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1. INTRODUCTION

During the past years, the Environmental Protection
Agency (EPA) and predecessor organizations have funded the
development of photochemical simulation models which are to
be used in the evaluation of present photochemical air pollu-
tion problems, the prediction of potential control strategies
and the impact of new industrial plant siting on an urban re-
gion.

Two general methods of approach have evolved for
photochemical simulation. The first model, typified by the
models developed by Eschenroeder, et.al. (1971) and System
Development Corporation (1970) is a Lagrangian method where a
parcel of air is followed and chemistry takes place inside
the packet of air. The other approach that has been consid-
ered is an Eulerian approach where the three-dimensional space
is divided into subvolumes or cells and during each time in-
crement pollutants are allowed to move from cell to cell by
wind advection and diffusion. Roth, et.al. (1971) have devel-
oped a model along these lines. Systems, Science and Software
(1971) developed a composite model using the PICK method
(Particle-In-Cell with K-theory diffusion) which has Lagrangian
characteristics but does chemistry in fixed Eulerian cells.

The objective of the research effort described in this
report was to extend the model developed by Systems, Science
and Software (S?) so that the photochemical kinetics can be

considered in a Lagrangian framework and comparisons between
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results using Eulerian and Lagrangian chemistry can be made to
determine in actual practice if significant differences be-
tween the methods occur. It can be shown that somec inherent
errors do exist in Eulerian chemistry; however, it is not clear
how important quantitatively these errors will be when com-
pared to the results of the Lagrangian chemistry in actual

simulations.

1.1 ERRORS IN EULERIAN CHEMISTRY

This illustration of the basis for the inherent errors
in Eulerian chemistry was originally presented in the S?® Final
Report in partial fulfillment of EPA Contract 68-02-0006.

Consider a one-dimensional problem as illustrated in

Figure 1.

CELL 1 2 3 4 5 6

Figure 1. 1Initial distribution of primary pollutant A.

Initially, cells 2-4 each have only primary pollutant, A, with
cell concentration equal to 1.0. The effects of advection for
a wind blowing four-tenths of a cell in time step At are simu-
lated first, resulting in the distribution shown in Figure 2.
If a quadratic chemical mechanism (A + A » B) is hypothesized
to illustrate the non-linearities in chemical kinetics rate

equations, the rate equations can be written as
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CELL 1 2 3 4 5 6

0.0 0.6 1.0 1.0 0.4 0.0

Figure 2. Distribution of primary pollutant A
after advection.

alal - _kx[a)? = +k[A]? .

Furthermore, if k is small, then k[A]2 At << [A] and the
effects of the chemical reaction on the concentration of A
can be ignored in order to focus on the secondary pollutant
production. With [A] approximately constant during the re-

actions the equation for production of [B] can be integrated
[B] = k[A]? At .

That is, the production of the secondary pollutant is propor-

tional to the square of the concentration of the primary pol-

lutant. If, as an Eulerian technique would require, the cell

concentrations of A are used in this equation, the distribu-
tion of B would be as shown in Figure 3.

CELL 1 2 3 4 5 6

0.0 0.36 kAt 1.0 kAt 1.0 kAt 0.16 kAt 0.0

Figure 3. Distribution of secondary pollutant, B,
calculated from cell concentrations
given in Figure 2.
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On the other hand, the concentration of A inside the puff
is 1.0 and outside 0.0. That is, in a Lagrangian frame the
production of B would be as shown in Figure 4.

CELL 1 2 3 4 5 6

0.0 0.6 kAt 1.0 kAt 1.0 kAt 0.4 kAt 0.0

Figure 4. Distribution of secondary pollutant, B,
calculated from Lagrangian concentration.

This is the physically correct picture. The methodcology used
in chemical simulation with Eulerian cell concentrations in-
troduced errors of 40% in cell 2 and 60% in cell 5 when com-
pared to the correct Figure 4.

1.2 INITIAL EVALUATION OF ERRORS FOR OBSERVED CONCENTRA-

TIONS

In this section, observed concentrations at the Down-
town Los Angeles and Pasadena stations of the Los Angeles
County Air Pollution Control District (APCD) are used to illu-
strate and evaluate the Eulerian concentration errors. At
7:00 a.m., on September 30, 1969, the following concentrations
were observed:

Downtown
Los Angeles Pasadena

NO 51 pphm 19 pphm
NO, 1 pphm 9 pphm
HC 9 ppm 5 ppm
O3 3 pphm 1 pphm
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These sets of concentrations can be used as initial conditions
for a chemical reaction simulation. In this illustration, the
simulation uses the CHEM computer code as described in the pre-
viously referenced S? Final Report. The results after 5 and 10
minutes are shown in the first column of Table I.

TABLE I
MIXED CELL
LOS
TIME { POLLUTANT | ANGELES | PASADENA | LAGRANGIAN | EULERIAN
0 NO 51.0 19.0 19.0 19.0
NO,, 1.0 9.0 9.0 9.0
HC 9.0 5.0 5.0 5.0
0, 3.0 1.0 1.0 1.0
5 NO 46.0 16.0 28.0 27.0
NO, 5.8 11.0 9.2 10.0
HC 9.0 5.0 6.6 6.6
0, 0.02 0.1 0.08 0.06
10 NO 43.0 14.0 37.0 37.0
NO, 8.9 14.0 9.8 7.8
HC 9.0 5.0 8.2 8.2
0, 0.04 0.2 0.07 0.03

The Lagrangian and Eulerian results listed under
"Mixed Cell" correspond to a position intermediate between
Downtown Los Angeles and Pasadena. Initially, the air at this
position corresponds to that over Pasadena. It has been as-
sumed for this illustration that "Downtown"-type air replaces
four-tenths of the "Pasadena” air over this position each five
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minutes. Corresponding to Figure 1, the position being exam-
ined is similar to cells 2 or 5. The Lagrangian results are
just the proper proportions of the two types of air. The
Eulerian results show the effects of performing the chemical
simulation with "mixed" cell concentrations — an error of ap-
proximately 10% in 03 and 20% in NO, in only two cycles (10
minutes). After a few hours errors inherent in the Eulerian
simulation may be compounded and the results may be meaningless
or, on the other hand, the errors may tend to average out.

This illustration is, like the first illustration, a
gross over-simplification. These inherent errors dominate only
where large gradients are present. The objective of the pre-
sent research is to examine the potential differences by com-
pleting comparison calculations of the Los Angeles basin using
both the Eulerian and Lagrangian chemistry, and then evaluating

the two techniques if significant differences occur.
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2, DESCRIPTION OF THE LAGRANGIAN METHOD

2.1 THE DIFFUSION EQUATION

In this report a Lagrangian approach to the solution
of the "K-theory" equation describing the advection and dis-
persion of pollutants in the atmosphere is presented. 1In a
previous study, Systems, Science and Software (1971) describes
the PICK method where each particle represents an amount of
mass which is transported by winds and dispersion is accounted
for by a "turbulent flux velocity." The PICK method has been
applied to two- and three-dimensional air pollution problems
with good results. Artificial dispersion usually found in
Eulerian codes is greatly reduced and good definition of dis-
tributions can be maintained.

In the Lagrangian approach, it is necessary that the
particles do not represent mass but represent concentration of
pollutant so that chemistry can be accomplished within each
particle as it moves along. The basic ideas of particle repre-
sentation used by S? (1971) are utilized in the development of
the new computer simulation model.

The basic Eulerian equation which is to be solved is
a set of coupled K-theory equations for each chemical specie
as shown in Eq. (1).
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ot 9xX ay 02z X P y 9y
aC. aC.
+ K + + S, (1)
dz\ z 9z ot chem i
where
Ci = concentration of ith specie
X,¥,2 = Cartesian coordinates
u,v,w = wind velocities
Kx’Ky'Kz = diffusivities
Si = source rate of ith specie
T = rate of change of ith specie due to
chem chemical reactions

Equation (1) is not completely general, since the diffusivity
should be considered as a tensor and the x,y,z axes are not
necessarily principle axes as would be inferred from Eq. (1l).
However, the current knowledge of diffusivity variation in the
atmosphere does not allow a more detailed description than im-
plied by Eg. (1) so the developed model does not consider a
more general formulation.

2.2 PARTICLE ADVECTION

In the Lagrangian PICK code each particle represents a
specific concentration; that is, associated with each particle
is a concentration of pollutant. Therefore, the concentration
in an (Eulerian) cell can be determined by appropriately aver-
aging over the total numbers of particles in the cell. The
averaging method used is discussed in Section 2.3. If more
than one pollutant is being considered, such as in photochemical
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simulations, then concentrations of several pollutant species
can be associated with the same particle. For example, a
single particle could be associated with the concentrations

of HC, NO, NO,, HNO, and 03. Chemical reactions would be
carried out for each particle as it travels through the grid.
Thus, the description of the change of pollutant concentrations
due to the chemical reactions and advection will be described
in a purely Lagrangian manner. However, for the purpose of
(1) editing the results, (2) introducing pollutant sources
into the problem, (3) calculating diffusion fluxes, and

(4) inputing a wind field, an Eulerian grid system is still
used. This grid system is identical to that used in NEXUS

and the method of computing particle velocity by volume aver-
aging is identical to that used for calculating particle
velocity in NEXUS. Each cell has a velocity vector located

at the cell center. The particles in the cells are then moved
for each time step with a velocity obtained by linear inter-
polation according to the position of the particle between the
centers of adjacent cells. This is illustrated for two dimen-
sions in Figure 5. Using vP  to denote the total particle
velocity vector (u,v)

->

->
Vier, 341 (FF) t

Ax

i,5+¢1%ie17%)

VP (x,y) = (y-y5)

;i+1,j(x_xi) + 3i,j‘xi+1"‘)
t ¥y4q7Y) BX By

(2)

The shaded rectangular area in Figure 5 is cell-sized and
centered at the particle position. Rearranging the terms in

Eg. (2) gives:
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yj+l

/
, [ )
Yy _*,’ //i
1,3 i+1,j
Xi Xi+1

Figure 5. Area weighting interpolation
for total velocity.

- 1
ooy = gy %) 0¥V 50

->
LECS TR RN o SRR SRR

(3)
+ (x_xi)(yj+1-y)$i+1,j

>
xR YV g

->

The product (x—xi)(y-yj) multiplying v is the

i+l,j+1
shaded area overlapping cell (i+1,j+1) in Figure 5. Simi-
larly, the other products give the areas of the overlap with
the other cells. To simplify notation, the commas used to

separate the subscripts will be suppressed for the remainder

of this report.

10
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In three dimensions, the analogous volume overlap is
used. Therefore, in three dimensions, the velocity for a
particle would be determined by the volume fraction in each
of the surrounding cells. This would be computed as:

>p _ > p
v Z Visk fijk

ijk
where
+p . .
v = particle velocity
+ . [l 3 .
vijk = velocity in cell ijk
f?.k = the fraction of the pth particle volume
] in the ijk cell
The sum is over the cells (ijk) where £P is non-zero.

ijk
This will normally be eight cells. (For example, four in a
plane as shown in Figure 5 and four in the level above or be-

low).

In the PICK method, the calculation to advance the
particle configuration in time proceeds in steps or cycles,
each of which calculates the desired quantities for time
t+At in terms of those at time t (an "explicit" time advance-

ment procedure)

X (t+At) x(t) + udt

(4)

y (t+4t) y(t) + vAt .

The velocities are the total velocities determined for the
beginning of the time interval and interpolated to initial
particle positions. These are held constant throughout any
elementary time interval. It is evident that the magnitude

11
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of the time interval At must be restricted, as otherwise a
particle could pass through many cells in a cycle and well out
of the region for which its velocity was interpolated. This
could result in large inaccuracies and instabilities in the
solution. Limiting the time step so that no particle moves
more than four-tenths of a cell within any one cycle has been
used as an empirical rule to avoid this problem.

2.3 EULERIAN CELL CONCENTRATION

The pollutant concentration in each cell is also com-
puted by volume averaging of the particle concentrations.
Since each particle carries concentration, it is necessary to
have particles everywhere in the domain of interest. The
method of computing the Eulerian cell concentrations is to
associate with each particle a volume equal to a cell volume.
It is not necessary to choose the particle volume to be equal
to the cell volume; any choice would be valid. However, if
the particle volume were equal to several cell volumes, the
pollutant distributions would be necessarily spread out and
"smeared." The other choice would be to choose a particle
volume smaller than a cell volume. This would increase the
number of particles necessary to carry out a calculation,
since sufficient particles are required to cover all of the
Eulerian grid. It would also increase the computational com-
plexity. Since the fixed grid is governing all other aspects
of the problem, such as velocity input and source input, it
seems reasonable to assume a particle volume equal to a cell
volume.

