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ABSTRACT
The AIRDOS-EPA computer code is a methodology, designed for use on

IBM-360 computers, that estimates radionuclide concentrations in air;
rates of deposition on ground surfaces:; ground surface concentrations;
intake rates via inhalation of air and ingestion of meat, milk, and fresh
vegetables; and radiation doses to man from airborne releases of radio-
nuclides. This report describes the atmospheric and terrestrial transport
models used in the code, their computer implementation, and the applic-
ability of the code to the assessment of radiological impacts. A Tisting
of the code and a demonstration run of the code are presented in the
appendices.

A modified Gaussian plume equation is used to estimate both horizontal
and vertical dispersion of as many as 36 radionuclides released from one
to six stacks or area sources. Radionuclide concentrations in meat, milk,
and fresh produce consumed by man are estimated by coupling the output of
the atmospheric transport models with the U.S. Nuclear Regulatory Commission,
Regulatory Guide 1.109 terrestrial food chain models. Dose conversion
factors are input to the code, and doses to man at each distance and
direction specified are estimated for total body, red marrow, lungs,
endosteal cells, stomach wall, Tower large intestine wall, thyroid,
liver, kidneys, testes, and ovaries through the following exposure modes:
(1) immersion in air containing radionuclides, (2) exposure to ground
surfaces contaminated by deposited radionuclides, (3) immersion in con-
taminated water, (4) inhalation of radionuclides in air, and (5) ingestion

of food produced in the area.
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The code may be run to estimate highest annual individual dose in
the area or annual population dose. For either option, output tables
summarize doses by nuciide, exposure mode, and organ. Also, for either
a square or circular grid option, ground concentrations of radionuclides
and intake rates by man are tabulated for each environmental location.
Working level exposures are also calculated and tabulated for inhalation
of 222Rn short-1lived progeny. Run time is less than 5 min on the IBM

360/91, and the core requirement is 650 K (kilocore).



. 1. INTRODUCTION

The AIRDOS~EPA computer code was developed at Oak Ridge National
Laboratory (ORNL) to be used by the U.S. Environmental Protection Agency
(EPA) as part of a methodology to evaluate health risks to man from
atmospheric radionuclide releases. This report describes the final
version of an interim methodology outlined under Task I of Interagency
Agreement No. EPA-78-D-X0394 between ORNL and the EPA. The models and
parameters described in AIRDOS-EPA will be reviewed and reevaluated
under Task II of this interagency agreement.

The code is a modified version of AIRDOS-1I (Moore, 1977), which has

been used by the Environmental Sciences Division (ESD) and the Health and

©" - . Safety Research Division (HASRD) of ORNL for several years to assess

radiological impacts of‘routine operations of nuclear facilities. Both
point sources and uniform area sources of atmospheric releases of radio-
nuclides can be evaluated by AIRDOS-EPA, which estimates (1) concentrations
in air, (2) rates of deposition on ground surfaces, (3) ground surface
concentrations, (4) intake rates by man via food ingestion and air
inhalation, and (5) radiation doses received by man.

As many as 36 radionuclides released from one to six stacks or area
sources can be handled in a single computer run. Annual-average meteor-
ological data for the area surrounding a nuclear facility may be supplied
as input to the code, which then estimates air and ground concentrations
and intake rates by man for each radionuclide at various distances and
directions from the release point or the center of an area source. From

S these values, doses to man at each distance and direction specified are



estimated for total body, red marrow, lungs, endosteal cells, stomach
wall, lower large intestine wall, thyroid, liver, kidneys, testes, and
ovaries through each of five exposure modes. These modes are (1) immersion
in air containing radionuclides, (2) exposure to ground surfaces con-
taminated by deposited radionuclides, (3) immersion in contaminated

water, (4) inhalation of radionuclides in air, and (5) ingestion of food
produced in the area. The dose calculations are made with the use of

dose conversion factors supplied as input data for each radionuclide,
exposure mode, and reference organ or tissue.

At the option of the user, the area surrounding the source may be
subdivided either with a circular or a square grid. For the circular
option, as many as 20 distances may be specified for each of 16 compass
directions. Each distance represents the midpoint of a sector. The
square option employs a 20 by 20 grid with the source at the center.

The grid size is specified by the user.

The code may be run to estimate either the highest annual individual
dose in the area or the annual population dose. For either of these
options, tables are provided as output which summarize doses in several
ways — by nuclide, exposure mode, and organ. Also, for either option
selected, ground concentrations of radionuclides and intake rates by man
are tabulated for each specified environmental Tocation. In addition,
working level exposures are calculated and tabulated for inhalation of
222Rn and its short-lived progeny.

Section 2 of this report discusses the atmospheric and terrestrial
transport of released radionuclides and the methods used for calculating

the resultant dose to man from these radionuclides. Section 3 details



the atmospheric and terrestrial transport models used in the code.
Section 4 describes the input data requirements for the various user
options. Section 5 lists terrestrial transport input parameters used in
a demonstration run of the code. The methods used to determine the
values presented are briefly discussed, and special problems in the
determination of parameter values are identified. A listing of the code
and a demonstration run of the code are presented in Appendix A and B,
respectively.

2. APPLICABILITY OF THE COMPUTER CODE FOR ATMOSPHERIC DISPZRSION
CALCULATIONS AND RADIOLOGICAL ASSESSMENTS

Release rates (in curies per year) to the atmosphere from each
point or area source are known collectively as the source term. The
plume containing radionuclides is dispersed both horizontally and
vertically as it is blown downwind. The code estimates the annual-
average concentration (picocuries per cubic centimeter) of each radio-
nuclide in the source term in air at ground level as a function of
direction and distance from the source; annual-average frequencies of
wind direction, wind speed, and atmospheric stability category are
employed as input data.

Radionuclides in the form of particulates or reactive gases deposit
on ground or water surfaces through scavenging processes, which primarily
consist of washout by rainfall, and through dry deposition processes.
The code estimates the deposition vrate for each radionuclide in units of
picocuries per square centimeter per second for each location for which

estimated air concentrations are calculated.
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Both the air concentrations and the ground deposition rates are
average values in the crosswind direction over each of sixteen 22.5°
sectors emanating from the source. For the square grid option, the
22.5° sector-averaged values in a circular coordinate system are con-
verted to values in rectangular coordinates. Sector-averaging is a
realistic treatment for assessments using average meteorological data,
but the code does provide an option to the user to compute plume center-
line values if desired for a special application. Plume centerline
values are several times higher than sector-averaged values.

The average concentration of a radionuclide in air at ground level
at an environmental Tocation is used to estimate the external dose from
gamma radiation to an individual living at that location for an entire
year as a result of his immersion in an assumed semi-infinite cloud of
that concentration. A conversion factor for immersion gamma dose at the
skin surface is supplied as input data for each radionuclide. These
values are multiplied by correction factors, also supplied as input, to
estimate the external gamma dose contributions for each radionuclide to
other reference organs.

The air concentration at each Tocation is also used to estimate
internal dose via inhalation. Input dose conversion factors (rem per
microcurie) for each radionuclide and organ include contributions from
radioactive daughters growing in after human intake, and, when multiplied
by the intake for one year (microcuries), result in values for a dose
commitment resulting from that annual intake.

Rates of deposition on ground surfaces are employed to estimate
external doses resulting from gamma radiation emanating from contamin-

ated ground. A period of time, supplied as input, is allowed for



surface buildup. Doses are estimated for a point 1 m above an infinite
plane with the calculated concentration in units of picocuries per
square centimeter. Dose conversion is handled in the same way as for
air immersion doses.

The external dose from water immersion is calculated as resulting
only from immersion in water subjected to deposition from the atmosphere.
It is usually estimated very conservatively in assessments, but even
so it makes almost no contribution to the total doses. The critical
pathway of exposure from water immersion is by swimming in a home out-
door swimming pool because the shallow depth of water in home pools
minimizes dilution of deposited radionuclides. Dose calculation is
similar to that for air immersion except that a use factor, often chosen
as 0.01 in assessments, is employed to account for the fraction of time
spent by a typical person in his home pool.

Ingestion doses resulting from deposition of radionuclides on crop
tand and pasture are estimated separately for vegetable, meat, and milk
consumption. A terrestrial model described later in this report was
adopted to estimate steady-state concentrations in these three food
types for continuous deposition on agricultural land. Intake by man is
calculated from input values assumed for daily consumption of each of
the three types of food. Dose conversion factors (rem per microcurie)
supplied as 1nput»data for each radionuclide and reference organ are
used to calculate dose commitments resulting from one year's intake.
Dose contributions from radioactive daughters growing in after intake
are included in the dose conversion factors for each radionuclide

assumed to be ingested.



The number of meat producing animals, dairy cattle, and square
meters of area on which vegetable crops are produced is specified for
each environmental location in the assessment region. When population
doses are to be estimated for a site-specific assessment, any additional
quantity (supplemental to locally produced supply) of each of the three
food types required to feed the population is assumed to come from
outside the assessment area in an uncontaminated state. Options in the
code allow the user to specify the fraction of each food type produced
at each individual's specific Tocation, the fraction produced within the
entire assessment area, and the fraction which is consumed within the
area but produced outside the area.

No attempt is made in AIRDOS-EPA to assess either health risks or
genetic damage. However, concentrations in air and on ground surfaces
and intake rates by man, from which it may be possible to evaluate these
effects, are calculated and tabulated for each environmental Tocation
for which doses are estimated.

3. ATMOSPHERIC AND TERRESTRIAL TRANSPORT MODELS AND
THEIR COMPUTER IMPLEMENTATION

The general organization of the models as implemented in the sub-

routines of the code are described in detail in this section.

3.1 Organization of the Code

AIRDOS-EPA, written in Fortran-IV computer language, is designed to
be run on the IBM-360 computers. It is organized as follows:
MAIN Program
1.  SUBROUTINE CONCEN
1.1 SUBROUTINE QY



1.1.1  SUBROUTINE QY1
1.1.2 SUEROUTINE QY2
1.1.3  SUBROUTINE QY3
1.2 SUBROUTINE QX
1.3 SUBROUTINE CHIQ
2. SUBROUTINE DIRECT
3. SUBROUTINE DOSEN
3.1 FUNCTION CV
3.2 SUBROUTINE RVALUE
3.3 SUBROUTINE DOSMIC

MAIN is a short program in which options are selected by the user
to apply to subroutine CONCEN or subroutine DIRECT. CONCEN calculates
and prints out concentrations in air and rates of deposition of radio-
nuclides on ground surfaces from the source term supplied as input.
Subroutine DIRECT may be called by MAIN to bypass CONCEN and to supply
the above values directly as input.

If CONCEN is called by MAIN, the program can then be terminated, or
alternatively, DOSEN will be called. If DIRECT is called by MAIN, DOSEN
is then called.

Subroutine QY (and subroutines QY1, QY2, and QY3 called by QY)
estimates depletion of radionuclide plumes as a result of dry deposition
on ground surfaces. Subroutine QX is used for the same purpose except
that it is used for the special cases in which gravitational fall of
radionuclide particulates is significant.

Subroutine CHIQ calculates and prints a table of x/Q values (the
ratio of actual concentration in air to the release rate) for each

radionuclide in the source term.



Subroutine DOSEN, employing concentrations in air and rates of
deposition on ground surfaces calculated in CONCEN or input directly
using DIRECT, calculates environmental concentrations, intake rates by
man through ingestion and inhalation, and radiation doses. Function CV
and subroutine RVALUE are used in the ingestion model of DOSEN.

Subroutine DOSMIC, called by DOSEN, summarizes doses and prints
output tables.

3.2 Atmospheric Dispersion and Deposition

Subroutine CONCEN includes models used for plume rise above the top
of a stack or roof vent through which radionuclides are released, the
atmospheric dispersion model for dilution of radionuclides in an air-
borne plume while being blown downwind, and models describing deposition
processes. Parameter requirements for characterizing the nuclear facility
or the site releasing radionuclides, meteorological data requirements,
and a detailed description of atmospheric dispersion and deposition
models are given below.

3.2.1 1Input parameters characterizing the nuclear facility or release site

Input data for CONCEN must include the number of radionuclides (36
maximum) released from the facility, the name of each radionuclide as a
representation with a maximum of eight alphameric characters (such as

RN-222 for 222

Rn) and the annual-average release rate for each radionuclide
in units of curies per year. The physical height of the release and the
effective diameter for an aera source must also be entered. For plume

rise calculations based on the momentum of stack gases, the inside -

diameter of the stack (meters) and the velocity of the stack gases

(meters per second) must be entered as input. Plume rise calculations



based on buoyancy of hot stack gases requires that the heat release of

the stack in calories per second be entered as input.

3.2.2 Meteorological data

The quality of meteorological data for assessment areas varies from
that of great detail covering many years of observations taken at meteor-
ological towers located near a site to the other extreme of very sparse
information. In some cases, data from sites located some distance away
must be used with modifications based on regional mapping of weather
conditions. In any case, the data must be summarized in the specific
form described below.

First, the annual frequency of wind direction must be determined
for each of 16 compass directions starting at direction 1 for wind
blowing toward due north and proceeding counterclockwise through direction
16. Meteorological data are usually presented for the direction from
which the wind is blowing. The sum of the wind direction frequencies
must equal 1.

Next, the frequency of each Pasquill stability category for each of
the 16 wind directions must be determined. The extent of vertical and
horizontal dispersion of a windblown plume is a function of the stability
of the air. Pasquill (1961) described six atmospheric stability cate-
gories ranging from A (very unstable) to F (very stable). A seventh
category, G (extremely stable), is included in AIRDOS-EPA. The sum of
the frequencies for categories A through G will be equal to 1 for
each of the 16 wind directions. Meteorological data are often not

summarized by Pasquill category but instead may be grouped into categories
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denoted as stable, unstable, and neutral, or may be reported in terms of
solar input or vertical temperature gradients. In such cases, conversion
to the Pasquill system can be accomplished by reference to established
guidelines (Turner, 1969; Slade, 1968).

The average wind speed must be determined for each wind direction
and Pasquill category. Meteorological summaries usually present freguen-
cies for various ranges of wind speeds from which the average can be
derived. The atmosbheric dispersion equation in the code has wind speed
in the denominator, however, so a wind speed derived from the average of
the reciprocals of wind speeds for the various ranges is used in AIRDOS-
EPA as discussed in Sect. 3.2.4. A second set of wind speeds (reciprocal-
averaged) must be calculated for each direction and Pasquill category.

The average depth of the atmospheric mixing layer (or 1id) for the
area must be included. The 1id value, which is usually within the range
500 to 2000 m (Holzworth, 1972), is the distance from the ground to the
bottom of a more stable layer of air lying above less stable air. The
1id restricts the vertical dispersion of an airborne plume after it has
travelled some distance downwind of the source. If a specific 1id value
is not available from site data, it may be estimated from contour maps
(STade, 1968; Holzwerth, 1972). The average temperature in the area
(°K) is required input if plume rise resulting from buoyancy of hot

plumes is calculated by the code.

3.2.3 Plume rise
Gases discharged from a stack or roof vent will rise above the

stack as a result of the momentum of the gas or, if the gases are
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substantially above ambient temperature, because of thermal buoyancy.
This plume rise, Ah, when added to the actual physical height of the
stack, h, results in an important parameter for dispersion calculations,
H, which is referred to as the effective stack height. As a plume is
blown downwind from a stack, its centerline, which starts ocut at the
actual physical height of the stack, soon reaches an elevation of H,
where it remains unless gravitational settling of particulates produces
a downward tilt to the plume or until meteorological conditions change.

Plume rise calculations are subject to much uncertainty. Many
equations have been proposed for predicting plume rise, but none has
been entirely satisfactory (Turner, 1969). The user can elect, through
an option in the main program, to use either the equation given by Rupp
et al. (1948) to estimate plume rise for momentum dominated plumes, or
to use Briggs' equations (1969) for hot plumes that rise because of
buoyancy, or to supply his own values for plume rise.

The equation given by Rupp et al. for momentum dominated plumes is

Ah = 1.5 vd/u (1)
in which
Ah = plume vise (m),

v = effluent stack gas velocity (m/sec),

i)

d = inside stack diameter (m),

1

v = wind velocity (m/sec).

The code treats buoyant plume rise according to Briggs' recommendations

in the following way:
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For stability categories A, B, C, and D, the equation used is

AR = 1.6 F”3 X 2/3 , (2)
u
where
Ah = plume rise (m),
F=3.7x107 Q,
x = distance downwind (m),

u = wind speed (m/sec).

The quantity QH is the heat emission from the stack due to the efflux
of stack gases in calories per second.

Equation (2) is valid to a point where x is approximately equal to
10h, where the plume levels off. The equation used for values greater

than 10h is

1.6 F'/3 (on)?¥/3
!

Ah =

Equation (2) is also used for stable categories E, F, and G to
a distance x = 2.4 uS”]/z, beyond which the plume is assumed to level
off. For higher values of x, the eguation used is
F\ 173
Ah = 2.96;;) , (4)
where S is the stability parameter defined as

aT
=9 (__a
S =< <82 +F> , (5)

a

in which

g = the gravitational acceleration (m/secz)

3

T, = air temperature (°K),
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1]

z = vertical distance above stack (m),

H

I' = adiabatic lapse rate of atmosphere (0.0098°K/m) .
The value of the vertical temperature gradient, aTa/az, is positive for
stable categories.

Equations for both momentum and buoyancy plume rise contain wind
speed in the denominator, which obviously produces an unrealistic infinite
plume rise for an absolute calm. Very low wind speeds (i.e., a relative
calm) could produce unrealistically high values of plume rise. Inclusion
of relative calms in averaging plume rise over a series of wind-speed
categories can underestimate downwind pollutant concentrations. This is
especially true for real meteorological conditions in which wind speed
fluctuates considerably during downwind plume travel. An added factor
is that the average plume rise is particularly sensitive to wind shear,
dy/dz, at the Tow wind speeds, which would substantially reduce it from
a value calculated using the wind speed at the actual release height.
The true average wind speed for each Pasquill stability category is used
in the code to estimate plume rise because it is always greater than the
reciprocal-averaged wind speed, and therefore produces the most conservative
(smallest) plume rise values. This procedure does not risk underestimating
the significant contribution of relatively calm periods to downwind
pollutant concentrations which could ensue from direct use of a plume
rise based on each wind-speed category to be applied to dispersion calcula-
tions for that category.

There is, however, no completely satisfactory answer to the plume
rise question which covers all meteorological or assessment conditions.

For this reason, the option is available to compute plume rise by any other
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equation or under any other assumptions and to include a value in the input
data to be used for each Pasquill atmospheric stability category. The user
may use the Rupp equation with true average wind speeds for population dose
calculations, for instance, but might wish to use even more conservative
values for estimating the nighest individual doses in the area to account

for Tocal turbulence created by building wakes. In other instances, roof
vent releases may be subjected to the influence of other structures in the
area so that the user may not wisn to account for plume rise at all.

In such cases, input values of zero would be used for plume rise. Negative
values for plume rise can even be used in some cases to account for downwash,
but the effective stack height, of course, should always be maintained above
zero. For estimating concentrations of pollutants from buoyant plumes during
periods of relative stagnancy (wind speed <1 m/sec), one can use Briggs'

_ F]/4 Sw3/8)

(1969) recommended equation for calms (Ah = 5 to estimate

specific input values for plume rise.

The basic equation used to estimate dispersion in an airborne plume as
it is blown downwind from a stack is the Gaussian plume equation of Pasauill

(1961) as modified by Gifford (1961).

where

¥ = concentration in air at x meters downwind, y meters crosswind,
and z meters above ground (Ci/m3),

Q = uniform emission rate from the stack (Ci/sec]),



p = mean wind speed (m/sec),
o, = horizontal dispersion coefficient (m),
o, = vertical dispersion coefficient (m),
H = effective stack height (physical stack height, h, plus the
plume rise, (ah) (m),

y = crosswind distance (m),

z = vertical distance (m).

The downwind distance x comes into Eq. (6) through a, and S which
are functions of x as well as the Pasquill atmospheric stability category
applicable during emission from the stack. The code converts y in Eq. (6)
and other plume dispersion equations from units of curies per cubic meter
to units of picocuries per cubic centimeter.

Annual~average meteorological data sets usually include frequencies
for several wind-speed categories for each wind direction and Pasquill
atmospheric stability category. AIRDOS-EPA uses reciprocal-averaged
wind speeds in the atmosphéric dispersion equations, which permit
a single calculation to replace separate calculations for each wind-speed
category. This procedure saves much computer running time. The recipro-
cal averaged wind speed Ve for each direction and Pasquill category is

defined by the equation

f
n
L (7)

n

n
L._-Z
UY‘ :

in which
fn = fraction of time for wind-speed category n,
u_ = average wind speed within the wind-speed category n (m/sec).

n
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Equation (6) is applied to ground-level concentrations in air at the

centerline of a plume by setting y = 0 and z = 0, which results in

2
X = o exp|- - : (8)
ﬂgyczu [ 2 Oz J

The average ground-level concentration in air over a sector of 22.5°,
Xaye> €an be approximated by the following expression

Xave = fx 2 (9)

2
where f is the integral of the exponential expression exp|- %—<QC~) in
y
Eq. (6) from a value of y = 0 to y = = divided by Yo the value of y at
the edge of the 22.5° sector, which is the value of the downwind distance,

x, multiplied by the tangent of half of the sector angie. The expression

WEIIa
= 2 v/ - (10)
‘yS

is

The definite integral in the numerator of Eq. (10) is evaluated as

o, W/E’ . (11)

Since Yo = X tan (11.25°),

6 30 83
0836 Oy

The equation for sector-averaged ground level concentration in air is

therefore
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2
3 0 J1(H
X 7 §.75871 TXG 1 EXP[ 2<OZ> ] . (13)

This method of sector~-averaging compresses the plume within the
bounds of each of the sixteen 22.5° sectors for unstable Pasquill atmospheric
stability categories in which horizontal dispersion is great enough to ex-
tend significantly beyond the sector edges. It is not a precise method,
however, because the integration over the y-axis, which is perpendicular
to the downwind direction, x, involves fncreasing values for x as y is
increased from 0 to o,

An average 1id for the assessment area is provided as part of the
input data. The 1id is assumed not to affect the plume until x becomes
equal to ZxL, where X is the value of x for which o, = 0.47 times the
height of the 1id (Turner, 1969). For values of x greater than 2%, vertical
dispersion is restricted and radionuclide concentration in air is assumed
to be uniform from ground to 1id.

The average concentration between ground and 1id, which is the ground-

level concentration in air for values of x greater than 2xL, may be expressed

¥ dz
- ‘/9—~~~ (14)
Xave L i

by

where x is taken from Eq. (6) and L is the 1id height. The value of H

in Eq. (6) may be set at zero since Xave is not a function of the effective

stack height. The resulting simplified expression
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- Q 22 2
f - e><p<w 2)exp <— —12> dz
i} 0 ﬂqydzu 2 o, 2 gy
Xave L. s

(15)

may be evaluated for constant x and y values (oy and o, held constant)

by using a definite integral similar to that in Eq. (11). The result is

- Qe
X ave 2.5066 o L exP( 5 >- (16)

One obtains the sector-averaged concentration at ground level by replacing

the exponential expression containing y by f in Eq. (12):

- Q .
Xave = 0.397825 xip ° (17)

It should be noted at this point that for values of the downwind
distance greater than 2xL, dispersion, as expressed in Eq. (17), no longer
can be said to be represented by the Pasquill equation. The model 1is
simply a uniform distribution within a rectangle of dimensions L and
2x tan (11.25°).

Fquations (13) and (17) describe the usual case where radionuclides
are dispersed downwind as gases or as particulates too small in size to be
significantly affected by gravity during plume travel out to 80 to 160
kilometers.

Gravitational settling can be handled in the code, however, by
tilting the plume downward after it has leveled off at a value of H by
subtracting Vgx/u from H in the plume dispersion equations. Values for

V_, the gravitational fall (or settling) velocity in meters per second, are

g’
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provided as input data for each radionuclide in the source term. The sub-
tracted expression, Vgx/u, represents the fall of particulates at x meters
downwind. For most cases, Vg = 0, and the plume centerline remains at an
elevation of H. Subtraction of Vgx/u from H in Eq. (13) results in the

following equation used for sector-averaged ground-level concentration of

a radionuclide in air where gravitational settling is involved:

2
H -~ V x/u
y = Q exp —-%(**w“gg“““> . (18)
0.15871 mXG, Y Z

A problem arises, of course, if the value of qu/u becomes greater

than H because the centerline of the plume would be below ground level.
This problem is solved in the code by a statement which sets the effective
stack height equal to zero for all cases where H - qu/u has a negative

value.

3.2.5 Deposition Processes

Particulates and reactive or soluble gases may deposit on ground or
water surfaces through two distinctly different processes: (1) dry depo-
sition, and (2) scavenging. These are discussed in the following sections.

3.2.5.1 Dry deposition. Dry deposition is the process by which

particles deposit on grass, leaves, and other types of surfaces by
impingement, electrostatic interactions, or chemical reactions, or by
which gases react chemically with surface components or dissolve in
surface moisture.

The rate of deposition on earth surfaces is proportional to the

ground-Tevel concentration of the radionuclide in air (Slade, 1968),
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Rd = VdX > (19)

)
1}

g = surface deposition rate (pCi/cmZ—sec),

ground-Tevel concentration in air (pCi/cm3),

I
>
i 1

q° deposition velocity (cm/sec).

It should be stressed here that Vd is merely a proportionality constant
even though it has units of velocity. Values of Vd must be obtained from
field studies and wind tunnel experiments in which the ratio Rd/X can be
reliably determined. Care should be taken in selecting values for Vd to
be sure that the values represent the total deposited radionuclide per
unit of ground area and not just the quantity deposited on vegetation, which
is often reported in the literature (Hoffman, 1977; Miller et al., 1978).
[f a radionuclide plume is treated as being tilted downward by gravitationa.
settling, the deposition velocity for the radionuclide should be at
least as great as its gravitational fall (or settling) velocity.

3.2.5.2 Scavenging. Scavenging of radionuclides in a plume is the
process through which rain or snow removes particles or dissolves gases
and deposits them on ground or water. The fraction of particles or
soluble gases removed by scavenging from a vertical column of air per
unit time during rain or snow is &, the scavenging coefficient, which

has units of second_l. The rate of deposition from scavenging is

Rs N ®XaveL i (20)
where

RS = surface deposition rate (pCi/cmz—sec),

® = scavenging coefficient (sec"]),
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Xaye = average concentration in vertical column up to 1id height
(pCi/em’),
L = Tid height (cm).

The scavenging coefficient used for each radionuclide is the sum of
scavenging coefficients for washout, rainout, and snowout for particles
or the coefficient for dissolving gases in rain drops. The average

concentration in the vertical column, x. ., is computed through use of

ave
Eq. (17). The scavenging coefficient is averaged over an entire year,
which includes all periods during which rain or snow does not fall. The
treatment of scavenging can be described, therefore, as a continuous
removal of a fraction of the plume per second over an entire year.

The value for the total ground deposition rate, Rt’ computed in

subroutine CONCEN for each environmental location, is the sum of Rd and

RS.

3.2.6 Depletion of airborne plumes

Deposition on ground surfaces by dry processes, scavenging, and
radioactive decay deplete the airborne plume as it is blown downwind
from the release point. Depletion is taken into account by substituting
a reduced release rate Q' for the original release rate designated by Q
in Eq. (13) and (18) for each downwind distance x (Slade, 1968). For
scavenging, the depletion fraction Q'/Q for each x value is the simple

exponential expression

_8.‘.., = e_¢t . (2.l )

The value of t is the time in seconds that is required for the plume to

reach a point x meters downwind.
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The depletion fraction takes a much more complex form for dry depo-
sition. Derivation of this depletion fraction (Van der Hoven, 1968)
starts with Eq. (6), where z is set equal to zero for ground-level

concentrations and the quantity qu/u is subtracted from H for a tilted

plume:
0 -V ox)? 2
yv(x, y, 0) = i —S eprr)??~\. (22)
vz ) 9 2 20" )
g, y
L

The rate of deposition on the ground is

wix, y) = de(x, y, Q) . (23)
Depletion per unit distance downwind is

N A

A ,/[ wix, y) dy . (24)

IT we let A represent the exponential expression containing H and recognize

symmetry, we now have

(2)”2 LA (26)

Then, by integrating
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1/2 x VA
Q' - {2 d
In (—’——Q > = —<-r—r-> ./(; 6';—“},1 dx . ( 27 )

After substituting for A, the depletion fraction can then be represented

(H -V x/u)>
X expl:— ..,_,——.»«“__‘9._——.—

20 }
z dx} s

(28)

,OI,O
8]
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for any value of downwind distance x.

The integral expression must be evaluated numerically. Values for
the vertical dispersfon coefficient o, are expressed as functions of x
in the form xD/F where D and F are constants with different values for
each Pasquill atmospheric stability category.

Vaiues for the quotient Q'/Q (the depletion fraction) for cases in
which Vg = 0 are obtained from Subroutine QY, which is called from
CONCEN. Subroutine QY obtains depletion fractions for the conditions Vd
= 0.01 m/sec and u = 1 m/sec for each Pasquill stability category from
the data storage subroutines QY1, QY2, and QY3. These storage subroutines
contain values for release heights of 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9,
10, 12.5, 15, 17.5, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 120,
140, 160, 180, 200, 240, 260, 300, and 400 m and for the following
downwind distances in meters: 35, 65, 100, 150, 200, 300, 400, 500,
650, 800, 1,000, 1,500, 2,000, 4,000, 7,000, 10,000, 25,000, 60,000,
90,000, and 200,000.
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The stored depletion fractions were initially calculated numerically
by use of a Simpson's rule computer subroutine. Linear interpolations
by QY produce a fraction for the required x value, release height, and
Pasquill category for Vd = 0.01 m/sec and u = 1 m/sec. Then, QY converts
value to tne appropriate value for the actual Vd and p by use of

the equation,

100 V,/u
0\ /2 d

)
in which subscript 2 refers to the desired value and subscript 1 refers
to the value for Vd = 0.01 w/sec and u = 1 m/sec.

Calculation of depletion fractions by QY through use of stored
depletion fractions is a very fast computer process as compared with
numerical integration, which would be reguired otherwise. If Vg’ the
gravitational fall velocity, is not zero, however, QY cannot be used.

In this case, a Simpson's rule subroutine using numerical integration
(Subroutine QX) is called by CONCEN to evaluate the depletion fractions.

For downwind distances greater than 2x where Eg. (16) applies to

the ground-level concentration in air, the depletion per unit distance

downwind is

!

Q' 2
Yq [y
25086 o, L1 exP( ) 2 dy . (30)

< N

5 k““‘ss

Integration is accomplished by using the definite integral
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where a = 1/(%?'oy). The resulting eguation

Yy
d In Q' = - [’g dx N (3?)

when integrated from ZXL to x produces the relationship

Qx Vd(x ~-2xL)
ar— = exp| - ————— ’ (33)
Q2 Lu
X

L

in which Qi and Qéx are the reduced release rates at distances x and

L
2xL, respectively, for x values greater than 2xL, The depletion frac-
tion at 2x,, Q.  /Q, obtained from Eq. (28) is multiplied by Q'/Q.  in
L 2xL X 2xL

Eq. (33) to give the depletion fraction at x, Q;/Q.

Use of a reduced release rate to estimate depletion by dry pro-
cesses, referred to as the source depletion model, is a descriptively
unrealistic treatment because it removes material from the entire
vertical column, while, in fact, removal occurs only at the bottom of a
plume. Proposed surface depletion models (Markee, 1967; Horst, 1977)
have not come into general use, however, because of their computational
complexities and because concentrations in air calculated from these

models do not differ greatly from those calculated using source de-

pletion for elevated releases and moderate deposition strength (Horst,

1977; Miller et al., 1978). The source depletion model as implemented
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in AIRDOS-EPA meets the important requirements of maintaining material
balance as a plume is blown downwind of a source.

The depletion fraction for radiocactive decay is
1 ")\ t
=e ' (34)

O'O

in which Ar is the radioactive decay constant and t is the time re-

quired for plume travel. The decay constant used in CONCEN is referred

to as the "effective decay constant" since it is not the true radio-
lTogical decay constant for a radionuclide Ai in all cases. For example, if
a radionuclide is a short-lived daughter in equilibrium with a longer-
1ived parent, the effective decay constant for the daughter would be the
true radiological decay constant of its parent.

The overall depletion fraction used in the code is the product of
the depletion fractions for dry deposition, scavenging, and radicactive
decay.

The atmospheric dispersion eaquations use the reciprocal-averaged
wind speed Uy but neither M. nor the true average wind speed , can
adequately be used to calculate reduced release rates to account for
radiological decay and scavenging losses because averaging of exponential
terms is required. An approximate calculational method used in AIRDOS-
EPA for this purpose involves establishing three wind speeds (1 m/sec,
1y m/sec, and 6 m/sec) to simulate the actual wind-speed spectrum for
each specific wind direction and Pasquill category. The wind speeds 1
and 6 m/sec were chosen because they approximate the upper and lower
bounds in most meteorological data sets.

If f1, f2, and f3 are designated as the time fractions for wind

speeds 1, My and 6 m/sec, respectively, then
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f ot f, +6f, =, (35)
f f
R R (36)
Ha r
and
f1 + f2 + f3 = ] (37)
Solving the above three simultaneous equations results in
7 _Ya 1.
6 6 1.
f., = - » (38)
©o7ta 1
6 © W,
a
(u, - DO - £,)
- 2
fy= E , (39)
and
fp=T-T-f (40)

The depletion fraction to account for radicactive decay is then

approximated by

f1 exp (—er) + f2 exp [—xr<§;;)].+ f3 exp ["Ar(%> ] (41)

in which x is the downwind distance in meters and kr is the decay constant
in units of seconds'l, Similarly, the depletion fraction accounting for

scavenging losses is

o

f] exp (-ox) + f2 expl}®<§~)]+ f3 exp {—@(

a

)] : (42)

The overall depletion fraction is
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{f] exp (-0x) + f, exp [-@(ﬁ~>:]+ fa EXP[:'¢<
a

in which <%~> is the depletion fraction for dry deposition.
dry

o<
N
| —
N
—
e
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3.2.7 Values of parameters used in dispersion equations

The values of the horizontal and vertical dispersion coefficients,
oy and g, (Table 1), used for dispersion calculations in CONCEN and to
calculate depletion fractions in QY and QX are those recommended by G. A.
Briggs of the Atmospheric Turbulence and Diffusion Laboratory at Oak Ridge,
Tennessee (Gifford, 1976). These values, which are different functions of
the downwind distance x for each of the Pasquill stability categories A
through F, are used in the code as the functions oy‘= X A/C and o, = X D/F
to facilitate integrations over x. The parameters A, C, D, and F for
each Pasquill atmospheric stability category and specific ranges of x are
stored in a data statement. Pasquill category G (extremely stabTe) was
added to the code. Values for oy and a, for category G were derived by
subtracting half of the difference between values for categories E and F
from the values for F for each downwind distance.

Reciprocal-averaged wind speeds for each wind direction and Pasquill
category are used for p values in the dispersion equations instead of the
true average values because 1 is in the denominator of the equations. The
process of averaging over a series of ranges of wind speeds actually in-
volves averaging a series of terms containing the factors 1/u], 1/u2, 1/u.

~

etc.
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Table 1. Formulas recommended by Briggsa for Oy and

o, for open-country conditionsb

~ Pasquill

v

type () o

A 0.22 x (1 +0.0001 x)"/%  0.20 x

B 0.16 x (1 +0.0001 x)""/2  0.12 x

c 0.11 x (1 +0.0001 )"/ 0.08 x (1 + 0.0002 x)™/?
D 0.08 x (1 +0.0001 x)"172  0.06 x (1 + 0.0015 x)™1/2
E 0.06 x (1 +0.0001 x)""2  0.03 x (1 +0.0003 x)" /2
F 0.04 x (1 +0.0001 x)" /2 0.016 x (1 + 0.0003 x)" /2

“G. A. Briggs, Air Resources Atmospheric Turbulence and Diffusion
.aboratory National Oceanic and Atmospheric Administration, Oak Ridge,

Tennessee.

“Values of x are downwind distances in meters.
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3.2.8 x/Q tabulations

The value x/Q is the actual concentration of the radionuclide in air
at ground level divided by the release rate of the radionuclide. Subroutine
CHIQ called from CONCEN calculates x/Q values and prints a table for each
radionuclide Tisting x/Q values in seconds per cubic meter for each of the 16
compass directions for the specific downwind distances (from 1 to 20) »
supplied as input. The %x/Q values are not calculated if the assessment

area is a square grid.

3.2.9 Area sources

At the option of the user, the source can be a finite area with the
reference point for the grid system at its centroid. Radionuclides are assumed
to be released uniformiy throughout the area. The method used to estimate
environmental concentrations resulting from area releases is a modificatic.
by Christopher B. Nelson (EPA) of the method described by Mills and Reeves
(1973) and implemented by Culkowski and Patterson (1976).

The method consists basically of transforming the original area
source into an annular segment with the same area. This transformation
is dependent on the distance between the centroid of the area source and
the receptor. At large distances the transformed area source approacnes
a point source at the origin while at distances very close to the centroid
it becomes a circular source centered at the receptor.

The principle of reciprocity is used to calculate the effective y/Q.
That is, the problem is equivalent to interchanging source and receptor and .
calculating the mean x/Q from a point source to one or more sector segmentsf
according to the angular width of the transformed source. The mean value

of x/Q for each sector segment is estimated by calculating x/Q at the
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distance which would provide the exact value of the mean if the variation

-1.5 for distances from the point source to

in x/Q were proportional to r
locations within the sector segment. The x/Q for the entire transformed
source is the sum of the y/Q values for each sector weighted by the por-
tion of the total annular source contained in that sector.

Point-source y/Q values for a typical annual-average meteorology
were found to be nearly identical to those for a circular area source
with a diameter of 718 m at distances greater than 1600 m from its
center. For this reason, the code includes a statement providing default
to point-source treatment if the ratio of downwind distance to source
diameter exceeds 2.5.

Any uncertainties in the area-source treatment stemming from the

assumption that x/Q is proportional to x~1-3

or other assumptions 1in the
model are applicable only to locations near the edge of an area source.

Comparisons were made of calculated concentrations in air at ground level
with values calculated by AREAS (Moore, 1978), an area-source code based

on entirely different principles, which was developed to evaluate widely

dispersed pollutant sources within a 20 by 20 square grid system. A 718-m

i

diameter circular area was used. Agreement was within 10% at distances

greater than 600 m from the edge of the area source. The AREAS values were

20% higher at 330 m and 90% higher at 100 m from the edge.

The differences found within a few hundred meters from the edge of
the source may not be relevant, however, because, the AREAS values repre-
sent averages over a square grid. The average can differ substantially

from the actual value for a receptor point located in a region of rapidly

changing x/Q. Nevertheless, caution should be exercised when applying the
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area-source treatment where the ratio of distance from the center to the

diameter of a source is less than ~1.3.

3.2.10 Limitations of the dispersion treatment

The AIRDOS-EPA treatment of dispersion uses the Gaussian plume
equation. This equation is an empirical formula which is based on an
analytical solution to the diffusion equation under the restrictive
assumptions of constant wind speed, no wind shear, flat topography,

Fickian diffusion, and no chemical or physical interactions of plume com-
ponents during plume travel. The parameters Oy and o, are not defined
explicitly by the mathematical assumptions of the model. They must be
determined empirically. The Gaussian plume equation has shown considerable
success under ideal field test conditions. However, dispersion in plumes
is increased by surface roughness caused by buildings, hills, and other
environmental factors. Thermal sources present in urban areas also increase
dispersion. The meteorological data employed in an assessment near a

source for which these factors are significant should reflect this increased
atmospheric instability.

There is a lower 1imit of applicability of the Pasquill equation with
respect to wind speed. Dispersion is treated only in crosswind and vertical
directions and is ignored in the downwind direction. Consequentiy, ¥
unrealistically approaches « as wind speed approaches zero. The contri-
bution of periods of relative calm, which significantly affect average
pollutant concentrations, may therefore be overestimated. Wind speeds much
less than 1 m/sec should probably not be used in dispersion estimates.

The ideal plume described by the Pasquill equation often does not

exist under real atmospheric conditions. Instantaneous changes in wind
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direction, and updrafts and downdrafts produced by terrain features and
other meteorological changes produce significant deviations from the ideal
plume. Many of these deviations average out, however, when the equation
is used to estimate average concentrations of pollutants released continu-
ously from a source.

The dispersion treatment in AIRDOS-EPA assumes a continuous plume
extending indefinitely outward from the source in a single direction
with a single wind speed and atmospheric stability. Fractional contribu-
tions to downwind concentrations in each compass direction are based on
frequencies of wind speed and stability category. Realistically, however,
wind speed and direction often fluctuate almost continuously, and the
atmospheric stability will ultimately change as a plume is blown downwind.
Also, deviations from site-specific annual-average meteorology can be
expected at locations beyond a few miles from the plant site.

These 1imiting factors as applied to dose assessments can be resolved
into two components: (1) factors affecting estimation of the highest
individual dose in the area, and (2) factors affecting population dose
estimates. The highest individual doses are usually close to the release
point — at the plant boundary at distances from the source of perhaps 800
to 1000 m or Tess for low-level releases or at distances of only a few
thousand meters for elevated releases. The Gaussian model as applied to
annual-average meteorology using sector averaging is generally regarded
as applicable over these short distances. Uncertainties arise mainly
because of possible air turbulence or downdrafts created by buildings
and other structures in the immediate plant area. Correction for building
effects can be accomplished in a conservative manner by reducing the

effective stack height.
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Population dose assessments depend largely on estimated concentra-
tions at greater distances. Uncertainties arising specifically from the
use of the Pasquill equation are eliminated at distances far enough
downwind that vertical dispersion is restricted by the 1id. At such
distances sector-averaged dispersion is simply calculated as propor-
tional to the area of a rectangle with dimensions of the 1id height
and the cross-section distance. The most serious question here concerns
deviations from site-specific meteorology, particularly with respect to
frequencies of wind direction. For a relatively uniform population
distribution, population dose estimates should be fairly reliable to the
extent that atmospheric dispersion is involved. On the other hand, if a
heavily populated area 1ies far out from the source, but within the assess-
ment area and contributes substantially to the calculated population
dose, a correction may have to be made for changes in frequencies of
wind direction.

Lid heights are not known precisely, and they vary greatly from
season to season and even change greatly from daylight to dark and vice
versa when solar input changes. Uncertainties in 1id values can result
in dose uncertainties for those downwind distances great enough that
vertical dispersion is restricted by the 1id. This would not usually
affect areas close to the plant where the highest individual dose will be
received but may affect population dose to some extent. The treatment in
the code would seem to overestimate concentrations at all distances some-
what, however, by not considering 1id penetration. This effect can occur
at certain times, such as in early morning, when a low 1id lying just abové

the top of a stack is penetrated by the stack gases. Pollutants can be
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blown out of the area under these conditions without dispersing downward
at all. Conditions for 1id penetration are infrequent at most sites.
Ignoring the effect, therefore, probably does not greatly affect dose
estimates, but it does impart a small degree of conservatism to the

calculations.

3.2.11 Direct input of concentrations in air and rates of deposition on

ground surfaces (subroutine DIRECT)

Environmental concentrations, intake rates by man, and radiation doses
can be calculated in AIRDOS-EPA from concentrations in air and ground
deposition rates provided directly as input to the code by specifying
OPTION (1) = 2 in MAIN. Subroutine DIRECT is called by this option, which
bypasses CONCEN, the atmospheric dispersion subroutine. Data required
for DIRECT are (1) integers specifying the lower and upper bounds of the
assessment area; (2) SQSD, as also required in CONCEN; (3) the specific

downwind distances (IDIST values) for the circular option; (4) S
222

e
(SEQWL), the assumed fraction of equilibrium for

Rn short-Tife progeny
used for working level (WL) calculations; (5) number of radionuclides
(NNUCS); and (6) a data set for each radionuclide consisting of the name

of the radionuclide, its deposition velocity, and its scavenging coefficient,
followed by 400 air concentrations in a 20 by 20 array and 400 ground
deposition rates in the same format. Tables of the input data are

printed 1isting air concentrations, and the dry, wet, and total deposition

rates. These data are used in DOSEN to calculate doses, environmental

concentrations, and rates of intake by man.
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3.3 Calculations of Radiation Doses, Environmental
Concentrations, and Intake Rates by Man

Subroutine DOSEN, called from the main program, estimates doses,
concentrations, and intake rates at specified environmental locations
through the use of ground-level concentrations in air and ground deposi-
tion rates computed in Subroutine CONCEN or provided directly as input.
Doses are estimated for 11 organs including total body. Modes of exposure
described below are (1) immersion in air, (2) exposure to ground surfaces
contaminated by deposited radionuclides, (3) immersion in water such as by
swimming in a backyard pool, (4) inhalation of air ﬁontaining radionuclides,

and (5) ingestion of food produced on contaminated land.

3.3.1 Air iwmmersion doses

The equation used for estimating external doses from immersion in

air containing gamma emitting radionuclides is

_ -6
Dimm = (1.0 x 10 7)(8760) ¥ Cimm s (44)
in which
Dimm = air immersion dose (rem/year),

x = ground-level concentration of the radionuclide in air

(pCi/cm),
Cimm = dose conversion factor for immersion in an infinite cloud
(rems~cm3/uC1 hr),
1.0 x 107 = uci/pci,
8760 = hr/year.

The code receives a skin dose conversion factor as input data for

each radionuclide for infinite cloud exposure. This skin dose conversion
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factor is multiplied in the code by an external dose correction factor
(FROG) for total body and each reference organ, also supplied as input
data for each radionuclide.

Equation (44) applies to environmental Tocations at which the airborne
plume has essentially reached ground level. It can, however, overestimate
doses near a low-level release because of the small vertical spread of the
plume under these conditions. On the other hand, Eq. (44) can underestimate
dose for overhead plumes at 1ocgtions close to the stack where y may be
very low, but where the individual way be irradiated from above. A case
in point would be a release of energetic gamma emitters from a tall
stack of a plant with a close-in plant boundary. For such a case, a
separate calculation should be made for dose from the overhead plume,
and this dose should be added to the immersion dose calculated by Eg.

(44).

3.3.2 Surface exposure doses

Dose due to gamma emissions from radionuclides deposited on ground

surfaces is estimated by

1 - exp(—th)
) -6
Dgype = (1.0 x 107°)(8760)R, - (86400)C ¢ (45)
T
where
Deure = dose from surface exposure (rems/year),

A2
1§

t surface deposition rate (pCi/cmg—sec),
AT = radioactive decay constant kr + environmental decay
constant ) (day—]),

t = time allotted for surface buildup (days),
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Csurf = dose conversion factor for surface exposure to an
infinite plane at a point 1 m above ground (rems-cmz/
uCi nhr),

1.0 x 1078 = ycizpci,
8760 = hr/year,
86400 = sec/day,

Input data includes a skin surface dose conversion factor which is
multipliied in the AIRDOS-EPA code by external dose correction factors (FROG)
for total body and reference organs.

The expression in Eq. (45),

1 - exp(—ATt)
e (86400) (46)
A

Ry

represents the surface concentration in picocuries per square centimeter
after a buildup time of t days. There is very little available information
on environmental removal rates from ground surfaces, so a value of zero

is usually used for the environmental decay constant. The value of A

T
then would be simply the radiological decay constant.

3.3.3 Water immersion doses

Doses resulting from immersion in water subjected to deposition of
radionuclides from the atmosphere are estimated similarly to those
resulting from air immersion. The ultimate concentration of a radionuclide
in a body of water is inversely proportional to its depth, so swimming
in a shallow body of water such as a backyard swimming pool is taken as
representing the most significant exposure pathway for water immersion.

Water immersion doses are included in DOSEN for completeness but normally
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do not contribute significantly to total dose even though assumed parameters
for assessments are usually very conservative.

The equation 1is

-6 Rt 1 - exp(~ATt)
Dy = (1-0 x 1077)(8760) 4= v (86400)C 5 > (47)
in which
Dwimm = water immersion dose (rem/year),

Rt = surface deposition rate (pCi/cmz-sec),
d = depth of water (cm),
AT = radioactive decay constant Ap * environmental decay constant
for water A (day™ 1y,
t = time allotted for buildup in water (days),
Cwimm = dose conversion factor for immersion in a body of water
of infinite dimensions (rems~cm3/uCi—hr),
1.0 x 1077 = uCi/pCi,
8760 = hr/year,

86400 = sec/day .

3.3.4 Inhalation doses

The following equation 1is used to estimate inhalation dose at each

environmental location:

i

D. (1.0 x 107%)(8760) ¥ B.C

inh r inh > (48)

where

=
{

inh inhalation dose (rem/year),

ground-level concentration of the radionuclide in air

>
it

(pCi/cm3),



40

Br = breathing rate (cm3/hr),
Cinp = dose conversion factor for inhalation (rem/uCi),
1.0 x 107 = wci/pei,

8760 = hr/year,

The Cinh values are dose commitment resulting from the initial intake
of 1 uCi for tne radionuciide. These dose conversion factors should in-
clude contributions of radiocactive daughters growing in after the intake

of the parent nuclide.

3.3.5 1Ingestion doses

Doses to the various organs from the ingestion of radionuclides
other than 3H (tritium) and ]4C are calculated from radionuclide concen-
trations in food and annual consumption rates for individuals or
populations. Radionuclide concentrations in meat, milk, and vegetables
are calculated through implementation of models described in U.S. Nuclear
Regulatory Commission (NRC) Regulatory Guide 1.109 (1977). The models
are described below by Pleasant (1979).

3.3.5.1 Concentrations in and on vegetation. Radioactive material

concentrates in vegetation as a result of deposition onto the plant
foliage and from uptake of activity initially deposited on the ground.
The following equation is used for estimating the concentration

C¥(r, 6) in picocuries per kilogram of nuclide i in and on vegetation at
the location (v, 6):

R[T - exp(-Aac.t )] B. [1 - exp(-r.t.)]
v _ E17e iv i~b
C'I (Y‘, 6) - d-i(ra e) { Y . + P}\1 eXP('?\ith),

v Eid
(49)




where

In the AIRDOS-EPA code, when Eq. (49) is used to calculate C¥ for pasture

arasses, Yv1

B8

weight values sz and Bin are used.

ive

d:{r, 8) =

t

p

the concentration factor for uptake of radionuclide i from

S

S

the period of Tong-term buildup for activity in soil, in hr;
the effective density of the top 15 cm of soil, in kg{dry s0i1)/

m-:

a

h

and B.
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the deposition rate of radionuclide i onto ground at
Tocation (r, 8), in pCi/mZ—hr (di(r, 8) = 3.6 x 107 Rt);
the fraction of deposited activity retained on edibie
portions of crops, dimensionless;

the radioactive decay constant of nuclide i, in hr'];
the effective removal rate constant for radionuclide i

from crops, in hr”], where heo = ho ¥ A, and My is the

Ei
removal rate constant for physical loss by weathering;
the time period that crops are exposed to contamination
during the growing season, 1in hr;

he agricultural productivity (yield), of the edible

ortion of vegetation in kg/ng

0il by edible parts of crops, in pCi/kg per pCi/kg dry

oil;

2

>

holdup time that represents the time interval between

arvest and consumption of the vegetation, in hr.

iy values based on dry weight, are used for YV and

When the equation is used for fresh produce ingested by man, fresh

In addition a washing factor DD1 is
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multiplied by the first term of Eg. (49) to account for removal of surface-
adhered radionuclides during processing of food consumed by man.

The above model has several conceptual limitations. The model may
overestimate radionuclide concentrations in vegetation via root uptake
because the model assumes that radiological decay is the only removal
process from the soil. However, harvesting of vegetable crops, grazing of
pasture grasses, erosion of soil, and leaching of radionuclides in
percolating water may also remove radionuclides from the root zone soil.
The model may also underestimate radionuclide concentrations in vegetation
because radionuclides initially deposited on vegetation surfaces may be
incorporated directly into the plant matrix and not be completely removed
by environmental processes. Additionally, the model does not attempt to
simulate daughter buildup in the vegetation. A method to account for
daughter buildup in the AIRDOS-EPA code will be discussed elsewhere in

this report.

3.3.5.2 Concentrations in milk. The concentration of radionuclide i

in milk depends upon the amount and contamination level of the feed con-
sumed by the animal. The concentration of radionuclide i in the animal's

Teed is calculated by use of the equation

cf(r, 0) = £, 0) + (1 - 1 FOCS(r, 0), (50)
where
C¥(r, 8) = the concentration of radionuclide i in the animal's feed,
in pCi/kg;
C?(r, 6) = the concentration of radionuclide i on pasture grass

[calculated using Eq. (49) with t,_ = 0], in vCi/kg;

h
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Cg(r, 8) = the concentration of radionuclide i in stored feeds [calculated

using Eq. (49) with t, = 2160 hr (90 days)], in pCi/kg;

h
-:f, f_ = the fraction of the year that animals graze on pasture,

f_ = the fraction of daily feed that is pasture grass when the

animals graze on pasture.

Using the value of CY

1(r, 8) calculated by use of this equation, the concen-

tration of radionuclide 1 in milk is estimated as

Mry 0) = Fclr 0)0p exp(-35t,) (51)
where
C?(r, 8) = the concentration in milk of nuclide i, in pCi/Titer;
Cg(r, 0) = the concentration of radionuclide i in the animal's feed,
in pCi/kg;
‘ Fm = the average fraction of the animal's daily intake of
: radionuclide i which appears in each Titer of milk, in
days/liter;
QF = the amount of feed consumed by the animal per day,'in kg/day;

tf = the average transport time of the activity from the feed
into the milk and to the receptor;

Ai = the radiological decay constant of nuclide i, in days“].

3.3.5.3 Concentrations in meat. The radionuclide concentration in
meat depends upon the amcount and contamination level of the feed consumed
by the animal, as in the milk pathway. Using the value of Cg(r, 8) as
calculated in Eq. (50), the radionuclide concentration in meat is estimated

as

- F y
C;(r, 8) = FCilr, 6)Qp exp(-2;t.) (52)
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C.(r, 8) = the concentration of nuclide i in animal flesh, in pCi/kg;
Ff = the fraction of the animal's daily intake of nuclide i
which appears in each kilogram of flesh, in days/kg;
C¥(r, 0) = the concentration of radionuclide i in the animal's feed,

in pCi/kg;

QF = the amount of feed consumed by the animal per day, in kg/day;
Ai = the radiological decay constant of nuclide i, in days'];
tS = the average time (days) from slaughter to consumption.

For concentration in beef, it is assumed that beef cattle are on open
pasture for the same grazing periods as given for milk cattle.

3.3.5.4 Calculation of annual organ doses. The following equation

is used to calculate the annual dose committed to organ j of an individual

3 14. .

resulting from ingestion of all radionuclides other than “H and " 'C in

produce, milk, meat, and leafy vegetables.

v MM

D _ v _ FoF L. L
D3(r, ©) —; DFIU.[U fgCi(r, 8) + U'Cy(r, 8) + U'Ci(r, 8) + UF Ci(r, 8)] , (53

where

=
—
-
-
D
—
1

the annual dose committed to organ j of an individual
from dietary intake of atmospherically released radionuclides;
DFI,. = the dose conversion factor for the ingestion of nuclide i
for organ j in millirem/pCi;
u, U, U, U = the ingestion rates of produce (nonleafy vegetables,
fruit, and grains), milk, meat, and leafy vegetables,
respectively, for individuals;
f, = the fraction of produce ingested grown in garden of

interest;
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fQ = the fraction of leafy vegetables grown in garden of

interest.
. . v M F L
The terms in Eq. (53) containing Ci(r, 8), Ci(r »0), Ci(r, 8), and Ci(r, 0)
represent the dose to organ j from ingestion of produce, milk, meat, and
leafy vegetables, respectively. Equations (51) and (52) are used to cal-
culate C?(r, 8) and Cg(r, 6), respectively. Equation (49) is used to

calculate C¥(r, g); the values used for the parameters te’ Y , and th are

v
those appropriate for produce consumed by man. Similarly Eq. (49) is used
to calculate C%(r, 0) with parameter values te, Yv’ and th chosen so as to
be appropriate for leafy vegetables consumed by man.

Dose conversion factors for dose commitments resulting from an
annual intake of a radionuclide are provided as input to the code in units of
rem per microcurie and are converted to units of millirem per picocurie for
use in Eq. (53). The dose conversion factors should include contributions
by both the radionuclides and its daughters growing in after intake.
Doses reéu]ting from ingestion of produce and leafy vegetables are combined
in DOSEN and designated simply as vegetable doses.

Input data required for calculation of ingestion doses include number
of meat producing animals, number of dairy cattle, and area (square meters)
of vegetable crop production for each environmental Tocation. The area
of Tahd associated with an environmental location is the grid area if
the 20 by 20 square grid option is used. For the circular option, the
area is that of the portion of a 22.5° sector having the environmental
location at its central point. Population data for each Tocation are

included for population dose calculations.
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Various possible assumptions with regard to food sources can be
handled within the code. For each of the three types of food, a number

is included in the input data that specifies the ratio
A/(A + B) (54)

in which

A = quantity ingested which is produced at the individual's

environmental location, and

B = quantity ingested whose source represents an average produced

over the assessment area.
Another number for each food type specifies the minimen fraction the
individual ingests that comes from outside the assessment area altogether
and that is assumed to contain no radionuclides. The fraction imported
for each type of food may be calculated by the code and can be greater
than this minimum value if needed to meet the nutritional requirements
for the population. The user can exercise an option, however, to fix the
minimum value so that it will not be exceeded under any conditions.

I[f it were desired not to consider ingestion at all, each of the
three minimum fractions imported could be set at 1.0. For calculations
of the maximum individual dose in the area, it is usually desirable to
set and fix the minimum fraction to be imported at zero. If the ratios
defined in Eq. (54) each have values of 1.0, complete availability of
each of the three food tyves produced at the individual's specific
location is assumed in the code regardless of input values used for
numbers of meat producing animals and dairy cattle or area of vegetable

crop production.
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3.3.6 Calculations for special cases

If a radionuclide interacts with environmental components in a unique
fashion, it must be treated as a special case. Tritium (3H) and MC are
given special treatment in Subroutine DOSEN because the stable forms of
these elements constitute significant fractions of the elemental composi-
tion of the human body and man's food and drink. Transport processes
within soil, plants, cattle, and man which apply to trace quantities of
radionuclides do not necessarily apply to cases where the corresponding
stable elements are present in such quantities that saturation effects are
significant.

If tritium (T) is released to the atmosphere as HT or Ty, atoms of
T may exchange with hydrogen atoms in water molecules in the air, and we
may wish to treat the plume as though it contained HTO initially. The
tritium may then be assumed to follow water almost precisely through the
environment. For this reason doses from drinking water are included for
tritium. Rather than attempting to relate the doses to the ground deposi-
tion rate, it is assumed that doses from ingestion of food and drinking
water at an environmental Tocation are proportional to tritium concentra-
tion in the air (Killough and McKay, 1976).

The total ingestion dose from tritium if the source of all of an
individual's food and drinking water is assumed to be at his specific

environmental location is

Dy = Cex + Cx (55)
where
D, = total ingestion dose (rem/year),
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Cf = dose conversion factor for food (rem~cm3/pCi-year),
€, © dose conversion factor for drinking water (rem—cm3/pCi~year),
X = ground-level concentration of tritium in air at an environ-

mental location (pCi/cm3).

For the purpose of summarizing in the code the food ingestion path-
ways for all radionuclides in a source term, the tritium ingestion dose
from food is artificially broken down into ingestion doses from vegetables
(DV), meat (Db), and milk (DC). The total food ingestion dose from

tritium (Dt) is equal to the sum of Dv’ D» and D The equations used

in the code are

D, = 0.505 C.(f 1x + fox,) > (56)
Dy = 0.185 Cf(fblx + szxb) s (57)
D, = 0.310 Cf(fc]x + chXc) , (58)
where
DV, Db’ and DC = tritium food ingestion dose from vegetables, meat,

and milk, respectively (rem/year),

X,, = average ground-level concentration of tritium in air
over the assessment area weighted by quantities of
vegetables produced as a function of location,

Xp © @s above for Xy except applied to meat,

Xo © as above for Xy except applied to milk,

f . = fraction of vegetable intake which is produced at
individual's environmental location,
t.,, = fraction of vegetable intake whose source represents

an average produced over the assessment area,
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fb] = as above for fv] except applied to meat,
sz = as above for fvz except applied to meat,
fc] = as above for fv] except applied to milk,
fcz = as above for fvz except applied to milk,
0.505 = the fraction of CTc for vegetable ingestion,
0.185 = the fraction of Cf for meat ingestion,
0.310 = the fraction of Cf for milk ingestion.

The total-body dose conversion factor for ingestion is 8.3 X 10'5

rem per microcurie (Killough et al., 1978). This number is used to derive
the value of Cf, based on the specific activity of tritium in atmospheric
moisture with an average specific humidity of 8 grams of H20 per cubic meter
of air (Killough and McKay, 1976). If tritium in food is in equilibrium with
atmospheric tritium and man consumes 1638 g of water daily in his food,
Cf is 6.18 rem-cms/pCi-year. The CW value for an assumed daily drinking
water intake of 1512 g is: 5.70 rem—cms/pCi~year. This value should be
used, however, only if the source of each individual's drinking water is
assumed to be at his specific environmental location. For all other
cases, CW should be reduced to account for dilution by distant sources.

The code breaks down the food ingestion dose from tritium into percentage
contributions of 50.5% from vegetables, 18.5% from meat, and 31.0% from
milk. The percentages are based on approximate water contents of foods:

82.4% for vegetables, 62.3% for meat, 87.5% for milk (Moore, 1977), for
daily intakes of 0.532 kg of vegetables, 0.258 kg of meat, and 0.307 kg
of milk (Rupp, 1979).

Tritium is the only radionuclide in a source term in which the

total dose estimated to derive from vegetables, meat, and milk may not
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equal the total ingestion dose. The difference is the dose from drink-
ing water.

Tritium doses via inhalation of air and skin absorption are estimated
by the code and added to the dose estimated to be received via ingestion.
The dose conversion factor for inhalation of air containing tritium in-
cludes a contribution for skin absorption from air.

¢ 14

C is released in the form of COZ’ it will mix with atmospheric
C02, and become available for plant photosynthesis. Cattle grazing on
pasture will take in MC in grass, and then man will receive it in milk
and beef. Factors in a data statement are used in the code to multiply

by the concentration of 14

C in air to obtain an ingestion dose for each
reference organ. These dose conversion factors, listed in Table 2, are
based on specific activity calculations for ]4C in body tissues in
equilibrium with atmospheric ]4C (Killough and Rohwer, 1978).

Nearly all of the 14

C doses come from ingestion. Breakdown by the
three food pathways is accomplished by estimating carbon intakes for
meat, milk, and vegetables. The weight of total carbon intake per day

is approximated by the relations (Moore, 1977)

W, = 79.96 v o, (59)

W, = 238.16 T, (60)

W= 68.9 T., and (61)

W, = wv Wt wC R (62)
where

wv, wb, wc, and wt = weight of daily carbon intake via vegetables, meat,

milk, and total intake, respectively
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14

Table 2. Dose conversion factors for  C

. a
Dose conversion factors

Organ 3
{(rem-cm™/pCi-year)
Whole body 1.16 x 10°
Red marrow 2.03 x 103
Lungs 5.07 X 102
Endosteal cells 1.85 x 103
Stomach wall 7.43 x 102
Lower large intestine wall 8.92 x 102
Thyroid 5.27 x 10°
Liver 7.30 x 10°
Kidneys 6.49 x 10°
Testes 4.46 x 10°
Ovaries 4.46 x 107

“These factors are based on the assumption that the
specific activity in human tissue is equal to the average
steady state value in the atmosphere (Killough and Rohwer,
1978).
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daily vegetable consumption (kg),

daily meat consumption (kg),

daily milk consumption (liters).

