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ABSTRACT 

MESO! Version 2.0 is an interactive Lagrangian puff model for estimating 
the transport, diffusion, deposition and decay of effluents released to the 
atmosphere. The model is capable of treating simultaneous releases from as 
many as four release points, which may be elevated or at ground-level. The 
puffs are advected by a horizontal wind field that is defined in three dimen­
sions. The wind field may be adjusted for expected topographic effects. The 
concentration distribution within the puffs is initially assumed to be 
Gaussian in the horizontal and vertical. However, the vertical concentration 
distribution is modified by assuming reflection at the ground and the top of 
the atmospheric mixing layer. Material is deposited on the surface using a 
source depletion, dry deposition model and a washout coefficient model. The 
model also treats the decay of a primary effluent species and the ingrowth 
and decay of a, single daughter species using a first order decay process. 

This report is divided into two ·parts . The first part discusses the 
theoretical and mathematical bases upon which MESO! Version 2.0 is based. The 
second part contains the MESO! computer code. The programs were written in 
the ANSI standard FORTRAN 77 and were developed on a VAX 11/780 computer. 
Two appendices complete the report. The first contains the definitions of 
and other information related to the MESO! global variables, and the second 
contains partial model output, which can be used to check the numerical 
operation of the model after it has been installed on different computer 
systems. 
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MESO! VERSION 2.0: AN INTERACTIVE MESOSCALE LAGRANGAIN PUFF DISPERSION MODEL 
WITH DEPOSITION AND DECAY 

INTRODUCTION 

MESO! Version 2.0 is a third generation Lagrangian puff transport and 
diffusion model based on the MESOOIF model prepared initially by Start and 
Wendell for the National Reactor Testing Station (now the Idaho National En­
gineering Laboratory) (Start and Wendell 1974), and MESO! Versions 1.0 and 
1.1 (Ramsdell and Athey 1981, and Athey and Ramsdell 1982). It has been de­
veloped for use by the US Department of Energy, Richland Operations Office 
and the US Nuclear Regulatory Commission, Office of Inspection and Enforce­
ment in responding to emergencies at nuclear facilities. 

This version of MESO! explicitly treats physical processes affecting 
material released to the atmosphere that were not treated in previous 
versions. Additions to the model include: depletion of puffs by dry 
deposition at surfaces and by precipitation scavenging, decay of 
radionuclides and ingrowth of daughter products, specification of the 
vertical variation of the horizontal wind field, adjustment of the wind field 
to conform to major terrain features, incorporation of terrain height in dif­
fusion computations, and estimation of plume rise. MESO! Version 2.0 also 
permits specification of multiple release points (up to a maximum of 4); they 
may be either ground-level or elevated locations. Finally, three additional 
parameterizations have been provided for estimating the diffusion coeffi­
cients. 

The main reasons for the revision of MESO! Versions 1.0 and 1.1 were in­
corporation of the processes that alter and deplete effluents and more 
realistic treatment of the wind field that transports the effluents. 
Radioactive decay and daughter ingrowth are treated using the differential 
equations that describe these processes. Depletion of the puffs is treated 
using a source depletion model and constant deposition velocity for dry 
deposition, and wet deposition is treated using a washout model with a co­
efficient that is a function of precipitation type and rate. The models are' 
not state-of-the-art, but they should provide a reasonable indication of 
areas where surface contamination is likely to be high. The addition of an 
upper-level wind and vertical interpolation of the horizontal winds between 
the surface wind field and the upper-level wind provides a means for 
estimating some of the effects of wind shear on effluent transport. 

Changes have been made in the data required for model execution, but the 
increases are modest. It is now necessary to specify an upper-level wind, 
such as the geostrophic wind, a precipitation type and intensity, and an air 
temperature. Topographic data must be provided if modification of the wind 
field is desired, or if terrain is to be considered in diffusion 
computations. The data are contained in two data files, one containing 
information for use in adjusting the wind field and the other for use in the 
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diffusion computations. If the required topographic data are not available, 
MESO! Version 2.0 can be run as a ''flat earth" model, just as it predecessors 
were run. 

Model output has also been modified. If desired, plots of the initial 
surface wind data and the interpolated wind field, adjusted for terrain, are 
available. Time-integrated air concentrations (exposures) for each grid 
point in the model domain are available for the entire period of release. If 
the effluent decays, time-integrated air concentrations, assuming effluent · 
depletion, are available for both the parent and daughter nuclides. 
Short-term exposures, computed assuming effluent depletion, are available for 
both the parent and daughter nuclides. They may be obtained for each grid 
point. Both short-term and long-term surface contamination from the primary 
effluent and a daughter, if appropriate, may also be obtained. Finally, 
MESO! Version 2.0 signals the time at which the exposure at each of up to 35 
points of interest exceeds two predefined levels. 

In upgrading the earlier versions of MESO!, five criteria were estab­
lished for use in evaluating potential model modifications. These criteria 
were: 1) representation of as many physically real processes as possible, 2) 
flexibility of the model to accept as much meteorological data as becomes 
available, 3) easily understood input and output, 4} minimal program size, 
and 5) minimum program execution time. In this revision of the model, the 
same criteria are used, although the relative weight given to each individual 
criterion is changed. 

The controlling criterion is the time required to run the model. No 
change or group of changes that caused the model execution time to exceed 15 
minutes would be retained. In practice, model execution time for simulation 
of a 12 hour release from a single source remains less than 5 minutes, 
including the time required for model initialization and operator 
interactions. In Versions 1.0 and 1.1 of MESO!, the size of the program was 
given .a relatively high weight. Those versions of the program were targetted 
for computers with rather limited memories; this version is targetted for 
minicomputers with relatively large memories, such as the Digital Equipment 
Corporation VAX computers and the Data General MV 8000 computers. However, 
MESO! is a highly modular program so there should not be too much difficulty 
in fitting it into smaller minicomputers or one of the larger 
microcomputers. 

This description of MESO! Version 2.0 is divided into two parts. The 
first part includes this introduction and the following sections that de­
scribe the equations that form the theoretical basis for the model. The 
second part contains the MESO! Version 2.0 code. The code for each program 
element is presented separately along with a description of the purpose of 
the element and a discussion of the specific manipulations being performed. 
Interrelationships between the program elements are defined in this section, 
and a list of model variable names and their associated meanings is presen­
ted. The last part contains several data sets that can be used to test MESO! 
program operation along with the resulting output. 
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Two appendices are included. Appendix A contains a listing of the major 
variables used in MESO!, i.e. those variables used in more than one program 
element. The variables are listed in alphabetical order along with their 
definitions, listings of the program elements in which they are defined and 
used, and specification of the method by which they are passed between 
program elements. Appendix B defines scenarios that may be used to check 
MESO! operation following implementation on other computer systems. Scenarios 
are provided for evaluating puff transport, the depletion processes, and 
overall model operation. Selected output is included in the Appendix for 
each scenario for comparison purposes. 
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PART I. MESOI THEORETICAL BASES 
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DIFFUSION WITHIN PUFFS 

MESO! uses a Gaussian puff approach to modeling diffusion. Material re­
leased to the atmosphere is assumed to be contained in one or more puffs. In 
the absence of reflection at surfaces, the distribution of material within 
the puffs is assumed to be Gaussian. With this assumption, the concentration 
at a point in space {x, y, z) is given by: 

( 1) 

where Q is the mass of material contained in the puff, (x0 , y0 , z0 ) repre­
sents the position of the center of the puff, and the diffusion coefficients 
sigma x, sigma y, and sigma z (crx,cr Y' and cr z) are characteristic puff 
dimensions in the x, y, and z direct1ons. The derivation of the equation is 
discussed in many places including: Pasquill (1974), Gifford {1968) and 
Csanady {1973). 

The right-hand side of (1) may be treated as the product of three 
factors: the source strength, Q, the relative concentration that accounts for 
the decrease in con cent ration at the center of the puff, 1/[{21T )3/2 cr x cr ycrz], 
and the exponential term to account for the decrease in concentration with 
increasing distance from the puff center. This section is concerned with 
estimating the diffusion coefficients and modifications to the exponential 
term to account for the effects of topography and initial release 
characteristics. Following sections cover modifications to the source 
strength to account for deposition on surfaces and radioactive decay, and 
movement of the puffs. 

Equation (1) allows for different puff dimensions in the along wind (x), 
crosswind (y) and vertical (z) directions. Only the crosswind and vertical 
directions are of major importance, because MESO! integrates the concentra­
tions at a point as puffs pass. Therefore, in MESO! it is assumed that hori­
zontal puff cross sections are circular, i.e. that sigma xis equal to sigma 
y. In the absence of terrain effects, the concentration profile in the hori­
zontal is Gaussian, and concentrations are a function of only the distance 
from the puff center. The characteristic radial dimension is referred to as 
sigma y. 

At the time a puff is released, the center is assigned coordinates (x0 , 
y0 , z0 ) where x0 and Yo are the horizontal coordinates of the release point 
and z0 is the effective release height. The effective release height, also 
denoted by he, is the height of the actual release point above ground plus 
any puff rise due to buoyancy or momentum. The values of x0 and y0 change as 
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puffs are advected by the wind, but the value of he remains constant. Puffs 
rise and fall along with the terrain elevation directly beneath their 
centers. The terrain elevation at off center locations is assumed to affect 
height, therefore, the effective release height is corrected for the 
difference in elevation between a position directly beneath the puff center 
and the point for which concentrations are being estimated. The correction is 
accomplished by defining a position dependent or local effective release 
height he', 

(2) 

where Tr and Tc are the terrain elevations at the receptor and puff center, 
respectively. The local effective release height may be either positive or 
negative. 

Diffusion of puffs, as defined by (1), assumes that material is free to 
spread to infinity in all directions. That assumption is unrealistic, parti­
cularly for diffusion in the vertical. As an alternative, the vertical dif­
fusion can be assumed to be limited by the ground and the top of the atmo­
spheric mixing layer. In Version 1 of MESOI, the ground was assumed to be a 
reflecting surface, but not the top of the mixing layer. The top of the 
mixing layer only limited diffusion. In Version 2.0, both the ground and top 
of the mixing layer are assumed to be reflecting surfaces. 

Mixing layer thickness is one of the meteorological variables that is 
needed for model execution. A single atmospheric mixing layer thickness is 
defined for the model domain. The top of the mixing layer is assumed to rise 
and fall to conform to changes in the elevation of the terrain. While the 
mixing layer thickness is uniform in space, it is not constant in time. The 
mixing layer thickness varies from hour-to-hour according to the 
meteorological conditions as defined in the model input . 

Figures 1 and 2 show the physical relationships between the local ef­
fective release height, the terrain and the top of the mixing layer. Figure 
1 shows the behavior of the center of the puffs as they move over terrain. By 
contrast with Figure 1, Figure 2 shows the physical relationships as a func­
tion of position at a specific instant. In particular, it should be noted 
that the effective release height directly beneath the center of the puff 
does not change, but that away from the puff center the local effective re­
lease height is altered by variations in the height of the terrain. 

Reflection is incorporated in the model by adding another set of expo­
nential terms. This set will be discussed in detail shortly, however two 
limiting cases are sufficiently important to be singled out here. If the 
effective release height and sigma z are small compared to the mixing layer 
thickness and the concentration at ground-level is to be estimated, the re­
flection terms simply result in increasing the concentration estimated with 
(1) by a factor of two. At the other extreme, as sigma z approaches the 
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m1x1ng layer thickness in magnitude, the vertical concentration profile tends 
to become uniform. Clearly, then, the use of the basic Gaussian puff model 
does not constrain the vertical concentration profile in MESO! to be 
Gaussian. 

DIFFUSION COEFFICIENTS 

Diffusion coefficients for MESO! are defined as functions of distance 
from the release point and atmospheric stability. Four parameterizations for 
the diffusion coefficients are provided with the model. These parameteriza­
tions are: 1) Start and Wendell's (1974) approximation to the desert 
diffusion coefficient curves developed by Markee (Yanskey, Markee and Richter 
1966), 2) the Briggs' "open country" sigma curves (Briggs 1973, and Gifford 
1976), 3) the normalsigma curves used in the Nuclear Regulatory Commission 
MESODIF-11, XOQDOQ and PAVAN models (Powell, Wegley and Fox 1979, Sagendorf, 
Gall and Sandusky 1982, and Bander 1982),and 4) a parameterization 
recommended for use by the US Army (Ramsdell, Hanna and Cramer 1982). 

Parameterizations 

The desert diffusion coefficient parameterization is used in the MESODIF 
and MESO! Version 1 models. It was initially formulated by Start and Wendell 
(1974) to approximate a set of curves derived from diffusion data collected 
in the early 1960's at the National Reactor Testing Station (now called the 
Idaho National Engineering Laboratory) and Hanford, Washington. This 
parameterization is different than the desert diffusion coefficient 
parameterizaiton used in PAVAN and XOQDOQ. 

The horizontal diffusion coefficient, sigma y, is evaluated from 

Ay x0.85 

A •x0.5 
y ' 

xi 20,000 m 

x > 20,000 m 
(3) 

where x is the distance from the release point, and the coefficients Ay and 
Ay' are functions of atmospheric stability. 

The vertical diffusion coefficient, sigma z, is evaluated from 

crz = 

Az x B 

[0.465 + 0.335 c::c) ] H 

0.8 H 

10 

crz/H ~ 0.465 

0.465 < a2 /H <0.8 

o2JH > 0.8 

(4) 



where Az and Bare functions of atmospheric stability, H is the mixing layer 
depth, and xc is the distance at which sigma z equals 0.465 H. 

Table 1 gives values forAy, Ay•, Az and Bz as functions of stability 
class. The content Ay, Ay• and Az are dimensional, having dimensions of 
m0.15, m0.5 and m1-B, respectively. Stability classes are defined using a 
scheme involving season, time of day, wind speed, and cloud cover that is 
similar to the Pasquill scheme (Pasquill 1961}. The NRTS scheme is shown in 
Table 2. It should be noted that stability class G has been added to the 
scheme, but that parameter values for Class G have been assumed to be the 
same as those for Class F. 

TABLE 1. Parameter Values for the Desert 
Diffusion Coefficient Curves 

Stabi 1 i ty 
Class Ay Ay• Az Bz 

A 0. 718 23.0 0.100 1.033 
B 0.425 13.6 0.105 0.975 
c 0.349 11.2 0.128 0.891 
D 0.267 8.55 0.146 0.824 
E 0.299 9.57 0.331 0.567 
F 0.401 12.8 0.812 0.307 
G 0.401 12.8 0.812 0.307 

TABLE 2. Stability Estimates Using Time of Day, Windspeed, and 
Cloud Cover for the NRTS 
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The 11 0pen country .. diffusion curves (Briggs 1973) were developed using 
data from a variety of sources. These are discussed in several locations 
including Gifford (1976) and Hanna, Briggs and Hosker (1982). The 
parameterizations are all of the form 

o = A x (1 + B x)C (5) 
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where A, Band Care functions of stability for sigma z and A is a function 
of stability for sigma y. For sigma y, Band C have constant values of 
0.0001 and -0.5 respectively. Values forAy, Az, Bz and Cz are given in 
Table 3. The values of B have dimensions of m-1. 

TABLE 3. Parameter Values for the Briggs' 
..Open Country .. Diffusion Coefficient Curves 

Stability 
Class Ay_ Az Bz Cz 

A 0.22 0.20 0.0 0.0 
B 0.16 0.12 0.0 o.o 
c 0.11 0.08 0.0002 -0.5 
D 0.08 0.06 0.0015 -0.5 
E 0. 06 0.03 0.0003 -1.0 
F 0.04 0.016 0.0003 -1.0 
G 0.027 0.011 0.0003 -1.0 

Briggs did not include curves for stability class G. The parameter values 
given for stability class G in Table 3 were derived assuming that sigma y for 
G stability is 2/3 of sigma y for F stability. Similarly, sigma z for G sta­
bility is assumed to have a value equal to 3/5 of the value of sigma z for F 
stability. The ratios between the sigmas of F and G stability are those sug­
gested by Regulatory Guide 1.145 (USNRC 1982). 

The diffusion coefficient parameterizations used in the NRC MESODIF-11, 
XOQDOQ and PAVAN models have been attributed to Eimutis and Konicek {1972). 
In reality, the sigma y parameterization is more properly attributed to 
Tadmor and Gur {1969) and the sigma z parameterization should be attributed 
to Martin and Tikvart (1968). 

These parametcrizations have the general form 

a = A xB + C ( 6) 

where A is a function of stability for both sigma y and sigma z, and B and C 
are functions of stability for sigma z. For sigma y, Band Care constants 
having the values of 0.9031 and 0.0, respectively. For sigma z, the values 
of A, Band Care functions of distance from the source, as well as stabil­
ity, having different values for three distance ranges. The three distance 
ranges are: l)less than lOOm, 2)100 to lOOOm, and 3) greater than lOOOm. 
Parameter values for A,B and C for the NRC model parameterizations are given 
in Table 4. The A's have dimensions of ml-B and the C's have dimensions of 
meters. 
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TABLE 4. Parameter Values for the NRC 
Diffusion Curve Formulations 

Stabn ity 
Bz Cz Class A Az 

Distance Range Distance Range Distance Range 
1 2 3 1 2 3 1 z 3 

A .3658 .192 .00066 .00024 .936 1.g41 2.094 0 9.27 -9.6 

8 .2751 .156 .0382 .055 .922 1.149 1.098 0 3.3 z 
c .2089 .116 .113 .113 .905 • 911 .911 0 0 0 

0 .1411 .079 .222 1.26 .881 .725 .516 0 -1.7 -13 

E .1046 .063 .211 6.73 .811 .678 .305 0 -1.3 -34 
F .0722 .053 .086 18.05 .814 .74 .18 0 -.35 -48.6 

G .0481 .032 .052 10.53 .814 .74 .18 0 -.21 -29.2 

The final diffusion coefficient parameterization in MESOI is a slight 
modification of a parameterization recommended to the US Army by Ramsdell, 
Hanna and Cramer(1982). It is based on the premise that diffusion 
coefficients should be estimated using wind turbulence data to the extent 
possible. The basic formulation of the parameterization is 

a == I F(x) x (7) 

where I is an intensity of turbulence, F(x) is a function that accounts for 
the efficiency of the turbulence in diffusing material, and x is the distance 
from the source. This approach has also been suggested by Hanna et al. 
(1977), Pasquill (1979), Irwin (1983) and others. 

For sigma y, Iy is the ratio of the standard deviation of the cross wind 
component of turbulence to the mean wind speed. It is also approximately 
equal to the standard deviation of the wind direction fluctuations when ex­
pressed in radians. The intensity of turbulence for sigma z is the ratio of 
the standard deviation of the vertical wind speed fluctuations to the mean 
wind speed. It can be approximated by the standard deviation of the wind 
elevation angle expressed in radians. Table 5 lists turbulence intensities 
recommended for each stability class in Ramsdell, Hanna and Cramer (1982). 
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TABLE 5. Turbulence Intensities for Use 
in Estimating Diffusion Coefficients 

Stability 
Class I I 

A 0.37 0.22 
B 0.30 0.20 
c 0.20 0.15 
D 0.15 0.10 
E 0.10 0.05 
F 0.10 0.05 
G 0.10 0.05 

The function F(x) that represents the efficiency of the turbulence is 
non-dimensional. For horizontal diffusion 

[

(x

1

/xr)-1/10 
F(x) = 

x < 10,000 m 

x ~ 10,000 m 
(8) 

The purpose of xr is to non-dimensionalize the distance. It is convenient to 
choose Xr to be a unit distance, i.e. 1m if xis in meters, 1 km if xis in 
kilometers, etc. For vertical diffusion, the form chosen for F(x) is 

F(x) (1 + b x)C (9) 

This form is taken from Briggs' parameterization. As a result, the b and c 
are functions of stability and take on the values given for Bz and Cz in 
Table 3. It should be noted that b is a dimensional number; specifically, it 
has the dimensions m-1. 

The four diffusion coefficient parameterizations are compared for un­
stable, neutral and stable atmospheric conditions in Figure 3. The parame­
terizations give horizontal diffusion coefficient estimates that are about 
the same for unstable and neutral conditions. This is to be expected because 
they are based on about the same sets of diffusion data. The departure of 
the stable desert diffusion coefficient curve from the others is a reflection 
of the meander of the wind under the low speeds that frequently accompany 
stable conditions in the desert. Correction factors have been introduced to 
account for meander during low wind speed conditions when the other parame­
terizations are used, e.g. in Regulatory Guide 1.145 (USNRC 1982). The data 
base for horizontal diffusion coefficients extends to distances of a few 
kilometers with little data for distances greater than 10 kilometers. 
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The relative disparity between the vertical diffusion coefficient para­
meterizations is not surprising. There are relatively few actual measure­
ments of vertical diffusion coefficient. Those measurements that are avail­
able have been made at distances of less than one kilometer. As a result, 
the parameterizations are based on estimated vertical diffusion coefficients. 

Given a set of concentration measurements across a plume, the horizontal 
diffusion coefficient can be computed directly, even if the concentrations 
are not known exactly. However, the vertical diffusion must be estimated from 
a diffusion model. Accuracy of the estimated vertical diffusion coefficient 
depends on the accuracy of the concentration measurements, the accuracy of 
the horizontal diffusion coefficient, and the adequacy of the diffusion model 
being used to estimate the vertical diffusion coefficient. 

Each of the diffusion coefficient parameterizations included with MESOI 
depends upon the determination of an atmospheric stability class. The method 
originally recommended for estimating stability classes for use in computing 
desert diffusion coefficients was presented in Table 2. Other methods of 
estimating stability classes are described by Gifford (1961 and 1976), Turner 
(1964) and Regulatory Guide 1.23 (USNRC 1974). 

Various methods of estimating stability classes have been compared in 
many papers including: Luna and Church (1972), Skaggs and Robinson (1976), 
Lalas, Catsoulis and Petrakis (1979), Weil (1979), Lague, Irvine and Lavery 
(1980), Sedefian and Bennett (1980), and Mitchell (1982). The consensus ap­
pears to be that the various methods of estimating atmospheric stability are 
generally inconsistent. As a result, the use of stability classes as means 
of estimating diffusion coefficients should be considered a weakness in these 
parameterizations. It would be better to use turbulence measurements 
directly. 

Computational Approach 

The diffusion coefficients are implicitly functions of time. Time 
dependence is a result of the inherent relationship between distance and 
travel time. It is also a result of the temporal variation of atmospheric 
stability classes. When stability changes after a puff has been released, it 
is no longer appropriate to estimate diffusion coefficient magnitudes from 
the actual distance traveled by the puff. If the actual distance were to be 
used, the puff dimensions would change at the instant of stability change, 
and the change might be large. The resulting discontinuity would be 
unrealistic. 

An alternative procedure for computing diffusion coefficient magnitudes 
in MESOI Version 2.0 makes use of virtual distances. The computational pro­
cedure involves three steps, which are the same for each of the parameteriza­
tions. The steps are: 
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1) At the beginning of each sampling interval (the time interval 
in MESO! time integrations) the distances to virtual point sources, 
xv and Yv, are computed from the values of sigma y and sigma z that 
existed at the end of the previous sampling interval and the 
atmospheric conditions (stability and mixing layer thickness) that 
exist in the current advection period (the time interval over which 
meteorological conditions are assumed to be constant). All of the 
diffusion coefficient parameterizations included with MESO! can be 
rearranged to give virtual distances. 

2) Effective puff travel distances at the end of the sampling in­
terval, xe, are computed by addina the distance traveled during 
the sampling interval to the v1rtual distances. 

3) Diffusion coefficient values (sigma y and sigma z) are computed 
for the end of the sampling interval using the chosen parameteri­
zation and the effective travel distances. 

By following these steps, continuity of diffusion coefficients is insured, 
and accumulation of numerical errors due to round off is minimized. 

MESO! applies constraints to the magnitude of sigma z. During normal 
growth, sigma z is not permitted to exceed 8/10 of the mixing layer thick­
ness' because when sigma z =0.8 H, the puff is uniformly mixed in the 
vertical. If, as the result of a decreasing thickness, sigma z becomes 
larger than 8/10 of the thickness, it is not allowed to increase further 
until the mixing layer thickness increases. The magnitude of sigma z is 
never decreased. 

The procedure outlined above is a departure from the procedure used in 
earlier versions of MESO!. In those versions, the diffusion coefficients 
were evaluated using the last value of the diffusion coefficients, the deri­
vatives of the parameterizations evaluated at the virtual distances plus one 
half of the distance moved in the sampling interval, and the distance moved 
during the sampling interval. That procedure involved more computations and 
was conducive to the accumulation of numerical errors. 

Figure 4 shows how the procedure appears when superimposed on a standard 
set of diffusion coefficient curves. The heavy lines show the growth of the 
sigma value, while the horizontal dashed lines show the changes from the last 
effective distance, xe, to the new virtual distance, x , are associated with 
changes in stability. The continuity of the diffusionvcoefficient is shown 
in Figure 5. Figure 5 also shows that the rate of change in diffusion 
~oef!icien~s is changed when.the s~ab~lit~ changes. The rate of growth of sigma 
1s d1scont1nuous, but that d1scont1nu1ty 1s acceptable whereas a discontinuity 
in the sigma vlaue is not. 
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When the virtual distances are computed in step 1 above, it is unlikely 
that the same virtual distance will be obtained for both sigma y and sigma z. 
If the atmospheric stability is decreasing with time, as it generally does in 
the morning, the virtual distances will be less than the actual travel dis­
tance. On the other hand, if the stability is increasing with time, the vir­
tual distances will be greater than the actual distance. 

PLUME RISE 

MESO! Version 2.0 has been extended to include elevated as well as 
ground-level releases. The release height used in computations is an effec­
tive release height that is the sum of the actual release height above the 
terrain and puff (plume) rise. If a release is through a stack that has a 
known effluent flow and temperature, MESO! will compute the effective release 
height from the stack height, effluent flow and temperature, and the ambient 
air temperature: 

(10) 

where hs is the stack height and hr is the puff rise due to bouyancy. 

If the release is expected to act as an elevated release, but it is not 
through a stack, or if stack effluent flow or temperature is unknown, the 
plume rise estimates in MESO! should not be used. The effective release 
height should be estimated independently and the estimtes entred directly 
during model initialization. Conditions that could require separate 
evaluation of plume rise include venting through safety valves. 

Plume rise is estimated in MESO! using the procedures developed by 
Briggs (Briggs 1969, and Hanna, Briggs and Hosker 1982). Only the final 
plume rise is estimated, and buoyancy is assumed to be the dominant factor in 
determining the final rise. Plume rise is not estimated unless the effluent 
temperature exceeds the ambient air temperature by at least l0°C. The 
momentum contribution to plume rise is not estimated. 

During stable atmospheric conditions the final plume rise is determined 
by three parameters -- the buoyancy flux, a stability parameter, and the wind 
speed at release height. The buoyancy flux, F0 is defined as 

Fo = 
g V (Ts - Ta) 

Ta 
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where g is the gravitational acceleration, V is the stack flow, Ts is the 
effluent temperature, and Ta is the ambient air temperature. Both tempera­
tures must be on an absolute scale. The stability parameter, S, is defined 
as 

s = __[(ae)~ ·_g_ (aTa + 0.01) la az Ta az 

where ae;az is the potential temperature lapse rate in °K/m. 

When the wind is calm, the final plume rise is given by 

hr = 5.3 F01/4 s-3/8 - 6Ro 

(12) 

(13) 

where R0 is the stack radius. During windy conditions final plume rise is 
given by 

hr = 2.6 [F0 /(US)]1/3 (14) 

The calm wind equation basically assumes that the puff emanates from a point 
slightly below the top of the stack. The -6R0 in the equation is a 
correction factor to account for this lower release point. 

The equations that are given for the final rise of plumes in neutral and 
unstable atmospheric conditions in Hanna, Briggs and Hosker (1982) involve an 
estimate of the friction velocity U*, which is a function of surface rough­
ness. Rather than attempt to estimate U* from the data that is likely to be 
available during execution of MESOI, the following approach to estimating 
plume rise in neutral and unstable conditions has been selected. Near the 
stack, plume ri se is proportional to distance to the 2/3 power and is inde­
pendent of stability. If final plume rise is assumed to occur at a predeter­
mined distance, the initial plume rise equation can be used to estimate final 
rise. 

The initial rise of buoyancy dominated plumes (Briggs 1969 and Hanna, 
Briggs and Hosker 1982) is given by 

hr (x) = 1.6 F0 1/3 u-1 x2/3 {15) 

Briggs {1969) suggests two alternatives for the distance to the final rise. 
For stacks with a thermal emission of 20 Mw or more, he suggests that the 
distance be set equal to 10 times the stack height. For stacks with smaller 
thermal emissions, he suggests estimating the distance using 

x = 6.49 F0 2/5 hs3/5 (16) 

where 6.49 is a dimensional constant with units of (sec/m)6/5. 

20 



During light winds, a minimum wind speed of 0.5 m/s is assumed for use with 
(15). 

MESO! places one final constraint on plume rise. Plume rise is not 
permitted to carry material above the top of the mixing layer at the time of 
release. If the effective release height including plume rise is greater than 
the mixing layer thickness, the effective release height is reduced to the 
mixing layer thickness. The only ways in which the effective release height 
can exceed the mixing layer thickness are: 1) a stack that extends above the 
top of the mixing layer, and 2) a decrease in mixing layer thickness with 
time following release. 

REFLECTION TERMS 

MESO! Version 2.0 assumes that material is reflected by the surface at 
the ground unless explicitly deposited, and by the top of the mixing layer 
once material is within the mixing layer. The method used to incorporate 
reflection follows directly from the discussion in Sections 2.7 and 6.6 of 
the text by Csanady (1973). 

The initial step in adding the reflection terms is to separate the ex­
ponential term in (1) into parts describing the horizontal and vertical 
decrease in concentration: 

where 
1/2 

1!.1 = [ (x-xo) 2 + (y-yo) 2] 

The vertical exponential term is then replaced with a sum of exponentials 

I 1 (i-Zo)~ 2~ ~ [ r_l (2nH.-:- he'- z )
21 r·- (2nH + h '- z)2 ~ l 

exp l-"" - J "' 1-.J exp I l + exp _1 e 1. '" oz L o~ l o 
n= _.., ~ .J L z J J 
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where z is the height of the receptor above the ground and H is the mi xing 
layer thickness. As a practical matter, the summation can be truncated after 
a few terms with n near zero. In MESOI,n has a maximum range of -4 to +4. 

Figure 6 shows the general diffusion scenario: a release takes place at 
a local effective release height he' during a period when the mixing layer 
thickness is H. As vertical diffusion proceeds, material reaches the ground 
and is reflected. The contribution of the reflected material to the concen­
tration at and above the ground is as if there were a below ground, virtual 
source at -he• Similarly, material reaching the top of the mixing layer i s 
reflected and contributes to the concentration within the mixing layer as if 
it had been released from an elevated virtual source. As diffusion con­
tinues, more terms in the sum contribute to the concentration in the mixing 
layer. It should be noted that H, he' and z must be expressed relative to 
the same reference plane. 

Table 6 lists the sources and corresponding numerators for the first ten 
exponentials in the sum. The pattern in the terms is clearly evident. 

• TABLE 6. Initial Terms in the Sum of Exponentials 
Related to the Vertical Concentration Distribut ion 

Source Numerator 

Real 
Below ground (b.g.) virtual 
Elevated virtual 
1st ground reflection of elevated virtual 
1st elevated reflection of b. g. virtual 
1st ground reflection of b.g. virtual 
1st elevated reflection of elevated virtual 
2nd ground reflection of elevated virtual 
2nd elevated reflection of b.g. virtual 
2nd ground reflection of b.g. virtual 

he I 

he I -
2H - he I 

-2H + he I 

2H + he I 

-2H - he I 
4H - he I 

-4H + h I e 
4h + h I e 

-4H - he I 

- z 
- z 
- z 
- z 
- z 
- z 
- z 
- z 
- z 
- z 

If the receptor is at ground level, the sum of exponentials becomes: 

"' { [(2nH _ h'- z)2J [ 1 (2nH +he'- z)
2
1} ~ [-1 ( 2nH- he')

2
] I _1 e + exp _ ~ = 2 L exp -z 0 exp "!" n ~ Oz · _ z 

~ vz n--"' n=-m 
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When the effective release height is above the atmospheric mixing layer, 
the elevated virtual source shown in Figure 6 no longer exists. In this 
case, the top of the mixing layer serves as a permeable surface for material 
approaching the surface from above, and a reflecting surface for material re­
flected from the ground. The terms in (18), (19) and Table 6 that owe their 
existence to the elevated virtual source do not contribute to concentrations 
within the mixing layer. 

As the vertical diffusion coefficient becomes larger, the vertical con~ 
centration distribution approaches uniformity. If the effective release 
height is below the top of the mixing layer and sigma z becomes equal to or 
larger than 8/10 of the mixing layer thickness, MESO! stops computing concen­
trations using the reflection terms and shifts to a uniform vertical concen­
tration profile form of the Gaussian model. That form is: 

(20) 

where Hu is the depth of the uniform layer. Since it is possible for sigma z 
to exceed 8/10 of the mixing layer thickness when the mixing layer thickness 
decreases with time, the depth of the uniform layer is computed from sigma z, 
i.e. 

(21) 

This approach was chosen to avoid compressing the puffs vertically when the 
thickness decreases. 

The vertical concentration profile in puffs may also be uniform if the 
effective release height is above the top of the mixing layer. In this case 
the test used to determine if a uniform profile should be assumed compares 
sigma z with the effective release height. If sigma z equals or exceeds 8/10 
the effective release height, the uniform profile model is used and the uni­
form layer depth is computed using (21). Otherwise, the model is used with 
proper reflection terms. 
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TERRAIN REPRESENTATION 

The difference in the elevation of the terrain directly beneath the 
center of a puff and at the receptor is used to estimate the local effective 
release height. In MESO!, terrain elevations are entered explicitly for each 
point on the receptor grid. These elevations are maintained in a data file 
that is established when the model is customized for a specific location. The 
elevations directly beneath puff centers are computed from the elevations of 
surrounding grid points at the beginning and end of each advection period 
using a weighted interpolation scheme. In the interpolation, the weight 
given to the elevation is proportional to the reciprocal of the distance 
between the grid point and the puff center. The elevations of the puff 
center at the sampling times within the advection period are estimated by 
linearly interpolating between elevations at the beginning and times. 

A terrain flag has been included in MESO! Version 2 to allow the model 
to be run without a terrain file. If this option is selected, the model will 
assume flat terrain. 
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PUFF DEPLETION 

Once released to the atmosphere, material undergoes a number of pro­
cesses that reduce the amount of the original material that remains suspended 
in the air. These processes include the deposition of material on surfaces, 
the washout of material by precipitation, chemical transformation of the 
material and radioactive decay. MESO! Version 2.0 includes rudimentary 
treatment of the deposition of material by dry and wet processes to assist in 
the identification of areas where relatively high levels of surface contami­
nation might be expected to occur following a release. It is expected that 
actual surface concentration measurements would be made to provide quanti­
tative data as needed. MESO! Version 2.0 also provides for decay of a single 
released species into a second species and for decay of the second species. 
The decay/ingrowth/decay scheme is specifically intended for radioactive 
releases, but it may also be adapted for chemical decay that follows the same 
decay relationships. 

DRY DEPOSITION 

A source depletion, dry deposition model is incorporated in MESO! 
Version 2.0. Source depletion dry deposition models are described in many 
places in the literature, including: Vander Hoven (1968), Pasquill (1974), 
and Hanna, Briggs and Hosker (1982). The essence of the dry deposition model 
is that the flux of material to the surface (mass per unit time per unit 
area) is assl.ITled to be proportional to the concentration of the material in 
the air just above the surface. The proportionality constant has the units 
of speed (length/ time) and is therefore called the deposition velocity. 
Sehmel (1980) discusses the measurement and uncertainties associated with 
deposition velocities and summarizes most of the available data on them. 

Horst (1977) suggests an alternative to source depletion dry deposition 
models. His alternative is a surface depletion model that more realistically 
distributes the depleted mass through the vertical extent of plumes. However, 
the surface depletion model requires significantly more computational time 
than the source depletion model. As a result of the uncertainties in dry 
deposition due to the known but unmodeled variations in deposition velocity 
that would still exist if the surface depletion model were to be used in 
MESO!, a source depletion model is used. 

In MESO!, the flux of material to the surface is given by 

2 

[ 

1 ( 2nH - he' ) ] exp - '2" 
0 z 

(22) 

n=-oo 
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where Vd is the deposition velocity and Q' is mass in the puff and centered 
at x0 ,y0 • If mass continuity is to be maintained, the mass remaining in the 
puff must be decreased by the amount depositing. The rate of change of mass 
in the puff is 

(23) 

Evaluation of these integrals must be done numerically when the concentration 
at ground-level varies in a complex way because the reflection terms are a 
function of position. 

As an alternative to numerical integration, (23) can be simplified by 
assuming that he' can be replaced by he, which is not a function of position. 
In effect, this is equivalent to assuming flat terrain for the puff depletion 
calculation. The assumption is considered to be an acceptable compromise 
between accuracy and computational efficiency. When it is made, (23) becomes 

(24) 

where )((x0 , y0 , 0) is the ground-level concentration beneath the center of 
the puff. 

In (23) and (24), it has been assumed implicitly that the deposition 
velocity is not a function of position. That is not likely to be the case. 
Sehmel (1980) contains a thorough discussion of the factQrs that affect the 
deposition velocity. These factors include: micrometeorological variables 
such as wind speed, turbulence and relative humidity, surface variables such 
as type and roughness, and effluent characteristics - such as chemical 
activity of gases and size and density of particulates. Sehmel •s summaries of 
reported deposition velocities for iodine and sulfur dioxide show ranges ex­
ceeding two orders of magnitude. The medtan deposition velocity for both 
species is about 0.01 m/s. This value also appears to be a reasonable esti­
mate for many other species in the absence of detailed information on the 
micrometeorology and surface characteristics. As a result, MESO! uses a con­
stant deposition velocity of 0.01 m/s. 
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WET DEPOSITION 

Dry deposition is a surface layer phenomenon; it is related to air con­
centration near the surface. Wet deposition, on the other hand, is an inte_. 
gral phenomenon. It is a function of the precipitation as it falls through a 
puff or plume. In theory (e.g., Engelmann 1968, and Hanna, Briggs and Hosker 
1982) there are two fundamentally different processes that lead to wet depo­
sition: in-cloud scavenging, and below-cloud scavenging. MESO! Version 2.0 is 
not sufficiently sophisticated to be able to distinguish between these pro­
cesses. Rather it treats them as a single process called washout . Hanna, 
Briggs and Hosker (1982) discuss some of the assumptions and limitations of 
this approach. Slinn {1978) also discusses the assumptions and limitations. 

The basic assumption in the wet deposition model included in MESO! is 
that precipitation removes material from puffs in proportion to the rate of 
precipitation and the local concentration of ~aterial within the puff. The 
wet deposition flux is given by the integral 

<X> 

= ->.w J x(~,z )dz = 
0 

>. Q' 
+ w 

21ro2 
y 

(25) 

where Aw is a washout coefficient that is a function of precipitation type 
and rate. 

Using the relationship between qualitative description of precipitation 
rates {light, moderate and heavy) and quantitative descriptions in milli­
meters/hour shown in Table 7 and the data in Figures 5.10 and 5.12 of Engel­
mann (1968), washout coefficients were selected for use in MESO! as a func­
tion of precipitation type and rate. The washout coefficients used in MESO! 
are listed in Table 7. 

Type 

Liquid 
Frozen 

TABLE 7. Washout Coefficients Used in MESO! 
Version 2.0 (hr-1) 

Preciaitation Rate 
Light Mo erate 

(< 1 lllll/hr) 

0.79 
0.36 
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2.2 
1.2 

Heavy 
(>1 cm/hr) 

4.0 
2.3 



These values are consistent with the comment in Hanna, Briggs and Hosker 
(1982) that a typical value of a generic washout coefficient is about 1.0 x 
1o-4 sec -1. The values of washout coefficients in Table 7 are also consi­
stent with values that might be derived from the review by Slinn (1978). 

Integrating (25) over the horizontal extent of the puffs yields the 
total change in the airborne mass in the puff 

dQ' 
dt 

21T "" 

= -f J 
0 0 

-.A Q' w 
(26) 

Since the integrations in (26) cover the entire volume occupied by the puff, 
evaluation of (26) is independent of the actual vertical distribution of con­
centration within the puff and is therefore exact to the extent that the 
basic formulation is correct. 

The surface contamination rate represented by the flux to the surface in 
the sum of (22) and (25) is only approximate. It should provide an indica­
tion of regions likely to experience high deposition, but it is not likely to 
give an accurate estimate of the actual surface contamination rate. 

DECAY 

MESO! Version 2.0 permits three decay scenarios: a stable effluent of 
species A that doesn't decay, an effluent of species A that decays to stable 
species B, and an effluent of species A that decays to species B that in 
turn decays to species C that is of no interest. The decay may be chemical or 
radioactive as long as the rate of decay of each decaying species is propor­
tional to the current concentration of the species. The scenario in which 
species A does not decay is trivial. Species A is deposited,if appropriate, 
otherwise it is treated as a non-depositing species and the book-keeping re­
lated to species is bypassed. 

If A is a decaying species, it is assumed to decay into species B at a 
rate which is proportional to the concentration of A. This is the normal 
decay situation that is described by 

(27) 
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where NA is the amount of species A present and AA is a decay constant for A 
related to A•s half life. At a timeT following release of an effluent of 
pure species A, the amount of A remaining is 

(28) 

If B is a stable species, the amount of B present at time T is -
(29) 

assuming that there was no B present at T = 0. These relationships follow 
directly from {27) and are derived in physics and elementary differential 
equations texts. 

When species A decays to B and B decays to C, the rate of change in B is 
given by 

(30) 

This equation has two different solutions, one for the case in which the 
decay constants for A and B are the same and the other for the case in which 
they are different. When the decay constants are equal, the amount of B at 
time T is given by 

Ns{T} = NA exp ( - AT). 
0 

when the decay constants are unequal, the solution is 

N8(T) = NA ( A.A ) [exp (- AAT) - exp (-AsT)]. 
o AA- AB 

MESO! computes the decay constants for both the parent and daughter 
species from half lives supplied during model initialization. 
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PUFF TRANSPORT 

In MESO! Version 2.0, puffs of diffusing material are transported with 
the wind at the effective release height of the puff. This wind is 
determined from a three dimensional field of the horizontal components of the 
wind. The wind field consists of three layers that are defined as function 
of time. The three layers are: a surface layer, a geosttophic or gradient 
wind layer, and an intermediate interpolated layer. The representation of the 
wind in each of the layers is described below. 

SURFACE LAYER WINDS 

Surface layer winds are defined at the nodes of a 16 x 16 grid that 
covers the spatial domain of the model by interpolation and extrapolation of 
available surface wind data. MESO! requires wind data from at least one 
source, and it can accept data from as many as 30 measurement locations. The 
position of each measurement location must be given in kilometers north or 
south and east or west of the center of the model domain. 

Interpolation and extrapolation of wind data to the nodes is done using 
weighted averages of the winds at the measurement locations closest to each 
node. Winds from as many as ten measurement locations may be included in the 
average for a node. The weight given to each wind included in an average is 
proportional to the inverse of the square of the distance between the node 
and the measurement location. Wendell (1972) describes the interpolation 
scheme in detail. Goodin, McRae and Seinfeld (1979) indicate that inverse 
square weighting provides a good compromise between accuracy and computation­
al costs. 

In earlier versions of MESO!, the wind data were assumed to reflect the 
effects of terrain. In this way the effects of terrain were implicitly 
represented in the wind field. This approach may be adequate if wind data 
are available for a large number of locations, as is the case at Hanford. On 
the other hand, if the wind data are limited or the terrain is complex, the 
approach is likely to be inadequate. A module has been incorporated in MESQI 
version 2.0 to permit the user to modify the wind field for terrain effects 
that may not be represented in the available wind data. The module uses a 
simple, deterministic procedure to automatically adjust the winds at selected 
locations rather than requiring manual adjustment of each wind field by the 
user. 

To make use of the adjustment feature, it is necessary to define the 
orientation of the face of the terrain at each node where an adjustment is to 
be made and to provide two adjustment factors for winds at the node. The two 
adjustment factors permit different adjustments to be for winds approaching 
the terrain feature from different directions e.g., downslope and upslope 
flow. This information is entered into a data file when MESO! is customized 
for a specific site. 
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Selection of adjustment factors is a subjective matter. Intuitively, 
they ought to be related to the slope of the face . However, no quantitative 
relationship has been developed. It is likely that initial estimates of ad­
justment factor values will be made on the basis of terrain slope, and that 
refinements will be made in the estimates to achieve a desired modification 
of the wind field. There is no substitute for the exercise of sound meteoro­
logical judgement in the selection of adjustment factors. 

In determining which terrain features should be represented in the sur~ 
face wind field adjustment module, both horizontal and vertical dimensions of 
the features should be considered. If a feature has typical horizontal di­
mensions that are small compared to the model grid spacing, the feature will 
be difficult to represent in the model. Similarly, features that do not ex­
tend to likely effective release heights may not significantly affect puff 
transport. 

The adjustment of the wind at a node is done in the following manner. 
The wind at the node following the initial interpolation is resolved into 
components perpendicular and parallel to the face of the feature. The magni­
tude of the perpendicu)ar component is multiplied by the appropriate adjust­
ment factor, and the parallel component is adjusted to preserve the magni­
tude of the initial wind vector. Finally, the adjusted wind is resolved into 
the north-south and east-west components used for computing puff transport. 

TOP LAYER WINOS 

The top layer in the wind field represents the wind above the surface 
boundary layer and is applied to puffs with effective release heights above 
the top of the mixing layer. A single wind is used. Therefore, it i s essen­
tial to select the wind that is most representative over the entire model 
domain. Two candidates for the top layer wind are the geostrophic and gradi­
ent winds. It is not necessary to measure these winds directly. They can be 
estimated from isobars on surface pressure charts or they can be computed 
from sea level pressures. If upper level wind measurements are made in the 
area where MESO! is to be applied, they, too, could be used . 

No adjustments are made to the wind in the top layer. 
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INTERMEDIATE LAYER WINDS 

In MESO!, the surface layer winds represent the winds at 10m and below, 
the top layer winds represent the winds above the top of the mixing layer. 
The winds in the layer between 10 m and the top of the mixing layer are the 
intermediate layer winds. They are determined by interpolation in the 
vertical between the surface and top layer winds. As a result, they are 
computed only when needed and are not stored by MESO!. 

