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Abstract

This report describes the computer program NAUA Mod 4. 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 Aeroso1verhaltens bei einem

LWR-Kernschmelzenunfall

Programmbeschreibung und Benutzeranleitung

1

Zusammenfassung

Dieser Bericht beinhaltet eine Beschreibung des Computerprogramms
NAUA Mod 4, dessen Aufgabe die Berechnung des zeitlichen Verhaltens

eines polydispersen Aerosolsystems in einem geschlossenen Beh31ter

unter dem Einflua von Wasserdampfkondensation ist. Der Schwerpunkt;

liegt dabei auf der Er13uterung der physikalischen Zusammenhtnge
und der Struktur des Programms sowie der genauen Beschreibung der
Ein- und Ausgabe.

.

e

_ . _ _ . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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NAUA-Mod 4 is a computer code for ..ticulating the aerosol 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 environmental 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 containeent thermodynamics

the source terms fcr 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 4 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 f 1,7. The main physical im-
~

provement was the substitution of the condensation model by an experimentally
verified new one / 2,7. This having been done, all the mor!el 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 f acilitate
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 ares

f
Time dependent aerosol source structuring.-

Up to 30 arbitrary timo intervals may be specifled in which instantaneous
or constant rate sources occur.

| Bimodal aerosol source size distribution.-

! Only for convenience the size distribution is input as a bimodal lognormal

I
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function. The code itself is not restricted to any type 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 f raction
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.

1. THE PHYSICAL MODEL

The basic physical model in NAUA-Mod 4 is the same as in mode of the advanced

aerosol behaviour models for closed containers f"3,7. The following assumptions
are used in order to keep computing time at an adequate levels

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.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _
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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

i control volume the code calculates the following processes:

Removal processes-

! * Gravitational settling

* Diffusional plat out

' Interaction processes-

* Brownian coagulation
' * Cravitational coagulation
I

! * Steam condensation on particles
I

Transport processes-

* Aerosol sources
* Leakages

| These processes were chosen because they are dominant. Thermophoresis e.g. has

been eliminated because in an LWR lt may only occur 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 thermophorests is considered
to be negligible throughout the whole sequence.

1 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.

4

the code should be regarded as under continuing developnent.

1,1 REMOVAL PROCESSES
3

Theaerosolremovatmodelinstirredconditionsiswellknown["4,7.Thechange

!.

___
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'

in differential number concentration d n (r) per time interval de by deposition

ett a surf ace is
a

-N(r)u(r)*hd (1)=

dc

where V is the volume in which the aerosol is contained, and A che process re-
laced 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)=f# 7 (3)'

with n being the viscosity of the carrier gas and C (r) the empirical
Cunningham correction factor.

!

in NAUA-Mod 4 the equation

!

C (r) = 1 + 1.246 Kn + 0.42* Kn+exp (- ) (4)

is used (Kn Knudsen number) / 5,7. :~

,

.

In NAUA-Mod 4 the size parameter r is the volume equivalent radius, which for

normal applications is equal to the Stokes' radius (c.f. section " shape fac-
;

tors" for detailed information). [

j

For gravitational settilng the steady state settling velocity is obtained by ;

J
substituting the gravitational force for F in eq. (2)

3 (r) =
* ' 8 7: *C (r) (5)

! u ,j q

i

with g, the gravitational constant, and 0,gg the effective density of the4

(spherical) particle.

.

|
'

<
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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) = (6)u

is used. D (r) is the diffusion constant i

D (r) = kT + B (r) (7)
,

!

with k the Boltzmann constant and T the absciute temperature.
1

$ is the dif fusional boundary layer across which the particle concentration
D ,

drops to zero with a constant gradient. NAUA-Mod 4 uses 6 as a constant input ;9
parameter, a value of 6 = 0.01 cm is appropdate for most cases.

D,

l

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 calculation consumes most of the computation time. The two
interaction mechanisms considered in NAUA-Mod 4 are coagulation and steam t

i

condensation. '

>

Brownian Coagulation
,

The collision frequency K due to Brownian motion is given by !
b

4 e KT* (rg + r ) (B (r ) + B (r )) (8)g (r , r )V =
k g kg p

and r are the radii of the two particles involved in the coagulation pro-rg k ,

cess. The result of the process in 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 t

as spherical too, one obtains the following conservation rules for the'

'

individual coagulation process
t

!,

!

I
1

.-- _ _ __ _ - -
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m) g+g= m

= v (9}v) g+vk

! rj r{+r{=

i

where the subscript j denotes the new particles.

Gravitational Coagulation
!

