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ABSTFACT

The Uranium Dispersion and Dosimetry (UDAD) Code provides
¢ jtimates of potential radiation exposure to individuals and to the
general population in the vicinity of a uranium processing facility.
The UDAD Cnde incorporates the radiation dose from the airborne
release of radiocactive materials from uranium milling and process-
ing facilities. It includes dosimetry of inhalation, ingestion
and external exposures.

The removal of radiocactive particles from a contaminated area
such as uranium ta.lings by wind action is estimated from theo-
retical and empirical wind-erosion equations according to t wingd
speed, particle size distribution, and surface roughness a r
parameters. Atmospheric concentrations ot radiocactivity from
specific sources are calculated by means of a dispersion-depesition-
resuspension model. Source depletion as a result of deposition,
fallout of the heavier particulates, and radiocactive decay and
ingrowcth of radon daughters are included in a sector-averaged
Gaussiar plume dispersion model. The average air concentration at
any given receptor location is assumed to be constant during each
annual release period, but to increase from year to year because of
resuspension. Surface contamination is estimated by including
buildup from deposition, ingrowth of radicactire daughters, 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 environrental
conditions which influence the behavior of the smaller particles.

Calculation of the inhalation dose and dose rate to an indi-
vidual is based on the ICRP Task Group Lung Model (TGLM . Estimates
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 exponentiul retention model. In
addition, individual dose commitments, population dose commitments
and environmental dose commitments are computed.

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

iii
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TEE URANIUM DISPERSION AND DOSIMETRY (UDAD) CODE

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

1.. INTROOUCTION

The projected increasing demand for uranium fuel for the gene.'ation of
electricity has focused considerable public and regulatory attention on cthe
potential impacts of processing natural uranium. The radiologic.l 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 238y decay series, the 235y
series contributes negligibly to the quantity of radioactivity dispersecd.

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, fiow 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 :s 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 uranium mill or mine. The UDAD
Coce was applied initially in 1976 for the assessment of the radiological
impact of Bear Crezk (NRC 1977) uranium mining and miiling 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 evaluvacion.
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UDAD

Source Term Mining
Transportation
Ore Storage
Ore Crushing and Grinding
Leaching and Extraction
Product Drying and Packaging
Tan 'ngs

Di spersion—|

1

Externai Exposur Interml'txpo .
t
‘:'r:uc. Contaminated Contaminated inhalation Ingestion
Site Air Soil We
Meat
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Fruits and Vegelables
B Tissues at Risk.
Whole Body
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Ovaries Bone Mcrrou
Bone Marrow Gastrointestinal Tract
Bone Cells Lung inasopharynx, tracheobran-
Lymphoid Tissues chial, puimonary, and lymphoid
Skin tissues)
Gastrointestinal Tract

Dose Rate and Dose lo Tissues
at Risk, Populatun Exposure
and Environmental Dose Commitment

Fig. 1.2. The Uranium Dispersion and Dosimetry Code. Exter-
nal exposure by radiution 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 Lzboratory (ANL) in early 1978 to discuss the de-

tailed methodology tor estimating dose rates, doses, and the environmental



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 corputational efficiency.
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 model can be eliminated with
appropriate control of the input. Default values (Sec. 11) have been incor-
porated into the model based on 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 prcblem to

assist in operation of the program is given in Chapter 1..

Reference for Section 1

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



2. DISPERSION: STABLE GASEOUS POLLUTANTS

The atmospheric dispersion techniques incorporated in UDAD
consist of a Gaussian plume dispersion nodel modified to include
ground depositiun, 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-238 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. Methodolugies 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 undes the central limit theorem of statistics (Batchelor 1949,
Cramer 1958, Barad 1959).

The average plume concentration from an instantaneous single ground-level
release, assuming independent diffusion in the three cartesian coordinate
directions X, Y, Z, is described by:

-3/2 2L pos b 2 2
x(x,¥,231,3) - . @n-d exp '[w+~y— +'Z] : (2.1)

(chycz) 20% 20° 202
X y %

where: x is the atmospheric cuncentration of t' . stable gaseous pollutant i
at location (x,y,z) relative to the source of emission j at
cnordinate (0,0,0),

Q(i,3) is the point source strength in curies,

™
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ai, a2, ai are the variances of plume distribution in the directions

oA oA o~

X,Y,Z, and

u is the average wind velocity in the direction of X di°fused for

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

The concentration of radioactivity from a ground-level source releasing

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

- o 2 2
x(x,y,234,3) = g'-'g—i'l‘i%’exp -+ = . (2.2)

2n0_o_u 202 207

y 2z y zZ

The diffusion along the i direction is practically negligible by com-
parison with the gross transport by the wind (Frenkiel 1953). Variances of
plume distribution, oi and ci. are only functions of x. For the sources of
release not at the earth's surface but a% elevation h(j), the correction for

ground reflection results in:

Q) o ( _y_)

x(x,y,231,3) =

270 0 u 202
y 2z y
exp I 1600 + exp -L—M—Z‘FF‘“ 1. (2.3)
Zci 20;

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

Eq. 2.3 simplifies to:

- - £ 2 2
X(xtYoz’O;in) - {4 (E) exp | - X b h—iil . (2.4)
TO 0 u 26% 202
y z y z

Integration of Eq. 2.4 over the direction Y results in a crosswind integ "ated

concentration ic:

- . “(i,3(h) h?(j)
X (x,y.zao,i,j) — — eXp |- . k2:5)
. V72 czu ( ZOi )

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



direction change over this long a period of time, the average concentration

;c must be normalized by the joint winds?eed and direction frequency distribu-
tion. The concentration profile in the Y direction is assumed to Se uniformly
1istributed over a sector. However, in a short time period the ccncentration
will change as a result of changes in wind direction or intensity,. The sector
average ground-level concentratiun <x(r,9,1,})> in polar coordinates (r,8) for

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

<x(r,031,4)> = Eﬂ%%?l;&gfll exp [_ ﬁiill] . (2.6)

V2T o ru
4

&0

z

where: f is tt . 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, 27nr/n, from the source § and ir the vertical direction
Gaussian in distribution and cen’ered at the effective 1elease height h(j).

In UDAD n = 16 is used, which corresponds to A8 = 22.5 degrees.

2.2 ATMOSPHERIC STABILITY

The variance, o;, in the i direction is a function of atmospheric sta-
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, O 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, oz,

may be empirically expressed by:

c
: S
Oz(r.s) asr(l + bsr) 5 (2.7)

where a, b, and ¢ 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 I, values for small distances r, the
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Table 2.1. Stabilir— Class Parameters* for Equation 2.7

Pasquill Type

Conditions Stability Class(s) a b e
Extremely unstable A 0.20 0.0 1.0
Moderately unstable B 0.12 0.0 1.0
Slightly unstable g 0.08 2 x 107" -0.5
Neutral D 0.06 1.5 x 1073 -0.5
Moderately stable E 0.03 3 x 107" -1.0
Very stable F 0.016 3 x 10 -1.0

*Briggs 1974 and Gifford 1576.

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

value for r = 100 m is chosen.
2.3 ATMOSPHERIC DIFFUSION BOUNDARY

Vertical diffusica of pollutants is confined by the existence of stable
atmosph~ric boundary at height 2. 1In 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, O, is predicted
to increase in the downwind direction to a distance of r) at which Gz(fl) =
0.47 2. At distance r; the concentration of pollutants at the base of the
stable boundary layer will be one-tenth of the concentration at the plume

center line,

For distances less than r;, the concentration of the radioactivity in
the vertical direction is assumed to be Gaussian in distribution. For dis-
tances greater than r) the effect of atmospheric trapping will increase with
downwind distance. For distances greater than 2r; the atmospheric concentra-
tion of the pollutant will be uniform below the mixing height 2. At these

distances the concentration is calculated by:

oxlrit,j)> = 2L A1

= (2.8)
2nriu



For distances r; < r < 2r,, the concentration is calc.ilated by a linear inter-
polaticn betwzen the Eqs. 2.6 and 2.8,

2.4 SEASONAL VARIATION OF MIXING BOUNDARY

The mixing layer height 2 varies greatly between seasons, from day to
day, and diurnally. Since accounting for all variations of ¢ is not practi-
cal in these computations, an annual average mixing layer <i> may be calcu-

lated from either:

or
‘ (2.9)

A
P
v
]
-
P
+
£

where El and Ez are, respectively, the annual average morning and afternoon
uixing heights, 7, and [; are maximum and minimum annual average diurnal
mixing heights, and w; and w; 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 discentinuities at the sector boundaries which 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,8) located between two sectors 8) and 8, (B < 6 < 8,) the concen-

tration is computed by:

SW - €, SW - C;
X(r,831,1)> = \—a—) <x(r,0134,1)> +( =) )<x(r.92;1.j)> . (2.10)

where SW is the sector width at the receptor distance r, i.e., SW = 2nr/n,
and C; and C; are the crosswind distances between the receptor and sectors

defined by adjacent centerline angles 21 and 8s.
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2.6 PLUME RISE

Plume rise above the height of the source is a function of the effluent
exit » mentum, thermal buoyancy and the effect of molecular weight difference
between the effiuent and the ambient air. In UDAD the height of rise of an
effluent (Ah) (Holland 1953) is given by:

aAp = 222 Nd (2.11)

u

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

V is the efflux 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 compared 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 (A8/2) upwind from the center of the source area. A8 is the sector
angle of 22.5 degrees used to subtend the ar:a width. For those receptors
which canncot obse¢rve the emissior from the total of the source area within the
22.5-degree sect r, a multiplicative correction factor is generated. This
factor is the ¢z :io of that portion of the source area within the 22.5-degree

sector located upind from the receptor to that of the total source area.
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2.8 ANNUAL AVERAGE CONCENTRATION

The annual average concentration <x(r,9;1i)> for pollutant i from all

sources j and representative windspeeds and directions is calculated from

xF)> = LT L £0,0,9)%(F - 7(3),6,W,0,8) , (2.12)
7 W D S

where f(W,D,S) is the normalized frequency for wind-sector direction D, the
windspeed class W, and stability category S. ;(;-;(j).W.D.S) is the contribu-
tion of source j located at F(j) to the concentration at receptor located at

(r,8) given by vector r.
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3. AIRBORNE TRANSIT RADIOACTIVE DECAY

Radioactive decay and the ingrowth of radionuclides during
the transit time that elapses as materials disperse 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. Radinactive pollutants 238y,
234y, 2301y, 226Ra, 210py. and 210py are sufficiently long-lived so that the
trarsit time from the source to the 80-km Jistance considzred 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 {ts daughters (?18po, 21%pb, and 21%B1) are calculated. The transit
time t during which radicactive decay occurs may be approximated by the ratio
of the distance r traveled to the windspeed u, i.e., 1 = r/u. The radon

source strength Q° (radon, j) may be corrected for radioactive decay by:

0.693 1
Q°(r,8;radon,j) = Qé(radon,j) exp (— T (3.1)
where T, is the radiocactive 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 daughiters in the air

is given by:
n n [ exp (-0.693 r/T,u)
0.693 i
A3 1 0.693 (T - ’r_)
j=1 i i
j#d

forn=2,.,.7
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Table 3.1. Radioactive Half-Life of Radon and Its Daughters

L, x 108
Radionuclide dalf-Life ” E, (MeV) (WL/pCi/m3)
*235% 3.82 days 1 5.49 -
o
218pg 3.05 minutes 2 6.00 1.03
[ }
214py 26.8 minutes 3 -— 5.07
B
“l4py 19.7 minutes 4 -— 3.73
B
21829 10~® minutes 7.68 a/
a
210py 22 years 5 —-— ——
J B
2104 5 days 6 -— -
! 8
210p0 143 days 7 = -—

2a negligible contribution.




where 1 is the ith daughter radiowclide (Table 3.1). For lead-21" and
polonium-210 produced from radon in transit, a deposition velocity of
Vd = 0.003 m/sec is assumed (see Sec. 4.2).

3.2 WORKING LEVEL

Concentrations of short-lived radon daughters are some*imes .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
ultimate emission of 1.3 x 10° MeV of alpha energy. Working levels in UDAD
are calculated from

4
WL(r,8) = 3L x (r,8) (3.3)

n=2
where 3 is nth (Table 3.1) radon daughter concentration in air calculated
from Eq. (3.2) and Ln is the working level conversion factor of radon daughter

n. Based on the definition of working level, Ln is given by:

4
3.7 x 1077 E E_(a)
L = L (3.4)
“ 1.3 x 10% 2
n
or
2.846 x 10710 {‘- ) WL 3.5
L, " ) e Bgla) oo £33

n j=n

where En(a) is the potential alpha energy for the nth radon daughter
(Table 3.1).

15
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4. DISPERSION: PARTICULATE POLLUTANTS

Dispersion of polydi.sperse pollutants emitted into the atmo-
sphere may be altered by deposition of the airborne material upon
the surface of the ground. The mechanisms of deposition include
gravitational settling (fallout), precipitation scavenging
(washout), surface impaction, electrostatic attraction and
adsorption. Deposition and resuspe. '*2n are dependent on the
physicai characteristics of the pollutants in addition to the
wind st ength and surface characteristics and topography. Even
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 atmcsphere 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 rf particulates are entered using a class of five
sizes along with pollutant density. Size distribution is entered individually

for earh source.
4,2 GROUND DEPOSITION AND SETTLING

Physical processes controlling deposition on the ground are n.,t well
understood. The Jeposition rate Qs has been empirically defined by (Chamberlain
1953):

as = <x(8)>V,(s) . (4.1)




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

results in:

W= fexts)sv (s) ds . (4.2)

where <x(s)> is a time-averaged atmospheric concentration of a pollutant of

size s and deposition velocity Vd(s).

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

friction coefficient f experience a terminal settling or drift velocity VB

given by:

F
T A 4.
el (4.3)
The gravitational field force F is given by:
nd3
Fe= _26 (op - p)g » (4.4)

where o and pp 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 = 3Wudp/C > (4.5)

where ;i is the dynamic atmospheric viscosity and C is the elip correction
factor. Thus:

v L 3 (Dp - p)g (3ﬂudp.C) ;

d? - p)C
L [ P8(9p o) ]
s 18y '

p_gd?C p_gd?C
v ._LL[I_SS_];M.' (4.6)

5 18y
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Usually p/pp can be neglected in the above equation. The values for the slip

correction factor (Davies 1945) are given in Table 4.1. For particles dp > 5 um,
the slip correction factor is about unity. Thus, the settli~g velocity is

calculated from:

vV =3 x107°d% C, 4.7
B pop (4.7)

where Vs, dp’ and pp are in m/sec, ym and g/cm?, respectively. The defarlt
value for C is unity, but other ~lues than the C = 1 can be inputed intc
Eq. 4.7 through NAMELIST (see Sec. 11).

Table 4.1. Depositional* Properties of Spherical
Particles with Density 1 g/em’® at 20°C
and One Atmospheric Pressure

Partiele Diameter, Slip Correction Ves
um Faetor om/sec

0.05 5.0
0.1 2.5 8.6 x 1077
0.2 1.9 2.3 x 107
0.5 1.3 1.0 x 1073
1.0 1.2 3.5 x 1073
2.0 1.1 1.3 x 1072
5.0 1.0 7.8 x 1072
10.0 1.0 3.1 x 107!
20.0 1.0 i.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 contributi n from particle sedimentation is small. In the
range where the sedimentation rate is significant (Va = 1 to 100 cm/sec), the
rertical distribution of particle ¢ ncentration in the plume may be expressed

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



rv
h(r) = [h(0) - hy(r)] - —> for h(r) > 0 , (4.8)
u

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

Deposition velocity is a function of wind velocity in addition to parti-
cle size (Sehmel 1971). For particles with settling velocities Vs < 0.01 m/sec,

UDAD used a deposition velocity V, = 0.01 m/sec. For particles with V8 > 0.01

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

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

Depietion 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. Chemberlain (1953) modified
the source term to correct for deposition to a reduced (depleted) source term
o account for the observed decreased concentration. 1In 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 [(-Vd/u)T (0,r)] for r < L (4.9)

Va (r -r)?

Qr) = Q) |-\ == /|F1(0,r ) + Fa(r,,r) + RO
ans o T (4.10)

vd rl r - 2ri
Qr) = QO -A) [Py (0,2 + Folr ,2r) + 57 + —5—

for r > 2r2 . (4.11)
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r2 F 1/n ¢
where Fy(r,,r;) -f exp |- 5(-&-—) o, dr
r Z

r2 It &
and Fy(ry,ry) -j exp |- %c‘o—) ](2:’2 - r)/ozrl dr .
T L g z

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

Newton-Cotes formula (Hillstrom 1968).

4.3 FUGITIVE 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 ym. 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 few centimeters of the ground. Particles
that saltate are from 100 to 500 ym in size, depending on shape and density,
and are quickly brought back to the ground by the gravitational force.
Particles smaller than 100 um may have a fall velocity lower than the upwa-d
velocity of the turbulent wind. Such particles are carried through the
atmosphere for long periods and to great distances frow 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 estrecmely resistant to erosion by
wind (Chepil 194%). 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 saltation.

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

general equations (Bagnold 1941):
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U* = (r/m)‘i or (4.12)
u
Uk = $
2.5 1In (z/zo) (4.13)
where U* is the shear velocity

t 18 the surface shear stress,

L >

is the density of air,
z is the height above surface,
U is the wind velocity at height z, and

z, is the surface roughness height.

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::

a~=p

U: = A -t 50 (4.14)

W

where 2 is the density of the grain,
p 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 thresu..d velocity for grain
movement has been investigated by Belly (1964). Based on his study, Eq. 4.14

may be medified as follows:

U = AJl;'—P— gd (1.8 + 0.6 logyg W) , (4.15)

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

surface the default value for moisture is 0.1%.



22

The rate of horizontal particle movement by the saltaticn 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 = Ch-U*3 d (4.16)

where Ch is a constant dependent on the soil and surface conditions.

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*? (U* - %), for Ux > U% , (4.17)
and

q = 0 for U* < UK, (4.18)

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~°,
The wind pickup of fine particulate material (diameter d < 20 um) 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, ng, obeyed the

83y = cv(bj/@:)“ . (4.19)

where the coefficient of proportionality Cv is about 2 x 10719, and n 1s a

empirical formula:

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:

c
* -
80y = q( L )(U_)" ' (4.20)
%3 B
s Sl Vg




where n is greater thanr three and increases as the number of suspendable
particles per unit mass ‘ncreases.

A linear curve fitting by Travis (1974) of fillette's experimental field
data for n as a function of the particle mass percentage less than 20 um in

diamerer, p, yields the expression:

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 modified as rollows:

- (p/3)
v v U* / '
e:'o : q ( ..;__.‘_.) .q - ]] N (‘0-22)
Lt Lh Lt

The constants Cv and Ch were given by Gillette (1973) as approximately
2 x 10710 and 1078, respectively.

For the particulate material having a diseter d < 100 ym in UDAD the

total vertical flux ¢ for radionuclide 1, in activity, is estimated from:

I
e ———— 2
o (4.23)

where I,g(i) is specific activity of radionuclile i in the contaminated area
with d < 20 um; Fpg is the activity fraction of suspended parti-les that are
less than 20 pm 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 default values in UDAD for estimation of particulate flux from taili-

ings piles in lieu of actual mea-rarements are:

Surface roughness height ZO = 1 cm,

Density of the tailings grains o = 2.4 g/em?,

Average grain diameter d = 300 ym, and

Percent of tailing mass that has a diameter smaller than 20 yum,

p= 3.0

. -
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Activity fraction of d < 20 um is Fzp = 0.4.
4.4 RESUSPENSION CONCENTRATION

Particulate material deposited on the ground may re-enter the atmosphere
by resuspension pi.cesses. The concentrations 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 purameters of the soil and the
vegetation cover, the disturbance of contamin: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 chmicel 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 107 /m and 10~?/m. For aged contaminants the resuspension factor

is of the order of 10~%/m.

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

Fz(x.y) = -de(x,y) + MW(x,y) , (4.24)

where Yy is the deposition velocity (m/sec),

A the resuspension rate (sec~!),

x the air concentration (activity/m?®), and

W the surface ¢ontamination per unit area (activity/mze.

For the conservative case of no weathering and in a steady-state condition of
a uniformly distributed infinite contamination, the net flux is :ero. Thus,

the resuspen-ion factor:

L



25

K= x/W, (4.25)
can be expressed in terms of resuspeusion rate and deposition velocity:

K = A/Vd . (%.26)

The resuspension rate, A, is the fraction resuspended from the surfac: per
second and is highly aeperient on the wind speed and the depositi.. surface.
At heights near to the ground because of absence of experimental data, A is

assumed to be independent of partic.e size. Thus:

K(dl) Vd(d;)
K(ds) ENCTY

(4.27)

For small particles (d < 10 um) with deposition velocity of 0.01 m/sec
and assuming a resuspension factor of 10=°/m, the resuspension factor for a

35-um diamet~ gparcticle size can be estimated as:

10~° x 0.01

= -6 X
0 0382 1.14 % 107%/m (4.28)

K(d=35um) =

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

R
from resuspension, <y (r,8,t)>, is expressed as:

<xR(r,9,t)> = Wir,6,t)K(0) exp (-wut) (4.29)

wnere W(r,8,t) is the surface contamination activity,
w 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~ /m will

dim'ish with a weathering half-time 50 days (default value) to K. = 10-%/m

f
(default value) after a period of 1.82 years. This time the resuspension
factor would remain constant. Radionuclides considered for resuspension in

UDAD are those with long radiocactive half-_lives:
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Ay Az Aj
U=238 —wmrnsetip  PYudJf e Th=230 -
i=1 i=2 i=3
Ay Asg Ag
Ra-226 ———————» Pb-210 ————» P0-210 ————» Pb-206
i=4 - i=5 i=6

The estimated surface contaaination includes buildup of daughter products.

Resuspension radionuclide concentration <xR(r.9,t;s.1)> for radionuclide

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

~x(r,8;s8,h)>:
& i
< (r,0,t;8,1)> = ¥ R(O)<xts syt vy as ki
h=1

i |1 -exp [-(2 + u+w)t]
(l'Ll xv) ;0 [ 2 (4.30)

v=h+l v=h L(lv 5% 8) i"“; ()\f B )‘v)

f=h
fév
fort <t ,
- a
where v and h are radionuclides in the chain of U-238 series (i=1,2...6)

above,
Av is the radioactive decay coefficient,

u is the effective removal constant from the ground (denudation

coefficient).

w is the weathering process coefficient for the resuspension factor,

and

ta = 1.8 years.

For periods ta aaiLh g A where te is the duration of continuaous cclease

(for example, a mill operation period), Bv = AV + u + w, and - Av + u.
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Z kf~\(r.t);s.h)'-\’d(s,h)( ﬂ ‘)E ‘_)_‘_p_ 4( y til_)‘_ »_‘.x_!\)' 7(__'7.1
1 | \, SRS

f=h
f-#\' ('0.3’)
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(4,32)

For the period t > A after operation:

i
4 R . - ;o & ~\ .
X (r.e,t,s,i)) - hgl kf"."((r)tHS'h)‘\id(b;h)

I—-i—i i |exp [-v‘z(t - te) - exp (-ﬁx"t)]
N D> SRR T (4.33)
v v ey l-] h J

=h+1 =h

f=h
f#v
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4 5 CONCENTRATL.J ~ RADIONUCLIDES CN THE GROUND

The calculated concentrations of each radionuclide on the ground includes
buildup fro: continuous deposition and ingrowth of radioactive daughters,

radicactive decay and weathering processes.

The time-dependent concentration of each radionuclide on the ground

W(r,8,t,i) for t < te is given by:

i i
w(r’aot;i) - Z Z <X(r’e;5|h)’vd(s'h)( r—I AV)

s=]1 h=1 v=h+1

i 1l - exp (-a_ t)
2[ - ] , (4.34)

veh [ %y ﬁ (g = 3)

f=h
f#v

where a = ) + u .
v v

For t > te the concentration is:

" i
W(r,0,t;1) = 3, 2 <x(r.6;s,h)>Vd(a,h)( r—] )Y)
v

s=]1 h=]

i [exp [-uv(t - te) ~ exp (-avt)] i35

a 1 O, =-1r)
v r] f v
f=h
fév

v=h
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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 ic dependent on the pathways rf exposure to the pol-
lutants. .n UDAD, pathways of exposure (F.g. 1.2) are divided
broadly into external and internal r ' :es. External exposure is
that from sources 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. Internal
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 contami-
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
ceilular 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
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buildup o>f daughter radionuclides, and the retention of the radionuclides in

tissue.

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

constant intake (1).

I(t) q(t)

Tine Time

Chronic uptakc 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. Uptake
[g%%EL/I(t)] is age-dependent and is largest during skeletal ossification;
i.e., in children and infants, for bone-seeking radionuclides. Uptake and
retention for most radionuclides of interest are not known as a function of
age. Hoenes and Soldat (1977) have estimated age-specific raiiation dose

commitments for several radionuclides.

For radiation workers, the maximum period of dose accumulation is a .¢
50 years, but, for the genmeral population, the exposure period can begin
in utero 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 vears.

Several radionuclides in the uranium-238 series (“?"Th, “?®Ra) have both
long physical half-lives and long biological retention periods relative to the
human life span. For these radionuclides, the concentration of radicactivity

in the tissues will increase with increasing duration of radioactivity intake
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and will approach an equilibrium level assuming a constant rate of :adio-
activity intake. An interruption in the rarte 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 -~oncentration by
relocation anv excretion (Fig. 5.1). Within a 70-year life span the body
burden of some radionuclides will not reach the state of radiocactive 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 (ahout 20
vears of age) than after skeletal matur.ty. Thus, the tissue concentration of
radionuclides with long effective half-lite will be dependent on the intake
period and age during exposure. Age-dependence of radiocactive uptake for

humans is net known.
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Mill | Mill

Orgon Burden & Dose Rate

Age
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Continuous Radionuclide Intake. The dose rate

L s

Organ Burden as a Function of Duratior

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 concentraticn
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 direct gamma and beta emissions from ore on the ore pads
and in the mill circuit and the tailing at the disposal sites. In

UDAD, direct exposure is not treated.
6.1 EXTERNAL EXPOSURE FROM AIRBORNE AND GROUND-DEPOSITED ACTIVITIES

The dose rate ﬁec(r.e.t;v) to tissue ¥ (Fig. 1.2) from indirect external

exposure to airborne radicnuclides ‘s given by:

Jgc(Fr0,85¥) = Ei:'S(i)RC(i.?_)fx(r.e,t;1)> , (6.1)
where §(i) is the shielding factor for the radionuclide i froa building
=tructures,

Rc(i.w) is the dose rate per unit concentration of 1 tec he crgan

or tissue Y (dose rate factor), and

<x(r,8,t;1)> is the total average airborne concentration of i at

time t and location (r,6).

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:
D, (r.0,t5¥) = ézi:Rc(i,\!')<x(r.8.:;1)> - (6.2)
Similarly, the dose rate ﬁeg(r,e,t;n) from ground-deposited radionuclides
i is given by:

f)eg(r.e.t;V) = zt:z(i)kg(i.‘i’)<r'(r,6.t;i)> . (6.3)

Sy
O
e
=
=N
i
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where £(1) 1is the shielding factor for the radionuclide 1,
Rg(i.Y) is the dose rate per unit surface contamination, and

<I'(r,8,t;1)> is the total average surface contamination at location
(r,8) at time t Ly the radionuclide i. In UDAD, e({i) =
8(i) = a constant, even though the shielding factor (i) is
not equivalent to R(i) because of dependence of the shielding

factor on exposure geometry of the ground relative to the air.

The dose rate 6eg is calculated from:

f)es(r,e,t;?) = a);_jngu,v)<r(r,e.c;1)> . (6.4)

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. Rc(i,W) dose rate conversion factors were calculated from a
semi-infinite snace containing homogeneous radionuclide distribution. These
dose rate factors may overestimate gamma dose components, as the atmospheric
dispersion is not homogeneous in distribution of conceatration in the vertical
direction. The Rs(i.v) values were calculated for a height of one meter from
an infinite ground plume containing a homogeneous surface contamination of the
radionuclide i. 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,6;¥) = f D(r,6,t3¥) dt +f D(r,8,t;¥) dt . (6.5)
t t

o e

The dose to an individual is calculated for Lor the duration of the active
industrial operation, and for (t - tg) the period of occupancy at the site,
where ty is the beginning year of industrial operation. The longest exposure
period may correspond to a life-span exposure of 70 years (At = t - tg = 70

years). But in general, the exposed population is heterogeneous in age
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distribution and migratory. Thus, if D(r,8,At=70;¥) is used for estimation of

radiological effects, the results will be overly conservative.
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7. INGESTION

Ingestion of contaminated {ood is a pathway of exposure to
the gastrointestinal tract and to other tissues by absorption
into the systemic blood pool. Figure 7.1 schematically depicts
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 contaminated water. The effects of ground deposition
are cunulative because of the low rate of depletion from the soil
partially due to the small amount of precipitation (rain and snowj.
Because of the limited available 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 each region of food production, a centreoid represent-
ing the average regional productivity is considered. The potential
for food contamination by the effluents through ground deposition
and water is computed. The regional food yield and the concentra-
tiony of the radionuclides for each centroid are utilized in the
computation of the ingestion dose rate and dose and population
exposure. Since water transport is not incorporated in this ver-
sion of UDAD, dosimetry of water pathways is treated by intro-
duction of nuclide 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 pathway (e.g., fish--present mining and
milling operations are not near large bodies of water) or could be combined
(e.g., pork, mutton and beef). Vegetables were alsoc grouped as above-ground
(e.g., lettuce) and below-ground (e.g., potatoes) contributors. Like items
were combined upon the recommendation of the USNRC.
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FOOD CHAINS LEADING TO MAN

i Airborne Radionuclides J
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Fig. 7.1, Food Chains Leading to Man. In this version of UDAD pathways

explicitly calculated.

leading from reservoirs, rivers, fish, and groundwater ara lnot



7.1 RADIONUCLIDE CONCENTRATIONS IN VEGETATION AND PASTURES

The concentration of a radionuclide i in vegetation v or the pasture at
a centroid (r,8) from deposition on foliage and uptake from the priov con-
tamination t in the soil is:

C(r,8,t:1,v) = B.64 x 10“ 2 <y(r,8,t;i,s)>

s

vd(s) nvall - exp (\e(i)tv)]/)'vf\e(i)s + nvirv(i)u(r,e.t;i)/n i

where Vd(s) is the deposition velocity from the total annual average

airborne concentration x for the effluents particles of size s,

n 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,
fv is the fraction of foliar deposition retained on the plant,

Ae(i) = 3(i) + w(i) is the effective removal constant of the
radionuclide i from the plants, [A(i) is the radioactive
decay coefficient and w(i) is the weathering coefficient from

the plant],
¥ is the yield factor (kg/m’) per year,
tv is the plant exposure period,

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

¢ is the effective surface density of scil, and

W(r,8,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 for pasture and food crops consumed by the animalse,




£ = 0.2,

€
-
[
~
L}

0.693/14 days,

2.0 kg/m? for crops,

<
L]

0.75 kg/m* for pasture,

‘g
L]

| 1
<
-~
[N
S~
I

default values given in Table 7.1, and

240 kg/m? assuming a uniform miving of all radionuclidzs in a
plowlayer of 15 cm depth.

©
n

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 UDAD@,b

Average Mazimally
Exposed Exposed
Pathuway Individuals Individuale
Vegetables, kg/dayb 0.28 0.77
Meat, kg/day 0.26 .. 2

‘These values are those for adults taken from Tables E-4
and E-5 of U.S. Nuclear Regulatory Commission Guide 1.109,
Revision 1, October 1977.

bDoes 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 tha: the concentra-
tion of radionuclides in the edible part of the plant is the same as the

average concentration in overall plant.
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7.2 RADIONUCLIDE CONCENTRATIONS IN MEAT, POULTRY, DAIRY AND EGGS

The radionuclide concentrations in meat (beef, mutton), poultry, dairy
products and eggs are dependent on the animals total daily radionuclide intake
from feeds (pastures, grains, stored feed), drinking water and inha'aticn.
wchalation rates for animals have been reported, but the transfer rates from
inhalat:; n for some of the radionuclides to the animal products 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:

C(r,o,t3i,a(k)) -~ gla) m.u(k))Zcp(r,s.z;L,Jmu.n ; (7.2)
j

where C(r,9,c3i,a(k)) is the concentration of the radionuclide i in the

product k of the animal a at centroid (r,9) at time t,
g{a) is the fraction of the year animal a is on contaminated intake,

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

Cp(r,B.t;i,j) is the concentration of the radionuclide i1 from feed j
at the centroid (r,8), and

Q(a,j) is the consumption rate of the contaminated feed j by the

animal a.
The default values adopted in this version of UDAD are:

g(a) = 0.5 for all a

F(i,a(k)) for meat/feed in davs/kg are U (3.4 x 107%), Th (2.0 x 10™%),
Ra (4.0 x 10=3), Pb (2.9 » 107™%), and Po (1.2 x 1072).

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

= 0.12 kg/day of grain for poultry. 560 Or

The Cp(r,e,f;i,j) is estimated from 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 climatically dependent
on the site of the centroid. The transier coefficient F(i,a(k)) 1s 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 described in

KCpulatory Guide 1.109 except for Ra-226 (Scarano 1978).
7.3 TNCESTION DOSIMETRY

The ingestion dosge 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 .eposition in the organ
and the organ weight. The rate of radiocactivity 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 radiocactive half-lives, loss and
ingrowth in ac ivity from radioactive decay during the time lag betwzen pro-

duction and consumption is not included.

The commonly used metabolic model and parameters for ingestion .ose rate
calculations are those presented in ICRP publication 2 (1959). The values
utilized for metabolic pathways are selected from NRC report, Regulatory Guide
1.109 (1977). The ICRP model assumes that radicactivity retention in any
organ follows a single-exponential function and is homogeneously distributed
in the tissues, But recent experimental data seem to indicate -ltiple~-
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,
with the exception of computing dose rates to bone and whole body from 226Rpa,
the metabolic models are those of ICRP 2 (1959). Dose rates for whole body
and bone from radium-226 are cal~ulated from a multiple-exponential retention
model (ICRP-10A, 1971).
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The burden, Q(t;1,¥,j), of the radionuclide 1 in the organ or tissue ¥
from a continuous ingestion of the food type j at time t is given by:

dQ(e;i,¥
SUELBD o r(gete, D) HOBEC N - AELDAUGLY,T (7.3)
where I(j) is the rate of intake of food type i,

C(t;1,j) is the average concentration of radionuclide i in food j,
fi(i) is the fruction of the radionuclide i that reaches the blood-

stream from ingestion,

fé(i.!) is the fraction of f;(i) that reaches organ or tissue Y,
and

A(1,¥) 1is the effective decay constant of the organ ¥, i.e.,
A(1,¥) = 2(1) + 2(¥) where (i) and A(¥) are, respectively,
the radiocac.ive and biological coefficient for the radionuclide
i and organ Y.

The biological half-lives Tb(i,V) and the radiocactive half-lives Tr(l)

e sepcstaty, (885) o (352).
’

The solution of Eq. 7.3 is:

Q(t;i’*‘j) = Q(o;i'v'j) e-l(i,V)t +
et ) e@esa i - @08 P
A{i,¥) . .4)

The dose rate D in rem/day for the organ Y from the radionuclide 1 is:

. x -6 .
Bestorp) - S22 107 QELLDEGY 0.9

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

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

organ ¥ in e red * and

| 360 D5

(e |
N
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e

W(¥,t) the weight of the organ h at time t in giams.

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

t
D(t;i, ¥, 1) -f l')(t;i.\i‘vi) dt (rem) . (7.6)
0

The solucion of the Eq. 7.6 for an adult [W(t,¥) = W(¥)] using the

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

51.2 —5 N . -A(i.W)t
SRR EEST-XTINY PR | v

(7.7)

o LQ)C(e, ) £ (1)E3(4,¥) (t - e-x(i,V)t])
A(i,?) A(i,V) .

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

intake are given by:

Dle;¥) = 5 X D(t;i,%,1) (7.8)
joi
and
Dit;¥) = 3 3 D(t;i,¥,1) , (7.9)
] 2

from 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 ~ompartments, The parameters used for the above

equation are tabula.ed in Tables 7.1 and 7.2.




Table 7.2. Default Parameters of Internal Dose Rate Calculation
Nuelide Organ E(Z) (QF),
(1) (¥) fl(i) _f‘i(z’,h) T, daye T;» days  MeV rem/rad
U-238 WB 10-2 1.0 1.6 x 102 100 43
Bone 102 0.11 1.6 x 1012 300 220
Liver 10-2 0.0 1.6 x 1012 - -
Kidney 10~¢ 0.11 1.6 x 1012 15 43
U-234 WB 10~2 1.0 9.1 x 107 100 49
Bone 102 0.11 9.1 x 107 300 240
Liver 10-2 0.0 9.1 x 107 - -
Kidney 10-2 0.11 9.1 x 107 15 49
Th-230 WB 10~ 1.0 2.9 x 107 5.7 x 10% 48
Bone 10~ 0.7 2.9 x 107 7.3 x 10% 240
Liver 10-% 0.05 2.9 x 107 5.7 x 104 48
Kidney 10™" 0.05 2.9 x 107 2.2 x 10% 48
Ra-226 WB & Bone 0.3 0.54 5.9 x 10° 0.398 110
0.29 5.9 x 10° 4.95
0.11 5.9 x 10° 57.75
0.04 5.9 x 10° 6.93 x 10°
0.02 5.9 x 10° 5.33 x 103
Liver 0.3 0.0004 5.9 x 10° 10 110
Kidney 0.3 0.002 5.9 x 10° 10 110
Pb-210 WB 0.08 1.0 7.1 x 10° 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 3C 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
EZn A E 7
J FJ J U) J //
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8. INHALATION

The dose and Jdose rate to the lungs and other organs from
inhalation of airborne radionuclides are dependent upcn 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, aernsdynamic size distribution of the inhaled
aeroscls 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).

Tne 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 fractionm 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 (i).

International Commission of Radiological Protection has classified

inorganic compounds according to their relative rate of clearance from lung

560 059
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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 radicactive particulates in the subcompartments
¢ of the ¥ compartment of the respiratory tract at time t is:

. ?{
QQUEILTE) © 2%(1,0) QUEs1,¥(8)) + F(LY) £(1,8) , 8.1)
FULY) = 10, 0 (1) <x(r,8,E2,0)> , (8.2)
z
where Xe(i.Q) = Ab(1,¢) + Ar(i} is the effective removal constant of

radionuclide i from the subcompartment 4. kb(i.¢) is the
biological removal constant, and Ar(i) is the radiocactive

decay constant.

Q(t;1,¥(¢)) is the burden of radionuclide i in the subcompartment ¢
of the Y compartment at time t,

f(i,¢) is the fraction removed from the ¢ subcompartment,
I is the air inhalation rate, and

<x(r.B,E;i,z)> is the average concentration within a time interval
of the radionuclide i in the air with aerodynamic diameter z,
z = s/p., s and p are, respectively, activity median diameter
and density, and
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Table 8.1. Values of the Clearance Parameters, Biological Half-Life Tb(i.Q)
(in days), and the Fraction Removed f(i,$) for Each Translocation Class
of Radionuclide i, from Subcompartment ¢ as Depicted in Figure 8.1
(Task Group Lung Model)

. , : Translocation Class D Tranglocation Class W Translocation Class ¥
Respiratory Metabolic
Compartment Pathoay Plie)  Fli,0) Plie)  £lie) ®ie)  fii,e)
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 - - | §° 0.4 1. 0.4
g - - 50. 0.4 500. 0.4
h 0.5 0.2 50. 0.05 500. 0.15

L: i 0.5 1.0 50. 1. 1000. 0.9
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Dz(W) is the fraction of the inhaled particulate with aerodynamic

diameter z '~ _.0sited in the lung compartment Y.

The burden in ¥(¢) from Eq. 8.1 is given by:

QUESL,¥(9)) = QUOL,¥(8)) Ay ,(e50) +

F(1,9) £(1,0) A) (551) , (8.3)
where
Ay ,(t31) = exp (-2%(1,0)¢e] , (8.4)
'®
and e
A L (esd) = 1-exp [-) (,0)t] (8.5)

2¥(1,4)

For the NP and P compartments of the respiratory tract, the total tissue
burden is the sum of the burdens resulting from depesition in the associated
subcompartments in each. For the TB compartment, the burden is augmented by
the processes f and g from 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:

dQ(”:;“(d)) - Z Ab(i.¢) Qt;1,P(8)) - 2%(i,d) Q(t;1,TB(d)) . (8.6)

¢=f,g

The additional burden in the tracheobronchial region, calculated by integra-
tion of Eq. 8.6, is:

Q(t;1,TB(d)) = Q(0;1,TB(d)) A, gftsi) +

5 xb(i’Q){P(:JP) £(1,9) [“1 L0 - d(“i)] h
A A%(4,) ' ,

Q0;1,P(#)) A, d(t;i): . (8.7)

where

A, (esi) = lexp (A5(1,000) - exp (-2%(1,62)0)]
P1+92

(8.8)

A¥(1,82) - 2%(1,4))
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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:

QUELLM) - 3P40 £(1,1) Q(e1,PM) - A%, QEGLLA) - (8.9)

The lymph burden from Eq. 8.9 is:

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

e

b F(i,P) £(ih) [ . , ]
A (i,h) £(i,1) A,  (t;1) - (t;i)] +
{ 201 8) 1,1 At

Q(0;1,P(h)) A i(:;i)} (8.10)

for class Y solubility with A%(i,n) # 26(1,1).

For classes W and D solubility with Ae(i,h) - Ae(i,i), the lymph burden
is:

Q(t;i,L(1)) = Q(0;1,L(1)) A, ,(£51) +

2P i,h) £4,1) {F(i’Pi(f(‘;h) [Al L(E51) - A 1(1;1)] =
A (1,1 ® “

4 2 ' 8' 1
Q(0;1,P(h)) t Ao,i(t’i)§ : (8.11)
For class Y solubility the additional material in L(2) of the lymph nodes is:

QUE,L(D)) = QUOEL(D)) Ay ,(6:0) + 2" (1, (L - £(1,1))

F(i,P) £(i,h) [A (t:i) - (t-i)] +
{ )\e(i,h) 0 Ahsl

Ui (8.12)

L“'\
c Sy

Q(0,1,P(h)) Ah'l(t;i)} : 5



for 2801, =A%) . (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 radinactivity from the blood. In UDAD,
the retention furction from inhalation is assumed to be a single exponential
function of time, except for “?®Ra in bone and whole body for which a multi-

compartment exponential retention function is used.

Sources of blood activity and its distifbution are schematically depicted
in Figui= "..4. 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 fé. The

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

dQ(e;i,8(n)) _

L 22(4,6) Q(t31,¥(8) £3(1,N(2)) +

¢=a,c,e,i

Z ib(i,ﬂ Q(t;i,¥(¢)) £5(i,N(n))f (1) -
¢=b,d,f,g

2\ (1,N(n)) Q{t;i,N(n)) , (8.14)

where £, is the fraction of the activity in the gut transported into the
blood pool. Thus, the burden is:

Q(t;i,N(m)) = Q(0;i,N(n)) A, (e3d) +

Z Ab(1.¢) £5(1,N(n)) B¢,n(t;i) +

¢-.’cle

b
Z AP(1,6) £5(1,N(n)) £1(1) B, (t;1) + Ly, .(6;1) , (8.15)
s=b,d,£,8 el e

260 065
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where

(ti)'w[l(ti)-A (ti)]
A (1,2) o9

Q0:1,¥(4)) A, _(e51) . (8.16)

Lﬂ(t;i) is the contribution to the organ burden from material passing through
the lymphatic system.

For class Y solubility o (4,L(1)) #2%3,0)

LN(n)(t i) = A (1,1) £5(1,N(n)) Q(0;1,L(1)) A (t 1) *

Ab(i--h) Ab(i.i) £(1,1) fi(j_’u(n)){F(ixf‘) £(i,h)
A% (1,h)

[‘1.n“‘1’ - Ay A (D) - Aijn(t;i)] ¥

2&04,1) 2%1,1) - 2%(1,n)

e (8.17)

Q(0;1,P(h)) [
A (1,1) - 2° (1 h)

Ay 261 - AL (55 1)]}

For classes D and W solubility Ae(i,i) = Ae(i,h),

Loy E51) = AP(4,1) £3(i,N(n)) QO3i,1) A, (t;1) +

i,n

F(i,p) f(i,h)
xe(i,h)

[ﬁ},n(t;i) - Atln(t;i) A t Ao’i(t;i) - Aijn((;i) 3
Y ¥ (1,0) - 2%(1,1)

xb(i,h) Ab(i.i) f(i,i) f5(i,N(n))

t A, . (t3i) - A, (t;i)
Q(0;1,P(h)) [~—-°;‘ Lt . (8.18)
2 (i,n) - 2%(@,1)
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8.3 DOSE RATE AND DOSE

Dose rate to an organ or tissue is calculated from Eq. 7.5. The time-
integrated doses a.e derived from Eqs. 7.5 and 7.6 using the organ or tissue

burden given in previous subsections.

The dose to the N” region of the respiratory tract is:

F(1,NP) f(i,¢)
21,8

D(t;1,NP) = D(1,N0) 3. {
¢=a,b

[ - Al,cp(t;l)] + Q(0;41,NP) A1’¢(t;1)} (8.19)

for

51.2 x 10~ E(4,¥)

D(1,¥) = o

(8.20)

The dose to the TB region is:

¢(i:;i)) +

¢=c,d A(1,9)

Q(0;1,TB(¢)) Al’¢(c;1)] + Q(0;1,TB(d)) Al’d(t;i) +

:E: 22(4,8) F(1,P) £(i,8) [t - A (1) k Ay (651 - Al’d(t;i)]

o=f,g ¥ (1,9) ¥ (1,d) 28(1,d) - 2%,
A (i;1) - A (t:t)
. Ab(1.¢) Q(0;1,P(9)) [~l‘§ i‘d ] (8.21)
A (1,d) - A (i,4)
The 4dose to the P region is:
D(t;1,P) = D(i,P) LR L) [c - A (m)] +
¢=e,f,g,h A(1,¢) »9
Q(0;1,P(4)) A} ¢(t‘i) (8.22)



59

The dose to the lymph nodes is:

(c;1) +

D(t;i'L) - 6(101‘) ,Q(O;i,l‘(t)) Al i

- “1,1(t‘1) ; Al,h(“i) - Al,i(“i))

26 (1,1) 2%(1,1) - 2%(4,n)

t
xb(i.h) £(i,1) [F(iéP) £(i,h) (
A ti:h)

Ap (E51) = A (650)

2 8(1,1) - 2%(4,h)

* Q(O;i.P(h))( )] + Q(0,1,L(2)) "‘1,1(“1)

t - A L (t;1)
+2°%(1,h) @ - £(1,1)) [F(ié?l f(i,h) ( i,z )
A (1,h) ZF 1)
Ay (888) = Al’i(t;i)) )
AF(1) - 2%(1,h)
A, (t51) - A (t51)
\F(4) - a%(1,h)

for solubility class Y, and

D(t;1,TB) = D(L,TB) | Q(0;1,L(1)) A, (t31) +

t(l + AO,i(t;i)) - 2A1,i(t;1)) .

(e, £(1,1) | EER LD (
| 2%,h)

t A (t;i) - A (t:1)
Q(0;1,h) ( e dad )] { (8.24)
A (4,1) ,

26 (1,1)

for solubility classes " and W.

For other organs and tissues, except for the GI tract, th: time-integrated

dose is:
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D(t;i,N(n)) = ﬁ(i,N) 30(0;1,N(n)) Al’n(t;i) +

Ab(i,é) £5(1,N(n)) B, (t;1) +
d,n
¢=a,c,e

}E: Ab(1.¢) £5(i,N(n)) £;(1) B¢ R (E31) + Ln(t;i)) ’ (8.25)
¢=b,d,f,g ! ‘

where

P(L,¥(9)) £(4,0) | &7 ALaltid)

35 (4,4) A€ (i,n)

B¢’n(t;1) =

Al’gftzi) - Allp(t;i; (t;i) - Al,n(t;i)

A
+ Q(0;1,¥(s)) | a2 (8.26)

A& (1,n) - 2%(1,9) z$(1,n) - 2%(4,9)

and
A, (t31) - A, _(t31)
L (e30) = A°(4,1) £5(1,N(n)) a(o;i.L(i))[ bl - ] -
" 2 (i,n) - A°(,1)
WBeimy o1y | EaP) £Q,h) 1 (t = Al i T A Al,n(“ii)
26 (4,h) 3€(1,1) 3¢ (1,n) 2 €(i,n) - 2%(4,1)
_ 1 (Al,h(t;i) - ALLD(C;i) ; Alji(t;i) - Aljn(tzi))
26(1,1) - 2%, 2,0 - 2%,n) 21,0 - 2%d,1) /.
. Q(0;4,h) (Al,h(t;i) - Al’n(t;i) _ Alli(t;i) - Al’n(t;i))
| 2 &1,1) - 2%, \ 28,0 - 2%,h) (1,0 - 2%@1,1)
| (8.27)

for class Y solubility, and

!
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A (531) - A, (£51)
L (es0) = A°(4,1) £3(4,N(n) o(o;i,m))[ L1 dat ] +
¥(1,n) - 2%(1,1)

- . - ;1
¢(nh)fu.n FXLJ)f(Lh)[ 1 (t Ahu“’” _ALi“’“ Ahﬁ“ ’)

2% (1,h) @, \ 2%d,n 2 (i,n - 2%3,1)
e N (Al’i(t;i) - g Ao,i(t;i) _ AlLi(t;i) - Aljn(t;i))
A (1,n) - 2%(1,1) 28(1,1) 2 d,n - 2%, /.
N Q(034,h) (AlLi‘(:;i) -t Aoli(t;i) ] Al,i(t;l) - Aljn(t;i)
(1,0 - 2%,1) 26 (4,1) 21,0 - 28,1
(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) ‘s a function of the radionuclide residence period and the quantity
absorbed from the gut into the blood pool. 1In 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:

égiséélsli.. }E: \P(1,4) Q(t;1,4) (8.29)
¢=b,d,f,g

The total amount entering the gastrointestinal tract, calculated by
integration of Eq. 8.29 is:

QG = D aP(1,e) | B €0
¢=b,d,f,g 2 (1,9)

[t - Al.o(t;i)] + Q(0;1,4) A1.°(t;1) ; (8.30)
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The dose D(t;1i,CI(s)) to the stomach from ihe inhaled radionuclide i
appearing in the gastrointestinal tract is:

£ A )7,
D(t;1,GI(s)) = D(1,8)Q(t;1,60)| % WD ) (8.31)
r
where ﬁ(i,s) is the dose conversion factor, and

rs is the mean residence time of the radionuclide in the stomach.

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 A

£,
1 1 ]
A, = — 1ln X (8.32)
tl TSI [1 - fl
where f, is the fraction of thg¢ radioactivity absorbed inte the blood pool,

and

Ts1 is the mean residence period in the small intestine.

In UDAD TSI is assumed to be four hours. The dose to the small intestine
DSI(t;i) is:

) 1 - exp (-Ae(i,SI)T )
D(t;1,61(SD)) = D(1,51) Q(t;1,61) exp (-A"(2)7_) [ &1 ]

26(1,81)

(8.33)
where

2%(1,51) = 2F (1) + Kfl . (8.34)

The passage rate of material through the upper large intestine is assumed
to be constant with a mean residence time TULT of eight hours. The dose to
the upper large intestine is:
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D(t;i,GI(ULI)) = ﬁ(i,ULI) Q(t;1,61) (1 - fl)xuu exp (-J\"(i)(:s + rSI))

(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;1,GI(LLI)) = D(1,LLT) Q(t31,61) (1 = £)1 ., exp (AT (D) (x, + tgp + Ty 1))

LLI
(8.36)

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

8.4 RADON DOSIMETRY

The radiation dose from inhalacion of radon and its daughters depends on
their emitted alpha energlies and radioactivities, on the body tissues they are
retained in, and rhe perind 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
short-lived radon daughters 218po and ?!“Po emit with 6.0 and 7.68 MeV energies,
respectively. These nuclides emit alpha particles and are inhaled as ion or
aerosol 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 radiocactive 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-u) time. Attachment of the ions of
radon daughters on the atmospheric aerosols 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).

- -y
it
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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 pCi/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 (WLM), 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 ratc is lower and
shallower. In UDAD, for a continuous exposure to 1 WL for a year, 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:

D(r,8,t;Rn) = 0.625 £,<x(r,8,t;Rn)>

+1.25 x 10° (1 - £ WL, (r,8,t) , (8.37)

where 5(r.6,t;Rn) is the dose rate from radon daugnters in mrem/year,
fI is the frequency of occupancy indoors,
0.625 is the conversion factor in mrem per pCi/m3,

1.25 x 10° is the conversion factor in mrem/WL, and

HLO (r,8,t) is the outdoor working level.
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where UCB is the ratio of contribution of food £ from centroid z to
the population within the 80-km radius to the total consumption
of food g within the 80-km radius,

<C18(t)> is 80-km average concentration of nuclide 1 in food #, and

CiB(t,ﬁ) is the concentration of radionuclide i in food 8 produ.ed
from centroid ¢.

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

P -~
D (t;¥) p(t)zsjzioﬂxe<cie(c)> , (9.3)
where P(t) is the total population within the 80-km radius of the site
at time t,

-

Div is the dose commitment conversion factor for ingestion of
radionuclide 1 for organ or tissue ¥, a factor that converts

the intake rate of radionuclide { to the radiation dose commit-

ment to organ or tissue ¥, and

IB is the intake rate of food B for an average individual.

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.
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10.  ENVIRONMENTAL DOSE COMMITMENT

Contamination of the environment by long-lived radicnuclides
represents a long-term potential source of exposure to humans.
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 material 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 an organ or a tissue Y resulting from exposure to radionuclide

i via pathway k is:

t
e - f a _
Di,v,k = ngo P(C,t)Di’w’k(C,t) dt , (10.1)
where Di Y.k is the environmental dose commitment for organ ¥, radionuclide
’ ’

i, pathway k for population exposure period tf,

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

D: " k(c.t) is the average individual dose commitment for organ ¥
’ ’

from radionuclide i via pathway k and subregion Z, and time t.

The calculation of environmental 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(z,t) = G(t)P(¢,t=0) , (10.2)

where G(t) is the function representing the average population growth rate in

the subregion %, given by:

G(t) = 3. P(5,t)/ 3 P(z,t=0) . (10.3)
g G
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The average individual dose commitment to organ Y from an exposure pathway k

in terms of concentration is:

~

a a
Di.v,k(c'” Di,?,kcik(c't) " (10.4)
where Cik(c,t) is the average concentration of radionuclide 1 via pathway k

at subregion £ and time t, and

~

Dj Y.k is the individual dose commitment conversion factor for

organ ¥, radioouclide i, and pathway k.

Substitution of the Eqs. 10.2 and 10.4 into Eq. 10.1 results in:

e - te a
Di.w,u = ;E(C'C.O)Di,‘?,kj; G(t)ci,k(c’t) dt . (10.5)
1

Expression 10.5 is integrated over m fixed time steps. For each time

step At the average population growth is estimated for the midpeint of the
time interval by:

t
m = d+1
- = = Y a 4
Di,‘i’,k Z P(;,t=0) Z G(tﬁ)Di,‘l’,kf Ci’k(g,t) dt , (10.6)
4 8=1 ty
t + t
where Eé = —ét%————é (10.7)

Total environmental dose commitment to organ Y from pathway k is obtained

by summing the contribution from each radionuclide 1i:

e e
D\i’.k ; Di,'!’,k . (10.8)

The following equations are derived from Eq. 10.8 by integration of the

radionuclide concentration for each time interval.
10.1 ENVIRONMENTAL DOSE COMMITMENT FROM INHALATION OF PARTICULATES

The inhalation pathway is designated by k = 1 (see Section 4).

4
D:.‘l’,k = ; P(z,t=0) 621 G(ES) 32-:1 Di,‘P,l(s)Ii,S(C'S) s (10.9)
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where I1 6(c.s) is defined as:

Es41 .
Ii S(C,S) = [<x(t;s,1)> + <x (g,t;s,1)>] dt .

ts
For 6 = 1
i
Ii,l(;'s) =t x(zis,i)> + :E: k(0)<x(z;s,h)>
h=1
i i t B - (1 - €~b2
vd(s,h)(ﬂ xl)z L
g=h+1 t=h |82 [ O = 2p)
f=h
f#2
For 8§ = 2
i
I 2(s) = (¢ =t )<x(g3s,i)> + Z k(0)<x(¢;s,h)>
G A h=1
: Bt
1 i (te a ta)(l . P
Vd(s’h)(” A'l)z: 8, [ Qg = Ap) ]
L=h+1 g=h | "z ] “Y'¢ ™ "2
f=h
f#2
i i
Z Ke<x(z;8,h)V,(s,h) ﬂ A
hel [ y i=h+l *

(10.10)

(10.11)

(10.12)




For 6 = 3

i i
L 3(1;,3) = 2 &(0)<x(c:5.h)>Vd(s,h)( ﬂ Av.)

h=1 i=h+l

s M < -B. t
i l -e L Blt e k3 —£
bW —La v Z
= 2 . o
f=h 81 r1 (Xf ll)
f=h
f#2
i i

kgx(;;s.h)vd(s.h)(‘ ﬂ xh) 2

i=ht+l i=h

-t ~a,t -a_ (t +t )
G.Jztaela-ele-f-eg'ea
- -11. (10.13)
i QE A (lf - XR)
f#L
For 8§ = 4
i i i
Ii (‘(t'..s) = Z kf‘-x(f,;s.h)vd(s,h)( [_] )h)z
' h=1 2=h+1 i=h
—a,t, ) e—aq(tf—te) . e“z(te+ta) . e_qi[f
= (10.14)
a? i (A, = 2.)
t [ f 2
f=h
f#2

ne
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10.2 ENVIRONMENTAL DOSE COMMITMENT FROM INHALATION OF RADON DAUGHTERS

For k = 2 ,

t \.
e e .
DTB.Rn.Z = te ; P(C,t'O)G(z )DTB,Rn<X(C‘Rn)> § (10.15)

10.3 ENVIRONMENTAL DOSE COMMITMENT FROM EXTERNAL EXPOSURES

For k = 3 for external exposures from radioactive materials in air:

e |
D?.i,B W JI W,i 3| (10.16)
P Rn
where
. | - = D 4 .17
Dy,1,3| 2: P(z,t=0) 2;& G(t )D,F 3 é? 11,5(*’5) ' (10.17)
P
For radon and short-lived daughters in air:
e ' (t, )
DV,i,}' 2: P(g,t= Olu\z ¥,1.3 <x(c3;i)> . (10.18)
Rn

Similarly the environmental dose commitment from ground deposited

activity (k = 4):

= Z P(z,t=0) Z: G(t )D* a i, ‘ %) (10.19)
8=1 o1
i { i i
where Ii 1(c) = z: [E <x(;;s,h)>vd(s,h)]( ﬂ ‘Ai) Z
g h=2 s 2=h+1 2=h
=qg.t
teal - (1 - e . )
> 1 ’ (10.20)
ag r1 (Af - Ah)
f=2 :
f#h

Wy

N
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D
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and

11,2(0 = i z: <x(f,;s.h‘>\'d(s.h) ( rL| .\Q) zi:

h=1 S 2=h+1 L=h

aQ(tf-te) —uﬁte -agtf
l1-e - e e ) (10.2.}
2 4 e
ag r1 (Af \h)
f=2
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 Egq. 9.3:
N T :
Dy 5 fn (t,¥) dt . (10.22)

The irtegration results in:

e - . -
DW,S - P(t=0)[26(t5)2 Z D'?‘.i,SIE-(CiB(té) ] (10.23)
3

=1 B

It5+1

< t > = ] C s r . . 24

where Cig(té) Z :L;b : it([”) dt (10.24)
z 5



74

11. UDAD COMPUTATIONAL SYSTEM

Of the two major programs in UDAD, the first--MASTER--
computes the atmospheric concentration, ground deposition, dose
commitmeni, 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 tissu.e

of interest.

The theoretical basis and default values for UDAD have been described in
the previous sections. The UDAD computer prugram 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 b.
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 lirkage editor input deck (EDT.SYSIN dataset) is listed in
Appendix E.

"DAD is di. ded computatior.lly into two major programs--MASTER and IN-
TERNAL. Figure 11.1 depicts the substructure of the MASTER program, which
reads in the input data and computes the atmospheric concentracion, ground
deposition, dose commitment, dose rate, and time-integrated dose. The calcu-
lations are printed as z series of tables, and selected values are stored in
disk files for subsequent use by the independent plotting programs CONCPLOT
and CONTOUR. The function of each subroutine “n MASTER is desc.‘hed in
Table 11.1.
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Table 11.1. Functions of MASTER Subprograms

Subprogram Fuaotion

ACT Performs multiplication of a matrix and a vector,

ACTOR] Computes 2i2kn decay and daughter products ingrowth.

ACTURZ Computes factors in a matrix form for radiocartive decay ingrowtn
and pnysical temoval.

AFUNC Computes standard deviation of plume concentration distrioution
in vertical direction,

ANCH A utility numerical integration subroutine,

BLOCK DATA Initializes program variables and arrays.

CONC Computes avarage air and ground concentrations for a specific
time interval.

DDEP Computes source depletion factor.

DPUNC Double precision version of AFUNC.

DOCOMT Computes dose commitment values,

DOSACE Computes time-integrated dose and dose rate.

DOspPOP Computes population dose commirment,

EVPDOS Computes enviionmental dose commitment.

FEKR Evaluates function ¢1 for source depletion integration.

FERKI] Evaluates function #2 for source depletion integration.

FODOSE Computes ingestion dose commitments, time-integcrated dose, and
dose rate.

FOOD Computes radionuclide concentrations in foodstuff.

GROUND Computes time dependant and time-intzgrated ground contamination
values.

HEADEK Gonarates page heailers.

Ht Function to compute effective stack neignht,

INTEG performs numerical integration for snurce depletion,

KSZIFC Determines if non-zero particle size activity fraction has been
assignad for a given particle size index.

MAIN (UDAD) Main driver of program. Initializes program variables, reads
input, prints output, writes disk files.

NSNE Function that salects proper s~ries of dose conversion factors
to be used for a given radionuclide,

PARTL Secondary driver for first part of UDAD: prints all input
parameters, executes dispersion calculations.

POLUT Computes ground-level atmospheric concentration from dispersion of
source.

TAILPS Computes suspension rate of wind blown particulates from an area source.

TAIRR Computes time dependent and time-integrated air concentration.

VEGFOD Computes radionuclide concentrations in vegetation.

POOR ORIGINAL







MAIN
BLOCK DATA, HEADER, KSZFC, NSNE

.__L.| 1 1 | 1

PARYLJ CONC EVPDOS DOCOMY DOSAGE
{
r;:::r___1r LiE:::sz:::;/ | Fooose —

TAILPS POLUT TAIRR GROUNG 1 I
R . food | | oospor | | rract | | iwwawe
[ 1 |
ACIDR] DDEP ACT ACTDR? VEGFOD
I [ |
INTES
1
¥ )| | 1 1
AFUNC W FERR FERRI AN
DFUNC

Fig. 11.1. Structure of MASTER.

DRIVER
(FROM UDAD)

FRACT INHALE

MSPSET INITEX ECALC KFUNC
\./ : '
|

ETEST1 ETEST

Fig. 11.2. Structure of INTERNAL.
E{ vy 7
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Table 11.2, Functions of INTERNAL Subroutines

Subprogram Punotion

BLOCK DATA Initializea program variables and arrays.

ECALC Evaluates and saves exponentials used by INHALE.

ETEST Function to test for exponential overflow.

ETESTIL Function to evaluate expression: [l - exp (~)T)]/A

INITEX Converts input half-life values to decay constants, calculates
effective decay constants.