The Eulerian cell concentration is calculated by com-
puting a volume average from Eq. (5):

12
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NP
PP
E: Cfisx

c.., =Bz (5)

ijk NP
P
2 £i9x
p=1

where
Cijk = concentration in cell ijk
cP = particle concentration
NP = total number of particles in the problem
fg.k = the fraction of the pth particle volume
] in the ijk cell
2.4 SOURCES

The method of attributing sources to a particle is al-
most the reverse procedure. All sources are treated as volume
sources and are expressed in units of concentration per unit
time (for example, ppm/min). As with any grid method, the
smallest resolvable scale is one cell. Thus, treatment of
sources as volume sources is not a serious deficiency. The
method of computing the source rate for each particle is to
take the fraction of the particle volume in the cell times the
source rate of that cell to determine the particle source rate.
This procedure is followed for all cells within which a por-

tion of the particle volume lies, resulting in the expression:

P _ P
5% = Z Z Z Sisk fijk (6)
i | k

13
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where

Sijk = source strength in ijk cell
f?jk = fraction of pth particle volume in

cell ijk

For inert pollutants, the change in concentration of a
particle due to sources is simply computed by multiplying
the particle source rate by the total time step of the compu-
tation cycle. For photochemical pollutants, the source is

incorporated into the chemistry routine.

In this model, diffusion is also treated as a source
or sink. After the concentration is obtained in each of the
Eulerian cells, then the time rate of concentration change
in each Eulerian cell is computed using the usual centered

difference scheme. The resulting difference equation is:

X (Ci+ljk_cijk) ok (Cijk_ci-ljk)
D - i+%jk Ax i-%3k Ax
Sijk Ax
[ (Cij+lk-cijk) x (Cijk_cij—lk)
N ij+ak By ij=%k Ay
by
P (Cijk+l_cijk) o (Cijk_cijk-l)
+ ijk+% Az ijk=-% Az
L Az
(7
where
Dg = diffusion source in the ijk cell
ijk

14
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Cijk = concentration in the ijk cell
Kisp = diffusivity at center of cell ijk (sub-
J scripts in Eq. (7) with-t% added to the
integer subscripts indicate boundary
values; see Figure 6)
Ax,Ay,Az = cell dimensions
) |
(i-le,j,k) (i+1/2,3,k)
A f 2
(i-1,3,k) (i,3,k) {i+1,3,k)

Figure 6. Location of centers of cells and
interfaces in (i,j,k) notation.

The Lagrangian version of Eq. (1) is assumed to hold
for each Lagrangian particle in the system, so that the equa-

tion solved for each particle is:

pcP  ac.
1

bt ~ 3t

l) + sP (8)
chem

sources

where gf represents the time rate of change moving with a
fluid particle (which is represented by the particles used in
the numerical method. Szources represents the particle
source rates, including diffusion, which are computed from

the cell source rates using Eq. (6). Thus, the change in con-
centration of a particle is due to chemistry, diffusion and

sources.

15
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2.5 CHEMICAL REACTIONS

As in the NEXUS/P code developed by S® (1972), the
chemistry module is such that it is very simple to implement
another chemical reaction system. The basic input to the
chemistry routine is: (1) the concentration of each pollutant
species, and (2) the source rate of the pollutant due to
sources and diffusion. The chemistry routine then solves the
coupled non-linear equations:

aci
3~ Fi T~ RiC; *+ S
where
Fi = fi(cj) - formation rate of Ci
Rici = ri(Cj)Ci - removal rate of Ci
S. = source rate of C,
i i
2.6 GENERAL CODE OPERATION

Figure 7 depicts the logical sequence used in each
cycle of calculation. Because each particle contains the con-
centration of all species, the total number of particles re-
quired in the calculations are less than required in a NEXUS/P
calculation. Consequently, some savings in the use of auxili-

ary storage is provided.

16



Figure 7.

READ INPUT
WINDS, DIFFUSIVITIES
AND SOURCES

SSS-R-74-1756

CALCULATE DIFFUSION
SOURCE FOR EACH
PARTICLE

COMPUTE CHANGE
IN EACH PARTICLE DUE
TO PHOTOCHEMISTRY

ADVECT EACH PARTICLE
BY THE AMBIENT
WIND FIELD

COMPUTE NEW CON-
CENTRATION IN
EACH CELL

A typical cycle in the NEXUS/L code.

17
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3. TESTING OF THE NEXUS/L CODE

Since each particle in the NEXUS/L code represents a
concentration of pollutant, it is necessary to have sufficient
particles distributed throughout the grid so that all space is
occupied by at least one particle volume. Another difficulty
with a Lagrangian code is the accuracy with which the distri-
bution can be interpolated onto the Eulerian grid. If a
sharply peaked distribution is being advected then the posi-
tion of the gradients within a cell can cause the distribution
to appear to be distorted. However, when the distribution re-
turns to a position similar to the original, the Eulerian re-
sults will agree with the actual distribution.

In a previous report, S?® (1971), describing the PICK
method, a test problem used to study the accuracy of the code
was the advection of a Gaussian distribution. The same test
problem was considered using the NEXUS/L code. The distribu-
tion was defined initially by

C({x,y,0) = 71.1{exp -[(x-9)% + (y-9)%/12.5)} .

The velocities were chosen as V* = 10m/sec and V& = 5 m/sec.
Figure 8 shows the motion of the Gaussian distribution across
the grid. There is no distortion of the distribution. The
peak concentration in each cell remained at its initial con-
centration value. This particular test problem was run with

1, 2 and 4 particles in each cell. The results were independent
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of the number of particles used. This test problem indicates
that advection is properly treated using the modified particle
method and the advantages attributed to the particle method
applied in the modified approach.
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4, PHOTOCHEMICAL MECHANISM AND SIMULATION

The photochemical mechanism used for the simulation
results presented is a mechanism developed by Eschenroeder and
Martinez (1972). Table II gives the mechanism and the rate
coefficients used. This mechanism contains three branching
l,b2,b3 in Egs. (3), (4) and (5), which account for
the production of RO,, the generalized oxidant radical, and

factors, b

one yield factor, y, in Eq. (6), which affects the amount of

OH radical produced.

By carefully selecting these parameters, the resulting
rate of change of pollutants can be made to agree with almost
any desired result. The method of selecting these parameters
was to examine the behavior of a "basin average" obtained by
averaging the actual pollutant measurements from the APCD sta-
tions for the simulation day, September 30, 1969. An average
source rate was determined for each pollutant and a series of
chemical simulations was made varying the branching factors
and yield factor to provide a reasonable fit to the average
chemical behavior of the basin. The reason these "free" param-
eters exist is that the exact composition of the hydrocarbons
present is not known and if it were, the chemistry required to
include each hydrocarbon species would make the system too com-
plex to be manageable. Thus, a "generalized lumped hydrocarbon"
is used and consequently the "free" parameters appear and must
be adjusted for any hydrocarbon mix. Eschenroeder and Martinez
(1972) discuss this point at some length.
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TABLE II
PHOTOCHEMICAL KINETICS SYSTEM

Reaction Rate Constants
1. (hv) + NO, + NO + O 0.267 min 1"
la. O+ (0,) + M > 0y + (i) 2.64 x 10% min~?
2. NO + 03 + NO, + (0,) 26.7 ppm-l min~1
3. O + HC -+ (b;)RO, 2.81 x 10°° ppm'l min~1
4. oH + HC » (b,)RO, 1.5 x 10% ppmn™! min~t
5. 05 + HC -+ (b3)RO2 4.0 x 1073 ppm-l min-:L
6. RO2 + NO -+ NO2 + (y)OH 1.0 x 10s ppm—l min_l
7. RO, + NO, » PAN 2.0 % 102 ppm T min~1
8. OH + NO + HONO 1.5 x 10> ppm * min t
9. OH + NO ~» HNO3 3.0 x 103 ppm-1 min-l
10.  (hv) + HONO + OH + NO 1.0 x 103 min~ 1+
11. NO + N02H302HONO 1.0 x 10~3 min~?t
12. NO, + 05 » NO; + O, 5.0 x 10 2 ppm'1 min™1
13. NO; + NO, + N,Og 4,5 x- 103 ppm-l min—l
14. N,0. + NO, + NO, 1.4 x 10 ppm ! min~1
15. N,0. + (H,0) > 2HNO, ] 6.05 x 10% min~}

where bl = 10, b2 = 10, b, = 0.1, and y = 0.1.

*Corresponding to noon value of solar insolation.
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Photochemical smog in the Los Angeles basin on Septem-
ber 30, 1969, was simulated using NEXUS/P. This calculation
was a repeat of the calculation reported by S?! (1971) with a
revised chemical mechanism. The chemical mechanism used was
the mechanism by Eschenroeder and Martinez, shown in Table 1II,
with five calculated species (NO, NOZ’ HC, 03 and HNOz) and
three species in pseudo~equilibrium (O, RO2 and OH). The
source inventory used was reported by Roberts, et.al. (1971).
The required meteorological wind data were obtained from
Dickson and Start (1971) and Roth (1971) provided inversion
height data. The 1l6-hour real time simulation required 1.5
hours on a UNIVAC 1108. Approximately one-half hour was
spent in chemical simulation and one-half hour in data manipu-

lation.

The NEXUS/L code was used to perform a comparison to
the updated NEXUS/P calculation. The same winds, diffusivities
and sources were used for this photochemical simulation. A
comparison of the results provided by the two codes is shown
in Figures 9 through 18. The available APCD data are also

presented.

An examination of the basin averaged results, the aver-
age of results at all APCD stations, shown in Figure 9, yields
some general conclusions regarding the differences exhibited
between the two calculations. The NO, levels in the NEXUS/P
calculations show a general trend of being larger than in the
NEXUS/L calculation. The peak value is 15% higher. The NO,
levels remain above the 10 pphm level throughout the afternoon
in the NEXUS/P results, whereas the NO2 disappears between
1:00 and 2:00 p.m. in the NEXUS/L results. The disparity be-
tween the NO, results from each calculation causes the oxidant
levels, represented by 0, in the chemical model, to also be
different in the two calculations. The basin average results
indicate peak values 30% higher for the NEXUS/L calculation and
the peak values occur 1l-1% hours later in the day.
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The general character of the NEXUS/L results is that
they are much smoother than the NEXUS/P results. One reason
for this is the averaging technique used to relate particle
concentrations to cell concentrations for editing purposes.

The general smoothing of the results is also indicated by exam-
ining the peak 04 concentrations at each station. These re-
sults are shown in Table III. The NEXUS/L results over-predict
at the stations near the coastline and underpredict in the high
oxidant areas of Pasadena and Azusa.

TABLE III
PEAK OXIDANT CONCENTRATION

STATION NEXUS/P NEXUS/L APCD
Pasadena 18 20 36
Long Beach 18 20 8
Lennox 4 18

West Los Angeles 12 26 12
Whittier 12 24 9
Azusa 12 20 28
Downtown 22 22 22
Burbank 21 24 20
Reseda 2 16 8

An examination of the comparison of the two different
simulation results and the actual measurements indicate no
trends which would allow one to choose one simulation as being
superior to the other. From the results it is possible to
determine that inherent errors in the Eulerian photochemistry
are not so large that they cannot be overcome by adjusting the
chemical reaction parameter. The examination of the chemical
reaction system prior to the simulations to determine the rate
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constants and branching factors has shown that the system is
extremely sensitive to these parameters. The results of the
calculations can be significantly affected by rather minor
changes in these parameters. Therefore, the parameters them-
selves are the controlling factors in any simulation, not the
simulation technique.

This draws one to the conclusion, that either Eulerian
or Lagrangian chemistry is satisfactory given the current
state~-of-the-art in photochemical lump-parameter modeling.

A second photochemical simulation was run for Los
Angeles for the same day using the NEXUS/L code. The purpose
of this simulation was to test the sensitivity of the results
to the input data. For the second simulation the sources
were doubled so that twice as much total emissions were intro-
duced into the problem. Some comparative results are shown
in Figures 19 through 21. The calculated results do show a
change in the general behavior of the pollutant concentra-
tions. In particular, the NO2 peak is much increased. How-
ever, the ozone peak is not increased particularly but is
moved later in time. The same trend is noted at the Burbank
and Downtown Los Angeles locations.

These results point out that a photochemical model
such as NEXUS/L can be used for sensitivity calculations and
will show differences because of changes in emissions.
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5. SUMMARY AND CONCLUSTONS

A new particle-in-cell code has been developed which
employs Lagrangian chemistry and applied to the simulation of
photochemical air pollution in the Los Angeles basin. These
results are compared with NEXUS/P results and APCD measure-
ments for the selected day. The results of the calculations
indicate that either approach, the Eulerian or lLagrangian
chemistry, can be used.

An additional calculation was made doubling all of the
emissions. The oxidant levels as computed by the simulation
were not significantly greater. This is consistent with the
expectation that oxidant levels are effected by the NOX/HC
ratio rather than the actual emission levels. These results
indicate that care must be taken in extrapolating air quality

levels from change in emissions.
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1. INTRODUCTION

Systems, Science and Software (S?) has previously
developed and documented the computer codes NEXUS/P and
SETUP.ll]

A new code, NEXUS/L, has been developed and tested.
It differs from the NEXUS/P code in that the photochemical
kinetics are considered in a Lagrangian framework, within
which each particle contains a specific concentration of
each pollutant specie being considered. Previously, in the
NEXUS/P code, each particle represented a fixed mass of an

inidividual pollutant.

The purpose of this volume is to document the
NEXUS/L code and provide a users guide to its operation.
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2. DISCUSSION OF THE NEXUS/L CODE

2.1 GRID LABELING CONVENTIONS

It is useful to be able to reference the Eulerian
grid in both cell space (dimensionless) and measured space
(meters). The principal axes are noted x, y, and z. The
horizontal planes form x-y space, and z is the vertical co-
ordinate.