The collision frequency K due to gravitational coagtinion is given by

K (r , r ) * * * * * (#1*#k} */"s (#1) ~ "s (#k)/ (10)g k

Ihe problem in this equation is the value of the collision efficiency c.;

i NAUA-Mod 4 uses the size dependent expression given by Pruppacher f 6,7
~

#
1 1

' 7(r )3| I # # # (tI)c =
1 ki+rk

i

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 alaw 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
i

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

dr 8 ~ **P I2 "#wRT, 1/r}
# 2t

* . (I2)Le 1.M e RT
|

~ *
RT, P,

,

with
S steam saturation ratio
a(Tr) surface tension of water

_ _ _ _ - - - _ _ _ _ _ _ _ _ - _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ - - _ - _ _ _ - _ - - _ - _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ - _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _
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M molar weight of water

f o (Tr) specific density of water
y

R universal gas constant

T temperature f the droplet
r

T, 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

i

It is assumed that the leeal gas law holds and that T = T ,.

c, o , L, K and P, are calculated as functions of temperature every time step.y

This equation was derived for thermal equilibrium conditions in normal atmos-
pheres. It was dthe objective of an experimental project to ceasure the 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
equationcanbeusedwithoutanycorrections[2,7.Obviouslythesteamconcen-
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). If 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 pararreters to suppress them whenever 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 calculated within ' he !!AUA code.

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

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

'

!
1.4 SHAPE FACTOR CONSIDERATION

I

The most important by product of the experimental investigations was the confir-
mation of the spherification process. Particles undergoing condensation - evapo-
ration processes are compressed to almost spherical shape. The residual deviation
f rom ideal spheres is small and does not need to be take:t into account in the

model. D e process also compacts coagulated aggregates of previously compacted
f

particles. The effect was experimentally established with non-hygroscopic *

particles, it will certainly be stronger for soluble and lygroscopic 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 spherical shape can 5e assumed throughout

fthe calculation. Consequently all shape dependent shape factors could have been

eliminated f rom the code equations. nis has not been done in order to keep the
code applicable for future problems of different nature, bu'. the corresponding

;
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 e to be inserted in the denominator of eq (3) |
-

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

-

the condensation shape factor f,, which is a factor in the exponential in I

-

eq (12).

Defining these shape factors as only shape dependent requires the use of a

density correction for porous particles in eq (5) for gravitational settling
and in eq (10) for gravitational coagulation. n is is most conveniently done |

by using an effective density p,gg instead of the material density p
|

Effective densities have to be determined experimentally, for UO aerosolsy

o,gg/p 0.47=

,
~

was measured in l 2,7 for the spherf fled particles, nerefore, unless specint
values are given, a density reduction by 50% can be recommended for all

1

- _ _._ __ _ -
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|i
i insoluble particle materials. The effective density is the density input para-
'
, ,

meter for the NAUA code.j
I

ff 1.5 COMBINATION OF PROCESSES
!'

In NAUA-Mod 4 the dif ferent aerosol processes are treated as additive.
;

Occasionally the question was raised whether this assumption may be too rough
a

j or not [7,/. The second order correction in the combination of any two simul-
*

1 taneous 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- i

4

| 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 f

j included in the input list and has to be used with care.

) For the computation of condensation a separate similar procedure is used, which {
;

j controls the condensation time step. It is smaller than or equal to the coagu- f

) lation time step. These precautions keep errors within limits which are accept- f
|

I

j able for the normal application of the code to core melt accident analyses. i

j
i

I 2. THE NUMERICAL MODEL
*

1

i

| 2.1 THE MODEL EQUATION
1 <

! If all the mathematical expressions for the different physical processes dis-
1

j cussed in the previous chapters are combined, the complete model equation is 7
;

I, obtained. ;

1

.

L
1

' 'I = S (r, t) - ( D (#} * s (N * T8" #}} " (#' "

! !

| sr

s #a
+/ K ( /s t' - r'', r') n ( / r - r' , t) n (r', t)

3-r'8){dr' f

'

o r

'"I (13)K (r, r') n (r', c) dr' + h * 8"- n(r, t) /
o

!

This integro-differential equation can be solved only numerically. To facilitate |

this solution the particle size distribution expressed by n (r) is approximated

!
>

f F
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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.