A power law interpolation scheme is used to estimate the wind at the ef­
fective release height from the surface layer wind beneath the center of a 
puff and the top layer wind. The interpolation is performed independently 
for each wind component using the formula: 

U(he) = U(lOm) + [ U(H) -. U(lOm)] (he - lOrn )a 
H - lOrn 

(33) 

where U is one of the component speeds and a is an interpolation parameter 
that may be set equal to 1.0 for linear interpolation, or it may be treated 
as a function of stability. In addition, the interpolation parameter may be 
allowed to take on a different value for each of the components. 

Analysis of wind profile data from Hanford, Washington indicated that 
the interpolation parameter does have some stab1lity dependence and that the 
parameters are different for the two wind components under neutral and stable 
atmospheric conditions. However, the range of parameter values determined 
during any given set of conditions was relatively large and median values 
tended to be between 0.5 and 1.5. As a result, use of an interpolation para­
meter value of 1.0 for both components is reasonable in the absence of data 
on which to base a different choice. MESO! currently setsa= 1.0 regardless 
ot atmospheric conditions or model options selected. 

PUFF MOVEMENT 

Two wind fields are retained in MESO! at all times. These are : the wind 
field for the beginning of the current simulation period, and the wind field 
for the beginning of the next simulation period. In general simulation 
periods are an hour long, but if wind data are updated more frequently, the 
periods may be shorter. The wind used for puff advection is an average 
based on the position of the center of the puff, vertical interpolation to 
the effective release height of the puff, and linear interpolation in time 
between the two wind fields. Within an advection period, the puff is assumed 
to move with a constant speed and direction. 
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MESO! OUTPUT 

Following the interactive exchanges during the initialization of MESO! 
Version 2.0, model output occurs in three categories: meteorological data, 
puff positions, and time-integrated air concentrations and surface contamina­
tion. 

METEROLOGICAL DATA 

The meteorological data used for each hour of the simulation are written 
to a disk file as part of the simulation record. 

If desired, two wind plots may be obtained for each hour. The first is a 
plot of the observed surface wind vectors at each of the wind stations, and 
the other is a plot of the interpolated surface winds at each of the grid 
points. The interpolated wind field that is output is the wind field after 
adjustment for terrain effects. In both cases, the vectors have been rotated 
by 180 degrees so they indicate the direction of effluent transport. 

PUFF POSITION 

MESO! Version 2.0 contains a routine to generate a plot file each hour 
that shows the position and size of each puff. When the puffs are plotted on 
a plotter or graphics video display terminal, they are shown as circles with 
centers at the proper grid positions and radii that indicate the distance to 
a predetermined, normalized air concentration, set at 1o-15 hr/m3. Plotting 
puffs using radii based on a low concentration limit results in puff 
dimensions that are larger than might be expected near the source, 
particularly if the expectation is that puff radii represent ± 3 sigma y. In 
the MESO! puff plotting routine, initial puff radii are many sigma y when 
concentrations at puff centers are high. As a puff moves, its radius will 
increase in magnitude, but the increase in radius will not be as rapid as the 
increase in sigma y. The apparent rate of growth in puff radius will 
decrease as sigma y approaches the radius in magnitude. Eventually, the 
decreasing concentration in the puff may cause the puff radius used in 
plotting to decrease, even though sigma y continues to increase. 

A second set of routines for indicating puff positions is available in 
MESO! Version 2.0. This set of routines is related to specific receptors of 
interest. As many as 35 receptors of specific interest can be defined. Each 
receptor is called a checkpoint and is assigned to the closest grid point for 
which time-integrated concentrations are computed. Two time-integrated 
concentration thresholds are set. When the time-integrated concentration at 
a checkpoint rises above the lower threshold, MESO! prints a message giving 
the checkpoint name, the time, and threshold that has been exceeded. A 
similar message is printed when the upper threshold is exceeded. At the end 
of the simulation, a summary containing the status of each checkpoint is 
given. 
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TIME-INTEGRATED CONCENTRATIONS AND SURFACE CONTAMINATION 

The primary output of MESOI is a set of nine time-integrated concentra­
tion and surface contamination matrices. Five of the matrices contain 
time-integrated concentrations at nodes of a 31 x 31 grid, and four of the 
matrices contain surface contamination at the nodes. The spacing between 
nodes on these matrices is one half of the spacing on the wind field grid. 

Ground level, time-integrated air concentrations, E(x, y, 0), frequently 
referred to in meteorological literature as exposures, are initially computed 
for a non-depositing, non-decaying effluent using 

i 
L X .. (X ,y t 0) 6 T. 

• 1 J 1 
J 

(34) E(x, y, 0) ' = /...,. 

where the concentration is defined by (19) or (20), as appropriate, and 6Ti 
is the sampling interval. The summation over time (index i) in (34) starts 
at the beginning of the simulation and continues until the simulation is 
terminated or no active puffs remain on the computational grid. The other 
summation in (34) (index j) is over all puffs affecting the node. In Version 
2.0 of MESO!, time-integrated concentrations are expressed in units of 
mass-hours/meters3. 

The normalized time-integrated air concentrations computed for a 
non-depositing, non-decaying effluent are larger than those computed for an 
effluent that either deposits or decays. As a result, these air concentra­
tions are used for determination of puff arrival times at checkpoints. 

For decaying and depositing effluents, MESO! Version 2.0 maintains more 
than one source term for each puff. The primary source term is the initial 
mass contained in the puff. If the mass is depleted by deposition or decay, a 
depleted source term is maintained for the primary species. It is initially 
determined by applying corrections from (24), (26) and (27) to the undepleted 
source term. After the first sampling interval, the corrections are applied 
to the depleted source term, i.e. 

!dQA(t-1) I dQA(t-1) dQA(t-1) ll 
= QA(t-1) + dt I+ dt + dt liT 

dry wet dec y 

(35) 
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where the A subscript refers to the initial species, OA'(t=O) equals the 
initial undepleted source strength. 

When species A decays to a second species B, it is assumed that B does 
not exist at the release time and the ingrowth of B into a third source term 
is governed by (30). If B decays, the magnitude of Qs(t) is controlled by 
(31) or (32), which ever is appropriate. 

Time-integrated, ground-level air concentrations of A and B, EA and Es 
respectively, are computed from the undepleted air concentrations by 
multiplying them by the ratios between the depleted and undepleted source 
terms and summing over all puffs. 

(36) 

and 

(37) 

Two sets of depleted ground-level air exposures are computed. The first 
set contains the exposures accumulated during the advection period. For this 
set of exposures the time summations in (36) and (37) go from 1 to the number 
of sampling intervals in an advection period for the specific puff. These 
exposures may be used to estimate short-term average concentrations. The 
second set of exposures contains the cumulative exposures from the beginning 
of the simulation. The short-term exposures are computed directly; the 
second set contains the running total of the short-term exposures. Once the 
contribution of the exposures during an advection period has been added to 
the long-term exposures, the short-term exposures are reset to zero. 

Surface contamination, Sc(x, y), at a grid node, is computed directly 
from the dry and wet deposition fluxes defined in (22) and (25) 
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Sc(x, y} {38) 

Again, MESO! Version 2.0 maintains two sets of surface concentrations. The 
first is for the contamination accumulated during the advection period, and 
the second is for the long-term accumulation. The method of accumulation of 
surface concentration is the same as for the time-integrated air concentra­
tions. The units for the normalized surface contamination are mass per 
square meter. 

Both sets of surface concentrations are depleted to account for decay, 
if appropriate. The decay of species A results in an increase in B, which 
may a 1 so decay. 

The sequence of computation in MESO! is as follows: 

1} compute the contribution to the undepleted time-integrated 
ground-level air concentration, 

2} compute the contribution to the depleted time-integrated 
ground-level air concentrations, 

3} compute the contribution of dry deposition to the surface 
tamination, 

4) compute the contribution of wet deposition to the surface 
tamination, 

5) compute decay and ingrowth of the material in the puffs, 

6) deplete the puffs due to dry deposition, and 

7) deplete the puffs due to wet deposition. 

con-

con-

At the end of each advection period, the long-term cumulative normalized, 
ground-level time-integrated air and surface concentrations are corrected for 
decay and the contributions of the most recently completed advection period 
are added to the long-term time-integrated air and surface concentrations. 
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MESO! LIMITATIONS 

MESO! Version 2.0 is a tool for use in evaluating the transport, diffu­
sion and deposition of material released to the atmosphere. As with other 
tools, it has limitations. MESOI's limitations arise from three general 
areas: the mathematical models used to approximate complex physical 
processes, the data used by the models, and numerical compromises made to 
keep MESOI's execution time and memory requirements within acceptable limits. 
Proper use of MESOI depends on a clear understanding of its limitations and 
their implications. 

MATHEMATICAL MOOEL · LIMITATIONS 

The atmospheric processes represented in MESO! are complex. In some 
cases, such as decay, it is possible to represent processes exactly. But in 
most cases, the complete representation of the processes is not possible or 
would require more information than is likely to be available for use by the 
model. As a result, most of the processes are represented in MESO! by 
simple mathematical analogs. Among the more important of these analogs are: 
the Gaussian puff approximation of plume behavior, the empirical adjustment 
of the surface wind field to account for the effects of terrain, the vertical 
interpolation of the wind, and the estimation of plume rise. 

The limitations imposed by these analogs are fundamental. If they are 
not acceptable, the only alternative is to replace the analog. An attempt 
has been made to structure the MESOI computer code to facilitate changes in 
the manner in which each of the processes is modeled. The modular structure 
of MESO! also facilitates the addition of features to represent atmospheric 
processes not currently depicted in the model. Features that might be added 
include the representation of the effects of wind shear on diffusion and 
better resolution near sources. 

DATA LIMITATIONS 

The limitations imposed by data fall into three categories: uncertain­
ties related to the source term, inadequacies and uncertainties in the data 
used to develop the parameterizations in various parts of MESO!, and inade­
quacies in the meteorological data used by MESO!. 

Of all of the information required for use of MESO! in an emergency re­
sponse situation, the most likely to be undefined, or at least poorly 
defined, is the source term. Initial source term uncertainty may be orders 
of magnitude. In this event, MESO! may be run by assuming a unit release 
rate, and the output can be treated as if normalized to release rate. Nor­
malized output only provides estimates of plume positions and relative con­
centrations. When source term estimates become available, the actual 
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time-integrated air concentrations and surface concentrations at points of 
interest can be estimated by multiplying the normalized values by the source 
term. 

The parameterizations for the diffusion coefficients, deposition velo­
city and washout coefficients limit the accuracy that can be expected in the 
MESOI output. Given detailed meteorological data and uncomplicated terrain, 
the accuracy of MESOI in estimating concentrations within a plume is likely 
to be no better than the accuracy of a Gaussian continuous plume model. The 
primary advantage of MESOI over the straight-line Gaussian plume approach is 
a more realistic treatement of effluent transport. 

A realistic upper limit to the accuracy of short-term (a few hours or 
less) air concentrations for non-depositing, non-decaying effluents is, then, 
about plus or minus a factor of two of the actual value (American 
Meterological Society 1978}. As the duration of the release increases, the 
accuracy of concentration estimates will tend to improve. 

In areas of complex terrain and/or changing meteorological conditions, 
the accuracy will be less. The use of stability classification schemes to 
estimate diffusion conditions also degrades the accuracy of diffusion esti­
mates. 

Estimates of air concentrations at specific points in space, as opposed 
to points relative to the center of the plume or puff, are less accurate than 
those quoted above. This additional decrease in accuracy results from poten­
tial errors in the position of the plume or puff. 

The accuracy of estimates of surface concentration is limited by the 
accuracy of the deposition velocity and washout coefficients as well as the 
estimates of air concentrations. Neither the deposition velocities nor 
washout coefficients are better than order of magnitude estimates (see Sehmel 
1980 and Slinn 1978}. As a result, surface concentrations estimated by MESO! 
should only be used to gain a "feeling'' of the areas where surface contami­
nation is likely, and potential variations of contamination within those 
areas. 

In order to realize the full potential of MESOI, it is necessary to pro­
vide the model with adequate meteorological data. As the model is currently 
configured, wind data can be accepted from as many as 30 measurement loca­
tions. The remainder of the meteorological conditions are specified indepen­
dent of position within the model domain. It is assumed that they are most 
representative of conditions near the release· point because that is where 
they have the greatest effect on model output. 

Given the typical availability of wind data in the vicinity of a poten­
tial release point, increasing the number of wind measurement locations is 
likely to be the action that can be taken by the model user that will give 
the greatest increase in model accuracy. If there are sufficient wind obser­
vations, particularly in the vicinity of topographic features, the observed 
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winds will define the effects of the features, the need for empirical adjust­
ments will be eliminated, and the errors in the spatial interpolation will be 
reduced. 

In the current version of MESO! wind directions are entered to the near­
est ten degrees and wind speeds are entered to the nearest meter per second 
or mile per hour. As a result, the direction and rate of movement of a low 
level puff located near a wind station may be off by as much as five degrees 
and one half meter per second or mile per hour respectively. When a puff is 
not located near a wind station, the errors in its movement are likely to be 
larger because of the errors inherent in the horizontal interpolation scheme. 
When a puff is elevated, the errors in estimates of puff movement will be 
larger than those for low level puffs. Similarly, the winds used in 
estimating puff movement at an observation time are less likely to be in 
error than are the winds that result from interpolation between observation 
times. Individually these errors may be small, and they may be sufficiently 
random that they tend to average out. However, their net effect is to produce 
uncertainty in MESO! puff positions and concentrations. 

If the effective release height is not well defined, the uncertainties 
in puff position become even larger. In this case, it may be useful to esti­
mate the range in uncertainty of puff positions by running MESO! two or three 
times, varying the release height between runs. Effective release heights 
used might be the lowest likely, most likely and highest likely heights. 

NUMERICAL LIMITATIONS 

Numerically, MESO! is limited by: the resolution of the grids on which 
the time-integrated air concentrations and surface concentrations are accu­
mulated, the number of puffs released per hour, and the minimum interval used 
in performing the time-integrations. 

The resolution of the grid used for the wind fields is currently set at 
5 km, and the resolution of the grids on which the concentrations are accu­
mulated is 2.5 km. These can be changed, but the concentration grid will 
always be twice that of the wind grid. 

The practical limit to the resolution obtainable in MESO! is determined 
by the minimum interval used in the time-integration. The interval used in 
the integration is referred to as the sampling interval. It varies as a 
function of the product of wind speed and puff size, but has a minimum value 
of one minute. When the puff is small and the wind speed is large, the puff 
movement during one minute will be large in comparison with the puff dimen­
sion. As a result, the number of samples used to estimate the 
time-integrated concentrations at a point in space affected by the puff will 
be small, and the concentrations will depend on the positions relative to the 
puff center used in the estimates. 
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Figure 7 illustrates the dependence of the accuracy of time-integration 
on the ratio between the incremental distance moved and sigma y for a 
Gaussian puff. The distance moved is the product of the wind speed and samp­
ling interval. The accuracy of the estimate of the time integral is indi­
cated in the figure by the ratio between the estimates based increasingly 
large incremental distances and the true value of the integral. As the incre­
mental distance becomes larger than sigma y, a range of estimates is evident. 
This range is indicated by the two lines in the figure. Some of the estimates 
are smaller than the true value, while others are larger. 

Applying Figure 7 to MESO!, the maximum resolution of the model depends 
upon the accuracy range acceptable for the concentration estimates. If 
time-integrated concentration estimates must be accurate to within about 20%, 
the maximum incremental distance moved in a sampling interval must be some­
what less than three sigma y. However, because of the minimum sampling in­
terval of ore minute, the limiting factor is the size of sigma y. In a 10 m/s 
wind, sigma y must be greater than 200m before the desired accuracy is 
achieved. Assuming that high wind speeds are generally associated with 
neutral stability, Figure 3 indicates that sigma y does not reach 200m 
until the distance from the source is about 3 km. 

The fact that the MESO! time integration is acceptably accurate at a 
distance does not mean that MESO! will provide a usable definition of the 
ground-level concentration patterns at that distance, particularly for short 
duration releases. Useful definition of concentration patterns occurs at 
those distances where sigma y approaches the distance between nodes. In the 
example above, a sigma y of 200 m is required for acceptable accuracy in 
integration, but at a grid spacing of 3 km it is likely that the high 
concentration regions of a puff with a 200m sigma y will pass between nodes 
rather than impinge on one. It may be reasonable to assume that once sigma y 
reaches one half the grid spacing that the concentration patterns can be de­
fined. In general, this occurs at distances of 10 km or more from the 
source. 

Both the minimum sampling interval and grid spacing can be reduced to 
improve model resolution, however altering these values can have a signifi­
cant impact on the computer memory required by the model and the time requir­
ed for model execution. The time required for model execution is inversely 
proportional to the sampling interval. While it is not likely that de­
creasing the minimum sampling interval by a factor of two would double the 
execution time of the model, it could substantially increase the run time for 
short duration releases where much of the execution time is associated with 
puffs near the source. 

The number of puffs released per hour, or more specifically, the time 
between puff releases, determines how well the puff model can simulate a 
plume when the wind direction changes rapidly. The initial distance between 
puffs is equal to the product of the wind speed and the time between 
releases, which is referred to as the advection period. Until the magnitude 
of sigma y approaches the separation between puffs, the concentration gra-
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dient in the direction of puff travel will show an unrealistic oscillation. 
This oscillation is illustrated in Figure 8. In Figure 8, the variation of 
concentration between two puffs of equal magnitude is shown as a ratio be­
tween the distance from the center of one of the puffs and the separation 
between puffs. The concentrations have been normalized to the average concen­
tration between centers so that a value of one represents the concentration 
that would be expected in a plume. 

The concentration variations shown will not affect the time-integrated 
concentrations as long as the direction of travel remains constant. However, 
if the wind direction changes by ninety degrees, time-integration will not 
smooth out the variation along the line in the new direction of motion. If 
the separation between centers exceeds two sigma y, the concentration 
variation may be noticeable, and if it exceeds four sigma y there is a like­
lihood that the time-integrated concentration may remain at zero even though 
the plume should pass directly over a point. 

Wind direction shifts of the type required for this type of problem to 
arise are most likely to occur during frontal passages. Strong fronts as­
sociated with major weather systems are likely to cause problems with MESOI, 
and its output under these conditions should be treated with extreme caution. 
If the wind shifts are associated with local circulations, such as sea 
breezes or drainage winds, MESO! output should still be treated with caution, 
but the output is likely to provide more realistic diffusion and transport 
estimates than other simple models. 

SUMMARY 

The point of this discussion is to emphasize that MESOI is a tool that 
must be used with an understanding of its limitations. The examples given 
have illustrated some of the known weaknesses of the model to emphasize that 
the model output should be evaluated in light of the existing meteorological 
conditions. The person making this evaluation should be highl~ conversant 
with MESO! and should have extensive training in diffusion meteorology. 
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PART II. THE MESO! VERSION 2.0 COMPUTER PROGRAM 
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PROGRAM ORGANIZATION 

MESOI Version 2.0 is a highly modularized, interactive, Lagrangian puff, 
atmospheric transport diffusion and deposition model. It consists of a main 
program, called MESOI, and 41 subroutines. The 41 subroutines can be divided 
into four groups: 1) model initialization, 2) data input and output other 
than initialization, 3) transport, diffusion and deposition, and 4) general 
utility. Data transfer between program elements is generally done through 12 
labeled common blocks that contain related variables and constants. 

User interaction, through a video display terminal, provides data for 
model initialization and controls the output of MESOI graphics products at 
the end of each hour of a simulation. Meteorological data required by the 
model are input through data files that are generated prior to running the 
model. Primary model output is directed to disk files for later disposition 
to printers and plotters, as appropriate. limited alpha-numeric and graphi­
cal output is provided for alpha-numeric terminals, and all of the graphics 
products prepared for a plotter can be viewed on a graphics display terminal. 

MESO! and its subroutines are written in standard FORTRAN 77 with a 
limited number of extensions. The most common extension is the use of 
INCLUDE files (files having names xxx.INC) to incorporate the COMMON block 
and the other specification statements associated with the variables in the 
COMMON block into the program elements. This extension may be eliminated by 
substituting the proper COMMON and associated type-statements in each element 
where the INCLUDE statement occurs. The other non-standard aspects of MESO! 
are generally related to communication between the computer and terminals. 
The program elements in MESOI that generate graphics products make use of 
CALCOMP commands. If other plotting devices are to be used with MESO!, it 
may be necessary to change the commands. 

The inter-relationships among the program elements and the COMMON blocks 
are shown in Table 8. The subroutines are listed under program elements in 
the order in which they are called. Indentation shows the layering of the 
subroutines. 

The total length of the MESO! Version 2.0 computer code is about 155,000 
bytes. The actual memory requirement depends upon which of the diffusion 
coefficient parameterizations is used. Distribution of the memory allocation 
is approximately: 36,000 bytes for executable code, 24,000 bytes for local 
data storage, and 95,000 bytes for storage of data in COMMON blocks. 

The next six sections in Part II describe MESO!, the subroutines in each 
of the four groups, and the COMMON blocks. The major variables used in MESOI 
are defined in the Appendix. The last section in this part discusses cus­
tomization of the MESO! code. 
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TABLE 8. Inter-Relationships Between Program Elements and Common Blocks in 
MESO! Version 2.0 

PROGRAM COt'MON BLOCK~ 
ELEMENT ARRIV CHAR CONST OATlM DECAY ·~ATRIX PUFFS m STATN TOPOGR UNITS loll NOS 

MESO! XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX 
FILOPN XXX 
GRIOIN XXX XXX XXX 

REARttG XXX XXX 
STRAY XXX XXX XXX 

ASCND 
TDPFIL "' XXX 
!NIT XXX XXX XXX XXX XXX XXX XXX XXX 

JULIAN 
LOCATE >XX 
OATRO XXX XXX 
OATWR XXX XXX 
WINO XXX XXX u:.x XXX XXX 
SHIFT XXX XXX 
TERRA XXX XXX XXX 

OIRSPO 
ARR!VN XXX XXX 
RELEAS XXX XXX XXX XXX 

JULIAN 
ROKIN XXX XXX 

LOCATE XXX 
OATRO XXX XXX 
OATIOII XXX XXX 
WINO XXX XXX XXX XXX XXX 
TERRA XXX XXX XXX 

OIRSPO 
ALPHA 
W[!~SPO XXX XXX XXX 
PLMRI! XXX XXX XXX XXX 
PUFFII XXX XXX XXX XXX 
PUFFM XXX XXX XXX XXX 
OTOPO XXX 
OIFOEP XXX XXX XXX XXX XXX XXX XXX XXX 

"' XXX XXX 
SIGAA 

ARIITlM XXX XXX XXX XXX XXX 
PRINT£ XXX XXX XXX 
mTM XXX XXX 
SHIFT XXX XXX 
CLEAN XXX XXX 
SCREEN XXX XXX XXX XXX XXX 
PLOTZ XXX XXX XXX XXX XXX 

OTCHAR 

"'''Ul XXX XXX XXX XXX XXX 
OIRPSO 
OTCHAR 

lo/NOPLT XXX XXX XXX XXX XXX 
OTCKAII 

EXPSUM XXX XXX XXX 

""'" XXX 
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MESO!, THE MAIN PROGRAM 

MESOI is the main program. It controls model execution by calling the 
subroutines in the proper sequence. As can be seen in Table 8. MESOI calls 29 
of the model's subroutines directly. It also has direct access to 11 of the 
model's common blocks. 

MESO! execution starts by printing a sign-on message on the user's 
interactive terminal. When instructed to continue by the operator, it 
automatically opens the files needed for data input and the output of model 
results. 

Once the necessary files are open, the program enters the outer loop of 
four neste~ loops. This loop starts with model initialization. When the 
initialization is complete, a bell is rung at the terminal and the model 
begins the simulation. The simulation is done in the inner three loops. The 
outer of these loops proceeds in one hour time steps until the user elects to 
stop the simulation or until 48 hours of simulated time have passed. The 
next loop proceeds in steps that correspond to the time between puff releases 
(advection period). The puffs are moved individually during an advection 
period. The movement of puff during an advection period takes place within 
the innermost loop. That loop contains the DIFDEP subroutine called by 
MESO!. 

Figure 9 shows the structure of the MESO! main program. The three outer 
loops are indicated by the left branches from the decision points marked: 
More Advection Steps this Hour? More Hours? and New Simulation? The inner­
most loop is the left branch from the decision point marked: More Puffs? 

The model initialization portion of MESO! includes the direct calls to 
subroutines GRIDIN, TOPFIL, INIT, ARRIVN, and RELEAS. These subroutines call 
other subroutines as indicated in Table 8. All of the subroutines that are 
used in model initialization are described in the next section. However, it 
should be noted that the left branch at "New Simulation? 11 is actually two 
branches. One permits total reinitialization of the model, and the other 
retains the previous grid and topographical initialization. In the latter 
case, the reinitialization is more concerned with release points, sources, 
effluents and critical receptors. It also includes positioning the model at 
the appropriate position in the data files. Subroutines LOCATE and DATRD are 
used to position the files. All meteorological data used in the simulation 
are written to disk files using subroutine DATWR. 

Once the simulation starts, the model immediately moves to the first 
advection period in the first hour. The appropriate meteorological data are 
read, and the surface wind field is prepared using subroutines WIND and 
TERRA. When the wind field is prepared, subroutines ALPHA, SPEED and PLMRIZ 
are used to compute the effective release height for a puff, and the proper 
attributes are assigned to the puff by subroutine PUFFR. Subroutine PUFFM 
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determines the puff movements during the advection period. Subroutines 
DTOPO, DIFDEP, RDK and SIGMA are then used in the actual transport, 
diffusion, deposition and depletion computations. At the completion of these 
computations, MESO! moves to the next puff. Puffs are moved in inverse 
chronological order, i.e. the most recently released puff is moved first. 

Time-integrated air concentrations and surface concentrations are accu­
mulated in DIFDEP as the puffs are moved during the advection periods. Only 
after all puffs have been moved in an advection period do these accumula­
tions represent an estimate of the changes made during the period. At this 
time the the time-integrated air and surface concentrations accumulated 
during an advection period are added to the long term accumulations. The 
addition of the advection period time-integrated air concentrations is a 
simple arithmetic operation, but the addition of the surface concentrations 
may involve decay and ingrowth. Figure 10 shows how decay and ingrowth are 
treated in the accumulation of the long term time-integrated concentrations. 

MESO! automatically writes both the advection period and long term 
time-integrated air surface concentrations to disk files at the end of each 
advection period. These files may be used to estimate average concentra­
tions. The user is also provided with a warning message if the 
time-integrated air concentration at any of the checkpoints has risen above a 
level of concern during the period. These features are provided by subrou­
tines PRINTE and ARRTIM, respectively. 

If detailed output on each puff is desired at the end of the advection 
periods, it may be obtained using subroutine TESTM. 

When all puffs have been moved, MESO! goes to the next advection step. 
The meteorological data are updated if new data are required, a new puff is 
prepared for release, and the puff movement-computational cycle is repeated. 
Updating the meteorological data involves moving wind and temperature data 
from the coming data interval to the past interval using subroutine SHIFT, 
and then reading new data for the coming periods using subroutine DATRD. 

The computational cycle and model output are described in detail in 
later sections. 

At the completion of each simulated hour, MESO! provides the user with 
an opportunity to view the intermediate results of the simulation. These 
results may be directed to an alpha-numeric or graphics terminal or to files 
to be plotted on a hard-copy plotter. At this point MESO! also evaluates 
each of the puffs that are being followed. Puffs that are close together are 
combined, and those with center concentrations that have fallen below a 
minimum concentration of interest are deleted. 

Subroutines involved in the output options at the end of each hour in­
clude SCREEN, PLOTZ, WNDFLD and WNDPLT. Subroutine CLEAN does the 
house-keeping chores associated with deleting and combining puffs. 
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When 48 simulation hours have been completed, or the user elects to 
bring the simulation to a close, MESO! returns a summary of the conditions at 
predefined checkpoints. The summary gives the times at which each of two 
threshold time-integrated air concentrations have been estimated to have been 
exceeded. 

MESO! then requests instructions with respect to further simulations. If 
further simulations are to follow, instructions are requested about reini­
tialization. If there are no further simulations, the MESO! requests 
instructions regarding the disposition of the output files generated by the· 
model. Disposition options include saving, printing, printing then deleting 
and deleting the files. The options available at the end of simulations are 
provided by subroutine MODENO. 

Program listing 1 provides the MESO! computer code. The main program 
and its associated common blocks require almost 98,000 bytes of memory. Of 
this total, about 2100 bytes are used for storage of the executable code, 
about 1000 bytes are used for local data, and about 94,600 bytes are used by 
the common blocks. 
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PROGRAM ~£SO I 

c·~··~•••••••••••••••••••••••••••••••••••••*•••••••••••••••••••••••• 
c 
C ,1'£50 I 
C Interactive Puff Diffusion Model, Ver,;ion 2.0, June 1963 
c 
C Athey, G.F .. J.". Ramsdell, C.S. Glan··z 
C Pacific /lorth .. est Laboratory 
C PO Box 999 
C Plc~land, Washington 99352 
c 
C Cre~ted: 6/1/83 
C Updatea: 
c 
C Description: 
C This is the main control I i ng progam for the I>ESO I model . 
c 
C The orograms have been ~rltten pri~r.->rily in st~M~ra FORTRAN-77. 
C Oocument~tlon describes the non-stanaard usages. Code development 
C was done on a VAX 11/"00. 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Relationship to other modules: 

Mal<es calls to: ALPHA, AARIVN, 
DA'Tl!R, OifOEP, 
GRID IN, IN IT, 
PLOlZ, PRINTE, 
SrnEEN, SHIFT, 
TOPFIL, WIND, 

Called from: 

,v:[RTIM, C.EAN, OATRD, 
IJTOPO, EXPSUM, FILOP!IJ, 
lOCATE, '-ODENO, Pt.r.R IZ, 
I'IJFF!d, f'IJFFR, RELEAS, 
IIINSPO, TERRA, TES~, 
HNOFLO, WNOPL T 

c••••••••••••••••••••••••••••••••••••• .. •••••••••••••••••••••••••••• 
INC.UOE 1 AARIV, INC' 
INQ.UOE •CHAA.INC' 
INQ.UOE •CONST.INC' 
INQ.UOE 'OATIM. INC' 
INQ.UOE 'DECAY. INC' 
INQ.UOf 1 '-11\TRIX.!NC' 
INQ.UOE •PUFFS. INC' 
INQ.UDE 'REL. INC' 
INQ.UDE 'TOPOGR, INC' 
INQ.UOE 'UNITS. INC' 
INQ.UDE 'WINDS. INC' 

INTEGER SHR 

C ** USE SYSTEM CALLS 1t) OBTAIN lHE OJRRENT DATE AND TIME 

CALL DATE (ROATE) 
CAll Tl/o£ IRTII£l 

WRITE (LIJN(2),110) RTIIo£, ROATE 
110 fORII\I\T [//////, 1~X, ·~SOl·- INTERACTIVE PUFF DIFFUSION n)OEL', 

+ /26X, 'V€RS10N 2.0 JUNE 1963', //26X, •Til.£ ~ ', A8, 
+ //26X, 'DATE" ', A9////l 

PAUSE •TYPE C TO OONTINUE' 

CALL FILOPN 
WRITE (L\JNI5l,110l RT1~. PMTE 

Program Listing 1 MESO! 
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C ** DEFINE AND INITIALIZE GRID, TOPOGRAPHY, MODEL PAII.AKETEII.S, 
C ** CHilCKPOIN'l'S AND RELEASE 

c 

120 CALL GRIDIN (DELXY, NUMSTA) 
CALL TOPPIL (DELXY) 
NXTDAY•O 

130 CALL INIT (NUMSTA) 

•• 

CALL ARRIVN {DELXY) 
CALL RELEAS (DDAY, DBR) 

SEND BELL TO TERMINAL AND INDICATE START 

WRITE(LUN(l) ,140) "7, "7 
140 FORMAT('+', SAl///) 

PRINT *, ' *** S'l'AII.T SIMULATION ***' 

C ** HOURLY LOOP FOR SIMULATION 

'" • 

LUINDX .. 3 

DO 400 SHR E 1, 48 

DO 300 lADV ~ 1, NPB 

IF (IADV ,£Q, 1 ,OR, INTFLG .EQ. l) THEN 
IP (LUINDX .EQ, 3) THEN 

IF (NXTDAY ,EQ, 888) THEN 
LUINOX • 4 
CALL LOCATE (DYR,OOAY,DHR,DMIN,LERROR,LUINDX,INTFLG) 

END IF 

""'" 
CALL OATRD (LUINDX, SHR) 

I.DEPTB "' I.DEPTH * 10 
TT " TEMPB 
CALL OA'l'WR 

CALL WINO (NUMSTA) 
IF (TITLE(l) .NE. '*') CALL TERRA 

IF (LDEPTH .GT. 800 ,AND, ALPHFL ,EQ. 1) THEN 
CALL ALPHA (STAB, ALPHAU, ALPHAV) 

ENOIF 
END IF 

TINC ,. (IADV-1) * ADT 
DO 230 NS • 1, NSOORC 

IF (POFLG(NS) .EQ. 1) GOTO 210 
IF (RELOAY(NS) .NB. PREVDY) GOTO 230 

ELSE 
GOTO 230 

END IF 

.EQ. PREVBR .AND. PARTBR(NS) .£Q, IADV) THEN 

,200) NS, PREVBR, 
,200) NS, PREVHR, 
'SOORCE ', Il, ' 

, 12, 1 ADVECTION 

IADV 
IADV 
POFP RELEASE PLAG SET 
STEP ', Il/) 

210 IF (NPOFFS(NS) ,LT, MAXPUF(NS)) THEN 
PRISE "' 0.0 
IP (PLMRFL(NS) .EQ. l) THEN 

AIRT • T + ( (IADV - 1) * (T - TT) / NPH) 

MESO! (cont'd) 
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IF (STEMPC .GB. AIRT + 10.) 'l'B!N 
CALL WINSPD (NS, TINC, SPD) 
CALL PLMRIZ (NS, AIRT, SPD, PRISE) 

END IF 
ENDIF 
CALL POFFR (NS, PRISE, LDEPTH) 

END IF 

230 CONTINUE 

DO 250 M • 1, TPOFFS 
IF (MF(M) .EQ. 0) GOTO 250 

IF (XP(M) .LE. 0.0 .OR. XP{M) .GT. 15.0) GOTO 240 
IF (YP(M) .LE. 0.0 .OR. YP(M} .GT. 15.0) GO'tO 240 

CALL POFPM (M, TINC) 

240 DS • SQRT(DXS(M)**2 + DYS(M)**2) 

IF (TOPFLG .EQ. 1) TRE:N 
CALL DTOPO (XP(M), YP(M), TPMl, OXS(M), DYS(M), TPMP) 

ENDIF 

OSMTR • OS * DELXY 

CALL DIFDEP (M, DSMTR, TPMI, TPMF) 

250 CONTINOE 

DO 270 J • 1, 31 
002601•1,31 

AXPDPL(I,J) AXPOPL(!,J) + AXPADV(I,J) 
BXPDPL(l,J) BXPOPL(I,J) + BXPAOV(l,J) 
BDEPOS(I,J) BDEPOS(l,J) * BDECA1 + AOEPOS{I,J) * 

+ RINAS + BOPADV(I,J) 
ADEPOS{I,J) ADEPOS(l,J) * AOECAl + AOPAOV(I,J) 

260 CONTINUE 
270 CONTINUE 

IF (ARRfL .EQ. 1) CALL ARRTIM (TltlC) 
IF (TPUFFS .GT. 0) THEN 

IPSUM • 0 
DO 310 M • l, TPUFFS 

!PSOM • IPSOM + MF(M) 
310 CONTINUE 

CALL PRIN'I'E {SBR, IADV, DDAY, DBR, DMIN, IPSOM, DPPLG) 
END IF 

IP (TI'l'LE(l) .EQ. '*' .AND. TPOPFS .GT. 0) 
+ CALL TESTM (IAOV, SBR, DBLXY) 

C ** CLEAR THE 15 MINUTE MATRIX ARRAYS 

00290J•l,3l 
DO 290 I • l, 31 

AXPADV(I,J) 0.0 
BXPADV(I,J) 0.0 
AOPAOV{l,J) 0.0 
BDPADV{I,J) 0.0 

290 CONTINOE 
290 CONTINUE 

IF (IAOV .BQ. NPB .OR. IRTFLG .£Q. 1) CALL SHIFT 
300 CONTINO! 

MESO! (cont'd) 
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c 
IP ('l'PIJPPS .G'l'. 2"NPB) CALL CLEAN 

•• CLEAR THE OOTPUT OPTION ARRAY 

0032011:•1,6 
IOPT(K) • I I 

320 CONTINUE 

WRITE (LUN(2) ,330) SHR, DDAY, DHR, DMIN, TPUFFS 
WRITE (L'UN(5} ,330) SHR, DDAY, DHR, DMIN, TPUFFS 

330 FORMAT (/5X, 'END OP SIMULATION HOUR ', 13, SX, 'DATA • DAY 
+ 13, 1 TIME,. 1

, I2, ':', 12, /7X, I3, 'PUFFS ACTIVE'/) 

340 WRITE (LUN(2) ,350} 
350 FORMAT (/SX, 'SELECT OOTPOT OPTIONS: S"' SCREEN', 

+ /29X, 'P • PUFF PLOT', 
+ /29X, 'W ., WIND FIELD PLOT', 
+ /29X, 'V • WIND VECTORS AT STATIONS', 
+ //29X, 'T • TERMINATE') 

READ (LUN(l) ,360,END•340,ERR•340) (lOPT(K) ,K .. l,6) 
360 FORMAT (6Al) 

DO 370 K•l, 6 
IP (IOPT(K) .NE. 1 1

) THEN 
IF (IOPT(K) .EQ. 'S' .OR. IOPT(K) .EQ. 'a') THEN 

CALL SCREEN (SHR, IPSUM) 
GOTO 370 

END IF 

IF' (IOP'l'(K) .EQ. 'P' .OR. IOPT(K) .EQ. 'p') THEN 
CALL PLOTZ 
GOTO 370 

ENlliF 

IF (IOPT{K) .EQ. 'W' .OR. IOPT(K) .EQ. 'w') THEN 
CALL WNOFLD 
GOTO 370 

ENlliF 

IF (IOPT(K) .EQ. 'V' .OR. IOPT(K) .EQ. 'v') THEN 
CALL WNDPLT 
GOTO 370 

END IF 

IF (lOPT(K) .EQ. 'T' .OR. IOPT(K) .EQ. 't') GO'l'O 410 

EN!) IF 
370 CONTINUE 

PRINT *, 1 SIMULATION ACTIVE' 
400 CONTINUE 

410 WRITE (LUN(2) ,420) 
WRITE (LUN(5) ,420) 

420 FORMAT (/SX, '***SIMULATION TERAINATED ***'///) 
IF (ARRPL .£Q. 1) CALL BXPSUM ('l'I"l'LB) 
CALL MODERO (*120, *130, DPPLG) 

£III) 

MESO! (cont'd) 
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MODEL INITIALIZATION SUBROUTINES 

There are nine model initialization subroutines included in MESOI Ver­
sion 2.0. The initialization subroutines are listed in Table 9, along with 
their memory requirements and purpose. The memory requirements are distri­
buted among executable code (CODE), local data (LOCAL DATA) and data in 
common blocks (COMMON DATA). A more detailed description and the code for 
each of these subroutines is presented in this section. The discussion 
follows the order in which the subroutines are called. 

GRIDIN 

The GRIDIN module initializes the wind grid 
for which wind data are available. It is called 
interaction and a file defining the stations. 

The module begins by specifying the default 
and allowing the user to change it within limits 
user is then asked to enter the name of the file 
MESO! is configured to handle up to 30 stations. 
read. Each record defines a station by: 

4 character station name 
x distance in kilometers from grid center 
y distance in kilometers from grid center 
station elevation in meters 
station status (0 if active; 1 if disabled) 

and establishes the stations 
from MESO! and requires user 

grid spacing (5000 m) 
(2.5 to 15 km). The 
containing the station data. 

The data file is opened and 

After the file has been read, the coordinates are converted into grid units. 
Active stations which are off the grid are disabled. The user display then 
shows the list of stations which will be used in the simulation. 

The user is then given the opportunity to edit the station list. The 
status may be changed and stations can be added. The process can be repeated 
until the user is statisfied with the station list. When the list is 
complete, GRIDIN calls REARNG to delete the inactive stations from the list. 

Program listing 2 contains the GRIDIN code. 

REARNG 

The REARNG module is called from GRIDIN if some of the station flags 
have been set to inactive (STATUS= 1). It deletes those wind stations from 
the list used in the wind field interpolation. 

Program listing 3 contains the REARNG code 
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TABLE 9.Model Initialization Subroutines 

NAME 

GRIDIN 

REARNG 

STRAY 

ASCND 

TOPFIL 

!NIT 

ARRIVN 

RELEAS 

RDK!N 

CODE 

2778 

133 

222 

175 

548 

1327 

13D6 

3036 

527 

SIZE (BYTES) 
LOCAL 
DATA 

2191 

12 

284 

96 

636 

1020 

9D7 

2038 

412 

COMMON 
DATA 

735 

671 

25503 

3912 

88419 

1624 

1372 

824 
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USE 

Initialization of wind sta­
tion parameters, set up wind 
stations for use in inter­
polation of surface winds, 
initialization of time inte­
grated concentration, sur­
face contamination and wind 
grids. 

Deletes inoperative wind 
stations from list. 

Selects 10 wind stations 
closest to each grid node. 

Places 10 wind stations 
closest to a grid node in 
order by distance, closest 
first. 

Initializes topography file 
for diffusion computations. 

Primary initializations of 
the model, e.g. puff release 
rate, deposition velocity, 
washout coefficients, set 
constants used in diffusion 
and deposition computations, 
enter title, date and time 
for start of simulation. 

Initialization of selected 
check points for arrival of 
puffs. 

Input of information on re­
leases including: positions, 
times, durations, 
quantities, characteri­
stics. 

Input of half-lives of ef­
fluent and daughter, compute 
constants for use in decay 
and ingrowth calculations. 



STRAY 

This module sets up the station array for each grid point and is called 
from GRID!N. 

First, the station number and a distance from the station to the grid 
point are saved. This list is then arranged in order of increasing distance 
from the point by subroutine ASCND. The final list of the stations to be 
used in interpolation is then placed into arrays for later reference. This 
sequence is repeated for each grid point. 

Program listing 4 contains the STRAY code. 

ASCND 

The ASCND module takes the list of station numbers and distances for a 
given grid point and arranges them in order of increasing distance. This 
module is called from the STRAY module for each grid point. 

Program Listing 5 contains the ASCND code. 

TOPFIL 

This module reads in topographical data for the fine grid. The data are 
used in computing ground-level concentrations for elevated releases. They do 
not affect the wind field. 

TOPFIL is called from MESOI as part of the initialization. It requests 
the user to enter the name of the file containing the data. If no data are 
available, the user enters "NONE" as the file name and the model will use 
uniform, flat terrain in it's calculations. If a file is opened, the 
topography flag is set (TOPFLG = 1) and a READ loop is executed. The data are 
expected to be integers representing elevation in meters at the nodes of th,e 
31 by 31 grid. The data is read as 31 rows north to south with each row 
consisting of 31 values west to east. The loop executes 31 READ's with the 
format (lx, 3114). This data structure allows the set to conform to the 
actual way the numbers or points would appear on a map. 

TOPFIL will stop model execution if it detects an error in reading the 
data. However, no bounds checking is done on the data and there is no 
provision for missing data. If the module encounters an EOF before filling 
the TOPO array the remainder of the spaces are assumed to be zero. This 
could create a severe discontinuity and should be avoided. 

Program listing 6 contains the TOPFIL code. 
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!NIT 

INIT is the primary initialization module and is called from MESO!. It 
begins by asking the user to input a title. This character string is used on 
all output to uniquely identify the run. A special feature of the title is 
its use in controlling the testing mode of operations. If the first 
character of the title is an asterisk(*), the testing mode is enabled (see 
TESTM description). 

Next, a number of constants are defined and the major arrays and flags 
are set to zero. Following is an interactive input section where the user 
defines the data interval and the simulatior starting data and time. LOCATE 
is called search the data files for matchin~ data. If the proper data is 
located, the starting records are read and cecoded. 

Program listing 7 contains the INIT code. 

ARRIVN 

This module initializes the exposure checking utility. Up to 35 
locations can be specified to monitor total cumulative exposure. During a 
simulation, messages are printed whenever the exposure at a checkpoint 
exceeds a preset threshold. 

ARRIVN is called from MESO! during the initialization. The array 
is used to maintain all the needed information about the checkpoints. 
pieces of information are stored for each of the 35 points: 

1) x coordinate in km from grid center· 
2) y coordinate in km from grid center 
3) status flag; 0 if location not on current grid 

1 if checkpoint active 
2 if 1st threshold has been exceeded 
3 if 2nd threshold has been exceeded 

4) first 4 characters of location name 
5) second 4 characters of location name 
6) Julian date when first threshold was exceeded 
7) hour when first threshold was exceeded 
8) minute when first threshold was exceeded 
9) Julian date when second threshold was exceeded 
10) hour when second threshold was exceeded 
11) minute when second threshold was exceeded. 

ARRIVL 
Eleven 

ARRIVN requests the name of a file containing the checkpoint 
definitions. If none is defined, the checkpoint flag {ARRFL) is set to zero 
and the subroutine returns. If a file is opened, data records are read to 
define the checkpoint names and locations. The data file consists of three 
elements per record: x andy coordinates anc name. The format is 
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(1X,F6.1,1X,F6.1,2A4). The input loop reads each record and checks to see if 
the location is on the grid. If it is, the first five elements of ARRIVL are 
defined. Input stops when an EOF is encountered or 35 checkpoints have been 
defined. 

After the checkpoints are defined, they are listed to both the terminal 
and the output file. The two thresholds (THRSHI and THRSH2) are then defined 
by the program. The user has the option to change them at this point. 

Program Listing 9 contains the ARRIVN code. 

RELEAS 

The RELEAS module is used to initialize the source characteristics. It 
is called from MESO! and requires extensive user input. 

The user first specifies the number of sources (1 to 4). Then for each 
source, the user specifies the following: 

1) location of source; x and y from grid center in kilometers 
2) release height; meters above ground level 
3) release date and time 
4) release duration 
5) source term (if known) 
6) stack parameters (if any). 

