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ABSTRACT

The Uranium Dispersion and Dosimetry (UDAD) Code provides
e stimates of potential radiation exposure to individuals and to the
general population in the vicinity of a uranium processing facility.
The UDAD Code incorporates the radiation dose from the airborne
release of radioactive materials from uranium milling and process-
ing facili ties , It includes dosimetry of inhala tion, ingestion
and external exposures.

Tha removal of radioactive particles from a contaminated area
such as uranium tallings by wind action is estimated from thco-
retical and empirical wind-erosion equations according to t ''nd
speed, particle size distribution, and surface roughness a. .r

parameters. Atmospheric concentrations of radioactivity from
spccific sources are calculated by means of a dispersion-deposition-
resuspension model. Source depletion as a result of deposition,
fallout of the heavict particulates, and radioactive decay and
ingrowch of radon daughters are included in a sector-averaged
Gaussian plume dispersion model. The at'erage air concentra tion a t

any given receptor location is assumed to be constant during each
annual relcase period, but to increase from year to year because of
resuspension. Surface contamination is estimated by including
Luildup from deposition, ingrowth of radioactire daughtcrs, and
removal by radioactive decay, weathering and other environmental
processes. Deposition velocity is estimated on the basis of
particle size, density, and physical and chemical environxental

conditions which influence the behavior of the smaller pas ticles.

Calculation of the inhalation dose and dose rate to an indi-
vidual is based on the ICRP Task Group Lung Model (TGLM'. Es ti ma tes
of the dose to the bronchial epithelium of the lung from inhalation
of radon and its short-lived daughters are calculated based on a
dose conversion factor from the BEIR report. External radiation
exposure includes radiation from airborne radionuclides and exposure
to radiation from contaminated ground. Terrestrial food pathways
include vegetation, meat, milk, poultry, and eggs. Internal dosi-
metry is based on ICRP recommendations, with the option of using
either a single or a multiple exponential retention model. In
a ddi tion , individual dose commitments, population dose commitmants
and environmental dose commitments arc computed.

Even though this code is dedicated to uranium mining and
milling, it may be a oplied to dispersion of any other pollutant.

'i j. i
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TEE URANIUM DISPERSION AND DOSIMETRY (UDAD) CODE

Michael H. Momeni, Y. C. Yuan and A. J. Zielen

1. INTR 0!UCTION

The projected increasing demand for uranium fuel for the generation of
electricity has focused considerable public and regulatory attention on the
potential impacts of processing natural uranium. The radiologic.1 impact of
uranium extraction is associated primarily with uranium-238 and its radio-
active daughters present in the ore (Fig. 1.1). Although uranium-235 is the

principal component of uranium fuel production, its abundance in natural
uranium is only 0.72 percent. Compared to the 238 U decay series, the 235g

series contributes negligibly to the quantity of radioactivity dispersed.

Figure 1.2 depicts the principal components of the Uranium Dispersion and
Dosimetry (UDAD) Code. Pathways of exposure are through atmospheric disper-
sion of radioactivity, flota the surface of the ground, and via the surface and
groundwater. Tnese pathways result in exposure by inhalation of radionuclides
in the air, ingestion of contaminated food and water, as well as exposure to
gamma radiation from contaminated ground and air.

The computer code, Uranium Dispersion And Dosimetry (UDAD), was developed
to provide comprehensive estima es of the potential radiation dose rate and
dose to the standard man and the standard population in the vicinity (80 km)
of a uranium processing facility such ar a uraniue mill or mine. The UDAD

Coce was applied initially in 1976 for the assessment of the radiological
impact of Bear Creek (NRC 1977) uranium mining and milling project and was
later expanded for generic evaluation of uranium milling in the United States.
Since 1976 it has been applied to review of several other uranium mills for
licensing and radiological evaluacion.

*
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Fig. 1.2. The Uranium Dispersion and Dosimetry Code. Exter-
nal exposure by radiation directly from mines and
mills and from the water from such facilities is
not included in this code.

To assure consistency in the assessment methodology, a technical review
group on radiological assessment for uranium mills was formed by the Nuclear
Regulatory Commission (NRC) staff, the Environmental Protection Agency (EPA)
and the Argonne National Laboratory (ANL) in early 1978 to discuss the de-
tailed methodology for estimating dose rates, doses, and the environmental
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dose commitment. A summary of the group's suggestions is given in Appendix F.

The current version of the UDAD code (version IX) incorporates the recommenda-

tions of this review group.

In addition, parallel field investigations of dispersion pathways carried

out by Argonne National Laboratory, Battelle Pacific Northwes Laboratory, and

Environmental Protection Agency (Las Vegas) have further resulted in modifica-

tion, reinforcement, and testing of the present model. Further modifications

in the code and choices of the values for the Cefault values are anticipated

as these investigations are completed. Even though this code is dedicated to

dispersion and dosimetry of uranium mining, milling, and fuel processing, it

may be applied to the dispersion of any pollutants.

The model is written in Fortran IV and is designed for installation on an

IBM 370/195 (or equivalent) computer. Substantial effort has been taken to

reduce the computer core storage and to improve the coriputational ef ficiency.
Application of this model will require a general purpose computer, certain
input data, the instructions contained in this report, and the program itself.
Based on individual needs, several options of the modei can be eliminated with
appropriate control of the input. Default values (Sec. 11) have been incor-
porated into the model based en NRC-EPA-ANL review group and USNRC staff sug-
gestions (App. F). These default values may be replaced by site-specific data
whenever such data are available.

In the following chapters, the contents of the model are described, and
their formulation and intended uses are discussed. Chapter 11 describes the

structure of the program and gives input instructions. A sample prc blem to
assist in operation of the program is given in Chapter 12.

Reference for Section 1

U.S. Nuclear Regulatory Commission, Final Environmental Sta tement, Bear Creek
Project, Office of Nuclear Materials Safe: and Safeguards, Docket No. 40-8452,
NUREG-0129, June 1977.

' , ' i,<,
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2. DISPERSION: STABLE GASEOUS POLLUTANTS

The atmospheric dispersion techniques incorporated in UDAD

consist of a Gaussian plume dispersion r.cdol modified to include

ground deposi ticn, resuspension, and radioactive decay and

daughter ingrowth. The model is designed to predict ground-level

air concentration and surface contamination resulting from

continuous release of uranium-239 and its decay products into

the atmosphere from point releases or multiple area source =,

2.1 ATMOSPHERIC DISPERSION OF STABLE GASEOUS POLLUTANTS

Atmospheric dispersion of the radioactive materials occurs by transport

and turbulent diffusion process. Methodologies for estimating concentrations

of airborne materials transported directly from a point source to a receptor
point have been outlined by Pasquill (1974) and Haugen (1975). For a large

diffusion time and homogeneous stationary conditions the random transport of
a stable po'lutant may be stated in the form of the simple Fickian differen-
tial equation under the central limit theorem of statistics (Batchelor 1949,
Cramer 1958, Barad 1959).

The average plume concentration from an instantaneous t. ingle ground-level

release, assuming independent diffusion in the three cartesian coordinate

directions X, Y, Z, is described by:

~

2 2X(X,Y Z;iej) = Q(1,j)(2n)-3/2 eXP -
(x - ut)2 y z+ + (2 1)( x y z}

,

2c2 272 302|
- x y z- |

where: X is the atmospheric ccncentration of t' _ stable gaseous pollutant i

at location (x,y,z) relative to the source of emission j at
coordinate (0,0,0),

Q(1,j) is the point source strength in curies,

I '(>
,

G G1 a
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2 2 2 are the variances of plume distribution in the directionsc,gy, gx z
A A A

X,Y,Z, and

u is the average wind velocity in the direction of X dicfused for

time period t reaching position (x,0,0).a

The concentration of radioactivity from a ground-level source releasing

activity at a co.itinuous rate of Q'(Ci/sec) located at (0,0,0) is given by:

- , , -
*

5(x,y,z;1,j) = exp - + (2.2)'
.

2 2c22nc o U
( 2c z/_yz _ y

Thediffusionalongthekdirectionispracticallynegligiblebycom-
parison with the gross transport by the wind (Frenkiel 1953). Variances of
plume distribution, c and c2, are only functions of x. For the sources of2

y z

release not at the earth's surface but at elevation h(j), the correction for

ground reflection results in:

2)Q'(i,j ,h) exp j/- y-X(X,y>Z;i.J).

= |x
2c22na o G

yz \ y/
-

j
- ,- 7 I

exp - (z - h(J)_]' + exp - { z + h(j ) ]' I
( .9 . 3 )

2c2 2g<
|

_ z _ z --

For the receptors located at (x,y,0), i.e., for ground-level concentration,

Eq. 2.3 simplifies to:

2 2- [ - + h (j ) )- (2.4)-X(x,y,z=0;1,j ) = O'(i,j (h))
~

v ,
- exp .

,
2 232 'ic c 0 2

yZ _ kcy Z /_

integrationofEq.2.4overthedirection5'results in a crosswind inteh mted
_

concentration yc:

I h (j))2-
. - Q'(1,j (h)) #*P (2.5)X *'Y'* '3

-

~

|
~

.c W/2 c u ( 2c;,)

A practical problem associated with the radiological assessment of a uranium

processing plant is that of estinating the average pollutant concentration

over a long time period, such as one year. Since the wind velocity and

7 () ' o
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direction change over this long a period of time, the average concentration

i must be normalized by the joint windspeed and direction f requency distribu-g

tion. The concentration profile in the Y direction is assumed to be uniformly

distributed over a sector. However, in a short time period the cc neentration

will change as a result of changes in wind direction or intensit,. The sector

average ground-level concentration <X(r,0,1,j)> in polar coordinates (r,0) for

a sector width (2nr/n) from Eq. 2.5 is:

<x(r,0;i,j)> = "f(0)f_(1 1). exP
- -

_ h* (j )
( m, . 6 ),

T > .5 0 ru 2az . 2 _

where: f is tl wind frequency,

n is the number of sectors, and

(r,0) is the polar coordinate of the geometric center of the sector.

The above formulation, Eq. 2.6, implies a uniform crosswind concentration over

the sector width, 2nr/n, from the source j and in the vertical direction

Gaussian in distribution and cen' ered at the effective telease height h(j).
In UDAD n = 16 is used, which corresponds to AB = 22.5 degrees.

2.2 ATMOSPHERIC STABILITY

The variance, 0 in the bdirectionisa function of atmospheric sta-2
z,

bility. Six stability categories used in this code are based on the criteria

stated by Pasquill (1961). The standard deviation of the vertical distribu-
tion of concentration, c increases with the downwind distance. The values,

of a adopted in this code are those of Briggs (1974) and Gifford (1976).

The standard deviation of the plume width in the vertical direction, o ,

may be empirfcally expressed by:

r(1 + b r)c
*o (r,s) = a (2.7),z s s

where a, b, and c are the constants for each stability class s. The values

for these constants were obtained empirically and ar. given in Table 2.1.
Since Eq. 2.7 predicts unreasonable o values for small distances r, the

\
.

kl ll
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Table 2.1. S tab ilit-- Class Parameters * for Equation 2.7

Pacquill Type
Co>ui tionc StabilitL! Clacolo) a b c

Extremely unstable A 0.20 0.0 1.0

Moderately unstable B 0.12 0.0 1.0

Slightly unstable C 0.08 2x 10-4 -0.5

Neutral D 0.06 1.5 x 10-3 -0.5

Moderately stable E 0.03 3x 10-4 -1.0

Very stable F 0.016 3x 10-4 -1.0

* Briggs 1974 and Gifford 19?6.

minimum distance a lowed for Eq. 2.7 is 100 meters. For r < 100 m the a
z

value for r = 100 m is chosen.

2.3 ATMOSPHERIC DIFFUSION BOUNDARY

Vertical dif fusic a of pollutants is confined by the existence of stable
atmosph'ric boundary at height R. In UDAD the effects of mixing height are

considered only for the unstable and neutral conditions (Table 2.1, classes A

and D), as stable conditions limit the plume dispersion in the vertical direc-
tion. The standard deviation of the vertical distribution, 0 is predicted,

to increase in the downwind direction to a distance of r1 at which a (rl) =
0.47 E. At distance r1 the concentration of pollutants at the base of the

stable boundary la er ulll be one-tenth of the concentration at the plumej

center line.

For distances less than rl, the concentratlon of the radioactivity in
the vertical direction is assumed to be Gaussian in distribution. For dis-

tances greater than r1 the effect of atmospheric trapping will increase with

downwind distance. For distances greater than 3r1 the atmospheric concentra-
tion of the pollutant will be uniform below the mixing height R. At these

distances the concentratiot. is calculated by:

< X ( r ; t , j. ) > = n f Q ' ( i j-) .t
_ (2.8)

2 rfu

,

- I
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For distances r1 < r < 2ri, the concentration is calcalated by a linear inter-
polaticn between the Eqs. 2.6 and 2.8.

2.4 SEASONAL VARIATION OF MIXING BOUNDARY
't

The mixing layer height I varies greatly between seasons, from day to
day, and diurnally. Since accounting for all varir.tions of E is not practi-
cal in theso computations, an annual average mixing layer <i> may be calcu-
laced from either:

1 11 1

<E>
_ 2+-

'l '2

or

<i> = wi l l + w2I (2.9)2 .

where il and I2 are, respectively, the annual average morning and afternoon
uixing heights, 21 and 22 are maximum and minimum annual average diurnal
mixing heights, and wi and w2 are weight factors. The average, <I>, is

inputed in the code.

2.5 WIND SPEED AND WIND DIRECTION

Wind speeds are assumed to be piecewise constant and are grouped in six
classes. Wind directions are grouped into 16 compass angles of 22.5 circular
sectors. The disccntinuities at the sector boundaries wh!ch are created by
the sector average approximation are smoothed using a linear interpolati_n of
concentrations between the receptor sector and the adjacent sectors. For a

point P(r,0) located between two sectors 0 1 and 92 (9 1 0" 0) the concen-'
2

tration is computed by.

<X(r,0;i,j)>=(SW-C
1 SW - C2

<X(r,0 1;i,j)> + <X(r,02;i,j)> (2.10)g gw ,

where SW is the sector width at the receptor distance r, i .e., SW = 2nr/n,
and C 1 and C2 are the crosswir.d distances between the receptor and sectors
defined by adjacent centerline angles 0 1 and 02

_

$

u :
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2.6 PLUME RISE

Plume rise above the height of the source is a function of the effluent

exiti mentum, thermal buoyancy and the effect of molecular weight difference

between the effluent and the ambient air. In UDAD the height of rise of an

effluent (Ah) (Holland 1953) is given by:

*

ah = (2.11)
_

u

where: d is the stack diameter (meters), and

V is t'ae ef flux velocity (meters /second).

The thermal buoyancy term in the original formula is omitted from the above

equation since for the uranium mill stacks its contribution is generally

negligible coupared to that of the momentum term.

2.7 AREA SOURCES

Not all sources of emission are point sources, such as uranium product

dryer stacks. Other sources are large in extent and cannot be approximated

as point sources for near receptors; for example, tailing retention areas and

ore pads.

Large, irregular sources of area A are subdivided into smaller areas

a = A/m. UDAD converts each source area "a" into either squares of width "d"

or rectangles. A " virtual point source" is assumed to be located a distance

of d/z cot (A0/2) upwind from the center of the source area. A0 is the sector

angle of 22.5 degrees used to subtend the ar2a width. For those receptors

which cannot observe the emission from the total of the source area within the

22.5-degree sect r, a multiplicative correction factor is generated. This

factor is the cc:io of that portion of the source area within the 22.5-degree

sector located upeind from the receptor to that of the total source area.

u .-
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2.8 ANNUAL AVERAGE CONCENTRATION

The annual average concentration <>(r,0;i)> for pollutant i from all

sources j and representative windspeeds and directions is calculated from

<y,(Y;i)> = 23 23 23 )[ f(W,D,S)5($ - r(j),0,W,P,S) (2.12),

j W D S

where f(W,D,S) is the normalized fraquency for wind-sector direction D, the

windspeed class W, and stability category S. 5 (2-Y(j ) , W, D, S ) is the contribu-

tion of source j located at r(j) to the concentration at receptor located at
(r,0) given by vector $.

References for Section 2

Barad, M. L., and D. A. Haugen, A Preliminary Evaluation of Sutton's Hypothesis
for Diffusion from a Continuous Point Source, J. Met:oroi. 16(1):12-20, 1959.

Batchelor, G. K. Diffusion in a Field of Homogeneous Turbulence. I. Eulerian
Analyais, Australian J. Sci. Res. 2:437-450, 1949.

Briggs, G. A. , Diffusion Estimation for Small Emissions, in Environmental
Research Laboratories Air Resources Atmosphere Turbulence and Diffusion
Laboratory 1973 Annual Report, USAEC Report ATDL-106, National Oceanic and
Atmospheric Administration, December 1974.

Cramer, H. E., F. A. Records, and H. C. Vaughan, The Study of the Diffusion
of Gases or Aerosols in the Lower Atmospheric, Report AFCRC-TR-58-239, Depart-
ment of Meteorology, Massachusetts Institute of Technology, 1958.

Frenkiet, F. N., Turbulent Diffusion: Mean Concentration Distribution in a
Flow Field of Uomogeneous Turbulence, Advan. Appl. Mech., 3:61-107, 1953.

Gifford, F. A., Turbulent Diffusion-Typing Schemes: A Review, Nuclear Safety,
v. 17-1, Jan.-Feb. 1976.

Haugen, D. A., Lectures on Air Pollutica and Environmental Impact Analysis,
American Meteorological Society, Boston, 1975.

liolland , J . 2., A Meteorological Survey of the Oak Ridge Area: Final Report
Covering the Periof 1949-52, USAEC Report ORO-99, Weather Bureau, Oak Ridge,
Tennessee, 1953.

NTIS, Air Quality Display NJel, National Technical Information Service, 1969.
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Pasquill, F., The Estiration of Windborne Material, Meteorological Magazine

90:33-49, 1961.

Pasquill, F., Atmospheric Diffusion, 2nd Ed., Halsted Press, New York, 1974.

Turner, D. B. , A Diffusion Model of an Urban Area , J. Appl. Meteorology,
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3. AIRBORNE TRANSIT RADI0 ACTIVE DECAY

Radioactive decay and the ingrowth of radionuclides during
the transit time that clapscs as materials disperso from a source
to a receptor are discussed in this section.

3.1 RADIOACTIVE DECAY AND INGROWTH

In the previous chapters the expressions for the atmospheric dispersion
did not consider radioactive decay and ingrowth. Radioactive pollutants 238 U,
234U, 230Th, 226Ra, Pb, and 210210

Po are sufficiently long-lived so that the

trarsit time from the source to the 80-km distance considered in this code
does not result in any detectable decay (<0.0001%). Thus, radioactive decay
and ingrowth do not affect the concentrations of these radionuclides in the
atmosphere. In UDAD, the decay and ingrowth of the short-lived raden (222Rn)
and fts daughters (21epo, 214 Pb, and 214 B1) are calculated. The transit

time T during which radioactive decay occurs may be approximated by the ratio
of the distance r traveled to the windspeed u, i.e., T = r/u. The radon

source stre ngth Q' (radon, j) may be corrected for radioactive decay by:

0.693 T

Q'(r,0; radon,j) = Q'(radon,j) exp (T (3.1)
1

where T1 is the radioactive half-life (3.82 days) of radon-222.

The ingrowth of radon daughters is dependent on the radio.ctive half-lives
(Table 3.1) and transit time. The concentration of radon daughters in the air

is given by:

n n - exp (-0.693 r/T u) -
1

X ()=X (r) Rn 1 T n (3.2)i=2 i i=1
R 0.693 -

-j=1 \j 1/- '

jfi

for n = 2,.. 7

r , ,
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Table 3.1. Radioactive Half-Life of Radon and Its Daughters

6L x 10
Radionualide dalf-Life n E (McV) (Wi,/pCi/m )3

222 Rn 3.82 days 1 5.49 ---

u
u

21ePo 3.05 minutes 2 6.00 1.03

a

214Pb 26.8 minutes 3 --- 5.07

S

214Bi 19.7 minutes 4 --- J.73

6

2141o 10-6 minutes 7.68 a/
a

210Pb 22 years 5 --- ---

6

210 Bi 5 days 6 --- --

Ie
V

210'o 143 days 7 --- ---i
_

a
A negligible contribution.

i

'

L
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where i is the ith daughter radio tuclide (Table 3.1). For lead-210 and

polonium-210 produced from radon in transit, a deposition velocity of
V = 0.003 m/sec is assumed (see Sec. 4.2).d

3.2 WORKING LEVEL

Concentrations of short-lived radon daughters are sometimes .xpressed in
working levels (WL) units. One " working level" is defined as a: y :ombination

of short-lived rador daughters in one liter of air that will result in the

5ultimate emission of 1.3'x 10 MeV of alpha energy. Working levels in UDAD

are calculated fron

4

}] L (3.3)WL(r,0) =
n=2 "X"(r,0)

where X is nth (Table 3.1) radon daughter concentration in air calculated
n

from Eq. (3.2) and L is the working level conversion factor of radon daughter
n. Based on the definition of working level, L is given by:

4

)s3.7 x 10-5 3"" E (a)"
(3.4)L =

" 51.3 x 10 x
n

or

2.846 x 10-10 ikg WL(,)
3 (3.5)L =

n pCi/mn A '"

n j=n

where E (a) is the potential alpha energy for the nth radon daughtern

(Table 3.1).

F
-
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4. DISPERSION: PARTICULATE POLLUTANTS

Dispersion of polydasperse pollutants emitted into the atmo-

sphere may be altered by deposition of the airborne material upon

the surface of the ground. The mcchanists of deposition include

gravitational settling (fallout), prccipitation scavenging

(washou t) , surface impaction, electrosta tic a ttraction and

adsorption. Deposition and resuspe.. ion are dependent on the

physical characteristics of the pollutants in addition to the

wind si ength and surface characteristics and topography. Eton

though other processes contribute to plume depletion, our atten-

tion has been focused on dry deposition.

4.1 PARTICULATE CHARACTERISTICS

By and large, the size, density and shape of particles are primary factors

which determine the behavior of the airborne particulates. The size distribu-

tion of particles in the atmesphere is not constant and may change with alti-

tude and atmospheric condicions. Although polydisperse particles in atmosphere

have a continuous size distribution, in the " standard UDAD" (Version IX) the

physical size distributions cf particulates are entered using a class of five

sizes along with pollutant density. Size distribution is antered individually

for each source.

4.2 GROUND DEPOSITION AND SETTLING

Physical processes controlling deposition on the ground are n;t well

understood. The maposition rate Y has been empirically defined by (Chamberlain
s

1953):

Q = <x(s)>V CS) - C''l
s d

r , ,

'
m v
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Since deposition rate is a function of size s, integration over all sizes

results in:

0=[<x(s)>V(" "* '

d

wherc <X(d',> is a time-averaged atmospheric concentration of a pollutant of

size s and deposition velocity V,(s).
a

Airborne particulates of diameter d in the gravitation force F and with

friction coeff'cient f experience a terminal settling or drift velocity V s
given by:

V =E. (4.3)
s f

The gravitational field force F is given by:

nd3
F= (0 ~P E' ( *

6 p

where o and p are the gas and particle densities, respectively, and g is

acceleration due to gravity. f is given by the Stokes law for friction

resistance at low Reynolds numbers (R<1.0):

f = 3npd /C , (4.5)

where p is the dynamic atmospheric viscosity and C is the slip correction

factor. Thus:

3
~

[nd P

={6 (p - p)g (3npd .'C)V ,

p _ ps

d g(p - p)C~2

P P
V =

s
_

18p _'

2 2p gd C - ~ p gd C
P P y_L P Pg (4.6)V =

s 18p p 18p=

_ p.

,- , i
,

3
.

d
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Usually p/p can be neglected in the above equation. The values for the slip

correction factor (Davies 1945) are given in Table 4.1. For particles <1 > 5 pm,

the slip correction factor is about unity. Thus, the sett11.,g velocity is

calculated from:

V =3x 10-5 dp C, (4.7)2

s pp

where V , d , and p are in m/sec, um and g/cm3, respectively, The defarlt
S p p

value for C is unity, but other "' lues than the C = 1 can be inputed inte

Eq. 4.7 through NAMEL1ST (see See 11).

Table 4.1. Depositional * Properties of Spherical
3Particles with Density 1 g/cm at 20 C

and One Atmospheric Pressure

idrticic Di rctcr, Sli; C rrecticr: ; c,
um :2:nr om/sec

0.05 5.0

0.1 2.9 8.6 x 10-5
0.2 1.9 2.3 x 10-"
0.5 1.3 1.0 x 10-3
1.0 1.2 3.5 x 10-3
2.0 1.1 1.3 x 10-2
5.0 1.0 7.8 x 10-2

10.0 1.0 3.1 x 10-1
20.0 1.0 1.2

50.0 1.0 7.6

100.0 10 30.3

*Friedlander 1977.

For fall velocities less than 1 cm/sec the vertical movement of the
particle is largely dependent on the vertical turbulence and mean motion of

the air, and the contributlan from particle sedimentation is small. In the

1 to 100 cm/sec), therange where the sedimentation rate is significant (V =

s

ertical distribution of particle cencantration in the plume may be expressed

by a variable effective plume height based on " tilting plume model"-

t

_ f_ se
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rv
"

h(r) = [h(0) - h (r)] - _ for h(r) >0, (4.8)1

u

where h (r) is the ground elevation at downwind distance r.1

Deposition velocity is a function of wind velocity in addition to parti-

cle size (Schmel 1971). For particles with settling velocities V < 0.01 m/sec,
s

UDAD used a deposition velocity V 1 m/sec. For particles with V > 0.01=
.

d g

m/sec, the deposition velocity is assumed to be equal to the calculated set-

tling velocity. For radon daughters, V = 0.003 m/sec is assumed.
g

Depletion of the plume by the process of settling and deposition dis-

cussed above results in decreased concentration at receptor locations at

increasing distances from the point of release. Cnemberlain (1953) modified
t! e source term to correct for deposition to a reduced (depleted) source term

P.o accaunt for the observed decreased concentration. In UDAD the effective

source strength Q(r) at a downwind distance r from the source Q(0) at r=0

was derived from;

Q(r) = Q(0) exp [(-V,/u)T-(0,r)] for r < r, (4.9),

a - ,.

1 V'~ (r - r )2'-g y
Q(r) = Q(0) F (0,r,) + F (r.,r) +

,

.q
1 2u _ t ( 2r t

g

for r, <r<2r, (4.10),

r - z

-

d 1 r - 2r;-| V #

Q(r) = Q(0) - F1(0,r,) + F2 ( r , , 2 r . ) + r- +u n e t ut t
l -

_

for r > 2r (4.11)g,

(j )I '
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2~{ lr21 ~ 1 h
where F (ri,r2) " eXP

r1 | _ 2 -
f0, dr1 , a' *

|

J !r2 l - 1 ,
F (ri,r2) = exp -; -- (2r - r)/c r drand 2 .

a a L z l'
il _ z - |

These integrals are evaluated numerically in the program based on the fourth

Newton-Cotes formula (lilllstrom 1968).

4.3 FUCITIVE DUST AND WIND EROSION

The mechanism of movement of particles from a contaminated area is

dependent on wind velocity, soil properties, and the nature of the surface.

Wind forces can generate three basic modes of particulate movement: surface

creep, saltation, and airborne suspension. Surface creep involves particles

ranging in size from 500 to 1000 pm. These particles are rolled along the

surface by the push of strong winds and by exchange of momentum after impact

with smaller particles in saltation. Saltation consists of individual parti-

cles jumping and lurching within a f ew centimeters of the ground. Particles

that saltate are from 100 to 500 pm in size, depending on shape and density,

and are quickly brought back to the ground by the gravitational force.

Particles smaller than 100 sm may have a fall velocity lower than the upward

velocity of the turbulent wind. Such particles are carried through the

atmosphere for long periods and to great distances frov their original loca-

tion. The mechanism by which fine particles are lifted off the ground is

different from that of saltation. It has been observed that samples of soil

composed only of fine dust particles were extremely resistant to erosion by

wind (Chepil 1945). In mixtures with coarser grains, however, these particles

moved readily. It was concluded that suspension of fine dust in air is

mainly the result of movement of grains in saltatien.

The wind velocity profile near the surface can be described by the

general equations (Bagnold 1941):

( ."
';
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U* = (T/p) or (4.12)

U

U* = 2.5 In (z/z '

0

where U* is the shear velocity

1 is the surface shear stress,

e is the density of air,

z is the height above surface,

U is the wind velocity at height z, and
z

z is the surface roughness height.
9

When the velocity of the wind along the surface exceeds a threshold,

particle saltation begins. The initiation of saltation of particles has been

investigated by Bagnold (1941), who obtained the following expression for the
threshold value of the shear velocity, U*:

t

U* = A b ~ C gd (4.14)t i o

where a is the density of the grain,

o is the density of air,

g is the gravitational constant,

d is the diameter of the grain, and

A is the dimensionless coefficient of 0.1 in value.

The influence of moisture in the sand on the thresnv.d velocity for grain

movement has been investigated by Belly (1964). Based on his study, Eq. 4.14

may be modified as follows:

l' -
U* = A*T

gd (1.8 + 0.6 logio W) (4.15),

t p

where W is the water content expressed in weight by percent. In UDAD, for dry

surface the default value for moisture is 0.1%.

F ,

i' O;j
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The rate of horizontal particle movement by the saltatien process in mass

per unit width and unit time, q, was found by Bagnold to vary directly as the

cube of the surface shear velocity (Bagnold 1941):

q=C U*3 (4.16),

where C is a c nstant dependent on the soil and surface conditions.
h

A modified relationship, proposed by Lettan and reported by Gillette

(1973), for the horizontal flux was reported for various soil types under

similar erosion conditions. This modification of Eq. 4.16 is given by:

q = CU*2 (U* - U*), for U* > U* , (4.17)t t

and
q = 0 for U* < U* , (4.18)- t

where the shear velocities U* and U* have units of cm/sec, the horizontal flux

q has units of g/cm-sec, and C is 10-6,

The wind pickup of fine particulate material (diameter d < 20 pm) from

the soil surface has been investigated by Gillette (1973). He found that the

vertical flux, expressed in mass per unit area and unit time, ? O, obeyed the

empirical formula:

?E0=C U* U (4.19)'
,

where the coef ficient of proportionality C is about 2x 10-10, and n is a
y

constant dependent on the fraction of the fine particles in the soil.

Since vertical fluxes are never observed without horizontal fluxes, an

assumption was made that for wind-eroding surfaces, the vertical flux is

directly propcrtional to q. Travis (1974) derived the following relationship:

[ \ [U* I
420 * 9 | 4

- | n-3 (4.20)vv
,

(U*3 C / (U* )h

-

b' D

v g,
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where n is greater than three and increases as the number of suspendable

particles per unit mass increases.

A linear curve fitting by Travis (1974) of Gillette's experimental field

data for n as a function of the particle mass p e rc en t a);e less than 20 pm in
diamet er, p , f elds the expression:i

n = (p/3) + 3 . (4.21)

Since the vertical flux must tend to zero as the suspended particle mass

percentage p approaches zero, Eq. 4.20 was modifled as rollows:

/ C ) f ,)(p/3)
~

"
0Y 9i

~

| | ~ l (4'22}
(t * C )|

0
t h _( t) _

The constants C and C wore given by Gillette (1973) as approximately

2x 10-10 and 10-6, respectively.

For the particulate material having a dia1eter d ; 100 t_m in l' DAD t he
total vertical flux U' for radionuclide i, in activity, is estimated from

v
020 I20(i)

;', ( i ) (4.23)=

F;c

where 17;(1) is specific activity of radionuclide i in the contaminated area

with d < 20 pm; F20 is the activity fraction of suspended particles that are
_

less than 20 un in diameter- For each wind speed class, the release of radio-

active particulates from a contaminated area is calculated for the average

wind speed. The annual release of particulates is obtained from the contribu-

tions from each wind speed class.

The d e f a t.l t values in UDAD for estimation of particulate flux from tail-

ings piles in lieu of actual mea <arements are:

Surface roughness height z - cm,
0

Density of the tailings grains a = 2.4 g/cm3,
Average grain diameter d = 300 1.m, and

Percent of tailing mass that has a diameter smaller than 20 ;.m,

p = 3.0
F :
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Activity fraction of d < 20 pm is F20 = 0.4.

4.4 RESUSPENSION CONCENTRATION

Particulate material deposited on the ground may re-enter the atmosphere

by resuspension piscesses. The concentrationa of resuspended particulates in

the air are dependent on many environmental factors, such as the geometrical
configuration of the land surface, the meteorological conditions, the charac-
teristics of the deposited particulates, the parameters of the soil and the
vegetation cover, the disturbance of contaafn.; tion surfaces by human activity,
and the time since deposition. The time factor is necessary to include the
weathering processes which alter the physical and chemical states of the
contaminant, attachment to host soil particles, downward migration through the
soil profile by physical and ch'micci processes, and loss from the site.

The resuspension factor has been measured under a variety of conditions.
For freshly deposited contaminants, the resuspension factor has been found to
vary between 10-7/m and 10-3/m. For aged contaminants the resuspension factor

is of the order of 10-9/m.

On a ontaminated surface, two processes may be assumed to contribute to

the net interchange of material between the ground and the air--resuspension

and deposition. The net surface flux from a contaminated surface to the air
is:

F (x,y) = -V X(x,y) + AW(x,y) (4.24),

d

where V is p sition velocity (m/sec),
d

A the resuspension rate (sec-1),

3X the air concentration (activity /m ), and
2(activity /mp.W the surf ace c antamination per unit area

For the conservative case of no weathering and in a stcady-state condition of

a uniformly distributed infinite contamination, the net flux is aero. Thus,

the resuspen-lor. factor:

I I, 4
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K= x/W , (4.25)

can be expressed in terms of resuspension rate and deposittua celocity:

K = A/V * *

d

The resuspension rate, ", is the fraction resuspended from the surfac per

second and is highly oeper... lent on the wind ; peed and the deposit ix surface.

At heights near to the ground because of absence of experimental data, i is

assumed to be independent of partic.e size. Thu

K(d ) Vd(i 2

(4.27)=

K(da) ''d (d i)

For small particles (d < 10 pm) with deposition velocity of 0.01 m/sec

and assuming a resuspension factor of 10-L/a, the resuspension factor for a
35-um diamet'- p.aticle size can be estimated as:

10"E 0.01x
10-E/m (4.28)K(d=35t.m) 1.14= = x

0.0382

The resuspension factor is time dependent, and in UDAD the concentration

P' ( r , 0 , t ) > , is expressed as:from resuspension, <i

<yf(r,9,t)>=W(r,e,t)K(0) exp (-,t) (4.29)

wnere W(r,0,t) is the surface contamination activity,

e is the weathering process coefficient, and

K(0) is the initial resuspension factor.

An estimate of the weathering process half-time is between 35 to 70 days. In

UDAD, we have assumed that the default initial value of K(0) = 10-5/m will

10-9/mdimi tish with a weathering half-timo 50 days (default value) to K =

7

(default value) after a period of 1.82 years. This time the resuspension

factor w,uld remain constant. Rcdionuclides considered for resuspension in

UDAD are those with long radioactive half-lives:

I i
)t- '
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Al A2 A3
U-238 > U-234 > Th-230 '

i=1 i=2 i=3

A4 A5 A6
Ra-226 * Pb-210 > Po-210 > Pb-206

i=4 i=5 i=6

The estimated surface contaaination includes buildup of daughter products.

Resuspension radionuclide concentration <X (r,0,t;s,1)> for radionuclide

i of particle size s is proportional to the initial plume concentration

'X(r,0;s,h)>:

1

<X (r ,0, t; s ,1) > = }] K(01sxu ,0,_,:.):'.d "'I

h=1

- -

/ i ) i 1 - exp [-(A + p + u)t] ,

[] "

/ v}=]h
I (4.30)A1

(v=h+1 |[v, ) pq _

v)-L || f

f=h
fpv

for t < t, ,

where v and h are radionuclides in the chain of U-238 series (i=1,2.. 6)

above,

A is the radioactive decay coefficient,y

p is the effective removal constant froa the ground (denudation

coefficient)-

is the weathering process coefficient for the resuspension factor,u

and

t,= 1.8 years.

For periods t <t <t e, where t is the duration of continaous ccleasee
(for example, a mill operation period), 8 A +p+u, and a A + p.= =

: i
t. .; v
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i
<X (r,0.t;s,1)> = { k(0)<x(r,0;s,h):Vd(s,h)

h=1

i 1 - 1 - exp (- Li t )
-[ I

""
A | +

kv=h+1 ) v=h _

} ( ~ }v f
_

o

f=h
f/v

i i j
i

l ) - exp (t t) I*P (~'u' k <i(r ,0 ; s,h): V ( s , h)j A I ;if
h=1 \v=h+1 'l s = h (A - A ,)

_

'

.t

7

f=h
f/v (4. 31 )

For t, <t <t +t -

g

1 I [ \
<X (r,0,t;s,1)> = { k X & ,0. 5.M W ''

0 d kv-h+1 v/h=1I

i

~

[-( (t -t )] - exp (-E,t ) ~ ]exp
g

+
S i (A - A )

v=h _
v i v

_ l

f=h
f/v

" xp (-u t " ) -- e x p (- t t) ~ li l i i e

{ k <x(r,0;s,h)>Vd(s,h) { ,

"
A

i

s b_ 't
,

h=1 1 \j=h+1 ) 's
_ i

f=h
f/v (4.32)

For the period t > t after operation:
g

1 1
<X (r,0,t;s,1)> = { |k<x(r,0;s,h)>Vd(s,h)g

h=1 1

1
-

[ ) i exp [. (t - t ) - exp ( ci t)]- |
g

b - (4.33)A) v=h _ v h v) _

o n (A -3v
(v=h+1

f=h

f/v

i \,
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4; CONCENTRAT1r3 ^ RM)IONUCLIDES ('N THE GROUND

The calculated concentrations of each radionuclide on the ground includes

buildup frot continuous deposltion and ingrowth of radioactive daughters,

radioactive decay and weathering processes.

The time-dependent concentration of each radionuclide on the ground

W(r,0,t,1) for t < t is given by:
e

i | [ )
W(r,e.t;i) = [ E < X ( r ,0 ; s , h ! '' V s,M A |

ds=1 h=1 l \v=h+1 "I

i -1 - exp (-a t)
'

I

b (4.34),
1 (A A)v=h _av f v_ |

f=h
f/v

where a =A +p .

y

For t >t the concentration is:
e

i | { h

W(r,0,t;i) = [ [ <X(r,0;s,h)>V (s,h)1 A
I

d
s=1 h=] I kv=h+1 y/

exp [-a"(t - t ) - exp (-a t)~ |i r
[ --

"
(4.35).

9 1 (3 _y)
v=h _

v f v _

f=h
f/v

,T r, m ,

L a, b'
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5. DOSIMETRY

Potential radiological effects of dispersed effluents to an

individual are dependent on the dose rate and dose, age at expo-

sure, and sex. Dose rate (rate of absorption of radiation energy)

to an organ it dependent on the pathways of exposure to the pol-

lutants. :n UDAD, pathways of exposure (E.g. 1.2) are divided

broadly into external and internal r les. External exposure is

that from Jources located external to the exposed individual, such

as from gamma radiation from radionuclides deposited on the ground.

Internal exposure results from inhalation of airborne radionuclides

and ingestion of food contaminated with the pollutants. In ternal

exposure is dependent on the rate of radionuclide intake by inhala-

tion and ingestion, uptake from the blood pool, buildup of the

daughter radionuclides, and retention in the body.

Exposure pathways are broadly divided into internal and external routes

(Fig. 1.2). External exposure results from the absorption of gamma and beta

radiation emitted directly from tailings, ore and yellowcake product storage,

contaminated soil, and airborne radioactivity. Internal exposure results from

the inhalation of airborne radionuclides and the ingestion of food contani-

nated with radioactive substances. The rate of clearance from the lung is

dependent on the transportability of the radionuclide, which is a function of

particle size, intrinsic solubility in the lung, interstitial fluid of the

lung, and interaction of the inhaled particles with local lung environment

(see references at the end of this chapter).

The dose rate to any organ in the body from internal pathways is a func-

tion of the elapsed time since initiation of exposure and the spatial dis-

tribution of the radionuclides. In UDAD-IX the average organ dose rates are

estimated because data on the local distributions of radionuclides at the

cellular level as a function of time are not available. Dose--time integration

of dose rate--is dependent on rate of uptake from the systemic blood pool, the

T () .
'

,

, _
t "
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buildup of daughter radionuclides, and the retention of the radionuelides in

tissue.

The following diagrams show the pattern of uptake as a result of a

constant intake (1).

9 m

I(t) q(t)

/

/

Time Time

Chronic uptake at a constant rate of I(t) will result in a body burden, q(t),

which will approach an equilibrium value, q,, after continuous intake (ICRp-6).

However, for some nuclides in the 238U series the duration of intake required
to approach equilibrium is longer than human life expectancy. I'p take

[dq(t)/I(t)] is age-dependent and is largest during skeletal ossification;
dt

i.e., in children and infants, for bone-seeking radionuclides. L'pt ake and

retention for most radionuclides of interest are not known as a function of

age. Hoenes and Soldat (1977) have estimated age-specific rt.11ation dose

commitments for several radionuclides.

For radiation workers, the maximum period of dose accumulation is a .t

50 years, but, for the general population, the exposure period can begin

in utcro and extend beyond the 70th year of age. The UDAD code calculates

dose rate to reference man as a function of time over a period of 70 years

Several radionuclides in the uranium-238 series (230Th, Ra) have both226

long physical half-lives and long biological retention periods relative to the

human life span. For these radionuclides, the concentration of radioactivity

in the tissues will increase with increasing duration of radioactivity intake

I'', b '; I
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and will approach an equilibrium level assuming a constant rate of ;adio-
activity intake. An interruption in the rate of intake, for example after

decommissioning of the mill, will alter the ratio of uptake to intake values

and will subsequently result in a decrease of the tissue concentration by

relocation ano excretion (Fig. 5.1). Within a 70-year life span the body

burden of some radionuclides will not reach the state of radioactive equi-

librium with the level of radioactivity intake--for example, thorium in bone.

Also, the rate of uptake of the radioactivity in tissue. i.e., fraction of

the radioactivity in the systeric blood incorporated in the tissue, may depend

on one's physiological age. For example, radium uptake is a function of the

rate of skeletal ossification and is higher from birth to maturity (about 20

years of age) than after skeletal matut ty. Thus, the tissue concentration of

radionuclides with long effective half-liie will be dependent on the intake

period and age during exposure. Age-dependence of radioactive uptake for
humans is net known.
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Fig. 5.1. Organ Burden as a Function of Duration (Age) of
Continuous Radionuclide Intake. The dose rate
at any age is proportional to the organ burden.
Curve 1 shows the dose rate and dose as a result
of continuous constant radionuclide intake from
birth through old age. Because of the limited
duration of mill operations, the concentratien
of radionuclides in the intake will decrease
when mill operations cease, which results in

decreased dose and dose rates (Curve 2).
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6. EXTERNAL EXPOSURE

Sources of external exposure are the indirect radiation from

airborne radionuclides and ground-deposited radioactive substances

plus the di rect gar =u and beta emissions from are on the ore ;mds
and in the mill circuit and the tailing at the disposal sites. In

UDAD, d: rect exposure is not treated.

6.1 EXTERNAL EXPOSURE FROM AIRBORNE AND GROUND-DEPOSITED ACTIVITIES

The dose rate b (r,0,t;Y) to tissue Y (Fig. 1.2) from indirect external

exposure to airborne radienuclides '. s given by:

3 (r,0, t;?) = }]S(i)R(1,1)<x(r,0,t;i)> (6.1),ec c

where 6(1) is the shielding factor for the radionuclide i f ro.n building
ctructures,

R (1,$) is the dose rate per unit concentration of i tc he crganc

or tissue Y (dose rate factor), and

<X(r,0,t;i)> is the total average airborne concentration of i at
time t and location (r,0).

In UDAD a constant shielding factor for the entire uranium-238 series was

assumed even though the shielding factor is dependent on the gamma energy of
each member of the series. The dose rate is calculated from:

bec(r,0,t;Y)=62]Rc(1,1)<x(r,0,t;i)> (6.2).

Similarly, the dose rate b (r,0,t;n) from ground-deposited radionuclides
i is given by:

0eg(r,0,t;Y) = )[c(1)R (1,Y)<f(r,0,t;i)> , (6.3)g

560 045
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where c(i) is the shielding factor for the radionuclide 1,

R (1,Y) is the dose rate per unit surface contamination, and

<r(r,0,t;i)> is the total average surface contamination at location

(r,0) at time t by the radionuclide 1. In UDAD, c(1) =

6(i) = a constant, even though the shiciding factor c(i) is

not equivalent to R(i) because of dependence of the shielding

f actor on exposure geometry of the ground relative to the air.

The dose rate 0 is calculated from:
eg

0eg(r,0,t;Y)=6}]R(1,Y)<r(r,0,t;i)>. (6.4)g

Tables 6.1 and 6.2 give, respectively, the dose rate factors for airborne

and ground-deposited radionuclides. These dose rate factors include contribu-

tions from beta particles and are mainly adopted from Trubey and Kaye (1973)

compilations. R (1,Y) dose rate conversion factors were calculated from a

semi-infinite space containing homogeneous radionuclide dictribution. These

dose rate factors may overestimate gamma dose components, as the atmospheric
dispersion is not homogeneous in distribution of concentration in the vertical

direction. The R (1,Y) values were calculated for a height of one meter from

an infinite ground plume containing a homogeneous surfacc contamination of the

radionuclide 1. Geometric attenuation factors for each organ were estimated

using the Monto Carlo calculation method of Poston and Snyder (1974).

Dose, i.e,. the time-integrated dose rate, is calculated from:

t (t-t )
D(r,0;Y) = ' 6(r,0,t;Y) dt + 0(r,0,t;Y) dt (6.5).

t t
o e

The dose to an individual is calculated for t the duration of the active,

industrial operation, and for (t - to) the period of occupancy at the site,
where to is the beginning year of industrial operation. The longest exposure

period may correspond to a life-span exposure of 70 years (At =t- to = 70
years). But in general, the exposed population is heterogeneous in age

3(00 (),4 :
,
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distribution and migratory. Thus, if D(r,0, lit =70;Y) is used for estimation of

radiological effects, the results will be overly conservative.

References for Section 6

Poston, J. W., and W. S. Snyder, A Modal for Exposure to a Semi-infinite Cloud
of a Photon Emitter, Health Physic s, V. 26, No. 4, April 1974.

Trubey, D. K., and S. V. Kaye, The EXREM V Computer Code for Estimating Exter-
nal Radiation Dose to Population from Environmental Relcasos, Report ORNL-TM-
4322, December 1973.
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7. INGESTION

Ingestion of contaminated food is a pa thway of exposure to

the gastrointestinal tract and to other tissues by absorption

into the systemic blood pool. Figure 7.1 schema tically dcpicts

the significant food pathways from direct contamination of food

such as vegetables, water and grains and from indirect contami-

nation of food such as meat. In both cases, the food is con-

taminated by ground deposition of airborne radionuclides and from

the use of contamina ted wa ter. The effects of ground deposition

are cuxulative because of the low rate of depletion from the soil

partial 1y due to the smal1 amount of precipitation (rain and snow) .

Because of the limited availabic data on the variables affecting

radionuclide concentrations in food, only four major ingestion

pathways are included in the present version of UDAD. These

specific pathways are via vegetation, meat, milk and poultry and

eggs.* For cach region of food production, a centroid represent-

ing the average regional productivity is considered. The potential

for focd contamination by the effluents through ground deposition

and water is computed. The regional food yield and the concentra-

tions of the radionuclides for cach centroid are utill:cd in the

computation of the ingestion dose rate and dose and [v; ula tion

exposure. Since water transport is not incorporated this ver-

sion of UDAD, dosimetry of water pathways is treated by intro-

duction of nuclida concentrations (inputed) into the ingestion

pathway.

*In earlier versions of UDAD, 21 food items were considered. But in this
revision, the number was reduced because some items produced only relatively
minor contributions to the ingestion pa thway (e.g., fish--present mining and
milling operations are not near largo bodies of water) or could be combined
(e.g., pork, mutton and beef) . Vegetabics were also grouped as abovc ground
(e.g., lettuce) and below-ground (e. g. , pota tocs) contributors. Like items
were combined upon the reco=nenda tion of the USNRC.

NSO'OU O '1 OV ;
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FOOD CHAINS LEADING TO MAN

(5) Airborne Radionuclides
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Fig. 7.1. Food Chains Leading to Man. In this version of UDAD pathways
leading from reservoirs, rivers, fish,andgroundwater{p'oinotr
explicitly calculated. .) U d
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7.1 RADIONUCLIDE CONCENTRATIONS IN VEGETATIO:. AND PASTURES

The concentration of a radionuclide i in vegetation v or the pasture at

a centroid (r,0) from deposition on foliage and uptake from the prior con-
tamination t in the soil is:

C(r,0,t;i,v) = 8.64 x 10'+ )( <x(r,0,t;i,s)>
s

V (s) n f,[1 - exp (A (i)t )]/y A (1) + nU (1)ll(r,0, t ;i)/o , (7.1)d vs e v y e y y

d(s) is the deposition velocity from the total annual averagewhere V

airborne concentration x for the effluents particles of size s,

o is the decontamination factor due to food processing, such as

washing, peeling, etc., of the vegetation, but does not apply

to forage, where n=1.

f, is the fraction of foliar deposition retained on the plant,

A (1) A (i) + w(1) is the effective removal constant of the=

e

radionuclide i from the plants, [A(1) is the radioactive

decay coefficient and 2(i) is the weathering coefficient from

the plant],

2y is the yield factor (kg/m ) per year,

t is the plant exposure period,

Uv(i) is the plant uptake from the soil in pCi/kg of the plant per
pC1/kg of the root zone soil,

e is the effective surface density of scil, and

W(r,0,t;i) is the surface deposition concentration of radionuclide i

throughout the time from start of deposition until harvest of

the plant.

The default values for the Eq. 7.1 are:

n = 0.5 for vegetables consumed by man,

n = 1.0 fo pasture and food crops consumed by the animals.

qfn n"-
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f = 0.2,
y

u(1) = 0.693/14 days,

2y = 2.0 kg/m for crops,y

Zy = 0.75 kg/m for pasture,

U ,(1) = def ault values given in Table 7.1, and

2p = 240 kg/m assuming a uniform mixing of all radionuclides in a
plowlayer of 15 cm depth.

However, the value for any of these parameters (default value) may be changed
based on site-specific conditions and availability of new data.

Table 7.1. Default Parameters of Food Intake for
Standard Man Utilized in CDADa,b

Average Mar kally
Eqosed Expcacd

Pa h ay 1r.dividuals ir.dividuala

Vegetables, kg/ day 0.28 0.77

Meat, kg/ day 0.26 0.'?

# These values are those for adults taken from Tables E-4
and E-S of U.S. iluclear Regulatory Commission Guide 1.109,
Revision 1, October 1977.

b
Does not include fruits or ' rain.

Equation 7.1 can be applied to a variety of food crops, provided the
appropriate parameters can be estimated. There is a wide range in the values

for crop yield, time of exposure, factor for uptake from soil, translocation

to edible parts of the plant, and effective surface density of soil. These

parameters vary with the nuclide and the crop and depend heavily on location

and soil properties. Since values of certain parameters could not be found in

the literature for many of the nuclides of concern, in this model vegetation
represents all vegetables and food crops. It is assumed that the concentra-

tion of radionuclides in the edible part of the plant is the same as the

average concentration in overall plant.

560 052
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7.2 RADIONUCLIDE CONCENTRATIONS IN MEAT, POULTFY, DAIRY AND EGGS

The radionuclide concentrations in meat (beef,trutton), poultry, dairy

products and eggs are dependent on the animals total daily radionuclide intake

from feeds (pastures, grains, stored feed), drinking water and inha'ati(n.

ii;hala t ion rates for animals have been reported, but the transfer rates from

inhalation for some of the radionuclides to the animal producta are not known.

Therefore, in this version of UDAD, contamination of the products from animal

inhalation are not estimated. Based on the above consideration, the radio-

nuclide ccncentrations in product k of the above animals, a, are expressed by:

F(i..t(k)){C (r,0,t;i,])Q(i,j) (7.2)C(r,0,t;i,a(k)) g(a) ,

l

wherc C(r,0,t;i,a(k)) is the concentration of the radionuclide i in the

product k of the animal a at centroid (r,0) at time t,

g(a) is the fraction of the year animal a is on contaminated intake,

F(1,a(k)) is the transfer coefficient of the radionuclide i to the

product a(k),

C (r,0,t;i,j) is the concentration of the radionuclide i from feed j

at the centroid (r,0). and

Q (a , j ) is the consumption rate of the contaminated feed j hy the
animal a.

The def ault values adopted in this version of UDAD are:

g(a) = 0.5 for all a

F(1,2(k)) for meat / feed in days /kg are U (3.4 x 10~"), Th (2.0 x 10"*),
Ra (4.0 x 10-3) , Pb (2. 9 v 10-4), and Po (1.2 x 10-2),

Q(a,j) = 50 kg/ day for a pastured cow

= 0.12 kg/ day of grain for poultry. 560 g c .;
.>s

The C (r,0,t;i,j) is estimated f rort Eq. 7.1.
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Because of lack cf better input parameters, this version of UDAD assumes

that cows consume only pasture grass and that poultry consumes only grain.

The daily intake of the feed j is seasonally as well as cli.naticrilly dependent

on the site of the centroid. The transter coefficient F(1,a(k)) is the frac-

tion of daily intake of the radionuclide i appearing in the product k of the

animal a. Data reported on transfer coefficients are limited and not well

documented. The transfer of radionuclides from air to plants through both

leaves and soil and then to food products follows the methodology describcd in

kc ulatory Guide 1.109 except for Ra-226 (Scarano 1978).s

7.3 TSCESTION DOSIMETRY

The ingestion dose rate is estimated from the rate of radionuclide

intake, rate of radioactive uptake, deposition, and the rate of clearance from

each organ or tissue of interest, the rate of energy Jeposition in the organ

and the organ weight. The rate of radioactivity intake is dependent on the

daily food intake rate and the radionuclide concentrations in food. The

radionuclide concentrations in foods are calculated based on the models

described in the Sections 7.1 and 7.2. Since the radionuclides of concern in

the ingestion pathway generally have long radioactive half-lives, loss and

ingrowth in ac?ivity from radioactive decay during the time lag between pro-

dcction and consumption is not included.

The commonly used metabolic model and parameters for ingestion aose rate

calculations are those presented in ICRP publication 2 (1959). The values

utilized for metabolic pathways are selected from NRC report, Regulatory Cuide

1.109 (1977). The ICRP model assumes that radleactivity retention in any

organ follows a single-exponential function and is homogeneously distributed

in the tissues. But recent experimental data seem to indicate 1tiple-

exponential functions and a combination of exponential and power functions.

The retention function is dependent on the age, health and metabolic state of

the individual as well as the chemical form of the radionuclide. In UDAD,

226with the exception of computing dose rates to bone and whole body from Ra,

the metabolic models are those of ICRP 2 (1959). Dose rates for whole body

and bone from radium-226 are calculated from a multiple-exponential retention

model (ICRP-10A, 1971).

E. L ] Ot
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'ihe burden, Q(t;i,Y,j), of the radionuclide i in the organ or tissue Y

f rom a continuous ingestion of the food type j at time t is given by:

dQ(t ;i, Y,j) = I(j )C(t ,1.j ) f (i)fj(_' Y) - A (1, Y)Q(t ;i,Y,j ) (7.3)t ,dt

where I(j) is the rate of intake of food type j,

C(t;i,j) is the average concentration of radionuclide i in food j,

f 1(i) is the f ruct ion of the radionuclide i that reaches the blood-
stream from ingestion,

lf (1,Y) is the fraction of f (i) that reaches organ or tissue Y,
1

2
and

A(1,Y) is the effective decay constant of the organ Y, i.e.,

A(1,Y) - A(i) + A(Y) where t(i) and A(Y) are, respectively,

the radioac ive and biological coefficient for the radionuclide

i and organ Y.

The biological half-lives T (1,Y) and the radioactive half-lives T (i)
h r

*

are, respectively, and .

The solution of Eq. 7.3 is:

Q(t;i,Y,j) = Q(0;i,Y,j) e +'

I(j)C(t;i,j) f(i)f 4(i Y)(1 - e (' E)
(7.4).

x(1,7)

The dose rate b in rem / day for the organ Y from the radionuclide i is:

10-6 Q(t;i,7,j)E(1,Y)6(t;i,Y,j) 51.2 x
(7.5),

W(Y,t)

where Q is the body burden of i from j in the organ h in pC1,

E(1,Y) is the effective absorbed energy per disintegration for

organ Y in nd,

d *

560 055
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W(t,t) the weight of the organ h at time t in grams.

The time-integrated dose over the interval 0 - t, is given by:

t

D(t;i,Y,j) = 0(t;1,T.j) dt (rem) (7.6).

0

The solution of the Eq. 7.6 for an adult (W(t,'i) = W(T)] using the

expression for organ or tissue burden and Eqs. 7.4 and 7.5 is:

-

t104D ( t ; i ,,i', j ) = 51. 2 x E(1,1) 1-e ,

,Q(0;1,1,j)
)

|

1-e' (I' N \+ I(j)C(t,i) f1 (1)f'(1,1) ' -
x(1,v)

_ [ (7 7)A(1,y)
*

~ \

The total dose rate and dose from all radionuclides and all types of food

intake are given by:

D(t;Y) = [ [ 0(t;1,Y,j) (7.8)
j i

and

D(t;r) = [ [ D(t;i,1,j) (7.9),

j i

frem the Eqs. 7.5 and 7.7. For organs with subcompartments, such as bone with

osteogenic and hematopoietic compartments, thc total dose rate and dose are

obtained by summations over compartments. The parameters used for the above

equation are tabuim ed in Tables 7.1 and 7.2.

560 056
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Table 7.2. Default Parameters of Internal Dose Rate Calculation

Nuclida Organ Eli) (QF),
li) (9) f (i) [,1 (i, h ) T,, dayo T , days o!eV ren/vad

3 1 .p

U-238 WB 10-2 1.0 1.6 x 1012 100 43

Bone 10-2 0.11 1.6 x 1012 300 220

Liver 10-2 0.0 1.6 x 10 _ _12

Kidney 10-2 0.11 1.6 x 1012 15 43

U-234 WB 10-2 1.0 9.1 x 10 100 497

Bone 10-2 0.11 9.1 x 10 300 2407

Liver 10-2 0.0 9.1 x 107 - -

Kidney 10-2 0.11 9.1 x 10 15 497

Th-230 WB 10-4 1.0 2.9 x 10 5.7 x 10 487 4

Bone 10 " 0.7 2.9 x 10 7.3 x 1047 240

Liver 10 4 0.05 2.9 x 10 5.7 x 10 487 4

Kidney 10-" 0.05 2.9 x 10 2.2 x 10 487 4

Ra-226 WB & Bone 0.3 0.54 5.9 x 105 0.398 110

0.29 5.9 x 105 4.95

0.11 5.9 x 105 57.75

0.04 5.9 x 105 6.93 x 102
50.02 5.9 x 10 5.33 x 103

Liver 0.3 0.0004 5.9 x 105 10 110

Kidney 0.3 0.002 5.9 x 105 10 110

Pb-210 WB 0.08 1.0 7.1 x 103 1.46 x 103 5.2

Bone 0.08 0.28 7.1 x 103 3.65 x 103 29

Liver 0.08 0.08 7.1 x 103 1947 10

Kidney 0.08 0.14 7.1 x 103 531 10

Po-210 WB 0.06 1.0 138.4 30 55

Bone 0.06 0.1 138.4 24 280

Liver 0.06 0.17 138.4 41 55

Kidney 0.06 0.07 138.4 70 55

E4q AC7JUU Vaj
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References for Section 7
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JO CFR Part 50, Appendix I, U.S. Nuclear Regulatory Commission, Revision 1,
October 1977.

New Regulatory Guide, Age-Specific Radia tion Dose Commitment Factors for One-
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8. INHALATION

The dose and dose rate to the lungs and other organs from

inhalation of airborne radionuclides are dependent upon deposition
rate, chemical form, translocation and retention. Deposition of

airborne radionuclides on the epithelium of the respiratory system

occurs through the mechanisms of impaction, sedimentation and

diffusion. The fraction of the deposition is dependent on ana-

tomical structure, aerodynamic size distr 2bution of the inhaled

aerosols and fraction of unattached ions on airborne particles

(Morrow and Cassarett 1961; Morrow 1960; Blair et al.1964) . The

dosimetry model in UDAD is based on the recommendations of the

Task Group on Lung Dynamics for Committee II of the International

Commission on Radiological Protection (1966).

The human respiratory tract is divided into three major regions corre-
sponding to the sites of deposition of the radionuclides--the nasopharyngeal
(NP), the tracheobronchial (TB), and the pulmonary (P) regions. Figure 8.1

depicts the schematic structure of the respiratory model. A fraction of the

total activity inhaled is directly exhaled. The fraction of deposition of an

aerosol is dependent on the activity median aerodynamic diameter (AMD). The

deposition as a function of aerodynamic diameter for each region of the lung
is graphically reported in ICRP (1966) .

Activity in each region is cleared from the blood pool for redistribution

and uptake by other tissues and organs (a,b,c). Further, a fraction of the

activity deposited in each of the regions is cleared into the gastrointestinal

tract (process b,d) for uptake by the blood pool (process j) and eventual
excretion. A fraction of the activity from pulmonary region is transported
into the lymph node system and cleared into the blood pool (1).

International Commission of Radiological Protection has classified

inorganic compounds according to their relative rate of clearance from lung

60 059
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Used in UDAD.
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into three transportability classes: Y , W, and D. The classes correspond to

materials that clear slowly (in terms of years, Y), moderately (in weeks, W),

or rapidly (in days, D). Solubility classification of uranium compounds

released during product drying operations is not constant throughout the whole

uranium milling industry. It is dependent on the nature of chemical extrac-

tion and drying temperature. It is assumed that uranium, thorium and polonium

are in class Y, and that radium and lead are in class W. The values of the

clearance rates for each clearance pathway are given in Table 8.1. Recent

studies (Kalkwarf 1978) may suggest that the above classification should be
modified; in UDAD the default solubility classifications are based on the

recommendations of ICRP 1966 (task group lung dynamics).

8.1 RESPIRATORY TRACT RETENTION OF INHALED PARTICLES

The rate of deposition of radioactive particulates in the subcompartments

$ of the T compartment of the respiratory tract at time t is:

dQ(t;i,?D) e
# + (' '#) (*"

' I 'dt '

F(1,7) = I n (7) <X(r,0,t;z,1)> , (8.2)

#
where A (1,$) = A (1,4) + A (1) is the effective removal constant of

radionuclide i from the subcompartment 4 A (1,4) is the
#

biological removal constant, and A (1) is the radioactive

decay constant.

Q(t;i,Y(4)) is the burden of radionuclide i in the subcompartment t

of the Y compartment at time t,

f(1,$) is the fraction removed from the 4 subcompartment,

I is the air inhalation rate, and

<X(r,0,t;i,z)> is the average concentration within a time interval

of the radionuclide i in the air with aerodynamic diameter z,

z=s6 s and p are, respectively, activity median diameter

and density, and

560 061
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Table 8.1. Values of the Clearance Parameters, Biological llalf-Life T (1,4)
(in days), and the Fraction Removed f(1,$) for Each Translocation Class

of Radionuclide i, from Subcompartment ? as Depicted in Figure 8.1
(Task Group Lung Model)

"" # " ""# "" '#"*' " """ """ "# ''" "#
Recpiratory Matabolic
Compartment Pathuay h(i,t) f(i,4) h(i,p) f(i,4) h(i,4) f(i,p)

~

NP- a 0.01 0.5 0.01 0.1 0.01 0.01
b 0.01 0.5 0.40 0.9 0.4 0.99

TB: c 0.01 0.95 0.01 0.5 0.01 0.01
d 0.2 0.05 0.2 0.5 0.2 0.99

P: e 0.5 0.8 50. 0.15 500. 0.05
f - - 1. 0.4 1. 0.4
g - - 50. 0.4 500. 0.4
h 0.5 0.2 50. 0.05 500. 0.15

L: 1 0.5 1.0 50. 1. 1000. 0.9

CJn
~

Ch
CD

C
CA
I'N ]
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D (Y) is the fraction of the inhaled particulate with aerodynamic
z

diameter z ",sosited in the lung compartment Y.
'

The burden in Y(4) f rom Eq. 8.1 is given by:

Q(t;i,Y(4)) = Q(0;i,Y(4)) A0,4( I +

F(1,Y) f(1,4) A (t;i) (8.3),

where

0,4(t;i) = exp [-A (1,4)t] (8.4)A ,

and

1,4(t;i) =
~ - '* (8.5)A .

e
z )

For the NP and P compartments of the respiratory tract, the total tissue

burden is the sum of the burdens resulting from deposition in the associated

subcompartments in each. For the TB compartment, the burden is augmented by

the processes f and g f rom the P compartment to the GI tract. The rate of

change of the burden in the TB region as a result of these processes is:

'; A (1,4) Q(t;i,P(4)) - A"(1,d) Q(t;i,TB(d)) (8.6)=
.

4=f,g

The additional burden in the tracheobronchial region, calculated by integra-

tion of Eq. 8.6, is:

Q(t;i,TB(d)) = Q(0;i,TB(d)) A0,d('II) +

'#}{ A (1,4) l,d( - ^4,d( IA +

4=f,g

Q(0;i,P(4)) A ,d(t; (8.7),

where

A (t;i) = [exp (-A (1,$1)t) - exp (-A (1,$2)t)]
41,&2 (8.8).

A"(1,42) - A*(1,41)

053
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The total tissue burden for the TB region is the sum of the tissue burdens as

estimated by Eqs. 8.3 and 8.7.

The rate of change of pulmonary lymph node burden is:

= A (1,h) f(1,1) Q(t;1,P(h)) - A*(1,1) Q(t;i,L(i)) (8.9)'
.

The lymph burden from Eq. 8.9 is:

Q(t;1,L(i)) = Q(0;i,L(1) A
0,1

_

(''A (1,h) f(1,1) A (t;i) - A (t;i) +'

A (1,h)
_

-
' '

Q(0;i,P(h)) f(t;i) (8.10)

for class Y solubility with A (1,h) / A'(1,1).

For classes W and D solubility with A'(1,h) = A*(1,1), the lymph burden
is:

Q(t;i,L(1)) = Q(0;i,L(i)) AO,1( I +

A (1,h) f(1,1) A (t;i) - A I +' '

A (1,1) -

O,1

|
Q(0;i,P(h)) t A0,1( ; *

For class Y solubility the additional material in L(1) of the lymph nodes is:

Q(t;i,L(E)) = Q(0;1,L(t)) A0,1( I + ~

''

_

F(1,P) f(1,h)
O-A R;i) +

A"(1,h)
_

' '
-

d"Q(0,1,P(h)) (t;i) hf d (8.12)g.
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#
for A (1,1) = A (i) (8.13).

The total burden in the lymph tissue is the sum of the two burdens estimated

from Eqs. 8.10 or 8.11 and 8.12.

8.2 SYSTEMIC BLOOD ACTIVITY DISTRIBUTION TO ORGANS

The systemic blood pool is a common pathway for the distribution, accre-
tion and reduction of radioactivity to and from organs. Organ burden is a

result of the uptake and retention of radioactivity from the blood. In UDAD,

the retention function from inhalation is assumed to be a single exponential
function of time, except for 226 Ra in bone and whole body for which a multi-

compartment exponential retention function is used.

Sources of blood activity and its distt!bution are schematically depicted
in Figura ".z. Based on this model the quantity of radioactivity that enters
a given organ or tissue from the blood at any time t is assumed to be a
constant fraction of the activity entering blood from the ingestion and
inhalation pathways. ICRP II (1959) has designated this fraction f'. The2

rate of change of organ burden for the organ N or subcompartment n of the N
is:

5 A (1,4) Q(t;i,Y(4) fj(1,N(n)) +=

4=a,c,e,i

A (1,$) Q(t;i,Y(4)) fj(1,N(n))f (1) -1

$=b,d,f,g

A"(1,N(n)) Q(t;i,N(n)) (8.14),

where f1 is the fraction of the activity in the gut transported into the

blood pool. Thus, the burden is:

Q(t;i,N(n)) = Q(0;i,N(n)) A (t;i) +

A (1,4) fj(1,N(n)) B (t;i) +

A (1,4) fj(1,N(n)) f (1) B (t;i) + L (t;i) (8.15)1 ,

?=b,d,f,g
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Fig. 8.2. Blood Pool System for Distributing
Radioactivity to other Organs.
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where

('' # (''#
B (t;i) = A (t;i) - A (t;i) +

A (1,z) _

Q(0;i,Y(4)) A (t;i) (8.16).

L (t;i) is the contribution to the organ burden from material passing through

the lymphatic system.

For class Y solubility A (1,L(1)) / A"(1,h) ,

b
L (n)(t;i) = A (1,1) fj(1,N(n)) Q(0;i,L(1)) A (t;i) +
N

F(1,F) f(1,h)
A (1,h) A (1,1) f(1,1) fj(1,N(n))

( A*(1,h)

"A (t;i) - A (t;i) (t;i) - A (t;i)~
f 1 +

_
A*(1,1) A (1,1) - A*(1,h)

_

Q(0;i,P(h))
\ '"(t;i) - A '"(t;i)- - -

.

~

(8.17)
_

A*(1,1) - A"(1,h)
_

For classes D and W solubility A (i,1) = A"(1,h),

b
L (n) (t ;i) = A (1,1) fj(1,N(n)) Q(0;i,1) A (t;i) +
N

b b F(1,p) f(1,h)
) )f ) f g)

| A (1,h)

~

(t;i) - A (t;i) tA 0,1( i,n(-A I

- A (1,1) A (1,n) - A (1,1)
,

~

Q(0;i,P(h))
- ''(t;i) - A

(t;i) ~ lt A
'" (8.18).

_ A (1,n) - A (1,1)
_ )

540 067



58

8.3 DOSE RATE AND DOSE

Dose rate to an organ or tissue is calculated from Eq. 7.5. The time-

integrated doses a.c derived from Eqs. 7.5 and 7.6 using the organ or tissue

burden given in previous subsections.

The dose to the NP region of the respiratory tract is:

D(t;i,NP)=b(1,NP) -
' '

t=a,b ( l'(1,t'

t - A (t;i) + Q(0;1,NP) A) (t;i) (8.19)

for

b(1,Y)= ** ' (8.20).

W(T)

The dose to the TB region is:

_

D(t;i,TB)=b(1,TB) (' ( '#}
(t -A1'#(t;i)) +

?=c,d
_

A (1,?)
.

Q(0;i,TB(?)) A (t;i) + Q(0;i,TB(d)) A +y l,d

A (1,6) F(1,P) f(1,?) ~ ^1,d( _ ^1,c( I'} ~ ^1,d( i'};{
4=f,g A"(1,4)

_
A"(1,d) A (1,d) - A (1,?)

-

#

_

_-
_A (l;i) - Al'd(t;i)1'+ A (1,4) Q(0;1,P(g))

'

NO,.

_ A (1,d) - A (1,$)
_

Tht lose to the P region is:

D(t;i,P)=b(1,P) ' ' t -A (t;i) +
c=e,f,g,hl A', ( 1, c ) - -

'

1

Q(0;i,P(4)) A (t;i) (8.22)
1

1

560 068



59

The dose to the lymph nodes is:

D(t;i,L)=b(1,L) Q(0;1,L(t)) A (t;i) +

b(1,h) f(1,1) F(1,P) f(1,h) l l,1( I , 1,h( I - ^1,1(-A ^ I
IA

_ A (1,h) ( A"(1,1) A"(1,1) - A (i.h) /

[A (t;i) - A (t;i))~y' y'
+ Q(0,1,L(t)) A (t;i)+ Q(0;i,P(h)) i l

( A*(1,1) - A*(1,h) /_ '

(1, ) f(1,h)
- 1, b

+ A (1,h) (1 - f(1,1)) _

_ A (i.h) ( A (1)

A (t;i) - Ay 7(t;i))
+

A (1) - A*(1,h) )
#

[Al'h(t;i) - Ay' (t;i))~ l

Q(0;1,P (h)) | | (8.23),
#

( A (1) - A (i.h) )_

for solubility class Y, and

D(t;1,'lB) = b(1,TB) Q(0;i,L(i)) A (t;i) +

y,i(t;Mb F(1,P) f(1,h)1 O,1( ; - A( +A
|-A (1,h) f(1,1)

_

A*(1,h) ( A*(1,1) /

[t A (t;i) - A (t;i))~ |

Q(0;i,h)| (8.24)' '

k A*(1,1) ). )

for solubility classes 3 and W.

For other organs and t. issues, except for the GI tract, tha time-integrated

dose is:
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I.

D(t;i,N(n)) = D(1,N) Q(0;i,N(n)) A (t;i) +

A (1,$) ff(1,N(n)) S (t;i) +

4=a,c,e

A (1,4) f f(1,N(n)) f (i) 8 (t;i) + l (t;i) (8.25)
1

,

4=b,d,f,g

where -

F(1,Y(c)) f(1,$) - ^1,n *

84,n( I
~"

.c(1,n)a
A (1,$) A

_

_ - -

A (t;i) - A (t;i) A (t;i) - A (t;i)

+ Q(0;1,T(4)) (8.26)
A*(1,n) - A (1,4) A*(1,n) - A*(1,$)

_ _ _

and

I

'A ''(t;i) - A '"(t;i)'
l (t;i) = A (1,1) f f (i,N(n)) Q(0;i,L(i)) +
" _ A (1,n) - A (1,1) _

A (1,h) f(1,1) |
_ ^1,1( - ^1,n- ^1,n II 'b F(1,P) f(1,h) 1 i

'

A"(1,h) _A (1,1) \ A*(1,n) A*(i.n) - A*(1,1) /

_

1,n( I^1,h - ^1,n( I } ^1,1(t; -A
1

_

A (1,1) - A (1,h) ( A*(1,n) - A"(1,h) A (1,a) - A"(1,1) /_

l,n( I l+ |
_ ^1,1('IQ(0;i,h) 1,h( ' - ^1,n('I# -A

| >

A"(1,1) - X (1,h) ( A (1,n) - A"(1,h) A*(1,n) - A (1,1) /
_

(8.27)

for class Y solubility, and
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~A (t;i) - A '"(t;i) ~
l (t;i) = A (1,1) fj(1,N(n))' Q(0;i,L(i)) +'

A"(1,n) - A (1,1) _

_

~ ^1,n(b(i.h) f(1,1)
I

, ^1,1(- ^1,n' IF(1,P) f(i,h) 1
'

A

A*(1,h) ,1*(1,1) \ A (1,n) A"(1,n) - A (1,1) /
_

I^1,1('II) ~ ' ^0,1('31) _ h i(t;i) - A1,n(t;i)f
-

1
| |

A"(i.n) - A*(1,1) \ A"(1,1) A"(1,n) - A*(1,1) )_

A I I') ~ ' AO,1('II), , l,1( } ~ ^1,n( I'}A IQ(0;i,h) l,i

A"(1,n) - A*(1,1) \ A (1,1) A"(1,n) - A*(1,1) /

(8.28)

for classes D and W solubility.

The basis for dosimetry of the gastrointestinal tract is ICRP II (1959)

and the references therein. The dose rate to each part of the gastrointestinal

tract (stomach, small intestine, upper larger intestine, and lower large

intestine) is a function of the radionuclide residence period and the quantity

absorbed from the gut into the blood pool. In the ICRP II (1959) model of the
gastrointestinal tract only absorption of radionuclides in the small intestine

is considered.

The rate of radionuclides reaching the GI tract from the respiratory

system is:

dQ(t ,GI) , b(1, ) Q(t;i,4) (8.29)
?=b,d,f,g

The total amount entering the gastrointestinal tract, calculated by

integration of Eq. 8.29 is:

* 'Q(t;i,GI) = A (1,$) '

$=b,d,f,g | A*(1,$)
- - |

t-A (t;i) + Q(0;i,4) A (t;i)' (8.30).y
_

560 0?i
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The dose D(t;i,GI(s)) to the stomach from :.he inhaled radionuclide i

appearing in the gastrointestinal tract is:

~

-A (1)T ~
D(t;i,GI(s)) = b(1,s)Q(t;i,GI) ~

r s

(8.31),

r
-

b(1,s)isthedoseconversionfactor,andwhere

T is the mean residence time of the radionuclide in the stomach.s

The dose conversion factors calculated from Eq. 8.20 are reduced by one-half
for all compartments of the GI tract because of geometric consideration.

The absorption of the radionuclide in the small intestine is assumed to

be constant at a rate of Ag:

- -

1
l"

} 1
A (8.32)"

1 1 T
,

ftg

where f1 is the fraction of th9 radioactivity absorbed into the blood pool,

and

T is the mean resMence period in the small intestine.g7

In UDAD T is assumed to be four hours. The dose to the small intestineSI
g7(t;O is:D

~ 1 - exp (- A"(1, SI) TSI)~D(t;i,GI(SI)) = b(1,SI) Q(t;i,GI) exp (-A (i)T )#

*
_

A*(1,SI)
_

(8.33)
where

A (1,SI) = A'(i) + A (8.34).

f

The passage rate of material through the upper large intestine is assumed
to be constant with a mean residence time T it urs. Die dose toULI
the upper large intestine is:

R " ')G(O b,'Ls u t)
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D(t;1,GI(ULI)) = b(1,ULI) Q(t;1,GI) (1 - f )T eXP (-A (1)( r + ISI))t ULI s

(8.35)

The dose to the lower large intestine (LLI) is similar to that of the ULI

except for the radioactive decay during passage through the ULI:

D(t;i,GI(LLI)) = b(1,LLI) Q(t;i,GI) (1 - f )T eXP (-A (i)(T +I
t LLI s SI ULI

(8.36)

where T is the mean residence time of 18 hours in the LLI.g

8.4 RADON DOSIMETRY

The radiation dose from inhalation of radon and its daughters depends on

their emitted alpha energies and radioactivities, on the body tissues they are

retained in, and the per;iod of time retained there. Earlier investigation

have indicated that the radiation dose to the respiratory tract by inhalation

of 222Rn, a noble gas, is negligibly small compared with dose which results

from the inhalation of the short-lived, non-gaseous decay products. The

218Po and 214short-lived radon daughters Po emit with 6.0 and 7.68 MeV energies,

respectively. These nuclides emit alpha particles and are inhaled as ion or

acrosol particles. They are deposited on the mucus layer covering the respira-

tory system. The radiation dose from the inhalation of radon and its daughters

is dependent on the degree of equilibrium between radon and its ' daughters, and

the physical state and sizes of the inhaled radioactive particles at the time

of exposure.

The degree of equilibrium between radon and daughters in the atmosphere

is a function of distance from the radon emanating source and the mean wind

speed (Eq. 3.2). Inside a structure, the equilibrium condition is dependent

on the air ventilation rate and the hold-ua time. Attachment of the ions of

radon daughters on the atmospheric acrosola is dependent on the atmospheric

concentration of the airborne particles. These radon daughters behave as

particulates during inhalation and deposition in the respiratory system. A

review of problems of lung dosimetry of radon has been reported by Parker

(1969).
560 0;s,
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In the present version of UDAD, the calculation of the radiation dose

from inhalation of radon and its daughters is calculated for the bronchial

epithelium of the tracheobronchial (TB) region. For indoor exposure, every

100 pC1/ liter of Rn-222 present in air is assumed to be associated with 0.5

working level (WL) of short-lived radon daughters (Magno, 1978). For exposure

to radon daughters outdoors the working level is calculated by Eq. 3.3. The

radiation dose from inhalation is dependent on the breathing rate and the

exposure duration. The exposure unit previously applied to the ur.nium miners

is the working level month (WIM), i.e., the product of WL and the duration of

exposure, normalized to a 172-hour working month exposure. 3ut for the general

population the exposure is continuous and the breathing rate.ls lower and

shallower. In UDAD, for a continuous exposure to 1 WL for a yeLr, a default

value of 25 WLM is assumed (Magno, 1978). Conversion of WLM to a dose-

equivalent of 5 rem /WLM is based on data provided by the committee on the
Biological Effects of Ionizing Radiation (BEIR 1972). Under these conditions

the annual average radiation dose rate to the bronchial epithelium of an

individual is:

$(r,0,t;Rn) = 0.625 f <X(r,0,t;Rn)>
7

+ 1.25 x 105 (1 - f )WL (r,0,t) (8.37),
7 O

where 0(r,0,t;Rn) is the dose rate from radon daugnters in mrem / year,

f is the frequency of occupancy indoors,
7

30.625 is the conversion factor in mrem per pC1/m ,

1.25 x 105 is the conversion factor in mrem /WL, and

WLO ('' " " "E #' *

q;n n ' f.g, u m
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_

_

:

9. POPULATION DOSE COMMITMENT 7
_

Popula tion dose concitments from inhalation, ingestion and
_

external cxposurc are calculated for the populatio ? within an
_

80-km radius of the release sito. The 80-km regi n is divided
^

_

into a number of subrogions (sector-segments) according to the

population distribution. The subragion population for the last
_

year of operation is estimated from regional demography and is

introduced as input data.

The population dose commitment is calculated from the average radionuclide

concentration and the exposure rate for each subregion. The total population -

dose commitment D (t;Y,k) is:

D (t;Y,k) = }])] Pd( } iYk ik(t;d) (9.1) -
,

d i I

where P (t) is the population at time t within the subregion d, i
d

b is the individual dose commitment conversion factor to
f7

organ Y from the radionuclide i in pathway k, and

c (t;d) is the average concentration of the radionuclide i in the ^

subregion d and pathway k.
=

The total population dose commitment from the ingestion pathway is '

calculated from the average radionuclide concentration in food. The radio- |

activity concentrations in foods that are produced within the 80-km radius are )
weighted and then averaged over the entire region. The weight factors are

-

calculated from the concentrations in each food for each centroid by a food- -

-

utilization factor. This weight-average concentration of radionuclide i in

food 6 is calculated by:

1g(t)>=|[c1g(t;c)Ucg , (9.2)<c :

560 0, 6'
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where U is the ratio of contrBution of food 8 f rom cenuoM c toCg

the population within the 80-km radius to the total consumption
of food 8 within the 80-km radius,

<C g(t)> is 80-km average concentration of nuclide i in food 6, and

C1g(t.,5) is the concentration of radionuclide i in food 8 produced
from centroid c.