14

Normalization is accomplished by using weight fractions of ''C for

each food type in the dose equations:

DV = CFV (fV1X + fVZXV) s (63)

D, = CFy (fb]x + beXb) , and (64)

DC = CFC (fc]X + fCZXc) , (65)
14

where Dv’ Db’ and Dc

ingestion dose for ''C from vegetables, meat, and

milk (rem/year);

. 14
dose conversion factor for

C (rem»cm3/pCi~
year);
weight fraction of ]4C from vegetables (WV/Wt);

weight fraction of 14

C from meat (W, /W,);

weight fraction of 14¢ from milk (wc/wt);

fraction of vegetable intake which is produced at
individual's environmental location;

fraction of vegetable intake whose source represents
an average produced over the assessment area;

as above for fv1 except applied to meat;

as above for fv2 except applied to meat;

as above for fv] except applied to milk;

as above for fv2 except applied to milk;

ground-level concentration of ]4C in air at

individual's environmental location (pCi/cm3);
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X, = average ground-level concentration of 14C in air
over the assessment area weighted by quantities
of vegetables produced as a function of location;

Xp = 23S above for Xy except applied to meat;

it

Xc = as above for Xy except applied to milk.

14

The total dose from C is the sum of Dv’ Db’ and Dc'

3.3.7 Environmental concentrations and intake rates

Health risks to man as a result of radiation exposures are not
directly related to dose commitments, but are more closely correlated
with environmental concentrations and rates of intake of radionuclides
by ingestion and inhalation. To facilitate health risk estimations,
DOSEN calculates and prints tables of the following for each radionuclide
and specified environmental location: (1) concentration in air {curies
per m3); (2) ground concentration (curies per m2), (3) ingestion intake
rate (picocuries per year), and (4) inhalation intake rate (picocuries
per year). In addition, these values are written as unformatted output

so that they may be used as input data for computer assessments of

health risks.

3.3.8 Working level calculations for 222Rn

222

Working Tevel (WL) is calculated for Rn and its short~life

progeny at each specified environmental location. One WL is defined as

(218 ’ 214 214 2]4P0)

any combination of short-1life progeny Po Pb, Bi, and

in one liter of air that will release 1.3 x 105 MeV of alpha particle

210

kinetic energy during decay to Pb. The equation used (Evans, 1969)

is



o4

WL = 0.01 SeC (66)
in which :
) o 222 .. o
C = concentration of Rn in air (pCi/liter),

1l

0.01 conversion factor,

i

S

The value of Se is input in CONCEN as SEQWL. The default value is 0.7.

assumed fraction of equilibrium for short-T1ife progeny.

Calculations of WL and printing of tables are done in subroutine DOSMIC.

3.3.9. Buildup of radioactive daughters on surfaces after deposition

of a parent radionuclide

A radionuclide building up on ground surfaces or in water as a
result of the deposition of its parent may contribute to doses from
surface exposure, water immersion, and food ingestion. To calculate
this effect, the daughter should be added to the source term with a zero
release rate if it is not also released to the atmosphere at the source.
Input parameters for the daughter are supplied as follows: I1, I2, I3,
14, and 15 (integer indices for one to as many as five parent radionuclides
in the source term) and F1, F2, F3, F4, and F5 (buildup factors for each
parent). The F factor is defined as the surface input rate of the
daughter from parent decay per unit aerial deposition rate of the parent.
The total surface input rate from buildup of a daughteyr is the sum
of the products of each F value multiplied by the aerial deposition rate
of the parent. This sum added to the aerial deposition rate of the
daughter, di’ is dieff’ the effective surface input rate.
The value of dieff is used to calculate surfaceﬁénd water concentrations -

after buildup time tb. The use of dieff for ingestion intake is more
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complicated and requires the use of a modified version of Egq. (49) for
calculating the concentration Cg(r, 9) of a nuclide in and on vegetation.

The appropriate equation is

R[T - exp(-Ap:t )]

CY(r, 8) = d.(r, 8) Eie’” 4
i i Y A-.
viET
. [1 - exp(-r:t. )]
dieff(" 9) B., = ih exp (Aith) . (67)
.i

4, USE OF THE CODE

Options available to the user and data requirements are described below.

4.1 Options Available to the User

4.1.1 Options in the main program (MAIN)

The options available in MAIN are applied to subroutines CONCEN

~and DIRECT. Option (1) specifies the flow of the code. If option (1) = Q,

CONCEN is called to estimate concentrations of the radionuclides in air and
rates of deposition on ground surfaces, and then subroutine DOSEN is called
to calculate doses to man, environmental concentrations, and intake rates,
If option (1) = 1, however, the program is terminated after completion of
the calculations in CONCEN. If it is desired to calculate doses and intake
rates directly from input values of radionuclide concentrations in air and
ground deposition rates, option (1) is specified as 2. MAIN will then call
subroutine DIRECT, which reads the required input data, and then it will
call DOSEN.

Option (2) determines whether a square grid environmental configur-
ation [option (2) = 0] or a circular configuration [option (2) = 1] are

used in the assessment.
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Option (3) determines whether the values calculated by CONCEN will
represent averages over sectors of 22.5° [option (3) = 0] or will repre-
sent the centerline of a plume [option (3) = 17.

Option (4) determines how plume rise is calculated. If option (4) =
0, Briggs' equations for buoyant plumes are used. If option (4) = 1, Rupp's
equation for momentum-type emissions is used. Specific values for plume
rise for each Pasquill atmospheric stability category can be entered as
input data if option (4) is specified as 2.

Option (5) allows the user to vary the deposition velocity of each
radionuclide in the source term with the direction and distance from the
plant. This option is invoked if option (5) = 1 and if the circular
configuration [i.e., option (2) = 1] is used.

Option (6) is an integer value from 0 to a maximum of 36 which
specifies the number of radionuclides in the source term for which con-
centrations in air and rates of deposition on ground surfaces are punched
on cards. For example, if option (6) = 4 and there are 16 radionuclides in
the source term, concentrations and deposition rates will be punched for
the first four radionuclides in the list.

Option (7) is specified as 1 if the radionuclides in the source term are
assumed to be released uniformly from a circular area such as from a tailings
pile of a uranium mill. The reference point for environmental Tocations is
the center of the circular area. If option (7) = 0, a point release is
assumed.

The user can eliminate the printing of the main output table of

CONCEN, which Tlists estimated concentrations in air and ground deposition
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rates in the environment, by setting option (8) = 1. If option (8) = O,
then the table is printed.

A table of x/Q values for each radiénuc]ide in the source term is
normally printed by subroutine CHIQ called by CONCEN if the assessment area is
circular, but the user can eliminate these tables from the output by setténg
option (9) = 1. If option (9) = 0, then the tables are printed.

Details of options selected in MAIN are given below.

4.1.1.1 The circular option. For this option, the area around the

plant is divided into sixteen 22.5° sectors emanating from the release
point. The midpoint of each sector is one of sixteen compass directions
numbered 1 through 16 starting with direction 1 for due north and proceeding
counterclockwise to NNE for direction 16. As many as 20 distances are
entered as input data to represent midpoints of environmental locations for
all sectors.

The parameter SQSD in Subroutine CONCEN sets the Tength of a side of
each of the 400 grid squares for the square grid option discussed in
Sect. 4.1.1.2. A value for this parameter muﬁt also be selected for the
circular option because it is used in the code in a statement testing
the importance of radiological decay during plume travel. The SQSD value
should be approximately equal to 0.1 of the radius of the circular assess-
ment area.

4.1.1.2 The square grid option. If the square grid option is

selected in the main program, the code will estimate concentrations in air
and ground deposition rates at the midpoints of each of 400 square grids in

a 20 by 20 array with the release point located at the center. The array is



aligned north-south and east-west with the abscissa numbers going from 1
to 20 from west to east and with the ordinate anumbers going from 1 to 20
from south to north. An inpul parameter SQSD sets Lhe length of the side
of eacn of the 400 grid squares.

The code computes concentrations by starting at grid (1, 1) and pro-
ceeds through grid (1, 20), and then goes to (2, 1), proceeds to (2, 20),
and continues this process through grid (20, 20). For each grid square,

the center of the square is identified as within one of 16 sectors

emanating from the release point by reference to a data statement within the

computer code. The compass directions at the midpoints of each of these
22.5° sectors are numbered from 1 to 16 starting with 1 for due north
and proceeding counterclockwise through direction 16. Downwind distance
is calculated from the grid identifiers and the value of SQSD.

The very poor resolution for the area near the plant afforded by
the preceding procedure is improved within the computer code by recomputing
concentrations for the innermost 16 grid squares. This 16-grid area is
converted into a 20 by 20 grid; the concentration in each of the 16
inner grid squares is then computed as the average value for 25 uniformly
distributed smaller grid squares.

The square grid configuration has an advantage over the circular
configuration in that the environmental areas are more compact and,
hence, are more amenable to discrete characterization. A more important
consideration, however, is that concentration values in a square grid
arrangement can be more readily adapted to multiple point source or area

source assessments.
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4.1.1.3 Option for varying deposition velocity. An input value

for dry deposition velocity is entered for each radionuclide in the
source term. In a normal computer run, this value is used to estimate
the rate of dry deposition of the radionuclide on ground or water surface
and the resulting depletion of the plume for all directions and distances
from the plant. This procedure is adequate for areas with relatively
uniform environmental characteristics, but it may be inaccurate for areas
consisting of a wide variety of surfaces such as tall grass, forests,

or lakes. There may be as much as an order of magnitude difference

in deposition velocity between bare soil and forest canopy (Sehmel et
aT., 1973), for example, and this may lead to considerable differences

in air concentrations downwind of a forest versus a bare-soil region.

To assess non-uniform areas more realistically, the user of the

code may elect through option (5) to use a different value for deposition
velocity for each environmental location identified by direction and
distance from the plant. This option is available only for the circular
configuration [i.e., option (2) = 1] because integration of plume depletion
equations must proceed outward from the plant for each direction and
cover each environmental location in stepwise fashion. For this option,
multiplier parameters for each environmental Tocation specified by
direction and distance and upper and lower bounds for distances must be
added to the input data. The deposition velocity for each radionuclide
within a specific environmental location is the product of the initial
deposition velocity entered for the radionuclide and the multiplier for

the location.
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4.1.1.4 The area source option. For this option, the source is

assumed to be an area such as a tailings pile with a uniformly distributed
rate of release of radionuclides. The dispersion treatment is described
in Sect. 3.2.9. The diameter in meters of a circle of the same area as

the source must be entered as input in CONCEN to use this option. If

this value is less than 10 m, however, the area source is treated as a

point source.

4.1.2 Optional features of subroutine CONCEN

The first data input of CONCEN are specifications of Tlower and
upper bounds for grid abscissa and ordinate as integer values for NOL,

NOU, NRL, and NRU. Normaily, for the square grid option, the abscissa

it

Timits are NOL 1 and NOU = 20, going from west to east, and the ordinate

i

limits are NRL = 1 and NRU = 20, going from south to north. The user
can, however, specify higher values for NOL and NRL or Tower values for
NOU and NRU for special applications. Integers for NOL to NOU are
column numbers, and integers for NRL to NRU are row numbers. The circular
option requires that NOU must not exceed 16 as an upper bound for column
numbers because only 16 compass directions are involved. The numbering
starts at NOL = 1 for due north and proceeds counterciockwise to 16 for
NNE. The row numbers for the circular option (NRL to NRU), which may
range from 1 to 20, refer to distances in meters from the source, which
are supplied by the user as integer values of the IDIST input parameter.
If the sqguare grid option is selected in the main program, the grid

size is specified in CONCEN as the value SQSD, the length of the side of
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the grid squares in meters. A value of 8000 m for SQSD produces a
square assessment area superscribing a circle with a radius of 50 miles.

For the circular configuration, the number of distances from the
pltant in each compass direction (IDIST values) should be equal to the
value of NRU.

The assessment area for which doses and intake rates are calculated
in DOSEN is identical to that defined by the bounds set in CONCEN. The
agricultural and population input data entered in DOSEN in 20 by 20
arrays should contain 0 values for all elements of these arrays lying

outside the bounds of the assessment area.

4.1.3. Options and optional features of subroutine DOSEN

The first input data for DOSEN are six options. The first, LIPO,
is a specification as to whether the calculations are to be made for the
maximally exposed individual (LIPO = 0) or for the population in the
area (LIPO = 1).

The second option (NNTB) determines the number of tables to be
printed 1isting doses by grid location, exposure mode and organ by indi-
vidual radionuclide. Each of these tables is lengthy, and it is usually
desirable to minimize the printed output by specifying NNTB = O.

Doses by radionuclide, organ, and pathway are punched on cards if
option (3), NRTB, is specified as 1. If NRTB = O, punching of these
values is omitted.

If option (4), NSTB, is 1, concentrations in air, ground concentra-
tions, ingestion intake rates, and inhalation intake rates by man for

222

each environmental location for each radionuclide except Rn are
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printed and written as unformatted output. If NSTB = 0, output of
these values is omitted. Working levels for 222Rn are outputted if
NSTB = 1 and omitted if NSTB = Q.

The fifth and sixth options, NTTB and NUTB, control calculations
and printing by DOSMIC. Dose summary tables are printed if NTTB = 1 and
omitted if NTTB = 0. Working levels for 222Rn are calculated and tabu-
lated if NUTB = 1 but omitted if NUTB = 0.

In addition to the six specified options above, there are several
options available to the user for trealing ingestion. The parameters
RVEG, RBEF, and RMLK for vegetables, meat, and milk specify the ratio of
the quantity of each type of food ingested by a person that is produced
at his environmental localion to the sum of that produced at his location
and the quantity that he ingests that is produced throughout the entire
assessment area. The radionuclide content of each of the three food
types produced throughout the entire assessment area is a weighted
average over the grid system. The assessment area is bounded by the
integers NOL, NRL, NOU, and NRU in a 20 by 20 grid system. Therefore,
quantities of food produced (and human population) should be 1isted as 0
for all locations lying oulside of these bounds.

The minimwn Tractions of each of the individual's intake of each
food type that comes from outside of the assessment area altogether, and
assumed to be uncontaminated, are specified as F3VEGM, F3BEFM, and
F3MLKM. The code can compute a higher imported fraction for each food

type if required to meet nutritional requirements as specified in the
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‘ input data. The user can fix the minimum imported fractions to be actual

fractions by setting IMPFIX = 1.

L Fallout interception fractions for pasture grasses and fresh
vegetables consumed by man are designated R1 and R2, respectively.
These factors are applied to all radionuclides, but may be optionally
changed for any specific radionuclide by setting IFLAG, normally 0, at 1
cr 2. If IFLAG = 1, special parameters RD1 and RD2 are used instead of
RT and R2. If IFLAG = 2, RD! and RDZ are used for dry deposition, and

RW1 and RWZ are used for wet deposition.
4.2 Data Input and Example Run

The Tisting of the AIRDOS-EPA COMPUTER CODE IN Appendix A identifies
______ the order and format of the input parameters in the READ statements and
their corresponding FORMAT statements. Parameter names and their de-
finitions and units ave Tisted in Tables 3, 4, 5, and 6 for the main
program and subroutines CONCEN, DIRECT, and DOSEN, respectively. Table

7 Tists the parameters from these tables with their data card formats.

Appendix B 1is the output of an example run of the code.
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Definition

0 to run the entire code

1 if it is desired to run
only subroutine CONCEN

7 if subroutine DIRECT is
to be called instead of

0 for the 20 by 20 square
grid configuration

1 for the circular con-
figuration

0 for sector-averaged
computations

1 for plume centerline
computations

0 to compute plume rise for
buoyant plumes using Briggs'
equations

1 to compute plume rise for
momentum-type emissions by
Rupp's equation

2 to use specific values for
plume rise entered as input
data for each Pasquill
atmospheric stability category

0 if deposition velocity is
not varied with direction and
distance for each radionuclide

1 if deposition velocity varies
with direction and distance [may
only be used if option (2) = 1]

Table 3. Input parameters for main program
Number of
Name values
WORD 1 the word OPTIONS
OPTION 9 Option (1)
CONCEN
Option (2)
Option (3)
Option (4)
Option (5)
Option (6)

An integer from 0 to 36
specifying the number of radio-
nuclides in the source term for
which air concentrations and
ground deposition rates are
punched on cards
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Table 3. (continued)

Number of
- Name values Definition

Option (7) 0O for point-source atmospheric
dispersion calculations

1 for calculations for a uniform
circular area source

Option (8) O to print the main output table
of CONCEN

1 to omit printing the above
Option (9) O to print x/Q tables
1 to omit x/Q tables




Tabie 4. Input parameters for subroutine CONCEN

Number of

Name Values Definition Units
NCL 1 Lower grid Timit {abscissa)
NOU 1 Ugper grid 1imit (abscissa)
NRL 1 Lower grid Timit (ordinate)
NRU 1 Upger grid 1imit (ordinate)
PR 7 Specific piume rise for each Pasquiil category meters
WORD 1 The word AREA
SQSt 1 The exact length of the side of each grid square when using reters
the square grid configuration. A value for SOSO must also
be used for thes circular option which corresponds to the
approximate Tencgth of each grid square in & 20 by 20 grid
superscribed on the circuiar assessment area
SEGUWL (Se) 1 Assuymed fraction of equi?ﬁbrigm for the short-1ife progeny
of 222Rn (default value = 0.7)
1DIST 20 Distances from plant to be used with circular option meters
WCRD ! The word AIR
LIDAT (L) Height of 1id meters
RR 1 Rainfall rate in area centimeters/year
TA 1 Average air temperature in area K
TG 3 Yertigaé temperature gradient for Pasquill categories E, °K/meter
F, and G
PERD 16 Wind direction frecuency (16 directions)

99



Table 4. {Cont'd)

Number of

Name values Definition Units

UDCAT (“r) 112 Reciproca}—averaged wind speeds {7 Pasquill categories, meters/sec
16 directions)

UDAY (ua) 112 T(ue~ayera§e wind speeds {7 Pasquill categories, 16 meters/sec
directions

FRAW 112 Frequencies for Pasquill stability categories (each
of 16 directions)

WORD 1 The word STACKS

NUMST i Number of stacks or release areas

PH (h) NUMST Physical height of stack meters

DIA {d) NUMST Diameter of stack maters

VEL [v) NUMST Velocity of stack gases meters/sec

QH (Qh) NUMST Heat release from stack cal/sec

DIM NUMST Diameter of area source meters

WORD 1 The word NUCLIDES

NNUCS 1 Number ¢f nuclides 1in source term

NAMANUC NNUCS Name of nuciide, such as I-131 or RU-103

ANLAM NNUCS Effective radiological decay constant in the plume day'?

SC {3} NNUCS Scavenging coefficient sec_?

¥D (Vd) NNUCS Dry deposition velocity meters/sec

VG (Vg) NRUCS Gravitational {or settling) velocity meters/sec

REL {Q) NNUCS x NUMST Release rate of radionuclide from stack curies/year

L9



Table 4. {Cont'd)

Number of
Name values Definition Units
BOUND 20 First value is upper bound of area represented by first meters
IDIST value and lower bound of area represented by second
IDIST vaiue, and continuing for all 20 possible IDIST
values [BOUND values and subsequent VDCOEF and LIST
values are to be entered only if Option (5) = 1]
VDCOEF (NOU-NOL+1) Factor to be muitiplied by VD to give dry deposition

X(NRU-NRL+T}

LIST 20

velocity representative of the area for & specific
compass direction and IDIST value

0 to print concentrations for distance corresponding to
IDIST
1 to suppress printing for IDIST distance

89



Table 5. [Input parameters for subroutine DIRECT

Number of

Name values Definition Units

NOL 1 Lower grid limit (abscissa)

NOU 1 Upper grid limit {abscissa)

NRL 1 Lower grid limit {ordinate)

NRU 1 Upper grid limit (ordinate)

SQSD 1 The length of the side of each grid square if input air meters
concentrations and ground deposition rates are for a
square grid configuration

IDIST 20 Distances from point of release or center of circular meters
area source for a circular configuration

SEQWL (S) 1 Assgmgd fraction of equilibrium for the short-1ife progeny

¢ of ?22Rn (default value = 0.7)

NNUCS 1 Number of nuclides in source term

NAMNUC NNUCS Name of nuclide .

¥D (V) NNUCS Dry deposition velocity meters/sec

SC (Q? NNUCS Scavenging coefficient sec!

ACON (X) 400 Concentration in air at ground level for each environmental picocuries/cm3
location (input in a 20 by 20 array)

GCON (Rt) 400 Rate of deposition on ground surface for each environmental picocuries/cmz-

Tocation (input in a 2C by 20 array) sec
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Table 6. Input parameters for subroutine DOSEN

Numbeyr of
Name values Defirition Units
L.IPD 1 Goption — 9 for individual dose, 1 for popuiation dose
NNTB 1 Number of individual radionucliide dose tabies by grid
iocation and pathway to be printed. Used to suppress
printing
NRTH Option — 1 for punching on cards doses by nuclide,
crgan ancd pathway, O for omitting the above
NSTB i Cption — 1 for printing and unformatted output of envi-
ronmental concentrations and intake rates by man for each
nuclide, C for omitting the above
NTTB 1 Option — 1 for printing dose summary tables, O for
omitting the above
NUTB | Ontion — 1 for printing of working leveis for 222Rn if it is
in the source term, 0 for omitting the above
NOBCT 400 Number of meat producing animals for each environmental location
{input in a 2C by 20 array)
NOMCT 400 Number of dairy cattie for each environmental location
(input in a 20 by 20 array)
INTFC 400 Area cf vegetabie crop production for each environmenta’ m2
lacation (inbut in a 20 by 20 arvay,
INTPA 400 Population for each environmental location (input in a
_ 20 by 20 array)
INTWA 400 identification as to whether an environmental Tocation
contains significant water areas (0 or i) {input in a
20 by 2C array)
IMPFIX 1 The integer 1 fixes the fraction of each food type imported

into the assessment area at the minimum fraction specified
as F3VEGM, F3BEFM, and F3MLKM defined below

0/



Table 6. {continued)

Number of

Name vajues Definition Units
RVEG i The fraction representing the quantity of ingested vegetables

produced at the environmental Tocation divided by the total

guantity ingested which is produced throughout the assessment

area including the quantity ingested which is produced at the

environmental location
F3VEGM 1 The minimum fraction of ingested vegetables which is imported

into the assessment area. The code may compute a higher

value to be used unless IMPFIX = 1
RBEF 1 Same as RVEG except applied fto meat
F3BEFM 1 Same as F3VEGM except applied to meat
RMLK 1 Same as RVEG except applied to milk
F3MLKM 1 Same as F3VEGM except applied to milk i
BRTHRT (Br) 1 Breathing rate of man cm”/hr
DILFAC (d} 1 Depth of water to be used for water immersicn doses centimeters
USEFAC 1 Fraction of time spent swimming
T (%) 1 Buildup time allotted for surface deposition days
b0l i Fraction of radicactivity retained on leafy vegetables

and produce after washing
TSUBHI (thT) 1 Time delay — ingestion of pasture grass by animals hr
TSUBH? (thz) 1 Time delay — ingesticn of stored feed by animals hr
TSUBH3 (thB) 1 Time delay — ingestion of leafy vegetables by man hr
TSUBH4 (thﬁ) 1 Time delay — ingestion of produce by man hr
LAMY (Aw} 1 Removal rate constant for physical loss by weathering hr'1

1/



Table 6. (continued)

Number of

Name values Definition Units

TSUBET (tel) 1 Period of exposure during growing season — pasture grass hr

TSUBE? (tez) ] Period of exposure during growing season — crops or hr
Teafy vegetables

YSUBV1 (Yv?) 1 Agricultural productivity by unit area {grass-cow-miik- kg/m2

’ pathway)

YSUBY2 (sz) 1 Agricultural productivity by unit area {produce or leafy kg/m2
vegetabies}

FSUBP (fp) 1 Fraction of year animals graze on pasture

FSUBS (fs) 1 Fraction of daily feed that is pasture grass when animals
graze on pasture

(QSUBF (QF) 1 Consumption rate of contaminated feed or forage by an kg/day
animal (dry weight)

TSUBF (tf) 1 Transport time from animal feed-milk~-man days

uv (Uapv) 1 Rate of ingestion of produce by man kg/year

UM (UaDM) 1 Rate of dingestion of milk by man Titers/year

UF (Uaorj 1 Rate of ingestion of meat by man kg/year

UL (UapL) k Rate of ingestion of leafy vegetables by man kg/year

TSUBS (ts) 1 Average time from slaughter of meat animal to consumption days

FSUBG {f_) 1 Fraction of produce ingested grown in garden of interest

5

FSUBL <f2) 1 Fraction of leafy vegetables grown in garden of interest

TSUBR (tb) 1 Period of long-term buildup for activity in soil years

p 1 Effective surface density of soil (dry weight) (assumes kg/m2

15-cm plow jayer)

¢l



Table 6. (continued)

Number of
Name values Definition Units
TAUBEF 1 Fraction of meat producing herd slaughtered per day
MSUBR 1 Muscle mass of meat producing animal at slaughter kilograms
YSUBM 1 Mitk production of cow Titers/day
R1 (R1) ] Fallout interception fraction for pasture
R2 (Rg) 1 Failout interception fraction for vegetable crops
NUMORG NNUCS Number of organs considered for the radionuclide
LAMRR (Ai) NNUCS Radicactive decay constant for the radionuclide day']
CFSBA (Ciwm> NNUCS Skin dose conversion factor for submersion in aipr rem-cm3/u81-hr
CFSBW (Cwimm) NNUCS Skin dose conversion factor for submersion in water rem—cm3/uCi-hr
CFSUR (CsurF) NNUCS Skin dose conversion factor for surface exposure rem-cm3/uCi-hr
KFLAG NNUCS Usually 0; a value of 1 is used for a radionuclide which
is a daughter product assumed to have an effective decay
constant in the plume (ANLAM) equal to the decay constant
of its longer-lived parent, and it is desired to use the
ANLAM value to calculate its decay on ground surfaces and
in water instead of its true decay constant, LAMRR
TDCF (Cf) NNUCS Dose conversion factor for food; always O éxcept for rem-cm3/pCi-year
tritium
TDCW (CW) NNUCS Dose conversion factor for drinking water; always 0 rem-cmB/pCi-year
except for tritium
FROG NNUCS X 11 Dose correction factors for whole body and each reference

organ to multiply by external doses for skin. The order
of the organs is given under NAMORG in this table

€L



Table 6. {con=inued!

Number of
Name values Definition dnits
FSUBMI (FW} NNUCS Average fraction of animai's daily intake of nuclide which days/liter
‘ appears in each Titer of milk
FSUBFT (F.) NNUCS Fraction of animal's daily intake of nuclide which appears days/kq
‘ in each kg of flesh

BSUBY (Biv1) NNUCS Concentration factor for uptake of nuclide from soil for
pasture and forage (pCi/kg dry weignt per pli/kg dry soil)

3SUBV2 (Biv2> ANUCS Concentration factor for uptake of nuclide from scil by
edible parts of crops {pCi/kg wet weight per pCi/kg dry soil)

LAMSUR (AW) NNUCS Environmental decay constant for surface for the radio- day'“l
nuclide

L AMH2C NNUCS Envivonmental decay constant for water areas for ithe day'a
radionuclides

IFLAG NNUCS 0 for a normal run;
1 if special values RO1 and RD2 are to be used instead of
R1 and RZ.
2 if special values RDT and RD2 for dry deposition processes
and special vailues RW1 and RWZ for wet deposition (scavenging)
processas ara toc be used.

RDY (RD1) ANUCS Special vaiue for R1 as defined for IFLAG

RD2 (RDZ) NNUCS Special vaiue for RZ2 as defined for IFLAG

RW1 {Rw]) NNUCS Special value for RT as defined for IFLAG

RW2 (sz) NNUCS Special value for RZ2 as definad for IFLAG
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Table 6. (continued)

Number of

Name values Definition Units
1SOL NNUCS Solubility class for nuclide
D = days
W = weeks
Y = years
AMAD NNUCS Particle size for nuclide u
FTINH NRUCS Gastrointestinal uptake fraction for inhalation
11 i Index integer for a parent radionuclide contributing
to surface buildup
12 1 As above for a second parent
13 1 As above for a third parent
14 1 As above for a fouyrth parent
I5 1 As above for a fifth parent
71 i Surface input rate for the nuclide resulting from
decay of parent I1 per unit aerial deposition
rate of Ii
F2 i As above except for pavent 2
£3 1 As above except for parent I3
74 ] As above except for parent 4
F5 1 As above except for parent Ib
NAMCORG NUMORG X NNUCS Name of organ, to be written as follows: TOT.BODY
{for whole body). R MAR, LUNGS, ENDOST, S WALL,
LLT WALL, THYRGID, LIVER, KIDNEYS, TESTES, OVARIES
CFINHA NUMORG X NNUCS Bose conversion factor for the organ for inhalation rem/ uCi
F1ING NUMORG X NNUCS Gastrointestinal uptake fraction for ingestion
CFINGA HUMORG X NNUCS Dose conversion factor for the organ for ingestion rem/uCi

74



Table 7. Data deck

preparation for AIRDOS-EPA

Number of Number of
Parameters values cards Data type Format
Main program
WCRD, OPTION 1 for WORD, 1 WORD=0PTIONS A8,511,12,311
9 for OPTION OPTIONS vatues-

NOL ,NOU,NRL ,NRU
PR

WORE

SQsD

SEQWL

IDIST

WORD

LIDAY

RR,TA,TG

PERD
UDCAT
UDAY
FRAW

o

— e Ny —

~no
<

—t et el ot

PR NN O o~

Subroutine CONCEN

for each parameter 1

1

1

1

!

3

1

i

for RR, 1
for TA,
for TG

' 1

7

7

16

integer

Integer
Fixed point
WORD=AREA
Fixed point
Fixed point
Integer
WORD=AIR
Integer
Fixed point

Fixed point
Fixed point
Fixed point
Fixed point

8110

8F10.0

A8
8F10.
F10.0
8110
A8
8I1C
8F10.

16F5.
16F5.
i6F5.
7F10.

0

o O o O

9!



Table 7. {(Continued)

Number of Number of
Parameters valtues cards Data type Format
- WORD 1 1 WORD=STACKS A8
NUMST 1 1 Integer 8110
PH,DIA,VEL,QH,DIM (1 for each parameter) Value of NUMST Fixed point 8F10.0
x value of NUMST
WORD 1 1 WORD=NUCLIDES A8
NNUCS 1 1 Integer 8110
NAMNUC 1 1 Alphameric A8 a
ANLAM,SC,VD,VG 1 for each parameter 1 Fixed point 8F10.0
REL : Yalue of NUMST 1 Fixed Point 8F10.0
BOUND 20 3 Fixed point 8F10.0
VDCOEF {NOU-NOL + 1) x Number required Fixed point 10F8.4 .
{NRL-NRU + 1) for a maximum of o
10 values per card
LIST 20 1 Integer 2011
Subroutine DIRECT
NOL ,NOU,NRL,NRU 1 for each parameter 1 Integer 8110
SQSD 1 1 Fixed point 8F10.0
IDIST 20 3 Integer 8110
SEQWL 1 1 Fixed point F10.0
NNUCS 1 1 Integer 8110
NAMNUC,VD,SC 1 for each parameter 1 Alphameric, A8
fixed point, Fi2.4
floating point £E10.3 o
ACON 400 50 Floating point 8E10.3

GCON 400 50 Floating point 8E10.3

LL



Table 7. {Continued}

(o)

rmat

Number of Mumber of

Parameters values cards Data type
Subroutine DOSEN

LIPO i 1 Integer
NNTB,NRTB,NST8,NTTB, i for each paremeter 1 Integer
NUTB
NGBCT 490 25 Integer
NOMCT £90 25 Integer
INTFC 400 50 Floating point
INTPA 400 50 Fixed point
INTWA 406 1C Integer
IMPFIX 1 1 intecer
RVEG,F3YEGM,RBEF, for each parameter 1 Fixed point
F3BEFM,RMLK,F3MLKM
BRTHRT,DILFAC, for each parameter 1 Fixed point
USEFAC,T,DD1
TSUBH1 ,TSUBHZ, 1 for each parametey 1 Floating point
TSUBHS , TSUBH4
LAMW 1 1 Floating point
TSUBET,TSUBEZ for each parameter 1 Floating point
YSUBVY,YSUBV2 1 for each parameter 1 Floating point
FSUBP 1 1 Floatirg noint
FSUBS 1 1 Floating point
QSUBF 1 1 Floating point

5110
5110

1615
1615

8E10.
8F10.

4412
10

bFi0.

8E10.
8ET0.
8EiC.
8£iC.
8E10.
8E10.

W W W W w W

8.



Table 7. {Continued)
Number of Number of
Parameters values cards Data type Format
TSUBF 1 1 Floating point 8E10.3
UV, UM, UF, UL 1 for each parameter 1 Floating point 8E10.3
TSUBS ] 1 Floating point BE10.3
FSUBG,FSUBL 1 for each parameter 1 Floating point BE10.3
TSUBB 1 1 Floating point 8E10.3
P 1 1 Floating point 8£10.3
TAUBEF ,MSUBB,VSUBM 1 for each parameter 1 Fixed point 10F8.4
R1,R2 1 for each parameter 1 Fixed point 10F8.4
NUMORG,LAMRR,CFSBA, 1 for each parameter 1 Integer and 110,48710.3, |
CFSBW,CFSUR,KFLAG, floating point 130,2E10.3 \
TDCF, TDCH l
FROG 11 i Fixed point 11F5
FSUBMI,FSUBFI,BSUBVT, 1 for each parameter 1 Fioating point 8E10.3
BSUBY2 j
LAMSUR,LAMH20, IFLAG, 1 for each parameter i Ficating point, 2E10.3,11,
RB1,RDZ ,RWT ,RW2 integer, and 6F8.4
fixed point \
7
ISOL,AMAD,FTINH 1 for each parameter i Alphameric and 711,471,715, ( ¢
fioating point £i1G.3,727
£16.3 \
11,i2,13,1i4,i5,F1,F2, 1 for each parameter i Integer and 514,5810
F3,F4,F5 floating point \
NAMGRG , CFINHA 1 for each parameter NUMORG Alphameric and A8, TI0,E10.3
% value of NUMORG fleating point ;
FHING H i Ficating point Ti1,E10.3 /
CFINGA Vaiue of NUMORG NUMDRG figating point Ti1,E10.3 i

6/



a . . . . N . . . S . .
A set of the three cards in this bracket is requived for each radionucliide. The number of
these sets of cards must be egual to the value of NNUCS.

bThe cards in the bracket for BOUND, VDCOEF, and LIST should not be included in the data
deck untess OPTION (5) = 1.

°A set of the cards in this bracket is required for each radionuciide. The total number of
these sets is the value of NNUCS.
dOne set of cards in this bracket is required for each radionuclide. Each set is referred

to as the radionuciide data deck for the specific radionuciide. The number of radionuclide data
decks must be equal to the value of NNUCS. The set of cards for NAMORG, CFINHA, F1ING, and

CFINGA for each radionuclide is referred to as the organ deta deck for the specific radionuciide.

08
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5. TERRESTRIAL TRANSPORT INPUT PARAMETERS

The parameter values listed in the following sections have been
used in the demonstration computer run given in Appendix B. For the
parameters Biv’ Fm’ and Ff, a review of original references is currently
being performed. The values Tlisted for these parameters reflect the
current status of this review. The listed values will undoubtedly
change as new references are reviewed or become available. Many of the
other parameter values listed are derived from the extensive and well-
documented reviews by Ng et al. (1977) and Hoffman and Baes (1979). A
statistical distribution has been described for many of the parameters
reviewed by Hoffman and Baes (1979), and the values taken from this
review and listed in this section are the mean values with respect to
the distribution described for the parameter.

The values listed for the soil-plant bioaccumulation factor Biv’
the forage-to-milk transfer coefficient Fm’ and the forage-to-meat
transfer coefficient Ff were derived from a review of original experimental
data according to the methodology described below. Individual observations
or the average of replicate observations (whichever given by the author)
specific for the parameter were taken from the reference. When necessary,
reported Biv data were transformed to adhere to the strict definitions
of the parameter by using appropriate fresh weight-dry weight conversion
factors (Morrison, 1956; Spector, 1956). Ingestion rates given by Liden
and Gustafsson (1967) and Bell (1978) were used to derive some values of
Ff from associated meat and forage data. A1l measurements applicable to

the parameter in a reference were used to calculate an arithmetic mean
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value for that reference. Finally, the values for each reference were
used to derive an unweighted arithmetic mean for all references combined.
This final value, unless otherwise noted, is the value listed for the
parameter.

The parameters used in the terrestrial transport models in Sect. 3
are designed to represent annually averaged values at equilibrium over a
wide range of environmental conditions. Empirical data used in deriving
values for these parameters may not always reflect annual average or
equilibrium conditions. In addition, data from laboratory or otherwise-
controlled experiments which do not adequately simulate field conditions
may lead to erroneous evaluations for specific assessment sites. Further-
more, empirical data may not adequately reflect the true distribution of
values associated with each parameter under various conditions. Thus,
caution should be used in the interpretation of parameter values presented

and results generated by the sample run.
5.1 Agricultural Productivity by Unit Area YV

In this report agricultural productivity, in kilograms per square
meter, is given in dry weight for the above-ground portion of pasture
grasses Yv1 and in fresh weignt for the edible portions of leafy vegetables
and produce ingested directly by man sza Since dry weight measurements
of productivity for pasture grasses are most commonly found in the
literature, direct comparison with productivity estimates for stored
feeds and silage can be made. Fresh weight productivity estimates for
leafy vegetables and produce consumed directly by man are appropriate

because data on human food consumption is generally given in fresh
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weight. In addition, modern packaging and refrigeration techniques are
designed to reduce desiccation and present a product as similar to

“‘;" harvest condition as possible. Table 8 presents mean values of le and
Yv2 derived from the review and analysis of agricultural productivity by

Baes and Orton (1979).

5.2 The Fraction of Atmospherically Depositing Radionuclides
Intercepted by Above-Ground Portions of Plants R

The fraction of atmospherically depositing radicnuclides inter-
cepted and initially retained on above-ground portions of either forage
crops or leafy vegetables and fresh produce ingested by man is symbol-
ized by R] and RZ’ respectively, where R], R2 < 1. It is assumed in the
model that unedible portions of vegetable crop plants are plowed into

the spil at harvest.

5.2.1 Interception fraction R] for forage crops

Caution must be exercised when selecting a value of R] for assess-
ment purposes because a correlation between R and YV has been demonstrated
for forage crops (Chamberlain, 1970; Miller, 1979b). This correlation
is 1ikely because the fraction of an atmospherically depositing nuclide
intercepted by a plant is highly dependent on the surface area available
for interception. Ffor forage crops, the available surface area or leaf
area index is highly correlated to the above-ground standing crop bio-
mass or productivity YV],

Miller (1979a) analyzed associated measured values of R and YV and
described a distribution for the ratio R/YV based on Tognormal statistics.

The resulting distribution of this ratio has been used in the present
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report to derive an arithmetic mean value of R1 = (0.57. This R] value
has been determined such that when combined with the mean Yv] value of
0.28 (Table 8) the resultant ratio of R1/Yv1 numerically equals the mean

value (2.03) of the distribution of R/YV described by Miller (1979%).

5.2.2 Interception fraction R2 for leafy vegetables and fresh produce

The correlation which Chamberlain (1970) demonstrated between R and
YV is specific for pasture grasses. Such a relationship is not expected
to exist for all leafy vegetables and fresh produce ingested by man for
the following considerations:
1. On a weight basis, the edible portion of vegetable plants
varies by species from nearly 100% for leafy vegetables to a

very small fraction for food grains;

2. Surface area-to-weight ratios differ greatly among various
types of vegetables; and

3. Edible portions of some vegetables are enclosed by tissue
layers and fail to intercept atmospheric radionuclides (i.e.,
corn, peas, etc.).

Measurements of the interception fraction R2 specific for edible
portions of leafy vegetables and fresh produce ingested directly by man
are unavailable. It is expected that the value of R2 will be less than
that of R] since most vegetable crops are usually cultivated in rows.
On a unit area basis, this spacing of vegetable crops exposes more
surface soil than the dense spacing of most forage crops. Booth et al.
(1971) recognized this problem in their terrestrial model TERMOD and set
the interception fraction value for fresh produce and vegetable crops
lower than that for grasses. However, the magnitude of the actual

difference between R] and R2 is speculative. The R2 value of 0.2 used

by the NRC (U.S. Nuclear Regulatory Commission Regulatory Guide 1.109,
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o Table 8. Estimated values of above-ground agricultural productivity
for forage grasses and edible portions of vegetable crops

Mean Value®
Parameter (kg/m*)

Yv] measured in dry weight 0.28
(forage grasses)

sz measured in fresh weight 1.9
(leafy vegetab]es)b

sz measured in fresh weight 0.57

(non-leafy vegetables)

N “The mean estimates given above are the inverse of values

derived by Baes and Orton (1979) for estimates of 1/YV based on experi-
mental data.

vag for Teafy vegetables is based on edible portions of cabbage,
lettuce, and spinach.

chg for nonleafy vegetables is based on edible portions of broccoli,
cauliflower, green peas, lima beans, and sweet corn.
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1977) 1is less than the R] value of .57 presented in Sect. 5.2.1; and
therefore, we chose the NRC value for use in the AIRDOS-EPA sample run

(Appendix B).

5.3 Deposition Velocity Vd

The deposition velocity Vd (centimeters per second) is used in the
code as a transfer factor relating an air concentration to a surface
deposition rate (Hoffman, 1977; Miller et al., 1978). Field measure-
ments of Vd are generally based on weasured concentrations in vegetation
cut at a specific height above the ground surface and fail to measure
total deposition on a unit area basis. The fraction of radionuclide
deposited on soil, leaf litter, and uncut vegetation is usually not
measured. Thus, an estimate of Vd appropriate for the total deposit on
a unit area basis is derived from a Vd specific for depesition onto

vegetation by the following method:
Vd (total) = Vd (specific for vegetation)/R , (63)

where R is the fraction of atmospherically depositing nuclides inter-
cepted by the above-ground edible portion of the vegetation. Values of
Vd (total) are appropriate for use in the AIRDOS-EPA code because Vd is
used to estimate plume depletion and total ground area deposition.

The following values of Vd appear to be relevant for forage grasses
under dry conc¢ ““nns (Heinemann and Vogt, in press):

1. 2 cm/sec for reactive gases (molecular iodine),

2. 0.1 cm/sec for small particulates (<4 um in diameter), and

3. 0.01 cm/sec for relatively unreactive gases (CH3I).
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Dividing the above specific Vd values by a mean forage grass inter-
ception fraction R] of 0.57 (Sect. 5.2.1) produces the following values
of V4 (total):

1. 3.5 cm/sec for reactive gases,

2. 0.18 cm/sec for small particulates, and

3. 0.018 cm/sec for relatively unreactive gases.

These values are specific for deposition on grasslands. It is
assumed in the code that the Vd (total) for grasslands is equal to the
Vd (total) for vegetable crops. This assumption may be false since
depositional conditions for grasslands and vegetable croplands are
probably different (Hosker, 1974); however, measured values of Vd
(total) have not been published for vegetable crops. We propose that
the value of V, (total) for particulates >4 um in diameter be set equal
to the gravitational fall velocity of the particle size considered
(Sehmel et al., 1973).

There is a potential for error in calculating plume depletion in
atmospheric transport models from a specific value of Vd (total) calcu-
Tated for a grassland environment. When various environmental conditions
such as buildings, trees, rough terrain, and other potential scavengers

are present, the use of a different Vd (total) may be warranted.
5.4 The Plant/Soil Bioaccumulation Factor Biv

The transfer of radionuclides from soil to the above-ground portions
of pasture grasses is parameterized by Bﬁv]' Radionuclide transfer from
soil to the edible portions of leafy vegetables and fresh produce ingested

by man is parameterized by Bin‘ In the model, it is assumed that
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radionuclides incorporated into nonedible portions of vegetable crops
are returned to the soil by the plowing under of the nonedible portion
after harvesting of the edible portion.

A review of the available Titerature was made to determine values
of Biv] and Bin for various elements. Measurements of radionuclide
concentrations in soil and vegetation reported in the literature are
given in both fresh and dry weight for vegetation and may be specific
for both edible and nonedible plant portions. Thus, only data which was
applicable to (or could easily be converted to conform with) the following
definitions of Biv] and Bin were considered. The definitions of Biv

]
and Bin are as follows:

B. radionuclide concentration in entire above-ground portion of

vl plant at maturity per unit dry wt
radionuclide concentration in soil per unit dry wt
Biv2 = radionuclide concentration in edible portion of plant at

maturity per unit fresh wt
radionuclide concentration in soil per unit dry wt

The effects of chemical and physical forms of the element will
1ikely influence Biv values to a greater extent than isotopic effects.
Therefore, element-specific, rather than isotope-specific values of Biv
were cnhosen. This consideration allows consolidation of measured Biv
values and incorporation of a greater number of references into the
determination of Biv'

Determinations of Biv] and Biv2 (Tables 9 and 10, respectively)
were made from original literature references whenever available.
However, the review document by Ng et al. (1968) was used to derive Bi

\
values when original sources were unavailable. References in which
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Table 9. Values of Biv] derived from a review of the Titerature

- Element B.

ivi References

Sr 1.2 x 100 Hardy et al., (1969) Arkhipov et al. (1974)
Romney et al. (1957) Romney et al. (1966).

Te 2.2 x 10° Wildung et al. (1977).

I 2.0 x 1071 Ng et al. (1978).

Cs 1.5 x 10_] Rediske et al. (1955); Haak and Eriksson
(1973); Frederiksson et al. (1966); Frederik-
sson et al. (1969); Evans and Dekker (1968);
Hardy et al. (1977); Romney et al. (1957);
Barber (1964).

Pb 1.1 x 107" Cox and Rains (1972); Zimdahl et al. (1978);
Rabinowitz (1972); Dedolph et al. (1970).

) Po 4.2 x 1073 Watters et al. (1969).
_ Ra 9.7 x 10_2 Kirchmann et al. (1968); Taskayev et al.
_ (1977); Debortoli and Gaglione (1972).

Ac 1.0 x 1072 Ng et al. (1968) (based on 25% dry matter).

Th 2.7 x 1073 Bondietti et al. (in press).

Pa 1.0 x 1072 Ng et al. (1968) (based on 25% dry matter).

U 8.5 x 10—3 Bondietti et al. (in press). Adams et al.
(1955).

Pu 2.2 x 1073 Romney et al. (1970); Price (1972); Rediske

et al. (1955); Cummings and Bankert (1971);
Adams et al. (1975); Hardy et al. (1977);
Brown and McFarlane (1978); Bondietti et al.
(in press).
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Table 10. Values of Bin derived from a review of the literature

Flement B. efer es
Elemen iv2 References

Sr 2.

-1

WO

x 10 Romney et al. (1957); Essington et al. (1962):

Arkhipov et ai. (1974); Hardy et &l. (1977).

Tc? 1.1 x 10Y Wildung et al. (1977).

I 5.5 x 1077 Ng et al. (1978).

Cs 9.3 x 1073 Romney et al. (1957); Schulz (1965); Haak
and Eriksson {(1973) fredriksson et al.
(1966); Fredriksson et al. (1969); Evans and
Dekker (1968); Hardy et al. (197/) Essington
et al. (1962).

Pb 3.9 x 1073 Wilson and Cline (1966); Ter Haar (1979); Johr
and Van Laerhoven (1972); Rabinowitz (1972);
Dedolph et al (1970).

Po 2.6 x 1007 Matters et al. (1969).

Ra 6.2 x 107°  Vavilov ct al. (1964); Mordberg et al. (1976
Kirchmann et al. (1968); DeBortoli and
Gaglione (1972).

Ac 2.5 x 1073 Ng et al. (1968).

Th 3.5 x 107% Bondietti et al. (in preparation).

Pa 2.5 x 107 Ng et al. (1968).

U 2.9 x 10_4 Bondietti et al. (in press); Adams et al.
(1975).

Pu 2.0 x 10"4 Cline (1968); Wilson and Cline, (1966); Cummings
and Bankert (1971); Dahlman et al (1976);
Bondietti and Sweeton (1976); Schulz et al.
(1975); Adams et al. (1975); Hardy et al. (1977};
Brown and McFarlane (1978).

“The derived value for technetium was 5.5 x 101. This value has been

adjusted to account for removal of vegetable crops by harvesting over 100
years (see Sect. 5.4.1).
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directly deposited or resuspended material may have significantly con-
tributed to the reported plant radionuclide concentration were not
considered in our analysis of Biv'

The derived value of B,iv2 for technetium is relatively high with
respect to 81v2 values for the other elements (Table 10). The harvesting
and removal of vegetable crops from the soil may remove significant
quantities of technetium from the agricultural system over long periods
of time. This removal after 100 years may be quite significant. The
following procedure to adjust the technetium Bivz is made to simulate the
effect of harvesting and removal of vegetable c¢rops on the soil concen-
tration of technetium. Without an adjustment of the Bin value for tech-
netium given in Table 10, the AIRDOS-EPA model would overpredict technetium
concentrations in Qegetab]es after 100 years with an average of one harvest
per year, because the model assumes no radionuclide loss from the soil via
uptake by crop plants and their subsequent harvesting. An estimate of this

removal effect k is given by the following equation:

k = adjustment factor to account for removal of technetium from
soil via harvesting of crops,

C_, = concentration of technetium in soil after 100 years with
harvesting of vegetable crops,

C__ = concentration of technetium in soil after 100 vears with no
harvesting of vegetable crops.

The concentration of technetium in soil with a deposition rate of 1

] .
Ci/m"-year would be an = 100 Ci/m2 after 100 years with no removal via
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harvesting or other removal processes. The concentration of technetium

in soil with removal by harvesting of the crop after 100 years is given

—h
1

the fraction of technetium remaining in the soil after one

year,
n = time in years = 100 years,
ds = deposition rate on soil (Ci/mz—year).

The fraction of technelium remaining in the soil after one year is given

by:
1 (B. , + Y. .)
£ o= 1[\;2 v2 , (7] )
where
Bi,p = the plant/soil bioaccumulation factor,
Y o = the standing crop biomass of the edible portion of the

vegetable crop in kg/mz,

P = the effective surface density of the soil in kg/mz.

1}

1

Using values of n = 100 year, ds =] Ci/m2 year, B = 5.5 x 107,

ive
YV2 = 2.0 kg/mz, and P = 215 kg/m2 and substituting Eq. (71) into Eq.

(70), a value of CSh = 2.0 x 100 results. Thus, the value of k in Eg.
(68) is 2.0 x 1072, Multiplying k by the above value of B, , for tech-
netium gives an effective Biv? of 1.1 x 100. This adjusted value of

B.

ivo is given in Table 10. For our determination of Biv]’ it is assumed
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that technetium removed from the soil by forage plants is returned to
the soil via excretion by grazing animals and decay of ungrazed grassas.

Thus, the above calculation was not performed for Biv]'

5.5 Milk-Transfer Coefficient Fm

The milk-transfer coefficient Fm represents the fraction of the
total daily intake of a nuclide which is transferred to a liter of the
cow's milk at equilibrium. Unfortunately, very few measurements of Fm
involve equilibrium conditions. Usually, single oral doses are adminis-
tered to the cow, and milk concentrations are monitored for several
days. Values of Fm can be derived from such experiments according to
the methodology described by Ng et al. (1977) in which the total fraction
of the oral dose recoverad in milk after six days or more is divided by
the daily rate of milk production.

Determinations of Fm (Table 11) were made from original literature
references whenever available. However, for many elements the well-
documented review by Ng et al. (1977) was the primary literature source.
References in which the chemical form of the nuclide administered orally
to the cow was clearly atypical of forms found in the environment were
excluded from the analysis of Fm. As for the analysis of Biv’ the values

of Fm given in Table 11 are element- rather than nuclide-specific.

5.6 The Meat-Transfer Coefficient Ff

The meat-transfer coefficient F1c represents the fraction of the
total daily intake of a nuclide which is transferred to a kilogram of

muscle in the meat-producing animal at equilibrium. (For the demonstration
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Table 11. Estimates of the milk-transfer coefficient Fm for dairy cows

Element rm References

(day/Tliter)

Sr 2.4 x 10_3 Cragle and Dermott (1959); Garner et al (1960);
Squire et al. (1958); Comar et al. (1961).

Tc 9.9 x 1070 Ng et al. (1977).

I 1.0 x 1072 Ng et al. (1977); Hoffman (1979).

Cs 5.6 x 1077 Hawthorne (1967); Ward et al. (1965); Johnson
et al. ( 68)

Pb 9.9 x 107° Stanley et al. (1971); Kerin and Kerin (1971);
Nelmes et al. (1974); Donovan et al. (1969);
Bovay (1971); Lynch et al. (1974).

-4

Po 1.2 x 10 7 Mclnroy (1973).

Ra 5.9 x 107" Kirchmann et al. (1972).

Ac 2.0 x 100°  Ng et al. (1977).

Th 5.0 x 10°°  Ng et al. (1977).

Pa 5.0 x 1000 Ng et al. (1977).

u 1.2 x 107% Chapman and Hammons (1963).

Pu 4,5 x 1078 Sansom (1964); Garten (1978)¢

“Derived from range based on a review of Stanley et a] (1976) and
reported by Garten (1978).
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run, beef is the meat consumed at the specified environmental locations.)
It is assumed that equilibrium conditions exist when slaughter occurs.
Measured intake rates and associated meat and forage alemental concentra-
tions may yield values of Ff which are suspect, because it has not been
conclusively shown that equilibrium between intake rate and meat con-
centration are ever attained. Thus, the age and time of exposure from
intake for each animal may significantly influence the measured value.
However, a review of the available Titerature was made to give estimates
of F. for beef cattle (Table 12).

Values of Fe based on immature cattle (less than 6 months of age)
were excluded from analysis when data for adult cattle were available.
Data for other ruminant species were included when Titerature references

for cattle Ff‘s were unavailable. Extrapolation from these species to

beef cattle may result in invalid conclusions,
5.7 Other Environmental Terrestrial Transport Parameters

A Tist of environmental parameters used in the AIRDOS-EPA code
demonstration run, and not previously discussed above, are given in
Tables 13 and 14. Values of the radiological decay constant Ai (day'1)
re taken from KOcher (1977). The values for the parameters fp,
fs, QF’ and P (defined in Table 6) are the means of their respective
statistical distributions as described in Hoffman and Baes (1979), Other
parameter values are taken from the U.S. NRC Regulatory Guide 1.109

(1977).
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Table 12. Estimates of the meat-transfer coefficient Ff for beef cattle

Element Ff References
(day/kg)

Sr 3.0 x 107%  Ng et al. (1978).

Te 8.7 x 1073 Ng et al. (1968).

I 7.0 x 107°  nNg et al.,(1978).

Cs 1.4 x 100°  Ward and Johnson (1965).

Pb 9.1 x 107%  Nelmes et al. (1974).

Po 4.0 x 1003 Beasley and Palmer (1966); Holtzman (1966,a)
Hi11 (1965).

Ra 3.0 x 1072 Hardy et al. (1969); Bell (1978); Holtzman
(1955a,b).

Ac 1.6 x 107%

Th 1.6 x 107%°

Pa 1.6 x 107°%°

U 1.6 x 107%°

Pu 4.1 x 1077 Ng et al. (1978); Garten (1978)%

“F. values are specific for caribou and reindeer using daily food intake

I,.
rates egtimated by Liden and Gustafsson (1966).

bF values are specific for sheep, caribou, and reindeer using daily food
intake rates estimated by Liden and Gustafsson (1966) for caribou and reindeer
and by Bell (1978) for sheep.

°F. value estimated by using value for americium and curium given by
Ng et al. (1978).

dDerived from range based on a review of Stanley et al. (1978) and reported
by Garten (1978).
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Table 13. Radiological decay constant A1 for selected nuclides?

Nuclide Ai
(day™))
3y 1.54 x 107%
¢ 3.32 x 1077
8. 4.32 x 1072
0. 6.54 x 107°
Pre 8.92 x 1077
131 8.62 x 107
210p4, 8.52 x 107°
210p,, 5.02 x 107°
222pq 1.81 x 107
....... 225pa 1.19 x 107°
228p, 3.15 x 107
227 ) 8.72 x 107°
2281 9.93 x 1077
2307, | 2.47 x 1078
2327y, 1.35 x 10713
231p, 5.82 x 1070
234, 7.77 x 107°
235, 2.68 x 10712
238y, 4.25 x 10713
238p,, 2.17 x 10°7°
: 23%,, 7.79 x 107

“Derived from Kocher (1977).
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TabTe 14. Environmental parameters used in AIRDOS-EPA to estimate
radionuclide concentrations in meat, milk,
and vegetables consumed by man
Parameter Value Units Reference
te1 720 hr U.S. NRC Reg. Guide 1.109
(1977)
te? 1440 hr U.S. NRC Reg. Guide 1.109
- (1977)
fp 0.40 Shor and Fields (1979b)
fe 0.43 Shor and Fields (1979b)
Q; 15.6 kg/day Shor and Fields (1979%a)
te 4 days U.S. NRC Reg. Guide 1.109
! (1977)
ts 20 days U.S. NRC Reg. Guide 1.709
(1977)
t, 8.76 x 10°  hr
th] 0 nr U.S. NRC Reg. Guide 1.109
(1977)
th? 2160 nr U.S. NRC Reg. Guide 1.109
- (1977)
thﬁ 336 hr U.S. NRC Reg. Guide 1.109
> (1977)
t.4 336 hr U.S. NRC Reg. Guide 1.109
f (1977)
A 0.0021 el U.S. NRC Reg. Guide 1.109
W (1977)
P 215 kg/m2 {(dry wt) Derived from Baes (1979)
RD,” 0.63
b
R02 0.20
R, 0.63
4 b
R\,JZ 0.20

“For a description of the parameter see Table 6.

bWe have not been able to determine values of R, and R, specific
.S 1 2
for dry and wet deposition.
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5.8 Ingestion and Inhalation Rates Ua for the Average Adult

p

The available surveys on food ingestion and air inhalation rates
have recently been reviewed by Rupp (1979). The values in Table 15 are
the mean values of the ranges found by Rupp and are specific for the
average adult., These values are used in the demonstration run of the

code to estimate population doses.
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Table 15. Ingestion and inhalation rates Uap for the average adult”

Pathway Rate

L

Leafy vegetables Ua 18 kg/year

p
Other fresh produce UapV 176 kg/year
Meat (excluding fish) Uap 94 kq/year
Mitk U M 112 Titer/year
ap
. I 3
Inhatation Uap 8030 m~/year

“Values Visted are given by Rupp (1979).
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AIRDOS~EPA CODE

k. E. MOORE HEALTH AND SAFETY RESEARCH DIY¥. ORYNL

COMMON /OCOM/ NAMNUC (36),WORD,NNUCS,ANLAM{36) ,RR,S0QSD, ACON(36,20,
> 20} ,GC0N{36,20,20},LIPO, NOKM (36,11) ,NRMA (36,11}, ORHMODI (36,12,8)
> , VD(36),VDCOEF {20, 20) , NOL, NOU , NRL, NRU
REAL*3 NAMNUC
INTEGER OPTION{9)
REAL*8 WORD, OPT
DATA OPT/'GPTIONS '/
READ {50,9004) WORD, OPTION
IF (WORD.NE.OPBT} GO TO 20
WRITE{51,9005)
FRITE (51,9006}
9RITE{51,5007)
IF (OPTION{1).EQ.1 WRITE{51,9008)
T {OPTION(1).ED.2) WRITE({51,9017)
IF {OPTION(2).EQ.1) WRITE{51,9009)
TP (OPTION{2}.2Q0.0) WRITE(51,9013)
T¥ {OPTION(1).NE.2) GO TO 10
CALL DIRECT{OPTION(2))
CALL DOSEN
STOP
10 IF (OPTION{3).E(0.0) WRITE(51,9011)
I? {OPTION(3).EQ.1] WRITE(51,9010)
IF (OPTION(4).EQ.0} WRITE{51,9012)
IF (OPTION(4).EQ.1) WRITE({51,3013)
17 {OPTION(S5).EQ.T1.AND.OPTION{2).EQ.1) HRITE(51,9015)
I¥ {(OPTION(5).EQ.1.3ND.OPTION(2) .NE.1) WRITE(51,9016)
IF {OPTION{5).EQ.1.AND.OPTION(2}.NE.1) STOP
IF (OPTION{6).NE.0} WRITE(51,3013)0PTION (6}
I¥ {OPTION(7).EQ.1) WRITE(51,9000}
IF {OPTIONW(3).FQ.1) WRITE{51,9001)
IFP (OPTION{9).EQ.1) WRITE{51,9002)
TF {(OPTION(4).EQ.2) WRITE{51,9014)
CALL CONCEN(OPTION(2}),0PTION{3},0PTION(Y),0PTION{S) ,0PTION {6},
> OPTION (73 ,0PTION(8) ,O0PTION(9}),E20)
I¥ {OPTION{1}.%0.0) CALL DOSEN
570P
20 WRITE{51,9003)W0ORD
STOP 10
9000 FORMAT{' *,T30,"THE CALCULRTIONS ARE MADE FOR A UNIFORNM CIRCULAR A
>REA SOURCE?')
9001 FORHAT{® *,T30,°THE MAIN GUTPUT TABLE IN SUBROUTINE CONCEN IS NOT
>PRINTED ")
9002 FORMAT(® °*,T30,'THE CHI/Q TABLES ARE NOT PRINTEDY)
9003 FORMAT (*OERROR IN DATA DECK. PROGRAM TERMINATED. WORD=?,18)
3004 FORMAT(A8,501,I2,3I1)
9005 FORMAT{®1?,T50,'OUTPUT OF AIRDOS~EPA COMPUTER CODE®)
9006 PORMAT(*0°*)
9007 FORMAT{® *,T20,?0PTIONS SELECTED~~')
9008 PORMAT ('0?,T30,°PROGRAM TERMINATED AFTER PRINTING RADIONUCLIDE COW
>CENTRATIONS')
9009 FORMAT{* *,T30,*RADIONUCLIDE CONCENTRATIONS ARE LISTED FOR DIRECTI
>0N AND DISTANCE FROM FACILITY®)
9010 FORMAT{® *,T30,*RADIONUCLIDE CONCENTRATIONS LISTED ARE PLUME CENTE
© >RLINE VALUES?)
9011 PORMAT (*07,T30, ' RADIONGCLINDE CONCENTRATIONS LISTED ARE SECTOR-AVER
>AGED VALUES?)
9012 FORMAT{(* *,T30,*PLUME RISE IS CONPUTED FOR BUOYANT PLUMES BY BRIGG
>S EQUATIONS?)
9013 ¥ORMAT{® *!,T30,
> 'PLUME RISE IS COMPUTED FOR MOMENTUM-TYPE EMISSIONS')

280

325
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9014 FORMAT(® ?,T30,'SPECIFLC PLUME RISE USED FOR EACH AIR STARILITY CL

>ASS (METERS) ~*)

9015 PORMAT(*0',T30,'DEPOSITION YELOCITY IS VARIED WITH DIRECTION AND D

>ISTANCE")

9016 FORMAT{*0',T30,'ERROR——TLLEGAL USE OF VARIABLE DEPOSITION VELOCITY

> WITH SQUARE GRIDY)

9017 FPORBAT(°0',T30,'DOSES ARE CALCULATED FRO® INPUT ATR CONCENTRATIONS

> AND GROUND DEPOSITION BRATES?)