The location coordinates are converted to grid units and checked to make sure 
the location is on the grid. The height, date and time are checked for 
realistic values. The date and time are then compared with the data to see 
if the release is after the specified simulation start. In all cases, an 
error message is generated if a problem is detected and the user is prompted 
again for input. The release duration is checked for acceptable values and 
is converted into the number of puffs to be released from that source. 
Finally, if the source term is known it can be defined in units of mass per 
hour. If the release is from a stack, the stack temperature and the efflux 
rate can be entered for later use in the plume rise calculations. 

Once definition is complete for all the sources, the user specifies 
whether deposition and/or radioactive decay are to be enabled. There is no 
provision for having these options separate for each source. If decay is 
enabled, RELEAS calls RDKIN to initialize the process. 

Program listing 9 contains the RELEAS code. 
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RDKIN 

ROKIN is the subroutine that is used to initial1ze the decay/ingrowth 
process in MESO!. It is called from subroutine RELEAS. It requests that the 
user supply half-lives, in seconds, for the initial effluent species and the 
daughter species that results from the decay of the initial species. The half 
lives are converted to decay constants (ALMBOA and BLMBOA) for use with time 
increments in minutes. 

Entering a half-life of zero for the parent species (A) will cause an 
early exit from RDKIN and cause the model to skip all decay related computa­
tions. A negative half-life will not be accepted for the parent species. 
Entering a zero or negative half-life for the daughter species (B) will 
indicate that the daughter species is stable, i.e. the daughter will not 
decay. 

When the decay constants have been computed, RDKIN computes the frac­
tions of the parent and daughter species remaining at the end of an advection 
period, and the fraction of the parent species that will result in net 
ingrowth of the daughter species during an advection period. These fractions 
are stored in the variables ADECAl, BDECAl and BINAS. A coefficient, DKCOEF, 
is computed if the half-lives of the species are equal. 

The RDKIN subroutine is contained in Listing 10. 

en 
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c 
c GRID IN ~£SOl VERSiml 2.0 
C Grid initialization module 
c 
C Athey, G.F., J.V. Ramsdell, C.S. Glantz 
C Pacl f ic ~orthwest Labor.-tory 
c PO Box 999 
C Richland, W~shlngton 99352 
c 
C Cre11ted: 6/1/83 
C Upd~ted: 

C Description: Initial izatlon of the g.-!d and set up of 
c meteorological stations. Reads data frcrn a us&r specified 
C file and all artS edlttlng of the shtlon parameters and the 
C addition of r>eW stations. 
c 
C Relationship to other modules: 
c 

c 
c 
c 
c 
c 
c 

•• 

~lakes calls to: REAA:NG, STRAY 

Called frcrn: MESOi 

SUBROIJTINE GRIDIN WELXY, ~MSTAl 

INQUD€ 'CiiAA.INC' 
INQUDE 1STATN.INC1 

INQUDE 'UNITS. INC' 

REAL XOISH30l, YDISTOOl, NEW2, NEW3 

INTEGER STANlJM(30l 

CliAAACTER*4 NEWI 
CliAAACTER*I SELEcr 
CliAAACTER*OO FILEI 

DEFINE 11iE r.t::TEOROLOOICJ\L STATIONS: 
•• '""' 4 D!AAACTER NAM': 
•• XDIST STATION DISTMCE FRO~I GRID CENTER 
•• YDIST STATION OIST~CE FRO~ GRID CENTER 
•• STATUS 0 IF ACTIVE; 1 IF OISA'ILED 

" " 
•• ELEV ELEVATION IN ~ETERS .'60VE SEA LEVEL 

D€LXY • ~000.0 
WRITE ILUNI2J,H>OI 
WRITE ILUNI5l,1001 

100 FORMAT(//~, •M:SOI --->GRID INITIALIZATION',/) 

WRITE ILUNI2J,110l OHXY 

KILD"f:TERS 
KILOI-ETERS "-""' uo 

110 FORMAT (/8X., •n;E QJRRENT WINO GRID IS: 16 f!()IS X 16 OOLUr.tiS', 
+ /!8X., 'DELXY ~ ', F10.2, 'lof:TERS'l 

120WRITE llUNI2l,130) 
130 FOR"""'T 1/SX, '00 YOU \i~T A DIFFERENT GRID SPACI~? Y Ofl N'l 

READ ILUNI1l,I40,EN0•120,EAA,.I201 SELECT 
140 FORMAT IA1 I 

IF !SELECT ,NE. 'Y' .mo. SELECT ,NE. 'Y'I GOTIJ 170 

150 '~RITE ILUNI2),1601 
160 FOR~IIIT (/5X, •SPECIFY NEW DELTA XY liN JETERSl'll 

READ ILUNIII,*,END•I50,ERR•150) DELXY 

Program Listing 2 Subroutine GRIDIN 
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IF (DBLXY .L'l', 0) 'l'BBN 
PRINT*, 'NEGATIVE VALUES NOT ACCEPTABLE' 
GO'l'O 150 

END IF 

IF (DELXY .LT. 2500.0 .OR. DELXY .GT. 15000.0) THEN 
PRINT *, ' **** WARNING ****' 
PRINT *• 'GRID SPACING SELECTED IS OUTSIDE USUAL LIMITS' 
PRINT *• ' USE CARE IN INTERPRETING HODEL OUTPUT' 

ENDIF 

170 WRITE (LUN(2) ,180) 
180 FORMAT (/SX, 'MESOI ---> STATION INITIALIZATION',/) 

NIJMSTA • () 

190 PRINT *, 'ENTER FILENAME FOR READING STATION INFORMATION > ' 
READ (LUN(l) ,200) FILEl 

200 FORMAT (A80) 

OPEN (UNIT•LUN(l5), FORM•'FORMATTED', S~ATUSm'OLD', FILE•FILEl, 
+ IOSTAT • IER) 

IF ( IER .NE. ()) THEN 
PRINT *, 'GRIDIN » ERROR ', IER, ' OPENING SPECIFIED FILE' 
GOTO 190 

ENDIF 

210 READ (LUN(lS) ,220,EN0•230) NAMST(NIJMSTA-1), XDIST(NUMSTA+1), 
+ YDIST(NUMSTA+1), ELEV(NUMSTA+ll, STATOS(NUMSTA+1) 

220 FORMAT (lX, A4, 2(2X,F6.2), 4X, !4, 4X, Ill 
NUMSTA • NUMSTA + 1 
GOTO 210 

230 CLOSE (LUN(l5)) 
240 NSTAT ,. 0 

DO 260 lal, NUMSTA 
XSTA(I) "' (XDIST(I)*lOOO. / DELXYJ t '7,5 
YSTA(I) • (YDIST(IJ*lOOO. / DELXY) + '7.5 
IF (XSTA(I) .LT. 0.0 ,QR, XSTA(I) .GT. 15,0 .OR, 

+ YSTA(l) .LT, 0.0 .OR. YSTA(I) .GT. 15.0) THEN 
WRITE (LUN(2) ,250) NAMST(l) 

250 FORMAT (/SX, 'NOTE: ',A4, ' STATION IS OFF CURRENT GRID', 
+ /lOX, 'STATUS SET TO l [INACTIVE]') 

STATUS(!) ,. l 
END IF 

I? (STATUS(!) .EQ.l) NSTAT • NSTAT + l 
260 CONTINUE 

WRITE (LUN(2) ,270) NUMSTA,NSTAT 
270 FORMAT (/SX, 'THERE ARB CORREN'l'LY ',I2,' STATIONS WITH ',I2, 

+ ' DISABLED',/) 
WRITE (LUN(2) ,280) 

280 FORMAT (6X, 'STA NAME', 6X, 'GRIDX', SX, 'GRIDY', 4X, 'ELEV', 
t 4X, 'STATUS') 

DO 100 I "' 1, NUMSTA 
WRITE (LON(2) ,290) I,NAMST(l) ,XSTA(I) ,YSTA(I) ,ELEV{l) ,STATOS(I) 

290 FORMAT (6X,I2, 2X,A4, 3X,F8,2, 2X,P8.Z, 4X,I4, 6X,Il) 
IF (MOD(I,l5) .EQ. 0) PAUSE 'TYPE C '!'0 CONTINUE' 

100 CONTINUE 

310 WRITE (LUN(2) ,320) 
320 FOIUIAT (/SX, 'ANY CHANGES TO STATUS FLAGS? Y OR N') 

READ (LUN(l), 330, END•HO, ERR•310) SELECT 
330 FORJIIAT (All 

Subroutine GRIDIN (cont'd) 

70 



IF (SELECT .NE. 'Y' .AND. SELECT ,NE. 'y') GOTO 400 

340 WRITE (LUN(2) ,350) 
350 FORMAT (/5X, 'HOW MANY STATIONS TO BE CHANGED?') 

READ (LUN(1), *• END•340, ERR~340) ICBG 
IF (ICHG .LT. 0) GOTO 400 
IF (ICHG .LE. NUMSTA) GOTO 370 
WRITE (LUN(2) ,360) 

)60 FORMAT (/5X 1 'GRIDIN » VALUE EXCEEDS NUMBER OF CURRENT STATIONS', 
+ //) 

GOTO 340 

)70 WRITE (LON(2) ,380) 
380 FORMAT (/SX, 'ENTER STATION NUMBERS TO BE CHANGED --> N,N,N.,.') 

READ (LUN(l) ,*,END•370,ERR•370) (STANOM(I) ,I•1,ICBG) 

DO 390 I a 1, ICHG 
IF (STANUM(I) .LT. 0,0 .OR. STANUM(I) .GT. NUMSTA) THEN 

PRINT *, STANOM(I) ,' IS NOT A CURRENT STATION~ CHANGE IGNORED' 
GOTO 390 

END IF 

J '" STANOM(I) 
IF (STATUS(J) .EQ. 0) THEN 

STATUS(J) 1 
ELSE 

STATUS(J) 0 
END IF 

3!JO CONTINUE 
GOTO 240 

400 WRITE (LON(2) ,UO) 
410 FORMAT (/SX, 'ANY STATIONS TO BE ADDED? Y OR N') 

READ (LUN(l) ,420,ENDq0Q,ERR•400) SELECT 
420 FORMAT (A1) 

IF {SELECT ,NE, 'Y' .AND. SELECT .NE. 'y') GOTO 610 
430 WRITE {LUN(2) ,440) 
440 FORMAT (/SX, 'HOW MANY STATIONS TO BE ADDED?') 

READ (LUN(1) ,*,END•430,ERR,.430) !ADD 
IF (!ADD .LE, 0) GOTO 610 
IF (NUMSTA+IADD .LE, 30) GOTO 460 
WRITE (LUN{2) ,450) 

450 FORMAT (SA, 'GRIDIN »ONLY 30 STATIONS ALLCMED') 
GOTO 430 

460 WRITE (LUN(2) ,470) 
470 FORMAT {5X, 'EACH STATION SPECIFICATION MUST INCLUDE: ',/7X, 

+ 'STATION ID -- 4 CHARACTERS' ,/7X, 
+ 'X AND Y DISTANCES IN KILOMETERS FROM GRID CENTER' ,/7X, 
+ 'ELEVATION IN METERS ABOVE SEA LEVEL' ,j) 

DO 600 I • 1, !ADD 
480 WRITE (LON(2) ,490) NUMSTA+I 
490 FORMAT (5X, 'SPECIFY 4 CHARACTER NAME FOR STATION ' 1 12,/) 

READ (LUN(l) ,500,END•480,ERR•480) NEW1 
500 FORMAT (A4) 
510 WRITE (LUN(2) ,520) NUMSTA+I 
520 FORMAT (SX, 'SPECIFY X ANDY DISTANCES FOR STATION 1 ,12,/) 

READ (LUN(l) ,*,END•SlO,ERR•SlO) NEW2, NEWJ 
IF {ABS(NEW2) .GT. (7.5*DELXY/1000.0)) GOTO 640 
IF (ABS(NEW3) .GT, (7.5*DELXY/l000,0)) GOTO 640 

530 WRITE (LUN(2) ,540) NOMSTA+I 
540 PORMA.'l' (/5X, 'SPECIFY ELEVATION FOR STATION ',I2/) 

READ (LUN{l) ,*,END•530) ND1'4 
IF {NEtl4 .LT. 0 .OR. NBW4 .GT. 9999) THEN 
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PRINT *• 'ELEVATION OUT OF NORMAL RANGE' 
GO'l'O 530 

~;:NO IF 

C ** IP SPECIFICATIONS ARE ACCEPTABLE, ENTER INTO ARRAYS 

NAMST (NUMSTA+I) 
XOIST(NUMSTA+I) 
YDIST(NOMSTA+I) 

ELEV ( NUMSTA+I ) 

600 CONTINUE 

Nl!Wl ... , ... , 
• NEW4 

NUMSTA • NUMSTA + lAUD 
GOTO 240 

610 CONTINUE 
ACTSTA • NUMBTA - NSTAT 
IF (NSTAT .NE. 0) CALL REARNG (NOMSTA) 
CALL STRAY (ACTSTA) 

WRITE {LON(2) ,620) 
620 FORMAT (/ /, 5X, '** END GRID INITIALIZATION **' ,//) 

C ** WRITE COMPLETED GRID INFORMATION ~ OUTPUT FILE 

WRITE (LUN(5) ,110) OELXY 
WRITE (LON(S) ,270) NOMSTA, NSTAT 
WRITE {LUN(S) ,280) 
DO 630 I • l, NOMSTA 

WRITE (LUN(S) ,290) I, HAMST(l), XSTA(I), YSTA(I), ELEV(I), 
+ STATUS{!) 

630 CONTINUE 
WRITE (LON(S) ,620) 
RETUNN 

640 WRITE (LON(2) ,650) NOMSTA+I 
650 FORMAT (/SX, 'NEW STATION [NUMBER ',I2,'] IS OFF THE GRID',/) 

GOTO 400 

END 

Subroutine GRIDIN (cont'd) 
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c~~••••~·•••··~~·~~·~·••••~••••••••••~•••••••••••••••••••••••••••••• 
c 
c 
c 
c 

Rearrangement of station I ist 

C Athey, G.F., J.V. Ramsdell, C.S. Glantl 
C Peci t lc Northwest Laboratory 
C PO Box 999 
C Richland, Washington 99352 
c 
C Created: 6/1/83 
C Updated: 
c 

I'ESOI VERSIO~I 2.0 

C Description: Removes stat;ons with status flag set I rem the 
C set of active stations to t>e used in wind interp.ol~tlon. 
c 
C Relationship to ·~ther module;; 

M~~es calls •o: .'lONE 

Ci:llled fran: GRIDIN 

SUBROUTINE R£AAIG \NJMSTAI 

I~IQUDE 'D-iAA.INC' 
INQUDE •STATli. INC' 

I ~ 0 
00 100 K ~ 1, NJ~ISTA 

IF ISTATlJSIKI .EQ. 11 GDm 100 
I ~ I + I 
XSTA(Il ~ XSH(K) 
YSTA{ I I ~ YSTAIKI 
NAMST( I I .~AMST<Kl 

ELEVIIl ~ HEVIKI 
100 OONTINU£ 

RETlJRN 

'" 
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c 
c 
c 
c 
c 
c 
c 

STRAY 
Station array Initial izatlon 

Athey, G.F., J.V. Ramsdell, C.S. Gl~ntz 

Pacl fTc North• est labOI'"atory 
PO Box 999 

C Richland, Washington 99352 
c 
C Creeted: 6/1/83 
C Updated: 
c 

MESO I VERSION Z.O 

C ::lescrlptlon: Sets up the station array "0<" e~ch wind grid point 
c 
C Relationship to other modules: 
c 
C 1-laKescallsto: AS(}jQ 
c 
c 
c 

Called fr<::m: GRID IN 

SUBROOTINE Sll<AY ft-IJMSTAJ 

REAL RTI30J 

INTEGER NS8(30) 

INQ.UOE 101AA. INC' 
INCLUDE 'STATN. INC' 
INQ.UDE 'WINOS. INC' 

XG ~ 0.0 
0030011,16 

YG • Q.O 
00200J 1,16 

00100 L • 1, ~MSTA 
NSBfll • l 
RT(Ll • IXSTAIU-XGlnz + IYSTAIL:-\'GJU2 

100 I))NTINUE 

CALL ASQIO IRT, NSB, NUMSTAl 
DO 1 50 L • I, N.JMSTA 

STDISTIL,I,Jl • RT(l) 
STNIJMIL,I,Jl NSBIU 
IF IL .EQ. 10) 001'0 160 

I.'Xl c::oNTINUE 
1150 YG•\'G+I.O 
200 OJNTI"l!E 

XG•XG+I.O 
300 CONTINUE 

RETIJRN 

'" 
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C*~~*********~***********~*************************~••••••********"* 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ASCNO 
Jraer stations 

At~ey, G.F., J.V. Ramsdell, C.S. Glantz 
Pacific Northwest Laboratory 
PO Box 99\1 
Richland, Was~in~ton 99352 

C Created: 6/1/83 
C Updated: 

~ESOI VERSION 2.0 

C Oescrlption: For a given grid point, stations ~rearranged in 
C ascending order by distance frcrn the point. 
c 
c 
c 
c 
c 

RT -- dlshnce IX*"2 + yu21 
~SB -- st~tlcn numl>er 
'IUMSTA- total number of 'ltations 

C Relationship '"o other modules: 
c 
C Makes calls to: NONE 
c 

Called frcrn: STilAY 

SUBROUTINE ASa.D IRT, NS8, NIJMSTAl 

REAL RTI30), TMP 

INTEGER NS6(30), NTW 

DO 110 I 1, IUMSTA-1 
J ~ 0 
DO lOOK~ 1, ~MSTA-1 

IF IRHK+I l .GT. RT!Kll GOTO TOO 
J ~ K + I 
TMP ~ RT(K) 
NSBTW ~ NSSIKl 
RTCKJ ~ qT(J) 
NSB(KJ ~ NSSIJl 
RTIJl • TMP 
NSBIJl • NSSTW 

TOO OONTINUE 
IF U .EQ. 01 GOTO 120 

110 O)NTI:-IUE 

1:20 RETURN 

"'" 
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TCPF I L f£501 VERSIOtl 2.0 
C Topography ~ata input module 
c 
C Athey, G.F., J.V. Ramsdell, C.S. Glantz 
C P~cific Northwest laboratory 
C PO Box 999 
C Richland, ~ashington 99352 
c 
C Created: 6/t/83 
c Upaated: 

C Description: .'-lodule to input ground I eve elevations to describe 
C topograpny fa.- tt.e 31 x 31 fine grid. 
c 
C Pelatlcnship to other modules: 
c 
C "akes calls to: NONE 
c 
C Calledtrcm: :"ESDI 
c 
c•••••••~••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SUBROUTINE TDPFIL COELXYJ 

iNQ.UDE 'TOPOGR. INC' 
INQ.UOE 'UNITS. INC' 

OfAAACTER*SO FllEI 

TDPF\.G ~ 0 
00110J~1,31 

DOIOOI-1,31 
TCPOII,JJ ~0.0 

100 I);)NTINUE 
I 10 I);)NTINUE 

WRITE ILUNI21,120l DELXY/2.0 
120 FORW..T (/Zf., 'TilPFIL ~~ T·O 'It:£ GRID HAS BEE: 1LIZEO ', 

+ 'WITH A SPACING CF ', f7.0, '~ETE~S-', /7X, 
+ 'SPACING OF n-lE TDPOGRAPIW DATA FQINTS ~IJST BE lHE SMJE'//J 

130 PRINT*, •ENTER NAio£ OF FILE OONTAINING TnPOGRAFt!Y DATA' 
PRINT •, ' USE ''NONE'' i<I'HEN TERRAIN IS NOT KNCWN »' 
READ ILUN11J,140J FILE! 

140 FORMAT I ABO J 

IF IFILEI .EQ. 'NONE' .OR. FILE1 .EQ. 'r.one'l THEN 
PRINT*, •TOPO NlRAY SET 1!1 ZEROES; UNIFORM, FLAT TERRAIN' 
GOTO 900 

ELSE 
OPEN I~IT~lUNI15l, FQRM- 1 FORWtmO•, STAT1JS•'I10', 

+ FILE•FILEI, IOSTAT~IERJ 

IF liER .NE. OJ THEN 
PRINT *• •TOPFIL n ERROR ',IER, ' OPENI'-6 TOPOGRAPHY FILE' 
GOm 130 

END IF 
ENOIF 

TOPflG = 1 
D0200J•31,1,~1 

READ ILUNl15J,150,10STATziERJ 1101'0 I,.JJ,I•I,31J 
1~0 FOR~T (1X, J114l 

IF (JER .GT. OJ THEN 

Program Listing 6 Subroutine TOPFIL 

76 



PRINT *, 'TOPFIL » i>P.ROR 
STO' 

IER, ' READING FILE' 

""'" 
IF (IER .LT. 0) 

PRINT *, 'EOF 
PRHlT *, J-1, 
GOTO 900 

EllDIF 

200 CONTINUE 

900 CLOSE (LUtH15)) 
PETURN 
:O:ND 

T"'N 
DURING ~OPOGRAPP.Y FILE READ' 
' ROI·JS EllTERED; ?.ElllllNOER !JILL 

Subroutine TOPFIL (cont'd) 
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c 
c 
c 
c 
c 
c 
c 

IN IT 
Primary initialization module 

AtMey, G.F., J.V. Ramsdell, C.S. Glantz 
Pact f ic Northwest Laboratory 
PO Box ggg 

c Richland, w~shlngton 99352 
c 
c Cre~ted: 6/T/83 
C Up<Jated: 

~1ESOI VERSION 2.0 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Oescription: Primary initial lzatlons 
Identification title, current cate 
simul~tlon parameters. 

of the model, including: 
and time, and basic 

Relationship to ether modules: 

l~akes calls to: 

Called fran: 

DATRO, 
SHIFT, 

~SOt 

DAT\!R, 
l'ERRA, 

JULIAN, LOCATE, 
~INO 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUBROUTINE INIT (I{JMSTA) 

INQUOE 'OiM. INC' 
INQUOE 'CONST.INC' 
INQUDE •OATIM.INC' 
INQUDE 1 MATRIX.INC' 
INQUOE 'PUFFS. INC' 
INO.UOE 'REL. INC' 
INQUOE 'UNITS. INC' 
INQ.UDE 'WINDS. INC' 

INTEGER STilAY, ST11R 

C •• DEFINE WASHCUT COEFFICIENTS 

DATA WC/ 0.79, 2.2, 4.0, 0.36, 1.2, 2.3 I 

WRITE ILUI'I(2),100l 
~RITE (LUNI~l,TOOJ 

100 FORWIT (/5X, '"'ESOI ->PRIMARY INITIALI2ATION•,/l 

110 WRITE ILUN(2l,l20l 
120 FOF!WIT (,X, •ENTER RUN IOENTIFICATICN TITlE OF UP TO', 

... I 50 OiAAACTERS') 
REAO ILUN(1),130,EN0•110,ERR•110l TITLE 

130 FORMAT 150A1 l 

C ** SET KTOEL PARAIETERS: 
C ** N~ ---- /lliM3ER OF PUFFS PER HCUR 
C ** CHIMIN -- INITIAL MINI~M SIGNifiCANT CONCENTRATION 

NPH • 4 
QIIMIN ~ I.OE-15/ 60. 

IF IIT<l0160,NPHll .NE. Ol GOTO 800 

00150Js1,500 
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MF(I) • 0 
150 CONTINUE 

00 160 I '" 1, 4 
NPOFFS(I) 0 

PUFLG{I) 0 
160 CONTINUE 

TPOFFS '" 0 

00 180 J 1' 31 
00170I .. 1, 31 

EXPCUM{I,J) o.o 
ADEPOS(I,J) o.o 
BOEPOS{I,J) o.o 
AXPDPL(I,J) • o.o 
BXPDPL{I,J) 0.0 
AXPADV{I,JJ o.o 
BXPAOV{I,J) o.o 
ADPADV{I,J) 0.0 
BllPADV{I,J) o.o 

170 CONTINUE 
180 CONTINUE 

C ** DEPOSITION VELOCITY s 1 CM/SEC 
C ** OR 36 METERS/HOUR 

DV "' 0.01 * 3600 
TWOPI • 6.283185 

ADT ., 1.0 I NPB 
FAC ., ADT * 3600 / DELXY 
ACNST • 2.0 I (60.0 * TWOPI ** 1.5) 

INTF'LG • 0 
WRITE {LUN(2) ,190) 

190 FORMAT {/5X, 'IS METEOROLOGICAL DATA AVAILABLE AT 15 MINUTE 
+ 'INTERVALS? Y OR N', /7X, 'DEFAULT IS HOURLY DATA'/} 

READ {LON(1), 200) SELECT 
200 FORMAT (Al) 

IF (SELECT .EQ. 'Y' .OR. SELECT ,EQ. 'y') INTFLG s 1 

210 WRITE {LUN(2) ,220) 
220 FORMAT (//5X, 'ENTER DATE FOR SIMULATION START-- IUlDDYY') 

ReAD (LUN(l) ,230,END•210,ERR"'210) IMO, IDAY, IYR 
230 FORMAT (10I2) 

IF (IYR .LT. 70 .OR. IYR .GT. 85) GOTO 210 
CALL JULIAN (lYR, IMO, IOAY, STDAY) 

IF (IHO.LT.l .OR, IMO,GT.12 .OR. IOAY.LT.l .OR. IDAY,GT.Jl) TBBH 
WRITE (LUN(2) ,240) IMO, IDAY, IYR 

240 FORMAT (SX, 'A DATE OF '• I2,'/',I2,'I',I2, 'IS IMPOSSIBLE 
+ '--> TRY AGAIN' ,/ /) 

GOTO 210 
ELSE 

WRITE (LUN(2) ,250) STOAY, IYR 
250 FORMAT (/SX, 'JULIAN DATE '• IJ, 4X, '19',I2,/) 

ENDIF 

260 WRITE (LUN(2) ,270) 
270 FORMAT (/5X, 'ENTER HOUR FOR START OF SIMULATION',/) 

READ (LON(l) ,*,£ND•260,ERR•260) STaR 
IF (STHR .LT. 1 .OR. STBR .GT. 24) THEN 

WRITE (LUN(2) ,280) STHR 
280 FORMAT (SX, 'A STARTING IIOOR OF ',IJ, 1 IS IMPOSSIBLE 

+ '-->TRY AGAIN',//) 
GO'l'O 260 
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EIIDIF 

LUINDX • 3 
CALL LOCATE {IYR, STDAY, STUR, 0, LERROR, LUINDX, INTFLG) 
IF (LERROR .BQ, 1) GOTO 210 

CALL OATRO {LUINOX, 0) 
LDEPTB • LDEPTB * 10 
TT • TEMPB 

ALPHAU • 1,0 
ALPBAV " 1.0 
ALPBFL • 0 
WRITE (LUN(2) ,290) 

290 FORMAT {/2X, 'DO YOU WISH TO OSE THE ALPHA MODIJLE IN THE ', 
+ 'VERTICAL INTERPOLATION OF TRE WINDS?', /4X 1 'Y OR N. 
+ /7X, 'IF NO, A LINEAR INTERPOLATION (ALPHA •1,0) WILL aE USED'/) 

READ (LON{l) ,200) SELECT 
IF (SELECT .EQ, 'Y' ,QR, SELECT ,EQ. 'y') ALPBFL • 1 

PRINT *, 'ALL FILES OPENED AND FIRST WIND RECORDS PROCESSED' 

CALL DA'l'WR 

CALL WIND (NUMSTA) 

CALL SHIFT 

TERFLG • 0 
IF (TITI.E(l) .NE. '*') CALL TERRA 

WRITE (LON(S) ,300) TITLE, RDATE, RTIME 
300 FORMAT ('1', //SX, 'RON TITLE--> 1

1 SQA.l, SX, AS, 2X, AS) 
IF (TITLE(ll ,EQ, '*') 'l'IIR!il 

WRITE (LUN(S) ,310) 
310 FORMAT (/8X, 'TESTING MODE SELECTED'/) 

ENDIF 

WRITE (LUN(5) ,320) STHR, IMO, IDAY, 1YR 
320 FORMAT (/SX, 'S1MtJLATION STAR'rS AT HOtlfl 12,' ON DAY 

+ 12, ·-·. 12, '-', 12//) 
RETURN 

800 STOP 
END 

ERROR -- UNACCEPTABLE SP!CIP1CAT10N IN 1N1T' 

Subroutine !NIT (cont'd) 
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c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c ARR IVN I'ESOI VERSION 2.0 
C Checkpoint loitl~l i:o:atlon 
c 
C .O.they, G.F., J.V. R~sdell, C.S. Glantz 
C P~cl f 1 c Northwest Labor~tory 
C PO Box 999 
C Richland, Wllshlngton 99J52 
c 
C Created: 6/1/63 
c Updated: 
c 
C Description: S~broutlne to initialize ttoe puff arr1Yal checking 
C utility. Sets up the ~rray 1 AARIVL' conhlning for each of 35 
C locations: 
c 
C II X distance in kii<Xneters fran grid center 
C 21 Y dlstence In kllaneters fran grid center 
C 31 status flag 
C 41 first 4 characters of checkpoint neme 
C 51 l11st 4 characters of r\11111& 

c 
C During the l~ltlallzatlon, the exposure grid coordinates of &8ch 
C checkpoint are computed. If ttoe point Is off tl'le cvrrent gold, 
C the statvs flag Is set to zero and ttoe checkpol nt Is not used. 
c 
C Relationship to oth&f" I!IOdules: 
c 
C M!lkes ctJI J s to: NONE 
c 
C ~lied fran: loESOI 
c 
en••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SU8ROOTINE MRIV"' fOELXYl 

INO.LJOE 'ARRIV.INC1 

INO.IJDE 1 UNITS.I"'C' 

REAL CPNA!o£(2), X, Y 

OlAAACTER*I SRECT 
OlAAACTER•Ill FILE! 

ii'RITE ILUN12l, 1001 
WRITE (LUNI,I, 1001 

100 FOR~T (/5X, tfo£501 ->SET UP AARIV/\1. OlECKPQINTS'I 

00120J•1,3' 
ARRIVUl,Jl • 0.0 
00 110 I • 6, 11 

AARIVU I,Jl "0.0 
110 OONTIMJE 
120 OONTINUE 

130 PRINT*, 'ENT!R NNE OF FILE lllNTAINING OiEQ(PQINT IOENTIFIERS' 
PRINT*, USE ''~E'' IF TliE FILE OOES NOT EXIST' 
RE.O.O ILUNCll, 1401 FILE! 

140 FORMAT IMOI 

IF IFILEI .NE. '~E' .AND. FILEI .NE. 'none' I THEN 
OPEN IUN IT•LUNI !51, FOR,._ 1 FORMAmD•, ST.O.TIJS• •OLD', 

+ FILE•FILET, IOST.O.T"IERJ 
IF IIER .NE. 01 TI1EN 
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PRIIr'l' •, '1\RRIVN >> ERROR ' , IER, ' OPENING PILE' 
GO'l'O llO 

END IF 
ELSE 

WRITE (LUN(2) ,150) 
WRITE {LUN(S) ,150) 

150 FORMAT (/7X,' NO CHECKPOINTS INITIALlZEO FROM DISK FILE') 
ARRFL • 0 

C ** AN INTERACTIVE CHECKPOINT DEFINITION :iECTION COULD FIT IN HERE 

"'""N END IF 

00220J•1,35 
200 READ (LUNU5l, 210, EN0•230J X, Y, C?NAME 
210 FORMAT {1X, F6.2, 1X, F6.2, lX, 2A4) 

X • {X • 1000.0 / {DELXY/2.0)) + 16 
'i " (Y .. 1000.0 I {OELXY/2.0)) + 16 
IF (X .LT. 1 .OR, X .GT, 31) GO'l'O 2\10 
IF (Y .LT. 1 .OR. 'i .GT. 31) GO'l'O 200 
ARRIVL\l,J) X 
ARRIVL(2,Jl 'i 
ARRIVL(3,J) 1.0 
ARRIVL(4,J) CPNAME(l) 
ARR.IVL(5,J) CPNAME{2) 

220 CONTINUE 
230 CLOSE (LON(15) l 

NCP • 0 
DO 240 J • 1, 35 

NCP • NCP + ARRIVL(J,J) 
240 CONTINUE 

WRITE {LUN(2) ,250) NCP 
WRITE (LUN(5) ,250) NCP 

250 FORMAT (/lOX, I2, ' CHECKPOINTS ACTIVE ON TRE CURRENT GRID'/) 
ARRFL "'1 

WRITE (LUN(Sl ,280) 
280 FORMAT (8X, 'CIIICPNT EXP COORD', /lOX, 'NO X', 

+ 4X, 'Y NAME'/) 

00300J"l,NCP 
L"' ARRIVL(1,J) + 0.5 
M "' ARR.IVL(2,J) + 0.5 
WRITE {LUN(5) ,290) J, L, M, ARRIVL(4 1J), ARRIVL{5,J) 

290 FORMAT (lOX, I2, 2X, 2(2X,l3), SX, 2A4l 
300 CONTINO! 

TBRSBl ,. l.OE-15 
THRSH2 " l,OE-10 

360 WRITE (LON(2) ,370) TBRSBl, TBRSH2 
370 FORMAT {/5X, 'DEFAULT VALUES FOR TRE 'l"BRESBOLOS ARE=', 

+ /7X, 'TBRSBl" '• 1PE10.3, /7X, 'TBRSH2" ', E10.3) 
WRITE {LUN(2) ,380) 

380 FORMAT (/SX, '00 YOU WISH TO CHANGE TBE TII.RESHOLDS? Y OR N') 
READ (LUN(l) ,390) SELECT 

3 90 FORMAT (Al) 

!F (SELECT ,EQ, 'Y' ,OR. SELECT .£Q. 'y'l THEN 
PRINT *• ' ENTER VALUES FOR TIIRESBO~S l AND 2' 
READ (LON(l) ,•) TBRSBl, TBRSB2 
IF (THRSBl .LT. 0.0 .OR, TBRSB2 ,LT, 0.0) THEN 
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PRINT *• 1 NEGATIVE THRESHOLD VALUES ROT ACCBP'l'ABLE' 
GOTO 360 

""'" END IF 

WRITE (LUN(2) ,400) THRSBl, THRSB2 
WRITE (LUN(S) ,400) THRSHl, TBRSH2 

400 FORMAT {/lOX, 'THE ARRIVAL CHECKING THRESHOLDS ARE: '/l2X, 
+ lPEl0.3, ' AND ', El0.3/) 

EXPFLG '" 0 
RE'rURN 
END 

Subroutine ARRIVN (cont'd) 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

RELEAS 
Rele~se definition module 

Athey, G.F., J.V. Ramsdell, C.S. Gl~n-z 

Pa~ If I c Northwest Laborator-y 
PO Sox 999 
RlchlaM, Washington 99352 

~ESDI VERSION 2.0 

c Creat&d: 6/1/83 
G Updated: 
c 
C Description: An interactive module wh~re the user Input data 
C about the release locations, amounts, durations and types. 
c 
C Relationship to other modules: 
c 

~takes calls to: ROKIN, JULIAN 

Called trcm: MESOI 

SUBROUTINE RELEAS (QQAY, ()-IRJ 

INQUOE 'CONST.INC• 
INO.UOE 'DECAY. INC' 
INQUOE 1REL. INC' 
INU.UOE 1UNITS.INC1 

INTEGER IYRI4l, 1~1)141, IOYI41, REL~IIN(4l, DDAY, CHR, DMIN, 
+ CURHR, OORMIN 

D-IAAACTER SELECT*! 

WRITE ILUNI2l,1101 
WRITE ILUNI5l,1101 

110 FORW.T (/5X, 'loESOI --->RELEASE INI'"IALIZ ... TION 1 ,//l 

120 WRITE ILUNI2J,130) 
130 FOR~T (f5X, 'ENTER NU..SER Of SOOR'=E3 >> 1/) 

READ ILUNI1l,*,EN0•120,ERR•120J NSOURC 

If (NSOORC .LT. 1 .Cfl. NSOORC .GT. 41 TJ;EN 
WRITE 1LUN(2),140J NSOORC 

140 FORMAT 115X, 12, ' SOORO::S NOT AI..L::WEO - lotJST 8E FROM I ~ 4'/) 
GOTO 120 

ENOl F 

00 440 NS • I , NSOURC 
150 WRITE (LUN12l,150J NS 
160 FORW.T (/5)(, 'SPECIFY COORDIN ... TES (X,Y,Zl Of SOCIRO::', 13, /~X, 

+ ' IN KILOIETERS FROM GRID CENTER .'110 IETERS .O.SOYE GRCUNO' ,/l 

READ ILUNIIJ,•,EN0"150,ERR•I5Q) XOIST, YOIST, ZSOORCINSJ 
XSCIJRCINSI • XOIST • 1000, I OELX'V + 7.5 
YSCIJRC(NSJ • YOIST • 1000, I OELXY + 7.5 

IF (XSCURCINSJ .LT. 0.0 .Cfl. XSOORCUiSJ .GT. 1!1.01 GOTO 450 
IF (YSCIJRCINSl .LT. 0.0 .Cfl. YSOORC(NSJ .GT. 15.01 GOTO 450 
IF IZSOORC/NSl .LT. 0,0 .Cfl .ZSOORCINSJ .GT. 300,1 GOTO 470 

170 WRITE (LUN12l,180l 
teo· FORW.T (/.5)(, 'ENTER DATE OF RELEA!>E --> MMD!JYY'l 
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READ (LUN(l) ,l90,END.,170,ERR•l70) IMO(NS), IDY(NS}, I1R(NS) 
190 FORMAT (1012) 

IF (IYR(:-IS) .LT. 70 .OR. IYR(NS) .GT, 85) GO'i'O 490 
IF (IHO(NS) .LT. 1 ,OR. IMO(NS) .GT. 12) GOTO 490 
IF (IDY(NS) .LT. 1 .OR. IOY(NS) .GT, 3ll GOTO 490 

CALL JULIAN (IYR(liS), IMO(IlS), IDY(NS), RELOAY(:-<S)) 

IF (RELDAY(NS) .CT. (ODAY+2)) GOTO 510 
lF (RELDAY(NS) ,LT. DDAY .AND. RELDAY(NS) ,GT, 2) GOTO 510 

210 \iRITE (LUN(2} ,220) 
220 FORMAT (/5X, ' TIME OF RELEASE? liOURS,JHNUTES' l 

READ (LUN(l} ,*,EN0=210,ERR•210l RELHR(NS), RELI>IIN(NS) 

IF (RELHR(NS) .LT, 1 .OR. RELHR(NS) .GT, 24) GOTO 530 
IF (RELflR(NS) .LT. DHR ,AND, RELDAY(!lS) .EQ. DDAY) GOTO 510 
IF (RELHIN(NS) .LT. 0 .OR. RELl.JIN(NS) .GT, 59) GOTO 550 
?ARTHR(NS) "' RELHI'.I(NS) / (60/NPH) + 1 

250 .-;RITE (LUN(2) ,260) 
260 f'ORNAT (/SX, 'DURATION OF RELEASE? liOURS,JHllUTES', 

+ /7X, 'If' CONTillUOUS, ENTER 0,0 'l 
READ (LUN(ll ,*,END•280,ERR,.280) DURHR,DURMIN 

IF (DURHR .LT. 0 ,OR, DURMIN ,LT. 0) GOTO 570 
IF (DURHR .EQ, 0 .AND. DURMIN .EQ. 0) GOTO 280 
HAXPUF(NS) = (DURHR*NPHl + (DURMIN / (60/NPHJ} 

IF (MAXPUF(NS} .LE. 0) THEN 
PRINT *• ' DURATION SHORTER THAN BASIC PUFF RELEASE INTERVAL' 
PRINT *, ' A SINGLE PUFF WILL BE RELEASED' 
MAXPUF(NS) s 1 

E:NDIF 

HR!TE (LUN(2),270) MAXPEIF(NS),NS 
270 f'OR!!AT (/SX, I4, ' PUFFS tHLL BE RELCASED FROt! SOURCE', I3) 

GOTO 300 

280 

290 

DURHR ~ 0 
DUR~I!N " 0 
~IAXPUF (NS) = 125 
'>!RITE {LUN(2) ,290) NPH 
FOR~:AT (5X, 'RELEASE WILL BE CONTINUOUS AT 

300 WRITE (LlJN(2) ,310} 

!J, ' PUFFS/HOUR' l 

310 FOR,!AT (/SX, 'IS THE SOURCE TERM KNOW!J? Y OR 11', j7X, 
+ 'DEFAULT IS A UNIT RELEASE'/) 

READ (LUN(l) ,320,EN0"'300,ERR=300) SELECT 
320 FORMAT (All 

IF (SELECT .EQ. 'Y' ,OR. SELECT .EQ, 'y') THEN 
330 WRITE (LUN(2) ,340) 
340 FOIUIAT (/SX, ' INPUT A RELEASE RATE IN f!ASS 

+ '(CURIE, GRAM, ETC.] PER HOUR',/) 
READ (LUN{l) ,*,EN0a330,ERR,.330) QSOURC(NS) 

IF (QSiJURC{!lS) .LE. 0.0) THEN 
PRirlT "• ' ZERO OR NEGATIVE RELEASE RATE NOT ACCEPTABLE' 
GOTO 300 

END IF 

QSOURC (NS) 
ELSE 

QSOURC(NS) 

QSOlJRC(NS) / NPH 

1.0 / NPH 
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END IF 

350 WRITE (LUN(2) ,360) 
360 FORMAT (/SX, 'IS RELEASE FRO!! A STACK FJR 1"/HICH PLUHE 

+ 'RISE CAN SE COI·IPUTED? Y OR N') 

READ (LUN(1) ,320,EN0=350,ERR~350) SELECT 
IF(SELECT .EQ. 'Y' ,QR, SELECT ,EQ. 'Y'l THEN 

370 WRITE (LUN(2) ,380) 
380 FORMAT (/5X, 'EilTER STACK GAS TE!iPERATURE Ill DEG C > ',/) 

READ (LUN(l) ,",END.,370,ERR><370) STEMPC 

IF (STEMPC .LT. 0.0 .OR. STEHPC .GT. 400.0) THE1l 
PRINT ., 1 ' ACCEPTABLE VALUES ARE 0 TO 400 ONLY' 
GOTO 370 

END IF 

390 WRITE (LUN(2) ,400) 
400 FORMAT (/5X, 'ENTER EFFLUX RATE IN CUBIC METERS PER SECOND',/) 

READ (LUN(l) ,",END.o390,ERR=390) EFFLUX 

IF (EFFLUX .LE. 0.0) THEN 
t>RINT *, ' ZERO OR NEGATIVE EFFLUX NOT ACCEPTABLE' 
GO'l'O 3 90 

ENLJIF 

PLMRFL (NS) "' 1 
QH(NS) '" EFFLUX 

ELSE 
PL~!RFL (NS) 0 

QH(llS) ,. 0,0 
END IF 

440 CONTINUE 
GOTO '500 

C ** ERROR o'\ESSAGE SECTION 

450 \•/RITE (LUN(2) ,460) XSOURC(NS), YSOURCU:S) 
460 FORI-tAT (/5X, 'SOURCE IS OFF GRID -- X= F10.2, 5X, 

+ 'Y. .. ', Fl0.2//l 

470 
480 

<90 
500 

510 
520 

• • 

530 
540 

• 
550 
560 

• 

GOTO 150 

l'iRITE (LUN(2) ,480) ZSOURC(NS) 
FORMAT (/5X, 'SOURCE HEIGHT OF ',F6.1, 'METERS IS UNREALISTIC') 
GOTO 150 

\'iRITE (LUN(2) ,500) IMO(NS), IDY.(NS) 
FORMAT (/SX, 'RELEAS » A DATE OF ', 212, ' IS UOT VALID') 
GOTO 170 

WRITE (LUN(2),520) DOAY., DHR, RELDAY{NS), RELHR(NS) 
FORMAT (/5X, 'RELEAS >>DATA STARTS ON DAY. ', I3, ' AT HOUR 

12 1 /SX, 'A RELEASE ON DA':f '• I3, 'AT HOUR', I2, 
' CANNOT BE SIMtJLATEO') 

GOTO 170 

\'iRITE (LUN(2) ,540) RELHR(NS) 
FORMAT (/SX, 'REL£AS » SPECIFIED HOUR OF RELEASE !S NOT', 

' POSSIBLE --> ', IS) 
GOTO 210 

WRITE (LUN(2) ,560) RELM1N(NS) 
FORMAT (/SX, 'RELEAS » SPECIFIED mNU'rES OF RELEASE NOT', 

' POSSIBLE --> ', IS) 
GOTO 210 
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570 WRITE (LUN(2) ,580) DURHR, DURMIN 
580 FORMAT (/5X, 'RELEAS >) NEGATIVE VALUES OF DURATION NOT', 

+ ' ALLffi'JEO --> ', 215/) 
GOTO 250 

600 PRINT *, ' SOURCE DEFINITION COMPLETE 

WRITE (LUN(S) ,610) NSOURC 
610 FORI·IAT (8X, 'NU~lBER OF SOURCES !2/) 

00 680 NS "' 1, NSOURC 
~/RITE (LUN(S) ,620) NS, XSOURC(NS), YSOURC(NS), ZSOURC(NS) 

620 f'ORMAT (/SX, 'SOURCE ', 12, '; LOCATED AT WIND GRID ', 
+ 2(F5,2,1X), 'AND', F6.1, '11ETERS ABOVE GROUND'/} 

WRITE (LUN{S) ,630) RELHR(NS), RELIHN(NS), IMO{NS), IDY{NS), 
+ IYR{NS), !o1AXPUF{NS), QSOURC(NS) 

630 roRMAT (/17X, 'RELEASE WILL OCCUR AT ', !2, ': ', I2, ' ON , 
+ 12, '-',12,'-',12, /19X, 14, 'PUFFS h'ITH ',f'8.3,' MASS EACH') 

IF (PLMRFL(NSl .EQ. 0 ) THEN 
WRITE (LUN{S) ,640) 

640 FORI-IAT (/l7X, 'NO PLUME RISE') 
ELSE 

\/RITE (LUN(5) ,650) 
650 FORMAT (/17X, 'PLUME RISE WILL BE CALCULATED') 

ENO!f' 

680 CONTINUE 

710 WRITE (LUN{2), 720) 
720 FORMAT {/5X, 'WILL THE MATERIAL RELEASED DEPOSIT? Y OR N') 

READ (LUN{1) ,320,ERR•710,END•710) SELECT 

IF (SELECT .EQ. 'Y' .OR. SELECT .EQ. 'y') THEN 
DPFLG " 1 
WRITE (LUN(5) ,750) 

750 FORMAT (/7X, 'MATERIAL WILL DEPOSIT') 
ELSE 

DPFLG z 0 
l'IRI1'E (LON(S),760) 

760 FOR/1AT (/7X, 'NO 1-!ATERIAL DEPOSITIO!l') 
END IF 

RDKFL = 0 

ALI-IBDA 0.0 
BI.."!BDA 0.0 
AOECAl 1,0 
BDECAl 1.0 

~/RITE (LUN(2) ,800) 
BOO FORMAT (/SX, 'DO YOU WISH TO ENABLE RADIOACTIVE DECAY? Y OR N'/) 

READ (LUN(l) ,320) SELECT 

IF (SELECT .EQ, 'Y' .OR, SELECT .EQ, 'y') THEN 
CALL RDKIN (ADT) 
IF (ALI-!BDA .GT, 0) RDKFL = l 

END IF 

RETURN 
<NO 
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c 
c 
c 

ROKIN 'ESOI VERSION 2.0 
Radioactive decay initial i~ation module 

C Athey, G.F., J.Y. Ramsdell, C.S. Glantz 
C Peel fie Northwest Labor~tory 
C PO Box 999. 
C Richland, Washington 99~52 

C Created: 6/1/83 
C Updated: 
c 
C Description: Mod~le to define the half~llves for panmt and daughter 
C products and to calculate tn& nec~ssary conshnts for use In the 
C decay calculations. 
c 
C Relationship to other modules: 
c 
c 
c 
c 
c 

1-\eokes calls to: N~E 

Called tr011: RELEAS 

c~•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SUBROJTINE ROKIN IADTl 

INQIJDE 'DECAY. INC' 
INQUDE 1 UNITS.INC 1 

REAL 1-t_IFA, HLIFB 

100 WRITE ILUNI21,110l 
110 FORMI\T 1/SX, 'ENTER HALF-LIFE IN SECXl~OS FOR PARENT SPECIES•, 

+ /7X, '0 .ISCFtTS Tl-IE DEFINITION PROC£SS 1/) 
READ ILUNI 1l, *l HLIFA 
IF Of .. IF/\ .EQ. 01 RETURN 
IF [fi._(Fi\ .LT. 01 TllEN 

PRINT*, NEGATIVE f.IAI.F~LIFE NOT .a.{UPT'ED' 
G01'0 ~ 00 

ENOl F 

IF (Hl.IFA .LT. (601 .Cf<. HLIFi\ .GT. ~.6E61 THEN 
PRINT *• 1 SPECIFIED HALF-liFE NOT ~(JHH "ffiM)(IOC:' 
GOTO I 00 

END IF 

Al~BDA z 0.69315 * 60.0 I HI.IFA 

200 WRITE (LlJN(2),2101 
210 FORMAT (15X, 'ENTER Hfii.F-LIFE IN SEIXlNOS FOR DAUGHTER SPECIES', 

+ /7X, 'ZERO IF ST.'llLE 1/) 

READ <LUN<1l,*l lt.IFB 
IF (lt.IFB .LT. OJ THEN 

PRINT •, NEGATIVE HALF~LIFE NOT .a.{UPT£0 1 

GOTO 200 
ENOl F 

IF lHLIFB .GT. OJ BlloBOA • 0.6931~ • 60.0 I Hl.lfB 

AOECA\ = EXP l~AUBDA * 60.0 * .O.OTI 
BOECi\1 • EXP r~BLioBOA * 60.0 • AOTI 
IF (AU·BDA .NE. BLI-GOAI TllEN 

DKIXlEF Al.lo50i\ I CBU-GDA AUBOAJ 
BINAS z OJ<COEF * (AOECAI - BDECAI I 
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ELSE 
BINAS 

_EilDtF 
ALMBDA * 60.0 * ADT * ADECA! 