The total population dose commitment from the ingestion pathway is then:

D (t;Y) = P(t) [ [ b .I <C g(t)> , (9.3)gg
6 i

where P(t) is the total population within the 80-km radius of the site
at time t,

D is the dose commitment conversion factor for ingestion ofg

radionuclide i for organ or tissue Y, a factor that converts

the intake rate of radionuclide i to the radiation dose commit-
ment to organ or tissue Y, and

I is the intake rate of food 6 for an average individual.g

The dose commitment factor is a 50-year time integrated dose rate result-
ing from only one year of chronic uniform ingestion of one pCi per day. The

default values of intake rates for average exposed individual are given in
Table 11.3.

rg ' 7
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10. ENVIRONMENTAL DOSE COMMITMENT

Contamination of the environment by long-lived radionuclides

represents a long-term potential source of exposure to hunans.

The total radiological impact to a population following a given

release is dependent on the sum of all doses to individuals over

the entire time period the ruterial persists in the environment

in a state available for interaction with humans.

The environmental dose commitment is calculated in UDAD for the popula-
tion within an 80-km radius of the release site. The environmental dose

commitment for en organ or a tissue V resulting from exposure to radionuclide
i via pathway k is:

be #

P(C,t)D1,Y,k(C,t) dtD (10.1)=
1,Y,k o

,

C

where D is the environmental dose commitment for organ Y, radionuclide9

i, pathway k for population exposure period t
f,

P(c,t) is the population associated with subregion c at time t, and

D" 9 (C,t) is the average individual dose commitment for organ Y
frem radionuclide i via pathway k and subregion c, and time t.

The calculation of environnental dose commitments by Eq. 10.1 requires a
population projection for each subregion. Since long-range estimation of a

detailed population projection is difficult and somewhat impractical. In

UDAD an average regional population growth rate is assumed and applied to all
subregions. Thus, the population projection for a subregion is given by:

P(C, t) = G(t)P(c, t=0) (10.2),

where G(t) is the function representing the average population growth rate in
the subregion C, given by:

G(t) = { P(c,t)/{ P(c,t=0) (10.3).

C c
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The average individual dose commitment to organ T from an exposure pathway k

in terms of concentration is:

(c,t)=b C' (c,t) (10.4)D ,

7 g

where C (C,t) is the average concentration of radionuclide i via pathway k

at subregion C and time t, and

D is the individual dose commitment conversion factor for
9

organ Y, radio.'uclide 1, and pathway k.

Substitution of the Eqs. 10.2 and 10.4 into Eq. 10.1 results in:

t, .

EP(c,t=0)D G(t)C" (C,t) dt (10.5)
D =

9 .

G t1

Expres.sion 10.5 is integrated over m fixed time steps. For each time

step at the average population growth is estimated for the midpoint of the

time interval by:

"'6+1m .e
P(c,t=0) G(t6)D C' (c,t) dt (10.6)D =

,

6

6M+t6
where

-
t

(10.7)t6" 2

Total environmental dose commitment to organ i from pathway k is obtained

by summing the contribution from each radionuclide 1:

D (10.8)D =
.

i

The following equations are derived from Eq. 10.8 by integration of the

radionuclide concentration for each time interval.

10.1 ENVIRONMENTAL DOSE COMMIniENT FROM INHALATION OF PARTICULATES

The inhalation pathway is designated by k = 1 (see Section 4).

4

P(c,t=0) G(t6) M l(s)I 6(c,s)D (10.9)=
,

c 6=1 s=1

560 0, 9



70

where I 6(c,s) is defined as:

f 6+1
I (c,s) = [<X(c;s,1)> + <X (c,t;s,1)>] dt (10.10).

6

For 6 = 1
,

i

I (c,s) = t,<X(c;s,1)> + k(0)<X(c;s,h)>
h=1

[i ) I ~ E '

"g _ _et

d(s,h)I A (10.11)V '
.

g 2\l=h+1 l=h 6 (x _z)
'

g g _

f=h
fft

For 6 = 2

i

I (c,s) = (t ~ 'a)<X(c;s,1)> + k(0)<X(c;s,h)>
e

h=1

- S,t -

i i (t -t ) 1-e ~

V(s,h)[] { ft 0(f ~ l _

* '
A +,

d 1

Nl=h+1 %=h

f=h
fft

i - i
~

K <X(c;s,h)V (s,h) A
f d g

h=1 l=h+1
i

_

l e\~
_ L a _ / -a t2a_

-a t -a t
i

g

'. (10.12),

af (A - A) _t=h -

g

f=h
fit
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For 6 =3

i gi )
1,3(c,s> =[ k(0)<x(c;s,h)>Vd(s,h)I A

I1

h=1 \E=h+1 g/

-

- 6 t, --6 t,1 7 17
1-c -8t e

Ea ( L
--

+ h-12E=h
,

S (x{ _x) _

f=h
fil

I I/ )
k <X(c;s,h)V s,M A

g d h\E=h+1 / 2= h

_ _ ,

-a (t + t ., )-a t -a t,g
a t e -e +c |g

[ . (10.13)
a3 U (A -A)

( f 2
- f=h -

ff2

For 6 = 4

i i i

k <X(C;s,h)Vd("'I (co s) = +

h=1 \E=h+1 'h) 2=h
g

''
-a t -a (t -t ) a ( t ,,+ t )_

-<z t
g g g

' ~ ~" "
(10.14).

a3 (A_ - 1 ) |

R t s(

- f=h _

fit

gfp {l D isuu ;v,



72

10.2 ENVIRONMENTAL DOSE COMMITMENT FROM INE\LATION OF RADON DAUGHTERS
r.

For k = 2 ,

XMnh . 00.19D ~ "
'TB,Rn,2 e TB,Rn

G

10.3 ENVIRONMENTAL DOSE COMMITMENT FROM EXTERNAL EXPOSURES

For k = 3 for external exposures from radioactive materials in air:

D(,1,3" +D(,1,3 (10.10,

,1,3

p Rn

where
- _

(C' (6 Y,1,3 1,6(D"V ,1, 3
'8 *'"

c 6=1 s
p _ _

For radon and short-lived daughters in air:

/t } ; (10.18)D " 'e (C' " "\ .

Y,1,3,1,3
'

Rn

Similarly the environmental dose commitment from ground deposited

activity (k = 4):

2

[ P(C,t=0) G(E )D 1 (10.19)g(C,s)D = ,
g 4

C 6=1

I
i i

i |
- -( y

where I (c) = <X(;;s,h)>V (s,O l A I

_
\2=h+1 g/ t=hf d

h=E _s

- -a t
e

t a ,, - 1-e
"* (10.20),

_ f (A -A} -f h
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and

i
-

-

i i

I (c) = <X(r.;s,hi>Vd(s,h) A )i {
g

g

kt=h+1 / 2=hh=1 s
-

-

- .

7(tg 7g-t ) -a t -a t Ia
1-e -e e l

'. (10. u' '

,

- "L f ~ 'h .

f=t

f/h

10.4 ENVIRONMENTAL DOSE COMMITMENT FROM INGESTION (k = 5)

The environmental dose commitment from ingestion of contaminated foods is

obtained from integration of the Eq. 9.3:

Dh,5 DP(t,?) dt (10.22)=

The integration results in:

C(E){ { bD = P(t=0)
6 ,1,5 6 iB( 6); (10.23),5

_6=1 e 1 -

P 6+1

yg(tS}> * U C (t;c) dt (10.24)where <C .'S
t

-,'
6
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11. UDAD COMPUTATIONAL SYSTEM

Of the two major programs in UDAD, the first--MASTER--
computes the atmospheric concentration, ground dcposition, dose
commitmenL, dose rate, and time-integrated dose from the data

input. From the intake rates obtained, the second program--

INTERNAL- computes the dose conversion factors for each tissae

of interest.

The theoretical basis and default values for UDAD have been described in
the previous sections. The UDAD computer program is written in Fortran IV.

Appendix A provides a listing of this code. The execution " deck" for a sample

problem is listed in Appendix B and selected portions of the computer output
are presented in Appendix C. The sample problem utilizes a cataloged proce-

dure (collection of job control statements) which is listed in Appendix D.
This catalogued procedure is only suitable in Argonne's computer environment,
but it can serve as a guideline for other IBM installatious. The UDAD code

has been organized to utilize the overlay feature of the linkage editor. It

is not necessary to run the program in this manner; but if it is desired to do
so, the required linkage editor input deck (EDT.SYSIN dataset) is listed in
Appendix E.

UDAD is dii ded computation &lly into two major programs--MA3TER and IN-

TERNAL. Figure 11.1 depicts the substructure of the MASTER program, which
reads in the input data and computes the atmospheric concentrreion, ground
deposition, dose commitment, dose rate, and time-integrated dose. The calcu-

lations are printed as a series of tables, and selected values are stored in
disk filcs for subsequent use by the independent plotting programs CONCPLOT

and CONTOUR. The function of each subroutine '.n MASTER is descif bed in

Table 11.1.

560 004
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Table 11.1. Functions of MASTER Subprograms

Sub rogram Functionf

ACT Performs multiplication of a matrix aad a vector.

ACTORI Computes 222kn decay and daughter products ingrowth.

ACTUR2 Computes f actor s in a matr ix form for radioactive decay ingtoWtn
and pnysical removal.

AFUNC Computes standard deviation of plu.ne concentration distr ioution
in vertical Jirection.

ANC4 A utility numer ical integration subroutine.

BLOCK DATA Initializes program vartables and arrays.

CONC CompJtes average air and ground concentrations for a specific
time interval.

DDEP Computes source depletion factor.

D F L'NC Double precision version of AFUNC.

DOCOMT Computes Jose commitment values.

DOSAGE Computes time-integrated dose and dose rate.

DOS PO P Computes population dose commitment.

EVPDOS Computes envitonmental dose commitment.

FEkk Evaluates function #1 for source depletion integration.

FEkhl Evaluates function #2 for source depletion integration.

FODOSE Computes ingestion dose commitments, time-integrated dose, and
dose rate.

FOOD Computes radionuclide concentrations in foodstuff.

GkOUND Computes time dependent and time-intregrated ground contamination
values.

HEADEk Ganarates pag? nealers.

HP Function to compute effective stack neight.

INTEG Performs nuretical integration fGr source depletion.

KS3FC Determines if non-zero particle size activity fraction has been
assigned for a given particle size inden.

M?. I N (UDAD) Msin driver of program. Initializes program variables, reads
input, prints output, wr ites disk files.

NSNE Function that selects proper series of dose conversion factois
to be used for a given r adionuclide.

PARTl Seenndary driver for first part of UDAD: prints all input
parameters, executes dispersion calculations.

PNLUT Computes ground-level atmospneric concentration from dispersion of
source.

TAILPS Computes suspension rate of wind blown par ticulates from an area source.

TAIRR Computes time dependent and time-integrated air concentration.

VEOFOD Computes radionuclide concentrations in vegetation.

I d u n u n lill h rli cm
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The INTERNAL program computes the conversion factors for dose commitment,

dose rate, and time-integrated dose f rom the inhalation and ingestion of

radioactive materials. Radioactive intake rates are obtained ' rom MASTER, and

INTERNAL computes the doac f actors for each tissue of interest. The substructure

of the INTERNAL code is depicted in Figure 11.2, and the function of each

subroutine is described in Table 11.2.

11.1 DESCRIPTION OF INPUT DATA

Input data for the UDAD code can be classified in five groups: source

data, receptor data, meteorological data, pollutant data, and population data.

Source Data

Both area and point sources may be specified. For a large-area source

it is recommended that one use a series of smaller area sources. This can be

done automatically via the IDSQ parameter, which will break up a selected
source into a specified number of equal squares. For each source the loca-

tion, area, effective release height, average annual emission velocity, and

the pollutant characteristics must be input. A maximum of 80 sources may be
specified.

Receptor Data

The normal UDAD default is 240 receptor locations corresponding to the

intersections in a grid pattern of 16 wind sectors and 15 radial distances.

Any set of 0-15 radial distances in the range 0.1 to 99.9 km may be selected.

A default series of 0.1 to 80 km is built into the program. In addition to

the regular receptors, 0-60 selected extra receptor locations may be input by

the user. For each selected extra receptor only one food itea for ingestion

dose estimate is allowed.

Mateorological Data

The stability wind-rose data, which describes the relative frequency of

occurrence for each wind direction, wind speed class, and stability category

560 086
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MAIN
BLOCK DATA, HEADER, KSZFC, NSNE

PART CONC EVPDOS DOCOMT DOSAGE7
^

F0005E-]
TAILPS POLUT TAIRR GROUNJ

FOOD DOSPOP FRACT INHALE

ACIDR1 D DE P A CT ACTDR2 VEGT00
. - - -

INTEG

/
AFUNC HT FERR ERR 1 A NC4

CFUNC

Fig. 11.1. Structure of MASTER.

DRIVER

(FROM UDAD)
.

.

FRACT INHALE

BLOCK
MSPSET INITEX ECALC KFUNCDATA

ETESTl tTEST

Fig. 11.2. Structure of INTERNAL.
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Table 11.2. Functions of INTERNAL Subroutines

Subprogram Function

BLOCK DATA Initializes program variables and arrays.

ECALC Evaluates and saves exponentials uSed by INHALE.

ETF.ST Function to test for exponential over flow.

ETESTl Function to evaluate expression: [1 - exp (-AT)]/A

INITEX Converts input half-life values to decay constants, calculates
effective decay constants.

INHA!E Main driver of program; computes internal dose commitment factors,
time-integrated dose, and dose rate.

KFUNC Function to control respiratory tract flaw.

FRACT Computes deposited fraction in the lung subcompartments as a
function of particle size.

MSPSET Evaluates quantities needed for multiple subpath calculations.

combination as observed for the region, must be specified. The complete set of

stability wind-tase daea consists of 576 frequency values: a combination of

6 stability categories, 16 wind directions, and 6 wind speed classes.

Pollutant Data

For particulate pollocants the particle-size distribution, density, and

deposition velocity must be specified. Up to five particle sizes and five

size distributions may be input by the user.

Population Data

Population data for the 240 sector-segments corresponding to the 16 wind

sectors and 15 radial distances may be specified. They are used for population-

dose calculations.

560 038
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11.2 INPUT DATA INSTRUCTIONS

This section describes the problem input data for the UDAD code. The

first card always contains a single parameter, ISTEP, in column 1. ISTEP

allows the calculations to be broken into multiple independent jobs. This is

useful for cases involving many sources where computer time requirements could

become excessive. In addition, it is possible to run several types of dosi-

metry calculations without terunning the expensive dispersion computations.

The allowed ISTEP values are:

0, do complete UDAD as one job.

1, stop at end of dispersion calculations; save all data.

2, resume UDAD where ISTEP=1 left off.

3, same as ISTEP=2 plus read in new dosage parameter values.
4, same as ISTEP=0 plus save all data as in ISTEP=1.

All other UDAD data is input via the unformatted NAMELIST READ statement. The

following is a direct quote from the IBM Fortran IV Language manual:

Input data must be in a special form in order to be read using a 1:A'!ELIST
lict. The first character in each record to be read must be blank. The accond

character in the first record of z group of data recorda must be an 8, imediate-
ly folloucd by the ::A!!ELIST name. The IW!ELIST name must be folloucd by a blank
and ract nce contain any embedded blanks. This r=c is followed by data itema

ocparated by comas. (A coma after the last item is optional. ) 21:e end of a
data group io signaled by SE!iD.

The form of the data items in an tnput record is:

aurholic r= c = constant

Tne cumbolic n=a may be an array clement ime or a variable name. Sub-

scripto nuot be integer constants. The constant may be integer, real,
literal, complex, or logical. (If the constante are logical, they may be
the form of T or .TRUE. and F or . FALSE)

, T. E ^
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arrau na"'c = cet of conotanta (ceparated by cormac)

Dsc cet g constanto conciata of constanto of the type intcgar, real,
literal, corplcz, or logical. The nic bcr of constanto r:uct be lecc than
or equal to the me-ber of cic":enta in the array. Succcccive occurrcnces
of the ca":a constant can bc represented in the form k* constant, charc h
tc a nonacro integcr constant specifying the menbar of timcc the conctant
is to occur.

D:c vart'aL!c na~:ca and array names opcaified in the input data oct mot
appear D: thu ||2!ELIS: isot, but the ordcr is not cignificant. A name that has
been equivalent to a n =c in the input data cannot be cubstituted for that
n:c in the |iA'!ELIST lict. D:c list can contain rur co of itc~c in CC'"-|:|| but
must not contain dic~y argtencnt n=cc.

Each data rccord must begin uith a blank follcued by a co clctc variable
or array na''c or conotant. W:badded blanka arc not permitted in na~co or con-
ctants. Trailing blanka after integers and c:poncnto are treated ao scroc.

A list and description of all NAMELIST input variables is presented in
Table 11.3. There are two such sets: INDATA and NEWSET. NEWSET is used only in
conjunction with ISTEP = 3 to input new parameter values. All NEWSET members

are a subset of the INDATA list and are marked by an asterisk preceding the
symbolic name. Array variables are indicated by a Fortran dimension ir- paren-
theses following the symbolic name. Variable types follow default Fortran first

letter conventions except as indicated immediately below the symbolic name.
UDAD default values will be used for any variable not included in the NAMELIST
input.

11.3 OUTPUT DATASETS

UDAD uses three output data sets: Fortran reference numbers 8, 9, 10.

This is in addition to the regular Fortran print file, reference number 6.

The output datasets are used as follows:

'{FT08F001 Binary data used to construct concentration and workin lev

bE
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Table 11.3. NAMELIST Variables

Symbolio Mame Description

E IN DAT A This is the 2nd data deck card if ISTEP=0, 1, or 4.

ENEWSET This is the 2nd daca deck ca:- if ISTEP=3

*BSV (6) Concentration factor for plant uptake of nuclide i from
(il soil, pC1/kg (plant)/pci/kg (soil). Default values

i=1 U238 2.5E-3, i=2 U234 2.5E.3, i=3 In230 4.2E-3
i=4 ka226 3.lE-4, i=5 'oe. 6.8E-2, i=6 Po210 1.5E-1

*DPACT Decontamination factor .or human consumed segetatiot..
Default value = 0.5.

Dd Anr.ual average mixing depen, m. De f a u l t = 850.

*DV (2) Pastures and vegetation yielda, kg/m2. Defaults:
(1) i=1 pastures 0.75, i=2 vegetation 2.0.

*E(10,12) Effective energy aosorbed per disintegration ( MEV * REH/DI S * kAD) ,
(1,j) where i and j denote tne radionuclide and organ, respectively.

Def ault values are based on ICRP reports.

j Organ or Dody part
_____.............. ________

1 Nasopharyngeal
2 Tracheooronchial
3 Pulmonary
4 Whole body
5 Bone
6 Kidney
7 Liver
8 Stomach
9 Small intest w

la Upper large .. :estine
11 Lower Large in estine
12 Lymph nodes
_.._____...____. ..._________

Default values:
j\i U238 U234 Tn230 ka226 Pb210 Pu210
..___.........___........___________.._____........

1 4.3E+1 4.9E+1 4.8E+1 1.lE+2 6.18-1 5.5E+1
2 4.3E+1 4.9E+1 4.8E+1 1.lE+2 4.8E-1 5.5E+1
3 4.3E+1 4.9E+1 4.BE+1 1.lE+2 8.3E+0 5.5E+1
4 4.3E+1 4.9E+1 4.8E+1 1.lE+2 5.2E+0 5.5E+1
5 2.2E+2 2.4E+2 2.4E+2 1.lE+2 2.9E+1 2.8E+2
6 4.3E+1 4.9E+1 4.8E+1 1.lE+2 1.0E+1 5.5E+1
7 4.3E+1 4.9E+1 4.8E+1 1.lE+2 1.0E+1 5.5E+1
8 4.3E-1 4.BE-1 4.7E-1 4.85-1 2.7E-2 5.3E-1
9 4.3E-1 4.9E-1 4.7E-1 4.8E-1 4.5E-2 5.3E-1

la 4.3E-1 4.8E-1 4.7E-1 4.8E-1 1.98-2 5.3E-1
11 4.3E-1 4.8E-1 4.7E-1 4.8E-1 1.9E-2 5.3E-1
12 4.3E+1 4.9E+1 4.8E+1 1.lE+2 2.5E+1 5.5E+1

.__.___......._________ .___...........___..._______

*FCON (6,5) Stable element transfer dsta, day /kg, where i and j denote
(1,jl the radionuclide and the food item respectively.

j values: l=ceef, 2-milk, 3-poultry, 4= eggs, 5= vegetation
Default values:
j\i U238 U234 Tn230 Ra226 Pb210 Po210
..__. ...-__.___..-__...._...__.___....__.__.._____

1 3.4E-4 3.48-4 2.08-4 4.0E-3 2.98-4 1.2E-2
2 6.lE-4 6.1E-4 5.0E-6 4.5E-4 2.6E-4 1.4E-4
3 4.0E-3 4.0E-3 4.0E-3 5.0E-4 2.0E-3 4.0E-3
4 2.0E-3 2.0E-3 2.0E-3 2.0E-5 2.0E-3 1.8E-2
5 2.0E+0 2.0E+0 3.0E+1 5.0E+1 1.0E+2 5.0E+2

_......_____.._________.__......___..... ___...__..

ttq p, q 1,;; . , ,
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Table 11.3. Continued

Symbolic Name Description

*F1 (la) Fraction of radionuclide i passing f rora GI tract to the

(1) blood. Default values are based on ICRP2. Defaults:
i=1 U238 1.0E-2, i=2 0234 1.0E-2, i=3 Th230 1.0E-4,

i=4 Ra226 3.0E-1, i=5 Po21J 8.0E-2, i=6 Po210 6.08-2

*F2P (10,4) Fraction of radionuclide i passing from Dlood to body
(1,j) organ j. j values: 1-snole body, 2= bone, 3= kidney,

4= liver. Defaults:
j\1 U238 U234 Th230 Ra226 Pb210 Po210
....____........._____..__.._______..___..______...

I 1.0E+0 1.0E+0 1.0E+0 5.4E-1 1.0E+0 1.0E+0
2 1.lE-1 1.1E-1 7.02-1 5.4E-1 2.8E-1 1.0E-1
3 1.lE-1 1.1E-1 5.0E-2 2.0E-3 1.4B-1 7.0E-2
4 0.0 0.0 5.0E-2 4.0E-4 8,0E-2 1.7E-1
_....___ .___________....._______..___...______..__

*F2PM (16) Multiple subpath values of F2P, see MSPTAB. Defaults:

2.9E-1 1.lE-1 4.0E-2 2.0E-2
2.9E-1 1.1E-1 4.0E-2 2.0E-2
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

*FG Grazing factor, default =0.5.

*F00 DIN (2,3) Animal food ingestion rate, kg/ day, where i and j denete
(1,jl the food category and animal type respectively. Defaults:

i\j beef cattle milk cows poultry
___________________..________ .__...____._

water 50 60 0.3
pasture 50 50 0.12
_ _____..___..__ ..._____.....__________..

FREQ (16,6,6) Annual relative frequency of occurence for wind direction 1,
(i, j , k) wind speed class j, and stablity class k. For each

stability class and wind speed tne frequencies are entered
in a clockwise dir ectice beginning with the north sectcr.
No defaults; valuer muut be input.

*FV (2) Fraction of deposition retained on plants. Default

(1) values: i=1 pasture 0.2, i=2 vegetation 0.2.

GROUPN(5,9) Any desired combination of 20 letters and numberd which
(1,j) will serve as an identifier on the printed output for tne

jth source type, i.e., mine, dryer, etc. (Card entry
consists of groups of 4 char s' cer s, each enclosed in
single quotation marks followed oy a comma.)

IADD Number of extra receptors, allowaole range 0-60, default =0.

IDSQ (3,6) Identifies area sources to be broken up into equal size
(1,j) squares: i=1, SOURCE (10,ki or four digit identifier

for kth source; i=2, number of squires in Ed direction,
i=3, number of squares in NS direction; all for jth
source selected to be broken up. No defaults.

IDTAIL (5) Identification of up to 5 type- of area source where the

(1) UDAD wind errosion equation will be used for particulate
source estimation. Each ith value must be identical
to the =ource type injex of SORCE, i.e., the 2nd integer
of SORCE(10,j) for the jth source. Area sources so
selected may specify zero emission rate for all pollutants
except kn222. No defaults.

)O
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Table 11.3. Continued

Symbolia Name Deeaription

*IFODOS (60) Food pathway index for the ith extra receptor. 0=none,
til l= meat, 2= milk, 3= poultry & eggs, 5= vegetation. Default =0.

IPOP (15,16) Population of sector-segment centered at ith racial
(1,j) distance and jth direction.

*IPSOL (10) Solubility class (l=Y, 2=W, 3=D) for ith radionuclide.
(i) Defaults: i=1 U238 1, i=2 U234 1, i=3 Tc230 1,

i=4 Ha226 2, le4 Pb210 2, i=6 Po210 2.

*IRHO (6) Specifies the six XRHO indices to be used for dosimetry
tables. De f ault : 1, 3, 7, 8, 12, 15 corresponding to
0.1, 1, 5, 10, 50, 80 km.

*IYR (10) Selects end year for intervals in time-integratsd dose
and dose rate calculations. De f ault 1, 3, 5, 7, 10,
15, 20, 30, 50, 70 years.

*JC (9) Progras control flags: 0 turns action off, 1 turns it on.
(i) Defaults = 0,

i=1, writes disk file for concentration plots.
i=2, writes disk file for isopleth plots,
i=3, prints EFFECTIVE DISPERSION FACTOR tables.
i=4, prints CONCENTRATION /MPC tables.
i=5, prints dose commitment tables.
i=6, prints time-integrated dose 6 dose rate tables.
i=7, currently not in use.
i=8, prints INDIVIDUAL SOURCE CONCENTRATION tables.
i=9, currently not in use.

KRHO Specifies number of radial distances to be used for
regular receptor grid. Range 0-15, default = 15.
If set to zero, only extra receptors will be used,
which is frequently a convenient option.

*LON ( 10 , 4 ) Effective half-life in days for radionuclide i and
REAL (1,j) organ j. j values: l=whole body, 2= bone, 3= kidney,

4= liver. Dafault values based IRCP reports. Defaults:
j\1 U238 U234 Tn230 Ra226 Pb210 Po210
___________________________________________________

1 1.0B+2 1.0E+2 5.7E+4 4.0E-1 1.2E+3 2.5B+1
2 3.0E+2 3.0E+2 7.3E+4 4.0E-1 2.4E+3 2.0E+1
3 1.5E+1 1.3E+1 2.2E+4 1.0E+1 4.9E+2 4.6E+1
4 0.0 0.0 5.7E+4 1.0E+1 1.5E+3 3.2E+1

___________________________________________________

*LONM (16) Multiple subpath values of LON, see MSPTAB. Defaults:
keal 4.95E+0 5.78E+1 6.93E+2 5.33E+3

4.95E+0 5.78E+1 6.93E+2 5.33E+3
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

*LR (10) Radiological half-lifes in days for radionuclides of
Real (i) interest. De f aults :

i=1 U238 1.6E12, i=2 U234 9.187, i=3 Th230 2.9E7
i=4 ka226 5.9E5, i=5 Pb210 7.1E3, i=6 Po210 1.4E2

METSET (4) Any desired combination of 32 letters and numbers which
Real*8 will serve as an identifier on the printed output for

the source of the meteorological data set. (Card entry
starts with a single quotation mark and ends with a
single quotation mark followed by a comma.)

b,i4i,JC(OJuJ
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Table 11.3. Continued

-

Symbolia Name Description

*MPC (7,5) Maximum permissible concentr ation (or any desired limit)
Real(1,j) for normalization on the isopleth concentraion map, pCi/m3,

for radionuclide i and organ j. Default values based on
ICRP2 values. j values: l=whole body, 2= bone, 3= lung,
4= kidney, 5= liver. De f aults:
i\j 1 2 3 4 5
_-___.___.__.....___...________.__.---.__._...

U238 6.0E+2 2.0E+2 5.0E+1 3.0E+1 0.0
U234 6.0E+2 2.0E+2 4.0E+1 4.0E+2 0.0
Tn230 5.0E+0 8.0E-1 3.0C+0 2.0B+0 7.0E+0
Ra226 2.0E+1 1.0E-1 0.0 0.0 0.0
Pb210 4.0E+2 7.0C+1 8.0C+1 4.0C+1 1.0E+2
Po210 2.0E+3 2.0E+3 7.0E+1 2.0S+2 6.0E+2
kn222 0.0 0.0 3.0Et3 0.0 0.0
.... ...._____________..__________......___...

*MSPTAB (10,4) Multiple subpath table for ra31onuclides i and organs j
(1,j) where multiple sets of F2P and LON values are required.

A zero value indicates no subpath, units value (1-9)
gives number of additional subpatns, and value/10 is
entry index in F2P and LON arrays. j values: l=whole
body, 2= bone, 3= kidney, 4= liver. Defaults:
j\1 U238 U234 Tn230 Ra226 Pb210 Po210
__________....___.. ..__________._________..._____.

1 0 0 0 14 0 0
2 0 0 0 54 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0

..___.....__.________.__.___________ ___....._____.

*NNUC Total number of radionuclides of interest. UDAD allowable
range is 1-6, default is 6.

NSORCE Total number of sources. Input value must be actual
number descrioed via SORCE parameter. If IDSQ feature
is used, UDAD will adjust ;o a corrected NSORCE. The
maximum number of sources, including IDSQ components,
is 80.

OPTIME Plant operation lifetime, years. Default =15.

PACT (4,5) Activity in pCi/g of radionuclide i of particle size <20 um
(1,j) diameter of area source ). Tne j index corresponds to

IDTAIL(jl. i values: l=U233, 2=Tn230, 3=Ra226, 4=Po210.

PDEN (5) Densities of five specified particle source indices, g/cm3.
Defaults: 8.9, 2.4, 2.4, 2.4, 2.4.

*PFIN (8) Fraction of ith food produced within the region of interest
(j) that is consumed by the local population in the region.

i values: 1= meat, 2= milk, 3= poultry, 4= eggs, 5= vegetation,
6-8 not assigned. Defaults: all=1.0.

*?GTH .it Population growtn rate = population at year Y(i)/ population
(j) at the reference year Yo when sources start to release.

i=1, Y(i) = Yo + 1
i=2, Y(il = Yo + (OPTIME + 1)/2
i=3, Y(i) = Yo + O PTIME +1

Yo + OPTIME + YEVD/2 + 1i=4, Y(1) =

Defaults: all=1.0.

PHALP Radionuclide removal nalf life from soil in years.
Default =50.
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Table 11.3. Continued

Symbolic Name Ce sartp tion

PTAIL (7,5) Propterty of soil or tailings for the jth type of area
(1,j) source wnere j index corresponds to IDTAIL(j). i values:

i=1, density of suspended particulates, gm/cm3.
i=2, median diameter of the grain, cm.
i=3, a dimensionless coefficient for grains with median

diameter aoove 100 um, A=0.1.
i=4, height above surface wnere wind speed measured, cm.
i=5, surface rou3hness height, or he ig h t above surface

where wind speed is zero, cm.
's6, particle mass percentage of soil < 20 um in diameter.
1=7, water content in percent by we ight.
Defaults:
j\1 1 2 3 4 5 6 7
_....___......______..__...___....._____ __..___

1 2.4 0.03 0.1 100.0 1.0 3.0 0.1
2 0 3 J 0 0 0 0
3 J a C 0 a 0 3
4 0 0 J J a a J
5 a 0 0 J 0 0 a

....____.._____..__.__.____...___ ...________ ..

PTSZ (5) Activity par ticle sizes, diameter in microns. Defaults =0.

PTSZFC (5,5) Particle size activity fraction for ith size and jth
(1,j) source. Tne i and j in31ces cor respond to PTSZ (i) and

PDEN(j) reJpectively. Defaults =J.

PTSZ23 (5) Activity fraction of suspended particulates with
( i) particle size < 2J cm for ith arei source. Tne i index

corresponds to IDTAIL(i). twfaults: a11-0. . .4

*PWFOD (60) Amount of kth food item produced at added receptor i/
(1) total kth food item produced within the region of interest.

Defaults: all=1.0.

REGION (6) Any desired combination of 24 letters and numbers which will
serve as in identifier of the overall problem on the printed
output. (Card input format is tne same as f or METSET.)

RFI Average occupancy factor for tne population inside a
structure for inhalation of kn222 daughters. Default =1.0.

*RFIE Average occupancy factor inside a structure for protection
against external radiation. Default =0.583.

* RHO (2) Effective surface density of soil for growing pastures and
(1) and vegetacion, kg/m2. Defaults:

i=1 pastures 2.4E2, i=2 vegetation 2.4E2.

*RSALF kesuspension factor decay half life in years, default =0.137.

*RSLIM Deposition velocity corresponding to the input resuspension
factors SUFI and SUFF. Default =0.01 m/sec.

* SHIED External radiation shielding factnr for inside of a
structure. Default =d.5.

SLIM Minimum pettling velocity to account for plume tilting, m/sec. Default - 0.01.

SLIP (5) Slip correction factor, for ith particle size. defaults = 1.0.
(i)
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Table 11.3. Continued

Symbolia Name rescription

SDUkCE (12,80) Specification paraieters for the jth source. 1 values
(1,j) i=1, horizontal (EW) coordinate of source, km.

i=2, ver tical (NS) coordinate of source, km.
i=3, ef fective release 'ieight of source, m.
1-4, release area of source, km2 (zero for a point source).
i=5, annual average U238 emission rate, Ci/ year,
i=6, annual average Tn230 emission rate, C1/ year,
i=7, annual average ka226 emission rate, C1/ year,
i=8, annual average Po210 emission rate, C1/ year.
19, annual average kn222 emission rate, Ci/ year.

i=10, four digit integer for source j identification
where tne 1st integer is the source group inder,
the 2nd integer is tne source typa index, the 3rd
& 4th integers represent tne ntn number of source
falling into tnis source category.

i=11, particle density index, corresponds to PDEN(k).
l=12, exit velocity of source, m/sec.

SOkCID (5,9) Any desired comoination of 2d letters or numbers whien will
(1,jl serve as an identifer on the printed output for the jtn

source group wnere j equals the 1st digit of SOkCE(ld, k)
for the 4th source. (Card entry is tne same format as for
GkOU PN . )

*SUFF Final resuspension fa: tor. Default =1.0E-9/a.

'Sur! Initial resuspension factor. Default =1.0E-5/m.

*TC (2) Plant exposure tims, days. Defaults:
( 1) i=1 pastures 30, i=2 vegetation 60.

*TW (2) Weathering removal half life, days. De f aults
(1) i=1 pastures 14, i=2 vegetation 14.

VDEP (5) Deposition velocity, s/sec, for particle ciza PTS 1(1).
(1) Defaults ail =0.01.

*XIN (7) Masteum individual food consa.sption rate, kg/ day. See
(i) XING for defaults.

*XING ( 7) Average in3ividust food consumption rate, kg/ day. De f aul ts :
(1) XIN XING

................... _.__......_...

i=1, meat 0.3 d.26
1=2, milk 3.85 a.33
i=3, poultry J.2 3.1
i=4, eggs 0.08 a.08
i=5, vegetation 0.77 0.28
.................. _... _________.

XNAME (4,60) Any desired combination of 32 letters and numbers wnich
REAL*8 (1,j) which will serve as an identifer on the printed output

for extra receptor j. (Card input format is the same
as for GkOUPN except use 8 character groups).

XRECEP (3,60) Coordinates and neight of jth extra receptor.
(1,j) i=1, horizontal (EW) coordinate, km.

i=2, ver tical (NS) coord in a te , ka.
i=3, height in m.

XRHO (15) Pifteen radial distances to be used for regular receptor
grid. Def aults: 0.1, 0.5, 1, 2, 3, 4, 5, la, 20, 30,
43, 50, 60, 7d, 80 km. (Note that actual numer of XRHO values
used is set by KkH3).

* Y DOC NusDer of y?lts to De used fOr int 3rn1L do3e C01 sit 220t
conversion fa: tors. D3 fault =50.

'YEVD Numb!r of y13rs to be assi for en/irontental dos 3
comattaent calculations. 03fiutt=103.

b b.-
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plots vs. distance. In the case of a cultiple step UDAD job

(ISTEP>0), this dataset also contains a dump of all data necded
to restart the program.

FTO9F001 EBCDIC file of log (concentration /NTC) and point coordinates

used to construct isopleth plots. All records are 80 bytes.

FTIC r'001 Special print file, used to produce effective dispersion factor

tables, 133 by te records.

11.4 PLOTTII;G PROGRAMS

CONCPLOT Program

CONCPLOT is a Fortran IV cain program that uses the proprietary software

packaga DISSPLA. The only input required is the FT08F001 disk file generated

by UDAD. Lug-log plots of distance vs. concentration in air and on the ground

are produced for 233g, 226 210 222Ra, Pb, and Rn. A working-level plot is also

prepared. Fiv._ curves are generated on each plot for directions theta,

north, east, scuth and west, where theta is the direction of ma::imum dispersion.

CONTOUR Program

CONTOUR is a PL/1 program that serves as a data selector and generator

for CONTOUR.BLACKBOX, an Argonne version of a proprietary contour mapping
program. Input data are the FT09F001 disk file generated by UDAD and a 2- to
6-card user-supplied deck (ISO.SYSIN dataset of cataloged procedure). The

output is one or two isopleth plots of log of concentration divided by MPC for
selected tissues and radionuclides.

Input Data Instructions for CONTOUR

The first card indicates grid spacing and contour interval for the one or

two isopleth plots produced for each selected organ and nuclide. Leave grid

field blank to obtain default values; set grid field negative to omit plot

type. First card also includes seldom-used options for including the extra

560 097
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receptors for contour generation and for linear instead of quadratic fit in

interpolations.

1st card, PL/1 Format (4 F(5,2), 2 (X(4), F(l))):

Col 1- 5 Grid #1, default = 2 km squares.

6-10 Contour interval #1, default = 0.25 log units.

11-15 Grid #2, default = 20 km squares.

16-20 Contour interval #2, default = 0.50 log units.

25 Include additional receptors if = 1, default = 0.

30 Linear interpolation if = 1, quadratic default if = 0.

Cards 2-6, Pl/l Fernst (A(6), 7 (X(1), A(5))):

Col 1-6 ' BODY', ' BONE', ' LUNG', ' KIDNEY', OR ' LIVER'.

8-48 1 TO 7 nuclides in any order: 'U238', 'U234', 'TH230',

'RA226', 'PB210', 'P0210', 'RN222'.

238U and 230Th on whole body, 226Ra onExample of 20 km squares only for

bone, and 222 Rn on lung:

// ISO.SYSIN DD *
-1.

BODY U238 TH230

BONE RA226

LUNG RN222

560 093
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12. SAMPLE PROBLEM DESCRIPTION

A sample problem was selected for illustrating the actual

application of the UDAD program. The sample problem considered

is a typical uranium mill processing 1800 metric tons per day of

an ore containing an average of 0.16% U 083

The procedures for calculating the source terms (annual release rates)
utilized as input in UDAD are presented in the following subsections. The

source terms are based on the selected mill operational parameters given in

Table 12.1, and the calculated source terms are summarized in Table 12.2.

12.1 ORE PAD AND GRINDING OPERATIONS

Radon

222 220The activity of Rn available for release from the decay of Ra from

each gram >' ore during storage on the ore pad is

222 Rn activity = EC ( *

Ra' '

where E is the emanating power, 0.2,

226C is the concentration of Ra in ore, 450 pCi/g,
Ra

222A is the decay constant for Rn, 0.18/ day, and

T is the storage time on ore pad, 10 days.

222Since the ore processing rate is 1800 MT/ day, the Rn emission rate

is:

0.2 x 450 x 0.181/ day x 10 days 'CI (1800 x 365) MT--
n

x
g yr

Ci106 E- x 10-12 = 107 Ci/yr (12.2)x .

MT pCi

C. L fn ( . C; O
JUJ us/
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Table 12.1. Principal Characteristic
Operational Parameters of the
" Problem Mill" Utilized for the
Calculation of Source Terms

Parana ter Valuc

Ore quality, U 0g 0.16 %3

238Ore activity, U 450 pCi/g

230Th 450 pCi/g
226 Ra 450 pCi/g

210Pb 450 pC1/g

Ore process rate 1800 MT/yr

Operating days per year 365 days

Operating lifetime 15 years

Ore storage time 10 days

Dry tailing density 2.4 g/cm3

Tailing activity, 238U 45 pCi/g

230Th 450 pCi/g
226Ra 450 pCi/g

210Pb 450 pCi/g

Tailing beach area 5x 105 2m

Yellowcake drying & packaging 0.7 kg/ day
stack effluent, U038

G{n '00'";Ud 'v
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Table 12.2. Source Terms for the Problem Mill

-_

E~ issic >1 Cocrlir:*es r~ ie ni n F%, :i!.r,en:
2Ebiasic's E u x :,m y,n 2, m m i'-239 %-:3: F:- U * U - :: '' F :- w

Ore pad and 0.0 0.1 5 0 1.36=10-3 1.36 10-3 1.36=1C-3 1.36=10-2 107
grinding

Product drying 0 0 15 0* 7. b10-2 3.58 10-3 1.43 10-4 1.4l=10 * 0.0
and packaging

Tailings 130 -270 0 3.13=10'' 8.73 10-" 1.18 10-2 1.24=10-2 1.24=10-2 4.38=10 2

310 -270 0 3.13=10" 8.73=10-" 1.1S 10-2 1.24=10-2 1.24=10-2 4.3d=10 2

490 -270 0 3.13 10" 8.73 10-" 1.18 10-2 1.24=10-2 1.24=10-2 4.33 102

670 -270 0 3.13=10" 8. 7 3 - 10-'' 1.18 10-2 1.24=10-2 1.24=10-2 4.38 10 2

130 -90 0 3.13 10' 8.73 10-' 1.18 10~ 24 10-2 ?.24=10-2 e . 3 9 10-,

310 -90 C 3.13=10" 8.73 10-* i.13 10-2 1.24=10-2 1.2 =10-2 4.1S 10-

490 -90 0 3.13=10" 8.73 10-" 1.18 10-2 1.24 10-2 1.24=10-2 . 3n=10 2

670 -90 0 3.13=10" 8.73=10-" 1.18=10-2 1.24=10-2 1.24-10-2 4.38 10'

130 90 0 3.13=10' 8.73 10 ' 1.18 10-2 1.24=10-2 1.24=10-2 4.35 102
310 90 0 3.13=10* 8.73=10-" 1.18 10-2 1.24 10-2 1.24=10-2 4. E = 102

490 90 0 3.13 10" 8.73=10-" 1.18=10-2 1.24=10-2 1.24=10-2 4. 35 = 10 2

670 90 0 3.13 10' 8.73 10-* 1.1R=10-2 1. 2 4 = 10-2 1.24=10-2 4.33 102

130 270 0 3.13=10' 8.73 10-' 1.18 10-2 1.24=10-2 1.24=10-2 4.38 10 2

310 270 0 3.13=10" 8.73 10-" 1.18 10-2 1.24=10-2 1..!4=10-2 4.35 102
490 270 0 3.13 10" 8.73 10-' 1.18=10-2 1.24=10-2 1.24=10-2 =.3S=102

370 270 0 3.13 10' 8.73 10-* 1.18=10-2 1.24 10-2 1.24=10-2 4.35 10'
a
Point source is assumed,

b
70'. of particulates emitted with median size of 35 L (10 - 80 t.). 307. of particulates emitted with
median size of 5a (0 - 10 L).

r*=

F,u/ OU I 'i lJ
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Particulates

The amount of particulates released from ore pad storage, crushing, and
grinding is based on the following assumptions:

From the ore pad, 1 MT/ year

From the crushing operation, 0.25 g/MT of ore

From the grinding operation, 0.15 g/MT of ore

The total annual release is:

1 MT/ year + (0.25 + 0.15) g/MT x 1800 MT/ day x 365 days / year

10-6 MT/g = 1.26 MT/ year . (12.3)x

The activity released annually is:

g/MT x 450 pCi/g x 10-12 Ci/pci1.26 MT/ year x 106

'*4 specific activity of released fraction),x
average specific activity of ore

= 1.36 x 10-3 Ci/ year . (12.4)

230U, 234U, 230Th 226Ra,This is the activity of each of the radionuclides

210Pb, and 210Po. It is assumed to be in the form of particulates having an

activity median diameter of 1.0 pm.

12.2 YELLOWCAKE DRYING AND PACKAGING

Radon

The radon release from the drying and packaging processes is negligible.

Particulates

238 230 226 210 210Po inYellowcake is assumed to contain U, Th, Ra, Pb, and

the following ratio: 1:0.05:0.002:0.002:0.002.

560 102
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Dust emission during product drying and packaging is controlled by pass-

ing the off-gas from the drying and packaging areas through a dust separation

system before the gas is discharged through a roof stack.

Dust emission is assumed to be 0.7 kg U 0g per day having an activity3

median diameter of 1.0 pm.

The 238U emission rate is:

e' dav 0.85 e U Ci ci3.33 x 10-7 - 7.2 x 10-2 --700 365 - x - x
day yr g U Og g yr . (12.5)x

3

The 233 Th e:.lission rate is:

7.2 x 10-2 E1 x 0.05 = 3.6 x 10-3 E1 (12.6)yr yr

The 220 210Ra, Pb, and 210 Po activity is:

7.2 x 10 ', CI Ci-x 0.002 = 1.4 10-4 (12.7)- -.
yr yr

12.3 TAILISGS

Radon

The radon flux from beach area (i.e., area not covered by solution) is

222 2 226assumed on the average to be 1.0 pC1 Rn/m -sec per pCi Ra/g of tailings.

With a 226 Ra concentration of about 450 pCi/g in the tailings the annual rate
of radon release is:

226 222 226pCi Ra pCi Rn pCi Ra Ci10_1 ',450 x 1.0 x
g tailing m -sec g tailing pCi

n x 3.15 x 107*"= 7x 103 EI . (12.8)x 5.0 x 105 2
yr yr

Particulates

The release of radioactive particulates by wind erosion of tailings is
a function of wind speed, crea, concentration, and the distribution of

5bd iVJ
fD 'n7
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radioactive concentrations. The emission rate is estimated using the equa-

tions described in Section 5.

The particulate release rates were calculated based on the following

parameters:

Surface roughness height, zo = 1 cm

3Density of tailings grains, a = 2.4 g/cm
Average grain diameter, d = 300 pm

Percent of tallings mass that is smaller than 20 um, p = 3.0

Specific activity of radionuclide i in tailings with particle size less

than 20 pm in diameter, I20:

23R U 450 x 0.07 x 2.4 = 75.6 pCi/g

23"U 450 x 0.07 x 2.4 r 75.6 pCi/g

230Th 450 x 0.95 x 2.4 = 1026 pCi/g

226 Ra 450 x 0.998 x 2.4 = 1078 pCi/g

210Eb 450 x 0.998 x 2.4 = 1078 pCi/g

210Po 450 x 0.998 x 2.4 = 1078 pCi/g

The activity fraction of suspended particulate for sizes less than 20 um

in diameter was assumed to be F20 = 0.4. Moisture in surface tailings was

assumed to be the average W = 0.1%.

The sample problem input data together with the Job Control Cards

required to run the program on IBM 370/195 are listed in Appendix B. The

printed output and the concentration plots from the sample problem are pro-

vided in Appendix C.

560 104
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APPENDIX A. MPILER LISTING OF UDAC PROGRAMSu

Page

M1N . . . . . ............................ 96
BLK DATA . . . ............................ 102
PART1 . . . . . ............................ 105
P0LUT . . . . . ............................ 122
ACTDR1 . . . . ............................ 125
ACTDR2 . . . . ............................ 126
ACT . . . . . . ............................ 126
DDEP . . . . . ............................ 127
INTEG . . . . . ............................ 129
AFUNC . 130. . . . .................. .........

DFUNC . . . . . ............................ 130
FERR ............................ 131. . . . .

FERR1 . . . . . ............................ 131
HT ............................ 131. . . . . .

KSZFC . 132. . . . ..................... ......

HEMER ............................ 132. . . .

TALRR . ............................ 133. . . .

GROUND . . . . ............................ 135
DOCOMT ............................ 136. . . .

NSNE ............................ 144. . . . .

DOSPOP . . . . ............................ 145
F0 DOSE . . . . ............................ 148
FOOD . . . . . ............................ 154
VEGF0D . . . . ............................ 155
TAILPS . . . . ............................ 156
EVFDOS . . . . ............................ 157
CONC . . . . . ............................ 159
DOSAGE . . . . ........................... 161
ANC4 . . . . . ............................ 167
INHALE . . . . ............................ 169
BLK DATA . . . ............................ 182
INITEX . . . . ............................ 184
ECALC . ............................ 185. . . .

ETEST . . . . . ............................ 186
ETESTl . . . . ............................ 186
KFUNC . . . . . ............................ 187
MSPSET . . . . ............................ 187
FRACT . . . . . ............................ 188
CONCPLOT . . . ............................ 189
CONT 0UR . . . . ............................ 193

e incs.sugt iuJ
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APPENDIX A. COMPILER LISTING 0F UDAD PROGRAMS

FORTRAti IV G1 RELEASE 2.0 MAIN DATE = 79078 16/02/C'+

C+*****a=******************************e******************************** 1.
2.*

C
3.C UPANIU:t DISFEPSION AND DOCIMETRY (UDAD) *

* 4.C
5.C VERSICH IX. 03/19/79 *

6.*
C

C*********************************************************************** 7.
3.*C

* 9.C DISFEFSI0tl - 00SIMETERY AMD EFFECTS OF UPANIUM MINING & MILLING
* 1P.C

11.C MICHAEL H. MCMEtlI, YUCHIEN YUAN AMD A. J. ZIELEtt *

12.C *

13.C DIVISION OF EffVIPCMt: ENTAL IMPACT STUDIES *

li.C *

15.C APGCN!4E NATICNAL LAECRATCRY *

16.*C
17.C *

* 13.C A CCMFREHEMSIVE CCMFUTER FPCCPAff TO FPCVIDE ESTIMATES CF FOTENTIAL
17.C PADIATICN E)FOCUPE TO INDIVIDUALS AN3 TO THE GENEPAL F0FULATION IN *

* 23.C THE VICINITY OF A UPAtlIUtj FRCCESSIN3 FACILITY
21.C *

22.C *

C**********************===************************a..*=***************** 23.
C 24

0001 P E AL*S LETCET,XNAME ,0"GAN,EPE P.T03 AY 25.
0002 FE AL*4 LCN.LP,MPC LGM 26.

C 27.
C VEY TO CCMMON CLOCVS: 23.
C 27.
C UDADC1 - MCSTLY SELECTED NAMELIST DATA (+ A FD4 OTHEPSI. USED BY 31.
C U3fD9,CLCD DATA CDEP,1! Tl3,FCLUT, HEADER,TAIF",0*CS3. 31.
C C CC CMT ,FOCFCP , FCCCCE .t E C F CC . E'.TCCS FAPT I , CCMC .CCC ? C4, FOOD 32.

C USACC2 - U:10 C( U0A09.ELCD DATA,00EP,INTEG.HT.FOLUT.TAILPS, 33.
C FAFT1.AFUNC.CFUNC 34.
C UD CC3 - USED B( UD A3 7 , C LOCVD AT A .CCC CM T .DCSPOP. F CCOS E , E VFCC3, 35.
C CC3 AGE,CCMC 35.
C USADC4 - USED BY US AD9,ELC9'D ATA.FCLUT,HE ADER.TAIER,C"CU::3.DOCCMT, 37.
C COSr0P , F C00SE , VE GF C3, F AP T 1, CCNC , C OS AGE 23.
C 31.
C IMHAL1 - It: HALE PARAMETEFS THAT ARE IN NA!1ELIST; USED BY UJAD9, 40.
C CCCOMT.DC3ASE, CONC 41.
C IMHAL2 - INHALE FAPAMETERS LCCAL TO IMHALE FFCCRAM SEDIES 42.
C IMPAL3 - DEFIVED INMALE DATA LCCAL TO INHALE FFCC?AM SEFIES 43.
C 44.
C ATA - LOCAL TO ACTCo2,4CT TAIFP,G7CUMD 45.
C CFC3 - LOCAL TO FCCOSE.FCCD.VEGFCD 46.
C CCFQ - LCCAL TO DCCC::T A!'D COSFCP 47.
C DEPY - LCCAL TO DDEP AN3 FCLUT 43.
C DSF2SN - LCCAL TO P!PT1.FCLUT 49
C DSTEZ - LOCAL TO INTEG.FEP7,FERR1.DFUNC 53.
C EVD - LCCAL TO C03FDP, EVFCOS, FC003E 51.
C INTG - LCCAL TO CDEP AMD ItiTEG 52.
C CDCAY - LCCAL TO TAIF.R AND CROLND 53.
C TCMOY - LCCA'. TO CCSC DCSAGE AND FC003E 5 '+ .

C 55.

C,

fhh
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FCPTPAtl IV G1 RELEASE 2.0 t1AIN DATE = 79078 16/02/0i

OCO3 CC!:"CN/UD A001/t!E TSE T ( 4 ) .) MAME ( 4,6 0 ) ,VD E P( 5 ) , PTSZF C ( 5,5 ), At N2, 56,

1 PTSZ15),FECICNI6),yFECEFt3,60),0M,>rHol15),LS'nX,IF:Nax, 57.
2 IFCFI 15,16 ), JC( 91,t.I"IC E ,1FH3[ 61,Ii P I 10 ),IF C2 0 3( 6 0 ),P F I,2; LIE D , S3.
3 Ff 1H( 8 ), FWFC0 t 0 3 ) ,UP T I:'E ,t JC( 7, S t , F C .0 F ACT .FF I E EUF I .C'.'ri , 59.
4 FL E Nt 5 ),FGTH f 4 ),XIIH 7 ) . ) It a 71,F CO31N: 2,3 ),F CLIM,F S tL F ,)PlC , 60.
5 F CCN( 6,5 ) ,F h0( 2 ) , C'd 21, T ut 2 ) . IC l 21, F V l 2 ) , COV( 6 ) ,1 E'. D 61.

0004 CC"::0N/c2 ACC2/s :E T( 51 CD:C AL ,CCC AL E ,LT i f E , 62.
1 Caf 61.CC( 61,UU( 61 t:r 3,UTE NIP.If Lt G JF Lt 3,IF OLU2, 63.
2 ICC'C 1.E E C~CE . II:3, IW 3,IS T AC ,It '; ,IU E 64.

C005 C0:t :0N' U3 ACC 3 C:D 'f u 3.12 ),EPE P( 3 ),0..F t 3.51. FAL L( 3,6 ),FEVl 31.TA, 65.
1 DCF CI 9,13 ),0:F Gl 9,13 t ,TFCP.CF13,5 ),SI ACT.Bi nis13,9 ), 66.
2 WHot 3,21,rPCMt 5,4 ) C:cNit 6.41 67.

0C05 CC" :CactC AOCi/TCDAY,tC,t PL t 7 EC EP,IFECE P,F PHO,IMX,IFAGE( 31, 63.
1 THET ACI 16 ),HItC7 f 161.PliLF 161,f ,U L F .CF ( 41.FE Do( 2,30 01,9tH 300 ) . ().

CICUMt 5,3C 3 ), Tr' ?t 5,4,30 0 ) .T F 37PI S.4,T:01, TCN3C( 5,3 00 ) . 70-2 3

3 TCicat 5,303 ),PEC EFTf 2,203 ),2FECEF( 2 001,liL( 3CC ), FILL ER( 1800 ) 71.
C037 CC""71'It J t AL l 'E( 10,12 ) , LC!M 10,41 L FI 10 ), F lt 10 ) , F 2F( 10,4 ) , 72.

1 IF:2L f 10 ),t' UC,tGFT/ 0 410,4 ),FEF:M 16 ),L CN'!( 16 ),C"C:H 16 ) 73.
C003 DIt1ENSIcti CAC TIV15,3 C O ) CF;'LUT( 5,3:31,FF( 7 ),F F LG( 7 ),ULF ACT( 3 ), 74.

1 ELF 1( 1244 ),0UF 3( 443 ),E Uf 4120454 ),Tt 161 75.
C 76.

0009 ECUIVf.LE?TE ( TCh:Ci 1,1 ),C AC TIVI 1,111,1 T C tGC( 1, i l,C TOLUTI 1,11 ), 77.
1 ( E Ur il l i ot':T:t T ( l i l ,( EUF 31 l l,f. Tf tp 1,1 ) l,([ UF4( l l . TCJai l 73.

C010 C AT A ULF ACT,1. 02 E-6,5. 07E-6,3.73E-6 / 79.
C *-o ***=******** --a* *- ** - **************=********* **** E3.
C S1.

0011 UC:6 C2
031' ' Lt:2=iL C3( 2. ) !3.

C Ci.

C F E't?W IS THE CU? PENT DIt'EN37C'l 0; FCEN IFFA( Af;3 THU3 THE MAX 05.
C t'U:J EF Cr scJrCE T f FES. IFE"ix IS THE CU"EENT DIPE::3ICM Ci li

C TF E F TSZ,VDEP,tSET t"F A13 t''3 Thu3 THE t'AX t:L'l.0EP OF P/"IICLE C7.
C T ri E3. THECE INITIAL NALUES ArE ADJUSTED LATER CN CASIS Cr ACTUAL C3
C U31CE. 09.
C 90.

0313 >S"AX=5 91.
031', IF0"Ar=5 9?

C 93.
C EF?3ET IS USED To curTPES3 EXFCN:NTIAL UNDEFFLOW EFFCP ttESCACES, 94.
C k:9ICH C AN CCCU7 TF QUENTLY IN US AD E'JT C AUSE NO H A"M. 95.
C 95.

0315 CALL E'FCET (2C3,256,-1,1,1) 97.
0015 FE/0 410. ISTEP 93
0017 IF ( ISTE P.GE .0.t ND.ISTEP.LE .41 CD TO 10 97.
C 0 :3 F? INT 400, ICTEP 103.
0317 C3 TO 260 101.

C 102.
C ISTEP FEATU"E ALLCWS U3t09 TO EE E'CvEN INTO MULTIFLE IrmEFEN'ENT 133.
C JP'3. THIG IG U'iFUL F C7 C ALCUL ATIP;3 INMLVIG l'?'i( "U~CES 1C i.
C K E?E CCMFJTf? TI.N: FEC'JIPENENTS C 10 OIK!' W SE F ECF"E EXCES2IVE. 1?5.
C A SECC"3 tCJ NTATE IS THAT DIFFEFENT TfFE3 CF C03?.SE CALCULATICh3 1C 5.
C Cl.H CE t"D: U21F3 ISTEF=3 AND THE t:34 Fir'"ETERS THAT C AN C: 107.
C I!FUT VI A N?"E LIST / NEU:ET - ALL WITHOUT PEPU:llIt:3 ISTEP= 1. 103.
C 10).
C ISTEP=0, 03 CC"FLETE UDAD AG CNE JC3, 113.

E O i 7
,) [; U iu/tt
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FCRTPAN IV G1 FELEASE 2.0 MAIN DATE = 79078 16/02/04

C ISTEP:1, STOP L'O AD AT END OF FOLUT CALCUL ATIONS; SAVE ALL DATA. l'11.
C ISTEP:2, FECU"E UCAO b"IEPE ISTEP:1 LEFT OFF. 112.
C ISTEP:3, SA"E A9 ISTEP:2 FLUS FEAD IN NIW PtPt,METEPS VIA NEN ET. 113.
C ISTEP:4. SAME AS ISTEP:0 FLUS SAVE ALL DATA AS IN ISTEP:1. 114.
C 115.

0000 10 IF (ISTEP.EQ.2.CR.ISTEP.EQ.3) GO TO 320 116.
0021 CtLL PART1 (IFCV,ISTEP) 117.
C022 Tt 1):0.0 113.
C023 Tf2):TA 119

C024 IF (OPTIME.LE.TA) T(2):CPTIME 12].
0025 T(9):TA 121.
0006 T ( 101:C PTI"E 122.

C EECAUSE Cr INITIALIZATICM CF CC"::01/COCAY/, TAIFR PUST EE CALLED 123.
C EEFC"E CECU::0. 124.

0027 C LL TAIra ( T,1.0.0 ) 125.
00:3 T(9):0.0 125.
0029 T(10) CPTIME 127.
0030 CALL Cr0UNO IT(9),01 1 '.

0031 ICPTIM:CPTIME 127.
0032 IF (IF:v.EQ.0 ) GO TO 100 130.

C********* FING THE DIFECTICM CF MAVIMA DISFERSICM 131.
C+++==*a** USINS PACCN 222 CC'CENIPATICN AT MAX X7HO 132.
C********* IF FACCM 222-0, USE 1ST PtRTICULATE 133.

C033 K:0 13).
0034 !LnAx:RN(FPHO) 135.
C035 IF ( SU"A <.GT.0.01 GO TO 20 126.
0036 E=1 137.
0037 CUMAX:TCNOC(1,KFNO) 133.
0033 20 IM<=1 139.
C039 CO 60 I:2,16 140.
OC'O J:'I-1 bhPH04 PHO 141.
00i1 IF (E) 33,30,40 1 ': 2 .

00'12 30 CU"3:FN(J) 143,
0043 C0 TO 50 w 4,

0044 40 SU':2:TCNCC( 1.J ) 145.
C C ',5 50 IF ( EU".3.LE .SU"AX ) GO TO 60 1;6.

00'6 CC"*.x=SLM3 1 ',7 ,

CC',7 I' I 143.
CO,3 60 CCNTI"UE 1'9.
0 0 'e9 CO 90 IT:1.16 1;0.

C053 CALL HE ADER (6) 151,

6031 F7 INT 530. THETAS (IT) 132.
C032 FDINT 510 133.
0053 FrINr 520 1 ;,

003', F?':IT 5;0 155.
C055 F? INT 510 155.
0056 CD 70 IP:1,FCHO 157.
0031 FFECEP:(IT-1 bLPHO*IR 153.
0053 70 raINT 550, >F::C ( IR ) , ( TCH3C( J .VR EC E P ) , J :1,5 ) ,PN( EF E CEP ) II?.

0057 OnINT 5'0, ICPTIM 130,
00'20 FRINT 553 161.
0061 FRINT 510 162.
0052 C0 E0 19:1,LcHO 163.
C063 FPECEP:(IT-1)*LPHO*IR 164
C064 EO FRINT 560, XPH0(IR ),( TCNSof ),VPECEP),J:1,5) 165.

c o

3uO' (,
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0065 90 CCNTIN'JE 106.
0066 100 00 120 I:1,NPECEP 167.
C057 SCt:0.0 ifs.
CMS D3 110 J:1,3 16 9 .
0069 lio CCt: Ct+CISON J.I).WLF ACTI J ) 170.
0C70 1:0 FL(II:CCA 171.
0071 IF (IOCV.EQ.01 CD TO 150 172.
C072 IT:0 173.
0073 Ca l',0 I:1,IPCV.FFF0 174.
C074 IT:IT+1 175.
C075 IF I M:J( IT,2 ) .E7. 0 ) G3 TO 130 174
C376 CALL HFt0EP 16) 177.
0077 130 rPINT 530. TUET AS(IT ) 170.
CC78 FRINT 510 177.
007) FRINT 590 1S 0.
C:30 r? INT 570 10 1.
C:31 PRINT 510 132.
CC 2 D3 1'4 0 II:1,F HO 1*3.
C:23 IP:II+I-1 1 C ', .

C::4 140 FnINT 560, KrH0(II),FMI IP ),( CISUNIK,IP ),K:1,3),WL(IP) 153.
C:05 150 IF I t:?ECEP.LE. IFCV ) C3 IO 200 1:'.
C:25 LL:60 107
C:37 N:0 1:3.
C223 IA=ICCV+1 10 ) .
0007 CO 17 0 IP:IA.N"ECEP 130.
0370 IF (LL.LT.601 GO TO 160 17 1.
0011 CALL HEJC P (6) 172.
0092 F7ItiT 5:0 19 3.
0;93 rFINr 610 19e.
CO?'t F?!NT 510 175.
C075 LL:3 15 6.
0076 160 N:N+1 177.
C 37 LL:Lt+1 173.
00'3 170 F?IN r 420, N,( > " ME( I,N ),I:1,4 ),( > PECEP(I .N I,I:1,3 ),( TCr'CC( I,IR ),I 177

1:1,51,rN(IP),UL(IR) T:9.
CuC7 LL:C0 201.
01 0 N:0 cc?
C101 C3 190 IP:IA,t'ECEP CJ3.
0102 IF (LL.LT.61) C3 TO 180 Z: , .

01C 3 CALL UE!OER (61 235.
01:i FPINT 530. IOPTIM 200.
0105 FRINT 600 207.
01 5 F? INT 510 2c3.
0107 LL:9 2C7
L103 180 thra l 210.
0107 LL:LL+1 211.
0110 19 0 T P INT 420, N, t > tlAra I,N ),I:1,4 ),( XPECE P( I,N ),I:1,3 ),( TCtlC0f I,IR ) ,I 212.

1: 1,5 l 213.
0111 200 IF ( JCf 11.GT.01 URITE ($1 PEGICN,XFHO,1N(,TCtiGC.TCli30,PN,NL 214.
0112 IF ( JC( 2 ) .E1.0. AN3.JC( 4 ) .EQ. 0 ) G3 TO 310 215.
0113 CD 300 IE 1,5 216.
0114 LL:50 217.
0115 IF ( JC( 2) .EQ.11 W11TE 19,500 ) ( C P( J ,ID ) , J: 1. 3 ) , P E GICN 2 13.
0116 CD I'0 VA:1,N?ECEP 2 19.
0117 Do 220 > C=1,7 220.

Li

__.
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0118 VCT:VC 221.
0119 IF (VC.GT.11 VCT:VCT-1 222.
0120 IF (FC.LT.7) TC A:TCt:CC ( VC T ,K A ) 223.
0121 IF (VC.EQ.7) TCA:7ml A) 2 2 ', .

0122 IF (UTC(I C.ID).El.0 ) CD TO 210 225.
0123 PFIVC ):TCAer:FC(VC IB) 225.
0124 IF (FF( kC ) .L E .01 RFI FC ):1.0E-50 227.
0125 PFLGitC):ALCG 10( P F ( V C ) ) 220.
0125 00 TO 220 229.
0127 210 F F(I C ):1. E 10 230.
0123 FFLCitC):10.0 231.
012) 220 CCNTIr/E 232.
0130 IF (JC:4).EQ.0) GO TO 290 233.
0131 IF ILL.LT.60) CO TO 230 2 3 '+ .

0132 C AL L H E *.0 EP ( 6 ) 235.
0133 F? INT 450, ( CP( J IB ),J:1,3 ) 235.
013'e r? INT 670 237
0135 ITI:.T 510 233.
0136 LL=7 237.
0137 230 CD To (240,240,250,250,270),IB Zi0.
0133 2',0 FAINT 450, VA,( PECEPT( J.V A ) .J:1,2 ),( RF ( J ) , J:1.6 ) 241.
0139 C0 TO 270 2 '. 2.
01',0 230 F RINT 470. V A,( PECE PT( J,V A ),J:1,2 ),( PF( J ) .J:1,3 ),( PF( J ) .J:5,7) 2 ',3.
0141 CO TO 220 2 ', i .
0142 25 0 F r P:T 47 0 VA,( FECEPT( J ,VA ) .J:1.2 ),( PF( J ),J= 1,3 ),(RF( J ),J:5,6 ) E iS.
0143 CD 10 220 265.
Olii 270 FRINT 400, VA,( RECEPT ( J,VA ),J:1,2),PF( 3 ),( PF( J ),J:5,6 ) 2 ',7 .
0145 200 LL:LL+1 2 'a .

C- 2').
C JCl2) FLAS CCNTPCLS N9ITIN3 CF 'J ATA TO DIS.< FILE FCP LATER UCE 230.
C BY ICOPLETH FLOT FFCCPAM. 251.
C *** 232.

0146 290 IF ( JC(2 ).EQ.11 WRITE ( 9,620 ) VA PECEPT( 1,VA), RECEPT (2,V A ),rFLG 253.
01',7 303 CCNTII:UE 2 't .
0143 310 IF (ISTEP.EQ.0) GO TO 330 235.

C 235.
C SAVE ALL CATA NEEDED TO RESUME FRC3?AM 257.
C 253.

0149 IF (JC( 1).EQ.01 U?ITE (3) FEGION,XCHO,INX,TCNSC TCH30,PN.WL 237
0150 V7ITE IS ) EUF1.EUF3.GUF4 250,

0151 IF (ISTEP.EQ.1) CD TO 250 251.
0152 CD TO 330 262.

C 253.
C PETPIEVE ALL DATA N:EDED TO PESUME FE03PAM 2 5 't .
C 255.

0153 320 FE40 (8 ) FEGICN,)THO,In:<.,TCLCC.TCNCO,FN,UL 256.
015', pet 0 18) EUF 1,0UF 3,r UF 4 267
0155 CALL PARTI (IPCV.ISTEP) 260.
0156 TA: ALC3( SUF F/fuF I I/l - ALN2/FCALF ) 259.

C 270.
C SPECIAL CALL TO TAIro NEEDED TO INITIALIZE CC:!"0N COCAY 271.
C 272.

0157 C AL L T AIFR ( T ,1. 0,-1 ) 273.
0153 IrCV:15 KFE0 274.
0159 330 CALL C0CC::T (IPCV) 275.

it)
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01 0 IF i)C(5).EG.0100 TO 340 276.
0161 CALL FC?CSE (IPCV,0,1) 277.
01(2 C ALL E'.TCO T II"CV,T1 273
0163 340 IF (jct 61.L9.01 C3 10 350 r79.
0164 CALL CCNC (IrCV) ;:3.
01:5 CALL CCCASE (IPCV) TSI.
0166 CALL FC:0:L (I"CV,0,10)

Ic ',0167 350 F? INT 440 23
C 16 3 IF ( JCi l l F Q.1./ N3.JC( 2 ) .Eq.11 C3 TO 39 0 ~ r,.
C1E9 IF ( JCI 11. E 7.11 CO 10 370 L5.
0170 IF ( JCl 21.EQ.11 C 3 TO 'd :25.
0171 360 STCP 2 7.
0172 370 STCP 1 c:3
0173 3:0 STOP ? pg).
0174 310 ST:'r 3 ;;3

C 291.
C 77,
C :n

0175 400 FC'"iT(1H1,' ILLEGAL ISTEP =',15) D'
0173 410 FC~PATIIll c.3,
0177 410 F C "',T t lit ,I2,3V ,4t3,1X,3F3.2,1F6 E 11.2 ) Us,
C l ?',

4 3 0 F r ~;", ,,T t 1H
,I2,3X ,4 AS ,1 < ,3 F 6.1.1F7E 10. 2 ) D7

0179 4s0 FC' 'T(*1','h NAL LN3 CF F CCTAtt') D
C 1:0 450 FCr"AT('0',4 M ,'cCr:EruPATIc:| t'r0 FCP ' 3A4) :;;.,

0131 4 0 F C'"'.T( ' ',14,5L 2r7.2,1r7L12.2) ::0,
O L" ? 4 7 0 F r' ".T( ' ',14,5X,TF7.2.1r3E12.2,12<,3E12.21 301.
0103 40 0 F C '"iTl ' ',14,5X,2:7.2,:'X,1rE12.2,12X,CE12.2) 222.,

01:4 40 0 F CNAT f ' 0 ' , ' P E CE F T C1' ,2X , ' X( F 'il ' ,3N , ' Y l M11 ' ,6X , ' 230U ' ,8X , ' 23YJ ' , 3H.
1 7X,'230TH',7x,'226FA',7X,'21CFC',7X,'2 P O',7X,'2L2rN') 30i.

01:5 50 0 F trMAT( 3 A4,1:*:,6 A4 ) 205.
013 i 510 F Co:uit 1X,13:l ' ' ): 3cs,
0137 SCO F C7"AT( ' O ' ,T 49,' TOT AL CCNC ENTPATICil IN AIR t rCI/t131' ) 3 7.
01:0 5 3 0 F C'" TAT ( * 0 ' , ' tie T A: ' ,F6.2 ' CEC ^E E ANGLE ' ) 303
C ,9 5'.0 FC- 'Tl'0',' DISTR:E',5X,'23 U ' ,0 X , ' 2 3 0 T ti ' ,7X , ' 226 P A ' ,7X , ' 21 C r3 ' , 30)..

1 7 :. ' 21C ro' ,7? , '22:7N') 313,
0190 55 0 F C~"iT ( ' O ' , ' D IS T A"C E ' .6 X , ' 2330 ' 8X , ' 23 0 TH ' ,7X , ' 226F A ' ,7 X , ' 21 C rD ' , 311

1 7 < , '21CFO' 1 313,
0171 550 Fr~!*,T(' ',1x,F7.2.1P10E12.2) 313.
01?2 57 0 F C' :t AT( ' ' , ' 010T A"C E ' ,6 < , ' 2:271:' ,7 X , ' 21gro ' ,7X , ' 214 ra ' ,7 x , ' 216 I ' , 31', .

1 7X,' WL ' ) 315.
0193 ISO FCTAT( ' ' ,TSO ,' TOT AL ACTIVITY CN C"CUh3 ( FCI/l'21',/ 316

IT47,'C"EraTIr i LIF E TIU CEFCCITICH l ',12,' N E' 731' ) 3 17.
01 % S;G re :' ATt ' 0 ' ,147,' r?t:N Cru:1TEFS t rCI "3 ), AU3 NC"F: LEVEL'l 313.
C t95 600 FC' '11'O c',34,'IDEtiTIFICATICM',T43,'X(Itt) Y(i tt ) Z( f t ) ' , 317..

1 169,'U233',T79,'TH:3 0 ' ,19 0, ' P A?Z 6 ' , T 101, ' F B210 ' , T 112, ' r0 210 ' ) KJ.
0196 610 F Cir ii t ' 0 ::' ,3\ , 'IC F f,TI F IC '.TICM' ,14 3 'X( F M ) 'i f M11 Zi tt i ' , T6 2, 3' 1.

1 ' U''3 0 ' , T 7 2, ' T H 2 3 0 ' , T ! ? , ' P A006 ' , T i2, ' F C210 ' , T 102, ' FC210 ' , 37
2 T 112, ' E X2 ' , T IM , ' n ' ) r3

0197 620 FC NATII5,1r:E9.2,0r7F7.3) }j,
0193 EN3 3 3,

560 111 f

- - - _ .. ____
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FC7TPAN IV G1 FELfACE 2.0 ELK DATA DATE = 79573 16/02/09

0001 ELCCK CATA 325.
-- 0002 FEAL 8 >ilA"E CPGAN,C?EP.METEET,TCOAY 327.
--

OC03 PE AL*4 I PC 323.
C00i CC:"'N 'UO i0C 1/t:E TC E T ( 4 ) ,) tU.":( 4,6 0 ) ,\ 0 E P( 5 ) , rit zf C t 5,51, ALN2, 3 ).

1 PT SZ( 5 ),PESICm 6 ),> 9E Cr r( 3,60 ),CM,> 7UC( 15 ),F EMA <,Ir? " <, 33J.
- 2 IFJrt 15,161. jct 91,tcc"CE IrHJi 61,IiPI 10 ),IFCO3:t 60 ),rF I,C: TIE D, 331.-

3 FF IN( E l, F ,:FCD( 6 0 ),C F T It:E ,t:FC( 7.5 ),F G,CF ACT ,rF IE ,rUFI.SUF F , 332.
__

4 FC!t:( 5 ),FGTH14 ),XIt;f 7 ),XIt 3I 7 ),F CCDINI 2,3 ),ESL Ill,rC SL F ,it::, 333.
5 F CC'u 6,51,r cO f 2 ) ,C '( 21, TU( 21.TC( 2 ), F V12 ),E 3'/( 6 ) ,Y E'JJ 33i.

C005 CC:m mt'U3fCC2<V3tTI51 D; CAL,q:CtLE.LTirE. 335.
1 Cat 6 ) C2( 6 ),L"Jt 6 ),tTS,tC E ,Nr?,IFl!3,JF L AG,IFCLU2, 3:5.
2 IS0"C 1.F31 CE ,It '3,I: 3,ISTIG ,IN:D ,IL 3E 3I7.

0006 CC? NIT 0:003/Cn' tN( 3,12 ),E FE r( 3 ),N F( 3,5 ),r ALLl 3,61,r:Kl 3 ),T A, 333
1 CCFC( 9,13 ),CC F G( 9.13 ), T FDP ,CP( 3,5 ),SF AC T ,Cra TS( 3,9 ), 337.

'

2 1.' Ol 3,2 ) , F F C:N 5,4 ) ,t CCN'it 6,4 ) 3;0.

0007 CC::. 2U3 rC4e TCD AY ,t r3,HrL ,t 'ECE P IPEC E P,FFH0.ItM,IPACE13 ), 341.g
1 TUETACI 16 ),Wir -"I 'S I,rHiLF t 6 ),r:if LF .CF ( 41 i:C7f 2,3CO ),FNI 300 ), 3 ',2 ..

2 CICL'H5,300i,TFCZI 5,4,30 01. T r3:a( 5,4,3 0 u r , TCt::C( 5,30 0 ), 3 ',3.
3 TCtJ?t 5,3:01,r t:E F T12, . 3 ),2RECE F( 20 01,WL( 300 ),FILLEP( 100 0 ) 3i+.

C003 DAT A F SL IM ,r ? iL F/ 0. 01,0.1!7 ' 3i5.
0107 C ATA CUF. .:DiF /1.C E-5,1.C E-9/ 3i6.
0310 DITA Ir c5 3 0/ 3 ',7 .

5_ 0011 C A T A C F .-0.9,0.5,0.35,0.35/ 3;3.
ur 0012 D tT A fi l .5 HIED ,rFIE/1.0.0.5.0.533/ 3'9.

C313 C AT A r;iH 4 1.0/ 331.
-- C014 Dr.iA IFC1CS/60 0/ 351.

0915 C AT A FWT CJ 60 +1.0/ 352.
0016 DATA FN 300 C.0/ 353.
0217 C iT A PFIN '2 1. 0/ 3:i.

= C0'3 C ATA V3ET/5 0.0/ 353.
- 001) DAT A FDE N 3.9,4*2.4/ 3:3.

002) CATA C:CALE ::::AL/1.0,1000./ 357.
0021 DATA TF 3?/60'C 0.0/ 353.
C0:2 C AT A TCt:~.3 "< 0 0.C/ 3:7.

-

C3:3 tiTA TCt; C/ LO2 0.0/ 3C 9.

'

03:4 C AT A FL3IC'F 6 ' '/ 361.
- 03:5 C AT A CA C .2.0.12,0.CS ,0.C6,0.03,0. 016/ 3( 2

C0:5 DITA CP 0.0.0.0,2.E-4.1.5E-3,3.E-4,3.E-4/ 353.
0 27 CATA UU / .67C55, 2.45072, 4.47C40, 6.92912, 9.61136, 12.51712/ 3: 4
00:3 D AT A X?H3/ 0.1.0.5.1. 2. ,3. 4. 5. ,10. ,:3. ,3 0. 40. ,50. , 3C 5.

1 60.,70.,80./ 301
00:9 D A T A IFH3'1,3,7.8,12,15/ 317.
C030 D AT A Ii c /1,3,5,7,10.15,20,30,5 0,7 0/ 303.
C031 D AT A V:E P/5 0.01/ :;9.

-

0032 r*,TA FTE2FC/2:+0.0/ 370.
C333 Dari PTEZ/5 0.0/ 371.
C03i c tT A r;!ALF/ i.51E9,2.40E5,3.C E4,1.62 E 3,21. ,0.13/ 372.
C035 DATA F.iALF/50 / 373.
C036 D ATA n' * :/240 * * '/,McECEP/120 0./,Ir0?/240 9/ 374.
C037 D AT A Wit'2? -( n' 4m NE 6HNE ,(HENI .4HE ,G:K:E ,(H9E 375.,

- 1 ( 4LC3W .4U:;4 ,4H;':W .4 H 4:C;4 .4dc4 376.....e , a ,

- 2 4E :I / 377.
C033 C AT A C E3 AN/ ' tU '"?H AR ' , 'it:GE AL 8,' ' 370.,

- 1 'Tr!CHEC3','rCNCHIAL',' 37).'
,

2 ' F Ult :C ;A?. ' , ' Y ,' 300.' '
,

_

-

_

-
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331.3 'WHOLE ED','DY ' ' '
, ,

322.4 'ECNE ' ' ' ' '
, , ,

3S 3.5 'KIONEY ' ' ' ' '
, , ,

' ' '' ' 334.6 ' LIVER , ,

303.7 ' STC:"CH , ' ' ' '
, ,

8 'C'ALL IN','TESTINE ',' 32 6.'
,

9 ' UPPER LA','FCE INTE','STINE 337.'
,

X 'LCMER LA','FCE INTE','STIhE 333.'
,

'/ 309.' 'X 'L EFH N0',' DES ,

C039 DATA CP/4HW'ICL ,4HE E0,6HDY 373.,

1 WCCNE ,4H .4H 371.,

2 4HLUS3,4H .4H 392.,

3 4M:-:ICN,4 HEY 4H 3?3.,

4 4MLIVE 4HP 4H / 394.
0040 DATA I:FC/6.CE2,6.CE2,5.CEO,2.CE1,4 CE2,2.0E3,0.0, 395.

1 2.CE2,2.0E2,8.CE-1,1.0E-1,7.0E1,2.0E3,0.0, 396.
2 5.CE1.4.CE1,3.CEO,0.CEO,8.CE1,7.0E1,3.0E3, 397.
3 3.CE1,4.CE2,2.0EO,0.CEO,4.CE1.2.0E2,0.0, 373.
4 0.0EC,0.0EO,7.0E0,0.CEO,1.CE2,6.0E2,0.0/ 399.