INHALE Main driver of program; computes internal dose commitment factors,
time-integrated dose, and dose rate,.

KFUNC function to control respiratory tract flow,

FRACT Computes deposited fraction in the lung subcompartments as a

function of particle size.

MSPSET Evaluates guantities needed for multiple subpath calculations.

combination as observed for the region, must be specified. The complete set of
stability wind-i15se data cornsists of 576 frequency values: a combination of

6 stability categories, 16 wind directions, and 6 wind speed classes.

Pollutant Data

For particulate poll.cants 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.




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 rerunning the expensive dispersion computatioms.
The allowed ISTEP values are:

do complete UDAD as one job.

stop at end of dispersion calculations; save all data.
resume UDAD where ISTEP=1 left off.

same as ISTEP=2 plus read in new dosage parameter values.
same as ISTEP=0 plus save all data as in ISTEP=l.

$d =~ O
v e

S W
-

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 muet be in a special form in order to be read ueing a NAMELIST
list. The first character in each record to be read muet be blank. The second
character in the firet record of 1 group of data records muet be an &, immediate-
ly followed by the NAMELIST name. The NAMELIST name must be followed by a blank
and muat nc: contain any embedded blanks. Thie name ie followed by data items
separated by commas. (A comma after the last item ig optional.) The end of a
data group ie aignaled by &END.

The form of the data items in an i(nput record is:

symbolic name = constant

The symbolic name may be an array element name or a variable name. Sub-
seripte must be integer constants. The conetant may be integer, real,
literal, complex, or logical. (If the comstante are logical, they may be
the form of T or .TRUE. and F or .FALSE)
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The set of constants consists of constante of the type integer, real,
literal, complex, or logical. The number of constants must be less than
or equal to the number of elements in the array. Successive occurrences
of the same conetant can be represented in the form k*constant, where k
i8 a nonaero integer constant specifying the number of times the constant
t8 to ocowr.

80
array name = get of constante (separated by commas)
|
|

The variable names and array names specified in the imput data set must

appear in the NAMELIST 1iet, but the order is not significant. A name that has

been = . le equivalent to a name in the imput data camnot be substituted for that

name in the NAMELIST liet. The list can contain names of items in COMMON but ‘

must not contain dummy argument names. |
Each data record must begin with a blank followed by a complete variable l

or array name or consgtant, FEmbedded blanks are not permitted in namees or con-

atants. Trailing blanks after integers and exponents are treated ae zerve.

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 foliow default Fortran first
letter conventions except as indicated immediately below the symbolic name.
UDAD Jefault values will be used for any variabl: 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:

FTO8F001 Binary data used to construct concentration and wotkinﬁslevxjr}ti
56 |



Table 11.3. NAMELIST Variables

§ymbolio Name

Desoription

G INDATA
GNEWSET

*BSV (6)
(1)

*DFACT

oV (2)
(1)

*E(18,12)
(1,3

*FCON (6,5)
(i,3)

This is the 2nd data deck card (f ISTEP=d, 1, or 4.

This is the 2nd daca deck ca:r If ISTEP=]

Concentration factor for plant uptake of nuclide i fcom
soil, pCi/kg (plant)/pCi/kg (soil). Default values:

i=s]l U238 2.5E-3, i=2 U234 2.5E-3, i=3 Thzid 4.2E-3
isd4 Ra226 3.1E-4, 1=5 o4 6.8E-2, i=6 Po2ld 1.5€-1

Decontamination factor .or human consumed vegetatior .
Default value = 9.5,

Annual average mixing deptn, m. Default = 8§58,

Pastures and vegetation y:ields, kxg/mz. Defaults:
i=l pastures @.75, i=z vegetation 2.0.

Effective energy apsorbed per disintegration (MEV*REM/DIS*RAD),
where i and j denote tne radionuclide and organ, respectively.

Default values are based on ICRP reports.
b) Organ or body part

1 Nasopharyngeal

2 Trachaobronchial

3 Pulmonary

0 Whole body

5 Bone

6 Kidney

7 Liver

8 Stomach

] Small intest =

18 Upper large .. estine

11 Lower Large ir estine

12 Lymph nodes

Default values:

i\t U238 U234 Th239 Ra226 Pbzlé Puile
1 4.3E+]1 4.9E+]1 4.BE+]1 1.1E+2 6.1E-1 5.5E+l
2 4.3E+]1 4.9E+]1 4.8B+]1 1.1E+2 4.8E-1 5.5E+]
3 4.3E+]1 4.9E+)] 4.8E+1 1.1E+2 B8.3E+2 5.5E+l
- 4.3E+1 4.9E+]l 4.8E+1 1.1E+2 5.2E+8 5.5E+)
5 2.2B+2 2.4B+2 2.4E+2 1.1E+42 2.9E+]1 2.8E+2
6 4.3E+1 4.9E+]1 4.BE+1l 1.1E+2 1.0EB+1 5.5E+1
7 4.3E+]1 4.9E+]1 4.8E+1 1.1E+2 1.0E+]l 5.5E+l
8 4.3E-1 4.8E-1 4.7E-1 4.8E8-1 2.7E-2 5.3E-1
9 4.3E~-1 4.9E-1 4.7E-1 4.8B-1 4.5E-2 S.3E-1

18 4.3E~1 4.8E-1 4.7E-1 4.8E-1 1.9B-2 5.3E-1

11 4.3E-1 4.8BE-1 4.7BE~-1 4.BE-1 1.9B-2 5.3E-1

12 4.3E+]1 4.9E+]1 4.8E+1 1.1E+2 2.5B+1 S5.5E+]

- -

Stable element transfer data, day/kg, where i and j denote
the radionuclide and the food item respectively.

) values: 1s=beef, 2=milk, 3s=poultry, 4=eggs, Sevegetation
Default values:

3\ U238 U234 Thz3@ Raz26 Pb21l@ Pozle

1 J.4B-4 3. 4E-4 2.2B-4 4.0E-3 2.9B-4 1.2E-2
2 6.1E-4 6.1E-4 5.2BE-6 4.5E-4 2.6E-4 1.4E-4
3 4.8E-3 A4.0E-3 4.0E-3 5.0E-4 2.0E-3 4.02-3
4 2.0E-3 2.8E-3 2.08-3 2.0E-5 2.0E-3 1.8E-2
5 2.0E+@ 2.0E+0 3.0E+1 5.0E+1 1.0BE+2 S5.0E+2

-
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Table 11.3. Continued

Symbolic Name

Desoription

*F1 (19)
(1)

*FP (180,4)
(1, 3)

*F2PM (16)

*FG

*FOODIN (2,3)
(1,9

PREQ (16,6,6)
. (‘cjal)

*FV (2)
(B

GROUPN(5,9)
(1,1

IADD

IDSQ (3.,6)
(i,3)

IDTAIL (5)
(1

Fraction of radionuclide i passing from Gi tract to the
blood. Default values are based on ICRP2. Defaults:

i=l U238 1.88~2, i=2 U234 1.0E~2, i=3 Thz30 1.0E-4,
is4 Ra226 3.0E-1, i=5 Pould B8.0E~2, i=6 Po219 6.0E-2

Praction of radionuclide i passing from plood to body
organ j. 1 values: lswhole pody, 2=bone, l=kidney,
4=liver. Defauits:

N U238 Ueld Thz3e Raz26 P21 Pozle

1 1.0E+8 1.0E+8 1.0E+@ 5.4E~1 1.0E+@ 1.0E+d
z 1.1E~1 1.1B~1 7.8B-1 5.48-1 2.8E-1 1.8E~]
k| 1.1B-1 1.lE-1 5.9E-2 2.0B-3 1.4E-1 7.0E-2
4 8.2 0.4 5.8E-2 &.%E-¢ 8.0B-2 1.7E-]

Multiple subpath values of FZP, see MSPTAB. Defaults:
2.9E-1 1.1E-1 4.8E-2 2.0E-Z

2.98-1 1.1E-1 4.0E-2 2.0E-2

2.9 8.9 2.9 4.2

2.8 8.0 é.9 2.0

Giazing factor, default=d.5.

Animal food ingestion rate, kg/day, where i and j dencte
the food category and animal type respectively. Defaults:

ivi beef cattle milk cows poultry
water 5@ 60 2.3
pasture 59 5@ 8.12

- -

Annual relative frequency of occurence for wind direction i,
wind speed class j, and stablity class k. For each
stability class and wind speed the freguencies are entered
in a clockwise directics beginning with the north sectcr.

No defaults; values must be input.

Fraction of deposition retained on plants. Default
values: i=sl pasture @.2, i=2 vegetation @.2.

Any desired combination of 28 letters and nuabers which
will serve as an identifier on the printad output for the
jth source type, i.e., mine, dryer, etc. (Card entry
consists of groups of 4 chara  cers, each enclosed in
single quotation marks followed by a comma.)

Number of extra receptors, allowaole range 2-63, default=8.

Identifies area sources to be broken up into egual size
squares: i=l, SOURCE(1@,k} or four digit identifier
for kth source; i=2, number of squares in EW direction,
i=3, number of squares in NS direction; all for jth
source selected to be broken up. No defaults.

Identification of up to 5 tipe~ of area source where the
UDAD wind errosion eguation wiil be used for particulate
source estimation. Each ith value must be identical

to the source type index of SORCE, i.e., the 2nd integer
of SORCE(18,j) for the jth source. Area sources soO
selected may specify zero emission rate for all pollutants
except Kn222. No defaults.




Table 11.3. Continued

Symbolic Name

Deecription

*IFODOS (68)
(1)

IPOP (15.16)
(1,9

*IPSOL (18)
(i)
*IRHO (6)

*IYR (19)

*iC (9)
(i)

KRHO

*LON (18,4)
REAL (1,))

*LONM (16)
Real

*LR (1l2)
Real (1)

METSET (4)
Real*s

food pathway index for the ith extra receptor. @=none,
l=meat, Z=milk, 3=poultry & eggs, S=vegetation. Defaults=d,

Population of sector-segment centered at ith racaial
distance and jth direction.

Solubility class (1l=Y, Z=W, 3=D) for ith radionuclide.
Defaults: i=1 U238 1, i=2 0234 1, i3 Thzle 1,
is4 Ra226 2, io4 PD21® 2, i=6 Poile 2.

Specifiee the six ¥RHO indices to be used for dosimetry
tables. Default: 1, 3, 7, 8, 12, 15 corresponding to
8.1, 1, 5, 18, 5@, 8@ km.

Selects end year for intervals in time-integratzd dose
and dose rate caiculations. Default: 1, 3, 5, 7, le,
ls; 2" ].' s.' 7' yel(l.

Program control flags: @ turns action off, 1 turns it on.
Defaults = @,

i=]l, 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 & dose rate tables.
i=7, currently not in use.

i=8, prints INDIVIDUAL SOURCE CONCENTRATION tables.
i=9, currently not in use.

specifies number of radial distances to be used for
regqular receptor grid. Range 8-15, default = 15,
If set to zero, only extra receptors will be used,
which is freguently a convenient option.

Effective half-life in days for radionuclide i and
organ j. 3 values: l=whole body, 2= bone, 3=kidney,
d=liver. Default values based IRCP reports., Defaults:
N Uz3s U234 Thz3@ Ra226 Pbzle Poziad

1 L.0E+2 1.0E+2 S.7E+4 4.0E-1 1.2E+3) 27.58+1

2 J.AE+2 3.0E+2 T.3E+4 4.0B-]1 2.4E+3 2.0E+1

3 L.SE+1 1.5B+1 2.%E+4 1.9E+]1 4.9E+2 4.6E+]

4 a.9 2.9 S.TE+4 1.0E+1 1.5E+3 3.2E+]

Multiple subpath values of LON, see MSPTAB. Defaults:
4.95E+8 5.78E+1 6.93E+2 5.33E+3

4.95E+8 5.78E+1 6.93E+2 5.33E+}

2.9 é.8 a.2 0.8

8.8 a.0 8.0 8.9

Radiological half-lifes in days for radionuclides cf
interest. Defaults:

i=l 0238 1.6B12, i=2 0234 9.1E7, i=3 Thz3@0 2.9E7
i=4 Raz226 5.9E5, i=5 Pbzle 7.1E3, i=6 Po21@0 1.4E2

Any desired combination of 32 letters and numbers which
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.)

560 093
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Table 11.3. Continued

Symbolic Name

Deesoription

*MPC (7,3)
Real(i, i)

*MSPTAB (19,4)
(i, 9

*NNUC

NSORCE

OPTIME

PACT (4,5)
(i,3)

PDEN (5)

*PFIN (8)
(1)

*PGTH

]
-

PHALF

Maximum permissible concentration (or any desired limit)
for normalization on the isopleth concentraion map, pCi/m3,
for radionuclide i and organ j. Default values based on
ICRPZ values. 3 values: l=whole body, 2=bone, 3=lung,
4=kidney, S=liver. Defaults:

i\ 1 2 3 4 5

uz3s 6.0E+2 2.0E+2 5.0E+1 3.0E+1 0.2
U234 6.0E+2 2.0B+2 4.0E+1 4.0E+2 0.0
Th232 5.08+0 8.0E-1 3.0E+@ 2.0E+@ 7.0E+d
Raz26 2.0E+1 1.0E-1 0.0 2.9 8.0
Pbzl@ 4.0E+2 7.9E+]1 B.0E+1 4.0E+4] 1.0E+2
Pozle 2.0E+3 2.0B+3 T.0E+l 2.0E+2 6.0E+2
Rn222 2.9 8.2 J.8E+3 8.0 0.8

-

Multiple subpath table for radionuclides i and organs j
wheie multiple sets of FZP and LON values are required.
A zero value indicates no subpath, units value (1-9)
gives number of additional subpatns, and value/ld is
entry index in F2P and LON arrays. 3 values: lswhole
body, i=bone, 3skidney, 4=liver. Defaults:

N vz23s U234 Theid Ra226 Pbzle Poz2led

- -

1 @ ] ] 14 é a
2 L} ] a 54 L} [
3 8 2 4 4 '] 2
4 [ @ L] @ L] 4

Total number of radionuclides of interest. UDAD allowable
range is 1-§&, default is 6.

Total number of sources. Input value must be actual
number described via SORCE parameter. If IDSQ feature
is used, UDAD will adjust :0 a corrected NSORCE. The
max imum number of sources, including IDSQ components,
is 80.

Plant operation lifetime, years. Defaultsl5.

Activity in pCi/g of radionuclide i of particle size<z0 um
diameter of area source j. The j index corresponds to
IDTAIL(})) . 1 values: 1=0238, 2=Th238, 3I=Ra226, 4=Pozlad.

Densities of five specified particle source indices, g/cm3.
Defaults: 8.9, 2.4, 2.4, 2.4, 2.4.

Fraction of itnh food produced within the region of interest
that i3 consumed by the local population in the region.

i values: l=meat, 2=milk, 3=poultry, 4=eggs, S=vegetation,
6-8 not assigned, Defaults: all=1.2

Population growth rate = population at year Y(i)/population
at the reference year YO when sources start to release.
i=l, Y(i) = Yo + 1

i=2, Y(i) = Yo + (OPTIME + 1)/2

i=3, ¥Y(i) = Yo + OPTIME + 1

i=4, Y(i) = Yo +# OPTIME + YEVD/2Z + 1

Defaults: alls]l.d.

Radionuclide removal nalf life from soil in years.
Default=52.




Table 11.3. Continued

Symbolic Name

Desoription

PTAIL (7,5)
(1.3

PTSZ (5)

PTSIFC (5,5)
(1.3

PTS22% (5)
(1)

*PWFOD (63)
(1)

REGION (6)

RFI

*RFIE

*RHO (2)
(1)

*RSALF
*RSLIM

*SHIED
SLIM

SLIP (5)
1)

Propterty of soil or tailings for the jth type of area

source where j index corcesponds to IDTAIL()). 1 values:

i=l, density of suspended particulates, gm/cm3.

i=2, median diameter of the grain, ca.

i=3, a dimensionless coefficient for grains with median
diameter apove 148 um, A=d.1.

i=4, height above surface wnere wind speed measured, cm.

i=5, surface roughness height, or height above surface
where wind speed is zero, cm.

‘8, particle mass percentage of soil < 2@ um in diameter.

1=7, water content in percent Dy weight.

Defaults:
N 1 2 3 4 5 © 7
1 .4 2.03 9.1 1090.0 1.0 1.0 0.1
a4 3 L] 3 é ] é
3l 4 2 £ a ] ("] 3
4 ) 0 2 3 3 a 2
5 2 2 L) 2 @ d ']

Activity particle sizes, diameter in microns. Defaults=g,

Particle size activity fraction for ith size and jth
source. Tne i and j indices correspond to PTS2(i) and
PDEN()) respectively. Defaults=9,.

Activity fraction of suspended particulates with
particle size < 20 um for ith area source. The i index
corcesponds to IDPAIL(i). Defaults: all=@.&.

Amount of kth food item produced at added receptor i/
total kth food item produced within the region of interest.
Defaults: alls=].0,

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 the same as for METSET.)

Average occupancy factor for tne population inside a
structure for inhalation of Kn222 daughters. Default=].9.

Average occupancy factor inside a structure for protection
against external radiation. Defaults=3.583.

Effective surface density of soil for growing pastures and
and vegetacion, kg/mz, Defaults:

is]l pastures 2.4Ez, i=2 vegetation 2.4B2.

Resuspension factor decay half life in years, default=9.137.

Deposition velocity corresponding to the input resuspension
factors SUPI and SUFF. Default=9.01 m/sec.

External radiation shielding factor for inside of a
structure. Defaults=d.5,

Minimum settling velocity to account for plume tilting, m/sec. Default = @.901.

S11p correction factor, for 1th particle size, defaults = 1.8.
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Table 11.3. Continued

Symbolio Name

Deaeription

SOUKRCE (12,88)
(1,3

SORCID (5.9)
(1,3

*surr
*surt

*TC (2)
(§Y)

*TW (2)
(1)

VDE? (5)
(1

*XIN ()
(1)

*XING (1)
(1)

XNAME (4,60)
REAL®*S (1,1)

XRECEP (3,68
(1,9

XRHO (15)

*¥YDOC

*YEVD

Specification parameters for the jth source. i values:
i=l, horizontal (EW) coordinate of source, km.
i=2, vertical (NS) coordinate of source, ka.
i}, affective release 1eight of source, m.
i*4, release area of source, km2 (zero for a point source).
i=5, annual average U238 emission rate, Ci/year.
i=6, annual average Th23d emission rate, Ci/year.
i=7, annual average al26 emission rate, Ci/year.
i=8, annual average Po210@ emission rate, Ci/year.
i*9, annual average RnZ222 emission rate, Ci/year,
i=19, four digit integer for source j .dentification
where the lst integer is the source group index,
the Ind integer is the source type index, the 3rd
& dth integere represent the nth number of source
falling into this source category.
i=ll, particle density index, corresponds to PDEN(K).
1=12, exit velocity of source, m/sec.

Any desired combination of 28 letters or numbers which will
s2rve as an identifer on the printed output for the jth
source group where 3 equals the lst digit of SORCE(18,x)
for the kth source. (Card entry is tne same format as for
GROUPN.)

Final resuspension factor, Default=]l.@8E-9/m.
Initial resuspension factor, Default=]l.0E-5/m.

Plant exposure tims, days. Defaults:
ie]l pastures 38, i=2 vegetation 640.

Weathering removal nalf life, days. Defaults:
isl pastures 14, 1=2 vegetation 14.

Depasition velocity, m/sec, for particle size PTSZ(i).
Defaults: aii=g.01.

Masimum individual food consumption rate, kg/day. See
XING for defaults.

Average individual food consumption rate, ky/day. Defaults:
XIN XING

-

ie3, poultry 9.2 2.1
i=4, eggs 2.08 2.08
i=5, vegetation .77 8.28

Any desired combination of 3z letters and numbers wnich
which will serve as an identifer on the printed output
for extra receptor j. (Card input format is the same
as for GROUPN except use 8 character groups).

Coordinates and neight of jth extra receptor.
isl, horizontal (EW) coordinate, ka.

i=2, vertical (N3) ~zoordinate, km.

i=3, height in m.

Pifteen radial distances to be used for regular receptor

qud. Defaults: 9.1, 0.5, 1, 2, 3, &4, 5, 18, 208, 14,

48, 50, 69, 79, 89 km. (Note that actual numer of XRHO values
used is set oy KKHO).

Numb2r of y2ars to pe used for int2rnil dose commitment
conversion faztors. Da2faulte59.

Numb:r of y2ars to be us2d for enJironmental dose
commitment calculations. Dafaulcs=192,




plots vs. distance. In the case of a multiple step UDAD job
(ISTEP>0), this dataset also contains a dump of all data necded
to restart the program.

FTOYFOO1 EBCDIC file of log (concentration/MPC) and point coordinates
used to construct isopleth plots. All records are 80 brtes.

FT1CFO01 Special print file, used to produce effective dispersion factor
tables, 133 byte records.

11.4 PLOTTING PROGRAMS

CONCPLOT Program

CONCPLOT is a Fortran IV main program that uses the proprietary software
packag: DISSPLA. The only input required is the FTO8F001 disk file generated
by UDAD. Lug-log plots of distance vs. concentration in air and on the ground
are produced for 2%y, 228Ra, 219ph, and 227Rn. A working-level plot is also
prepared. Fiv.. curves are generated on each plot for directions theta,

north, east, south and west, where theta is the direction of maximum 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 FTO9F00l 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
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receptors for contour generation and for linear instead of quadratic fit in

interpolations.

1lst card, PL/1 Format (4 ¥(5,2), 2 (X(4), F{1))):

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 1Include additicnal receptors if = 1, defauit = 0.
30 Linear interpolation if = 1, quadratic default if = 0.

Cards 2-6, P1/1 Format (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'.

Example of 20 km squares only for “3%U and ?3°Th on whole body, “?®Ra on
bone, and 2??Rn on lung:

//1S0.SYSIN DO =

-10
BODY U238 TH230
BONE  RA226
LUNG RN222

560 098
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12. SAMPLE PROBLEM DESCRIPTION

i 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% Us0gp.

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

The activity of ¢2Zgn available for release from the decay of 226ga from

each gram - ore during storage on the ore pad is
222 e r 9 1
Rn activity ECRaAT . (12.1)
where E is the emanating power, 0.2,

CRa is the concentration of 2?®Ra in ore, 450 pCi/g,

A is the decay constant for 2??Rn, 0.18/day, and
T is the storage time on ore pad, 10 days.

o Bl
- -

Since the ore processing rate is 1800 MT/day, the “22Rn emission rate

is:

0.2 x 450 x 0.181/day x 10 days &g-‘ x (1800 x 365) %T;
a3 Cf \ ;
x 108 Eﬁ x 10-12 51 " 107 Cilyr . {12.2)

wn
L6 0
=
o
")
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Table 12.1. Principal Characteristic

Operational Parameters of the
"Problem Mill" Utilized for the
Calculation of Source Terms

Parameter Value
Ore quality, U30g 0.16 %
Ore activity, 238y 450 pCi/g
2307 450 pCi/g
226Rq 450 pCi/g
210py 450 pCi/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/cm?
Tailing activity, 238y 45 pCi/g
2307y 450 pCi/g
226Ra 450 pCi/g
210py 450 pCi/g
Tailing beach area 5 x 10° m?
Yellowcake drying & packaging 0.7 kg/day

stack effluent, U30g

g}
F&é\J
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Table 12.2. Source Terms for the Problem Mill

Bmission Coordinates e Dmisaion Bate, Ci/ur
Brigsion Source T, u,m 3,m m U-228 Th-230 Ra=226  Pb=210 fn-258
Ore pad and 0.0 0.1 5 0® 1.36%1077 1.36x10% 1.36x1C7% 1.36x10"° 107
grinding
5 Product drying 0 0 15 o* 7.2x107%  3.58x107% 1.43x107% 1.43x207% 0.0
1 and packaging
Tailings® 130 =270 © 3.13x10%  8.73x107% 1.18x1077 1.24x107% 1.24x107% 4.38x10°
310 =270 0 3.13x10%  8.73x107% 1.18x1077 3.24x1077 1,24x107? 4.38x10°
| 490 -270 0 3.13%10%  8.73x10"% 1.18x10"7 1.24x10"% 1.24x10™? 4.38%10°
670 =~270 0 3,13x10%  8.73v107% 1.18x10"7 1.24x10"% 1.24x10"% 4.38«107
130  -90 0 3.13x10%  8.73x107" 1.18x10"? 1.24x107% ).26x107% 4.3Bx10°
310 -90 ¢ 3.13%10%  B.73x10"% 1.18x10%7 1.26»1077 1.24x107% 4. 38%107
490 <90 0 3.13x10%  B.73x10"% 1.18x107% 1.24x10°? 1.24=10%% 4,38x10°
670  -90 0 3.13x10%  B.73x107% 1.18x107% 1.24x107% 1,24x1077 &, 38x107
130 90 0 3.13=10%  B.73x107% 1.18x107% 1.24x107% 1.24x107% 4.38x107
310 90 0 3.13¢10%  B8.73x107% 1.18x10"% 1,24x1077 1.24x107% &, 3Bx10°
490 90 0 3.13=10%  8.73x10"% 1.18x10"? 1.24x107% 1,24x10"2 4,38x10°
670 90 0 3.33x10%  B.73x107% 1.18x107% 1.24x107¢ 1.24x107% 4.38x102
130 2720 O 3.13=10%  B.73x10°% 1.18x10"7 1.24x10"% 1.24x10"2 4,38xi07
310 270 0 3.13=10%  8.73x10"% 1.18x107% 1.24x10"% 1.24x10"% 4,38x107
490 270 0 3.13x10%  B.73x107% 1.18x1077 1.24x10"% 1,24%107% &.38x107
670 270 0 3.13x10"  8.73x10"% 1.18x10°7 1.24x10"% 1.24x10"% 4,38x10°

'Point source is assumed.

b702 of particulates emitted with median size of 35 u (10 - 80 y). 30X of particulates emitted with
medjan size of 5 4 (0 - 10 u).
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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 MI/year
From the crushing operation, 0.25 g/MT of ore
From the srinding operation, 0.15 g/MT of ore

The total annual release is:
1 MT/year + (0.25 + 0.15) g/MI x 1800 MT/day x 365 days/year

x 107% MT/g = 1.26 MT/year . (12.3)

The activity released annually 1is:

1.26 MT/year x 10% g/MT x 450 pCi/g x 10712 ci/pci

specific activity of released fraction)
average specific activity of ore

= 1.36 x 10~3 Ci/year . (12.4)

x 2.4 (

This is the activity of each of the radionuclides 238y, 234y, 2307y, 226p,,
210pp, and 210, It is assumed to be in the form of particulates having an
activity median diameter of 1.0 um.

12.2 YELLOWCAKE DRYING AND PACKAGING

Rador.

The radon release from the drying and packaging processes is negligible.

Particulates

Yellowcake is assumed to contain 23811, 230Th, 2N’Ra. 21°Pb. and 210po in
the following ratio: 1:0.05:0.002:0.C02:0.002.
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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 U30g per day having an activity
median diameter of 1.0 um.

The 23U emission rate is:

700 Eﬁ; x 365 g%l x 2‘3308 Y« 3.33 x 107 gi = 1.2 x 10~? %% . (12,5)

The 23%Th eaission rate is:

7.2 x 102 &L 4 0,05 = 3.6 x 10-3 & | (12.6)
vr yr
The 226Ra, 210Pb, and 210pg activity is:
7.2 1072 &L 0,002 = 1.4 = 1004 & | (12.7)
yr yr

12.3 TAILINGS

Radon

The radon flux from beach area (i.e.,, area not covered by solution) is
assumed on the average to be 1.0 pCi ???Rn/m®~sec per pCi “?®Ra/g of tailings.
With a “?®Ra concentration of about 450 pCi/g in the tailings the annual rate
of radon release is:

22 222 226
450 BEL 2 ®Ra 1.0 Eg% RT//pC1 ““Ra ) _ yo-12 Ci
g tailing m“-sec g tailing pCi

5 .2 7 Sec _ -, 103 G :
x 5.0 x 10° m* x 3,15 x 10 vr i 10 vz * (12.8)

Particulates

The release of radioactive particulates by wind erosion of tailings is

a function of wind speed, area, concentration, and the distribution of

w
s
oy
s
LN
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FORTRAN IV G1 RELEASE 2.0

0001
0002

APPENDIX A. COMPILER LISTING OF UDAD PROGRAMS

MAIN DATE = 79078 16/02/0%
R L L L
UPANTUM DISPERSION AND DOSIMETRY (UDAD)

VERSION IX, 03/19/79
L L L L e i
DISPERSION - DOSIMETERY AND EFFECTS OF URANIUM MINING & MILLING
MICHAEL W. MCMENI, YUCHIEN YUZN AND A. J. ZIELEN
DIVISION OF ENVIRC!MENTAL IMPACT STUDIES
APGONNE NATIONAL LASORATORY
A COMPREHENSIVE CCMPUTER PROCRAM TO PROVIDE ESTIMATES OF POTENTIAL

RADIATION EXFOSURE TO INDIVIDUALS AND TO THE GENERAL POPULATION IN
THE VICINITY OF A URANIUM FROCESSING FACILITY

L I I B I O O B O O O

B e L R e g

aoOoOoOnoONONOOnODOONOnNDoOOOnNOn

REAL»8 METSET,XNAME,ORGAN,BREP,TODAY

KEY TO COMMON BLOCKS:

UDADCT - MOSTLY SELECTED NAMELIST DATA (+ A FEW OTHERS). USED BY
UDA09,BLOCKDATA,DDEP, INTEG, POLUT  HEADER, TAIRR ,GROUID,

[oCeNT,NOSPOP, FODOSE , VEGF D, EVFDOS,PART 1,C0NC ,LCSAEE, FOOD
UDADC2 - USED BY UDADY.BLOCKDATA,DDEP,INTEG,HT,POLUT,TAILPS,
PART1, AFUNC,DFUNC
UDACC3 - USED BY UDAD9,BLOCKDATA,DCCOMT,DOSPOP,FODOSE,EVFDOS,
DOSAGE ,CONC

UDADC4 - USED 8Y UDADY,BLOCKDATA,PCLUT,HEADER, TAIRR,GROUND,DOCCHT,
COSFOP, FCDOSE , VEGFOD , PART 1,CONC ,DOSAGE

IMHAL1 - INHALE PARAMETERS THAT ARE IN NAMELIST; USED BY UDADS,
DOCOMT,DCSAGE ,CONC
INHAL2 - INHALE PARAMETERS LOCAL TO INHALE PROSRAM SERIES

INHAL3 ~ DERIVED INHALE DATA LOCAL TO INHALE FRCCRAM SERIES
ATA - LCCAL YO ACTDR2,ACT,TAIRR,GROUND
CFOD - LOCAL TO FCCOSE,FO00,VEGFOD

DCFQ - LOCAL TO DCCOIT AMD DOSFOP

DEPY - LOCAL TO DDEP AMD POLUT

DSPRSN = LOCCAL TO PART1,POLUT

DSTBZ =~ LOCAL TO INTEG,FERR,FERR1T,DFUNC
EVD - LOCAL TO DOSFOP, EVFDOS. FCDOSE
INTG - LCCAL TO DOEP AND INTEG

QDCAY =~ LOCAL TO TAIRR AND CROUND

TCHGY =~ LCCAL TO CONC, DOSAGE, AND FODOSE

OOO0OO0OONOOO0OOO0OO0O0O0DOONO0O0O00ON0000n

360

1¢.

W LAN DN -

N



FORTRAN IV G1 RELEASE 2.0 MATH DATE = 79078 16702704

0co3 COMMON/UDADC 1/HETSETI G ) , XNAME( 4,60) , VDEP(5),PTSZFCI5,5),ALH2,
1 PYSZ(5),REGIONIS ), XRECEF(3,60),0M,XRHOL 15) K SHAY , IPSHAX,
2 IPOP(15,16),JC19) ,NEORCE, (PHO(6), IYR( 10), IFOD0S(60),RFI, SIIED,
3 PFIN(S),PRFODI60),UPTINE ,HPC(7,5),FG,DFACT ,RFIE ,SUFT,SUFF,
&  POEN(S),PGTHIG), XIN(7 ). XING(7),FOODINI2,3),PSLIM,RSALF,YDOC,
5  FCONIA,5),REOI2),DVi2), THIZ2), TCI2),FVL2),BSVI6 ), YEVD
0004 COMMON/UDADC2/VSET(5 ) ,GDSCAL ,QSCALE,LTYPE,
1 QAI6),08(61,LU06),HPS,NPE , NEP, TFLAG, JFLAG, IPOLU2,
2 1SORC1,KSCNCE,IND, INS,18TAL, 1130, INSE
0005 COMION/UDADC 301541 3, 12),BPEP( 3),DKF( 3,5) . PALL(3,6),FBK(3),TA,
1  DCFC19,13),DCFGI9.13),TPOP,BP(3,5),SFACT ,BPFRTS(3,9),
2  KWHOU3,2),FROMI5,6),DC0NVI6,4)
0006 COMMOI/UDADCH TODAY ,NPB , HPL ,MRECEP, IRECEP, KRHO, IMX, IPAGE( 3),
1 THETAS(16),WINCR( 16 ), RHALF(6 ), FHALF ,CFi%) ,PEOR(2,300),RN( 300),
2  CISUMIS,300),TPSZ15.%,300),TPEZR15,4,300),TCNGC(5,3001,
3 TCNZ915,300),RECEPT(2,300),ZRECEP( 300),HLI 300 ), FILLERC 1800)

0007 COMHAN/IRIAL 17EE 10, 12,1080 10,40, LRI 10),F 10 10),F2P( 10,4 ),
1 IFSOL( 10D, MHUC MSPTARE 10,4),F27M0 16),LON 16),QH0ME 16)
goes DIMENSION CACTIV(S,300),CPOLUTIS,300),PFI7),RFLGIT I, HLFACT(3),
1 BUF 10 1254 1 ,DUF 31443 ,BUFGL 20654 ), TL 16)
<
0009 EQUIVALENCE (TCHGOI 1,1),CACTIVIY, 1)), ( TCNSCL T, $3,CFOLUTIT, 1)),
1 (BUFICTIMETSETE 1)1, (BUF30 1),07GANE 1, 1) ) . (BUF&L 1), TCDAY )
010 DATA WLFACT/1.036-6,5.07E-6,3.736-67
c D e e e e R A R R AR
c
0011 fHuc=6
0012 ALNZ=ALOG(2.)
[
} c KS!1AX IS THE CUSRENT DIMENSION OF PDEN 2FRAY AND THUS THE MAX
1 c MU DER OF SOUPCE TYPES. IFSHAX IS THE CU2RENT DIMEHSION OF
| c THE FTSZ,VDEP,VSET ARRAYS AID THUS THE MAX NUNBER OF PARTICLE
, c TYPES. THESE INITIAL VALUES ARE ADJUSTED LATER ON BASIS OF ACTUAL
c USAGE.
c
0013 KSHAX=S5
i 0014 IPS1AX=5
. [
l ERASET IS USED TO SUPFRESS EXPONCNTIAL UNDERFLOW ERROR MESSAGES.,
) C WHICH CAN OCCUR FREQUENTLY IN UDAD BUT CAUSE NO HARM.
- c
: 0015 CALL ETRSET (208,256,~1,1,1)
0015 READ 410, ISTEP
0017 IF (ISTEP.GE.Q.AND, ISTEP.LE.4) GO TO 10
€018 FRINT 400, ISTEP
0013 . €O 10 360
c ISTEP FEATUPE ALLOWS UDADY TO BE EROMEN INTO MULTIPLE INDEPENDENT
£ JO2S,  THIS 1S5 USEFUL FOR CALCULATIOCHS INVOLVIMG MAMY SOUTCES
KHERE CO/IFUTER TINT REQUIREMENTS VOULD OTHEPIISE BECOME EXCESSIVE.
c A SECOMD ADVMNTACGE YS THAT DIFFERENT TYPES OF DOSAGE CALCULATIONS
c CAM BE MADE USING ISTEP=3 AND THE NIW PARANETERS THAT CAM BT
c INTUT VIA BANMELIST/HEWSET - ALL WITHOUT RERUMNING ISTYEP=1.
£
[ 4 ISTEP=0, DO COMPLETE UDAD AS ONE JOB.
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|
FORTRAN IV G1 RELEASE 2.0 MAIN DATE = 79078 16/02/04
0118 KCT=KE
| 0119 IF (KC.GT.1) KCT=KCT-1
. 0120 IF (KC.LT.7) TCA=TCHGC(KCT,KA)
0121 IF (KC.EQ.7) TCA=RN(FA)
0122 IF (MPCIKC,I8).EQ2.0) 6O TO 210
0123 RF(KC)=TCA/HPCIKC,1B)
0124 IF (FF(KC).LE.O) RF(KC)I=1.0E-50
0125 RFLGIKC 1=ALOGI10(RFIKC 1)
‘ 0172 €0 T0 220
0127 210 RF(KC)=1.E10
; 0123 ~ RFLG(KC1=10.0
: 0123 220 CONTIMUE
» 0130 IF (JC!%).EQ.0) GO TO 290
0131 IF (LL.LT.60) GO TO 230
0132 CALL HEADER (6)
0133 FRINT 450, (BPLJ,IB),J=1,3)
0134 FRINT 450
. 0135 FoInT 510
: 0136 LL=7
| 0137 230 GO TO (240,240,250,260,2701,18
| 0123 240 FRINT 450, KA,(RPECEPT(J,KA),J=1,2),(RF(J).J=1,6)
0139 62 10 270
: 0140 250 PAINT 470, KA, (RECEPTIJ,KA),J=1,2),(RF(J),J=1,3),(RF(J),J=5,7)
0141 €0 YO 220
0142 240 FRINT 470, KA,(RECEPT(J,KA),J=1,2),(RF(J),J21,3),(RF(J),J=5,6)
0143 GO TO 280
0144 270 FRINT 450, KA,(RECEPT(J,KA),J=1,2),RF(3),(RF(J4),J=5,6)
0145 200 LL=LL+Y
C wes
c JCI2) FLAG COMTROLS WRITING OF “ATA TC DISK FILE FOR LATER USE
¢ BY ISOPLETH PLOT PROGEZM.
[ wsw
014% 250 IF (JC(2).EQ.1). WRITE (9,620) KA,RECEPT(1,KA),RECEPT(2,KA),PFLG
0147 300 CONTINUE
0148 ‘ 310 IF (ISTEP.EQ.0) 6D TO 330
c SAVE ALL DATA NEEDED TO RESUME FROGRAM
| c
1 0149 IF (JC(1).EQ.0) HRITE (8) REGION,XRHO,IMX, TCNGC,TCNGO,RN,HL
0150 HIITE (8) BUF1,BUF3.BUFS
| 0151 IF (ISTEP.EQ.1) CO 7O 360
| 0152 €2 10 330
c
f c PETRIEVE ALL DATA NZEDED TO RESUME PROGRAM
c
’ 0153 320 READ (8) REGICN,YRHO,INY,TCMGC, TCNEO,RN,HL
i 0154 PELD (8) BUF1,BUF3.FUFG
| 0155 CALL PART1 (IRCV,ISTEP)
‘ 015% TA=ALCG SUFF/CUF I 1/1 ~ALN2/RSALF )
' c
; ¢ SPECTIAL CALL TO TAIR® NEEDED TO INITIALIZE COIMOMN QDCAY
' c
0157 CALL TAIRR (T7,1.0,-1)
» 0153 IRCV= 14 %KRHO
0159 330 CALL BOCONT (IRCV)

wn
oo

275.
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FORTRAN 1V 61 RELEASE 2.0 BLK 0ATA DATE = 79078 16702/0%
3 'HHOLE BO','DY ot Yy 381.
4 *BCHE Tt . oy 382.
5 ‘KIDNEY ‘' Fag ¥ 'y 383.
6 LIVER ! Pt Yy 384
7 'STCHACH ' "t Yy 385.
8 *SHALL 1M','TESTINE ')’ "y 385.
9 ‘UPPER LA','RGE INTE','STINE ', 382
X 'LCHER LA','RGE INTE','STINE ', 338.
X 'LYNFH RO','DES W ' 359.
c039 DATA BP/4HWHMOL,4HE BO,4HDY 3390,
1 GHDONE , 4H »4H , 7.
2 GHLUNG, 4H +G4H ’ 392.
3 GUKIDN,SHEY ,4H ’ 393.
“ GHLIVE,GHR  ,6M / 3%4.
0040 DATA MPC/6.0£2,6.0€2,5.0€0,2.061,4.022,2.0€3,0.0, 395.
1 2.0€2,2.0£2,8.0€-1,1,06-1,7.0€1,2.0£3,0.0, 356.
2 §.0€1,4.0€1,3.0£0,0.050,8.081,7.0E1,3.0E3, 398
3 3.0€1,4.062,2.0£0,0.0£0,4.0€1,2.0€2,0.0, 398.
4 0.0£0,0.0€0,7.0€0,0.0£0,1.0E2,6.0E2,0.0/ 399.
0041 DATA DCFC/ 409,
1 1.00E8,1.57£6,2. 9;55 1.29E5,2.43£5,4. 77E5 1.35£6,1.53E6,3.22€65, 401,
2 6,22€8.5.21€7,2.23€7 /4 .85E7,3.25E7 ,4.27€7,8.60E7,9.3327,3. 1267,  402.
37. 6‘59 1.2268,9. ,7E7.8 6tc7,7.3587,8. 94E7 9.83€7,1.00E8,8.73C7,  403.
4 1.36€8,2.4906,5.6%E5,2.05F6,5. 99E5 1.03£6,2.6%86,2.59€5,7 . 2965,  404.
5 1.75£3,3.57E6, 1.5285,3. 1766, 1.3356,2. 10£6,4.83£6,5. 3166, 1.6765, 405,
6 1.79£8,4.50€7,2. 6357,6.27{7.3.4%57.4.33&7.6.9357.7.52E7.3.93E7. 485.
7 S 46[6 2.8366.1.04€6,3. 15656,2.05£6,2.67€5,3.30E6,3.46£6,2.95E6,  407.
8 8.1025,6.34£5,3.88€5,5.72€5, 4 91E5,5.53€5,6.34€E5, 6 95£5,6.35E5, 4(3.
9 4. 8"9 1.€7€9,7.45E3, 1.94€9, 1. 1769, 1.52€9.2, 1589,2.29E9, 1.57€9,  4I%.
X } 75610, 1. 16€10,9. 13£9,9.29€9,8.26€9,1.10E10,1. 17E10 1.26E10, 410.
X 1.15E10, 411.
X 9.8%£5,7.66£5,4.70E5,6.92E5,5.9385,7. 17€5,7.66€5,8.40E5,7 .65E5, 4§12,
X 3.94E8,1.43€7,7.56€6,1,21€7,5.31€6,9.05€6,2.23€7,2.45E7,7.27€5, 413,
X 3.55€9,8~0.0/ 4145,
0042 DATA OCFG/ 415.
1 2.13£4,3.17€3,5.89€2,2.60€3,4.90€2,9.62€2,2.73€3,3.08€3,6.4%E2,  416.
2 2.108E%,1.66€4,7.21E3,1.5304,1,03€4,1.35€4,2.72€4,2.96€4,9.87E3, 417,
3 1.50€7,1.72E4, 1. i7E4, 1.46E4,1,3264,1.61E4,1.77E4, 1.99E4, 1.50E4, 413,
4 2.60£4,4.78€3,1.27€3,4.00E3,1.15€3,1.97€3,5.05€3,5.63€3, 1.40E3,  419.
5 2.20€%,6,12€3,2.60€3,5.40£3,2.27€3,3.59€3,8.24E3,9.06€3,2.8563,  420.
6 1.16€4,9.47£3,5.07€3,1.21€%,6.63E3,8.35€3,1.35E4, 1.4564,7.58E3, 421,
7 6, 1567,5.03E2,1.84€2,5.59€2.3.64E2,4.76¢2,5.86€2,6, 15€2,5. 3262, 422,
8 1.42F2,1.10€2,6.7381,9.91E1,8.50E1,1.03E2, 1. 10E2, 1.20E2, 1. 10E2,  423.
9 1.4286.3.16E5,1.41£5,3.66E5,2.21€5,2.88E5,4.06€5,4.32E5,2.96€E5,  424.
X 1.20E7, 1 85 £6.1.Q756.1.4956,1.4256.1.76£6.1.88E6.2.06t6 1.85e6, 425.
X 1.72€2,7.33€2,8.17€1,1.20€2,1.03€2, 1.25E7, 1. 33£2, 1.46€2, 1. 332,  42§.
X6. QSEﬂ‘Z 27€%,1.20E%, 1.92€4,8. 4553 1.440+,3.56€%,3.90E4%,1. 16[4. 427.
X 5.60E6,8+0.0/ 428,
0043 DATA BFRTS/'SKIN',' iy "»'FHOL','E BO','DY ', 429,
1 'OVAR' ,"IES *,' EyMTERT 2 "ES ' 'y 439,
2 SH I','NTES'TIHE', "'LLVG," Yy Yy 431.
3 ‘RED *,'IARR''OH *,'SKEL",'ETON',’® 'y 432,
4 "SELE s 'EN Yyt 4 433.
0044 DATA FROM/'PART','ICUL','ATES',’ s 'y 434,
1 ‘RADD','N ! ! bat ur 635.

(|
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o
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FORTRAN IV G1 RELEASE 2.0 BLK DATA DATE = 79078 16702704

2 'GRhOY’,'ND D', 'EPOS’,"ITIO','N Yy 436.
3 '‘CLCY*, ‘D SU', *BMER','SION'," v 437.
0045 DATA WHO*  IMN',*HALA','TICN', %33,
1 2 'S YEXTE' , 'RHALY/ 439.
0045 DATA XIN‘0.3,0.85,0.2,0.08,0.77,0.0575,2.06/ 440.
0047 DATA XIN5-,0.26,0.3,0.1,0.08,0.28,0.0189,1.0/ 441,
048 DATA FCODIN/5).0,50.0,60.0,50.0,0.3,0.12/ 442,
0249 DATA FCON/2%3.4E-%4,2.0E-4,4 . 0E-3.2.9E-4,1.2E-2, 443,
1 2%6,.16-4,5.06-6,4.56-4,2 . 65-4,1.6E-%, 4454,
2 2v4 . 0E-3.4.0E-3,5.06-4,2.05-3,4.0E-3, 4%5.
3 3‘2.05'3;2.55‘5,2.0L‘3»1-35‘20 G445,
4 e»2.0,%0.0,50.0,100.0,500.0/ 447,
2050 DATA PHO/ 2+ 2.§22~7 448.
0051 DATA DV/0.75.,2.0/ 449,
0052 ATA TH/2%14.0/ 650.
8053 DATA TC/30.,60.7 451,
003% DATA FV/240.27 652,
0css DATA FG,OFACT 2+0.5/ 433,
8055 BDATA BSV/2+2.5€-3,4.2E-3,3. 16-4,6 .86-2,1.5E-1/ 5%,
£a57 DATA EREP/'ENJNCHIA','L EPITHE', "LIUM =2 455,
€053 DATA YODC/50.0/ L
€339 CATA METSET 4% b 457.
cCso £l 453.

060
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0025

0026
0c2?
0023
0029
0630
003
0032
€033
0934

0035
0037
0033
0239
0040
0041
0042
02343
0044
0045
0045
0047
0048
0049
0050
0031
€052
0053
£054%
0355
0035
0057
0058
0059
ccs0
0061
0062

C

salsisisialalsialaiale]

10
23

PART

DATE = 75089

16740737

S BSV.FG.DFACT,RFIE,SUFI,SUFF,YEVD,RSLIM,RSALF,YDOC, IDSQ,SLIP
NAMELIST/NENSET/JC,IYR,IRHO, IFODOS, FIiFOD,MSPTAB, F2FM, LONM, FIILC,
! E,LOM,LR,F1,F2P,IPSOL,SHIED,FFIN,PGTH,XIN,XING,FOODIN,FCON,

2

PRINT 1200
PRINT 25%0
FRINT 1310
PRINT 1320
PRINT 1310
FRINT 1330
FRINT 1310
FRINT 2590
FFINT 1310
FRINT 1340
FRINT 1310
FRINT 1310
FRINT 1310
PRINT 1350
PRINT 1310
PRINT 1350
FRINT 1310
PRINT 1370
FRINT 1310
FRINT 1310
FRINT 1310
FRINT 1310
FRINT 2690

IF (ISTEP.EQ.0) GO TO 20
€0 70 (20,1250,10,20),ISTEP

READ (5,NENZET)
GO TO 80
TCOAY=DATE 11 DUMHY)
QFACTR=1.1574E7/355.
IMx=1
LSTAB=§
LiD=1%
LhS=$
NCPO=5
YEVD:’OO-
11=350.0

00 39 L=1,9

JC FLAGS CONTR20L PROGRAM EYECUTICN AS FOLLOKWS:
JC(1)=1, HRITES BINARY FTC8FO001 FILE FOR CONCPLOT PHOGRAM
JC(21=1, LRITES EBCDIC FTCSFOC1 FILE FOR ISOPLETH PLOTS
JC(31=1, PRINTS EFFECTIVE DISPEPSICH FACTOR TABLES, FT10F001
JC(4)=1, PRINTS CONCENTRATION/HMFC TAPLES
JC(5)=1, FRINTS DOSE COMIITMENTS TACLES

JCi6)=1, EXECUTES DOSAGE SUBROUTINE (BY-PASS IF =0)

JC(7)=1, AVAILAELE

JC(8)=1, FRINTS INDIVIDUAL SOURCE CONCENTZATION TABLES

JC(9)=1, AVAILABLE

RHO,DV,TH,TC,FV,BSV,FG,0FACT ,RFIE, YEVD,RSLIN,DCFC,OCFG,
3  RSALF,YDCC,SUFI,SUFF

D s e e e e e R R e e e e e R s Ll 5 19 *

55%.
555,
5%,
537.
558.
559.
£50.

562.
583.
554.
865.
5%6.
867.
588.
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FORTRAN IV G1 RELEASE 2.0 PART1 DATE = 79078 16702704
ons2 30 JC(L)=0
0063 DO 40 L=1,240
0054 ZRECEP(L)=0.0
0C65 00 40 LL=1,2
C RECEPT (1,IRECEP)=HCRIZONTAL COMPORENT OF RECTPTCR
c RECEPT (2,IRECEP)= VERTICAL COMPONENT OF RECEPTCR
0rss 40 RECEPT(LL,L)=0.0
0087 po 80 1=1,5
0048 00 52 J=1,300
00L9 50 CISUIHT,J)=0.0
0670 An0=0
0071 IFCLUT=]
0372 IFOLU2=NOPO
0073 NFOLUT=5
0074 NSOTCE=0
€075 KRNO=15
0076 IFCV=0
0077 SLIM=0.01
0073 D0 60 J=1,16
0079 THETASI J)=(J-1)#22.5
€029 DO 60 k=1.6
0031 0O 60 1=1,6
€022 60 FREQ(J,K,L)=0.0
0t33 OPTIME=15.0
tos% READ (5,INDATA,END=70)
6085 €0 70 &9
€086 70 sToP
c
c CHECK VIA IDSQ IF ANY SOURCES ARE TO BE EROKEN UP INTO SPECIFIED
c NU'BER OF SQUARIS IN X ANU Y DIRECTION. IDSQU3,6):
C 1ST INDEX = SOUTCE(10,1), # OF X-DIRECTICH SQUARES, & OF
c Y-DIRECTICN SQUARES.
c 2ND INDEX = 1 TO 6 SITES SELECTED TO BE BROKEN INTO SQUARES.
c
Cx»we QUTFUT FOR INPUT MAMELIST VARIADLES wwww»
c
007 80 CALL HEADER (6)
ores IF (ISTEP.NE.3) PRINT 1430
oy IF (ISTEP.EQ.3) PRINT 1380
faecn PRINT 1500
o FRINT 1830, BSV
0032 PRINT 1750, DFACT
0083 IF (ISTEP.NE.3) FRINT 1760, DM
6034 FRINT 2040
0095 FRINT 1520, DV
00734 FRINT 2110
0097 FRINT 2120, E
0093 PRINT 1850
0099 PRINT 1223, FCON
0100 PRINT 1770, FG
01013 FRINT 1310
0102 PRINT 1920, FCODIN
0103 PRINT 1720
0104 FRINT 2070
0105 FRINT 1920, FV

-

560 1

587.

589.
593,
591

a%2.

555.
600.
601.

603.
604,
605.
€05,
607.

re
e

693.
610.
611.
612.
613.
614,
615.
616.
617.
618,
613.
620.
621.
622.
623.
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0105 PRINT 2150
0107 FRINT 2120, F1
0108 FRINT 2160
0109 PRINT 2120, F2P
0110 CALL HEADER 16)
o111 IF (ISTEP.NE.3} PRINT 1440
0112 IF (ISTEP.EQ.3) FRINT 1390
0113 FRINT 2200
0114 FRINT 1980, F2PM
0115 IF (ISTEP.EG.3) GO TO 120
€116 PRINT 1750
0117 0o 90 J=1,9
0118 IF (GROUFR(1,J).EQ.BLANK) GO TO 100
0119 90 PRINT 1£00, (CROUPN(K,J),K=1,5)
0120 €O TO 118
0121 109 PRINT 1810
0122 110 FPRINT 1820, IADD
0123 FRINT 2030
0125 FRINT 20%0, IDSqQ
0125 PRINT 1530
0125 FRINT 2380, IDTAIL
0127 120 FRINT 1740
0128 FRINT 2180, IFODCS
61239 IF (ISTEP.NE.Z) PRINT 1830
0120 FRINT 2179
2131 FRINT 2180, IPSCL
0132 FRINT 1840
0133 FRINT 2120, IRHO
0134 FRINT 1850
0135 PRINT 2180, IYR
0128 FRINT 2480
0137 PRINT 2120, JC
0133 FRINT 1530, KRMD
0139 CALL HEXDER (6)
0150 IF (ISTEF.ME.3) PRINT 1440
0141 IF (ISTEP.EQ.3) PRINT 1390
8142 PRINT 2130
0163 FRINT 2120, LON
01%4% PRINT 2210
0145 PRINT 1580, LONM
0145 FRINT 2140
0147 PRINT 2120, LR
0142 IF (ISTEP.ME.3) PRINT 1550, METSET
0149 FRINT 1560
0150 PRINT 15340, MPC
R LA FRINT 2158
- FRINT 2180, MSPTAB
) PRYNT 2100, NNUC
015% IF (ISTEP.EQR.3) GO TO 130
015 FRINT 1570, NSCICE
0155 FRINT 1520, OPTINE
0157 PRINT 1970
0158 FRINT 1530, PACT
015% PRINT 1590

01€0

FRINT 2020, PDEN

DATE = 79078

167027064

624.

€3%.
635.

637.

€63.
£64.
645.
666.
6587.
§€8.
€69.
670.
671.
672.
§73.
675.
675.
676.
677.
678.
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0448 IF (COLSUM(7).6T.0.999.AND.COLSUM(7),LT.1.001) GO TO 830
£4s9% FRINT 2470
0470 GO 70 70
0471 830 CALL HEADER (6)

0472 PRINT 2480

0474 Do 840 1=1,7

0475 840 PRINT 2500, (PNIDIJ-I).J=‘|:2).1HPC(IsJ’,J=1-54

0476 IF (KRHO.EQ.0) GO TO 830

0477 DO 850 IT1=1,17

0478 850 IPOPCIIT)=0

0479 CALL HEADER (6)

0480 FRINT 239

0431 FRINT 2510, WINDR

0482 TINT 2520, THETAS

0483 FRINT 2570

073% £O 870 IR=1,KRHO

0485 01=0,

€485 IF (IR.GT.1) D1=XRHO(IR-1)

0687 1POrR=0

0483 DO 240 1T=1,1%

0439 IPOFR=1IFOFR+IFOF(IR,IT)

0450 850 IrOFCLIT)=IFOPCUIT)+IPOPLIR,IT)

0491 IFOPCL 17 1=IPCPCI 17 )+ IFCPR

0492 FRINT 2540

0433 870 rRINT 2530, D1,XRHO(IR),(IPOP(IR,IT),IT=1,16),IPOPR

£45% FRINT 2570

0495 FRINT 2540

0396 D1=0.0

0457 FRINT 2530, D1,XRHO(KRHO),(IPOPCIIT),IT=1,17)

(Y. ] TFOP=IPOPCI17)

0439 880 IF (NFOLUT.GT.0) IPOLUZ=NPOLUT

0500 DO 850 I=1,80

2501 Do 830 J=1,5

cs02 850 TQ(I,J1=0.0

0503 0O €°" I1SCRCE=1,NSORCE

COMvL~1 ANEA TO SIDE LENGTH OF ERQUIVALENT SQUARE.

0504 SCRCE(4, ISORCE1=1000. »SQRT(SORCE( 4, ISQRCE))

0505 10=SCRCEL 10, ISORCE )/ 1C0

0506 0O $00 IPCLUT=IPOLUT,IFOLU2

0507 SORCE( IFOLUT 4, ISORCE 1=SORCE( IPOLUT+4, ISORCE )*QFACTR

0508 900 TQ(ID,IFOLUT)=S02CELIPOLUT+4, ISORCE )+TQ( ID, IFOLUT)
C CREATE FHO-THETA C71D FCR RHO=XRHO & DELTA-THETA = P1/8
C CENTERED CN 0,0 OF COCRDIMNATE SYSTEM

0509 IRECEP=0

0519 IF (KRY0.EQ.0.0R.KRHO.GT.15) GO TO 920

o511 pPI=3, 14155265/8.

0512 DO 910 HPI=1,16

0513 THETA=(HPI-1)=DPI

0514 CTH=COSI THETA)

0515 STH=SIMITHETA)

0516 0O 910 HRD=1,KRHO

0517 IRECEP=IRECEP+1

0518 PECEFTI 1, IRECEP )=XRHOINRD ) %STH

0519 910 RECEPT(2,IRECEP )=XRHO(NRD )#CTH

1009.
1010.
1011,
1012,
1013.
1014,
1015.
1016.
1017.
1018.
1019.
1029.
1021,
*022.
1023.
1024.
1025.
10256.
1027,
1028.
1029.
1030.
1031.
1032.
1033.
163%.
1035.
1036.
1037.
1038,
1033.
1040.
1041,
1042.
1043.
1044.
1045.
1036.
1047.
1048.
1049.
1050.
1051.
1052.
1053.
1054.
1055.
1056.
1057.
1058.
1059.
1069.
1061.
1062.
1063.
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0679
0680

0681
0é82
eLE3
0624
C£35
£68%
0687
0€8

0589
C&%0
€691
0592
0693
08%4
0595
0595
0£97
0598
05%9
0700
0701
0702
0703
070%
0705
0705
€797
e708
07¢9
0710
o7
g712
0713
0714
0715
0716
0717
0713
0719
0722
0721
0722

8723
0724
8725
0726
o727

1ES OF POTENTIAL ='/31X,'s RADIATION EXPOSURE TO INDIVIDUALS AND 1229.
270 THE GENERAL POPULATION IN #'/31X,'#',12X,'THE VICINITY OF A UR1230.

JANIUM PROCESSING FACILITY',T103,'s') 1231.
1350 FORMAT(31X,'s', 11X, 'MICHAEL H. MONMENI, YUCHIEN YUAN AND A. J. ZIEL1232.

TEN',T103,'»") 1233.
1360 FORMAT(3IX,'#', 15X, 'OIVISICN OF ENVIRUNMENTAL IMPACT STUBIES®, 1234.

1 T103,'%') 1235.
1370 FORMAT(31X, '#",21%, 'ARGONNE NATICNAL LABORATORY',T103,'s') 1235.
1330 FOPMAT('CNAMELIST HELSET VALUES:') 1237.
1390 FORMAT( 'CMANELIST NEMEST VALUES (CONT.): ") 1238.
1400 FORMAT('OPTSZFC ERPCR - MOCE THAN ONE DENSITY FOR I =',I3) 1239.
1410 FORMATY 'OYDOC =', 1PES.2) 1249.
1420 FCTUATCOOYEVD =, 1PES.2) 241.
1430 FCTUAT( ‘OINITIAL NAMELIST INDATA VALUES:') 1252.
1440 FOTUIATO 'OIHITINL NAMELIST INDATA VALUES (CONT.):') 1243.
1450 FCRMAT('OSUFF =*,1PES.2) 1244,
1450 FCOAT ('OSUFI =',1PED.2) 1245.
1470 FOTIIAT (*OVOEP(S):') 2435.
1480 FOMVIAT ('OxNAHE(S,60):") 1247.
1490 FORMAT (6X,'CONPLETE LIST STARTS ON PAGE 7 (APPROXIMATELY)') 1248.
1500 FOTMAT ('OXRECEP(3,60):") 1248.
1510 FORNAT ('OXRHO(15):") 1259.
1520 FORNAT (1X,15F8.1) Ay
1530 FCRUAT( 1HO, 'IDTAIL(5): ") 1252,
1540 FCRUAT('OKRHO = ',I2) 1253.
1550 FCRMAT('CHETSET(4):'/6X,44A8) 125%.
1540 FORMATC( *QI1FCI7,5):") 1255.
1570 FORMAT( 'ONSONCE = *,12) 1RES.
1580 FOMMAT('00OPTINE =', 1PES.2) | 37
1550 FCRMAT('OFDENIS):') 1258.
1600 FORMAT( ‘OFHALF =',1PE9S.2) 1253.
1610 FOTHATI*OFTSZ(5): ") 1260.
1620 FOTEAT ('OPTSZFCIS5:5):') 1261.
1620 FCRHATI'ORECGICNIG): ' /76X, 64%) 1262,
1640 FCTMATC'CRFI =, 1PES.2) 1263.
1480 FPPMAT('ORFIE =', 1PE9.2) 265.
1660 FORUATC'ORSALF -°, 712,20 1265.
1670 FCEMAT('ORSLIA =',1PES.2) leob.
€380 FORMAT('CSUIED =',1FE9.2) 1267.
1650 FORHAT('OSLIN =',1FES.2) 268.
1700 FCRUAT{'OSLIPIS):') 269.
1710 FORNATC '0SORCE( 12,80): ') 270.
1720 FCUIIATOIX, 1P9E12.2,0P17,15, 1PE12.2) 1271.
1730 FORMATIIX) 1272.
1740 FOOHAT( '0SORCID(S5,9):") 1273.
1750 FORMAT('ODFACT =',1PE9.2) 1274.
1760 FCTMATC'0BH =, 1PES.2) 1275,
1770 FORUAT('CFG =',1PES.2) 1275,
1780 FORI‘ATL OFREG(16,6,6):'/6X, 'COMPLETE LIST STARTS ON PAGE & (APPROX1277.

TIMATELY) ') 1278.
1790 FORMAT( 'CGROUPN(S,91:*) 1279.
1890 FORMAT(6X,5A%) 1288.
1810 FCRUAT(6X,"REMAINIMG LINES ALL BLANK') 281,
1820 FONBAT('0IADD = ',12) 1262.