The cells have dimensions DX, DY, and DZ, and the
full grid has NX, NY, and NZ cells in the principal axis di-
rections, respectively. Figure 1 shows a two~dimensional
cross—-section of the grid. The labeling conventions are the
same as with the NEXUS/P code. 1In cell space, the cell
centers are integer triplets [I,J,K] in the x, y, and z di-
rections, respectively. The origin in cell space is [0.5,
0.5, 0.5]. In measured space, the origin is at [0, 0, O]
meters. The center of cell [I,J,K], defined in meters, is
[(I-0.5)DX, (J-0.5)DY, (K-0.5)DZ].

2.2 THE NEXUS/L PARTICLES

Each pollutant specie has an individual concentration
within each particle. The particles have arbitrarily been
sized as exactly one Eulerian cell, DX, DY, DZ, in volume.
The concentrations are attributed to the entire particle
volume. The position of particle N is defined by the posi-
tion of its center [XN, YN, ZN]. It is convenient to use

cell space notation for particle position.
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Figure 1. Grid labeling conventions.
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2.3 FLOW LOGIC OF THE NEXUS/L CODE

The calculational sequence of a typical cycle of the
NEXUS/L code is as follows:

(1) advance the cycle counter

(2) obtain updated wind field, diffusivities,
and source emission rates (Eulerian
framework)

(3) advance the problem time

(4) calculate rate of change of concentration
due to diffusion (Eulerian framework)

(5) update the particle concentrations to re-
flect the effects of source emissions and
diffusion and photochemical reactions
(Lagrangian framework)

(6) advect the particles by the wind field to
new positions (Lagrangian framework)

A flow chart of the NEXUS/L main program is given in
Figures 2(a), (b), and (c).
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problem?

Call
DEFINE
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TIME=TIME+DT
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Call
DIFFUS (N)

Figure 2(a).

SSS~R-74-1756

determine if problem is to
be restarted or generated
fresh. Set up all control
parameters.

set up certain indices and
constants

initialize cycle counter

initialize location and
concentration of Lagrangian
parcels

main loop, advance cycle
counter

obtain winds, diffusivities,
and sources for this cycle
in Eulerian framework

advance the problem time

obtain diffusion contribution
of each specie in Eulerian
framework

Flow logic of NEXUS/L main program.
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Call CHEM

s 1

Call ADVECT

30

End loop
over parcels

Call CONCEN

]

Call PRTTST

Figure 2(b).
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obtain fractional volumes of this
parcel with respect to the
Eulerian framework

use fractional volumes to develop
the parcel source term for each
specie as a function of the
Eulerian sources

the concentration of each specie
is adjusted to reflect the dif-
fusion and new source emissions
contributions

the effects of photochemical
reactions are incorporated

the parcel is advected by the
winds to a new coordinate position

relate concentrations in the
Lagrangian parcels to the Eulerian
grid framework

determine if this cycle's results
are to be printed, plotted, or
saved on a dump file

Flow logic of NEXUS/L main program.
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Call EDIT e write output on printer

!

| Call OUTPUT e write contour plots
on printer

Fon e e Call WTAPE e save this cycle's data
on dump file for

No { restarting

75
Write e write ground level con-
c(N,1,3,1) centration of all species

on a dump file for hour
averaging

this run
completed?

Figure 2(c). Flow logic of NEXUS/L main program.
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2.4 GLOSSARY OF KEY QUANTITIES

Quantity Description

DX x-direction cell width

DY y-direction cell width

DZ z-direction cell width

NX number of cells in x-direction

NY number of cells in y-direction

NZ number of cells in z-direction

NPM number of Lagrangian particles

NSP number of pollutant species

ICYCL current problem cycle number

TIME current problem time

DT current cycle time step

u(x,J,K) x-direction velocity at center
of cell i,j,k

v(I,J,K) y-direction velocity at center
of cell i,j,k

W(I,J,K) z-direction velocity at center
of cell i,j,k

EX(I,J,K) eddy diffusivity for x- and
y-direction at center of
cell i,j,k

Ez(1,J,K) eddy diffusivity for z-direction

S (NSP,K,J,I)

C (NSP,K,J,I)

X (NP)

Y (NP)

Z (NP)

CP (NSP,NP)

at center of cell i,j,k

specie source rate at center of
cell i,j, k

specie concentration in Eulerian
cell i,j,k

x-coordinate of particle NP in
cell space

y-coordinate of particle NP in
cell space

z-coordinate of particle NP in
cell space

specie concentration in particle
NP
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2.5 HOW PROBLEMS ARE GENERATED

Subroutine INPUT directs the initialization of calcu-
lation. A flow chart of this subroutine appears in Figure 3.
Code variables designated "not currently used" exist to per-
mit easy implementation of new code options without major
changes to BLANK COMMON and/or subroutine INPUT.

2.5.1 Namelist "START"

"START" is used to provide an overview of the problem

to be computed.

RESTRT: If zero, the problem is to be gen-
erated new;

If > 0, the problem is to be re-
started and continued.

ISTART: Defines the cycle number at which
the problem is to be restarted.

TMAX : A time (in seconds) which, if ex-
ceeded in the calculational time,
the calculation is to stop.

CYCMAX: A cycle number, which, if exceeded
in the calculational process, the
calculation is to stop.

CHANGE: If zero, has no effect;

If > 0, and the problem is a re-
start, requests the variables in
namelist "SPECS" to be redefined
(see 2.5.2 below).

2.5.2 Namelist "SPECS"

"SPECS" is used to define output control parameters,
printer edits, printer contour plots, and dumps on permanent

files.
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< ENTER ’

READ "START" e read data in namelist
"START"

® space through restart
data file and read data
for appropriate start
cycle

CHANGES
TO BE MADE

> e read data in namelist
"SPECS"
READ "GEN" e read data in namelist
"GEN“

RETURN

Figure 3. Flow logic of subroutine INPUT.
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IDUMP :

TDUMP :

IPRINT:

TPRINT:

IPLOT:

TPLOT :

LEVELS:

11,12,13,14,I5:

NXY:
NXZ:

NYZ:

XYP (3) :

XZP (3) :

YZP(3) :

SSS-R-74-1756

Controls dumps of blank common.

If non-zero, dumps will be performed
whenever MOD(ICYCL,IDUMP) is zero.

Permits control of dumps on problem
calculational time instead of cycle
number.

If non-zero, dumps will be performed
each time k*DUMP exceeds TIME.

Note: after each such dump, the inte-

ger k is incremented by 1.
Works like

Controls printer edits.

IDUMP.

Works like TDUMP for printer edits.

Controls printer contour plots. Works
like IDUMP.

Controls printer contour plots. Works
like TDUMP.

Used to shorten printer edits, if de-

sired. The z-levels edited are
1-LEVELS rather than 1-NZ.

Not currently used.

Number of x-y plane contour plots de-
sired (maximum of 3).

Number of x-z plane contour plots de-
sired (maximum of 3).

Number of y-z plane contour plots desired.

Used to specify the z-cross sections

desired

Used to
desired
plots.

Used to
desired
plots.

for the
specify
for the

specify
for the
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ISP(5): Used to choose which species are to be
contour plotted.
If ISP(K) = 0, specie k 1is not plotted.

If ISP(K) > 0, specie k 1is available
for plotting.

2.5.3 Namelist "GEN"

"GEN" is used to define the grid characteristics,
and in the case of certain test problems, "GEN" can be used

to define the winds and diffusivities.

NX: Number of x-direction cells.

NY: Number of y-direction cells.

NZ: Number of z-direction cells.

NSP: Number of pollutant species.

DX: Width of a cell in x-direction.

DY: Width of a cell in y-direction.

DZ: Width of a cell in z-direction.

NPC Number of Lagrangian parcels to be
created for each Eulerian grid cell.

NS: Not currently used.

TIME: Calculation time (sec) at which the
problem is to be initialized.

DT: Calculational time step to be used.

FLAG],

FLAG2,

IFLAG1,

IFLAG2: Not currently used.
CONST : (Logical Variable) Used to quickly set
up test problems.

If input as .TRUE., then winds and dif-
fusivities will be constant throughout
the calculation:
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The following are input if CONST = .TRUE.
UFIX: wu-velocity in each cell

VFIX: v-velocity in each cell

WFIX: w-velocity in each cell

EXFIX: x,y diffusivities in each cell
EZFIX: z diffusivity in each cell

(Logical Variable) Set to .TRUE. if it
is desired to dump ground level con-
centrations on a permanent file each
cycle.
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3, CODE LISTING

The NEXUS/L code, as used to run the Los Angeles
photochemical simulation, is documented below. The code ele-

ments are in the following order:

procedure BLANK
subroutine ADVECT
subroutine CHEM
subroutine CONCEN
subroutine CONTUR
subroutine DATA
subroutine DEFINE
subroutine DIFFUS
subroutine EDIT
subroutine INPUT
Program MAIN
subroutine OUTPUT
subroutine PL
subroutine PRTTST
subroutine RTAPE
subroutine SETUP
subroutine VOLFAC
subroutine WTAPE
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SS

BLANK COMMON

.BLANK
RLANK PROC BLANKOQOO!
(4 BLANKOG2
C000000000PARAHETLR STATEMENTS BLANKOQOQ)
[ 4 BLANKDDY
PAPAMFTER nX]u22,MYlel| ,NZ1a4 ,NSP]|u5,MAR®2772 BLANKOCS
PAPAMETLR hynahSPlenXpenY]eNZTLUNNXLONYIONZ] BLANRDOS
(aoooa---'---.oo-oc--o-n-.o--oo-o-ooo-o.o.-o.c-o:c-ooo.o.co-...a--.o.. oBLANROO?
4 alLaNk COMMON BLANKOGS
(.oo..oo-.o-oo.oo..---..-oClooo.-.on-n.oononoao.oo--oo-oo.tocloooo.on. eBLANKQOY
COMMOH LUMLLIQ)» JOUNITQAY JNXGNY ¢NZ ISP NPC NP NS NPH NCOMM, BLANKOQID
1 NEP | NYP | (NZP| XML yNYM]  NZML TP W JPLoKPL, (ML UN] kML, BLANKCI
? TIME (DT THAX,CYCHAX SAVE,RESTRT, ICYCLPPINTX,PLOT,DUNP,GhOUND BLANKDI2
3 1STAL T, IFRINT TPRINT IPLOT ,TPLOT , 1DUMP , TDUMP ,TIMNK, T InN, BLANKG1D
4 TIHO.NTAPE.FLAGI.fLAG?llFLAGI,lfLaG?,ll.IZ.I).IM.IS.LLVEL&. BLANKQILY
s nl-oV.PL.oTDloDTD'.DTDZ|RDI.RDY.RDZ.nan.RnVZ.Rozz.uunuv.(uus J8LANRDILS
[ UIHXT oY oNZ1Y VIPXT gHY T NZTY  VINXT NYT NZ ) 4CPINSPLMAM), BLANROL G
7 CUMSPL NLL GNY T gNXT) ySINSPI (HZT NYL NXT)  XIMAK]  Y(HAK) 2UnaK), BLANKCI17
[ EXCRXToNYToNZE) oFZINXTGNYT (NZ1) UFIX VFIR WFIRIEXFIXLEZFIX BLANKO) 8
(4 BLANKCI®
COMMAN 710/ HAY NA2 NYZ,XYPI3} X2PEID,YZPUI) 4 1SPIS),TITLESIS) BLANK(20
[4 BLANKD21
LoGICaAL PLbl.PklNTl.DUHP.SAVED(ONSY.GROUND BLANKD22
INTEGER OUMMY BLANKO2)
C BLANKQO2Y
END 8LANKQD25
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ADVECTY

VD NP &N -

+ADVECT
SUBROUTJME ADVECT
INCLUDF BLANK
COMMON JPARCEL/Z 110dJ,KKoF1sF2)F3,FU4 FS,Fb6,F7,F8,],J,K

Lo X allal

Vie (T oJsK)IOFIoUl]11J)K)OF20UL11,JJoKISFICUIT4JUsK)IOFY o

1 UE1,JoRRICFSOUTTT  J KK)OFEoULTT 1 JJ,KKIOFTeU(],4JJ,KK)eFB
V2o VUL JoRIOFIeViITadoKIOF2eVII] o J I KIOFIOVIT qJJ KIOFY ¢

2 VI JohNIOFSeVIT] J RKIOFBOVIIL  JUKKIOFTeVI] 1 UJsKKIOFE

CoeevovesoSPECIAL DEAL FOR THE BOTTOM LEVEL

IFCZIMP) oLTs 1e5) GO TO 4
VIS Wl JeK)OF el (1T 0JoK)OF2¢W{N],JdJ,K)OFION(] JJsK)OFY o

b] ALoJaKRIoFSOMIT T J KK)OFAO*W L], 0J,KKIOFTeW(],JuiKK)*FB
GO T0 8

§ VISIZUNP)I=Co5)00e50CIFIeFSIeN({T U, ,2)0(F2¢Fb)omiLL 0J,2)