3n(k 'E)k
= S (r ' *) ~ (%(#k} * "S(#k) * T(#k} * "L(#k}) *"I#k' *)3g k

N

-I (1 - 1/2 dik) *E (#i' #k) *" (#i' *) *" (#k' *),

t=1

N N
| + 1/2 I I K (r , r ) 8 +n (r , t) +n (r , t)g y g yt=1 j=1

,

t)k-1 k (t)
+ (1 - $ 1k} V * " (#k-1'") ~ V " (#k' *)*

-V -Vk k-1 k+1 k

for k = 1, ...., N

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,/. 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 compost-
tion is calculated taking into account the influence of the coagulation of
differently composed particles, sources of new particles and the condensation

ofwaterontheparticles. Fortunately,itcanbeshown/~2,7thatthesedi-
mentation of the solid fraction (carrying the radioactivity) is underestimated
by this simplification and therefore justified.

- _ __ _ _ - - __ __ _ ____ - . _ _ _ _ _ _ _ _
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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.ature independent parts of the de-
pletion coefficients are calculated before the entry into the time loop.
In the time loop the coagulation is comp 4ted except the coagulation frequen-

,

cies. Taking into account the result of the coagulation,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 dif ferent procs.ses is 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.

_ _ _ _ _ _ _ _ _ _ _
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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.

If 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)
I

'

The size and te=perature (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.

I
3. KERN (subroutine)

l

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.

S. SOURCE (subroutine)

The size dependent source of solid particles is computed from the given input
data assuming 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
i

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

. _ - - . -- .- -. - .- - - . . . _ _ . --.
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i

the different nuclides are calculated here, assuming that all material re-

; leased is instantaneously mixed over the whole solid part of the particle
size distribution at the moment of its release.'

;

)$ 6. READL (subroutine) ,

i:
i This subprogram provides the particle sources for secondary compartment

1,

runs. It reads the size and time dependent leakage of a proceeding run.: . ,

Ii Therefore, no further assumptions concerning the size distribution of the
f': source particles for the secondary compartment have to be made.;

4
.

As in the subprogram SOURCE, the time dependent particle density, and the
!; nuclide contents are calculated.
i!

,
'

j 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

j functions. At the end of the subroutine the particles are interpolated into

| the predefined size classification according to their changed sizes.
iI

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- '

j 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- i4

dynamic conditions are different in the various compartments causing diffucul- |

{ties predicting the behaviour of the volatile part. To be on the safe side it1

} is therefore assumed that the particles become dry if they are transferred |

from one compartment to another. j;

! t

j 9. TEMPCI (function) !

,

| t

: The containment temperature is read as a time equidistant table. The actual t

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

i temperature is assumed to be constant at this temperature for the -est of
!

i the calculation. The normal entry into the function (except the first one)

is called TEMPC.
'

!
I I
i ,

, _. _ _ -._____ _______ _ ___ - - - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - - - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i

4

;
,

! 10. DRWURZ (function) i
,

:
.

,

! The third root of any number is calculated there. .

! 11. STEAMI (function) !

j

The steam source is read as unarbitrary table containing the time and the
1 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

5 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..

I
.

12. TLEAKI (function)

j 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,
a .

| Between the grid points the code assumes linear interpolation. If the last
j leak rate is not equal to zero, the code produces an additional grid point *

|
4 at the end of the problem time with the leak rate equal to zero exept that '

i

only one grid point is given. In this case the leak rate is assumed to be

j constant at this value for the whole calculation. The normal entry into the
,

function (except the first one) is called TLEAK.
1

2.4 INPUT
i
4 ,

j 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
t

.
,

|
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. s

These are:

1. Restart data set (from uni 10)

| This data set enables the user to start the calculation again if the exe-
! cution was terminated by reaching the problem time or the given CPU-time. i

,

|
| The input from the unit $ has to be the same as for the first run except |
.

-the parameter RESTRT. It has to be set on *TRUE. Insted of FA1.SE . If
c
l'RESTRT is equal to *TRUE*, the code expects a restart data set.
[,

! t

I
r
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2. Leakage (from unit 2)

If 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 unit 19)

If 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,

consu=ed 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 read over by the value f rom 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 one 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 explanation 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)
.

If the execution is terminated by reaching the problem time or by using up

the given CPU-tine, a restart data set is written to enable the user to

i continue the run by a new job. The consumed CPU-time has to be calculated by

i the code using a machine-dependent routine.
a For further details see also the explanation of the parameter RESTRT in

,

I table 1.4

_ _ _ _ _ _ _ _ _ - - - _ _ - _ __
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f2. Leakage (unit 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 ;

Idensity 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.

I

in the order of 10 MBytes. |

'3. CPU-time (unit 19)
I

For details see the description of the CPU-time data set in the previous I

chapter (description of the input). The data set is rewinded at the end of
the run and the remaining CPU-time is written on it. It may be defined as a
very s=all r.emporary data set.