1830 FORMAT('OIFOP(15,16):'/6X, 'COMPLETE LIST ON PAGE 16 (APPROXIMATELY1283.

119
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0775 2310 FORMAT('0', 'NU/IDER OF SOURCES=',16) 1339.
0776 2320 FORMATE 1H=,'ID~/1000',4X, 'SOURCE GROUPS'/1X,26('-")) 1340.
0777 2330 FCOUATOIX,14,7X¢,544) 1341.
0778 2340 FONUATE *=*,7%, 'KH' ,5%, "KM’ ,7X, *M* , 7X, "KM2" , 25X, "CI/YEAR ", 29X, 1362,
1'FDEN" ,4X, "MSEC" ) 1343.
0779 2350 FOTHATI® 8 ,6%,'X',6X,'Y",7X, 2" ,6X, "AREA' ,7X,'238U" ,5X, 1344,
1:230TH' , 55, "2C6RA" 5%, '210PB" , 5%, ' 222RN" , 5%, * 10", 3X, "SET ", 3%, 1345,
2'EXIT VEL',3X,'SOURCE TYPE') 1345.
0780 2350 FOUMAT(' *,12,2F8.2.F7.1, 1%, 1P6E10.2,0P17,14, IPE12.2,3X,5A%) 1347,
0781 2370 FORMAT('=',T4%, 'PARTICLE PARAMETERS AND FRACTIONAL DISTRICUTIONS' 1348,
177125, "DIAHETER, *,4X, 'DEFOSITION SETTLING 11, 16%, 1349.
2'DENSITY, G/CM3*/T26,'MICAONS *,204X,'VEL., M/SEC')," |', 1350.
3F7.2,4F9.2) 1351.
0782 2380 FOTMATIIX,T25,410 =), "] ' ,44( ~"]) 1352,
0733 2390 FORMAT(TZS,F6.1,1%,1P2E15.2," |*,0PF8.3,4F9.3) 1353.
0784 2400 FORMAT('-','ADDITIONAL RECEPTOR POINTS =',14) 1354,
0785 2410 FORMAT('O 8',3X, 'IDENTIFICATION',T43, 'X(KM)  YIKM) ZiMY'/ 1355,
; 1 1%,630¢=")) 1356,
I 0785 2420 FOR"AY(IX.12 3%,6A8, 1%, 3F8.2) 1357.
f 0787 26301F0PNAT(' 363, 'ANNUAL RELATIVE FREQUENCY OF OCCURENCE -- STABILITi;SS
Y CLASS *,I1) 138
l 0788 2440 FOTMATE =, 31X, 'ANNUAL RELATIVE FREQUENCE OF OCCURENCE -- SUM OF A1350.
r TLL STABILITY CLAZSES') 1361.
0789 2550 FCTUAT( THO,55X, *HIND SPEED, KNOTS'/35X.67('=')/11X, 'HIND DIRECTION1382.
I 11, 10X, A8, 514X ,A8),5%, '‘RON TOTALS') 13 63
- 0750 2660 FOTIATL 01, 16%, A%, 9% 614X, F8.5),7X, F8.5) 1344,
0791 2570 FORMATCIHO,'SUM OF WIND SPEED FREQUENCIES NOT WITHIN 0.17% LIMIT, J1365.
; 108 ABORTED.') 1356,
_ 0732 2480 FORMAT('~',45%, 'MPC VALUES (PCI/M3), PEF: ICRP2') 1367,
0793 2490 FORMAT{ *0', 17X, "ELEMENT ' ,4X,5( 344,4X)/) 1368.
‘ 0794 2590 FCTUMAT(Y ', 17X.2A%, IF3(E11.2,5%)) 1355,
| 0795 2510 FOTMATOTHO, T3, * | *,4%, 160A%,3%), 1%, '"ROW*) 1370.
0796 2520 FOTUATOIX, '"KILOMETERS |',16F7.1,5%, 'SUMN') 1371.
0757 2530 FORUMATOIH LF%.1,'<',F%.1,* |',1617,18) 1372.
0753 2540 FOTMATO12X, ') 1373.
0759 2550 FCTMAT( O, 'EFRCR-~ILLEGAL PARTICLE DENSITY SET, KSOSCE =,',I3, 1374.
1 ', FOR SO”CE 10',F5.0) 1375,
0300 2550 FORI'AT( 'OPTSZFCIX,K) CHECK TOTAL ERROR FOR I=',I2,' AND K=',12) 1375.
ten 2570 FOTMATUIX,132('="}) 1377.
0302 2580 FORMAT(' *,T56,'FOPULATION DISTRIBUTION') 1378.
0303 2590 FORMAT( 1HD, 'ERROR -- NUMDER OF SOURCES =',16, 1375.
1 ' NOT HITHIN 1-20 LIMTTS') 1320.
0804 2600 FORMATI 1HO, '"ERFOR -- NUNDER OF AGDITIONAL RECEPTORS =',I14, 1381,
1 ' MOT WITHIN 0-60 LIMITS') 1382,
0205 2610 FOSMAT('0',37X, ' INDIVIDUAL SOURCE CONCENTRATION (PCI/M3)---NO RESU1333.
1SPENSION' ) 1384.
0306 2620 FONMAT(' ',584,4X,584) 1325,
0507 2630 FORMAT('0’,20%, 'EFFECTIVE DISPERSION FACTOR (SEC/M3)') 1385,
, 0808 2640 FORHMAT('0','THETA= *,F6.2,' DEGREE ANGLE') 1387.
0809 2650 FORMAT('0', 'DISTANCE',6X, '238U" ,8X, '230TH" ,7X, '226RA" ,7X, '21CPB*, 1383.
17X, '2228N" ) 1339,
0810 2660 FOTHAT(® ', 1X,F7.2,1P10E12.2) 1330.
0811 2670 FOTMAT('0', 'DISTANCE',6X, '23%U",8%, '230TH" ,7X, '226RA",7X, '210P8", 1391.
17X, '222RN" , 7%, ' 218P0" ,7X, " 214PB" , 7X, '214BI ', 7X, '210PB" , 7X, *210P0" 11352,
; 0812 2680 FORMAT( 1HO, ' JC(9): ") 1393.
0813 2690 FOPMAT(31X,72('%')) 1394.
0314 END 1395.

(L
el
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0001 SUBROUTINE POLUT (PSORC) 1396.
0002 LOGICAL SGTDMX 1397.
0003 FEAL*S HLM,ACTIV,GMAT,XNAME ,METSET, TODAY 1398.
0004 REAL*% MPC 133%.
0005 COIION/UDADC 1/ METSETi 4 ), XNAME( 4,60, VDEP(5) ,PTSZFC(5,5),ALN2, 1400.
1 PTSZ(5),REGICNIG ), XRECEP! 3,60),0M, XRKO( 15),KSHAY,, IPEMAY, 1401.
2 IPCP(15,158),JC(9),NSCRCE, IRHO(6 3, IYR( 10), IFODOS(60),FFI,SHIED, 1402.
3 PFIN(8),PHFODI60),0PTIME,MPC(7,5),FG,DFACT,RFIE,SUFI,SUFF, 1403,
4  PDEN(S),PGTH(G),XIN(7),XING(7),FCODIN(2,3),RSLIM,RSALF,YDOC, 1404%.
S FCON(6,5),RHOI2),DVI2),THIZ),TCI2),FVI2),BSVI6), YEVD 1405.
0006 COMMON/UDADC2/VSET(5),GDSCAL ,GSCALE L YPE, 1405.
1 0A(61,0816),UL6),HPS,NPE,NPP, IFLAG, JFLAG, IPOLU2, 1407.
2 ISORC1,KSORCE, IHD, IKS,ISTAB, INSS, IKSE 1408.
0007 COIMON/UDADCSG/ TODAY ,NPR,NPL ,NRECEP, IRECEP,KRHO, INX, IPAGE( 3, 1403.
1 THETASI 16 ) ,HINDR( 16 ) ,RHALF (6 ) ,PHALF,CF(4),PBOR( 2,300 ),RN(300), 1410,
2 CISun(s5,200),TPSZ(5,4,300),TPSZR(5,4%,300),TCNGCL5,300), 14171,
3  TCNGO(5,300),RECEPT(2,300),2RECEP(300),WL(300),FILLER( 1800) 1412.
0008 COMIION/DEPY/QQ(5,6) 1613.
0609 COMION/DSFRSN/FREQL 16,6,6) ,SCRCE( 12,80) 1416,
0010 DIMENSION COSKD(16!,SINIO(16),PSORCISG) ) 1415.
con DIMENSION PHTP(5),C1F(5),C3P(5),ARGIP(5) 1416.
0012 DIMENSION HLM(7),ACTIVI?),BMAT(7,7),HFLFE(7),CACTIVIS,300), 1417.
1 CPOLUT(S,300) 1418.
C SIN D INNDIR )=SINU{ PI*FLCAT( IKNDIR-1))/8) 1419,
0013 DATA SINWD/0.0,.38268,.70711,.92388,1.0,.92388,.70711,.38268,0.0, 1420.
1 -.38268,-.70711,-.92388,-1.0,-.92388,-.70711,-. 38268/ 1421.
c COSHOI IRNDIR )=COSI ( PI*FLOAT( INNDIR-1))/8) 1422.
c014 DATA COSHD/1.0,.92388,.70711,.38263,0.0,-.33268,-.70711,-.92388, 1423.
1 -1.0,-.923%8,-.70711,-.38268,0.0,.38268,.70711, .92388~/ 1624,
0015 DATA PI4,P18/.7353932,.3926991/ 1425.
0016 DATA HFLFC/3.3005€E5,183.0,1608.0,1182.0,6.6226E8,4.33E5,1.196E7/ 1426.
0017 DATA INDEX/0/ 1427.
0018 EQUIVALERCE (IWNDIR,IWD) 1428.
0019 EQUIVALENCE (TCNGO(1,1),CACTIVIT,1)),(TCNGC(1,1),CPOLUTI1,1)) 1429.
6020 IF (IMDEX.GT.0) GO TO 30 1430.

0021 INDEX=1 1431
0022 X1=1.0 1432.
0023 20 10 1=1,7 1433.
0024 10 HLM(I)=ALNZ/HFLFE(I) 1434,
0025 po 20 1=1,7 1635.
0026 Do 20 J=1,7 1635.
0027 CUAT(JL I I=HLM( J ) -HLM(I) 1437.
0ezs 20 GMAT(I,J)=-GMAT(J,1) 1438.
co2s 30 S€DI2M=SORCE(4,IS0RC1) 1439.
8030 SRAD=SDIAMN/2. 1640.
go31 PSFACT=FREQ(IND,IHS,ISTAB) 1441,
0032 DHMIMND=COSCAL#*( (SCRCE(2,ISORC1)-RECEPT(2,IRECEP) )=COSKD( IHNDIR ) +( 51442,
10RCEC 1, ISORC1)-RECEPT( 1, IRECEP ) )=SINKDI IKNDIR)) 1643,
0033 Y=DHHIND+SDIAM/PIR 1444,
0034 IF (SGIAM.GT.130.) GO TO 40 1445,
0035 iF (X) 280,280,50 15486,
0036 40 IF (SRAD+ON.IND) 280,280,50 1447.
0037 50 CXWIND=CDSCAL*ARS((SORCE(2,ISORC1)-RECEPT(2,IRECEP) )#SINRD( INNDIR 11448,
1-(SCORCE( 1,IS0RCT)-RECEPT( 1, IRECEP) )»COSKD( INNDIR) ) 1449,
0038 Y=X#P18 1450.

£ N
5 o
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0039 IF (Y.LE.CXWIND) GO TO 280 1451,
0042 IF (SRAD.GT.ARS(DNWIND)) GO TO 60 1452,
L | IF (SDIAM.LE.(CNNIND*PI8)) GO TO 70 1453,
0042 Q=QSCALE=( (PIS*X-SDIAMI/SCIAM) 1454,
0343 DHUIND=SORT( (CNUIND*DNHIND )+ ( SRAD*SRAD ) ) 1455.
c FROM DNWIND=( (4.%ONHIND##2. +SDIAM=«2, =% 5)/2, 1455,
0044 X=2.#DNHIND 1457.
0045 IF (CXHIND-(SRAD#+X*PI8)) 80,80,280 1458.
004% 60 Q=QSCALE~|PIinxnx-4.08~X¢SOI&HOQ.1616-SDIAH~SDIAHI)/(SRAD'SRAD~16}223.
1.) £0.
c FROM Q=0SCALE=( . 1965%(X-2.040«S01AM %2, }/SDTIAM=»2, 14961,
0047 DHAIND=STINUD( 3 )#( DNHIND+SRAD) 1482,
C RIZDE SINI2(3) = SIN(PI8«2) OR SIN(PIZ4) OR .70711 1443,
0c4 L=D1HIND=2. 1454%.
0050 70 Q=33CALE 1545,
0351 80 G=Q=LY-CXWIID )Y 1647,
C COTRECTICH SUCCESTED BY APCO -- JANUARY 1971 142,
¢os2 IF (X.L7.100.0) x=100.0 1569,
C 1470,
0953 U=UUL TH3) 1671,
035% ¥=100.0+<Q7U 1472,
0055 IF (Y.LE.0.0) GO TO 230 1473,
00358 CHINZO=DHHIND 1474%.
C BBenuE LYY 1(,75.
BRICCS PLLME RISE FORMULATION : JANUARY 1971 1476,
0es7 h3=SCRCEl 3,I327C1) 1477.
Cwsw ADD KOLLAND-STUMKE-MOSES/CARSOM RISE IF V0D>0.0 1678,
Cews NOTE THAT V0D IS SCRCE(12,ISCRC1) 1%:5,
0058 IF (SORCE(12,ISCRC1).GT.0.0) HS=HS+1.5%80RCE( 12, ISCRCTIA 1420,
0059 PHT=HS 1431,
0340 IF (ZRECEPITRECEP).NE.O) FHT=PHT-ZRECEP( IRECEP) 1582
c HErra s 1453,
0051 IF (FUT.LY.0.0) PHT=0.0 155%.
€052 IF (IFLAG.EQ.0) GO YO 120 1425,
0rs3 00 110 I=NPS,NPE 1225,
0084 IF (PTSZFCII,KSCRCE).EQ.0.0) GO TO 110 1437,
ce4as IF (VEETII).LT.VDEP(I)) GO TO S0 1458,
] PHTPI I ) =PHT-DHMIND*VIET(I /U 1459,
0057 GO TO 100 1572,
0068 90 FHTYPLI)=FHT 1651,
49 100 IF (PHTP(I).LE.0.0) PHTP(I)=0.0 1452,
0070 110 COlITINUE 1693,
£371 120 IF (CNUIND.LT.100.) DNWIND=100. 1454,
0072 SIGZ=AFUNCIDMNHIND ) 1495.
€73 LG =~ 5#PHT*#2 ) /(SIGZux2) 1495,
0074 IF (IFLAG.EQ.0) GO TO 140 1457,
€a7s 00 130 I=NI'3,NPE 1433.
0376 IF (PTSZFC(I,KSCTCE).EQ.0.0) GO TO 130 1459,
0977 ARGIPIL)=( =~ . SnlHTP( %82 )/(SIGZ#42) 1503.
007 130 ceuTINg [ g
0079 140 S3TD =, TRUE. 1542,
03 IF (ISTAB.GT.4) GO TO 2€0 15335.
co3t IF (SIGZ.LY..47+0M) GO TO 200 1504%.
0082 X1=0,47%0N QAL ISTAB) 1595.
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FORTRAN IV G1

0001
£082

0003
0004
0005

0006
6007
oces
06353
6c10
mnn
0012
0013
€014
€815
0015
€017
0018
0019
0020
6021
2022
0025
0024
geas
0726
0027
0028
ce2’

RELEASE 2.0 ACTDR1

e e e e e el e B —— s e S —

DATE = 75078 16702704

SUCROUTINE ACTDR1 (TIME,N1,HLM,ACTIV,CGHAT,HLNE)
REAL*8 HLM'7),HLME{7),ACTIV(7),6GMAT(7,7 ), EHLME7),X,Y,2

c CALCULATE /CTIVITY AT TIME ' TIME'

10
<0

30 v

40
50

60

N=N1

DO 20 I=1,N

X==HLME( I )=TIME

FOLLONING GUARDS AGAINST UNDERFLOW EPROR FOR DEXP(X)
IF (-X,LT.(1.502)) GO 7O 10
EHLMI1)=0.D0

GO 1O 20

EHLM( I Y=DEXP(X)

CCNTINUE

ACTIVIT)I=EHLME 1)

CJ 60 I=2,N

¥=1.0

09 30 J=2.1

=Y«HLMO )

ACTIV(II=0.DO

DO 50 K=1,1

Z=ENLIK)

£0 €0 J=1,I

IF (K.EQ.J) GO TO 40
Z=22/CUATE S,K)

CORTINUE
ACTIVIII=ACTIVII)e2Z
COHTINUE )
ACTIVII)=ACTIVI] 1wy

IF (ACTIV(I).LT.0.DO) ACTIVII)=0.D0
CCHTINUE

RETUTN

END

—

560 1395
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1566,
1567.
15¢8,
1659.
i570.
1571.
1522.
1573.
1574.
1575.
1576.
1577.
1578.
1578.
1530
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153?.
1583,
1524.
1225,
14-3.
1257,
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1259,
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1593,
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FORTRAN IV G1 RELEASE 2.0 ACTDR2 DATE = 79078 16/02/04
0001 SUBROUTINE ACTOR2 (T,NT,R,E,INT) 1596.
0002 DIMENSION R(6),EL6),T(8) 1597.
0003 COI"ICN/ATAZAAL6,61,BB(6,6) 1598.
0004 0O 10 I=1,NT 1399.
0005 0O 10 J=1,NT 1600,
0006 10 AA(I,J1=0.0 1601,
6007 DO 80 N=1,NT 1602.
0303 DO 80 K=1,N 1603.
0ecsy DCAY=3.1535€7 1604%.
0010 K1=K+1 1605.
0011 IF (K1.6T.N) GO T0 30 1606.
0012 DO 20 J=K1,N 1607.
0013 20 DCAY=DCAY#*R(J) 1608.
0014 30 FACT=0.0 1609.
0015 00 70 L=K,N 1610.
0016 IF (INT.GT.0) GO T 40 1611.
0017 FI=ETEST(E(L),T(1) 1612.
0018 F1=(F1-ETEST(E(L),T'2)))/E(L) 1613.
0019 GO TO 50 1614.
0020 40 F1=T(1)=ETEST(E(L),T ' 2))-T(3)=ETEST(E(L),T(4)) 1615.
0021 F1=F1+(ETEST(E(L),T(L ) )-ETEST(E(L),T(6))-ETESTIE(L),T(7))+ETEST(E(1616.
W), TI8)))ZELL) 1617.
0022 F1=F1/E(L) 1618.
0023 50 F2=1.0 1%619.
002¢ DO 60 I=K,N 1620.
0025 IF (I.EQ.L} GO TO 60 1621.
0026 F2=(R(I)-RIL)I=F2 1622.
0027 60 CONTINUE 1623.
cc28 70 FACT=FACT+F1/F2 1624.
0029 80 AAIN,K)=DCAY*FACT 1625,
0030 RETL™N 1625.
oes END 1627.

FORTRAN IV G1 RELEASE 2.0 ACT DATE = 79078 16/02/0%
0001 SUBROUTINE ACT (X,XR) 1628.
0002 DIMENSION X(6),XR(6) 1629.
0003 CCINON/ATAZ/AALG,6),BB(6,6) 1639,
0004 po 10 IP=1,6 1631.
0005 XR(IP)=0.0 1632.
00Co PO 10 ID=1,IP 1633.
0097 XRUIPI=XR(IP)+AA(IP,ID)=X(ID) 1634.
0008 10 CONTINUE 1635.
0009 RETURN 1635,
0010 END 1637.



0204 CCHNON/DEPY/QXQ(5,6) 1641.
0005 CC 0N/ /UDADC 1/METSET(4 ) , XNAME (4,60 ), VOEPL 5 ), PTSZFC(5,5),ALN2, 1542.
1 PTS2(5),REGION(6),XRECEP( 3,60),D!,XRHO( 15),KSMAX , IFSMAX, 1643.
2 IFOPi15,16),JC(9),HSCRCE, IRHD(6),IYR( 10),IFCDOSI60) ,RFI,SHIED, 16%4.
3 PFIN(B:.FUFOD(£]),0PTIME HFCL7,5),FG,DFACT ,RFIE, SUFI,SUFF, 1645,
%  FDEN(5),FGTHIG ), XIRI7),XING(7),FOCOINI 2,3 ),RSLIM,RSALF,YDOC,  1545.

127
FORTRAN IV G1 RELEASE 2.0 DOEP DATE = 75078 16702704
0001 SURROUTINE DDEP (SIGZ,ONWIND,X1,PHT) 1638.
€202 REAL*8 METSET,XNAME 1639.
I 0003 COMUON/INTG/SUNMP(5,6), SUMH. XL 1649.

§ FCON(6,5).PhO(2),DVI2),T:42) TCI2),FV(21,BSVI6), YEVD 1647 .

000% COMNCN/UDADC2/VSET(5),C0SCAL ,QSCALE,.LTYFE, 1663,
1 OA(61,0815),UU061,KPS,NPE PP, IFLAG, JFLAG, IPOLU2, 1649.

2  ISDRCY,KSORCE, IRD, INS, ISTAB, IHSB, INSE 1653.

0007 DATA HCALL/D/ 1651.
6333 IF (NCALL.GT.0) GO TO 10 1552,
¢09 NCALL=1 1653,
0010 F=SGRT(2.0/3. 141593) 185+,
o 10 H=FHT=e2 1655.
6012 xL=x1 1655,
0613 SZ100=AFURC( 100.,) 1657.
£01% SU1= 100 “EXPI-H«0,5/(52100%%2))/S2100 1658.
€015 IF (JFL&G.EQ.0) GO TO 30 1659.
0015 Xp=50. 1£460,
€017 DO 20 I=NPP,NFE 1657,
0018 IF (PTSZFC(I.KSORCE).EQ.0.0) 60 YO 20 1663
co19 0O 20 J=1uS,INSE 1£63.
£o29 HP=PLT-XPRVSETIT)/UUE ) 1656%.,
o021 IF (HP.LT.0.0) HP=0.0 ' 1645,
gn22 SUNPIT,J1=100. »EXP( ~-HP#*HP=0.5/(S2100=52100))/52100 1645.
002 20 CONTINUE 1657.
N 30 IF (DHWIND.LE.I1C0.) GO TOD &L 1663.
0023 IF (ISTAB.GT.4) GO YO 70 1859.
6325 IF (SIGZ.LT.0.47+CM) GO TO 70 1570.
6327 1F (DNJIND,LE.X1) GO TO 70 1671,
0028 IF (X1.L7.100.) X1=100. 1672.
0c2% CALL INTEG (0,100.,X1,PHT) 1675.
G030 XH=CNUIND 1674%.
| 0031 IF (DHUIND.GT.2.#%X1) XM=2, »X1 '675.
0032 CALL INTEG f1.,X1,"M.PHT) 1676.
coi3 DSUM=[ FM-X115«2/( 2. %X 1%DM) 1677,
0035 R1=SUteDSUN 1678.
0035 IF (JFLAG.EG.0) GO TO 50 1679.
0075 DO 40 I=NFP,NFE 1680.
0237 IF (PYSIFC(I,KSORCE).EQ.0.0) GO TC 40 1€81.
0033 DO 40 J=115,TUISE 1632.
8333 SLNPTL =3P T, d)+D5UN 1€53.
0343 40 CONTINUE 184,
0741 S0 IF (CHLIND.LE.2.#X1) GO TO 100 1655.
8242 YL=2, X1 1635,
0043 DSLH=(CRUTHD - XL )/DH 1687,
00%4% SUN=SUIWOSLY 1428,
€345 IF (JFLAG.EG.0) GO TO 100 1623,
[ 3} 0O €60 I=HPP,NFE 16990.
0047 IF (PTSZFCI(I,KSOACE).EQ.0.0) GO TO 60 1431,
0C53 B3 £3 J=IHS,IKSE 16%2.
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FORTRAN IV 61 RELEASE 2.0 DDEP
0049 SUMPLT,J)=SUMPt [, J)+DSUM
0050 60 CONTINUE
0051 €0 TO 100
0052 70 CALL INTEG (0,100.,0NWIND,PHT)
0053 * 60 TO 100
005% 80 SUM=SUN=*DNWIND/100.
0055 IF (JFLAG.EQ.0! GO TO 100
0056 XP=DNIIND/2.
0057 GO 90 I=NPP,.NPE
0058 IF (PTSZFC(I,KCORCE).EQ.0.0) GO TO 90
0059 0O 90 J=INS,INSE
0060 HP=FHT-XP=VSET(I)/UULJ)
0061 IF (HP.LT.0.0) HP=0.0
0062 SULPLT, J)=DNATHND*EXP( ~HP*HP%0,5/(52100%52100) )/82100
0053 90 CONTINUE
0064 100 CONTINUE
00465 DO 110 I=NPS,NPE
0066 IF (PVSZFCII,KSORCE).EQ.0.0) GO TO 110
0067 TEMP=r #SUNMSVDEP( T )
0048 DO 110 J=IHWS,IKSE
0069 WOF=TEMP/UUL J)
0070 IF (KOF.GT.60.) WOF=60.0
0071 QXQ(T,J)=EXPl -KDF )
0072 110 CONTINUE
0073 IF (JFLAG.EQ.0) GO TO 130
0074 DO 120 I=NPP,NPE
0e7s5 IF (PTSZFC(I,KSORCE).EQ.0.0) 6O YO 120
00746 00 120 J=INS,IWSE
0077 HWOFP=F»VDEPI I )«SUMP(I,J)/UU(J)
0078 IF (KOFP.GT.60.) WDFP=60.
0079 QXQI,J)=EXPi ~KOFP)
0020 120 CONTINUE
0031 130 RETURN
0082 END

CATE = 79078

16/02/04
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FORTRAN IV 61 RELEASE 2.0 INTEG DATE = 79078 16702704

00(1 SUPFOUTINE INTEG ( INDEX,XI,XN,PHT) ver.
8062 EXTERNAL FEFR,FERPT 1728.
2033 REALYS METSET,X2MANE 1723.
0294 KEAL¥S BOCA,DOB,0H,DX1,DXI.DXN,EP,FERR,FERR1 1739.
03J5 COIIaN/INTGZSL PL5,6) , SUM, M, XL 1731,
co0s CGZ.A:).'VWAQC‘I"P’ETSET(QI.XNAHEMJOI.VDEPI5).PTSZFC(5v5l.ALNZ» 1732,
1 FISZIS),CE310N16 ), XRECER( 3,60 1,011, ¥R1OL 15) ,K8NAX, IFENAX, 1733.

2 IFOP(15,16),JCI9),NSCRCE, IRIHOI6) . IVR( 13), IFCO0S(60),RFI.SHIED, 1734,

3 PFINIS),FLTOD(60),0FTIME,MPCL7,5),F5,DFACT,RFIE,SUFL,SUFF, 1735,

G FDEN(S),PETHIG),XINI7), X151 7),FOCOINI 2,2 ), RSLIHM,RSALF, YDOC, 173%5.

5 FCONUE,5),RU0(2),0VE2), THI2), TCI2)1,FVIZ) ,BSVI6), YEVD 1737,

0007 COMIM/UDADC2/VSET(5) ,COSCAL ,QSCALE,LTYPE, 1713.
1 CAL6),0206),UU(6),6PS,NPE, NP, IFLAG, JFLAG, IFOLU2, 1739,

2 ISCNCHWKSCICE. LD, INS,ISTAS,: INSD,. INIE 1760,

0023 COMNTH/DSTRZ/DCA,023,04,0X1 1741,
0803 FUNCEAB,CI=EXPL-A+B)«0.5/1C=C)) 1742,
¢nie IF (XI.GT.xH) GO TO 72 1743,
an DXI=0BLEIXI) 174%.
9012 DaN=DCLEIXN) x L
1 0313 DX 1=DBLE(XL) 1745,
I 0014 DH=CRLE(NH) 97 .
l 0015 DCA=DELE( QAT ISTAB)) 1748.
0316 DUC=0BLELOB(ISTAB)) 7553,
0017 EP=1.00-% 1250,
£018 IF (ZMDEY.EQ.1) GO TO 10 1751,
0919 D3 S BXT JDXHEP, M, 1,FERR) 1752.
020 60 10 20 1753.
gz 10 CoUM=ANCGIOXTDXNEP, M, 1, FERR1)2DX1 1724,
ga22 20 SU=SUi N 1725,
I 802 IF (JFLAG. .0) RETUTM 1755,
062% YP=(XT e %, $757.
0025 SZIAN=AFUNC(XP) 158.
862S L9 60 I=NFP,MFE 1753,
a7 IF (PTSZ2FCI(I,KSCNCEN.EQ.0.0) GO TO 60 1760,
6323 00 €0 J=L1S,LNHEE 1761,
6523 u=Lue ) 1762.
53] XP=FHT=U/VSETIT) R 8
K] | IF (XL LE.XI) GO TO 40 1764%.
2032 IF (X1.6E.XN} GO TO 30 1765,
60335 AP i=0XTax1172. 17¢5.
£03% HP=HTL T, FHT,XP1,U) 1267.
o35 HP=UPa{ (XH=XT )71 XN-XT ) )nu2 1748.
£03s G2 10 S 1763.
0337 30 HP=HTII,PHT,XP,U) 1770.
£33 G0 10 S0 1771,
£e3s 40 HP=0.0 w1z,
0040 50 SUNMPLI,J)=SUNP(T,))+DSUMSFUNCIHP ,H,SZBAR) 1773.
6331 60 COHTINUE 1774.
0842 RETU™H 1775.
a3 70 FOINT &0 1776.
00%% sT0P 1777,
C 1778.

c 1779.

[ 1733

€045 80 FOPMAT('1','ERROR IN SUBROUTINE INTEG, XI.GT.XN') 1781,
0346 (33 1782.

g 10
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FORTRAN IV 61 RELEASE 2.0 AFUNC DATE = 75078
0001 FUNCTION AFUNC (X)
0002 COMMCH/UDADC2/VSET(5) ,GDSCAL ,QSCALE,LTYPE,
1 OA(61,08(6),UU(6),NPS,NPE,NFP,IFLAG, JFLAG, IPOLUZ,
2 ISORC1,KSONCE,IRD,IWS,ISTAB,INSB,INSE
0003 Y=DA( ISTAB j#X
0004 Y1=1.0+0B( ISTAB J#X
0005 IF (LTYPE) 10,20,30
[~
- NOTE THAT LTYPE=-1,-1,0,0,1,1 FOR 157T4B=1,2,3.4,5,6
C
0005 10 AFUNC=Y#Y1
€007 RETURN
0008 20 AFUNC=Y/SGRTI(Y1)
00C3 RETURN
0010 30 AFUNC=Y/Y1
oon RETURN
0012 END
FORTRAN I\ G1 PRELEASE 2.0 DFUNC DATE = 79078
0201 FUNCTION DFUNC (X)
0002 REAL8 DFUNC,X,Y,Y1,D04,008,DH,0X1
0003 CCiMON/CSTBZ/C0A,00B,0H,0X 1
0004 CCHMON/UDADC2/VSET(5),GDSCAL ,QSCALE ,LTYPE,
1 CA(6),0B(6),UU(6),NPS,NPE.NPP,IFLAG, JFLAG, IPOLUZ,
2 ISCRC1,KSCRCE,IWD,INS,ISTAB,IKSB,IKSE
0005 Y=DOAsX
0006 Y1=1,00+DCO#=X
0007 IF (LTYPE) 10,20,30
c
[ MOTE THAT LTYPE=-1,-1,0,0,1,1 FOR ISTAB=1,2,3,4%,5,6
c
ooes 10 DFLNC=Y=Y1
0009 RETURN
0010 20 DFUNC=Y/DSQRT(Y 1)
oon RETUNN
0012 30 DFUNC=Y/ZYY
0013 RETURN
0014 END

»

56
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R RIS,

‘ FORTRAN IV G1 PRELEASE 2.0 FERR DATE = 79078 16702704

:

‘ 0001 FUNCTION FERR (X) 1815.
; 2002 IMPLICIT BEALSS (A-H,0-2) 1829.
' 0003 €G! iCH/DSTRZ/00A,D0B,DH,DX 1 1821.
030% SIZ=OFUNCIX) 1822,
6035 FERR=DEXP( ~DH/(2.00%512%#2) )/S1Z 18z3.
0006 PETURN 182%.
€037 END 1825,

FCRTPAN IV G1 RELEASE 2.0 FERPRY DATE = 79078 16/02/04
c001 FUMCTION FEPRY (X) 1825,
0302 INPLICIT REALSE (A-H,0-2) 1827.
0003 CCIMOH/0STBZ/D0A.DCB,0H, DX 1 1823.
2704 SI2=0FUNCLX) 323.
0295 FERR1=(2.004DX 1-X )sDEXP( =DH/(2.D0%ST2¥%2) )/S12 1834.
6026 RETUMN 1231.
008 END 1832.

FOFTRAN IV G1 PELEASE 2.0 HT DATE = 79078 16/02/04
0091 FUNCTION HT (I,FHT,XP,U) 1833.
0002 COMIMN/UDADC2/VSET(5),G0SCAL ,GSCALE ,LTYPE, 1834,
1 0AL6),08(6),UU(6),NPS,NPE,NFP, IFLAG, JFLAS, IPOLUZ, 1835.
2 ISCRC1,KSOPCE, XD, IWS,ISTAB, IWSB, IHSE 1835,
0003 HH=FUT-XPVSETI 1)U 1337
000% IF (HH.LT.0.0) HH=0.0 1238,
0005 HT=zHHw»2 1233,
0005 RETURN 1849.
0007 END 041
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FORTRAN IV G1 RELEASE 2.0 KSZFC DATE = 79078 16702704
0001 & FUNCTION KSZFC (I) :gz%
c FUNCTION SUBROUTINE TO CHECK TF PYSZFC(I,K) ARRAY HAS A NON-ZERO 1844,
c ELEMENT FOR GIVEN I AND IF SO, TO RETURM THE FIRST SUCH K VALUE. 1845.
c OTHERWISE, A 2ERO IS RETURNET ., 18"3.
C 1847.
0002 REAL#8 METSET,XNAME 1848.
0003 COMMON/UDADC1/METSETI(G ), XNAME(4,60),VDEP(S5),PTSZFC(5,51,ALN2, 1249,
1 PTSZ2(5),REGION(6 ), XRECEP( 3,60),DM,XRHO( 15),KSHAX, IPEMAX, 1850.
2 IPOP(15,16).JC(9) ,N30RCE,IRHOI6),IYRI 16),IFOD0SI60),RFI,SHIED, 1851,
3  PFIN(8),PRFOD(60),0PTIME . MPCI7,5),FG,DFACT,RFIE,SUFI,SUFF, 1852.
G  PDENIS),PGTHIG ), XIN(7 ), XING(7),FOODIN(2,3) .,RSLIM,RSALF,YDOC, 1853.
S5 FCOM(6,5),RHO(2),DV(2),THI2),TC(2),FVI2),BSVI6),YEVD 185%.
0004 DO 10 K=1,KSMAX 1855.
0005 IF (PTSZFC(I,K).GT.0.0) GO TO 20 1855.
0006 10 COMTINUE 1857.
ooe? KSZFC=0 1858.
oooce RETURN 1859.
£009% 20 KSZFC=K 1860.
0010 RETURN 1861.
001 EMD 1852.
FORTRAN IV G RELEASE 2.0 HEADER DATE = 79078 16702704
0001 SUNROUTINE HEADER (1) 1R63.
0002 REAL*8 TUDAY,XNAME ,METSET,VERSN 1864.
0003 COIMON/UDADC 1 /HETSET(G) , XNANE (4,60 ) ,VDEP(S),PTSZFC(5,5),ALN2, 1365.
1 /8Z(5) ,REGION(6),XRECEP(3,60),DM,XRHO( 15) ,KSHMAX, IPSHAX, 1866,
2 IFOP(15,16),JC{9),N50RCE,IRHO(6),IYR(10),IFCO0S(60),RFI,SHIED, 1C67.
3  PFINIS),PHFCD(60),CPTIME, MFCI7,5),FG,OFACT,RFIE,SUFI,SUFF, 1868,
4  FPDEN(5),FGTH(G),XIN(7),XING(7),FOODINI2.3),RSLIN,RSALF,YDOC,  1859.
5  FCONI6,5),FHO(2),DV(2),THIZ2),TCI2),FVI2),BSV(6),YEVD 1870.
0004 COMICI/UDADCSG ~ TODAY , NFE ,NPL ,NRECEP, IRECEP ,KRHO, IMX, IPAGE( 3), 1871,
1 THETAS{ 16),HINDR( 16 ) ,RHALF(6),PHALF ,CF(4),PROR(2,300),RN( 300), 1872,
2 CIsuM(5,300),TPS2(5,4,300),TPSZR(5,%,300),TCNGC(5,300), 1873.
3  TCNGO(5,300),RECEPT(2,300),ZRECEP(300),WL(300),FILLER( 1800) 1874.
0005 DATA VERSN/'UDAD 9 '/ 1875.
0006 J=3 1876.
0007 IF (1.2Q.6) J=1 1877.
0008 IF (1.€Q.10) J=2 1878.
oQn IPAGE( J)=IPAGE( J)+1 1879.
00 KRITE (I,10) REGION,VERSN,TCDAY,IPAGE(J) 1820.
0011 WRITE (I,20) METSET 1881.
o012 RETURN 1882,
c 1883.
 + 1884.
c 1285.
0013 10 FORMAT('1',6A6,20%,A8,264X, 'DATE ',A8,T112,'PAGE',I%) 1886.
0014 20 FORMAT(' ','METSET ',4A8) 1887.
0015 END 1828.

560 142




FORTRAN IV G1 RELEASE 2.0

0001
0002
0003
0004
0005

0006

coo7
0008

0009
0010
01
0012
€013
0014
0215
gc1s
0017
[ihit. ]
0319
£020
£o21
0022
0023
0024
0025
0025
327
0328
0629
0030
(kS|
0032
£333
0034
0035
0335
0837
ats
0033
6040
0041
342
8243

isiaRalsl

e e

TAIRR DATE = 79078 16/02/04
SUBRQUTINE TAIRR (T,DT,INT) 1889.
DIMENSION X(6),XR(6),T(16) 18".
DATA NCALL-/0/ 1852.
CONMON/UDADC 1/METSET(4 ), XNAME( 4,60 ), VDEP(5) ,PTS2FC(5,5) ,ALN2, 1893.
1 PTS2(5),REGIONI6),XPECEP( 3,60),0M,XRHO( 15 ) ,KSHAX, IPSHAX, 18%4.
2 IFOP(15,161,JC(9),NSORCE, IRKGIG ), IYRI 10), IFODOS(60) ,RFI,SHIED, 1855.
3 PFIN(B),PHFODI60),0PTIMNE,MPC(7,5),F6,DFACT,RFIE,SUFT,SUFF, 1396.
4  PDENIS),PGTHIG) ,XIN(T7 ), XING(7),FOODINI2,3),RELIN,RSALF,YDOC, 1297.
5  FCOM(6,5),AK012),0VI2),THI2),TC(2),FVi2),B5VI6),YEVD 1£58.
COMMON/UDADCS/TODAY NP3, NFL ,MIECEP , IRECEP, KRHO, IMX, IFASE( ), 18%9.

1 THETAS( 16),HINDR( 16),RHALF(6),PHALF ,CF(4),FPEDR(2,300),RN(3CD), 1900.

2 CISU5,300),TP52(5,4,300),TPSZR(5,4,300),TCHSCL5,300), 1501,
3 TCHZO(5,300),RECEPT(2,300),ZRECEP(300),KL(330),FILLER( 1800) 1502.
COMIDN ATA BAl6,6),E816,6) 1903.
COMHON/GDCAY/RDCAY(6 ), EDCAY(6),80CAY(6) 1984
1305.

CORION/QDCAY/TS THITIALIZED MFRE AND THUS TAIPR MUST BE CALLED 1305.
(BY UDAD9 ) FRIOR TO GROUND, WHICH ALSG USES GQDCAY. ‘gg?.

o

1F (MCALL.GT.0) GO TO 20 1509.
MCALL=Y 1310.
00 10 IP=1.6 1811,
ROCAY(IPI=ALN2/RHALF(IP) 1912.
EDCAY(IP)=ROCAY( IP 1¢ALN2/PHALF 1913.
10 SDCAY(IP)=EDCAY(IP)+ALNZ/RSALF 1914,
IF (INT.LT.0) PETURN 1915.
20 00 30 IR=1,N7ECEP 1515.
0o 30 IP=1,5 1917.
30 TCHNGCIIP,IR)=0.0 1518,
0O 40 I=1.6 1919.
00 40 J=1,6 1320.

40 B5(1,J1=0.0 1921.
If (INT.GT.G) GO TO S0 1522.

IF (T(2).LE.TL1)) GO TO 70 1823,
50 CALL ACTOR2 (T(1),6,RDCAY,SDCAY,INT) 1824.
CO 60 I=1,6 1525.
po &0 J=1,1 1925.
ES(I,J)=AA01,J1%SUFL 1527,
60 AA(X,01=0.0 1528.
70 IF (INT.GT.0) GO TO 80 1323,
IF (Ti10).LE.TIS)) €O TO 90 1930.

80 CALL ACTOP2 (T($),6,RDCAY,EDCAY,INT) 1331,
$0 DO 100 I=1.6 1932.
0o 100 J=1,1 1833,
oo 110 IP=1,4 1535,
110 X(IP)=0.0 1935.
0o 139 IR=1,NIECEP 1837.
PO 120 1P=5,6 1918.
120 YUIF)=CISUNI IP-1,IR)=0,003 1339,
CALL ACT 1X,XP) 1540,
Do 130 IP=1,2 1541,
130 FOOR(IP,IRI=NRIIP+4)+CISUMI IP+3,IR)*DT 1942.
DO 140 IR=1,NRECEP 1943,

133

I
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0044
G045
0046
0047
0048
0049
0059
0051
0052
0053
0054
1455
0056
0057
0058
0059
0060
0061
0052
0063
0064
0065
0066
0057
0048
0c69

RELEASE

140

150
160

170

180

2.0 TAIRR DATE = 79078 16702704

DO 160 I=NPB,NPL

IF (KSZFC(I).EQ.0) GO TO 160
RVDEP=RSLIM

IF (VDEP(I).LT.RSLIM) RYDEP=VDEP(I)
Iu=1

DO 140 1P=1,5

IF (IP.GT.1) IU=IP-1
XUIP)=TPSZ(I,IU,IR)=RVDEP

X16)1=x(5)

CALL ACT (X,XR)

D0 150 IP=1,4
TPSZRII,IP,IR)=XRIIP+1)+TPSZ2(T,IP,IR)*DT
CONTINUE

DO 180 IR=1,NRECEP

IU-1P

IF (IP.EQ.5) IU=4

00 170 I=NPFB.NPL

IF (KSZFC(I).ER.0) 60 TO 170
TCHCCUIP,IR)=TCHGCIIP, IR )+TPSZR(I,IU,IR)
CCHTIMNUE

IF (IP.LT.4) GO TO 180

TCHZC(IP, IR )=TCHGC(IP,IR)+PBOR( IP-3,1IR)
CONTINUE

RETURN

END

1944,
1945.
1945.
1947.
1948,
1549.
1850.
1851,
1952.
1933,
1954,
1955.
1956.
1357.
1958,
1959.
1960.
1961.
1962.
1563,
1504,
1565.
1905.
1567.
1568.
1969.
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0001 SUSPOUTINE CROUND (T,INT) 1970.
0002 PEAL#8 XMAME,TCDAY,METSET 1971.
0ce3 PINENSION X(6),Y(6),T(8) 1972.
1 PYSZ(5),RESIONI6 ), XRECEP( 3,60 ),0M,XRHU: 15) ,KSHAX, IP3MAX, 1374,
2 IFOP{15,16),JC(9),NSONCE, IFHO(6 ), IVRI 10), IFODOS(601,RFI,SHIED, 1975.
3 PFIN(8),PHFODI60) .OPTINE,MPCI7,5),FG,OFACT ,RFIE,SUFI.SUFF, 1976.
G PDEN(S),POTHIG ), XINGCT 1, XING( 7 ) ,FOODINI(2,3),RSLIM,RSALF,YOOC, 1977.
5  FICM(6,5),RIUD(2),DVI2),THIZ2),TCI2),FVI2),BSVIS),YEVD 1978.
000% COMON/UDADCS/ TCOAY , NP8 \NPL NFECEP, IRECEP,KRHO, INX, IPAGE(3), 1579.
1 THETAS(YS ), HIHOR( 16 ) ,RHALF{6),PHALF,CFL4),F2DR(2,300),PN(300), 1920.
2 CISUN5,300),TP5215,4,300),TPSZR(5,4,300),TCNGC(5,300), 1981,
3 TCHCO(5,300),RECEPTI2,300),2RECEP{ 300),KL1300),FILLER( 1800) 1982.
0006 COMUON ATAZ2AL6,6),ER(6.6) 1833,
0go7 COMMON/QDCAY/RDCAY(6),EDCAY(6),SOCAY(6) :9:2.
c 8s5,
c 1886,
ocos DO 10 JRECEP=1,NRECEP 1537.
£009 00 10 IP=1,5 1528,
0010 10 TCHSO(IP,JRECEPI=0.0 1983,
2311 CALL ACTDP2 (7,6,FDCAY,EDCAY,INT) 15330,
0012 DO 60 JRECEP=1,NRECEP 1831,
6013 DO 20 IP=1,4 1532,
0014 D0 20 I=NPB,NPL 1893,
£a1s5 IF (KSZFCII).EQ.0) GO TO 20 1854,
0016 TCHCOLIP, JRECEP)=TCHCO( IP, JRECEP )¢ TFS2(1,1IP, JRECEP)&VDEPL ) 1585,
0912 20 CONTINVE 1995.
0013 o 30 1=1,2 19972.
0619 Ir=6-1 1938.
g':o:.;g 30 TUZ.;Q‘I?'JRCCEPRTCNGO(Q.JRECEPH0.0“&'C!SW( IP,JRECEP) 1933,
2 Iu= pgi i B
0022 CO 40 IP=1,6 2001,
003 IF (IP.GT.1) TU=IP-1 <002,
co24 &0 XOIPI=TCHG0i IU, JRECEP? 2003,
6325 CALL ACT (X,Y) <0C4%,
0026 Do 50 1P=1,5 2005.
€027 S0 TCHZO(IP, JRECEP)=Y(IP+1) 2006.
oees 60 CONTINUE 2007.
0029 RETUBN 2008.
0230 END 2009.

560 145
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FORTRAN IV 61 RELEASE 2.0 DOCOMT DATE = 79078 16702704
€001 SUBROUTINE DOCOMT (IRCV) 2010.
0002 REAL®8 ORGAN,BREP,PID(13),NUKES(7),METSET, XNAME , TODAY 2011,
€003 REAL*4 LON,LR,MPC,LONM 2012.
0004 DIMENSION HORK(8),00SE(6),DR(Z),DK(3,5) 2013.
0005 CONMON/UDADC 1/METSET(4 ), XNANE( 4 ,50),VDEP(5),PTSZFC(5,5),ALN2, 2014,
1 PTS2(5),REGIONI6),XRECEP( 3,60),DM, XRHO( 15 ) ,KSMAX, IPSHAX, 2015,
2 IFOP(15,1%6),JCt9),NSORCE,IRHO(6),IYRI 10),TFCDOSI60) .PFI,SHIED, 2016.
3  PFIN(8),PHFOD{60),0PTIME ,MPC(7,5),FG,DFACT,RFIE,SUFI,SUFF, 2017.
- FOEN(S5),PGTH(G ), XIN(7 ), XING( 7 ) ,FOODIN(2,3),RSLIM,RSALF,YDOC, 2018.
5 FCONi6,5;,RH0(2),DV(2),THI2),TCI2),FV(2),BSVI6),YEVD 2019.
0006 COMNON/UDADC3/OPGAN( 3, 12),BREP( 3),DKF1 3,5),PALL(3,6),PBK(3),TA, 2020.
1  DCFC(9,13),DCFGI9,13),TPOP,BP( 3,5),5FACT ,BPRTSi 3,9, 2021.
2  Wi013,2),FROM5,64),DCONVI6,6) 2022,
0007 COMICH/UDADCS/ TODAY ,NF3 ,NPL ,NRECEP, IRECEP,KRHO, IMX, IPAGE( 3), 2023,
1 THETAS( 16 ) ,HINDR( 16 ) ,RHALF(6 ), PHALF ,CF(4),FBDR(2,300),RNI 3601, 2024.
2 CISUM(S5,300),TPS2(5,4,300),TPSZR15,4,300),TCNGC(5,300), 2025.
3  TCNGO(5,300),RECEPT(2,300),ZRECEP( 300),HL(300),FILLER( 1300) 2025,
0ors COMMON/INHALY/EC 10,12),L04(10,4),LR(10),F 10 10),F2P( 1.,4), 2027,
1 IPSOLT10) ,NNUC ,MSPTABI 10,4 ) ,F2PM( 16 ), LONMI 16 ) ,QNOMI 16) 2028.
0009 COMMON/DCFQ/DCFAL6,12,5),0CFPBL2,12) 2029.
0010 DATA PID/'U238 ', 'TH234 Y, 'PA234 ', U234 4 2030,
1 'TH230 ','RA226 ','RN222 ','PO218 ', 2031.
2 'FB214 ','BI21¢ ','PO2Y% ','FB210 ','BI210 '/ 2032.
oon DATA MUKES/' U238 ',' U23¢ ','TH230 'y 'RA226 ', 2033.
1 'PB210 ','PO210  ','TOTAL */ 2034,
L L L T TR
R S
(o 2037.
C CCMPUTE INMALATION DOSE COMMITMENT FACTORS FOR PARTICULATE SIZES 2038.
c GIVEN IN PTSZ. CALCULATIONS OBTAINED BY DOSE RATE AFTER YDOC 2039.
YEARS OF CONTINUOUS INHALATION OF 1 PCI/M3. 30411:.
20641,
0012 IYCOC=YDOC 2042,
0013 MARK=0 2043
Ui I0FT=0 2044,
0015 DEN=1.0 2045.
C 2048.
c F=FACTOR TO CONVERT PCI/M3 PER YEAR INTO PCI, ASSUMING 20 CUBIC  2047.
C METERS INHALATICN VOLUME PER DAY, 3048.
C 049.
0016 F=20.+365.25 2059.
0017 DO 40 I=NFB,NPL 2051,
0013 KS=KSZFCI(I) 2052.
0019 IF (KS.EQ.0) 6O TO 40 2053.
c 2054,
c MARK=1 MARKS INDEY IN PTSZ FOR 0.3 MICRON SIZE, WHICH IS NEEDED 2055,
LATER FOR DCFFB. MARK=0 IF 0.3 MICRON PARTICLE SIZE NOT USED. 2055.
e PDEN(KS) MUST ALSO EQUAL DEN FOR MARK=1, ggg;
c s
0020 IF (PYSZ(1).EQ.0.3.AND.PDEN(KS).EQ.DEN) MARK=1 2059.
0021 CALL FRACY (PTSZ(I1),PDENIKS),DK(1,1)) 2050.
0022 00 10 kK=1,3 2061.
002 DKFOK,TV=DK(K,I)F gggg
[ 4 .
c FOLLOWING REQUIRED BECAUSE OF PBK USAGE IN DOSAGE; OTHERWISE 2064.
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0024
0023
0026
0027
003

0029
0039
€031
0032
0633
0034
G235

00%%
0037
, 0033
0039
0270
0041
0042
0043
0944
0045
go4cs
0c47
0043
0249
0233
51
0032
0053
gacs
€055
0255
0057
0058
0059
00
8061
8052
0083
0044
355
0056
0267
00:3
00359
£270

B —

RELEASE 2.0 pocoHT

C
C

OoOn

oo
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DATE = 79078 16702704
FBK PEMAINS UNDEFINED IF PTSZ INCLUDES THE 0.3 MICRON SIZE.

IF (I.EQ.MaRK) POKIK)=DKFIK,I)
DO 10 N=1,NNUC
10 PALLIK,NI=DKF(K,T)
po 30 1B=1,12
“‘.L lh.i.‘.'.E (!Q.PALL.B.O.VD&.DOSE-QCFM1.m.ll.lm.IERR.h

CONVERT FROM REM TG MREM UNITS

0O 20 N=1,NUC
20 DCFA(N,IB,I)=0CFAIN,IB,T)1=1000.

IF (IERR.EQ.0) GO TO 39

FRINT 650, PTS201),(0RGANIK,IB),K=1,3)
30 CONTIMUE
40 CONTINUE

IF (MATK.GT.0) GO TO 100

0.3 MICRON PARTICLE SIZE MEEDED FOR RN DAUSHTERS PB210 & FO210

S812E=0.3
CALL FRACT (SIZE,DEN,PEK)
PO 50 K=1,3
PEKIK)IsFRIUK)=F
DO 50 N=1.6
50 PALL(K,MI=F2¥(K)
CALL HEADER (6)
FRINT 660, IyDCC
FEINT 670, SIZE,DEN,(NUKESININ=1,6)
FRINT €20
0O 99 1B=1,12
CALL INHALE (18,PALL.0.0,50.0,00SE,0R,IOPT,IERR, 1)
IF (IERR.EQ.0) GO TO 60
FRIMT 650, SIZE.(ORCANIK,IB),K=1,3)
60 00 70 N=1,6
70 DRIN)=DR(N)=1000.
09 80 10=1,2
&80 OCFP2(ID,IE)=DRIG+ID)
90 FATNT 710, (CRGAW(J,IB).J=1,3),(DRINI,N=5,6)
EOUT=1
G0 10 120
100 DO 110 IR=1,12
po 110 I0=1.2
110 DCFPO(ID,IB1=DCFA(G~1ID,IB,MARK)
KOUNT=0
120 CO 150 I=NPB,NPL
KS=k&2FCII)
IF (KS.EQ.0) GO TO 150
KOUMT=HOUNT+1
IF (MOD(KOUNT,3).NE.1) GO TO 130
CALL HEADER (6}
FRINT 640, IYDCC
130 FEINT €70, PTSZ(I),FDEHIKS), (HUKESIN) H=1,KNUC)
FRINT €20
00 140 I8=1,12

560 147

2065.
2085,
2087.
2023,
<049,
2970.
2671.
2072.
2073.
2074,
2075.
2076.
<072,
2078.
2079,

2030,

s
L

2088,
nes

w“vale
2003,
-~

Lo’
-

whid.
2691
pei 84

2093.
2094,
2075,
20°5,
~n -
avTio

many
Pig? NS

2033.
2103.
2101.
2102,
2103.
2104%.
2105,
2105.
2107.
2103,
2109,
2110,
211
2112.
2113.
2115,
2115,
2136,
<17,
2118.
2115,

137



FORTRAN TV G1 RELEASE 2.0 DOCOMT DATE = 79078
0071 140 PRINT 700, (ORGAN(J,IB),J=1,3),(DCFAIN,IB,I),N=1,NNUC)
0072 150 CONTINUE
0073 IF (MOGIKOUNT,3).EQ.0) CALL HEADER (6)

0074 FRINT 720

0075 PRINT 730, ((ORGAN( J,1B),J=1,2),1B=1,3)

0076 PRINT 680

0077 IF (MARK.GT.0) GO TO 170

0078 DSUM=0.

0079 Lo 160 K=1,3

0080 HORKIK)=PBKI(K )/F

0031 160 DSUM=DSUM+RCRKIK)

0cs2 AEQUIV=SIZE=SQRT(DEN)

ceas PRINT 760, SIZE,DEN,AEQUIV,(HORK(K),K=1,3),05UM

0084 170 DO 150 I=HPB,.NPL

0085 KS=KSZFC(I)

€086 IF (KS.EQ.0) GO TO 190

0087 DSUN=0.

0088 po 180 Kk=1,3

0039 180 DSUN1=DSUM+DK(K,I)

0030 AEQUIV=PTSZ(I)=SQRT(PDENI(KS))

0091 FRINT 740, PTSZ(I),PDEN(KS),AEQUIV,(DK(K,I),K=1,3),05UM

0092 190 CONTINUE

0093 0o 200 1=1,9

0035 00 200 J=1,13

0085 DCFG(I,J)=DCFGII,J)=1.0E-10

003§ 200 DCFCIY, ))=DCFCIT,J)»1.0E-12

2097 CALL HEADER (6}

0098 FRINT 750

0039 PRINT 780

0100 FRINT 680

0101 0o 210 1=1,13

0102 210 FRINT 770, PID{(I),(DCFC(J,I),J=1,9)

0103 FRINT 760

0104 FRINT 780

0105 FRINT 680

0105 Do 220 1=1,13

0107 220 PRINT 770, PID(I),(DCFG(J,1),J=1,9)
¢
c CCHPUTE INGESTION DOSE COMMITMENT FACTORS FOR WHOLE BODY, BONE,
[ » KIDNEY, AND LIVER BASED ON DOSE RATE AFTER YDOC YEARS CONTINUQUS
o INGESTION OF 1.0 PCI/DAY.
c

0108 DO 230 N=1,NNUC

0109 230 PALL(1,N)1=365.25

0ti0 D0 240 1B=4.7

LERE CALL INHALE (IB,PALL, ° YDOC.DOSE,DCONV(1,IB-3),0,IERR
c CONVERY FROM REM TO MREM UNITS
c

D112 DO 240 N=1,MNUC

113 240 DCONVIN,IB-3)=1000.*DCONVIN, IB-3)

0114 FRINT 630, IvpCC

0115 FRINT 640, (NUKESIN).N=1,NNUC)

0116 PRINT 680

0117 DO 250 1B=4,7

16/02/04

»2)

560

2120.
2121,
2122.
2123.
2124,
2125,
2126.
2127.
2128.
2129.
2130.
2131,
2132,
2133.
2134.
2135.
2136.
2137.
2138,
2139.
2140,
2141,
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2143.
2144,
2145,
2145,
2147.
2148,
2149,
2150.
<155,
2152.
2153.
2154.
2155.
2155,
2157.
2158.
s A
2160.
2161,
2162,
2163.
2164,
2165.
2166,
2167.
21€8.
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2170.
2171.
2172.
2173.
2174.

ST
we)
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FORTRAN IV G1 RELEASE 2.0 DOCOMT DATE = 79078 16/02/0%
0118 250 PRINT 650, (ORGAM(J,IB),J=1,3),(DCONVIN,IB-3),N=1,NNUC) 2175.
0119 SFACT=RFIE=SHIED+( 1. -RFIE) 2176.
0120 IF (JCi5).8Q.0) GO TO 620 2177,
. 0121 IF (IRCV.EQ.0) GO TO 450 2178.
3 c 2179.
4 FRINT DOSE COMMITMENT TABLES (MREM/YEAR) FOR INHALATION 2}3(11
£ 2131.
0122 ANIMAX=22 . S+FLOATI IMX~1) 2162,
0123 LO 370 IB=1,12 2133.
0124 CALL HMEADER (6) 2185.
0125 FRINT 750, (CRCAN(J,IB),J=1,3),ANGMAX 2135.
0125 FRINT 800, ”:‘!O'J)"0J=1'3'|'FRO:"J-‘)nJ’-”v}' 2105,
0127 FRINT 820, (NUKESIN),N=1,HNUC), NUKESI7) cla7.
013 FRINT €20 2153,
013 0o 320 IT1=1,5 2132,
0130 IF (IT1.GT.1) GO TO 260 2150.
8131 IT=IHX 2191,
Q132 GO TO 270 2192.
c 2153.
€ SELECT ANGLES INX,0,90,180.270 E:gg
C < >
0133 260 IT=(IT1-2)1=4+1 2186.
€134 270 ANG=22.5%FLOAT(IT-1) 2197.
€135 00 320 IR=1,KRHO 2193,
D136 DO 250 J=1,6 2159,
1 2260,
c SELECT DISTAMCES .1,1,5,10,50,80 kM scul.
Cc ccle.
0137 IF (IRHO()).EQ.IR) GO TO 2%0 2c03.
0133 70 CONTINUE 2204.
; 0133 €O 10 320 2238,
' 1140 <90 DIST=NPHOLIR) pird i L0
n141 IFECEF={IT~1)%KRHO+IR 2207 .
0142 =1 2505,
0143 0EL=0. 2209,
014% 00 310 H=1,8NUC 2210.
0145 IF (H.GT.1) IU=N-1 2211,
0146 IF (IV.GT.6) IU=% i b
0147 CIZE(HI=0, 2213.
I 0123 2 300 I=NFB.NPL 2214,
014% IF (KSZFCIT).EN.0) GO TO 300 e215.
) 0130 DOSE(H)=DOSE(H)+DCFAIN,IB, I 1*TPSZR( T, IU, IRECEP) 2215,
) 0151 300 CONTINUE 2217.
1 0152 IF (H.LT.5) GO TO 310 2218.
| 0153 DOSE(NI=DOSE(H)+DCFFBIMN-4,IB 14FOORIN-4, IRECEP) 2219,
01Z4 310 DSUI=DEUMADGSE(N) es2y.
0155 IF (IR.EQ.IRHO( 1)) FRINT 830, ANG,DIST.(DOSE(N),N=1,NNUC),DoUM 2221,
0155 IF (IR.GT.IRHO( 1)) PRINT S40, DIST.(COSE(NI,N=1,:NUC),DSLN ge2e.
0157 320 CONTINUE 223,
C 22iH.
COMTUTE AMD FRINT BRONCHIAL EPITHELIUM DOSE RATE (LAP=1) AMND 2225,
C {CRKINS LEVEL MONTH (LAP=2) FOR RNZ222. ecch.
e eoet .
0158 DO 340 LaP=1,2 o8,
015% CALL HEADER (6) ey,

wn

o~

?
P
P




FORTRAN IV G1 RELEASE 2.0 DOCOMT DATE = 79078 16702704

0161 IF (LAP.EQ.1) PRINT 800, (WHO(J,1),J=1,3),(FROM(J,2),J=1,2) 2231.
0162 IF (LAP.EQ.2) PRINT 810 2232.
0163 DO 340 II=1,2 233,
0164 IS=(I1I-1)=8+1 2234.
0165 TIE=IS+7 2235.
0166 PRINT 850, (THETAS(IC;,IC=1S,IE) 2236.
0167 PRINT 860 2237.
0168 DO 340 IR=1,KRHO 2238,
0169 1=0 2239.
0170 00 330 IT=IS,IE 2240,
0171 IRECEP=(IT-1)=KRHO+IR 2241.
0172 I=1+1 2242.
0173 11? (LAP.EQ.1) KORK(I)=0.625%RN( IPECE’)'RFI".ZSE5‘!1.0'RFI)'“&(IRE§§23.
CEP) 4.

0174 1IF (LAP.EQ.2) HORKII)=25.#((1.-RFI)*HL(IRECEP )+RFI*5 E-6%RNI( IRECEP%-Z'ZQZ.
)) 46.

0175 330 CONTINUE 2247.
0176 340 FRINT 870, XRHO(IR),HORK 2248.
2249.

COMPUTE AND PRINT DOSE RATE FROM GROUND DEPOSITION (LAP=1) 2250.

AND CLOUD SUBMERSION (LAP=2) 31,

2252,

DO 450 LAP=1,2 2253.

DO 450 1B=1,9 2254,

CALL HEADER (6) 2255.

PRINT &30, (BFRTS(J,IB),J=1,3),ANGMAX 2256 .

PRINT 800, (Wi0(J,2),J=1,3),(FROM(J,LAP+2},J=1,5) 2257.

IF (LAP.EQ.2) GO TO 350 2258.

FRINT 820, (NUZES(N),N=1,5),HUKES(7) 2259.

€0 70 360 2260.

PRINT 850, (NUKESIN),N=1,6),NUKES(7) 2cHl.

PRINT €80 2262.

DO 450 IT1=1,5 2263.

IF (IT1.67.1) GO TO 370 226%.

IT=IMX 2265.

GO TO 380 2266.

2267.

SELECT ANGLES IMX,0,90,180,270 2263.

226%.

IT=(IT1-2)%4+1 2270,

ANG=22 S«FLOAT(IT-1) 2271.

U0 458 IP=1.KRHO 272.

DO 350 J=1,6 e273.

2274,

SELECT DISTANCES .1,1,5,10,56,80 KM (OR SELECTED OTHERS IF 2275.

SPECIAL IRHO INCLUDED IN NANELIST INFUT) 276 .

2277.

IF (IPHO(J).EQ.IR) GO TO 400 2278.

CONTINUE 2279.

GO TO 450 2280.

DIST=XRHC(IR) 2281.

IRECEP=(IT~1)#KRHO+IR 2282.

1u=1 2283.

