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HIGHLIGHTS 

The purpose of the ANEMOS code is to estinate concentrations in air 
and ground deposition rates for Atmospheric Nuclides Emitted from 
Multiple Operating Sources. ANEMOS is one component of an integrated 
Computerized Radiological Risk Investigation System (CRRIS) developed 
for the U.S. Environmental Protection Agency (EPA) for use in performing 
radiological assessments and in developing radiation standards. The 
concentrations and deposition rates calculated by ANEMOS are used in 
subsequent portions of the CRRIS for estimating doses and risks to man. 

The calculations made in ANEMOS are based on the use of a 
straight-line Gaussian plume atmospheric dispersion model with both dry 
and wet deposition parameter options. The code will accommodate a 
ground-level or elevated point and area source or windblown source. 
Adjustments may be made during the calculations for surface roughness, 
building wa* effects, terrain height, wind speed at the height of 
release, the riation in plume rise as a function of downwind distance, 
and the in-growth and decay of daughter products in the plume as it 
travels downwind. ANEMOS can also accommodate multiple particle sizes 
and clearance classes, and it may be used to calculate the dose fron a 
finite plume of gamma-ray-emitting radionuclides passing overhead. 

The output of this code is presented for 16 sectors of a circular 
grid. ANEMOS can calculate both the sector-average concentrations and 
deposition rates at a given set of downwind distances in each sector and 
the average of these quantities over an area within each sector bounded 
by two successive downwind distances. ANEMOS is designed to be used 
primarily for continuous, long-term radionuclide releases. 

This report describes the models used in the code, their computer 
implementation, the un-ertainty associated with their use, and the use 
of ANEMOS in conjunction with other codes in the CRRIS. A listing of 
the code is included in Appendix C. 

To obtain a copy of the computer outputs, please contact the 
following: Radiation Shielding Information Center (RSIC) 
(615) 574-6176. 

xiii 



1. INTRODUCTION 

The funding for this research was provided by the U.S. 
Environmental Protection Agency (EPA); which, upon assuming regulatory 
authority of nuclear effluents covered by the Clean Air Act of 1977, 
launched an extensive review and revision of models that simulate 
transport of radionuclides through environmental pathways to man and 
calculate resulting health impacts. The results of the first phase of 
this work undertaken by the Health and Safety Research Division (HASRD) 
of the Oak Ridge National Laboratory (ORNL) are published in two 
reports: AIRDOS-EPA (Moore et al., 1979) and DARTAB (Begovich et al., 
1981). While the AIRDOS-EPA and DARTAB computer codes have provided EPA 
with an interim methodology for performing nuclear assessments, work has 
continued at ORNL on an integrated set of computer codes and data bases 
that serves as a state-of-the-art radiological risk assessment 
methodology. This Computerized Radiological Risk Investigation System, 
or CRRIS (Baes et al., 1985), is based on a review and evaluation of the 
AIRDOS-EPA/DARTAB system. This report documents one code of the 
CRRIS--ANEMOS, a computer code to estimate air concentrations and ground 
deposition rates for Atmospheric Nuclides Emitted from Multiple 
Operating Sources (Miller and Hermann, 1981). 

The relationship of ANEMOS to the other codes of the CRRIS is shown 
in Fig. 1. PRIMUS (Hermann et al., 1984) accesses a data base of decay 
data (Kocher, 1981a) and determines all the radionuclides in a decay 
chain which must be considered in transport, dose, and risk calculations 
by other codes of the CRRIS. RETADD-II (Murphy, Ohr, and Begovich, 
1984) is a long-range trajectory atmospheric dispersion code that 
calculates radionuclide air concentrations and ground deposition rates 
on a square grid on a regional or continental scale. Multiple runs of 
ANEMOS within a relatively small area may be summed on a master grid by 
the SUMIT code (Begovich et al., 1984). SUMIT may also be used simply 
to transform the results from an ANEMOS calculational grid to another 
grid configuration that is more convenient for assessment purposes. 
TERRA (Baes et al., 1984a; 1984b) is used to calculate concentrations of 
radionuclide chains in four produce categories, fcur cattle feed 
categories, irrigated and non-irrigated soils, beef, and milk. MLSOIL 
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Fig. 1. The computer codes that comprise r.he CRRIS. 
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and DFSOIL (Sjoreen et al., 1984) compute an effective soil 
concentration to be used in the calculation of external dose. MLSOIL 
implements a five-layer soil model rather than the single-layer model 
used in TERRA. DFSOIL computes the dose-rate factors used in MLSOIL. 
ANDROS (Begovich et al., in press) receives environmental radionuclide 
concentrations and combines them with population estimates, food and air 
consumption rates, and dose and risk factors to calculate population and 
average individual doses and risks from the source term supplied to 
AIIEKOS or RETADD-II. 

As indicated by Fig. 1, various combinations of the CKRIS codes may 
be used to tailor the assessment to the user's needs. For example, if 
only inhalation and air immersion doses and risks are to be calculated, 
then the user may wish to eliminate TERRA and MLSOIL from the assessment 
strategy. If ground deposition rates or air concentrations are known 
for a given location, then the user may wish to make the assessment by 
using only PRIIflJS, TERRA, MLSOIL, and ANDROS. 

A schematic representation of the ANEMOS code is shown in Fig. 2. 

The calculations made in ANEMOS are based on the use of a straight-line 
Gaussian plume atmospheric dispersion model with both dry and wet 
deposition parameter options (Gifford, 1968). The code will accommodate 
a ground-level or elevated point and area source. Adjustments may be 
made during the calculations for surface roughness, building wake 
effects, terrain height, wind speed at the height of release, the 
variation in plume rise as a function of downwind distance, the build-up 
and decay of daughter products, and the effective air concentration that 
can be used to calculate the dose from a finite plume of gamma-ray 
emitters passing overhead. 

The output of this code is presented for a 16-sector polar grid 
with nuclide-specific and particle size specific air concentrations and 
ground deposition rates. While ANEMOS is most appropriate for 
continuous, routine, radionuclide releases, in accordance with EPA's 
expressed needs, this basic methodology has been applied to longer-term, 
acu-e releases as well (Miller et al., 1980). 

The following sections present a discussion of the models used in 
the ANEMOS code, followed by instructions for using th* code. A sample 
problem is also included to illustrate the use of ANEMOS. The sample 
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job control language (JCL) and input data are included in Appendix A. 
The output of the sample problea is included in Appendix B. The ANEMOS 
code is listed in Appendix C. 



2. AIR CONCENTRATION CALCULATIONS 

2.1 THE GAUSSIAN PLUME MODEL 

2.1.1 Basic Formulation 

The most frequently used dispersion model in estimating the dose to 
man from radionuclides released to the atmosphere is the Gaussian plume 
model (Hoffman et al., 1977). This model is widely used because (Hanna, 
Briggs, and Hosker, 1982): (1) it produces results similar to those 
produced by other models when comparisons are made to experimental data, 
(2) it is easy to perform the necessary mathematical operations, (3) it 
is appealing conceptually, (4) it is consistent with the random nature 
of turbulence, (5) it is a solution to the Fickian diffusion equation 
for constant diffusion avid wind speed, (6) other so-called th oretical 
formulas contain large amounts of empiricism in their final stages, and 
(7) it is the model most often referred to in government guidebooks, 
such as U.S. Nuclear Regulatory Commission Regulatory Guide 1.111 
(USNRC, 1977b). The Gaussian model is often applied when purely 
theoretical considerations call its use into question. This practice 
has been accepted when predicted impacts are so small as to diminish the 
importance of potential errors (Rohwer, Hoffman, and Miller, 1981). 

The Gaussian model is based primarily on the work of Sutton (1932), 
Pasquill (1961 and 1974), and Gifford (1961 and 1968). The model 
assumes that the dispersion of material released to the atmosphere can 
be described by a Gaussian distribution in the horizontal and vertical 
directions. The basic equation of the Gaussian model is given by 

C - 2*ucr a p 

y z 
-1/2 

2 (z - h Y 
Y_ + E_ 
2 2 

a a 
y z 

( i ) 
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where 

C -
Q -
u — 

a , a -
y z 

h p -

air concentration at position (x, y, z) (Bq/m^ or Ci/rn̂ ); 
release rate (Bq/s or Ci/s); 
wind speed (ra/s); 
standard deviation of the material in the plume (ra) at 
downwind distance x in the horizontal, y, and vertical, z, 
directions, respectively; 
effective height of plume (m). 

It is assumed in deriving Eq. (1) that diffusion in the downwind 
distance, x, is negligible compared to the transport by the mean wind. 

When material is released by an elevated source, the plume will 
spread in the vertical direction until it eventually encounters the 
ground. It is then assumed that the plume is reflected and dispersed 
back up into the air as shown in Fig. 3. This reflection is equivalent 
to a virtual source at a distance hp below the ground so that Eq. (1) 
becomes 

2*ua a v 

y z 
-1/2 (2) 

| exp -1/2 
z - h 

+ exp -1/2 mi) 
Inversion conditions (i.e., positive potential temperature 

gradients in the lower levels of the atmosphere) may occur at varying 
heights in the atmosphere. When dispersing material encounters such an 
inversion, the material is assumed not to penetrate but to be reflected 
from this boundary, which serves effectively as the top of the 
tropospheric mixing layer (see Fig. 3). The result of assuming multiple 
reflections of the plume from both the ground and the top of the mixing 
layer is that the air concentration at any point downwind is calculated 
by summing the contributions from many virtual sources. Thus Eq. (2) 
becomes 
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Fig, 3, Schematic drawing of the reference system used In the cal-
culational model for the air concentration under a capping inversion. 
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c -
>F™y 

exp -
r x 2 1 

- 1 / 2 a 
L y 

-
J 

G , (3) 

where 

£ exp V^z - - 0 

+ exp I -1 /2 

_1/2 j ̂  ; y - P 

+ exp 

2 a h L ^ n 
I T 2(nHl 

{ • • 

) \ - h p - z 

+ exp < -1 /2 
2 0 + 1 ) ^ - h 

- ] " } • 
where 

h T - depth of the mixing layer (m). 

The arbitrary index m - 0 is used for the first two ground reflections 
(i.e., points a and a', b and b' in Fig. 3); the value m - 1 is used for 
the next two reflections and so forth (Healy and Baker, 1968). The path 
lengths can be described in general terms as shown in Table 1. For 
example, the vertical distance traveled by the bottom of the plume to 
reach a is h - z. To reach a', the distance traveled is h + z. 

P P 
Likewise, to reach b the top of the plume must travel a distance 
(h. - h ) + h. - z - 2h. - h - z. At the present time, ANEMOS uses a 
L p L L p 

maximum value of m - 10. 
Equation (3) assumes, of course, that z S h S h T , There are 

P ** 
times, however, when this is not the case. For example, under very 
stable conditions, the top of the mixing layer may be AK or very near to 
ground level so that h, i j and h , S h . As a result, there is only a 
lower reflection of the plume and G becomes 
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Table 1. Path lengths associated with Multiple reflections of a plume 
under a capping inversion (adapted froa Heal)- and Baker, 1968) 

Reference points 
in Fig. 3 Distances 

Lover Reflections 

(a, c, e, . . . •> 2ahL + hp - z 
(a', c', e', . . . m') 2mhL + hp + z 

Upper Reflections 

(b, d, f, . . n) 2 vm + l)hL - h p - z 
(b», d", f\ . . . n') 2(m + l)hL - hp + z 
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L 

2*o exp HH1) 
+ exp j -1 /2 

L 

- 2 h . •*• a + z 
L B. 

There aOrjulso times when z < h , < h o r h < h T 

p p L L < z. Under these 
conditiotssyriG - 0. 

When the value of a (p, x), the vertical dispersion parameter for 
stability category p and downwind di.ttar.ce x (m), becomes greater than 
some faceoj-Jjultlplici by the depth of the tropospheric boundary layer, 
the rariicnur*ide _a.? be assuned to be effectively distributed uniformly 
in the .y.crti-cjjr. •-Krrughout the -nixing layer. Under these circumstances, 
G becoirei -:̂ ;'-r-.' 

G - :•—-'-

where 

h. (p) '• the mixing he'^ht associated with stability class p. 

The multiplication factor to be used in ANEHOS for this test is an input 
parameter. A default value of 2 is currently used in the code. 

2.1,2 Average Concentrations 

Equations (1) through (3) refer to Che situation where the duration 
of the release is such that the resulting distribution of the 
radionuclides may be considered to be in the form of a plume (Clarke, 
1979). However, the purpose of ANEMOS is to calculate the average 
concentration around a source for releases that occur over an extended 
period of time, such as a year. As a result, Eq. (3) is modified to 
eliminate its a dependence. 
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The modification of Eq. (3) is based on the type of long-term 
meteorological data available for most U.S. sites. These data are 
usually expressed ir. terms of a joint frequency distribution of wind 
direction, wind speed class, and atmospheric stability class. The 
average distribution of material across the sectors defined by the 
available wind directions is calculated. In the United States, 16 wind 
directions are normally available; hence, a 22.5*-sector average air 
concentration is calculated. 

The crosswind integrated concentration from a continuous source can 
be obtained by integrating Eq. (3) over the variable y from -• to -H». 
An estimate of the average concentration over a period that is very long 
compared with the time period over which the mean wind is determined can 
be calculated by multiplying the crosswind integrated concentration by 
the frequency with which the wind blows toward a given sector and 
dividing by the width of that sector at the downwind distance of 
interest (Gifford, 1968). The resulting long-term air concentration is 
given by 

Np Nr N Q' (x) (4) 
Cis<*> " Z , E , S 2 . 2 " G ( P « X ) ' p - 1 r - 1 r 

where 

Cis(x) - ground-level air concentration of radionuclide i in 
wind direction s at downwind distance x (Bq/m3 

or Ci/nt3); 
Np - number of atmospheric stability classes (unitless); 
Nr - number of wind speed classes (unitless); 
N s - number of wind directions in a standard data set - 16 

(unitless); 
Q'iprs(x) - effective activity flux for radionuclide i in stability 

class p, wind speed class r, and wind direction s at 
downwind distance x (Bq/s or Ci/s); 

u - mean wind speed associated with wind speed category r 
r (n/s). 

It should be noted that Eq. (4) is no longer truly a Gaussian plume 
equation. Furthermore, one problem implicit in the use of Eq. (4) is 
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that there is no consideration of wind velocity and stability class 
persistence (i.e., for each stability class the wind does not actually 
blow steadily in one direction with a given speed for a long period of 
tine as is assumed here) . Hence, uniform vertical mixing will not be 
obtained under all conditions even at very large distances, and 
concentrations at very large distances will be unduly influenced by 
stable classes with low wind speeds. However, empirical evidence 
supports the use of this equation to calculate long-tern average 
ground-level air concentrations out to distances of 100 to 150 km from a 
point source [e.g.. Fields, Miller, and Cotter (1981a)] (see Table 9). 

In addition to calculating air concentrations and ground deposition 
rates for use in dose and risk estimation, ANEMOS also calculates the 
activity flux at each downwind distance. This is given by 

N P Nr (5) 
Q' i s(x) - Z Z Q. (x) , 

p - 1 r - 1 r 

where Q' (x) is the effective flux of pollutant i across the downwind 
sector direction s and through the vertical plane at downwind distance x 
(Ci/s or Bq/s). This calculation allows the user to monitor the 
downwind movement of the pollutant. 

2.2 PARAMETERS 

2.2.1 Wind Direction 

Wind direction is an implicit rather than explicit parameter in the 
Gaussian formulation. The frequency of occurrence of each wind 
direction is an input variable in ANEMOS. Spatial and temporal 
variability of the wind direction throughout the assessment area is not 
accounted for in the straight-line model used in ANEMOS. 

In standard meteorological nomenclature, the wind is reported in 
terms of the direction from which it is blowing. What is required in 
dispersion analyses, however, is the direction toward which the wind is 
blowing. Since standard meteorological data are assumed as input to 
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ANEMOS. the code autoaatically adjusts all input wind directions by 
180*. The user may need to reorganize the input data if nonstandard 
meteorological information is used. 

2.2.2 Wind Speed 

Wind speed is entered to ANEMOS in terms of the frequency of 
occurrence of wind speed classes. Up to eight wind speed classes may be 
used. The mean wind speed for each class is used in the dispersion and 
deposition calculations. These values are also input parameters in the 
code. 

The wind speed used in the ANEMOS calculations should be the wind 
speed at the source height (Clarke, 1979). However, meteorological data 
are seldom available at every source height of interest. Within the 
boundary layer, the wind speed tends to increase with increasing height 
above the ground. An initial rapid increase in speed with height 
diminishes to a much slower increase with height as the effect of the 
frictional forces at the surface of the earth decreases. This effect is 
often more pronounced at night than in the daytime (Fig. 4). 

It is convenient to express the variation of wind speed with height 
in terms of a wind profile power law 

u 2 " u l 
!2 
zl 

(6) 

where 

u. - wind speed at height z. above ground; 
u. - wind speed at height z. above ground; 
q - power-law exponent. q - power-law exponent 

Irwin (1979) has published values of q as a function of atmospheric 
stability and surface roughness. These values (shown in Table 2) have 
been Incorporated into ANEMOS for each stability category and selected 
values of surface roughness length, z (see Sect. 2.4). Irwin (1979) 
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Fig. 4. Schenatic representation of the diurnal variations of wind 

speed with height over average terrain. 
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Table 2. Variations of the power-lav exponent, q, and the inverse 
nonin-Obukhov length, L"1, as a function of atmospheric stability 

class and surface roughness length, z (Irwin, 1979) 

z 0 - 0.01 m z 0 - 0.10 • z 0 - 1.00 m z 0 - 3.00 m 
Stability 

L"1 (•"!) q L 1 (m 1) q L 1 (m"1) q L"1 (a 1) q 

A -0.1405 0.05 -0.1109 0.08 -0.0875 0.17 -0.0781 0.27 
B -0.0848 0.06 -0.0571 0.09 -0.0385 0.17 -0.0319 0.28 
C -0.0329 0.06 -0.0163 0.11 -0.0081 0.20 -0.0058 0.31 
D 0.0000 0.12 0.0000 0.16 0.0000 0.27 0.0000 0.37 
E 0.0329 0.34 0.0163 0.32 0.0081 0.38 0.0058 0.47 
F 0.0848 0.53 0.0571 0.54 0.0385 0.61 0.0319 0.69 
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does not include values of q for stability category G; therefore, ANEHOS 
uses the values >f q shown for stability category F for stability 
category G, too (Rarid^n et al., 1984). Values of q are determined for 
values of z not listed it- Table 2 by interpolating between the given 
points using a linear interpolation. Because of the inherent 
limitations of this procedure, however, the user should not enter a 
value of z less than 0.01 m or greater than 3.00 m. 

Values of z may be estimated from vertical wind profiles. 
However, this information may not be available for all sites of 
interest. Presented in Table 3 are some representative values of z for 
various types of surfaces, which can be used in lieu of more precise 
site-specific information (Clarke, 1979). 

In ANEMOS, the wind speed values for each wind speed class are 
automatically adjusted from the height at which they are measured (z.), 
an input value, to the calculated plume height (z„). It will be noticed 
from Eq. (6), however, that, as z ? approaches ground level, u« 
potentially becomes unrealistically small. As a result, ANEMOS includes 
as an input parameter the minimum value of z. that will be used in the 
extrapolation. A value of 10 m may be appropriate for this minimum 
(Clarke, 1979). However, if z. is less than 10 m, then z.. should be 
used for this minimum. 

2.2.3 Downwind Distance 

ANEMOS calculations are oased on a circular grid (Fig. 5), with 
each sector centered on one of the 16 cardinal wind directions 
(Table 4). The air concentration and ground deposition rates may be 
calculated at each successive innular distance in a given sector, or the 
average air concentration and ground deposition rate between m y two 
successive annular distances may be determined. The latter calculations 
are useful when population dose and health effects are being calculated. 
The method used is to assume that the air concentration or ground 
deposition follows an interpolating function f(x) - ax . We can use the 
two end points to determine this function, with 
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Table 3. Representative values of zo for natural surfaces 
under neutral stability (Clarke, 1979) 

Terrain zo 
(m) 

Sea 0.0001 

Sandy desert 0.001 

Short grass 0.005 

Open grassland 0.02 

Roou crops 0.1 

Agricultural areas 0.2 

0.3 

Parkland, open suburbia 0.5 

Cities, woodlands 1.0 
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Fig. 5. Circular grid syctem upon which ANEMOS calculations are based. 
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Table 4. Vind-dlrectlon sectors 

Sector Direction Range of angle (in degrees) 
From To 

1 N 348.75 11.25 

2 NNE 11.25 33.75 

3 NE 33.75 56.25 

4 ENE 56.25 78.75 

5 E 78.75 101.25 

6 ESE 101.25 123.75 

7 SE 123.75 146.25 

8 SSE 146.25 168.75 

9 S 168.75 191.25 

10 SSW 191.25 213.75 

11 Stf 213.75 236.25 

12 VSV 236.25 258.75 

13 W 258.75 281.25 

14 WNW 281.25 303.75 

15 NW 303.75 326.25 

16 NNW 326.25 348.75 
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CL " "L a n d Si " a V ( 7 ) 

where 

C. - concentration or deposition at the lower of two consecutive 
distances, x^; 

C.. - concentration or deposition at the upper distance, x_ 

Solving these, we get 

b

 l n < V c u > 
ln(VV ' 

b 
IT a " V£ 

Since the incremental area is proportional to x, the average 
concentration (or deposition rate) over the area between x. and x^ is 
then computed as 

"u 
r (b + 1) . J ax x 'dx 
Hi 

XU 

X L 

The user may enter the number of annular rings and enter the 
specific distances to each ring or may choose to have ANEMOS calculate 
the distances. In the latter case, the user must first specify the 
maximum downwind distance desired and the total number of distances to 
be considered. The user must then choose one of three calculational 
grid options which are used by ANEMOS to automatically set the 
relationship between any two successive downwind distances. These 
relationships are shown in Table 5. 
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Table 5. Specification of the three standard calculational 
grid options available in AHEMOS 

Ratio of 
Grid two successive 

downwind distances 

Default 
nunber of 

downwind distances 

Coarse 2 

Medium 2.5 

Fine 2.25 

10 

20 

40 
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2.2.4 Vertical Dispersion Parameter 

2.2.4.1 Basic Parameter 

As might be expected from examining Eq. (4), changes in a (p, x) 
have been shown to affect greatly the resulting air concentration 
(Pasquill, 1974; Weber, 1976). Empirically determined graphs of 
a (p, x) have been developed by a number of authors (Gifford, 1976). 
Smith (1972) has developed a. set of a (p, x) values designed to include 
downwind distances up to 100 km and a variety of surface roughnesses. 
Smith based his results on numerical solutions to the basic atmospheric 
diffusion equation using wind-speed and diffusivity profiles gained from 
experience over a range of stability categories. Hosker (1974) used a 
form of Smith's results to estimate the effect of surface roughness on 
downwind air concentrations. The increased mechanical turbulence 
generated by rough surfaces enhances plume diffusion and thus reduces 
air concentrations. Miller (1978) compared values of a (p, x) observed 
at two rough terrain sites with values predicted by the Smith-Hosker 
formulation and found the respective values to be in reasonably good 
agreement. 

An important consideration when selecting a set of dispersion 
parameters for an application is the height of release for which they 
are applicable. Smith's values of a (p, x) are based on data from low-
level releases. It has been suggested that the height of release is an 
important parameter in determining the rate at which the plume 
dispersion occurs, especially in the vertical (see Gifford, 1976). 
Pasquill (1976) argues, however, that for a sampling time >10 min the 
Smith values of o (p, x) should be equally applicable for ground-level 
or elevated releases. 

The Smith-Hosker values of a (p, x) have been selected for use in 
ANEMOS. The analytical formula for these values is 

V ' *> " 7^-dp<»0' x ) • ( 8 > 

1 + ex 
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where 

F(z , x) - the roughness correction factor. 

The stability-dependent coefficients used to calculate a (p,x) in ANEMOS 
are presented in Table 6. The coefficient values given in this table 
for stability category G were derived from data presented by Clarke 
(1979). All other coefficients are based on Hosker (1974). 

A correction factor is calculated by ANEMOS to adjust the 
dispersion parameters given by Eq. (8) for variations in surface 
roughness. The procedure used here is the same as that used by Raridon 
et al. (1984). Data from Fig. 6 (Smith, 1972) were fit using a bicubic 
spline expression (NAG, 1981). The parameters from this fit are used to 
calculate the correction factor as a function of roughness length, z , 
and the distance between the source and the receptor, x. 

2.2.4.2 Building Wake Effects 

The dispersion parameters defined in Eq. (8) are for an ideal point 
source. When the release point is on or near a building or complex of 
physical structures, however, building wake effects can enhance the 
initial growth of stack plumes. Plumes that are affected in this manner 
can result in ground-level concentrations that are significantly 
different from those found in the absence of such effects (Huber, 1979). 

To account for building wake effects, ANEMOS uses a technique for 
estimating an enhanced dispersion parameter, a '(p, x), suggested by 
Huber and Snyder (1976) and Huber (1977) and incorporated into the 
Industrial Source Complex (ISC) computer code (Bowers, Bjorklund, and 
Cheney, 1979). This technique is based on a wind-tunnel study and a 
literature review and evaluation (Huber, 1979). It is estimated by 

V ( P . *> 

x w * 3 H b °'7Hb; 
0.71^ + 0.067(xw - 31^); 3 ^ < x w < lOH^ (9) 

o (x + S >; z w z \ * 1 0 H b 
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Table 6. Coefficients used to derive the values of a (p, x) 
for various stability categories 

Stability 
category 

A 

B 

C 

D 

E 

F 

G 

0.112 1.06 5.38 x 10" 4 0.815 

0.130 0.950 6.52 x 10" 4 0.750 

0.112 0.920 9.05 x 10" 4 0.718 

0.098 0.889 1.35 x lO* 3 0.688 

0.0609 0.895 1.96 x 1 0 ' 3 0.684 

0.0638 0.783 1.36 x l O ' 3 0.672 

0.0366 0.767 5.44 x 1 0 4 0.7427 
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Hb — height of highest influential building (m); 
xw - downwind distance from the building edge - x - Hv/2 (m); 
H v - width of the region of influential buildings normal 

to the wind (m); 
a — the value of the appropriate vertical dispersion parameter, 

a (p, x), in the absence of building influences; 
S z — tne virtual source distance such that a '(10H.) — 1-2H, (m). 

