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Abstract

This report describes the computer program NAUA Mod4. Its purpose

is to calculate the behaviour of a polydisperse aerosol system in

a closed vessel containing a condensing atmosphere as a function of the
time. The main object is to explain the physical background and to
describe the structure of the code and the input and output in detail.

NAUA Mod 4
Ein Computerprogramm zur Berechnung des Aerosolverhaltens bei einem
LWR-Kernschme izenunfall

Programmbeschreibung und Benutzeranleitung

Zusalltntaosug‘

Dieser Bericht beinhaltet eine Beschreibung des Comput erprogramms
NAUA Mod4, dessen Aufgabe die Berechnung des zeitlichen Verhaltens
eines polydispersen Aerosolsystems in einem geschlossenen Behidlter
unter dem EinfluB von Wasserdampfkondensation ist. Der Schwe rpunkt
liegt dabei auf der Erliduterung der physikalischen Zusammenhinge
und der Struktur des Programms sowie der genauen Beschreibung der
Ein- und Ausgabe.
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INTRODUCTICY

NAUA-Mod &4 is a computer code for _a'culating the aeroscl betaviour in closed
vessels containing a condensing steam atmosphere. The code was designed and
developed for applications in the field of fission product transport and
depletion during core melt accidents in light water reactors, especially

pressurized water reactors.

Although the equations for aerosol behaviour do not depend on the container
itself and also not on the environmenta! boundary conditions, the code works
with assumptions which are directly related to a melt down accident. There-
fore, the code should not be used for completely different applications with-

out careful consideration of its validity. The authors will be happy to assist

in such cases.

NAUA-Mod 4 describes the aerosol behaviour only, The containment thermodvnamics

the source terms for aerosols and steam, and the leakages are external input
functions for this code. This implies of course no feedback mechanism between
the aerosol and these functions. This is true for a core melt scenario.

Finally, NAUA-Mod & calculates physical processes only. Chemical effects in

fission product behaviour, as e.g. iodine chemistry, are not included. They

have to be accounted for by proper use of the very versatile input capabili~
ties (separate tracking of different species).

NAUA-Mod 4 replaces the older version NAUA<Mod )3 £-1_7. The main physical im=
provement was the substitution of the condensation model by an experimentally
verified new one / 2_/. This having been done, all the model equations in the
code are verified by single effect experiments, The authors, therefore, con-
sider the code ready for release to interested users. In order to facilitate

the application, some changes in the code structure were made to provide input

and process options for a wide variety of conceivable cases to be calculated.
The most important input capabilities are:

= Time dependent aerosol source structuring,
Up to 3O arbitrary time intervals may be specified in which instantaneous
Oor constant rate sources ocecur,

=~ Bimodal aerosol source size distribution.
Only for convenience the size distribution is input as a bimodal lognormal




function. The code itself is not restricted to any tvpe of size distribution,
and tables of arbitrary size distributions could be used as input if they
were given. Source rates for the two modes can be specified independently in
every source time interval as well as the size distribution parameters and
particle density.

= Multi-species source composition,
Every source time interval and every mode may contain independent fraction
values for up to 50 'nuclides', which are separately tracked throughout the

calculation.

= Multi-compartment option,
Sequential multi-compartment calculations can be done in one job.

= Restart option.
The restart option can be used when running new cases. A short run can be
made and after inspection of the intermediate results the computation can
be continued. Also long running cases can be split into more manageable
sections.

Large scale demonstration experiments are planned for the emmediate future to
show the validity of the calculated results. This appears to be necessary in
spite of the fact that the physical models used in the code have been validated
experimentally. The authors, however, are confident that no changes in the
modeling will become necessary.

Additional numerical improvements which are on going concern mainly the im-
provement of the problem time/computing time ratio and the interface to con-
tainment codes.

!. THE PHYSICAL MODEIL

The basic physical model in NAUA-Mod 4 is the same as in mode of the advanced
aerosol behaviour models for closed containers [-3.7. The following assumptions
are used in order to keep computing time at an adequate level:

= Particles are homogeneously distributed in a control volume except for the
boundary layers at the walls.

= Within one particle size class no difference in particle composition is
allowed.



- Particle properties are functions of only one independent variable, the
particle size, and of the particle density which may change, due to varying

particle composition.

