(o,xL) + F2(xL, x) + (x-xL)2]} 
2xL L 

(2.2-19) 

Q(x) = Q(o) exp { (- V~) 
forx>2xL 

[ 
\ x-2xLJ } F1 (o,xL) + F2 (xL' 2xL) + 2[ + L 

( 2. 2-20) 
where 

exp [ - ~ ( !Jz) l (2.2-21) 
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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 Densi!~ 
Categor~ (e)* Range~ "m Diameter, J.Jm gm em 

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** 

Isotoee (i) e - 1 e = 2 e = 3 p = 4 e = 5 

U-238 CE CE CE CE 
Th-234 se se se se 
Pa-234 se se se se 
U-234 se se se se 
Th-230 CE CE CE CE 
Ra-226 CE CE CE CE 
Rn-222*** se se se se 
Po-218 se se se se CE 
Pb-214 se se se se CE 
Bi-214 se se s3 se CE 
Po-214 se se se se se 
Pb-210 CE CE CE CE CE 
Bi-210 se se se se CE 
Po-210 se se se se CE 

* In th1s 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 11 CP denotes 11 Calculated explicitly.n The entry 11 Se 11 

denotes 11 secu 1 ar equ il i bri um 11 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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fx2 (2xl-x) 
[ 1(h/l F2(xl'x2) = exp -2 oz Jdx (2.2-22) 

ozxl 
1 

and 

Q(o) • source strength at x = 0 

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 F2 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: 

Rs(t) = (v~i~J) 10-
5 

exp (-ARt) forts 1.82 yr 

R (t) = ( 0·01 ) 10-9 for t > 1.82 yr s v d( s) 

• ratio of the resuspended air concentration to fhe ground 
concentration, at t years after deposition, m-

ratio of minimum deposition velocity, 0.01 m sec-1 to 
deposition velocity of particle size s 

10-5 • initial resuspension value. m-1 

-1 assumed decay constant of resuspension factor, 5.06 yr 
(equivalent to a weathering half-time of 50 days) 

10-9 • final resuspension value. m-l 

The annual average resuspended air concentration is given by: 

(2.2-23) 

(2.2-24) 

xR(x,y, i,j,s) 
[ * J 1-exp -(A.+A )t 

= x(s)10-7 { * 1 R } (3.156x107) 
(A;+AR) 
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where 

for t ~ 1.82 yr (2.2-25) 

xR(x,y,i,j,s) = x(s) 
{ 

_5 [ 1-exp [ -(J,~+AR)(l.82)] ] 
( 0 0 01) 10 ----=-; • .---'-----'"-------' 

("i + "R) 

for t > 1.82 yr (2.2-26) 

* ),_; . the effective removal constant for radionuclide i on 
soil, yr-

3.156x107 • sec yr-1 

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. 

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

where 

Q (radon,j,x) = Q (radon,j,o) exp (-ArT) 

Q(radon,j,o) • source strength of radon, Ci 

T 0 transit time = ~ _, sec 
u 

ln 2 -1 decay rate = -T-, sec 
r 

Tr • half-life of radon, sec 

x • downwind distance, m 

2.13 

(2.2-27) 

transport in 
corrected for 

(2.2-28) 



The concentration of radon daughters in the air is given by: 

xn = XI c~2 Ai) { £: [ exp 
(-A;T) 

Ai, n i=l ~ ( Aj -
n = 2, ... 7 j=l 

(2.2-29) 

j~i 

where 

XI • concentration of radon, Ci m -3 

A. 
ln 2 sec-! 

l 
• decay rate = ~' 

l 

Ti • half-life of ;th daughter, sec 

n • the daughters of radon (see Table 2.2-3, p=S) 

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 radioactivity: 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 

= I - exp [-(Ai + Ae)t] L 
>..; + >-e s 

(2.3-1) 
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where 

• ground ~urface concentration of radionuclide i at timet, 
(pCi m- ), 

t • time interval over which deposition has 

Ae • assumed rate constant for environmental 

A; • radioactive decay constant, sec-1, 

occurred, sec, 
-1 loss, sec , 

x(i,s) • direct annual average air concentration of radi2~uclide i 
associated with particle size fraction s, pCi m , 

Vd • deposition velocity of particle size fraction s, m/sec. 

Environmental losses are described by a rate constant 
fifty year half-time. Resuspension is not treatjd as 
Ground concentrations are calfulated for 238u, 2 OTh, 
The incremental ingrowth of 2 Opb from 226Ra, 6Xg, on 
calculated from: 

llxg(210pb, t) = 'Pb h X (226Ra' s) Vd(s)} \* • 
Ra 

corresponding to a 
a loss term 
226Ra and 2l0pb, 
the ground is 

{ 1 
* * * .-x Pb t e_X Pbt _ e-'Ra t} 

+ 
APb APb - AR_a 

(2.3-2) 

where 

A Pb • decay rate of 210pb, sec-1, 

ARa • effective rate constant for loss by radioactive decay and 
migration of ground-deposited radium and is equal to 
ARa + Ae, sec-1, where ARa is the decay rate of radium and 
Ae corresponds to a 50-year half-life for loss of environ­
mental availability, 

x(226Ra, s) • direct annual average air concentration of radiu~ 
associated with particle size fractions, pCi m· , 

Apb • equals Apb + Ae, sec-1, and parallels the explanation of AR.a· 

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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• edible above-ground vegetables 

• potatoes 

• other edible below-ground vegetables 

• 
• 

pasture grass } 
hay 

for meat and milk ingestion pathway only 

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

Vegetation concentrations are calculated as follows. 

where 

J + xg(i) (2.3-3) 

Cv(i) • concentration of radionuclide i in vegetation v (pCi kg-1), 

Fr • fraction of the total deposition retained on plant 
surfaces, 0.2 (dimensionless), 

Ev • fraction of foliar deposition reaching edible portions of 
vegetation v (dimensionless}, 

Aw • decay constant accounting for ~~athering losses (assumed to 
have a 14 day half-time), (sec ), 

tv • duration of exposure while growing of vegetation v (sec). 

Yv • yield density of vegetation v (kg m- 2) 

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

Pp • soil areal density for plowing (240 kg m-2). 

The value of Ev is assumed to be 1.0 for all above ground vegetation and 
0.1 for all below-ground vegetables. The value of tv 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-milk 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 

where 

(2.3-4) 

Cb(i) • average concentration of radionuclide i in meat (pCi kg-1), 

concentration of radionuclide 
feed), (pCi kg- ), 

in hay (or other stored 

• concentration of radionuclide i in pasture grass {pCi kg-1), 

Q • 

feed-to-mea! 1transfer coefficient for radionuclide i (pCi kg-l 
per pCi day ingested), 
the fractions of the total annual feed requirement assumed to 
be satisfied by pasture grass or locally grown stored feed 
(hay), respectively (dimensionless), 

-1 feed ingestion rate, 50 kg day 

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

where 

(2.3-5) 

em ( i) • average concentration of radi onuc 1; de i in milk (; n pC i c1). 

• feed-to-mil~ 1 transfer coefficient for radionuclide i (pCi t 1 

per pCi day ingested). 

To estimate the average media concentrations during the final year of 
mill operation, the value of the time parameter t in Equations 2.2-26 
and 2.3-1 is set to T0 year where T0 is the operational lifetime. This 
gives concentration values for the end of the final year. Durin9 the final 
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prereclamation 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 T0 , the operational lifetime. The ground concentration at the 
end of the final prereclamation year is then calculated as: 

(2.3-6) 

where 

xg(i,T
0

) 

xg(i,Td) 

• ground concentration ~f radionuclide i at the time of 
mill shutdown (pCi m- ), 

• residual ground concentration of radionuclide i 
resulting from operational re~eases at the end of the 
T

0 
year drying period (pCi m- ), 

duration of time required 
to reclamation (yr). 

to dry the tailings pile prior 

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

where 

xR (x,y,i,j,s, 

* 
[ 

1 - exp(- •;T0 ) J 
(3.156 X 107) 

"i 
(2.3-7} 

x(s,i) • direct air concentration of radionuclide i in particle 
size s at locati~n (x,j) resulting from operational 
releases (pCi m- ), 
residual resuspended air concentration of radionuclide 
i in particle size s resulting from operational 
release~ 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 

• compliance with 10 CFR Part 20, NRC Radiation Protection Standard 

• 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 requires calcula­
tion of exposure of populations. All dose calculations consider the 
exposure pathways described above with one exception: the 40 CFR Part 
190 evaluation excludes 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-l, output pages 5 and 6. 

Internal dose conversion factors give the 50 year dose commitment from 
one year of uptake normalized to unit air concentration, (mrem year-1 
per Ci m-3). For inhalation doses, the conversion factors are calcu­
lated by the Argonne National Laboratory computer program UDAO (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). Inhalation 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 
orovided as a function of ~•5ticle size and organ for the radionuclides 
238U, 234u, Z30Th, ZZ6Ra, Zl Pb and ZlOpo. For 222Rn and short-lived 
daughters the dose to the bronchial epithelium is also calculated. 

Inhalation doses are computed by the equation: 

d
1

(inh) = 

where 

I: 
s ~ x( s, i) DCF its( inh) (2.4-1) 

inhalatio~ dose to organ t, at location (x,j), 
(mrem yr- ), 

• inhalation dose conversion factor for_fadionuclid~3 i, 
organ~' and particle size s (mrem yr per pCi m ). 
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Ingestion dose conversion factors (Hoenes and Soldat 1977) are provided 
for four oge groups and several organs for the radionuclides 23Bu, 234u, 
230Th, 226Ra, 210pb and 210Po. These dose conversion factors are based 
on the ICRP Publication 2 (1959) ingestion model. The dose conversion 
factor for 226Ra (Fletcher and Dotson 1971) is based on models recom­
mended in ICRP Publication lOA (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 

(2.4-2) 

where 

• activity ingestion rat~ 1 of radionuclide i by an individual 
in age group k (pCi yr ), 

Umk'Ubk • milk (l yr-1) and meat (kg yr-1) ingestion rates for 
age group k, 

Uvk • ingestiyn 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 

where 

d~,k(ing) = L: IikDCF;.k(ing) 
i 

(2.4-3) 

d2.k(ing) • ingestion dose for organ t·, age group k (mrem yr- 1), 

• ingestion dose conversion factor foi radionuclide i. 
organ t, 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: 

d,(ext) = 0.825 L [ xg(i)DCF;,(gnd) + DCFit(cld) xT J (2.4-4) 
i 
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where 

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

d1(ext) • external dose to organ 1 (mrem yr-1), 

DCFi 1(cld) 

DCFi1(gnd) 

• dose conversion factor for external exposure to the1 cloud for radionuclide i and organ~ (mrem yr- pCi-

• dose conversion factor_for ground e~posure for radionuclide 
i and organ ~ (mrem yr per pCi m- ) , 

0.825 • effective reduction factor of structural shielding for 
indoor exposure periods. 

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 last year of mill operation and for the last 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 1 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 100 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 222Rn are evaluated for all three mill­
life-cycle time periods (above plus post stabilization). 

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

• 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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• Individual doses are multiplied by the population within the 
spatial interval 

• 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. 

(2.4-5) 

where 
M1(inh +ext) • population dose~ from inhalation and external pathways 

(person-rem-yr- ) 

Pa • population residing in spatial interval a (at 
location, see Figure 2.0-1) 

a • indicates summation at over all spatial intervals 

163 • 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. 

• The productivity rate (kg yr-1 per m2) of each food category is 
assigned (vegetables, meat and milk) by the user. 

• 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. 

• 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: 

(2.4-6) 
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where 

Aa • area of spatial interval a (km2) 

Cfa{i) • concentration of radionucl ide i in spatial interval a in food 
type f where f represents m for milk, b for meat and v for 
vegetables (Ci kg-! or Ci t-1) 

Gfa • produc!ion ~~te of fo~~ tYE~ f in spatial interval a 
(kg yr km or t yr km ) 

• gross actiyity content of radionuclide i in food 
f (pCi yr- ) 

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

where 
• fraction of the production of food type f ingested by 

individual in age group k (dimensionless) 

• fraction of the regional population belonging to age 
group k (dimensionless) 

(2.4-7) 

• average consumption ~fte of fa~~ type f for an individual 
in age group k·(kg yr or t yr ) . 

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

where 

I: (2.4-8) 
k 

Ef • fraction of activity rema1n1ng on food type f after 
preparation for eating (dimensionless) 

• regional population dose to organ t 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 

• Falls City, Texas 

• Grants, New Mexico 

• 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 

(2.4-9) 

where 

M£ • total population dose to organ ~ (person rem yr- 1) 
M1 (Rn) • contine~tal population dose to organ t from radon (person 

rem yr- ) 

A technical review of the dispersion and dose models used in MILDDS has 
been performed by Horst and Soldat (1981). In 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 
such as program limitations and execution time 
the program structure are given in Appendix A. 
requirements are given in Appendix C. 

3.1 Program Limitations 

program useful to users 
estimates. Details of 

Computer specific 

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

• source terms for significant releases, 

• time steps for describing the mill life-cycle, 

• 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 are those l." the uranivT-238 
decay Oeries: 235u, <34u, 230Th, 226Ra, <22Rn, 2 8p0 , 214pb,z 4Bi, 2\0pb 
and Zl Po. 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: 

• point source with particulate release only 

• point source with particulate and 222Rn release 

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

Source Types 
Point~ Point, Radon/ Area, Radon/ Met. Data Particulate Part icu 1 ate Particulate Fraction Number of Number of Execution Time 

pp p A F Timeste~s Rece~tors 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 10.16 

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 
w . 
N 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. 

where 

T = F (7 Pp + 15 P + 20A) 

T • execution time, seconds 
Pp • number of points sources with particulate releases only, 

P • number of point sources with particulate and radon releases 
A • 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 low) 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 lists 
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 
levels. 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 INOATA Parameters 

Parameter 

Job Control 

IFTODO 
IRTYPE 
JC 

Source Terms 

FRADON 
!PACT 
NSORCE 
PACT 
QAJUST 
SORCE 

Meteoro 1 ogy 

DM 
FREQ 

Food Pathway Parameters 

FFORI 
FFORP 
FHAYI 
FHAYP 
FPR 

Population Distribution 

!POP 
PAJUST 

Individual Receptors 

!ADD 
XRECEP 

Time History 

NSTEP 
TSTART 
TSTEP 

TYPe 

Integer 
Integer 
Integer 

Real 
Integer 
Integer 
Real 
Real 
Real 

Real 
Real 

Real 
Real 
Real 
Real 
Real 

Integer 
Real 

Integer 
Real 

Integer 
Real 
Real 

Initial Value in Block Data FRESH 

3.4 

0 (10 values) 
-1 (48 values) 
0 (10 values) 

0.0 (4 values) 
Not Set 

0 
0.0 (12 values) 
0.0 (400 values) 
0.0 (240 values) 

1000. meters 
0.0 (576 values) 

0.5 dimensionless 
0.5 dimensionless 
0.5 dimensionless 
0.5 dimensionless 
0.0 (3 values) 

0 (192 values) 
1.0 dimensionless 

(10 values) 

0 
0.0 (144 values) 

0 
Not Set 

5.0 years (10 values) 



TABLE 3.3-2. Particle Size Parameter Values 

Density,gm/cm3 Particle Size Fraction PTS7FC 
Particulate Particle size 1.0 1.0 5.0 35.0 

Grou~ PDEN (um) 

1 8.9 1.0 0.0 0.0 0.0 
2 2.4 D.O 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 1n 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 PDPDOS 
as parameter array FIK. 

The population dose to the North American continent from 222Rn 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 MILDOS. 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 results. 
Some errors will cause abnormal run termination while others may not be 
noticeable. 
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TABLE 3.3-3. Food Pathway Transfer Coefficients 

Transfer Coefficients by Element 
Pathway u Th Ra Pb 

Soil-to-Plant (BIV) 

Above Ground Vegetables 2.5 X lQ-3 4.2 X 10-3 1.4 X lQ-2 4.0 X lQ-3 

Potatoes 2.5 X 10-3 4.2 X lQ-3 3.0 X 10-3 4.0 X lQ-3 

Other Below Ground 2.5 X lQ-3 4.2 X lQ-3 1.4 X lQ-2 4.0 X lQ-3 
Vegetables 

Pasture Grass 2.5 X lQ-3 4.2 X lQ-3 1.8 X lQ-2 2.8 X lQ-2 

Stored Feed 2.5 X lQ-3 4.2 X lQ-3 8.2 X lQ-2 3.6 X lQ-2 

w Feed-to-Beef (FBI) 3.4 X lQ-4 2.0 X lQ-4 5.1 X lQ-4 7.1 X lQ-4 

"' (pCi/kg per PCi/day) 

Feed-to-Milk (FMI) 6.1 X lQ-4 5.0 X lQ-6 5.9 X lQ-4 1.2 X 10-4 
(pCi/t per pCi/day) 



TABLE 3.3-4. Ingestion Dose Conversion Factors 

Age Group Organ 2380 
Internal Dose Conversion Factors by Organ and Age 1 mrem eer eCi ingested 

234U 234Th 230Th 226RA* 2IOPB 21081 210PO 

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 
Bone 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 o. 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. 3lE-09 6.00E-05 5.00E-03 7 .OlE-04 5.66E-08 1. 23E-04 
Bone 1.09E-03 1.19E-03 1.14E-07 2.16E-03 4.90E-02 1.81E-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 

w Kidney . 2.50E-04 2.85E-04 3.81E-08 5.99E-04 2.3:!E-04 1. 72E-02 5.48E-05 3.60E-03 
~ 

Adult 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). Ra-226 whole body and bone dose conversion 
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). All other dose conversion factors are from 
Hoenes and Soldat (1977) directly. 



TABLE 3.3-5. Inhalation Dose Conversion Factors 

3 
mrem/~r eer eci/m 

Particle Size = 0.3 Microns PB210 P0210 

Whole Body 7 .46£+00 1.29£+00 
Bone 2.32[+02 5.24£+00 
Kidney 1. 93£+02 3.87E+Ol 
Liver 5.91£+01 1.15E+Ol 
Mass Average Lung 6.27£+01 2.66£+02 

Particle Size = 1.~ Microns U238 U234 TH230 RA226 PB210 P0210 
Density = 8.9 g/cm 

Whole Body 9. 82E+OO 1.12£+01 1.37£+02 3.58£+01 4. 66[+00 5.95£-01 
Bone 1.66[+02 1.81 E+02 4. 90£+03 3, 58E+02 1.45E+02 2.43£+00 
Kidney 3.78£+01 4. JOE+Ol 1.37£+03 1.26E+OO 1.21£+02 1. 79£+01 
liver 0.0 o.o 2 .82£+02 4.47E-02 3.69£+01 5.34£+00 
Mass Average lung 1.07£+3 1.21E+3 2.37£+03 4.88£+03 5. 69[+02 3.13E+02 

Particle Size = IJ Microns U238 U234 TH230 RA226 PB210 P0210 
Density "' 2.4 g/c 

Whole Body 4.32[+00 4. 92E+OO 1.66£+02 3.09£+01 4.36£+00 4.71E-Ol 
Bone 7 .92£+01 7.95£+01 5. 95£+03 3.09£+02 1.35£+02 1. 92E+OO 
Kidney 1.66£+01 1.89£+01 1.67£+03 l.09E+OO 1.13£+02 1.42£+01 
Liver 0.0 o.o 3.43£+02 3.87£-02 3.45£+01 4.22£+00 
Mass Average Lung 1.58£+02 1.80£+02 3.22£+03 6.61£+03 7. 72E+02 4.20£+02 

Particle Size "' 5.g Microns U238 U234 TH230 RA226 PB210 P0210 
Density " 2.4 g/cm 

Whole Body 1.16£+00 1.32£+00 1.01£+02 4.00£+01 4 .84£+00 7 .IOE-01 
Bone 1.96£+01 2 .14E+Ol 3.60£+03 4. OOE+02 1. 50E+02 2.89E+OO 
Kidney 4.47£+00 5 .10E+00 1.00£+03 1.41E+OO 1.25£+02 2 .13E+Ol 
Liver 0.0 o.o 2.07£+02 4.97E-02 3 .83£+01 6 .36£+00 
Mass Average Lung 1.24£+03 1.42£+03 1.38£+03 2.84£+03 3. 30E+02 1.88£+02 

Particle Size " 35
3
0 Microns U238 U234 TH230 RA226 PB210 P0210 

Density "' 2.4 g/cm 

Whole Body 7.92E-01 9.02£-01 5,77£+01 3.90£+01 4.43E+OO 7 .28E-Ol 
Bone 1.34£+01 1. 46£+01 2.07[+03 3.90£+02 1.3BE+02 2.96£+00 
Kidney 3.05£+00 3.47£+00 5.73£+02 1.38£+00 1.15£+02 2.19£+01 
Liver 0.0 o.o 1.19£+02 4.85£-02 3.51£+01 6.52£+00 
Mass Average Lung 3.33£+02 3.80£+02 3. 71E+02 7 .64£+02 8. 70E+Ol 5.75£+01 
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TABLE 3.3-6. Dose Conversion Factors for External Exposure 

Dose Factors for External Doses from 
Air Concentrations~ mrem~r per ~Citm3 

Isotope W ole Bo y* 

U238** 1.23E-04 
TH230 3.59E-06 
RA226 4. 90 E -05 
RN222 2.83E-06 
P0218 6. 34E-07 
PB214 1.67E-03 
81214 1.16E-02 
PB210 1.43E-05 

Dose Factors for External Doses from 3 Ground Concentrations~ mrem/{r Ger pCi/m 
Isotope Who e ody* 

U238** 3.70E-06 
TH230 6.12E-07 
Ra226 9.47E-07 
RN222 5.03E-08 
P0-218 l.lOE-08 
PB214 3.16E-05 
81214 1.85E-04 
PB210 2. 27 E-06 

* Doses to 1nternal body organs are assumed to be the same as computed 
for the whole bod2 

** Dose factors for 3Bu include contributions from daughters 
234Th, 234mpa and 234u 

TABLE 3.3-7. Food Consumption Rates 

Food T.xpe 
In9estion Rates 

Infant Child 
bX Age Group 

Teen Adult 

Vegetables (k9/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 Averale Total Consumetion Rates, kg/xrb 
Group Populationa Vegetab es 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:C 276.7 102.8 209.0 

aAge 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 b~ Each Age Grou~ 

Age Grou~ Vegetables Meat Milk 

Infants 0.0 0.0 0.0178 

Children 0.1418 0.0780 0.1850 

Teenagers 0.2167 0.1485 0.2728 

Adults 0.6415 0.7735 0.5244 
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TABLE 3.3-10. Continental Population Dose Factors 

Population Doses Resulting from a 1-kCi 
Release of 222Rn During 1978 2 organ-rem 

Bronchial Whole Pulmonary 
Release Site E~ithelium Body Lung Bone 

Casper, Wyoming 56. 8.8 2.0 120. 

Falls City, Texas 72. 5.8 1.6 77. 

Grants~ New Mexico 52. 8.2 1.8 110. 

Wellpinit, Washington 43. 9.0 1.7 120. 

The sample problem input 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 MILOOS 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 blank. 

2. The first card of the set must begin with a blank in column one and 
a dollar s1gn, "$ 11

, 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 11 $END11
• 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*0 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 less than 
or equal to the size of the array. When the third form is used 
the number of data values must Pe 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. 

5. 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. 

6. Variables can be specified in any order. 

7. 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 + (j-1)1 

Thus, 8(3,4) is in position 18 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 + (j-1)1 + (k-1)IJ 

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 follows: 

Data Category 

Job Control 

Source Terms 

Meteorology 

Food Pathway Parameters 

Population Distribution 

Individual Receptors 

Time History 

NAMELIST Parameter Names 

IFTOOO, IRTYPE, JC 

FRADON, !PACT, NSORCE, PACT, 
QAJUST, SORCE 

OM, FREQ 

FFORI, FFORP, FHAYI, FHAYP, FPR 

!POP, PAJUST 

!ADD, XRECEP 

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 !PACT then assigns these composition mixes to represent each 
area source as appropriate. Area sources are indicated by a value of 
SORCE(lO,i) 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 km2 should be broken down to smaller area source. 

The population dose to persons beyond the 80 km radius is estimated from 
radon 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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TABLE 4.2-1. Job Control Parameters 

(Dimension) 
Parameter TyPe 

IFTDD0(1D) Integer 

IRTYPE(48) Integer 

JC( 10) Integer 

Description 

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 IAOD locations. For a given receptor 
location i: 

IRTYPE(i)< 0, suppresses printing 
IRTYPE(i) = D, 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 1go 
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, 
j) ?2000. 

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 concentrations (pCi 
m-3), ground concentrations (pCi m-2) and 
total deposition rates (pCi m-2 sec-l) 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 I then only a summary 
table is printed for the BO km population and 
the extra-regional population. 

JC(S)=!, print the normalized dispersion 
factor (X/Q) arrays. The outputs include the 
air concentration normalized by the release 
rate of Z38u for each source, receptor and 
particle size; and for 222Rn and 6 
daughters for each source and receptor. 
Units are: 

pCi m-3 (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 
isotopes. Other information printed includes 
particle sizes, density, age groups, environ­
mental concentration factors and time step 
dependent variables. 

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 I. 

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, print the particulate concentrations 
for air (pCi m3) and ground (pCi m2) at each 
individual receptor location. Also printed 
are partiBle size data for particulates 
(238u, 23 Th, 226Ra and 2 Opb) concentrations 
~fr rad~r and ~f~ghters ~222Rn, 218p0 , 214pb, 

4si, Opb, Bi and lOpo) and ground 
coocentrotions from radon daughters (218po, 
214Pb, 214Bi, and 210pb). 

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

Exposure Pathway 

Inhalation 

Ground Exposure 

C 1 oud Exposure 

Vegetable Ingestion 

Meat Ingestion 

Milk Ingestion 

Organ of Interest 

Whole Body 
Bone 
Mass Average Lung 
Bronchial Epithelium 

Whole Body 

Whole Body 

Whole Body 
Bone 

Whole Body 
Bone 

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 

Density Percent of Material by 
Particle Size (urn) 

Set Number g/cm3 1.0 5.0 35.0 Source Types 

1 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 
blending and other mill 
process sources 

3 2.4 o.o 30 70 Tailings, ore storage piles 
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The element SORCE(12,i) 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 

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

• 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-1) 

The average wind speed values (m sec-1) are provided in array UU 
in block data FRESH. 

• six Pasquill atmospheric stability categories in the order 
A - extremely unstable 
B - moderately unstable 
C - slightly unstable 
D - neutra 1 
E - moderately stable 
F - very stable 

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 4.2-4. 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 between 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. 

JPACT(20) Integer This array assigns mixes defined by PACT (i,k) 

NSORCE 

PACT(3,4) 

QAJUST 
(10,2,20) 

to each area source j. A value of !PACT(j) = 
i causes mix i to be used for material in area 
source j. IPACT must have non-negative integer 
values -:::3. 

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

Real 

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 pica 
curies gm-1) for radionuclide k in mix i 
where 

k=1 for 23Bu 
k=2 for 230Th 
k=3 for 226Ra 
k=4 for 210pb 

Adjustment factors for particulate and radon emis­
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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Parameter 
(Dimensions) 

SORCE(l2,20) 

Type 

Real 

TABLE 4.2-4. (Cont'd) 

Description 

Data defined for each effluent sorce term j: 

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

SORCE(2,j) = y coordinate for source j, 
kilometers. A positive value 
indicates north and a negative 
value indicates south of the 
mill center. 

SORCE(3,j) = elevation of source j, meters, 
above or below {negative 
values) the mill center. 

SORCE(4,j) = areas of source j in square 
kilometers. A value of zero 
should be used for point 
sources such as stacks. 

SORCE(S,j) = ann~~l average release rate 
of Bu for source j, 
curies/year. 

SORCE(6,j) = ann~~l average release 
of OTh for source j, 

rate 

curies/year. 

SORCE(7,j) = ann~~l average release 
of 6Ra for source j, 

rate 

curies/year. 

SORCE(8,j) = ann~yl average release 
of Opb for source j, 

rate 

curies/year. 

SORCE(9,j) = ann~~l average release rate 
of 2Rn gas from source j, 
curies/year. 
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Parameter 
(Dimensions) Type 

TABLE 4.2-4. (Cont'd) 

Description 

SORCE(lO,j) = identification number for 
source j. A value of 
SORCE(lO,j)? 2000 causes the 
code to generate source terms 
for particulate releases 
(23Bu, 230Th, 226Ra and 210pb) 
for source j (subroutine 
TAILPS). This option is 
generally used for area 
sources. Values for ZZ2Rn 
gas must always be supplied 
by the user. For SORCE(lO,j) 
?2000, any user supplied 
numbers for SORCE(5-8,j) will 
be ignored. 

SORCE(ll,j) = 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. 

SORCE(12,j) =product of stack inside dia­
meter(m) and effluent exit 
velocity (m sec- l for 
source j, m2 sec- . Area 
sources should have SORCE 
(!2,j) set to zero. 

All default values for SORCE array are D.O. 
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Parameter 
FREQ 

OM 

TABLE 4.2-5. Meteorological Parameters 

~ Description 
Real Fractional joint frequency of 

occurrence of wind direction (16), 
windspeed class (6) and atmospheric 
stability class (6), dimensionless. 
FREQ(i,j,k) ? 0, ~ FREQ(i,j,k)=l.OO 

i ,J 'k 

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

"/ 
1 e GRANTS. NEW MEXICO 
,.' ~~- ' 

I ~,~ 

' 

( 
) 

\ ·, 

\ i ~·.,..;..-.· · ....... ~--,· 
L-e FALLS CITY, TEXAS 

FIGURE 4.2-1. Geographical Locations of Reference Radon Release 
Sites for Continental Population Doses 
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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 FFOR! 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 < 1.0 
and 

FFORP + FHAYP < 1.0 

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):l-2. 2-3, 3-4, 4-5, 5-10, 
J0-20, 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* 

State Vegetables Meat Milk 

Arizona 

Colorado 

Idaho 

Montana 

Nevada 

New Mexico 

South Dakota 

Texas 

Utah 

Washington 

Wyoming 

580 

2,800 

14,200 

1,800 

18 

280 

2,400 

1,200 

370 

10,700 

320 

1,040 

3,200 

2,000 

2,000 

510 

1,150 

6,400 

5,300 

790 

1,600 

1,400 

* Data presented are based on an NRC staff survey. 

4.2.6 Individual Receptor Location Parameters 

1,130 

1,400 

3,400 

370 

230 

460 

3,600 

2,100 

1,800 

6,000 

230 

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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TABLE 4.2-7. Food Pathway Parameters 

Parameter 
(Dimensions) Type 

FFORI Rea 1 

FFORP Rea 1 

FHAYI Real 

FHAYP Rea 1 

FPR(3) Real 

Descri tion 

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. Default 
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 annual feed requirements 
assumed to be satisfied by locally grown 
stored feed, used for calculation of 
population doses. Default 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). 

TABLE 4.2-8. 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 

4.16 



Parameter 
(Dimensions) 

!POP(12,16) 

PAJUST(lO) 

TABLE 4.2-9. Population Distribution Parameters 

Type 

Integer 

Rea 1 

Description 

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. 

Ratio of the U.S. population during each time 
step to that during the year 197B. 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) 
!ADD 

XRECEP(3,48) 

Type 
Integer 

Real 

Description 

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,i), 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 11 $END11 (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 labels used on output reports. The title card set contains 
four types of label information as follows: 

• identification of the region and meteorological data 

• source identification 

• identification of individual receptor locations 

• timestep identification 

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

Name 

REGION(6) 
METSET(4) 

Parameter 
(Dimensions) 
NSTEP 

TSTART 

TSTEP(10) 

Columns 

1-24 
31-46 

Format 

6A4 
4A4 

Description 

Region identification 
Meteorological data identification 

TABLE 4.2-11. Time History Parameters 

Type 
Integer 

Real 

Real 

Descri~tion 

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. 

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

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

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

Name Columns Format Description 

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

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

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 Columns Format Description 

TNAME(S,k) 1-20 SA4 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 nata 
transfer used by MILDOS. 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. Nine 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.l 
and details of each module are given in Section A.3. The labeled com­
mon blocks are described in Section A.2. 

A.l HIERARCHY 

The hierarchy of the sixteen modules in t~e MILDOS program is shown in 
Figures A.l-1 and A.l-2. These diagrams indicate calling sequence 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 MILOOS. These routines are standarrl 
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 usaqe 
as indicated in Table A.2-l. The general purpose of each common block­
is given below. 

Corrrnon Block 
ADATA 
BDATA 
CDATA 
DDATA 
EDATA 
FDATA 
GDATA 
DEPY 
DSTBZ 
INTG 

Type of Parameters 
Meteorological, source, receptor, dispersion 
Source, receptor, particle size 
Source, timestep, options, adjustment factors 
Dose factor, exposure pathway 
Population, radon release, population rlose 
Receptor, exposure pathway 
Page title, headings 
Particle deposition results 
Dispersion (for particle deposition) 
Particle deposition. 
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Program MILDOS 

TAILPS 

HEADER 

CHIQU f--{ A. l-2 

CAL CON 

WRITER 

HEADER 

POPDOS 

HEADER I 

UN !DOS 

HEADER 

Calculate area source vertical 
mass flux coefficients 

Print a new page heading 

Calcu1ate normalized air concen­
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 

Print a new page heading 

Compute and print air and ground con­
centrations and population doses 

Print a new page heading 

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

Print a new page heading 

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

r- HEADER 

L- POLUT 

~ ACTOR 

~ DDEP 

~ INTEG 

r 

r 

~ 

~ 

ANC4 

FERR 

FERRl 

HT 

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

Print a new paqe heading. 

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

Computes 222 Rn decay and daughter 
product ingrowth. 

Computes source depletion factors. 

Perform numerical integration 
for source depletion. 

A utility numerical integration 
routine. 

Function F1 for evaluation of 
source depletion. 

Function F2 for evaluation of 
source depletion. 

Function to compute effective 
stack heiqht. 

FIGURE A.l-2 Hierarchy Diagram for Subroutine CHIOU 
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TABLE A.l-1 Labeled Common Block Usage in MILDOS 

Module name ADATA BOAT A CDATA DDATA EDATA FDATA GOAT A DEPY DSTBZ INTG 

MILDOS used used used used used used used 

FRESH (block data) used used used used used us eel useci 

ACTOR used 

ANC4 

CAL CON -- used used 

CH!QU used used 

DDEP used -- -- -- -- -- -- used -- user! ,. . 
-<> 

FERR -- -- -- -- -- -- -- -- useri 

FERRI -- -- -- -- -- -- -- -- used 

HEADER -- -- -- -- -- -- used 

HT used 

INTEG used -- -- -- -- -- -- -- user! userl 

POLUT used -- -- -- -- -- -- used 

POP DOS -- used used used used 

TAILPS 

UN I DOS -- used used used -- used 

WRITER -- -- used used used used 



Note: Any variations or changes to any array 1 s dimensions~ or adrlition 
or deletion of variables in any modu1e 1 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: 

• purpose of module 

• functions performed 

• calling routine 

• argument list 

• common block usage 

• 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: 

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

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

• CHIQU - compute normalized air concentrations for particulates 
( RXQ array) and gaseous ( RXQRN array) re 1 eases, sec/m3. 

• 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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• POPOOS - 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 labeled common blocks: ADATA, BDATA, CDATA, 
DDATA, EDATA, FDATA AND GOATA. 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 ACTOR 

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 labeled common block 
ADATA. The two argument list parameters have the following uses: 

Parameter Descri tion 

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

N1 Number of decay chain members to o~ considered 
including the parent. Nl is set to 7 in the call 
statement. 2<N1<7. 

The results of the calculation are returned through array ACTIV(7) which 
gives the activity of each radionuclide relative to one curie of 222Rn 
present at time zero. The radionuclides in the decay chain as currently 
defined in MILDOS are: 

Chain member Radionuclide 

1 222Rn 
2 218p0 
3 214pb 
4 214ai 
5 210pb 
6 21o 8i 
7 210p0 
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A.3.3 Function ANC4 
This function is a numerical integration routine used to evaluate the 
integrals Fl 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 Descri tion 

Al Lower limit of integration (distance from source) 

Bl Upper limit of integration {distance from source) 

EP 

M 

N 

Error criteria for determining completion of numerical 
integration iterations. A value of 1 x lo-4 is supplied 
in the calling subroutine INTEG. 

This output parameter gives the number 
integral evaluation. 

This integer selects the criteria used 
completion of the integration. l<N<3. 
follows: 

N = 1· the value of EP determines when • 
integration. 

of points used in the 

for determining 
The uses of N are as 

to stop iterating on 

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 Fr and FERRI for evaluation 
of F2. 

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-0158,5. 
Argonne National Laboratory, Argonne, Illinois. 

A.7 



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 requested doses. All data transfer is performed 
through labeled common blocks BOATA and CDATA. For the specified time 
step, !STEP, the following data arrays are calculated: 

Array 

TPSZ(4,4,240) 

CISUM(7,240) 

CGIP(4,4,240) 

CGXRN(4,240) 

Descri tion 

Air concentration (including resuspension~ for 4 
particle size groups, 4 radionuclides (23 u, 230Th, 
226Ra and 210pb) and 240 receptor locations (192 
for the 12 x 16 spatial interval grid plus 48 for 
individual receptors) pCi mJ. 

Direct air concentration from all sources for radon and 
daughters and for each receptor location (as defined 
for TPSZ above), pCi m-3 

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

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 CHIOU 

This subroutine computes normalized air concentrations for transport of 
material in each particle size fraction and for radon and each daughter 
radionuclide. CHIOU is called by the main program MILDOS. Two labeled 
common blocks are referenced by CHIOU: ADATA and BOATA. The argument 
list 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 sp0tial grid points plus 48 individual receptor 
locations), sec m-J, 

RXQRN(20, 240, 7J - norm0lized air concentration for 222Rn and 
six daughters (2 8po, 214pb, 214si, 210pb, 210si and 210oo), 
twenty sources and 240 receptor locations (as defined for RXO 
above), sec m-3. 

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. DOEP 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 argument list: 

Parameter 
SIGZ 

ONWINO 

Xl 

PHT 

L1 

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

Downwind distance to the receptor location, meters. 

Starting point {nearest 
over distance, meters. 
to 100 meters.) 

the source) for the integration 
(If less than 100 meters, Xl is 

Effective plume height at the receptor location, meters. 

Atmospheric stability class index. 

set 

The integral evaluation is performed through calls to subroutine INTEG. 

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

The calculated depletion factors are transmitted in two arrays QXQR anrl 
QXQ: 

QXQR(j) fraction of material remaining in the plume for deposition at 
0.01m sec-1 for each windspeed class j, 

QXQ(i,j)-fraction of material rema1n1ng in the plume for deposition at 
calculated deposition velocities for each particle size class 
i and windspeed class j. 

The array QXQ 
particulates. 

is used in POLUT to calculate the air concentration of 
The array QXQR is not used outside of DDEP. 

A.3.7 Function FERR 

This function is used to evaluate the kernel of the inte9ral F1 in 
Equation 2.2-21. The argument list 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 FERRl 

This function is used to evaluate the kernel of the integral F2 in 
Equation 2.2-22. The argument list 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. FERRI is 
named as an external function in subroutine INTEG and is called through 
the integration routine ANC4. 

A.3.9 Subroutine HEADER 

This subroutine writes a new page heading at the beginning of each out­
put report. Data are transmitted through labeled common block GDATA. 
The following parameters are printed in the heading. 
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Parameter Format Descrietion 
REGION(6) 6A4 Descriptive title for site identification, 

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

METSET(4) 4A4 Descriptive title for the meteorological data set, 

KPAGE !4 Current page number. 

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

A.3.10 Function HT 

This function calculates the effective plume height by the tilted plume 
model. This model is described by Equation 2.2-II. The argument list 
parameters have the following uses: 

Parameter Descri tion 
I Particle size fraction index, 

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

XP 

u 

Downwind distance, meters, for the current evaluation, 

Average windspeed, m sec-1, 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.ll Subroutine INTEG 

This subroutine controls integration for evaluation of plume depletion 
factors. The function ANC4 is used to perform the numerical inteqra­
tion. The two external functions FERR and FERRI are referenced (through 
ANC4) to evaluate the functions F1 and F2, respectively. The four 
argument list parameters have the following uses: 
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Parameter 
INDEX 

XI 

XN 

PHT 

Description 
Control integer to select evaluation function: 
INDEX ~ 1 for F[ (function FERR) 
INDEX >I for F2 (function FERRI) 

Starting downwind integration distance, m. 

Ending downwind integration distance, m. 

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 common 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: 

• distance between source and receptor (virtual source distance for 
area sources). 

• plume rise correction to effective plume height, 

• plume height correction for particle settling (tilted plume model), 

• vertical dispersion parameter, cr2 , at the downwind distance, 

• nearness of plume to mixing height, 

• plume depletion by particulate deposition (subroutine DDEP), 

• radon decay and daughter radionuclide ingrowth (subroutine ACTOR). 

POLUT is called by subroutine CHIQU with one argument, the parameter 
array, PSORC. This array gives the source strength for the current 
source and each radionuclide: 238u, ~30Th, 22bRa and 210Pb. The 
source strength represents the average annual release rate in Ci year-1. 
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Common blocks ADATA and DEPV are used by subroutine POLUT. Common block 
DEPY is used to receive intermediate parameters from subroutine DDEP. 

The 
the 
ter 

subroutine OOEP is called to calculate plume depletion factors anrl 
subroutine ACTOR is called to calculate radioactive decay and daugh­
product ingrowth for 222Rn. 