6

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. The **priables contained in each record of the
data set are listet in table 2. ,,

.

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

Each time, the large output is printed, the particle size (number) distribu-
tion is writt'sn 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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!
*

Input Data

ir

!

| Initial Conditions
i
i

l ,

ij ,,

!! Differential Quotients due
|to Depletion Processes and

Coagulation |
t

i\r
i

Calculation of Time Step a t
|

4

i ' '

Condensation and Evapo- [i

Time Integration g ration Dates for each Size. .

p
Class

1
*

.

ir

New Particle Size Distribut ''
.

,

Calculation of Time Stepa t' -

tr
i

j t=t+at tr

,

Time Integration3

I
a %9

i

Output c' = ''r-at ti

;
-

t' = t' + a t'
;

#'
total '

'
andves

CPU-time < CPUZT yes
, t' =t,

| .s >.

,

!1

MP
.!

l ;

j Stop "

i

Fig. I Block Diagram of the NAUA-Code
f

,

a

t
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1
i
:

| C ?!AIN PROGRA'!
| READ (5,6031) TENT

i 6031 FORMAT (ISA4)
C

C INPLT BY LIST-DIRECTED INPUT
C VARI ABLE NDUMMY TO READ THE LINE SU:!BER IF NUMBERED RECCRDS ARE

| C USED AS INPUT
C IF SCN-LINE-NUMBERED RECORDS ARE USED, NDC:D!Y HAS TO BE REMOVED
C

*READ (5,'') VOL,FSED,FDIFF,NDUMMY,
+ FORM , FOR:!C , FORMKO , DELD , NDUMMY ,

R:!IN R:!AN,KMAN,EPS , CUTOFF,NCC:D!Y,+

+ SZEIT TI?!E,CPUZT,NDU!ctY,
+ RESTRT , ZWCOMP , FOLGE , GRAVK , LEAK , NDC:01Y ,

LKOND,TIMEK1,TIMEK2,TIMEK3,TIMEKa,NDU?clY,+

NVRITE ,NPLOT ,NDU:DIY ,+

+ NPHASE , NUKLID , NDU?DIY ,
+ (S R ATE ( 1,1 ) , KONTI N ( 1,1 ) , RG ( 1, I ) ,
+ SIGL(1,1),RH01(1,1),NDU:DtY,
+ SRATE(2,1),KONTIN(2,1),RG(2,1),
+ SIGL(2,I),RH01(2,1) TQ(I+1),NDC:D1Y,
+ (SAMNUC ( K) , AKTIVI ( 1,1, K) , AKTIVI ( 2, I , K) ,NDU!D!Y ,
+ K=1,5UKLID),I=1,NPHASE)

C
READ (19,END=50) CPUZT

C
IF (ZWCOMP) READ (2) VOL1,NUKLID,SOUTIM,(NA:!NCC(K),K=1,NUKLID)

C
90 READ (10) SZEIT,ZCON,TCE,DELZEI,DEPDIF,DEPSED.DEPD2,DEPD3.DEPS2,

+ DEPS3,NTOT,SUMLK,SUMLKA,AKTIV,W11,V,Z,RHOB,KULIM,KOLIM,
+ S , AV'!AS 1, AVMAS 2, ZNORM , FIRST , DE LTAT , DA!!PFM , SGEWTR , D EPDA ,
+ DEPSA,SUMSOU,NUKLID,NAMNUC

C

120 IF (ZWCOMP)
CALL READL (Z ,V,SZEIT,DELZEI ,CLTOFF,RHOB AKTIV,NUKLID,SCEKTR ,+

+ KULIM,KOLIM. DILUTE,ZWCOMP)
C

SUBROUTINE READL (Z,V,ZEIT,DELTAT,CLTOFF,RHOB , AKTIV,NUKLID,SGEW,
+ KULIM,KOLIM, DILUTE,ZWCOMP)

C
READ (2,END=90) ZEIT2,RH02,RLPV2,(AKTIV2(K),K=1,5CKLID),

+ (Q2(K),K=1,KMAX)
C

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

C

FUNCTION STEAMI (T1)
READ (5,*) N,NDU!!!!Y ,(TD(K),D(K) ,NDUM:1Y,K=1,N)

C

FUNCFION TLEAKI 'T)
| READ (5,*) N,NDlT.E!Y,(TL(K),RL(K),NDU?DIY,K=1,N)

FIC.2 INPUT LIST
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Table 1: Card-Input (Remark: R4 : Real 4 R8: Real 8 I: Integer 4
!

| L: Logical 4)

Card .
. Dimen- Recommen-Var table Type Explanation

.

ded Value
Number

sten

1+2 TEXT R4 Head-line to be printed to *
- -

(1..,36) identify the job

3 VOL R4 Volume of the compartment em: -

FSED R4 Floor area of the compartment ema .