PRINT * 1 DECAY CONSTANTS CALCULATED' 
\/RITE (LUN(~) 1 3~0) HLJFA 1 HLlf'B 
I·JRITE (LUN(S) 1 320) HLIFA, HLif'B 

320 FORMhT (/Slt, 'RADIOACTIVE DECAY PROCESS E:NABLED: ' 1 /1lt, 
+ ' PARENT HALF-LIFE ', F7.1 1 ' SECONDS' 1 /7X 1 

+ 'DAUGHTER HALF-LIFE" '• f'7.1, 'SECONDS'/) 
RETURN 

"' 
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DATA INPUT/OUTPUT SUBROUTINES 

After model initialization, MESO! Version 2.0 uses 10 subroutines for 
data input and for output of the results of simulation. These subroutines are 
listed, along with their memory requirements and a brief description of their 
use, in Table 10. A description and listing of each of the subroutines is 
presented in this section. The subroutines are discussed in the order in 
which they are used. 

DATRD 

This is the meteorological data input module. It is called once from 
INIT and then from MESO! at regular intervals. The calling program passes an 
index (LUINDX} which indicates which of the data files (observation or fore­
cast)is to be accessed. The subroutine consists primarily of three READ 
statements; one for each of the data records in the standard data block. If 
the index indicates that observation data is being input, a fourth READ is 
used to check the date of the next data block. If an 88888 code is detected, 
MESO! assumes that observational data is exhausted and the index is altered 
to make DATRD use the forecast data file. DATRD will cause the model to stop 
if any of the READ statements detects an error or an EOF. 

The model is set up to handle either hourly or 15 minute data. This is 
specified in !NIT and is used by the model as the interval flag (INTFLG), 
When the flag is set (INTFLG = I) the data is expected to be at 15 minute 
intervals. Both observation and forecast data file have the same record 
structure. Each time period is composed of three records. A sample of the 
data is shown below: 

12J~~b7e90I2Jij5b7Aqotc~qse7e~ot2J4567eqoJ23~567890t2J~S67e9ot23~56789otz3~56789 

1 l 3 ij 5 6 7 

P.3tt2 I 0 1 
113 1 12 I 0 2 
83112tn3 

~ 30 o ?703 2703 2703 ?7r3 2703 2703 2103 2703 2703 2703 2103 
20 25 2703 c1n3 2703 2703 2703 2703 2703 2703 2703 27nl 

2703 2703 2703 2703 2703 2703 2703 2703 2703 2703 

The following list applies to elements contained in each of the three 
records. 
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TABLE 10. Data Input/Output Subroutines 

SIZE (BYTES} 
LOCAL COMMON 

NAME CODE DATA DATA USE 

DATRD 778 245 252 Reads meteorological data 
records from data file. 

DATWR 342 194 252 Writes meterological data to 
output files. 

ARRTIM 748 78 36732 Monitors time-integrated 
concentrations for puff ar-
rival, writes messages when 
thresholds exceeded. 

PRINTE 452 955 34847 Writes time-integrated con-
centrations and surface 
concentrations to disk 
files. 

TESTM 444 300 28068 Writes out puff information 
at end of advection step if 
requested (primarily for 
model performance 
evaluation). 

SCREEN 847 1756 35259 Interactive display of 
time-integrated concentra-
tion and surface contamina-
tion at end each hour--for 
alpha-numeric terminal. 

PLOTZ 6221 5668 28667 Provides puff position plots 
for graphics terminal and 
plotter. 

WNDFLO 925 1360 25755 Provides terrain adjusted 
surface wind field plots for 
graphics terminal and plot-
ter. 

WNDPLT 1017 1370 25755 Provides observed surface 
wind plots for graphics 
terminal and plotter. 

EXPSUM 934 353 36220 Provides summary of check 
point status at end of 
simulation. 
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Co 1 u'"<'s 

" St11Hlity I . 7 
11>•1" ~, 1 xi r-c c er: t ~ ; ' tens ot metef'l 

20 Pr,.ciJOitaticn cec:e 0 - • 
22~25 Upoe r 1 eve 1 ,.Ire llr.FF 

2 IS•Ib ... t,.mr:f'ratu"f! 1 i rst 1 eve 1 
2 19•20 "' te~rr!r~tur! aecond level 

These elements are contained in only one of the records. 

((' lL'!T'"S 

··;:;··-------··;;;;-------···-·;::;~;::·;;;;;;·:~;:····------------------
l.l-6 Jul ·:er- doH~ 
7• t n t I"'" 

" 1.2 or 3 u~eo to check continuity of recorca 

steticr- 1, 11 or 21; oOFF 

. 
72•75 Stetler 10, 20 or 301 CDFF 

Program listing 11 contains the DATRD code. 

DATWR 

This subroutine writes the meteorological data to the model summary file 
(MESOUT .OAT). It is accessed from MESO! and !NIT after they have called 
DATRD. The purpose of the module is to record the actual data used in the 
simulation along with the other pertinent information. 

The module is a series of formatted WRITE statements which output a 
heading, labels and the current data. A sample output as it would appear in 
the output file is shown below: 

~ara ~C~ JULIAN OAY: ~1 112 AT 12:30 

STABILITY CL~SS = 2 MIXI~G PEPTH • lOOn ~ETERS PRECIP CODE : 0 AIR T~~PSCCil = 20 ANO 2S 

?702 2702 2702 ct~t!o7~) 
2702 270l 2702 tl - 20 
2702 2702 2702 21 - 30 

~ Jr.r'!S 271'J2 n~~ 271l? ?.HZ 27112 2702 2702 2702 

i 
2702 2702 2702 2702 2702 27"12 2702 
2702 no2 2702 2702 2702 2702 2702 

(vcmer leve~ ........ 

Winds are in the same format as the original data. DOFF. Direction is in 
tens of degrees and speed is in the units of choice. 

Program listing 12 contains the OATWR code. 
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ARRT!M 

This module monitors the exposure level dt the checkpoints and issues a 
message whenever a threshold is exceeded. ARRTIM is called from MESOI at the 
end of each advection step and only if the checkpoint flag (ARRFL) is set. 
The program is primarily a loop to cycle thru the ARRIVL array checking each 
point. For each definition, the status is checked to see if the point is 
active and if the thresholds have both been exceeded. If either is true, the 
point is not checked further. If they are false, then the point location is 
used to specify a location on the exposure grid. This cumulative value is 
compared to the appropriate threshold. If the exposure exceeds the 
threshold, the date and time are entered into the ARRIVL array and a message 
is printed in both the output file and on the users terminal. Refer to the 
discussion of the ARRIVN module for a description of the various elements of 
the ARRIVL array. 

Program listing 13 contains the ARRTIM code. 

PRINTE 

This subroutine handles the writing of the various exposure and 
deposition arrays to the output files. PRINTE is called from MESO! at the 
end of each advection step. To simplify the module, each of the arrays to be 
output is equivalenced to a section of the MATR array. Then, a simple loop 
can be used to write out the various sections to their respective files. The 
character arrays MATRID and MATUNT contain the descriptive title and units to 
match each section. The array LUN defines the files tO which the various 
sections are output. If the deposition flag (DPFLG) has not be set, the 
output of the 4 deposition arrays (AOEPOS, BOEPOS, AOPAOV and BOPAOV) is 
skipped. 

Program listing 14 contains the PRINTE code. 

TESTM 

This module is used primarily in checking the model execution. It is 
designed to output significant information about the puffs to enable the user 
to verify the various processes of transport, diffusion, decay and 
deposition. TESTM is called from MESO! at the end of each advection step and 
only if the option has been enabled and puffs have been released. The user 
enables the testing mode by using an asterisk (*) as the first character of 
the run title. 
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TESTM lists the following information: 

1) number of the advection step 
2) puff number 
3) source number for that puff 
4) age of the puff in minutes 
5) x andy coordinates of the puff center in grid units 
6) x andy movement of the puff that advection step in meters 
7) sigma y and sigma z for the puff 
8) undepleted puff mass (QP) 
9) mass of parent and daughter (ADQP and BDQP) 

A sample of TESTM output is shown below: 

•eoc PLfF '" "' '" ~~ ~~ 10 ~o.~ • >0,( • HG~1 ' IIG~• ' 
,. •en• •no• s••• " (• I•J • • 

"' 11,Jl .... .. 2700, '· lH1,J l•o, o ~,1\H•H O,OOHo'O 0,100<•00 

'" •• 21 ~-·· .. l7'ft, •• Hoo,5 2•0, o 1,11~~-0] '·'""'''' '·'~"'''' '" , .t~ •• 00 •• "''· .. 1lS\ •' 211,• 2,!1~E·OJ O,oOHoOO 0 ,000( ,,,, 

" • ,0! •••• .. liOO, •• •J•. 7 IS> .5 1,0H£•0l o,aonooo 0 ·''''£'' 0 

" •.J~ •••• •• llOO, .. 52 •• 5 I \0,0 1,05!E•U 0,000€•00 a,oOo[ oOO 

" J ,51 •••• .. llOO, '· !U,9 6L,J 5,2•1€•00 0,000(>00 O,OOOEo<O 

Program Listing 15 contains the TESTM code. 

SCREEN 

SCREEN provides the user with simple alphanumeric graphic representa­
tions of the exposure and deposition matrices. It is accessed only when re­
quested by the user during output option selection in MESOI. 

To keep the module small and general, the arrays that need to be 
available for display are equivalenced to portions of the larger array MATR. 
Thus, the proper matrix for display can be selected using an array subscript 
in MATR. SCREEN begins by presenting a menu on the user's display terminal: 
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WHICH CUMULATIVE MATRIX 00 WISH TO DISPLAY? 

I = TOTAL EXPOSURE 
2 = DEPLETED PARENT 
3 = DEPLETED DAUGHTER 
6 = DEPOSITION PARENT 
7 = DEPOSITION - DAUGHTER 

0 = RETURN AND CONTINUE 

Unrecognized responses are ignored and the menu presented again. The only 
exit from SCREEN is via the 0 option to 'RETURN and CONTINUE'. The module 
does not monitor the deposition flag and any matrix can be displayed whether 
it is being used or not by the model. 

• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

A sample of the output from SCREEN is shown below: 

STH~LAT!ON HOUR 5 

I ~UffS JI.CTIVE Cl:r"IJU.TTVf: E ... POSURF: (UNOEPL.E:TEO) 
~ASS * H~~lS I M••! 

• • * * * * * * * * * * * 

::? "'l l. Z I 

' 1 ~ n 5 ~ a 1 
a h ~ ~ ~ 5 ~ = a 3 

' ' ~ x~ ~ u .j 3 
~ t 3 ' 

• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

!-!Y~~>nt. 

0 

I 

' 3 
~ , 
• 
' • 
~ 
• 

:: VIIL'Jf 
.,.;: t.n~-17 

>= 1.0~·\b 
>= t.''E•t'5 
>.:~; 1.n~-11.1 

>= 1.'1~-13 

>= ! • 1)!'"-12 
>= t.'l"'-11 
>= !.""·10 
>= l.n<;-1':'1 
,.;: 1 .nr:•vB 
>= '.r-r_-(17 

* • * • * ~ • * • • * * * 0 * * 

The grid is 16 by 16 and represents the odd numbered nodes of the 31 by 
31 matrices. Letters are used to specify location. X is the grid center and 
is given for visual reference only. The A - D are used to define the source 
locations. The letters are placed at the point closest to their actual lo­
cation on the grid. The numbers represent the values in the selected matrix 
at the time that the module was called. The key which defines the categories 
and the headings used for each display are set up in DATA statements. If more 
than one letter or number is in a given character space, priority is given 
first to the letters and then to the numbers. 

Program listing 16 contains the SCREEN code. 
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PLOTZ 

PLOTZ is a graphics module designed to produce a plot representing the 
active puffs. It can be used to easily visualize the distribution of 
material on the grid, especially when overlayed with background maps. 

PLOTZ uses a Pacific Northwest Laboratory (PNL) version of CALCOMP 
graphics software. It also has some statements which transmit octal numbers 
(represented in VAX FORTRAN by the prefix") to control a VISUAL 500 terminal. 
However, the module should be easily modified to match other software and 
hardware configurations. 

The subroutine is called from MESO! whenever the 'P' output option is 
selected. It begins by drawing a square display border and a title header. 
Source locations are translated from grid coordinates to inches from the plot 
origin and a symbol is drawn at each source. The puffs are drawn inside a 
loop which translates their centers into inches and computes a series of 36 
line segments to approximate a circle around the centers at a given radius. 
The radii (RADP) are calculated in the DIFDEP module and can be adjusted to 
show that portion of a puff which is considered significant. The plotting 
loop draws only those puffs which are active (i.e. MF = 1). 

An example of PLOTZ output overlayed on a map background is shown below. 

" 

=-~~~-~ 
. GJ"~, \ , 
. ~ 

~ 

"''""'fOR •Ho 

'~'"' ""' ""' ''""·" " '"""''''" 

~-: 
"- .. "'" ('\::~- ""' .. "" 

- "''" 'li "' \ '""""""'"' •• 
o""'"""""" ~ '-.._ '"- .:X~ ' 

=-~.~~~- " 
Program Listing 17 contains the PLOTZ code. 

WNDFLD 

This is a graphics module designed to generate a display of the model 
wind field. WNDFLD is called from MESO! whenever the "W" option is selected 
as an output option. The program uses a PNL version of the CALCOMP graphics 
software. It creates a file which can be displayed on graphics output 
devices. Opening and closing of this file 1s done witnin the graphics 
package. Use of this module will be system dependent and will require 
linking the program to the needed libraries. 
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WNDFLD begins by drawing a display border and headings. Then the arrays 
containing the station names, elevations and winds are used to list the 
current meteorology. Finally, the wind component arrays (UU and VV) are used 
to create an arrow to represent the direction and magnitude of the flow at 
each grid point. The base of the arrow is located at the grid point and the 
arrow length is directly related to wind speed. 

A sample of the graphic product generatea by WNDFLD is shown below: 

MESO! WINO FIELD 

---------------- ! 
Ill 
!ll 
!il 
ill ----------------------------------------------------------------------------------------------------------------------------------------------------

I = lllil 
~ 

""' ~ 
~ 

"' "' "' "' "' "' .. 
~· ... 
y: --------------- -___________ ....,::;, ... 
Ill -----------------------------------------------------------

~1110~·1- ~ 
STA!!U.JT't • 0 -~ 
22-1'I'IH3 z.a Lr 

Program listing 18 contains the WNDFLD code. 

WNDPLT 

This is a graphics module designed to generate a display of the winds at 
the telemetry stations. WNDPLT is called from MESOI whenever the "V" option 
is selected as an output option. The program uses a PNL version of the 
CALCOMP graphics software. It creates a file which can be displayed on 
graphic output devices. Opening and closing of this file is done within the 
graphics package. Use of this module will be system dependent and will 
require linking the program to the needed libraries. 

WNDPLT begins by drawing a display borde.r and headings. Then the arrays 
containing the station names, elevations and winds are used to list the 
current meteorology. Finally, the station wind arrays (DIR and SPO) are used 
to create an arrow to represent the direction and magnitude of the flow at 
each station. The base of the arrow is located at the station location and 
the arrow length is directly related to wind speed. 
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A sample of the graphic product generated by WNDPLT is shown below. 

WIND PLOT 

HANFORD TElli~t:TRY STilT IONS 

fiRROIJS IN DIRECTION 01' FLO~ 

srw;~ ..£\[~~ ~r.wl Dw~cr 

"'' "' ' "' 