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. 
Output 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 TA!LPS 

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

Parameter 
TAILP(6) 

UU(6) 

Description 

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

• surface roughness height z0 = 1 em 

• characteristic windspeed height z = 100 em 

• density of tailings grains Ps = 2.4 g cm-3 

• average grain diameter d = 300 11m 

• percent of tailings mass that has a diameter smaller than 2011m, 
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 19D impacts and MPC comparisons. Data transfered is 
through labeled common blocks 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 8 - COMPUTER PROGRAM LISTING 

This appendix presents a listing 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 8.0-1. 
A listing of the block data procedure FRESH is given in Figure 8.0-2. 
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c 
c 

FIGURE B.O-l. Program MILDOS Listing 

PROGRAM MJLOOS( INPUT ,OUTPUT, TAPES• INPUT, TAPE6•00TPUT) 
THIS IS PROORAM fii!LOOS, REVISION 0 ••• CREATED JULV79 

MILDOS 
MIL DOS 
MILOOS 

C**••••••u*********** .. **********"**********-**********-************** MILOOS 
c MTLDOS 
c M!LOOS IS A C~PREHENSIVE COMPUTER COllE FOR THE EVALUATION OF MJLDOS 
c R.I.OIOLOGJCAL IMPACTS RESULTING FROM URANII-" MILLIHG OPERATIONS. MILOOS 
c MILOOS 
c THIS CODE 15 CURIIHTLY EMPLOYED BY THE II!C STAFF IN TilE PERFilRM- MIUlOS 
c ANCE OF LICENSING EVALUATIONS WITH RESPECT TO URANIUM MILlS AND fiHLDOS 
c OTHER FRONT-ENO FUEL CYCLE FACILITIES. IT IS AYAitABtE TO THE MIL DOS 
c PUBliC. FOR !NFilRMATION CONTACT 0. MARTIN OR G. r.NUGHOtl BY PHONE MIL DOS 
c AT 301-427-4103 OR WRITE TO U.S.HRC, WASHJHliTON, D.C. l{l555, MJLOOS 
c MILDOS 
c MILilOS IS AN ~C ADAPTATION OF VERSION IV Of THE ARGONNE NATIONAL NltOOS 
c lAR~ATORY URANIUM DISPERSION AND OOSIMETRY (UOAO) COOL MIL DOS 
c MILOOS 
c~*************** .. *** ****~ .. ********* .. ******************************* MILOOS 

c 

c 

c 

c 

REAL HLM,ACTIV ,GMAT ,DLNIY ,DATE, TODAY MILOOS 

LEVEL 2, NSORCE ,NRECEP, TPSZ ,C!Slfl, [PACT ,PACT ,POEN,OUST20,ACTRAT, 
1 PTSZ20 ,RXQ ,RXQRN ,PTSZ ,QNAME 

COMMON/ADATA/PTSZFC( 4,3) ,FREQ( 16,6,6) ,SORCE( 12 ,20) ,llM,HLM( 7), 
I VDEP( 4) ,GMAT( 7, 7), VSET( 4) ,ACTIV( 7) ,ZRECEP{240) ,RECEPT{2,240), 
2 GDSCAl,QSCALE ,OA(6) ,00(6) ,OC(6) ,UU(6) ,NPS,NPE,NPP ,IFLAG,JfLAG, 
3 I SORC!,KSORCE ,1010, IWS,lSTAB, IWSE ,IWSB, IRfCEP ,IFPART, lfRN, 
4 PINK(4,4),PINK(7) 

COHMON/BOATA/NSORCf .~fCEP, TPSZ{ 4,4 ,240) ,C!Slfl( 7 ,240), IPACT(20), 
1 PACT(3,4) ,POEN( 4) ,OUST20(6) ,ACTRAT ,PTSl20,RXQ(20,240,4), 
2 RXQRN(20, 240, 7), PTSZ( 4) ,QNAH£(5,20) 

COMMON/CDATA!QAJUST(lO ,2 ,20) ,1\EPVH ( 4) ,CPY(5,20) ,!STEP, !RCV, !ADO, 
I ALN2, TSTEP( 10) ,ALF(6) ,GHCT( 4 ,10) ,GPFACT{ 4), TFACT( 4,10) ,NSTfP, 
2 TPFACT( 4) ,CGI P( 4 ,4,240) ,CGXRN( 4 ,240) ,JC(IO) ,XPFACT 

COMHON/ODATA/WLFACT( 3) ,OCFA( 5, 7, 5) ,OCFGP( 4) ,OCFCP( 4) ,OCFGR(5), 
I DCFCR(S) ,OCFF{!\,4,4) ,8 IV( 4 ,5) ,FBI {4) ,fMJ { 4) ,Qf ,SHIELO,RF{3), 
2 FREP( 4, 5), TISSUE (6) ,PATH{S) ,SRHO,WHL, TSTART ,IFTODO(lO), 
3 TNAHE('i,W) 

C1JoiMON/fDATA/FFORP ,FHAYP ,FPR{ 3), IPOP(l2 ,16) ,WINOR( 16) ,XRHO( 12), 
I !PlOT ,FRMON( 4),PAJUST( 10) ,POREG(5,8,JO) ,POXRfG(6,8,10), 
2 PDTOT(6,8,10) 

COMMON/FDATA/XNAME 15,48) ,FFORI ,fHAYI, IRHPE( 48) .~RECfP{3,48), 
1 OIST(48),UOF(4,3) FBVT(4,3) 

COMMON/GDATA/HETSfT( 4) ,REG!ON(6) ,KPAGE, TODAY 

MILOOS 
MIL DOS 
MIL DOS 
MILOOS 
MILOOS 
MIL DOS 
fii!LOOS 
MIL DOS 
MILOOS 
M!LOOS 
MILOOS 
MJLOOS 
MIL DOS 
MIL DOS 
MIL DOS 
MIL DOS 
MIL DOS 
MILDOS 
MILOOS 
NILDOS 
MILOOS 
Mit nos 
MILDOS 
MIL DOS 
MIL DOS 
MILOOS 
MILDOS 
MILDOS 
Mit DOS 
I<!ILDOS 
MIL DOS 
MILDOS 

OlMENSION FREQWS(6), JARY(S), !PRO( 16) ,UUMPH(6), TAILP(6), TA( 16), MIL DOS 
I TB(16), TO( 16), TINC( 16) ,HfLF£( 7) ,NUMBER( 10) ,RHALf (6), THETAS( 16) MIL DOS 

(********************* •••••••••••*********"**************************** MILOOS 
DATA IARY/5*0/ 
!lATA FREQWS/6*0./ 
DATA IPS0/16~0/ 

DATA UUHPH/1.50,5. 0,10.0,15.5,21.5,28.0/ 
DATA TAILP jO. ,0. ,3 .920E-5 ,9.6753[-4,5. 7046£-3,2.0750£-2/ 
DATA HFLFEj3.03f5, 1.83E2 ,1.608£3 ,l.l94E3, 7 .038ER,4.32<1E5,1.196E1/ 
DATA N\IMBER/1,2, 3,4 ,5,6, 7 ,8, 9,10/ 
DATA RHALF /4. 47E9, 7. 7E4,1.M3,2.23E1,1.372E-2 ,3, 789E-1/ 

MILOOS 
HILOOS 
MILDOS 
MILOOS 
fiiiLOOS 
HILOClS 
MIL DOS 
MIL !lOS 

c••u***************** ••uu••••u•••*******"************************** HILDOS 
NAMEL IST/INoATA/fREQ,NSORCE, SORCE ,OM,PACT, !PACT, TSTART ,IFTOOO,FPR, MILOOS 

I FFOR!,FHAYl,FFORP ,FHAYP ,!ADD, IRHPE, !POP ,JC ,XRECEP ,QAJUST, TSTEP, M!LOOS 
2 NSTEP,FRAOON,PAJUST HILDOS 

C••••~••••••********** ********••••••••••********•••••••••••••••u•••••• H!LOOS 
C MILOOS 
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FIGURE B.O-l. 

RfAD( 5 ,INOATA) 
c 

(Continued) 

MILOOS 
M!LDOS 

C*-**-*********-*"***" "********-****-**u•u•••uououou**-*"******** M!LDOS 
!F(EOF(S),NE.O) STOP MILOOS 
READ(5,4010) (R£GION( I), !~1,6), (MHSH( l), 1•1.4) MILOOS 
READ(5 ,4020} ( (QNNo!E( I ,J), I-!, 5) ,J•l,NSORCE) M!LOOS 
REA0(5 ,4020) ( (XKAME( J,J), 1•1,5) ,J•l,IAOO) MJLOOS 
RfA0(5 ,4020) ( (TNN<IE( I ,J), 1•1,5) ,J•l,NSTEP) M!LOIJS 

C**********n********* "***"***********"'******************************** M I LOOS 
c GLOSSARY Of INPUT DAH MILDOS 
C********************* *'******************-"*"****"*"""""**"""*"******** HILOOS 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

FREQ(l,J,K) IS THE FRACTIONAL JOINT FRE((JEMCY Of WIND FROM OIREC­
TION I, IN WINO SPEED CLASS J, IN STABILITY CLASS~ 

NSORC£ IS "THE HUMBER OF EFFLUENT SOURCES INPUT 

SORCE(I,J) IS SOURCE TERM DATA FOR SOURCE J 
SORCE(I,J) IS THE X LOCATION COORDINATE, KM 
SORCE(2,J) IS "THE Y LOCATION COOR!liNATE, KM 
SORCE(3,J) IS "THE Z (HEIGHT) COORDINATE, M 
SORCE(4,J) IS THE SOURCE AREA, ~2 
SORCE(5-9,J) ARE RELEASE RATES OF U·238, TH-230, RA-226, PB-210, 

AND RN~222, RESPECTIVELY, C!/YR -·PARTICULATE RELEASE RATES 
RECOMPUTED BY CODE IFF SORCE(IO,J)•2000 OR HIGHER. 

SORCE(IO,J) !S "THE SOURCE 1D ~fR 
SORCE(II,J) IS "THE ASSIGNED PARTICLE SIZE OIS~IBIJTJON, INTEGER 
SORCE(I2,J) IS THE PRDnUCT OF THE BIT VHOCITY MIP THE 

STACK ~IAMETER,M-*2/SEC 

OM IS THE ANNUAL AVERAGE ATMOSPHERIC MIXING HEIGHT, M 

rmoos 
rmoos 
HILDOS 
M!lOOS 
MltOOS 
MJLDOS 
MIL DOS 
MIL DOS 
Mit DOS 
rom nos 
MIL DOS 
MIL DOS 
MIL DOS 
fo!ILOOS 
MIL DOS 
i'!ILOOS 
MILilOS 
MIL !lOS 
romoos 

PACT(I,J) IS THE BULK SPECIFIC ACTIVITY OF ISOTOPE J IN SOURCE I, MILOOS 
J•l-4 FOR U-23B, TH-230, RA-226, AND PB·210, RESPECTIVELY, PCI/G MILDOS 

MILDOS 
!PACT( I) !$ fHE PACT VALUE SET ASSIGNED FOR SOURCE NUMBER MILOOS 

TSTART IS lliE YEAR EFFLUENT RELEASES BEGIN, E.G., 19A1.5 

IFTOnD(l) MUST EQUAL 1 FOR CALCULATION AN!l PRINT OF ~OSE ANO 
CONCENTRATION DATA FOR TIME STEP ! 

fPR(I) IS THE AAF.AL FOOO PRODUCTION RATE OF FOOD TYPE I, 1=1-3 
FOR vrGETABLES, I>IEAT, ANO MILK, RESPECTIVELY, ~G/KM2-YR 

fFOR! IS THE FRACTION OF AI'INUAL ANIMAL HfO OOTAINEO BY GRAZING, 
FOR USE IN CALCULATING INDIVIDUAL DOSES 

MILOOS 
MILOOS 
MILDOS 
MIL DOS 
MILOOS 
MILOOS 
M!LOOS 
M!L!XIS 
MllOOS 
lof!LDOS 
MILDOS 
MILDOS 

FHAYI IS THE rR~CTION Of ANNUAL ANIMAL FEED CONSISTING OF LOCALLY MILOOS 
C GROWN STORED rtfO, FOR USE IN CALCULATING INDIVIDUAL DOSES HILOOS 
C M!LOOS 
C HOOP AND FHAYP ARE SAME AS FFORI AHO FHAYI EXCfPT nMT THEY ARE M!LOOS 
C FOR USE IN CALCULATING POPULATION DOSES MILOOS 
C MllOOS 
C !ADO IS THE NUMBER OF INDIVIDUAL RECEPTOR LOCATIONS INPUT HILOOS 
C M!LDOS 
C IRTYPE(l) SPECIFIES DESIRED OUTPUT FOR INDIVI!lUAL RECEPTOR HILOOS 
C IRTYPE( !=NEGATIVE NIJMBER FOR NO PRINT MILOOS 
C IRTYPE( !) 1 0 FOR IOCFR20 MPC COHPL!ANCE CHEer MILOOS 
C !RTYPE(l)=l FOR PRINT OF TOTAL OOSES OVER All PAJifojAYS, ONLY MILOOS 
C IRTYPE(l)-10 FOR PRIN~ OF DOSES BY EXPOSURE PATHWAY (NOT ALLOWE!l MILOOS 
C UNLESS JC(7)-J ) Mll!lOS 

c ·~~ 
C !POP(I,J) IS THE INPUT POPULATION fOR ANNULUS !,IN !l!RECTION J M!LOOS 
C M!LOOS 
C JC(l) MUST {IE INPUT AS I TO UTILIZE f>fWGRAM OPTION I I'HLOOS 
C JC(I):l TO USE TAILPS SUBROUTINE (VALUES OF TAILP IN AllOVE DATA H!LOOS 
C STATEMENT USED OTHERWISE, IF NEEDED) MILOOS 
C JC(2)•1 TO CCMPUTE 100-YR ENVIROM>IENTAL DOSE COMMITMENTS MILOOS 
C JC(3)=1 TO OOTAIN POPOOS CONCENTRATION DATA PRINT Mll!lOS 
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C JC(4}•1 TO llHAIN POPOOS OOSE PRINT BY GRID SEGMENT MILOOS 
C JC(5)•1 TO OOTAIN CHIQU PRINT OF X/Q DATA MILOOS 
C JC(6)•l TO OBTAIN WRITER PRINT IF DOSE AND OTHER FACTORS M!LOOS 
C JC(7)•1 TO (I!TAIN UIHOOS PRINT I)' DOSES !IV EXPOSURE PATHWAY MILOOS 
C JC{B)•l TO INCLUDE MILK PATHWAY IN UNIOOS CALCULATIONS foiiLOOS 
C JC{9)•1 TO OBTAIN UNIDOS PRINT OF CONCENTRATION DATA M!LDOS 
C JC{IO) IS tt'lT CURRENTLY IN USE M!LOOS 
c ~moos 
C XRECEP(I,J)!S A LOCATION COORDINATE FOR INDIVIDUAL RECEPT~ J MJLDOS 
C XRECEP(l,J) IS THE X COOROINATE, KM MILOOS 
C XRECEP(2,J) IS THE Y COORDINATE, KM ~HtOOS 
C XRECEP(3,J) IS THE Z COORO!NATE, M MILOOS 
C MILDOS 
C QAJUST(l,J,K) IS A FACTOR FOR MULTIPLYING THE INPUT SOURCE MILOOS 
C ST!!:ENGTH OF SOURCE K TO GET THE DESIRED SOURCE STRENGTH OF MILDOS 
C SOURCE K FOR THE DURATION Of Tli'!E STEP II J•1 FOR PAATICULATES i'!ILDOS 
C AND J•l' FOR RADON i'!ILOOS 
c oaa 
C TSTEP{I) IS THE DURATION OF TIME STEP I, YRS MILOOS 
c oaa 
C NSTEP IS THE MMSER OF TIME STEPS TO RE UTILIZED MILDOS 
c oaa 
C FRAnON{I) IS THE FRACTION OF RADON RElEASES FOR WHICH DOSES BEYOND MILOOS 
C 80 KM ARE CALCULATED USING DOSE/KCI COEFFICIENTS FOR RELEASE MILOOS 
C POINT II 1•1·4 FOR CASPER, FALLS CITY, GRANTS, AND WELLPINIT MILOOS 
C i'!ILOOS 
C PAJUST(I} IS THE RATIO OF THE U.S. POPULATION OURING TIME STEP MILOOS 
C TO THAT DURING THE YEAR 1978 MILOOS 
c oaa 
(*************** FORMATTED ALPHAMERIC INPUT DATA (NAMES) 
C FIRST CARD--· 
C REGION{6)•NAME OF PLACE (COL. 1-24) 
C METSET(4)•MET DATA SOURCE (COL. 31-46) 
c 
c NEXT NSORCE CARDS-.-
c (lNAH£(5,J)•N.'.ME OF SOURCE J (COL. 1-20, 1 CARO/NAM£) 
c 
c NEXT !ADO CAR~S---
c XN.o.ME(S,J)•NAME OF IRECEP J (COL. 1-20, 1 CARD/NAME) 
c 
c NEXT NSHP CARDS--
c TNAHE(5,J)•NAME OF TIME STEP J {COL. 1-20, I CARD/NAME) 
c 

MILOOS 
MILOOS 
MILOOS 
MILOOS 
M!LOOS 
MILOOS 
MILDOS 
MILDOS 
M!LOOS 
H!LOOS 
MILOOS 
MJLDOS 
MILOOS 

(********************* ************************************************* MILOOS 
c 

c 

c 

c 

TOOAY•OATE{OUMHV) 
CALL SYSTEMC(IlS,IARY) 
ALN2•ALOG(2.0) 
KRH0•12 
IFTAIL•O 

00 10 1•1.7 
10 HLM(J)TALN2/HFlfE(!} 

00201•1,7 
0020JTJ,7 
GHAT(J ,! )•HLM(J )-HLM( I) 

20 GMAT{l.J)•-GMAT(J,!) 

00 30 l•l,NSORCE 
IF (SORCE( 4,1) .LLO.O) SORCE ( 4, l )-1 .OE-6 
IO•SORCE{Jn,J) 
JF(JD.GE.l'OOO) !FTAIL=I 

30 CONTINUE 

IF(!HAJL.NE.I) GO TO 40 
!F(JC(I).NLI) GO TO 40 

MIL DOS 
MILDOS 
MILDOS 
M!LDOS 
MILDOS 
MILDOS 
MILOOS 
M!LOOS 
i'!JLDOS 
i'!ILOOS 
i'!ILDOS 
MILOOS 
MILOOS 
MILOOS 
M!LOOS 
MJLOOS 
MJLOOS 
M!LOOS 
MILOOS 
MILOOS 
MJLOOS 
MIL~OS 
MILOOS 

C••••••••************* ******************"****************************** MJLDOS 
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c 
CALL TAILPS(TAILP,UU) 

c 

(Continued) 

MIL DOS 
MILDOS 
MILOOS 

c~********'*********t*• ************************************************* MILOOS 
C MILDOS 
C SUBROUTINE TAILPS Cilo1PUTES VALUES OF TAllP(!WS)I THEY ARE TilE IHLOOS 
C VERTICAL MASS FLUX COEFFICIENTS USED TO C()!PUTf CURIE RELEASES MILOOS 
C FROM EXPOSED TA!l!IIGS SURFACES. MILOOS 
C MILOOS 
(****************-**-* **************-*-* .. ******"*"****************-*** M!LDOS 

40 QPTAIL•Ii.o 
c 

c 

DO 60 BIS•I,6 
DO 50 !STAB•l,6 
DO 50 Bl!l•l,16 

50 FREQWS( IWS)•FREQWS( IWS}+FREQ( JWO, IWS,ISTAB} 
QPTA!L•QPTA!L+TA!LP( HiS)*FRE!)IS( HIS) 
OUST?.O( IWS)•TAILP( IWS) 

60 CONTINUE 

DO SO l•l,NSORCE 
IO·S~Cf(IO,I) 
lf(ID.LT.2000) GO TO SO 
IPX•IPACT(l) 
QPX•QPT A I L *SORCE ( 4, I ) *31 • 56* ACTRA T /PTSZ20 
DO 70 J•5,8 

70 SORCE ( J , I} •PACT ( 1 P X, J-4) *()PX 
80 CONTINUE 

~moos 

HILOOS 
HILOOS 
HILOOS 
HILOOS 
MILOOS 
HILOOS 
HILOOS 
H!LDOS 
HILDOS 
HILDOS 
MILOOS 
MILOOS 
MIL DOS 
HILOOS 
MIL DOS 
HILOOS 
HILOOS 

C********************* ***"********************************************* MILOOS 
c 

CALL HEADER 
c 

MILOOS 
1moos 
MitDrui 

c••••••••••••••••••••• ************************************************* MILDOS 
c 
c 
' c 

SUBROUTINE HEADER PRINTS THE PAGE HEADING SHI],jJNG REGION, O,I,TE, 
i'!ETSET AND PAGE MJMBER. IT IS CAttED FOR EACH N£W PAGE PRINTED. 

HILOOS 
fi'I!LDOS 
MILDOS 
Mitnos 

(*******"************* ********"**************************************** MILOOS 

c 

c 

PRINT 4030,NSORCE 
PRINT 4040 
PRINT 4050 
PRINT 4060 

DO 90 I•l,NSORCE 
1D=SORCE(l0, I) 
IK•SORC£( 11,1) 

90 PR !NT 4070, I, (~ORCE(J ,I) ,J•1,9), 10,1K ,SORCE( 12,1), (QNAME(J ,I) ,J•l, 

"' PRINT 40BO,(PTSZ(I),I•I,4) 
00 100 1•1,3 

100 PRINT 4090, I, {PACT (I ,J) ,J=I ,4), I, {PTSZFC(J, I} ,J•1,4} ,POEN( I} 
IF(NSORCLLT.I2) GO TO 105 

c•••• ................. ···•••••••••••••••••••••**•••••••••••••••••••••** 
c 

CALL HEADER 

' 

MILOOS 
M!LDOS 
HILOOS 
HILOOS 
i'!ILDOS 
HILODS 
MILOOS 
M!LOOS 
MILOOS 
•moos 
MltOOS 
MIL DOS 
Mll~OS 

HILOOS 
MILOOS 
MILOOS 
H!LOOS 
HILOOS 
MltOOS 

c•••••••••••u•u••••• ************************************************* MILOOS 
105 CONTINUE 

PRINT 4100, NSTEP, (NUMBER( I), I=!, J(l), (TSTEP(l), I•l, 10) 
PRINT 4110 
DO 110 K•l ,NSORCE 

110 PRINT 4120,K,(QAJUST(l,1,K),H,10) 
c 

PRINT 4130,NSTEP, (NUMBER( I), 1•1, 10), (TSTEP( I), H ,10) 
PRINT 4110 
flO 120 K•l,NSORCE 

120 PRINT 4120, k,(QAJUST(I,2,k),l•l,10) 
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MILDOS 
Hit DOS 
i'!IlflOS 
MILOOS 
MILOOS 
HIL!lOS 
M!lDOS 
MILOOS 
MILDOS 
MIL DOS 



FIGURE B.0-1. (Continued) 

C**"**"*********-***** *************"*"*******'*********"-***********'**** M!LDOS 

CALL HEADER 
c 

MILOOS 
M!LOOS 
M!LDOS 

(*********"****-****** ***** .. ****"****'********** .. **"****************** MILDOS 
PRINT 4140, (FRE('IIS(l),I•l,6) MILDOS 
PRIMT 4150, (WINOI!(K),K•l.l6) MILDOS 
PRINT 4060 MILOOS 
TTC-0.0 M!LOOS 
TTE•O.O MILDOS 
DO 160 1•1,6 MILOOS 
PRINT 4160, l MILDOS 
DO 140 J•l,6 !'IILDOS 
00 130 K•l,l6 i'lltDOS 
TIMC(K)•FREQ(K,J ,I )*100.0 MILOOS 
TA(J}•TA(J)+TINC(K) MILDOS 

130 TB(k}•TB(K)+TINC(K) fi!ILOOS 
PRINT 4170, UUMPH(J),(TINC(k),K•l,I6),TA(J) MILDOS 
TTC•TTC+TA(J) MILDOS 

140 TA(J)•O.O MILDOS 
PRINT 41RO, (TB(K),k•l.I6),TTC M!LOOS 
PRINT 4060 MILDOS 
TT£•TTE+TTC M!LOOS 
TTC•O.O M!LDOS 
DO ISO K•l,!6 M!LOOS 
TO(Kl•TD(K}+TB(K) MILOOS 

150 TB(K)•O.O MILDOS 
160 CONTINUE MILDOS 

PRINT 418(l, (T1J(K),K•l,l6),TTE MILDOS 
C********************* ********'"******"''"****"'***•••••••••••**'*****'****** MILDOS 

CALL HEADER 
MIL DOS 
MILDOS 
MILOOS 

[****'"'*************** *************"*"****'*************"*****.,.*"**'**** MILDOS 
DO 170 I•!,IADO 

170 OIST( I )•SQRT( XHCEP( I, I )**2+XRECEP(2 ,I )**2) 

PRINT 4190, IAOD 
PRINT 4200 
PRINT 4210 
!NK•IAOD/2 
IMP•INK*2 
IF( !MP.LT. !ADO) INK• INK+! 
00 190 l•I.IADO 
IT•I*2 
!X•I+INK 
!F(!T.GT.IADO) 00 TO 180 
PRINT 4220, I, ( XNAAE(J, I) ,J•l,S) ,{XRECEP(J, I) ,J•l,3) ,OIST( I), 

1 IRTVPE{ I), I X, {XNAME(J, I X) ,J•l,S), (XRECEP(J, IX) ,J.•1,3) ,OIST{I X), 
2 IRTVPE{IX) 

GO TO 190 
180 CONTINUE 

ITT•lT·l 
IF(ITT.GT.IADD) GO TO 190 
PRINT 4220, I, (XNAME(J, I) ,J•l,S), {XRECEP(J, I) ,J•l,3) ,DIST( I), 

I IRTYPE( I) 
190 CONTINUE 

c 
PRINT 4210 
PRINT 4230 
PRINT 4240 
~R!NT 4250, OM, TSTART ,Fflllll,FHAYI,FFIJIP ,FHAVP, (HR{ I) ,1•1, 3), 

I ACTRAT,{IPACT(i),!•l,NSORCf) 
PRINT 4260, (JC(i),l•l,IO) 
PRINT 4270 
DO 200 I•I,NSTEP 
IF (TSTEP( I) ,L T .2.0) TSTEP( I )•2.0 

200 PRINT 4280, I,(TNAME(IM,J},IM•I,5),TSTt~:l),IFTOOO{I) 
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MILDOS 
I'IILDOS 
MIUIOS 
M!LOOS 
MILOOS 
MJLDOS 
MILOOS 
M!LOOS 
MIL DOS 
MllOOS 
1m nos 
MILOOS 
MIL DOS 
~moos 
MltOOS 
MIL DOS 
MIL DOS 
MIL DOS 
MIL DOS 
MIL DOS 
M!LOOS 
MIL DOS 
MIL DOS 
MILOOS 
!moos 
M!UlOS 
MIL DOS 
MILOOS 
MILDOS 
MILDOS 
MIL DOS 
MIL DOS 
MILOOS 
MILDOS 



c 

c 

FIGURE B.0-1. 

PRINT 4290, (XRHO(!),l•l.KRHO) 

IPTOT•O 
DO 220 Jsl,l2 
DO 210 J•l,l6 
JPBQIJ )• IPBO(J) +I POP( I ,J) 

210 IPTOT•IPTOT+IPOP(i,J) 
220 CONTIMJ£ 

DO 230 ND•l.l6 
230 THETAS{NO)•(ND-1)*022.5) 

(Continued) 

(****.,.*********"***** ************H*"***"******"******"*************** 
c 

CALl HEADER 

MILDOS 
MlLOOS 
MILOOS 
MJLOOS 
MILOOS 
M!LilOS 
MILOOS 
MlLDOS 
MllOOS 

"moos 
MILOOS 
MILDOS 
MILOOS 
MILOOS 
MILOOS 

C*"***********' .. ****** ****'****************"*****************"********* MILDOS 
PRINT 4300 "moos 
PRINT 4310, WJNDR MILflOS 
PRINT 4320, THETAS MILDOS 
PRINT 4060 • MILOOS 
DEL•O. 5 ' MILOOS 
DO 240 1•1,12 MllflOS 
IF(!.EQ.5) DEL•2.~ MJLOOS 
JF(!.GT.5) OEL·'i.O M!UlOS 
DIN•XRKO(I)-DEL MILDOS 
OOUT • XRHO ( I ) +DEL M!LOOS 
PRINT 4330 MlLOOS 

"" PRINT 4340, U!N,OOOT,(!POP(!,J),J•1,16) ~moos 

c MlLOOS 
OIN•l.O MILDOS 
00UT•80.0 MllOOS 
PRINT 4060 MILOOS 
PRINT 4330 MILOOS 
PRINT 4340, OIN,OOOT ,( IP~O(J) ,J-1, Hi) MILDOS 
PRINT 4350, !PlOT MILDOS 

MILOOS 
DO 250 J=l,NSORCF MILOOS 
SORCE ( 4,J) •1000. O*Si;RT {SORCE ( 4 ,J)) MILOO~ 

DO 250 1•5,9 MILOOS 

"" SORCE{ I ,J) •SORCE( I ,J)*( !.0£12) /(3. 156£7) ~moos 

c M ILOOS 
IHCEP•O M!LDOS 
If(IPTOT.LE.O) GO TO 210 M!LDOS 
OPT •3.1459?65/8.0 MILOOS 

c MIL!lOS 
no 260 NO•L16 MILDOS 
THLTA• (NO- 1 ) •op I MILDOS 
CTH=COS(THETA) MILDOS 
STH-S!N(THETA) MILDOS 
DO 260 NR-1,12 MILOOS 
IR ECE P• !R ECEP+ 1 MIL DOS 
RECEPT( l, IR[CfP)•XRHO(NR )*STH MILDOS 
RECEPT( 2, IRECEP)•XRHO(NR )*CTH MllDOS 

"" ZRECE P ( I RECE P) •0 M!LDOS 
c MILDOS 

"" NRECfP•IRECfP MILDOS 
!RCV•NRECEP MILOOS 
If( IADC·.EQ.O) GO TO 290 MILOOS 

MILDOS 
DO 280 IR•1, !ADD lo!TLDOS 
NR=IRCV+!R MILDOS 
RECEPT( l ,NR) =XREClP( I, IR) MILOOS 
RECEPT(Z, NR)•XRECEP( 2, IR) MILDOS 

280 ZRECEP(NP) =XRECfP(3, IR) MIL DOS 
c MILOO~ 

290 NRECE P• NR EC EP+ !MD MllDOS 
NPR!NT•JC(5) MILOOS 
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c 
CALL CHIQU(NPR!NT) 

c 

(Continued) 

romoos 
"'llnOS 
M!LOOS 

C***"***********"-** .. u*"*******-*********************************""** MJLOOS 
c oaa 
C SIJSROUT!NE CHIQU HAS COMPUTED R~Q(!SORCE,IRECEP,PTSZ) IN SEC/M3 M!LOOS 
C FOR U-238 AND RXQRN(ISORCE,IRECEP,!SOTOPE) IN SEC/!'13 FOR RN-222 lo1ILOOS 
C AN~ 6 DAUGHTERS. RESULTS ARE PRINTED IFF JC(5)•!. MILOOS 
c oaa 
C********************* "******-******•••****** .. ********"***"""""******* MILOOS 

300 
c 

310 
c 

"0 

330 

340 
c 

'50 

'" c 

"' 
,80 

DO 300 1~1,4 

OEPVfL (I )=VOEP( I) 

00 310 IS•l,NSORCE 
00 3!0 !J•5 ,9 
l•!J-4 
CPY( !,IS) •SORCE ( IJ ,IS)*( 3.156EI/l.OE 12) 

00 320 !X=l,4 
Alf ( I X) • ALN2/~HALF ( I X) 
flRC·ALN2/50.0 
00 340 IX•l,4 
ALF (IX)•ALF (I X) +FLRC 
00 330 ll•l,NSTEP 
TEXP•ALF( IX)*TSTEP( IT) 
!F(TEXP.LE.!.OE-5) GO TO 330 
TfXP•l. 0-EXP(- TfXP) 
GFACT( I X, IT)• HXP /ALF ( IX)*(3.156E7) 
TEXP•Alf( !X)*!M.O 
IF(HXP.LLI.OE-5) GO TO 340 
TEXP•l.O-OP(-TEXP) 
CPFACT( I X) ~TEXP /ALF (IX)* ( 3.156£7) 

"moos 
i'I'JLDOS 
foHLOOS 
JIHLOOS 
MILOOS 
MILDOS 
MILOOS 
"IlL DOS 
M!LOOS 
MJLOOS 
MIL DOS 
MIL DOS 
M!LOOS 
MILDOS 
M!LOOS 
MILOOS 
M!LDOS 
rmoos 
romoos 
l'I'ILOOS 
MILOOS 
M!LDOS 
MJLDOS 

RLRC•AlN2/( 50.0(365. 25) MIL DOS 
HE=J.8l~9887 M!LOOS 
00 350 IX•l ,4 MILDOS 
TALF•Alf(U)•RLRC M!LOOS 
F I X• ( !.0-fXP(-TALF TEE) )*3.156E2/TALF MIL DOS 
TPFACT( I X )=fJX•(EXP( -Alf( I X)*TEE) -HP( -ALF( I X)"IOO.O) )* .03156/Alf( MILOOS 

IIX) M!LOOS 
DO 350 !T=l ,NSTEP M!LOOS 
Tl=TSTEP(IT) M!LOOS 
FOX= (EXP( -AU (I X )*TEE) -HP( -AU ( U)*TT) )*(3.]56[-2) /ALF(! X) MIL DOS 
TFACT( !X,IT)•l.O+(~.Ol*(f !X•FOX)} ~HLOOS 
TPFACT(IX)=l.O+(O. l*TPFACT(l1)) M!LOOS 

DO 380 IR=l,NRHEP 
!lO 370 IX•l,4 
DO 370 IP=l ,4 
CGIP( IP, IX, IR) •0.0 
!lO 380 IX~l,6 

CGXRN( IX, IR )=0. 0 

XPF~CT·I!.O/Hl H( 2)) 
!STEP•O 

MJLOOS 
M!LOOS 
MIL DOS 
M!LOOS 
MILOOS 
MIL DOS 
i'!JLOOS 
MJLOOS 
MILOOS 
M!LOOS 

390 ISTEP•ISTEP+l M!LOOS 
H!LDOS IF(!STEP.GT.NSTfP) GO TO 430 

(*"**************"**** **************** .. ******************************* M ll!lOS 
c 

CALL CALCON 
MILDO~ 
MILOOS 
M!LOOS 

C MILOOS 
C SUSROUT!ME CALCON ftAS COMPUTED TPSZ(PTSZ,ISOTOPE,IRECEP} IN PC !1M3 MILOOS 
C INCLUDING RESUSPENSION, CISLIM(!SOTOPE,!RECEP), CGIP(PTSZ,ISOTOPE, MILDOS 
C IR£C£P) IN PC!/M2 (FOR PARTICULATE RELEASES), AND CG~RN (ISOTOPE, MILDOS 
C IRfCEP) IN PC !1M2 (fOR RA~ON RELEASE OAUGHTfRS), FOR TSTEP•!STEP. M!L!lOS 
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C i'I.JLOOS 

C******* .. ********-*"* ***********.,.************"**"*********"********** M!LDOS 
IF(!STEP.GT,l) GO TO 400 MILOOS 

("******* .. ********* .. *"*******************"******U******************* M!L!JOS 
C IIILOOS 

CALL WRITER lo!ILOOS 
C MllDOS 
C********************* ,...,,.,.,.,.,.,..,..,.,.,..,.,.,..,.,..., .. ,.,.,..,.,.,.,.,.,.,.,.,.,.,.,. .. ,.,.,.,.,. MllOOS 

' •u• 
C WRITER PRINTS DOSE FACTORS AHO M~E, AND CONVERTS DOSE FACTORS TO MILDOS 
C A lo!ORE APPROPRIATE FORMAT FOR LATER USE. NO PRINT UNLESS JC{6)~t. MILOOS 

' ··-c•••***** ............. ,.._,,.,..,. .. ,. .... ,.,.,...,,..., .. ,.,.,.,.,.,...,,...,.,...,,..,.,.,.,.,..., MILOOS 

400 CONTINUE 
IF{IRCV.LE.O) GO TO 410 

M!LOOS 
MILDOS 

C*•************•****** ************************** .. ********************* MILOOS 

' 
' 

CALL POPOOS 
MILOOS 
MILOOS 
MILOOS 

(******"************** *"******** .. ******'************** .. ************u* MILDOS 
C MllllOS 
C SUBROUTINE POPOOS HAS COMPUTED CAI(JSOTOPE,IRECEP) IN PCI/M3 ANO MILOOS 
C CGI(ISOTOP(,IRECEP) IN PC!/M2, AND POPULATION DOSES FROM ALL EXPO~ M!LDOS 
C SURE PATHWAYS. 1'\ILOOS 
c ••• 
C ALL CONCENTRATIONS AND DOSES ARE COMPUTED TO YIELD 100-YEAR MltOOS 
C E~V!RONMENTAL !lOSE COMMJH\ENTS IFF JC(2)•1. M!LDOS 
C MlLOOS 
C POPOOS CONCENTRATION !lATA IS PRINTED IFF JC(3)•1. MILOOS 
C ONLY SUMMARY J>OPOOS DOSE PRINT UNLESS JC(4)•1. MILOOS 
C MILDO$ 
C**************"'*'***** ************************"'*********"'************** MJLOOS 

410 CONTINUE 
JF(lRCV.GE.NRECEP) GO TO 420 
JF(!AO!l.EQ.O) GO TO 420 
JF(!FTOOO(lST£P).NE.l) GO TO 420 

~moos 
M!LOOS 
MILOOS 
MILOOS 

c•••••••••••••***"*""" ***********"*""*********"*"***********""""******* M ILDOS 

' MILDOS 
MIL DOS 
MIL DOS 
M!LOOS 
M!LDOS 
P.IILOOS 
I'IJLOOS 
MIL DOS 
MJLOOS 
MIL DOS 
MILDOS 
MIL DOS 

CALL UNIDOS 
c 

C SUBROUTINE UNJOOS HAS COMPUTED TOTAl AND 40CFR!90 DOSES TO !NOI-
C V!OUALS AND HAS CHECKED AIR CONCENTI!AT!ONS AGAINST IOCFR20 MPCS, 
C AS SPECIFIED BY INPUT VALUES OF !RTYPE(JRECEP}. 
c 
C UNIDOS CONCENTRATION DATA IS PRINTED IFF JC(9)=1. 
C OOSES BY PATHWAY PRINTED IFF JC(l}•l AND IRTYPE(!R£CEP)=!O. 
c 

"" CONTINUE Mil DOS 
IF(!STEP.EQ.lO) GO TO 430 M!LOOS 
GO TO 390 M!LDDS 

c MILOOS 

'" CONTINUE MJLOOS 
C******••••••uu••••• ******************"'*********"'******************** MILDOS 
4010 FORMAT(6M,6X.4A4) MILDOS 
4020 FOR!'IAT(5A4) romoos 
4030 FORi'!AT(lHO,'NUMBER Of SOURCES•',I2) M!LOOS 
4040 FOR!o!AT(IK-, ?X, ·~M' .SX. 'KM' ,7X, 'M' ,7X, 'KM2' ,24X, 'Cl/YEAR' ,29X, MILDOS 

1 'PSlZf' ,n. 'M*•2/SEC') M!LDOS 
4050 FORMAT(' NO.' ,5X,' X' ,6X, 'Y' .H. 'Z' ,6X, 'AREA' ,5X, 'U-238' ,4X, MJLDOS 

I' TH-230' ,4X, 'HA-226 ',4X, 'PB-210' ,4X, 'RN-222', SX, 'ID' ,4X, 'SET' ,3X, M!LDOS 
2'1l!A*EX I'EL.,3~ .. ~nl1PCE NAf'f') M!LDOS 

4060 FORMAT(IX,J32('-')) M!LDOS 
4070 FORMAT(lK , 12 ,3F8.2,F8.4, lX .1P5EJ0.2,2X,2!5, IPE!2.2 ,3X ,5M) MIL !lOS 
4080 FORMAT{lH0,20X.' INPUT TAILS ACTIVITIES, PCI/G' ,22X,' PARTICLE SIZES Mil DOS 

I AND FRACTIONAL O!STRIBUT!flN './14X.'SET URANIUM THORIUM RA!ll MILOOS 
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FIGURE 8.0-l. (Continued) 

2UM LEAD ''c" 'SET ',4F7.I,6X,'PDEN',/14X,2(42('-'),!6X)) MILDOS 
4090 FORMAT(l4X,I2,1P4EI0.2,!6X,I2,3X,OP4F7.3,2X,F6.3) MILOOS 
4100 FORMAT(IH0,2!X,'PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME ST MILOOS 

IEP, ', 12,' TIME STEP(S) USED FOR THIS RUN',/2X,'SOURCE',!0(4X MILDOS 
2, 'TSTEP', 12, IX) ,/2X,' NUMBER' ,2X, !O(F6.2, 'YRS' ,3X)) MIL DOS 

4110 FORMAT(2X,l26('-')) MILOOS 
4120 FORMAT(4X,I2,5X,IO(!PE9.3,3X)) MILDOS 
4130 FORMAT(IHO,l!X,'RAOON SOURCE STRENGTH MULTIPLIERS BY TIME STEP,', MILOOS 

I I2,' TIME STEP(S) USED FOR THIS RUN',/2X,'SOURCE',I0(4X,'TSTEP', MILDOS 
2 12,1X),/2X,'NUMBER',2X,IO(F6.2,'YRS',3X)) MILDOS 

4140 FORMAT(IH ,4X,'JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WH MILOOS 
!ERE WINO IS FROM',2X,'FREQWS~',5(F7.5,','),F7.5) MILDOS 

4150 FORMAT(IH ,'MPH',l6(2X,A4,!X),5X,'TOTALS') MILDOS 
4160 FORMAT(IH ,!X,'STAB!LITY CLASS ',II) MILDOS 
4170 FORMAT(IH ,F4.!,!6(F7.4) ,2X,FB.4) MILOOS 
4180 FORMAT(IH ,'ALL ',16F7.4,2X,F8.4) MILOOS 
4190 FORMAT(IHO,!X,32('-'),'INDIVIDUAL RECEPTOR LOCATION DATA, ',I3,1X, MILOOS 

I 'LOCATIONS INPUT THIS PUN' ,31 ('-')) MILDOS 
4200 FOPMAT(2X,2(' I LOCATION NAMES X(KM) Y(KM) Z(M) DIST(KM MILDOS 

I) TYPE ')) MILDOS 
4210 FORMAT(2X,!26('-')) MILOOS 
4220 FORMAT(2(2X,I2,2X,5A4,4(F7.2),3X,I3,3X)) M!LDOS 
4230 FORMAT(IH0,45X, 'MISCELLANEOUS INPUTTA8LE PARAMETER VALUES') MILDOS 
4240 FORMAT(IH0,5X,' OM TSTART FFOR! FHAYI MILOOS 