FDIFF R4 Total surface area of the cm2 -

compartment

4 FORM R4 Mobility shape factor' for the - 1.
FORMC R4 Coagul.ationshapefactor(experimen- - 1.
FORMKO R4 Condensation shape factor tal values - 1.

_j see /1/

DELD R4 Diffusional boundary layer cm 0.01

5 RMIt1 R4 Lower size limit of the particle em < 1.E-6

classification

RMAX R4 Upper size limit of the particle em 20. E-4 -
classification 100.E -- 4

KMAX I Number of classes of the particle - 80 - 110

classification
{

EPS R4 Accuracy parameter for time - 0.1
integration

CUTOFF R4 Cutoff value for particle size em' 1.E - 15

distribution. If the number of
particles in a class is smaller than

CUTOFF, the class is set to zero

6 SZEIT R4 Starting time nf the problem, equals see -

the time of first particle release

in the accident to be analysed
TIME R4 Total problem time ^. Af ter reaching h -

tilis time the execution is terminated
I

r

s _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _
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i '

CPUZT R4 Same CPU-time as inserted on the job min -

card. If the CPU-time is reached, the
,

execution is terminated and restart
I data are written onto the restart file.

To do this a machine dependent routine

' has to be used to calculate the CPU-
6

time already consumed,

i

I i

7 RESTRT L Flag to expect a restart file '

I

. FALSE. (= NO) !
i t

| Zb' COMP L Flag to indicate a subsequent com- - -

| partment run, data written by a pre-

| ceding job are expected

. FALSE. (= NO) !
i FOLGE L Flag to indicate that a run will be - -

i,

made reading the leakage of the ac- |
'

tual run as input. Activates the i

subroutine DRYOUT . FALSE. (= NO) ! ;

1

GRAVK L Activates the gravitational - ;i -

iagglomeration -

. FALSE. (=NO)

LEAK L Activates the leakage
!

. False. (= NO) |

:

8 LKOND L Activates the steam condensation - -

,

| onto the particles
,

! . FALSE. (= NO)
I
|

TIMEK1 R4 Lower and upper time limit of the see -

TIMEK2 R4 first period of condensation see -

TIMEK3 R4 Lower and upper time limit of the see -

TIMEK4 R4 second period of condeneation see -

!

|

_
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|

!

i

! 9 NWRITE I (1): Number of time steps a small
^

- -

(1,2) output has to be printed

(2): Number of time steps a large - -

output has to be printed in-i

cluding the size distribution.

NFLOT I Number of time steps data have to be - -

written onto the plot data set,

I
-

f 10 NPHASE I Number of release periods for the - 5 30
a ,

] particle source .

NUKLID I Number of nuclides to be balanced - 5 50
)

j (2 + NU- SRATE R4 Source rate for particle release for g or |
-

!

KLID)* (1,I) the mode 1 in period I g/seec,.

1

| (I-1) KONTIN L Flag to indicate if SRATE (1,1) is - l -

+ 11 (1,1) a puff or a continuous release

.TRUE.: continuous
i

. FALSE.: puff
RG(1,I) R4 mean geometric radius of mode I cm -

.i

in period I 6

SIGL(1,I) R4 logarithmic variance - -

; of mode 1 in period I

RH01(1,I) R4 particle density of mode 1 in g/cm2 -

; period I

3 SRATE(2,1) R4 g or -

(2 + NU- KONTIN the same meaning as g/sec -

t

KLID)* (2,I) L the above values but for - -

'
; (I-1) RG(2,1) R4 the mode 2 in period I cm -

+ 12 SIGL(2,I) R4 - -

RE01(2,1) R4 g/cm3 -

| TQ (I+1) R4 end of release period I sec

(2 + NU- NAMNUC(K) R8 Name of nue1ide K - -

i,

KLID)* AKTIVI R4 Content of nuclide K in mode 1 of - -

(I-1) (1,I,K) period I as mass fraction
;

|
+12+K AKTIVI R4 The same for mode 2 - -

(2, I,K)

4

e

i+---y . , , ., - . , - , , , ~%- .r-a,- , --r-y--- .-.,-.w~.---y,- .,%.---.-,,,er,- , . . - - - , , ,.,-e.,.---. wm..- ,,-v--r-- -
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(Tabl. I con').

!

These (NUKLID + 2) * NPHASE (= NMAIN-10) cards define the complete

f particle source including the information about the contents of the

various nuclides. The names of the nuclides may not be different
in the different release periods.