1 SUF3eFTIoWi],JJs2) ¢ (FUSFBIONI] ,JJ,2))

8 K(NP)= X{NP} « VI s DTDX
Y{NP)w YINP) ¢ V2 ¢ DTDY
LINPIm (NP} & V) o 0TD2

C TEMPORARY B.Co
ZEROSQ,0
IFUXINP) eGLe UsS5) GO TO 10
(4 o0X < 0,4
X(NP)®X(NP)oNX
ZERO®) ¢
10 IF(XINP} «LT. NX°Qe5) GO TO 20
4 o%X > NXe¢0:«5
K{NPImX(NP)=NX
ZERO= 1,
20 IFIYINP) oGLe Ue5) GO TO 30
[ 4 sey < 0.5
YINP)nY (NP ) eNY
ZERO=1,0
30 IFIYIUP) oLTs NYeDsS) GO TO SO
C e®Y > MYe0e5
Y{NP}aY(NP)=NY
IEROS], )
40 IF{2(HP} oGEe DeS5) GO YO SO
(4 o7 ¢ 0,5
2iuP)w 501
60 IF(ZINP) oLT. NZe¢D.S} GO Y0 100
2(NPInZ (HP)=N2
IFRO=],0

100 {FIZERO oLT. 0«5} GO TO 200
DO 150 ii=} snSP
CPIN,NP)uD,y

150 CONTINUE

200 RETURN

ADVECTGI
ADVECTO2
ADVECTO3
ADVECTGY
ADVECTOS
ADVECTOS
AOVECTO?
ADVECTOS
ADVECTCY
ADVECTIO
ADVECTL I
ADVECTI2
AOVECTIL)
ADVECTIY
ADVECTIS
ALVECTI6
ADVECT17
ADVECTIB
AOVECTLIY
ADVECT20
ADVECT2I
ADVECT22
ADVECT23
ADVECT24
ADVECT2S
ADVECT26
ADvVECT27
ADVECT28
ADVECT29
ADVECTIO
ADVECT3)
ADVECT)2
ADVECTI)
ADVECTIN
ADVECT3S
ADVECT 36
ADVECTY?
ADVECTJISO
ADVECT3®
ADVECTH0
ADVECTHIL
ADVECTH42
ADVECTH)
ADVECTHS
ADVECTHS
ADVECT46
ADVECT47
ADVECTHO
AOVECTH9
ADVECTSO
ADVEC TSI
ADVECTS2
ADVECTS]
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ADVECTY

1]
85

ADVECTSY
ADVECTSS
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ANSCHK

O DNOV BWN -

50

o ANSCHK

SURROUT INE
LOGICAL XY
Yz FALSE,
IFLXIX CQo
IFIXX JCQe
IFUXX +eQo
IF(XX 4¢Qe
GO 70 j00

XYmoo TRUE o

RETURN

ANSCHK (XX XY}

*YES LE
* YES ")

YES ")
YES*)

G0 10 SO
G0 T0 SO
GO 10 SO

GO T0 50
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CHEM

A)om oo vt o o e
D ODND SLEWN=OOD® O U & N -~

NN N
£ W N -

~N N
o v

P e e N N
06D NG NLE WN=~-0 4DV

sz erce
WV E N~

£
~

» B2 &
[« - B )

N
[

[al

«CHE

1
2

1
H

SUAROUTINE (HEMIONO,ONO2,003,0HNO2,0HC,DUM] (DUM2,DUMI,DUMY4yDUMS,

DELY

AT, T IM)

CHEMOOO|
CHEMDCO2

THIS ROUTINL SULVES THE CHEMICAL RATE CHANGE EQUATIONS AND RCTUR SCHEMO00)

THE FRa
DatTa Ce
cid, ¢
1+E5
DATA B}
REAL vO
DIMENS]
OATA FR
LQUIVAL
tyis,
[(RARN:3]
NAMELIS

€14,

QEFINE
DEFINE
DEFINE
DEF IMNE
DEF INE
DEFIMFE
DEFINE
DEFINE
DEFINE
LEFINMF
DFFINF
DFFIME
DEFInT
DEF INE
DEF InE
DEFINE
tFieFu
DEFIME
DEFItE
DEF INE
DEF INE

ITESTeQ
TIME =

PHOICGCHeMiCAL REACTION RATE VARIES SLWUSQIDALLY FROM 6 AM TO 6 ¢

TIMHST]
oY = 1,
TT=DELTY
NO ® ON
NO2 = ©
HC & OH
03 = 0O
HIO02 =

NY =

SINC =

CTIUNAL CHANGE IN CONCENTRATION OF EACH SPECIE.
nEy ClAs €2y €34 C4%, €S, C&, €7, CB, €9y CTEN, Cl). Clds
19, (15 7 2287, 2.649E6, 26,7, 2.81E~5, 1.5E4, 004,
2CCes 150Ces 3CQ0er e001r «QOly s05s 4500e0 JY,o9 6045 /
» B2, Bdy 8BY /7 20104, 2%}/

» NUZ, MO}, N20S
uh YLl0), YSUIQY, AIS), BUIS), RIS}, ELI)y LFLD)

/ (25 /
ENCL (YE)), nu0d, (YL2),NO2), (Y(3),03), (Y(4),HNO2),
nCh,y (YL6)},0), (YI7),0K), (YUB),R02), (Y(9),N0OI),
JH205)

1 MULIFY 7 CIA,C2,C3,C49,C5,C6,C7,C8,C9,CTEN,CI1,Cl2,c1d,
C15:L1sB2,RI,BY,FR

F1 ®» C&°NO ¢ C70NOD2

F2 & Co°R4ehQ

FY = c1% & C15

F4 = CYyonC o CaeND ¢ C9eND2

§5 & C6°RA4ORN2eNO ¢ CIC®HANO2

FNO o ClONQ2 ¢ CJQOHNOD2

KNO & C2003 o C69R02 ¢ CBeQN o ClleNO2

PNO2 @ 1C200) ¢ COH*RO2IEND ¢ (C14eN20S

RNOZ2 ® (] o C7eR02 ¢ C9°0H ¢ CL1eNO o C1200) ¢ Cl13eND)

$0) s Claey

hO) & C2O9N0 o CSeHC ¢ Cl2eNO2

PHNUg o (BeOKPND ¢ 2,°CliolHOOND2

hHNO, = (1O

hHC = CI®0 ¢ Cu4o0N ¢ (5°0)

€0 = Ci1°n02/(CIA ¢ CI*HC)

LOH @ (F20Clep|o0%HC ¢ F2eC598300)0HC o FIOCI0eHND2)/
= FeeCloB2oyL)

ERCZ = HCo(Cl®pleD o CHY42B2e0H o C5°R3*0II/F

LNO) w C12003°F3/(C13°C15)

EN20S o C1IONO2oNOI/F)

KATELI) » (A(1) « BUl)eYil))eTY

Ue

M/360L0.
[s] 40}
AT/764L40
7]

1uo2

8

3

OHNOZ

SINUITINK = o = TT/7600 * TIME/60e)%¢2418)

CHEMDOCH
CHEMIOO0S
CHEMOCOS
CHEMNOQQOGT
CHENMGOLCS
CHENQQO®
crENGOIO
CHEMOO) )
CHENMDOI 2
CHEMOOL I
CnENMOQL Y
CHEMODIS
cnEM0Q016
CHEMCOI?
CHEMODI) B
CHEMOQODI®?
ChENGOQZ20
CHEMO0Z]
CHEMDD22
ChENCOZ2)
CHENGO2Y
CHENOODR25
CHEMOO 28
CnEndc27?
CHEMGo28
CHEMQQ29
CHEMOOJO
CHEMDOD]
cHEnMQQ32
CHEHKOO03)
ChEMGOIY
CHEMODIS
CHEMI0J6
cHEMDOD)?
CHEMODIB
ChEMCOYY
CHEMOOND
CHEMOGHY I
CHEMGO%2
[T L]
CHENOOUY
CHEMODOMS
CHEMOQM4S
CnENMOOY?
CHENOO4S
CHEMOO49
CHENMOQSO
CHEMQOS !
CHENOQS2
CHENDOS]
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1] IFISING oLTs OeC) SINC®0.0 CHE®OOSY
-1 €l = CONESS]INC CHEMDOS55
58 Ct0 = CTENeSINC CHENOOSS
57 12 0 = E0 CHEMDOS?
S8 O = EON CHEMCOS8
59 RO2 = ERO2 CHEMDOSY
60 NO) = EHOD CHENGOD OO
61 N20S = gN2ub CHENQOS1
62 4 ¢9ADD SOURCE RATES TO FORMAT]ON "RATES CHEMDOG2
63 At1)=FNGeDUN CHENOOB Y
[X] A(2)eFNO240UN2 CHEMOQ Y
65 At3)sFOseNUN) CHEND0D4S
[T} AtS)eFHHO 2L UNY CHEMDDGS
87 A5 epUNS CHENGOG?
68 B(1) = KNO CHEMOD6B
69 8(2) = HNO2 CHEMDOGY
70 8(3) = RO CHENDG70
71 B(4) = RHNOZ CHEMOOD71
72 BIS) = KkHC cHEMOCT72
73 IF (nT LEQ. 2) GO TO 238 CHEMCDT7]
74 NY & 2 CHEMNOO074
75 4 TEST YO SEL IF SIGNIFICANT PHOTOCHEMICAL REACTION WiLL OCCUK Tup CHENDD?S
76 4 TIME STEP, aANDs !F NOT, USE SIMPLE RATE EQUAT{ON AND RETURN CHEMODT6
77 IF (ITEST +uEs O) GO TO 19 CHEMGGT7?
78 ITEST » | ¢nEnOO78
79 DO 15 I=l,5 CHEMOOD79
20 RUII=PATEL D) CHENCDBO
81 15 CANTINUE CHENCOBI
a2 ATEST =  ABSILY(I) o RO} 1/1Y(2) ¢ R(2) V) /7 ABSIYL1)/Y(2)) CHENOQB2
8 IFUABS{R(II) «LTe 1oCE=10 oANDe ABSI(RI2)) oLTe 1oGE=10) XTLSTs CHENMOOB)
a4 IF (ABS(R(3)) etTe o001 oORe XTEST +GTe Lol oORe XTEST oLTs o7} CHENMDOBY
8s 1 GO 10 |¢ CHEMOCES
Bs 00 161 = |, 3 CHENOQBS
R? LFi1) = O CHEMOOH?
[L.T] Et1) = atli/sBtl) CHEMDOB8
A9 IF (YE]) oLTe EUID) LFUI) = | CHEROOQLY
90 16 CONTINUL CHEND090
L4] DO 17 IslsS CHEMOO9]
92 QleEXP(=B(1)eDT) cHEMCC?R2
93 QTEST= (10~ l1oAlL}/B(I)eQloY(]) CHENGO9)
94 YEI)sHaX{0el ,QTEST) CHEMOQ9Y
95 17 CONTINUL CHEMODYS
% E(3) = FOI/ROD CHEMDOT S
ey Do 18 | = §, 3 CHENOOD??
98 IF (YU]) oLVe EU1D) oANDe LF(]) ¢EQe O oORs Y(]) oGY¥e E(1) eatiD, CHENOQ90
o9 1 LFLL) «EQe 1) YIUI) = E(L) CHEMDC?Y®
1co 18 CONTINUC CHENOI100
(1] XTEST w (Y(}1)/Y(2))/7(0NO/ONOD2) CHEMDI0I
102 IFUXTESTeGTa0ePeAND, ATEST LT lel) GO TO 900 CHEND102
103 GO0 Y0 S CHENDI0)
104 19 COMTINUL CHEMO 1 0Y
10 00 30 1 = 3, 5 CHEND] 05
106 YSiit = Yi)) CHEMO106

107 IF (BC1)9°0T 4GTs JeC-7) GO TO 20 CHERO107
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19

CHEM

34
1o0¢
110
111
112
113
1
115
118
17
118
11°
120
121
122
123
124
12%
124
127
128
129
130
131
132
13
134
115
138
127

20
30

3a

40

60

Y1) = ,SeAf[)eDT o Y{I)

GO Y0 30

YO1) = (AC13/BC1) o (yt1) = A(TD/7BUI)IeFXP(=B(1)ODT) o Y{]2)0,:5
CONT JNUE

Gn 10 )2

o S0 | = 1, 5

IF (RULI®DT oGTe JaE=7) GO TO 4O

Yil) » AlT)eDT o YS(1)

G0 TO0 sy

YEI) ® ALL0/ZBEL) o (YSE]) = A{TI/ZBLIDIeEXPl=R(I)eDT)
CONT ML

TIME = TINL o DT

IF {TIME +Gte TT} GO TO 900

C = 0o

0O 60 1 s }, S

1F IYU§) «LTe LeE=4) GO TO &0

€ ®» MAN(C, ABSUIYLI) = YS{IYDI/ZEY4I) » YS(IDMH)
COMT L HYL

C = MAX(C» s+)*ER)}

DT =« HINMIER/CeLT, TT » TIME)

60 T0 JO

CHENO |08
CHENOIO?
CHENQIIC
CHERILLI
ChENMOIL2
ChFNO11)
CHENOL 1Y
CHEMOI IS
CHEHOI 1S
CHENO|)?
CHEFOI LS
CHENGLIY
CHENOI 20
CHENDL 2}
crnEng122
CHEMDL 2]
CnENG2Y
CHENMD] 2%
CHEMD ) 26
cHEMDY 27
CcnEnD ) 28