DSUM=0. 22854.
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FORTRAN IV 51 RELEASE 2.0 poconT DATE = 75078 16/02/04

0202 0O 440 IP=1,5 2285.
0203 IF (IP.GT.1) IU=TIP-1 2285,
0204 COSE(IP)=0. 2237 .

0205 CALL NZNE (IB,IP,HS.NE) 22
206 00 430 IC=NS,NE 2239,
0207 IF (LAP.E£Q.2) CO TO 410 290.
<38 DOSE(IP)=DO3E(IP)+TCHSOI TU, IRECEP )»DCFGI IB, IC) 2251,
0209 GO TO %390 2292,
6210 410 DOSE(IP)=DOSE( IP)+TCNSC( IV, IRECEP )=DCFCIIB, IC) 293,
N IF (IP.NE.5) GO TO 432 205%.
8212 DO 420 IPP=1,3 2039,
0213 %20 DOSE(IP)=COSE(IP)+CISUMLIPP, IRECEF ¥DCFCIIB, IPP+7) 22988
0214 SCOECIP)I=DOSE( IP ) oRNI IRECEP )=DCFCIIB.7) 2237,
J215 430 COoNTINUE 2533,
0215 DOSE [P 1=SFACT#DO3E(IP) 2233.
€217 440 CSUN=DSUMSDOSE(IP) 2300,
€218 IF (IZ.EQ.IPKC(1)) PRINT &30, ANG,DIST,(DOSE(N),N=1,5),D5UM 2301,
219 IF (IR.GT.IFHO( 1)) PRINT 860, DIST,(DOSE(N),N=1,5),DSUH 2302.
<20 450 COHTINUE :.':‘.:03.
c 2304.
C COMTUTE AND FRINT POPULATICN DOSE COMMITMENTS ENL;Z
C 2306
0221 CALL DOSPOP (1.0,0,IRCV) 2307.
022 460 IF (NPECEP.EQ.IRCV) GO TO 620 2383,
0223 KRCV=IRCV+1 2333,
c 2310,
c FRINT COSE COMMITMENT TABLES FOR EXTRA RECEPTORS 2311,
C 312,
0224 0o 500 1B=1,12 2313.
225 LL=50 2314.
02¢ £ 500 IRECEP=KRCV,KRECEP 2315,
0z27 NR=IFECEP-IRCY 2315.
0223 IF (LL.LT.60) GO TO 470 o317,
02z CALL HEZDER (6) 2313,
0239 PRINT SO0, (CNGANIJ.IB),J=1,3) 2313,
0231 PRINT 910, (1101J,1),J=1,3), (FROM(J,1),421,3) 2320.
0232 FRINT 933, (KUKESIN),N=1,NMUC), HUKES(7) ax21.
0233 PRINT €20 a2,
€234 LL=9% 2323,
6235 470 DSUM=0, 2324.
238 Iu=1 2325,
0237 00 450 N=1,NNUC 2328,
0238 IF (N.6T.1) IU=N-1 2327.
239 IF (IU 57 .6) 1U=4 2328.
voad COSE(NI=0, 2339,
0241 DO 480 I=F7B,NPL 2330.
0242 IF (XSZFC(I).EQ.0) GO TO 480 23313,
0243 COSE(NI=DOSE(N)+DCFAIN, 1B, I )#TPSZR( I, IU, IRECEP) 2332.
0244 430 COUTINUE 2333.
0245 IF (N.LT.5) GO TO 450 2334,
0245 COSEINI=DOSE(N)+DCFPEIN-%4,1B)1«PDORIN-4, IRECEP} €339,
0247 450 DSUII=DSUMDOSE(N) 2339
0253 PRINT $50, KR, (XMAMEITI.NR),I=1,4),(XRECEP(I,NR),I=1,3),{D0SE(N) ,N=2337,
11,5HUC) , DSUM 2333.
0248 LLzLL+1 2339.
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0250 500 CONTINUE g‘bg
C 41.
C PRINT RN222 BRONCHIAL EPITHELIUM DOSE RATES AND WORKING LEVEL 2342.
c MONTH FOR EXTRA RECEPTORS. 2343,
C 2344,
n251 LL=60 2345.
0252 DO 520 IRECEP=KRCV,NRECEP 2346.
0253 NR=IRECEP-IRCV 2347 .
0254 IF (LL.LT.60) GO TO 510 2348.
0255 CALL HEADER (6) 2349.
0256 PRINT 900, (BREP{J),J=1,3) 2350.
0257 PRINT 920 2351.
02 FRINT 1000 2352.
259 LL=9 2353.
0260 510 DOSE( 1)=0.625*RN( IRECEP) 235%.
0261 WLM=25.%( (1. -RFI)#HL( IRECEP)+RFI=5 E-6%RN( IRECEP) | 2355.
0262 PRINT 970, NR,(XNAME(I,NR),I=1,4),(XRECEP(I,NR),I=1,3),D0SE(1),HLH2356.
0263 520 LL=LL+1 2357.
c 2353,
C FRINT DOSE RATES FROM GROUND (LAP=1) AND CLOUD (LAP=2) 2359.
c FOR EXTRA RECEPTORS 2350,
c 2361.
0264 DO 610 LAP=1,2 2362.
0265 00 610 1B=1,% £363.
0266 LL=60 2366,
0267 DO 600 IRECEP=KRCV,NRECEP 2365,
0268 KR=IRECEP-IRCY <386.
£269 IF (LL.LY.60) GO TO 550 2367.
0270 LL=9 2368.
0271 CALL HEADER (6) 2359.
0272 FRINT 930, (BPRTS(J,IB),J=1,3) 2370.
0<7 PRINT 910, (WHO(J,2),J=1,31,(FROM(J,LAP+2),J=1,5) 2371.
0274 IF (LAP.EQ.2) GO TO 530 2372.
0275 PRINT 940 2373.
0276 G0 TO 540 2374,
0277 530 FRINT 990 2375.
0278 540 PRINT 680 2376.
0279 550 IU=1 2377.
0280 psiM=0 2378,
0231 00 5%0 IP=1,5 2379.
0232 IF (IP.GT.1) IU=IP-1 2380.
0233 DOSECIPI=0. 2381.
0284 CALL NSMNE (IB,IP,NS,NE) 2382.
0285 00 580 IC=NS,NE 2383.
0288 IF (LAP.EQ.2) GO TO 560 2384%.
0287 DOSE( IP)=DOSE( IP)+TCKS0( IU, IRECEP )»DCFG( IB,IC) 2335.
288 GO TO 530 2385.
0289 560 DCSECIP)=DOSE(IP)+TCNGC(IU, IRECEP)*DLFC(IB,IC) 2387.
0250 IF (IP.NE.5) GO TO 580 2388,
0291 Do 570 IPP=1,3 2389.
0292 570 DOSE(IP)=DOSE(IP)+CISUM(IPP,IRECEP 1sDCFC(IB,IPP+7) 23%0.
0293 DOSE(IP)=DOSE( IP J+RN( IRECEP)*DCFC(IB,7) 2331,
0294 580 CONTINUE 23%2.
0295 DOSE(IP)=DOSE( IP)#SFACT 2393.
0296 590 DSUM=DSUM+DOSE(IP) 235%.
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FCRTRAN IV G1 RELEASE 2.0 DOCOMT DATE = 79072 16/32/04
0297 PPINT 960, NR,(XNAMEC(I,NR),I=1,4),(XPECEP(I,NR),I=1,3),(D0SEINI,N=2395.
11,51,05un 2396.
0298 600 LL=LL#1 2397.
0239 610 CONTINUE 2398.
0300 620 RETURN 2399.
c 2400
c 2401.
c 2432,
03 630 FORMAT('=",T41, ' INGESTION DOSE COMVERSION FACTORS (M?EM/YEAR)/(FCIZ403.
E 1/D4¥1'/739, '00SE RATE AFTER',13," YEARS CONTINUOUS INGESTION CF 1 240 g
ZFCI DAYY) 2405.
[ 0302 640 FOTIIAT (1HO,T43,6(48,64X)) 2925,
i 0303 6501Fc.~r'm;uo.;x;:'uunon COMMITMENT ERROR FOR PARTICLE SIZE =',F5.0,2407.
| ¢ FER 4,323) 2405,
| 0304 660 FCOUATIHO,T4D, 2477,
1 INNALATION DOZE CONVERSION FACTCRS (MOEM/YEAR/PCI/M3I'/T39, 2419.
2'DOSE RATE AFTER',I3.' YEARS CONTIMUOUS INIALATIZON OF 1 PCI/ZN3'/) 2411.
0305 §70 FCTIATC 1HO, 'PANTICLE SIZE =',F6.1,' MICRONS  DENSITY =',F5.2, 2412.
1 T60,6143,4X)) 2413,
0304 600 FOMMATIIX, 1320 =" )) 2414,
l 0307 650 FCIMATI IX, 348, 12X, 1P6E12.2) e+ 15,
0393 700 FCRUATL 1X,328,29%, 1P6E12.2) 2316,
€309 710 FORMAT( 1X,343,77X, 1P2£12.2) 2417.
0310 720 FORUAT(*-',T20,'DEFOSITION FRACTIONS IN LUMG MODEL SUBCCMPARTHENTSZ418.
. 1 AS A FUNCTION OF PARTICULATE SIZE AMD DENSITY') 2419,
. 0311 730 FORMAT(THO,* SIZE  DENSITY  AERCDYNAMIC EGQUIV. DIAM.',4X, 2429,
; 1 3(248,4X), ' TOTAL') 2321,
. 6312 740 FORMATE 1X,F5.1,5%,F5.2,13%,F6.2,754.,F5.3,775,F5.3. 752, 2422,
l 1  F5.3,7T110,F5.3) 2423,
0313 750 FOSMAT(0*,T44,'CLOUD DOSE CONVERSION FACTORS (MREM/YEAR/PCI/M3)' 12424,
I 0314 760 FORUATL =" ) T44, 2425,
. 1 'CP0UMD DOSE CONVERSION FACTORS (MPEM/YEAR/PCIZM2)') ol
' 0315 770 FORMATE" *,28,5X,1P9€13.2) Sl
i 0316 780 FCTIIATI0", 'POLLUTANT' , 122, 'SKIN',T32, 'WHOLE BCOY',T47, 'OVARIES', 2423,
1 769, 'TCSTIES' . T706,'SM INTESTINE®,T87, "LUHG" , 157, "RED MARFCH',  2429.
: 2 T111,'SKELETON',T125, 'SPLEEN' ) 2430,
: 0317 790 FOTMAT(® *,323,'2ANGLE OF MAX DISPERSICN = '.F5.1,' DEGTEES') 2431,
I 0318 830 FCOUATI'=',357,344, ' DOSE COMIITHENTS (FREM/YEAR) FROM *,S5A%) 2433,
0319 810 FOT1NT('=7,53%, 'RADON WOTKING LEVEL MONTH') 2533.
320 €20 FOTUAT(ING, *AVSLE' ,4X, 'DISTANCE(KMY' , T29,714A8,4X)) 2434,
€321 830 FCTUATOTHDLFS. 1,7X,F4%. 1,6X, 1P7E12.2) 2435,
0322 840 FOIVATOI3X,F4. 1. 6%, 1PTEY2.2) 2435,
0323 350 FCTIIATE = ,62X, 'DEGREES' /' 0,20, 'DISTANCE(KM) ' ,2X,8(F5.1,5X)) 2437,
03C4% §50 FOTHATE® *,20%,91('=")) 2433.
| 0325 870 FOTHATL *,23X.FS5.1,3%,1P8E10.2) o529,
| 032% £80 FCINATE® *,324, 12X, 'ANSLE OF MAX DISPERSION = ',F5.1,' DESPEES') 2440
0327 890 FCTMAT( THO, 'ANSLE ', 4%, ‘DISTANCE(KM) ', T29, 3(A8,4X) , A8, 1X, 24%1.
1 'FO210-RH222" ,T89,48) 2552,
0328 900 FORMAT(1X,348) 2443.
0329 $10 FORIATI '~ ,24X,3A6, 244%.,
1 ' DOSE COMMITMENTS (MREM/YEAR) AT EXTRA RECEPTORS FROM *,5A%) 2445,
0330 920 FORMAT('=*, 19, ' INHALATION DOSE COMIITMENTS (MREM/YEAR) AMD WOOKIM244S
16 LEVEL MONTH AT EXTRA RECEPTONS FROM RADON') 2447.
0331 930 FORMAT('O #',3X, 'IDENTIFICATION',T43,'X(KM)  Y(KM)  Z(M)', 2428,
1 T68,7(A8,1X)) 2449.

T
560 129
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0332

940 FORMAT{ ‘0 #',3X, 'IDENTIFICATION',T43, 'X(KM)  Y(KM) 2(M)',
1 T69,'U238',780,'U234',790,'TH230',T101, 'RA226',T112,'PB210",
2 T1264,'TOTAL')

0333 950 FORMAT(1X,12,3X,64A8,1X,3F8.2,2X, 1P7E9.2)
0334 960 FORMAT( 1X,12,3X,4A8,1X,3F8.2,1P6E11.2)
0335 970 FORMATI24X,12,3X,4A8,1X,3F8.2,1PE11.2,E12.2)
0336 980 FORMAT(1X,3A%)
0337 990 FORMAT('0C #',3X, 'IDENTTFICATION',T43, 'X(KM) Y(KM) 2(M)',
1 T69,'U238',780,'U234',T90, 'TH230',T101, 'RA226",
2 T110,'FB210-RN222',T124, 'TOTAL')
0338 1000 FORMAT('0',24X,'# IDENTIFICATION',T66,'X(KM)  Y(KM) 2,
12X, 'DOSE RATE',6X, 'WLM'/24X,85('~"'))
0339 END
FORTRAN IV G1 RELEASE 2.0 NSNE DATE = 79078 16702704
coo1 - SUBROUTINE NSNE (IB,IP,NS,NE)
c SUBROUTINE TO SET DO-LOOP LIMITS FOR CLOUD AND GROUND DOCOMT AND
g DOSAGE CALCULATIONS.
0002 GO T0 (10,20,20,30,40),1IP
0003 10 NS=1
0004 NE=3
0005 GO TO 50
0006 20 NS=IP+2
0cc? NE=N3
0008 CO T0 50
0009 30 NS=6
co10 NE=11
oon G0 TO 50
0012 40 NS=12
0013 NE=12
co1% IF (IB.EQ.1) NE=13
0c15 50 RETURN
0c 16 END

2450,
2451.
2452.
2453,
2454%.
2455.
2436.
2457,
2458,
2459.
2460.
2461,
2462.

2463.
2466,
2465,
2466,
2467.
2468.
2469.
2470.
2471.
2472.
2473,
2674,
2475.
2476,
2477,
2478.
2479.
2480,
2481,
2682.
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0001 . SUBROUTINE DOSFOP (DT, INDEX,IRCV) gzgz

c SUBROUTINE TO COMPUTE AND PRINT POPULATION DOSE COMMITMENTS 2485.

- c (TOTAL DOSE RATE#POPULATION) FROM INMALATICN, RADON [ TRANCHEO- 2486,
i c BRONCHIAL ONLY), EXTERNAL GROUND, AND EXTERNAL CLOUD. gzg;
c )

| 00¢2 REAL*8 O7GAMN.EREP,METSET,XNAME, TODAY 2429.
- 0003 REAL®G LOM,LR,LONM 2430,
’ 003% DINENSION DCPOPI 14,16 ),N0G(4) 2491.
0005 COI%.0M/UDACC 1/METSET(4 ), XNANE( &, 60 ) ,VDEPI S ), PTSZFC(5,51,ALN2, 2492,

1 PTSZ(5),REGIONIS),XRECEP( 3,60 1,01, XRHOL 15) ,KEMAX, IPSHAX, 2493.
2 IFOP(15,161,JCi9).NSORCE,IRHO(S),IYR( 10),IFODCSI60),FFI,SHIED, 2494.
3 PFIN(8),FUrOD(60),CPTINE,MPCI7,5),FG,BFACT,RFIE,SUFI,SUFF, 2495.
4
5

FOEMIS ) FOTHIG ), XINUT7 ), XING(7),FCCOINI2,5),RSLIN, RSALF,YDOC,  24%5.

FCONIS,5),RUOI2),0VI2),THIZ),TCI2),FVI2),BSV(6),YEVD 2497.

noos COMMOHADANC S ONGANE 3, 12) ,B2EP( 3) ,DKF( 3,5), PALLE 3,8 ), FD513),TA,  2%78.

. 1 DCFCI9,13),DCFGI9,13),TPOP,BP(3,5),3FACT ,BPRTS(3,9), 2493,
I 2 WI013,2),FFC5,4),BC0MNV(6,4) 2500.
' 0007 CUM 0N/ LDADCS/ TCDAY ,NFB,NPL NRECEP, IRECEP , KRHO, IMX, IPAGE( 3). 2501.
. 1 THETAS(16),HINDR( 16 ) ;RHALF(6 ), PHALF ,CF(4),PEORIZ, 300), BN 3000, 2702,
; 2 CISUN(5,3001,TFSZt5.4,300),TPSZR(5,4,300), TCNGC15,300), 2503.
- 3 TCH30(5,300),RECEPT(2,300),ZRECEP( 300),MLI300),FILLER( 1800) 259%.
000S NS INHAL 176010, 12),LONE 16,60, LRI 10, F 10 10),FZP( 10.4), 2545.

1 IPSOLEID) . HNUC,HSPTABI 10, 4),F2PIH 16 ), LONME 161 ,GNE 15) 2505,

2909 CCNION/DCFQ/DCFA(6,12,5).DCFP812,12) 2507.

0010 COMMOM/EVD/GEVD(Y,2),CEVD(9,2),PEVD( 12,2),RNEVD(2) ,PFDOSE(4,2) 2508.

0911 DATA N35712,1,9,9/,:KCALL/0/ 2503.

0012 IF (NCALL.GT.Q) GO TO 40 2510.

0013 Do 30 K=1,2 2511,

0014 PHEVDIK )=0.0 2512

0015 £o 10 11,4 2 18

€016 10 FFDOSE(ILKI=0.0 251%.

0057 Do 20 I1=1,9 2515,

£o18 CEVDI(I.K)=0.0 2518,

0019 20 GEVDII,K)=0.0 2517.

0520 Do 30 :=1.12 <518,

co21 30 PEVD(I,K)=0.0 2519.

0022 NCALL=1 2523,

0c23 40 IF (IPCV.ER.0) RETURN 2521.

0024 IF5=INDEX 2522,

0025 IF (IMDEX.EQ.0) IPG=3 2523.

0026 IF (INDEX.EQ.0.OR.MODI(INDEX,2).EQ.0) GO TO 60 2524,

0027 0O 53 IR=1,NIECEP £52%,

00238 Co 50 1IF=1,5 2526,

0023 S0 TCHGO(IP,IR)=0.0 2527,

0030 60 £O 230 LaP=1,4 2528.

c 252%.

g LAP =1 FOR IMNHALATION, =2 FOR RADON, =3 FOR GROUND, =4 FOR CLOUD 25%0.

2531.

; 0031 K=(LAP=1)/241 2532,
, 0832 N1=1 2333.
£033 N2=NOSILAP) 2534,

2034 DO 230 I3=N1,N2 25385,

0035 DO 70 I=1,14 2535,

0236 0o 70 J=1,16 2537.

I T IR e, e e e e — e e P — P ST P ———
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FORTRAN IV 61

0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0043
0045
0050
0051
0052
0053
0054
0055
0055
0057
0058
0059
0050
0061
0062
0063
0054
0065
0056
0067
0Cs8
0069
6070
0071
0072
0073
0074
0075
0076
0077

0078
0079

oeso

RELEASE 2.0 DOSPOP

(s lalalalaNalyl

o0

70

100

110
120
130

140

150
160

170
180

190

DATE = 79078 16702704

OCPOP(I,J)=0.0

IF (INDEX.GE.1) GO TO 80

CALL HEADER (6)

IF (LAP.EQ.1) PRINT 350, (CRGAN(J,IB),J=1,3)
IF (LAP.EQ.2) PRINT 350, (BREP(J),J=1,3)

IF (LAP.GT.2) PRINT 340, (BPRTS(J,IB),J=1,3)
PRINT 300, (WHO(J,K),J=1,3),(FROM(J,LAP),J=1,5)
DO 200 IR=1,KRHO

00 200 IT=1,16

IRECEP=(IT~-1)#KRHO+IR

Iu=1

DSUM=0,

IF (LAP-2) 90,120,130

DO 110 N=1,NNUC

IF (N.6T.1) IU=N-1

IF (IU.GT.4) IU=4

DO 100 I=NPB,NPL

IF (KSZFC(I).EQ.0) GO TO 100
DSUNM=DSUM+DCFAIN,IB,I)#*TPSZR(I,IU,IRECEP)
CONTINUE

IF (N.LT.5) GO TO 110
DSUM=DSUM+DCFPBIN-4, IB )#PBOR(N-4, IRECEP)
CONTINUE

GO TO 180

DSUM=0SUM+( 0,625%RN( IRECEP j#RFI+1.25E5%( 1. -RFI )#HL( IRECEP) )%DT
GO TO 180

D0 170 1P=1,5

IF (IP.GT.1) IU=IP-1

CALL NSHE (IB,IP,NS,NE)

0O 160 IC=NS,NE

IF (LAP.EG.4) GO TO 140
DSUM=DSUM+TCNGOI( IU, IRECEP )*DCFG(IB,IC)

GO TO 160
DSUM=DSUM+TCNGC! TIU, IRECEP )#DCFC(IB, IC)

IF (IP.NE.5) GO TO 160

00 150 IFP=1,3
DSUM=DSUHM+CISUMI IPP, IRECEP )=DCFC( IB, IPP+7 )=DT
DSUM=DSUM+RN( IRECEP )#DCFC(IB,7 )%DT

CONTINUE

DSUM=DSUM=SFACT

IF (IR.EQ.KRHC) GO TO 190

DCPOP(14,16) - PRODUCT OF TOTAL DOSE COMMITMENT AND
POPULATION, UNITS = ORGANSREM/YEAR

1ST INDEX = .1‘.5.-5‘1)1'2:2"393")"5n5’10)10'20-2&'30030‘60'

40-50,50-60,60-70,70-80 KM BANDS (DEFAULT VALUES)
2ND INDEX = 16 ANGLES, 0 TO 337.5 DEGREES IN 22.5 DEG STEPS

DCPOP(IR,IT)=DSUM
IF (IR.EQ.1) GO TO 200

COMPUTE AVERAGE TOTAL COMMITMENT FOR BAND
DCPOP(IR-1,IT)=(DCPOP(IR-1,IT}+DSUM)/2.

wh

O~

2538.
2539.
2540.
2541.
2542.
25643.
2544.
2545,
2546.
2547.
2548.
254%9.
2550.
2551,
2552.
2553,
2554.
2555.
2556.
2557,
2558.
2559.
2560.
2561.
2562.
2563.
2564.
2565.
2566.
2567.
2568.
2569.
2570.
2571.
2572.
2573.
2576.
2575.
2576.
2577.
2578.
2579.
2580.
ec81.
2582.
2533,
2584,
2585.
2535.
2587.

&89,
2550.
2591.
2592.

W
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0031
0082
0c23
0324
co8s
0036

0087

0328
0039
00%0
€091
6c32
0033
009+
€335
0055
6037
0093
0o3y
8100
0101
0102
0103
0104
0105
0105
0107
01ce
0109

e110
am

0112
0113
0114
0115
6115
6117
0118

RELEASE 2.0 DOSFOP DATE = 75078 16702704

(alclalal

[glalal

200 COMTINUE
TOEUM=0.0
00 210 IR=2,KRHO
DO 210 1T=1',1%
IF (1POP(IR,IT).EQ.0) DCPOP(IR-1,IT)=0.

2593.
25%%.
2595.
2595.
2597,

IF (IPOP(IR,IT).NE.O) DCPOP(IR-1,1IT)=DCPOPIIR-1,IT)#FLOAT(IPOP(IR,2558.

1T 1000, #FSTHIITG)
210 TOSUM=TOSUNDCPOP( IR-1,1IT)

KASE=1 FOR PCPULATION DOSE COMMITMENTS
KALSE=2 FOR ENVIRONIENTAL DOSE COIMITHENTS

IF (INDEX.EQ.0) KASE=1
IF (INCEX.GT.0) KASE=2
GO TO 1220,230,2%0,250),LAP
220 PEVD(IE,KASE }=PEVD( IB,KASE )+TDSUM
GO TO 250
230 FHEVD(HASE )=RNEVDIKASE )+TDSUM
GO TO 250
240 GEVD(IB,KASE )=GEVD(IB,KASE )+TDSUN
G2 10 250
250 CEVDUIB,KASE )=CEVD( IB,KASE )+TDSUM
260 IF (IMDEX.GT.0) GO TO 230
DO 270 LAR1=1,2
J1=(LAPT-1)=8+1
J2=41+7
PRINT 320, (THETAS(J),J=J1,J2)
FRINT 330
00 270 IR=2,KRHO
270 FRINT 340, XPHO(IR-1),XRHO(IR),(DCPOP(IR-1,IT),1T=J1,J2)
FRINT 280, TDSUM
280 CONTINKUE
RETUMN

230 FCTUAT(/Z17X, 'TOTAL PCPULATION DOSE COMMITMENT =',1PE9.2,
1 ' ORGANSREM/YEAR')
300 '03"&7( "'.2 X.'&'.‘u
1 ' FOFULATIO{ DOSE COMMITMENTS (ORGANSREM/YEAR) FRCH ' ,EA4/)
310 FOOMATL'=',T29,' | " ,816X,44,1X) )
320 FORMAT( 16X, 'KILCMETERS |',8!(F9.1,2X))
330 FOTUATO 16X, 1010~ 1)
340 FORDATE16X,F4.1,'-",F4.1,3%,'|",1P8E11.2)
350 FORMATI1X,328)
60 FORUATE1X,344)
END

N

o
=2
PR
(R
-

2599.
2600.
2601,
ca02,
2503.
el 7%,
o605,
2685,
2607.
2608.
<609,
5 10.
o611,
2512,
2613.
2514,
25615.
2615.
2517,
<618,
c619.
2028,
a621.
2622,
gégs.
£02%,

bl A2
LCLJ.

2625,
bed St
2623,
o629,
2530,
ea31.
2632,
£533.
celh,
2633,
<635,

S
537 .

€623,
26393,

€6%0.

147



148

FORTRAN IV G1 RELEASE 2.0 FODOSE

0001
0002
0003

0004
0005
0006

0007

0008
0010
0011

0012
0013
00174
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024

OOO0OOnNOOONDO0O0O0O0n

SUBROUTINE FODOSE (IRCV,INDEX,LOOPS)
REAL®#8 XNAME ,METSET,TODAY,CRGAN,BREP

DIMENSION WNIR(7),RING(6,60,10),RING1i6,7,10),61(6,7),00SE(6),
1 DR(6),PATH(4,7),IDENT(8,60),TINT(60,10,2),TPSZRY(5,4,50,10)

COMION/CFOD/GACT(6 ), AIRCON( 5,6 ) ,CON(6,2),G(6).65416),RND(2)
COMMON/TCNGY/TCNGCY( 5,90, 10), TCHGOY( 5,90, 10),PBORY(2,90,10)

COHMON/UDADC 1/METSET(4 ), XNAME(4,60),VOEP(5),PTSZFCI5,5),ALN2,

DATE = 79078 16702704

1 PTSZ2(5),REGION(6),XRECEP(3,60),DM,XRHO( 15),KSHAX, IPSHAX,

2 IFOP(15,16),JC(9),NSORCE,IRHO(6),IYR( 10),1FOC0S(60),RFI,SHIED,
3 PFIN(8),PWFODI60),0PTIME,HPCI7,5),FG,DFACT,RFIE,SUFI,SUFF,

&  FDENIS5),PGTHI%),XINI7),XING(7),FOODIN(2,3),RSLIM,RSALF,YDOC,
5 FCON(6,5),RHO(2),DV(2),THI2),TCI2),FV(2),BSVI6),YEVD

COMMON/1DADC 3 ORGANI( 3,12),BREP( 3) ,DKF(3,5),PALL(3,6),PBK(3),TA,

1

DCFC(9,131,DCFG19,13),TPOP,BP(3,5),5FACT,BPRTS( 3,91,

2 HWHO13,2),FROMIS5,4),DCONVI6,4)

1
2

3

DATA PATH/'MEAT',' ¥3? y? "y
1 '‘DAIR','Y ', ' 3
2 'POUL','TRY *,'8 EG','6GS ',
3 ' |'| n.t t'l I’
“ 'VEGE','TATI','ON ',' Yy
5 'FISH',' ! ‘! by
6 'RATE', 'R P L Vv,
N=ORGAN OF REFERENCE
1=TOTAL BODY, 2=BONE, 3=KIDNEY, 4=LIVER
XINCK): DAILY HUMAN FOOD CONSUMPTION OF FOOD K, KG/DY
DOSE(I): DOSE DUE TO I FOR CURRENT CRGAN
DR(I): DOSE RATE DUE TO I FOR CUPRENT ORGAN
DCONVII,N): DOSE CONVERSION FACTCR FOR RADICNUCLIDE I AND
ORGAN N, (MREM/YR)/(PCI/DAY)
RINGII,IR,IY): DAILY HUMAN NGESTION RATE, PCI/DAY, FOR
NUCLIDE I, AT LOCATICN IR, FOR INTERVAL IVY.
TINT(IR,IY,L): TIME INTEGRATED DOSE(L=1) AND DOSE RATE(L=2)
AT LOCATION IR FOR INTERVAL IY FOR CURRENT ORGAN.
61 AND RING1 ARE USED FOR GENERAL POPULATION CALCULATIONS
IADD=NRECEP-IRCV
IF (TADD.EQ.0) RETURN
IFG=INDEX
KASE=2
IF (INDEX.GT.0) GO TO 10
IFG=3
KASE=1
10 DO 20 K=1.,7
20 ENIR(K)=0.0
00 30 IR=7,IADD
IPATH=IFODOS(IR)

COMMON/UDANCS/ TCDAY ,HPB, NPL ,NRECEP, IRECEP,KRHD, IMX, IPAGE( 3),

THETAS( 16 ) ,WINDR( 16 ) ,PHALF (6 ) ,PHALF ,CF(4),PEDR(2,300),PN(300),

CIZUMIS5,300),TPS2(5,4,300),TPSZR(5,4,300),TCNSC(5,300),

TCK50(5,300) ,RECEPT(2,300),ZRECEP( 300 ), KLI 300),FILLER( 1800)
COMION/EVD/GEVD(9,2),CEVD(9,2),PEVDL 12,2) ,RNEVD(2),PFDOSE(4,2)

EQUIVALENCE [XNAME(1,1),IDENT(1,1)),(TPSZRY(1,1,1,1),TP3Z(1,1,1))

IF (IPATH.EQ.0) GO TO 30
HNIR( IPATH ) =WNIR( IPATH )+ PRFOD(IR)

2641,
2642,
2643.
2644 .
2645.
2646
2647.
2648.
2649.
2650.
2651.
2652,
2653.
2654.
2655.
2656.
2657,

2659.
2660.
<661,
2662,
2653,
2664,
2665.
2656,
2667 .
2668,
2669.
2670.
2671,
2672.
2673.
2674.
2675,
2676.
2677.
2678.
2679.
2680.
2681.
2682,
2683,
2604,
2685,
2626,
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2539,
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2591.
2692.
2653.
2654,
2695.
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FCRTRAN IV G1 RELEASE 2.0 FODOSE DATE = 79078 16702704
0025 30 CONTINUE
0026 DO 140 I¥=1,L00PS
002 DO 40 K=1,7
cocs 00 40 1=1,6
0029 40 GHI.K)=0
0030 00 100 IR=1,140D

003
0332
0033
00s
0955
0337
0033
6039
6ee0
L34l
0l42
0043
0044
0345
0%
0047
0043
0049
0620
0051
00z2
ars3
€034
Q655
00sSé
0657
0033
6039
£J60
0061
0332
oloe3
0354
0055
605%
07547
orss
0059
0070
0071
0872
0073
0074
0075

oOon

50

60

70

50
100

110
120

130
140

LOOPS>1 ONLY FCR TIME INTEGRATED DOSE AND DOSE RATE CALCULATIONS

IF (LOOPS.EQ.1) IR1=IR+IRCV

IF (LOOTS.6T.1) IR1=IR+30
IFATH=IFODCS(IR)

IF (IPATH.EG.0) GO TO 100

1u=1

IF (IP.GT.1) IU=IP-1

IUu=1U

IF (IP.NE.6) GO TO 50

IU=4%

Iuu=5

DO 60 I=NFB,NFL

IF (KSZFCLI).EQ.0) CO TO 60

IF (LOCPS.EQ.1) AIRCON(I,IP)=TPSZR(I,IU,IRT)
IF (LOOPS.GT.1) AIRCON(I,IP)=TPSZRY(I,IU,IR1,1Y)
CONTINUE

IF (LGOPS.EQ. 1) GACT(IP)=TCNGO(IUU,IRT)
IF (LCOFS.GT.1) GACT(IP)I=TCNIOY(IUY,IRY,IY)
CONTINUE

0o &0 10=1,2

IF (LOSPS.EQ.1) RND(ID)=PBDR(ID,IRT)

IF (LCOPS.6T.1) PND(ID)=PEDRY(ID,IRT,IY)
CONTINUE

CALL FOOD (IR,IPATH)

DO 90 I=1,6
GUILIPATH)=GU I, IPATH)+GI 1 )8FWFODI IR)
RIMGII,IR.IY)=6G( I 1=XIN(IPATH)

IF (IPATH.NE.3) GO TO 90
GUT.G1=GU I, 4)1+05( 1 )=FUFODIIR

RINGIIL IR, IVI=RINGIUI, IR, IV 14641 T )= XIN(4)
CONTINUE

CONTINUE

CO 120 K=1,7

IF CICIR(K).LE.1.0) GO TO 120

DO 110 I=1,6

GUIKI=GI(I,K)/HNIRIK)

CONTINUE

DO 140 K=1,7

IF (K.EQ.%) GO TO 140

00 130 I=1.6

RINGU I K, IV )=GU I, K I#XINGIK 1#PFIN(K)

IF (K.EQ.3) RINGUILK,IY)=RINGU I . K,IYI+GT( 1,4 %X INGIG )#PFINI&)
CONTINUE

CONTINUE

IF (LCOPS.6T.1) GO TO 230

560 159

2696.
2597,
2598.
2699,
2709.
2701,
2702.
2703.
2704%.
2703,
2705,
2207,

Ay n
2705,

2703.
2713.
e 11,
2712,
2713,
2714,
2715,
2716,
2117,
2718.
2719,
2724,
2721,
2722.
2723.
272%.
2725,
2728,
2727,
27¢a.

-
eled.

2739.
e731.
2732,
2733.
275%.
2>35

it

2735.
2737,
2133,
2139,
2740.
2741.
2762,
2743,
274%.
2745,
2746.
2747.
2748.
2749.
2750.
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FORTRAN IV 61 RELEASE 2.0 FODOSE DATE = 79078 16/02/04
0125 IF (N.GT.2) Ni=N1#1
0126 DO 270 IR=1,IADC
0127 IF (IFODOS(IR).EQ.0) 60 TO 270
0128 I0PT=0
0129 TDOSE=0.0
0130 D0 260 1v=1,10
01 TINT(IR,1Y,2)=0.0
0132 IF (IY.EQ.1) Y0=0.0
0133 IF (IY.6T.1) YO=FLOAT(IYR(IY-1))
0134 DELTA=FLOAT(IVRIIY))-Y0
0135 DO 240 I=1,6
0135 240 PALLET,T)=RINGII,IR,IY)I#365.25
0137 CALL INHALE lN*S.PALL.YO.DELTA.DOSE.OR.IOFT.IERR.Z)
0133 10PT=1
0139 0O 250 1=1,6
0140 TDOSE=TDOSE+DOSE(I)
0141 250 TINT(IR,IY,2)=TINT(IR,IY,;2)+DR(I)
0142 TINTC(IR,IY,1)=TDOSE
C
£ CONVERT FROM REM TO MREM UNITS
c
0143 Do 260 L=1,2
0144 260 TINT(IR,IY,L)=TINT(IR,IY,L)%1000.0
0145 270 CONTINUE
c
e PRINT TIME INTEGRATED DOSE (LAP=1) AND DOSE RATE (LAP=2)
c
0146 po 310 LAP=1,2
0147 LL=60
0148 DO 310 IR=1,TADD
0149 IF (LL.LY.60) GO TO 300
0150 CALL HEADER (6)
0151 FRINT 450, IOPTIM
0153 IF (LAP.EQ.2) GO TO 280
0154 PRINT 460
0155 PRINT 470, IVR
01%5 GO TO 2%0
0157 280 FRINT 480
0158 FRINT 650
0159 PRINT 500, IYR(1),(IYR(J),IYR(J+1),J=1,9)
0160 290 FRINT 670
0161 LL=9
0162 300 IPATH=IFODOSIIF)
0163 IF (IPATH.EQ.0) GO TO 310
0164 FPRINT 510, IR,(IDENT(J,IR),J=1,5),(PATH(J,IPATH),J=1,4),(TINT(IR,J
1,LAP1, 021,100
0165 310 CONTINUE
L HERE FOR POPULATION TOTAL TIME INTEGRATED DOSE AND DOSE RATES
C FROM INGESTIONM. HNOTE THAT FIRST INDEX OF TINT IF NOW USE FOR
c A FATHUAY & BODY PART INDEX AND TINT(28+N,IY,L) IS USED FOR
C OVERALL FOFULATION VALUES.
C
G166 Do 320 L=1,2

o
O
[
-
Lo

2806,
2807.
2808.
2809.
2810,
2811.
2812.
2813.
2814,
2815.
2816.
2817.
2818.
2815,

20.
2821.
2822.
2823,
282%.
2325.
2826,
2827.
2823.
2829.
2830.
2831,
2832.
2833.
2834.
2835.
28136,
2837,
2838.
2839,
2340.
284%1.
2842,
2843.
2844.
2845,
23485,
2847.
2848.
2349.

23550.

ann

2851.
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0167
0163
0163
0170
0171
0172
0173
0174
0175
0176
0177
0173
0179
0180
0181
0152
0183
01%4%
0185
0136
0187
0188
0139
0150
0191
8152
0133
0134
0155
0195
0157
0193
0159

0200
0201
0202
0203
0204
0205
| 026
| €207
0208
0209
0210
ez
0212
0213
0214
6215
0216
| 0217

B e =

oOon

FORTRAN [V 61 RELEASE 2.0

320

330

340

350

360

370

380

350

FODOSE DATE = 79078
DO 320 N=1,4

DO 320 Iv=1,10

TINTIZS+N,IY,L)=0.0

DO 380 k=1,7

IF (K.EQ.4%) GO TO 360

00 350 N=1,4

Ni=N

IF (M.GT.2) Ni=N1+1

TORSE=0.0

EH=(F=1)a4+N

1007=0

0o 350 Iv=1,10

TINT{KN,1Y,2)=0.0

IF (IY.EG.1) Y0=0.0

IF (IY.6T.1) YO=FLOAT(IYRI(IY-1))
DELTA=FLOATIIYRIIY))-YD

£l 330 1=1,6

FALLOT,T)=RINGU I.K,1YI#365.25

CALL {NRALE (N+3,PALL,Y0,DELTA,DOSE,DR,IOPT,IERR,2)
10PT=

02 3530 I=1,6

TOOZE=TDOSE+DOSE(])
TINTUKNGIY, 2 =TINT(KN,IY,2)+DRI(T)
TINTIKN,1Y,1)=TDOSE

Da 350 1=1,2

TINTIZBN, IV, L)=TINT(28+N,IY,L)+TINT(KN,IY,L)
TINTOEN,IY,L)=TINTIKN,IY,L)=1000,
CONTINUE

VO ETPOPSPGTHI IPG)

p3 370 L=1,2

00 370 N=1,4

00 370 1Y=1,10
TINTC23+H, 1Y, L )=TINT(28+N,1Y,L )#k0%%

FRINT TOTAL TIME INTEGRATED DOSE (LAP=1) AMO DOSE RATE (LAP=2)

Do 400 LAP=1,2

CALL HEADER {6)

FRINT 450, IZPTIM

IF (LAP.EQ.2) GO TO 380
FRINT 520

FRINT 530, IR

G3 1O 3%0

FRINT 540

FRINT 550

FRINT 550, IVRO1)L.IYRIJ),IYRIJ+1),J=1,9)
PRINT 670

DO 400 K=1,7

IF (K.EQ.4) GO TO 400
b0 470 N=1,%

K=t K=1)1=4+N

Ni=N

IF (N.GT.2) N1=N1+1

16/027%%

2913,

IF (N.EQ.1) PRINT 570, (PATH(I,K),I=1,4),(BP(I,N1),I=1,3),(TINT(KNI3 14,

1,IY,LAP), IV=1,10)

2315.



FCRTRAN IV G1 RELEASE 2.9 FODOSE DATE = 79078 16702704
0218 IF {M.GT.1) PRINT 580, "pl!n"“il“nz,l(TINT(KNl!YnL‘P)Q“"."' 2916.
0219 400 COonTiNUE 2917.
0220 IF (IFCV.EQ.0) 60 TO 440 2918.
g221 CALL HEADER (6) 2919.
0222 FRINT 450, IOPTIM 2920.
0223 DO 430 LAP=1,2 2921.
022% IF (LAP.ER.2) GO TO 410 2922.
6225 PRINT 590 2923.
922 PRINT 600. IVR 2924.
0227 GO 10 420 2925.
0228 410 PRINT 610 2926.
0223 PRINT 620 2927.
0230 PRINT 630, IYR(1),(IVRIJ),IVR(J+1),J)=1,9) 2928.
023 420 PRINT 670 2929.
6232 DO 430 N=1,4 2730.
0233 M1=N 2931,
0234 IF (N.GT.2) N1=N1+1 2932,
0235 430 FPRINT 640, (BPITY M1),I=1,30 (TINT(28+N,1Y,LAP),IV=1,10) 2933.
0238 440 RETURN 2934,
c 2935.
c 2936.
c 2937,
0237 450 FORMAT( 1X,'OPERATICN TIME = ',12,' YEARS') 2538.
0238 660 FORMAT('=',62X,'TOTAL TIME INTEGRATED DOSE (MREM) FROM INGESTION')2939.
0239 470 FORMAT(IHO,' 8 IDENTIFICATION',8X, 'PATHWAY',T86,'YEARS'/T4S, 2940,
1 9012,7X),12) 2941,
0240 480 FOCMATI'~',45%, 'TOTAL DOSE RATE (MREM/YEAR) FROM INGESTION') 2942.
ueél 450 FCTUATITHO,' & IDENTIFICATION',8X,'PATHHAY',T81, 2943.
1 'INTERVAL (YEARS)') 2944
0242 500 FORHAT(1X,T47,'0-',12,9(4X%,12,'~',12)) 2945.
0243 510 FOOMATE1X,12,2%,544,2%,6A4,T44, 1P10E9.2) 2545,
G244 520 FORI'AT('=',27%,'TOTAL TIME INTEGRATED DOSE FOR GENERAL PUPULATION 2%47.
TCTGANSMREM) FROM INGESTION') 2%43,
0245 S$30 FORIIAT( THO, 'PATHMAY',T21, 'ORGAN' ,T82, ' YEARS'/T39,9112,8X),12) 2949.
0246 540 FOPMAT('~',30%,'TOTAL DOSE RATE FOR GENERA! POPULATION (ORGANSMREMZ950.
1/YEAR) FROM INGESTION') 2951,
0247 550 FORMAT( 140, 'PATHWAY ', T21, 'ORGAN' ,T77, ' INTERVAL (YEARS)') 2952.
0: 560 FORMATI 1)(.1’33.'0-'.12.9l5x,12-"'.IZH 2953-
0249 570 FORMATI 1HO,6A%,3%,344, 1%, 1P10E10.2) 2954,
0250 530 FORHATI20X,3A4,1X, 1P10E10.2) 2955.
0251 530 FORMAT('=',36X, 'POPULATION TOTAL TIME INTEGRATED DOSE (ORGANREM) 2556,
1FRON INGESTION') 2957.
0252 600 FORMATI 1HO, 'CRGAN',T63, 'YEARS'/T20,9(12,8X),12} 2958.
€253 610 FORMATE'-',37X, 'POPULATION TOTAL DOSE RATE (ORGANREM/YEAR) FROM 2959.
1INGESTION' ) 2%60.
0254 620 FORMAT( 1HO. ‘ORGAN',T58, 'INTERVAL (YEARS)') 2961,
0255 630 FORMATIIX,T19,'0-',12,9(5X,12,'-",12)) 2962,
02> 640 FCOIATL1X,3A%,1X,1P10E10.2) 2563.
0257 €50 FORUAT(1X,3A4) 2564.
258 6460 FORVATIIHO,' #  IDENTIFICATION®,T40,'PATHKAY',T60,'U238', 2965.
1 170,'U234',779,'TH230°,T89, 'RA226"',T99,'FB210",T109, 2966,
2 'PO210',T119,'TOTAL') 2967,
0259 670 FORMAT(1X,132(*=')) 2968.
0260 €80 FORMAT( 140, *PATHMAY',T21, 'ORGAN',T39,'U238',751,'U234",T62, 2969.
1 ‘TH230',174,'RAZC6',T86,'PB210°,T798,'PO210°,T110,'TOTAL") 2970.
0261 690 FORMATI THD,444,3%,3A4,1P7€12.2) 2971.
02¢2 700 FOrMAT(20X,344,1P7E12.2) 2972.
0263 710 FORMAT('=',644X, 'DOSE COMMITMENTS FROM INGESTION (MREM/YEAR)') 2973.
0264 720 FOPMAT('-',32X%,'INGESTION DOSE COMMITMENTS FCR GENERAL POPULATION 2974.
T{ORGANSMREM/YEAR ) ' /) 2975,
0265 730 FORMAT(1X,12,3X,4A8, 1X,%4A%, 1P7E10.2) 2376.
0266 END 2977.

560 1063
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FORTRAN IV 61 RELEASE 2.0 FOOD DATE = 79073 1€ 02/0%
0001 SUEPOUTINE FOCD (IR,IDF) 2978.
0002 REALSE METSET,XNAME 2979.
c 2980.
Enmu-oescaxnxcu OF VARIABLES %g:l "
¢ I=IS0TOPE. 1=U238, 2=U234, 3=TH230, 4=RA226, 5=PB210, 6=P0210 23%83.
C J=TYPE OF ANIMAL FCOD 2584,
4 1=HATER,2=FORAGE CR CROP 2555,
¢ ¥=TYPE OF HL'IAN FOOD 2536,
| c 1:MEAT,2:MILK,3:POULTRY,%:EG55,5: VEGETATIONS ,6: FISH, 7 :HATERD587 .
' FOODIN( J,K):AMT OF FOOD J INGESTED DAILY BY ANIMAL K, IN HG67LY 2307.
C CONII,J):CONCENTRATION OF ISOTOPE I IM ANIHAL FOOD J (FCLKG) &:ls.
c AIRIHIK):DAILY INTAKE OF AIR FOR ANIMAL K, IN M3 25%0.
e AT ,K=2):CONCENTRATION FACTCR? OF I IN HUNAN FOCD K 2391.
C GII):AVG ACTIVITY OF I (FCIZKG) IN CUPRENT FOOD K AT IR o392,
¢ C45(1):CCNRESPONDING 6 VALUE FCR ECS3 IF K=3 25%3.
C TAIR( T ):CONCENTRATICN OF I IN AIR(FCI/NMD) 2554,
l c AINCCH(J,I):CONCENTRATION OF I WITH PARTICLE SIZE J IN AIR{PCI/M3CSS5.
| c CACTIY):GROUND RADICHUCLIDE ACTIVITY,(FCI/M2) 2995.
| g FCONIILK):STAELE ELEMENT TRANSFER DATA OF ANIMAL K Eg?;
“770.
| [(wwnnnnn 2999.
| c 3000.

0003 COMMOM/UDABC 1/METSET(4 ), XNAME( 4,60 ), VDEP(5) ,FTSZFCI5,5) ,ALNT, 3001,
I 1 PTS2(5),PESIONI6),XRECEP(3,60),0M, ¥RHO( 15) ,KEMAX, IFIIAX, 3002.
2 IFCP(15,16),JC(9),NSCRCE, IRHO(6),IYR( 10),IFO003160) ,AFI,SHIED, 3003.
2 FFIN(S),PUFCDI60),OPTINE, ,MPCI7,5),FG,DFACT .RFIE,SUFI,SUFF, 3004.
5

PDEM(S ), PGTHIS ), XINE 7)), XING{ 7 ),FOODIN(2,3),RSLIM,RSALF,YDOC,  3005.

| FCOM(6,51,RHO02),0VI2),To(2),TCI2),FVi2),B3V(6),YEVD 3025,
0004 . COMITN/CFCD/GACTIS ), AIRCONI 5,6 ), COMI6,2),6(6),64(6),RND(2) ggg;

g 0005 00 10 1:1,6 3009.
0006 10 CONIT,11=0.0 3010.

| 0007 IF (IDF.E3.6) GO TO 40 3011,
0008 IFCC=1 3012.

' 0009 If (IDF.GT.2) IF0D=2 3013,
; 0010 CALL VEGFCD (IFCD,IR,IDF) 3014.
oo IF (IDF.GT.3) RETURN 3215,

' ¢ 3015.
: CuweswraPEIFORY CALCULATIONS FOR EACH ISOTOPE 3637.
go12 K 210F 3018,

0013 £o 38 I=1,6 3013.

Cuwne CALCULATE CONCENTRATION OF I IM MEAT,POULTRY,MILK,EGGS,&FISH  3020.

0014 S1=0.0 3021.

0015 po 20 J=1,2 3022,

0016 20 SLM=SUMSCONI T, J )%FOODINT J,K) 3023.

0017 GI I Y=FCONI I K )=SUH 302%.

0018 IF (1.EQ.3) G4(T)=FCON(I,4)*SUN 3025.

0019 30 COMTINUE 3025.

€020 RETUSN 3027.

0021 40 DO 50 I=1.6 3028.

goz2 S0 6L )=FCON(T,5)=CONII, 1) 3029,

0023 RETURN 3530.

0024 EME 3031.

{
L 060 N
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FORTRAN IV 61 RELEASE 2.0 VEGFOD DATE = 79078 16/02/04

0001 SUBROUTINE VEGFOD (IFOD,IR,IDF) 3032.
o002 REAL#8 METSET,XNAME, TODAY 3033,
0003 REAL#G LAMDAW,LAMDAG,LON,LR,LONM 3634.
0004 DIMENSION DFODI(6,2) 3035.
8co5 COMION/CFOD/GACTI6 ) ,AIRCONIS,6),C04(6,2),616),64(6),RND(2) 3036.
0008 COMMONAUDACC L HETSETIG )  XNAYEN 4,60, VDEPI5) ,PTSZFCI5,5),ALN2, 3037.

1 PTS2(5),REGIONI6 ), XRECEPL 3,60),0M, XRHOL 15) ,KSHAX, IPSHAX, 3038.
2 IFOP(15,16),JC(9) ,NSORCE, IRHO(6 ), IVR( 10), IFODOS(60),RFI,SHIED, 3039.
3 FFINIBI,PUFC60),0PTINE,MPCL7,5),FG,DFACT ,RFIE,SUFI,SUFF, 3040.
; FOENIS ), PETHIG ), XIN(7 ), XINGI 7),FOOOINC2,3),RSLIM. FSALF,YROC, 3041,

FCONI6,5),R1002),0VI23,THI2), TCIZ),FVI2),B5V(6), YEVD 30642.

0007 COM N UDADCS, TODAY , NP3, NPL , N ECEP, IRECEP ,KRHO, IMX , IPAGE( 3), 3043.

1 THETAS(15),MINSR€ 16 ) RHALF(6 ), FHALF ,CF14),FO0R(2,300),RN(300), 3044.

2 CISUNS5,300),TP52(5,4.300), TPEIR(5,4,360),TCNECL5,300), 3045.

3 TCHN5015,300),RECEPTI2,300),ZRECEP(300),1LI300),FILLER( 1800} 30%6.

; 0008 COMMON/ TN IAL 1/E( 10, 121,L0N( 10,4 ),LR(10),F 10 10),F2P( 10,491, 3047.
; 1 IFSOLE1Q).HNUC,HSPTABE 10,4 ), F2FHT 16 ), LONM( 16 ), QN0M( 16) 3048.
-, 0069 DATA HCALL/0/ 3049.
| 0010 10 IF (NCALL.GT.0) GO TO 30 3050.
. e 00 20 J=1.2 3051.
; 0012 DFOD=3€5.2548.60E4%FV( J)1/DVLY) 3052.
0013 LAIDAK=365.25ALN2/THI J) 3053.

) 0014 TEMP=TC(J)/365.25 3054.
) 0015 00 20 I=1.p0duC 3055.
0018 LAMIAG=LAMDANSLRIT) 3086.

0017 20 DFODI(I,J)=DFOD={ 1.0-EXP(~LAMDAGSTEMP ) )/LANDAG 3057.

_ 0c18 NCALL=1 3058.
- 0219 30 0O €0 I=t,m0C 3059,
0020 CONII,2)=CACT(I)wBSV( I)/RHO( IFOD) 30490.

! 0321 £O 40 K=NPS,NPL 3061,
| gec2 IF (PTSZ(K).EQ.0.0) GO TO 40 3062,
0023 CONE%,2)=CONLT,2)+DFCOT( T, IFOD )#ATRCONI K, T )#VDEP(K) 1063.

. 0074 40 CONTINUE 3054.
| €125 IF (I.LT.5) GO TO S0 3085,
0528 CON(T,21=CONIT,2)+FND(T-4)%0.003+DFO0L( T, IFCD) 3055,

0027 50 CONTIMUE 3067.

‘ £02s IF (IDF.EQ.5) GII)=DFACT=CON(I,2) 3068.
: 0029 IF (IF0D.EQ.2) GO TO 60 3039,
: 0030 Coner,21=CONII,2)%FG 30790.
‘ 0031 60 CONTINUE 3071.
0032 FETURN 3072.

0033 END 3073.
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FORTRAN IV 61

0001
0002

0003
0004
0005
0006
0007
£o0s
cco9
0010
con
0g12
0013
0014
6015
6016
0017
0018
6319

RELEASE 2.0 TAILPS

10

s B T ————

SURFOUTINE TATLPS (TAILP,LWS,PTAIL)

CO!LICN/UDADC2/VSETI5),GDSCAL ,GSCALE ,LTYPE,
1 0A(6),0306),UU(6) ,NPS,NPE NI P, IFLAG, JFLAG, IPOLU2,
2  ISORC1,KSCRCT .IHD,INWS,ISTAB,INSS,IKSE

DIMENSION TAILF.6),PTAIL(7)
CRHO=PTAILIT)

DMI=PTAIL(2)

A=PTAIL(3)

Z=PTAIL(G)

Z0=FTAILIS)

P=PTAILLG)

W=PTAIL(7)
FGT=a#1 1 240 €=ALO510(H))
FST=FSTaSORT( (DPHO-1.20E-3)%0M1/1.22E-6)
DO 10 I=1,LHS

FS=UUI I )«1 0FE2/12.5%ALCG(2720))
CH=1, 0E-6#(FSws2, )#(FS~FST)

IF (CH.LE.0.0) QH=0.0

DATE = 79078

16/02/04

TAILPCI )G (2. E~4/(FSTHa3, ) )% ((FS/FST 1ew(P/3. )-1,1%1,0E4

RETUTN
END

5

60

]

b



FORTRAN IV 61

0001
0002
0003
0004

0005

0006
0007
0008
0003
0010
n011
0012
0013
0014
0015
0016
0017
0018
0019
6020
0021
0022
0023
0024
0025
0026
0027
0028
002%
0030
ot
¢032
0033
0034
0035
£e3s
€037
0038
0039
8040
0041
0042
0043
0044
0045
0046
0047
N048

RELEASE

1
2
3

4
5
1
2

10
20

30

40
50
60

70

90

100

2.0 EVPDOS

SUCROUTINE EVPDOS (IRCV,T)
RE 8 (ETSET,XNAME ,ORGAN,BREP
DIMENSION T(16)

DATE = 75078

16702/0%

COMHON/UDADCY/METSET(4 ), XNAME( 4,60 ), VDEP(5),PTSZFC(5,5),ALN2,

HHO(3,2),FROM(5,4),DCONVI6,4)

PiSZ(5),REGION(6 ), XRECEP( 3,60),0M,XRHO( 15),KSMAX , IPSHAX,
IFOPI15,16),JC(9),N5CRCE, IRHO(6 ), IYRI 10),IFODOS(60),RFI,SHIED,
PFIN(E),PHFCD(60),0PTIME,MPC(T7,5),FG,DFACT ,RFIE ,SUFT, SUFF,
FDENIS),PGTH(4 ), XINI 7 ), XING(7),FOODIN(Z,3),RSLIM,RSALF,YDOC,
FCON(6,5),RHO(2),DVI2),THI2),TCI2),FV(2),BSVI6),YEVD
COMNON/UDADC3/0RGANL 3, 12),227P( 3),DKF(3,5),PALLI3,6),PEK(3), T4,
DCFC($,13),0CFG(9,13),TPOP,BP(3,5),SFACT,BFRTS(3,9),

COMION/EVD/GEVD(9,21,CEVDI9,2) ,PEVD( 12,2) ,RNEVD(2),PFDOSE(4,2)

IF (IRCV.EG.0) RETURN
DO 120 INT=1,4

Do 10 139.16

T(1)=0.0

GO 10 (50,20,50,30),INY
T(9)1=0PTIME

Tt 16)=0PTIME

GO TO 40

T(14)=YEVD
T(15)=0PTIME
TE16)=YEVD+OPTINE

CALL GROUND (T(9),INT)
DO 60 I=1,16

T(1)=0.0

GO TO (70,80,90,100),INT
TAl1=TA

IF (OPTIME.LT.TA) TA1=0OPTIME
T(1=TA

T(8)=TAl

DY=TAY

GO T0 110

IF {OPTINE.LT.TA) GO TO 120
TO1)=0PTIME-TA

Ti3i=T( )

Ti4)=TA

TI9)1=T( N

T010)=TA

TL15)=TA

T( 16 )=0PTIME
DT=0PTIME-TA

GO TO 110

Tt3)=TA

T(4)1=TA

Ti61=TA

T(9)=TA

TE10)=TA

Ti15)=0PTIME
TO16)=0PTIME+TA
DT=0.0

G0 70 110

T(13)=TA

T(1%)=vEVD

560
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FORTRAN IV 81 RELEASE 2.0

0049
0050
0051
0052
0053
0C54
0055
0056
0057
0058
0059
0060
0081
0062
0063
0054
0065
0066
0057
0048
0053
0070
0071
6872
0073
0074
0075

0076

0077
0078
0079
geso
0081
oes2
0083

0084
008
0035

nnon

T e e e - B————— R p— P ET————

EVPDOS DATE = 79078 16702704
TO15)=0PTIME+TA 3150.
TE151=0PTINE+YEVD 3151.
DT=0.0 3152.
110 CALL TAIRR (T,DT,INT) 3153,
CALL DOSPOP (DT,INT,IRCV} 31564,
CALL FCDOSE (IRCV,INT,1) 3155.
120 CONTINUE 3156.
IYEVD=YEVD 3157.
DO 220 KASE=1,2 3158.
CALL WFr* ER (6) 3159.
IF (KA. - _EQ.Y) PRINT 230 3169.
IF (KASE.EQ.2) PRINT 240, IYEVD 3161,
PRINT 258 3162,
PRINT 260 3163.
PRINT 270 3166,
PRINT 220, BREP,RMEVD(KASE),RNEVE.KASE) 3165.
Do 210 1=1,12 3166,
K=" 3167.
€0 10 (140.150.‘60.180-180.130.190vi 3'68.
130 FRINT 290, (ORGAM(J,I),J=1,3),PEVD(I,KASE),PEVDII,KASE) 3169.
GO TO 210 3170,
140 1EXT=6 3171,
GO TO 200 3172,
150 IEXT=2 3173.
GO 1O 170 3174,
160 TEXT=8 3175.
1701TOTAL3PEVD(I.KAS!I*PFBOSE(I'3.¥ASEi‘GEVDlIEXT.KASEl’CEVDllEXT.KASE§1;6.
) 177.
FRINT 30, (ONGAN(J,I),J=1,3),PEVD(T,KASE),PFDOSE(T-3,KASE ),GEVD(13178,
1EXT,KASE ) JCEVD! TEXT,KASE ), TOTAL 3179,
€0 10 210 3120.
180 TOTAL=PEVO(Y ,hASE )+PFDOSE(I-3,KASE) 3121.
FRINT 310, (ORGAN(J,I),J=1,3),PEVD(I,KASE),PFDOSE(TI~3,KASE),TOTAL 3182,
GG TO 210 3183.
190 IEXT=5 Ji124.
200 TUTAL=FEVD(I,KASE )+GEVD( TEXT ,KASE )+CEVD( TEXT,KASE ) 3185.
PRINT 320, (ORGAN(J,1),J=1,3),PEVD(I,KASE),GEVD(IEXT,KASE ),CEVDITES LS,
IXT,KASE), TOTAL 3187.
210 CCHTINUE 3188.
00 22 1=1.9 3189.
IF (1.€Q.2.0°.1.EQ.5.0R.1.€Q.6.0R.1.£Q.8) GO TO 220 3150.
TOTAL=GEVD(I,KASL )+CEVD(I,KASE) 3191,
FRINT 330, (BPRTS(J,11,J=1,3),GEVDIT,KASE),CEVD(T,KASE),TOTAL 3192.
220 CONTINUE 3153,
RETURN 3194,
3155.
3196,
3197.
230 FORMAT('-',T4y, 'FOPULATION COSE COMMITMENTS (ORGAN#REM/YEAR)') 3198,
2%0 FORMAT('~"',T39, "ENVIROHMENTAL (',13, 3199.
1 ' YEARS) DOSE COTIITHERTS (ORGANREM)') 3200.
250 FORMAT('~','0C7GAN',T37,2( ' INHALATION, ")y 'INGESTION' ,T86, 3201.
1 2('EXTERNAL, '3 TOTAL"Y) 3202.
260 FORMAT(1X, T34, PARTICULATES',T56, 'RADON',T87, 'GROUND',T10%, 3203.
1 'CLOUD® ) 3204.
270 FOSMAT(IX,132('-*)) 3205.
280 FORMAT( 110,348,752, 1PE10.2,7116,E10.2) 3206,
290 FORMAT( 1M0,323,T36,1PE10.2,T116,E10.2) 3207.
300 FORMAT(TH0,348,736,1PE10.2,768,€10.2,784,E10.2,T100,€E10.2, 3208.
1 T116,€10.2) 3299.
310 FORIAT(1HO, 348,736, 1PE10.2,768,E10.2,T116,E10.2) 3210.
320 FOTMAT( 1HO,3A8,736,1PE10.2,784,E10.2,7100,€10.2,T116,E10.2) 3211.
330 FCTHMAT( 1HO, 344,784, 1PE10.2,T100,E10.2,T116,E10.2) if:%.
END 213.

H8




DATE = 79078 16702704

POINTS (ANGLES: INX,0,50,180,270 AND AT IRHO DISTANCES) AND ALL
EXTRA RECEPTORS ARE USED -- A MAX OF 90 LOCATIONS. TEN

CONCENTRATIONS ARE CALCULATED FOR EACH POINT, CORRESFONDING TO
TUE MID-POINT YEAR FOR EACH IYR INTEGRATION INTERVAL IN DOSAGE.

