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SOMMARIO

Il presente rapporto descrive i modello di dispersione atmosferica
SPADE (Sequential Puff for Atmospheric Dispersion Evaluation)
realizzato nell'ambito del programmar di sviluppo del sistema ARIES
(Atmospheric Release Impact Evaluation System) allIENEA-DISP.
SPADE e stato sviluppato originariamente per la valutazione in tempo
reale delle conseguenze di rilasci accidentali di sostanze radioattive
in atmosfera, ma po' essere applicato anche a rilasci di routine
o a studi di sensitivital.
SPADE effettua la stima delle concentrazioni in aria, della
deposizione al suolo e della dose gamma dalla nube a brevi distanze
dal punto di rilascio e su aree a orografia non complessa.
Nel corso degli ultimi anni la modellizzazione di alcuni aspetti del
processo di dispersion e stata migliorata, e sono stat! implementati
nuovi moduli in SPADE. 
Nella prima parte del rapportoviene fornita una descrizione generale
del modello e vengono illustrate le parametrizzazioni utilizzate per
la. simulazione dei principali aspetti della dispersione; nella seconda
parte, che puo' essere considerata una guida utente, vengono date
alcune informazioni riguardanti la struttura del codice di calcolo e
dei file di ingressQ e di uscita.

ABSTRACT

The present report describes the improved version of the Sequential
Puff for Atmospheric Dispersion Evaluation Model (SPADE), developed at
ENEA-DISP as a component of ARIES (Atmospheric Release Impact
Evaluation System).
SPADE has been originally designed for real time assessment of the
consequences of a nuclear release into the atmosphere, but it is also
suited for sensitivity studies, investigations, or routine
applications. It can estimate ground-level air concentrations,
deposition and cloud y dose rate in flat or gently rolling terrain in
the vicinity of a point source.
During the last years several aspects of the modelling of dispersion
processes have been improved, and new modules hve been implemented in
SPADE. 
In the first part of the report, a general description of the model is
given, and the assumptions and parameterizations used to simulate the
main physical processes are described. The second part concerns with
the structure of the compu ter code and of input and output files, and
can be regarded as a user's guide to the model.
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PREFACE

This report describes the improved version of the Sequential Puff for
Atmospheric Dispersion Evaluation Model (SPADE), developed by the
Italian Comitato per la Ricerca e lo Sviluppo della Energia Nucleare e
delle Energie Alternative - Direzione per la Sicurezza e la Protezione
Sanitaria (ENEA-DISP) as a component of ARIES (Atmospheric Release
Impact Evaluation System).

SPADE has its horigins in the modeling technologies ENEA-DISP had
developed and applied over a period of several years as part of its
activities in the field of environmental systems for both real time
and previsional assessment of the impact of pollutant releases into
the atmosphere.

SPADE has originally been designed for real time assessment of the
consequences of a nuclear release into the atmosphere, but it is also
suited for sensitivity studies, investigations, or routine
applications, such as the determination of compliance with air quality
standards. It is best suited for applications at short distances from
the source, in flat or near-flat terrain areas.

SPADE is quite useful for studies for which on-site monitoring or
stack parameters data are available (emission rates, temperature and
exit velocity), and on-site meteorological data are also available, at
time intervals tipically ranging from fifteen minutes to one or two
hours.

Although the present model retains some basic features of the original
version (Desiato and Tonini, 1984), during the last years several
aspects of the dispersion process have been improved, and new modules
have been implemented. Part of this work has been performed within the
European Community Commission Contract B16-0254-I.

Puff trajectories are calculated by weighting the wind profile with
the vertical distribution of the puff concentration; provisions have
been made to consider a set of different pollutant species dispersing
at the same time, with their own deposition velocities and decay rate;
computation of transitional and final plume rise and options for
partial plume penetration of an elevated stable layer and for choosing
between different sets of dispersion coefficients based on atmospheric
stability, have been introduced; a module for air y dose estimate from
a radioactive plume has also been introduced.

The present report is divided in two parts. In the first, one, a
general description of the model is given, and the assumptions and
parameterizations used to simulate the main physical processes are
described. The second part concerns with the structure of the computer
code and of input and output files, and can be regarded as a user's
guide to the model.
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1. MODEL DESCRIPTION

1.1 Introduction

SPADE (Sequential Puff for Atmospheric Dispersion Evaluation model) is
a Lagrangian, short range, sequential puff model designed to estimate
ground-level concentrations, depositions and cloud dose rate in flat
or gently rolling terrain in the vicinity of a point source. More
co-located point sources can be considered by adding the results of
the corresponding number of SPADE runs.

It is specifically designed for applications involving either stable
or first-order decaying (like radionuclides) atmospheric pollutants
and is best suited for evaluation of plume behaviour out to about 20
1~m from the source. Model results beyond 20 km can be used with
caution to 50 k, and SPADE can be used as a screening model for
distances beyond 50 km.

SPADE is a non-stationary model, in the sense that it accepts a
sequence of meteorological and source data sets and produces output
analysis which take into account the evolution of the atmospheric
conditions. It uses few and simple meteorological and geographical
data. Due to the short range validity of the model, it uses only one
set of meteorological data at a time, not allowing space variability
of atmospheric parameters.