Coo0eetnetetnostieosesoceodetottsnotiioneinisecodnoiceasonsndacenossssnsye oLnEMOL2Y

4

sSUPRATE CPle) ARRAY AND RETURN TO HAIN PROGRAM

200 LNO=ND

[LTiFL 11 F]
QHCeHC
00303
OHNO2eHND2
RETURH

END

CHEMD] 30
CnENG) 3L
chEmol 32
CHEMILIY
CHEHOL JY
CHEMDI1 35
ChEMDI16
CHEMOL )Y
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CONCEN

ODNOVEWN--

o Nalal

50
100

+CONCEN

SUBROUTINC CONCEN
IHCLUDF BLANK
COMMON /PARCELZ 1] oJIsKKeF 1 oF24FI FUFS ,FOeF7,FBy10J K

e®2ERO OUT C,S ARRAYS

CALL S3IZERO{C,1UNH)
CALL S3IZERU(S,HUM)

00 100 uP=],NPH
CALL VOLFACINP)
DO SO N=],NSP

COiNgKody1) @ CUNKyJol) @ FIOCPIN,NP)
SINgKyJyl) & StNeKedsl) ¢ FI
CUN K J Ilte CUH)KsJolT)e F20CPIN,NP)
SINJKeJol1)m SlNohoJsll)e F2

CONR JJs 1 1sCiN K yJI 1T 1OFISCPIN NP)
SINKydJs11DaSENKoJJ,11)*F)

CINGKyJJUol) =CULlKoJJgl)e FUOCPIN,NP)
SINyKesJJrl) ®» SINK,JJsl)e FY

CINGKE, ,Jgl) @ CULN KK JyI) ¢ FSOCPIN,NP)
SINGKY ,Js1) = S{NJKK,J,1)} ¢ FS

CINGKK ,usll) » CINJKKyJyllde FOOCPIN,NP)
SINKYK yJs11) & S(NKK,J,11)¢ F&

CUIN KK yyJell)e CUH KK JIyI1)eFToCPIN,NP)
SINGKF JJo i 110SINKKeJJ, 11)eF7

CUINGKY yuJsl) & CINKK,JJel)e FBeCP{N,NP)
SINWKY yuJdol) & SINXK,JJpl)e FB

CONTINUE
CONTINUE

00 200 sl ,NX

00 200 Jy=l.nY

00 200 Kk=1,n2

D0 209 hs)ynSP

CINGKoJ 1 IBCINGR g Jp 1) /SINKyJdol)
CONTINUE

RETURN
END

CONCENOI
CUNCEND2
CONCEND)I
CONCENDY
CONCENOS
CONCLNGS
CONCENC?
CONCENDO
CONCENO®
CONCENIO
CONCENIT
CONCENI2
CONCENID
CUNCENTY
CONCENIS
CONCENI &
CONCENI?
CONCLN)B
CONCENLY
CONCENZ0D
CONCEN2)
CONCEN22
COHCEN2)
CONCEnN24
CUNCEN2S
CONCEN2S
CONCEN2?
CONCENZS
CONCENZY
CUNCENDO
CONCENJIL
CONCEND2
CONCENDD
CONCENDY
CONCENIS
CONCENIS
CONCENI?
CONCENDISB
CGNCENDIY
CONCENNO
CONCENY)
CONCENY2
CONCENY)
CONCENYS
CONCENYS
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CONTUR

P R

(o aNal

«CONTUR

SUFROUT |HE CONTUR(IXMAR DX Y oM oK TIXN KK, TAB,KKK)
COPMCN /TFIX/ZICYCLSTINME

DINFMSIUN TABLZ)+Xt1XPAX, 1Y)

DATA NC,CMIN,CHAX,LOGFL 7 10,0¢1204+0 /
e®aANJUSYT PRINTER SPACING

CALL PRTCNU'M,066,040+°)

CALL PFTCN({'L <o)

SRITE(S,100G0) CTABLLY, Il 2),0CYCL,TINE
CALL PLUINC, A JK LY ¢ IXMAX ,CHIN,CHAX LOGFL)
s®PFSET HORMuL FRINTER SPACING

CALL PPTICNIIM 68,b6480?)

RETURY

eOFORNAYS

1000 FORMAT (LK 4Hoooe ,3X 226 ,4H0008, 10X ,RAHCYCLE = ,15,6X,7HTINE o ,

1 Fl10.3)
END

CONTURGCI
CONTURO2
CONTURQD S
CONTURDN
CONTURGS
CONTURCS
CONTURO?
CGNTURQSE
CONTURQ?
CONTURID
CONTUR1 )
CONTUR]2
CONTUR1D
CONTURL Y.
CONTUNK1S
CONTUKI &
CONTURI?
CONTURISB
CONTURTY
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DATA

N e em s e e e s e e
D OO N>DUVL WN=0O0DNIPNEWN -

NN NYNNNYNNN
DN DO BN

w N
-0 e

Wi S
@ NV awWwN

&2 B
- o

wesossrra
D OD~NDT P BN

" N
- N -

4

[ 4

C
[4
[

~nnN

«DATA

SHBROUT INE pATA
INCLUDF BLAKK

DIMENSION VIINXTsHY 1) JU2INKToNYL)UIINKTNY])
EQUIVALENCE (wldelot? UML), IVElal o)) oV201,11) (UL sd02),
1 viti, 1

DIMFUSJON SS(SsHZIeNYJoNKI)y FACTOR(S)
EQUIVALLNCE (5¢5S)
DATA FaCTOx /7 30¢¢%8¢,00900413¢ /7
DATA VCLUME /14036E9/
oS ZERO OUT S5 ARhAY
CALL SI.ERO(S,NUN)

1secersr) Gou 70 100
sosngeenesssesesTAPL DATh

00000000000 000008000000080009000
1S READ (JUu) ULTUI.U2,U3,EX,E2
READ (10) (10USStLeKodol)sl®] (3] oKe ) NZ)sJ=1,NY), lm],NX)

IFIOT oLTe yo0) STOP NEG OT
RDT=1.0/07
00 2C islymna
00 2C JyalNY
Utl Jde2)mU(] ,Jds1)
UlTsdedin=Ui],sdyl)
Uil eJed)oUL]) 4ds )
Vileda209V(1,43d0))
Vilededieo=vil,J,el)
ViloJdsu)msVil,Jded)
WtleJde))e0ey
Wwllode21920uewilode?)
Biloded)uPi]edr2)
WilyJov)s0eu
00 19 rel N2
EXtlod ,RI=LX(T4JsK)eRDT
EZ(1+J,KISLZ{]aJeK)oRDT
19 CONTIME
20 CONTIMUE

e®MOVE SS ARNAY TO S ARRAY AND CONVERT kG Y0 PpN

00 56 Yol g
DO 50 Jslohy
D0 SO leloha
SIS K eJ,11835(3:KJd, 1)
Si3eKpdell®ied
AJR DENSITY 1,23 KG/Moeo3] MOLE WEIGHT 28.%
DO 45 LelNSP
IF(FACTURIL) oLYe |,CE~8) GO TO &5
SILIKsJe 1 IPSILOKIJe]1028e40) sOEGOSROT/{FACTORILI®102)0VOLUNE)
45 CONTINUL
80 CONTINUE

DATADOG!
DATAQQO2
OATAD0D)
DATADOO4
DATAO00S
DATAOOOG
DATACOO7?
DATAQQOB
DATA00929
DATACODIO
DATACO)!
DATAOOQ12
DATAOO1]
DATACOLN
DATAODIS
DATAQOILS
DATAQO1?
DATAGCOIB
OATAQG)?
DATAQ020
0ATADO2]
DATADDZ2
0ATADG2)
DATAOC2Y
DATAD025
DATADO26
DATAOQ2?
DATADOZ28
DATAQQ29
0ATA0030
DATACOM
DATAOO)2
DATAODCI)
DATADOIY
0ATADDAS
DATAOGYS
DATAOO)?
DATACOISB
0ATAO02?
DATAGODYO
DATADGCHI
DATAODS2
CATAOON)
DATAOQ4Y
DATADDNS
DATAQD4S
DATADDY?
DATAOO4S
DATAODYY
DATAQOS0
DATAQODS |
DATAOOQS2
DATADDS)
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DATA

54
%5
LY'S
ey
LY ]
59
AD

,2
63
[X]
L1

.7
6B
&9
10
71
72
73
74
15
78
124

C

[
Covoe

[
100

150

200

IFIFLAG] oeLT, leOF=8) GO TO 200
e®0OPTICH TO JURN OFF DIFFUSION
Catl SIZERD(EXILUN)

CALL SI.ERC{EZLUNM]

GO 10 200

eseesDATA SPECIFIED BY INPUT

On IS0 (sle0x
D0 150 umlenY
on 18P et
EX{loJd K)mLXFIX
CEZClLod KIOELFIX
ULTsJer)sUF X
VilyJer)esVF X
WileJder)erF X
CONTINUL

OTOX=DTeRDX
DTOY=DYSRDY
DT0ZeNTeRDL

RFTURN
END

DATAODOS%
DATADOSS
DATAOCSS
DATACOS?
DATAQODSS
DATAQGS®
DATACOSOD
DATADDSI
DATADOG2
DATAGOG]
DATAOGG6Y
DATAGDSS
DATADOG6
DATAOOS7
DATACOsS
DATADCOHY
DATAOO70
DATACOZ)
OATAGO72
DATAQD7)
DATADO7ZY
DATAGO7S
DATAOD768
DATAOO77
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DEFINE

ODNMON EWN -~

N o= o mm oo vm om e e
QoGNP WNLEWN=~O

+DEFINE

SURROUT(NE DEFINE

INCLULE BLANK

DATA DUINY/S/

NCOMHE? oLUNO(20NSF¢5)eMAX O (NSP]e))
NXPIsNXel

NYPlohYel

NZPieNh2e}

NXMISRX=]

NYH)ulNYe]

NZM]aHZae]

RDX=]e0/0DX

hknpYetoeQ/DY

ROZ=1.C/02

RDX2sRDA®Rp

RpY2ePDYORDY

RD22=RDZ*RD¢

PRINT 1u0s NCOMM

FORMAT(1X "0000000oNCOMM & V,146,%000000001)
RETURN

END

DEFINEO!L
DEF INEOD2
DEFINEQY
DEF INEODY
DEF INEDS
DEF INEQS
DEFINEQ?
DLFINEDS
DEFINEQY
OLFINELO
DEFINEL)
DLFINE) 2
DEFINLIY
DELFINEIY
DEFINEILIS
DEFINELS
DEFINELT?
DEFINEIB
OLFINELY?
DEFINE20
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LIFFUS

«DIFFUS

1 SUBRDUTINE DIFFUSIH) OIFFUS0!
2 INCLUDE BLANK DIFFUSC2
3 C DIFFUSO)
4 C DIFFUSTY
5 DO 100 1=l,nX DIFFUSOS
[ DO 100 y=lnhY DIFFUSCS
7 DO 1CO0 K*1lin2 DIFFUSC?
8 C D1IFFUSQe
® Catl THREXLT, UK} DiFFUSQO9
10 4 DIFFUS)O
11 [ DIFFUSLI
Ve C e®ses Yay DIFFUSION DIFFULUSI2
13 C OIFFUS])
14 TERMISEX() s d oK) @l (CIMgK JyIPL I =2,00C (N, KoJ,1)oCINJK, U IH1) ) Rux J10IFFUSIY
15 1 SUCIHUIKIUPL i 1=2,00C(NsKsJ PI4CIN,K,JHI 1)) *RUY2) DIFFUSIS
16 DIFFUale
17 C soeee 7 HIFFUSION DIFFUSI?
IR C DIFFUSIS
19 TEFM2aBE 2l 3 KIS CIN KPL 3 J,[3=2,00CIN K JylleCIN,KNL J,1))otpZ2 OLIFFUSES
20 C OIFFUS20
21 [4 ®®s0a [MCREMENTY SOUKRCE ASRAY DIFFUS2}
22 < DIFFUS22
23 SINX,J, 1185 INsKyJyl)eTERMISTERN2 DIFFUS2)
24 100 CONTIHuUE DIFFUSZY
2% RETURD DIFFUS25
28 C00000000000000000000003000000000000000000000s00000s00sdorossrssrcecee *DiFFUS2e
27 SUBROUTINE [NDEALL4J:K) DIFFUSZ?
28 C DIFFUSZ8
29 4 TEMP BoeCoe DIFFUS29
20 IPlele) DIFFUS)0
3 TMia|=} DIFFUS3L
J2 JPIm jeog DIFFUS32
LB CURL LY DIFFUS3)
34 KPlukeq DIFFUS)Y
15 KMlak=| DIFFUS3S
L1 IFtt.Fa. L} [nyenX DIFFUSls
i7 IFtJeFRW)) JHIeNY DIFFUSS?
18 IF(XK oEQs }) KM}®} DIFFUS)8
AL IFLl.Fa N} Pye 1 DIFFUS)?
40 IF(JsEQaNY) JP)= 1 VDIFFUSHD
L] IF(XK oFQs NZ) KPJewNY DIFFUSY)
42 < BIFFUS42
4) C DIFFUSH]
LL] RETURN DIFFUSYY
(1 C0000000000030000000000000PsRostoROEONNcitIesloTsTROloiRIRLIRONOITIOER® ¢DIFFUSHS
48 END DIFFUSkb
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€otlr

O ®NC N & wWwN -

«€EDI!