COMMON/UDADC1/METSET(4 ), XNAME(4,60),VDEP(5),PTSZFC(5,5),ALN2,

PTSZ(5),REGION( 6),XRECEP(3,60),0M,XRHO( 15),KSHAX, IPSMAX,
IPOP(15,16),JC(9),NSORCE, IRHO(6),IYR( 10),IFODOS(60),RFI,SHIED,
PFIN(8),PHFOD(60),0PTIME,MPC(7,5),FG,DFACT,RFIE,SUFI,SUFF,
FDENIS5),PGTHI %), XINI7),XING(7 ),FOODIN(2,3),RSLIM,RSALF,YDOC,
FCON{(6,5),RHO(2),0V(2),THI2),TC(2),FVI2),BSV(6),YEVD

COMIMCN.'UDADCI/ORGAN( 3, 12) ,BREP( 3),DK7(3,5),PALL(3.6),PBK(3),TA,
1 DCFC(9,13),0CFG(9,13),TPOP,BP(3,5),SFACT,BPRTS(3,9),

COMMON/UDADCS/TODAY ,NPB,NPL ,NRECEP, IRECEP,KRHO, IMX, IPAGE( 3),

1 THETAS(16),WINDR( 16),RHALF(6 ), PHALF,CF(4),PBOR(2,300),RN(300),
CISUM(5,300),TPE2(5,%,300),TPSZR(5,4,300),TCHGC(5,300),

3 TCHCO(5,300),RECEPT(2,300),ZRECEP( 300),HL(300),FILLER( 1800)
COMMON/INHAL 17E€ 10, 12),L0N( 10,4),LR1 10),F 10 10),F2P( 10,4 ),

1 IPSOL(10),NNUC,HSPTABI 10,4),F2PM( 16),LONM( 16),GNOM( 16)
CONMMON/ TCHGY/TCHGCY( 5,90, 10 ), TCNGOY( 5,90, 10),PBDRY( 2,90, 10)

YMID IS MINPOINT YEAR FOR THE INTEGRATION TO BE DONE IN DOSAGE

FORTRAN IV G1 RELEASE 2.0 CONC
0001 SUBROUTINE CONC (IRCV)
C
c
c GROUND FOR SUSSEGUENT USE BY SUBPOUTINE DOSAGE.
c
c
c
c
C
00e2 REAL*S TODAY,METSET,XNAME ,ORGAN,BREP
0003 REAL*G LON,LR,LONM
0004 DINENSION T(16),TPSZRY(5,4,90,10),TEMP(5,4,90,10)
0005
1
2
3
4
5
0006
2 HHO(3,2),FROM(5,41,0C0NVI6,4)
0007
2
0008
0009
0010 EQUIVALENCE (TPSZ(1,1,1),TPSZRY(1,1,1,11)
Cc )
£
con IR2=30+NRECEF~1RCY
0012 YCHX=OPTIME+TA
0013 D0 120 J=1,10
Cc
c
C
0014 IF (J.6T.1) GO TO 10
0015 YMID=FLOAT(IYR(1)1/2.0
0016 G0 TO 20
0017 10 YMID=FLOAT(IYR({J-1)+IYR(J))/2.0
0018 20 DT=1.0
0019 IF (YMID.GT.OPTIME) DT=0.0
0020 T19)=0.0
2021 T(10)1=YMID
ug22 IF (YMID.GT.OPTIME) T(9)=YN
ANz CALL GROUND (T(9),0)
0024 IF (YMID.GT.TA.QR.OPTIME.L &
0025 T(11=0.0
0026 T(2)=YMID
0027 T(9)=0.0
0028 T(19)=0.0
0029 £0 T0 60
0030 30 IF (YMID.GT.OPTIME) GO TO 40
0031 Tt1)=0.0

(S
O
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3214.
3215.
SUCROUTINE TO CALCULATE CORRECTED CONCENTRATIONS IN CLOUD AND ON 3216.
SELECTED RECEPTOR3217.
3218.
3219.
3220.
3221.
3222.
3223.
3224.
3225.
3226.

3227

3228.
3229.
3230.
3231.
3232.
3233.
3234.
3235.
3236.
3237.
3238.
3239.
3240.
3241.
3242.
3243.
3244,
3245.
3c46.
3247.
3248.
3249.
3250.
32351,
3252,
3253.
3255,
3255.
3255.
3257 .
3238,
3259.
3260.
3261.
3262,
3263.
3264,
3265,
266.
3267.
3268.
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FORTRAN IV 61 RELEASE 2.0 CONC DATE = 79078
0032 T(2)=TA
0033 T(9)=TA
0034 TL10)=YMID
0035 IF (YMID.LE.TA) T(2)=YMID
0036 GO ~0 60
0037 40 IF (YMID.GT.YCHK) GO TO 50
0018 Tt 1)=YMID-OPTIME
0039 T(2)=TA
0040 IF (YHID.LE.TA) T(2)=YMID
00%1 Ti9)=TA
0042 T(10)=YMID
0043 GO TO 60
0044 S0 T(1)-0.0
0045 T12)=0.0
0046 T19)=YMID-OPTIME
0047 T(10)=YHID
0048 60 CALL TAIFR (T,07,0)
0049 IR0=1
0050 IF (IRCV.EQ.0) IR0=31
0051 DO 120 IR1=IRD,IR2
0052 IF (IR1.6T7.30) GO TO 70
0053 ITI=(IR1-1)/6+1
0054 ID1=MCDEIRT-1,6)¢1
0055 IF (IT1.EQ. 1) IT=IMX
0055 IF (IT1.67.1) IT=0IT1-2)%6+1
0057 I0=I0HO(I0Y)
00s8 IP=(1IT-1)15KRKO+I0
0039 G0 YO 80
0es0 70 IR=IRCV+IR1-3D
0061 80 £O S0 IP=1,5
0052 TCHECY(IP,IRT,JI=TCHNGCIIP,IR)
0063 90 TCHIOY(IP,IRY,J)=TCHGOCIP,IR)
0064 Do 100 IP=1,2
0055 160 PRORY(IP,IR1,J)=PBOR(IP,ir)
0056 1P=1
0067 DO 120 I=NPB,MPL
0048 IF (KSZFC(1).EQ.0) GO TO 120
0059 Do 110 IP=1,6
0071 120 CONMTINUE
t
e OVERWRITE COMMON/UDADCS/ STARTING AT TPS2(1,1,1)
€
0072 DO 14 I=NPB,NPL
0073 IF (KSZFC(I).EQ.0) GO TO 140
0074 co 130 IP=1,4
0075 DO 130 IR1=IR0D,IR2
0076 0o 130 J=1,10
0077 130 TPSZRY'I»IP::R1QJI=YEHP‘I'IPnIR1.J,
0073 140 CONTINUE
0079 RETURN
6080 END

16702704

3269.
3270.
3271.
3272.
3273.
3274.
3275.
3276.
3277.
3278.
3279.
3280.
3251.
3282.
3283.
3284%.
3285.
3286.
3287.
3288.
3289.
32%0.
3291.
3292.
3293.
3294.
3255.
3296.
3297.
3253.
3299.
3200.
3301.
3302.
3303.
3304.
3305.
3306.
3307.
3308.
3309.
3310.
3311,
3312.
3313.
3314.
3315.
3316.
3317.
3318.
3319.
3320.



FORTRAN IV G1
0001

RELEASE 2.0 DOSAGE DATE = 79078 16702/04

SUBROUTINE DOSAGE (IRCV) 3321.
c 3322.
C SUBROUTINE TO COMPUTE: 3323.
c 1) TOTAL TIME INTEGRATED DOSE .SUMMED FOR ALL NUCLIDES) 3324.
c 2) TOTAL DOSE RATE 3325.
c 3326.
c INTEGRATION IS BROKEN INTO 10 INTERVALS WITH END YEAR GIVEN BY IYR3327.
c FOR EACH INTERVAL. CONCENTRATIONS CORRECTED FOR RESUSPENSION 3328.
c ARE OBTAINED FRO!M SUTRQUTINE CONC. 1IN EACH CASE THE MIDPOINT 3329.
C YEAR OF THE INTEGRATION INTERVAL IS THE YEAR USED TO OBTAIN 3330.
c THE CORRECTED CONCENTRATION, WHICH IS THEN ASSUMED COMNSTANT 3331.
C THROUGHOUT THE INTERVAL. A MAX TOTAL OF 50 LOCATIONS ARE USED 3332.
C CORRESFONDING TO ANGLES IMX,0,90,180,270 AND THE 6 IRHO DISTANCES 3333.
C (SUBTOTAL=30 LOCATIONS) PLUS ALL THE EXTRA RECEPTORS (MAX OF 60). ggg
c .
[ L T AR T
c 3337.
C IMPORTANT VARIABLES: 3338.
C 3339.
c TTID(90,10) - TOTAL TIME INTEGRATED DOSE (MREM), SUMMED FOR ALL  3340.
c NUCLIDES, FOR CURRENT CRGAN. 3341.
C 3342.
c 1ST INDEX = RECEPTOR NUMBER 3343.
c 2ND INDEX = YEARS SELECTED BY NAMELIST IYR (DEFAULT 1,3,5,7,10, 3344,
c 15,20,30,50,70). 3345.
c 3346.
C TOR(90,10) - TOTAL DOSE RATE (MREM/YEAR) FOR CURRENT ORGAN, 3347.
c SUMMED FOR ALL NUCLIDES. INDICES SAME AS FOR TTID. g%:g
C .
c 1ST INDEX = RECEPTOR NUMBER 3350.
c 2ND INDEX = SELECTED YEARS (SEE TTID) g}g;-
C 392 .
C TCNGCY(5,90,10) - CORRECTED TCNGC CONCENTRATIONS (CLOUD! FOR EACH 3353.
c INTEGRATION INTERVAL. 3354.
C 3355.
C 1ST INDEX = NUCLIDE (U238,TH230,RA226,PB210,P0210) 3356.
c 2HD IMDEX = RECEPTOR FOINT 3357.
C 3RD INDEX = MIDPOINT YEAR OF INTEGRATICN PERIOD 3358.
C 3359.
C TCNGOY(5,90,10) - CORRECTED TCNCO CONCENTRATIONS (GROUND) FOR EACH3360.
C INTEGRATION INTERVAL. 3361.
C 3362.
C 1ST INDEX = HUCLICE (U238,TH230,RA226,PE210,P0210) 3363.
c 2ND THDEX = RECEPTOR POINT 3364,
C 38D INDEX = MIDPOINT YEAR OF INTEGRATION PERIOOD 3365.
= 3366.
C TPSZRY(5,4,90,10) - TPSZR CONCENTRATIONS (CLOUD) FOR EACH 3367.
C INTEGRATION INTERVAL. 3368.
C 3369.
C 1ST INDEX = PARTICLE SIZE 3370.
c 2HD INDEX = NUCLIDE (U238,TH230,RA226,FB210) 3371.
C 38D IMDEX = RECEPTOR POINT 3372.
C 4TH INOEX = MIDPOINT YEAR OF INTEGRATION PERIOD 3;73.
C 3374.
c PALL(3,6) - TOTAL DEPOSIT (SUMMED OVER PARTICLE SIZE3) AS PCI/YEAR337S.

e
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FORTRAN IV G1 RELEASE 2.0 DOSAGE DATE = 79078 16702704
0921 DO 380 IB=1,IBMAX
0022 B0 150 IR1=IR0,IR2
0023 IF (KASE.EQ.1) GO TO 20
0024 IF (IR1.6GT.30) GO TO 10
002% ITI=(IR1-1)/6+1
0026 I01=MODIIRT-1,6 )41
0027 IF (ITV.EQ.1) IT=IMX
0028 IF (ITL.6T.1) IT=(IT1-2)%4e1
0029 I0=IRHO(IDY)
0030 IR=1IT-1)=KRHO+ID
0031 G0 T0 20
0032 10 IR=IR1-30+IRCV
0033 20 psun=0.0
0034 10PT=0
0035 0o 150 Iv=1,10
0036 IF (IY.EQ.1) Y0=0.0
0037 IF (1Y.67.1) YO=FLOAT(IYR(IY=1))
0038 DELTA=FLOATt IYR(IY))-Y0
0039 IF (KASE-2) 30,90,110
e
c CALCULATE DOSE AND DOSE RATE FROM PARTICULATE INMALATION
c
0040 30 1P=1
0041 DO 50 N=1,NNUC
0042 IF (N.GT.1) IP=N-1
0043 IF (N.GT.4) IP=4
004% po 50 K=1,3
0045 PALLIK,NI=0.0
004s DO 40 I=NPB,NPL
0047 IF (KSZFC(1).EQ.0) GO 72 40
0048 PALLOK ,N)=PALLIK,N)+DKF(K,I)»TPSZRY(I,IP,IRT,IY)
0049 40 CONMTINUE
0050 IF (IP.LT.4.) GO TO 50
0051 PALLIK NI=PALLIK,N)+FBK(K }#PBORY(N-4,IR1,IY)
0052 50 CONTINUE
0053 CALL INHALE (IB,PALL,YD,DELTA,DOSE,DR,IOPT,IERR,1)
0054 IF (IEPR.EQ.0) GO TO 60
5055 FRINT 390, YO,IR1,(ORGAN(J,IB),J=1,3)
(056 GO TO 150
0057 60 I0PT=1
0058 DO 70 N=1,NNUC
0059 70 DSUN=DSUM+DOSEIN)
c
C CONVERT FROM REM TO MREM UNITS
e
0060 TTID(IRY,IY )=DSUM«1000.0
0051 TOR(IRT,IV)I=DR( 1)
0062 DO 80 N=2,NUC
0cs3 80 TOR(IRY,IYI=TOR{IRT,IY)+DRIN)
0064 TCR(IRT,IV!=TOR(IRT,IY)=1000.0
0065 G0 TO 150
C
4 HERE TO CALCULATE DOSE AND DOSE RATE FROM RADOMN INHALATION
c

3449 .

3451.
3452.
3453.
3454.
3455.
3456 .
3457 .
3458,
3459.
3460.
3461.
3462.
3463,
3464 .
3465.
3466.
3667.
3468.
3469,
3470,
3471.
3472.
3473,
3474,
3475.
3476.
36477.
3478.
3479.
3430.
3481.
3482,
3483.
3484,
3485.
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FORTRAN IV G1 PRELEASE 2.0 MOSAGE DATE = 75078 16/02/0%
0066 90 IF (IYR(IY).LE.IOPTIM) GO TO 100
0067 RATE=0.0
0048 GO TO 140
0059 100 RATE=0.625+PNLIR)
0070 GO TO 140
c
Cc HERE TO CALCULATE DOSE AND DOSE RATE FCR GROUND AND CLOUD
€
0071 110 1u=1
0072 RATE=0.
0073 Do 130 1P=%1.,5
0074 IF (IP.GT.1) IU=IP-~1
0075 CALL MCGNE (IB,IP,NS,NE)
0076 DO 130 IC=N3,HE
0077 IF (FASE.EQ.3) RATE=RATE+TCNGOY(IU,IR1,1Y)*DCFGI(IB,IC)
0078 IF (KASE.EQ.G) PATE=RATE+TCHNZCY(IU,IR1,1IY)=DCFC(IB,IC)
0679 IF (IP.NE.5) GO TO 120
0Cg80 IF (KASE.EQ.3) GO TO 130
€031 IF (IYRIIY).GT.IOFTIM) GO TO 130
0cs2 D0 120 1PP=1,3
0533 120 FATE=RATE+CISUM{IPP,IR)#DCFC(IB,IPP+7)+RN( IR)I*DCFC(IB,7)
3% 130 CONTINUE
goes PATE=RATESSFACT
0026 140 DSUM=DSUM+RATEDELTA
Gca? TTID(IRY,IY)=0ZUH
g0s8 TCR{IR1,1Y)=RATE
gog 150 CONTINUE
00%0 e IF (IRCV.EQ.0) GO TO 280
c PRINT TINE INTEGPRATED DOSE (LAP=1)
¢ FRINT TOTAL DOSE PATE (LAP=2)
e
0031 DO 270 LAP=1,2
0092 CALL MHEADER (6)
06053 FRINT 400, IOPTIM,ANGMAX
00%4 IF (KASE-2) 160,170,180
0035 160 FRINT 420, (CTCANLJ,IB),J=1,3)
0056 GO 10 150
0097 170 FRINT 420, (BPEP(J),J=1,3)
0033 GO TO 150
2039 180 FRINT 430, (EPRTS(J,1B),J=1,3)
0100 190 IF (LAP.EQ.2) GO TO 200
0101 FRINT 440, (HHO(J,KASE1),J=1,3),(FROM( J,KASE),J=1,5)
0102 FRINT 450, IYR
01C3 FPRINT 500
01049 €0 TO 210
0105 200 FRINT 420, (HHO(J,KASE1),J=1,3),(FROM(J,KASE),J=1,5)
0106 FRINT 450
0107 PRINT 440, IYR(1),(IYR(J),IYR(J¢1),J=1,9])
01ics FRINT 500
2109 210 00 270 IT1=1,5
0110 IF (IT1.EQ.1) IT=IMX
[ARE IF (IT1.G6T.1) IT=(IT1-2)%4+1
0112 ANG=22.5=FLOAT(IT-1)
0113 D0 270 IR=1,KRHO

560 1

-
-

4

3486,
3437.
3483.
3489.
3450.
3491.
3492.
3433.
3454.
3495.
3485.
3497,
3433.
3459.
3580.
3501.
S532.
3503.
3504.
3505.
3505,
3507,
35083.
3509.
3510.
3511,
3512,
3513.
3514.
3515.
3516.
3517.
3518.
3519.
3520.
3521.
3522,
3523.
3524.
3525.
3526.
3227.

e
3.‘1.0.

3529.
3539.
3531.
3532.
3533.
358
k%0 8
3536.
3537
3538.
3533.
3540.
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0114
0115
0116
0117
0118
011s
0120
0121
0122
0123
0124
0125
0126
0127
g.ﬂs

<9
0130
0131
0132

0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
015%
0157
0158
0159
0160
0161
0162

[alaslslals)

220
230

240

260
270

280

290
300

310
320

330

340
350
360

370
380

2.0 DOSAGE DATE = 75078 16702704

DO 220 ID1=1,6

ID=IPHO(IDT)

IF (ID.EQ.IR) GO TO 230

CONTINUE

€0 10 270

DIST=XRHO(ID)

IRT=6%(IT1-1)+ID1

IF (ID1.67.1) GO TO 250

IF (LAP.£EQ.2) GO TO 240

PRINT 510, ANG,DIST,(TTID(IR1,IY),IY=1,10)
60 TO 270

GO TO 270

IF (LAP.EQ.2) GO TO 260

GO TO 270

PRINT 520, GIST,(TDR({IR1,IY),IY=1,10)
CONTINUE

IF (IR2.LE.30) GO TO 380

PRINT TOTAL TIME INTEGRATED DOSE FOR EXTRA RECEPTORS (LAP=1)
PRINT TOTAL DOSE RATE FOR EXTRA RECEPTORS (LAP=2)

00 370 LAP=1,2

LL=60

00 370 IR1=31,IR2

NR=IP1-30

IF (LL.LT.60) GO TO 350

CALL HEADER (6)

IF (IRCV.GT.0) PRINT 400, IOPTIM,ANGMAX

IF (IRCV.EQ.0) PRINT 410, IOPTIM

IF (KASE-2) 290,300,310

PRINT 420, (CRGAN(J,18),J=1,3)

60 T0 320

FRINT 420, (BREP(J),J=1,3)

GO 7O 320

FRINT 430, (BPRYS(J,IB),J=1,3)

IF (LAP.EQ.2) GO TO 330

FRINT 560, (WHO(J,KASE1),J=1,3),(FROM(J,KASE),J=1,5)
PRINT 530, IYR

G0 TO 340

PRINT 570, (WHO(J,KASE1),J=1,3),(FROM(J,KASE),J=1,5)
PRINT 540

PRINT 470, IYR(1),(IYR(J),IYR(J+1),J=1,9)

PRINT 500

=1

IF (LAP.EQ.2) GO TO 360

G0 TO 379

FRINT 550, NR,(XNAME(I,NR),I=1,4),(TDR(IRT,IY),I¥=1,10)
LL=LL+1

CONTINUE

RETURN

3541.
3542.
3543.

3545.
3546,
3547.
3548.
3549.
3550.
3551.
3552.
3553.
3554.
3555.
3556.
3057 .
3558.
3559.
3560,
3561.
3562.
3563.
3564.
3565.
3566.
3567.
3568.
3569.
3570.
3571.
3572.
3573.
3574.
3575.
3576.
3577.
3578.
3579.
3530.
3581.
3582.
3583.
3584.
3585.
3585.

3539.
3590.
591,
3592.
3593.
359%.
3595.
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0163
0164

0165
0166
0is7
0148
0159
0170
0171
0172
0173
0176
0175
0175
4177
0178
2179
0130

0181
0182

16/02/0%

3596.
3597.

390 FOPMAT( 1H0, 'DOSAGE ERROR FOR YEAR =',F5.1,' FOR GRID POINT =', 3598.

1 I3.,' FCR CRGAN ',348)
400 FORMAT( X, 'OPERATION TIME = *,I2,' YEARS',8X,

1 ' ANGLE OF MAXIMUM DISPERSICN = ',F5.1,' DEGREES')

410 FORMAT( 1X, 'OFERPATION TIME = ',I2,' YEARS')
420 FORIAT(1X,328)
430 FOTMATI 1X,344)

3599.
3600.
3601.
3s602.
3603.
3604,

440 FORMAT('~',33X,3A4,"' TOTAL TIME INTEGATED DOSE (MREM) FROM ',5A4) 3605.

450 FORMAT( THO, 'ANGLE DISTANCE(KM)',T73, 'INTERVAL (YEARS)')

460 FORMAT(1X,T729,'0-',12,916X,12,'~',12))
‘70 FC”J‘TM’I 1X.T"07.'0~' 1I209“’0X'Iz- Yo ’!2)'

480 FCRHAT('~",30X,3A%,' TOTAL DOSE PATE (MREM/YEAR) FROM ',5A4)

3606,
3607.
3608.
3609.

450 FOUMAT(THO, *ANSLE DISTANCE(KM)',T78, 'YEARS'/T30,9(12,9X},32) 3610.

500 FORIATCIX, 132(°~"))
510 FCTHATCTHO.F5.1,8X,F4.1,5X%, 1P10E11.2)
£20 FCRMATOT14X,F4.1,5%, 1P1CEN.2)

3611.
3512.
3613.

530 FORMATE'0',6X,'#",3X, 'IDENTIFICATICN',T86, 'YEARS'/T47,9(12,7%),1213514,
540 FCENAT('0',6X,'8",3X, 'IDENTIFICATION' ,T31, ' INTERVAL (YEARS)') 3615.

550 FCTMAT(" *,5X,I2,3X,4A8,1P10E9.2)

3616.

560 FORMAT('~', 19X,344,"' TOTAL TIME INTEGRATED DOSE (MREM) AT EXTRA RE2317,

1CEPTOR LOCATIONS FROM *,5A%)

3518.

570 FOTHAT('-",16X,32%,' TOTAL DOSE RATE (MREM/YEAR) AT EXTRA RECEPTOR3S19.

1 LCCATIONS FROM ',5A6)
EHD

520.

3621.
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0001 FUNCTION ANC4(A1,B1,EP,M,N,FUN! P
[ 4 ADAPTIVE INTEGRATION USING NEWTON-COTES NO. 4 - 8
0002 DOUBLE PRECISION 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 &.
21,AEST2,ABSAR,DELTA,DIFF,DAFT,SUM S.
0003 DIMENSION F2i30),F4(30),FTP(30),FBP(30),FTST(5),EST2(30),NRTR( 30) 6.
0004 DIMENSION AEST2(301,XxB(30) T
c THE PARAMETER SETUP FUR THE INITIAL CALL 8.
0005 IF(N.LE.0)GO TO 210 9.
0006 IF(N.GT.3)60 TO 211 10.
0007 A=Al 1.
0008 B=B1 =
0009 EPS=EP»63.000 13.
0010 ESUM=0.000 16.
0011 TSUM=0.000 15.
0012 LvL=1 16.
0013 DA=B-A .
0014 FASFUNIA) 18.
0015 FS=FUN((3.0D0#A+B)/4.000) 19.
0016 FM=FUNI (A+B)»0.500) 20.
0017 FT=FUN((A+3.0D0%B)/4.000) 21.
0018 FB=FUN(B) 22.
0019 H=5 23.
0020 FMAX=DABS(FA) 24.
0021 FTST( 1)=FMAX .
0022 FTST(Z)=DABSIFS) 26
0023 FTST(3)=DABRSIFM) 27.
0024 FTST(4)=DABS(FT) 28.
0025 FTIST(5)=DABSI(FB) 29
0026 Do 100 1=2,5 50
0027 IFIFMAX.GE.FTST(I))GO TO 100 31
0028 FMAX=FTSTI(I) 32
0029 100 CONTINUE 33.
0030 EST=(7.000%( FA+FB)+32.0D0%( FS+FT)+12.0D0%FM)»DA/90.0D0 34.
0031 ABSAR=(7 . ODO*(FTSTL 1)+FTST(5))+32 0DO#(FTST(2)+FTST(4))+12.000%FTS 35
17(3))=DA~90.0D0 36.
0032 AEST=ABSAR 37.
c 1=RECUR 38.
0033 1 SX=(DA/(2.0D0%=%LVL))/90.0D00 3.
0034 F1=FUN((7.0D0#=A+8)/8.0D0) 40.
0035 F3=FUNI(5.0D0#A+3.000=8)/8.000) 41.
0036 F2ILVL)=FUNL(3.0D0#A+5.0D0%B)/8.000) 42,
0037 F4ULVL )=FUN( (A+7.0D0=B1/8.000) 43,
0038 EST1=5x«(7 . 0D0#( FA+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(LVL)=SXw(7 . 0D0%(FM+FB)+32.000%( F2(LVL)+F4(LVL) )+12.0D0%FT) 68,
0043 SUM=EST1+EST2(LVL) 49.
0044 FTST( 1)=DABS(F1) 50.
0045 FTST(2)=DABSIF2(LVL)) 51.
0046 FTST(3)=DABSIF3) 52.
0047 FTSTI4)=DABS(F4(LYVL)) 3.
0048 FTST(5)=DABSIFM) 56.
0049 AEST1=8X#(7.0D0=(DABSIFAI+FTST(5) )1+32.000%( FTSTC1)+FTST(3))+12.000 55.

S n
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AEST2(LVL )=8X%(7.0D0*(FTST(5)+DABS(FB))+32.0D0#(FTST{2)+FTST(4))+1

FORTRAN IV G1 RELLASE 2.0 ANC%G
X«DABSIFS))
0050
X2.0D0=DABSI(FT))
0051 ABSAR=ABSAR-AEST+AEST 1+AEST2(LVL)
0052 M=M+4
0053 GO TO (201,200,202),N
0054 200 DELTA=ABSAR
0055 GO YO 205
0056 210 PRINT 35
0057 39 FORMAT(' ERROR RETURN-N.LE.D')
0058 RETURN
0059 211 PRINT 40
0060 40 FOSMAT(' ERROR RETURN-N.GT.3')
0061 RETURN
0062 201 DELTA=1.0D0
0063 GO TO 205
0064 202 DO 203 I=1,4
0065 IFIFMAX.GE.FTST(I))GO TO 203
0066 FMAX=FTST(I)
0067 203 CONTINUE
0068 DELTA=FMAX
0069 205 DAFT=EST-SUM
0070 DIFF=DABSIDAFT)
0071 DAFT=DAFT/63.000
0072 IFIDIFF-EPS-DELTA)G,6,3
0073 3 IF(LVL-30)4,2,2
0074 6 IFILVL-112,4,2
2:=UP
0075 2 A=B
0076 ESUM=ESUM+DAFT
0077 TSUM=TSUM+SUM
0078 9 LVL=LVL-1
0079 L=NRTR(LVL)
0080 GO TO (11,12),L
11=R1,12=P2
0cs1 % NRTR(LVL!=1
0082 EST=ESTI
00s3 AEST=AEST1
0084 FB=FM
0085 FT=F3
0ces FM=FS
0087 FS=F1
0088 B=(A+B)/2.000
0089 EPS=EPS/2.000
00%0 7 LVL=LVL+1
0n91 GO0 TO 1
0052 11 NRTR(LVL =2
0093 FA=FB
009% FS=F2(LVL)
0095 FM=FTPILVL)
0096 FT=F4(LVL)
0097 FB=FBPILVL)
0098 B=XBI(LVL)
0059 EST=EST2(LVL)
0100 AEST=AEST2(LVL)
0101 GO0 Y0 7
0102 12 EPS=2.000+=EPS
0104 5 ANC4=TSUM-ESUM
0105 RETURN
0106 END

DATE = 78357

22/51/58
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C
C
C
C
C
C
C
c
c
c
c
c
C
C
c
C
c
<
C
c
c
C
c
C
c
c
c
=
c
c
c
C
c
c
c
C
c
C
C
C
C
C
C
C
c
c
C
c
c
C
C
C
c

EGI(10,4) - EXPI-LGI(IP)=TEI(IB-7))

LBI{IPI=LRIIP) EXCEP) SMALL INTESTINE WMERE LSI(IP) IS USED
TGI(IB-7)=61 TRACK TIME FOR IB = 8 TO 11 GR STOMACH, SMALL
INTESTINE, UPPER LARGE INTESTINE, LOWER LARGE INTESTINE

E6IN10,4) -~ (1-EGIV/LGI

ELON(10,64,20) - EXP(-LON(IP,N)#T), MAX OF 20 T VALUES SAVED.
ELONM(MPMAX#20) - EXP(-LONM(IP,N)*T), SEE MSPTAB
ELP(10,9,20) - EXP(-LP(IP,J)#T), MAX OF 20 T VALUES SAVED.
ELR(10,20) - EXP(-LR{IP)#T), MAX OF 20 T VALUES SAVED.
FP(3,9) - FPACTION REMOVED FOR PATHWAYS A THRU I

1ST INDEX = SOLUBILITY CLASS
2ND INDEX = PATHRAY

F1(10) =~ FRACTION OF NUCLIDE PASSING FROM GI TRACT TO THE BLOOD.

F2P(10,4) - FRACTION OF NUCLIDE PASSING FROM BLOOD TO BODY ORGAN

1ST INDEX = NUCLIDE.
2ND INDEX = TOTAL BODY, BONE, KIDNEY, LIVER

F2PM(MPMAX) - MULTIPLE SUBPATH VALUES OF F2P, SEE MSPTAB
IPSOL(10) ~- SOLUBILITY CLASS (1 OR 2) FOR EACH NUCLIDE
LON( 10,47 - LAMBDA(EFFECTIVE® FOR URGANS

1ST INDEX = NUCLIDE

2ND INDEX = ORGAN: WHOLE BODY,BONE,KIDNEY,LIVER
LONM(MPMAX) - MULTIPLE SUBPATH LAMBDAIORGAN), SEE MSPTAB
LP(10,9) - LAMBDA(EFFECTIVE) FOR PATHHAYS A THRU I

1ST INDEX= NUCLIDE
2HD IMNEX= PATHRAY

LPB(3,9) - LAMEDA(BIOLOGICAL) FOR PATHWAYS A THRU I
18T INDEX = SOLUBILITY CLASS
2ND INDEX = PATHRAY

LR(10) - LAMBDA(RADIOLOGICAL) FOR SELECTED NUCLIDES.

LSI(10) - LAMBDA(SMALL INTESTINE) FOR SELECTED NUCLIDES
BY DEFINITON: LSI(J)=LA+LR(J) WHERE

LA = (1/TGI(2))1%ALOGI 170 1-F1(J)) AND TGI WILL BE DEFINED SHORTLY.

MPMAX - CURRENT MAX DIMENSION FOR F2PM, LONM, AND CNOM ARRAYS

MSPTAB(10,4) - MULTIPLE SUBFATH TABLE FOR NUCLIDES AND ORGANS

WHERE MULTIPLE SETS OF F2P, LON, AND GNO VALUES ARE REQUIRED.
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0002
0003

000¢

c

ﬂﬂnﬂﬂﬁﬂﬂﬁﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂ

OoOoOononNnOon

A ZERO VAIUE INDICATES ND SUBPATHS: UNITS VALUE (1-9) GIVES
NUMBER OF ADDITIONAL SUBPATHS AND VALUE/10 INDICATES ENTRY
POINT IN F2PM, LONM, AND QNOM ARRAYS.

1ST INDEX=NUCLIDE

2ND INDEX=ORGAM (WHOLE BODY, BONE, KIDNEY, LIVER)

MNUC - NUMBER OF SELECTED NUCLIDES (1-10)

QASKO(10) =~ ACTIVITY AT START OF INTEGRATION PERIOD FOR ADDED DOSE

TO T8 FROM P REGION VIA PATHS F & G TO THE GI TRACT,
FOR SELECTED NUCLIDES.

QIO(10) =~ ACTIVITY AT START OF INTEGRATION TIME IN LYMPH AREA 1
FOR SELECTED NUCLIDES.

QJO(10,8) - ACTIVITY IN PATHWAY AT START OF INTEGRATION PERIOD
1ST INDEX= NUCLIDE
2ND INDEX = PATHHWAYS A THRU H OF RESPIRATORY TRACT MODEL

QMO(10) =~ ACTIVITY AT STARY OF INTEGRATION IN LYMPH AREA M FOR
SELECTED NUCLIDES.

QNO(10,4) - ACTIVITY IN ORGAN AT START OF INTEGRATION PERIOD
1ST INDEX = NUCLIDE
2ND INDEX = ORGAN: TOTAL BODY, BONE, KIDNEY, LIVER
QNOM(MPMAX) =~ MULTIPLE SUBPATH VALUS OF GNO, SEE MSPTAB
T6I(4) - EXPOSURE TIME (NOT RESIDENT TIME) IN HOURS IN GI TRACT:
STOMACH, SMALL INTESTINE, UPPER LARGE INTESTINE, LOKER
LARGE INTESTINE
TLI(2) - RESIDENT TIME (HOURS) IN LARGE INTESTINE, UPPER & LOWER
W(12) - BODY PART WEIGHT IN GRAMS, SEE IB FOR ORDER
YEARS(20) -~ ARPAY OF SAVED YEAR VALUES TO CUT DOWN REEVALUATION

OF EXPONENTIALS. INDEX CORRESPONDS TO T VALUES IN
ARRAYS ELON, ELONM, ELP, AND ELR.

L L e L L L A L e Lt LA Al Ll Al L

IMPLICIT REAL#4 (L)
DIMENSION W(12),QJ0(10,8),Q10110),QN0(4,10),P(3,10),Q40(10),
1 QASKO(10),P1(3,10),D0SE(10),DR( 10}, YEARS(20)

COMMON BLOCKS:
INHALT - ALL PRIMARY DATA NEEDED FOR SELECTED NUCLIDES
INHAL2 - PRIMARY DATA INDEPENDENT OF SELECTED NUCLIDES
INHAL3 - NUCLIDE AND YEAR DEPENDENT EXPOMNENTIALS, OERIVED
FROM INHAL1 AND INHAL2 PARAMETERS.

COMMON/INHAL 17E( 10,12),LON( 10,4 },LR(10),F1(10),F2P( 10,4),
1 IPSOL(10),NNUC,MSPTAB(10,4),F2PM( 16),LONM( 16 ),GNCM( 16)

159.

161

162.
163.
164.
165.

171
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-

168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.

185.
186.
187.
183.
189.
150.
191.
192.
193.
194.
195.
196.
197.
198.
139.
200.

cul.
202.
203.
204%.
205.
206,
207.
208.
209.
210.
211.
212,
213.
214,
215.
216,
217,
218.
219.
220.

FORTRAN IV 61 RELEASE 2.0 INHALE DATE = 78357 22/51/58
0005 COMMON/INHAL2/LPB(3,9),FP(3,9),T6I(4),TLI(2),EGI(10,4),ESI1(10,4), 166.
1 LP(10,9:,L81(10),MPMAX,NCALL ,MPEND 167
0006 COMMON/THHAL3/ELP( 10,9,20) ,ELON( 10,%,20 ), ELR( 10,20), ELONM( 320)
0007 DATA N/I.Q.QOO..600..70000..7000..300..1700.,253..1100..
1 135.,150.,15.7
C
C FACTOR=51.2E-6%365.25, DOSE CONVERSION FACTOR (REM/PCI/YEAR).
C
0008 DATA FACTOR/0.0187008/,INIT/0/
c
0090500000600
C
0009 IF ¢INIV Y.0: 6O TO 20
0010 DO 10 J=1.20
0011 10 YEARS(J)=0.0
0012 INIT=1
c
C NCALL FEATURE NEEDED BECAUSE OF OVERLAY TECHNIQUE USED BY UDAD,
c WHICH CAN RESULT IN THE LOADING OF A FRESH COPY OF INHALE. THIS
C RESETS TO INIT=0, BUT BECAUSE BLOCKDATA IS NOT REUSED, NCALL
c REMAING AT 1 (SET IN INITEX).
c
0013 IF (NCALL.GT.0) GO TO 20
0014 CALL INITEX
0015 20 IF (IGPT.EQ.0) GO TO 40
0016 IF (IB1.EQ.IB) GO TO 30
0017 PRINT 1030, 181,18
0018 GO TO 60
0019 30 T2=T0+T
0020 IF (T01.EQ.T2) GO TO 40
0021 PRINT 1040, 701,72
0022 60 10 60
0023 40 IERR=0
c CONVERT TO LOCAL VALUES FOR MORE EFFICIENT OPERATION
C
0024 18=181
0025 T0=T01
0026 =T
0027 IF (T0.LT.0.0R.T.LT.0) GO TO 50
0028 GO TO 80
0029 50 FRINT 1050, T0,T
00,0 60 IERR=1
0031 DO 70 IP=1,NNUC
0032 70 DOSELIP)=1.E-70
0033 RETURN
C
C CHECK IF EXPONENTIALS HAVE BEEN EVALUATED FCR TO AND T
c
0034 80 00 150 1=1,2
0035 IF (1.£Q.2) GO TO 100
0036 IF (T0.67.0.C) GO T0 90
0037 IY0=0
0038 GC TO 150
0039 90 TCHK=TO
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0040 60 T0 110
0041 100 TCHK=T
0042 110 DO 120 J=1,20
0043 IF (YEARS(J).EQ.0.) GO TO 130
0044 IF (YEARS(J).EQ.TCHK) GO TO 140
0045 120 CONTINUE
0046 J=1
0047 130 YEARS(J)=TCHK
0048 CALL ECALC (J,TCHK)
0049 140 IF (I.EQ.1) IYO0=J
0050 IF (1.£Q.2) IY=J
0051 150 CONTINUE
0052 IF (IB.GE.1.AND.IB.LE.12) GO TO 170
0053 160 PRINT 1060, IB
0054 60 TO 60
0055 170 KEND=3
0056 IF (KASE.EQ.2) KEND=1
0057 DO 180 K=1,KEND
0058 DO 180 IP=1,NNUC
0060 IF (KASE.EQ.1) 60 TO 190
0061 IF (IB.LT.4.0R.IB.GT.7) GO TO 160
0062 GO YO 200
0063 190 J3=1
c
c IN PATHKAYS DO LOOPS:
c J1=FIRST PATHWAY
c J2=LAST PATHWAY
c J3=STEP SIZE (1 OR 2)
c
0064 60 TO (220,230,240),18
0065 J2=8
0066 IF (1IB.EQ.12) 6O TO 250
0067 IF (IB.GT.7) GO YO 210
0048 Ji=1
C
N=ORGAN NUMBER (1-4) WHOLE BODY,BONE,KIDNEY,LIVER
c
0069 200 N=IB-3
0070 GO TO 260
0071 210 J1=2
0072 33=2
€073 GO TO 260
0074 220 J1=1
0075 J2=2
0076 GO0 TO 260
0077 230 J1=3
0078 J2=7
0079 GO TO 260
0080 240 J1=5
081 J2-=8
0032 G0 TO 260
0083 250 J1=8
0084 260 IF (70.67.0) GO TO 320
0085 DO 310 IP=1,NNUC

N
™

S
PR
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0086 IF (IB.LE.3.0R.IB.GE.8) GO TO 250 276.
0087 QNO(IP,N)=0. 217,
0ces IF (MSPTAB(IIP,N).EQ.0) GO TO 280 278.
0089 MP1=MSPTAB(IP,N)/10 219.
0350 MP2=MODIMSPTAS(IP.N), 10)+MP1-1 280,
0091 DO 270 MP=MP1,MP2 281.
0052 270 QMOMIMP)=0. 282.
0093 230 IF (KASE.EM.2) GO TO 310 283.
0094 290 DO 300 J=J1,J2,J3 284.
0035 300 QIO(IP,J)=0. 285,
00%6 GHO(IP)=0. 285.
0097 QIC(IP)=0. 287.
0053 QASKO(IP =0, 258.
0099 310 CONTINUE 239.
0100 TF (KACE.EQ.2) GO TO 970 250.
0101 GO TO 470 291.
0102 320 IF (KASE.EQ.2) GO TO 940 252.
0103 IF (I0PT.GT.0) GO TO 470 2593,
0104 PO 340 IP=1,NNUC 2%4.
0105 ISOL=IFSOL{IM) 295.
0106 pu 340 J=J1,42,J3 256.
0107 K=KFUNC(J) 297.
c 238.

c QJ0 IS INITIAL CONC IN RESPECTIVE PATHNAY(J) FOR POLUTANT(IP) 259,

c e

0108 QJIOLIP,J)=PIK,IP)«FP(ISOL,JI*ETESTY I F(IP,J),TO) 301.
0109 IF (IB.KE.2] GO TO 340 302.
0110 IF (J.LE.%) GO TO 340 303.
c 306.

c GASKO(IP) IS INITIAL AMODUNT OF ADDITIONAL MATERIAL IN PEGICN TB 305.

C THAT WAS REMOVED FROM THE PULMONZRY PEGION VIA FROCESSES F AND 6 306.

C TO THE GI TRACT. 367.

C 308.

om IF (J.GT.5) GO TO 330 309.
0112 L4=LPLIP,4) 310.
0113 EAT=ETESTULPIIP,4),T0) 311,
0114 E4=ELP(IP,%,IY0) 312.
0115 QASKOLIP)=0. 313.
0116 GO TO 340 314.
0117 330 FJ=FP(ISOL,J) 315.
0118 LJ=LP(IP,J) 316.
0113 LBJ=LPB(ISOL,J) 317
0120 EJ=ELP(IP,J,1IY0) 318.
oI QASKOIIP ) =QASKOI IPI+LBI*PI 3, IP)IsFJ/LJ*(EG1-LEJ-EQ)/(LG-LI)) 319.
0122 340 CONTINUE 320.
0123 IF (IB.LE,.3.0R.(1B.GE.8.AND.IB.LT.12)) GO TO 470 321.
0124 DO 460 IP=1,HNUC o2«
2125 ISOL=IFSOL(IP) 323.
0126 LB8=LPLIP,8) 24.
0127 LS=LPLIP,%) 325.
0128 LBR=LF3(IS0L,8) 326,
0129 LEB9=LPBI(ISUL,9) 321.
0130 E9=ELPLIP,9,1Y0) 328.
0131 EB=ELPLIP,8,1Y0) 329.
0132 EF1=ETESTULP(IP,9),T0) 330.
4

560
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0133 F8=FP(ISOL,8)
0134 F9=FPLISOL,9)
0135 IF (IB.EQ.12) GO TO 360
0136 QNOCIP,NI=0.
0137 EN=ELON( IP,N,IY0)
0138 LH=LON(IP,N)
0139 IF (LN.GT.0) ENT=ETESTI(LN,TO)
0140 IF (LM.LE.O) EN1=D.
3141 IF (MSPTAB(IP,N) EQ.0) GO TO 360
0142 MP1=MSPTAB(IP,N)/ 10
0143 MP2=MOD(MSPTAB(IP,N), 10)+MP1-1
0144 DO 350 MP=MP1,MP2
0145 350 GNOM(MP)=0.0
c
c QI0 AND QMO ARE INITIAL CONCENTRATIONS IN LYMPH AREAS I AND M
C FOR POLUTANT(IP)
c
0146 360 ELRI=ETESTI(LR(IP),TO)
0147 QMOLIP)=LP8*1 1. -F9 1%P( 3,IP)=F8/L8*(ELR1-(E8-ELR(IP,IY0))/(LR(IP)-L
18))
0148 IF (L8.NE.L9) GO TO 370
0149 QIO IP)=LRB*FI#F8=P(3,IP)/LE8*(ES1-TO=ES)
0150 GO TO 330
0151 370 QIO(IP)=LBB«F9=F8«P(3,IP)/L8*(ES1-(EB-E9)/(LS-LE))
0152 380 IF (IB.EG.12) GO TO 460
0153 DO 400 J=1,7
0154 K=KFUNC( J)
0155 LJ=LP({IP,J)
0156 LBJ=LPBIISOL,J)
0157 EJ=ELP(IP,J,IY0)
0158 FJ=FPIISOL,J)
c F1 FRACTION IS UNITY FOR PATHWAYS A,C,E
0159 FITRUE=F1{IP)
0160 IF (MOD(J,2).6T.0.AND.J.LT.7) FITRUE=1.0
0161 QHOCIP, NI=GNOCIP,N)I+LBI*F2PI IP,HI»F 1TRUE*F J*P(K,IP)/LJ#(EN1-(EJ-EN
1)/1LN-LI )}
0162 IF (MSPTAR(IP,N).EQ.0) GO TO 400
01463 DO 390 MP=MP1,MP2
0164 CALL MSPSET (MP,IYO0,TO,LNM,ENM,ENMT)
0165 390 GNOMIHP ) =QNOMIMP ) +LBJ*F2PHI MP )»F 1TTRUE*FJ#PIK, IP)/LJ*( ENM1-(EJ-ENM)
17(LNM=LJ))
0166 400 CONTINUE
0167 IF (L8.NE.L9) GO TO 410
0168 LIH=((LN-L )#TOSEF-EF+EN)/(LN-LY 1%u2
0169 GO TO 420
0170 610 LIN=1./(1L9-L8)#( (ES~EN)/(LN-L8)-(ES-EN)/(LN-LY))
0171 G20 L=LBS*F2P(IF,N)*(LEB*FI%(F8*P(3,IP)/L8»( 1./L9%(ENT-(ES-EN)/(LN-LY)
1)-LIH)I))
0172 QNO(IP,NI=ONOCIP,N)+L
0173 IF (MSPTAB(IP,N).EQ.0) GO TO 460
0174 DO 450 tP=MP1,MP2
0175 CALL MSPSET (MP,IY0,TO,LNM,ENM,ENMT)
0176 IF (L8.NE.L9) 60 TO 430
0177 LIS (LNH-LI I#TOREF-EG+EN)/(LNM-L9 ) w=2
0178 GO TO 440

357.

360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
7 5 8
374.
375.
376.
377.
378.
379.
330.
381.
382.
383.
384.
385.
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0179 430 LIH=1./7(L9-L& 1% (EB-ENM)/(LNM-L8)-(E9-ENM)/(LNM-L9)) 386.
c180 440 % SLBG#F2PHIMP ) o (LBBWFI«( FB=P( 3, IP1/L8*( 1./L9%( ENM1-(E9-ENM)/( LNM-L 337

19)1)-LIH))}

0181 450 QHOMi MP)=QNOMIMP )L 389
0182 460 CONTINUE 350.
0183 470 DO 680 IP=1,NNUC 391.
0184 ISOL=IPSOL(IP) 392.
0185 E9=ELP(IP,9,1Y) A3
0187 L8=LP(IP,8) 395.
0128 L9=LP(IP,9) 396.
0189 EF1=ETESTI(LS,T) 397.
0150 E81=ETESTI(L8,T) 398.
0191 LBS=LPBIISOL,8) 399,
0192 LB9=LFR(ISOL,S) 406,
0193 F8=FPLISOL,.8) 401,
0194 FO=FPLISOL,9) 402.
0195 IF (IB.EQ.12) GO TO 630 403.
0196 IF (IB.GE.4.AND.IB.LE.7) GO TO 520 40%.
197 0=0. 405.
0158 FIB=1.0 405,
0199 00 500 J=J1,J2,J3 407.
0200 LJ=LPLIP, ) 408.
0201 LBJ=LPBIISOL,J) 409.
0202 FJ=FP(ISOL,J) 410.
0203 EJI=ETESTHLYL,T) 411.
0204 IF (IB.GE.8) FIB=LBJ 412,
0205 K=KFUNC(J) 413
0205 IF (IB.EQ.2.AND..'.GT.4) GO TO 480 414,
0207 D=0+FIES(QJOTIP, JIEJT1+IPIN, IP)®FI/LI I T-EJT1)) 415.
0208 60 TO 500 416,
c 417,
C ADD EXTRA DOSE TC TB REGION BY MATERTAL BEING REMOVED FROM THE 418.
c PULMONARY REGION VIA PROCESSES F AND 6 TOD THE GI TRACT. 419.
c 420.
0209 480 IF 1J.GT.5) GO TO 450 421,
0210 E41=ETESTI(LP(IP,4),T) 422,
0211 L4=LPLIP,%) 423.
0212 D=D+QASKO(IP)*E4Y 424.
0213 GO0 TO 500 425.
0214 490 CONTINUE 426.
0215 IF (L4.EQ.0.0R.LJ.EQ.0.0R.L4.EQ.LJ) CALL PDUMP.LP(1,1),LP(10,9),5) 427.
027 D=D+LBI=(P{3, IPI*F /LI 1. /LG%(T-E41)-1. /(LG-LII*(EJT1-E41))1+QI0CIP 428,
L= Z(LG-LI I=LEJ1-ES1))) 429.
0217 500 CONTINUE 430.
0218 COSE(IP)=FACTOR«D=E(IP,IB)/H(IB) 431.
0219 IF (IB.LE.3) GO TO 680 432,
0220 IF (IB.GE.10) GO TO 510 433.
g221 COSE(IP)=0.5=DOSE( IP)#EGI(IP,IB~7) 43%.
0222 IF (IB.EQ.9) DOSE(IP)I=DOSE(IP)=EGI(IP, 1) 435,
' 0223 GO TO 680 435,
' 0224 510 DOSE(IP)I=DOSE(IP)*( 1, 0-F1(IP) )*TLI(IB-9 )#EGI(IP,IB-7) 437.
0225 GO TO 630 418,
0226 520 LN=LON(IP,M) 439,
0227 IF (LN.GT.0) GO TO 530 440.

560 160
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0228 DOSE(IPI=0.0

0229 GO TO 680

0233 530 EN=ELCMIIP,N,IY)

023 ENT=ETESTT(LN.T)

0232 V8=(EBT1-ENT)/(LN-1L8)

0233 VI=(EFT1-ENTI/LLH-LY)

0234 D=QNOI TP, NISENT

0235 IF (HSPTAB(IP,N).EQ.0) GO TO 550

0235 MP1=MSPTAR(IP,NIZ10

0237 MP2=MODI(MSPTARCIP, 0, 10 ) ¢MPT-1

0233 DO 543 MP-tP1,MP2

0239 CALL MSFSET (MP,IY,T,LHM,ENM,ENMT)

0240 540 D: J+QHOMIMP IENIT

0241 550 PO 570 J=1,7

0242 K=KFUNC(J)

0243 LJ=LPILIP,J)

02464 LBJ=LPBLISOL,J)

0245 EJ=ELPLIP,J,IY)

0246 FI=FPLIS0OLJ)

0247 EJISETESTILI.T)
F1 FRACTION IS UNITY FOR PATHHAYS A,C,E

0248 FITRUE=F 1L IP)

0249 IF (MOD(J,2).6T.0.AMD.J.LT.7) FITRUE=1.0

25 D=D+LBIsFIPIIP, NISFITRUES(PIK, TP I=FJ/L '»t 1, Z/LN*( T-ENTI-TEJT1-ENT) /L
TLH=LJ )V 1+ QU0 IP, JI%(EJT-ENTI/LLH-LI )

0251 IF (MSPTAB(IP,MN).EQ.0) GO TO 570

0252 D0 560 MP=MP1,MP2

0253 CALL MSFSET (HP,IY,T,LNM,ENM,ENMT)

0254 560 D=D+LBJsF2PHIMP )=F ITRUES(PIK, TP 1oFJ/LJ%( 1. /LN T-ENMTI-(EJT-ENMT)
TZ70LN=LI 1) +QI00 IP, JI( EJI-ENMT LZLLNM-LJ) )

06255 570 COMTIMNUE

0256 IF (L&.ME.L9) 60 TO 580

0257 DL=LBI=F2PUIP, HI®(GIDCIP)/Z{LN-LI I%(EF1-ENT I+ LBSoFO=F8«P( 3,IP)/L8#(
1. Z(LS# NI T-ENT =1 . ZCL9%(LN-LI ) 1w EQT-ENTI-( 1,/ LH-LS 1es2 ) a{ [ LN~
CLIIAILGws2 )8 ( 1. 0-EF-ToLI=EF)-EST+ENT ) ) +LBOSFIQIO IP, 851 ( 1.0/( LN~
LY 1w )i {LN=-L )/ (LG#=2 19 1. 0-E9-T#LS=E9)-ES1+ENTI )

0253 GO TO 590

0259 580 DL=QICLIP)=V9

0250 DL=DL+LDCsFI#PI 3, IPI«FB /L8 1. /L%l ( T-ENTIALN-VI)-(VB-V9 ) /1LS-L8))

061 OL=DL4LEFS«QI0( IP, 8 1% VEB-VI)/(LS-L8)

0262 DL=LB9«2P(IP, N 1=DL

0263 590 IF (MSPTAR(IP,N).EQ.0) GO TO 620

0266 DO 610 MP=MP1,MP2

0245 CALL MSPSET (MP,IY,T,LNM,ENM,ENMT)

02¢8 oLM=0

6247 IF (L&.NE.L9) 6O TO 600

0268 DLALEF=F 2 IPI=(QIOLIP )/ (LNM-LY 1= (EFT1-ENMT1 ) +LBS#FSeF2 -2 3, 1P /L 8%
TV /LS LB I T=ENM ) =1, Z(L9= T LNM=LS ) I EST-ENMT I~ 1. /(L LEM-L9 )ue2 )
2CILEM-LO)1 (L% 2)w{ 1 0-EG-THLO*EF I-EDV1+ENMT ) J+LROFGeQI0( IP, 8 1ol (
J1.076LRM-LS ) 2 ) m (I LHM-LS )/ (LS#%2 )% 1. 0-E9-ToLG=EDI-EST+EMM1) )

0249 GO TO 610

0270 600 DLM=QI0(IPI=VY

0271 DLM=DLMsLEISFOP{ 3, IPIsFE/LB#( 1. /L% ( T-ENM1)/LMM-VI )=t VB~VI )/ (LG~
nen

0272 CLM=DLM+LEI*F9+QIO IP, 8 )% V8-VD ) /(1L9-L8)

_ 1 ¢ 1
Ej 6){) L)
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0273 DLM=LB9#F2PM(MP }»DLM
0274 DL=DL+DLM
0275 610 CONTINUE
0276 620 DOSE(IP)=(D+DL )*FACTOR=E( IP,IB)/WIIB)
0277 GO TO 680
c
C CALCULATE LYMPH NODES DOSE
c
0278 630 TI=(T-£91)/19
0279 TESI=(T#E9-ES1)/LY
0280 ELRI=ETESTULR(IP),T)
c
(o NOTE THAT IT IS NOW NECESSARY TO EVALUATE THE FUNCTION:
,
TR = T/7X = (1 = EXP(-X»T) )/ X%%2 WHERE X=LR(IP)
c
G WHICH IS INDETERMINATE FOR SMALL VALUES OF X=T. BY POWER SERIES
C EXPANSION OF EXP(-X=T), THE FOLLOWING LIMIT IS FOUND:
€
c TR=0.5%T#T(1 = XT/3 + (XT)%#2/12 = (XT)#=n3/60 + (XT)#x4/360 - ...
C
0281 XT=LR(IP =T
282 IF (XT.6T.(0.1)) GO TO 640
0283 TR=. SuTuTo( 1 ~XT/3. +(XTun2)/12.~( XTu%3) /60, +{ XT%%4)/360.-( XT#=5)/2
1520.)
0284 GO TO 650
0285 640 TR=(T-ELR1)/LR(IP)
0286 650 TRH=(EB1-ELR1)/Z(LR{IP)-L8)
02387 D=QI0(IP)=E91
0228 IF (LB.NE.L9) GO TOC 660
0289 D=D4LEB*FI%(P(3,IP)#F8/L8%(TI+TESI )-QIO0(IP,8)«TESI)
0230 GO TO 670
0291 660 D=D+LBE*FI(P(3,IP)%F8/L8#(TI-(EB1-E91)/(L9-L8))1+QJO(IP,8)%(EET1-ES
11)7(L9-L8))
0292 670 D=D+QMO( IP)SELRI+LBB*( 1. -FOI#(P(3,IP)»F8/LB#( TR-TRH)+QJO( IP,8)%TRH
N
0293 DOSE(IP)=D#FACTOR*E(IP,IB)/H(IB)
02%% 680 CONTINUE
c
C COMPUTE CURRENT QUANTITY OF RADIONUCLIDE IN APPROPRIATE PARTS
4 OF MODEL (DETERMINED BY IB) IN CASE OF A CONTINUED INTEGRATICN.
[
0295 IF (IB.NE.2) GO TO 710
0296 DO 700 IP=1,NNUC
0297 ISOL=IPSOL(IP)
0298 DO 700 J=J1,J2,J3
0299 IF (J.LE.4) GO TO 700
&
& QASKO(IP) IS CURRENT AMOUNT OF ADDITIONAL MATERIAL IN REGION TB
C THAT WAS REMOVED FROM THE PULMONARY REGION VIA PROCESSES F AND G
C TO THE GI TRACT.
=4
0300 IF (J.GT.5) GO TO 650
0301 L4=LP(IP,4)
0302 EG1=ETESTI(LS,T)

wLh
™
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0303 E4=ELP(IP,4,1Y) 551.
0304 QASKDI IPI=QASKO( IP)=ES 552.
0305 G0 TO 700 e K
0306 690 FJ=FP(ISOL,J) 554.
0307 LJ=LPLIP,J) 555.
0308 LBJ=LPBIISOL,J) 554.
0309 EJ=ELPLIP,J,1IY) 557.
0310 QASKO( IP 1=QASKO( IP ) +LBJ#P( 3, IP)/LI*F J*(E41-( EJ-E4)/(L4-L)))+LBJ*Q) 558.
100IP, JI=(EJ-ES)/LLG-L)) 559.

03N 700 CONTINUE 560.
0312 710 IF (IB.LE.X 99 (IB.GE.8.AND.IB.LT.12)) GO TO 840 561.
0313 DO 830 IP=1,NWUC 562.
0314 ISOL=IP30L. IP) 5563.
0315 LE8=LPLIP, ) 664,
0316 L9=LPIIP,S) £65.
0317 LBS8=LPB11I50L.,8) 586,
0318 LB9=LPBLISOL,9) 562,
0319 E9=ELP(IP,9,1IY) 568,
0320 ER=ELP(LIP,8,1IY) 5569%.
0321 F&=FPL1S0L,8) 570.
0322 F9=FP{ISOL,9) 571.
0323 IF (IB.EQ.12) GO TO 810 . |f ¢ Y
0324 EN=ELONI IP,N,IY) 573.
0325 LN=LONIIP,N) 574,
0375 IF (LN.GT.0) ENT=ETESTULN,T) 575.
0327 IF (LN.LE.0) ENT=0, 576.
0328 QHOCIP,N)I=CHOL IP,NI=EN 57117,
0329 IF (MSPT2C(IP,M).£Q.0) GO TO 730 578.
0330 MP1=MSPTAB( IP,N)/10 579.
0331 MP2=MODIMSPTABIIP,H), 10)+MP1-1 580.
0332 DO 720 MP=NMP1,MP2 531.
0333 CALL MSPSET (MP,IY,T,LNM,ENM,ENM1) 582,
0334 720 QHOMIMP 1=QHOM{ MP )*ENM 583.
0335 730 0O 750 J=1,7 524.
0336 K=KFUNCT J) 535,
0337 LJ=LP(IP,J) 526 .
0338 LBJ=LF3( ISOL,J!} 587.
0339 EJ=ELPIIP,J,IY) 528.
0340 FJ=FP{ISOL,:J) £39.
C F1 FRACTION IS UNITY FOR PATHHAYS A,C,E 5%90.

0341 FITRUE=F1(IP) 591.
0342 IF (MOD(J,2).6T.0.AND.J.LT.7) FITRUE=1.0 592.
0343 GHOCIP N =0NOTUIP NI+ LBI#F2PI IP, N I«F ITRUE#I FJ#P(K,IP)/LJ(ENI-(EJ-E 553.
NIZELN-LD ) 1+QI00 IP, J Il EJ-ENI/ILN-LJ)) 594,

0344 IF (MSPTAR(IP,N).EQ.0) GO TO 750 595.
0345 0O 740 MP=MP1,MP2 596.
0346 CALL MSPSET (MP,IY,T,LHM,ENM.ENMT) 597.
0347 740 QHOMIMP I=GHOMIMP ) +LBISF2PMIMP ) sF ITRUE=( FJ*P(K,IP)/LJ*(ENMI-(EJ-ENM 533.
1V/OLNM-LI) 1+QIOCIP, J )=t EJ-ENM ) ZLLRN-L))) 599.

0348 750 CONTINUE 600.
0349 IF (L8.HE.L9) GO TO 760 601,
0350 LIH=((LH-L I%THEF-EF+EN I/ (LN-LS =2 602.
0351 G0 TO 770 603.
0352 760 LIH=1,/7(L9-L8)=((EB-EN)/(LN-LRI=(EF-ENI/LLN-LS}) 604%.
0353 770 L=LBO*F2P(IP,NIs(QID(IP )= EF-EN)/ILN-LY )+LES*FO=(FE=P(3,IP)/L8%i 1, €05,
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0354
0355
0356
0357
0358
0359
0360

0361
0362
0363
0164
0365
0366

0367

0368
0369
0370

0371
0372

0373
0374

0375
0376
0377
0378
0379

0380

0381
0332
0383
0334
0385
0386
0387

0339
0350

sRalale

C
c
c

onoon

DATE = 78357

1/L9%(ENT-(ES-ENI/(LN-L9))-LIH)+QJO( IP,8)%LIH))
QNOCIP,N)=QNO(IP,N)+L

IF (MSPTAB(IP,N).EQ.0) GO TO 810

IF (L8.€Q.L9) GO TO 790

DO 780 MP=MP1,MP2

CALL MSPSET (MP,IY,T,LNM,ENM,ENMT)

LIM=1./(L9-L8 )= ( (EB-ENM)/(LNM-LB)-(E9-ENM)/(LNM-L9))
L=LBI*F2PMIMP ) #(QIO( IP 1% ES-ENM)/(LNM-L9 ) +LBB=#FI=( FE»P(3,IP)/L8*( 1

1. /L= ENM1-(E9-ENM)/(LNM-L9 ) )-LIH)+QJO( IP,8 )=%LIH))

780 GNOMIMP )=QNOMIMP ) +L
60 T0 810

790 0O 800 MP=MP1,MP2
CALL MSPSET (MP,IY,T,LNM,ENM,ENMT)
LIH=((LNM-LY I%T#E9-ES+ENM)I/(LNM-LT J#n2

L=LBI=F2PH(MP )= (QIO( IP i*( ES-ENM)/(LNM-L9 )+LBE*FI=( F8»P/ 3,IP)/L8»( 1

1. /L9%(ENM1-(E9-ENM)Z(LNM-LS ) )-LIH)+QJO(IP,8 )%LIH))

800 QHOM(MP)=QNCHI(IIF 5oL

22/51/58

QI0 AND QMO ARE CURRENT CONCENTRATIONS IN LYMPH AREAS I AND M

FOR POLUTANT(IP)

810 ELRI=ETESTULR(IP),T)
E91=ETESTI(LY,T)

QUMOCIP)=QMO(IP)*ELR(IP,IV)+LB8*(1.~F9)#P(3,IP)=F8/L8*(ELR1-(E8-ELR
1IP,IY)IZ(LRUIP)I-L8))+(1.-F9)»LBE8*QJI0(IP,8 )#(ES-ELR(IP,IY))/(LR(IP

2)-18)
IF (L8.NE.L9) 60 TO 820

606.
607.
608.
609.
610.
611,
612.
613.
614.
615.
616.
617.
618.
619.
620.
621.
§22.
623.
62%.
625.
626.
oc/.
628.
629.
630,
631.
632.