The principal features of the SPADE model are:

i) Meteorological input data are grouped into data sets, one for
each time of observation; meteorological data sets can be spaced
at variable intervals; time variations of single variables can be
taken into account by introducing a new set of data with the same
values of all variables but the ones which contain the new
values.

ii) The dispersing plume is simulated by a sequence of gaussian puffs
whose trajectories are determined in the following way:
- firstly, a wind speed and direction profile is computed from
available wind measurements;
- secondly, the 'effective' puff speed and direction are
calculated at each time step by weighting the vertical profile
with the vertical concentration distribution.

iii) Plume rise for buoyant plumes is computed; transitional plume
rise is considered until the downwind distance to equilibrium
plume height is reached by the puffs.

iv) Buoyancy-induced dispersion is taken into account.

v) Total (default) or partial puff reflection from a mixing lid is
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taken into account in computing ground level concentrations.

vi) If the effective puff height is greater than mixing layer height,
the fraction of the plume that penetrates the lid is calculated
and is not considered in computing ground level concentrations.

vii) Adjacent puffs are merged if sufficiently superimposed one to the
other, and deleted if sufficiently far from the calculation
domain, to avoid indefinite growing of the puff number.

viii)Atmospheric dispersion parameters are determined in the following
way:
- for the horizontal, they depend on atmospheric stability
category or on horizontal wind direction fluctuation
measurements, if available;

for the vertical, they depend on atmospheric stability
category.

ix) Atmospheric stability index is calculated by SPADE based on wind
speed and cloud cover (or solar radiation, if available).

x) Horizontal and vertical dispersion coefficient curves can be
chosen between several sets of semi-empirical curves (for
example, for urban or rural environments).

xi) A virtual source distance is introduced in case of atmospheric
stability changes to avoid time discontinuities in the puff
spreading.

xii) Dispersion during calm or low wind speed conditions can be
simulated by SPADE, using dispersion coefficients dependent on
time, instead of on the distance from the source usually used by
plume models. -.

xiii)Dry deposition is calculated by introducing a proper deposition
velocity for each released pollutant.

xiv) Wet deposition is calculated by introducing a washout coefficient
dependent on rain intensity, which is assumed, as the other
meteorological variables, uniform over the domain but variable in
time.

xv) Plume depletion due to both et and dry deposition is taken into
account.

xvi) Cloud y dose rate from selected radionuclides can be optionally
calculated for a limi ted number of sample points by use of a
finite cloud model incorporated into SPADE.

xvii)Output analysis, which consist of instantaneous and integrated
concentrations, and ground deposition values, can be required any
time after the beginning of the release.
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SPADE uses the following input files:

i) A file containing time-independent data: geographical data
(domain size and coordinates), source characteristics (time of
release, pollutant species, etc.), and code parameters (duration
of time step, times of required output analysis, etc.).

ii) A file containing time-variable data, grouped in small datasets,
one for each time of observation: meteorological data (mixing
layer height, wind, speed and direction, etc.) and source terms
for all the species.

iii) An optional file containing the coordinates of receptors
locations where output concentrations and depositions (in
addition to the standard grid points) and eventually cloud y dose
rates must be computed.

iv) A library file for cloud y dose rate calculation containing, for
each nuclide, the energies and the corresponding branching
ratios of the y rays.

The execution of the SPADE code produces a series of disk output files
and a printout of the following data:

i) Grid values of the following analysis: ground level
instantaneous and integrated air concentrations, total ground
deposition, wet deposition.

ii) Receptor values of the same data as above and of cloud y dose
rate.

Gridded values contained in the output -files produced by SPADE can be
displayed and analysed using a graphic postprocessor that plots the
isopleth pattern of required concentration or dposition levels.

1.2 Model domain

SPADE calculates concentration and deposition values at the corners of
a 20 x 20 cells grid and at a maximum of 100 receptors located
anywhere inside the calculation domain. The size of the grid cell is
given as input data. The ground is assumed to be flat.

The point source can be located anywhere inside the domain, to
optimize the extent of the useful calculation area in case of a
prevailing wind direction. A release can be comprised of up to five
radionuclides or pollutant species, although this limit can be easily
changed depending on the computer power.



1.3 Advection

Puff trajectories are computed by SPADE based on wind speed and
direction measurements at various heights. As a minimum SPADE requires
one measurement near the ground (usual ground level anemometers) and
one upper-air measurement, although the latter can be an estimate.

In this way wind data coming from different kind of instruments
(ground stations, meteorological towers, sodar, pilot balloon,
radio-soundings) can be used to determine the vertical wind profile
v(z) that is input to the model, providing of course, that all the
measurements are representative of the same time interval and of the
same area.

In the surface layer, whose~depth is supposed to be one tenth of the
mixing layer, winds peed is assumed to follow a power lay profile:

= , (Z/Zr)p* 1

where
Zr = reference height at which windspeed u is measured ();.
p = power function dependent on atmospheric stability. 
Wind direction within the surface layer is assumed to be constant.

In the outer boundary layer, both wind speed and direction are
linearly interpolated from the available data.

Then, at each time step the advection v for each puff is computed
from

VP f v(z) X(z) dz. X(z) dz (2)
00

where
X(z)= gaussian vertical concentration distribution of the puff (gum

or Bq/m);
Zp height representative of the upper limit of the layer affecting

the ground level concentration ():

zp, = h + kz5, (3)

where
k = von Karman constant;

Z5 = 2a., a scale height representing the vertical extent of the
plume;

h = source height ().