0041 DATA PCFC/ 433.
1 1. 0 0 E 8,1. 57:6,2. 9 2 E 5,1. 29 E 6,2. 43 E S . 4. 77 E 5,1. 35 E 6 ,1. 53 E 6 ,3. 2E E 5, (01.
2 6.22ES,5.2iE7,2.CCE7,4.85E7,3.25E7,4.2?E7,8.6CE7,9.33E7,3.12E7, 402.
3 7. 6 3 E 9,1. 22:3,9. 57 E 7,8. C 6 E 7,7. 33 E 7, S . 94 E 7,9.33 E 7,1. 0 ES ,0 . 73 :7, 403.
4 1. 3 5 E O ,2. 4 9 [6 ,6. 6 4 E5.2. 0 3 E 6,5. 9 7 E5,1. 0 3E 6,2. 6 'i E 6 ,2. 9 4 E 6,7. 3 ', E S , 4 0 ', .

5 1. S E3,3.57E6,1.52E 6,3.17E6,1.3326,2.1CE6,4.83E6,5.31ES .1.6'E6, 405.
6 1.77EO,4.9 E 7,2.63E7.6.27E7,3.44 E7,4.33E 7,6.9CE7,7.52E7,3.93E7, 403,

7 3.46E6,2.83E6,1.C;E6,3.1CE6,2.05!6,2.67E6,3.30E6,3.46 E6,2.9 3E6, <07..

8 8.12 5.6.3',E3,3.ECES ,5.72ES 4.91ES ,5.93E S ,6.34E5,6.95E5,6.3;ES , 63.
9 4.2 C E9,1.67E 9,7.46 E3.1.94 E9,1.17E9,1.52E 9,0.15E9,2. 2? E9,1.57E9, 407.
X 1. 75 E 10,1.16 E 10,9.13 E 9,9.29 E9,8.8 6 E 9,1.10 E 10,1,17 E 10.1. 26 E 10, 413.
X 1.15E10, 411.
X 9.87:5,7.66 ES ,4.7 0 E S ,6.92E S ,5.9 3ES ,7.17E S ,7.66 ES ,8.4C E S ,7.6 6 ES , 412.
X 3.94E3.1.43E7,7.56E6,1.21E7,5.31E6,9.05E6,2.23E7,2.45E7,7.27E6, 413.
X 3.56E9,8-C.0/ 414.

0042 DATA CCFG' 415.
1 2.13 E'e . 3.17 E 3. 5.83 E 2,2. 6 0 E 3,4. 9 0 E 2,9. 62E 2,2. 73 E 3,3. 00 E 3,6. 47 E 2, 416.
2 2.10E 4,1.66 E4,7.21E3.1.53 E4,1. 0 3E4,1. 3'a E4,2.72E4,2.96 E4,9.87 E 3, 417.
3 1. 5 0 E 7,1. 72 E 4 ,1.17 E4,1. 4 5 E 4,1. 32 E 4,1. 61 E4,1. 77 E4,1. 9 4 E 4,1. 53 F 4, 413.
4 2.6CE4,4.70E3,1.27E3,4.00E3,1.15E3,1.97E3,5.05E3,5.63E3,1.40E3, 419.
5 2.2CE4,6.12E3,2.60E3.5.40E3,2.27E3,3.59E3,8.2;E3,9.CSE3,2.85E3, 423.
6 1.15 E 4,9.47 E 3,5. 07 E 3,1. 21 E4,6. 6 3 E 3,8. 33 E 3,1. 35E4,1.45 E 4,7. 52 E 3, 421.
7 6.15E2,5. 0 3 E2,1.E4E2,5.53 E2,3.6 5 E 2,4.76 E 2,5.2E E2,6.15 E2,5. 3:E2, 422,
8 1.42F2,1.1CE2,6.73:1,9.91E 1,8.5 E 1,1. 03E2,1.10E2,1.20E2.1.10E2, 423.
9 1. 4:E S ,3.16 E 5,1.41 E 5. 3. 6 6 E S ,2. 21 E 5,2. 8C E S .4. C6 E 5,4. 32 E 5,2.9 6 E 5, 424.
X 1.20 E7,1.8 5E 6,1.47E6,1.49 E5,1.4 2E 6,1.76 E6,1.CC E S .2. 06 E6,1.85 E6, 425=
X 1. 72 E 2, : . 3 3 E 2,S .17 E 1,1. 2 C E 2,1. 0 3 E2,1. 25 E * ,1. 33 E 2,1. 4 6 E2,1. 33 E 2, 426.
X 6.6 5E4,2.27E4,1.20E4,1.92E4,8.4 5E 3.1.44L + ,3.56 E4,3.9 3E4,1.16 E4, 427.
X 5.CCE6,E-0.0/ 423.

429.,4':CL ' , ' E E0' , 'DY ',0043 CATA CTRTS/' SKIN',' ' ' '
, ,

433.1 '0 VAR','IES ',' , TEST','ES' ' ' '

'.
,

431.2 ' EM I ' , ' U; E 3 ' , ' TIME ' , ' LU::3 ' , ' ' '

',,

432.3 ' F :3 ' , ' Uff R ' , ' C:4 , C: EL ' , ' ETCN ' , ' '' '

' ' '/ 433.4 'STLE','EH ,

0044 DATA FFCM/' PACT','ICUt','ATES',' 434.' ' '
, ,

1 'PLC3',91 435.' ' ' ' '' '
, , ,

k [, ] 1*7
vvo I .J
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2 ' C"OU ' , ' t?D D ' , ' E POS ' , ' ITIO ' , ' ti 436.i

3 'CLOU','o su ,' ente,,'SION'*' O 437-
0095 DATA MID/' Iti' , ' Hil A ' , ' T IC'i' , 423.

l ' ' , EXTE ' , ' R;;?,L ' /'

0 09'-ggg5
DATA XIti '0.3,0.C5,0.2.0. 03,0.77,0.0575,'i /A XIN3/0.26,0.3,0.1,0.03,0.23,0.0137I 0/0 #' l -0047

C0%S D AT A FC3 ]IN' 5 3.0,50. 0,6 0. 0,50.0,0. 3,0 12/ '

C047 D '.T A FCCN/ 2 3.4E-4,2.0E-6,4. C E-3,2.9 E 4,1.2E -2, N, '2
-

- 6.1E-4,5.C E-6,4.5E-4,2.6 E-4,1 < E-4, *-
,, o -t.0E -3,4. CE -3,5. C E-4.2. C E-3,4. C E -3 * 4 '' 3 .

-

g 3-2.02-3.2.CE-5,2.0J-3,1.cr 'a 445.'

2.0,30.0,50.0.100.0,500.5/ 47.
0050 A ND ,m- 2.r2/ 44S.
0351, D AT A C'!/0.75,2.0/ 4 t. 9 .
0 "- '- C AT A TiU2 14.0 / 430.c

f}3
C'.TA TC/30.,60./ 451.%,
C '.T A F '.' 2 0. 2/ 452.,;:
D/TA FG,CFt. cts 2 0.5/

'

C E / 2- 2.5E -3,4.2E-3,3.1E-4,6.2 E '' 1 ' SE- 1/ 4M-
NdC DATA EPEP/'t":nct:IA','l EPITHE','LIU!I '/ 4?3-

c?3 ^ #=''5 0 O' 6ES.
s

C C ATA METSET/4 ' '/ 457.
C| 0 EN7 450.

' ' b'
01

560
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0001 SUCECUTIttE PA1T1 (IFCV.ISTEP) 459.
C 453,
C SUEFCUTINE TO EXECUTE 1ST FART OF USAD CCDE 461.
C 462.

0002 PEAL *3 METSET,XtU!:E . TCD AY ,D AT E 1,DU: :lY.CPC AN .CR EP , WIND S P( 6 ) 453.
0333 PEAL *4 f:FC, LCM,LR.LC!21 464
CCC'* DIt'EN3ICN TAILF( 6,5 ',FPEW3( 6 ),FNID( 2,7 ), PACT ( 4,5 ),C ACTIV( 5,300 ), 665.

1 CFCLUT( 5,30 0 ), Ta t 80,5 ),r:CFC('',1,RF ( 7 ) IDTAIL( 5 ) ,F T AIL ( 7,5 ), 466.
2 FTSZC0( 5 ),CFTAIL( 5 ),CCLSLMM 7 ) C".CUF,4( 5.9 ),S07CIDl 5,9 ),SLIF( 5 ), 467.
3 ICEll 3,6 ),TE!:PI 12,03 ),JHIT( 61,NO K( 960 ), FENGTS( 16,7 ),IFCFC( 171 453.

0005 CC::::C:vU3 AC C 1dE T S E T ! 4 ) ,XN '.!:E 14,6 3 ) , VC E F ( 5 ) , PT EZF C l 5,5 ) , A LN2, 669.
1 PTSZ( 51 REGICN( 6 ),XPECE F( 3,60 ),CM WH0( 15 ) .ES:!AX,IPENW, 470.
2 IFC"I 15,16 ),JCf 9 ),t:2'7C E . IFH3( 6 ) ,11 R I 10 ) ,IFCCOS t 6 0 ) ,PFI,S' LIED , 471.
3 FFINf 8 ),FMFC0 f 60 ),CPTIME.McC( 7,5 ),FG,DFACT,PFIE .SUF I .EUFF . 472.
4 FDEN(5 ),FGTHt 4 ), XINI 7 ),XIN3( 7 ),FCMIni 2,3 ),RELIN FSALF,YCOC, 473.
5 FCCm 6,5 ),F::Cl 2 ),CV( 2 ) .TWI 2 ),TC( 2 ),FVI 2 ) ,CSV( 6 ) ,Y EVD 474.

0006 CC:*:J VUSACC2/VSET(51,C FC',L,GOCALE.LTiFE, 475.
1 CA(6),C:(6),LU(6),NFS,t:FE,tCP IFLAG.JFLAG,IFOLU2, 475.
2 ICC2C 1.FSC"CE ,INJ ,IUS IST AB,I;C3,II. E 477

C007 CC::"r'UUDnC 3 Car ";t 3,12 ) ,Cr E r( 3 ) .C::F ( 3,5 ) , PALL ( 3,6 ), FEM ( 3 ),TA, 473.
1 CCFC( 9,13 ),DCrCI 9,13 ),TFCP EPl 3,5 ),ST ACT .C FRT3( 3,9 ), 477.
2 W'iO! 3,2 ) , F F 2:M 5.4 ) ,CCC!U( 6.4 ) 42)'

0003
CC::::C o L3 :C',',uItr7( 16 ),rH ALF16 ),FH ALF .CF( 41.FCDR( 2,300 )

R:'.Y,NF NFL,trECEP IRECEP,FFHO,IMY,IFASE(31, 4S1.
1 TH:TAS115) ,FN(300), 4:2.
2 C Iru!!! 5,3 0 01,TF! C( 5,4,33 0 ) , TPSZP ! 5,4,30 01,TCNOC ( 5,30 0 ) , 433.
3 TCt::015,333 ) ,FEC EPT( 2,300 ),2R EC EN 303 ) ,WL( 300 ) , FIL L E7( 1000 ) (34.

0009 CCN::CM 'Irw L 1/ El 10,12 ),LCN( 10,41, LR I 10 ),F il 10 ),F CPI 10,', ), C5.
1 IF2'L( 10 ),t :UC ,tCFTA0 f 13,4 ),FCF:M 16 ). CEM 16 ),0NO:M16) 4:5.

C310 CC!:. N.CCFM N/FFEQt16,6.61,s TCE(12.S0) ep
0011 ECUIVAL Et:CE ( TCN':3( 1,1 ),C ACTIV( 1,1 ) I,( TCNCCt 1,1 ),CFOLUT( 1,11 ) 40[.
CO12 E''UI . ALE t;C E U.0?MI 11, TEt:'l 1,1 ), TG( 1,1 ),F Lt:JTSI 1,1 ),IF0FCt 1 ) ), G).

1 1M25( 1131,CCLSum 111 4 :3'
0313 D AT A IDCO/10' 0 /,JHIT/ 6 * 0/

4 3[,1 '
43

C314 DATA C"CUFN'45*' '/
C015 DATA SC'C:n/43*' '/

49[,C016 D AT A C L A' :/ ' '/ 49
0017 CATA FMIC/4MU233,4H 475.,

1 4:i'J231,4H 493,,

2 JH!!:23,4H9 4g7,,

3 4H7A22,4!:5 m,

4 4H FE 21,4H 3 4p,,

5 4HFa21,4HO Sc),,

6 41FtC2,4H2 / 58j
C018 DATA WINDSP/EH 0 - 3 ,8H 4 - 6 ,SH 7 - 10 ,EH 11 - 16 , !b2|

1 EH17 - 21 EHO'/ER 21 / ca3

C A}3
C ATA PTAIL/2.4.0.0 3,0.1,1C O.0,1.0,3.0.0.1.28 0.0/ !b;|00 9
CATA IDTAIL/5 0/ cc5

00'.1 DATA FT22:0/5 0.4/ 533'
CO22 DATA TAILP/39 0.0/ '0;
CO23 DATA SLIP /5*1.0/ Lh'
0024 NAMELIOT/ INN TA/PEGICM.METSET.DM,CPTIME,MFC FDEN.VR43,F2 Fit, !b7.

1 I AOD .)'F E C E P N TC"C E , SO C E , XNANI . )'FHO , F P E r), I FO P ,itS FT AD , LCS:!, 510.
2 JC ,VD E P , P T 32TC , P ISZ ,C F O'JFN SC"C ID , IF::0, I) P , E , LCN , L R , F 1. F2P , 511.
3 IFECL ,tt UC ,IF C00'i, Fl:AL F , FACT,FFI .EHIED ,ID TAIL , PTCZ23,FFIN, 512.
4 F::FCD.PTAIL FGTH,XIN,XIi:3,FOCDIN.FCCN. RHO,D /,TW TC,FV, SLIM, 513.

5u04 ", ' ri ;

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ . . . _ . . . . .
.
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5 BSV.FG.DFACT.RFIE,SUFI,SUFF,YEVD.RSLIM.PSALF,YCCC.IDSQ, SLIP 514.
0025 f tA!!E L I STe tiEUS E T/JC . IT R , IFH3, IF CDOS . FN F CD , M3P T AB . F2FM , L CHM , t tUC , 515.

1 E . LCM , L R . F 1, F 2P . IFSOL . SH I E D , FF Itl, PGT H , X IN , XINS , F CCD IN , F CCH , 515.
2 FHO . DV ,Til, TC . F V . BSV , F G , C F AC T .F F I E .1 E VD , RSLIti ,0 C F C . CC F G , 517.
3 R S ?,L F ,1 C CC . SUFI , SUF F 513.

C ******************************************************************* 519.
0026 FRINT 13C0 523.
CC27 FPINT 2590 521.
0023 FRINT 1310 522.
CO29 PRIttT 1320 523.
0030 FRIttT 1310 524.
C031 FRINT 1330 525.
C032 FRItti 1310 525.
C033 Falar 2590 527.
0034 FFINT 1310 528.
C035 FCINT 13'*0 529.
C035 FRINT 1310 530.
0037 FRINT 1310 531.
0C33 FRItiT 1310 532.
0039 FPINT 1350 533.
00'0 PRINT 1310 534.
C041 FPINT 1350 535.
0092 FRINT 1310 535.
03:#3 FRINT 1370 537.
0344 FPINT 1310 533.
0015 FFINT 1310 539.
0045 FF. INT 1310 5 '+ 0 .

0047 FRINT 1310 5;1.

C0iS FRINT 2690 542.
CC49 IF t ISTEP.EQ.01 GO TO 20 543.
0053 GD TO (20,1233,10,20),ISTEP 554.
0331 10 READ ( 5,t Ell:ET ) 515.
C032 03 TO 83 5;5.

0033 23 TCO AY:C ATElf N"MY ) 5 '* 7 .

C054 GFACTP:1.157;E7/355. 5;3.

0055 Itu:1 5,

03:5 LSTAE:6 550.
C057 LUD=15 551.
C030 LUS:5 552.
0059 NCFJ:5 553.
C060 Y E'. C : 10 0. 554.
CC61 C::= 53.0 555.
CC62 C3 30 L=1,9 5ES.

C 557.
C JC FLASS CCNTROL FF00?AM EYECUTICN AS FOLLCL:S: 558.
C JC( 1):1, U7ITES DINAR ( FTCSFC01 FILE FCR CCNCFLOT PF 00 RAM 559.
C JC(2):1, U2ITES EECDIC FTC9F001 FILE FCR ISDFLETH FLOTS 550.
C JC(3):1, FRIttTS EFFECTIVE DIS"EPSICH FACTCR TABLES, FT10F001 551.
C JC(4 ):1, FRINTS CCMCENTRATION't:FC TtFLES 552.
C JC(5):1, FRIt;TS CCSE CCt::!ITI'ENTS TA2LES 553.
C JC( 6 ):1, EXECUTES C03*.GE SU3"CUTItiE (CY-PASS IF =0 ) 554.
C JC(71:1. AVAILACLE 555.
C JC(81:1, FPINTS INDIVIDUAL SCURCE CCNCENTRATICtl TACLES 556.
C JC(9 ):1, AVAILAELE 557.
C 558.

L
\ *\ U
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C052 30 JC(L!=0 569.
0063 DO 4 0 L = 1,2',0 570.
0054 ZRECEF(LI:3.0 571.
0065 CO 40 LL=1,2 572.

C FCCEPT (1,IFECEPl=HCRIZ 1TAL CC"?CNENT OF PEC:PTCR 573.
C PCCEPT (2,IRECEPl= VERTICAL CC"FCNENT OF PECEPTCR 574.

OCf 6 40 FECEFTtLL,LI:0.0 575.
0057 D1 50 I=1,5 57'
CC6S C9 53 J:1.303 577.
00:9 53 CICU:;l I .J )= 0.0 573.
0070 IfCO:0 57).
C071 IFCLU1:1 500.
0372 IF OLU2=N0F0 521.
C]73 NFCLUT=5 532.
C074 N:^"CE=0 5S3.
C075 k P!:0 = 15 52 i.
C076 IFCV=0 E 5.
CC77 SLIU=0.01 525.
0073 CO 60 J:1,16 SC 7

C077 THETA 0(Ji=(J-1)*22.5 523.
C003 CO 6 0 F = 1,6 507.
C031 00 60 t=1,6 500.
CO22 60 FPECf J K,L)=0.0 591.
OC33 OPTIFE=15.0 5 2.
00 4 PE RO ( 5,1ND ATA,EN3=70 ) 573.
C035 C-9 TJ 00 5N.t
CCC6 70 STC? 595.

C 575.
C CHECK VIA IDSQ IF ANY SCU"CES APE TO BE E70 KEN UP INTO SFECIFIED 597.
C NU CER CF S U?."[S IN X ANs Y DIFECTICN. IO37f 3,6 ): 573.
C 1ST INDEX = SCUTCEI 10,I), a CF X-DICECTICN S;UAFEG, # CF 539.
C Y-DIPECTIC1 S7U?'ES. 603.
C END INCEX = 1 TO 6 SITES CELECIED TO CE ER0EEN INTO SOUAPES. 601.
C 6C2.
C***+ CUTFUT FCR INFUT NAMELIGT VARI ACLES **** 603.
C 6C4.

0027 80 CALL 1:EADER (6) 6C5
C PO IF (ISTEP.NE.3) FPINT 1430 Sci
(007 IF (ISTEP.EQ.3) PRINT 1500 607.
PC73 FPINT 1300 6:3.
C011 FRINT 1!00, BSV 607
00 2 FRINT 1750, DFACT 610.
CC?3 IF (ISTEP.NE.3) FRINT 1760 CM 611.
C07; FRINT 2040 612.
C005 F3 INT 1923. DV 613.
CC76 FRINT 2110 614.
0097 FPINT 2120. E 615.
0073 FPINT 1350 616.
C09) FEINT 1:33, FCCN 617.
0100 FRINT 1770, FG 6 18.
0101 F? INT 1910 619.
0102 FRINT 1923, FCCDIN 620.
0103 FFINT 1720 621.
010; FFINT 2070 622.
0105 F2 INT 1720, FV 623.

b
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0106 FRINT 2150 624.
0107 FRINT 2120. F1 625.
01C3 FRItiT 2163 626.
0109 FRINT 2120. F2P 627.
0110 CALL HEACEP (6) 623.
0111 IF (ISTEP.NE.3) FPINT 1440 629.
0112 IF (ISTEP.EQ.3) FRINT 1390 633.
0113 FRINT 2000 631.
0114 FRItiT 1933, F2FM 632.
0115 IF (ISTEP.EQ.3) GO TO 120 633.
C116 FRINT 1790 634.
0117 CO 90 J:1,9 635.
0118 IF ( 09':UnH 1, J ) .EQ.CL At:K ) GO TO 100 636.
0119 90 FRINT 1E43, ( CRCUFN(K,J ),K= 1,5 ) 637.
0123 CD TO 110 6 33 .
0121 103 FPINT 1310 639.
0122 110 f.1 INT 1:20. IAOD 640.
0123 F?ItiT 2C00 641.
0124 FnINT 2093 I007 6 't 2 .
0125 FRItiT 1530 643.
0125 FRINT 2133. IDTAIL 6'44.
0127 120 FPINT 1:50 645.
0123 F? INT 2109, IFCCCG 6 't 6 .
0129 IF (ISTEP.t;E.3) FRINT 1830 647-
0133 FCI:;T 2170 6(3.
0131 FnINT 2150, IFSCL 649.
0132 FRITIT 10',0 653.
0133 F3It1T 2103, IFa0 651.
0134 F2It;T 1353 652.
0135 FRINT 2133, IYR 653.
0136 F2 INT E5!0 6 5 't .
0137 FRItiT 2100, JC 655.
013'i FRINT 15',0, F PNO 6 5.
0139 CALL NEADER (6 ) 657.
01;] IF (ISTEP.t'E.3) FRINT 1440 653.
O l't 1 IF (ICTEP.EQ.3 ) FRINT 1390 659.
01'e2 F3 INT 2133 6(0.
0143 FPINT 2120 LCN 661.
O l't 4 FPINT 2210 662.
0165 FPINT 1920, LONM 663.
0145 FRINT 21;0 664.
01',7 FPINT 2120, LR 665.
0140 IF (ISTEP.NE.3) FRINT 1550, METSET 666.
0149 rRINT 1560 667.
0150 FFINT 1;;0, MFC 663.
015' FCINT 21i0 669.
" FRINT 21E3, NSPTAB 670.

i FRTNT 2100, t:::UC 671.
0154 IF (ISTEP.EQ.3) C0 TO 130 672.
01:5 FRItiT 1570, t;r:7CE 673.
0156 FRINT 1500, CPTIt:E 674.
0157 FPINT 1970 675.
0153 FFINT 1900, PACT 676.
0159 FNINT 1590 677.
0160 FRII;T 2020 F0EN 673.

' , ' ' .*
a .),s

EhdJ



. . . . . . . . _ _ _

109

FCRTPAN IV G1 PELEASE 2.0 PART1 DATE = 79086 16/23/38

0161 130 FRINT 2000. PFIN 679.
0162 FRINT 1990 680.
0163 FRINT 1980. FGTH 681.
0164 IF (ISTEP.NE.3) PRINT 1600. PHALF 6S2.
0165 CALL HEACER (6) 603.
0166 IF (ISTEP.NE.3) GO TO 140 ( S '+ .
0167 FRINT 1390 635.
0163 G0 TO 150 6?5.
0169 140 FPINT 1440 637.
0170 FPINT 1960 603.
0171 FRINT 19'.0, PTAIL 607.
0172 FPINT 1610 690.
0173 FRINT 2020. FISZ 671.
0174 FPINT 1620 692.
0175 PRINT 2000. PTSZFC 693.
0176 PEINT 2010 694.
0177 FRINT 2020. PTSZOO 675.
0178 150 FRINT 1370 616.
0179 FPINT 2120. FiJC0 697.
01S0 IF (ISTEP.EQ.3) GD TO 160 693.
0131 FRINT 1630. PEGICN 679.
0102 FRINT 1640. FFI 700.
OlS3 160 FRIhT 1650. RFIE 701.
0134 FRINT 2030 702.
0135 FPINT 1720, PHO 703.
CICS FFINT 1660. RSALF 704.
0137 FRINT 1670. RSLIM 705,
0100 FPINT 1680. CNIED 7C5.
0109 IF (ISTEP.EQ.3) GD TO 170 707.
0110 PRINT 1690. SLIM 7c3.
0191 FPINT 1700 709.
0192 F7 INT 2020. SLIP 710.
0133 170 CALL HEADER (6) 711.
0134 LL:6 7 12.
0195 IF (ISTEP.NE.3) GO TO 180 713.
0176 FRINT 1390 714,
0177 GO TO 230 715.
0193 180 FRINT 1440 716.
0177 FRINT 1710 717.
0200 D0 190 J:1.NSC9CC 713.
C201 IC EE T:50?C E ( 10. J ) 719.
0:02 l.CCPCE :SCRCE( 11. J ) 720.
0:03 LL:LL+1 721.
0204 IF ( LL.LE .53 ) GO TO 19) 722.
02:3 CALL HE ADER (6) 723.
0:C6 FPINT 1440 724
0:07 FPINT 1730 725.
02C3 LL:5 726.
0227 190 F? INT 1720. (SC?CE(K.J ) K:1.9).IDSET,KSCFCE.SCT 12.J) 727.
0210 IF (LL.LE.55) C0 TO 200 720.
0211 CALL HEACER (6) 729.
0212 rnINT 1440 730.
0213 LL:4 731.
021 '+ 200 FRINT 1740 732,
0215 LL=LL+2 733.

I |? Gb /

_ _ _ _ _ . . . . . . . . . . . . .
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0216 00 210 J:1,9 734.
0217 IF ( ECRCID f 1, J ) .EQ.EL ANK ) GO TO 220 735.
0213 LL:LL+1 736.
0219 IF I LL.LE.53 ) GO TO 210 737.
0220 Ct1L llEt0ER (6 ) '33.

0221 F? INT 14'+0 739-
0222 FPINT 1730 700.
0223 LL=5 741-
0224 210 FCINT 1800, (SCPCID(K,J),K:1,5) 7(2.
0225 GO TO 230 743.
0226 220 PRINT 1310 744.
0227 230 00 320 J:1,12 745.
0223 LL:LL+3 745.
0227 IF ( LL.LE.53 ) GO TO 240 747.
0230 CtLL bE ACER (6) 7(3.

0231 FPINT 1440 749.
0232 LL:7 750.
0'_33 240 C0 TO (250,260,270,280.290,300,310.320,330,340,350,360 ),J 751.
0234 250 FRINT 1450 SUFF 752.
0235 GO TO 370 753.
0236 260 FPINT 1460, SUFI 754.
0237 C0 TO 370 755.
C233 270 FRINT 2- 0 756.
0237 FPINT l'rz0, TC 757.
0 2'10 CC TO 320 753.
0241 200 FRINT 2050 75).
02;2 FRINT 1920 TW 760.
0043 CD TO 323 761.
02;4 290 IF (ISTEP.EQ.3) GO TO 330 762.
00',5 FPINT 1470 763.
02'6 fnINT 2000, VDEP 764.
0247 03 TO 200 765.
02;3 300 FAINT 1730 7C6.
0257 FCIdT 1940, XIN 767.
0250 CD TO 220 763.
0251 310 frINT 1350 762.
C252 F2 INT 19'i0, XIt:0 710.
0253 00 TO 320 771.
C25; 320 IF (ISTEP.EQ.31 G0 TO 380 772.
0255 FRINT 1400 773.
0256 FPINT 1490 774.
C257 GD 10 330 775.
02:3 330 IF (ISTEP.EQ.3 3 GO TO 380 776.
0257 FPINT 1500 777.
0250 '' iT "90 773.
0251 CO T: 22 0 779.
0202 340 H- t s;1EP.EQ.3) GO TO 330 720.
0263 FFINr 1510 731.
0:34 FDINT 1520, XPHO 722.
0255 C0 TO 300 733.
C2'6 350 FPINT 1410, YCCC 72i.

0267 CD TO 370 7S5.
C2(3 360 FPINT 1420 YEVD 706.

= 0269 370 LL:LL-1 737.
0270 330 CONTINUE 723.

s'v' 3s

cIbJV
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0271 f!C? E = 0 739,
0272 00 390 J:1.6 790.
C273 IF (IOC' ( 1,J ) .EG. 0 ) GO TO 400 791.

C 792,
C JHIT ARPAY IS UCED TG GUAPANTEE AN 1D0011.J) VALUE IS USED C: LY 793.
C C';C E . AFTER SUCH UCE, JHIT(J ) IS SET = 0. 79'4.
C '93,

0274 JHIT(J)=1 7?S.
0275 390 i:rE=:: RE+ICSO(2.J )*ICSQ( 3,J )-1 797.
0276 400 JM'X=J-1 7;3.
0277 IF ( t;CCFC E + MC? E .GT . O . AND .NE0?CE + t10P E . LE .80 ) GO TO 410 799.
C278 t;ECPC E = t;;Cr C E + t:C7 E 300,
0279 FPIrlT 2370, t:3C?CE 201.
C 20 00 10 70 g32,
C231 410 IF ( I A03.GE.0. t t:3. I ACD.I.E.60 ) GO TO 420 E03.
0 02 FPIt1T 2600, IA03 sc;,
C203 GO TO 70 805.
O C T+ 420 00 430 I=1,NS:?CE 3:6.
0275 IF ( SC9CE( 4,1 ) .LE .0. ) S0?CE( 4,I)= 1. 0E-6 207.
0 26 430 CCNTIt;UE Oc3,
0:07 T A- ALC3( CUFF /SUF I )/( - ALN2 IFS AL F ) 80).
02:3 IF ( F F610.GT.15 ) IPfiO=15 310.
C237 00 460 JT=1.5 c11,
C230 CFTAILIJT)=0.0 812.
0291 IF (IDTAIL(JT ).EO.0) GO TO 660 813.
0:32 Call T AILP3 ( TAILF( 1.JT ),LW3,PTAIL( 1,JT )1 8 14.
C:33 CO 450 Ili3:1,LW3 315,
0~9i FP ECUS ( II:3 )= 0. 0 8 16.
C ?S CD 440 ISTAC=1,tsTAD 3 17,
0 ?6 CO 4G0 I:;3:1,Lt.] 313
0277 440 FFEC::S(II:3 )= FFEC::S(IW3 )+FPEQ(IW3,II;3,ISTAD ) 319,
CBS 450 CPTAILt JT !=GFTAIL(JT )+TAILP( IWS,JT 1*FREC;i3(IWS1 E20.
C' ? ? 400 CCNTI!:UE g 21,
03 % IF (f::?E.EQ.0 ) GO TO 540 c22,

C c23,
C EPE *K UP SO'J7CES AS SPECIFIED CY IDSQ, GENERATING A NE14 2 i.
C EC7CE(10,80) AFPAY IN TEt:i'( 10,30 ). 8:3.
C -

0301 IcrPEV=0 N 7
03C2 NEU:0 23
0303 IHEW:0 E29.
030'' DO 520 ICLD=1,NECFCE 330,
0305 ICSET=r:7CE(10,ICLOI 331,
0305 ID=IDSET/100 g32,
0307 CO 470 J:1,JMAX 233.
C:C3 IF (JHIT(J).EQ.01 00 TO 470 33),
0307 IF f ID3Q( 1.J ).E Q.IDCET ) CD TO 490 835.
0310 470 CONTIriuE 335,
0311 IM:W=INEu+1 337.
0312 DO 4!0 L:1.12 333,
0313 457 TEt:PIK,INEill=002CE(K,IOLD ) 839,
031', C0 TO SCO e40,
0315 49e L".:ITS =FL0iT( IDSq(2.J )*IDSQt 3.J ) ) 241.
0316 JMIT(J)=0 342,
0317 C0 500 V:4,9 343,

f) U v[Q
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0313 500 SCRCE(K,IOLD)=SCRCE(K IOLD)/ UNITS 846
0319 SID E = S OR T( SORC E ( 4,ICLD I ) 845.

C S46.
C CCMFUTE NEW CRIGIN (XCEG,1CRG) AS CENTER OF CENERATED LEFT-HA"3 647.
C LCMEST SCUAFE. E10.
C 849.

0320 XCrG:SC0CE( 1,IOLD )-0.5 SICE * FLOAT (ICSqt 2,J )-1 ) E50.
0321 YCEG=SCFCE(2,ICLD)-0.5= SIDE * FLOAT (IDS 7(3,J)-1) 851.
03:2 IF (IDFREV.NE.ID) NEW:0 S52.
0323 IX2=IDSO(2.J) 853.
0324 IY2:IDSal3.J) 854.
0325 00 510 IY:1,IY2 855.
0326 Y:'i C"G + F LC AT ( IY- 1 ) * SID E 856.
0327 CG 510 Ix=1,IX2 E57.
03:S IEEM:INEW+1 853.
0327 NEU:NEW+1 859.
0330 TEf:T( 1,INEW ):XCRG+ F L0iT( IX-1 ) *SID E E60.
0331 TEMP (2,INEW):Y C 61.
C332 T EMF ( 10,I:::'4 ): F LO AT( ID * 10 0 + MEW ) EC2.
3333 00 510 K:3 , ',2 053.
0334 IF (K.EQ.13) C0 TO 510 864.
0335 TEMF( K ,1NEM ):SC"LE( K IOLD ) E65.
3335 510 CCNTIMUE E56.
0337 SCO ICFDEV:ID C67
0330 U.~:nCE:NSCFCE+"0RE 063.
0339 03 530 I=1 USCT.CE E69.
03;0 C3 530 K:1,12 3"0.
0341 530 EC"CE(K,I)= TEMP (K,I) 871.
0342 5;0 C0 500 I:1,NEC"CE 872.
03i3 IDSET:SCFCE(10,I) 873.
03',4 ID:IDSET/100 274.
03'i5 ICG NO3(ID,10) 875.
03'6 C3 550 JT:1,5 G76.
0317 IF (ICTAIL( JT).EQ.0) GO TO 550 877.
0343 IF (IDG.EQ.IDTAIL(JT)) GO TO 560 873.
0349 550 C0"TINUE 377
035) C3 TO 500 230.
0351 560 CO 570 J:5,8 CSI.
0352 570 SCRCEl J,I):PACTI J-4,JT )*QPTAIL( JT)*SORCE( 4,I)*31.536/PTSZ20( JT ) 032.
0353 SSO CCNTINUE E33.
0354 IF (ISTEP.EQ.3) GO TO 1270 0:4.
0335 CALL HEACER (6) 005.
0356 FPINT 2310 NCCRCE C 6.
0357 ICr?u <:0 C 7.
0353 C3 590 I:1,NSCRCE 0:3.
0359 ICS: INT ( SCPC E( 10,II )/1000 237.
0360 590 IC2"AX: max 0(IDS,IDSMAX) S30.
0361 PRINT 2320 871.
0362 LL:3 E92.
0363 00 600 I:1,ID !'Ay E93.
C364 F" INT 2330, I,(SDRCID(J,I) J:1,5) E74.
0365 600 LL:LL+1 275.
0366 FCINT 23'40 C76.
0367 FPINT 2350 877.
0363 FRINT 2570 S?3.
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0369 LL:LL+5 899.
0370 00 610 I:1,IPSMAX 900.
0371 IF ( PTSZ(I).EQ.0.0 ) CD TO 620 901.
0372 610 CC?iTINUE 902.
0373 C0 TO 630 9C3.
0374 620 IF::nX=I-1 904.
0375 IF (IFC"AX.EQ.01 IPSNAX:1 905.

C 9C5.
C CHECK THAT PTSZFC(I,K) AR R A's AS CEEN SET UP C0"PECTLY WITH CNLY 907.
C Ct:E PA7TICLE DEN 3ITY FCR A GIVEN I VALUE. ALSO PESET KS"AX ON 903.
C CASIS CF ACTUAL U:ASE. 939.
C 910.

0376 630 LS-1 911.
0377 CO 650 I=1, Irs:!AX 9 12.
C378 tP"E:0 913.
0379 CD 650 E=1,krtnX 91;.

0300 IF ( PTSZFCI I .V ) .EQ.0.0 ) C0 TO 650 915.
C'71 Frrt"N00 S,K1 9 15.
C._2 IF (t:APK.GT.0 ) C0 TO 640 917.
03:3 titrM = 1 913.
033', DEN:r0EtHK) 9 19.
0335 00 TO 650 920.
03:5 640 IF ( F"EN K ).EQ. DEN) CO TO 650 921.
03S7 FRINT 1600 I 922.
03CS CD TO 10 923.
03:7 650 CC:ITINUE 924.
0330 FS:'AX:i S 925.
0 91 00 690 I:1,NSOFCE 925.
03?2 10 S E T = CCP C E ( 10, I ) 927.
0393 FCC'CE:SC'CI(11,Il 923.
0 3 7 't IF ( F ECRCE.0E.1. ANO.KSCRCE.LF.KSMAX ) GO TO 660 72>
C395 FRINT 2550, hSC?CE IDSET 9:3
0315 Co TO 70 93;

J377 660 ID:IDSET/100 932.
0373 ICO:MO:(IO,10) 933.
O'?? IF (LL.LE.59 ) GO TO 670 934.
C '+ 0 0 CALL HEADER (6) 935.
O'01 FPINT 23',0 935.
C '. 02 FPINT 2350 937.
O',03 FnIt:T 2570 933.
C;:i LL:6 939.
C '4 C 5 670 r3Itti 235 0, I,( SORCE( J,I) J:1.9 ),IDSET.KSCcCE,S0?CL( 12,I),(C"CurNt 9;3.

1J . Ir 0 ) . J : 1,5 ) 941.
C',0 5 LL-LL+1 9;2.

C '+ C 7 CC 690 IPS:1,IFC"AX 943.
O',03 IF ( PTSZFC(irs,F CCFCE ).EQ.0.0 ) 00 TO 690 9 '+ 4 .
C;09 IF (VSET(IP3).GT.0.01 GO TO 600 9 ''. 5 .

0410 VEET(IFS ):3.E-5 FDE NI VCOFCE l* SLIP ( IFS )*( PTSZ(IPS) )**2 9'5.
0411 630 IF (VSET(IPS s.GT.VDEF(IFS)) V0:P( IFS ):VCET( IFS ) 9 '+ 7 .

0112 690 CCNTINCE 963.
C '+ 13 IF ( L L . LE . 52-IFC!1AX ) GO TO 700 947.
0414 CALL HEADER (6) 950.
C'+15 LL:2 951.
0415 700 Fa!NT 2370, t F0EN(J) J:1.KS: TAX) 952.
0417 FFINT 2500 953.

<. 3'
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0418 LL:LL+7 954.
0419 CO 710 I:1,IFSM;X 955.
0400 FPINT 2390. FTSZ( I),VDEP( I).VSET(I),( PISZFC(I,J ) .J:1.FSMAX) 956.
0421 710 LL:LL+1 957.
C '422 IF (LL+IA00.LE.52) C0 TO 720 933.
0423 CALL HEADEF (61 957.
0124 LL:2 960.
O'*25 720 F7 INT 2400, IA00 951.
C',26 LL:LL+3 962
0427 IF (I!DO.EQ.0 ) GO TO 750 963.
C '.2 3 FFINT 2610 964.
C '+ 2 7 LL:LL+5 965.
Oi30 00 740 I:1 IADD 966.
C431 IF (LL.LE.57) CO TO 730 967.
C '. 3 2 CALL HEADER (6) CSS.
C433 FFINT 2410 969.
O '+ 3 '+ LL:5 973.
D '+ 35 730 FRINT 2420, I.( XNAME( J,I) .J:1.4 ),( XRECEP( J.I).J:1,3 ) 971.
C '. 3 6 740 LL:LL+1 972.
0437 750 00 760 J:1,6 973.
C'+33 CO 760 K=1.16 974.
C439 760 FFNOTSIK,J)=0.0 975.

C 976.
C FFt:0 TS( V . J ) IS FPECUENCY TOTAL FOR JTH WIND SPEED AND KTH WIND 977.
C DIPECTICM. SU::MED O!ER ALL STABILITY CL ACCES. FFt:0TSI K ,7 ) IS 973.
C TiiE FFEQUENCY SUtt CF ALL wit,D SPEEDS FCR Tile KTH DIRECTICN. 979.
C 930.

0 4': ' 00 820 L:1.7 931.
Us' 1 CALL HEADER (6) 932.
0442 IF ( L.LE.6 ) FFINT 2430. L 903.
C443 IF ( L.EQ.7 ) FRINT 2440 92't
0444 FRIrlT 2453. ( UIt:SP(I).I= 1,6 ) 935.
0145 FRIMr 2570 926.
0446 CO 770 J:1.7 927.
C ';47 770 CCLSL?t(JI:0.0 9:3.
04'.S CO 810 K=1.16 927.
C ',49 Fi tnTS( K ,7 ):0. 0 970.
C450 IF (L.EQ.7) 00 TO 790 991
0451 00 700 J:1.6 972.
C ',5 2 FF t:0TSt K.J I:FFNOTSI K.J )+FPEQ(V.J.L ) 973.
C' 5 3 CCLSUMl7):COLSUM(7)+FFEQ(K,J.L) 971.
O '. 3 '+ FFt'OTSI K .7 ):F:.N0 TS( K ,7 ) + FF EQ( K .J .L ) 935.
CiS5 780 CCLSUM( J ):CCLSUM( J )+ FREGt V.J.L I 935.
0456 FRINT 2'+6 0. WIN?P( K ),l FRE Q( K.J.L ) .J:1,6 ),FENOTS( K.7 ) 977.
C',5 7 GD 10 810 973.
0453 790 Do 200 L1:1.6 999.
C459 CO 800 J:1.6 1000.
C '4 6 0 FFNOTS(K,7):FVNOTStK,7)+FPEQ(K,J.L1) 1001.
C461 CCLSUM( J ):COLSUM( J ) + F F EQ( K . J .L 1 ) 1002.
C462 800 CCL SUM ( 7 )=COLSUM( 7 ) +FFEQ( K ,J.L 1 ) 1003.
0'i63 FRINT 2460. wit:CR( K ),( FFNOTS( K.J ) .J:1.7 ) 10 3 '+ .
CiS4 810 CCNTItUE 1C05.
0(65 FRINT 1730 10C6.
C'i66 FPINT 2570 1037.
C'*67 820 FPINT 2290. COLSUtl 1C03.

'Ibci
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C;63 IF (CCLSUHl 7 ) .GT.0.999. AND.COLSUM( 7 ).LT.1.001) CD TO 830 1009.
C469 FRINT 2470 1010.
O'70 00 TO 70 1011.
Oi71 830 CALL HEADER (6) 1012.
C472 FPINT 2420 1013.
C',73 FRIN T 249 0, ( ( BP( I .J ),I:1,3 ) ,J:1,5) 1014.
O '+7 4 CO 840 I:1,7 1015.
O '+7 5 840 FRINT 2500, ( FNID( J.I) J:1,2 ),(t1PC(I, J ),J:1.5, 1016.
O'J6 IF (F FHO.EQ.0 ) C0 TO E!0 1017.
C '+ 7 7 D0 850 IT:1,17 1013.
C '+ 78 850 IFCFCf1T):0 1019.
0479 CALL HEADER (6) 1020.
C '. S 0 FRINT 25"O 1021.
C '. 01 FDINT 2510. WINDR '022.
0 02 Fr!NT 2520. THETAS 1023.
C '4 0 3 FnINT 2570 1024.
C '. 0 '+ CO 870 IR:1,KFHO 1025.
O':05 D1:0. 1006.
CSS $ IF (IR.GT.1) D 1:XFH 0( IR- 1 ) 1027.
O'S7 IFCFP=0 1P 3.
C;!3 DO E50 IT=1,16 102).
0409 If0F7:IF0FR+1FCF(17,IT) 1030.
C ',9 0 860 If 0FC( IT ):IF0FC(IT )+IFCP(IR .IT ) 1031.
C 'i 91 IFJFC( 17 ):IFCFC( 17 ) +IFC?R 1032.
C 'i9 2 F? INT 2540 1033.
Ci)3 870 F2 INT 2530, D1,XRH0(IR ),(IFCP(IR.IT ),IT:1,16 ),IF0FR lb3i.

C491 F? INT 2570 1035.
C '.9 5 FnINT 2540 1035.
C '4 9 6 01:0.0 1037.
Ci97 F RINT 2530, 01,XPH0( FPHO ),( IPCFC( IT ),IT = 1,17 ) 1CIS.
C493 TF:F IFCFC( 17 ) 1039.
0471 SSO IF (NFOLUT.GT.0) IPOLU2:NPOLUT 1040.
0500 00 890 I:1,80 1041.
C501 DO S'O J:1,5 1042.
C 02 890 TGII,J)=0.0 1043.
C503 C0 f*^ ISCFCE 1,NSCPCE 1C;4.

C CCT.i s t APEA TO SICE LENSTH OF EQ'JIVtLENT SOUARE. 10i5.
05C4 EC?CE( 4 IEC"CE )= 10 0 0.*S;RT( SCPCE( 4,IS0?CE I ) 1C46.
3505 ID:SCrCE(10,IECFCE1/100 10i7.
05C5 00 900 IFCLUT=IFOLU1,IFOLU2 104S.
0507 SORCE(IFOLUT+4,10C2CE):!CFCE(IFOLUT*4,ISORCE)*0FACTR 1C49.
05C3 900 TP ID.IFOLUT ):SC'CE(IPCLUT +4,IS0?CE l+TG( ID ,IFOLUT ) 1050.

C CREATE FHO-THETA C11D FC7 FEG:XFHO & DELTA-THETA = PI/8 1051.
C CENTEFED CN 0,0 0F CCCRDINAT'd SiSTEM 1052.

0509 IFECEP:0 1053.
0510 IF ( L2HO. EQ.0.CR.VRHO.GT.15 ) GO TO 920 1C54.
0311 DPI=3.14159265/0. 1C55.
0512 DO 910 NFI:1,16 1055.
0513 TI(ETA:fMFI-1)*DPI 1057.
C514 CTH:COSITHETA) 1053.
0515 STH:SI'MTHETA) 1059.
C516 CO 910 N70:1,k RHO 1C60.
C517 IPECFP:I?ECEP+1 1C61.
0510 F E C E F T i 1,IPECE P ):XRH0( NPD ) *STH 1062.
0519 910 FECEFT(2,IFECEP):XFH0(t30)*CTH 1053.

o'
LI.

f 6(33



116

FCRTPAN IV G1 RELEASE 2.0 PART1 DATE : 79078 16/02/04

0520 920 t:RECEP:IRECEP 1064.
0521 IFCV=IRECEP 1C55.
0522 IA:IRCV+1 1066.
0523 IF ( IADD.EQ.0 ) GO TO 940 1057.
050'+ 00 930 I:1,IACD 1063.
C525 F EC E P T( 1, ; NF E C E P +I ) ):XR ECE P( 1,I ) 1009.
0526 FECEPT12.(tTECEP+I)):XPECEP(2,1) 1070.
0527 930 ZFECEPIN?ECEP+I):XRECEP( 3,I) 1071.
0523 NFECEP:N2ECEP+IACO 1072.
0529 940 NFB:IPS: TAX 1073.
C530 NFL:1 1074.
0531 C0 12!0 ISC?C1:1,NCC?CE 1075.
0532 10: INT (SCRCE(10.ICCPC111/100 1C76.
0533 K!rnC E =SCRC E ( 11,ISCPC 1 ) 1077.
05 3'+ IF L t.3: 0 1073.
0535 TPTS?:3.0 1C79.
0536 CO 950 IFS =1,IFSMAX 1000.
0537 IF ( PTSZFC(IPS.KSCRCE ).EO.0.0 ) GO TO 950 1001.
0533 NFE: IFS 1C22
C539 IF (IFLAG.NE.0 ) Go TO 950 1023.
05;0 IFLAG:1 1:04.
0 5 '+ 1 NPS:IPS 1035.
0542 950 CCNTINUE 1C:6.
0543 JFL/.3:IFLAG 1037.
05 '+ 4 NFP:NFS 10:3.
05't 5 IF (IFL AG.EQ.0) GO TO 990 1009.
C5;6 DO 960 I:NFS,NFE 1090.

j 0 5'+7 IF ( PTC?FC(I,VSCPCE ) .EO.0.0 ) GO TO 960 1C91.
0503 IF (VSET(I).GE.SLItt) G3 TO 970 1092.
0549 960 CCNTINUE 1093.

m C550 JFLAG:0 10 7 ', .

0551 970 t:FP=I 1C95.
C:52 IF (NPS.LE.NFBI NFB:NFS 1C;6.

0553 IF (NFE.CE.NFL ) NFL=NFE 1017.
0 5 5 "+ CD ?SO I:NFS.NFE 1073.
0555 900 TPTEZ=TPTSZ+PTSZFC(I,KSCRCE) 1099.

. 0:55 TF (TFTSZ.LE.1.001.AND.iPTSZ.GE.0.999) GO TO 990 1100.
0557 FRINT 2560 I,KSOCCE 1101.
0553 CD TO 70 1102.=

0559 990 00 1000 JSTAB:1,LSTAB 1103.
C550 ISTAD:JSTfB 11C4.
0:61 LTYF E :( IST AC + 1 )/2-2 1105.
0552 CO 11SO JL:0= 1,LUD 1105.
C563 Ill:J::9 1107.
CIG4 CJ 1000 IPECEP 1,N2ECEP 1103.
0555 CO 1000 I:1,LU3 110?.3

~

0556 I::? E:LUS-I + 1 1110.
*

0567 IF ( F REQ ( IUD .INSE ,ISTAD ).GT.O.0 ) Go TO 1010 1111.
05 3 1000 CCNTINUE 1112.
0559 1010 IN:E=1 1113.
0570 00 1CS0 JWS:1.LWS 1114.
0571 II.S:JNS 1115.
0572 IF (FREQlIU3, INS.ISTAB).LE.O.nl GO TO 1C80 1115.

.' 0573 ICG:rC0 ( ID ,10 ) 1117.
0574 CD 1020 JT= 1,5 1113.

..
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0575 IF (IOTAIlf JT).EO.0) GO TO 1020 1119.
0576 IF ( IDri. EO. IDI AIL ( JT ) ) GO TO 1030 1120.
0577 1020 CCNTINJE 1121.
0573 CD TO 1050 1122.
0577 1030 PO 10 40 I:1,4 1123.
0530 1040 FCCCCIII: PACT (I JT)*TAILP(IWS.JT)*SCFCE(4,ISORC1)**2/PTSZ20(JT) 112i.
0331 CD TO 1970 1125.
05?2 1050 CO 1E6C I=1,4 1125.
0333 1060 F30rti ll=SCPCE(I+4,ISC?C1) 1127.
0524 1070 CALL FOLUT (F3CFC) 1123.
0525 IW53:Iurs+1 1127.
C525 1030 CCNTINUE 1130.
05S7 IF3=ICC'C1+1 1131.
0533 IF ( IP3.GT.NSC"CE ) GO TO 1090 1132.
C~09 ICN INTf S0?CF( 10, IFS ))/100 1133.
C590 IF (ION.EO.IO) CO TO 1200 1134.
C571 1070 ICS=ID/10 1135.
05?2 ID C:MC0 ( ID ,10 ) 1135.
0573 CO 1100 IrECEP:1,U? E C E P 1137.
C574 1100 FN( IEECEP ):PH( IFECEP )+CFOLUT( 5,IPECEP ) 1133
0575 00 1110 I:1.5 1137.
0576 C0 1110 J:1,N?ECEP 1140.
0597 1110 CISU:H I .J ):CISU!H I,J )+CACTIVII,J ) 1141.
0573 IF ( JC( 3 ) .EQ. 0. AMO .JC( 3 ) . EQ.0 ) GO TO 1260 1112.
C597 IF (IRCV.EQ.0) GO TO 1190 1143.
C600 IT=0 1144.
C501 C0 1180 I=1,IRCV,bPHO 1145.
0502 IT=IT+1 1146.
0603 IF (JC(8).EQ.0) 00 TO 1130 1147.
C 5 0 '+ IF ( MCD ( I T ,21. EQ . 0 ) 00 TO 1120 1143.
0505 CALL HEICER (6 ) 1149.
C50G F? INT 26 2 0, ( SC7CID( ), IDS ),J:1,5 ) ,( GROUPN( J ,IDG ),J:1,5 ) 1150.
0507 F7 INT C510 1151.
".' ? F71NT 2570 115?.
0607 1120 FnINT ri40. THETAS (IT) 1153.
0510 F? INT 2300 115,.

C611 FPINT 2670 1155.
C612 FRINT 2570 1155.
C'13 1130 IF (JCf31.EQ.0) 00 TO 1150 1157.
0514 IF ( UCD( IT,2 ).EQ.0 ) Go TO 1140 1153.
0515 CALL HEADER (101 115).
0515 U?ITE (10,26201 ( SCFCIDI J , IDS ) .J:1,5 ),( GPCUPN( J IDG ), J = 1,5 ) 1160.
E517 UPITE ( 10.2630 ) 1161.
0513 UPITE (10,2570) 1162
0519 1140 KnITE (10,2640) THETAS (IT) 1163
C520 N'ITE ( 10,26:0 ) 1154.
C521 WRITE ( 10,2570 ) 1165.
C' 22 1150 00 1180 II:1,FFHO 1166.
C623 IP:II*I-1 11(7.
CGC4 CD 1170 J:1.5 1163.
C525 IF (TQtIO.J).EQ.0) C0 TO 1160 1167.
0526 PF ( J )=CFOLUT( J ,IP )/TQ( ID , J ) 1170.
C527 CD TO 1170 1171.
0023 1160 FF(JI:0.0 1172.
C629 1170 CCNTINUE 1173.

G (, il 1' 7

J (J t) i m. i
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0630 IF ( JCl3).GT.0 ) WRITE (10,2660 ) XRH0(II),(RF(J),J:1.51 1174.
0631 IF ' JC( 8 ) .EQ.0 ) GO TO 1180 1175.
0632 FRINT 266 0, XR H0( II ) , ( C FCLUT( J ,IP ) , J:1,5 ) , ( CACTIV( JJ , IP ) ,J J = 1,5 ) 1176.
C633 1180 CCNTINUE 1177.
C634 1190 IF (IADD.EO.0) GO TO 1260 1178.
0635 LL:60 1179.
0636 LLL:60 1130.
C637 K:0 1181.
0638 DO 1250 I=IA.NRECEP 1182.
C639 K:K+1 1133.
C640 IF fIC(8).EQ.0) GO TO 1210 1104.
C641 IF (LL.LT.60) GO TO 1200 1185.
0642 CALL HEADER (6 ) 1106.
0543 FRINT 2620 ( SCRCID( J , IDS ) , J= 1,5 ),( GRCUFN( J . IDG ) ,J = 1,5 ) 1187.
C644 FRINT 2220 1103.
0645 PRINT 2230 1129.
C646 FRINT 2240 1190.
3647 FRINT 2570 1191.
0640 LL=11 1192.
0649 1200 FRINT 2250, V,(XNAME( J.K l .J:1,4 ),( CFOLUT( J,I),J:1.5),( CACTIV( J,I) 119 3.

1J:1,5) 1194.
0650 LL:LL+1 1195.
C551 1210 IF ( JC( 3 ).EG.0 ) GO TO 1250 1195.
C652 00 1230 J:1.5 1197.
C653 IF (TQlID.J).EQ.0.) 00 TO 1220 1193.
C654 RF(J):CPCLUT(J.I)/TQ(ID,J) 1199.
0555 Go TO 1230 1200.
0656 1220 PF( J ) 0.0 1201.
C657 1230 CCNTINUE 12C2.
C653 IF (LLL.LT.60 ) GO TO 1240 1203.
C659 CALL HE ADER ( 10 ) 1204.
C660 1:?ITE ( 10.2620 ) ( SCRCID ( J . ID S ) , J:1.51, ( GR OU?N( J , IDS ) , J: 1.5 ) 1205.
0661 WnITE (10,2260 ) 1206.
C662 WPITE ( 10,2270 ) 1207.
C663 WPITE ( 10,2570 ) 1203.
CC64 LLL=9 12C9.
C665 1240 WRITE (10,2280) K ,( XNAME( J ,K ) .J= 1,4 ) ,( XPECE P( J ,K ) .J :1,3 ) ,( P F ( J ) J:1210.

11,5) 1211.
C666 LLL:LLL+1 1212-
0667 1250 CCNTINUE 1213.
CG63 1260 00 1270 IPECEP=1,NFECEP 1214.
C669 00 1270 I:1.5 1215.
0670 CFCLUT(I,IPECEP):0.0 1216.
C671 1270 CACTIW I,IPECEPl=0.0 1217.
C672 1200 CCMTINUE 1218.
C673 1290 RETURN 1219.

C 1220.
C 1221.
C 1222.

0674 1300 FCFMAT(1H1////////////) 1223.
0675 1310 FCRMAT( 31X , ' * ' ,T 103, ' * ' ) 1224.
0576 1320 FCFMAT( 31X, '*' ,15X, ' URANIUM DISPERSION AND DOSIMETRY (UDAD )' ,T103,1225.

1 '*') 1226.
C677 1330 FDPMAT( 31X, ' a ' ,24X , ' VERSION IX, 0 3/19 /79 ' ,T 103, ' * ' ) 1227.
C673 13;0 FCPMAT(31X,'* A CCMFFEHENSIVE CCMPUTER PROGP/M TO PROVIDE ESTIMAT1228.

, c, Tu.
t) U
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1ES OF FOTEllTIAL a'/31X,'* RADIATICti EXFC2UPE TO It1DIVICUALS AtiD 1229.
2TO THE GEt'ERAL PCPULATItti Iti *'/31X,'*',12X,'THE VICIti1TY OF A UR1230.
3ANIUM FRCCECSI!n FACILITf',T103,'*') 1231.

0679 1350 FC'"iAT( 31X,'*',11X,'t!ICHAEL H. MCMENI YUCHIEN YUAN AND A. J. ZIEL1232.
1EN',T103,'*') 1233.

0630 1360 FC7"iT(31X,'*',15X,'DIVISICM CF EtiVIRON:tENTAL It! PACT STUDIES', 1234.
1 T103,'**) 1235.

C6S1 1370 FCPMAT( 31X, ' * ' ,21X, ' AR00NNE NATICHAL L AECRATCRY ' ,T103 ' *' ) 1235.
C602 1300 FCFMAT( 'CN'MELIST NE!::ET VALUES:' ) 1237.
CCS3 1390 FCPmT('CNat:ELISI NEI ESI VALUE3 (ICNI. II' I l233.
06 4 1400 FCE| TAT ( 'CPTSIFC EPICR - tCPE THAN CNE DENSITY FOR I =',I3) 1237.
06S5 1410 FC? MAT ('OiCCC =',1FE9.2) 1240.
CCS6 1420 FC"MiT('0)EV3 =',1FE9.21 1241.
C637 1430 FC""AT( '0 INITIAL tu :ELIST It: DATA VALUES:' ) 1242.
06 3 14 '4 0 F CT:'?.TI ' 0INITIl m inMELIST IN0ATA VALUES (CChr. ):') 12;3.

CSS 9 1450 FCr"AT('CCUTF =',1FE9.2) 1244.
C690 146 0 FCZ"7.T ( 'CEUFI = ' ,1FE9.21 1245.
C691 1470 Fon:".T ( ' 0WEP( 5 ): ' ) 1246.
C692 l'i20 FCF"AT ( ' OmAt.Ei 4,601: ' ) 1247.
C693 1490 FC? MAT (6X,'tC:'FLETE LIST STARTS ON PAGE 7 ( AFFROXIMATELY)') 12;3.

C 19 '+ 1500 FCrf!AT ( ' 0X9ECEr( 3,6 0 ): ' ) 12;9.

C595 1510 FC7 FIAT ( ' 0xFH3( 151: ' ) 1250.
0296 15?0 FC""AT ( 1X,15FS.1 ) 1251.
C '. 9 7 1530 FC7;;AT(1:10,'IDTAIL(51:') 1232.
C593 1540 FC1 MAT ('CEFH3 = ',I2) 1253.
069) 1550 FCr:'AT( ' CNETSE T( 41: ' /6X,4AS ) 125 '+ .
0700 1550 FCCMAT( '0:17Cl7,5):') 1255.
0701 1570 FCCMAT( ' ONSC7CE = ' ,I2 ) 12 5.
0702 1530 FC?| TAT ( ' COPTI"E = ' ,1PE9.2 ) 1257
0703 1590 FCFMATI 'CFDENI 5):' ) 1253.
0704 1600 FCFMAT( 'CFM ALF = ' ,1FE9.21 1257.
0705 1610 FC' MAT ('CFTSZl5):'l 1260.
0705 1620 FC~ MAT ( ' CFTSZFC( 5,5 ): ' ) 1261.
C707 16 2 0 F F 2;'AT( ' OP E CICN( 6 ) : ' /6X ,6 A4 ) 1262.
C700 1C' 0 F CEMAT( ' CFFI = ' ,1FE9.2 ) 1263.
07C9 " n1 rF" AT( ' CRFIE = ' ,1FE9.21 1264.
0710 l'60 FC?:'AT( 'CFMLt *~:7.2' 1265.-, .

0711 1670 FC""AT( ' CF.CLIt1 = ' , lFE9.2 ) im.
C712 16 C0 FC?"AT( ' CEMIED = ' ,1FE 9.2) 1267.
0713 1690 FCRMAT('C; LIM =',1FE9.2) 1263.
0714 1700 FCF"AT('C: LIFT 5):') 1269.
0715 1710 FCr;".T( ' 0 3CECE( 12,80 ): ' ) 1270.
0716 1720 FC: ".T( 1X ,1f 9 E 12.2,0 PI7,I5.1FE 12.21 1271.
0717 1730 FCP'?AT( IX) 1272.
0713 1740 FCPMaT( ' CCCRCID( 5,9 ): ' ) 1273.
0719 1750 FCP"AT('CDF/.CT =',1FE9.21 1274.
0720 1760 FCC"iT( 'CCM = ' ,1FE9.2 ) 1275.
0721 1770 FCP'MT('CFG =',1rE9.2) 1276.
0722 1720 FCT ATI CFPEQt 16,6,6 ):'/6X,'CCMPLETE LIST STARTS ON PAGE S ( APPP0X1277.

11 MAT E LY ) ' ) 1273.
0723 179 0 FC7M ATI ' CCFCUFN( 5,9 ): ' ) 1279.
0724 1000 FCrmT( 6X,5A'+1 1230.
0725 1310 FCP:!AT(6X,'FEMAINIt'S LINES ALL BLANX' ) 1231.
0726 1820 FCE"AT('0IACD = ' I2) 1202.,

0727 1030 FCn"AT( '0IFCP( 15,16 ):'/6X,'CCMPLETE LIST CN PAGE 16 ( APPP0XIMATELY1233.

f' f)

5ud y

i Le
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11' ) 1224.
0728 1890 FCPHAT( ' 01PH0( 6 ): ' ) 1205.
0727 1350 FCPM ATI '0IiR( 10 ):' ) 1225.
0730 1200 FCn"AT( 1HO,'IFCCC3(60 ):' ) 1237.
0731 IS70 FC: MAT (1HO,'FMFCJt60):') 12f3.
0732 1200 FCEMAT (1X,1F6E13.2) 12S9.
0733 1S90 FCE"ATI1HO,'FCCM(6,5):') 1290.
0734 1900 FCPMAT( 1HO, 'CSVt 6 ): ' ) 1271.
0735 1910 FCENiT(1H3,'FCC31NL2,3):') 1292.
0736 1920.FC'"AT(1X,1 PEE 13.2) 1293.
0737 1930 FC? MAT (1MO,'XIH(7):') 1294
0713 19i0 FCEMiTt1X,1P7E13.21 1295.
0737 1950 FC'"aT( 1H0,'XIM3f 7 ): ' ) 1275.
0740 195 0 Ftr"1T( 1HO ,' PTAIL( 7,5): ' 1 1297.
0741 1970 FCEMiT( IHO,' FACT ( 4,5 ):' ) 1205.
0742 172 0 FCE"AT( 1X,1F4E 13.21 1299.
0743 1970 FC~"ATt1HO,'F3THt4):') 1300.
0744 2000 FCnJ1Tt 1HO,'PFIN(8):'/1X,1F8E13.2) 1301.
0745 2010 FCC"AT( 1HO , ' PT9?C0( 5 ): ' ) 1:22.
0766 2020 FCEMATt 1 <,1F5E 13.2) 1333.
0747 2030 FCTUAT( 1HO,'FH3(2): ' ) 1334.
0743 2040 FCE"AT(lHO,'DVt21:') 1305.
0747 2050 FCEMAT(lHO,'Tu(21:') 1305.
0750 205 0 FCT"AT( 1HO ,' TC( 2 ):' ) 1307.
0751 2070 FC "AT( 1H0,'FV(2):' ) 13C3.
0752 2000 FCF"AT( 1HO ,'IDE1( 3,6 ): ' ) 1307.
0753 2090 FCE"AT(1X,3IS) 1310.
0754 2100 FC""AT(1HO,'MMUC =',I3) 1311.
0755 2110 FCPMAT( 1H3, ' E( 10.12 ) : ' ) 1312.
0755 2120 FC? MAT ( 1X,1P10E13.2) 1313.
0757 213 0 F CE"AT( 1HO , ' LCM ( 10,4 ) : ' ) 1314.
07E3 2140 FC".MIT(1HO,'LR(10):') 1315.
0757 21:0 FC7" AT( 1HO,' F 1( 10 ): ' ) 1315.
0760 2150 FCFMATI1HO,'F2P(10,4):') 1317.
0761 2170 FC2MiT( 1HO, 'IF2CL( 10 ): ' ) 1313.
0762 2100 FCF"aT( 1X,10I5 ) 1319.
0753 217 0 FCE"iT( 1H0, ' U3PTAC( 10,4 ): ' ) 1320.
0764 0200 FCPMAT( 1HO , ' F2FMI 16 ): ' ) 1321.
0765 2210 FCT"AT( 1HO , ' LC""t 16 ): ' ) 1322.
0766 2220 FC?"AT( '0',27X,'IMDIVICU3L SCUP.CE CCMCENTRATICH ( FCI/M3) AT EXTRA 1323.

1F CEFFC7S---MO RESUSFEMSICN' ) 1324.
0767 222 0 FCT"iT ( ' ' ,37X , ' < ' ,10( ' ' ), ' PARTICULATES ',10(' '),'> <', 1325.

1 15 ( ' ' ) ' F ADCN AN3 D AUCHTERS ' ,16( ' ' ),' > ' ) 1325.
0763 2240 FC'?'AT('O # IDENTIFICATION',21X,'232U',5X,'230TH',4X,'226PA', 1327.

1 4X , ' % 10 F B ' ,9X , ' 222 N',4X,'210FO',4X,'214FB',4X,'21;3I',4X, 1320.
E '210FB',4X,'210ra') 1327.

0769 2250 FC?MiT( 1X,I2,3X,4 AS.1F4E9.2,5X,6 E9.2 ) 1333.
0770 2260 FCn'AT( 'O',37X,' EFFECTIVE DISPERSICM FACTCR (SEC/M3) AT EXTPA PECE1331.

1PTC?S') 1332.
0771 2270 FCF"AT('- # IDENTIFICATICN',21X,'X(FM) Yt KM ) ZIM)',6X, 1333.

1 ' 238'J ' ,8 X , ' 23 0 TH ' ,7X , ' 226P A ' ,7X , ' 210 FB ' ,7X , ' 222PN ' ) 1334.
0772 2200 F C?M aT ( 1X ,12,3X ,4 AS ,2F8. 2, F 7.1.1 PSE 12. 21 1335.
0773 2270 FCR"AT( ' O ' 10X. ' COLUMN TOTALS : ' ,5X.6( 4X,F8.5 ),7X, F8.5 ) 1335.
0774 2300 FCZ"1T(1HO,T12,'<',16(' '),' PARTICULATES ',16(' '),'><', 1337.

1 26 ( ' ' ) , ' Ra2CN AM3 DAUGHTERS ',25(' '),'>') 1333.

I
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0775 2310 F0PMAT('0','NUM ER CF SOUFCES=',I4) 1339.
0776 2320 FCFMAT( 1H ,'ID/100 0 ' ,4X, 'SCURCE GCCUPS'/1X.24( ' ' )) 1340.
0777 2333 FCr"iT( 1X,I4,7X 5A41 13;1.

0778 23i0 FC'"AT(' ',7X,'EM',5X,'EM',7X,'M',7X,'FM2',25X,'CI/ YEAR',29X, 1342.
l'FDEN',4X,'UCEC') 1343.

0779 2350 FC~NAT( ' #',6X,'X',6X,'Y',7X,'Z',6X,'APEA',7X,'23SU',5X, 13;i.

1' 230 TH ' ,5X , ' 22( F A ' ,5X , ' 21C FB ' ,5X , ' 222FN ' ,5X , ' ID ' ,3X , ' SET ' ,3X , 1355.
2' EXIT VEL',3X,'SCU7CE TYFE') 13iS.

0780 2360 FCPMAT(' ',12,2F3.2,F7.1.1X,1FSE10.2.0FI7,I4,1FE12.2.3Y,5A4) 1347.
0781 2370 FCP"AT(' *,T44.' PARTICLE PADA"ETEFS AND FFACTICNAL DISTRICUTICN3' 13C3.

1//125,' DIAMETER,*,4X,'CEF03ITICN SETTLINS l',15X, 1349.
2' DEN 3ITY, G/CH3'/T26,'HICRON3 ',2(4X,'\EL., M/SEC'),' l', 1350.
3F7.2,4F9.21 1351.

0722 2330 FCPMAT( 1X ,T25,41( ' ' ), ' l ' ,44( ' ' ) ) 1352.
0733 2390 FCC"AT( T25,F6.1,1X,1F2E 15.2,' l',0FF8.3.4F9.31 1353.
0784 2;CO FCnMaT( ' * ,' A00ITICNAL FECEPTCR POINTS = ',I41 1354.
07ES 2410 FCSMAT('O c',3X,'ICENTIFICATICM',T43,'XttM) YfEM) ZIM)'/ 1355,

1 1X,63(' ')) 13E6.
0736 2420 FC7"AT( 1;',12,3X 4 A3,1X ,3F8.2 ) 1337.
C787 2430 FCFMATI' ',36X,' ANNUAL RELATIVE FREGUENCY OF CCCURENCE -- STADILIT1353.

1Y CLASS ',II) 1359.
07SS 2440 FCr"AT( ' ',31X,' ANNUAL PELATIVE FRECUENCE OF GCCURENCE -- SUM OF A1360.

1LL STABILITY CLAC3ES'l 1361.
0739 2'30 FCP"Ait 1HO,59X,'NIE3 SPEED, FNOTS'/35X.67( ' ' )/11X,' HIND DIPECTICN1362.

I' ,10X. AS ,5( 4X , A3 ),5 X , 'FCW TOTALS' ) 1363.
0790 246C FC~:'ATt ' 0 ' ,16X A4,9X,6f 6X,F8.5 ),7X,FS.5 ) 1354.
0791 2470 FCP':AT( 1HD,' CUM CF WIND SPEED FREQUENCIES NOT WITHIN 0.1% LIMIT, J1365.

ICD ACCRTED.') 1356.
0792 2430 FCR"AT( ' ' ,45X,'UTC VALUES ( FCI/M3), PEF: ICRP2') 1367.
0793 249 0 FCC"AT( ' 0 ' ,17X , ' E L Ei'ENT ' ,4X ,5( 3A4,4 X )/ ) 1363.
0794 2500 FC" MAT (' ' ,17X .2 A4, lF3( E 11.2,5x ) ! 1369.
0795 2510 FC~" AT( 1HO ,T 13, ' l ' ,4X ,16 ( A4. 3X ) ,1X , ' PCW ' ) 1370.
0796 CJ20 FCE::ATt 1X, 'EILC"E TEFS l ' ,16F 7.1.5X, ' SUM' ) 1371.
0797 2530 F CE"AT ( 1H , F 4.1, ' ' , F 4.1, ' l',16I7,IS) 1372
0743 25',0 F C 'MA TI 12X, ' l ' ) 1373.
0799 2550 FC""AT(1HO,'EFFCR--ILLEGAL FARTICLE DENSIT( SET, KSCCCE :,',I3, 1374.

1 ', FCR SCPCE 10 ' ,F 5.0 ) 1375.
0300 2:50 ForPiT('0FTSZFC(I,K) CHECK TOTAL EPPOR FCR I:',I2,' AND K:',I2) 1376.
C001 2570 FCEMAT( 1X,132( ' ' ) ) 1377.
CCC2 2500 FCPMAT(' ,T56,'F0FULATICN DISTRIP,UTION') 1373.'

C003 2590 FCr"ATt1HO,'ErnCR -- FUMCED OF SCURCES :',14, 1379.
' NOT WITHIN 1-20 LIMYTS') 1300.1

CC04 2500 FCC"AT( 1HO,'EFPCR - ' JM:ER OF ADDITICNAL PECEPTCRS =',I4, 13S1.
1 NOT WITPIM 0-60 LIMITS'l 1302.'

0305 2610 FC?"AT( '0',37X,'INDIVICUAL SOURCE CCNCENTP ATICN ( PCI/M31---N3 PESU1323.
ISFEN3 ION') 13Si.

C006 2620 FCPHAT(' ,5A4,4X,5A4) 13?5.'

C007 2630 FCi"AT( 'O',20X,' EFFECTIVE DISPERSICH FACTCR (SEC/M31' l 1305.
CSC3 2640 FCPMAT('O',' THETA: ',F6.2,' DEGREE AN3LE') 1337.
0S09

2G50 FCr",aT('0',' DISTANCE',6X,'2300',8X,'230TH',7X,'226PA',7X,'210FD', 1323.
1 7X '222FN') 1309.

0310 2660 FC~"AT(' ',1X,F7.2,1P10E12.2) 1370.
CS11 2670 FC'"AT('0','01 STANCE',6X,'23?U',8X,'230TH',7X,'226RA',7X,'210FB', 1391.

17X , ' 222F N ' ,7X , ' 21S F0 ' ,7X , ' 214 FB ' ,7X , ' 214B I ' ,7X , ' 210 FB ' ,7X , ' 210 FJ ' 11392.
C312 2680 FC~"iT( Ida ,'JC( 9 ): ' ) 1393.
C313 2690 FCFMAT( 31X,72( '*' )) 1394.
0314 END 1395.

))
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0001 SUCROUTINE POLUT (FSCRC) 1395.
0002 LOGICAL SSTCMX 1397.
0003 FEAL*S HLM,ACTIV,GMAT,XNAME,METSET.TODAY 1393.
0004 PEAL *4 MPC 1399.
0005 CCUMCN/L'DACC le FETSET i 4 ),7NAME( 4,6 0 ) ,VD E P( 5 ) , PTSZFC( 5,5 ), ALN2, 1900.

1 PTSZ( 5 ),REGICN( 6 ) XRECEP( 3,60 ),DM,xFH3( 15 ),KSMAY,IFSMAY, 1401.
2 IFCP( 15,15 ) JC( 9 ),NScrCE ,IRH0( 6 ),IYR( 10 ),IFCDDSt 60 ),FFI, SHIED, 1402.
3 PFIN( 8 ), FUFCD( 6 0 ) ,0PTIME .MFC( 7,5 ) , FG.DFACT ,RFI E .SUF I ,SUF F , 1403.
4 FC EN( 5 ) , PGTHI 4 ) ,XIN( 7 ) ,XING( 7 ) , F CCDIN( 2,3 ) ,R SLIM ,P S AL F ,1 C CC , 1404.
5 F CON ( 6,5 ) ,RHDl 2 ) ,DV( 2 ) .TW( 2 ) .TC( 2 ) , FVt 2 ) ,BSV( 6 ) , YEVD 1405.

0006 CCMMCN/UD ADC2/VSE T( 5 ) , GD SC AL . QSC AL E , L; YFE , 1405.
1 OA( 6 ) .CD( 6 ),UU( 6 ),NPS.NFE NPP.IFL AG JFL AG.IPOLU2, 1407.
2 ISORC1,MSORCE II:3,IWS.ISTAB,IWSB,IWSE 1403.

0007 CCPMCN/UD AOC4/TCD AY , NFD . NFL , NR ECE P , IF E C E P FPHO , INX , I PAGE ( 3 ) , 1609.
1 THE TAS( 16 ),WINOR( 16 ),RHALF( 6 ), FHALF .CF ( 4 ),rcCR( 2,30 0 ),FN( 300 ), 1410.
2 CISUM( 5,3CO ) TPSZl 5,4,300 ),TPSZR( 5,4,300 ),TCN3C( 5,30 0 ), 141 ', .

3 TCN 0( 5,300 ), RECEPT ( 2,300 ),ZRECEP( 300 ),WL( 300 ), FILLER ( 1800 ) 1412.
0003 CCMMON/D E P Y/ 0::Q( 5,6 ) 1413.
OCC9 CCMMON/DSFR N/FFEQ( 16,6,6 ),SCPCE( 12,80 ) 1414.
0010 DIMENSION COSKD( 16 ? ,SINND( 16 ),PSORC( 4 ) 1415.
C011 DIMENSICN FHTP(5),C1F(5),C3P(5) ARGlP(5) 1416.
0012 DIFENSION HLM( 7 ), ACTIVt 7 ),GMAT( 7.7 ),HFLF E( 7 ),CACTIV( 5,300 ), 1417.

1 CFDLUT(5,300) 1413.
C SIK:D ( IUNDIR )= SIN ( ( PI+ F LCAT( IWNDIR - 1 ) )/8 ) 1419.

0013 DATA SINWD/0.0. 33268. 70711, .923SS,1.0, .92333. 70711 38263,0.0, 1420.
1 .33268, .70711. .923SS,-1.0, .92333 .70711, .38268/ 1421.

C COSND ( IWNDIR ):COS ( ( PI * F LOAT ( IWND IR - 1 ) )/8 ) 1422.
0014 DATA COSWD/1.0 92333. 70711. 33260,0.0, .33268, .70711 .92333, 1423.

1 -1.0, .923S3, .70711, .33253,0.0,.3S268. 70711,.92333/ 1424.
0015 DATA PI4,PIS/.7353902,.3926991/ 1425.
0016 C AT A H F L F C/3. 30 05 E S .183. 0,16 03. 0.1182. 0,6. 6226 E8,4. 33 E 5,1.196 E7/ 1426.
0017 DATA IUDEX/0/ 1427.
C018 ECUIVALENCE (IWNDIR.IWD) 1423.
0019 ECUIVALENCE ( TCMOD( 1,1 ) .CACTIV( 1,1 ) ),( TCNGC( 1,1 ),CPOLUT( 1,1 ) ) 1429.
0020 IF (IMDEX.GT.01 GO TO 30 1430.
0021 INDEX=1 1431
0022 X1=1.0 1432.
C023 00 10 I:1.7 1433.
0024 10 HLM(I)= ALN2/HFLFE(I) 1434.
CO25 00 20 I=1,7 1435.
0226 CO 20 J:1,7 1436.
0027 CMAT( J ,I ):HLM( J J-HLM(I ) 1437.
0023 20 CMAT(I J)=-GMAT(J I) 14 53.
CO29 30 SDIAM:SC?CE(4,ISCPC1) 1439.
C030 SCAD:SDIAM/2. 1440.
C031 PGFACT=FFEQ(IWD,IWS,ISTAB) 1441.
0032 DNWIFD :C D SC AL * ( ( SCRC E ( 2, I SCRC 1 )-R EC E PT( 2, IR EC E P ) )* COSWD ( IWNDIR ) + ( S 1442.

10RC El 1, ISCRC 1 )-P EC E PT( 1,IR EC E P ) ) * SINWD( IWNDIR ) ) 1443.
0033 X=CNNIND+SDIAM/PIS 1444.
C034 IF (SDIAM.GT.100.) CD TO 40 1445.
0035 1F (X) 230,230,50 1465.
C036 40 IF (SRAD+CNMIND ) 280,280,50 1447.
0037 50 CXWIPD 0DSCAL* ABSL I SCRCE( 2,ISCPC11-RECEPT ( 2,IRECEP))*SINWD( IhNDIR )1448.

1 -( SCRC E ( 1,ISORC 1 )-R EC E PT( 1,IP E C E P 1 ) * CO3hD ( INND IR ) ) 1449.
0033 Y=X*PIS 1450.

L
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FORTPAtt IV G1 RELEASS 2.0 POLUT DATE = 79078 15/02/04

C039 IF (Y.LE.CXWIta l G0 TO 250 1451.
0043 IF ( SR13.GT. ACS( Dt:WItO ) ) GO TO 60 1452.
C C 'e l IF ( SDI A?1. L E . ( CmItC * PIS ) ) G0 TO 70 1453.
00''2 Q :GSC AL E -( ( PIS *X-SD I At11/ SC I Atl ) 14 5 '+ .

0 0't 3 DS:llt:D:S;RTt ( CNMIt0 * C:::tIto ) + ( SR AD*SR AD ) 1 1455.
C F FC:t CtrdItC =( ( 4.*CMWItO * *2. + SDI AM* *2. ) * * .51/2. 1;55.

00'.4 X:2.*DMMI!O 1457.
0045 IF ( CXUI!O-( SPAD+X*PISI) 00.80,2E0 1453.
00',5 60 Q:CSCALE*(PI4*(X*X-4.CS*X*SDIAtt+4.1616 SDIAti*SDIAM))/(SPAD*SRAD*161459.

1.1 1; f ] .
C FFC'1 Q:CICAL E*( .1965*( X-2.040 *SDI Atll**2.1/SDI At:=*2. 1451.

0047 OtE:Ita: sit::Ot 3)*(Ct:WIta * SR AD 1 1;52.

C I:'::"E SIta'J f 3 ) : SIN (PIS*2) CR SIH(PI/4) 01 .70711 1663.
00'.3 x = "': :It :3 -2. 14'4.
C C '. 9 IF ( Cn'IND-SPAD 1 80,80,220 l'55.
005] 70 0-02: ALE 1;f5.

0151 83 C C-( Y-CXWI|'31/Y 16 0
C CCE"ECTICM SU::ESTED BY AFC0 -- JAN'JARY 1971 1'i2.

C052 IF (X.LT.100.0) X=100.0 1;E9.

C 1470.
CC53 U:UU(Iu3) 1G 1.
COSi 1:100.0-0/0 1'72.
C355 IF ( Y.LE.0.0 ) CD TO 230 1'17 3.
0055 CMIt::D 0NHIt:0 1474.

C **-**tn* 1475.
C C"IZS PLU"E RISE FCFMUL ATICN JANUARY 1971 1;75.