QIOCIP)=QIO(IP)*EF+LBE#FIxF8#P(3,IP)/LI%(EF1-T#ED ) +LBE*F9«QIO( IP,8 633,

1)1=T=E9
GO TO 830

820 QIO(IP)=QIO(IPI*EF+LBE#FI»F8uP(3,1P)/L8#(E91-(EB-E9)/(LS-L8))+LB8x

1F9«QJO(IP,8)=(EB-EF)/(LY-L8)
830 CONTINUE
840 DO 850 IP=1,NNUC
ISOL=IPSOL(IP)
K=KFUNC(J)

QJO IS CURRENT CONC IN RESPECTIVE PATHWAY(J) FOR POLUTANT(IP)

850 QJO(IP,J)=QJO(IP,J)*ELP(IP,J,IY)+P(K,IP)*FP(IS0L,J)*ETESTI(LP(IP,J

1,7

CALCULATE DOSE RATE CURRENT AT END OF INTEGRATION PERIOD

00 930 IP=1,NNUC
IF (IB.GT.3.AND.IB.LT.8) GO TO 890
IF (IB.EQ.12) GO TO 910
IF (IB.NE.2) GO TO 860
J2=4
DRUIP)=QASKO(IP)
GO TO 870
860 DR{IP)=0.
870 DO 830 J=J1,J02,J3
880 CR(IP)I=DREIPI+QJIO(IP,J)

634,
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638.
639.
640.
641,
642.
€43.
644.
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647.
648.
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651.
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655.
656,
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653.
659.
660.
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0391 GO TO 920
0392 890 OR{IPI=QNO(IP,IB-3)
03%3 IF (MSPTAB(IP,IB-3).£Q.0) GO TO 920
0394 MP1=MSPTAB( IP,N)/10
0395 HP2:=MODIMSPTABIIP,N), 10)+MP1-1
0396 DO 900 MP=MP1,HP2
0397 900 DRI IPI=DR( IF J+GNOMIMP)
03958 GO TO %20
0399 910 DRIIPI=QIO(IPI+QNO(IP)
0400 920 DRIIP)=DRIIP)=FACTOR=E(IP,IB)/W(IB)
0401 IF (IB.GT.7.AND.IB.LT.12) DRUIP)=DR{IP)/2.
0402 930 COMTIMUE
0403 GO TO 1020
B
Cc COMMENCE MAIN POKTION OF INGESTION CALCULATIONS
c
0406 940 IF (ICPT.GT.0) GO TO 970
0405 DO S60 IP=1.NRUC
0405 LMN=LON{ IP,N)
0407 IF (LN.GT.0) ENI=ETESTULX,TO)
0408 IF (LN.LE.O) EN1=0.
0409 D1=P(1,IP)=F 1L IP)
0410 QNOCIP,NI=DIsFZPIIP,NI¥ENT
gamn IF (MSPTABIIP,N1.EQ.0) GO TO 960
6412 MP1=MSPTAB(IP,N)/10
0413 MP2=HOD(MSPTASIIP,H), 10 )1+MP1-1
0414 DO 950 MP=NHP1,MF2
0415 CALL MSPSET (MP.IYO,T0,LN4,ENM,ENMT)
0616 950 QHOMIMP)=D 1#F2PHINMP J=ENMI
0417 960 CONTINUE
0418 970 DO 1016 IP=1,NNUC
0419 LN=LONI IP,N)
0420 IF (LN.GT.0) GO TO S80
0421 DOSE(IP)=0.0
0422 pRIIPI=0.0
0423 G0 70 1010
0426 980 EN=ELONIIP,N,IY)
0425 ENT=ETESTI{LN,T)
0426 D1=P(1,IPI=F1LIP)
0427 D=0HO{ IP,NI=ENT+D 1#F2PIIP,N)#{ T-ENT)/LN
0428 GHOLIP,N)=QHO( TP, N)SEN+D 1=F2P( IP,H)=ENT
0429 DH=0.0
0430 ORM=0,0
0431 IF (MSPTABIIP,N).EQ.C) GO TO 1000
0432 MP1=MSPTARIIP,N}/10
0433 MP2=MODIMSPTAB(IP,N), 10)+MP1-1
0434 D0 $50 MP=MP1,MP2
0435 CALL MSPSET (MP,IY,T,LNM,ENM,ENMT)
0934 DH=DM+CHINI PP ISENM 14D 1%F2FHIMP 1% T-ENM 1) /LNM
0437 QHOMEMP 1=0NOHIMP IxENM+D 15F2PHIMP )= ENMT
0438 990 Urii=DRM+CHOMIHP)
0439 1000 DOSE(IP)=FACTOR~(D+DM)=E(IP,IB)/RIIB)
0440 DRIIPI=FACTCA=(QNO(IP,H1+DEMI=E(IP,IB)/HIIB)
0441 1010 CONTINUE
C
0442 1020 RETURN
c
C
0443 1030 FORMAT( 1HO, 'CURRENT BODY PART =',I3,' AND PREVIOUS VALUE =',I3,
1 ' MUST AGREE FOR A CONTINUED INTEGRATION. ERRCR EXIT.')
0444 1040 FORMAT( 1HO, 'STARTING YEAR =',F6.1,
1 f MUST AGREE WITH PREVIOUS ENDING =',F6.1,
2 ' FOR A CONTINUED TNTEGRATION. EPROR EXIT.')
0445 1050 FORMAT( THC, INVALID TO =',F6.1," OR T = ',F6.1)
gzzg 1060 FORMAT( 1HO, 'BODY PART IMNDEX IB =',I4,' IS INVALID')
END

€61,
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669.
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FORTRAN IV G1 RELEASE 2.0

0001
0002
0003
0004

0005

0006

0007

0008

0009
0010

0011
0012

i lalels

BLK DATA

BLOCK DATA
IMPLICIT REALwG (L)

DATE = 78357

22/51/58

COﬂHON/INN&L1/E(10.12).[0”1IO:Ql-LRl10).F1110l.F2P(|0.61.
1 IPSOL( 10) ,NNUC ,MSPTAB( 10,4 ),F2PM( 16 ), LONM( 16 ) , GNOM( 16 )

COMMON/INHAL2/LPB(3,9),FP(3,9),76

I(4),TLI(2),EGI(10,4),EGI1(10,4),

1 LP(10,9),LSI(10),MPMAX,NCALL ,MPEND
DATA E/QS.’§9..48..110..0.61.55..#-0..

0.43,0.49,0.
0.43.0.48»3.

4
0.43,0.48,0.47

MHXOOONOW PN

4
1

CONSTANTS IN SUBROUTINE INITEX.

DATA LPB/
3#0.01,
2#0.4,0.01,
3#0.01,

3%0.2,
500.0,50.0,0.5,
2".0.1.0"5°|
500.0.50.0-1.05'50v
500.0,50.0,0.5,
1000.0,50.0,0.5/

OO AP NP AN

‘3-3‘9-'6‘-'1'0-'0-68)550D4.0-’
63.;".|‘8.’11°.98-26|55.06'°-.
63..Q9..(5..110.-5.2.55..6-0..
220.,240.,240.,110.,29.,280.,4%0.,
‘3.»69."8.011°.p1°..55.|4.°-»
43.,49.,48.,110.,10.,55.,4%0.,
0.43,0.48,0.47,0.48,0.027,0.53,4%0.
7,0.48,0.045,0.53,4#0.
7,0.48,0.019,0.53,4%0.
-0.48.0.019.0.53.4'0.
43.,49.,48.,110.,25.,55. ,4%0./

NOTE THAT ALL LAMBDA DECAY CONSTANTS (LPB
INPUT AS HALF-LIFE VALUES IN DAYS AND ARE CONVERTED TO DECAY

- . .o

DATA LON/100 ,100.,5.7€4,0.398,1200.,25.,4%0.,

15.0,15.0,2.2€4,10.,494.
0.0, 0.0,5.7€4,10.,1500
DATA LONM/4.95,57.75,693.,5330.8,

L R

300.,300.,7.34,0.398,2400.,20.,4+0.,

»66. ,4%0,,
L2032, 4440,/

4.95,57.75,693.,5330.8,8%0.0/

DATA LR/1.6E12,9.1€7,2.9€7,5.9€5,7.1F5,138.4,4»0./

DATA FP/
.01,0.1,0.5,
.$9,0.9,0.5,
.01,0.5,0.95,
.99,0.5,0.05,
.05,0.15,0.8,
.4,0.4,0.0,
.4,0.4,0.0,
.15,0.05,0.2,
.9,1.0,1.0/
DATA F1/2l1.E-2.1.E~6.0
DATA F2P/3%1.0,0.56,2%1,
2+0.11,0.7 0.54,0
2#0.11,0.05,0.002,0
2%0.,0.05,0.000"

OO SN DN -
cooooococoo

AN

won
6

+LON,LR) ARE ACTUALLY

r"\)
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FORTRAN IV G1 RELEASE 2.0

0001

0002
0003
0004

0005

0006
0007

0008
0039
0010

oo
0012
0013
2014
0015
0016
0017
0018
0019

0020
0021
0022
0023
0024
0025
0026
0027

0028
0029
0030
[IRY)
0032

(alalal

(aZslslalale]

z2alslalal (s Ealal

zlzlalal

10

20

30

40

45

1
1

INITEX
SUBROUTINE INITEX

SUBROUTINE TO CONVERT INPUT HALF-LIFE VALUES TO DECAY CONSTANTS.

IMPLICIT REAL®S (L)
REAL»8 ETEST!

DATE = 78357

22/51/58

COMMON/INHAL 1/7E1 10, 12),LON( 10,4),LR(10),F1(10),F2P( 10,4),
IPSOL( 16 ) 4NNUC ,MSPTABI 10,4 ),F2PH( 16) , LONM( 16 ) ,GNOMI 16 )
COMMON/INHAL2/LPB(3,9),FP(3,9),TGI(4),TLI{2),EGI(10,4),E611(10,4),
LP(10,9),LST(10),MPMAX ,NCALL ,MPEND

LN2=ALOG(2.)
F=LN2#365.25

EVALUATE GI TRACT EXPONENTIALS.

READ IN AS DAYS TO LAMBDA IN RECIPROCAL YEARS.

FIRST CONVERT HALF-LIFE DATA
NOTE THAT A

SPECIAL CALCULATION IS NEEDED FOR LAMBDA OF THE SMALL INTESTINE;

IN ALL OTHER CASES, THE RADIOACTIVE DECAY CONSTANT IS USED.

FACT=2%.#365.25
DO 10 IP=1,NNUC
LRIIPI=F/LRIIP)

NOTE THAT CONVERSION FROM HOURS TO YEARS NEEDED FCR TGI & TLI

LSILIP)=FACT/TGI(2)#ALOG(1.0/(1.0-F1(IP)))+LR(IP)

DO 20 J=1,4
T=TGI(J)/FACT

IF (J.67.2) TLI(J-2)=TLI(J-2)/FACT

D0 20 IP=1,NNUC
LGI=LR(IP)

IF (J.€Q.2) LGI=LSI(IP)
EGI(IP,J)=ETESTI(LGI,T)
EGIT(IP,J)=ETESTIILGI,T)

CONVERT INPUT HALF-LIFE DAYS TO LAMBDA IN RECIPROCAL YEARS
FOR BIOLOGICAL REMOVAL CONSTANT (LPB) AND EFFECTIVE ORGAN

DECAY CONSTANT (LON).

00 30 J=1,9

no 30 1s0L=1,3

LPB{ ISOL,J)=F/LPBIISOL,J)

DO 40 N=1,%

DO 40 IP=1,NNUC

IF (LON(IP,N).EQ.0.) GO 10 40
LONCIP,N)=F/LON(IP,N)
CONTINUE

StARCH BACKWARDS THRU LONM FOR 1ST NON-ZERO VALUE.

THE END OF ACTUAL MULTIPLE SUBPATH DATA IN USE.

DO 45 J=1,MPMAX

J1=MPMAX+1-J

IF (LCNM(J1).6T7.0.) GO TO 47
CONTINUE

J1=0

()

THIS MARKS

796.
797.
798.
799.
800.
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803.
805.
805.
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807.
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819.
820.
821.

822.

823.

4.
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FORTRAN IV G1 RELEASE 2.0 INITEX DATE = 78357 22/51/58
0033 47 MPEND=J1
0034 IF (MPEND.EQ.0) GO TO 55
0635 DO 50 J=1,MPEND
0036 " 50 LONM(J)=F/LONM( J)
c CALCULATE EFFECTIVE DECAY CONSTANT (LP) FOR EACH PATHWAY:
c LP=LPB + LR
C
0037 55 DO 60 IP=1,NNUC
0038 ISOL=IPSOL(IP)
0039 00 60 J=1,9
0040 60 LP(IP,J)=LPB(ISOL,J)+LPLIP)
0ecs NCALL=Y
06042 RETURN
0043 END
FORTRAN IV G1 RELEASE 2.0 ECALC DATE = 78357 22/51/58
0001 SUBRQUTINE ECALC (IY,T)
c
C SUBRQUTINE TO EVALUATE AND SAVE EXPONENTIALS USED BY INHALE
C
0002 COMMON/TINHAL1/E( 10, 12),LON( 10,4),LR(10),F 10 10),F2P1 10,4),
1 IPSOL(10),NNUC,MSPTAB( 10,4 ), F2PM( 16),LONMI 161, QN0ME 16 )
0003 COMMON/INHAL2/LPB(3,9),FP13,9),T6GI(4),TLI(2),EGI(10,4),EGI1( 10,4},
1 LP(10,9),LSI(10),MPHAX,NCALL ,MPEND
0e0s COMMON/INHALI/ZELP(10,9,20),ELON( 10,4,20),ELR( 10,20), ELONM( 320)
0005 L0 20 IP=1,NNUC
0006 ELRCIP,IY)I=ETEST(LR(IP),T)
0007 00 10 N=1,4
0003 10 ELONCIP,N,IY)=ETEST(LON(IP,N),T)
0009 00 20 J=1,9
0010 20 ELPUIP,J,IY)=ETEST(LP(IF,J),T)
oon 00 30 J=1,MPEND
0012 30 ELONMI(J-1)#20+IY)=ETEST(LONM(J),T)
0013 RETURN
0014 END

PR
~0
U
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852.
853.

855.
856,
857.
858.
859,

861.
862.
863.
&64.
865.

866,
867.
868.
869.
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875.
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877.
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830.
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8384.
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FORTRAN IV G1 RELEASE 2.0 ETEST DATE = 78357 22/51/58
0001

0002
0CS3
0004
0005
0006
0007
0008
0009

FORTRAN IV G1
0001

0002
0003
0004
0005

0004
0057
0908
0009
0010
001
0012
0013
0014

aiasialalel

10

RELEASE

(alalalalalalal

oOo0

10
20

FUNCTIOM ETEST (LAMB,T)

FUNCTION TO TEST FOR E(PONENTIAL OVERFLOW BEFORE EVALUATION OF
EXP(-LAMNB#T) AND TO RETURN EITHER THE EXPRESSION VALUE OR ZERO
IF LAMB*T>150, WHICH WOULD PRODUCE A VALUE < 0.72E-65.

REAL®4 LAMB

Q=LAMNB»*T

IF (Q.LT.150.) 60 TO 10
ETEST=0.

PETURN

ETEST=EXP(-Q)

RETURN

END

2.0 ETEST! DATE = 78357 22/51/58
FUNCTION ETEST1 (X,T)

FUNCTION TO EVALUATE EXPRESSION: (1-EXP(-X*T))/X

IN THE CASE OF SMALL VALUES OF X«T, DIRECT EVALUATION GIVES THE
INACCURATE VALUE 0.0; HOWEVER, A MORE ACCURATE RESULT IS READILY
OBTAINED BY POWER SERIES EXPANSION OF EXP(-X#T), I.E.:

ETEST1= Tw( 1.0 - X#T/2 + (X#T)w%2/6 - (X«T)%%3/26 +...)

REAL#8 ETEST!,DX,DT,DXT
X=X

DT=T

DXT=DX«0T

REPEAT TEST MADE BY FUNCTION ETEST

IF (DXT.GE.(1.7302)) r0 TC 20

IF (DXT.LT.(1.00-5)) GO TO 10

ETEST1=( 1.000-DEXP( -DXT))/DX

RETURN

ETEST1=DT#( 1.00-DXT/2.00+DXT#2/6.00-DXT##3/2.4D1)
RETURN

ETEST1=1.000/DX

RETURN

END

385.
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FORTZAN IV G1 RELEASE 2.0 FFUNC DLYE = 78357 22/51/58
0601 . FUNCTION KFUNC 144 ;g.
C FUNCTION SUBROUYIME TMAT RETURNS VALUE OF 1,2,3 CORRESPONDING 925.
€ TO SUBCOMPARTHENT Of RESPIRATORY TRACT MODEL :gg.
¢ |
0002 KFUNC=2 928.
0003 IF (J.LE.2) KFUNC=1 929.
0004 IF (J.GE.5) KFUNC=3 930,
0005 RETURN 931,
0006 END 932.
FORTRAN IV G1 PELEASE 2.0 MSPSET DATE = 78357 22/51/58
0001 SUBPOUTINE MSPSET (MP,JY,YEAR,LNM,ENM,ENMT) ggs.
¢ 4.
¢ SUBPOUTINE TO EVALUATE GQUANTTTES NEEDED FOP MULTIPLE SUBPATH 935.
C  CALCULATIONS $35.
C 937.
02 IMPLICIT REAL®G (L) 938,
203 COMION/TNHAL 176/ 10, 121, LONE 10,41, LRO 101, F 10 10),F2P( 10,4), 939.
1 IPSOLE10),MMUC,MSPTAB( 10,4 ), F2PH( 16 ), LONM( 16 1, GNOME 16 ) 949,
0006 COMMON TNHAL2/LPBI 3,9),FP(3,9),T6114), TLI(2),EGT( 10,4),EGI 10 10,4), 941,
1 LP(10,8),LS1(10),MPMAX ,NCALL ,MPEND 942.
0005 COM ON/INHAL3/ZELP( 10,9,20),ELONI 10,4,20),ELR( 10,20), ELONM( 320) 943,
cocs LEM=LONMIMP) 944,
8007 ENM=ELONMI { MP-1)%204 JY) 945,
0008 ENMT=ETEST 10 LNM, YEAR ) 346
0009 RETURN 947.
3610 END 948.

560 197
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FORTRAN IV G1 RELEASE 2.0 FRACT DATE = 78357 22/51/58

0001 SUBROUTINE FRACT (U,UD,DM) QQS:
c 950.

c SUBROUTINE TO CALCULATE FRACTION OF INHALATED MATERIAL DEPOSITED  951.

c IN THE 3 SUBCOMPARTMENTS OF THE LUNG MODEL AS A FUNCTION OF 952.

C PARTICLE SIZE. zgz

c .

C CALCULATION BASED ON LINEAR DEPENDENCE OF THE PROBABILITY OF 955.

c PARTICLE DEPOSITION VS. LOG OF PARTICLE SIZE AS OBSERVED BY THE 956.

c TASK GROUP ON LUNG DEPOSITION. A LEAST SQUARES FIT WAS MADE TO 957.

C THEIR DATA TO OBTAIN EMPIRICAL PARAMETERS FOR THE NASOPHARYNGEAL 958,

c & PULMONARY SUBCOMPARTMENTS. FOR THE TRACHEOBRONCHIAL A CONSTANT 959.

c DEPOSITION FRACTION OF 0.08 IS ASSUMED. :gg

C .

c NOTE THAT THE SUM OF FRACTIONS DEPOSITED WILL EXCEED ONE FOR 962.

C PARTICLE SIZES > 7. WHEN THIS OCCURS, ALL COMPARTMENT FRACTIONS  $63.

c ARE NORMALIZED SO THAT THE SUM WILL BE 1.0. 9:-';

C 965.

C ARGUMENTS : 966.

E U = INPL™ “ERODYNAMIC EQUIVALENT PARTICLE CIAMETER IN MICRONS 967.

968.

C UD - INPUT PARTICLE DENSITY IN G/CH3 969.

C 970.

c OM -~ RETURNED FRACTIONS DEPOSITED IN MASOPHARYNGEAL , 971.

c TRACHEOBRONCHIAL, AND PULMOMAKY SUBCOMPARMENTS. 972.

c 973.

I L T DL

C 5.

0002 DIMENSION DM(3),A(2),B12) 976.
0003 DATA C/0.7071068/,A7-0.51015,-0.68804/,B/1,81355,-0.73032/ 977.
0004 X=ALOG 101 U#SGRT(UD )) 978,
0005 00 50 k=1,3 979.
0006 IF (K-2) 10,40,20 980.
0007 10 J=1 981.
0008 GO TO 30 982.
0009 20 J=2 9&3.
0010 30 Y=A(J)+BlJ)#X 584.
C 985.

c QUANTITY DESIRED IS THE INTEGRAL OF THE NORMAL PROBABILITY 986.

C FUNCTION FROM MINUS INFINITY TO Y. THIS IS RELATED TO THE NOPMAL 937.

C ERROR FUNCTION, ERF, AS FOLLOWS: SE8.

C “89.

oon DMIK)={ 1. 0+ERFIY%C))/2.0 990
0012 GO TO 50 §91.
0013 40 DM(K)=0.08 / ”e.
0014 50 CONTINUE §93.
0015 T=0M( 1)+BM(2)+DM( 3) 994.
0016 IF (T.LE.1.0) PETURN 995.
C 996.

c NORMALIZE COMPARTMENT FRACTIONS SO THAT TOTAL WILL BE 1.0 997.

c 9%8.

0017 00 60 ¥X=1,3 999.
0018 60 DMIK)=DM(K )T 1000.
0019 KETURN 1001
0020 END 1002.
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LEVEL 21.7 ( JAN 73 ) 057360 FORTRAN H
COMPILER OPTIONS - NAME= MAIN,OPT=00,LINECNT=57,S12E=0000K,

ISN 0002
ISN (003
ISN 0004
ISH 00C5
ISH 0006

ISN 0007
IsN 0008

ISN 0090%
ISh 0010

IsN 00N

ISN 0012

ISN 0013

SOURCE ,EBCDIC NOLIST ,NOGECK , LOAD ,NOHAP ,NOEDIT, ID ,HOXREF
CONCPLOT - PROGRAMMED BY A. ZIELEN (3/23/77,11/11/77,5/11/78)

PROGRAM TO PREPARE CONCENTRATION IN AIR AND ON GROUND VS,
DISTANCE PLOTS FROM DATA GENERATED BY UDADS FROGRAM. PROGRAM
ALSO PREPARES A WORKING LEVEL VS. DISTANCE PLOT.

INPUT DATA FOP CONCENTRATION PLOTS ARE THE ARRAYS TCHGC(I,M,L)
FOR CLOUD AMD TCHGO!I,M,L) FOR GROUND. THE ACTUAL DIMENSION OF
THESE ARPAYS IS TCNGC(5,300) AND TCHGO(5,300), AND THE 1ST 240
POINTS FOR EACH POLUTANT FOLLOW THE M.L DISTRIBUTION GIVEN BELOHW.

I = POLUTANT (U238,TH230,RA226,PB210,P0210)

M = NORMAL KM DISTAMCE (.1,.5,1,2,3,4,5,10,20,30,40,50,60,70,20)

L = ANGLE 10,22.5,45,67.5,50,112.5,135,157.5,180,202.5,225,247.5,
270,292.5,315,337.5).

RN222 DATA (IN CLOUD ONLY) APE OBTAINED FROM ARPAY RNi 3001, WHICH
IS ACTUALLY ARRZNGED IN CORE AS RHIM,L). SIMILARLY, WORKING
LEVEL DATA ARE OBTAINED FROM THE ARRAY WL1300).

L wun

(22 latalalalalalalalalelalalnlalolalals el

INTEGER REGICHI6),TITLEN(10),TITLE2(7),YLABELI 13,2),BLANKI20),

1 XLABEL(S)

LOGICAL®1 SITE(28)

DINENSION TCNGCt5,300),TCNGO(S,300),RH(300),ML! 300),L0C(7),

1 NUKE(3,6),XRHO015),Y(15), IPAIS0) ,BUF( 1300,2)

EGQUIVALENCE (BUF(T1, 1), TCNGCI 1, 1) )1, (BUFL1501,1),RHL 1)),

1 (BUF(1,2),TCHGO0 1, 1)), (BUF(1501,2),KL1 1)),

2  (LOCO1),SITE(T1),REGIONI 1))

uAn TITLEY/'(CI0* , "NCEN' , *TRAT" ,*TON:*,* YEW','0.8)','238!",
lEXHXO l(u,‘l ' 0/

MTA TITLE27' 'E*,'0.5)","(KIO',"RKIN','G (L',"IEVE','Ls '/

DATA YLABEL/' !E'.'0.5)'.‘llm'.' AIRY ' (L)' ,'PIC) ' I/MYY,

1 YEHD. ', 830 TEXHX W ITE, Y 'S80, Yy
*OTE'L'0.5)',MOINY, Y GROY,CUND YL CLIPY,HCHTY,
3 '/MIE',"HD.8", ' I2MEY,TXHX) ', TELBY S N/

DATA XLABEL/'(DII',"STaN','CE (', CIKM',')8 '/
DATL MUKEZ'238!','(U)s'," !
'230T,(TIHY, '8
'S2H1T RN 'S
21010, PIR s
2101, (PIDY e
12221 (RN, '8
DATA BLANK/20#' o

INPUT UDAD DATA
e
READ (8) REGION,XRHO,IMX,TCNGC,TCNGO,RN, KL
SEARCH NAME OF SITE, FIND END, ENCLOSE IN (), END WITH $.

0o 10 I=1,24

LR

g

-

..

aonNno oon

i
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ISN 0014
ISN 0015
ISN 0017
ISN 0018
ISN 0019
ISN 0020
ISN 0021
ISN 0022
1SMN 0023
ISN 0024
ISN 0025

ISN 0026
ISN 0027
ISH 0028

ISN 0029
ISN 0030
ISN 0031

ISN 0032
ISN 0033
ISN 0034
ISH 0035
ISN 0036
IS 0037
ISN 0038
ISN 0039
ISN 0040
ISN 0041
ISN 0042
ISN 0043
ISN 0044
ISN 0045
ISN 0046
ISN 0047
ISH 0048
ISN 0049
ISN 0050
ISN 0051

ISN 0052
ISN 0053
ISN 0054

o0 (a2 alal

alalal

sleslalal

o0

J225-1
IF ISITE(J).NE.64) GO TO 20
10 CONTINUE
FRINT 230
G0 TO 220
20 SITE(J+3)=91
SITE( J+2)=93
DO 30 1=1,J
JizJel-1
30 SITE(J1+1)=SITE(J1)
SITE(1)=77
e
FILL REMAINING LOCATIONS WITH BLANKS
e
J1zJ+G
Do 35 1=J1,28
35 SITE(I)=64
LAl
IMX IS THE INDEX(1-16) OF THE ANGLE FOR MAX DISPERSION
-
THAX=22 . 5#FLOAT( IMX~1)
ITMAX=THAX
PRINT 240, LOC,IMX,IMX,THAX
En
START ACTUAL PLOT ROUTINE
..
CALL STRTPL
CALL BENPL (1)
CALL SCMPLX
CALL BASALF ('L/CSTD")
CALL MIXALF ('STAND')
CALL MX3ALF ('L/CGR','m')
CALL MX5ALF (*INSTR','!*)
CALL NOERDR
CALL SPLINE
J=LINEST(IFA,50,4)
CALL LINES ('#Q)8',IPA.1)
CALL LINES ('(N)$',1IPA,2)
CALL LINES ('(E)$',IPA,3)
CALL LINES ('(S)8',IPA,4)
CALL LINES ('(HW)$',IPA,5)
xL=3.6
YL=4.0
YL1=YL-0.375
CALL LOGSCL (XRHO( 1),XRHO( 15),X0RG,XCYCLE,XL)
IXTOTL=INT(XL/XCYCLE+0.5)
FOLLOWING ADJUSMENT TO XCYCLE NEEEDED BECAUSE LOGSCL ALWAYS ADDS
AN EXTRA CYCLE TO ALLOH FOR LEGENDS, STORIES, ETC.
XCYCLE=XL/FLOAT(IXTOTL-1)
LAP=0
D0 210 KASE=1,2
e
KASE=1 FOR CLOUD CONCENTRATION (INCLUDING RACON)

560
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E KASE=2 FOR GROUND CONCENTRATION (NO RADON) & WORKING LEVEL m
- N
ISN 0055 Do 216 1=1,6 1m.

1SN 0056 IF (2.L7.6) Y1=BUF(I,KASE) 112,

ISN 0058 IF (1.€Q.6) Y1=BUF(1501,KASE) 113.

ISH 0060 IF ‘Y1,LE.0.0) GO TO 210 114,

ISN 0062 IF (1.EQ.6.AND.KASE.EQ.2) GO TO 50 115.

ISH 0064 B0 40 N=1,3 116.

1SN 0055 NizN+b 117.

1SN 0064 IF (N.GT.1) Hi=N, 1 113.

I5H 0048 40 TITLEUNTI=HUKEIN,T) 119.

! 1SN 0059 S0 IF (MOGILAP,2).EQ.0) CALL PHYSOR (1.4,2.1) 120.
g 15N 0071 IF (MOD(LAP,2).GT.0) CALL PHYSOR (6.5,2.1) 121,
| 18M4 0073 YMIN=1.E75 122,
l 1S4 0074 YMAY=-1,E75 123.
; ISH 0075 IF (1.EQ.6.AND.KASE.EQ.2) GO TO 60 124.
, 158 0077 CALL TITLE (TITLE1,-100,XLABEL,100,YLABEL( 1,KASE), 100,XL,YL) 125.
» ISN 0078 G0 T0 70 125.
| ISN 0079 - 60 CALL TITLE (TITLE2,-100,XLABEL,100,TITLE2, 100,XL,YL) :Lé
e . P

; c SEARCH FOR MIN AMD MAX ORDINATE VALUES TO SCALE PLOT 1?.
C wwe 130.

[ ISN 0080 70 0O 110 L1=1,5 131,
| ISN 0081 IF (L1.6T.1) GO TO 80 132.
| 1SH 0083 IF (MOD(IMX-1,%4).€Q.0) GO TO 110 133.
l 1SN 0035 L=IHX 134.
15N 0084 GO TO 90 135.

ISN G037 80 L=(L1-2)%441 135,

ISN 0028 $0 0O 100 M=1,15 137.

18N 0089 IF (I.LT.6) K=(L-11%75+(M-1)%5+1 138.

ISN 0691 IF (1.EQ.6) K=1500+(L-1)%15+M 139,

ISH 0093 YMIN=AMINT( YMIN,BUF (K ,KASE)) 140,

| 1SN 009 100 AX=AMAX T( YMAX ,BUF (K ,KASE)) 141,
: ISH 0095 3 110 CONTINUE 142,
1h3.

c FOLLOWING CODE ADDED TO LIMIT THE WUMBER OF LOG CYCLES. 1IF 144,

c THERE ARE TOO MANY, DISSPLA WILL NOT GENERATE A PLOT AMD NO 145,

| c ERRCR MESSAGE IS PRODUCED. 145,
. ¢ 147.
y 1SN 0096 Y 1=ALOG10( YHIN) 143,
- 134 0097 Y2=ALOG 10 YMAX ) 143,
' I5M 0058 IF 1(Y2-* ).LE.7.) 6O TO 120 150,
ISN 0100 YMIN=EX)h ..302585+(Y2-7.)) 151.

ISN 0101 120 CALL LOGSCL (YMIM,YMAX,YORG,YCYCLE,YL) 152,

158 0102 IYTOTL=1+INTIYL/YCYCLE+D.5) 153.

154 0103 CALL LOGLOS (XORG,XCYCLE,YORG,YCYCLE) 154.

ISN 010% CALL RESET {'BLNK1') 155,

1SN 0105 { ML MESSAS (L0Cf,100,0.2,3.7) 155.

ISN 0106 Cacl BLHKY €0.0,%L.YL1,YL,0) 157.

: ISN 0107 CALL BLNK2 €0.1,1.35,0.1,1.75,1) 158.
I ISN 0108 18TYN=-2 159,
1SN 0103 po 180 L1=1,5 160.

! ISN 0110 ISYN=1SYMe2 161,
| I5H 0111 CALL MARKER (ISYM) 162.
15N 0112 IF (L1.GT.1) GO TO 130 163.

|
| 560 201
|
|
|
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ISN 0114 L=IMx 164.
ISN 0115 GO TO 140 165.
ISH 0116 130 L=(L1-2)8641 166.
ISN 0117 140 DO 150 M=1,15 167.
ISN 0118 IF (I.LT.6) Kz(L-1)#75+(M~1)u5+] 1€8.
ISN 0120 IF (1.EQ.6) K=1500+(L-1)%15+M 169.
ISh 0122 150 YiM)=BUF (K,KASE) 170.
ISN 0123 DO 160 M=1,15 ¥1i
ISH 0124 MMAX=16-M 172.
ISN 0125 IF (YIMMAX).GE.YMIN) GO TO 170 173.
ISH 0127 160 CONTINUE 176.
ISN 0128 GO TO 180 175.
ISN 0129 170 CALL CURVE (XRHO,Y,MMAX,1) 176.
ISN 0130 180 CONTINUE 177.
ISN 0131 CALL RESET ('BLNK2') 178.
ISN 0132 IF (MOD(IMX,2).€Q.0) 60 TO 190 179.
ISN 0134 CALL MESSAG ('=Q) = ¢',100,0.2.1.5) 180.
ISN 0135 CALL INTNO (ITHAX,'ABUT','ABUT') 181.
1SH 0136 GO TO 200 182.
ISN 0137 190 CALL MESSAG ('#Q) =%',100,0.2,1.5) 183.
ISN 013% CALL PEALNO (TMAX,1,'ABUT','ABUT") 184.
ISN 0139 200 CALL LEGEND (IPA,5,0.645,0.2) 185.
ISN 0140 CALL XLBAXS (BLANK,1,IXTOTL,XL,' ',-1,0.,YL) 186.
ISN 0141 CALL YLBAXS (BLANK,1,IYTOTL,YL," *,-1,XL,0.) 187.
ISN 0142 IF (MCD(LAP,2).EQ.0) CALL ENDGR (-1) 188.
ISN 0144 IF (MOD(LAP,2).0T7.0) CALL ENDPL (0) 189.
ISH D146 LAP=LAP+1 150.
ISN 0147 210 CONTINMUE 191.
ISN 0148 IF (MOD(LAP,2).6T7.0) CALL ENDPL(D) 192.
ISH 0150 CALL DONEPL 193.
ISH 0151 220 SToOP 154.

C 195.

c 196.

C 197.
ISN 0152 230 FORMAT ( THO,'REGION ARRAY ALL BLANKS') 158.
ISN 0153 240 FORMATUTH1,7A4,4X, 'IMX =',13,4X, 'THETAL',12,') =',F6.1) 199.
ISN 0154 END 200,

*0PTIONS IN EFFECT# NAME= MAIN,OPY=00,LINECNT=57,SI2E=0000K,
#0PTIONS IN EFFECT= SOURCE ,EBCDIC,NOLIST,NODECK, LOAD ,NOMAP ,NOEDIT, ID ,NOXREF

#STATISTICS» SOURCE STATEMENTS = 153 ,PROGRAM SIZE = 19394
#STATISTICS# NO DIAGNOSTICS GENERATED
swwsus END OF COMPILATION swwwuw 81K BYTES OF CORE NOT USED
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PL/1 OPTIMIZING COMPILER CONTOUR: PROC OPTTONSIMAINI;

i SOURCE LISTING

| STMT LEV NT
ﬁ

| 1 0 CONTOUR: PROC OPTICNS(MAIN); 1.
| /% FROCEDURE TO USE FTOSF001 FILE FRCH UDADS TO SELECT DATA AND » 2.
j /% GENEPATE AN EXECUTICN DECK FOR THE BLACKBOX ISOPLETH PLOT ar 3
1 /% PROGRAM (A. ZIELEN, 4712/78). */ &,
2 10 DCL INDATA FILE SEQUENTIAL RECORD INPUT; 5.
! 3 18 DCL (QUTDATA,BLKBOX) FILE SEQUENTIAL RECORD OUTFUT; 6.
' 4 19 DCL BUF CHIRI80); 2
5 10 DCL CRGANTIS) CHARIG) 8.
INITIAL('BODY ','BONE ','LUNG *,'KIDNEY','LIVER '); 9.
6 10 DCL MUKET(7) CHAR(S) INI" IAL('U238 ','U234 ','TH230', 11,
‘RAZ26', 'PB210", 'PO21T ', *RN222" ); 11.
| 7 10 DCL CNGAN CHAR(6): 12.
| 8 10 DCL NUKE(7) CHAR(5); 13.
f 9 10 DCL MAP(5,7) BIT(1); 1%.
/% MAP(I,J) IS THE BIT MAP TO REGULATE OUTPUT: w/ 15,
/% 1 = 1: BODY, = 2: BONE, = 3: LUNG, = 4: KIDNEY, = 5: LIVER 7 16,
. J = 102039‘.:5t6»7 FOR U238.023’0.TH230.RA226.P8210.P0210.QN222 »/ 17.
/% IN ALL CASES: 0 IF MOT ACTIVE, ' IF ACTIVE »/ 18.
M 10 DCL {FLAG,FLACT,FLAG2) BIT(1); 19.
11 10 DCL TEMP CHAR(B0) VAR; 20.
2 10 DCL WORK(300) CHAR(80); 21.
13 10 DCL REGION CHARIZG); 22.
% 10 DCL I,11,12,J,J1,K,K1,KMAX,L .M, ADD,IFIT; -
15 10 DCL FOPMIT7) CHAR(12) INITIAL('F7.0,647X YL UT7%,F7.0,40% ¢, 25,
14X ,F7.0,33%",'21%,F7.0,26X",'28%,F7.0,19%", bg
*I5X,F7.0,12X", '42X,F7.0,5% *); 25,
% 10 DCL (XMIN(2),XMAX(2),XUNITI2),DELTAI2) )} DECI6,2); 27.
17 10 OPEN FILE(INDATA),FILE(OUTDATA),FILE(BLKBOX); 28.
8 10 ON ENDFILE(SYSIN) GO TO GETLCG; 23.
9 10 po I=1 70 5; 30.
20 1 1 D0 J=170 7; .5
29 1 2 MAP(1,J)='0"B; 32.
2 1 2 END; s
23 1 1 END; 34,
/Qm!“lliGU"!!IOIGC!Ii.'bl“ll.lﬂl’!bl.l!Ilﬂlil*lhi!.liulﬂlll.l'&&i/ }5
/% READ INPUT DATA (2 TO 6 CARDS): w/ 36,
1 S «s 37.
| /% 1ST CARD INDICATES GRID SPACING AND CONTOUR INVERVAL FOR THE »/ 3%,

/% CNE CR TWO ISOPLETH PLOTS PRODUCED FOR EACH SELECTED ORGAN AND =/ 3.
/%  NUCLIDE (SEE BELOW). LEAVE ERID FIELD BLANK TO CBTAIN DEFAULT =/ 40,

S VALUES. SET GRID FIELD NEGATIVE TO OMIT PLOT TYPE. =/ 41,
Ve ] s/ &2,
/. 15T CARD ALSO INCLUDES OPTIONS ON INCLUDING EXTRA RECEPTORS «/ 63,
/. FOR COMTOUR GENERATION AMD FOR LINEAR OR QUADRATIC FIT IN #/ 64,
1 - INTERPOLATION. 15T CARD FORMAT IS (% F(5,2),2 (X4,F(1)): =/ §5,
! Fé J L 46.
|
I / ~NMT7
| 560 ZUS
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PL/1 OPTIMIZING COMPILER CONTOUR: PROC OPTIONS(MAINI;
STHMT LEV NY

/" COL 1- 5 GRID 1, DEFAULT = 2.00 KM SQUARES
/. 6-10 INTERVAL 1, DEFAULT = 0.25 LOG UNITS
/. 11-15 GRID 2, DEFAULT = 20.00 kM SQUARES
/ 16-20  INTERVAL 2, DEFAULT = 0.50 LOG UNITS
/u 25 INCLUDE ADDITIONAL RECEPTCRS IF = 1 (DEFAULT = 0)
/. 30 LINEAR INTERPOL. IF = 1 (QUADRATIC DEFAULT = 0)
/.

/#  ON EACH SUBSEQUENT CAPD, ORGAN AND UP TO 7 SELECTED NUCLIDES.
/% FORMAT IS A(6),7(X(1),A(5)), STARTING IN COL(1).

“/
./
L
.
-/
/s
-/
w/
./

R L L

24 10 GET EDITOXUMNIT(1),DELTAIY),XUNIT(2),DELTA(2),IADD,IFIT)

(COLIT), & Fi5,2),2 (X(G),FL1)));
25 10 0O M=1 T0 2;
26 11 IF XUNIT(M) < O THEN GO TO EMDIN;
27 A IF XUNIT(M) = 0 THEN

00;
28 1 2 IF M=1 THEN 0O;
2% 1 3 XUNIT(1)=2.00;
30 13 DELTAL1)=0.25;
3T 1 3 END;
2 1 2 ELSE DO;
3 1 3 XUNIT(2)=20.00;
% 13 DELTA(2)=0.50;
% 13 END;
3 1 2 END;
37 11 XMINIM)==GuXUNIT(M);
3 11 XMAXU ) =4*XUNIT(M)-0.01;
39 1 1 ENDIN: END;
40 1 0 LOOPO: DO I=1T705;
41 1 1 GET EDITIORGAN,NUKE) (COL(1),A(6),7 (X(1),A(5)));
%2 11 00 I1 =170 5;
43 1 2 IF ORGAN = ORGANI(I1) THEN GO TO CONT;
4% 1 2 END;
45 11 PUT SKIP LIST ('CRGAN ERROR IN FOLLOWING LINE:');
% 11 FUT SKIP DATA (ORGAN,NUKE);
47 11 PUT SKIP LIST ('ORGAN SET AT "'BODY''');
48 11 11=1;
49 1 1 CONT: FLAG='0'B;
50 11 D0 J=1T707;
51 1 2 IF NUKE(J) = ' ' THEN GO TO CONTY;
52 1 2 FLAG = '1'B;
53 1 2 po J1 =110 7;
54 1 3 IF NUKE(J)=NUKE J1) THEN
DO

5 14 MAP(I1,J1)='1'B;
56 1 4 GO TO CONTI;
57 1 4 END;
8 13 EMD;
9 1 2 PUT SKIP LIST('NUCLIDE ERROR AS FOLLOWS:');

~o
D
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|
]
!
i PL/1 OPTIMIZING COMPILER CONTOUR: PROC OPTIONS(MAIN);
] STMT LEV NT
‘ 60 1 2 PUT SKIP DATA(ORGAN,.NUKE(J)); 96,
| 61 1 2 PUT SKIP LIST('NUCLIDE SET TO U238'); 97.
‘ 62 1 2 MAP(I1,1)='1'B; $8.
| 63 1 2 CONTI:  END; 39.
/% CHECK IF ALL NUKE(J) VALUES SET AT ' C s 100.
| 6 11 IF FLAG THEN GO TO ENDO; 101.
| 65 11 PUT SKIP LIST('NUCLIDE ERROR AS FOLLOWS:'); 102.
' 6 11 PUT SKIP DATALORGAN,NUKE ); 103,
‘ 67 1 1 PUT SKIP LIST('NUCLIDE SET TO U238'); 104.
63 1 1 MAPII1,1)='1'B; 105.
69 1 1 ENDO: END 1LOOPO; 105.
/% COMMENCE READING LOG CONCENTRATIONS DATA FILE =/ 107.
70 1 0 GETLOG: ON ENDFILEIINDATAY GO TO CONTG; 18,
/% SPECIAL PEAD FOR 1ST RECORD IN FILE =/ 169.
% 19 READ FILE(TINDATA) INTO(BUF); $10.
72 10 REGION=SUSSTRIBUF ,25,24); 11
' 73 7 0 LOOP1: DO I1=1T0S5; 112.
' 7% 11 FLAGI='0'B; 113.
| % 11 FLAG2='0'8; 114%.
% 71 DO J1=1 10 7; 115,
t 77 1 2 IF MAP(I1,J1) THEN FLAG1='1'B; 115,
8 12 EMD; 17.
7% 11 IF ~FLAG] THEN GO TO END1; 118.
&8 11 L=0; 11%.
. 81 11 DO WHILE (L=0); 120.
, /% SEARCH FOR 1ST RECORD IN SUBSET OF FILE =~ 121.
g2 1 2 TEMP=SUBSTRIEUF,1,12); 122.
83 1 2 L=INDEX( TEMP,ORGANT(I1)); 23.
g4 1 2 READ FILE(INDATA) INTO(BUF); 126,
&8 1 2 END; 125.
8 1 1 LOOPIA: Do J1=1 10 7; 128.
87 1 2 IF ~MAPIT1,J1) THEN GO TO ENDIA; 127.
/% FLAG2 SET AFTER DATA TRANSFERRED TO HORK #»/ 128.
88 1 2 IF FLAG2 THEN GO TO CONTS; 129.
8 12 k=13 130.
50 1 2 L=0; 131.
$1 1 2 Loop2: DO WHILE (L=0); 132.
%2 1 3 IF I1<5 THEN 133.
| 00; 134%.
/% SEAPCH FOR END OF SUBSET PORTION OF FILE =/ 135,
93 1 4 TEMP=SUSSTRIBUF, 1,12); 135.
% 1 & DO I2:=11+1 70 5: 137.
$5 1 5 L=IMDEX( TEMP,ORGANTII2) ); 138.
9% 1 5 IF L>0 THEN GO TO CONT4; 139.
97 1 5 END; 140
S8 1 & END; 1%1.
9 1 3 WORK (K )=BUF ; 162,
00 1 3 K=K+ 1; 143.
Wl 1 3 READ FILE(INDATA) INTO(BUF); %4,

-

o
(S5

|
|
|
l
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PL/1 OPTIMIZING COMPILER

STMT LEV NT

102
103
104
105
106
107

108
109

110

i
112

113

114
115
116

117
118
19

126
121

123
124

125

127
128
129
130

131
132

133
134
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CONTOUR: PROC OPTIONSIMAIN);

END LCOP2;
CONTG: KHAX=K=1;
IF TADD=0 THEN KMAX=240;
TEMP=REPEAT(' ',76);
TEMP=TEMP || 'END';
FLAG2='1'B;
/% SEARCH FOR END OF FILE SUBSET WITH LAST LEGAL DATA VALUE. L
/% UNSATISFACTORY DATA SET AT '-50.000' BY UDADS. */
CONTS: IF SUBSTRIWORK(KMAX),26+(J1-1)%7,7)~="'-50.000"
THEN K1=KMAX;
ELSE
DO K1=KMAX-2 TO 1 BY -1;
IF SUBSTRINORK(K141),24+(J1-1)%7,7)~='-50.000"
THEN GO TO LOOP3;
END;
IF SUBSTRIKORK(1),24+(J1-1)%7,7)~=" 10.000°
THEN 60 TO LCOP3;
PUT SKIP EDIT ('NO DATA FOR ',ORGANT(IVT),NUKE1(J1))
(A,A(6),X(1),A(5));
MAP(11,J1)='0'8;
GO TO END1A;
LOOP3: DO M=1 TO 2;
/% WRITE DATA FOR (NOMINAL) 8 AND 80 KM ISOPLETH PLOTS »/
IF XUNITI(M)<0 THEN GO TO END3;
DO K=1 TO K1;
IF SUBSTRIWORKIK),26+4(J1-1)%7,7)~='~50,000"
THEN HWRITE FILE(QUTDATA) FROMIRORK(K));
END;
KRITE FILE(OUTDATA) FROMITEMP); /# ADD END CARD »/
END3: END LOOP3;
END1A: END LOOP1A;
END1: END LOCP1;
S- -
/# COMMENCE SECOND PART OF PROGRAM - CONSTRUCT EXECUTION DECK FOR ./
/% SYS1.PLOTPKG.CONTOUR .BLACKBOX -/
S */
ILOOP: DO I1=1 TO 5;
JLOOP: go J1=1 10 7;
IF ~MAP(I1,J1) THEN GO TO ENDJ;
MLOOP: DO H=1 10 2;

IF XUNIT(M)<0 THEN GO TO ENOM;

PUT STRING(BUF) EDIT('1 TITLE','LOG SAFETY FACTOR - °*,

CRGANT(IN), 'EIS') (A(7),X13),A120),A16),
A(32),A03));

WRITE FILE(BLKBOX) FROMIBUF);

PUT STRING(BUF) EDIT('2 KEYS','1 1','8',IFIT}
(AL6),X113),A15),X(25),A01),X(7),FL1));

WRITE FILE{BLKBOX) FROM{BUF);

I\

145.
146,
147.
148.
149.
150.
151.
152.
153.
15%.
155.
156.
157.
158,
159.
160.
161.
162,
163.
164.
165.
166.
167.
168.
169.
170.
171,
172.
173.
176.
17S.
176.
177.
178.
179.
180.
181.
182.
183.
18%.
185.
186.
187.
188.
189.
190.
151.
192.
PUT STRING(BUF) EDIT('3 SCALE',XMIN(M),XMIN(M),XUNIT(M)) 193.



PL/I OPTIMIZING COMPILER

STHMT LEV NT

135
136

137
138

139
140

141
142
143
154
145
146
147

- —

e

e e

N W

DOD LN

ENDM:
ENDJ:

CONTOUR: PROC OPTIONS(MAINI;

(A(7),X(3),3 F(10,2));

WRITE FILE(BLKBOX) FROM(BUF);

PUT STRINGIBUF) EDIT('G GRID',DELTA(M),XHAX(M),XMAXIM))
(A16),X024),F110,2),X(10),2 F(10,2));

WRITE FILE(BLKBOX) FROMIBUF);

PUT STRING(EUF) EDIT('S POST','KM',REGION)

WRITE FILE(BLKBOX) FROM(BUF);

PUT STRING(BUF) EDIT('6 FORMAT','(5X,2€%9.0,',FCRM(J1},
*LAS) L NUKETIT))
(A18),X(2),A010),A(12),A14),X(24),A(5));

WRITE FILE(BLKBOX) FROMBUF ),

END MLOOP;
END JLOOP;
END ILOOP;
PUT STRIMNGIBUF) EDIT('8 STOP') (Al6));
RPITE FILE(BLKBOX) FROMIBUF);
ENG CONTOUR;

~d

1564,
195.
156.
197.
198.
199.
200.
201.
202,
203.
20%.

205,

-

ane
&

209.
210.
211.

LOJ .

207.
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LISTING OF EXECUTION DECK FOR UDAD SAMPLE PROBLEM

APPENDIX B.

FENCE PO','ST',

EXEC UDAD,FILE='B04183.UDADSAMP',
00D =

ISODISP='(0OLD,CATLG )" ,CONDISP="(0LD,CATLG)'

//760.SYSIN

s oNNnNe
- - -8850‘4 s

SINDATA REGION='UDAD SAMPLE PROBLEM,

METSET='SAMPLE METSET',

IDTAIL(1)=3,

//UDADSAMP JOB (F04183,25,0,12),Z1ELEN,CLASS=C,PRTY=H

Cua

//#FORMAT PR ,DONAME=,DEST=3800

//#%MAIN ORG=LOCAL

//STEP1
77

Ea
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XNAME(1,2) ='TRAILER',
XMAME( 1,3)='RANCH 1',
XNAME(1,6) ='RANCH 2',
¥NAME(1,5) ='RANCH 3',
XHAME( 1,6) = 'RANCH 3V',
XMAME(1,7) ='RANCH &',
XNAME(1,8. ='"RANCH 5,
XMAME( 1,9) ='RANCH 6',
XNAME(1,10) ='RANCH 6V',
XNAME(1,11) ='RANCH 7°,
XNAME( 1,12) ='RANCH 8°',
XNAME(1,13) ='RANCH 9',
XNAME( 1,14) ='RANCH 10',
XNAME(1,15) ="RANCH 11',
XMAME(1,16) ='FANCH 12',
XHAME(1,17) ='RANCH 12*,'V',
XNAMEC 1,18) ="RANCH 13°',
XNAME( 1,19) ='RANCH 14,
XNAME(1,20) ='RANCH 15',
XNAME(1,21) ='RANCH 16°,
XNAHE[1.22) ='RANCH 16','V*,
XHAME( 1,23) ='REST CIT','Y',
XMAME( 1.2%) ='EAST CIT','Y',
YHAME(1,25) ='RED TOWN',
XHAE(1,26) ="BLUE TOW','N',
HAME( 1,27) ='BROYN TO','WN',
YNAME(1,28) ='GREEN TO','kN',
XNAME(1,29) ='0RANGE T','OkN',
FHAMEC1,30) ='PURPLE T','OWN’',
XHAME(1,31) ="HHITE TO','kN',
XMAME(1,32) ='E INDIAN','RES',
XMAMEL 1,33) ='E INDIAN','RES',
XMAME(1,34) ='EAST RUR','AL’,
XMAME( 1,353 ='NORTH PU','RAL',
XHAME(1,36) ='Hl4 RURAL',
XNAMEL1,37) ='HEST RUR','AL',
XNAME( 1,38) ='SOUTH RU', 'RAL",
XMAME( 1,39) ='SH RURAL',
XMAME(1,40) ='AGRICULT','URE 1*,
XNAME(1,41) ='AGRICULT','URE 2',
XMAME( 1,42) ='ACRICULT','URE 3',
XNAME( 1,431 =*ACRICULT','URE &',
XMAME(1,64) ='ACRICULT','URE 5°',
XHAME( 1,45 ) ='AGRICULT','URE 6',

FHFCD= 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. 103009500530290267.
IFODOS= 2‘003'10503‘1D506'1p5|6":5n17*°|6'50
PACT=75.6,1026.0,2#1078.0,16%0.,
P7S5220=0.4,4+0.0,

108Q=130",4.4,
NSORCE=3,
SORCE=
10.0.0.1,5.0,0.0,4%1.26€-3,107.,1101,3.0,
2 0.0,0.0,15.,0.0,7.26-2,3 S8E- 3.2!1 436-4,9.0,1201,1,0,
3 0.4,0.0,0.0,0.5,4%16.0,7.0€3,1301,2,0,
PTSZ=1.0.1.0.5.0.35.0.0 »
PTSZFC=1.00,4%0.0,
A 0.0,0.0,0.3,0.7,0.0,
8 0.0,1.0,3%0.0,
c 10=0.0,
™ ¥
w/ J

5 4

U

U
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OMMONPPUWUrXCHIOMMONOBENIOTMIOONER aMOUOD> OOV

VDEP=5+0.01,
PDEN=8.9,4%2.4,
OPTIME=15.0,
SORCID(1,1)='UDAD*,"' SAM','PLE ','MILL",
GROUPN(1,1)="0RE ','PAD ','8 GR','INDI','NG',

GROUPH( 1,2)='DRYI','NG &',' PAC','KAGI','NG',

GROUPN( 1,3)='TAIL', 'ING',

IPOP=
9‘0.1008.200“;"0)
9'003.500.“0!
30,8,7#0,13000,3500,2#1
7+0,8,0,2+8,2#0,500,0,
13+0,2000,0,
15#0,
11%0,8,3%0,
15«0,
11%0, 1000, 3x0,
$+0,8,0,8,3+0,
10«0,8,2#0,2000,8,
10=0,8,2«0,500, 1000,
9+0,8,2+0,2#8,10000,
13%0,%000, 12090,
9%0,8,500,1000,2%0,300,
10+0,500, 1000,500,500,0,
FREG= 0.0006, 0.0010,
0.0002, 0.0002, 0.0003,
0.0013, 0.0015, 0.0016,
0.0007, ¢€.0006, 0.0003,
0.0002, 0.0006, 0.0005,
0.0011, 0.0006, 0.0002,
0.0017, 0.0028,
0.0004, 0.0010, 0.0,
0.0085, 0.0059, 0.0033,
0.0015, 0.0013, 0.0008,
0.0, 0.000%9, 0.0017,
06.0017, 0.0012, 0.0013,
(.0008, 0.0006, 0.0001,
0.C014, 0.0017, 0.0022,
0.0002, 48+0.0,
0.0008, 0.0011,
0.0, 0.0002, 0.0002,
0.0021, 0.0026, 0.0010,
0.0026, 0.0034, 0.0026,
0.0005, 0.0029, 0.0023,
0.0025, 0.001, 0.0011,
0.0030, 0.0023, 0.0007,
0.0052, 0.0074, 0.0085,
0.0021, 0.0003, 0.0003,
0.0, 0.0001, 0.0,
0.0031, 0.0023, 0.0010,
0.0008, 0.0009, 0.0021,
0.c0002, 0.0, 0.0001,
0.0016, 0.0013,
0.0002, 0.0009, 0.0009,
0.0031, 0.00z5, 0.0006,
0.0023, 0.0020, 0.0021,
0.0016, 0.0033, 0.0036,
¢.00t0, 0.0007, 0.0010,
0.0068, 0.0052, 0.0009,
0.0139, 0.0178, 0.0193,

0.0102,

ooocoooo ocooocooooO ocoooo
o
=4
(=3
o
-

0.0001,
i2=0.0,

0.0011,
G.0019,
0.0006,
0.0003,
0.0054,
0.0032,
0.0031,
0.0044,

ooocoooLooOoO CoocooOooOO0OO coooo
v ® e 9 ® & ¢ 9 ® e & 4 8 & o % @ B

coooooooO
* s % 5 & s s @
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W 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,
4 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, 0.00%%, 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 0.0139,0.0115,0.0166,0.0153,0.0158,0.0154,0.
5 0.0231,0.0138,0.0218,0.0237,0.0123,0.0041,0.
6 0.0052,0.0044,0.0053,0.0050,0.0046,0.0036,0.
7 0.0075,0.0056,0.0071,0.0079,0.0048,0.0015,0.
-3 0.0021,0.0015,0.0016,0.0030,0.0018,0.0002,0.
: 280853-0.0062.0.0083.0.0061.0.0034'0.0018.0.
0.0,

2 6.0045,0.0037,0.0047,0.0042,0.0042,0.0025,0.
2 0.0064,0.0043,0.0065,0.0079,0.00%0,0.0010,0.
3 0.0023,0.0017,0.0014,0.0014,0.0018,0.0013,0.
4 0.0031,0.0015.0.0030,0.0037,0.0024,0,0007,0.
-] 0.0004,0.0007,0.0006,0.0010,0.0006,0.0002,0.
6 0.0013,0.0022,0.0040,0.0050,0.0020,0.0008,0.
7 48+0.0,

JC( =1,

JCt2)=1,

JCt3)=1,

JC(4)=1,

JCi5)=1,

JCi6)=1,

JCi8i=1,

SEND

//1S0,SYSIN DO =
BODY U238 TH230
BONE RA226

LUNG RN222
/% END OF FILE

~
569 £t

0111,0

6006,0

0031.0

0006,0

0004,0

.0100,
0031,0.
0037,0.
0011,0.
.0014,
0015,0.

0032,
.0007,
0016,0.
0006,0.
0004,0.
.0006,

0034,
0038,
0008,

0014,

0017,
0005,
0007,
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APPENDIX C.

Input Parameters
Namelist INDATA Values . . . . . . . .
SOMECS DBER . « &« o« & & 5 ¢ o ¢ 5 s 4 o
Additional Receptors . . . . . « . +« &
Meteorological Data . .
Maximum Permissible Concentrations (MPC) . .
Population Distribution . . . . . . . . . . .

. . -
-
.

. . . - . s . . . . .

Typical Contributions from Individual Sources .
Typical Total Activity Tables . . . . . . . . .

Typical Dose Commitment Tables
Conversion Factors . . . .
INBEIREIOR .« s s + 5 s »
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L

- . . - . .
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. - . . . -

. - - .

. T
.
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External, Ground and Cloud
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. . . .