The method described above is an attempt of taking into-account the
effect of wind shear in the determination of an effective puff
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trajectory, based on the assumption that ground level concentrations
are affected by air mixing between the ground and a vertical scale
height.

1.4 Dispersion

In SPADE, the pollutant plume is simulated by a sequence of gaussian
puffs which are released from a point source at time intervals
sufficiently short to avoid discontinuities inside the plume and
consequently in the ground concentration field. Thus the ground level
air concentration from each puff X(x,y,O) is derived as follows;

X(x,y,O) [ / (2n)3/2 aya~ 1 exp [-(X-X0 )
2 /2ar" 2]

exp -(y-y 0')
2/2a 2 ( exp -z02/2a,2 + (4)

exp [-(2h-z.)2/2ao 2 + exp [(2h+z.)2I2az 2] 

where
X (x,y,O) = pollutant concentration at the point x,y,0 (g/m3 or

Bq/m3);
Q ~= pollutant amount contained in the puff (g or Bq);
ax cy 7Cr = standard deviations of the gaussian distribution

in the x,y,z directions ();
x,,,.,z.= coordinates of puff center ();

h = mixing layer height (in).

Only the first two terms of puff reflection from the top of the mixing
layer are considered; vertical puff spreading is also limited by the
condition a < h.

The ground level air concentration at a receptor or grid point is then
the sum of the individual puff contributions to the concentration at
the point for all puff comprising the release.

The time integrated concentration at each time step t=tf-ti7 centered
at t is then' given by:

Xt(tf) =Xt(tj)f + X(tm)Ltt

where f is a factor taking into account the decay process.

The total number of puffs is controlled over each time step by two
different mechanisms: merging adjacent growing puffs. and deleting
puffs transported far away from the calculation domain (Ludwig et al.,
1977).

At each time step, pairs of successive puffs are merged, in the sense
that they are deleted and a new one is created if the distance between
them is less than the smallest a between the two. The content of the
merged puff is the sum of the two and all other parameters
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(coordinates, dispersion coefficients) are a weighted average of the
two.

Puff are purged at each time step, if they are located at a distance
greater than half domain size from the nearest domain boundary, due to
their negligible contribution to the concentrations inside the domain.

In SPADE, tyand a. may be derived by a number of different methods.
This flexibility is maintained to allow the most appropriate
dipsersion coefficients for the physical characteristics of the
release, like source height, roughness height, etc. to be used.

The horizontal dispersion coefficients must be derived for sampling
times comparable with time intervals between successive wind data.
Plume meandering and dispersion due to turbulent motions with longer
time scale than time intervals between successive meteorological data
sets are implicitly modelled in SPADE by the variations in the puff
trajectories, while dispersion due to turbulent motions with shorter
time scale will be described by the expansion of the puffs.

The use of dispersion coefficients derived for sampling time longer
than the average time interval between wind measurements would lead to
underestimate maximum ground level concentrations and to overestimate
the extent of the area with ground level significant concentrations,
while the opposite would occur if dispersion oefficients derived for
sampling time shorter than the average time interval between wind
measurements were used.

The hierarchy in which available meteorological data are used in
calculating the horizontal dispersion coefficient is as follows. If
horizontal wind direction fluctuation measurements (a,,) are
available, then is given by;

ay= aqX f(t/tL) (5)

where
x = distance from the source ();
t = time elapsed from the release (s);
tL = Lagrangian time sale (s).

The form of the function f (t/t L) is taken from (Draxler,1976), (see
also Irwin, 1982);

f (t/t L) 1 + .9 (t/1000)1/2 1 (6)

If a data are not available, a values are computed from a set of
dispersion coefficients dependent on the atmospheric stability
category and ae power laws of the distance from the source:

ay= A x (7)

The following sets of horizontal dispersion coefficients can be
selected:
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i) Pasquill-Gifford curves modified for stable classes to take into
account the increasing spread due to plume meanders (Pasquill,
1976; Start and ende11,1974);

ii) Original Pasquill-Turner curves for rural environment and 10
minutes sampling period (Turner, 1969);

iii) Coefficients derived by Smith (1968), who summarizes the
Brookhaven National Laboratories formulas, based on hourly
average measurements of a non-buoyant plume released from 108 m
height.

Due to the difficulty of the measurement and consequently the general
unavailability of the vertical component of turbulence intensity (a)
az values are computed by using a power law of the distance from the
source,

az= C 0 (8)

The following sets of vertical dispersion coefficients, C and D, can
be selected:

i) Pasquill-Gifford curves as used for gaussian particle dispersion
in the ADPIC model (Lange,1978);

ii) Coefficients determined for emission height 50 m and major ground
roughness by Vogt (1977), (see also IAEA, 1982);

iii) Coefficients derived by Smith (1968).

If atmospheric stability changes at any time, then the virtual
source' model is used whereby the current values of and a are
maintained, but their subsequent rate of change is determined by the
appropriate dispersion curve for the new stability category.

In -calm or low wind speed conditions, equations (7) and (8) are

substituted by

ay =A(t )B C (t U) D (9)

with u 1 m/s, or an equivalent 'virtual' velocity.

By eq. (9) the dispersion coefficients are transformed from
distance-dependent to time-dependent, to allow a realistic treatment
of puff spreading. For a more proper use of the model in this case, a
peculiar set of dispersion coefficients empirically derived for calm
conditions should be used, if available.