'
4

* --

in function TEMPCI --

NMAIN N I Number of grid points for the E 200-

+1 temperature function
;

DELT R4 Time interval for the time-equidis-

i tant temperature table

NMAIN T1 (K) R4 Table of the containment tempe- C -
,

J

t +K+1 K = 1,N rature

up toq

NMAIN

+N+1

f = NT - in function STEAMI -
|

'
3
' NT + 1 N I Number of grid points of the steam - 5 200

source
4

i

] NT+K+1 TD(K) R4 Time at the grid point K of the see -

,

! steam source

! D(K) R4 Steam flow rate from time TD(K) g/see -

to TD (K+1)
i

up to

! NT+N+1
:

i = NST - in function TLEAKI -
t

i

NST+1 N Number of grid points of the con- - .1 200

tainment leakage

i NST+K TL(K) Tim'e at the grid point K of the see -

a

; +1 leak rate
-1

RL(K) Leak rate out of the compartment sec -

; ,

K = 1,N at the grid point K,

'
i

up to

: NST

+N+1;

- _ - _ _ . . - - _ - . _ _ _ _ . - _ . . _ . _ . _ . _ _ - . _ _ . _ _ _ . . _ _ . . - _ . , _ - _ _ . _ _ .
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Table 2: Structure of Plot Data
j

Remark: All Variables are of type Real 4
|

iVariable Explanation Dimension i

f

SZEIT time
,

see

-3CON particle number concentration cm

3SGEW total mass concentration g/cm

RAV average radius em
,

1DEPDIF accumulated deposition due to g/cm2 '

diffusion
i

DEPSED accumulated deposition due to sedimentation g/cm
,
i

SCEWTR solid part of SCEW g/cm3

SGE'a'a'S liquid - " - g/<m2

DEPD2 - solid part of DEPDIF g/cm2

iDEPD3 liquid "- g/cm2 '

IDEPS2 solid part of DEPSED g/r:m2 '

DFPS3 liquid _" - g/rm2 !

SL"4LK accumulated leakage out of the g i
compartment

I
iAIRM total airborne mass g

AIFMT solid part of AIRM g

AIRMW liquid - " -
g

NUKLID number of nuclides g

!

.

4

I

!

_ _
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Table 3: Structure of Data to plot the size distribution;

;

!
1

|

1
'

,

4

k

Variable Type Dimension

| NTOT I*4 number of the actual time step -

t

| SZEIT R*4 time sec
'

} -3
j Z (K) R*4 particle number in class K cm

| K=1,

KMAX
.

|

.

| Table 4: Structure of the first record of the data set to plot the i
I

.
size distribution

;
i

;
-

j

:

| Variable Type Explanation Dimension

KMAX 1*4 total number of size classes -

)I
(see input list)

R (K) R*4 radius of the particles in the cmi

| K=1, size class K
LW

X (K) R*4' logarithm of the radius -

K =1,

KMAX;

1

i
,

,

...
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! !
1 Appendix

|
'

| Sample Problems
r

Case 1:
iSingle compartment calculation with an instantaneous aerosol source !

and without steam condensation. Simple and fast running sample for first f,

check after installation of the code.

i !
! Case 2: l

i

.!Two compartment calculation taking into account a best estimate aerosol

j source for a core melt down accident in a 1300 MW PWR and steam conden- !

) sation on the particles in the containment. The droplets are assumed
4 ,

| to evaporate after leaking into the annular gap as the secondary compartment. I
1

i
s

i i
<

'

;1
1

Technical remarks:
.

i Both examples consist of the following data: '

i

| - Complete set of job control cards for an IBM machine including the card input
(Unit 5).t

- Input values as printed out by the , code at the beginning of each run. '

'

- Examples of calculated values as printed out at certain time steps.
'

- Plots of the total airborne mass, the total accumulated leaked mass of
i

,

certain nuclides and the particle size distribution at different times. ;
1

.

i !