Equation (9) should be applied for sources located within 2Hb of a 
building and lower than 2.5H, or, in cases where H < H. , a height of 
(Hb + 1.5 Hw) (Huber, 1979). When H w < H^, Hb should be replaced by Hv 
in Eq. (9) because the width scale H is likely to be more significant. 
If the unmodified values of a (p. x) are greater than a '(p, x) at Xw ^ 
10 Hb downwind, then no modification is made to a (p, x). This is often 
the case for very unstable (A or B category) conditions (Huber, 1977). 
Comparisons of air concentration predictions mr.de using this technique 
with field observations support the use oi Eq. (9) in assessment 
calculations (Huber, 1979; Miller, 1981). 

2.2.5 Effective Stack Height 

The physical height of the release location above plant grade is an 
input parameter for ANEMOS calculations. However, the actual effective 
stack height will often be different from the physical stack height 
because of the nature of the plume. ANEMOS contains procedures that may 
be used to adjust the stack height. These procedures are discussed in 
the following sections. It should be noted, however, that the ANEMOS 
user has an option of ignoring all these adjustments and keeping the 
effective stack height equal to the physical stack height, which is 
entered. 

2.2.5.1 Momentum and Buoyancy 

When a plume possesses momentum and/or thermal buoyancy, it will 
tend to rise above the physical stack. To account for this process, 
ANEMOS uses Briggs' (1971, 1975) plume-rise equations. This is also the 

http://mr.de


29 

methodology incorporated into the ISC code (Bowers, Bjorkland, and 
Cheney, 1979). The parameters used in this model have been defined as 
follows: 

F- " f T./TJ v V / 4 . (10) 
( T a / T s ) 

gV d 2 

F . _ _ t - , 1 _ T_yi_ I- F. > F < ; ( n ) 

F 
-P|l-Ta/Ts j;F'> 

0; F' < F 
c 

0.072(V d ) 4 / 3 ; F' < 55 n*/s3 

*c ~{ (Ha) 
0.014(V d ) 5 / 3 ; F' > 55 m 4/s 3 . s s 

'J + «iiii V3 - v 

s 
(12) 

where 
FB - momentum flux; 
T a - ambient air temperature (K); 
Ts - stack exit temperature (K), input as zero for a pure 

momentum source; 
V s - stack exit velocity (m/s), input as zero if no plume 

rise is to be calculated; 
ds - stack exit diameter (m); 
F - buoyancy flux; 
g - acceleration due to gravity (9.8 m/s?); 
Fc - buoyancy flux below which plume rise is due to momentum 

only; 
0. - jet entrainment coefficient; 

u(H) - mean wind speed (m/s) at emission height H. 

During stability categories A, B, C, and D, plume rise Ah due to 
buoyancy and/or momentum at downwind distance x is estimated by 
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Ah (x) -n 
3Fx' 3F x' 

__» + 2- 2 2- 3 8jU(H)Z 2/»Ju(H)J 

1/3 (13) 

x' 

x < 3.5x* and F > 0 
4d J V s + 3u(H) 1 

and F - 0 
V u(H) s 

x > 3.5x* and F > 0 

4d J V s + 3u(H) j 

(14) 

; x & and F - 0 
V u(H) s 

x* 
14F5/«: 

34F2'5; 

F S 55 m 4/s 3 

F > 55 m 4/s 3. 
(15) 

For stability categories E, F, and G, plume rise Ah at downwind 
distance x is given by 

3 3 F 

A h s ( x ) " ~5=,usel/2 0Ju(H)S 
m sin [ S 1 / 2x'/"(H) 1 (16) 

0 
J L { i - cos f S^VMH) ] 1 
;u(H)S [ L J J 
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; x < xu(H)S 1 / r 2 and F > 0 

; x < 5 I ( K ) S ~ 1 / 2 and F - 0 
(17) 

TO(H)S~1/2; x £ TO(H)S_1/2 and F > 0 

| ^ ( H ) S ~ 1 / 2 ; x > | ^ ( H ) S ~ 1 / 2 and F - 0 . 

a 

where 

S - stability parameter (s"2); 
38 
— - vertical potential temperature gradient (the default value is 

0.020 K/m for E stability, 0.035 K/ra for F stability, and 
0.042 K/m for G stability). 

Both p. and P2 have a default value of 0.6 (Briggs, 1975). Like ISC, if 
F - 0 and At:,(x) > 3V d/u"(H), ANEMOS sets Ah (x) - 3V d/u(H). Also, it 
should be noted that Eq. (16) is a theoretical formulation with partial 
experimental validation; however, for nonbuoyant plumes there are no 
appropriate data available for validation (Bowers, Bjorklund, and 
Cheney, 1979). Equation (6) is used to extrapolate the wind speed from 
the height of measurement to the height of release H. 

It should be noted that the calculation of plume rise as a function 
of downwind distance is an option in ANEMOS. It should always be used 
when building wake effects (Sect. 2.2.4.2) are calculated (Bowers, 
Bjorklund, and Cheney, 1979). It should also be considered when 
calculations of the gamma-ray dose from a plume passing overhead are 
made. There may be other times when a distance-dependent plume rise is 
calculated, but it should be kept in mind that this calculation can be 
time consuming and, hence, expensive. 

When ANEMOS is not directed to calculate distance-dependent plume 
rise, it will assume that the final plume rise is to be used at all 
downwind distances. The final plume rise for neutral .or unstable 
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conditions is found fron Eq. (13) using the maximum value of x* allowed 
by Eq. (14). Likewise, for stable conditions the final plume rise is 
given by Eq. (16) with x' equal to the maximum value allowed by 
Eq. (17). 

2.2.5.2 Downwash 

Another option in AMEHOS is that the user may request calculation 
of stack-tip downwash using a model after Briggs (1973). If 
V > 1.5u(H), no downwash occurs. If V < 1.5u(H), however, a factor 
s s 

Ah. is added to the stack height, where 

Ah d - 2[Vs/u(H) - l-5Jds (18) 

The user should note that Eq. (18) is based on wind tunnel data that 
might not be entirely appropriate for environmental stack releases 
(Bowers, Bjorkland, and Cheney, 1979). Also, Eq. (18) should not be 
used when the building effects option (Sect. 2.2.4,2) is used because 
downwash is already implicitly included in the building wake-effects 
calculation (Bowers, Bjorkland, and Cheney, 1979). 

2.2.5.3 Determining Effective Stack Height 

The effective stack height due to momentum, buoyancy, and downwash 
is calculated by modifying the input value of the physical stack height, 
hg. One option in ANEMOS is to make this modification in a simple 
linear fashion, that is, 

h - h + Ah. + Ah(x) , (19) 
e s d 

where Ah(x) is Ah (x) or Ah (x) depending upon the atmospheric stability 
category. Briggs (1981) has suggested, however, that it may be more 
realistic to use the nonlinear ANEMOS option whereby 
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h - h e s 
+ [ ( * v + ^ d ) 3 + ^ ] 1 / 3 - ( 2 0 > 

where Ah and Ah. are, respectively, the momentum and buoyancy terms of 
Eq. (13) or (16). Equation (19) will likely result in higher population 
dose estimates than will Eq. (20) (Briggs, 1981), the default in ANEMOS. 

2.2.6 Effective Plume Height 

Equation (4) requires the use of the effective plume height to 
calculate air concentrations and ground deposition rates. Further 
modification of h may be needed because of the nature of the material 
in the plume and/or the surrounding terrain. The ANEMOS procedures for 
doing this are discussed below. 

2.2.6.1 Gravitational Effects 

Particles with a diameter of 10 ftm or more may have significant 
gravitational settling speeds, Vg, in the atmosphere. For particle 
diameters greater than 100 pm, it is doubtful that Eq. (4) can be 
applied because the particles are falling so fast that diffusion is no 
longer significant (Van der Hoven, 1968). For particles £100 fim, 

however, the Gaussian plume model may still be used by incorporating the 
"tilted plume model" (Fig. 7). This is accomplished by subtracting 
xV /u from the previously calculated plume-rise enhanced stack height, 
h , Eq. (19) or (20). If h - xV /u is calculated to be less than zero, e e g 
it is set equal to zero by ANEMOS. Values of Vg for each particle may 
be entered by the user, or they may be calculated in the code (see 
Sect. 2.6.1). 

2.2.6.2 Terrain Effects 

ANEMOS can adjust the height of the plume for the height of the 
surrounding terrain by subtracting from h one-half the maximum terrain 
height above the stack base between the release point and the location 
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for which the calculation is being made, ht (Egan, 1975). Note that 
h >-0; that is, valleys do not increase the effective height of the 
plume, while hills may reduce it. Also, ANEMOS requires that 
h - h > 0. If the terrain effects option is selected, the user must 
enter the height of the stack base and the appropriate terrain height 
for each sector and downwind distance. 

2.2.7 Mixing Heights 

In ANEMOS, the height of the top of the tropospheric mixing layer 
above ground is considered to be a function of stability class. The 
user has the option of entering a specific mixing height value for each 
of up to eight stability categories that are allowed in ANEMOS [A, B, C, 
D (day), D (night), E, F, and GJ. Another option, however, is to enter 
only the average morning (hM) and afternoon (hA) mixing heights for the 
time period of interest and to allow the code to calculate the 
stability-class-dependent mixing height values according to the 
algorithm adapted from the CDM computer code (Busse and Zimmerman, 1973; 
USEPA, 1978) and given in Table 7. Annual average values of h and \ . 

for the contiguous 48 states of the United States have been published by 
Holzworth (1972) (see Figs. 8 and 9). As part of the CRRIS, these 
mixing height values have been interpolated to grid cells 0.5* latitude 
x 0.5* longitude in size to facilitate their use for site-specific 
calculations in codes such as ANEMOS (Baes et al., 1984b). However, 
ANEMOS does not access these data directly; values of h and h, must be 
entered by the user. 

2.3 AREA SOURCE CALCULATIONS 

At the option of the user, the emission source for an ANEMOS 
calculation can be a finite area with the computational grid centered on 
the centroid of the assumed circular area. The area of this source, A 

2 (ra ), is an input parameter in ANEMOS, with a value of zero indicating a 
point source. Radionuclides are assumed to be released uniformly 
throughout the area. The method used in ANEMOS to calculate resulting 
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Table 7. Algorithm used to calculate the mixing height associated 
with each stability class as a function of the average morning 

0 0 and afternoon (h ) mixing heights 

Stability class M l x i n6 *?***' \ 
(m) 

A 1.5h 
A 

B hA 
hA 

D (day) h A 

D (night) (hA + h^/2 
E \ 
F 0 
G 0 
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air concentrations and ground deposition rates was adapted from the 
method described by Mills and Reeves (1973) in ATM-TOX (Rarldon et al., 
1984). 

Basically, air concentration and ground deposition for an area 
source are calculated by Interchanging the source and receptor points 
and approximating the effect of a point source (receptor) on a sector 
(area source). For small downwind distances, the transformed source 
will be approximated by a circular sector centered at the point source; 
for large downwind distances, the transformed source becomes a point. 

The transformation from the original source Into a sector source of 
the same area Is Illustrated In Fig. 10. When the distance from the 
centrold of the source to the receptor, R (m), Is greater than eight 
times the square root of the area of the source, A, the area source Is 

transformed source Is described by 
treated as a point source. When - ^ < R ^ \fi [Fig. 10(a)], the 

>fc 
R l - R - 2 ' 

R 2 - R + 2 ' 

A6 R r 

and 

where 

R. - inner radius of transformed source; 
R- - outer radius of transformed source; and 
A6 - angle subtended by transformed source. 

I f W* < R ^Y| [ F i g 10(b)], then 

R 1 - 0 
R 2 - 2R ; and 

A A9 
2R2 

Finally, if R S * ^ [Fig. 7.0(c)], the transformation is given by 

R x - 0 ; 



40 

ORNL-OMG 73-1338 

0 0. 
ie) AS - 2ir 

Fig. 10. Initial and transformed area sources. 



41 

»2 - ^ A / « ; 
A9 - 2* . 

and 

The distance between the receptor and the transformed area source is 
based on an application of the mean value theorea. If we assune that 
C. (x)/Q' (x) is proportional to r , then 

-1.5 
J R"15rdr 

*2 «2*VVl2*V*k)' 
J rdr 
h 

For transformation (a), 

x -
RSl g2 * V g l ) 

2 
2/3 (22) 

For transformation (b), 

R 
,1/3" (23) 

Finally, for transformation (c), 

£̂i Z2 
,1/3 (24) 

The area source calculations now proceed analogously to the point source 
calculation discussed previously using the effective distance calculated 
using Eq. (22), (23), or (24). However, the frequency of the wind 
velocity must be adjusted to account for the contribution from each 
direction which would be included in the transformed source. Using the 
width of the sector of the transformed source, the frequencies of 
surrounding sectors are used in the air concentration and ground 
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deposition rate calculations for the original sector. Given AG as the 
angle of the transformed source, those sectors within A8/2 of the 
receptor sectors are used to calculate the weighted sum of frequencies 
of winds that blow from the source to the receptor. 

2.4 wTHDBLOHN SOURCES 

In some places, including those in the United States where uranium 
mining and milling take place, previously deposited radionuclides may be 
reentrained into the atmosphere under dry and windy weather conditions. 
The source strength of this type of radionuclide release depends on the 
wind speed and the physical properties of the source itself. ANEMOS 
uses a model developed by Hills, Dahlman, and Olson (1975) and 
implemented by Culkowski and Patterson (1976) to estimate this source 
strength. 

Central to the discussion of this model is the relationship between 
z and the friction velocity, u*. Values of z and u* are usually found 
empirically from the vertical wind speed profile above a relatively 
smooth ground surface for near-neutral atmospheric stability conditions 
using the relationship (Sehmel and Hodgson, 1980; Businger et al., 1971) 

U - :—In 
k 

Z + Z 
o z o 

(25) 

where 

u - measured wind speed (m/s), 
z - height above ground at which u is measured (m), 

v 

z - surface roughness length (m), 
k - von Karman's constant (0.4). 
Because z is only the result of an empirical data fit, it cannot 

be physically measured (Sehmel and Hodgson, 1980). However, z has been 
found to be about 0.1 times the height of various structures on the 
ground, for example, crops, trees, and buildings (Brlggs, 1975). As 
noted earlier, representative values of z for various land surfaces are 
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listed in Table 3. Relations similar to Eq. (25) for stability 
categories A through G have been derived for use in ANEMOS. 

Assuming that the forces of wind and gravity on a particle are 
equal, the friction velocity at which wind erosion begins, u , is given 
by (Bagnold, 1941): 

u *t 
g da ('s " >a> 1/2 (26) 

where 

a 

' a -

an empirical constant (0.1), 
actual grain diameter (m), 

3 density of sand grains (g/m ), 
3 density of air (g/m ), and 

g - gravitational acceleration (m/s ). 

Bagnold (1941) expressed the saltation rate j (g/m-s) in terms of 
u , the effective friction velocity during wind erosion, as 

g-c«*> 
(27) 

where 

K - constant depending upon particle size distribution (nearly 
uniform sand, K - 1.5; naturally graded sand, K - 1.8; wide range 
of grain size, K - 2.8); 

d - standard grain diameter (ro). 

Mills, Dahlman, and Olson (1975) assume chat 

u * " u * " u * t • (28) 

Therefore, 
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j - K 
4 p 

g 
a f \ 3 
- [ «* - v ) . 

(29) 

where u can be calculated using Eq. (26). 
The fluid threshold velocity u is the wind speed required to begin 

particle movement by the wind. Assuming that z < < z, the relationship 
between u and u for neutral stability is given by (Bagnold, 1941): 

u t - k u * t l n 

(30) 

Solving Eq. (25) for u., assuming z < < z, and substituting this result 
and Eq. (30) into Eq. (29) results in 

I 8 J 8 
' k(u - u t) I 
ln(z/z0) J 

(31) 

Equation (31) is used in ANEHOS to calculate the saltation rate, j, for 
windblown sources under neutral stability conditions. Similar equations 
are used for other stability categories. 

Impaction occurs when the larger sand grains return to earth and 
dislodge other sand grains. As a first approximation, the suspension 
rate, Q , and hence the windblown radionuclide release rate, is assumed 
to be proportional to saltation rate j, 

Q w - V (32) 

Rf, which has units of inverse length, is an empirical factor relating 
2 the suspension rate (g/m s) of respirable particles to the saltation 

rate (g/m-s). Rf is an input parameter in ANEMOS. Culkowski and 
Patterson (1976) used a value of 10*5 m"^, but they strongly suggest 
that site-specific measurements of Rf be made whenever possible. 
Gillette (1976) indicates that the range of Rf is approximately three 
orders of magnitude with 10*^ m"* near the midpoint of that range. It 
has been suggested that this model provides estimates of the saltation 
rate for respirable particles only (Smith, whicker, and Meyer, 1982). 



45 

It should be noted that this method of calculating suspension is 
not the same as that used in TERRA (Baes et al., 1984a) to calculate 
resuspension of previously deposited material. Rather than use a 
local-scale approach like that in ANEMOS, TERRA uses a large-scale, 
mass-loading type of calculation. This simpler approach is acceptable 
because resuspension is a secondary source in TERRA rather than a 
primary source as it is in ANEMOS. 

2.5 SOURCE TERM SPECIFICATIONS 

ANEMOS allows the user to enter a one-line title that may be used 
to identify the particular run being made. The user must also specify 
the latitude and longitude of the source to be associated with a 
particular run. If a given run is one of multiple ANEMOS runs that will 
be combined using SUMIT (Begovich et al., 1984), the location of the 
release point with respect to the center of the grid that will be used 
in SUMIT may also need to be specified. This may be done in terms of 
either an (x, y) or (r, 8) coordinate system. The latitude and 
longitude information is used by other codes in the CRRIS for accessing 
the data bases of location-dependent model parameters (Baes et al., 
1984b). 

For a point or area source, the radiological source term is 
specified in terms of the name of each radionuclide and its rate of 
release (activity/s). For a windblown source, the activity density 
(activity/g) and the fraction of time that the windblown source remains 
dry are input instead of a release rate for each radionuclide to be 
considered. Equations (31) and (32) are then used to calculate the 
actual radionuclide release rates. The ANEMOS user must also input the 
units of activity being used, either Bq or Ci. In ANEMOS, these 
radionuclide release rates are assumed to be uniform throughout the 
assessment period. 

Associated wich each radionuclide in the source term is a physical 
size. In ANEMOS this information is supplied in the form of up to five 
particle size classes. The particle diameter associated with each size 
class and the fraction of the release in each size class are input into 
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the code. If desired, each radionuclide released Bay have a unique set 
of particle size class characteristics. If the particle size is set 
equal to zero, the radionuclide is assumed to be released in the form of 
a gas. 

As some radionuclides (parents) travel downwind, they form one or 
more new radionuclides (daughters) as a result of radiological decay 
processes. The default in ANEMOS is that the particle size distribution 
associated with the daughter products is the same as that associ&Led 
with the parent radionuclide. This is especially appropriate for 
particulate parents because it assumes that the daughters, either gases 
or particulates, are physically trapped in the material matrix of the 
parent. In some cases, however, such as when the parent is a gas and 
one or more of the daughters are particulates, this default may not be 
appropriate. If desired, the user nay override the default assumption 
by entering the identification of the daughter radionuclide to be 
specified, the desired particle size information, and a release rate of 
zero. However, all members of a chain must have the same number of 
particle size classes. 

For the assessment of inhalation doses of radionuclides, one is 
more interested in the activity median aerodynamic diameter (AHAD) than 
the physical size of a particle. The aerodynamic diameter of a particle 
is the diameter of an equivalent unit density sphere with the same 
settling velocity as the particle itself (Morrow et al., 1966). The 
AMAD of an aerosol is the median of the distribution of activity against 
aerodynamic diameter. A default value of 1-g/cnr* is used for the 
particle density input parameter in ANEMOS. Therefore, the user may 
directly specify the particle diameter associated with each particle 
size class in terms of AMADs without changing the default value of 
prfrticle density. If the particle density is not equal to one, an AMAD 
is calculated by multiplying the input particle diameter by the square 
root of the particle density. Because the inhalation dose conversion 
factors used in the CRRIS are specified in terms of AMAD, these 
diameters will be given in the ANEMOS output file designed to be used 
eventually by ANDROS (Begovich et al., in press). However, the actual 
physical particle diameter will be used in the calculation of any 
deposition effects (see Sect. 2.6.1). 
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Another important aerosol characteristic utilized in inhalation 
dose assessments is the clearance class. This parameter is an 
indication of the relative length of time it takes for aerosols 
deposited in the lung to be cleared from the lung and into the lymphatic 
system, the blood stream, or the gastrointestinal tract. Three 
different clearance classifications are used (Morrow et al., 1966): 

D - clearance half-times of less than one day; 
V - clearance half-times of a few days to a few months; 
Y - clearance half-times of 6 months to several years. 

A fourth clearance class, *, is used in ANEMOS to indicate those 
nonreactive gases which are assumed not to deposit on or react with lung 
tissue if inhaled (e.g., Kr) or which are handled in a special manner 
for dose calculational purposes (e.g., CO.). 

The clearance class that is most appropriately associated with a 
given radionuclide depends on the physiochemical form of the 
radionuclide (Morrow et al., 1966). Shown in Table 8 are the default 
clearance class values used in ANEMOS. When the reference indicated the 
possibility of more than one clearance class for a given element 
depending upon its chemical form, the oxide and/or hydroxide form was 
assumed. Please note that these default values do not necessarily 
maximize the dose from any particulai^Jradionuclide to a given organ or 
the risk of any possible individual health effect. As with other 
variables in ANEMOS, these default values may be overriden for any 
particular radionuclide by entering the fraction of the release that is 
associated with a given clearance class. These values may also be 
reassigned in ANDROS. 

2.6 SOURCE TERM MODIFICATIONS 

As previously indicaced, released radionuclides will be changed as 
they travel downwind because of radiological decay processes which may 
even result in the formation of new radionuclides in the plume. In 
addition, both parent and daughter radionuclides may be removed from the 
plume during transport by dry and wet deposition processes. ANEMOS 
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Table 8. Default values of clearance class used in ANEMOS 

. Element Reference 
class 

D At, Br, CI, F, S Morrow et al., 1966 

Cs, I, P. Sr ICRP, 1979 

Ba, K, Na, Pb, Rb ICRP, 1980 

Fr, Pt, Tl, W ICRP, 1981 

W Am, Cm, Nn, Ra, Te, Zr ICRP, 1979 

Bl, Ca, Fe, Hg, In, Np, Re, Tc ICRP, 1980 

Al, As, Bk, Dy, Er, Es, Eu, Fm, Ga, 
Gd, Ge, Hf, Ho, La, Mg, Nl, 
Sb, Se, Si, Sm, Sn, Tb, Ti, 
Tm, V ICRP, 1981 

Y Ce, Cf, Co, Mo, Nb, Pu, Th ICRP, 1979 

Ag, Au, Cd, Cr, Cu, Ir, 0s, Rh, Ru, Y, Zn ICRP, 1980 j 

Ac, Be, Lu, Nd, Pa, Pd, Pm, Pr, Sc, U, Yb ! 

Ar, C, H, Kr, N, 0, Rn, Xe Killough et al., 1978 
Sullivan et al., 1981 
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accounts for removal of a released radionuclide by using a modified 
source term in the calculation of radionuclide air concentrations and 
ground deposition rates. This revised source term is given by 

Q'. (x) - Q. f exp lprs T. prs r -/' -*E* dx' 
(33) 

where 

*Ipr 

prs 

(x') 

Q'- (x) - effective flux for radionuclide i in stability 
class p, wind speed class r, and wind direction s at 
downwind distance x (Bq/s or Ci/s); 

Q. - initial emission rate from the source for radionuclide 
i (Bq/s or Ci/s); 

- frequency with which the wind blows towards direction 
s in stability class p and wind speed class r; 

- effective decay constant for radionuclide i in 
stability class p and wind speed class r at downwind 
distance x (s"l), 

- A i + V 0 0 + V 
X. - radiological decay constant for radionuclide i (s'l); 

A. (x) - effective decay constant due to dry deposition processes 
for radionuclide i in stability class p and wind speed 
class r at downwind distance x (s'l); 

A. - effective decay constant due to wet deposition processes 
for radionuclide i in stability class p (s" 1); 

x' - dummy variable of integration. 

Note that Q'. (x) is required for Eqs. (4) and (5) but that the user 
enters Q. to ANEMOS Also, note again that the code expects the user to 
enter the frequency with which the wind blows from direction s in sta­
bility class p and wind speed class r. ANEMOS then automatically com­
putes f by rotating the input wind directions 180*. 
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2.6.1 Source Depletion Due to Dry Deposition 

In the absence of precipitation, particles and reac* Lve gases may 
deposit on various surfaces via impingement, electrostatic interactions, 
chemical reactions, and other processes. In ANEMOS, these dry 
deposition processes are parameterized in terms of a dry deposition 
velocity, V (m/s). This parameter is defined as the ratio between the 
rate at which material is deposited on the surface of the earth and the 
air concentration measured at some reference height, usually 1 m, above 
the depositing surface. It must be stressed that V, is merely a 
proportionality constant even though it has the units of velocity. 

A value of V. say be provided to ANEMOS for each particle size and 
reactive gas considered in a run. Care should be taken when selecting 
values of V. to be sure that the values chosen represent the total 
deposited radionuclide per unit of ground area and not just the quantity 
deposited on vegetation, which is often the one reported in the 
literature (Hoffman, 1977; Miller, Hoffman, and Shaeffer, 1978). Also, 
the ANEMOS user should make sure that V. i V . 

d g 
Values of V. are expected to be a function of numerous 

meteorological variables and characteristics of both the depositing 
material and the deposition surface (Sehmel, 1980). A review of field 
measurements of V. (McMahon and Dennison, 1979; Sehmel, 1980), however, 
shows such a scatter and sparsity of data that a rigorous analysis of 
the relationship between V. and various controlling parameters is 
impossible at this time (Hanna, Briggs, and Hosker, 1982). Sehmel 
(1980) includes graphs of predicted values of V. for particles based 
primarily on theoretical considerations and wind tunnel studies rather 
than actual field data. Hanna, Briggs, and Hosker (1982) have suggested 
that, when calculations are made with codes such as ANEMOS, a range 
(often orders of magnitude) of possible V. values should be used instead 
of a single estimate. Such calculations will place upper and lower 
bounds on the computed results, which may be all the accuracy one can 
expect with the present state of the art (Hanna, Briggs, and Hosker, 
1982). It should be noted, however, that the applicable range in V. is 
likely to be less for long-term releases than . it is for short-term 
releases. 
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Shown in Fig. 11 is one set of curves from Sehmel (1980) showing 
predicted values of V for particles under stable atmospheric conditions 
as a function of particle size and density for a friction velocicy, u , 
of 50 cm/s. This value of u + is representative of short (10 cm) thick 
grass or tall (50 cm) thin grass (Sutton, 1953). The user may want to 
use this figure as a guide in selecting values of V for use in various 
assessment activities. 