The atmospheric category is computed by SPADE for each meteorological
data set, based on a radiation index. The radiation index is
determined from the angle of elevation of the sun (which is in its
turn derived from the date/hour of the simulation), cloud cover and
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wind speed, following a method developed by Turner (1964) and revised
by Cagnetti et al., (1981).

For sites where solar radiation data are available a different
algorithm for the calculation of Pasquill category based on solar
radiation data is used. In this case the solar radiation intensity
instead of cloud cover must be included into the meteorological input
file.

Another important input parameter for the dispersion calculation in
SPADE is the mixing layer height h. The following hierarchy of
alternative methods for evaluating the mixing layer height is
suggested. If temperature soundings data are available, the base of
the inversion layer or of an elevated stable layer should be used as
mixing layer height. Alternatively, the following equations can be
used for the neutral and the stable cases respectively (see for
example van Ulden and Holstlag, 1985);

h = .2 u / f (10)

and

h = .4 (u. L / f)1' 2 (1

where
f = Coriolis parameter (s-1);

u=- friction velocity ms);
L = MonizQ-0bukhov length ().

No adequate diagnostic equation exist for the unstable case. Instead,
rate equations are available (for example Carson, 1972) which depend
on several atmospheric variables that could be not routinely
measured. Alternatively, in absence of -vertical temperature data, the
depth of the mixing layer can be roughly evaluated by using nomograms
(Underwood et al., 1984) relating h with other variables (stability,
wind speed, etc.) in standard climatological conditions.

1.5 Specific processes

Plume rise

In the SPADE model plume rise is calculated using the Briggs' plume.
rise equations. (Briggs, 1969; 1973; 1975). Both transitional and
equilibrium plume rise are calculated. Each puff is positioned, in the
vertical, at an 'effective stack height' which is the sum of the
actual stack height h and the plume rise h3.

For unstable and neutral conditions (stability classes A, B, C and D),
plume rise above stack is computed by:
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turbulence component and the plume buoyancy component a..

Partial plume penetration of an elevated inversion

Most present gaussian air quality models treat the stable
stratification above the mixing layer as either a perfect, reflector or
perfect absorber of a growing and rising plume. This b inary mode of
modeling of plume behavior is not a very realistic approximation and
in some cases can lead to serious errors in concentration predictions.

SPADE allows for the simulation of intermediate situations with the
introduction of a partial plume penetration factor, (REFL in the input
file SOURCE, see ch. 2) ranging from 0 to 1, which multiply the last
two terms on the right side of eq. (4). The default situation is total
reflection (REFL = 1). Different values of REFL can be choosen based
on information about the strenght and the height of the upper stable
layer limiting the vertical spread of the puff.

For buoyant, rising plumes, the effective puff height computed using
equations (12) and (13) can be higher than mixing layer height. In
this case the puff rise is recalculated using the Briggs (1975) option
for plume rise penetration in an elevated stable layer. The effective
puff height z is given by

(Ze / h)3 - ( / h)2 - (c - 4/27) = 0 (16)

where 
c = 2 F / (.16 u s h3),

with the same notation for F and s as in eq. (13).

Only the fraction of the puff that is within the mixing layer is

assumed to contribute to ground level concentration from that puff.

Dry deposition

In SPADE dry deposition is modelled by;

t 2

D (t2-tl) = f d X dt (17)
ti

where
D (t 2 -tl) = ground deposition between times t and t2 (g/M2 or Bq/M2);
vd = deposition velocity (mis);
X = ground level air concentration (g/M3 or Bq/M3).

Deposition velocities of each pollutant species can be specified as
input data in the SOURCE file (see ch. 2), and should be tipical
values of deposition velocities for terrain and meteorological
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conditions under study.

Yet deposition

Wet deposition is modelled in SPADE. by the following method. Washout
at the grid point with coordinates x,y is obtained by adding the
significant contribution of each puff j,

Vj (x,y) =(AQ/2TraY2) exp [-(x-x0,)
2 22

exp [(y-y0 )2 / 22I (18)

where:
1% = wet deposition at x,y due to washout from puff j;

w r,
where
w washout coefficient (-)
r = rain intensity (mm/h)

The washout coefficient can be specified as input data in the SOURCE
file. r is one of the meteorological variables included in the data
sets of the METEO input file.

A rain intensity variation can be simply taken into account by
introducing a new meteorological data set with time corresponding to
the rain intensity variation observation, with the same values of all
variables but rain intensity. Rain intensity is assumed constant over
the model domain.

Radioactive decay or first-order chemical' reaction

Radioactive decay or first-order chemical reaction are considered by
SPADE with the following method. Each puff is depleted for an amount
that, at each time step, is given by

Q2= O0. exp[-Xd (t2-t1)] (19)

where:
Q12= puff pollutant amount at times t and t (g or Bq);

Xd = decay constant (Xd = n 2/ Th, where Th is the half life).

The decay rate can be specified for each pollutant or nuclide as input
data.

Plume depletion by dry and et deposition

If r is the release rate of the n pollutant, the initial content of n
in a puff is given by;
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Qn= r At / lg (20)

where n is the number of puff generated in a time step, which can be
optimizeA depending on wind speed and stability at the time of the
release.