0C57 h3:2C?CE(3,I::"C1) 1;7'

Ca** AC31: LLA!G-STUTE-tiCSES/CAPCCN PISE IF VCD>0.0 11.
C*** TOTE THAT V03 IS SCPCE(12.IS"PC1) Me>

0058 IF ( SC''CE( 12,ISCRC 1 ) .GT.O.0 ) HS:HS+ 1.5 CORCE( 12,ISC"C1 )<U 14:1.
C057 FHT:HS l 'i 31.
0:i0 IF ( ZPECEPt JPECEP 1.NE.01 F|li:FHT-ZDECEP(IPECEP) If 22

l'33.C * * * * * * * *

C051 IF (Fi!T.LT.O.0) FHT:0.0 1Ci.
C052 IF (IFLA3.EQ.0) 00 TO 120 1-125.
CCS3 CO 110 I:NPS,t;FE lf'.s
C:54 IF IPTSZFC(I.K3C"CE1.EQ.0.0) Go TO 110 1437.
C:65 IF ( YC E T ( I I . L T . '. 0 E P( I ) ) GO TO 93 16E3.
CCf5 FH T Fl I 1 :Fd T-D Nult 0 *VC E T( I 1/ U i f. 2 7 .
CC67 GO TO 103 14c].
0 60 90 FHTF(I):FHT 1(il.
C0' 7 103 IF ( FHTF(I).LE.O.0 ) FHTP(I)=0.0 1472.
0170 110 CC::TINUE 1492.
CJ71 120 IF (CiOIt:D.LT.100. ) DNWIta=100. 149 i.
0372 SICI:AT LP C ( CU'l!!O ) 1475.
CC73 !"Sl=( .5 F'fT**21/ISIGZ**2) li's..

0074 IF (IFL A3.EQ.0 ) CD TO 140 1637.
C075 CO 130 I:v3.NFE 1 M3.
C376 IF ( PTSZFC( I,ES:"CE ) .EQ.0.0 ) GO TO 130 1597
C077 APG lF( I ):( .5 + f HIPL I ).~21/( SIGZ* *2 ) 1500.
C 7S 130 CCM;IMUE 15:1-
CJ79 103 SJTCN:.TFUE. 1502.
C033 IF II3 TAG.GT.4 ) GO TO 200 1533.
C 31 IF (SIGZ.LT. 47+CM) GO TO 200 150i.
0C02 X1:0.47+C:1 CA(ISTAB ) 15:3.

560 133
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FCRTRAN IV G1 RELEASE 2.0 POLUT DATE : 79078 16/02/04

0083 IF (ISTAB.LT.3) GO TO 150 1506.
0C34 XI:X1*X1 1507.
0005 X11=X1*CB(ISTAB)/2. 1503.
0026 X 1:X 11 +( X 11*X 11 +X 1 )**0.5 1509.
CCS7 150 IF (X.GE.X1+2. ) GO TO 160 1510.
OC23 XD=2.*X1 1511.
002) 53TONX=. FALSE. 1512.
0090 GO TO 170 1513.
0091 160 XD:X 1514.
C092 170 C2:(.0253*Y)/(CN*XD) 1315.
0093 IF (.NOT.SGTCNX) GO TO 190 1516.
0094 C3:C2 1517.
0095 IF (IFLAG.EQ.01 GO TO 230 1518.
OC96 DO 120 I:NPS.NPE 1519.
0097 IF ( PTSZFC(I,kSCECE ).Eq.0.0 ) GO TO 183 1523.
C093 C3P(I)=C2 1521.
0099 180 CCNTINUE 1522.
0100 GO TO 230 1523.
0101 190 XD:X1 1524.
0102 GO TO 210 1525.
0103 200 >D:X 1526.
0104 210 IF ( ABS ( ARG11.GT.60. ) APG1:-60. 1527.
0105 C1:( .0203 Y)/(SIGZ*XD)*EXP( APG1) 1523.
0106 C3:C1 1529.
0107 IF (.NOT.SSTCMX) C3:C 1-( ( X-X 11/X 1 )*( C 1-C2 ) 1533.
01C3 IF (IF L AG.EQ.0 ) CO TO 230 1531.
0109 DO 220 I:NFS,NPE 1532.
0110 IF ( PTSZFC( I,kSCPCE ) . EQ. 0.0 ) GO TO 220 1523.
0111 IF ( ABS ( APG1P(I)).GT.60. ) ARG1P(I):-60. 1534.
0112 AREXP:EXP( AF31P(II) 1535.
0113 C1P( I):( .0003 Y )/( SIGZeXD )* AREXP 1536.
0114 C3r(I)=CIP(I) 1537.
0115 IF ( .NOT.SGTCMX) C3P( I ):C 1 P( I )-( ( X-X 11/X 1 ) * ( C 1 P( I )-C2 ) 1533.
0116 223 CCNTINUE 1539.

C HALF-LIFE MCDIFICATION FCR PACCN222 15 '# 3.
0117 230 TINE =Ct'u1N0/U 1541.
0113 CCNCFN:SC'CE(9,ISCrC1) 1542.
0119 IF (IFLAG.EQ.0) GO TO 260 1543.
0123 IF (IRS 3.GT.11 CD TO 240 1544.
G121 CALL CDEP (SIGZ,0WINCD,X1 FHT) 1545.
0122 240 CD 250 1:NP3,NTE 1546.
0123 IF ( PTSZFC(I,f SCRCE ).EQ.0.0 ) GO TO 250 1547.
012 '+ CO 25] IFOLUT:1,4 1543.
0125 CCNC =C 3P( I )* P TSZFC( I,KSCPCE )* PSCRCt IPCLUT ).QXQt I,IWS )* PSF ACT 15 't 9 .
0125 TIS:( I,IFOLUT IFECEP ):TFS?(I,IPCLUT.IRECEP )+CCNC 1553.
0127 CFOL U T( I PCLU T . IR E C E P ):C POLUT ( IPOLUT . IR ECE P l + CCNC 1551.
0123 250 CCNTINUE 1552.
0129 260 IF (CCNCFN.EQ.0.0) GO TO 280 1553.
0130 CALL ACTCRI (TINE,7,HLM ACTIV,0NAT HLM) 1554
0131 F1:FSFACT C3 1535.
0132 F2:Fl*CCNCPN 1556.
0133 F3:F l* NSL( ACTIVl 11) 1557.
0134 CO 270 I:1,4 1553.
0135 270 CACTIVII,IPECEP):CACTIV(I IPECEPl+SNGLI ACTIVII+11)*F2 1559.
0136 CACTIv(5,IRECEP):CACTIV(5,IPECEPl+SN3L(ACTIV:71)*F2 1560.
0137 CPOLUT(IFOLU2 IPECEP):CPOLUT(IFOLU2,IRECEPl+SCRCE(IPOLU2+4,ISCPC111561.

1.F3 1562.
0133 230 FETUnN 1563.
0139 ENO 1564.

Chh;o
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FORTRAN IV G1 RELEASE 2.0 ACTDR1 DATE = 79075 16/02/04

0001 SU:FOUTINE ACTOR 1 (TIME.N1,HLM,ACTIV,CMAT,HLMEI 1565.
C002 RE AL* 3 HLT 7 ) .HLMEi 7 ),t.CTIV( 71,GMAT( 7,71.EHLM( 7 ),X,Y Z 1 66.

C CALCULATE /CTIVITY AT TIttE ' tit:E' 1557.
0003 tt:*41 15Cs.
0 0 0 '+ DD 20 I:1,N 1559.
00C5 X:-IILt:E l I )* TItte .570.

C FOLLO'4It|3 GUAPOS AGAINST UtOERFLCW EPRCR FCR DEXP(X) 1571.
0006 IF ( -X.LT. ( 1.532 ) ) GO TO 10 1572.
CC07 E!:Lt1( I ) = 0. 0 0 1573.
CCC3 GO TO 20 1574.
OCO) 10 EllLtilI):DEYFt X1 1575.
0010 20 CCNTIt."JE 1576.
'311 ACTIVt 11:EHLM(1) 1577.
C012 C3 60 I:2,tl 1570.
0013 Y:1.0 1579.
C 01'+ 09 30 J:2,I 1500.
C015 30 Y:Y-:lltit J l 35 1.
C015 ACTIV(I):0.C0 1:32.
C017 D3 50 6:1,I 1:03.
C0!S Z:E9Ul: K ) 1 E 2'4
0019 C3 (O J:1 I 1:25.
C020 IF (M.E1.J) GO TO 40 15:5.
C021 Z:Z< C::AT( J ,K ) 127.
0022 40 CCNTIt"JE 15:3.
OC25 ACTIVII1:ACTIVII1+2 1:27.
0 0 2 '+ 50 CcNTInUE 1m.
CC23 ACTIVII):ACTIVII)*Y 1531.
C?:6 IF (ACTIV(I).LT.O.DO) ACTIVII):0.D0 1E? .
0027 60 CCNTIt:UE 1573.
00:3 PETU.~N 15% .
C:29 Er:3 1575.

b [o. O )--s v
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FORTPAN IV G1 RELEASE 2.0 ACTOR 2 DATE = 79078 16/02/04

0001 SUEROUTINE ACTCR2 (T.NT R.E. INT) 1596.
0002 DIt:EM3ICN R(6) E(6) T(8) 1597.
0003 CC:"tti/ AT A/A A( 6.61.EB( 6. 6 ) 1593.
0004 CO 10 I:1,NT 1399.
C005 CO 10 J:1,NT 1600.
0006 10 AA(I.J):0.0 1601.
C007 DO80N:1HT 1602.
C003 DO 80 K:1,N 1603.
0009 DCAY:3.1535E7 1604.
0010 K1=K+1 1605.
0011 IF (K1.GT.N) GO TO 30 16C6.
0312 00 20 J:K1,N 1607
0013 20 DCAY:DCAY*R(J) 16 C3.
0014 30 FACT =0.0 1609.
0015 00 70 L:K,N 1610.
0016 IF (INT.GT.0) GO Til 40 1611.
0017 F1:ETEST(E(L ) T(1) 1612.
0013 F 1:( F 1-ETEST( E( L ) .T ' 2 ) ) )/E( L ) 1613.
0019 GO TO 50 1614.
0C20 40 F 1:T( 1 )*ETEST( E( L ) .T '2 ) )-T( 3 )*ETEST( E( L ) T( 41 ) 1615.
0021 F 1:F 1 + ( ETEST( E( L ) .T(i l l-ETEST( E ( L ) .T( 61 )-ETEST( E ( L ) .T( 71 ) + ETEST( E( 1616.

1L ) .T( 31 ) )/E( L ) 1617.
0022 F 1:F 1/E( L ) 1618.
0023 50 F2:1.0 1619.
0024 CD e0 I:K,N 1620.
C025 IF (I.EQ.L ) GO TO 60 1621.
0026 F2:(P(I)-R(L))*F2 1622.
0027 60 CCNTINUE 1623.
CC23 70 FACT: FACT +F1/F2 1624.
0029 80 AA(N.K):CCAY* FACT 1625.
0030 PETL7N 1626.
0031 Et:0 1627.

FORTPAN IV G1 PELEASE 2.0 ACT DATE = 79078 16'02/04

0001 SUSPOUTINE ACT (X.XR ) 1623.
0002 DIt:ENSION X(6),XPl6) 1629.
C003 CC:::: N'ATA/AA(6,6 ) EB(6.6 ) 1630.
0004 CO 10 IP:1.6 1631.
CCDS XRt IP ):0.0 1632.
00C6 C0 10 ID=1,IP 1633.
0007 XR(IP):)R(IP)+AA(IP ID)*X(ID) 1634.
CC03 10 CCNTINUE 1635.
0009 PETURN 1636.
0010 ENO 1637.

)) )
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FCRTRAN IV G1 RELEASE 2.0 COEP DATE = 79078 16/C2/ 04

0001 SUCPCUTINE CDEP (SIGZ,DNWIND,X1.FHT) 1633.
C032 FEAL'S t:ETSET,XNiMF 1639.
0003 C C":.:N/INTG/SU"F( 5,6 ) , SUM .H ,XL 1640.
0 0 0 '+ CCM;:CM 'C E F (/Q <Q( 5,61 1041.
C005 C D::::CTUD ADC 1/t:E TC E T ( 4 ) ,XtlAt:E ( 4,60 ) ,VC E P( 5 ) , PTOZFC( 5,5 ) , AltC. 1642.

1 PTS 2( 5 ),R EGICM( 6 ) ,XP ECE P( 3,6 0 ) ,C:1,XFH0( 15 ) ,KSMAX ,IFSMAX , 1643.
2 IF0"( 15,16 ), JC( 9 ),tCGCE ,IFH0( 61,Ii P( 101,IFC0 03160 ) ,F FI,S LIED , 16 % .
3 FFIN( 81.FWC0( 601.0FTIttE ,t|FC17.51. F G .DF ACT ,F F IE ,CUF I SUF F , 1645.
4 FCENf 5),F3TH(4),XIN:7 ),XIi 3( 7 ),FCCDIN( 2,31,FSLIM,FCALF ,YCCC, 15 a .
5 FCCNf 6.5 ),FE,0( 2 ),DV( 2 ),TPI 2 ) . IC( 2 ),FVf 21,DSV( 6 ),YEV3 16'*7

0006 CC" ::M ' UC AC C 2/VS E T l 51,CC CC AL ,C CC? L E . L T) FE , M 40.
1 O M 61.C3161,UU( 6 ) ,t.PS .'IE , tFP ,I F L AG . JF L AG ,IFOLU2, 16 'e 7.
2 IED"C1.LCO?CE,IH3,IW3,ISTAB.IN:3,IUSE 165].

0307 DATA t:Cttl C' 1551.
C0 3 IF (ti:ALL.GT.0) G3 TO 10 1552-
CJ 7 NCALL:1 M 5 3.
CJ10 F :S;7 T ( 2. 0 / 3.141593 ) 113 + .
C011 10 H:FilT * *2 1C55.
0012 XL:X1 1553.
0013 SZ130:ArtMCI100.1 1657
C314 !U.:10C *EvPt-H+0.5/tSZ100**2)1/SZ100 1653.
C015 IF ( JF L~G.EO.0 ) 00 TO 30 1657.
C016 XP 50. 1C60.
C017 CO 20 I:NFP.NFE lf61.
C]13 IF ( PT ZFC(I J f CFCE ).EQ.0.0 ) GO TO 20 * : 2.
C019 C3 20 J:IN3,IU5E IfL3.
C220 H F r i hT -X F 6':E T ( I )/UU( J ) ..

C021 IF (HP.LT.0.0 ) HP=0.0 15C5.
CF:2 EU"FtI,J1:10 0. * EXP( -H F*HP* 0. 5/( SZ 10 0 SZ 10 0 ) 1/SZ 100 1C 6 3

0:23 20 C:MTIt?UE 1C67.
F. '+ 20 IF (D"MIt:3.LE.100. I CD TO % *CC3.
CO23 IF (ISTtB.GT.4 ) GO TO 70 1259.
03 3 IF ( CIGZ.LT.O.47+0|t) GO TO 70 1370.
CJ:7 IF 1Ctr:IN3.LE.X11 C010 70 1571.
C:23 IF ( X 1.LT.100. ) X1:100. 167'
C02) CALL INTEG ( 0,100. ,X1,FHT ) 1673.
C030 Xt!:C'" IfD 1674
0331 IF ( CU::It:3.GT . 2. * X 1 ) Xtt:2.*X1 '675.
C f. 32 CALL IMTEG (1,X1,'M.FHT) 1676.
C3:3 00:!:( ? -X1)+-2/(2.*X1*CM) 3 77.
C .1. 3, CUJ: CUM.CSU:t 1673.
0035 IF (JFLA3.EQ.0) GO TO 50 M77.
CI:5 C3 40 I:NFP,t:FE M C 3.
t:37 IF ( PTS FCI I .LSC"CE ) .EQ.0.0 ) CD TO 40 1001.
CTO CO (,0 J:I:;3,I:::E 1C2.
0037 Ct"T( I J ):^,LEF( I , J ) +D EUM 15 I.
00i] 40 CCNTI?" E 16 " . .
O C 'e l 50 IF ([' NII:3.LE.2.*XI) CD TO 100 16 :5.
0 2 '<2 YL:2.'X1 li:6.
CCi3 DM :( C' IND-XL )/CM If07.
: C i', S' 5:240 SUM If23.
C:i5 IF ( Jr L? S.E1.0 ) CO TO 100 1027.
CCM C3 60 I:TP,t:FE !;;)-

C 0 '.7 IF ( FTSZF C(I LSOFCE ).EQ.0.0 ) GO TO 60 1591.
00',3 C3 6 3 J:IW3,IiCE 1Z 2.

7
5LQ \s t

G
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FOR) PAN IV G1 RELEASE 2.0 DDEP DATE = 79078 16/02/04

0049 SUMP ( I .J )= SUMP ( I, J ) + DSUM 1693.
0050 60 CCNTItiUE 1694.
0051 CD TO 100 1695.
0052 70 CALL It4TEG ( 0,100. .Ct: WIND,FHT) 1696.
0053 - GO TO 100 1697.
0 05'+ 80 SUM:SUti DNWIt0/100. 1693.
0055 IF (JFLAG.EQ.0! GO TO 100 1699.
0056 XP:Dtt!I|O/2. 1700.
0057 00 90 I:t:FP,tFE 1701.
005S IF (PTSZFC(I,hCC"CE).EQ.0.0) GO TO 90 1702,
0059 DO 90 J:IWS.IWSE 1703.
0060 HP:FHT-XF=VSET(I)/UU(J) 1704.
0061 IF (HP.LT.O.0) H P= 0. 0 1705.
0062 SU:;P( I , J ):Dif.4It:D * EXPl -H Pa H P* 0. 5/t SZ 100 * SZ 100 ) 1/SZ 100 1706.
0063 90 CCNTItiUE 1707.
0064 100 CCNTIt;UE 1703.
0055 DO 110 I=NPS.NFE 1709.
0066 IF ( PTSZFC(I VSCPCE ).EQ.0.0 ) GO TO 110 1710.
0067 TEi1P:f *SU!:*VDEP(Il 1711.
0063 DO 110 J:IH3,IWSE 1712.
0069 WDF:TEtPeUUtJ) 1713.
0070 IF (WDF.GT.60.1 WDF 60.0 1714.
0071 QXQ( I .J ):EXP( -WDF ) 1715.
0072 110 CotiTINUE 1716.
0073 IF (JFLAG.EQ.0) G3 TO 130 1717.
0074 DO 120 I:tiFPetiPE 1713.
0075 IF (PTSZFC(I.KSCRCE).EQ.0.0) GO TO 120 1719.
0076 00 120 J:IWS.IW3E 1720.
0077 WDFP:F*VDEP(I)* SUMP (I,J1/UU(J1 1721.
0078 IF f 1:DFP.GT.6 0. ) WDFP=60. 1722.
0079 QXQ(I J ):EXF(-WDFP) 1723.
0000 120 CCNTINUE 1724.
0031 130 RETUrti 1725.
OCO2 Et:0 1726.

560 138
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FCRTPAN IV G1 RELEASE 2.0 ItiTEG CATE = 79078 16/02/04

0001 SL'rPCUTINE INTEG (It:0EX,XI,Xti,FHT) 1727.
03C2 E XT Erit',L F ErF , F LT P 1 1723.
0C03 rE AL, J i:ETCET.9 :,E 1727.
0:04 E E AL+ 3 CC1.CC3.Cil,0X1,0XI,D)N EP.F EFR.F err 1 1730.
00j3 Cr: 71/INTG/ r: T( 5,6 ),SU:1.H ,XL 1731.
C006 CC. : J| UO .CC 1. I:ETSET( 4 ),Xt!At'E( 4,60 ),VD EP( 51,PTSZFC( 5,5 ), ALN2, 1732.

1 FTS (51,"E1ICN!61.PECErt3,601.CN >P:0( 15 ),f S!'AX,Ir:" AX, 1733.
2 Ir0P( 15,161.J:( 9 ) ,N3C"C E ,IFH0( 6 ) ,IT PI 10 ) ,IF CJC S( 6 0 ) ,F FI .EllIED , 17.' ,

3 FF ItH S ), t i.T G016 0 ),CITINE t'rC( 7. 5 ), F 3,CF ACT .FFI E ,FUF I .C'f F , 1735.
4 FCDU 51,FTTHI 4 ),XIN( 7 ),XI!:3( 7 ),F CCOIf M 2,3 ),FELIt',F C ALF ,i:CC , 17 H .
5 FCCru 6,5 ),r':0(2),0Vl2). tut 21 TC(21 FV(2) CGV16),1LVJ 1737

GC07 CC1 20 US AO /VSE T( 5 ),C37 CAL ,CC AL E ,LTi rE , 1733.
1 C A( 6 ) ,02161,L"J( 6 ) , TIS ,t:F E , NTP . I F L AG . J F L AG , I FOLU2, 1732

2 ICC C1.F::''CE.IN3,IN3,ISTAS,IN:3,IN:E 1743.
0C03 CCN"~'t D3T0Z C?A,023.CH CX1 1741.
0007 FU:::( A.D.C U EXF( ( - A + C ),0.5/I C C I ) 1742.
C010 IF (XI.GT.XN) G3 TO 70 1743.
0311 DXICCLE(XI) 17;i.

CC12 D:'..-C:L E t > N ) 17'3.
C013 DXPCTLE(XL1 172

00:4 CH: CELE (H) l ' ', '

C015 CC3:CLE(CA(ISTABil 17 ',

C016 C'J:-t ;L E ( C3( ISTAD ) 1 1743.
C017 E r : 1. C3 -4 17_" 3.

C010 IF ( 7" t ' . E Q .1 ) 00 TD 10 1731.
0017 D ' ' ' ' X:4 ( C':I ,0VN. E P ,it ,1. F EFR ) 1752.
00 0 C3 TO 20 1753

C M,,1 ,10 C OU1 ".O C.t t ,CP,, EP,1,1.F EPR 11/ DX1 175 ,
s . , ,a . 7. .c ; .e -) c. . .

as _ , . , , , ,,

sa- .

0023 IF ( JFL A3. .0) FETUEN 17 5
00:4 ' I:( XI +;- N )i . '77
00:5 C_" ' ~ '.F U ::( X P ) 17:2.
07:"2 C3 6 0 I:!.FF , RTE 17:S
s '27 IF ( PT 5ZFCI I,l.20'CE ) .EQ.0.0 ) CD TO 60 17J '
C::2 C''(C J:I|:3 I:.:E 173 i.
C:27 U:UU(J) 1752.
C 0 '3 3 >r:FHT U/VCETtIi 17:3.
CC31 IF (> '.LE.XII 00 TO 40 176 i.
0032 IF ( X 1.GE. ;N I CD TO 30 1765
C:33 xr l-( XI + M11/ 2. 17C 2.
00:i HP:UTlT,rHT,xP1,U) 1707.
C035 HP r::r,( ( xit-XI I/( XN-XI l l u2 ' 7! 3
C'35 G3 TO 5) 1767.
0037 30 HP:HT(I FHT,XP,U) 1770.
C:33 CD TD 50 1771.
CC37 40 HP:0.0 1772.
0140 50 SL" P( I . J ) SUf:PII,J )+DEU!1*FUNC( HP,H,SZC AC ) 1773.
CMI 60 CCNTINUE 1774.
00',2 PETU~N 1775.
C:i3 70 F PINT EC 1776.
OC;i STCP 1777.

C 1770
C 1777.
C 1733.

CC45 80 FCF' TAT ( ' 1' , ' EFPC2 Iti S'3PCUTINE INTEG, XI .GT.XN' ) 1701.
0046 EN3 1722.

-p

1
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FORTRAN IV G1 RELEASE 2.0 AFUNC DATE = 79073 16/02/04

0001 FUNCTION AFUNC (X) 1783.
0002 CCNMCil/UD ACC2/VSE T ( 5 ) , GDSC AL ,QSC AL E . LTYPE , 1784.

1 CA( 61,03f 6 ),UU( 6 ),tlFS ,t4FE ,ttFP,IFL AG.JF L AG.IFOLU2, 17ES.
2 ISCFC1,LSD.7CE IW3,IWS.ISTAB.IllSB,IWSE 1726.

0003 Y:DatISTAS)*X 1707.
0004 Y1:1.0+CDlISTAB)*X 1503.
0005 IF (LTYFE) 10,20,30 1789.

C 1790.
C NOTE THAT LTYPE:-1,-1,0,0,1,1 FOR ISTAD=1,2,3,4,5,6 1791.
C 1792.

0006 10 AFUNC:Y*Y1 1793.
C007 RETUFN 1794.
0003 20 AFUNC=Y/SCRT(Y1) 1795.
OCC) RETUPN 1796.
0010 30 AFUNC:Y/Y1 1797.
0011 FETURii 1753.
0012 END 1799.

FCRTRAN I\ G1 RELEASE 2.0 DFUNC DATE = 79078 16/02/04

0001 FUNCTICH DFUNC (X) 1800.
0002 PEAL *8 DFUNC,X,Y.Y1,00A,00B,DH,0X1 1801.
C003 CCNNON/CSTDZ/DOA. COB,DH,0XI 1E02.
0004 CC"NCN/UD ACC2/VSE T ( 5 ) , GDSC AL . QSC AL E , LTYPE , 1803.

1 CA( 6 ) .CB( 6 ),UUt 6 ),NFS,NPE.NFF. IFL AG JFL AG.IFOLU2, 1304.
2 ISCRC1,KSCRCE.IWD.IWS.ISTAB.IKSB,IWSE 1005.

0005 Y:DCA*X 1806.
0006 Y1:1.D0+DCO*X 1007.
0007 IF (LTYPE) 10,20,30 1803.

C 1309.
C NOTE THAT LTYPE:-1,-1,0,0,1,1 FOR ISTAB:1,2,3,4,5,6 1310.
C 1311.

0008 10 DFL*NC:Y=Y1 1312.
C009 PE TURil 1013.
0010 20 DFUNC:Y/DSORT(Y1) 1S 1 '. .

0011 FETURN 1S15.
0012 30 DFUNC:Y/Y1 1016.
0013 PETURN 1817.
0014 END 1313.

i)

9
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FC7TPAtt IV G1 PELEASE 2.0 FERR DATE = 79078 16/02/04

0001 FUNCTICH FEPR (X) 1819.
CCO2 If rLICIT CE AL*3 ( A-H,0-Z) 1S20.
3:03 CCE:CN DSTBZ/CCA.DCB.DH,0X1 1221.
C 0 ', SIZ: C T Ut |C( X 1 1822.
C005 F EF P :C E XP( -CH/( 2.0 0 * SIZ * *21 )/SIZ 18:3.
0006 P E TU~ti 1SC4.
C007 Eti3 1025.

FCRTPAN IV G1 EELEASE 2.0 FEPRI DATE = 79073 16/C2/C4

C001 FUNCTICH FEr71 1X1 13:4.
00:2 ICLICIT FEAL*S ( A-H,0-Z) 13:7.
0C03 cc :::N/CSICZ'CCA,CC3 CH,Dx1 13:3.
31C4 SIZ:DFU?:C( X ) 1327.
C:15 F E F71:( 2. C O * D X 1 -X ) * 0 E XP( -CH/( 2. 0 0 * CIZa = 21 ),'3 IZ 1030.
CC 6 PElU'N 1:31.
C:07 Et 3 15;2.

FC TPAN IV G1 PELEASE 2.0 HT DATE = 79078 16/02/04

0001 FUNCTICN HT (I.FHT,XP U) 1833.
CC02 CC:'.::0N/U0 ACC2/VSE T( 5 ),GCSCAL C5C AL E , LTYFE , 1834.

1 Caf 6 ) .CC(61,U'Jf 6 ),tirs,t;rE .tirP,IFL AG,JFLAS,IFCLU2, 1035.
2 IS0?C1 MSC?CE,Ii:3,IW3,ISTAC,IW^3,Ih3E 1036.

CC03 HH:FHT-> F V2ET(I1/U 1037.
C 0 0 '+ IF (MH.LT.0.0) HH:0.0 1233.
0C05 H T:l!H a *2 1!39
CC05 RETU"N 1540.
C:07 Et:3 1 ",; 1.

560 10
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FORTRAN IV G1 RELEASE 2.0 KSZFC DATE = 79078 16/02/04

0001 FUNCTI0t{ KSZFC (I) 1842.
C 1843.
C FUNCTION SU3PCUTINE TO CHECK IF FTSZFC(I.K) ARRAY HAS A NON-ZEF0 1044.
C ELEMENT FOR GIVEN I AND IF SD, TO RETURN THE FIRST SUCH K VALUE. 1S45.
C OTNEPHISE, A ZERO IS RETURNER. IS'6.
C 1047.

0002 PEAL *8 HETSET.XNAME 10 '+ 3.
0003 CCt:MCN/UD ACC 1/ NETS ET( 41 XNAME ( 4,60 ) , VDEP( 5 ) .PTSZFC( 5,5 ) . AtN2. 1849.

1 PTSZl 5 ),R EGICN( 6 ) ,XPECE P( 3,6 0 ),DM.XRH0( 15 ),KSMAX IPEMAX. 1850.
2 IPOP(15,16).JC(9).N30PCE.IFH0(6).IiR(10) IFCDOS(60).PFI. SHIED. 1851.
3 PFINi 8 ) ,FWF0D( 6 0 ) .0FTIME MPC( 7,5 ),FG.DF ACT.RFIE .SUFI .SUF F , 1352.
4 FD EN( 5 ) .FGTH( 4 ) .XIN( 7 ) .XINGl 7 ) FOCDIN( 2,3 ) .RSLIN,RSALF .iC00. 1853.
5 FCON( 6,5 ) ,FH0( 2 ),DV( 2 ) .TWl 2 ) .TC( 2 ) , FV( 2 ) ,BSV( 6 ) ,YEVD 1354.

0004 DD 10 K:1.KSMAX 1855.
0005 IF (PTSZFCII.K).GT.0.0) GO TO 20 1055.
0006 10 CONTINUE 1857.
0007 KSZFC:0 1853.
00C8 PETUFN 1059.
C009 20 KSZFC:K 1860.
0010 RETUPN 1C61.
0011 END 1052.

FCRTRAN IV G1 RELEASE 2.0 HEADER DATE = 79078 16/02/04

0001 SUCROUTINE HEADER (I) 1863.
0002 REAL*3 TLDAY.XNAME.METSET.VEPSN 1S64.
0003 CCD ON/UD ACC 1/NETEET( 4 ) ,XNAt!E( 4,60 ) VDEP( 5 ) , PTSZFC( 5,5 ) . ALN2. 1055.

1 iSZ( 5 ) .R EGICN( 6 ) XP ECE P( 3.6 0 ) ,DM ,XEH0( 15 ) ,KSMAX ,IPCMAX , 1066.
2 IFOPI15.16).JC;9),13CRCE IPM0l6 ).IYR( 10 ) IFC00S(60 ),RFI,SMIED,1C67.
3 FFIN( 8 ) . FUFCJ t 6 0 ) .CPTIME .MFC( 7,5 ) . FG ,0 F ACT .RFIE .0UFI .SUF F , 1358.
4 FCEN( 5 ) . FGTil( 4 ) .XIN( 7 ) .XIN3( 7 ) , F 00 DIN ( 2.3 ) RSLIll.PSAL F .YCOC , 1859.
5 FCCN( 6.5 ) rH3( 2 ),DV( 2 ) .TW( 2 ) .TC( 2 ),FVI 2 ),DSV( 6 ) .) EVD 1370.

0004 COM:EN UDACC4/TCDAY,NFS.NFL.NRECEP.IFECEP.KFHO,IMX,IPAGE( 3), 1371.
1 THETAS ( 16 ) .UINJR( 16 ),FH ALF( 6 ) PHALF ,CF( 4 ),FCOR( 2. 300 ) .RN( 300 ), 1872.
2 C ISUMI S . 300 ) . T PSZ( 5,4,3001,TP32n ( 5.4,30 01.TCNGC( 5,300 ) , 1S73.
3 TCNG0( 5. 300 ) .F EC E PT( 2,300 ) .ZR EC E P( 300 ) . WL( 300 ) . F ILL E r ( 1800 ) 1874.

0005 DATA VERSN/'UDAD 9 '/ 1875.
0006 J:3 1876.
0007 IF (I. Q.6) J:1 1077.
0003 IF (I.EQ.10 ) J:2 1073.
0009 IPAGE(J):IPAGE(J)+1 1379.
00;0 WRITE (I,10 ) REGION,VERSN.TCDAY IPAGE(J) 1000.
0011 WRITE (I 20) METSET 18S1.
0012 PETURN 1332.

C 1S33.
C 1 &S '+ .

C 10S5.
0013 10 F0FMATI'1',6A4,20X.A8,24X,'DATE ' A8,T112.'PAGE' I4) 1805.,

, METSET '.4A8) 1837.0014 20 FCRMAT(' ' '

0015 EN3 1003.

)b ~
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FCRTRAtl IV G1 RELEASE 2.0 TAIPR D ATE = 79078 16/02/04

0001 EUEFCUTIt;E TAIRR (T.DT. INT) 1889.
C302 PEAL *3 METSET..xNAME.TCDAY 1370.
CC33 DIt:EN3ICN X( 6 ),XR( 6 ) T( 16 ) 1891.
C034 DATA NCALL/0/ 1872.
C005 CC'.MCN <US ADC 1/ME TS E T( 4 ) ,XN?.ME ( 4,6 0 ) ,V0EP( 5 ) , PTSZFC( 5,5 ) ALN2, 1093.

1 PTSZ( 5 ) ,REGICN( 6 ),)P ECE P( 3,6 0 ) CM,XPHC( 15 ),kCMAX,IPSMAX, 1374.
2 Ifor( 15,16 ),JC( 9 ),N307CE IFH0( 6 ),I)Rt 10 ),IFC00S( 60 ),FFI, SHIED, 1375.
3 FFIN(8),FWFCJf 60 ) CPTIME ,t:rC( 7,51.FG.CF ACT,RFIE,CUFI .SUFF, 1076.
4 FCEN( 5 ),F3THt 4 ),XIN( 7 ),XIt:St 7 ),F C20 int 2,3 ),RELI!!,RSALF,i"CC, 1297.
5 F CC"( 6,51,rE0( 2 ) ,0V t 2 ) .Th( 2 ) T Cl 21.F V( 2 ) ,CSV( 6 ),YEVD 1073.

0306 CCM"C1 T 40:4/TCDAY,NF3,t:FL ,t:"ECE P.IPEC[P FFNO,1NX,IFAJE( 3 ), 1277.
1 T H E TAS( 16 ) ,WINJR( 15 ) ,c'(AL F ( 6 ) , FH AL F .CF ( 4 ), FCCR( 2,3 3 0 ),FN( 3C 3 ) , 1903.
2 CIEU:M 5,3 C 3 ), T FCZ( 5,4,3 0 3 ), T F9ZF ( 5,4,30 01.TCN3C( 5,3 0 3 ), 1931.
3 TCt :D( 5,300 ),FECEFT( 2,300 ),ZPECEF( 300 ),WL( 303 ),FILLEP( ISCO ) 1932.

CCJ/ CCM"2" ATA AM 6,6 ) CCf 6.61 1903.
0C03 COMM;N.q:C AY,- FCC AY t 6 ),ECC AY( 6 ),rCCAYl 6 ) 1904

C 1703.
C COT:CN/CJCAY/IS INITI ALIZE0 prpE AN3 TPUS TAIFP M'J3T GE CALLED 1705.
C (DY UCAJ9) F7IC9 TO C"CU::3, WHICH AliG U ES CDCAY. 1907
C 1900

0009 IF (t:C ALL.GT .0 ) GO TO 20 1707
0110 t'C ALL : 1 1713.
C311 C 3 13 IP= 1,6 1;11.

0312 FCCA'f(IP):ALN2/FHALF(IP) 1712.
C313 E OC AY( IP ):FCC AY( IP l + ALN2/FH AL F 1913.
0314 10 C:C Ai(IP):ECC AYt IP )+ ALN2/RSALF 191 '+ .

0315 '.F (INT.LT.0) FETURN 1715.
CC15 20 CD 30 IW:1,tFECEP 1916.
C317 CD 33 IP:1,5 1917.
0313 30 TCt::C(IP.IR ):0.0 1713
C317 C3 40 I=1,6 1919.
C023 CO 43 J:1,6 1923.
C021 40 C0(I.J):0.0 1921.
CCZ2 IF (INT.GT.0 ) G3 TO 50 1?:2.
0023 IF (T(2).LE.T( 11) C0 TO 70 1923.
00:4 50 CALL /C10F2 (T(1),6 PCCAY,SDCAY, INT) 1924.
03:5 C3 60 I:1.6 1725.
C025 CD 60 J:1,I 1925.
0:27 ES(I,J):AAII,J)*CUFI 1727.
C0:3 60 AAII,J):0.0 1?:S.
C 3'_7 70 IF (INT.GT.0) 03 TO 80 19:7
C033 IF ( T( 10 ) .LE .T( 91 ) CD TO 90 1933.
C331 30 C ALL ACTC?2 ( T( 9 ),6,PCCAY,EDCAY, INT ) 1931.
C332 90 CO 100 I:1.6 1932.
C333 CD 103 J:1,I 1733.
033+ 100 A M I J ): A A(I.J )*:UFF +EC(I.J I 173 .
0335 CO 110 IP:1,4 1935.
CJ36 110 ::(IP):3.0 19 5.
0037 CO 123 IP: 1,U:ECEP 1937.
00:3 03 1;] IF=5,6 1?33.
C039 123 F( IF ):CICUM( IP-1,IP l* 0.033 1737
03'] CALL ACT (X,v') 19 '+ 3.

0041 00 1:0 IP:1,2 17',1
30',2 133 FC:7(IP,IR):ic(IP+4)*CISUM(IP+3,IP)*DT 1742.
00',3 CO 1E0 IP:1.tDECEP 19 '* 3.

7
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FCRTPAtt IV G1 RELEASE 2.0 TAIRR DATE = 79078 16/02/04

0044 00 160 I:NPG.NPL 1944.
0045 IF (KSZFC(II.EQ.0) GO TO 160 1945.
0046 RVDEP:RSLIti 1946.
00'+7 IF (VDEP(II.LT.RSLIM) PVDEP:VDEP(I) 1947.
0043 IU:1 1943.
0049 00 140 IP=1.5 1949.
0050 IF (IP.GT.11 IU:IP-1 1950.
0051 140 X(IPI:TPSZ(I.IU.IR l*RVDEP 1951.
0052 X(61=X(51 1952.
0053 CALL ACT (X.XR) 1953.
0054 00 150 IP:1.4 1954.
J "; 55 150 TPSIR(I.IP,IR):XR(IP+11+TPSZ(I.IP.IR )*DT 1955.
0056 160 CC'iTIh"JE 1956.
0057 CO 130 IR:1.NRECEP 1957.
0053 00 100 IP=1.5 1953.
0059 IU-IP 1959.
0060 IF (IP.EQ.5) IU:4 1960.
0061 CD 170 I:t;FB,tirl 1961.
0062 IF (FSZFC(I).EQ.01 GO TO 170 1962.
0063 Tcric C ( IP.IR 1:TCli3C( IP. IR ) +TPSZR( I .IU,IR I 1963.
0064 170 CC:iTIh"JE 19 0 '+ .

0065 IF (IP.LT.41 GO TO 180 1955.
0066 T CICC ( IP . IR ):TCriCC( I P . IR ) +FEDR ( I P-3,IR ) 1956.
0067 180 CC:lTItiJE 1967.
0063 RETURti 1953.
0069 EnD 1969.

560 124-
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FCPTPAtl IV G1 PELEASE 2.0 CPOUND DATE = 79078 16/02/04

0001 CU2'C'JTINE CPCUN3 ( T. INT ) 1970.
CCO2 FEAl*3 ytUME TCJAY,t'ETCET 1971.
CCO3 DItEr3 ION Xt61,1(61 T(81 1972.
0004 CC:'M2m tD t0C 1/ t:E T SE T( 4 ) ,ytt'.t'E( 4,6 0 ) ,VD E P( 51 PTGZFC( 5,51. AltC , 1973.

1 PTSZ( 51,EESIC?t( 6 ),XPECE P( 3,601.C 1,s FHD; 15 ),Fstm,Ir:'f'M, 1774.
2 IFC?( 15,16 ),JC( 91 t0CrCE .IFH0( 6 ),I)R( 10 ),IF CC031601.F FI,54IED , 1775.
3 FF IN( 8 ),F;:r C3( 60 ) eCFTIME ,tlFC( 7,51.FG C F ACT ,FFIE ,5UF I .EU7 F , 1976.
4 F0 EN( 5 ),r3THI 4 ),XIIN 7 ),XItG( 71.F CCDINt 2,31.PSLItt.FC ALF ,YCCC, 1777.
5 F CC'H 6,5 ),r'O( 2 ),DVI 21 Tll( 2 ) ,1C( 21, F V( 21,D3Vl 61,i EVD 1773.

0005 CCi"*.N'UD AOC4/ TCD AY ,t;ra ,Not ,tr E CE P r IF E C E P,t cHO ,ItiX ,IPAGE( 31, 1777.
1 TH: T A0( 161, L11N.:? ( 16 ) ,FH '.L F ( 6 ) , FH f L F , L F ( 41, f?CP ( 2,3 0 01,rN( 30 0 ) , 1020.
2 C ICU::( 5,3 0 01, T FJ2( 5,4,30 01, TFSZF( 5,4,30 0 ) TCtcC( 5,2 0 01, 1731.
3 TCN:0( 5,30 01, F E C E P T( 2,3 001, ZP E C E F( 300 ) , WL ( 300 ) , F IL L E R ( 12001 1702.

0005 CCn!'7N'ATA/ A(6.61 CC(6,61 1903.
C007 CC::..J:( CCC AY FOCAi(6 ),ECCAYt 61.SOCAY( 61 192 4.

C 17' 5._

C 19:5.
C003 CO 10 J7ECEP:1,NOECEP 1727.
CJC7 CO 10 IP=1,5 17: 3.
0010 10 TCI::CIIP.JPECEPI:0.0 1927.
0011 CAL L ACTCP2 ( T,6,FCCAY,ECCAY,II;T ) 1970.
C312 CO 60 JFECEP:1 tnECEP ~771.
0013 C3 20 IP:1,4 1972.
0014 03 20 I:Nr3,Url 1793.
C015 IF (FSZFCIII.EO.U) CD TO 20 197i.
0016 TCt 0(IP.JECEP ):TCt;:0(IP.JPECEP)+Tr32(I,IP.JPECEPl*VDEP(Il 1995.
C017 20 CC"TIU"E lin.
0010 C1 30 I:1,2 1777
C017 IF:6-I li?S-
0:20 30 TCt 20f IP,JPECEP):TCti:C(4,JPECEPl+0.003*CICUtilIP.JPECEP) 1977.
00:1 IU:1 200).
00:2 C3 40 IP:1.6 20J1.
LU23 IF ( IP.GT.1 ) IU:IP-1 200?
C004 40 XIIP 1:lu,30iIU,Jr:CEP! 20J3.
00:3 CALL ACT (X,Yi LC:4.
0125 C3 50 IP:1.5 2005.
C027 50 TCt::1(1P.JPECEP):Y(IP+1) 2006.
C0:3 60 CC:: tit.UE 2007.
C::7 RETU'N 2003.
C030 EN3 2007.

560 i,5
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FORTRAN IV G1 RELEASE 2.0 DCCOMT DATE = 79078 16/02/04

C001 SUCPCUTINE DOCOMT (IPCV) 2010.
C002 RE AL*8 OPGAN.CREP.PID( 13 ) . NUKES (7 ),METSET.XNAME TCDAY 2011.
C003 PEAL *4 LCN,LR.MFC.LONM 2012.
0004 DINENSICN UC7Kt 8),COSE(6 ).DR(C ),CKt 3.5) 2013.
0005 CCN:10N/L'D ADC 1/ttETSET( 4 ) .)NAt!E ( 4,60 ) .VD E P( 5 ) . PTSZFC( 5,5 ) . ALN2. 2014.

1 P TSZl 5 ) .P E GICN( 6 ) .XP E C E P( 3,6 0 ) .CM,xP H0( 15 ) ,ESttAX ,IF:t t Ax . 2015.
2 IF0P( 15,16 ) .JC( 9 ),NSCPCE IPH0( 6 ) .IYR( 101.IFCDCS( 60 ) .PFI.CHIED , 2016.
3 FFIN( 8 ) . FuF C0 ( 6 0 ) .0P TIttE ,ttFC( 7.5 ) . F G .D F AC T .P FIE . SUF I . SUF F . 2017,

4 FDEN(5 ),FGTHt 4 ),XIN( 7 ),XING( 7 ),FCCDIN(2.3 ) RSLIM,RSALF,YCCC. 2018.
5 F CON ( 6.5 ) .PH0( 2 ) .DV( 2 ) .TW( 2 ) .TC( 21. FV( 2 ),BSV( 6 ) .YEVD 2019.

0006 CCMMON 'UD ADC 3/ CPG AN( 3,12 ) ,CR E P( 3 ) .0K F( 3. 5 ) . PAL L( 3,6 ) . FE M( 3 ) . TA . 2020.
I DCFC( 9.13 ) .DCF Gl 9,13 ) .TFOP.BP( 3,5 ) SFACT .BFRTSi 3,9 ) . 2021.
2 WN0( 3.2 ) .FF0f t( 5.41.CCCNV( 6.4 ) 2022.

0007 CC"::0N/ UD ADC4/TCD AY.NF3.NPL .NR ECE P. IRECEP.KFHO. IttX IPAG E( 3 ) . 2023.
1 THETAS ( 16 ) NINDR( 16 ) .FH ALF( 6 ) .FHALF .CF( 4 ),FEDR( 2.300 ) .PN( 300 ), 2024.
2 CISU!N5.300).TFSZ(5.4,303).TPSZR(5.4.300).TCNGC(5.300). 2005.
3 TCNC0( 5.300 ) . RECEPT ( 2.300 ),ZRECE P( 300 ),WL( 300 ) FILLER ( 1300 ) 2025.

0008 COMMON / INH AL 1/E ( 10.12 ), LCN( 10,4 ) .LF( 10 ) . F 1( 10 ) F2P( 1',,41, 2007.
1 IFSOL( 10 ) .NNUC .MSPTAB( 10.4 ) . F2Ft1( 16 ) .L0utt( 16 ),GN0 tit 16 ) 2003.

C009 CC" MON / DCF Q/ DCF A( 6,12,5 ) .DC F FB( 2.12 ) 2029.
, U234 '. 2030.

','PA234
0010 DATA PID/'U233 ' 'TH234 ' '

,

'FN222 '.'F0213 '. 2031.1 'TH230 '.'PA226 '

, F0214 ' 'FD210 '.'BI210 '/ 2032.2 'FB214 ' 'BI214 ' '
,

2033.0011 DATA tr,EES/' U233 ' ' U234 ' 'TH230 '.'RA226 '
, , ,

1 'FB210 ','F0210 ' ' TOTAL '/ 2034..

Ca**********************************************************************2035.
Ca**********************************************************************2036.
C 2037.
C CCMruTE ItNALATION COGE CC!tNITitENT FACTORS FOR PARTICULATE SIZES 2033.
C GIVEN IN PTSZ. CALCULATICNS CSTAIt;ED BY DOSE RATE AFTER YDCC 2039.
C ) EARS OF CCNTINUCU3 INHALATION OF 1 FCI/tt3. 2040.
C 2041.

C012 IYCCC YCCC 2042.
0013 MARK:0 2043.
0014 ICFT:0 2044.
0015 DEN =1.0 20',5.

C 20;6.

C F:Ft.CTCR TO CONVERT PCI/M3 FER YEAR INTO PCI, ASSUMING 20 CU31C 2047.
C METERS INHALATICN VOLUME PER DAY. 2C43.
C 2049.

0016 F:20. 365.25 2030.
0017 DO 40 I=NFB,NPL 2051.
0013 kS:KSZFC(I) 2052.
0019 IF (LS.EQ.0) GO TO 40 2053.

C 2054.
C MAPK:I ttAPMS INDEX IN PTSZ FCR 0.3 HICRON SIZE. WHICH IS NEEDED 2055.
C LATER FCR CCFFB. MARK:0 IF 0.3 MICPCN PARTICLE SIZE NOT USED. 2056.
C FDENtKS) ttUST ALSO EGUAL DEN FOR tiARK:1. 2057.
C 2053.

0020 IF ( PTSZlI).EQ.0.3. AND.PDEN(KS ).EQ. DEN) MAPK:I 2059.
0021 CALL FRACT (PTSZ(I),PDEN(KS),0K( 1,II) 2060.
0022 DO 10 K=1.3 2061.
0023 DKF(K.I hDK(K,I)*F 2062.

C 2063.
C FOLLOWItiG REQUIRED BECAUSE OF FBK USAGE IN DOSAGE; OTHERWISE 2C64.

J f )
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FC2TPAN IV G1 FELEASE 2.0 00CCNT DATE = 77072 16/02/04

C FEK FEttAING L'!CEFItiED IF PTSZ ItiCLUDES THE 0.3 MICFCN SIZE. 2C55.
C 2Cla.

0324 IF ( I .EQ.it.FF ) FCK t K ):CFF(K.I) 2257.
C:23 CO 13 ti:1.t v 1C 20:3.
0:26 10 FALLIV,N):CFF(K,I) 2;)?.

0027 CO 30 16:1,12 2]70.
00:3 CALL It iALE IIG,PAtt,0.0,1000.COGE ,00F Al l .ID.I),IOPT.IEPP 1 s 2 ^,71.

C :372.
C CCWEPT FPCM FEM TG MPEtt UNITS 2073.
C 2374.

CC:7 Co 20 ti:1,NNLC C275.
00:3 20 CCF Al ti,IP ,I I:cCr at u,ID,I )* 1000. 2075.
C331 IF IIEFR.E7.Cl ( 3 TO 30 2C/7.
C032 FPINT 650, r T a'; I I,10~GatN L,IG ),K:1,3) 2073.
0033 33 CC1TI:ME Cc79.
C O 2 'e 49 CCNTINCE ::::.

0325 IF (!!?rf.GT.01 CD TO 1C0 22:1.
C 2:"'

C 0.3 MICFON FACTICLE SIZE tiEECED FCR FN DAUSNTEPS FC213 & r0210 2003.
C 2::i.

C075 CIZE:0.3 :25.
0337 CALL FP ACT (SIZE. Dell,FCK) 2r:s,

03:3 C0 53 F: 1,3 ;37.

C33) rtr ( F. ):l U:( K l *F ::;.

C:'O CO 5011:1.6 :: ,).

CCi1 50 FAL L(K,til:F:' (F ) :^].

CC'2 CALL 1:EtnEP ( (s ) C;i.

C2i3 FT!NT 050 ItCCC :;2.

CJW rinT 670, SIZE CEN.(NUKFS(N),N:1,61 CC73.
CCi5 T .~' IN T ( : 3 : ,;,

C '.6 C J 90 F : 1,12 ;c73,

C:i7 CALL INHALE II3, PALL.C 0,53.0.00CE.CR.ICPT IEIR.1) 20's.
0 0 '+ 3 IF IIFFR.EQ.01 CO TO 60 .37.
0]i1 F? INT (50, SIZE,tr?CAh!V.ID),V:1,3) Cr3.
C::3 60 00 70 N:1,6 Oc:),

C031 70 CPIti):C?(N)*1000. 21C ),

00:2 00 03 10:1,2 2131.
C:E3 E0 CCFr2(I0,101:C?(4+ID1 2100.
C Z 'e 93 FI'NT 713 (CIO!N(J IC) J:1,3),(CR(N) N:5,6) 2103.
Cr55 i Ct ;iT:1 21;;,

CES C 3 10 120 2103.
C 57 100 00 110 18:1,12 2105,

CCES Co 110 10: 1,2 2137,

CC51 110 CCF F0( I3,IB ):CCF A( 4,10,IB ,fliFM ) 2103.
C:' O FCJNT:0 alp.

C#61 120 CJ 153 I:*irC NFL ^110.
C052 ES:F SZFC(I) 2111.
3:53 IF (LS.Eq.0) GO TO 150 2112.
OIMe F CJ':T:UCUNT+ 1 2113,

C i5 IF (l'331 LOUNT.31.NE.11 GO TO 130 211i.

CC'6 CALL FEt3EP (6) 2115.
C:57 F ? INT ( 5 0, I'rCCC 2116.
C003 130 FFINr ( 70, FTCZ( I),rCEtN ES ),(t:UVES(N),N= 1.trUC ) 2117.
00'9 r.7 INT 6:3 2113.
C070 CO 140 IC:1,12 21);,

4 8 7
f~ l D }ciJVU
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0071 140 FRINT 700. (ORGAN ( J,IB ) J=1,3 ),(DCFA(H.IB.I).N=1,NNUC ) 2120.
0072 150 CCNTINUE 2121.
0373 IF (I'CD(KOUNT,3).EQ.0 ) CALL HEADER (6 ) 2122.
0074 FRINT 700 2123.
0075 FRINT 730, ( (ORGAN ( J,IB ) J:1,2 ),IB= 1,3 ) 2124
0076 FRINT 630 2125.
0077 IF (MARK.GT.0) GO TO 170 2126
0078 DSUM=0. 2127.
0079 CO 160 K=1,3 21:3.
0080 KORV(K):FEK(K)/F 2129.
0031 160 DSUM=DSUM+K07K(K) 2130.
CCS2 A EGUIV= SIZE *SOR T( D EN ) 2131.
C083 FRINT 740 SIZE. DEN. AEQUIV,(WORK (K),K:1,3) DSUM 2132.
0004 170 00 190 I=NPD.NFL 2133.
0035 KS=KSZFC(I) 2134.
COS6 IF (LS.EQ.0) GO TO 190 2135.
0037 CSUM:0. 2136.
0033 CO 180 K=1,3 2137
0039 180 D3UM:DSUM+CK(K.Il 2133.
C090 AECUIV:PTSZ(I)*SC9T(PDEN(KS)) 2139.
0091 FPINT 740. PTSZlI),FDEN(KS ), AEQUIV,(DK( K.I).K=1,3 ).DSUM 2140.
0092 190 CCMTINUE 2141.
0093 CO 200 I:1.9 2142.
0094 00 200 J=1.13 2143.
0095 CCFG(I,J)=CCFGII J)*1.0E-10 2144
0096 200 DCFC(I, J)=CCFC(I J)*1.0E-12 2145.
0097 CALL HEADER (6) 2146.
0393 FRINT 750 2147.
0079 FRINT 780 2143.
0100 FPINT 680 2149.
0101 CO 210 I=1,13 2150,
0102 210 FRINT 770 PID(I),(DCFC(J.I).J:1.9) 2151
0103 FRINT 760 2152.
0104 FRINT 780 2153.
0105 FRINT 630 2154.
01C6 CO 220 I:1,13 2155.
0107 220 FRINT 770, PID(I),(DCFG(),I).J=1,9) 2156.

C 2157.
C CC"FUTE INGESTION DOSE CCrulITMENT FACTCPS FCR WHOLE BCDY, BONE. 2153.
C KIDNEY, ANO LIVER BASED Ctl DOSE RATE AFTER YDOC YEARS CCNTINUOUS 2159.
C It:0ESTICN OF 1.0 FCI/ DAY. 2160.
C 2161.

0103 CD 230 N= 1.Nh"JC 2162.
0109 230 PALL (1.N)=365.25 2163.
0110 00 240 IB=4.7 2164.
0111 CALL INMALE (I3, PALL.0 * YDOC, DOSE,DCONV(1.IB-3),0,IEPR,2) 2165.

C 2166.
C CONVERT FFOM REM TO MREM UNITS 2167.
C 21(3.

0112 D0 240 N=1.t:NUC 2169.
0113 240 DCrv/( N. IB-3 ) = 1000. *0CONV( N. IB-3 ) 2170.
0114 FRINT 630, IiCCC 2171.
0115 FRINT 640, (HUkES(N).N=1,NNUC ) 2172.
0116 PRINT 630 2173.
0117 CO 250 IB=4,7 2174.

(bI E
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0118 250 FRINT 690, (CPGAt4( J IB) J:1,3),(CCor;V( tl,IB-3),ti:1,ttNUC ) 2175.
0117 SF ACT FFIEas:ilED + t 1. -PflE l 2175.
0120 IF ( JC( 5 ) . EQ. 0 ) G0 TO 6:0 2177.
0121 IF (IFCV.EQ.0) CD TO 460 2173.

C 2179.
C FRIt4T CC3E CC::: TIT!:EtiT TACLES (t:?Er!A EAR ) FOR IttHALATIC'l 21:3.
C 2131.

0122 At:7" W:02.5 FLOATIIttX-1) 21:2.
0123 CD 270 I3:1.12 21 3.
01:4 C/ LL 1:E!:ER 161 21 S '+ .
01:5 FEIt1T 770, ( C:'F * t( J.IC ),J:1,31, At:7!' 2135.
01 S F,7Irli S30, t i::Cl J,1 ) J:1,3 ),( FFO:!( J ,1 ) .J:1,31 21: 3
0127 FP! :T CEO , ( tr. ' ES( til,ti:1,ta,U:),NL|,EC( 7 ) 21:'. '
0123 FPINT C3 21: ',

01 1 CD 3:0 IT1:1,5 2 12
0123 IF (IT1.GT.1) GO TO 260 2110.
01.i l IT:IlU 2171.
0132 GO TO 270 21:2.

C 2173.
C SELECT At:3LES It!X,0,90,130,270 21;i.
C 2195.

0133 260 IT:(IT1-21*4+1 2196.
C134 270 At:3:22.5 FLCAT(IT-1) 2177.
C135 CO 320 IR=1.EFHo 2173.
01:5 CD 200 J:1.6 2177.

C 2 02.
C SELECT DISTA!;:E3 .1,1,5,10,50,80 Eri C:ll.
C :202,

0137 IF (IPH0f J).EQ.IRI GO TO 290 C203,
0133 .'O CCiTIN'JE Ci.
C137 CD TO 2:0 :;5.
0 l'+ 3 E90 DIST::T::Of IP1 :: C 's .
01',1 IF EC:F l IT- 1 )*'e rH3+IR CCC7
0142 IU: 1 21 :. .
01;3 CCF ::0. 22:3.
01 % CD 310 ti:1, t a ,'JC C210.
01',5 IF (ti.GT.1) IU:t-1 2211.
Cli$ IF (IU.GT.4 ) IU:4 2212.
3li7 E : Eld 1:0. 2213.
01'3 CO :T3 I:f;f C,tTL C21;.
0 14) IF (! S:FCIII.EQ.0) GO TO 300 2013.
0130 CC:E ( :l l: DOGE (lil +DCF At ti,IB ,I ) *TFSZR ( I,IU ,IFECE P ) 2215.
C151 300 CC:li1NUE 2: 17
0122 IF (fl.LT.51 C3 TO 310 2213.
0153 CCCE(N):CO3 (ti)+0CFF2(tt-4,IBl*FCCR(it-4,ICECEP) 22il.
01:4 310 0:L';':DraD00 Et ti) 2::3.
C1ES IF (IP.EO.IF;:0( 1)) FRIt1T 830. A':3,DIST,( C03Fi ti),ti:1,t ::UC ),C:U:1 ::21.
0155 IF ( IP.GT. I.L10( 1 ) I FRIt1T 040 DIST,( CC3Ellil .ti:1,t;?:UC ) ,C DI 2:22
0137 320 CCNTItUE 22:3.

C :: ;.
C CC"F'JTE 4t:0 FPI!iT ERCt; HIAL EPITHELIU!! CCSE RATE (LAP:11 At:0 2:25.
C U EEIt;3 LEkEL ICNTH (LAP =2) FOR FN222. 2:26.
C C:27.

0153 00 360 LAP:1,2 :::3.
0157 CALL HEADER (6) 2:27.

l i f'}
5 ,[, O

s -

vd | 'i /-
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0160 FPINT 790, (EREP(J ).J:1,3), ANOMAX 2230.
0161 IF (LAP.EQ.1) FRINT 800, (WH0( J.11.J=1.3 ),( FRCM( J,2),J:1,2) 2231.
0162 IF ( L AP.EQ.2 ) FRINT 810 2232.
0163 DO 340 II=1,2 2233.
0164 IS = ( II- 1 ) * 3 + 1 2234.
0165 IE:IS+7 2235.
0166 FRINT 850, ( THETAS (IC),IC:IS.IE ) 2236.
0167 FRINT 860 2237.
0168 00 340 IR:1.KFHO 2233.
0169 I:0 2239.
0170 DO 330 IT=IS.IE 2240.
0171 IRECEP=(IT-1)*VRH0+IR 2241.
0172 I:I+1 2242.
0173 IF ( L AP.EQ.1 ) WCRKt I):0.625*RN(IRECEP)*RFI+ 1.25E5*( 1.0-RFI)*WLIIRE2243.

1CEP) 2244.
0174 IF (LAP.EQ.2) WCPK t I ) =25. * ( ( 1. -R FI I * WL ( IR EC E P l + R F I*5. E-6 * RH( IR EC E P2245.

1)) 2246.
0175 330 CCNTINUE 2247.
0176 340 FRINT 870, XRH0(IR), WORK 2243.

C 2249.
C CCMFUTE AND FRINT DOSE RATE FROM GROUND DEPOSITICH (LAP =1) 2250.
C AND CLOUD SUDMERSION (LAP:2) 2251.
C 2252.

0177 DO 450 LAP =1,2 2253.
0178 DO 450 18:1.9 2254.
0179 CALL HEADER (6) 2255.
0120 PRINT 800. ( DFRTS( J IB).J:1.31.ANGMAX 2256.
0181 FRINT 800, (W10( J 21 J= 1,3),( FRCM( J. LAP +2).J=1,5) 2257.
0132 IF (LAP.EQ.2) GO TO 350 2253.
0133 FRINT 820. (NU::ES(N),N 1,5), NUKES (7) 2259.
0184 CD TO 360 2260.
0135 350 FRINT 890, (NUKESlH),H:1,4), NUKES ( 7 ) 2261.
0126 360 FRINT 680 2262.
0187 00 450 IT1:1.5 2263.
O1SS IF (Ill.GT.1) 00 TO 370 2264.
01S9 IT=IMX 2265.
0190 GO TO 330 2266.

C 2267.
C SELECT ANGLES IMX,0.90.180,270 2263.
C 2269.

0191 370 IT=(IT1-2)*4+1 2270.
0192 330 AN3:22.5= FLOAT (IT-1) 2271.
0193 00 450 IR 1 JRHO 2272.
0194 00 390 J:1,6 2273.

C 2274.
C SELECT DISTANCES .1.1.5.10,56.80 VM (OR SELECTED OTHERS IF 2275.
C SPECIAL IRHO INCLUDED IN NAMELIST INFUT) 2076.
C 2277.

0195 IF (IPH0(J).EQ.IR) 00 TO 400 2278.
0196 390 CCNTINUE 2279.
0197 00 TO 450 2280.
0198 400 DIST:XCH0(IR) 2281.
0199 IRECEP:(IT-1)*VRH0+1R 2282.
0200 IU:1 2283.
0201 DSUM:0. 2284.

C(n
~) Li t) 1 'T ()
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C 02 CD 4'+0 IP:1.5 2025.
C203 IF (IP.GT.1) It': !P- 1 22:5.
02 C '+ COSE(IP):0. 2237-
C205 CALL N:NE (IB.IP N3.NE) 2?23.
0:05 C3 430 IC:NS,t;E 2:27.
0:07 IF I L AP.EQ.2 ) CD TO 410 2 10.
C203 C00E ( IP l:C C J E ( I P l +1CN30( IU ,IP EC E P l * CC F G( ID . IC ) 22 1.
0:C7 C3 TO 430 ::;2.
0210 410 CO3EtIP):CC:E( ID )+TCNSCIIU,IFECEP l.CCFC(IB IC ) E293.
C211 IF (IF.t:E.51 C3 TO 430 CL;i.
0212 CO 4:3 IPF:1,3 2 75.
0213 420 00:EtIP1:CCEElIPl+CISU!1tIFP.IPECEFIt?CFCIIB IPP+7) 22:5
0214 SC:E(IP1:C0JEi IF )+ FNt IP:CEF)*D:FCtID,71 2:27.
'215 430 CC'iTIKJE 22:3.
C215 CC2Ef1Pt:CFACT C03EfIPI 2:ii.
C217 440 C ' ':DSU:!,CC:El IPl 23:3
C213 IF ( I? .E'). IFNO( 1 ) ) FRINT 830 At.G.DIST,(DC3E(H),ti:1. 5 ) ,C SU!! 23C1.
C217 IF (IR.GT.IPNC( 1)) FPINT 840, DIST,( DC3EI N1,N: 1.51,03UM 23:2.
C;20 450 CC?iTIf fJE 2303.

C 2^,.
C CC',7UTE AND FRINT FCFUL ATICN 00CE CC":!ITriENTS 23:5.
C 23:5.

0221 C ALL CCSFCP ( 1.0.0,IPCV I 2:07.
0222 400 IF (N?:CEP.EQ.IFCVI G3 TO 6 0 2 3 ^. 3.
C223 ERCv:IrCV+1 23'7.

C 2310.
C FFINT CO3E CC'NITNENT TAS ES FOR EXTPA FECEPTCPS 2311.
C C312.

022; EO 5^3 15:1,12 2313.
CJ25 LL:iG C314.
C:25 CJ 500 IPECEF:tPCV,N?ECEP 2315.
C:27 N' IFECEP-I"C's 2315.
C 23 IF (ll.LT.601 G3 TO 470 2117
Cli) CtLL EE "EP (6) 23 n
C 30 FMINT 9 0 0, ( C"3'N( J,IB 1,J:1.3 ) 231;
0231 FF INT 410, (1:::0( ),1 ), J: 1,3 ) ,( F FCt'l J ,1 ) , J:1,3 ) 23:3-
C 32 FCINT 930 (tU ESINI,N 1,NPUC1.NUEESI71 2321.
0233 FPIt:T 600 22:2.
C Ji LL:9 23:3.
C235 470 DSU't:0. 23 a.
C:35 IU 1 23:5.
C:37 CD 490 N:1,NNUC 23 3 .
C233 IF ( N.GT.1 ) IU:N-1 2327.
C239 IF ( Ill. r T .4 ) IU:'; 23:3.
C:49 COIE ( N J:0. 03_i.
C:41 C0 420 I:t'F3.NFL 2310.
C 12 IF (FC2FC(I).Ea.0 ) 00 TO 430 2331.
CZi3 C03E!!41:003E(t()+CCF Af N,IB,I)*TFSZR(I,IU,IPECEP) 2332.
02M 400 CC'iTINUE 2333.
00',5 IF (N.LT.5) C3 TO 490 233,.
0:45 C OC E ( N ):C OSF ( N ) + CC F FB( N-4, IB l * F20 P ( N-4,IP E C E P ) 2335.
02',7 490 C:L:1:0:U:f +003E(N ) 2335.
CE'i3 f ?!NT 95 0, bl,('' NiNE( I,t;P ),I:1,4 ),( MECEF( I,t;R ),I:1,3 ),( CO3E( N ) ,N 2337.

11 tt00 ),Csuit 2333.
C249 LL:LL+1 2339.

%0 IU
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0250 500 CONTINUE 2340.
C 2341.
C FRINT RN222 BRONCHIAL EPITHELIUM DOSE RATES AND WCRKING LEVEL 2342.
C MONTH FOR EXTRA RECEPTOPS. 2343.
C 2344.

n251 LL:60 2345.
0252 DO 520 IRECEP:KFCV NRECEP 2346.
0253 NR:IPECEP-IRCV 2347.
0254 IF (LL.LT.60) GO TO 510 2348.
0255 CALL HEADER (6) 2349.
0256 FRINT 900. (BREP(J).J:1.3) 2350.
0257 PRINT 920 2351.
0258 FPINT 1000 2352.
0259 LL:9 2353.
0260 510 00SE(1):0.625*PN(IRECEP) 2 35 '+ .

0261 WLM:25. *( ( 1. -R FI ) * HL( IR EC E P ) + R FI*5. E-6 * FN( IR EC E P ) ) 2355.
0262 FRINT 970, NR,(XN^J:E(I NR) I:1.4).(>PECEPII.NR),I:1,3) DOSE (1) WLM2356.
0263 520 LL:LL+1 2357.

C 2353.
C FRINT DOSE RATES FROM GPOUND (LAP =1) AND CLOUD (LAP:2) 2359.
C FCR EXTRA RECEPTCRS 2360.
C 2361.

0264 CO 610 LAP 1,2 2362.
0265 CO 610 18:1.9 J363.
0266 LL:60 2364.
0267 00 600 IPECEP:KRCV,NRECEP 2365.
0268 NR:IRECEP-IPCV 2366.
0269 IF (LL.LT.60) GO TO 550 2367.
0270 LL:9 2368.
0271 CALL HEADER (6) 2369.
0272 FRINT 930. (EFRTS(J.IB).J=1.3) 2370.
0273 FRINT 910. ( RH0( J,2) .J:1.3),( FROM( J. LAP +2) J=1.5 ) 2371.
0274 IF (LAP.EQ.2) CO TO 530 2372.
0275 FRINT 940 2373.
0276 GO TO 540 2374.
0277 530 rRINT 990 2375.
0278 540 PRINT 630 2376.
0279 550 IU:1 2377.
0280 DSUM:0 2378.
0731 00 590 IP=1.5 2379.
0232 IF (IP.GT.1) IU=IP-1 2330.
0203 DCSE(IPl=0. 2331.
02S4 CALL N:NE (IB.IP,NS,NE ) 2382.
0235 00 530 IC:NS.NE 2333.
0226 IF (LAP.EQ.2) GO TO 560 2 3S '+ .

0287 DOSE ( IP ): DOSE ( IP l +TCN30f IU.IR ECE P l *DCFGt ID . IC ) 2305.
02S3 GO TO 530 2336.
0289 560 CC3E(IP):00SE(IPl+TCNSC(IU IRECEPl*CCFC(IB,IC) 2337.
0290 IF (IP.NE.5) GO TO 530 23SS.
0291 00 570 IPP=1,3 2339.
0292 570 C3SE(IP): DOSE (IPl+CISUM(IPP.IRECEPl*DCFC(IB.IPP+7 ) 2390.
0293 CO3E(IP):COSE(IPl+FN(IRECEPl*DCFC(ID.7) 2391.
0294 580 CCNTINUE 2392.
0295 DOSE (IP)= DOSE (IPl*SFACT 2393.
0296 590 DSUM:DSUM+ DOSE (IP) 2394.
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0277 FPINT 960 NR ,( Xt(AME(I,NR ) I:1,4 ),( >PECEP(I,tiR ),I:1.3 ),( D00E( N ),N:2395.
11,5),00UM 2396.

0218 600 LL:LL+1 2377.
0279 610 CCNTINUE 2393.
0300 620 RETURN 2309.

C 220
0 2401.
C 2002.

03 630 FC7 MAT ( ' ' ,T41,'INSESTICH DOSE CCMVEPSICM FACTCRS (tPEtt'YE AR )/t FCI2iO3.
l'DAf)'/T39,'CCCE FATE AFTER',I3,' YEARS CCNTINUCUS INCESTICN CF 1 240;
CFCI CA(') 2 25.

0302 640 Fcr"AT ( 1HO.T43,6( tS,4X)) Zi'..
0303 650 FC'"ift1H3,'ItrlALATICN CCf:MITMENT EFFCR rCR FARTICLE SIZE ',F5.0,2iJ7.

1 FC7 ' ,3/ 31 2 :3.'

0304 660 Ftr"ATI1H0.T42, 24 ^J
1' INH AL ATICN C::E CCN'/EFSICN FACTC73 (M"EM/ YEA"/FCIz M31'/T39, 2;10.
2'CC3E FATE AFTER',I3,' YEAFS CCNTIN"CU3 IN'.ALAT;CN CF 1 FCIeM3'/) 2411.

C305 670 FCPMATI in0,'FACTICLE SIZE :',F6.1,' H!CFCH3 CEt:3ITY :',FS.2, C ',12 .
1 T60,61AO,4X)) C ': 13.

0306 6 00 FCT"/.Tl 1X ,1321 ' ' ) ) 241,.

C 07 6 9 0 F CE:'AT( 1X ,3| 3,12X ,1F6E 12.2 ) 2415.
0303 70 0 FCP"?.T( 1X,313,2iX,1F6E 12.21 2416.
[307 710 FCPMATI1X,3'3,77X,1F2E12.2) 2417.
0310 720 FC?.:'AT( ' ' ,T20,'0EF03!TICN FPACTIONS IN LUNS MCOEL SUCCC"PAPT! ENTSZi13.

1 AS A FUNCTICN CF PARTICUL ATE SIZE AND del:3ITY' ) Cil).
0311 730 FCT"AT( 1HO,' SI2E CEN3ITY AEFCarNAMIC ECUIV. DIAM.',4X, 2120.

1 3( 2 AS ,4X I ' TC T AL ' ) ^ ;21.

0312 74 0 FC""AT ( 1X , F 5.1,5 X , F 5. 2.13X , F 6.2 T 5'+ , F 5. 3, T 7 5, F 5. 3, T 9 2, Ci:2.
1 F 5. 3, T 110, F 5. 31 2;23.

0313 750 FC""aT( ' 0 ' ,144, 'CLCU3 CCSE CCNVER3ICN F ACTC"S I MP EM/YE A9/FCI/H3 )' 12',2i .
0314 760 FCr"AT(' ',T;4, 24E5.

1 'C7CUN3 CCTE CCMVERSION FACTC9S (!?EM/YE AP/PCIet12)' ) 2''5.
0315 770 FC' MAT (' ',t3,5X,1F9E13.21 . ._ 7 .m

0316 730 F CT''iTI ' 0 ' , ' F:L LUT; NT ' , T22, ' SKIN' , T 32, ' K :CL E E C0 i' ,T47, ' CV ' IES', 2 <3.
1 T69, ' T: STIES' , T7C . ' 2" INTEST If;E ' ,T27, ' LU;;3' ,T 77. ' FED M'"ICN ' , C ',2 7.
2 T111,'SLELETCM',T125,'5PLEEN'l 2;?C

C317 790 FC7"AT(' ',3AO,'t"SLE OF 1:AX DI5FE?3ICN : ' F 5.1, ' C EC"E E 0 ' ) 2;31.,

0313 E3 0 FC~".T( ' ' ,33 .,3 A4 ' CCCE CC":!ITNE NTS t tF EM/YE AR ) FFC ! ',5A41 2;''
0317 0 'O F C'''.T( ' ' ,5 3X , 'P ACCN NC"E IN3 L E"E L I;: NTH ' l Z:33.
C220 (20 FCR ZT( 1HO , ' ANSL E ' ,4X, ' DISTANCE f f M I' ,T27,71 AS,4X ) ) 2 4 2 ~, .

0321 E3 0 F CP ' Ail 1HO .F 5.1,7X , F4.1,6X , lF7 E 12. 21 Zi35.
0322 2',0 F CPMAT( 13X, F'+ .1,6X ,1P7E 12.2 ) 24:'
03 3 25 0 F Cn" '.T( ' ' ,62.< , ' C E GP E E S ' / ' 0 ' ,2 0 X , ' D IST ANC E ( Vt11 ' ,2X ,5( F 5.1,5X I ) Zi37
03:4 E60 FCr::ATt * ' 00 < ,91( ' ' 11 2',23,

0325 870 FCINAT(' ' ,23 < , F 5.1.3X ,1FS E 10.2 ) C '. : ) .
0326 ESO FCPMAT(* ' ,3 f 4,12X, ' ANOL E OF t' < DISFERSICH : ',F5.1,' DE: PEE 3') 2 ; ',0 .
0327 290 FCPM AT( 1HO , ' AN5LE ' ,4X, ' DISTANCE ( ktt i' ,T27,3t AS.4X ) , AS ,1X, 2 4 ',1.

1 ' FC 210-FN222 ' , TS9, AS ) 24;2.

C323 900 FCP"Ait 14,3 $ 1 2443.
0327 910 FC2" AT( ' ' ,24X,3A4, C i v, .

1 CCSE CC::::ITMENTS (!WEtt/YE A7 ) AT EXTPA FECEPTC"S FFCM ' 51'+ 1 2;45.'
,

0330 920 FC? MAT ( ' ' ,13X,'IN:! ALATICN DCSE CC"::IT!:ENTS (!:?EMO EAR ) AND L2?VIt:24'.6
1G LEVEL tCNTH AT EXTPA FECEPTC7S FFC:1 FACON') 2;47.

0331 930 FCFMAT( ' O n ' ,3 <, 'ICENTIFIC ATICN' ,T43,'X( F M ) Y( FM ) ZI M )' , 2 V. S .
1 T63,7(AS.1X)) 2447.

i F ')O
G [U V l "lJ
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0332 940 FCFttAT('O s' 3X.'IDENTIFICATICN'.T43,'X(KH) YtKM) Z(H)'. 2450.
1 T69. 'U238 ' T30. ' U234 ' T90, ' TH230 ' T 101. ' P A226 ' .T 112. ' FB210 ' , 2451.
2 T124.' TOTAL') 2452.

0333 950 FOT!AT( 1X.I2.3X.4A8.1X 3F8.2,2X.1P7E9.2) 2453.
0334 960 FCR: TAT ( 1X.I2.3X,4A3.1X.3F8.2.1P6E11.2) 2454.
0335 970 FORT!AT(24X.I2.3X.4AS 1X.3F8.2.1FE11.2 E12.2) 2455.
0336 980 FCRitAT(1X 3A4) 2456.
0337 990 FCPMAT( ' O n ' 3X. 'IDEN!TFICATICN' .T43. 'X( KM) Y(KH) Z( H )' , 2457.

1 T69 'U233' T80.'U234',T90.'TH230',T101.'RA226', 2453.
2 T110.'FB210-Pil222'.T124.' TOTAL') 2459.

0315 1000 FCRitAT('O'.24X '# IDENTIFICATI0ti'.T66.'X(KH) YtKH) Z( M)' . 2460.
12X. ' DOSE RATE ' 6X. 'WLH '/24X 85( ' ' ) ) 2461.

0339 END 2462.

FCRTRAN IV G1 RELEASE 2.0 flSNE DATE = 79078 16/02/04

0001 SUT2 ROUTINE HSNE (IB.IP,NS.NE) 2463.
C 2464
C SUEROUTINE TO SET CD-LCOP LIMITS FOR CLCUD AND GROUto DOCOMT AND 2465.
C 003 AGE CALCULATICMS. 2466.
C 2457.

0002 GO TO ( 10.20.20,30.40 ).IP 2468.
0003 10 NS:1 2469.
0004 NE=3 2470.
0005 GO TO 50 2471,
0006 20 NS:IP+2 2472.
OC07 iE:N3 2473.
0003 CD TO 50 2474.
0007 30 NS:6 2475.
0010 t4E:11 2475.
0011 Go TO 50 2477.
0012 40 HS=12 2473.
0013 NE=12 2479.
0314 IF (IB.EQ.11 NE=13 24S0.
0C15 50 RETURN 2431.
OC16 END 2432.
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0C01 SUCPCUTIME CCSFOP (DT.INDEX,IPCV) 2483.
C 2434.
C SUC"OUTINE TO COMPUTE AND PRINT PCPULATICN DOSE CC"MITMENTS 2435.
C (TOTAL COGE RATE *PCPULATICN) F FCt1 INHAL ATICN, R.'DCN ( TPANCHEO- 2496.
C EPCNCHIAL CNLY), EXTEPNAL GPCUND, AND EXTEFNAL CLCUD. 2437.
C 24S3.

00C2 REAL*S C.*GAN.CPEP.METSET,XNAME,TODAY 2409.
CC03 PEAL *4 LON,LR LCNM 2470.
C004 DINEN3IC:t CCFCF( 14,16 ),NOGI 4 ) 2491.
C005 CCM:.ON/UD ACC 1/t ETSET( 4 ),XNAME( 4,6 0 ),VDEP( 5 ),PTSZFC( 5,5 ), ALN2, 2492.

1 PTSZl 5 ) ,R EC ICN( 6 ) , XPECE P( 3,6 G I , Cit ,> FHO( 15 ) ,Lf"AX , I PSM1 X , 2493.
2 Ir:r( 15,16 ) .JC( 9 ),NSC7CE ,IPM0( 6 ),Ii RI 101,IFCDC3( 60 ),FFI .S4IED , 2494.

3 FF IN18 ) , rnFCD( 6 0 ), CPTIt:E ,t:rC ( 7,5 ) , FG , C F ACT .P F I E ,5UF I ,EUF F , 2493.
4 FC E NI 51.F3Til( 4 ) ,XIN( 7 ),XIN3 ( 7 ) , F CCJ IN( 2,3 ) , FOL Itt , RO AL F ,i C O2, 2495.
5 FCCM 6.5 ),FU0( 2 ),DV( 2 ) .TWl 2 ) .TC( 2 ), F V( 2 ),C:'!( 6 ),i E V3 Ei97.

0006 CC::"C:1 lot DC 3. CPG AN13,12 ),E?[F( 3 ),C L F ( 3,5 ) , PALL ( 3,6 ) , F:':( 31,TA , 2 4; ?, .

1 CC F C19,13 ) ,C C F G( 9.13 ) .TFC P ,C?( 3,5 ) ,SF ACT .CFR TS( 3. 9 ) , C 'o i .
2 t r :0( 3,21. F FF H S ,4 ) ,CCCNVt 6,4 ) 2500.

0007 CL: " U3 CC4/TCDAY,NFD NFL ,lTECE P,IPECE P,F :HO,ItN.IFACE( 31. 2501.-

1 TUETASt 16 ),UINCR( 16 ) ,PM AL F( 6 ),Pil ALF .CF( 4 ),FEC?l 2,30 01 FN( 300 ), 2:02.
2 CICUt:( 5,3: 01,T FSZI S ,4,3 C O ) , T F 3ZF ( 5,4,30 0 ) , TCNiC( 5,3 0 0 ) , 22:3.
3 TC t'3015,30 0 ) ,F ECE P t( 2,30 01, ZF E C E F( 2 0 01,UL ( 3 0 0 ) , F IL L E 71 1800 ) C504.

00C0 CC't .ai 'If;M AL 1/E ( 10,12 ),LON( 10,4 ) , LP( 10 ), F 1( 10 ) , F CF( 10,5 ) , 2005.
1 IFSOLI 101,t:NUC ,t:3PTAB( 10 4 ),F2F:tf 16 ),LC:P:( 161,GN'';( 16 ) 25 M .