- Process coefficient (shape factors, boundary layers etc.) are assumed to be

independent on particle size.

For core melt accidents these assumptions are considered to be valid. Internal
mixing of species in one size class is quickly achieved by coagulation, The
spatial homogenity in the control volume is accomplished by convection,
especially in condensing atmospheres. So, presently no reason is known not to
use the physical volumes of the reactor building as control volumes, Within a

control volume the code calculates the following processes:

= Removal processes
* Gravitational settling
* Diffusional plat out

= Interaction processes
* Brownian coagulation
+ Gravitational coagulation
+ Steam condensation on particles

= Transport processes
+ Aerosol sources
+ Leakages

These processes were chosen because they are dominant. Thermophoresis e.g. has
been eliminated because in an LWR it may only eccur in the early phases of the
accident, when temperature gradients are big enough. During this phase, how-
ever, all other processes are vigorous, too. So thermophoresis is considered
to be negligible throughout the whole sequence.

Similar considerations were made for other processes that are not included in
the model. Should one of them for any reason become important (e.g. in a new
application) it could easily be incorporated into the code. In this sense,
the code should be regarded as under continu.ng development,

1.1 REMOVAL PROCESSES

The aerosol removal model in stirred conditions is well known /74 /. The change



in differential number concentratior d n (r) per time interval dt by deposition
¢a a surface is

1-5;21 . =N (D) u (e ey 3

where V is the volume in which the aerosol is contained, and A the process re~-
lated area onto which the deposition of particles takes place; u (r) is the

deposition velocity

u (r) = F+B (r) (2)

which a particle of radius r and mobility B (r) attains under the influence of
an acting force F. For a spherical particle the mobility B (r) is given by

Stokes' law

¢ ()
B (r) = ] 1)

with » being the viscosity of the carrier gas and C (r) the empirical

Cunningham correction factor.

In NAUA-Mod & the equation

C(g) ®1 ¢ 1.2646+Kn o 0.42+Kn+exp (= giﬁl) (%)

is used (Kn » Knudsen number) /[ 5_7,

In NAUA-Mod & the size parameter r is the volume equivalent radius, vhich for
normal applications is equal to the Stokes' radius (¢.f. section "shape fac~

tors" for detailed informatiom).
For gravitational settling the steady state settling velocity is obtained by
substituting the gravitational force for F in eq, (2)

t 2 te

ug (r)--l'-;l-lor--c(r) (%)

with g, the gravitational constant, and ot the effective denanity of the
(spherical) particle,



For gravitational settling the surface area A in eq (1) has to be taken as the

sum of all upward facing horizontal projections of surfaces in the volume V.
For all other processes the orientation of the surfaces is irrelevant,

For diffusional deposition the equation

D (r)
Up (r) = e (6)

is used. D (r) is the diffusion constant
D (r) = kT « B (r) (7)
with k the Boltzmann constant and T the absclute temperature.

60 is the diffusional boundary layer across which the particle concentration
drops to zero with a constant gradient. NAUA-Mod & uses e“ as a constant input
parameter, a value of 50 = 0,01 em is appropriate for most cases,

1.2 INTERACTION PROCESSE3

Interaction processes are most important for the behaviour of highly concentra~
ted aerosols because they are responsible for the non linear behaviour of
aerosol removal. They are calculated with very high time and particle size re-
solution and this caleculation consumes most of the computation time. The two
interaction mechanisms considered in NAUA-Mod & are coagulation and steam
condensation.

Brownian Coagulation

The collision frequency 'b due to Brownian motion is given by
‘b ('1' 'b) = 4 " KT (r‘ . th) (8 (r‘) + B (r‘)) (8)

L and r, Are the radii of the two particles involved in the coagulation pro~
cess. The result of the process is the disappearing of the two particles and
the creation of a new one with a mass and volume equal to the sum of the
masses and volumes of the two original particles, Regarding the new particle
as spherical too, one obtains the following conservation rules for the
individual coagulation process



Ij = m otm
v. = ovotw (9)

’
r} - r{ - n
where the subscript | denotes the new particles.

Gravitational Coagulation

The collision frequency K' due to gravitational coaqt'~. ion is given by
l. ('i' B)erre (ri + 'k)' -/u. ('i) - " ('k)/ (10)

The problem in this equation is the value of the collision efficiency ¢.
NAUA-Mod & uses the size dependent expression given by Pruppacher 1-6-7

1 i 2
€ = 3 ( N )

R PR Y (1)
rather than a constant value, which might not represent the situation correctly
over the whole real time period of a calculated case.