IFFORP FHAYP FPP(l) FPR(2) FPR(3) ACTRAT MILDDS 
2 ',/5X,!20('-')) MILDOS 

4250 FORMAT( 6X, 10( F9. 2, 3X) ,I/5X, ' !PACT EQUALS' , 40 (I 2, ' , ' ) ) MIL DOS 
4260 FORMAT(IH0,4X,'JC EQUALS ',9(12,','),12) MILDOS 
4270 FORMAT(IH0,4X,'TIME STEP OATA •••• ',?X,'STEP NAMES',9X, MILDOS 

I 'LENGTH, YRS',4X,'IFTOOO') MILDDS 
4280 FORMAT(21X,I2,2X,5A4,7X,F6.2,8X,l2) MILDOS 
4290 FORMAT(IH0,4X,'XRHO EQUALS ',12(F6.!,',')) MILDOS 
4300 FORMAT (I HO, T53, 'POPULATION OISTR !RUT! ON' ) MIL DOS 
4310 FORMAT(IHO,T!3,']',5X,l6(A4,3X)) M!LOOS 
4320 FORMAT(IX,'K!LOMETERS] ',!6F7.1) MILDOS 
4330 FORMAT(l2X,']') MILDOS 
4340 FDRMAT(IH ,F4.!,'-' ,F4.1,2X,']' ,!X,l617) MILDOS 
4350 FORMAT(IH0,40X,'TOTAL 1-80 KM POPULATION IS',I7,' PERSONS') MILDOS 

C********************* ************************************************* MILDOS 
STOP MILDDS 
END MILDOS 
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FIGURE B.0-1. (Continued) 

SUBROUTINE ACTOR (TlME,Nl) ACTOR 
REAL HLM,GMAT,ACTIV,EHLM(7),X,Y,Z ACTOR 
COMMON/AOATA/PTSZFC(4,3),FREQ(16,6,6),SORCE(12,20),0M,HLM(7), ACTOR 

1 VOEP(4),GMAT(7,7),VSET(4),ACT!V(7),ZRECEP(240),RECEPT(2,240), ACTOR 
2 GOSCAL,QSCALE,OA(6),0B(6),0C(6),UU(6),NPS,NPE,NPP,IFLAG,JFLAG, ACTOR 
3 !SORCI, KSORCE, IWO, IWS, !STAB, JWSE, IWSB, IRECEP, IFPART, IFRN, ACTOR 
4 PINK(4,4),RINK(7) ACTOR 

c ~m 
C CALCULATE ACTIVITY AT TIME ' TIME' ACTOR 

N'NI ACTOR 
00 20 I,I,N ACTOR 
X'-HLM(I)*TIME ACTOR 

C FOLLOWING GUARDS AGAINST UNDERFLOW ERROR FOR OEXP(X) ACTOR 
JF(-X.LT.(l.5E2))GOTO!O ACTOR 
EHLM(I),O.EO ACTOR 
GO TO 20 ACTOR 

10 EHLM(I),EXP(X) ACTOR 
20 CONTINUE ACTOR 

ACTIV(I),EHLM(l) ACTOR 
00 60 I,2,N ACTOR 
Y'!.O ACTOR 
00 30 J,2, I ACTOR 

30 Y'Y*HLM(J) ACTOR 
ACT!V(I),O.EO ACTOR 
00 50 K=l. I ACTOR 
z,EHLM(K) ACTOR 
00 40 J'l,I ACTOR 
IF (K.EQ.J) GO TO 40 ACTOR 
z,z/GMAT(J,K) ACTOR 

40 CONTINUE ACTOR 
ACTIV(I),ACT!V(I)>Z ACTOR 

50 CONTINUE ACTOR 
ACTIV(I),ACT!V(I)*O ACTOR 

60 CONTINUE ACTOR 
RETURN 
RETURN 
END 

B.ll 
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FIGURE B. 0-l. (Continued) 

AOAPTIVf INTEGRATION US!Nf. NEWTON-COT[~ NO. 4 ANC4 
FUNCTION ANC4(A\,Bl,EP,i'!,N,FUN) ANC4 
REAL AI ,Rl,EP ,FUN ,A,R, EPS,ESUM, TSUM,rA, XR, <;~ ,FAJ l,FS ,F3 ,Fio!/2 ANC4 

* ,FT, F4,FB,FTP ,FRP ,FMAX ,FTST ,EST ,AEST ,ESTJ ,tST2 ,AE'iTl ,MST2 ,ABSAR ,0 ANC4 
*EITA,D!H,OAFT,SIJM ANC4 

OJ MENS I ON F2( 30) ,F4 ( 30) ,FTP( 30) ,FBP{3fl) ,FTST(S) ,EST?( 30) ,NRTR ( 30) ANC4 
DIMENSION AfST2(30),~B(30) ANC4 
HI~ PARAMETER SETUP FOR THf INITIAL CML ANC4 
IF(N.LE.O)GO TO 210 ANC4 
!F(N.GT.3)GO TO 211 ANC4 
A=Al ANC4 
R•Bl ANC4 
EPS•EP*63.0E~ ANC4 
fSIJM=O.fiEO ANC4 
TSUM•O.Offl ANC4 
LVl=l ANC4 
DA-B-A ANC4 
FAoFUN(A) ANC4 
FS=FUN((J.OEO*A+R)/4.0E0) ANC4 
FM•FIJN((A+R)*0.5EO) ANC4 
FT=FUN((At3.0EO*B)/4.0Er) ANC4 
FB=FIJN(R) ANC4 
M=5 ANC4 
Po!AX=ABS(FA) ANC4 
nST( 1 )=FMAX ANC4 
nsT(2)=ARS(FS) ANC4 
nST(3)=AR<;(Fio!) ANC4 
FfST(4)>M'i(H) ANC4 
nsT('ij=ABS(FR) ANC4 
DO WO !=2,5 ANC4 
!F(FMAX.~E.rT~T(!))GO TO 100 ANC4 
FMAX=rTST(!) ANC4 

100 CONTINUE ANC4 
EST= ( 7 .0~0•( FA+FR) 32 .OFO• (FS+Fl) + l?.OEO'"FM)•OA/qO.OfO ANC4 
ABSAR=( 7 .OEO•( FTST( 1 )+FTST(5) )+32. OFO• (FTST(? )+fTST ( 4) )+ 12 .OEO*FTS ANC4 

~T(J))•oA;gO.OEO ANC4 
AEST=ARSAP ANC4 
!=RECUR ANC4 
SX= (OA/ ( 2 .o~o~•L YL) )/90. ~EO ANC4 
Fl=f1JN((7.0[0*A+R)/8.0E0) ANC4 
n=FIIN( ( S. OEO•A+3 .OEO•B) /B. OEO) ANC4 
F2(L Yl) =FIIN( ( 3. OFO*A•5. OEO*B )jB .OEO) ANC4 
F4(L VL) =FIIN( (A+ 7. OEO*R) /R.OEO) ANC4 
EST1=<;X•(7.0fO•(FO~F<;) ANC4 

FBP(LVL)=FB ANC4 
flP(LYL)-FT ANC4 
XR(LVL)=R ANC4 
FST2(1 VL )=<;X• ( 7 .0[0*( FM+FR) +32 .OfO*( F?(L Yl) +F4 (l VI ) )+12 .OFO•FT) ANC4 
SUM=fSTJ+EST?(LYl) ANC4 
f TST( 1 )=ABS(FI) ANC4 
FTS~(2)=A~<;(F2(1 VI)) ANC4 
FTS1(3)=MS(F3) ANC4 
fTST(4)=ABS(F4(lVL)) AN(~ 

FTS!(5)•MS(FM) ANC4 
Af STl=SX•( 7 .0[0*( ABS(f A)+rTST( 5)) + 32 .OEO*( FTST( I) +FTST( 3) )+ 12. OEO* ANC4 

•ABS(FS)) ANC4 
AEST?(l Vl) ='ix~( 7 .050• (F TST{ S )+ABS( F~)) + 32 .OfO•(FTST{? )+FTST( 4) )+12 ANC4 

•.OEO•ARs(FT)) ANC4 
ABSAR "ABSAR -AES T • AOS Tl +Af S T2 ( L Vl ) ANC4 
M•M+~ ANC4 
GO Te (201,200,?02),N ANC4 

200 OEL TA=MSAR ANC4 
GO ;o 205 ANC4 

210 PRINT 39 ANC4 
3g FORMAT(' ERROR RETURN-N.lf .0') MC4 

RETIIRN ANC4 
211 PRINT 40 ANC4 
40 FORMAl(' FPR0P RFTIIRN-N.GT.3') ANC4 
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FIGURE B.0-1. (Continued) 

RETURN ANC4 
201 DEL TA•!.OEO ANC4 

GO TO 205 ANC4 
202 00 203 1•1,4 ANC4 

IF(FMAX.GE.FTST(I))GO TO 203 ANC4 
FMAX•FTST( I) ANC4 

203 CONTINUE ANC4 
DELTA=FMAX ANC4 

205 DAFT•EST-SUM ANC4 
DIFF•ABS(DAFT) ANC4 
DAFT•OAFT/63.0EO ANC4 
IF(DIFF-EPS'DELTA)6,6,3 ANC4 

3 IF(LVL-30)4,2,2 ANC4 
6 IF(LVL-1)2,4,2 ANC4 

c 2=UP ANC4 
2 A•B ANC4 

ESUM=ESUM+DAFT ANC4 
TSUM=TSUM+SUM ANC4 

9 LVL=LVL-1 ANC4 
l•NRTR(LVL) ANC4 
!F(l.LT.J.OR.l.GT.2) GO TO 4 ANC4 
GO TO (1!,12).L ANC4 

c ll=R1,12=R2 ANC4 
4 NRTR(LVL)•l ANC4 

EST•EST! ANC4 
AEST::AESTl ANC4 
FB=FM ANC4 
FT•F3 ANC4 
FM•FS ANC4 
FS=Fl ANC4 
B•(A+B)/2.0EO ANC4 
EPS•EPS/2.0EO ANC4 

7 LVL=LVL+l ANC4 
GO TO 1 ANC4 

11 NRTR(LVL)•2 ANC4 
FA=FB ANC4 
FS•F2(LVL) ANC4 
FM•FTP(LVL) ANC4 
FT•F4(LVL) ANC4 
FB•FBP(LVL) ANC4 
B•XB(LVL) ANC4 
EST•EST2(LVL) ANC4 
AEST•AEST2(LVL) ANC4 
GO TO 7 ANC4 

12 EPS=2.0EO*EPS ANC4 
!F(LVL-1)5,5,9 ANC4 

5 ANC4=TSUM-ESUM ANC4 
RETURN ANC4 
END ANC4 
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FIGURE 8.0-l. (Continued) 

SUBROUTINE CALCON 
(**********'"********** ................................................. . 
(********************* ................................................ .. 

c 

c 

c 

LEVEL 2, NSORC£ ,NRECEP, TPSZ,C ISLII'I, !PACT ,P~CT ,?OEN,DUST20,ACTRAT, 
1 PTSZ20,RXQ,RXQRN,PTSZ,QNAHE 

COHHON/BOATA/NSORCE ,NRECEP, TPSZ( 4 ,4,240) ,CIS~( 1 ,240), !PACT(20), 
I PACT(J ,4) ,POEN( 4} ,OUST20(6) ,ACTRAT ,PTSZ2D,RXQ(20,240,4), 
2 RXQiiN(20,240, 7) ,PTSZ( 4) ,QNAHE(S ,20) 

COit10N/CDATA/QAJUST( !0,2 ,20) ,OEPVH (4) ,CPY(S ,20), !STEP ,IRCV ,IAIJO, 
1 ALN2, TSTEP(IO) ,ALF(6) ,GFACT (4 ,10) ,GPFACT( 4), TF ACT(4,10) ,NSTEP, 
2 TPFACT(4) ,CGIP(4 ,4,240) ,CGXRN(4,240) ,JC( 10) ,XPFACT 

DIMENSION DC(4), TEHPO( 4,4), TEMPI (4) 
C****************H*** ******************"'****************************** 

c 

SI'Y•3.156E7 
()FACTR•1. OE 12/SPY 
!T•!STEP 

00 30 !R•!,NfiECfP 
DO 20 !X-1,1 
CIS~(IX,IR)·Ii.O 

IF(IX.GT.4) GO TO 20 
DO IO IP•1,4 

10 TPSZ( IP, IX, IR)•O.O 
20 CONTINUE 
30 CONTINUE 

00 60 IR·l,~ECEP 
00 6n IS•I ,NS!lRCf 
DO 50 !X•l,7 
ANK•CPY( 5, IS}*QAJUST( IT ,2, IS)*()FACTR*RX()RN( IS .I~, IX) 
CISUM{ IX ,IR) ·C!SUM( I X, IR )+liNK 
IF(IX.GT.4) GO TO 50 
00 4(1 IP•l,4 
1\NK=CPY( IX, IS}*QIIJUST( IT ,1, IS}*QFACTR*RXQ{ 1 S, IR, IP} 

40 TPSZ ( 1 P, IX, IR} •TPSZ{IP, IX, IR }+ANK 
50 CONTINUE 
60 CONTINUE 

C**"**•***············ ************************************************* 
C WE NOW fiAVE DIRECT AIR CONCENTRATIONS COMPUTED. NOW MUST COMPUTE 
C NEW GROUND AND TOTAL AIR CONCENTRATIONS. IF JC(2}•1 C!Jo!PUTED 
C POPULATION !lOSES WILL Rf 100-YEAR ENVIRONMENTAL OOSE COMMI~ENTS. 

CAL CON 
CALWN 
CAl CON 
CAL CON 
(ALCON 
CAL CON 
CALC ON 
CAL CON 
CAL CON 
CALC ON 
CAL CON 
CAL CON 
CAL CON 
CAL CON 
CALC ON 
CAL CON 
CAL CON 
CIILCON 
CAL CON 
CAL CON 
CALCON 
CIILCON 
CAL CON 
CALC ON 
CAL CON 
CALC ON 
CAL CON 
CAL CON 
CALC ON 
CAL CON 
CALCON 
CAL CON 
CALCON 
CAL CON 
CAL CON 
CALC ON 
CAL CON 
CALC ON 
CAL CON 
CALC ON 
CALCON 
CAL CON 
CALC ON 
CIILCON 

C********************* *****************"*******************************" CALCON 
RALIIM•AlF ( 3 ) * 1 00. 0 
PBLAM~ALF (4 )* 100.0 
PBEXP= (I, -EXP( -PBLIIM)/MF( 4)) 
PBFXP=PRfXP• ( FXP ( -RALIIM)-EXP ( -PBLIIM) )/(ALF {3 )-ALF {4)) 
l0lAM=AlN2•3.156£7/{2.23EOl) 
P~E Xf>• PBE XP*L D: AA/ Al f ( J) 
IRB=l 
IF ( IRCV .GT. O.ANO.JC{2) .EQ. I) IRB• IRCV+l 
If(IRB.£Q.l) GO TO 110 

C********************* ************************************************* 
C NOW COMPUTE CONCENTRATIONS FOR EOC CALCULATIONS. 

c 

DO 100 IR•l,IRCV 
DO 70 IX=l,3 
CGXRN ( I X, IR ) ·0. 003*( I SUM( 2 ,IR ) *XPF ACT 
00 70 IP•l,4 
CGIP( IP ,IX, !R) =OEPVH ( IP )*TPSZ{ lP, IX, IR}*GPFACT( IX) 
ADJST =PBEXP*OEPVEL ( IP )* TPSZ( IP, 3, IR) 
IF( l X. EQ. 3) Cf.IP( IP ,4,JP )•CGIP( IP ,IX, JR)+ADJST 

70 CONTINUE 

CGXRN( 4, IR)•0.003*C ISUM(5 ,IR) *GPFACT ( 4) 
DO 90 IP•l,4 
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CALC ON 
CALC ON 
CALC OM 
CIILCON 
CAL CON 
CALC ON 
CALC ON 
(ALCON 
CALC ON 
(ALCON 
CAL CON 
CALC ON 
CIILCON 
CAL CON 
CALC ON 
CIILCON 
CAL CON 
CALC ON 
CAL CON 
CIILCON 
CALCON 
CIILCON 
CALC ON 



FIGURE B.0-1. (Continued) 

DO SO !X"I,3 
80 TPSZ(IP,!X,!R)"TPSZ(IP,IX,!R)*TPFACT(IX) 
90 TPSZ(IP,4,1R)"TPSZ(IP,3,!R) 
100 CONTINUE 

CAL CON 
CALC ON 
CAL CON 
CAL CON 

C********************* ************************************************* CALCON 
C NOW COMPUTE CONCENTRATIONS FOR NORMAL CALCULATIONS. CALCON 
C********************* ************************************************* CALCON 

c 

c 

110 

120 

130 
140 

150 

160 

170 
ISO 

c 
!90 

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

DO 120 IX"I,4 
OC(IX)"EXP(-TEE*ALF(!X)) 
CONTINUE 
PRFAC"((I.-DC(4))/ALF(4)) + ((OC(3)-0C(4))/ALF(3)-ALF(4))) 
PBFAC" (LOLAM/ALF(3))*PBFAC 

DO ISO IR"!RB,IRE 
00 140 IP"I,4 
DO 130 IX"I,3 
TEMPO(!P,IX)"DC(IX)*CG!P(IP,IX,IR) 
TEMPO(!P,4)"TEMPO(!P,3) 
00 150 IX"I,3 
TEMPI(IX)"O.O 
TEMPI(4)"CGXRN(4,IR)*OC(4) 
DO 160 IX"I,3 
CGXRN (I X, IR) "0.003*C !SUM( 2 ,IR) *XPF ACT 
DO 160 IP"I,4 
CG!P(IP,IX,IR)"OEPVEL(IP)*TPSZ(IP,IX,IR)*GFACT(!X,IT)+TEMPO(IP,IX) 
IF(IX.EQ.3) CGIP(IP,4,!R)"CGIP(IP,IX,IR) 
CONTINUE 
CGXRN(4,IR)"0.003*C!SUM(5,!R)*GFACT(4,1T)+TEMP!(4) 
DO 170 IX"l,4 
DO 170 IP"I,4 
TPSZ(!P,!X,IR)"TPSZ(IP,IX,IR)*TFACT(!X,!T)+TEMPO(IP,IX)/(I.OE9) 
CONTINUE 

CONTINUE 

CALC ON 
CAL CON 
CALC ON 
CAL CON 
CALCON 
CAL CON 
CAL CON 
CALC ON 
CALC ON 
CALC ON 
CALCON 
CALC ON 
CALCON 
CAL CON 
CAL CON 
CALCON 
CAL CON 
CALCON 
CALCON 
CAL CON 
CAL CON 
CALCON 
CALC ON 
CALCON 
CALC ON 
CALCON 
CALCON 
CALCON 
CALC ON 
CALC ON 
CAL CON 

(********************* ************************************************* CALCON 
C SUBROUTINE CALCON HAS COMPUTED VALUES OF TPSZ, C!SUM, CGIP, AND 
C CGXRN FOR TIME STEP !STEP. TPSZ AND CGIP ARE FOR PARTICULATES 
C ONLY# TPSZ VALUES INCLUDE RESUSPENSION. CISUM AND CGXRN ARE FOR 
C RADON AND INGROWN DAUGHTERS ONLY. PARTICULATE AND RADON COMPO-
C NENTS ARE KEPT SEPARATE TO PERFORM 40CFRI90 CALCULATIONS IN UNIOOS 
(********************* ************************************************* 

RETURN 
END 
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c 

c 

c 

c 
c 

FIGURE B.0-1. (Continued) 

SUBROUTINE CHI()U(NPRJNT) 

REAL HLM,ACTJV,GMAT 

LEVEL 2, NSORCE ,NRECEP, TPSZ,C!SUM, !PACT ,PACT ,PnEN ,OUST20 ,ACTRAT, 
1 PTSZ20,RXI),RXQRN,PTSZ,QNAME 

COMMON{AOATA/PTSZFC( 4 ,3) ,FREQ{ 16,6 ,6) ,SORCE( 12 ,20) ,OM,Hli'!(7), 
1 VOEP( 4) ,GMAT(7, 7}, VSET( 4) ,ACT!V(7) ,ZRECEP(240) ,PECEPT(2 ,240), 
2 GDSCAL ,QSCALE ,OA(6) ,OB(6) ,OC(6) ,UU(6} ,NPS,NPE ,NPP ,IFLAG,JFLAG, 
3 JSORC!,KSORCE, 1~0, !WS, !STAB, IWSE, IWSB, IHCEP ,!FPART ,IFRN, 
4 P!NK(4,4),RINK(l} 

COMMON/BDATA/NSORCE ,NRECEP, TPSZ( 4,4 ,240) ,CJSUH( 7 ,240), lPACT(20), 
I PACT( 3,4) ,PDEN( 4) ,DUST20(6) ,ACTRAT ,PTSZ20,R~Q(20,240,4), 
2 RXQRN(20,240, 7) ,PTSZ( 4) ,QNAH£(5 ,20) 

DIMENSION PSORC(4} 

CH!QU 

CHIQU 
CHIOU 
CHIQU 
CHIOU 
CHIQU 
CHJQU 
CHIOU 
CHIOU 
CHIQIJ 
CHIOU 
CHIQU 
CHIQU 
CHIQU 
CHIQU 
CH!QU 
CH!QU 
CH!QU 

IF(NPRINT.NLl) GO TO !0 CHIOU 
u•••••••••••••••••••• *******••••••••••••**•••••••**•••••••••••******** CHIQU 
C CHIOU 

CALL HEADER CHIOU 
C CHIQU 
(********************* **"********************************************** CHIOU 

PRINT !000 CH!QIJ 
c 

10 

c 

CONTINUE 
00 330 JS=1,NS0RCE 
!SORCI= IS 
ID•SORCE(IO,!S) 
KS•SORCf(l1,!S) 
KSORCE=KS 
IFLAG~o 

!PX=!PACT(IS) 

DO !nO !P•l,4 
IF(PTSZFC(IP,KS),£Q.O.O) GO TO 100 
VDEP(!P)•0.01 
VSET( !P) =(3.(1£.5) *POEN(KS)•( ( PTSZ( IP) )**2} 
JF(VSET( IP) .GT. 0.01) VDEP( JP)•VSET( IP) 
NPE=!P 
IF(!HAG.NE.n) GO TO WO 
/FLAG= I 
NPS=!P 

100 CONTINUE 
c 

110 
c 

c 

120 
DO 

140 
150 

JFLM•IFLAG 
IF(IFLAG.EQ.(I) GO TO 130 
NPP=NP$ 
DO 110 /•NPS,NPE 
IF(PTSZFC{I ,KS) .EQ.O.O) GO TO 110 
IF(VSET(I).GT.O.nl) GO TO !20 
CONTINUE 

JfLAf,•O 
NPP•I 
CONTINUE 

DO 160 IR=I,NRECfP 
DO 160 1=1,7 
C!SUM(!,IR)=O.O 
JF(!.GT.4) GO TO 150 
00 140 JP•I,4 
TPSZ( IP, I, IR)=O.O 
CONTINUE 
CONTINUE 
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CHIOU 
CHIQU 
CHIOU 
CHIQU 
CHIOU 
CH!QU 
CHIOU 
CH!QU 
CHIQU 
CHIOU 
CHIQU 
CHIQU 
CH!QU 
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FIGURE B.0-1. 

CONTINUE 

(Continued) 

CHIOU 
C~IQU 

00 170 1•1,4 CH!QU 
PSORC( I )·S()RC£( I+~, IS) CHIQU 

170 CONTINUE CHIQU 
C**H**"******HHhU ****"*H*****"**********"*H ..................... CH!QU 
C BIG LOOP OHR POLUO BEGINS NEXT. TP'iZ ANO CISIIM ARRAYS I~AVE CHIOU 
C BEEN ZEROEO OUT ABOVE. THEY WILL NOW RF VALUf~ AS THf INCREMENTAL CH!QU 
C AIR CONCENTRATIONS OUE TO SOURCE IS. CHIOU 
C*****H**********"*** *********•****'*************************"******** CHIOU 

c 

'" '" 

200 
2>0 

00 270 JSTAB•l,6 CHIQU 
ISTAB=JSTAR CHIQU 

00 270 J\10•1.16 
IIIO=JIID 

00 270 lR•l.NREC£P 
JRECEP.IR 

00 1110 1=1,6 
IWS£•7-1 
If (FREQ( IWO .1\/SE. !STAB). GT. O. 0) 
CONTINUE 
1\/SB•l 
00 ?60 JW<;=\,6 
IIIS=J\15 

GO TC 190 

IF(FREQ(IWO,IWS.ISTAB).lE.O.O) GO TO 260 
IF(IO.LT.20()0) GO TO ?l{l 
00 200 1·1.4 
PSORC( I) =PACT ( !PX. I) •OUSTZO( IWS )*(SORCE( 4, I S)**2)*ACTRAT /PTSZ20 
CONTINUE 
CONTINUE 
!FPART•O 
!FRN=O 

CHIOU 
CHIQU 
CHIQU 
CH!QU 
CHIQU 
CHIQU 
CHIQU 
CHIOU 
CH!QU 
CHIQU 
CHIQU 
CHIOU 
CH!QU 
CHIOU 
CHIQU 
CHIQU 
CHIQU 
CHIQU 
CHIQU 
CHIQU 
CHIOU 
CH!QU 

(*HH"**"************ ************** .. **************************** .. *** CHIQU 
c CH!QU 

CALL POLUT(PSORC) CHIOU 
C CHIQU 
C** .. **** .. ********H* ********************"*****'*********************** CH!QU 
C SUBROUTINE POLUT COMPUTES THE VALUES OF THE ARRAYS PINK AND RINK. CHIQU 
C PINK AND RINK ARE USED TO INCREMENT TPSZ AMO CISUM, RESPECTIVELY. CHIQU 
C***********"**'******* ******************** .. *************************** CHIQU 

IF(IFPART.NLl) GO TO 230 CHIQU 
00 220 I•NPS.NPE CHIOU 
00 ?20 J•l.4 CH!QU 

220 TPSZ(I,J.IR)=TPSZ(!,J.IR)•PlNY(l.J) CHIQU 
230 CONTINUE CHIOU 

lf(lfRN.NE.l) GO TO 250 CHIOU 
00 240 1•1,7 CHIQU 

240 Cl5UH(I.IR)=CISUM(I.IR)•~INK{1) CHIQU 
250 CONTINUE CH!QU 

IWSR•IWSB+l CHIQU 
260 CONTINUE CHIQU 

C CHI~ 
270 CONTINUE 

[***********"'********* ................................................ . 
C TPSZ ANO CISUH HAVE NOW BEEN VALUEO AS THE INCREMENTAL AIR 
C CONCENTRATIONS OUE TO SOURCE IS. THEY WILL NOW BE USEO TO 
C ESTABLISH VALUES OF RXQ AND RXQRN FOR SOURC£ IS. 

00 320 IR•l,NRECEP 
lf(SORCE(S,!S).LE.O.O) GO TO 290 
00 2110 IP•I,4 
IF(PTSZFC(IP,KS).LE.O.O) GO TO 280 
RXQ( IS. IR ,I P)= TPSZ (! P, I,JR )/SORCE( 5, 15) 

280 CONTINUE 
290 CONTINUE 

IF(SORCE(9.1S).t.E.(l.0) GO TO 310 

8.17 

CHIQIJ 
CHinU 
CHIOU 
CHIQU 
CHIQU 

CHIOU 
CHIQU 
CH!QU 
CHIQU 
CHIOU 
CHIOU 
CHIQU 
CH!Qll 
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FIGURE B.0-1. (Continued) 

DO 300 I=l. 7 
300 RXl/HN( J;, JR,J )=CI;uM( I, IR)/SURCE(9,IS) 
310 CONTINUE 
320 CONTINUE 

330 CONTINUE 
C********************* ************************************************* 
C VALUES OF RXQ AND RXQRN HAVE NOW BEEN COMPUTED FOR All SOURCES 
C AS REQUIRED. THEY Will BE USED BY SUBROUTINE CALCON TO CALCULATE 
C NEW DIRECT AIR CONCENTRATIONS FOR EACH TIME STEP. RXQ AND RXQRN 
C ARE PRINTED BY FOLLOWING ROUTINE IFF JC(5)=NPR!NT=l. 
C********************* ************************************************* 

c 
IF(NPRINT.NE.l) RETURN 

ll=4 
DO 350 IS=I,NSORCE 
DO 350 IR=I,NRECEP 
IF(ll.LT.60) GO TO 340 

C********************* ************************************************* 
c 

CALL HEADER 
c 
C********************* ************************************************* 

PRINT 1000 
ll=4 

340 PRINT 1010, !S,!R,(RXQ(!S,!R,!P),IP=l,4),(RXQRN(!S,IR,!X),IX=I,7) 
Ll=oll+l 

350 CONTINUE 
RETURN 

C********************* ************************************************* 
1000 FORMAT(IH ,28X,'RELATIVE DISPERSION FACTORS, CHI/Q VALUES, IN 

I 'PCI/M3 PER PCI/SEC (SEC/M3)',/3X,'IS IR',4X,'PTSZ I',5X, 
2 'PTSZ 2',5X,'PTSZ 3' ,5X,'PTSZ 4',5X,'RN-222' ,SX,'P0-218' ,5X, 
3 'PB-214',5X. 'BI-214' ,5X,'PB-210',5X, 'BI-210' ,SX,'P0-210') 

1010 FORMAT(IH ,2X,!2,2X,I3,!1(2X,!PE9.3)) 
C********************* ************************************************* 

END 
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FIGURE B.0-1. (Continued) 

SUBROUTINE OOEP (SIGZ,!JNII!Nll,Xl,PliT,LI) DDEP 
REAl HLM,ACTIV ,l)oiAT rmEP 
COMMON/I NTr.{SUMP( 5•6) ,SUM,H,l ,XL ~OfP 

C~ON/DEPY /QXQ(S ,6) ,QXQR( 6) ~DEP 

CO['IIol(lNJADATA/PTSZFC( 4 ,3) .FREQ( 16,6 ,6), ~flP.CE( 1? ,20) ,!lM ,HLM( I), DDEP 
I VDEP( 4) ,Gl'\AT( 7, 7), VSET( 4) ,ACT l V( 7) ,lRECEP( 240) ,P.!CEPT(2 ,240), OOEP 
2 GDSCAL ,Q~CAL( ,OA(G) ,OR(6) ,OC( 6) ,IJU(6) ,NPS,NPE ,NPP, lfLAG,JFLAr., OOEP 
3 lSORCl ,KSO!l.CE, JWD, IWS, !STAB, IWSE ,1\I~B, IR[CEP, !fPART, !FRN, OOEP 
4 P!NK(4,4),RINK{7) OOEP 

C ~OEP 

L•Ll ODEP 
H• PIIP*2 DllEP 
Xl•Xl ODEP 
SZlOO=OA(l )•100. • ( \.+06{l )*100. )**OC(L) OOEP 
SUM•! 00. *E XP ( -H*O. 5! ( SZ100**2) ) I Sl 100 OOEP 
IF (JFLAG.EQ.O) GO TO 20 OOEP 
XP•50. DDEP 
00 10 !•NPP,NPE OllEP 
If (PTSZFC(J,KSORCE).EQ.U,O) GO TO 10 OOEP 
00 5 J•IWS, IWS£ OOEP 
HP~PHT- XP•VSET( I )/UU(J) OOEP 
IF (HP.LT.O.O) ilP•O.O OllEP 
SUMP( I,J)~IOO.*HP( -HP*HP*O.S/( SZIOO*SZIOO) )/SZ100 OO[P 

5 CONTINUE Oll£P 
10 CONTINUE OOEP 
2(l If (ONWIMO.LE.IO~.) GO TO 70 OOEP 

IF (L.GT.4) GO TO 60 OP£P 
IF (SIGZ.LT.0.47"UM) GO TO 60 OOEP 
IF (OWIIIO.LLXI) GO TO l'i~ llllEP 
IF (XI.LT.\00.) X\•100. OOEP 
CALL INTEG (O,JOO.,X\,PHT) nOEP 
XM=ONWINIJ OOEP 
IF (ONWINO.GT.2.*XI) XM~2.*Xl OOEP 
CALL INTEG (l.Xl,XM,PHT) O!lEP 
OSUM•(XM-Xl)**2/(2.*Xl*OM) OOEP 
SUM=SUM+OSUM Pl'EP 
IF (JFLAG.EQ.O) GO TO 40 OPEP 
00 30 I•NPP,NPE DOEP 
If (PTSZFC(I,KSORCE).fQ.O.O) GO TO 30 f\OEP 
DO 25 J• IWS, IWSE OOEP 
SUMP{ i,J)•SUMP{ l,J )+OSliM OOEP 

25 COtiTINUE OOEP 
30 CONTINUE DOH 
40 IF (ONWINO.LL2.*Xl) GO TO 90 OOEP 

XL=2.*Xl OOEP 
OSUM•{ONWIND-XL)/OM OOEP 
SUM•SUM+DSUM OOEP 
If (JFlAG,EQ.O) GO TO 90 ODEP 
DO 50 I•NPP,NPE OOEP 
IF {PTSZFC(I,KSMCf).EQ.O.O) GO TO 50 llDEP 
00 45 J•IWS,IWSE rf\EP 
SUMP{ I ,J)~SUMP( I.J )+OSIJM lmf P 

45 CONTINUE llllfP 
50 CONTINUE O!JEP 

GO TO 90 OOEP 
60 CALL INTEG (O,lOO.,ONWlNr!,PHT) OllEP 

GO TO 90 01\H 
70 SUM•SUM*ONWIN0/100. 01\fP 

If {JFLAG,[Q.O) GO TO 90 OOEP 
XP·ONWIN0/2. OOEP 
DO 80 I•NPP,MPE 01\fP 
!F (PTSZFC(I,KSORCE),[Q.O.O) GO TO 80 DOH 
DO 75 J•!WS,IIISE OOEP 
HP•PHT-XP*VSET(I)/UU(J) OOEP 
If (HP.LT,O,O) HP~O.O ODEP 
SUMP{ I, J) ·0~1N0°EXP( -HP*HP*O.S/{SZ!OO*~Z\00)) /SZ!OO 1\0EP 

75 CONT!NUE [Jn[P 
80 CONTINUE OOEP 
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90 CONTINUE 
F"SQPT(2.0j3.141593) 
DO 100 J"IWS,!WSE 
WDF"F*D.DI*SUM/UU(J) 
IF (WOF .GT.60.) WDF"OO. 

IOD QXQR(J)"EXP(-WDF) 
IF (IFLAG.EQ.O) GO TO 130 
DO 110 I"NPS,NPE 
IF (PTSZFC(I,KSDRCE).EQ.O.O) GO TO liD 
DO 105 J"IWS,IWSE 
QXQ(I,J)"DXQR(J) 

I 05 CONTINUE 
110 CONTINUE 

IF (JFLAG.EQ.O) GO TO 130 
00 120 I"NPP,NPE 
IF (PTSZFC(I,KSORCE).EQ.O.O) GO TO 120 
DO 115 J"IWS,IWSE 
WDFP"F*VDEP( I) *SUMP (I ,J) /UU ( J) 
IF (WOFP.GT.60.) WDFP"60. 
QXQ(I,J)"EXP(-WDFP) 

115 CONTINUE 
120 CONTINUE 
130 RETURN 

END 

FUNCTION FERR (X) 
C IMPLICIT REAL*8 (A-H,D-Z) 

COMMON/DSTBZ/DOA,DOB,OOC,DH,DXI 
SIZ=DOA*X*{l.O+DOR*X)**DOC 
FERR"EXP(-DH/(2.0*SIZ**2))/SIZ 
RETURN 
END 

FUNCTION FERRI (X) 
C IMPLICIT REAL*S (A-H,O-Z) 

COMMON/DSTBZ/OOA,OOB,DOC,OH,DXI 
SIZ~DOA*X*(l.O+OOB'X)**DOC 

FERRI"(2.D*DXI-X)*5XP(-DH/(2.0*SIZ**2))/SIZ 
RETURN 
END 
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FIGURE B.0-1. (Continued) 

SUBROUTINE HEADER 
C********************* ************************************************* 

REAL TOOAY,METSET 
COMMON/GDATA/METSET(4),REGION(6),KPAGE,TDDAY 

C********************* ************************************************* 
c 
c 
c 

SUBROUTINE HEADER PRINTS THE HEADING AT THE TOP OF EVERY PAGE. 

C********************* ************************************************* 
KPAGE~KPAGE+l 

PRINT 10, (REGION(!), 1~1,6), TODAY 
PRINT 20, (METSET(I),I=1,4),KPAGE 
RETURN 

C********************* ************************************************* 
10 FORMAT(1HI, 'REGION=' ,6A4,29X, 'CODE=MILDOS,REVD (7 /79)' ,21X, 

1 'DATE~' ,A10) 
20 FORMAT(1X,'METSET=' ,4A4,B1X,'PAGE NO. ',I4) 

C********************* ************************************************* 

c 

END 

FUNCTION HT (I,PHT,XP,U) 
REAL HLM,ACTIV,GMAT 
COMMON/ ADATA/PTSZFC( 4,3) ,FREQ ( 16,6 ,6) , SORCE ( 12, 20), OM, HLM( 7), 

1 VDEP(4) ,GMAT(7, 7), VSET(4) ,ACT!V(7) ,ZPECEP(24D) ,RECEPT(2,240), 
2 GDSCAL,QSCALE ,DA(6) ,OB(6) ,OC(6) ,UU(6) ,NPS ,NPE ,NPP, IFLAG,JFLAG, 
3 ISORC1,KSORCE,IWD,IWS,ISTAB,IWSE,IWSR,IRECEP,IFPART,IFRN, 
4 PINK(4,4),RINK(7) 

HH=PHT-XP•VSET(I)/0 
IF (HH.LT.D.D) HH=O.O 
HT=HH**2 
RETURN 
END 
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c 

c 

c 
c 

FIGURE B.0-1. 