C009 CC::::0:UCCFC C C F A( 6,12,5 ) ,CCF r5( 2,12 ) 2507.
C010 C C". '3:U EVD / C E VC ( 9.2 ) ,C E VD( 9,2 ) , FE VD ( 12,2 ) ,FMEV0 ( 2 ) , F F COS E l 4,2 ) 2500.
0011 DATA t:03/12,1,9,9/,t: CALL /0/ 25:1.
0012 IF (NCALL.GT.0 ) GO TO 40 2310.
C013 C3 30 k=1,2 2511.
001', FNEV3(K)=0.0 2512.
C015 Ca 10 I=1,4 2513.
C016 10 FFCC3E(I.K1:0.0 2514.
0017 CO C0 I:1.9 2515.
C013 C E VD ( I . K ) = 0. 0 251E .
C 019 20 GE'.DII K )=0.0 2317
CO20 CO 20 I:1.12 2510.
C021 30 PEVDtI,K)=0.0 2317.
C022 t; CALL =1 25:0.
CO23 40 Ir (IFCV.EQ.0) PETUPri 2521.
C024 Ir3=ItOEX 2322.
CC25 IF (It::EX.EQ.01 IrG=3 25:3.
C006 IF ( It O EX . E Q . 0.07.M03( INDEX.2 ) . EQ. 0 ) GO TO 60 23:4.
C027 C3 50 IR:1,N ECEP 23:5.
C0:0 CO 50 IF=1,5 23 6.
C027 50 TCf::0 IIP IC )=0.0 2527.
0030 60 CO C00 LAP 21,4 25:3.

C 252).
C L AP = 1 FCR It:HAL ATICN, =2 FOR RADON, =3 FC7 GECUN3, =4 FCR CLCU3 2530.

C 2331.
0031 K=(LAP-1)/2+1 :32.
0032 N1- 1 2333
C033 N2=N3 FLAP) 253 .
003i CO :0 I3=tt1,N2 ::35
0035 CO 70 I=1,14 2533.
0036 CO 70 J:1,16 2337

r- ")
-
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0037 70 DCFDP(I J1:0.0 2533.
0038 IF (INDEX.GE.1) GO TO 80 2539.
0039 CALL HEADER (6) 2 5 '* 0 .
0040 IF (LAP.EQ.1) PRINT 350, (CRGAN(J,IB) J:1,3) 2541.
0041 IF (LAP.EQ.2) PRINT 350, (CREP(J).J:1,31 2542.
0042 IF (LAP.GT.21 FRINT 360, (DFRTS(J.IB) J:1,3) 2543.
0043 FRINT 30 0. ( WH0( J ,K ) .J:1.3 ) ,( FROM( J .L AP ) .J:1.5 ) 2544.
00 % 80 DO 200 IR:1 MRHO 2545.
0045 D0 200 IT=1,16 2546.
0046 IRECEP:(IT-114 RH0+IR 2547.
0C47 IU=1 25 ', S .

0048 D SUt f = 0. 2549.
0049 IF (LAP-2) 90,120,130 2550.
0050 90 00 110 N:1,NN'JC 2551.
0051 IF (N.GT.1) IU:N-1 2552.
0052 IF (IU.GT.4) IU:4 2553.
0053 DO 100 I:NPD,NPL 2554
0054 IF (KSZFC(I).EQ.0) GO TO 100 2555.
0055 D SUt t : D SUM + 0 CF A( N . IB . I ) *T PSZR ( I , IU , IR E C E P ) 2556.
C056 100 CCNTIt4UE 2557.
C057 IF (tt.LT.5) GO TO 110 2553.
0053 DSUM:DSUM+CCFFB(N-4,IB)*PCDRIN-4,IRECEP) 2559.
0059 110 CONTINUE 2560.
0060 GO TO 180 2561.
0061 120 DSUM:DSUM+( 0.625*RN(IRECEP l*RFI+1.25E5=( 1.-RFI)*WLIIRECEP I)*DT 2562.
0062 Go TO 180 2563.
0063 130 00 170 IP:1,5 2564.
OC64 IF (IP.GT.11 IU:IP-1 2565.
0065 CALL NSNE (ID,IP.NS NE) 2566.
0066 00 160 IC:NS.NE 2567.
0067 IF (LAP.EQ.4) 00 TO 140 2563.
OC68 DSUtt:DSUM*TCNG0(IU,IRECEP)*0CFG(IB.IC) 2569.
CC69 GO TO 160 2570.
C070 140 DSUt:DSU:t+TCNGC(IU,IRECEP)*DCFC(IB.IC) 2571.
0071 IF (IP.NE.5) GO TO 160 2572.
0072 C0 150 IFF=1.3 2573.
0073 150 DSutt:DSutt+CISUtf(IPP.IRECEPl*DCFC(IB.IPP+71*DT 2574.
C074 D CU't:D SU;l+ RN( IR EC E P ) *DC FC ( IB ,7 ) *D T 2575.
C075 160 CCNTItiUE 2576.
C076 170 DSU:::DCUff *SFACT 2577.
0077 180 IF (IR.EQ.KRHO) GO TO 190 2578.

C 2579.
C CCFCP( 14,16 ) - FPCDUCT OF TOTAL DOSE CCM!!ITMENT At:D 253 0.
C PCPULATION, UNITS = CRGAN* REM / YEAR 2531.
C 2502.
C 1ST INDEX = . 1 .5. 5-1,1-2,2-3,3-4,4-5,5-10,10-20,20-30,30-40, 2503.
C 40-50,50-60,60-70,70-80 kii Dat4DS (DEFAULT VALUES) 2504.
C 2ND INDEX = 16 ANSLES, O TO 337.5 DEGREES IN 22.5 DEG STEPS 2535.
C 2506.

0078 DCPOPt IR ,IT 1:DSUt1 2537.
0079 IF (IR.EQ.11 GO TO 200 25S3.

C 2539.
C CCt!PUTE AVERAGE TOTAL COMMITMENT FCR BAND 2590.
C 2591.

CC80 190 DCPCP( IR- 1,IT )=( DCPOP(IR-1,IT ) +0 SUM )/2. 2592.
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0031 200 CC!1 TIN'JE 2593.
OCS2 T02Utt:0.0 2574.
0033 CO 210 IR:2,fFHO 2575.
C004 CO 210 IT: 1.16 C575.
C035 IF (1rCP(IR.IT ).EQ.0 ) DCFCP(IR-1,IT):0. 2;97.

CC36 IF (Ir0P(IR. IT ) .hE.0 ) DC r0P( IR- 1, IT ):DCr0 P( IR- 1,IT ) * FL C AT( IPCP( IR ,25 73.
IIT)1/1000.+raIHIITG) 2599.

C007 210 TOSUM:TD:UM+CCrCP(IR-1,IT) 2600.
C 2001.
C KacE=1 FCP FCPUL ATION C00E CC! MITT:!NTS Z:02.
C kASE2 FCR Et"!IPCN"Et4TAL DOSE CC:a!Iit;EtiTS 2603.
C ::^4.

00S3 IF (It:0EX.EQ.01 FASE=1 2503.
0039 IF (IICEX.GT.01 F ASE:2 : :;

C070 GO TO 12:0,230,C'e0,250 ), LAP [507
CG71 220 FEVD( IG ,k ASE 12rEVol IB,K ASE )+TDSUM EUC3.
0072 GO TO 250 :;9.

OC73 230 F:C'/CfEASE):Rt:EVD(VASEl+TDSUM 2513.
0074 GO TO 250 2511.
E075 240 GEV0fIC,KASE):GEVDIID,KASE)+TDSUtt E 512.
0075 CD TO 250 2513.
CC77 250 CEVo(ID VACE ):CEkD(IB VASE)+TCSUtt 2514.
C003 260 IF (It'0EX.GT.0 ) GO TO 200 2515.
C077 D0 270 LAP 1:1,2 2613.
0100 J1:(LAP 1-1)*S+1 C517
0101 J2:J1<7 2513.
0102 FPIrlT 310. (wit:0Pt J ) J:J1 J2 ) 2519.
0103 r/I;1T 320. (THETAS (J) J:J1.J2) C Js 2 0 .

010i FPIt4T 330 2521.
0105 CC 270 IR 2,FPHO C6 2.
0105 270 FPINT 340, >rH0(IR-1),XFH0(IR ),(CCrCr(IP-1,IT) IT=J1 J2) (23.
0107 FPIf;T E90. TDS'f1 C5:4.
01C3 200 CCMTINUE C '; 2 5.

01C7 PETUr:4 26:5.
C 2d27.
C 26 3.
C 26:7.

0110 290 FC""'.T( //17X, ' TOTAL rrPUL ATICH CCSE CC?"!ITriEtiT = ' ,1FE9.2. ^^31.

1 ' C'3AN aEM' YEAR') 2:31.
0111 300 FC""iT(' ',CSX,3/,1, 2522.

1 007ULATIC'l DCSE CCMt1ITitENTS (OFGAN PEtWEAR ) FFCM ',fA4/) 2553.'

0112 310 FC"!!AT( ' ' ,T2 7, ' | ' ,8( 6X, A4,1X ) ) C' 2 i.
0113 3:0 FCCMAT( 16X,'VILC::ETEFS l ' .0! F 9.1,2X ) ) C5?5.
0114 33 0 F C"" ATI 16X ,101( ' ' ) ) 2525.
0115 3;0 FC STI 16X, F 4.1, ' ' , F4.1,3X, ' l ' ,1r3E 11.2 ) 2537
0116 350 FC7 MAT ( 1x,313) T:23.
0117 360 FCC"iT(1X,3A',1 N 37.
0118 Et:0 2540.
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0001 , SU0POUTINE F0 DOSE (IPCV.INDEX LOCPS) 2641.
0002 REAL*8 XNAME.METSET.TCDAY.CRGAN.EREP 2642.
0003 DIMEN3ICH WHIR ( 7 ) .RIN3( 6.60,10 ), RING 1( 6.7.101.G1( 6.71.00SE( 6 ) . 2643.

1 DR ( 6 ) , PATH 14.71. ID E NT( 8,6 0 ) . TINT ( 6 0.10.21. T FSZR (( 5.4.9 0.10 ) 2644.
0004 CC"NDN/CFCD/GACT( 6 ), AIPCCN( 5,6 ) .CCN( 6,2 ) .G( 6 ) .G4( 6 ),FNJ t 2 ) 2645.
0005 CCt"CN/TCN3Y/TCNGCYt5,90.10).TCNC0Y(5.90.10) FEDRY(2,90.101 2646.
0006 CCN"0N/UD ADC 1/f E TSE T( 4 ) .XNA"E ( 4.60 ) .VD E P( 5 ) . PTS?FC( 5,5 ) . ALN2, 2647.

1 PT SZI 5 ) .R E GION( 6 ) .XR E CE P( 3. 6 0 ) .D11,XRH0( 15 ) .LSNAX . IPSitAX . 2643.
2 IFDP( 15.16 ) .JC( 9 ),NSCPCE . IPH0( 6 ) .I)R110 ) .IFO:CS( 60 ) .R FI . SHIED . 2649.
3 FFIN(8).FWF00(60),0PTINE.MFC(7.5).FG.DFACT,RFIE.SUFI.SUFF. 2650.
4 FCEN( 51.FGTH f 4 ) .XIN( 7 ),XINGt 7 ) .FCODIN( 2.3 ) .RSLIM.RSALF .YCCC . 2651.
5 FCCN( 6,5 ),FH0( 2 ) .DV( 2 ) .TW( 2 ) .TC( 2 ) . FV( 2 ),BSVt 6 ) .YEVD 2652.

0007 COM"CN/U3 ACC 3/ CP GAN( 3.12 ) .EP E P( 3 ) .Ch f ( 3. 5 ) . P ALL ( 3.6 ) .FCK( 3 ) .T A . 2653.
1 DC FC( 9.13 ) .D CF G( 9.13 ) . T PC P ,0 P( 3,5 ) .S F ACT .0 FR TS( 3.9 ) . 2654.
2 WH0( 3.2 ) . F RCtN 5.4 ) .DCCNVl 6.4 ) 2655.

0003 CCt:"CN/U340C4/ TCD AY .NFB ,NPL .NR ECEP. IPE CE P.kRHO IMX. IPAGE ( 3 ) . 2656.
1 THET AS( 16 ) .uINDR( 16 ) .FH ALF ( 6 ) .FN ALF .CF ( 4 ) .FCDR( 2. 300 ) .PN( 300 ) . 2557.
2 CI UM(5.300).TPSZ(5,4.300).TPSZR(5,4,300) TCN3C(5,300). 2650.
3 T CH30( 5,300 ) ,R E CE PT( 2. 3001. ZR E CE P( 300 ) .WL( 300 ) , F ILL E R ( 1800 ) 2659.

0009 C0""0N EVC/GEVD( 9.2 ) .CEVD( 9.21.FEVD( 12.2 ) .PNEVD( 2 ) .FF003E( 4,2 ) 2660.
0010 ECUIV AL ENCE ( XN ANE( 1,1 ) . ID Et4T ( 1.1 ) ) . ( T FSZRY ( 1.1.1.1 ) .T F 3Z( 1.1.11 ) 2661.
0011 DATA PATH /'UEAT',' '.' '.' '. 2662.

' ' '. 2603.1 'DAIR'.'Y '.' ,

2 ' FOUL'.'TRY *.'a EG' 'GS '. 2664.
'.' '.' '.' '. 2665.3 '

4 'VEGE'.'TATI' '0H ,' '. 2666.'

5 ' FISH'.' '.' '.' '. 2667.
6 'WATE','R .' '.' '/ 2663.*

C 2669.
C H:CRGAN OF REFERENCE 2670.
C 1: TOTAL 003Y. 2:EONE. 3: KIDNEY 4: LIVER 2671.
C XIN( K ) : DAILY HUMAN FCCD CCN3UMPTICN OF FOOD K. kG/DY 2672.
C DOSE (II: DOSE DUE TO I FOR CUTRENT CRGAN 2673.
C CR(I): 003E RATE DUE TO I FCR CUPPENT CRGAN 2674.
C DCONVII N): COSE CCNVERSION FACTCR FCR RADICNUCLICE I AND 2675.
C CRGAN N. ( t:R E N/YR )/( FCI/D AY ) 2676.
C RIN3(I.IR.IY): DAILY HUNAN N3ESTICil RATE. PCI/ DAY. FCR 2677.
C NUCLIDE I. AT LCCATICN IP, FCR INTERVAL IY. 2678.
C TINT (IR.IY,L): TINE INTEC9ATED 00SEIL:1) AND DOSE RATE (L:21 2679.
C AT LCCATION IR FCR INTERVAL IY FOR CUFRENT CPGAN. 2630.
C G1 AND RIN31 APE USED FOR GENEPAL PDFULATICri CALCULATIONS 2681.
C 2632.

0012 IACD:NPECEP-IPCV 2633.
0013 IF (I ADD.EQ.0 ) PETURN 2604.
0014 IFG:It:JEX 2635.
0015 VASE:2 2626.
C016 IF (INDEX.GT.0) 00 TO 10 2'37.
0017 IFG=3 2603.
0018 KASEs1 2539.
0019 10 D0 20 K:1,7 2690.
0320 20 UNIR(K1:0.0 2591.
0021 00 30 IR:1,IADD 2692.
0022 1 PATH:IFDD03(IR) 2693.
0023 IF (IPATH.EG.0 ) GO TO 30 2694.
0024 WNIR(IPATH):WNIR(IPATH)+PWF0D(IR) 2695.

) )t
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0025 33 CONTINUE 2696.
C025 to 140 IY:1,LCOPS 2597.
CO27 00 40 F=f,7 2593.
C0:3 C3 40 I:1,6 2697.
C:c? 40 G1(I,Kl:0 2703.
03:3 03 103 IP:1,IAC3 2701.

C 2702.
C LC0rS 1 CMLf FC7 TINE INTECPATED DC3E !N3 CO3E PATE CALCULATICN3 2703.
C 270i.

0031 IF (LorrG.EQ.1) IR1:IR+IPCV 2703.
C322 IF (trC.~3.GT.11 Irl:IR+30 2701.
C333 IrATH:IFCCC3(IR) 2707.
C:3i IF (IFATH.EQ.0) CD TO 103 2713.
CC35 IU:1 272).
C :5 00 70 IP:1,6 271].
C337 IF (IP.GT.1) IU:IP-1 2711.
00 1 IUU:IU 2712
03:9 IF (IP.NE.6) G3 TO 50 2713.
CCi3 IU:4 2714
L:41 IUU:5 2715.
C:42 50 03 60 I:Nra,NFL 2716
C043 IF (KC2FC(I).EQ.0 ) CD TO 60 2717
00'4 IF ( LCCIS.EQ.11 AIPCCN(I,IP):TPSZR(I,IU,IR1) 2713
C :'. 5 IF ( LCOTS.GT.1) AIFCCNII,IP):TPSZRYtI,IU,IR1,IY) 2719.
s:i5 60 CCNTINU: 2723.
00i7 IF ( LG3FS.EQ.1) G ACT( IP ) = TCNC0( IUU ,IR 1 ) 2721.
00',0 IF (LCor3.GT.1) G AC T( IP ):TCt C0 (( IUU ,IR 1, IY ) 2722.
C 0 ',9 70 ccNTINUE 2723.
C0:0 C3 CO 10:1,2 2724.
C"51 IF ILOOP3.EQ.1) FN3(ID):PCC0(ID,IC1) 2723.
02:2 IF ( LCCF3.GT.1) PSD ( ID ): FEOP r ( ID . IR 1,IY ) 2725
0:53 S0 CONTIFUE 2727.
0054 CALL FOC3 (IP.IIATH) 272;
CC:3 C3 93 I:1,6 272).
C;56 G 1( I ,I PAT il l:31( I ,IPATH ) + Gt I ) *FNFC3 ( IP ) 2733.
C057 PIEN I,IP . IY ):GI I ) *XIN( IPATH ) 2731.
C0:3 IF ( IP AT H .t:2. 3 ) 00 TO 90 2732.
[03) Gl(I,4):G1(I,4)+G',(I) FNFColIR) 2733.
C:53 P I; T ( I , IP ,IY )-R IN31 I ,IR . IY ) + G',( I ) .XIN( 4 ) 2734.
0061 93 CD;TI rE 275:
0:52 103 CCSTINUE 27:5.
C:63 CD 1:0 V:1.7 2737
C3 '+ IF l':7IP(K).LE.1.0) 00 TO 120 273
0 55 C3 110 I:1,6 273).
C005 110 G1(I.K ):G1(I,K )/WNIP(K ) 27(0.
C:57 120 CONTIFUE 2741.
0060 D3 140 K=1,7 2742.
0059 IF IK.EQ.4) GO TO 140 2743.
CJ70 CD 130 I=1,6 2 7 4 '+ .
0371 RIN3 i( I K ,IY ):G1( I,K )*XING( K l* FFIN( V ) 2745.
0072 IF (K.EQ.3) R IN31( I,K ,IY ):RIt:31( I , K ,IY ) + G 1( I,4 ) *XIN3( 4 ) * PF IN( 4 ) 2746.
0073 130 CCNTINUE 2747.
C374 140 CCNTINUE 27'3.
C075 IF (LCOTS.GT.1) GO TO 233 2749.

C 2733.

r- r-
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C START DOSE COMMITMENTS CALCULATIONS AND PRINT CUT OF RESULTS 2751.
C 2752.

0076 IF (INDEX.GE.11 GO TO 180 2753.
0077 D0 170 N:1.4 2754.
0078 LL:60 2755.
0079 N1:N 2756.
C030 IF IN.GT.2) H1:N1+1 2757.
0031 00 170 IR = 1,I ACD 2753.
CCS2 IF [LL.LT.60) GO TO 150 2759.
0083 CALL HEADER (6) 2760.
C004 FRINT 650, (SP(I.N1),I:1,31 2761.
0C05 FRINT 710 2762.
0005 FRINT 660 2763.
0037 FRINT 670 2764.
CCOS LL:9 2765.
0029 150 IPATH:IFC00S(IRI 2766.
0090 IF (IPATH.EQ.0) GO TO 170 2767.
C091 TDOSE:0.0 2763.
0092 00 160 I=1,6 2769.
0093 00SE( I ): RING t I ,IR .1 ) *DCONVI I,H ) 2770.
0394 160 TD03E:TDCSE* DOSE (I) - 2771.
0095 FRINT 730. IR,( XNANE( J.IR ),J:1.41,( PATHl J IPATH ),J:1.4), DOSE.TDOSE2772.
0096 LL:LL+1 2773.
0097 170 CCMTINUE 2774.
0093 LL:60 2775.
0099 180 Do 220 K=1,7 2776.
0100 IF (INDEX.GE.1) GO TO 190 2777.
0101 IF (LL.LT.551 GO TO 190 2778.
0102 CALL HEADER (6) 2779.
0103 FPINT 720 2780.
C104 FEINT 6S0 2731.
0105 FRINT 670 2702.
0106 LL:S 2703.
0107 190 IF (K.EQ.4) GO TO 220 2704.
0103 D0 210 H:1.4 2705.
0109 H1:H 2706.
0110 IF (H.GT.2) H1:N1+1 2787.
0111 TDOSE=0.0 2783.
0112 00 200 I=1,6 2709.
0113 00SE( I ):RINS1( I .K ,1 )*DCONVI I,H ) 2790.
011'+ 200 TD05E=TDOSE+ DOSE (I) 2791.
0115 IF (INDEX.GE.11 GO TO 210 2792.
0116 IF (N.EQ.11 FRINT 690, ( PATH (I.K ),I:1.4),( BP(I.N1) I:1,3 ).DCSE.TD02793.

15E 27 9 '+ .
0117 IF (H.GT.1) FRINT 700 (BP(I,H1),I=1,3),00SE.TDOSE 2795.
0113 210 PFCOSE(H.KACE )= FFDOSE(H,KASE )+TDOSE*TFOP/1000.*PGTH(IPG) 2796.
0119 LL=LL+5 2797.
0120 220 CONiINUE 2793.
0121 GO TO 440 2799.

C 2200.
C HERE FCR INGESTION TIME INTEGRATED DOSE AND DOSE RATE CALCULATIONS 301.
C 2002.

0122 230 IOPTIM:0PTIME 2003.
0123 D0 310 N:1,4 2004.
0124 N1:H EE05.

D f)
I v?()
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0125 IF (N.GT.2) N1:N1+1 2306.
0126 00 270 IR:1,IADC 2807.
0127 IF (IFCDOS(IR).EQ.0) GO TO 270 2303.
0128 IOPT:0 2207.
0129 TDOSE=0.0 2310.
0130 00 260 IY:1,10 2311.
0131 TINT (IR.IY,21:0.0 2312.
0132 IF (IY.EQ.11 YO:0.0 2313.
0133 IF (IY.GT.11 YO: FLOAT (IYR(IY-11) 2314
0134 CELTA:FLCAT(IiR(IY))-YO 2815.
0135 Do 240 I:1,6 2S16.
0136 240 PALL ( 1,I):RIN3(I,IR.IY)*365.25 2317.
0137 CALL INilALE (N+3 PALL,YO. DELTA. DOSE.DR.IOPT.IERR,2) 201S.
0133 IOPT=1 2019.
0139 CO 250 I:1.6 2820.
0140 TDOSE:TDOSE+DCSE(I) 2821.
01 '+ 1 250 TINT (IR.IY,2):TIrlT(IR.IY,2)+DR(I) 2322.
0142 TINT (IR.IY,1):TDOSE 2323.

C 22:4.
C CC!NERT FRCt1 REM TO MREM UNITS 2025.
C 2026.

0143 00 260 L:1,2 2327.
01 % 260 TINT (IR IY,L)= TINT (IR.IY,L1*1000.0 2820.
0145 270 CCtlTINUE 2227.

C 2330.
C FRINT TIME INTEGRATED DOSE (LAP:11 AND DOSE RATE (LAP:2) 2S31.
C 2332.

0146 C0 310 LAP =1,2 2:33.
0147 LL:60 2834.
01;3 DO 310 IR=1,IA00 2335.
0149 IF (LL.LT.60) GO TO 300 2336.
0150 CALL HEADER (6) 2837.
0151 FRINT 450, IOPTIM 2333.
0152 FRINT 650, (BP(I N1),I:1,3) 2037.
0153 IF ( L AP.EQ.2) GO TO 200 2340.
015'+ FRIt4T 460 20'+ 1.
0155 FRItlT 470 IYR 2042.
0156 C0 TO 270 2343.
0157 280 F3ItiT 430 2344.
0153 FRIllT 490 2E45.
0157 FPINT 500. IYR( 1),(IYR( J ),IYR( J+1),J:1,9 ) 2346.
0160 290 FRINT 670 2047.
0161 LL=9 2043.
0162 300 IPATH:IFCCCS(IF) 2317.
0163 IF (IPATH.EQ.0) GO TO 310 2050.
016'e FPINT 510. IR ,(IDENT( J.IR ),J:1,5 ) ,( PATH ( J ,IP ATH ) . J: 1.41,( TINT ( IR . J2051.

1. LAP 1,J:1,101 2052.
0165 310 CCNTINUE 2053.

C 22 5 '+ .

C HERE FCR rCrutATION TOTAL TIME INTEGRATED DOSE AN3 DOSE FATES 2055.
C FFC:t It:3EJTICN. NOTE THAT FIPST It:0EX OF TINT IF NC:4 USE FOR 2055.
C A FATf:MAY & ECDY PART It:DEX AND TINT (28+N.IY,L) IS USED FOR ES57.
C CVEPALL FCFULATICH VALUES. 23:3.
C 2057.

0166 00 320 L=1,2 2860.

560 loi
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0167 D0 320 N:1.4 Ef61.
0163 C0 320 IY=1,10 2062.
0169 320 TINTIC0+N,IY,L):0.0 CC63.
0170 CD 360 K:1,7 2054.
0171 IF (K.EQ.4) GO TO 360 2065.
0172 00 350 N:1,4 TE M =
0173 N1:N C 67.
0174 IF (N.GT.2) N1:N1+1 2N S.
0175 TCOTE:0.0 2067.
0176 I N:( V-1) 4+H 2070.
0177 ICPT0 2371.
0170 00 350 IY:1,10 2072.
0179 TINT (LN.IY,21:0.0 C373.
0100 IF (IY.EQ.1) Y0:0.0 2074.
0181 IF ( IY.GT.1 ) Y 0 = F LO ATI IYFd IY- 1 ) ) C273.
0102 CELTA:FLCAT(I)R(IY)l-YO C376.
01S3 CD 330 I:1.6 2377.
01Si 330 FALL ( 1,II:RIt!31(I,K,IY l*365.25 2073.
0105 CALL INHALE (il+ 3 PALL,YO. DELTA,0C3E ,CR ,ICPT,IEFR,2 ) 2079.
0106 10rT:1 2001.
0137 CO 340 I:1,6 : 31.
0103 TCO E:T003E+003E(I) 2:22.
0109 340 TINTIFil IY,2':TItiT( KN . IY ,2 ) + DR( I ) 22:3.
0170 TINT (Lit,If.11:TCOSE CSC'.
0191 to 330 L:1,2 C'33.
0192 tit T(28+N IY,L 1: TINT (28+N,IY,L 1+ TINT (FN IY,L ) 22:5
0193 350 TINT (Efl.IY,L1:TINTIVN IY,L1*1000. [207.
0174 360 CCNTIt:UE 22:3.
0195 t ::TrcF.rGTH(IFG) 2 09.
0176 DO 370 L:1,2 20;3.
0197 C3 370 N:1.4 C 71.
01?3 CD 370 IY:1,10 2:92.
0199 370 TINT ( 20+t!,IY,L )= TINT ( 28+N. IY,L ).WO?K 2:93.

C 2074.
C FPINT TOTAL TINE INTECRATED CC3E (LAP:1) APO COSE FATE (LAF:21 2093.
C E016.

00C0 CO 400 LfF: 1,2 Z:37.
C201 Cf LL HE/CEF (6 ) 273.
02C2 iT It:T 430, IC?TI!! ::'7.
C:03 IF ( L/P.EQ.2) CD TO 380 2;00.
0204 FT: INT SCO Col.
0205 FPINT 520. I)R C;:'
03:6 CD TO 390 2903.
C:07 330 FFINT 5',0 C;04.
C:00 F2 INT 550 2903.
0209 FRINT 55 0. IYR( 1),(IYR( J ).IYR( J+ 1),J:1.9 ) E705.
0210 390 F? INT 670 2307.
C211 00 4 0 K=1,7 27:3.
0212 IF (K.EQ.41 GO TO 400 27:7.
0213 CO 400 N:1,4 Ello.
0214 EN:(K-1)=4+N 2711.
0215 Hi:N 0912.
C216 IF (N.GT.2) N1:N1+1 29i3.
0217 IF ( N.EQ.1 ) rRIN T 570, ( PATN( I,K ) I: 1,4 ),( CP( I .N1 ) .I:1,3 ),( TINT ( LtC714.

1,IY, LAP),IY=1,10) 2915.

5UV4O
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0213 IF (H.GT.1) F2 INT 5S0, ( EP(1,N1),I:1,2 ),(TINT (EN,IY, LAP ).IYz1,10 ) 2916.
0219 400 cchin;UE 2717.
0220 If I IF CV.EG.0 ) GO TO 440 2913.
0221 CALL HE ADER (6 ) 2917.
0222 FPINT 450. ICPTIM 2920.
0223 CO 430 L AP:1.2 2921.
002 '+ IF (L AP.EQ.2) GO TO 410 2922.
C225 FRINT 570 2923.
0226 FP1HT 600, IiR 2724.
022/ C0 TO 420 2925.
0228 410 FRINT 610 2726.
0227 FRINT 620 2927.
0230 PRINT 630. IYR( 1),(IYR( J ).IYR( J+1).J:1.9 ) 2928.
0231 420 FRINT 670 2727.
0232 DO 430 N:1,4 2)30.
0233 N1:N 2931.
0234 IF (N.GT.2) N1:N1+1 2932.
0235 430 FRINT 640 ( CP! I :N1 ),I= 1. 3 ) ,( TINT ( 28 +NiIY ,L AP ) .IY= 1.10 ) 2733.
0236 440 FETU'N 2734.

C 2935.
C 2936.
C 2937.

0237 450 FCP"AT(1X,'0FEPATICN TIME : ' I2.' YEADS') 2933.,

0233 460 FCFMAT( ' ',42X,' TOTAL TIME INTEGPATED 003E (MREM) FPCM INGESTION')2739.
0237 470 FCEMAT(1HO,' # ICENTIFICATICM' 8X,' PATHWAY',T06,'YEAP3'/T43, 2740.

1 9 ( I2.7 X ) ,12 ) 2741.
0240 480 FCrMAT( * ' .45X,' TOTAL DCSE PATE (MREM / YEAR) FROM INGESTICH') 2942.
0241 490 FCP1ATI 1HO.' # IDENT IF IC AT ION' ,8X , ' P AT HW AY ' .T81, 2743.

1 ' INTER /AL (YEARS)') 2344.
0242 500 FC MAT ( 1X T47. ' 0 ' .12,9( 4X ,I2. ' ' .121 ) 2945.
0243 510 FCP"AT( 1X,12,2X.5A4.2X.4 A4.T44.1P10E9.2 ) 2746.
0244 520 FCr"tT(' ',27X,' TOTAL TIME INTEGRATED DCSE FCR GENEPAL PCFULATICH 2947.

1(C25AN MPEM) FPCM IN3ESTION') 2943.
0245 530 F OTMAT( 1H0. * PATHMAY ' ,T21, 'ORG AN' .T82 ' YE A9S'/T39,9(12,8X ) . I21 2949.
0246 540 FCP"AT(' ',30X,' TOTAL OCSE RATE FCR GENEPAf POPULATION (CRGAN* MREM 2950.

1/iEAD) FFC:t IN3ESTICM') 2951.
02',7 550 FCr:f1T( 1HO , ' PATH:4AY' ,T21,' ORGAN' ,T77 ' INTERVAL ( YE ARS )' ) 2952.
0243 560 F CPMATI 1X ,T33. ' 0 ' ,I2.9( 5X,12. ' ' ,121 ) 2953.
02',9 570 FC?'!iT t 1HO,4 A4,3X.3A4,1X 1P 10E 10.21 2954.
C250 530 FCE: TAT (20X,3A4,1X,1P10E10.2) 2755.
0251 570 FCRMiT( ' ',34X,'FOPULATICH TOTAL TIME INTEGPATED DOSE (CRGAN= REM) 2956.

1FRCM IN3ESTION') 2957.
0252 600 FC? MATT 1H0,'Cn3AN' ,T63,'YE ADS'/T20,9(I2,8X ),I2 ) 2753.
0253 610 F0?"AT( ' ',37X,'PCFULATION TOTAL DOSE RATE (ORGAN * REM / YEAR) FROM 2957.

11NSESTICN') 2'60.
C254 620 FO? MAT (1HO.'C'GAN',TSS.' INTERVAL (YEAPS)') 2961.
0255 630 FCE"AT(1X,T17,'0 ',I2,9(5X,I2.' ',I21) 2762.
0236 640 F C~ MAT ( 1X,3A4,1X,1P10E10.2 ) 2963.
0257 (50 FC?n:ATI 1X,3A4 ) 2964.
0253 660 FCCPATt1HO.' # IDENTIFICATION' .T4 0. ' PATUWAY' ,T60 'U238' . 2965.

1 T70.'U234',T79,'TH230'.T09,'PA226',T97.'F0210',T107, 2966.
2 'FC210',T119,' TOTAL') 2967.

0259 670 FCPMATI 1X.132( ' ' )) 2763.
0260 CSD F OR"AT( !HO , ' PATUH AY ' ,T21, ' CPG AN' .T37, 'U238' ,T51, 'U234 ' ,T62, 2969.

1 ' TH230 ' .T 74. 'CA226 ' T86. ' PB210 ' ,T93. ' FC210 ' ,T 110, ' TOT AL ' ) 2770.
0261 690 FCEMAT( 1HO,4 A4,3X,3 A4,1P7E12.2 ) 2971.
0262 700 FCCMAT(20X.3A4,1P7E12.2) 2972.
0263 710 FCP. MAT ( ' ',44X,'DC3E COMMITMENTS FPOM INGESTION (MPEN/YE AR)' ) 2973.
0264 720 FOP"AT( ' ',32X,'IN3ESTICN DOSE CC"MITHENTS FCR GENERAL PCPULATION 2974.

1CPGAN M?EM/ YEAR)'/) 2975.
0265 730 FCFMAT(1X,I2,3X 4AS,1X.4A4,1P7E10.2) 2976.
0266 END 2977.

) ) )
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0001 CUCIOUTINE FCCD (IR.IDF ) 2973.
0002 PEAL *S METCET,XNAME 2979.

C 2900.
C+******0ESCRIPTICH CF VARIABLES 2931.
C 2732.
C I:ICOTCPE. 1:U233, 2:U234, 3:TH230, 4=PA226, 5:FD210, 6:FC210 2933.
C J:TiiE CF ANIM*.L FCC3 2734.
C 1rWATEC.2:F0 RAGE CR CFCP 2905.
C 1 : TYPE CF ht"' N FCC3 2726.
C 1: MEAT,2: MILK,3:FCULTR(,4:E053,5:VECETATICNS,6:FICH,7:PATEF2i37
C FC:3INIJ.F):!MT CF FCO3 J INSECTED CAILY BY ANIMAL K, IN FG'CY 2700
C CCNCI,JI:CCNCENTPATION OF ICOIGrE I IN ANINil FC09 ) ( FCI, VG ) u;27

C AIRINih1: DAILY INTALE CF AIR FCP ANIMIL K, IN H3 2373.
C AII,K-2):CCMCENTPATICN FACTC7 OF I IN huh ;N FOC3 K 2371.
C G(II: AV3 ACTIVITY CF I (FCI/FG) IN CUPPENT FCD3 K AT IR 2792-
C C',(I):CCFFECTCNJIN3 G VALUE FC? ECC3 IF F=3 2793.
C TAIFfII:CONCENTPATICN CF I IN AIP(FCI M3) 2194.
C Al"CCNfJ.I):CCNCENTFATIC'4 0F I NITH r'JTICLE CIZE J IN AIP(FCI/M3:933.
C C RCT(I):CnCUN3 FADICNUCLICE ACTIVITY,( FCI/M21 2775.
C FCCNtI K):STACLE ELEMENT TFAN:FER DATA C.: ANINAL K 2777.
C 2733.
C******* 2137.
C 3000.

0003 CC::"C?'/UD AOC 1/ ME T S E T l 41,XNA ME ( 4,6 0 ) ,VD E P( 5 ) , FT S ZF C( 5,51 ALN2, 3001.
1 PT0Z: 51,rEGICNf 6 ),XPECE F( 3.6 01,CN,S e:;0( 15 ),L MAX,IFrMAX, 2C02.
2 IFCPI 15,16 ),JC( 9 ),NOCECE ,IR:C( 61,IiPI 10 ) . IF C2:3( 601,PFI, SHIED , 30 03.
3 FF I NI S ) , F UTC3 ( 6 0 ) ,CFT IME ,MTC I 7,51. F G , C F ACT , P F I E ,5UFI,SOF F , 3004,

4 FD E N151. FGTH ( 4 ) ,X IN( 7 ),XIN3 | 71, F CC01NI 2. 3 ) , R 2L IN ,PS ALF ,iDCC , 3005.
5 FCCNf 6,5 ),rpol 2 ),DV( 2 ),T,U 21 TCt 21,F Vf 2 ),C3V( 6 ),YE'vD 3005.

0004 CCi:"CN CFCD/G ACT( 6 ), AIFCCN( 5,6 ) ,CCN( 6,2 ),G( 6 ),G4( 6 ),FND f 2 ) 3007.
C 3003.

0005 Co 10 I:1.6 30:7.
0006 10 CCNf I 11:0.0 3010.
0007 IF (IDF.EO.61 GO TO 40 3111.
CCOS IFC3: 1 3012.
0009 IF (IDF.GT.2) IFCD:2 3013.
0010 CALL VECFC3 (IFCD,IP IDF) 3014.
0011 IF IICF.GT.3) FETurN 3013.

C 3C15.
C++***,arESFCPN CtLCULATICN3 FOR EACH ICOTCFE 3017.

0012 F:ICF 3C13.
0013 CJ 33 I:1.6 3017.

Ca*** CALCULATE CCNCENTPATICH OF I IN MEAT,FCULTRY, MILK, EGGS &FICH 30:3.
0014 SJ1:0.0 3021.
0015 CO 23 J:1,2 3022.
0016 20 SU '::UM+CC'M I,J iaFCCDIN( J,K ) 3323.
0017 Gt I ):F CO:n I,K )*SU;) 3 2 2 ', .

0018 IF f i'.EG.31 G4(I):FCCN(I,4 )aCU!1 20 5.
0019 30 CCNTINCE 3925.
C020 FTUT4 3C27.
0021 40 00 50 I:1.6 302S.
CC22 50 G(!):FCCNtI,5)*CCNII 11 3027.
0023 PE U'N 3033.
0024 CM: 3031.

\bb
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0331 SU:"DUTItiE kEGFC3 (IFCD.IR.IDF ) 3032.
0002 REAL*3 i E TSE T ,Xtt AttE .TCD AY 3033.
0303 RE AL *4 L At:DA;4.L/" NAG.LC 4 LR ,LON!f 3034.
0004 DUtitGICN DFCDI( 6,21 3035.
C005 CC:::;0M CFCD CACTI 6 ), AIFCCtH S,6 ),CO.4 6,2),Gl6 ),G4(6 ),Rti3(2) 3036.
0005 CC::":M ' U3 ' C C 1c hE T r E T l 4 ) , Xti A*:E(4,60),VDEPl5),PTSZFC(5,5), Alt 12, 3037.

1 FISZ( 5 ) ,F E GICNt 6 ) ,XP EC E F( 3,60 ) ,C?t,XFH0( 15 ),L S!!?.X ,IF0!! AX , 3033.
2 IF CF( 15,16 i,JC( 9 ),fi:C?CE ,IFHC( 6 ),IT R( 10 ),IFCDOS( 60 ),PFI .S4IED , 3037.
3 F F D H 8 ), F,:F CJ t C 01.CP TIME ,t:FC( 7,5 ),F G ,DF ACT ,F FIE .SUF I ,SUF F , 3040.
4 FC EtH 5 ),FGTal 4 ),XIHl 7 ),XIt:G( 7 ), FC03Irl( 2,3 ),RSLIM ,F SAL F ,iCCC , 3041.
5 FCC.H 6,5 ),FN0( 2 ),DVI 2 ) .TWI 2 ) TC! 2 ),FVI C ),CSVl 6 ),YEVD 3042.

0007 CC::. NUMDC4< TCD AY,tir3.hPL,tCECEP IFECEP.LFHO,IttX,IFAGE( 3), 3C43.
1 THE TA3( 16 ),'4It:07( 16 ),FMALF( 61.FH ALF .CF( 41.FC00( 2,3 00 ),FtH 300 ), 3044.
2 CICU:!:5,30 01.TF0 2( 5,4,33 3 ) .TF 22P( S ,4,30 01, TCri:C( 5,3 01 ), 3C45.
3 TCtn3( 5,3 0 31,R E C E PT ( 2,3C O ) ,2R ECE F( 330 ) ,ULI 303 ), FIL L E R( 1S00 ) 3 0 ',6 .

0003 CCit' C:UIt; i AL 1/El 13,12 ),LCNI 10,4 ), L R t 10 ), F 1( 10 ),F2P( 13,91, 3047,

1 Ir:Ott 13 ),t;',UC ,tCF T ADI 10,4 ), F2F;tt 161.LCN!!( 161,0N0t:( 16 ) 3043.
0007 DATA 1::ALL/0/ 30;).

0010 10 IF (NCALL.GT.0) C0 TO 30 3050.
0311 C 3 23 J:1,2 3351.
0312 CFC3:3C3.250.6 4E4*FV( J t/DV( J ) 3000,

0113 L A:n > N:365.25 Att:2/TWIJ) 3:53.
0014 TEtF:TC()?/365.25 3054.
0315 C3 20 I:1 t:NU: 3055,

C316 L t"3 AG:L A!:D A:i,L p t I ) 3:55,

C317 20 DF C3II I , J I:DF C3 *( 1.0-EXP( -L Att3 AG*TEtiP ) )/L At!DAG 3057.
0013 t;;f LL= 1 3053.
0317 30 C3 60 I:1 t'::UC 3057,

00:0 C04t I,2 ):G ACTI I )*CSV( I 1/PHat IFCD 1 3050.
00.'1 CO 40 1::Nf3,hFL 3061.
C0:2 IF ( PTSZ( V ) .EQ.0.0 ) C0 TO 40 3C62.
CC23 CC:it '_ . 21:CC!H I ,2 )+ D FCDI( I ,IF CD )* AIPC0tH V ,I )*VCE P( K ) 3:53.
CO 40 CCMTItLE 3054.
C225 IF (I.LT.51 C0 TO 50 3055.
CZ5 CC!HI,21:CCMtI,21+FN3(I-4)*0.C03=DFC3I(I IFC31 3956.
0027 50 CC'irit"JE 3067.
CD'S IF (10F.EQ.51 GII) DFACT*CCM(I,2) 3063.
C? ) IF (IFC3.EO.2 ) CD TO 60 3059.
03:3 CC::( I,2 ):CCru I 2).FG 3373.
C031 60 CCNTIt!UE 3071.
C332 FETL?N 3372.
C033 Et:0 3073.

560 155
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0001 SU*FCUTIt:E TAILP3 iTAILP.LUS.PTAIL) 3074.
0002 CC::: .C?t/ U0 AD COM E T 15 ) CDOC AL . GIC AL E .LT (P E , 3075.

1 CA( 6 ),03( 6 ),UUt 6 ),Nrs tfrE ,tir P,IF L AG , J F L AG. IP01U2, 3076.
2 ISC?C 1,t:CCPrr . D:3,ILS , ISTAD ,IUS3, IW3E 3977.

0003 DIMDi31C?4 TAILF. 6 ),PTAIL( 7 ) 3073.
CC04 CFHO:PTAIL(11 3077.
C005 D:ll:P1 AIL (2 ) 2003.
0006 A:PTt IL( 3 ) 3031.
0?07 Z:PTAILt41 2002-
CC33 20:rTAIti51 2003.
CCC7 P:rit.IL(61 3:04.
0310 lbFTAILt73 3C05.
C011 F STr o * f 1.B + 0.6- ALO310 ( W I ) 3C 5.
C312 F S T : F S T.57F TI ( CP H3- 1. 2 0 E- 3 ) * CM 1/1. 22E -61 3C07.
C013 CD 10 I:1,tus 3 0 ">

0014 F C:UUl I )* l . C E2/f 2. 5= ALOG( Z/201 ) 3 07.
0315 C4:1. 0 E-6 *( F S e + 2.1 *( F S-F ST ) 3:M.
C016 IF fril.LE.0.01 C'40.0 3071.
0317 10 T AIt r( I I:c:i. [ 2. E -4/( F ST* * 3. ) ) * ( ( FO/F S T l * * ( P/3.1- 1. ) * 1. 0 E4 3 92.
0013 F E Tl''*4 3073.
0319 UD 33 '+ -

560 156
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C001 SUZ CUTINE EVrCDS (IRCV.T) 3C95.
0002 F E Ai+ 8 dE TSE T.XHAME .07GtH.BREP 3096.
0003 DIMENSICM T(16) 3097.
0C04 CCMMON'UD ADC 1/ME TSE T( 4 ) .xNAME( 4.6 0 ) .VDE P( 5 ) .PTSZF C( 5.5 ) . ALN2, 3093.

1 PiSZ( 51.REGICM( 6 ) .YPECEP( 3,60 ),CH.XPH0( 15 ),KSHAX IFOMAX, 3099.
2 IFOP( 15,16 ) , JC( 9 ) .N3CRCE ,IPH0( 6 ) ,IYR( 10 ) . IFCDOS( 6 0 ) .PF I . SHIED , 310 0.
3 FF IN( 8 ) . PWF CD( 6 0 ) .CPTIME . MFC ( 7,5 ) . F G ,0 F ACT.R FIE .SUF I . ;UF F , 3101.
4 FDEN( 5 ), FGTHt 4 ) .XIH( 7 ) XINGt 7 ) .F003!N( 2.3 ) .RSLIM.PSALF.YC0C, 3102.
5 FCCNf 6.5 ) .FH0( 2 ) .DV( 2 ) . TWI 2 ) .TC f 2 ) .FV( 21.BSV( 6 ) .YEVD 3103.

0C05 COMMON / UDACC3/CFG'N( 3.12).rPEP( 3 ).CKFf 3.5 ) .PALLf 3.6 ) . rent 3) TA. 3104.
1 CCFC( 9.13 ) .CCFGl 9.13 ) .TFCP BP( 3,5 ) SFACT.0FR TS( 3.91 3105.
2 U:10(3.2),FFCM(5.4).CCCNVt6.4) 3106.

0006 COM CN/EVD/GE VD( 9.21.CEVD( 9,2 ),PEVD( 12.2 ) .PNEVD( 2 ),PFDOSE( 4.2 ) 3107.
CC07 IF (IRCV.EQ.01 RETURN 3103.
0003 CO 120 INT = 1,4 3109.
00C7 00 10 I=9.16 3110.
C013 10 T(II:0.0 3111.
0011 GO TO ( 50.20,50.30 ) .IHT 3112.
C012 20 T(9):0PTIME 3113.
0013 Tt16)=0PTIME 3114.
0014 GO TO 40 3115.
0015 30 Ti14):YEVD 3116.
0016 T( 15 ):CPTIME 3117.
C017 T(16):YEVD+0PTIME 3118.
0018 40 CALL GFCUND (T(9 ).INTI 3119.
C019 50 00 60 I=1.16 3120.
0020 60 T(II:0.0 3121.
0021 C0 TO (70.80.90.100 ), INT 3122.
0022 70 TA1:TA 3123.
0023 IF (CPTIME.LT.TA) TA1:0PTIME 3124.
0024 T(1)=TA1 3125.
0025 T(8):TA1 3126.
C026 DT=TA1 3127.
C027 00 TO 110 3123.
0023 80 IF (CPTIME.LT.TA) GO TO 120 3129.
0029 T(1):CPTIME-TA 3130.
0030 T( 3 )= T( 1 ) 3131.
0031 T(4)=TA 3131-
C032 T( 9 ):T( 1) 3133.
On33 T( 101:TA 3130
C034 T( 15 ) =T A 3135.
0035 T( 16 ):CPTIME 3136.
C036 DT:CPTIME-TA 3137.
C037 GO TO 110 3133.
0013 90 T(3):TA 3139.
C039 T(4):TA 3141.
0040 T( 6 ):TA 3141.
0041 T(9):TA 3142.
00;2 TI 10 ):TA 3143.
0043 T( 15 ):CPTIME 3144.
0044 T(16):CPTIME+TA 3145.
0045 DT=0.0 3146.
00',6 GO TO 110 3147.
C C 'J 100 T( 13 ):TA 3143.
0043 T( 14 ):f EVD 3149.

)
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0049 T(15):0PTIME+TA 3150.
0050 T( 161:0F TIME + YE va 3151.
0051 DT=0.0 3152.
C052 110 CALL TAIRR (T.DT INTI 3153.
C053 CALL 00SrCP (DT, INT.IPCV) 3154.
0C54 CALL FC00SE (IPCV. INT.11 3155.
0055 120 CCNTINUE 3156.
0056 IiEvD=)EVD 3157.
C057 CO 220 F ASE= 1,2 3158.
0038 CALL Hr' ER (6) 3157.
0057 IF (VA: .EQ.1) FPINT 230 3160.
0060 IF (FASE.EQ.2) FRINT 240. IYEVD 3161.
CC61 FRINT 250 3162.
C062 FRINT 260 3163.
C063 FPINT 270 3164.
0054 FPINT 220. LPEP FNEVD(VASE ),FNEVCiVASE ) 3165.
OC65 C3 210 I:1,12 3166.
CC66 V:' 3167.
0057 C0 n o ( 160,150,160,180,180.130,190 ),K 3163.
CCf3 130 FRINT 270, ( CRGAN( J.II.J:1,31.FEVD(I, VASE ),FEVD(I. VASE ) 3167.
C057 GO TO 210 3170.
0070 140 IEXT:6 3171.
0C71 G3 TO 200 3172
CC72 150 IEXT:2 3173.
C073 GO TO 170 3174.
C074 160 TEXT:3 3175.
0075 17 0 TO TAL:FEVD( I .V ASE ),FFCOSE( I-3, VASE l+ GEVD( IEXT, VASE l+ CEVD( IEXT . VASE 3176,

1) 3177.
0076 FPINT 3C ^,, ( CFO AN; J ,I ) .J:1.3 ), FEVD( I , VASE ), PFCOSE( I-3,V ASE ),CEVD( 13178.

IEJT.F ASE ),CEiCf IE;;T,kASE ) TOTAL 3177.
0077 C3 TO 210 3100.
0073 130 TOTAL:PEVD( T ,k ?.SE )+FFDOSE( I-3, VASE ) 3131.
C079 F RINT 310. (CRCAN( J I).):1.3 ),FEVD(I, VASE ),PFDCSE(I-3, VASE ) TOTAL 3 22.
CC20 CD TO 210 3183.
C031 190 IEXT:5 3104.
OCS2 000 TUT AL:FEVD(I . VASE l+GEVDlIEXT. VASE l+ CEVD(IEXT, VASE ) 3105.
CCS3 FPINT 320, (CFOAN( J,I) ):1,31.FEVD(I, VASE ),GEkD(IEXT, VASE ),CEVD(IE3iO6.

1XT.V ASE ), TOTAL 3127
0004 210 CCNTINUE 31!3.
0005 CD L20 I:1.9 3107.
C006 IF I I .EQ.2.CR . I .EQ.5.CR. I.EQ.6.CR . I .E Q.8 ) GO TO 220 3190.
003- TOTAL:GEkD(I.V ASE )+CEkD(I VASE ) 3171.
C003 TRINT 330 (CFPTS(J I),J:1.31,GEVD( I VASE ),CEVD( I, VASE ) . TOT AL 3192.
CC07 220 CCNTINUE 3133.
CC70 FETU?N 3194.

C 3175.
C 3196.
C 3197.

0071 230 FC" FAT ( ' ' ,T49,'F0FULATICM COSE CCMMITNENTS (ORGAN *PEM/t EAR I' ) 3173.
0072 240 F C NAT( ' ' ,T37,' ENVIFCNMENTAL f ' ,I3, 3199.

1 * YEAPS) C03E CCMMITPENTS ( COGr.', cEM)' ) 3200.
0093 250 FC? MAT (' ','C~GAN',T37,2('INNALATICN, '),'INSESTICN',TE6, 3201.

1 2( ' EXTEF'al , '),' TOTAL') 3202.
0094 260 FCFMATI1X T36,'PAPTICULATES',T56,'PACCN',T87,'CROUU3',T104, 3203.

1 'CLCU3') 3204.
0095 270 FCTMAT( 1X,132( ' ' ) ) 3205.
0076 22 0 FCCM AT( 1HO ,32 3.T52,1 FE 10.2,T 116, E 10.2 ) 3206.
C077 270 FCPMATI1HO,3A3.T36,1PE10.2 T116,E10.2) 3207.
C073 30 0 FCTMAT( 1H O ,3 A3.T36,1FE 10.2 T68, E 10.2,TS4, E 10.2.T100, E 10.2, 32C3.

1 T 116, E 10. 2 ) 32]).

0099 310 F0? MAT ( 1HO ,313.T36.1FE 10.2.T6 3, E 10.2.T116, E 10.2 ) 3210.
01G1 320 F0 M AT( 1HO,3 A3,T36.1FE 10.2,TS%,E 10.2,T 100,E 10.2,T116,E 10.2 ) 3211.
0101 330 FCTMAT( 1HO,3A4,TS4,1PE 10.2 T 100,E 10.2,T116,E 10.2 ) 3212.
0102 EN3 3213.

b b f)
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0001 SUERCUTINE CONC (IPCV) 3214.
C 3215.
C SUOROUTINE TO CALCULATE CCPRECTED CONCENTRATIONS IN CLCUD AND OH 3216.
C GRCUND FCR CUSSEGUENT USE BY SUCPOUTINE DOSAGE. SELECTED RECEPTOR 3217.
C FOINTS ( ANGLES: IMx,0.90,130,270 AND AT IPHO DISTANCES) AND ALL 3218.
C EXTPA PECEPTCR0 ARE USED -- 1 MAX OF 90 LCCATICNS. TEN 3219.
C CCNCENTRATIONS ARE CALCULATED FCR EACH POINT, CCFRESFONDING TO 3220.
C T"E MID-POINT YEAR FCR EACH IiR INTEGRATICH INTERVAL IN DCSAGE. 3221.
C 3222.

0002 ?E4t+3 TCDAY NETSET,XNAME.CRGAN.BREP 3223.
0003 FE AL-4 LON,LR ,LONM 3224.
0004 DIMENSION T( 16 ) T FSZRY( 5,4,9 0.10 ) . TEMP ( 5,4,90,10 ) 3225.
0005 COMMON /UC ADC 1/ME TS L T( 4 ) ,XNAME( 4,6 0 ) ,VD E P( 5 ) , PTSZFC( 5,5 ) , ALN2, 3226.

1 PT SZ( 5 ) ,R E GION( 6 ) ,XR ECE P( 3,6 0 ) ,DM,XRHC( 15 ) , KSMAX ,IPS"iX , 3227,

2 IPOP( 15,16 ) JC( 9 ),N30RCE. IPH0( 6 ),IYR( 10 ) . IFC00S( 60 ),PFI, SHIED , 3228.
3 PFIN( 8 ) , FWi03( 6 0 ),0PTIME .MFC( 7,5 ), FG , DF ACT ,R FIE .SUF I, SUF F , 3229.
4 FD EN15 ), FGTH( 4 ) ,XIN( 7 ),XIh3( 7 ), F00 DIN ( 2.3 ),RSLIM , RSALF ,YDOC , 3230.
5 F CON ( 6,5 ) , P H0( 2 ) ,DV( 2 ) , TWl 2 ) , TC( 2 ) , F V( 2 ) ,BSVl 6 ) ,Y EVD 3231.

0006 COMMON 'UD AOC3/CPGAN( 3,12 ),EREP( 3 ),0KF( 3,5 ), PALL ( 3,6 ),PEK( 3 ) TA, 3232.
1 DCFC( 9,13 ),uCFGl 9,13 ) TFCP,BP( 3,5 ),SF ACT.EPRTS( 3,9 ), 3233.
2 Wa0( 3,2 ) , F PCM( 5,4 ) ,0CCNVl 6,4 ) 3234.

0007 COMMON /UDADC4/TCDAY,NPB.NPL,NRECEP IPECEP.KPHO,IMX,IPAGE(3), 3235.
1 TH ETAS( 16 ),WINCR( 16 ), RH AL F( 6 ) , FH ALF .CF ( 4 ) , PCDR( 2,300 ) ,RN( 300 ), 3236.
2 CISUM(5,300) TFEZ(5,4,300),TFSZR(5,4,3001,TCNCC(5,300), 3237.
3 TCMCO( 5,300 ) ,R EC E PT( 2,300 ) ,ZR ECE P( 300 ) ,WL ( 300 ) , FIL L ER( 1300 ) 3233.

0003 COM"CN' INH AL 1/E ( 10,12 ) , L CN( 10,4 ) , LR( 10 ) , F 1( 10 ) , F 2P( 10,4 ) , 3239.
1 IFSCL ( 10 ) ,NNUC .HSPTAB( 10,4 ), F2FM( 16 ) , LONM( 16 ) .CNOM( 16 ) 3240.

0009 CCM" N/TCMGY/TCNGCYt 5,90,10 ),TCNG0Yt 5,90,10 ),FEORYt 2,90,10 ) 3241.
0010 ECUIVALENCE ( TFSZ( 1,1,1 ) .TPSZRY( 1,1,1,1 ) ) 3242.

C 3243.
C 3244.

0011 IP2:30+NRECEF-IPCV 3245.
0012 YCHV:CPTIME+TA 3i46.
0013 00 120 J:1,10 3247.

C 3248.
C YMID IS MIDFOINT YEAR FCR THE INTEGPATION TO BE DONE IN DOSAGE 3249.
C 3250.

0014 IF (J.GT.1) GO TO 10 3251.
0015 YMID FLOAT (I)R(1)) 2.0 3252.
0016 GO TO 20 3253.
0017 10 YMID:FLCAT(IT R( J-1)+IYR( J ) )/2.0 3254.
0013 20 DT:1.0 3255.
0019 IF (iMID.GT.0PTIME) DT:0.0 3256.
0020 T( 9 ):0.0 3257.
C021 T( 10 ):YMID 3253.
0022 IF (THID.GT.0PTIME ) T( 9 ):i M- 3259.*

nn?1 CALL GRCUND (T(9 ),0 ) 3260.
0024 IF (iMID.GT.TA.CR.0PTIME.L 4 iU 1 3261.
0025 T( 11:0.0 3262.
0026 T(21=)MID 3263.
0027 T( 9 ):0. 0 3264.
0028 T(10)=0.0 3265.
0029 CD TO 60 3266.
0030 30 IF (YMID.GT.0PTIME) GO TO 40 3267.
0031 T( 1 ):0.0 3268.

h{)I
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3269.0032 T(21=TA
3270.0033 T(9)=TA
3271.

0034 T ( 10 ) =i MID
0035 IF (YMID.LE.TA) T(2):YMID 3272.

3273.
0036 CD 0 60
0037 40 IF (YMID.GT.YCHK) GO TO 50 3274.

3275.
0033 T(1)=YMID-OPTIME 3276.
0039 T(2)=TA
0040 IF (T HID.LE.TA) T(2):YNID 3277.

3278.
0041 T(91=TA

3279.
C042 T( 10 ) =i MID
0043 CO TO 60 3230.

3201.
0C44 50 T(1) 0.0
0045 T(2)=0.0 3 82.
0C46 T(9)=iMID-CPTIME 3233.

328 '+ .
0 0 '+7 T( 10 ) =1 MID
C043 60 CALL TAIFR (T DT,0) 3235.

3286.0049 IRO:1
C050 IF (IFCV.EC.0) IPO=31 3:37.
0051 D0 120 IPl=IRO,IR2 3228.

0052 IF (IR1.GT.30 ) CD TO 70 32S9.

0053 IT1= t IP 1-1)/6 + 1 3:90.
0054 ID1=M0](IR1-1,6)+1 3291.

0055 IF (IT1.EQ.1) IT=IMX 3292.

0056 IF (IT 1.GT.1) IT=iIT1-2)*4+1 3293.

0057 ID=Irco(ID1) 3294.

0053 Ir=(IT-lhVFH0+ID 3295.

C059 C0 TO S0 3296.

CC60 70 IP=IRCV+IRl-30 3297.

0061 80 00 90 IP=1,5 3293.

OC52 TChSCY(IP.IR1,J)=TCNGC(IP,IR) 3297.

0053 90 TCN;3((IP. IR 1,J )=TCNG0( IP,IR ) 3300,

0064 00 100 IP=1,2 3301.

0065 100 FCCRY(IP,IR 1,J ):FDDR(IP,la ) 3302.

CCC6 IP=1 3303.

0067 Do 120 I:UrO,hrt 3 3 0 '+ .

0063 IF (ESZFC(I) .EQ.0 ) 00 TO 120 3335.

0:59 DO 110 IP=1,4 3306.

C070 110 TEMI( I,IP.IR 1,J )=TPS7R( I,I:',IR ) 3307.

C071 120 CCMTINUE 33C3.
3309.C

C OVEPWRITE COMMON /UDAOC4/ STARTING AT TPSZ(1,1,1) 3310.
3311.C

0072 DO 140 I=NFD,MFL 3312.

0073 IF (KSZFC(I).EQ.0) GO TO 140 3313.

0074 CO 130 IP= 1,4 3314.

0075 CO 130 IRl=IPO,IR2 3315.

0076 D0 130 J=1,10 3316.

C077 130 TFSZaf(I,IP,IR1,J l= TEMP (I,IP IR1.J) 3317.

0070 140 CONTINUE 3313.
3319.0079 PETUEN
3320.

COSO ENO
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0001 SUCROUTINE DOSAGE (IRCV) 3321.
C 3322.
C SUBROUTINE TO COMPUTE: 3323.
C 1) TOTAL TIME INTECRATED DOSE SUMMED FOR ALL NUCLIDES) 3324.
C 2) TOTAL CO3E RATE 3325.
C 3326.
C INTEGRATION IS EROKEN INTO 10 INTERVALS WITH END YEAR GIVEN BY IYR3327.
C FOR EACH INTERVAL. CONCENTRATICUS CORRECTED FOR RESUSPENSION 3323.
C ARE CBTAINED FRC:t SUDROUTINE CONC. IN EACH CASE THE MIDPOINT 3329.
C YEAR OF THE INTEGRATION INTERVAL IS THE YEAR USED TO OBTAIN 3330.
C THE CORRECTED CCNCENTPATION, hHICH IS THEN ASSUMED CONSTANT 3331.
C THROUGHOUT THE INTERVAL. A MAX TOTAL OF 90 LOCATIONS ARE USED 3332.
C CORRESFCNDIN3 TO AN3LES IMX,0.90,130,270 AND THE 6 IRHD DISTANCES 3333.
C (SUBTOTAL =30 LOCATIONS) PLUS ALL THE EXTRA RECEPTORS (MAX OF 60). 3334.
C 3335.
C=========**********a==*==***************a=**************==*******=====s3336.
C 3337.
C IMPCRTANT VARIAGLES: 3333.
C 3339.
C TTID(90,10) - TOTAL TIME INTEGRATED COSE (MREM), SUMMED FOR ALL 3340.
C NUCLIDES, FCR CURRENT ORGAN. 3341.
C 3342.
C 1ST INDEX = RECEPTOR NUMBER 3343.
C END It0EX = YEARS SELECTED DY NANELIST IYR (DEFAULT 1,3,3,7,10, 3344.
C 15,20,30,50,70). 3345.
C 3346.
C TDR(90,10) - TOTAL DOSE PATE (MPEN/ YEAR ) FOR CURRENT ORGAN, 3347.
C SUMMED FDR ALL NUCLIDES. INDICES SAME AS FOR TTID. 348.
C 3349.
C 1ST INDEX = FECEPTCR tiUMEEP 3350.
C 2ND INDEX = SELECTED YEARS (SEE TTID) 3351.
C 3352.
C TCNGCY(5.90,10) - CC?PECTED TCNCC CCNCENTPATION3 (CLOUD) FOR EACH 3353.
C INTEGRATION INTERVAL. 3354.
C 3355.
C 1ST INDEX = NUCLICE (U238,TH230,RA226,PB210,P0210) 3356.
C 2ND INDEX = RECEPTOR FOINT 3357.
C 3RD INDEX = MICPOINT YEAR OF INTEGRATION PERIOD 3358.
C 3359.
C TCH30Yt5.90,10) - CORRECTED TCNCO CONCENTPATIONS (GROUND) FOR EACH3360.
C INTEGRATION INTERVAL. 3361.
C 3362.
C 1ST INDEX = NUCLICE (U233 TH230,RA226,FC210,P0210) 3363.
C 2ND INDEX = RECEPTCR FOINT 3364.
C 3FD INDEX = HIDFOINT YEAR OF INTEGRATION PERIOD 3365.
C 3366.
C T PSZRY( 5,4,9 0,10 ) - TPSZR CCNCENTPATIONS (CLOUD) FOR EACH 3367.
C INTEGRATION INTERVAL. 3368.
C 3369.
C 1ST INDEX = PARTICLE SIZE 3370.
C 2ND ItCEX = NUCLIDE (U233,TH230,RA226,PB210 ) 3371.
C 3FD IhDEX = RECEPTOR POINT 3372.
C 4TH ItDEX = MIDFOINT YEAR OF INTEGRATION PERIOD 3373.
C 3374.
C PALL (3,6) - TOTAL DEPOSIT (SUMMED OVER PARTICLE SIZE 3) AS PCI/ YEAR 3375.

)J r



. . . _ .... __ _ _ ._ ___ __ _ _ _ _ _ _

162

FORTRAN IV G1 RELEASE 2.0 DOSAGE DATE = 79078 16/02/04

C FCR EACH NUCLIDE AND SUCCCMPARTMENT OF LUNG MCDEL FOR 3376.
C CUFFENT RECEPTCR AND INTEGPATION INTERVAL. 3377.
C 3378.
C 1GT INDEX = LUNG MCOEL SUCCCMPARTitENT 3379.
C 243 INCEX = NUCLIDE (U233,U234.TH230,PA226,FB210,P0210 ) 3300.
C 3331.
C***************************************************===*****************3332.
C 3333.

0002 PEAL *3 C"GtN.C"EP,XNiME.NETSET.TCDAY 3334.
0003 FEAl*4 LCN,LR.LCMM 3135.
0004 DIMENGICH TTIDI 90,10 ) . TOR ( 90,10 ),DCSE( 6 ),DR( 6 ) .TPSZRYt 5.4,90,10 ) 3106.
OC05 CCMMCM L D AOC 1/METSE T( 4 ) ) NA!:E( 4,6 0 ) ,VDE P( 5 ), PT SZFC( 5,5 ) . ALN2, 3337.

1 PTSZ( 5 ),FEGICNf 6 ),KPECE P( 3,60 ) Cit,XFH0( 15 ),KSNAX,IPSMAX, 3303,

2 IFCP( 15,16 ),JC( 9 ),NOC CE IPH0( 6 ),I)RI 10 ) .IFCCOSf 60 ),RFI. SHIED, 33S9.
3 PF IHt 8 ) , f WF C0( 6 C ),0rTINE ,MFC( 7,5 ) ,F G.D F ACT ,RFIE .SUFI .SUF F , 3390.
4 FCEnt 5 ),F0 TH( 4 ),XIN( 7 ),XIt:3( 7 ),FC03Irl( 2,31,RSLIM,RG ALF ,YCCC, 3391.
5 FCCNf 6,5 ), Fin ( 2 ),Di( 2 ),TN( 2 ) .TC( 2 ),FV( 2 ),03Vi 6 ) YEVD 3372.

0006 CCM:'N/L'3'OC3 C7CitH 3,12 ) EXEP( 3 ),Ci F( 3,5 ) PALL ( 3,6 ) FEK( 3 ),TA, 3393.
1 CCFC( 9.13 ),C:FG( 9,13 ),T FCP.CFi 3,5 ),SF AC T,CFRTSf 3,9 ), 3374.
2 Unor 3,2 ) ,F Fctu 5,4 ),CCCNVf 6,4 i 3375.

0007 Con:::,l' UJ.T C i 'T C D AY ,NF3, NFL ,t:" E C E P , IF E C E P , VCHO , IMX , I PAG E ( 3 ) , 3376.
1 THETAS ( 16 ) NIr3R( 16 ? ,Fi!ALF( 6 ),FHe LF Cr( 4 ),FEDR( 2,30 0 ),FN( 3001, 3397.
2 CIEL:N S ,3 20 ) .TF5Z( f ,4,300 ) .TF22?( 5,4,300 ) .TCN3C( 5,300 ) , 3373.
3 TCN~0( 5,3001,rtCEPT(2,300 ),ZPECEPf 330 ),WL( 300 ),FILLElf 1300 ) 3399.

0008 CC:'MCN/It"i AL 1/E t IJ ,12 ),LCNI 10,4 ) ,LR( 10 ),F 1( 10 ),F2P( 10,4 ), 3400.
1 IF3]Ll 10 ),t:: UC.M2FTA0i 10,4 ),F2 fin 16 ),LCN'N 16 ),GM0tM 16 ) 3401.

0009 CC?: "N/TCN3YeTCN:CYl 5,S O ,10 ),TCN30i( 5,9 0,10 ) FCORYt 2,90,10 ) 3'i O 2.
0010 EGJI',' AL EMCE ( T F3ZR (( 1.1,1,1 ) . TP3Z( 1,1,1 ) ) 3403.

C 34C4.
C*******=***************************************************************3'403.
C 3405.
C NOTE THAT IM":DIATELY PRICR TO CALL GF DOCAGE (FECM UDAD), 3407-
C CCMNON/U3ACC4/ VAS DVEPURITTEN (Ill SUORCUTINE CONC) BY APRAY 34C3.
C TP5ZPY AS INDICATED CY ECUI'li1ENCE STATEMENT. 3409.
C 3410.
C***********************************************************************3411.
C 3412.

0011 ICPTIM:CPTIME 3413.
C012 IF2:30+N7ECEP-IPCV 3414.
0013 IR0=1 3415.
0014 IF ( IECV.E1.01 IPO=31 3416.
0015 AM3 MAX =22.5 FLCAT(IttX-1) 3417.
0016 IEMAX=12 3410.

C 3419.
C FACE 1 PAPTICULATE IMHALATICN TIME INTECRATED COSE AND CC3E RATE 3420.
C F?OE:2 F ACCN Ih:lALATICM TIME INTEGRATED C00F AN3 DOSE RATE 3421.
C V! E:3 EXTEFNAL CCSE AND CCSE PATE FFCM C20UN3 CEFC3TICM 34:2.
C KASE:4 EXTEFNAL CC:E AND DC3E PATE FFCM CLCUD SUCMEPSION 3423.
C 3424.

0017 CO 100 KASE:1,4 3625.
0018 EASE 1=(LASI-1)/2+1 34 6.
0019 IF (F ACE.L L2) If"'M=1 3427.
0020 IF (Kt:E.GE.3) I:L a9 3428.

C 34:9.
C STA7T "AIN TI"E INTEGRATED DCSE AND CCSE RATE LCOP 3430.

\ ; )a1'
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C 3431.
0021 D0 380 IB:1.IE"AX 3432.
0022 00 150 IP1:IRO,IP2 3433.
0023 IF (VASE.EQ.11 GO TO 20 3434.
0024 IF (IR1.GT.30) GO TO 10 3435.
0005 IT1=(IR1-11/6+1 3436.
0026 ID 1:t'0D( IR 1- 1,6 ) + 1 3437.
0027 IF (IT1.EQ.1) IT=IMX 3433.
0028 IF (IT 1.GT.1) IT=(IT1-2)*4+1 3439.
0029 ID=IRH0(ID1) 3440.
0030 IR:(IT-1)*FRH0+ID 3441.
0031 Go TO 20 3442.
0032 10 IR:IR1-30+IRCV 3443.
0033 20 DSUM:0.0 3444.
0034 IOPT:0 3445.
0035 00 150 IY:1.10 3446.
0036 IF (IY.EQ.11 Y0:0.0 3447.
0037 IF (IY.GT.1) YO: FLOAT (IYR(IY-11) 3443.
0038 DELTA: FLOAT (IYR(IY))-YO 3447.
0039 IF (FASE-2) 30.90.110 3450.

C 3451.
C CALCULATE DOSE AND DOSE RATE FPOM PARTICULATE INHALATION 3452.
C 3453.

0040 30 IP=1 3454.
OC41 DO 50 N=1.NNUC 3455.
0042 IF (N.GT.1) IP:N-1 3456.
0043 IF (N.GT.4) IP:4 3457.
0044 DO 50 K:1,3 345S.
0045 FALL (K.N):0.0 3457.
0046 DO 40 I:NFB.NFL 3460.
0047 IF (KSZFC(II.EQ.0) GO T3 40 3461.
0048 P AL L ( K . N ): PAL L ( K .N ) + D K F ( K . I ) * TPSZRY( I . IP . IR 1. IY ) 3462.
0049 40 CCNTINUE 3463.
0050 IF ( IP.LT.4. ) GO TO 50 3464.
0051 PAL L( K ,N ): PAL L( K .H ) + FCK( K ) * PCO RY( N-4. IR 1. IY ) 3465.
0052 50 CONTINUE 3466.
0053 Ct.LL INHALE (IB. PALL.YO. DELTA. DOSE.DR.IOPT.IEPR.1) 3467.
0054 IF (IEPR.EQ.0 ) Go TO 60 3'46 S.
';055 FRINT 370. YO.IR1.(ORGAN (J.IB).J:1.31 3459.
0056 GO TO 150 3470.
0957 60 ICPT:1 3471.
0058 DO 70 N 1.HNUC 3472.
0057 70 DEUN:DCUM+DO3E(H) 3473.

C 3474
C CONVERT FFCM PEM TO MPEM UNITS 3475.
C 3476.

0060 TTID(IP1,IY):DSUM*1000.0 3477.
0061 TDR( IR I .IY ):CR( 1 ) 3478.
0062 DO ED N:2, H';UC 3479.
CC53 80 TCR(IRI.IY):TCR(IR1.IY)+DRIN) 3430.
0064 TCR(IR1.IY):TDR(IR1.IYl*1000.0 3431.
0065 00 TO 150 3432.

C 3433.
C HEPE TO CALCULATE DOSE AND DOSE RATE FROM PADON IMHALATICN 34S4.
C 3;SS.

(a (u. G
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0066 90 IF (IYP(IY).LE.IOPTI't) GO TO 100 3486.
0067 RATE =0.0 3437.
OC63 CD TO 140 34f3.
0C69 100 PATE:0.625 PN(IR ) 34S9.
0070 00 TO 140 3490.

C 3491.
C HERE TO CALCULATE DOSE AND DOSE RATE FOR GROUND AND CLOUD 3492.
C 3'+ 9 3.

0071 110 IU:1 3 4 9 '+ .

0072 RATE:0. 3495.
0073 CD 130 IP:1,5 3496.
0074 IF (IP.GT.1 ) IU:IP-1 3497.
C075 CALL i::NE (ID,IP,N3,NE) 3493.
C076 CO 130 IC N3,NE 3499.
0077 IF (FASE.EQ 3) R AT E:R ATE + TCNC0Y( IU ,IR 1,IY ) * CCF G( IB ,IC ) 35 0.
0070 IF (F AGE.EQ.4 ) P ATE :P AT E + TCh20Y( IU,IR 1, IY )+DC FC( IB . IC ) 3531.
0079 IF (IP.rE.51 GO TO 130 3502.
00C0 IF (FASE.EQ.3 ) CD TO 130 3503.
CC31 IF (IiC(IY).GT.ICFTIM) GO TO 130 3504.
0002 C0 120 IFP=1,3 3:05.
0:03 120 F ATE: RATE +CISUtH IFP,IR)*CCrC(IB IPP+7)+PN(IR )*DCFC(IB,7) 3506.
0:04 130 CC'4TINUE 3507.
C0:5 FATE:PATE*SFACT 3503.
00C6 140 DEUM:DCUM+PATE DELTA 3509.
CC37 TTID( I41,IY ):COU:1 3510.
C033 TC D ( IP.1,IY l:F AT E 3511.
0009 150 CCNTINUE 3512.
0090 IF (IPCV.EQ.0 ) GO TO 280 3513.

C 3514.
C FRINT tit:E INTEGPATED DOGE ( LAP =1) 3515.
C FRINT TOTAL COSE PATE (LAP:2) 3516.
C 3517.

0091 00 270 LAF=1,2 3513.
C092 CALL NE/ DER (6) 3519.
0093 FRINT 4C0, IorTIti,AH3 MAX 3520.
0094 IF (KISE-2) 160,170,180 3521.
0095 160 F RINT 420, ( C?.GAN( J.IB ),J:1,3 ) 3522.
C096 C0 TO 190 3523.
CC97 170 FRINT 4 0, (EPEP(J) J:1,3) 3521.
CC90 GO TO 190 35:5.
C099 100 FRINT 4 0, (CFRTS(J.IB).J:1.31 3526.
0100 190 IF (LAP.E1.2) CO TO 200 3:27.
0101 FRINT 4 4 0, ( NH0( J,k ASE 1 ),J:1,3 ) ,( FRCM( J, VASE ), J:1.5 ) 35^3.
0102 FRINT 490, ItR 35:9.
01C3 FnINT 500 3530.
0104 C0 TO 210 3531.
0105 000 FRINT <!0, ( WH0f J ,KASE l ),J= 1,3 ),( FRG"( J.KASE ) .J= 1,5 ) 3532.
01C6 FRINT 450 3333.
0107 PRINT 460, IYR( 1),(IYR( J ) IYR( J+ 1 ),J:1,91 3 5 3 '+ .

01 3 FRINT 500 3535.
0109 210 00 270 IT1=1,5 3536.
0110 IF (IT1.EQ.1) IT:IMX 3537.
0111 IF ( IT 1.GT.1 ) IT:( IT 1-2 )*4 + 1 35]S.
0112 ANG =22. 5. F LCAT( I T- 1 ) 3537.
0113 Do 270 IR 1,FRho 3540.

LJ
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0114 00 220 I01:1.6 3541.
0115 ID=IPH0(ID11 3542.
0116 IF (ID.EO.IR) GO TO 230 3543.
0117 220 CCNTItaE 3544.
0118 CD TO 270 3545.
0119 230 DIST=XFH0(ID) 3546.
0120 IR1:6*(IT1-1)+ID1 3547.
0121 IF (IDI.GT.1) GO TO 250 3543.
0122 IF (LAP.EQ.2) GO TO 240 3549.
0123 FRINT 510 AN3,DIST (TTID(IR1,IY),IY=1,10 ) 3550.
0124 GO TO 270 3551.
0125 240 FRINT 510, ANG DIST,(TDR(IR1,IY),IY=1,10) 3552.
0126 GO TO 270 3553.
0127 250 IF (LAP.EQ.2) GO TO 260 3554.
C'^3 PRINT 520, DIST,( TTID(IR1,IY ) .IY= 1,10 ) 3555.

49 00 TO 270 3556.
0130 260 FRINT 520 DIST,( TDR(IR1,IY),IY=1,10) 3557.
0131 270 CONTINUE 3553.
0132 IF (IR2.LE.30 ) GO TO ISO 3559.

C 3560.
C PRINT TOTAL TIME INTEGRATED DOSE FOR EXTRA RECEPT 0RS (LAP =1) 3561.
C 3562.
C PRINT TOTAL DOSE RATE FOR EXTRA RECEPTORS (LAP =2) 3563.
C 3564.

0133 280 D0 370 LAP =1,2 3565.
0134 LL:60 3566.
0135 00 370 IR1=31,IR2 3567.
0136 N9=IP1-30 3563.
0137 IF (LL.LT.60) GO TO 350 3569.
0138 CALL HEADER (6) 3570.
0139 IF (IRCV.GT.0) FRINT 400, IOPTIM ANGMAX 3571.
0140 IF (IPCV.E3.0) FRINT 410. ICPTIM 3572.
0141 IF (VASE-21 290,300.310 3573.
0142 290 FRINT 420 (CIGAN(J,IB).J=1,31 3574.
0143 GO TO 320 3575.
0144 300 FRINT 420, (EPEP(J),J:1.31 3576.
0145 CD TO 320 3577.
0146 310 FRIt:T 430 (BFRTS(J,IB).J:1,3) 3573.
0147 320 IF tLAP.EQ.21 00 TO 330 3579.
0148 FRINT 560, ( WH0( J.KASE1),J:1,3),( FROM( J.KASE ) J:1.5) 3530.
0149 FRINT 530 IYR 3531.
0150 GO TO 340 3532.
0151 330 FRINT 570, (RH0( J.KASE1),J:1.3),(FROM( J,KASE ) J:1.5) 3533.
0152 PRINT 540 3534.
0153 FRINT 470, IYR( 1 ),(IYR( J ),IYR(J+ 1),J:1.9 ) 3535.
0154 340 FRINT 500 3536.
0155 LL=11 3537.
0156 350 IF (LAP.EQ.2) 00 TO 360 3533.
0157 FRINT 550, NR,(XNAME(I,NR),I:1,4),(TTID(IR1,IY) IY=1,10) 3539.
0153 GO TO 370 3590.
0159 36 0 FRINT 550 HR ,( XNAME( I .NR ),I:1,4 ),( TDR(IR1,IY ) .IY= 1,10 ) 3591.
0160 370 LL:LL+1 3592.
0161 330 CONTINUE 3593.
0162 PETU?N 3594.

C 3595.
.
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C 3576.
C 3597

0163 390 FCPM AT ( 1H O , ' DOS AGE EPPCR FOR YE AR = ' , F5.1, ' F OR GRID POINT = ' , 3570.
1 I3,' FCR CnGAN ',3AS) 3599.