Then, the puff is progressively depleted during the transport due to
dry and wet deposition. For dry deposition, the puff depletion in a
time step is given by;

02 = 1 (/2)-1/2 Vd (t2 -tl) exp(_Z.2/2a.2) /o (21)

with the same notation as above, while for wet deposition, puff
depletion is given by;

2=01, exp[-A(t2-tl)] (22)

where A has the same meaning as in equation (18).

Cloud y dose rate

SPADE incoroporates a module for the estimate of the absorbed dose
rate in air from a y emitting plume.

Use of the semi-infinite cloud model for y dose estimate can lead to
considerable error close to the discharge point and also at a distance
for points not close to the plume centerline, particularly for
elevated releases. For this reason, a finite cloud model is used in
SPADE, integrating over all the emittir- sources, i.e. over the puffs.

The absorbed dose rate in air is obtained as the product of the
effective y flux and the absorbed dose rate in air per photon per unit
area (Jones, 1980). The effective y flux from a plume with a
concentration C per unit volume is obtained by the use of a multiple
scattering build up factor and is given by;

FY=f~ f CB(E, vr) exp(-vr) / (4 r2) dV (23)

where:
f = branching ratio to the specified y-energy,
B energy deposition build-up factor,
E y ray decay energy,
v linear attenuation coefficient.

The build-up factors are parameterized by

B (E, vr) = 1 + avr exp(bvr) (24)

where a and b are are functions of energy.
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The integral (24) is evaluated numerically in SPADE using spherical
polar coordinates with the origin at the point where the dose is
calculated.

The y dose rate is an optional output from SPADE, but it takes far
longer than the dispersion calculation. It is therefore recommended
that SPADE is run first without calculating y doses and then repeating
the run but calculating y doses at a limited number of sample points
selected on the base of the calculated cloud pattern.

1.6 Graphic results

The output analysis produced by SPADE can be represented in terms of
isopleth maps either on colour videographic or on plotter.

Several examples of isopleth plot of SPADE output obtained by use of
IGL graphic package are shown in figg. 1-10.

Input data for the SPADE run that produced the concentration and
deposition patterns shown in the figures are listed in fig. 11-and 12.
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2. COMPUTER CODE

2.1 General structure

The SPADE code is written in FORTRAN 77 language; it is presently
operative on the Digital VAX Computer of the ARIES System at
ENEA-DISP.

Memory required is about 150 kbytes and total number of FORTRAN
statements is about 2000.

Average CPU time is about 20 seconds for one hour simulation on the AX
785 for the dispersion code.

When the option of y dose rate calculation is selected, the computer
time increases noticeably. In this case it mainly depends on the
.number of receptor points (see file SAMP), the number of radionuclides
to be considered for the dose rate calculation, and the space step of
the integration over all the emitting source within the domain volume.

In -the present version the integration in spherical coordinates is
performed, up to a distance of 500 m from the receptor point, with
volumes of 20 m x 100 x 100; with this choice, the computer time for a
single dose rate calculation at a single receptor point is of the
order of five minutes on the VAX 785.

The run of the SPADE code requires only an alphanumeric terminal,
while the graphic representation of SPADE output requires either a
graphic terminal or a plctter.

The SPADE FORTRAN code consists of a program MAIN, SPADE, and a number
of subroutines, which are listed below together with a short
description of their function.

METINP - Read meteorological data.

READGAM - Read library data for y dose rate evaluation.

SETMET - Select meteorological for the proper time step.

MOVE - Compute puff displacement and expansion.

AVWIND - Compute puff trajectories.

GENER - Generate a sequence of new puffs.

MERGE - Merge adjacent puff sufficiently large.
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PURGE - Delete puff transported far away from the calculation
area.

CONG - Compute grid and sample location concentration and
deposition.

GDOSE - Compute cloud y dose rate for sample locations

SETPRISE - Compute plume rise parameters

PUFFRISE - Compute puff effective height

PARTPEN - Compute puff effective height for the case of plume

penetration of an elevated stable layer

OUT - Write grid values output files

OUTS - Write sample values output files

The SPADE code include also one BLOCK DATA, for data initialization,
and four FORTRAN FUNCTIONS:

STAB - Compute atmospheric stability.

CHIi - Compute puff concentrations

PROF - Compute wind speed profile

PROFD - Compute wind direction profile

The SPADE code makes use of 'INCLUDE' statement, which refer to the
following files:

COEF. cli
CON. cli
DOSE. cli
GEO. cli
IO.cli
KVN.cli
MET. cli
METEONL. cli
PUFF. cli
SAMP.cli
SAMPN. cli
SOURCENL. cli
TIME.cli
WIN. cli
PLRIS. cli

The files METEONL.cli, SAMPN.cli and SOURCENL.cli contain the
declaration of the variables of the input files METEO, SAMP and SOURCE
respectively.
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All the other files contain the declaration of va riables grouped into
FORTRAN 'COMMON' areas.

2.2 Input files

2.2.1. Introduction

The SPADE model input data are grouped into four files: SOURCE, METEO,
SAMP and GAMMA.

With the exception of the GAMMA file, input files are FORTRAN
namelists, with the value of each variable or parameter preceded by
its name and the character ='.

The SOURCE file contains time-independent data: geographical data
(domain size and coordinates, etc.), source characteristics (date/hour
of the beginning of the release, pollutant species, etc.), and code
parameters (duration of time step, elapsed times from the beginning
for required output analysis, etc.).

The METEO file contains time-dependent data, which are grouped into
several datasets, one for each time of observation; each dataset
contains meteorological data, source effective height and release
intensity for all the species.