SUBROUTINE JNTLG (INOEX,X!,XN,I'HT) 
EXTERNAL FERR,FERRJ 
REAL lllM,i\CTIV,GMAT 

(Continued) 

R lALDOA ,DOB, QOC, DH, OX 1 , rX I , OX~ ,fP, i"FRP, fTRR 1 
COMMON/ INTC/SUMP( 5 li) ,Sl!i".,ll ,I_ ,XL 

Cm!MON/ ADATA/PTSZFC ( 4, 3) , FR[i)( !6, 6, f) , )ORCf ( 12 ,20) ,OM ,1-flM ( 7) , 
l VDlP( 4} ,GMiiT( 7, 7), VSET( 4) ,ACT! V( 7) ,/RECtP(?40) ,PFCEPT(2 ,241]), 
2 GOSCAL ,QSCALF ,Of\(6) ,Ofl(6) ,DC(~), Utl(f) ,NPS ,NPE ,NPP, !FLAG ,JFLAG, 
3 I SORC 1 , KSORCF, I 118, HIS, IS TAB, HIS£, I ~'SB, IRE:FP, I FPART, !FRN, 
4 PINK(4,J),P!r-!K(7) 

COMMON/DSTBZ/D(l/1, rOB, ODC, Oil ,f1Xl 
FUNC ( 1\, fl, C) =EX I' ( ( -~ +P) *0. 5/ ( C*C) l 
IF (XI.GT.Hi) GO TO ?n 
OX:=OBLF(XI) 
f'XN=ORLf. ( XN) 
DXI=DBLE(Xl) 
l!II=DSLF (H) 
DOA=i'BLE(OA(L)) 
f10!\=!JPLE(f1R(L)) 
DOC=OBL[( OC ( L) ) 
EP=l.DE-4 
IF (INOEX.FQ.J) GO TO 10 
[)SUM=ANC4(DXl,DXN,EP ,M,l,l FRR) 
GO TO 20 

10 C )ll'-'=f,NC4 (OX I , f1XN, EP ,M ,l,JTPR!} /C'Xl 
20 SUM=SUM+PSUM 

IF (JFLAG.EQ.O) PFTURN 
XP=(Xl+XN)/2. 
SZBf\R =OA( L} * XP* ( !. +OB ( L) *XP) **DC ( l) 
DO 6fl l=NPP,NP[ 
IF (PTS7FC{I,KSOPC[).E().O.O} Gfl ffl k(1 
DO 55 J=!WS,IWSE 
U•UU(J) 
XM·PI-H*IJ/VSFT( l) 
IF (X~.LE.Xl) GO TC 4fl 
IF (XM.GF ,Xfl) ':n H1 30 
XPl={XI+XM}/2. 
IIP=HT( l ,PHT, XPl,ll} 
HP·I'P* ( { XM-Y l )I (X N-Y I) )**2 
cr1 ;o 5o 

30 IJP-i!T{: ,1'1-!T,~P.t.') 
GO TO SO 

40 HP•O.O 
50 SUMP ( I , J) =SUMP( I ,J) +OSI!r-'*f UNC ( I'P ,H ,SZQ!I~) 
5S CONTINUE 
60 CONTJNUE 

RETIJN! 
70 PR !NT flO 

'iTOP 

flO FORMAT('l','ERROR JN SIIRROUTrNE INTf<,, X!.~T.XN') 

END 
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FIGURE B.0-1. (Continued) 

SUBROUTINE POLUT (PSORC) POLUT 
LOGICAL SGTnMX POLU~ 

C POLUT 
COI'IMONjMATI\fPTSZFC ( 4, 3) ,HEQ( 16,6 ,6) ,SORCE ( 12 ,2fl) ,UI-1 ,HLM( I), POLUT 

I VDEP(4) ,GMAT( 7, 7), VSET( 4) ,ACTIV( 7) ,ZRECEP( 240) ,PECFPT( Z, ?40), POLUT 
2 GO SCM ,QSCAL£.01\( 6) ,OB(6) ,OC(6) ,IJU (6) ,NPS, NPE .~PP, !FLAG,Jfl AG, POLUT 
3 \SORCI ,K'iORCE, 1110, IWS, \STAR, \liSE, 1\ISR, IRECEP, IF PART, lfRN, POL\IT 
4 PIN~(4,4),R!NK(7) POLUT 

C POLUT 
COMMON(OEPY /{)XQ{ 5, 6) , QXQR ( 6) POL UT 
DIMENSION COS\10( 16) ,SJNWW( 16) ,PSORC( 4) POLIJT 
DIMENSION PfiTP(5),GlP(5),C3P(5),ARGIP(5) POL~T 
FQUIVALENCE {IWN!'!R,!WO) POUlT 

C SINWO( IWN!llR) oSIN( (PI*FLOAT( IW~O!R-1) )/B) POL\JT 
DATA S!NWO/fl. 0,. 3!\268,. 7r71J,. 923flfl, 1.0,. ~23RR,. 70711,. ~fl?fP ,r.o, POLUT 

l -. 38268, -. 70711,-. 9238R, -1.0 ,-. 923R8,-. 70711 ,-. Jll2M/ POUlT 
C C0$~0( 11/NDIR) =COS{ ( P !*FLOAT( 11/NOIR-1))/8) POLI'T 

rATA COSWD/1.0,. 92388,.70711, .38268 ,0.0,-. 38261\,-. ?nil\,-. Q?3Ril, POLIIT 
1 -1.0 ,-. 92388,-.70711,-.38268,0. 0,. 382~8,. 7n7l!, • 9231\8/ POLl IT 

DATA P!4,Plllj.7853982,.3926991/ P~LUT 

SO lAM• SORCE ( 4 , I SORCI ) POLU1 
SRAD=SOIAM/2. POLUT 
PSFACT •FREO( JWO, IllS, !STAB) POLUT 
ONWI@·G~SCAL •( (SORCE {2, !SORCI )-RECEPT{ 2, IRHEP) )*COSWO( !liN~ I~ l~( S POLU1 

IORCE( 1, I SORCI) -RECEPT( 1, IRHEP)) *SIN\10( 11/NDIR)) POLUT 
X=DNW1ND+SDIAM/Pl8 POLUT 
IF (SOIAM.GT.JOO.) GO TO 10 POI.UT 
IF (X) 250,250,20 POLUT 

I() IF (SPAO+ONWINO) 250,250,20 POLU; 
20 CX\IINO•GDSCAL *ASS( (SORCE (2, ISOPC1 )-RECEPT (?, !RfCEP)) •s INWQ( 1 IIN(1IR) POLUT 

1- (SORCE ( 1 , I SORC 1)-RECEPT ( 1 , I RHfP) ) • COSWO( lWNO I R) ) POL '.JT 
~=X*PIB POLU: 
IF (Y .U .CXW\ND) GO TO 250 POLn 
If (SPAO.GT.ABS(ONWIND)) GO TO 30 POLUT 
IF {SDIAM.LE.{NIWINO*PI8)) GO TO 4D PCLI!T 
Q•QSCAU*( ( P 18*X-SOIAM)/SOIAM) POi UT 
DIIW I NO• 'iORT { ( ONW I NO*])NW I NO)+ ( SRAO*SPAO) ) rm liT 

C FROM DNIII~l'={(4.*DNIIIN0**2.+SDIAM**2.)**.'i)/2. POLW 
X=2.*0NWIN0 PQL~T 

IF {CXWINO-(SRAO+X*P18)) 50,50,?50 \'Ol.IIT 
30 Q~QSCAU•(PI4*( X*X 4.0B*X•SDIAM+4.J616*SOIAM*SDIAM)) I (SRAD*SRAC*lb POLU;-

1.) PhLUT 
C FROM Q=QSCALE* ( • 196 5* ( X- 2 • 040*SO I AM) **2 . ) /S!' 1 AM** 2. POLUT 

ONIIINll•SINWr{ ~ )•(ONIIIND•SRAO) PO LilT 
C 1/H[Rf SINW0(3) • SIN(Pl8*2) OR SIN(PI/4) OR .IM\1 \'Oli!T 

X•DNWJN[I*2. POLIJT 
IF (CX\IJNO-SR~O) 50,50,250 POLUT 

40 Q•QSCAL£ POLUT 
50 Q•Q*(Y-CXIIIND)n POIUT 

C CORRECTION SUGGFSTEO BY APC0 -- JANUARY 1971 POUlT 
IF {X.LT.\0~.0] X•lOO.O POi \IT 

C POLUT 
U•UU(!IIS) POIIIT 
L•!STAB POL\IT 
Y~lOO.O*Q!IJ 

IF (V.LE.O.O) (",0 TO ?50 
01/INDO·ONWIND 
Ll=l 

POLIJT 
POL',IT 
PC! UT 
POLUT 

C ******"*•* POLUT 
C BRIGGS PLUME R]Sf FORMULATION~ JANUARY 1971 PDLUT 

HS•SORC£ ( 3, I SORCI) POLW 
C*** ADD HDLLANO-STUMK£-MOSES/CARSON R1St If l'nfl<'~.ll I'OLUT 
(*** NOTf THAT VOO IS SORC£(12,IS0RC1) P~LIIT 

IF (SORCE (12, 1 SORC 1 ) • \,T. 0. 0) H~•tiS+ I • 'i*SOR Cf( 1 ? , I YlRCl ) /\I POL'. IT 
PHT~H'; POUlT 
IF (ZRECEP{ IRfCFP) .NE.O) PliT=PHT -ZPECFP( IRrctP) rn1 UT 

C •****'**** POll If 
IF (PHT.LT.O.O) PHT•O.O PCLLIT 
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If (JFLAG.£Q.O) GO TO 90 POLUT 
00 80 I=NPS,NPE POLUT 
If (PTSZFC(/,KSORCf).EQ.O.O) GO TOR~ POLUT 
IF (VSET(l).Lf.O.Ol) GO TO 60 POLUT 
PHTP(I )=PHT-ONW!NO*VSH(i)/U POLUT 
GO TO 70 POLUT 

60 PHTP(l)•PHT POLUT 
lO IF (PHTP(l).LE.0.04 PHTP(l)=O.O POLUT 
80 CONT!NUf PDLUT 
90 IF (DNWJNO.LT.toO.) DNWIN~=IOO. POLUT 

S IGZ=OA(L)*ONWINO*YJ. +OB(L) *ONWINO)*"OC(L) POLUT 
ARGl= ( -. S*PHT••z) /US IGZ** 2) POL UT 
IF (IFLAG.fQ.O) GO TO !10 POLUT 
DO 100 I•NPS,NPE POLUT 
IF (PTSZH(J,KSORCE).EQ.O.O) GO TO !Ofl PDLUT 
ARGJP( I}= (-. 5*PHTP( I)**;>)/ ( S IGZ**2) POLUT 

100 CONTINUE POLUT 
110 SGTCtfo!X=.TRUL POLUT 

IF (L.GT.4) GO TO 170 POUlT 
IF (S!GZ.LT •• 47*0i'!H GO TO 170 PDLUT 
~1=0.47*DM/OA(l) POLUT 
IF (L.LT.3) GO TO 120 POLUT 
Xl•Xl*Xi POLUT 
Xli•Xl*OB(L)/2. POUlT 
X1=Xll+( X1l *XII +XI )**0. 5 POLLIT 

120 IF (X.GE.Xl*2.) GO TO !30 POLUT 
X0•2.*Xl POLUT 
SGTOMX• .FALSE. POLUT 
GO TO 140 POLUT 

130 W•X POLUT 
140 C2•(.0255*Y}/(DI'I*XO) POLUT 

IF (.NOT.SGTni'IX) GO TO 160 POLUT 
C3•C2 POLUT 
IF (IFlAG.EQ.O) GO TO 200 POLUT 
00 150 I•NPS,NPf POLUT 
IF (PTSZFC(I,KSORCE).EQ.O.O) GO TO 150 POLUT 
C3P( I )•C2 POLUT 

150 CONTINUE POLUT 
GO TO 200 PDLUT 

160 XO•X1 POLUT 
GO TO 180 POLUT 

170 XD•X POLUT 
180 IF (ABS(ARGJ).GT.60.) ARG1•-60. POlUT 

C l• ( .0203*Y )I (SIGZ*XO)•HP(ARGI) POLUT 
C3·Cl POLUT 
IF (.NOT.SGTDMX) C3•CI-((X-X1)/Xl)*(Cl-C2) POLUT 
IF (IFLAG.EQ,O) GO TO 200 POLUT 
00 190 I•NPS,NPE POLUT 
IF (PTSZFC(I,KSORCE),fQ.O.O) GO TO 190 POLUT 
IF (ABS(ARG1P(I)).GT.60.) ARGIP(I)•-60. POLUT 
AREXP·EXP(ARGIP( l)) POLUT 
ClP( I) •( .0203*Y)/( SIGZ*W)*AREXP POLUT 
C3P(I)•C!P(I) POLUT 
If (.NOT.SGTOMX) C3P(l)•CIP{I)-((X-H)/X1)*(CIP(l) C:>) POLUT 

190 CONTINUE POLUT 
C HALF-L!Ff MOO!FJCATION FOR RAOON222 POLUT 

200 TIME•DmiJNO/U POLUT 
CONCRN•SORCE ( 9, I SORCI ) POL UT 
IF (!HAG.EQ,O) GO TO 230 POlUT 
!F (IWSB.GT.!) GO TO 210 POLUT 
CALL OO£P (SlGZ,DWlNDO,Xl ,PHT ,Ll) POLl IT 

210 DO 220 l•NPS,NPf POLUT 
IF (PTSZFC(I,KSORCf).fQ.O,O) GO TO 220 POLUT 
DO 215 Il•l,4 POLIJT 

215 PINK(! , II ) •C3P ( I) *PTSZFC( I , KSORCE) *PSOR C( 1 I ) •nW ( I ,l W~) *P~F /I.CT POLIJT 
220 CONTINI!f POLIJT 

!FPART•I POLUT 
230 !F(CONCRN.EQ.O.O) GO TO 250 POLUT 
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FIGURE B.O-l. (Continued) 

CALL ACTDR(T1ME,7) 
1FRN~1 

FIX:PSFACT*C3*CONCRN 
DO 140 1~1,7 

140 R1NK(1)~F1X*ACT1V(1) 
150 RETURN 

END 
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c 

c 

c 

c 

c 

c 

c 

FIGURE B.O-l. (Continued) 

SUBROUTINE POPUOS 

LEVEL 2 , NSORCE ,tiR EC E P , TPSZ , C I SUM, I PACT, PACT , POEN ,OUST20, AC TRA T , 
I PrSZ20,RXQ,RXQP.N,PTSZ,QNAME 

COMMON/BDATA/NSORCE ,NRECEP, TPSl ( 4 ,4 ,2~0) ,C I SUM( I ,240), IPACT(20), 
l PACT( 3,4), POEN( 4) ,OUST20(6) ,ACTRAT ,PTSl20,RXQ(20, Z40,4), 
7 RXI')RN( CO, 240, 7) ,PTSZ ( 4) ,QNA1<1E (5, ?0) 

COr+!ON/COATA/QAJUST( 10,?, 20) .~EPVH ( 4) ,CPY (5,20) ,I STEP, !RCV ,IAOO, 
1 ALN2, TSTEP(lO) ,AL~(6) ,GFACT( 4, !0) ,GPFACT( 4), TFACT( 4 ,10) ,NSTEP, 
2 TPFACT(4) ,CGI P ( 4 ,4 ,240) ,CGXPN( 4 ,?40) ,JC( 10), XPFACT 

COMMON/OOATA/WLFACT( 3) ,OCFA(S, 7 ,5) .~CFGP( 4) ,OCFCP(4) ,OCFGR(S), 
I OCFCR(S) ,OCFF(B ,4 ,4) ,B IY( 4 ,5) ,FBI ( 4) ,FMI ( 4) ,[)F, SH!ELD,RF ( 3), 
2 FHP (4 ,5), TI SSUE(6), PATH( B) ,SRHO,WHL, TSTART, l FTOOO( 10), 
3 TNAME(S, 10) 

COMMON/EDATA/FFORP ,FHAYP ,FPR p), /POP( 12, 16) ,OIJNDR( lli) ,XRHO( 12), 
I !PTOT ,FRAOON( 4) ,PAJUST( 10) ,PDR~G(6 ,8, 10) ,PilXREG(6 ,8, !0), 
2 PDTOT(6,8,10) 

0/MfNS/ON MEA( 12) ,PCCR( 3) ,F IK ( 4, 3) ,FGBVT( 3) ,CAl ( 10, 192), 
I DR I ( 4, 192) ,DOSTYP(6 ,2), P0(6 ,6) ,PWO(H, 16) ,C IF( 4, 7), 
2 SIJ>ITOT( 4 ,J) ,CBFT( 4 ,3) ,PF A(J, 12,16), PFB( 3,12,16) ,PFC(3 ,12 ,16) , 
3 PFr( 3,12 ,16), RAOPOP( 4,4) ,RAilNAM( 4) ,RAODCF( 4) ,POPRA0(6) ,FOOOP( 3), 
4 FOOOC(3),FRACON(3) 

~ATA AREA{O. 589,0. 982 ,I. 314 ,1. 767,14.73, 51':. 9, 9~. 2,137 .4, 116. I, 
I 216.0,255.3,294.5/ 

DATA PCCR/276.7,!02.8,209.0/ 
DATA FIK/0.0, 0.1411':,0.2167,0.6415, 

I Q.(l, o.07BO,O.l485,0.7735, 
2 0.0178,0.1850,0.2728 ,o. 5244/ 

DATA FGBVT/0.783,0.196,0.021/ 
DATA OOSTYP/10H100-YEAR E,lOHNV!ROM'!ENT.!OHAl OOSE CO, 

I !OH""!TM[NTS,,IOH P[RSON-RE,IOHM/YEAP , 
2 !OHANh'UAL ~P,IOHULATION OO,WHSE CIJI1o!!TI>!, 
3 lOHENTS, PfRS, IOHON-RfM PER ,IOH YfAR I 

DATA RAOPOP/8.8,!20.,2.(1,56., 
I 5.8, 71.,1.6,72., 
2 8.2,Jl0.,1.8,52., 
3 9.0,120.,!.7,43./ 

DATA RADNAM/JOHCASPER ,lOI!fALLS C!TY,10HGRANTS 
IOH~ELLPIN!T I 

n(IRCV.N£.192) RETURN 
IT•ISTEP 

DO 60 IR•I,!RCV 
DO 10 tX•1,10 
CAI(!X,JR)•O.O 
If(IX.EQ.JO) GO TO !0 
CGI (IX, !11.)•0.0 
Jf(IX.GT.4) GO TO 10 
ORl(!X,/R)•O.O 

10 CONTINUE 

DO 20 IX•I.4 
00 20 IP•l,4 
CAl ( l X,lH) •CAl (I X, IR)+ TPSZ( IP, 1 X, 1R) 
OR I (I X, IR )•OR! (!X, IR) +DEPVEL( IP)"TPSl( ]P ,! X, JR) 

20 CGl (I X, IR}•CG! (IX, lR }+CGJP( IP ,I X ,lR) 

OR I ( 4, 1R) ·DR! ( 4, !R) +(0 .003)•CISIJM(5, !R) 
PLUS•CGI(J,IR) 
DO 40 IX•5,9 
!XX•!X-4 
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FIGURE B.0-1. 

CAl (IX, IR )•C ISUI'I( !XX, IR) 
1F(IX.CT.5) GO TO 30 
CG!(~. IR)•PLUS 
GO TO 40 

30 IF(!X.GT.!l) Pl\JS•O.O 
CG! (I X, !R)·CGXPN( lXX-I, JR}+PLUS 

(Continued) 

40 WNTINUE 
c 

c 

DO 50 IW•\,3 
JWX·lW•l 

50 CAl ( 10, IR )=CAl ( 10, IR )+WlFACT( IW)*C !SHM( !WX, IR) 
60 CONTINUE 

C WE HAVE NOW COMPUTED TOTAL AIR CONCS, CAl ( D ,\R), D•U-23R, Tll-23~, 
C RA-226, ANO P!l-210 (PART\CULAT£5 ONI.V), RN-222,P0-?\8,PB-?l4, 
C !II-214,PB-210,ANG Wl (RADON ONLY). ALL IN PCI(Ml EXCEPT WI. 
c 
C ORl(IX,IR) IS TOTAL DEPOSITION RATE, PCT/M2-SEC, fOR U-238, 

TH-230,RA-226,ANO Pll-210, INCLUO\NG RN DAUGHTER. 
c 
C CG!(IX,IR) IS GROUND CONC., PCI/M2 FOil U-238, TH-230, RA-2?6, 
C AND Pll-210 (PARTICULATES). RN-222, P0-218, PB-214, 111-214, fiNO 
C PB-210 {FRQ!ol RN RElEASES AND RA-226 DECAY). 
c 
C NOW WE TEST JC(3) fOR CONCENTRATION PRINT AND PROCEEO. 
c 

c 

c 

c 

c 

c 

c 

If(J({3).NE.I) GO TO 120 
!WOHAX•I 
RNAA~·CIIl(S,4) 

00 70 IW=2,I6 
!RX•IW•I2-8 
If(CA!(S,IRX).LT.RNMAX) GC TO 70 
IWDHAX• !W 
RNHAX-CI\1(5, IRn 

70 CONT!NUf 

00 IlO IZ=l,l6,4 
IW• !Z 

75 CALL HEADER 

PRINT 2000, I STEP, (TNAAE( I, !STEP), !•I ,S), TSTEP( !SHP) 
OEGREE~?2. s•( IW-1) 
PRINT 2010, lo'INOR{lW),OEGRH 
PRINT 2020 
PRINT 2030 
IRB•(!W-1)*12+1 
!RE•I"B+ll 
10•0 

00 80 IR•!RB,IRE 
!O•ID+l 
PRINT 2040, XRHO(!O),(CA!(U,IR),!X•I,lO) 

80 CONTINUE 

PRINT 2050 
PRINT 2060 
10•0 
00 90 IR•IRB,IRE 
10• 10+ 1 
PRINT 2070, ~RHO(IO),(CGI(U,IR),!X•l,q) 

90 CONTINUE 

PRINT 2080 
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c 

PRINT Z090 
10•0 

FIGURE B.0-1. 

DO 100 IR=IRB,JRE 
JD•lD+l 

(Continued) 

PRINT 2!00, ~RH0(1D),(OR!(JX,IR),IX=l,4) 
100 CONTINUE 

IF(!WOMAX.LLIW) GO TO 110 
lF(IWDMAX.~LlW+4} GO TO 110 
IW=IWDMAX 
GO TO 15 

110 CONTINUE 
c 

c 
c 
c 

c 

120 CONTINUE 

WE CAN NOW PROCEED TO OOSE CALCULATIONS, PRINTING OUT TABUS AND 
SUMMARY IF JC(4)•1. OTHERWISE SUMMARY ONLY. ~ST ITERATE 
OVER PAT11 (L), ORGAN(J), DIRECTION (IW), DISTANCE (10), 
JSOTOPE (IX), PTSZ (JP), AND AGE (K). 

DO 130 L=1.6 
DO 130 J=l,6 

!30 PD(J,L)•fi.O 
c 

c 

I LK=2 
JF(JC(2).EQ.l) !LK81 

l=l 
DO 170 J=l,5 

DO 140 lW=l,l6 
DO 140 10•1,12 

140 PWD(IO,!W)=O.O 
c 

c 

IR=D 
00 160 lW=l,l6 
DO 160 10•1,12 
IR= !R+ 1 
DO ISO IX•l,4 
DO 150 IP•l,4 
PWO( 10, lW) •PWO( In, IW)+OCFA( IP, I X ,J )*TPSZ ( IP ,IX, IR) 

150 CONTINUE 
ASC·C !SUi'!( 5, m )*OCFA( 5, 5,J) 
ABC=ABC•C!SU1'!(6, IR) 00CFA( 5,6,J) 

ABCoABC+C ISUM(7, IR )*OCFA( 5, 1 ,J) 
PliO ( !0 ,IW)=(PWO( 10, IW )ti\BC)* !POP( ID, !W)*(O.f101) 
PO(J ,L) •PO(J, L )+PWO( 10, IW) 

160 CONTINUE 

IF(JC(4).NE.l) GO TO ]10 
lf(J.GT.3) GO TO 170 
GO TO 1000 

170 CONTINUf 
c 

c 

c 

J•6 
IR•O 
DO lRO IW•l ,16 
DO 180 10•1, 1? 
IR= IR+ l 
Pt/U( lO, Ill) •C ISIJiol( l=IP.)• (0.625)•1 PDP( I 0, !W) •( o.nol) 
PO{J ,l) •PO( J, L )+PliO( 10, IW) 

180 CONTINUE 

JF{JC{4).NE.l) GO TO 190 
GO TO 1000 

190 CONTINUE 
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c 

c 

FIGURE B.0-1. 

J~l 

DO 290 L•2,3 
IR•O 
DO 280 IW•l,l6 

DO 280 ID•l,l2 
JR•IR+ I 
ABC~O.O 

lf(L.EQ.3) GO TO 230 

00 220 IX•l.9 
!f(!X.GT.4) CO TO 200 
OCF•DCfGP( IX) 
GO TO 210 

200 OCF•OCFGR(JX-4) 
210 ABC•ABC+OCF*CGI(JX,JR) 
220 CONTINUE 

(Continued) 

GO TO 270 
c 

c 

c 

c 

c 

230 CONTINUE 
DO 260 IX·l,9 
lf(IX.GT.4) GO TO 240 
OCF•OCFCP(In 
GO TO 250 

240 DCF•OCFCR{IX-4) 
250 A8C•ABC+OCF*CAI (I X, IR) 
250 CONTINUE 

270 CONTINUE 
PWO( 10, IW)•ABC*!POP( !D, JW)*SH!ELD•(O.OOl) 
PD(J ,L )-PD(J ,L) +PWD( 10, IW) 

280 CONTINUE 

IF(JC(4).NE.l) GO TO 290 
GO TO 1000 

290 CONTINUE 

DO 300 L•2,3 
DO 300 J•2,6 
PD(J,L)•PD{l,L) 

300 CONTINUE 

C W£ f!AVE COI'IPUTED PO(J,l) FOR J•l,6 AND FOR L•\,3. NOW COMPUH 
C POPULATION DOSES FROM FOOD INGESTION PATHWAYS. 
c 

c 

c 

c 

c 

WL.o.HOA•ALN2/WHL 
TICK•II.O-EXP ( -30. •wLAHDAII/WLI'JoiOA*(24. *3600.1*(0.2/0. 75) 
lOCK • 1 • 0-EXP ( -60. *WLN10A /WLAAOA* ( 24 • • 3600. • ( 0. 2/ ;>. 0) 

DO 310 1~·1,4 
no 310 IC=l,3 
SU~TOT( 1 X, IC)•O.O 

310 CONTINUE 

1~·0 
DO 380 IW=l,l6 
DO 380 ID•l,l2 
IR= IR•l 
AOS=AR£A( W) 

DO 330 IV•l,S 
TEX•TICK 
IF(IV.NE.4) TEX=TOCK 

00 320 IX•l,4 
320 C IF {IX, IV) •OR! (I X ,IR) *HX*FREP( !X, 1 V) •CG! ( U ,\R )•B IV( I X ,IV) /SRHO 
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FIGURE B.0-1. (Continued) 

C !F ( 4, IV}•C IF ( 4,!V) +CGI { q, !R )*R IV{ 4, IV)/SRHO 
330 CONTINUE 

c 

c 

DO 350 IX•I,4 
ABC•FFORP*CIF (I X,4 )+FHA YP*C IF { l X, 5) 
C IF( I X,6) •ABC*Qf*FB I (I X) 
C IF (I X, 7) •ABC*QF*fHI (I X) 
CBFT(D,l)=O.O 

00 340 IV=l,3 
340 CBH( I X, 1 )•CBfT{ l X, I )+FGBVT( IV)*C IF( I X, IV) 

c 

c 

CBFT( I X,2) •Cl F( I X,6) 
CBH (IX ,3) •CIF( I X, 7) 

350 CONTINUE 

~0 360 IC•l,J 
PFA( IC, 10, !W)•O.O 
PFB( IC, 10, 11/)•0.0 
PFC( IC, JO,IW)•O.O 
PFO( IC, 10 ,!W)•O.O 

360 CONT!NUf 
c 

DO 370 IC•l.3 
PFA( IC, I 0, III)•PFA( IC, 10, Ill) +AOS*FPR( IC )•CBFT( I , IC)*RF (I C) 
PFB( IC, 10 ,IOI)•PFB( IC, ID, IW) +AOS*FPR( !C) *CBFT{ 2, IC)*RF {I C) 
PFC( !C, ID, IW) •PFC( IC, W, JW) +AOS*FPR( IC)*CBFT( 3 ,I C )*RF (!C) 
PFO( IC, 10, lW) •PFD( IC ,ID,IW)+ADS*FPR( !C)*CBFT( 4, I C: *Rf( !C) 

c 
00 370 IX=l,4 

SUMTOT( IX, /C )=SUMTOT( IX ,!C) +AOS*~PR( IC )*CBn (I X, IC )•RF (!C) 
370 CONTINUE 

c 
380 CONTINUE 

c 

c 

390 
c 

000 
c 

410 
c 

DO 420 L=4,6 
IC•L-3 
DO 420 J=l,4 

DO 400 IW=l,lfi 
DO 400 10=1,12 
ABC=O.O 

00 390 IK=l,4 
ABC=ABC+PFA( !C, !0, IW) •FJK (I K, IC )*OCFF ( 1 ,J, IK)•( 1'1.001) 
ABC=ABC+PFB( IC, !0, IW) *FIK( l K, lC )*DCH (2 ,J, lK )*(~. 001) 
ARC=ABC+PFC( JC, tO, IW)*FIK( IK, lC)*DCFF (3,J ,I K )* (0.00!) 
ABC=ABC+PF!l( !C, !0, IW)*F IK( IK, IC)*DCFF( 4 ,J, JK)•( 0.001) 
CONTINUE 

PWD(JO,IW)=ABC 
PO(J, L )=PO(J ,L )+PWD( /0, IW) 
CONTINUE 

IF(JC(4).NE.I) GO TO 420 
IF(J.GT .2) GO TO 420 
GO TO 1000 
CONTINUE 

420 CONTINUE 
c 

DO 430 L~4,6 
PO( 5 ,l) =PO( 4,L) 
PO( 4 ,L )•P0(3 ,L) 
P0(6 ,L )=PO( I ,L} 
P0(3 ,L )=PO( 1 ,L) 

430 CONTINUE 
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c 

c 

c 

FIGURE B.0-1. (Continued) 

DO 440 JX•1.4 
RAOOCF(JX)=O.O 

DO 440 LX•l,4 
RAODCF ( JX) •RAODCF ( J X) +RADPOP ( J X , LX) *FRAOON ( LX} 

440 CONTINUt 

CPYRN=O.O 

00 450 !S=l,NSORCE 
CPYRN•CPYRN+CPY(5, IS) *QAJUST( l STEP, 2 ,IS) 

450 CONTINUE 

POPRAD ( I ) •CP YRN*RAODCF ( 1)* ( 0. 001) *P AJUST( I STEP) 
POPRAD ( 2) •CPYRN*RA!lDCF ( 2) • ( 0. 001 ) *PAJU ST ( I STEP) 
POPRM(3)•CPYPN*RADDCF (3 )*(O.O!ll )*PAJUST( !STEP) 
POPRAD( 4 )•CPYRN*RAODCF (I )*(0 .001 )•rAJUST( !STEP) 
POPRA0(5)•CPYRN*P.ADDCF ( l )*(0.001 }*PAJUST( !STEP) 
POPRAD ( 6 ) = C PYRN*RADOCF ( 4) * ( 0. DOl } *PAJUST ( I STEP) 

ADS= (3. 1415927 )• (80. *RD. -1.) 

DO 460 JC•l,3 
FOOOP ( I C ) •AOS*FPR ( +C ) 
FOO!lC( !C) •I PTOT*PCCR (!C) 
FRACON ( I C ) • FDODC( I C) /FOODP ( I C ) 
IF ( FRACON(IC). GT • lHO) FRACON( !C) •1.0 

460 CONTINUE 

00 490 IJ•l ,6 

DO 480 !L•I,6 
IF(IL.GT.3) GO TO 470 
POREG( IJ, IL, !STEP) •PO ( IJ, I L) 
POXREG( !J, IL, JSTEP'•O.O 
PDTOT( IJ, I L, I STEP)•PD( JJ, ll) 
GO TO 480 

410 CONTINUE 

lC•lL-3 
POREG( !J, ll, ISTEP)-PO( !J, I L )*FRACON( JC) 
PO TOT( IJ, !L, ISTEP)•PD( IJ, ll) 
POXREG( JJ, IL, !STEP' •PO( !J, ll )•( 1 .0-FRACON( !C)) 

480 CONTINUE 

POREG( IJ, 7, 1 STEP)•O.O 
PDXREG( !J, 7 ,!STEP )•POPRAD( IJ) 
PDTOT( !J, 7, ISTEP)·POPRAO( IJ) 

490 CONTINUE 
c 

DO 500 IJ•I,6 
PDREG( !J ,8, I STEP )=0. 0 
POXREG( IJ ,8, !STEP) •0.0 
PO TOT( JJ ,8, ISTEP)•O.O 

00 500 ll•l,7 
PDREG( !J, 8, IT)•POREG( IJ ,8, IT) +POREG{ IJ ,IL ,IT) 
POXREG( IJ ,8, IT) •PDOREG( IJ ,8, JT)+POXREG( IJ, IL, IT) 
POTDT( IJ,8, !T)•POTOT( !J ,8, IT)+POTQT{ JJ, IL ,IT) 

500 CONTINUE 

C PROCEED WITH SUMMARY PRINT OF POPULATION DOSES/YR F~ THIS TSTEP. 

CALL HEADER 
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c 

c 

c 

c 

c 

FIGURE B.0-1. (Continued) 

PRINT 2000, !STEP,(TNAMf(l ,!STEP) ,1•1,5) ,TSTEP(JSTEP) 
P~INT 2150, ISHP,(OOSTYP(I,ILK),l•l,6) 
PRINT 21~0 
PRINT 2170, (TISSUE(l),l•l.6) 

DO 510 IL•I,B 
ILX•Il 
lf(ll.EQ.I) ILX•8 
IF(IL.EQ.f!) ILX•7 
IF(IL.EQ.f!) PRINT 2200 
PRINT 2180, PATH( !LX), (POREG( IJ, ll, IT), IJ•l ,fi) 

510 CONTINUE 

PRINT 2190 
PRINT 2170, (TIS.'iUE( I) ,1•1 ,6) 

00 520 IL=l,8 
I LX• I L 
IF(IL.EQ.I) ID=B 
IF(IL.EQ.B} !LX•7 
IF(IL.EQ.B) PRINT 2200 
PRINT 2180, PATH( !LX) ,(POXREr.( !J, IL, IT), !J•l,6) 

520 CONTINUE 

PRINT 2210 
PRINT 2170, (T!SSU£(1),1·!,6) 

00530 IL•l,8 
ILX•IL 
lf(IL.EQ.7) JLX•8 
If(IL.EQ.f!} !lX•l 
IF(IL.EQ.8) PRINT 2200 
PRINT 211\0, PATH(ILX), (POTOT(IJ,IL,!T),IJ•I,6} 

530 CONTINUE 

C SUNMARV TABU OF ANNUAL POPULATION OOSES FOR THIS TSTEP HAS BEEN 
C COMPUTED, PRINTED AND STORE~. NOW RETURN TO MILOOS MAIN UNLESS 
C ILK• I AND ISTEP•NSTEP. 
c 

IF(ILK.NE.l) R£TU~N 
If(lSHP.NE.NSTEP) RETURN 

C******"*H*********** ........................... u .................... . 

c 
C NOW PROCEED TO COMIUTE AND PRINT ENVIRI'lNMENTI\l OOSE cQ!o!MJTMENTS 
C INTEGRATED OVER ALL TSHPS. 
c 
c••••**•••••••••••**** ................................................ . 

DO 550 IJ•I,6 
DO 540 IM•I.3 
PO(IM,IJ)•O.~ 

540 CONTINUE 
c 

c 

c 

DO 550 JTS•I,NST£P 
POREG( !J .~,ITS) •PDREG( IJ ,8, ITS)*TSTEP( ITS) 
POXREG{ IJ ,8, ITS)•POXREG( IJ,8, I TS}*TSTEP( ITS) 
POTOT( IJ ,8, !TS)•POTOT{ lJ ,R, ITS}*TSTEP( !TS) 
PO( I, IJ) •PO( I, lJ} +POREG( IJ ,R, ITS) 
P0(2, IJ} •P0{2, IJ}+PDXREG( iJ ,R, ITS) 
PD(3, !J ].PO( 3, IJ )•POTOT( IJ ,8, ITS) 

550 CONTINUE 

CALL I!EAOER 
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FIGURE B.O-l. (Continued) 

C*******h*********U* **********H*H**********-*•**********H********* 

c 

c 

c 

c 

c 

PRINT 2220 
PRINT 223{1 
PRINT 2240, (TISSUE(l),l•l,6) 
TS•TSTART 

00 560 lTS•l.NSTEP 
H•TS+ TSTEP( ITS) 
PRINT 2250, ITS, TS, TE, TSTEP( ITS), PATH( 7}, (POREG( IJ ,8, ITS), IJ•l ,6) 

560 TS•TE 

PRINT 2260 
PRINT 2270, NSTEP,(PO(l,IJ),IJ•l,6) 
PRINT 2280 
PRINT 2240, (TISSUE{l),l•l,6) 
TS•TSTART 

00 570 ITS•l,NSTEP 
TE•TS+ TSTEP( ITS) 
PRINT 2250, ITS, TS, TE, TSTEP( ITS), PATH( 7), (POXREG( !J ,I\, ITS), IJ•l,6) 

570 TS•TE 

PRINT 2260 
PRINT 2270, NSTEP,(P0{2,!J},IJ•l,6) 
PRINT 2290 
PRINT 2240, (TISSUE(I),l•l,6) 
TS•TSTART 

DO 580 ITS•l,NSTEP 
TE•TS+ TSTEP( ITS) 
PRINT 2250, ITS, T$, T£, TST£P( ITS) ,PATH{7), (PO TOT( !J ,8, ITS), IJ•l.6) 

580 TS•TE 

PRINT 2250 
PRINT 2270, NSTEP,(P~(3,IJ),IJ=1,6) 

c 
GO TO 620 

c 
1000 CONTINUE 

c················••*** ···············**••••••••u•••••••u••••••**••••• 
c 

CALL HEADER 
c 
c••••••••••••••••••••• ••••••••**•••--•••••••**•••••••••**•************* 

c 

c 

c 

c 

c 

PRINT 2000, I STEP, (TNAME( I, !STEP) ,I•!, 5), TSTEP(l STEP) 
PRINT 2110, PATH(l) , TISSUE (J), (OOSTVP(l, ILK), I •1,6), 

I (XRHO(l),I•l,12) 

DO 590 IA•l,16 
590 PRINT 2120, W!NOR(IA),{PWO(IB,!A),IB•I,l2) 

PRINT 2130, PO(J,L) 

!F{L.GT.I) GO TO 600 
lf(J.LT.6) GO TO 170 
GO TO 190 
GO TO 190 

.00 CONTINUE 
If(L.GT.3) GO TO 610 

GO TO 290 

"' PRINT 2140 
GO TO 410 

620 CONTINUE 
RHURN 
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FIGURE B.0-1. (Continued) 

2000 F0RMIIT(lH0,28X,'TlME STEP NUMBER' ,12,', ',5A4,10X, 'DURATION IN YRS POPOOS 
l IS.·.' ,FS.!) POPOOS 

2010 FORMAT(lH0,32X,'CONCENTRATJON DATA FOR THE',IX,A4,'DIRECTION, THET POPQOS 
111 EQUALS ',F5.1,' DEGREES') POPDOS 

2020 FORMIIT(lH0,46X, 'TOTAL AIR CONCENTRATIONS, PC!/M3, AND WL ') POPOOS 
2030 FORMAT(IH ,' XRHO, KM',5X,'U-23R',7X,'TH-230',6X,'RA-226',6X, POPQOS 

1 'PB-210' ,6X, 'RN-22 ',6X, 'P0-218' ,6X, 'PB-214' ,6X,'BI-214' ,6X, POPDOS 
2 'PB-210',8X,'Wl',/IX,l32('-')) POP!lOS 

2040 FORMIIT(lH ,2X,F4.1,4X,l0(2X,IPE9. 1,1X)) POPOOS 
2050 FORMIIT(1H0,48X, 'GROUND SURFACE CONCENTRATIONS, PCI/MZ'} POPOOS 
2060 FORMAT(IH ,7X,'XRH0, KM' ,SX,'U-238' ,7X,'TH-230' ,6X,'RA·226' ,6X, POPDOS 

l 'PB·2IO' ,6X, 'RN-222' ,6X,' P0-2!8' ,6X,' PR-214' ,6X,' BI-2I4' ,6X, POPDOS 
2 'PB-210',/7X,l20('-')) POPDOS 

2070 FORMAT(lH ,8X,F4.1,4X,9(2X,lPE9.3,IX)) POPDOS 
2080 F0RMAT(IH0,49X,'TOTAL DEPOSITION RATES, PCI/M2-SEC') POPDOS 
2090 FORMAT(IH ,37X, 'XRHO, KM' ,5X, 'U-238' ,7X, 'TH-230' ,6X, 'RA-22!i' ,6X, POPDOS 

l 'PB-210',/37X,60('-')) POPOOS 
2100 FORMAT(1H ,38X,F4.I,4X,4(2X,1PE9.3,1X)) POPOOS 
2110 FORMAT{lH0,34X,'EXPOSURE PATHWAY IS ',AB,IOX,'EXPOSED CPGAN IS', POPDOS 

l A8,//27X,'DOSES SHOWN BELOW ARE ',6Al0,//9X,l2(6X,'XRH0'),/2X, POPOOS 
2 'DIRECTION',2X,l2(2X,F4.1,4X),/lX,l31('-')) POPDOS 

2120 FORMAT(IH ,4X,A4,3X,l2(lX,lPE9.3)) POPOOS 
2I30 FORMAT ( lHO, 15X,' TOTAL DOSE COMMITMENT IS ' , IPE9.3,' PERSON-REM/YR' POPOOS 

1) POPDOS 
2I40 FORMAT{lH0,40X,'WARNING--POPULATION FOOD INGESTION DOSES SHOWN', POPDOS 

I /42X, 'ABOVE HAVE NOT BEEN CORRECTED TO REFLECT POTENTIAL' POPOOS 
2 ,/42X, 'FOOD EXPORT AND MAY EXCEED DOSES ACTUALLY RECEIVED POPDOS 
3 ',/,42X,'BY THE POPULATION OF THIS REGION. SEE SUMMARY', POPOOS 
4 /,42X,'TABLE FOR THIS INFORMATION.') POPDOS 

2150 FORMAT('O','SUMMARY PRINT OF POPULATION DOSES COMPUTED FOR', POPDOS 
1 'TSTEP' ,!2, '--DOSES SHOWN ARE ',6A10) POPOOS 

2160 FORMAT('0',/,44X,'00SES RECEIVED BY PEOPLE WITHIN 80 KILOMETERS', POPOOS 
1 /,17X,98('-')) POPOOS 

ZI70 FORMAT(l7X,'PATHWAY ',6(7X,A8),/,l7X,98('-')) POPOOS 
2180 FORMAT(l7X,II8,6{6X,IPE9.3)) POPOOS 
2190 FORMIIT('O' ,/,44X, 'DOSES RECEIVED BY PEOPLE BEYOND 80 KILOMETERS', POPOOS 

1 /,l7X,98('-')) POPOOS 
ZZOO FORMAT(17X,98('-')) POPOOS 
ZZ10 FORMAT(' 0' ,/ ,46X,' TOTAL DOSES COMPUTED OVER /ILL POPULATIONS', POPOOS 

1 /,}7X,98('-')) POPOOS 
2220 FORMAT( '0' ,20X, 'COMPLETE SUMMARY OF COMPUTED ENVIRONMENTAL DOSE POPOOS 

1 'COMMITMENTS, INTEGRATED OVER ALL TIME STEPS') POPDOS 
2230 FORMAT('O' ,20X,'100-YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVED', POPDOS 

1 'BY PEOPLE WITHIN 80 YILOMETERS, PERSON·REM',/,2X,129('-')) POPOOS 
Z240 FORMAT(' ',IX, 'NO.' ,4X, 'T-START' ,6X, 'T-ENO' ,7X, 'T-LONG' ,SX, POPIJOS 

1 'PATHWAY',IX,fi(5X,A8),/,2X,IZ9('-')) POPOOS 
2250 FORMAT{' ',1X,t2,3(5X,F7.2),5X,A8,6(4X,IPE9.3)) POPDOS 
2Z60 FORMAT(' ',1X,I29('-')) POPOOS 
2270 FORMAT(' ',lX,'TOTALS OVER ALL',I2,' TIME STEPS',23X,6(4X,1PE9.3)) POPOOS 
2280 FORMAT ( '0' , 20X, ' 100- YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVED' , POPDOS 

I 'BY PEOPLE BEYOND 80 KILOMETERS, PERSON-REM',/,2X,129{'-')) POPDOS 
ZZ90 FORMAT('O' ,20X, 'GRAND TOTAL 100-YEAR ENVIRONMENTAL DOSE COMMITMENT POPOOS 

IS RECEIVED OVER ALL POPULATIONS, PERSON-REM',/,2X,l?Q('-')) POPOOS 
c~~******************* ************************************************* POPOOS 

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

SUBROUTINE TAILPS(TAILP,UU) 
REALHLM,GMAT,ACTIV 
DIMENSION TAILP(6),UU(6) 
DATA ORHO,DM,A,Z,ZO,P,W/2.4,0.03,0.1,100.,1.0,3.,0.1/ 
FST•A*(1.8+0,6*ALOGIO(W)) 
FST•FST*((DRHD-!.13E-3)*DM/1.11E-6)**0.5 
DO 10 I•1,6 
FS•UU(I)*!.OE1/(1.5*ALOG(Z/ZD)) 
QH•LOE-6* ( FS**1.)* ( FS-FST) 
IF (OH.LE.O.O) QH•O,Q 
TAILP(I)•QH*(1.E-4/(FST**3.))*((FS/FST)**(P/3.)-I.)*1.0E4 

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

SUBROUTINE UNJOOS c•···--·····•••uuu• ................................................. . 

c 

c 

c 

c 

c 

LEVEL 2, NSORCE ,NRECEP, TPSZ,CI SUH,IPACT ,MCT ,POfN,OUST20,ACTRAT, 
l PTSZ20,RXQ,RlQRN,PTSl,QNAAE 

CCf'HON/BDATA/NSORCE ,NRECEP, TPSZ( 4,4 ,240) ,C IS\JII( 7 ,240) ,!PACT(20), 
I PACT(3,4) ,P(lEN(4) ,OUST20(6) ,ACTRAT ,PTSZ20,RXQ(20,240,4), 
2 RXQIIN{20,240, 7) ,PTSl( 4) ,QNAME(5,20) 

Cfff40N/COATA/QAJUST(HI,2 ,20) ,OEPYEL( 4) ,CPY(5,20) ,!STEP, !RCV, !ADO, 
I ALN2, TSTEP(lO) ,ALF(6) ,GF ACT( 4,10) ,GPFACT(4}, ITACT(4 ,10) ,NSTEP, 
2 TPFACT( 4) ,CGIP{ 4,4,240) ,CGXRN( 4,240) ,JC(lO) ,XPHCT 

C(MtON/DOATA/WUACT{3) ,OCFA(S ,7 ,5) ,nCFGP(4) ,OCFCP( 4) ,QCFGR{S), 
I DCFCR(S) ,DCFF(8,4,4) ,RIV( 4,5) ,FBI { 4) ,Flo! I ( 4 ),QF, SH!ELO,RF(3), 
2 FREP{ 4, 5), Tl SSUE (6) ,PATH(S) ,SRHO,WHL, TSTART, lfTOOO(IO), 
3 TNAM£(5,10) 

CCt!MOM/FOATA/XNAME ,5 ,48) .FF~ I ,FHA VI, IRTYPE( 48), XRECEP(3,48), 
I OIST( 48) ,UOF (4 ,3) ,FBVT( 4 ,3) 

OIHEMSION EMPC(8) ,CAIP( 4,4) ,CAl (4) ,OR! ( 4) ,CARN( 7) ,CGI ( 4) ,CGRN( 4), 
1 FMPC(9) ,CON(B) ,OJKL(6,4, 7) ,ACTING(4 ,3,4) ,C!V( 4, 7) ,AGE(4) 

[********'************* ...................... .,..,. ...... .,. .............. . 