ANEHOS allows input of V and V for each particle size. However, 
these variables may be computed within ANEMOS. The computations are 
done assuming a reference height of 1 m for particles using the model 
which generated the curves shown in Fig. 11 (Sehmel and Hodgson, 1975; 
1980). These calculations are performed using algorithms developed by 
Nelson (1982). Note that the value of the input variable, CUTOFF, sets 
a minimum for the value of V that will be used in subsequent 
calculations both for deposition and effective plume height (see 
Sect. 2.2.6.1). If V is less than CUTOFF, V is set to zero. The 

6 6 
default value of CUTOFF is 0.001 m/s. 

These calculations require the parameters of physical diameter, 
particle density, atmospheric stability class, u., and z . The 
relationship between z and u # is discussed in Sect. 2.4. The value of z used in the calculation of V, is the same as that used for the o d 
calculation of wind speed at the height of release [Eq. (6)] and a [Eq. 
(8)]. It must be noted that values of V. should be calculated only for 
small surface roughness values at present (Sehmel and Hodgson, 1980). 

In ANEMOS, a value of V, is computed for each radionuclide 1, 
stability class p, and wind speed class r; that is, V - V.. The 
friction velocity u^ is calculated using Eq. (25) and the value of u 
appropriate for each wind speed class r. The value used for von 
Karraan's constant is 0.4. The value of z may be entered by the user. 
The default value is 10 m. The stability class p enters into the 
calculation through the inverse Monin-Obukhov length, L"* (m**) (Irwin, 
1979). Values of L'* as a function of z and stability class are shown 
in Table 2. Values of L*1 for any z not listed in Table 2 are 

o 
calculated by interpolating between the given points using a linear 
interpolation. Again, however, because of the inherent limitations of 
this procedure, users should not enter a value of z less than 0.01 m or 
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Fig. 11. Predicted deposition velocities at 1 m for u # - 50 cm/s 
and particle densities of 1, 4, and 11.5 g/cm . 



53 

greater than 3 m. 
Values of V for gases have been suggested for use in AIRDOS-EPA 

(Moore et al., 1979): 

1. 3.5 ••jt/s for reactive gases (e.g., molecular iodine); 
2. 0.018 cm/s for relatively unreactive gases (e.g., CH,I); 
3. 0.0 cm/s for nonreactive gases (e.g., Ar). 

These values may still be appropriate for use in radiological 
assessments (Hanna, Briggs, and Hosker, 1982). ANEMOS assumes V. - 0 
for gases unless the user enters a different value. 

Calculation in ANEMOS of plume depletion due to dry deposition is 
based on the assumption that as material is deposited on the ground it 
is replenished from above at such a rate that the Gaussian profile in 
the vertical is maintained; that is, depletion occurs uniformly 
throughout the plume. Other models have been proposed in which the 
vertical concentration profile is not necessarily maintained [e.g., 
Horst, (1977a)]. Such a "surface depletion" model is generally more 
difficult to use, however, than the common source depletion approach 
used ir. ANEMOS. The greatest differences between these two models are 
expected to occrr for stable atmospheric conditions (Horst, 1977b). 
However, Jensen (1981) suggests that even this may not be a serious 
limitation under realistic meteorological and deposition conditions. 
Until model validation studies become available that indicate to the 
contrary, Miller and Hoffman (1979) have recommended that the source 
depletion model be utilized for radiological assessment purposes. 

For the Gaussian plume model as expressed by Eq. (A), the model for 
source depletion because of dry deposition of a radionuclide may be 
expressed by Van der Hoven (1968): 

Q' - Q.f exp ^ iprs ^i prs r / V-7T2L G(P, x)dx' 
0 ur 

(34) 

It follows directly from Eqs. (33) and (34) that 
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A d (x) - V.. G(p, x) . (35) 
lpr dipr r 

As noted previously, the font of G(p, x) used in Eqs. (34) and (35) 
depends upon the relationship between stack height, mixing height, and 
receptor height. 

2.6.2 Source Depletion Due to Vet Deposition 

In the presence of precipitation, radionuclides may be removed from 
a plume primarily by being incorporated into the precipitation as it is 
formed (rainout) or by being swept out of the air by the precipitation 
as it falls (Engelmann, 1968). In ANEMOS, these processes are 
parameterized in terms of washout rate, or scavenging rate, for 
radionuclide i, A. , in which it is assumed that the scavenging process 
is irreversible. 

Values of A. should theoretically be a function of the 
precipitation-droplet size spectrum, the precipitation rate, and the 
physical and chemical characteristics of the particle or gas (Hanna, 
Briggs, and Hosker, 1982). McHahon and Dennison (1979) reviewed field 
measurements of A, , and found a great deal of scatter in these data. 

w Hanna, Briggs, and Hosker (1982) suggest that the use of values of A. 
for wet removal modeling may be at best an order-of-magnitude estimate 
of the amount of material removed by wet deposition processes. However, 
this is a more serious problem for short-term releases than it is for 
long-term releases. 

The values of A. used in ANEMOS are based on the use of washout 
ratios, W ri. If Koi and C 0i represent the concentration of the 
radionuclide (measured in units of mass per unit volume) in the 
precipitation and in the air, respectively, then (Hanna, Briggs, and 
Hosker, 1982), 

^oi (36) 
ri ' C . ' oi 
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It should be noted that other definitions of W ri are used in the 
literature (e.g., NcHahon and Dennison, 1979; Slinn, 1978; Slinn et 
al., 1978). As a result, reported values of Uri for various particles 
and gases may vary several orders of magnitude because of variations in 
the way W ri is defined. 

Hosker (in press) has shown that, to a reasonable approximation, 

U J w r i o (37) 
i ~ Z 

w 

where 

Jo - equivalent rainfall rate (m/s). 
Zw - depth of the plume layer through which the 

precipitation falls (•). 

The user of ANEMOS may enter values of Wri, Jo. and Zw. It must be 
noted, however, that, while values of Wri are reported in the 
literature, the accompanying values of Z w are generally not reported. 
ANEMOS assumes the default value of Z w is the depth of the mixed layer. 
Three values of Wri have been suggested (Slinn et al., 1978; Slinn, 
1978): 

1. i x 10 6 for small particles; 
2. 1 x 1()3 for reactive gases and vapors; and 
3. 0 for nonreactive gases. 

Default values of 1 x 10* for particles and 0 for gases are used in 
ANEMOS. ANEMOS presumes that rainfall occurs only during stability 
categories C and D. The value of J used in ANEMOS is given by 

J ^ =- , (38) 
° (f 3 + f4)(3.16 x 10') 

where 

RR - annual rainfall (m), 
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f, - frequency of stability category C, 
f, - frequency of stability category D, 

3.16 x 10 - number of seconds in one year. 

Note that through Eq. (38) ANEMOS assumes that it rains all the time 
during stability categories C and D. The value of A . used to calculate 
A? for Eq. (33) is then equal to A W from Eq. (38) multiplied by the 

w appropriate value of f, or f, . Values of A. may also be entered 
directly into ANEMOS by the user. 

2.6.3 Radiological Decay and Total Depletion 

Based on the radionuclides in the source terra supplied as input by 
the user, ANEMOS sets up matrices of radiological decay constants, A ' 
and branching ratios for the calculation of parent decay and daughter 
ingrowth and decay by accessing a radionuclide decay data base (Kocher, 
1981a). ANEMOS then creates arrays of released radionuclides and their 
associated daughter products for use in solving matrix equations similar 
in form to the scalar equation represented by Eq. (33). Note that, if 
dry and/or wet deposition effects are to be included, these last arrays 

e n contain A, , not just A.' The calculational model used to solve these ipr' J i 
equations in the ORIGEN-S code (Hermann and Westfall, 1981) has been 
incorporated into ANEMOS as well as other codes in the CRRIS. A 
complete description of this methodology may be found in the PRIMUS 
report (Hermann et al., 1984). 

It should be noted that air concentrations and ground deposition 
rates are output in terms of the exposure radionuclides, that is, those 
radionuclides that actually r'esult in an external exposure or intake to 
humans. Exposure radionuclides may be either released radionuclides or 
daughter products that are created in the plume during downwind 
transport. Also, a given radionuclide may appear more than once in the 
list of exposure radionuclides. This might happen, for example, if a 
released radionuclide is also a member of the decay chain associated 
with another released radionuclide. Each time a radionuclide appears in 
the list of exposure radionuclides, it will have a unique set of air 
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concentration and ground deposition rate values associated with it, 
calculated on the basis of its individual point and method of origin, 
that is, whether it was a released radionuclide or a progeny formed 
during the decay of one or more parent radionuclides. The effects on 
man due to the total exposure from a given radionuclide from all sources 
of origin may be obtained from the ANDROS code. ANDROS can provide (at 
the option of the user) an assessment based on either released or 
exposure radionuclides. In the first case, the assessment includes all 
decay product doses and risks associated with the released radonuclides. 
In the second, the contributions from all the released radionuclides are 
considered for each exposure radionuclide. 

2.7 INTEGRATION OPTIONS 

From Eq. (34), the dry deposition depletion integral, I.. , can be 
defined as 

i _ J -diE£ G ( x , ) d x , . (39) 

One option in ANEMOS for solving this integral is to evaluate it 
using a Simpson's rule subroutine for numerical integration. While this 
is a reasonably accurate way of determing Idipr, it is also relatively 
slow and expensive. As a result, ANEMOS includes an option for using a 
slightly less accurate but much faster method of solution. 

In this second option, G(p, x) is presumed to vary as a power 
function of x between successive grid points, that is, 

G(p, x) - G(p, x 1)(x/x 1) b (40) 

for 

x 1_ 1 S x S X j , 
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Where 

In [G(P, x.)/G(p, X . ^ ) ] (41) 
lnCx./x.j^) 

In this case, the dry deposition depletion integral for the range 
Xi\(mil t 0 X " g i v e n b y 

^ / G(p, x)dx dipr u 
r xi-l 
Vdipr ( 4 2 ) 

E G(p, x )x. - G(p, x. ^x. u (b + 1) V K' i' i N r > i-1' i-1 ' 

For the range 0 to x, we can approximate G(p,x) as G(p,x-) and the 
depletion integral becomes 

T . !dipr Xl (43) 
xdipr u ^ p* V 



3. GROUND DEPOSITION RATE CALCULATIONS 

In addition to the calculation of air concentration, ANEMOS 
calculates the rate at which radionuclide i is deposited on the ground 

1 
and wet deposition processes; that is. 
at location (x), W. (>) (Bq/m^-year or Ci/m^-year) because of both dry 

W* (x) - W d (x) + W W (x) , (44) 
is is is N 

where 

V. (x) - the ground deposition rate because of is dry deposition; 
W 
W. (x) - the ground deposition rate because of 

wet deposition. 

Values of W. (x) are used in other codes in the CRRIS as input for the 
calculation of terrestrial food-chain transport and for the calculation 
of direct dose to man as a result of ground deposition. The calculation 
of W d (x) and W* x) in ANEMOS is discussed below, is is 

3.1 DRY DEPOSITION 

After the air concentration at a given location has been 
ilated, ANEMOS calculati 

deposition velocity; that is, 
calculated, ANEMOS calculates W, (x) using the basic definition of the 

W ? s ( x ) " S V d i P r C l s ( x ) - ( 4 5 ) 

Whenever Vdipr > 0, values of W, (x) are calculated in ANEMOS for all 
time periods. 

59 
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3.2 WET DEPOSITION 

The rate of deposition onto ground surface from wet deposition 
processes is given by (Hanna, Briggs, and Hosker, 1982): 

Zw (46) 
W W (x) - f A w C. (z')dz', is N ^ lp is x 

where 

Cis(z') - air concentration within the vertical layer through 
which the rain is falling (Bq/m3 or Ci/m 3). 

Substituting Eq. (4) into Eq. (46) and integrating, 

4 "r N Q' (x) (47) 
w w ( x ) . z E s^ Iprs xw 

i s p-3 r-1 2 w x u r l* 

Equation (47) is used to calculate U (x) in ANEMOS. Note again that 
wet deposition is calculated only under stability categories C and D; 
that is, p - 3 or 4. 



4. DOSES FROM FINITE GAMMA PLUMES 

In the CRRIS, the dose to man as a result of an exposure to 
radionuclide i from one or more pathways is estimated in the ANDROS 
computer code (Begovich et al., in press). In ANDROS, the external dose 
at location (x) resulting from immersion in air contaminated by a gamma -
or x-ray-emitting radionuclide, D. . . (Sv/year or rem/year), is given 

-̂B̂ x̂} 
by 

D. (x) - C. (x)DRF. , (48) 
igsv ' is v ' ig N ' 

where 

DRFig - the gamma or x-ray dose-equivalent rate per unit 
concentration of radionuclide i (Sv/year per Bq/m^ 
or rem/year per Ci/m^). 

Values of DRFig derived assuming a semi-infinite cloud of photon 
emitters have been tabulated by Kocher (1981b), c...d these values are 
used in the ANDROS code. There are times, however, especially near the 
release point for elevated sources, when the assumption of a semi-
infinite cloud at ground level is not met. Instead, the user must 
calculate the photon dose from a finite cloud passing over the ground. 
Failure to account for this overhead plume dose can lead to an 
underestimate of the near-in dose for an elevated release (Lahti, 
Hubner, and Golden, 1981). 

If desired, a user of the CRRIS codes may calculate a finite cloud 
dose by exercising an option in ANEMOS. This calculation is made on the 
basis of the methodology presented by Healy and Baker (1968) and 
incorporated into U.S. Nuclear Regulatory Commission Regulatory Guide 
1.109 (USNRC, 1977a) for use with noble gas releases from stacks greater 
than 80 m in height. The computation performed by ANEMOS is adapted 
from the CRRIS code DFSOIL (Sjoreen et al., 1984). If ])& is the 
photon (7) dose rate in air for radionuclide i, stability class p, wind 
speed class r, and wind direction s with units of Gy/s per Bq/nr, it 
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follows from Eq. (4) that 

D N Q'. (x) 
Dg _ P s v iprsv

 S E A 
iprs 2 2mcu . t>bi 

r r b 

en 
P 

X 0 + 1 - & 

(49) 

I - / G(z)IL (^z)dz , 
0 
00 

\ - S G(z)exp|" - (1 - Db)/ibz "I dz , 

(50) 

(51) 

where 

P - a constant which is the product of 1.6 x 10"10 
g-Gy/MeV and 10" 4 cm2/*2; 

Eb - energy of photon energy group b (MeV/photon); 

Abi - photon yield in energy group b of radionuclide i 
(photons/disintegration); 

"en - mass energy-absorption coefficient in air 

for energy Eb (cm2/g); 

pb - linear attenuation coefficient in air for energy 
U> (cm" 1); 

Cb and Db - coefficients in the Berger form of the 
energy-absorption buildup factor in air for energy 
Eb (B a ) given by Trubey (1966); 

en 
z 

1 + C b V exp ( D b V ) ; 

distance between source (plume) and receptor 
(ground) (m). 

Note that, if desired by the user, h may also be a function of downwind 
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distance, x. In ANEMOS, Eqs. (50) and (51) are solved using a 
subroutine developed by Hamawi (1976) and presented in Regulatory Guide 
1.109 (USNRC, 1977a). 

Once Eq. (49) has been solved, D£gs(x) for the finite plume can be 
derived. This value is then divided by the appropriate DRFig to get an 
"effective" air concentration, Cies(x), that is, the air concentration 
one must have to get the same dose using a dose conversion factor based 
on the rerai-infinite cloud model. It is this "effective" air 
concentration which is passed to ANDROS for subsequent calculations of 
dose and health risk due to submersion in contaminated air. Also, after 
each calculation, Cles(x) is compared to Cis(x) at the same location. 
For an elevated release, Cies(x) > Cis(x) for quite some distance 
downwind of the release point. For a very low level release, 
Cies(x) < Cis(x) until quite some distance from the release. When the 
relationship Cies(x) ~ Cis(x) is satisfied for two successive downwind 
distances, ANEMOS automatically ceases calculating Cies(x) for that wind 
direction sector. This is important because evaluating Eqs. (49) 
through (51) is a very computer-intensive calculation and thus one does 
not want to make it any longer than absolutely necessary. One should 
also keep this fact in mind when deciding if it is necessary to select 
the option of calculating a finite plume dose for a given assessment 
problem. 

To run the finite plume option in ANEMOS, the user must provide a 
file from which the data necessary to make the calculation can be read. 
These data include the identification of radionuclide i, values of A. ,, 
E. , p.(E. ), and (ft /p). for each energy group b, and the value of 
DRFig. A file of these data for 462 nuclides will be provided with the 
source code. 



5. EXPECTED ACCURACY OF THE ANEHOS CALCULATIONS 

An important consideration when ANEMOS or any other assessment 
methodology is used is the question of what is the accuracy of the 
resulting concentrations. ANEHOS itself remains to be extensively 
tested to determine the accuracy of t!»is particular combination of 
algorithms. However, Miller and Little (1982) have reviewed the 
uncertain^ associated with the models used in ANEHOS. The following 
discussion is adapted from their report. 

5.1 AIR CONCENTRATIONS 

The best way to determine the overall uncertainty associated with 
atmospheric dispersion models such as the Gaussian plume model is to 
compare their predictions with environmental measurements taken under 
release conditions similar to those assumed by the model. Such studies 
need to be conducted under a variety of terrain, release height, and 
meteorological conditions. Unfortunately, not enough model validation 
studies have been performed or are likely to be performed to allow for a 
reliable statistical analysis of the uncertainty associated with the 
Gaussian plume model (Crawford, 1978; Faberick, Sklarew, and Wilson, 
1977; Hilst, 1978; Koch et al., 1977; . However, a number of validation 
studies were reviewed by Miller and Little (1982), and a summary of 
their results is presented in Table 9 (Miller and Little, 1983). 

It can readily be seen from Table 9 that the uncertainty associated 
with Gaussian plume model predictions is highly dependent on the site 
and release conditions being considered. For routine release conditions 
considered over long time periods and over flat terrain, the 
uncertainties are relatively small. As the release time becomes shorter 
and/or the terrain becomes more complex, however, it can be seen that 
the uncertainty increases. The uncertainty also increases when releases 
occur under complex site or meteorological conditions, such as building 
influences or sea breeze regimes. This increase in uncertainty is not 
unexpected in view of the fact that spatial and temporal changes in air 
flow induced by such release conditions are not accounted for in the 
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Table 9. Estimates of the ratio of predicted to observed air 
concentration associated with predictions by the Gaussian 
plume atmospheric dispersion model under various release 

conditions (Miller and Little, 1983) 

Conditions Range 
Variance of 

log-transformed 
data3 

Non-complex terrain and 
meteorology 

Annual average concentrations 

0 - 10 km downwind 

10 - 150 km downwind 

0.5 - 2 

0.25 - 4 

0.16 

0.64 

Short-term, elevated 
releases 

Without building wake 
e f f ec t s 0.1 - 10 1.8 
With building wake 
effects 0.01 - 100 7.1 

Short-term, surface- level 
re leases 

With building wake 
e f f ec t s 0.7 - 100 1.8 - 2.1 

Without building wake 
effects 0.3 - 100 1.0 - 1.8 

Annual average 
concentrations 

Short-term releases 

Complex terrain or 
meteorology (e.g., sea 

breeze regimes) 

0.1 - 10 

0.01 - 100 

1.8 

7.1 

'Calculated by assuming that the given range in each case represents 
the extremes of a log-uniform probability distribution of predicted to 
observed ratios (Netrer, Wasserman, and Whitmore, 1979). 
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normal straight-line Gaussian model, as discussed previously in 
Sect. 2.1.2. 

5.2 DEPOSITION 

A number of different measurements of dry deposition processes have 
been made (HcMahon and Dennison, 1979; Sehmel, 1980). Also, a number of 
different models for estimating plume depletion have been proposed 
(Hosker, in press). However, Miller and Little (1982) report finding no 
data that are adequate for validating plume depletion processes. For 
example, calculations have been performed in which inclusion of 
depositional processes in the model predictions improved agreement with 
the observed air concentrations of fluorescein particles (Fields, 
Miller, and Cotter, 1981b; Little, Miller, and Cotter, 1982; Piepho, 
1981). However, no deposition measurements were taken during the field 
studies considered in these comparisons. Good agreement has also been 

131 reported between three observed and predicted values of I 
concentration on grass, but because of the input data used in the 
calculation, the authors do not consider their methods to constitute a 
validation study (Hubschmann and Miller, 1980). Until such data sets 
become available, Miller and Little (1983) suggest that one cannot 
specify the accuracy associated with a calculation of concentration on 
ground or with an air concentration involving significant plume 
depletion. 



6. HOW TO RUN ANEMOS 

ANEHOS requires several input files and user option selection via 
NANELIST input. A large amount of data is in the input files, and their 
format is nontrivial. It is assumed that the user will be given these 
files along with the source code. Figure 12 diagrams the input and 
output for ANEHOS. A sample JCL and NANELIST input file are included in 
Appendix A. The function of each file and the NANELIST variables are 
presented below. 

6.1 INPUT FILES 

ANEHOS requires one to three files. First is the file of decay 
data. This file is used to determine the full decay chain of each 
released nuclide and to determine the decay matrices. This file is 
written by PRIMUS, which reads the standard decay data base and 
reformats it for ANEHOS. Second, if overhead gamma plume calculations 
are to be performed, then a file of data is required for those 
calculations. The file contains the number of photon energies used, the 
photon energies, the attenuation coefficient in air for each energy, and 
the linear energy-absorption coefficient in air for each energy. For 
each nuclide there ate the nuclide name, the photon yield for each 
energy, and the dose factor for dose to air. The binned photon yields 
and dose factors were computed from a file of specific photon energies 
and intensities. Third, the wind frequency data may be entered either 
with the NAMELIST input or as a separate file. If these data are 
entered in a separate file, the file format is entered in the NAMELIST 
data. Also, ANEHOS requires a scratch file for intermediate 
calculations, and both the point value and average value output files 
are used as scratch files by ANEHOS. 
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6.2 USER INPUT 

The input options are read using NAMELIST input. The default value 
for each variable is given in parentheses. 

6.2.1 NAMELIST/NAMRUN/TI 

TI - Title, 80 characters 

6.2.2 HAMELIST/IOUNIT/KOuT.NR.NTEMP.NREAD.IOUT.NSTAR.FHT 

KOUT - Output unit number (6) 
NR - Unit number of PRIMUS decay-chain library (2) 
NTEMP - Unit number of temporary library (12) 
NREAD - Unit number of problem decay library (3) 
IOUT - Unit number of output file for TERRA/ANDROS (21) 

Unit I0UT+1 will be used for averaged grid cell values 
NSTAR - Unit number for STAR data base if used; if 0 data entered in 

NAMELIST format (0) 
FMT - Format for STAR data if used 

6.2.3 NAMELIST/GRIDAT/ALAT .ALONG, SRUNIT, DI 

ALAT - Latitude of reference grid (decimal degrees) 
ALONG - Longitude of reference grid (decimal degrees) 
SRUNIT - Units of source, either 'BQ' or 'Ci' ('CI') 
DI - Alphanumeric names of the directions (default: clockwise 

directions) 
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6.2.4 NAMELIST/OPTS/TERHT.LINEAR,HTMAX.CWAKE.DNWASH.DSKIP.MAKEDS, 
MAKEDA, FASDEP, OVPCAL, SROUGH, CONSHT, AVGG, CLAMDA, CUTOFF 

TERHT - Include terrain height calculations if TRUE (FALSE) 
LINEAR - Use linear option of effective height calculations if 

TRUE (FALSE) 
HTMAX - Use maximum plume rise option if TRUE (TRUE) 
CVAKE - Include wake effects option if TRUE (FALSE) 
DNWASH - Include dovnvash effect if TRUE (FALSE) 
DSKIP - Fraction is input for only one D stability category (TRUE) 
MAKEDS - Output file for CRRIS with concentration/deposition 

rates for each distance if TRUE; sets IOPT to TRUE (TRUE) 
MAKEDA - Output file for CRRIS with average concentration/deposition 

rates for cell if TRUE; sets IOAVGG to TRUE (TRUE) 
FASDEP - Use exponential approximation for estimating dry plume deple­

tion instead of integrating if TRUE (TRUE) 
OVPCAL - Do overhead plume concentrations i£ TRUE (FALSE) 
SROUGH - Use Smith's F-factor adjustment to a for roughness length if 

TRUE (TRUE) 
CONSHT - The plume height will remain constant if TRUE (FALSE) 
AVGG - Calculations will be done for an average over two sequential 

distances if TRUE (TRUE) 
CLAMDA - Dry deposition removal rates will be calculated if TRUE (TRUE) 
CUTOFF - Minimum Vg used; Vg is set to zero if less than CUTOFF (0.01) 

6.2.5 NAMELIST/IOOPT/IOTIM,IOHGT.IOQPR,IOWSP,IOSGZ,IOCPQ,IODRY,IOPT, 
IOAVGG,IOPART 

IOTIM - Output table of travel time from release (sec) if TRUE (TRUE) 
IOHGT - Output table of plume height if TRUE (TRUE) 
IOQPR - Output table of Q' if TRUE (TRUE) 
IOWSP - Output table of wind speeds if TRUE (TRUE) 
IOSGZ - Output table of a if TRUE (TRUE) 
IOCPQ - Output table of C/Q if TRUE (TRUE) 
IODRY - Output table of average dry deposition A's if TRUE (TRUE) 
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IOPT - Output summary tables for concentration and deposition at each 
distance if TRUE (TRUE) 

IOAVGG - Output summary tables for concentration and deposition averaged 
over consecutive distances if TRUE (TRUE) 

IOPART - Output summary tables for each particle size if TRUE (TRUE) 

6.2.6 NAMELIST/OVPLUM/NUCOVP, NUMOVP, IOVP 

NUCOVP - Nuclide names for which the overhead plume gamma dose will be 
calculated 

NUMOVP - Number of nuclides for which gamma air dose from overhead plume 
will be calculated (<5) (0) 

IOVP - Unit number of overhead plume data 

6.2.7 NAMELIST/LOCDAT/NAMESR.RLDC.THLDC.XDIFF.YDIFF.AREA.HSTACK.DIAMS, 
VELS, TEMPS, TEMAIR, ZZERO, TERHTO, WBLD, HBLD, WMINHT, DELTLM, NUMX, X, 
MESHTY, NTHETA, NWIND, MINSTA, MAXSTA, XMAX, RHOAIR, WNDBLS, T2RAIN 

NAMESR - Source name ('TESTCASE') 
RLOC - Distance (m) source is from master grid reference point (0.) 
THLOC - Angular distance clockwise from north that the source is 

from the master grid reference point (0.) 
XDIFF - East-west distance (m) source is from master grid reference 

point (0.) 
YDIFF - North-south distance (m) source is from master grid reference 

point (0.) 
2 AREA - Area of the source (m ) (0 for stack, 1. for windblown) 

HSTACK - Height of stack (m) or height of windblown source 
(100. for stack, 0 for windblown) 

DIAMS - Stack inner diameter (m) (0.) 
VELS - Stack exit velocity (m/s) (0.001) 
TEMPS - Stack exit temperature in *C (15.) 
TEMAIR - Ambient air temperature in DC (15.) 
ZZERO - Terrain surface roughness length (m) (0.1) 
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TERHTO - Terrain elevation at stack base (m) (0.) 
WBLD - Width of most influential building (m) (0.) 
HBLD - Height of most influential building (m) (0.) 
WMINHT - Minimum height (m) of wind velocity correction of height (10.) 
DELTLN - If the average deviation from an average dry deposition is less 

than DELTLM, the average dry deposition is used in the decay 
calculations (0.02) 

NUMX - Number of distances in grid (1) 
X - User-defined downwind distances (m) (.100.) 
MESHTY - Mesh size to use (1) 

- 1, coarse grid xi - x. ./2 

- 2, medium grid xi - x
i + i / 2 

- 3, fine grid xi - x i + 1 / 2 ° ' 2 5 

NTHETA - Number of radial directions in grid (16) 
NWIND - Number of wind speed classes to use (6) 
MINSTA - Minimum stability class (1) 
MAXSTA - Maximum stability class (7) 
XMAX - Largest x direction (m), used with MESHTY only (0.) 
RH0AIR - Density of air (g/cm3) (1.317E-3) 
WNDBLS - The source is a windblown source if TRUE (FALSE) 
TERAIN - Terrain heights (m); TERAIN (I,J) is terrain height for 

direction I, distance J (0.) 