.- ;

For the second sample problem the last three items are given for each compartment {
*

lcorresponding to the two steps in this job.'
*

> ,

i
1

i

,

1

i

! ,

d l
4 !

i

. . . . _ . -_. - . _ . - . , _ _ _ . . - . _ _ . . . , , _ _ _ _ , , . _ . _ _ , . _ , , . _ . _ . . , _ . . . . . _ - , . _ _ _ _ . _ , _ . , _ _ _ . _ _ _ _ ._,_.. .
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// LAF295El JOB (0295,691,P4311),K0YRO, NOTIFY =LAF295, TIME =120
//* MAIN LINES =30
//El EXEC F7CG
//C.SYSPRINT DD DUMMY
//C.SYSIN DD DISP =SHR,DSN=TS0657.NAUAMOD4. FORT

//G.FT01F001 DD DUMMY
//G.FT02F001 DD DUMMY
//G.FT03F001 DD UNIT = DISK VOL=SER= BAT 00H, DISP =(,CATLG),
// DSN=LAF295.E13. DATA, SPACE =(TRK,(20,5)),DCB=DCB.VBS
//G.FT08F001 DD UNIT = DISK,VOL=SER= BAT 00H, DISP =(,CATLG),
// DSN=LAF295.E18. DATA, SPACE =(TRK,(20,5)),DCB=DCB.VBS
//G.FT09F001 DD DUMMY
//G.FT10F001 DD DUMMY
//G.FT19F001 DD DUMMY
//G.SYSIN DD *

NAUA SAMPLE CASE # l-----------------------------------------------

POINT SOURCE, NO STEAM, GRAVK, SINGLE COMP. -----------------------
72000.E6 6460.E4 50540.E4
1. 1. 1. 0.01
0.0025E-4 20.E-4 101 0.1 1.E-15
0.0 100. 20.
.F. .F. .F. .T. .T.
.F. 5.E5 6.E5
10 100 5
2 3

1000000. .F. 0.4E-4 0.7 4

O. .F. 0.4E-L 0.7 4 5000.
'NUCL l' O.02 0.

'NUCL 2' O.04 0.
'NUCL 3' O. O.
500000. .F. 0.5E-4 0.8 3.
400000. .F. 0.6E-4 0.4 2. 6000.

'NUCL l' O. O.
'NUCL 2' O.05 0.08
'NUCL 3' O.03 0.04
1 1.
130./
1

0. O.
1

0. 1.16E-7
//

l

|
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NAUA - MOD 4 INPUT DATA LISTING
*********<. .;.v.-*********************

TEXT : NAUA SM!PLE CASE # 1-----------------------------------------------
POINT SOURCE, NO STEMI, GRAVK, SINGLE COMP. -----------------------

-

CONTROL VOLUME PARMIETERS VOL : 0.72000E+11
FSED : 0.64600E+08

.
FDIFF 0.50540E+09.

AEROSOL PROCESS PARMETERS FORM : 0.10000E+01
FOR'!C : 0.10000E+01
FORMKO : 0.10000E+01
DELD : 0.10000E-01

NU'IERICAL PARMETERS RMIN 0.25000E-06.

RMAX - 0.20000E-02
KMAX 101.

EPS : 0.10000E+00
CLTOFF - 0.10000E-14

PROGRAM CONTROL PARAMETERS SZEIT : 0.0
TIME : 100.00
CPUZT : 20.00
RESTRT . F
ZWCOMP : F
FOLGE : F
GRAVK : T
LEAK : T
LKOND : F
TIMEKI : 0.50000E+06
TIMEK2 : 0.60000E+06

0UTPLT CONTROL PARAMETERS NWRITE : 10
: 100

NPLOT : 5

.



.

_ _. . . . ,, . .

.

AfROSOL SOURCE IUNCilONS CONTAINING 2 RELEASES AND 3 NUCLIDES
UP TO $O00.0 SEC
MODEI 1.00000E +06 (G) RG 4.00000f-05 SICL F.00000[-01 RHO 4.000
CONIAINING THE FOL10 WING NUCLlDE TRACTIONS
NOCL 1 2.00000L-02
NUCL 2 4.OOOOOE-02
NUCL 3 0.0
MODE 2 0.0 (G) RG 4.00000f-05 SIGL T.00000E-01 RHO 8.0004

CONIAINING IHE TOLLOWING NUCLIDE FRACTIONS
NtaCL 1 0.0
CUCL 2 0.0
CUCL 3 0.0
UP 10 6000.0 SEC
MODE 1 5.00(H10E +05 ( G) RG 5.00000L-05 SIGL 8.00000E-01 RHO 3.000
CONTAINING liiE FOLLOWING NUCLIDE FRACilONS
EdCL 1 0.0
EtlCL 2 5.OOOODE-02
NUCL 3 3.00000E-02
M00f2 4.00000E+05 ( G) RG 6.00000E-05 SIGL 4.OOOOHE-01 RHO 2.000
CONTAINING THE FOLLOWING NUCLIDE FRACTIONS ,

NilCL 1 0.0
NUCL 2 8.00000E-02
NUCL 3 4.fH)OOOE-02
CONIAINMENTTEMPERATURE IN TIMESTEPS OE I SEC UP 10 0 SEC

130.00 |
STEAMILOW IN10 Tile CONT AINMENI AT 1 GRID POINTS g

TIME (SEC) MA10 (G/SEC) |

0.0 0.0
LEAkRATE OUT OF illE CON T AI NMEN T A T 1 GRID POINIS

TIME (SEC) RATE ( 1/SEC)

0.0 0.11600E-06
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eggemeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemmesseeeeeeeeeeeeemesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

IIMC STEP # 100 1.5911 SEC PROHi t M llME 132.70 SEC = 2.2 MIN = 0.0 HMS
.