DATA EHPC/5.0,4.0,0.08,2 .n,0.033J ,4. 0,200., 7.0/ 
QATA AGE/SH/NFANT ,8HCHILO ,SHTHNAGER,BHAOULT I 

[********************* ................ ****'*****-******•••••••*********'"* 
MILK•JC(S) 
!F(MILK.NE.l) HILK•O 
!T•ISTEP 
WLAMOA•AlN2/WHL 
TICK~( 1.0-EXP( -30, *WLAMOA) )/WLAMOA*(24. *3600. )*(0, 2/0. 75} 
lOCK•( 1.0-EXP( -60. *WlAMOA) )fWLAMOA*(24.*3600, )*(0. 2/2.0) 

c••--••••••••••••••••• ••••••••••••••••••••••••••••••••••**••••••••••••• 
C EXIT TO CONCENTRATION PRINT IFF JC(9)•1 
C*****•••••••••••••••• *******************************************•••••• 

JF(JC(9).EQ.I) GO TO 370 
CONTINUE 

C**"***********'*H**** .................... .,. • .,. .......................... . 
C PROCEED WITH JNOIVIOUAL RECEPTOR DOSE AND MPC CALCULATIONS 
c 

' 

!PAGE•! 
DO 360 IRA•l,IADO 
IR•IRA+ IRCV 
!RT~IRTYPE{ IRA) 
JF(JRT.lT.O) GO TO 360 
IF (JC(l). NE .J.ANO.!RT .GT .0) !RT•l 

oo 20 IX•l,7 
CARN{IX}•O.O 
JF(IX.GT.4) GO TO 20 
CAI(JX)•O.O 
ORI(IX)•O.O 
CGI{IX}=O.O 
CGRN( IX)•O.O 
00 10 IP•l,4 
CAIP( !P ,IX)•TPSZ{ I P ,IX ,IR} 
CAl (IX )•CAl (I X) •CA!P( JP, IX) 
OR! { IX}•OR I ( IX)+DEPVEL( IP)*CAIP( IP ,IX) 
CGI (I X) •CGI ( IX)•CGJP{ IP ,IX, IR} 

10 CONTINUE 
20 CONTINUE 

c••·~••****••••••••••• ........... ~ ................................... .. 

CONCENTRATION DATA IS NOW SUITABLE FOR 40CFR190 CALCULATIONS 
c••••••••••••••••••••• •••••••••••••••••••••••••••••••••••••••••**•••••• 

LAP• I 
GO TO 50 

c 
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UN I DOS 
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UN I DOS 
UN I DOS 
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UNIOOS 
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UNIOOS 
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UNIOOS 
UNIOOS 
uNinos 
UNIOOS 
UN I DOS 
UN! DOS 
UNIOOS 
UNIDOS 
UN !DOS 
UN !DOS 
UNIOOS 
UN !DOS 
UN I DOS 
UN !DOS 
UNIOOS 
UNIOOS 
UNIOOS 
UN !DOS 
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30 CONTINUE 
DO 40 !X•I,7 
CARN{ l X)•C!Sl.IM( IX, !R) 
!F(IX.GT.4) GO TO 40 
CGRN( IX)•CGXRN( IX ,IR) 

40 CONTINUE 
ORI{4)•0RI (4 )+(0.003)*C!Slfl(5, IR) 
LAP•2 

(Continued) 

c••*****************"* ................................................ .. 
C CONCENTRATIONS ARE NOW SUITABLE FOil TOTAL DOSE OR MPC CALCU-
C LATIONS 
c ..................................................................... . 

50 CONTINUE 
c••-•***"******"""*** ................................................. . 
C NOW f'fiOCEEO WITH DOSE CALCl1lATIONS {GO TO 80) IF IRTYPE IS 
C GREATR THAN ZERO (LAP•l FOR 40CFR190, LAP•2 FOil TOTAL DOSES) 
C IF IRTVPE•O PROCEED DIRECTLY WITH NPC CHECI(ING BY ROUTINE BELOW, 
C IF LAP•2. If LAP•! RETURN TO 30 TO PICK UP RADON CONTRIBUTIONS 
C********************* *** .. ******••*******•••••uuu•,..••••••••••••u• 

IF(IRT.NE.O) GO TO 80 
JF(LAP.EQ.l} GO TO 30 
FMPC(9)•0.0 
WL·O.O 
00 60 IX•l.3 
WL•WL•WLFACT( 1 X} *CAAN( IX+ I) 

60 CONTINUE 
FMPC( 1 }*CAl (I )/EMPC( I) 
FMPC(2}•CA! (I }/EMPC(2) 
FMPC(3)•CAI (2}/EMPC( 3) 
FMPC( 4)•CA! (3)/EMPC( 4) 
FMPC ( 5) •WL/EMPC ( 5} 
FMPC(6):(CAI ( 4 )+CARN(5) )/EMPC(6) 
FMPC(7)•(CAI (4)+CAAN(6) )/EMPC(7) 
FMPC(8}•(CAI (4)+CAAN( 7) }/EHPC(8) 
DO 70 IX•l,8 
CON( IX)•FMPC( IX)*EMPC( IX) 
FMPC(9)•FMPC(9)+FMPC (IX) 

70 CONTINUE 
!F(IPAGLNE.I) GO TO 75 
!PAGE·2 

c•--•••••************* •••••••••••••••••••••• .. ••••• .. ••• .............. . 

CALL HEADER 

C********•············ ......................................... u ••••••• 

PRINT 2000, !STEP, (TNA!oiE (I, !STEP), 1•1,5), TSTEP{ !STEP) 
GO TO 76 

75 !PAGE•! 
76 CONTINUE 

PRINT 2010, IRA, ( XNA!ol[ (I, IRA), !•1,5), (XRECEP( I, IRA), l•l ,3), 
l OIST{IRA),IRT 

PRINT 2020 
PRINT 2030 
PRINT 2040, (COH(JX),IX•l.8) 
PRINT 2050, (EMPC(IX},!X•I,8} 
PRINT 2060, (FMPC( IX), IX•l,8) 
PRINT 2070, FMPC(9) 

C MPC PRINT COMPLETED, EXIT TO LOOP ENO FOR NEW IRECEP 
GO TO 360 

(*"'****'"************** ................................................... . 
C OOSE CALCULATION ROUTINES FOLL()I; BELOW. !P•PARTICLE SIZL 
C !X•ISOTOPE, J·~GAN, K•AGE, l•PATffWAY, USUAlLY 
(*************** .. **•• ...................................................... . 
80 CONTINUE 

00 90 IJ•l,6 
00 90 IK•l,4 
00 90 IL•I, 7 
OJH ( IJ, lK, ll )•0.0 
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90 CONTINU[ 
C NOW CALCULATE INHALATION DOSES FROM PART!CULAHS 

L=I 
K=1 
DO 110 J=1,5 
DO 100 IX•1 ,4 
DO 100 IP•1,4 
DJKL(J ,K ,L )•DJKL(J, K ,L )+CAIP( I P ,!X}*DCFA( IP, IX,J) 

100 CONTINUE 
ABC•CARN( 5 )*DCF A[S, 5,J)+CARN[6)*0CFA( 5 ,6,J )+CARN(7)*0CFA(5, 7 ,J) 
DJKL(J .~ ,l ),DJKL[J ,K,L)+ABC 

IJO CONTINUE 
C NOW CAlCUlATE RADON DAUGHTER BRONCHIAL EPITHHIUM DOSE 

OJKL( 6, K ,L )=0. 625*CARN( I) 
C NOW ASSIGN INHALATION DOSES COHPUTEO FOR K•l TO OTHER AGES 

~0 120 J=1,6 
eo 1?0 IK=Z ,4 
DJKL (J, IK,l) ·OJKL (J ,K,L) 

120 CONTINUE 
C NOW COMPUTF EXTERNAL DOSES FROM GROUND AND CLOUD 

J=l 
DO 190 L•2,3 
ARC•O.O 
IF(L[Q.3) GO TO 1fi0 
00 130 !X•I,4 
ABC=ABC +CG I ( 1 X ) *DCFGP ( I X ) 

130 CONTINUE 
IF[LAP.EQ.l) GO TO 140 
ABC•ABC+CG I ( 3 ) • ( DCFGR ( 1 ) + OCF GR ( 2 ) +OCFGR ( 3) +DCFGR ( 4 ) ) 

140 CONTINUE 

''" c 

DO 150 IX=1.~ 

IXX=IX•l 
ABC•ABC+CGRN( I X) ·~CFGR( I XX) 
CONTINUE 
HAVE NOW COMPUTED WHOlE BODY DOSE FR~ GROUND 
GO TIJ 180 

UN !DOS 
UN !DOS 
UNIOOS 
UN I DOS 
UNIOOS 
UN !DOS 
UNIOOS 
UN !DOS 
UN !DOS 
UNIOOS 
UN !ODS 
UNIOOS 
UN !DOS 
UN!O{)S 
UN !DOS 
UN!OOS 
UN !DOS 
UN I DOS 
UNI!lOS 
UNIOOS 
UN !DOS 
UN !DOS 
UNIOOS 
UN !DOS 
UN !DOS 
UN I DOS 
UNI!lOS 
UN !DOS 
UNIOOS 
UN I DOS 
UN!O{)S 

UN !DOS 
UN !DOS 
UN I DOS 
UNJDOS 
UNI!lOS 

C UN!OOS 
160 00 170 lX•1,4 UNIOOS 

ABC=ABC+CA I (I X )•DCFCP( U) UN I DOS 
MC=ABC+CAPN( 1 q•OCFCR( I X) UNIOOS 

170 CONTINUE UNIOOS 
ABC•ABC+CARN( 5 )•rCFCR(5) UN!OOS 

C HAVE NOW COMPUTEr WHOLE BODY DOSE FR~ CLOUD UNIDOS 
180 CONTINUE UNIDOS 

DJKL(J.Y,l)=ABC*SHIELD UNIOOS 
190 CONTINUE UNJOOS 

C NOW ASSIGN COMPUTED EnERNAL WHOLE BODY DOSES TO ALL ORGANS, AGES UNIOOS 
DO 200 IJ=1 ,6 UN !DOS 
DO 200 IY-=1,4 UNIOOS 
DO 200 L=2,3 UNIOOS 

200 OJKl(IJ,IK,L)=OJKL(J,K,L) UN!DOS 
(******"-*'******'**** ••••• '******************** **•••••••••••••******** UN I DOS 
C NOW PROCHD TO CALCULAH FOOD INGESTION DOSES. FIRST STEP IS UNIDOS 
C TO ZERO OUT ACTING ARRAH ACT1NG[IX,IC,IK}• PCI/YR OF IX INGESTED UN!DOS 
C IN FOO~ IC BY AGE {K UNIDOS 
c•••••••••••••••u•••• ••••••••--••••••••••••••u•••••••••••u••******** UNIDOS 

c 

DO 210 IX•l,4 
DO 210 TC•1,3 
00 210 IK=1,4 

210 ACTINC(IX,IC,lK)•O.O 

00230 IV•l,5 
HX•T!CK 
!F(TV.Nf.4) TEX•TO(;K 
DO 220 IX-1,4 

220 CIV( I X, !V)=OR 1 (I X)•TEX*FREP( !X, TV}+CGI (I X}*BI V( I X, IV)/SRHO 
230 C IV( 4 ,IV)·C IV( 4, IV)+CGRN( 4 )*B!V( 4, IV) /SRHO 

8.38 
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UN !DOS 
UN !DOS 
UN !DOS 
UN !DOS 
UNIOOS 
UNWOS 
UNIOOS 
UNWO~ 

UN I DOS 
UN !DOS 



FIGURE B.0-1. 

00 2SQ JXoJ,4 
ABC•FFO!l !*CI V{ I~ ,4 )+FHAYI*C!V( !X,5) 
C IV( I X,6 )·ABC•QPFB 1 (IX) 
C IV( I X, 7)=ABC•~F*FMI (I X) 
DO 250 !K•l,4 
ACTlNG( IX, I, IK)=D. 
DO 240 IV=l,J 

(Continued) 

AOING( I X, 1, IK) =ACTING( l X,l, IK) +UOF ( IK, I )*FBVT( IK, IV) 
1 *C!V(JX,IV)*Rf(l) 
CONTINUE 
ACTING( I X ,2, IK) =UOF ( !K,2)*CIV( I X ,6)*RF( 2) 
ACTING( IX, 3, I K)•UOf( IK, 3)*CIV{ 1 X, 7)•RF (3) 
ACTING VALUES ARE COMPUTED, NOW CALCULATE DOSES 
00 260 L=4,6 
I C=L- 3 
DO 260 J=i,4 
DO 2W K=l,4 
DO 260 JX•l,4 
OJKL (J ,K,L)=OJKL(J ,K,L)+ACTJNG( lX,IC ,K)•OCFF( IX,J,K) 
NOW REORGANIZE ORGAN SEQUENCING FOR CONSISTENCY, AND ASSIGN 
WHOLE BODY DOSE TO LUNG AND BRONCHI 
DO ?70 L=4,6 
no 210 K=J,4 
DJKL ( 6 ,K,l) •DJKL( 1, K, L) 
DJU (S ,K ,L) =OJU ( 4,K ,L) 
DJKL( 4 ,K ,L )=OJKL( 3 ,K ,L) 
rJrL( J,K,l) =OJKL( 1 ,K,l) 
CONTINUE 

C ALL OOSES FOR ~LL OPOSURE PATffWAYS A~E NOW COMPUTED. TOTAL 
C DOSES OVER ALL PATHWAYS ARE COMPUTED BELOW 

DO ?80 J=l ,6 
DO 280 K=l,4 
DO ?80 L=l,6 
OJKL (J ,K, I) =DJKL (J ,K, 7)+DJKL (J ,K ,L) 

280 CONTINuE 
c••••••••••u••**•···· •••• d .......................................... . 

C OOSE PRINT ROUTINES FOLLOW BELOW 

~F{IRT.NE.JO) IRT•l 

INK =LAP+ JRT + I PAGE 
lf(INK.FQ.4.0R.!NK.EQ.5) GO TO 290 

c••••••••••**•*** .. *** ................................................ . 

c 

CALL HlAOER 

PP.!NT 2000, !T,(TNAME(J,lT),!=l,5),TSTEP(IT) 

CONTINUE 
IF(LAP.EQ.l) GO TO 300 
!F(IPAGE.EQ.IRT) NPAG£=2 
lf(IPAGLNE.JRT) NPAGE=l 
IPAGE=NPAGE 
CONTINUE 
IF(LAP.[Q.Z.ANO.iRT.EQ.l) GO TO 310 
PRINT 2010, IRA, (XNAME( !,IRA), 1•1 ,5) ,(XRECEP(I, IRA), 1=1,3), 

1 OIST(!RA),IRT 
(ONT!NUE 
!F(LAP.EQ.l) PRINT 2080 
lf{LAP.EQ.?) PRINT zoqo 
!F(lPT.[Q.lD) CO TO 330 
PRINT 2100, (TIS5UE(l),l=l,6) 

00 320 ~.-1 ,4 
PRINT 2120, AGF(K) ,PATH(7) ,(OJKL(J,K, 7) ,J=I ,6) 

320 CONTINUf 
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UN I DOS 
UNIOOS 
UN!DOS 
UN!OOS 
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UNIDOS 
UN I DOS 
UNIOOS 
UNJOOS 
UN I DOS 
UNIOOS 
UN!OOS 
UN!DOS 
UNJDOS 
UNIOOS 
UNlDOS 
UN!OOS 
UN!OOS 
UN!OOS 
UN!OOS 
UN I DOS 
UN !DOS 
UNIOOS 
UN I DOS 
UN !DOS 
UN I DOS 
UN !DOS 
UNIOOS 
UN !DOS 
UN !ODS 
UN!OOS 
UN I DOS 
UN I DOS 
UNIOOS 
UN!OOS 
UN !DOS 
UNIOOS 
UN! DOS 
UN !DOS 
UN !DO.~ 
UN !DOS 
UN !DOS 
UN !DOS 
UN !DOS 
UN I DOS 
UN !!lOS 
UN!OOS 
UN I DOS 
UN!POS 
UN!OOS 
UNIOOS 
UNJDOS 
UN !DOS 
UN I DOS 
UNIVOS 
UN JOGS 
IINIOOS 



FIGURE B.0-1. (Continued) 

GO TO 350 

' 

' 

' 

330 CONTINUE 
00 340 K=l,4 
PRINT 2100, (TISSU£(!),!•1,6) 
00 340 L=l.1 
IF(l.fQ.7) PRINT 2110 
PRINT 2120, AGE(K),PATH(l),(llJKL(J,K,L),J•l,6) 

340 CONTINUE 

350 CONTINUE 
JF(LAP.EQ.I) GO TO 30 

360 CONTINUE 
GO TO 460 

C***••••**•••••••••••• ****************..,.************************•.-•••• 
C UN!OOS CONCENTRATION PRINT ROUTINE ~OLLOWS BELOW. 

UNIOOS 
UN I DOS 
UN !DOS 
UN !DOS 
UN !DOS 
UN !DOS 
UN !DOS 
UNIOOS 
UN!OOS 
UN I DOS 
UN I DOS 
UN I DOS 
UN I DOS 
UNIOOS 
UN !DOS 
UN !DOS 
UNIOOS 

c•u•u•••••••••****** ************"******************"**********""***._* UN!DOS 
370 CONTINUE UN I DOS 

(********************* ********** .. ************************************* UNIDOS 

' 

' 

PROCEED WITH PRINT OF PARTICULATE-ONLY CONCENTRATION DATA 

LL•O 
00 420 !RA=l.IAOO 

IR=!RA+IRCV 
DO 380 !X•I,4 
CAI(IX)•O.O 
CGI(IX)•O.O 

380 CONTINUE 

JF(LL.l£.53.ANO.!RA.NE.l) GO TO 390 

C********************* ****************************************'********* 

CALL HfAOER 

C*************H-****** *'***"****"*************"****._,..,.,.,.,.,. .. ,.,. ......... ,. 

' 

PRINT 2000, IT,(TNAHE(I,IT),I•l,5),TSTEP(IT) 
PRINT 2130 
LL•9 

390 CONTINUE 
DO 410 IP•I,4 
PR !NT 2140, IRA, (X NAME( I, IRA). l•l ,5), IP, (TPSZ( !P, IX ,!R), IX•! ,4), 

l (CGIP{IP,IX,IR),I7=1,4) 
DO 400 IX•l,4 
CAl (IX )•CAl (IX)+ TPSI( !P, IX, !R) 
CCI ( l X )=CCI (I X)+CG!P( JP, IX, IR) 

400 CONTINUE 
410 CONTINUE 

PRINT 2150, (CAl(IX),IX•i,4),(CGl(U},JX•l,4) 
LL•Ll+6 

420 CONTINUE 

C PROCEED WITH PRINT Of RADON AND DAUGHTER CONCENTRATION DATA 
c•••••••••••···--••••• **••••••••••••••••••••••*******************"*"*** 

CALL HEADER 

C**********H********* ************H********"************************** 

' 
PRINT 2000, JT,(TNAHE(I,IT),J•l,S),TSHP(IT) 
PRINT 2160 

DO 450 JRA•l.IADO 
lR•IRA+lRCV 
WL=O.O 
DO 440 IX•l,3 
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IXXo:IX+l 
·l··l+CISUM(IXX,IR)*"LFACT(IX) 

440 CONTINUE 
PRINT 2170, IRA, (CISUM( I, IR) , 1•1, 7) ,.l, (CGXRN( I, IR), 1•1,4) 

450 CONTINUE 
C********************* ************************************************* 
C CONCENTRATION PRINT OPTION HAS BEEN EXECUTED# RETURN FOR DOSE 
C CALCULATIONS AND MPC CHECKING 
(********************* ************************************************* 

GO TO I 
(********************* ************************************************* 

460 CONTINUE 
RETURN 

UNIDOS 
UNIOOS 
UN I DOS 
UN I DOS 
UN I DOS 
UN !DDS 
UNIDOS 
UNIDOS 
UN I DOS 
UN I DOS 
UNIDOS 
UNIDOS 
UNIOOS 

(********************* ************************************************* UNIDOS 
2000 FORMAT{' ',28X,'TIME STEP NUMBER',I2,', ',5A4,10X,'DURATION IN YRS UNIDOS 

I !S ... ',F5.1) UNIOOS 
2010 FORMAT{lHO,'NUMBER ',I2,2X,'NAME=',5A4,2X,'X=',F6.l,'KM, Y=',F6.1, UNIDOS 

1 'KM, Z=',F6.l,'M, DIST=',F6.l,'KM, IRTYPE=',I2) UNIDOS 
2020 FORMAT('0',47X,'RESULTS OF MPC CHECK AT THIS LDCAT!ON',/,6X, UN!OOS 

I 119('-')) UN!OOS 
2030 FORMAT(6X,21X,'U-238 ',7X,'U-234 ',7X,'TH-230',7X,'RA-226',5X, UNIDOS 

I 'RN-222("l)' , 5X, 'PB-210', 7X, 'B I -210', 7X, 'P0-210', I, 6X,l19 ('-')) UN !ODS 
2040 FORMAT(' 0' , 5X, 'CONC., PC!/M3' ,2X,8(5X ,!PES. 2)) UN I ODS 
2050 FORMAT('0',5X,'MPC, PCI/M3',4X,8(5X,IPE8.2)) UN!OOS 
2060 FORMAT(IH0,5X,'FRACT!ON OF MPC',8(5X,IPE8.2),//,6X,l19('-')) UN!OOS 
2070 FORMAT(IH0,5X, 'SUM OF FRACTIONS EQUALS ',IPE8.2) UNIOOS 
2080 FORMAT(1H0,31X, '40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR UNIDOS 

I 'THIS LOCATION, MREM/YR',/13X,I06('-')) UNIOOS 
2090 FORMAT(IHO,/ /29X, 'TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR UN !ODS 

I 'THIS LOCATION, MREM/YR' ,/13X,I06( '-')) UN I ODS 
2100 FORMAT(IHO,l5X,'AGE',IOX,'PATHWAY ',6(6X,A8),Jl3X,l06('-')) UN!OOS 
2110 FORMAT(l3X,I06('-')) UN!OOS 
2120 FORMAT(IH ,13X,A8,6X,AB,6(6X,IPE8.2)) UNIOOS 
2130 FORMAT(1H0,41X,' INDIVIDUAL RECEPTOR PARTICULATE CONCENTRATIONS',/, UNIDOS 

1 40X,'AJRBORNE CONCENTRATIONS, PCI/M3' ,22X,'GROUND CONCENTRATIONS, UNIDOS 
2 PCI/M2' ,/,X.' NO.' ,9X,' NAME I ,8X. 'PTSZ' ,6X. I U-238' • 7X.' TH-230' • 7X. UNIDOS 
3 I RA-226 I • 7X. I PB-210' ,8X' 'U-238' • 7X,' TH-230' • 7X. 'RA-226' • 7X. UN I DOS 
4 'PB-210',/,X,'--- ',19('-'),' ----',3X,48('-'),4X,4B('-')) UNIDOS 

2140 FORMAT(IX,!2,2X,5A4,!3,B(4X,IPE9.3)) UN!OOS 
2150 FORMAT( 4X, 'CONCENTRATION TOTALS' ,4X,8(4X,lPE9.3) ,/,IX,'--- ', UNIOOS 

I 19('-'),' ----',3X,48('-'),4X,48('-')) UN!OOS 
2160 FORMAT(lH0,36X, 1 lNOIVIDUAl RECEPTOR RADON AND RADON DAUGHTER ', UNIDOS 

1 'CONCENTRATIONS',/ ,34X, 'AIRBORNE CONCENTRATIONS, PCI/M3' ,30X, UNIDOS 
2 'GROUND CONCENTRATIONS, PCI/M2',/,3X,'N0.',5X,'RN-222',4X, UNIDOS 
3 I P0-218 I ,4X. 'PB-214 I ,4X. 'BI-214 I. 4X, 'PB-210' ,4X, I BI-210 I. 4X, UNIOOS 
4 'P0-210' • 7X. 'WL •• 5X. 'P0-218 1 ,4X. ',PB-214' ,4X. 'B I -214' ,4X. 'PR-210 I • UNTOOS 
5 /,3X,'---',3X,79('-'),IX,39('-')) UNIOOS 

2170 FORMAT(3X,!2,3X,l2(1X,IPE9.3)) UN!OOS 
C********************* ************************************************* UNIOOS 

END UNIOOS 
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c 

c 

FIGURE B.0-1. (Continued) 

SIIRROUT!N£ >!RITER 

COMHON/COATA/QAJIJST( !0,2 ,20) ,OfPVH (4) ,CP¥(~,20) ,I STEP ,/RCV, IAOO, 
1 ALN2, TSTfP( In) ,Al F( 6} ,GFACT( 4, 10) ,GPF ACT( 4), TrACT( 4, !0) ,NST(P, 
2 TPFACT( 4) ,CG!P( 4, 4,240) ,CGXRtl( 4 ,24!1) ,JC( 10) ,XPFACT 

Cl)o!MON/OOATA/WUACT(J} .~CfA( 5, 7,5) ,OCfGP( 4) ,OCFCP( 4) ,OCFGR(S), 
I OCFCR( 5) ,OCFF {8,4 ,4) ,B IV( 4 ,5) ,FBI (4) ,FMI (!) ,nF ,SHJELn,RF ( 3), 
2 FREP(4, 5), T1 SSUf(6) ,PATH(8), SRHO,>IHL, TSTART, IF TODD( 10), 
3 TNAME(S,JO) 

COMHON/£DATA!HOPP ,fHAVP ,fPR ( 3) , !POP( 12,16) ,WINO~( 16) ,XPHr( 12}, 
l l PlOT ,FP.A!lON( 4), PAJUST( 10) ,POPE~(~.~. 10) ,PO~PEC( 6 ,B ,1!1), 
2 POTOT(6,8,10) 

COMMON/fOATA/XMMf( 5 ,41',) ,FFOP.I ,F HAY I, IRTYPE ( 48), XRECfP( 3 ,4A), 
I OIST(48),ll0f(4,3),FBVT(4,3) 

OIMENS ION PSZ( 5) ,PRHn( 5) ,AMO( 7) ,AGE ( 4) ,AMAS(R) ,AVEC(~) 

DATA PSZ/2*1.0,5.0,35.0,0.3/ 
~ATA PRH0/8.~.3*2.4,1.0/ 

DATA AM0/6HU-238 ,6HU-?34 ,MfTH-230,6HR~-226,6HPA-210,6HBI-2l0, 
l 6HP0-210/ 

DATA AG£/BHINFANT ,SHCHILO ,BHTEENAGE ,RHADULT I 
DATA AVEG/BHED.ASG. ,811PflTATO ,8HBH001 G.,RHFORAGE ,RHST. FEED! 
DATA AMAS/6HU-238 ,6HU-234 , 6HTH-234 ,6HTH-23~.~HPA-226 ,6HPB-210, 

I 6Hf!l-210,6HP0-2l0/ 

C** ************•• ***** •• •••••*" ************** ••**•• ••• •• .. ••••• •••••• • • 

c 

c 

IF(JC(6).NL1) GO TO 4r 
CALL HEMEP 

PRINT 1000 
oo 20 IP,1,5 
PRINT 1010, PSZ(IP),PRtlQ(lP),(AMO(l),I•I,7) 
00 20 IJ•1,5 
IF(IP.fQ.5) CO TO 10 
PRINT 1020, T!SSUl(IJ),(DCFA(IP,IX,IJ),lX•l,?) 
GO TO ?0 

10 PRINT 1030, TI~SUE(IJ),(rCFA(rP,H,IJ),IX•S,?) 
20 CONTINUE 

PRINT 1040 
PRINT 1050, (0Cff,P(I),I•l,4),(DCFGR(I),l=\,4) 
PRINT 1060, (OCFCP(I),l•1,4),(rCFCR(I),I•l,4) 
PRINT 1070, (WHIICT(I),I•l,3) c....................... . ..................................... ** ... ***•** 

c 

c 

c 

CALL HEADER 

PRINT 1080 
PRINT 1090, (AMAS(l),l•l.ll) 
DO 30 IK•l,4 
PRINT 1100 
D030IJ•l,4 
ILAB[L•IJ 
IF(JJ,GT.2) lLARFl•lJ+l 
PR 1 NT lliO,AGE( !Y), TISSUE ( ILABO ) , ( OCH (I X, IJ, IK) , IX•1 ,ll) 

30 CONTINUE 
40 CONTINltE 

C WE NOJI MANIPULAH OCFA ANO Offf FOR rAqEr IISF L~TFR, 

c 
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WR J TfR 
WRITER 
WRITER 
0/RlTfR 
WRITER 
WRITER 
WRITER 
0/R ITER 
WRITER 
WRITER 
0/RITER 
WRITER 
WRITEP 
WR l TEP 
WRIHR 
0/RIT[R 
WRIHR 
1/RIT[R 
0/RITER 
WRITER 
1/RITfR 
\IR l TER 
WRITER 
0/R ITER 
WRITER 
WRIHR 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
lo/RITER 
0/RITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRIHR 
WRIHP 
\IRI TER 
WR I T(R 
WRIH~ 

WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
0/RIHR 
WRITER 
WRITER 
1/Rl TER 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
1/RIHR 
\IR I TFR 
WRITER 
WR!HR 
WRIHR 
WRITER 
WRITFR 
WR I TFR 



00 50 !P=l ,4 
00 50 JJ<l,5 

FIGURE 8.0-l. (Continued) 

~CF M 1 P, I, JJ )=OCFA( l P ,I, JJ)+llCFA( l P ,2, IJ) 
OCFA( IP ,2, JJ)=OCFA( IP, 3 ,IJ) 
OCFA( l P ,3, IJ )-rJCFA( JP ,4, IJ) 
OCFA( lP ,4, IJ)•OCFA( IP, 5, IJ )+OCF A( IP .~. !J)+OCFA( I r, 7, IJ) 

DO 60 1K=l,4 
00 60 IJ=I ,4 
OCff( l,JJ ,IK)=OCH (l,JJ ,lK)•DCH ( 2, lJ ,Jr.) •OCFf (3,1J ,lr) 
~cFF (2, rJ, rn-ocff ( 4, IJ ,In 
OCFF( 3, IJ, Jq=DCH (5 ,IJ, !K) 

60 
c 

OCFf( 4, IJ, lK)=OCFF ( 6, IJ ,lK) +neff (7, IJ, tK)+OCfF (8, !J, I K) 

!F(JC(6).NE.l) RETURN 

PRINT 1120, N-IO(l),(Aio\O(J),l•3,5) 
00 70 !V=\,5 
PRINT 1130, AVEG(JV),(BJV(IX,IV),lX•l,4) 

PRINT 1140, (F~!(U).TX=l,4) 

PRINT 1150, (FMI(IX).IX•I,4) 
PRINT 1150, (FMJ(IX).!Xd,4) 
DO 80 IV• I ,5 

eo 
c 

PRINT 1160, AV£G(IV).(HEP(1X,IV),H=l,4) 

c 
'" 

PRINT 1170 
PR !NT llf\0, .I.HO( l), (~0( l) ,1=3, 5) ,AMO( l), (Ai-10( 1), I =3, 5) 
00 90 ITS•l,NSTEP 
PRJ NT 1190, ITS, (TNAME ( t, ITS), t •I, 5) ,PAJUST( ITS), (GFACT (I, t TS) ,1•1 

1,4), (TrACT( !,ITS), 9•1 ,4) 
CONTINUE 
PRINT 1200, ~PFA.CTY(GPFACT(l) ,I•\ ,4) ,(TPFACT( 1), I=\ ,4) 

RETURN 

!000 FORMAT(IH ,40X,' INHAlATION DOSE CONVERSION FACTORS, '1R/YR PfR ', 
1 'PCI/1'13',/) 

1010 FORMA.T(!HO, 4X, 'SIH=' ,F4.\, 'UM, RHO=' ,F3.1,4X,6(A.6,9X) ,A6,/5X, 
1 121 (.-.)) 

1020 FORMAT{l3X,A8,7(7X,1PE11.2)) 
1030 FORMAT( 13X,Ae ,4{ 15X) ,3( 7X, !PES. 2)) 
1040 FORMAT(1H0,43X,'EXTERNAL WHOLE 800Y OflSE COIIVHS!ON FACTflRS',/, 

1 32X, 'U-238 ',7X,' H-230' ,1X, 'RA-22f' ,7X,'P~-2lfl' ,7X, 'RN-?22' ,!X, 
2 'P0-2111', 7X, 'PE-214' , 7X,' B 1-214' .!?X, 12~( '. ')) 

\050 FOPMAT{2X,'GROliNO, MR/YR PER PCI/M2',11(5X,IPER.2)) 
1060 FORMAT(2X,'CLOUO, MR/YR PER PC!/M3 ',8(SX,1PfR.?)) 
1070 FORMAT(2X, 'WORKING LEVEL CONCENTRATION FACTORS, Wl PH PCI/M3', 

1 3(5X,8('.')),J(5X,1P£8.2)) 
1080 FORMAT(IH0,38~,'1NG[$T!Otl DOSE CONVFRSJON >ACTOP5. i"P. PER PC! 

I '1NGESTEO',j} 
1090 FORMAT( 4X,' AGE GROUP' ,4X, 'TISSUE' ,IX ,8(/X ,M)) 
1\00 f0f!Jo!AT(4X,125('·')) 
1110 FORMAT( 4X,A8,5X ,A8,8(5X,1Pf8. 2)) 
1\20 FORMAT( IH0,47X,' tNWIRONMENTA.L CONCENTRATION FACTORS',/, 17X, 

1 'CONCENTRATION fA.CTOR',9X,'FOOO TVP(',2X,4(7X,A6,2X),/,17X, 
2 98(.-' ) ) 

1130 FORMAT( !?X, 'B IV, OIMENSlONLESS' ,12X, M, 4( 7X, !PER. 2)) 
1140 FOf!MAT{I7X,'FBI, PCI/KG PER PCI/OAV',7X,'MEA.T',4X,4(7X,\PER.2)) 
1150 FORMAT(! !X, 'FMl, PC1/L PER PCJ/OAY' ,BX,'MILK' ,4X,4(7X,IPER.2)) 
1160 FORMA.T(l7X, 'fRACTION IN £0 PORTION' ,8X,Al\,4(7X,1PE8.?)) 
1170 FORMAT(JHO,SOX,'T!Mf STEP DEPENDENT VAR1A~LrS') 
1180 FORMA.T(9X, 'NO.' ,4X, 'TIME STEP NAME' ,5X,' PAJUST' ,?X,4(3X, '\,fACT' 

1 2X) ,4(3X,' TF ACT' ,2X) ,/ ,43X ,R(2X ,A6,n) ,fOX, 114(' ·' ) ) 
1190 FORMAT{9X, 12 ,2X ,SM,q( \X, IPEQ, J)) 
1200 FORMAT(//6X,' XPFACT•' , IP£9.3, 3X, 'f,PF ACT( 4 )•' ,4(1 PE9, 3, IX), 

1 2X,'TPFACT(4)•',4(1PE~.3,1X)) 

WRITER 
WRITER 
WRITER 
WPITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRITER 
WRIHR 
WRITEP 
WRITER 
WRITER 
WRITER 
WRITER 
WPJTER 
WRITER 
WRITER 
WRITER 
WRJTEP 
WRITER 
WRITER 
WRITH 
WRITEP, 
WRITER 
WRITER 
WRITER 
WRITE? 
WR!TfR 
WR!TEP 
WR!TfP 
WRITER 

WRITE~ 

W~\TER 
WRITER 
\/RITER 
WRITER 
WRITER 
WRITER 
WRIHR 
WRITEP 
jjRJTER 
WR!TEP. 
WRITEP. 
WRITER 
WRIHR 
WRIHR 
WRITER 
WRITER 
WRIHR 
WRITER 
WRITER 
WRITER 
WR!HR 
WRITER 
WRITER 
WRITER 
WRIHP 
WRITER 
WRITER 
WRITER 
WRITER 
WRJTFR 

(***-*******-"******** *******"***•••••••••••••••••••••••••***"*****"*•• WRITfR 
END 
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FIGURE 8.0-2. Block Data FRESH Listing 

RLOCr. DATA FRE511 fRE'ill 

(**** *** **' '** **'***** *' **' '*** *'' '** ''' **' *'' **' '' *****" *** *********** F R [)II 

c 

c 

c 

c 

LEVEL 2, II SORCE, NRECEP, TPSZ ,C !SliM, !PACT, rACT ,POEN ,DUST20,A(TRAT, FRESH 
I PTSZ20,R~Q,PXQRN, PTS? ,ONAMt FPf'ill 

C~MON/ADATA/PTSZFC( 4,3) ,FREQ( 16,5 ,6) ,SORCF ( !2 ,?0) ,OM,Hli'!(7), 
l VDEP( 4) ,G/o!A T(7, 7), VSET( 4) ,ACT!V( 7}, ZRECfr(24n) ,RECEPT( 2 ,?40), 
2 GOSCAL ,QSCALf ,OA(6) ,DB( 6) ,OC(6) ,UU( 5) ,liPS ,IIPE ,NPP, !FLAG ,JF LAG, 
3 /SORCI ,KSORCf, IWD, IWS, I STAB, IWSE, JWSB, IRECEP, !HART, JFRN, 
4 PINK(4,4),R!NK(7) 

COI'!Io\ON/BDATA/NSORCE ,NRECEP, TPSZ( 4 ,4,240) ,C JSIJ!>1(?, 240), !PACT( 20), 
I PACT(3,4) ,PDEN( 4) ,OUST20(6) ,ACTRAT ,PTSZ20,RXQ(?fl ,240,4), 
2 RXQRN(20,240,7) ,POSZ(4) ,QNAM£(5,20) 

CIJMMON/CDA TA/QAJUST( lO ,2 ,20) ,OEPVfL( 4) ,CPY( 5, ?0) , !STEP, JRCV, JAOO, 
I ALN2, TSHP(lO) ,ALF( 6) ,GFACT ( 4 ,lO) ,GPFACT( 4), TF ACT( 4,10) ,NSTEP, 
2 TPF ACT( 4) ,CGIP( 4,4,240) ,CGXRN( 4,240) ,JC( 10) ,XPfACT 

COMMON/ODATA/WLFACT( 3) ,DCf A(5, 7, 5) ,DCFGP( 4) ,OCFCP( 4),0CFGP (S), 
l OCFCR( 5) ,OCFF (1!,4,4) ,R IV( 4, 5), FR I ( 4) ,FM1 ( 4) ,nF .~H!ELr ,Rf ( 3), 
2 FREP( 4, 5), T1 SSI!f( li). PATH( I!) .~RIIO,WHL, TSTART ,IFTOOO( 10), 
3 TNAME(5,10) 

COMMON/EOATA/HORP ,FHAYP ,FPR(3), !POP( 12, If) ,WI NOP( 16), XRHO( 1?), 
1 1PTOT ,FRADOtl ( 4), PAJU'iT( 10) ,POPEG(6,8, !0), PDXRfC(fi ,ll, Jn), 
2 PDTOT(6,8,10) 

FRF<;H 
FRE'iH 
FRFSH 
FR()H 
fPESfl 
FPF)H 
FRESH 
FRE'iH 
FRESH 
FRESH 
FRESH 
FRESH 
FRE<;H 
FPESH 
FRESH 
FRESH 
FRE'iH 
FRESH 
FPE<;H 
FPESH 
FPE'iH 
FRESH 
FRESH 
FRES~ 

COMMON/FOATA/XMMEY5,41l) ,FFOR 1,FHAY 1, !RTYP£ ( 48), XRECEP( 3,48), FRESH 
1 O!ST(48),UOF(4,3),FBVT(4,3) FRESH 

COMMON/GDATA/METSFT( 4) ,R£G!ON(6) ,KPAGf, TODAV 
FRESH 
fRESH 

FRESH 
C fRESH IN!TJAUZES THf VALUES Or ITEMS JN CO!-IMON BLOaS A TfiRU G. F~ESII 

C fRESH 
CHhH**"**"**•uHO• *****H******•****uoH•uoHu•••***••••***'**** fqESH 

c 
c 
c 

c 
c 
c 

SET uP ADATA VALUFS FRtSH 
FRESe 

DATA PTSZFCf1.0,4•0.0,I.0,4*0.0,D.3,0.7/ FRtSH 
DATA FREQ/576*n/ fPfSH 
DATA SORC[/240*0/ FRESH 
DATA OM,GDSCAL ,QSCALE/1000., WOO. , 1. 0/ FRESH 
DATA Z~fCfP/240*0.0/ FPI SH 
DATA RECEPT/4~0*11.0/ fPESI! 
DATA 0A/0.2,Q.l?.,O.OR,0.06,0,03,0.016/ FRfSH 
OATA OB/0.0,0.0,2.E·4,1.5E-3,J.f·4,3.f-4/ FRESH 
DATA OC/l.O,J.0,-0.5,-0.5,-l.O,.l.O/ FRES~ 

DATA UU/.67056, ?.4587?, 4.47n41"', h,q(q!z, '!.61116, 12.517P/ FRESH 

SET IJP BOATA VALUES 

DATA NSORCE.NREctP/2*0/ 
DATA TPSZ/3840*0.0/ 
DATA CISUM/1680*0.0/ 
DATA PACT/12"0.0/ 
DATA POEN/1!,9,3*2.4/ 
DATA POEN/8.9,3*2.4/ 
DATA ACTRAT,PTSZC0/2.5,0.5/ 
DATA RXQ/19200*0.0/ 
OATA R~QRN/33600*0.0/ 
DATA PTSZ/1.D,l,0,5.0,35.0/ 

SET UP COATA VALIJ(2 

DATA Q~JUST/400*0.0/ 
DATA IRCV ,/ADO,NSTEP/3*0/ 
DATA TSTEP/10*5.0/ 
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FRESH 
FRESH 
FRES~ 

FRESH 
FRESH 
FREW 
FRESH 
FRESH 
FRtSH 
FRESH 
FRESH 
FRE'iH 
fRESH 
FRESfl 
fRfSH 
FRESH 
F?~<;H 

FRESH 
FR[)H 



c 
c 
c 

c 

c 

FIGURE B.0-2. 