I 

'" "' l ::Ol·0 

~~~ "' "' "' • 240 
EDNA "' • "' "~ ~" ' ~90 

"~ " ' ~10 
I·IAI-L 25B ' 250 

~e~ ill ' V' §, ~~~ 

___. ---"\ ,___. 
---. .---_.... 

T r~ 
i 

l 
T _. 

1 

IJYED "' ' '" ~~ l~.~ ' ::e 
' '" FRI1K <r.l! • 200 

Gnat COl • ,,,0 

~~ "' ' " llf< ' ~9~ 

T~~7 ' 2lB 

' !Ci ~,, _ ' PO'ISC 12~ ' ' 
'IIXING l~\l[l ~750 

STAIIILITY ~ ' 
Dfll'E ~ ' " li] 

T II•!E "" ' ~0 PST 

Program listing 19 contains the WNDPLT code. 

EXPSUM 

This module is called from MESOI whenever simulation is terminated and 
the checkpoint flag (ARRFL) has been set to indicate active checkpoints. 
EXPSUM is called before the MODEND subroutine and thus summarizes exposure 
only over a single simulation. The arrays used in checking are reset if the 
simulation is restarted. In the current model (Version 2.0), only the total 
cumulative air concentrations are monitored during the checking. 

EXPSUM consists of a series of formatted WRITE statements which output 
headings and the contents of the ARRIVL array to both the user's terminal and 
model output file {MESOUT). When called, the subroutine first checks the 
EXPFLG to see if any checkpoints have been exceeded. If not {EXPFLG "' 0) a 
message to that effect is printed and the subroutine returns. 
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If the flag is set, EXPSUM executes a loop to check the contents of the 
ARRIVL array and to print information for those checkpoints at which cumula­
tive exposure exceeded at least one of the thresholds set in ARRIVN. 
Initially, the 3rd coliJT\n of the array (ARRIVL(3,J)) is checked. If it is 
greater than one, the checkpoint is active. Next, the final cumulative ex­
posure of an active checkpoint is determined. If it does not exceed the 
first threshold, no further reporting is done for that point. The intent is 
to summarize only those points which received significant exposure. 

When the criterion are met for display, the contents of the ARRIVL array 
and the final exposure are written to the two files. A sample output is 
shown be 1 ow: 

EXPOSURE Sl..M1=1RY FOR !'ESOI - > *TEST FOR O£CKPOINTS 

OECKPOINT EXP X, Y EXCITDED FUR 
NAME COORDINFITES 1.000£-15 1.000E-10 C~TION 

DAY Tif'E DAY TIME 

EAST 1 9. 17. 112 115 112 130 4. 867E-09 

EAST2 11. 17. 112 130 1:.2 2 B 1.458E-09 

NE B 17. 19. 112 3 B • B 0 4.477E-12 

200 EAST 15. 19. 112 245 • •• 1.438E-12 

200 l-EST 12. 18. 112 2'0 " " " 1. B35¢-11 

GABLE MT 17. 19. 112 
3 " " "" 4.477E-12 

u=:tiDFILL 17. 16. 112 245 • " " 7.241E-11 

"""' Lf' 
14. 16. 112 215 " "" 3.914£-11 

For each exposed checkpoint is listed: 

checkpoint name 
location in exposure grid units 
date and time (to nearest advection step:• when the thresholds were 
exceeded. 
final concentration at end of simulation., 

Program listing 20 contains the EXPSUM code. 
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c 
c DATRD MESO I VERSION 2.0 
C MeteOI'"ologlcal d~ta input module 
c 
C Atney, G.F., J.V. Ramsdell, C.S. Glantz 
C Pacific Northwest Laboratory 
C PO Box 999 
C RIch I and, WashIngton 99352 
c 
c Created: 6/1/83 
C Updated: 
c 
C Description: Subroutine to read the meteorological data. The 
C calling progrMI passes the unit number on which the observtrtlon 
C or fo.-ecast information Is IOCllted. 
c 
C Relationship to other modules: 
c 
c 
c 
c 
c 

Makes calls to: NONE 

Called tr001: MESO!, IN IT 

C****"*****"**************"'*****************"****H*************** 
SUBRO.JTINE DATRO (LUINOX, SHR, IAOVI 

INQUDE •OATIM. INC' 
JNQUDE •UNITS. INC' 

IREAD ~ 1 
100 READ (LUNILUINDXl, 200, EN0•900, ERR~BOO, IOSTAT•IERJ DYR, 

+ OOAY, CtJR, DMIN, ffiEC, STAB, LDE~, PRECIP, UPWIND, 
+ (OATAIIJ,I•l,IOI 

200 FOR~T (IX, 12, 13, 12, I:Z,IX,II, IX. 11 ,IX, 13, IX, 11, II ( 1X,I4ll 

!READ • 2 
REM ( LUNI LU INDXI , 210, END,.900, ERR•I!OO, IOSTAT• IER) TEI>PA, 

TEMPe, CDATAC I I, 1"1 I ,20> 
210 FORMI'.T (13X, 13, IX, 13, 5X, 1011~,14)) 

<READ • 3 
READ (LUN(LUINDXI, 220, EN0•900, ffiR•BOO, IOSTAT•IERJ 

+ WATA(I),I"21,301 
220 FORMAT 12~X. 10(1X, 14)1 

IF ILUINOX .EQ. 3> THEN 
IREAD ~ 4 
Rf:AD fLUNILUINOXJ, 230, EN0.,900, ffiR"'800, IOSTAT•IERI NXTOAY 

230 FOR"" TUX, 13l 
BAO::SPA<l: LUNI LU /NO XI 

END IF 
RETURN 

800 PRINT •, •OATRO »ERROR ',IER, •AT RECORD ',IREAD, 
+ ' ON UNIT ',LUNILUINOXJ 

PRINT •, Slloi.JLATION f«)JR ',SHR,' ADVECTION S'IEP,. ',lA~ 

"'" 
900 PRINT*, •OATilO » EOF AT RECORD ',IREAO, ' UNIT', LUNILUINDXJ 

PRINT •, Slr.t.JLATION 1100R ',SHR, ' ADVECTION STEP,. ', IADV 
STilP 

"' 

Program Listing 11 Subroutine OATRD 
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c 
c OAT\'IR 
C ''et~orol og i ca I data output rnodu I e 
c 
C Athey, G.F., J.V. Ramsdell, C.S. Glantz 
C P~clfic Nortl1west Laboratory 
C PO Box 999 
C Richland, Washington 99352 
c 
C Created: 6/1/83 
C Updated: 
c 

l£$01 VERSION 2.0 

C Description: Subroutine to I ist the b11sic mereo..-ological Input 
C data to the specified output tile. Call<1d after 'DATRD' 
C h11s been used. 
c 
C Relationship to other ~odules: 
c 
C 'laKeS calls to: NONE 
c 

Called frun: 

SUBROUTINE DATWR 

INQUDE •OATIM, INC' 
INQUDE 'UNITS. INC' 

~SOl, INIT 

liRITE ILUN(5l,TOOI DYR, DOAY, ~R. OMIN 
100 FOR.W.T 1/SX, 'DATA FOR JULIAN DAY: 1 ,1:Z,IX,I3,' AT 1 ,12,':',12/) 

~PITE ILUNI5l,1201 ST.l8, LOEPnl, PRECIP, THFA, TEMPe 
120 FORMAT (SX, •ST"BILITY QASS ~ 1 ,11, 3X, •MIXING DEPTH~ ',14, 

+ 1 i>ETERS 1 , 3X, 1 PRECIP OOOE • ',II, 3X, 
'AIR TEWSICJ ~ '• 13, 'A/jD ', 13/) 

WRITE \LUNC51,140) UPWIND, (DATA(! I, 1•1, 10) 
140 fORI>\A.T (8)(, 'WINOS', 3X, 14, IX, 10(1X,14ll 

WRITE (LUN(5J,l60l \DATMil, 1~11, 201 
WRITE (LUN(5),160l WATACI), Jm21, 301 

160 FORMAi (21X, 10(1X,I4ll 

RE11JRN 
END 

Program Listing 12 Subroutine DATWR 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ARRTIM 
Monitor checkpoint thresholds 

Athey, G.F., J.V. R~msdell, C.S. Glantz 
Pllcl f rc Northwest Laboratory 
PO 8ox 999 
Richland, washington 9935:2 

Creat~:~d: 6/1/83 
<..:pdated= 

MESO I VERSION 2.0 

Description: Subroutine to report the arrival of transported 
material at specified checkpoints on the exposure grid. 
The po\nts are checked at the en<l of e11cl'l ad'lectlon step. 
A report Is made wh&n THRSiil or TiiRSHZ is exceeded. 

Retatlonshlp to other modules: 

Makes calls to: fi0Nf 

Calledfr,.,, "f:SOI 

SUBROUTINE .'f<RTIM (TINCJ 

INQ.UOE 'AARIV.INC' 
INQUOE 1CONST.INC' 
INQ.UOE 'DATIM. INC' 
H<Q.UOE 'MATRIX. INC' 
INQ.UOE 'IJNITS.INC' 

INTfGER MIN 

MIN • TINC * 60 
00 500 J ~ 1, 35 

IF IARRIVU3,JJ .EQ. OJ 
IF IARRIVU3,J) .G£. 3) 

iNOX MRIVUJ,Jl + 0.5 
JtlflX MRIVU2,.Jl + 0.5 

GOTO 500 
GOTO 500 

IF IAARIVLO,J) .EQ .2) GOTO 250 

IF IEXPOJM(INDX,JNOXl .LT. THRSI-!1) GOT1J 500 

EXPFLG w I 
AARIVUJ,J) w 2 
WRITE ILUN(2),100) F'REVOY, PREVHl, MIN, AARIVL(4,JI, 

• AARIVl(5,Jl, THRSHT 
WRITE ILUN(5),100l PREVOY, PREVHR, MHO, MRIVL(4,JI, 

+ AARIVU5,Jl, THRSHI 
100 FOR~T (/5X, 1 JDAY 1 , 13, 1 AT '• 12, 1 : 1 , 12, 

+ ' EXPOSURE AT ', 2A4, ' EXCEEDS 1 , iPE10.3!) 
AARIVU6,Jl : PREVDY 
ARRIVU7,Jl w PREVI'f'! 
AARIVU8,Jl a MIN 
GOTO ~00 

2~0 IF IEXPQJMIINOX,J~Xl .LT. THRS1i2l GOT1J ~00 

ARRIVU3,Jl ~ 3 
WRITE lll!N(2J,100J F'REVDV, PREVIiR, MIN, .¥1RIVL(4,Jl, 

Program listing 13 Subroutine ARRTIM 
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.. AllRlVL(S,J), 'l'BllSB2 
WRIT£ (LUH(S) ,100) PREVDY, PREVBR, MIN, ARRIVL(4,J), 

.. AllRIVL(S,J), 'l'HRSB2 
ARRIVL(9,J) • PREVDY 
ARRlVL(lO,J) PREVHR 
ARRIVL{ll,J) • MIN 

500 CONTINUE 
RETURN 

""' 

Subroutine ARRTIM (cont'd) 
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' ' ' 
~lUTE I'ESOI ~ERSION 2.0 
Output ot printer comp;,tible tiles 

' C Athey, G.F., J.V. Ramsdell, C.S. Giant~ 

C P11ci I I c NQrttntest Labo.-atory 
c PO Box 999 
C Rlchlan6, ~ashlngton 99352 

' C Created: 6/1/83 
C Llpd11ted: 
c 
C Description: Handles the output of the matrices to separate 
C disk tiles. 
c 
C Relationship to other /IIOdules: 

' C Makes calls to: ~ONE 

' C Called fr0'11: !.f::SOI 
c 
C***************"'*****************H*********************"u******** 

SUSROOTINE PRINTE ISHR, IAOV, OOAY, CJlR, [)oliN, IPSUM, OPFLGJ 

INQ.UOE 10iAR,INC1 

INCLUDE 1 W07RIX.INC' 
INQ.UDE 1 LINITS.INC' 

REAL MATJI(31, 31, 91 

INTEGER ~R. OOAY, CliR, CJI.IIN, !PLUS, OPFLG 

EQUIVALENC£ IMA1'RI 1, 1,1 l, EXPQJMl 
EQUIVALENCE IMATIH1,1,2!, AXPCf'l_J 
EQUIVALENO:: llo!AT1H1,1,3J, Bl!PDPLl 
EQUIVALENC£ CMAlRII,l,(J, AltPAf:Nl 
EQUIVALENCE IMAlR!1,1,51, SXPADVI 
EQUIVALENCE IMATRI1,1,6l, AOERlSI 
EQUIVAlENCE <MATRII,1,7), BDEPOSl 
EQUIVAlENCE IMATRI1,1,8), NJPArJV) 
EQUIVAlENCE IMATR(t,1,9l, BlFArJV) 

OiARAcrER•'XI MATR 10<91 
OiAR.O.crER*20 M.o.TUNTI9l 

DAT.O. W.TR10 I 
• 10JKJLATIVE EXPOSURE IUNOEPLETEDl 
• 'DEPLmD PARENT -- OJKIL.O.TIVE EXPOSURE 
• 'DEPLmD DAUGffTER -- OJH.JLATIYE EXPOSURE 
• 'DEPLETED f'AAENT --ADVECTION PERIOD EXPOSURE 
• 'DEPLmD O.O.LGHlER -- ADVECTION PERIOD EXPOSURE 
• 'PARENT DEPOSIT ION -- OJH.Jl.O.TIVE 
• 'DA00ffTER DEPOSIT ION - OJH.JLATIVE 
• 'PARENT CEPOS!TION -- 1\0'/ECTION F'ERIOD 
• 'DAUGHTER CEPOS/T!ON -- 1\0'/ECTION PERIOD 

DAT.O. W.TIJNT I 
• '"'-'SS * HQJRS I M .. 3 • . 
• 'loi,I,SS * HQJRS I )IIUJ 

• 1 /oi,I,SS * YaJRS I M**3 
• •~o~,~,ss • HaJRS I ~1*"3 

• 'MA.SS * HaJRS I M**3 
• 'MA.SS I M .. 2 
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• 'MASS I M**2 
• 'MASS I M**2 
• 'MASS I M**2 'I 

LUINDX ,. 6 
00 200 N 1' 9 

lF (OPFLG .EQ. 0 .Mro. " • EQ. 6) RETUR~ 

!PLUS "' 0 
\'!RITE (LUN(LUINDX) ,100} TITLE, RDATE, RTI!1E 

100 FORHAT ( '1', 4X, 50A1 1 /60X, A8, 2X, A8/) 
l'JRITE (LUN(LUINDX) ,110) t·tATRIO(N), t.JATUilT(N) 

110 FORMAT (/SX, ASO, 2X, A20/) 
WRITE {LUN(LUINDX) ,120) SHR, Ili.DV, DDAY, DHR, DMIN, IPSUtl 

120 FORHAT (5X, 'SltlULATION !lOUR ',12, 1 ADVECTION STEP '• I2, 
+ SX, 'DATA FOR DAY', 13 1 3X,' AT', 12, ':', 12/, 
+ 7X, 14, ' PUFFS ACTIVE'/) 

DO 160 L = 1, 3 
llRIT E ( LUN ( LUINOX) , lJ 0) (I +!PLUS, I"'l, ll) 

130 FORMAT (lHO,' Y COORDI!l"ATE OF',25X,' X COORDINATE , 
.,. 'OF THE GRID POINTS', /2X, ' THE GF.lO POINTS', 14, llilO/) 

DOlSOJ=l,Jl 
l"lRITE (LUN(LUINDX),l40) 32-J, (t-IATf:(!,32-J,N), 

+ I=l+IPLUS,ll+IPLUS) 
140 FORMAT (Ill, SX, 1Pl1El0.2) 
150 CONTINUE 

IPLUS = !PLUS + 11 
160 COUTINUE 

LUINDX '"' LUINOX + 1 

200 CO!ITINUE 
RETURN 
END 
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c 
c rrsm 
C Testing mode output module 
c 
C Athey, G.F., J.V. R~msdell, C.S. Glantz 
C P~clfic Northwest Laboratory 
C PO Bo>< 999 
C RIch 1 and, Wt~sh I ngton 993!!2 
c 
C Created: 6/1/1!3 
C Updated: 
c 

<'£SOl VERSION 2.0 

C Description: Subroutine to print additional putf lntorm11tlon 
C when the roodel is run tn the testing mode. 
c 
C Relationship to other :nodules: 
c 
C 'Takes calls to: NONE 

Cell led fran: ,'£$01 

SUBROOTINE 1ESTM I lADY, SHR, DELXYl 

INQUDE •PUFFS. INC' 
INQUDE 1 UNITS.INC' 

INTEGER SHR 

IF (11\DV .EQ. 1 .a:l. !FIRST .NE. II THEN 
WRITE ILUNI51,100l SHR 

100 FORIMT 1'1', /lOX, 'TESTING 1<10£ -- FUFF DESCFttPTORS•, 
+ 1 FOR SllolllATION HQJR '• Ill 

WRIT! ILUNC,l,!!Ol 
110 FOR~T C//IX, 11\r:NC f'UFF SRC AGE GRID GRID 2 1 , 

+ 4X,'PoDVE X', 4X, 'I()YE Y1 , 5X, 1SIGW. Y SIGMAl', 9X, 'QP•, 
+ 9X, 1 AllQP 1, 8X, '800P'l 

WRITE ILUNI5l,l201 
120 FORMAT IJX, 'STEP NO', SX, 1 (MIN) 1 , 4X, 1 X1 , 6X, 1 Y1 l 

END IF 

WRITE 1LlJN(5l,130l 
130 FOR~T f TXJ 

00 ZOO M ~ 1 , TPtiFFS 

XMJVE • DXSCMJ * DELXY 
YM:lVE ~ OYSO~l * DELXY 

WRITE (LlJNI51,150l IACW, M, SP(M), .'GECMJ, XP(Ml, YP(Ml, 
+ ZP(Ml, XMJVE, OOVE, SIG~Y(MJ, SIGMAZIMl, QP(Ml, 
+ ~PfMJ, EICQP(Ml 

150 FOR~T (2)(,12, 3X,I3, ~X,Il, ZX,I5, 3X,F5.Z, ZX,F5.Z, 
+ ZX,F4.0, ZOX,F7.0l, ZX, Zf2X,F7.1J, 2X, 3(2X,1PE10,3ll 

ZOO CONTINUE 

I FIRST • 
REltiRN 

"' 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

SOlE EN f\IOSOI VEI<SION 2.0 
Output module tor vlsu~l dlspl<!y terMin~l 

Athey, G.F., J.V. Ramsdell, C.S. Glantz 
Pacl f I c Nortnwest Laboratory 
PO Box 999 
Richland, Washington 993~2 

c Created: 6/1/83 
C Updated: 
c 
C Description: Any of tne cumulative m~trlet~S can be dlspi"Yed in 
C simple graphical form using alphen.merlc ch;,ract...-s, 
c 
C Relationship to other modules: 
c 
C ~~kes calls to: NON( 
c 
C ~lied fran: ~'IESOI 
c cu ...................................................................... . 

SUBRQJTINE SOl.EEN I SHR, IPSUM I 

INQUOE •CHM. INC' 
INO..UDE 1 0ATIM. INC' 
INO.UOE 1 Mo\TR IX, INC' 
H<Q.UDE •REL.INC' 
INO..UDE 'UNITS. INC' 

REAL VALUEI11,91, "o\TR01,31,91 

IN"IEGER SHR 

CHMACTER*l DISPLI50J, S0RSYMI4J, SYioBCllllll 
CHMAC'T'Efl;•3 Bal.OER(tf!il 
CHMACTER*35 IEACftl I 91, HEACRZI 91 

EQUIY.o.t.ENCl: i~TlH 1, I, 1J, E:Q>QJNI 
EQUIVAlENCE IMA11U1,1,2l, AXf>tf'l..) 
EQUIVALENO:: (lo!ATRC1,1,Jl, BXf>[f>Ll 
EQUIVALENCE (MATRC1,1,41, .QPADVJ 
EQUIV,IJ,.ENCE (lo!ATR(l,l,,l, Bl!PADVJ 
EQUIV,~J,.ENCE CMATR<1,1,6l, ACEPOSl 
EQUIV,IJ,.ENCE (MATRC1,1,7l, BD:POSl 
EQUIVALENCE (MATR(1,1,8l, AtPADVJ 
EQUIVALENCE (MATRC1,1,9l, EIOPADVJ 

DATA BCFI~R/16• 1 • '/ 
DATA SMDL/ 1D 1, 11 1, 12 1, '3 1 , 14 1, '5 ', '6', '7', 18 1, '9', '+'/ 
DATA SORSYM/'A','8 1 , 1 C1, 1D'/ 

C " DEFINE lHE BINS FOR OODINl Of DISPLAY O.AAACTERS FOR EAOI OF 
C •• THE FIVE MRAYS 

DATA < VALUECI, 1 l, 1•1, 11 , I LOE-17, I .OE-16, I .OE-1 ~. 1 .OE-14, 

• l.OE-1:5, 1 .OE-12, 1 .oE-11, 1 .OE-10, 1 .OE-09, 1.0E-Q8, 1 .OE-Q7/ 

DATA ( VALUE( 1,2l, 1•1,11 ( I LOE-1:', 1 .oE-16, 1 .OE-1,, l.OE-14, 

• l.OE-13, 1 .OE-12, 1 .OE-11, l.OE-10, 1.0E-Q9, 1 .OE-08, I.OE-071 

DATA ( VALUE( I,JJ, 1•1, 11 ( ; .OE-1"', 1 .OE-16, I .OE-1 ,, 1 .oE-14, 

• 1 .OE-13, 1 .OE-12, 1 .OE-11, 1 .OE-10. 1 .OE-09, 1 .OE-Q8, 1 .OE-Q7/ 
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DATA ( VA.LUE(I,6),I•1,11 ) / l.OE-17, 1.0£-16, l.OE-15, l.OE-14, 
+ l.OE-13 1 1.0£-12, 1.0£-11, l.OE-10, l.OE-09, l.OE-08, l.OE-07/ 

DATA ( VALUE(I,7),I•1,11) / l.OE-17, l.OE-16, l.OE-15, l.OE-141 
+ l.OE-13, l.OE-12 1 l.OE-11, l.OE-10, l.OE-09, l.OE-08, l.OE-07/ 

DATA HEA0R1 (1) /' CUMULATIVE EXPOSURE (UNDEPLETEO) '/ 
DATA HEMIR1(2) /'DEPLETED PARENT- CU~tUL EXPOSURE '/ 
DATA HEA0Rl(3) /'DEPLETED DAUGHTER- CUNUL EXPOSURE '/ 
DATA HEAORl(li) /' PARENT DEPOSITIOfl CUMULATIVE '/ 
DATA llEMIR1(7) /'DAUGHTER DEPOSITION- CUMULATIVE '/ 

DATA HEAOR2(1) /'MASS • HOURS / K**3 
DATA HEA0R2(2) /'MASS * HOURS/ M**3 
DATA I!EAOR2(3) /'MASS* HOURS/ M**3 
DATA HEADR2(6) /'MASS/ ti**2 
DATA HEADR2(7) /'!~ASS/ H**2 

'I 
'I 
'I 
'I 
'I 

100 loiRITE (LUN(2) ,110) 
110 FORMAT (!5X, 'WHICH CUMULATIVE MATRIX 00 YOU \HSH TO DISPLAY?', 

120 

+ /7X 1 '1 TOTAL EXPOSURE ' 
+ /7X, '2 DEPLETED - PARENT' , 
+ /7X, '3 DEPLETED - DAUGHTER 1 

1 

+ /7X, '6 DEPOSITION - PARENT', 
+ /1X 1 '7 DEPOSITION- DAUGHTER', 
+ //?X, '0 RETURN AND CONTINUE'/) 

READ (LUN(1) ,l20,ERR•l00) 
FORMAT (Ill 
IF (ISEL .LT. 
IF (ISEL ,EQ, 

PRINT •, ' 
GOTO 100 

END" 

0 .OR. ISEL 
4 ,OR, ISEL 
PRODUCT NOT 

IF (ISEL ,EQ, 0) RETURN 

ISEL 

,GT, 7) GO'l'O 100 
,EQ, 5) THEN 
AVAILABLE FOR SCREEN 

C ** SCREEN DISPLAY OF SELECTED HOURLY OUTPUT 

WRITE (LUN(2) ,130) TITLE, RDATE, RTIME 
130 FORMAT (5X,50Al,/ 160X,A8 12X,A8,/) 

WRITE (LUN(2) ,140) SHR, DYR, ODAY, OHR 

DISPLAY' 

140 FORMAT ( 5X, 'SIMULATION HOUR ' 1 I2, 15X, 'JULIAN DATE< ' , 12 1 2X, 
+ I3,3X,'HOUR ', I2) 

WRITE (LUN(2),150) IPSUH, HEADR1(ISEL), BEADR2(ISEL) 
150 FORMAT (/3X, 14, ' PUFFS ACTIVE', llX, A35, /37X, A35) 

WRITE (LUN(2) 11601 BORDER 
160 FORMAT (2X, 16A3, 5X, 'SYMBOL •• VALUE') 

DISPL(ll ., '*' 
OISPL(SO) ~ '*' 

00 230 N • 1, 16 
001701•2,49 

DISPL(I) "' ' ' 
17 0 CONTINUE 

0019011,16 
IF (KATR{l*2-1, 33-(N*2), ISEL) .LT. VALUE(l,ISEL)) GOTO 190 
00180K=2,ll 

IF (KATR(l*2-l, 33-(N*2), ISEL) .LT. VALUE(K,ISEt.)) THEN 
DISPL(I*3l • SYMBOL(K-1) 
00'1'0 190 

END IF 
180 COIITINUE 
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DISPL(I*3) • SYMBOL(11) 
190 COIITINUE 

C ** PUT CHARACTERS 'A,B,C OR D' AT HELEASE POINTS 
C PUT CHARACTER 'X' AT GRID CENTER 

DO 200 I : 1, NSOURC 
IF (IFIX(YSOURC(I)) .EQ. 16-N) THEN 

D!SPL { IF!X ( (XSOURC (I) +1. 0) *)·rO .5) ) SORSYI1 {I) 
END IF 

200 CONTINUE 
IF (N .EQ. 9) DISPL(26) • 'X' 
IF {N .LT. 12) THEN 

WRITE {LUN(2) ,210) DISPL, SYMBOL(N), VALUE{N,ISEL) 
210 FORMAT (lX, 50Al, 7X, Al, 4X, '>"''• lX, 1PE7.l) 

ELSE 
WRITE (LUN(2) 1 220) DISPL 

220 FORMAT (lX, 50All 
END IF 

230 CONTINUE 
WRITE {LliN{2) ,240) BORDER 

240 FORMAT \2X,16A3) 
PAUSE 'T'li?E C TO CONTINUE 1 

GOTO 100 
'NO 

Subroutine SCREEN ( cont' cl) 
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c 
c ~!ESDI VERSION 2.0 
~ Puff plotting module 
c 
C Athey, G.F., J.V. Ramsdell, C.S. Gl~ntz 

C Paclf ic Northwest laboratQI"y 
C PO Box 999 
C Richland, Washington 99352 

c Cre~ted: 6/1/83 
C Updated: 

C Description: This subroutine allows display of the active putls 
C on the grId. The subroutIne must be t~ i I ored to the computer 
C hardware available. This module uses a Battelle version of 
C CALaJr-P and is designed to uti I ize a VISUAL 500 terminal. 
c 
C Relationship tc !lt~er 'tiOdules: 
c 

c •• 

~lakes callS to: OT01AA 

Called from: ii'ESOI 

SUBROUTINE R.OTZ 

INQUOE 'Ql.¥1. INC' 
INQUDE 'DATIM. INC' 
INQUOE 'PIJFFS.INC' 
INQUDE 'REL.INC' 
INQUDE '~ITS. INC• 

OlAAACTER*9 OOATE, DT!"f: 

DTR ~ 0.0174532925 

c.a.LL DTOVfl fDYR, DOAY, CHR, ()MIN, ODATE, DTI~) 

SET VISUAL 500 TERMINAL lO ALPHIGRAP<;JCS :.{)DE 

IP\.T • 0 
WRITE ILUNill,IOJ "YT 

10 FORMAT('+', ~All 

c .. (NlTlALIZE PLOTFlLE, SET SlZE, OO:IW A BCRDER AND HEADERS 

c."' PLOTS lO.C, C.O, tUN( 16)) 

"" FACllJR ( 1.0) 

"" "" (0.0, c.o, " "" "" (8.!1, o.o, 2J 
CALL "" (8.!1, 8.5, 2J 

"" F<OT (Q.O, 8.5, 2J 

"" F<OT (0.0, 0.0, 2J 

"" """"'- (1 .0, 9.0, 0.42, '"f:SO l RIFF PLOT c.o. "' CALL "'""'- (9.2, a.o, o.z1, ""'"'· 0 .0, " "" ""'"'- (9.Z, 7 .!I, 0.21, CITI140, 0.0, " c .. PUT A SYM!OI. AT EAD! SOURCE LOCATION 

oo zoe ' . 1 , NSCXJRC 
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XSP • XSOCRC(I) * 0.5667 
YSP • YSOCRC(I) * 0.5667 
CALL SYMBOL (XSP, YSP, 0,28, ll, C .0, -1) 

200 CONTINUE 

C ** DRAW A CIRCLE (36 LINE SEGMENTS) FOR EACH PIJFF ACTIVE 

DO 500 I a 1, TPUFFS 
IF (MF(Il .EQ. OJ GOTO 500 
PX • XP(I) * 0.5667 
py ~ YP(IJ * 0.5667 
PLEN • RADP(I) * 0.5667 

DO 400 J ,. 10, 370, 10 
RADJ ., (J - 10) * DTR 
CIRCX • PX -t- (S!N(RADJ) * PLENJ 
IF (CIRCX .LT. 0,0) CIRCX • 0.0 
IF (C!RCX .GT. 8,5) CIRCX "' 8.5 

CIRCY • PY -t- (OOS(RAOJ) * PLEN) 
IF (CIRCY .LT. 0,0) ClRCY 0.0 
IF (C!RCY .GT. 8,5) CIRCY .. S.!i 

IF (J .EQ. 10) THEN 
!PEN • 3 

ELSE 
!PEN • 2 

END IF 

CALL PLOT (CIRCX, CIRCY, !PEN) 
400 CONTINUE 

IPLT • IPLT -t- 1 
500 CotlTINUE 

C ** CLOSE PLOTFILE AND DISPLAY 

CALL PLOT!ID 
PAUSE 

C "* .CLEAR ALPaAGRAPIHCS DISPLAY AND RE'l'IJRN TO ALPaANUMERIC J.IODE 

WRITE (LUN(l) ,10) *33, *14 
WRITE (L0N(1) ,10) *30 
PRINT *• IPLT, 1 PUFFS PLOTTED 

"""'"' '"' 
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' ' ' ' 
:1NOFLD 
'illnd field plot :nodwle 

c Ath~:>y, G.F., J.V. R""'soell, c.s. Grantz 
C Pacific Northwest Laboratory 
C PO Sox 999 
C Richland, l~ashington 99352 

' c Created: 6/1/83 
C Upoated: 

' 

~ESDI VERSION 2.J 

C Description: Gr~phiCs generation program to display the wind field. 
C ~-lodule ~ses the arr~ys ~-u all<l VV. 

' C RelationshiP to other modules: 

' 

• 
• • 
• 

.'-lai<es :ails to: DTQjAA, DIRSPO 

Called fn:m: 

SUBROUTINE WM)FlD 

INQUDE 101M. INC' 
INQUOE •OATir~. INC' 
INQUOl: •STATN. INC' 
INQUOE 'UNITS. INC' 
INQUOE •WINOS. INC' 

t>'ESO I 

01AAACTER*9 OOATE, OTif'E 
OiARACTER*24 STN!Q ( 7) 

DATA STI\90. I 'A \'fRY UNST1'8LE 

ARRMIN: 0.3 
ARRINC • 0.1 

'B '-COERATEL Y UNSTJieLE 
'C st IGHTl Y lJNST.'eLE 
•D - NEUTRAL 
'E - SLIGHTlY ST.IBLE 
'F - ~()OERATEL Y STrBL~ 
'G - VERY STI'IlLE 

CALL DTQ1AR (OYR, DDAY, CHR, CW>11N, OCATE, D71MEJ 

C u SET VISUAL ~00 TERMINAl TO ALPIVGRAP!iiCS r.t)Df (SEND <US>J 

WRITE <LtJN(1),10J "37 
10 rQRW.T ( 1+', 5A1J 

C •• INITI.O.LIZE PLOTI'"ILE, SET SIZE, CRJ6il ~De:R AND HEADERS 

CALL PLOTS 10.0, 0.0, LUNI16)) 
CALL FACTOR ( 1.0) 

"" "" (0.0, o.o, _, 
CALL "" (Q.O, o.o, " "'" "" (8.5, o.o, Z> 

"" PLOT 18.5, e.~. " CALL I"_OT cc.o, 8.5, " CALL PLOT (0.0, o.o, " 
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CALL SYMBOL (1.0, 9.0, 0.42, 'MESO! lUND FIELD', 0.0, 16) 
CALL SYMBOL (8.6,10.0,0.21,'BANFORD TELEMETRY STATIONS' ,0.0,26) 
CALL SYMBOL (8.6,9,7,0,2J.,'ARROWS IN DIRECTION OF FLOW ',0.0,28) 
CALL SYMBOL (8.6,9.2,0.21, 'STATION ELEV SPEED DIRECT' ,0.0,28) 
CALL SYMBOL (8,6,8.9,0.21,' NAME METERS MPH DEG' ,0,0,26) 

XORG " 0,0 
YORG ~ 0.0 

DTR " 0.0174532925 

CALL SYMBOL (8.9, 0.3, 0.21, DDATE, 0.0, 9) 

CALL SYMBOL (8,9, 0.7, 0.21, 'STABILITY • '• 0.0, 12) 
CALL SYMBOL (10.8, 0.7, 0.21, STABCL(STAB), 0.0, 24) 
CALL SYMBOL (8,9, 1.1, 0.21, 'MIXING LEVEL=', 0.0, 14) 
DEPTH = FLOATJ(LDEPTB) 
CALL NUMBER (11.4, 1.1, 0.21, DEPTH, 0.0, ·1) 
CALL SYMBOL (12.4, 1.1, 0.21, 'METERS', O.C, 6) 
CALL SYMBOL (10.9, 0.3, 0.21, DTIME, 0.0, !I) 

C *" LIST THE STATIONS NMlES, ELEVATIOliS AND WINtlS 

YCOORD = 8.5 

DO 500 J .. 1, ACTSTA 
CALL SYMBOL (8,8, YCOORD, 0 .21, NAM.ST(J), 0 .o. 41 
FNUM ,. FLOATJ(ELEV(J)) 
CALL NUMBER (10.3, YCOORD, 0.21, FNUM, ' 0. -1) 
FNUM = FLOATJ(SPD(J)) 
CALL NUMBER (11.4, YCOORD, 0 .21, FNUM, 0 .. o' -1) 
FNUM "' FLOATJ (OIR(J)) 
CALL NUMBER (12.4. YCOORD, I) .21, FNUM, 0 "0' -1) 
YCOORD .. YCOORO - 0.30 

500 CONTINUE 

C ** DRAW AN ARROW ORIGINATING AT EAOl GRID POIUT TO REPRESENT THE 
C '"* MAGNITUDE AND DIRECTION OF THE WIND FL~l 

DO 610 1=1,16 
DO 600 J=1,16 

PX1 = XORG + (1 * 0.5) 
PYl ,. YORG + (J * 0.5) 

C ** CALCULATE A SPEED AND DIRECTION FOR EACH Glt!O POINT BASED 
C ** ON THE ARRAYS UU AND 'IV. 

CALL DIRSPO ( UU(I,J), VV(I,J), DIRECT, SPEED ) 

ARRLEN = ARRMIN + {ARRINC * (SPEED/ 5 + 0,5)) 
DIRECT • (360 - (DIRECT - 90)) + 180 
IF (DIRECT .GT. 360) DIRECT ~ DIRECT 360 
POINT = DIRECT * DTR 

PX2 ~ COS(POINT) * ARRLEN + PX1 
PY2 = SIN(POINT) * ARRLEN + PY1 

CALL PLOT (PX1, PYl, 3) 
CALL PLOT (PX2, PY2, 2) 

ARRLEN = ARRLEN / 4 
AHD1 " DIRECT+ 135 
IF (AHDl .GT. 360) AHDl = AHD1 - 360 
AHD2 "' DIRECT - 135 
IF (AH02 .LT. 1) AHD2 " AHD2 + 360 
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c 

c 
c 

600 
610 

•• 

•• 
•• 

BPXl COS(AHOl*DTll:) • ARRLEN 
BPYl SIN(AH01*0TR) • ARRLEN 
BPX2 COS(AHD2*DTR) • ARRLEN 
BP'i2 SIN(AHD2*DTR) • ARRLEN 

CALL PLOT (BPX1, BP'il, " CALL PLOT (BPX2, BP'i2, 21 
CALC !'LOT (PX2, P'i2, 21 

CONTINUE 
CONTINUE 

CLOSE THE PLOTFILE AND DISPLAY 

CALL PLOTND 
PAUSE 

• PX2 

• m 
• PX2 

• m 

CLEAR ALP!IAGRAPHICS SCREEN AND RETIJRN TERJ.\INAL TO ALPHA!lm!ERIC 
MODE (SEND <ESC> <FF> AND <CAN>) 

WRITE (LUN(l) ,10) "33, "14 
\~RITE {LUN(l) ,10) "30 

RETURN 
CND 
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c 
c 
c 
c 

t·INOPL T 
Station wind "let module 

C Athey, G.F., J.V. Ramsdell, C.S. Glantz 
C P~clfic Northwest La~or~tory 
C PO So>< 999 
C Richland, Washin£Ton 99352 
c 
C Created: 6/1/83 
C Updated: 
c 

!>'ESDI VEP.SIOfl 2.0 

C Description: Graphics generation program ro displav the ~ind vectors 
C at tt1e tl,llemetry stations. Product is s•:aled for use with 
C the b~ckground maps. 
c 
C Relationship to other modules: 
c 
C ,'.lakes calls to: :)TOMil 

' 
' 
' 

Called trcm: 

SUBRWTINE WNOPL T 

INQUDE 'Cl-IAA.. INC' 
INQUOE 'DATI!>!. INC' 
INQUOE •STATN. INC' 
INQUDE 'UNITS. INC' 
INQUOE 'WINOS. INC' 

I-E SO I 

OIAAACTER*9 OOATE, OTIME 
OfARAmR•24 STABQC7l 

DATA STPeQ I ,, - VERY UNSTMLE ., - ~'OOERATEL Y UNST...aLE 
'C - SLIGHTLY UNSTPelE 
'0 NElJlRAI.. ., SL IG111'l Y ST.'BLE ., ).()OERATEL Y STABLE 
•G VERY ST!f!LE 

AARMIN 0.3 
AARINC 0.1 

,'I 

CALL DTO!Nl. {QYI<, OOAY, CI-IR, [JoliN, OOATE, DT!"El 

C ** SET VISUAl 500 TERMINAL 10 AlPHIGRAPHICS ~DOE ISENO <US>) 

WRITE (LUN(1l,IOl "37 
10 FORMH ( 1+', 5A1l 

C ** INITIALIZE PLOTFILE, SET SIZE, CR!tl B~OER AND liEADERS 

CALL PLOTS 10.0, 0.0, LUN<16ll 
CALL FACTOR (I.Ol 

"" PLOT (0.0, 0.0, 
_, 

CALL PLOT 10.0, 0.0, 2> 
CALL PLOT (8.~. 0.0, 2> 
CALL PLOT 18.5, 8 . .'5, 2> 
CALL PLCT 10.0, 8.5, 2> 
CALL PLOT 10.0, 0.0, 2> 

Program Listing 19 Subroutine WNOPLT 
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c 

c 
c 

•• 

500 .. .. 

CALL SYMBOL (1.0, 9.0, 0,42, 'STATION WIND PLOT '• 0.0, 18) 
CALL SYMBOL (8,6,10,0,0,21, 'HANFORD TELEMETRY STATIONS' ,0,0,26) 
CALL SYMBOL (8.6,9,7,0.21, 'ARROWS IN DIRECTION OF FLOW 1 ,0.0,28) 
CALL SYMBOL (8.6,9,2,0.21,'STATION ELEV SPEED DIRECT' ,0.0,28) 
CALL SYMBOL (8,6,8,9,0.21,' NAME METERS MPH DEG',0.0,26) 

XORG • 0,0 
YORG ~ 0,0 

DTR = 0.0174532925 

CALL SYMBOL (8,9, 0,3, 0,21, DDATE, 0.0, 9) 

CALL SYMBOL 
CALL SYMBOL 
CALL SYMBOL 

(8,9, 0,7, 0.21, 'STABILITY"' ', 0.0, 12) 
(10.8, 0.7, 0,21, STABCL(STAB}, 0.0, 24) 
(8,9, l.l, 0.21, 'MIXING LEVEL •', 0.0, 14) 

DEPTH • FLOATJ(LDEPTH) 
CALL NUMBER (11.4, 1.1, 0.21, DEPTH, 0.0, -1) 
CALL SYMBOL (12,4, 1.1, 0.21, 'METERS', 0.0, 6) 
CALL SYMBOL {10.9, 0,3, 0.21, OTIME, 0.0, 9) 

LIST THE STATIONS N.MlES, ELEVATIONS AND WINOS 

YCOORD B ,5 

oo sao J • 1, ACTSTA 
CALL SYMBOL <B .a, YCOORD, 0.21, NAMST{J), 1),0, 
FNUM • FLOATJ(ELEV(J)) 
CALL NUMBER (10,3, YCOORO, 0.21' FNUM, 0 .o. -1) 
FNUM • FLOATJ(SPD(J)) 
CALL NU.tBER (11.4, YCOORO, 0. 21, FNUM, 0 .o' -1) 
FNUM • FLOATJ(OIR(J)) 
CALL NUMBER ( 12.4' YCOORO, 0 .21, FNUM, o.o, -1) 
YCOORO ., YCOORO - 0.30 

CONTINUE 

4) 

DRAW AN ARROW ORIGINATING AT EACH STATION LOCATION TO REPRESENT 
THE MAGNITUDE AND FLOW DIRECTION OF THE WINDS. 

DO 700 J m 1, ACTSTA 
PX1 "' XORG -1- (XSTA(J) * 0.5) 
PYl " YORG -1- (YSTA{J) * 0.5) 
CALL SYMBOL (PXl, PY1, 0.14, 5, 0.0, -1) 

IF (SPO(J) .LT, 1 .OR. SPD{J) .GT. 50) GOTQ 700 
ARRLEN '" ARRMIN -1- (ARRINC * (SPO(J) / 5)) 
DIR(J) " (360 - (OIR(J) - 90)) + 180 
IF (OIR{J) .GT, 360) OIR(J) "OIR{J) - 360 
POINT ,. DIR (J) * OTR 
PX2 "' COS(POINT) * ARRLEN + PX1 
PY2 • SIN{POINT) * ARRLEN + PYl 

CALL PLOT (PXl, PYl, 3) 
CALL PLOT (PX2, PY2, 2) 

ARRLEN = ARRLEN I 4 
AHD1 = OIR(J) , 135 

" (AHDl .GT, 360) AHDl - AHol 
AH02 = OlR(J) - 135 

" (AH02 .LT. 1) AHD2 '" AH02 + 

BPXl COS(AH.Ol • ""' • ARRLEN 
BPYl • SIN(AH01 • ... , • ARRLEN 
BPX2 C0S(AHD2 • ,.,., • ARRLEN 

- 360 

360 

, "' • "' • PX2 

Subroutine WNDPLT (cont'd) 
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BPY2 • SIN{AHD2 * D1'R) * ARRLEN + P~2 

CALL PLOT (BPX1, BPY1, 2J 
CALL PLOT (BPX2, BPY2, 2) 
CALL PLOT (PX2, PY2, 2) 

700 CONTINUE 

C "'* CLOSE PLOTFILE AND DISPLAY 

CALL PLOTND 
PAUSE 

C '** CLEAR ALPHAGRAPHICS SCREEN AND RETtJRN TERMIANL 'l'O ALPHANUMERIC 
C ** MODE (SEND <ESC> <FF> AND <CAN>). 

WRITE {LUN(l) ,10) •33, •14 
WRITE {LUN(1) ,10) •30 

RETURN 
eND 

Subroutine WNDPLT (cont'd) 
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c··~·~•••••••••••••••••~•••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 

EXPSUM 1-'l:SOI 'IERSiml 2.0 
Chac~po i nt axposure summary rr>Odu I e 

' C Athey, G.F., J.V. Ramsdell, C.S. Glantz 
C Pacific Northwest Laboratory 
C PO Box 999 
C Richland, Washington 99~52 
c 
C Creatad: 6/1/83 
C Updated: 

' C Oescrlption: An exposure summary is aisplayed and printed 
C giving fer each checkpoint: 
c 
C I) name ot location 
C 2) exposure grid x andy coordinates 
C 3) Gate and Time threshold I oas exceeded 
C 4) date and time threshold 2 ~as exceeded 
c 
C Relationship to other modules: 
c 
c 
c 
c 
' 

\f.!lkes calls to: NONE 

Calledtran: 1-IESOI 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SIJBR()JTINE EXPSUM ITITlEJ 

INQUDE •AARIV .INC' 
INQUDf 'W.TRIX.INC' 
INQUDE 'UNITS. INC' 

D-IAAACTER*l Tlll£(50) 

WRITE (LUNi2J,100l TITI.E 
WRITE (LlJN(,l,100l TITI.E 

100 FORW.T (//5X, 'ExPOSURE SU~W.RY FOR -'ESOI --> 

IF IEXPFLG .EQ. 1 J GOTO 120 
I<IRITE (LUN(2),110J 
WRITE (LUN(Sl,ITOl 

50A1/l 

110 FORMAT 1/7X, 'NO D-IECKPOINT 11-IRESI-fOLDS EXCEEOC:D'//) 
RETURN 

120 WRITE (LUN(2J,130J 
WRITE ILIJN15l,130l 

IJO FCRM'.T (/,X, 'OiECKPOINT', 5X, •EXP X,Y', 13X, 'EXCEECE0 1, 
+ 14X,'FINAI.') 

WRITE (LlJI<I(2l,140) THRSH1, ll--IRSH2 
WRITE ILUN15l,l.0) THRSH1, T1-IRSH2 

140 FORIAJ.T (8X, 'N~'. 6X, 'OXIRDINATES•, 3X, IPET0.3, 3X, 
+ IP£10.3, 4X, 'CONCEN"IRATION') 

I<IRITE ILUN(2),150J 
I<IRITE ILUN15l,T50J 

150 FORW.T (33X, 'DA'f TilE', 5X, 'DAY TIME'/) 

D0200J•1,35 
IF IARRIVU3,Jl .EQ. 0.01 SOTO 200 

L • AARIVU!,JJ + 0.5 

Program Listing 20 Subroutine EXPSUM 
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lP {L .LT. l) L • 1 
lP {L .GT. 311 L • 31 

M ., ARRIVL{2,J) + 0.5 
IF (M .LT. 1) M., 1 
IF (H .GT, 31) M., 3l 
IF (EXPctlM(L,M) .LT. THRSHll GOTO 200 

lOAY1 ., ARRIVL(6,J) 
IHR1 ., ARRIVL(7,J) 
IMIN1 ARRIVL(8,J) 

lDAY2 ., AR.RlVL{9,J) 
li!R2 ., ARRIVL(10,J) 
IMIN2 • ARRIVL{11,J) 

WRITE (LUN{2) ,160) (ARRIVL(I,J) ,1.,4,5), {ARRIVL{I,J) 1 1•1,2), 
+ IOAYl, IHR1, lHINl, IDAY2, IHR2, IMIN2, E>:PctlH(L,H) 

WRITE (LUN(5) ,160) (ARRIVL(I,J) 1 1•4,5}, (ARRIVL(I,J) ,1•1,21, 
+ IDAYl, IHR1, IMIN1, IDAY2, IHR2, IHIN2, EXPCUH(L,M) 

160 FORMAT (/6X, 2A4, 4X, 2(1X,F4,0), 2(5X,I3,1ll,212) 1 6X,lPE10.3) 
IF (HOD(J,lO) .EQ, 0) PAUSE 'TYPE C TO CONTINUE' 

200 CONTINUE 
RETURN 
END 

Subroutine EXPSUM (cont'd) 
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TRANSPORT, DIFFUSION AND DEPLETION SUBROUTINES 

MESOI Version 2.0 uses 11 subroutines that are primarily related to the 
transport, diffusion, deposition, decay and depletion of effluents. These 
subroutines, along with their memory requirements and a brief description of 
their uses, are listed in Table 11. Four alternatives are provided for use 
as subroutine SIGMA; only one of the alternatives should be included when 
MESO! is customized for a specific location. Subroutine ALPHA is listed, but 
only a dummy subroutine is included. 

This section contains a description and listing of 
port, diffusion, deposition and depletion subroutines. 
the order in which they are called. 

WIND 

each 
They 

of the trans­
are treated in 

This module handles the decoding of the wind data and the generation of 
a transport wind field over the model domain. WIND is called from MESO! or 
INIT after DATRD has been accessed to input the data records. 

Initially, a loop through data elements of the active stations breaks 
out the wind speed and directions. These are then converted to U and V 
transport components. If the data are missing (9999) or winds are calm 
(0000), the decoding steps are skipped and a flag (LFLAG) is set to indicate 
that no data are available at that station. A warning is printed if the 
speed or direction exceeds a preset range. A similar process takes place for 
the upper level wind. 

The winds are then interpolated to each grid point. At each point, the 
winds for up to the ten nearest stations are weighted by their distance from 
the grid point to obtain U and V transport components. If a station is. on 
the point, only that data is used without any spatial interpolation. 

Program listing 21 contains the WIND code. 

TERRA 

TERRA is designed to modify the transport wind field in response to 
terrain features. It uses a separate data set from the diffusion related 
topography. TERRA is called from MESO! and INIT after they call WIND and only 
when the model is not in the testing mode. 

TERRA uses a very simple description of the topography at each wind grid 
to modify the U and V components computed in WIND. Each feature can be 
viewed as a line segment with a given orientation which will redirect the 
wind vector. For any given feature, the wind can come from either of the two 
sides. Coefficients are used to describe the influence that either of these 
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TABLE 11. Transport, Diffusion and Depletion Subt·outines 

NAME 

WIND 

TERRA 

ALPHA 

WINSPD 

PLMRIZ 

PUFFR 

PUFFM 

DTOPO 

OIFDEP 

RDK 

SIGMA 
ASIG 
BSIG 
DSIG 
NRCS!G 

SIZE (BYTES) 
LOCAL 

CODE DATA 

1519 

552 

11 

559 

643 

306 

1158 

802 

3346 

419 

383 
354 
424 
399 

1054 

3290 

40 

218 

112 

84 

3284 

8 

140 
148 
136 
300 

COMMON 
DATA 

25755 

25083 

25380 

663 

29312 

53348 

3848 

68131 

824 
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USE 

Decodes wind data and inter­
polates data to grid nodes. 

Adjusts wind data to account 
for expected terrain 
effects. 

Provides exponents for use 
in vertical interpolation of 
the wind. 

Provides wind speed at puff 
release height and time for 
plume rise computations. 

Computes final plume rise 
for use in estimating ef­
fective release height. 

Assigns initial attributes 
to puffs at release time. 

Calculates puff movement for 
advection step. 

Computes terrain elevation 
under center of puffs at 
beginning end of advection 
step. 

Diffusion, deposition and. 
decay computations and time 
integration during the 
advection step. 

Computes decay and ingrowth 
fractions for sampling in­
terval and remainder of ad­
vection step. 

Computes new diffusion 
coefficients given the last 
values, atmospheric 
stability, mixing layer 
thickness and distance 
moved. 



two surfaces would have on the wind perpendicular to the line. These 
coefficients are inversely related to the slope of the topographic feature 
present to the wind. A steeper slope will cause greater modification of the 
winds and thus the coefficient is smaller. 

When TERRA is called for the first time (from !NIT) the wind terrain 
flag (TERFLG) is passed as zero. The module then sets all values in the 
terrain angle array (TANGLE) to a negative one. This indicates that there is 
no defined terrain at the grid point to influence the wind. All values in 
the slope coefficient array (COEFF1) are set to 1.0. This defines the 
terrain at each point as level; no influence on wind values. The module then 
opens a data file named TERRA.DAT. If this file cannot be opened, TERRA 
returns and the model will not do any terrain corrections of the wind field. 

If the file is opened properly. terrain data is input. Each record 
corresponds to a grid point at which the terrain is expected to modify the 
wind. The data record specifies the x and y grid coordinates, the angle of 
the terrain feature to an east-west line, and the coefficients defining the 
attenuation of the perpendicular wind vector on each side of the feature. 
Input continues until an EOF is encountered. The wind terrain flag is then 
set to one to indicate the completion of the initialization. 

Whenever TERRA is called with TERFLG = 1, the code skips the 
initialization and executes only the wind vector modification section. This 
section consists of a double loop to check and modify winds at each grid 
point as necessary. The U and V values returned from WIND are passed to the 
DIRSPD module and converted into speed and direction. The direction value is 
checked to see which face of the terrain feature will be used in the 
computations. A relative angle between the direction and the terrain is used 
to compute components parallel and perpendicular to the terrain face. The 
perpendicular component is then decreased by the specified magnitude and the 
parallel component is increased to maintain the same final magnitude. The 
final components are then translated back into true wind components. 

The creation of the data set for this module requires some insight into 
the effects of local topography on the wind field. Only major topographic 
features can be represented. Building a data set which looks good takes some 
time. use of the WNDFLD module helps visualize the output of TERRA. 

Program Listing 22 contains the TERRA code. 

ALPHA 

Subroutine ALPHA is included in Version 2.0 of MESO! as a means of 
simplifying future enhancement of the model. The purpose of ALPHA is to 
permit the vertical interpolation of the wind field to be a function of 
stability. Normal atmospheric boundary layer wind speed profiles are a 
function of stability. Analysis of wind profile data at Hanford, Washington 
indicates that the exponents in the equations used for vertical interpolation 
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of the wind in MESO! may also be functions of stability. However, there is 
sufficient scatter in the Hanford profile data to make it difficult to 
support the choice of one set of exponents over any other set. As a result, 
until further analysis is completed, subroutine ALPHA returns values of one 
for the exponents. This results in a linear vertical interpolation. 

Listing 23 contains the subroutine ALPH~ code. 

WINS PO 

This subroutine is used by MESO! to cal:ulate a surface wind speed at a 
specified release point. It uses the U and V components of the surrounding 
grid points to approximate the speed. This speed is used in the calculation 
of plume rise. WINSPD is called from MESO! only when the plume rise flag is 
set (PRFLG = 1). 

The program first determines the grid point to the southeast of there­
lease point. Using those coordinates, the other three grid points surroun­
ding the release point can be defined. Weighting factors (C1 and C2) are 
computed for the temporal interpolation. If 15 minute wind data are being 
used (INTFLG = 1) C1 and C2 both equal 0.5. If hourly data are used, the 
weights are dependent on which advection step is being executed. Spatial 
weighting factors (RX, RY, RXl, RY1) are computed based on source location 
and represent the distances in grid units along the axis to the four grid 
points. U and V components of the wind at the release point are calculated by 
summing the contribution of the wind at each point. A speed is then deter­
mined from these wind components. 

Program listing 24 contains the WINSPD code. 

PLMRIZ 

The PLMRIZ module 1s designed to calculate the final plume rise of a 
release whenever the user has defined a stack. PLMRIZ is called form MESOI 
before PUFFR is called. The rise calculated is used to modify the specified 
release height. 

If the stack is above the mixed depth, no plume rise occurs. If the 
release is within the mixed layer, a series of calculations is made based on 
the work of Briggs (1969). The theory behind this module is discussed in an 
earlier part of the document. The module returns a value for PRISE. If the 
testing mode has been enabled, the parameters used in the calculations are 
reported. 

Program listing 25 contains the PLMRIZ code. 
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PUFFR 

This subroutine assigns the initial attributes to puffs when they are 
released. PUFFR is called from MESO! if the puff release flag (PUFLG) is set 
and the maximum number of puffs have not already been released. 

PUFFM 

PUFFR sets the following attributes each time it is called: 

puff active flag (MF) 
x, y and z coordinates 
source number 
puff age 
source strength 
diffusion coefficients. 

Program listing 26 contains the PUFFR code. 

This module computes puff displacement during each advection period. It 
is called from within the advection loop of MESO!. 

The displacement is based on the interpolated winds at the puff center 
at the beginning and end of the advection period. The initial advection 
surface winds are computed at each time using spatial interpolation between 
the puff center and the surrounding grid points and temporal interpolation 
between the surface winds at the previous and current data interval. An 
initial estimate of the puff position at the end of the advection period is 
made using the displacement estimate made with the surface winds at the 
beginning of the advection period. Another estimate is made by averaging the 
displacements calculated for the beginning and end of the advection step. The 
final displacement is estimated by interpolating the winds between the 
surface and the top of the mixed layer. 

If the puff moves off the grid, it continues to move with its last speed 
and direction until it no longer contributes to the exposure at that grid 
point. 

Program listing 27 contains the PUFFM code. 

DTOPO 

Subroutine DTOPO computes the terrain elevation under the center of 
puffs as they are transported across the grid. The terrain elevation is de­
termined by interpolation between the puff 1 S position and the surrounding 
grid nodes. The weights given to the elevations at the grid nodes are based 
on the reciprocal of the distances between the puff 1 s position and the nodes. 
The elevation under the puff center is estimated at the beginning and end of 
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each advection period. DIFDEP determines the elevation for each sampling 
interval by dividing the change in elevation for the advection period by the 
number of sampling intervals and adding the sampling interval change to the 
current elevation at the beginning of each interval. 

The terrain elevation under the puff center is used in the diffusion 
computations to provide a ground-level reference for determining if a 
specific receptor is above or below the effective release height. 

When a puff is off of the edge of the grid, the closest two grid points 
are used to determine the elevation under the puff center, except when the 
puff is off of a corner. In this latter case, the elevation assigned to the 
terrain under the puff center is the elevation of the corner grid node. 

The computer code for subroutine DTOPO is contained in Listing 28. 

DIFDEP 

DIFDEP is the subroutine that performs the actual transport, diffusion, 
deposition and depletion computations for MESO!. Most of the subroutine is 
contained within a large loop that moves the puffs. Each step in the loop 
corresponds to a time step of one sampling interval. Figure 11 shows the 
flow of logic in DIFDEP. 

Prior to entering its primary loop, DIFDEP determines the size of the 
sampling interval and the corresponding number of sampling intervals in the 
advection period. The magnitude of the sampling interval is controlled by the 
wind speed and size of the puff. Starting with a sampling interval equal to 
the advection period, the ratio between the distance moved in a sampling in­
terval and sigma y is computed. If the ratio is less than 2 (see Figure 7), 
the sampling period to be used for computations is set equal to the advection 
period. If the ratio is greater than 2, the next largest integer factor of 
the advection period (in minutes) is used as a potential sampl i.ng interval, 
and the ratio is recomputed. This process continues until an acceptable sam­
pling interval is found or until the trial sampling interval is one minute •. , 
The possible values for the sampling interval and number of sampling inter­
vals for a 15 minutes advection period (four puffs per hour) are found in the 
data statements at the beginning of DIFDEP. 

As soon as the proper values are selected for these variables, several 
other variables, whose values depend on the number of sampling intervals and 
their duration, are evaluated. If the decay flag has been set during 
initialization, the variables evaluated at this time include the decay con­
stants for each of the decaying species for a sampling interval and for in­
tervals corresponding to the time remaining in the advection period at the 
end of each sampling interval. The evaluation takes place in subroutine RDK. 
The constants are used for decay and ingrowth computations within the advec­
~ion period. 
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The primary loop in DIFDEP is then executed once for each sampling 
interval, unless the puff leaves the grid or the puff concentration falls 
below the minimum concentration of interest. In either of these cases, the 
active puff flag is turned off and control is returned to MESO!. 

The first action within the loop is to 
cients to be used in the sampling interval. 
SIGMA. 

compute the diffusion coeffi­
This takes place in subroutine 

As soon as the diffusion coefficients have been determined, DIFOEP: 
computes the concentration at the puff center, determines the puff radii for 
plotting and determining the potentially affected area, and evaluates the 
term in the diffusion equation that describes the vertical concentration 
distribution at the center of the puff. These computations are shown as a 
single box in Figure 11. However, that box contains a sizeable segment of the 
code because there are separate paths that may be followed through the box. 
The path taken depends upon the ratios between the effective release height 
and mixing layer thickness and between the vertical diffusion coefficient and 
the mixing layer thickness of effective release height. These paths are shown 
in Figure 12. In each path, the concentration at the puff center is compared 
with the minimum concentration of interest. If the puff center concentration 
is lower, a path leading to one of the four circles marked GO TO 200 is 
taken. These paths result in the active puff flag being turned off and 
control returning to MESO!. The puff radii are computed for the effective 
release height and have slightly different magnitudes. 

Next DIFDEP computes the concentration at ground-level beneath the 
center of the puff. At this point, there is a branch in the loop. If the 
ground-level concentration is above the minimum concentration of interest or 
precipitation is occurring, the right branch in Figure 11 is taken, leading 
to evaluation of the impact of the puff on the time-integrated air and 
surface concentrations. Otherwise, the left branch is taken. In either case 
the puff is moved and it position in relation to the grid is determined. If 
it has departed from the grid, the active puff flag is turned off and control 
is returned to MESO!. 

Accumulation of the time-integrated, ground-level air concentrations is 
straight forward. The accumulation of surface contamination due to dry de­
position and washout is more complex because it involves keeping track of 
material remaining on the surface rather than just passing over the surface. 
Figure 13 shows the bookkeeping involved in each sampling interval. At the 
beginning of the advection period, the surface concentrations are set to 
zero; the only material on the ground at the end of the first sampling 