9018 FORMAT (® ',T30,'ATR CONCENTRATIONS AND GROUND DEPOSTITION RATES ARE

> PUNCHED ON CARDS FOR THE FIRST ',I12,' RADIOWUCLIDES')

2019 FORHAT({* ',T30,'THE ASSESSHENT AREA IS A 20 BY 20 SQUARE GRID')

END
SUBROUTINE CONCEWN (LORT,LOST,LRISE,LDEP, PN, LARE,LTAB,LCHI, %) CONC
CONC
COMAON /OCON,/ NANMNUC{36) ,WORD,NNUCS,ANLAN{36),RR,S0OSD, ACON(36,20,CONC
> 20),GCON(36,20,20) ,LIPO, NOXH{36,11) ,NRMH(36,11), ORMODI (35,12.8) CONC
> , VD(36) ,YDCORF (20,20),NCL,NOT, NFL, NRY CONC
COMMON /PCOM/ REL(6,36) ,IDIST({20) ,NGHST CONC
COMMON /FCON/ FEQWL,INTPA (20,20) CONC
REAL*8 KAMNUC,WORD CONC
CONC
REAL%*E W1,W2,W3, W4 CowC
DIMENSION BAA(7,%,%),DIA(6),FRAW(7,15) ,PERD(16),AVON (20,20), PH(6),CONC
> PBR(7),QH(6), SC{36),TAIL(356),T6(3),TGD(36), UDAV(7,16), UGDCAT(7, COWC
> 16) ,VEL(5},YG {36}, NOXR{36),NSPTHD (20,20}, NSPTHi{20,10), coNce
> PDSTOR (36,56,7) ,BCUND(21 ,LIST{20) CONC
DINENSION DIM{6) CONC
DATA NOMA/36%0/,ALPH/" vy CONC
DATA W1/'ARER '/, H2/VATR '/, W3/'STACKS '/,Wi/'NUCLIDES'/ CONC
BQUIVALENCE (NSPTHO(T,11),NSPTH1(1,1)) CONC

DATA WSeTNO/ 07,07,07,07,08,08,08,08,0%,09,09,09,10,10,10,10,11, CORC
i1, 11,11, 07,07,07,07,08,08,08,08,09,09,09,0%9,10,10,10,10,11,11, CONC
11,11, 07,07,07,07,07,08,08,08,08,0%,09,10,10,10,10,11,11,11,11, CONC
11, 07,07,07,07,07,07,08,08,08,09,09,10,10,10,%1,11,11,11,11,11, CONC
06,06,07,07,07,07,08,08,08,09,0¢,10,10, 10, 11,11,11,11,12,12, 06, CONC
06,06,07,07,07,07,08,08,09,09,10,10,11,11,11,11,12, 12,12, 06,06, CONC
06,06, 06,07,07,07,08,09,09,10,11,11,11,12,12,12,12,12, 06,06,06, CONC
06,06, 06,07,07,08,09,09,10,11,11,12,12,12,12,12,12, 05,05,06,06, CONC
06,06,06,06,07,08,10,11,12,12,12,12,12, i2, 13,13, 05,05,05,05,05, CONC
05,05,05,06,07,11,12,13,13,13,13,13, 13,13, 13/ CONC

DATA WSPTH1/ 05,05,05,05,05,05,05,05,0%,03,15,14,13,13,13,13,13, CONC

VVVVVYVYVVYV

> 13,13,13, 05,05,0%,04,04,04%,04,048,03,02,16,15,14,14,14,14,14,14%, CONC
> 13,13, 04,0&4,04,04,064,04,03,03,02,0%,01,16,15,15, 14, 14,14,14,14, CONC
> 14, 04,04,04,04,0%,03,03,03,02,0%,01,16,15,15,15, 14, 14,14,14, 14, CONC
> 04,04,04,03,03,03,03,02,02,0%,01,16,16,15,15,15,15,14, 14,14, 04, CONC
> 04,03,03,03,03,02,02,02,0%,01,16,16,16,15,15,15,15,14,14, 03,03, COWC
> 03,03,03,03,02,02,02,01,01,16,16,16,15,15,15,15,15,15, 03,03,03, CONC
> 03,03,02,02,02,02,01,01, 16,16, 16,16,15, 15, 15,15,15, 03,03,03,03, CO¥NC
> 02,02,02.02,01,09,01,01,16,16,16,16,15,15,15,15, 03,03,03,03,02, CONC
> 02,02,02,01,01,01,01,16,16,16,16,15,15, 15,15/ ‘ CONC
CONC

--~THIS ARRAY HOLDS THE VALUES FOR CONSTANTS ASSOCIATED WITH EACH CoxNc
---OF THE 7 PASQUILL AIR STABILITY CATAGORIES ({A,C,D,F). CoNe
CONC

DATA AA/.9757,.9986,.9767,.9600,.9615,.9733,.9986, .8660,.8493, CONC
> .8540,.8670,.8670,.8540,.8360, .B8660,.8493,.8540,.8670,.8670, CONC
> .8540,.836C, .6294,.6303,.6254,.6342,.6260,.6342,.83€60, 3.928, CONC
> 6.205,7.623,10.00,14.13,21.28,31.03, 1.841,2.213,3.266,5.261, CONC
> 7.357,9.333,10.093, 1.841,2.213,3.266,5.261,7.357,9.333,10.093, CONC
> .2083,.2946,.3977,.6166,.8012,1.233,10.093, 1.000,1.000,.9540, CONC
> .8061,.8600,.8823,.8257, 1.000,1.000,.8330,.6715,.6290,.6321, CONC
> .6547, 1.000,1.000,.8330,.5099,.4054,,3710,.3818, 1.000,1.006, CONC
> .5524,.5251,.1110,.1106,.1106, 5.020,5.350,10.015,7.48,15.50, CONC
> 34.70,61.25, 5.020,8.350,4.400,2.950,3.150,6.132,18.80, 5.020, COW¥C
> 8.350,%.400,.8100,.5240,.7640, 2. 115, 5.020,8.350,.3320,.9300, CONC
> .0369,.0694,.1733/ CONC
CONC

C—~=~ENT CF DECLARATIONS CaOnc

33¢

230
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40

NG 20 NC=1,20
DO 10 NR=1,20
VYDCOEF {HO, NR) =1.
CONTINUE
READ {50, 9008) NOL, NOU, NRL, NRU
READ (50,9009} PR '
READ {50,9011) WORD
IF {#ORD.NWE.W1) RETURN 1
READ (50,9009} 505D
READ (50,9000} SEQWL
READ {50,9008} IDIST
READ (50,9011} WORD
IF {(#ORD.WE.W2) RETORY 1
READ{50,9008) LIDAY
READ (50,9009} BR, TA, TG
READ(50,9010) PERD
READ{50,9010) {({UDCAT{I,J) ,I=1,16) ,I=1,T)
READ (50,9090} ({ UDAV{I,J) ,J=1,16) JI=1,7}
READ{50,9012) FRAW
READ{50,9011) WORD
IF {WORD.WE.W3) RETURN 1
BEAD (50,9 008) NUAST
DO 30 J=1,NU%ST

READ (50,9009) PH{J) ,DIA{JI)} ,VEL{J} ,QH{I}) ,DIN{I)

READ(50,9011) WORD
IF {WORD.N¥E.#4) RETURY 1
READ {50,9008) NNUCS
DO 40 XI=1,BNUCS
RRAD (50,9011) NAMNUC (T)

READ{50,9009) ANLAM{I),SC{I},VD{I} ,VG(I)

READ (50,9009} {(REL (J, I} ,3=1,NUHST)
I¥ {LDEP.NE.1) GO TO 50
READ (50,9003} (BOUND(L) ,I=2,21)

BEAD(S0,9059) ({VDCOEF {I,J) ,I=NRL,NE0} , I=NOL,N0U)

READ{50,9060) LIST
BOUND {1)=0.0
LID1=LIDAY

PEOWL=SEQWL

LA1=LIDAY

IF (LIDAT.EQ.10000} LAI=ALPH
IF (LRISE.EQ.2) WRITE{(51,9014)PR
HRITE(51,9013) '
WRITE{51,9015)

WRITE (51,9013}
WRITE(51,9013)
WRITE(51,9016) T2

WRITE (51,9017}
WRITE{51,9018) TG (1)
WRITE(51,9019) TG {2)
HRITE(51,9020) TG {3)
HRITE(51,9022) BR
WRITE{51,9021) LAY
WRITE(51,9023) NUXST
$RITE{51,9013)
HRITE{51,9013)

HRITE (51,9028%)
YRITE(51,9013)

conc
CONC
Conc
CONC
CONC
CORC
cone
coue
conc
CONC
CONC
{ONC
CONC
couc
CoNcC
CONC
CORC
CONC
CONC
CONC
CORC
CONC
CONT
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
COXC
cone
CONC
COoNC
conc
CONC
CONC
CONC
conc
CO¥C
Conc
CONC
CONC
COnc
CONC
CONC
CONC
CONC
CONC
COuC
CONC
CONC

280
285
290
296
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
3%0
395
400
405
410
415
420
425
830
435
410
445
850
455
460
455
470
4785
480
485
420
495
500
505
510
515
520
525
530
535
540
545
550
555
560
565



116

WRITE (51,9025} CONC 570
WRITE (51,9026) CONC 575
WRITE (51,9027) (PH{I),I=1, NUMST) CONC 580
WRITE (51,9028) (DIA(I),I=1,NUNST) CONC 585
WRITE(51,9029) (VEL(I),I=1,NU4ST) CONC 590
WRITE (51,9030) (QH{I) ,I=1, NUMST) CONC 595

IF (LARE.EQ.1) WRITE(51,9066) (DIM(I),I=1,NUNST) CONC 600
WRITE (51,9035) CONC 605
WRITE (51,9036) CONC 610
#RITE(51,9037) CONC 615
WRITE(51,9013) CONC 620

DO 70 J=1,NUMST CONC 625

DO 60 I=1,NNUCS CONC 630
WRITE(51,9038) J, NANNUC (I} ,REL {J,I) CONC 635

60 CONTINUE CONC 640
70 CONTINUE CONC 645
WRITE(51,9039) CONC 650
¥RITE (51,9040) CONC 655
WRITE(51,9041) CONC 660
WRITE(51,9042) CONC 665
WRITE (51,2013) CONC 670

DO 80 I=1,NNUCS CONC 675
WRITE(51,9043) NANNUC (I),VG (I} ,VD(I),SC(I),ANLAN (X} CONC 680

80 CONTIRUE CONC 685
CONC 690

WRITE (51,9031) CONC 695
WRITE(51,9013) CONC 700
WRITE (51,9032) CONC 705
WRITE(51,9033) coNc 710
WRITE (51,9013) CONC 715

DO 90 MO=1,16 CONC 720
WRITE(51,9034) MO, (PRAW (I, H0) ,I=1%,7) CONC 725

90 CONTINUE CONC 730
WRITE (51,9004} CONC 735
WRITE(51,9013) CONC 740
WRITE (51,9015} CONC 745
WRITE (51,9046} CONC 750
WRITE(51,9047) CONC 755
WRITE(51,9013) CONC 760

DO 100 I=1,16 CONC 765
WRITE(51,9048) I, PERD (I) ,UDCAT (1,I) ,UDCAT (2,1) ,UDCAT{3,71) , CONC 770

> UDCAT (4,Y),UDCAT (5,1I) ,UDCAT (6,1} ,UDCAT{7,I) COoEC 775
100 CONTINUE CONC 780
WRITE (51,9049) CONC 785
WRITE (51, 9050) CONC 799
WRITE (51,9013) CONC 795
WRITE (51,9045) CONC 800
WRITE (51,9046) CONC 805
WRITE (51,9047) CONC 810
WRITE(51,9013) CONC 815

DO 110 I=1,16 CONC 820
WRITE({51,9051) I, PERD (I) ,UDAV {1,I),UDAV{2,I),UDAV (3,I),UDAV (4,T) CONC 825

> , UDAV{5,I},UDAV{6,I),UDAV(7,T) CONC 830
110 CONTINGE CONC 835
WRITE(51,3009) CONC 840

IF (LDEP.NE.1) GO TO 130 CONC 845
WRITE (51,9061) CONC 850

WRITE (51, 9062) CONC 855
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WRITE (51,9063} CONC 860
WRITE(51,9013) CONC 865

DO 120 I=NOL,NOU CoNC 870

DO 120 J=NRL, NRU CONC 875
WRITE{51,9064) I,IDIST(J),YDCOEF (I,J) CONC 880

120 CONTINUE CONC 885
IF {(LTAB.EQ.1} GO TO 150 CONC 890

130 WRITE(51,9052) CONC 895
WRITE (51,9053) CONC 900

WRITE (51,9054} CONC 905

IF {LORT.EQ.0) GO TD 140 CONC 910

WRITE (51,9055) CONC 915
WRITE(51,9056) CONC 920
WRITE(51,9013) CONC 925

60 TO 150 CONC 930

180 WRITE({51,9057) CONC 935
WRITE(51,9013) CONC 940

150 CONTINUE CONC 945
PO 170 J=1,NUMST CONC 950

DO 160 I=1,NNUCS CONC 955

160 REL {J,I) =REL{J,I) *3.17098E4 CONC 960
170 CONTINUE CONC 965
C--~END OF INPUT ROUTINE CONC 970
c CONC 975
C--~THIS SUBROUTINE CALCULATES AIR CONCENTRATION{ACON} CONC 980
C-—~AND GROUND DEPOSITION RATE(GCON) CONC 985
DG 180 K=1,20 CONC 990

po 180 J=1,20 CONC 995

po 180 I=1,36 CONC1000

AVON {(J, K} =0. CONC1005

ACON (I, J,K) =0. CONC1010

180 GCON(I,d,K)=0. CONC1015
G TP (EXP (- (ANLAN (T} *SQRT {2*¢10%SQ5D**2) /(2%8.64E4)) .LT.0.99)) CONC1020
G e REDUCES TO CONC1025
Comm==TF (ANLAM(I) .GT. {122. 188054 ,/S0SD} ) CONC1030
DISTG=122. 138054 /SQSD CONC1035

C CONC1040
C-~-=-THIS BLOCK EXAMINES CERTAIN INPUT VALUES FOR EQUALITY. IF THEY CONC1045
C~~=~-ARE EQUAL, THEN MUCH OF THE POLLOWING CALCULATION NEED NOT BE CONC1050
C~——=-PERFORMED FOR THAT NUCLIDE. NOMA IS THE ARRAY OF FLAGS THAT CONC1055
C—--==-FEQUALITY HAS BEEN FOUND & WITH WHICH NUCLIDE. CONCT1060
c CONC1065
DO 190 1=2,HNUCS CONC1070
IEN=TI-1 CONC1075

DO 190 M=1,IEN CONC1080

IF {(REL(1,M).EQ.0) GO TO 190 CONC 1085

IF (VD(I).NE.VD{M)) GO TO 190 CONC 1090

IP (VG(I).NE.VG(M)) GO TO 190 CONC1095

IF {SC{I).NE.SC{M)} GO TO 190 CONC1100

IF (ANLAM{I).GT.DISTG) GO TO 190 CONC1105

IF {ANLAN(M).GT.DISTG) GO TO 130 CONC1110

NOMA (I) =M : CONC1115

M=1EN CONC1120

190 CONTINUE CONCY125
IF (LORT.ZQ.1.AND.NOU.GT.16) STOP10 CONC1130

C CONC1135
C---=-THIS BLOCK LOOPS THRU THE GRID COVERING THE AREA AROUND THE PLANT.CONC1140
¢ CONC1145
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DO 680 NO=NOL,NOU CONC 1150

DO 200 I=1,NNUCS CONC 1155

IF (LDEP.YNE.i) GO TO0 210 CONC1160

DO 200 J=1,NUMST CONC1165

DO 200 X=1,7 coNC1170

FDSTOR(I,J,K) =1 CONC1175

200 CONTINUE CONC 1180
210 DO 670 NR=NRL,NRU CONC1185
JFLAG=0 CONC1190

DO 220 I=1,NNUCS CONC1195

TAL {I) =0. COrC1200

220 TGD {T) =0. CONC1205
IF (LORT.EQ.1) GO TO 240 CONC1210
C----~ROUYINE TO REFINE THE & BY & BLOCK OF SQUARES AT THE CENTER OF THECONCi215
Cormm e SQUARE GRID BY DIVIDING EACH SQUARE I¥TOC 25 SHALLER SQUARES COoNC1220
IF (NO.LT.3.0R.¥0.GF.12) GO T0 230 CONC1225

IF (NE.LT.9.0R.NR.GT.12) GO TO 230 CONC1230

JFLAG=1 CONC1235

pO 610 ¥OP=1,5 CONC1240

BO 610 NRP=1,5 CORC1245

Cmmorm CONPUTE DISTANCE ¥RON CENTER OF SUBSQUARE ¥O CENTER OF GRID CONC1256
X=SQRT{ (11.~N0~ {NOP%2.~1.} /10.) %2+ (11.~NR- {NRP%2,~1.) CONC1255

> /10.) ¥%2) *505D CONC1260
Cmrmmm BACH SUBSQUARE IS FVALUATED IN DIRECTION THAT IT WOULD BE IN IF ITCONCI1265
Cm o e WERE IN THE SAME POSITION AS A FULL-SIZE SQUARE CONC1270
MO= SPTMO (5% (NG—-9} +50P, 5% (NR-9} #+HRP) CONC1275

GO TO 250 CONC1280

230 X=SORT{ (10.5-NO)*(10.5-N0) + (10.5~NR} *(10.5-¥RY ) % CONC1285

> SQSD CONC1290
MO=NSPTHS {¥0O, NR) CONC1295

GO TO 250 CONC1300

240 L=TDIST (NR) CcouCc1305
HO=¥0 CONC1310

250 X0=X CONC1315
THETA=1.0 CONC1320

M=0 CONC1325

C CONC1330
C-—-—~THIS BLOCK LOOPS THRU THE STACKS (EMISSION POTWTS). CONC1335
C CONC 1340
DO 600 J=1, HUHST CONC 1345

IF (LARE.EQ.0) GO TO 290 CO¥C1350

o CONC1355
Cmmmmm ARBA SOURCE BLOCK (BY CHRISTOPHER B. WNELSON,EPA). CONC1360
o CONC1365
C... CONSIDER SOURCES TO BE POLNYT $SOURCES IF LESS THAN 10 HETERS CONC1370
C... DIAH. OR IF RATIO OF DISTANCE X TO THE DIAM. IS GREATER THAN 2.5. CONC1375
C CONC1380
TESTAR=X/(DIN{J) +.00001) CONC1385

IF (DIM(J).LT.10..0R.TESTAR.GT.2.5) GO TO 290 CONC 1390

C CONC1395
Con. RO IS THE RADLIUS OF THE SOURCH. CONC 1400
C... BT IS THE IN¥ER RADIUS OF THE TRAUSFORYED SOGRCE. CONC 1405
C... R2 IS THE OUTER RADIUS OF THE TRANSFGRHED SOURCE. CONC1810
C... X IS THE EFFECTIVE DISTANCE FOR CALCGLATING CHI/Q. CONC1415
C... THETA IS THE ANGULAR WIDTH IN SEC'¥ORS OF 'THY TRANSFORHNED SOURCE.  COWC1420
C... (NULTIPLY THETA BY PI/8.0 TO CONVERT THETA 7O RADIANS.) CORC1425
C... 0.88622693=SQRT({PL 4.) CONC1430
Couve 2.5198421=4,0%%{2/3) CONC 43T
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Teee 8.5135167=3./SQRT {PT} CONC1440
< CONC 1485
RO=DIM{J) /2.0 CONC1450

IF {X0.GT.0.88622693%R0) GO TO 270 CONC 1455

IF (X0.GT.0.5%R0) GO TO 260 CONC 1460

C CONC1465
Coewe 0.LE.X0.LE.RO/2. CONC1470
R1=0. CoNc1475

R2=R0O CONCTUBO

X=R2/2.5198421 CONC1485

THETA=16. CONC 1490

GO TO 280 CONC 1495

C CONC1500
C... ROA2.LT.XD.LE.RO*SQRT {PI/4.) CONC150%
260 R1=0. CONC1510
R2=2.%*X0 CONC1515%

¥=R2,/2.5198421 CONC1520

THETA=4., 0% (RO/X0) *%2 CONC1525

GO TO 230 CONC1530

) CONC1535
{ewe RO®SQRT(PI/4).LT.X0 CONC1540
270 R1=X0-0.%8622633%R0 coNc1s45
R2=X0%0.88622693*%R0 CONC1550

L= (XO0*{SORT{R2) *SQRT (RN} /2. 0) **0. 66666667 CONC 1555

THETA=4.5135167%R0O /X0 CONC1560

C CONCI1565
Cawe ¥ IS THE NONBER OF SECTORS ON BACH SIDE QF MO WHICH CONC1570
Ce'ws INCLUDE THR TRANSFORMED SOURCE. CONC157%
280 H=INT {PHETA/2.0%0.5) CONCI580
Cowe DTHETA IS THE ANGULAR WIDTH OF THE TRANSFORMED SOURCE TN THE FIRST CONC1585
Coo. AND LAST SECTORS. CONC1530
_______ DTHETA=AMOD { {THETA/2.040.5}, 1.0} CONC1595
' IF {DTHETA.GT.0.) GO TO 240 CONC1600
M=H~-1 CONC1605

DTHETA=1.0 CONC1610

290 IF (M.EQ.0) DTHETA=THETA CONC1615
Coww LL I5 THE TOTAL NUMBER OF SECTORS WHICH COWTRIBUTE TO CHI/Q. CONC1620
LL=2%M+1 CONC1625

Cuww L1 IS THE INITIAL SECTOR. CONC1630
L1=MOD {(HO-H+15,16) +1 CONC1635

PO 580 L=1,LL CORC1640

MO=MOD{LI1+L+14, 16) #1 CONC 1645

I¥ {(L.EQ.1.0R.L.EQ.LL) GO TO 300 CONC1650

PERW=PERD {MO) /THETA CONC1655

GO TO 210 , CONC 1660

300 PERW=PERD (MO} *DTHETA/THETA CONC 1665

C CONC1670
C-~-~~BEND OF AREA SOURCE BLOCK. CONC1675
c CORC1680
Coe==THIS BLOCK LOOPS THRU THE 7 PASQUILL AIR STABILITY CATEGORIES. CONC1685
C CONC 1690
310 DO 580 JH=1,7 CONC 1695
IF (PRAW(JH,¥0) . EQ.0) GO TO %80 CONC1700

0 = ODAV{JIH,NO) CONC1705%

UD=UDCAT (JH, HD) CONC1710

IF {U.GT.6.0R.G.LT.1.} GO TO 320 CONC1T715

FE2= (1. 167~0/6.~1. 70D} / {1.167~U/6.~1./) CONC1720
o FPF3= ({U~1.) * {1.~FF2)) /5. CONC1725
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FF1=1.~FF2~FF3
GO0 TO 330
320 PF1=0.
FF2=1.
FF3=0.
C~~—~-THIS BLOCK CALCULATES PLUNE RISE
Qo RISE=0..BRIGGS' EQUATIONS FOR BUOYANT PLUNES
Cwew=<RISE=1. .ROPP'S RQUATIONS FOR NOMENTUM-TYPE ENISSIONS
¢~~~ ~~RESE=2. .READ PLUHE RISE FRON CARDS
330 I (LRISE.EQ.1) GO TO 360
IF (LRISE.EQ.2) GO TO 370
IF (LRISE.KE.0) STOP1i
IF (JH-8T.4) GO TO 340
IF (X.LE.10.%PH(J)) GO TO 350

CONC1730
CONC 1735
CONC1740
CONC1745
COKNC1750
CONC1755
CONC1760
CONC1765
CONC1770
CONC1775
CONC1780
CONC1785
CONC1790
CONC1785

H =PH{J)+{1.6/0%{ (.0037000%QH (J) *PH (J) *PH (J) CONC1800

> ) #% .33333333)) CONC1805

GO TO 380 CONC1810

340 $=9.80665/Ta* {TG (JH~} +.0098) CONC1815
IF (X.LE.2.U4%0/SORT{5}) GO TO 350 CONC1820

H =PH(JI) ${2.9%{ (.000037%QH (J) /U/S) ** CONC1825

> .33333333 ) ) CoNC1830

GO TO 380 CONC 1835

350 H =PH{J) +{1.6/0%{ (.000037*QH (J) *+X&X) & CONC1840

> . 33333333 )) CONC1845

G0 TO 380 CONC1850

360 H =PH(J) +1. 5%VEL (J) *DIA (J) /G CONC1855
GO TO 380 CONC1860

370 H =PH(J) +PR (JH) CONC1865

c END OF PLUME RISE CALCULATIONS CONC1870
380 NX=1 CcoNc1875
IF {¥.GT.1000) Ni=? CcoNC1880

TF {X.GT.3000) NX=3 CONC1885

IP (X.GT.10000) NX=4 CONC1899

R=AR{JH,NK, 1) CONC1895

C=AR (JH, NX, 2) CONC1900

D=AA {JH,NX, 3) CONC1905

F=AR{JH,NX, §) CONC 1210

c CONC1215
C---~~THIS BLOCK LOOPS THRU THE DIFFERENT NUCLIDES RELEASED IN THE PLUMECONC1920
c CONC1925
DO 570 I=1,NNUCS CONC1930

IF (NO454 (TI) .GT.0.AND.J.EQ.1) GO T0O 570 CO¥C1935

Cmm—= DETERMINE XLIDO (VALGE OF X WHERE LID AFFECTS VERTICAL DISPERSION) CONC 1940
Y 1=0. CONC1945

¥2=10000. CONC1950

DO 410 IX1=1,3 CONC1955

DO 390 TX2=1,10 CONC1960

Y=Y Y 2%TX2 CONC1965

IP (Y#%D.GT. (. 07%F* (LID1+Y*¥G {I) /UD) CONC1970

> )) GO TO #00 CONC1975

390 CONTINUE CONC1980
400 Fi=f 14Y2% (IX2~1} CONC1985
410 ¥2=Y2/10. CONC1990
XLIDO=2, *¥ CONC1995

C---==-THIS BLOCK FINDS DEPLETION FRACTION CONC2000
VD1=¥D(I) CONC2005

Crmm== SECTION TO FIND DEPLETION IF BY VARIABLE DEPOSITION CONC2010
C-—=~~LDEP=1 IS OPTION FOR YARIABLE DEPOSITION VELOCITY CONC2015
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430

480

4590

>

460
»
470

BOUND {(NR+1} XS THE UPPER BOUND

IP {(LDEP.NE.1}) GO TO 480

VO1=¥D1*YDCOEF (NO, NR)

IF {£.GT.YXLIDOY GG TO 420

CALL QX {BOUND (NR),X,0,00,H,YD1,96 {1 ,IH,
0D}

GO TO 440

IF {BOUND (¥R) .GE.YLIDO) GO TO &30

CALYL QX {BOUND (¥R} ,XLIDO,U,00,H, YD1, 96(1},
JH, FDD}
FOD=FDD*ERP {~ {{X~LLIDOY*¥D 1/ {LIDI*UD}§ )

GO TO 440

FDD=FDO*EXP (~ { {{~BOUND {NR} J *¥ D1/ {LIDT*UD})

}
FDD=FOD*FDSTOR(L, I, JH)
IF (X.BQ.BOUND(¥R+#1})) FLSTOR({L,J,IH}=FDD
IF {£.B0.BOUND{NR+1}) GO TO 530
IF {BOUND(NR+1) .&T.XLIDD) GO TO 450

CALL QX {X,BOUND{WR+1),U,0D,H,VD1,¥G{Ly,JH,

FD 1}

GO TO 470

IF {Y.GT.XLIDO) GO TO 460

CALL 0¥ {¥,XLIDO,U,0D,H,¥D1,VG{I},J4,7D1)

FD1=FDIXELP {~ ({BOUND {(NR¢ 1) =YL IDO) *VD1/
{LID1* UD})}

GO TO 470

FDT=EXP {~ {{BOUND {¥R+ 1) ~XLIDO} *YDI/{LID 1%
B0y}

FDSTOR(T 4 F,JH) =FDD*FD 1

G0 T0 530

Co——~~END VARIABLF DEPOSITION SECTION
Cr=wr~~SECTION FOR DEPLETION JIF BY CONSTANT DEPOSITION

480

490

500

E¥D CONSTANT DEPOSITION

END DEPLETION FRACTION

IF (X.GT.XLIDO) GO TO 500

I¥ (VG({I}.NE.0) GO TO 490

CALL QY{0,%,U,0D,H,YD1,¥G{I),JH,FDD)

GO TO 530

CONTINTE

CALL 0OX{0,%,U,UR,H,¥D1,V6{1),J0,FDD)

GO TO S30

CONTINUE

IF {VG{I}.NE.0) GO TO 510

CALL QY {0,XLIDO,U,UD,H,YD1,VG (I),JH,FDD)
GO TO 520

CONTINUE

CALL 0X{0,YLIDO,T,UD,H,VD1,¥G {I},JH,FDD)
CONTINUE
FOD=FDD*EEP (~ ({¥~XLIDO} #VD 1/ {LIDISUD)}}
SECTION

CONTINUE

BLOCK

QRED=~ANLAMN {I} *X /86 400.

QRED=REL {J, L} *FDD* {FPPI%ELP {~SC{I}) 3Y) ¢ FF2%

BXP (~5C (I} %X /0) +FF 3%EXP {(~SC{T}*X /6.1 %
(FF1% EXP{QRED) +PF2%EAD (QRED /T) +FF 3%
EXP {QRED/6.} )

CHAD=QRED /(6. 203 2% { {X5%3) JC) # { {XFED) P} *
i

CONC2020
CORC2025
CONT 2030
CONC2035
CONC2049
COEC2045
CONC2050
CONC205%
CONC2060
CONC2065
CONC207C
COWC207S
TONC2080
CONCZ2085%
CONC2090
CONC2095
CONC2100
CONC2105
CQNi2110
CONCZ2115
CQNC 2120
CONT2125
CouCZ130
CONC2135
CONC2140
CONC2145
CONC2150
CONTC 2155
CONC2160
COQNC2165
CONC2170
CoONC2i75
CONC 2180
CONC2185
CONC219¢0
CONC2195
CONC2200
CONC2205
CONC2290
CONC2215
CONCE220
CONC2225
CONC2230
CONC2235
CONC2240
CONC2245%
CONC2250
CONC2255
CONC2260
CONC2265
CONC2270
CONC2275
CONC2280
CONC2285
CONC2290
COHC2295
CONC2300
CORC2305
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IF ((VG(T)*X} /UD.GE.H) H={VG(I) *¥) /UD CONC2310
IF ((-5% (((((VG{I)*X)/UD) +1} / { (XK%*D} /F}j ) *£CONC2315

> 2)).GT.50) BX=0 CONC2320

IF ({.5% {({(({VG (I)%X) /UD) +H} / {(X¥*D} /F} ) £4CONC2325

> 2)).6%.50) GO TO 580 CONT2330
BX=CHAD* {EBXP [~.5%{{ { ((VG{I)*X} /UD) -H} / ((X*CONC2335

> *D) sF) ) ¥£23 )+ EXP (-. 5% {{(((~VG(I)*X) /UD) CONC2310

> tH) / ((X%%D} /F) ) ¥%2))) CONC2345
540 BT=8X CONC2350
BU=0 CONC2355

VERT=QRED/(2.5066% { (X¥%A) /C) ¥LIDT*UD} CONC2360

IF (X.LE.XLIDO) GO TO 550 CONC2365

BT=VERT CONC2370

BU=BT congc2375

YERT=0 CONC2380

550 FRAC={6.300835%{ (X*%2} /C} ) /X CoNc2385
IF (LOST.EQ.1) FRAC=1. CONC2390

560 FRAC=FRAC*PERW CONC2395
VERT=FRACHVERT CONC2400

BT =PRAC*BU CONC2105

BT =FRACHBT CONC2410

IF (I.%0Q.1) AVON (NO,NR)=(FPRAW (JH,NO}* CONC2415

> (VERT+BU)) /1000000. +AVON (NO, NR} CONC2420
TGD (I)=TGD(L) +FRAW(JH,HNO) * (VDI1EBT+SC(I) % CONC2H25

> LID1* (VERT+BU}) COEC2430
TATI (T) =TAX(I) +FRAK {JH, MO) *BT CONC2435

570 CONTINUE CONC2440
C—vrre e r BED OF NOCKTIDE LOOP mw o mmrm m e e o s o e e o CONC2145
560 CONTINUE CONC2450
C————=TH) OF PASQUITL CATAGORY LOQP - rmm o o oo oot oo e e e CONC2455
DO 590 I=1,HNUCS CONC2160

M=HOHA (1) CONC2455

IF (M.LE.0.OR.J.6T.1) GO TO 590 CONC2470

TGD (I)=TGD{M) *REL (J,I) /REL (I, 1} CONC2475

TAL(T)=TAI (H) *REL {J,I) /REL (I, N} CONC2480

59§ CONTINGE CONC218%
600 CONTINUE CoNC2490
G emERD OF STACK LOD Prr o moem oo oo o o — e e e it s e — = CON C 2495
iF (JFLAG.NE.1) GO TO 630 CONC2500

510 CONTENUE CONC2505
C-——--FIND AVERAGE OF CONCENTRATIONS DOF SUBSQUARES CONC2510
DO 620 I=1,NNUCS CONC2515

TGD (I} =TGED (1) /25. CONC2520

TAT (I) =TAL (X} /25. CONC2525

620 CONTINGE CONC2530
AVON{%O,NR) =AYON {NO, ¥R} /25. CONC2535

530 I¥ {LPEP.EQ.1.AND.LIST (¥R} -EQ.1) GO TO 8§70 CONC2540
i¥ (i.TAB.EQ.1) GO TO 6§70 CONC2545

I¥ (LORT.EQ.1) GO TO §50 CONC2550

DC 640 I=%,NNUCS CONC2555

ACON (T, NO, §R) =TAI (I} /1000000. CONC2560

GCO¥ (I, N0, NR) =TGD (T) /10000. CONC2565

VDi=VD{I) CONC2570

DRYCOX=ACON (I, NO,NR} *VDi%100 CONC2575

TTON= (GCON {I,NO, ¥R) ~DRYCON) * {SC (I} / {SC{I)+1.E~30)) CONC2580

610 ¥ETTE{51,9058) NO,NR,NAMNGC{I),ACOK{I,NO,NR),DRYCON, CONC2585
> WETCOYN, GCON{I,NO,HNR) CONC2590

GO TG 670 CONC2595
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650 DO 660 I=1,NNOCS CONC2600
ACON (I, NO, NR) =TAI (I} /1000000. CDHEC 2605

GCON(I,NO, NRY=TGD {1} /10000, CONC2610

YD 1=YD {1) CONC26715

I¥ {LDEP.EQ.1) VDI1=VDI1*YDCOEF(NO,NR) CONC2620

DRYCON=ACON (I ,H0, NR) *VD1%100 CONC2625

WETCON= {GCON{L,NO, NR) ~DRYCON} * {5C{T} 7 {SC (T} + 1. 5-230}} CONC2630

660 FRITE{51,5058) N¥O,IDIST (N¥R),HANNOUC{T) ,ACOV{L,N0, ¥R}, CONC2635
> DRYCON ,WETCON, GCON{T, N0, HR) CORC2640

570 CONTINUE CONC2645
580 CONTINIE COHNC2650
IP {LCHI.EQ.1) GO TO 690 COHC2655

I?7 {LORT.EQ.1}) CALL CHIQ CONC2660

690 IF {LPUN.EQ.0) GO TO 710 CONC2665
po 700 I=1,LPOY CONC2670
PUNCH 3065, { {ACON{I,NO,¥R),NR=1,20),70=1,20) CORC2675

PUNCH 9065, {{GCON(I, %0, R) ,NR=1,20),H0=1,20) CONC2680

700 CONTINUE CONC268%
710 CONTINUE CONC2690
IP {LORT.EQ.1) GO TO 720 CONC2695
ABQSD= { (S5QSD*%2) x400.) /1.E6 CONC2700
YRITR{51,9001) CONC2705
WRITE(51,9002) A5QSD , CONC2710
FRITE(51,9003) CONC2715
WRITE{51,9004)50QSD . CONC2720
WRITE{(51,9005) CONC2725
WRITE{51,9006) CONC27 390
WRITE{51,9007) CONC2735

Commnm e END OF GRID LOOP——— ===~ ra e e Ak i i e e CONC2740
120 REYORN CONC2745
RETURY TONCZT50

9000 FORMAT{F10.0} CONC2755
9001 FORMAT{(®*1%,T30,' HNOTF~THE AREA SURROUNDING THE PLARY IS & SQUARE  COWC2760
»HITH AW AREAY) CONCR2765
9002 FORMAT{(® *,T35,°0F%, F10.1,1%, CONC2770
> PSQUARE KILOMETERS WITH THE PLANT AT THE CENTER.?} CONC2775
9003 PORMAT{® *,T35,°THE SQUARE AREA IS ALIGNED DUE NORTH~-SOUTH AND EASCONC2780
>T~HEST. THE?Y CONC2785
G004 PORMAT{Y *,T35,74300 SMALLER SQUARES, WHICH ARE EACH *,¥7.71,1%, CORC2790
> *HETERS ON A SIDE,!) TONC27935
9005 FORMAT(® *,T35,*ARE IDENTIFIED BY COLUMN AN¥D ROH. COLUNNS ARE NUMBCDNCIS00
‘ >ERED PROMY)Y © CORC2805
9006 FORMAT{* *,T35,'1 TO 20 FROM WEST TOQ FAST. ROWS ARY WUMHBERED FROH CONC2810
>1 70 20 FROW') | CONC2815
9007 FORMAT(® *,T35,"SOUTH TO HORTH.Y) CONC2820
3008 FORMAT(8I10) CONC2825
$009 PORMAT(BFI0.0) CONCR830
3010 FORMAT{1675.0) CONC2835
9011 FORMAT (A8) CORC2880
9012 FORMAT{7¥F10.0}) TONC2845
9013 FPORMAT{'0%} CONC2850
9014 PORMAT{® ",T30,%A%,¥10.1,°? BY,F10.1,° CY,F10.1,°? DFL,FI0. T, CONC2B5S
> ¢ E?,F10.1,° Fe,FI10.1,° G?,F10. 1) CONL2960
9015 FORMAT{®1?,T20, ' 4ET EOROLOGICAL AND PLANT INFORMATION SUPPLIED TO PCONC2H65
>ROGRA N~ ——-"7} CONC2870
3016 FORMAT(?0%,730,'AVERAGE AIR TEMPERATURE {(DEG K)*,T100,¥10.1) CORC28TS

9017 FORMAT({*0',730,FAVERAGE VERTICAL TEAPERATURE GRADIENT OF THE ALz {CONC2380
>DEG E/METER) *) : CONCZE85
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9018 FORMAT(®0',T40,'IN STABILITY CLASS E',T100,Fi0.1) CONC2890
9019 FORKAT{®C',T#0,'IN STABILITY CLASS F',T100,Fi0.4) CONC2895
9020 FORHAT{'0",T40,*IN STABILITY CLASS G',T100,F10.4) CONC2900
9021 FORMAT{°0',T30,'HEIGHT OF LID (METERS)',Ti00,I10) CONC2905
9022 FORMAT{®0',T30,*RAINFALI. RATE (CM/YEAR)',Ti00,F10.2) CONC2910
9023 FORNAT(°0%,T30,'NUMBER OF STACKS [N THE PLANT®,T100,TI10) CORC2915
9024 FORMAT{*0',T30,'STACK INFORMATIGN--') CONC2920
9025 FORMAT($0%,T89,'STACK NUHBERY) CONC2925
9026 FORMAT{*0',770,%19,T8G,*2',T90,'3",T100,'4*,Ti10,?5%,7120,%6") CONC2930
9027 FORMAT (¢0',T20,* HEIGHT (UETERS)',T62,6F10.14) CONC2935
9028 FORMAT("0',T20,'DIAMETER (HETERS)',T62,6F10.4) CONC2940
9029 FCORBAT{°0',T20,EFFLUENT VELOCITY (METERS/SEC)!',T62,6F10.4) CONC2945

9030 FORMAT(*0',T20,'RATE OF HEAT EMISSION {(CAL/SECOWD}®,T62,6E10.2) CONC2950
9031 FORHAT({®1',T26,* FREQUENCY OF ATHOSPHERIC STABILITY CLASSES FOR FEACCONC2955

>H DIRECTION') CONC2960
9032 PORMAT(°0G",T7,SECTOR®,TL], CONC2965
> 'PRACTION OF TINE IN EACH STABILITY CLASS') CONC2970
9033 FORMAT (%0, T25,"A',T37,'8B',T49,'C?,T61,'D%,T73,E?,185,'F*,T9F, CONC2975
> 16Y) CONC2980
2034 FORMAT(® ',T7,14,T23,P6.4,T735,F6.4,T07,F6.4,T59,F6.4,T77,F6.4, CONC2985
> T83,¥6.4,T95,76.4) CONC2990
9035 PORNAT("1%,T50,'RELEASE RATES FOR RADIONUCLIDESY) CONC2995
9336 FORNAT(?0*,T45, STACK®,T61, 'NUCLIDE? ,T80, 'RELEASE RATE?) CONC3000
9037 FORMAT(® *,T80,* (CURIES/YEAR) ') CONC3005
9038 FORMAT(® *,T%5,12,T63,A8,780,E10.3) CONC3010
9039 FORMAT{®i',T46, PLUNE DEPLETION AND DEPOSITION PARAMETERS') CONC3015
9040 FORKAT(0G',T20,'NUCLIDE®,T40, GRAVITATIONAL',T60, CONC3020
> *DEPOSITION VELOCITY®,TB5,'SCAVENGING',T100, CONC3025
> YEFFECTIVE DECAY CONSTANT') CONC3030

9041 FORMAT(® *,T40,*'FALL VELOCYITY',T85,*COEFFICYIENT?,T108,'IN PLUME') CONC3035
9042 FORMAT(® *,T41,' (METERS/SEC) ', T63,* (METERS/SEC) ', 787, (1/5EC) *, CONC3040

> T108,"' (PER DAY) ') CONC3045
2043 FORMAT(® ',T21,A8,737,7%0.3,761,P10.5,T85,£10.3,77107,E10.3) CONCT3050
90%4 FPORMAT{?1',T36,' FREQUENCIES OF WIND DIRECTIONS AND RECIPROCAL~-AVERCONC3055
>AGRD WIND SPEEDS') CONC3060
9045 FORMNAT{?0',T20,"¥LND TOWARD',T50, FREQUENCY"®,T82, CONC3065
> YWIND SPEEDS FOR EACH STABILITY CLASS?Y) COKC3070
9046 FORHAT{® ',T94,"' (METERS/SEC]) *) CONC3075
3047 FORMAT{°0',T73,%A',T8i1,'B',T90,'C',T99,°*D',Ti08,"E?,T116,F%,T124,CONC3080
> Gy CONC3085
9048 FOREAT{(! ',T25,12,752,%5.3,771,F5.2,179,F5.2,T788,F5.2,T37,F5.2, CONC3090
> T106,F5.2,T114,PF5, 2, T122,F5.2) CONC3095
9049 FORMAT($0',T20,*WIKD DIRECTIONS ARE NUNBERED COUNTERCLOCKRISE STARCONC3I100
>TI®G AT 1 FOR DUE MORTH") CONC3105
9050 FORMAT{*1',T38, FREQUENCIES OF WIND DIRECTIONS AND TRUE-AVERAGE WICONC3110
>HD SPEEDSY) CONC3115
2051 FORNAT(® ',T25,12,152,F5.3,%71,F5.2,T779,¥5.2,7T88,F5.2,T797,F5.2, CONC3120
> T106,¥F5.2,T114,¥5.2,T122,%5.2) CONC3125
9052 FORMAT (% 1',TU46,V ESTIHATED RADIONUCLIDE CONCENTRATIONS') COEC3130
9053 FORHAT (0%, T10,'AREA',T30, 'NUCLIDE",T42, *ATR CONCENTRATION®,T64, CONC3135
> 'DRY DEPOSITION RATE?,T88,'WET DEPGSITION RATE®,T112, CoNC3180
> *GROUND DEPOSITION RATE?) CONC3145
9054 PORMAT (T47, ¢ (PCL/CC) *,T64," (PCI/SQUARE CM-SEC)*,T88, CONEC3150
> ¢ (PCT/SQUARE CM~SEC)?,T113,' (PCI/SQUARE CH-SEC)?) CONC3155
3055 FORMAT({® WIND TOWARD?®,Ti7,'DISTANCE?) CONC3160
9056 FORMAT(® *,T17,! (METERS) ') CONWC3165
5057 FORNAT (Y ',TU,'COLUME?,T21, "ROWY) CONC3170

3359 PORHAT(Y ',T6,I2,T18,15,731,A8,Ti#5,E10.3,T68,E10.3,792,810.3,T118,CONC3175
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E10.3)

9059 PORMAT{IOPS. 4}

9050 FORMAT {20I1}

9061 FORMAT{®*1*,T50, DEPOSITION VELOCITY COEFPFICIENTS')
90672 FORMAT(*0?,T37,'DIRECTION?, TS5, DISTANCE®,TT2,

92063
9064
2065
9066

>

1DEPOSITION CORFFICIENTH)
FORMAT(® *,T55,¢ {4ETERS) *,T78,° (NG UNITS) ')}
FORMAT(* ?*,740,12,757,16,T78,F8.4)
FORMAT (BE10. &) ,
FORMAT(*0*%,T20,* DIAMETER OF AREA SOURCE (METERS)®,T62,6F10.4)
END

CONC3180
CONC3185
CONC3190
CONC3195
CONC3200
CONC3205
CONC3210
CONC3213
CONC3220
CONC3225
cowcizie
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SUBROUGTINE QY (BND,X,U,UD, HS,VD,V6,INDEXT,QXR) QY
oY

®. ©. AOORE  HEALTE AND SAPETY RESFARCH DIV., ORNL 3-1-78 oY
QY

A TABLE CALLOGT SUBROUTINE ¥OR DETERMINING DEPLETION FRACTIONS FQY
DEPOSTITION FOR CONSTANT DEPOSYTION VELOCITY AND FOR ZERO GRAVITAQY
EPFECT. oY
QY

TABULATED VALUGES IN DATA STATRMENT WERE DERIVED THROUGH THE USE QY
SUBROUTINKE QX, & SIHPSON'S RULE SUBROUTINE WRITTEN ORIGINALLY BYQY

D. B. DUNNING, HNCDIFIED BY J. F. HULL, AND LATER CHANGED BY
D. P. STEYARYT.

COMHCN /QCON/ REFA{34,7,20)
DIMENSION XIDI {20).KP {34)
REAL KP
INTEGER IDOM
DATA XIDi/35.,65.,100.,150.,200.,300.,400.,500.,650.,800.,1000.,
> 1500.,2000.,4000.,7000.,10000.,25000.,60000.,90000.,200000./
DATA KP/Tep125,2«;3e % ¢5es6epTayB..9.,10.,12.5,15.,17.5,20.,25.,
> 30.,35..40.,50.,60.,70.,80.,90.,100.,120.,140.,160.,180.,200.,
> 2u9.,260.,300.,400./
I¥ (IDO%-ED.121) GO TO 20
CALL QY1
CALL QY2
CALL QY3
IDoH=121
JH=I¥DEX1
H1=83
DO 30 LD=1,20
IF (X¥.LT.XIPI{ID)) GO TG 50
CONTINGE
ID2=235
GO TO §0
ini=3iD
ID2=ED-1
DO 70 KR=1,31
IF (H1.LT.KP(KR)) GO TO 90
CONTINUE
RKE2=21
GO TO 100
EPi=RR
KP2=&R- §
IF (KP2.EQ-0.AND.ID2.E0.0) GO TO 140
IF {KP2.E0Q.0) GO TO 150
i¥ {(ID2-¥Q.D) GO TO 170
I¥ {%.GE.200000.) GG TO 110
IF (H1.GE.400.) GO TO 130
CUX1=REFA (KPi,JH,TD2) - ( (REFA(KPi,JH,ID2) ~REFA (K21, JH, ID1)) * ((X-
> YIDI(ID2)) /(XIDE{ID1) ~XIDI (LDZ})))
CUX2=RIPA (KP2,JTH,ID2) - ( (REFA (KP2,J4,ID2) ~REFA(KP2, JH, ID1)) * ((X-
> XIDI(ID2Y)/(XIDT(ID1)~XIDI(ID2))))
CHXA=CUEI-{ ({CUXi-COXZ) *(KP (KP1)-H1)} /(KP (KP1) —XP (KP2)})
GO TO 190
IF {H3.GT.%00.) GO TO 120
CUXi=%* { (REFA (KPT,JH,20) ~REFA(KP1,JH, 19)) /110000.)+ (REFA{KP1,JH,

0¥
oY
nY
oY
QY
oY
(934
QY
oY
Y

QY
057
oY
QY
oY
QY
oY
oY
0y
oY

275



» 15)~.8181818% (REFA (KP1,JH,20) -REFA {KP1,JH, 19} ) oY 289

. COX2=X% {{REFA{KP2,JH, 20} -REFA(KP2,JH, 193} /110000.)+ {REFA{KP2,JH, OF 285
e > 19)~-.8181818% (REFA {KP2,JH,20} ~REFA{XP2,JH, 193} oY 2990
- CUXA=CUX 1~ { {{CUXI~CUX2Y * {KP (KPT1}~H1) ) /{KP{KP1) ~KP{KP2}}) 0y 295

_ GO TO 190 004 300
S 120 COMI=H1*{(REFA{34,34,20)~REFA{33,3H,20)) /100 ) +4. *REFA{23,J94,20)~ Q¥ 305
D > 3.%REFA{34,J3H,20) QY 310
. CUM2=H1* ({REFA{34,TH, 19)~REFA(33,J0,19)) /100.} ¢4, *REFA{33, JH, 19 ~ QY 315
> 3.*REPA{38,J0H,19) QY 320

CUXA={ (CTUMNI-CUNZ} /110000.) *X+CUNT1~1. 8181818 % {CUNI~CUA2Y 07 325

GO TO 190 0y 330

130 CULI=H1*{{REFA{34,IH,IDY) ~REFA{33,IH,IDT)) /100 )+4. ¥REFA{33,JH, QY 335

> ID1)=3.%REFA(34,JH,ID1}) 0% 340

CUXZ=HI* {{REFA(34,3H,ID2) ~REFA({33,JH,ID2)) /100.)+8 . *¥REFA {33, JH, ay 345

> ID2)y~3.*REFA{34,JH,1ID2) s34 350

COXA= { (CUX2-CUXT1} Z(XTDI {ID2} ~XIDL (ID 1Y} ) * {X~XIDT {IN1} §+CULY oY 355

GO TO 190 0¥ 350

140 COXA=1. -~ {1.-REFA{V,JH, 1) ¥ (X/XIDI{1)}} ay¥ 365

GO TO 190 ok ¢ 370

150 IF {X.GE.200000.) GO TO 160 QY 375
CUXA=REFA{1,JH,ID2) ~ ({(REFA (1, JH, ID2) ~REFA{I,JH,IDI}} % {{¥~ QY 380

> XIDI{ID2)) /{XIDL{IDT)~-XIDI(ID2)}}) 0¥ 385

GO TO 1990 sk's 250

160 CUXA={{REPA{1,JH,20) ~REFA{1,JH,19))/7110000. ) *X+REFA {1 ,TH,20) - oY 395

> 1.8781818« {(REFPA{1,JH,20) ~REFPA{Y,IH, 19} oy 400

GO TO 190 oY 405

- 170 IF {H1.GT.400.) GO T0O 180 0y 410
COE =1, ~ {1, -REFA{KP1,JH, D = {X/XIDI{1}) oY 495

COX2=%. ~{1. ~REFA(KP2Z,JH, 1) * {X/XIDI {1} }) 0y 420

; COXA=CUX I~ ( ({COXT1~COX2) ¥ (KP (KP1)~H1) ) /{KP {KP1) ~EP {KP2])) 0y 425
o G0 TO 190 QY 430
180 CUXI=1.~{{(1.~REPA{33,JH,1) ) *{X/XIDX {1} }) ~ Y 435

. COX2=1.~ {{(1.~REFA {34, T4, 1)) *{X/XIDT{1}}) oY 440
. CUXA= {{CUX2-CUX 1) /100.) *HI+CULT~3,.» (CUX2~CUX 1} ) 4 485
- 190 QXR=CUXA*¥{{100.*VD) /UD} 0¥ 450
T RETURH oY 455

. RND oY 460
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SUBROGTINE QY1
COHACE /QCON/ REFA(3%4,7,20)
DINENSION SEFA{36,7,20)

DISENSION AA (114) ,AB(1148) ,AC(114) ,AD (111) ,AE (114) ,AF(114) ,AG (110} ,0¥Y1
> AH{T14Y , AT {114) ,AJ (114) , AK (114} ,AL (114) ,AM (114} , AN (114} ,A0(70)

EQUIVALENCY (SEFA( 1,1,
1) ,AC(1) ), (SEFA( 3,4,
> (SEFA(27,3,

> , (SEFA (29,6,

Ty

4) ,AT(1) ), (SEFA( 7,3,

128

1) ,AA(1) ), (SEFA (13,1,

> ), (SEFA(31,2, 6),AL(1)), (SEFAL 2,5,

> AN(1)),(SEPA (33,5,
DATA AA/ .9229% 00,.9370E 00,.9483E 00,.9639% 00,.9728E 00,.9798E
.9851F 00,.9882E 00,.9919% 00,.9941E 060,-.9957E 00,.9982E

VVVVVVVVVVVVVVVYVYVYV

VVVVVVVVVVVVVVVYVYVYV

VVVVVYV

0o,
-9991E
-1000¢
-1000E
- 1000E
. 94488
-9978E
. 10008
-1000%
- 1000E
.1000E
- 98TUE
-« 99%89%E
- 10008
. 1000%®
-1000E
.883%E
«9%972F

DATA AB/ .1000%¥ 01,.1000E 01,.1000E 01,.1000FE 01,.1000E 01,.1000E
-1000E 01,.1000E 01,.1000E 01%,.1000E 01,.1000E 01,.1000E 01,

01,
- 1000E
< 1000%
- 9775E
.1000E
-1000E
-1000E
-1000F
-1000E
. 1000E
-1000%
-1000E
- 10008
. 1000E
-9994F
. 10008
-1000E
-1000F

DATA AC/ .1000£ 01,.1000E 01%1,.10008 01,.100G0E 01,.1000EF 01,.1000E
. 1000E 01,.1000E 01,.1000% 01,.1000E 01,.2004E 00,.9151E

01,
.9256E
.9752E
.9967F
.1000E
. 1000E

00,.9993€
01,.1000%
01,.1000F
01,.1000E
00,.9665E
00,.99288%
01,.1000F
01,.1000F
01,.1000E
01,.1000E
00,.9943%
00,.1000E
01,.1000R8
01,.1000E
07,.1000E
00,.9234%E
00,.9994E

01,.1000E
01,.1000E
00,.99658
01,.1000¢&
01,.1000%
01,.1000E
01,.1000E
01,.1000E
01,.1000E
07,.1000E
01,.1000E
01,.1000&
01,.1000%
00,-.1000E
01,.1000E
01,.10008
01,.1000E

00,.9408E
00,.9789E
00,.9987E
01,. 10008
01,.1000E

00,.9997E
01,.1000E
01,.1000E
01,.1000E
00,.9790E
00,.9991E
01,.1000E
01,.1000E
01,.1000E
01,.8943E
00,.9976F
01,.1000E
01,.1000E
01,.1000E
01,.1000E
00,.2404E
00,.9999%

01,.1000E
01,.1000E
00,.9988E
G1,.1000F
01,.1000E
01,.1000E
01,.1000€F
01,.9598E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
01,.1000E

00,.9510E
00,.9820%8
00,.9989%
01,.1000E
01,.1000E

71 .20 (1))

0G,. 10008
01,.1000E
01,.1000%
01,.1000F
00,.9878¢%
00,.9997E
01,.1000E
01,.1000F
01,.1000E
00,.9259%
00, .9990E
01,.1000E
01,.10008
01,.1000%
01,.1000E
00,.9791E
00,.1000E

01,.1000E
01,.1000E
00,.9999E
01,.1000E
01,.1000%
01,.1000E
01,.1000¢%
00,.9%44E
01,.1000F
01,.1000%
01,.1000¢E
0%,.1000F
0t,.1000E
01,.1000E
01,.1000E
01,.1000E
01,.1000E

00,.9590E
00,.9875E
00,.9996E
01, .1000E
01,.1000E

01,.1000E
01,.1000E
01,.1000E
01,.9051E
00,.9929E
00,.1000%
01,.1000F
01,.1000F
01,.1000E
00,.9476E
00,.9990F
01,.1000E
01,.1000E
01,-1000E
01,.1000E
00,.~9922E
01,.1000E

01,.1000E
01,.8958%
00,.1000E
01,-.1000%
01,.1000E
01,.1000E
D1,.1000E
00,.9994%E
01,.1000E
01,.1000%E
01,.1000E
01,-1000E
01,.1000E
01,.1000%E
01,.1000E
01,.1000%
D1,.1000E

00,.9655E
00,.9921E
00,.9999E
01,.1000E
01,-.1000E

£y ,2J(1)), (SEF& (19,6,
&) ,AM(1)), (SEFA (21,2,

61, .1000E
01,.1000E
61,.1000E
00,.9283F
00,.9959E
61,.1000E
01,.10008
01,.1000E
51, .1000E
00,.9738E
00,.9996E
01,.10008
G1,.1000F
G1,.10008
01,.1000E
00,.9974E
01,.1000E

01,.1000E
00,.90968
01,.1000%
01,.1000E
01,.1000E
01,.1000E
01,.1000E
00,.10008
01,.1000E
01, .1000%
01,.1000%
01,.1000F
01,.1000E
01, .1000E
01,.1000F
01, .1000E
01,.1000%

00,.9708F
00,.9948E
00,.1000F
01,.10008
61,.1000E

1 ,AB (1)), (SEFA (25,
2) ,AD(1)), (SEFA(15,7, 2) ,AE(N)),
3) ,AF (1)), (SEFA{ 5,7, 3) AG{ij), (SEFA (17,3,

QY1
0Y1i
071
nY1
QY1
QY

4y ,AH (1)) 0¥1
5) ,AK (1Y QY1

.,

01,
01,
01,
00,
00,
01,
01,
01,
01,
00,
00,
01,
01,
01,
01,
00,
01/

01,
00,
01,
at,
01,
01,
01,
01,
01,
01,
01,
01,
01,
01,
01,
01,
01/

00,

6o,

00,

Q¥
QY1
oY1
Q7%
QY1
Q¥ 1
QY1
QY1
Q¥
QY1
0Y1
QY1
QY1
QY1
QY1
QY1
oY1
0Y1
oY1
QY1
QY1
QY1
0Y1
Q¥ 1
QY1
QY%
QY1
QY1
071
0Y1
0Y9
oY1
0Y1
oYt
oY1
QY1
QY1
oY1
QY1
QY1
0Y T
QY1
QY1
oY1
QY1
QY
QY1

140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
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» 1000F
- 94918
-99008
- 1000F
- 10G0E
. 1000
- BUHULE
- 9786R
~98592E
- 10008
- 10008
10008

DATA AD/ .8979F 00,.9340F 00,.9603% 00,.9772% 00,.9875E 00,.9938%

01,.1000E
00,.9611F
09,.9953E
01,.1000F
01,.1000E
01,. 10008
00,.8766%
00,.9858%
00,.9998%
01,.1000E
01,.1000F
01,.1000E

01,.8637E
00,.9701E
00,.5979E
01, .1000E
01,.1000F
01,. 10008
00,.8997F
00,.9907E
00,.1000E
01,.1060F
01,.10008
01,.1000%

129

00,.8921E
00,.97728
00,.9951e
01,. 1000E
0%1,. 1000E8
01,.1000E
08,.9313F
00,.9940F
01,.1000F
01,.1000E
01,.-1000E
81,.1000F

00,.9090F
00,.9826E
00,.9990E
01,.1000%
01,.%1000E
01,.10008
00,.9535%
00,.9963E
01,.1000F
01,.1000F
01, 100608
D1,.82228

00,.9326F
00,.9868E
00,.9998E
01,.10008
61,.1000%
01,.10008
00, .9683E
00,.9989e
01,.1000E
01,.10008
01,.1000F
00,.8620F

00/

00, .9965E 00,.9983E 00,.99928 00,.9937E 00,. %000E 01,.1000%

- 1000F 0%,.1000F 01,.1000E
- 1000F 01,.1000F 01,.1000F

- 1000®

01, .1000E

01,.1000E

~1000F 01,,.10008 01,.8008E

9867 E
- 10008
- 10008
- 10007
- 10 00F
-8356E
- 100QE
« 1000E

00,.9957%
01,.1000%
©1,.10C0E
01,.1000F
01,.1000%
00,.92225%
01,.1000%
01,.10008

00,.9987¢8
93,. 10008
01,.10008
01,.1000F
01, .1000E
00,.9758E
01,.1000E
01,.10008

-1000E 01,.7000F 01,.1000F

« 10008
- 10008
~9998%
. 1000F

DATA AL/ .1000F 01,.70008 01,.10008 07,. 10008 0%,.1000F 01,.1000E

01,.1000F
01,.1000E
00,. 1000F
0%,. 10008

01,.1000E
01,.1000%
(1,.1000%
01,.1000%

01,.1000E 01,.1000E 01,.10008

0t,.1000F
01,.3000%
00, .8664F
00, .39%90%
01,.9000F
01,. 10008
01,.1000E
0%,. 10008
00,.9980E
01,.1000E
0%,. 1000E
21, . 10008
0%,- 10008
01,. 10008
01,.9000E
0%1,.9000K

01,-1000E
01,.1000FE
00,.9716E
00 ,.9997E
01,.1000F
01,.1000E
01,.1000E
01,.1000E
00,.9996E
01,.1000F
01,.1000E
01,-10008
01,.1000%
N1,.9672E
01,.1000F
01,.1000%

01,.1000E
01,.1000%
0D, .96378
00,.9999E8
01,.1000E
01, .1000F
01,-1000E
01,.1000E
00,.1000E
01,.1000E
01,.1000E
01,.1000F
01,.10008
00,.9983E
01,.1000E
3%, .1000F