.
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- - . -
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- . -
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APPENDIX C. SELECTED PORTIONS OF COMPUTER OUTPUT FOR UDAD SAMPLE PROBLEM
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URANIUM DISPERSION AND DOSIMETRY (UDAD)
VERSION IX, 12722778

AN
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A COMPREHENSIVE COMPUTER PROGRAM TO PROVIDE ESTIMATES OF POTENTIAL

RADIATION EXFOSUPE TO INDIVIDUALS AND TO THE GENEPAL POPULATION IN
THE VICINITY OF A URANIUM PROCESSING FACILITY
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UDAD SAMPLE PROBLEM unap 9

METSET SAMPLE METSET
INITIAL NAMELIST INDATA VALUES (CONT.):

F2PM(16):
2.90E-01 1.10E-01 4.00E-02 2.0
2.350E-01 1.10€-01 4.00€-02 2.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
GROUPN(S5,9):
ORE PAD & GRINDING
DRYINS & PACKAGING
TAILING
PEMAINING LINES ALL BLANK
IADD = 45
IDSQ(3,6):
1301 4 “
0 0 0
0 0 /]
0 0 0
0 0 0
0 0 0
IDTAILES):
3 0 0 0 0
IFODOS(601):
0 0 1 1 1 5 1 1 1
1 1 1 1 1 ' 5 1 1
1 L 0 0 0 0 0 i} 0
0 0 0 0 0 0 0 0 0
5 5 . ] . 5 0 0 [1] 0
0 0 0 0 0 0 0 0 0
IPOP115,16):
COMPLETE LIST ON PAGE 16 (APPROXIMATELY)
IPSOLI10):
1 1 1 2 2 2 0 0 0
IRHO(6):
1 3 7 g8 12 15
IYR(10):
1 3 5 7 W 15 20 30 50
JC(9):

1 1 1 1 1 1 0 1 0

KRHO = 15

OO -,

70

S0z
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UDAD SAMPLE FROBLEM uDAD 9

METSET SAMPLE METSET

ADDITIONAL RECEPTOR POINTS = 45
INENTIFICATION XOKM)  YOKM)  20M)
FENCE POST 0.85 0.35 0.0
TRAILER 1.00 0.50 0.0
RANCH 1 190 1.40 0.0
RANCH 2 820 360 0.0
RANCH 3 1820 7.60 00
RANCH 3V 18.20 7.80 0.0
RANCH 4 36.50 15.00 0.0
RANCH § 12.00 21.80 0.0
RANCH & -2.40 20.60 0.0
RANCH 6V -2.40 2060 0.0
RANCH 7 -18.20 23.30 0.0
RLNCH 8 -27.50 -2.50 0.0
RANTH 9 -35.20 -14.280 0.0
RENCH 10 -23.00 -22.40 0.0
RANCH 11 -7.40 -21.80 0.0
RANCH 12 -55.30  2.40 0.0
RANCH 12V -55.30  2.40 0.0
RANCH 13 -67.50 -8.10 0.0
RANCH 14 -55.70 -45.40 0.0
RANCH 15 -23.30 -38.76 0.0
RANCH 16 27.80 -38.310 G.)
RANCH 15V 27.80 -38.30 0.0
HEST CITY -78.060 16.22 0.6
FAST CITY 33.09 35.00 0.0
RED TOIN -65.00 -26.00 0.0
BLUE TO'N -27.00 27.00 0.0
BROKN TOMN -5.20 29.00 0.0
GREEN TCut 1%.00 35.00 0.0
CTUANGE TORN -23.00 53.00 0.0
PURFLE TSN 56.00 32.00 0.0
WHITE TORN -23.00 53.00 0.0
E INOTANRES 65.00 0.0 0.0
E INDIANRES -60.00 50.00 0.0
EAST RUPAL 40.C0 35.00 0.0
NO?TH RURAL -5.00 31.00 0.0
NI RURAL -23.00 32.00 0.9
KEST RUBAL -65.00 24.00 0.0
SOUTH RURAL 8.0 -45.00 0.0
S RUPAL -45.00 -45.00 0.0
AGRICULTURE 1 370 33.30 0.0
AGRICULTURE 2 21.30 34.30 0.0
AGRICULTURE 3 -5.00 30.50 0.0
ACATCULTURE & -22.80 30.20 0.0
AGRICULTURE 5 -56.00 22.00 0.0
ACPICULTURE 6 -67.50 18.80 0.0

e I e
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UDAD SAMPLE PROBLEM
METSET SAMPLE METSET
UDAD SAMPLE MILL

upap 9

ORE PAD & GRINDING

TDIVIDUAL SOURCE CONCENTRATION (PCI/M3) AT EXTRA RECEPTORS---NO RESUSPENSION

0 0 00 . S o 0 0 . 0 o - A "

1.826-04 1.82€-04 1.82¢-04 1.82e-04

&  IDENTIFICATION
1 FENCE POST
2  TRAILER

3 RANCH 1

% RANCH 2

5 RANCH 3
6  RANCH 3v
7 RANCH 4
& RANCH 5

9  RANCH 6
10 RANCH 6V
11 RANCH 7
12 RANCH 8
13 RANCH 9
14  RANCH 10
15 RANCH N
16  RANCH 12
17 RANCH 12V
18 PRANCH 13
19 RANCH 14
20  RANCH 15
21 RAKCH 16

22 RANCH 6V

23 WEST CITY

2% EAST CITY

25 RED YOWMN

26 BLUE TOWN

27 EROWN TOWN
28 GREEN TOWN
29  ORANGE TOWN
30 PURPLE TOWN
31 WHITE TOWN
32 E INDIANRES
33 E INDIANRES
34  EAST RURAL

35 NORTH RURAL
36 NW RURAL

37  WEST RURAL

38 SOUTH RURAL
39 SH RURAL

40 AGRICULTURE 1
41 AGRICULTURE 2
42 AGRICULT'®E 3
43  AGRICULTL.: 6
44  AGRICULTURE 5
45  AGRICULTURE 6

1.306-04
2.68E-05
1.70E-06
%.29€-07
.29€-07
.31E-07
.00E-07
L13E-07
73E-07
.49€-08
.B8E-08
.17e-08
09e-08
.82e-08
.52¢-08
.52€-08
-19E-08
. 10E-08
.82e-08
.58E-08
.58E-08
. 17e-0

.78E-08
.26E-08
.90E-08
-56E-08
.77e-08
.59E-09
.24E-03
J49E-09
.G4E-08
.57€-09
.62E-08
91E-08
-91E-08
51E-09
.75€-08
.38e-08
J46E-08
.01e-08
.09€-08
.02e-08
. 16E-09
.35E-09

VBN NDO Nt Nt PPN NN N b ot N s ot T ot ot ot DT DO L it it P et

1.30E-04 1.30E-04
2.68€-05 2.68E-05
1.70E-06 1.70E-06
4.29€-07 4.2%e-07
4.29€-07 4.29t-07
L31E-07 1.31E-07
.00E-07 2.00E-07
J3E-07 1.73E-07
L736-07 1.736-07
L49E-08 3.49E-08
.88€-08 6.83E-08
.17E-08 4.17€-08
.09E-08 5.09E-08
LB2E-08 5.82E-08
.52E-08 1.52¢-08
.52E-08 1.52e-08
.19E-08 1.19e-08
.10E-08 1.106-08
.82E-08 2.82E-(08
.58E-03 1.58£-08
.58E-08 1.58:-08
17E-09 5.17e-09
.78E-08 7.78¢e-08
.26E-08 1.26E-08
.90E-08 1.90E-08
.56E-08 7.566-08
7.77e-08 7.77€-08
6.552-09 6.59E-09
5.26E-08 5.24£-08
7.49E-09 7.49E-09
3.64E-08 3.44E-08
3.57e-09 3.576-09
6.62E-08 6 67¢-08
6.91E-08 6.91E-08
1.91E-08 1.91E-08
3.51E-09 3.516-09
2.75E-08 2.75€-08
1.386-08 1.38¢-08
7.46E-08 7.46E-08
9
7
2
4
5

Nt ot SN e b ) et b ot e O N DO b )

.01E-08 9.01E-08
.09e-08 7.09E-38
.02E-08 2.02e-08
- 16E-09 4. 16E-09

ON\IO\I-‘NU-GOOUIUNU!ONN-;...\IU!-.-AN-.-‘-.-.OU‘&OU‘-...N-."&-nN-o

.30E-04
.68E-05
L70E-06
.29E-07
.23E-07
-31€-07
.00E-07
.73E-07
L73e-07
.45E-08
.83€-08
- 17e-08
-09€-08
B2E-08
.32e-08
.52E-08
.156-08
. 10E-08

2E-08

.58e-08
.58E-08
-17E-09
.J8E-08
.26E-08
.90€-08
.56E-08
77€-08
.5%&-09
.24E-08
JG9E-09
.G3E-08
.S7E-U9
.62e-08
91e-08
.91€-08
-51E-08
.75e-08
.38e-08
-G6E-08
.01E-08
.09E-08
.02e-08
- 16E-09
-35€-09 5.35E-09 5.

35e-09
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Commmana v —— RADON AND DAUGHTERS ~---===v=emmwe ree)
222RN 218F0 214P8 21481 2108 219P0
2.59€+01 2.33E+C1 7. 356400 2.91€+00 8.67€6-07 5.99E-15
2.02E+01 1.86E+01 7.036+00 2.33E+00 1.29€-06 1.40E-14
5.61E+00 5.435+00 7.36C+00 2.00E+00 2.78E-06 1.636-13
7.25€-01 7.25E-01 6.67.~01 6.22E-01 6.04E-06 1.096-11
2.84E-01 2.84E-01 2.78E-01 2.€9¢-01 6.50E-06 &.89E-11
2.84€-01 2.64E-01 2.78E-.21 2.69F-01 6.50E-06 6.89%E-11
1.276-01 1.27E-01 1.276-01 1.26E-01 6.376-06 2.876-10
1.47E-01 1.47E-01 V1. 45E-0L1 Y.42E-01 4. 16E-06 6.58E-11
1.94E-07 1.94E-¢* 1.97E-01 1.50E-01 4.77€-06 5.126-11
1.94E-01 1.940-0" 1.93E-01 1.90F-01 +.776-06 5.126-11
6.96E-02 6.9¢E-02 6.97€-02 6 %" 02 2.656-06 6.21E-11
1.056-01 1.05E-01 1.05€-01 Y.M5e-01 3.73E-06 7.64E-11
7.07e-02 7.08E-02 7.10E-0c & . 1.5-02 3.66E-06 1.56E-10
9.22E-02 9.23E-02 9.26€-02 9.26€ 02 4.03E-06 1.19€-10
1.09€-01 1.056-01 1.C2E-01 1 03601 3.106-06 4.29€-11
%.38E-02 4.38E-02 4.40E-02 4.97€-02 3 5'°-06 3.25E-10
4.380 -02 §.33E-02 4.40E-0. 4.426-02 ¥ _1E-06 3.25E-10
3.57€-02 3.536-02 3.59€-02 3.60£-02 3.556-06 4.93E-10
3.456-02 1.45E-02 3.47€-02 3.48E-02 3.74E-06 6.01E-10
5.43E-02 5.43E-02 5.45' -02 5.46E-02 3.3/E-06 1.97€-10
1.316-02 1.31€-02 1.316-02 1.31E-02 7.81€-07 4.97¢-11
1.31€-02 1.31€-02 1.31€-02 1.31E-02 7.81E-07 4.97¢-1
2.66E-02 2.66E-02 2.67E-02 2.68E-02 3.226-06 6.18E-10
8.41E-02 8.41E-02 8.43E-02 8.41E-02 5.24E-06 3.576-10
3.35£-02 3.356-02 3.37E-02 3.386-02 3.476-06 5.29-10
5.14E-U2 5.15€-02 5.176-02 5.17€-02 2.70€-06 1.14E-10
1.156-01 1.156-01 1.15E *1 1.146-01 &..6i-06 9.826-11
7.68E-02 7.45E-02 7.48E-.2 7.44E-02 3.54E-06 1.64E-10
2.60E-02 2.60E-02 2.61E-02 2.62E~02 2.376-06 2.90£-10
6.79E-02 6.79E-02 6.82€-02 6.83E-02 5.876-06 7.22¢-10
2.88E-02 2.856-02 2.50F-02 2.91E-02 2.47€-05 2.66E~10
3.78E-02 3.78£-02 3.79E-02 3.80E-02 3.326-06 4.27E-10
2.19E-02 2.19€-02 2.20€-02 2.21€-02 2.58E-06 4.80E-10
7.65E-02 7.65€-02 7.67E-02 7.67E-02 5.39E-06 4.60E-10
1.10E-01 1.10E-01 1.10E-01 1.09E-01 4.39E-06 1.17E-10
%.95E-02 4.95E-02 4.97E-02 4.98E-02 2.61E-06 1.13E-10
2.75E-02 2.75E-02 2.77€~02 2.77€-02 2.92E-06 4.34E-10
5.79€-02 5.80€-02 5.82¢-02 5.836-02 3.61E-06 2.176-10
4. 14E-02 6.14E-02 4. 16E-02 4. 18E-02 3.95E-06 4.96E-10
8.32€-02 8.33E-02 8.356-02 8.34E-02 5.506-06 4.176-10
8.78E-02 8.79E-02 8.78E "2 8.74E-02 ¢ .39E-06 1.98¢-10
1.11E-01 T.11E-01 1. 41E- - 1.11E-01 4.37€-06 1.12E-10
5.11€-02 5.126-02 5.14E-62 5.146-02 2.62E-06 1.07€-10
3.18E-02 3.18€-02 3.2°°-02 3.21E-02 2.90E-06 3.24E-10
2.97€-02 2.97€-02 2.9 _-02 3.00E-02 3.13E-06 4.63E-10
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UDAD SAMPLE PROBLEM upap 9 DATE 12/26/78 PAGE 35
METSET SAMPLE METSET
UDAD SAMPLE MILL TAILING

e i 8 A - 4 O L T A T O A U e S e S S S 8 e £ -

Cmmmmmmm e PARTICULATES ====-=-========= >Cammmm oo ae RADON AND DAUGHTERS =-~=======ssm=mmommmmmmes >
DISTANCE 238y 230TH 226RA 21078 2227N 218F0 21648 21461 210PB 210P0
6.10  1.36E-06  1.84E-03  1.93E-03  1.936-03  4.08E+03  2.97€+03  3.99E+02  5.50E+01  1.27e-05  3.52€-14
0.50  7.956-05  1.086-03  1.146-03  1.14E-03  1.90E+03  1.62E+03  3.29E+02  6.34E+01  2.04E-05  9.93E-14
1.00 3.066-05 &.16E-04  4.376-04  4.376-04  7.026+02  6.67E+02  2.46E+02  7.88£+01  4.33e-05  5.27€-13
200 1.276-05  1.738-04  1.82E-04  1.828-06  2.79E+02  2.65E+02  1.656402  9.02€+01  1.03E-04  5.09€-12
3.00 7.426-06  1.01E-04  1.06E-04  1.06E-06  1.60E+02  1.59E+02  1.19€+02  8.47€+01  1.71E-04  1.97e-11
460 4.886-06 6.62E-05  6.96E-05  6.96E-05  1.10E+02  1.10E¢02  9.05€+01  7.35£+01  2.19E-04  4.936-11
5.00 3.476-06  4.71E-05  4.956-05  4.956-05  8.21E+01  8.20E+01  7.20E+D1  6.26E+01  2.54E-04  9.76E-11
1000 1.136-06  1.5%E-05  1.62E-05  1.626-05  3.426+01  3.426+01  3.28E+01  3.14E+01  3.31E-0¢  6.776-10
20.00  3.456-07  4.70E-06  4.94E-06  4.94E-06  1.49E+01  1.49E+01  1.47E+01  1.456+01  3.56E-04  3.65£-09
30,00  1.706-07  2.316-06  2.43E-06  2.436-06  9.256+00  9.256+00  9.256400  9.22E+00  3.556-04  9.02E-09
40,00 1.026-07  1.39E-06  1.46E-06  1.466-06  6.61E+00  6.61E+00  6.63E+00  6.63E+00  3.58E-064  1.676-08
50.00 6.8%6-08  9.336-07  9.81E-07  9.816-07  5.086+00  5.08£400  5.10£+00  5.11E+400  3.556-064  2.66E-08
60.00 &.96E-08  6.73-07  7.086-07  7.08E-07  4.08E+00  4.09E+00  4.11E+00  4.126+00  3.51E-04  3.87€-08
70.00 3.81E-08  5.176-07  5.636-07  5.436-07  3.396+00  3.396+00  3.40E+00  3.426+00  3.476-04  5.27e-08
80.00 3.07E-03  .16E-07  4.376-07  &.376-07  2.87E+00  2.87€+00  2.85E+00  2.90E+00  3.43E-04  6.88£-08
THETA= 22.50 DEGREE ANGLE
wn D PARTICULATES =======m=======x >Cmmmmm e e e RADON AND DAUGHTERS ===-=======-smsmmmmmmmnne >
™~
%:) DISTANCE 238U 230TH 226RA 210P8 222N 212P0 2148 21481 210r8 210P0
0.10  1.836-06  2.42E-03  2.61€-03  2.616-03  4.93E+03  3.36E<03  4.07€+02  5.276+01  1.156-05  2.B4E-14
0.50  3.76E-04  5.10E-03  5.36E-03  S5.36E-03  3.53E+03  2.656+03  6.06E+02  6.36E+01  1.68E-05  5.926-14
3 1.00  1.236-06  1.686-03  1.76E-03  1.76E-03  1.24E+03  1.14E+03  3.60E+02  1.00E+02  4.69E-05  4.37E-13
0 200 4.396-05 5.96E-06  6.26E-06  6.26E-06  3.76E+02  3.6JE+02  2.06E+02  1.076+02  1.156-04  4.52€-12
e 3.00 2.24-05  3.056-06  3.20E-04  3.20E-04  1.80E+02  1.78E+02  1.26E+02  8.56E+01  1.596-04  1.60E-11
400  1.386-05  1.886-04  1.976-064  1.97E-0¢  1.10E+02  1.10E+02  8.64E+01  6.776+01  1.88E-04  3.80E-11
5.00 9.456-06  1.286-04  1.356-04  1.35E-06  7.66E+01  7.64E+01  6.39E+01  5.426401  2.07E-04  7.2¢4E-11
10.00 2.876-06  3.90E-05  4.10E-05  4.10E-05  2.70E+01  2.70E+01  2.51E+01  2.356+01  2.37E-04  4.61E-10
20.00 8.51€-07  1.16E-05  1.21€-05  1.21€-05  1.076+01  1.07E+01  1.056+01  1.01€+01  2.37E-04  2.376-09
30.00  4.236-07  5.74E-06  6.03t-06  6.03E-06  6.45E+00  6.45E+00  6.426400  6.34E+00  2.336-04  5.76E-09
40.00  2.58£-07  3.50E-06  3.676-06  3.67E-06  4.56E+00  4.56E+00  4.56E400  4.54E+00  2.31€-04  1.06E-08
50.00  1.756-07  2.38£-06  2.50E-06  2.50E-06  3.496+00  3.49E+00  3.50£+00  3.506+00  2.29€-04  1.69E-08
60.00  1.286-07  1.74E-06  1.8%6-06  1.82E-06  2.80E+00  2.80E+00  2.82E+00  2.82E+00  2.26E-04  2.46E-08
70.00 9.90E-08  1.34E-06  1.416-06  1.61E-06  2.326400  2.32€+00  2.33E400  2.34E+00  2.24E-04  3.36E-08
£0.00  8.026-08  1.09E-06  1.14E-06  1.14E-06  i.37E+00  1.97E+00  1.98E+00  1.99E+00  2.21E-064  4.38£-08

612



$0-3/0°€ $0-350°2 00+356°L 00+3G6°L 00+3%6°L 00+3%6°1L £0-302°L £0-302°L £0-3%1°1 60-30%'8
80-391°2 %0-316°L 00+30L°2 00+360°2 00+330°2 00+380°2 £0-30%°L £0-30%"L L0-3EE°L 60-308°6
60-391°L H0-32L°1 00+3%€°€ 00+3CE°C 00+432€°C 00+328°€ £0-386°% (0-38S°F L0-31%5°¢ 80-316°2
60-392°L %0-308°2 00+3£0°Z 00+30L "L 00+360°Z 00+360°¢ 90-2%6°L S0-3%5°L 90-3L%°L £0-380°1
80-382°L %0-368°2 00+369°G 00+322°G 00+32L°G 00432276 90-361°9 50-361°9 90-398°G (0-328"%
na 30472 %0-309°€ 00+38%°S 00+36H°G 00+3L%°G 00+3.%°6 $0-355°9 S0-35€°9 90-3%0°9 L0-3GH'H
=322°€ %0-365°2 00+369°2 00+389°2 004359°2 00+399°2 80-352°6 B0-3%2'6 §0-308°9 60-38%°9
no 3(E°1 $0-362°2 00+31L°C 004314 € 00+369°€ 00+359°¢ L0-36%°¢ L0-36%"2 [0-3L8°2 80-3%L°1
80-388°2 %0-326°1 00+318°L 00+318°L 00+308°L 00+308°}L £0-321°1 £0-321°L L0-3L0°L 60-38%"
60-3£5°L %0-32L°L 00+3€2°€ 00+43€2°€ 00+322°€ 00+322°¢ £0-3/€°% £0-3.8°C (0-312°F 80-3/8°2
60-366°L %0-318°C 00+386°9 00+300°L 00+366°9 00+365°9 0-315°1 90-31671 90-3%%°L (0-390°1
$0-386°2 %0-325°% 00+3%0°S 00+3%0°G 00+3€0°G 00+320°G 90~3%9°G 90-359°6 90-38€°S L0-3/6°%
) 80-381L°C %0-30L°L 00+3%%°L 00+3%5°L 00+3TH°L 00+3C%°L £0-380°L £0-320°L £0-3T0°L 60-395°¢
80-35L°2 $0-391°2 004365 2 00+4335°2 00¢3¢%°2 00+345°2 90-304°L $S0-20£4°1 90-329°1 £0-302°1
$0-394°L %0-3C9°L 00+306°L 00+306°L 00+368°1L 00+368°1 L0-3E°L £0-3LE°L Z0-31E°L 60-3%9°6
$0-3389°% %0-3G8°C 00+305°H 00+35%°H 00+385°H 00+3L%'% 90-3CG°H S0-3€S°H 90-3NE°H L0-3/L°E
80-326°L %0-356°1L 00+31L°L 00+31Z°L CO+30L°L 00+304°1L £0-380°1 £0-380°L Z0-3€0°L €60-38S°%
60-3GE°6 H0-32€°2 00+382° % 00+3L6°H 00+3L6°H 00+3L86"H 90-326°% $0-386°¢ 90-36L°F £0-36L°2
60-358°9 H0-32£°2 00+3£2°L 00+308°Z 004308 £ 00+308° £ 90-309°L 90-309°1 99-32S5°L £0-321°}
| 60-35%"L %0-38L°1 00+3£2°€ 00+3£2°C 00+3G2°F 00+352°¢ L0-358°% L0-3%8°€ £0-399°%F 80-30L°2
J 80-355°¢ %0-352°2 0043172 00+3L1°2 00+35L°2 00+351°2 £0-3697L L0-38%7L £0-3TH»"L BO-3507L
80-308°2 %0-31%°€ 00431675 00+326°G 00+3LG"G 00+316°G 90-365"9 90-36%"9 90-38L°9 L0-3567%
$0-350°9 $0-311°2 00+3GL°L 00+3%L°L 00«3CL°L 00+38L°L £0-320°L £0-320°1 80-289°6 60-3€L°¢L
60-322°¢€ S0-351°6 10-389°8 10-389 '8 10-359"9 10-359°8 £0-3%5°2 (0-4572 L0-3T%°C 80-38L°L
co 322°¢ S0-3T1°G 10-389°8 10-389°8 10-399°8 10-363°§ £0-3%6°C (0-3%5°2 L0-32%°2 80-324° L
80-31E°1L %0-3€2°2 (0+309°C 00+365°€ 00+355° n 00+3§5° L0-39L4°F £0-394°F £0-305°F€ §0-3%9°C
80-396°C %0-36%°2 00+382°2 00+3/2°2 00+352°2 00+392°2 $0-362°6 80-36C°6 00-259°9 60-325°9
, 80-3/2°C %0-3€€°2 00+35°2 00+3%8°2 coowmn.m 09+35€°2 L0-36%7L £0-36%"1 LO-3i%°L $0-3%0°1
, $0-391°2 $0-30€°2 0043/8°2 00+358°2 C0+358'2 00+358°2 £0-3%6"1 £0-3%6°L [0-358°1 80-3%¢°%
$0-391°2 %0-30€°C 00+3/8°2 00+398°2 0043632 00+358°2 £0-3%6°4F £0-3%6°1 £0-33871 §0-398°1
60-318°2 $0-310°2 00+4300°Z 00+390°£ 00+380°Z 00+3£0°L S0-3¢5°L $0-356°1L 90-3E%°L L0-380°1
60-32L°L $0-309°2 0043C6°G 00+3€6°G 00+3L6°G 00+316°¢ 40-350°% £0-3T0'€ (0-368°'2 80-371°2
80-3%0°1 %0-30%"2 00+36G°% 00+3656°% 00+3T5° % 0043059 £0-306°% £0-30S°% L0-382°% 80-36L '€
. 60-3£1°S $0-35%°2 00439279 00+36L°9 00+36L°9 00+33L°9 £0-308°L £0-308°L No 36679 80-321°S
L 60-381L "% %0-3%L"1 004316 00+31G % 00+305 % 00+305°% £0-398°G £0-308°§ £0-325°6 80-3{0'%
60-382°€ %0-320°% 10+302°1L L0+312°L 10+322°1 L0+322°L $0-3%5° 90-386°¢ mc 38°T 19-36%°2
60-382°F £0-320°C 10430271 10+312°L L0+322°L 10+322°1 90-3%G £ S0-346°€ $0-3/€°€ L0-36%°2
60-312°% $0-389°2 00+351 '6 C0+33C "6 00+37%°6 00+38%" o S0-3€2°1 S0-3EC71 GO0-3LL°L £D-309°8
, 80-3E8°L %0-391°% 00+382°'% D0+32£°8 00+35T°® 00+32¢°8 S0-360°1 S0-3€0°1 S0-3%0°L £0-3%9°L
, 60-322°% %0-351L°% 10436471 10430271 10435271 L0+348°L S0-316°¢ S0-316°C G0-3%E°¢ §0-39%°2
| 60-322°% %0-3%1°9 10436471 10+308°L 10+353°L 10+348°} S0-316°E S0-316°C S0-3%E°¢ S0-39%°2
, 0L~ mmn 9 50-388°C LO+3T7H LO+32C7Y 10+356°H [0+306°% S0-31%°L %0-3L%71 H0-3%E°L S0-352°6
Z1-3%2°L %0-3267°L 20+392°1 20+31€°2 20+300°% 20+3il"Y £0-358'1L £0-343°1 £0-35L°1 %0-382°1
SL-320°€ G0-344°% TO+312°1 20430176 £0+3%50°2 £0+31%°2 c0-301°1L 20-301°1 20-3%0°L %0-333°¢
SL-31£°1 S0-320°E 20+310°L 20+389°G £04322°¢ £0+32° C0-398°1L TC-3%8°L 20-361°1 £0-362
_ 55 ka4 B i 5 .4 o 5 o e el 1 50 o A e e e
. 0dole 84012 169l Bdsle 0Bl N3Zee 2d0Le vasee H10€2 ngLe
. (umisnsmnnnsews SEINENE B NAIYE ~+—ssneirsssnna)y Cuainvmness GIANWILLING ~=ssswnawsy
HOISN3ISNS3d CN--~5H04d303d VHIX3 LV (EW/I3d) KROILVEINIONDD 32dM0S TWNOIALONT
ONITIVL
£ 39vd 81792721 3va 6 gvan

220

ST — LTINS RO IS, = - — _— B e AL =

9 38NLINITE9Y G
G FENLINITEIY &
b JENLINDTHIY €%
£ JENLMITNOY 2
2 3ENLNOTEY L
L 38nLN2T89Y 0%
Weng M5 65
WENY HINOS 8%
wend 183N (S
WY MN 9%
IVENS HIEON S
Wwand 1S3 4f
SIENVIONI 3 €F
S3aNvIONTI 3 2%
NMOL 31T 1S
NMOL 3d¥nd 0%
NMOL 39NVED 62
NMOL N33¥9 82
NMOL NMOWB /2
NMOL 3N §2
0L 638 62
ALTD iSV3 &2
ALID 1S3M €2

ASL HONVE 22

9L HONVE 12
&1 HINVE 02
Y1 HONVE 61
I HONvd 81
ACL HONVY [
2l HONvy 91
Ll HONVE Gl
01 HOHNVE &L
6 HONVE £

8 HNVE 2L

L HONVE LI
AS HONVE 0L
9 HONVE 6

G HONvd 8§

b HONVE £
AL HONVE 9
€ Hihved  §
< HINVE &

| HONVE €
43NvaL 2
1504 30M33 |
NOILVOIAIINIOI @

TIIH 37¢4vs avon
135134 374VS L3SIIM
H37604d 31dWvsS Ovan



UDAD SAMPLE PROBLEM unap 9 DATE 12/26/78 PAGE 4%
METSET SAMPLE METSET

THETA= 0.0 DEGREE ANGLE

- - " -

TOTAL CONCENTRATION IN AIR (PCI/M3)

DISTANCE 238y 2307TH 226RA 210p8 210P0 222RN
0.10 2.45E-02 7.76E-03 6.93e-03 6.956-03 6.93e-03 4.26E+03
0.50 3.01g-02 4 .46E-03 3.17e-03 3.20€-03 3.17e-03 1.93€+03
1.00 1.22e-02 1.50E-03 9.66E-04 1.026-03 9.68E-04 7.25€+02
2.00 3.37e-03 4.91E-04 3.48E-04 4.80E-04 3.54E-04 2.80E+02
3.00 1.47€-03 2.54E-04% 1.94E-04 4.00E-0% 2.02E-04 1.64E+02
4.00 8.03E-04 1.57e-04 1.25€-04 3.89¢-04 1.36E-04 1.12€+02
5.00 4.9%E-04% 1.07€-04 8.73E-05 3.94€-04 1.01E-04 8.36E+01

10.00 1. 11E-04 3.19E-05 2.80E-05 4.27€-04 4.48€-05 3.48E+01
20.00 2.44E-05 9.17e-06 8.43E-06 4.38E-04 2.65€-05 1.51E+01
30.00 1.04E-05 4.62E-06 4.13e-06 4.37e-04 2.23E-05 9.3%5E+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 1.75€-06 1.66E-06 4.29€-04 1.96E-05 5.16E+00
60.00 2.49€-06 1.25€-06 1.20E-06 4.24E-0% 1.90€-05 4. 15e+00
70.00 1.81€-06 9.55€-07 9.16E-07 4.19e-04 1.85€-05 3.66E+09
80.00 1.37e-06 7.64E-07 7.36E-07 4.14E-04 1.82e-05 2.92E+00

TOTAL ACTIVITY ON GROUND (PCI/M2)

OPERATION LIFETIME DEPOSITIOM (15 YEARS)

DISTANCE 238y 230TH 226RA 210r8 210P0
0.10 6.71E+06 5.89%E+04 5.87€+04 5.87E+04 5.87E+04
0.50 8.09E+04 3.40E+04 3.18E+04 3.18€+04 3.18€+04
1.00 3.26E+064 1.20E+04 1. 10E+04 1.11E+04 1.11E+04
2.00 9.09E+03 4.42E+03 4.21E+403 4.32E+03 4.31E+03
3.00 3.99€+03 2.91E+03 2.34E+03 2.51€+03 2.51E+03
4.00 2.19e+03 1.51E+03 1.48E+03 1.71E+03 1.70E+03
5.00 1.37€+03 1.03E+03 1.02E+03 1.28E+03 1.28E+03

10.00 3.08€+02 2.95€+02 <.95e+02 6.38E+02 6.26E+02
20.00 6.80E+01 7.50E+01 7.57€+01 4.45E+02 4.32E4+02
30.00 2.89€+01 3.24E+01 3.27e+01 4.04E+02 3.92€+02
40.00 1.59€+01 1.75E+01 1.77€+01 3.88€+02 3.76E+02
50.00 1.00E+01 1.08E+01 1.08E+01 3.78E+02 3.66E+02
60.00 6.84E+00 7.19€+00 7.23E+00 3.71E+02 3 59E+02
70.00 4.95E+00 5.15£+00 5.18€+00 3.64E+02 3.53e+02
80.00 3.75E+00 3.91E+00 3.93E+00 3.59€+02 3.47E+02
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UDAD SAMPLE PROBLEM
METSET SAMPLE METSEY

IDENTIFICATION

3.
e
3.
s
5.
-

FENCE POST
TRAILER
RANCH 1
RANCH 2
RANCH 3
RANCH 3V
RANCH &
RANCH 5
PAHCH 6
RANCH 6V
RANCH 7
RANCH 8
RANCH 9
RANCH 10
RANCH 11
RAMCH 12
RANCH 12V
RAMCH 13
RANCH 14
RANCH 15
RANCH 16
RANCH 16V
HEST CITY
EAST CITY
RED TOWN
BLUE TCHN
BROWN TOWN
GREEN TOWN
ORANGE TOWN
PURPLE TOWN
WHITE TOWN
E iNDIANRES
E INDIAKRES
EAST RURAL
NORTH RURAL
N4 RURAL
HEST RURAL
SOUTH RURAL
SH RPURAL
AGRICULTURE
ACRICULTURE
AGRICUL IURE
AGRICULTURE
AGRICULTURE
AGRICUL TURE

UMD UN -

X(KM) YUEM) Z(M)
0.9 0.« 0.0
1.0 0.5 0.0
1.9 1.4 0.0
88 3.6 0.0
18.8 7.8 0.0
13.8 7.8 0.0
36.5 15.0 0.0
12.0 21.8 0.0
-2.4 20.6 0.0
2.4 20.6 0.0
-18.2 23.3 0.0
-27.5 =2.5 0.0
-35.2 -14.8 0.0
-23.0 -22.4 0.0
-7.4 -21.8 0.0
-55.3 2.4 0.0
-55.3 2.4 0.0
-67.5 -8.1 0.0
-55.7 -46.4 0.0
-25.3 =38.7 0.8
27.8 -38.3 0.0
27.8 -38.3 0.0
-78.0 16.0 0.0
33.0 35.0 0.0
-65.0 -26.0 0.0
-27.0 27.0 0.0
-5.2 25.0 0.0
14.0 35.0 0.0
-23.0 59.0 0.0
56.0 2.0 0.0
-29.0 53.0 .0
65.0 0.0 0.9
-60.0 50.0 0.0
40.0 3.0 0.0
-5.0 31.0 0.0
-23.0 32.0 0.0
65.0 24.0 0.0
0.0 -45.0 0.0
-65.0 -45.0 0.0
38.7 33.3 0.0
21.3 34.3 0.0
-5.0 30.5 0.0
-22.8 30.8 0.0
-56.0 22.0 0.0
-67.5 18.8 0.0

UDAD §

DATE

TOTAL CONCENTRATION IN AIR (PCI/M3)

uZis

3.29E-03
2.08E-04
4.75€-05
4.75€-05
1.39E-05
2.11e-05
1.88€-05
1.83E-05
3.764E-06
7.15E-06
4.20e-06
5.18e-06
1.05€-05
1.49€-06
1.49€-06
1. 16E-06
1.06E-06
2.81E-06
1.5.6-06
1.536-06
5.03e-07
8.11E-06
1.22e-06
2.00€-06
7.90E-06
7.91E-06
6.61E-07
5.45€-06
7.53E-07
3.44E-06
3.58€-07
6.89€-06
.17e-06
.9BE-06
.53e-07
.75E-06
. 34E-06
.78E-06
.31E-06
.37E-06
. 10E-06
4.25E-07
5.28€-07

NNON DN~

TH230

NN NG D PaVINDaNN Y aPONON G a P PP aNWHENUDNR . aa PO -

12726778

RA226 PB210

03E-62 3.03e-02
80E-02 1.81E-02
04E-03 3.23E-03
32e-04 6.99E-04%
79E-05 5.57E-04
79e-05 5.57E-04
JJ9E-05 5.17e-04
03E-05 3.43E-04
.08E-06 3.70E-04
.C3E-06 3.70E-04
.01E-06 2.10E-04
.31E-06 2.96E-04
.07e-07 2.89E-04
8SE-07 3.13E-04
.70E-06 2.45€-04
LG4E-07 2.77E-04
LG4E-07 2.77E-04
63E-07 2.8uE-0%
.71E-07 2.96E-04%
63E-07 2.69E-04
42E-07 6.23E-05
42E-07 6.23E-05
.75E-07 2.55E-04
.078-05 4.22E-0%
.656-07 2.70E-04
.60E-07 2.0%9e-024
J4E-06  3.316-04
61E-06 2.86E-04
.88€-07 1.88€-04
.45E-06 4.71E-04
.37E-07 1.96E-04
.83E-06 2.63E-04%
.82E-07 2.05E-04
31E-C6  4.34E-04
.58E-06 3.42E-04%
.83e-07 2.07e-04
83E-07 2.31E-04%
.54E-07 2.77e-04
.75€-07 3.07t-04%
.06E-05 4.44E-0%
.C2E-05 3.53e-04
B4E-06 3.40E-0%
.19E-07 2.08E-04
-35€-07 2.30E-0%
.04E-C7 2.47€-04%

) P
3+
2.
i
7.
3.
-
- A"
o~
9.
.37€-05
.28E-05
.37€-05
.29€-05
.20E-05
.20E-05
.21E-05
.26E-05
-19E-05
.04E-05
.04E-06
.09E-05
.80E-05
L17e-05
JG3E-06
.65E-05
.B4E-05
.09€-05
.70E-05
.47E-06
-38E-05
B1E-06
.72E-05
.68E~-05
.27E-06
.94E-06
.21E-05
31E-05
.87E-05
.G6E-05
.68E-05
.33e-06
.92e-06
.06E-05

OV ANN A cra OO SN0 s 00N 00 b s V0 it TN ot G G od d od e o kb b

PO210

80E-02
05€-03
52E-04
83E-05
88€-05
89e-05
38€-05
14€-05
14E-05
81E-06

RN222 WL
4.26E+03 6.65E-03
2.43E+03 5.26E-03
4.22€+02 2.03E-03
5.01E+01 & .43E-04
1.87€+01 1.78E-04
1.87E+01 1.78e-04
B.456+00 8.29E-05
9.62E+00 9.27€-05
1.24E+01 1.21E-04
1.24E+01 1.21E-04
4.57E+00 4.50E-05
6.89€+00 6.77E-05
4.656+00 4.58E-05
6.00E+00 5.92E-05
7.18€+00 7.02e-05
2.89E+00 2.86E-05
2.8%5E+00 2.86E-05
2.36E+00 2.34C-05
2.2%E+00 2.27€-05
3.635E+00 3.5%€-05
8.78E-01 8.66€-06
8.78E-01 8.66E-06
1.76E+00 1.74E-05
£.60E+00 5.51E-05
2.19E+400 2.17€-05
3.30e+00 3.26E-05
7.41E+00 7.28€-05
4.98£+00 4.89E-05
1.72e+00 1.71€-05
4.5%E+00 &.45E-05
1.91E+00 1.89E-05
2.51E+00 2.48E-05
1.45E400 1.44E-05
5.10e+00 5.03e-05
7.10E+00 6.98E-05
3.27g+00 3.22E-05
1.82E+00 1.80€£-05
3.75e+00 3.70E-05
2.70e+00 2.67E-05
5.55€+00 5.47E-05
5.81E+00 5.70€E-05
7.20E+00 7.08E-05
3.37e+00 3.33e-05
2.11E+00 2.0%E-05
1.97€+00 1.94E-05

X4



4

I
c

560

204350°2  2043€1°2  00+3GL°L  00+39L°L  00+3§HL  0°0 088l  0C9- 9 IUNLINITEOY &b
20+43T6°L  20+366°L  00+3/5°L  00+3%G L 00+324°L 0°0  03°22 C0°S4- S JNLIMTEN  bh
20439471 20+323°L  00+205°% 00+3%G°h  00+3S2°S  0°0  08'0f 09'22- b IWALNITEOY €
20+310°C  20430L°€  L0+3%0°2 10+3%0°2 10+350°C 0°0  0S°0F 00°G- £ WISV 2b
20+3L9°C  Q0+3LL°E  10+3%2°8  L0+3G6°L 1043582 0°0  OS°HF  05°12 2 WNLINDTESY  Lh
CO+3LE°%  20436%H  10+31L°L 1043857, L0+36§°2 00  0£°SS  0L°SE L 3&NLINJIEOY 0%
C0+355°2  204369°2  10-35%°6 00+3/0°L 00+4395°S  0°0  00°Gb- 00°GH- Wend MS 65
S0+32£°2 2043052 00+3£9°2 00+43:8°2 00+326°L 00 00°Gb 0°0 Wand HINOS S5
20+3E6°L  204300°2 00435171  00+3G1°L  10-3%°6 00 00°%2 00°SS- Wend 1530 [
204394°L  20#328°L  00+3/L°% 00+32Z°%  00+30%°S 00  00'2% 00°'§2- Wund M4 SS
204320°€  20+3LL°€  10+366°L  L0+386°L 10+336°L  0'0  NO°LE  00°G- WENY HILON  6F
20+302°%  20+328°% 10432279  L0+3/%°9 L0312 0°0  00°SE  00°0% WENY 1SV3 &
2043141 204371 00+390°L  00+350°L 10-3$8°6 0°0 00°0S 00°09- SIWMVICNI 3 €%
20+358°2  20432%°2  10+3%8°L  10+3€2°F  00+228°6 0°0 0°0  00°S9 SILVIGNT 3 2¢
CO+359°L 20036971 00+3%€°L  00+3/8°L  00+3S0°2 0°0  00°CS  00°62- ROL IATHN LS
CO+3[S°H  20430S°H  L0+251°6  10+3/6'H  L0+399°L  0°0  00°2¢ 00°SS N4O1 37d8Nd O
2043/G°L  204329°L  10-355°6 10-316°6 00+3ZZ°L  0'0  00°6S 00°€2- NMOL 30MYED 62
204389°2  200396°2 10+395°G  10+36£°G  L0+358°2 00 00°GE  00°HL KDL NI3E0 €2
20+356°2  20+3%0°C  10+3G1°2 10+351°2 10+381°2 0°0 00°62 02°G- NAOL WO 2
C0+33L°L  20+3%8°L  00+320°S  00+320°G 0043/%°S 00 00°/2 00 2- Wi0L 3N 92
C0+392°2  2043T€°2  00+3bL°L  00+3%2°L 00+352°S  0°0  00°92- 60°S9- KoL 038 62
CO+3L2°%  2043€E°H  10+386°L 10+369°Z L0+36%°2 0°0 00°SE 00°€E ALID 1SV 42
‘“““v 20+321°2  20+361°2  10-30£°8 10-306"8% 00+3GE°L  0°0 00°SL  00'®L- ALID 1S3M €2
‘“““v L0+30%°S  10+3/G°G  00+4329°2 00+4359°2 00+3€L°% 0°0  0S'85- 08'L2 ASL HOWVE 22
10+305°G  10+3/6°G  00+4325°2  00+369°2 00+3€L°% 0°0  0€'SE- 08 L2 91 HOMvd 12
2043(2°2  20+3G8°Z  00+316°H  00+3%9°h 004355/ 00  0L'8%- 0% '§2- Gl H3Nvd 02
C0439%°2  2043€C°2  iy-3uf & 10-3/2°6 00+4328°Z 0°0 0% $b- 0L°GS- oL HONVE 6L
20+3by 2 200329°2  00+39L°L  C0+352°L  00+350°S 0°C  OL'8- 0G'/9- €1 Htivd 8L
20+32£°2  20430%°C 00430471 00+318°L 00+386°S 00 0%2  0F°65- AZL HONVE /L
20+320°2  20+430%°2 00430Z°L 00+318°L 00+386°S 00 0%2  0f'GG- 2L Hanvd 5|
20+362°C  204328°2 10+3%C°2  10+3%E°2  L0+3/8°2 00  08'12- 0% L- Ll HONVE 6L
20+43%9°2  20+32L°2 00+308°€  0043/2°% 10+38°L  0°0  0%°22- N9fe- 0L HIWE bl
2043%%°2  20+325°2  00+355°%  00+3%2°%  10+321°L 00  02'Hl- 02°GE- 6 HRWY  §1L
20+38G°C  200329°2  00+39%°R 00+3%6°% 10+316°L 00 05°2- 0% i2- 2 HOWVE 21
20+4323°L  20+398°L 00+390°8 00+3CL°@ 10+320°L 00 0S°§Z  02'8L- LWV 1L
20+396°€  20+399°C  10433€°G  J0+3CE°S  104332°6  0°0 0502 0% 2- A9 HIwvE 01
20+4395°F  204399°C  1043%6°G  10+3CE°S  10+302°6  0°0 0902 O%'2- 9 HINVE 6
20+365°%  2043/9°% 20430671 20+348°L  10+306°9 00 0812 00'2l G HMVE 9
20+3€9°6  20+3LL°G  20438%°L  TO+3EH°L  LO+3EH 00  00°GL  06° 95 b MOV
204356°6  £0+310°L 20#4354°G  2043/6°S  20+356°L 00 0%Z 098 AS HOHVE 9
20+3%8°6  €0+310°L 20+36L°G C0+3/G°S 20#3S°L 00 08°Z 088l § HIWE G
£0+351L°C  €0+35L°C  £043%2°2  §0+369°2 20+396°9 00 09'f 098 2 Hove
H0+392°%  H043(2°%  H0+43G2°%  H0+3T0°%  H0+3LL 06 0L 061 L MONYE €
SOMILL'Z  GO+ILL'2  GO+3LLT  G0+309°T 04392 0'0 050 00°L Vel 2
G0+359°%  G0+4359°%  G0+399°H G0+3SH'H  0+310°8 00 S0 680 1504 33M34 |
01204 01284 g2eva 0E2HL gLen (HIZ (WA (WX NOIIVII4IINIGI @
(SEV3A Gl) NOTL1S0430 3WILIFITY NOILVAILO0
(2W/13d} ONNOEY MO ALIAILIV 17101
135134 314WVS 13513H
69 39vd 8L/92/2L 3wva 6 ovan H31808d 31dWYS OvaN



225

Wy
%\ 12

0L

;

'
'
]
1
1
'
'
1
'
i
t
'
]
'
)

G0-302°%
$0-356°1L
$0-3(8°2
$0-36L "%
$0-369"6
£0-3(8"%
£0-31LL°9
£0-395°2
£0-305°6
90-351 "1
$0-30571
90-3L0°C
90-390°¢
$90-360°6
S0-3%0°1
S0-209°¢
50-342°1
50-398°1L
$0-340°¢€
$0-398°9
£0-302°2
£0-346°%
£0-351°2
L0-38L°¢€
£0-389°%
£0-3%0°9
£0-355°%
90-3¢2°1L
90-320°2
30-360°9%
G0-368°1
G0-389°%
G0~36879
H0-381°L
%0-3%2°2
50-369°9
f0-300°2
£0-390°¢
£0-335°1
£0-316°1L
40-3156°2
(0-306°%
£0-362°%
£0-3E%°%
S0-358°1
90-36£°9
§0-3%1 2
G0-3%51°¢
G0-390°S
G0-318°6
$0-300°¢
50-3L6°%
£0-35571

Hi0§2

L0-341°¢E L0-3U°¢E £2°C %26 £<
90-3/2°1 90-3L2°1 6L 29'% 25
$0-300°¢2 90-300°2 €61 s 15
90-385°§ 90-38S "% sL'L ez 0s
90-350°% 96-360°% & S8l (3
G0-3€6°2 S0-3£6°2C 8E°0 260 L3l
S0-350°L S§0-360°¢ 6L°0 S%0 Ly
$0-3LL°0 50-31L°1 %0°0 6070 9%
60-316°S 60-316°S 16°96 16798 1]
60-350°L 60-360°L 05°6% 05°6% i
60-30%°6 60-30%°6 £5°2% £%°2% £
20-3¢€°1L $0-385°1 986G 9L°SE Al
80-310°2 80-310°2 g2'8C s'® 182
$0-32%°¢ 80-32%'€ igrie i1e'ie 0y
80-362° ¢ 80-362°¢ LIS 0 65
L0-3§8°2 {0-318°2 L 't 3%
$0-3€L°1 90-3¢1L°1 6L 86°E (£
90-392°1L 90-39L°4 82 €8¢ 9%
$0-3€1°K 30-3€1°€ a2 a‘e s
90-3%6"2 90-356°9 1%L IvL 2
S0-39%°2 §0-3%%°2 1o 1L s
S0-3%2°9 §0-3%2°9 680 SE°0 28
§0-381 "L S0-381L° L L0°0 070 (3%
60-352°¢C 60-352°€ L6°EL L9908 0%
60-381°% 60-38L°% (9°%9 6L°%C 62
60-329°S 60-329°6 £€9°65 9%6°C¢ «°
60-3%56"L 60-396°L 6179 €161 Lz
§0-322°L B0-322°L 96°9% 1L°6L S
80-380°2 80-380°¢ el e L 52
80-36%"% 80-35%"% 8H°8L 69°L 2
L0-38L°1 L0-35271 26 §8% 52
£0-396°9 (0-396°9 29y 161 2
90-360°1 90-360°1L UTA0 I S %4
90-356°1 90-366°1 wea s 62
90-3557% $0-35€°% 8L L0 6L
G0-3%6°1 G0-3%5°1L 26°0 8L°0 el
§0-396°€ €0-356"¢ 9%°0 610 s
S0-329°S 60-329°§ 60°0 %070 9l
60-362°2 60-362°2 0008 0°0 S
60-310°¢% 60-310°% 00'oL 20 Yl
60-351 "% 60-361L°% 000 ¢°0 1
60-3£0°9 60-30°9 go'os 0°0 2l
60-319°6 60-319°6 00y 00 i
80-3%L°4 80-3%L°1 000 0°C oL
80-3L0°% 80-3{0°% g0z 00 6

£0-358°1 (0-358° 1L go'oL 0°0 €

(0-320°% £0-328°% 06°S 00 L

S0-3%E°4 90-35E°1L 00'% 00 9

90-36%°2 90-36%°2 00°¢ 00 S

90-329°S 90-329°S g0’z 0o b4

60-350°2 G0-350°2 00°4 00

G0-320°S 60-320°¢ 050 0'e e

S0-380°% G0-380°% oLo o i

e ngee (WAIA  (HAIX  HOLd3D3W

AQCS 310HM 804 JdW/NOILVHINIONGD

£0-391°L 90-314°L §0-390°1
L0-366°¢C 90-3(8°¢ G0-3[8'€
£0-320°9 90-38L°€ G0-366°S
90-350°1 90-398°S $0-350°L
90-3%%°2 G0-3%2°1 $0-3E%°2
G0-3%2°1L c0-312°9 £0-3%2°1
§0-399°L S0-31E°8 £0-399°1
90-355°% §0-3/2°2 50-355"%
R0-30L°1L 90-3%0°1 0-348°2

3L 90-390°1 £0-356°2
89-27"4 $0-340°} £0-308°¢€
80-3¢+ . 90-360°L 10-3%2°S
$0-38. | S0-31L°L 40-3LL° L
8038612 90-3%1°L $0-362°1L
80-3¢€6°¢ 90-302°L 50-3£9°2
$0-306"6 90-3%%"L 90-350°6
£0-361°¢ 90-31¢°2 G0-360°€
L0-3%9°% $0-3i6"2 S0-385°%
L0-349°¢L 90-3%"% §0-329°L
$0-34S°L S0-38L°'% $0-345°1
90-32%°5 S0-324°2 $0-32%°S
G0-3L8°4 $6-3.8°9 £0-25°1
50-326°% c0-392°2 H0-326"%
60-3.5°9 L6-30L°9 80-3(Y%°6
60-358°9 10-308°9 L0-344°1
60-392°L L0-368°9 £0-315°1
60-3487¢ £0-366"9 {0-340°2
60-305°8% £0-30L "L £0-360°€
80-360°4 {0-382°L L0-310°S
€0-319°4 (0-389°L $0-3L0°L
$0-310°% (0-3%8'% 90-31%°¢
L0-38L°L 90-36171 G0-3L°L
L0-30L°1 G0-365°1L S0-359°1
{0-38L°2 §0-328°1 60-369°2
£0-328°S 90-366°2 G0-362°S
$0-316°4 90-3647 ¢ $0-3€6°L
90-3687% §0-38%°2 S0-368°%
50-355°% G0-362°2 50-395"%
60-360°6 50-3§0°1 80-389°¢
60-3L276 90-350°1 80-385"%
60-316°6 90-3%0°1 80-386°6
60-3C8°6 $0-3{0°L 80-308°%
80-350°1L $0-380°L £0-3%2°L
$0-321°4 50-360°1L {0-350°2
80-325°1L 90-360°1 L0-322°%
80-3%°2 $0-3L0°1 90-30%°1
80-3%0°G £0-358°6 90-36£°%
§0-308°9 19-32L°6 90-3%2°9
£0-310°L 90-30C°1 90-389°6
L0-3LL°L 90-302°1 GO-3%L°L
10-3%8°% 90-366°2 50-3(8°%
S0-3586°1 90-300°% 50-366°1
90-3%'E G0-3%L°L $0-3.%°F

04012 8doLe vaszZ

8L/92721 VA

6 avan

13S13H 37dWVS 13S13K
H3804d 3NdWVS Qvan

LJJ

~

560



UDAD SAMPLE FROBLEM
METSET SAMPLE METSET

PARTICLE SIZE = 0.3 MICRONS

NASOFHARYNGEAL
TRACHECDRONCHIAL
FULKORARY

WHOLE BODY

[ONE

KIDNEY

LIVER

STCHACH

SHALL INTESTINE

UPFER LARGE INTESTINE
LOHER LAFGE INTESTINE
LYNFH NODES

PARTICLE SIZE = 1.0 MICRONS

.---------------—---_---_-—_------------_--_---------—----------------_--------------_--------—-

NASCPHARYNGEAL
TRACHECERONCHIAL
PULMCNARY

HOLE BODY

BONE

KICHEY

LIVER

STCIACH

SHMALL INTESTINE

UPFER LARCE INTESTINE
LOLER LARGE INTESTINME
LYMPH NODES

FARTICLE SIZE = 1.0 MICRONS

.----_----------._------—-----------_--------------—-------_---_---_------—---—---------------------------

TRACHECERONCHIAL
PULHOHARY

REOLE BCOY

BCNE

KIDKEY

LIVER

STOMACH

SHALL INTESTINE

UPPER LARGE INTESTINE
LORER LARGE INTESTINE
LYHFH HODES

UDAD 9

DATE

12/26/78

INHALATION DOSE CONVERSION FACTORS (MREM/YEAR/PCI/M3)
DOSE RATE AFTER 50 YEARS CONTINUCUS INHALATION OF 1 PCI/M3

DENSITY = 1.00

. W T T 0 - i . A o B - -4 v i i 3 0 s A e 0 o

DENSITY = 8.90

DENSITY = 2.40

4. 18E+03
2.32E+00
1.75€+03
LGGE+00
A2ED
.53E+00
.0

.35E+00
.ecE+00
L9CE+00
.98E+00
.38E+04

NRO NN -

.85E+03
81E+00
.376+03
.65E+00
L78E+01
.33E+00
.0

.23T+00
.E4E+00
.34E+01
21E+01
.ROE+D5

-kt et NN AN

4.77E+03
2.64E+00
1.53E+03
1.64E+00
2.64E+01
6.30E+00
0.0

6.01E+00
1.40E+00
1.11E+01
1.00E+01
8.41E+04%

3.25E+03
3.21E+00
2.7CE+03
1.87€+00
3.03E+01
7.22L+03
0.0

8.07E+0D
1.87€+00
1.4%€+01
1.35€+01
1. 14E+05

4.67E+03
2.58E4+00
1.95E+03
1.378+02
6. ."NE+03
1.37E+03
2.82E+02
5.35E+00
1.36E+00
1.09E+01
9.81E+00
8.24E+04

3.18E+03
3.14E+00
2.65E+03
1.65E+02
5.956+03
1.67E+03
3.43E+ue
7.90E+00
1.80E+00
1.46E+01
1.32E+01
1.12E+05

S.75E403
4. 82E+00
4§.52E+02
3.97e+01
3.97€+02
1.40E4+00
4.54E-02
3.4%E-01
7.93e-02
6.46E-01
5.81E-01
1.45€+03

6.65£+03
6.05E+00
6.14E+02
3.60E+01
3.40E+02
1.20E+00
4. 22E-02
3.52:-01
8 .90E-02
7.26E-01
6.53E-01
2.02E+03

B U S —

e e o e e s

PAGE 100

PB210 PO210
6. 14E+00 5.52E+02
4. G8E-02 §.51E+00
8.52E+01 4.21E+02
7.45E+00 1.29E+00
2.32E+02 5.24E+00
1.93E402 3.87e+01
5.91E+01 1.156+01
3.25e-02 5.05E-01
1.25€-02 1.15e-01
4.25E-02 9.34E-01
3.86E-02 8.41E-01
8.42E+02 1.01E+03
PB210 P0O210
5.41E+01 4.86E+03
2.10E-02 2.16E+00
3.37E+01 1.67€+02
9.24E+00 1.77E+00C
2.87E+02 7.22E+420
2.39E+02 5.33e+01
7.326+01 1.59E+01
1.95e-02 3.28e-01
7.40E-03 7.64E-02
2.55e-02 6.07e-01
2.2%€-02 5.46E-01
3.33E+02 4.01E+02

PBZ10 P0O210
3.65E+01 3.31E403
2.65€-02 2.71E+00
4 .58E+01 2.27€+02
8.24E+00 1.54E+00
2.56E+02 6.25E+00
<. 13Evu2 4 . 6GE+0
6.53E+01 1.38E+01
2.15e-02 3.55€-01
8.31E-03 8.06E-02
2.86E-02 6.570-01
2.57e-02 5.91e-01
%.53E+02 5.45E+02
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UDAD SAMPLE PROBLEM

METSET SAMPLE METSET
BRONCHIAL EPITHELIUM ANGLE OF MAX DISPERSION =

DISTANCE(KM)

unap 9

2.9

67.5 DEGREES

RADON WORKING LEVEL

45.0

DEGREES

DATE

MONTH

90.0

12/26/78

112.5

135.0

PAGE 116

157.5

]~ -~ -

DISTANCE(KM)

COPOROOOODOD DU -

6.47€-01
4.50E-01
1.57e-01
4.73E-02
2.28E-02
1.40€-02
9.71E-03
3.43E-03
1.356-03
&.15e-04
5.78E-04
%.43E-04
3.56€E-0%
2.95e-04
2.50E~04

7.72e-01
1.05€+00
4.25€-01
8.22e-02
3.80E-02
2.31e-02
1.61E-02
5.85E-03
2.39e-03
1.46E-03
1.04E-03
7.93E-04
6.35e-04
5.26E-04
4.45E-04%

DEGREES

7.610-01
5. 12e-01
9.30E-02
1.04E-02
4.74E-03
2.87€-03
1.9%6-03
7. 12e-04
2.8%E-04
1.77e-06
1.26E-04
9.67e-05
7.77e-05
6.44€-05
5.47E-05

1.34E-04
1.03E-04
8.26E-05
6.85E-05
5.81E-05

e e el e RS ———

COO0CO0OCOOOOOODOOWN .