interval is the material deposited during the interval. At the end of the 
second and succeeding intervals, there is contamination on the ground from 
the current sampling interval and preceeding intervals. However, some of the 
material deposited during the earlier intervals will have changed species if 
it decays. To facilitate the bookkeeping, changes that will occur during the 
remainder of the advection period are taken into account when material is 
deposited on the surface. 
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FIGURE 11. Subroutine D1FDEP Logic 
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FIGURE 12. Alternative Logic Paths for Computation of Exposure Increment at 
Puff Centers, Vertical Concentration Distributions and Puff Radii 
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At the end of each sampling interval, after the contributions to the 
time-integrated ground-level air concentration and surface contamination have 
been accumulated, the material in the puff is corrected to account for decay, 
dry deposition and washout. Figure 14 shows how the depletion of the puff is 
accomplished. Together, Figures 13 and 14 provide a description of the fate 
of the initial effluent and its daughter. 

The last action in the loop, prior to moving to the next sampling 
interval, in minutes, is to increment the age of the puff by the duration of 
the sampling interval. The age of the puff is monitored for use in future 
extensions of MESO!. Two likely uses of the puff age are a diffusion 
coefficient parameterization based on travel time rather tan distance and 
extension of the treatment of decay to more than a single parent-daughter 
combination. 

The DIFDEP computer code is given is Listing 29. 

RDK 

Subroutine RDK computes the fractions of each of the decaying species 
that remain at the end of the sampling interval and at the end of the 
advection period. The fraction of the parent species remaining at the end of 
the sampling interval is ADECA2, and that for the daughter is BDECA2. The 
fractions remaining at the end of the advection period are in ADK and SDK. 
These arrays contain a different fraction for each sampling interval within 
the advection period. Finally, the fractions of the parent decaying into the 
daughter that remain at the end of the sampling interval and advection period 
after correction for daughter decay are in BINS! and BDIN, respectively. 

Program Listing 30 contains the RDK computer code. 

SIGMA 

The diffusion coefficients used in MESO! Version 2.0 are computed in 
subroutine SIGMA. Computer codes for four different diffusion coefficient 
parameterizations are included with MESO! Version 2.0 program package. The 
individual parameterizations are discussed in Part I, and the codes are 
contained in Program Listings 31 through 34. The code for each of the 
alternatives is listed under SUBROUTINE SIGMA so the user can change 
alternatives prior to compilation without changing any other portion of the 
program. The parameteriz'ations are easily identified by examination of the 
headers. 

The structure of each of the alternative subroutines is identical. Sigma 
y is computed first, then sigma a. In computing the sigma values, the first 
step is to use the old sigma value and the current stability to determine the 
distance to a virtual point source. The effective distance to the puff 
position at the end of the sampling interval is then determined by adding the 
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position at the end of the sampling interval is then determined by adding the 
distance moved during the interval to the virtual distance. Finally, the 
sigma values are computed directly from the parameterization using the 
current stability and the effective distance. 

The growth of sigma z is controlled by the thickness of the mixing 
layer (LDEPTH). If sigma z is initially equal to or greater than eight­
tenths of LDEPTH, the sigma z computations are bypassed, and the old sigma z 
value is returned as the new value. If sigma z is initially less than 
eight-tenths of LDEPTH but exceeds that value at the end of the sampling in­
terval, sigma z is set equal to eight-tenths of LDEPTH. Under other condit­
ions it is permitted to increase as dictated by the parameterizations. 
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c 
c •\' r~m MESO I 'IERSICfl 2.0 
c Wind field generation module 
c 
C Athey, G.F., J.V. Ramsdell, C.S. GOann 
C Pacific Northwest Laboratory 
c PO eox 999 
C Rich I and, I~ ash i ngton 993 52 
c 
C Created: 6/1/83 
C Updated: 

C JescriJtion: Program to OOcode win~ det~ elements into Oirectlon 
C ~nd speeds ~hen interpolate to each g-id location 
c 

~elatlonship to other modules; 

tlakes calls to: fiONE 

·~lied trcn.: ~'ESDI, INIT 

SUBROUTINE WINOU•IJMSTAI 

INQUOE 'CIAA. INC' 
INQIJOE 'DATil<. INC' 
INQUDE 'STATN.INC' 
INQUOE 'UNITS. INC' 
INQUOE 'WINOS. INC' 

REAL IJOIR, USPO, 'JANG, USTA(301, VSTAO•)I 

INTEGER LFLPGOOI 

C *"DECODE WIND DIRECTION AND SPEED FOil EAIJi ACTIVE STATION 
C "* Q!ECK FOR MISSING DATA (99991 

ROI 5 .D 
II ~ G 

;}() 110 J ~ 1, IUMSTA 
IF (STAT1JS(J) .EQ. II GOTll 110 
N ~ N + I 
OIRINI OATAIJ) I 100 
SFDCN) ~ OATACJJ OIR(N) * 100 

IF WIRINJ .El;l. 99 .OR. SPOCNJ .EQ. 9Yl GOTO 100 
DIR(N) ~ DIRCNJ * 10.0 
IF COIR(NJ .EQ. 0 .AAO. SPOCNJ ,EQ. 0 GOTO 100 

LFL.'GCN) ~ 0 

IF (OIRINJ .LT. 0.0 .OR. DIR(NJ .GT. :.60.0) 
+ WRITf (llJN(2l,1201 J, QIR(NJ, DOA'I', rl-IR, ~IN 

IF ISPDINJ .LT. 0.0 .OR. SPOCNJ .GT. '>5.01 
+ WRITE (LlJN(2),1301 J, SPDCNl, ODAY, rl-IR, Cf.IIN 

C ** CALOJLATE U AND V CO~ENTS AND CONVO:RT TO 1-l:TERS/SEC 

A~- 1270.- OIR(Nll • 0.1415927/ '00.1 
USTA(N) - ISPOCNJ * COSIA~ll * CONV 
VSTACNl • ISPDCN) * SINIANGll * CONV 
GOTO 110 

Program Listing 21 Subroutine WIND 
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100 LFLAG (N) • l 
IF (N .GE. ACTSTA) GOTO 200 

110 CONTINUE 

120 FORMAT (SX, 'WARNING -- STATION NUMBER ', I2, 17X, 
+ 'DIRECTIOtl OUT OF NOR~IAL RANGE--> ', F6,l, 
+ I7X, 'JOAY ~ ', I3, 'AT', 12, ':', 12111 

130 FORI-tAT (SX, 'WARNING-- STATION NUMBER ', 12, I7X, 
+ 'SPEED OUT OF NORMAL RANGE --> ', F6,1, 17X, 
+ 'JDAY • ', 13, 2X, 'AT', I2, ':', I211) 

C ** UPPER LEVEL WIND 

UDIR ~ UPWIND I 100 
USPD = UPI'IIND - (UPWINDilOO) * 100 
UOIR ~ UOIR * 10,0 
IF (UDIR .LT. 0 .OR. UDIR .GT. 360) THEN 

l'IRITE (LUN(2) ,140) UDIR, DOAY, OIIR, D~IIN 
140 FORMAT (/SX, 'WARNING --> UPPER LEVEL WINO DIRECTIO!l 

+ 'IS OUT OF NORMAL RANGE '• I17X, IS, ' OEG ON JDAY 
!3, 'AT', 12, ':', 12111 

EtJDIF 

IF (USPO .LT. 0 ,OR. USPO ,GT, 60) THEN 
WRITE (LUN(2) ,150) USPD, DOAY, OHR, DMIN 

150 FORMAT (/SX, 'WARNING --> UPPER LEVEL WIND SPEED IS OUT 
+ 'OF NORMAL RANGE', /17X, IS, ' MPH ON JOAY 
+ !3, 'AT', I2, ':', 12111 

END IF 

UANG (270. - UDIR) * (3.1415927 / 180.) 
UUG = USPO * COS(UANG) * CONV 
VVG = USPD * SIN(UANG) * CONV 

C ** WIND INTERPOLATION SECTION; USES UP TO 10 STATIONS TO CALCULATE 
C ** U AND V FOR GRID POINTS(l,J) 

c 

200 DO 280 I 1, 16 

•• 

DO 270 J = 1, 16 
SNU 0.0 
SNV = 0.0 
SND ~ 0.0 

NS = 0 
LEND = HlN(ACTSTA,lO) 

DO 220 L " 1, LEND 
LS ~ STNUM(L,I,J) 
IF (LFLAG (LS) ,EQ, l) GOTO 220 

STATION IS AT THE GRID POINT, NO INTERPOLATION REQUIRED 

IF (STDIST(L,I,J) .LE. l.OE-15) GOTO 250 
IF (NS .LT. 3) GOTO 210 
IF (STOIST(L,I,J) ,GT. RCH) GOTO 260 

210 SNU = SNU + USTA(LS) / STDIST(L,I,J) 
SNV • SNV VSTA(LS) / STDIST(L,l,J) 
SND • SND + (1.0 I STDIST(L,I,J) ) 
NS 3 NS+l 

220 CO!lTINUE 

IF (NS .EQ. 0) THEN 
WRITE (LUN(2) ,230) I, J, DDAY, DHR, m!IN 

230 FORMAT (/SX, 'FATAL ERROR -- NO DATA AVAILABLE TO 
+ 'CALCULATE WINOS AT GRID POINT', 12, '•'• 12, 

Subroutine WIND (cont'd) 
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I7X, 'JDAY • 

"''" END IF 

!3, SX, ' AT !2, '' '' I2lll 

IF (NS .LT. 3 ,AND, TITLE(l) ,NE, 't') THEN 
WRITE (LUN(2) ,240) NS, I, J, ODAY, DHR, DMIN 

240 FORMAT (SX, 'WARNING-- ONLY ', 12, ' STATIONS AT ', 
+ 'WIND GRID POINT ', 12, ',', 12, I7X, 'JDAY • ' 
+ !3, SX, 'AT', I2, ':', 12111 

GOTO 260 
END IF 

250 OU(I,J) '" USTA(LS) 
VV(I,J) = VSTA(LS) 
GOTO 270 

260 UU(I,J) 
VV(I,J) 

270 CONTINUE 
280 CONTINUE 

RETURN 

""' 

SNU I SND 
SNV I SND 

Subroutine WIND (cont'd) 
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c 
c TERRA 
C Terrain rwditication ot ~ina field 
c 
C Athey, G.F., J.V. Ramsdell, C.S. Gi~ntz 
C P~cific Northwest lacor~tory 
C PO Sox 999 
C Rlcnland, Washington 99352 
c 
C Created: 6/1/83 
C Updated: 
c 

!-'ESDI VERSION 2.0 

C Jescription: This module is c~lled after the wind subroutine has 
C oecoded the meteorological data into u and v components. It 
C modifies the components lor ~ch grid point according to the 
C terrain. 
c 
C Relationship to other mooules: 
c 
C Makes calls to: OIRSPD 
c 
C Called trC<I1: MESO I 
c 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SUBROOTINE TERRA 

INClUDE 'UNITS. INC' 
INClUDE 'WINDS. INC' 

REAL a.JEFF1116,16,21, TANGLEC16,16) 

DATA aJEFfl I ~12 
DATA TIV'lGLE I 2~6 

1.0 ( 
* -1.0 ( 

C u SET IXlEFFICIENTS TO CEFINE THE TERRAIN SLOPE: EA~ WM3ER 
C •• REPRESENTS Tl-IE FRACTION OF Tl-IE Q)lo!PQNENT PERPENDIOJLAA 
C n TO 'THE TERRAIN FEAltiP:E FOR EAC1 GRID POINT. Tl-IE GREATER Tl-IE 
C .., SLOPE, Tl-IE SMALLER Tl-IE roEFFICIENT. LEVEL SFCS ~ 1.0 

c 
c 
c 
c 
c 
c 
c 

DATA D1R I .01745:3/ 

TERRAIN DATA IS STORED IN 
EAC1 RECORD CONSISTS OF: 

COL 1- 2: 
WL 4- 5: 
WL 7-10: 
ct"IL 12-15: 
ct"IL 17-20: 

FILE CALLED TERRA. OAT 

X GRID CE:SIGNATOR 0-15, LctiER LEFT~O 
Y GRID t:ESIGNATQR 0-15, LctiER LEFT:O 
At-l>LE IN CE:GREE FROI-1 flil'l:IZONTAL 0-179.999 
1ST OJEFFICIENT; rQR WINDS FRO~! EAST 
2ND ct"IEFFICIENT; FOR WINOS FROM WEST 

IF CTERFLG .EQ. I) GOTO 140 

OPEN CUNIT~LUNC15J, FILE=•TERRA.D.-.P, ST.-.ltiSa•Ot.D•, 
+ IOSTAT•IERJ 

IF (IER .NE. 0) Tl-IEN 
PRINT~, TERRA» ERRil'l OPENING FILE; USE FLAT TERRAIN' 
GOTO 140 

ENOl F 

100 READ CLUNCT5J, ITO, EN0.,130, ERR•120l 
+ I, J, TAAGLEII+I,J+IT, Q)EFFIII+I,J+I,Il, ct"IEFF1CI+',J+1,2l 

110 FORIAAT CIX, 12, IX, 12,1X,F4.0, TX,f4.0,1X,F4.0J 
GOTO 100 

Program Listing 22 Subroutine TERRA 
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100 
• 

110 

"' 
130 

c •• 
c •• 
c •• 

READ (LUN(l5), 110, ENO•l30, ERI!.,l20) 
I, J, TANGLE(I+l,J+l), COEFFl(I+l,J+l,l), COEFFl(ltl,J+l,2) 

FORMAT (lX,I2,1X,I2,lX,F4,0,lX,F4.0,lX,F4.0) 
GOTO 100 

STOP 'TERRA RD ERR' 

CONTINUE 
CLOSE (LUN(l5)) 
TERFLG " 1 

DEFINE THE ANGLE OF TBE TERRAIN WITH RESPECT TO THE XY COORDINATE 
SYSTEM FOR EACH GRID POINT, IF THERE IS NO DEFINED TERRAIN FOR 
A POINT, ANGLE IS SET TO -1, 

c ------------- LOOPS TO CALCULATE EFFECT OF TERRAIN ON THE WINDS -----------­
AT EACH GRID POINT ' •• 

140 DO 200, I 1,16 

DO 180, J = 1,16 

C ----------------- MODIFY ONLY GRID POINTS WITH TERRAIN --------------­

IF( TANGLE(I,J) ,LT. 0.0 ) GOTO 160 

c 
c 

•• 
•• 

•• 

•• 

CALCULATE THE SPEED AND DIRECTION, THEN CONVERT DIRECTION TO 
ANGLE OF THE WIND VECTOR IN XY COORD SYSTEM 

CALL DIRSPD (UU(l,J), VV(I,J), ANGO, SPEED) 
ANGO a 270 - ANGO 
IF (ANGO .LT. 0) ANGO ~ ANGO + 360 

DETERMINE IF WIND IS APPROACHING THE TERRAIN LINE FROM EAST OR WEST 

IF (ANGO .GE. 90.0 .OR, ANGO .LT. 270,0 ) THEN 

WIND FROM WEST 

' • 2 
ELSE 

C *" WIND FROM EAST 

' • 1 
END IF 

C -------------- DETERMINE RELATIVE ANGLE OF WIND TO TERRAIN ------------­

RANGLE • (ANGO - TANGLE(l,J)J "DTR 

C *" CALCULATE THE COMPONENTS PARALLEL AND PERPENDICULAR TO TERRAIN; 
C ** THEN TRANSLATE TO AN ANGLE ANll SPEED 

Ul SPEED * COS{ RANGLE ) 
Vl ~ SPEED *SIN( RANGLE ) 
CALL DlRSPD (Ul, Vl, .>.NGl, S) 

C *" MODIFY THE COMPONENTS: PERPENDICULAR IS MULTIPLIED BY A COEFFICIENT 
C "" TO DECREASE IT IN PROPORTION TO THE TERRAIN SLOPE, P.>.RALLEL 
C ** COMPONENT IS INCREASED TO MAINTAIN THE TOTAL VECTOR MAGNITUDE, 

V2 s V1 " COEFFl(I,J,K) 
IF (Ul ,EQ, 0.0) THEN 

U2 • 0.0 
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ELSE 
U2 = Ul * (((SPEED**2)- (V2**2ll*"O,S / ABS(Ulll 

END IF 

CALL DlRSPD (U2, V2, ANG2, SPEED) 

ANGO = ((ANGl - ANG2) tANGO) * DTR 
UU(I,J) ~ SPEED *COS( ANGO ) 
VV(I,J) ~ SPEED * SIN( ANGO l 

160 CONTINUE 

180 CONTINUE 
200 CONTINUE 

RETURN 

'"' 

Subroutine TERRA (cont'd) 

139 



c 
c 
C Wind "ertlc~l interool~tron exponent 

C Athey, G.F., j,V. R~sdell, C.S. Gl~nt2 

C P~clfic Northwest Labor~tory 
C PO Box 999 
C Rlchl~nd, W~shlngtcn 99~52 
c 
C Created: 6/1/83 
C Updated' 

I<:ESOI '/ERSIOI~ 2.0 

C D<lscription: Dwnmy s~broutir"le; Could be configured to compute 
C an alpha value for- use in the vErtic~! ln+9rpolatlon of the 
c w lnds. 
c 
C Pelatlonshlp to other modules: 
c 
c 
c 
c 
c 

~r.,kes calls to: NONE 

~lied frcrn: ~SQI 

SUBROUTINE ALPiiA !STAB, ALPHNJ, ALPiiMI 

REAL ALPH.W, ALPHAV 

INTEGER STM 

ALPHAU I .0 
ALPHAY 1 .0 

RETURN 

'" 

Program Listing 23 Subroutine ALPHA 
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c 
>IINSPD I•IESOI VERSION 2.:1 

C Wi~d speed Tnterpol~tion 
c 
C Athey, G.F., J.V. R~msdell, C.S. Glantz 
C Pacific Northwest Laboratory 
C PO Bo>< 999 
C Rich I and, ·~ash I ngton 99352 
c 
C Created: 6/1/83 
C Updated: 

C Description: Subroutine to calculatil the wind speed at a release 
C point it Interpolates 1 n space and time. Speed is used in 
C the plume rise computation. 

C Relationship to other modules: 

c 
c 
c 

1-la~es calls to: NONE 

C,.,ilad trom: MESO I 

SUBRI)JTINE WINSPO INS, TINC, SPEED I 

INO...'JOE 'OJNST.INC' 
INQ.UDE •REL.INC' 
INO...UOE 'WINDS. INC' 

I E XSOURCINS)+ I 
J E YSOORCINSI + I 
C2 - TINC 
IF (INTFLG .EQ. II C2 0.5 
Cl !.0 - C2 

" " "' RY1 ~ 

XSOORCINSI 
YSOORCCNSl 

1 ,') RX 
1.0 - RY 

" " 
uoo .. 
uoo .. 
UCXl~P 

uoo .. 
VQ)~F 

'"'"' '"''" '"''" 
SF'!:: ED 

RE"IURN 

'" 

IRXI*RY1l * ICI~(I,Jl + C2"UUII,Jll 
UOOtf> + IRXI*RYl .. ICI"'J(I,J+1) + C2*UUII,J+IIl 
UOO~ + \RX*RY) * (CI*U(I+I,J+\J + C2*UU(I+l,J+1ll 
lJQ)"" + (RX"R'r'l) * (C1*lJ(J+1,J) + C2*UlJ(I+1,J)) 

<RXI"RY1l * (CI*V(I,J) + CZ*VV(I,J)) 
VQ)/If> + (RXI*R'r'l * <CI*V(I,J+I) + C2*YV(I,J+1ll 
VOl/lf> + (RX"ff'r') * <Cl*V(I+l,J+l) + C2"VV(I+l,J+1)l 
VOlloF + (RX"R'r'Tl * <Cl*V(I+l,JJ + C2"VV(I+I,Jll 

(lJQ)IoF * UOl~ + VOO/If> * VOO!of') •• 0.5 

Program Listing 24 Subroutine WINSPD 
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c PU1l1Z 1-·ESOI \'ERSION 2.0 
C ~rume rise module 
c 
C Athey, G.F., J.V. Ramsdell, C.S. Gl~ntz 

C Pacific Northwest L~bor~tory 
C PO Bo>< 999 
C Rich I ~nd, ·~ash i ngton 993 52 
c 
C Created: 6/1/83 
c Updated: 
c 
C Description: Subroutine to calculate the final plume rise given 
C prescrIbed conditIons of eft I uent rei e~se. ::ar I ad on1·1 i I the 
C relel!se is tram a detlr~ed steck. 
c 
C Relationship to other modules: 

c 
c 
c 

1-1akes ca I I s to: NONE 

Called from: MESOI 

C**************************************************''*************H* 
SUBROUTINE PUfliZ INS, AIRT, SPD, PRtSEJ 

INCLUDE •Q;AA.INC• 
INCLUDE 'DATI'-1. INC' 
INCLUDE 'REL.INC• 
INClUDE 'UNITS. INC' 

ZS • ZSOLJRCI NS I 

C ** IF STAO< HEIGHT GREATER THA'I Cfl EQUAL TO I·H:<ED CE:PTH, NO PI.U~£ RISE 

IF IZS .GE. LOEPTHJ THEN 
PRISE ~ 0.0 
GOTO 140 

ENOIF 

C ** CALQJLATE A BUOYANCY FLUX FROM THE HEAT FLUX 

FB • 3.119 * QHWSI * ISTE!>FC- Ali<TJ I IAIF:T + 273.151 

C ** FOR STNlLE OJNOITIONS: 

""" IF ISTNl .GE. 51 
GOTO 1100, TJO, 1201 STM - 4 

C ** CALOJLATE A RESl'UR lfG FORCf lSI BASED ON /VII ASSUr.£0 TE'-F'ERATIJRE 
C •• GRADIENT IN THE STMLE LAYER 

100 s 1 0.049 I I ~IRT + 273.1' 1 
GOTO 130 

110 S ~ 0.27/ ( AIRT + 273.15 l 
GOTO 130 

120 S 1 0.4? I I AIRT + 273.15 l 
130 OJNTINUE 

C ** S"'IOEDS LESS THAN I .0 M/SEC ~ CALM 

IF ISPO .LE. 1.01 THEN 
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c •• 

PRISE • 5.3 • , ... ..., O.:Z5) I (S ** 0,375) -
ELSE 

PRISE '·' • "' I (SPD * "' •• 11. I 3. l 
ENDIP 

ELSE 

FOR NEUTRAL AND UNSTABLE CONDITIONS: 

IF (SPO .LT. 0,5) SPD • 0.5 
FLUX • 68.8 * QH(NS) * (STEMPC - AIRT) 
IF (FLUX .LT. 20,0£6) THEN 

X • 6.49 * {FB u (2.15.)) * (ZS ** (3.15.)) 
ELSE 

X•10.0*ZS 
END IF 

'·' 

PRISE., 1.6 I SPD * (FB ** (1./J.)) * {X** (2./J.)) 
END IF 

140 IF (TITLE(l) .EQ, '*') THEN 
WRITE (LUN(2) 1 150) NS 
WRITE (LUN(5) ,150) NS 

150 FORMAT (/SX, 'PLUME RISE PARAMETERS FOR SOURCE U) 

WRITE (LON(2) 1 160) QH(NS), AIRT, SPO, PRISE 
WRITE {LON(5) o160) QB(NSJ, AIRT, SPD, PRISE 

160 FORMAT (/5X, 'SENSIBLE HEAT FLUX (WATTS) ' 1PE10,J, 
+ ISX, AIR TEMPERATURE (OEG C) 0PF5,1, 
+ /5X, 'WIND SPEED AT SOORCE (MIS) , F5.1, 
+ /SX, 'CALCOLATED PLUME RISE (M) 1

, F6.1) 

""'" 
RETURN 
END 

Subroutine PLMRIZ (cont'd) 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

""'"' Puff release r.10dule 

Athey, G.F., J.V. Ramsdell, C.S. Glertz 
Peel I I c Nor+h•est Laboratory 
PO Box 999 
Richland, Wesnlngton 99352 

Greeted: 6/1/83 
Updated: 

~10501 VEl'ISIOt~ 2.0 

Dftscrlptlon: Assjgn$ inltlel attributes to puffs at reteew 
time. 

Relationship to other modules: 

Mllkes ca II s to: NONE 

Called frcm: MESO I 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SU6RCM.JTtNE ~FFR (NS, R< ISE, LCEP'THI 

INQ.UDE '00NST.INC' 
INQUOE 'DECAY. INC' 
INQUOE 'PUFFS. INC' 
INQUDE 'REL. INC' 

NA.JFFSINSl • NFIJFFSINSl + I 
TFtiFFS • TRJFFS + 1 

MF<TFUFFS> I 
XPITI"UFFSl XSCURCCNSI 
YP(TPUFFSI YSQJRCCNSI 
ZP<TPUFFSI ZSOJRC(NS) +PRISE 
SPITI'UFFSI • NS 
N;E(TPUFFS I • 0 

C n NO PENETIIATION Of LID OOE lO PLU~ ~ISE 

IF (lP(Tf'UFFSl. GT. LOEP'TH ,,1110. PRIS:O .NE. 0.01 
+ ZPITFUFFSI • LCEP'TH 
QP(TF'lJfFSl • QSOJACINSl • AOIST 
At:QP(Tf'lJffSl • 0.0 
6CX;lP{TF\JffSl ~ 0.0 

IF (0Pfl.G .~. I .CR. ROKFl. .~. !) A[QP(TPIJffSl • QP(TRJFFSl 
SIGMAZ<TF\JffSl • Q.l 
SIGMAY!TPUffSl • 1.0 

"''"" '"' 
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c 
c PUFFll 
C Puff movement modu I e 
c 

~~SOl VERSION 2.0 

(; Athey, G,F., J.V. Ramsdell, C.S. Glantz 
C Pacific Northwest Laboretory 
C PO Box 999 
C Richland, Washington 99352 
c 
C Created: 6/1/83 
C llpdBted: 
c 
C Description: Calculates movement of each puff for ellCh 
C ~dvection step. 
c 
C RelationshlD to other modules: 

c 
c 

~lakes calls to: NO>IE 

Galled lrc:m: 'IESO I 

C******4UU***********H .... u .. , ....... *** u ........................ . 

S\JBROOTINE PUFFM IM, TINCJ 

INQUOE '00NST. INC' 
INQUOE 'OATil". INC' 
INQUOE 'P\JFFS. INC' 
INQUOE 'WINOS. INC' 

REAL XGI2l, YG(2J, OXSFCI2l, DYSFCI2l, I)JX12l, CUYI2l, 
+ Cl, C2, RX, RY, RX1, RYT, CST, ZfiJ, ZFV 

C ** RELEASE IS 160VE THE MIXED LAYER; USE Uf>PER LEVEL WINDS ONLY 

IF llPIMl .GE. LOEPTHl THEN 

!00 

DO lOOK= I, 2 
C:Z • TiNC + IFlOATCKJ - 1.0) * AOT 
:F IINTFLG .fQ. 1) C2 '"' Cl • 1 .0 - C:Z 
DUXIKJ '" • co 
I)JY(KJ CCI * 

CONTINUE 
OXS!Ml !OOXC1l 
DYS(Ml COOY( 1 l 
RETIJRN 

ENOl F 

XG( 1 l ~ XP(Nl 
YGC1l ~ Yf'CNl 

" 
• 
• 

• C2 • ""'' • C2 • VVGJ 

Cl.JXC2ll I 2.0 
Cl.JYC2ll I 2.0 

FAC 
• FAC 

C ** TWO STEP ITERATION OF -,E ADVECTION 

00200K~1,2 

C2 ~ TINC + !FLOATIKJ - I .Ol * AOT 
IF (INTnG .EQ. tl C2 ~ 0.5 
C1"1.0-C2 
I•XG0()+1.0 
IF (I .LT. I .eFt. .G£. 15) RETURN 
J" YG(K) + 1.0 
IF CJ .LT. 1 .CR. J GE. 16) RETlJRN 

RX ~ XGCKJ - (I-ll 
RY = YG(K)- CJ-Il 
RXI " 1.0 - RX 
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RYl • l.O - RY 

UCOMP (RXl*RYl) * (Cl*U(I,J) + C2*UU(I,J)) 
UCOHP • UCOHP + (RY*RXl) * (Cl*U(I,J+l) + C2*UU(I,J+l)) 
UCOMP • UCOHP + (RX*RY) * (Cl*U(I+l,J+l) + C2*UU(I+l,J+l)) 
UCOMP a UCOMP + (RX*RYl) * (Cl*U(I+l,J) + C2*UU(I+l,J)) 

DXSFC(K) "'UCOMP * PAC 

VCOMP (RXl*RYl) * (Cl*V(I ,J) + C2"VV(l,J)) 
VCOMP a VCOMP + (RY*RXl) " (Cl * V(I,J+l) + C2"VV(I,J+l)) 
VCOMP • VCOMP + (RX*RY) * (Cl*V(I+l,J+l) + C2*VV(I+l,J+l)) 
VCOMP • VCOMP + (RX*RYl) * (Cl*V(I+l,J) + C2*VV(I+1,J)) 

DYSFC(Kl ,. VCOMP * PAC 

IF (ZP(M) .GT. 10.0) THEN 
OUX(K) (Cl * UG + C2 * UUG) * PAC 
OUY(K) ., (Cl * VG + C2 * VVG) * PAC 

END IF 

IF (K .EQ. 2) GOTO 200 
XG(K+1) XG{K) + DXSFC{It) 
YG(K+l) .. YG(K) + DYSFC(K) 

200 CONTINUE 

DXS(M) "' (OXSFC(l) + DXSFC(2)) I 2.0 
DYS(M) • (DYSFC(1) + DYSFC(2)) I 2.0 

C u INTERPOLATE BETWEEN GROUND LEVEL AND UPPER LEVEL WINOS 

IF {ZP(M) .GT. 10.0) THEN 
DUXM • {OUX{l) + DUX(2)) I 2.0 
OUYM'" {DUY(ll + DUY(2)) I 2.0 

ZFU'" {(ZP{Ml -10.0) I (LDEPTB- 10.0)) '** ALPBAU 
ZFV • ({ZP{M) -10.0) I (LOEPTB - 10.0)) ** ALPHAV 
DXS(M) DXS{M) + (DUXM DXS(M)) * ZF"J 
DYS(M) = DYS(M) + (DUYM - OYS(M)) * ZFV 

ENOIP 

RETURN 
END 
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c 
c DTOPO 
C Diffusion topogr~phy modul~ 
c 
C Athey, G.F., J.V. Ramsdell, C.S. Gl~ntt 
C P~c:lflc flortt1west labor~tory 
C PO Sox 999 
C Richland, Washington 99352 
c 
C Created: 6/1/83 
C Updated: 
c 

~SOl VERSION 2.0 

C Description: Computes terr~ln elevation under the center of 
C the puffs at the ~eginning ot the advection step. 
c 
C Relationship to other modules: 
c 
C :·ll'lkes carl s to: NONE 
c 
c 
c 

Called troo: MESO I 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUBROOTINE OTOF{) IXP, YP, TPMI, DXS, DYS, TPMFI 

INQUDE 'TOPOGR.INC' 

REAL XPFGI21, YPFGI21, THTI21, IH(4) 

C n IXlNVERT FtlfF POSITIONS TO IXlORDINATES ~EXPOSURE FINE GRID 

XPFGI II '" • 2.01 • <.0 
YPFGI I I '" • 2.01 • <.0 

XPFG12l '"' • 2.01 + XPFG(l I 
YPFGI21 WYS • 2.0) + YPFGI 1l 

00 100 IT . '' 2 

c .. OETF.RMifiE SUBSCRIPTS DEFINING ll-IE SURROUNDING GRID POINT 
c .. UN TI1E E)lpQSURE IM"ffiiX 

I XI lii-;-(XPFG( ITl l 
IX:Z lXI + 1 

IYI INT(YPFGl ITll 
IY2 IY1 + I 

IF( lXI .GE. I .AND. IX2 .LE. 31 .,4/lO. IYT .GE. I .AND. 
+ IY2 .LE. 31) n.IEN 

C ** PUFF IS CN GRID; 001-A.fTE INTUIPOLATION WEIG!in 

XI XPFG( ITl - IX1 
XZ I ,0 - XT 

Y1 Yl'ffi(ITJ - IYI 
Y2 I .0 • Yl 

IF (XI .LT. 0.001 .l'l<ID. Y1 .LT. 'J.OOI l THEN 
TI1Tl1Tl ~ TOPOliXI,IYil 
GOTO 100 

ENOl F 
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WT(l) l.O I SQRT(Xl*Xl • Yl*Yl) 
WT{2) l.O I SQRT(X2*X2 • Yl•Yl) 
WT(J) l.O I SQRT{Xl*Xl • Y2*Y2J 
WT(4) 1.0 I SQRT (X2*X2 • Y2*Y2) 

SUM ., 0.0 
00 so I • l, 4 

sml " SUM + WT(l) 
so CONTINUE 

0090 I • l, 4 
WT(l) . WT(l) / SUM 

90 CONTINUE 

c •• COMPUTE TERRAIN HEIGHT UNDER PUFF C3NTER 

THT(IT) . WT(l) • TOPO(IXl,IYl) • 
l WT(2) • TOPO(IX2,IYll • 
2 WT(J) • TOPO(IXl,IY2l • 
3 WT(4) • TOPO(IX2,IY2l 

ELSE 

c •• PUFF IS "' THE GRID 

" (IXl .LT. ll THEN 

C ** PUFF IS KEST OF THE GRID u 
IF (IYl .LT. l) THEN 

THT(IT) • TOPO(l,ll 
ELSE 

IF (IY2 .GT. 31) THEN 
THT{IT) • TOPO(l,Jl) 

ELSE 
WT(2) • YPFG(IT) - IYl 
WT(l) • 1.0 - WT{2) 
THT(ITJ "WT{l) * TOPO(l,:Yl) + WT(2) * TOPO(l,IY2) 

ENDIF 
END IF 

ELSE 
IF (IX2 .GT. )1) THEN 

C ** FUFF :s EAST OF GRID ** 

IF (IYl .LT. 1) THEN 
THT(IT) • TOPO(Jl,l) 

ELSE 
IF (!Y2 .GT. 31) THEN 

THT(IT) • TOP0(31,3l) 
ELSE 

WT(2) • YPFG(IT) - IYl 
WT(l) .. 1.0 - WT(2) 
THT(IT) • WT(l)*TOPO(Jl,lYl) + WT(2)*TOP0(3l,IY2) 

ENDIF 
END IF 

ELSE 
WT(2) * XPFG(IT) - IXl 
WT(l) "' 1.0 - WT(2) 
tF (IYl .LT. 1) THEN 

C ** PUFF IS NORTH OF GRID ** 

THT(IT) • WT{l) * TOPO(IXl,l) + WT(2) * TOPO(lX2,1) 
ELSE 

C u PUFF IS SOU'l'B OF GRID u 
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TBT(IT) "'WT(l) • TOPO(IXl,Jl) + WT(2) • TOPO(IX2,31) 
ENDIF 

END IF 
END IF 

END IF 
100 CONTINUE 

TPHI " THT (l) 
TPHF "'THT(2) 
RETURN 
END 
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D I FDEP !>'ESDI VERSION 2.0 
C Diffusion, tr~nsport and deposition module 
c 
C Atney, G.F., J.V. Ramsdell, c.s. Giant< 
C Pacific Northwest L~boratory 
C PO Bo>< 999 
C Richland, Washington 99352 
c 
C Created: 61 1 I 83 
c Updated: 
c 
C Description: Oiltuslon, deposition and d9cay computations and 
C time integration during the ~dveci"lon si"ep. 
c 
C Relationship to other modules: 

c 
c 
c 

Makes calls to: RDK. 31GMA 

Called trcm: '-!ESDI 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUBROUTINE DIFDEP IM, DSM"TR, TF'to<, TI'f.IF) 

INClUDE •Q-IAR. INC' 
INClUDE 'o:JNST.INC' 
INClUDE 'DATIM.INC' 
INQ,UDE 'DECAY. INC' 
INClUDE 'MATl<IX.INC' 
INClUDE 'PtJFFS.INC' 
INO..UDE 'REL.INC' 
INQUOE 'TOPOOR.INC' 

IUTEGER OT, NSI, 0TA(12), NSIAI12l, EAST, i'!"EST, NCRTlf, SOUTlf 

DATA DTA I 15, 5, 3, 1, 
DATA NSIA / I, 3, 5, 15, 

C **DETERMINE DT AAD !-lSI FOR PtJFF TI-HS .O.CVE·:710N STEP 

001501•1,12 
DSMrn I • DSMm I 
IF (QTA(Il .EQ. 

OT ~ OTA(I) 
NSI = NSIAIII 
GOTO 160 

ENOl F 
1 5{) CONTI ~E 

160 CONTIMJE 

NS IAI I 1 
.Cfl. IDS'-frnl 

DTPM • (TF'MF- TPMI I NSI 
CHIMDT • CHIMIN * OT 

I SIGMAf(M)) .LT. 21 THEN 

IF IRDKFL .EQ. 11 CALL R{)l( (NSI, OTI 

DXMI OXSIM) I NSI 
OYMI OYSIMI I NSI 

00 500 JN • 1, NSI 

C **SUBROUTINE SIGMA o:JM"'JTES SIGMA Y AND Z 

CALL SIGMA IOSMTRI, ST.'6, LDE~, SIGW.ZIMl, SIGMAYIM11 

Program Listing 29 Subroutine DIFDEP 

!50 



SIGYSQ "' SIGHA'i(M) * S!GHA't'(M) 
SIGZSQ ., SIGIIAZ (~\) * SIG~IAZ (M) 
HSGSQ • (-0.5 * (DELXY I 2.0) ** 2) I SIGYSQ 

C ** CONPU';'E THE TERNS ASSOCIATED \HTH THE VERTICAL DISTRIB\JTIOll 

•• 

•• 

•• 

•• 

•• 

GCPCHI ~ 0,0 
UDEPTH m 0,0 
IF ( ZP(l·l) .G'l'. LDEPTH l THEN 

THE PUFF CENTER IS ABOVE THE ~!!XING LAY"ER 

IF SIGHAZ(M) .GE. 0.8 * ZP(M) ) TllEN 

UNIFORM PUFF DISTRIBUTION IN THE VERTICAL 

UDEPTH = SIGHAZ(Mll0.8 
PUPCHI =(SQRT('l'W0Pl)l2.0) * QP(M) * DT I (SIGYSQ * UDEPTH) 

IF ( FUFCHI ,LE. CHU\DT ) THEN 
GO 70 200 

E:LSE 
CHIR = ALCG (PUFCIIIICHHIDT) 
RPE\i = (SIGIIAY(M) * SQRT(2 *CHilO I DELXY) 
RADP(H.) " ( SIGI!AY(M) " SQRT(2 * 1\LOG{PUFCHII 

l,OE-14)) I DELXY ) 
VEXP • 1.0 

END IF 

ELSE 

REFLECTED GAUSSIAN DISTRIBUTION IN THE VERTICAL 

PUFCHI = QP(M) * DT I (SIGYSQ * SIGtiAZ(M)) 

IF (PUFCHI ,LE, CHIMDT) THEN 
GOTO 200 

ELSE 
CHIR = ALCG (PUFCHIIC<IHIDT) 
RPE\~ ~ (SIGHAY(M) * SQRT(2 * CHIR) I DELXY) 
RADP(H) = ( SIG!IAYW) * SQRT(2 * ALCG(PlJFCliii 

l.OE-14) J I DELXY J 
VEXP = EXP{-0.5 * ZP(II) * ZP(\1) I SIGZSQ) 

END IF 

END IF 

ELSE 

THE PUFF CENTER IS WITHIN OR AT THE TOP OF THE mXWG LAYER 

IF (SimiAZ(M) .GE, 0,8 * LOEI?TH) THEN 

WITH UNIFORM DISTRIBUTION IN THE VERTICAL 

UDEPTH " SimiAZ (MJIO. 8 
PUFCHI = {SQRT('I'WOPIJI2.0) * QP(M) " DT I (SIGYSQ*UDEPTH) 

IF (PUFClii .LE. CHI:lDT) THEN 
GOTO 200 

ELSE 
Cll!R ,. ALCG {PUFCIIIICHIMDT) 
RPEW " {SIGHAY(l~) * SQRT(2 * CHIR) I OELXY) 
RADP(M) • { SIGf\AY(M) * SQRT(2 • ALCG{PUPCHII 

l.OE-14) l I DELXY ) 
VEXP • l.G 
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c •• 

Zl!DIF 

CLSE 

REFLCCTED GAlJSSit\ll DISTRDlJTWU Ul ':'HE VERTICAL 

PUFCHI ~ QP(il) * D'i' I (SIGYSQ*~;IG!lAZ (t!)) 

IF (PlJFCHI .LE. CHHIOT ) THEN 
GOTO 200 

ELSE 
CHIR ~ ALOGIPUFCHIICHillDTl 
RPEW "" (SIG!lAY(!·I) * SQRTl2 * CHIRJ I DELX1) 
RADP(l.l) ~ ( SIG!lAY(:l.) * SQRTI2 * ALOG{PUFCHII 

.,. l.OE-141 l I DELn ) 
VEXP = EXP(-0,5*ZP{ti)*ZP(M)ISIGZSQJ + 

+ EXP ( -0.5 * ( 2 *LDEPTH-ZP I 11 l ) ** 2ISIGZSQ) 
+ EXP(-0.5*(2*LDEPTH+ZP~M))**2ISIGZSQ) + 
+ EXP ( -0. 5 * ( 4 *LDEPTH- ZP I /o1) ) ** 2ISIGZSQ) 

END IF 

END!f 

END IF 

C ** CO!-IPUTE PUFF CONCENTRATIO!l AT THE GF.OUUD !F IT IS NOT NEGLIGIBLE 

IF ( EXP(-CHIRJ .LT. VEXP ) THEN 
GCPCHI = PUFCHI * VEXP 

ELSE 

IF (PRECIP ,EQ, 0 ,OR, ADQP(H) .LE. 0.0) THEN 
TPM 3 TP!t + DTPH 
XP(M) ,. XP(H) + DXMI 
YP(M) " YP(H) + DYMI 
IF (XP(M) .LT. 0.0 .OR. XP(M) .GT. 15.0) GOTO 200 
IF (YP(M) .LT. 0.0 .OR. YP(M) .GT. 15.0) GOTO 200 

C ** RADIOACTIVE DECAY OF THE PUFF BEFORE THE NEXT INTERVAL 

IF CRDII:Fl .EQ. 1) THEM 
BDQP04l • BDQPCMJ • BDECA2 + ~DQPOO • BINS I 

ADQPCMJ • ADQPCNJ • ADECA2 
END IF 

GOTO 499 
ENOl F 

END IF 

C ** COMPUTE '1'HE PER INTERVAL liOVEMENT OF THE PUFF CENTER 

200 

TPM 
XP(M) • 
YP(M) • 

TPM + OTPM 
XP (H) + OXMI 
YP(H) + DYMI 

IF (XP(H)+RPEW .LT. 0,0) 
IF (XP(MJ-RPEW .GT. 15.0) 
IF (YP(M)+RPEW ,LT. 0,0) 
IF (YP(M)-RPEW .LE. 15.0) 
MF(M) = 0 
RETURN 

GOTO 200 
GOTO 200 
GOTO 200 
GOTO 210 

C ** CALCULATE THE EFFECTIVE GROUllD RADIUS OF THE PUFF 

210 IF (ZP(M) ,LE, 10.0) THEN 
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RPGW = RPEW 
ELSE 

IF (GCPCHI .GT. CHIMDT) THEN 
RPG\·1 = (SIGl!AY(ll) * SQRT(2. * ALOG(GCPCHI I 

+ CH 111DT) ) I DELXY) 
ELSE 

GOTO 400 
END IF 

END IF 

RPGE = RPG\1 • 2.0 

C ** PUFCX MID PUFCY ARE THE COORDINATES OF THE PUFF ON THE FINE GRID 
C "* EAST, WEST, NORTH AND SOUTH ARE !lOGE COORDINATES 
C ** RPGE IS THE PUFF RADIUS AT GROUND LEVEL IN FINE GRID UlliTS 

PUFCX = 2 * XP(M) + 1 
\·JEST = PUFCX - RPGE 
EAST = PUFCX + RPGE 

PUFCY 2 " YP (t·\) + l 
SOUTH = PUFCY - RPGE 
NORTH = PUFCY + RPGE 

IF (WEST .LT. 1) WEST 1 
IF (EAST .GT. 31) EAST 31 
IF (SOUTH .LT. 1) SOUTHs 1 
IF (NORTH .GT. 31) NORTH= 31 

C "* CALCULATE NE>'/ CotlCENTRATIONS FOR EACH CHI GRID POINT 
C ** INFLUENCED BY THE CURRENT PUFF 

c 
c 

DO 310 I = WEST, EAST 
DO 300 J = SOUTH, NORTH 

RSQ = (((XP(I'Il*2.0)- (I-1))**2) + 
(((YP(!·\)*2.0)- (J-1))*"2) 

IF (RSQ .GT. (RPGE*RPGE)) GOTO 300 

IF (UDEPTH .EQ. 0.0) THEN 
HEFF ZP(N) - (TOPO(I,J) - TP~l) 

VEXP ~ EXP(HEFF ** 2 I (-2.0 " SIGZSQ)) 
+ EXP((2.0 • LDEPTH + HEFF) *" 2 I (-2.0 * S:!:GZSQ)) 
+ ~XP((4.0 * LDEPTH + HEFF) ** 2 I (-2.0 * SIGZS';))) 

IF (ZP(t4) .LE. LDEPTH) THEtl 
VEXP VEXP 

+ + EXP((-2.0 * LDEPTE + HEFF) ** 2 I (-2. * SlGZSQ)) 
+ + EXP((-4.0 * LDEPTH + IIEFF) ** 2 I (-2. * SIGZSQ)) 

•• 
•• 
•• 

END IF 
END IF 

HEXP = EXP(HSGSQ*RSQ) 
PCHI = PUFCHI * HEXP * VEXP 
EXPCUM(I,J) "'EXPCUI'I(I,J) + PC!ll 

END OF NORMAL DIFFUSION- START CORRECTIONS FOR DECAY, 
DEPOSITION AND \"iASHOUT 

CO~\PUTE THE DRY DEPOSITION 

iF (DPFLG .EQ. 1) THEN 

AQR ~ ADQP (J.!) I QP (M) 
ADPCHI ~ PCHI * AQR 

IF (RDI':FL .EQ. l) THEN 
BOR • BDQP(M) I QP{M) 
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c 

•• 

.. 

8DPCiOI = I'Cll~ * '...t'l< 
z:JOIF 

COiiPUTE ::::XI'OSUR!:: i'RO:I O::::PLcr:o PUFFS 

t·.XPADV(I,J) = ,",;{PADV(I,J) , .\OPC:!I 
IF (RDKFL .:CQ. 1) :OX?ADV(I,.:;I = DX?ADV(I,J) + EDPCHI 

Co::PUTE DRY DSPOSITIOI; 

i\.DE PT " DV ~ .\D?C:: I 
If ~RDKfL .£Q. l} "::'1iC;; 

DADEPT = ,\DEPT * CDI:I (J:I) 
,;DP.\DV ( [, J} 
:!DPf'.DV(I,JI 

,\DPA:J\'(I,.J} :,DE?'i * .\DK(J;~) 

SLSE 
;.oPAOV(I,J) 

S!!DH' 
E~1DIF 

!O::JPADV!I,J) BiiDEPT T 

; D'-' * BDPCIII ) * ilDK (JCl) 

,;Qp;.DV{I,.:;) ADEPT 

300 Cot:TI'IUE 
310 CO:ITWUE 

C *" COt!PUTE THE l')ET DEPOSITIOtl 

400 CO!JTDUE 

C ** IF \-IE HAVE ;·JET DEPOSITIO!I OF A SIG!IIFICArJT PUFF 

c .. 

IF (PR£ClP .GT. 0 ,AllD, DPFLG .EQ, 1) THEll 

:;coT = t:C(PF.ECIP) * DT 
IF {11CDT ,GT, GO.) '.OCDT = 60. 
1'iOCOEF = (liCDT I SIGYSQ) * (SQRT TliUPI) I 2,0) 
AI·ISHO ~ ',·!OCOEF * ADQP (t'I) 
IF (RDKFL , E:Q. 1) BI'ISHO = 1-IOCOEF * BDQP (Ill 

RPtE RPE:W * 2.0 

':!EST PUFCX - ?.PEE 
EAST PCJFCX + RPEE 

SOU'i'H : PUFCY - RPEE 
tlORTH = PUFCY + RPE:E: 

IF (\1EST .LT. 1) \lEST 1 
IF (E:AST .GT. 31) EAST 31 
IF (SOUTH .LT. 1) SOU't'H ~ 1 
IF (NORTH .GT. 31) liORTII = 31 

COt!PUTE ilASHOUT FRO~! THE PUFF USING TilE ELEVATED RADIUS 

DO 420 J ~ WEST, EAST 
DO 410 J • SOUTH, NORTH 

RSQ z (((XPtM1 ~ 2.01- (1-1)) ** 21 + 
+ (((YP(Ml * 2.01- (J-Ill U 2) 

IF (RSQ .GT. tRPEE"IlPEEII GOID 410 
HEXf> ~ E:<J'<HSG9;l ~ RSQl 
~DEPT ~ /li'Sf!O * HEXP 

IF (RDKFL .EQ. 1) THE:N 
BADEPT " i\DEPT * SDI~~ (JN) 
ADPADV(I,JI = ADPADV(I,J) + ADE:P1' * ADK(Jll) 
BDPADV(I,J) = BDPADV(I,J) + EADEPT 
.iF (BDQP(IIl .G'!'. 0.0) THE!\ 
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5ADEPT ~ 30/SllO * I!EXP * 30!\ (J:)) 
~DPADV(I,J) ~ 3DPADV(I,Jl + 'lADE?T 

SNDIF 
ELSE 

ADPADV(I,J) 
f:llDIF 

AWPADVil,J) + ADEPT 

410 COITTINUE 
420 CONTINUE 

EllDIF 

C ** RADIOACTIVE DECAY OF THE ?UFF AT THE END OP EACH I:!TERVAL 

Ii-' (RDKFL 
SDQP(<1) 
AOQP(it) 

END IF 

.SQ. 1) ':'HE:! 
SOQP(t;) * BDEC.\2 + ADQP(l!) * 8Il1SI 

_, ADQP (1;) * ADECA2 

C ** DEPLET£ BY DRY DEPOSITIOU 

If (DPFLG ,EQ, 1) THEN 
IF (GCPC!ll .GT. 0.0) THE" 

CFACT"' 1 - (2 * SIGYSQ * DV * GCPCHI) / (SQRT(TNOPI) * 
+ 60.0 * QP(t·l)) 

IF (AOQPU.I) ,GT. 0,0) THEN 
ADQP(H) " AOQP(/1) * CPACT 

EUDIF 

IF { RDKFL .EQ. 1 ) THEN 
BOQP(H) " BDQP(M) * CPACT 

END IF 

END IF 

C ** DEPLETE BY NET DEPOSITION 

IF (PRECIP .GT. 0) THEN 
ROUT = 1.0 - WC(PRECIP) * DT/60. 
IF (ROUT .LT. 0,()) ROUT= 0.0 
ADQP(M) "ADQP(~l *ROUT 
IF ( RDKFL ,EQ, 1 ) BDQP(H) " BDQP(M) * ROUT 

END IF 
END IF 

499 AGE(Ml • AGE(M) + DT 

~DO CONTINUE 

RETURN 
END 
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c 
RDK !-!ESDI VERSION 2.0 

C Paarcactive ~ecay module 
c 
C Athey, G.F., J.V. Ramsdell, C.S. GI,Jntz 
C P~cilic Northwest Labor~tory 
C PO Box 999 
C PlchlanC, Washington g9352 
c 
C Created: 6/T/83 
C '"pdated: 
c 
C Description: ~kldule to calculate thE• necessary constants for 
C use in lhe decay calculations. 
c 
C Relationship •o other modules: 
c 
c 
c 
c 
c 

\lakes calls tc: NONE 

Calied fr<::fll: RELEAS 

SUBROOTINE ROK INS I, DTl 

HICLUDE 'DECAY, INC' 
INTEGER OT, NSI 

AOECA2 EXPI-AL~DA CTl 

80ECA2 EXPI-8LM3DA DTl 

IF IAUI!DA .NE. BLJ>eDAl THEN 
BINS I QKCOEF * IADECA2- BDECA2l 

ELSE 
BINS I AL"f!OA • OT ~ ADECA2 

END IF 

DO 300 I 
A OJ< II l 
SDK( I l 

I, NSI 
EXPI-AL~I30A * 
EXP I·BLM30A * 

NSI + 
NSI + 

IF IALM3DA .NE. BLM30A: THEN 

. "' . "" 
BOINI I l OKCOEF" * IEXI'f-AUI30A * I NSI + I - I ) * OTl 

+ EXP(-8LM30A * I NSI + 1 - I l * OTll 
ELSE 

BDINI I) 

ENOl F 

300 CONTINUE 

RETURN 

'" 

AUI!OA*INSI+l- ~OT 

*EXP(-Al~EIOA • ( NSI +I- I l •DTl 

Program Listing 30 Subroutine RDK 
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c 
c AS IG 
C Army Diffusion Curves 
c 
C Athey, G,F., J.V. Ramsdell, C.S. Gl<~nt.: 
C Pacific Northwest LaOOratory 
c ?C So>< 999 
C Riehl an~. Washington 99352 
c 
C Createa: 6/1/53 
c '~'pdated: 

c 

f~ESOI VERSION 2.0 

C D<lscription: Comput&s new diffusion coefficients given the 
S last values, atmospheric stability, mixing layer thickness 
C and distan<;e moved. 
c 
C Rel~tionship to other modules: 
c 
c 
c 

:-lakes calls to: NONE 

Call e<J fran: CliFDEP 

C********************************************************•********** 

SUBROlJTINE SIGMA ( DSMTRI, STAB, LDEPTH, SIG"-'Z, SIGMAY I 

! NTEGER STffl 

REAL AYI71, I\Z(7), BZI71, CZOI 

DATA AY( 0.37, 0.30, 0.20, 0,15, 0.10, 0,10, 0.10 I 
DATA 1\Z/ 0.22, 0.20, 0.15, 0.10, 0.05, 0.05, 0.05 I 
DATA BZI 0.0, 0.0, 0.0002, 0.0015, 0.0003, 0.0003, 0.0003 I 
OATA Cl./ 0.0, 0.0, -0.5, -0.5, ·1.0, -1.0, ·I .0 ( 

XVY ~ ISIGMAY/AY(ST/1811**110.0/9.01 
~F ( XVY .LT. 10000.01 THEN 

XEY ~ XVY +OS~ I 
IF I XEY .LT. 10000.01 THEN 

SIGMAY AYISTASl • XEY "* 0.9 
ELSE 

SIGMAY AYCSTASJ •0.398 • XEY 
END IF 

ELSE 

WY ~ SIGMAY ( ( 0.398 ~ AYCST/181 
XEY ~ XVY + DSimll 
SIGMAY ~ AYIST/181 * 0.398 * XEY 

END IF 

C OiECl< SIGMA Z INITIAL SIZE FG,O.INST MAXIH.IM SIZE 

SZLIM ~ 0.8 • LOEPTH 
IF ISIGMAZ .GE. SZLIMl RETURN 

C CO/.AJTE THE VIRTIML OISTANO:: FOR SIGMA Z 

IF< CZIST/181 .EQ. 0.0 l THEN 
XVZ SIGMAZ ( AZ.IST/181 

ELSE IF I C21ST!I8J .EQ. -0.5 I THEN 

Program Listing 31 Subroutine ASIG 

157 



R • SIG~lAZ/AZ (STAB) 
R2=R*R 
XVZ = 0.5 * ( R2 * BZ(STAB) + R * SQRT(R2 * BZ(STAB)**2 + 4.0) ) 

ELSE IF ( CZ(STAB) .EQ. -1.0 ) THEN 
IF ( SIGHAZ .GE. AZ(STAB)/BZ(STAB) ) RETURN 
XVZ = SIGMAZ / (AZ(STABJ-BZ{STAB)*SIGMAZ) 

END IF 

C COMPUTE SIGIIAZ 

XEZ = XVZ + DSMTRI 
SIGHAZ,. AZ(STAB) • XEZ * ( 1.0 + BZ(STAB) * XEZ ) •• CZ(STAB) 
IF (SIGHAZ .GT. SZLIM) SIG!lAZ ,. SZLIM 

RETURN 
'ND 

Subroutine ASIG (cont'd) 
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c 
c 
c 
c 
c 
c 
c 

BSIG 
Brigg's Open Country Diffusion Curves 

Athey, G.F., J.V. Remsdell, C.S. Glantz 
P~clflc Northwest Laboratory 
PO Box 999 

r. Richland, Washington 99352 
c 
C Created: 6/1/83 
c Updated: 

MESO I VERSION .?.0 

Description: Computes ne• diffusion coofticlents given the 
C last values, atmospheric stability, mixing layer thickness 
C and distance moved. 
c 
C Relationship to other modules: 

Makes carr s t::>: NONE 

Called from: OIFCEP 

SUBROUTINE SIGMA ( DSMTRI, ST~, LDEPnl, SIGMAZ, SIGMAY I 

INTEGER ST.-18 

REAL AY(7), R.Ol, BZI71, CZC71 

DATA AY/ 0.22, 0.16, 0.11, 0.08, 0,06, 0.04, 0.027 I 
DATA,;]./ 0.20, 0.12, 0.08, 0.015, 0.03, 0.016, 0.011 I 
D.O.TA Bl/ 0.0, 0.0, 0.0002, 0.0015, 0.0003, 0.0003, 0,0003 
DATA CZ./ 0.0, 0.0, -0.5, -0.5, -1.0, -1.0, -1,0 I 

C u IXl'.f'IJTE "!l;E Oi~E IN SIGW. Y 

BY I.OE-4 
CY -o., 
R SIGMAY/AYISTII61 
R2 R * R 
XVY s 0.5 * ( R2 *BY + R * SQRT!R2 * BY*'"2 + 4.01 
XEY • XVY +OS~ I 
SIG~Y ~ AYIST..SI * XEY • ( 1.0 +BY * XEY I"*CY 

C u SIGMAZ 

C *" OiEO< SIGMA Z INITIAL S12E -'GAINST ~XI "llM SIZE 

SZLIM • 0,8 * LDEPTH 
IF ISIGMAZ .GE. SZLIM) RETURN 

C ""OOM'UTE lH( VIR"TUAL DISTANCE FOR SIGMA Z 

IF I CZISTMI .EQ. 0,0 ) TI-!EN 
~z " SIGMAZ I /OZIST.'f!l 

ELSE IF I CZISTMI .EQ. -0.5 I THEN 
R • SIGMAZ//OZIST.'Bl 
R2•R*R 
XVZ 0., " ( R2 * BZIST.'f!l + R * 

+ ~RTIR2 * BZISTII61**2 + 4.01 

ELSE IF ( CZIST.'f!l .f.Q. -1.0 ) THEN 

Program Listing 32 Subroutine BSIG 
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I~ ( SIGNA~ .GE. A~(STAB)/B~(STAB) ) RETURN 
XVI 2 SIGMA;/ (A~(STAB)-BZ(STAB)*SIGMA~) 

END IF 

XE~ • XV~ + OSMTRI 
SIGMA~ • AZ(STAB) • XEZ * ( 1.0 + BZ(STAB) • XEZ ) ** Cl(STA8) 
IP' (SIGMAZ .GT. SZLIMl SIGMAZ "' SZLIM 

RETURN 
END 

Subroutine BSIG (cant 'd) 
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c 
c 
c 
c 
c 
c 
c 

OS IG 
Desert Diffusion Curves 

Athey, G.F., j,V, Ramsdell, C.S. Glantz 
Pac iII c Northwest l~bor~tory 
<>o Box 999 

C Rlchland, Washington 99352 
c 
C Created: 6/1/83 
C Updated; 
c 

1-£501 VERSION 2.0 

C Description: Croputes new diffusion coefflcl"nts given the 
C I ~st values, atmospherIc stab II I ty, ml xi ng I ayer th I c!<ness 
C and dl st~m:e .-:>ved. 

C Relationship to other modules: 
c 
c 
c 
c 

_\lakes calls to; 'lONE 

Called from: OIFDEP 

SUBROUTINE SIGMol. I DSM'TRI, STM, ~DEPTH, SIGMAZ, SIGMAY I 

REAl AYI7l, 8Y(7), ~(71, 8Z(7l 

INTEGER STAB 

DATA AY/ 
DATA Pl./ 
DATA BY/ 
DATA BZ/ 

0.719, 0.425, 0.349, 
o. 100, 0.105, 0. 128, 

23.0, 13.6, 11.2, 
1.033, 0.975, 0.891, 

0.267, 
0.146, 
8,,5, 
0.824, 

0.299, 0.401, 0.401 I 
0.331, 0.812, 0.812 I 
9.57, 12.8, 12.8 I 
0.567, 0.307, 0.307 I 

C ** SIGMA Y COioAJTATION 

XV'!~ I SIGMAY I AYIST.Iel l .. (I.OIO.BSl 
IF ( XVY .LT. 20000 I THEN 

XEY • XVY + DSM<RI 
IF ( XEY .LT. 20000 l THEN 

SIGMAY AYIST"BI * XEY**O.B5 
ELSE 

SIGMAY BYISTASI * SQRT(XEYl 
ENOIF 

ElSE 
XVY ~ ( SIG~o\i.Y I BYISTI'Bl 1**2 
XEY • XVY + OSMTRI 
SIGMAY • BYISTJIBl • SQRTtXEYl 

END IF 

C "'" SIGMA Z COioAJT,\TION 

C ** OlEO< SIG~o\i. Z INITIAL SIZE MAIJ<ST MAXI~M SIZE 

SZLIIo' • 0.9 * LOEPTH 
IF I SIGMAZ .GE:. SZLIMJ REllJRN 

xzan.G • I 0.465 • LDEPTH I A.ZISTI'Bl 1 .. (1.0/BVSTAIIll 
IF I SIGMAZ/LDEPTH .LT. 0.465 I THE~< 

'IYIZ I SIGIW I AZISTAIIl 1**1 1.0/BZISTAIIl 
XEZ 'IYIZ + OS'-fl'R I 

Program L;sting 33 Subroutine DSIG 
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IP ( XEZ .LE. XZCBNG } THEN 
SIGJ.IAZ AZ {STAB) * XEZ .. BZ (STAB) 

ELSE 
SIGMAZ = ( 0,465 + 0.335 * ( XEZ - XZCHNG ) I XZCHNG ) 

+ * LDEPTH 
END IF 

ELSE 

XVZ = ( ( SIGMAZILDEPTH - 0.465 } I 0.335 1.0 ) 
+ * XZCHNG 

XEZ = XVZ + OSMTRI 
SIGMAZ ., ( 0.465 + 0,335 * ( XEZ - XZCHNG I XZCHNG 

+ * LDEPTH 

END IF 
IF (SIGMAZ .GT, SZLIM) SIGHAZ = SZLIM 

RETURN 
END 

Subroutine DSIG (cont'd) 
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c 
c NRCS IG 11£501 VERSION 2.0 
C Diffusion Curves As Used In Xo:;loc:<;l and ?AVAN 
c 
C Athey, G.F., J.V. Ramsdell, C.S. Gl~nt<: 
C Pacific Northwest Labor~tory 
C PO Box 999 
C Rlchl~nd, Washington 99352 
c 
C Created: 6/T/63 
G Updated: 
c 
C Description: Comoutes new diffusion coefficient> given the 
C last value~, a"tmosphertc stability, mixing layer thic~ness 

C and distance moved. 
c 
C Relatlonsnip to other modules: 

c 
c 

c 

"1al<es ca I I s ~o: HONE 

Called froro: OtFOEP 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

c 

c 

•• 

SUBROUTINE SIGMA <OSI>mll, ST!e, LDE~. SIGMAZ, SIGWIYl 

REAL AYI7l, A2:(7,31, E!Zn,3l, CZI7,3l 

INTEGER STAB 

DATA AY/ 0.36~8, 0.2751 ,0 .2089,0. 1 471 ,0, 1046,0.0722,0,0481/ 
DATA AZ/ 0,192, 0.156, 0.116, 0,079, 0.063, 0.053, 0.032, 

+ 0.00066,0,0382,0.10, 0.222, 0.211, 0.085, 0.052, 
.. o.ooo24,0.055, o.1n, 1 .26, 15.73, 18.05, 10.53 1 

DATA BZ/ 0.936, 0.922, 0.905, 0.881, 0.871, 0.814, 0.814, 
.. 1.941, 1.149, 0.911, 0.725, 0.678, 0.74, 0.74, 
+ 2.094, 1.098, 0.911, 0.516, 0.305, 0.18, 0,18 I 

DATA r::21 O.Q, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 
.. 9.27, 3.3, 0.0, -1,7, -1.3, -0.35, -0.21, 
.. -9.e, 2.0, o.o, -13., -34.0, -48.6, -29.2 1 

XVY ~ T SIGMAYIAY(STABl 1**1.107 
XEY • XVY + OSMllll 
SIGMAY AY!ST.Iel * xEYn0.9031 

SIGMA Z OO!of'UTATIONS 

•• OlEO<. INITIAL SIGMA Z SIZE foGAINST !oVIXIMJM 

SZLJM" 0,8 • LDE?TH 
IF T SIGMAZ .GE. S2LIMl RE1URN .. CO~TE V IR1UAL DISTANCE 

XYZ • ( SIGMAZ/~TSTF6,11 Jntr.o I ezTST-'8,111 

IF ( X\IZ .GIO. 100.0 l THEN 
XVZ• { { SIGMAZ - C7TSTIE!,21 l I ~(STAB,2l I** 

+ T 1.0/ ez!ST-'6,21 l 
IF T XYZ .GE. 1000.0 I THEN 

XVZ• T ( SIGMAZ - (7(STA8,31 I I AZTSTP8,3l Jn 
+ 1 1.0 I BZTSTP8,31 I 

END IF 
END IF 

Program Listing 34 Subroutine NRCSIG 
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XEI: • XVZ + DSMTRI 

IP ( XEZ .LE. 100.0 ) THEN 
SIGMAZ "'AZ(STAB,l) * XEZ ** BZ(STAB,l) 

ELSE IF ( XEZ .LE. 1000.0 ) THEN 
SIGMAZ ~ AZ(STAB,2l * XEZ ** BZ(STAB,2) + CZ(STAB,2) 

ELSE IF ( XEZ .GT. 1000.0 ) THEN 
SIGMAZ • AZ(STAB,J) * XEZ ** BZ(STAB,J) + CZ(STAB,J) 

ENDIF 
IP (SIGMAZ .GT. SZLIM) SIGKAZ '" SZLIM 

RETURN 
END 

Subroutine NRCSIG (cont 'd) 
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GENERAL UTILITY SUBROUTINES 

There are eight subroutines used in Version 2.0 of MESO! that are most 
properly described as general utility subroutines. Table 12 lists these sub­
routines along with their memory requirements and a brief description of 
their use. The subroutines are listed in the table and discussed in this 
section in alphabetical order. 

CLEAN 

Subroutine CLEAN is used to reduce the number of puffs that are being 
tracked by MESO!. It is called from MESO! whenever the number of puffs at 
the end of an hour exceeds twice the number of puffs released during the 
hour. 

Puffs are deleted for one of two reasons. They are deleted if the 
active puff flag has been turned off because the puff has left the grid or 
the maximum concentration in the puff has decreased below the minimum con­
centration of interest. They may also be deleted if puffs from the same 
source are sufficiently close together that they may be combined without 
causing a significant gap between puffs (see Figure 8.). 

When two puffs are to be combined, the active puff flag for the puff 
being deleted is turned off and the other puff is assigned source terms that 
are the sums of the source terms for the two puffs. The sigma y value and 
radius of the puff that will remain are increased to the square root of the 
sum of the squares of the individual puff 1 S sigma y values and radii, and the 
puff that is to remain is assigned the larger of the individual puff sigma 
Z 1 S. The other puff characteristics assigned to the combined puff are 
averages of the characteristics of the puffs being combined. 

After all puff combinations and deletions have been completed, CLEAN 
recomputes the number of puffs remaining in the active puff list. 

The code for subroutine CLEAN is contained in Program Listing 35. 

D!RSPO 

DIRSPD is a utility module which takes the U and V components of the 
wind and computes an equivalent speed and direction. The subroutine operates 
by first determining which quadrant contains the wind vector. Direction in 
degrees from through north, is computed based on the ratio of U and V. Speed 
is computed using the basic Pythagorean relationship. 

DIRSPD is used only by the TERRA module in determining relative angles 
of the wind to terrain features. There are more elegant ways to perform the 
necessary calculations within a program. However, the method used is easy to 
follow and understand. 
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TABLE 12. General Utility Subroutines 

LOCAL COMMON 
NAME CODE DATA DATA USE 

CLEAN 1000 88 28068 Deletes unneeded puffs, 
consolidates overlapping 
puffs. 

OIRSPO 218 Converts wind U and V com-
ponents to direction and 
speed. 

OTCHAR 334 191 Converts integer dates and 
times to character stings 
for titles, etc. 

FILOPN 228 357 64 Opens disk files required 
for MESO! execution. 

JULIAN 58 52 Converts day, month and year 
to Julian date. 

LOCATE 2174 961 64 Finds correct meteorological 
data records in data files. 

MODE NO 860 679 64 Permits model restart, 
closes disk files, handles 
file disposition. 

SHIFT 139 8 25020 Moves meteorological data 
from current hour to pre-
vious hour variables. 
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Listing 36 contains the subroutine DIRSPD code. 

DTCHAR 

DTCHAR is a utility module to convert the date and time integers ob­
tained from the data records into character strings. These strings are more 
easily handled for display by the plotting modules. In its present form, 
OTCHAR creates a 9 character date string (e.g. 22-APR-83) and a 7 character 
time string (e.g. 1230 LT). Other similar tasks could be added as needed. 

The basic process of the module is to convert each digit of the various 
integers into its equivalent ASCII character or a substitute character 
string. The CHAR function of FORTRAN is used to make the direct integer to 
character conversion. For example, the ASCII representation of the digits 0 -
9 are obtained by CHAR (digit+ 48). The characters and strings are then 
assembled into the final string using the concatenation operation (//). 

Program listing 37 contains the OTCHAR code. 

F!LOPN 

FILOPN is a utility module to open all the files required by the model 
with the exception of the plot output files. Use of the graphic files will 
probably be system dependent. There is no user interaction with this module. 

FILOPN consists of a single loop which is executed once for each file to 
be opened. Currently, twelve files are opened for model use. This is con­
trolled by the value of NFILES. The loop range is from 3 to NFILES+2 since 
the first two channels assigned are for terminal I/0. The unit numbers. 
names and status of the files are contained in arrays. FILOPN obtains the 
necessary information for opening files from the specified elements of the 