01,
01,
01,
00,
00,
01,
01,
01,
01,
01,
01,
01,
01,
01,
00,
01,
01y

01,

81, .1000E 01,.1000E 01,.1000% 01,.1000% 01,.10008 01,.1000F 01,

~ 10 00E
- 10 00E
-9352F
» 96837
» 9964E
- 10008
- 1000R
- 84427
<3778
-9893E
-~ 29998
- 13 00E
» 12008
~8642F
-9701E
«9993%
- 10008

DATA AF/ .1000E 01,.10008 01,.10008 01,.1000E 0%1,.1000F 01, .10008

01,.10008
01,.1000%
00,.94356F
00,.9757%
00,.9980E
01,.1000E
01,.1000E
00,.8673E
00,.9561F
00,.9933%
00,.1000E
01,-.1000%
01,.10008
00,.8973E
00,.97798
00,.9997E
01,. 10008

01,.10008
01,.88508
00,.950148
G0,.538138
00,-.99308
01,.1000%E
01,.1000%
00,-.8838F
00,.963%8
30,-9959E
01,- 10008
01,.3000%
01,.10008
00,.92078
00,.9831E8
00,.10006E
01,.1000R

01,. 10008
00,.8995E
00,.9556E
00,.9856E
00,.9993E
01,.1000E
34,.1000F
00,.90758
00,.9689E
G0, .9986E
01.,.1000E
01,.10008
01,. 1000F
00,.9386E
0G,.9916F
01,. 1000E
0%,.1000%

01,.10008
00,-9098E
00,.9617E
00,.9882E
90 ,.3998E
01,.1000E
01,.1000E
00,.9243E
00,.9739F
00,.9988%
01,.1000%
01,.7000E
01,.81018
00,.9522E
00,.9961%
01,.10008
01,.1000E

01,.10008
00,.9286E
00,.9647E
00,.9936E
00, .1000E
01,.1000E
©1,.1000E
00,.9391E
00,.9832F
00,.9996E
01, .1000E
01,.1000F
00,.8412E
00,.9629E
00,.9983F
01,.1000F
01,.1000E

01/

01, .1DOGE 01,.10008 01,.7752% 00,.8141E 00,.8452% 00,.8897F 00,

-92218

00,.9454E

00,.9602%

-9932% 00,.9979E 00,.9992%

- 10008
- 10008
- 10008
.7287%

01,. 10008
01,.1000E
01,.1000E
00,.7957F

01,.%1000%
01,.1000%
01,.1000E
00,.8446R

00,.9745E

00,.98328

G0,.98928

00,.9996F 00,.9999% 00,.1000E
0%,.10008 01,.10008 01,.1000F

0%,.1000%8
01,. 10008
00,.9%9118%

01,.1000F
01,.1000F
00,.951%E

01,.1000%
01,.1000%
00,.937528

00,
01,
01,
01,
01,
00,

oY1
QY1
QY1
Q11
QY1
Y1
nY1

oY1

011
071
0Y1
oY1
01
0Y1
0¥
oY1
34
oY1
oY1t
oY1
0Y1
oY1
0Y1
58]
Y1
0Y1
011
oYY

QY

oY1
QY1
QY1
oY1
0¥
QY1
Qv
oY1
oY1
QY9
0¥l
ari
QY1
QY1
QY1
QY1
QY1
oY1
0Y1

280
285
290
295
360
305
3140
315
320
325
330
335
340
3145
350
355
360
365
370
375
380
i85
390
395
800
405
410
415
420
425
430
435
440
bas
450
455
460
465
470
475
480

53%

548
550
555
560
565
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.9873E
- 10008
- 10008
-1000E
- 1000E
.90918
< 10008
.1000%
.1000E
.1000%€
. 1000%

DATR AG/ .1000% 01,.1000% 01,.1000E 01,.1000% 01,.1000E 01,.10008
-1000E 01,.1000E 01,.1000F 01,.1000E 01,.1000E 01,.1000E

01,
. 1000E
.1000E
.1000E
.8707E
.93528
.96 83F
.9907E
.9999E
.1000E
.85 04E
.9409E
.9855F
.9999E
. 1000E
.1000E
. 98728
.9601E

DATA AH/ .99%4K 00,.9994E 00,.9993%E 00,.1000E 01,.1000F 01,.1000E
.1000E 01,.1000E 01,.10008 01,.1000E 01,.1000E 01,.10008 01,

o1,
- 10008
- T236E
«9251%F
«9950F
-1000E
. 10008
.1000E
< T745%
- 98347
. 1000R
10008
- 1000E
-10008
.9680F8
«1000E
-1000%
.1000E

DATA AT/ .1000% 01,.1000E 61,.1000% 01,.7000E 01,.10008 01,.1000F
.6767E 00,.8770E 00,.9627E $0,.9981€ 00,.9938E 00,.1000E

01,
- 1000E
-1000F
.1000E
- 10008
. 10008
-88530F
- 9352E

0C,.9945E
01,.1000F
01,.1000E
01,.1000F
01,.1000F
00,.9773E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
01,.1000F

01,.1000E
01,.1000E
01,.1000E
00,.8850E
00,.9412%
00,.9734E
00,.9976E
00,.1000%
01,.10008
00,.8838E
00,.9477%
00,.9922%
00,.1000F
01,.1000¢8
01,.10008
00,.9058%
00,.97u2%

01,.1000%
00,.7568%
00,.9421E
00,.9979E
01,.1000E
01,.1000F
0i,.1000E
00,.8465E
00,.9902%
01,.1000E
01,.10008
01,.1000E
01,.1000E
00,.9892FE
01,.1000E
01,.1000F
01,.1000E

01,.1000E
01,.1000F
01,.1000%
01,.1000E
01,.1000F
00,.8995%
60,.9399%

00,.9976F
01,.1000E
01,.1000E
01,.1000E
01,.1000F
00,.9957E
01,.1000E
G1,.1000%
91,.1000F
0%,.1000€
01,-8569E

01,.10008
01,.1000E
01,.1000E
00,.8952F
00,.9458E
00,.9777E
00,.9990E
01,.1000%
01,.1000E
00,.9006%
00,.9535E
00,.9959%
01,.1000E
01,.1000F
01,.7782E
00,.9208E
00,.9837%

01,.1000E
00,.7964E
00,.9556E
00,.9992E
01,.1000E
01,.1000E
01,.1000%
00,.8968E
00,.9944E
01,.1000%
01,.1000E
01,.1000E
01,.5022E
00,.99G8E
01,.1000F
01,.1000%
01,.1000R

01,.1000E
01,.10008
01,.1000Cn
01,.1000E
61,.1000%
006,.90988
00,.94368

130

00,.9989E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
00,.9992E
01,.1000E
01,.1000E
01,. 1000E
01,.1000E
00,.9730E

01,.1000E
01,-1000F
01,.1000E
00,.9098E
00,.9501F
00, .9843E
00,.99898
01,.1000E
01,.1000E
00,.9137E
00, .2651E
00,.9980%
01,.1000E
01,.1000F
00,.8083E
00,.9335%
00,.9898E

01,.1000E
00, .BU20F
00, .9663F
00,.9997%
01,.1000E
01,.1000E
01,.1000E
00,.9318¢%
00,.9987F
01,.1000%
01,.1000F
01,.1000F
00,.7193E
06,.9990F
01,.1000E
01,.1000E
01,.1000F

01,.1C000E
01,.1000E
01,.1000E
01,.1000%
01,.1000E
00,.91808
00,.9515E

00,.9387E
01,.1000E
01,.1000E
01,.1000E
01,.7165%
00,.99¢97E
01,.1000E
01,.1000F
01,.1000F
01,.1000E
00 ..9965E

01,.1000E
01,.1000E
01,.1000%
00,.9203E
00,.9529E
00,;-.9882E
00,.9995E
01,.1000E
01,.8217E
00,.9243E
00,.9739¢
00,-.9930E
01,.1000E
01,.1000E
00,.8307E
00,.9439E
00,.9938E

01,.1000E
00,.8765E
00,.9748E
00,.1000E
01,.1000E
01,.1000F
01,.6637E
00,.9562E
00,.9992E
01,.1000E
01,.1000E
01,.1000E
00,.8070F
00,.9992E
01,.10008
01,.1000E
01,.1000E

01,.1000F
01,.1000F
01,.1000F
01,.1000E
01,.8607F
00,.9246%
00,.9581E

40,.9999¢
01,.1000E
01,.10008
01,.10008
00, .83u9F
00,.1000E
01,.1000F
01,.1000E
01,.1000%
01,.1000E
00,.9999E

01,.1000F
01,.1000E
01,.1000E
00,.9285E
00,.9630%
00,.9923E
00,..9998E
01,.1000E
00,.8412E
00,.9333F
00,.9795E
00,.9994E
01, .1000E
01,.1000E
00,.8633E
00,.9527F
00,.9979F

01,.1000E
00,.9035E
00,.9884EF
01,.1000E
01,.1000E
01,.1000E
00,.7259%
00,.2726E
00,.92993E
01,.1000E
01,.1000%
01,.1000%
00,.9160F
00..3998E
01,.1000FE
01,.10008
01,.10008

0t,.1000E
01,.1000E
0%,.1000%
01,.10008
00,.8749E
00,.93038
00,.26M45E

00,
01,
01,
01,
00,
01,
01,
01,
01,
01,
00/

01,
01,
01,
00,

00/

01,

01,
01,
01,
01,
00,
00,
00,

01,

01,

Q¥
0¥1

QY1
9% 1
QY1
oY1
0¥1
0Y1
QY1
0Y1
0¥1
011
0Y1
0¥1
0711
0Y1
oY1
0fY1
0Y1
oY1
oY1
gr1
oY1
oY1
0Y1
01
oYt
oY1
oY1
oY1
QY1
QY1
QY1
011
QY1
QY1

570
575
580
585
530
595
600
605
610
615
620
625
630
635
6uo
645

725

855
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~9683FR
- 96648
-10008
10008
-BB38E
«9391E
-98913%
. 99998
.1000E
. 7559¢%

DATA AJ/ .8Y68F 00,.9123F 00,.92098 00,.9306E 00,.9392E 00,.9560F
- 9682E 00,.9774F 00,.98408 00,.9923E 00,.99658 00,.99858 00,

00,
.3991F
. 100CE
- 1000E
LT610E
«9276E
.9961F
. 10008
. 1000E
. 10008
.B8481E
. 9809E
. I0008
- 10008
- 10008
-52528
~9834E
. 1000E

BATA AR/ .1000E 01,.1600FE 01,.10008 01,.1000F 01,.1000% 01,.1000E
100608 01,.30008 01,.1000F 01,. 10008 01,.1000F 01,.10008

ai,
- 10008
-8911g
- 1000%
. 1000%
- 1000%
- 1000%
- 10007
-8952%
. 3285%8
- 3683E
~9947%
- 39988
- 71847%%8
-B838E
-93918
- 9855E
«9994E

DATA AL/ .1000E 01,.7000E D1,.10008 0%¥,. 1WO0F 01,.72508 00,.7532E
.7742F 00,.8052E 00,.8283E 00,.8466F% 00,.B527% 00,.8751E

0d,
. 8B42F
~96112
- 9992F%
- 10008
-~ 16008
- T8B69R
. 90858
-~ 99728

00,.97578
00,.59808
01,.1000E
01,.1000E
00,.8952%
00,.9500E
00,.9933E
00, . 1000E
01,.1000E
00,.7852E

00,.9997%
01,.1000E
01,.1000%
00,.8058E
00,.9410E
00,.9991E
01,.1000E
01,.1000E
01,.1000E
00,.9886E
00,.99338
01,.1000E
01,.1000%
01,.10008
00,.6346%
00,.9933¢
61,.1000E

01,. 10008
00,.9856E
01,.1000E
01,. 10008
01,.1000E
01,.1000F
01,.1000F
00,.9032E
00,.9357E
00,.9734E
00,. 9964 E
00,.9999E
00,.8061E
00,.8928E
00,.9460F
00,.99228
00,.9999E

00,.08966E
00,. 97538
00,.99968
01,.10008
01,.1000E
00,.8151%
00,.93668
00,.9991E

00,.9813%
00,.9990F
01,.10008
01,.8062E
00,.9075%
00,.9597F
00,.9959E
01,.1000CE
01,.1000F
00,.8070F

G0,. 10008
01,.10008
01,.1000E
00,.80008
00,.95238
00,.99952
01,.1000E
01,.-1000FE
01,.61768
60,.9187E
00,.5977%
01,.10008
01,.10008
01,.10008
00,.7217%
00,.9975%8
01, 10008

01,.1000E
00,.9988E
01,.1000%
01,.1000F
01,.1000F
01,.10008
01,.88698
00,.9098E
00,.9436E
00,.9777E
00,.9976E
00,.1000E
00,.8217E
00,.9006%
30,.95358
00,.9959%
00,.1000E

D0,.9056F
00,.9846%
00,.9999%
01,.10008
01,.6494%
00,.8333E
00,.9558%
00,.9992%

131

00,.9856%

00,.99378:

0%,.10008
00,.8283%
00,.9166%8

00, -.96768"

00, . 99868
01,. 1000F
01,. 10008
00,.8391%

01,. 10008
01,. 10008
01,-1000F
00,.868718
00,.97278
0G,.99398

01,.1000%

01,. 10008
00,.67658
00,.94228
0G,. 99938
01,.10008
51,. 10008
51,.1000E
350, 88628
00, .99908
01,. 10008

01,. 10008
800,.9397E
01,.1000E
01,.10008
01,.10008
01,. 1000E
00, .8607E
00,,9157E
00y, 9450F
00,.9843E
00,.9990E
01,.10008
00,.88428
00,.90758
00,.9651F
00,.99808
01,.1000F

00,.92458
00,.99068
00,. 10008
01,. 10008
00,.6831E
0G,.8601F
00, .9714%8
00,.99998

00,.9882E
00,.9993E
01,.10008
00,.84428
00,.9243%
00,.9739%
00,.9988%
01,.1000E
01,.1000E
N0,.8636F

D1,. 10008
01,.1000%
01,.6965E
00,.8920F
00,.9851E
00,. 10008
91, . 10008
01,.1000F
00,.7285E
00 ,.9593F
90,.9995%
01,-1000%
01,.1000%
01,.1000%
00,.9209%
00,.9989F
01,.1000E

01,.5351E
00,.1000F
01,.1000E
01,.1000%
01,.1000E
01,.10008
00,.8707E

00,.92038
00 ,.9529E
00,.98828
00,.9989E

01,.1000%

00,.860u4F

00,.9137%8
00,.9739%
00,.9990%8
01,.1000%8

00,.9396E

00,.9944E
01,.10008
01,.1000F

00,.71018
00,.8806F

00,.9818%

00,.1000E

00,.32368
00,.9998E
0%,.10008
00,.86738
00,.9312R
00,.98328
00,.9996E
01,.1000E
01,.1000E
00,.88158

61,.10008
#1,.1000E
00,.7328%
D0,.911528
00,.9922E8
01,.1000%
01,.710008
01,.10008
00, .79508
00,-.8719E
00,.10008
¢1,.1000E
01,.1000E
01,.10008
00,.9626F
00,.99998
C1,.1G00E

00,.7565E
01,.1000E
01,.10008
01,.1000E
01,.1000E
51, .1000E
00,.8850E
00,.9246E
00,.9630F
00,.9923%8
00,.9995E
01,.10008
00,.87323E
00,.9267E
00, .9796E
00,.9988E
01,.1000E

00,.9515E
00,.99828
01,.1000F
01,1000
00,.75328
00,.8943F
00,.9927E
01,.1000E

00/

01,
01,
no,
00,
00,
01,
01,
01,
00,
00,
01,
01,
01,
01,
00,
00,
017

0a,
01,
o1,
01,
01,
01,
00,
00,
00,
00,
00,
01,
00,
50,
00,
00,
01y

00,
00,
01,
01,
00,
00,
00,
01,

01,

00,

Ny
DY
Y1
271
0yl
Y1
oY1
Y
0Y1
QY1
QY1
oY1

0Y1
oY1

360
865
B70
875
980
885
850
855
300
305
910
315
920
925
930
935
940
945
950
955
960
965
970
975
980
285
9990
995
10060
1005
1010
1615
1020
1025
1030
1035
10490
1065
1050
1055
1060
1065
1070
1075
1080
1085
1090
1095
1100
1105
1110
1115
13120
1125
1130
1135
1140
1145
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- 1000F
. 1000E
<55478
-8510E
-9841E
. 10GOE
- 1000R
-1000E
-6001E

0o,
-1000E
- 10008
. 10002
«9790E
.1000E
-1000E
-1000E
-10C0E
. 8372E
.8995%
.9328E
.9683E
-9936E
.9928E
-8062E
.8838E
.9391E

00,
-1000E
.80GOE
.8807E
-9681E
<99933E
-1000E
.6157%
.B8000FE
.9268E
- 9980E
. 1000E
.1000E
-6020E
-8533%
.9861E
- 1000E
- 10008

00,
«9712F
-1000E
«1000E
-1000E
20978
.99358
. 1000E
-1000E
-1000E

01,.1000E
01,.1000E
00,.6084E
00,.8803E
00,.9925E
01,.1000E
01,.1000E
01,.1000E
00,.7257%

01,.1000E
01,.1000E
01,-1000E
00,.9961E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
00,.8509E
00,.9050E
00,.9380E
006,.9757E
00,.9964E
00,.9999E
00,.8283E
00,.8906E
00,.9500F

01,.1000E
00,.8220E
00,.9000E
00,.9784F
00,.9995E
01,.1000E
00,.6U78E
00,.8200E
00, .3457E
00,.9991E
01,.1000E
01,.1000E
00,.6663E
00,.8764E
00,.9959E
01,.1000E
01,.1000E

00,.9910E
01,-1000E
01,.1000E
01,.1000E
00,.8085E
00,.9984E
01,.1000E
01,.1000E
01,.1000E

01,.1000E
01,.1000E
00,.6516E
00,.9042%F
00,.9966F
01,.1000E
01,.1000E
01,.1000%
00,.8180E

01,.1000E
01,.1000E
01,.3527E
00,.9993E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
00,.8607E
00,.9098E
00,.9436F
00,.9813E
00,.9980E
00,.1000F
00,.B442E
00,.8952E
00,.9597E

01,.7036E
00,.8370E
00,.9157E
00,.9850F
00,.9998E
01,.1000E
00,.6735E
00,.8387E
00,.9602E
00,.9999E
01,.1000F
01,.1000E
00,.7174E
00,.8960F
006,.9988E
01,.1000E
01,.1000E

00,.9976F
01,.1000E
01,.1000E
01,.1000E
00,.5622E
00,.9933E
01,.1000E
01,.1000E
01,.1000E

132

01,.1000F
01,.1000E
00,.7197E
00,.9238E
00,.99948
01,.1000E
01,.1000E
01,.1000E
00, . 8833E

01,.1000E
01..1000E
00,.54978
00,.9997E
01,.1000E
01,.1000E
01,.1000E
01,.1000E
00,.8749E
00,.9141R
00,.9515E
00,.9856¢%
00,.9990E
01,. 1000E
00,.8568E
00,.909SE
00,.9676E

00,.7309F
00, .8500F
00,.9287E
00,.9932E
00,. 10008
01,.1000E
00,.7146F
00, .8555E
00,.9797E
00,. 1000E
01,.1000E
01,.1000E
G0,. 7599F
00,.9340F
00,.9991E
01,.1000E
01,.1000F

00,.9993%
01,.1000E
01,.1000E
01,.1000E
00,.7974E
00,.9997E
01,.1000¢%
01,.1000E
01,.1000E

01,.1000F
01,.1000E
00,.7728E
00,.9401E
00,.9997E
01,.1000E
01,-.10008
01,.4271E
00,.9280F

01,.1000E
01,.1000F
00,.7 144E
00,.1000F
01,.1000E
01,.1000E
01,.1000E
01,.1000F
00,.8850F
00,.9180E
00,.9581E
00,.9882E
00,.9987E
01,.7698E
00,.8673E
00,.9206F
00,.9739E

00,.7513E
00,.8621%
00,.9398F
00,.9969F
01,.1000¥
01,.1000F
00,.7474E
00,.8731E
00,.9902F
01,.1000F
01,.1000F
01,.5120F
00,.8002F
00,.9594F
00,.9998F
01,.1000F
01,.1000E

00,.9995E
01,.1000E
01,.1000E
01,.1000E
00,.9235E
00,.1000E
01,.1000¢E
01,.1000E
01,.1000E

01,.7000E
01,.1000E
00,.8157E
00,.9682E
00, .1000E
01,.170008
01,.71000E
00,.5210E
00,.9574F

01,.1000F
01,.1000E
00,.91058
01, .1000E
01,.1000E
61,.1000E
01,.1000E
01,.1000E
00,.8930F
00,.9261F
00, .9645E
00,.9916F
00,.9993E
00,.7909E
00,.8761E
00,.9295E
00,.9832E

00,.7815E
00,.8716E
00,.9569E
00,.9987F
01,.10008
01,.1000%
00,.77508
00,.9023E
00,.9956F
01,.1000E
01,.1000E
00,.5618E
00,.8267E
00,.9758E
00,.1000E
01,.1000E
01,.1000E

00,.1000E
01,.1000E
01,.1000E
01, .1000E
00,.9758E
01,.1000E
01,.1000E
01,.1000E
01, .1000E

01,
01,
00,
01,
01,
01,
01,
01,
00,
00,
00,
00,
00,
00,
00,
00,
00/

00,
ao,
00,
00,
01,
01,
00,
00,
00,
01,
01,
0o,
00,
00,
01,
01,
01/

01,
01,
o1,

DATA AM/ .9758E 00,.9866F 00,.9929E 00,.9986E 00,.9993E 00,.9999E
- 1000E 01,.1000% 01,.10008 01,.1000E 01,.1000E 01,.1000E

01,

DATA AN/ .9893% 00,.9933% 00,.9959R 00,.9976E 00,.9986E 00,.9988E
.9996FE 00,.9999E 00,.1000E 01,.1000E 01,.1000E 01,.1000E 01,

DATA A0/ .1000E 01,.1000® 01,.36628 00,.8477E 00,.5183E 00,.6357F
.7289E 00,.8025¢ 00,.8590E 00,.9016E 00,.9331E 00,.9555E

00,

QY1
QY1
QY1
QY1
QY1
oY1
Yt
QY1
QY7
OY1
QY1
QY1
QY1
oY1
QY1
0¥ 1
QY1
oY1
QY1
0Yi
QY1
oY1
oY1
DY
QY1
oYi
oY
QY1
QYA
oY1
QY1
QY1
QY1
QY1
QY1
QY1
oY1
QY1
0Y1
QY1
QY7
QY1
QY1
QY1
QY1
oY1
QY1
QY1
0¥ 1
QY1
oY1
QY
QY1
oY1
QY1
QY1
QY1
QY1

1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270
1275
1280
1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345
1350
1355
1360
1365
1370
1375
1380
1385
1390
1395
1400
1405
1410
1415
1420
1425
1430
1435
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> .1000% 01,.1000% 01,.1000E 01,. 10008 01/
DO 30 I=1,3%
DO 20 K=1,7
DO 10 L=1,7

10 REFA {I,K,L) =SEFA (I,K,L)
20 CONTINUE
30 CONTINUE

RETURN

END

oY1
oY1
0Y1
QY1
oY1
011
0Y1
oY1
oY1

14490
1445
1450
1455
1460
1465
1470
1475
1480
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SUBROUTINE Q¥2
COH¥ON /QCOH/ REFA{34,7,20)
DINENSION SEFA{34,7,20)
DIMENSION BQ(98),BC(118),BD{114) ,BE(114),BF (114) ,BG (111} ,BE (111,
> BI(114),BJ(114),BK (114}, BL {114) ,BM {118) ,BN (114),B0 (114),BD (85}

EQUIVALENCE

7,14) ,BD(1)), (SEFA(21,3,15) ,BE{1)), (SFFA(33,6,15) ,BF (1)},
(SEFA(11,3,16),BG(1)), (SEFA¢23,6,16) ,BH (1)), (SEFA{ 1,3,17) ,BI (1)) Q¥2
EFA{ 3,5,18),BL(1)Q¥2

, (SEFA ({13,6,17),BI(1)),(SEFA(25,2,18),BK{1)),
Yo (SEFA(15,2,19) ,BM (1)), (SE¥A(27,5,19),BN (1))

BO{1)), (SEFA(17,5,20),BP (1))

DATA B3/ .7636E 00,.7761E 0O,

-8143%
- 8U448E
.8803E
<9141E
.9436E
-6785E
«I517E
- 72908
~8568E
90758
«9521E
-5956E
.6656E
. T402E
-8348E
-3219E

DATR BC/ .9500E 00,.9662% 00,.9781E 00,.9923% 00,.3404F 00, .3582E
«3726E 00,.3953E (00,.4%145€ 00,.4309E 00,.4453E 00,.4585E 00,

00,

00,.8204F
00,.8509E
00,.8850F
00,-3180F
00,.9501E
00,.6915E
00,.7585E
00,.8061E
00, .8673E
00,.92166%
00,.9597F
00,.6084E
00,.6733F
00,.7575%
00,.8483E
00,.9343¢

00,.8254E
00,.8562F
00,.8930E
00,.9266%
00,.9518%
00,.7105%
00,.7640E
00,.8182E
00,.8761E
00,.9243F
00,.9739%
00,.6267E
00,.6889%
00,.7707E
00, .360UE
00,.9841E

20,
00,
00,
00,
00,
00.
00,
00,
00,
0o,
oo,
00,
20,
00,
20,
00/

-B8298E
.8607E
- 8935E
.9303F
-9581E
- T242%
-76288
.8283E
-.8838%
.9312R
-5360E
«6384E
<7024k
«7824E
.8714¢

<A4706E 00,.4819% 00,.4925E 00,..5167E
.5771E 00,.561108 00,.6817E 00,.6700E
.7871E 00,.8225% 00,.8547E 00,.8820FE
.9648E 00,.9799E 00,.9890% 00,.-S340E
«99989F 00,.1000E 01,.2136% 00,.2346E
.3028E 00,.322%E 00,.3409F 00,.3574E
<4011E 00,.0330F 00,.46228 00,.4896E
-51018 00,.65%27E 00,.69228% 00,.7648E
-9116E 00,.9401¢ 00,.9605E 00,.9840F
-9994EF 00,.9998E 00,.1000% 01,.1000%
.6861E~01,.845608-01,.9887F-01,. 12468
<1217E 00,.2126E 00,.2331% 00,.2535E
-3750% 00,.4250E 00,.4769% 00,.5765E
-8175% 00,.9120E 00,.9625% 00,.9853F
-9995E 00,.1000E 01,.1000% 01%,.1000E
.1000& 01,.1000E 01,.10008 G1%,.1000%

- 1064£~-01,.2151E~-01,.3T05E-01,.5805%
DATA BD/ .1596% 00,.20758 00,.25%73 00,.4086% 00,.5628E 00,.6993E
.8076E 00,.92341% 00,.9216E 00,.9953E 00,.999¢0%8

00,
-100¢E
-1000E
-1000E
. 78608
-8187E
.8555E
-8897F

01,.1000E
01,.1000E
01,.1000F
00,.7963E
00,.8260F
00,.8607F
00,.8939E

01,.1000E
01..1000E
01,.7U39E
00,.80208
00,.8321E
00,-.8654E
00,.8977E

01,.1000¢
01,. 10008
00,.7587E
00,-8071E
00,.8372E
00,.8732%
00,.9043%

(s
P

00,.8306E
00,.85685E
00,.9050F
00,.9352E
00,.9683%
00,.7351E
00,.7813E
00,.8367F
00,.8906%
00,.9391E
00,.5569E
00,.5485E
00,. 71418
00,.8028E
00,.8912E

00,.5369€
00,.6964E
00,.9051%
00,.9984F
00,.2518E
00,.3737E
00,.5157E
00,.8252E
00,.9940E
01,.1000E
90, . 1481E
00,.2738%
00,.6685E
00,.9947%
01,.1000E

SEFR( 5,2,

00,.8372E
00,.8749E%
00,.9092E
00,.9399E
00 ,. 6605E
00,.7440E
00,.7909E
00,.8482E
00,.8952E
00,.9477%
00,.5725E
00,.6535%
00,. 72468
00,.8199E
00,.9076E

60,.5585E
00, . T4u41E
00,.9409E
00,.9993F
00,.2797E
00,.3873E
00,.56u42E
00,.8701E
00,.9978E
01,.1000E
00,.1703E
00, .3263E
00, .7425F
00,.9981E
01,.10008

20),

. 7850F 00,.7979% 00,.8071E 00,

00,
4o,
00,
oo,
00,
0o,
00,
no,
00,
0a,
00,
00,
00,
00,
00,

00,
00,
00,
00,
00,
00,
00,
00,
00,
01,
00,
00,
00,
20,
01,

01,.36878-02,-6718BE-02,

01,.1000F
01,.1000E
00,.7649F
00,.8085%
00,.8W1FE
00,.8796F
00,.9098E

00,.10
01, .1000E
01,.1000%
00,.7801E
00,.8152E
00,.8593F
00,.5850E
00,.9i47E

-01,.8520%-01,.1T190E J0/

00E
01,
a1,
00,
00,
00,
00,
00,

(SEFA{ 1,1,14},B0(1) ), (SEFA(31,3,1% ,BC (1)), (SEFA{ 9,

01,

QY2
QY2
QY2
0Y2
QY2
QY2
QY2

QY2
Q¥2
0¥2
0Y2
Y2
Q¥2
0Y2
QY2
0Y?2
Q%2
QY2
QY2
QY2
QY2
0%2
Q%2
QY2
QY2
QY2
QY2
0Y2
QY2
QY2
QY2
QY2
0¥2
0¥2
0Y2
QY2
0Y2
0Y2
QY2
072
QY2
0¥2
0Y2
012
QY2
QY2
0Y2
Q¥2
QY2
0¥2
QY2
QY2
0Y?
QY2

275
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«91908
-53564%8
. T168E
«7619F
.B133E
-BOUBE
- 9154E
i5273%
-6013F
.6675%8

00,.9229%
00,.6536E
00,.7242E
00,.76988
00,.8255€
00,.8749E
00,.9200E
00,.5486E
00,.61318
00,.6820E

00,.92958
00,.6662%
00,.7307E
00,.7767%E
00,.8356E
00,.8838%
00,.9283E
00,.5604F
00,.6201E
00,.6930E
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00, .9325E
00,.6845E
00,.7364E
00,.7383F
00,.84428
00,.8916%
00,.9448E
006,.5772%
00,.6346FE
00,.7103E

00,.9370E
00,.69778
00,.7416E
00 ,.7979E
00,.8477E
006,.8973E
00,.4937E
00,.5880F
00,.6470F
00,.7 212E

00,.9483E
00,.7082E
00,.75278
00,.8062E
00,.8584E
00,.9051E
00,.5129E
00, .5974E
00, .6578E
00,.7403E

00y

0Y2
QY2
QY2
0Y2
0Y2
QY2
0Y2
QY2
QY2
QY2

DATA BE/ .7566E 00,.7708% 00,.7838E 00,.7957E 00,.8066F 00,.8265E QY2

00, .8438% 00,.8593E 00,.8733E 00,.8889E 00,.90758 00,.9173E 00, QY2
.9332F 00,.96178 00,.26708 00,.28118 00,.2923E 00,.3106E 00, QY2
-3254% 00,.3382F 00,.34968 00,.3599F 00,.3695E 00,.37858 00, 0Y2
-38B69E 00,.8062E 00,.4225% 00,.4399E 00,.4551% 00,.4831FE 00, QY2
.5091F 00,.5333% 00,.5568E 00,.6012% 00,.6437E 00,.68178 00, QY2
.7185% 00,.7525E 00,.7844E 00,.8389E 00,.88378 00,.9185E 00, QY2
.9445% 00,.9632E 00,.9851E 00,.9910F 00,.9970FE 00,.9998E 00, QY2
. 14548 00,.1597E 00,.1714E 00,.1905E 00,.2062E 00,.2200F 00, pyY2
.2324% 00,.2439E 00,.25528 00,.2647E 00,.2784% 00,.2970F 00, QY2
.3181E 00,.3383E 00,.3579E 00,.3958E 00,.4330F 00,.47008 00, QY2
.5069E 00,.57948 00,.6489E 00,.7%32EF 03,.7713E 00,.82208 00, QY2
.8646E 00,.92678 00,.9635E 00,.9831F 00,.9930E 00,.9971E 00, QY2
-999%E 00,.9998E 00,.1000E 01,. 10008 01,.3230E~01,.3984E~01, QY2
-4660E~-01,.5883E~01,.7010E~01,.8089E~01,.9 144E~01,.1019E 00, QY2
-1124% 00,.1229E 00,.1337% 00,. 16158 00,.1313E 00,.22328 00, QY2
-2573F 00,.3320E 00,.4135E 00,.49%82E 00,.5821% 00,.73378 00, QY2
. BY4T9E 00,.9214E 00,.9629E 00,.9836% 00,.9935K 00,.393888 00, 0Y2
-9999% (0,.10008 01,.10008 01,.1000E 01,.1000% 01,.710008 01/ QY2
DATA BF/ .1000F 01,.10008 01,.5537E~-03,.10178-02,. 1627E~-02,.33898-QY2
62, -60808~02,.7002E~01,.1563E~01,.2338E~-01,.3388E-01,.879748~-01, QY2
-6503E~01,. 12858 00,.2219E 00,.3402F 00,.4721% 00,.71588 00, OY2
-8758E 00,.9541E 00,.9853E 00,.9988E 00,.9899F 00,.10008 01, 0Y2
-10008 01,.1000E 01,.10008 01,.1000E 01,.1000% 01,.1000E 01, 0Y2
- 1000E 01,.1000F 01,.1000% 01,.1000F 01,.1000FE 01,.1000E 01, 0Y2
- ¥360E 00,.74848 00,.7567E 00,.7691E 00,.7780F 00,.7850% 00, QY2
~7907E 00,.7956E 00,.79998 00,.8037E 00,.8071E 00,.8143E 00, QY2
~B204% 00,.8254E8 00,.8298% 00,.8372F 00,.8U434F 00,.84868 00, 0Y2
.8531E 00,.86078 00,.8872E 00,.8725%E 00,.87718 00,.8813%8 00, 0Y2
. 88508 00,.8916E 00,.8970F 00,.8018% 00,.%20608 00,.9098% 00, nyY2
~9166E 00,.9194E 00,.9246F 00,.9352E 00,.62158 00,.63868 00, 0Y2
-6506E 00,.6684E 00,.6813E 00,.6916EFE 00,.70008 00,.7034E 00, 0yY2
. 71358 00,.7192E 00,.7242E 00,.7351% 00,.7441%8 00,.75178& 00, QY2
.7584F 00,.7698EF 00,.7792E 00,.78728 00,.79438 00,.80628 00, QY2
~8160E 00,.8244F 00,.8318E 00,.8383% 00,.8842F 00,.85458 00, DY2
-8632E 00,.8709E 00,.87778 00,.8838% 00,.8%44E 00,.8991E 00, QY2
90752 00,.9283F 00,.4667E 00,.4849% 006,.4984F 00,.51858 00, QY2
«5297E 00,.5456% 00,.5558% 00,.5647E 00,.5690F 00,.5795E 00/ 0¥2
DATR BG/ .5862E 00,.5999F 00,.6116E 00,.6219F 00,.6308E 00,.6446F QY2
00, .6597E 00,.6713E 00,.68178 00,.69%9F 00,.715u8 00,.7290E 00G, QY2
- 73152 00,.7529E 00,.77678 00,.7828E 00,.7998E 00,.8153E 00, 0Y2
» 82988 00,.8417E 00,.86518 00,.8752E 00,.8939F 00,.9284E 00, QY2
«22028 00,.2318E 00,.2410F 00,.2561E 00,.2683E 00,.27898 00, QY2
.28837% 00,.2969E 00,.3043E 00,.3122E 00,.3192E 00,.335%38 00, 0y2
-3488E 00,.3634E 00,.3761E 00,.3999F 00,.4222F 00,.44831E8 00, 0v2
. 46378 006,.50338 00,.54228 00,.5783R% 00,.6143F 00,.6489E 00, QY2
.6820EF 00,.74478 00,.7983E 00,.8447E 00,.8833E 00,.9140E 00, QY2
«9563E 00,.9639E 00,.9863E 00,.99848 00,.1055E 00,.11588 00, QY2

280
285
2890
295
300
305
310
315
320
325
330
a3s
340
345
350
355
360

370
375
380
385
390
395
400
405
410
415
420
425
430
435
4ug
445
450
455
460
565
470
475
£80
485
490

500
505
510

520
525
530
535
540
545
550
555
560
565
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< 1243F%
- 1854E
«2626FE
<5145k
<9119k
.9937%

00,

00,.1382E
00,.1925E
00,.2922E
00,.5819%
00,.9520E
00,.1000E

00,.1496E
00,.1296E
00,.3221F
00,.6441K
00,.9756E

136

00,.1597E
00,.2164E
00,.3526%
00,.7043%
00, .9882E

00,.1638F
00,.2323%
00,.3839E
00,.7591E
00,.9577%

00,.1772F
00,.2076E
00,.4484F
00,.8489F
00, .9985E

01,.1705%-01,.2104E~01,.2461E-01,.31118-01,
«3713E-01,.42948-01,.4865E~-01,.5437E-01,.6016%-01,.6608E~-01,
.7216F-01,.8827E-01,.1061E 00,.1258E 00,.147%2% 00,.1992E 00,
-26028 00,.3299F 00,.4053¢ 00,.5647% 00,.7102E 00,.8240E 00/
DATA BH/ .9016E 00,.9489% 00,.9753E 00,.9951E 00,.9987E 00,.9998E Q¥2

-1000E 01,.1000F 01,.10008 01,.1000E 01,.1000E 01,.1000E 01,

.1117€-03,.2060E-03,.3318E~03,. 7035E~03,.1294E-02,.2200E~02,
02,.1255E-01,,1809E-01, .4 159801,

-3561E-02,.5560E-02, .84408~
LT LY A

<94 19E
. 10008
-1000E
< 7294E
<TT1E
«7999E
.83588
-8647E
-8916F
.64 10E
- 6814E
. 73318
.7825%
.8261E

¢1,.1521E
00,.9927E
01,.1000E
01,.1000E
00,.7414%
00,.7T748E
00,.8071g
00,.8410E
00,.8693E
00,.9018E
00,.6506%
00,.6916%
00,.7366F
00,.78878
00,.8318%

00,-2U50E
00,.9988%
01,.1000E
01,.1000E
00,.7500E
00,-7780F
00,.8130FE
00,.8455E
00,.8734E
00,.5851%
00,.6586E
00,.7000E
00,.7472%
00,.7943E
00,.8#19E

00, .4827F
00,.9999E
01,.1000F
0i,.1000E
00,.75578
00,.7850E
00,.8180E
00, .8495E
00,.8771E
00,.6005%
00,.6654F
00,.7034%
30, . TS8UE
00,.8040F
00,.8454E

00,.7077E
00,.1000E
01,.1000%
01,.7105E
00,.7623E
00,.7907E
00,.822uE
00,.8531E
00,.8835%
00,.6130E
00,.6713F
00,.71358
00,.7677F
00,.8079E
00,.8544%

00,.8603E
01,.1000%
01,.1000E
00,.72218
00,.7681E
00,.7956E
00,.8298E
00,.959UE
00,.9854E
00,.6289E
00,.6766E
00,.7202E
00, .7 T14E
00,.8195E
00,.8709E

00,
01,
01,
00,
00,
o0,
00,
00,
00,
00,
00,
00,
00,
00,
00/

QY2
0¥2
QY2
QY2
0Y2
QY2
QY2
QY2
QY2

QY2
QY2
QY2
0Y2
QY2
QY2
QY2
0Y2
QY2
0¥2
0Y2
QY2
QY2
0Y2
QY2
QY2
QY2
0Y2

DATA Bi/ .38788 00,.4029%% 00,.4142F 00,.43098 00,.U4402F 00,.453UE QY2

00,
.5083F
.5667E
~6470E
.7285%
. 1226%
. 15528
- 1922%
- 28718
- 4803E
-8399%

o1,

00,.5168E
00,.5820E
00,.6528E
00,.7386F
00,.1303E
00,.1590E
00,.2009E
00,.3104E
00,.5431E
00,.9423%

00,.5213% §0,.5357& 00,.5U84F
00,.5950% 00,.6055E 00,.6171E
00,.6678E 00,.6817¢ 00,.6945%
00,.7579E 00,.7982E 00,.1120F
00,.1365£ 00,.1319E 00,.14567E
00,.1626% 00,.1709% 00,.1779E
00,.2170% 00,.2286E 00,.2402F
00,.3389¢ 00,.3598E 00,.3851E
00,.5949% 00,.5488E 00,.7339E
00,.2555%-01,.28078-01,.3013E-01,.3351E-01,
.3631E-01,.3879E~01,.4106F-01,.4313E~01,.4521E-01,.4 700E~01,
.48858-01,.53258~01,.5754E-01,.6182E-01,.6617E-01,.7524E~01,
.8513€-01,.9603E~01,.1082F 00,.1365E 00,.1712%
.2608E 00,.3156E 00,.3761F 00,.5068E 00,.6 372F
.8426% 00,.9065E 00,.9727E 00,.59851% 00,.9968%
.1007E~02,.1244E~02,. 1457E-02,. 1849E~02,.2219E
.2953E-02,.3335E~02,.37335-02,. 4154E~02, . 46 04E-02,.5880E~02/
DATA BJ/ .7439E-02,.93728-02,.1178E~01,.1852E-01,.2885E~01,.4429E-QY2

00,.5590E
00,.6268E
00,.70608
00,.117%E
00,-1511E
00,-1855E
00,.26338
00,.4379%
00,.7732F

00,.2131E
00,.7521E
00,.1000E
~02,.2584E

<461%E 00,.4692F 00,.4728E 00,.4816E 00,.4871E 00,.29285E 00,

00,
00,
00,
00,
00,
00,
00,
00,
co,

00,
oo,
01,
=92,

-8197E Q0,.9452E 00,.9864E 00,.9972E 00,.9996E 0C,.9939% 00,
.1000E 01,.1000E 01,.1000% 01,.1000E 01,.9405E-07,.1762E~06,
.29008-06,.65418~06,.1310E-05,, 2483E~05,.1578E~05,.8309r-05,
. 14942-04, .26 T7E-04,. 4 723E-04,.1902E-03,.7132E~-03,.20424F

.7350E~02,.4533E~-01,.1642%

.9854%
- 10008
< 100GE
.72198

00,.9983E
01,.1000E
01,.1000E
00,.7283%

00,.9999F
01,.1000E
01,.6847E
00,.7337E

00,.3761E 00,.5127E 00,.9074E

00,.1000F
01,.1000E
00,.6959%
00,.7359%

01,.1000E
01,.7000F
00,.7021F
00,.7422E

01,.10008
01,.1000E
00,.7136E
00,.TuS8E

-N2.
0o,
nt,
01,
00,
00,

QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
0Y2

.6657¢~01,. 1385F 00,.2527¢F 00,.4C15E 00,.5617E 00,.7065E 00, QY2

Qi2
QY2
0Y2
QY2
QY2
0Y2
QY2
QY2
QY2

570
575
580
585
590
595
600
605
610
615
620
625
€630
635
€40
645
650
655
660
665
670
675
680
685
630
695
700
705
710
715
720
725
730
735
740
jus
750
755
760
765
770
775
780
785
790
795
800
805
810

820
825
830
835
840
845
850
855
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- 7488BE
.7824%
.8138%8
-8407E
.5533E
.6213E
-66058
- TOU9E

00, .7556E
00,.7874E
00,.8177E
00, .84842E
00,.5684E
00,.6278E
00,.65673E
00,.71558

00,.7611E
80,.7915E
00,.8211F
00,-.8504F
00,.5795%
00,.6334E
00,.6732E
00,.72428

137

00,.7659%
00,.7986F
00,.8271E
00, .8531E
00,.5933F
00,.6384E
00,.6832E
00,.7317E

00,.7698F
00,.80U5E
00,.8324E
00,.8580E
00,.60488E
00,.6429E
00,.6915%
00,.7382E

00,.7769E
00, .8096E
00,.8367E
00,.86808
00,.6138E
00,.6525E
00, .6987E
00, .7440E

00/

0Y2
0Y?2
QY2
QY2
QY2
QY2
QY2
QY2

DATA BK/ .7493E 00,.7585E 00,.76638 00,.77318 00,.7792E 00,.7847E Q¥2
00, -7943E 00,.7985EF 00,.80628 00,.8217E 00,.29798 00,.3095E 00, QY2
00,. 348828 00,.3543E 00,.36048 00,
00,.3829E 00,.3904E 00,.396%E 00,
00,.4287F 00,.4353E 00,.44718 00,
00,. 48198 00,.4975% 00,.50228 00,
00,.5448E 00,.5634F 00,.57198 00,
00,.4172E-01,.43918-01,.45678-01,.4852E-01,
.50858~01,.5286E~01,.5465E-01,.56298~01,.57818-01,.5923E-01,
.6058E~01,.6369E~01,.6636E~-01,.6923E-01,.7177E-01,.7661E-01,
.81278~01,.8579E-01,.9037E~-01,.9965E-01,.109%% 00,.11938 00,
.1299E 00,. 14108 00,.15278 00,.1783E 00,.2057F 00,.23568 00,
.26758 00,.3011E 00,.3722% 00,.40%1E 00,.4835E 00,.65928 00,
~»1276E~02,.1402E~02,.1506E-02,. 1676E-02,.1818E~02,.1946E-02,
- 20628-02,.2172E-02,.22838-02,.2380E~02,.2482E~-02,.2732E-02,
.29878~02,.32538-02,.3539E-02, . 4178E~-02,.4948E~-02, .5884E~-02,
.7036E-02,.1020E~01,.1500E~-01,.2226E~01,.3285E~-01, .48408E~01,
.69864E~01,.1372E 00,.2418% 00,.3787E 00,.5296E 00,.67138 00,
~87168 00,.9266E 00,.9798% 00,.99958 00,.2537E~05,.313%E~05/
DATA BL/ .3686E~05,.4710E-05,.5708E~035,.6729E-05,.7808E~05,.8974E~-0Y2

-.31814%8
- 36318
.40278
- 45728
LS5141E
- 5B8UE

05,

00,.3310E
00,.3699E
00,.4115E
00,.4661E
00,.5251E
00, .6248E

00,.3381E
00,.37418
00,.42128
00,.4743E
00,.5355E

«5018E-04,. 1039E-03,.2224F-03,.4847E-03,.1058E-02, . 4772E~-02,
- 18478-01,.5763E~-01,.1418E Q0,.2781E 00,.4481E 00,.75768 00,
.%219% 00,.9801E 00,.9957E 00,.9991% 00,.10008 01,.10008E 01,
-1000E 01,. 10008 01,.29508-13,.5676E~13,.97038~-13,.28378~12,
~5664F-12,.1298E-11,.30058~-11,.7108E~11,.17258~10,-.43058~10,
-~ 1090FE-039,.1209E~08,. 1404E~07,. 1584%~06,.1625E-05,.10328~013,
-« 2736E-02,.2892E-01,. 13718

- 9978E
10008
-B68SE
- 71208
.7386E
- T681E
- 7968E
- 82528
-5608E
-5151E

00,.9998E
0%,.1000F
00,.6754E
00,.7141E
00,.7H32E
00,.7750E
00,.8027E
00,.8279E
00,~5762E
00,.6200E

00,.1000E
01,.1000%
00,.6814E
00,.7203E
00,.7470F
00,.7807E
00,.8078E
00,.8327E
09,.5873E
00,.6243E

00,.6007E8
01,. 10008
01,. 10008
00, 69258
00,.72382
00,.7539E
00,.7857E
00,.8119E
00,.8423E8
00,.5961%
00,.6336%

00,.9042E
01,.1000EF
01,.7000E
060,.7006%
00,.72678
00,.7593E
00,.7897E
00,.8158E
00,.5379%
00,.6034%
00¢.6414E

00,.9849F
01, .1000E
01,.1000F
00, .7068E
00,.7333E
00, . 7641
00,.7935E
00,.8193E
00,.5525E
00,.56096E
00,.6U4808

00,
01,
01,
4o,
00,
00,
0o,
60,
00,
00,
00/

QY2
QY2
QY2
0Y?2
DY2
0Y2
0Y2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
QY2
0Y2
QY2

. 1025E~04,. 11688~04,.13288~04, . 182BE~04,. 2532E-06,.3544R-04, QY2

QY2
QY2
QY2
0%2
QY2
QY2
0Y2
QY2
0Y2
QY2
0Y2
QY2
gY2
oY2
0¥2
QY2
0Y2

DATA BH/ .6538F 00,.66358E 00,.6716E 00,.86734E 00,.6845F D0,.6987E QY2

60,
~THEIE
- 7828E
- 2875E
-3182E
- 3582%
.4035E
- 45598

00;.7507E
00,.7979E
00,.2962E
00,.3256E
00,.3646F
00,.41008
00, . 4640E

06,.7566E
00,.2533E
00,.3017x
00,.33208
006,.3702%
00,.4233E
00,.4801R%

00,.7620E
00,.2632E
00,. 30658
00,.3376E
00,.3803E
00,.8273E
00,.4876%

00,.7713E
00,.27058
00,.3088E
00,.34248
00,.3888E
00,.4375E
00,.5021E

00,.7754E
00,.2814E
00,.3186E
00,.34899%
006, .3965E
00, .4%70E
00,.5365E

. 70328 00,.7105E 00,.7169% 00,.7225E 00,.7276F 00,.7365E

00,
00,
00,
00,
00,
00,
00,

0 22528-01,.23708-01,.24658~01,.2619E-01,.27458-01,.2854%-01,
-2950E-01,.3039E~01,.3121E-01,. 3198E~01,.32718-01,.3439E-01,
«35848~01,.37398-01,.3878E~01,.47141E~01,.43958-01, . 4643E~01,

00,

QY2
QY2
QY2
QY2
QY2
0Y2
0Y2
QY2
0Y2
0Y2
QY2

860
865
870
875
380
885
890
995
900
905
910
915
920
925
930
935
940
945
950
255
360
965
970
975
980
385
990
985
1000
1005
1010
1015
1020
1025
1030
1035
1040
1045
1050
1055
1060
1065
1070
1075
1080
1085
1690
1095
1100
1105
1116
1115
1120
1125
1130
1135
1140
1145
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~-48958-01,.54078~01,.5950E~¢1,.65G3E~-01,.71048E~01,.7740E-~01,
.8814E-01,.9908E~-01,. 11558 00,.1338E 00,.1539% 00,.1866E 00,
. 22398 00,.2502% 00,.3064E 00,.4595E 00,.11528~-03,.1266E-03,
.13608-03,.1515%-03,.16455-03,.1762E~-03,.1870£-03,.1973E~03,
«20778~-03,.21708-03,.22688-023,.25%13E-03,.2771E~03,.3047E-03,
«3352¥-03,.4064%~-03,.49708-03,.6136E-03,.76556~03,.1225E~02,
«2013E-02,.3404E-02,.57628-02,.9766E~02,.1636¢-01,.4290E~01/
DATA BN/ .9892E-31,.19Y578 00,.3315E G0,.4878F 00,.75418 00,.85578 QY2

00,

-9550F 00,.9986F 00,.2082E~-C7,.2579%-07,.30348~-07,.3895E-07,

<H752E-07,.5651E-07,.66278~-07,.7711E~07,.8938%-07,.1035E-06,
«1198E~06,.1739£-06,.2568E-06,.3873E~06,.5966%~06, . 1504E~05,
<40nu4L-05,.1136E-04,.32528~04,.2618F~03,.1804E-02,.9618E-02,
«3775¢-01,.1086E8 00,.2360% 00,.5815E 00,.8398E 00,.9532E 00,
.9887E 00,.9971E 00,.9999% 00,.1000% 01,.10008 01i,.1000E 01,
~1773£-18,.3477E-18,.6103E~-18,.1653¢8~-17,.4267E-17,.1117E- 15,
.3040E-16,.8567T4E~16,.2603E-15,.8231E~15,.2698E~14,.6198E~-13,
-1639%~11,.4478E-10,.1145E-08, . 4383%

.2790%-01,.3603E
.9999E¢ 00,.1000E
.1000€ 01,.1000E
.6104E 00,.6204E
.6453E 00,.6484F
.6692% 00,.5754F
.6994E 00,.7038F
.7236F 00,.7274E
.TU60E 00,.75H6F

00,.7961E
01,.1000E
01,.1000E
00,.6275E
00,.6510F
00,.6802F
00,.7074%
00,.7308%
00,.4818%

00,.9608E
01, .1000E
01,. 10008
00,.63328
00, .6569E
00,.6845E
00,.7108F
00,.7339E
00,.4950F

~06,.5783E-04,.2281E-02,

00,.9944E
01,.1000E
01,.5953E
00,.6379E
00,.6617E
00,.6881E
00,.7138F
00,.7393F
00,.5024E

00,.9992E
01,-1000E
00,.5050F
00, .5398E
00,.5558%
00,.5%943%E
00,.7190E
00,.7417E
00,.5161F

00,
01,
00,
00,
00,
00,
00,
00,
00/

0Y2
QY2
0Y2
0Y2
0¥2
QY2
QY2

QY2
0Y2
QY2
QY2
0Y2
0Y?2
QY2
QY2
QY2
QY2
Q¥2
Q%2
QY2
QYZ?
QY2
QY2
Q12
QY2

DATA BO/ .5267%E 00,.53408 00,.54058 00,.5461% 00,.5510F 00,.5554E QY2

00,
-6017E
<5U22E
-6778%
- 1665%
. 1933%
«2182E
< 2434F
.2784F
.3168%

00,.6078E
00,.6472¢8
00,.6826%
00,.1730F8
00,.2015E
00,.2219%
00,.2500E
00,.2811%
40,.3216%

05,

00,.6132%
00,.6518%F
00,.6909F
00,.1778E
00,.2030E
00,.2251%
00,.2556E
00,.2879E
00,.3315¢

00, 6224E
00,.5598¢E
00,.696E
00,.1850E
00,.2058E
00,.2300E
00,.2607E
00,.2942F
00,.3541E

00,.6300F
00,.6666F
00,.7013E
00,.1890E
00,.2092E
00,.2355E
00,.2653E
00,.3003E

00,.6365E
00,.6725E
00,.7148%
00,.19478
00,.2140E
00,.2397E
00,.2696E
00,.3058E

.5593% 00,.56756E 00,.5746% 00,.5805E 00,.5857€ 00,.5%44E 00,

00,
00,
00,
00,
00,
00,
00,
00,

00,.4#05E-02, 4679E-02,
L4866E-02,.51708~02,.5418E~02,.5633E-02,.5820E~02, .59998-02,
.6162E-02,.6314€-02,.6458E-02,.6792E~02,.7078E~02,.7388E-02,
.76638-02,.81898-02,.86932-02,.9191E~02,.97008-02,.1077E~01,
.1186%-01,.1301E~01,.1427E~01,. 1562E~01,.1708%~01,.2036E-01,
.2409E~01,.2837E~01,.3326E-01,.38738~01,.5173£-01,.5932E-01,
.7684E-01,.1353E 00,.3120E-07,.34308~07,.3686E-07,.41128-07,
.84778-07, .48115-07,.5126E-07,.5433E~07,.5752E-07, .6 046E~07,
.6362E~07,.7194E-07,.8128E~07,.92038-07,.10468-06,.1374E~06/
DATA BP/ .1849E~06,.2553E-06,.36165-06,.7781E-06,. 181505, .8514E-Q¥2

L4554%-01,.1173E 00,.3945E 00,.5580F 00,.8127% 00,.35108 00,
.15558~14,.19335-14,.2286F~14, . 2977E-14,.3706%- 14, 45228~ 14,
5073514, . 6609E-14,.7995E~ 11, . 971 1E-14,.1186E~13,,20188~13,
.36078~13,.6798E-13,.1349E~12, . 6143E=12,.,3299%-11,.20138~10,
.1339£-09,.6559E-08,.2887£-06,.9102E~05,.1779E-03,.2027&-02,
.13548-01,.1542E 00,.4907% 00,.78384E 00,.9324E 00,.9820% 00,
.9988% 00,.9998E 00,.10008 0i,.1000E 01,.2217E~33,.2222E-33,
.2231E~33,.2266E-33,.23698-33,. 27388-33,.4361E-33,.1266E~-32,
.6106E-32,.3799E-31,.2636E~30,.5640E~28,.18568-25,.7880E-21,
.35738-20,.45268-15,., 13058~ 10, . #985E~07,.2293%-04, . 2535E-01,
.3578% 00,.7910% 00,.9570E 00,.9932E 00,.9338% 00,.10008 01,

QY2
QY2
0Y2
QY2
QY2
0Y2
0Y2
0Y2
QY2
QY2
0Y2
0Y2
QY2
Q¥2
QY2
QY2
QY2
QY2

.11658-04,.3083E-0%,.8184%~04,.5435E~03,.3051E-02,.1348E~-01, QY2

012
QY2
0Y2
0Y2
QY2
QY2
QY2
QY2
QY2
QY2
QY2

1150
1155
1160
1165
1170
1175
1180
1185
1190
1135
1200
1205
i210
i215
1220
1225
1230
1235
1240
124%
1250
1255
1260
1265
1270
1275
1280
1285
1230
1295
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345
1350
1355
1360
1365
1370
1375
1380
1385
1390
1395
1meo
1405
1410
1415
1420
1425
1430
1435



10
20
30

139

> .1000F 01,.10008 01,.1000% 01,.1000% 01,.1000F Q1,.1000F 01,
> .1000F 01,.10008 01/
DO 30 I=1,34
DO 20 K=1,7
DO 10 L=14,20
REFA{I,K,L} =SEFA {I,K,L)
CONTINUE
CONTINUE
RETIRY
BND

QY2

1440
16445

> 1450

1455
14860
1465
1470
1475
14890
1435



>

STBROGTINE QY3
COMMON /QCOM/ REFA(36,7,20)
DINENSION SEFA(34,7,20)

DINENSION CA(44) ,AP{114),A0(114) ,AR(T14) ,AS{114) , AT (114) ,AT (114}, OY3
> AV(118) AW {114) ,AX {114}, AY (114) ,AZ {114) ,BA (114) ,BE(16)

EQUIVALENCE (SEFA( 1,1,

5:

8) ,Ca (1))
8) ,AQ (1)), (SEFA( 1,2,

140

(SE

FA (11,2,

QY3
QY3
QY3

QY3

. 8) ,AP (1)), (SEFA (23,073
9) ,AR(1)), (SEFA{13,5, 9},As(1)),

QY3

> (SEFA(25,1,10),AT(1)), (SEFA( 3,5,10) ,A0(1)), (SEFA{15,1,11) ,AV{1))0¥3
> , (SEFA(27,1,11) , AW (1)), (SEFA( 5,1,12),AX (1)), (SEFA (17,4%,12) ,AT{1) QY3
> ), (SEFA(29,7,12) ,A% (1)), (SEFA{ 7,4,13),BA(1)), (SEFA(19,7,13),

>

VvVVVYVVYV

VVVVVVVVVVVVVVVVYVYV

VVVVVVVVVVYVVVYVYVVYV

BB(1))

DATA CA/ .8298E 00,.8434E 00,

.8850E
.9180E
.2556%
-9863E
.9990E
L TT92E
.8632E

DATA AP/ .BY38FE 00,.89Y52E 00,.9075E 00,.9166% 00,.9243E 00,.9391E
-9477% 00,.9561% 00,.96312 00,.973YE 00,.9816E 00,.9871E

00,
<9911E
-9997E
-88718
.8178E
. 9963E
-9737%
9987k
- 1000E
. 6450E
.80563%
-9373E
-9991E
. 1000E
- 1000E
~OTUGE
-8553%
. 99558

DATA AQ/ -1000E 01,.7000% 01,.10008 01,.1000EF 01,.1000F 01,.1000E
1060 G1%,-.10008 01,.10008 01,.10008 01,.1000E 01,.1000E 01,

01,
. 32295E
- T931E
.9899k
-1000E
-1000%
.1000%
< Bus1E
.9973E
.1000E
. 1000E
-1000E
-10008
.8680E
.9004E
-S5408E
«9752E

00,.8916E
00,.9246F
00,.9617F
00,.9882E
00,.9991E
00,.7943%
00,.8709F

00,.9940F
00,.9999F
00,.7139%
00,.8306%
00,.9120F
00,.9853F
00,.9997F
01,.10008
00,.6846%
00..8232F
00,.9631F
00,.9998¢
01,.1000F
01,.1000%
00,.7160E
00,.8987F
00,.9983%

00,.3959%
00,.8420F
00,.9965E
01,.1000E
01,.1000E
01,.1000E
00, .5825E
00,.9991E
01,.1000%
01,.1000E
01, 1000R
01,.1000F
00, .8758F
00,.9060F
00,.9461F
00,.9789E

00,.8970E
00,.9303E
00,.9683%
00,.9928E
00,.9994E
00,.8160F
00,.8777E

00,.9959E
00,.1000%
00,.7338E
00,.8418E
00,.9213E
00,.9922E
00,.1000E
01,.1000E
00,.7163E
00,.8386E
00,.9790E
00,.1000E
01,.1000E
01,.4799E
00,.7515E
00,.9304E
00,.5992E

00,.4595E
00,.8820E
00,.9987E
01,.1000%
01,.1000€
01,.1000R
00,.8401E
00,.99%1E
01,.1000E
01,.1000E
01,.1000E
01,.8211E
00,.8792%
00,.2151E
00,.2510E
00,.9820E

.9018E
- 93528
- 97448
99548
.9998E
.B8318E

00,
00,
00,
09,
00,
00,
00/

00, .9932E
01,.1000E
00,.7634E
00,.8518F
00,.9401E
00,.9959%
01,.1000E
01, .1000E
00,.7432E
00,.8717E
00,.9886F
01,.1000E
01,.1000F
00,.5268E
00,.7825E
00,.9532E
00,.9999F

00,.5630E
00,.91298
00, .9996E
01,.1000%
01,.1000¢
01,.1000E
00,.9331%
00,.1000F
01,.1000E
01,.1000E
01,.1000F
00,.8317E
00,.8876%
00,.9207E
00, .9590E
00,.9868T

00,.2060E
00,.9436E
00,.9792E
00,.9972E
00,.1000E
00,.8442E

00,.9993E
01,.1000E
00,.7853F
00,.8616E
00,.9542E
00,.9979F
01,.1000E
01,.5895E
00,.7667F
00,.8986E
00,.9940E
01,.1000E
01,.1000E
00,.5647F
00,.8098F
00,.9692E

00,.1000F

00,.6573E
00,.93708
00,.1000E
01,-1000E
01,.1000E
01,.1865E
00,.9706E
01,.1000E
01,.1000E
01,.1000%
01,.1000E
00,.80643E
00,.8924F
00,.9256E
00,.9655E
00,.9906E

00,.9098E
00,.9501E
00,.9831E
00,.9983F
01,.7585E
00,.8545E

00,.9992E
01,.1000E
00,.8030F
00,-8804E
00,.9652E
00,.9990F
01,.-1000E
00,.6204F
00,.7875E
00,.9202%
00,.9985E
01,.1000F
01,.1000E
00,.6257F
00, .8339F
00,.9876E
01,.1000E

00,.7318E
00,.9737E
01,.1000F
01,.1000E
01,.1000€
00,.3136E
00,.9914E
01,.1000E
01,.1000€
01,.1000E
01,.1000F
00, .8551E
00, .8966E
60,.9337E
00,.9708E
00,.9933E