DATA CGIP/3840*0.0/ 
OATA CGXRN/960*0.0/ 
DATA JC/10*0/ 

SET UP OOATA VALU£2 

DATA ( (OCFA( l,IX,J), IX=!, 7) ,J•l, 5)/ 

(Continued) 

l 9.82£00,1.12£01,1 .37£02, 3. 5f!E01,4.66EOO,O.OOEOO, 5. 95£-1, 
2 t.66E02, J.BIE02,4. 90E03 ,3.SSE02 ,1.45£02 .o.ooroo.z .43£00, 
3 ].Q7E03 ,l.21E03 ,2 .37t03 ,4,8RE03, 5. 69£02,0.00£00,3.13£02, 
4 O.OOEOO,O.OOE00,2.82E02 ,4. 47E-2 ,3.69EOl,O.OOEOO, S. 34£00, 
5 3. 78EO! ,4. 30£0!,1. 37£03,\.26£00,1. 21E02,0.00F.OO, 1. 79£01/ 

DATA ((OCFA(2,1X,J),IX•l,7),J•l,5)/ 
I 4. 32£00,4.92£00, ].66£02, 3.09£0! ,4.36EOO,O.OOE00,4. 71£-1, 
2 7. 92£01,7, 95EO!, 5, 95£03,3.09£02 ,I. 35£02 ,O.OOEOO,l. 92£00, 
3 I. S8E02, J, 80£02,3. 22£03,6.61£03,7. 72E02,0.00E00,4 .20£02, 
4 O.OOEOO ,O.OOE00,3.43£02 ,3.87£-2 ,3.4SE01,0.00£00,4.22EOO, 
S 1. 56E01, l.A9E01, 1.67E03, 1 .09EOO,l.l3E02 ,O.OOEOO, 1.42EOI/ 

DATA ( (OCF A(3, !X,J}, IX•l, 7) ,J•l, 5 }/ 
1 l.l6EOO, I, 32E00,1.01E02 ,4.00EOI,4.84E~O,O.OOEOO, 7 .JOE-l, 
2 1. 96£01,2 .14En1,3.60E03,4.00E02 ,1.50E02 ,0.00£00,2 .89£(10, 
3 1 .24E03 ,1.42£03, l. 38£03,2.84£03,3.30£02 ,O.OOEOO, 1.88£02, 
4 O.OOEOO,O.OOE00,2.07E02 ,4.971: ·2, J,f\3EOI,O.OOE00 ,6. 36EOO, 
5 4.47EOO, 5.10E00,1.00E03, 1.41£(10, 1. 25E02 ,0.00£00 ,2.13£01/ 

DATA ( (OCFA( 4, IX ,J}, lX•l, 7) ,J•1, S} I 
1 7. 92E- 1, 9.02£-1, 5. 77£0),3. 90£01 ,4.43EOO,O.OOE00, 7. 28E-1, 
2 1. 34E01 , 1. 46£01 , 2. 07E 03, 3. 90£02, 1. 38E02, o. OOEOO, 2. 91i£ro, 
3 3. 33E02, 3.80£02 ,3. 71£02' 7.64£02 ,8. 70E01 ,0.00£00, 5. 75£01' 
4 O.OOE00,0.00£00, I, 19£02 ,4.85E-2 ,3. 51 EOI ,0.00E(In,6. 52£00, 
5 3.05£00,3.47EOO ,5, 73E02 ,1. 3BEOO, 1.15E02 ,O.OOEOO ,2.19£01/ 

DATA ( (OCFA( 5 ,I X ,J) ,l X•1 ,4) ,J•1 ,5 )/20*0.0/ 
DATA ( (DCFA( 5, I X ,J) ,J•I, 5}, IX•5, 7)!7 .46,23?. ,62. 7 ,59.1, 193., 5*0.0, 

I J.29,5.24,266.,1J.5,3B.7{ 

DATA OCFGP/3. 70E-6 ,6.12[ • 7, 9.47£-7,2 .27E-6/ 
DATA 0CFGR/S.03E-8, I, 10£-8,3 .16E-5, 1.85£-4, 2. Z?E-6/ 
!lATA DCFCP/l. 23E-4, 3. 59E-6 ,4. 90£-5,1.43£-5/ 
DATA 0CFCR/2.83E-6 ,6.34£ • 7, 1.67£-3, l .16E- 2,1. 43£.5/ 
DATA OIL fACT fl. 03E-6 ,5.07E-6 ,3. 73£-6/ 

DATA OCH/ 
A3.33E-4 ,3.80£-4 ,2.00E-8,1.06E-4, !.07£-2 ,2 .31'.(-3 ,3.58f • 7, 7.41£-4, 
B4.47E-3,4.88E-3 ,6 .92E-7 ,3.80£·3, 9 .44E-2 ,5.28£-2 ,4.16£-6, 3. WE-3, 
CO.O ,0.0 ,3. 77£-8,1.90£-4,4.76£-5,1.42£.2,2 .fiBE-5, 5.93£-3, 
i!9. 28£-4, 1.06£-3, 1. 39£-7,9. l2f -4 ,B. llE-4,4. 33£-2,2. ORE-4 ,1.25£·2, 
E 1.94E·4 ,2. 21£-4,9.88£-9,9.91£-5, 9.87E-3 ,2 .09£·3, 1.69£-7,3.67£-4, 
F3. 27£-3,3. 57E-3 ,3.42£-7 ,3. SSE-3 .8. 76E ·2 ,4. 75f -?, 1. 97E-6, 1. 52E-3, 
GO.O ,0.0 ,I. 51 E-R, 1. 78£-4 ,J.I\4£-5, J, 22£-2, !.02£-5 ,2.43£-3, 
H5. 24E-4 ,5. 98£-4,8.01£-8,8. 67£.4, 4. f\8£-4, 3. 67E-2 .1. !SE-4, 7. 56E-3, 
16.49£-5,7.39£-5,3. JH-9 ,fi.OOE -5, 5. OOE-3, 7 .Olf .4 .5.66£·8, !. 23E-4, 
Jl ,09£-3, 1. !9E-3 ,I. 14E-7 ,2. 16E-3,4. 90E-2, !.8H ·2 ,6. 59£-7, 5.09E-4, 
KO, 0 ,0.0 ,6.68£-q ,1.23£-4,1\.13£-6,5. 44E-3 ,4. 51E .5, !.07£ -3, 
l2.50E-4 ,2 .85£-4,3 .8H-8,5.99f -4, 2. 32E-4 ,I. 72t·2, 5.48E-5, 3.6~E-3, 
M4. 54E-S.5.17E·5 ,2 .13£-9, S. 70£-5,4 .60E -3, 'i.44E-4, 3. 96£-8,8,59£-5, 
)17 .67£-4,8.36£-4 ,R.nJE-R, 2. 06E-3 ,4.60£-2, l. 53£-2,4, 61E-7 ,3. 56t .4, 
o n.o.o.o ,4. 71£-9,1. t7E-4, 5. 74E-6 ,4. 37E-3 ,3.18£-6, 7. 56£-4, 
Pl. 75E-4 ,I. 99E-4,2.67E-8 ,5.65£ ·4, 1. 63E-4 ,1.23E-:> ,3.83£-5 ,2. 52£-"!-/ 

DATA BIV/2 .SE-3 ,4. 2E-3, 1.4[ ·2 .~ .OE-3, 
I 2. 5£-3,4.2£-3, 3. Of -3 ,4.0E-3, 
2 2.5E-3,4.2E-3,1.4E-?,4.0E-3, 
3 2.Sf-3,4.2f-3,1.8E-2,2.1\E-2, 
4 2.5E-3,4.2E·3,8.2E-2,3.6E-2/ 

DATA Fa l/3.4E-4 ,2 .Ot -4, 5. IE -4,7,1£ .4/ 
DATA FM!/6.H-4, 5,0£-6,5. 9E·4, J, 2E-4/ 
DATA QF ,SHIELD ,SP.HO,WHL/50.0,0.825,240. ,14.0/ 
DATA RF/0.5,2•1.0/ 
DATA FREP/4•1.0,8•0.1,8•!.()/ 
~ATA T1SSUE/8HWH.f!OOY ,I'.H80NE ,RilAVG.LUNG,RHl!VER 
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FRESH 
FRE~H 

FRESH 
f'RESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
fRESH 
fRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
fRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
fRESH 
FRESH 
FRESH 
FRESH 
fRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRE~H 

FPE SH 
FRESH 
FRESH 
FRESH 
FRESH 
fRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 



c 
c 
c 

c 
c 

c 
c 
c 

FIGURE B.0-2. (Continued) 

l SHKIDNEY ,8HBRONCH! I 
DATA PATH18HINHAL. ,BHGROUND ,8HCLOUD 

l 8HMEAT ING,8HMILK ING,BHTOTALS 
DATA IFTODOI!O*DI 
DATA TNAME150*'TIME'I 

SET UP EOATA VALUES 

DATA FFORP,FHAYPI0.5,0.51 
DATA FPR13*D.OI 
DATA IPDP1!91*01 

,BHVEG. lNG., 
,BHRNPLUS501 

DATA WINDR14HN ,4HNNE ,4HNE ,4HENE ,4HE ,4HESE ,4HSE , 
I 4HSSE ,4HS ,4HSSW ,4HSW ,4HWSW ,4HW ,4HWNW ,4HNW ,4HNNW I 

DATA XRH0/1. 5, 2. 5, 3. 5,4. 5, 7. 5,15. , 25. , 35. ,45., 55. ,65., 75. I 
DATA FRADONI4*0.01 
DATA PAJUSTI!O*l.OI 
DATA PDREG1480*0.01 
DATA PDXREGI48D*D.OI 
DATA PDTDTI480*0.01 

SET UP FDATA VALUE1 
DATA XNAME1140*'XNAM'I 
DATA FFOR!,FHAYII1*0.51 
DATA !RTYPE14B*-II 
DATA XRECEP1!44*0.01 
DATA D!STI48*0.01 
DATA UDFI D.O, 47.8, 76.!,!05.3, 

I 0.0, 17.6, 44.8, 78.3, 
1 108.0,108.D,146.0,!30.01 

DATA FBVTI0.000,0.360,0.379,0.378, 
l D.OOD,0.567 ,0.554,0.573, 
1 0.000,0.073,D.D67 ,0.0491 

SET UP GDATA VALUE1 

DATA METSETI4*'AERO'I 
DATA REG!ONI6*'AREA'I 
DATA KPAGEIDI 

FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 
FRESH 

C********************* ************************************************* 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.l 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.Z. 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 sample 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.l-1. 

Table C.1-1 Sample Problem Title Information 

Sources Receptor Locations Time steps 

Yellowcake Stack Fence Boundry E After 2.25 years 
Ore Pad 

Grizzly Dump-Hopper Fence Boundary SSE After 4.25 years 

Ta i1 i ngs 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. In 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.l-1. The order of the dis­
cussion follows the order given in Section 4.2 for description of input 
parameters. 
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C.1.1 Job Control Parameters 

The control parameter arrays IFTODO, IRTYPE and JC are set as follows: 

• IFTODO = 0, 0, 0, 0, 1, 1, to cause calculation and printing of 
doses after the fifth and sixth time periods, 

• 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 locations (see Table C.l-1), 

• JC = 1, 0, 1, 0, 0, 1, 1, 0, 1, to select the following options: 

JC(l) - 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 location. 

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.l-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.l-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.l-5 (as input parameter FRADON). 
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~INDATA 
I FTOD0=4*0, 2*1 ,4*0, 
I~TvPE=Z*O, 1, 3*10, 
JC•l,O, 1 ,?*0,2*1 ,0, I ,0, 
FRADON= 0.86,0.05,0.04,0.04, 
!PACT •3*0, 1 ,2 ,3, 14*0, 
~SORCE •6, 
PACT • 11.4,17. 1,22. P ,271.0,4m .o .~42. 5 ,2?4 .4 ,427 .I, 570.0 ,?e4 -~ ,4?7 .I, 070. 0, 
QAJUST-

1. r.. 2*], 5,2*2 .0, 15*0.' 
1.0, 2*1. 'ioz ,2*2.004, o•o.o, 1.0, 2•1. 502 ,2*2.004502 ,2•2 .004, s•o.o, 1.0, 2•1. 502 ,2*? .no4, s·o. o, 
0.3,t.O,Il•o., 2*t.o,4•.om,4•o.o, 
o. o, z•o .1. 1. o, 6•o. , o.o,3•J.o ,2• .005,4•n. o, 
J*o. o,z•o. 3, s•o.o, J•o.o ,2•1.0 ,G. 004 ,4•o.o, 
28WO.O, 

SORCE= 
2•o. r, 20.0 .o. o,4. IWRt -2, z. 155M-3 ,2•~- 6225E-5 ,(). o, 11m, 1.0, 11 .n, 
2•0.40,6.0 ,0.16 ,4*4 .0~4f -?, 10R9. 74,1201, 3,0,0.0, 
2*0. 20 •• 0, 0. 0, 4*2. 602£-2,41.64, 1301 ,2 .0 ,0. 0, 

1.393 ,0. 975,-10.0 ,C.J43.~*1. 0,1281.5,2001 ,3.0 ,0.0, 
-t. Jo ,- .R44 ,-to.o ,o. 210,4*1 .r. 3f36.8o .roo2 ,3.o,r.o, 
I. 092,-0.975,-10. n, 0, R27, 4*1.0, 14863.23,2003,3. 0,0.0, 

FREQ~ 

o.oorot9 ,n.ooo24~ .o. oorw3,o.oon24r,o.oon171 ,r.oo~1o3 ,n .onro6?,r.rrr411, 
o. 000137 ,o. 000206,0.000240, o. ooo240, n. oan377, o.ooot71 ,o.oon206 ,o.OOOI03, 
0.000137,0.000274,0. 000206,0.f\00069,0.00f\137 ,0.0011206,0,000137,0.000617' 
o. oooo69, 11. 0002flli , o. 000069 , o. rno2 7 4 , o. ono~4 R, o. OOf\34~ , o. norooo, o. ooo2r~, 
6~·o. o.o.oooS54 ,o.ooosr7 ,o. 000374, n. oor421, o. ooo%o, o.ooo~r4 ,r. onN;~s ,o.ooo~s1, 
o.noogn .o.oo04IO,o.rooqs,r.oon445 ,o.no112r, ,O.f\0040? ,o.ono?rR ,r.ornM4, 

o.ooo959,o.ort233,o.oof'685 ,n.ooo~ 11 ,o.ool233 ,o.rm 165,0.~01302 ,o. nollfi5, 
(1.002124,0.00102~,0.001576,0.fl01310,0.001J70,0.000q50,0,00f'54P,0,00109~, 

0. 000685,0.000617,0. 0006R5 ,0.000411 ,0.0001il7 ,0.00020f,0,00f\54P ,0.000274, 
O.OQ0548,0.0006R5,f'.000R22,0.fl01096,0.0017R],O.f\0(1685,0.f\OP7S4,(),f\OOR??, 
48*0.0 ,f\.000186 ,0.000133,0.00011 5,0.000118,0. Dn0366, 0. 000!8h, 0. 000127,0.000011, 
0. 0002R2, 2•0. 0()0 186 , f\. 000292, 0. 00017 9, 0. 0002 73, 0. 000320 , 0. 0~002P , 
o.OOIJ959 ,r.oo131o,r.oro959 ,o. 00102R,O. 001781 ,o.eo~osg ,o.00\231,0. oDOR??, 
0.00!507 ,0.000959,0.000959,0.001713,0 .00239R ,0.001302 ,0.0007~4, n. OOf\6 \7. 
o.oo2535 ,o.ooteso ,o.001576 ,0.0017!3,r.oo2329,o.no1918,0.ool233 ,o. nooRn, 
o.ootz33 ,o.oo1987 ,o.o03699 ,o. 006439,0.004127 ,o .OM261.~.ooJ644 ,o. oo1 ~76, 
o.ooez74 ,o.ooo111 ,o.ooon7 ,o.oool37 ,o. ooo343 ,o. 000343,o.noon7 ,0.onoooo, 
0.000343,0.000'.159,0.00?055 ,0.001713 ,0.001918,0.000343,0.00(1411 ,0.0006R5. 
0.0,0.000069 ,6•0. 0,0.000137 ,0.()00069 ,2*0.00(1343 ,0.000411 ,().000206,12*0.0' 
().000069' 0.000!37 ,0.000069. 3*0 .000000. 
0.000792 ,0.00!053,0.0001\54 ,O.Of'0/41 ,o.ono5oe ,O.OOfl592 ,O.OOO'i4R ,O.Of'02F~, 
C.000548,0.000336,0.00041!,0.000530,0,0(){)6)9,0.0001\16,0.!l00430,0.00l00°, 
0.005412,0.0051\23,0.004453 ,0.003220,0.0f\4\ JO ,O.f'03Z20,0.0fl\91R ,0. 00130?, 
0.001918,0.001233,0.0020~5 ,0,003357 ,0.0033~7 ,0. 00230P.,0.00]439 .~.0045?1, 
0, 011440,0.014249,0.010207 ,O.OOR7MI,O,M9241\,0.004932 ,0.003m4 ,o.n0137fl, 
0.002124 ,0.00630? ,0.01411\0 ,O.f'21304 ,0. 0\7468,0.005412 ,O.Of>5206 ,0 .00500), 
0.01!097 ,0.014865.0.010275 ,0.006~01\ ,0.010001 ,O.OO'i4f\0,0.00i9R7 ,f\.00054R, 
0.003699, 0.0301lhi,0.0654?0,0.051993,0.01 qJI8,0.M'<4~3 ,0.005P~1 ,O,Of\4f\4?, 
0.002809 ,0.003761l,0.0017!3 ,0.000617 ,O.~On61 ,O.~OOM? ,O.OOf\411 ,f>.Of\0137, 
0.f\Ol7R!,0.026716,0.050015 ,0.07?1?6 ,fl.00924R,0.0~4042 ,O.flfl239!l,0.00102P, 
o. OOI02R, o. 00\02A ,o. 000274 ,o.oonnoo,o.oon131 ,n.oooo,;g ,n.oooonn,o.oorooo, 
o.oor~ 11 ,0.014 797 ,r.0?246Q ,o. OOQ7?7 ,o. no~?06 ,o.001i~~.~.ron411 ,o.noo141, 
0.003723 ,o.oot66fi,0.001431 ,o. 001104 ,O.OOI60il ,0.001124 ,o.noo~J5,r.ooosP.J., 
0. 001221,0, 00]124, 0. 001441l,0.00?996 ,0.005746,0.002fiOI ,f'.0020?3,0.fl0?G06, 
f>.01109!l,0.008914,0,0{lh439,0.0054R0,0.006234,0.001<,63.0.''030P.3,0.00191Q, 
0.003014 ,IJ.OOJI ~2 ,0.005215 ,0. 012741 ,0. 020140,0. 0091!65,0.0M042 .0.009933, 
0. 003425, 0. 003014, 0. 002R09, 0. 00?~ 7 7 , 0. Of\4042, 0. 00301\3 , 0. 00 II h'>, f\. 0004RO, 
0.000548,0,00404( ,0.0101\92 ,0.02R223,0, 0\ Q044,0.00404? ,0,0024~~ ,0. 00261'3, 

144*0.0, 
OM=Il50.0, 
FFOR!=0.5fl,FHAY1•0.00,f"FOPP~0.50,FfiAYP•O.SO, 

FPR· 320.11,1400.0,230.0, 
!POP• 
2•o, 1. 5 ,o ,15 ,2•o ,4 ,R,I4 ,4oo, 
?*o ,2, 3 ,n ,14 ,o,4o,Z7, Jo. Joo, ?5o, 

FIGURE C.l-1 Sample Problem One Input Listing 
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FIGURE C.l-1. (Continued) 

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*0,1,3,3*0,4,2,3*0, 
2*0,1,2*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*0,2*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•1.039,1.059,1.081,1.129,1.189,1.115,4*0.0, 
IA00•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•2.25,1.0,2.25,5.0,8.0,5.0,4*0.0, 
TSTART• 1980.0 
$ENO 

SIERRA MADRE Mill CASPER WYOMING 
YEllOWCAKE STACK 
ORE PAO 
GRIZZLY OUMP-HOPPER 
TAILINGS AREA 1 
TAILINGS ARE~ 2 
TAILINGS AREA 3 
FENCE BOUNDARY E 
FENCE BOUNDARY SSE 
GRAZING E 
GRAZING ESE 
NEAREST RESIDENT [NNW] 
NEAREST RES IN PRE. WINOR. 
AFTER 2.25 YEARS 
AFTER 4.15 YEARS 
AFTER 6.5 YEARS 
AFTER 11.5 YEARS 
AFTER 19.5 YEARS 
AFTER 24.5 YEARS 

C.4 



TABLE C.l-2. Source Description Parameters 

Source 
Ye 1 1 owcake Grizzly Variable 

Parameter Stack Ore Pad Oum~er 1 2 3 Name 

Location: 
East-West (km) 0.0 0.4E 0.2E 1. 39E 0.30W 1.09E SORCE(l, i) 
North-South(km) o.o 0.4N 0.4N 0.98N 0.84S 0.98S SORCE{2, i) 
Elevation {m) 20.0 6.0 0.0 -10.0 -10. -10.0 SORCE(3, i) 

Area {km2) -- 0.16 0.0 0.143 0.270 0.827 SORCE{4, i) 
n 

~ Particle Size Set 1 3 2 3 3 3 SORCE( 11, i) 

Release Rates(Ci/yr): 

23Bu 4.14 x w-2 4.os x w-2 2.60 X 1Q-2 5.67 X lQ-3 1.61 x w-2 6.56 x w-2 SORCE(5, i) 
23Drh 2.16 x w-3 4.08 x w-2 2.6o x w-2 1.35 x w-1 3.82 x w-1 1.56 X 100 SORCE(6, i) 
226Ra 8.62 x w-5 4.08 x w-2 2.6o x w-2 1.41 X lQ-1 4.01 x w-1 1.64 X 100 SORCE{?, i) 
210pb 8.62 x w-s 4.08 x w-2 2.60 X lQ-2 1.41 x w-1 4.01 x w-1 1.64 x 100 SORCE(B, i) 
222Rn 0.0 1. 09 X 1Q3 4.16 X 1Ql 1.28 X 103 3.64 X 1Q3 1.49 X 104 SORCE(9, i) 

Stack Data: 
Velocity (m/sec) 17.0 0.0 0.0 0.0 0.0 0.0 SORCE(l2,i) 
Diameter (m) 1.0 0.0 0.0 0.0 0.0 0.0 SORCE(12,i) 

Tailings Activi·ty 
M1x Set 0 0 0 1 2 3 !PACT( i) 



Table c.l-3 Sample Problem Release Adjustment Factors 

Particulate Release Factors 
Time Step 

Source 1 2 3 4 5 
!-Yellowcake Stack 1.0 1.5 1.5 2.0 2.0 
2-0re Pad !.0 !. 502 1.502 2.004 2.004 
3-Grizzly Dump-Hopper 1.0 1.502 !. 502 2.004 2.004 
4-Tailings Area 1 0.3 1.0 0.0 0.0 0.0 
5-Tailings Area 2 0.0 0.3 0.3 1.0 0.0 
6-Tailings Area 3 0.0 o.o 0.0 0.3 0.3 

Radon Release Factors 
Time Step 

1 2 3 4 5 
!-Yellowcake Stack 0.0 0.0 0.0 0.0 0.0 
2-0re Pad 1.0 1.502 1.502 2.004 2.004 
3-Grizzly Dump-Hopper 1.0 1.502 1.502 2.004 2.004 
4-Tailings Area 1 
5-Tailings Area 2 
6-Tailings Area 3 

Set Number 

2 
3 

1.0 1.0 0.007 0.007 0.007 
0.0 1.0 1.0 1.0 0.005 
0.0 0.0 0.0 1.0 1.0 

Table C.l-4 Tailing Mix Activities 

.T~a~i~l1~·n~g~s~Ac~tyi~v~i~t7.ie~s~,~pC~1~·/~g 
Uranfum Thorium 
11.4 27]. 
17. l 407. 
22.8 543. 

Radium 
284. 
427. 
570. 

6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

6 
0.0 
0.0 
0.0 
0.007 
0.005 
0.004 

Lead 
284. 
427. 
570. 

Table C.l-5 Radon Release Fractions for Continental Doses 

Representative Site 
Casper~ Wyoming 
Falls City, Texas 
Grants, New Mexico 
Wellpinit, Washington 

C.l.3 Meteorological Parameters 

Equivalent Release 
0.86 
0.06 
0.04 
0.04 

Fraction 

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.l-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.l-1). The regional food production rates 
(kg/yr per km2) 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.l-6 Sample Problem Animal Feed Requirements 

Feed ~e 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.l.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 U.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 listed in 
Table C.l-7 and were calculated from data given in Table 4.2-8. 

Table C.l-7 Sample Problem Population Growth Factors 

Time Step 
!-After 2.25 Years 
2-After 4.25 Years 
3-After 6.5 Years 
4-After 11.5 Years 
5-After 19.5 Years 
6-After 24.5 Years 

C.l 

Population factor 
1.039 
1.059 
1.081 
1.129 
1.189 
1.215 



C.1.6 Individual Receptor Location Parameters 

The location of the six individual receptors is given through the input 
array XRECEP. Table C.l-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-South ( 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.l-1 are described through input array 
TSTEP. Values given are the duration of each time step in years as 
indicated in Table C.l-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 
!-After 2.25 Years 
2-After 4.25 Years 
3-After 6.5 Years 
4-After 11.5 Years 
5-After 19.5 Years 
6-After 24.5 Years 

C.2 Sample Problem One Output 

Duration, Years 
2.25 
2.0 
2.25 
5.0 
8.0 
5.0 

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-l. A listing of selected portions of the output is given in 
Figure C.2-l. 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 g1v1ng 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 (item 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 v a 1 ues are genera ted 
internal to the program from the fractional (decimal) values provided 
by the used in the input array FREQ ( L FREO=l.OO). The total frac­
tional frequency 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. Other input parameters are given 
by name (item 14). 

Table C.2-1 Sample Problem One Output Reports 

Page 
Number Description of Report 

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 
8* Same as page 7 for timestep 1 and direction ENE 
9* 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 E 
16* Same as page 7 for timestep 2 and direction S 
17* Same as page 7 for timestep 2 and direction W 

C.9 



Table C.2-l 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 S 
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 
46* Same as page 7 for timestep 6 and direction E 
47* Same as page 7 for timestep 6 and direction S 
48* Same as page 7 for timestep 6 and direction W 
49* Same as page 12 for timestep 6 
50* Same as page 35 for timestep 6 
51* 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 
55* 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 
58* 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 list­
ing of Figure C.2-l. 
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FIGURE C.2-1. Sample Problem One Output Listing 

REGJm.;~s!ERRA MADRE Mill fi\ 
METSET~CASPER ~YOM IN~ ~ 
f'.:UMBER OF SOURCES• 6 \.!:..) 

KM KM M KM? 
NC'. X Y l AREA LJ-230 TH-230 

(]) CODE•MJUlOS,REVO (7 '79) 

CI/YEAP 
RA-?26 P~-210 RN-?22 lQ 

PSJ?t 
SfT 

OAH= ?n7/Pl 
G) PAGC ><G. tD 

M7/SFC SOIIRCE NAMEG) EXIT VEL , 

1 0.00 o.no 2(1.0[1 .000(1 4.14f_-02 2.16[-03 8.6?F-05 8.62F-f1S r. 1101 I 1.70[+1"11 YELUJWC!W[ SHICK 
2 .40 .40 6.00 .16('0 4.NlE-fl2 4.08£-02 4.08[-[12 4.08[-0? 1.09£+03 1201 3 n. OP.E PAO 
3 .zn .20 0.00 .rroo 2.60[-0? z.ooE-r? 2.60E-02 ?.60E-fl2 ~.l!'f+Ol 1701 ? n. GPI?Zl Y rUMP-1-iOPPFR 
A 1. 39 .98 -10.00 .143() 5.67[-03 ].35£-01 1.41F-Ol 1.41E-l1l 1. 28F +03 ?0[1] 3 n. TAILINGS ARE!I 
5 -1. 30 -.84 -10. (11] . 2700 ].61[-02 3.82E-Ol 4.r>1E-Ol 4.01£-01 3.fi~f+03 ;>On:? 3 n • T!'IILINGS AREA 
6 

SOURCE 
NUMBER 

1.1'9 -.9R -10.00 • 82 7[1 6.~6£-02 1.56E+OO ].ii-1[ +00 I.li4E +00 ].dQ[+04 ?003 3 n. TA!Llr.1r,<; fiP[I\ 

INPUT Tfi!LS ACTIVITIES, PCI/G PARTICLE SiltS fl~l(l FPI\CT!ONfiL DISTR!BIJTJO~' 

SLT URANIUM THORIUM RAOILIM LEAO SFT l.P 1.0 s.r 35.[1 PflFr-.' 

------------------------------------------ ------------------------------------------

®i l.l4E +01 2.7lE+02 2.?4E+02 2 .P4E +02 

® 
1 ],(10(1 f'.N1J'1 0.0(1(1 c.ooo 8,<10(1 

1. 71E+Ol d,(ll£+02 A.27E+J'1? 4.27f+02 ' o. ron 1,0(10 r.ooo o.orr 2,400 
3 2.28E+Ol 5.43F+02 5.70[+0? 5, 70E+02 3 o.ono o. nor ,3[10 • 700 ? .400 

PARTICULfiT£ SOUrCE STRENGTK ~ULTIPLlEP.S BY TIME STEP, 1i TIME STfP(S) USED FOR Tli!S RUN. 
TSTEP 1 
2.25YRS 

TSTEP 2 TSTEP 3 TSTEP 4 TSTf.P 5 TSTEP 6 
2.(lC1YRS 2.?~YRS 5.00YRS f\,(lf1YP.S 5.C1flYRS 

TSTEP 7 TSTEP 8 
O.('II"IYPS O.Of1YRS 

TSTEP 9 
O.flflYRS 

TSHPlO 
0.0flYRS 

-----------------------------------------------------------------------------------------------------------------------------
J.f'(lf'E+OO 1. 50f'E+(lf1 l.SOOE+flO ?.0(10[+00 ?.OOOF+OO o. 0. 

2 I.OODE+OO l.5f'2E•OO l.5f1?E•i'li'1 ?.004[+00 2.004F+00 0. r. 

@; 1. onoE +Or 1.502£+00 l. 5f'2£ +0[1 2.(1(14£+0[1 2.004£+[1(1 r. n. 
3.000£-01 l.f100f_ +[10 r. c. n. 0. o. 

5 c. 3.DQOE-0l 3.f10r>[.[ll 1. [1('(1[ +00 n. n. n. 
6 o. o. c. 3.()00£-01 3.0(10£-fll 0. n. 

RADON SOURCL STPENGTH r-'IJLT)PLJEP~ PY TIME STEP, f Tll-1£ STEP(S) USED FOP T."IS !fUN 
SGURCE TSHP l TSHP 2 TSTFP 3 TSHP 4 TSTFP 5 TSTEP ~ TSTFP 7 
f'li..,EER ?.25YRS 2.00YPS 2.25YPS 5.00YRS R.OClYRS 'i.f'C1YPS O.N•YPS 

1 0. 0. o. c. 0. r. o. 
2 1.000£+00 1. 5f12E •00 t.5n2E+fln ?.004E+f1f1 2.004E+n0 n. 0. 

@~ l. (100[ +00 l.502E+OO 1. 5('2E +00 ;>.004£+(10 2.004[+(1(' o. n. 
l. OOOE +0(1 ]. 000£ +00 7.0()0[-()3 7.000[-03 7.fl00f-03 7 .rnoE-03 n. 

5 o. l.OOOE+OO 1.000£+00 l.OOOE•OO 5.000[-03 5.flf10E-03 n. 
6 r. o. n. l.(l(lOE+I'l(l 1. OOOE +00 4.01'll'lF-0~ 0. 

r. 
n. 
o. 
o. 
0. 
0. 

0. 5: ·:: KL 
T~TEP R 
o.orvRs 

c. 
0. 
n. 
o. 
r. 
n. 

n. 
n. 
0. 
n. 
0. 
0. 

TSTfP o 
O,J'1flYPS 

0. 
n. 
0. 
o. 
o. 
n. 

r. 
n. 
n. 
0. 
r. 
r. 

TSTfPJ(1 
O.J'10VR~ 

0. 
0. 
r. 
o. 
n. 
n. 

I 
2 
3 



REGION•SIERRA MADRE MILL 
METSET•CASPER WYOMING 

JOINT FREQUENCY IN PERCENT, 
MPH N NNE NE ENE 

STASILITY CLASS I 

FIGURE C.2-l. (Continued) 

OJPECTJON INOICAHS WHERE 
[ ESE SE SSE 

COOE•MIL~OS .~EVO { 1/19) ® 
0/!NO IS FPOI'! FREf'lWS= .r5734, .211'173, 

S SSW SW W~\1 W 

DATE• 7/17/rl 
PAGE NO. 2 

.28176, .?6134, .13153, 
WNW NW NNW 

].5 .0069 .0240 .0103 .0240 .0171 .0103 .0069 .0411 .0137 .0206 .1"'24() .0240 .1'1377 .0171 .0206 ,Q\03 
5.5 .0137 .0274 .0206 .0069 .0137 .0206 .0137 .0617 .(1069 .02()~ .0069 ,f1274 .0548 .0343 o.oooo .0206 

to.o o.oooo o.oooo o.oooo o.oooo o.oooo o,onoo o.nooo o.oooo o.oono n.onoo o.noo!l o.noon o.oooo n.onoo o.oooo o.oonn 
15.5 o.oooo o.oooo o.oooo o.oooo o.onoo o.nooo n.oooo o.oooo n.oooo n.nnon n.noor o.nnon o.nooo o.oroo o.onoo o.oooo 
21.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.oorw o.oooo o.oooo o.oooo o.oooo o.oono o.oooo o.nooo o.oooo o.onoo o.oooo 
2s.o o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.nooo o.oooo o.oooo o.nono o.oooo p,oooo o.oooo o.oooo o.m100 o.oooo 
ALL .0206 .0514 .0309 .0309 .0308 .0309 .0206 .1028 .0206 .0412 .0309 ,051~ ,{1925 ,0514 .0206 .0309 

STABILITY CLASS 2 
1-5 .os54 .o5o7 .0374 .0421 .0960 .0424 .0665 .0651 .0977 .0410 .061e .n44s .1126 .0402 .0202 .0644 
5.5 .0959 .1233 .0685 .0411 .1233 .1165 .1302 .1165 .2124 .1028 .1576 ,J:17n .1370 .0959 .054R .1096 

10.0 .0685 .0617 .0685 .0411 .0617 .0206 .0548 .M74 .05411 .06115 .01122 ,)Oq~ .1781 .0685 .0754 .0?22 
15.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.ooon o.oooo o.oooo o.oooo o.oooo o.oooo o.onoo o.oooo o.oooo o.oooo o.oDoo 
21.5 o.oooo o.oooo o.oooo o.oooo o.onDn n.oo11o n.oooo o.oooo o.onoo o.oooo o.ooor n.ono11 o.oroo o.oooo o.oooo o.oooo 
28-0 o.oooo o.oooo o.oooo o.oooo n.oooo o.oooo o.ooon o.oono o.rooo o.nroo o.onor n.onon o.oooo n.oooo o.oooo o.onoo 
ALL .2198 .2357 .1744 .1243 .2810 .1795 .2515 .2090 .3649 .2123 .3016 .2o11 ,4277 .2046 .151(1 .2562 

STABILITY CLASS 3 

'·' .0186 .0133 .OilS .0118 .[1366 .01116 .{1127 .0037 .028{ ,01R6 .0186 • n?92 .0179 .0273 .r3?n .0028 
;. ; .0959 .1370 .0959 .1028 .1781 .0959 .1233 .0822 .1507 .M5~ ,OQ59 .1713 ,2398 .1302 .0754 ,0617 

10-0 . 2535 .1850 .1576 . 1713 .2329 ,lqlll .1233 .o8n .1233 .1987 .3~~~ ,643G ,4727 .2261 .1644 .l57fi 
15.5 .0274 .0137 .0137 .0137 .0343 .0343 .0137 o.oooo .[1343 .0959 . ?055 .1713 .1918 .0343 .0411 ,0685 
21.5 o.oooo .0069 o.oooo o.oooo 0.0000 0.0000 0.0000 fl.00(){1 .0137 .00fi9 .0343 .0343 .0411 .0206 o.ooon o.oroo 
28.0 o.oooo o.oooo o.oooo o.oooo n.oooo o.oooo o.oooo o.onoo o.oooo o.oono .0060 .0137 .oo69 o.nooo o.ooon o.ooro 
Ace . 3954 . 3559 .2787 .2996 .4819 .3406 .2730 .J6fll . 3502 .4160 . 7311 1.11637 ,9702 .4385 . 3129 .290~ 

STABILITY CLASS 4 
'.; .0792 .1053 .0854 .0741 .0598 .0592 .0548 .02611 .0548 • 0336 .0411 .0530 .0679 .0~16 ,043(1 .IOOQ 
;.; .5412 .5823 .4453 .3220 .4110 .3220 .1918 .1302 .1918 -1233 .2055 .3357 . 3357 . 2398 .1439 .45?1 

10.0 1.1440 1.4249 1.0207 .~76A .9248 .4932 .3014 .1370 .2124 .6302 1.4tsr 2.1304 1. 746~ ,5412 .520fi .5001 
15.5 1.1097 1.4865 1.0275 .6508 1.0001 .5480 .19fl7 .0548 . 3699 3.01126 6.5420 5-1903 1.9318 ,9453 . 5891 .4r4z 
21.5 .2809 .3768 .1713 .0617 .2261 .0822 .0411 .0137 .1781 2.671~ 5.0075 2.2126 .n4a ,4042 .2398 .1028 
28.0 .1028 .1028 .0274 c.oono .0137 .01169 0.0000 0.0000 .0411 1.47~7 ?.24~0 ,0727 . 5206 .1!65 .0411 .0343 
Ael 3.2578 4.0786 2.7776 1.9854 2.6355 1.5115 • 7878 .3625 1.0481 8.021015.461010.903 7 5.5276 2.3286 1.5775 1.5944 

. 05734 
IOlAL~ 

.3086 
. 3498 

0.0000 
o.oooo 
0.0000 
n.oooo 

.6584 

.931!6 
1.11n4 
1.1236 
0.0000 
o.oonn 
0.0000 
3-ll846 

.3014 
1.9320 
3. 7542 

.9935 

.1578 
.fl275 

7.1664 

1.0205 
4.9736 

14.0225 
25.1403 
!2.~952 
5. 7065 

63.P586 
----------------------------- ------------------------------------------ -------- --------·----------------------------------------
STABILITY CLASS 5 
1.5 .3723 .1668 .1431 .1104 .1608 .ll24 .0635 .05113 .1221 .11?4 .144ft .29q~ ,5746 .2601 ,2023 .2606 
5.5 1.1098 .8974 .6439 .5480 .6234 .3563 .3083 .1919 .3014 .3152 .~?15 1.?141 2.0140 .9A6S .9042 .9933 

IQ.O .3425 .3014 .2809 .2877 .4042 .:101!3 .1165 .0480 .0548 .4042 1.!180? 2.R22J j.9!l44 .4r42 .2466 .26!13 
1s.s o.oooo o.oooo o.oono o.oono P.oonn o.oooo n.oooo o.oono P.nooo o.nnon o.rwon o.nr11n o.nono n.onoo n.nnor n.onoo 
21.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.ooon o.oooo o.oooo o.oooo n.oooo n.oof'o n.oono n.oooo n.onoo o.ooon o.oroo 
2a.o o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oono o.oooo n.ooor o.onno o.oonr o.oooo o.nooo o.nooo o.ooon o.noon 
All !.8246 1.3656 1.0679 .9461 !.18114 .7770 ,4883 .2982 .471!3 .831~ J.7fil5 4.1°fil1 4.4930 1.6514 1.3531 1.~142 

3.164 7 
Jl, ~952 
9.?755 
o.noon 
n.oooo 
n.oono 

24.4354 
----------------------------- ------ ----- --------------------------------------------------------------------------------------

STABILITY CLASS 6 
J.s o.oooo o.oooo o.oooo o.oooo o.oooo n.oooo o.oooo o.oooo o.oooo o.o11oo n.onnn r.nonr n.rooo o.oooo o.nnoo o.oooo 
5.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo n.oooo o.nonn n.onno n.[l()O!l o.ooon o.oroo o.nooo 

10.0 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.ooon o.onoo o.noor n.nnoo o.nooo o.ool1il n.oooo o.oooo 
15.5 o.oooo o.oooo o.oooo o.oooo o.onoo o.oooo o.oooo o.oooo n.oooo n.oooo n.Mnn o.nnnn o.onoo o.f'tOoo o.oooo o.oooo 
21.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oono o.oooo o.oo()(l o.onon o.ooon n.oooo o.oooo o.oooo o.onoo 
28.0 o.oooo o.oooo o.oooo o.oooo o.onoo O.l1iloo o.oooo o.nnoo o.oooo ~.onoo n.oono o.nooo o.onoo o.Qoon n.noon o.oooP 
illO.-O._O_L_L_L-0.-L-0.-0-L_O_L_L_O_L_ 

o.oono 
o.nooo 
n.onoo 
o.rono 
o.oooo 
0.0000 
n.noon 

ALL 5.7!82 6.01172 4.3?95 3.3863 4.6176 ? .• ~395 l.B212 !.1406 2.2621 q,~2231A.?R~ll~.I059l!.5110 ~.~145 3.4151 3.fiRfi:1 100.0034 
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REGION=SIERRA MADRE MILL 
METSET-CASPER WYOMING 

FIGURE C.2-1. (Continued) 

COOE=MlLPOS,RfVO (7/70) 

@ 
DATE- ?/17/PI 
PAGE NO. 3 

--------------------------------INDIVIDUAL RECEPTOR LOCATION ~ATA, fi L0CATJONS INPUT 
LOCATION NAMES 

TRIS RUN---------------------------------
I LOCATION NAMES X(KM) Y(KM) Z(M) OIST(KM) TYPE X{KM) Y{KM) Z(M) OIST(KM) TYPE 

1 FENCE BOUNDARY E 
2 FENCE BOUNDARY SSE 
3 GRAZING E 

2.04 -.20 8.80 
1.08 -1.44 2.40 
2.56 0.00 3.70 

2.05 
l.flO 
2. 5fi 

0 
0 

10 

4 GRAZING ESE 2.58 
5 NEAREST RESIDENT ®NN -.45 
6 ~rAREST RES IN PRE. 2.17 

-.fl9 -1.40 
1.47 12.30 
2.17 10.2[1 

2. 73 
l. 53 
3.07 

10 
10 
Ir 

--------------------------------------------------------------------------------------------------------------------------------
@ ~ISCELL!INEOUS INPLITTABLE PAP.AMtTEP VALUES 

OM TSTART FFORI fHAY! FFORP FlliWP FPR( 1) FPR{2) FPR(3) ACTRAT 

850.00 1980.00 .50 0.0(' . 50 .50 320.00 1400.00 230.00 2.50 

IPACT EQUALS 0, 0, 0, 1, 2, 3, 

JC E(lUALS 1, o. 1, o, r, 1. 1. r, 1, r 

TjME STEP DATA •••• STEP NAMES LENGTH, YPS ]fT0[10 

@~ 
AFTER 2.25 YEARS 
AFTER 4.25 YFARS 

3 AFTER 6.5 YEARS 

2. 75 0 
2.0[1 0 
2. 25 0 

4 AFTER 11.5 YEARS 5.00 0 
5 AFTER 19.5 YFARS 8.(10 I 

@ 6 AFTER 24.5 YEARS 5.00 I 

XRHO EQUALS l. 5, 2.5' 3.5, 4.5, 7.5, 15.0, 25.0, 35.0, 45.[1, 55.0, h5.0, 75.0, 



FIGURE C.2-l. (Continued) 

REG!ON=SIERRA MADRE MILL COD[=MJLDOS,RFVO (7/79) DATE- :> /]7/f'l 

METSET•CASPER WYOMING PAGE NO. 4 

N ®NNE 

POPULATION DISTRIBUTION 

NE ENE l ESE SE SSE s ssw " WSW w Wfll~' NW NNW 
KILOMETERS ' 0.0 22.5 45.0 67.5 9r.o 112.5 135.0 157.5 IRI'1.n ?02.S ??5 .f1 247.5 270.0 792.5 315.0 337.S 
-----------------------------------------------------------------------------------------------------------------------------------

1.0- 2.0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 

2.0- 3.0 0 0 0 0 0 0 0 0 0 0 n 0 0 0 0 0 

n 3.0- 4.0 l 2 l 3 2 l l ? 4 3 l 3 2 l 1 3 

~ 

~ 4.0- 5.0 5 3 2 0 l 3 0 0 1 l 3 0 ? 