6.2.8 NAMELIST/METDAT/UIN,ZIN,OPTLID,HLID,OPTRN,RAINAV,RAIN,FRACW 

UIN - Wind speeds of wind classes (m/s) (1., 3.2, 4., 7,2, 9,3, 13.) 
ZIN - Height of UIN (m) (10.) 
0PTLID - Compute mixing layer dependent on morning and afternoon 

mixing heights if TRUE or input for stability class if 
FALSE (TRUE) 

HLID - Lid heights (m) of mixing layers for 8 stability class or 
morning then afternoon mixing height (m) depending on 
0PTLID (8*2000.) 

0PTRN - Calculate average rainfall from period of release and total 
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RAINAV 

RAIN 
FRACW 

if TRUE, read in an average rainfall if FALSE (FALSE) 
- Average rainfall rate (nun/hr) when it is raining; calculated 

if OPTRN is TRUE, by RAINAV - RAINAM(m)/[TREL(days)*fraction of 
C and D stabilities*24 hr/day] (0.) 

- annual rainfall (mm) (0.) 
- Wind frequency (I,K,J): Ith wind speed class, Kth direction, 

Jth stability class (6*16*8*0.) 

6.2.9 N \MELIST/NSIZES/NDAT, NNUC ? NCAT 

NDAT - Number of nuclide data tables (1) 
NNUC - Number of released radionuclides (1) 
NCAT - Number of particle distribution data tables (1) 

6.2.10 NAMELIST/NUCDAT/INDEX,SYMBOL.RELSR,RSYM,CLEARF(3) 

Enter one NUCDAT NAMELIST for each released nuclide. 

INDEX - Index table for nuclide particle distribution (0) 
SYMBOL - Alphanumeric name of nuclide (U-238) 
RELSR - Source term--release rate (Ci/s or Bq/s) or activity 

concentration for windblown source (Ci/g or Bq/g)(0) 
RSYM - Symbol of released nuclide (' ') 
CLEARF - Clearance class fractions--fraction in D, W, and Y (0..0..0) 

6.2.11 NAMELI ST/PARTAB/PDIAM, PFRAC, PRHO, DEPVEL, INDEX, NPAR, PWR, PZW, PJO 

Enter one PARTAB namelist and one VNDBLD NAMELIST for each particle category 
delined 

PDIAM - Nuclide particle diameter in pm (0 for gas) (0.3,1.0,3,10,30) 
PFRAC - Fraction of nuclide with values of PDIAM, PRHO, etc. (0,1,0,0,0) 
PRHO - Nuclide particle density (g/cm3) (1) 
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DEPVEL - Deposition velocity (V.) of nuclide particle (m/s) 
(0.01,0 for gas) 

INDEX - Particle size category number, a maximum of 40 (position in 
input list) 

NPAR - Number of particle size types in this particle size category, 
a maximum of 4 (3) 

PUR - Washout ratio (1E-6 for particles, 0 for gases) 
PZW - Depth of plume layer (m) (lid height) 
PJO - Equivalent rainfall rate (m/s) (computed from annual rate) 

6.2.12 NAMELIST/WNDBLD/ITYPE.RF 

Include NAMELIST WNDBLD only if VNDBLS - TRUE 

ITYPE - 1 for nearly uniform sand 
2 for naturally graded sand 
3 for wide range of grain sizes (3) 

RF - proportion factor (1/m) required to estimate the suspension 
rate from the saltation rate (l.E-5) 

6.3 OUTPUT 

ANEMOS can write an extensive output listing. The user can include 
or exclude parts of this listing usir.g the NAMELIST options described 
above. A sample output listing is presented in Appendix B. One to 
three output files may be written by ANEMOS. A problem-specific decay 
file, like that written by PRIMUS, can be constructed by ANEMOS. Air 
concentrations and ground deposition rates can be written to output 
files two ways, either as point values or as cell averaged values. If 
both are requested, then two separate files are written. These files 
are in the proper format to be read by the codes which follow ANEMOS in 
the CRRIS. These are unformatted files with variable record lengths. 
All data are scalars unless otherwise noted. All arrays are dimensioned 
40 unless otherwise noted. For each variable written, the variable type 
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and a definition are given. The data contained in this file are as 
follows: 

line 1 

TITLE R4 dinensioned 20; 80 character title 
GRDOPT 14 grid option 
IPTOGR 14 point or averaged deposition option 
ALAT R8 source latitude 
ALONG R8 source longitude 
RLOC R8 input data used to relate source to grid 
THLOC R8 input data used to relate source to grid 
DIFFX R8 input data used to relate source to grid 
DIFFY R8 input data used to relate source to grid 
UNIT R4 'CI' or 'BQ' 
NLOC 14 number of locations included 

line 2 

ICODE 14 designates which CRRIS codes produced this file 
OPTS L4 dimensioned 13 

options used in running ANEMOS: TERHT, LINEAR, HTMAX, 
CWAKE, DNWASH, CLAMDA, SUMIT, FASDEP, OVPCAL 
SROUGH, CONSHT, SAREA, SUMIT 

line 3 

NRNUCS 14 number of released nuclides 
(ZASRN(I), 
1-1,NRNUCS) 14 ZAS numbers of released nuclides 
NPACK 14 number of exposure nuclides 
(ZAS(I), 
1-1,NPACK) 14 ZAS numbers of exposure nuclides 

The following lines are repeated for each NLOC location; 
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minimum radius of circular grid 
maximum radius of circular grid 
minimum angle of circular grid 
maximum angle of circular grid 
number of lines to follow for each location, 
excluding lines C 

Lines B, C, and D are repeated for each particle size catagory. 

XMIN R4 
XMAX R4 
YMIN R4 
YMAX R4 
NIND 14 

line B 

1 14 indicates air concentration 
NPACK 14 number of value*, written 
(CPACK(I),I-1,NPACK) R4 data values 

line C 

(PSIZE(N),N-1,NPACK) R4 particle size 
((CLCLS(I.N),1-1,4). 
N-l.NPACK) R4 clearance class 

Line D, written only if overhead gamma calculations were performed. 

2 14 indicates effective air concentration 
NPACK n number of values written 
(CPACK(I),I-1,NPACK) R4 data values 

line E 

10 14 indicates deposition rates 
NPACK 14 number of values written 
(CPACK(I),I-1,NPACK) R4 data values 



7. THE COMPUTER PROGRAM 

7.1 PROGRAM FLOW 

The basic programming flow of ANEMOS is outlined below. The 
subroutines which are involved in the steps are indicated in 
parentheses. 

1. Input data using NAMELIST statements (MAIN, RDNUC, WBREL, 
OVPDAT). 

2. Set the decay parameters for released nuclides and their 
daughter.* (SETDEC, ISERCH, REDUCE, ID, LIBMAK, RELESE). 

3. Determine the deposition velocity, settling velocity, and wet 
and dry deposition lambda for every particle size category 
(SETDEP, SETVD). 

4. Adjust the wind speed to stack height (WIND). 
5. Calculate effective stack heights (HTEFF); output if requested 

(0UTHG1). 
6. Compute corrections if necessary for area source model 

(AREASR). 
7. Adjust the wind speed to effective stack height and calculate 

travel times (WIND); output If requested (OUTWSP, OUTTIM). 
8. Calculate dispersion coefficients a (SIG, FFAC, WAKE); output 

if requested (OUTSGZ). 
9. Begin loop over particle sizes, wind speed, and stability 

class (GCONC). 
10. Calculate depletion fraction (DPRATE, DPFINE). 
11. Deplete the plume; that is, calculate Q' (DPLETE, DECAY, 

QPRIME); output If requested (OUTQPR). 
12. Begin loop over nuclide category, that is, nuclides with same 

gravitational velocity and fraction in each particle size 
(GCONC). 

13. Begin loop over distance (GCONC). 
14. If terrain height is considered, begin loop over direction 

(GCONC). 
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15. Calculate G (GCONC,V). 
16. Begin loop over direction if terrain height was not considered 

(GCONC). 
17. If necessary, correct factors for area source calculation 

(GCONC). 
18. Calculate C/Q (GCONC). 
19. Begin loop over nuclides (GCONC). 
20. Calculate air concentration, total deposition, and dry 

deposition (GCONC). 
21. Calculate overhead gamma shine (GCONC, DOSINT). 
22. End loops over nuclide, direction, distance, wind speed, and 

stability class (GCONC). 
23. Output to temporary file air concentration, dry deposition, 

and total deposition for each particle size (GCONC). 
2k. Average over consecutive distances, if required (AVERI, 

INTEQA). 
25. Write C/Q (OUTCPQ) and flux (OUTFLX) if requested. 
26. End loop over particle size (GCONC). 
27. Write average dry deposition lambda (OUTDRY); write average 

plume height if requested (0UTHG2). 
28. Print final results (PRINTR). 
29. Output to the CRRIS system file (FILEIO). 

Table 10 lists all ANEMOS routines, their calls, and their COMMONS. 

7.2 MODEL FEATURES 

As noted in the previous sections of this report, ANEMOS Is 
basically a Gaussian plume model for the atmospheric transport of 
radionuclides. The specific features incorporated in the code can be 
grouped in the areas of: 

1. source calculations, 
2. dispersion calculations, 
3. plume height calculations, 
4. plume depletion calculations, 
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Table 10. ANEMOS routines , their calls, and their COMMONS 

Routine Called from Calls COMMONS 

MAIN CLEARC RDNUC BIGMAT LMAXCM 
DPHEAD SETDEC CASE MATRX 
FILEIO SETDEP CH MISDB 
GCONC SZ CHK NUCDAT 
LIBMAK XCALS CLFLAG NUCSTO 
OVPDAT ZS DEPDAT OPT 
PRINTR ZD DEPSTO 

DIR 
HT 
HUT 
10 
IONUMB 
IOOUT 

OUTDS 
OVPLGS 
PARM 
PL 
SIZESC 
STABIN 

AREASR GCONC 
AVERI GCONC 
CLEARC MAIN 

DECAY DPLETE 

INTEQA 

DECDC 

IONUMB 
LABEL 

DECP 
DECDC DECAY 
DECEX DECAY 
DECEP DECAY 
DOSINT GCONC 
DPFINE DPRATE HTEFF 

NPOWER 
SIG 
SIMPUN 
V 

OPT 
PARM 

DPHEAD MAIN IONUMB 
NUCDAT 

DPLETE GCONC DECAY 
DRYARG 
QPRIME 

DEPDAT 
IONUMB 
NUCDAT 

DPRATE GCONC DPFINE 
SIMPUN 
V 

CASE 
CLFLAG 
DEPDAT 

IONUMB 
NUCDAT 
STABIN 

DRYARG DrLETE 
E02CBF FFAC 
FFAC SIG E02CBF 
FILEIO MAIN CASE NUCDAT 

DEPDAT OPT 
DIR OUTDS 
IONUMB OVPLGS 
IOOUT SIZESC 
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Table 10. (Continued) 

Routine Called from Calls COMMONS 

GCONC MAIN AREASR 0UTHG1 CASE IONUMB 
AVERI 0UTHG2 DEPDAT IOOUT 
DOSINT OUTQPR DIR NUCDAT 
DPLETE OUTSGZ EXTRA OPT 
DPRATE OUTTIM HT OUTDS 
HTEFF OUTWSP 10 OVPLGS 
NPOtfER SIG PARM 
OUTCPQ 
OUTDRY 
OUTFLX 

V 
WIND 
ZS 

STABIN 

HTEFF DPFINE 
GCONC 

HT 
PARM 

OPT 

ID LIBMAK 
OVPDAT 

IONUMB 
LABEL 

INTEQA 
ISERCH 
BLOCK DATA 
LIBMAK 

NPOWER 

OUTCPQ 

OUTDRY 

RDNUC 
RELESE 
SETDEC 
AVERI 
SETDEC 

MAIN 

DPFINE 
GCONC 
WBREL 
WIND 

GCONC 

GCONC 

ID 
RELESE 

LABE*. 
IONUMB 
NUCDAT 

CASE DIR 
IONUMB 
CASE IONUMB 
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Table 10. (Continued) 

Routine Called from Calls COMMONS 

OUTFLX GCONC CASE 
IONUMB 

DIR 
OUTDS 

OUTHG1 GCONC CASE IONUMB 
OUTHG2 GCONC CASE IONUMB 
OUTQPR GCONC CASE 

OUTDS 
IONUM 

OUTSGZ GCONC CASE IONUMB 
OUTTIM GCONC CASE IONUMB 
OUTWSP GCONC CASE IONUMB 
OVPDAT MAIN ID IONUMB OVPLGS 
PRINTR MAIN ZS CASE 

DEPDAT 
DIR 
10 

IONUMB 
OUTDS 
OVPLGS 
SIZESC 

QPRIME DPLETE 
RDNUC MAIN ID 

WBREL 
SZ NUCSTO 

REDUCE SETDEC IONUMB 
RELESE LIBMAK ID IONUMB 
SETDEC MAIN ID 

ISERCH 
REDUCE IONUMB 

OUTDS 
NUCDAT 

SETDEP MAIN SETVD DEPDAT IONUMB 
SETVD SETDEP PARM 
SIG DPFINE FFAC HT PARM 

GCONC WAKE OPT 
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Table 10. (Continued) 

Routine Called from Calls COMMONS 

SIMFUN DPRATE 
DPFINE 

SZ MAIN 
RDNVC 

V DPFINE 
DPRATE 
GCONC 

WAKE SIC IONUMB 
WBREL RDNUC NPOWER IONUMB PARM 
WIND GCONC NPOWER PARM 
XCALC MAIN 
ZD MAIN 
ZS GCONC 

MAIN 
PRINTER 

CHK 
IONUMB 

* 
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4. plume depletion calculations, 
5. overhead gamma shine calculations, and 
6. output files. 

The following sections describe where these calculations are 
located within the code, 

7.2.1 Source Calculations 

The main data for a source are read in subroutine RDNUC. If the 
area of the source is greater than 0, the area source calculations are 
done. If the input indicates a windblown source (WNDBLS - true), then 
the source is assumed to be an area source. 

The area source calculations are performed in AREASR and GCONC. 
Subroutine AREASR calculates the effective source-to-receptor distance 
and the number and fraction of each adjoining secrpr to use in summary 
of the multiple effects of the area source (Sect. 2.3). The information 
is stored and passed to GCONC, where the main C/Q calculations are 
performed using the effective distance between the source and the 
receptor [Eqs. (23) and (24)]. An estimate of the concentration in a 
sector due to the area source is then derived by using the fraction of 
the frequences of the adjoining sectors. 

For the windblown source, the threshold velocity for each particle 
size is computed in VBREL [Eq. (30)]. The amount of contaminant 
reentering the air is approximated [Eq. (31)] for every stability and 
wind speed class and is averaged using the frequency from ttte 
meteorological data. The average release rate for each particle size of 
the windblown source is then returned to subroutine RDNUC. 

7.2.2 Dispersion Calculations 

The general procedure used for calculating C/Q is given in Eq. (4). 
This calculation is done primarily in subroutine CCONC, with separate 
calls for determining many of the parameters as described below. The 
mean wind speed at downwind distance x, height z., and stability class p 
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is calculated in WIND using the power law [Eq. (6)]. 
The a values are computed using the method given by Hosker in 

subroutine SIG. If the option (SROUGH) li specified, Smith's (1972) F 
factor is calculated as a function of roughness length and distance 
using a bicubic spline fit to Smith's curve. Subroutine FFAC calls NAG 
routine E02CBF (NAG, 1981) for these calculations. The a values may 
also be adjusted for building wake effects (see Sect. 2.2.4.2). 

The infinite sum in Eq. (4), that is, the multiple reflection term, 
is summed in GCONC until the nth term is less than 10"° of the sum up to 
that point. The multiple reflection term accounts for the gradual 
filling up of the mixing layer until a - 2h . Once a > 2h T, G - 1/h 
is used. 

7.2.3 Plume Height Calculations 

The plume height calculations include options for calculating 
buoyancy plume rise, momentum plume rise, stack downwash, and building 
wake effects. The user may specify an option to allow the height to 
remain constant (CONSHT), to use the maximum plume height (HTMAX) as a 
function of stability and wind speed, or to compute the plume height as 
a function of distance also. Option LINEAR determines whether the 
physical stack height is modified linearly [Eq. (19)] or by cubes 
[Eq. (20)]. The effective height calculations are performed in 
subroutine HTEFF and can be output in a table by subroutines 0UTHG1 or 
0UTHG2. The plume rise and downwash correction is calculated in HTEFF 
using the formulation described in Sect. 2.2.5. 

7.2.4 Plume Depletion Calculations 

One of the unique features of ANEMOS is the capability of computing 
radionuclide decay and daughter buildup along with wet and dry 
deposition plus settling. The basic flow of the computation includes 
the determination of chain daughters and half-lives from a standard 
library, the calculation of depletion rates, and then the final 
calculation of the decayed and depleted source term for each nuclide and 
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distance. The routines (LIBMAK, SETDEC, RELESE), which set up the decay 
library, are from the code PRIMUS, described in a companion report 
(Hermann et al., 1984). 

The wet deposition lambda calculations are performed in subroutine 
WASH (Sect. 2.6.2). The calculation for A_, (Sect. 2.6.1) is done in 

d 
subroutine DPRATE. The calculation is performed for each nuclide, 
particle size, wind speed class, stability class, and distance. 

To avoid time-consuming numerical integration at each step, two 
options are available in the code for calculating plume depletion caused 
by dry deposition. T.e first option is to assume that the deposition 
process can be approximated by a succession of simple exponential 
removals so the value of A , is calculated only at the endpoints of the 
interval. In the second option, numerical integration is performed with 
the integration done by Simpson's rule (SIHPUN) using only each distance 
as a grid point. Using the results of that integration, I, the A, is 
calculated using: 

1. I or the value assuming that the integrand is 
constant, whichever is greater, if I < .001; 

2. I, if .001 < I < .02; or 
3. The interval between x, and x. . is subdivided 

into 10 grid points and a new approximation for the 
integral Is obtained if I > .02. 

The depletion and decay calculations are then combined fn 
subroutine DPLETE. The routine DECAY, which computes the nuclide chain 
decay and build-up plus the source depletion, is accessed from DPLETE. 
The equations for the DECAY subroutine are described in Sect. 2.6.3. 
Again, an option has been added to possibly save computing time. To 
avoid calling DECAY for every distance, if the deviation of A. for one 
distance is less than an input fraction (DELTLM) of the average A . over 
distances within the same geometric progression and if the adjustment 
factor to account for using the average A. is less than .095, DECAY is 
called only once for the distances within that geometric progression. 
After the call to DECAY, subroutine QPRIME calculates the depleted 
source for each nuclide at each distance. 
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7.2.5 Overhead Gamma Plume Calculations 

The overhead gamma plume calculation is described in Sect. 4. The 
photon energy groups and the linear attenuation coefficient plus the air 
energy absorption coefficient related to each energy group are input in 
a separate file (see Appendix A). This file also contains the photon 
yield for gamma-ray photons in each energy group and the total-body dose 
conversion factor for air immersion for each radionuclide. These values 
are read and printed in subroutine OVPDAT. As the air concentration 
calculations are being done in CCONC, subroutine DOSINT is called to 
perform the numerical integration of Eq. (49), and the annual gamma air 
dose is calculated. The dose is then divided by the whole-body dose 
conversion factor for air immersion to give an effective air 
concentration. when the overhead plume effective air concentration and 
the actual air concentration become approximately equal for two 
consecutive downwind distances, ANEMOS automatically ceases calculating 
the effective air concentration for that wind direction sector. The 
effective air concentrations are stored in a separate array and printed 
out separately. 

7.3 SUBROUTINE DESCRIPTIONS 

MAIN 

The MAIN routine sets defaults, reads input data using NAMELIST, 
and prints input data. It then calls the primary routines for the 
calculations to be performed and finally calls the I/O routines. 

AREASR 
* 
This subroutine transforms the area source into a circular sector. 
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AVERI 

This routine calculates an average concentration value over a 
circular sector using the methods described in Sect. 2.2.3. 

CLEARC 

CLEARC sets the default clearance classes (Table 8) for each 
nuclide. 

DECAY, DECDC, DECEX, DECP 

These routines calculate the decay and ingrowth of a single nuclide 
chain using the method described in Sect. 2.6.3. 

DOSINT 

This subroutine was written by Dr. John Hamawi to calculate the 
dose integral for overhead plume gamma shine (USNRC, 1977a). 

DPFINE 

This routine is called from DPRATE and divides a distance into 
smaller grid spaces to get a more accurate solution using Simpson 
integration to determine the dry deposition lambda. 

DPHEAD 

This subroutine reads the header records for the temporary file 
storing the problem decay library. 

DPLETE 

This routine prepares the decay matrices for each nuclide chain. 
It calculates the coefficient matrix for decay plus depletion and calls 
DECAY. 
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DPRATE 

This routine calculates the depletion fraction for wet and dry 
deposition. The dry deposition lambda is calculated as described in 
Sect. 2.6.1. 

DRYARG 

This routine calculates the maximum adjustment factor to dry 
deposition necessary if the average dry deposition is used to avoid the 
calling to the DECAY routines for each distance. 

FFAC 

This routine from ATM-TOX (Raridon et al., 1984) is used to 
interpolate over roughness, length, and distance to get Smith's (1972) 
F-factor. 

FILEIO 

This routine writes the files for use by other codes in the CRRIS. 

GCONC 

This routine controls the primary calculations of the air 
concentration and deposition rates. Equation (4) is determined after 
the various parameters are calculated by calls to separate routines. If 
the source is an area source, the necessary summary over sectors is 
done. If overhead plume gamma shine calculations are requested, they 
are also controlled here. The air concentrations for each particle size 
and deposition rate are then written to a temporary file for later use. 

HTEFF 

This routine calculates the effective stack height due to plume 
rise, stack downwash, and wake effects depending on the requested 
options. 
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ID 

This function converts an alphanumeric nuclide name to its ZAS 
number. 

INTEQA 

This routine calculates the parameters used to calculate an 
integral average used by routine AVERI. 

ISERCH 

ISERCH searches the master decay library for nuclide chains. It is 
called from SETDEC. 

LIBMAK 

This routine collect? information for and writes the header of the 
problem decay library. 

NPOWER 

This routine computes the wind profile exponent. 

OUTCPQ 

This routine writes a table for C/Q. 

OUTDRY 

This routine writes the average dry deposition lambda. 

OUTFLX 

This routine writes the calculated flux for each distance and 
direction. 
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0UTHG1 

This routine writes the effective stack height for stability class, 
wind speed class, and distance. 

0UTHG2 

This routine writes the effective stack height for distance, 
averaged over stability class and wind speed. 

OUTQPR 

This routine writes a table of effective source strength. 

OUTSGZ 

This routine writes the a dispersion parameter. 

OUTTIM 

This routine writes a table of travel time to each downwind 
distance for each direction. 

OUTWSP 

Wind speeds are written by this routine. 

OVPDAT 

This routine reads the data file for overhead plume calculations. 

PRINTR 

This routine prints tables of air concentrations and ground 
deposition rates. 
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QPRIME 

This routine calculates effective source strength resulting from 
decay and depletion. 

RDNUC 

This routine reads the nuclide-dependent data and the particle size 
category data. 

REDUCE 

This routine removes short half-life daughters from the 
calculations. 

RELESE 

This routine sets pointers for the released nuclides. 

SETDEC 

SETDEC determines the nuclide chains that result from the released 
nuclides. 

SETDEP 

This routine determines the arrays for gravitational fall velocity, 
deposition velocity, and wet deposition lambda. The particle size 
category for each nuclide is also set, 

SETVD 

This routine computes the gravitational fall velocity and the 
stability-dependent dry deposition lambda. 

SIG 

This routine calculates the a and adjusts it for wake effects if 
z J 

necessary. SIG calls WAKE to compute S . 
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SIMPUN 

This routine written by Barish (Westley and Watts, 1970) performs 
mn>2rical integration using Simpson's rule. 

SZ 

This routine checks input parameters to determine if any array 
capacities are exceeded. 

V 

This function computes G. 

WAKE 

This routine determines the distance to add to a to account for 
z 

building wake effects using Newton's method. 

WBREL 

WBREL calculates the average release rate for a windblown source. 

WIND 

This routine adjusts the wind speed to effective stack heights. 

XCALC 

XCALC determines the x distances for the grid. 

ZD.ZS 

These routines initialize arrays to 0. 

A complete listing of the ANEMOS computer code may be found in 
Appendix C. 



8. DISCUSSION 

ANEHOS is the short-range air transport model of the CRRIS. It 
directly replaces the AIRDOS-EPA model, except for the food-chain 
calculations, which are in TERRA, and the dose calculations, which are 
in ANDROS. ANEMOS is a much more complex model than AIRDOS-EPA and 
includes many more user options. An advantage to using ANEMOS is that 
default values are included for all options so that very little input is 
needed when the defaults are acceptable. ANEMOS incorporates several 
computations that were not available in AIRDOS-EPA, including the 
overhead gamma plume computation. Although ANEMOS allows the entry of 
data for only one source, the code SUMIT can sum and scale several 
ANEMOS runs. It is possible to run AKEMOS once for a unit release and 
then use SUMIT to scale and translate that one output file many times to 
simulate a complex multiple-source release. 
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APPENDIX B 

' Sample Problem 

! 