-8531¢ 00,.867%2E (60,.8771€ 00,

00,
00,
0o,
00,
0o,
00,

00,

01/

0o,
oo,
01,
01,
01,
00,
0o,
01,
o1,
01,
01,
00,
0o,
00,
00,
00,

00,

0Y3
0Y3
0Y3
QY3
073
QY3
0Y3
QY3
0Y3
QY3
0Y3
QY3
0Y3
0Y3
0Y3
0Y3
0Y3
0Y3
QY3
0Y3
0Y3
0Y3
QY3
0Y3
QY3
0Y3
0Y3
QY3
073
0¥3
0¥3
0¥3
Q¥3
QY3
0¥3
013
0Y3
QY3
QY3
0Y3
QY3
0¥3
QY3
QY3
0¥3
QY3
0Y3
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> <9953F 00,.9967F 00,.9984% 00,.99906E 00,.9989FE 00,.9999E 00/

MY VYNV YV Y VY Y Y VVVVYVVVVVVVYYVYYVY

VYN VYV VYV VY VYV VVY Y YV

DATA AR/ .7453F 00,.7657E 00,.7805E 00,.80719E 00,.8174E 00,.8296E
.83978 00,.8483F 00,.8559E 00,.8626E 00,.8687E 00,.8815E 00,

00,
-8921F
- 9491E
-9900F
- 29988
- 7136F
-8189%
-8984¢%
- 98198
«9993F
« 160G0E
«5795E
- 19908
- 9581F
-« 99958
- 1000E
- 44378
-5985E

DATA RS/ .8B68FE 00,.9155E 00,.93798 00,.9678EF 00,.9843F 00,.9928E
-9969E 00,.9992F 00,.9998% 00,.1000E 01,.1000E G3%,.10008 Of,

00,
- 10 00E
- 1000E
-3962E
«8061E
-~ 9928%
- 10008
- S000E
- 10008
- TI45F
- 9973E
-1000F
. 10008
- 1000E
-8143F
.8749%
~3048E
-9436%

DATA AT,/ .9757E 00,.9813F 00,.9856E 00,.%9882% 00,.9916F 00,.9936E
- 3964E 00,.9973F 00,.9986E 00,.9993E 00,.7351E 00,.75528 00,

ao,
- 7698F
< 84425
- 8952RF
.9597%
99338
- 9998%
- 7468E
- 81958
«9159%
- 58598
.9996F
+5346%
-6972%
- 8288E
-96908
-99978
- 1000F

00,.9012E
00,.9611E
00,.9945E
00,.9999E
00,.7423E
00,.8288%E
00,.9180F
00,.9887E
00,.9998E
01,.10008
00,.7054E
06,.8327E
00,.9732E
00,.9999E
01,.1000E
00,.4870E
00,.7290E

01,.17000E
01,.1000E
00,.4925F
00,.B8442F
00,.9986R
01,.1000E
01,.1000E
C1,.1000E
00,.8407F
00, .9932E
01,.1000F
01,.3000E
01,.1000E
00,.8276E
40,.88038
00,.91318
00,.9515E

00,.7909E
00,.84606F
00,.9099E
00,.9676E
00,.9959E
00, .1000E
00,.7637E
00,.8385E
00,.9294E
00,.9907E
00,.9999%
00,.5625E
00,.71698
00,.8563E
00,.9862E
00,.1000E
01,.1000E

006,.30908
00,.9701E
00,.9970E
006,-3000E
00,.7637E
00,.8377%
00,.9338E
00,.9932E
00,.10008
01,.5590%8
00,.7281E
00,.8609E
00,.9834E
00,.1000E
01,,.1000F
00,.5222E
00,.7562E8

01,.1000E
01,.1000%
00,.5748E
00,.8761E
00,.9993F
01,.1000E
01,.1000E
01,.1291%
00,.91878
00,. 10008
01,.1000%
01,.1000%
01,.1000F
00,.8372E
00,.8850E
00,.9180E
00,.9581E

00,.8062F
00,.8568E
00,.9206E
00,.9739E
00,.9976E
01,.6533E
00,.7778E
00,.8543E
00,.9406E
00,.9939E
00,.1000E
00,.5850E
00,.7348E
00,.8749E
00,.9944E
01,.1000E
01,.1000E

00,.9200F
00,.9772E
00,.9985¢
0%,. 1000E
00,. 78098
00,.8578%
00,.94638
00,.9958E
01,.1000%
00,.58808
00,.T483E
00,.8847E
00,.991%
01,. 10008
01,. 10008
00,.5791%
00,.7854E

01,. 1000E
01,. 10008
00,.6450F
00,.9333F
00,.9999E
01,.1000E
81,. 1000E
00,.2223E
00,.9617E
01,. 1000E
01,. 30008
01,.10008
01,. 10008
00,.8509E
00,.8892E
00,.9261E
00, . 9645E

G60,.8182E
00,.8695E
00,.9295E
00,.9785%
0G,.9986F
00,.6787E
00,.79018
00,.8680F
00,.9579E%
00,.99738
01,. 10008
00, .6211E
00,.7512E
060,.9096E
00,.9977E
01,.1000E
01,.1000E

00,.9326E
00,.9826E
00,.9992E
01,.6681%8
00,.7954E
00,.8731E
00,.2565E
00,.9976E
01,.1000E
00,.56115F
00,.76067E
00,.3049E
00,.9980E
0%1,.10008
01,.10008
00,.6252E
00,.8029E

01,.1000E
01,.2771E
00,.7076R
00,.9663E
00,-1600R
01,.1000E
01,-.10008
00,.3261E
00,.98338
01,.1000E8
0%1,.1000E
81,.10008
01,.1000F
006,.8607E
00,.8930E
00,.9328%
00,.9683E

00,.8283E
00,.8800E
00,.9391E
00,.9832E
00,.9988E
00,.6977E
00,.8009E
00,.8799E
00,.9704E
00,.9990E
01,.1000E
00,.65038
00,.7664E
00,.9355%
00,.9992E
01,.1000E
01,.4159E

00,.94148
00,.9868E
00,.9990E
00, .69428
00,.8080E
00, .B8866E
00,.9717E
00,.9992E
01,.1000E
00,.6492EF
00,.7346E
00,.93572
00,.9992E
01,.1000E
01,-.%Y000E
00,.6628%
00,.8498E

01,.1000E
00, .34058
00,.7608%
00,.9840F
01,.10008
01,.10008
01,.10008
00,.53708
00,.99328
01,.1000E
61,.1000E
01,.10008
01, . 1000F
00, .8685E
00,.3009E8
00, .9380E
00,.9722E

00,.83678
00,.8890EF
00,.9500E
00,.9893E
00,.9993E
00,.7258E
00, .8107E
00,.8998E
00,.9795E
00, .9989E
01,.1000F
00,.6752E
00,.7979E
00,.9549E
00,.9992E
01,.1000E
D0, .4567E

00,
a9,
00,
00,
00,
00,
00,
00,
01,
6o,
60,
00,
00,
01,
0%y
00,
00/

01,
00,

00/

00,
00,
00,
00,
00,
00,
00,
00,
090,
00,
01,
0o,
00,
00,
00,
at,
00/

0v3
QY3
QY3
JY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
0Y3
0Y3
0Y3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
0Y3
QY3

0Y3
QY3
QY3
QY3
0Y3
QY3
ov3
0Y3
QY3
DY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
013
QY3
QY3
QY3
QY3
cY3
QY3
QY3
QY3

280

290
235
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
4G9
405
410
415
420
425
430
435
buo
445
450
45%
460
k&5
470
475
480
485
4990
495
500
5065
510
515
520
525
530
535
540
545
550
558
560
565



VVVVVVVVVVYVYVVYVVYVVYV VVVVVVVVVVVVVVVVYVYV
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DATA AU/ .4898F 00,.5434F

g0,
- 9Qu8E
-9992%
-1000%
«1000E
-5127E
«83147E
. 9985E
-1000E
.1000E

«9490E-

- 8402E
<9393E
«1000E
- 1000E
- 1000E
-8298E
.B771%

DATA AV/ .9098% (0,.9180F 00,.9246% 00,.9303% G0,.9352E 00,.9436E

00,.9431%
00,.9997E
61,.1G00E
61,.1000€
60,.5T94E
00,.8848E
00,.95508
01,.1000F
01,.1000€

-01,. 1655R

00,.9094g
00,.2999F
01,. 10008
01,.1G00E
31, 1000E
00,.8435%
00,.8781%

00,.96738
00,.9999E
0,.1000E
31,.2048F
00,.6387E
6G,.9315E
010,.9998E
0i,.1000E
0i,.10008
00,.2072E
6G,.9514E
G0,.1000F
G3,.1000%
G%,.10008
01,.1000%
G0,.8531E
006,.8850F
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G0,. 2820%
00,.1000F
01, 106007
00,.3011%
00,.6915%
00,.9610F
00,.1000E
01,.1000E
01,.1000%
00,.4257%
00,.9753E
01,.1000F
01,.1C0CE
01,.1GGGE
01,.1068¢E
00,.8607E
00,.893CE

00,.9905E
01,.10008
01,.1000%
00,.3507E
00,.7383F
00,.9788E
01,.1000F
01,.1000E
01,.1000%
00,.5953F
00,.9881E
01,.1000E
01,.1000E
01,.1000E
01,.8071E
00,.8672E
00,.89958

00,.9977E
01,.1000E
01,.1000E
00, .#37THE
00,.7795E
00,.9941E
01,.1000E
01,.1000E
01,.1000E
00,.7377E
00,.9984E
01,.1000FE
01,.1000E
01,.1000k
00,.8200U%
00,.8725E
00,-9050%

00,
01,
01,
00,
00,
00,
01,
01,
01,
00,
00,

00/

00,

00, .9561% U0,.9556% 00,.96%V7E 00,.9647% 00,.9683% 00,.9704% 00,

< 97928
9% 64E
«T343E
« BUU2E
<9075k
.9631E
- 9340E
-6376E
«7592E
-8343E
«9216E
«9862E
-9958E
«5587E
.7002%
.B398E
-9858E

DATA A¥W/ .1000E 01,.1000F 01,.10008 01,.7000F 01,.1000E 01,.1000F
«1000E 01,.71000E $1,.3873E 00,.4252E 00,.U561E 00,.5062E

01,
<SUTIE
<T120E
«9398E
-9993E
-1600E
- 2134%
.5664%
-8777E
«999%4E
-10CCR
-1000E
- 1791E
.8851E
-9998E
- 1000F
+1000E
-1000E

00,.9831%
00,-9990F
00,.8062F
00,.8568E
00,.2166F
00,.9689E
00,.9959E
00,.6624%
00,.7712E
00,.8177E
00,.9%408E
00,.9920E
00,.9999%
00,.59211E
00,.T162E
00,.8768E
00,.9922E

00,.5823E
00,. 7596F
00,.9618E
9G,.9998E
01,.1000%
00,.2627E
00,.5167E
00,.9196E
00,.9995%
G1,.10008
01,.10008
00,.3204E
00,.9300F
00,.1000F
01,.1000%

00,.9853E
06,.72628
6G,.81608
00, 86738
G0,.922438
GG,.97398
30,.99828
0C,.6809E
GG,.T7708
00,.85%TE
00,.95528
0C,.9964%
£0,.1000%
06,.6190E
06,.73108
006,.9062%
00,.29708

00,.5133E
00,.7997&
00,.97648
00,.1000F
0%,.1000E
00,.3062F
90,.6625E
00,.9487E
00,.1000F
01,.1000F
01,.1000F
00,.4701%
00,.9590F
01,.1000E
01,.1000E

01,.1000F 01,.1C00E
07,.1000E 01,.7941%8

00,.%882E
00,.7241E
00,.8264E
00,.87561E
00,.9391E
00,.98168
00,.9989E
00,.7Ca%R
00,.7913E
00,.8770%
00, .9662%
00,.9982E
01,.1000R
00,.64298
00,.76818
00,.9288E
00,.9986%

00,.6412E
00,.8338E
60,.9918E
01,.1000E
01,.1000E
00,.3830F
0G,. 70408
00,-.9810E
01,.1000E
01,.1000E
01,.1000E
00,.6098E
00,.929C8E
01,.1000E
01,.1000F
01,.1000%
00,.8071E

00,.9928E
00,.7584F
00,.8318E
00,.8838E
00,.9477E
00,.9871E
00,.2988E
00,.7236E
00,.8003F
00,.8960E
00,.9748%
00,.9992F
01,.5086%
00,.6632E
00,.7904%
00,.9871%
00,.9991F

00,.9943%
00,.7792F
00,.8383F
00, .8952F
00,.9561E
00,.9911%
00,.9999E
00, .7853%
00,.8186E
00,.9098E
00,.9813E
90,.9990E
00, .5353F
00,.6829%
00,.8178E
00,.9718E
00,.9997E

00,.6683F 00,.5301E
00,.8630E 00,.9079%8
00,.9975% 00,.999ZE
01,.1000% 0i,.1000E
01,.1000% 01,.1000E
00,.4505¢ 00,.5112E
00,.74178 00,.8195E
00,.9936% 00,.9981E
01t,.1000% 01,.1000E
01,.1000% 01,.1000E
01,.67008-07,.1182E
00,.72%7€ 00, .8190E
00,.9983% 00,.9989E
01,.1000E 01,.1000%
01,.1000F 01,.1000%
01,.1000% 01,.1000E
00,.8164E 00,.8238E

0o,
00,
00,
00,
0o,
oo,
00,
0o,
00,
00,
00,
00,
00,
00,
0o,
00,
00/

00,
00,
00,
01,
01,
00,
00,
00,
01,
01,
oo,
00,
00,
01,
01,
01,
00/

0o,

00.-5870E 00,.6243E 00,.65708 00,.6864E (Y3
- 70928 00,.7373% 00,.75%94E §0,.8073E $0,.8465F 00,.87888

QY3
QY3
QY3
QY3
QY3
Y3
QY3
QY3
QY3
QY3
QY3
Q¥3
0¥3
QY3
Q¥3
QY3
QY3
Q¥3
QY3
QY3
0Y3
QY3
QY3
QY3
0Y3
QY3
QY3
0¥3
0Y3
QY3
Y3
0¥3
QY3
QY3
QY3
Q¥3
QY3
0Y3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3
QY3

DATA AX/ .8394E 00, .8469%% 00,.8531%F 00,.8556EF 00,.8530E 00,.86728 Q¥3

570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645

715
720
725
730
735
Tuo
745
750
755
760
755
770
775
780
785
790
795
800
805
810
815
820
825
830
8135
8uQ
8us
850
855



00,
-9093E
- 4587
97448
L T0508
.7943%
840428
~S006E
95358
- 99118
65008
74198
82178
-9217E
. 9839E
.9998%
.5611%
+6643F

MW NNV NY Y YN YV

DARTA AY/ .8U17E 00, .8686FE 00,.8920E 00,.9283F 00,.9536E 00,.9709E
.9823E 00,.9894F 00,.99378 00,.9981E 00,.9993E 00,.9959% G0,

00,
- 10 00F
«3359E
~-5336E
- 70718
«9272%
«99595%
- 10008
- 23408
. 5245%
-8525%
- 9998%
- 1000%
- 10008
- 27T 16F
- 82845
- 10008
- 10007

VVVVVVVVYYYVYSYYYY VYV

DaT: AZ,/ .1000E 01,.1000E 01,.70008 01%,. 10008 01,. 10008 01,.1000FE
.7850E 00,.7979% 00,.8071E 00,.8204F 00,.8298E 00,.8372E 00,

01,
.8433E
.8749E
.9098F
.9436E
. 9T44E
LT2428
.794813E
. BUE2E
.9075E
L9561
.9893E
.6669E
.7379E
.8292E
.9207E
.9839%
L U262%

VVVVVVVVVVVVYVVVVYVYV

00,.91578
00,.9501E
00,.9777E
00, .7242%
00,.8025%
00,.8529%
00,.9137%8
00,.9631F
00,.93318
00,.6763R
00,.7556E
00,.8389E
00,.9350E
00,.9897E
00,. 10008
00,.5829%
00,.63956E

01,.1000F
00,.3688E
00,.5586E
00,.7818%
00,.9633F
00,.1000E
01,.1000E
00,.2936%
00,.5625E
00,.9203F
00,.1000F
01,.1000%
01,.1000E
00,.3792E
00,.9314E
01,.1000E
01, 1000E

00,.0486F
60,.8803E
00,.9180E
00,.9501%
00,.9769E
00,.74408
00,.8005%
00,.85688
00,.9166%8
00,.9631E
00,.9959E
00,.6870F
00,.7550F
00,.8431E
00,-9322E
00,.9883E
00, .4485E

00,.9203F
00,.9529F
00,.9831%
00,.7382E
00,.3096%
00,.8604F
00,.9243E
00,.5707%
00,.9959%
00,.6908%
00,.7642E
00,.8578E
00,.93463E
00,.9935%
01,.4609E
00,.6022E
00,.7209E
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00,.9285%
00,.96178
00,.9854%
00,.7584E
00,.81608
00,.8733E
00,.9333E
00,.9768E
00,.9990F
00,.71158
00,.7819%
00,.8719E
00,.95568
00,.9954%
00,.4851E
00,.6197E
00,.7476E

00,.93528
00,.9659E
00,.9832F
00,.7731%
00,.82178
00,.8838%
00,.94098
00,.9816F
00,.6087F
00,.7248E
00,.7970F
00,.8846%
00,.9635E
00,.9985E
00,.5085E
00,.6357%
00,.7698E

00,.9412%
00,.97058
00,.9947E
00,.7847E
00, 83608
00,.8928E
00,.9477E
00,.9855E
00,.6323E
00,.7363%
00,.8101E
00,.9053E
00,.9757E
00,.9992E
00,.5358E
00,.6505E
00,.B086E

01,.10008 01,.30008 01,.70008 01,.10008
00,.3957% 00,.4394% 00,.875%% 00,.50618
00,.5829E 00,.6029E 00,.6 2298 00,.6678E
60,.7731E 00,.8259E 00,.B678E 00,.92011F
00,.9828% 00,.99198 00,.9962F 00,.9986E
01,-1000E 01,.7000E 01,.7000% 01,.1000%8
01,.10008 01,.71C008 01,.16288 00,.2005E
00,.3469F 00,.3958E 00,.4414% 00, .4842E
00,.5984E 00,.6790%5 00,.74798 00,.8050E
00,.96018 00,.9816E8 00,.9921% 00,.9985E
01,.10008 01,.10008 01,.10008 01,.1000E
01,.10008 01,.1000E 01,.7000E 01,.7000E
01,.33358~01,.59%68-01,.92118~01,. 1735E
00,.48858 00,.59188 00,.6846F 00,.7639E
00,.9764E 00,.9921E 00,.9975F 00,.9999%
01,.1000E 01,.10008 01,.7000F 01,.%1000E
01,.1000F8 01,.70008 01,.1000E 01,.10008

00,.8531E
00,.8850%8
00,.9246R8
00,.9556F
00,.9813E
00, .7584%
00,.8062E
00,.8673E
00,.9243%
00,.9689E
00,.5876E
00,.6998E
00,.7697E
00,.8554E
00,.9414E
00,.99478
00, . 46658

00,.85408
00,.89308
00,.93038
60,.9617E
00,.983828
00,.7698E
00,.8182E
00,.87618
00,.93128
00,.97398
00,.61058
00,. 71098
00,.7824E
00,.8764E
00,.95678
00,.99658
00, . 49558

00,.8607E
00,.8995E
00,.2352E
00,.9647E
00,.6916E
00,.77928
00,.8263E
00,.8938E
00,.9391E
00,.9816F
00,.6276%
00,.7163E
00,.7937E
00,.8936E
00,.9679E
00,.9981E
00,.5190F

00,.8685E
00,.9050E
00,.9399E
00,.9683E
00,.7105E
00,.7872E
00,.8367E
00,.8952E
00,.9477E
00,.9846%
00,.6529%
00,.7295E
00,.8106F
00,.9081E
00,.9766E
00,.9998E
00,.5392E

01,
00,
00,
00,
00,

00,

01/

090,
00,
00,
00,
00,
00,
00,
00,
00,
00,
00,
00,
00,
00,
00,
00,
00/

-8707E 00,.8736F 00,.8850E 00,.8906F% 00,.89528 00,.9032% (G0, Y3

0Y3
0Y3
0Y3
0Y3
0Y3
0¥Y3
0Y3
0Y3
QY3
013
013
013
0Y3
QY3
3Y3
0Y3
9Y3
0¥3
GY3
QY3
QY3
0Y3
0Y3
0Y3
oY3
0Y3
QY3
QY3
0Y3
0Y3
QY3
0Y3
0Y3
0Y3
0Y3
QY3
QY3
QY3
QY3
QY3
0Y3
013
QY3
0Y3
QY3
QY3
0Y3
QY3
QY3
QY3
QY3
QY3
0Y3
QY3
0Y3

DATA BA/ .5572F 00,.5734F 00,.58848 00,.6022E 00,.6152E 00,.6447E QY3

> 00,

.6689E 00,.6945% 00,.7160F 00,.75438 00,.7876FE 00,.81628 00, QY3

860
865

875
880
885
830
895
900
905
910
915
920
925



10
20
30

«BU21E
-2829%
-1000E
«3527%
«5211E
-7015E
«9579E
-9992E
- 1000E
«2801E
.4958F
<9075E
«2999%E
- 1000E

VVVVVVVVVVVVVVVYVYV

> 01,

00, .83851E
00,.9933E
01,.1000E
00,.3918E
00,.5394E
00,.7556E
00,.9776E
00,.1000F
01,.1000E
00,.3206E
00,.5713E
00,.9481E
00,.1000E
01,.1000E

00,.8171%
00,.9976E
0i1,.1000K
00,.4238F
00,.5578F
00,.8020F
00..9884E
01,.1000E
01,.1309¢%8
00,.3588E
00,.6400%
00,.9725E
01,.1000E
01,.10008

144

00,.9425%8
00..9989E
01,.1000¢%
00,.4516%
00,.5996R
00,.8416R
00,.9947EF
01,.1000E
00,.1612E
00,.3952E
00,.7018E
00,.9934E
01,.1000F
01,.10008

.1903E~01,.38288~-01,.5345E~01,.1034%
-3296E 00,.4194E 00,.5092E 00,.5953F%
-9204E 00,.9661% 00,.9875% 00,.9934E
DATA BB/ .10008 01,.1000E 01,.1000E 01,.1000E 01,.1000E 01,.1000E
-1000% 01,.1000E 01,.10C8F 01,.1000E 01,.1000E 01,.1000E 01,

00,.9609E
00,.9997E
01,.2994E
00,.4T764E
00,.6368E
00,.8746E
00,.9975E
01,.1000E
00,.1883%
00,.43008
00,.7565E
00,.9981E
01,.1000E
01,.1000E
00,.1678%
00,.67TH1E
00,.9%98E

> .1000E 01,.1000E 01,.1000%F 01,.1000E G1/

DO 30 I=

1,34

DO 20 K=1,7
Do 10 L=3,13
REFA {I,K,L) =SEFA (I,K,L)
CONTLINUE
CONTINUE

RETORN
END

00,.9739E
00,.9999E
00,.3288E
00,.4990E
00,.5706E
00,.9251E
00, .2994E
01,.1000E
00,.2366E
00,.8635E
00,.8450E
00,.9996E
01,.1000E
01,.1000E
00, .2 00 3E
00, .8284E
00,.1000E

61/

0Y3
QY3
0Y3
QY3
QY3
QY3
QY3
QY3
073
QY3
QY3
QY3
QY3
QY3
QY3
QY3
gyY3
Q¥3
QY3
QY3
QY3
0Y3
QY3
QY3
0Y3
013
073
0Y3

1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270
1275
1280
1285
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SUBROUTINE QX (B¥D,X,U,0D, HS,VYD,VG,INDEX1,Q0XR}

NUMERICAL INTEGRATION BY SIMNPSON'S RULE
ROUTINE CHANGED BY D.P.STEWART 7/76

FUNC(D, F,HH,X) =F*EXP (~ (HH*%2%P%%2) / (2. %X %% (2%D) } ) /X**D

REAL AB(7,4,2)

INTEGER AC(5,4)

1 2 3 4 5 6 7

DATA AB/ 1.0000, 1.0000, .9540, .8061, .8600, .8823, .8257,
99.9999,99.9999, .8330, .6715, .6290, .6321, .6547, 99.9999,
99.9999, .5524, .5099, .u054, .3710, .3818, 99.9999,99.9993,
99.9999, .5251, .1110, .1106, .1106, 5.0200, 8.3500,10.0150,

7.4800,15.5000,34.7000,61.2500, 99.9999,99.599Y, 4.4000, 2.9500,
3.1500, 6.1320,18.8000, 99.9999,99.9999, .3320, .8100, .5240,

- 7640, 2.1150, 99.9999,99.9999,99.9999, .9300, .0389, .0694,
« 1739/
1 2 3 ) 5

0%
QX
0) 4
QX
Q%
QX
QX
QX
QX
ox
QX
QX
ox
0xX
QX
(03:4
0x
0x

DATA AC/ 0, 0,99999, 1000, 1000, 1000, 1000, 0,10000, 3000, 10000,0X

3000, 0,999%99,10000, 0,10000, O, 0,99999/
IF (INDEX1-3) 10,20, 30
SET UP BOUNDS OF INTEGRATION
INDEX3 GIVES COLUMN OF AC CONTAINING LOWER BOUNDS
INDEX4 GIVES COLUMN WITH UPPER BOUND
LIMT AND LIM2 DETERMINE THE ROWS OF AC USED
THEY ALSO DETERMINE WHICH VALUES OF D AND F SHOULD BE USED
INDEX3=1
INDEX4=3
LIN2=1
LIM1=1
50 TO 40
INDEX3=1
INDEX4=14
LIN2=3
LIN1=1
IF (BND.GE.1000.) LIN1=2
IF {BND.GE.10000) LINM1=3
GO TO 40
INDEX3=2
INDEX4=5
LIN2=%
LIM1=1
IF (BND.GE.1000) LIN1=2
IF (BND.GE.3000) LIM1=3
IF (3ND.GE.10000) LIM1=4
OYR=0
STOR1=AC {(INDEX3,LIN1)
AC(INDEX3,LIM1)=BND
AC (INDEXG,LIN2) =X
EPS=. 1

0X
oX
0x
0x
0%
0x
0x
0¥
0X
0¥
Qx
0x
0x
ox
0x
0%
0x
0x
0x
0x
0X
0x
0X
0x
0X
0x
ox
0%
0%
0x
Qx

THIS LOOP SPLITS THE INTEGRATION ACCORDING TO CHANGES IN D AND F QX

DO 90 INDEX2=LIM1,LIM2
D=AB (INDEX1,INDEX2, 1)
F=AB (INDEX1, INDEX2, 2)
B=AC (INDEX4, INDEX2)
IF (X.LT.B) B=Y

QX
93 ¢
(0D 4
(0D 4
QX
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A=AC {(INDEX3, INDEX2} 0x
WIDTH=(B-A) /2. X

JLIM=1 0%
C-—~-~FOFA AND FOFB ARE THE FUNCTION VALUES AT ENDPOINTS OF INTERVAL 0%
FOFA=0.0 0X

I¥ (A.EQ.0.0) GO TO 50 0%
HA=HS~VGXA/UD QX%

I¥ (HA.LT.1.0) HA=1.0 ) ¢
FOFA=FURC (D, F,HA ,A) QX

50 HB8=H3~¥G*B/0UD QX
IF (HB.LT.1.0) #HB=1.0 0x
FOPB=FUNRC(D,F,HB, B} 0x
T1=A+WIDTH 0%
Hi=HS3-VG*X1/UD 0x

IF (H1.LT.1.0) H1=1.0 QX
C-—-~-~COHPUTE FIRST APPROXIMATION OF SIHNP QX
SIMP:= {FOFA+U*FUNC {D,F,H1,X1) +FOF3) *¥IDTH/3. QX
C-—---THIS SECTION IS REPEATED OUNTIL THE CHANGE IN STIHP IS LESS THAN EPSOX
60 FUNC1=0.0 QX
FUNC2=0.0 0x
WIDTH=RIDTH/2 0X
JLIM=JLIN*2 0xX
OLDS=SINP 0%
JLESS=JLIN~1 0x

Do 70 J=1,JLESS 0%

Xi=A+ (2%3-1,) *WIDTH 0X
H1=H5-¥G*X1,/0D 0x

IF (H1.LT.1.0) H1=1.0 0X
FONCI=FPUNCT¢+PUNC(D, ¥,H1,X1) 0x
X2=34¢2%J*WIDTH 0¥
H2=U5-VG%X2/UD QX%

IF (H2.L7,1.0) H2=1.0 0X
FUNC2=PUNC2+PUNC (D, F,H2,X2) 0%

70 CONTINGE QX
X1=34 2*%ILIN*WIDTH 0%
Hi=HS-VG*X1/0UD Q%

IF (H1.LT.1.0) H1=1.0 X

FUNC i=FUNCI+FUNC(D,F,H1,%1) X

SIHP= (FOPA+USFUNCI+2%FUNC24+¥DFB) *¥TIDTH,/ 3 QX%

I¥ (ABS{SINP-OLDS).GT.EPS) GO TO 60 0} §
C---~-E¥D SIMP APPROXIMATION LOOP QX
80 QXR=Q{R+3THP (0 4
IF (X.LT.AC[INDEX4,INDEXZ)) GO TO 100 QX

90 CONTINUE QX
100 QXR=FEXP(~.79788%Q¥R*VYD/UD) 0xX
AC(INDEX3,LIH %} =STORT X
RETURN 0x

END

0X

280
285
290
295
300
305
310
315
320
325
330
335
340
345
359
355
360
36%
370
375
380
385
390
395
400
105
410
415
420
425
u30
435
ung
uys
450
455
460
465
n70
W75
480
485
490
95
500
505
510
515
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SUBROUTINE CHIQ CHIO
COUMON /OCOM/ NAMNOC (36) , WORD,NNUCS, ANLAN (36) ,RR,50SD, ACOY(36,20,CHID
> 20) ,GCOW(36,20,20) ,LIPO, NOMA(36,11) ,NRHH (36,11}, ORMODI (36,12,8) CHIQ

>, VD{36) ,¥DCOEF {20, 20} , NOL ,NOU, NEL , NRU CHIQ
REAL#8 NAMNUC,WORD CHIO
COMMON /PCOM/ REL{6,36) ,IDIST {20} ,NUHST CHTQ
CONMON /TCOM/ KIQ{36,20,20) CHIQ
DINENSION BEGL{35) CHYQ
REAL KIQ CHIO

DO 30 I=1,NNUCS CHIO

DG 20 No=1,16 CHYQ

DG 10 NR=1,20 CHIO

10 KEIQ{I,NO,NR) =0 CHIQ
20 CONTINUE CHIQ
30 CONTINUE CHIO
DO SO I=1,RNUCS CHID
REGL {I}=0 CHIO

DO #0 J=1,NUMST CHIQ

) REGL (I) =REGL {I) +REL {(J, I} CHIQ
50 CONTINDE CHIQ
DO 90 I=1,NNUCS CHIQ

DO 80 NO=NOL, NOD CHIQ

DD 60 NR=NRL, HRU CHIQ

1F {REGL(I).%Q.0) GO To 70 CHIQ

50 KIQ{X,NO,NRj=(ACON{I,NG, NR} /REGL{I)}*1.E6 CHIQ
GO TO 80 CHIO

70 KIQ{I,NO,NR)=0. CHIO
80 CONTINUE CHID
90 CONTINUE CHIQ
D0 130 I=1,NNUCS CHIQ
WRITE(51,9000) NANNUC (T) CHIQ
WRITE(51,9001) CHIO
WRITE(51,9002) CHIO
WRITE{51,9003) CHI(Q
WRITE(51,9001) CHIg
WRITE{51,9004) CHTQ
WRITE{51,9005) CHIQ

HO=: 1 CHIQ

DO 100 NR=KRL,NR1 CHIQ

100 HRITE(51,9007) IDIST{¥R) ,KIQ(L,NO, NR), RIQ(I,NO+1,NR} ,KIQ{I, CHTQ
> NO+2,NR) ,KIQ{I,NO+3,8R)},KIQ(I,NO+4,NR),KIQ (I, NO+5,HR}, CHIQ

> KIQ{I,ND+6,08), KIQ(I,ND+7,NR) CHIQ
ISP= {22-2% (NRU/2) ) /2 CHIQ

DO 110 XG6=1,1ISP CHIQ

110 WRITE{51,9001) CHIQ
WRITE({51,9006) CHIQ
WRITE(51,9005) CHIQ

NO=9 CHIQ

DO 120 NR=NRL,NRU CHIOQ

120 ¥RITE (51,9007) IDIST (NR) ,KLQ (I,N¥0, NR) ,KIQ(I,N0+1,¥R),KIQ(I, CHIO
> NO+2,NR) ,KIQ (I,N0+3,NR),KIQ(I,N0+4,NR),KIQ (X,N0+5, %R}, CHIO

> RIQ{I,N0+5,NR), KIQ(I,NO+7,NR) CHIQ
130 CONTINGE CHIQ
RETURY CHIQ
9000 FORMAT('1?,T25,'GROUND-LEVEL CHI/Q VALUES FOR *,A8, CHIQ

> "AT VARIOUS DISTANCES IM EACH COMPASS DIRECTION?Y) CHIQ

220
225
230
235
240
265
250
255
260
265
270
275
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9001 FORMAT('0") CHIQ
9002 FORMAT(' ',T20,'DISTANCE,T52,'CHI/Q TOWARD INDICATED DIRECTIONY) CHIQ
9003 FORMAT(® *,T20," (METERS)',T60,' (SEC/CUBIC METER) ') CHID
9004 FORMAT (' ',T32,*¢H°,T43, *NNW',T54, 'N¥*,T65, *WNW*, 776, ¥ ,T87, W3N',CHIQ

> T98,'SH?,T109,'S5W") CHIQ
9005 FORMAT(® ) CHIQ
9006 FORMAT(Y *,T32,9S',T43, *SSE?,T54,'SE?,T65,ESE?,T76,*E',T87,ESE' ,CHIQ

> T98,'NE?,T109, ' NNE?) CHIO
9007 FoRMAT(' ',T19,17,730,£9.3,T4%,£9.3,752,%9.3,763,E9.3,T74,E9.3,  CHIQ

> T85,E9.3,T96,£9.3,7107,E9.3) CHIQ

END CHIO

280
285
290
295
300
305
310
315
320
325
330
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SUBROUTINE DIRECT {LORT)
READS AIR CONCENTRATIONS AND GROUND DEPOSITION RATES FOR
RADIONUCLIDES DIRECTLY FCOR TRANSMISSICN TO THE DOSEN
SUBROUTINE.

DIRE
DIRE
DIRE
DIRE

COMMON /0COB/ NAMNUC (36) ,WORD,NNUCS,ANLAM{36) ,8R,S0SD, ACON(36,20,DIRE
> 20),GCON({36,20,20) ,LIPG,NCHM (36,11) ,NRMN(36,11), ORMODI(36,12,8) DIRE

> , VD (36),VDCOEF (20,20) ,NOL, NOU, NRL, NRY
COMMON /PCOM/ REL(5,36) ,IDIST(20) ,NUMST
COMMOY /FCOM/ FEQWL,INTPA (20,20)
DIMENSION SC{36)
REAL*8 NAMNUC,WORD
READ{50,9000) NOL,NOU, NRL, NRU
READ(50,9001) SQSD
READ (50,9000) IDIST
READ(50,9002) SEQWL
READ{50,9000) NNUCS
DO 10 I=1,NNUCS
READ (50, 9003) NAMNUC{I) ,VD (I} ,SC{I)
READ (50,9004) ({ACON(I,NO,NB),NR=1,20) ,N0=1,20)
READ (50, 9004) ((GCON (I,NO,NR),NR=1,20) ,N¥0=1,20)
10 CONTINUE
FEQWL=SEQWL
WRITE(51,9005)
WRITE(51,9006)
WRITE(51,9007)
IF (LORT.EQ.0) GO TO 20
WRITE (51,9008)
WRITE (51, 9009)
WRITE (51,9019)
GO TO 30
20 WRITE (51,9010)
WRITE(51,9019)
30 CONTINDE
IF (LORT.EQ.1) GO TO 70
DO 60 NO=NOL,NOU
DO 50 NR=NRL, NRU
DO 40 I=1,NNUCS
VD1=VD (I)
DRYCON=ACON (I, NO,NR) *VD 1%100
WETCON= {(GCON (I,N0, NR) -DRYCON} * (SC (I} / (SC (I} +1.E~30))

40 WRITE(51,9018) NO,NR,NAMNUC(I),ACON(I,NO,NR) ,DRYCON,
> WETCON, GCON(I,NO,NR)
50 CONTINUE
60 CONTINUE
GO TO 110

70 CONTINUE
DO 100 NO=NOL,NOU
DO 90 NR=NRL,NRU
DO 80 I=1,NNUCS
YD 1=VD (T)
DRYCON=ACON (I, NO,NR)*VD1%100
WETCON= (GCON (I,N0, NR) =DRYCON) * {SC (I} / (SC(I)+1.E-30))

80 WRITE(51,9018) N0, IDIST (NR) ,NAMNUC (I} ,ACON(I,NO,NR),
> DRYCOW,WETCON, GCON(I,NO,NR)
90 CONTINUE

100 CONTINUE

DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRFE
DIRE
DIRE
DIRE
DBIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRF
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE
DIRE

185
200
205
210
215
220

230
235
240
245
250
255
260
265
270
275
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110 CONTINYE DIRE 280
120 CONTINOE DIRE 285
IF (LORT.EQ.1) GO TO 130 DIRE 299
ASQSD={ {SQSD*¥2) #400.) /1. E6 DIRE 295
WEITE(51,9011) DIRE 300
WRITE (51,90612) ASQSD DIRE 305
WRITE (51,9013) DIRE 310
WRITE (51,9014) SQSD DIRE 315
WRITE (51,9015) DIRE 320
WRITE(51,9016) DIRE 325
WRITE (51,9017) DIRE 230
C=—===EH¥D OF GRID LOOP— oo oot o oo oo DIRE 335
130 RETURN DIRE 340
9000 FORHAT (8I10) DIRE 345
9001 FORUAT (8F10.0) DIRE 350
9002 FORMAT(Fi0.0) DIRE 355
9003 FORMAT (A8,F12.4,E10.3) DIRE 360
9004 FORHAT (8E10.3) DIRE 365
9005 FORMAT('1',¢¥48," INPGT RARIGNUCLIDE CONCEWTRATIONSY) . DIRE 370
9006 FORMAT('0°,Ti0, AREAY, T30, 'NGCLIDE',¥42,AIR CONCENTRATION®,T64, DIRE 375
> *DRY DEPOSITION RATE®,T88,'WET DEPOSITIO¥ RATE',T112, DIRE 380

> 'GROUND DEPOSITION RATE?) DIRE 385
9007 FORMAT (T47,¢ (PCI/CC)',T64," (BCI/SQUARE CH~-SEC) ?,788, DIRE 390
> Y (PCI/SQUARE CM-SEC)',T113," (PCI/SQUARE CH~SEC)') DIRE 395
9008 FORMAT(' WIND TOWARD®,T17,'DISTANCKY) DIRE 400
9009 FORMAT{® ',T17,% (HETERS) ") DIRE 405
9010 FORMAT (' *,T4,'COLUMN®,TZ1, 'ROW') DIRE 410
9C¢17 FORMAT('1',T30,° NOTE~THEZ AREA SURROUNDING THE PLANT IS A SQUARE  DIRE R15
>WITH AN AREA') DIRE 420
5012 PORHAT(' ',T35,°0F%,Fi0.1,1X, DIRE 425
> 'SQUARE KILOWETERS WITH THE PLANT AT THE CENTER.V) DIRE 430
9013 FORHAT(® ',T35,*Ti% SQUARE AREA IS ALIGNED DUF NORTH~-SOUTH AND EASDIRE 435
>T-WEST. THE®) DIRE 440
9014 FORNMAT(' ',T35.'400 SMALLER SQUARES, WHICH ARE EACH °,F7.1,1X, DIRE 445
> 'HETERS ON A SIDE,') DIRE 450
9015 FORNAT(® *,T35,YARE IDENTIFIED BY COLGHH AND ROW. COLUMNS ARE NUNBDIRE 455
>ERED FRON') DIRE 460
9016 FORMAT(' ',T35,'1 TO 20 PROH ¥EST FO FAST. ROWS ARE HUNBERED PRONM DIRE 465
>1 TO 20 FROH?Y) DIRE 470
9017 FORMAT(® *,T35,9SOUTH TO NORTH.¥) DIRE 475
9018 FORMAT(' ',T6,12,T18,I6,T31,A8,T45,610.3,768,%10.3,T92,%10.3,T118, DIRE U480
> E10.3) DIRE 485
9019 FORNAT('0") DIRE 499

END DIRE 495
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SUBROUTINE DOSEN

USHRC REG. GUIDE 1.109 MODELS FOR INGESTICN DOSE CALCULATIONS
IXPLEMENTED AND INCORPORATED WITHIW DOSEN BY J. C. PLEASAFNTDOSE

WERE

OF THE MATHEMATICS DEPARTMENT,

FAST TENNESSEE STATE UNIVERSITY.

DOSE
DOSE
DOSE

DOSE
DOSE

COMMON sOCOM/ NAMNUC (36), WORD,NNUCS,ANLAN({36) ,RR,SQSD, ACON(36,20,DOSE
> 20) ,G6CON{36,20,20) ,LIPC,NOMH (36,11) ,NRMM{36,11), ORMODI (36,12,8) DOSE
> , VD(36) ,VDCORF (20,20) ,NOL,NOU, NBL, NRD

COMNMON
CONMON
COMMON
COMMOR
COoNNON
COMMON

/INGDOS/LAMW,TSUBB, P, BSUBY,DR,RATUA
NOML {11} , NRML (11)

JRVAL/ $1,53,5D1,SD3,ACN,GCN, SH1, SW3
/TCOM/ KIQ(36,20,20)

/PCOM/ REL(6,36) ,IDIST(20) ,NUMST
JFCON/ FEQWL,INTPA (20,20)

DIMENSION VAGAC(36),VAGCON(36), BAGAC (36) ,BAGCOY {36)
DIMENSICN FING{36,20,20),GBUR(36,20,20)

DIMENSION GI {36,4),PARSIZ(36),CLASS (36)

DIMENSICN GFIN(36,20,20)

REAL KIC

REAL*8

NAMEUC,WORD, NADEC1,NADEC3, NAMES(11), HAMORG (11)

RFAL CFINGA(11),CFINHA(11),DOSING (11),FROG(11) ,INTPA{20,20)},
> LAMH20,LAMSUR,MSUBR,LAMRR, INTFC (20,20}, DCC16(11),DOSIN(11,36),
> VEGDOS (11) ,BEFDOS(11) ,MLKDCS (11), LAMI,TAMW,LEFDOS,NMAGAC (36),
> MAGCON (36)

INTEGER INTWA(20,20),NOBCT(20,20) ,NOMCT {20, 20) ,TNOBCT , TNONCT
INTEGER CLASS

DATA NAMES/'TOT.BODY','R MAR  *,°LUNGS  *,'BENDOST *,'S WALL
> YLLI WALL',*THYROID *,'LIVER *,*KIDNEYS ',*TESTES °,

> "OVARIES */

DATA NADRN/®RN-222 ¢/

DATA NALEC1/'H-3 '/,NADEC3/*C-14 vy

DATA DCC14/1.16E3,2,0383,5.07F2, 1.8583,7.43E2,8.9282,5.2782,

> 7.30E2,6.4982,4.U6E2,4,.46E2/

REAL*8

RADRN

C~-~ENL OF DECLARATIONS
DC 10 X=1,36
po 10 J=1,11

10

20

40

DOSIN {J,K) =0.
Do 10 1=1,8

ORMODI {K,J,I)=0

DO 40 I=1,36
PO 30 NO=1,20

DO 20 ¥R=1,20

GBUP{I,NC, NR)=0.
FING {I,NO, ¥R} =0.
CONTINUE

CONTINDE

CONTINOE
READ {50,9061) LIPO
READ(50,9061) NNTB,NETB, NSTB, NTTB, NUTB
READ{50,9062) ( (NCBCT (I,J),J=1,20),I=1,20)
READ (50,9063) { (NOMCT(I,J) ,J=1,20) ,I=1,20)
READ (50,9064) ((INTFC(I,J) ,J=1,20},I=1,20)
READ (50,9065) ((INTPA(I,J) ,7=1,20) ,I=1,20)

?

DOSE
DOSE
DCSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSEH
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DUSE
DOSE
DOSE
BOSE
DOSE
DOSE
LOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE

155
160
165
170
175
180

190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275



READ(50,9066) ((INTH#A(I,J) ,J=1,20) ,I=1,20)

READ (50,9067) IMPFIX

READ (50,9068) RVEG,F3VEGM , RBEF, P 3BEFH, RILK, F 3ULKH
READ (50 ,9069) BRTHRT, DILFAC, USEFAC,T, DD1

C READ PARAMETERS FOR NWEC MODEL

50

70
80

90
100

>

READ (50,9000) TSUBHY,TSUBH2, TSUBH3,TSUBHY
READ (50,9000) LAMK

READ {(50,9000) TSUBE1, TSUBE2
READ(50,9000) YSUBV1,YSUBV2
READ (50,9000) FSUBP

READ {50,9000) PSUBS

READ (50,9000) QSUBF

READ (50,9000) TSUBF
READ{50,9000) UV, 0¥, GF, UL
READ (50,9000) TSUBS

READ (50,9000) FSUBG, FSUBL
READ(50,9000) TSUBB

READ (50,9000) P

READ (50,9070) TAUBEF, HSUBB, VSUBM
TAUCH=UN/365.
TAUBN=UF/365.

V= (UL+UV} /365,

A= (UV+UL) /YSUBV2
READ(50,9070) R1, R2

S10=R2

S30=R1

S1=R2

S3=R1

WRITE (51,9001)

IP (LIPO.EQ.1) GO TO SO
WRITE (51,9002)

GO TO 60

WRITE (51,9003)

CONTINUE

IF (NNTB.GT.0} GO TO 70
WRITE (51,9004}

GO TO 80
WRITE(51,9005) NNTB
CONTINUE

IF (NRTB.NE.0)
1?7 (NSTB.NE.O0}
IF (NTTB.XE.O)
17 (NUTB.NE.O)
WRITE (51,9071)
WRITE(51,9072)
HRITE (51,9072)
WRITE(51,9073)
WRITE (51,9076}
WRITE(51,9075)
WRITE (51,9076)
WRITE (51,9072)
DO 100 NO=1,20

WRITE (51,9006}
¥RITE (51,9007}
WRITE(51,9008)
WRITE(51,9009)

DO 90 NR=1,20

WRITE(51,9077) NO, NR, NOBCT (NO, NR) , NOMCT (NO, NR) , I NTFC (NO, ¥R) ,
INTWA (NO, WR} , INTPA {NO,NR)

CONTINUE
CONTINUE

DOSE
DOSE
DUSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE

DOSE .

DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSFE
DOSE
DOSE
DOSF
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOS ¥
DOSE
DOSE
DOSTE
DOSE
DOSE
DOSE
DOS¥
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE

280

Lus

455
460
465
870
475
480
u8s
490
495
500
505
510
515
520
525
530
535
540
545
550
555

565



130
140

WRITE (51,3078)
WRITE(51,9079)
WRITE(51,9030) NNUCS
WRITE (51,9012) TSUBH1
WRITE(51,9013) TSUBH2
WRITE(51,9014) TSUBH3
WRITE (51,9015) TSUBHY
WRITE (51,9016} LAMW
WRITE(51,9017) TSUBE1
WRITE {51,9018) TSUBE2
WRITE({51,9019) YSUBV1
WRITE(S51,9020) YSUBY?2
WRITE(51,9021) FSUBP
WRITE{51,9022} FSUBS
WRITE{51,9023) OSUBF
WRITE {51,9024) TSUBF
WRITE (51,9025 0V
WRITE(51,9026) UM
WRITE (51,9027} UF
WRITE (51,9028) UL
WRITE(51,9029) TSUBS
WRITE{51,9030) FSUBG
WRITE{51,9031) FSUBL
WRITE (51,9011) TSUBB
WRITE{51,9010)P
WRITE (51,9081) RVEG
WRITE (51, 9082) RBEF
WRITE (51, 9083} RMLK
WRITE{51,9072)
IF (IMPFIX.EQ.0) GO TO 110
WRITE {51, 9084)
o TO 120
WRITE (51,9085}
HRITE {51, 9086) F3IVEGH
WRITE{51,9087) F3BEFN
WRITE {51,9088) F3MLKMN
WRITE(51,3089) BRTHRT
WRITE{51,9090) T
WRITE {51,909 1) DILPAC
WRITE (51,9092} USEFAC
WRITE{S1,9093} ¥SUBB
WRITE (51,9096) TAUBEF
WRITE (51,9097) VSUBH
WRITE (51,9094)S1
WRITE (51,9095)53
WRITE {51,2098)DD1
TPOP=0
TNOBCT=0
TNOMCT=0
TARFC=0
DO 140 NO=NOL,NOU
PO 130 ¥NR=NRL,¥RU
TPOP=INTPA {NO,NR) +TPOP
TNOBCT=NOBCT (N0, NR) +TNOBCT
TNOMCT=NONCT (NO, NR) +TNONMCT
TARFC=INTFC (NO,NR) + TARFC
CONTINOE
ANUMM=TARFC/A

153

DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DGSE
DOSE
DGSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSH
BOSE
DOSE

‘DOSE

DOSE
DOSE
BOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DDSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
DOSE
ROSE
DOSE
DOSE

570
575
580
585
530
535

€605
610
615
620
625
630
635
640
645
650
655
£60
665
£70
675
80
685
630
635
700
705
710
715
720
725
730
735
740
745
750
755
760
765
770
775
780
785
790
795
800
805
810
815
820
825
830
835
840
845
850
855
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TKGBCA=TAUBN*3565. T PGP DOSE B60
ANOBCT=TNOBCT DOSE 865
TKGBPA=ANOBCTHTAIBEFP*365. *HSUBB DOSE 870
CONMK=TAUCH®TPFOD DOSE 875
ANOHCT=TNOHCT DOSE 880
PRNEK=VSUBH*ANOMCT DOSE 885
YCONMK=CONMK*365. DOSE 890
IPRNHK=PRAMK %3565, DOSE 895
PFCY=YSUBY2*TARF( DOSE 900
CPCY=TPOP*Y¥365. DOSE 905
AF=ANUME/TPOP DOSE 910
IF (ANUHH.GE.TPOP) AP=1. DOSFE 915
F3V=FP3VEGH DOSE 920
TP ({1.~AF).GE.F3V} F3V=1.-AF DOSE 925
I? (IMPFIX.RBQ.1) E3V=F3VEGH DOSE 930
FIV=RVEG* {1.~F3V) DOSE 935
F2V=1.-F3V-71V DOSE 940
BF=TKGBPA/TKGBCA DOSE 945
IF (TKGBPA.GE.TKGBCA) BP=1. DOSE 950
¥3B=F3BEFH DOSE 955
1?7 {{1.-BF).GE.F3B) F3B=1.-B? DOSE 960
IF (IMPFIX.EQ.1) F3B=F3BEPH DOSE 965
F1B=RBEF* {1.~F3B) DOSE 970
F2B=1.~F3B~F1B DOSE 975
CF=PRNNK/CONHK DOSE 980
I? (PRNHK.GE.CONNK} CF=1. DOSE 985
F3M=F3IHLKH DOSE 990
IF ({1.-CF).GE.F3M F3¥=1.-CP DOSE 995
IF {IAPFIX.EQ.1) F3M=F3IMLKH DOSET000
FIN=RHLK (1. ~F3M) DOSE1005
F2H=1.~F3H~P1H DOSE1010
WRITE(51,9099) DOSE1015
¥RITE(51,5100) TPOP DOSE1020
RRITE(51,9101) TNOBCT DOSE1025
WRITE(51,9102) TNOACT DOSE1030
¥RITE(51,9103) TARFC DOSE1035
YRITE (51,9104} TRGBCA DOSE1040
WRITE (51,9105) TKGBPA DOSE1045
WRITE(51,9106) TCONHK DOSE1050
WRITE (51,9107) YPRNHK DOSE1055
WRITE(51,9108) CFCY DOSE1060
YRITE(51,9109) PFCY DOSE1065
DO 680 I = 1, NNUCS DOSE1070

READ (50, 9110) NUMORG, LAMRR,CFSBA, CFSBW,CFSUR, KFLAG, TDCF, TDCR DOSE1075
READ (50,9111) (FROG (LH} ,TH=1,11) DOSE1080
READ (50,2000) FSUBHXI, PSUBFI,BSUBV1,BSUBV2 DOSE1085
READ (50,2112) LAMSUR, LANHZ0,IFLAG, ®D1, RD2,RW1,R¥?2 DDSE1090
READ (50,9032 11,12,13,1¢,%5,F1,F2,F3,F4,F5 DOSE1095
LANMI = LANRR/24. DOSE1100
C IFLAG=? IF SPECIAL VALUES USED FOR RT AND R2 DOSE1105
C IFLAG=2 IF R1 AND R? ARE GIVEN FOR DRY AND WET DEPOSITION DOSE1110
$D3=RD1 DOSE1115
SD1=RD2 DOSE1120
SW3=RW1 DOSE1125
SW1=RW2 DOSE1130
C READ INHALATION DOSE CONVERSION PACTORS DOSET135

C HEADER CARD GIVES SOLOUBILITY, PARTICLE SIZE, AND G.I. UPTAKE FRACTIONDGSE1140
READ (50,9033) ISOL,AHAD ,F1INH DOSE1145



150

155

DO 150 J=1,HUMORG
READ {50, 9034) NAMORG (J) ,CFINHA (J)
CONTINUE

C READ INGESTION DOSE CONVERSION FACTORS
C HEADER CARD GIVES G.I. UPTAKE PRACTION

160

170

180

190
200

210

4

READ (50, 9035) FIING
DO 160 J=1,NUMORG
READ (50,9035) CFINGA (J)
CONTINUE
CLASS(I)=ISOL
PARSIZ (I)=AMAD
GI(I,1)=F1INH
GI {I,2)=F1ING
IF (I1.E0.0) GO TO 170
IP {I2.EQ.0} 12=1
IF (I3.EQ.0) I3=1
I¥ (I48.80.0) Io=1
IF (I5.80.0) I5=1
CONTINUE
IF (L.GT.NNTB) GO TO 180
WRITE(51,9113) NAKNUC ()
WRITE(51,9072)
WRITE{51,9114)
FRITE{51,9115)
ARITE{51,9072)
ARITE{51,9116)
RRITE(51,9117)
WRITE(51,9072)
VAGCON (IY =0.
BAGCON (I} =0.
MAGCON (1) =0.
YAGAC (1) =0,
BAGAC {I) =0.
MAGAC{T) =0.
IF (I1.NE.0) GO TO 210
DO 200 NO=NOL, NOG
PO 190 NR=NRL,NRU
YAGCON (I) =INTFC{NO, NR) *GCON (I, NO,NR} + YAGCON (I}
BAGCON {I) =NOBCT {NO, ¥R) *GCON (I, NO, ¥R} +BAGCON (1)
MAGCON (I) =NONCT{NO,NR) *GCON (I, NO, NR} +MAGCON (1}
VAGAC({I) =INTFC {NO, NR} *ACON (I,N0O, NK}) +VAGAC (1)
BAGAC {I) =NOBCT {NO, NR) *ACON (I ,H0, NR) 4BAGAC (I}
MAGAC {I} =NOMCT {NO, NR} *ACON (I,N0, NR} ¢+ MAGAC {I}
CONTINUE
CONTINUE
YAGCON {I) =VAGCON {I) /TARFC
BAGCON (I} =BAGCON {I}) /ANOBCY
MAGCOY {1} =MAGCON {1} /ANONCT
VAGAC (T) =VAGAC {I) /TARFC
BAGAC {T) =BAGAC{I) /ANOBCT
MAGAC {T) =MAGAC (I) /ANONCT
GO TG 290
IF (REL{1,I).NE.0.) G0 TO 240
DO 230 NO=NOL,¥OU
DO 220 NR=NRL,HNRU
GCI=F1#GCON (I1,40,NR) #F 2¥GCON {I2,40,NR) ¢+ F3%GCON (I3, N0, WR)
+ PUXGCON (I8, N0, NR) ¢F5%GCON (L5, HO , NR}
VAGCON (D) =INTFC{NO, NR} *GCL+VAGCON{ I}

DOSET1150
DOSET155
DOSEV160
DOSE1163
DOSE1170
DOSEI175
DOSE1180
DOSEIIBS
DOSET190
DOSETI95
DOSET200
DOSE1205
DOSEI210
DOSE1215
DOSET220
DOSEI225
DOSE1230
DOSEIZ35
DOSET240
DOSE1245
DOSE1250
DUSEI255
DOSE1260
DOSEI265
DOS®I2T0
DOSE1275
DOSE1280
DOSEI285
DOSE1290
BOSEY295
DOSET300
DOSET305
DOSEI3ZN0
DOSE1315
DOSEIIZ0
DOSEI325
DOSE1330
DOSE1335
DOSE1340
GOSEI1345
DOSET3S50
DOSEI355
DOSE1360
DOSE1365
DOSEI270
DOSR®I375
DOSE 1380
DOSET38S
DOSEI3%0
DOSE1396
DOSEI400
DOSE1405
DOSEIL10
DOSE1415
DOSEI420
DOSEIL2S
DOSE1430
DOSEIS3S



220
230

240

250
260

270
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BAGCON (I) =NOBCT(NO, NR} G I+ BAGCON ()
YAGCON (I} =NOMCT{NO, NR} *GCI+HAGCON (1)
CONTINUE
CONTINUE
VAGCON (I) =¥&GCON (I} /TARFC
BAGTON {I) =BAGCON {I) /ANORCT
MAGCON (1) =HAGTON (I} FANORCT
GO TO 290
MODE=1
BSUBV=BSHBV2
TSUBE=YSUBE2
{SUBY=YSUBV2
TSUBH=TSUBHN
DE=DD1
DO 260 NO=NOL,NOU
DO 25¢ NR=HRL,0uU
GCN=GCOH {I,NU, NRj
ACN=ACON {I, NG, NR}
CALL RVALUE (IFLAG, HOBE, I,N0, NR, R)
A=C¥ (Y, LANT,1.,1., TSWBE, YSUBYV, TSOHRH,R)
GCI=F1*GCON (I1,NO,NR)+F24GCON(I2,N0,NR) +F3%GCON(I3,NO, NR)
+ FUXGCON (I4,NO,NRj +F5%«GCON (I5, N0, NR)
GFA=GCON(T, NG, NR} +RATGA*GCY
VAGCON (T) =INTFC(NO, NR) *GFA+ VAGCON ()
CONTINUE
CONTINUE
VAGCON (1) =VAGCON () /TAR¥C
MODE=2
DR=1.
FSUBE=TSUBEI
YSHBV=YSUBV1
BSUBV=BSUBVI
TSUBH=TSHBHE
DO 280 NO=NOL,NOT
DO 270 NR=¥RL,NRU
GCN=GCON (I, NO, NR)
ACN=ACON (I, NO, NR})
CALL RVALUE{IFLAG,MODE, I,N0, Nk, R)
A=CV (I, LABI,1.,1.,TSUBE,YSUBY, TSUBH,R]
GCT=Fi*GCON(IT,NO,NR) ¢ F2¥GCON(TI2,N0,NR) ¢F3*GCON{I3, KO, NR)
+ F4*GCON (I4,N0,NR) +F5%CCON{I5,NC, NR)
GPA=CCON (I, NO, NR} +RATOA*GCT
BAGCON (Y) =NOBCT (NO, NR) *GFA+BAGCON (T}
HAGTON (1) =NOMCT (NO, NR) #*GPA¢AAGCON (1)
CONTINUE
CONTIRUE
10T (13 =BRGCON (1) /ANOBCT
§ (1) =MAGCON (L) /ANQNCT
HOE
I¥ (NAUNUC(I) ~NADECT) 300,310,300
NERIT = 0
GO TO 320
WIRIT = 1
CONTINUE
DO 560 NO=HOL,HNOT
DO 550 NR=MNRIL, NRU
GCI=0
IF (I1.EQ.0) GO To 33D

DOSET4n0
DOS® 1445
DOSET450
DUSEI455
DOSE 1460
DUSEi465
DOSE1470
DOSE1475
DOSE1T480
DOSETN8S
DOSE 149D
DOSETNIS
DOSET500
DOSE1505
DOSE1510
DOSE1515
DOSE1520
DOS®1525
DOSEI530
DOSEI535
DOSE1540
DOSE154S
DOSE 1550
DOSE1555
DOSE1560
DOSE1565
DOSE1570
DOSEiI575
DOSET580
DOSET1585
DOSET590
DOSE1585
DOSE 1600
DOSE1605
DOSE1610
DOSE1615
DOSE1620
DOSE1625
DOSE1630
DOSE1635
DOSE1640
DOSE1645
DOSE1650
DOSE1655
DOSE1660
DOSE1665
DOSE1670
DOSE1675
DOSE1680
DOSE1685
DOSE1690
DOSE1695
DOSE1T7G0
DOSE1705
DOSE710
DOSE1715
DOSE1720
DOSE1725
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GCI=FPI+#GCON (I 1,N0,NR) +P2%GCON{12,N0,NR) +PI*GCON(I3,50, ¥R) DOSE1730

. > + FU4*GCON (I4, N0, NR) +F5%GCON (I5,N0, NR) DOSE1735
o 330 GCN=GCON (I, N0, NR} +GCT DOSETT740
’ 340 ACH=ACON {I,¥0,NR) DOSE1745
IF {I1.¥E.0} GO TN 350 DOSEY750