0164 400 FCFMtT(1X,'OPERATICM TIME = ',I2,' YE29S',3X, 3600.
1 ANSLE OF MAXIMUM DISPERSICN = ' F5.1,' DEGREES') 3601.'

,

0165 410 FCRMAT( 1X, 'CrEPATION TIME = ' ,I2, ' years' ) 3602.
0166 420 FCF:STt 1X,3AS) 3603.
0167 430 FC?MATIIX,3A4) 3604.
0103 440 FCFMAT(' ',33X,3A4,' TOTAL TIME INTESATED CCSE (MREM) FPCM ' ,5A41 36 05.
0169 450 FCnMAT( 1HO,' AMOLE DIST ANCE ( Fit)' ,T73, ' INT ERVAL ( YEAFS )' ) 3606.
0170 460 FOCHAT( 1X ,T29,' C ' ,I2,9( 6X ,12, ' ' ,I2 ) ) 3607.
0171 47 0 FC MAT ( 1X ,T47,' 0 ' ,I2,9( 4X ,I2, ' ' ,I21) 3603.
0172 400 FCTMATt ' ',30X,3A4 ' TOTAL CC3E P ATE (M"EM/YE AR) FFCM ',5A4) 3609.
0173 490 FCTM*,T( 1HO , ' AMSLE DISTANCE (KM)',T78,'iEAPS'/T30,9(I2,9X),I2) 3610.
0174 50 0 FC""' T( 1X,132( ' ' ) ) 3611.
0175 510 FC.7 MAT ( lHO.F5.1,8X,F4.1,5X,1P10E11.2) 3612.
01T6 500 FCTMAT( 14X,F4.1,5X,1P1EE 11.2 ) 3613.
0177 53 3 F C-" AT( ' O ' ,6X , ' n ' ,3X , ' ID ENT IF ICATICN' , T26, ' YEARS '/T4 7,9( I2,7X ) I213 614.
0178 5;0 FC7 MAT I ' O ' ,6X , ' # ' ,3X , ' IDENTIFICATION ' ,T01, 'INTEPVAL ( N E AR31' ) 3615.
0179 550 F C""AT( ' ,5X,I2,3X,4AS.1PICE7.21 3616.*

0100 56 0 F C" MAT ( ' ' ,19X,3A4, ' TOTAL TIM: INTEGRATED CCSE lt'2EM) AT EXTRA PE3617.
1CEPTC7 LCCATIO"3 FFC?t ' ,5A4 ) 3618.

0131 570 FCi'' AT( ' ' ,16X,3 Ai, ' TOTAL CO3E RATE (MPEM/ YEAR) AT EXTRA FECEFTCR3619.
1 LCC+,TICN3 FFCM ' ,5A4 ) 3520.

01S2 EMJ 3621.

" i)
[3()
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0001 FUNCTIDH ANC4( A1,B1.EP.H,H, FUN) 1.
C ADAPTIVE INTEGRATION USING NEWT 0H-COTES Ho. 4 2.

0002 DOUBLE FRECISICN ANC4,A1 B1.EP. FUN.A.B.EPS.ESUM.TSUM.DA,XB.SX,FA 3.
1.F1.FS.F3,FM,F2,FT.F4,FB,FTP.FBP.FMAX,FTST.EST AEST.EST1 EST2 AEST 4.
21 AEST2 ABSAR. DELTA,DIFF DAFT. SUN 5.

0003 DIMENSION F2( 30 ),F4( 30 ),F TP( 30 ),FBP( 30 ),FTST( 5 ) .EST2( 30 ),NRTR( 30 ) 6.
0004 DIMENSICH AEST2( 30 ),xB( 30 ) 7.

C THE PARAMETER SETUP FUR THE INITIAL CALL 8.
0005 IF(N.LE.0)GD TO 210 9.
0006 IF(N.GT.3)GO To 211 10.
0007 A:A1 11.
0008 B:B1 12.
0009 EPS:EP*63.000 13.
0010 ESUM:0.000 14.
0011 TSUM:0.000 15.
0012 LVL=1 16.
0013 DA:B-A 17.
0014 FA:FUNIA) 18.
0015 FS:FLN((3.CDO*A+B1/4.000) 19.
0016 FH: FUN (( A+B )*0.500 ) 20.
0017 FT: FUN ((A+3.000*B)/4.000) 21.
0018 FB: FUN ( B ) 22.
0019 M:5 23.
0020 FMAX:D ABS ( F A ) 24.
0021 FTST(1):FMAX 25.
0022 FTST(2)=DABSIFS) 26.
0023 FTST( 3 ): DABS (FM) 27.
0024 FTST(4 ):D ABSI F T l 28.
0025 FTST( 5 ):D ADS ( FB ) 29.
0026 00 100 I=2,5 30.
0027 IF(FMAX.GE.FTST(II)GO TO 100 31.
0028 FMAX:FTST(I) 32.
0029 100 CONTINUE 33.
0030 EST:( 7. 000 * ( F A+ FB l + 32. 000 * ( F S + F T ) + 12. 000 * FM ) *D A/9 0. 000 34.
0031 ABSAR ( 7. CD O*( FTST( 11+ FTST( 511+32. 0DO *( FTST( 2 )+FTST( 41 )+ 12.0DO*FTS 35.

1T( 31 )*DA/9 0. 000 36.
0032 AEST:4BSAR 37.

C 1: RECUR 38.
0033 1 SX=(DA/(2.000**LVL))/90.000 39.
0034 F1= FUN ((7.CDO*A+B)/8.000) 40.
0035 F3= FUN ((5.000*A+3.000*B)/8.000) 41.
0036 F2( LVL ): FUN ( ( 3.000 * A+5.000*B )/8.000 ) 42.
0037 F4( '.VL ): FUN ( ( A +7. 000 *B 1/8. 000 ) 43.
0058 EST1:SX*(7.0DO*lFA+FM)+32.000*(F1+F3)+12.000*FS) 44.
0039 FBPILVL):FB 45.
0040 FTP(LVL):FT 46.
0041 XB(LVL):B 47.
0042 EST2(LVL1=SXa(7.000*(FM+FBl+32.000*(F2(LVLl+F4(LVL))+12.000*FT) 48.
0043 SUM:EST 1 +EST2( LVL ) 49.
0044 FTST( 1):D ABS ( F 11 50.
0045 FTST( 2 ):D AGS( F2( LVL ) ) 51.
0046 FTST( 3 ): DABS (F3) 52.
0047 FTST( 4 ):D ADS ( F4( LVL ) ) 53.
0048 FTST(5): DAB 3(FM) 54.
0049 AEST1=SX*l7.000*(DADS (FA)+FTST(511+32.000*(FTST(1)+FTST(3))+12.000 55.

.g
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X* DABS (FS)) 56.
0050 AE ST2( LVL 1 = SX* ( 7. 00 0 *( FTST( 5 ) + D ABS ( FB 11 + 32. 00 0 *( FTST( 2 ) + FTST( 411 + 1 57.

X2. 000 * D ABS ( F T ) ) 58.
0051 ABSAR=ABSAR-AEST+AEST1+AEST2(LVL) 59.
0052 M=M+4 60.
0053 GO TO (201,200,202),H 61.
0054 200 DELTA =ABSAR 62.
0055 GO TO 205 63.
0056 210 FRINT 39 64.
0057 39 FCPMAT( * EPROR RETURN-H.LE.0 ' ) 65.
0058 RETUFH 66.
0059 211 FRINT 40 67.
0060 40 FCRMAT(' ERRCR RETURN-H.GT.3') 68.
0061 RETUPN 69.
0C62 201 DELTA =1.000 70.
0063 GO TO 205 71.
0064 202 00 203 I:1,4 72.
0065 IF( FMAX.GE.FTST(I))GO TO 203 73.
0066 FMAX FTST(I) 74.
0067 203 CDNTINUE 75.
0068 DELTA =FitAX 76.
0069 205 DAFT =EST-SU?! 77.
0370 DIFF =D ADS ( D AFT ) 78.
0071 DAFT = DAFT /63.000 79.
0072 IF(DIFF-EPS-DELTA)6,6,3 80.
0073 3 IF(LVL-3014,2,2 81.
0074 6 IF( LVL-112,4,2 82.

C 2=UP 83.
0075 2 A=B 84.
0076 ESUM:ESUM+ DAFT 85.
0077 TSUM=TSUM+ SUM 86.
0078 9 LVL:LVL-1 87.
0079 L=NRTR(LVL) 88.
0000 GO TO ( 11,12 ),L 89.

C 11 = R 1,12 = P2 90.
CC31 4 NRTR(LVL):1 91.
0082 EST=EST1 92.
00 3 AEST=AEST) 93.
0034 FB:FM 94.
0035 FT=F3 95.
OCC6 Fit:FS 96.
0037 FS=F1 97.
00S8 B=( A+B )/2.000 93.
0039 EPS=EPS/2.CD0 99.
0090 7 LVL=LVL+1 100.
0091 GO TO 1 101.
0092 11 NPTP(LVL1:2 102.
0093 FA=FB 103.
0094 FS=F2(LVL) 104.
0095 FM=FTP(LVL) 105.
0096 FT=F4(LVL) 106.
0097 FC=FCP(LVL) 107.
0093 B :)'B( LVL ) 103.
0099 EST = EST2( LVL ) 109.
0100 AEST=AEST2(LVL) 110.
0101 GO TO 7 111.
0102 12 EPS=2.000*EPS 112.
0103 IF(LVL-115,5,9 113.
0104 5 ANC4=TSUti-ESUM 114.
0105 RETUFN 115.
0106 Et:D 116.

)>
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0001 SUEROUTINE INHALE (IB1.P1.TC1.T1 DOSE.DR IOPT.IERR.KASE) 1
C 2.
C INHALATION DOSE MODEL. PROGRAMMED BY A. J. ZIELEN EIS DIVISION, 3.
C ARGONNE NATIONAL LABORATORY, 10/28/77, 1/30/78, 5/4/78, 5/26/78. 4.
C 5.
C SUEROUTINE THAT CALCULATES, FOR SELECTED ORGANS. NUCLIDES. AND 6.
C INTEGRATION PERICDS. THE TIME INTEGRATED DOSE AND DOSE RATE 7.
C ARISING FROM THE INHALATION OF RADIONUCLIDE PARTICULATES. 8.
C CALCULATIONS ARE BASED ON THE LUNG MODEL OF THE TASK GROUP DN LUNG 9.
C DYNAMICS FOR COMMITTEE II 0F THE INTEPNATIONAL COMMISSION ON 10.
C RADIOLOGICAL PROTECTION. 11.
C 12.
C INGESTION MODEL (ADDED 5/26/78) THAT CALCULATES THE TIME 13.
C INTEGRATED DOSE AND DOSE RATE FOR SELECTED ORGANS (WHOLE BODY, 14.
C BCHE, KIDNFY. LIVER) ARISING DURING AN ItTERVAL OF CONTINUOUS 15.
C INGESTION OF THE SELECTED RADIONUCLIDES. 16.
C 17.
C****************************** ARGUMENTS **************************** 18.
C 19.
C IB: BODY PART INDEX, 1-12 ( NASOPHARYNGEAL ,TRAt :'EODRCNCHI AL . 20.
C PULMCNARY,WHOLE BODY. BONE. KIDNEY. LIVER.STC.9CH.SMALL INTESTINE. 21.
C UFPER LARGE INTESTINE.LOHER LARGE INTESTINE, LYMPH NCDES). IF 22.
C 10PT:1, IE MUST EQUAL VALUE ON PREVIOUS CALL. I.E. IB1:IB. 23.
C 24.
C P(3.10)=DEPOSITICH AS PIC0 CURIES PER YEAR 25.
C 1ST INDEX=3 REGIONS OF RESPIRATORY TRACT MODEL: NAS0 PHARYNGEAL, 26.
C TRACHECBRONCHICAL. PULMONARY. 27.
C 2ND INDEX:NUCLIDE. BUILTIN DEFAULT VALUES ARE: U238,U234,TH230, 28.
C RA226.FB210,P0210. HONEVER CALLING PROGRAM CAN USE 29.
C COMMON /INHAL1/ TO SUPPLY ANY SET OF 1 TO 10 NUCLIDES. 30.
C 31.
C TO: INITIAL YEAR FOR DOSE INTEGRATION. IF IOPT:1, INTEGRATION 32.
C MUST RESUME WHEPE PREVIOUS CALL ENDED, I.E. ITO = TO + T. 33.
C 34.
C T= YEAR SPAN FOR DOSE INTEGRAL. 35.
C 36.
C DOSE (10):PETURNED TIME INTEGRATED DOSE (PEM) FOR SELECTED 37.
C NUCLIDES. 13.
C 39.
C DR(10):PETUPNED DOSE RATE ( AT END OF INTEGRATION FERIOD) AS 40.
C REM / YEAR FOR SELECTED NUCLIDES. 41.
C 42.
C IOPT=0 ON 1ST (OR ONLY) CALL FOR AN INTEGRATION. 43.
C =1 ON SUBSEQUENT CALLS TO CONTINUE AN INTEGRATION. 44.
C 45.
C IEPR:EPPOR FLAG, SET AT 1 IF PROBLEM OCCURS IN SUCROUTINE AND 46.
C (DOSE (IP),IP:1,HNUC) SET AT 1.E-70 AND CR(IP) AT 0. 47.
C 48.
C KASE=1 FOR INHALATION MODEL, =2 FOR INGESTION MODEL 49.
C 50.
C*********************** IMPORTANT VARIABLES ************************* 51.
C 52.
C E(10,12) - ENEPGY ABSOFCED PER DISINTEGRATIO I (MEV* REM / DIS * RAD) 53.
C 1ST INDEX = NUCLIDE. 54.
C END IhDEX = CODY PART. SEE IB 55.

\ "I )'
(
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56.
C
C EGI(10,4) - EXP(-LGI(IPl*TGI(ID-71) 57.

C LGI(IP):LR(IP) EXCEP) SMALL INTESTIt4E WHERE LSI(IP1 IS USED 58.

C TGIIIB-7):GI TRACK TIME FCR IB = 8 TO 11 OR STOMACH, SMALL 59.

C INTESTINE, UPPER LARGE INTESTINE, LOWER LARGE INTESTINE 60.
61.

C 62.
C EGI 1( 10,4 ) - ( 1-EGI )/LGI

63.
C
C ELON(10,4,20) - EXP(-LON(IP H)*T), MAX OF 20 T VALUES SAVED. 64.

65.
C
C ELONMI MPt1AX*201 - E XP( -L 0 tim ( IP . N ) *T ) , SEE MSPTAB 66.

67.
C
C E L P( 10,9,20 ) - EXP(-LPI IP.J )*T ) , MAX OF 20 T VALUES SAVED. 68.

69.
C

C ELR(10,20) - EXP(-LR(IPl*T), MAX OF 20 T VALUES SAVED. 70.
71.

C
C F P( 3,9 ) - FPACTION PEMOVED FOR PATHWAYS A THRU I 72.

73.
C 1ST ItOEX = SOLU 3ILITY CLASS 74.
C 2ND INDEX = PATHWAY 75.
C

C F 1( 10 ) - FPACTION OF NUCLIDE PASSING FROM GI TRACT TO THE BLOOD. 76.
77.

C
C F2P( 10,4 ) - FRACTION OF NUCLIDE PASSING FROM BLOOD TO BODY ORGAtt 78.

C 1ST INDEX = NUCLIDE. 79.

C 2tc ItCEX = TOTAL BODY, CONE, KICNEY, LIVER 80.
81.

C
C F2PM(MFMAX) - MULTIPLE SUBPATH VALUES OF F2P, SEE MSPTAB 82.

83.
C

C IPSOL( 10 ) - SOLUBILITY CLASS (1 CR 2) FCR EACH NUCLICE 84.
85.C

C LON(10,4) - LAt'BD A( EFFECTIVE : FOR URGANS 86

C 1ST INDEX = NULLIDE 87.
C 2ND INDEX = OPGAN: WHOLE BODY, BONE KIDNEY, LIVER 83.

89.
C
C LCNM(MFMAX) - HULTIPLE SUDPATH LAM 30A(ORGAN), SEE MSPTAB 90.

91.
C
C LP( 10,9 ) - LAMEDA(EFFECTIVE) FOR PATHWAYS A THRU I 92.
C 1ST INDEX: NUCLIDE 93.
C 2ND IR EX: PATHWAY 94.

95.
C
C LFB( 3,9 ) - L At1EC A( BIOLOGIC AL ) FCR PATHWAYS A THRU I 96.
C 1ST INDEX = SDLUBILITY CLASS 97.
C 2hD INDEX = PATHWAY 98.

97.
C
C LR(10) - LAMEDA(RADIOLOGICAL) FOR SELECTED NUCLIDES. 100.

101.
C
C LSI(10) - LAt'0DA(SMALL INTESTItlEl FCR SELECTED NUCLIDES 102.

C BY DEFINIT 0N: LSIl J ):L A*LR( J ) WHERE 103.

C LA = ( 1/TGI( 21 )* ALCG( 1/( 1-F 1( J ) ) AND TGI WILL BE DEFINED SHORTLY. 104.
105.

C
C MPMAX - CUFRENT MAX DIMENSION FOR F2PM, LONM, AtO CHOM APRAYS 106.

107.
C

103.
C
C MSPTAB(10,4) - MULTIPLE SUDFATH TABLE FOR NUCLIDES AND CPGANS 109.

C WHERE MULTIPLE SETS CF F2P, LON, AND GNO VALUES ARE REQUIRED. 110.

560 100
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C A ZERO VAlUE INDICATES NO SUBPATHS; UNITS VALUE (1-9) GIVES 111.
C NUMBER OF ADDITIONAL SUBPATHS AND VALUE/10 INDICATES ENTRY 112.
C POINT IH F2PM, LONM, AND QNOM ARRAYS. 113.
C 1ST INDEX:UUCLIDE 114.
C 2ND INDEX:CRGAN (WHOLE BODY, BONE, KIDNEY, LIVER) 115.

116.C
117.C

C HNUC - NUMBER OF SELECTED NUCLIDES (1-10) 118.
119.C

C QASK0(10) - ACTIVITY AT START OF INTEGRATI0H PERIOD FOR ADDED DOSE 120.
C TO TB FFCM P REGIDH VIA PATHS F & G TO THE GI TRACT, 121.
C FOR SELECTED NUCLIDES. 122.
C 123.
C QIO( 10 ) - ACTIVITY AT START OF INTEGRATION TIME IN LYMPH AREA I 124.
C FOR SELECTED UUCLIDES. 125.
C 126.
C QJ0(10,8) - ACTIVITY IN PATHWAY AT START OF INTEGRATION PERIOD 127.
C 1ST INDEX= NdCLIDE 128.
C 2ND INDEX = PATHWAYS A THRU H OF RESPIRATORY TRACT MODEL 129.
C 130.
C QM0( 10 ) - ACTIVITY AT START OF INTEGRATI0H IN LYMPH AREA M FOR 131.
C SELECTED NUCLIDES. 132.
C 133.
C QN0(10,4) - ACTIVITY IN ORGAN AT START OF INTEGRATI0H PERIOD 134.
C 1ST INDEX = NUCLIDE 135.
C 2ND INDEX = ORGAN: TOTAL BODY, BONE, KIDNEY, LIVER 136.
C 137.
C QNOM(MPMAX) - MULTIPLE SUBPATH VALUE OF QNO, SEE MSPTAB 118.
C 139.
C TGI(4) - EXPOSURE TIME (NDT RESIDENT TIME) IN HOURS IN GI TRACT: 140.
C STOMACH, SHALL INTESTINE, UPPER LARGE INTESTINE, LOWER 141.
C LARGE INTESTINE 142.
C 143.
C TLI(2) - RESIDENT TIME (HOURS) IN LARGE INTESTINE, UPPER & LOWER 144.
C 145.
C W(121 - BODY PART WEIGHT IN GRAMS, SEE IB FOR ORDER 146.
C 147.
C YEARS (20) - ARPAY OF SAVED YEAR VALUES TO CUT DOWN PEEVALUATION 148.
C OF EXPONENTIALS. INDEX CORRESPONDS TO T VALUES IN 149.
C ARRAYS ELON, ELONM, ELP, AND ELR. 150.
C 151.
Ca********************************************************************** 152.
C 153.

0002 IMPLICIT REAL*4 (L) 154.
0003 DIMENSION W( 12 ),QJ0( 10,8 ) ,QIO( 10 ),QN0( 4,10 ),P( 3,10 ),GM0( 10 ), 155.

1 QASK0( 10 ), P 1( 3,10 ),00SE( 10 ),DR ( 10 ),YE ARS( 20 ) 156.
C 157.
C COMMON BLOCKS: 158.
C INHAL1 - ALL PRIMARY DATA NEEDED FOR SELECTED NUCLIDES 159.
C INHAl2 - FRIMARY DATA It0EPENDENT OF SELECTED HUCLIDES 160.
C INHAL3 - HUCLIDE AND YEAR DEFENCENT EXFONENTIALS, DERIVED 161

C FROM INHAll AND INHAl2 PARAMETERS. 162.
C 163.

0004 COMMcH/ INH AL 1/E ( 10,12 ) , LOH( 10,4 ) , LR ( 10 ) , F 1( 10 ) , F2P( 10,4 ) , 164.
1 IPSOL( 10 ) ,NNUC ,HSPTAB( 10,4 ) , F2FM( 16 ) , LONM( 16 ) ,QNOM( 16 ) 165.

Gi O ]O)JUU d
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0005 COMMON / INH AL2/L FB( 3,9 ),FP( 3,9 ) .TGI( 4 ),TLI( 2 ) EGI( 10,4 ) EGI1( 10,4 ), 166.
1 L P( 10,9 ; , LSI( 10 ) ,MPMAX ,NC ALL .MPE ND 167.

0006 COMMON /INHAL3/ELP( 10,9,20 ) , E LCH( 10,4,20 ), ELR ( 10,20 ), ELONMf 320 ) 168.
0007 DATA W/1.4,400.,600.,70000.,7000.,300.,1700. 250. 1100., 169.

1 135. 150. 15./ 170.
C 171.
C FACTOR =51.2E-6 365.25. DOSE CONVERSION FACTOR (REM /PCI/ YEAR). 172.
C 173.

0008 DATA FACTOR /0.0187003/,INIT/0/ 174.
C 175.
Ca**********+*********************************************************** 176.
C 177.

0009 IF (INIT ~:1.0) CO TO 20 178.
0010 DO 10 J:1.20 179.
0011 10 YEARS (J)=0.0 180.
0012 INIT=1 181.

C 182.
C NCALL FEATUPE NEEDED BECAUSE OF OVERLAY TECHNIGUE USED BY UDAD, 183.
C WHICH CAN RESULT IN THE Lot. DING OF A FRESH CCPY OF INHALE. THIS 184.
C RESETS TO INIT=0, BUT BECAU3E BLOCEDATA IS NOT REUSED, NCALL 185.
C REMAINS AT 1 (SET IN INITEX). 186.
C 187.

0013 IF (NCALL.GT.0) GO TO 20 182.
0014 CALL INITEX 189.
0015 20 IF (IOPT.EQ.0) GO TO 40 190.
0016 IF ( IB1.EQ. IB ) GO TO 30 191.
0017 FRINT 1030, IB1,IB 192.
0018 GO TO 60 193.
0019 30 T2=T0+T 194.
0020 IF ( T01.EQ.T2 ) GO TO 40 195.
0021 FRINT 1040, T01.T2 196.
0022 Go TO 60 197.
0023 40 IEPR=0 193.

C 199.
C CONVERT TO LOCAL VALUES FOR MORE EFFICIENT OPERATION 200.
C 201.

0024 IB=IB1 202.
0025 T0=T01 203.
0026 T=T1 2C4.
0027 IF ( TO.LT.O.OR.T.LT.0 ) GO TO 50 205.
0028 GO TO 80 206.
0029 50 FPINT 1050, T0,T 207.
00s0 60 IEPP=1 2CS.
0031 DO 70 IP=1,NNUC 209.
0032 70 00SEtIPl=1.E-70 210.
0033 PE' URN 211.

C 212.
C CHECK IF EXPONENTIALS HAVE BEEN EVALUATED FCR TO AND T 213.
C 214.

0034 80 00 150 I=1,2 215.
0035 IF (I.EQ.21 GO TO 100 216.
0036 IF ( TO.GT.0.C ) GO TO 90 217.
0037 IYO=0 218.
0038 GO TO 150 219.
0039 90 TCHK=TO 220.

C'
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0040 GO TO 110 221.
0041 100 TCHK=T 222.
0042 110 00 120 J:1,20 223.
0043 IF ( YEARS ( J).EQ.0. ) GO TO 130 224.
0044 IF (YEARS (J).EQ.TCHK) GO TO 140 225.
0045 120 CONTINUE 226.
0046 J:1 227.
0047 130 YEARS (J)=TCHK 228.
0048 CALL ECALC (J.TCHK) 229.
0049 140 IF (I.EQ.1) IYO:J 230.
0050 IF (I.EQ.2) IY=J 231.
0051 150 C0tiTINUE 232.
0052 IF (IB.GE.1. ANO.IB.LE.12) GO TO 170 233.
0053 160 FRINT 1060. IB 234.
0054 GO TO 60 235.
0055 170 KEND=3 236.
0056 IF (K ASE.EQ.21 KEND=1 237.
0057 00 180 K=1, KENO 238.
0053 DO 180 IP=1,NtUC 239.
0059 180 PfK.IP):P1(K IP) 240.
0060 IF (VASE.EQ.1) GO TO 190 241.
0061 IF (IB.LT.4.OR.IB.GT.7 ) GO TO 160 242.
0062 GO TO 200 243.
0063 190 J3=1 244.

C 245.
C IN PATHWAYS 00 LOOPS: 246.
C J1=FIRST PATHWAY 247.
C J2=LA57 PATHWAY 248.
C J3= STEP SIZE (1 OR 2) 249.
C 250.

0064 GO TO (220.230,240).IB 251.
0065 J2=8 252.
0066 IF (IB.EQ.12) GO TO 250 253.
0067 IF (IB.GT.7 ) 00 TO 210 254.
0068 J1:1 255.

C 256.
C H=CRGAN NUMBER (1-4) WHOLE BCDY,BCHE, KIDNEY, LIVER 257.
C 253.

0069 200 H=IB-3 259.
0070 GO TO 260 260.
0071 210 J1=2 261.
0072 J3:2 262.
0073 GO TO 260 263.
0074 220 J1=1 264.
0075 J2=2 265.
0076 GO TO 260 266.
0077 230 J1=3 267.
0078 J2=7 268.
0079 GO TO 260 269.
0030 240 J1=5 270.
0031 J2=8 271.
0032 GO TO 260 272.
0033 250 J1=8 273.
0034 260 IF (TO.GT.0) GO TO 320 274.
0085 Do 310 IP=1,NNUC 275.

07
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0036 IF ( IB.LE .3.CR.IB.GE .8 ) GO TO 290 276.
0037 QN0(IP.H):0. 277.
0C88 IF (MSPTAB(IP.H).EQ.0 ) GO TO 230 278.
0C89 MP1:M3PTAB(IP N)/10 279.
0090 MP2:M00( M3P T AC f lP ,N ) ,10 ) +MP 1-1 280.
0091 Do 270 t!P:MP1,MP2 231.
0092 270 CHON(MP):0. 282.
0093 230 IF (KASE.En.2) GO TO 310 2S3.
0094 290 00 300 J=J1,J2.J3 234.
OC95 300 QJ0(IP.J)=0. 235.
0096 GM0(IP):0. 286.
0097 QIO(IP):3. 237.
0093 CASKC(IP):0. 203.
0099 310 CONTINUE 229.
0100 IF (KACE.EQ.2) GO TO 970 290.
0101 GO TO 470 291.
0102 320 IF (FASE.EQ.2) GO TO 940 292.
0103 IF (IOPT.GT.0) GO TO 470 293.
0104 OC 340 IP:1,N';UC 294.
0105 ISOL=IFSOL(IP) 295.
0106 DU 340 J:J1.J2.J3 293.
0107 K :K FUNC( J ) 297.

C 293.
C QJO IS INITIAL CONC IN RESPECTIVE PATHWAY (J) FOR POLUTANT(IP) 299.
C 305.

0108 QJ0( IP, J ):P( V ,IP ) *F P( ISOL .J 1 = ETEST 1( UN I P , J ) .TO ) 301.
0109 IF (ID.NE.2) GO TO 340 302.
0110 IF ( J.LE.4) GO TO 340 303.

C 304.
C CASK 0( IP ) IS INITIAL AMCUNT OF ADDITIONAL MATERIAL IN PEGION TB 305.
C TH AT WAS PEMOVED FPCf t THE PULMONARY PEGION VI A FROCESSES F AND G 306.
C TO THE GI TPACT. 307.
C 303.

0111 IF (J.GT.51 GO TO 330 309.
0112 L4 =L F( IP ,4 ) 310.
0113 E41 ETEST 1( LP(IP,4 ),T01 311.
0114 E4:ELP(IP,4,IYO) 312.
0115 C ASK0( IP ):0. 313.
0116 CD TO 340 314.
0117 330 FJ:Fr(ISCL.J) 315.
0118 LJ LP(IP,J) 316.
0119 LD J:L PD ( ISOL , J ) 317.
0120 EJ: ELF (IP,J,IYO) 313.
0121 CASF 0( IP ):C ASX 0( IP )+ LBJ *Pf 3,IP l* FJ/LJa f E41-l EJ-E41/( L4-L J ) ) 319.
0122 340 cCNTIN'JE 320.
0123 IF (ID.LE.3.0R. IIB.GE.8.ANO.IC.LT.121) GO TO 470 321.
0124 DO 450 IP:1,NNUC 322.
0125 ISOL=IF50L(IP) 323.
0126 LS LP(IP,8) 324.
C127 L9:L P( IP,9 ) 325.
0123 LF3:LF3(ISOL,8) 326.
0129 LC9:L P3( ISOL ,9 ) 327.
0130 E9:ELP(IP,9,IYO) 320.
0131 ES=ELP(IP,8,IYO) 329.
0132 E91:ET EST 1( L P( IP,9 ) .TO ) 330.
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0133 F8:FPIISOL,8) 331.
0134 F 9:FP(ISCL.9 ) 332.
0135 IF (IB.EQ.12) GO TO 360 333.
0136 QN0(IP,H)=0. 334.
0137 EN:ELON(IP.H.IYO) 335.
0138 LH:LON(IP.H) 336.
0139 IF (LN.GT.0) EN1:ETEST1(LN.TO) 337.
0140 IF (LN.LE.0) EH1:0. 338 .
0141 IF (MSPTAB(IP.H).EQ.0 ) GO TO 360 339.
0142 MP1:MSPTAC(IP.H)/10 340.
0143 MP2: MOD (MSPTAB(IP,H).10)+MP1-1 341.
0144 00 350 MP:MP1.MP2 342.
0145 350 QNOM(MP):0.0 343.

C 344.
C QIO AND QMO APE INITIAL CONCENTRATIONS IH LYMPH AREAS I AND H 345.
C FOR POLUTANT(IP) 346.
C 347.

0146 360 ELR1:ETEST1(LR(IP) TO) 348.
0147 QM0( IP ):LPS*( 1.-F9 )*P( 3,IP l*F8/L8*( ELR 1-( E8-ELR(IP IYO ) )/( LR(IP )-L 349.

181) 350.
0148 IF (L8.NE.L9) GO TO 370 351.
0149 QIO(IP):LPS*F9*F8+P(3,IP)/L8+(E91-T0*E9) 352.
0150 00 TO 330 353.
0151 370 QIO( IP ):LB8*F9 eF8a P( 3,IP)/L8*( E91-( E8-E91/( L9-L81 ) 354.
0152 380 IF (IB.EQ.12) GO TO 460 355.
0153 DO 400 J:1.7 356.
0154 K:VFUNC(J) 357.
0155 LJ:LP( IP.J ) 358.
0156 LBJ:LPB(ISOL.J) 359.
0157 EJ:ELP(IP,J,IYO) 360.
0158 FJ:FP(ISOL,J) 361.

C F1 FPt.CTION IS UNITY FOR PATHWAYS A.C.E 362.
0159 F1TRUE:F1(IP) 363.
0160 IF ( MOD ( J 2 ).GT.O. AND.J.LT.7 ) F1TRUE=1.0 364.
0161 CN0( IP,N ):QN0( IP.N ) * LBJ*F2P( IP,N )*F 1TRUE*FJ*P( K,IP )/LJ*( EH1-( EJ-EH 365.

1)/(LN-LJ)) 366.
0162 IF (MSPTAB(IP.H).EQ.0 ) GO TO 400 367.
0163 00 370 HP:MP1,MP2 368.
0164 CALL MSPSET (MP IYO.TO,LNM.ENM.ENM1) 369.
0165 390 QN0f t!MP):QNOM(MP)+LBJ*F2PMIMP)*F1TRUE*FJmP(K.IP)/LJ*(ENM1-(EJ-ENM) 370.

1/( LNM-L J ) ) 371.
0166 400 CONTINUE 372.
0167 IF (L8.NE.L9 ) GO TO 410 373.
0168 LIH :( ( LN-L9 ) *T0 * E9-E9 + EH )/( LN-L9 )**2 374.
0169 00 TO 420 375.
0170 410 LIH:1./lL9-L8)*((E8-EH)/(LN-L81-(E9-EH)/(LN-L91) 376.
0171 420 L:LB9 * F2PI IP.N )*( LD8+ F9*( F8* P( 3,IP )/L8*( 1./L9 *( EH1-( E9-EN )/( LN-L9 ) 377.

11-LIH))) 378.
0172 GN0 ( IP ,H ):CN0( IP ,H l + L 379.
0173 IF (MSPTAB(IP,N).EQ.0 ) GO TO 460 380.
0174 00 45C NF:MPl MP2 38 1.
0175 CALL MSPSET (MP.IYO.TO.LNM.ENM,ENM1) 332.
0176 IF ( L8.NE.L9 ) 00 TO 430 333.
0177 LIM;((LN!t-L9)*T0*E9-E9+EH)/(LHM-L9)**2 384.
0178 GO TO 440 385.

OI
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0179 430 LIH:1./( L9-L8 ) a l ( E8-E NM )/( LNM-L81-( E 9-ENM )/( LUM-L91 ) 3S6.
0180 440 L:LB9 *F2Fitl MP )*( L D8* F 9 *( F8*P( 3,IP )/LS*( 1./L9 *( ENM1-( E9-ENM )/( LNM-L 337.

1911-LIH ) ) ) 383.
0181 450 QNOMittP)=CNOMIMPl*L 389.
0132 460 CONTINUE 390.
0133 470 00 630 IP:1,NNUC 391.
0184 ISOL:IPSOL(IP) 392.
0185 E9:ELP(IP,9,IY) 393.
01S6 E8:ELP(IP,8,IY) 394.
0187 L8:LP(IP,8) 395.
0188 L9:LP(IP,9) 396.
0189 E91:E TEST I( L9,T ) 397.
0190 E81 ETESTI(LS.T) 393.
0191 LBS:LFB(ISOL,8) 399.
0192 LD9:LFD(If0L,9) 400.
0193 F8:FP(ISCL,8) 401.
0194 F9:FP(ISCL,9) 402.
0195 IF (IB.EQ.12) GO TO 630 403.
0196 IF ( ID.GE .4. AND. IB.LE.7 ) GO TO 520 4 0 '+ .
0197 D:0. 4C5.
0193 FID=1.0 405.
0199 C0 500 J:J1,J2,J3 407.
0200 LJ:LP(IP,J) 4C3.
0201 LBJ:LFB(ISOL.J) 409.
0202 FJ:FP(ISOL,J) 410.
0203 EJ1:ETEST1(LJ,T) 411.
C204 IF (IB.GE.8) FIB:LBJ 412.
0205 V:MFUNC(J) 413.
02CS IF (IB.EQ.2.AMD.J.GT.4) GO TO 480 414.
0207 D:D + FIC *( QJ0 l IP.J )* EJ 1 + ( P( K ,IP ) *FJ/LJ )*( T-EJ 1 ) ) 415.
0203 GO TO 500 4 16.

C 417.
C ACD EXTRA DOSE TC TB REGION SY MATERIAL CEING REMOVED FROM THE 413.
C PULMONARY PEGICH VIA FROCESSES F AND G TO THE GI TRACT. 419.
C 420.

0209 480 IF ( J.GT.5 ) 00 TO 490 421.
0210 E 41 = ET E ST 1( L P( IP ,4 ) ,T ) 422.
0211 L4 =L P( IP,4 ) 423.
0212 D = D + Q ArL O( I P ) * E41 424.
0213 GO TO 500 425.
0214 490 CCNTINUE 426.
0215 IF (L4.EQ.0.CR.LJ.EQ.0.CR.L4.EQ.LJ) CALL FDUMPs LP( 1,1 ),LP( 10,9 ),5 ) 427.
02*a D;D + L B J *( P( 3,IP )*FJ/LJa( 1./L4 *( T-E41 )- 1./( L4-L J i*( EJ 1-E41 ) ) + QJ0( IP 4 23.

1.J ) * ( 1./( L4-LJ )* ( EJ 1-E4111 ) 429.
0217 500 CCNTINUE 430.
0218 C 03 E ( I P ): F ACTCR *D * E ( IP , ID )/W( IB ) 431.
0219 IF (IB.LE.3) GO TO 6S0 432.
0220 IF (IB.GE.10) GO TO 510 433.
0221 COSEfIP):0.5 a COSE( IP l* EGI1( IP ,IB-7 ) 434.
0222 IF (ID.EG.9 ) 000E(IP): DOSE (IP)*EGI(IP.1) 435.
0223 GO TO 630 435.
0224 510 COSE( IP ):DCSE( IP l*( 1.0-F 1( IP ) )*TLI( ID-9 )*EGII IP.IB-7 ) 437.
0225 CD TO 620 4 33.
02:6 520 LN:LCN(IP.N) 439.
0227 IF (LN.GT.0 ) CO TO 530 440.
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0228 DOSE (IP) 0.0 441.
0227 CO TO 6E0 4 ',2 .
0230 530 Ett:ELCN(IP,ti.IY) 4r 3.
0231 EN1:ETEST1(Lit.T) 441.
023? V3:( E81-EN 11/( Ltt-L8 ) 445.
0233 V9:( E91- Ettl l/( Ltt-L9 ) 446.
0234 D :C't3 ( I P ,tl l * E t41 447.
0235 IF (ItCPTtB(IP,til .EQ.0 ) GO TO 550 4'43.
02.% HP 1:ttsPTt D( I P , h l/10 449.
0237 1:P2:t:C3( PCP TM( I P ,tt i ,10 l * MP 1- 1 453.
0233 00 540 tih CP1,ttP2 431.
0239 CALL t!STEET ( PP,1Y,T ,Lt;M.El;!!,ENM11 452.
0240 540 0 .w:NNM tiP l*ENH1 453.
02 'i l 550 00 570 J:1,7 4 5 '+ .

C242 F 4 FL'NCI J ) 455.
02',3 LJ:LPIIP.J) 456.
0 26 'e L D J:L PC( ICCL . ) ) 6b7.
02',5 EJ:ELP(IP.J,IY) 4:3.
C 2 ',6 F J-F F't ICCL , J I 457.
03,7 E J 1:ET E ST 1( LJ.T 1 463.

C F1 FPACTICN IS UNITY FCR PATHWAYS A,C,E 451.
C243 F 11PUE :F 1( IP ) AC'
0249 I F ( l'C1( J ,21. GT . O . tMO . J . LT . 7 ) F 1 T PUE : 1. 0 4M
C2 0 0:D+LDJ.F 2P( IP.N I =F 1TPrJE *( Pl V . IP l-F J/L 8-t 1./LNa t T-EN 11-( EJ 1-EN1 )/( 454.

ILN-LJ l WJJ0( IP , J l *( E J 1-EN I )/t Lil-LJ 11 4'5.
0251 IF (tEPT/CIIP.NI.LQ.0100 TO 570 43.
0252 00 560 t:P:ttP1,MP2 457.
0253 C ALL ti;rSE T ( t:P. IY ,T , LNM,Et;M,Eti?tl ) 48
0254 560 0:D + LCJ F2FMi t'P ) F 1TFUE at P( K,IP l*FJ/LJ *( 1./Lt;;t*( T-EN 11 )-( EJ1-Et::111 459.

1/( Lt"t-L J l l +QJ 0( IP, J ) *( E J 1-ElJil l/( LN'l-L J ) 1 470.
C255 570 CC:irItrJE 471.
0256 IF IL8.t:E.L9) GO TO 580 472.
0257 CL:LC9 F2P(IP,N)*f GI0t IP)/I LN-L91*( E91-Ettl)+LB"*F9 F8 P( 3,IP)/L8+( 473.

11./t L9 *Lill*( T-EN11- 1./I L9-( LN-L 7 ) 1 1 E91-EN11-( 1./t Lit-L91* *21a( ( L N- 474.
CL91/( L9. *2 )*( 1. 0- E 9-T * L9 E 91-E 91 + EN 11 l +lC"> F 9 -QJ 3l IP ,81 * ( I 1. 0/( LN- 4 75.
3L9 )"21 1 ( LN-L91/( L9 2 )*l 1.0-E9-T*L9 E 9 )-E91+EN 1 ) ) ) 476.

0253 C0 TO 590 477.
0239 580 DL:GIC(IPl V9 473
0260 C L:C L + L CE * F 7 a Pl 3,IP l* F 8/ L8-( 1. /L9 =( l T-EN1 )/L N-V91-( V3-V9 )/l L9 -L81 ) 477.
0261 CL:DL*LES-F9-QJ3(IP,8)=(V8-V91/(L9-L8) 40.
0262 DL:LD9-TCP(IP NI-OL 431.
0263 590 IF (M5PTA0(IP,NI.EQ.0 ) GO TO 620 C2
C264 D0 610 f:P:H?l,ttP2 (33.
0 65 CALL fiCFSE T (t:P.IY,T Litti.Et;M,ENM11 ( 8 ', .
03 6 CLtt:0 425.
0267 IF ( L8.t:E.L91 GO TO 600 426.
0253 DL:LL7-rCrMI IP la( OIOl IP )/( L t:'t-L9 l-( E91-ENM11+LC.S F 9 * F3 - :( 3,IP i/LE 437.

1( 1./( L9 - Lt;tt l * ( T-E N:111- 1. /( L9-( Lt;;t-L91 l * ( E 91- Et.H 1 )-( 1. /( LNM-L91'21 C3 .
2 *( ( Lt:M-L91/( L9 * 2 ) = ( 1. 0-E9-T L9 * E91-E 91 + Et::1111 + LE " * F 9.Q J C ( IP ,81*( ( 437,
31. 0 /( L t ? t -L9 ) * * 2 ) = ( ( LNit -L91/( L9 '2 )* ( 1. 0 -E 7 -T * L9 a E 91 -E91 + E N!!1 ) ) 1 473.

0269 Go TO 613 4?1.
C270 600 DLi:QIGIIP1*V9 492.
0271 DLtl:0LM+LC3 F9 P 3,IPI F8/L8*(1./L9-((T-ENM11/Lt:M-V9)-(V8-V71/(L9- 673.

Itall 4 7 '. .
0272 DLit:CLtt+LCZ F 9 QJ0( IP,81*( V8-V91/1 L9-L8 ) 495.
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0273 D LM:LB9 *F2 PM( MP l*DLH 496.
0274 DL:0L+DLH 497.
0275 610 CCHTINUE 498.
0276 620 DOSE (IP) (D+DL)* FACTOR *E(IP.IB)/W(IB) 499.
0277 GO TO 680 500.

C 501.
C CALCULATE LYMPH NODES DOSE 502.
C 503.

0278 630 TI:(T-E911/L9 504.
0279 TE 9I:( T* E9-E 911/L9 505.
0280 ELR1 ETEST1(LR(IP),T) 506.

C 507.
C NOTE THAT IT IS NOW NECESSARY TO EVALUATE THE FUNCTION: 508.
C 509.
C TR = T/X - ( 1 - EXP(-X*T ) )/X**2 WHERE X:LR(IP) 510.
C 511.
C WHICH IS INDETERMINATE FOR SMALL VALUES OF X*T. BY POWER SERIES 512.
C EXPANSION OF EXP(-X*T). THE FOLL0HING LIMIT IS FOUND: 513.
C 514.
C TR 0.5=T*T( 1 - XT/3 + ( XT )**2/12 - ( XT )**3/6 0 + (XT )**4/360 . .) 515.
C 516.

0281 XT:LR(IPl*T 517.
0282 IF ( XT.GT.( 0.11 ) GO TO 640 518.
0233 TR = . 5 aT *T*( 1. -XT/3. + ( XT* *21/12. -( xT* *31/6 0. + ( XT* *41/36 0. -( XT**51/2 519.

1520.1 520.
0284 GO TO 650 521.
0235 640 TR:(T-ELR11/LR(IP) 522.
0226 650 TRH:(E81-ELR11/(LR(IP)-L8) 523.
0287 D:QIO(IPl*E91 524.
0208 IF (L8.NE.L9) GO TO 660 525.
0289 D :D * LD8 * F 9 a ( P( 3,IP l * F8/L8 *( TI +TE9I l-QJ 0 ( IP ,8 )*T E9I l 526.
0290 GO TO 670 527.
0291 660 0:D+LB8+ F9 *( P( 3,IP l*F8/L8*( TI-( E81-E91 )/( L9-L81 )+0J0( IP,8 )*( E81-E9 528.

111/(L9-L81) 529.
0292 670 0:D+CM0(IP )*ELR1+LB8*( 1.-F9 )*( Pf 3,IPl*F8/L8*( TR-TRH l+QJ0(IP,8 )*TRH 530.

11 531.
0293 DOSE ( IP ):D* FACTOR *E(IP IB )/WIIB ) 532.
0294 680 CONTINUE 533.

C 534.
C CCMPUTE CUPRENT QUANTITY OF RADIONUCLIDE IN APPPDFRIATE PARTS 535.
C OF MODEL (DETEPHINED BY IB) IN CASE OF A CONTINUED INTEGRATICN. 536.
C 537.

0295 IF (IB.NE.2) GO TO 710 5 38.
0296 DO 700 IP:1 NNUC 539.
0297 ISOL:IPSOL(IP) 540.
0298 DO 700 J:J1.J2.J3 541.
0299 IF (J.LE.4) GO TO 700 542.

C 543.
C QASK0(IP) IS CURRENT AMOUNT OF ADDITICNAL MATERIAL IN PEGION TB 544.
C THAT WAS REMOVED FROM THE PULMONARY REGICH VIA FROCESSES F AND G 545.
C TO THE GI TRACT. 546.
C 547.

0300 IF (J.GT.5) GO TO 690 548.
0301 L4:LP(IP,41 549.
0302 E41:ETEST1(L4,T) 550.
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0303 E4 ELP(IP,4,1Y) 551.
0304 QASV0lIPI:QASK0(IP)*E4 552.
0305 Go TO 700 553.
0306 690 FJ:FP(ISOL.J) 55i.

0307 LJ:LP(IP,J ) 555.
03C3 LBJ:LPD(ISOL.J) 555.
0309 EJ:ELP(IP.J IY) 557.
0310 QASK0(IPl=QASK0(IPl+LBJeP(3,IP)/LJ*FJ*(E41-(EJ-E41/(L4-LJ))+LBJ*QJ 553.

10( IP.J )*t EJ-E41/( L4-LJ ) 557.
0311 700 cCNTItiUE 560.
0312 710 I F ( IB .LE . 3 GD . ( IB .GE .8. AND . IB . LT .12 ) ) GO TO 84 0 561.
0313 DO 830 IP:1,t;MUC 552.
0314 ISOL:IP3DLsIP) 563.
0315 L 3:L P( IP, il 564.
0316 L9:LP'IP,9) 565.
0317 LD8:LrE(ISCL,8) 5'6.

0313 LC9:LFE(ISOL,91 567.
0319 E 9 :E L P( IP ,9, IY ) 563.
C320 E8:E L F( I P ,8,IY ) 569.
0321 F8:FP(ISOL,8) 570.
0322 F9:F P( ISCL ,91 571.
0723 IF (IB.EQ.12 ) GO TO 810 572.
0324 EN:ELCH(IP,N,IY) 573.
03?S LN:LCt4(IP,til 574.
0326 IF (LN.GT.0) Ett1:ETEST1(LN.T) 575.
0327 IF (LN.LE.01 EN1:0. 576.
0323 CN0( IP ,N ):CN0 ( IP ,ti ) * E tt 5//.

0329 IF (ttSPTtC(IP,til.EQ.01 GO TO 730 573.
0330 t P1:ttsPTA0(IP,N)/10 579.
0331 t!P2:H00t tt3PT ABIIP,ti) 10 )+MP1-1 523.
0332 00 720 t|P:tlP1,ttP2 531.
0333 CALL MSo3ET (tiP,IY,T.LNH EttM.Etttt1) 522.
033'4 720 CNCit(Mo l QNOMittP)*Et M 583.
0335 730 00 750 J:1,7 E'4.
0336 K:FFU'iC(J1 505.
0337 LJ:LP(IP,J) 5:5.

0333 LBJ:LF3(ISOL.J1 507.
0339 EJ ELP(IP.J IY) 52 3.
03;0 F J:F P( ISOL , J ) 537.

C F 1 FPLCTICri IS UNITY FOR PATHWAYS A.C.E 590.
0341 F1TPUE:F1(IP) 571.
0342 IF ( t:03( J ,2 ) .GT.O . AND . J.LT.7 ) F1TPUE:1.0 592.
0343 GN0(IP,tt):eN0(IP,N)+LBJ F2P(IP,til*F 1TPUE*( FJ.P(K IP)/LJ*( EN1-( EJ-E 593.

1N )/( LN-L J ) ) + QJ0l IP,J ) *( E J-EN )/( LN-LJ ) ) 594.
0344 IF ( MSPT ABI IP,tt i .E1.0 ) Go TO 750 595.
0345 00 740 MF:11P1,HP2 596.
03'i6 CALL t!:FCET (tiP IY,T,Lt;:1.Et:it.Etittl) 597.
0347 740 CNCit( t1P ):GNCitt itP ) + LBJ.F2Fitl MP l * F 1TRUE * ( FJ P( K . IP )/ LJ * ( Et!!11-( E J-Et;!1 5 7 3.

I I/( L tin-L J ) ) + 0J 0 ( IP . J ) * ( E J-Et:M )/( Lttit-L J ) ) 599.
03'S 750 CONTINUE 6C3.
0349 IF ( L8.t1E . L9 ) GO TO 760 601.
0350 LIH:( ( Ltt-L9 t *T *E9-E9 + Eti)/( LN-L9 )* *2 602.
0351 00 TO 770 603.
0352 760 LIN:1. /( L9 -L8 ) * ( ( E8-Etll/( LN-L81-( E9 -Ett i/( Ltt-L9 ) ) 604.
0353 770 L:LG9*F2P( IP,ti)*( GIC( IP l*( E9-EN )/( Lii-L9 )+ LDS F9 *t F8* P( 3,IP )/LS* ( 1. 6 05.

C l VJJu
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1/L9 * ( EN 1-( E9-EN )/( LN-L91 )-L IH ) + QJ0( IP,8 )* LIH I ) 606.
0354 QN0( IP.N ):QN0( IP.N ) + L 607.
0355 IF (MSPTAB(IP.H).EQ.0 ) GO TO 810 608.
0356 IF (L8.EQ.L9) GO TO 790 609.
0357 00 780 MP:MPl MP2 610.
0358 CALL MSPSET (NP.IY,T LNM.ENM.EUM1) 611.
0359 LIH :1./( L9 -L8 ) *( ( E8- ENM )/( L NM-L81-( E9-ENM I/( LNM- L9 ) ) 612.
0360 L:LB9 * F2PM( MP l * ( QIO ( I P l*( E9 -ENM )/( LNM-L9 ) + L B8m F 9 *( F8* P( 3,IP )/L8* ( 1 613.

1./L9 * ( E NM 1-( E9 -ENM )/( LNM-L911-L IH l + QJ 0 ( IP ,8 ) * LIH ) ) 614.
0361 780 GNOM(MPI-GNOM(MP)+L 615.
0362 GO TO 810 616.
0363 790 DO 800 MP:MP1.MP2 617.
0364 CALL MSPSET (MP IY,T,LNM,ENM.ENM1) 618.
0365 LIH:( ( LNM-L9 )* T* E9-E9 + ENM )/( LNM-L9 )* *2 619.
0366 L:L B9 a F2PM( MP )*( QIO( IP l*( E9-ENM )/( LNM-L9 )+ L B8+ F9 *( F8 + PI 3,IP )/L8*( 1 620.

1./L9 *( ENM1-( E9-ENM )/( LNM-L9 ) )-LIH ) + QJ 0( IP,8 )* LIH ) ) 621.
0367 800 QNOM(MP):QNOM(MP s+L 622.

C 623.
C QIO AND QMO ARE CURRENT CONCENTRATIONS IN LYMPH AREAS I AND M 624.
C FOR POLUTANT(IP) 625.
C 626.

0368 810 ELR1=ETEST1( LR(IP),T) 627.
0369 E91 ETEST1(L9 T) 628.
0370 QM0( IP ):QM0( IP l* E LR( IP.IY l + LB8* ( 1.-F9 ) *P( 3,IP )*F8/L8*( E LR 1-( E8-ELR 629.

1( IP ,IY l l/( LR( IP )-L811 +( 1.-F9 )*LBS*QJ0( IP ,8 )*( E8-ELR( IP. IY ) )/( LR( IP 6 30.
21-L8) 631.

0371 IF (L8.NE.L9) GO TO 820 632.
0372 QIO(IP):QIO(IP l*E9+LB8+F9eF8*P( 3,IP)/L9*( E91-T*E9 )+LB8+F9*QJ0(IP,8 633.

1)*T*E9 634.
0373 GO TO 830 635.
0374 820 QIO(IP):QIO(IP )*E9+LB8*F9*F8vPf 3,IP)/L8*( E91-( E8-E91/( L9-L811+LB8* 636.

1F9 *QJ0( IP,8 ) * ( E8-E 91/( L9-L8 ) 637.
0375 830 CONTINUE 6 38.
0376 840 00 850 IP:1,NNUC 639.
0377 ISOL:IPSOL(IP) 640.
0378 00 850 J=J1.J2.J3 641.
0379 K:KFUNC(J) 642.

C 643.
C QJO IS CURRENT CONC IN RESPECTIVE PATHWAY (J) FOR POLUTANT(IP) 644.
C 645.

0380 850 QJ0(IP,J):QJ0(IP,J)*ELP(IP.J.IY)+P(K,IPl*FP(ISOL.J)*ETESTI(LP(IP,J 646.
1),T) 647.

C 643.
C CALCULATE DOSE RATE CURRENT AT END OF INTEGRATION PERIOD 649.
C 650.

0381 DO 930 IP=1,NNUC 651.
0332 IF (IB.GT.3.AMD.IB.LT.8) GO TO 890 652.
0383 IF ( IB.EQ.12 ) GO TO 910 653.
0134 IF (ID.NE.2) GO TO 860 654.
0335 J2=4 655.
0336 CR(IP):QASK0(IP) 656.
0387 GO TO 870 657.
0188 860 DR(IP):0. 6 58.
0309 870 00 880 J:J1.J2.J3 659.
0390 880 CR(IP):DR(IPl+QJ0(IP.J ) 660.

Cfn
a a ij
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0391 GO TO 920 661.
0392 890 CPIIPI:Ch0(IP.IB-3) 662.
0393 IF ( MSPT AB( IP.IB-3 ) .EQ.0 ) GO TO 920 663.
0394 MP l:MSP T AB( I P.N )/10 664.
0395 tiP2:tt0D ( M3P T AD ( IP .N ) ,10 ) + MP 1- 1 665.
0396 DO 900 MP:M? l .t|P2 666.
0397 900 CR(IP):CP(IF 1+QNON(MP) 667.
0393 GO TO 920 663.
0399 910 CR(IP ):QIO(IPl+G!!O(IP) 669.
0400 920 CR( IP ):DR( IP l* F ACTCP * E ( IP,IB )/Wt IB ) 670.
0401 IF (IB.GT.7.ANJ.IB.LT.12) DR(IP):DP(IP)/2. 671.
0402 930 CCNTItiUE 672.
0403 GO TO 1020 673.

C 674.
C COMMENCE t!AIN FORTICN CF INGESTION CALCULATIONS 675.
C 676.

0404 940 IF (ICPT.GT.01 GO TO 970 677.
0405 DO 960 IP:1.tiNUC 673.
0406 LN:LCN(IP,til 679.
0407 IF (LN.GT.01 EN1:ETEST1(LN.TC) 6E1

0403 IF (LN.LE.01 EN1:0. 601.
C409 D 1 = P( 1,IP ) * F 1( IP ) 602.
O',10 CN0(IP,N):01*F2PIIP.N)*EN1 603.
0411 IF ( M3PTABI IP,til .E9.0 ) GO TO 960 62,.

0412 f tP 1:M3PTAC(IP,NI/10 635
0413 M P2:llCD ! tt3 PT A 3 ( IP ,N ) ,10 ) + ttP 1- 1 6J5.
0414 CO 950 MP:MP1,MF2 6S7.
0415 CALL tt3P5ET (t:P.IYO.TO.Ltd.ENit.ENM11 603.
0416 950 GN0f tfitP):D 1 * F2FitI MP ) * Etell 609.
Oil 7 960 CCNTINUE 690.
CilS 970 00 1010 IP=1,tiNUC 691.
O '+ 19 Lil:LCN(IP N) 692.
0400 IF (LN.GT.0 ) GO TO 930 693.
0421 C03E(IP):0.0 694.
0422 CRf1PI:0.0 695.
C'23 G3 TO 1010 696.
0;24 980 Eti:ELCNIIP,N.IY) 697.
0425 EN1:ETEST1(LN,T) 693.
CiC3 D1 N 1,IP)*F1(IP) 699.
0427 D:CN0fIP.N)*EN1+D1*F2P(IP.N)*(T-EN1)/LN 700.
0428 CN0 ( I P , N ): GN0 ( I P , N ) * EN + D I * F2P( I P , ti ) * E N l 701.
0429 D!t:0.0 7C2.
C430 CP":0.0 703.
O',31 IF (M PTAD(IP.N).EQ.0 ) GO TO 1000 7C4.
0432 M?l:" PTAC(IP,N)/10 705.
0433 t!P2:MCJ i ttSP T AC( IP ,N ) ,10 ) + MP 1- 1 7C6.
0434 C0 990 MP:ttP1,t:F2 707.
0435 CALL MGPSET (MP.IY,T,LNM.ENM.EMN11 703.
0435 Cit:Cf1+ CN OM( MP l* EtiM 1 + D 1 * F2 FM( HP l * ( T-E MM11/LNM 709.
0437 CNOMIMPI:CNOMf t!P 1*Eti?t+D 1*FCFtf( t!P l*ENit1 710.
0433 990 Unt: CPM +CN0!NMP) 711.
C439 10 0 0 D03E( IP ):F AC TCC *( D + CM )* E( IP. ID )/W( IB ) 712.
0440 CR( IP ): F ACTC2 * ( CN0 ( IP.N ! + CEM ) * E ( IP,IB ) /W( IB ) 713.
0441 1010 CCMTINCE 714.

C '5.

0442 1020 PETU?N 7 16 .

C 717.
C 718.

0445 1030 FCPMAT( 1HO,' CURRENT ECDY PART =',I3,' AND FPEVIOUS VALUE = ',I3, 719.
1 ' ttU3T AGPEE FC? A CCNTINUED INTEGPATICN. EFFOR EXIT.') 720.

0444 1040 FCFitAT( 1HO , 'STARTItiG Y EAR = ' ,F6.1, 721.
1 ' MUST ACREE WITH FREVICU3 EttDIM3 =',F6.1, 722.
2 ' FCl A CONTINUED INTEGo ATICN. EFPCR EXIT. ' ) 723.

0445 1050 FCFMAT( 1HC . ' INVALID TO = ' ,F6.1,' C9 T = ',F6.11 724.
0446 1C60 FORT!AT( 1HO,'E03Y FART It:DEX ID = ' ,I4,' IS INVALID' ) 725.
0447 END 726.

[ [, Q )Ol.) L) G <'
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0001 BLOCK DATA 727.0002 IMPLICIT REAL*4 (L) 728.0003 Cor: MON / INH AL 1/E ( 10.12 ), L ON( 10,4 ), LR f 10 ), F 1( 10 ) . F2P( 10.41, 729.

1 IPSOL( 10 ) . NNUC .MSPTAB( 10,4 ) . F2FM( 16 ), LONM( 16 ),QNOM( 16 ) 730.0004 COMMCN/INHAl2/LFBl3,9 ),FP(3.9),TGI(4).TLI(2).EGI( 10,4) EGI1(10.41. 731.
1 LP(10,9),LSI(10),MPMAX,NCALL.MPEND 732.0005 OATA E/43.,49.,48. 110.,0.61,55. 4*0., 733.
1 43.,49.,48.,110.,0.48,55. 4*0., 734.2 43.,49. 48.,110.,8.26.55.,4*0., 735.3 43. 49. (S. 110.,5.2.55. 4*0.. 7364 220. 240. 240.,110.,29. 280. 4 0., 7375 43.,49. 48. 110.,10.,55.,4*0., 738.6 43.,49. 48.,110.,10. 55. 4 0.. 739.7 0.43,0.48,0.47,0.48,0.027,0.53,4*0 , 740.8 0.43.0.49,0.47,0.48,0.045,0.53.4*0., 7419 0.43,0.48,0.47,0.48,0.019,0.53,4*0., 742.X 0.43,0.48,0.47,0.48.0.019.0.53,4 0., 743.X 43. 49.,48. 110.,25. 55. 4*0./

C 744.
745.C NOTE THAT ALL LAMEDA DECAY CONSTANTS (LPB,LON LR) ARE ACTUALLY 746.C

INPUT AS HALF-LIFE VALUES IN DAYS AND ARE CONVERTED TO DECAY 747C CONSTANTS IN SUORCUTINE INITEX.
C 748.

749.0006 DATA LPB/
750.1 3*0.01,
751.2 2*0.4.0.01,
752.3 3*0.01,
753.4 3*0.2,
754.5 500.0,50.0.0.5,
755.6 2*1.0.1.0E-50,
756.7 5 0 0 . 0 ,5 0. 0.1. 0 E-50,
757.8 500.0.50.0.0.5,
758.9 1000.0,50.0.0.5/
759.0007 DATA LON/100. 100. 5.7E4,0.398,1200. 25. 4*0. , 760.

1 300.,300.,7.3E4.0.393.2400. 20. 4*0., 761.2 15.0,15.0.2.2E4,10. 494. 46. 4 0.. 762.3 0.0, 0.0.5.7E4,10.,1500. 32. 4*0./ 763.0008 DATA LONM/4.95,57.75,693.,5330.8, 764.
1 4.95,57.75,693. 5330.8,8*0.0/ 765.0009 O ATA L R/1. 6 E 12,9.1 E 7,2. 9 E 7. 5. 9 E5,7.1 F 3,113. 4,4 * 0. / 766.0010 DATA FP/

767.
1 0.01.0.1.0.5,

768.2 0.99,0.9,0.5.
769.3 0.01.0.5,0.95.
770.4 0.99,0.5,0.05,
771.5 0.05.0.15,0.8,
772.6 0.4,0.4.0.0,
773.7 0.4,0.4.0.0,
774.8 0.15,0.05.0.2,
775.9 0.9.1.0.1.0/ 776.0011 DATA F1/2*1.E-2,1.E-4.0.3.0.08,0.06,4*0./ 777.0012 OATA F2P/3*1.0.0.54,2*1.0,4*0.. 778.

1 2*0.11,0.7 0.54,0.28,0.1,4*0., 779.2 2 0.11,0.05,0.002.0.14,0,07.4*0.. 780.3 2*0. 0.05.0.0004,0.08.0.17,4*0./ 781.

))) -
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0013 DATA F2PM/0.29,0.11,0.04,0.02, 782,
1 0.29,0.11,0.04,0.02,8*0.0/ 783.

0014 DATA MSPTAD/3 0,14,6*0, 784,
1 3 0,54,6 0.2C 0/ 785.

0015 DATA IPs0L/3 1.3 2.4*0/ 726.
0016 DATA ta:UC/6/ 787.
C317 DATA tirttax/16/ 783.
0013 DATA tiCALL/0/ 709.

C 793.
C TGI At:D TLI APE ItiPUT AS HOURS 791.
C 792,

0019 DATA TGI/1.0,4.0.5.0.13.0/ 793.
0020 DATA TLI/8.0,18.0/ 79;.
CO21 EtiD 795.

)L)
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0001 SUERCUTINE INITEX 796.
C 797.
C SUERCUTINE TO CONVERT INPUT HALF-LIFE VALUES TO DECAY CONSTANTS. 793.
C 799.

0002 I"PLICIT PE AL*4 (L ) 800.
0003 REAL*8 ETESTI 801.
0004 COMMON / INH AL 1/E ( 10,12 ) . LON( 10,4 ) .LR ( 10 ) . F 1( 10 ) . F2P( 10,4 ) , 802.

1 IPSOL( 10 ) .NNUC .MSPTAB( 10.41.F2FM( 16 ) .LONM( 16 ) GNOM( 16 ) 803.
0005 COMMON / INH Al2/ L PB( 3,9 ) . F P( 3.9 ) .T GI( 4 ) . TLI( 2 ) . EGI( 10.41. E GI 1( 10,4 ) , 804.

1 LP( 10.9 ),LSIt 10 ),MPMAX,NC ALL .MPEND 805.
0006 LN2:ALO3(2.) 806.
0007 F:LN2*365.25 807.

C 803.
C EVALUATE GI TRACT EXPONENTIALS. FIRST CONVERT HALF-LIFE DATA 809.
C READ IN AS DAYS TO LAMBDA IN PECIFFOCAL YEARS. NOTE THAT A 810.
C SPECIAL CALCULATION IS HEEDED FOR LAMEDA 0F THE SMALL INTESTINE; 811.
C IN ALL OTHER CASES, THE RADI0 ACTIVE DECAY CONSTANT IS USED. 812.
C 813.

0003 FACT =24.*365.25 814.
0009 00 10 IP:1.4HUC 815.
0010 LRIIP):F/LRIIP) 816.

C 8 17.
C NOTE THAT CONVERSICH FDOM HOURS TO YEARS NEEDED FOR TGI & TLI 813.
C 819.

0011 10 LSI( IP ):F ACT/TGI( 2 )a ALOG( 1. 0/( 1. 0-F 1( IP ) ) )+ LR ( IP ) 820.
0012 DO 20 J:1.4 821.
0013 T= TGI( J )/F ACT 822.
0014 IF (J.GT.2) TLI(J-2)=TLI(J-21/ FACT 823.
0015 00 20 IP:1.NNUC 824.
0016 LGI:LR(IP) 825.
0017 IF (J.EQ.2) LGI:LSI(IP) 826.
0018 EGIIIP.J):ETEST(LGI.T) 827.
0019 20 EGI1(IP,J):ETEST1(LGI,T) 828.

C 829.
C CONVERT INPUT HALF-LIFE DAYS TO LAMEDA IN RECIFROCAL YEARS 830.
C FOR BIOLOGICAL REMOVAL CONSTANT (LPB) AND EFFECTIVE ORGAN 831.
C DECAY CONSTANT (LON). 832.
C 833.

0020 00 30 J:1,9 834.
0021 00 30 ISOL=1.3 835.
0022 30 LPB(ISOL.J):F/LPB(ISOL,J) 836.
0023 DO 40 N:1.4 837.
0024 DO 40 II:1,NNUC 8 33 .
0025 IF (LON(IP,N).EQ.0.) GO 10 40 839.
0026 LON( IP .N ):F/LON( IP.H ) 840.
0007 40 CONTINUE 841.

C 842.
C STARCH DACKWARDS THPU LONM FOR IST NON-ZERO VALUE. THIS MARKS 843.
C THE END OF ACTUAL MULTIPLE SUBPATH DATA IN USE. 844.
C 845.

0028 DO 45 J:1.MFMAX 846,

0029 J1:MPMAX+1-J O'7.
0030 IF ( LONM( J11.GT.O. ) GO TO 47 843.
0031 45 CONTINUE 849.
0032 J1:0 850.
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0033 47 MPEND:J1 851.
0034 IF ( MPEND.EQ.0 ) GO TO 55 852.
0035 D0 50 J:1,MPEND 853.
0036 50 LONM( J ):F/LONM( J ) 854.

C 855.
C CALCULATE EFFECTIVE DECAY CONSTANT (LP) FOR EACH PATHWAY: 856.
C LP:LFB + LR 857.
C 858.

0037 55 00 60 IP:1,NNUC 859.
0058 ISOL:IPSOL(IP) 860.
0039 00 60 J=1,9 C61.
00'40 60 LP(IP.J):LFB(ISOL J)+LP(IP) 262.
0C41 NCALL=1 863.
0042 RETUFN 864.
0043 END 865.

FCRTRAN IV G1 PELEASE 2.0 ECALC DATE = 78357 22/51/58

0001 SUCPCUTINE ECALC (IY,T) 866.
C 867.
C SUDPCUTINE TO EVALUATE AND SAVE EXPCNENTIALS USED BY INHALE 868.
C 869.

0002 CCMMON /IN4 AL 1/E( 10,12 ) LCN( 10,41, LPI 10 ), F 1( 10 ) , F2P( 10,4 ) . 870.
1 IPSOL( 10 ),NNUC MSPT AG( 10,4 ) .F2FM( 16 ),LCNM( 16 ),QNON( 16 ) 871.

0003 CCMMCN/ INH Al2/L FD ( 3,9 ) , F P( 3,9 ) .TGI( 4 ) ,T LI( 2 ) . E GI( 10,4 ) , E GI 1( 10,6 ) , 872.
1 LP( 10,9 ) , LSI( 10 ) ,MFMAX ,NC ALL ,MPEND 873.

0004 COM"CN/ INH AL3/E LP( 10,9,20 ) .E LCH( 10,4,20 ) . E LP( 10.20 ) , ELCNM( 320 ) 874.
0005 CO 20 IP:1, NNL'c 875.
0006 ELPIIP.IY) ETEST(LR(IP).T) 876.
0007 00 10 N:1.4 877.
0003 10 E L CN( I P .N . IY ): E T E ST( LON( I P . H ) ,T ) 878.
0009 DO 20 J:1,9 879.
0010 20 ELP(IP,J,IY):ETEST( LP(ID.J ),T) S80.
0011 C0 30 J:1,MPEND 881.
0012 30 ELCNM( ( J- 1 )*20 + IY ) =E TEST ( LONM( J ), T ) 822.
0013 RETURN 883.
0014 END 884.

) )
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0001 FUNCTION ETEST (LAMB.T) 885.
C &S6.
C FUNCTION TO TEST FOR EXPONENTIAL OVERFLOW BEFORE EVALUATION OF 887.
C EXP(-LAMB +T) AND TO RETUPN E1THER THE EXPRESSION VALUE OR ZERO 83 3.
C IF LANB+T>150, WHICH WOULD FRODUCE A VALUE < 0.72E-65. E89.
C 890.

0002 REAL*4 LAMB 891.
0053 Q=LAMC+T 892.
0004 IF (Q.LT.150.1 GO TO 10 893.
0005 ETEST=0. 894.
0006 prTUPN 895.
0007 10 ETEST=EXP(-Q) 896.
0008 RETURN 897.
0009 END 898.

FORTRAN IV G1 RELEASE 2.0 ETEST1 DATE = 78357 22/51/58

0001 FUNCTION ETEST1 (X T) 899.
C 900.
C FUNCTICH TO EVALUATE EXPRESSION: ( 1-EXP( -X*T ) )/X 901.
C IN THE CASE OF SMALL VALUES OF X*T. DIRECT EVALUATION GIVES THE 902.
C INACCURATE VALUE 0.0; HCWEVER A MORE ACCURATE RESULT IS READILY 903.
C CBTAINED BY POWER SERIES EXPANSION OF EXP(-X*T). I.E. 904.
C ETEST1= Ta( 1.0 - X*T/2 + ( X*T )**2/6 - ( X*T l**3/24 +. . ) 905.
C 906.

0002 REAL*8 ETEST1.DX,DT.DXT 907.
0003 DX=X 903.
0004 DT=T 909.
0005 DXT=DX*DT 910.

C 911.
C REFEAT TEST MADE BY FUNCTION ETEST 912.
C 913.

0006 IF (DXT.GE.(1.73D21) C0 TO 20 9 14.
0007 IF ( DXT.LT. ( 1.00-51 ) 00 TO 10 915.
0008 E T EST 1 =( 1. 00 0-D EXP( -DXT i l/DX 916.
0009 RETU7N 917.
0010 10 ETEST 1 =DT*( 1.D0-DXT/2.D0 +DXT**2/6.00-DXT**3/2.4D 1 ) 918.
0011 RETURN 919.
0012 20 ETEST1:1.000/DX 920.
0013 RETURN 921.
0014 END 922.

'

.
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0001 FUtiCTICtl FFUtiC I Ji 923.
C 924.
C FUtiCTICtl CUDPOUTIriE THAT PETUPfl3 VALUE OF 1,2,3 CCPRESPC!iDItiG 925.
C TO SUCCC'iPARTi1EtiT OF PESPIPATORY TPACT tiODEL 926.
C 927.

0002 F F UtiC:2 928.
0003 IF ( J.LE.2) V F UtiC 21 929.
0004 IF (J.GE.5) KFutic 3 930.
0005 PETUPr1 931.
0006 EtID 932.

F07TPAtt IV G1 PELEASE 2.0 MSPSET DATE = 78357 22/51/53

0001 SUC CUTIt4E MSPSET (MP.JY,YE AR.Ltc1.EtlM,Etir11) 933.
C 934.
C SUCPOUTItiE TO EVALUATE QUAtlTTTES t1EEDED FCP MULTIPLE SUDPATH 935.
C CALCULATICt13 936.
C 937.

02 ItirLICIT PEAL *4 iL ) 933.
003 CCt"'CWItal All/E810,12 ),L0 tit 10,4 ),LPI 10 ),F 1110 ),F2Pf 10,4 ), 939.

1 IP00Lt 101.taiUC,t1SPTABI 10.4 ),F2Fitt 161,LO*ril 16 I .C? Cit 16 ) 940.
0004 COMt:D!t 'It!H AL2/L FD t 3,9 ), F P13,9 ) .TGIl 4 ),TLI( 2 ), EGI( 10,4 ) . E GI11 10,4 ) , 941.

1 LPI 10,9 ),LSIt 10 ),MPMAX,t CALL.MPEtiD 942.
0005 CC"' CWItiH AL3/ELPt 10,9,20 ) EL0til 10,4,20 ) .ELR( 10,20 ),ELCtett 320 ) 943.
C0C6 Lt01:L Cicil t'P ) 944,

0007 Etat: E L 0 tit 1( ( MP- 1 ) *20 + JY ) 945.
0003 Et:'11:E T E ST 1( LtC1,Y E AP ) 946.
0009 FETUPfl 947.
0010 Et:0 948.

C(f ) G, ~IJuJ . ,
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0001 SUDROUTINE FRACT (U.UD.DM) 949.
C 950.
C SUEROUTItiE TO CALCULATE FPACTICtl CF INHALATED MATERIAL DEPOSITED 951.
C IN THE 3 SUGCO!1PARTMENTS OF THE LUtiG MCOEL AS A FUtiCTICN OF 952.
C PAPTICLE SIZE. 953.
C 954.
C CALCULATION DASED ON LINEAR DEPENDEtiCE OF THE PRODABILITY OF 955.
C PARTICLE DEPOSITION VS. LOG OF PARTICLE SIZE AS OBSERVED BY THE 956.
C TASK GROUP ON LUNG DEPOSITION. A LEAST SSUARES FIT WAS MADE TO 957.
C THEIR DATA TO CDTAIN EMPIPICAL PARAMETERS FOR THE NASOPHARYliGEAL 953.
C 8 PULMON'RY SU3C0ftPARTMEtiTS. FCR THE TRACHE 0 BRONCHIAL A CCNSTANT 959.
C DEPOSITICH FRACTICil 0F 0.03 IS ASSUMED. 960.
C 961.
C tiOTE THAT THE SUM OF FRACTIONS DEPOSITED HILL EXCEED ONE FCR 962.
C PARTICLE SIZES > 7. WHEN THIS OCCURS. ALL COMPARTHENT FRACTIONS 963.
C ARE tiCRHALIZED SO THAT THE SUM WILL DE 1.0. 964.
C 965.
C ARGU"ENTS: 966.
C U - I N P's" - EPODYt1AMIC EQUIVALENT PARTICLE CIAMETER IN MICPCtes 967.*

C 968.
C UD - ItiPUT PARTICLE DENSITY IN G/C?i3 969.
C 970.
C DM - RETUPNED FRACTIONS DEPOSITE] Itl NAS0 PHARYNGEAL, 971.
C TRACHEOCRONCHIAL, AND PULMONARY SUCCOMPARitENTS. 972.
C 973.
Co********************************************************************** 974.
C 975.

0002 DIMEtiSICH DMl3),A(2),Bl2) 976.
0003 DATA C/0.7071068/, A/-0.51015,-0.6&F,04/,B/1.81355,-0.73032/ 977.
0004 X: ALOG 10 t U *SSR T( UD ) ) 973.
0005 00 50 K=1,3 979.
0006 IF (K-2) 10,40,20 930.
0007 10 J:1 931.
0003 GO TO 30 982.
0009 20 J:2 983.
0010 30 Y:AIJ)+B(J)*X 934.

C 935.
C QUANTITY DESIRED IS THE INTEGRAL OF THE NORMAL PPCBABILITY 986.
C FUtiCTICtl FPCM MINUS INFItilTY TO Y. THIS IS RELATED TO THE tiCPt1AL 937.
C EPRCR FUtiCTI0ti, ERF, AS FOLLOWS: SES.
C '' 89 .

0011 DM( K l = ( 1. 0 * ER F ( Y*C ) )/2. 0 990.
0012 00 TO 50 991.
0013 40 ctilK):0.05 992.<

0014 50 CONTINUE 993.
0015 T=DM( 1 ) + CM( 2 ) +DMl 31 994.
0016 IF ( T.LE.1.0 ) PETURtl 995.

C 996.
C NORMALIZE CCMPARTMENT FRACTIONS SO THAT TOTAL WILL EE 1.0 997.
C 993.

0017 00 60 K=1,3 999.
0013 60 Ott(K):CM(K)/T 1000.
0019 hETURN 1001
0020 Eti3 1C02.

C [e. O.
.

,
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LEVEL 21.7 I JAN 73 ) OS/360 FCRTRAN H

CCMPILER CPTICNS - NAME: MAltl.0PT=00,LINECHT=57, SIZE:000CK.
SCUUCE,ECCDIC,NCLIST.NCDECK. LOAD.NOMAP.N0 EDIT.ID,NOXPEF

C *ae i.

C CONCPLOT - PPCCRA"MED BY A. ZIELEN ( 3/23/77,11/11/77,5/11/78 ) 2.
C 3.
C FPOGRAtt TO FPEPAPE CCNCENTRATICf 4 IN AIR AND Ot1 GROUND VS. 4.
C DISTANCE PLOTS FFOM DATA CENERATED BY C0/05 FFCGPAtt. FF03Rati 5.
C ALSO FPEPAPES A WCPKItG LEVEL VS. DISTANCE FLOT. 6.
C 7.
C INrUT DATA FOP CCNCENTPATICil PLOTS APE THE APPAYS TCtGCll.it,L i 8.
C F CR Ct CUD AND TCH30' I .N,L ) FOR LFOUND. THE ACTUAL DINEN3ICN OF 9.
C ThESE APPAiS IS TCtGC( 5,3C01 Ato TCU30( 5,300 ) . AND THE 1CT 240 10.
C FOINTS FCR E ACH FOLUTANT FOLLCW THE tt.L DISTPIEUTION GIVEN LELCW. 11.
C 12.
C I = FOLUT ANT (U233.TH230,PA226,FC210,F02101 13.
C H = UCFNAL Fit DISTANCE ( .1, . 5.1.2. 3.4,5,10,20,30,40,5 0,6 0,7 0.T 01 14.
C L = ANGLE (0,22.5.45,67.5,90,112.5.135,157.5.130,202.5,225,247.5, 15.
C 270,292.5,315,337.5). 15.
C 17.
C PN222 DATA (IN CLCUD CNLY) APE CBTAINED FPC!! AFPAY PN(300), WHICH 13.
C IS ACTUALLY AFPAIGED IN CCPE AS PMIM L1. SIMILAPLY, KCPVIUS 19.
C LEVEL DATA ARE C3TAINED FPCM THE APPAY WLI300). 20.
C 21.
C *** 22.

ISH 0002 INTEGER PEGICNf 6 ) . TITLE 1( 101.TITL E0( 7 ),YL ACEL ( 13,2 ),BLANMt 20 ), 23.
1 XL AC E L ( 5 ) C ', .

ISH 0003 LCGICAlal SITE (231 25.
ISti C004 DINENSION TCNSCt 5,3001.TCtG0( 5,3001,PN13001,WL' 3001 LCCt 71, 26.

1 NU'E( 3,6 ) .)FH0( 15 ),Yi 15 ),IPAI SO ) CUF ( 1300,2 ) 27.
ISN 0005 EGUIVAL E NC E ( CUF t 1,11.TCtGCI 1,1 ) l,( CUF t 1501.11.PN( 11 ) , 23.

1 ( EUi t 1,21 TCN30I 1,111,10UF( 1501,21,WLi 1 ) ), 27.
2 (LCC(ll SITE (1),PEGIONtIII 30.

ISH 0005 DATA TITLE 1/'tC10','NCEN','TPAT','ICN:',' !EH','O.31','23S!', 31.
1 'E)hX','(U)$',' '/ 32

ISN 0007 DATA TITLE 2/' ! E ' , ' 0. 51 ' , ' ( W )O ' , ' F K Irl' , ' G ( L ' , ' I E V E ' , ' L S '/ 33.
ISH 00C3 DATA YLACEL/' !E','0.5)','lIIN',' AIR',' ( f l' , ' PI C )' , 'I/ tt! ' , 34.

1 ' E H O . ' , ' 813 ! ' , ' E M M ' , ' l ! E . ' , ' 5115 ' , ' 35.'
,

2 !E','O.51','10lN',' GPO','UND ' '( ( IP' , ' t C )I' , 35.'