T

SURROUTINE enIT EDIT0ODI
INCLUNE BLANK EOIT00G2
DIMENSION CLINLNX]) EOITOQC)
DIMENSTION FaCTiS) LD1T70004

DATA FACT /40100:041.0/ EDITO0OS

(4 EDIT0006
CeOP000er0eto0000sastsseloetonsnotodontonttncertortonetsscotssecsrssgesenr oEDITOOC?
< Eol1120458
< ee|SP SELECTS WHICH SPECIES ARE EDITED ELITO00?
4 EOIT0010
48 DN 10O =}, nSP gEDITOOL)
IFLISP{u) «tQe O) GN TO 100 t0170012
SPeTITLLS(N) EOITGG1

C EOITOQILN
SuM=3.0 Eo0lI001S

DO 67 re) LLVELS EolT001G
IF{MODIK*],2) sEQs O) PRINT 6005 EDITO01?

4005 FORMATI ML) €D1T00!18
TI"EXeT |ME/ 3A00. Eo0l11CO01Y9

PRINT a310,5P K, TINEX, TCYCL ELIT0020

6019 FOIFAT(LIX,"CONCLNTRATIONS OF *,A6,' [N K=Y SPaCE FOR LEVEL *,12 EDII002]
1 I2SYL'TIME 8 ', FRe244X,'CYCIE = *,18,/7) ED1T2022

09 50 U = Ny, 1. =} €Eoiv0023

09 49 I3)sha EVITO02Y
CLINUIISFACTINIOC(N,K J, 1) E017002%
SUMeSUMeCLINIT) EVIT0O026

49 coNTluur EDIT0027

S0 PRINY 47350, (CLIN(IMaIw]l NXND) EDITOQO28
6059 FOPMATI2X,,21Fb642) ED1TCO29
60 COMT]INUE EDITO0QYO
WRITE(H,1000) SUM E0ITI03I

1000 FORMAT(//,1x,*SUH OF ALL CONCENTRATIONS = *,F12.:)) E0I1T0032
100 CANTINUE EOITO00N)

[4 EDITO0IN
5000 RETURN EDIT00)5
END ED1T00138
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INPUT

O D@ N>PN SN -

Fala W al

200

«INPUT

SURROQUT [NE 1NPUT
INCLUDE BLAKK

NAMELIST /START/RESTRT ISTART TMAX CYCHAX)CHANGE

DATA MX NY, NZoNSP DX DY DZ)yCONST / 498,01 15910e¢9100¢,10es0THULS
DATA HPC 0T, TINE /7 1,600:4,218C0¢ 7/

OATA TITLES /&HNO »AHND2 v6HO) s6HHNOZ 2 bnHC

DATA 1SP /5e) /

NAMELIST /SPECS/ [DUMP,TDUMP,[PRINT TPRINT,IPLOT,TPLOT,

i LEVELS o3 ol20 130149, 15 NXY NXZJHNYZ ,KYPXIP,YZP, ISP

NAMELIST ZGE%/7 NX HY MZ USP,OX, DY, D2, NPC NS, TIME,DT,FLAGI FLAG2,
1 IFLAGT o IFLAG2 yCONST UFIX ,VFIR UFIXEXFIX ,EZFIR6ROUND

READ(S,5TART)
IF{RESTRTsLT.lel=86) 6O TO 100
TaAPE RESTART

CALL RTAPE

IFICHANGE«LTo10E=8) GO TO 200
CONTINUE

READIS,SPECS)
IFIRESTRTGl,1eL=8) GO TO 200
READIS ,LEN)

CONTINUE

J1CYCHXaCYCHAX

RFTURN

END

INPUTOOI
INPUTQQ2
INPUTOG)
INPUTOOY
INPUTQOS
INPUTOCS
INPUTOO7?
INPUTOCSE
INPUTOGY
tNPUTDIO
INPUTOI )
INPUTOIL 2
INPUTOI)
INPUTO LY
INPUTOLS
uPUTO) S
INPUTOL 7
INPUTODIL 8
INPUTOLY
INPUTD2C
1uPytTo2l
thPUTD22
INPUTOZ)
INPUTO2Y
INPUTQ25
INPUTO26
INPUTD27
INPUTO28
INPUTO29
INPUTOJ0
INPUTQII
INPUTOI2
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0L

ODNOUN R DN

MAIN
INCLUDE BLANK,LIST
COMMON /PARCELZ BT 0JJeKKpF L oF2 FI)FQFS,F&sFT7,FB,;1 0K

C
C
c
CALL TapuT
<
IFIREST®T+Gl1«0¢Q) GO TC 10
[ 4

CatL DEFINE
4 e INITIALIZE JCYCL,SAVE
[eYCLegQ
SAVEa+F.LSE,
IFITODUHP +GTe UeO ORe ITDUMP «GTs O) SAVEe:TRUE,

C
4 e®nNATAIN [MIT1AL PARTICLF POSITIONS
C

Catl SETUP
C

MaATNDOOI
HAINDOO2
MalNOOD)
MAINOOOY
MAINODDY
MAINOQDS
MALINOOD?
MAINDOCS
#AINDDDY
MAINDOIQ
MAINDOL]
MAINDOI 2
HAINDOI 3
#AINOOLY
MAINDDILS
nALNDGLS
HAINDQL?
natnuogly
HAINDOLY

(00000000000 000000008000eletietitnessitatesnstitesestensnsseastonosnae oMAINDD20
Ce0000000000030reqorrPolofntotiasittnitigaitenesstnonescsetossscsocorenese aMAINDDZ)

10 ICYCL=ICYCLel
TXIsTICKER{1V)

4
(4 eSSIWARY CHECK
[4
LFISAVE) CALL SJIWaARN(20,1,5300)
4
4 ooNATAIN WINDS,DIFFUSIVITIES JAND SOURCES
[ 4
CaLl DavTaA
4
[4 esACVANCL ThHe TINE
[ 4
TIMETINEDT
4
[4 eSPUT DIFFUSION CONTRIAUTIONS IN SOURCF ARRAY

00 20 N=lNSP
CALL DIFFUS(N)
20 CONTIMUL

Halhbg22
MAINDD2)
MAINOO2Y
NAINDO25
AAINDQRS
MAINDGZ2?
MALINDQZH
npINDO29
nAlNOGIO
MAINDOD|
HAINDOQI2
MAINDGI)
LYRET-TERL
nAINOG S
MATNOODS
naINDOY?
natNDQIE
HAINDOQJY
MAINDOYOD

(0008000000800 0000000000000s0oFAPTICLE LOQPeoeve®ssnsssesseer s NULX NP oMAINDOY]

00 30 Ni'wl,uPH

<

[4 e*ORTAIN VOLUME AVERAGING FACTORS

[ 4
CALL VOLFAC(INP)

[4

’ 00 S5 Naj,H5p
ODUKINY & StineXodsl)oF1eSINIKeJp1IIOF20SIN K U)s1)00F)e
1 SINK dJ 1) OFUaSIN KK Jol)oF5eSINKKoJell)eFpe
2 SinekhosJI s 1 JIPF7eSINKK JJs1)oFB
S CONTihUE
(4

LYSLI LY
HAINOQY)
MAINDO44
nAinGOrS
MAINOOY4S
MAINOOY?
MAIKOQ48
AAINOOQWY
MAINOOSD
RALINDOSI
nAINOOS2
MAINDOS)
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L

108

108
107

8
C
C
(4
[4
(4
9
C
C
(4

CPSUMs=0,0

00 8 Nuj ¢ NOP
CPIN,NP)=CP (N ,NP)eDUM([H)})®DT
IFICPIN,NP) JLTe O«D) CPINGNPI=D,D
CPSUMBCHSUMeCP LN NP}

COMTINUL

*ePHOTOC(HEM | CAL CONTRIBUT]JONS

AVEOID CHEMISTRY IF SUM OF CONCENTRATIONS 1S < 0.01 PPM
IFLCPSI'Y oLTe ULOI) GO TO 25
PPEFAPE CP ARRAY FOR CHEMISTRY
DO 9 Ne}  NSP
CPINMP)=CH (N NP)=CUM[N)eDT
IFUCPLI ,NF) 4LTs 040! CPINyNP)80D.C
coNT My
CALL CHLMUICPLL NP ) cP (2 ,NP) CPII(NP) ,CP(Y4NP) , CPIS,NP),DUNLL),
1 DUP(S) yDUMEI) yDUMIN) ,DUM{S}),DT,TIMF}

e®APVECT |UN

25 CaLL ACVECT
30 CONTIMUL
Co0000000000000000080000009¢0FEND PARTICLE LOOP®®00sss0vs0scesssssnsace,e sMAINDCT?

C
C
C
C
C
4
[
C
<
7S
1200
1250
C
<

e9COMPUTL COUNCENTRAT]ONS
CALL CCuCEN

e®*DETERMINE IF THIS CYCLE'S RESULTS ARE TO BE PLOTTED,
PRIJWTEL, OR DUMPLD

PLOTeoFALSE

PRINTXu FALSE.

OUMP®«F 4LSEL

CALL PRTTYSI
e®SELECY OUTPUT ROUTIMES

IF(PRIPIR) ¢aLL EDIT

IFIPLOT) CaLl OUTPUT

IFIDUMP) CaLL wTAPE

[FlenOT, CKOUND} GO TO 100
o0 RITF QU (ROUNG LEVEL CONCENTRATIONS

RRITE (51)  JCYCL,TIME

DO 75 Nol,NSP

WRITE (10D (UCING 1, J, T)sJdolaNY) W] ,NK)

CONTINUL

PRINT 1250, 1CYCL

TX2eTICANER(TV)

TELAPSeTA2=TX1

PRINT 1200, 7IML,DT,TELAPS

FORMAT (L X, TIML ® * ,F1O.3 4X°DT & ", FB,),9%K,0ELAPSED ® *,F9.:5)
FORMAT{IX,0CYCLE ® *414,5X,000LEVEL | CONCENTRATIONS DUNPEDooo?

oS THIZ RUN CUMPLETED?

MAINDOSY
MAINOOLS
MAINJ056
MAINOOL?
MAINCCSS
MAINGCSY
MALIRODGC
MAINODS)
MAINOOS2
LY TR
MAINDOSGY
MAINODSGS
MALHOOLS
MAINCOG7
MAINGCOS
MATHNODGS
MAINDG?70
MAINDOD 21
LYSE T
MAINOO?Z)
MAINOO7 Y
MAINOOY?S
MAINDOTZO

MAINDOT7B
MAINCO?79
MAINODBO
MAINOOSI
MAINDOB2
MAINDDE)
MAINCOBY
HAINDOBS
MAINOCBS
MAINOCH?
MAINDQ GBS
MAINOCHY
MAINOCSYOD
MAINOO?)
MAINDO92
MAINOQOR)
MAINDOYY
MAINGO®S
MAINOOYS
MAINDD9?
MAINCOYB
MAINDOY®
MAINO1IOO
KAINOLIOI
MAINOIO2
MAINOLO)
MAINO)OY
HAIND10S
MAINO| OO
MAINOIO?
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108
109
1te
(1R}
12
113
118
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129

MAINODICH

100 IF{TIPE o«GEe TMAX oAND, TMAX «GT. 0e0) GO TO 200 MAINOLO?
IFOEICYCL oGhoe CYCMAX oANDe CYCMAX oGT, 040) GO Y0 200 BAINOLIO

4 MAINOL I
4 e*RETURN TO MAIN LOOP fFOR ANOTHER CYCLF MAINO] M2
C MAINOJ L)
G0 10 19 MAINOL 14

Co0n0p0000eseentocesssostolonsodtssnoniqotecssonstonsesossocosnnsssentgs sMAINDLILS
Cre000000000000000000000000000000000000000000000000800000000000000000s oMAINDL]S

C MAINOL)?
(4 e*HORHAL EXIT HAINOL IS
200 IFUISAVE sAND, (eNOT, DUNP})} CALL WTAPF MAINDLI®
IFLeNDT, PLOT) CALL OUTPUY HAINDI 20
IFLeNOT, PRINTX) CALL FDIT MAINO} 21

STOP NOHRMAL MATND]22

[ 4 esSIWARYN TERNINATION MAING12)
300 CalLlL WTAPE MAINOL 24
CALL EDITY MAINO| 25

STOP SJIWARMN MATNOIL 26

4 HAINO} 27
(4 MAINOj 28
END MAINO} 29
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€L

DUTPUT

- 00D w N £ N -

W = = e e
D OEwEr s WN

NV YN N
[ L VR

N NN
0 BN

wile W e
£ N =0

L
[N

sOUTPUT
SURROUT INE QUTFUT
IHCLUDPE BLANK
corMON /TF LA/ 1QQ,TRQ

DIMENSIUH BIGPLYUZ700) RYPLINKL oMY 1) oXTPLANKL NTT) YZPLUINY L aN2ZLE

DIMENSTON Tagt2)

EQUIVALLNCE  CAYPLEI o1} ,BIGPLYILD) g (XZPLEY 1) BIGPLT(LE ),

1 (YZPLEL 1) oBIGPLTEYD)