.o Di=1. DOSE1755
- .. B2=1. DOSEYTED
T B3=1. DOSEIT6S
. D4=1, DOSEITTO
IF {(GCOW{I,NO,NR).EQ.D0.) GO TO 350 DOSEITIS

DU=F 1N+ F2M* (MAGCON{T} /GCON {X, N0 ,HR}} DOSE1TE0

D3=FIB+F2B* (BAGCON {I} /GCON {T,NO,NR}} DO3SEITE5

D2=FIV+FP2V* {VAGCON {I} /GCON {I,N0,UR}) DOSEI790

D1=D2 DOSE1795

GO TO 360 DOSEIS00

350 IF (REL(3,1I}.NE.O0.) GO TO 350 DOSEIB0S

DU=F 1M+ F2H* (MAGCOY (T} /GCT) DOSEIBTD

D3=F 1B+ F2B* {BAGCOV (1) /GCT} DOSEIB1S

D2=FIV+ P2V ¥ (VAGCON (1) /60D DOLR1820

Di=D2 DOSE1825

360 CONTINUE DOSE1830

370 DO 540 J=1,11 DOSE1835
T=LAMRR+LAMSUR DOSE1840

TF {BFLAG.EQ. 1} X=ANLAH {T}*LANSUR DOSE1845

DO 380 H=1, NUMORG DOSET850

IF {NAMES{J)~NAMORG{W)} 380,390,380 DOSE1855

3849 CONTINUE DOSE1860

L=1 DOSE1865

GO TO 400 M0SRI870

o’ 390 L=Y DOSE187S
" € INHALATION DOSE CALCULATIDNS DOSRIBBO
P 400 CFINH=CFINHA{L) DOSE 1885
CRING=CFINGA{L) DOSE1890

N IF (ACN.EQ.OY DOSI=0 DOS®1895
o IF {ACWN.EQ.0) DBOS2=) DOSE1900

-« IP (ACN.EQ.0.) GO TO 410 DOSET1905
DOS1=ACN*1. E-6*BRIHRT*6760. *CPINH DOSE1910

- ¢ ATIR SUBMERSION DOSE CALCULATIONS DOSE1913
DOS2=ACN*1. E~-6%8760. ¥*CFSBA%FROG {J) DOSE4920

C SURFACE EXPOSURE DOSE CALCULATIONS DOSE1925

410 ALT=X%T DOSE1930

IF {ALT.GT.0.03) GO TO 420 DOSE1935

DOS3=GCN*1. E~6%8760. *CFSUR*FROG {J) * ({0. 1666667 *3L T~ DOSE1940

> 0.5) *ALT+T) *%3600.%24, DOSRB1945
GBUP{I,NO,NR) =GCN*1. E-3%24.%3600.% ((0.1666667%3LT~ DOSE1950

> 0.5) *ALT+T) DOSE1955

GO TO 430 DOSE1960

820 POS3=GCN*1, E-6%8760. *CFSURXTROG (J} * (1-EAP {~¥X*T)) /X * DOSE1965

> 3600.%24, DOSET1970

GBUP {I, NO NR) =GCN*1, E-8%24, %3600, % (1. ~BXP {~X*T}} /X DOSE1975

C INGESTION DOSE CALCULATIONS DOSE1980

430 IF (NTRIT.NE. 1.AND. NAMNOC{I) .NE.NADEC3) GO T0 450 DOSE1985

IF {NTRIT.NE.1} GO TOQ 440 DOSE1990

C TINGESTIOH DOSE CALCULATIONS FOR H-3 DOSE1995
VEGDOS {J) = {FIVFACN+F2V*VAGAC (T } *TDCF*, 505 DOSE2000

BEFDOS{J) =(F1B*ACN+ F2B*BAGAC (I} } *TDCF%, 195 DOSE2005

) MLEDOS{J) = {FIMXACN+ F2M*MAGAC (X)) *TDCF*%, 310 DOSE2010

. DOSING (J) =VEGDOS (J) + BEFDOS (J) +MLKDOS (J) +ACNXTDCH DOSE2015




C
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KIG(I,NO,¥R)= (((FIV¥ACNtF2VL¥AGAC (L)) *3.E6) /8.) 156 0.%*DOSE2020
> .505%365. ¢ {{ (ACH*1. E&} /8.) * 184 0.,%365.) % (TDCH/5.70) DOSE2021
GFIN (I, NO,NR) ={{(FiB*ACK ¢+ F2B*BAGAC (I}) #1. E6) /8.) *1560.DOSE2025

> %, 185%365. DOSEZ026
FING (L, NO,NR) ={ { (FIM®ACN+F2Y*MAGAC (T)) #1.E6} /8.) ¥ 1560.DOSE2030

> *.310%365. DOSE2031

GO TO 480 DOSEZ035

340 CONTINGE DOSFE2040
TNGESTION DOSE CALCULATIONS FOR C-14 DOSE20u45
WICV=79.96%V DOSEZ050

#ICB=238. 15 €{AUBN DOSEZ055

HTCH=68.9*TAUCH DOSE2060

YFF=ETCV¢ETCB ¢ HECH DOSE2065

DOSLING (J) = {DCCTii#(J) /WTT) * (TCT* {FIVSACH+F2V*VAGAC{I)) +DOSE2070

> WTCB* (FIB*ACN+ F2B%BAGAC (1) j *A TCA* {F1MFACN+P2 1% DOSE2075

> HAGAC(I})) DOSFE2080
VEGDOS(J) = ¢{DCCTk (J) /JWTF) % {WPCV= {FTIVXACN¢F2V*VAGAC{I))) DOSEZ085

BEFDOS (J) = {DCC 14 (J) /WTF) ¥ {(NTCV* {FIB*ACN+F2B*BAGAC (I))) DOSE2090

MLKDOS (J) = {DCT 6 (J) /WTF) * (WTCV* {FIM*ACN+F2N*HAGAC (1)) ) DOSE2095
KIQ{I.NO,NR)={{FP1V¥ACNtF2V*VAGAC (1)) /1.BE~7)*HTCV*365.DOSE2100

GFIN (I,NO,NR} ={ {FiB*ACH+ F2B*BAGAC (I)) /1.8E-7) *WTCB*365B05E2105

> . DOSE2106
FING (I, NO,NR) = {{FIN*ACH+T2H%NAGAC(I)) /1.8E-7) *WTCH*365D0S5E2110

> . DOSE2111

GO TO 480 DOSE2115

iNGESTION DOSES DEFIWED AS ZERO IF GROUND CONCEWTRATION IS ZERQ DOSEZ2120
450 IF (GCH.NE.0) 50 TO 460 DOSEZ125
DOSING (J) =0. DOSEZ2130

YEGDOS({J) =0. DOSE2135

BEFDOS {f} =0. DOSF2 40

HLKDOS (J} =0. DOSEZ 145

KIQ(I,N0,NR}=0. DOSE215C

GFIN (I, NO,NR) =0. DOSE215%

FING (I, NO,NR)=C. DOSFE2160

GO TO U480 DOSEZ165

{NGESTION DOSE CALCULATIONS USING NRC MGDEL DOSE2170
CALCULATE CIV=CONCENTRATION OF RADIONGCLIDE IW THE ANIHAL'S FEED USIEGDOSE2175
SLEIGHTLY STHPLIFIED FORM OF EQ C~11, REG GIIDE 1.109.27. DOSE2180
CiV= FSUBP*PSUBS* {CONC. OF NUCLIDEZ ON PASTURE GRASS) DOSEZ185
+ (1.0-FSUBP#*TFSUBSY % (CONC. OF NUCLIDE IW STORED FEEDS) DOSEZ2190

GS% PARAMETERS FOR GRASS-COW-HILK-#AAN-PATHWAY DOSE2135
FIRST TERM.. USE TSUBH VALUE FOR IHGESTIOW .BY ANINALS OF PASTURE GRASDOSEZ2200
THE DEPOSITION RATE GCN IS IN UNITS OF PCI/SQUARE CH~SEC. DOSE2265
TO CONVERT TO PCI/SQUARE HETER-HR,MULTIPLY BY 3.6ET. DOSE2210
460 DEPRAT= GCH*3-6E7 DOSE2215
GCRU=GCON (I, W0, NRj *3- 6E7 DOSE2220

GCN=GCRU/3.6E7 DOSE2225

TSUBH=TSUBH1 DOSE2230

TSURE=T SUBE1 DOSE2235

YSUBV=YSUBV1 DOSE2240

BSUBV=BSUBV 1 DOSE2245

LANI IS THE RADIOACTIVE DECAY COKSTANT OF NUCLIDE I, TN HR¥*-1. DOSE2250
LAXI = LAARR/2Z4. DOSE2255

NODE=2 DOSE2260

CALL RYVALUE (IFLAG,N0DE, I.NO, ¥R, R) DOSE2265

DR=1. DOSE2270
TERH1=FSUBP*FSUBRS *CV (L, LANT,DEPRAT,GCRY, TSUBE, ¥SUBV, DOSEZ275

> TSTBH, R) DOSE22B0
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SECOND TERM.. USE TSOBH VALUE FOR INGESTION BY ANIMALS OF STORED FEEDDOSE2285

TSUBH=TSUBH2 DOSE2290
TERM2={1.0~-FSUBP*FSUBS) *CV{I,LANI,DEPRAT, GCRY, TSUBE, DOSE2295

> YSUBY, TSUBH, R) DOSE2300
CIV=TERM1 + TERM2 DOSE2305

DOSE2310

CALCULATE CIM=NUCLIDE COWCENTRATION IN MILK USING EQ C~10, REG GUIDE DOSE231S
1.109-27 DOSE2320
CIM=FSUBMI*CIV*QSUBF*EXP {~LAMRR*TSOBF) DOSE2325

DFIJ IS THE DOSE CONVERSION FACTOR FOR THE INGESTION OF NUCLIDE I, ORGDOSE2330
IN MREH/PCI. DOSE2335
DFIJ = 0.001%CFING DOSE2340

CALCGLATE #LKDOS {J) =ANNOAL DOSE TO ORGAN J PROM INWGESTION OF RADIONUCLDOSE2345
IN HILX USING EQ C-13, REG GUIDE 1. 109-28. DOSE2350
IF (I1.NE.D.AND.REL {1,I).NE,0.}) D4=FI1M+F2M* (MAGCON (I} /DOSE2355

> {GCON (I,NO, NR} +RATUA*GCI) ) DOSE2360

IF (I1.NF.0.AND.REL{1,I).NE.O.) D3=F1B+F2B* (BAGCON {I} /DOSE2365

> {GCON {I,NO, NR) +RATUA*GCIY) DOSE2370
KLKDOS {J) =DFIJ*UMSCI M*DY DOSE2375

THE NRC MODEL GIVES DOSES IN MREM/YR. TO CONVERT TO REN/YR, DUSEZ380
#ULTIPLY BT 0.001 DOSEZ385
MLEDGS{J} = MLKDOS(J)*.001 DOSE2390

CALCULATE CIF=NUCLIDE CONCENTRATION IN MEAT USING EQ C~12, REG GUIDE 1DOSE2395
CIF= FSUBFI®CIVAQSUBF*EXP (~LANRR *T3SUBS) DOSE2400

CALCULATE BEFDOS (J) =ANNUAL DOSE TC ORGAN J FROM INGESTION OF DOSF2405
RADIONUCLIBE I IN MEAT. (REG GUIDE 1.109~28, EQ C-13) DOSE2410
BEFDOS {J) =DFLI*UF*CIF*D3 DOSE2415

BEFDOS(J) = BEFDOS(J) *.001 DOSE2420

CALCULATE CIVP=CONCENTRATION OF RADIONUCLIDE IN PRODUCE CONSUMED BY MADOSE2425
USE PARAMETERS FOR CROP/VEGETATION-MAN PATHWAY., TSUBH VALUE FOP PRODUDOSEZ2430

TSUBE= TSUBE2 DOSE2435

YSUBV= YSUBV2 DOSE20440

TSUBH= TSUBH4 : DOSE2445

BSUBV=BSUBY2 DOSE2450

DR=DD1 DOSE2455

MODE=1 DOSE2460

CALL RVALDE{I¥LAG,MODE,I,NO,NR,R) DOSE2465
CIVP=CY(I,LAMI,DEPRAT,GCRY,TSUBE,YSUBV, TSUBH, R) DOSE2470

CALCULATE PRODOS=ANNUAL DOSE TO ORGAN J FROM INGESTION BY MAN OF RADIODOSEZ247S
IN PRODUCE. (REG GUIDE 1.109-28, EQ C-13) DOSE2480
IF {X¥1.NE.0.AND.REL(1,I).NE.0.) D2=F1V¢F2V& (VAGCON (I} /DOSE2485

> {GCON {I,H0, NR) +RATUAXGCI)) DOSE2490
D1=p2 DOSE2495
PRODOS=DFIJ*JVXFSUBG*CIVD*D?2 DOSE2500

CALCULATE CIVL=CONCENTRATION OF RADIONUCLIDE IN LEAFY YEGETABLES. DOSE2505
USY PARAMETERS FOR CROP/VEGETATION-MAN PATHWAY. DOSE2510
THE TSUBH VALUE IS FOR LEAFY VEGETABLES. DOSE2515
TSUBE=TSUBE2 DOSE2520

YSUBY=YSUBV2 DOSE2525

TSUBH=TSUBH2 DOSE2530

BSUBV=BSUBV2 DOSE2535

DR=DD1 DOSE2540

CIVL=CV (I,LAMI,DEPRAT,GCRU,TSUBE,YSUBY,TSUBH,R) DOSE2545

CALCULATE LEFDOSzANNUAL DOSE TO ORGAN J FROA INGESTION OF RADIONUCLIDEDOSE2550
IN LEAFY VEGETABLES. (REG GUIDE 1. 109-28, EQ C-13) DOSE2555
LEFDOS=DFIJ*UL*FSUBL*CIVL*D1 DOSE2560

VEGDOS{J) IS THE ANNUAL DOSE TO ORGAN J FROM INGESTION OF RADIONUCLIDEDOSE2565
I¥ PRODUCE AND LEAFY VEGETABLES. DOSE2570
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VEGDOS(J) =PRODOS + LEFDOS

VEGDOS(J) = VEGDOS({J)*.001

DOSING(J) =BEFDOS (J) # HLKDOS (J) *+ VEGDOS(J)

IF (J.NE.11) GO TG 470
KIQ(I,NO,NR)=UL*FSTBL*CIVL*D1¢UV FSUBG*CIVP*D2
GFIN {I,NO,NR) =UF*CTIF*D3

¥ TNG (T, NO, NR) =UN*CT 1 %Dt

GCN=DEPRAT/3.6E7

C WVATER SUBWERSION DOSE CALCULATIONS

480

490

500

510

>
520

X=LANRR+LANH20

IF (KFLAG.EQ. 1) X=ANLAM(I)+LAKH20

I? (GCN.EQ.0) DOS5=0

IF (GCN.EQ.0) GO TO 510

ALT= E%T

IF (ALT-GT.0.03) GO TO 500

DOS5=GCN*1,E-6%8760. *CFSB¥*FROG {J) *USEFAC/DILFACH
((0.1666667* ALT~C.5)*ALT+T}*3600.%24.,

GO TO 510

DOS5=GCN&1,E~6*8760. *CFSBWHFROG (J) *USEFAC/DILF AC* {1~
EXP (X €T} ) /X *3600. %20,

TDOS=DOS1+DUS2+DOS3I+DUSING(J) #D OS5

IF (I.GT.NNTB) GO TO 520

WRITE{51,9118) NO, ¥R, NAKES (J) ,D0S1,D052,D0S3,DOSING {J} ,
DOSS, THUS

CONTINGE

IF (LIPO.®Q.0) GO TO 530

C POPULATION DOSE CALCULATIONS

ORMODI(I,J, 1) =DOST1*INTPA(NO, NR) +ORMODI (I, d, 1)
ORMODI(I,J, 2) =DOS2*INTPA (NO, NR) +ORNCDI (I, J, 2)
ORKODI(I,J,3) =DOS3*INTPA (NO, NR) +ORNODI (I,J,3)
ORHODI(I,J, 4} =DOSING (J) *INTPA{NC, NR) *ORNODI (I,J,8)
OR%ODI(I,J,5) =DOSS*INTPA (NO, NR) +ORAODI (I,d,5)
ORMODI(I,J,6) =VEGDOS (J) *INTPA (NC, NR) +ORHODI (I,J,6)
ORHODI(I,J,7)=BEFDOS (J) *INTPA (NO, ¥R) +ORMODI(I,J,7)
ORHODI(I,J, 8) =HLKDOS (J) *INTPA (NO, NR) +ORMODI (I, J,8)
GO TO 540

C CALCULATIONS OF THE HIGHEST INDIVIDUAL DOSE FOR EACH RADIONUCLIDE
C AND ORGAY AND GRID LOCATION WHERE RECEIVED

530

540
550
560
570
580

590

I¥ (TDOS.LE.DOSIN(I,I}} GO TO 540
NOAH (I, J) =NO
NRHM (I, J) =NR
ORMODI{I,J, 1) =D0OS1
ORHODI(I,J,2) =D0S2
ORMODI(I,J,3) =DOS3
ORMODI (I,J,4) =DOSING (J)
ORHODI(I,J,5) =D0S5
ORHMODI(I,Jd,6) =VEGDOS {J)
ORMODI (I,J,7) =BEFDOS (J)
ORMODI (I,d, 8) =MLKDCS (J)
DOSIN {3, 1) =TDOS
CONTINIIE
CONTINUE
CONTINUE
CONTINUE
WRITE (51,9119) NAMNUC (T)
IF (IFLAG.GT.2.0R.IFLAG.LT.0) PRINT 9120
IF (IFLAG.NE.1) GO TO 600
WRITE{51,9121) SD1

DOSE2575
DOSE2580
DOSE2585
DOSE2590
DOSE2595
DOUSE2600
DOSHE2605
DOSE2610
DOSE2615
DOSE2520
DOSE2625
DOSE2630
DOSE2635
DOSE2640
DOSE2645
DOSE2650
DOSE2655
DOSE2660
DOSE2665
DOSEZ670
DOSE2675
DOSEZ2680
DOSE2685
DOSE2690
DOSE2695
DOSE2700
DOSE2705
DOSEZ710
DOSE2715
DOSE2720
DOSE2725
DOSE2730
DOSE2735
DOSE2740
GOSE2745
DOSE2750
DOSE2755
DOSE2760
DOSE2765
DOSE2770
DOSE2775
DOSE2780
DOSE2785
DOSE2790
DOSE2795
DOSE2800
DOSE2805
DOSE2810
DOSE2815
DOSEZ2820
DOSE2825
DOSE2830
DOSE2835
DOSE2840
DOSE2845
DOSE2850
DOSE2855
DOSE2860



600

610

630

680
650

>
660
670
680

C START

WRITE(51,9122)SD3

IF (IFLAG.NE.2) GO TO
WRITE{S1,9123) SD1
WRITE(51,9124) SH 1
WRITE(51,9125) SD3
WRITE(51,9126) SW3
WRITE(51,9127) LAMRR
IF (KFLAG.NE.1) GO TO
HRITE(51,9128)
WRITE(51,9129)

WRITE (51,9 130) LAMSUR
WRITE{51,9131) LAMH20
IF (NTRIT.NE.1) GO TO
WRITE(51,9132) TDCF
WRITE(51,9133) TDCW

IF (NTRIT.EQ.1) GO TO
YRITE(51,9036) ¥SUBNI
WRITE{51,9037) ¥SUBFI
WRITE(51,9038) BSUBYV1
WRITE(51,9039)

WRITE (51,9060} BSUBY2
WRITE(51,9081)
WRITE(51,9042) F1INH
YRITE(51,9043) FI1ING
WRITE{(51,9044) AMAD
WRITE(51,9045) ISOL

IF (I1.EQ.0} GO TO 640

WRITE(51,9046)
WRITE (51,9047}
WRITE(51,9048)

WRITE(S51,9040) NAMNUC (L1} ,P1

610

620

630

650

IF (F2.EQ.0.) GO TO 640

WRITE{51,9050) NAMNUC {I2) ,F2

IF (F3.EQ.0.) GO TO 640

WRITE(51,9050) NAMNUC {I3),F3

IF {F4.EQ.0.) GO TO 640

WRITE(51,9050) NAMNUC {X4) ,F4

IF {F5.EQ.0.} GO TO 640

WRITE(51,9050) NANNGC {I5) ,F5

CONTINUE
CONTINUE
WRITE(51,9134)
WRITE(51,9135)
WRITE(51,9136)
WRITE(51,9137)
WRITE(51,9072)

DO 670 J=1,NUMORG

DO 660 K=1, 11

IF (NAMORG(J}.NE.NAMES (K)) GO TO 660

CASBA=CFPSBA*FROG (K)
CASUR=CFSUR%FROG (K)
CASBW=CFSBW*FROG (K)

WRITE(51,9138) NAMORG (J) ,CFINHA (J) ,CFINGA (J) ,CASBA,CASUR,

CASBW
CONTINUE
CONTINUE
CONTINUE

OF MAXIMIZING CALCULATIONS FOR THE INDIVIDUAL DOSE OPTION
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DOSE2865
DOSE2870
DOSE2875
DOSE2880
DOSE2885
DOSE2890
DOSE2895
DOSE2900
DOSE2905
DOSE2910
DOSRE2915
DBOSE2920
DOSE2925
DOSE2930
DOSE2935
DOSE2940
DOSE2945
DOSE2950
DOSE2955%
DOSE2960
DOSE2865
DOSRE2970
DOSE2975
DOSE2980
DOSE2985
DOSE2990
DOSE29%85
DOSE3N00
DOSE3005
DOSE3010
DOSE3015
DOSE3020
DNSE3025
DOSE3030
DOSE3035
DOSE3040
DOSE3045
DDSE3050
DOSE3055
DOSE3060
DDSE3065
DOSE3070
DOSE3075
DOSE3080
DOSE3085
DOSE3090
DOSE2095
DOSE3100
DOSE3105
DOSE3110
DOSE3115
DOSE3120
DOSE3125
DOSE3130
POSE3135
DOSE3140
DOSE3145
DOSE3150
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700

720

730

740
750
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IF (LIPG.EQ.1) GO TO 850
DO 840 J=1,11

ADSE=Q

DO 750 WO=¥OL,NOU

DO

740 NR=NRL, NRO
DSE=0
AKER=0
BKR=0
DKR=0
RER=0
VEG=0
BEF=0
AHE=0
DO 730 I=1,HNUCS
AC=ACON (I, NOMM (T,J) , NRAN (I, J))
i¥ {(AC.EQ.0.) GO TO 690
AKR=ORHODI {T,J, 1) /AC*ACON (I, NO, ¥R) +AKR
BKR=ORNODI (I,J,2) /AC*ACON (I, NO, NR) +BKR
BC=GBUP (I, NONN {I,J) , NRH4 {I,d))
IF (BC.EQ.0) GO TGO 700
DER=OQRMODI {I,.J,3) /BC*GBUP (I, NG, NR) +DKR
EKR=0RNODI (I,J,5) /BC*GBUP (I, NO, 4R} +EKR
IF (NANNUC({I).EQ.NADECT.OR.NA¥NUC (I).EQ.NADEC3) GO TO
710
IF (BC.EQ.0) GO TO 720
VEG=ORMODI (I, J,6) *(KIQ(I,N0,NR)/ (KIQ(T,NONN(I,J),
NRAM (I, J)) +1.E~60)) +VEG
BEF=ORMODI (I,d,7) *(GFIN(I,NO,NR) /(GFIN{I, NOMN (I,J),
NRMM (I,J)) +1.E-60) ) +BEF
AME=0RNODI (I,J,8)*(FING(I,N0,NR)/(FPING(I,NONN(I,J),
NRMA(I,J)) +1.E~60)) ¢AME
GO TO 720
ACO=ACOY (I, N0, NR)
VEG= {(F1VEACO+P2V*VAGAC (T)) / (FIVEAC+E2V#V AGAC (I) ¢ 1. B~
60)) * ORMODI (T, J,6) +VEG
BEF={ (F IB*ACO+F2B*BAGAC(T)) /(F1B*AC+F2B*BAGAC (I} #+1.E-
60)) * GRMODI (I,J,7) ¢+ BEF
AME= {(FiM*ACO+F2H*MAGAC (1)) / (FIM*AC+F2M*HAGAC (1) #1.E~
60) ) * ORMODT (1,J,8) +ANE
CONTINUE
TING=VEG+BEF+ANE
IF (NAMNOUC({I).EQ.NADEC1) TING=TING+ACO*TDCH
DSE=AKR+BKR+DKR* EXR+TING
IF (DSE.LT.ADSE} GO TD 740
ADSE=DSFE
NOHL (J) =¥O
NRME (J) =NR
CONTINUE

CONTINUE
NO=NONT. (J)
NR=¥RNL (J)

DG 830 I=1,NNUCS

AC=

ACON (I, NOMH (I, J) , NRHH (I ,d))

ACI=ACON (I, N0, NR)

Ir

{ACT.EQ.0.) GO TG 760

ORMCDTI (1,0, 1) =ORNODI (I,J, 1) /AC*ACT
ORMODI {I,J,2) =ORHODI (I,J, 2} /ACXACI

GO

T0 770

DOSE3155
DOSE3160
DCSE3165
DOSE3170
DOSW3I175
DOSK3180
DOSE3185
DOSE3190
DOSE3195
DOSE3200
DOSE3205
DOSE3210
DOSE3215
DOSE3220
DOSE3225
DOSE3230
DOSE3235
DOSE3240
DOSE3245%
DOSE3250
DOSE3255
DOSE3260
DOSE3I265
DOSE3270
DOSE3275
DOSE3280
DOSE3285
DOSE3290
DOSE3295
DOSE3300
DOSE3305
DOS¥E3310
DOSE3315
DOSE 3320
DOSE3325
DOSE3330
DOSE3335
DOSE3340
DOSE3345
DOSE3350
DOSE3355
DOSE3360
DOSE3365
DOSE3370
DOSE3375
DOSE3380
DOSE3385
DOSE3390
DOSE3395
DOSE3400
DOSE3405
DOSE3410
DOSE3415
DOSE3420
DOSEIN2S
DOSE3430
DOSE3435
DOSE3440



I

163

760 ORMODI (I,J,1) =0. DOSE3LUS
ORMODI (I,J,2) =0. DOSE3u50

770 BC=GBUP {I,NOMM (T, 3) ,NRNM{I,J}} DOSE3455
BCI=GBUP (I, NG, NR) DOSE3460

IF {BCI.EQ.0) GO TD 780 DOSE3ILES

ORMODI (I,J, 3} =QRMODT (I,d,3) /BC*BCI BOSE3ILTO

ORMODI {I,J,5) =ORMODY {I,J,5) /BC*BCI DOSE3475

GO TO 790 DOSE3480

780 ORMODE (I,J,3) =0 DOSE3485
ORMODI {I,J,5) =0 DOSE3I490

790 IF {NAMNUC{T).EQ.NADEC1.0OR. NAMNUC {I}. Q. NADEC3}) GO TO 810  DOSE3495
IF {BCI.EQ.0} GO TO 800 DOSE3500

ORMODI {I,J,6) =ORMODI{I,J,6) *{KIQ({X,NO,NR) /{KIQ {1, NOMH{I,J), DGSE3505

> NRMM (I,J))+1.E~60)) DOSE3510
ORMODI {I,J,7) =ORMODI {X,J, 7} *{GFIN {I,NO,NR) /{GFIN(I,NOMM{I,J} DOSE3I515

> CSHRHN (I, J)) ¢ 1.E~60)) DOSE3520
ODRMODI (X,J,8) =ORMODI{I,J,8) *{FING(I,NO,NR) /(FING (I, NONH{I,J)DOSE3I525

> S NRMH (I, 3)) +1.E~60)) DOSE3530

GO TO 820 DGSE3535

800 ORMODY (I,J,6) =0 DOSE3540
ORMODI{I,J,7) =0 DOSEISES
ORMODI{(I,J,3) =0 HOSE3I550

G0 TO 820 DOSE35SS5

810 CONTINUE DOSE3560
DORUODIAIL, T, 6) = ((FIVKACI+F2V4VAGAC(I)) /(FIVHAC+F2V*VAGAC (I) ¢+ DOSE3565

> 1.E~60) )* ORMODI(X,J,6) DOSE3570
ORMODI (I,J,7)={(FIB*¥ACI+F2B*BAGAC (1)) /{F1B*AC+F2B*BAGAC {I} + DOSE35TS

> 1.5-60) }* ORMODI{I,J,7) DOSE3S80
ORMODI (I, J,8) ={ (FIN*ACI+P2M*MAGAC {T)) /(F IM¥AC+F2M*MAGAC {I) + DOSE3585

> 1. 8~60) ) * ORMODI(I,J,8) DO5E3530
820 OR4ODI (I, J,4) =ORMODI {I,J,6) +ORUODI (I, J,7) +ORMODT (1, J,8) DOSE3595
TIF (NAMNYC(T).EQ.NADEC1) ORMODI (I,J,0)=0RMODI (I,J,4)+ACI* DOSE3600

> TDCH DOSE3I605
830 CONTINGE DOSE3610
840 CONTINUE DOSE3615
C END OF MAXIMIZING CALCULATIONS FOR THE TNDIVIDUAL DOSE OBTION DOSE3I620
850 IF (NRTB.EQ.D0) 50 To 880 DOSE3625
no 870 I=1,NNUCS DOSE3630
PUNCH 9139, NAMNUC (I) DOSE3635

DO 860 @D=1,8 DOSE3I6H0

PUNCH 9140, {ORMODI{I,d,ND) ,J=1,11) DOSE36L5

860 CONTINUE DOSE3650
870 CONTINUE DOSE3655
880 CONTINUE DOSE3660
C OUTPUT FOR HBALTH RISK CALCULATIONS DOSE3665
IP {¥STB.EQ.0) GO TO 980 DOSE3I6TO

IF (FEQWL.EQ.0.} FEQWL=0.7 DOSE367S

DO 970 I=1,NNUCS DOSE3680
TINE=0 DOSE3685
WRITE(25) NANNUC{I) ,PARSIZ (I} ,CLASS{I), (GI{I,J),J=1,8), TINE, LIPODOSE3690
WRITE{25) NOL , NOU, NRL,¥RU, (IDIST(IG),IG=NRL, NRU) DOSEIE9S

IF (LIPO.EQ.1) GO TO 890 DOSE3700
WRITE(51,9051) NANNUC (T) DOSE3705

G0 TO 900 DOSE3710

890 WRITE(51,9052) NAMNUC (1) DOSRE3T15
300 CONTINUE DOSE3720
WRITE(51,9053) DOSE3725

IF (LIPO.EQ.1) GO TO 910 DOSE3730
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WRITE (51,9054) DOSE3T735

GO TC 920 DOSE3740

310 WRITE({51,9055) DOSE3745
920 WRITE{51,9056) DOSE3TS0
HRITF{51,9057) DOSE3IT55
WRITE(51,9058) DOSE3760
ALIEB=LIPO DOSE3765

DO 960 NO=NOL,NOU DOSE3770

DO 950 NR=NRL,NRU DOSE3775
ACUP=ACON{I,NO,NR) #7.F-6*{ALIP* {INTPA (NC,NR) —1.}+1.) DOSE3780

GBIP=GEUP (I,NO,NR)* {ALIB* (INTPA (NO,HR)~1.) +1.) DOSE3785
FIOP={KIQ(T,NO,NR) +GFIN (I,N0,NR)4FING(I,NO,NR))* (ALIP* DOSE3790

> (INTPA (NO,NR) ~1.) +1.) DOSE3795
FINH=ACON (I,NO,NR) *BRTHRT*8760. *{ALIP* (INTPA (NO,NR}~1.)+ DOSE3800

> 1.) DOSE3805
WRITE(51,9059) N0, IDIST (NR) ,ACUP,GELP,FIOP, FINH DOSE3810

IF (NAMKUC (I).EQ.NADRN) GO T0 930 DOSE3815

WRITE(25) ACUP,GBI®,PIOP,FINH DOSE3B20

GO TO 940 DOSE3825

930 WAL=FEQWL#*10.*ACOW (L, NO, R} *{ALIP* {INTPA(NC, NR) -1.) ¢+1.) DOSE3B3D
WRITE {25) FEQEL,WaL DOSE383%

949 CONTINUE DOSE3840
950 CONTINUE DOSE3845
960 CONTINUE DOSE38S0
WRITE(51,9060) DOSE3855

IF (LIPC.EQ.1) WRITE{25) INTPA DOSE3856

970 CONTINDE DOSE3IBED
980 CONTINGE DOSE3865
CALL DOSMIC (NITB,NUTB) DOSE3IBT]

990 STOP DUSE3875
FETURN DOSE3880

9000 FORHAT(BE10.3) DOSEIBSS
9001 FORMAT (*17,T#42, DOSE3890
> 'CPTIONS SELECTED POR DOSE AND INTAKEF CALCULATIONS®) DOSE3895
9002 FORHAT(°0',T20,'CALCULATIONS ARE MADE FOR THE MAXIHALLY-EXPOSED INDOSE3900
>TIVIDUAL. ") DOSE3905
9003 FORHAT('0',T20,'CALCULATIONS ARE HMADE FOR THE POPGLATION.') DOSE3910
9004 FORMAT(® ',T20,'TABLES FOR EACH NOCLIDE LISTING DOSES BY ORGAN ANDDOSE39i5
> PATHWAY AT EACH ENVIRONMENTAL LOCATION ARE OMITTED.Y) DOSE3920
9005 FPCRMAT({® *,T20,'TABLES LISTING DOSES BY ORGAN AND PATHWAY AT EACH DOSF3925
>ENVIRONMENTAL LOCATION ARE BRINTED FOR ',IZ,' NUCLIDES') DOSE3930
9006 FORMAT(® *,T20,'DOSES BY NUCLIDE,ORGAN, AND PATHWAY ARE PUNCHED ONDOSE3I93S
> CARDS®) DOSE3940
9007 FORMAT(® ',T20,'ENVIRONMENTAL CONCENTRATIONS AND INTAKE RATES BY HDOSE3I9U5
>AN FOR EACH NUCLIDE ARE PRINTED AWD WRITTEN UNFORMATTED.Y) DOSE3950
9008 FORNAT(® ',T20,'DOSE SUHMMARY TABLES ARE PRINTED®) DOSE3955
9009 FCRMAT(® ',T20,'WORKING LEVELS ARF CALCULATED FOR RN-222 IF IT IS DOSE3960
>IN THE SOURCE TERMY) DOSE3965
9010 FORMAT(°0',T13,'EFFECTIVE SURFACE DENSITY OF SOIL (XG,/SQ. M, DRY',DOS®E3970
> ¢ WEIGHT} (ASSUMES 15 CM PLOW LBYER)',T110,E12.4) DOSE3975
9011 FORMAT(?0',T13,'PERIOD OF LONG-TERN BUILDUP FOR ¢, DOSE3980
> *ACTIVITY IN SOIL (YEARS)',T110,E12.4) DOSFE3985
9012 PORMAT({'0%,T13,'FI4E DELAY--INGESTION OF PASTURE GRASS BY °, DOS®E3990
> *ANINALS (HR}*,T110,E12.4) DOSE3995
9013 FOURMAT(*0Y,T13,*TINE DELAY--INGESTION OF STORED FEED BY °, DOSEL000
> YANIHALS (HR)',T110,E12.4) DOSEE00S
9014 FORMAT{*0',T13,'TIME DELAY--INGESTION OF LEAFY VEGETABLES ¥, DOSE4010

> 'BY MAN (HR)' ,T110,R12.4) DOSE4015
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9015 FORMAT('0°,T13,?'TINE DELAY--INGESTION OF PRODUCE BY ¥, "MAN (HR)",DOSE4020

> T110,E12.4) : DOSEH025
9016 FORMAT('0',T13,REMOVAL RATE CONSTANT FOR PHYSICAL LOSS BY ¥, DOSE4030
> 'WEATHERING (PER HOUOR) *,T110,E12.4) DOSE#035
9017 PORMAT(*0*,T13,'PERIOD OF EXPOSURE DURING GROWING SEASON--1, DOSE4040
> YPASTORE GRASS (HR)',T110,E12,4) DOSE4045
9018 PORMAT ("0*,T13, "PERTOD OF EXPOSURE DURING GROWING SEASON--1, DOSE#050
> CROPS OR LEAFY VEGETABLES (HR)',T110,E12.4) DOSEE055
90619 FORMAT('0°,T13,'AGRICULTURAL PRODUCTIVITY BY UNIT AREA *, DOSE4060
> Y (GRASS~COW-MILK~MAN PATHWAY (KG/SQ. METER))',T110,E12.4) DOSEB065
9020 FORMAT('0',T13, "AGRICULTURAL PRODUCTIVITY BY UNIT AREA ', DOSRU0TO
> *(PRODUCE OR LEAFY VEG INGESTED BY MAN (KG,/SQ. METER)}?,T110, DOSE4075
> E12.4) DOSEL080
9021 FORMAT(0',T13, FRACTION OF YBAR ANIMALS GRAZE ON PASTURE *, T110,DOSELOSS
> E12.4) DOSE4090
9022 FORMAT('0%,T13,'FRACTION OF DAILY FEED THAT IS PASTURE GRASS *,  DOSE4095
> TYHEN ANIMAL GRAZES ON PASTURE',T110,E12.4) DOSEY4 100
9023 FORMAT(*0',T13,*CONSUMPTION RATE OF CONTAMINATED FEED OR FORASE *,DOSE4105
> *BY AN ANIMAL IN KG/DAY (WET WEIGHT)',T110,E12.4) DOSE#110
9024 FORMAT (*0*,T13, '*TRANSPORT TIME FROY ANINAL FEED~MILK-MAN (DAY}*, DOSE411S
> T110,E12.4) DOSE4120
9025 FORMAT(*0*,T13,*RATE OF INGESTION OF PRODUCE BY NAN (KG/YR}®, DOSEN125
> T110,E12.4) DOSE4130
9026 FORMAT('0*,T13,"RATE OF INGESTION OF MILK BY MAN (LITERS/YR)®, DOSEL135
> T110,E12.4) DOSES 140
9027 FORMAT('0*,T13,*'RATE OF INGESTION OF MEAT BY MAN (KG/YR)'!, T110, DOSEB145
> E12.4) DOSEH 150
9028 FORMAT (*0*,T13,'RATE OF INGESTION OF LEAFY VEGETABLES BY MAN f,  DOSE4155
> *(KG/YR)',T110,E12.4) DOSES160
9029 FORMAT('0?,T13,"AVERAGE TIME FROM SLAUGHTER OF MEAT ANIMAL TG ®, DOSE4165
> YCONSUMPTION (DAY)*,T110,E12.4) DOSEB 170
9030 FORMAT (?0*,T13, YFRACTIOY OF PRODUCE INGESTED GROWN IN GARDEN *,  DOSEL175
> 'Q0F INTEREST',T110,B12.4) DOSE#180
9031 FORMAT('0*,T13, FRACTION OF LEAFY VEGETABLES GROWN IN GARDEN ',  DOSE4185
> 'OF INTEREST',T110,E12.4) DOSE#190
9032 FORMAT (5I4,5E10.3) DOSE#195
9033 FORMAT(T11,A1,T15,E10.3,T27,E10.3) DOSES200
9034% FORMAT {A8,T10,E10.3) DOSE4205
9035 FORMAT(T11,E10.3) DOSEL210
9036 FORMAT('0Y,T13,'AVERAGE FRACTION OF ANIMAL®'S DAILY INTAKE °, DOSE#215
> 'OF NUCLIDE WHICH APPEARS IN EACH L OF MILK (DAYS/L)?, T110, DOSE4220
> E12.4) DOSEY225
9037 PORMAT('0?,T13,"FRACTION OF ANIMAL’’S DATLY INTAKE OF NUCLIDE ', DOSE4230
> 'WHICH APPEARS IN EACH KG OF FLESH (DAYS/KG)',T110,E12.4) DOSEB235
9038 FORMAT(*0?,T13, "CONCENTRATION FACTOR FOR UPTAKE OF NUCLIDE FROM SODOSEU240
>IL FOR PASTURE AND FORAGE®,T110,E12.4) DOSE8245
9039 FORMAT(* *,T20,* (IN PCI/KG DRY WEIGHT PER PCI/KG DRY SOIL)?') DOSE4250
9040 FORMAT('0°,T13,'CONCENTRATION FACTOR FOR UPTAKE OF NUCLIDE FROM SODODSEG255
>IL BY EDIBLE PARTS OF CROPS®,T110,212.4) DOSES260
9041 FORMAT(*® *,T20,'(IN PCI/KG WET WEIGHT PER PCI/KG DRY SOTL) !} DOSE4Z6S
9042 PORMAT{"0*,T13,°GI UPTAKE FRACTION (INHALATION)!',T110,E12. 4} DOSE4270
9043 FORMAT (*0¢,T13,*GI UPTAKE FRACTION (INGESTION)f ,T110,E12.8) DOSEH27S
9044 FORMAT ("0',T13,*PARTICLE SIZE (MICRONS)',T110,E12.4) DOSE&280
9045 FORMAT (*0?,T13, *SOLUBILITY CLASS',T110,31) DOSEL 285
9046 FOBMAT('0',T20,"CONCENTRATIONS ON GROUND AND WATER INCLUDE CONTRIBDOSE#290
>UTIONS RESULTING FROM 1) DOSE#295

9047 FORMAT(® *,T20,'DECAY OF THE FOLLOWING PARENT NUCLIDES AFTER DEPOSDOSE4300
>ITION--Y) DOSE4305
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9048 FORMAT{'0",T#0, ' NUCLIDE?,T67,°BULLDUP FACTOR') DOSE#310
9049 FORMAT{'0',T41,A8,T6%9,E10.3) DOSE#315
9050 FORMAT(* ',T#1,A8,T69,E10.3) DOSE&320
9051 FORMAT{*1',T45, 'CONCENTRATIONS AND INTAKE RATES FOR ' ,A8) DOSE4325
9052 FORMAT{*1',T30,'POPULATION-WEIGHTED CONCENTRATIONS AND POPULATION DOSE%330
>INTAKES FOR ¢ ,A8) DOSE4335
9053 FORHAT{*0',T170,'AREA*,T42,'ATR CONCENTRATION',T63, DOSEG340
> 'GROUND CONCENTRATIONS,T89,'INGESTIGN INTAKE!,T114, DOSE4 345
> 'INHALA®TON INTAKE?) DOSE4350
9054 FORMAT(' ',TU1,® (CURIES/CUBIC METER) *,T63,* (CURIES/SQUARE HETER) ', DOSEG355
> T$2,% (PCI/YEAR) *,T117, % (PCI/YRAR} ') DOSE4360
9055 FORMAT(' *,T38," (MAN~CURIES/CUBIC METER),T62, DOSE4365
> ' (MAN~CURIES/SQUARE HETER) *,T90, % (MAN-PCI/YEAR)?,T115, DOSE#370
> ' (HAN-PCI/YEAR) ) DOSE#375
9056 FORNAT(' ',T3,'DIRECTION',T12,'DISTANCE®) DOSE# 380
9057 FORAAT(® *,T19," (METERS) ') DOSE#385
9058 FORHAT('0') DOSE4390

90539 FORMAT(' *,T6,12,T18,17,THh5,£10.3,768,E10.3,792,£10.3,T118,810.3) DOSE4#395
9060 FORMAT('0',Ti0,*DIRECTIONS ARE NUMBERED COUNTERCLOCKWISE STARTING DOSE2400

>AT 1 FOR DUE NORTH?) DOSELHOS
9061 FORNAT (5I10) DOSE4410
9062 FORMAT (16I5) DOSFE8415
9063 FORMAT (1615} DOSE4420
9064 FORMAT(8E10.3) DOSEL425
90565 FORMAT(8F10. 1) DOSELL3D
9066 PORMAT (40T2) DOSE463S
9067 FORNMAT (L10) DOSERLLQ
9068 FORHAT(6F10.3) DOSEBLLS
9069 FORMAT (6P10. 3) DOSE4450
9070 FORMAT (10F3.4) DOSE44SS
9071 FORMAT('1Y) DOSENIE0
9072 FORNAT('0") DOSE4465
9073 FORMAT(*0%,T768,'SUMMARY OF AREA SURROUNDING PLANT?) DOSE4LTO
9074 FORHAT('0',T20, AREA',T40,'NO. SEAT ANIHALS®,T60, DOSE4BTS

> '§g9. H¥ILK CATTLE! ,T80,'FOOD CROP3°,T95,'WATER AREA?,T113, DOSE4480

> YPOPYLATION?) DOSEG485
9075 FORMAT(' *',T78,' (SQUARE HETERS) ') DOSELSS0
9076 FORMAT(*0%,T16,"COLUHN® ,T26, 'RO¥") DOSE#LIAS
9077 FORMAT(' *,T18,12,T27,12,745,I5,T6%,15,T78,%10.3,T100,12,T1i0, DOSE#500

> E10.1) DOSEBSOS
9078 FORMAT(' ',T20,'FOR WATER AREAS--0= WONE OR HINIHAL AND 1= MAJOR WDOSEA4510

>ATER ARER PRESENT?) DOSE4515
9079 FORMAT('1',T36,3LIST OF INPUT VALUES FOR RADIGHUCLIDE-INDEPENDENT DOSE4520

>SVARIABLES') DOSELS25
9080 FORHMAT('0',T13, NUMBER OF NUCLIDES CONSIDERED?,T110,T12) DOSEL530
9081 FORMAT{°0°,T13,' VEGETABLE INGESTION RAYIO-IMMEDIAYE SURROUNDI¥G ARDOSE4535

>EA/TOTAL WITHIN AREA',T1i0,E12.4) DOSELSL0
9082 FORMAT(¢0',T13,'HEAT INGESTION RATIO-IMMEDIATE SURROUNDING ARFEA/TODOSE4545

>TAL WITHIN AREA?,T110,E12.4) DOSE4550
9083 FORMAT({?0¢,T13,'HILK TNGESTION RATIO-INMEDIATE SURKOUNDING AREA/TODOSEL555

STAL WITHIN AREA®,Ti10,B12.4) DOSE4560
5084 FORMAT(® ',T25,°HINI¥UM FRACTIONS OF FOOD TYPES FROM OUTSIDE AREA DDSEUSES

>LISTED BELOW ARE ACTGAL FIXED VATUES') DOSEL5T0
3085 PORMAT({® *',T25,'ACTGAL FRACTIONS OF FOOD TYPES FROW OUTSIDE AREA CDOSE4S75

>AN BE GREATER THAN THE MNIWIMUN FRACTIONS LISTED BELOW') DOSE8580
9086 FORMAT{®0',T13, DOSE8585

> YHMININUM FRACTION VEGETABLES INGESTED FROH OUTSIDE AREA',T110,  DOSEE590
> B12.1m) DOSELS9S
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2087 FORMAT{*0f,T13,*4INIMON FRACTION MEAT INGESTED FROM OUTSIDE AREA',DDSEU600

> T110,E12.4) DOSE4605
9088 FORMAT('0',T13,MININUY FRACTION MILX INGESTED FROM OUTSIDE AREA',DOSE4510D
> T110,E12.4) DOSE4615
9089 FORMAT(®0',T13,"INHALATION RATE OF MAN {CUBIC CENTIMETERS/HR}®, DOSE4620
> T110,E12.4) DOSEB625
9090 FORMAT(*0*,T13,'BULLDUP TIME FOR RADIONUCLIDES DEPOSITED ON GROUNDDOSE4630
> AND WATER (DAYS)?',T110,E12.4)  DDSE4635
9091 FORMAT(*0°*,T13,'DILUTION FACTOR FOR WATER FOR SWIMMING ({CM)',T110,DOSEL&E40
> Ei2.1) DOSELOHAES
9092 FORNAT(®0',T13, ' FRACTION OF TIME SPENT SWIMMING',T110,E12.4) DOSE4650
9093 PORMAT{'0°,T13,'MUSCLE MASS OF ANIMAL AT SLAUGHTER (KG)*®,T110, DOSEL655
> E12.4) DOSEL660
9094 FORMAT('0?',T13,*FALLOUT INTERCEPTION FRACTION-VEGETABLES', T110, DOSEUE6S
> E12.4) DOSE4670

3095 FORMAT (0%, T13, *FALLOUT INTERCEPTION FRACTION-PASTURE',T110,E12.4) DOSE4675
9096 FORMAT('0',T13,?PRACTION OF ANIMAL HERD SLAUGHTERED PER DAY',T110,DOSF4680

> RE12.4) ‘ DOSEUESS
9097 FORMAT('0%,T13,*MILK PRODUCTION OF COW (LITERS/DAY}®,T110,E12.8) DOSE4690
9098 FORMAT(?0?,T13, FRACTION OF RADYOACTIVITY RETAINED ON LEAPY VEGETADOSEN69S

>BLES AND PRODUCE AFTER WASHING',T110,E12.4) DOSE4700
9099 FORMAT{"1',T51,'COMPUTED YALUES FOR THE AREA") DOSELTOS
9100 FORMAT('0',T13,*TOTAL POPULATION',T110,F12.1) DOSE4T10
9101 FORMAT('0',T13," TOTAL NUMBER OF MEAT ANIMALS',T110,I12) DOSE4715
9102 FORMAT('0?,T13,?TOTAL NUMBER OF MILK CATTLE!,T110,I12) DOSELT2D
9103 FORMAT('0',T13, DOSELT25

> "TOTAL AREA OF VEGETARLE POOD TROPS (SQUARE METERS)?,T110,E12.4) DOSE4730
9104 FORMAT{'0',T13,*TOTAL MEAT CONSUMPTION ([KG PER YEAR}®,T110,E12.4) DOSE4735
9105 FORMAT(*0°*,T13,'TOTAL MEAT PRODUCTION {(KG PER YEAR)}',T110,E12.4) DOSE4740
9106 FORMAT(*0°%,T13,*TOTAL MILK CONSUMPTION (LITERS/YEAR)®,T110,B12.4) DO3SE4745
2107 FORMAT{'0*',T13,°TOTAL HILK PRODUCTION (LITERS/YEAR)*,T110,E12.4) DOSELT50
9108 FORMAT{®*0%,T13,*TOTAL VEGETABLE FOOD CONSUNPTION (KG PER YEAR) Y, DOSE4755

> T110,E12.4) DOSELTE0
5109 FORMAT('0*,T13,'TOTAL VEGETABLE FOOD PRODUCED (KG PER YEAR)',T110,DOSBU765
> E12.4) DOSE4TTO
9110 FORMAT(I10,4E10.3,110,2E10.3) DOSESTTS
9111 FORMAT (11F5.3) DOSESTBO
9112 FORMAT (2E10.3,1I1,678.4) DOSELTBS
9113 FORMAT('1',T42, "RESULTS OF DOSE COMPUTATIONS FOR NUCLIDE ',AS8) DOSZ4790
9114 FORMAT(0*,T15,*AREA’,T26,ORGAN',T60, DOSE4795
> 'DOSE THROUGH EACH PATHWAY (REMS/YEAR)?') DOSE4800
9115 FORMAT('0?,T11,'COLUMN? ,T20, *ROW") DOSELB0S
9116 FORMAT (*0*,T40,  INHALATION®,T55, *SUBHERSION',TT0,* SURFACE? ,T85,  DOS®4810
> '"INGESTION',T100,* SUBMERSION®,T117, TOTAL®) DOSE4815
9117 YORMAT(® *,T57,°IN¥ AIR?,T693,*EXPOSURE®,T102,IN WATER') DOSE4820
9118 FORMAT{(* °*,T13,12,T20,12,T25,A8,T40,%10.3,T55,%10,3,770,E10.3,T85,DOSEL825
> E10.3,T100,E10.3,T115,E10.3) DOSELE30
9119 FORMAT('1',T47,'LIST OF INPUT DATA FOR NUCLIDE ',A8) DOSE4835
9120 FORMAT('07,T13,° FLAG ERROR?') DOSE4B40
9121 FORMAT('0*,T13,*FALLOUT INTERCEPTION FRACTION-VEGETABLES', T110, DOSELS45
> E12.4) DOSEA850

9122 FORMAT('0',T13,? PALLOUT INTERCEPTION FRACTION-PASTURE',T110,E12,4) DOSEL855
9123 FORMAT (*07,T13, *FALLOUT INTERCEPTION FRACTIOW{DRY)-VEGETABLESY, DOSE48560

> T110, E12.4) DOSEN865
9124 FORMAT {(*0%,T13, 'FALLOUT INTERCEPTION PRACTION(WET)~VEGETABLES', DOSE4870
> T110, E12.4) DOSE4875

9125 FORMAT(®0',T13, *FALLOUT INTERCEPTION FRACTION({DRY)-PASTURE*, T1i10,DOSE4880
> El12. % DOSE4B8S
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9126 FORMAT('0*,T13, 'FALLOUT INTERCEPTION FRACTION {¥ET)~PASTUREY, T110,DOSE4890

> E12.4) DOSE4895
9127 FORAAT('0',T13, RADIOACTIVE DECAY CONSTANT (PER DAY)®,T110,E12.4) DOSES8900
9128 FORHAT('0',T25,'RADIOACTIVE DECAY POR SURFACE EXPOSURE AND FOR WATDOSESG90S

>ER INMERSION PROCEEDS IN ACCORDANCE WITH THE®) DOSES910
9129 PORHAT(' ',T25,"EFFECTIVE DECAY CONSTANT IN THE PLUME INSTEAD OF TDOSE4915
>HE ABOVE VALUE?) DOSE4920
9130 FORMAT('0',T13, "ENVIRONMENTAL DECAY CONSTANT-~SURFACE (PER DAY)?, DOSEA4925
> T110,E12. 4) DOSE4930
9131 FORMAT('0",T13,"ENVIRONNENTAL DECAY CONSTANT-~WATER (PER DAY)',  DOSE#935
> T110,E12.4) DOSE4940
9132 FPORYAT('0',T13,'DOSE CONVERSTON FACTOR FOR FOOD INGESTION (REM-CC/DOSES945
>PCI-YEAR}) ', T110,E12. 4) DOSES550
9133 FORMAT('0',T13,'DOSE CONVERSION FACTOR FOR WATER INGESTION (REH-CCDOSE495S5
>/PCI-YEAR) ', %110, E12.4) DOSEB96D
9134 FORAAT{"0',755,*DOSE CONVERSION FACTORS®) DOSEL965
9135 FORMAT (*0%,T5, ORGAN®,T20,' INHALATION?,T38, YINGESTION',T58, DOSE8970
> 'YSUBHERSION IN AIR',T83,'SURFACE EXPOSURE!,Ti107, DOSE4975
> 'SUBMERSION IN WATER?) DOSE4980

9136 FORMAT{® ',T17,' (REMS/MICROCURIE)', T34, (RENS/HICROCURIE)",T59, DOSE4985
> ¢ (REHS-COUBIC CH/',T83,'(RENS-SQUARE CH/',T109,' (RENS-CUBIC CM/') DOSE4990

9137 FORMAT(® *,T60,'NICROCURIE~HR)', T84, * MICROCURIE-HR) Y, T110, DOSE4935
> *HICROCURIE-HR} ') DOSES000
3138 FORMAT({® !,T4,A8,T21,E10.3,738,£10.3,761,810.3,7856,E10.3,T111, DOSES005
> E10.3) DOSES010
9139 FORMAT {A8) DOSES01S
9140 FORHAT{6E10.4) DOSES020

END DOSE5025
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FUNCTION CV(I,LANI,DEPRAT,GCRU,TSUBE,YSUBY, TSUBH,R)

C CALCULATES THE CONCENTRATION OF NUCLIDE I IN AND ON VEGETATION USING

cv
cy

C B0 C-5, REG GUIDE 1.109-25. THE INPUT PARAMETERS ARE DEFINED AS FOLLOWCY
C cy
C I INDEXES NUCLIDE cv
c LANT RADIOACTIVE DECAY CONSTANT FOR THE NUCLIDE ([HR*%~-1) cy
C DEPRAT DEPOSITION RATE OF RADIONUCLIDE I ONTO GROUND cv
c AT THE GIVEN LOCATION ( PCI /M*%2-HR) cy
c TSUBE PERIOD OF CROP, LEAFY VEGETABLE, OR PASTURE GRASS EXPOSUCY
c DURING GROWING SEASON ({HR) cy
c YSUBV AGRICULTURAL PRODUCTIVITY BY UNIT AREA (MEASURED IN WET CV
c WRIGHT)  {KG/M¥*2) cv
C TSUBH TIME DELAY BETWEEN HARVEST OF VEGETATION OR CROPS AND CV
C INGESTION (HR) cy
C R FRACTION OF DEPOSITED ACTIVITY RETAINED cy
C ON CROPS, DIMENSIONLESS cy
C cy
REAL LAMEI,LAMI,LAMRR,LAMW cv
COMMON /INGDOS/LAMW,TSUBB,P,BSUBY,DR,RATUA cy
COMMON /OCOM/ NAMNUC (36),WORD, NNUCS, ANLAX {36) ,RR, SOSD,RACON (36,20, CV

> 20) ,GCON(36,20,20) ,LIPO, NONM (356,11) ,NRMM(36,11) ,0RMODY (36,12,8y, CV

> YD {36) ,YDCOEF(20,20) ,NCL, NOU,¥RL,NRD cv
REAL*S NAMNUC,WORD cy

C THE EFFECTIVE REMOVAL RATE CONSTANT FOR THE RADIOWUCLIDE FROM CROPS  CV
C IN HR*#-1 IS (REG GUIDE 1.109-4) cv
LAMET = LAMI + LAMW v

C WHERE LAMW IS THE REMOVAL RATE CONSTANT FOR WEATHERING. oy
c cy
C THE FOLLOWING CODE CALCULATES CV= CONCENTRATION O¥ NUCLIDE I USING EQ CV¥
STUBB=TSUBB*8760. cy
ALT=LAMEI*TSUBE cy

IF {ALT.GT.0.03) GO TO 10 cv

INTUD 1= {R*DR/YSUBT) * { (0. 166665 T ALT-0.5) *ALT+TSUBE) cy

G0 TO 20 v

10 XNUD1={R*DR/YSUBV)* ( (1.0-EXP(~LAMEL*TSUBF)}) /LANEI) cy

20 CONTINDE cv
ALT=LAMI*STUBB cv

IF (ALT.GT.0.03} GO TO 30 cv
XNUD2= (BSUBV/P) * { (0. 166666 T*ALT~0.5) *ALT+STUBB) cv

GO TO 40 cv

30 XNUD2=(BSUBV/P)#*{(1.0-EXP (~LAMI*STIBB)) /LANT) cv

40 CONTINUE cy
SUM=XNUD14XNUD2 cy
PROD=SUMXEXP (~LAMI*TSUDH) cy
SOA2=XNUD2 cv
PROD2=SUM2*EXP {-LANI*TSUBH) cy
RATUA=SUN2/50M cv

CV = GCRU * PROD + (DEPRAT~GCRU) #PROD2 cvY
RETURN cy

END cv
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SUBROUTINE RVALUE (IFLAG,HODE, T, NO,NR,R) RVAL
COMMON /RVAL/ S1,S3,SD1,SD3,ACN,GCN, SW1, SW3 RVAL
COMMON ,/0CON/ WANNUC (36),WORD,NNUCS,ANLAM (36) ,RR, SOSD,ACON (36,20, RVAL

> 20) ,6CON(36,20,20) ,LIPO, NONHK {(36,11) ,NRHH{36,11),0RMODI (36,12,8), RVAL

> ¥D(36) ,VDCOEF (20, 20) ,NOL,NOU, NRL ,NRU RVAL
REAL*8 NAMNUC,WORD RVAL
THIS SUBROUTINE ASSIGNS A VALUE TO THE PARAMETER RYAL
R = THE FRACTION OF DEPOSITED ACTIVITY RETAINED ON CROPS (DIMZNSIONRVAL

AS FOLLOWS.. RVAL
(1) IF THE VALUES OUSED FPOR S1 AND S3 ARE NOT NUCLIDE-SPRCIFIC (NORMAL RVAL
IFLAG=0}, THEN RVAL

R = 51 FOR VEGETABLES (MODE=1) RVAL

R = 53 FOR PASTURE (MODE=2}) RVAL

(2) IF VALUES FOR S1 AND S3 ARE MWCLIDE-SPECIFIC, AWD DEPOSITION RATESRVAL
ARE NOT SPECIFIED SEPARATELY FOR WET AND DRY DEPDSITION (SPECIAL RRVAL

IFLAG=1}, THEW RVAL
R = 5D1 FOR VEGETABLES (MODE=1) RVAL
R = 5D3 FOR PASTURE (J0DE=2) RVAL

(3) IF VALUES FOR S1 AND S3 ARE NOUCLIDE~-SPRCIFIC, AND DEPOSITION RATESRVAL
ARE SPECIFIED SEPARATELY FOR WET AND DRY DFPOSITION (IFLAG=2}, THERVAL
R IS CALCULATED BY AVERAGING DRY AND WET DEPOSTITION RATES AS FOLLORVAL

RVAL

R ={SD1*DRY DEP RATE + SWI1%WET DEP RATE) /(DRY DEP RATE*WET DEP RVAL

FOR VEGETABLES (MODE = 1). RVAL
RYAL

R= (SD3#DRY DEP RATE + SW3«WET DEP RATE)/ (DRY DEP RATE + ¥ET DEP RATEj RVAL
FOR PASTURE {(MODE = 2) RVAL
IF {(IFLAG.EQ.O0.AND.MODE.EQ.1) R=St RVAL

I? (IFLAG.EQ.0.AND.MODE.EQ.2) R=S3 RYAL

IF (IFLAG.EQ.1.AND.MODE.EQ.1) R=3SD1 RVAL

I¥ (IFLAG.EQ.1.AND.MNODE.EQ.2) R=SD3 RVAL
CALCULATE DRY AND WET DEPOSITION RATES. RVAL
DRYDEP = ACN*VD (I)*VDCOEF (NO,HNR) RVAL
¥ETDEP = GCN — DRYDEP RVAL

THE SUM OF THESE DEPOSITION RATES IS GIVEN BY GCHN. RVAL
I? (IFLAG.EQ.2.AND.MODE.EQ.1) R= (SD1*DRYDEP+SWI*WETDEP)/ GCN RVAL

IF (TFLAG.EQ.2.AND.MODE.EQ.2) R= (SD3*DRYDEP+SW3*WETDEP}/ GCWN RVAL
PRINT ERROR MESSAGE IF NONE OF THESE CONDITIONS IS HET. RVAL
IF (%ODE.NE.1.AND.MODE.NE.2) WRITE(51,2000) RVAL

IFP (IFLAG,.NE.O.AND.IFLAG.NE.1.AND.IFLAG. NF.2) WRITE(51,9001) RVAL
RETURE RVAL
9000 FORMAT (*OERROR.. MODE SHOULD BE 1 OR 2 IN SUBROUTINE RVALUDE?) RVAL
9001 FORHAT (®*0FRROR.. IFLAG SHOULD BE 0,1,0R 2 TN SUBROUTINE RVALGUE') RVAL
END RVAT.
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SUBROUTINE DOSHMIC (NNTH,NUTB) DOSH 0

. C posM 5

: COMMON sOCOM/ NANNUC{36) ,WORD,NNUCS,ANLAM{36),RR,S0SD, ACO¥{36,20,D08% 10
T > 203 ,GCON{36,20,20) ,LIPO, NOMM {36,11) ,NRMM(36,11), ORMODI{3%6,12,B} DOSH 15

> o VYD {36) ,YDCORF {20,20),N0L,NOW, NRL, NRU DOSH 20

> COMMCN NOML (11} ,¥RNL{11) DOSH 25
. CONMON /PCOM/ REL{6,36) ,IDIST{20) ,NUMST DOSM 30
c T CONNCON /FCOU/ FEQWL,INTEA {20,20) DOSH 35
. REAL INTPA{20,20) DCSH 40
DIMENSION DOSE(12),PTIJ(36,11),TOTIN(11,8),PTOI¥(11,8),TOTI(11), DOSH 45