The calculation of steam condensation on particles is a very fast molecular pro=~

cess, it may alsu contribute much to the removal of particles through generation
of large fast settling droplets.

The obvious solution, to expand eq (8) and (10) down to molecular size values,
cannot be used for reasons of computing time. Therefore, a more simple but yet
precise enough description of the process had to be found, An iterative process
of analytical studies and experimental investigations lead to the following
model .

The change in radius of a particle due to condensation or evaporation of steam
can be described by

il § =~ exp (Zanp IT V/r) _—
r 1
" ‘w""ﬁ"-
- - “
with
S steam saturation ratio
o(Tr) surface tension of water



M molar weight of water
o'(TY) specific density of water

R universal gas constant
Tr temperature of the droplet
8 temperature of the carrier gas

L(Tr) latent heat of water
K(T_) heat conductivity of water vapor
P.(T.) saturation pressure of water vapor

It is assumed that the ieeal gas law holds and that Tr. To
Oy O L, K and P. are calculated as functions of temperature every tiase step.

This equation was derived for thermal equilibrium conditions in normal atmos-
pheres. It was dthe objective of an experimental project to measure che possible
deviations from eq (12) in a simulated accident atmosphere with realistic pres-
sure, temperatures and aerosols, the result of the experiments was that the
equation can be used without any corrections [-2_7. Obviously the steam concen-
tration and the related changes at elevated temperatures are so high that no

time delays or second order effects become noticeable, On the other hand, because
the concentration changes and consequently the particle size changes are fast and
big, a separate, much finer time integration scheme has to be used for evaluating
eq (12). 1f the condensation process was calculated too coarsely (e.g. by using
the time steps with which the other aerosol processes are calculated), over-
shooting and instable oscillations about the saturation limit could occur.

Consequently, the condensations routines consume much computation time and the
code contains control parameters to suppress them vhenever not needed,

1.3 TRANSPORT PROCESSES

Since the NAUA code is designed for closed containers, the only transport
effects considered are aerosol sources and leakages. They are accounted for
as volume sources and sinks, which means that no depletion in transport paths
is caleulated vithin he MAUA code.

The aerosol source has to be specified as input data, Arbitrary time functions,
size distribution parameters, particle densities and nuclide composition are
acceptable.



The leakage is specified as input data, too. No size dependent effects are taken
into account by the code.

1.4 SHAPE FACTOR CONSIDERATION
m‘m

The most important by-product of the experimental investigations was the confir-
mation of the spherification process. Particles undergo ng condensation - evapo-
ration processes are compressed to almost spherical shage. The residual deviation
from ideal spheres is small and does not need to be take: into account in the
model. The process also compacts coagulated aggregates of previously compacted
particles. The effect was experimentally established with non-hygroscopic
particles, it will certainly be stronger for soluble and tygroscopic particles.

It is unconceivable then, that the spherification effect should not occur in a
water reactor accident for more than very short time periods or very small
Spaces in the building. Therefore, the sphierical shape can »e assumed throughout
the calculation, Consequently all shape dependent shape factors could have been
eliminated from the code equations. This has not been done n order to keep the
code applicable for future problems of different nature, bu' the correspond ing
shape factors are input parameters whose value should be set equal to unity,
These are the following three shape factors, which were not written in the above
equations:

= the dynamic shape factor « to be inserted in the denominator of eq (1)

= the coagulation shape factor f multiplied into eq (8)

= the condensation shape factor f.. which is a factor in the exponent ial in
eq (12),

Defining these shape factors as only shape dependent requires the use of a
density correction for porous particles in aq (5) for gravitational settling
and in eq (10) for gravitational coagulation. T™is is most conveniently done
oy using an effective density Putt instead of the material density p
Effective densities have to be determined experimentally, for Uo2 aerosols

o."/n * 0.47

was measured (n ['2_7 for the spherified particles. Therefore, unless special
values are given, a density reduction by 502 can be recommended for all

E— — ——



insnluble particle materials. The effective density is the density input para-
meter for the NAUA code.