These data are supposed to be time averaged for the interval starting
at the observational time and ending with the observational time of
the new data set.

The variables contained in the METEO input files can change their
values at different time intervals; for example, a variation of the
intensity of the release is obviously independent on variation of
meteorological data.

This flexibility is maintained with the following procedure: if new
values of one or more variables are available at a certain time, a new
METEO dataset must be edited, reporting the new values for the
variables subject to variation and the old vlues for all the other
variables.

The SAMP file is optional and contains the coordinates of receptor
locations where output concentrations and deposition values have to be
computed (in addition to the standard grid calculation) and where
cloud y dose rates have to be computed in the case of option for dose
calculation (see file SOURCE).

In the following the meaning of the variables and parameters of each
file are described.
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2.2.2 File SOURCE

The input file SOURCE is a FORTRAN namelist; the first record must
contain a blank character and the the string '$SOURCE', the last
record must contain a blank character and the string $END'.

The following are the variables and parameters to be edited within the
file SOURCE.

XUTM (kin)

X coordinate of the source in Universal Transverse Mercator
projection.

YUTM (kcm)

y coordinate of the source in Universal Transverse Mercator
projection.

CELSIZ (kmn)

Linear size of squared grid cell. Since the number of grid cell is, in
the present SPADE version, 20 x 20 (see parameter NKN in the COMMON
area GEO.cli), CELSIZ defines also the size of the calculation domain,
given by'20 x CELSIZ.

XEST (kmn)

Distance in the x coordinate of the source from the origin of the
gr id.

XNRD (kmn)

Distance in the y coordinate of the source from the origin of the
grid.
XEST and XNRD allow to locate the source anywhere inside the domain,
to better utilize the calculation area depending on prevailing wind
direction.

KALTT (min)

Vector containing the elapsed times in minutes from the beginning of
the required output analysis.
With the previous example, KALTT = 60, 90, 120.
The last KALTT element defines the total duration of the SPADE
simulation, because the code ends at the time defined by the date/hour
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of the last required output analysis.

I MON

Month of the beginning of the release

IDAY

Day of the beginning of the release

IHOU

Hour of the beginning of the release

IMIN

Minutes of the beginning of the release

IDELT (min)

Duration of the SPADE time step for the calculation of puff transport
and dispersion.
A standard value is 5, but for very short (less than 1 hour) or very
long (more than 6 hours) simulations it can be either decreased
or increased respectively.

ELEM

Alphanumeric vector containing the strings of four characters
representing the names of emitted radionuclides or pollutant species.
Maximum number of species allowed: 5.

VDEP (m/S)

Vector containing the values of deposition velocities of the species
emitted, in the same order of ELEM.

THALF (S)

Vector containing the values of half lifes in seconds of the species
emitted, in the same order of ELEM.

IDOSE
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Vector containing flag values (0 or 1) for the option of cloud y dose
rate calculation, in the same order of ELEM; if IDOSE(i) = 1 thei
nuclide is considered for dose calculation; If all flags are 0 no dose
calculation is performed.
Nuclides with IDOSE(i)=1 must be present into the GAMMA input file.

WASH (~

Washout coefficient.
A tipical value of WASH is 14

HSOUR (mn)

'Source height.

DIA (mn)

Stack diameter.
This parameter is necessary only in case of plume rise.

REFL-

Coefficient for partial plume reflection by the mixing lid; REFL
ranges between 0 and 1. Default value (complete reflection) is 1.

IDIFY

Index of the set for horizontal dispersion coefficients.
IDIFY = 1 Pasquill-Gifford revised coefficients (ADPIC model);
IDIFY = 2 Original Pasquill-Turner coefficients;
IDIFY = 3 Brookhaven coefficients.

IDIFZ

Index of the set for vertical dispersion coefficients.
IDIFZ = 1 Pasquill-Gifford coefficients (ADPIC model);
IDIFZ = 2 50 in source, rough terrain coefficients (Vogt);
IDIFZ = 3 Brookhaven coefficients.

In fig. 11 an example of SOURCE input file is presented.
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2.2.3. File METEO

The input file METEO consists of a certain number of FORTRAN namelist.
Each namelist contains data observed at a certain time, and with
validity expiring at the observational time of the following namelist.
The first record of each namelist a blank character followed by the
string $METEO', the last record must contain a blank character
followed by the string '$END'.

The METEO file allows a maximum of 48 datasets, or namelist, which
correspond, for example, to a two-days simulation with data given at
time intervals of one hour.

Time intervals between successive datasets can vary, but datasets must
be ordered in time.

The following are the variables and parameters to be edited within the
file METEO.

MH (h)

Hour of observations.

mm (in)

Minutes 6,f observations'.

SRATE (Bq/s or gs)

Release rate.
Vector ontaining as many values as the number of species indicated in
the variable ELEM of file SOURCE.

RAIN (mm/h)

Rain intensity

ST (0)

Standard deviation of horizontal wind direction.
This is an optional variable; if absent, horizontal dispersion is
calculated based on Pasquill stability.

MCL

Cloud cover index (in fraction of eight).
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This parameter is alternative to SR4D.

SRAD (cal/cm2 m)

Incoming solar radiation.
This parameter is alternative to MCL

MTOP (in)

Mixing layer height.