An example run of ANEMOS has been made assuming a unit release of 
3 14 222_ three radionuclides ( H, C, and Rn) from a point source 43 m in 

physical height. Annual average meteorological data for Evansville, 
Indiana, were used for the calculations. 

The input data used and the calculational options selected for this 
run are given on the following pages. Note that since the released 

222_ radionuclide M I is a gas, a nuclide data table was input for its 
218 first particulate daughter product, Po. All subsequent particulate 

. . „ _ 222_ ,214-. 214_. 210_ 210.. . 210_ . . _ . . daughters of Rn ( Pb, Bi, Pb, Bi, and Po) are defaulted 
to have the same particle size and clearance class distributions as that 

• * 218_ mput for Po. 
A complete set of output tables generated by this sample run can be 

i 

found on the microfiche attached to.the hack cover page of this report. 
The Job Control Language file and the NAMELIST file that were used to 
run this sample problem at Oak Ridge National Laboratory are also 
included on this microfiche. 
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The ANEMOS Code 



121 

x 
19 
ST 

^ 

o o • • 

o H • -
e »« I t . 
• ^ *X u o 
ta H > 
o *> cv M M 
e m • y M M 

• *~ k l * * • * « • * n w u> • •* - J J 

** ^ O (A t M ) 
• A r » H • h i r% * 
H - 7 V * • • - V»Pf > - V 

« I » I H fell,!*? l - P -
O Z k l • - • - • (T.CIflt • » » 

e i • O O T J H a r « o J - l 
o i r H W O I I H - » j f t i r • • • • • • • i 
• i s • - W H H or - J M i r n 
u I t t ^ H T B . I «-t ST «« o u W M » u>- or •> * • * r » o •-»>-
o o K H y h Z 4 U I o » *•« M M 
• z « < J m o « « o 

e w 0 7 J 0 . J I _» r -« Ot«> l * l n o 
a P W f l »«oa»-0 J H > ««r K M z z W W o-»a»- « w z J - » • j y . C M * * * * A» M M 

•-*. z < u n c u « H O S « X * e •rac 

« « £ £ ! »« ¥«? 22 

Q O * < V 
0 # k l O 
• u>e I 
UIOOW 
© o «o 

A, e » H © 
o o «o • 
• e o v>iw 
w • •»"• 

_ *> e b**>»« a> 
oat a m < H » o « > • • o u O S e e m e ~ z « 

H » « u H n o t - Mac 3 * o a . a w e e o e i • e e o 
wi a r u a u o a e u r " e n u»-L' u h w o M M »k'<vn » « Z H « 
u a i > z w Z u < O J a r z w 3 » n > 3 • * • • z z u n a » » > * n 

*> J »-X « H « O Z Z » O a ahM.9XO0> U U H H 0 0 * M " O O * 
a w H Z t « u 4 a I N e z H * z e e <•« e » W H U O J I M 
« u z s I M M H I « « a J » u x o e < o s acac • • » • « • » J H « J 

i imn z o o « a r u x ^ w t - s c . j . ; f i u u x • •»> e a x • H S * 0«bZWM«WM 4 * H J M M » Hf<«H>HH ( W W * X I M O U 
_ _ *vc»-x * u » — J a w l « » a « H n a e a o n 
o n e u o - o > u f t - 7 * » o « H * . i n a a * n m i i w • »•«» u I K J 

. ««o - » n ~ L « « ««>vi «>—••-at uj z • j z u H H U U M - WI U M O w - j ^ v a -
t- * ••» _iw»- w*> • i -a -co* * P a O » » J « : » H » J u «•>»«« e ~ u » — a * i » » - u 
at » > * u w _ o a r z o O J O H •"O O n u o » « . i j a r i t > u a t m o u B I - M I . H > 
M « i e ^inm h i ^ Mit^^i> i tru. M » I W ^ « n * * « ^ ^ • V N W •t»i»»^(t«* 
» z « » w t a h < # a w n •- o » « I . I O u j y .MZ -~ r 3 ~ r u f i 

0 » - « I O n Z > « *• ^ Z •.-» 0 « l - > N S H K 9 U M I a r ' » > - H H i O J f 
O •••••• i-> K Kk>ac IX V Z O a » " W « ^ « ^ « N H H U > W 4 O J U S 
»- 0 « W *> U.W K K O C N W a < • • U J U t l J X 0 » - » - ~ n t - K M <• J L > K 

*»->-i u r u a x w ( p a t ^ « •>« o a ^ v « > » w - u x v u z«>y .z u 
z a « o N e w e>-oo>zw xac —>»• n — • w a v e t - » ( u u n « > I H O 
3 w o t i n u m u i - * -w N U r O v ^ - M Z w N m u u i c < e * f — z z 
a u a r> w » n z o aw<-«-Liatzai o » C M H X e x f i x o < » J 9 w w « 

• • a s u b u j ~ « w x « Z a i a > » a .« biUaMOvi O U I I W •"> ObK-H I I W H U J H 
W Z S f k l M O U <•»> J » H ar - l v w I ( M b H I ( • - U • - • - > « H O B O >• 

M«> < M M U I M U j a r a j w « . J 3 a» a w e o v b u . « u arar u a o r i u 
M N N n x •-»•->•}« W J b Z v w X n O U l j a S WW J f « X ( J > • • MOO r a u o - W * * f b l O H 

x iw H N - B U I j C i « O H > « S N U J J J C S » - 5 S « « w w u v acHZHdT* x « u. » 
« « ( • • • • • • • • • • • • « « J U M XW »- U S J * » H M M M M > H > M X « I I OWSMfT » > k O « U 
9 a ww ( j j u a n u c » u n j a ^ « M.U. x f •-»• »>h.*>oo fe.XHbiw»» 3 w o « i 
* w < « J J a a u i 4 o x - i O H J * > e « o » a w H H H H Z t - x e j ' • ^ 

f« a^ibk. i b u u i t o o o a » > 9 « N » > J W • > • • 3 3 HOWoao,M 9 5 M W U V U W N X » •-< 

O « O H z z x o BVttaw H H t m a i l lav » < > Z B . » H » « J U . z « a w « « « » a z * v H « 
w • . *»• - M J I , I ttttm O M j r a j a - w a a i a »-»• a S e u e x j « w a a M H - I - K I H M M < 

- e - - 1 2 o S S S a S S * , ° * * S w 5 « o « 2 " ' 2 3 * ° - C O ° * e * > • S , - ' , ' « • " " » • • • • * * - * ? ~ 
N 9 i « | U o w w * • • • > W H M O K « > 6 o • • S O J W « « I - I « I O a« o i « * H W < S x c w w w w « i M c 9 x a M > > U » J N U U U W K U U j w u u u h 1 W O H I J 

K U W M a W W Z 3 3 3 X Z X ? I U J m X « * * 1 ( 1 ( 1 1 1 W - X X W X X X X X M W M b x J 



122 

3 O 0OOOOOOffA*0OOOOOOOOOOOOOOO»OOO0OOOOOOOOOOOOOOOOOO0O>OOOOO O <">0 
-? • eooooo#K»M»oooooedooeooM4ooooooooi iooo0OooeooBOOOoooeooooo 

o ocooooo»<xooooooooooPooe>iooerK>aooooooooooooooooooooof looooo 
9 0O0O0O««O0:.V0OOO0OO0O0O0O-«n*OOO0eO0O0OOO00OO0O%»00O0OOOODW0OO 
o O9OO«MaMNHOoooeeoooeooOf4*iAooe«oo(iooooooeooi)oooAO0eoooflaeoe 

•» » * o o o o o o o o o o o e o e o o o o o e o D o o o g o o d o o o O O g o e o o o o s o o o o o o o D O o o e o o M O 

^ o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o o o o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o c o o o o o o 

o o o n o o o o o o o s o o o o e e o o o o e o e o o o o e o o e o o e o o o o o o ^ o n o o e o o o e o o a o e e D 
• ^ r > c « ^ c M * e o o « f ^ D f o t f t f o t - i o C € # # o o D d « r » 4 a f v r > e p o o o o o A * # o i 0 0 0 0 0 0 0 0 0 0 0 0 0 

o H P 4 4 # * r « e o o < M i » t i ' M » ^ e h o * * o o o » c r f t ^ * o o 9 o o o o 4 f r t o e p o o o o e o o o o o e o o 
"» o i w > c « » « A o o n # « v o » M n i o « g o r t # # o o D 0 « r t H o o o o o o o e ( N i i W D o e o o e o o o D O O o e o c 

o o o o o o o o o o o o o e o o o o o e f ' O o o e o o H O o o o ' s e o o o o e o e ^ f t o i s o o e ' s o P O o o o f i o e e 
a im o o n o M O D O O e o o c w a o o o o D O D O o o o D o e e o e o o o o o a o o o o D O c o o p e D o o n o o o o 

3 a e o o o e o o o o o p o o o B o o o o o e o o o e o c o o Q o o o e o o o o e e o o o o o o o o o o e o o o o o o 
M e 34100 

• 0 o e o o o e o c D t M o e r o o a o e o » e o o c » s e o r < o f D p o D o c o 6 0 O o o o o e e n e A o o o a c 0 e e o 
« • • 0 & > O O O O O 0 0 O O O C > O 0 O G 0 0 0 0 < a 0 0 O O O O 0 0 O O 0 O 0 C r O O O O O G 0 O 0 0 0 0 0 0 O O 0 O 0 0 0 O 
»«o o o o o o o a o o O d o o o o o e o e a e e o o o e e o e o e o o e o o o o e e e o o o u e e o o o e e o o o o o o e 

•« O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
•» r> o o o o t ) n o D P p r o n D D O o o o ( i o ' 3 O o t ) i M ' / O f v o o a c o o n n o o o o n o u o o o ( : 0 O O D i x i o o n r t 
•A 1*10* o e o o o o e D B o o e o o o e e e o o o o o o o o o o e o o o e e e o o o o o a o e a o o o o o o o a o o o o o o o • • « • • » • • • « • • • » * » • • • » • • • » » # • • • • » • • • • • • • • • • • • • * » • • * • * • • • • » * » 

tft*FO o o o o o c & o o o o o o o o o o o n n o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o e o o o o *o *» ff* • 
«*» 0 r» e n n a n o n o e R n A o o e a n A n f M M W O n n n o o o o n o n a o a o e a o n f t o o a n n o o e n n o A r M K i K 
*« * * » p o o o r ^ o & o o o o e o o o o c > B o e c * o o o o o D O O o o « P « f t « e i v « o o 0 O r t r « « c # i O f i i O t f ) # ^ » 

o o e o o o o o o o B O O b r , » e o o o a a e o e e c N 9 0 i i o o e a 4 M M < i ^ r i r f i o o o K u M i . n r # ^ e ^ o r t N « h 
0 o o c o e e o 0 o r v o o e o e e o a o o o e e o o e o a ( i O o o e « o « 4 M M H O O o » « o o ( ) o o M i r « i < . H ( u w i M « i 

O J> 0 O O 0 O r » O O O O O O O O O O O O O O O O O O O O O D O D a 9 O O H f l O O O e O O N O O O O P 9 O H H O O 0 H A I f t 
# N O v f u ( t o o e o o a e e o o A o a o o o o o o c t o e o D o o n e e o o o e o a o o o o e c M e o o o o o e e o o e o o o o 

fCV • • » » * • • • • « • • » » » • • • • » • » • • • • » • • • • • * • » • • • # • • • » » • • • • • • • • • • * * • » 
%/%+•• 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

o o 
••• IT 

a* * ono0ooor>0OO0r>9a>oooo4C»0Coo0>oor»onooo0ooo0OO0>e> ooooooooeoooono 
O 1*1 • * OOAAq0O0OC-0en0aOOAeh00M'IK4#')^N00«r.nf4^#l!P*(WWt^or>*>N^f rtOOeOMl 
o «*> 0 0 0 p e o o e o 0 o o a 0 0 0 e o e o o 0 0 ^ t f t < V H o o ^ C 0 ] i v o o ^ ^ # 4 » < # * i | M r t 0 A i r A r M V 4 i A * K W > o o e o o 
c ( / ) « a o o o 1 - o o o 0 o o 0 e O b O O O o e 9 o o o > « a f 4 « t « N C ) O * 0 A i o o o « 4 i * f > # M f 4 X C i V M f > # o o M C ' i V H O o a o < 3 O D 
» » o 0 o p o o o e e B o o o o o B o e o o o o e e o o e N M e B D o o e o o H O O o o o i W r t O N D o a o d o e o o o o e 

o * • •*»« r» 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c x - > o o o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

o * • f t »* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ^ 0 0 0 # 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
• %*. : * 
& O O Ik O O 0 O ' > 0 O 0 0 0 O 0 O 0 0 O n O * O 0 0 O 0 0 O O 9 O 0 0 C > O 0 0 i p ' > 9 k o O 0 0 O O O 9 O 0 O 0 0 0 O O O O 0 O O O 
& f M f t o * o ^ 4 « M 4 e M i f t K < 0 i n f * 9 > « » t f # r ^ w ^ o n o c « « » « f } * ^ « # ( O 0 O o e 0 o e 0 r 0 ^ p O B O 0 0 e 0 0 0 
o & i„' *> »r*j o y 0 c n 0 0 O H / i f t » r t > < 0 0 0 M i v < i O 0 0 O 0 O 0 r t 0 o > 4 4 e » o x o o 0 0 O 0 < 9 e 0 0 ^ i v O 0 e 0 0 0 0 0 O ( i 
H O V> O O « O 0 O O O O O O O O O O O O 0 O O O « V » « * * * * O O O o e o O 0 0 O * * O f V C V * # O O O O O C » O O O O » « v « 0 O O O O O O O O 0 
V O W «•* • <MM "X O O O 0 O O O O O C O 0 O 0 0 O O 0 O O O O 0 O O O 0 0 O O O O 0 O 0 O O O 0 O O O O O O O O O O O O O O O 0 O O O 
(.1 • i . 1 •«* • # # * • • • • • * # • • # # # » • » # » » • » » # # • • • • • • • • • # # # # * • • • • » * • * • • • • • • • • • 
n t » 0 U O O O W O O O 0 O O 0 0 O O 0 O 0 O O O O O O O O O O O 0 O O 0 O O 0 O O O O 0 O O O r v O O O O 0 0 C O O O 0 O O e 
1 - 1 1 0 O 0 < 
w rv M O O O or 

«rw #* # r t r * e» if n n 0 o o n n o n n r i o o o n B r > r t r t r t r t A n o o r t r t n n n f l ^ « n f l » r i r t r t r t r t A r t o « r > r t P r t n * » r t r t n A O r t r t 
b i s ! . » • - • • * f ^ A i # ^ H i t 0 ( W 0 # M 0 M t A 0 i > 0 0 0 e o a o 0 e o 0 o n 0 0 0 0 0 0 0 0 0 0 0 o 0 e 0 O 0 0 e 0 0 ' ) 0 0 O P 

• A l l f l X * * I* < 5 ' e > e > r*)">«1l')^«flCiO0«(|t,«4ft'WO00'W00O000000OOO0OO0000004000B00e0b00anO 
* v*ei»- n »* * • rr # * # M A i o 0 0 0 0 0 ( V 0 0 i « 0 ( V 0 0 0 0 0 O 0 0 o 0 0 0 0 0 0 0 O 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 a » 0 b 0 0 0 0 0 

r . M D V I A O M ** «* B e D O o o o o B o o c B o o w o a r t O B P o e e o o o o o o B o o B o e o o o a e e o o 0 0 0 0 0 9 0 0 0 0 0 1 ; 
i i < / t f * f > * * o a . . « «^ *«*> O 0 n 0 0 O A o u p 0 u o a n o o 0 O 0 0 0 0 0 o o 0 0 f > 0 0 0 n 0 0 0 O 0 O 0 O O 0 i i 0 o t i 0 O 0 o n 0 n 0 c i o 0 

H ( 4 O J J O 0 f O ^ 7 ^ 5» • • • • • • * • • • • • • • • • • • • # • • • # • • • • • • • • • • • • • • # • • # • • • • • • • • • # • • • • » • 
** arutuwor <9«* M * * * ' • • » ' o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

>*•• N r i p > K i l i T r > v » u n . ) j c ^ « ^ # t f i * ^ » » ' o * < i N * » n 4 ' « p - 0 « < v ^ < i n ^ ^ « o ^ o ^ A * r t # r f » i » * * « v * > * • / > » » i * ' • ' o ^ * « W r t # i/*«6»«<>p*n • f i n ^ ^ - o r w 
3 « f y M » « t J » » V H A y j (A b» ^ 4 ^ v 4 f ^ * 4 w 4 * 4 rfiHHHHrtH mmr*m+*+**4 m 
— » - l . r r t - J J V r V I » » * % « ! * * % AT 

«M »̂>««»avir.r»C' it uvoa* > o rr# Ckx««vu «*# u , n i-t~~ <* o n * * »*- c» 
i f f . C O bJ 0 7 U W F>I /> b i b * 
• ~ » r r u «-»irft(v 1* «*« xt/> 

».* u 1 » r » • * *•• T ^ * -T _j 
? » « f p » w H w » " w o r O f f at o u 
r a t i ' D a w ' T w •» w i » > »-** #** 
' . * » ; * > • * * • -*» or * i r < r ( ^ j * 



11 

if 
14 IS 16 1 2 3 4 5 

f> 
7 
B 

1 6 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 

1 
2 
3 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 16 0. 

0. 
S* 
0. 0. 0. 0. 0. 0 0 0 0. 0. 0. 0. 0 0 0 0 3 0 0. 0. 0. 0. 0. 0. 0. S: 6. 0. 0 0, 0. 0. 0 0 

000666 00000) 000000 66006) 000003 000009 000006 000009 00000) 600003 000006 66000) 
S8888B 
000009 060003 000003 00000) 000006 000003 000003 90000) 06000) 000000 000009 086669 68068] 00000) 300909 18008) tOOOO) 
080063 608603 000003 06668) 686899 000003 000003 000009 00000) 

0.000000 0.006000 0.000000 0.060000 8.00000V 0.000000 0.000000 0.000000 0.000000 0.000000 0.066680 6.680660 0.6011000 0.000000 0.000000 0.000086 6.000000 0.000000 0.300000 S.000666 .666668 6.836686 0.666686 0.000000 8.000000 .00066C 0.000668 0.000000 0.000000 0.000000 0.C06663 0.000000 0.086668 8.860006 0.000000 0.000088 6.680000 0.000000 

0.000000 0.000000 0.000000 0.000000 0.008123 0.000360 0.066668 8.688668 6.868800 8.000900 .686868 6.866668 6.660060 6.888800 8.866886 .688666 6.868666 6.006000 0.066668 6.660006 6.666660 8.886666 6.686600 0.000000 0.000000 6.660000 360068 10000 . ..JOOOO 0.000008 

v.vv* 

8:S88 
0.600 0.000006 S.000000 .000006 
0.000000 0.000000 
o.oooooc 
0.000000 0.000000 

0202K 0.666806 684260 001170 000718 000159 000480 666769 003246 004493 901518 866)66 000460 001610 816170 024269 614128 083978 068636 000020 mm 
666460 666129 000180 000380 086976 000008 900033 090189 
jp?! 9350 

12339 
600058 
666688 
S 00009 

01)069 
866663 
006633 

8.000000 
6.666660 
0.000000 
6.800000 
0.000000 
9.006660 
6.886886 
6.030000 
0.000000 
0.000006 
6.O0O0O0 
6.800000 
0.000000 
0.000000 

8 .066066 
.668660 

0.668600 
0.000000 
6.086800 
8.666668 \:\nm 
O.P00060 
0.000666 
8.886660 
8.000660 
9.830000 
0.000000 
0.000660 
0.060080 
0.000000 
0.000066 
6.808666 
6.000000 
0.0900(9 
o.oooooe 
0.090000 

0.006666 0.000000 6.666686 6.066000 0.060880 0.000000 0.006660 6.666C6B 0.000086 0.000000 8.866666 0.068069 0.800000 0.000000 0.066668 8.900060 6.000668 6.666866 6.890006 

iiillm 
O.OOOOuO 0.060000 8.668860 6.008666 0.000696 6.600066 8.000000 .000000 0.006000 0.086886 8.886668 8.666666 0.8? 0. 0 --6.668669 6.000000 

0.000000 
S=S8S888 
0.000900 

068080 000000 000060 
" " : « 666666 00006C 00066 60000 600 000006 866866 600686 068660 000006 000006 666866 

0000? 

00000 00000 0000 

SE 
9ET DATA SUP "WRY 
hINO DIRECTIONS N » « NE ENE E 
FRACTION TOWARD 0 . 0 2 5 * 0 . 0 8 4 1 8 . 0 9 4 8 0 . 1 8 1 8 0 . 0 2 1 6 
4ET DATA SUKMRY 
STABILITY CLASSES 1 2 3 4 5 6 7 
FRACTION OF EACH 0 . 0 2 0 7 0 . 2 3 4 3 0 . 1 7 4 5 0 . 2 8 2 1 0 . 0 8 0 0 0 . 1 7 1 8 6 . 1 1 6 5 

SSE ESE - - — - . . . 
0 . 0 1 8 4 0.021*8 0 . 0 7 9 3 0 . 1 3 0 4 0 . 1 7 1 2 0 . 1 1 9 2 0 

mm 
000000 
88S88S 8S88S8 
006806 660000 

SSW IU USU . W 
. 0 3 6 4 0 . 0 1 3 3 

VNrf NW NNtf 
1.6267 6.6227 6.631* 



12* 

«•» *!•# «•• 

o i i « •» H « e 
O ««£> O «»0 o 
• rtoo • *i«i » 

e *ir«4b* 9Twmui 
« « f o • « ( • 
x - i * e x - i « o 
«j • © u « B 

*» \ w o v u o 
a I U U * Xkiw • 
s a w e v i n e 
e » •*>>» e »• o »• o 

*4 • f M » • 

O f n « « n « « a « « 

u »« # 
w 

• « r » - o 

* • > - > • w » u o w » w e 
u •• » w •• • u •» • o * M e o « v o 

*••» w *»» M »» » W »» • W > - • « u i < « H S C * « 
•co % c o v t o »» «ro % TO o » t « o w 

p« Om mm Cimm mm A * mm 0«r M A « 
U OV> U l*lfl U €»*» U » * • «» MM •IMI wwi; owz swat •• o •• e 

•»»-o o i » o « W H O « w * - o _ • o 
_ . . . . < V « M O N « M • » < > O I M ~ » - * • >-ar • 
ffro*- ffffu*- • tu*- » I W - « l u * - « o w «ro u 

b i t u rvwar o « w r « O U T </ « u i u e « o o ~ o 
* * 9 M 4 A M U 4 M M U 4 M O d b M MVfXbM U»- 0 • • - O 

o •»•»»*«« « # • • > * « M O K H M T »¥o«»4* r,m'*NK uu o u u 0 
*• IV # *»b. £ • **U. t • P^b. L * **b. ff • mmll. # - * O »-« B . . . O0blt» »•»'•)*» OBId** « « t • « « • 

ftowtroeifioix u*> •* Ob. • • 
MhWI . MfcW> M l M * 

H H J J 4 IttHJjm O I H . J . J 4 W kl 

»- im.iv> r n v w 
« 9 o w « a 
¥ mrlMt MI.IC 
•» H I I J J 4 V ) « J J < _ 
e • • w u L f y H u y v j M U U U J M U U U J w w u w w W O N * 

• * « « • > f \ i «x t» K X X * - # « z * - »>«jrt - * i + • *» « • • 

%?S o«u ac ori>/ «"i.i v>u 
OMU uttgm u r z * 

U W U k f UbbMkX- U U W V Z J U M J U O l 
!•>•»¥> 41 0 « m 1 OwWI 1 D M I I « S H M 

o « e « « n 
B A O M O O 

t l l l l l l l l l l l l l u M M I 
«UWblblblblWblb«.l«>l «WWWblMbl 
- W ^ T W H * C I « I » I » I > ^v>«r«ifi<w*> 

«.4->np-N«w««r>tft \ # « c f > r 
4 > » » * ( > l » « g r 4 W f « M 
U » « * W W 4 H » W •»>>••>•> 
bl • « • « # • • • # • w • • » • » 
O «1«X«V<04'*W—O C 

r "•«•• M O M P I M 0 bl I H W a D » *• o e e o a M M s »> e o o e s 
0 < « l f f f l f f f f « M f f « < » • • • • • 
•>. K U U k ' U U W U W b y w K U U U U i i l U 
X f u o s o s o o c u i s e H u e o a o n 
« t u M M W M t M * a w i w n a s 

I M \ e a « « e t i M j a 0 M > a o a a a 
1 U 4 M W M M M M W « M O O * 0 < » 
•-> j w e a s a e e s a M j M U » o > a a 
4f _ l » • » » « » » « • * • J » 4 • • • < 
X ILbl. W K I M W M.W X O O O * 
u e«r oar 
k> M ¥1 
O m w0 K e w m w M M •>••••> 
W •• *4»^»»4f # » • • » * » IV OOr.HM, 
D nryrwv»4«««*«4»f#4 w»4*4»40 
9 » MMMtVMMMWtWfw • WfVMNM 
fe o N a « « « N < i « i n « o « « « f i M 

n fmirrti ririrTU nrmrnt r««rnj rittr.ru i»n 
O 4ff/l 
« X4f 
<r U K I CIMI 

http://im.iv
http://rittr.ru


125 

»-»—# M i l U l * » * * * t * i-n-f uhii*n,ir*it,i'.iuii>ii.n,H.ii.n. tut v i u u o e e o o o o o o o o o o o 

\gz-35-2S2SZ 
K O U U 
S I M S 

M M U U JUUO H O M O 
uut • 

ow 

file:///gz-35-2S2SZ


l i » 

o o e o e o 

CI ••» o O w*m—imw9 
O 9Z 3 • 

«9 I I 

or u o « o • <w w 
p» «« » ^ « w i J > 

fcf U b t . K 9 0 3 P P U » « 
W U » U U " 7 > U U 4 J 
a 7 v . z c w - k r _ o • 

U *»»» 0 * 0 » « f r < » l ' M i > l l . O O 
•- t- r*rv< Str vx.nr T e 
r r ~ u » - o U I O J M U P > 
p» OP>l»IP« R M K L M C M 
_ i z u t j c u a > w » » • 