5.0-10.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

!0.0-20.(1 IS 14 l 0 3 0 l 0 l l 1 l 0 3 0 0 

20.0-30.0 0 0 0 0 0 0 0 0 0 n 0 n 0 0 0 0 

30.0-40.0 0 40 15 10 l 4 2 0 n ?5 R 9 0 4 5 0 

40.(1-50.(1 4 27 14 8 3 2 0 l 10 4 17 6 3 0 0 

0.0-60.0 8 lO 4 l n 0 n n 0 0 0 0 n 0 n 0 

0.0-70.0 14 300 800 3?7 50 0 n 0 17 1'54 322 145 " 0 0 0 

0.0-80.0 400 250 97 65~ 4?;> 0 0 25893 37372 0 0 0 0 0 427 1000 

----------------------------------------------------------------------------------------------------------------------------------
1-0-80.0 447 646 934 1004 4fl2 10 4 25flq6 37406 '" 363 164 96 9 435 1005 

TOTAL l-AO KM POPULATION IS 6~lfl9 PERSONS 
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REGIOM•Sl£RRA MADRE MILL 
METSET•CASPER WYOMING 

SIZE~ J.OUM, RH0•8.9 U-?38 

FIGURE C.2-l. (Continued) 

COOE•M!LnOS,REVO (7!7~) 

@INHALATION DOSE CONVERSION FACTORS, MR/VR PER PC!/M3 

U-234 Tll-230 RA-226 PR-210 

DATE= ?/17/Rl 
PAGE NO. S 

81-210 P0-210 
--------------------------------------------------------------------------------------------------------------------- --

WH.BOOY 9.82£+00 1.12£ +01 t.37E+02 3.51!£+01 4.66£+00 0. S.95E-Ol 
BONE 1.66[+02 l.Bl£+02 4.90[+03 3.5RE+02 1.45[+02 0. 2 .43E +00 
AVG.LUNG 1.07[+03 1.21[+03 ?.~7£+03 4.88[+03 5. 69[ +02 0. 3.13£+02 
LIVER 0. 0, 2.82£+02 4.47E-02 3.69[+01 0. 5.34£+00 
KIDNEY 3.78£+01 4.30£+01 !.37t+03 ].26E•Ofl I. 21E +02 0. 1.79£+01 

SIZE• !.OUM, RH0=2.4 U-238 U-234 TH-230 RA-?26 PB-210 ~1-ZIIJ P0-2101 
------------------------------------------------ ----------- ----------------------------------- ---------- -------------

WH.SODY 4. 32E +00 4.nE+OO 1.66£+0? 3.00£+01 4.36£+00 0. 4. 7\E-01 
BONE 7.92[+01 7, 95E +01 5. 95E +03 3.09E+02 I. ~5E+02 0. 1, 92E +('0 
AVG.LUNG 1.58£+02 l. ROE +P2 3.22E+~3 6.~1£+03 7.72[+(12 0. ~.20[+('2 

LIVER 0. 0, 3.43[+02 3.87£-02 3.45£+01 0. 4 .22E +OIJ 
KIDNEY 1.66[+{11 1.89E+Ol 1.67£+03 I.Oq[ +00 1.13£+(12 0. 1.42E+OI 

SIZE• 5.0\JM, RH0•2.4 U-238 U-234 TH-230 RA-22~ PB-210 Bl-210 P0-2101 
--------------------------------------------------------------------------------- -------------------------------- ------

loiH.BOOY 
BONE 
AVG.LUNG 
LIVER 
KIDNEY 

SIZE=35.0UM, RH0=2.4 

WH.BOOY 
BONE 
AVG.LUNG 

LIVER 
KIDNEY 

SIZE• .3UM", RHO•l.O 

----------
WH.BODV 
BONE 
AVG.LUNG 
LIVER 
KWNEY 

I. HiE +(10 1. 32E +flO 1.01E+02 4.00E+IJI 4.fl4[+()() 0, 7.1flf-nJ 
1.96£+01 2.14E+OI 3.60£+03 4.00[+0? J.50E•n2 o. 2.~oE+00 

I. 24E +03 1.42£+1'\3 L3RE+03 ? • R4f +IJ3 ~-~0[+02 0. 1. 1\1\E +0? 
0. 0, 2.07E+02 4. qJ[ -02 3.fl3E +01 0. 6. 36£ +DO 
4.47[+00 5.10E+OO 1.00[+03 1.41E+nn J, 25E +02 0. ?.13E+n! 

U-23R U-234 TH-230 RA-2?6 Pl\-210 R!-210 r0-?101 
------------------------------------------- ----- ----------------------------------
7.92E-01 9.02£-01 5.77E•Ol 1.90£+01 4.43[+110 '· 7 .?1\f-01 
!. 34[ +01 1. ~6E +01 2.07[+03 3.90£+02 I. 3!\E +02 0. z.q6E+no 
3. 33E +02 3.80£+02 3.7][+02 7.64f+O? 1\. 70[ +01 c. 5.75E+Ol 
0. c. 1.!9[+02 4.1\5E-fl2 1.~][ +01 0. 6.52£+00 
3.0$£+0(1 3.47£+00 5. 73E +02 1.31'.£+00 l.J5f+02 c. ?.19[+01 

U-23fl U-234 TH-230 RA-Z?!i P~-2!0 Bl-210 PO-?lnt 

------------------------ -------------
7.46[+00 c. I. {QE +00 

2.3?E+02 0. 5.24[+00 
0.27[+01 0. 2 .6fi[ +02 
5,Qlf•Ol c. l. 15E +0] 

@ 
1.03E+IJ2 0. 3.87£+01 

EXHRNAL WHOLE ROOY OOSE CDNVER-;]ON FACTORS 
U-238 TH-230 RA-226 Pfl-?10 RN-222 P0-218 rr-214 8!-?14 

. ----------------------------------------------- -------------------------- ------------------------------------ ---
GROUNO, l'IR/VR PER P[l/M"2 l.70E-06 6.)2E-07 9.47f-07 {.?lf-()fi 5.03F-08 1.lm-08 3.1H-O~ 1.1\SE-04 
CL()UD, M"R/YP PER PC!/M3 1.?3[-04 3.59f'-06 4.90[.()5 l.43F-~5 ?.83E-Ofi 6.34F-rl J.f7[-03 l.lfif-02 

@)ORKING LEVEL CONCENTRATION fACTORS, Ill PER PCI/M3 ........ ........ ........ ].03E-06 5.07r-06 3.HE-06 
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FIGURE C.2-1. (Continued) 

REG!ON~SIERRA MADRE MILL 
MHSET;CASPER WYOMING 

COOE•M!UlOS,REVn (7/79) DATE= 2/17/81 
PAGE NO. 12 

TIME STEP NUMBER I, AfTER 2.2S YEARS !lURATION IN VRS IS ••• 2.3 

SUMMARY PRINT OF POPULATION DOSES COMPUTED FOR TSTfP l--OOSES SHOWN ARE ANNUAL POPULATION DOSE COMM!Tl'IENTS, PERSON-REM PER YEAR 

DOSES RECEIVED BY PEOPLE WITHIN 80 riLOMETERS 
--------------------------------------------------------------------------------------------------
PATHWAY 1/H,BODY BONE AVG.LUNG liVER KIDNEY BRnNCHI 
--------- ----------------------------------------------------------------------------------------

@ 
ltiHAL 2.072£-02 6.070£-01 ll.332E-Ol 7.452£-02 2.R21£-0I 9. 539[ +00 
GROUND J,J39E -02 1.139[-02 1.139£-02 1.139£-0? 1.139£-02 !. D9E-02 
CLOUD l.634E-Ol 1.534£-01 1.534£-01 l.634E-01 1.534£-01 I.534E-OI 
VfG. lNG. 3.6'KIE-01 4.503[+00 3.690£-(!1 4.51U-01 1.407[+00 3.690£-01 
MEAT lNG 4.023£-02 5.135£-01 4.('123£-0? 6.310£-02 l.909E-01 4.0?3£-02 
MILK lNG Z.894E-02 Z.973E-Ol 2.894[-0? fl.59q[.03 2. 973£-02 2.R94E-02 
RNPLUS50 0. 0. 0. 0. 0, 0. 

TOTALS 6. 335[ -01 6.096£+0(1 1-446£+00 7.724£-01 2.084E+fl0 !.015£+01 

DOSES RECEIVED RY PEOPLE BEYON~ 80 K!LOMfHRS 
------ -------------------------------------------------------------------------------------------
PATHWAY WH.BOOY BONE AVG.LUNG ll VER KJONH BRONCHI 

!NHAL. 0. 0, 0. 0. 0. 0. 

@ GROUND 0. o. 0. 0. 0. o. 
CLOUD 0. 0. 0. 0, 0. 0. 
VEG.!NG. 0. 0. 0. 0. 0. 0. 
MEAT lNG 1-190£-01 1.518[+00 1.190£-01 1-866£-01 5.645£-m J.l90E-01 
1-!ILK lNG o. 0. 0. 0, 0. o. 
RNPLUS50 2-157£+01 ? -934£+02 4.904£+00 2.!57t+Ol 2.157£+01 !.411E+l12 
----------------------------------------------------------- --------------------------------------
TOTALS 2.169£+01 2.949£+02 S.Ol'JE+OO 2.l76E+Oi 2 .?13f +01 !.412E+02 

TOTAL DOSES COMPUTED OVfR M.L POPULATJnNS 

PATHWAY WH.BOOY RON£ AVG.UJNG LIVFR KWNEY BRONCHI 
--------------------------------------------------------------------------------- ---------------

@ 
INHAL. 2 .072[ -02 6.n70f-01 A.332E-01 7.452£-M 2.A21E-01 9.539E•rO 
GROUN!J l.l39E -02 l.B9f-02 l-l39E-OZ 1. 139E-02 1-139(-02 1.139[ -02 
CLOUD t.634F -01 l-634(-01 1.634£-01 l-634E-01 1.634£-nl !.63Df-Ol 
MEAT lNG 1.592£-01 2.032£+00 I. 592£-01 ?.497£-01 7. 'i55E-01 1.5<1f -01 
MIL~ lNG 2.894£-02 2.973£-01 2.894£-02 8.599E-03 7.973f-02 2.fl94£-()2 
RNPLUS50 2.157£+01 2.934£+02 4.904E+!l0 2.157£+01 2.157f+01 J.4llE+02 
--------- ---------------------------------------~------------------------------------------------

TOTALS 2.232[+01 3-010[+02 6.469£+00 2.253[+01 2.422£+01 1.514£+02 



FIGURE C.2-l. (Continued) 

REGION=SIERRA MADRE MILL CODE=MILDOS,REVO (7/79) DATE= 2/17/81 
METSETzCASPER WYOMING PAGE NO. 35 

TIME STEP NUMBER 5, AFTER 19.5 YEARS DURATION IN YRS IS ••• R.O 

® INDIVIDUAL RECEPTOR PARTICULATE CONCENTRATIONS @ 
AIRBORNE CONCENTRATIONS, PCI/MJ GROUND CONCENTRATIONS, PCI/M2 

NO. NAME PTSZ U-238 TH-230 RA-226 PB-210 U-238 TH-230 RA-225 PB-210 

------------------- ---- ------------------------------------------------ ------------------------------------------------
1 FENCE BOUNDARY E 1 1.985£-03 1.034£-04 4.135£-06 4.125£-06 5.916[+03 3.081[+02 I. 228£ +01 1.228£+01 
1 FENCE BOUHIJARY E ' 9.048£-04 9.048£-04 9.048£-04 9.026£-04 2.696£+03 2.696£+03 2.686£+03 2.686£+03 
1 FENCE BOUNDARY E 3 5.8l5E-04 4.163E-03 4. 353E-03 4.34lE-03 1.65lE+03 1.041[+04 1.084E+04 1.084E+04 
1 FENCE BOUNDARY E ' 4.lllE-04 5.857E-03 6.145E-D3 6. l30E-03 9.56lE+03 1.250E+05 !.307E+05 1. 307E +05 

CONCENTRATION TOTALS 3.8B4E-03 1.103E-02 1.141E-02 I.l38E-02 1.983£+04 1.384[+05 1.442E +05 l.442E+05 

------------------- ---- ------------------------------------------------ ------------------------------------------------
' FENCE BOUNDARY SSE 1 9.082E-04 4. 730£-05 I.892E-06 I.887E-06 z. 707E+03 I.4IOE+02 5.618E+00 5.618E+OO 

' FENCE BOUNDARY SSE ' 4.908£-04 4.908£-04 4.907E-04 4.895E-04 1.462E+03 1.462£+03 1.457£+03 1.457E+03 

' FENCE BOUNDARY SSE 3 3.846E-04 2. 796£-03 l.923E-03 l.916E-03 l.089E+03 6.983E+03 7.273E+03 7.273[+03 

'"' ' FENCE BOUNDARY SSE 4 2.977£-04 5.016E-03 5.265E-03 5.253£-03 6.708[+03 1.059E+05 1.108E+05 1.108E+05 

~ 
CONCENTRATION TOTALS l.081E-03 8.350£-03 8.681E-03 B.660E-03 1.197E+04 !.145E+05 1.196E+05 1.196E +05 

"' --- ------------------- ---- ------------------------------------------------ ------------------------------------------------
3 GRAZING E 1 1. 582E-03 8.239£-05 3.296E-06 3.287E-06 4. 715£+03 2.455[+02 9. 786E+00 9. 786[+00 
3 GRAZING E ' 7.509E-04 7. 509£-04 7.509£-04 7.490£-04 2.237£+03 l.237E+03 2.229E+03 2.229[+03 
3 GRAZING E 3 4.278E-04 2.938£-03 3.071E-03 3.064E-03 1.219E+03 7.426F.+03 7.732[+03 7. 732£+03 
3 GRAZING E 4 2.799E-04 3.876£-03 4.066E-03 4.056E-03 6.550E+03 8. 354E+04 8. 736E+04 8.736E+04 

CONCENTRATION TOTALS 3.041E-03 7.648E-03 7 .891E-03 7.872£-03 1.472£+04 9.345E+04 9. 733[+04 9. 733E+04 

------------------- ---- ----------------------------------------·------- ----------·--·------------------------------·---
4 GRAZING ESE 1 6.813£-04 3.549£-05 I.419E-06 1.416E-06 2.031£+03 !.058[+02 4.215[+00 4.215E+OO 
4 GRAZING ESE ' 2.903[-04 2.903£-04 2.903£-04 2.896£-04 8.65IE+02 R.650E+02 B.619E+02 8.619E+02 
4 GRAZING ESE 3 2.279E-04 1.900£-03 1.988£-03 }.983E-03 6.431[+02 4.807£+03 5.012£+03 5.012[+03 
4 GRAZING ESE 4 1. 705E-04 2.638[-03 2. 768E-03 2. 762E-03 3.943[+03 5,6q9E+04 5.963[+04 5.963[+04 

CONCENTRATION TOTALS 1.370£-03 4.863£-03 5.048E-03 5.036£-03 7.4R2E+03 6.277E+04 6. 550[+04 6.550[+04 

------------------· -·-- -----·------------------------------------------ ---------------------------------·--------------
5 NEAREST RESIDENT 8NN 1 4.624£-04 2. 408E-05 9.633E-07 9.609E-07 1.378E+03 7.177[+01 2.860£+00 2.860[+00 
5 NEAREST RESIDENT •NN ' 2.513£-04 2.513[-04 2.513£-04 2.506£-04 7.487E+02 7.486[+["12 7.460E+02 7.460E+02 
5 NEAREST RESIDENT 8NN 3 l.766E-04 l.960E-04 !.970E-04 J,<l65E-04 5.826E+02 !.922E+03 1. 982[ +03 I. 982E +03 
5 NEAREST RESIDENT •NN 4 7.631[-05 l.l27E-04 1.145£-04 J,J43E-04 2.63At+03 1.854[+04 1.927E+04 1.927E+04 

CONCENTRATION TOTALS 9.666£-04 5.841£-04 5.638£-04 5.624£-04 5.347£+03 2.128[+(14 2.200E+04 2.200E+04 

------------------- ---- -------------------------···-------··-·--------- ------------------------------------------------
6 NEAREST RES IN PRE. 1 1.052£-03 5.478E-05 2.191E-06 2.186E-06 3.134[+03 1.632[+02 6. 506E+OO 6. 506E+OO 
6 NEAREST RES TN PRE. ' 6.578£-04 6.578E-04 6.578E-04 6.562E-04 1.960[+03 1. 960E +03 1. 953E +03 1.953[+03 
6 NEAREST RES TN PRE. 3 4.366£-04 1.308E-03 I. 354E-03 1.351E-03 1.330£+03 4.590[+["13 4.742E+03 4.742[+03 
6 NEAREST RES IN PRE. 4 3.565£-04 I.482E-03 1.542E-03 I. 538E-03 9.592E+03 4.641£+04 4.815[+04 4.815[+04 

CONCENTRATION TOTALS 2.503£-03 3.503£-03 3.555E-03 3.547E-03 1.602E+04 5.312E+04 5.485[ +04 5.485E+04 

--- -------·----------- ---- -·---·------------------------------------------ ·-----------------------------------------------
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FIGURE C.2-l. (Continued) 

REGION=SIERRA MADRE Mill 
METSET=CASPER WYOMING 

CODE=M!LDOS,REVO (7/79) DATE= 2!17/81 
PAGE NO. 36 

8.0 TIME STEP NUMBER 5, AFTER 19.5 YEARS DURATION IN YRS IS ••• 

NO. RN-222 

INDIVIDUAL RECEPTOR RADON AND RADON DAUGHTER CONCENTRATIONS ([§) ® AIRBORNE CONCENTRATIONS, PCI/M3 tJ-j\ GROUND CONCENTRATIONS, PC!/MZ 
P0-218 PB-214 BI-214 PB-210 BI-210 P0-210 ~Wl P0-218 Pf\-214 BJ-21A PB-210 

I 4.641£+02 3.326£+02 7.081£+01 2.178£+01 1.307£-05 1.106£-08 2.703£-13 7.829£-04 2.635[+02 2.635£+02 2.635£+02 2.123£+01 
2 8.341£+02 4.539£+02 6.736£+01 1.378£+01 6.810£-06 6.018£-09 1.822£-13 8.605£-04 3.595£+02 3.595£+02 3.595£+02 I.284Et0l 
3 3.361£+02 2.682£+02 6.961£+01 2.660£+01 2.398£-05 2.694E-08 8.818E-13 7.284E-04 2.125E+02 2.125E+02 2.125E+02 3.192E+01 
4 3.959E+02 3.209E+02 8.823E+01 3.234[+01 2.569E-05 2.621E-08 8.187E-13 8.985E-04 2.542E+02 2.542E+02 2.542[+02 3.542E+Ol 
5 4.608[+01 4.288[+01 1.800E+01 8.955[+00 1.242E-05 2.146E-08 l.064E-12 1.688E-04 3.396E+Ol 3.396E+Ol 3.396E+Ol 1.399E+01 
6 9.798E+Ol 8.488E+Ol 2.754E+Ol 1.386E+Ol 2.386E-05 4.960E-08 2.895E-12 2.787E-04 6.723E+Ol 6.723E+Ol 6.723E+Ol 2.739E+Ol 
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REG!ON=SIERRA MADRE MILL 
METSET=CASPER WYOMING 

FIGURE C.Z-1. (Continued) 

CODE=MILOOS,REVO (7/79) 

@ TIME STEP NUMBER 5, AFTER 19.5 YEARS 

DATE= 2!17/Rl 
PAGE NO. 37 

DURATION IN YRS IS... 8.0 

NUMBER 1 NAME=FENCE BOUNDARY E X• 2.0KM, y,. -.2KM, z,. 8.8M, DIST= 2.0KM, IRTYPE= 0@ 

RESULTS OF MPC CHECK AT THIS LOCATION 

ll-238 U-234 TH-230 RA-226 RN-222(WL) PR-210 Bl-210 P0-210 

CONC., PCI/M3 3.88E-03 J.BBE-03 I.lOE-02 1.14E-02 7.83E-04 1.14E-02 1.14E-02 1.14E-02 

MPC, PCI/M3 5.00[+00 4.00[+00 3.00E-01 2.00[+00 3.33E-02 4.00[+00 2.00[+02 7.00[+00 

FRACTION OF MPC 7, 77E-04 9.17E-04 3.68E-02 5.70E-03 2.35E-02 2.85E-03 5.69E-05 1.63[-03 

SUM OF FRACTIONS EQUALS 7.23E-02 @ 

NUMBER 2 NAME=FENCE BOUNDARY SSE X= 1.1KM, Y= -l.4KM, Z= 2.4M, DJST= l.BKM, IRTYPE: 0 

RESULTS OF MPC CHECK AT THIS LOCATION 

U-23fl U-234 TH-230 RA-226 RN-222(WL) PB-210 BI-210 P0-210 

CONC., PCI/M3 2.08E-03 2.08E-03 8. 35E-03 8.68[-03 8.60E-04 8.67E-03 8.66[-03 8.66E-03 

MPC, PCI/M3 5.00E+OO 4.00[+00 3.00E-01 2.00E+OO 3.33E-02 4.00[+00 2.00[+02 7.00[+00 

FRACTION OF MPC 4.16E-04 5.20E-04 2.7BE-02 4.34E-03 2.58E-02 2.17E-03 4. 33E-03 1.24[-03 

SLIM OF FRACTIONS EQUALS 6.24E-02 
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NUMBER 3 NAHE~GRAZING E 

AGE 

FIGURE C.2-l. (Continued) 

CODE=MILDOS,REVO (7/79} DATE"' 2!17/Rl 
PAGE NO. 38 

TIME STEP NUMBER 5, AFTER 19.5 YEARS DURATION IN YRS IS ••• 8.0 

X= 2.6KM, Y= O.OKM, Z= 3.7M, DIST= 2.6KM, IRTYPE=l ~ 

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR 

PATHWAY WH.BODY BONE AVG.LUNG LIVER KIDNEY BRONCHI 
----------------------------------------------------------------------------------------------------------

INFANTS TOTALS 6.67£+00 7.81£+01 3.88£+01 3.99£+00 1.41£+01 5.62£+00 
CHILO TOTALS 1.61£+01 1.85£+02 4.82£+01 J.S0£+01 4.83£+01 1.50£+01 
TEENAGER TOTALS 1.19£+01 1.49£+02 4.41£+01 1.13£+01 3.85£+01 1.09£+01 
ADULT TOTALS 1.25E+Ol 1.60[+02 4.46[+01 1.19E+Ol 3. 74E+01 1.14E+Ol 

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR 

AGE PATHWAY WH.BODY BONE AVG.LUNG LIVER KIDNEY BRONCHI 
----------------------------------------------------------------------------------------------------------

INFANT TOTALS 2.45[+01 9.59E+01 5.66[+01 2.18E+Ol 3.19E+Ol 2.33E+02 
CHILD TOTALS 3.38E+Ol 2.03[+02 6.60[+01 3.28[+01 6.61E+Ol 2.43E+02 
TEENAGER TOTALS 2.97E+Ol 1.66[+02 6.19E+01 2.91[+01 5.63[+01 2.39[+02 
ADULT TOTALS 3.03E+Ol 1.77[+02 6.24E+fl1 2.97[+01 5,52E+Ol 2.39E+02 
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REGION-SIERRA MAfRE MILL 
METSH•CASPER WY~ING 

FIGURE C.2-l. (Continued) 

COOE~MILOOS,REVO (7/79) 

WIE STEP Nlli1BER 5, AfTER 19.5 YEARS OORATION IN YRS IS ••• 

DATE• 02/17/81 
PAGE NO. 40 

B.B 

NUMBER 4 HAHE•GRAZING ESE X~ 2.6KM, Y• .,QKM, Z= -1.4/o!, OIST• 2,7KM, !RTVPE•IO 

TOTAL ANNUAl DOSE C~ITMENTS Cil'1PUTEO FOR THIS LOCATION, MREM/YR 

'"' pP.HfWAY WH.BOOY BONE AVG,LUNG L1 VER KIDNEY RRONCHJ 
-----------------------------------------------------------------------------------------------------------

INFANT tNHAL. 6.3BE-01 t.12E+Ol 1.85£+01 1.03E+OO 4.73[+00 2.47[+02 
INFANT GROUND 1.20E+Ol !.20[+01 1.20E+Ol 1.20[+01 1.20E+Ol 1.20[+01 
INFANT CLOUD 4.32E-Ol 4-32E-OI 4.32[-01 4.32[-01 4.32f-01 4.32E-Ol 
INFANT VEG.!NG. B. e. 0. B. 0. B. 
INFANT MEAT '" B. •• B. o. B. B. 
INFANT MILK lNG ].54[+00 3-32£+01 3.54£+00 1. 32£ +00 3.96£+00 3.54£+00 

-----------------------------------------------·-----------------------------------------------------------
INFANT TOTALS I.M£+01 6.28£+01 3.44E+Dl 1.48£+01 2.1IE+Ol 2.63£+02 

'" PATfllriAY WH.800Y BONE AVG.LUNG LIVER KIDNEY BRONCHI 

CHILO INHAL. 6.38£-ll1 1.72[+01 1.85£+01 1.03E+OO 4. 73£+00 2.47£+02 
CHILO GROUND 1.20E+Ol 1.20£+01 1.20E+01 1.20£ +01 1.20[+01 1.20£+01 
CHILO CLOUO 4.32£-01 4.32£-01 4.32£-01 4.32£-01 4.32£-01 4.32£-lll 
CHILO VEG.ING. 6.15£+00 6.88£+01 6.15£+00 7. 02£ +00 2.17£+01 6.15£+00 
CHILO HEAT '"G 4.78£-01 5.66£+00 4.78£-01 7.46£-01 2.28[+00 4.7RE-Ol 
CHILO MILK '"G 3.23[ +00 3.05£+01 3.23E+Il0 9.52£-01 3.06E+OO 3.23£+00 
-----------------------------------------------------------------------------------------------------------
CI![LO TOTALS 2.29£+01 }.35£+02 4.07[+01 2.22£+01 4.42E+Dl 2. 70E +02 

"' PATfllriAY WH.BOOY BONE AVG.LUNG LIVER KIDNEY BRONCHI 
-----------------------------------------------------------------------------------------------------------

THHAGER INHAL. 6.38£-01 1.72£+01 1.85(+01 1.03(+00 4. 73£+00 2.47£+02 
TEENAGER !JIOUNO 1.20£+01 1.20£+01 1.20£+01 J, 20E +Ill I. 20£ +Dl 1.20[+01 
THNAGER CLOUD 4.32£-01 4.32£-01 4.32£-01 4.32£-01 4.32£-01 4.32E-OI 
THNAGER VEG.!NG. 4.82£+00 5-67£+01 4.82£+00 5.19£+00 I. 70£+01 4.82£+00 
THNAGER HEAT '" 3.58£-01 4.4!E+OO 3.58E-01 5.39£-01 I, 75E +00 3.5RE-01 
TEENAGER MILK lNG 1-90£+00 1.95[+01 1.90E+OO 5.01E-01 1.70£+00 1.90£+00 
-----------------------------------------------------------------------------------------------------------

TEENAGER TOTALS 2.01E+01 1.10£+02 3.110£ +01 1.97£+01 3.76£+01 2.67£+02 

"' P~THWAY lo'H.BOOY BONE AVG.LUNG liVE~ kiDNEY BRONCHI 

-----------------------------------------------------------------·----------------------------------------· 
ADULT !NHAL. 6.38£-01 1.72£+01 1.85E+Ol 1.03£+00 4.73E+OO 2.47£+02 
ADULT GROUND J.20E+01 1. 20£ +01 I. 20E +01 1.20£+01 1.20£ +01 I. 20£+01 
ADULT CLOUD 4.320-01 4.32£-01 4.32£-01 4.32£-01 4.32£-01 4.32E-Ol 
ADULT VEG. lNG. S.97E+OO 7.14E+OI 5.97£+00 5.67[+00 1.69E+Ol 5.97£+00 
ADULT MEAT '"" 5.57£-01 6,98£+00 5.57E-OI 7.43£-01 2.l~E+OO 5.57E-Ol 
AOUL T Milk lNG 9.1AE-01 9.511E+OO 9.18E-Ol 2.08E-Ol 6.40E-Ol 9.111£-01 

---------------------------------------------·-----------------·-------------------------------------···---
AOUL T TOTALS 2.05£+01 1.18£+02 3.113£+01 2.01£+01 3.61![+01 2.67£+02 
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Timestep data (TSTEP) and the control array IFTODO are listed with time­
step titles (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 !POP. 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 5 

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 lists 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 2g) 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 compass 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 last year 
of timestep 1 for the population within BOkm (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. 
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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 
levels is also printed (item 37}. A report of this type is printed for 
each timestep for which IFTODO(i) = 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) = 0 (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 IFTODO = 1 and each receptor with IRTYPE 
= 1 (item 42) when JC(?) = 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 
commitments. 
printed. 

is similar to 
This report 

page 39 except the doses are 
is printed whenever a report 

C.26 

total annual dose 
like page 39 is 



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 sample 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 each location giving dispersion factors for each particle 
size group, Z22Rn and each 222Rn daughter. The output generated 
using this option can be quite lengthy and should be avoided. This 
option is illustrated 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 loca­
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: 

• 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 (B) = 0; don't include the milk pathway for individual receptor 
locations, 
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~INOATA 
[FT00Qo4*0,2*1 ,4*0, 
IRTYP£=2*0, I, 3*!n, 
JC•1, I ,0, 1, I, 5*0, 
FRAOON~ 0.86,0.06,0.04,0.04, 
!PACTo3*0 ,1 ,2, 3, 14*0, 
NSORC£•1, 
PACT= 11. 4, II .1, 22 .1!,211. 0,407. 0, 542. S, 21!4 .4, 427.1, 010.0, 2~4 .4 ,427.!, 570.0, 
QfiJUST" 
!.0' 2*1. 5 ,2*2 .0 ,15*0 •• 
1.0,2*1.502 .z•z .oo4, 5•rt. o, t. 0,2•1. 502 ,2•2. oo4, 5•o.o, 
1.0,2*!.502, 2*2 .004, 5*0. 0, 1- 0,2* 1. 5r2 ,2*2. OM, 5*0.0, 
0. 3, 1.0,1!*0., 2*1.0,4* .On/ ,4*0. 0, 
0.0, 2*0. 3 ,1.0,6•0., 0. 0,3•1. 0,2* .005 ,4*0. 0, 
3*0.0 ,?*0. 3. 5*0.0, 3*0. 0, ?*1.0 ,fl. 004' 4*0.0, 
280*0.0, 

SORCE= 
2*0.0,20.0,0. 0,4. 13RRE -2,2 .1556[-3 ,2•1!. 6225£-~ ,0. 0,11 ~I, 1. 0,17. 0, 

2*0. 40,6.0 ,0.16,4•4. Oe4E-? ,101!9. 74,1201,1.0 ,0.0, 
2*CI.20, .o,o.o,4•2 .oozr -2 ,4!.64, 1301 ,2 .o ,r.o, 

1. 393 ,o. 975,-10. n,0.143,4*1. o, 1281. 5,?001 ,J.o, o. o, 
-1-30,-.844' -10. 0,0. 270,4*1.0, 3636.80,2002,3 .o,o. 0, 
1.092 ,-0.975' -10 .o ,0.1!27 ,4* !.0 ,14863.23,2003 ,3.0,0. 0, 

FREQ= 
o.000069,0.000240,0.000103,0. 000240,0.000111 ,0.1100103 ,O.M0069 ,0.00(1411, 
0. 000137,0.000206 ,0.00024Q,0.000240,0.(100377 ,0.000! 7l,0.000206,0. 000103, 
o.000137 ,o. ooo274 ,o. ooo2o6 ,o .o00069 ,o .ooo137 ,o .OP0206,n. oo0137 ,o.ooo617, 
0. OOQ069, 0. 000206, 0. 0110069 , 0. 00027 4 , 0. 000548, 0. 011034 3, 0. 000000, 0. 000206, 
64*0.o, o. oo0554 .o.ooo507 ,o.ooo374 ,o.ooM21 ,r. oro96D ,o.non424 .o. 000665,0. ooo651, 
0.000977,0.000410' 0.000618 ,(1.000445,0.001126,0. 0004(12' 0.0(10208,0.000644' 

0.000959,0.001233,0.000685,0.000411 ,0. 001233 ,0.001165 ,0 .01Jl302 ,0.001!65' 
0.00Zl24,0.001028,0.001576,0.001370,0.001370,0.000959,0.00054R,0.001096, 
0. 000685,0.000617,0.000685,0.000411,0.000617 ,0.000?06,0.000548,0.000274. 
0.000548,11.000685,0.000822,0.001096,0. OM 71!1, 0.000685 ,P.000754 ,0.000822, 
48*0.0,0.000186 ,0.000133,0. 000115 ,0.000!18 ,0.000366 ,0.0001M ,0.000127 ,0.000037, 
0. 000282, 2*0. 000186 , 0. 000292, 0. 0001 79, 0. (111027 3 , 0. 00032C , 0. 000021! , 
0. 000959,0.001370,0. 000959,n. (10!028 ,0.0017R1 ,0.1100959,0.001233,0.000A22, 
0. 001507,0.000959,0.000959,0.001713,0.0023911,0.001302,0.000754,0.000617. 
0.002535,0.001850,0.001576,0.001713,0.002329,0.001918,(1.001233,0.01101\22, 
0.001233,0.00191!1 ,0. 003699, O.OOM3~ ,0.004727 ,0. 002261,0. 00!644 ,O.Ofl1576, 
o. ooo274 ,o.OOOJ37 ,o.ooo137 ,o. ooo137, o. oo0343 .o.oon343,o.ooo137 ,o.ooonoo, 
0.000343,0,000959,0.1102055,0.001113,0.001918,0.000343 ,0.0(10411 ,0.0011685. 
o.o,o.oooo69,6*0. o,o.ooo137 ,11. ooo069 ,2•o.ooo343 ,o. 0011411 ,o. 00020~. 1?*0. o, 
0.000069,0.000137,0.000069' 3*0.000000, 
0.000792,0.001053,0.I100B54,0.00074l,O.noo5QR,o.ooosn,o.ooo548,0.oor26R, 
0.000548,0.000336,0.0004li,O.ODn530,0.000679,0.110PA16,0.1100430,0.001009, 
0.005412,0.005823,0.004453,0.0I13220,0.0041to,0.003220,0.0010JB,0.001302, 
0.001918,0.001233,0.002055,0.003351 ,0.0033'i7 ,0.002398 ,0.001439,0. 004521' 
0. 011440,0.014249,0.010207 ,0.00876ll,0.009248,0. 0(14932 ,0.003014 ,0.00!370, 
0,002124,0.006302,0.0141R0,0.021304,0.01746S,0.005412,0.005?06,0.00500l, 
0.011097,0.014865,0.010275,0.006508,0.010001 ,0.0054R0,0.001987 ,0.000548, 
0. 003699,0.030826 ,0.1165420 ,0. 051993 ,0.019318,0.009453,0.005891,0.004042. 
0.002809,0.003768,0.00171] ,0.000617 ,0.00226!,0.000822 ,0.000411,0.000137. 
o.00178l ,o. 026716 .o. osoo75 .o.ozz126 ,o.009248,11. oo4042, o.oo2398,0.001028, 
o. 001 028, o. oo 1028, o. oon2 7 4 , o. oooooo, o. oool3 1 , o. oooo69, n. oooooo, n. oooooo, 
0. 000411,0.014797,0.022469,0.009727,0.005206 ,0.001165,0.000411,0.00{1343. 
o. 0037<3 ,0.001668,0.001431 ,0.001104,0. 001608,0.001124,0,000635,0.000583. 
0.00!221 ,0. 001!24 ,0.001441!,0.002996 ,0.005146,0.002607,0.002023,0.002606, 
o.011098,o.ooB974,o.oo6439,o.oos480,o.o06234,o.oo3563,0.ooJ083,0.00I919, 
o.ooJOI4 ,o.003152 ,o.00527s,o. 012741 ,o.oZ0!40,o.oo91\65,o.ooqo42 ,o.oo9933, 
0.003425,0.003014 ,0.002809,0.00?877 ,0. 004042,0.003083,0.001165,0.000480, 
o. 000548, o. 00404 2, o. 010892, o. 028223 , o. o 19044 , o. or4042, o. oo2466 , o. 002603 • 

144~0.0, 

DM•850.0, 
FFOR 1•0. 50 ,FHAYl•O.OO,HORP=O. 50,FHAYP=0. 50, 
FPR= 3?0.0,1400.0,230.0, 
!POP• 
2*0 ,I, 5 ,0, 15, 2*0 ,4,1!,14 ,400, 

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,?00,97, 
2*0,3,4*0,10,8,1,327,655, 
2*0,2,1,0,3,0,1,3,0,50,4?2, 
2*0,1,3,3*0,4,2,3*0, 
2*0,1,2*0,1,0,2,4*0, 

2*0,2,5*0,1,2*0,?5R91, 
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,R,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*0,2*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, l. lRn, ]. 215, 4*(1. 0, 
!ADO= 1, 
XRECEP= 
2.040,-0.200,R.8, 
1.08,-1.440,2.4, 

2.56,00.0,3.7, 2.5R4,-0.890,-1.4, 
-0.448,1.466,12.3, ?.168,2.168,10.2, 

NSTEP=6, TSHP=i, 25,2. 0,2. 25, 5, 0,8. 0, 5.0 ,4*f1. 0, 
TSTART= 1CI80.0 
$END 

SIERRA MADRE MILL CASPEP WYOM!Nr, 
YELLOWCAKE STAC!': 
FENCE BOUNDARY l 
AFTER 2.25 YEARS 
AFTER 4.25 YEARS 
Af-'TEP 6.5 YEARS 
AFTER ll.5 YEAPS 
AFTER 19.5 YEARS 
AFTER 24.5 YEARS 

FIGURE C. 3-1. (Continued) 

JC (9) = 0; to not print particulate and ground concentrations at 
each individual receptor location. 

• 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. 

• One receptor location is specified for this sample problem corre­
sponding to the first receptor location of sample problem one. 
IADD 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 locations. 
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However, only the first set of each is used by the program because 
NSORCE and !ADD have been set to 1. 