IHG (in)

Wind measurements heights above ground.
Vector containing as many values as the number of wind measurements
(or estimates) available in the vertical. A maximum number of five
elements is allowed. At least two heights, one near the ground and one
upper-level, must be input.

VEL (m/S)

Vector containing wind speed values at the heights defined by HG.

DIR (0)

Vector containing wind direction values at the heights defined by IG.

TAIR (00)

Ambient air temperature.
This parameter is necessary only in case of plume rise, and is
alternative to PR.

TEMIS (OC)

Emission temperature.
This parameter is necessary only in case of plume rise, and is
alternative to PWR.

WEMIS (m/S)

Vertical exit velocity.
This parameter is necessary only in case of plume rise, and is
alternative to PR.
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2.2.4 File SAMP

The input file SAMP is a FORTRAN namelist; the first record must
contain a blank character followed by the string $SAMP', the last
record must contain a blank character followed by the string '$END'.
The following are the variables and parameters to be edited within the
file SAMP.

NSMP

Number of sample points.
A maximum of 250 is allowed.

XSMP (kin)

Vector containing x UTM coordinates of sample points

YSMP (kmn)

Vector containing y UTM coordinates of sample points.

KDO S

Vector containing flag values (0 or 1) for the option of cloud y dose
rate calculation at a certain sample point, in the same order of XSMP
and YSMP.
In fig. 3 an example of SAMP input file is presented.

PWR (MW)

Emission power
This parameter is necessary only in case of plume rise, and is
alternative to TAIR, TEMIS, WEMIS.

In fig. 12 an axample of METEO input file is presented.
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2.2.5 File GAMMA

The input file GAMMA contains library data for cloud. y dose rate
cal~culation and is read by the SPADE code only if at least one IDOSE
flag is set to 1 (see file SOURCE).

The file must include all but not necessary only the nuclides with
IDOSE=l in the file SOURCE, so it can be edited once and for all as a
library containing all nuclide energies.

The key connecting the nuclides of the file SOURCE with those of the
file GAMMA is the four-character string representing the name of the
nuclide (see ELEM in file SOURCE).

The file contains three records for each y emitter nuclide.
The first record. contains the four-character string representing the
name of the y emitter nuclide;

The second record contains the number of y-ray decay energies of the
nuclide and the y-ray decay energies of the nuclide (Mev).

The third record contains the branching ratios of the nuclides
corresponding to the y energies of the second record.

In fig. 14 an example of GAMMA input file is presented.

2.3 Output files

2.3.1. Introduction

The SPADE code produces the following outputs:

-on disk, a number of data files, each containing a set of
concentration or deposition values for a certain pollutant and for a
certain output time;

-on the system printer, a printout of concentration and deposition
values for all pollutant species under consideration and for all
output times required.

2.3.2 Disk output

The SPADE code produces two kinds of output files on disk. The first
consists of a series of files, each containing the 21 i x 21 grid values
of instantaneous concentrations, time-integrated concentrations, total
depositiofis or wet deposition of one pollutant at one of the required
output times, indicated by the parameter KALTT in the input SOURCE
file.m
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The name of the output file is defined in the following way:
- a letter standing for:
I : instantaneous concentrations;
T : time-integrated concentrations;
D : total ground deposition;
W : wet deposition;
- four character for the name of the pollutant species, corresponding
to the parameter ELEM in the input SOURCE file;
- an integer index which define one of the output times required.

As an example, the third output of 131 deposition is contained into
the file D1313.dat.

The files have 210 bytes lenght and contain grid values written by the
FORTRAN instruction WRITE ((value(i,j), i=1,21),j=1,21) in the
subroutine OUT.

The second kind of output files produced by SPADE contains, in case of
presence of a SAMIP input file, the same kind of analysis for the
sample points whose coordinates have been specified in the SAMP input
file.

The names of the files are defined analogously but with a letter S at
the beginning (for the previous example, SDI1313.dat). Each record
contains, in the same order of the SAMP file, the concentration or
deposition value at a sampler location.

The units for concentration and deposition values depend on the units
of the release rates in the file METEO; for example, if the release
rate is in gs, concentration units a g/M3 and deposition units are
g/m2 .

The name of the files containing the cloud y dose at the SAMP receptor
points rate is defined in the same way as before with a letter G as
the second character.
As an example, the second output of dose rate due to Iodine 131
contained into the file SG11312.DAT.

The units of y dose are Gy/s if the release rates are in Bq/s.

For sample points which have not the KDOS flag set to 1 in the file
SAMP the cloud y dose rate is set to the value 999. in the output
file.

3.3 Printer output

The SPADE code produces on the system printer two kinds of output
prints.
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The first contains, in sequence, the 21 x 21 grid values of
instantaneous concentrations, time-integrated concentrations, total
deposition and wet deposition of the pollutant species under
consi'deiat~on rsucsieott tim rquired, indicated by the
parameter KALTT in the input file SOURCE.

For each matrix of grid values, the following data are printed:

-the title of the analysis and the elapsed time from the beginning of
the simulation to which refers the analysis (for example: INTEGRATED
CONCENTRATION 131 60 MINUTES);

- the matrix m(i,j) values, in the following order:
fixed j (which moves along the'y axis), the elements i=1,21 are
written on two raws (i=1,11 on the first, i=12,21 on the second).

To obtain the coordinates of the grid points, it must be remembered
that the origin and the cell size are defined through the variables
XUTM, YUTM, XEST, XNRD and CELSIZ of the SOURCE input file.