I 4 1 D * 4 ( I PJ» W 7 b l O 
u u t H L « w p - u ••-> j o e u 
(« Z N B 4 Z U J U - * a r n o a in 
• t a o « p - « < . J u . i « u f e x « w e « 
p; A M « » | I J P * I » U P * A W I > I U IA»P> o » u 

£>».-» <Btf-~iT 94 K» O P > 
• e bar «p> « > k » • * • • o *> 
• U N o«lf . tfrrAfVlft^WrlM ^ p *• 
• np-o x K K o p r tna. jj I>I x 
• u im bfe. « a * p > j r • • < j a »• 
« • e a i i r i i i T a r b . • > J 9 M D « W P O 

W > M B I M O k • P « p > « » p » p > W 0 . J O 7 
m;»:r .p 'pi i t o • pp» 9Z. 3 9 * # o • » - • > M 
r n a u r • • > o n u > e o « N « < 
3 • 3 Z 3 3 0 • P t r t - O k l U U P I U « • « 

« x « z • 7 X Z S M • • u s a a o a u e 
j pp> p* . » P p j r * « i & « • » ! • j ' j - j r i . i r j ' j i r 
r * • # # # » r > X « ' M I I M K K • • • -£ > j k j • « • • « ! i j e x 3 M u « n a ui 
la. u • ̂  • w w w k K p l w « l » M 9 a u > M 

J » J J J J t n j S i t i i M u •» 
• « « » > • » H W • • - > i f « « i n v 7 r * t 

P-OP- P-P4 S b ' P N P P t • t • 

K « t < 9 « « 4 n l l U > J I X X « r i 3 X 
3 P > 9 D X W k f t U 3 ( p p p S 9 3 f 

0 P P P # P # P 9 9 9 99 9 9 9 P P P P P P f 
x p > p p * > « p t ^ p > « r « / « y p > « , p > i a p - a > r a M • 

r o SSoooS 
W«» 
p- O 0 O O O C 

* > U O 0 C O O 0 
A t 0 
r » k i p - * 
Z X P -
< » I 

•>o P U W 
K t U 
I.I T A t V i i M i n 
P»lf o o o o o s 

U K < 
o « u p > p - « 

P N -
X p> 
aw 
« > j 

p i * 
b l p - X »> 
J U M H I t 
n u » p > « 
t l M J 
n u » p > « 
t l M J < l k « J U 
W U M J 
< l k « J U 
W U M J MfVAff^tf 

0 
P-bl 
P-W 

http://vx.nr


127 

5 
- s 8RSSS5S*:«sss?£s;%:j;?3;!tt:3**«83&«:5S3 

aro ^ :».i K 
C M •••0 

a W O 
UlW * •»» ! 
J » J 
A r t « l > 
t * r K 

«•» • f l » 
M S A 

I O 
• • l i t 
WW 
U&IO 
7H |« 
« t 
>-OJ 
v t z u 

^ f f o n t . i , «PUObi i i «muni>iti #ir.om.n» 4murHftu.wrtLjriMu.ir 

o 
Of *̂  
X **ta«**M»>««»fftftfVft*ft'V 

http://4murHftu.wrtLjriMu.ir


i n 

e M > « K n c » r e i « f M i n ' v t > « > w o N N e * « N e H M r « r « » B D a H f # « f « i ' 

Mill • • • • • • • • » « . • • • • • • • • • • » » » « « « « « • « • • » • • • • • . • » • • 

C M 

^w ^ 
mr —vi 
w<4 ~ « is 
- I I M « 
A M « C > # » w n i i H i 1K1nu01.n1 i?«rmu«i,iii rt*muni.* « « m u n i . * i M i n u o i i i u utnr 
*>•> ••*» » 
* i ^ » « 

CO 
VLF Cl 
u u w 
MM • • 
*•»•» L. X 

« « **«-»«*»*»«'*»«ft/iv<vMM^ft'>''>r>*)*)r»*>*#*####ininrf'tf>iArftin**<0i04*4<0 
» O J • • 

http://1K1nu01.n1


129 

09vtf>rjr^rjo9flcr4fvrtfCcr«.(V<vrwo9'«t'MPji <^o^9<>f«vcjoxffr4«4fv^ 

(rt O Plw**m my****** r**+*+*+ *>#*##** wt+twWm* 01*4*4** 04 

1' 

3 ^ a « • » « 
• l < A 

M*I * » • * 
J « m j 
n * «<> T."> *-•»— »»«4 
i o n M 

f C 
~ U ' 
Ull* 
u t x 
y/»*> 
« * h O J 
tnru 

4 f f i u r H MI «rmitAi,»t# «riT'i»ni.iifc«'*«»rn»*tt.^<r*»oi#iu •rmor«ri i t .<r 

r 



u» 

mm*~o~t**t ******* r w r c n f x r * 
I I M M M M I l l l l l l " 

O P - A D O * • #*•» A«n r» f ^ f w r c •<r 

•*•**>« «V*»NP» p* #• m «t •*v%vov»*— 

f I 1 1 • I * • 

f • * M l 

e 
^ b l U 

>tru 

m 

i ^ M M f f i v n ^ t A f v C t P • ^ • ^ r f V ^ * 1 * • * • £ *•»•»««•» r # ^ f » — 

?r?777??TT? > I I f I • I I . l l l l l l 
rfb*HM»lWWb h U b w l b b*b'l..'l-»» ft- I- «. •- ••"-< ••-b V > 

o o e e e o o d o a p 
• • • • • • • • • • * 

»bfMl>UblWbl f t lb*b lbf 

o e o s b ( > m > 

biu»b>b»i.»i.f%-(' 
o o n o a e o b 

0 « 0 o e f t i t i ' 

. • • > « o « w y « < » — » W ) » T 
« » » » < » • » »• I U « I W » I I W 

» w » » c > • » » » » » « » 
s » o t B » » m > i n . e c a o w ' 
O I M M I I I I I I I I I M 

— • blblbJfclblMWblblblblfclfclfcihm 

w • • • • • • • • • # * • • » # # 
x « < m < i « r < « i MWIWWKH i www 
« i* 

S_ t u « r r r « x > c r » » « 
to « e I I I I I I I I I I I I I I I I 
b l -J • bf*-lbffel*»*bft.Mflblblf.lf*««.ffelbl|.f 
»• u a r M » m w » « w > » « w i i K 

r • » r « * i » m « A w » i e A f » « r 

H *> 
•* tr<* 

w 

J X M p>flrttW44V<v<v<v<Vfv A#.vr#ivfv«v*'A* 
»•« J N I M I H I M I l l l l l l l l 
« » - u i x * 3 f n x ~ C f r ~ o *A( r» .o . r~c> 
< m S b t m t M k i n t » a i * ( . i ' » 

AdLj ioCb- »- ** C f».»i_**v_. •>* M^M#«^»fi#iw#^#«r>9##-w 
7 M 

,(•.*! :..*, ,. P 
o r o o r * « U 
e-tz*< it.- J 
• > * • > • > » • b' U 

0 0 n n A D 

K 
—7 

c %£.-rfr«<« * b l O 
U P * U U U bi ) > > > » P - / U 7 VtWVI »»•»*" 7 J I 

M M M « W r»bun.ixvinMiA » . i z 7 Si a*c*-i » w 
rffii.' » • M t r 



I l l 

• • • » p * o e o • • • 

M o u n u n n i l i i M m n «J i y i t i n » t » «• M M M M M I H 
pw^w^mir tuwi t nw iw 

r • i i • i i • « i i t • • ( • f i l l • • i I • i z i i i i i • i 
s M a o o n M w w n i W M M j n i t o i i M i H O J O O I " ! •iupmonwon <io.no »>©*vw«»o<e> X mno i m i K i w i m x 
i* • i x i n i i i i « i f < l i i i r , l « ( n i » i • l * l c i r - l r - l » | o i n i N l N l n l M r - l r - l •» • • • I « I M « I H | » I 
9 *<-J •••« M.V ••>: •«-« M>t M»P « M ••»* M>' M»» I U •••* •*•• ••>• ••»• MPP «b* MB* «fc* •*•• * M Vfc* «*t« «*•# "• MM I W MP« •*>! •%* Pfcf * W 

r « » o i I W O X O I • « * » » • 'WW » < m » i ^ » « » » » « r » » o » « » i I » I ii m m urn I W I J f A M O O A A K W o M 
• « « o » o o o o « r > # i o a > ( » « M M » * » « * • • • » • > » r» <r m o •« •» • • 

« i « > i c i i » i i o i « i N i H i « ) c i r - ) » i i « i « i o > » i r i « i » i - . » — » o l « » • » • < • l a < I I » I » U I O I I I H 
•Wl « W «bf «VI «bl «W * V t «W «v» * W «W» I W •%» *V> I U «W * W * W * W « w • * • •%* ••*• •••• "W • * M>« « W * W I b l »W «W *V* 

r » « * « e , « « * i « i i > - o « I * « I « ) W C * » O P ' > « » «* o o » r- ••> <v <v •» •» # 

u o p * M » * > * » * > i ' > p ' > « r t f » « t O O P - J P * P * I V I V « O o o © o o o ••» o * • • * ? > * ) * t r> 
0 Z I I I I I • I I • I I • > • I I I I I • • l » I » ojr » • I I • I > 
s > u « u » u « n » i u » h « M » u » M > t i l i w y m * u « n u « M U i i u n u o u e u r i M w « j < o r m o w w b i m m o f c i i f c W 

« 3i # e a ^ # f i 4 v ^ ^ r t » r t r t i ' i K # t A # « / o t f i « 7 o — o p » * * » • ^ f —»J»*I*PJ«»»»»*» « r o « o « r o « i p o o o « » o • » T O I P I P n i ) f t ^ « ^ > r t j r t 
O «l S l t 1 I D l « l « | M « l * I M » l n l • I N I M I M I H I f l D l M l D « 0 < < l # l > l H | a M O l K | D M U I « l l « l 
#> «4 * W » W «W * W * W «fcJ »fcl »hl « • * * W * W «W « W « W * U * W «W «W «%f I b l U l U * U «W * W CV • * *|pl «W «W * W «W * W * W 

f V N f % i O p f > ^ « « 7 ^ « 7 l * » < * 0 » f * < > > v J O t f l O • * «w O O •> *» I * • * p* !»• #* O © 

s s n s s s ; ; ^ ; s s « : : ^ » s s „ © s £ s 5 s s s s R 
5 -.: ̂ ?^?^^r^ %8&£&&^ 25S#?5BT=: 5SSSSSS5 
IS si H ^ - H ; r H r " r r r r r i - i - 5 ~ r r r r si M-5 ;r! ;H-
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IBTOO FO«"*T«» l i t M X I N W PLUNE RISE OPTION MILL BE USEO.' ) 
loaoo » « « « ( • MAKE EFFECTS MILL RE INCLUOEO.') 
1 ( W FC*K*T<* 03WNWASH IFF CITS WILL ' € INCLUDED.') 
n o e e F W P U I * ?RY DEPOSITION REMOVAL RATES WILL PJ CALCULATED.') 11294 F S R H A T « « ONLY ONE 0 STABILITY CATEGORY IS IN*UT It FAACI.'J :iso? FORWRTO AN OUTPUT FILE <POINT) FOR TERM/*, 

> 'ANOROS WILL »E WRITTEN.') 
1 1 * 0 0 FORfATt* AN OUTPUT *ILE <AVERAS£> FOR U R R A / ' , 

> 'ANOROS WILL BE WRITTEN.*) 
1 I S K FO»»AT«» DRV DEPOSITION FAET D»TION WILL 9E USED.*) 
I1GC9 FOR»AT«» OVERHEAD aLURE GAXRA SHINE CALCULATIONS WILL •« 

> »9E D O N E . ' / ' 7VERHJA0 DOSE DATA READ f R9H UNIT ' . 1 8 / 

»«0i«;I!l^iSic:l;^;'!iiiii!;!5;«'«:"l!'»!=. 
11999 FORPAT*' THE CORRECTION TO S16RAZ USING S11THS * 'ACTOR', > • WILL BF SON-:.*) 1 1 « 0 FO»R»T»« V5 WILL BE SET TO 2ERO IF LESS TH*\ »,1PT,T,1) 
1200C F«5R»»T«» IMC SOURCE N4«E IS • « » « / 

> • '"HE DISTANCE «H) FROH THE REFERENCE 6*13 IS ' , 1 » E R . 2 / 
>• THE ANGULAR DISTANCE FRO" NORTH 3N T-IE RSFERFfcCE GRID I S ' , 
> i P t e . 2 / 
>• 'HE H E * OF THE SDURCE IS ' , 1 P E 8 . 2 , ' N . . 2 ' / ) 

1 2 1 0 1 FOR"»T«»IRELEASE INFeRNAT'ON:'/ • THE STACK ^J154T CN> IS ' , 
- ! « » * » . 2 / » THE SUCH IKNtS DIAMETER ««> I S » . l P r « , 2 / 
> • THE STACK EXIT Y i L O C I T Y C / S E D I S ' » 1 P E S . 2 / 
> • TME EXIT TEHPERATUREtDES KM 3 • O P E ? . 2 ' 
> » T*E I l f l E N T AIR TE"">ERATU*E«DEG KMS ' , 1 * E R . ? > 

1 2 2 0 0 FOR»AT«'0TERRAIN ROUGHNESS «*> * ' » 1 P E 9 . 2 / 
> • TERRAIN ELEVATIDK t*> *T STACK RASE ' . I P C S . i t 
> • WIDTH (11 OF HOST INFLUENTIAL RUILOl'.S IS ' , 1 P E 8 . 2 / 
> • HEIGHT ««> ?F K3ST INFLUENTIAL BUILDING !S • . 1 > £ I I . 2 > 

1 2 5 9 9 FOR«A*«» N1N. HT. tN> 3» WIND VELOCITY CORRJCTISN IS ' . l P t . 9 . 2 / 
> • ALLOWABLE Of VIA*! ON FRO* AVERAGE LANT>» IS ' , l P E 8 . 2 / > 

12R0C FO»PA?<» GRID INFORMATION:'/ ' NUMBER •»« 0 ! j T A N C € S s ' » I 2 / 
> » »ESH SWE = ' » I » / » NU»9E» OF DIRECTIONS' . I 2 / 
> • NU«*ER IF U!KD S » E E ? S = ' « 1 2 / ' t lSIHU 1 * STAJUITY C L A S S * ' . ! ? / 
> • "AXINUN STABILITY C L A S S : * . 1 2 / 
> • «AXIRU« DISTANCE FROH THE S T A C K S ' , l ° E S . 2 1 

1 2 5 0 0 FOR»AT<« DISTANCES FOR THE GRI9 «R) s ' / < 1 0 X . 1 O F J 2 . 3 ) ) 
126.00 F3R*AT<< C-IREC'IOfcS FOR THE 6Rin = ' / l « . < IX <1 A. 1 X) » 
I 2 7 9 C FOR»AT«»0TERRA IN HEIGHTS l ^ f T r ^ s ) • / 

> • DIST. DIRECTIONS'/ H i « I « l » 
1 2 « « 9 F 0 R » A T f I S , l * « F R . 3 > l 
1 2 9 0 9 FCR"ATC« WIND SPEED CLASSES:*.SI«> 
i s o o e FORMAT*' w:\o SPEED «<</SEC>: ' . « F « . 2 » 
1 3 1 0 0 FCR!tAT«< HEIGHT <H) 0 ' PEAS: • «&>*.?> 
1320C F0»1»T<» AVERAGE RAINFALL « H / S > : ' . I P t l 0 , * / ) 
1330C FORNATt* LIO HMSHT (") * i « F 1 0 . 1 > 
13RSC F0RRAT<«0'.25X,'FRACTION OF W3N5 TOWARD'/' .'TND 5»EE0 DIRECTION'/ 

> • CLASS'! 
1 3 S 0 9 FOR"AT»» STABILITY C L A S S ' , P U 6 , » X ) ) 
1369P FORfA''(3X*I« < G<«IR%8F10.6> 
1 3 7 0 ? r e»"AT«»01ET OA»A SJ««HARt'/ • WIND DIRECTIONS • , 1 hi A« , 3« I) 
13RC9 FC»"»AT«» FRACTION T3V«4D' ,16FT.R1 
l J 1 » e «OR"AT<»»HiT DATA S J * n \ R T « / • STABILITY CLAf SE S« , 9 ( IA ,3>L > » 
1A099 FO»»AT<» FRACTION 0 T EACH ' . B F T . A I 
1 « 1 0 9 FOR»AT«« THC DIMENSION OF ARRAY A NEEDS T3 HE 4T LE.AST *« II0 J 

1019 FORHA't' T*AVEL Tl«E WILL RE "RINTEO SY OISTANCE AN.! DIRECTION') 
102C FOR»AT«» EFFECTIVE STACK HEIGHT WILL RE SRIVTE") PY WI\0 SPEED', 

- • Mia STA»IL1TY'» 
1 0 ) 0 FOR»AT«« QPRINE WIL^ BE PRINTED 9Y D I S U N C i ANi STABILITY'/ 

- • FLUX WILL ?C PRINTtO 9Y DISTANCE AND Ol^ErTIJM') 
10RO FO»"AT«« WIND SPErj WILL 9 i PRINTED RY D I ? T A ^ C J »\|3 3IRJCTI0N' ) 
1C50 FOR»AT«« SI6"A-Z WtLL <*E PRINTED 9Y OISTANCE AND RTARLITY') 
1 0 6 9 FOR"ATt« CHI/a WILL ?E PRINTED *Y DIST»NCi iND DIRECTION') 
10T5 FORNAY., ORY LAHBOAS WILL « • PRINTED BY STARILITY AMD •« 

- »PARYICLE S I 2 E ' ) 10»0 FOR«A T«' HRCCP FOR THE S COMPUTATION IS •.IP'S.21 1100 FOR"ATf» S .LT. UNl-AC • NXH3TJ UNIFAC= '.1'-EB.2) H I 9 FOR»AT»' AIR DENSITY «G/C««3) IS ',1PER.2) 112? FOR>«A»»» TIE »I«INO LAYfR HCj 5 HY W'LL 4Z CJ-»UIED 3ASE0', - • ON HORNING AND AFTERNOON HIKING HEISHTS') 1130 F3RHAT«« »HE NUHBER OF DAYS THAT IT RAINS IS «,1PE8.2) 11R9 FOR"AT<» YHE AMOUNT «NI OF RAIN DURING THAT TIHC IS '.lJ't8.2» 1150 F«3»»AT«' T-ie FRACTION OF THE TIRE THAT IT RAINS DURING ', - 'STASILITY CLASS Z IS *jFA.j> 11«.« FOoi«AT»» THE FSACTI3N OF THF YI»r THAT IT RAINS DURING ', - 'STABILITY CLASS D IS ',«*.2) 1178 F0 e"4TC ST«« DATA WILL BE READ ON UNIT ',!?«« USING FO?»AT«/ - • '.20A«> 1180 FOR"ATt» •» 
EN3 



SUBROUTINE AREASR<A*EA,X,X0,KUM*,NI,SA1> 
DIMENSION X<NyMX>,XO<NUHX>.KHNim>,SRMNU«1X>,»BC<*> 
DATA P I / 3 . 1 * 1 5 9 3 / , P I 2 / 1 . 3 7 0 T 9 6 / . P I A / 0 . 7 8 5 3 9 ? / . » I S / 0 . 3 9 7 6 9 9 1 / 
OATA C 1 / 0 . 6 6 6 6 6 6 T / . C 2 / 2 . 5 1 9 8 * 2 / , C 3 / 1 , 2 5 " » 9 2 1 /»ARC/» » . » » • , <9«,»C» 

C»« CI IS 2 / 3 C2 IS %*««2/3> C3 IS C2/2 
H=SQRTUREA> 
H2=H«.5 RO=SQRTtAREA/PI) WRITEC6.100001AREA 00 TO I-1,NU«U XI=X«I> 
I F « X I . L E . 1 6 . * H 2 > SO TO 10 

; « • • *T DISTANCES GREATER THAN 16«H2,TREAT THE SOURCE 
FN=ABC<1> 

f » AS A POINT SOURCE 
xoti»=xi 
N I « I > : 0 
60 TO 20 

10 IP ( X I . L E . H 2 1 60 TO AO 
FN=AhC<2> 

C * « * USE TRANSF0APATI0NIA>tRl = XI'-H2*R2 = XI»H2iTriET*sH/XI 
X0«I>=<xi«<SCRT«XI»H2>»S0RT«4l-H2>*».5>««Cl 
N I « ! » s I N T « H / X I / P l » « . 5 ) 
IF I M M I t . S T . O ) GO TO 30 

20 S R A ( I > = 1 . 
60 TO 60 

30 SRAU»=P18«XI /H 
30 TO 60 

40 IF < X I . L E . * 0 * . 5 > 60 TO 50 
FN=ARC(3> 

C*«« USE TRA*ISFOR"t*TION<B)RlsO.S2=2.*XI,T-«ETA = »/«2*R«»2> 
X 0 I I 1 3 X I / C 3 
w m > = lNT<ARcA/Xl«»2/P12*0.5> 
SRA«I»=PIA«XI»«2/AREA 
60 TO 60 

: • • • USE TRANFORNATION<C>RlsO«R? = R3»THETA::2«f-! 
SC X0I I1SR0/C2 

FN=ABC<*> 
N H I J S 8 ' 
SRA<I)=0.062S 

60 CONTINUE 
WRITE<6 < 10103>X<I>**OU >.•*!< I> .SRAU><F^ 

TO CONTINUE 
Of 80 1 = 1 . W X 
HOtO=X<l> 
XCI):XO(I> 
X 0 U I 3 H 0 L 0 

80 CONTINUE 
W»UE««.10200» 

10200 F3RIUT<»0 — • / • TRANSFORMATION USED: ' / 
- • «BL*NK> NO TRANSFORMATION'/ 
- • A Rl=XI-M2»R2=<I«H2,TMETA=H/XI»/ 
- » 9 * I = 3 , R2=2*X]< THETA = A/<2».<«»>' / 
- • C R1=0. R2=R0, T«ETA*2«P!»> 

RETURN 
1P0O0 F0RN«T<*1AREA SOURCE CALCULATIONS'/ »OA^E« 3 c SOURCES'.«12.2< 

> • t » « « 2 » » / «9 ORIGINAL TRANSF3RNE0 MUM. 3F F U C T I O N ' / 
> • OISTANCE DISTANCE ADD. 0 * ' / 
> • FRO" SOURCE FRON SOURCE SECT. tACH SECT. TRANSFORMATION'» 

10100 FORNAT<* ' . 2 F 1 0 . 2 , I S , F l 2 . 5 , 1 1 X , U > 
END 
SUBROUTINE AVERI<GC3NP0«GQEP«63RY«6C3N3VtQVPCAL.X ( tiTHET A .NUNX t 

> \UC3UT,NU»0VP> 
LC3ICAL OVCAL 
DIMENSION 5CONPOnT>*ETA,NUNi(,NUC0UT>«S0tPnTHET»»NU!<x1NUC0UT>» 

> 63RT«NTMFTA.NUNX«NJCOUT>«6C0N3V<NTHCT»,NUP».NUC3JT>.X«NUt»V> 
SU8R3UTIKC T? CALCULiTC »V AVfRAOE CONCENT* AT 15"* V^UT 3VT.R TH 
GRID CELL. IF FINOS A AND 8 SUCH THAT Cf 1 > =A«R < 1 > • • ! ) 

C * « * AND C ( 2 > : A * R ( ? ) * * R WHERE 1AN3 2 INOICATC T'..0 A3JACJNT 
3ISTANCES. IT Tni\> SETS THE 1VERAGE CONCfNTRAMSN 
FOR *«11T0 *<2»EajAL TO THE INTEGRAL FRO* R«UTD Rt2»r»F 
S«R««3 WHICH IS THEN OIVIPEG a T < R « 2 » - R U > 1 . 

Rl-ALO'.«X«l>> 
30 50 !X=2.NUN* 
3ELR = l . ' < * < l X > « X U X » - X < l X - l > » X « I X - l > > 
R2-VL0fi<X«!X»> 
31Y=1. /<R2-R1> 
00 20 TNsl.NUCOUT 
30 19 ITsl.NTHETA 
C2s6C0'* ,8UT,I»,I(;» 
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P*NP*AL9«<RN>S«.t*31«T 
00 TO M 

! • • • • FOR*>AT<SH HP a. I«* l*H.EUCL10EAN-NOR«* . E 1 S . « . 
> 17H.RIN-HAX-N3R" * . S i t . * . ! 

END 
SU9R0UTINE aQSIYt<KU,0K,2K.H.St8Z«DLl«H«C.CP«ZNl iUNI**Cl 
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« U - Z ~ * U 3 * F « k> z m m M i l f « » K > ? Z M x - 0 M» Z 3 

. . , IMO Ox_H3 > F f « r , « •» • • • - • X k"B^-KW^II«'«'>»«»«»S«>»l»,»».» ^ Z HZ 
o n ' * » «•> " tr m">"" « n u b< 7 F P V u e i Obi z 11 X •»»« ^11 
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00 120 Jal.NUNX 
HEFFXcHEFFUSTAB.JIU,!) 
IF <ZNl . lT . i . 0> 2D] » « . • 
CM s V<N«.ECF'«Zt|l«Hl.IO«SIMX<,»STAk»J>«UltirACI 
F M J > 3 CX / UtftNOO) KX=»]NO<WX,J) 
TMC STEP AFTE* CONSTAHT WIND $P£EO USE* SMOFT l i . 

120 CONTINUE 
<F»»ri>> SO TO l « t F tF »»£!>> i _ _ _. 

AU. SINPUN<XX«FX«*JMX«U1«AX> DO lTo JxS.NUnx 
HE*FX s H E F F l J $ U B « J ^ j J I 
I ' <J.6E.JYT> SO TO ISO 
O P l T - O V « J S T t « , ! » • < * » < J > - AX<J-1> I 

- 3 F0« OPLT < 0 . 0 01 FlNO H|N<FXI J> ,FX<J- l>>*<X< J ) . X t J - l l ) . 
t THEN,USE WAX BETWEEN I T t Sl.NPUN A N 3 . . . . 

IF <OPIT.6T.O.OQ1> 80 TO 140 
«XT*!391IN1(FX(J)«FX< J - t > > * I X < J > - X< J - I l»«DVt JJTAOt I I 
OPITsANAXH AXTN«0»LT> 
SO TO 160 

1*0 IF <DPLT.L* .0 .02> S3 TO 1*0 
LXSXX - 4 

. . i T I K I I J - l l . J S T A O . 0 F L T 3 D V ( J S T « B . I > * D P F I N E ( X t J - l ) « X I J I . U I « ; i « V S < l l . T I I I C < 
> HfFFX,HLIO»LX,HXEC»«IMiF»C, i l i i rx«J$T««.0 )<Uw!Nn(J l ! 