arrays. After each pass through the loop a message is sent to the terminal 
indicating the result of the OPEN operation. 

Inability to open a file does not stop program execution. FILOPN 
displays an error message and continues. Errors are likely to occur later as 
other modules attempt to perform 1/0 operations to the unopened file. 

Program listing 38 contains the FILOPN code. 

JULIAN 

This subroutine accepts integer values for the day, month and year and 
computes the Julian day. MESOI data files contain the date as a Julian 
value. However, when a user is specifying a date for simulation or release. 
it is easier to input a month, day and year. JULIAN is used to convert the 
user input date into a form which can be compared with the data date. 
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JULIAN uses an array DYBFOR to define the total number of days which 
have preceeded any given month. This value for a given month plus the number 
of the days within the month plus any leap year correction sums to the JULIAN 
day. 

Program listing 39 contains the JULIAN code. 

LOCATE 

The LOCATE subroutine searches the meteorological data files for the 
correct records to start simulation. The model is designed to require a set 
of observed data for its initialization. After that initial input, forecast 
data can be used. 

The calling program passes LOCATE the year, day, hour and minute of the 
data record to be located and a unit index to specify which file is to be 
searched. Initially, LOCATE is called by INIT to position the observed data 
file at the first record needed for simulation. The records are located by 
reading thru the file in a forward direction to match dates and time. When 
the correct record is located a message is printed giving the current 
position of the observed data file and the starting record of the forecast 
fi 1 e. 

If a matching record is not located, a message is printed indicating the 
lack of matching data and control is returned to the calling program. Checks 
are made during the read-through to determine when no more data is available 
(Julian date = 888) and to assure correct file structure and record order. 
These checks are minimal since it is assumed that the data file will be 
created and error checked by data maintenance programs. 

If during the simulation, OATRO detects :hat the Julian date on the next 
record is 888, then LOCATE is called by MESO! to position the forecast file 
at the next record in the time sequence. This branch of LOCATE is accessed 
when the unit index passed to the subroutine is 4. 

Program listing 40 contains the LOCATE code. 

MOD END 

MODEND is the model termination module. It is designed to handle the 
rewinding or closing of disk files after simulation has ended. First, the 
module asks the user about restarting the simulation. If restart is 
requested, the two meteorological data files are rewound and the subroutine 
returns to MESO!. The output disk files remain open at their current locat­
ions. 
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If execution is to be stopped, MODEND closes the meteorological data 
files and then queries the user about the disposition of the generated output 
and exposure files (MESOUT, EXPCUM, AXPADV, and BXPADV). The four options 
are displayed as follows: 

SPECIFY DISPOSITION FOR OUTPUT AND EXPOSURE FILES: 

I = KEEP 
2 = DELETE 
3 = PRINT 
4 = PRINT/DELETE 

One of the four options must be selected; other responses are ignored. 
The files are then closed accordingly. 

If the deposition flag {DPFLG) has been set, the disposition query is 
repeated regarding the depletion and deposition files {AXPADL, BXPADL, 
ADEPOS, BDEPOS, ADPADV, and BDPADV). These files are closed as specified by 
the user and the program stops. This is the normal termination point for the 
model. 

Program listing 41 contains the MODEND code. 

SHIFT 

SHIFT is a simple utility module that is accessed at the end of the 
advection loop in MESOI before any further meteorological data is read. It 
saves the wind grid components, air temperature and data date and hour for 
later use in the temporal interpolations. The naming convention used is for 
double letter variables to represent the current values and single letter 
variables of the previous interval. For example, TT might be the air tem­
perature at g;l5 and T the temperature at 9:00. 

Program listing 42 contains the SHIFT code. 
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c 
c 
c 

CLEAN '·'£SOl VERSION 2.0 
Putt el iminatlon and merge module 

c 
C Athey, G.F., J.V. Ramsdell, C.S. Glantz 
C Pacific Northwest Laboratory 
~ PO Box 999 
C Richland, Washington 99352 
c 
c Cr-eated: 5/1/83 
C Updated: 
c 
C Oeser i pt I an: Ca 1 I c<J on I y after more than 2 * II PH puffs have been 
C released. All those puffs which have the flag MF set to zero 
C are dropped, Merges puf's of the same source whose separation 
C is les5 tha~ the sum ot t~elr SI!PJia y•s. 
c 
C Relatlono;hlo to other rr.o<Jules: 
c 
C 'Takes calls to: NONE 

Called fr<:r!l: 

SUBROUTINE QEAN 

INQUOE 'PUFFS. INC' 
INQUDE 'UNITS. INC' 

.1£$01 

C ** "'ERGE LOOP; OlEO: PUFFS STARTING Wln-1 10lli>.I3EST 

TF\IFFS 
Tl'UFFS 

C ** IF PUFF IS INACTIVE IT iS NOT CONSIDERED 

'" " " 
c •• 
c •• 

• 

(Mfl I l .EQ. " GOT0120 
ISPI I I .EQ. SPfJJ .AND. MFCJJ .EQ. " TI<EN 

CALOJLATE SEPARATION; COI'BINE ."'.JFFS IF SEPAR-'TION 
TilE SUM OF TilE SIGMA Y•S • 

SEP • DELXY • SQRT((XP(Il - Xf'( Jl) •• :1 • 
(YP(J) -YP(J)) •• ? 

IF (SEP I !SIGMAYIII + SIGMAYIJll .LT. l.Ol Tl-!EN 
MF! Jl 0 
OP(I) QP(I) +QPIJ) 
A.~PIIl • A!»Plll + AIX;lP{Jl 
B~P(IJ ~ BD;IPIIl + 8!»PIJ) 

XPI I) (Xf'l I l +XPIJll 
YP( I) <YP( I I + YP( J)) 
ZPI I l IZP< I l + ZPI JJ l 
AGE! I l !AGE( I) + AGEIJll 
OXS( I J IDXS( I I + DXSIJ)) 
OYSI I l (QYS( I) +DYS(Jll 

I '·' I ,_, 
I 2.0 
I 2.0 
I 2.0 
I 2.0 

IS LESS TIV#j 

SiGMAY(I) • SQRT ISIGW.Y(Il ** 2 + SIGMAY(J) •• 2J 
SIGMAZIIJ • AMAXIISIGMAZ(Il, SiGW,Z(,ll 

RAOPIIl • SQRT IRADPIIJ •• 2 + RADPI.l u 21 

Program listing 35 Subroutine CLEAN 
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END IF 
Em>IP 

120 I • I 1 
.J • I 1 
IF (I .GT. 1) GOTO 100 

C '"* DROP ALL THE INACTIVE PUFFS BY EDITING THEIR A'l"rRIBUTES OUT OF 
C ** THE VARIOUS ARRAYS. 

I • 1 
J • 1 

200 IF (MF(I) .EQ. 0) GOTO 220 
MF(.J) • MF!Il 
QP(.J) • QP(I) 

SIGKAY(.J) • SIGKAY(I) 
SIGMAZ(J) • SIGMAZ(I) 
SP(.J) • SP(I) 
XP(.J) " XP(I) 
YP(J) • YP(I) 
ZP(.J) "' ZP(I) 
DXS(.J) • DXS(I) 
DYS(J) • DYS(I) 
ADQP(.J) • ADQP(I) 
BDQP(J) • BDQP(I) 
RADP(J) • RADP(I) 
AGE(.J) • AGE(I) 
.J .. .J + l 

220I•I+l 
IF (I .LE. TPOFFS) GO'l'O 200 

W'RI'n {Ltm(2) ,240) TPUFFS-(.J-1) ,.J-1 
240 FORMAT (SX, 'CLEAN CALLED--> '• 14, 1 PIJFFS DROPPED', 

+ 4X, I4, 1 PUFFS REMAIN ON THE GRID',/) 
TPUFFS • .J - 1 

RETURN 
END 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

CIRSPO 
Wind component conversion module 

Athey, G.F., j,V. R~msdell, C.S. Gl~nt:z 

P~clfic Northwest Laboratory 
PO Box 999 
Rlchl~nd, Washington 99352 

C Cre11ted: 6/1183 
C Updated: 
c 

MESO I VERSION 2,0 

C Description: TMis subrouti'H! accepts U end V compoonents of 
C the wind and converts them 7o a speed and direction. 
c 
C Relationship to otMr modules: 
c 
C Makes Calls to: NONE 
c 
C Called frcm, TERRA 

SUBRO.JTINE OIRSPO IU, V, DIR, SPEEOJ 

REAL U, V, DIR, SPEED 

IF W .EQ. 0.0 .AND. V .EQ. O.OJ THEN 
DIR • 0 
SPEED = 0 
RETIJRN 

END IF 

IF (U .GT. 0.01 THEN 
IF IV .GT. 0.01 THEN 

OIR TOO+ ATANIMS<U/Vll ~ .57.2956 
ELSE 

DIR 270 + ATAtHABSIV/Uil • .57.2958 
ENOl F 
GOTO 100 

END IF 

IF W .LT. OJ THEN 
IF (V .GE. 0,0) THEN 

OIR 90 + ATANI.IBSIV/Ul l • '57 .2958 
ELSE 

OrR ATANIABSCU/V)) • :17.2958 
END IF 
GOTO 100 

ELSE 
IF (V .GT. 0.01 THEN 

orR 111>. 
ELSE 

OIR 0.0 
END IF 
GOTO 100 

END IF 

100 SPEED (UOU + Y*V) u 0., 
"''""" '"' 
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c 
c 
c 
c 

OTQjAR 
Date and time ch~r~cter string generator 

c At~ey, G.F., J.v. Ram5dell, C.S. Glantz 
C Pacific Northwest l~boratory 
C PO 9ox 999 
C Richland, Washington 99352 
c 
C Created: 6(1/83 
C Updated: 

~1ESOI ¥EllS ION 2.0 

C ()ascription: Subroutine to convert groups ot integers 
C (e.g. year, month etc. I into more easily displayable 
C character ;trings. 
c 
C Relationship to other modules: 
c 
c 
c 

c 

• 
• 

Makes ca II s to: NONE 

Called from: P~OTZ, WNDFLD, i'INOPL T 

SUBROUTINE CITQ-IAA (OYR, DDAY, ~R, DMIN, DDATE, DTI'-£1 

'<EAL LYFLG 

INTEGER OYR, DDAY, ~R. DMIN, FIRSTIJI121, LASTDI121 

a-!AAACTER*9 DOATE, OTIME 
a-!AAACT!':R*5 IK'II 12) 
Q-IAAACTER*I II, 12, 13, 14 

DATA FIRSTO I 
DATA LASTD I 

I, 32,60, 91 ,121, 152,182,213,244,274,305,335 I 
31, 59,90, rzo,rsr, r ar ,212,243,273,304,334,36~ 1 

DATA IMJ / 1-JAN- 1 , 1-FEB- 1 , '·MAR-', '-APR-', '-KI.Y·•, 
'-JUN- 1, '-JUl- 1, '-Pi!G-', •-SEP·', '-OCT-•, 
•-NOV-', •-DEC-• I 

C •• O<EATE DATE STR lNG 

LYFLG = FLOAT(OYRI/4- DYR/4 
IF ILYFLG .EQ. 01 ~EN 

001001•3,12 
FIRSllHIJ = FIRSTDIII + 1 

I 00 CONTINUE 

00 110 I 2, 12 
LASTDI I l • LASTDI I l + 1 

110 CONTI~E 
END II' 

002001~1,12 

IF tODAY .GE. FIRSll)(l) .AND. DDAY .LE. LASTOilll GOTO 210 
200 CONTINUE 

210 IOAY • OO.W- (FIRSTDI I I - 1 l 
11 = OlAAIIOAY/10 + 481 
12 OlNHJI>IJDIID.O.Y,IOI + 481 
13 OiAR(OYR/10 + 481 
14 OiAA(J""OWYR,IOI + 481 
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ODATE • Il//I2//IIIO(I)//I3//I4 

C u CRUTE TIM! STRING 

Il "' CBAR(DBR/10 + 48) 
I2 ,. CHAR(JM0D(DHR,10) + 48; 
IJ ,. CBAR(DMIN/10 + 48) 
14 ,. CBAR(JMOD(DMIN,10l + 46) 

DTIME ~ 11//12//13//14//' LT' 

IUlTURN 
END 

Subroutine DTCHAR (cont'd) 
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FILOPN ~£SOl VERSION 2.0 
File ~ening moaule 

C Athey, G. F., J.V. Ramsdel I, C.S. Giant~ 
C Pscl f ic No.-thwest LaOOrato.-y 
C PO Box 999 
C Richland, Washington 99352 
c 
C Crested: 6/1/83 
C Upd~ted1 
c 
C Description: ~1odule to ~en all the disk flies required tor 
C 'liOdel operation. 
c 
C Relationship to other modules: 
c 
C Ml!kes ca II s to: NONE 
c 
c 
c 

• 
• 
• 

' 

~II ad troro: MESO! 

SUBROUTINE FILOPN 

INQUOE 1 UNITS. INC' 

~AAACTER*lO FILESI 121 
CHAAACTER•3 FiYPEI12J 

DATA FILES I 'CE!SDAT,OAT', 
'EXFQJM.OAT', 
'AXJ'Ar:N .OAT•, 
18DEPOS.DAT1 , 

DATA FTYPE I 'OLD', 101.0', 
'NEW', 'NEW'' 

NFILES 12 

DO 200 N ~ 3, NFILES+2 

•FORDAT.OAT', 
' AXPOPL. DA T' , 
1BXFAO¥ .OAT', 

•ADPADV.OAT 1 , 

•NEW•, 'NEW', 
•NEW', 'NEW', 

'"ESCtrT.DAT', 
'8XF£:f'L.OAT1 , 

'AOEPOS.OAT', 
'BOPAOV,OAT'/ 

'Nf)l'' 'NEW', 
1 NEW', 'flEW'/ 

OPEN IUNIT,.LUNCNJ, ::OR,..•FORMATTE01 , 

FILE•FILESCN-21, IOSTATsi(Rl 
STATIJS~FTYPE CN-11, 

' 

"' • 
IF IIER .NE. Ol ,EN 

WRITE ILUN(2),110) IER, FILESCN-21, 
FORMAT(/~, •ERROR "'-ii>I!ER 1 , 14, 1 

1 ON UNIT ltJ/.f'IER 1
, 121 

ELSE 

llJN(NJ 
OPENit.G FILE AIO, 

WRITE CLUN(21,12tll FILESCN-21, LUN(N) 
120 FORMAT (/~, 'FILE 1 , ATO, 1 OPENED ON UNIT NUI>I!Ell 121 

ENOl F 
200 CONTINUE 

PAUSE 'TYPE C TO CONTINUE• 
RElURN 

'" 
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c 
c 
c 
c 

JULIAN 
D~te converter 

C Athey, G.F., J.V. R.,sdell, C.S. Gl~ntz 
C P~clfic Northwest Laboratory 
C PO Sox 999 
C Richland, Washington 99,52 
c 
C Creeted: 6/1/83 
C Updeted: 
c 

~'ESOI VERSION 2.0 

C Description: Accepts ye11r, month and day; returns Julian date 
c 
C Relationship to other modules: 
c 
c 
c 
c 
c 

~takes calls tc:: NONE 

Called fran: IN IT, RELEAS 

C**"****••••••••••••••***U*"**********~····· .. ····•**"*******H***** 
SUBROUTINE JULIAN (1\'R, IKI, IOAY, JOATEI 

REAL L YFLG 

INTEGER IYR, IKI, IO.O.Y, JOATE, (I'!'BFOR(12l 

DATA D'r'BFOR I 0,31,59,90,120,1~1,181,212,24,,273,J04,334/ 

JOATE OYBFOfH IKil + I DAY 

LYFLG FLOAHIYRl/4- IYR/4 

IF (LYFLG .EQ. 0 .NIO. IK! .GE. 31 JDATE • JOATE + 1 

REllJRN 
END 
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c 
c 
c 
c 

LOCATE 
Data record I ocator 

C Athey, G.F., J.V. Ramsdell, C.$. Glantz 
C Pacific Northwest Laboratory 
C PO Box 999 
C Rlcnland, Washington 99352 

C Created: 6/1/83 
Updated: 

.<'E:$01 VERSION Z.O 

C Description: Program to searcn Th<! data tiles lor the required 
C st~rtlng records. The observation records are searcned 
S f"rrst tor Cay, than hour ~tnd reCQrd number. The startin~:; 

aate an~ time of the forecasr I lie Is then reported. 

~ Qelatronship to other -11odules: 

flakes calls to: NONE 

Called frCfll: lo£301, INIT 

SUBROI.JTINE LOCATE ISYR, SOAY, SHR, SMIN, LERROR, LUtNOX, INTFLGI 

INQUOE 'UNITS. INC' 

INTEGER SYR, SDAY, SHR, SMIN, IYR, DAY, HOOR, MIN, CREC, 
+ lOOM, LERROR 

IF ILUINOX .EQ. 4) GOTO 200 
l'IRITE ILLINI2l,1001 
WRITE (LIJN(51,1001 

100 FORMAT (/5X, 'i<ETEOROlOOICAL DATA fiLE SEAAOi -- './J 

110 READ (LIJN(3J,I2ll,END•600,ERR•8QOJ IYR, DAY, HCI.JR, MIN, OOEC 
120 FORfo\1\T I IX, 12, 13, 12, 12, IX, Ill 

IF WAY ,EQ. 81;!8J GOTO 600 
If (OREC .NE .I J GOTO 820 

C ** SI"'-JLATION IS REQUIRED 10 STAAT ON TliE HCUR 
IF (MIN .NE. OJ GOTO 660 
IF ISYR .LT. IYR .OR. SYR .GT. IIYR+IJJ GOTO 620 
IF IDAY .GT. SOAY .J.NO. SOAY .GT. 21 GOTO 62ll 
If WAY ,EQ. SOAYJ GOTO 150 
READ (LUNOJ,I30J lrlJM 
READ (LIJNI3J,130) l[l)M 

130 FORMAT IA1l 
IF IINTFLG .EQ. OJ GOTO 110 

001401~1,9 

READ (LUNI3),l301 lrlJM 
140 CONTTN\JE 

GOTO 110 

C •* LOCATE R<OPER f!O.JR 

1~0 IF !HOUR .EQ. SHR) 0010 170 
READ ILU~H3l,130J lOOM 
READ (LUN13l,130J lOOM 
IF (INTFLG .EQ. OJ G010 110 

001601:1,9 
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READ (LUN(J) ,130) lOOM 
160 CONTINUE 

GOTO 110 

170 WRITE (LUN(2) ,180) IYR, DAY, HOUR, MIN, DRSC 
WRITE (LUN(5) ,180) IYR, DAY, HOUR, MIN, DR~C 

180 FORMAT (7X, 'OBSV FILE POSITIONED AT: JU::.IAN DAY~ ',I2,1X,I3, 
+ 3X,' TIME=', 12, ':', 12, 3X,' RECORD ',Il/) 

BACKSPACE LUN(J) 

READ (LUN(4) ,l20,END~640,ERR=840) IYR, DAY, HOUR, MIN, DREC 
BACKSPACE LUN(4) 

WRIT£ (LUN(2) ,l!JO) IYR, DAY, HOUR, MIN, DREC 
WRIT£ (LUN(S) ,lgO) IYR, DAY, HOUR, MIN, OREC 

190 FORMAT (7X, 'FORECAST FILE STARTS AT: JULIAN DAY = ', 12, 
+ lX, IJ, 3X, 'TIME~', 12, ':', 12, 3X, 'RECORD', Il/) 

LERROR ~ 0 
RETURN 

200 l·lRITE (LUN(2) ,210) 
liRITE (LUl1(5) 1 210) 

210 FORHAT (/SX, 'FORECAST DATA FILE SEARCH -- ',/) 
220 READ (LUN(4) ,120,£N0=640,ERR~840) IYR, DAY, HOUR, MIN, DREC 

IF (OREC .N£, 1) GOTO 820 
IF (MIN ,NE, 0) GOTO 860 
IF (DAY .£Q, SDAY) GOTO 240 

READ (LUN(4) ,130) lOOM 
READ (LUN(4) ,130) IOUM 
IF (INTFLG .EQ. 0) GOTO 220 
002301"1,9 

READ (LUN(4) ,130) IOUM 
230 CONTINUE 

GOTO 220 

240 IF (HOUR ,EQ. SHR) GOTO 260 
READ (LUN(4) ,130) IOU'! 
READ (LUN(4) ,130) !DUM 
IF (INTFLG .EQ, 0) GOTO 2:?.0 

DO 250 I "' 1 I 9 
READ (LUN(4) ,130) IOU~! 

250 CONTINUE 
GCTO 220 

260 IF !Mill .EQ, SHIN .OR. INTFLG .EQ, 0) GO'.'O 270 
REA~ (LUN(4) ,130) IDUM 
READ (LUN(4) ,130) IDUM 
READ (LUN(4) ,120,END"640,ERR~840) IYR, OA'l, HOUR, MIN, DREC 
GOTO 260 

270 00 280 I = 1, 2 
READ (LUN(4) ,130) IDUM 

280 CONTINUE 
READ (LUN(4) ,120,END,.640,ERR:840) !YR, DA"!, HOUR, MIN, DR!!:C 

ilRlTE (LUN(2) ,290) IYR, DAY, HOUi<, tHtl, DREC 
~lRITE (LUN(S) ,290) IYR, DAY, HOUR, MIN, DREC 

290 FORMAT (3X, 'FORECAST DATA FILE POSITIONED AT: JDAY K ',I2, 
+ lX, IJ, 3lt, 'TIME""' ,I2, ':', 12, 3X, 'RECORD' Il/) 

BACKSPACE (LUN(4)) 
LERROR = 0 
RETURN 

600 WRIT£ (LUN(2) ,610) SYR, SDAY, SHR 
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WRITE (LUN(S) ,610) SYR, SDAY, SHR 
610 FORMAT {/SX, 'LOCATE » EOF ENCOUNTERED IN OBSERVATION DATA FILE', 

"' 
630 

640 

660 

BOO 

820 

840 

"' 

+ ' DURING SEARCH' 1 /1X, 'FOR DAY ' 1 I2, lX, I3, ' HOUR ', I2, 
+ /7X, 'SIMULATION WITH SPECIFIED DATE AND TIME IS IMPOSSIBLE',//) 

LERROR • 1 
REWIND (UNIT=LUN(J)) 
REWIND (UNIT•LUN(4)l 
RETURN 

WRITE (LUN(2) ,630) IYR, 
WRITE (LUN{S) ,630) IYR, 

DAY, SYR, SOAY 
DAY, SYR, SOAY 

FORMAT usx, 'DATA FILE STARTS ON OAY . "· lX, IJ, "· • • 'CANNOT SIMULATE OAY • . "· lX, 13//l 
LERROR • l 
REWIND (UNIT.,LUN(J)) 
REWIND (UNIT•LUN(4)) 
RETURN 

"OP ERROR l ''" LOCATE) EOF IN FORECAST FILE' 

STOP ERROR 2 (lN LOCATE) UNRECOGUIZEO DATA S&/UENCE 

'TOP ERROR 3 (lN LOCATE) READ ERROR IN OBS FILE' 

STOP ERROR 4 ''" LOCATE) INCOMPLETE DATA RECORD' 

'TOP ERROR 5 (lN LOCATE) READ ERROR IN FCST FILE' 

'TOP ERROR ' (lN LOCATE) UNRECOGNIZED DATA SEQUENCE 

END 

Subroutine LOCATE (cont'd) 

179 

(OBSV)' 

(FCST)' 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

!.(lDEND 
Simulation termination oandler 

Athey, G.F., J.V. Ramsdell, C.S. Glantt 
Pacific Northwest Laboratc.r-y 
PO Box 999 
Rich I and, Washington 99~52 

Created: 6/1/a:l 
Updated: 

MESO I VERSION 2.0 

C Description: Subroutine to handle the restart of the model and 
C the disposition of the disk files. 
c 
C Relationship to other modules: 
c 

l·lakes calls to: NONE 

Called from: t.lfSOI 

SUBROUTINE I>ODEND 1*, *, DPFLGI 

INO.UOE 'UNITS. INC' 

INTEGER IOISP, Df'FLG 

QlARACTER*12 OISP0(41 
OIAAACTER*I SELECT 

DATA OISf'O /'KEEP 
'OELEl'E 

+ 'PRINT , 
1PI'IINT/OELETE 1 / 

100 WRITE ILUN11l,ll0l 
1:0 FORMAT 1/SX, 1 00 YOO WISH Ttl STAAT .\IIO""'ER SIMJLATION? Y OR N'l 

READ (LUNI11,120,END•100,ERR~100l SaECT 
120 FORW.T (AI I 

IF !SELECT .EQ. 'Y' .al. SELECT .EQ. 'y'l THEN 
REWIND LUNOI 
REW INO LUN( 4) 
WRITE ILUNI5l,130l 

130 FORMAT (/~, ••• RESTAAT REOUESTE) H'/) 

140 WRITE ILUN(2),1~l 

150 FORMAT(/~, '00 YOU WISH Til REINITIALIZE THE GRID7 Y OR N1 ) 
REAb 1LUN(1),120,END'"I40,ERR,.140l SELECT 
IF ISELEC'f .B;l. 1Y' .~. SELECT .B;l. 'y'l REl\JRN 
WRITE ILUN(5),1601 

160 FORMAT 1/5X, '**NO GRID REINITIA'.IZ.-,TION .. ,/) 
REliJRN 2 

ENOIF 

QOSE ILUN(3)) 
QOSE ILUN(4ll 
PRINT •, 1 M:TEOROLOOICAL DATA FILES Q.OSED• 

200 "RITE ILUN12l,210) 
210 FORW.T (/5)(, 'SPECIFY DISPOSITION FOR OOTPUT ~0 EXPOSURE 

+ 1 FILES:', /7X, '1 ~ KEEP•, /7X, '2 ~DELETE', 
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+ /7X, '3 • PRINT', /7X, '4 = PRINT/DELETE'/) 
READ (LUN(l) ,*) IDISP 
IF (IDISP .LT. 1 .OR. IDISP .GT. 4) GOTO 200 

CLOSE (LUN(5), STATUS DISPO{IOISP)) 
CLOSE (LUN{6), STATUS= DISPO(IOISP)) 
CLOSE (LUN(9), STATUS~ DlSPO(IDISP)) 
CLOSE (LUN(10), STATUS = DIS!>O(IDISP)) 
PRHIT *• 'OUTPOT AND EXPOSURE FILES CLOSED' 

IF (DPFLG .EQ. 0) THEN 
IDISP "' 2 

'LSE 
220 WRITE (LUN(2) ,230) 
230 FORMAT {/5X, 'SPECIPY DISPOSITION FOR DEPLETED MlD OEPOSI'l'IOfl', 

+ 'FILES:', /7X, '1 "'KEEP', /7X, '2 ~DELETE', 
+ /7X, '3 "'PRINT', /7X, '4 • PRINT/DELETE'/) 

READ (LUN(l) ,*) IDISP 
IF (IDISP .LT. 1 .OR. IDISP .GT. 4) GOTO 220 

ENDIF 

CLOSE 
CLOSE 
CLOSE 
CLOSE 
CLOSE 
CLOSE 

(LUN(7), 
(LUN(S), 
(LUN(lll, 
(LIJ'N(l2), 
(LUN(lJ), 
(LUN(14), 

STATUS 
STA'l'tlS 
STAi'US 
STATUS 
STATUS 
STATUS 

DISPO(IOISP)) 
OISPO(IOISP)) 
OISPO(IOISP)) 
DISPO(IOISP)) 
OISPO (IOISP)) 
OISPO(IDISP)) 

PRINT *• 'DEPLETION AND DEPOSITION FILES CLOSED' 
STOP 'END KESOI ~ECUTION' 
END 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

SHIFT 
Save wind field, times and temperatut·e 

Athey, G.F., J.V. Ramsdell, C.S. Gl;nh 
Pacific Northwest Laboratory 
PO Box 999 
Richland, Washington 99352 

C Created: 6/1/83 
c Updated: 

~SOl VERSION 2.0 

C Description: Module to save paramete-s from the previous 
C hour. Called at th11 end of eac, simulation hour. 
c 
C Relationship to other modules: 
c 
C 1-lakes ~I Is to: NONE 
c 
c 
c 

Called fnm: MESO!, INIT 

c .................................................................. . 

SUBROJTINE SHIFT 

INQUOE 1 DATIM.INC' 
INQUDE 'WINOS. INC' 

DO 200 I -
DO 100 J 

U( I, J I 
VI I, J I 

TOO CONTINUE 
200 CONTINUE 

1' 15 
I, 16 
UU( I, Jl 
VVI I, J l 

I'REV OY DOA Y 
PREVH'I OHR 

co WG 
VG VVG 

T TT 

~ETIJRN 

'" 
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COMMON BLOCKS 

MESO! Version 2.0 makes extensive use of labelled COMMON blocks for 
passing data between program elements. There are 12 of these blocks. They 
are listed in Table 13 along with their memory requirements and a brief de­
scription of their contents. More than half of the total MESOI memory 
requirement is taken for storage of the data in the MATRIX, PUFFS, and WINDS 
blocks. 

Each COMMON block is defined in an INCLUDE file that is referenced in 
the program elements where the block is needed. In addition to the COMMON 
statements, the INCLUDE files contain INTEGER, REAL and DATA statements as 
appropriate. 

Program Listing 43 contains the INCLUDE files. If MESO! is to be run 
on a computer system with a FORTRAN 77 implementation that does not support 
the use of INCLUDE files, the COMMON, INTEGER, REAL and DATA statements in 
the INCLUDE files must be inserted in each program element where the INCLUDE 
file is referenced. 
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TABLE 13. Common Blocks 

COMMON 
BLOCK 

ARRIV 

CHAR 

CONST 

DATIM 

DECAY 

MATRIX 

PUFFS 

REL 

STATN 

TOPOGR 

UNITS 

WINDS 

SIZE 
(BYTES) 

1560 

187 

324 

188 

760 

34596 

28004 

224 

484 

3848 

64 

24832 

CONTENTS 

Information related to the status of time-integrated 
concentrations at selected check points. 

Character variables including the simulation title, 
wind station names, and the date and time that the 
simulation was run. 

Constants used in computations including the depo­
sition velocity and washout coefficients. 

Information related to the simulated time and cur­
rent meteorological conditions other than wind. 

Variables related to decay and ingrowth. 

Nine arrays for accumulation of time-integrated 
concentrations and surface contamination at grid 
nodes. 

Information related to individual puffs including 
original source indentification, position, source 
strength, diffusion coefficient values, radius, 
status and age. 

Information related to releases, source position, 
strength, effulent flow rate and temperature, time 
of release, duration of release {in number of 
puffs), 

Information on position and status of w1nd observa­
tion stations. 

Topography for use in diffusion computations. 

Logical unit assignments for model input and 
output. 

Wind data, distances from grid nodes to closest wind 
observation points. 
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c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C ARlUV.INC 
c 
c Created: 6/1/83 
C Updated: 
c 
c Description: Checkpoint auay, threshold values and flag 
c 
C Included in modules: MESO!, ARRIVN, ARRTIM, EXPSUM 
c 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

REAL ARRIVL(ll,35), THRSHl, THRSH2 

INTEGER ARRFL, EXPFLG, NCP 

COMMON /ARRIV/ ARRIVL, THRSHl, THRSH2, ARRFL, EXPFLG, NCP 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

CHAR.INC 

created: 6/l/83 
Updated: 

Description: Character variable include file 

Included in ~odules: MESO!, 
PLOTZ, 
TERRA, 

CBARACTER*l TITLE (50) 
CHARACTER* 4 NAHST ( J 0 I 
CHARACTER*8 RTIME 
CBARAC'l'ER*9 RDATE 

DIFOEP, 
PRIN'l'E, 
WIND, 

GRIDIN, 
REARNG, 
WNDFLI>, 

COIOIOII /CHAR/ TITLE, lllUIS'l', ROATE, RTIIIE 

!NIT, 
SCREEN, 
WNDPLT 

PLJUUZ, 
STRAY, 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C CONST.INC 
c 
C Created: 6/1/83 
C Updated: 
c 
C Description: Constant include file 
c 
C Included in ~odulea; MESO!, ARR'l'IM, DIFDEP, !NIT, PUPFM, 
C POFFR, RELEAS, WINSPD 
c 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

REAL CHIMIN, ACNST, FAC, ADT, DELXY, OV, TWOPI, WC{6), 
+ XS(lll 1 YS(ll) 1 RCB, ALPHAU, ALPBAV 

INTEGER NPH, ALPHFL, INTFLG 

COMMOII /COHS'l'/ CBIKIH, ACJfS'!', PAC, AM', DILXY, DV, TWOPI, we, 
+ XI, YS, RCB, ALPBAIJ, ALPBAV, IIPH, 
+ AI.PBPL, IITrLG 

~rogram Listing 43 Include Files 
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c 
C 01\Tlll,IllC 
c 
c Created: 5/l/83 
C Upd<~ted: 

c 
C Description: Data, date and t1me include file 
c 
c 
c 
c 
c 

Included in modules: NESOI, 
I!IIT, 
SHIFT, 

ARRTH!, 
PLNRI'l., 
;n~o. 

DATRD, 
p[,()';Z ' 
!i/tlOFLD, 

DATllR, DIFDEP, 
PUFF~l, SCREE::, 
\•!IIDPLT 

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

REAL COIN 

INTEGER D\:"R, DDAY, LIHR, OHitl, DREC, S,'AB, LOEPTH, PRECIP, 
+ UP'.HND, DATA(30), TEMPI\., TE!!PB, T, TT, PREVDY, PREVHR, 

tiXTDAY 

COI:t-lOll /OATH!/ COIIV 1 DYR, DDAY 1 DHR, D!·II:l, ::JREC, STAB, 
+ LOEPT!l, PRECIP, UPI'l 11m. DATJ\, TENPA, TE!4PB, 
+ T, TT, PREVDY, PR£1/HR, llXTDAY 

DATA COlN / 1,0 / 

C************************•***************"*.-.**********-************* c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DECAY.INC 

Created: 6/1/83 
Updated: 

Description• Radioactive decay variable include file 

Included in ~duleB: MESO!, DIFOEP, ROl, RDKIN, RELEAS 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
REAL AOK(60}, BDK(60), BDIN(60), AOECAl, AOECA2, BOECAl, 

+ BOECA2, BINAS, BINS!, ALMBDA, BLMBOA, DKCOEF 

INTEGER RDKFL 

COMMON /DECAY/ ADK, BDK, BDIN, ADBCAl, ADECA2, BOBCAl, BDECA2, 
+ BINAS, BINS!, ALKBDA, BUU!OA, DkCOEP, RDJ:FL 

c••••••••••••••*****************************"**"'-·••••••••••••••••••• c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

MATRIX. INC 

Created: 6/1/83 
Updated: 

Oeser iption: Grid matrix array include file 

Included in modules: MESOI, ARRTIM, OIPOEP, 
PRINTE, SCREEN 

EXPSUM, INIT, 

c••••••••••••••••••••*********************************************** 

""" EXPCU~\(31,31), AXPOPL{31,3l), BXPOPL(Jl,3l), 
• AOEPOS(Jl,3l), BOEPOS{Jl,Jl), AXPAOV{31,3ll, 
• BXPAOV(3l,Jll, AOPADV(31,31), BDPADV(Jl,Jl) 

COMMON / MATRIX / EXPCUM, AXPOPL, BXi'DPL, AXPADV, BXPADV, 
• ADEPOS, BD!POS, ADPADI/, BDPADV 
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c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PUFFS. INC 

Created: 6/1/83 
Updated• 

Description: Puff para~eter include file 

Included in ~odules• MESO!, CLEAN, DIFOEP, 
POFFM, PUFFR, TESTM 

INIT, PLOTZ, 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
REAL XP(500), YP{500), ZP{SOO), 01'(500), DXS(500), OYS(SOO), 

+ ADQP(500), BOQP(500), SIGMAY(500), SIGMAZ(500), RADP{500) 

INTEGER TPUFFS, MF(500), AGE(SOO), SP(500) 

COMMON/ POFFS / XP, YP, ZP, QP, DXS, DYS, ADQP, BDQP, SIGMAY, 
+ SIGKAZ, RADP, TPUFPS, MP, AGE, SP 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C REL. INC 
c 
C Created: 6/1/83 
C Updated: 
c 
C Description: Release parameter include file 
c 
C Included in modules: MESOI, HilT, PLI·IRIZ, PLOTZ, POFFR, 
C RELEAS, SCREEN, 1HNSPD 
c 
C******************************************************************* 

REAL XSOURC(4), YSOURC(4), ZSOURC(4), QSOURC~4), QH(4), 
STEHPC, EFFLUX 

INTEGilR NSOURC, N?UFFS(4), RELDAY(4), RELI!R(4), PAR7HR(4), 
+ l·IAXPUF(4), PLi-IRFL(4), DPFLG, PUFLG(4) 

• 
• 

COMMON /REL/ XSOORC, YSOURC, 
NSOURC, NPVFFS, 
PL11RFL, DPFLG, 

ZSOURC, QSOURC, 
RELDAY, RELHR, 
POFLG 

QH, STE~IPC, EFrLUX 
PARTIIR, tlAXPUF, 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

S'l'A'l'N. INC 

created1 6/1/83 
Updated: 

Description: Station parameter include file 

Included in module&: GRIDIN, REARNG, STRAY, WIND, 
WNDPLT 

WNOFLD, 

g ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
REAL XSTA(30), YSTA(30) 

IN'l'BG.IR AC'fS'l'A, STA'l'OS(30), &LEV(30) 

COIUIOII /S'l'Aft/ XS'l'A, YS'fA, AC'rSTA, S'l'A'l'DS, ILBV 
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c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C TOPOGR.IIIC 
c 
C Created: 6/1/83 
C Updated: 
c 
C Description: Topography data include file 
c 
C Included in •odules: MESO!, Dtf'DEP, OTOPO, TOPFIL 
c 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

INTEGER TOP0(31,31), TOPfLG 

COMMON ITOPOGR/ 'l'OPO, 'I'OPPLG 

c••••••••••••••••••••••••••••••••••••••••••••••••******************* 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

URI'I'S.INC 

Created: 6/1183 
Updated: 

Description: Logical u.nit a&llignaent include fila 

Included in .odu.lea: MESO!, 
DA'NR, 
LOCATE, 
RDKIR, 
TOPPIL, 

AIU<IVII, 
EXPSIJM, 

"""""". RBLBAS, 
lUtiD, 

ARRTil'l, 
FILOPR, 
PLRR.tl, 
SCRDII, 
WJEIFLD, 

.. ,.,. 
IRIT, 
PR.IIfft, ...... 

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

IN'I'EGER LUN(l6) 

COKJION I UNITS I LON 

DATA LOR I 5, 6, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
~ 21, 21, 30 I 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

WINDS.INC 

Created: 611183 
updated: 

Deecr iption: Wind grid include fila 

Included in .odulea: MBSOI, IRIT, POPPK, 
TDRA, Wl!ID, WIBSPD, 

SHIFT, 
WIIDPLD, 

STRAY, ..., .... 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

R!AL STDIST(lO,l6,16), 11(16,16), V(l6,16), OG, VG, UU(U,U), 
~ VV(l6,16), UUG, VVG 

IR'fiGER S'ftiiiJII(l0,11,16), SPD(JO), DillllO), TlllFLG 

COIIIIOif /WIIID8/ ftDift, O, V, o;, 'Ia, tJU, VV, UUG, VW, ~. 
~ DO, ora, uan.c 

Include Files {cont'd) 
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MESO! CUSTOMIZATION 

MESOI has been developed to meet the needs of the U.S. Department of 
Energy related to its operations at Hanford, Washington and to meet the needs 
of the U.S. Nuclear Regulatory Commission Intermediate Dose Assessment 
System. Both of these organizations have requirements for model features and 
flexibility that may be beyond the requirements of other users, and they have 
access to relatively large minicomputer systems. As a result, it is likely 
that other potential users of MESO! may want to customize it to their 
specific needs and systems. This section outlines areas of the program that 
should be considered in model customization. These areas include 1) computer 
system related features, 2) data files, 3} model control parameters, 4} model 
computational features, 5} model output, and 6} run time initialization. 

SYSTEM RELATED FEATURES 

In preparing the MESO! Version 2.0 computer code, care has been taken to 
use ANSI Standard FORTRAN 77 (American National Standards Institute 1978) and 
limit the number of extensions to the standard that are used. As a result, 
the code should be highly transportable between computers. Most of the code 
should also be compatible with extended versions of FORTRAN 66 (FORTRAN IV). 
Three areas where program modifications may be necessary are: 1} the use of 
INCLUDE files to supply specification statements to the various program 
elements where they are needed, 2) the use of a COMMON block to make logical 
unit assignments to input and output devices, and 3) the use of the block 
IF-THEN-ELSE structure. Of these areas only the use of INCLUDE files is an 
extension to the 1977 standard, and the modifications needed to eliminate 
any problems should be straightforward. 

Three other areas where the user's system might require modifications to 
MESOI are in the terminal control sequence, the plot commands used in the 
output routines, and the sequences and commands used to open and close files. 

DATA FILES 

MESO! Version 2.0 makes extensive use of data files. Model execution 
requires that many of these files exist and be immediately available to the 
model. The files that must be available include meteorological data files 
(both observed and forecast) and a file containing the locations of the 
sources of wind data to be used. The meterological data file formats must 
conform to the formats used to read in data in subroutines LOCATE and DATRD. 
The proper factor to convert the wind speeds from the units in which they are 
reported to meters/second must be included in the DATIM common block. The 
format for the wind observation station file must match the format in the in­
put statement in subroutine GRIDIN. 
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If the model is to be fully customized, two topographic files and a 
check point file should be prepared and available at model execution time. 
The model can be run without these files if they are not available, but it 
will not make use all of its features. 

One of the topographic files contains the elevations at each of the 
nodes of the grid used to accumulate time-integrated concentrations, and the 
other contains the information needed to adjust the winds at locations where 
the topography is expected to affect the wind. Preparation of the first of 
the files is straightforward, preparation of other requires a good deal of 
meteorological insight. 

The checkpoint file specifies locations of receptors of specific inte­
rest. These receptors m1ght include institutions where evacuation could be a 
problem such as hospitals and jails; they might include population centers, 
key transportation centers, and significant agricultural or water resource 
areas. The format for the checkpoint file is specified in subroutine ARRIVN. 

MODEL CONTROL PARAMETERS 

A number of model control parameters for MESO! are set in the code with­
out user interaction. These parameters include the default grid spacing, the 
number of puffs to be released per hour, the maximum number of sources, the 
maximum duration of the period that can be simulated in a single model run, 
the maximum number of puffs that can be followed, and the minimum concentra­
tion of interest. The user may wish to modify any or all of these parameters 
permanently, or to alter the code so they may be changed interactively on a 
run-by-run basis. 

The default grid spacing is set in subroutine GRIDIN as 5000 meters. 
This spacing applies specifically to the grid used for the surface wind 
field. The spacing of the grid used for accumulation of the time-integrated 
concentrations and surface concentrations is one half of the w~nd grid 
spacing, i.e. 2500 meters. An opportunity to change the wind grid spacing is 
presented during model initialization. If the spacing is changed, separate 
topographic files should be provided for the new spacing. 

The number of puffs that are released each hour is set at the beginning 
of subroutine INIT. In the code as published, four puffs will be released 
each hour, unless the release duration is less than one hour. The acceptable 
release rates are the integer factors of 60. If the puff release rate is 
changed, the DATA statements that define the acceptable sampling intervals 
and number of sampling intervals per advection period must also be changed. 
The acceptable values for these variables are the integer cofactors of the 
advection period duration when expressed in minutes. 
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MESO! Version 2.0 will accommodate releases from four release points 
without modification. There is no fundamental reason that the limit could 
not be increased. If a higher limit is desired it can be set by changing the 
upper limit in a logical IF statement that occurs at the beginning of sub­
routine RELEAS. The text string in FORMAT statement 140 should also be 
changed to reflect the new range for number of release points. Similarly~ 
the dimensions for variables containing release information in subroutine 
RELEAS and the REL.INC file should be increased to the new maximum. 

The default limit on the duration of any simulation is set by the upper 
limit of the loop that starts with 00 400 in MESO!. This limit may be in­
creased or decreased without affecting any of the model's computations. 

Puff release rate, the number of sources and the duration of the simu­
lation determine the maximum number of puffs that can be tracked at anytime 
by MESO! is determined by the dimensions for the variables that store the 
puff attributes. These variables are found in the PUFFS.INC file. The cur­
rent dimension is 500~ which is not sufficient to accommodate all of the 
puffs that could be released by MESO! in a 48 hour simulation. As a prac­
tical matter, however, the dimension is more than adequate because puffs are 
combined as they overlap and are deleted as their concentration decreases or 
they move off the grid. If the puff release rate, maximum number of sources 
or maximum simulation duration is changed, consideration should be given to 
revising the dimensions in the PUFFS. INC file. 

The minimum time-integrated concentration of interest, in mass-hours per 
cubic meter, is set in the program line just after the puff release rate is 
set. The current value is 1o-15. The division by 60 is necessary because 
the sampling interval is expressed in minutes and is not a constant. 

MODEL COMPUTATIONAL PROCEDURES 

Unless a major modification of MESO! version 2.0 is being undertaken in 
addition to customization, major changes should not be required in the MESOI 
computational procedures. A change in the computational procedures for de­
termining the diffusion coefficients can be made by substituting a different 
SIGMA subroutine. The SIGMA subroutine used in the test case examples in 
Appendix B is the one identified as NRCSIG. A different subroutine may also 
be substituted for ALPHA if linear vertical interpolation of the horizontal 
winds is not acceptable. 

The user may wish to change the initial values assigned to the diffusion 
coefficients. At present, sigma y and sigma z are assigned initial values of 
1m and 0.1 m, respectively. This assignment is made in PUFFR. Along the 
same line, the user may wish to change the deposition velocity or the washout 
coefficients. These parameters are set in subroutine INIT. The deposition 
velocity must be in meters per hour, and the washout coefficients must be in 
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hours-1. Finally, unless otherwise instructed, MESO! assumes that 1 mass 
unit of effluent is released from each source each hour. This default 
release rate is set in subroutine RELEAS. 

MESO! INITIALIZATION 

The interactive initialization of MESOI is a compromise between the con­
flicting goals of minimtlll model execution time and the flexibility required 
to handle likely release scenarios. When the model is customized for other 
users or speci'fic applications, the interact·ive initialization portion of 
MESO! should be re-evaluated. If variables, such as the potential release 
locations, can be defined prior to model execution, those portions of the 
initialization that are used to define the variables can be eliminated. By 
eliminating unnecessary interactive initialization, the time required to ob­
tain model output and the chances for incorrect initialization will be de­
creased. It may also be appropriate to add to the interactive initialization 
if there are conditions in specific scenarios that are subject to change that 
are assumed to constant in the current version of MESO!. 

MESO! OUTPUT 

Modification of MESO! output is one of the stages of model 
customization. As a minimum, this modification should include changes in the 
text associated with the inquiries made during the interactive model initi­
alization and with the output displays, graphics product and printed files. 
Specific locations where the changes are needed are found through-out the 
code. 
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/,CNST 

ACTSTA 

ADECAl 

ADECA2 

AOEOOS 

'"' 
ADPAD~ 

'"' 
'" 
AJRT 

ALMBDA 

ALPHAU 

ALPHAV 

ALPtiFL 

ANG\ 

AhG2 

ARRFL 

ARRIVL 

AXPADV 

AXPDH 

BOECA\ 

BDECA2 

BDEPOS 

BDIN 

BDPAOV 

BDQP 

-Real 

'"' 
Real 

Rea 1 

Real 

Real 

Real 

Real 

Reo! 

'"' 
Real 

Real 

Real 

Real 

'"' 
Real 

Rea\ 

Real 

Real 

Real 

Real 

Real 

Real 

Real .. , 
Real 

Real 

Real 

APPENDIX A 

MESO! VERSION 2.0 GLOBAL VARIABLES 

Whore 
Defined 

!NIT 

GRIDIN 

RDKIN, RELEAS 

'"' 
MESO!. !NIT 

"" 
MESO\, DJFDEP, 
!NIT 

ClEAN, OIFDEP, 
PUHR 

!NIT 

CLEAN, OIFDEP 
PUFFR 

~ESO\ 

ROKIN, RELEAS 

ALPHA, !NIT 

ALPHA, !NIT 

!NIT 

DIRSPD, TERRA 

OIRSPD 

DIRSPD 

ARRJVN 

ARRIVN, ARRTIM 

11ESO\, 
\NIT 

O!FOEP, 

MESO!, WIT 

RDKIN, R£LEAS 

'"' 
MESO!, !NIT 

'"' 
'"' 
~IESOI, DIFOEP, 
\NIT 

CLEAN, OJ'FOEP, 
PUFFR 

Where Used 

PUFFR 

WIND, WNDFLO, 
W~OPLT 

HE SOl 

0\FOEP 

PRINT£, SCREEN 

OIFDEP 

PRINTE, SCREEN 

TESTM 

fiESDI, PUFFM, 
RDKIN, RELEAS 

HSTM 

PLMRIZ 

'"' 
PUFFM 

PUFFM 

MESO! 

TERRA 

HRRA 

11£501 

EXPSUM 

PRINTE. SCREEN 

PRINTE, SCRHN 

msor 

DIFOEP 

PRINT£, SCREEN 

0\FDEP 

BIFDEP 

PR\NTE, SCREEN 

TESTH 

"" Passe: Contents 

CGNST Constonts 1n the Gaussian puff 100de\ 

STATN, Call Number of active ~in~ stations 

DECAY 

DECAY 

MATRIX 

DECAY 

MATRIX 

PUFFS 

CONST, Call 

PUFFS 

Call 

DECAY 

CONST, Call 

CDNST, Call 

CONST 

Call 

Call 

Call 

ARRIV 

MATRIX 

DECAY 

DECAY 

MATRIX 

DECAY 

DECAY 

MATRIX 

PUFFS 

A.3 

Fraction of A remaining after decay1ng for one advett1or. 
period 

Fraction of A remain,ng at the ~nd of a ""'pling 1ntena· 

Surfoce concentration of A l~ass/m:>) accu~ul•ted prior 
to current advectwn period-corrected lor decoy 

Fraction of A re<nainln~ at tile end of an advection 
period gives the current >a'1'pling interval 

Ar:lount t A deposited in the current advection period 
(moss(m ) 

Source tern for A corrected for depletion 

Duration of the advection period in ~ours 

Time since puff relea;e in rnir.utes 

Air temperature (°C) at till'e puff release 

Decay coefficient for A (pnmary effluent) (rnin'
1

) 

Exponent for power-l•w interpolation of £-W w1nd 
component 

Exponent for power· law inteq>Olation of N-S wind 
component 

nag to select power law vertical interpolotlon of wind 
components 

Wind direction in OIRSPO converted to transport direction 
in T£RRA 

Transport angle relative to terrain orientation prior tc 
adjustment 

Transport angle of adjusted wind relatwe to the terrain 
orient•tion 

Flag used to indicate existence of check-point f11e. 

Array with check point location and status 

Time-integrated ground-level air concentration 
the current odvection period (mass -hr/m.l) 

of A durin· 

Time-integrated ground-level a\C concentration of A durin< 
simulation to current advection period (mass-hr/rnl) 

Fraction of B rernaining after decavino for one advection 
period 

Fraction of B remaining at the end of a sampling interval 

Surface concentration of B (rnasstm2) accumulated prior to 
current advection period corrected for de<ay 

fraction of A decaying to B during rema1nder of advection 
period given the current sampling interval 

Froction of B rerMining at the end of an advection perioa 
given the current sampl in9 interval 

~unt qf B deposited in the current advection period 
(mass/of) 

Source tern forB corrected for dep\et1on 



~INAS 

BINS! 

BLMBDA 

BXPAOV 

BXPDPL 

CH!MIN 

CONV 

DATA 

DDATE 

utuY 

"'" 
DKCOEF 

DPfLG 

OREC 

DSMTR 

DSMTRI 

DT!Jo!E 

"" 
"'" 

"" 
EFFLUX 

ELEV 

HPfLG 

Rea\ 

Rea\ 

Real 

Real 

Real 

Reol 

'"' 
Char 

'"' 

'"' 

'"' 
Real 

'"' 

'"' 

'"' 
Char 

Real 

Real 

'"' 
Real 

Real 

'"' 

'"' 

Where 
Jkf~ 

ROK!N 

"' 
RDKJN, RELEAS 

MESO!, OIFDEP 
!NIT 

M£501, !NIT 

!HIT 

DATIM. me 

DATRO 

DTCHAR 

OATRD 

liRJDIH 

DATRD 

WIND, WNDPL T 

ROKIN 

DATRD 

RELEA> 

DATRO 

MESO! 

Olf"DEP 

OJFOEP 

OTCHAR 

!NIT 

CLEAN, PUFFM 

DATRO 

CLEAN, PUFFM 

RE:LEAS 

Where Used 

MESO! 

O!FOEP 

'"' 
PR!NH, SCREEN 

PRJNH, SCRHN 

O!FDEP 

WIND 

OATWR, WINO 

PLOTZ, WI!DFLO, 
WNDPL T 

!!ESDI, I)JITWR, 
OTCHAR, PLOTZ, 
PRINT[, RELEAS 
SCRJEN, SHIFT, 
WIND, WNDfLD, 
\INDPL T 

.-r:ro1, ~R~~·~. 
OJFDEP, !NIT, 
RELEAS, IESTM, 
TOPfll 

MESUJ, OATWR, 
OTCHAR. PLOfl, 
PRINT£, SCREEN, 
SHin, WIND, 
WNOHO, WNOPL T 

WNOFLD 

RDK, RfLEAS 

MESO!, OATWR, 
DTCHM, PLOTZ, 
PRINTE, WIND, 
WNOHO, WNCf'LT 

DI~OEP, MODEN~ 
PRINTE, PUFFR 

D!~DE:P 

Sl111'\1\ 

'"' 
PLOTZ, WNOFLO 
WNOPLT 

D!FDEP 

IIESOI, D!FDE:P 
DTOPO, TEST~ 

DAT~R, DTCIIAR, 
PlOTZ, SCREE~, 
WNP~LO, WNOPLT 

MESO!, O!FDEP, 
OTOPO, HSnt 

GR!~IN, RtAR!tiG WNDFlO, 1<IWPLT 

DIFOEP, !HIT 

ARRI~N, ARRTJH 

ARRTIM, EXPSUII 
PRINT(, SCREEN 

HPSU~ 

DECAY 

DECAY 

DECAY 

MATRIX 

MATRIX 

CONST 

OAT!M 

DATI" 

Call 

" ____ Co"..!_"".!.'_ 

~ractbn of A decayin<; to 
correcl ed for B decay 

~raotHn of A decay1nq to dorin~ a ""~I 1ng interval 
corrected forB decoy 

Decoy <oefficient forB (daughter) (min- 1 : 

Tlne-irtegrated grouM-1evel_air corcentra~ion of 
during current advectwn per\O~ lmoss-hrjm ) 

r;rre-ln\egrated ground-].,el air concertra\10n of ~or 
simulation to the current advec"on penod 

l!in1mu~ puff concentrotion of \n\Nest (rMs,/rn3J 

Convers1on factor for ~ind speed to give transport in 

~· 
Input SJrface wind dHa orroy 

Date Chlracter stnng oo1el time 

OAT!tl, Call Day of nonth of input meteorlog\Cal data 

rmlrr, ..:ali ~no n>Orle srac•ng (m) (wind grid) 

DATJM, Call Hour of the dH for input meterologkal data 

WINOS llind diro~ct1on (direction from wh1ch wind comes) 

DECAY ALI!BDA/ (I·LMBDA-AlM~OA) 

DATIM, Call Minutes cf the hour aS<oci•ted with the input 
meteorolcgical data 

REL, call 

DATIM 

Coll 

Call 

Call 

~" 

CO~ST 

PU~FS, Call 

DATJJ>I, Call 

PUFFS, Call 

"' 
STAT!! 

~TRIX 

ARRIV 

A.4 

Flag used to indicate depositing effluent 

Sequential record for meteorological data -not used 

Distance ''''""d by puff 1n an advect10n period {m) 

Distance r>::>ved by p"ff ;n sampliM interval (m) 

Time chuocter string (I'IOdel ti~e) 

Pepositior velocity (m/hr) 

East-west distance moved bY puff '" an advection peno,l 
(wind orid units) 

Year of the input meteornlonlcal data 

North-soutn distance moved by a puff In an advection 
period (wlr1d grid units) 

Stack flow rate {m3ts) 

Elevation rf wind Hat1nn~ 1n ~eten .oovo sea-level 

Time-integrated ground-level air concentration assuming 
no decay or deposition 

Flag to inoic.te time-integrated, ground-level ale con­
ceotrat1on threshold has been e•ceeded at • chedpolnt 



filfl 

IliA! 

t~ T'LG 

I' SliM 

'" 

I.'J I liD X 

1.''11 

f\.\XPUf 

"' 
NAMST 

'" 
NPUFFS 

"" 
"' 
NSOU~C 

NUHSTA 

NXTDAY 

PARTHR 

PLMRFL 

P~ECIP 

P~EVOY 

!~ 

Real 

Char 

'"' 

'"' 

'"' 

'"' 
'"' 

Char 

'"' 
'"' 
'"' 
'"' 

'"' 
'"' 

'"' 

Where 
Oeflned 

]~ITT, REUAS 

ARRIVN, GR!DIN 
TOP.' IL 

HFSOI 

INTT 

REI EAS 

!Nil, RHEAS 

)!ESDI 

]N!T, RHEAS 

HE SOl, OATRO 
Ill IT 

LOCATE 

11ESDL l!iiT 

WI[!', ]tiC 

MESO! 

RELEAS 

CLEAN, DlfDEP, 
!NIT, PUFfR 

GRWIM, REARNG 

ARRIVN 

INJT, REUAS 

INIT, PUHR 

MESO! 

ASCHO, STRAY 

O!fDEP 

RELEAS 

GRID IN 

MESO!, OATRD 

RELEAS 

!NIT, RELEAS 

OATRD 

SHIFT 