1.5 COMBINATION OF PROCESSES

In NAUA-Mod & the different aerosol processes are treated as additive.
Occasionally the question was raised whether this assumption may be too rough

or not L-7-7. The second order correction in the combination of any two simul-
tancou; processes, however, depends on the rate of both of them. And the error
in computed results increases with the length of the time step. The code, there~
fore, automatically adjusts the time step duration such that the fastest aerosol
process mostly (brownian coagulation) does not lead to too large changes in any
particle size class. This algorithm is controlled by an accuracy parameter, the
value of which was determined in parameter studies. The accuracy parameter is
included in the input list and has to be used with care.

For the computation of condensation a separate similar procedure is used, which
controls the condensation time step. It is smaller than or equal to the coagu~

lation time step. These precautions keep errors within limits which are accept=
able for the normal application of the code to core melt accident analyses.

2. THE NUMERICAL MODEL

2.1 THE MODEL EQUATION

1f all the mathematical expressions for the different physical processes dis~
cussed in the previous chapters are combined, the complete model equation is
obtained.

33—%{‘-51 « § (r, t) = ( 0 (r) » . (r) » T (r)) n (r, t)

x
/’ } Al 11 ' :' 1 ' : '
o.f K (/e =", (e =¢' L t)n(e', t) T:T_:L:TT;? dr
3
-
' ar | On (r,t
LR RS s p (1

This integro-differential equation can be solved only numerically, To facilitate
this solution the particle size distribution expressed by n (r) is approximated



by a number of monodisperse fractions (a kind of histogram). By this manipula-
tion the given integro-differential equation can be transformed into a system
of coupled first order differential equations,

dnlk, ,t)
——;—:——— -5 ('k' t) - (ub(rk) + °S('k) * u.r(rk) + °L('k)) -n(rk. t)
N
-ift (1 =172 aik) +K ('i' 'k) “n (ri. t) *n (rk. t)
N N K

+ 1/2 ifl jfv I (ti. 'j) .ij n ('i‘ t) *n ('j' t)

v, (e v

k=1 -k (v
+ (1 - 6“) v;—_—v-k-:; *n (tk_'.t) m n (tk’ t)

!o'h. '. .....u

Such an equation system can be treated much more easily and numerically more
stable than the complete integro-differential equation as it was found by
experience [9_7. One difficulty arising by this reformulation is that the
new particles formed by coagulation do not fit into the given classifica~
tion of the particles if a non-mass equidistant classification is applied as
usual. Therefore, an interpolation has to be performed whereby the new-formed
particles are distributed between the two particle size classes nearest to
the new particles. This interpolation conserves the particle number and mass.

Another problem is the composition of the particles of the two components,

a non=volatile solid fraction and a volatile liquid fraction. On the one

hand it is not possible to assume homogeneous mixing over the whole particle
size distribution because the condensation and evaporation rates (eq 12) are
strongly dependent on the particle size, on the other hand the introduction
of a second dimension describing the different composition of the particles
in addition to their size is too time-consuming and therefore not practi~
cable. The composition of the particles is, therefore, averaged in each size
class but varies from size class to size class, The variation of the compos i~
tion is calculated taking into account the influence of the coagulation of
differently composed particles, sources of new particles and the condensation
of water on the particles. Fortunately, it can be shown [2.7 that the sedi-
mentation of the solid fraction (carrying the radioactivity) is underestimated
by this simplification and therefore justified.



2.2 THE SOLUTION TECHNIQUE

The equation system (14) is solved by the Euler-Cauchy-method which is a
standard numerical technique. To ensure the numerical stability, the time
step is calculated by the code itself using the ratio of the first to the
zeroth derivative as a measure because, fortunately, it can be shown that
this ratio is of the same order as the ratio of the second to the first

derivative justifying this procedure.

This method is used for the main part of the equation controlling the
coagulation and the depletion processes. The condensation, however, as

the fastest and to numerical instabilities most sensitive process is inte-
grated in a separate routine where the time step is calculated by the
difference between the result after the full time step and two half time
steps. If the stability criterion is violated, the code goes back to the
beginning of the time step and starts again with a smaller time step.

The principle scheme of the code can be seen best in the block diagram
(fig. 1).

2.3 PROGRAM UNITS

1. MAIN

The most input data are read here and all the necessary starting values are
set. To save computation time the temper -ture independent parts of the de~
pletion coefficients are calculated befcre the entry into the time loop.