0»IT3AWAX1< 5 P L T \ * . » I 
60 TO ISO 

150 0PLTS0V(JSTAB*1I*«X<J»- X( J - H >/<UUI«tO< JMHL10) 
160 DNV<J«KlsDPlT/CTInE<<J>- TI«E<J«I>» 
l i e ONTJNUF. 

0»T<l«>O«D«»<2.*> 
SO TO 220 

18* 00- 190 Js2«NUNX 
IF <FX<J-l>.O.0 .0 .3* .FX<J>.EQ.0.> 60 TO 103 

9=I>L03<FX«J»>FX«J-1>. I /ALOS«THE<J»/TINE<J-J>>*1. 
I F I S . N E . O * 0»TEXi<FX«J»«TIHC<J| -FX«J- l>«T INE«J- i>> / 

> <^«<T!NE<J>-Tl*E«J- l>>» 
IF <» .£« .0> OKY€x»*m,J»«T!t , f '««l»»AL06«TIHE«J»-Tll1S<J-l l»/ 

> <TIME«J)-TINC<J'-1>I 
^ Y I J « K ) 3 0 M E X * D V ( J S T A 9 « I > 

60 TO lit 
l»S O^T<J,K> 3 0V<JST»9«I> • FX<J) • T IHCIJ ) / 1.5 • T J « « J ) > 

190 COKTnuF 
9NV<l ,< ( )30V<JSTAO«I>«Fxa>*T INE<l ) /<«5*T INE<l>> 

SO TO 220 
?C5 00 210 J i l t N U N * 
219 0«Y»J ,K lsD*T«J ,K - l> 
222 C 3 M I N U ; 

C «L««OA(I>s0.9NLT IF *H0< IlaOCSEE SUSR WASH1. THIS ALLOWS 
- USE* TO NIX THE USE OF INPUT INO C«LC. VALUES OF W£T<WET-DSP LAHOAI. MET»X>=0.0 IF <J$TAB.LT.3> 60 Tn 240 IF »JST«9.ST,S> 60 TO 2*0 F»«3F»M 

I' IJSTA9.ra.3> F»||*FWC «IET(<O=F«.W«ULA*0A<l> 00 230 J3l,NUNX 2JC 0*Y<J,O:04Y«J«K»*U.'-FftW> 
2*0 CONTINUE 

..... 

ft 
IF«NUC.NE.VUCOUT> tf*ITEtttlOOO) 

1C03 FO»NAT«» D ' M T t NUCjNlEOyT'»2JS 
I e <'WCNt.NUC3UT» SAIL ?MM» 

260 CONTINUE 
«JTEt*ilOe0JNUC«NUCOUT 

NSA»E«*«E*D 
\'»C»0*XTEN» 

c 
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90 CONTINU? 
1 0 5 1 7 

99 T M f * j = * » 0 H I 0 > 
ALWAYS TOTAL SiCTCR ANGLE FOR NEXT OlRr 'T ION 

START T3WAR3 NORTH DIRECTION 
0 9 169 JX=1,NU«W 
N13CX=NL0C»*1 
X?=X<1> 
I F <JX.LT.NUNX) X?=X«JX*1> 
URITE<L> X IJX) ,X8 ,T iET l»THET2,NlND 
EACH RECORD TYPE 5 WRITTEN 
00 159 NP=l,NP»RT 
REAOJNTENPIC 

I F <OVPCAL> READ«NTiNP»CC 
IF <NP.E9.NP«RT> READ<NTENP>0 

DO 1 0 * <=1,NUC0UT 
1I=W»CP*R«*> 
P S I J E t M a O I A * . „ . . 
W R I T E l D I N D l . N P A C ^ . t C f N ^ J X . n . l - l i N P A C O 

199 PSI«<-<> = DIAH<II .NP> •SQRT«RHO«NP>> 
WRITE«L»IV>l ,NPAC<,<C<N,JX,n. l * l i»«>-»c*» 
WRZTE«LMPSliE<NU).NUsl»NPACX>» « «XCLE»R«I »NU) » I * 1 »«> .NJH.NPACK » JF <.N9T.3VPCAL> 

0 139 IsltNPACK 
6 0 TO 1R0 

DO 119 IN=I,NU»OVP 
IF <ID£XP<!C<I)>.Ca. I9NUC<IN»> 69 TO 120 

110 CONTINUE 
60 TO 139 

129 IF<JX.LT.KrEPN<IN>> C <N. J X . I > =CC<N.JX, I > 
139 CONTINUE 

VRITEtL>IND2*NPACK«<C<N«<IX«I>jl3l<NP*CX> 
1*9 IF (NP.ES.NPART) URITC<LUN0l9«NP*CR«lD<N«JX«I>t I* l«XPACK) 

C EACH REC0R3 TYPE « WRITTEN FOR CONC. * DEPOSITION RATES. 
1*59 CONTINUE 

REWIND NTERP 
169 CONTINUE 

THTT1 = THET8 
110 C3NTINUC 
199 CONTINUE 

WRITE(KOUT.10190)L 
RETURN 

19990 F 0 R O I T U H 1 . * * * * REQUESTED THE SAVINS OF COMPUTED RESULTS • » • • > 
19199 FOR"AT< 1H9%«D«TA S i t ON UNIT N0«BER«.1J»» COMPLETED.*) 

TND 

-WRITTEN FOR ANENOS CODC BY 0 . U. HERRANN.T/9/81 

DIMENSION 6C0NP0<NTiET»,NUWX,NUC!HJT),EXPSYNO>, BCONQVfNTHETA« > NUNX«NyCOUT)«I0exPll)*IC<l)«JC«l>« eDEP«NTHET»»NURX«NUCQUT>} > 62RY<NTHETA«NUPX«NUC0UT>« NUCPAR<NUC0UT). V6(l)«NFLA6(NCAT,i), > WL«raA<l»«OV<a.l)«*RU>»CPQTOTtNTHEfA«NUNX)iHTEF*AINUNX«l>* 
> 0RYL(NUNX%1>« UUIND<NUNX,VWIND»NUNSTA». TIRE<NURX,NWIND»NURS 
> FRACU«6«16<«)*X«NURX).X0<NU*)X)«NI(NUItX)«SRA«ttUNXI«T£NPT<l> « 

ST»>. 

*- *wwn*» < mw v *f»s *^V*»R#VR t r i w r A f * 4 m« i<« ic i« »» «* i9 j«**>9Jt* \ *««n*«r* i> 
> F I 1 ) < F ' < 1 > * A < 1 ) * S « 1 ) 1 0RY(NUNX.1)<UET<1>*IJ(1<)« S ISZXU 
> NUNX.NUIND1«HLID«N'JNST*)« K ; E P U * > ) . I ( E C P N ( 1 $ ) , R E L S T N < I ) « 
> FLUX<NUCOJT,NURX»,tVF<«0> 

C01NON /CASE/ 11 (20) 
CC<<S0*/91R'01RRU6>«0IR.SUNU6> 
C0ON0N/DV.TDS t ALM»»L0H6»RLt>C.THL0C«0lFFX»DIFFT,<<UR$R, 

>1GRD0P.UNITSR 
CO"N0N/0rPDAT^ NPSIZE<NPART«NP*RAINAV*FRRC«FRRD 
C 0 * » 0 N * « ^ 6 S / I D N U C U S > « C K U 9 ) * A K < Z 9 « l S ) , 0 0 S C U 9 > « C k O 9 > « 0 « < 1 9 > « 

S 

http://JX.LT.NUNX)%20%20%20X?=X�JX*1


1M 

lil 
• x x 

• X X K U » O w ui <r x o i » 
m z < » _» j f»- •* 
X b b l • « I O > 
O * o u f 0 a r o 
b X bf X b H - * 0 Z 

») ac J x or o » o o 
« l O b IT « O f l M U 
br _ l u l bi M I _ l tv b » « ^ x z WHO t » u « *u « »oet « 
V» b 3 >-» .J l » n O « 
x o n arx t,j O N X o (D 
w ox • a z KT J«ff» » z 
x a. x > 3 « <w x x 
• a » v> » » » »£><» u ac 

aex x « oo. o x»»v» w o 
x w •> z aru o « * o X x 
« x x z I J W r . J I L X u <n 
B.7 - l o MOT i «</>b # 
u » x * N T « i e » » « . « at 
x»- -» w » » < a t e » • o 
b 3 b l kr XI 3 » - » r z «. u. 

n o o « u»- z « v > » o I L 
f *x » a « * ; e> »_!«>-• » o 
M # 0> U K K P H W f t b Ur b l 
u s x •> v>« k i T r a a r » vi 
a j x u K x» . xtn » £ « . u 3 

a> v » Z 4 » r « x i b**I b^ 
a: x o » x x « : » 8 5 - » o r e • 
a « « « x v ix v . u v x x » • a 
» ¥ • M T X 7V» > H l 1 > T X X 
Xtikiarb u » OX v l K t c » • b: 
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b I S cn b » f « f l b « * w 
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b l z u t O - l b M ^ • b a r X b . V * 
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I # I a M 3 b l 4 K b i 3 b . b K b . z b i z X b l y o. H I C in » pr » b - u > X 

>» U ft- r v> i r x 3 b M « •«» « f T •n 
• « 4 « 3 uer * b « X b 3 

• bT b» K b - o » z ec« i X • • b V- « O 
VI b> » V I U «» z b b - 3 » » b - « X i r 
at X I . I u X b « ora O X h i V 9 ^ u *» At 1 * «T - 1 « 3 9 o>- trinvir >r W VI » X o 
3 b« b« « ••. 3» • b - v»w » ••A 3 1 *« 3 z 
V ) b l b - u UI b X ~ X « ^ ^ M •- 7 9 X Z « T •> b l o o bib* U t l u r X t> »z I I b 
X • • f *> Ut Z ac w » aczaes •w O b b i •»«•: X 

o ve b b- » b« b . b i y « « « 7 b. z o u o z b 
ar c* b. X •tf » v»o b b • • » • b 7 b </> • l b « b l a. a Z v> »*tf J O U O b f S b f b l X X v» u 
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C RAIUVT USED IN ONLY THE STAB. CLASSES IN WHICH RAIN IS ASSUMED. 
NCATMX=NC*T 
NTOT=NUC3UT«Nl .HET* • NUMX 
NTOVPiNUIOVP *NTHET A *NUHX 

CALL 2S«SC0NP0»NT0T> 
CALL, IS««0EP»*T9T1 
CALL 2StS9RY«NY©T» 
CALL 2S<6C3NOV«NT0T> 

C ••••••• OUTER LOOP ST PARTICLE SIZE TYPE... 
C THEN RT BlNO S»EEPS«TH€N STABILITY,THtN X<TH£N THETAS.... 

DO « » • N P s l , * P « R Y 
CALL ZStFLUXjNUCOUTvNUHX) 

DO « « JR3l,NVHHD 
IF t IOQ»Rl «IRIT£tKOJT«10000>TI.UNlTSR«JR 
00 RRO JSTAB=«JNST««*AXSTA 
IF «1J<JSTA9>.£«.(>> RAJNF30.0 
I F <1.HJS?AB>.NC.0> RAINF*1.0 
I F (CAL9RY) CALL OPIATE•.NUMX.NCIT, JSTAWHICOUT.NUIST*, 

> H L I 0 « J S T * » > , T l " « C U , J A . . J S T » B i » H £ : F F , V 3 . i l M j S l , U l \ < JR>, WLAMOAt 
> St6ZXU*l,J*>,X.OV,FR,K<UCPAR,NFLA8«9RY,W£T, S»C, i .Q IN*JTR»N»0 ,E , 
> F,UU!N0<l«JR,JSUBi<NWIN9«JR> 

REtltNO NRCAO 
CALL OPLETE<UUINO(l«Jg*JSTAB>sX«aiN*aP<t<DRV*UET« T l H r i l * J R t J S T A f l ) , 

> C .H .O.£ ,F ,FF*A»S» jTRAN.NUCOUT.NUNX.jRtAREA) 
IF <IOQ*R> CALL OyT9PR«OPR,JR«JSTAS,NUC3UT, X.MUHX.rXPSY*,IC»JC, 

> NCAT«NP.MJCPAR«!*FLA6«VS*R*LSY"> 
90 IS 1*31,NUNX 
90 I S IN=1,NUC0UT 
BO 15 ITr t * l« \TH!TA 

IF <DIRSUNflTH>.ST*l>.0) F L U X U N t l X ) 3 F L U X t l N t l X ) « 
. FRACtf<JR«ITH«,JSTAa>«QPMlN«lY>SOIRSU'MITH> 

15 CONTINUE 
C 9PLETE CALCS TN£ REMAINING FRACS. OF OIN AFTER DEPLIT19N 3F NUCS BY 
C RADIOACTIVE 3ECAY AN9 SENERATIONtWET DEPLETION ANO DRY 3E 
C WITH RESULTS FOR ALL DUTPUT NUCS *EQUCSTCO ST9RE0 IN 0»R. 

t * L L NP0UER<2ZER0«JSTA9«FN} 
90 RSB W : , r ' . , H C A t M 
IF <NFU:. ( . v . ,NP>.£a .O> 60 TO R30 

isHFLAi(NV-. ,"jP» 
GRAV3vr.< : J 

IF •..MOT.'WPCALJ GO TO 30 
03 20 IN>>sl.-.UNOVP 

20 KEEP<!H»>3.TRur. 
30 IF t.NOT.TERHT) 60 TO 230 

00 220 JX3l,NUNX 
1Tl?HCFMJST*B,JR, ,JO 
HT23HTI - VGRAV*Ti<*:(JX«JR,JSTAa> 
IF «HT2.LT.0*0> HTJsO.Q 
HT2C3 ANAXM «MINMT,HT2» 
HTlsANAXM MNHiHT,HTl> 
HEFFX3HT2 
miINDX3UWtN0tJX«,M«JRT*R>«<HT2C/ HT1I«» FN 
co 200 < J T H : T 3 1 , H Y H £ T A 
2Nl3HEF*X 
Z l i X s R H m t Z N l « TERA»N«vlTHrT,JX>/2.»TE'tHT0.m> 
ZNlaAMAXlf ZN l iO .O) 
2N13RSIN1 (HLIDt JSTASI »ZN'I» 
EX s V(HRECP«Z!41*HLID<JSTAtl»*SISZX(jSTAB*JX«JR»*UH|FAC) 

C. r» IS C0N»UTE9 FOR EACH SfT OF JX*JSTAR,JA. 
I N9H<CALC. SR9UH0 CONCENTRATION PER 9 ( K > . . . 

xxjxsxfjxt 
~F <Jt|AKE<JR«JSTA4n (XJX3AHAXI(3.0*HBLD*XXJX> } > E » 3 F R A : U < J R « J T H E T « J S T A B ) /< XXJX * U U I N D X ) 
Tl31. / tXXJX*UVIND>> 
C9NCAQ3TE<«<EX*C2XL 
C1=T1»FX«C?XL 

C*«*C0RRECT TEH AN1 C9NCA3 FOR AREA SOURCE 
IF CAAEA.£9.0.01 60 TO 120 
MSHHJXI 
IF ( N . C a . t ) 60 TO 120 
PTsSRAIJXI 
F M s O . - « 2 « M - l » . F T » . . S 
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> RL0C»T>4L0C«0IFFX«DIFFV 
0HCNSI5N 3PR<VUC0UT,NUNXl»EXPSYIMl>,X«NU'1X)»K<l»,JCa>» 

> HFLAG<VCAT«l>.KUCPAR<l>«VG<l>tRELSVfHl> 
IF«0SlcH>.A\0.JST»B.-:a.5> RETURN 
OUTsSTAatJSTAFJl 
IF«0SK!P.AK0.JSTAa.£Q.4» OUTsD 
tlRITC<KOUT«101Q0}OUT 
URITMXOUTtlOOOQIX 
U R X T E < K O U T « 1 0 2 0 0 1 

1 L A S T = J C O > 
DO 1 0 NUCM.NUCOUT 
lCAT=NUCPAa«NUCl 
IPsNFLA3<IC*T«NP> 
I F • I P . L C . 0 1 GO TO 10 . . . . 

I F tJC INUO.EQ.JLAST) GO TO 0 
JLASTsJCtNUCl 
tlRlTCCKpUTilOOSOl 

yRl?E<K?UT,10J00)EX?STRtIC«NOCn,VG<IP) . taPMNUCt 
> J l . J - l . N U H X l 

10 CCNTINUi 
RETURN 

10000 FORMAT** DISTANCED! : N 1 0 X , 1 0 F 1 0 . 2 , / » 2 6 X » 1 0 F 1 0 . 2 ) 1 
100S0 FORNAT«»0»» 
10100 FORBATOOS^ABILITT CLASS»»»1X,A* 1 
10200 FOR«AT<2X««NUCLI0E»t3X«'GRAV VEL»/ 13X.MB/SEC) • 1 
IC300 F O » " A T < J X , * 8 , 2 X , 1 H 1 P E 1 0 . 2 > , / t S 3 X * 1 0 ( l P E 1 0 . 2 > > 1 

END 
SUPJ 
DIMENSION SiSiX«NU«it».NUHX,NUIVO).X«Ni;HX), 

> * Y 6 » l ) » F R A C V t 6 , U " 
COMMON/CAS-VTI<20) 
CONMON/IONUHB/NR.N . _ . . . . _ . . 
COMMON / S T A 9 I N / "UNSTA«NAXSTA»»tRECP»UNlFAC«DSKIP 

SUBROUTINE OUTSG2«SIG2X,X*NUMX»MWINO«NUnSTA*AVG«F*ACH'> 
DIMENSION SIGZXtNUMSTf ~ _ " -> * Y 6 » l ) » F R A C V t 6 , U , « l «Jf 
CONMON/tONUHB/WUNR- AO« IN*KOUT«NTC«iP 
COMMON / S T A 9 I N / HINSTA.HAXSTA.H 
COMMON/STABS/ STAB(S)«D 
LOGICAL OS<IP 
VRIf£<ROUT,100901TT UR:TE<KOUT.IOICO>X 
VRITC<K0UT*1Q290> 

oo s «si*Nu«v 
AV6<N1 = 0 .0 

00 10 R=1,NUIN0 
00 10 JsNIMSTA«NAXSTA 
I F ( D S R I » , * \ O . J . t ( l . S > 60 TO 10 
0UTsSTA3<J> I F t O S K I P . A N D . J . E a . M OUTsO 

R I T E « 0 U T , 1 0 3 « " ' - • 
DO 13 l = l » 1 6 

WR1TE<K9UT,103001K«9UT, <SIG2X< J . I , K > , H I , N U 1 X > 

00 10 N=1«NUNX 
*VG«NJsAV6tN>*SIS2X<J*N«K}*FRACU<K.I«J> 

10 CONTINUE 
WRmtKOUT,103301 «AVG«N1,N=l»NUNK> 

RETURN 
10000 FORKAT«*1*,10X«20A«/ 11X.«SISNA2* / /» 
10100 FORMAT<• DISTANCE<Ni:*«YX«10F10.2«lH / « 2 0 X , 1 0 F 1 0 . 2 . 1 X 1 1 
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«»9INTr«p>SDM 
IF «OV*C«L> ^EAOtNTENPJSCONOV 
DO SO IXxl.NUttu 
WMTC<KOUT,19»00>TI 
IF <»¥S3> M1TECKQUT,10100) 
03 SO 
IM.N3 

SO iTsl«NTMEt« 
< .NOT .«VGS>USIT< :<KOUT«1«200>XUX) *D I< IT>«UNIT$V U N I T S * ' U N 1TS* 
TF«AVGG)tf«m<KOUT« 10239 > X I IX l i l l U K U ,D1 « I T> ,JNITSH,UV! TSX • 

> UNITS* 
JLASTsJCO) 

DO «0 NOCsIvNUCOUT 
IE=IC<NUC» 

IF«JC<NUC».£0,J I*ST> 60 TO 41 
URIt><K9UT«lQ233l 
Jl«STs,)C<NUC> 

• I CONTINUE 
KsNUCPAMNUO 
IsNFL*GCK)N»> 
IF ( I . L E . O l SO TO «0 
PSOIANtNPtK) 
S«iT=63EP«lT,IX.NUC»-0OP.TUT»IX»NUC» 
I F t.NCT.QVPCAL* S3 TQ 20 
00 i o tM»t«N«mo»p 
I ' (IDNUCOVI.NF.IDEXPf IE1» 60 TO 10 
E*Fs6C0N0VtlT.IX«NU:> SO TO 30 io CONTINUE 

20 H«lTE<«0UT.19309>EX?STN<IC»iPS« < X C L E « * < I K . I S I i I K * l » « > « 
> F N U t i G D R Y d T t l X ^ U C t t G W f T«GDrF<IT«IX,NUC>«6C0N»Q<IT«IX tNUC> 

SO TO «5 
30 V«lTE««OUT,10300IEX»STN«IEl«PS, (XCLCAM I K . i n « I K i l , » > , 

> F R < I > , S D D T ( I T « I « < N U C ) « 6 U ; : T . G O ; P U T < I * < V U C > « G C 3 1 P 9 < I T * I I U N U C > » 
> EFF 

St CONTINUE 
3? CONTIVUE 
63 CONTINUE 
TO CONMNUi 

REWIND NTC^P 
C*LL tS«6D-P«NUC0UT«tlTMET»«NUNX> 
CALL iS«SCON»a«NU:OUT«N'THCT*«NU«X> 
0 1 100 NP=I%NP»RT 
*E*0«im'«P>60*Y 
00 00 INsl«NUCOUT 
00 OB TXslvNUNX 
30 88 !Tsl«NTHET* 
S C I N » 0 « I T , l » » I S > = G C 3 N P « U T . l X , I N > « 6 0 R T < U . I ' U l N > 

00 CONTINUE 
RE»0«NTENr»60RT 
90 « • m i t N U C S U T 
30 00 IXsl^NU'X 
00 »C 1T = 1,NT»«ET» 
SCE«>U T «IX«IN» = 60EP«IT»IX«IN»*G3RT<IT«IX,!N1 

09 CONTINUE 
NE»5«NTS«P»60Rt I * ioVPC«L» »EiD«Nli««»»GCON0¥ CONTI ISO CONTINUE 
WRITE«\TCNP>S3EP 
?0 130 !X3l.NU<<4 
|Ft . i |QT.RVS&»l* ITEMOUT>10«00>TI«UNITS*«XMX>« 

> <ai(I?>,!?sl,vTHETO«»VG 
IF«»V36> ¥RITC«XOUT,19«30» T I ,UN1 TSR, X « I XI , X« I «» 1 > i 

> «9HIT I«»Ts l ,STHET»»»«»S 
WRlT£(KOUT.I0fc9Q> 

JL«ST=JC<1» 
00 110 NUC=1.NI<C0UT 
K-:C«NUC» 

!F«JC«NUr» .E l .JL»STI GO TO 111 
«R ITEt *« l0255> 
JL*ST=JC(NUC> 

111 CONTINUE 
CAVS = 3 . 0 
SO 200 IT=1»\THCT« 
9AVS s 3»»3 « 3CON°OUT,3X»NUCJ 

290 CONTINU? 
9»¥5 = J»V3 / «L3»T«NTH-T»» 
V»I»E«<?UT»10Tr5>EX»Sr'UE>» < 3C0NPSIIT , J « , \iUC> » 1 T = l , 

> N'HETU.OJVS 
I I S CONTINUE 

I *< .N9T. *VS6>l»» ITEt«3UT.105001UNITSR«XUX>.C3MlT»« ITs l ,NTHiT»> 
1Ff»»SG»»lNITE«X0U T«1053C»UNITSI»,X«IX>»X«IX«l»» 

5 



< ( D I I I T ) « I T s l « « | T H i T t ) , » V 6 
URITCtKOUTilOtOOi 

JLAST) 60 TO 
M N I T C < * l 1 0 2 » ~ 
JLAST=JC<NUC> 

121 CONTINUE 
DAWS s 0 . 1 
30 230 IT=1,NTMETA 
DAVG = 3AVS * S O E P U T . I X . N U O 

250 CONTINUE 
OAVG : 3AV6 / FLOAT. NTHETAI 

R1TE«KOUT»10TOO»E 

121 

120 CONTINUE 
ISO CONTINUC 

RETURN 

X>SYMtIC>. <6D£PUT.IX.NUC>.ITsl.NT>4ETA>.0AVG 

10000 FOR"ATI»1»,10X«20A«> 
10100 FORMAT.••••••• THC VALUES OUTPUT A*E > > • to THE NE 10200 FORMAT< »0 0 

CVER THE 6RID CELL»/» " R OIST XT LARSi' . 
IST«NC£«N): • . F 

> • RADIONUCLIDE ' . S U - . 
> "" .S ISE 3R0UND Of* RATE. 
> »AIR C3NC EF«" A M CONC« 

102S0 

eoNt 
•0 W T • FRAC 

5 X * M * « A 2 < * / M . * 3 1 » « . 
FORMAT « *CDISTANCS. n »: »»F 

* DIRECTION FROM S3URCC:* 
• RADIONUCLIDE P . S I X 
•P.S12E SROUVO OE» RA 
•AIR CONC EFF AM 
• D M T 

5 X . M « , A 2 » « / N « « 3 » 
FORMAT4 • •>_ 1 M S S 

1 0 3 0 0 FO»«AT«SX,«« ,J« 

TC« 
C0NC» 
FRAC « » » 

. > * . 1 P E » . 2 » M 0 
10*10 FCRMAT<*l*«10X»20A«/< AIR 

> • SUMMED OVER ALL "ARTlCl 
> . • 0ISTANCEIM1FR9M THE SOU 
> • DIRECTIONS F*o« SOURCE 

10*50 FOR1AT<M*.10X.?0A*S< AIR 
> • SUMMED OVER ALL PASTICL 
> • D!STANC\<N!FR01 THE SOU 
> • DIRECTIONS F»0" SOURCE 

10*00 FO«MAT»///»06ROUN3 >E"3SIT 
> « SUMMED OVER ALL »A»TICL 
> • DISTANC£<M|FRON THE SOU 
> • DIRECTIONS FROM SOURCE 

10550 FORMAT«///*QGROUND DEPOSIT 
> • SUMMED OVER ALL »ART1CL 
> * OISTANCEtMIFROM THE SOU 
> » DIRECTIONS FRO* SOURCE 

lOtOO FORMAT** RADIONUCLIDE 
10700 F0«MAT<3X.AS. l l<(«a<lPEa.2. 

> t2 *X«TU»E« .2«SX»» lPER.2 
END 
SUBROUTINE QPRIME.NJC.NUC0UT.L.L9UT. 