The second output print contains, in case of presence of a SAMP input
file, the same kind of analysis as above for the sample points whose
coordinates have been specified in the SAMP input file, and eventually
the cloud -r dose rate values for the same points.

After the title of the analysis, the print contains, in each raw, the
sampler index and the concentration or deposition value.

In fig. 15 an axample of printer output is presented.

RECOMMNATIONS AND CONCLUSIONS

Proper application of SPADE requires that the user be thoroughly
familiar with the basic concepts applied in the model, and follows the
guidance provided in this guide for selecting the meteorological and
source inputs to be used in the computer calculations. Because the
model user must specify the parameter switches and meteorological
data, care should be used to avoid inconsistent and physically
unrealistic combinations of inputs.

The use of incorrect parameter or meteorological input values as well
as improper application of SPADE can result in serious calculation
errors. Also, because the model provides several input and output
options, the user should anticipate the necessity for making a number
of trial program runs to become familiar with the various features of
SPADE.
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The SPADE computer code has been tested by simulating various of
meteorological and source conditions, i.e. by varying over wide but
realistic ranges the values of each individual variable of the SOURCE
and METEO input files (see ch. 2.2).

However, it must be outlined that the code testing performed cannot be
considered comprehensive particularly when the number of possible
combinations of the input values is practically infinite; besides, the
software is a research product, not an operational engineering
product, and it is non-optimized and potentially affected by errors.

In particular, the y dose rate evaluation module has been implemented
very recently and it must be considered that the present version is a
preliminary attempt to integrate a y dose module within the dispersion
module. The number of tests performed for the y dose module is much
more limited than for the dispersion.

As far as model validation is concerned, SPADE has been firstly
compared with the analytic solutions in the c ases of constant wind and
stability and calm conditions. The conclusion from this study is that
SPADE can calculate the simple gaussian solution to within 5% of the
concentration values.

As far as the y dose is concerned, it has been verified that SPADE
estimates by use of the finite cloud model are in agreement (within a
factor 1.05) with the infinite cloud model for receptors located well
inside the plume, near the plume centerline. It can be shown that the
accuracy, of the dose rate estimate is largely dependent on the space
integration step which can be adequately changed as a function of the
computer power.

A model evaluation study with several sets of experimental data
collected during meteorological and f'7racer campaigns is currently
outstanding.

Two data set have been taken under consideration: the see breeze
campaign carried out at Montalto di Castro in 1983 and 1984 (Cagnetti
et al., 1984; Cagnetti et al., 1988), and the SIESTA campaign,
originally designed for low wind speed dispersion investigation, over
the Swiss plateau (Gassmann et al., 1986).

Preliminary results show that the decoupling of the horizontal and
vertical diffusion parameters in SPADE is very effective in simulating
the actual dispersion conditions; the most important parameter
affecting the model performance is the wind direction: if an error of
100 or less in the plume centerline trajectory is taken into account,
more than 80% of the calculated concentrations agree with the observed
ones within a factor of 5.
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Figg. 1 10 - Example of graphic presentation of SPADE output.

Input data for the SPADE run which produced the analysis shown in
figg. 1-10 are shown in figures 11 and 12.

A two hour dispersal from a release height of 10 m of two pollutant
species (one, MXX, non-depositing, and one, MYY, depositing with a
deposition velocity of 1 cm/s) with unit release rate, has been
simulated.

Fig. 1 - Instantaneous concentration XXXX after one hour.
Fig, 2 - Instantaneous concentration MYY after one hour.
Fig. 3 - Integrated concentration XXXX after one hour.
Fig. 4 - Integrated concentration YYY after one hour.
Fig. 5, - Ground deposition MYY after one hour.
Fig. 6 - Instantaneous concentration XXXX after two hour.
Fig. 7 -- Instantaneous concentration MYY after two hour.
Fig. 8 -Integrated concentration XXXX after two hours.
Fig. 9 -Integrated concentration MYY after two hours.
Fig. 10 -Ground deposition MYY after two hours.
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$ SOURCE
XUT = 1800.,
YUT = 4500.,
CELSIZ=1,
XEST =1,

XNRD = 1.
KALTT =60,120

IMON = 03
IDAY = 01
IHOU = 08
IMIN = 00
IDELT =5

MESTR =30

ELEM ='XXXX,'YYYY'
VDEP = 0.,.01
WASH 1.E-4
THALF = 9999999.,9999999.
HSOUR = 10.
REFL = 1..
IDIFY = 1
IDIFZ = 1

$END

Fig. 11

SMETEO
MN - 8, MM - 0,
SRATE - 1.,1. RAIN-H.,
MCL - 6, MTOP - 500,
1HG - 1 lo0, 50
VEL - 3.. 5.1 6.
DIR - 3Eg., 330., 340.
POWER -0.

-SEND
SMETEO

MH - 9, MM - 0,
SRATE - 1_,1. RAINOE.,
MCL 2, MTOP - 700,
IHG - 10, 100, 500
VEL - 2.., 3 5. .
DIR. = 32.0f., 350f.. 350f.
POWER-0.

S END

Fig. 12
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*Ssamp c
nsmp 3
XSMP- 1Zol'.,101.5,1Z.2
YSMP- 45Zl.,45Z1.5,4501.2
KDOS 1,0,1

Send

Fig. 13
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