In the time loop the coagulation is compited except the coagulation frequen-
cies. Taking into account the result of the cocgulctlon.and the removal pro-
cesses the new particle size distribution is calculated after the time step
DELZEI which is calculated in the subroutine DELTIM. All removal coefficients
are temperature dependent. Some of the necessary values like the viscosity
and the mean free path are provided as statement functions.

At the same time the mass depleted by the different processes 's calculated.
Using the new distribution,the dry, liquid as well as the total airborne mass,
the number concentration and the average radius are computed. Dependent on
the number of time steps, a small or a large output including the particle
size distribution are printed, To limit the amount of output the printing
frequency is also restricted to a certain part of the total problem time.



Therefore, the time between each printing is at least 1/1000 of the problem
time. Also data are written on predefined files to prepare plots of mass and
number concentration, average radius and other values versus time, and of size

distributions at different times.

At the end of the time loop the code enters the concensation subroutine
NEWCON and goes back to the beginning of the loop if the stop condition is
not fulfilled.

1f the stop condition is valid, all data necessary for restarting the code
are written on the restart file and the execution is terminated.

2. CUN (subroutine)

The size and temperature (because of the temperature dependent mean free path)
dependent slip-flow mobility correction (Cunningham correction) is calculated

according to the values given by Millikan and Fuchs.

3. KERN (subroutine)

The coagulation frequencies, brownian as well as gravitational, are calculated
here. To save computation time in cases when only brownian coagulation is
requested, two different entries for these two different requests are provi-
ded. As already mentioned, the Fuchs formulation is used for the collision

efficiency.

4., DELTIM (subroutine)

The time step DELZEI is calculated due to the criterion explained in the
previous chapter. The size of the time step and by this the integration
accuracy can be influcenced by the parameter EPS.

5. SOURCE (subroutine)

The size dependent source of solid particles is computed from the given input
data assumiag for convenience a bomodal lognormal distribution because for
nearly all applications only some average particle sizes are known and, there-
fore, exact size distributions are not available, But in principle also an
arbitrary table can be read as size distribution. This option is used in the
next subprogram READL. The release of the particles can be given as a long
time source or as a puff release,

Also the time dependent particle density and the time dependent contents of



the different nuclides are calculated here, assuming that all material re-
leased is instantaneously mived over the whole solid part of the particle

size distribution at the moment of its release,

6. READL (subroutine)

This subprogram provides the particle sources for secondary compartment
runs. It reads the size and time dependent leakage of a proceeding run,
Therefore, no further assumptions concerning the size distribution of the
source particles for the secondary compartment have to be made.

As in the subprogram SOURCE, the time dependent particle density, and the

nuclide contents are calculated.

7. NEWCON (subroutine)

This subprogram performs the numerical integration of the growth rate due
to steam condensation according to the Mason equation. All important para-
meters are given as temperature functions, mostly in the form of statement
functions. At the end of the subroutine the particles are interpolated into

the predefined size classification according to their changed sizes.

8. DRYOUT (subroutine)

The liquid part of the particles, which leave the compartment through a leak,
is removed and the particles are interpolated into the predefined size clas~
sification according to the sizes of their solid part. The obtained size de-
pendent leak rates can be read again by the subroutine READL in a subsequent
job, The particles are reduced to their solid part since normally the thermo-
dynamic conditions are different in the various compartments causing diffucul-
ties predicting the behaviour of the volatile part. To be on the safe side it
is therefore assumed that the particles become dry if they are transferred

from one compartment to another.

9, TEMPCI (functionm)

The containment temperature is read as a time equidistant table. The actual
temperature is calculated by linear interpolation between the given grid
points. If the time is greater than the time of the last grid point, the
temperature is assumed to be constant at this temperature for the ~est of
the calculation. The normal entry into the function (except the first one)

is called TEMPC.



10. DRWURZ (function)

The third root of any number is calculated there.

11. STEAMI (function)

The steam source is read as unarbitrary table containing the time and the
steam flow rate at a number of grid points. Between the grid points the
steam flow rate is assumed to be constant. If the last steam flow rate is
not equal to zero, the code produces an additional grid point at the end of
the problem time with a flow rate equal to zero. The normal entry into the
function (except the first one) is called STEAM.