C — — — — — — W R I T T E N F3* AVENOS CODE ST 
C oCALLSD FROM 3PLETE » 

(TEN3IN6 
N C E . « < * < 
0 . 3 / • 01 
LSARANCE 
. A 2 . * / H * « 

I S X . M N I 
OR* 

2 , * / M * * 3 > 
O.S«»-»«F 
A * / 
LEAMNCE 
, A 2 . * / N « « 

1 3 X . M N I 
DRT 

2 , * / N * * 3 > 

FDH TH£ AVERAGi*. 
FROM THE DISTANCE GIVEN*. • » 
RECTION «ROM S9U*CE:*<A*/ 
CLASS » .SX. 
2 /SEC>**2X, 
CRONS* 

art • /> 
1 0 . J . 

T3TAl»« 

CLASS >.3X« 
2/sro*«2x< CR9NS) 

T3TAL«» 

2 » 3 l l P £ 1 0 . i » . 2 U » f l ' . « l > 
I 9 N . » » A 2 , » / M » . 3 > » / 

. 2 / 
> S ( 2 T X . 7 t A * . 9 X > . A * . 3 y . A * > > 
I O N I , « A ; . * / M « * 3 > < / 
. S . ' - » » F 1 0 . i / 
> / « 2 7 x , 7 » A « , ' » < > . » » . J X « A » > > 
. A 2 , W S E C > * / 

. 2 / 
> / < 2 7 X , 7 f A * . 9 X ) . 1 * « 3 X . A * > > 
»A2»«/SiC»«/ 
. 3 . » - « » F 1 0 . J / 
> / < 2 7 * . 7 < A * . • « > , • * , J X » » * > > 

) l 

rSl'JJR^^J^jSS! 
COMPUTES QPR.THE FRAtTJON OF IN IT IAL »0».F0» A GIVSN CHAIN. 

FRO» DIN AND THE FF-MATRIX FINAL TRANSITIONS - AS SESUSSKD 
FR3M ITRANtl I 2 . N U O . . . 

DIMENSION ITRAN<2.1>.a iN<l l«0PR(NUC0UT. l> 
OOUSLC PRECISION F F < L . L . I > 
00 30 N=1.L0UT 
IsITRAVtl.N* IF (I.Ea.Ol SO TO 33 NUC=VUC«1 J=IT«AV«2,NI 
00 20 JXsl.NUMX QPP< NUC*JI >:FF(J.I.JX>* 3IN«J> A90VE IS CONTRIBUTION »0 I FROM ANCESTOR J. 

s 



28 COVTIMU? 
J? CONTINUE 

«ETg»5i 
SUBROUTINE R0»UC<N3tT,SNUC*CL«N3t,NUCD*Y. MP*«T,N:*T,IN_«KOUT, 

> N l U U . ' » 0 « * , 3 * « » R H 0 M R « U l N . Z i ; u HST»CKj*MGtU>Wl>l3»NTMETA,«MNST». 
c 
C • • CALL-9 F«ON NAIN • • 
C UNITIES FOR AN'IOS - OU HERMANN t / 2 3 / « I . . . 
f 
I READS NUCLIDE SOURCCDHT « «|£T REMOVAL L»M3»S»l PARTICLE SHE OISTK.. 

CO««ON 'NUCSTO/ E*P<iYIM200>«RELSV'M200>«FRAC«9.*0»«9I*n<9t«a>« 
> • "0 l«Ct ,VMi0 t>«VD£F<S*O>«l fL4N3A(2»0> .NFLABt200 )»NPA^M»f t l ( 

" CARRAYI 200>*FCLE*R<««?001«NUCPAR(10fiO>« 1»ARTUOO>»WTR<200I« 
_». ID««30D>« 

> CARRAY* 2OO>*FCLE*R<*«»OOI«NUCPAR(IO > it'll 2e0»*DV<*.O>*I3X<20«>«JNUN<200> > xci.c»i<»«.?90>»PSUi«Ica»> 
RE*L*B SfMOL^CLST^UJJll.bl.EXPSYN.aSr**.UNPACK 
L9C1CAL C14HD4«ANVU3 . _. . 
DIMENSION PDI4M3>«PFRAC«5>.PSLIP<S>»CLE»*F«S>. 3EFDMS>. 

> ORR<KU**«l>«»EPVfL<9>«UIN<t>«2lN<l><U4EL<«0>«FMSW« I w I l O * 
> VTHETA,NUN$TA>.PLAN9A<;>,PllR<5>«P2W<5»«PJ9<5>tWL<S«*0> 

L9SICAI VK3SLS«WNC<«0> 
9AT« DEF31 / 0 . 3 , 1 . 0 , 3 . 0 . 1 0 . 0 , 1 0 0 . / , ANYWB/,FALSE./ 
3*T»_U?3B_>?Hy-;S38 / . I « » « l J » I J O O /R0%5,200 /Ok?»r i 

«SEC/» /SSC' /» 8 # « / S V 
LIST /M1C9*TS Iv9Cr.SrHB0L,«ELSR,RSrH,CL£«RF.WN03LS 
LIST 7»4Rf»P/ ?3 I 4N,»FRAC,PRHO.SEPVCL.IN3EX,P4«.»{ki«PJ0,NPA« 

N4««f|.IS» /MJC3 
N A ' S L I S * / 
NANfLIST 
WRIT>«*OUT,10000* 
03 *C I H , l « 0 
NP»RX«I>SQ 
R H 9 U > = 3 . 

to 

30 10 J=»,T5 
IF ( J . L £ . 3 > FCLE*R««,J>=0.0 
FR4C<J«I>=0.« 

. V L « J , I > = 0 . ? 
: • CONTINUE 

30 i t 1 :1*1200 
FCLC«RU«1>3C.e 
F C L E A R O . I t s S . r 
FCLE4R<3. I>s0.0 
WCT«I>=9.9 

50 IP»*T«J»=C 
0? * 0 : : 1 « \ 2 3 R * 
oo «e J=I»VU"« 

«e » * * » j « i » = O i 
II-NXUC 
00 1*0 Nsl.NDAT 
Sr«90L-J2J8 
MK9BLS=.FALS?. 
RStN=BL 
IV3E*=5 
30 t>3 J M i M t 
CLCARFOHO.S 
CLE*RFt3>=0.0 
CLE4RF<3>sO.O 

«,9 z<y*iINUS 
: . . . R E O NUCLIDE OATA TABLE 

RE*0«IN,NUC3»T> 
OUTsSEC 
IF«NNOPLS» 0UT:6 
ttRITEt O U T , 10103 )N*SYN!iOl»RELSR,UNlTSR«0UT»ftSYN«tN0Cx«ClCt*r 
JFtilNQM.S> URITE<KO4jT,10«00> 

19« te f M M ' l ' IHE »90VE NOCLir? IS rilNDBLOUN*> 
IFI«INDBLS> ANYWBs.TRUS. 
IPARTINIslNDEX 
WN0tN>=¥ND9L§ 

i 



us 

-»5* 
t *•" 

m J C * - * 

• *•-* t 
r o _ i 
o t r D 
*r i.ir 

b l V > J 
c. r « »-3 U »-2 I 
M • » • 

«f » 4 « 
« f - J 

a » •**•< » 
< «» — a * •: 
• u i M •*.* u i 

<r • • - *• "» in O M u » 
_1 I I I I * O » • 
ul *»«* * *J* O 
IT • M M I* * * • U . 
M • * * • » i ! * . • * 
a u; • • acac * o>z a. 
I f l . J IA • 3 ! * A » M M j d> •- • ILO. M e x y u < « 3 u •» r » i» 
a: M a. .* A M r a r« 
#» w M «r M M * » *• ^ #bO© 

T o ••< «- I I — o « r i » 
^ • o • • •«* a.'* o *% * p » . j o 
mo r v . « a a > vac tc H Z I , I I > 
Of • M W» M b l b j * # » < X « O V f l r X 

• I o « . . a o a u o t e w -
v i9 » a o « — . v » o x » x «w 
o > »» o M M « > ac» * » • e o i -m.r 

•r • :» ~<t ii J ^ a> •>»>-. O>M M e a r n • » » » 
v. :» ww « o -» e> » K B / " . J " , , "» " •" - „ 
!r a P H •»(»• «, • « M « » 5 i o M M se A M A _< »urc 
« X . J M * * * * * * ; r « l m m m , b>0> n b» 9 O K V* "> O b l 9 0 . l t - M * . 
> _ ir T^rwn «r • n n r -» • •» nm m f • •• £•»»•.. _ S 

n « 7 o » * > w » i r n *• r o nv * not V- *• » - i x-» :»«r*-0- o x 
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IBB 
•(ou.SCOOT.tons BA:K«NOT COLUMNS FOR IJ COLUMNS... 

TH FOR REMAINING ELEMENTS.... 
?0 I t t J s l . I J 

< J « I - 1 I i C O . l t 
NOV.SCOOT BOTH 

DO l i t J ' l K . L 
110 C ( 4 - l * I - l > s C ( J . I > 
129 CONTINUE 

00 131 I»I<»1 
I F <KSHOKT.cS.ei N U : I O « I - J » » N U C I O « I > 
l S D < l - l > i I N D U 131 QINU-»*01N< 
IND<I-I>*IND<I) QIN<I-I>*OIN<I> 
IF (KSMORT.rQ.C) 60 TO 30 
L»L - 1 
ALWAYS OCCRCASE AFTER USCO AT TOP OF DO LOOP 

1*0 CONTINUE 
0CUT=I7 .S*» 
LS*MINO<KS40RT,.JSH3*T» 
IF I L S . C T . t ) CO T9 M O 
IF t L . C a . l l 60 TO I=»0 
I J -A 
DO 17t 1«»»L 
AVSCaAPSI C < I . 1 ) > 
IF <AMSC.LT.DCUT> S3 TO 170 
JJ=» 
* « : ] - 1 
DO 1SB JH.KK 
I F <C<J , I> .EQ.9 .0> 30 TO l i t 
«W-JJ»1 
IF < C < ; , I > / C < J , J > . L T . 2 0 0 0 . 0 ) GO TO 1T0 
!F C M . G T . l ) I J S O 
I « t J J . S T . l ) SC TO 1T0 
B F j T O I s > C < J . I I / C ( I . I I 
LJ=«1 IJsI - 1 150 CONTINUE IF (IJ.CO.Ot 60 TO 1T0 

HALF-LIFE < 0 , 0 * SfC.LAMDA RATIO > 2000 »N"i NO "RANCHING IS THC 
CRITERIA THAT HAS 3ETN RET - OCLCTC NUC FROM MATRIX.1JT NTE3 TO 
PRESERVE TRANSITION T3 3AUGHTER 

ISTsIO 
DO 160 K--1ST.L 
IF ( C I I . K I . C G . O . O I SO TO 160 

WHEN ELEMENT IN SHORT-LIVED NUC CCLUHN IS FOUND,ADD IT TO THC 
ELEMENT IN LONG-LIVED *»WNT COLUMN OF SANE ROW TO MAKE TRANSITION 
FROM LONG-IIVEO NUC OHECTLY TO 0AU6HTCR OF TMi SH0RT-LIVC9 DAUGHTER 
• E I N 6 REMOVED 

C<L<I««> = C<LJ.K»*CU.K>*BFJTQI 
160 CONTINUE 

GO TO 1B0 1T0 CONTIIiur 
CO TO liB 

WHEN IT FALLS THRJ 69,NO MORE SHORT-LIVED NUCS TO it ACNOVCO. 
iOO CONTINUE IF <KSHORT.ST.O> JS-tORT*«K » (KSHORT.GT.C) JIND=JN0«"«»1» 

IF <KSH3RT.C0.C» RSiORfsRK CO TO TO IMC CONTINUE NOW.MOVE C-AARAV INTO A COMPACT U-ARRAY OF S H E L«L... K = S 
00 lit 1*1,L 00 ? M Jsl*L 

2tC W<K>=CfJ,I) 210 CONTINUE 
RETURN 
END 
SUBROUTINE RELtSE«N*LHN»NREL,Nt,NXE«QSHORT,lOC,S»N80L, JNUM, > NSHORT) 
•» CALLEO FROM LIMA* •• 
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C NUCPA»«K»IS PART. CATESORT NUN9CR OP EXP, NUC 0* LAST C W . N U C . . . 
iu*» 
J:NUCPA*<1> 
IF «NUOUT,E9.U 60 TO 130 
00 l l j Rsl.NUCOUT ^ . . . 
IF «JC<!(1.C0.JC«K-1I ) SO TO 490 
JsNUCPAR<K» 
NPARxNP«R«J> 
60 ;a i t * 

101 L=NUCPARtK> 
IF <NPARX<L».NE.NPAR> WRITr<«OUT, I t30«>IOC«P<K>. I3CXP<I I I< 
IF <NPA*X<L>.NE.NPA^> CALL S U » 

1 SH0W.0 BE SANE NO. OF PART. 1 U E TY»CS FOR ALL NUCS. I N CHAIN 
00 110 N=1,NPAR 
I |sNFLA5<J*N) 

C .COOC SET? SAPE FACTION DISTRIBUTION FOR ALL OF C H A I N . . . 
I I * FR<j§»aFR<m 
ISO CONTINUE 
ISO CONTINUE 

RETURN 
I t M O FORMATOHI«I9«* PARTICLE SI2CS I N S E T ' , I t , ) X , 

> • E X C E E D E D I N P U T s P E t f F i C 9 , N P A R Y « * , i * i 
19101 FORNATt,«IPARTICLE »ARTICLE FRACTION SETTLING ' • 

> * - *»ET OE»«SlTloV/ 
> * SIZE Numst VELOCITY ** 
> • L V W M V*LOCITT»/» CATEGORY*,}*! . *<NS3EC>*«9X«« <* /3CC>*t 
> 9R.MM/SEC)*) 

! » • • FOANAT<3X, I« ,>X ,1R,3X ,F10 .3 ,1P3E12 ,3 /<MX,1PE12 .3<> 

ENO 
, SUBROUTINE S€TVO<V9,VT,OIN«RMO,LI.yf.C0NP> . « . . 

C THIS ROUTINE. USES SEHMEL AND HOOSON, 1*80 TO CALCULATE DEP03T10NAL 

i rams Ai^f A%ra&ths^^P^^^,R|^IV * 
C SEA LEVEL VALUES* 
C » «*» •ARTICLE RVOIUS 
C 0 «W» PARTICLE 3IAl«TER 
C 08 <N«*2/S> aROttNIAN 51FFUSIVITY 
C S ««/S««?I G R A V I ' A T I O T A L ACCELERATION 

INTS LCMER R0UN3 OF *NT3 
C 

INT12 RESISTANCE INTEGRAL PR ON I N TO .OIK 
! * T 3 RESISTANCE iNTCGRAL FR$N .OlN TO SURFACE 
R VON-KAR»AN CONSTANT 
K9 «J/R6» 90LTZRANN CONSTANT 
US SLIP COARErtlON FACTOR 
L I Xltnt INVERST NMIN-ORUKOV LENGTH 
NU «N**"7i. * ? E 5 - ' 5 1 E H * - « - « 3 S o s m 
P <N H6I 
*M0 »6/CC» 
SC SCHN 

HCRIC PRESSURE 
.LE 9 | N S I T Y I TAU CALCULATED WITH RH0«1.5t31 

VT CALCULATED NITS RMO SCALEO TO K 6 / M « 3 
: : 1I5T NUR9S* 

T «K» TEMPERATURE 
TAU SCALEO OIRENSIONLESS RELAXATION TIRE 
US ««/S> FRICTION V I N D S P E E D 
¥0 imtSi OPPOSITIONAL VtLOCITT 
VT «*/S> TERMINAL SETTLING VELOCITY. «VG IN AIR00S«CPA> 
2ZER0 «N» SURFACE ROUGHNESS LENGTH 

COMMON SPAR*'PI,CONST,KSTACK,22SRQ*V6RAV«TERH0*WNI*IHT LOGICAL CO*P REAL V0f.«», LO, LI, Kt KB* RS, NUi NU« INTI2* INTJ, INTS< INT 
9INENS 
OATA -

P / Q . H / . R / i . 3 9 ' , i ( B ' 1 . 3 i « 4 i i E - 2 J / . T ' i ? 5 « l » / J . . 
- « U ' U T G » * 2 « S C - 5 / , NU?l.A«QT*.l3E-3'« I r f . i w i S P 
OATA I t / . O t , . 1 , 1 . , 3 , / 
OAT. L W : . 1 J . j , : . i i ? . ; : ; ? | J | , - . O m , 

: -:5II5: \ « | l : -:!}»: -.H!J: 
. O G M , . • » ? ! , . 0 3 0 9 . . 0 3 ! * ' 

"}..»»•• I'lffY* 
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CO*MON / K T / «RAV«BCTAl,BCTA««TC*AIR,TCNFS,Vn.30lAR«XBt.D« WBLO 

1 . 3 t t » < 9 . 4 4 C -
>ATA A4 / • . U 2 « . U I « . i U ) t * « . 0 » » » . » * • » » « 0 4 3 * t . 0 3 « i t 

i»6 

T . B t K O t 1»3 
r * O . L T . 1 . 0 9 9 ) ] « f 

— I i r i C S ? lNOSX«i«IS « T , 
00 1 M J S H O - | « W R S T » 
00 ! • • Jftsl.NWTNO V 

I F •*«tQT«00«4.KO 60 10 10 
I F <.«OT.JU*KE<JR,J$T«a*l 63 TO 10 

C »-R IS fMC OOVNUINO 01STANCC M O * THC COBS OF THE BUILDING 
R*WBIO«O.S 
CALL NAKC<$»I% JST43«SSLD* «»< JST»9>«S"M J S I M I , C C < JSM»> ; C0< JJT«!> 

> « 2 F < I > . 2 S « I ) « 2 M « U « 2 < J < i n 
C SUI MAKE ADJUSTS SI8RA-2 *0R BUIL0IN6 WAR* FOR X>tO*4BL3 

1A0<J$3X<JX> 
I F «.««0T.00M»«€) 60 TO 30 
I F < « N O T - J M A R C < < I R « J S T A » ) I SO TO 30 

XA0^S*XA9jS-R 

3 . 9 * 8 U D > 

6 0 TO *5 
31 3$ TO »J 

«B FAC3l ,Q /U .0*H<<J) 
— sFf~ ~ - -

- _ *«L 
4 6 CON! I HUT 
90 « S a F A O * M j » « » « D J S • • « < ! > 

F2«3AL3G<AR6> 
- " CONTIR— 

6 0 T0_ 
TS CALL FFAC<?{£R0«XA9JS«FZX> 
• 6 0£*sl%9*CC<>>§T«B»«X*0,B •« ODWSTAB) 

SI|*3F|«««A(JSTA0>«XA0JS -« S M J f U B ) 
SISZX{,|STAR.JX.JR>*SNH/OEN 
IF «JVAKE«J<«JSTA»t.A<«).SIB8l.0.6T>SISIi(IJST»B«J«« >!HII S i S l M J S T t S . 

> <l««JR>a$I6BL0 
? »eSHiag R'TUR* 

E*3 
SUBROUTINE St"PUMX««FXjNX«I«AX» 

—TWH J . MA1SH* 
USION CARBIOC CORP.tNUCLJAR S I V . t 

SUBROUTINE St"PUN«X««FXjNX« 
- PROBRA" AUTHOR J , MRJSH, 
t CVFUTIN6 TECNNOL3BT CiNTC«»UV 
- OAR • !06C« T CNN. 
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APPENDIX D 

List of Symbols 
Used in This Report 



A. . - photon yield in energy group, b, of radionuclide, i (photons/ 
disintegration) 

A f - an empirical constant for wind erosion calculations (0.1) 
3 3 C - air concentration at position (x.y.z) (Bq/m or Ci/m ) 

C. - coefficient in the Berger form of the energy-absorption buildup 
factor in air for energy E. (B a ) given by Trubey (1966) 

D ell 
C. (x) - effective air concentration; the dose froa overhead gn—n 

plume divided by the dose conversion factor for a 
semi-infinite cloud 

C. (x) - ground-level air concentration of radionuclide, i, in wind 
direction, s, at downwind distance, x (Bq/m or Ci/m ) 

C._(z') - air concentration within the vertical layer.through which 
the rain is falling (Bq/m or Ci/m ) 

C T - concentration or deposition at the lower of two consecutive 
distances, x.. 

C . - concentration of radionuclides, i, in the air 

C - concentration-or deposition at the upper distance, x 

d - actual grain diameter (m) 

d - stack exit diameter (m) 

d - standard grain diameter (m) 

D. - coefficient in the Berger form of the energy-absorption buildup 
factor in air for energy E.(Ba ) given by Trubey (1966) 

D 4 - -(x) - external dose at location, x, due to immersion in air 
contaminated by a gamma- or x-ray-emitting radionuclide, i 
(Sv/year or rem/year) 

'igs' 

Dj - photon dose rate in air for radionuclide, i, 
p stability class, p, wind speed class, r, and wind 

direction, s (Gy/s per Bq/m ) 

DRF. - gamma or x-ray dose equivalent rate per unit concentration of 

* radionuclide, i (Sv/year per Bq/m or rem/year per Ci/m ) 

E. - energy of photon energy group, b (MeV/photon) 

f, - frequency of stability category C 

f, - frequency of stability category D 
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frequency with which the wind blow towards direction, s, in 
stability category, p, and wind speed class, -.. 

buoyancy flux 

buoyancy flux below which plume rise is due to momentum only 

momentum flux 
2 acceleration due to gravity (9.8 m/s ) 

mathematical expression for vertical dispersion of Gaussian plume mod 

afternoon mixing height (•) 

effective stack height due to •omentum, buoyancy, and downwash (m) 

depth of the mixing layer (m) 

mixing height associated with stability category, p 

morning mixing height (m) 

effective height of plume (a) 

physical stack height (m) 

terrain height above stack base (m) 

height of release of emissions (m) 

height of highest influential building (m) 

width of the region of influential buildings normal to the wind (m) 

dry deposition depletion integral for radionuclide i in 
stability class p and wind speed class r 

saltation rate (g/m s) 

equivalent rainfall rate (m/s) 

von Karman's constant 

constant depending on particle size distribution 

concentration of radionuclide, i, in the precipitation 

inverse Monin-Obukhov length 

arbitrary index which refers to successive pairs of reflections 

number of atmospheric stability classes (unities!) 
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N - number of wind speed classes (unitless) 

N - number of wind directions in a standard data set - 16 (unitless) 
-10 -4 

P - constant which is the product of 1.6 x 10 g-Gy/MeV and 10 
cm /• 

q - power-law exponent for adjusting wind speed for variations in 
height of measurement 

Q - release rate (Bq/s or Ci/s) 

Q. - initial emission rate from the source for radionuclide, i, (Bq/s or 
1 Ci/s) 

0 - windblown radionuclide release rate resulting from saltation and 
impaction (g/m s) 

r 
I (x) - effective emission rate for pollutant, i, in 

P s stability class, p, wind speed class, r, and wind direction, s, 
at downwind distance, x (Bq/s or Ci/s) 

Q. (x) - the effective flux of pollutant, i, in wind direction, s, 

through the vertical plane at downwind distance, x, (Bq/s or Ci/s) 

RR - annual rainfall rate (m/year) 

R - radius of an assumed-circular area source (m) 
R. - proportionality corstant (l/m) required to estimate the suspension 

rate from the saltation rate 
-2 S - stability parameter (s ) 

S - virtual source distance such that a' (10H. ) - 1-2H. (m) 

T - ambient air temperature (K) 

T - stack exit temperatuia (K) 
s 

u - wind speed (m/s) 

u - fluid threshold velocity 

u # - friction velocity (m/s) 

u # - friction velocity at which wind erosion begins 

u. - wind speed at height z. above ground 

u, - wind speed at height z* above ground 

u(H) - mean wind speed (m/s) at emission height, H 
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u - aean wind speed associated with wind speed category, r (m/s) 

V., - dry deposition velocity (m/s) for each radionuclide, i, stability 
class, p, and wind speed class, r 

V - dry deposition velocity (m/s) 

V - gravitational settling velocity (m/s) 

V - stack exit velocity (*/s) 

V. (x) - ground.deposition rate due to dry deposition 
(Bq/ai -year or Ci/» -year) 

W. (x) - total ground deposition rate fro* both dry and wet 
deposition processes (Bq/a -year or Ci/a -year) 

W. (x) - ground deposition rate due to wet deposition 
(Bq/a -year or Ci/a -year) 

W . - washout ratio of radionuclide, i 

x - downwind distance from source of release (a) 

x Q - distance froa the centroid of an area source to the receptor (a) 

x. - lower of two consecutive distances 

x - upper of two consecutive distances 

x - downwind distance froa the building edge - x - H/2 (ra) 
t 

x - dummy variable of integration 

y - horizontal distance perpendicular to the downwind distance, x, 
denoting crosswind location where air concentration is 
calculated 

z - vertical distance perpendicular to the downwind distance, x, 
denoting vertical location where air concentration is 
calculated 

z - surface roughness length 

Zy - height at which wind speed is measured 

z- - height for which wind speed is calculated using wind profile 
power law 

Z - depth of the plume layer through which the precipitation falls (m> 
3 

p - density of air (g/m ) 
8 
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p - density of sand grains (g/a ) 
p . — jet entrainaent coefficient 
Ah, - pluae rise due to buoyancy 
Ah. — effective stack height due to downwash 
Ah — pluae rise due to aoaentua 
Ah.. - pluae rise due to buoyancy and/or aoaentua for stabilities 

A, B, C, and D 
Ah - pluae rise due to buoyancy and/or aoaentua for stabilities 

E, F, and G 
Ah(x) - Ah_.(x) or Ah s(x) depending on the ataospheric stability 

category. 
radiological decay constant for radionuclide, i 
(s ) 

effective decay constant due to wet deposition 
processes for radionuclide, i, in stability class, p 
(» > 

effective decay constant due to dry deposition 
processes for radionuclide, i, in stability class, 
p, and wind speed class, r, at downwind distance, 
x (s" 1) 
effective decay constant for radionuclide, i, in 
stability class, p, and wind speed class, r, at 
downwind distance, x (s" ) 
standard deviation of the material in the plume (m) at downwind 
distance, x, in the horizontal direction, y 
standard deviation of the material in the pluae (a) at downwind 
distance, x, in the vertical direction, z 
vertical dispersion parameter enhanced by 
building wake effects 
vertical dispersion parameter for stability class, p, and 
downwind distance, x (m) 

/*b(E. ) - linear attenuation coefficient in air for photon energy 
group, E^ (cm* ) 

fi 
— . - mass energy-absorption coefficient in air for 

p energy, ^ (cm /g) 

A A i 

AW 

IP 

ipr (x) 

ipr (X) 

a 
y 

a 
z 

°z <P' x) 
» 

0z(t >,x) 
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vertical potential temperature gradient (k/a) 

• 

L 

# 

• 
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