4
[4
19GeICYCL
TeesTIPrE
4
C esDETFRM|NE (OMTOUR PLOTS DESIRED
C
De 1000 hel (NSP
NQeN
C
C % ISP SELECTS WHICH SPECIES ARE PLOTTED

FARCI)WTITLESIN)
TAB(21wpHPLOT
IF{1SP{) «cQ@e O) GO TO 1000
[FINLY ,EQ. 0) GO To 100
CeoeoneseoX=Y CONIOUR PLOTS
DO SO L=) hry
[4
00 10 laloNk
00 13 Jal Ny
LFVEL=XYPIL}
KYPLOT ,u)SCINQILEVEL 10t
10 ContthuL
CALL CONTURINKI(NX WY NYPL0»T,0,TRB, 1)
50 CONTIMUC
100 IFINAY +EQs O] O TO 200
Cevesenesela? CONIOUN PLUIS
00 157 Lsl,snx2
[ 4
0N 110 sl X
DO 1IN K®) k]
LiviLlexiPIL)
KZPLIT o1 )=CINQiKoLEVEL I}
110 CONTIMUL
CALL CPUTURINK] ¢NX)NZ XZPL20sT,0,TaB1)
150 CoNThUL
200 IF(HNYZ LEQ« D? GO Tp 300
CevesavensYa? CONIOUR PLOTS
Do 250 .*l,nr2
C
on 210 Jsl.nY
On 210 Kel N2
LEVELaYZIPIL)
YZPLIJ,KIoC{NQshoJoLEVEL}
210 CORTINUE
CALL CONTURINYI NY,NZ,YZPL2OsT0,TAB,1}

ouTPULIGI
QuUIPVICZ
OUTPUTOI
QUTPUTGH
ourPU1O5
QUTPUICSE
puTPUTO?
ovTPUTOS
oUTPLTO®
QUIPUTIO
QUIPUT]
QUIPUTL2
DUTPUT)
DUTPUT N
oUTPUTLS
OUTPUT S
ouTPUIL?
puUTPUTE
OUTPUT®
QUTPUT 20
ouUTPUT2]
puTPUT22
QUTPUTZ)
pulpPUT 2N
DUTPUT2S
QUTPUTZS
QUTPUTZ?
QUTPUTZB
ouTPUTZY
QUTPUTID
OUTPUTIIL
QUTPUTI2
QuUTPUTI)
GUTPUTIY
QUTPUTIS
QUTPUT3S
QUTPUTI?
ouTPUI )8
QUTPUTIY
QUFPUTH4O
ouTPUTHI
QUTPUTN2
OUTPUTHY
oUTPUTNY
QUTPUTHS
QUTPUTHS
QUTPUTAT
OUTPUT 4B
OUTPUTAY
OUTPUISD
OUTPUYSI
QurTPUTISE
oUTPUTS)
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vL

ouTpPyt

S
3
58
57
58
59
49
6l
62

250

oo
c

CONTINUL
CONTINUL
CONTINUC
RETURH

END

QUTPUTSH
OUTPUTYS
OVUTPUTSS
QUIPUTY?
OuUTPUTSE
QUTPUTSLY
OUTPUT6O
OVUTPUTS!
OUTPUTS2
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SL

h ]
r

N OOD NN &EwN—

PL

20

8020

25

30

SURROUT INE PLINNC, Ty NX, NY, NXMX, AMIN, AMAX) LOGFL)

DIMENSIUN Lu(72), LE1X1)y TUINXHE,NY)

DATA L /7 S%, * ¢, g0 ¢ v, 329, ¢ o 030 TN
P Yy egy v vy 970 e v, 187, ' v, D0, Y, YA, v e
2 'CcYy 0 , tpY, ¢ '. SEY, v R ", lGl' L I T
3 *, 'J'. LI I 'K'. ¢ 0, 'L'. L} l' 0"0. ., TN, ¢ ¢
q lnl' L] '. ", L] !. IRI' L] O' lsl' [] o' lfn. L] t, Y
g ¢ v, Tty v v, 'l'. LI Y !yl. L] I. 'zl. LY 2

DATA ISTAR 7 vee 7, INAX /7 131 /

JMAX m JbONY/NKeIMAX ¢ 5

NC = MIHINNC, J6)

IMIN = pAMIN

IMAaX » aMAX

ALK = A

ANY ® 3y

IFCARS(.MAA=2ZMIN] «GTs 1+0E=5) GO TO 20

IMAX & 2{Ll,}}

IMIN = ZMAX

00O 17 1 = |, NX

On 10 o = |1, NY

THAX ® (AX(ZNAX, Z(gsu))

ININ o fIHEZMIN, ZiTay))

IFCARS(ZMAX=2MIN) oLT, 1+0E=20) RETURN

IF (LOGHL «tQe O) GO TN 30

IF (ZM1d «GTe Ue) GO TO 25

PRINT 4020

FORMATL 2777/

! 0900000000000 020000¢NON=POSITIVE VALUE IN AKPAY

1 AF CNLTOUReN LOGARITKMICALLY.

RETURN
H2MAX = ZMAX
HININ & ZMIN

IMAX = ALOGEIQUINAX)
ZMIN = ALOGIOUININ)
1eE=5)/ (IMAX

SC ® (HC®2e =
Ox = ANX/IMaAX

DY s ANY/JNAX
Y = AtlY ¢ Dy

0n 80 J = JitAky |

Y= Y « DY
noeyY

IF (M oLEe g) M & |
IF (M oGEe NY) N = NY ~ |

OM = ¥ =
X s 0,

0o 70 1 = 1,
X & X ¢ DX
IF 1oy «EQ.
IF (1 +t@e }

PL

IS RETURNING WITHOUT PLUTTINg

LT
I «ORe loJ «EQ¢ [MAXeyMAX) GO TO 460
«AlDe J +EQe JNAX oORe J +EQe¢ ] +ANDS

1 | «EQ.s IMAX) GO TO &0

N a X
IF (N LLEe Q)

N o |
IF (N ¢u€e NX) N = NK = |

PLOODOD!
PLOOOOO2
PLOOOCOI
PLODOGOY
PLOOCOGS
PLOOD0CS
PLO00OQC?
PLOOOOGS
PLOOOOCY
PLOOOOID
PLCOADI I
PLCOOOI 2
PLO000O1]
PLOOOOI Y
PLCODCIS
PLCOQOI &
PLCOOOIL 7
PLOOOQO! G
PLOOGDI®
PLODOO20O
PLOOO021
PLODJO22
PLO0002)
PLI00024
PLO0DO2S
PLECOOD26
oPLO0OO027
yPLCUOORSE
PLO0COO2¢
PLO00OSO
PLOOCOI!
PLODODI?2
PLOOCOOII
PLOO0OIY
PLOO003S
PLO0O0DIS
fLO000Y?
PLCOOOIE
PLO0OOOYY
PLOO0DO4O
PLOOOO%)
PLOOOON 2
PLOOLVONS
PLOOCO4Y
PLO00O4S
PLO0OOOY4S
PLOOOON?
PLOCOO4S
PLOOODY
PLOODOSO
PLOOOOSI
PLO00OS2
PLODDOS)
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9L

PL

54
55
Sb
57
58
[
0
81
h2
43
L]
hS

&7
1]
a7
7
71
72
7)
4
75
78

IF ILNGFL «uFe O} GO TO 4D
C = DHe(DMez{liel ,ney) o [l = DMISZINe] N}} & () = DN)O
| (DMe2(u Moy} o (e = NDMIOT(N M)
Go T0 Sy
40 ¢ * DHe(LMoALUGIDIZ(Hel  He]}) @ (1o = DNICALOGIOIZINGI4MI]) o
] (1e = DNIO[DHOALOGIO(Z{N Mel]) & (1s « DMIOALOGIO(ZAN,N)I)
50 IND a | & SCe(C = ZulM)
IFr (1vp +LE, O) IHOD = 1}
IFLIND 26T 288C) LIND=2eNC
Li1) s LQtInD)
G0 10 70
40 LI1) & [STaR
70 CONTIMUE
RO PRINT 3080, tLU1) el ,1NAK)
6080 FOP“AT (1X, 131al)
IF {LOGFL »rQe 0) GO TO Y0
TMAK = j{IMAA
IMIN & WIMin
93 PRINT &U%0, ZMINs ZHAX

4090 FORMAT (POM/HIMUM VALUE = 7, IPE9.3, §X, *MAX|MUM VALUE & *, t9v,

RETURN
END

PLODCOSY
PLCDOCHS
PLOOCOSS
PLEDCDST
PLODCOSE
PLOODDS®
PLODDDSC
PLCOOCS |
PLOOCGOSR
PLO0D20&D
PLODJDSGY
PLOOGOGS
PLOOODGS
PLCOGOE?
PLODJOeS
PLDCOO&9
PLOO20/0
PLCOQD?1
PLOOOO7 2
)PLCOOD?)
PLCOOON
PLDOGO?5
PLCDGOTS
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LL

PRTTST

VR N> NEWGN—-

[aNaNaNal

«PRTIST

SURROUT ,NE PRTIST
INCLUDE BLANK

e®THIS SUBRUUTINE CONTROLS PRINTER EDITS, PLOTS, AND TAPE DUMPS

s0esePLNTS
IFCIPLOT okuwe 0) GO TO
IFIMODCICYCL,IPLOT) o6
PLOT=.TRUE.

30 IFLTFLOT oLTs 1eOE~A)
DUM(SI=T |40+ TPLOT
IFITIME +LT. DUMIS)) G
TiMOeDUN(S)
PLOT® . THhUE

eceesPRINTER EDITS

SO IF(IPRINT +tQe O) GO 7
IFUMODUICYCL,LIPRINT) o
PRINTXa o YRUE,

60 IFUTPRINT oLTs 140E-8)
DUMI6)IsTIMNTPRINT
IFITINE «LV. DUMISY) G
TIrrFanurts)

PRINTXe TRUE,
e®eesTAPL DUNPS

80 IFULICUMP ¢tws O) GO To
IFINCD(JCYCL,IDUMP) oG
DUVPPa,TRUE.

90 IFLTOUMPP oLT, 1.0E-8)
DUMIT7 )T IMNeTDUNMP
IFLTIMF oLT, DUN(T)) 6
TIrNEIKLT)
OUMPe.TRUL,

o®ALWAYS PLOY CYCLE ONE, AND DUMP |F DUMPS HAVE BEEN REQUESTLD

100 IFtICYCL eNEe 1) GO To
PLOT=.TRUE.
PRINTX=,TRUE,

IF(SAVE) DUNPe«TRUE,

150 RETURN
END

an
Te Oel) GO TO IO

Go T0 50

0 To SO

0 60
GTs O0.1) GO TO 40

G0 Yo 80

0 To a0

90
Te Oel) GO TO 90

Go TO0 100

0 10 100

150

PRTTSTO!
PRTISTO2
PRTTISIC)
PRTTSTON
PRTTISTOS
PHTTSICS
PkTISIQ?
PRTISTOB
PRTTISTQY
PRTTSTIO
PRTTISTIL
PRTITST12
PRTISTII
PRTISTIY
PRTISTIS
PRKTTIST |6
PRTITST?
PRTTST18
PRTIST)Y
PRTITST20
PRTTST2])
PRTTST22
PRTIST2]
PRTITST 24
PRTTST25
PRTIST26
PRTIST27
PRTTS5T28
PRTTS5T29
PRTTSTIO
PRTISTII
PRTIST)2
PRTYSTI)
PRTYIST 34
PRTITHTIS
PRTTISTIS
PRYTSTIY?
PRTTST IS8
PRTTST 9
PRTTST 40
PRTTISTY)
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RTAPF

DNV BN -

[a o]

[aBaNal

[aNal

[a]

~N

(ol o Nalalal

25

125

1%0

150

180

190

+RTAPE

SURROUTINE RTAPE
TNCLUDE BLANK

e®SAVE FESTARTING DATA
SAVEI®RLSTRT
SAVE2eTnAX
SAVEI=CYCHAA

ISAVEI& [STARY

WRITEle,1000) ISTARY

READ (12) JCYCL,TIME NCOKM
WRITELS,101¢) JCYCL,TINE
IFticYcL osEGe ISTART) GO TO 100
RFAD 112)

60 TN 2%

e®READ BLANK COMMON
READ{12) (Dpumil), 1=l ,NCOMM)

eSRESTNPE RESTARTING DaTa
RESTRTaSAVE]

TraXeSpvE2

CYCMAXeSAVE)
ISTARYTw|SAVELI

o*GFT SETUP 1APE SPACED CORRECTLY FOR RESTARY

TTEST=21606.
SPACE PaAST INITIAL CONCENTRAT]ONS
READ (10) DuMM

READ (1G) OTT,DUMM,DUMM ,DUMN,DUMNK ,DUMN
READ (10) DLy

TYESTwTYESTeDTT

CHECK®mARS{VIEST=TIME)

IFICHECK oLVe 140€E-RA) GO TO 140

GO TO 125

FRINT 1700,TTEST

e9GET GROUND LEVLL ZONFNTRATION FILE SPACED CcoPRLCTYLY

IF{eNOT, GROUND) GO To 200

WEAD t11) B1EST,TTEST

DO 160 Hel,nSP

KEAD 1))