~~~ 

PUfnl 

DATRO, PRINTE, 
lEST~ 

JUUAN 

JULIAN 

JUliAN 

I'ESOI, LOCATE, 
ouc>M, ~INSPD 

PR!tHE, SCREEN 

JUUo\N, LOCATE 

f1ES01, S](,fiA, 
lio\T'..'R, OlfDEP, 
PLt'IITI, P~'FM, 

PUIFR, WIIDFLD, 
,., ~PL T 

!NIT 

OATRD, lOCATE 

See Tobie B 

OIFDEP, PUFF11 

MESO! 

MESO!, PLOTZ 

WIIDFLD, IINDPLT 

MESO! 

MESO! 

PUFFR, IINDSPO 

'"' 
MESO!, PLOTZ, 
SCREEN 

ASCND, STRAY 
WINO 

'IE SOl 

MESO! 

OATWR, OIFDEP 

MtsOI. ARRTJM 

·~ ~.ssed 

CONS I 

Call 

Call 

Call 

COHST, Call 

Call 

Call 

Contents 

Conversion httor to convert mJs to grid units/advection 
period 

Nome of file with meteorological observotion (wind) 
station lnfo,.ation 

Number of the advection period within the hour 

Input day of the month for conversion to Julian date 

Input day of the month for conversion to Julian date 

Input month of year for conversion to Julian date 

Flag to indicate time period associated with ""'teoroloqical 
data (0 • 1 hr, 1 • 15 min) 

Number of .ctive puff< 

Input year for use in conversion to Julian date 

OATIM, Call Mixing layer thidness (ml 

Call 

Call 

Flog .ssociated with the results of searches of the 
meteorolo~ical data files 

Logical unit a"aciated with the meteorological data files 
(3 • ob'"rved data, 4 • forecast datal 

UNITS, Call Logical unit assignments 

Call Puff number 

REl Number of pufh to be released from a source 

PUFFS Flag to indicate the stHus of a puff, 1- active 

CHAR, Call Name of the wind observation stations 

ARRIV 

CONST 

OH 

Call 

Call 

Call 

Call 

DATIM 

OH 

OH 

OATJI1 

OATIM 

A.5 

Number of active checkootnt• 

Number of puffs released per hour 

Nunt>er of puffs released from a ghen source 

Number associated with specific source points 

Identifying number for wind station in mete<>rologica\ 
data file 

Number of sampling intervals in an advection period 

N1.111~r of sources (4 maximum) 

!lumber of active meteorological (wind] stations 

Day associated with meteorological data for the obser­
vations thal fo\\oo; the current advection period 

Fraction of hour pa,.ing before initial puff release 

Flag that enables plume rhe computation 

Indicator of Precipitation type and rate 

Day associated with meteora\oglcal obser•ations thilt 
precede the current puff advection period 



PHVHR 

PRISE 

PUHG 

'" 
" GSOURC 

RADP 

"'" 
RDATE 

RO~Fl 

RELD.AY 

RELHR 

RT !~IE 

'"' 
SIGMAY 

SIGMZ 

SPEED 

STAB 

STATUS 

STO!ST 

STEMPC 

STHR 

STNUM 

TEMP A 

T(MPB 

THRSHl 

THRSH2 

-'"' 
Real 

'"' 
Real 

Real 

Real 

Rea I 

Char 

'"' 
'"' 
'"' 
Real 

Char 

Real 

'"' 
Real 

Real 

'"' 
'"' 
Real 

'"' 

'"' 
'"' 
Real 

Real 

'"' 
'"' 
'"' 
'"' 
'"' 
Real 

Reol 

Wht'cc 
Defined 

SHIFT 

MESO!, PLMRJZ 

MESO!, /NIT 

RELEAS 

CLEAN, PUFFR 

RElEAS 

CLEAN. DIFDEP 

MESDJ 

DIFDEP, R£LEAS 

JUliAN 

RELEAS 

ASCND, STRAY 

MESO! 

DIRSPD 

MESO! 

S!C.MA, CLEAN 
PUHR 

SIC/I~. CLFAN 
i'Ul I R 

CLEAN, PUFFR 

PLMRIZ, WINO 

DIRSPD, WIIISPD 

DATRD 

GRID IN 

JULIAN 

STRAY 

RELEAS 

!hiT 

STRAY 

SHIFT 

OATRD 

DATRD 

ARRJVN 

ARR!VH 

MESO!, ARRTIM 

PUFFR 

PliiRJ7 

O!FDEP, TESTM 

PUFFR 

PLOTZ 

WIND 

!NIT, PRINT£ 
SOl UN 

PUFFR 

MESO!, RELEAS 

MESO! 

!NIT, PRINTE, 
SCRFEN 

HRRA 

DATRD. PRINT[ 
SCREEN, TESTM 

DIFDEP, TESTM 

OIFDEP, lEST!~ 

TESTM 

~iNOfLD, WNDPL T 

HRRA, W~:OI LD 

S!WA, DMWR 
PLMRI I, WNDFLO 
WNDPC T 

INIT, REtEAS 
lOCATE 

WIND 

M£501, PLIIR!l 

LOCATE 

WIND 

MESO! 

DAHiR 

MESO!, OATI.'R, 
!NIT 

ARRTIM, (XPSUM 

ARRTJM, EXPSUM 

OATII1 

Ca II 

"" 
"" 
PUFFS 

CONST 

CHAR, Call 

DECAY 

REL, Call 

"" 
Call 

CHAR, Call 

Call 

Call 

PUFFS, Call 

______ ,Cor.ten_!_'--··· 

Hour a»·>eiated with rretoorclo•1ical oh>ervation' that 
precede :orrent p:Jff a0.1·ectcon cenod 

Flag tha enables puff rei~"" 

Sta<k fl"w rat~ (~3/s) 

Undeplet••d source tem ~olt1plied b_y AUiST 

Unde~let•·d mass in each puff 

l'a<imJm t1Slance (~nd unots) bet.;een qnd po1nt and 
location of o1nd observat1ar• tote used to lnterpolate 
wind ot <r1d po1nt 

flag to Jndltate thot t••e pnmary effluent decays 

Day that a relea\e starts 

Radial distaoce (~inC •1rld unltl) between a grid point 
and a w1rd a~ser;ut\on statlon 

Real-tlne-of-6ay thH a ~[OQl Slmulation Is ~ade 

Simulat1on hour (hour w1thin the Fenod of the simulatlO' 

Horizontal diffus10n coeff1c1ent 1~1 

PUFFS, Call Soucce as•ociated w•tn each puff 

Call ~ind spee< (rr/s) 

OATlM, Call Stab1l1t_y closs jJ thrco~h 7) 

STAT.~ 

Cal\ 

Wl~OS 

Rtl 

Coll 

WINDS 

DATlM 

DATI~I 

OAT111 

ARRIY 

ARRH 

A.6 

Status of a w1nd obscrvat1on station (0 actHe) 

Julian ~"e of ycac 

Radial diStance (~ind 9ride unlls) between grid point'"' 
w1nd observat1on stat1ons 

Ternpecoture of <tad effluen~ in 'C 

Hour of rr.tlearoloqi"l dat• a>Sociated wlth the Hartln~ 
time of li!SO! simulHlOn 

Idenllfyirg nu;rbec foe o1nd ob«"r"t1on stat1on< 

Surface t€~~erature for me:eoroloq·,cal obser•otlon 
period precedlng current advection period ("C) 

Surface tnperature ("C) 

Air temper•ture ("C) 

Lower t1me-1n\egcoted qroun~-lcvel a1c c;oncentration 
threshold for detenn;nlng status at ohectpoint 

111gOer t1me-int~grated gr-ound-level a1r concentrH1oo 
thre•hold for determ1ning <IO(LJ< It <;h~dpoint 



TINC 

TITlE 

TOPFLG 

TOPO 

TPMF 

TPMI 

TPUFF 

n 

JWOPI 

UPWI NO 

VVG 

XSTA 

Real 

Char 

'"' 
Real 

Real 

'"' 

Real 

Real 

Real 

Rea\ 

Real 

Real 

Real 

Real 

Real 

Real 

Real 

Re•l 

Real 

Real 

MESO! 

!NIT 

TOniL 

TOPF :L 

DTDPO 

DROPO 

CLE1l~, !NIT, 
PUFFR 

MESO!, !NIT 

!NlT 

SHIFT 

SHIFT 

DATRD 

TERR~, WINO 

WT~D 

HRRA 

TERRA 

SHIFT 

SHifT 

HRRA, WIND 

WIND 

TERRA 

TERRA 

THIT 

CLEAN, DlfDEP 
PUFFR 

RELEA~ 

GRIDIN, REARNG 

PUFFM, WINSPO 

~ESDI, DPSUM, 
PLI~RIZ, SCREEN, 
TERRA, WHIO 

MESO I 

DIFDEP, DTOPO 

MESO!, DIFOEP 

DIFDEP 

MESO!, PLOTZ, 
HSTM 

SHIFT 

OIFDEP 

PUFFM, WINSPO 

PUFFM 

OATWR, WlhD 

PUFFM, SHIFT, 
WINSPD, WNDFLD 

PUFFM, SHifT 

OIRSPO 

DIRSPD 

PUFFM, WINSPD 

PUFFM 

PUFFI', Sit!FT 
WlNSPD, WNOFLD 

PUFFM, SHIFT 

OIRSPD 

D!RSPD 

OIFOEP 

MESO!, DTOPO, 
PLOT?, PUHM, 
HSTM 

PLOTZ, PUFfR, 
SCREtN, WTHSPD 

STRAY, WNOPl T 

Call 

CHAR, Call 

TOPOGR 

TOPOGR 

Call 

Call 

PUFFS 

CONST 

WINOS 

WINOS 

DATI~ 

Tio,e post the ho"r assoc1ated With current advection 
period (froction of ao Oa·Jr) 

Oe<cript1ve title for 11ESDI "mul•t1on 

fla1• to indicate av•11a~nl1ty of topographic data for 
dtffusion co~.putat1ons 

Elevation of terrain bencot'' the center of puff at 
tr.e end of an ad,.ctlOn penod 

Elevotion of terra1n Oencatn the center of a puff ot 
the beginnlng of an advect1an per1od 

Number of puffs currently belr·g traded 

Surface oir temperature for meteorolOglLdl data penod 
followin~ current advection penod 

2.' = 6.283185 

E•st-oest co,poncnt of surfoce tramport vecotr for 
meteorological dato precedinQ current odvection perioJ 
(m/s) 

E"t-west com;10ncnt of upper level transport vector foe 
meteorological da~o precedinq current a<Jvection oer1od 
(1'1/S) 

Uprer level wind 

WINDS, Call East-west col'lpOnent of sudace transrcrt vector for 
meteorologicol data following the current ddvection 
period (m/s) 

WI NUS 

Call 

WINOS 

WINDS 

WINDS, Call 

WINDS 

Call 

Call 

CG~ST 

PUFFS, Coil 

MEAL 

A.7 

East·west corr.ponent Qf uoper level trar.<port vector fer 
mekorulo<1ical Oota follow1ng tOe current advect1on 
peciod (m/>) 

{Ompcnent of trar.sport v<>ttor parollel to terro1n featur<· 
prior to adjust~ent (~Is) 

Com~oner.t of tronsport •ector parallel to terro1n feJt<J• 
ofter ad,iustmer.t l,~ts) 

flortll-sout.1 COl'lf·Onent of >;rfoce tr"sport vector for 
rr.eteorological dota preceding tl1e current advection 
per1od (m/s) 

11orth·loJt\l com~oncnt cf "pncr le,.l transport vector f01 
~•teorolooical Oata pr.ced1ng the C'Jrren~ advection 
period (f'l/<1 

~orth-south component of s"da<e trJn>f!Ort 'ector for 
meteorological dat, fol~owinq the current advection 
period (1'1/s) 

Nort\1-soutn co~ponent of ;peer lev•l tronsport vuctor for 
rreteorological data follo~inq tre current •d,.ction 
period (m/>) 

[oo,ponont of transJlQrt 1·ector perpendiculor to terrain 
feature prior to adJust,ent 

Col'lpnnent of transport vector perpendicular to terrain 
feoture following adjustment 

Washout coefficients (llr- 1 ) 

East-west gnd coordiMte' of •ources (w1nd grid) 

Eost-west grid coordinate of wind stotion' (wind grio) 



""' Real 

YSDURC Real 

YSTA Real 

Real 

ZSOORC Real 

Where 
.[lefined 

CLEAN, Dl~OEP 
PU~FR 

R!UAS 

GRIDIN, REARriG 

CLEAN, PUHR 

RELEAS 

Where Used 

MESO!, DTOPO, 
PLOTZ, PUF~I!, 
TEST I! 

PlOJl, PUrFR, 
SCREEN, WINSPO 

STRAY, WNDPLT 

OlFOEP, PUFFM 
TESTM 

PlfiRJl, PUFfR 

Content> 

PUFFS, Call North.south posit1on of center of • pwff (~lnd Qrid) 

REAL 

STATN North-sout' gnd wordlnHcl of w1nd stations (W1M gnd 

PUfFS Effective ·elease hei~ht of puff (rn onl) 

REAL Actual rel•as• height of PJII (m agl) 

A.8 
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MODEL COMPARISON DATA 

The tables in this appendix contain data abstracted from ten MESO! Version 
2.0 test cases. The first four cases were used to demonstrate that the puff 
movement is correct, the next five cases were used to evaluate the diffusion 
and depletion portion of the model, and the last case provides model output 
for real meteorological data input. In all cases, MESO! was run uSing the NRCSIG 
subroutine to obtain diffusion coefficient estimates. The abstracted data 
provide a basis for evaluating model performance following installation on other 
computer systems. To obtain data for comparison for the first nine cases, it 
will be necessary to run MESOI in the test mode. This is done by using an 
asterisk (*) as the first character of the run title. 

The comparison data for the transport test cases are contained in Table B-1. 
For the first three cases, a single puff is released at ground-level at wind 
grid position 3,8 (fine grid position 7,17). Flat terrain is assumed. The 
meteorological conditions are B stability and a 1000 m mixing layer thickness. 
The lower and upper level winds are identical and are varied, in time, as 
indicated in the table. In these cases, the puffs move across the grid, out and 
back and in a square pattern around the grid, respectively. In Case 4, puffs 
are released simultaneously at three levels over wind grid location 3,12 (fine 
grid position 7,25). The release levels are IO, I10 and 2IO m. The mixing layer 
thickness is 210 m. Therefore, the release elevations correspond to the top of 
the surface layer, the middle of the mixing layer, and the top of the mixing 
layer respectively. The surface layer wind is from the north at 4 m/s, and the 
top layer wind is from the west at 4 m/s. Thus, the bottom and top puffs move 
with the input winds, and the middle pu_ff moves along a diagonal. 

Table 8-2 and B-3 contain the abstracted comparison data for the diffusion 
and depletion test cases. In each case, the wind field is spatially uniform 
with a wind from the west at 3 m/s and 0 atmospheric stability is assumed. 

The variables ADQP and BDQP in Table 8-2 are directly related to the mass 
of the parent and daughter species remaining in a puff. The value of the 
corresponding variable for a non-depositing, non-decaying puff is a constant 
5.29-4 (5.29 x IO- ). Cases 5 through 7 are surface releases of four puffs 
each at wind grid position 3,8. The mixing layer thickness is assumed to be 
1000 m. For Case 5, the released material is subjected to dry deposition. 
Case 6 adds precipitation (Class 2 -- moderate rain), and Case 7 adds radioactive 
decay. In Case 7 the half-life of the parent is 3600 s, and that of the daughter 
is 10,800 s. Cases 8 and 9 are elevated releases at 100m with a 300m mixing 
layer thickness. Case 8 involves only dry deposition, while Case 9 involves beth 
dry deposition and decay. The half-11ves for Case 9 are the same as for Case 
5. 

Table B-3 contains portions of the time integrated, ground-level air con­
centration and surface concentration matrices for Case 9. The grid positions 
indicated are for the fine grid, i.e. 2.5 km spacing. The left hand :column in 
the table is at the end of the first hour, and the right is at the end of the 
third hour. 
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Case 10 provides comparison data for MESO! run the real meteorological 
data. The case simluates an hour release (4 puffs) from an elevation of 50 m 
at wind grid location 7.5, 11.5 (fine grid position 16,24). The released 
material is assumed to deposit, but not decay. Table B-4 gives the meteoro­
logical conditions for the period of release, and Table B-5 gives the MESO! 
time-integrated output for the end of the sixth hour. Note that the wind speeds 
are given in miles per hour. 

Case 10 was run with modification of the wind field to account for the 
effects of terrain at Hanford. Considering the general wind direction, the 
effects of the wind field adjustment should only affect the output minimally. 

B.4 



Table B-1. Transport Comparison Data 

CASE 1 CASE 2 CASE 3 

Time X-poi nt X-ooint x-point y-point 
(min) Wind (grid) Wind (grid) Wind (grid) (grid) 

0 270/2 3.00 270/2 3.00 270/2 3.00 8.00 
15 3.36 3.36 3.36 8.00 
30 3. 72 3. 72 3. 72 8.00 
60 4.44 4.44 4.44 8.00 
120 5.88 5.88 270/2 5.88 8.00 
135 6.24 6.24 360/2 6.06 7.82 
150 6.60 6.60 6.06 7.46 
180 7.32 270/2 7.32 6.06 6.74 
195 7.86 090/2 7.32 6.06 6.38 
240 8. 76 6.24 360/2 6.06 5.30 
255 9.12 5.88 090/2 5.88 5.12 
270 9.48 5.52 5.52 5.12 
300 10.20 4.80 4.80 5.12 
360 270/2 11.64 090/2 3.36 090/2 3.36 5.12 

CASE 4 

Time z = 10 m z = 110 m z = 210 m 
(min) x-posit y-posit x-posit y-posit x-posit y-posit 

0 3.00 12.00 3.00 12.00 3.00 12.00 
15 3.00 11.28 3.36 11.64 3.72 12.00 
30 3.00 10.56 3.72 11.28 4.44 12.00 
60 3.00 9.12 4.44 10.56 5.88 12.00 
120 3.00 6.24 5.88 9.12 8.76 12.00 
180 3.00 3.36 7.32 7.68 11.64 12.00 
240 3.00 0.48 8.76 6.24 14.52 12.00 
300 3.00 -2.40* 10.20 4.80 17.40* 12.00 
360 3.00 -5.28* 11.64 3.36 20.28* 12.00 

*off the grid 
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TABLE B-4. Meteorological Data for Model Comparison Case 10 
HOIIR 

1 2 l ~ §. §. L 

Stability Class 5 6 6 7 7 6 4 

Mixing Layer (m) 1500 120 120 120 120 300 460 
Upper' ~lind* 350/15 350/!5 350/15 350/15 350/!5 350/15 350/15 

Surface Winds* 
x(grid) y(grid) 

8.79 5.05 340/14 350/16 180/3 240/3 010/2 010/2 340/7 
6.86 5.13 330/16 310/12 310/5 300/7 320/11 030/12 330/14 
6. 75 7.27 300/10 290/7 300/7 280/4 300/6 280/5 300/8 
4.44 7.73 270/5 240/9 240/9 240/8 240/6 230/4 310/4 
9.14 9.37 320/11 020/11 260/2 330/2 330/6 330/6 320/5 
7.22 8.75 320/12 290/10 280/9 290/7 290/9 300/11 320/7 
5.53 8.49 310/8 290/6 290/5 290/3 250/2 280/3 320/8 
2.52 12.88 290/8 260/6 280/6 290/3 290/6 310/4 250/3 
9. 70 6.04 320/16 340/7 050/4 310/5 310/3 350/3 330/5 
4.10 9.34 290/5 280/8 270/7 290/6 310/11 310/13 320/13 

10.70 4.37 220/5 170/3 240/5 240/6 240/6 200/3 160/3 
9.14 7.05 300/16 300/8 240/3 280/9 290/9 290/5 300/9 
6.66 11.39 280/8 290/6 190/4 230/6 260/3 260/2 220/3 
9.89 6.75 310/10 340/4 050/3 320/3 280/1 360/1 320/3 

11.47 5.53 330/10 010/5 340/8 360/5 030/6 360/7 340/5 
8.10 9.71 320/16 340/15 010/11 060/11 010/11 360/13 020/10 

11.56 8.36 310/12 010/6 020/3 040/3 050/5 060/5 130/1 
10.43 2.98 320/9 130/4 240/4 280/4 290/3 290/4 090/2 
10.68 10.86 300/6 350/6 050/6 030/3 030/4 010/4 330/5 
5.98 5.19 360/18 360/13 010/13 010/17 030/15 030/18 020/20 
6.03 8.95 320/10 270/8 290/7 320/7 320/9 330/11 330/12 

13.24 2.05 330/4 310/6 310/7 

*speed in mph 
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TABLE B-5 . Time- Integrated Comparison Data for Case 10 

•.. UndPpieted ,llr ([XPC!JI) 

" '" '" , 
" " " " " '" " " I. 72-10 

" 2. 9<-10 3.32-11 

" 2.25-10 7. Oi-12 1.43-16 , 3.35-11 9. 91-11 3 75-ll 

'" 4.67-17 2.48-10 6.74-ll 5. 71-15 

'" 9.40-10 4.65-10 2. 59-11 

" 5.88-16 3.16-10 2.86-10 5.98-ll 8.10-16 

'" 5.01-13 5.65-10 3. 30-10 7.9l-l2 

'" 4.38-11 3.81-10 2.13-!0 8.73-14 

" 6.65-13 1.82-10 2.46-10 1.14-11 D 6 35-13 1.41-10 7. 59-ll 2 86-15 " 9.60-16 2.49-ll 1.83-10 1.15-JJ D 
2.46-12 2. 59-!D 4. 39-12 '" 1.32-13 1.58-10 7 .6!-ll 12-IJ ' 2.!0-15 2.23-1! 3.03-10 48-ll 1.01-13 • 8.56-1 J l. 01-10 38-10 1. 95- 11 9.41-1<1 ' 5.73-l'i 4. 18-12 ' 1\-10 l. 55-10 1.41- if • 1.34-14 6 .?4-12 1.04-10 l .CC-16 • • 6 97-14 1.18-ll 9. 36-11 

' 3. 31-16 5.00-13 2.29-11 

' 7. 38-15 1.89-11. 

' 6. 25-14 
7.22-:loo 

Undepleted Time-Jntegroted Concentration 

•• Oepleted Alr (~XPDPL) 

" " " " " " " " " " " " 1.69-10 

" 2. 79-10 3.12-11 
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