C.4. SAMPLE PROBLEM TWO OUTPUT 

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-l. A listing of selected output reports is given in Figure 
C.4-l. 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 location 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 !PACT 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
ion factors for each ~article 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) plus one indi­
vidual receptor (for a total 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 Output Reports 

Page 
Number Description of Report 

1 
2 
3 
4 
5 
6-8* 
9-21 
9 

10* 
ll* 
12* 
13* 
14* 
15 
16* 
17* 
18* 
19* 
20* 
21 
21-34* 
35-47* 
48-60* 
61-73* 
74* 

75-87* 
88 
89* 

Input source description data 
Input meteorology data 
Input receptor and timestep data 
Input population data 
Dispersion factors for each receptor location 
Continuation of page 5 
(Results for timestep 1) 
100-year EDC to wholebody from inhalation 
100-year EDC to bone from inhalation 
100-year EDC to lung from inhalation 
100-year EOC to bronchi from inhalation 
100-year EDC to wholebody from external ground exposure 
100-year EDC to wholebody from external cloud exposure 
100-year EDC to wholebody from vegetable ingestion 
100-year EDC to bone from vegetable ingestion 
100-year EDC to wholebody from meat ingestion 
100-year EDC to bone from meat ingestion 
100-year EOC to wholebody from milk ingestion 
100-year EDC to bone from milk ingestion 
Summary report of 100-year EDC values for timestep 1 
Same as pages 9-21 for timestep 2 
Same as pages 9-21 for timestep 3 
Same as pages 9-21 for timestep 4 
Same as pages 9-21 for timestep 5 
Results of MPC check for receptor location 1 and 
timestep 5 (same as page 37 of sample problem l) 
Same as pages 9-21 for timestep 6 
Summary of EDC values integrated over all timesteps 
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 (80 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 also 
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
isite (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 
IFTOOO 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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REG!ON~SIERRA MADRE MILL 
METSET~CASPER WYOMING 

NUMBER OF SOURCES~ l CD 

FIGURE C.4-l. Sample Problem Two Output Listing 

CODE=MlLPOS,REVO (7/79) 

Cl/YEAR 

DATE= 02/0:5/81 
PAGE NO. 1 

PSIZE MZ/SEC 
NO. 

KM 
X 

KM 
y 

M 
z 

KM2 
AREA U-23R TH-230 RA-225 PB-210 RN-222 J[l SET EX IT VEL SCURCE NAME 

1 o.oo 0.00 20.00 .0000 4.14E-02 2.16E-03 8.62[-05 8.6ZE-05 0. 1101 1 1.70E+01 YELLOWCAKE STACK 

SOURCE 
NUMBER 

SOURCE 
NUMBER 

INPUT TAILS ACTIVITIES, PCI/G 
SET URANIUM THORIUM RADIUM LEAD 

(";'\ 1 1.14[+01 2.71[+02 2.84[+02 2.84[+02 
~ 2 1.71[+01 4.07[+02 4.27[+02 4.27[+02 

3 2.28E+Ol 5.43E+02 S.70E+il2 5.70E+02 

PARTICLE SIZES AND FRACTIONAL DISTP.!BUTION 
SET 1.0 1.0 5.0 35.0 PDEN 

(D: 
3 

1.000 [1.000 0.000 0.000 
0.000 1.000 0.000 0.000 
o.noo o.noo .Joo . 100 

1'!.900 
2.400 
2.400 

PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME 5TEf', 6 TIME STEP(S) USED FOR THIS RUN 
TSTEP 1 
2.2SYRS 

TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 
5.0{1YRS 

TSTEP 7 TSTEP 8 TSTEP 9 
2.00YRS 2.25YRS 5.00YRS S.OOYRS O.OOYRS 0.00YRS O.OOYR~-

l.OOOE+OO 1.500[+00 1.500£+00 2.000E+DO 2.0COE+OO O. 0. 

RADON SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 6 TIME STEP(S) USED FOR THIS PUN 
TSTEP l TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 
2.25YRS 2,QOYRS 2.25YRS 5.00YRS R.OOYRS 5.00YRS O.OOYRS 

o. 0. o. o. o. o. o. 

o. 

TSTEP 8 
O.OOYRS 

o. 

0. 

TSTEP 9 
O.COYRS 

0. 

TSTEPIO 
O,OOVRS 

o. 

TSTEPIO 
O.OOYRS 

0. 



FIGURE C .4-l . (Continued) 

REG!ON•SlERRA MAORf MILL COOE=MILPOS,REV0 (/j79) 
METSET=CASPER WYOMING 

DATE= 02/{~/Pl 

PAGE NO. ? 
JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WHERE WIND !5 fROM fREQWS= .05734, 

MPH N NNE HE ENE E ESE SE SSE S SW W WSW 
.21013, .2817fi, .26134, .13153, .05734 
W WNW h\1 NNW TOTALS 

STABILITY CLASS 1 
!.5 .0069 .0240 .0103 .0240 .0171 .0103 .0069 .0411 .0!37 .0206 .0240 .f\240 .0377 .0!71 .nt06 .0101 
5.~ .()137 .0214 .0206 .0069 .0137 .0206 .013? .0617 .(1069 .0206 .0069 .0214 .054/l .0343 0.()000 .0206 

ro.o o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o,oooo o.oooo o.oooo o.oooo o.onNl o.oeoo o.rnoo o.ooon o.oooo o.oono 
rs.~ o.oooo o.oooo o.oooo o.oooo o.oooo o.omro o.oooo o.oooo o.oooo o.oooo n.onon o.oooo o.oooo o.rooo o.~o~o o.~ooo 
21.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oono o.oooo o.oono o.oooo o.o~oo o.oooo o.oooo o.oooo o.oooo 
28.0 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo n.oono o.nooo o.onoo o.oroo o.oooo n.oooo o.oooo o.ooor o.oorr 
All .0206 .0514 .0309 .0309 .0308 .0309 .0206 .1028 .0206 .0412 .0309 .0514 .n925 .OS!4 .0201i .0309 

STABILITY CLASS 2 
1.5 .0554 .0507 .0374 .0421 .0%0 .0424 .0665 .065! .0977 .04W .0618 .11445 .1126 .0402 .0208 .0644 
5.5 .0959 .1?33 .0685 .0411 .1233 .Jl65 .1302 .1105 .2124 .102R .1576 .1170 .1370 .095q .0548 .10% 

10.0 .0685 .0617 .0685 .0411 .0617 .0206 .0548 .0274 .0548 .116B5 .082? .10% .1781 .11685 .IJ754 .0822 
15.5 o.oooo o.oooo o.oooiJ o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oono o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo 
21.5 o.oooo o.oooo o.oooo IJ.oooo o.ooon o.oooo o.nooo o.oooo o.oooo o.nooo o.oooo o.oooo o.nooo o.ooon n.nooo r.oooo 
28.Q O.IJOOO o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo O.IJOOfl n.0011o o.oooo o.~ooo r.oooo n.oooo n.ooon o.oooo 
ML .2198 .2357 .1744 .1243 .21!10 .17q5 .2515 .2090 .3649 .2123 .30I~ .2Q11 .4277 .2046 .1510 .256? 

STABILITY CLASS 3 
1.5 .011!6 .0133 .0115 .0118 • 0366 .OIRii .0127 .0037 .0282 .0186 .01P6 . 029{ .0!79 .rrn .0320 .0021'; 
5. 5 .0959 .1370 .0959 .1028 .1781 .()959 .1233 .0822 .1507 .0959 .09~9 .1713 • 23Q8 .1302 .0754 .0617 

10.0 • l535 .1850 .1576 • 1713 • 2329 .1911! .1"33 .0822 .!233 .1987 • ]6gQ .!i4JO .4727 .2(61 .1644 .1576 
15.5 .0274 • 0137 .0137 .0137 .0343 .0343 .0137 o.oooo .Q343 .09'i9 . 205~ • 1713 .1918 .0343 .0411 .0685 
21.5 0.0000 .0069 0.0000 0.0000 o.oooo o.oooo 0.0000 o.oooo . 0137 .0069 .0343 • 0343 .0411 .0206 o.oooo o.oooo 
28.0 0.0000 0.0000 0.0000 0.0000 o.oooo o.oooo o.oooo o.nooo o.nooo 0.11ooo .O(lfi9 . 0137 .oo69 o.oooo o.oooo n.oooo 
<CL .3954 • 3559 .2787 .2996 .4819 • 3406 .2730 .1681 .3502 . 4160 . 13!1 1.0637 • 9702 .4385 .31?9 .29r6 

.3086 
.3498 

o.oooo 
n.oooo 
0.0001) 
0.0000 

. 6584 

.931!6 
].8224 
1.1236 
o.oooo 
o.oooo 
o.oooo 
3.8846 

. 3014 
]. 9320 
3. 7542 

• 9935 
.1578 
.0275 

?.16M 
-------------------------------------------------------------- -------------------------------·-------- ---------------- --------

STABILITY CLASS 4 
1.5 .0792 .1053 .0854 .0741 .O'i98 .059? .0548 .0268 . 0541! .(1336 .0411 . 0530 .0679 • 0HI6 .04W .IOOQ 
5. 5 • 5412 .5823 .4453 .3220 .4110 .3220 .1918 .1302 .191P .1233 .2055 .3351 .3357 • 2398 .1439 .45?1 

10.0 1.1440 1.4249 1.0{07 .8768 .924R .4932 • 3014 .1370 .2] ?4 .630? J.41P1 2.1304 1. 7468 .5412 .5(06 .~001 

15.5 1.1097 1.4865 1.0275 .6508 1.0001 • 5480 .1987 . 0548 .3699 3.0826 6.54zn 5.1993 !. 9318 • 9453 .5891 .4042 
21.5 .2809 .3768 .1713 .0617 .2261 .0822 .0411 .0137 .1781 2.671~ 5.01175 2.2126 .n4B .4042 .23Q8 .1028 
28.0 .1028 .1028 .0274 o.oooo .0137 .1)069 o.oooo o.oooo .0411 1.4797 2.246~ .Q727 • 5206 .1165 .0411 .(1]43 

'Ll 3.2578 4.0786 2.7776 I. 9854 2.6355 I .5Jl5 • 787R .3625 1.041!1 8.021015 .46JOW. 9037 5.5276 2.3286 1.5775 1. 5944 

STABILITY ClASS 5 
1.5 .3723 .1668 .1431 .!104 .1608 .1124 .0635 .0583 .1221 .11?4 .144~ .2996 .5746 .2607 .2023 .?lil16 
5.5 1.1098 .8974 .6439 .5480 .6234 .35ti3 .3083 .1919 .3014 .315? .sus 1.?741 2.0140 .9865 .904? .9933 

10.0 .3425 .3014 .2809 .2877 .4042 .3(183 .1165 .041!0 .0548 .4042 l.fl89? 2.P2?3 1.9044 .4042 .2466 .2603 
15.5 o.oooo o.oooo o.oooo o.oono o.oooo o.ooo(l o.oooo o.oooo o.oooo o.oooo n.nooo o.onno o.ooon o.oooo o.oooo o.oono 
tl.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.nnoo o.oooo o.oooo r.oooo-o.ooor o.onno o.oooo o.oooo o.oooo c.oooo 

a.oo.-•.-•-·-·-~-··-··-·-L-•·-·-·-·-·-·­AlL 1.82461.36561.0679 .9461 ].11!~4 .77/fl .4883 .20112 .47R3 .A31R 1.7615 4.1060 4.4Q30 J.6'iJ4 1.3531 1.5142 

STABiliTY ClASS 6 
1.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.ooon o.oooo o.oooo o.oooo o.oooo 11.ooon o.nooo o.oooo o.oooo o.ooon o.oooo 
5.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oono o.oooo o.oooo o.oooo 

10.0 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo n.oooo o.oooQ o.oooo o.oooo o.oooo o.oooo o.ooro 
15.5 o.oooo o.oooo o.oooo o.oooo o.oooo o.onoo o.oooo o.oooo o.oooo o.oono o.onno o.oooo o.oooo o.oooo o.oooo o.oooo 
21.5 o.oooo o.oooo o.oooo o.oooo o.OIJoo o.onoo o.oooo o.oooo o.oooo o.nooo o.oooo o.oooo o.oooo o.oooo n.oooo o.ooro 
2a.o o.oooo o.oooo o.oooo o.oooo o.oooo o.ooro o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo fl.oooo o.oooo o.oooo r.oooo 
AlL o.oooo o.oooo o.oooo o.aooo o.ooon o.oooo o.onoo o.oooo o.oooo o.oonn o.ooon fl.~ooo o.oroo o.oooo o.nono o.oono 

1. 0205 
4.9736 

14.(12?5 
25.]4('3 
1?-9952 
5.7065 

63.8586 

3. 1647 
11. ~952 
9.2755 
11 .noon 
o.OOO!! 
0.0000 

24.4354 

o.oooo 
o.oono 
o.oooo 
0.000(1 
o.oooo 
o. oooo 
0.0000 

All 5.71R2 6.0872 4.3295 3.31163 4.6176 2.R:l9'i 1.8212 1.1406 2.26?1 9.52231R.2Riil16.70591J.51l0 4.H~5 3.4151 3-6~63 ]OO.nOJ4 
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REGION.oSlERRA MADRE ~ILL 
METS[T.,CASPER WYOMING 

FIGURE C.4-l. (Continued) 

COOE .. M!Lilf1S,PEVO (7/79) 

0 
OAT£• 0?/25/81 
PAGE" NO. 3 

--------------------------------I NO l VI OUAL RECfPTCR LOCA T 1 ON !1ATA, 1 LOCAT!0NS INPUT THIS RUN-------------------------------
1 LOCATION NAMES X(KM} Y(KM) Z(M) D!ST(KM) TYPE LOCATION NAMES X(KM) Y(K"1) Z{M) D!ST(KM) TYPE 

1 FENCE BOUNDARY E 2.04 -.2(1 R.BO ?.05 0 

OM TSTART FFORI 

850.00 19RO.OO .50 

MISCELLANEOUS !NPUTTABLE PARAMETER VALUtS 
FHAYI FFORP FHAYP FPR(l) 

0.00 .50 .50 32(1.0(1 

® !PACT EQUALS 0, 
JC EQUALS 1, J, 0, J, 1, 0, 0, 0, 0, fl 
TIME STEP ~AT/\.,.. STEP NAMES LENGTH, YRS IFT0f10 

l AFTER 2.25 YfARS 2. 25 0 
1 AFTER 4.25 YEARS 2.00 0 
3 AFTER 6.S YEARS 2.25 0 
4 AFTER 11.5 VFARS s.nn 0 
5 AFTER 19.5 YEARS R.OO l 
6 AFTER 24.5 YEARS 5.0(1 l 

XRHO EQUALS 1.5, 2. 5, 3. 5' 4.5, 7. 5, 15.0, ?5,[1, 35.(}, 45,(1' 55.0, 

FPR(2) FPR(3) ACTRI\T 

I40fl.Oll 230.00 2.50 

65.0' 75.[1, 



FIGURE C.4-l. Continued 

REG!ON~SIERRA MADRE MILL CODE~MILPOS,REVO (7/79) DATE~ 02/25/81 
METSET=CASPER ~YOM!NG PAGE NO. 4 

rnPULAT!O~' DJSTP.JBUTION 
N NNE NE ENE [ ESE SE SSE s ssw sw WSW w WNW NW NN< 

KILOMETERS ' o.o 22.5 45,(1 67.5 90.0 112.5 135.(1 !57.~ lRfl.O ?rV.5 225.1l 247.5 270. f" 292-~ 315.0 337.5 

----------------------------------------------------------------------------------------------------------------------------------
1.0- 2.0 0 0 0 0 r 0 0 0 0 0 0 0 0 0 0 0 

2.0- 3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.0- 4.0 I 2 I ' 1 I I 2 4 ' I 3 2 I ? 3 

n 4.0- 5.0 5 3 1 0 I 3 0 0 ? I 3 0 I 
w 
m 5.0-10.0 0 0 n 0 n 0 0 0 0 0 0 0 n n 0 0 

J0.0-20.0 15 14 I [, 3 0 I 0 I I I I 0 2 0 0-

20.0-30.0 0 0 0 0 0 0 n 0 Q 0 r 0 0 0 0 0 

30.0-40.0 0 40 15 10 I 4 2 0 n 25 ? 9 n 4 5 0 

40.0-50.0 4 17 14 r 3 2 0 I 10 4 27 5 3 n r 

50.0-60.0 8 10 4 I 0 n n n n 0 n 0 n 0 r 0 

60.0-70.0 14 300 800 327 50 0 0 n 17 154 32? 145 R9 0 n 0 

70.0-80.0 400 15C 97 655 m 0 n ?58')3 37372 0 0 0 0 0 427 J[l[l(l 

----------------------------------------------------------------------------------------------------------------------------------
1.0-80.0 447 646 934 1004 "' 10 4 25R9fi 3740F 288 363 164 qfi 9 435 11"'05 

TOT~.L 1-80 KM POPULATION IS 69189 PERSONS 



FIGURE C.4-l. (Continued) 

REG!ON•S!ERRA MAOR£ MILL CODE•MILOOS,REV!l (7/79) OAH- ()2/25/81 
METSET•CASPER WYOMING PAGE ~10. ; 

RELATIVE DISPERSION FACTORS, CH!j(l VALUES, IN PC1/M3 PER PC!/SEC (SEC/M3) 

" " PTSZ I PTSZ 2 PTSZ 3 PTSZ ~ RN-222 P0-2111 PB-?14 IH-214 Pl\-210 Rl-?lf1 rn-zw 
7 7 1.394£-07 0. o. o. 0. o. 0. 0. 0. 0 0. 
7 ' 7 -040[-08 o. 0. o. 0. 0. 0. 0. 0. 0 o. 

3 4.265£-08 o. 0. o. 0. 0. 0. o. 0. 0. o. 
4 2.880£-08 0. o. 0. o. o. 0. 0. o. o. o. 
; t. 250[-08 o. 0. 0. 0. 0. o. o. 0. c. o. 
; 3.829£-09 0. o. o. o. o. 0. 0. 0. o. o. 
7 \. 560£-09 0. o. 0. o. 0. o. 0. o. 0. o. 
8 8.532£-10 0. 0. o. 0. 0. 0. 0. 0. o. o. 
9 5.383£-10 0. o. 0. o. o. 0. 0. 0. o. 0. 

70 3-694£-\0 0. 0. 0. o. 0. 0. 0. 0. o. 0. 

" 2.682£-10 o. 0. 0. 0. 0. o. o. 0. 0 o. 

" 2-049£-10 0. o. 0. o. 0. 0. 0. o. o. 0. 

73 3.515£-07 0. o. o. 0. 0. 0. o. 0. o. o. 
14 1.679£-07 o. 0. 0. 0. o. o. 0. 0. 0. o. 
75 l.Q08E-07 0. o. 0. o. 0. 0. 0. 0. o. 0. 

'" 6.832£-08 o. 0. 0. 0. o. 0. 0. o. o. o. 
17 3.052£-08 0. o. o. 0. 0. o. 0. 0. 0. o. 
18 9.990[-09 o. 0. o. 0. 0. 0. 0. 0. o. 0. 
19 4.318£-09 0. o. 0. o. 0. 0. 0. 0. o. o. 

7 w 2.458£-09 0. o. 0. o. o. 0. 0. o. o. o. 
I " l.599E-09 o. 0. o. 0. 0. 0. 0. 0. o. 0. 

" !.126£-09 o. 0. 0. 0. o. o. 0. 0. 0. o. 
23 8.368£-10 o. 0. o. 0. 0. o. 0. 0. o. o. 
24 6.592£-IO 0. 0. o. 0. 0. o. 0. 0. 0 o. 

" 6. 783£-07 0. o. 0. o. o. 0. 0. 0. o. o. 
26 3-214£-07 o. 0. o. 0. o. o. 0. 0. o. o. 
n 1.926£-07 0. o. 0. o. o. 0. 0. o. o. o. 

" 1.306£-07 o. 0. 0. 0. 0. 0. 0. 0. 0 o. 

" 5.873£-08 0. o. 0. o. 0. 0. 0. o. o. o. 
30 1.951[-08 o. 0. 0. 0. 0. 0. 0. 0. 0. ''· 37 8.526E-09 o. 0. 0. 0. 0. 0. 0. 0. 0. o. 
32 4.876£-09 0. o. 0. o. 0. 0. 0. 0. c. 
33 3.]78£-09 0. 0. 0. 0. 0. 0. 0. 0. 0 o. 
34 2.239£-09 0. o. 0. o. 0. o. o. 0. o. 0. 

35 1.662£-09 o. o. o. o. 0. 0. o. 0. 0 o. 
7 " ].307E-09 0. o. 0. o. o. 0. 0. 0. o. 0. 

I 37 8.\44£-07 0. o. 0. o. o. 0. o. o. o. o. 
I 38 4.0~0£-07 0. o. o. o. 0. 0. 0. 0. 0. 0. 
I 39 2.454£-07 o. o. o. 0. 0. o. 0. 0. 0. o. 
1 40 1.678£-07 o. o. 0. 0. 0. 0. 0. 0. o. o. 

" ?.624(-08 0. o. o. 0. 0. 0. 0. o. o. 0. 
42 2.545£-08 0. o. 0. o. o. 0. o. 0. 0. o. 

" 1.105[-08 o. 0. 0. 0. 0. 0. o. 0. 0 0. 
44 6. 239£-09 0. o. 0. 0. 0. 0. 0. o. o. 0. 
45 3.994£-09 0. o. 0. o. 0. 0. o. o. o. o. 

" 2.755£-09 o. 0. 0. 0. 0. 0. 0. 0. 0. o. 
47 1.999£-09 0. o. 0. 0. 0. 0. 0. 0. o. 0. 
48 1.524£-09 0. 0. 0. 0. 0. o. 0. o. 0 0. 

49 6.962E-07 0. o. 0. o. o. 0. 0. o. o. o. 
50 3.657E-07 0. o. 0. 0. o. 0. 0. 0. 0. o. 

" 2.266[-07 o. o. o. 0. 0. 0. o. 0. o. o. 

" 1. 556£-07 o. 0. 0. 0. 0. o. 0. 0. o. 0. 
;J 7.013£-08 0. 0. 0. 0. 0. o. 0. o. 0. o. 

" 2.250[-08 o. o. 0. 0. 0. o. o. 0. o. o. 
;s 9.348£-09 0. 0. 0. 0. 0. 0. o. 0. o. 0. 
s; s.o99E-09 o. o. o. 0. o. 0. o. 0. o. 0. 
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REGJON~SIERRA MADRE MILL 
METSET=CASPER WYOMING 

DIRECTION 
XRHO 

1.5 

FIGURE C.4-l. (Continued) 

CODE~MILDOS,REVO (7/79) 

TIME STEP NUMBER l, AFTER 2.25 YEARS DURATION IN YRS IS... 2.3 

EXPOSURE PATHWAY IS INHAL. EXPOSED ORGAN IS WH.BODY 

DOSES SHOWN BELOW ARE 100-YEAR ENVIRONMENTAL DOSE COMMITMENTS, PERSON-REM/YEAR 

XRHO 
2.5 

XRHO 
3.5 

XRHO 
4.5 

XRHO 
7.5 

XRHO 
15.0 

XRHO 
25.0 

XRHO 
35.0 

XRHO 
45.0 

DATE~ 02/25/81 
PAGE NO. 9 

XRHO 
55.0 

XRHO 
65.0 

XRHO 
75.0 

----------------------------------------------------------------------------------------------------------------------------------
N o. o. 2.587£-06 8.736£-06 o. 3.484£-06 o. o. 1.306[-07 1.793[-07 2.278£-07 4.971£-06 
NNE o. o. I.22JE-05 1.243£-05 0. 8.484£-06 o . 5.964£-06 2.619£-06 6.833£-07 1.523£-05 9.998£-06 
N£ o. o. 1.169£-05 1.585£-05 o. 1.184£-06 o. 4.437£-06 2.699£-06 5.432£-07 8.064£-05 7.688£-06 
ENE o. o. 4.466£-05 o. o. o. o. 3.785£-06 1.938£-06 1.672£-07 3.965£-05 6.056£-05 

® ' o. o. 2.750£-05 9.442£-06 o. 4.095£-06 o. 3.094£-07 5.774£-07 o. 4.586£-06 2.876£-05 
ESE o. 0. 5.917£-06 1.215£-05 o. o. o. 4.867£-07 1.494£-07 o. o. o. 
Sf o. o. 4.614£-06 o. o. 4.421£-07 o. 1.895£-07 o. o. o. 0. 
SSE 0. o. t.'l08E-05 0. o. o. 0. o. 6.457£-08 o. 0. 5.525£-04 
s o. 0. 2.997£-05 1.024£-05 o. 6.914£-07 o. o. 8.891£-07 o. 7.060£-07 1.153£-03 
5SW o. o. 2.024£-0.5 4.582£-06 o. 6.444£-07 o. 3.613£-06 3.596£-07 o. 1.099£-05 {l. 

SW o. o. 5.018£-06 1.023£-05 0. 9.498£-07 o. 8.449£-07 1.771£-06 o. 1.013£-05 0. 
WSW o. o. 1.225£-05 o. o. 3.900£-07 o. 7.876£-07 3.262£-07 o. 3. 769£-0fi 0. 
w 0. o. }.036£-05 7.034£-06 0. o. o. o. 2.136£-07 o. 3.092£-06 o. 
WNW o. o. 3.309£-06 2.246£-06 o. 9.348£-07 o. 2.828£-07 0. o. o. o. 
NW o. o. 4.375£-06 1.478£-06 o. o. o. 2.344£-07 0. o. o. 4.616£-06 
NNW o. o. 4.136£-06 9.340£-07 o. 0, o. o. 1.912£-08 0. 0. 7.WIE-06 

TOTAL DOSE COMMITMENT IS 2.359£-03 PERSON-REM/YR 
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FIGURE C.4-1. (Continued) 

REGION=SIERRA MADRE MILL 
METSET=CASPER WYOMING 

CODE=MILDOS,REVO (7/79) DATE" 02/25/81 
PAGE NO. 15 

DIRECTION 
XRHO 
1.5 

TIME STEP NUMBER 1, AFTER 2.25 YEARS DURATION IN YRS IS... 2.3 

EXPOSURE PATHWAY IS VEG.ING. EXPOSED ORGAN IS WH.BODY 

DOSES SHOWN BELOW ARE 100-YEAR ENVIRONMENTAL DOSE COMMITMENTS, PERSON-REM/YEAR 

XRHO 
2.5 

XRHO 
3.5 

XRHO 
4.5 

XRHO 
).5 

XRHO 
15.0 

XRHO 
25.0 

XRHO 
35.0 

XRHO 
45.0 

XRHO 
55.0 

XRHO 
65.0 

XRHO 
75.0 

---------------------------------------------------------------------------------------------------------------------------------
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
s 
ssw 
sw 
WSW 
w 
WNW 
NW 
NNW 

6.961£-06 5.860£-06 4.968£-06 4.314£-06 1.560£-05 1.912£-05 1.298£-05 9.937£-06 8.063£-06 6.764£-06 5.804£-06 5.114£~06 
1.755£-05 1.398£~05 1.174£~05 1.023£~05 3.811£-05 4.987£-05 3.594£-05 2.862£-05 2.395£-05 2.062£-05 1.811£-05 1.646£-05 
3.387£-05 2.676E-05 2.244[-05 1.957£-05 7.333£-05 9.741E-05 7.097£-05 5.679£-05 4. 760£-05 4.099E-05 3.596E-05 3.262£-05 
4.066£-05 3.355£-05 2.858E-05 2.513£-05 9.519£-05 1.271E-04 9.201£-05 7.266£-05 5.982£-05 5.045£-05 4.326£-05 3.805£-05 
3.476£~05 3.044E-05 2.640£-05 2.331E-05 8.756£-05 1.124£-04 7.781E-05 5.939£-05 4.752E-05 3.907E-05 3.272£-05 2.805E-05 
1.492£-05 1.313£-05 1.136£-05 9.995£-06 3.705£-05 4.620£-05 3.118£-05 2.336£-05 1.844E-05 1.500E-05 1.247E-05 1.065£-05 
1.152£-05 1.020E-05 8.858£-06 7.810E-06 2.908E-05 3.639E-05 2.447E-05 1.819£-05 1.421E-05 1.143E-05 9.391£-06 7.921£-06 
1.375E-05 1.226£-05 1.063£-05 9.349£-06 3.446£-05 4.232E-05 2.795E-05 2.055£-05 1.594£-05 1.276£-05 1.044£-05 8.780£-06 
1.879E-05 1.660£-05 1.438£-05 1.264E-05 4.652£-05 5.690£-05 3.768£-05 2.795£-05 2.195£-05 1.783E-05 1.481£-05 1.270E~05 
1.831E-05 1.526£-05 1.295£-05 1.131E-05 4.184£-05 5.303E-05 3.648£-05 2.775£-05 2.219£-05 1.830£-05 1.543E-05 1.343£-05 
1.346£-05 1.131£~05 9.633£-06 8.416£-06 3.106E-05 3.908£-05 2.674E-05 2.028£-05 1.619£-05 1.334£-05 1.123£-05 9.754£-06 
1.098E-05 9.214£-06 7.840£-06 6.852£-06 2.535£-05 3.210E-05 2.209£-05 1.680E-05 1.342E-05 1.104E-05 9.272£-06 8.017E-06 
}.405£-05 1.171£-05 9.943£-06 8.683E-06 3.209E-05 4.079£-05 2.833£-05 2.177E-05 1.758£-05 1.461£-05 1.239£-05 1.081£-05 
8.882E-06 7.467£-06 6.353E-06 5.545E-06 2.040E-05 2.564£-05 1.769E-05 1.357£-05 1.096£-05 9.127£-06 7.753£-06 6.767£-06 
6.009E-06 4.977E-06 4.200£-06 3.650E-06 1.337£-05 1.691E-05 1.172E-05 9.000£-06 7.260E-06 6.030E-06 5.114E-06 4.448E-06 
3.763E-06 3.133E-06 2.647E-06 2.306E-06 8.483E-06 1.077E-05 7.500£-06 5.801£-06 4.721E-06 3.956E-06 3.382E-06 2.956£-06 

TOTAL DOSE COMMITMENT IS 4.391E-03 PERSON-REM/YR 

0 
WARNING--POPULATION FOOD INGESTION DOSES SHOWN 

ABOVE HAVE 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. 



FIGURE C.4-l. (Continued) 

REGION•SIERRA ~RE MILL 
HETSET~CASPER WYI)IJNG 

COOE•M!LOIIS,REYO (7/79) DATE• 02/25{81 
~At>t tru. ll 

TIME STEP NUMBER 1, AfTER 2.25 YEARS ruRAl !ON Ill YRS IS... 2.3 
SU~RY PRINT Of POPULATION DOSES C()!PUTED FOR TSTEP l--OOSES SHOWN ARE ]00-YEAR fNVIROtfo1EHTAL DOSE CCJ041TMENTS, PERSON-REM/YEAR 

DOSES RECEIVED BY PEOPLE WITHIN SO KILOMETERS 

PATifojAY \IH.BOOY BONE AVG.LUNG liVER KIDNEY BRONCHI 

!NHAL. 2. 359£-03 5.040£-02 2.0IRE-Ol ].234£-03 1.274[-02 o. 

® 
GROUND 3 .oosr -OJ J,DQSE-03 ~.OOSE-03 3. OOSE-03 3.005£-03 J.OOSE-03 
CLOUD 8. SOOf-09 8, SOOE-09 8.500[-09 B.SOOE-09 8.500£-09 S.SflOE-09 
VEG. lNG. 4.391£-03 7.J9lf-02 4.39lE-03 5,568£-04 1.522£-02 4- 39lf -03 
MEAT lNG 2.979£-04 4. 707E-OJ 2.979£-04 7.781£-05 !.082E-03 2.979[-04 
lo!llK lNG 4,255£-04 6.629[-03 4.<55£-04 9.837E-06 l. 281£-03 4.255£-04 
RNPLUSSO 0. 0. 0. 0. 0. o. 

TOTALS I.048E-02 1.366£-0l 2.099£-01 4.884[.03 3.333£-02 8.119£-03 

DOSES RECEIVED BY PEOPLE Bfl'OND 80 Kll~ETERS 

PATHWAY WH.BOOY SOME AVG.LUNG LIVER KIDNEY BRONCHI 
··-----------------------------------------------------------------------------------·----·-------
lMHAL. 0. o. o. 0. 0. o. 

® GROUND 0. 0. 0. 0. 0. o. 
CLOUD 0. o. o. 0. 0. o. 
YEG.lNG, 0. o. o. 0. o. 0. 
lo!EAT '" 8.809[-04 1.392£-02 8.809£-04 2.301£-04 3.199[-03 8.809£-04 
lo!ILK '" 0. 0. 0. 0. 0. o. 
RMPLUSSO 0. 0. 0. 0. 0. o. 

TOTALS 8,809£-04 1.392£-02 8.809[-04 3.199[-03 8.809[-04 

TOTAL OOSES C~PUTEO lWER ~LL POPIJLATIONS 

PATHWAY WH.BOOY BONE AVG.LUNG l l VER K!ONH BRONCHI 
--------------------------------------------------------------------------------------------------
lNHAL. 2.359[-03 5.040[-02 2.018f-OI I. 234£-03 !.274E-P2 o. 

® GROUNO 3.005[-03 3.005£-03 3.005£-03 J.OOSE-03 3.005£-03 3.005[-03 
ClOUD A.SOOE-09 8.500£-09 8.500£-09 R,SOOE-09 R.SOOE-09 s.snor-09 
VEG.!NG. 4.391£-03 7.191E-02 4.39!E-03 5.568[-04 1.522£-02 4-391[-03 
lo!EAT "" 1.179[-03 1.862£-02 L J79E-03 3.079£-04 4.280£-03 !.1790-03 
!o!!LK "" 4.255£-04 6.629£-03 4.2S5E-04 9.A3n .o~ !.281£-03 4. 255[ -04 
RNPLUSSO "· o. 0. o. 0. o. 
·-------------------------------------------------------------------------------------------------
TOTALS J.l36f-02 !.506E-Ol 2.!08£-01 5,l14E-03 3.553E-02 9 .oooE -03 

C.40 
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REGION=SlERRA MADRE MILL 
METSET=CASPER WYOMING 

FIGURE C.4-l. (Continued) 

COOE=MILDOS,REVO {7/79) DATE'- 02/25/81 
PAGE NO. 88 

COMPLETE SUMMARY OF COMPUTED ENVIRONMENTAL DOSE COMMITMENTS, INTEGRATED OVER ALL TIME STEPS 

100-YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVED BY PEOPLE WITHIN 80 KILOMETERS, PERSON-REM 

NO. T -START T-END T-LONG PATHWAY WH.BODY BONE AVG.LUNG LIVER KIDNEY 

1 1980.00 1982.25 2.25 TOTALS 2.358£-02 3.075[-01 4.723£-01 1.099£-02 7.499£-02 
1 1982.25 1984.25 2.00 TOTALS 3.143£-02 4.099[-01 6.297£-01 1.465[-02 9.998E-02 
3 1984.25 1986.50 2.25 TOTALS 3.536E-02 4.612£-01 7.085£-01 1.548£-02 1.125E-Ol 
4 1986.50 1991.50 5.00 TOTALS l.048E-01 1.366[+00 2.099E+OO 4.A84E-02 3.333E-Ol 
5 1991.50 1999.50 8.00 TOTALS 1.677E-01 2.1R6E+OO 3.359E+OO 7.RI4E-02 5.332E-(11 
6 1999.50 2004.50 5.00 TOTALS o. o. o. o. o. 

BRONCHI 

1.827£-02 
2.436£-02 
2.740£-02 
8.119E-02 
1.299E-01 
o. 

---------------------------------------------------------------------------------------------------------------------------------
TOTALS OVER ALL 6 TIME STEPS 3.628E-01 4.731Et00 7.268E+OO 1.691E-01 1.154E+OO 2.811E-01 

100-YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVED BY PEOPLE BEYOND SO KILOMETERS, PERSON-REM 

NO. T -START T-END T-LONG PATHWAY WH.BODY BONE AVG.LUNG LIVER KIONEY BRONCHI 

1 1980.00 1982.25 2.25 TOTALS 1.982E-03 3.131E-02 I.982E-03 5.177E-04 7.197E-03 1.982E-03 
1 1982.25 1984.25 2.00 TOTALS 2.643E-03 4.175E-02 2.643E-03 6.903E-04 9.596[-03 2.643E-03 
3 1984.25 1986.50 2.25 TOTALS 2.973E-03 4.697E-02 2.973E-03 7.766E-04 1.079E-02 2.973E-03 
4 1986.50 1991.50 5.00 TOTALS 8.809E-03 1. 392E-C1l R.809E-03 2.301[-03 3.199E-02 8.809E-03 
5 1991.50 1999.50 8.00 TOTALS 1.409E-02 2.227E-01 1.409E-02 3.681E-03 5.118E-02 1.409E-02 
6 1999.50 2004.50 5.00 TOTALS o. 0. o. o. o. o. 

---------------------------------------------------------------------------------------------------------------------------------
TOTALS OVER ALL 6 TIME STEPS 3.050E-02 4.819[-01 3.05f1E-02 7.967E-03 1.107E-(ll 3.050E-02 

GRAND TOTAL 100-YEAR ENVIRONMENTAL DOSE COMMITMENTS RECEIVEn OVER ALL POPULATIONS, PERSON-REM 

NO. T -START T-END T -LONG PATHWAY WH.BODY BONE AVG.LUNG LIVER KIDNEY BRONCHI 
---------------------------------------------------------------------------------------------------------------------------------

1980.00 1982.25 2.25 TOTALS 2.556E-02 3.388E-Ol 4.743E-M 1.151E-02 8.218[-02 2.025E-02 
2 1982.25 1984.25 2.00 TOTALS 3.408E-02 4.517E-01 fi.324E-01 1.534E-02 1.096E-Ol 2.7(10[-(12 
3 1984.25 1986.50 2.25 TOTALS 3.834[-02 5.0R2E-01 7.114E-01 1. 726[-02 1. 233[-01 3.037E-02 
4 1986.50 1991.50 5.{10 TOT!\LS 1.136E-01 1. 506[+00 2.10REtOO 5.114E-02 3.653[-01 9.000E-02 
5 1991.50 1999.50 8.00 TQTALS 1.817E-01 2.409[+00 3.373Et00 8.182E-02 5.844F-Ol 1.440[-01 
6 1999.50 2004.50 5.00 TOTALS o. 0. 0. o. o. o. 
-----------------------------------~-----------------------------------~------------~--------~-------------------------~---------
TOTALS OVER ALL 6 TIME STEPS 3.933E-01 5.213Etf10 7.299EtOn 1.771[-01 l.265E+OO 3.llfiE-01 





APPENDIX D - COMPUTER SPECIFIC INFORMATION 

This appendix provides information useful to users of the MILOOS 
version operable on the CDC 7600 computer at Brookhaven National 
Laboratory. Section 0.1 gives core storage requirements and Section 
0.2 gives two sample control card decks. 

0.1 Storage Requirements 

The computer program MILDOS requires 86K decimal words to execute on a 
CDC 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 resides on the CDC 
7600 system at Brookhaven National Laboratory. A sample control card 
deck is shown in Figure 0.2-1. This deck will access the master MILDOS 
file and initiate program execution. The first two cards give 
accounting information. The 11 ATTACH" card accesses the master file and 
assignsa temporary name 11 FILE 11

• The 11 SKIPF 11 COITAlland positions the file 
to the start of the binary execution element. The "COPYP" command 
copies the executable element to another temporary file 11 60 11

• The 
"RETURN 11 conmand terminates access to the master file for the current 
run. The 11 60" coiTITiand initiates execution of the program on the file 
GO. 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. 

D.l 



BCMILD,T3DO,STMFZ,TPO,Pl. 
ACCOUNT(NAME,NUMBER) 
ATTACH(FILE,MARTINMILDOSREVOOO,ID=ZZRNRC,MR=l) 
SKIPF,F!LE,2,17. 
COPYP,FILE,GO. 
RETURN,FILE. 
GO. 
@ END-OF-FILE 

FIGURE D.2-l. Run Control Card Listing 

BCMIL,T300,STMFZ,TPO,Pl. 
ACCOUNT(NAME,NUMBER) 
ATTACH(OLDPL,MARTINMILDOSREVOOO,ID=ZZRNRC,MR=l) 
UPDATE(F) 
REWIND(COMPILE) 
FTN(I=COMPLIE,R=O,L=O) 
RETURN,FILE. 
LGO. 
@END-OF-FILE 

PLACE UPDATE CARDS HERE. 
@ END-OF-FILE 

PLACE INPUT DATA CARDS HERE 
@ END-OF-FILE 

FIGURE D.2-2. Update Control Card Listing 

D.2 



APPENDIX E. Verification of Computer Program 

The verification of the MILDOS code has been divided into two parts, 

those calculations concerned with the concentration of radionuclides 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.l 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 100 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 particle size distribution 3. The stack released 0.1 Ci/yr of 238u 
and 500 Ci/yr of 222Rn with particle size distribution 2 and no exit 

velocity. 

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 class 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:FREO(l,l,l), FREQ(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 location 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. 
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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.l-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. Differences in the second significant figure 

can be attributed to numerical round-off errors and approximations used in 
the computer program. 

TABLE E.1-1. Relative Dispersion Factor for Stack 
Source and Radionuclide 222Rn 

Receptor* 
(direction-distance.km) 

N-75 

E-3.5 

E-75 

S-2 .5 

S-75 
SSW-4.5 

SW-75 

WSW-4.5 
W-75 

Hand Calculation 
-3 -1 ) (pCi m /pCi sec 

2.6 X 10- 9 

1.2 X 10-10 

9.5 X 10- 10 

9.2 X 10- 13 

6.4 X 10- 9 

3.6 X 10- 7 

2.3 X 10-9 

1.3x10-7 

1.2x10-9 

Program Value 
(pCi m 3;pCi sec-1) 

2.5 X 10-9 

1.2 X 10-10 

9.4 X 10-10 

8.4 X 10- 13 

6.4 X 10-9 

3.7x10-7 

2.2 X 10- 9 

1.2x10-7 

1.1 X 10-9 

*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.l-1 are simply calculated by 

multiplying the relative dispersion factors by the source strenoth 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 80 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-l. 

This term is used to designate calculations which do not include dose 
from Rn or its daughters. 
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TABLE E.2-l. 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=l0.0,2*0.0,10.0,2*0.0,10.0,2*0.0,10.0,2*0.0, 

IPACT=1, TSTART=1980.0, 
I FTODO= 1 , 
FPR=10000.,1000.,1000., IADD=5, IRTYPE=-1,0,1,10,10, 
IPOP=192*1.0, 
JC=l ,0, 1,1, 1,1, l, 1,1 ,0, 
XRECEP=0.0,10.0,0.0,0.0,10.0,0.0,0.0,10.0,0.0,0.D,10.0,0.0, 
0.0,10.0,0.0, 
QAJUST=l .0 ,19*0 .0 ,1 .0 ,1 .0 ,19*0 .0 ,1.0, 
NSTEP=1,TSTEP=l0.0, 
FRADON=O. 1,0.2,0.3,0.5, PAJUST=l .0$ 
TEST REGION TEST AREA 
TEST SOURCE 1 
RECEPTOR 1 
RECEPTOR 2 
RECEPTOR 3 
RECEPTOR 4 
RECEPTOR 5 
AFTER 10 YEARS 

Using the input from Table 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. All 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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