> TIJ(36,11),PCT(8),RL(20,20) DosSM 50

REAL¥B NAMNUC,MODE(S8},NAHES (11),WORD,FLAG (8) DOSH 55

REAL*8 NADRN nost &0

DATA NADRWS?RN-222 v/ nOSH 65

DATA FLAGs® 4,1 LIV L A e |'y*e'¢*nsa*9/ DOSH 70

CATA ¥ARES/*TOT.RODY?,"R WAR 'L NGS ' YEADOST  %,%5 FALL ', DOSH 75

* 'LLI WALL®, '"THYROID *,"LIVER f,KIDNEYS *,°TESTES ', pOsSM 80

> TOVARIES '/ DOSH 85

DATA MODE/'5UBM ATRY,'SURFACE ¥, PSWIMMING®, *INHAL. °,?INGEST. ¢, DOSH 90

> * YEGET.',* HEAT ," HILX %/ DOSH 95

C INITIALIZE nosM 100

IF (NTTB.EQ.0} GO TO 470 DOSH 165

Do 20 J=1,11 Dos® 110

DO 10 MD=1,8 DOSM 115

10 TOTIN (I, HD) =0 nosSH 120

20 CONTINUE pOSH 125

. Do 30 J=1,11 nosSK 130
3¢ TOTJ {J) =0 DOSH 135

Do S50 1=1,36 DOSH 140

. DO 40 JI=1,11 DOSK 145
S 40 TII{L,J)=0 pos® 150
S 50 CONTINUE nesH 155
DO 70 I=1,8N0CS DSy 160

. DO 60 J=1,11 DosM 165
T OR¥=0RNODI {I,J,1) DOSK 170
. ORMODI(I,J, 1) =ORNODI (I,J,2) nosa 172
ORMOGDI{I,J,2) =ORNODT {I,J, 3} poSH 173

- ORMODL {I,J, ) =ORMODI{I,3,5} posT 17%
ORMODI {I,J,5) =CRAGDI{I,J,4) nosH 3177

ORMODI (I,J,4) =0RH DOSH 180

60 COCNTINUE posy 185

70 COWTINOE nOSH 190

po 100 I=1,NNUCS DOSH 195

TF (NAMNOC(I).NE.¥ADHRE.OR.NUTB.EQ.0) GO To 100 pOSH 200

DO 90 MD=1,5 DOSH 205

DO BO J=1,12 DOSM 210

ORNODI {(I,J,MD) =0 DOSH 245

a0 CONTINUE DOSM 220

90 CONTINTE DOSH 225

G0 TO 110 posH 230

100 CONTINOE DoSy 235

110 CONTINUE DOSH 280

120 DO 150 I=1,11 DOSH 245

DO 140 Mp=1,8 DOSH 250

DO 130 I=1,HNUCS DOSH 255

30 TOTIM{J,¥D) =ORMODY (L,J, HD} +TOTIH (I, MD) DOSH 260
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140 CONTINUE DOSH 265
150 CONTINUE DOSH 270
po 170 =1, 11 DOSH 275

pO 160 MD=1,8 DOSM 280

160 IF {TOTIN(J,HD) .LT. 1. E~40) TOTIN{JI,HD)=1.E-40 DOSH 285
170 CONTINUE DOSH 290
o 190 J=1,11 DOSH 295

DO 180 HD=1,5 DOSM 300

180 TOTJ (J) =TOTIN {J,MD) +TOTI(J) DOSHM 305
190 CONTINUE DOsSH 310
DO 220 J=1,11 DOSH 315

DO 200 #D=1,5 DOSH 320

200 PTOJMN {J,HD} =FOTIH (J,ND) STOTI(I) *100. DOSM 325
DO 210 ¥D=6,8 DOSH 330

210 PTOJK (I, MDY =TCTIN(J,5) /TOTJ (J) *100.0%TGTIH {J,¥D) /TOTIFH{I,5) DOSH 335
220 CONTINUE DOS# 340
0 300 J=1,11 DOSH 345
¥RITE{51,9000) NAMES {J) DOSH 350

IF (LIPO.®Q.1) GO T0 230 DOSH 355

WRITE (51,9001) DOSH 360

GO TG 240 DOSH 365

230 WRITE{51,9002) DOSM 370
240 YRITE(51,9003) DOSH 375
DO 290 I=1,NNUCS DOSH 380

SUMA=D DOSHM 385

DO 250 ¥D=1,5 DOSH 390

250 SUMA=ORMODI (1,J,4D) +SUHA DOSH 395
IF (SUMA.LT.1.E-40) SUNA=1.F~40 DOSN 400

DO 260 MD=1,5 DOSY 405

260 PCT (MD) = {ORNODI (I,J,MD) /SUMA) *100. DOSM 410
¥ D=1 DOSH 415
PTOT=0RHODI (L, J,HD) /TOTI® {J,MD) «100. DOSH 420
YRITE{51,9C05) NAMNUC (I),NODE{HD),ORNODI (I,J, ¥D) , PCT (¥D) , PTOTDOSH 125

DC 270 HD=2,5 DOSK 430
PTOT=0RNGDI (I, d, D) /TOTJIN{JI,MD) *100. DOSH 435

270 WRITE(51,9004) MODE {#D) , OREODI (L ,J, ¥D) , PC¥ (D) , PTOT DOSH 440
DC 280 #D=6,8 DOSH 445

IF (ORMODI(X,J,5).ED.0.) PCT (iD)=0. DOSH 450

IF (ORNMODI{(Y,J,5).EQ.0.) PTOT=0. DOSM 455

IF (CRMODI(I,J,5).EQ.0.) GO TO 280 DOSH 460

PCT (MD) =ORMODI (I,J, MD) /OFHODTI {I,J, 5) *PCT {5} DOSM 465

PTOT=0RHODI (I,J,MND) /TOTJIN{I,5) *100. DOSH 470

280 ¥RITE(51,9006) MGDE{MD) ,ORHODI (I,J,HD),FLAG(HD),BCT(4D), DOSH 475
> FLAG (MD) , ETOT DOSH 480
290 CONTINUE DOSH 485
300 CONTINOE DOSH 490
DO 340 J=1,11 DOSH 495
WRITE(51,2007) NAKES (J) NOSH 500

IP (LIFGC.EQ.1) GO TO 310 DOSH 505
WRITE(51,9008) DOSH 510

GO TO 320 DOSH 515

310 HRITE(51,9009) DOSH 520
320 DO 330 #D=1,8 DOSH# 525
IF (TOTJH(J,HD).LE. 1.E~#0} TOTIH{J,ND)=0. DOSH 530
ARITE(51,9010) HODE(#D} ,FLAG (4D) ,TOTI¥(J, HD) ,PLAG (4D) , BOSH 535

> PTOJH {J, UD} DOSH 540
330 CCNTINUE DOSH 545

340 CONTINGE bosM 550



350
360
370

380
390
400

410

420
430

a40

450
460
470

480

490

500
510
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HRITE (51,9011) DOSH
I¥ (LIPC.EQ.1) GO TO 350 DOSH
¥RITE (51,9012) DOSH
GO TO 360 DOSH
WRITE{51,9013) DOSM
pu 370 J=1,11 DOSH
WRITE(51,9014) NAMES (J) , TOTJI (J) DOSH

DO 400 I=1,YNUCS DOSM
Do 390 J=1,11% DOSH

DO 380 MD=1,5 DOSH

TLJ (I,J) =ORMODT (I,J,HD) +TIJ (I,J) DOSH
PTIJ(T,Jd)=TIJ(I,J) /TOTJ (I} *100. DOSH

CCNTINUE DOSM
CONTINUE DOSH
WRITE(51,9015) DOSH
WRITE({51,9016) DOSH
WRITE (51,9017} (NANES(J) ,d=1,11) DOSH
9RITE(51,2019) DOSH
DG 410 T=1,NNUCS DOSH
WRITE(51,9018) NANNTC (X), (PTIJ(L,J) . J=1,11) DOSM
CONTINUE posM

I¥ (LIPO.EQ.1} GO TO 440 DOSH
YRITE (51,9020} DOSH
WRITE{51,9021) DOSH
WRITE (51,9022} DOSH
DC 430 T=1,NNUCS poSH
DO 420 J=1,11 DOSH
WRITE (S1,9023) NAMNUC (I) ,NAMES (J),TIJ{I,J),NONML({J} ,NRML(J})  DOSH
CONTINDE DOSH
CONTINUE posH

GG TO 870 DOSH
YRITE{51,9024) DOSH
WRITE (51,9025) DOSH
DO 460 I=1,NNUCS DOSH
DO 450 J=1,11 nosH
WRITE(51,9026) NANNUC (I) ,NAMES (J) ,TII(I,J) ; DOSH
CONTINUE DOSH
CONTINUE DOSH
CONTINUE DOSH
IF (NOUTB.E0.0) GO TO 570 DOSH
DC 480 I=1, NNUCS DOSH
I¥ (NAMNUC(I).EQ.NADRN) GO TO 490 DOS™
CONTINUE DOSH

GO TO 570 DOSH
CONTINUE pDoOsS™
ALI=LIPQ DOSH
CWL=0 DOSM
DO 510 NO=NOL,NOU DOSH
DO 500 NR=NRL,NRU DOSH

IF (FEQWL.EQ.0.) FEQWL=0.7 DOSH

WL (NO, NR) =FEQWL*10. *ACON (I, NO, NR) * (ALT* {INTPA (NC, §R) - 1.) + 1.) DOS™
CHL=CWL+WL (N0, §R) DOSM
CONTINUE DOSH
CONTINUE DOSM
WRITE(51,9027) pOSHM
WRITE (51,9038) FEQWL DOSH
WRITE (51,9003) DOSM

WRITE (51,9028) DOSHN

555

585
530
595
600
605
610
€15
620
625
630
&35

645
650
655
660
665
670
675
680
685
890
695
700
705
710
715
720
725
730
735
740
745
750
755
760
765
770
775
778
779
780
78%

795
796
800
805

815
820
825



>
569
570

9000
9001
>

9602 ¥CRUAT{*0"',T20,NUCLIDE?®, T35, 'PATHYAY?,T50, *DOSE(HAN-FENS) ¢, T70,

>
3003
9004
3005
9405
9007
3008

>

TP(LIPO.%Q.1) WRITE(51,9040)
WRITE(51,5019)

IF (LORT.EQ.0) GC TO 520
WRITE(51%,5029)
¥RITE(51,5030)
WRITE(5%,9003)

GC TO 530

WRITE(51%,3031)

WRITFE (5%,9003)

CONTINUE

iF (LORT.EQ.-0) GO TC 540

WRITR(51,9032) (( (N0, IDIST{NR),WL (NG, NR)) ,NR=NEL, NRU) , NC=NOL, O}

GC TO 550
WRITE (51,9023) ¢ ((NG,NR, Wi {NC,§&} j ,NR=NRL,NRU} , NO=NOL, XOTj
CCNTINGE
CONTINOE

TF (LIPC.EQ-1) GG TO 569
YRITE (51,9034}
WRITE (51,9035}
WRITE (53,9036)
¥RITE(51,9019)

WRITE(51,9037) ((NAMES(J), NOML(J) ; BRHL (JY , WL (NCHL (J) , NREL{J))),

1,11

IF(LTPO.EQ. 1) WRITE(51,9039)CWL
CONTINGE

FETGRY

FOR¥AT(*1',T356, PERCEVWY GF ',A8,' DOSE BY EACH PATHWAY')

FORMAT (%0',T20,'"NOCLIDE®, T35, ' PATHHAYY, T52, 'DOSE(RENS)Y, 170,
"PERCENT OF TOTAL?,T90,'PERCENT OF DOSE FROM ALL NOCLIDESY)

YPERCENT OF TOTALY,T90,'PERCENT OF DOSE FROM ALI. NUCLIDES®}

FCRAAT (50"

FORNAT(* ',T35,A8,752,£10.4,775,76.2,Ti03,F6.2)
FOR¥AT (% v,T20,A8,T35,A8,T52,%10.4,T75,¥6.2,T103,F6.2)
FORWAT(* *,T35,A8,T52,E1G.4,TT74,A1,F6.2,T102,A1,F6.2)

FORMAT (°0',TU1, "CONTRIBUTION OF EXPOSUGRE HMODES TO ',A8,°

DOSES?)

FORKAT(°0',T10, *EXPOSURE HODE',TS57, Y ANNUAL DOSE{REHS; ',T99,

*PERCENT OF TOTAL TOSE?)

900% FORYAT(%0',T10,"'EXPOSURE HODE',T55, *ANNTAL DCSE (HAN-RENS)',T99,

>
9010
9011
3012
3013
9014
3015
20156
9817
9018
9019
9020
5021

>
8022
9023
9021
2025
3026

*PERCENT OF TOTAL DOSES)
FORBAT(*0',T12.AR,758,A1,E10.4,T103,A1,F 10. 1)

FORHAT(°1°,T43, *TOTAL DOSE TO FACH ORGAN 'THROUGH ALIL PATHWAYS®)

FCRHAT (°0',T38, 'ORGAN®',T83, "DGSE (REMS) ')

FORKAT {07,738, 'ORGAN', T8 1, *DOSE (HAN~REHNS)] *)

FORAAT (*0',T37.48,T83,Fi10.4)

FORHAT {*1',T52, 'CONTRIBUTORS TG ORGAN DOSES?)

FCRMAT(°0Y, T80, "PERCENT®)

FORHMAT(70',T2,"HOCLIDE", 1X, 11A11)

FORMAT {® ',T2.A8,11F11.4)

FORHAT{® ')

FORMAT({"1',T56," ANNUAL DOSES {REHS)¥)

FORMAT (°0',T20, *NUCLIDEY,T4O, 'ORGANY,T60,'DOSEY,T100,
*AAXTMUH LOCATION®)

PORMAT (*0",£101, 'COTUNN", T112, "ROW"}

FORMAT{®0',T21,28,739,18,T58,E10.4,%103,1I2,T1i3,12)

FPORMAT (®1',T48, ' ANWUAL POPULATION DOSES (HAN-RENS) )

FORHAT (90", T38, *NUCLIDE®,T62, "ORGANY ,T85 , *DOSE")

FORMAT (*0',T39,A8,%61,A8,T83,R10.4)

J=

DOSHM 826
DOSH 830
DOSH 835
DOSM 8uQ
DOSH 8u5
DOSFH 850
DOSH 855
DOSH 860
DOSM 865
DOSH 870
posy 875
DOSHM 8890
bOsH 885
DOSH 890
DOSM 895
DO3H 900
DOSH 905
DOSH 910
DOSH 915
DOSH 920
DOSH 925
DOS# 930
nosS¥® 935
DOSH 939
DOSM 910
DOSIH 945
DOS® 950
DOSH 955
DOSH 960
DOSM 965
DosSM 970
DOSH 975
DOSH 980
DOSH 985
DOSM 830
DOS*% 995
DOSH 1000
DOSM1005
DOS®H1010
DOSH1015
DOSH1020
DOSH1025
DOSN1030
DOSH1035
BOSH1040
DOSH1045
DOSH 1050
DOS#1055
DOSM1060
DOSHM1065
DOSH¥1070
DOSH1075
DOSH1080
DOS5¥ 1085
DOS# 1090
DOS®1095
DOSH1100
DGSH1105
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9027 FORMAT({*1',T21,"WORKING LEVELS FOR RWN-222 AND ITS SHORT-LIFE PROGEDOSM1110

. >NY AT VARIOUS LOCATIONS IN THE ENVIRONMENT?) DOSM1115

. 9028 FORMAT (' ¢,T4O,"AREAY,T86,'WORKING LEVEL"') DOSM1120

- 9029 FOEMAT(' *%,T32,'4IND TOWARD!,T47, 'DISTANCE?) DOSM1125
9030 FORMAT{® *,T47,' (METERS) ") DOSH1130

.o 9031 FORMAT{® *,T33, COLUNMN®,T47, *ROW*) DOSH1135
. 9032 PORMAT(* *,T36,I2,T47,17,187,E10.3) POSMT140
: 9033 FORMAT{' *,T35,12,T47,12,T867,E10.3) DOSHM1145
9034 FORMAT('1?,T32,'WORKING LEVEL FOR RN~-222 AND SHORT-LIFE PROGENY ATDOSM1150

> LOCATION OF MAXIHMUMY) DOSM1155

9035 FORMAT (' *,T43,'INDIVIDUAL DOSE FROM ALL PATHWAYS FOR EACH ORGAN') DOSH1160

9036 FORMAT('0',T35,"ORGANY,T56, *LOCATION OF MAXIMUON DOSE',T91, DOSN1165

> 'HORKING LEVEL?') DOSM1170

9037 FORMAT(® *,T34,A8,7T63,12,T71,12,T93,E10.3) DOSH1175

9038 FCRMAT(' ',T32,'(FRACTICN OF EQUILIBRIUM ASSUMED FOR WORKING LEVELDOSHM1180

> CALCULATIONS=',F5.3,%} ") POSH1185

9029 FORMAT (0%, T32,"COLIZCTIVE WORKING LEVEL= *,E10.3) DOSM1190

9040 FORMAT(® ,T86," (POPULATION) *) DOSM1195

END DOSN1200
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Appendix B

OUTPUT OF AN EXAMPLE CASE RUN OF THE AIRDOS—EPA CODE
The example case is for a hypothetical atmospheric release of four

(226 , 210 222Rn, and 3H) near ground level (1 m

radionuclides Ra Po,
elevation) from a cirvcular area source 1000 m in diameter. The meteorology
and population distribution are representative of a western site in the
u.s.

A period of 100 years was assumed for the buildup of radionuclides
on ground surfaces resulting from aerial deposition. The buildup of two

of the daughters of 226 210 210

Ra (“ “Pb and Po) on ground surface is calculated
for this period.

The example run computes annual population doses (man-rem) within a
radius of 88514 m (55 miles). Population-weighted concentrations in air
and on ground surfaces, and population intake rates by ingestion and
inhalation within this radius are also computed for each radionuclide at
11 distances away from the source in each of 16 compass directions.
Working levels for 222Rn are computed for each of these environmental
locations.

Dose conversion factors for the external exposure modes used in the
example run are from D. C. Kocher (1979). The internal dose conversion
factors (inhalation and ingestion) are for 50-year dose commitments

(Killough et al., 1978).






QUTPUT OF AIRDUS-EPA COMPUTER CUDE

OPTIONS SELECTED--

RADIONUCLIDE CONCENTRATIONS ARE LISTED YOR DIRECTION ARD DISTANCE FRO¥ PACILITY

%ADEONUCLIDE CONCENTRATIONS LISTED ARE SECTOR-AYERAGED TALUES
THE CALCULATIGNS ARE MADE FOR A UNIFCRM CIRCULAR AREA SOURCE
SPECIFIC PLUME RISE USED POR EACH AIR STABILITY CLASS [METERS) -

A 0.0 B 0.0 < [ D 0.0 E 2.0 ¥ 0.0

641



METEOROLOGICAL AND PLANT INFOURNATION SU

AVERAGE AIR TEMPERATURE (DEG
AVERAGE VYERTICAL TEMPERATURE
I4 STABILITY CLASS
IN STABILITY CLASS
I¥ STABILITY CLASS
RAINFALL RATE (CH/YEAR)
HEIGHT OF LID (METERS)

NUHBER OF STACKS I¥ THE PLANT

STRCK INFORMATION—-

HEIGET {KETERS)

DYAMETER {NETERS)

EFFLUENT VELOCITY {METERS/SEC)
RATE OF HEAT BNISSIOH {CAL/SECOND)

DIAMETZR OF AREA SOURCE {METERS}

PPLIED TC PROGRAM——---

K} 2940

GRADIENT OF THE AIR {DEG K/METER)

E 0.0728
F 0.1090
G 0.1455
20,32
2000

1

STACK ¥OWBER

1 2 3 4

1000.G000

08t
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A

i RELEASE RATES FOR RADIONUCLIDES

STACK

-k 2

NUCLIDE

RA=-226
PB-210
P0~-210
RN¥-222
H=-3

RELEASE RATE
{CURIES/YEAR)

0.100E-0¢1
0.0

0.200E-01
0.100F 01
0.100E 01

181



PLUMEZ DEPLETION AHD DEPOSITION PARAHETELRS

XUCLIDE GRAVITATIONAL DEP0SITION YELOCLTY SCAVENGING EFFECTIVE DECAY CONSTANT
FALL TELGCITY COEFFICIENT Iy PLUNR
(RRTERS/SEC) {METERS/SEC) {1/5%C) (PER DATY

RA-226 0.0 0.01000 0.460E-05 0.119E-05

PB-210 0.0 0.01000 0.450E-05 0.8528-04

PO-210 0.0 0.01000 0.460E~05 0.502E-02

AN=-222 0.0 0.0 0.0 0.18%E 00

H-3 0.0 0.9 0.0 0. 154E8-03

¢8l
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S : L Cowb Ty y LA

i FREQUENCY OF RATHOSPHERIC STABILITY CLASSES POI ZH DIRECTION

SECTOR PRACTION OF TIHE IN EACH STABILITY CLASS
A ] [ D E i3
1 29.0266 0. 1531 0. 1764 3.2935 0.1167 3.2337
2 0.0173 0.1026 0. 1137 0.1939 D.15629 0.4096
3 0.0150 0407190 0.0721 0.1817 0.1758 0.4848
4 0.0120 0. 0420 0.0442 0. 4096 0.1356 0.3566
5 0.0092 0.0460 0.0369 0.5786 0.0887 0. 24286
6 9.0218 0.1033 0.0618 0.2902 0.1291 0.3942
7 0.0256 0.1180 0.0764 0.1654 0.1370 0.4776
8 0.0089 0.1101 0.1003 0. 1727 0.2399 0.3682
3 0.0159 0.0889 0. 1203 0.2928 0.2153 0.2667
10 0.0155 0. 1335 0.1613 0.2835 0. 1547 0. 2514
11 0.0326 0. 1855 0.1526 0.3277 0.1003 0.2013
12 0.0427 0. 2116 Q. 1474 3.3271 $.0300 0.1812
13 0.0527 0. 2398 0.1703 0.3032 0.0823 0.1517
14 0. 0444 0.2267 0.1727 0.3226 C¢.0891 D. 1444
15 0.0409 0.2368 0.2057 0.2873 0.0897 3.1397
1% 0.0308 0. 1856 0.2092 0.3364 0.1073 0. 1308

[+]

D
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FREQUENCIBS OF ¥WIND DIRECTICNS AND %ECYPROCAL-AVERAGED WIMD SPEEDS

¥IND TOWARD FREQUENCY ¥IND SPEEDS POR EACH STABILITY CLASS
(METERS/SEC)
A B C D E F
1 6.091 1.30 1.37 2.45 4.00 3.27 1.13
2 0.054 .26 1.24 2,14 3.30 3.4 1.26
3 0.083 1.00 191 1.80 3.40 3.08 1.27
4 0.0871 1.10 1.02 1.91 5.53 3.23 1.23
5 0.053 1.00 1.03 2. 18 6.1%1 3.37 1.1
5 c.027 0.98 1.08 1.6% 3.98 3.27 1.08
7 0.040 ¢.97 1. 05 1.92 2. 84 3.31 1. 16
8 0.048 1.31 1. 19 2.1% 3.16 3.564 1.27
9 0.129 1. 19 1.74 2.43 .01 3.81 1.33
10 0.064 1.28 .23 2.4¢9 4.15 3.55 1.31
11 0.056 1.29 1.23 2.29 4.27 3.50 1. 18
12 0.053 1.28 1.34 2.52 4.56 3.30 1.1
13 0.048 1. 19 1. 40 2.48 4.72 3.21 1.10
14 0.053 .27 1.58 2.89 4.51 3.2% 1.4
15 0.0614 .32 T.48 2.80 3. 96 3.28 1. 08
16 0.055 1.22 1.564% 2.94 .99 3.33 T8

WIND DIRECTIONS ARE NGNBERED COUNTERCLOCXWISE STARTIX¥G AT 1 FOR DUE NORTH
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FREQUENCIES OF ¥IND DIRSCTIOXNS AND TRUE-AVERAC ‘,ND SPEEDS

WIXD TOWARD PREQUERCY WIND SPEEDS FCR EACH STABILITY CLASS
(METERS/SEC)
A B o D E 4
1 0.091 1.82 2022 3.59 5.70 3.5 1.58
2 0.054 1.78 1.96 3. 19 4.64 3.37 1. 77
3 0.083 1.36 1.72 2.79 5.17 3.30 1.73
s 0.081 1.53 1.52 3.24 7.11 3.47 1.73
5 0.053 1.36 .48 3.62 T.68 3.61 1.55
6 0.027 1.32 1.64 2.74 5. 96 3.50 1. 52
7 0.040 1.29 1.56 2.84 4,12 3.55 1.64
8 0.048 1. 83 1.83 2.90 %, 46 3.86 1.78
9 8.129 1.67 1.78 3.28 5.36 4,00 1.85
10 0.064 1.890 .84 3.30 5.61 3.78 1.83
AR ] 0.056 1.81 1.93 3.33 6.33 3.73 1.65
12 8.053 1«79 2.10 3.63 6,52 3.54 .57
13 0.048 1. 68 24290 3.71 6.32 3,44 1.58
14 8.053 1.78 2.46 3.95 5.02 3.5¢0 1.69
15 0.064 1.84 2.37 3.92 5.69 3.52 1.5
16 0.055 1.72 2.52 4.03 6. 12 3.57 1.6

¥IND DIRECTIOHS ARE HNONBERED COUNTERCLOCRRISE STARTING AT 1 FOR DUFE NORTH

L e I T T Y Y N R )
COOCLOT OO OO

COTUOLOULODOIOODDLWD

g8l



WIXD TOWARD

B e b b ok b b b 3 ) b b b 2 b B b b D d ad b ceb b D b} md e ke ad ad el ad o ol L b b ok el o el d el b D = bk

AREZAR

1207
1207
1207
1207
1207
2818
2414
2414
2414
2418
%023
4023
6023
4923
4023
5632
5632
5632
5632
5632
7241
7253
7241
7241
7241
12068
12068
12068
12068
12068
20413
20113
26113
20113
20113
32180
32180
32180
32189
32180
58270
68270
48270
48270
48270
64360
64360
64360
66360
54360
80450
80450
80550
80850
80450

DISTANCE
{1ETERS)

NUCLIDE

RA-226
PB-210
P0O-210
RN¥=-222
B-3

RA-226
PB-210
PO-210
RN-222
H=3

RA-226
PB-210
P0-210
R¥-222
-3

RA-226
P3-210
?0-210
RN-222
a-3

RA-226
PB-210
Po-219
RN-222
H-3

RA-226
PB-210
PO-210
wH-222
g-3

RA-226
P8-210
PO-210
RN-222
H-3

RA-226
PB=-210¢
PO-210
RN-222

RA-226
PB-210
PO-210
Ry=-222
H-3

RA~226
PB-210
£0-210
RN=-222
A-3

RA-226
?B-210
20-210
RN-222
q-3

ALK

ESTIMATED RADIONUCLIDE CONCENTRATIONS

CONCENTRATION DRY DEPOSITION RATE WET DEPOSITION RATE
{ECT/CCY {PCI/SQUARE CM-3SEC) {PCI/SOBARE {H-SEC)

0.292E-09 0
0.0 0
0.584E-09 0
0.767E-07 0
0.769E-07 0
0.862E-10 0
0.0 0
0.1728-09 0
0.2918-07 0
0.2928-07 0
0.310B-10 0
0.0 0
0.619E-10
§.1348-07
0.134E-07
0.165E-10
0.0

0.331E-10
0.8278-08
0.835£-08
0.9908-1%
0.0

0.198E-10
0.579E-08
0.586E-08
0.3872-11
0.0

0.775E-11
0.293E-08
0.2992-08
0.161E=-11
9.0

0.323E~11
0.161E-08
0.%166E-08
0.6808-12
0.0

0.136E-11
0.920E-09
0.971E-09
C.337E-12
0.0

0.674E~12
0.565E-09
0.613E~09
0.174E-12
0.0

0.3498-12
0.397E-09
0.4428-09
0.113E-12
0.0

3.2268-12
0.3008-09
0.344E-09

o

(%]

m

I

oy

<
OO OLLOOQ
€ & b 8 s 4 8 0 s 4 e

e 6 6 8 B b e e 8 s s 4 & & 8 B 3 s s & ¥ 2 o E e v

5 6 84 5 8 4 8 % & & 8 8 6 & 8 a8 s b e

COOOCTOOODOALLLLOTCOODOC

23E-11

@
s
=1
¥
Py
[ 83

=)
%]
[}
L]
—
n

08E-12

158-12

078-13

41E-12

OO WONOS O JOAOAND 20D WD 200000

S s 6 6 s & 8 0 B s s & 8 & s & s U s

13E-13

€3E-12

JOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

. s

ONO OO WD =R OO OWIOORNRODO WD
s “d
E~
o
I
oy
]

OOOOCATDORLLLOOCODOoOCOO

<

GROUND DEPUSITION RAT'E
{PCI/SQUARE CH-SEC)
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F

o

1207
L1207
1207
1207
1207
2614
2614
2414
2814
2414
4023
4023
4023
4023
4023
5632
5632
5632
5632
563z
7241
7241
7211
7241
7247
12068
12068
12068
12068
12068
20113
20113
20113
20113
20113
32180
32180
32180
32180
32180
48270
48270
45270
48270
48270

-$4360

64360
64360
64380
64360
80450
80450
304590
80450
BO45G
1207
1207
1207
1207
1207
2418
2518
2814
2414
2414
4023

RA-240
PE-213
PO-210
rN-222
#-3

RA-226
PB-210
PG=-210
RR-222
-3

RA-226
PB~210
BO-210
Ri-222
H-3

RA-226
PBE-210
PO-210
RY-222
H-3

RA-226
PB-210
P0-210
RN-222
-3

RR-226
PB-210
PO-210
®N¥-222
-3

RA-226
PB-210
PO-210
RE-222
B3

RR-226
PE-210
PO-210
RN=222
=3

RA-226
PB-210
po~210
R§-222
H=3

BA-226
PB~210
PO-210
BRN=-222
H-3

RA-226
BB~210
PO~210
RE-222
g-3

RA-225
PE=21D
Pa=-210
BE=-222
B=-3

RE-226
PE-21Q
PO-210
R§-222
H-3

RR-226

0.340E~09
3.0

0.681E-09
9.954E=07
0.9568-07
0.666E8-19
9.0

0.1338-09
0.246E-07
0.287B=07
0.231E=-10
0.0

0. 463E=10
0.1148-07
0.1158=07
0.1218-10
9.0

0.282E-10
0.7138-08
0.7198-08
0.6998-11
0.0

0.160E~10
0.5018~08
0.5078=03
9.2608-11
8.0

0.520B-11
0.256E-08
5.261E-08
0.103E~11
0.9

0.2058-11
0. 1428-08
0.186E=08
0,3848~-12
9.0

8.767E-12
0.820E-09
0.8628-0%
0.1888-12
0.0

0.3878-12
0.507E~09
6.5478~09
0.8808-13
8.0

8.1688-12
9.358E~09
0.3368-03
0.529E-13
8.9

0.10568=12
0.272E-09
3.308E-09
0.4 61E-09
8.9

¢.8038~09
0.116E=05
3.116E~05
0.1118-99
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0.2CG1E-09
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4023
§023
4023
4023
5632
5632
5632
5632
5632
7249
7241
7241
7241
7241
12068
12068
12068
12068
12068
20113
20113
20113
20113
20113
32180
32180
32180
32180
32180
48270
48270
48270
48270
48270
54360
64360
64360
64360
54360
80450
80450
80450
80450
80&59
1207
1207
1207
1207
1207
2414
2414
2614
2414
2414
4023
4023
4023
4023
4023
5632
5632
5632
5632
5632
T247
1241

P8=-210
PO-210
RN¥-222
H-3

RA-226
PB~210
PO-210
RN-222
H-3

XA~-226
PB-210
20-210
BN-222
-3

RA-226
PB-210
P0O~-210
RN=-222
H-3

Ra-226
PB-210
P0O-210
RN-222
H-3

RA-226
PB-210
PO-210
RN=-222
H-3

RA-226
PB-210
PO-210
RN-222
-3

R:-226
PB~210
PO-210
RN-222
H-3

RA-226
P3~210
20-210
RN-222
g-3

RA-226
PB-210
PO-210
R¥-222
H~3

RA-226
PB-210
PO-210
RN-222
H=-3

RA~226
PB-210
pO-210
RN-222
H-3

R&-226
PB-210
PO=-2190
R¥-222
2-3

RA&-226
PB~210

U.0
0.7618-10
0.201E-07
0.202E-07
0.198E-10
0.0
0.397E-10
0.125g~-07
0.127E-07
0.113E-10
0.0
0.226E~-10
0.883E-08
0.893E-08
0.4 14E-11
0.0
0.828E-11
0.453E~-08
0.462E-08
0.160E-11
0.0
0.320E-11
0.252E~08
0.260E-08
0.573E-12
0.0
0.115E- 11
0.146E-08
3.153E-08
0.2708-12
0.0
0.5408-12
0.9028-09
0.972E-09
0.1178-12
0.0
0.2358-12
0.638E-09
0.705E-09
0.730E-13
6.0
0. 146E-12
0.4858-09
0.5498-09
0.350E-09
0.0
0.7008-09
0.100E-06
- 100E-05
0.838E-10
0.0
0.178E~-09
0.3298-07
0.330E-07
0.3148-10
0.0
0.628E-10
0.1538-07
0.1548-07
0.167E-10
0.0
0.3358-10
0.955E-08
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0.9828-11
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gy 2 T 121 PO~210 0. 196E=-10 ' T0.196E-10' Ve 120E=11 Ue 208E=10
4 o T8 RE-222 0.6728-08 L x 00 e, ‘ 0.0 . 0.0 .
¢ 1241 #-3 0.679E-08 P 2.0 0.0
12068 RA-226 0.2788-11 0.5  F11 0.3238-12 0.410E-11
4 12068 PB~210 0.0 4.0 2.0 0.0
B 12068 P0O-210 0.755E-11 0.755E~11 0.645E-12 6.820E-11
4 12068 RN=222 0.3448-08 0.0 0.0 0.0
4 12068 =3 3.350E~08 0.0 0.0 5.0
4 20113 RA=226 0.152E-11 0.152E-11 0. 171E-12 0.169E~11
4 20113 PB-210 0.0 6.0 8.0 0.0
! 20113 P0O=210 0.303E-11 0.3038-11 0.343E-12 0.338E-11
4 20113 RN-222 0.190E-08 0.0 0.0 0.0
4 20113 #-3 0.196E-0%3 0.0 0.0 0.0
4 32180 RA-226 0.5958~12 0.5%4E-12 0.922E-13 0.6868-12
4 32180 PB-210 0.0 0.0 6.9 0.0
4 32180 PO-210 0.119E-11 0.119E~11 0.184E-12 0. 137E-11
4 32180 RN-222 0.1108-08 0.0 2.0 0.0
4 32180 H-3 0.1158=08 0.0 0.0 0.0
4 48270 BA-226 0.2898-12 0.2898-12 0.541E-13 0.3438-12
4 48270 PB-210 0.9 0.0 0.0 0.0
4 48270 PO-210 0.579E-12 0.579E-12 0.108E-12 0.6878-12
4 48270 RN~222 0.676E-09 0.0 0.0 0.0
4 48270 H-3 0.730E-09 0.0 0.0 0.0
4 64360 RA-226 8. 1428-12 0. 1428-12 0.366E-13 0.1768-12
4 68360 PB~210 0.0 9.0 0.0 6.0
4 64360 20-210 0.2848-12 0.2845-12 0.688E-13 0.353E-12
4 64360 RN=-222 3.4778-09 0.0 9.0 0.0
4 64360 H-3 3.528E-09 0.0 0.0 0.0
& 80450 RA-226 0.9188~13 0.9188-13 0.2U8E-13 0. 1178-12
4 80450 PB-210 0.0 0.0 0.0 0.0
3 80450 PO-210 0.184E-12 0.184E-12 0.497E-13 0.2338-12
4 80450 R¥-222 0.3628-09 0.0 0.0 0.0
4 80450 H-3 D.411E-09 0.0 0.0 0.0
5 1207 RA-226 0.2178-09 0.2178-09 0.3678-11 0.2218-09
5 1207 PR-210 0.0 0.0 6.0 0.0
5 1207 P0-210 0.4348~09 0.4348-09 9.734E-11 0.44 1609
5 1297 RN-222 0.630E-07 0.0 0.0 0.0
5 1207 H-3 0.6318-07 0.0 0.0 0.0
5 2414 RA-226 0.466E-10 0.4668-10 0. 14 T7E- 11 0.480E-10
5 2818 PB-210 0.0 0.0 0.0 6.0
5 2414 PO-210 0.9318-10 0.931E-10 0.293E-11 0.961E-10
5 2414 RN~222 0.1698-07 9.0 0.0 6.0
5 2414 H-3 0.1708-07 6.0 0.0 0.0
5 4023 RA-226 0.163E~10 0.169E-10 0.78%%-12 0.1778-10
5 4023 PB-210 0.0 0.0 0.0 0.0
5 4023 PO-210 0.3398-10 ¢.3398-1¢ 0.158E-11 0.3558-1¢C
5 4023 RN-222 0.7858-08 0.0 0.0 0.0
5 4023 H-3 0.790E-08 2.0 0.0 0.0
5 5632 RA~226 0.3188-11 0.918B~11 0.5338-12 0.972E-11
5 5632 PB-210 0.0 0.0 0.0 0.0
5 5632 PO~210 0.1848-10 0.184E-10 0. 107B-11 0.1348-10
5 5632 RN-222 D.489E-08 0.0 0.0 0.0
5 5632 H-3 0.494E-08 0.9 0.0 0.0
5 7281 RA-226 0.557E- 11 0.557E-11 ¢.3918-12 0.5368-11
s 7241 PR~210 0.0 9.0 0.0 0.0
5 7281 PO-210 0.111E-10 0. T41E-10 0.7838-12 0. 119E-10
5 7241 RN-222 0, 344E~08 9.0 0.0 0.0
5 7241 -3 0.34BE-08 9.0 0.0 0.0
5 12068 RA-226 0.223E~11 0.2238-11 0.216E-12 0.2448-11
5 12068 PB-210 8.0 9.0 0.0 0.0
5 12068 Pp-210 0.U46E-11 0.446E~11 0.4328-12 0.489E-11
5 12068 RN-222 0.175E-08 0.0 0.0 8.0
5 12068 H-3 0.1788-08 4.0 0.0 0.0
5 20113 RA-226 0.326E~12 0.9268-12 0.1188-12 0.1048=-11
5 20113 PB-210 9.0 0.0 0.0 0.0
5 20113 P0-210 0.1858-11 0.185E-11 0.2368-12 0.209E-11

681
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NANANRNAOLN DN

201133
201143
32180
32189
32180
32180
32180
48270
48270
48270
58270
48270
$5360
58350
54360
54369
53360
80450
80650
80450
30450
80450
1207
1207
1207
1207
1207
2814
2814
2014
2598
26714
4023
5023
4023
4023
4323
5632
5632
5632
5632
5632
7241
7241
7281
7241
7241
12069
12068
12068
12068
12068
20113
20113
20113
20143
20113
32180
32180
32180
32180
32180
458270
48270
48270
55270

EN=-222
H-3

R4-22%6
Pa-210
PO~210
RN-222
E-3

RA-2256
PE=210
pO-210
RM=-222
-3

RA-225
8-210
?0-210
RE-222
H=3

RA-226
PR-210
p0o—-21%0
RN=-222
H=-3

RA-22%
PB=-210
PO-210
RN=-222
4-3
8a=226
PB-210
PD-210
RH-222
H=-3

RA-226
PB-210
PO-219
R¥N-222
E-3

&h-22%
PE-210
PO-210
R¥-222
#-3

RA-226
PB-210
P0-219
2E=-222
H-3

RA-226
PB-210
PO-210
RN=-222
H=3

RA-225
PB-210
PO-210
R¥=-222
-3

RA-22%
PB--210
PO-219
BHY=-222
H=3

RA-225
PB=214
PO-210
RY-222

0.9572-09
0.990E-03
0.3928-12
0.0

0.7342-12
0.548E-09
0.579E-09
0.195E-12
G.0

0.390E-12
0.338E-09
0.365E-09
0.%048=12
0.0

0.209E-12
0.2368-09
0.263E-09
0.688E-13
0.0

9.1388-12
0.1788-09
0.2058-09
¢.164E-09
3.0

0.329E-09
0.579E-07
6.5198-07
3.3028-13C
0.0

0.603E-10
G.1358-07
0.1368-07
0.103E-%0
0.0

0.2068-10
0.5278-08
0.63%E-08
0.536E-11
0.C

0.107E-10
0.39%1E-08
0.395E~083
0.3108-1%
0.0

0.619E-11
0.2753-08
0.2788-08
0.%17E-11
0.0

0.2338-11
0.%40E-08
0.143E-08
0.4688-12
J.0

0.935E-12
0.776E-09
0.8043-09
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GROUND~LEVEL CHI/Q VALUES

DISTANCE
{4ETERS)

1207
2414
4523
5632
7241
12068
20313
32180
48270
64360
83450

1207
24194
4023
5632
7241
12068
20113
321380
48270
64360
80450

N

0.923E-086
0.272B-06
0.9778-07
0.522E-07
0.312E-07
0.122E-07
0.509E-08
0.2%4E-08
0.10628-08
0.559E-09
0.357E-09

S

6.131E-05
0.5448-06
0.9648-06
0.689E-07
0.536E-07
J.214E-07
0.896:-08
0.3678-08
0.182E~08
0.872E-0%
0.558E~09%

NHW

0. 107B-05
0.2102-06
0.730E-07
0.3B3E-07
0.220E-07
0. 821E-08
0.3238-08
0. 121E-08
0.579E~09
0. 265E-C9
0.187E-09

SSE

0. 1002-05
0.207E~06
0.753E~07
0.4958~07
0.2438-~07
0.95025~08
0.394E~08
0. 161E~08
0.794E~09
0.3982~09
0. 2578~09

FOR RA-226

CHI/Q TOWARD INDICATED DIRECTION

AT VARIOUS DISTANCES IN 2alH

{SEC/CUBIC METER}

NH

0.127E-05
G.249E-06
C.120E-06
0.6258-07
0.356E-07
0.131E-07
0.504E-08
0.181E-08
0.852E8-09
0.3708-09
0.230E-09

SE

0.674E-06
0.161E-06
0.5878-07
0.3158-07
0.71908-07
0.749E-08
0.315B-08
0.135E-08
0.579E-09
0.3628-09
0.238E-09

WNe

0.1708-05
0.280E-06
0.991B-07
0.527E-07
0.3%0E-07
0.1198-07
0.478E-08
0.187E-08
0.9128-09
0.448%8-09
0.2898-09

ESE

0.570E-06
0 14 1E-06
0.513E-07
0.275%-07
0.167E-07
0.6608-08
0.281E-08
0.1238-08
0.624E~09
0.3460E-09
0.2258-09

b

0.684E-06
0.147E-06
0.534E-07
0.290%8-07
0.1768-07
0.703E-08
0.292E-08
0.124E-08
0.615%-09
0.330E-09
0.217E-09

E

0.515E-06
0.120E-086
0.4398-07
0.236E-07
0.143E-07
0.570E-08
0.245E-08
0.1092-08
0.5588-09
0.309E-09
0.2058-09

WSW

0.518E-06
0.951E-07
0.328E-07
0. 169E-07
0.9762-08
0.367E-08
0. 147E-08
0.592E-09
0.289E-09
0.1422-09
0.909E-10

ESE

0.584F-06
0.132B-06
0.490E-07
0.265E-07
0. 162E-07
0.649E-08
0.273E-08
0.123%-08
0.626E-09
0.3432-09
0.228E-09

SW

0.6402-06
0.1588-06
0.527E-07
0.271E-07
0.152E-07
0.5488-08
0.292E-08
0.792E-09
0.381E-09
0.178E-09
0.1128-09

NE

0.54388-06
0.932E-06
0.490E-07
0.265E-07
0.1628-07
0.5459E-08
0.279E-08
0.123E-08
0.626E-09
¢.343E8-09
0.2288-09

COMPASS DIRECTION

SSW

0.976E-06
0.185E-06
0.6558-07
G.348E-07
0.2048-07
0.786E-08
0.322E-08
0.%27E-08
0.623E-09
0.2838-09
0.178E-09

SNE

0.6898-06
0.134E-06
0.503E-07
G.274E-07
0.169E-07
D.686E-08
0.256E-08
0.131E-03
0.564E-00
0.358E-09
4.237E-09

00¢



3

WCH.COMPASS DIRECTION

K
AT VARIOUS DISTANCES . E

CHI/Q TOWARD INDICATED DIRECTICH
{SEC/CUBIC METEER)

GROUND-LEVEL CHX/Q VALUES POR PB-210

DISTANCE
{METERS)
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S¥
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Nuy
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OO OO0 OO
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GROUH¥D-LEYVEL CHI/Q

DISTANCE
{HETERS)

1207
2414
4023
5632
7241
12068
20113
32180
48270
54360
80450

1207
26 14
4023
5632
7241
12068
20113
32180
58270
643690
80159

¥

0.921E~06
0.2728-0%
0.9772-07
0.522E~07
0.312E-07
0.122E-07
0.509E-08
0.214E-08
2.106E-08
0.550E-09
0.3578-09

s

0.131E-05
0.4488-06
0.184E~06
0.889E~07
0.536E~07
0.2148~07
0.896E~08
0.367E~08
0.182E~08
0.8728~09
0.558E~09

N¥Y

0. 107E-05
0. 210E-06
G.730E-07
0.383E-07
0.2208-07
0.821E-08
0.3238-08
G.121E-08
0.5792-09
0.2658-09
. 1678-09

SSE

0. 100E-05
0.2078-06
0.753E-07
0.405E~-07
« 283E-07
(0. 950E-08
0.3948-08
0.161%-08
0.794E-09
0.398E-09
0.257E-09

YALYES FOR 20-210

CHI/Q TOWARD INDICATED DIRECTION

AT VARICDS DISTANCES IN EACH COMPASS DIRECTION

{SEC/CUBIC HMETER)}

N¥W

0.1278-05
0.349E-06
0.120E-06
0.6258-07
0.3568-07
0.1318-07
0.504E-08
0.781E-08
0.852E-09
0.3708-09
0.2308-09

SE

0.574%8-05
0.161E-06
0.587E-07
0.315E-07
0.1908-07
0.749E-08
0.3158-08
0.1358-08
0.6798-09
0.362E-09
0.238E-09

Wy

0.110E-05
0.2802-06
0.9918-07
0.527E-07
0.310E-07
0.1198-07
0.4%78E-08
0.187E-08
0.912E-09
0.448E-09
0.289E-09

ESE

0.570E-06
0.141E-06
0.5138-07
0.275E-07
0.167E-07
0.66 0E-08
0.2812-08
0.123E2-08
0.624E-09
0.340E-09
0.225E=09

W

0.684E~06
0.147E-06
0.534E-07
0.290E~07
0.,176%-07
0.7038~08
0.292E-08
0.124E-08
0.615E~09
0.330=-09
0.2178-09

E

0.515E-06
0.1208-06
0.439E~07
0.236E-07
0.143E-07
0.570E-08
¢.2485E-08
0.109E-08
0.558E-09
9.309E-09
0.205E-09

0.

0.

0.

0.

0.
0.
0.
0.

0.
0.
0.

0.
0.

0.

0.
0.
0.
0.
Q.
G.

0.
0.

WSH

518E~-06
9518-07
324E-07
169E-07
976E-08
367098
1478-08
592%E-09
289E-09
1428-09
909E-10

ESE

SGLGE-06
132E-06
490E-07
2€65E-07
162E-07
649E-08
279E-08
123E-08
626E-09
343E-09
228E-09

SW

0.640E-08
J0.158E-06
0.5272-97
0.271E-07
0. 1528~ 07
0.54BE~08
0.2128-08
0.792E-09
0.381E-09
0.978E-09
0.112E-09

YE

0.544E-06
0.132E-06
0.490E-07
Q.265E-07

«162E-07
0.689E~-08
0.2798-08
0.123E-08
0.626E-09
0.343E-09
0.2288-09

SSW

0.976E-06
0.185E-06
0.655E-07
0.368E-07
0.204E-07
0.786E-08
0.322E-08
0.127E-08
0.623E~09
0.283E-09
0.178E-09

N¥E

0.689E~06
0.13u48-06
0.503E~-07
0.2748-07
0.%169E~07
0.688E-08
0.296E-08
0.131E-08
0.56648-09
0.358E-09
0.237E-09

LAV



v
*
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% 3TOURD-IEFEL CHIZQ VYALUEZS

3

DISTANCE
{NETEES)

1207
24 14
4623
5632
7241
12068
20113
32180
482790
54360
80459

1207
2414
4023
5632
724:%
12068
20113
32180
48270
54380
80450

¥

0.242E-053
0.917%=05
0.8218-0%6
0.2615-06
0.1838-06
0.923p-07
0.506E~-07
0.2908-07
0.176E-07
J.125E-07
3.9%47E-08

s

3.313E-05
0.1298-05
9.596E~06
9.370E-05
4. 26QE-056
4.,132E-056
0,728E=-07
0.418R=-07
0.258E-907
0. 182E-07
9. 138E-07

NEW

0.301E-05
0. 777E-06
0. 3608-06
0.225E-06
0. 158E-06
0.808E-07
0.848E-07
6. 259E-07
0.160E-07
0. 113807
0.8588-08

$5E8

0.2378-05
0.6 10E-06
0. 280E-06
0. 174E-06
2. 122B-08
3. 615E-07
0. 3382-07
d. 194R-07
0. 1208-07
0. 845E-08
C.BHIE~08

FOR &N¥-222 AT VARIOUS DISTANCES & ICH COMPAS

CHI/Q TOWARD INDICATED DIRECTION
{SEC/CUBIC METER)

N WHW ¥

0.364E-85 0.315B-05 0.199F-05
3,1362-05 0.1C4E=-05  $.534E-06
0.533B-06 0.482E-06 0.248E-06
#.3968-06 0.301E-06 O0.154E-06
Q.2798-06 O0.212E-06 OC.7108E-06
Q.143B-06 0.108E-06 C(.551E-0Q7
0.734E-07 (.599E-07 C.302E-07
3.460B-07 0.3468~07 0.173E-07
3.2858-07 0.213E-07 O0.106E-07
0.2018-07 O0.150E-07 0.743E-08
0. 153E-07 0.114%-07 O0.362E-08

SE BSE B

0.1638-05 0.%140E-05 0.%1238-05
3.4898-06 0.843E-06 O.355E-06
0.223%-06 0.202F-06 O,161E-06
0.1388~-06 02.125E-06 0.989%8-07
0.361E-07 9Q.869E-07 0.688E-07
0.48848-07 0O.U437E-07 O0.344E-07
0.2648-07 C.2398-07 3.188E-07
0.1518-07 0..1378-07 0.107E-07
3.9298-08 0.838E~-0¢8 O0.558E-08
8.653E-08 0.35888-08 0.461E~-08
0.394R8~08 0.844E-08 O0.349E-08

» 4 s

wsH

0. 163E-05
0. 4287-06
0. 198E-06
0.1233-08
0.866E-0T
B8.443E-07
0. 245E-07
J. 181E2-07
0.867E-08
0.6 1CE~-08
0. 4612~08

ESE

G. 126E~05
3.37028-06
0.1687-05
. 103E-06
0.T18E-07F
04359807
0. 195E-07
3. 112E-G7
3.6837-08
0.4879R-0¢8
0.362E~G8

S¥

0.1978-05
5.6575-06
0.324E-06
0. 202E-06
0.182E~0G6
3.727e-07
0.8038-07
3.233E-G7
0. 1488~ 07
0.1028-07
0.763E-08

¥E

0. 126E-05
0.370E~06
C.168E~-058
0.1038-06
0.718E-07
0.35%8-07
0. 1958~ 07
0. 1128-07
0.6838-08
J.479E-08
0.3628-08

S DIRFECTION

SSY

0.256E-05
J.638E~08
0.296E-06
Gas TBUE~06
0.1298-06
3.662E-07
0.3678-07
0.212E-07
0.131E-07
0.928E-08
0.705E-08

¥NE

0. 166E-05
0.359E-086
0. 163E-06
0. 100E~06
0.6378-07
¢.3438-07
0.130E-07
0.108E-07
0.662E-08
0. 464E-08
2.351E-08

€02



GROY¥D-LEVEL CHI/Q VALTES

DISTANCE
{MBTERS)

1207
2614
4023
5632
7241
12068
20113
32180
48270
64360
BO459

1207
2414
4023
5632
7241
120868
20113
32180
48270
64360
80450

N

G.282E-0G5
0.9218-06
B.4248-06
0.263E-06
0.185E-06
0.942E-07
0.5238-07
G.3068-07
0.193E-07
0. 140E-07
0.108E-07

s

0.3148B-05
0.130E-05
0.599E-06
0.3738-0%5
0.25628-06
0.134%-06
0.7478-07
C.437E-07
0.276E-07
0. 199E-07
0.155E-07

NN¥

0.3G1E-05
0. 780E~-06
0.363E-06
0.227E-06
0.1508-06
0.823E-07
0. 462E~-07
0. 2728-07
3.172E-07
0. 125E-G7
0.572E-08

SSE

0.238E-05
0.612E-06
0.282E-06
0. 175E-06
0. 123E-05
0.626E-07
0.348E-07
0. 2048E-07
J.128E-Q7
0.927E-08
0.720E-08

POR H-3

CHI/Q TOWARD INDICATED DIRECTION

AT VARIOUS DISTA¥CES IN EACR

{SEC/CUBIC HMETER)

N#

C.355E-05
0.137E-05
0.6378-06
0.399E-06
0.2828-06
0. 1468-06
0.8198-07
0.483E-07
0.307E-07
0.2228-07
- Y73E-07

SE

0.164E-05
0.491E-06
0.2258-06
0.139E-06
0.972E-07
0.493E-07
0.2738-07
C.1598~07
0.1008-07
0.723E-08
0.561E-08

WN¥

0.316E-05
0. 104BE-05
0.485E-06
0.304E-06
0.214E-06
0.110E-06
0.618E-07
0.363E-07
0.230E-07
J.166E-07
0.130E-07

ESE

0.14 1E-05
0.445E-06
0.203E-06
0.1258-06
0.8739E-07
0.446E-07
0.247E-07
3.144E-07
0.908E-08
0.655E~08
0.509E-08

o

0.199E-05
0.5362-0¢
0.2898-06
C.156E-06
0.110E-06
0.562E-07
0.312E-07
0.183E-07
0.115E-07
0.830E-08
0.645E-08

E

0.123E-05
0.357E-06
0.162E-06
0.998E-07
0.696E-07
0.35%E-07
0.194E-0C7
0.1138-07
0.713E-08
0.514E-08
G.399E-08

WS¥

0.164E-05
0.428E-06
G. 199E-06
0.125E-06
0.873E-07
0.2528-07
0.254E-07
0.1698-07
0.947E-08
0.6862-03
0.534E-08

ESE

0. %26E-05
0.371E-06
0. 169E-06
0.304E-06
0.7258-07
0.366E-07
0.202E-07
0.117E-07
0.737E-08
0.531E-08
0.4%128-08

S¥

0. 1978-05
0.5699E-06
0.326E-06
G.204E-06
C.T44E- 06
0.7428-07
0.418E-07
0.246E-07
0.156E-07
0. 113E-07
0.883E-08

NE

0. 126E-05
0.371E-06
0.169E-06
0. 104E-06
0.7252-07
0.388E-07
0.202E-07
0.%17E-07
0.737E-08
0.531E~08
0.412E-08

COMPASS DIRECTION

SSW

0.256E-05
0.640E-06
0.297E-06
0.186E-05%
0.131E-06
0.674E-07
0.378E-07
0.223E-07
0.141E-07
0.1028-07
0.795E-08

NNE

0.166E-05
0.3612-06
0.164E~-06
0.101E-08
0.705E-07
0.355E-07
0.196E-07
0.1Y4E-07
0.713E-08
0.513E-08
0.398E-08

¥0¢
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OPTIONS SELECTED FOR DOSE AND INTAKE CALCHI s

CALCULATIONS ARE MADE POR THE POPULATION.