12. TLEAKI (functionm)

The leak rate of the compartment is read as an arbitrary table containing
the time and the leak rate at a number of grid points. The structure of the
data is the same as that of the steam flow.

Between the grid points the code assumes linear interpolation. If the last
leak rate is not equal to zero, the code produces an additional grid point
at the end of the problem time with the leak rate equal to zero exept that
only one grid point is given. In this case the leak rate is assumed to be
constant at this value for the whole calculation. The normal entry into the
function (except the first ome) is called TLEAK.

2.4 INPUT

The complete input list is shown in fig. 2, It can be seen that the whole
"normal” input is read list-directed from a data set corresponding to the
data set reference number 5 except the two text lines for the head line.
They are read by a format 18A4 (format statement 6031). All input data
written by preceding runs of the code are provided as unformatted data.

These are:

1. Restart data set (from uni 10)

This data set enables the user to st rt the calculation again if the exe~
cution was terminated by reaching the problem time or the given CPU~time.
The input from the unit 5 has to be the same as for the first run except
the parameter RESTRT. It has to be set on *TRUE+ insted of FALSE , If
RESTRT is equal to *TRUE+, the code expects a restart data set.



2. Leakage (from unit 2)

1f a run is performed for a subsequent compartment, the code expects the
leakage written on a file by the preceding run as input. It contains the size
of the preceding volume, the number and names of nuclides, contents of the
various nuclides, the density of the particles and the size dependent leakage

at all time steps of the preceding run.

3. CPU-time (from umit 19)

1f runs of several compartments are performed in one job but different steps
(see examples 3 to 5), the CPU-time needed for the stop condition has to be
transferred from step to step because the code has to know the whole CPU-time
consumed already by the previous steps. Therefore, only the CPU-time (CPUZT)
read in the first step is important and should be equal to the time given on
the job card. In the subsequent steps it is vead over by the value from unit
19.

A list of the variables read by the card reader (unit 5) including the expla-

nations of their meaning is viven in table 1.

2.5 OUTPUT

The printed output (unit 6) comprises the input data, some informational out~-
put concerning the start of condensation and the preceding run for secondary
compartment runs, a small output containing the values of the actual mass and
number concentration, the depletet masses and so on and a large output consis~
ting of the same data as the small ome plus the particle size distribution.
The printed output is selfexplanatory as it can be seen in the examples given
in the appendix. Therefore, no further expianation is necessary.

In addition to the printed output some other output options are provided.
Since all these data are read during other runs of the NAUA code itself or

by other codes like plot programs, they are all written unformatted.

1. Restart data set (unit 9)

1f the execution is terminated by reaching the problem time or by using up
the given CPU~time, a restart data set is written to enable the user to
continue the run by a new job. The consumed CPU-time has to be calculated by
the code using a machine-dependent routine.

For further details see also the explanation of the parameter RESTRT in

table 1.



2. Leakage (unmit 1)

At each time step the code writes the size dependent leakage on a data set
(variable ZLEAK), the actual contents of the various nuclides and the actual
density of the particles onto this data set. At the beginning of the run
(except for restarted runs) the size of the volume, the number of nuclides,
the names of the nuclides and the duration of the particle source is written
onto this data set. The data set is therefore very large in most cases, e.g.

in the order of 10 MBytes.

3. CPU~time (unit 19)

For details see the description of the CPU-time data set in the previous
chapter (description of che input). The data set is rewinded at the end of
the run and the remaining CPU-time is written on ii. It may be defined as a

very small remporary data set.

4, Plot dat set (uni 8)

To enable the user to produce plots of the various time dependent values,
the necessary data are written onto this data set. It can be read again by
any suitable plot program. Thc‘\?riablct contained in each record of the
data set are listet in table 2.

5. Plot data set for the particle size distribution (umnit 3)

Each time, the large output is printed, the particle size (number) distribu-
tion is writtén onot this data set to enable the user to plot the size dis-

tribution at this time. The variables written on each record are listed in

table 3.