NNWEAIUVLaNN e aNO

8E-01

NMWOUMON o D000 DO
cory
mm
L)
oo
W

1E-04

1.96E-04

3.08E-03
1.32e-03
8.20E-04
5.86E-04
4.51E-04
3.63E-04
3.01E-04
2.55e-04

4.18£-01
1.46E-01
6.34E-02
2.51E-02
1.43E-02
9.60E-03
7.08E-03
2.86E-03
1.23e-03
7.68E-04
5.49E-04
4.22e-04
3.40E-04
2.81E-0%
2.39E-04

2.81E-04
2.38E-04

3.38E-04
2.71E-04
2.25e-04
1.90E-04

3.01E-04
2.42E-04
2.01E-04
1.70E-04

1£C
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UDAD SAMPLE PROBLEM upaD 9 DATE 12/26/78 PAGE 126

METSET SAMPLE METSET
SKIN ANGLE OF MAX DISPERSIO*. = 67.5 DEGREES

EXTERNAL DOSE COMMITMENTS (MREM/YEAR) FROM CLOUD SUBMERSION

ANGLE DISTANCE(KM) u238 U234 TH230 RA226 PE210-RN222 TOTAL
67.5 0.1 3.96E-0% 6.45E-06 1.22€-05 1.58€-04 4.25€+00 %.25e+00
1.0 1.04E-04 1.70€-06 2.52e-06 4.31E-04 7.02E+00 7.02E+00
. 5.0 4.52E-06 7.36E-08 7.98e-08 1.356-05 3.13E+00 3.13e+00
10.0 1.13e-06 1.83e-08 2.17e-08 3.69€-06 1.41E+00 1.41E+00
50.0 5.33e-08 8.68€-10 1.20E-09 2.056-07 2.29e-01 2.20€-01
80.0 2.23e-08 3.63e-10 5.396-10 9.23e-08 1.24€-01 1.24€E-71
0.0 0.1 1.45E-74 2.36E-06 8.02e-07 1.21e-04 4.32€+00 4.326+00
1.0 7.21E-05 1.17e-06 1.55€-07 1.68€-05 3.95€+00 3.956+00
5.0 2.96E-06 %.316-08 1 11€-08 1.53€-06 2.27E+00 2.27e+00
10.0 6.58E-07 1.07e-08 3.30€-09 4 .88E-07 1.11E+00 1.11E+00
50.0 2.15e-08 3.51-10 1.81E-10 2.89E-08 1.79€-01 1.79€-01
80.0 8. 14E-09 1.32e-10 7.90e-11 1.28€-08 1.02€-01 1.02€-01
$0.0 0.1 3.17e-04 5. 16E-06 1.25€-06 1.75€-04 4.27€+00 4.27€+00
1.0 6.11E-05 9.95e-07 1.83E-06 3.15e-04 4.89€+00 4.89E+00
5.0 2.55e-06 4.16E-08 3.43e-08 5.71E-06 1.78£+00 1.78E+00
10.0 6.47E-07 1.05€-08 8.72e-09 1.45E-06 7.83E-01 7.83E-01
50.0 3.296-08 5.36E-10 4 .68E-10 7.81E-08 1.20E-01 1.208-01
80.0 1.416-08 2.29e-10 2.11e-10 3.54£-08 6.75€-02 6.75e-02
180.0 0.1 1.17e-04 1.90E-06 6.41€-07 9.62E-05 4.63E+00 4.63E+00
1.0 %.55E-05 7.47€-07 9.92e-08 1.08E-05 %.07E+00 %.07E+00
5.0 1.86E-06 3.03e-08 4.53e-09 5.28€-07 1.62€+00 1.62€+00
10.0 4.08€-07 6.65E-09 1.10£-09 1.34E-07 7.52e-01 7.52E-01
50.0 1.316-08 2.13e-10 4.79e-11 6.56E-09 1. 156-01 1.15e-C1
85.0 4.97€-09 8.09E-11 2.06E-11 2.91E-09 6.51E-02 6.51E-02
270.0 0.1 1.18e-04 1.92E-06 6.73e-07 1.2e-04 4.66E+00 %.66E+00
1.0 4.60E-05 7.48€-07 7.71e-08 6.86E-06 3.90E+00 3.90e+00
5.0 1.80E-06 2.94E-08 4.04E-09 4.50E-07 1.55€+00 1.55e+00
10.0 3.87¢-07 6.30E-09 1.04E-09 1.31E-07 7.326-01 7.32e-01
50.0 1. 186-08 1.92€-10 5.16E-11 7.40€-09 1.17e-01 1.17e-01
80.0 4.52E-09 7.36E-11 2.22e-11 3.28¢-09 6.63E-02 6.63E-02

£e?
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INHALATION DOSE COMMITMENTS (MREM/YEAR) AU WORKING LEVEL MONTH AT EXTRA RECEPTORS FROM RADON
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1.81E+00
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5.49E-01
1.10€+00
3.50E+00
1.37e+00
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% .44E+00
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UDAD SAMPLE PROBLEM
METSET SAMPLE METSET

SKIN

o 0 00 0 0 0 S0 550 W0 4 W -0 0 0 s 0 i 5 0 0 5. A 0 0 0 0 i s 1 0 o 640 S o 0 .0 5 o4 0 - o

IDENTIFICATION

FENCE POST
TRAILER
RANCH 1
RANCH 2
RANCH 3
RANCH 3
RANCH 4
RANCH 5
RANCH 6
RANCH 6
RANCH 7
RANCH 8
RANCH 9
RANCH 10
RAHCH 11
RANCH 12
RANCH 12V
RANCH 13
PANCH 14
RAMCH 15
RANCH 16
RANCH 16V
HEST CITY
EAST CITY
RED TOWN
BLUE TOHN
ERONN TOWN
GREEN TOWN
ORANGE TOWNM
PURPLE TOWN
HHITE TOWN
E INDIANRES
E INDIANRES
EAST RURAL
NORTH RURAL
NH RURAL
HEST PURAL
SOUTH RURAL
SH RURAL
AGRICUL TURE
AGRICUL TURE
AGRICULTURE
AGRICULTURE
AGRICULTURE
AGRICULTURE

NP WEN -

UDAD 9

EXTERNAL DOSE COMMITMENTS (MREM/YEAR) AT EXTRA RECEPTORS FROM GROUND DEPOSITION

X(KM}

-55.70
-23.30

-78.00
33.00
-65.00
-27.00
-5.20
14.00
-23.00

~29.00
65.00
-60.00
40.00
-5.00
-23.00
-65.00

-45.00
21.30

-5.00
-22.80

.
o

u238

8.54€+01
5.61E+01
1.18E+01
7.41e-01
1.65E-01
1.65€-01
4.6%E-02
6.92E-02
5.54E-02
5.54€-02
1.09e-02
2.04E-02
1.19€-02
1.47E-02
3.06E-02
4.24E-03
4.24E-03
3.28E-03
3.01E-03
8.08€-03
%.491€-03
4.41E-03
1.44€-03
2.66E-02
3.44E-03
5.83E-03
2.32e-02
2.50E-02
1.8%E-03
1.768-02
2.16E-03
1.05e-02
1.05€-03
2.25E-02
2. 11E-02
5.76E-03
1.04E-03
7.80E-03
3.80£-03
2.55€~02
3.02e-02
2.17e-02
6.10E-03
1.26E-03
1.52e-03

DATE 12726778
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6.94E-01
4.05e-01
6.36E-02
4.10E-03
8.68E-04%
8.68E-04
2.23E-04
2.85E-04
.31E-05
.31E-05
.27€-05
.39€-05
.S55E-06
.65E-06
.68E-05
B2E-06
B2E-06
94E-06
LGHE-D6
.23E-06
.19E-06
. 1SE-06
.39E-06
.20E-04
.93e-06
.82e-06
.35E-05
.39e-05
S4e-ub
.74E-05
. 14E-06
.79E~-05
.64E-06
.01E-04%
.09e-05
.57E-06
L79E-06
.G3E-06
66E-06
.16E-04
24E-04
.17E-05
.08E-06
2.41E-06
1.80E-06

N b oed it P P2 NN N s DAY et it d DD N2 cd NN s a D000

43E+02
.58E+02
.04E+01
.60E+00
.51e-01
.51E-01
41E-01
B1E-01
.10E-02
.10E-02
.67E-03
.05¢-03
.32e-03
.62E~03
.23E-02
.62E-03
L62E-03
.10€-03
.$5E-04
.29E-03
.50E-03
.50E-03
.28E-04%
60E-02
.09€-03
LJ7€-03
.05e-02
29t $T
.10E-0%
.S0E-D2
.28E-03
.75€-02
.01E-03
.39E-02
.90E-02
.97e-03
.10e-03
.50E-03
.00E-04
.34E-02
B4E-02
95€-02
.28E-03
.49E-03
.0%e-03
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PAGE 179
PB210 TOTAL
1.686+02 6.97€+02
9.77E+01 64128402
1.54E+01 6.77€+01
1.136+00 4.4R8E+00
3.63e-01  1.08E+00
3.63E-01 1.08E+00
2.08E-01  3.96E-01
1 £2E-01 4. 19E-01
1.326-01  2.39E-01
1.32e-01  2.39e-01
6.776-02 8.63E-02
9.636-02 1.236-01
9.10E-02 1.07¢-01
9.82e-02 1.17e-01
8.3%-02 1.356-01
B.54E-02 9.22¢-02
8.64E-02 9.22¢-02
8.726-02 9.15e-02
9.18E-02 9.56E-02
8.47e-02 9.70E-02
2.01E-02 2.70e-n2
2.01E-02 2.70e-02
7.89e-02 8.12€-02
1.56E-01 2.59E-01
8.41E-02 8.86E-02
6.62E-C2  7.€SE-02
1.09e-01  1.53k-01
.u7E-01  1.8%E-C°
5.846-02 6.126-02
1.626-01 2.29e-01
6.10E-02 6.45E-02
8.72e-02 1.156-01
6.376-02 6.57¢-02
1.56E-01 2.42E-01
1.12E-01  1.52e-01
6.55€E-02 7.52-02
7.20E-02 7.42€-02
8.65¢ 02 9.68:-02
9.54E-02 1.00€-01
1.62e-01 2.61€-01
1.36E-01  2.45E-01
1.126-01 1.53e-01
6.576-02 7.61E-02
7.17€-02  7.45E-0C
7.69E-02 7.95e-02
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UDAD SAMPLE PROBLEM
METSET SAMPLE METSET

T O 0 0 T 00 S-S 07 5 W 0 5 5 00 0 10 A S 5 00 S -0, S0 0 0 S 4 0500 050 s 4 450 S -2 4 4 0400 o < e 4 - g i S0 i S S e

KHOLE BODY
&  IDENTIFICATION
3 RANCH 1
% RANCH 2
% RANCH 3
< RANCH 3v
7 RANCH &
8 RANCH 5
9  RANCH 6
10 RANCH 6V
11 RANCH 7
12 RANCH 8
13 RANCH 9
14 RANCH 10
15  RANCH 1
16 RANCH 12
17  RANCH 12v
18  RANCH 13
19  RANCH 14
20 RANCH 15
21  RANCH 16
22  RANCH 16V
40  AGRICULTURE 1
41  AGRICULTURE 2
42  AGRICULTURE 3
43  AGRICULTURE 4
49  AGRICULTURE 5
45  AGRICULTURE 6

UDAD 9

DOSE COMMITMENTS FROM INGESTION

MEAT
VEGETATION
MEAT
HEAT
HMEAT
VEGETATION
MEAT
MEAT
MEAT
MEAT
HEAT
MEAT
VEGETATION
MEAT
MEAT
MEAT
MEAT
VEGETATION
VEGETATION
VEGETATION
VEGETATION
VEGETATION
VEGETATION
VEGETATION

4.84E-06
5.84E-06

DATE

12726778

(MREM/YEAR )

1.78€-063
1. 156-04
2.43E-05
2.92e-03
6.24E-06
8.02e-06
2.33E-06
2.75€-06
3.55e-07
3.91€-07
2.12e-07

2.94E+00
1.90€-01
4.01e-02
2.37e-01
1.03e-02
1.32€-02
3.71E-03
2.19€-02
5.58E-04
5.84E-04
3.15-04
2.63E-0%
1.62E-03
1. 18E-04
6.97e-04
8.04E-05
5.78¢-05
3. 12e-04
1 R2r-nG
1.07e-03
3.16E-02
3.37e-02
8.37e-03
1.84E-03
6.42E-04
4.69E-04

PAGE 197
PO210 TOTAL
2.34E-01 3.21E+00
1.58€-02 2.08E-01
3.996-03 4 .48E-02
1.186-02 3.20E-01
1.62e-03 1.23e-02
1.566-03 1.51E-02
8.80E-04 4.84E-03
3.196-03 4.94E-02
3.81€-04 1.06E-03
5.20E-04 1.28E-03
4.89E-N4 9.68E-04
5.24E-04 9.65E- 2%
5.18e-04¢ 2.29e-03
%.55E-04 7.28E-04
1.856-03 1.79€-02
4.57€-04 6.94E-04
4.805-06 7.03e-04
4.56F-06¢ 2.215-064
1.146-04 3.326-04
4.46E-04 5.13-03
3.99£-03 6.51E-02
3.48€-03 6.22€-02
2.53-03 3.10E-02
1.43e-03 1.50E-02
1.54E-03 1.49€-02
1.65€-03 1.57¢-02

(414



PAGE 201
TOTAL

PO210

PB210

DATE 12/26/78

1.74€-01
1.74E+00
6.12€-03
2.16E-04%

RAZ26

3.77e-03

1.04£-03
2.17e-04

UDAD 9
TH230
.3BE-05 1.05€-0%
.09e-04
9!-04

uz23s

- - -
- - S T - - - - - - - - -

INGESTION DOSE COMMITMENTS ‘UR GENERAL POPULATION (ORGANMREM/YEAR)

CRCZN

UDAD SAMPLE PROBLEM
METSET SAMPLE METSET
PATHHAY

MEAT
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POULTRY & EGGS
VEGETATION

DAIRY
FISH
WATER



244

00+382°2 00+386°L
00+35%°2 00+301°2
00+386°1L 00+30¢4°L
00+3EL°L 00+306°1L
L0+309°L 00+30%°¢
10+396°¢
£0-364°8
£0-39L°6
00+352°1L 00+326°1
£0-36%°§
L0+382°1L
L0+30E° %
20+30%°1L 00+392°2
10+31%7L 00+310°2
00+3LC°S 00+306°L
£0-39%°¢L
10+301°1
20+365°1
ano1
wiol “IVNEILX3
202 39vd

L0-350°¢
L0-3%6°¢
10-36472
10-31g°2
00+3%5°8

10-31£°2

10-398°¢
10-302°¢
L0-386°2

L0+39L°L
L10+3l6°€
20+322°1
L0+3%L°1L
CG+36E°1L
NOGvVE
NOILS3ONI “NOILVIVHNI

L0+396°¢L
£0-364°%
£0-3947°6
£0-35T°1
£0-36%°¢6
00436171
00+398°¢
00+3.£°6
10-364°L
00+3%¢°¢
£0-39%"¢L
L0+301°L

(EYIA/HIENVIH0) SINIWLIWHOD 3S00 NOILiVINGOd

8L/92/20 3va

6 avan

N337dS

HOd¥VH 03d

$31831

S3INVAD

NIAS

S300N HdWAT

INTLSIINT 394V ¥3IM0T
INILSIUNI 394V ¥3ddn
INILSIINI TTVKS
HIVHOLS

¥3AI

AZNOIA

3NO8

AGO8 170HM

AdYNOHING
WWIHINO¥B03IHIVAL
TVIONL SVN
HWNIT3IHLT43 TVIHONONE

. 0 0 . S O 0 0 0 . 0 . 0 0 0 S 0 e S 5 s B . o A - i A 0 5 . 0 w0

S3LVINOIL8vd
“NOILVIVHNI

L13S13H 37dWVS L13S13W
H37808d 31dWVS avan



245

10+308°%
10+312°S
L0+36L°%
L0+3€9°S
20+3L9°%
£0+3%1°1
10-35€°1
L0-38%71
10+389°¢
20-3%2°%
20+398°¢€
£6+221 7L
£0+3€1L°2
20+3%%°2
L0+359°6
10-3EL°L
20+399°1

L0+3L6°2
104361 °¢
10+396°2
L0+3%2°2
20+3LL7L

L0+382°2

L0+368°€
L6*320°«
L0+368°2

Lo+3¢0°L
10+3%0°¢
10+3€9°L
L0+36£°1L
20+306°¢

L0+30%°1

10+362°2
10+30674
10+39L°L

2043891 °¢
0434071
£0+366°1
20+326°1

£0+360°2

£0+35L°1
L0-3€5°1
10-3%%71
20-320°2
20-3%2°%
L0+3€L°L
10+308°S
L0+3/0°§
00-30L°2
10+3%0°6
Lo-35L°L
20+395°L

N331d4S
MOEEVH 034

§3is31L |

S3ITEVA0

NINS

S300N HIHAT

INTASIINT 398V ¥3IHOT
ANILSIINI 394V ¥3ddn
NILSIUINI TIVHS
HIVHOAS

H3IATY

AINGIA

INOB

A008 370HM

AdVNOH NG
IVIHINOES03HOVEL
TVIINAGVHIOSYN
WNIT3HLId3 WWINHONCHE

l'lllll'l-ll’lllltllll-llllllll.'llllll'lIlltlllIIIllllllillllilllllllllll|lllllilll-llllll'llll!lll'lllllill’l'l‘l)lll'lllllll llllll

£02 39vd

NOILSIONI

“NOTLVIVHNI

S3IVINITL1avd
‘NOILVIVHNI

(WIH=NVOEG) SINIHLIWHOD 3S00 (SEVIA 001 ) TVANIKNOEIANI

8L/92721 Alva

6 ovan

138130 ITIMVS 138134
HW38Udd 314WVE 0¥ON

560



246

L0-386°2  10-3/6°C 10-396°2Z 10-3%6°2 L0-3%°2 10-356°L
L0-37676  10-38°S  10-396°S  L0-3%6°S  10-3§6°G  10-389°€
L0+36L°L  10+36L°L  10+38L°L  L0+38L°L  10+38L°L 00+398°¢
L0+3GL°S  10+35L°6  10+321°S  10+32L°S  L0+3LL°S  L0+30% '€
£0+302°1L  £0+302°1L  £0+36L°L  £0+36L°L  SO+36L°L 204326 £
0430179 £0+321°%  £0+3LL°%  £0+30L°% £0+301°% £0+35L°2
10-3%6°2 10-3%6°2 10-326°2 10-316°2 10-36'2 L0-356°L
L0-3€9°S  10-329°S  10-309°'S  10-38S°S  10-3/6'S  10-30L°€
L0+352°L  L0392°L 10435271 L0+3%2°1L  L0+362°L  00+322°%
LO*3SH'G  L0+3%H°C  10+369°S  LO+32H'S  L0+31H'S  10+309°¢
£0+362°1  §0+362°1 €0+362°L €0+382°L £0+382°L 2043%5°%
£04328°%  CO+31E°%  €0+308°% €030 % €0+362°% £0+398°2
00+312°L 0043121  00+312°L  00+312°L 00+302°L 10-310°%
00+309°2 00+309°C 00+365°2 00+385°2 00+385°2 00+32L°L
L0439L°%  LO*3IL°Y  L0+35L°%  LO+ISL b 10+3§2°%  L0+36L €
CO+3TVL  2043WW°L 204381 20031 20+RL 20439270
£0+3€9°8  €0+329°% €0+4309°2 €0+38C°8  €0+3/6°8 F0+31L°6
SO+ILL°L  S043LL°L  S003LL7. S0+ULTL H0+3LL & S0+3i8°L
10-306°9  10-365°9 10-39%°9 L0-3%%°9 L0-3E%'9  LO-3Z'H
00+328°L  00+320°L  00+31E°L  00+31C°L  00+3E°L  1L0-369°%
L0+329°2  10+319°2  10+309°2  10+309°2 10+309°2 103571
20+320°1L  204320°L 20+320°L 20432071 20+310°L 10+357°9
S0+43L0°2  £0+300°2 £0+300°C £0+300°C €0+366°L £0+3LE°L
£0+322°6  £0+3UZ°S  £0+36L°S  £0+36L°GC  £0+38L°G  £0+35H°C
00439L°2 00439472  00+3GL°2  00+3%L°Z  00+3%°2 00+32%8°L
00+300°9 00+366°S U0+3/6°S 00+396°S 00+356°G  00+396°€
C0+360°L  20+360°L Z0+360°L 20+360°L 20+360°L  L0+352°¢
C0+30L°%  20+360°% 20+380°% 20+380°% 20+3/0°% 20+31.°2
S0+3C2°L  H0+322°1L  H0+3Z2°L  H0+322°L  H0+322°L  S0+3LL°®
S0+3IHZ°L  H0IR2STL H0+3C2°L H0+ICTTL HO+3IE2°L £0+36L°®
0L 0s og 4 St Gl
Savaa
%02 39vd 8L/9220  va

10-3%€°L  20-369°6¢ 20-32L°S
10-395°2 10-328°L 10-380°L
00+36%°S  00+3L6°C  00+3%C°2
LO+3BE°Z  10+304°L  L0+3L0°L
C0+3%56°G  20+366°C 20439872
£0+3L6°L  £0+398°L  20+321°%

b0-3%E°L  20-366°¢  20-399°S
10-366°2 10-3%8°L 10-360°L
00+3%L°S  00+360°% 00+3%%°2
10432672  10+308°L 10+3/0°1
20+3/6°G 20+4362°H 20435672
€0+300°2 £0+32%°L 20+306'%®

L10-365°S 10-366°C LO-38L°2
00+302°L  10-386°9 10-304°S
10+302°2 L0+3/6°L 00+3/5°6
L0+369°8  10+302°9 10+30L°€
$0+366°C §0+368°2 €0+30L°L
£0+36L°G  €0+3L5°C £0+36L°2

10-386°2 10-321°2 10-392°L
L0-3£0°9 10-328°% L0-3/6°2
L0+312°L  00+319°8 00+3%1°G
LG+32L°%  LD+395C°E  L0+310°2
C0+3/2°6 20+319°9 20+386°¢€
£0+3L9°2  €U+U2L°L £0+3E0°L

00+3/2°L L0-3L0°6 10-31H°S
00+3[L°2 00+3(6°L 00+38L°L
10+43%0°S  10+309°C 10+361°2
C0+368°L  20+3S8°L  10+3.0°8
£0+43£9°S  £0+3%0°%  £0+31%°2
£0+324°6  §£5-.80°%  C0+3%%°2

.

0°92

o
©
-
e
w
o
o~
o000 Trooooo

e0+3LL°2

20-389°L
10-399°L
00+350°¢
L0+312°1
C0+3%5°S
20+361°¢

20-300°%
c0-382°%
00+385°1
00+365°9
20+362°1
20+358°¢

10-362°L
10-318°¢
00+326° L
10+3£9°2
c0+3(8°L
C0+366° ¢

0°08L

.

.

o000

0706

.

.

.

ewmégg e-ngge e-nggs S-nseg eédgsg

oo Trfoocooe
. . . .

649

L S £

SAULVINOILEVE WOHd (W3dW) 3500 O3LVOIUNI IWIL WIOL NOILVIVHNI

S338930 G749 = NOISH3JSIO WNWIXVH 40 319NV

6 ovan

i

(RAIIINVISIO ERb UL

TVIGNAEVHIOSYN

Sdv3A Gl = IWIL NOILVE3dO
13S13H 37dWVS 13S13H
H17608d 37dWVS Ovan



UDAD SAMPLE PROBLEM ubap 9 DATE
METSET SAMPLE METSET

OPERATION TIME = 15 YEARS ANGLE OF MAXIMUM DISPERSION = 67.5 DEGREES
NASOPHARYNGEAL

12726778

IMMALATION TOTAL DOSE RATE (MREM/YEAR) FROM PARTICULATES

ANGLE DISTANCE(KM) INTERVAL (YEARS)
0- 1 -3 > 9 5 7 7-10 10-15 15-20 20-30 50-70
67.5 0.1 7.96E+02 8.216+02 8.226+02 8.226+02 B.226+02 8.236+02 2.09E+00 1.233E+00 1. 1. 16E+00
1.0 7.89E+02 8.13E+02 8.14E+02 8.146+402 8.14E+02 8.156+02 2.07E+00 1.B6E+00 1. 1.156+00
5.0 2.6GE+01  2.726+01 2.72E+01 2.726+01 2.72E+01 2.72E+01 6.93E-02 6.24E-02 5. 3.84E-02
10.0 7.036+00 7.25E+00 7.26E+00 7.26E+00 7.26E+00 7.276+00 1.86E-02 1.67E-02 1.36E-02 1.02-02
50.0 3 83-01 3.976-01 3.986-01 3.986-01 3.986-01 3.98E-01 1.198-03 1.03E-03 7.88k-0¢ 5.70€-04
80.0 1.76E-01  1.83E-01 1.83E-01 1.83E-01 1.83E-01 1.83E-01 6.376-0¢ 5.336-04 3.87E-04 2.67€-04
0.0 0.1 3.356402 3.46E+02 3.66E+02 3.46E+02 3.G6E+02 3.46E+02 5.80E-01 7.93E-01 6.44E-01 6 .83E-0)
1.0 1.296+02  1.336+02 1.336+02  1.33£+02  1.336+02  1.33£+02 3.39E-01 3.056-01 2.48E-01  1.88&-01
5.0 6.56E+00 6.776+00 6.77E+00 6.78E+00 6.78E+00 6.78E+00 1.73E-02 1.56E-02 1.26E-02 9.57-03
10.0 1.68E+00 1.738+00 1.73E+00 1.73E+00 1.74E+00 1.74E+00 4 .556-03 4.07E-03 3.276-03 2.46E-03
50.0 8.29t-02 8.726-02 8.736-02 8.74E-02 8.74E-02 B8.75E-02 3.76E-04 3.026-04 2.04E-04 1.31E-04
80.0 4.00E-02 6.10%-02 4.306-02 4.30E-02 4.31E-02 4.326-02 2.53-0¢ 1.976-04 1.20E-04 6.82€-05
90.0 0.1 7.16E402  7.39E+02 7.39E+02 7.39E+02 7.40E+02 7.40E+02 1.88E+00 1.69E+00  1.38E+00  1.04E+00
1.0 5.55(402 5.72E+02 5.726402 5.73E+02 5.73+02 5.73E+02 1.45F+00 1.31E+00 1.07E+00 8.07¢-01
5.0 1.216+01  1.25£+01  1.256+01 1.25€+01  1.256+01 1.25€+01 3.186-02 2.86E-02 2.33-02 1.76E-02
10.0 3.06E+00 3.16E+00 3.16E+00 3.16E+00 3.16E+00 3.16E+00 8.136-03 7.306-03 5.91E-03 4.¢6E-03
50.0 1.66E-01 1.726-01 1.72E-01  1.726-01 1.73E-01 1.73e-01 5.34E-04 4.58E-04 3.47E-04 2.48E-06
80.0 7.696-02 8.04E-02 B.04E-02 8.056-02 B8.056-02 B8.06E-02 2.96E-04 2.45E-04 1.756-04 1.18E-04
180.0 0.1 2.78E+02 2.86E+02 2.87E+02 2.87E+02 2.876+02 2.87€+02 7.29€-01 6.576-01 5.34E-01 4.056-01
1.0 8.30E+01 8.56E+01 8.57E+01 8.576+01 8.57E+01 8.58E+01 2.186-01 1.96€-01 1.60E-01 1.21E-01
5.0 3.506+00 3.616+00 3.61E+00 3.62E+00 3.626+00 3.62E+00 9.276-03 8.34E-03 6.76E-03 S5.11E-03
10.0 7.986-01 8.26E-01 8.246-01 8.256-01 8.256-01 8.256-01 2.19E-03 1.956-03 1.56E-03 1.17¢-03
50.0 3.50E-02 3.726-02 3.738-02 3.73e-02 3.73E-02 3.74E-02 1.94E-04¢ 1.51E-04 9.61E-05 5.76E-05
80.0 1.786-02  1.94E-02 1.9%E-02 1.956-02 1.¥56-02 1.956-02 1.45€-04 1.086-04 6.20€-05 3.23E-05
270.0 0.1 2.65E+402 2.74E+02 2.76E+02 2.74E+02 2.74E+02 2.76E+02 6.96E-01 6.22E-01 5.10E-01 3.87E-01
1.0 7.70E+01  7.94E+01  7.94E+01  7.956+01 7.95E+01 7.96E+01 2.026-01 1.826-01 1.43E-01 1.126-01
5.0 3.316+00 3.41E+00 3.41E+00 3.41E+00 3.426+00 3.426+00 8.776-03 7.88:-03 6.386-03 4.836-03
10.0 7.63-01 7.88t-01 7.88t-01 7.88t-01 7.89E-01 7.89¢-01 2.11E-03 1.876-03 1.5CE-03  1.12&-03
50.0 3.476-02 3.696-02 3.70E-02 3.706-02 3.70E-02 3.71€-02 1.98E-04 1.54E-04 9.69¢ 5.75€-05
80.0 1.79E-02  1.96E-02 1.976-02 1.97€-02 1.97€-02 1.97€-02 1.506-04¢ 1.12E-0¢ 6.36E-05 3.28E-05
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15-20  20-30 30-50 50-70

- - - - - - - - - -

DATE 12/26/78
INTERVAL (YEARS)
7-10

67.5 DEGREES
57

upAD 9

ANGLE OF MAXIMUM DISPERSION =
INMALATION TOTAL DGSE RATE (MREM/YEAR) AT EXTRA RECEPTOR LOCATICNS FROM PARTICULATES

IDENTIFICATION

UDAD SAMPLE PROBLEM
METSET SAMPLE METSET
OPERATION TIME = 15 YEARS
NASOFHARYNGEAL
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4.3GE-01 2.18E+00 4.67E+00 7
2.80E-02 1.41E-01 3.026-01 4
5.995-03 3.02E-02 6.50E-02 1

TOTAL TIME INTEGRATED DOSE (MREM) FROM INGESTION
5

VEGETATION

MEAT

VEGETATION

HEATY

MEAT

VEGETATION
MEAT

VEGETATICN
VEGETATION
VEGETATION
VEGETATION
VEGETATION
VEGETATION

VEGETATION

PATHHAY

MEAT
MEAT
MEAT
MEAT
MEAT
MEAT
neAT
MEATY
MEAT
MEAT
MEAT
MEAT

AGRICULTURE 2

& IDENTIFICATION

3 RANCH 1
& RANCH 2
5 RANCH 3
6 RANCH 3V
7 RANCH &
8 RANCH 5
9 RANCH 6
10 RANCH 6V
11 RANCH 7
12 PRANCH 8
13 RANCH 9
14 RANCH 10
15 RANCH 11
16 RANCH 12
17 RANCH 12v
18 RANCH 3
19 RANCH 14
20 PRANCH 15

OPERATION TIME = 15 YEARS

UDAD SAMPLE PROBLEM
MEYSET SAMPLE METSETY
HWHOLE BODY

40 AGRICULTURE 1
43 AGRICULTURE &
44 AGRICULTURE 5
45 AGRICULTURE 6

41
42 AGRICULTURE 3

21 RANCH 16
22 RANCH 16V
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UDAD SAMPLE PROBLEM uDaD 9 DATE 12/26/78 PAGE 9
METSET SAMPLE METSET
UDAD SAMPLE MILL ORE PAD & GRINDING

EFFECTIVE DISPERSION FACTOR (SEC/M3) AT EXTRA RECEPTORS

&  IDENTIFICATION X(KM)  YI(KM) 2(M) 2380 230TH 226RA 210P8 222RN

1 FENCE POST 0.35 0.35 0.0 %.22€-06 4.22e-06 % 22€-06 4.22€-06 7.62€-06

2  TRAILER 1.00 0.50 0.0 3.02€-06 3.02e-06 3.02C-06 3.02¢-06 5.95€-06

3 RANCH 1 1.90 1.40 0.0 6.22€-07 6.22e-07 6.22E-07 6.22E-07 1.65¢-06

% RANCH 2 8.80 3.60 0.0 3.94E-08 3.94E-08 3.94€-08 3.9¢e-08 2.14E-07

5 RANCH 3 18.80 7.80 0.0 9.95€-09 9.95e-09 9.95e-09 9.956-09 8.36E-08

6  RANCH 3V 18.80 7.80 0.0 9.95€-03 9.95E-09 9.956-09 9.95¢-09 8.36E-08

7 RANCH 4 36.50 15.00 0.0 3.04€-09 3.04€-09 3.04€-09 3.04E-09 3.74E-08

8 RANCH 5 i2.00 21.80 0.0 4.64E-09 4.64E-09 4.64E-09 % 64E-09 4.326-08

9 PRANCH 6 ~2.40 20.60 0.0 %.00E-09 4.00E-0% %.00E-09 % .UO0E-09 5.71e-08

10 RANCH 6V -2.40 20.60 0.0 4.00E-09 4.00E-09 4.00E-09 = J0E-09 5.71e-08

11 RANCH 7 -18.20 23.30 0.0 8.10€-10 3.10E-10 8.10E-10 8 *0E-10 2.05¢-08

12 RANCH 8 -27.50 -2.50 0.0 1.59€-09 1.55€-09 1.59¢-09 1.59£-09 3.10e-08

15 RANCH 9 -35.20 -14.80 3.0 9.66E-10 9.66E-10 9.66E-10 7 .S5E-10 2.08¢-08

14 RANCH 10 -23.00 -22.40 0.0 1.18€-09 1. 18e-09 1.18£-09 i. 18E-09 2.72e-08

15 RANCH 1 -7.40 -21.80 0.0 2.28€-09 2.28£-09 2.28¢-09 2.28E-09 3.22¢-08

16  RANCH 12 -55.30 2.40 0.0 3.53e-10 3.53e-10 3.53e-10 3.53e-10 1.29¢-08

17 RANCH 12V ~55.30 2.40 0.0 3.53e-10 3.53e-10 3.53e-10 3.538-10 1.29¢-08

18  RANCH 13 ~67.50 -8.10 0.0 2.77€-10 2.77e-10 2.77e-10 2.77e-10 1.05€-08

19  RANCH “4 -55.70 -46.40 0.0 2.556-10 2.55e-10 2.55€ 10 2.55E-10 1.02e-08

20  RANCH 15 -23.30. -38.70 0.0 6 .54€-10 6.54€-10 6.54E-10 6.54E-10 1.60E-08

21  PRANCH 16 27.80 -38.30 0.0 3.06E-10 3.66E-10 3.66E-10 3.66E-10 3.85€-09

22  RANCH 16V 27.80 -38.30 0.0 3.66E-10 3.66E-10 3.66E-10 J.66E-1C 3.856-09

23 HWEST CITY -78.00 16.00 0.0 1.20€-10 1.20€-10 1.20€-10 1.205-10 7.84E-09

26 EAST CITY 33.00 35.00 0.0 1.80e-09 1.80E-09 1.80F-79 1.80E-09 2.48E-08

25 RED TOWN -65.00 -26.00 0.0 2.92€-10 2.926-10 2.92E-10 2.92e-10 9.88€-09

26  BLUE TOWN -27.00 27.00 0.0 4.42E-10 4.426-10 4.42e-10 4.42e-10 1.52e-08

27  BROWN TOWN -5.20 29.00 0.0 1.75e-0% 1.75€-09 1.75€-09 1.75e-09 3.38e-08

28  GREEN TOWN 14.00 35.00 0.0 1.806-09 1.80€-09 1.80E-09 1.80€-09 2.21e-08

29  ORANGE TOWN -23.00 59.00 0.0 1.53e-10 1.53e-10 1.53e-10 1.53E-10 7.67-09

30 PURPLE TOWN 56.00 32.00 0.0 1.22€-09 1.22€-09 1.226-09 1.22e-09 2.006-08

31 WHITE TOWN -29.00 53.00 0.0 1.74E-10 1.74E-10 1.74E-10 1.74E-10 8.50e-09

32 E INDIANRES 65.00 0.0 0.0 7.98E-10 7.98€-10 7.98E-10 7.98€-10 1.116-08

33 E INDIANRES -60.07 50.00 0.0 8.28¢-11 8.28¢-11 8.2BE-11 8.28E-11 6.456-09

w 34 EAST RUPAL 40.00 35.00 0.0 1.53e-09 1.53E-69 1.53e-09 1.53€-09 2.25E-08
35 NORTH RURAL -5.00 31.00 0.0 1.60E-09 1.60E-09 1.60E-09 1.60E-09 3.23e-08

O 36 N4 RURAL -23.00 32.00 0.0 4.44E-10 4.44E-10 4 .4%E-10 4.64E-10 1.46E-08
2 37  HEST RURAL -65.00 264.00 0.0 8. 16E-1 8.1€-1 8. 14E-1 8. 1%E-1 8.11E-09
38  SOUTH RURAL 0.0 -45.00 0.0 6.336-10 6.386-10 6.38e-10 6.386-10 1.71€-08

39  SH RURAL ~45.00 -45 rq 0.0 3.19e-10 3.19e-10 3.19e-10 3.19e-10 1.22€-08

O 40  AGRICULTURE 1 38.70 33.350 0.0 1.73e-09 1.73e-09 1.73E-09 1.73E-09 2.45e-08
Slg* 41  AGRICULTURE 2 21.30 34.30 0.0 2.0%6-09 2.09e-09 2.09e-09 2.05e-09 2.59E-08
42  AGRICULTURE 3 -5.00 30.50 0.0 1.64E-09 1.64€-09 1.64E-09 1.64E-09 3.28e-08
o 43 AGRICULTURE 4 -22.80 30.80 0.0 4.69E-10 4.65E-10 4.69£-10 4.69E-10 1.51€-08
4%  AGRICULTURE 5 -56.00 22.00 0.0 9.64E-11 9.64E-11 9.64E-11 9.64E-11 9.37e-09

45  AGRICULTURE 6 -67.50 18.80 0.0 1.24E-10 1.24E-10 1.24€-10 1.24€-10 8.75e-09
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UDAD SAMFLE PROBLEM
METSET SAMPLE METSET
UDAD SAMPLE MILL

TATLING

UDAD 9

EFFECTIVE DISPERLION FACTOR (SEC/M3)

- - - - - -

THETA= 0.0 DEGREE ANGLE

DISTANCE 233

---—-------------------—---------------_-----_-----__----—------------------—-----—-------—-------—-------.

2.00 2.83e-08
3.00 1.676-08
4.00 1.10E-08

20.00 7.82e-10
30.00 3.84E-10
40.00 2.31E-10
50.00 1.55€-10
60.00 1.12E-10
70.00 8.60E-11
80.00 6.93E-11

THETA= 22.50 DEGREE
DISTANCE 233y

ot T e 5 e S i S 6 v 0 A S e o B e S S g e o 6 5 i S 05 S 95 S S e 4 W Y S S

.00 3.12E-08

.00 2.14E-08

.00 6.49E-09
20.00 1.92€-09
37.00 9.55€~10
40.00 5.82E-10
50.00 3.96E-10
60.00 2.8%E-10
70.00 2.24E-10
80.00 1.81E-10

230TH

8.60E-11
6.93E-11

ANGLE

2.89e-10
2.24€-10
1.81E-10

3.06E-07
1.80E-07
6.92e-C8
2.83e-C8
1.67€-C3
1. 10E-08
7 84E-09
2.55e-09
7.81E-10
3.84E-10
2.31g-10
1.55E-10
1.12€-10
8.60E-11
6.93e-11

6.49E-0%
1.92E-09
9.55e-10
5.8CE-10
3.96E-10
2.83%E-10
2.2%E-10
1.815-10

DATE

12726778

PAGE
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In air (pCi/m3)
7 10° 10° 10" 10° 107 10" 10°

: 238, . 210
Concentration: U Concentratlon Pb
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UDAD SAMPLE PROBLEM T3 UDAD SAMPLE PROBLB‘\l
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Fig. C.1. CONCPLOT Output--Concentration of 80 and “*“Pb in Air for Sample Problem.
Theta is direction of maximum dispersion.
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222Rn in Air and Working Level for
Theta is direction of maximum dispersion.
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Concentration: 8

Concentration: 21OPb
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Fig. C.3. CONCPLOT Output--Concentration of 238y and “1%Pb on Ground for Sample Problem.
Theta is direction of maximum dispersion.
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Fig. C.5. Sample Problem Isopleth Flot (2C-km squares) for
225Ra and Bone--Log of Concentration in Air
Divided by MPC (maximum permissible concentration).
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APPENDIX D. LISTING OF CATALOGED PROCEDURE UDAD

/UDAD PROC  EDITOR=IEWL,ETROOM='(CYL,%4)',EDTOPTS=0VLY,

LSIZE="(300K, 100K )" ,EDTREGN=320K, PRELIB="4DUMMYLIB",
POSTLIB='&DUMMYLIB',AMDLIB='&AMDLIB',LIBRARY="'4FORTLIB",
LOAD="'8G(G)',LOUNIT=SASCR,LOROOH="(CYL,(4,,1)}",
LDDISP="'(MOD,PASS)',GOIF="'(5,LT,EDT)',GOREGN=320K,
MEMBER=UDADY ,GODISP8="'(NEW,PASS )" ,FILE=,
60DISP9="'(NEW,PASS)',CONDISP="'(0OLD,DELETE)',
ISODISP="(OLD,DELETE)", ISOREGN=280K,CONREGN=230K,
BOXDISP='(OLD,DELETE)’

R L T

/T
Vs
/-
S/-
Vsl
//n
S/
-
S/.
S
/7
/7%
S/ -
//n
S
/7%
/.
S/
S/ .
S/
s
I/
V4
/-
S
S
S-
S/ -
SS-
S.
Ve
//n
Ves
/.
/7w
/7%
Vo4
//n
es
//n
S
/i
S/
//n
Ve4
Ved
/7
S
S-

UDAD

THIS PROCEDURE EXECUTES THE ARGONNE URANIUM DISPERSION AND
DOSIMETRY CODE (UDAD). THE PROCEDURE WILL ALSO PRODUCE GIDATA
PLOT FILES FOR GRAPHICS OUTPUT IF THE APPROPRIATE JC VALUES
HAVE BEEN SET IN THE UDAD INPUT DATA.

REQUIRED PARAMETERS:

FILE
GODISP8 AND GODISP9 - ONLY IF UDAD PARAMETER ISTEP=1, 2, OR 3
CONDISP AND ISODISP =~ ONLY IF UDAD PARAMETER ISTEP>1

USAGE :

//JOBNAME JOB (FNNNNN,30,0,10),USERNAME ,CLASS=B,PRTY=H
CUA

//#MAIN ORG=LOCAL

//#FORMAT PR,DDNAME=,DEST=3800

//STEP1 EXEC UDAD,FILE='BNNNNN.JOBNAME'

//G0.SYSIN DD =
(INFUT DATA FOR UDAD)

//IS0.SYSIN DD »  (INCLUDE ONLY IF ISOPLETH PLOTS TO BE MADE)
(INPUT DATA FOR PROGRAM CONTOUR)

/# END OF FILE

THE ABOVE JCL IS SUFFICIENT FOR UDAD IF ISTEP=0. FOR QTHER
ISTEP VALUES, REPLACE THE '//STEP1' CARD AS FOLLOWS.

ISTEP=1:
//STEP1 EXEC UDAD.FILE='BNNNNN.JOBNAME',
7/ GODISP8="'(NEW,CATLG)' ,GODISPY="(NEW,CATLG)'

ISTEP=2 OR 3:
//STEP1 EXEC UDAD,FILE='BNNNNN.JOBNAME',
7/ GODISP8=SHR,GODISP9=SHR ,CONDISP=SHR , ISODISP=SHR

ISTEP=4:

//STEP1 EXEC UDAD,FILE='BNMNNN.JOBNAME',

7’/ CONDISP='(0OLD,CATLG)',ISODISP="(0LD,CATLG)"'
COMMENTS:

1) UNLESS OVERRIDDEN BY THE MEMBER PARAMETER, UDADY WILL BE THE
VERSION EXECUTED.

2) TO ESTIMATE COMPUTER TIME FOR JOB CARD:
22 SEC PER SOURCE FOR DISPERSION CALCULATIONS

N
(8
)



R —

’/n 45 SEC FOR DOSIMETRY CALCULATIONS

l/n 15 SEC FOR CCHCENTRATION PLOTS

i/ 8 SEC PER ISOPLETH PLOT

lim 3 MIN FOR WAIT TIME.

/.

/i 3) THE GIDATA PLOT DATASET NAMES WILL BE:

S BHMINN, JOBHAME .PLOT.CONC - FOR CONCENTRATION PLOTS
S BNHINN, JCBNANE .PLOT.ISO - FOR ISOPLETH PLOTS.

/7%

//#« MAINTAINED By A. ZIELEN, EIS DIVISION, BLDG. 10, A-121, EXT 2-3132
/.
B
B
/-

//n COMMENCE MODIFIED FTXEG PROCEDURE WITH STEPS EDT AND GO FOR

//n MAIN UDAD COOE.

S
B
//7EDY  EXEC PCH=2EDITCR,PARNM='0CBS,LIST,MAP,8EDTOPTS,SIZE=ELSIZE",

/7  REGIOM=REDTRECH

//8YSLIB DD DISP=SHR,DSN=8FRELIB

s DD DISP=SHR,DSN=3AMDLIB
/7 DD DISP=SHR,DSN=8LICRARY
/7’ 0D DISP=SHR,DSN=8POSTLIB

Z/7SYSLIN DD DONAHE=SYSIN

/7/SYSLHOD DD DSN=8LOAD,UNIT=8LDUNIT,SPACE=&LDROOM,DISP=8LDDISP,
/7  DCO=BLKSIZE=614%

//8YSPRINT DD SYSCUT=A,DCB=(LRECL=121,BLKSIZE=1210)

//8YSUT1 DD SPACE=&EIRCOM,UNIT=(SASCR,SEP=(SYSLIN,SYSLMCD))
/A DD DISP=SHR,DSH=B06183.EISLIB.LOAD

//B DD DISP=SHR,DSN=SYS1.AIDLIB

/7SYSIN DD DISP=SHR,DSH=E0%183.EISLIB.CARD( 8MENBEP)

//G0  EXEC FGM=#_ EDT.SYSLNCD,CCND=AGOIF ,REGION=8GOREGN

//FT05F001 DD OCKINC=SYSIN

//FT05F001 DO SYSCUT=A,BCB=(RECFM=FBA,LRECL=133,BLKSIZE=15%6)
//FTO7F00T1 DD SYSCUT=B

//FT08F001 DD DISP=4CODISr8,UNIT=TSTEMP,DSN=&FILE..TEMPS,

/7  DCB=(RECFM=VBS,BLKSIZE=6%47),SPACF=(TPK,( 10,10),RLSE)
//FTCSFC01 OD DISP=iGODISFS,UNIT=TSTENMP,DEN=2FILE..TENPY,

/7 DCB=(RECFM=F3,LRECL=30,ELKSIZE=2360),SPACE=(TRK,( 10,101,RLSE)
//FTI10F001 DD SYSOUT=A,DCB=(RECFH=FRA,LRECL=133,BLKSIZE=15%6)
/7180 EXEC PCI=LOADER,COND=( ¢ 1,GE+G01),(3,LT,60)),

s PARN="MAP,PRINT ,8LPARIL,EP=PLISTART ' ,REGION=8ISOREGH

B e
S

/7% COHMENCE MODIFED PLOLG PROCEDURE WITH STEP ISO FOR PROGRAM
/= CONTOUR .

lr-
B

//8YSLIB DD DISP=SHR,DSN=# EDT.A
7/

/ 0D DISP=SiR,DSH=EANDLIB
" DD DISP=SHR,DSN=SYS1.PLIBASE
/7 BD DISP=SHR,DSH=8FOSTLIB

//SYSLIN DD DISP=SHR,DSN=00%133.EISLIB.LOADICONTOUR)
/7SYSLOUT DD SYS0UT=A,DCB=(LRECL=121,BLKSIZE=1573)

//SYSFRCH DD SYSOUT=B,DCB=(FECFH=F BLKSIZE=80)

//8YSFRINT DD SYSOUT=A,DCB=(RECFM=VEA,LRECL=137,BLKSIZE=1511)
//SYSPUNCH DD SYSCUT=B,DCB=(RECFM=F,BLKSIZE=8])

//THDATA DD DISP=RISODISP,DS5N=+.GO.FT03F001

//CUTDATA DD DISP=(NEW,PASS),UNIT=TSTEMP,DS4=8FILE..TL!IPY,
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7/  SPACE=(TRK,(20,20),RLSE),DCB=(RECFM=FB,LRECL=80,BLKSIZE=2960)
//7BLKBOX DD DISP={NEW,PASS),UNIT=TSTEMP,DSN=&FILE..TEMP2,

/7  SPACE=(TRK,(1,111,DCB=(RECFM=FB,LRECL=80,BLKSIZE=2%60)

//B0X EXEC =G 1DATA,REGION=&ISOREGN,COND=(( 1,6E,60},(3,LT,60))
B L L
-

S/ COMMENCE MCDIFED STEP BOX FOR CONTOUR.BLACKBOX PROGRAM

/7% GIDATA.

S -
B
//STEPLIB DD DISP=SHR,DSN=SYS1.PLOTPKG,CONTOUR . BLACKBOX

//FTOSF001 DD DISP=2BOXDISP,DSM=&FILE..TEMP2

//FTO6F001 DD SYSOUT=A,DCB={RECFM=FBA,LRECL=133,BLKSIZE=1463)
//FTO8F001 DD DISP=8BOXDISP,DSN=&FILE..TEMM

/7FTOSF001 DD UNIT=SASCR,SPACE=(CYL,(2,1))

//FT10F001 DD UNIT=SASCR,SPACE=(CYL,(2,1))

//GRAPHICS DD DISP={NEW,CATLG),DSH=&FILE..PLOT.ISO,UNIT=TSTENP,

/7  SPACE=(£000,(40,40),RLSE)

//CON  EXEC PGM=LOADER,COND=((0,EQ,G0),(2,EQ,G0),(3,LT,G0)),

/27 PARH= "MAP,PRINT, 8LPARM, EP=MAIN' ,REGION=8CONREGN
B L e
.

s/ COHMENCE MODIFED FTXLG PROCEDURE WITH STEP CON FOR PROCRAM

/. CONCPLOT.

4

B e e s
//8YSLIB DD DISP=SHR,DSN=#_EDT.A

77 DD DISP=SHR,DSN=gAMDLIB

7 DD DISP=SHR,DSH=&LIBRARY

Vs DD DISP=SHR,DSN=0YS1.DISLIB

//FTO5F0N1 DD DDHANME=SYSIN

//FTOSF001 OD SYSCUT=A,DCB=(RECFH=FBA,LRECL=133,BLKSIZE=1595)
Z/FT07F001 DD SYSOUT=B

Z/SYSLIN DD DISP=SHR,DSN=B04183.EISLIB.LOAD(ICONCPLOT)

s DD DISP=SKR,DSH=SYS1.PLOTTER.GIDATA(PLOTTER)

//7SYSLOUT DD SYSOUT=A.0CZ=(LRECL=121,BLKSTIZE=1573)

//FTOSF00T DD DISP=&CONDISP,DSN=#.GO.FTOEF001

//GRAFHICS DO DISP=(NEW,CATLG),UNIT=TSTEMP,DSN=&FILE..PLOT.CONC,

7/  SPACE=(6000,(90,40),RLSE)

Vs PEND




APPENDIX E. LISTING OF JCL FOR OVERLAY EXECUTION OF PROGRAM UDAD

//EDT.A DD DISP=SHR,DSN=B04183.EISLIB.LOAD
//7EDT.B DD DISP=SHR,DSN=SYS1.AMDLIB
//7EDT .SYSIN #
ENTRY MAIN
INCLUDE A{UDADS,INHALE)
OVERLAY ALFHA
INCLUDE BfANCS)
INSERT PART1,TAILPS,POLUT,ACTOR1,DDEP,INTEG,FERR,FERRY,HT,INTG,DEPY, X
DSTBZ,DSPRSN, AFUNC .DFUNC
OVERLAY ALPHA
INSERT TAIRR,GRCUND,ACT,ACTDR2,D0SPL ATA,QDCAY,DCFQ,EVD,TCHGY, INHAL2,X
NSHE
OVERLAY BETA
INSERT INHALE,INITEX,KFUNC,FRACT,MSPSET,ECALC, INHALY,EVFDOS,FODOSE, X
FOCD, VEGFOD,CFCD
OVERLAY CGAMMA
INSERT DOCTOMT
OVERLAY GAMMA
INSERT DOSAGE
OVERLAY BETA
INSERT CONC
/*
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APPENDIX F. CORRESPONDENCE FROM NRC TO ANL CONCERNING UDAD

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 . . . .

Memo for .iistribution 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) « % 6 F ® w ® & 6

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

miiling 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 . . .

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 repeated) .

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,
BEEYIRORE & 5 s « 5 * 5 % 5 P 6 & 3 s 0w & WG B A& FN W e ow
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

FE-.I ) (98

Dr. Walter E. Kisieleski

Division of Environmental Impact Studies
Argonne National Laboratory

9700 South Cass Avenue

Argonne, I1linois 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
dosimetry. 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 information which should
be included in the documentation of the assessment methodology.

Breathing Rates

Shielding Factcrs

Occupancy Factors

n Factor (for bone)

f1 f2 Tb Factors (only if these are different from ICRP II,

e.g., 226Ra)

Organ weights for T-P and P regions cf lung

Please let me know if you have any questions or suggestions on the
proposed agenda.

Sincerely,

@ud 772?47)14’

Paul J. Magno

Fuel Reprocessing & Recycle Branch

Division of Fuel Cycle and
Material Safety

N
TS
~

.
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~

285



286

PROPOSED AGENDA FOR MEETING OF REVIEW GROUP
ON DOSE ASSESSMENT METHDOOLOGY FOR URANIUM 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).
I1. Brief explanation of ANL methodology and the UDAD Code (M. Momeni).
111. General discussion of assessment methodology and UDAD Ccde.
IV. Specific subjects for detailed discussion:
A. Atmospheric transport

1. Deposition velocities (Vd) especially for radon-222
and daughters

2. Modeling of area sources
3. Resuspension
8. 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
2. Environmental dose commitment

b. Population projections

5. Age dependent dose considerations




v.

227

C. Miscellaneous minor technical items
Summary and conclusions
A. Recommendations

B. Identificatfon of items requiring further clarification (if anv)

wh
o
€D
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Reg
: d"'\”" 0"’6, UNITED STATES
A - : - NUCLEAR REGULATORY COMMISSION
: ;E%giﬁg; H WASHINGTON, D. C. 20555
'S j ,
i, Py MAR 10 97

MEMORANDUM FOR: Distribution

FROM: Paul J. Magno
Fuel” Reprocessing and Recycle Branch
Division of Fuel Cycle and Material Safety

SUBJECT: MINUTES OF MEETING OF REVIEY GROUP ON DOSE ASSESSMENT
METHODOLOGY FOR URANIUM MILLS AT ARGONNE NATIOMAL
LABORATORY, FEBRUARY 22 FND 23, 1978

Participants:
NRC Argonne National Lab. EPA
Paul Magno, NMSS Michael Momeni Christopher Nelson
Frank Congel, NRR Walter Kisieleski
Daniel Martin, 0SD 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 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 presen*
NRC practices and policies and to increase its technical credibility.

Summary and Recommendations

The subject matter discussed and reviewed during the meeting 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,

ﬁ
Ko
i
5
co
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As a rasult of this review, the Task Group made the following raco=mendations

-3
-

¥ER .

or requests:

(1

r4\

{27

(3)

Atmospheric Transport Modeling

(a) The ANL staff should identify and document differences in
their atmespheric transport mdoels from those in Regulatory
Guides 1.1]1. (This is primarily for informational purposes
and not to impose a requirement that the atmospheric transport
model be identical to Regulatory Guide 1.111.)

(b) a deposition velocity (V4) of 0.3 cm/sec shguld‘be useg in
rodeling tha atrosgheric-transsort of lezd-210 form2d fren
dacay of radon-222.

(c) The area scurce modal should ba examined %0 ensure “nat
the rraction of the source arei not considered as
contrituting to source for wind from a qiven sector is
taken ints corsideration for the adiacen® sactcors or *kat

this contribution is not significant.
Rasuspension

The calculation of air concentrations {and doses) frz= rasuspension

should include polonium-210 which will be forrmed from incrowth from
lead-210.

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 he

recommendations of the Task Group on Lung Dynamics for Cormittee 2
of ICRP,

The importance of the choice of solubility category for yellowcake
was discussed as it relates to compliance with 40 CFR 19N, Thie
choice is complicatad because yellowcake is a mixture of a=moniun
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 hased on ICRP (TGLM) and which assumes yellowcake i3 Usugs

(b) based on preliminary data from the Battelle solubility studies,

meke “"test judgments" on a solubility category for each of the
various mill effluents;

LEDN 204G
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(4)

(5)

(¢c) based on the Battelle work, mike "best judsment" on solubility
categories for the various effluents involved as mixture of
categories for yellowcake (i.e., 2®class Y, 7Fclass W).

The review group 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 Committes 2. However, the
review group stressed the importance of these solubility studies énd
the need to continue this work as a priority oroject. I!/hen more
definitive rasults are available these should be used in revising

the presently utilized solubility categories.

Particle Size Distributions

For filtered uranium mill effluents, an activity median aerodynamic
diameter (A'AD) of 1 micron should be used in dose calculations. This
value was chosan because it is sucgested by the ICRP (TGLM) as the
stangara aerosol to be used when particle size distribution are not
Known.

For effluent from ore storage pads and tailings piles where measurerent
of these mataerials indicate the pirescnce of relatively large size
particles, the presently used particle size distributions (5 and 35
microns) should be continued to be usad. The importance of obtaining
actual measurement data on the particle size distributions was emphasized.
Wwhen these data are available they should be used as a basis to revise
the presently recommended values.

Radon-222 Dosimetry

ANL should use the dose conversion factor developed by NRC for converting
working level exposures to rem., This conversion factor will be developed
using the rationale described in the Minutes of the Meeting of the

Reyiaw Group on January 16, 1978 (copy attached).

The method for calculatina working level exposures was not completely
resolved. The main point requiring further resolution was the conversion
of working levels (4L) to cumulative working level months per year
(CuLM/year). This item will be further considered by the review ~roup.
prior to the next meeting with ANL and a recommendation will be developed.
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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 March.
(s 74«7(/

Paul J agno

Fuel Reprocessing and
Recycle Branrch

Division of Fuel Cycle
and Material Safety

Enclosure:

. linutes of Meeting

en 01/16/78
Agenda

on Feb, 22 & 23, 78
meeting.

(Omitted--same as agenda attached
to praceding Le etter)
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MEMORANDUM FOR: Michael Momeni
Division of Environmental Impact Studies
Afgonne National Laboratory

FROM: Paul J. Magno
Fuel Reprocessing and Recycle Branch

SUBJECT: CONVERSION FACTORS FOR RADON-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/e Rn = 0.5 WL

(2) 1 WL = 25 CWLM/year for continuous (non-occupational) exposure
(3) 1 PCi/e 222Rn = 0.125 CWLM/year for continuous exposure.

This factor is based on exposures inside normally ventilated structures.
A11 exposures should be calculated based on 100% occupancy inside a
structure and therefore nc credit should be given to lower working

level concertrations in outside air. NOTE: The review group-recognizes
tnat this will result in a small overestimation of the exposure to a
clese-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 Meeting 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)
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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 conversion 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.

) Q)
%44//%‘07"1(/
Paul V. Magn

Fuel Reprocessing and Recycle Bran.h
Division of Fuel Cycle & Material Safety

Enclosure:
Minutes of Mtg of 1/16/78

(Omitted--same as attachment
to preceding memo)
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MEMORANDUM FOR: Distribution kGotchy
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, 0SD

Subject of Meeting:

The following subjects were discussed at the meeting:

(1) the method to be used in presenting or expressing exposures to
the Tung 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-1lived
daughter to organs other than the lung.

Summary of Meeting:

The question orf 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 exposure is the bronchial
epitnelium. On the other hand, lung doses from inhalation of particulates
containing uranium, radium, thorium and lead are expressed in units of rems
ard t-e region of the lung receiving the highest doses is the pulmonary

rec .n. 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 summing dos3s 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

260
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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 10°
working level months. The health effects resulting from exposures to

particulates will be calculated using a risk factor based on H.E. per 10°
man-rem. The do.¢ conversion factor used to convert WLM to rem will be
established so that the health effects calculated using the H.E./10° man-rem
will give the same values as the H.E./10° 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-1ived
Zaughters are relativel¥ small compared to doses from the long-
lived daughters (i.e., 210Pb - 210pg), Therefore, there wculd be

no nced to calculate doses to these other organs from radon-222 and

short-Tived daughters.

(Original eigned by P. J. Magno)

Paul J. Magno

Fuel Reprocessing and
Recycle Branch

Division of Fuel Cycle
and Material Safety

FCRR FCPF

PMagno:flb LCRouse
7-4205 £ A
1/23/18 i/ /18 1/ /78 560 335



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

MAR 17 1878

MEMORANDUM FOR: Distribution

FROM: H. J. Miller
Fuel Reprocessing and Recycle Branch

SUBJECT: MINUTES OF PROJECT REVIEW MEETING ON GENERIC
ENVIRONMENTAL IMPACT STATEMENT (GEIS) ON URANIUM
MILLING - MARCH 13 AND 14, 1978

Participant:
NRC Argonne National Laboratory

H. MiTler . Robercs

P. Magno G. L. Montet
E. Branagan* M. Momeni*

F. Congel NRRg* Yuchien Yuan*
R. Gotchy (KRR)* M. Kisielski*
D. Martin (SD)*

E. Shum*

A. Soong*
Purpose: -

10 review development of the generic environmental impact staiement
on uranium milling. Particular emphasis was given to development
of the radiological assessment and iiealth effects estimates as they
will support establishing regulation on mill tailing management.

Summary of Discussion and Agreements:

The folilowing 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 thz
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 radon
release and recommendations concerning land use control (e.g. lond
ownership). The reed to include evaluation of risks to individuals
on or near the reclaimed tatiings pile for a range of radon control
levels is, therefore, nec:ssary.
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The following general approach was agreed upon to do this:

Select a range of exposure lev2ls 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 restrictsd 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) 1079 risk equivalent - risk level used by EPA for establishing
transuranic ground contamination standard

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.

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/berefit balance

is beirg attempted here to establish a radon exhalation control leve!l.
Other considerations in setting recquired controls must and will include
requirements for long-term stability, cumulative population exposures
and health effects, and potential for human disruption of piles.)

Other specific points agreed te 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 nodel site with a range of costs presented
to account for site specific and regionzl variations.

(3) AIl exposure pathways will be considered fo- individuals at
the site btoundary, 0.7 km trailer and 2.0 permanent residence.
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2.

The radiclogical 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.

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
inhalation, 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

tiie nearest (maximum) individuals.

Population dose will be calculated in the manner agreed to in the
September meeting. HNRC will work with ANL to develop simple factors
which will approximate a continuouslv changing 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 assumption in calculating the dose commitments
will be to level population off after year 2000 at a level which
conservatively approximates variable population projec.ions.

Methods for estimating potential health effects were discussed.

ANL (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 wouid

more accurately represent health consequences. It was 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 mecdei prior to issuance
of the draft GEIS.

b. National populations doses calculated from Oak Ridge/NCAA models
(which will be the greatest contribution to the cumulative

health effgct estimate) is not presently in the form required to epply
the ¢ mpeting health risk model.

c. The approach vhich will be taken for the draft GEIS is generally
consistent with what was done in GESMO, WASH-1400 and the EPA
transpranic standards gquidanre,



Distribution

NRC will supply the risk estimators which should be used.

Priorities for completing remaining work in the radiological assessment
and associated work are as follows:

(1)

(2)

(3)

(4)

Immediate - To be done on a schedule supporting the draft GEIS.

Complete the radiological assessment. This involves calcu-
lation of doses, health risks, etc. as discussed above
and in September 1977 review meeting minutes. Mo adjustments
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will be made to computer codes to do *'.is assessment. Simplifying

assumptiors and hand calculationz i1, .~ made as appropriate
to complete this work.

Write up of the radiologicdl assessment of both Las> case and
alternatives.

Writeup of the assessment i 2thodology and source term estimation
methods to hLe inzorporate’ fa appendices. The level of detail
provided in studies st.n as ESMO and Bettelle's cecommissioning
studies concerning radiological assessment methodology was
agreed to be adequate.

Parameters fcimple factors ) which were identified as needing
change a< a result of methodology review group meetings will be
entered into the computer code.

Long-Range Efforts - The following will be completed independent

of the remaining GEIS activities as additional funding (aside from
supplerental funding for the GEIS) is identified and made available.

(1)

(2)

Development of competing risk health effects model and
associated code and dose population computation changes needed

to support it.

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
items 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 Regulatyy Cuide 7.109
transfer factors.
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~ ;% NUCLEAR REGULATORY COMMISSION
. ) WASHINGTON. D. C. 20555
MAR 20 1973

MEMORANDUM FOR: Distribution

FROM: Paul J. Magno
Fuel Reprocessing and Recycle Branch
Division of Fuel Cycle and Material Safety

SUBCECT: MINUTES OF MEETING OF REVIEW GROUP ON DOSE ASSESSMENT
METHODOLOGY FOR URANIUM MILLS ON MARCH 13, 1978 AT
SILVER SPRING, MARYLAND

Participants:
KRC Argonne National Lab. EPA
Paul Magno, NMSS Michael Momeni Christopher Nelson*
Frank Congel, NRR* Adalter Kisieleski
Daniel Martin, 0SD Yuchien Yuan
Keith Eckerman, NRR* George Montet*

*Part time

Purpose nf 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:

N 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 cateaories (poultry and eggs) will not

be utilized in the food pathway assossment for uanium mills (see
item below on food intake value), In other words althouyh, 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.

Equation (2) which calculates concentrations of radionuclides in
root vegetables as a separate sub-cateqory of vegetation will be
eliminated. 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 effeﬁtive surface density of soil will be changed from 300 kg/mé
to 240 kg/m¢ to conform to Regulatory Guide 1.109.

1., the effective removal constant from soil should be calculated
ifl equation 4 based on the radiological half-l1ife of the parent
radionuclide in the decay chain and not on the half-life of the indivi-

. dual radionuclide independunt of its parent.

The decontamination factor due to washing, peeling, etc. of vegetation
should be changed from G.25 to 0.5. This is based on a value judgment
that only sone of the food items under the vegetation category

undergo these processes.

The Q3 factor should be removed from equation 5 since the inhalation
of particulates by the cattle contribute a negligible amount to the
daily intake.

The Fm transfer valuas for milk should be revised to incorporate
the recommended values in UCRL-51939.

A1l of the Fg¢ 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 shoula be reviewed to determine if more appropriate
values should be used in the uranium mill radioloaical assessments.

The €y value for radium-226 is of particular importance since radium-226

is the critical nuclide in the food pathway for individuals 1iving 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.
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9. Calculation o7 doses to the maximum exposed individuals shouid 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 mil, 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 cor categories actually identified at a site should
be included in the individual's diet. For example, for most uranium
mills, the milk, grain and fruit food items should be eiimina‘ed frem 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 Pathway

It is recommended that the populaticn doses to a regional population
(i.e., 50 miles) be calculated in a manner similar to Regulatory Guide 1.109
pages 34-35 (October 1377).

In general, it appears that the UDAD code is calculating the population doses
in a manner essentially equivalent to the abeve except that instead of calcu-
laticm 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 Commitment

The review group recommended that population doses be calculated using the
Environmental Dose Commitment (EDC) 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 Radiztion Dose Cormitment: An Application to the Nuclear
Pcwer Industry, U.S. Environmental Protection Agency, EPA-520/4-73-002
(February 1974).

The ANL staff disagreed withthis method of calculating the EDC primarily
because it would not provide the proper input inta 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 realth effects calculations
are made,
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Miscellaneous

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 ANL 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.
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© Paul_ J. Magno

Fuel Reprocessing and
Recycle Branch

Division of Fuel Cycle
and Material Safety
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Distribution for NUREG/CR-0553 (ANL/ES-72)

Internal:

A, J, Dvorak P, Chee B. Hicks

P. F. Gustafson H. F. Lucas, Jr. J. Marshall

W. J. Hallett M, H. Momeni (24) B, Cohen

R. B. Holtzman R. E. Rowland A, F, Stehney

W. E. Kisieleski J. Rundo ANL Contract File
D. M. Rote W, K. Sinclair ANL Libraries (3)
P. Frenzen T1S Files (6)
External :

NRC Washington, for distribution per RH (76)

Manager, Chicago Operations and Regional Office, DOE

Chief, Gffice of Patent Ccunsel, DOE-CORO

President, Argonne Universities Association, Argonne, Ill.

R. E. Alexander, USNRC, Washington

W. Bair, Battelle Pacific Northwest Lab., Richland, Wash,, 99352

A, J. breslin, Hea!th and Safety Lab., USDOE, New Yorx, N, Y. 10014%

T. Buhl, State of New Mexico Health and Social Services Dept., P. 0, Box 2536,
Milan, New Mexico 87021

R. E. Cunningham, USNRC, Silver Springs, Md. 20910

R. 8. Daniels, NUS Corp., 4 Research Place, Rockville, Md. 20850

R, Douglas, U. S. Environmental Protection Agency, P, 0. Box 15027, Las Vegas,
Nev. 89114

M. Eisenbud, New York U, Medical Center, 550 First Ave., New York, N. Y. 10016

M. B, Emmett, Oak Ridge National Lab,, Oak Ridge, Tenn, 37830

W, C. Fort, U, 5. Environmental Protecz:tion Agency, P, 0. Box 15027, Las Vegas,
Nev. 89114

M. Goldman, Radiatica Research Laboratory, U, California, Davis, Calif, 95616

W. E. Gray, Anaconda Co., 660 Bannock St,, Denver, Colo., 80204

D. W. Hendricks, U. S, Environmental Protection Agency, P, 0. Box 15027, Las
Vegas, Nev, 89114

J. Kastner, USNRC, Washington

E. E. Kennedy, United Nuclear - Homestake Partners, P, 0. Box 98, Grants,
New Mexico 87020

R. H. Kennedy, Div. Environmental Control Technology, USDOE, Washington

H, H. Landon, USNRC, Washington

P. Magno, U. S. Environm~ntal Protection Agency, 1921 jefferson Davis Highway,
Arlington, Va. 22202

J. Martin, U. S. Environmental Protection Agency, 1921 Jefferson Davis Highway,
Arlington, Va. 22202

J. Martin, USNRC, Washington

C. Mays, U. Utah, Salt Lake City, Utah 841i2

R, 0. McClellan, Lovelace Foundation for Medical Education aud Research,
Albuquerque, New Mexico 87108

C. Meyers, Tennessee Valley Authority, 100 Union Bldg., Knoxville, Tenn, 37902

H. J. Miller, USNRC, Washington

W. Mill |, U. S. Environmental Protection Agency, 1921 Jefferson Davis Highway,
Arlington, Va. 22202

C. Nelson, U, S. Environmental Protection Agency, 1921 Jefferson Davis H. wvay,
Arlington, Va. 22202

H. Peterson, USNRC, Washington (10)
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L. C. Schwendiman, Battelle Pacific Northwest Lab., P. 0. Box 999, Richland,
Wash, 99352

G. A, Sehmel, Battelle Pacific Northwest Lab., P. O. Box 999, Richland,
Wash. 99352

W. J. Shelley, Kerr-McGee Nuclear Corp., P. O. Box 2586i, Oklahoma City, Okla.
73125

R, Wilde, USNRC, Washington

M. E, Wrenn, New York U, Medical Cente:, 550 First Ave., New York, N. Y. 10016

W. Zobel, Tennessee Valley Authority, 100 Union Bldg., Knoxville, Tenn. 37902
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