3 '/M!E','H0.8','12?E','XNX)','!E.5','115 '/ 37.
ISH COO? DAT A > L AEE L/ '( D lI' , ' STsN' , ' CE ( ' , '( ILM' , ' ) $ '/ 33.
ISN 0010 D AT A NLV E / ' 2 33 ! ' , ' ( U ) $ ' , ' 37.'

,

1 '230!','(TlH','$ 40.'
,

2 '226!','(RIA','$ ', 41.
3 '210!','IPID','$ ' 42.,

4 '210!','(P10','$ ', 41

5 ' 222 ' ' , ' I R IN' , ' $ '/ 4i.
ISH 0011 DATA BLANM/20a' '/ 45.

C *** 45.
C INFUT UDAD DATA 47.
C *** 63.

ISti 0012 PEAD (81 PEGION,XFHO,IMX,TCNGC.TCNGO PN,WL 49.
C ++* 50.
C SEAPCH HA"E OF SITE, FIND END, ENCLO3E Iti (). END WITH $. 51.
C *** 52

Isti 0013 00 10 I=1,24 53.

)
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ISH 0014 J:25-I 54.
Istl 0015 IF iSITE(J).NE.64) GO TO 20 55.
IStl 0017 10 CDNTIt:UE 56.
ISH 00i8 FRINT 230 57.
ISH 0019 GO TO 220 58.
ISN 0020 20 SITE (J+3):91 59.
ISil 0021 SITE ( J+2 )=93 6J.
ISN 0022 00 33 I:1.J 61.
ISti 0023 J1:J+1-I 62.
Istl 0024 30 SITE (J1+ 11: SITE (J1) 63.
Istl 0025 SITE (1)=77 64.

C *** 65.
C FILL REMAINING LOCATICNS WITH BLAT 4KS 66.
C *** 67.

Istl 0026 J1:J+4 68.
ISH 0027 00 35 I=J1.28 69.
IStl 0028 35 SITE (I):64 70.

C *** 71.
C IMX IS THE It0EX(1-16) 0F THE AtGLE FOR MAX DISPERSION 72.
C *** 73.

ISH 0029 TMAX:22.5eFLOAT(IMX-1) 74.
IStl 0030 ITMAX:TMAX 75.
ISH 0031 FRINT 240. LOC.INX IMX.TMAX 76.

C *** 77.
C START ACTUAL PLOT ROUTINE 78.
C *** 79.

Istl 0032 CALL STRTFL 80.
Istl 0033 CALL ECNPL I-1) 81.
Istl 0034 CALL SCNFLX 82.
ISH 0035 CALL BASALF l'L/CSTD') 83.
Istl 0036 CALL MIXALF (' STAT;D') 84.
Istl 0037 CALL MX3ALF l'L/CCR','*') 85.
ISil 0038 CALL MX5ALF l'IN3TR' '!') 86.
IStl 0039 CALL NCEPDR 87.
Istl 0040 CALL SPLINE 88.
ISN 0041 J:LINEST(IFA.50,4) 89.
IStl 0042 CALL LItiES l'*Qll'. IPA.1) 90.
ISH 00'+3 CALL LINES ('(Nit', IPA.2) 91.
ISti 0044 CALL LINES l'( Ell' . IPA 3) 92.
ISN 0045 CALL LINES ( '(S)$', IPA.4) 93.
Istl 0066 CALL LINES l'(W)$'. IPA.5) 94.
Istl 0047 XL:3.6 95.
ISN 0048 YL:4.0 96.
ISH 0049 YL1:YL-0.375 97.
IS!1 0050 CALL LOGSCL (XPH0t 11.XPH0( 15).XORG.XCYCLE.XL) 98.
Isti 0051 IXTOTL =ItiT( XL/XCYCL E + 0. 5 ) 99.

C 100.
C FOLLOWING ADJUSMEtiT TO XCYCLE NEEEDED BECAUSE LOGSCL ALWAYS ADDS 101.
C AN EXTRA CYCLE TO ALLOW FOR LEGEtOS. STCRIES ETC. 102.
C 103.

IStl 0052 XCYCLE:XL/ FLOAT (IXTOTL-1) 104.
Istl 0053 LAP:0 105.
ISti 0054 00 210 VASE =1.2 106.

C *** 107.
C KASE=1 FOR CLOUD C0ttCENTRATION (INCLUDING RACON) 108.
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C k ASE:2 FOR GPOUND CCNCENTPATICti (No PADCtll & WCFKING LEVEL 107.
C *** 110.

IGN 0055 00 210 I:1,6 111.
ISti C056 IF (I.L7 6) Y l:EUF ( I, VASE ) 112.
ICH 0053 IF (I.EQ.6) Y1:CUF( 1501,KAS E I 113.
IS:t 0060 IF fv1.LE.O.0) GO TO 210 114.
ISti 0062 IF (I.EQ.6.AtO.FASE.EQ.2) GO TO 50 115.
ISN 0064 to 40 N:1,3 116.
ISti 0055 N1:N+6 117.
IC!i 0066 IF (N.GT.1) N1:Hi 1 113.
ICM CC53 40 TITLEl(N11: TEE (ti,1) 117.
IGN CC69 50 IF (t:05( L AP,21.EQ.01 CALL FHYSCR ( 1.4,2.11 123.
IC!i C071 IF (t:20f L AP 2).GT.0 ) CALL FNYSCR (6.5.2.11 121.
IEN C073 HtIN: 1.E75 122-
ICN 0074 it:2 -1.E75 123.
Isti 0075 IF (I.EQ.6.ANJ.FASE.EQ.2) GO TO 60 124.
ICN C077 C ALL TI TL E ( TI TLE 1.- 100,XL ACEL ,1C G ,i L ACEL ( 1, VASE ),1CO ,XL ,YL ) 1 5.
Isti C378 LO TO 70 125.
ICN 0079 60 CALL TITLE ( TITLE 2,-100,XLACEL,1CG. TITLE 2,100,XL,YL ) 12 7

C *** 123.
C SELFCH FCP ttIN At:0 MAX CPDItlATE VALUES TO SCALE FLOT 12).
C *** 130.

Isti CC30 70 00 110 L1:1,5 131.
ISti OCS1 IF (L1.GT.11 CD TO 80 122.
ISil 0033 IF (t::D(ItiX-1,4 ).EQ.0) GO TO 110 133.
ISN 0C35 L:IlfX 13 '+ .
ISN 0036 CO TO 90 135.
ISN C037 80 L:(L1-2)*4+1 125.
ICN 00:3 90 00 100 tt:1.15 137.
ISti C009 IF (I.LT.6 ) K:(L-1)*75+(M-1)*5+I 133.
ISM CC91 IF (I.EQ.6 ) K:1500+(L-1)*15+M 131
ISH C093 sitIN: ArtIN1(ittIN EUFt E, VASE ) ) 150.
ISf3 CC94 100 utax:AMAX 1 t ittAX ,EUF ( K .V ASE ) ) 141.
Isti 0095 110 CONTIhUE 1;2.

C 113.
C FOLLCWIt:3 CODE ADCED T3 LIMIT THE NUMDER OF LCG CYCLES. IF 144.
C THEPE APE TC3 I!AN(, DISSPLA WILL NOT GEt:ERATE A FLOT At:3 N3 145.
C EFPCR tESSAGE IS FFCOUCED. l 'i 6 .
C 147.

ICH 0076 Y1 ALCG10(YNItll 1;3.
ISH CC77 12:AL C31 '" ilt A X ) 143
I3tl C073 IF ((12 ' l.LE.7.) GO TO 120 150.
ISN 0100 ittIti:EXF .:.302535-( Y2-7. ) ) 151.
ISH 0101 120 C ALL LC3CCL (ittIN.YliAX,YCPG,YCYCLE,YL ) 152.
ICN 0102 IYTOTL:1+It T(YL/(CICLE+0.51 153.
ISN 0103 CALL LCOLC3 ( XC73.XC fCLE,YCrG,YCYCLE ) 154.
IEN 01C4 CALL PESET l'EltN1' ) 155.
ISH 0105 i'LL t!ESSAS (LCC, 100,0.2,3.7) 155.
ISN 0105 CAtt BLtW1 (0.0,XL,YL1,YL,01 157.
ISM 0107 C ALL BLtW2 ( 0.1.1.35,0.1.1.75,1) 153.
Istl 0103 Is tit:-2 157.
ICH 0109 Do 130 L1:1.5 160.
ISN 0110 ISYH:ISitt+2 16 1.
IEN 0111 CALL HAFF ER (ISiM) 162.
ICN 0112 IF (L1.GT.1) GO TO 130 163.

I4n "01J 6; U t_ u l
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ISH 0114 L=IMX 164.
Isti 0115 GO TO 140 165.
IStl 0116 130 L=(L1-2)*4+1 166.
Istl 0117 140 00 150 M=1,15 167.
ISH 0118 IF (I.LT.6 ) K=ll-1)*75+(M-1)*5+I 16 3.
Isti 0120 IF (I.EQ.6) K=1500+(L-1)*15+M 169.
Isti 0122 150 Y(M)=EUF(K.KASE) 170.
Isti 0123 Do 160 M=1,15 171.
Istl 0124 MMAX=16-H 172.
Istl 0125 IF (Y(itt1AX).GE.YMIN) GO TO 170 173.
IStl 0127 160 CCitTINUE 174.
ISH 0123 GO TO 180 175.
ISti 0129 170 CALL CURVE (XPHO Y.MMAX,1) 176.
Istl 0130 180 CONTINUE 177.
ISN 0131 CALL RESET ('BLNV2') 178.
IStl 0132 IF (it0D(IMX.2).EQ.0) GO TO 190 179.

$' 100.0.2.1.51 130.Istl 0134 CALL MESSAG ('aQ) =
IS'I 0135 CALL ItiTNO (ITMAX. ' ABUT' . ' AEUT' ) 101.
Istl 0136 CD TO 200 182.
ISti 0137 190 CALL MESSAG I'aQ) =$' 100,0.2,1.5) 183.
ISti 0133 CALL PEALNO (TitAX.1.'AGUT'.'ADUT') 184.
Isti 0139 200 CALL LEGEND (IPA.S.O 45.0.2) 105.
ISti 0140 CALL XLBAXS ( BL ANX.1.IXTOTL.XL . ' ' -1,0..YL) 126.
ISti 0141 CALL YLEAXS ( BLANK,1.IYTOTL ,YL. ' ' . - 1. X L . O . ) 137.
Isti 0142 IF (MCD(L AP.2).EQ.0 ) CALL EN3GR (-1) 12 3.
ISti 0144 IF (ft0D(LAP,2).0T.0 ) CALL ENDPL ( 0 ) 18 9.
ISf4 0146 LAP = LAP +1 190.
ISti 0147 210 CONTINUE 191.
ISN 0148 IF (MOD (LAP.2).GT.0 ) CALL EtCPL( 0 ) '92.
Isti 0150 CALL DONEPL 193.
ISti 0151 220 STOP 194.

C 195.
C 196.
C 197.

ISH 0152 230 FCPMAT (1HO.'REGICN ARPAY ALL BLANKS') 193.
Isti 0153 240 FCPMAT(1H1.7A4.4X.*IttX ='.I3,4X,' THETA (' I2.') ='.F6.11 199.
ISti 0154 END 200.

*0PTIONS Iti EFFECT* NAME: MAIrl . 0PT= 00, LINECHT = 57, SIZE = 000 0K ,

*0PTICNS Iti EFFECT* SOURCE. EBCDIC.NOLIST.NODECK. LOAD,NOMAP.NDEDIT.ID,NOXPEF

* STATISTICS * SOURCE STATEMENTS = 153 .PPCGRAM SIZE = 19394

* STATISTICS * NO DIAGNOSTICS GENERATED

****** EtO OF COMPILATICH ****** 81K BfTES OF CCPE NOT USED

nn

C4] L. dJV
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PL/I CPTIMIZING COMPILER CONTOUR: FRCC OPTIONS (MAINI;

SOURCE LISTING

STMT LEV NT

1 0 CCNTCUP: PROC OPTICNstMAIN); 1.
/* FPCCEDUPE TO USE FT09F001 FILE FPCN UDA35 TO SELECT DATA AND */ 2.
/* GENEPATE AN EXECUTICH DECK FCR THE BLACFEOX ICOPLETH FLOT +/ 3.
/* FPCCPatt ( A. ZIELEN, 4/12/78 ). */ 4.

2 1 0 DCL INDATA FILE SECUENTIAL PECCPD INFUT; 5.
3 1 0 DCL (CUTDATA. ELF 00X) FILE SECUENTIAL PECCPD OUTFUT; 6.
4 1 0 DCL CUF CHl?(80); 7.
5 1 0 CCL CPOAN1tS) CHAP (6) 8.

INITIAll'ECDY ' 'DCNE , LUNG ' 'VICHEY',' LIVER ' ); 9.' '
.

6 1 0 DCL FUEEl(7 ) CHAR (5) INI' I AL( 'U233 ' 'U234 , TH230', 11.' '

' P A226 ' , ' FD 210 ' , ' F021 r ' , ' PN222 ' ) ; 11,
7 1 0 DCL CT2iN CHAP ( 6 ); 12.
8 1 0 DCL NULEl7) CHAo(5); 13.
9 1 0 DCL PAF( 5,71 EITI 11; 14.

/* MAP (I,J) IS THE BIT MAP TO PEGULATE CUTPUT: */ 15.
/* I = 1: EC3Y, = 2: ECNE, = 3: LUN3, = 4: KIONEY, = 5: LIVER */ 16.
/* J = 1,2,3,4,5,6,7 FCR U233,U23't.TH230,RA226,FD210,P0210,PN222 */ 17.
/* IN ALL CACES: 0 IF M3T ACTIVE, 1 IF ACTIVE */ 13.

10 1 0 DCL (FLAG FLAC1, FLAG 2) BIT ( 1 ); 19.
11 1 0 DCL TENP CHAo(80 ) VAR; 20.
12 1 0 CCL UC7Kt300) CHARIS0); 21.
13 1 0 CCL REGION CHAR (24); 22.
14 1 0 CCL I,II,I2 J.J1,K,K1,VMAX,L,M IACD.IFIT; 23.
15 1 0 CCL FCPM(7) CHA7(12) INITIAL ('F7.0.47X ','7X,F7.0.40X ', 24.

'14X,F7.0.33X','21X,F7.0,26X','23X,F7.0.19X', 25.
'35X,F7.0,12X','42X,F7.0,5X '); 25.

16 1 0 DCL ( XNIN12 ),XM AXt 2 ) ,XUNIT( 2 ),DE L TA( 2 ) ) DECf6,2); 27.
17 1 0 CPEN FILE (IN0 ATA ), FILET CUTD AT A), FILET ELF E0X ); 23.
13 1 0 CN ENOFILE(SYSIN) GO TO GETLC3; 27.
19 1 0 CD I=1 TO 5; 20.
20 1 1 DO J:1 TO 7; 31.
21 1 2 MAP (I,J)='0'B; 22.
22 1 2 EU3; 33.
23 1 1 EN3; 34

/............................................................. ......./ 35,

/* PEAD INFUT DATA (2 TO 6 CAPDS): */ 36.
/* */ 37.
/* 1ST CAPD INDICATES GRID SPACING AND CCNTCUR INVEPVAL FCR THE */ 33.
/* CNE C2 TW3 ISDPLETH PLOTS PPCOUCED FC? EACH SELECTED 0031N ANJ */ 39.
/* NUCLIDE (SEE EELON). LEAVE C?ID FIELD CLANM TO CCTAIN CEFAULT */ 40.
/* VALUES. SET GRID FIELD NEGATIVE TO CNIT FLOT TYFE. */ 41.
/* */ 42,
/* 1ST CAPD ALSO INCLUDES CPTICMS CN INCLUDING EXTRA PECEPTCUS ./ 43.
/* FCR CCNTCL7 GENEPATICM AND FCR LINEA 9 C? CUADPATIC FIT IN */ (4.
/* INTERPOLATICN. 13T CAPD FDPMAT IS (4 F(5.2),2 (X4,Ft 1)); */ 45.
/* */ 46.

/n n ('\ '

[3 D U LUJ
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PL/I OPTIMIZING COMPILER CONTOUR: PROC OPTI0 tis (MAIN);

STMT LEV NT

/* COL 1- 5 GPID 1. DEFAULT = 2.00 KM SCUARES */ 47.
/* 6-10 INTERVAL 1. DEFAULT = 0.25 LOG UNITS */ 43.
/* 11-15 GRID 2. DEFAULT = 20.00 Fil SCUARES */ 49.
/* 16-20 INTERVAL 2. DEFAULT = 0.50 LCG UNITS */ 50.
/* 25 INCLUDE ADDITIONAL PECEPICPS IF = 1 (DEFAULT = 0) */ 51.
/* 30 LINEAR INTERFOL. IF = 1 (QUADRATIC DEFAULT = 0) */ 52.
/* */ 53.
/* ON EACH SUBSEQUENT CAPD. OPGAN At0 UP TO 7 SELECTED NUCLIDES. */ 54.
/* FCPHAT IS A(6 ).7(X(1) A(5)), STARTIt;G IN COL (1). */ 55.
/...................................................................../ 56.

24 1 0 GET EDIT (XUNIT( 1), PELTA ( 11,XUNIT(2) DELTA (2),I ADD,IFIT) 57.
(CCL( 1) . 4 F(5,2),2 (X(4).Ft111); 53.

25 1 0 00 ti:1 TO 2; 59.
26 1 1 IF XUNIT(fil < 0 THEN GO TO ENDIN; 60.
27 1 1 IF XUNIT(M) = 0 THEN 61.

D0; 62.
28 1 2 IF M:1 THEN D0; 63.
29 1 3 XUNIT( 1 )=2. 0 0 ; 64.
30 1 3 D E LTA( 1 ):0.25 ; 65.
31 1 3 END; 66.
32 1 2 ELSE D0; 67.
33 1 3 XUNIT( 2 ):20. 00 ; 68.
34 1 3 DELTA (2):0.50; 69.
35 1 3 END; 70.
36 1 2 END; 71.
37 1 1 XMIN( t1)=-4.XUNIT( M ) ; 72.
33 1 1 X11AX( :11:4* XUNIT ( M I-0. 01 ; 73.
39 1 1 EtCIN: Eto; 74.
40 1 0 LOOP 0: 00 I:1 TO 5; 75.
41 1 1 GET EDIT (OPGati.fiUKE ) (COL ( 1). A(6 ),7 (X( 1), A(5))); 76.
42 1 1 00 Il = 1 TO 5; 77.
43 1 2 IF ORGAtt = ORGAN 1(II) THEN 00 TO CONT; 73.
44 1 2 END; 79.
45 1 1 PUT SKIP LIST ('C7GAN EFFOR IN FOLLCWING LINE:'); 80.
46 1 1 FUT SKIP DATA (CRGAN.f? UKE ); 81.
47 1 1 PUT SKIP LIST ( '09GAN SET AT ' ' BODY' ' ' ); 82.
43 1 1 II:1; 83.
49 1 1 CONT: FLAG:'O'D; 84.
50 1 1 DO J = 1 TO 7; 85.
51 1 2 IF NUKE (J) =' ' THEN GO TO CONT 1; 86.
52 1 2 FLAG = '1'B; 87.
53 1 2 DO J1 = 1 TO 7; 83.
54 1 3 IF FLUKE (J): NUKE 1(J1) THEN 89.

00; 93.
55 1 4 MAP (II J1)= * 1'B; 91.
56 1 4 Go TO CONT 1; 9'-
57 1 4 END; 93.
SS 1 3 Et0; 94.
59 1 2 FUT SKIP LIST ( 'NUCLIDE ERPOR AS FOLLOWS:' ); 95.

560 'c O 4
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PL/I OPTIMIZING COMPILER CONTCUR: PROC OPTICNS(MAIN);

Sit 1T LEV NT

60 1 2 PUT SKIP DATA (OPGAN. NUKE ( J1); 96.
61 1 2 PUT SKIP LIST ( 'HUCLIDE SE T TO U233' ); 97.
62 1 2 M A P( I 1,1 ): ' 1 ' B ; 93.
63 1 2 CONT 1: EN3; 99.

/* CHECK IF ALL NUKEfJ) VALUES SET AT ' ' */ 100.
64 1 1 IF FLAG THEN 00 TO EN00; 101.
65 1 1 PUT EKIP LIST ('NUCLIDE ERPCR AS FOLLCHS:'); 102
66 1 1 PUT SKIP CATAt0RGAN. NUKE); 103.
67 1 1 FUT SKIP LIST ( 'NUCLIDE SET TO U233'); 10 'e .

63 1 1 MAP ( I 1,1 ) : ' 1 ' B ; 105.
69 1 1 ENDO: END LCOP0; 105.

/* CCMMENCE PEADIt:3 LOG CCNCENTPATICNS CATA FILE */ 107.
70 1 0 GETLCG: CM EN3FILElINDATAI C3 TO CCNT4; 1C3.

/* SFECIAL PEAD FCR 1ST PECCPD IN FILE */ 1C7.
71 1 0 PEAD FILE (It:JATA) INTO( EUF ); 110.
72 1 0 F E GICN:SUC S T P ( CUF .25,24 ) ; 111,
73 1 0 LOOP 1: CD II : 1 TO 5; 112.
74 1 1 FLAG 1='O'G; 113.
75 1 1 FLAG 2='0'G; 114.
76 1 1 00 J1:1 TO 7; 115.
77 1 2 IF MAP (II.J11 THEN FLAG 1:'1'B; 115.
78 1 2 EN3; 117.
79 1 1 IF ' FLAG 1 THEN GO TO END1; 113.
80 1 1 L:0; 117.
81 1 1 CO WHILE ( L:0 ); 120.

/* SEAPCH FCR 1ST RECCPD IN SUCCET CF FILE */ 121.
82 1 2 T E MP: SUE S T R I C UF ,1,12 ) ; 1:2
83 1 2 L :IND E X( T E MP .CO G AN 1( I l l ) ; 123.
C4 1 2 PEAD FILE (INDATA) INTO(EUF); 124.
25 1 2 ENJ; 125.
86 1 1 LOOPIA: 00 J1:1 TO 7; 126.
87 1 2 IF -MAP (II.J1) THEN GO TO EN31A; 127.

/* FLAG 2 SET AFTER DATA TRANSFEPRED TO KCFK */ 12 3.
83 1 2 IF FLAG 2 THEN 00 TO CCNI5; 1:9.
89 1 2 K:1; 130.
90 1 2 L:0; 131,
91 1 2 LOOP 2: C0 WNILE ( L:0 ); 13'
92 1 3 IF II<5 THEN 133.

00; 13i.
/* SEARCH FCR END CF SUCSET PCRTION CF FILE */ 135.

93 1 4 TE MP::U:GTP I CUF ,1,12 ) ; 123.
94 1 4 CO I2=I1+1 TO 5; 137.
95 1 5 L :IND E X( T E MP .CRG AN 1( I2 ) ) ; 130.
96 1 5 IF L>0 THEN GO TO CCNT4; 139.
97 1 5 END; l'40 .
93 1 4 EN3; 14 1.
99 1 3 WORKIK):CUF; i f. 2.

100 1 3 K:k+1; 143.
101 1 3 FE AD FILE (INDATA) INTO(CUF1; 14 4.

C/n " ~
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PL/I OPTIMIZING COMPILER CONTOUR: PROC OPTIONS (MAIN);

STMT LEV NT

102 1 3 END LOOP 2; 145.
103 1 2 CONT 4: VMAX:K-1; 146.
104 1 2 IF IACD:0 THEN VMAX:240; 147.
105 1 2 TEMP: REPEAT (' '.76); 143.
106 1 2 TEf|P= TEMP || 'END'; 149.
107 1 2 FLAG 2='1'D; 150.

/* SEAPCH FOR END OF FILE SUBSET WITH LAST LEGAL DATA VALUE. */ 151.

/* UNSATISFACTORY DATA SET AT '-50.000' BY UDADS. */ 152.
108 1 2 CONT 5: IF SUCSTR( WORKt KMAX ),24 + ( J 1- 1 ) * 7,7 ),= '-50. 0 0 0 ' 153.

THEN K1:KilAX ; 154.
109 1 2 ELSE 155.

DO K1:KMAX-2 TO 1 BY -1; 15d.
110 1 3 IF SUBSTR( WCPK( K 1+ 1 ) ,24 + ( J 1- 1 ) *7,7 ),= ' -5 0. 0 0 0 ' 157.

THEN GO TO LOOP 3; ISS.
ill 1 3 END; 159.
112 1 2 IF SUBSTR(WORK (1),24+(J1-1)*7,7) =' 10.000' 16 0.

THEN GO TO LCCP3; 161.
113 1 2 PUT SKIP EDIT ('NO DATA FOR ',CRGAN1(II),NUKEl(J11) 16 2.

( A, A( 6 ),X( 11. A( 51); 163.
114 1 2 MAP (II.J1)='0'B; 164.
115 1 2 GO TO END1A; 165.
116 1 2 LOOP 3: DO M:1 TO 2; 166.

/* WRITE DATA FCR (NOMINAL) 8 AND 80 KH ISOPLETH PLOTS */ 167.
117 1 3 IF XUNIT(M)<0 THEN GO TO END3; 163.
118 1 3 D0 K=1 TO K1; 169.
119 1 4 IF SUBSTR( WGPKt K ),24 + ( J 1- 1 )*7,7 ),= '-50. 0 0 0 ' 170.

THEN WRITE FILE (OUTDATA) FROM(WOFK(K11; 171.
120 1 4 END; 172.
121 1 3 WRITE FILE (OUTDATA) FFOM(TEMP); /* ADD END CARD */ 173.
122 1 3 END3: END LOOP 3; 174.
123 1 2 ENDIA: END LOOP 1A; 175.
124 1 1 END1: END LOOP 1; 176.

/* */ 177.
/* COMMENCE SECOND PART OF FPCCRAM - CONSTRUCT EXECUTION DECK FCR */ 178.
/* SYS1.PLOTPKG. CONTOUR.CLACKBOX */ 179.
/* */ 180.

125 1 0 ILOOP: DO I1:1 TO 5; 131.
126 1 1 JLOOP: 00 J1:1 TO 7; 132.
127 1 2 IF ' MAP (II.J1) THEN GO TO ENDJ; 183.
128 1 2 MLOOP: 00 M:1 TO 2; 134.
129 1 3 IF XUNIT(M)<0 THEN GO TO ENOM; 135.

10 6.130 1 3 FUT STRING (BUF) EDIT ( '1 TITLE',' LOG SAFETY FACTOR - '
,

CPGAN1(I1),'EIS') ( A( 7 ),X( 31. A( 20 ) A( 6 ), 187.
X(32) A(31); 1!3.

131 1 3 WRITE FILE (DLFCOX) FPOM(EUF); 139.
132 1 3 PUT STRIN3(EUF) EDIT ('2 VEYS','1 1','8',IFIT) 190.

( A( 6 ),X( 13 ), A( 5 ),X( 25 ), A( 1 ) ,X( 7 ),F( 1 ) ); 191.
133 1 3 WRITE FILE (BLFBOX) FRCM( CUF ); 192.
134 1 3 PUT STRIN3(CUF) EDIT ( '3 SCALE',XMIN(M),XMIN(M),XUNITIMI) 193.

5U LJ(Q
d '',.:
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PL/I OPTIMIZING CCMPILER CCNTOUR : PROC OPTIOUS(MAIN);

STMT LEV NT

(A(7),X(3),3 F(10,2)); 194.
135 1 3 WRITE FILE (BLKBOX) FROM(EUF); 195.
136 1 3 PUT STRIN3(EUF) EDIT ('4 GRID',CELTA(M),XMAX(M).XMAX(M)) 106.

( A( 6 ),X( 24 ),F t 10,2 ),X( 10 ),2 F 110,2 ) ); 197.
137 1 3 W11TE FILE (DLF80X) FROM(CUF); 193.
153 1 3 FUT STRIt:3(EUF ) EDIT ( ' S F03T ' , ' VM' ,P EGION ) 197.

( A( 6 ),Xl 16 ), A( 2 ), A( 241); 2C3.
139 1 3 WRITE FILEICLEBOX) FFCN(EUF); 201.
140 1 3 FUT STR:N3(EUF) EDIT ( '6 FCRMAT' ,'( 5X,2E9. 0,' ,FCRMl J1 ), 202.

',A31',NULEl(J1)) 203.
( At 8 ),X( 2 ), A( 10 ) . A( 12 ), A( 4 ),X( 24 ) . A( 5 ) ); 2 0 '* .

141 1 3 W71TE FILE (BLKBOX) FRC:)( EUF ); 205.
162 1 3 ENDM: END t:LCCP; 203.
143 1 2 ENDJ: EN3 JLOGP; 207.
14 't 1 1 EU3 ILCOP; 2^?.
145 1 0 PUT STPINGtEUF) EDITI '8 STOP' l ( A( 6 )); 2C).
146 1 0 WoITE FILE (BLVCOX) FRCt1( DUF ); 210.
147 1 0 EN; CCNTCUR; 211.

.

[
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APPENDIX B. LISTING OF EXECUTION DECK FOR UD|4D SAMPLE PROBLEM

//UDADSAMP JOB (F04183,25,0,12),ZIELEN. CLASS:C.PRTY:H
CUA

//* MAIN OPG: LOCAL
//* FORMAT PP,DCNAME , DEST =3800
// STEP 1 EXEC UDAD. FILE ='804183.UDADSAMP',
// ISODISP:'(OLD.CATLG)' ,CCHDISP '(OLD.CATLG)'
//GO.SYSIN DD a
4

&INDATA REGION:'UDAD SAMPLE PROBLEM ,
METSET=' SAMPLE METSET',
ID TAIL ( 1 ):3,
IACD:45,

XRECEP:
1 0.85.0.35.0.0,
21.0.0.5,0.0,
3 1.9.1.4,0.0,
4 8.8.3.6,0.0,
5 18.8,7.8,0.0.
V 18.8,7.8,0.0.
6 36.5.15.0.0.0,
7 12.0.21.8,0.0,
8 -2.4.20.6,0.0,
A -2.4,20.6,0.0,
9 -18.2,23.3,0.0,
1 -27.5,-2.5,0.0,
2 -35.2 -14.8,0.0,
3 -23.0,-22.4.0.0,
4 -7.4. -21.8,0. 0,
5 -55.3.2.4.0.0,
B -55.3.2.4.0.0,
6 -67. 5,-8.1,0. 0,
7 -55.7.-46.4,0.0
8 -23.3.-13.7,0.0,
9 27.8,-18.3.0.0,
C 27.8. -38. 3. 0. 0,

1 -78.0.16.0,0.0,
2 33.0.35.0.0.0,
3 -65.0,-26.0.0.0,
4 -27.0.27.0.0.0,
5 -5.2,29.0.0.0,
6 14.0,35.0.0.0,
7 -23.0.59.0.0.0,
8 56.0,32.0.0.0,
9 -29.0.53.0.0.0,
1 65.0,0.0.0.0,
2 -60.0.50.0.0.0,
3 40.0.36.0.0.0,
4 -5.0.31.0.0.0,
5 -23.0.?2.0.0.0,
6 65.0.24.0.0.0,
7 0.0,-45.0.0.0,
8 -45.0,-45.0.0.0,
9 13.7,33.3,0.0,
1 21.3.34.3.0.0,
2 -5.0.30.5,0.0,
3 -22.8,30.8,0.0,
4 -56.0.22.0.0.0,
5 -67.5.18.8.0.0,
XNAME(1,il ' FENCE PD','ST',

en(
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XtiAME ( 1,2 ) ='TPAILER',

Xt!AME l 1,3 ):' PANCH l',

Xt1At E( 1,4 ) :'PANCH 2',
XNat1E t 1,5 ) ='PANCH 3',

XtliME(1,6) :'PANCH 3V',
Xfl AME ( 1,7 ) =' rat 1CH 4',

XtiAME(1,8; =' H NCH 5',
XNit:E( 1,9 ) :' pat;CH 6'.
> t!ANE ( 1,10 ) :'PANCH 6V',
XN AME ( 1,11 ) ='PAtiCH 7',
XNit:E( 1,12 ) :'PANCH 8',
XtW'E ( 1,13 ) =' rat;CH 9',

XNit1E ( 1,14 ) :'PA!;CH 10',
XN A!:E ( 1,15 ) ='PANCH 11',
XNatEi1,16) 'FANCH 12',
Xtt At tE l l ,17 ) ' rat?CH 12','V',
Xt; At E(1,13) ='PAtiCH 13',
X'iat:E ( 1,19 ) ='PANCH 14',
Xt; AME ( 1,20 ) 2' rat;CH 15',

XNiME l l,21 ) :'PANCH 16',
> tiit E( 1,22 ) :' RANCH 16','V',
XI;AttE ( 1,23 ) :' NEST CIT','Y',

Xt t AME ( 1,2 '+ ) =' EAST CIT','Y',
Xt:At'E( 1,251 = ' P E D TCNN' ,
XtlAME ( 1,26 ) :'ELUE TCW','N',
XNe.ME t 1,27 ) : ' EPCUti T O ' , ' Wil' ,
XNAME t 1,23 ) :'C?EEN TO','WN',
XN AME ( 1,27 ) 'C?ANCE T','CWit',
a:At'E( 1,3J ) :'FUPPLE T','CWN',
Xt:AME(1,31) :' K1ITE TO' , 'WN' ,

Xtw:E(1,32) ='E It;DIAN',' PES',

XNAt:E t 1,33 ) ='E INCIAN','RES',
XtliME ( 1,34 ) = ' E AST FUR ' , ' AL ' ,
httAME( 1,35 ) :'t;0RTH FU','RAL',
XNatiE ( 1,36 ) :'NN RURAL',
XNAMEt1,37) :' WEST PUR','AL',
XilattEl 1,33 ) :'SCUTH PU',' PAL',

XilAME( 1,39 ) ='EW FUPAL'.
Xt'A!1E( 1,4 0 ) :'AGRICULT','URE 1',

XNat!E ( 1,41 ) 'ACRICULT','UPE 2',

XNitEl1,42) 'ACRICULT','UFE 3',

Xt3AME t 1,43 ) ='ACRICULT','URE 4',

XtlAMEl l .44 ) :'AC9ICULT','URE 5',
XNANEt1,45) ='ACRICULT','U"E 6',
FUFCO: 2*0.0.3*0.0625,0.01,3*0.0625,0.005,6*0.0625,0,01,4*0.0625,

1 0.01.17*0.0,0.191,0.103.0.075,0,053,0.29,0.267,
IFCCC3: 240,3 1,5,3*1,5,6 1.5.4*1,5,17*0,6*5,
PACT:75.6.1026.0.2 1078.0.16*0.,
PTSZ20:0.4,4*0.0,
1057:130*,4,4.

NCC"CE:3.
SC"CE:
1 0.0.0.1,5.0.0.0,4*1.36E-3,107. 1101,3,0,
2 0.0.0.0.15.,0.0,7.2E-2,3 53E-3,2*1.43E-4,0.0.1201.1,0,
3 0.4.0.0,0.0.0.5.4 16.0,7.0E3,1301.2,0,
PTSZ:1.0.1.0,5.0.35.0,0.0,
PTSZFC:1.00,4*0.0,

A 0.0,0.0.0.3,0.7,0.0,

B 0.0,1.0,3*0.0,

C 10 0.0,

a' -*j+] 1 g
L (\ _U*

f[) U U
(.;*
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VDEP=5 0.01,
FDEN:8.9,4=2.4,
OPTItiE = 15. 0,
SORCIO(1,11:'UDAD',' SAM','PLE '.' HILL',
GROUFN(1,1):' ORE '.' PAD ','8 CR','INDI','NG'.
CROUPNil.2)='DRYI','NG 8',' PAC','KAGI','NG',
GPCUPN( 1,31 = ' T AIL ' , ' ING ' ,
IFDP:
1 9 0.1003,2000,4 0,
2 9 0,8,500,4 0,
3 3 0.8,7*0,13000,3500.2*L'
4 7*0.8,0,2 5,2 0,500,0,
5 13 0.2000.0,
6 15*0.
7 11*0,8,3 0,
8 15 0,
9 11=0,1000,3*0,
0 9*0.8,0.8,3 0.
1 10=0,8,2 0,2000,8,
2 10 0,8,2 0,500,1000,
3 9 0,8,2 0.2*8,10000,
4 13 0.4000,12000,
5 9*0.8,500,1000,2*0,300,
6 10*0,500,1000,500.500,0.

FREQ: 0.0006, 0.0010, 0.0003, 0.0005, 0.0003,
A 0.0002, 0.0002, 0.0003, 0.0003. 0.0007, 0.0008,
B 0.0013, 0.0015, 0.0016. 0.0003, 0.0006, 0.0005.
C 0.0007, 0.0006. 0.0003, 0.0002, 0.0001, 0.0001,
D 0.0002, 0.0006. 0.0005, 0.0006, 0.0009, 0.0010.
E 0.0011, 0.0006, 0.0002, 64 0.0,
1 0.0017, 0.0028, 0.0027, 0.0015, 0.0022.
A 0.0004, 0.0010, 0.0, 0.0018, 0.0033, 0.0041.
B 0.00S5, 0.0059, 0.0033, 0.0022, 0.0024, 0.0009
C 0.0015, 0.0013, 0.0003, 0.0011. 0.0002, 0.0003,
n 0.0, 0.0009, 0.0017, 0.0022, 0.0045, 0.0031.
E 0.0017, 0.0012. 0.0013, 0.0010, 0.0006, 0.0002,
F 6.0008, 0.0006, 0.0001, 0.0001, 0.0002, 0.0007,
G 0.0014 0.0017. 0.0022, 0.0020, 0.0009, 0.0007.
H 0.0002, 48 0.0.
2 0.0003, 0.0011. 0.0014, 0.0011, 0.0006.
A 0.0, 0.0002, 0.0002, 0.0012, 0.0010, 0.0020.
B 0.0021, 0.0026, 0.0010, 0.0006, 0.0005, 0.0020,
C 0.0026, 0.0034, 0.0026, 0.0014 0.0001, 0.0006,
D 0.0005, 0.0029, 0.0023, 0.0045, 0.0052, 0.0062,
E 0.0025. 0.0014, 0.0011. 0.0024, 0.0024, 0.0014
F 0.0030, 0.0023, 0.0007, 0.0005, 0.0006, 0.0025,
G 0.0052, 0.0074, 0.0085, 0.0071, 0.0034, 0.0010,
H 0.0021, 0.0003, 0.0003. 0.0005, 0.0, 0.0001.
I 0.0. 0.0001, 0.0, 0.0006, 0.0013, 0.0043,
J 0.0031, 0.0023, 0.0010, 0.0005, 0.0001, 9 0.0,
K 0.0003, 0.0009, 0.0021, 0.0005, 12a0.0, 0.0001,
L 0.0002, 0.0. 0.0001. 3 0.0,
3 0.0016, 0.0013. 0.0011. 0.0011. 0.0006.
A 0.0002, 0.0009, 0.0009, 0.0018. G.0019, 0.0022.
B 0.0031. 0.0023, 0.0006, 0.0004, 0.0006, 0.0030.
C 0.0023, 0.0020, 0.0021, 0.0010. 0.0003, 0.0013,
D 0.0016. 0.0033, 0.0036. 0.0013. 0.0054, 0.0039,
E L'.0010, 0.0007, 0.0010, 0.0045, 0.0032. 0.0031,
F 0.0063, 0.0052, 0.0009, 0.0013. 0.0031, 0.0034.
G 0.0139. 0.0178. 0.0193, 0.0102, 0.0044, 0.0014.

h [ (}
- L
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4 0.0021, 0.0022, 0.0024, 0.0014, 0.0037, 0.0036.
I 0.0010, 0.0016, 0.0014 0.0068, 0.0117, 0.0337,
J 0.0313, 0.0160, 0.0080, 0.0036, 0.0011. 0.0002,
K 0.0006, 0.0001, 0.0002, 0.0001, 0.0002, 0.0002.
L 0.0003, 0.0014, 0.0031, 0.0100, 0.0101, 0.0047,

M 0.0013. 0.0003, 0.0001, 0.0, 0.0001, 3 0.0,
N 0.0001, 0.0001, 0.0, 0.0002, 0.0007, 0.0013.
0 0.0021, 0.0002, 3 0.0,
4 0.0137,0.0115,0.0166,0,0153,0.0153,0,0154,0.0111,0.0100,
5 0.0231,0.0133,0.0218,0.0237,0.0123.0.0041,0.0031,0.0034,
6 0.0052,0.0044,0.0053,0.0050,0.0046,0.0036.0.0037,0.0033,
7 0. 0 0 75,0,0 05 6,0. 0 071,0. 0 0 7 9,0. 0 0 ',3,0. 0 015,0. 0 011,0,0 0 C3,
8 0.0021,0,0015,0,0016,0.0030.0.0013,0.0002,0,0006,0,0014,
9 0.0052,0.0062.0.0033,0.0061,0.0034,0,0015,0,0015,0.0014,
1 43 0.0,

2 0.0045,0,0037,0.0047,0.0042,0.0042,0,0025,0.0031,0.0032,
2 0. 0 0 64,0. 0 0 '+ 3,0. 0 06 5,0. 0 0 7 9 ,0. 0 0 ',0 ,0. 0 010,0. 0 0 0 6,0. 0 0 0 7,
3 0.0023,0.0017,0.0014,0.0014,0.001?. 0.0013,0,0016,0.0017,
4 0.0031,0,0015.0.0030,0.0037,0.CC24,0.0C07,0.0006,0,0006,
5 0.0C04,0.0007,0.0006,0.0010,0.0006,0.0002,0.0004,0.0007,
6 0.0013,0.0022,0.0040,0.0050,0.0020,0.0003,0.0004,0.0006,
7 43 0.0,
JC(1):1,
JC( 2 ): 1,
JC( 3 ): 1,
JC( 4 ):1,

JC(5):1,
JCf6):1,
JC(8):1,

&END
// ISO.SYSIN 03 a

CODY U233 TH230
ECNE PA226
LUNG FN222
/* END OF FILE

)') -
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APPENDIX C. SELECTED PORTIONS OF COMPUTER OUTPUT FOR UDAD SAMPLE PROBLEM

Page

Input Parameters
Namelist INDATA Values 204.......................

Source Data . 209............................

Additional Receptors 210........................

Meteorological Data . 211........................

Maximum Permissible Concentrations (MPC) 213. . . . . . . . . . . . . .

Population Distribution . 214......................

Typical Contributions from Individual Sources 215. . . . . . . . . . . . .

Typical Total Activity Tables 221.....................

Typical Dose Commitment Tables
Conversion Factors 226.........................

Inhalation 229. ............................

External, Ground and Air 232......................

Population 234. ............................

Ingestion . 242. ............................
Summary Tables 244...........................

Typical Time Integrated Dose & Dose Rate Tables
Inhalation, Particulates 246......................

Inhalation, Radon . 250.........................

External, Ground and Cloud 254.....................

Ingestion . 262. ............................

Typical Effective Dispersion Factors per Source 267. . . . . . . . . . . .

Typical Graphical Output
Concentrations in Air and on Ground . 273. .. . . . . . . . . . . . . .

Isopleths . 276. ............................
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APPENDIX C. SELECTED PORTIONS OF COMPUTER OUTPUT FOR UDAD SAMPLE PROBLEM
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USAD SAMPLE PROBLEM LOAD 9 DATE 12/26/78 PAGE 2
METSET SAMPLE METSET

INITIAL tlAMELIST It0ATA VALUES (CCrlT. ):

F2PM(161:
2.90E-01 1.10E-01 4.00E-02 2.00E-02
2.90E-01 1.10E-01 4.00E-02 2.00E-02
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

GPOUFN(5,91:
ORE PAD & GRIT 0ING
OPYING & PACKAGItG
TAILING
PEttAINING LINES ALL BLAT 1K

IADD = 45

1050(3,6):
1301 4 4

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

IDTAIL(5):
3 0 0 0 0

IFODOS(60):
0 0 1 1 1 5 1 1 1 5
1 1 1 1 1 5 1 1 1.

1 5 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 5
5 5 5 5 5 0 0 0 0 0g

. 0 0 0 0 0 0 0 0 0 0

C3 IFOPt15.16):
CCMPLETE LIST Ott PAGE 16 (APPP0XIMATELY)

IFSOL(10):p3
j' 1 1 1 2 2 2 0 0 0 0

Ci IPHO( 6 ):
1 3 7 8 12 15

IYR(10):
1 3 5 7 10 15 20 30 50 70

JC(9):
1 1 1 1 1 1 0 1 0

KPHO = 15
o
w
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N
W
o

UDAD sat 1PLE FPCCLEtt UDAD 9 CATE 12/26/73 FAGE 7
i:ETSET Sat:PLE t:ETSET

ADDITIC|lAL RECEPTOR FOItiTS : 45

# IDENTIFICATICt3 XIVM) Y( Ett ) Z(M)
---------------------------------------------------------------

1 FEtCE FCST 0.83 0.35 0.0
2 TRAILER 1.00 0.50 0.0
3 Pt.NCH 1 1.90 1.40 0.0
4 P At:CH 2 8.20 3.60 0.0
5 pat;CH 3 13.20 7.E0 00
6 PANCH 3V 13.00 7.80 0.0
7 FANCH 4 36.50 15.00 0.0
8 RatiCH 5 12.00 21.80 0.0
9 PANCH J -2.40 20.60 0.0

10 PANCH 6V -2.40 20.60 0.0
11 Pat:CH 7 -13.20 23.30 0.0
12 Rs.t;CH 8 -27.50 -2.50 0.0
13 PANCH 9 -35.20 -14.20 0.0
14 Rti:CH 10 -23.00 -22.40 0.0
15 pat;CH 11 -7.40 -21.80 0.0
16 RANCH 12 -55.30 2.40 0.0
17 RANCH 12V -55.30 2.40 0.0
13 PANCH 13 -67.50 -8.10 0.0
19 P At:CH l'+ -55.70 -46.40 0.0
20 PANCH 15 -23.30 -33.70 0.0
21 Rat:CH 16 27.80 -33.30 6.0
22 PANCH 16V 27.80 -13.30 0.0
23 UEST CITY -73.C0 16.00 0.0
24 FRST CITY 33.C3 35.00 0.0
25 PED TC:01 -65.00 -26.00 0.C
26 ELUE T0'01 -27.00 27.00 0.0
27 E 70',04 TC.nl -5.20 29.00 0.0
23 GFEEtl TC;al 14.C0 35.C0 0.0
2) C'" NSE TCW'l -23.00 5 7. 0'] 0.0
30 FU?FLE TC:'1 56.00 32.00 0.0J
31 WHITE Trini -2;.00 53.00 0.0
32 E II;3I A!. PES 65.C0 0.0 0.0
33 E It:31 ANDES -60.C0 50.00 0.0

LT) 34 EAST FUPAL 40.C0 36.00 0.0
eg 35 f t07TH FURAL -5.00 31.00 0.0'

36 iM FU?ll -23.00 32.00 0.0C 37 W ST FU?AL -65.C0 24.00 0.0
33 COUTH FU?AL 0.0 -45.00 0.0
37 ElFU?AL -45.00 -45.00 0.0

N 40 AC?ICULTURE 1 13.70 33.33 0.0
p3 41 AC?ICULTU?E 2 21.30 34.30 0.0

'

42 4C9ICULTUFE 3 -5.00 30.50 0.0O 43 AC?ICutTU?E 4 -22.00 30.E0 0.0
44 AC'ICULTU"E 5 -55.00 22.C0 0.0
45 A51ICULTUFE 6 -67.50 18.S0 0.0
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UDAD SAMPLE PROBLEM UD AD 9 DATE 12/26/78 PAGE 25
NETSET SAMPLE METSET
UDAD SANPLE NILL ORE PAD & GRINDING

INDIVIOUAL SOURCE CONCENTRATION (PCI/M33 AT EXTRA RECEPTORS---HO RESUSPENSION

<---------- PARTICULATES ----------> <--------------- RADON AND DAUGHTERS ---------------->

# IDENTIFICATION 238U 230TH 226RA 210PD 222RN 218PO 214FB 214BI 210PB 210PO
_.... ____________________________.___________________________________________.________________.___.___.______ ______________. _____

1 FENCE POST 1.82E-04 1.82E- 04 1.82E- 04 1.82E-04 2.59E+012.33E+01 '.35E+00 2.01E*00 8.67E-07 5.99E-15
2 TRAILER 1.30E-04 1.30E-04 1.30E-04 1.30E-04 2.02E+01 1.86E+01 7.03E+00 2.33E+00 1.29E-06 1.40E-14
3 RANCH 1 2.68E-05 2.68E-05 2.68E-05 2.68E-05 5.61E+00 5.43E+00 3.36t+00 2.00E+00 2.78E-06 1.63E-13
4 RANCH 2 1.70E-06 1.70E-06 1.70E-06 1.70E-06 7.25E-01 7.25E -01 6.67L-01 6.2?E-01 6.04E-06 1. 09 E- 11
5 RANCH 3 4.29E-07 4.29E-07 4.29E-07 4.29E-07 2.84E-01 2.84E-01 2.78E-01 2.69E-01 6.50E-06 6.89E-11
6 RANCH 3V 4.29E-07 4.29E-07 4.24E-07 4.29E-07 2.84E-01 2.L4 E-01 2. 78E-J 1 2.69F-01 6.50E-06 6.89E-11
7 RANCH 4 1.31E-07 1.31E-07 1.31E-07 1.31E-07 1.27E-01 1.2'E-01 1.27E-01 1.26E- 01 6.37E-06 2.87E-10
8 RANCH 5 2.00E-07 2.00E-07 2.00E-07 2.00E-07 1.47E-01 1.47E-31 1.45E-L i 1.42E-01 4.16E-06 6.58E-11
9 RANCH 6 1.73E-07 1.73E-07 1.73E-07 1.73E-07 1.94E-01 1.94E-6* 1.92E-01 1.90E-01 4.77E-06 5.12E-11

10 RANCH 6V 1.73E-07 1.73E-07 1.73E-07 1.73E-07 1.94E-01 1.945-01 1.93E-01 1.90E-01 4.77E-06 5.12E-11
11 RANCH 7 3.49E-08 3.49E-03 3.49E-08 3.49E-08 6.96E-02 6.90E-02 6.97E-J2 6 ?!' 02 2.65E-06 6.21E-11
12 RANCH 8 6.88E-08 6.83E-08 6.&3E-03 6.83E-08 1.05E-01 1.05E-01 1.05E-01 1.05t-01 3.73E-06 7.64E-11
13 RANCH 9 4.17E-08 4.17E-08 4.17E-08 4.17E-08 7.07E-02 7.03E-02 7.10E-Oc . 1wE-02 3.66E-06 1.56E-10
14 RANCH 10 5.09E-08 5.09E-08 5.09E-08 5.09E-03 9.22E-02 9.23E-02 9.26E-02 9.26E 02 4.03E-06 1.19E-10
15 RANCH 11 9.82E-03 9.82E-03 9.82E-08 9.82E-03 1.09E-01 1.09E-01 1.07E-Of 1 03E-01 3.1JE-06 4.29E-11
16 RANCH 12 1. 52E-0 3 1.52E-08 1. 52E-08 1.52E-08 4.38E-02 4.38E-02 4.40E-02 4.4?E-02 3 5''-06 3.25E-10
17 RANCH 12V 1.52E-08 1.52E-03 1.52E-08 1.52E-03 4.33E -02 4.33E-02 4.4GE-Oi 4.42E-02 3 31E-06 3.25E-10
18 RANCH 13 1.19E-03 1.19E-03 1.19E-08 1.19E-03 3.57E-02 3.53E-02 3.59E-02 3.60E-02 3.55E-06 4.93E-10
19 RANCH 14 1.10E-03 1.10E-08 1.10E-03 1.10E-03 3.45E-02 !.45E-02 3.47E-02 3.48E-02 3.74E-06 6.01E-10
20 RANCH 15 2.82E-08 2.82E-03 2.82E-03 2.82E-08 5.43E-02 5.43E-02 5.45' -02 5.46E-02 3.3/E-06 1.97E-10
21 RANCH 16 1. 58E-08 1. 58 E- 03 1. 58E -03 1. 58E- 08 1.31E-02 1.31E-02 1.31E-02 1.31E-02 7.81E-07 4.97E-1122 PANCH '6V 1. 58 E-08 1. 58 E -03 1. 532 -0 3 1. 58E- 0 3 1.31E-02 1.31E-02 1.31E-02 1.31E-02 7.81E-07 4.97E-11
23 WEST CITY 5.17E-0 5.17E-09 5.17E-09 5.17E-09 2.66E-02 2.66E-02 2.67E-02 2.68E-02 3.22E-06 6.18E-10
24 EAST CITY 7.78E-08 7.78E-08 7.78E-03 7.78E-03 8.41E-02 8.41E-02 8.43E-02 8.41E-02 5.24E-06 3.57E-1025 PED TCHN 1.26 E-03 1.26 E-0 3 1.26 E-03 1.26 E-03 3.35E-02 3.35E-02 3.37E-02 3.33E-02 3.47E-06 5.29E-10
26 BLUE TOWN 1. 9 0 E-03 1. 90E- 08 1. 9 0 E - 08 1. 90 E - 03 5.14E-02 5.15E-02 5.17E-02 5.17E-02 2.7CE-06 1.14E-10
27 0F0WH TOWN 7.56E-03 7.56E-03 7.56E-03 7.56E-03 1.15E-01 1.15E-01 1.15E al 1.14E-014.26E-06 9.82E-11
23 GREEN TOWN 7.77E-08 7.77E-03 7.77E-03 7.77E-03 7.48E-02 7.49E-02 7.48E .2 7.44E-02 3.54E-06 1.'4E-10
29 ORANGE TCWN 6.59E-09 6.59E-09 6.59E-09 6.59E-09 2.60E-02 2.60E-02 2.61E-02 2.62E-02 2.37E-06 2.90E-10
30 PURPLE TOWN 5.24E-03 5.24E-08 5.24E-03 5.24E-08 6.79E-02 6.79E-02 6.82E-02 6.83E-02 5.87E-06 7.22E-10
31 WHITE TOWN 7.49E-09 7.49E-09 7.49E-09 7.49E-09 2.88E-02 2.89E-02 2.90E-02 2.91E-02 2.47E-06 2.66E-1032 E It01AMRES 3.44E-03 3.44E-C3 3.44E-08 3.44E-08 3.78E-02 3.73E-02 3.79E-02 3.80E-02 3.32E-06 4.27E-1033 E INDIANRES 3.57E-09 3.57E-09 3.57E-09 3.57E-U9 2.19E-02 2.19E-02 2.20E-02 2.21E-02 2.58E-06 4.80E-10
34 EAST PURAL 6.62E-08 6.62E-08 6.6 E-08 6.62E-03 7.65E-02 7.65E-02 7.67E-02 7.67E-02 5.39E-06 4.60E-10
35 NORTH PURAL 6.91E-03 6.91E-03 6.91E-08 6.9 |E-03 1.10E-01 1.10E-01 1.10E-01 1.09 E-01 4.39E-06 1.17E-10
36 NW RURAL 1.91E-03 1. 9 IE-03 1. 91E-03 1. 91E-08 4.95E-02 4.95E-02 4.97E-02 4.93E-02 2.61E-06 1.13E-10
37 WEST RUPAL 3.51E-09 3.51E-09 3.51E-09 3.51E-09 2.75E-02 2.75E-02 2.77E-02 2.77E-02 2.92E-06 4.34E-10()- 38 SOUTH RURAL 2.75E-03 2.75E-08 2.75E-03 2.75E-03 5.79E-02 5.80E-02 5.82E-02 5.83E-02 3.61E-06 2.17E-10
39 SW RURAL 1. 38E-03 1. 38E- 0 3 1. 38 E - 03 1. 38 E-03 4.14E-02 4.14E-02 4.16E-02 4.18E-02 3.95E-06 4.96E-10gs 40 AGRICULTURE 1 7.46E-03 7.46E-03 7.46E-08 7.46E-08 8.32E-02 8.33E-02 8.35E-02 8.34E-02 5.50E-06 4.17E-10
41 AGRICULTURE 2 9.01E-03 9.01E-03 9.01E-03 9.01E-08 8.78E-02 8.79E-02 8.78E '2 8.74E-02 ( .39E-06 1.98E-10SD-- 42 AGRICULT"DE 3 7.09E-03 7.09E-08 7.09E-03 7.09E-03 1.11E-01 1.11E-01 1. i1E- 1.11E-01 4.37E-06 1.12E-10
43 AGRICULTL's 4 2.02E-03 2.02E-03 2.02E-03 2.02E-08 5.11E-02 5.12E-02 5.14E-D2 5.14E-02 2.62E-06 1.07E-10
44 AGRICULTURE 5 4.16E-09 4.16E-0 9 4.16E-09 4.16E-09 3.18E-02 3.18E-02 3.2'e-02 3.21E-02 2.90E-06 3.24E-10

g)h 45 AGRICULTURE 6 5.35E-09 5.35E-09 5.35E-09 5.35E-09 2.97E-02 2.97E-02 2.9 .-02 3.00E-02 3.13E-06 4.63E-10
da
w
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UDAD SAMPLE FFCBLEM USAD 9 DATE 12/26/78 PAGE 35

METSET SAMPLE PETSET
UDtB SAMPLE MILL TAILING

INDIVIDUAL SOURCE CONCENTRATI3H (PCI/M31---NO RESUSPENSICN
------------------------------------------------------------------------------------------------------------------------------------

THETA: 0.0 DEGREE ANGLE

<--------- ------ PARTICULATES ----------------><-------------------------- RADON AND DAUGHTERS ------------------------->

DISTANCE 238U 230TH 226RA 210FB 222PN 218PO ?14Fa 214bt 210PB 210PO

------------------------------------------------------------------------------------------------------------------------------------
'.08E+03 2.97E+03 3.99E+02 5.50E+01 1.27E-05 3.52E-140.10 1.36E-04 1.84E-03 1.93E-03 1. 9 3 E - 03 +

0.50 7.99E-05 1.03E-03 1.14E-03 1.14E-03 1.90E+03 1.62E+03 3.29E+02 6.3;E*01 2.04E-05 9.93E-14
1.00 3.06E-05 4.16E-04 4.37E-04 4.37E-04 7.02E+02 6.67E+02 2.46E+02 7.88E+01 4.33E-05 5.27E-13
2.00 1.27E-05 1.73E-04 1.82E-04 1.82E-04 2.74E+02 2.69E+02 1.65E+02 9.02E+01 1.09E-04 5.09E-12
3.00 7.42E-06 1.01E-04 1.C6E-04 1.06E-04 1.60E+02 1.59E+02 1.19E+02 8.47E+01 1.71E-04 1.97E-11

4.00 4.88E-06 6.62E-05 6.96E-05 6.96E-05 1.1CE+02 1.10E+02 9.09E+01 7.35E+01 2.19E-04 4.93E-11
5.00 3.47E-06 4.71E-05 4.95E-05 4.95E-05 8.21E+01 8.20E+01 7.20E+01 6.26E+01 2.54E-04 9.76E-11

10.00 1.13E-06 1. 5'* E - 0 5 1.62E-05 1.62E-05 3.42E+01 3.42E+01 3.28E*01 3.14E+01 3.31E-04 6.77E-10
20.00 3.46E-07 4.70E-06 4.94E-06 4.94E-06 1.49E+01 1.49E+01 1.47E+01 1. 45E + 01 3.56E-04 3.65E-09
30.00 1.70E-07 2.31E-06 2.43E-06 2.43E-06 9.25E+00 9.25E+00 9.25E+00 9.22E+00 3.53E-04 9.02E-09
40.00 1.02E-07 1.39E-06 1.46E-06 1.46E-C6 6.61E+00 6.61E+00 6.63E+00 6.63E+00 3.50E-04 1.67E-08

50.00 6.88E-08 9.33E-07 9.81E-07 9.81E-07 5.00E+00 5.0SE+00 5.10E+00 5.11E+00 3.55E-04 2.66E-C8
60.00 4.96E-C8 6.73E-07 7.CSE-07 7.03E-07 4.00E*00 4.09E+00 4.11E+00 4.12E+00 3.51E-04 3.87E-08
70.00 3.81E-C8 5.17E-07 5.43E-07 5.43E-07 3.39E+00 3.39E+00 3.40E+00 3.42E+00 3.47E-04 5.27E-OS

80.00 3.07E-00 4.16E-07 4.37E-07 4.37E-07 2.87E+00 2.87E+00 2.89E+00 2.90E+00 3.43E-04 6.88E-08

THETA: 22.50 DEGREE ANGLE

(J7 <---------------- PARTICULATES ----------------><-------------------------- RACON AND DAUGHTERS ------------------------->
CS

DISTANCE 238U 230TH 226RA 210PB 222RN 218PO 214FB 214BI 210FB 210PO
CC) -----_---_------------------__--------------------_.---------------_---------_-----------------_-----__-_---------_-..----_----_----

0.10 1.83E-04 2.48E-03 2.61E-03 2.61E-03 4.93E+03 3.36E+03 4.07E+02 5.27E+01 1.15E-05 2.84E-14
0.50 3.76E-04 5.10E-03 5.36E-03 5.36E-03 3.53E+03 2.65E+03 4.06E+02 6.36E+01 1.6BE-05 5.92E-14

r -) 1.00 1.23E-04 1.6SE-03 1.76E-03 1.76E-03 1.24E+03 1.14E+03 3.60E+02 1.00E+02 4.69E-05 4.37E-13

p sj 2.00 4.39E-05 5.96E-04 6.26E-04 6.26E-04 3.74E+02 3.63E+02 2.06E+02 1.07E+02 1.15E-04 4.52E-12
, 3.00 2.24E-05 3.05E-04 3.20E-04 3.20E-04 1.80E+02 1.78E+02 1.26E+02 8.56E+01 1.59E-04 1.6CE-11

4.00 1.lBE-05 1.88E-04 1.97E-04 1.97E-04 1.10E+02 1.10E*02 8.64E+01 6.77E+01 1.88E-04 3.80E-11' ~ '

5.00 9.46E-06 1.2SE-04 1.35E-04 1.35E-04 7.66E+01 7.64E+01 6.39E+01 5.42E+01 2.07E-04 7.24E-11
10.00 2.87E-06 3.90E-05 4.10E-05 4.10E-05 2.7CE+01 2.70E+01 2.51E+01 2.35E+01 2.37E-04 4.61E-10
20.00 8.51E-07 1.16E-05 1.21E-05 1.21E-05 1.07E+01 1.07E+01 1.05E+01 1.01E+01 2.37E-04 2.37E-09
30.00 4.23E-07 5.74E-06 6.03E-06 6.03E-06 6.45E*00 6.45E+00 6.42E+00 6.34E+00 2.33E-04 5.76E-09
40.00 2.5SE-07 3.51E-06 3.67E-06 3.67E-06 4.56E+00 4.56E+00 4.56E+00 4.54E*00 2.31E-04 1.06E-08
50.00 1.75E-07 2. 38 E-06 2.50E-06 2.50E-06 3.49E*00 3.49E+00 3.50E+00 3.50E+00 2.29E-04 1.69E-08
60.00 1.28E-07 1.74E-06 1.82E-06 1.82E-06 2.80E+00 2.80E+0D 2.82E+00 2.82E+00 2.26E-04 2.46E-08
70.00 9.90E-08 1.34E-06 1.41E-06 1.41E-06 2.32E+00 2.32E+00 2.33E+00 2.34E+00 2.2'+E-04 3.36E-08
80.00 8.02E-03 1.09E-06 1.14E-06 1.14E-06 1.97E+00 1.97E+00 1.98E+00 1.99 E * 0 0 2.21E-04 4.38E-08

ra
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UDAD SAMPLE PF00LEM UDAD 9 DATE 12/26/78 PAGE t. 4

METSET SAMPLE METSET

THETA: 0.0 DEGREE ANGLE
-------..... -----------_--------------------------_.-------------------------------------------------------------------------- ----

TOTAL CCNCENTRATIDH IN AIR (PCI/F31

DISTANCE 2380 230TH 226RA 210FB 210PO 222PN
......-----------_-_----------------_------------_---- ._---------_-_------------------_.. -----------------------------------------

0.10 2.45E-02 7.76E-03 6.93E-03 6.95E-03 6.93E-03 4.26E+03
0.50 3.01E-02 4.46E-03 3.17E-03 3.20E-03 3.17E-03 1.99E+03
1.00 1.22E-02 1.50E-03 9.66E-04 1.02E-03 9.6SE-04 7.25E+02
2.00 3.37E-03 4.91E-04 3.4EE-04 4.80E-04 3.54E-04 2.80E+02
3.00 1.47E-03 2.54E-04 1.94E-04 4.00E-04 2.02E-04 1.64E+02
4.00 8.03E-04 1.57E-04 1.25E-04 3.89E-04 1.36E-04 1.12E+02
5.00 4.99E-04 1.07E-04 8.72E-05 3.94E-04 1.01E-04 8.36E+01

10.00 1.11E-04 3.19E-05 2.80E-05 4.27E-04 4.43E-05 3.48E+01
20.00 2.44E-05 9.17E-06 8.43E-06 4.3SE-04 2.65E-05 1.51E+01
30.00 1.04E-05 4.42E-06 4.13E-06 4.37E-04 2.23E-05 9.39E+00
40.00 5.76E-06 2.62E-06 2.47E-06 4.33E-04 2.06E-05 6.71E+00
50.00 3.64E-06 I.75E-06 1.66E-06 4.29E-04 1.96E-05 5.16E+00
60.00 2.49E-06 1.25E-06 1.20E-06 4.24E-04 1.9 0 E-05 4.15 E + 00
70.00 1.81E-06 9.55E-07 9.16E-07 4.19E-04 1.85E-05 3.44E+00
80.00 1.37E-06 7.64E-07 7.36E-07 4.14E-04 1.82E-05 2.92E+00

TOTAL ACTIVITY ON GPOUND fPCI/M2)
OPERATION LIFETIME DEFOSITION (15 YEARS)

DISTANCE 238U 230TH 226RA 210PB 210PO
-------------------_------------------_-_-_ ---------------___--.------_--_---- ------------_---_ ._--------------_--_-----_------__

0.10 6.71E+04 5.89E+04 5.87E+04 5.87E+04 5.87E+04
0.50 8.09E+04 3.40E+04 3.18E+04 3.18E+04 3.1SE+04
1.00 3.26E+04 1.20E+04 1.10E+04 1.11E+04 1.11E*04
2.00 9.09E+03 4.42E+03 4.21E+03 4.32E+03 4.31E+03
3.00 3.99E+03 2.41E+03 2.34E+03 2.51E+03 2.51E+03
4.00 2.19 E + 0 3 1.51E+03 1.4SE+03 1.71E+03 1.70E+03
5.00 1.37E+03 1.03E+03 1.02E+03 1.28E+03 1.22E+03

LJ1 10.00 3.08E+02 2.95E+02 2.95E+02 6.3SE+02 6.26E+02
cts 20.00 6.80E+01 7.50E+01 7.57E+01 4.45E+02 4.32E+02
C:) 30.00 2.89E+01 3.24E+01 3.27E+01 4.04E+02 3.92E+02

40.00 1.59E+01 1.75E+01 1.77E+01 3.&SE+02 3.76E+02
50.00 1.00E+01 1.03E+01 1.08E+01 3.78E+02 3.66E+02
60.00 6.84E+00 7.19E+00 7.23E+00 3.71E+02 3.59E*02

I' 3 70.00 4.95E*00 5.15E+00 5.12 E + 00 3.64E+02 3.53E+02
(- 1 80.00 3.75E+00 3.91E+00 3.93E+00 3.59E+02 3.47E+02
-

,-.
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UDAD SAMPLE PROBLEM UDAD 9 OATE 12/26/78 PAGE 68
METSET SAMPLE METSET

TOTAL CONCENTRATION IN AIR (PCI/M3)

0 IDENTIFICATION X(KM) YtFM) ZI M ) U238 TH230 PA226 PB210 P0210 RN222 WL
_____.________....________________._ _.____. . _____________________.________.._________ ________________.________________._________

1 FENCE FOST 0.9 0.4 0.0 2.02E-02 2.97E-02 3.03E-02 3.03E-02 3.03E-02 4.26E+03 6.65E-03
2 TRAILER 1.0 0.5 0.0 1.40E-02 1.73E-02 1.80E-02 1.81E-02 1.80E-02 2.43E+03 5.26E-03
3 RANCH 1 1.9 1.4 0.0 3.29E-03 3.04E-03 3.04E-03 3.23E-03 3.05E-03 4.22E+02 2.03E-03
4 RANCH 2 8.8 3.6 0.0 2.0SE-04 2.30E-04 2.32E-04 6.99E-04 2.52E-04 5.01E+01 4.43E-04
5 RANCH 3 18.8 7.6 0.0 4.75E-05 5.72E-05 5.79E-05 5.57E-04 7.83E-05 1.87E+01 1.72E-04
6 RANCH 3V 13.8 7.8 0.0 4.75E-05 5.72E-05 5.79E-05 5.57E-04 7.8SE-05 1.87E+01 1.78E-04
7 RANCH 4 36.5 15.0 0.0 1.39E-05 1.77E-05 1.79E-05 5.17E-04 3.39E-05 8.45E+00 8.29E-05
8 RANCH 5 12.0 21.8 0.0 2.11E-05 2.03E-05 2.03E-05 3.43E-04 3.3SE-05 9.62E+00 9.27E-05
9 RANCH 6 -2.4 20.6 0.0 1.SSE-05 6.66E-06 6.0SE-06 3.70E-04 2.14E-05 1.24E+01 1.21E-04

10 RANCH 6V 2.4 20.6 0.0 1.83E-05 6.66E-06 6.03E-06 3.70E-04 2.14E-05 1.24E+01 1.21E-04
11 RANCH 7 -18.2 23.3 0.0 3.74E-06 1.13E-06 1.01E-06 2.10E-04 9.81E-06 4.57E+00 4.50E-05
12 RANCH 8 -27.5 -2.5 0.0 7.15E-06 1.59E-06 1.31E-06 2.96E-04 1.37E-05 6.89E*00 6.77E-05
13 RANCH 9 -35.2 -14.8 0.0 4.20E-06 9.66E-07 8.07E-07 2.89E-04 1.29E-05 4.65E+00 4.53E-05
14 RANCH 10 -23.0 -22.4 0.0 5.1SE-06 8.04E-07 5.86E-07 3.13E-04 1.37E-05 6.00E+00 5.92E-05
15 RANCH 11 -7.4 -21.8 0.0 1.05E-05 3.07E-06 2.70E-06 2.45E-04 1.29E-05 7.18E*00 7.02E-05
16 RAMCH 12 -55.3 2.4 0.0 1.49E-06 3.97E-07 3.44E-07 2.77E-04 1.20E-05 2.89E+00 2.86E-05
17 RANCH 12V -55.3 2.4 0.0 1.49E-06 3.97E-07 3.44E-07 2.77E-04 1.20E-05 2.89E+00 2.86E-05
18 RAMCH 13 -67.5 -8.1 0.0 1.16E-06 3.05E-07 2.63E-07 2.8uE-04 1.21E-05 2.36E+00 2.34E-05
19 RANCH 14 -55.7 -46.4 0.0 1.06E-06 2.13E-07 1.71E-07 2.96E-04 1.26E-05 2.29E*00 2.27E-05
20 RANCH 15 -23.3 -33.7 0.0 2.81E-06 7.63E-07 6.63E-07 2.69E-04 1.19E-05 3.63E+00 3.59E-05
21 RANCH 16 27.8 -13.3 0.0 1.53E-06 4.92E-07 4.42E-07 6.23E-05 3.04E-06 8.78E-01 8.66E-06
22 RANCH 16V 27.8 -33.3 0.0 1.53E-06 4.92E-07 4.42E-07 6.23E-05 3.04E-06 8.7SE-01 8.66E-06
23 WEST CITY -78.0 16.0 0.0 5.03E-07 1.9 0 E - 07 1.75E-07 2.54E-04 1.0?E-05 1.76E+00 1.74E-05
24 EAST CITY 33.0 35.0 0.0 8.11E-06 1.05E-05 1.07E-05 4.22E-04 2.89E-05 5.60E+00 5.51E-05
25 RED TOWN -65.0 -26.0 0.0 1.22E-06 3.10E-07 2.65E-07 2.70E-04 1.17E-05 ?.19E+00 2.17E-05
26 DLUE TCNN -27.0 27.0 0.0 2.00E-06 7.21E-07 6.60E-07 2.09E-04 9.41E-06 3.30E+00 3.26E-05

77 27 ERCWN TOWN -5.2 29.0 0.0 7.90E-06 2.97E-06 2.74E-06 3.31E-04 1.65E-05 7.41E+00 7.2SE-05,

28 GREEN Tomi 14.0 35.0 0.0 7.91E-06 6.65E-06 6.61E-06 2.26E-04 1.84E-05 4.93E+00 4.89E-05rs
. 29 CRANGE TOWN -23.0 59.0 0.0 6.61E-07 2.10E-07 1.8SE-07 1.8SE-04 8.09E-05 1.72E+00 1.71E-05
' - 30 PURPLE TCRM 56.0 32.0 0.0 5.45E-06 7.33E-06 7.45E-C6 4.71E-04 2.70E-05 4.SiE+00 4.49E-05

31 M11TE TONN -29.0 53.0 0.0 7.53E-07 2.61E-07 2.37E-07 1.96E-04 8.47E-06 1.91E+00 1.89E-05
32 E AUDIAMRES 65.0 0.0 0.0 3.44E-06 2.85E-06 2.83E-06 2.63E-04 1.3SE-05 2.51E+00 2.43E-05

&J 33 E INDIANRES -60.0 50.0 0.0 3.58E-07 1.90E-07 1.82E-07 2.05E-04 8.81E-06 1.45E+00 1.44E-05
, -a 34 EAST PURAL 40.0 36.0 0.0 6.89E-06 9.16E-06 9.31E-06 4.34E-04 2.72E-05 5.10E+00 5.03E-05
7s3 35 NORTH RURAL -5.0 31.0 0.0 7.17E-06 2.79E-06 2.53E-06 3.42E-04 1.6SE-05 7.10E+00 6.98E-05

36 M4 RURAL -23.0 32.0 0.0 1.98E-06 6.48E-07 5.83E-07 2.07E-04 9.27E-06 3.27E+00 3.22E-05~'

37 WEST RUPAL 65.0 24.0 0.0 3.53E-07 1.96E-07 1.89E-07 2.31E-04 9.94E-06 1.32E+00 1.80E-05
33 SOUTH RURAL 0.0 -45.0 0.0 2.75E-06 5.62E-07 4.54E-07 2.77E-04 1.21E-05 3.75E+00 3.70E-05
39 SW PURAL -45.0 -45.0 0.0 1.34E-06 2.31E-07 1.75E-07 3.07E-04 1.31E-05 2.70E+00 2.67E-05
40 AGRICULTURE 1 33.7 33.3 0.0 7.78E-06 1.03E-05 1.04E-05 4.44E-04 2.87E-05 5.55E+00 5.47E-05
41 ACRICULTURE 2 21.3 34.3 0.0 9.31E-06 1.01E-05 1.02E-05 3.53E-04 2.46E-05 5.81E+00 5.70E-05
42 AGRICULIURE 3 -5.0 30.5 0.0 7.37E-06 2.85E-06 2.64E-06 3.40E-04 1.6SE-05 7.20E+00 7.0SE-05
43 AGRICULTURE 4 -22.8 30.8 0.0 2.10E-06 6.83E-07 6.19E-07 2.0SE-04 9.33E-06 3.37E+00 3.33E-05
44 AGRICULTURE 5 -56.0 22.0 0.0 4.25E-07 2.43E-07 2.35E-07 2.30E-04 9.92E-06 2.11E+00 2.09E-05
45 AGRICULTURE 6 -67.5 13.8 0.0 5.28E-07 2.19 E-07 2.04E-07 2.47E-04 1.06E-05 1.97E+00 1.94E-05
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UDAD SA"PLE FPOCLEM UDAD 9 DATE 12/26/78 PAGE 100METSET sat PLE NETSET

INHALATION DOSE CCNVEPSION FACTORS (tGEM/YEAP/PCI/lf3)
DOSE RATE AFTER 50 YEARS CCNTINUCUS INHALATION OF 1 FCI/M3

PARTICLE SIZE = 0.3 MICRCNS DENSITY = 1.00 U238 U234 TH230 P. PB210 P0210________________________________________________________________________________________________.26___________________________________
NASCPHARYNSEAL 6.14E+00 5.52E+02TPACHECCRCMCHIAL 4.46E-02 4.51E+00FULt:3 MARY

8.52E+01 4.21E+02WHOLE CCDY
7.46E*00 1. 29 E + 00EOSE
2.32E+02 5.24E+00VIONEY
1.93E+02 3.87E+01LIVER
5.91E+01 1.15E+01STCMACH
3.29E-02 5.05E-01SHALL INTESTINE 1.25E-02 1.15E-01UFFER LAPCE INTESTINE 4.29E-02 9.3;E-01

LCNER LAPDE INTESTINE 3.86E-02 8.41E-01LitlTH t;CDES
8.42E+02 1.01E+03

PARTICLE SIZE = 1.0 MICRCNS DENSITY = 8.90 U233 U234 TH230 RA226 PB P0210____________________________________________________________________________________________________________210________________________
NACOPHARYNSEAL 4.1SE+03 4.77E+03 4.67E403 9.75E+03 5.41E+01 4.86E+03TRACHECCRONCHIAL 2.32E+00 2.64E+00 2.53E*00 4.82E+00 2.10E-02 2.16E+00FULNCNARY 1.75E+03 1.99E+03 1.95E+03 4.52E+02 3.37E+01 1.67E+02NHOLE EDDi 1.44E+00 1.64E+00 1.37E+02 3.97E+01 9.24E+00 1.77E+00CCME 2.42E+01 2.64E+01 4."0E+03 3.97E+02 2.87E+02 7.22E+00FICNEY 5.53E+00 6.30E+00 1.37E+03 1.4 0 E + 00 2.39E+02 5.33E+01LIVER 0.0 0.0 2.82E+C2 4.94E-02 7.32E+01 1.59E+01STCMACH 5.39E+00 6.01E+00 5.39E+00 3.49E-01 1. 95E-02 3.23E-01SMALL INTESTIt;E 1.22E+00 1.4CE+00 1.34E+00 7.93E-02 7.40E-03 7.44E-02UFFE R LAPCE INTESTINE 9.92E+00 1.11E+01 1.09E+01 6.46E-01 2.55E-02 6.07E-01LC::ER LAPGE INTESTIt:E 8.93E+00 1.00E+01 9.81E+00 5.81E-01 2.29E-02 5.46E-01LYMPH t;C3ES 7.38E+04 8.41E+04 8.24E+04 1.49E+03 3.33E+02 4.01E+C2
FARTICLE SIZE = 1.0 MICRCNS DENSITY = 2.40 U233 U234 TH230 RA226 P0210__________________._______________________________________________________________________________________FBC10__________________________
t|ASCIU .'.9 YNC E AL 2.85E+03 3.25E+03 3.1EE+03 6.65E+03 3.69E+01 3.31E+03

(;p3 TPACHEC:RCNCHIAL 2.81E 4 00 3.21E+00 3.14 E + 00 6.03E+00 2.65E-02 2.71E+00Putt;0 MIRY
C7% 2.37E+03 2.70E+03 2.65E+03 6.14E+02 4.5SE+01 2.27E+02NSCLE CC3Y 1.65E+00 1.87E+00 1. 6 5 E + 02 3.40E+01 8.24E+00 1.SiE+00C:] CCNE 2.73E+01 3.03E+01 5.95E+03 3.40E+02 2.56E+02 6.29E+00MIONEY 6.33E+00 7.22L+C0 1.67E+03 1.2CE+00 2.13E,u2 4.64E+01LIVER 0.0 0.0 3.43E+04 9.J2E-02 6.53E+01 1.33E401ps 3 STCMACH 7.23C+00 8.07E+00 7.90E+00 3.92E-01 2.19E-02 3.55E-01l'7', S: TALL INTESTINE 1.64E+00 1.87E+00 1. E C E + 0 0 8.90E-02 8.31E-03 8.06E-02UTFER LAPGE INTESTINE 1.35E*01 1.49E+01 1.46E+01 7.26E-01 2.86E-02 6.57F-01C7' LCNER LARGE INTESTINE 1.21E+01 1.35E+01 1.32E+01 6.53E-01 2.57E-02 5.91E-01L1 NTH t:CCES 1.00E+05 1.14E+05 1.12E+05 2.02E+03 4.53E+02 5.45E+02
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UDAD SAMPLE PPCBLEM UDAD 9 DATE 12/26/78 PAGE 116
METSET SA"PLE METSET
CRONCHIAL EPITHELIUt1 ANGLE OF MAX DISPERSICH = 67.5 DEGREES

RADDN WORKING LEVEL MONTH

DEGPEES

DISTANCE (KM) 0.0 22.5 45.0 67.5 90.0 112.1 135.0 157.5
_________________ ___________________________________________________ _____________________

0.1 5.32E-01 6.47E-01 7.50E-01 7.72E-01 7.83E-01 8.05E-61 7.61E-01 6.43E-01
0.5 2.49E-01 4.50E-01 8.02E-01 1.05E+00 1.10E+00 9.23E ' 1 5.12E-01 3.66E-01
1.0 9.06E-02 1.57E-01 2.66E-01 4.25E-01 3.25E-01 1.34r 01 9.30E-02 9.99E-02
2.0 3.50E-02 4.73E-02 5.93E-02 8.22E-02 5.24E-02 1.'5E-02 1.04E-02 2.22E-02
3.0 2.05E-02 2.23E-02 2.95E-02 3.80E-02 2.29E-02 .uSE-03 4.74E-03 9.43E-03
4.0 1.40E-02 1.40E-02 1.86E-02 2.31E-02 1.35E-02 4.49E-03 2.87E-03 5.29E-03
5.0 1.05E-02 9.71E-03 1.33E-02 1.61E-02 9.26E-03 3.05E-03 1.99E-03 3.42E-03

10.0 4.35E-03 3.43E-03 5.00E-03 5.85E-03 3.26E-03 1.06E-03 7.12E-04 9.86E-04
20.0 1.89E-03 1.35E-03 2.07E-03 2.39E-03 1.30E-03 4.23E-04 2.89E-04 3.35E-04
30.0 1.17E-03 8.19E-04 1.27E-03 1.46 E-0 3 7.93E-04 2.63E-04 1.77E-04 1.93E-04
40.0 8.39E-04 5.78E-04 9.02E-04 1.04E-03 5.66E-04 1.87E-04 1.26E-04 1. 3 '* E - 0 4
50.0 6.45E-04 4.43E-04 6.91E-04 7.93E-04 4.32E-04 1.43E-04 9.67E-05 1.03E-04
60.0 5.19E-04 3.56E-04 5.54E-04 6.35E-04 3.46E-04 1.15E-04 7.77E-05 8.26E-05
70.0 4.30E-04 2.95E-04 4.53E-04 5.26E-04 2.86E-04 9.49E-05 6.44E-05 6.85E-05
80.0 3.65E-04 2.50E-04 3.89E-04 4.45E-04 2.42E-00 8.05E -05 5.47E-05 5.81E-05

DEGREES

LJ' DISTANCE (KH1 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5
C'N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C) 0.1 5.49E-01 4.98E-01 4.45E-01 4.18E-01 4.10E-01 4.18E-01 4.44E-01 4.93E-01
0.5 2.76E-01 2.03E-01 1.69E-01 1.46E-01 1.35E-01 1.31E-01 1.3SE-01 1.63E-01
1.0 9.04E-02 7.87E-02 7.15E-02 6.34E-02 5.78E-02 5.35E-02 5.29E-02 5.80E-02
2.0 2.86E-02 2.65E-02 2.72E-02 2.51E-02 2.34E-02 2.06E-02 1.92E-02 1.99E-02

I' O 3.0 1.55E-02 1.42E-02 1.54E-02 1.43E-02 1.35E-02 1.16E-02 1.07E-02 1.09E-02
_ . . ~ 4.0 1.02E-02 9.1SE-03 1.03E-02 9.60E-03 9.14E-03 7.73E-03 7.14E-03 7.19E-03

- 5.0 7.43E-03 6.60E-03 7.62E-03 7.08E-03 6.80E-03 5.6SE-03 5.24E-03 5.23E-03
10.0 2.92E-03 2.51E-03 3.08E-03 2.86E-03 2.80E-03 2.2BE-03 2.03E-03 2.05E-03
2J.0 1.23E-03 1.03E-03 1.32E-03 1.23E-03 1.22E-03 9.81E-04 8.84E-04 8.62C 04
30.0 7.56E-04 6.33E-04 8.20E-04 7.68E-04 7.64E-04 6.12E-04 5.47E-04 5.31E-09
40.0 5. 38E-04 4.51E-04 5.86E-04 5.49E-04 5.43E-04 4.39E-04 3.91E-04 3.78E-04
50.0 4.13E-04 3.47E-04 4.51E-04 4.22E-04 4.21E-04 3.33E-04 3.01E-04 2.91E-04
60.0 3.32E-04 2.79E-04 3.63E-04 3.40E-04 3.39E-04 2.71E-04 2.42E-04 2.34E-04
70.0 2.76E-04 2.31E-04 3.01E-04 2.81E-04 2.81E-04 2.25E-04 2.01E-04 1.94E-04
80.0 2.34E-04 1.96E-04 2.55E-04 2.39E-04 2.38E-04 1.90E-04 1.70E-04 1.65E-04

to
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UDAD SAMPLE PPC3LEM UDAD 0 DATE 12/26/78 PAGE 126

METSET SAMcLE METSET
SKIN ANGLE OF MAX DISPERSION = 67.5 DEGREES

EXTERHAL DOSE COMMITMENTS (MREWYEAP,1 FRCH CLOUD SUBMERSIDH

ANGLE DISTANCElkMI U238 U234 TH230 RA226 PC210-RN222 total
- -------------------------------------------------------------------... ----.----..----------- .-----------------.----------

67.5 0.1 3.96E-04 6.45E-06 1.22E-06 1.58E-04 4.25E+00 4.25E+00

1.0 1.04E-04 1.70E-06 2.52E-06 4.31E-04 7.02E+00 7.02E+00

5.0 4.52E-06 7.36E-08 7.98E-08 1.35E-05 3.13E+00 3.13E+00
.