If a problem is computed by a number of restarted jobs, the data sets 2, 4, 5
can be simply concentrated in the proper order, of course, since the starting

records are written only in the first job and the structure of all other

records is the same.
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MAIN PROGRAM
READ (5,6031) TEXT

6031 FORMAT (18A4)

INPUT BY LIST-DIRECTED INPUT

VARIABLE NDUMMY TO READ THE LINE NUMBER IF NUMBERED RECORDS ARE

USED AS INPUT

IF NON-LINE-NUMBERED RECORDS ARE USED, NDU'MY HAS TO BE REMOVED

READ (5,%) VOL,FSED,FDIFF,NDUMMY,

FORM, FORMC , FORMKQ,DELD, NDUMMY,
RMIN,RMAX,KMAX ,EPS ,CUTOFF ,NDUMMY,
SZEIT,TIME,CPUZT ,NDUMMY,
RESTRT,ZwCOMP ,FOLGE ,GRAVK , LEAK ,NDUMMY ,
LKOND, TIMEK1, TIMEK2 , TIMEK3, TIMEKS ,NDUMMY,
NWRITE ,NPLOT , NDUMMY ,

NPHASE NUKLID ,NDUMMY,
(SRATE(1,I),KONTIN(1,I),RG(1,1),
SIGL{1,I),RHO1(1,1),NDUMMY,
SRATZ(2,1),KONTIN(2,I),RG(2,1),
SIGL(2,1),RHO1(2,1),TQ(I+1),NDUMNY,
(NAMNUC(K) ,AKTIVI(1,I,K),AKTIVI(2,1,K) ,NDUMMY,
K=1,NUKLID),I=1,NPHASE)

e O O S O OF 2 N R I

READ (19,END=50) CPUZT

IF (ZWCOMP) READ (2) VOL1,NUKLID,SOUTIM, (NAMNUC(K),K=1 ,NUXLID)
90 READ (10) SZEIT,2CON,TCE,DELZEI,DEPDIF,DEPSED,DEPD2,DEPD3 ,DEPS2,

+ DEPS3 ,NTOT, SUMLK, SUMLKA ,AKTIV W11,V ,Z ,RHOB ,KULIM, KOLIM,
+ §,AVMAS1 AVMAS2 ,ZNORM,FIRST,DELTAT,DAMPFM ,SGEWTR ,DEPDA,
+ DEPSA ,SUMSOU ,NUKLID,NAMNUC

120 IF (ZwCOMP)

* CALL READL (Z,V,SZEIT,DELZEI ,CUTOFF,RHOB,AKTIV NUKLID,SGEWTR,

+ KULIM,KOLIM,DILUTE, 2WCOMP)

SUBROUTINE READL (Z,V,ZEIT,DELTAT,CUTOFF,RHOB,AKTIV ,NUKLID,SGEW,

. KULIM,KOLIM,DILUTE, ZWCOMP)

READ (2,END=90) ZEIT2,RHOZ,RLPV2,(AKTIV2(K),K=1 NUKLID),
* (Q2(K) ,K=1 ,KMAX)

FUNCTION TEMPCI (T)
READ (5,%) N,DELT
READ (5,%) ((TI(9%(l-1)+K),K=1,9) NDUMMY, K I=] NN)

FUNCTION STEAMI (T1)
READ (5,%) N,NDUMMY, (TD(K),D(K) NDUMMY K=1,N)

FUNCTION TLEAKI ‘T)
READ (5,%) N,NDUMMY, (TL(K) ,RL(K) NDUMMY K=1,N)

FIG. 2  INPUT LIST
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)

~4

|
CPUZT

RESTRT

ZWCOMP

{FOLGE

|GRAVK

ILKOND

TIMEK!
TIMEK2
TIMEK3
TIMEK4

R«

R4
R4
R4
R4

Same CPU-time as inserted on the job
card. If the CPU-time is reached, the
ex=cution is terminated and restart
data are written onto the restart file.
To do this a machine dependent routine
has to be used to calculate the CPU-

time already consumed

Flag to expect a restart file
.FALSE. (= NO)

Flag to indicate a subsequent com-
partment run, data written by a pre-
ceding job are expected

.FALSE. (= NO)

Flag t~ indicate that a run will be
made reading the leakage of the ac-
tual run as input. Activates the
subroutine DRYOUT .FALSE. (= NO)
Activates the gravitational
agglomeration

.FALSE. (=NO)

Activates the leakage

.False. (= NO)

Activates the steam condensation
onto the particles
.FALSE. (= NO)

min

Low<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>