TABLES FOR EACH NUCLIDE LISTING DOSES BY ORGAN AND PATHWAY AT EATH ENVIRONMENTAL LOCATION ARE OMITTED.
ENVIRONMENTAL CONCENTRATIONS AND INTAKE RATES EY AN YOR EACH NUCLIDE ARE PRINTED AND WRITTEN UNPORMATIED.
DOSE SUMRARY TABLES ARE PRINTED

WORKING LEVELS ARE CALCULATED FOR RN-222 IP IT IS IN THE SOURCE TERN

0T



SUKMARY OF AREA SURROUNDING PLANT

AREA NO. MEAT ANLAALS KO. MILK CATTLE FOOD CROPS WATER APREA POPULKTION
{SQUARE METERS)
COLUNMN RO%
3 1 100090 100600 0. 1008 21 0 0.0
1 2 10000 10000 0. 3008 21 0 0.0
1 3 10C00 10000 0. 10082 21 0 0.0
1 4 16000 0G0 0. 3008 2% 0 0.0
1 5 10000 10CG00 0. 1CGOE 2% G 0.0
1 4 16000 10600 0.1C0E 213 G 38.0
1 7 10000 10000 0. 1008 21 G 0.0
1 8 10000 10000 0. 1008 21 0 0.0
1 9 10000 10000 0.3008 21 0 5.0
1 10 30000 10000 0.700E 2% 0 305.0
1 11 13000 16000 0.100E 2% 0 2330.0
A 12 10000 10600 C. 1008 21 G 0.0
3 13 10000 10600 C. 1008 29 O 0.0
1 b 10000 10000 0. 1002 21 ¢ 0.9
1 15 10600 1000C 0. 100E 21 2 0.0
1 16 10000 10000 3. 1008 21 0 G. 0
1 17 10000 10000 0. 100E 21 0 G.0
1 18 10000 10000 0. T060E 21 0 0.0
1 19 100060 10000 0. 1008 21 0 0.0
1 20 10000 1000C 0. 1098 21 0 0.9
2 1 10000 10000 0. 1008 21 0 0.9
2 2 10000 F0C00 0. 1008 2% 0 6.9
Z 3 100C0 30C00 0. 100E 2% 0 0.0
2 4 10000 10000 0. 100E 27 0 0.0
2 5 10000 10000 0.10068 21 ¢ 0.9
2 6 10000 10000 C. 1008 21 0 0.0
2 7 10600 16000 0. %008 21 [t} 197.0
2 8 10000 1600¢ 0. 1008 21 0 9%.0
2 9 10000 10000 0. 1008 23 0 410.0
2 i0 10000 130040 0.1008 21 0 197.0
2 1 10000 100600 0. 1008 27 G 38%.0
2 12 10000 10000 0. 1008 21 0 0.0
2 13 10C00 10000 0. 1007 21 2 0.0
2 14 10600 10000 0. 100E 21 o} 0.0
2 15 10000 106000 9. 100E 21 0 0.0
2 16 109000 10000 0.100E 2% 0 C.0
2 17 16000 30000 0. 100E 2% 0 0.0
2 18 10000 10000 0. 100E 27 0 0.0
2 19 10000 10000 ¢. 1008 21 ¢ 0.0
2 20 16060 310000 0.100E 23 0 0.0
3 i 160060 10000 0. 1008 21 0 0.0
32 2 100090 10000 0. 100E 23 0 0.0
3 3 10000 10000 0. 1GOE 23 0 0.0
3 i 10000 10000 0. 31CO0E 27 0 0.0
3 5 10000 10000 0. 3008 21 Q 0.9
3 6 16000 10000 0. 1008 21 0 0.0
3 ki 16000 10000 0.1008 21 0 0.0
3 14 15000 16000 0. 100E 21 0 0.0
3 9 10000 10000 0. 1008 29 \] S43.0

202
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100007

10040
10000
10000
13000
10000
10000
10000
10000
10000
1000¢
10000
10000

10000

10000
10060
100090
10000
10000
16000
10000
10000
10000
10009
10009
10000
10000
10000
10000
10000
10000
10000
10000

210000

10000
10000
10000
10000
10000
100090
10000
100090
10000
10000
10000
10000
180600
10000
10000
10000
18000
10000
10000
10000
106000
10000
10000
10000
10000
10000
100060
10000
10000
100890
1006900
10000

10000
10009
10000
10000
10000
10000
10000
19000
10000
10000
100090
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
100600
10000
10000
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10600
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106000
10000
10000
10000
106000
10000
10000
10000
10000
10000
10030
10600
100600
10000
10000
16000

1
3

Y ey
Ua 1067

6. 100,
0. 1008
0. 1008
0. 1008
0. 1008
0. 100F
0. 100%
0.100F
6. 1008
6. 1002
0. 100F
0. 1008
0. 1002
0.100%
0. 100E
0. 100%
0. 100E
0. 100F
0. 100F
0. 100
0. 100E
0. 100E
0.100%
0. 100E
0. 100F
0. 1007
0. 1008
0. 1008
0. 100F
0. 300
0. 100E
0.100E
0. 1008
0. 1008
0. 100E
0. 100%
0. 1008
0. 100E
0. 100F
0. 100E
0. 100F
0. 100E
0.100E
0. 1008
0. 100E
0. 100%
0. 100E
0. 100E
0. 1008
0. 1008
0.100F
0.100%
0. 160E
0. 100
0. 1008
0. 1008
0.100E
0. 100FE
0.100%
0. 1008
0. 100F
0. 1008
0.100%8
0. 100%
0. 100E
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LIST OF INPUT YALUES POR RADIONUCLIDE-INDL  DENT VARIABLES

VUNXBER OF NUCLIDES CONSIDERED

TIME DELAV-~-INGESTION QF PASTURE GRASS BY ANIHMALS (HR)

TINE DELAY--INGESTION O¥ STORED FEED BY ANIMALS ({(HE}

TINE DELAY--INGESTION OF LEAFY YEGETABLES BY ¥AN (IHR)

TIME DELAY--INGESTION OF PRODUCE BY AAF (HR)

RENOVAL RATE CONSTANT POR PHYSICAL LOSS BY WEATHRERING (PER HOUR)

PERIOD OF EXPOSURE DURING GROWING SEASON-—PASTURE GRASS (HR)

PERIOD OF EXPOUSURE DURING GROWING SEASON--CROPS OR LEAFY VEGETABLES (HR)
AGRICULTURAL PRODUCTIVITY BY UNIT AREA (GRASS-COW-MILR-MAN PATHWAY (KG/SQ. NETER))
AGRICULTURAL PRODUCTIVITY BY UNIT AREA (PRODOUCE OR LEAFY YEG INGESTED BY AN (KG/SQ.
FRACTION OF YEAR ANIMALS GRAZE ON PASTURE

FRACTION OF DAILY FEED THAT IS PASTURE GRASS WHENX ANIMAL GRAZES OW PASTURE
CONSUMPTION RATE OF CONTAMIRATED FEED OR FORAGE BY AN ANIMAL IN KG/DAY (DRY ¥EIGHT)
TRANSPORT TINE FROM ANIMAL FEED-MILK-¥AX (DAY)

RATE OF INGESTION OF PRODUCE BY MAN (KG/Y¥YR)

RATE OF INGESTION OF HILK BY HAN {LITERS/YR)

RATE OF INGESTION OF HBAT BY MAN (KG/YR)

BRATE OF INGESTIO¥ OF LEAPY VEGETABLES BY MAN (KG/YR)

AVERAGE TIME FROM SLAUGHETER OF MEAT ANINAL TO CONSUGHPTION (DAY)

FRACTIOR OF PRODUCE INGESTED GROWN IN GARDEN OF INTEREST

FRACTION OF LEAFY VEGETABLES GROWN LN GARDEN OPF INTEREST

PERIOD OF LONG-TERM BUILDYUP FOR ACTIVITY IN SOIL (YEARS)

EFPECTIVE SURPACE DENSITY OF SOIL (XG/SQ. M, DRY WEIGHT) (ASSUMES 15 CM PLOW LAYER)
YEGETABLE INGESTION RATIO-IHMEDIATE SURROUNDING AREA/TOTAL WITHIN ARER

HEAT INGESTION RATIO-IMMEDIATE SURRCUNDING AREA/TOTAL ¥ITHIN ARERA

MILK INGESTION RATIO-IAMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA

WINIMUH® PRACTIONS OF FOOD TYPES FRCM OUTSIDE AREA LISTED BELOW ARE ACTUAL FIXED VALUES

MINIMO® PRACYION VEGETABLES INGESTED FROM OUTSIDE AREBA
RININGY FRACTICON MNEAT INGESTED FROM OUTSIDE ARERA

MININOM FRACTION MILKE INGESTED FROM OUTSIDE AREA

0.0
0.21608
0.3360E

0.3360E

0.2100B-

0.7200E
0.14408

. 28008
0.7160E
0.4000E
0.43008
0. 1560E
0.2000%
0.1760E
0.11208
0.%400E
J3.1800¢F
0.2000€8
0.1000E
0.1000E
0.10008
0.21508
0.5000E
0.5000E

0.5000E

0.20008
0.20008
0.20008

ol
03
03
02
03
0t
00
00
00
00
02
01
03
03
02
02
02
01
01
03
03
00
00
00

02
00
o

£1e



INHALATION RATS OF MAN {CUBIC CENTIMETERS/HR)

BUILDUP TIME FOR RADIONUCLIDES DEPOSITED ON GROUND AND WATER (DAYS)
DILUTION FACTOR FOR WATER FOR SWIMMING {CM)

PRACTION OF TIME SPEST SYIKMING

MUSCLE MASS OF ANILMAL AT SLAUGRTER {XG)

PRACTION OF ANIBAL HEBRD SLAUGHTERED PER DAY

MILX PRODUCTION CF COW {LITERS/DAY)

FALLOUT INTERCEPTION FRACTION-YEGETAEBLES

FALLOUY INTERCEPTION PRACTION-PASTURE

FRACTION OF RADIOACTIVITY RETAINED ON LEAFY YEGETABLES AND PRODUCT APTER WASHING

0.9t87E 06
0.36508 0S5
06.1524E 03
0.1000E-01
0.2000E 03
0.38108-02
0.1100E 02
0.20008 00
0.5700€ 00

0.1000E 01

4%4



TOikL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

TOTAL

3 B
.

CONPUTED VALUES FOR THE Ak
POPULATION

NUNBER OF MEAT ANIMALS

WUMBER OF NILK CATTLE

AREA OF VEGETABLE POCD CROPS (SQUARE KETERS)

MEAT CONSUMPTION (KG PER YEAR)

MEAT PRODUCTION (KG PER YEAR)

ATLX CONSUMPTION (LITERS/YEAR)

MILK PRODUCTION (LITERS/YEAR)

VEGETABLE FOOD CONSUMPTION (KG PER YEAR)

YEGETABLE FOOD PRODOCED (KG PER YEAR)

53103.0

1760000

1760000

0. 17608
0.4992F
0.4895E
0.5948E
0.7066E
0.1030E

0.1260E

23
07
09
07
10
08
23

sie



LIST OF INPUT DATA FOR HMUCLIDE RA-226

RADIOACTIVE DECAY CONSTANT {PER DAY) 0.1190E-05
ENVIRONMENTAL DECAY COMSTANT--SURFACE {PER DAY} 0.0
ENTIRONMENTAL DECAY CONSTANT--#ATER (PER DAT) 9.0
AVERAGE FRACTION OF ANIMAL'S DAILY INTAKE OF NOICLIDE WHICH APPEARS IN FACH L OF MILK {DAYS,/L} 0.59008-03
PRACTION OF ANINAL'S DAILY INTAKE OF NUCLIDE WHICH APPEARS IN EACH KG OF FLESY (DAYS/KG} 0.3000E-02
CONCEHTRATION PACTOR POR UPTAKE GF NUCLIDE FRO# SOIL FOR PASTURE AND FORAGE 6.970028-01
{I¥ PCI/KG DRY WEIGHT PER PCI/KG DRY SOIL)
COXCENTRATION FACTOR FOR GPTAKE OF NGCLIDE PRON SOIL BY EDIBLE PARTS OF CROPS 0.62008-01
{I¥ PCI/RG WET WERIGHT PER PCIJKG DRY SOIL)
GI UPTAKE FRACTION {INAALATION) 0.20008 00
GI UPTAKE FRACTION (INGESTION) 0.20008 00
PARTICLE SIZE {NICROYS) 0.10G08 01
SOLUBILITY CLASS W

DOSE CONYERSXOF FACTORS

ORGAN INHALATION INGESTICN SUBMERSION XN AIR SURFACE EXPOSURE SUBMERSION I¥ WATER
{REHS/AICROCURYE) {RENS /KICROCORITE)} {REMS-CUBIC CTM/ (RE{S-3QUARE CM/ (REKS-CUBRIC CH/
HICROCURIE-HR} MICHROCURIE-HE) MICROCURIE~HR)
TOT. BODY 0.9C1E 01 0.726E G4 0.4368 01 0. 1008-02 0.936E-02
S YALL 0.270E-02 0.4378-02 0.2848 01 0.654E-03 0.610E-02
LLI ¥ALL 0.1792 09 0.3338 00 0.229% 01 0.548E-03 0.5%2E-02
LUNES 0.557% 02 0.515E-04 0.385% 01 0.884E-03 0.825E-02
KIDRZBYs 0.6622 09 3.5908 00 0.3152 91 0.725E-03 0.676E-02
LIVER 6.6628 090 0.590F 00 0.3338 01 0.764E-03 0.713E-02
CYAZRIES C.564%F 00 ¢.592E 06 t.2298 01 0.526E-03 0.491E-02
® MAR 0.192E 01 0.%71%E 01 0.626E 1 0.1442-02 0.134E~-01
ENDOST 0.990E% ©% 0.862E 01 0.726E G1 0.1678-02 0.156E-01
TESTES 0.664E GO 0.591E 00 0. 532E 01 0.1228-02 0.1142-01

THYROID 0. 664E OC 0.591E 00 0. 4358 01 0.100E-02 0.934E-02

oLz
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TCT. BODY
S WALL
LLI RALL
LUNGS
KIDNEYS
LIVER
CVARIES
R MAR
ENDOST
TESTES
THIROID
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LIST OF INPUT DATR FOR iIDg PE-210

RADIQACTIVE DECAY CONSTANT {(PER DAY)

ENVIRONMENTAL DECRY CONSTANT--SURFACE (PER DAY)

EUVIRONMENTAL DECAY COWSTANT-—-¥ATER (PER DAY}

AVERAGE FRACTION OF ANIMAL'S DAILY INTAKE OF NOCLIDE WHICH APPEARS IN BACH L OF MILK (DAYS/L)
FRACTION OF ANINMAL'S DAILY INTAKE OF NUCLIDE WHICHR APPEARS IN EACH XG OF FLESH (DAYS/KG)

CONCENTRATION FACTOR FOR UPTAKE OF KUCLIDE PROM SOTL FOR PASTURE AND FORAGE
(IN PCI/KG DRY WELGHT PER PCI/XG DRY SOIL)

CORCENTRATION FACTOR FOR UPTAKE OF MUCLIDE FROM SCIL BY EDIBLE PARTS COF CROPS
{I¥ PCI/KG WET WEIGHT PER PCI/KG DRY SOIL}

GI UPTAKE FRACTION (INHALATION)
GI UDPTAKE PRACTION (INGESTION)
PRRTICLE SIZE (AICRONS)
SOLUBILITY CLASS

CONCENTRATIONS ON GROUND AND WATER INCLUODE CONTRIBUTICNS RESULTING FROR
DECAY OF THE FOLLOWING PRRENT HUCLIDES AFPTER DEPOSITICH--

NICLIDE BUILDUP FACTOR
RA-226 0.221E 01
DOSET CONVERSION FACTORS
INHALATION INGESTION SUBBERSION IN ATR SURFACE EYPOSURE
(REHS/MICKOCTRIE) (RENS/¥ICROCURIR) (RENS~CURIC CH/ {REMS-SQUARE CH/
HICROCTRIE-ER) HICROCURIE-HR)
0.150E 02 5,733F 01 3.863E 00 0.8T4E-03
0. 1138-02 9.189E-03 0.475% 00 0.880E-03
0. 469E~01 9.2038~01 9. 2725 00 3.275E-03
0.618E 01 0. 5TUE-G 3.563E 00 9.570E-03
0. 754F 01 0.303F G1 0.497E 90 9.504E-03
0.309E 01 6. 1567 01 0.449F 00 0. 455E=03
9. 1208 00 ¢.303E-01 0.455% 00 0. 4E0E-03
0.294E 01 0.142E 01 0.136E 01 9.138E-02
0. 1358 G2 0.964F 01 8. 130E 01 0. 183E-02
0. 120E 60 0.303F-01 0.7688 00 3.778E-03
5.1268 €0 0.303E~01% 9.639F 00 0.849E-03

0.85208=-04
0.0
0.0
0.9900E-04
0.9100E-03

0.1190E 00

0.3900E-C2

G.,8000E-01
0.8080E-G1

0.10008 €1

SUBMERSION IN WATER
{REMS-CUBIC CHM/
MICROCURIE~HR}

$.2008-02
3. 1118-02
2.633E8-03
0.1318-02
0. 1158~02
GeT04E-G2
0. 105E-02
0.315E-02
0.6188~-02
6, 1768-02
0.194%E-02

£12



ORG AN

TOT. 50DY
5 WALL
LLI ¥all
LUNGS
RIDKHEYS
LIVER
OVARIES
B OAAR
E¥DOST
TESTES
THYROID

RADIOACTIVE DECRY CORSTANT (PER DAY)
ENYIRONMENTAL DECAY
ENYIRONMENTAL DECAY
ATERAGE FRACTIOX OF
FRACTION OF AWIMAL'S DAILY INTAKE OF NUCLIDE WHICH APPEARS IN EACH KG OP FLESH (DAYS/KG)

CONCENTRATION FACTOR FOR

LIST OF IYPUT DATA FOR NUCLIDE PO-210

CONSTANT--SURFACE {PER DAY)

CONSTANT--HATER {PER DAY)

ANIMAL®S DAILY INTAKS OF NUCLIDE WHICH APPEARS IN EACH L OF MILK {DAYS/L)

JPTAKE OF NUCLIDE FROR

(IN PCI/KG DRY WEIGHT PER PCI/XG DRY SOIL)

SOIL FCOR PASTURE AND FORAGE

CONCENTRATION FACTOR FOR UPTAXE OF HUCLIDE FROM SOIL BY EDIBLE PARTS OF CROPS
{I¥ PCI/KG WET ®WEIGHT PER PCI/KG DRY S0IL)

GI UPTARE PRACTION {(INHALATION)

GI UPTRRKE TFRACTION

{INGESTION)

PARTICLE SIZE (HMICROHS)

SOLUBILITY CLASS

CONCENTRATIONS O¥ GROUND AXD WATER INCLUDE CONTRIBUTIONS RESULTING FPRONM
DECAY OF THE POLLOWING PARENT NUCLIDES AFTER DEPOSITION-~-

INHALATION

{REXS/MICROCURIE) (REMS/MICROCURIE)

0.156E
0.222E-
0.879E-
0. 4588
0. 1448
0.248E
0.803E
0.855E
0.374E
0.803E
0.803E

01
02
C1
02
02
01
00
00
00
00
00

NUCLIDE

RA-228

INGESTION

0.562%

00

0.4548-02

0. 179E

00

0.%13E-07

0.9328
0.16 18
0.521E
0.5548
0.242E
0.521%E
0.521E

01
01
00
00
00
0o
Q0

BCILDUP FACTOR
0.124% 03
DOSE CONVERSION FACTORS

SUBNERSION IN AIR
(REMS-CUBIC CH/
AICROCTRIE-HR}

0.525€-02
0.47CE-02
0.351E=-C2
0.494R-02
0.485E-02
0.449E-02
0.2728-02
0.556E%-02
0.634E-02
0.593E-02
0.4028-02

SURFACE EXPOSURE
{REMS~5QTGARE CM/
MICROCURIE-HR)

0.1028-05
0.9145-06
J.68348-06
0.962E-06
0.94LE-0F
0.874E-06
0.529E-06
3.108E-905
0.123E-05
0.998BE=06
0.783E-936

¢.50208-02
0.0
0.0
0.1200E-03
0.%000E-02

0.4200E-02

0.2600E~03

0.1000E 00
0.1000E 00

0.1000E 00

SUBMERSION IN WATER
{REMS-CUBLC M/
BICROCURIE-HR}

0.1138-08
0.1012-08
0.757E-05
0.107E-04
3.105E-04
0.968E-05
0.586E-05
0. 120E-04
0.1373-04
0.111E-04
0.867E-05

8i¢



B '

‘ ot LIST OF IxPUT DATA FOR fgrgé RU-222

RADIOACTIVE DECAY CONSTANT (PER DAY) ' ' 0.18108 00
ENVIRONMENTAL DECAY CONSTANT--SURFACE (PER DAT) 0.9
ENVIRONHENTAL DECAY CONSTANT--WATER (PER DAY) 6.0
AVERAGE PRACTION OF ANIMAL'S DATLY INTAKE OF NUCLIDE WHICH APPEARS IN EACH L OF NILK (DAYS/L) 0.0
FEACTION OF ANINAL'S DAILY INTAKE OF KUCLIDE WHICH APPEARS IB PACH KG OF FLESH {DAYS/KS) 0.0
CONCENTRATICN FACTOR FOR OPTAKE GF NUCLIDE FROM SOIL FOR PASTURE AND FORAGE 0.0

{IX PCI/RG DRY WEIGHT PER PCI/KG DRY SOIL)
CONCENTRATION FACTOR FOR UPTAKE OF NUCLIDE PROK SOTL BY EDIELE PARTS OF CROPS 0.0

(IN PCI/KG WET WEIGHT PER PCI/KG DRY SOIL)
G1 BPTAKE PRACTION (INHALATION) 0.0
6T BPTAKE PRACTION (LNGESTION) 6.0
PARTICLE SIZE (MECRONS) 0.10008 01
SCLUBILITY CLASS *

DOSE COKVERSION FACTORS

OEGAN IRHALATION INGESTION SUBMERSION IN 31IR SURFACE EXPOSURE SUBMERSION IN WATER
{RERS/RICROCURIE) (RENS/ALCROCTRIE) {REYS-CUBIC CH/ (RERS~SQUARE CM/ {RENS-CUBIC Ci/
HICROCURIE~HR) #ICROCURIE~RR) MICROCURIE~HE}
T0T: BODY 0.2298-04 0. 459E~02 0..244E 00 G.502E-04 0.521E-03
S WALL 0. #88E-06 3. 148E-01 0.2428 GO 0.437E-08 0.516%-03
LLI WALL 0. 141807 2.686E Q0 0. 1788 0O 0. 366E-04 0.380E~-03
LONGS 0. 160%£-02 0. 113E-03 0.2288 00 Q.L69E-D4 0.4878-03
EIDNEYS 0.5032-04 0. 144801 ¢. 2148 00 0.437E~0% 0.453E-03
LIVER 6. ¥13E-05 0. 190E-02 0. 211E 060 0.4348-04 0.451E-03
QYARYES G.825E~0€ 0.548038-02 0.908E~-01% 0. 187E-08 8.3194E-03
P HAR 3. %9918-05 C.473E~02 G8,283% 90 0.5828-04 0.6048-03
ENDOST . 3348-028 G, 121E-01 4. 311E 00 3. 639E-0C4 0.6648-03
TRESTES 0.8188~06 0.8677E~02 0. Z74E 00 2.5€3E~0Y 0.5858-03

THYROID ¢.8378-06 0.2148-03 3.202E 09 J.4158-04 0.4318-03

612



LIST OP INPUYT DATA FOR NBCLIDE H-3

RADIOCACTIYE DECAY CONSTAHT (PER DAY} ) 0.7540E-03
ENVIRONKENTAL DECAY COHSTANT--SURFACE (PER DAY) 0.0
ENVIRONMENTAL DECAY CONSTANT-~WATER {PER DAY) ¢.0
DOSE COEVERSION PACTOR FOR fOOD INGESTION {REM-CC/PCI~-YEAR}) 0.61808 91
DOSE CONYERSION PACTOR FOR WATER INGESTION (REK-CC/PCI-TEAR) G.5700E-01

DOSE CONVERSION FACTORS

ORG AN INHALATION INGESTION SUBMERSYDON IN AIR SURFACE EXPOSURE SUBMERSION IN WATER
{REMS/HICROCURIE) {REMNS/MICROCURIE) (#EMS-COBIC CM/ {REMS~SQUARE CH/ {(REMS-CUBIC Cu/
MICROCURIE~HR) MICROCURIE-HR) MICROCURIE~-HR}
TOT. BODY 0.1258-03 0.8302-04 0.0 0.0 0.0
S WALL 0. 125E-03 0.1082-C3 0.0 0.0 0.0
LLI ¥ALL 0.1338B-C2 0.143E-03 0.0 0.0 0.9
LONGS 0. 125B-03 0.836E-04 0.0 0.0 0.0
KIDREYS 0.129E-03 0.856E~04 0.0 0.0 0.0
LIVER 0.1248-03 0.8283-0% 0.0 0.0 0.0
OYARIES 0.124E-03 0.829E-04 0.0 0.0 0.0
R HAR 0. 1248-03 0.8626E-04 0.0 0.0 0.0
E¥DOST 0. 985E-04 0.656E-~04 0.0 0.0 0.0
TESTES 0.125E-03 0.B30E-0Q4 0.0 3.0 0.9
THYRDID 0.124E8-03 G.B2BE-C4 3.9 3.0 0.0

0ee



POPULATION-WEIGHTED CONCENTRATIONS AND®  JLATION INTAKES FOR RA-226

AREA AIR CONCEWTRATION GROUND CCNCENTRATION INGESTION INTAKE INHALATION INTAKE
{MAN-CORIES/CUBIC METER) {(MAN-CURIES/SQUARE METER) {HAN-PCI/YEAR) (%AR-PCI/YEAR)
DIRECTION DISTANCE
{METERS)

1 1207 0.0 0.0 0.0 0.0

1 2814 0.0 0.0 0.9 0.0

1 4023 0.0 0.0 0.0 0.0

1 5532 0.0 0.0 0.0 0.0

1 7241 3.0 0.0 0.0 0.0

1 12068 0.147B=-15 0.523E-08 0.1€8E 0u 0.113E 01

1 20113 0.0 0.0 0.0 0.0

1 32180 0.0 0.0 0.0 0.0

1 48270 0.1638-17 0.686E-10 0. 1998 03 0.135E-01

1 64360 0.533E-16 0.231E~-08 0. 1218 05 0.828E 00

1 80450 0.264E-15 0. 118E-07 0.919E 05 0.212E 01

2 1207 0.0 0.0 0.0 0.0

2 26414 0.0 0.0 0.0 0.0

2 #9023 0.0 0.0 0.0 0.0

2 5632 0.0 0.0 0.0 0.0

2 7241 0.0 0.0 0.0 0.0

2 12068 0.0 0.0 0.0 0.0

2 20113 0.2028~15 0.7138-08 0.800E 04 0.162E 01

2 32180 0.349E-16 0.1308-08 0.362E 08 0.25CE 00

2 48270 0.753E-16 0.291E-08 0. 162E 05 0.605E 00

2 64360 0.165E-16 0.687E-09 0.776E 04 0.133E 00

2 80450 0.958E~17 0.412E-09 0.712% 04 0.7638E-01

3 1207 0.0 6.0 0.0 0.0

3 2414 0.0 9.0 9.¢C 0.0

3 8023 0.0 0.0 0.0 0.0

3 5632 0.0 0.0 0.0 0.0

3 7241 0.0 0.0 0.0 0.0

3 120568 0.0 0.0 0.0 G.0

3 20113 3.0 0.0 0.0 0.0

3 32180 0.0 0.0 8.0 0.0

3 48270 0.174E-15 0.6U8E-08 0.255E 05 0.13C8 01

3 64360 0.101B-15 0.4038-08 0.3388 05 0.809% 00

3 80450 0.267E-16 0.110E-08 0. TH4E 05 0.214E 00

4 1207 0.0 0.0 0.9 0.0

4 2814 0.0 0.0 0.0 0.0

4 4023 0.0 0.0 G.0 0.0

4 5632 0.0 G.0 0.0 0.0

4 7241 2.0 0.0 8.0 0.0

4 12068 8.0 0.0 0.0 0.0

4 20113 0.155E-15 0.531E-08 0.420E Q4 0.124% 01

% 32180 0.801E-16 0.286E-08 0.541E 04 0.643F 00

4 48270 0.978E-16 0.358E-08 0. 1348 05 0.7858 00

i 64369 0.4208-15 0.161E-07 6.1178 06 " 0.337E 01

4 80450 0.448E-15 0.176E-07 0.192r 06 0. 3608 01

5 1207 0.0 0.0 0.0 0.0

5 2414 0.0 0.0 9.0 0.0

5 4023 0.0 0.0 5.0 6.0

5 5632 0.0 8.0 0.0 0.0

5 7241 0.0 9.9 0.0 0.0

5 12068 0.2168-15 8.7328-08 0. 4088 0% 0. 174 01

5 20113 0.182E-15 0.635E-08 C.797E 04 0. 1472 01

5 32180 0.0 0.0 0.0 0.0

5 48270 0.154E-16 0.57T1E-09 0.312E 04 G.124E 00

5 543690 Q.721E-17 0.277E-09 0.2728 04 0.579E-01

5 80459 0.288E-15 0.113E-G7 0.165E 06 0.2318 01
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POPULATION-YEIGHTED CONCENTRATIONS AND POPULATION INTAKES POR PB-210

AREA AIR CONCENTRATION GROUND CONCENTRATION INGESTION INTAKE INHALATION INTAXE
{(FAX-CURIES/CUBIC KETER) {MAN-CURIES/SQUARE RITER) (¥AN-2CL/Y2AR) {MAN-PCI/TEALR)
DIRECTION DISTANCE
{NETERS)
1 1207 0.0 0.0 0.0 0.0
1 2418 0.0 0.0 0.0 0.0
1 4023 0.0 0.0 0.0 0.0
1 5632 9.0 0.0 0.9 0.0
d 7241 9.0 0.0 0.0 0.0
1 12068 9.6 0.3632-08 0.5358 02 9.0
1 20113 8.6 0.9 9.0 5.0
1 32180 6.0 0.0 0.0 0.0
1 48270 G.0 3.476E~10 0.643E 01 0.0
7 64360 0.0 0.161E-08 0.391% 03 0.0
1 80450 0.0 0.8218-08 0.297F o4 0.0
2 1207 0.0 0.0 0.0 0.0
2 2814 0.0 0.0 0.0 0.0
2 4023 0.0 6.0 0.0 0.0
2 5632 0.0 0.0 0.0 0.0
2 7241 9.0 0.0 0.0 9.0
2 12068 3.0 0.0 0.0 0.0
2 20113 6.0 0.495%-038 9.259% 03 9.9
2 32180 6.0 0.5022-0% 0.1178 03 6.0
2 48270 6.0 0.2028-08 0.5248 03 0.0
2 54350 0.0 0.4778-0% 0.251% 03 C.0
2 80450 0.0 5.286E-0% 0.2308 03 0.0
3 1207 0.0 0.0 0.0 0.0
3 2814 0.0 6.0 0.0 0.¢
3 4023 0.0 0.0 0.0 0.0
3 5632 9.0 €.0 0.0 0.0
3 7263 0.0 ¢.0 0.9 0.0
3 12068 0.0 2.0 0.0 0.0
3 20113 0.0 9.0 0.0 0.0
3 32184 6.0 9.9 0.0 0.0
3 48270 6.0 0.4508-08 D.824% 03 9.0
3 64360 0.0 0.279E-08 5. 1098 04 0.0
3 80450 0.0 0.7618=-09 0.465E 03 5.0
4 1207 0.0 3.0 6.0 5.4
4 26414 0.0 0.0 0.0 0.0
5 4023 0.0 0.0 G.0 0.¢
4 5632 9.0 0.0 c.0 0.0
4 7241 9.0 0.0 0.0 0.0
4 12068 2.0 0.0 0.0 0.0
4 201413 3.0 0.3698-08 0. 1368 03 0.0
4 32180 0.0 0.1985-08 9.175% 03 0.0
4 48270 0.0 0.249E-08 U.4338 03 0.0
y 64360 0.0 0.1128-07 9.377E Ot 0.0
5 80450 0.0 9.1228-07 J.622E 04 0.0
5 1207 ¢.0 0.0 0.0 0.0
5 20414 0.3 0.0 0.C 0.0
5 4023 9.0 0.0 ¢. 0 0.0
5 5632 0.0 0.0 0.0 0.0
5 7241 9.0 0.0 0.0 0.9
5 12068 0.0 0.508E-08 0.132E 03 0.0
5 20113 9.0 0.44CE-08 0.258% 03 0.0
5 32180 6.0 9.0 0.9 0.0
5 48270 9.0 0.3968-09 0.101E 03 0.0
5 54360 4.0 0 1928-09 0.8798 02 9.0
; 80450 0.0 36 E-08 9.5338 0u 0.0
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5 POPULATIOY-WEIGHTED CONCENTRATIONS AY JPULATION INTAKES FOR -3

AREA AIR CONCENTRATION GROUND CONCENTRATION INGESTION TINTAKE INHALATION INTAKE
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PERCENT OF TOT.BODT DOSE 3Y EACH PATHWAY

NOCLIDE PATHWAY DOSE{MAN-RENS) PEKCENY OF TOTAL PERCENT OF DOSE FROM ALL NOCLIDES
RA-22% SUBM AIR 0.8401E-09 0.00 99.76
SUYRFACE 0.68396E-03 0.00 . 62.31
SAINMING 0.4223E-05 0. 00 87.03
INHAL, 0.1590E-02 .01 T3.490
INGEST. 0.1535E 02 96.9% 9187
VEGET. 0. 14148 02 * 92.11 * 84.63
HERT 0.9797E 00 *  6.38 *  5.87
HILK 0.2296E 00 *  1.50 *  1.37
PB-210 SUBM AIR 0.0 0.0 0.0
SURFACE 0.531678-03 0.08 37.865
SHIKMING 0.62568-07 0.00 12.89
INHAL. 9.0 0.0 0.0
INGEST. 0.50119E GO 99.952 3.00
VEGET. 0.41158 00 - * 82.05 * 2,46
MEAT 0.T7929E-01 * 15.8% *= 0.487
MILK 0.1029E-01 *  2.05 *  0.086
PO~-21%0 SUBM A&IR 0.20228-11 0.00 0.24
SURFACE 0.49352-06 0.00 C.04
SWIMMING 0.3587E-09 0.00 0.07
INHAL. 0.5506E-03 0.06 25.42
INGEST. 0.8549E 00 99.94% 5.12
VEGEZ. 0.7368E 00 * 85,11 * 4ok
EERT 0.1%¥38E 00 * 13.390 * 5.68
HILK 0.44538-02 *  0.52 * 0.03
R¥-222 STUBM AIR C.0 0.0 0.0
SURFACE 0.0 0.0 0.0
SWIHNING 0.0 0.0 0.0
INHAL. 0.0 0.0 3.0
INGEST. 0.0 0.0 0.0
VEGET. 0.0 * 0.0 = 0.0
BEAT 0.0 ¥ 0.0 * 0.0
BILK 0.0 * 0.9 * 0.0
H-3 SUBH AlR 3.0 0.0 6.0
SURFACE 0.0 0.0 0.0
SRINHMING 0.C 0.0 G.0
INHAL. 0.2575E-004 1.75 1.19
INGEST. C.14428-02 98.25 0.01
YEGET. 0.7273E-03 * 49,56 * .00
MEAT 0.2664E-03 * 18.16 * 0.00
MILK 0.44648-032 * 30.42 %  0.00

9el



oy e o ¢ .
k| ) PERCENT OF R MAR DOSE BY EACH PATHWAY

RUCLIDE PATHWAY DOSE (BAR-RENS) PERCENT OF TOTAL PERCENT OF DUSE FROM ALL RUCLIDES

RA~226 SUBM AIR 0.12068~-08 0. 00 99.82

SURFACE 0.98988-03 G.03 60.12

SWIMMING 0.60623~06 0. 00 85.97

INHAL. 0.33888~03 0.01 50.86

INGEST. 0.36 158 01 39.3¢ 79.38

YEGET. 0.3330E 01 * 92,03 * 73.908%

BERT 0.2308% 00 *  5.38 * 5.07

BILK 0.5408E-01 *  1.50 * 1.18

PR-210 SUBM AIR 0.0 0.0 0.0

SURFACE 0.65618-03 0.67 39.85

SWIMNING 0.98518-07 0.00 13.97

INHAL. 0.0 .0 0.0

INGEST. 0.9707E~-01 99.33 2.13

YEGET. 0.7972E-01 * B1.57 *  1.75

MERT 0. 1536E-01 * 15.72 *  D.34

MILK 0.1994E-02 * 2,04 *  J.04

P0O-210 STBN AIR 8.2140B-11 0.00 0.18

SOGRFACE 0.5224E-06 ¢.00 0.03

SHINNING 0.37978-09 0.00 0.05

INHAL. 0.3018E-03 0.04 45.30

INGEST. 0.84278 00 99.96 18.50

YEGET. 0.7261E 00 * 86.13 * 15.94

¥PAT 0.1122E 00 * 13.31 *  2.48

MILK 0.4390E-02 * (.52 *  0.10

RN-222 SUBM AIR 0.9 0.0 3.0

SURFACE 0.0 0.0 0.0

SHINMING 0.0 0.0 0.0

INHAL. 0.0 0.0 0.0

IRGEST. 0.0 6.0 0.0

VEGE™Y. 0.0 * 0.0 * 0,0

MEAT 0.0 * 0.0 * 0.0

HILK 0.9 * 0.0 * 0.0

-3 SUBM AIR 0.0 0.0 0.0

SURFACE 0.0 0.0 0.0

SWINMING 0.0 0.0 0.0

INHAL. 0.25548-04 . T4 3.83

INGEST. 0.1442E-02 98.26 0.03

VEGET. 0.7273E-03 * 49,57 * 0.02

REAT 0.26648-03 * 18,16 * 0.01

MILK 0.4464E-03 * 30.43 * 0.01

LET



NUCLIDE

RA-225

PB-210

P0-210

|H=-222

PERCERT OF

PATHWAY

SUBM RIR
SOGRFACSE
SEINAING
IHHAL.
INGEST.
JEGETY.
®EAT
MILK
SUBH¥ AIR
SURFACE
SHLAMING
INHAL.
INGEST.
YEGET.
HEAT
ILK
SUBN ALR
SURFACE
SHIKMING
IN¥EAL.
I¥GEST.
VEGET.
MEAT
BILK
SUBR AIR
SURFACE
SRIMMING
INHAL.
INGEST.
YEGET.
HERT
MILX
SUBM AIR
STRFACE
SHIKHING
INHAL.
INGEST.
JEGET.
HEAT
HILK

LUNGS D9sE BY

DOSE{MAN-REHNS)

0.7406E-09
0.60798-03
0.37238-0%
0.9830B-02
0.30892-03
0.10032-03
0.69508-05
0.16298-05
0.0

0.27218-03
0.40358-07
0.0

9.3924B-05
0.3223E-05
0.62098-06
0.30618-07
0.1903E-11
0.U687E-06
0.3377E-09
0.1617E-01
0.1719E-07
0.3481E-07
0.22B8E-08
0.8952ZE- 10

COODTO
NI )

COODOOLOOD

OO

.25758-08
0.18428-02
0.7273E-03
0.2664E-03
0.4864E-03

TACH PATH¥AY

PERCENT OF TOTAL

#* 3

#* 3%

*

0.00
5.76
0.00
93.20
1.03
0.95
0.07
0.02
0.0
98.56
0.0
0.0
1.42
1.17
0.22
0.03
0.920
G.00
0.00
100.00
0.00
0.00
0.0G0
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9ERCENT OF DOSE FROM ALL NUCLIDES

3 3

*

*

* R

99.7%
£9.05
90.04
37.78
7.00
6.59
0.45
0.1¢C
0.0
30.90
9.88
0.0
0.25
0.21
0.04
0.01
0.26
0.05
0.08
62.12
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17.7%
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4 PERCERT GF ENDOST  DOSE BY BACH PATHWAY

RICLIDE PATHWAY DOSE(HAN-REHNS) PERTENT OF TOTAL PERCENT OF DOSE FROM ALL WUCLIDES

RA-226 SOBK AIR 0.1397E-08 0.90 39,83

SURFACE 0.11478~-02 0.01 56.82

SWIKMING 0.70228-06 0.00 84.26

THHAL. 0.17478-02 5. 01 31.98

INGEST. 0.1864E 02 93.98 84,77

YEGET. 0.17178 02 * 92,11 * 87.30

MEAT 0.11908 01 * 6,38 * £.05

BILK 0.27898 00 1,50 * 1,42

PB-210 SBBM AIR 0.0 0.0 8.0

SURFACE 0.8706E-03 0.13 43,15

SHINNING 0.1307E-06 0.00 15.69

INHAL. 0.0 0.0 0.0

INGEST. 0.6590E 00 99,87 3.35

VEGET. 0.54128 00 * 82.01 * 2,75

MERT 0.1043E 00 * 15,80 * 0.53

BILK 0.1354E~01 £ 2,05 * 0.07

PO-210 SUBHM AIR 0.28818-11 0.00 0.17

SURFACE 0.59598-06 0. 00 0:03

SWIMHING 0.43318-09 0.00 0.05

INHAL. 0.1320E-03 0.04 6.95

INGEST. 0.3681E 00 99.96 1.87

VEGET. 0.3172E 00 * 86.13 *  1.61

NEAT 0.83018-01 * 13,31 * 0.25

BILK 0.19178-02 *  0.52 * 0,01

RN-222 SUBH AIR 0.0 6.0 0.0

SURPACE 0.0 0.0 8.0

SKIRKING 0.0 0.0 0.0

INHAL. 0.0 0.0 0.0

IHGEST. 0.0 0.0 8.0

YEGET. 0.0 * 0.0 * 0.0

HEAT 8.0 * 0.0 * 0.0

MILK 0.2 0.0 0.0

-3 SUBA AIR 0.0 0.0 0.0

SURFACE 0.0 0.0 0.0

SHINMING 0.5 0.0 0.0

INHAL. 0.20298-04 1.39 1.07

INGEST. 0.14428-02 98,61 3.01

VEGET. 0.7273E-03 * 4975 * 0.00

MEAT 0.26645-03 * 18,22 ® 0,00

HILK 0.44645E-03 * 30.54 * 0,00
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PERCENT OF S WALL DOSE BY EACH PATHWAY

WICLIDE PATHWAY DOSE(MAH-RENS) PERCENT OF TOTAL PERCENT OF DCSE FROM ALL NMGCLIDES
RR-226 SUB® AIR 0.5477£~-09 0.00 8s.87
SURFACE 0.4495E-03 4,64 €6.03
SHIMHING 0.2753E-06 .00 g8.72
I¥KEAL. 0.4755E-06 0.00 1.76
INGES?T. 0.92372-02 95.35 52.49
VEGET. 0.85098-02 * §7.84 * 48,35
KEAT 0.5897E-03 *  6.09 *  3.35
MILK 0.13823-03 * 0 1.43 *  0.79
PB-210 SUBM AIR 0.0 0.0 6.0
SUR¥FACE 0.2309E-03 94.69 33.919
SWINMING G.34678-07 0.01 11,17
INHAL. G.0 0.0 0.0
INGEST. 0.12922-04 5.30 9.07
VEGET. 0.1061E-04 * 4,35 * 0.06
HBAT G.2044E-05 *  0.8% * 3,00
MILK C.2654E-06 *  0.711 * (.00
PO-210 SUBM AIR 0.1808E~-11 0.00 0.33
SURFACE 0.44 T4E-06 0.01 0.986
SWIMMING 0.3208E-09 0.00 0.10
INHAL. 0.7836E-06 0.01 2.90
INGEST. 0.69086E-02 99.938 39.24
YEGET. 0.59508-02 * §6.15 * 33.81
EE&AT 0.91948-03 * 13.3% ¥ 5,22
BILK 0.35978-04 *  0.52 * 0.20
RE-222 SUEX AR 0.0 0. G.0
SCRFACE 0.0 0.¢ 0.0
SHIMMING ¢G.0 0.9 0.0
IWHAL. G.0 0.0 0.0
INGEST. 0.0 0.0 0.0
VEGET. 0.0 * 0.0 * 0.0
MEAT G.0 * 0.0 * 0.0
HILK 3.0 * 0.0 ¥ 0.0
H-3 5UB% AIR 3.0 0.0 0.2
SURFACE 0.0 0.0 0.0
SHIMAIYG 0.0 0.0 0.0
IRHAL. 0.2575E-04 1.75 95.33
INGEST. 0.1442E-02 98.25 8.19
VEGET. 0.7273E-02 * 49.56 ¥ L4.13
HEAT 0.265U8-03 * 18.16 ¥ 1,51
HILK 0.54548~03 * 30.42 *  2.54%

ove
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NUCLIDE

RA-226

PB-210

PO-210

EN-222

N

L

~

¢

PERCEHNT

PATHWAY

SUBM AIR
SURFACE
SWIMMING
INHAL.
INGEST.
VBEGET.
MEART
HILK
SUBM AIR
SURFACE
SWINNING
INHAL.
IRGEST.
VEGET.
MEAT
HILK
SUBMY AIR
SURFACE
SWIMMING
INHAL.
INGEST.
YEGET.
HEAT
MILK
SUBM RIR
SURFACE
SWIMNING
INHAL.
INGEST.
VEGET.
HEAT
BILK
SUBM AIR
SURFACE
SWIMMING
INHAL.
INGEST.
VEGET.
HMEAT
MILK

OF LLI WALL DOSE BY EACH PATHWAY

DOSE{MAN-REMS)

0.45938-09
0.37708-03
0.2303E-06
0.3159E-04
0.703%E8 00
0.64848 00
0.4394E-01
0.1053E-01
0.2

0.13148-03
0.%9738-07
0.9

0.1388E-02
0.1140E-02
0.2196E-03
0.2851E-04
0.13538-11
0.33038-06
0.2401E-09
0.3102E-04
0.2723E 00
0.2346% 00
0.3625E-01
0.1418E-02

BAOOLOoOOLT@

DOCURQUOOLO00

0.2739E-04
0.1842E-02
0.7273E-03
0.2664E~03
0.4464E-03

PERCENT GF T0TAL

* #

*

#*

*

¥*

0. 00
0.0%
0.00
0.00
99.94
92.07
6.38
1.50
0.0
8.65
0.00
c.0
91.35
75.02
18.45
1.88
0.00
0. 00
0.00
0.01
99.99
BE£.16
13.3
0.52
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98. 14
49.5%
18. 14
398.39

PERCENT OF DOSE FROM ALL NUCLIDES

*

#*

*

%

3

09.71
74,11
92.04
35.10
71.90
66.23
4,59
1.08
0.0
25.83
7.86
0.0
0. 14
0.12
0.02
0.00
0.29
9.06
0.10
34.47
27.81%
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PERCENT OF THYRCID DOSE BY EACH DPATHWAY

NUCLIDE PATHWAY DOSE{¥Aa¥~RENS) PERCENT OF TOTAL PERCENT OF DOSE PROM ALL NUCLIDES
RA-226 SUBM ALR 0.8381E-09 0. 00 99.82
SCRFACE 0.6879E-03 0. 0€ 52.92
SYIMATUG 0.4213E-06 .00 87.384
INHAL. 0.71172E-03 0.01 27.50
INGEST. 0.1249E 01 9%.94 61.08
TEGET, 0.11518 013 * 92,06 * 56.27
HMEAT C.7976E-01 *  6.38 *  3.90
HILK 0.18598-01 *  1.50 ¥ 0.91
PB-210 SUBM AIR 0.0 9.0 0.0
SURFACE 0.4050R-03 16.35 37.04
SHINMATHG 0.60818-07 0.00 12.61
IEHAL, 0.0 0.0 0.0
IXGEST. 0.2071E-02 83.64 0.10
VEGET. 0.1701E-02 * 65,69 *  0.08
REAT 0.3278E-03 * 13.2% * Q.32
AILK 0.4255E-0% * .72 * 0.00
P0O-210 SUBM AIR 0. 1548E-11 0.00 0.18
SURFPACE 0.3780E-06 0.00 0.03
SHIMMING 0.2747E-09 0.00 0.06
IHHAL. 0.2834E-03 0. 04 66.51
INGEST. 0.79258 00 99.96 38.75
VEGET. 0.68292 00 * 86,13 * 33.3¢9
MEAT -10558 00 * 13.31 *  5.1€
RILK 0.4128E-02 * 0.52 *  0.20
R¥-222 SUE® AIR 0.0 0.0 0.0
SURFACE 0.0 0.0 0.0
SHIMMING 0.0 6.0 0.0
INHAL. 0.0 G.0 0.0
INGEST. 0.0 0.0 0.0
VEGRET. 0.0 * 0.0 * 0.0
MEAT 0.0 * 0.0 * 0.0
EILK 0.0 * 0.0 ¥ 0.0
H-3 SUEX AIR 0.0 0.0 ¢.0
SURFACE 0.0 0.9 0.0
SHIMMING 0.0 0.0 0.0
INHBAL. 0.2554E-0% 1.74 5.89
INGEST. 0.74428-02 98.26 0.07
YEGET. 0.7273E-03 * 49,57 *  0.0u4
HEAT 0.2664E-03 ¥ 18,15 * 0.0%
HILK 0.4464E-03 * 30.43 * 0.02
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’ PERCENT OF LIVER DOSE BY EACH PATHWAY

NUCLIDE PATHWAY DOSE(RAN-RENS) PERCENT OF TOTAL PERCENT GF DOSE FRON ALL NUCLIDES
RA-228 SUBM AIR 0.6401E-09 0.00 99.73
SURFACE 0.5254E~03 3.04 70.74
SWINMING 0.32188-06 .00 90.73
INHAL. 0.1168E-03 0.01 11.48
INGEST. 3.1287E §1 99.95 32.85
VEGET. 0.11498 01 * 32.07 * 30.26
MEAT 0.7962E-01 * 6.38 * 2,10
nILK 0.1866F-01 *  1.50 * (.89
P3-210 SUBM AIR 0.0 0.0 0.9
SURFACE 0.2169E-03 0.22 29.20
SWIMAING 0.32578-07 G. 00 9.18
INRHAL. 0.0 0.0 0.0
INGEST. 0.9844E~01 39.78 2.59
YEGET. 0.8084E-01 * B1.94 *= 2,13
BEAT 0. 1558E~01 * 15.79 *  0.41
MILK 0.20228~02 * 2,05 * 0.05
PO-210 SUBH AIR 0.17282-11 0.00 0.27
SURFACE 8.42208E-06 0.00 0.06
SWINMING 0.30678-09 0.00 0.09
INHAL. 0.87535-03 0.0 86.01
INGEST. 0.24049%E 01 99.96 64,52
VEGET. 0.2110F 01 * 86.13 * 55,59
MEAT 0.3261E 00 * 13.31 * 8.59
¥ILK 0.1276E-01 ®  0.52 *  0.34
R¥=-222 SUEBM AIR 6.0 0.0 0.0
SURFACE 0.0 0.0 0.0
SWINNING 0.0 8.0 0.0
IRHAL. 0.0 0.0 0.0
INGEST. 0.0 0.0 0.0
VEGET. g.0 * 0.0 * 0.0
BEAT 0.0 * 0.0 * 0.0
NILK 0.0 * 0.0 * 0.0
=3 SOBM AIR 0.0 0.0 0.0
SURFACE 0.0 0.0 0.0
SRINMING 0.0 0.0 g.0
INHAL. 0.2554E-04 1.74 2.51
INGEST. 0.14428-02 98.26 0.04
VEGET. 0.7273E-03 ® 49,57 * Q.02
MEAT 0.2664E-03 * 18,16 *  0.01
MILE 0.%464E-03 * 30.43 *  0.01
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PERCENT OF KIDNEYS DOSE HBY EACH PATHWAY

NOCLIDE PATHWAY DOSE{MAN-RENS) PERCENT OF TOTAL PERCENT OF DOSE FROM ALL NUCLIDES
RA-226 SUBM AIR 0.56070E-09 0.00 99.69
SURPACE 0.4982E-03 0.04 67.43
SHINHMING 0.30518-06 0.00 89.34
IHHAL. 0.1168E-03 0.01 2.2%
INGES?. 0.12478 01 99.95 7.98
VEGET. 0.71149E 01 * 92,07 *  7.35
MEAT 0.7962E-01 *  6.38 ¥ 0.51%
MILK 0.1866E-01 *  1.50 * 0.12
PB-210 STEK AIR 0.0 0.0 G.0
SURFACE 0.28028-03 0. 12 32.51%
SHINHING 0.3607E-07 0.00 10.56
INHAL. 0.0 0.0 0.0
INGEST. 0.2071E 00 99.488 1.33
YEGET. 0.1701E 00 * 82.03 ¥ 1,09
HMEAT 0.3278E-01 * 15.81 * 0.21%
HILK 0.4255E-02 * 2,05 * 0.03
P0-21C SUBM AXR 0.1867E-11 0. 00 D.31%
SURFACE 0.4559E-06 0.00 0.06
SHYIMMING 0.33%38-09 0.00 0.10
INHAL. 0.5083E-02 0.04 97.26
I¥GEST. 0.1418E 02 99.96 93.569
YEGET. 0.12228 02 * 86413 * 78.14
HEAT 0.1887E 01 * 13.3% * 12,07
MILK 0.7385E-01 *  0.52 *  0.47
RN-222 SUBM AIR 0.0 0.0 0.0
SURPACE 0.0 0.0 0.0
SHWIMMING 0.0 6.0 0.0
INHAL. 0.0 0.0 0.0
INGEST. C.0 0.0 0.0
VYEGET. 0.9 * 0.0 * 0.0
¥EAT ¢.0 * 6.0 * 0.0
MILK 0.0 * 0.0 * 0.0
H-3 SUBM AIR 0.0 0.0 0.0
SURFACE 0.0 0.0 0.0
SHINHING 0.0 0.0 0.0
INHAL. 0.26578-04 1.8% 0.51
INGEST. 0. T1442E-02 98.19 0.01
VEGET. 0.7273E-03 * 49,54 * 0.00
HMEAT 0.2664E-03 * 18.15 * 0.00
NILK Q.4864E-03 * 30.4% *  0.00
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PERCENT OP TESTES DOSE BY EACH PATHWAY

EOCLIDE PATHWAY DOSE (HAN-REHNS) PERTENT OF TOTAL PERCENT OF DOSE FROM ALL XUCLIDES

RA~226 50BM AIR 0.10258-08 0.00 99.81
SURFACE 0.8413R-03 0.07 69.38

SWIMMING 0.5153E-06 0.00 90.19

INHAL. 0.1172E-03 0.01 27.48

INGREST. 0.12698 01 99.92 61.08

VEGET. 0.1151E 01 * 92.05 * 56,27

MEAT 0.7976E-01 *  6.38 *  3.90

MILK 0.18698-01 *  1.49 *  0.91

PB-210 SUBM AIR 0.0 0.0 G.0
SURFACE 0.3708E-03 15.18 30.58

SWINHING 0.5568E~07 0.00 9.75

INHAL. 0.0 0.0 0.0

INGEST. 0.20718-02 B84.82 0.10

VEGET. 0.1701E-62 * 69,65 = 0.08

MEAT 0.3278E-03 * 13.42 * 0.02

NILK 0.42558~04 * 1,74 * 0.00

PO-210 SUBM AIR 0.1375E~11 0. 00 0.13
SORFACE 0.4822E-06 0.00 0.04

SWINNING 0.35058~0% 0.00 0.06

INHAL. 0.2834E-03 0.04 66.48

INGHST. 0.79258 90 99.96 - 38.75

VEGET. 0.6829E G0 * 86.13 * 33.39

HEAT 0.1055E 00 * 13.3% * 5.16

BILK 0.41288-02 *  0.52 * 0.20

RN-222 SUBN AIR 0.9 0.0 0.0
SURFACE 0.0 0.0 0.0

SWIMKING 0.0 0.0 0.0

INHAL. 0.0 0.0 0.0

INGEST. 0.0 0.0 0.0

VEGET. 0.0 * 0.0 * 0.0

MEAT 0.0 * 0.0 * 0.0

HILK 0.0 * 0.0 * 0.0

H~3 SUBM AIR 0.0 0.0 0.0
SURFACE 0.2 3.0 3.0

SRINMING 0.0 0.0 0.0

INHAL. 0.2575E-04 1. 75 6.04

INGEST. 0.14642E-02 38.25 0.07

VEGET. 0.7273E-03 * 49,56 * 0.04

HEAT 0.2668E-03 * 18.16 *  0.01

NILK 0.4464E-03 * 30.42 * 0,02
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PERCENT OF OVARIES ©DOSE BY EACE PATB¥AY

¥OCLIDE PATHWAY DOSE{MAX~-REMS} PERCENT OF TOTAL PERCENT OF DOSE FROR ALL NUCLIDES
RA-226 SUBM ARIR 0.4402E-09 0.00 99.7%6
SYRFACE 0.3613E-03 0.03 62.21%
SHIMNING 0.2213E-06 0.00 86.99
INHAL. 0.1172E-03 0.01 27.50
INGEST. 0.125%E 01 99.96 61.12
VEGET. 0.1153E 01 * 92.08 * 56.3C
HEAT 0.7989E-01 *  6.38 *  3.90
BILK 0.1872B-01 *  1.50 * 0.91
PB-210 SUBN AIR 0.0 0.0 0.0
SURFACE 0.21928-03 9.57 37.75
SRIKHMING 0.3292E-0G7 0.00 12.94
INHAL. 0.0 0.0 0.0
INGEST. 0.2G71E-02 90.43 0.10
YEGZET. 0.17018-02 * T4.26 * 0.08
BEAT 0.32788-03 * 15,37 * 0,02
KILK 0. 4255E-04 *  1.86 *  0.00
PO-210 SUBK AIR 0.7047E-11 0.00 0.24
SURFACE 0.2556E-06 0.00 0.08
SHIMMING 0.1858E-09 0.00 0.07
INdAL. 0.2834E8-G3 0.04 66.51
IHGEST, 0.7925E (0 99.96 38,71
YEGET. 0.68292 €O * 86.13 * 33,35
HEAT 0. 9055E 00 * 13.3% * 5,15
MILK 0.4128E-02 *  0.52 * 0.20
RN-222 SUBY AIR 0.0 0.0 0.0
SURFACE 0.0 0.¢C 0.0
SWINMING 0.0 0.0 0.0
I¥HAL. 0.0 0.0 0.0
IH¥GEST. 0.0 0.0 0.0
YEGET. 0.0 * 0.0 * 0.0
BERT 0.0 * 0.0 * 0.0
HILK 0.0 * 0.0 ¥ 0.0
K-3 SUBY AIR 0.0 0.0 0.0
SURFACE G.0 0.0 0.0
SHIMNING 0.0 0.0 c.0
INHAL. ¢.255u42-04 1.74 5.99
INGEST. 0.1442E-02 98.26 0.07
YEGET. 0.72738-03 * 49,57 * (.04
MEAT 0.2664E-03 * 18.16 * 05.03

HILK 0.4468E-03 * 30.u3 * 0.02
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CONTRIBUTION OF EXPOSORE MODES TO }BOD? DOSES

EXPOSURE MODE ANNUAL DOSE{MRN-REMNS) PERCENT OF TOTAL DOSE
3CGER AIR 0.8421E-09 0.0000
SURPACE . 11078-02 0.0065
SWIMMING 0.48528-06 0.0000
INHAL. 0.2166E-02 0.0130
INGEST. 0.16708 02 95.980%
VEGET. *0. 15298 02 * 91.4937
MEAT *0. 11738 01 * 7.0218
AILK *0. 24488 00 * 1. 4651

EXPOSURE MODE
SUBNM AIR
SURFACE
SHINNING
INHAL.
INGEST.

VEGET.
HEAT

KILK

EXPOSURE HODE
SUBM AIR
SURFPACE
SWIAMING
INHAL.
IRGEST.

VEGET.
MEAT

MILK

CONTRIBUTION OF EXPOSURE MODES TO R MAR

ANNUAL DOSE{MAN~REHS)

0.1208E-08
0.1646E-02
0.7051E~06
0.6662E-03
0.4556E 01
*0.4136% 01
*0.3586E 00
*0.6091E-01

CONTRIBUTION OF EXPOSURE MODES TO LUNGS

ANNUAL DOSE (MAN-REHNS)

0.74258-09
0.88048-03
0. 4135E~06
0.2602E-01
0. 15548E=-02
*(}.8308E-03
*Q.2740E-03

*0.4381E-03

DOSES

DOSES

PERCENT

PERCENT

OF TOTAL DOSE
0.0006
0.0361
0.0000
0.0146

99.9492

80.7460
7.8670
1.3362

OF TOTAL DOSE
0.90090
3. 0940
0.0015

91,4422
S5.4624
2.9195
0.9629
1.5748

£¥T



COWTRIBUYION OF EXPOSURE MODES TO ENDOST D0SES

EXPOSURE HMODE ANNUAL DOSB{MAN-RENS) PERCENT OF TOTAL DOSE
SUBM AIR 0.13998-08 0.0000
SURFACE 0.20188-02 0.0103
SHIRNING 0.8333E-06 0.0G300
INHAL. 0.18998-02 0.0097
INGEST. 0.1967E 02 99.9801

YESET. 0. 18038 02 * 91.6523
HEAT #0.13448E 03 * 6.8297
KILK *0.2948E 00 * 1.4983

COSTRIBUTION OF EXPOSURE MODES TO S WALL DOSES

EXPOSURE HODE ANNUAL DOSE{MAN-RENS) PERCENT OF TOTAL DOSE
5UBY AIR 0.54958-09 0.0000
SURFACE 0.65098E-03 3.7193
SHIMMING 0.3103E-06 0.0017
INHAL. 0.2701E-04 0.14875
IHGEST. 0.1760E-01 96.1314

YEGET. *0.15208-01 * 83.021%1
¥EAT x0.1778E-02 = 9.7107
HILK *3.62098-03 * 3.3916

CONTRIBUTION OF EXPOSURE KODES TO LLI WALL DOSBES

EXPOSURE MODE ANNUAL DOSE{MAN-RENS) PERCENT OF TOTAL DOSE
SUBM AIR 0.45606E-09 0.0000
SURPACE 0.50872-03 0.051%9
SHIMALNEG 0.2508E-05 0.0000
TNHAL. 0.9001E~0Y 0.00%2
IYGEST. 0.9790E 00 99.9388

VEGET. *0. 83498 00 * 90.3329
HIAT ¥0.E8167E-01 * 8.337%

MILK %0.%12428-01 * 1.2682

8¥e



BXPOSGRE MODE
SUBM AIR
SUBFACE
SRIRATYG
INHAL.
INGEST.

VEGET.
MEAT

MILK

EXPOSUERE NMGDE
SUBY AIR
SURFACE
SWINMEING
INHAL.
INGEST,

YEGET,

MEAT

EILK

EXPOSURE MODE
SUBX AIR
SURFACE
SWIHKING
TNHAL.
INGEST,

YEGET.
HEAT

BILK

CONTRIBUTION OF EXPOSURE #ODES TO THYROID
ANYIAL DOSE{HAN~RENS)
3. 83878-59
3. 10938-02
0. 4824E-06
0.426 18-03
3.2045% 01
*0.18368 051
*Q¢.1859F 90
*3.23318-01
CONTRIBITION OF BYPOSURE MODDS T3 LIVER
ANNTAL DOSE{MAN-REXS)
0.641%8-09
0.74272-03
G.3547E8-06
0.10188-0¢2
0.3796E 01
*0.33418 0
*0.42158 0¢
*J.33868-01
COHTRIBUTION OF EXPOSURE HODES T0 KIDNEYS
ANNGAL DOSE {XAN-REHS)
0.60888-0¢
0.73898~-03
0.38158-06

0.52268~0

wi
[ 3%

—

5638 §

%)

Oa

e

*0. 13548 ¢2
#0.2000E 01

*0.97218-01

DOSES
PERCENT OF TOTAL DOSE
0.00C0
0.0534
0.00060
0.0208
99.9258
* B9.7065
* 9.0806
* 1.1387
DOSES
PERCENT OF TCTAL‘DOSE
¢.0000
0.01%6
0.0000
$.0268
99.9536
* 87.9624
* 11.099¢0
* 0.8922
DOSES
PERCENT OF TOTAL DOSE
2.38000
00047
0.00600
0.0334
99.9619
* 8€.55086
* 12.7835

* 0.6216
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ZXPOSTRE WODE

SWIMNING

INHAL.

IMGEST.

YEGET.

MEAT

“ILX

2XPOSYRE KODE

STBM AIR

STURFACE

SEIRMING

INHAL.

INGEST.

VEGET.

MEAT

KILK

CONTRIBUTION OF EXPOSTRE MODES 70

ANNEAL DOSE(MAN-REHS)

$.1027:2-08
0.1233B-02
0.57138-06
0.42648-03
6.204528 01
*3.1836% 01
%0, 1859E 00

*0.2331E-01

CONTRIBUTION OF EXPOSTURE MODES T

ANNUAL DOSE{MAN-REMNS)

0.44128-09
0.58072-03
0.2544E-06
0.42618-03
0.20478 01
x), 16388 01
*0. 18608 00

£0.2334E-01

. PERCENT OF TOTAL DOSE

0.0000
0.05%2
0.0000
0.0208
99.9199

* §9.7012
= 9.0800

* 1. 1386

PERCENT OF TOTAL DOSE

0.0000

* 9.0301

* 1.1393

05%



. ¥¢¥AL pUSE TO EACH ORGAN TERCUGH ALL PATHWAYS

URGAN
TOT.BODY
R EAR
LUNGS
REDOST
S ¥WALL
LLI WALL
THYRGLD
LIVER
RYDERYS
TESTES

CYARIES

BOSE (MAN-RENS)
0.1671%8 02
G. 45588 01
0.28u468-01%
0. 1968E G2
0. 1831E~-01
8.979¢8 09
0.20478 01
0.3798E 01
0. 15648 02
0.2087E 01

0.2048E 91

162



CONTRIBUTORS TO ORGAX DOSES

PERCENT
NOCLIDE TOT. 30DY R MAR LUNGS ENBOST S WALL LLT #ALL THEYROID LIVER XID¥EYS TESTES JVARIES
R 4-226 91.8693 79.3290 37.0638 94.7674 52.9205 71,8967 5%1.0738 32.8553 7.9786 61.0778 61.1133
?E-210 3.0019 2. 7441 0.9700 3.3538 143320 0.1551 (.17210 2.5978 1.3261 0.1%193 0.1118
20-210 5.1202 18.649L7 56.8097 1.8715 37.7318 27.7633 38.7335 649.5082 90.6859 38.7313 38.7033
RE-222 4.0 0.0 G¢.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
H-3 0.0038 0.0322 5. 1564 3.3074 8.0157 0.1500 0.071%7 0.0386 0.0094 0.0717 0.0716
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N\,;EDE
RA-226
ka-226
RA-226
RR-226
RA-226
RA-226
RA=-226
RA-226
RA-226
R2-226
RA-226
PB~210
PB-210
PB=210
PB~210
PB~210
PB-210
PB=210
PB=210
PB-210
PB-210
PB=-210
PO-210
PO-210
PO-210
BO-210
PO=210
PO~210
PO-210

PO=210

.

NUNULL POPULATION DOSES (MAN-REMS)

ORGAN
TOT.EDDY
B MAR
LUNGS
ENDOST
S WALL
LLI WALL
THYROID
LIVER
EIDNEYS
TESTES
OYARIES
TOT.BODY
® MAR
LUNGS
ENDOST
S WALL
LLI WALL
THYROID
LIVER
KIDNEYS
TESTES
OVARIES
TOT.BODY
R HAR
LUNGS
ENDOST
S WRLL
LLI WALL
THYROID

LIVER

DOSE
C¢.1535E 02
0.36168 01
0. 1055E-01
0. 18658 02
0.96878-02
6.7043F 00
0. 12508 01
0.1248F Of
0. 1248E 01
0. 1250 01
0.125ZF 02
0.5015E 00
0.9773E-01
0.2760E-03
0.6599E 0§30
0.2438E-03
0.1519E-02
0.2476E-02
0.9866E-01
0.20748 00
D.28428-02

0.2291E-02

0.8430E 00
0.1617E-01
0.3682F 00
G.6907E-02
0.27238 0O
0.7928% 00

0.2450% 01

€52



PO-210
?0-210
P0-210
RN=-222
RN-222
RN-222
BRY-222
RU-222
R¥-222
R¥-222
RN-222
RN-222
RN-222
’N-222
H=3

H-3

KIDNEYS

TESTES

OVARIES

TOT.BODY

R BAR

LUNGS

ENDOST

5 WALL

LLI YALL

THYROID

LIVER

KIDNEYS

TESTES

O7ARIES

TOT.BODY

! KRR

LUNGS

ENDOST

S WALL

LLT ¥ALL

THYROID

LIVER

XIDNWEYS

TESTES

OYARLES

0.i418% 02
0.7928E 00

0.7928E GO

0. 1467E-02
0.15675-02
C.1467E-02
C. 14628-062
0. 1467E-02
0. 1469E-02
0. 1467E-02
- 96672-02
0. 14588-02
0. T46TE-02

0. 1467E-02

1474
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WUunING LEVELS POR RN¥-222 AND ITS SHORT-LIFE PROGENY AT VARIOUS LGCATIONS IN THE ENVIRONSENT
{FRACTION OF RQUILIBRIUM ASSUNAED FOR WORKING IRVEL CALCULATICHS=0.730)

iREZ ¥ORKING LEYEL
{PCPULATION}

WIND TOWARD DISTANCE
{HETERS)

1207
2414
4023
5632
7241
12068
20113
32180
48270
64360
80450
1207
2414
4023
5632
7241
12068
20713
321890
48279
64360
804590
1207
2514
4323
5632
72481
12068
20113
32180
48270
64360
80450
1207
2414
4023
5632
7281
12068
20113
32180
48270
64360
80450
1207
2414
4023
5632
72481
12068 19E-05
20113 ¢, 132E-05
32180 ¢.2

79E-06

5 € ¢ v ¥ @ & £ &

98E-07
51E-06
SOE-0S

TOODOCACOOODOTOC

6 s s v € & 4

MO DO PR a QRN OCOO

968-05
.523E-06
- T4EE-05
< 494E=08
< 345E-08

8

06E~05
83E~05
24E~C5

« 5 6 & 6 @ o & B & & & @

36E-05
DUB-05
60E~-05
86E~(5
24804

DO DOOODO OO DO LODDDITCTODITOIOOTOTO
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L8270
£4360
80450
1207
2414
4023
5632
7241
12068
20113
32180
48270
64360
80450
1207
2474
8023
5632
724%
12068
20113
32180
48270
64360
80650
1207
2414
3023
5632
7261
12068
20113
32180
48270
64360
80450
1207
2614
4023
5632
7241
12068
20143
32180
48270
643860
BOBS0
1207
2414
4023
5632
7281
12068
20113
32180
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