CONT JHUE

IFCITEST «EWe ISTART) GO TO 190
Go 70 150

PRINT 100

RTAPEOD!
RIAPEQO2
RTAPLQOD)D
RTAPEQON
RTAPEOOQS
RTAPLODS®
RTAPEQQ?
RTAPELOCE
RTAPLOOSY
RTAPEOIO
RTAPEDL Y
RTAPEQL2
RYAPEDL)
RTAPEQLY
RTAPEOLS
RTAFEQLS
RTAPED)?
RYAPEOQIB
RTAPEQLY?
RTAPLO2D
RTAPEOZ2I
RTAPEQ22
RTAPEZ2]
RTAPEQ24
RTAPLI2S
RTAPLOZS
RTAPEC2?
RTAPEDZ28
RTAPEQ2Y
RTAPLOIO
RTAPEODII
RTAPLOI2
RTAPEODI)
RTAPEOIY
RTAPLOAS
RTAPEDDS
RTAPLOJ?
RTAPEG)S
RYAPEODY
RTAPEQYD
RYAPEQH]
RTAPEQY2
RTAPEQN]
RTAPEONY
RVTAPEOMS
RTYAPED4S
RTAPLOY4?
RTAPLO4S
RYAPLOYY
RTAPLOSO
RTAPEDS)
RTAPEQS2
RTAPEQS)
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RTAPE

Sy
£S5
58
87
58
a9
60
L3
62
L3 ]

[4
[4
C

200 RETURN
®SFNRMATS

1000 FORMAT(IMI /7774434 eveveneeeTAPE RESTART REQUESTED FOR CYCLE
t 2xg)yHeeessenses ,//7/)
1010 FOPMAT{ X, oHCYCLE ,0502X o l4HFOUNDs TIME = ,1PFl446)
1700 FORMATU}X,*SETUP TAPE SPACED FOR RESTART. TTEST w ¢,F10.3)
1600 FORMAT(]X,*GROUND LEVEL CONC FILE SPACED FOR RESTARTY,
END

15

RTAPEOQSY
KTAPLOSS
RTAPLOSS
RTAPEQS?
RTAPEDSS
RYAPLOSY
RTAPEQ6O
RTAPLOGI
RIAPEDG2
RYAPEDS)
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SETUP

Q@D N P 2N -

13

[aNa)

[aNaRalal

22

1250

30
40

+SETUP

SUBROUT [NE SETVP

INCLUDE BLANK

COMMON /PARCELZ 18 0JJ KK oF ) sF24F3,F4,FS,Fb.F7,F8,1,4J,K
DIMENSTIUN CCUSoHZTNY] NX])

EQUIVALENCE (CoCC)

SeINITIALIZe CONCRNTRAT]ONS

CALL SIZERU(C,NUM)

NP=Q
READ (100 CitiCCIL oXoJaldsl®ly3)sK®)  NZ) J®],NY), I}, NX}

DO 19 rsi N

DO 10 Jel NY

Un 1D JsleNa

CISsKaJs 1VoCCid Kyd, i)

ClIiKyJelley,0

CONTIHUE

ARITE (1) 1CYCL,TIME

DO 22 Nsll>P

BRITE (11)  CUCUINgl 4 J, 1) gJm)  NY ) ]m] NX)
conTinue

PRINT 1250, ICYCL

FORMATUI}Xp*'CYCLE = ¢4, 4X,"00LEVEL | CONCENTRATIONS ODUMPEDee")

LOOP OVER CtLLS

Do SO xpPs]l. N2

DO 57 IP=1NX

00 50 Jpsluiny

NPCCmPC

DO 40 Lal NPCC

JFIL «fEde 2 +ANDse KP LGT. 2) GO TO 40
HPaNPe |

X(NPIm]p

Y{HP))ayp

ZtuPjayry
e®COMPUTE VULUME FACTORS

CALL VOLFAC(NP)
e®COMPUTE TN T)AL PaRice. CONCENTRATIONS
00 30 nN=1,nSP

CPINNGMP IS CUINNGKyJ g T)OFI*CINN Ko o1V 0F24CINNK)JYyllteF)
1 ® LINNGK e J)OFYeCINN KK Jy110FS50CINN KK 911D oF8
2 ¢ CINNGKK UJ 1 T1OF76CINN KK QS ,1)0FB

CONTIMUE

CONT INuUL

IF (NP,GTeHAX) RETURN O

CONTINUE

NPMaNP

SETUPOO!
SETuPpO2
SETUPDOI
SETuPOGH
SETUPOCS
SLTUPOGA
SLTUPOQ?
SETUPDOB
SETUPOLY
SETUPQIO
SETUPOLI
SETUPQl2
SETUPDI)
SETUPOIY
SETUPDIS
SETUPQIS
SETUPG1?
SETuPD)8
SETUPDIY
SETUPQ20
SETUPQ21
SETUPQ22
SETUPDZ)
SETuPQ24
SETUPDZS
SLTUPG26
SETurp27
stTuPp28
St TuP029
SETUPQ)O
SETUPOII®
St TuPD32
SETUPOI)
StTUPOIY
SETUPO)S
SETUPQIS
SETUPQ3?
SETUPQIS
SETUPDIY
SLTUPNNO
SeTUrDY]
SETUPQN42
SETUPOYY
SETUPOUNY
SETUPDH4S
SETUPQu4S
SETUPQu?
SETuUPO4S
SETUPOYY
SETUPOSO
SETUPOSI
SETUPOS2
SETUPOS)
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SEtyp

sS4
5%
S8
57
SA
59
AD
6l
62
LR
49
45
66
67
48
“9
70
171

[a]

s N aXaXaNaKal

1000
1100
1110
1129
1105

PRINT {51, NPM
FORMAT(|X,%eeo0oNUMBER OF PARTICLES =s*,18)

CaLL EDIY
RETURN

e*FORMATY

eeFORMATS

FORMAT()

FORMAT(/,0X,*USLR; REPLY YES TO ENTER INITIAL CONCENTRATIONS

FORMAT(1X,USER: ENTER [,J,K )
FOMMATILIX'USER: ENTER CleoKoJol) VALUES
FORMAT(AG)

END

SETUPQOSY
SETUPOSS
SETUPQSS
SETUPDS?
SETUPOS8
SETUPOS?
SETUPQSD
SETUFDS]
SETUPDS2
SETUPQS)
SETUPODSY
SETUPGSS
SETUPQ6S
SETUPQDS?
SETUPDS®
SETUPQ6Y
SETUPO20
SETUPO?1I
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VOLFaC

VDNV LEWUN—

s0

«VOLFAC

SUBROUTINE vOLFAC(N)
THCLUDE BLARKK

COMMON /PARCEL/ 110JJaKKoFLoF2)F3,FY4,FS ,Fb64F7,F8,1,4.K

leXiN)

JeY(N)

KeZ({N)

IRERES]

JJysJe|

KysKe])

FXxisx(n}=t
FYlaY(N)=J
F21eZ2(N)=K
FXslo=Fal
Fysle=fFYl
Flwlenry)
FilasFXeFyeFy
F2efXlefYeoF
FlaFXlefFYle; 7
FysFXefFylefg
FSeFXxefFyeFz)
FesFxloerYep )
FleFXlefFYlep2)
FOuFXOFYy)oE |
IF{I1eEueNAPL) [im]
TFL{JJeEweNYP)) Jusm]
Tl sEue 0) I®HX
IFLJY oEue G) JmnY
IFIK oNLe 0) GU TO SO
F5sFSeFy

FouFbeF2

FIuF7e¢F3

FAsFBeFY

F)=0.0

F2e0.0

F1ed.C

Fymd,9

G0 T0 100

1Fike JuEe NZPL) GO To 100
FileFleFy

F2sF2¢Fs

FlesFleF7

FuysFyersg

F5=0.0

F&m0Do0

F7=20.0

Fas=0.0

RETURN
END

VOLFACOI
VOLFACC2
VOLFACO)
VOLFACOY
VOLFACOS
VOLFACOS
VOLFACG?
VOLFACGS
VOLFACOY
VOLFACIO
VOLFACI!
VOLFACI2
VOLFACI]
VOLFACIY,
VOLFACLS
VOLFACI®
VOLFAC17
VOLFACIS
VOLFACLY
VOLFAC20
VOLFAC2)
VOLFAC22
VOLFAC2)
VOLFAC24
VOLFAC25
VULFAC26
VOLFAC27
VOLFAC28
YOLFAC29
VOLFACJO
VOLFACI
VOLFAC)2
VOLFAC33
VOLFAC)Y
VOLFAC)S
VOLFAC)S
VOLFAC]?
VOLFAC)®
VOLFAC39
VOLFACH4O0
VOLFACH1
VOLFACY2
VOLFACY)
VOLFACYY
VOLFACYS
VOLFACYS
VOLFACY?
VOLFACYS
VOLFACHY
VOLFACS50
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OB NN LN~

<

[4

oMWTAPE

1000
1

SURROUT INE wTAPE
INCLUNF BLANK

MTAPE=|2

PRITEIMTAPE) ICYCL TIME,NCOMN
WRITE(HMTAPE) (DUM(T), 1w ,NCOMN)
WRITE(6,100u) ICYCL,TIME

RETURN

FORMAT( X, 10000aCYCLE = "1 15+2X,*TIME » *,IPE1%eb,2a
*DUMPED UN TAPEseecner)

END

wTAPEQQI
WTAPEQD2
WTAPLOO)
WTAPEQCH
«TAPEOOS
WTAPEQOS
WTAPEQO?
wTAPECDS
WTAPLOOY
WTAPEOQIOD
NTAPEQDL)
nTAPEOI2
WTAPEQGI)
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14:]

DB N>V LN -

C

C

oWTAP

[3
SURROUT INE wTAPE
INCLUNPF BLANK

MTAPE=}2

WRITE(MTAPE) ICYCL,TIME NCONM
ARITE(MTAPE) (DUM{]) =] NCOMN}
WRITE(6,100u) ICYCL,TIME

RETURM

FORMAT( X, t0000eCYCLE ® *) 152X, *TIME ® *,1PE149:06,2%
*DUMPED ON TAPEssveee?)

END

NTAPEODI]
WIAPEQD2
WIAPLOOD
NTAPEQCH
WTAPEQQS
WTAPEQOS
WTAPLOO7
aTAPECOS
WTAPEQOY
WTAPEQID
WYAPEOI)
WTAPEDI2
WTAPEQI)
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4, A SAMPLE TEST CALCULATION

In this section a test calculation is presented, in-

cluding copies of the computer print output.

The calculation considered is the advection of a
Gaussian distribution, previously considered in Reference 1,
page 32.

4.1 CODE CHANGES

Some modifications to the NEXUS/L code used in the
Los Angeles photochemistry simulation and docunented in the

report were made. In particular,

(a) the structure of blank common was reorganized
to permit a grid 50 x-cells by 30 y-cells. Thus, *he pro-
cedure BLANK was modified so that NXI=50, NYI=30, NZI=1,
NSPI=1, MAX=9000.

(b) a change to subroutine SETUP was made to pro-
perly initialize the concentrations to the desired distribu-

tion,
c(x,y) = 71.1 exp{-[(x-9)% + (y-9)2?]/12.5}

Here, Ox = oy = 2,5 km. Also, as before, the concentration
at the center of cell <9,9> is set to 69.0.
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subroutine SETUP was further changed to permit

the initial positions of some of the Lagrangian particles

to be away from the cell center. For the fair Lagrangian

parcels per cell case documented here, the initial positions

for cell 1,3 are

(i) x=1-0.3

y = + 0.
(ii) x=1+0.
y =J - 0.

(iii) x=1I1--20.3

(iv) x=1I--20.3

Figure 4 displays the Fortran coding o%f subroutine

SETUP used.

4.2 INPUT TO GENERATE TEST CALCULATION

The problem configuration was maintained exactly as

the previous Gaussian advection reported in Reference 1.

(1)
(2)

(3)

(4)

The cells are 1 km cubes, (DX=DY=1Z=1000 m).

There are 50 x-direction cells, 30 y-direction
cells. There is only one level (NX=50, NY=30,
NZ=1).

The u-velocity is everywhere 10 m/sec, the
v-velocity is everywhere 5 m/sec, creating an
off-axis net wind direction. (UFIX=1C, VFIX=
5, WFIX=0)

The initial Gaussian distribution is set to

zero in all cells more than eight cells from
the center of the distribution.
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Figure 4.

Subroutine SETUP version used for

tion test problem.
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(5) The time step is 400 sec/cycle (DT=400).

(6) There is no diffusion, only advec=: n
(EXFIX=0, EZFIX=0).

The namelist input used to generate this test calcu-

lation is shown in Figure 5.

4.3 CYCLE 1 OUTPUT

Figure 6 displays the printer putput, cell-by-cell,
of the problem configuration resulting at the end of Cycle 1.
Figure 7 presents a contour plot representation of the same

data.

REFERENCE

Sklarew, R.C., et.al., "A Particle-In-Cell Method for Numeri-
cal Solution of the Atmospheric Diffusion Equation,
And Application to Air Pollution Problems," Report No.
3SR-844 (November, 1971), Systems, Science and Soft-
ware, La Jolla, Calif.
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Figure 6. Concentrations in Eulerian cells at end of cycle 1.
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Figure 7. Printer contour representation of concentrations at end of cycle 1.
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