10.0 1.13E-06 1.83E-08 2.17E-08 3.69E-05 1.41E+00 1.41E+00

50.0 5.33E-08 8.68E-10 1.20E-09 2.05E-07 2.20E-01 2.20E-01
80.0 2.23E -08 3.63E-10 5.39E-10 9.23E-08 1.24E-01 1.24E-01

0.0 0.1 1.45E-04 2.36E-06 8.02E-07 1.21E-04 4.32E+00 4.32E+00
1.0 7.21E-05 1.17E-06 1.55E-07 1.68E-05 3.99E+00 3.99E+00
5.0 2.96E-06 4.81E-08 1 11E-08 1.53E-06 2.27E+00 2.27E+00

10.0 6.58E-07 1.07E-08 3.30E-09 4.88E-07 1.11E+00 1.11E+00

50.0 2.15E-08 3.51E-10 1.81E-10 2.89E-08 1.79E-01 1.79E-01
80.0 8.14E-09 1.32E-10 7.90E-11 1.28E-08 1.02E-01 1.02E-01

90.0 0.1 3.17E-04 5.16E-06 1.25E-06 1.75E-04 4.27E+00 4.27E+00
1.0 6.11E-05 9.95E-07 1.83E-06 3.15E-04 4.89E+00 4.89E+00
5.0 2.55E-06 4.16E-08 3.43E-08 5.71E-06 1.78E+00 1.78E+00

10.0 6.47E-07 1.05E-08 8.72E-09 1.45E-06 7.83E-01 7.83E--01

50.0 3.29E-08 5.36E-10 4.68E-10 7.81E-08 1.20E-01 1.20E-01
80.0 1.41E-08 2.29E-10 2.11E-10 3.54E-08 6.75E-02 6.75E-02

180.0 0.1 1.17E-04 1.90E-06 6.41E-07 9.62E-05 4.63E+00 4.63E+00
1.0 4.59E-05 7.47E-07 9.92E-08 1.08E-05 4.07E+00 4.07E+00
5.0 1.86E-06 3.03E-08 4.53E-09 5.28E-07 1.62E+00 1.62E+00

10.0 4.08E-07 6.65E-09 1.10E-09 1.34E-07 7.52E-01 7.52E-01
50.0 1.31E-03 2.13E-10 4.79E-11 6.56E-09 1.15E-01 1.15E-01
80.0 4.97E-09 8.09E-11 2.06E-11 2.91E-09 6.51E-02 6.51E-02

U1
270.0 0.1 1.18E-04 1.92E-06 6.73E-07 1.92E-04 4.66E+00 4.66E+00

c~vs 1.0 4.60E-05 7.48E-07 7.71E-08 6.86E-06 3.90E+00 3.90E+00
CCD 5.0 1.80E-06 2.94E-08 4.04E-09 4.50E-07 1.55E+00 1.55E*00

10.0 3.87E-07 6.30E-09 1. 0',E - 0 9 1.31E-07 7.32E-01 7.32E-01
50.0 1.18E-08 1.92E-10 5.16E-11 7.40E-09 1.17E-01 1.17E-01

rs J 80.0 4.52E-09 7.36E-11 2.22E-11 3.28E-09 6.63E-02 6.63E-02
;-

UJ

N
W
W
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UDAD SAMPLE PPODLEM UDAD 9 DATE 12.'26/78 PAGE 178

NETSET SAMPLE METSET
ERONCHIAL EPITHELIUM

INHALATICN DOSE COMMITMENTS (MREH/ YEAR) ANu WORKING LEVEL M0 tith AT EXTRA RECEPTCRS FROM RADON

# IDENTIFICATION X(VM) Y( KM ) ZlH) DOSE RATE WLH

---------------------------------------- -------------------- .....--..-------- -----

1 FENCE POST 0.85 0.35 0.0 2.66E+03 5.32E-01
2 TPAILER 1.00 0.50 0.0 1.52E+03 3.04E-01
3 PANCH 1 1.90 1.40 0.0 2.64E+02 5.28E-02
4 PANCH 2 8.80 3.60 0.0 3.13E+01 6.26E-03
5 RANCH 3 18.80 7.80 0.0 1.17E+01 2.34E-03
6 RANCH 3V 18.80 7.80 0.0 1.17E+01 2.34E-03
7 RANCH 4 36.50 15.00 0.0 5.28E+00 1.06E-03
8 RANCH 5 12.00 21.80 0.0 6.01E+00 1.20E-03
9 PANCH 6 -2.40 20.60 0.0 7.75E+00 1.55E-03

10 RANCH 6V -2.40 20.60 0.0 7.75E+00 1.55E-03
11 RANCH 7 -18.20 23.30 0.0 2.86E+00 5.71E-04
12 PANCH 8 -27.50 -2.50 0.0 4.30E+00 8.61E-04
13 RANCH 9 -35.20 -14.80 0.0 2.91E+00 5.81E-04
14 PANCH 10 -23.00 -22.40 0.0 3.75E+00 7.50E-04
15 RANCH 11 -7.40 -21.80 0.0 4.49E+00 8.98E-04
16 RANCH 12 -55.30 2.40 0.0 1.81E+00 3.61E-04
17 PANCH 12V -55.30 2.40 0.0 1.81E + 00 3.61E-04
18 RANCH 13 -67.50 -8.10 0.0 1.48E+00 2.95E-04
19 RANCH 14 -55.70 -46.40 0.0 1.43E+00 2.86E-04
20 RANCH 15 -23.30 -38.70 0.0 2.27E+00 4.54E-04

(_7,
21 RANCH 16 27.80 -38.30 0.0 5.49E-01 1.10E-04

C'N 22 RANCH 16V 27.80 -18.30 0.0 5.49E-01 1.10E-04
C] 23 WEST CITY -78.00 16.00 0.0 1.10E+00 2.20E-04

24 EAST CITY 33.00 35.00 0.0 3.50E+00 6.99E-04
25 RED TORM -65.00 -26.00 0.0 1.3'E+00 2.74E-04
26 BLUE TONN -27.00 27.00 0.0 2.06E+00 4.13E-04

p ''s 27 EROWN TOWN -5.20 29.00 0.0 4.63E+00 9.27E-04
- 28 GREEN TOUN 14.00 35.00 0.0 3.11E+00 6.23E-04

3 29 OPANGE TOWN -23.00 59.00 0.0 1.08E+00 2.16E-04'

30 PUPPLE TOWN 56.00 32.00 0.0 2.84E+00 5.68E-04
31 WHITE TOWN -29.00 53.00 0.0 1.20E+00 2.39E-04
32 E INDIANRES 65.00 0.0 0.0 1.57E+00 3.14E-04
33 E IMDIAURES -60.00 50.00 0.0 9.07E-01 1.81E-04
34 EAST PURAL 40.00 36.00 0.0 3.19E+00 6.38E-04
35 NORTH RURAL -5.00 31.00 0.0 4.44E+00 8.87E-04
36 NW RURAL -23.00 32.00 0.0 2.04E+00 4.08E-04
37 WEST PdRAL -65.00 24.00 0.0 1.14E+00 2.28E-04
38 SOUTH RURAL 0.0 -45.00 0.0 2.34E+00 4.68E-04
39 Ek RURAL -45.00 -45.00 0.0 1.69E+00 3. 38E-04
40 AGRICULTURE 1 38.70 33.30 0.0 3.47E+00 6.94E-06
41 AGRICULIURE 2 21.30 34.30 0.0 3.63E+00 7.26E-04
42 AGRICULTUPE 3 -5.00 30.50 0.0 4.50E+00 9.00E-04
43 AGRICULTUPE 4 -22.80 30.80 0.0 2.11E+00 4.21E-04
44 AGRICULTURE 5 -56.00 22.00 0.0 1.32E+00 2.64E-04
45 AGRICULTUPE 6 -67.50 18.80 0.0 1.23E+00 2.46E-04 na

d
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UDAD SAMPLE PROCLEM UDAD 9 DATE 12/26/78 PAGE 179
METSET SAMPLE METSET
SKIN

EXTEPNAL DOSE COMMITMENTS (MRE W YEAR) AT EXTRA RECEPTORS FROM GPOUND DEPOSITION

# IDENTIFICATION X( KM ) Y(KM) Z( M ) U238 U234 TH230 RA226 PB210 TOTAL
________...___________________..__ ......._______. ______________..___.___ .. ___________.____..______.._. ___________________._____

1 FENCE POST 0.85 0.35 0.0 8.54E+01 1.48E-01 6.94E-01 4.43E+02 1.68E+02 6.97E+022 TRAILER 1.00 0.50 0.0 5.61E+01 9.69E-02 4.05E-01 2.58E+02 9.77E+01 4.12E+023 RANCH 1 1.90 1.40 0.0 1.18E+01 2.04E-02 6.36E-02 4.04E+01 1.54E+01 6.77E+014 RANCH 2 8.80 3.60 0.0 7.41E-01 1.28E-03 4.10E-03 2.60E+00 1.13E+00 4.48E+005 RANCH 3 18.80 7.80 0.0 1.65E-01 2.85E-04 8.68E-04 5.51E-01 3.63E-01 1.08E+006 RANCH 3V 18.80 7.80 0.0 1.65E-01 2.85E-04 8.68E-04 5.51E-01 3.63E-01 1.08E+007 RANCH 4 36.50 15.00 0.0 4.64E-02 8.02E-05 2.23E-04 1.41E-01 2.08E-01 3.96E-018 RANCH 5 12.00 21.80 0.t' 6.92E-02 1.20E-04 2.86E-04 1.81E-01 112E-01 4.19E-019 RANCH 6 -2.40 20.60 0.0 5.54E-02 9.57E-05 8.3tE-05 5.10E-02 1.32E-01 2.39E-0110 RANCH 6V -2.40 20.60 0.0 5.54E-02 9.57E-05 8.31E-05 5.10E-02 1.32E-01 2.39E-0111 RANCH 7 -18.20 23.30 0.0 1.09E-02 1.88E-05 1.27E-05 7.67E-03 6.77E-02 8.63E-0212 RANCH 8 -27.50 -2.50 0.0 2.04E-02 3.53E-05 1.39E-05 8.05E-03 9.43E-02 1.23E-0113 RANCH 9 -35.20 -14.80 0.0 1.19E-02 2.06E-05 7.55E-06 4.32E-03 9.10E-02 1.07E-0114 RANCH 10 -23.00 -22.40 0.0 1.47E-02 2.54E-05 6.65E-06 3.62E-03 9.82E-02 1.17E-0115 RANCH 11 -7.40 -21.80 0.0 3.06E-02 5.29E-05 3.68E-05 2.23E-02 8.34E-02 1.36E-0116 RANCH 12 -55.30 2.40 0.0 4.24E-03 7.32E-06 2.82E-06 1.62E-03 8.64E-02 9.22E-0217 RANCH 12V -55.30 2.40 0.0 4.24E-03 7.32E-06 2.82E-06 1.62E-03 8.64E-02 9.22E-0218 RANCH 13 -67.50 -8.10 0.0 3.2EE-03 5.67E-06 1. 94 E-06 1.10E-03 8.72E-02 9.15E-0219 RANCH 14 -55.70 -46.40 0.0 3.01E-03 5.20E-06 1.44E-06 7.95E-04 9.18E-02 9.56E-0220 RANCH 15 -23.30 -38.70 0.0 8.08E-03 1.40E-05 7.23E-06 4.29E-03 8.47E-02 9.70E-0221 RANCH 16 27.80 -38.30 0.0 4.41E-03 7.62E-C6 4.19E-06 2.50E-03 2.01E-02 2.70E-0222 RANCH 16V 27.80 -38.30 0.0 4.41E-03 7.62E-06 4.19 E-06 2.50E-03 2.01E-02 2.70E-0223 HEST CITY -78.00 16.00 0.0 1.44E-03 2.49E-06 1.39E-06 8.28E-04 7.89E-02 8.12E-0224 EAST CITY 33.00 35.00 0.0 2.66E-02 4.60E-05 1.20E-04 7.60E-02 1.56E-01 2.59E-0125 RED TCNN -65.00 -26.00 0.0 3.44E-03 5.94E-06 1.93E-06 1.09E-03 8.41E-02 8.86E-0226 DLUE TOWN -27.00 27.00 0.0 5.83E-03 1.01E-05 7.82E-06 4.77E-03 6.62E-02 7.69E-0227 CRONN TOWN -5.20 29.00 0.0 2.32E-02 4.01E-05 3.35E-05 2.05E-02 1.07E-01 1.53E-0128 GREEN TONN 14.00 35.00 0.0 2.50E-02 4.32E-05 8.39E-05 5 29C 02 1.07E-01 1.8E E - C *29 ORANGE TONN -23.00 59.00 0.0 1.89E-03 3.26E-06 1.59t-u6 9.10E-04 5.84E-02 6.10E-0230 FURFLE TOHN 56.00 32.00 0.0 1.76E-02 3.05E-05 7.74E-05 4.90E-02 1.62E-01 2.29E-0131 KHITE TOWN -29.00 53.00 0.0 2.16E-03 3.74E-06 2.14E-06 1.28E-03 6.10E-02 6.45E-0232 E INDIAMRES 65.00 0.0 0.0 1.05E-02 1.81E-05 2.79E-05 1.75E-02 8.72E-02 1.15E-0133 E INDIANRES -60.00 50.00 0.0 1.05E-03 1.81E-06 1.64E-06 1.01E-03 6.37E-02 6.57E-0234 EAST RURAL 40.00 36.00 0.0 2.25E-02 3.89E-05 1.01E-04 6.39E-02 1.56E-01 2.42E-01LJ7 35 NCRTH RURAL -5.00 31.00 0.0 2.11E-02 3.64E-05 3.09E-05 1.90E-02 ?.12E-01 1.52E-01Cys }6 NW PL'RAL -23.00 32.00 0.0 5.76E-03 9.95E-06 6.57E-06 3.97E-03 6.55E-02 7.52E-0237 WEST RURAL -65.00 24.00 0.0 1.04E-03 1.79E-06 1.79E-06 1.10E-03 7.20E-02 7.42E-02c;)
38 SOUTH RURAL 0.0 -45.00 0.0 7.80E-03 1.35E-05 4.43E-06 2.50E-03 8.65E 02 9.68E-0239 SW RURAL -45.00 -45.00 0.0 3.80E-03 6.57E-06 1.66E-06 9.03E-04 9.54E-02 1.00E-0140 AORICULTUPE 1 38.70 33.30 0.0 2.55E-02 4.41E-05 1.16E-04 7.34E-02 1. 62E- 01 2.61E-01PO 41 AGRICULTURE 2 21.30 34.30 0.0 3.02E-02 5.23E-05 1.24E-04 7.84E-02 1.36E-01 2.45E-01

(,.9 42 AGRICULTURE 3 -5.00 30.50 0.0 2.17E-02 3.74E-05 3.17E-05 1.95E-02 1.12E-01 1.53E-01
c;) 43 AGRICULTURE 4 -22.80 30.80 0.0 6.10E-03 1.05E-05 7.08E-06 4.28E-03 6.57E-02 7.61E-0244 AGRICULTURE 5 -56.00 22.03 0.0 1.26E-03 2.18E-06 2.41E-06 1.49E-03 7.17E-02 7.45E-0245 AGRICULTURE 6 -67.50 18.80 0.0 1.52E-03 2.63E-06 1.80E-06 1.09E-03 7.69E-02 7.95E-02
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UDAD SAMPLE PPOBLEM UDAD 9 DATE 12/26/78 PAGE 197
METSET SAMPLE METSET
WHOLE BODY

DOSE COMMITMENTS FROM INGESTION (MREM / YEAR)

# IDENTIFICATION PATHWAY U233 U234 TH230 RA226 PB210 P0210 TOTAL
____. ____ ____..._______._______..____...._____..... __ . ___________..____ .____________________________..__...___________.. _____

3 RANCH 1 MEAT 6.45E-04 7.35E-04 1.78E-03 2.94E+00 2.95E-02 2.34E-01 3.21E+004 RANCH 2 NEAT 4.06E-05 4.62E-05 1.15E-04 1.90E-01 2.15E-03 1.58E-02 2.08E-015 RANCH 3 NEAT 9.03E-06 1.03E-05 2.43E-05 4.01E-02 6.76E-04 3.99E-03 4.48E-02'. RANCH 3V VEGETATION 6.32E-04 7.21E-04 2.92E-03 2.37E-01 6.65E-02 1.18E-02 3.20E-017 RANCH 4 MEAT 2.54E-06 2.90E-06 6.24E-06 1.03E-02 3.79E-04 1.62E-03 1.23E-028 RANCH 5 MEAT 3.79E-06 4.32E-06 8.02E-06 1.32E-02 3.10E-04 1.56E-03 1.51E-029 RANCH 6 HEAT 3.03E-06 3.45E-06 2.33E-06 3.71E-03 2.38E-04 8.80E-04 4.84E-0310 RANCH 6V VEGETATION 2.12E-04 2.42E-04 2.79E-04 2.19E-02 2.35E-02 3.19E-03 4.94E-02
11 RANCH 7 MEAT 5.96E-07 6.79E-07 3.55E-07 5.58E-04 1.21E-04 3.81E-04 1.06E-0312 RANCH 8 NEAT 1.12E-06 1.27E-06 3.91E-07 5.86E-04 1.69E-04 5.20E-04 1.28E-0313 RANCH 9 MEAT 6.53E-07 7.44E-07 2.12E-07 3.15E-04 1.63E-04 4.89E-04 9.68E-0414 RANCH 10 MEAT 8.04E-07 9.16E-07 1.86E-07 2.63E-04 1.7bE-04 5.24E-04 9.65E- 34
15 RANCH 11 MEAT 1.68E-06 1.91E-06 1.03E-06 1.62E-03 1.50E-04 5.18E-04 2.29E-0316 RANCH 12 MEAT 2.32E-07 2.64E-07 7.89E-03 1.18E-04 1.54E-04 4.55E-04 7.28E-0417 RANCH 12V VEGETATIDH 1.62E-05 1.85E-05 9.46E-06 6.97E-04 1.53E-02 1.85E-03 1.79E-0213 RANCH 13 MEAT 1.79E-07 2.05E-07 5.45E-08 8.04E-05 1.56E-04 4.57E-04 6.94E-0419 RANCH 14 MEAT 1.65E-07 1.83E-07 4.05E-03 5.78E-05 1.64E-04 4.80E-04 7.03E-0420 RANCH 15 MEAT 4.42E-07 5.04E-07 2.03E-07 3.12E-04 1.51E-04 4.56F-04 9.21E-0421 PANCH 16 NEAT 2.41E-07 2.75E-07 1.17E-07 1 R2r-nc 3,0;E-u3 1.14E-04 3.32E-04
22 RANCH 16V VEGETATION 1.69E-05 1.93E-05 1.41E-05 1.07E-03 3.56E-03 4.46E-09 5.13E-0340 AGRICULTURE 1 VEGETATION 9.78E-05 1.11E-04 3.89E-04 3.16E-02 2.89E-02 3.99E-03 6.51E-0241 AGRICULTURE 2 VEGETATION 1.16E-04 1.32E-04 4.16E-04 3.37E-02 2.43E-02 3.4SE-03 6.22E-0242 AGRICULTURE 3 VEGETATICH 8.30E-05 9.46E-05 1.07E-04 8.37E-03 1.99E-02 2.53E-03 3.10E-0243 ACRICULTURE 4 VEGETATION 2.34E-05 2.67E-05 2.33E-05 1.84E-03 1.16E-02 1.43E-03 1.5CE-0244 AGRICULTURE 5 VEGETATION 4.84E-06 5.52E-06 8.09E-06 6.42E-04 1.27E-02 1.54E-03 1.49E-0245 AGRICULTURE 6 VEGETATION 5.84E-06 6.66E-06 6.05E-06 4.69E-04 1.36E-02 1.65E-03 1.57E-02
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UDAD SAMPLE PPCBLEM UDAD 9 DATE 12/26/78 PAGE 201

METSET SAMPLE METSET

INGESTION DOSE C0;'MITMENTS iuR GENERAL POPULATICH (OPGANaMREH/ YEAR)

PATHWAY OR2&N U238 U234 TH230 RA226 PB210 P0210 TOTAL
____________..________..____ ._....__.__ __.......______......__...____._______ ....__________________..__ .._____._____________....

HEAT WHOLE BODY 3.85E-05 4.38E-05 1.05E-04 1.74E-01 1.88E-03 1.42E-02 1.90E-01
BONE 6.49E-04 7.09E-04 3.77E-03 1.74E+00 5.84E-02 5.78E-02 1.86E+00
KIDNEY 1.48E-04 1.69E-04 1.04E-03 6.12E-03 4.86E-02 4.27E-01 4.83E-01
LIVER 0.0 0.0 2.17E-04 2.16E-04 1.49E-02 1.27E-01 1.42E-01

DAIpY WHOLE BODY 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BCNE 0.0 0.0 0.0 0.0 0.0 0.0 0.0
KIONEY 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LIVER 0.0 0.0 0.0 0.0 0.0 0.0 0.0

POULTRY & EGGS WHOLE BODY 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BONE 0.0 0.0 0.0 0.0 0.0 0.0 0.0
KIDNEY 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LIVER 0.0 0.0 0.0 0.0 0.0 0.0 0.0

VEGETATION WHOLE BODY '.77E-05 2.02E-05 5.74E-05 4.64E-03 6.62E-03 8.72E-04 1.22E-02
EONE 2.99E-04 3.27E-04 2.06E-03 4.64E-02 2.06E-01 3.55E-03 2.53E-01
KICNEY 6.83E-05 7.78E-05 5.68E-04 1.64E-04 1.71E-01 2.62E-02 1.98E-01
LIVER 0.0 0.0 1.18E-04 5.78E-06 5.24E-02 7.81E-03 6.03E-02

LI FISH WHOLE BODY 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2* BONE 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CZ) KICNEY 0.0 0.0 0.0 0.0 0.0 0.0 0.0

LIVER 0.0 0.0 0.0 0.0 0.0 0.0 0.0

WATER WHOLE BODY 0.0 0.0 0.0 0.0 0.0 0.0 0.0
s 3

', BONE 0.0 0.0 0.0 0.0 0.0 0.0 0.0'
L' KIDNEY 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L/3 LIVER 0.0 0.0 0.0 0.0 0.0 0.0 0.0

to
C-
LJ
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UDAD SAMPLE PROBLEM UDAD 9 OATE 12/26/78 PAGE 205

METSET SAMFLE METSET
CPERATION TIME : 15 YEARS ANGLE OF MAXIMUM DISPERSION = 67.5 DEGREES
NASCPHAR1NGEAL

IMHALATION TOTAL 00SE RATE IMREM/ YEAR) FRCH PARTICULATES

ANGLE DISTANCEIKM) INTERVAL ( YE ARS )
0- 1 1- 3 3- 5 5- 7 7-10 10-15 15-20 20-30 30-50 50-70

_____________ .______..__ __________..______________________ ______________.. ____ ____________________..___..__..._______..._____..

67.5 0.1 7.96E+02 8.21E+02 8.22E+02 8.22E+02 8.22E+02 8.23E+02 2.09E*00 1.83E+00 1.53E+00 1.16E+00

1.0 7.89E+02 8.13E+02 8.14E+02 8.14E+02 8.14E+02 8.15E+02 2.07E+00 1.86E+00 1.51E+00 1.15E+00

5.0 2.64E+01 2.72E+01 2.72E+01 2.72E+01 2.72E+01 2.72E+01 6.93E-02 6.24E-02 5.07E-02 3.84E-02
10.0 7.03E+00 7.25E+00 7.26E+00 7.26E+00 7.26E+00 7.27E+00 1.86E-02 1.67E-02 1.36E-02 1.02E-02

50.0 3.83E-01 3.97E-01 3.93E-01 3.93E-01 3.93E-01 3.93E-01 1.19E-03 1.03E-03 7.8SE-04 5.70E-04
80.0 1.76E-01 1.83E-01 1.83E-01 1.83E-01 1.83E-01 1.83E-01 6.37E-04 5.33E-04 3.87E-04 2.67E-04

0.0 0.1 3.35E+02 3.46E+02 3.46E+02 3.46E+02 3.46E+02 3.46E*02 0.80E-01 7.93E-01 6.44E-01 4.83E-01
1.0 1.29E+02 1.33E+02 1.33E+02 1.33E+02 1.33E+02 1.33E+02 3.39E-01 3.05E-01 2.48E-01 1.83E-01
5.0 6.36E+00 6.77E+00 6.77E+00 6.78E+00 6.78E+00 6.78E+00 1.73E-02 1.56E-02 1.26E-02 9.57E-03

10.0 1. 6 S E + 0 0 1.73E+00 1.73E+00 1.73E+00 1.74E+00 1.74E+00 4.55E-03 4.07E-03 3.27E-03 2.46E-03
50.0 8.29E-02 8.72E-02 8.73E-02 8.74E-02 8.74E-02 8.75E-02 3.76E-04 3.02E-04 2.04E-04 1.31E-04
80.0 4.00E-02 4.11E-02 4.30E-02 4.30E-02 4.31E-02 4.32E-02 2.53E-04 1.97E-04 1.20E-04 6.82E-05

LJ7 90.0 0.1 7.16E+02 7.39E+02 7.39E+02 7.39E+02 7.40E+02 7.40E*02 1.83E+00 1.69E+00 1.38E+00 1.04E+03

CfN 1.0 5.55E+02 5.72E+02 5.72EiO2 5.73E+02 5.73E+02 5.73E+02 1.46F+00 1.31E+00 1.07E+00 8.07E-01

c;;> 5.0 1.21E*01 1.25E+01 1.25E+01 1.25E+01 1.25E+01 1.25E+01 3.18E-02 2.86E-02 2.33E-02 1.76E-C2
10.0 3.0fE+00 3.16E+00 3.16E+00 3.16E+00 3.16E+00 3.16E+00 8.13E-03 7.30E-03 5.91E-03 4.(6E-03
50.0 1.66E-01 1.72E-01 1.72E-01 1.72E-01 1.73E-01 1. 73 E-01 5.34E-04 4.53E-04 3.47E-04 2.48E-04
80.0 7.69E-02 8.04E-02 8.04E-02 8.05E-02 8.05E-02 8.06E-02 2.96E-04 2.45E-04 1.75E-04 1.13E-04

t7 130.0 0.1 2.78E+02 2.86E+02 2.87E*02 2.87E+02 2.87E+02 2.87E+02 7.29E-01 6.57E-01 5.34E-01 4.05E-01

J 1.0 8.30E+01 8.56E+01 8.57E+01 8.57E*01 8.57E+01 8.53E+01 2.18E-01 1.96E-01 1.60E-01 1.21E-01
5.0 3.50E*00 3.61E+00 3.61E+00 3.62E+00 3.62E+00 3.62E+00 9.27E-03 8.34E-03 6.76E-03 5.11E-03

10.0 7.98E-01 8.24E-01 8.24E-01 8.25E-01 8.25E-01 8.25E-01 2.19E-03 1.95E-03 1.56E-03 1.17E-03
50.0 3.50E-02 3.72E-02 3.73E-02 3.73E-02 3.73E-02 3.74E-02 1.94E-04 1.51E-04 9.61E-05 5.76E-05
80.0 1.78E-02 1.94E-02 1.94E-02 1.95E-02 1.95E-02 1.95E-02 1.45E-04 1.CSE-04 6.20E-05 3.23E-05

270.0 0.1 2.65E+02 2.74E+02 2.74E+02 2.74E+02 2.74E+02 2.74E+02 6.96E-01 6.28E-01 5.10E-01 3.87E-01
1.0 .70E+01 7.94E+01 7.94E+01 7.95E+01 7.95E+01 7.96E+01 2.02E-01 1.82E-01 1.48E-01 1.12E-01
5.0 3.31E+00 3.41E+00 3.41E+00 3.41E+00 3.42E+00 3.42E+00 8.77E-03 7.88E-03 6.33E-03 4.83E-03

10.0 7.63E-01 7.83E-01 7.83E-01 7.88E-01 7.89E-01 7.89E-01 2.11E-03 1.87E-03 1.50E-03 1.12E-03
50.0 3.47E-02 3.69E-02 3.70E-02 3.70E-02 3.70E-02 3.71E-02 1.98E-04 1.54E-04 9.69E-05 5.75E-05
80.0 1.79E-02 1.96E-02 1.97E-02 1.97E-02 1.97E-02 1.97E-02 1.50E-04 1.12E-04 6.36E-05 3.28E-05
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5
a

UDAD SAMPLE PRDBLEM UDAD 9 DATE 12/26/78 PAGE 9
METSET SAMPLE NETSET
UDA3 SAMFLE MILL ORE PAD & GRINDING

EFFECTIVE DISPERSION FACTOR (SEC/H3) AT EXTRA RECEPTDRS

8 IDENTIFICATION XtkN) YtKM) Z(H) 235U 230TH 226RA 210PB 222RN- ------------------------------------------------------------------------- --------------------------------------------------------
1 FENCE POST 0.85 0.35 0.0 4.22E-06 4.22E-06 4.22E-06 4.?2E-06 7.62E-06
2 TRAILER 1.00 0.50 0.0 3.02E-06 3.02E-06 3.02C-06 3.02E-06 5.95E-063 RANCH 1 1.90 1.40 0.0 6.22E-07 6.22E-07 6.22E-07 6.22E-07 1.65E-05
4 RANCH 2 8.80 3.60 0.0 3.94E-03 3.94E-03 3.94E-08 3. 9 '. E - 0F 2.14E-07
5 RANCH 3 13.80 7.80 0.0 9.95E-09 9.95E-09 9.95E-09 9.95E-09 8.36E-03
6 RANCH 3V 18.8 0 7.80 0.0 9.95E-09 9.95E-09 9.95E-09 9.95E-09 8.36E-05
7 RANCH 4 36.50 15.00 0.0 3.04E-09 3.04E-09 3.04E-09 3.04E-09 3.74E-038 RANCH 5 12.00 21.80 0.0 4.64E-09 4.64E-09 4.64E-09 ' 64E-09 4.32E-C39 PANCH 6 -2.40 20.60 0.0 4.00E-09 4.00E-09 4.00E-09 9.00E-09 5.71E-0310 RANCH 6V -2.40 20.60 0.0 4.00E-09 4.00E-09 4.00E-09 .00E-09 5.71E-08

11 RANCH 7 -13.20 23.30 0.0 8.10E-10 8.10E-10 8.10E-10 8 ?0E-10 2.05E-03
12 RANCH 8 -27.50 -2.50 0.0 1.59E-09 1.59E-09 1.59E-09 1.59E-09 3.10E-03
1A PANCH 9 -35.20 -14.80 0.0 9.66E-10 9.66E-10 9.66E-10 ) .5E-10 2.08E-0314 PANCH 10 -23.00 -22.40 0.0 1.18E-09 1.18E-09 1.18E-09 i.18E-09 2.72E-0515 RANCH 11 -7.40 -21.80 0.0 2.28E-09 2.28E-09 2.23E-09 2.23E-09 3.22E-0816 RANCH 12 -55.30 2.40 0.0 3.53E-10 3.53E-10 3.53E-10 3.53E-10 1.29E-0317 RANCH 12V -55.30 2.40 0.0 3.53E-10 3.53E-10 3.53E-10 3.53E-10 1.29E-0313 RANCH 13 -67.50 -8.10 0.0 2.77E-10 2.77E-10 2.77E-10 2.77E-10 1.05E-0319 RANCH ~4 -55.70 -46.40 0.0 2.55E-10 2.55E-10 2.55E-10 2.55E-10 1.02E-0320 RANCH 15 -23.30. - 33.70 0.0 6.54E-10 6.54E-10 6.54E-10 6.54E-10 1.60E-0321 RANCH 16 27.80 -33.30 0.0 3.66E-10 3.66E-10 3.66E-10 3.66E-10 3.85E-0922 RANCH 16V 27.80 -38.30 0.0 3.66E-10 3.66E-10 3.66E-10 3.66E-10 3.85E-0923 WEST CITY -78.00 16.00 0.0 1.20E-10 1.20E-10 1.20E-10 1.20E-10 7.84E-0924 EAST CITY 33.00 35.00 0.0 1.80E-09 1.80 E-09 1.80E-09 1.80E-09 2.48E-0325 RED TONN -65.00 -26.00 0.0 2.92E-10 2.92E-10 2.92E-10 2.92E-10 9.88E-0926 BLUE 'ORN -27.00 27.00 0.0 4.42E-10 4.42E-10 4.42E-10 4.42E-10 1.52E-0327 BROUN TOWN -5.20 29.00 0.0 1.75E-09 1.75E-09 1.75E-09 1.75E-09 3.33E-0328 GREEN TORN 14.00 35.00 0.0 1.80E-09 1.80E-09 1.80E-09 1.80E-09 2.21E-0329 ORANGE TOWN -23.00 59.00 0.0 1.53E-10 1.53E-10 1.53E-10 1.53E-10 7.67E-0930 FURPLE TOWN 56.00 32.00 0.0 1.22E-09 1.22E-09 1.22E-09 1.22E-09 2.00E-0331 WHITE TOWN -29.00 53.00 0.0 1.74E-10 1.74E-10 1.74E-10 1.74E-10 8.50E-0932 E INDIANRES 65.00 0.0 0.0 7.98E-10 7.93E-10 7.98E-10 7.98E-10 1.11E-0833 E INDIANRES -60.0? 50.00 0.0 8.28E-11 8.28E-11 8.28E-11 8.28E-11 6.45E-0934 EAST RUP AL 40.00 35.00 0.0 1.53E-09 1.53E-09 1.53E-09 1.53E-09 2.25E-08ll' 35 NORTH RURAL -5.00 31.00 0.0 1.60E-09 1.6 0 E-09 1.60E-09 1.60E-09 3.23E-03C7% 36 NW RURAL -23.00 32.00 0.0 4.44E-10 4.44E-10 4.44E-10 4.44E-10 1.46E-03C: ) 37 WEST RURAL -65.00 24.00 0.0 8.14E-11 6.14E-11 8.14E-11 8.14E-11 8.11E-0933 SOUTH RURAL 0.0 -45.00 0.0 6.38E-10 6.38E-10 6.33E-10 6.38E-10 1.71E-0839 SW RURAL -45.00 -45 00 0.0 3.19E-10 3.19E-10 3.19E-10 3.19E-10 1.22E-0340 AGRICULTURE 1 33.70 33.30 0.0 1.73E-09 1.73E-09 1.73E-09 1.73E-09 2.45E-03I''.' 41 AGRICULTURE 2 21.30 34.30 0.0 2.09E-09 2.09E-09 2.09E-09 2.09E-09 2.59E-03'd 42 AGRICULTURE 3 -5.00 30.50 0.0 1.64E-09 1.64E-09 1.64E-09 1.64E-09 3.23E-08C C) 43 AGRICULTURE 4 -22.80 30.80 0.0 4.69E-10 4.69E-10 4.69E-10 4.69E-10 1.51E-0844 AGRICULTURE 5 -56.00 22.00 0.0 9.64E-11 9.64E-11 9.64E-11 9.64E-11 9.37E-0945 AGRICULTURE 6 -67.50 18.8 0 0.0 1.24E-10 1.24E-10 1.24E-10 1.24E-10 8.75E-09
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UDAD SANFLE FPCBLEM UDAD 9 DATE 12/06/78 PAGE 19

i:ETSET EA!FLE t!ETSET
UJ'D SU:PLE MILL TAILIN3

EFFECTIVE DISPER_!DN FACTGR (SEC/M3)_________________________________ __'____.____________________ _______._____ _____._________ ________________________.__ ____________

THETA = 0.0 DEGREE ANGLE

DISTANCE 23!U 230TH 226PA 210PB 222PN
________.___ ____________________________________________ _____________________________________________.____________________________

0.10 3.06E-07 3.06E-07 3.06E-07 3.06F-07 1.84E-05
0.5) 1.83E-07 1.80E-07 1.80E-07 1.80L-07 8.53E-06
1.00 6.92E-03 6.92E-C8 6.92E-C3 6.92E-C8 3.16E-C6
2.00 2.23E-03 2.ECE-03 2.ESE-C3 2.8CE-08 1.23E-06
3.03 1.67E-CS 1.67E-03 1.67E-C3 1.67E-03 7.23E-07
4.00 1.1CE-CS 1.1C2-03 1.10E-03 1.10E-03 4.95E-07
5.03 7.84E-09 7.34E-09 7 84E-09 7.8;E-09 3.7CE-07

10.00 2.56E-09 2.56E-09 2.56E-09 2.56E-09 1.54E-07
20.00 7.82E-10 7.81E-10 7.81E - 10 7.81E-10 6.70E-CS
30.03 3. 8 'e E - 10 3. 8 'i E- 10 3.84E-10 3.84E-10 4.17E-03
43.00 2.31E-10 2.31E-10 2.31E-10 2.31E-10 2.98E-03
50.00 1.55E-10 1.55E-10 1.55E-10 1.55E-10 2.29E-08
60.03 1.12E-10 1.12E-10 1.12E-10 1.12E-10 1.84E-OS
70.00 8.60E-11 8.60E-11 8.60E-11 8.6CE-11 1.53E-03
80.00 6.93E-11 6.93E-11 6.93E-11 6.93E-11 1.29E-08

THETA = 22.50 DEGREE ANGLE

DISTAt;CE 2500 230TH 226RA 210FB 222PH
_______ ___________________________________________________________________________________________________________________ ________

0.10 4.13E-07 4.13E-07 4.13E-07 4.13E-07 2.22E-05
0.b3 8.40E-07 8.6EE-07 8.40E-07 8.43E-07 1.59E-05
1.00 2.79E-07 2.79E-07 2.79E-07 2.79E-07 5.57E-06
2.00 9.91E-03 9.91E-03 9.91F-03 9.91E-03 1.68E-06
3.00 5.07E-03 5.07E-CS 5.07E-03 5.07E-03 8.12E-07
4.00 3.12E-03 3.10E-C3 3.12E-0S 3.12E-03 4.97E-07
5.C9 2.14E-33 2.14 E- C S 2.14E-03 2.14E-03 3.45E-07
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ty,
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60.00 2.89E-10 2.89E-10 2.89E-13 2.89E-10 1.26E-03

r' -) 70.00 2.2'tE-10 2.24E-10 2.2;E-10 2.24E-10 1.05E-03
80.00 1.81E- 10 1.81E- 10 1.81E-10 1.81F-10 8.87E-09
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APPENDIX D. LISTING OF CATALOGED PROCEDURE UDAD

//UDAD PROC EDITOR =IEWL,E1RCOM:'(CYL,41',EDTOPTS:0VLY,
// LSIZE='(300K,100K)',EDTREGN320K.FRELIB='LDUMMYLIB',
// POSTL IB: ' 80 UMM f L IB ' AtC L IB: ' 8 At:D LIB ' , LIE RAR Y: ' & FOR TLIB ' ,
// LOAD = ' 1G( G ) ' , LD UNIT:S ASCR , L DRC0ti: ' ( CYL ( 4, ,1 ) ) ' ,
// LDDISP= ' ( MOD . PASS ) ' , GOIF = ' ( 5, LT . ECT ) ' , GOR EGN:320K ,
// MEMSER:UDAD9,GODISP8:'(NEW, PASS)', FILE =,
// GODISP9:'It4EW, PASS)',CONDISP:'(OLD. DELETE)',
'/ ISODISP: ' ( OLD .D E L ETE ) ' ,ISOREGH:280K.COMPEGN:230K,
// COXDISP:'(OLD, DELETE)'
//*********************************************************************
//*
//* UDAD
//*
//* THIS FPOCEDURE EXECUTES THE ARGONNE URANIUM DISPERSI0ti AND
//* DOSIMETRY CODE (UDAD). THE PROCEDURE WILL ALSO PRODUCE G1 DATA
//* PLOT FILES FOR GRAPHICS OUTPUT IF THE APPROPRIATE JC VALUES
//* HAVE BEEN SET IN THE UDAD INPUT DATA.
//*
//* REQUIRED PARAMETERS:
//*
//* FILE
//* GODISP8 AffD GODISP9 - OtiLY IF UDAD PARAMETER ISTEP=1, 2, OR 3
//* CONDISP AtiD ISODISP - CNLY IF UDAD PARAtlETER ISTEP>1
//*
//* USAGE:
//*
//* //JOSNAME JOB (FNittiNN,30,0,10),USERiiAME, CLASS:B PRTY:H
//* CUA
//* //* MAIN ORG: LOCAL
//* //* FORMAT FR.DDNAME=, DEST =3800
//* // STEP 1 EXEC UDAD FILE ='BriNtCiN.JOBNAME'
//* //GO.SYSIN DD *
//* (INPUT DATA FOR UDAD)
//* // ISO.SYSIN DD * (ItiCLUDE ONLY IF ISOPLETH PLOTS TO BE MADE)
//* (INPUT DATA FOR PROGRAM CONTCUR)
//* /* END OF FILE
//*
//* THE ACOVE JCL IS SUFFICIENT FOR UDAD IF ISTEP:0. FOR OTHER
//* ISTEP VALUES, REPLACE THE '//STEPl' CARD AS FOLLOWS.
//*
//* ISTEP:1:
//* // STEP 1 EXEC UDAD, FILE ='BialNNN.JOBNAME',
//* // GODISP8: ' I tiEW , C ATLG ) ' ,GODISP9: ' ( tiEW , CATLG ) '
//*
//* ISTEP:2 CR 3:
//* // STEP 1 EXEC UDAD. FILE ='ENNMtiN.JOBNAME',
//* // GODISP8:SHR,GODISP9:SHR.CONDISP:SHR.ISODISP:SHR
//*
//* ISTEP:4:
//* // STEP 1 EXEC UD AD , FIL E = ' Bri!4NNN. J03NAME ' ,
//* // CONDISP: ' ( OLD .C ATLG ) ' ,ISCD IS P= ' ( OLD .CATLG ) '
//*
//* COMMEtiTS:
//*
//* 1) UtiLESS OVERRIDDEN BY THE MEMBER PARAMETER, UDAD9 WILL BE THE
//* VERSI0t1 EXECUTED.
//*
//* 2) TO ESTIMATE COMPUTER TIME FOR JOB CARD:
//* 22 SEC PER SOURCE FOR DISPERSION CALCULATIO'IS

) ()
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//* 45 SEC FCR 00SIttETRY CALCULATICMS
//* 15 SEC FCR CCMCENTPATION PLOTS
//* 8 SEC FER ISCPLETH PLOT
//. 3 MIN FOR WAIT TIME.
//*
//= 3) THE G1 DATA PLOT DATASET NAt ES WILL BE:
//. Et;fi!.NN . JCON AME . PLOT . CONC - FOR CONCENTRATION PLOTS
//* Et:fiHNN. JCON A!!E . PLO T . ISO - FCR ISOPLETH PLOTS.
//*
//* MAINTAlt1ED BY A. ZIELEN, EIS DIVISICrt, ELDG. 10. A-121, EXT 2-3132
//*
//.....................................*..**.**.........***....****....
//...........................................*.............**......**..
//.
//* CC"MENCE MCDIFIED FTXEG FRCCECUPE WITH STEPS EDT AND GO FOR
//. MAIN UDAD C0]E.
//*
//......................***......................... ** ............. *
//EDT EXEC PCM:! E D I TCR , PAPit: ' CCBS , L IST ,ltAP . & ED TOPTS , SIZE:1 LS IZE ' ,
// REGION:1EDTFECN
//SYSLIB DD DISP:SHR,DSN:8FRELIC
// DD DISP:SHR,DSM:&A"DLID
// DD DISF:SHR,CSN:1LICRARY
// CD DISP:SHR, DON:1POSTLIB

//SYSLIN CD DDNAt:E:SYSIti
//SYSLMCD CD DEN:& LOAD, UNIT:1LDUNIT, SPACE:1LDRC0tl, DISP:8LCDISP,
// DCC:BLKSIZE:6144
//SYSFRItiT C3 SYSCUT : A . D CB:( LR E CL : 121,GLKSIZ E = 1210 )
//SY3UT1 D3 SPACE :1E lF CCN , UNIT:( S ASCR S E P:( SYSLIN.SYSLM031 )
//A D3 DISP:SHR. DEN:004133.EISLIB. LOAD
// B CD DISF:SUR.D N:SiSt. A:2 LID
//SiSIN CD DIW SHR.CSN:E0'+183.EISLID.CAFD( at:Et:CEP )
//G3 EXEC F3't: * . E D T .Si 3 LMC3.CCN3 :aGOIF . F E GION:1GOP EGN
//FT05FC01 CD CCMf t.C:SYSIN
//FTC5FC01 CD SYS?Ui=A,0CB:(RECFM:FBA,LPECL=133,CLKSIZE=1596)
//FT07FC01 DD SYSC'J':2
//FTCCFC01 CD DISF=&CODIsr$, UNIT =TSTEt:P DSN:& FILE. .TEMFS,
// DCS:(PECFM:V23,ELKSIZE:6447 ),SFACr:f TTK I 10,10 ),PLSE )
//FTC9FC01 CD DISP:1GSOISF9, UNIT TSTE"?, DEN:8 FILE..TEttF9,
// DCD:( P ECF M:F B , LP ECL :00,CLKSIZE :27 C O ) ,STACE :( TFK ,( 10,10 ) .RL SE )
//FT1CF001 D3 SYSOUT=A CCC:(FECFit:FCA.LRECL:133,CLKSIZE=1596)
// ISO EXEC FCN:LO AD E R ,CCN3:( ( 1,G E .C3 ) ,( 3, LT . GD ) ) ,
// PAR":' MAP.FRINT,&LPAF:1,EP:FLISTART', REGION:1ISCPECN
//......... ......................................... .................
//*
//. COMNEt4CE MODIFED PLCLG FROCEDURE WITH STEP ISO FOR PROGRAM
//. CONTCUR.
//*
//..............................*......** ..... ............**.........
//SYSLIB DD DISP:SHP,DSN2*.EDT.A
// CD DISP:SHR. DON:1AMDLIB
// DD DISP:SHR.CCH:S(S1.FLIBASE
// CD DISP:SHR.DSil:f F 03TLID
//SYSLIll DD DISP:SHR,03N:DC'elS3.EISLIB.LOADICCNTOUR)
//SY3LCUT DD SY503T: A DCC:( LRECL:121,CLKSIZE = 1573 )
// ST SPNCH CD SYSCUT:B,DCC:(FECFit:F StkSIZE:00 )
//SiSFRINT CD SiSOUT: A.DCB:(FECFM:kEA LPECL: 137,BLKSIZE=1511)
//SY3FUNCH CD SYSCUT:B,DCB:( PECFt :F .E LKSIZE:00 )

//It:0 AT A DD DISP:8ISCDISP,00N:*.CO.FTCIF001
//CUTDATA CD DISP:(t;EW, PASS), UNIT:TSTEt:P,DL4:& FILE. Td1P1,

5[A ') 0 1uU L/i
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// SPACE:( TPK,( 20,20 ),RLSE ),DCB=( RECFit:FB LRECL=80,BLKSIZE:2960)
//BLKBOX DD DISP:(NEW. PASS ), UNIT TSTEMP,DSN aFILE. . TEMP 2,
// SPACE:( TRK ,( 1, l l ) ,DCB:( R E CFit:F B,LR EC L:80,BLKSIZE:2960)
// BOX EXEC PGM:G ID ATA ,R EGICN: 8 ISOR EGN , CCND :( ( 1,G E .GO ) , ( 3, LT .GO ) )
//......** ....................*4.******.............. ** ..... .....**
//m
//* COMMENCE MODIFED STEP BOX FOR CONTOUR.2LACVBOX PROGRAM
//* GlDATA.
//*
//***. .........v.. ........... .** ... ............ ** ...............

//STEPLIB DD DISP:SHR DSN:SYS1.PLOTFMG. CONTOUR.0LACKBOX
//FT05F001 DD DISP:aB0XDISP,DSN:& FILE.. TEMP 2
//FT06F001 CD SYSOUT: A .D CB:( R E C F M: FB A , L R ECL = 133, BLk SIZE = 1463 )
//FTCSF001 DD DISP:lG0XDISP,DSN:& FILE.. TEMP 1
//FT09FC01 CD UNIT:SASCR, SPACE:(CYL,(2,1))
//FT10F001 DD UNIT =S ASCR ,SP AC E:( CYL ,( 2,1 ) )
// GRAPHICS CD DISP:(NEN,CATLG ),DSN:& FILE. . PLOT. ISO, UNIT TSTEMP,
// SPACE:( 6 00 0,( 40,4 0 ) ,RLSE )
// CON EXEC FGM:LCACER.CCND =( ( 0, EQ,GO ),( 2, E Q,GO ),( 3 LT GO ) ),
// PAFit = ' t1AP. FR INT ,8 L parti, E P: MAIN ' , R EGION: 8CCNR EGN
//**............. ..........*......... ........**.....* ....**....***.*
//.
//* CCMMENCE MODIFED FTXLG FROCEDURE WITH STEP CCN FCR PRCCRAM
//* CCNCPLOT.
//*
//****.**...............**.........***********.........***......***..
//SYSLIB DD DISP:SHR,DSN:*.EDT.A
// DD DISP:SHP,0CH:8AMDLIB
// DD DISP:SHR,03N:8LIERARY
// CD DISP:SHR.DSN:SYSl.DISLIB
//FT05F001 DD DCNAME:SYSIN
//FT05FC01 CD SYSCUT : A , C CB = ( R E C Fit: F B A . LR E CL: 133,BLKSIZE = 1596 )
//FT07F001 DD SiSCUT:B
//SYSLIN DD DISP:SHR,DSN:004183.EISLIB. LOAD (CCNCPLOT)
// CD DISP:SHR CSN:SYSI.FLOTTER.GID ATA( PLOTTER )
//SYSLOUT DD SYSOUT:A.0CC:(LPECL=121.CLKSIZE=1573)
//FT03F001 CD DISP:8CCNDISP,DSN:*.GD.FTOSFC01
//GRAPilICS CD DISP:( NEW CATLG ), UNIT:TSTEMP,DSN:1 FILE . . PLOT. CONC,
// SPACE:( 6000,( 90,40 ),RLSE )
// PEND

qO

c c () c/
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APPENDIX E. LISTING 0F JCL FOR OVERLAY EXECUTION OF PROGRAM UDAD

//EDT.A DD DISP:SHR.DSti:E04133.EISLIB.LCAD
//EDT.B DD DISP:SHR ,DSti:SYS I . AttDLIB

//EDT.SYSIll *
Et1TRY ltAIll
ItiCLUDE AtUDAD9,INHALEI
DVEPLAY ALFHA
ItCLUCE EtAtiC41
ItiSERT PART1.TAILPS.POLUT. ACTDR1,DDEP.IllTEG FERR FERR1,HT.IllTG,DEPY, X

DSTBZ,DSFRStl, AFUtiC DFU'iC
CVERLAY ALPHA
ItiSERT TAIFR,GPCUt;D ACT.ACTDR2,00SPC ATA.QDCAY,DCFQ EVD TCti3Y,ItiHAL2,X

ti3tlE
OVEPLAY BETA
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APPENDIX F. CORRESPONDENCE FROM NRC TO ANL CONCERNING UDAD

Page

Letter dated February 8, 1978, from P. J. Magno, NRC, to
W. E. Kisieleski, ANL, with attachment:

Proposed agenda for meeting of review group on dose assessment
methodology for uranium mills, February 22-23, 1978 285. . . . . ...

Memo for listribution dated March 10, 1978, from P. J. Magno, NRC.
Subject. Minutes of meeting of review group on dose assessment
methodology for uranium mills held at Argonne National Laboratory,
February 22 and 23, 1978, with attachment:

Proposed agenda cited above (not repeated) 288. . . . . . . . . . ..

Memo dated March 10, 1978, from P. J. Magno, NRC, to M. Momeni, ANL.
Subject: Conversion factors for radon-222 dosimetry for use in
assessment of radiation doses from releases of radon-222 from uranium
milling activities, with attachment:

Memo for distribution dated January 29, 1978, from P. J. Magno,
NRC. Subject: Review group on dose assessment methodology for
uranium mills--minutes of meeting on January 16, 1978 292. . . . . ..

Memo for distribution dated March 17, 1978, from H. J. Miller, NRC.
Subject: Minutes of project review meeting on generic environmental
impact statement (GEIS) on uranium milling--March 13 and 14, 1978,
with attachment:

Minutes of meeting on January 16, 1978 (not repea ted) 296. . . . . ..

Memo for distribution dated March 23, 1978, from P. J. Magno, NRC.
Subject: Minutes of meeting of review group on dose assessment
methodology for uranium mills on March 13, 1978, at Silver Spring,
Maryland 301. . . . . . . .........................
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Dr. Walter E. Kisieleski
Division of Environmental Impact Studies
Argonne National Laboratory
9700 South Cass Avenue
Argonne, Illinois 60439

Dear Walt:

Enclosed is a proposed agenda for the meeting of the Review Group on
Radiological Assessment for Uranium Mills to be held at ANL on
February 22-23, 1978. The meeting should begin about 9 a.m. on
February 22. Please note that the subject matter to be reviewed and
discussed will deal primarily with atmospheric transport and inhalation
dos ime try . The terrestrial pathway will be the subject of a subsequent
meeting. We are looking forward to receiving the documentation of the
terrestrial pathway in the near future.

Listed below are some suggestions for additional infonnation which should
be included in the documentation of the assessment methodology.

Breathing Rates
Shielding Factcrs
Occupancy Factors
n Factor (for bone)
f) f T Factors (only if these are different from ICRP II,2 b226

e.g., Ra)
Organ weights for T-P and P regions cf lung

Please let me know if you have any questions or suggestions en the
proposed agenda.

Sincerely,

0 /, Q

We' /fA%'ye
Paul J. Magno
Fuel Reprocessing & Recycle Branch
Division of Fuel Cycle and

Material Safety

560 U
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PROPOSED AGEtlDA FOR MEETIrlG OF REVIEW GROUP
0:1 DOSE ASSESSMEllT METHDDOLOGY FOR URAT1IUM MILLS

February 22-23, 1978

I. Opening remarks on development of dose assessment methodology
for uranium mills and the function of the Review Group (P. Magno).

II. Brief explanation of A?il methodology and the UDAD Code (M. Momeni).

III. General discussion of assessment methodology and UDAD Code.

IV- Specific subjects for detailed discussion:

A. Atmospheric transport

1. Deposition velocities (V ) especially for radon-222
dand daughters

2. Modeling of area sources

3. Resuspension

B. Dosimetry

1. Lung model

a. Solubility categories

b. Particle size distributions

2. Radon-222 dosimetry

a. Calculation of working levels

b. Dose conversion factor

3. Dose conversion for air submersion and ground deposition

a. Daughter product ingrowth

4. Calculation of population doses

c. Environmental dose commitment

b. Population projections

5. Age dependent dose considerations

560 2'?6



287

2

C. Miscellaneous minor technical items

V. Summary and conclusions

A. Recommenda tions

B. Identification of items requiring further clarification (if any)

c&n
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MEMORANDUM FOR: Distribution

FROM: Paul J. Magno
Fuel * Reprocessing and Recycle Branch
Division of Fuel Cycle and Material Safety

SUBJECT: f IflUTES OF MEETING OF REVIEW GROUP ON DOSE ASSESSMENT
ffETHODOLOGY FOR URANIUM MILLS AT ARGONNE NATIONAL
LABORATORY, FEBRUARY 22 AtiD 23,1978

Participants:

NRC Argonne fiational Lab. EPA

Paul Magno, NMSS Michael Momeni Christopher Nelson
Frank Congel, NRR Walter Kisieleski
Daniel Martin, OSD Yuchien Yuan

George Montet*
William Hallett*

*Part time

Purpose of Meeting

To review and discuss the radiological assessment methodology to be used
in the generic environmental impact statenent on uranium milling (GEIS)
and where necessary and appropriate, to make recommendations for changes
in the trethodology in order to make the assessment consistent with presen'.
NRC practices and policies and to increase its technical credibility.

Summary and Recommendations

The subject matter discussed and reviewed during the treeting included all
items through Section IV B-2 on the attachea Agenda. The remain.nq items

will be included in the Agenda for the next meeting. The next meeting
is tentatively scheduled for Silver Sprina, MD on March 13 and 14.1978

qn}
560 c'
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As a r2sult of this review, the Task Group made the folicwing recorendations
or requests:

(1) Atmospheric Transport Modeling

(a) The ANL staff should identify and document differences in
their etmospheric transport adoels from those in Regulatory
Guides 1.l}l. (This is primarily for informational purposes
and not to impose a requirement that the atmospheric transport
model be identical to Regulatory Guide 1.111.)

a deposition velocity (V ) of 0.3 cm/sec should be used in(b) d
rodeling the atrospheric-trans? art of lead-219 for ad frc,
decay of racon-222.

(c) The area scurce odel should be examined to ensure rat
the fraction of the source area not considered as
contributing to source for wind from a given sector is
taken into ccr. sideration for the adj2 cent sectcrs or t"3t
this contribution is riot significant.

(?) Resuspension

The calculation of air concentrations (and doses) from r2 suspension
should include polonium-210 which will be formed from ingrowth from
lead-210.

(3) Solubility Categories for Lung Model

The ANL staff should continue to use the solubility categories for
mill effluent presently incorporated into the dose calculational
methodology. The choice of these categories are based on the
recomendations of the Task Group on Lung Dynamics for Cormittee 2
of ICRP.

The irportance of the choice of solubility category for yellowcake
was discussed as it relates to compliance with 40 CFR lon, Thic
choice is complicated because yellowcake is a mixture of axoniun
diuranate and uranium oxide (in various and unknown amounts).

The review group considered three options related to solubility
categories:

(a) continue to use the categories presently in the UDAD code which
are bascd on ICRP (TGLM) and which assumes yellowcake is U C i3S

(b) based on preliminary data from the Battelle solubility studies,
f:ide " test judgments" on a solubility category for each of the
various mill effluents;
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(c) based on the Battelle work, mke "best judgment" on solubility
categories for the various effluents involved as mixture of
categories for yellowcake (i .e., 25 class Y, 7E class W).

The review grouo concluded that the Battelle work was too preliminary
at this time to" justify a revision of the broad general categories
formulated by the Task Group of ICRP Committee 2. However, the
review grouc stressed the importance of these solubility studies and
the need to continue this work as a priority croject. When more
definitive results are available these should be used in revising

the presently utilized solubility categories,

(a) Particle Size Distributions

For filtered uranium mill effluents, an activity cedian aerodynamic

diameter (AMAD) of 1 micron should be used in dose calculations. This
value was chosen because it is succested by the ICRP (TGL'1) as the
stancaro aerosol to be used when particle size distribution are not

known.

For effluent from ore storage pads and tailings piles where measurement
of these materials indicate the prescnce of relatively large size
particles, the presently used particle size distributions (5 and 35
nicrons) should be continued to be used. The importance of obtaining
actual measurement data on the particle size distributions was emohasized.
's' hen these data are available they should be used as a basis to revise.

the presently recommended values.

(5) Radon-222 Dosimetry

A?|L should use the dose conversion factor developed by NRC for converting
working level exposures to rem. This conversion factor v:ill be developed

using the rationale described in the Minutes of the Meeting of the
Review Group on January 16, 1978 (copy attached).

The method for calculatina working level exposures was not ccmpletely
resolved. The main point requiring further resolution was the conversion
of working levels (WL) to cumulative working level months per year
(CUli1/ year) . This item will be further considered by the review croup.

prior to the next meeting with ANL and a recommendation will be developed.

'3OO
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(7) Health Effects Calculations
-

ANL indicated that it would be providing the review group with a
description of their methodology for calculating health effects
from exposures to mill effluents. This description should be
available in early fiarch.

-

a,

yd l! ': Q'I(

PaulJ.|tagno|

Fuel Reprocessing and
Recycle Branch

Division of Fuel Cycle
and Material Safety

Enclosure:
1. Itinutas of Meeting

en 01/16/'8
2. Agenda

on Feb. 22 & 23, 78
meeting.

(Chitted--sre as agenda attached
to proceding letter)

.
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MEMORANDUM FOR: Michael Momeni
Division of Environmental Impact Studies
Argonne National Laboratory

FROM: Paul J. Magno
Fuel Reprocessing and Recycle Branch

SUBJECT: CONVERSION FACTORS FOR RAD 0N-222 DOSIMETRY FOR
USE IN ASSESSMENT OF RADIATION DOSES FROM
RELEASES OF RADON-222 FROM URANIUM MILLING ACTIVITIES

The Review Group on Dose Assessment Methodology for Uranium Mills has
considered the subject conversion factors and their recommendations
are presented below:

Calculation of Cumulative Working Level (CWL) Exposures
222

(1) 100 pCi/t Rn = 0.5 WL

(2) 1 WL = 25 CWLM/ year for continuous (non-occupational) exposure

(3) 1 PCi/t 222Rn = 0.125 CWLM/ year for continuous exposure.

This factor is based on exposures inside nomally ventilated structures.
All exposures should be calculated based on 100% occupancy inside a
structure and therefore no credit should be given to lower working
level concer.trations in outside air. NOTE: The review grouo recognizes
tnat this will result in a small overestimation of the exposure to a
clcse-in resident of a uranium mill or tailings pile.

Conversion from Working Level Month (WLM) to Rem

The conversion factor from WLM to rem will be developed as described
in the Minutes of the Review Group tieeting of January 16, 1978 (attached).
However, until that factor has been established, calculation of doses
from inhalation of radon-222 daughter shall be based on the following
relationship:

1 WLM = 5 Rem (From BEIR Report)

560 V2
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NOTE: Any data for the GEIS which is developed using this conversion
factor can be adjusted or normalized if necessary when the
conversion factor based on health effect considerations is
developed.

The above conversio'n factors should be used in calculating exposures from
inhalation of radon-222 daughter products and should be incorporated
into the UDAD Code.

Please let me know if you have any questions or need further direction
concerning this matter.

cb h1.4f
PaulJkMagn
Fuel Reprocessing and Recycle Branch
Division of Fuel Cycle & Material Safety

Enclosure:
flinutes of Mtg of 1/16/78

(Omitted--sa.me as attachmer.t
to preceding memo)
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MEMORANDUM FOR: Distribution RGotchy
RScarano

FROM: Paul J. Magno Ur. Milling File
Fuel Reprocessing and Recycle Branch

SUBJECT: REVIEW GROUP ON DOSE ASSESSMENT METHODOLOGY FOR
URANIUM MILLS - MINUTES OF MEETING ON JANUARY 16, 1978

Attendees: Paul Magno, Fuel Reprocessing and Recycle Branch, NMSS
Frank Congel, Radiological Assessment Branch, NRR
Dan Martin, Environmental Standards Branch, OSD

Subject of Meeting:

The following subjects were discussed at the meeting:

(1) the method to be used in presenting or expressing exposures to
the lung from inhalation of radon-222 daughter products and
particulate dust released from uranium milling activities;

(2) dose conversion factors for converting working levels (WL) to dose;

(3) the need to consider exposures from radon-222 and short-lived
daughter to organs other than the lung.

Summary of Meeting:

The question of how to present exposures to the lung from uranium mill
effluents is somewhat complex because radon-222 daughter product exposures
are best expressed in units of working level months rather than in rems
and the region of the lung receiving the highest expostre is the bronchial
epitnelium. On the other hand, lung doses from inhalation of particulates
contai,1ing uranium, radium, thorium and lead are expressed in units of rems
and t' e re ion of the lung receiving the highest doses is the pulmonarys
rep.sn. Three possible ways of expressing these exposures were considered:

(1) present exposures from radon-220 short-lived daughters in units
of working levels (WL) and exposures to particulates :n units of
rems. The organ of reference would be " lung."

(2) present exposures in units of rems to lung by sumning dos's to
bronchial epithelium from radon-222 daughters and doses to the
pulmonary region from particulates. This in essence involves
summing doses to the highest exposed regions (i.e., tracheobronchial
and pulmonary regions) from a specific source of exposure. This
would require a dose conversion factor to convert WL exposures to

560 u
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units of rem for the bronchial epithelium;

(3) present exposures to specific regions of the lungs i.e., tracheo-
bronchial and pulmonary. This would require dose conversion ' actors
to convert WL exposures to units of rem for both the bronchial
epithelium and the pulmonary region.

The review group agreed to adopt " option 2" above as the method to be used
in expressing exposures to the lung.

The health effects (H.E.) resulting from radon-222 daughter product
exposures will be calculated using risk factors based on H.E. per 106
working level months. The health effects resulting from exposures to
particulates will be calculated using a risk factor based on H.E. per 106
man-rem. The dosa conversion factor used to convert WLM to rem will be
established so that the health effects calculated using the H.E./106 man-rem
will give the same values as the H.E./106 WLM. Frank Congel, R. Gotchy
and E. Branagan will work together in developing the health risk factors.

The working group also agreed on the following:

(a) because of the method to be used in expressing doses to the lung,
there would be no need to calculate doses to the pulmonary region
of the lung from radon-222 daughters;

(b) the doses to other body organs from radon-222 and short-lived
daughters are relatively small compared to doses from the long-
lived daughters (i.e., zl0Pb 210 o). Therefore, there wculd beP

no nced to calculate doses to these other organs from radon-222 and
short-lived daughters.

(Original cigrwd by P. J. Magnc)

Paul J. Magno
Fuel Reprocessing and

Recycle Branch
Division of Fuel Cycle

and Material Safety

FCRR FCPF

PMagno:flb LCRouse

1/23/ 8 / /78 1/ /78 560 :> 05
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MEMORANDUM FOR: Distribution

FROM: H. J. Miller
Fuel Reprocessing and Recycle Branch

SUBJECT: MIf4UTES OF PROJECT REVIEW MEETIllG ON GENERIC
EllVIR0i! MENTAL IliPACT STATEllEi!T (GEIS) ON URAt1IUM
MILLING - MARCH 13 AND 14,1978

Participant:

flRC Arconne National Laboratory

H. Miller C. Roberts
P. Magno G. L. Montet
E. Branagan* M. Momeni*
F. Congel (f!RR)* Yuchten Yuan *
R. Gotchy (IIRR)* U. Kisielski*
D. Martin (SD)*
E. Shum*
A. Soong*

Purpose:-

io review development of the generic environmental impact statement
on uranium milling. Particular emphasis was given to development
of the radiological assessment and health effects estimates as they
will support establishing regulation on mill tailing management.

Summary of Discussion and Agreements:

The following summarizes the major discussion points and agreements
of the meeting:

1. Contents, scope and purpose of the radiological assessment
was reviewed. The discussion centered around minutes of tha
September 1977 review group meeting which outlined the approach
to be taken in developing the assessment of radiological impacts

The GEIS will provide support for regulation on mill tailings to
replace the current interim criteria including limits on radoc
release and recommendations concerning land use control (e.g. lend
ownership). The need to include evaluation of risks to individuals
on or near the reclaimed tatiings pile for a range of radon control
levels is, therefore, necessary.

560 306
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The following general approach was agreed upon to do this:

a. Select a range of exposure levels for individuals occupying
a residence on top of a reclaimed pile and at the site boundary
(0.5 km). The individual on top of the pile represents a worst
case scenario which could occur if there were no land-use restriction
following reclamation of the tailings pile. The site boundary
individual corresponds to the case of restricted land use. Selected
exposure levels (levels above background inside structures) for
evaluation will be:

(1) 0.005 WL - limits established by EPA for Florida Phosphate

(2) 0.01 WL - limits established by Surgeon General for
DOE inactive mill tailings remedial actions

(3) 10-6 risk equivalent - risk levcl used by EPA for establishing
transuranic ground contamination standard

b. Calculate (1) exhalation rates which are equivalent to these exposure
levels and (2) associated thicknesses of soils and clay cover required
to obtain these control levels. Calculate range of costs which would
be required to obtain the required level of control.

c. Utilize this evaluation of risk to limiting individuals and its
results to provide one perspective in deciding what required radon
control level should be. (Note no rigorous cost / benefit balance
is beir.g attempted here to establish a radon exhalation control level.
Other considerations in setting required controls must and will include
requirements for long-tern stability, cumulative population exposures
and health effects, and potential for human disruption of piles.)

d. Other specific points agreed to regarding this assessment include:

(1) Radon inhalation exposure only will be considered for the
individual on pile.

(2) Exact cover types, thicknesses and combination will vary from
site to site and region to region. Costs for cover will be
generated for the roodel site with a rance of costs presented
to account for site specific and regional variations.

(3) All exposure pathways will be considered fc- individuals at
the sitt boundary, 0.7 km trailer and 2.0 permanent residence.

560 307
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2. The radiological writeup will include a general discussion of
radiological doses in terms of 40 CFR 190 requirements. That is,

feasibility of meeting the limit, problems of enforcement, etc.
will be discussed.

3. Health risks to individuals nearest the site will be calculated
for exposure to radon and its daughters from inhalation only. Later
attempt may be made to include risks associated with particulate
inhalatio'n, direct or ingestion pathways, if time and schedule
permits following completion of other parts of the radiological
assessment and appendices. Health risks to the average individual
in the model region will be calculated in the same manner as for
the nearest (maximum) individuals.

4. Population dose will be calculated in the manner agreed to in the
September meeting. tIRC will work with AfiL to develop simple factors
which will approximate a continuousivschanging particulate resuspension
fraction. Selecting such a single factor will obviate the need to
modify the UDAD code to calculate 100 year environmental population
dose commitment.

Another simplifying assucption in calculating the dose commitments
will be to level population off after year 2000 at a level which
conservatively approximates variable population projecuions.

5. Methods for estimating potential health effects were discussed.
Aill (Momeni) presented a competing health risk model that is being
developed by Argonne. The desirability of developing such a
competing risk model was agreed to since it appears that it would
more accurately represent health consequences. It 'ns agreed, however,
that health effects would be expressed for the draft GEIS in terms
of absolute and relative risk models (or combination thereof).

This decision is based on the following:

a. Available funding and schedule constraints preclude completing
development of the competing health risk medei prior to issuance
of the draft GEIS.

b. flational populations doses calculated from Oak Ridge /f40AA models
(which will be the greatest contribution to the cumulative
health effect estimate) is not presently in the form required to apply
the c mpeting health risk model.

c. The approach v.hich will be taken for the draft GEIS is generally
consistent with what was done in GESM0, WASH-1400 and the EPA
transaranic standards guidan e.
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f!RC will supply the risk estimators which should be used.

7. Priorities for completing remaining work in the radiological assessment
and associated work are as follows:

a. Immed.iate - To be done on a schedule supporting the draft GEIS.

(1) Complete the radiological assessment. This involves calcu-
lation of doses, health risks, etc. as discussed above
and in September 1977 review meeting ninutes. flo adjustments
will be made to computer codes to do ' Sis assessment. Simplifying
assumptions and hand calculations 911; .' made as appropriate
ta complete this work.

(2) Write up of the radiological assessment of beth b r case and
al te rna ti ves .

(3) Uriteup of the assessment t athodology and source term estimation
methods to Le in:crporatr| S appendices. The level of detail
provided in studies sr n a. ;ESMO and Bettelle's decommissioning
studies concerning radiological assessment methodology was
agreed to be adequate.

(4) Parameters (simple factors ) which were identified as needing
change at a result of methodology review group meetings will be
entered into the computer code.

b. Long-Range Efforts - The following will be completed independent
of the remaining GEIS activities as additional funding (aside from
supplemental funding for the GEIS) is identified and made available.

(1) Development of competing risk health effects model and
associated code and dose population computation changes needed
to support it.

(2) Revisions to the UDAD code to incorporate comments of the
task force reviewing the assessment methodology. Agreements
were made with regard to how the unresolved or incomplete work
item resulting from the task force review will be dealt with
to allow completion of the radiological assessment. These are
in summary:

(a) Radium transfer factors to be used in ingestion pathway.
The assessment will be done using Regulatory Gaide 1.109
transfer factors.

560 107
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(b) Incorporation of polonium into analysis. This will be done
by making simplifying assumptions as opposed to computer
code changes to complete the assessment in timely fashion.

(c) Correction of radium inhalation dose conversion formula.
This correction involves using a power function as apposed
to a single exponential for dose conversion. The effect of
this correction will be approximated by assuming doses will be
a factor of ten less than the values currently estimated by
the UDAD code.

The possibility of resolving open items from the Task Force review
using GEIS funds will be evaluated after all work required for the
GEIS is sufficiently complete to be able to make better predictions
of available resources.

!k$
,. J. Miller
Fue'l Reprocessing and

Recycle Eranch
Division of Fuel Cycle and

flaterial Safety

Distribution:
G. Montet, ANL
P. Gustafson, Af1L
C. Roberts, ANL
J. B. Martin
P. f'agno
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MEMORAt10UM FOR: Distribution

FROM: Paul J. Magno
Fuel Reprocessing and Recycle Branch
Division of Fuel Cycle and Material Safety

SUBJECT: MINUTES OF MEETIflG 0F REVIEW GROUP ON DOSE ASSESSMEtiT
METHODOLOGY FOR URANIUM MILLS ON MARCH 13,1978 AT
SILVER SPRING, MARYLAND

Participants:

IEC Argonne National Lab. EPA

Paul Magno, NMSS Michael Momeni Christopher Nelson *
Frank Congel, NRR* Jalter Kisieleski
Daniel Martin, OSD Yuchien Yuan
Kei th Eckerman, NRR* George Montet*

*Part time
.

Purpose of Meeting

To review and discuss the radiological assessment methodology to be used
in the generic environmental imapct statement on uranium milling (GEIS)
and where necessary and appropriate, to make recommendations for changes
in the methodology in order to make the assessment consistent with present
NRC practices and policies and to increase its technical credibility.

Summary and Recommendations

The subject matter discussed and reviewed during the meeting included
the following items:

(1) Calculational methodology for the terrestrial food pathway;
(2) Populations doses from food pathway;
(3) Environmental dose commitment concepts in population dose

calculations;

(4) Miscellaneous items remaining from previous meeting.

Dose Calculations for Terrestrial Food Pathway

1. Although the UDAD code calculates concentrations of radionuclide
in five (5) food categories as contrasted to the three (3) food
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categories used by NRC in Regulatory Guide 1.109, no changes in
the code were determined to be necessary. However, the two (2)
additional separate food categories (poultry and eggs) will not
be utilized in the food pathway assessment for uanium mills (see
item below on food intake value). In other words although, the code
has the capability to calculate concentrations in 5 food categories
for the present assessment only 3 food categories (similar to 1.109)
will be utilized.

2. Equation (2) which calculates concentrations of radionuclides in
root vegetables as a separate sub-category of vegetation will be
elimina ted. Calculations of concentrations in vegetation will be
carried out using equation (1) which is identical to equation C-5
in Regulatory Guide 1.109 (October 1977).

G, the effegtive surface density of soil will be changed from 300 kg/m23.
to 240 kg/m to conform to Regulatory Guide 1.109,

the effective removal constant from soil should be calculated4. t
iR, equation 4 based on the radiological half-life of the parent
radionuclide in the decay chain and not on the half-life of the indivi-

_ dual radionuclide independent of its parent.

5. The decontamination factor due to washing, peeling, etc. of vegetation
should be changed from 0.25 to 0.5. This is based on a value judgment
that only sorae of the food items under the vegetation category
undergo these processes.

6. The Qa factor should be retroved from equation 5 since the inhalation
of particulates by the cattle contribute a negligible amount to the
daily intake.

7. The Fm transfer valm for milk should be revised to incorporate
the recommended values in UCRL-51939.

8. All of the Ff transfer values for meat need to be critically reviewed
to determine their basis and appropriateness. This is a long-range
goal. However, on a short-range basis, the values for radium-226
and polonium-210 shoulo be reviewed to determine if more appropriate
va10es should be used in the uranium mill radiolooical assessments.
The fm value for radium-226 is of particular importance since radium-226
is the critical nuclide in the food pathway for individuals living near
uranium mills. Dan Martin working with Keith Eckerman will review
the current values (on a short-term basis) to determine if changes
should be made now.

560 W
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9. Calculation o~ doses to the maximum exposed individuals should be made
using the food intake values listed in Table E-5 of Regulatory Guide
1.109. However, this table should be used only as it would apply to
uranium mili sites. Individuals should not be assigned intakes of food
items or categories which are not or could not be raised at the site.
Only the food items cr categories cctually identified at a site shoald
be included in the individual's diet. For example, for most uranium
mills, the milk, grain and fruit food items should be elimina'.ed frcm the
ingestion pathway.

10. Calculations of doses to the average individual should be based on the
intake values in Table E-4 of Regulatory Guide 1.109. Site specific
information should be used to determine the food items and categories
to be utilized.

Populations Doses from Food Pathuq

It is recommended that the population doses to a regional population
(i .e., 50 miles) be calculated in a manner similar to Regulatory Guice 1.109
pages 34-35 (October 1977).

In general, it appears that the UDAD code is calculating the population doses
in a thanner essentially equivalent to the abeve except that instead of calcu-
lation of ccncentrations by sub-regions, UDAD calculates concentrations at
specific location (i.e., ranches). The present UDAD code documentation does
not incl de a description of the population dose methodology. A write-up
of these calculational procedures will be prepared by ANL.

Environmental Dose Comitment

The review group recommended that population doses be calculated using the
Environmental Dose Commitment (EOC) concept. The EDC is the dose delivered
to an exposed population over an extended time period (i.e., 100,1000 years,
etc.) resulting from a unit release (i.e., a 1 year release) to the environ-
ment. The calculational methodology is described in the EPA report,
" Environmental Radiction Dose Comitment: An Application to the Nuclear
Pcwer Industry'' U.S. Environmental Protection Agency, EPA-520/4-73-002,

(February 1974).

The ANL staff disagreed with this method of calculating the EDC primarily
because it would not provide the proper input into the health effects
calculational methodology now being developed. Therefore, no modification

of the UDAD code for calculation of EDC will be made at this time. This
issue will be resolved after decisions regardidg health effects calculations
are made,
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fiiscellaneous

1. Calculation of doses should include the contribution from polonium-210,
a member of the uranium-238 decay series. (This is not a priority item
and the necessary additions to UDAD should be made as time allows.)

2. The dose conversion factors for body organs for inhalaticn or radium-226
should be based on the same power retentior function utilized for
doses from ingestion.

3. A reference will be provided by Afil which supports the choice of organ
weights for the lung.

The above changes to the UDAD code and basic radiological assessment methodology
should be made in accordance with priorities established in meeting minutes
of review session of March 13 and 14,1978.

<A$ haw
' PaulJJ. Magn 6

Fuel Reprocessing and
Recycle Branch

Division of Fuel Cycle
and Material Safety
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