SPLCl[S MASS CONCINIRAll0NS ACC. SLDI. D[POSli ACC. Olif. DEPOSli AlHBOHNE HASSES ACC. LEAklD MASSES
(C/CH**3) (C/CH**2) (C/CMa*2) (C) (C)

CONO. WAl[R O.0 0.0 0.0 0.0
i DRY PARIICLES 0.132427E-04 0.718488E-03 0.241219f-01 0.9538 76E+06 0.150285E+024
! 101AL 0.13242FE-04 0.718488E-03 0.241219E-07 0.953476E+06 0.150285E+02
! huCL 1 0.264854E-06 0.1436990-04 0.4945 % [-09 0.190695L+05 0.300569E+00
1 NuCL 2 0.529709E-06 0.287395E-04 0.989115L-09 0.381390E+05 0.601141E+00EUCL 3 0.0 0.0 0.0 0.0 0.0

PARilCLE CONC. 1. 25119E +06 ( 1/CH* * 3 ) AV. RADIUS 0.5386 (MICHONS) AVERACE DENSITY= = 4.00 (C/CM**3)=,

i

| [[AX RAIL = 1.106630-01 (C/SLC) CONI. 1 [ M P. 130.0 (DEC C) SAIUHATION RAllo = 1.00100=

ACC.AER. SOURCE = 1.00000E+06 (C)
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63 u.65/4St-04 p.?S623C-06 0.5381SL+0S 0.2562lt-46 0.064 U. 71928E -084 0.30633E-06 0.4913SL+0S 0.30633f-06 0.HuS 0.18692[-04 0.35983f-06 fl.480161+05 U.3S9831-06 0.04

66 0.860911-04 U.41523L-06 0.388411'+45 0.41523(-06 0.061 0.94481L-04 U.410/20-06 U.33626t+HS 0.8 10171-06 0.04
68 0.10304r-u] O.52425f-06 0.28598t+05 0.528s?$I-06 0.069 0.ll273E-03 0 $73640-06 0.238981+0S 0.51364t-06 0.070 0.12333E-03 U.616190-06 0.1962?t*05 0.616191-06 0.0
71 0.534931-03 n.6Sil8L-06 0.lS83SE+0S 0.651181-06 0.0
72 0.14162L-03 0.61102E-06 0.l?S611*0$ O.611020-06 H.0
F3 0.161SOE-n3 0.691360-06 0.91961f+04 0.69136L-06 0.n ,,14 0.11669E-u3 0.694210-06 U. lS 12 3 E +0's 0.6942TE-06 0.0
75 0.19330E-03 0.68S65f-06 0.566561+H4 0.685651-06 0.4 '

76 U.241481-u3 0.66599t-06 U.4?uPSE+04 0.66S99t-06 0.0
71 U.23131E-03 0.63631L-06 p.3066SI+04 0.63631f-06 0.0
18 0.25312L-u} O.59188t-Oh O.720031+04 0.59188t-06 U.O
19 0.21693L-03 U.55242[-06 0.15526[+04 U.S$242f-06 0.0
80 H.30791(-03 0.508191-06 0.10110E+04 0.$4119E-06 0.0
81 0.331460-03 0.44194[-06 0.73419E+03 U.44194E-06 0.0
C2 0.36?62E-03 0.39218E-06 0.49164f+03 0.392180-06 0.0
03 0.396/2E-03 0.3381t[-06 0.3?320f+03 0.33811t-u6 0.0
8h 0.43403E-03 U.28554E-06 0.20846E+03 0.28554E-06 0.0
CS u.41484t-03 0.23636E-06 0.13Illf+03 0.23636f-06 0.086 0.51949E-03 U.19159E-06 0.81562E+02 0.19tS9E-06 0.0
81 0.56834E-01 0.15188E-06 U.49318t+0? 0.15188E-06 0.0
E8 u.62179E-u3 0.43761E-06 0.29199f*02 0.81161E-06 0.0
69 0.68026L-03 0 888200-ul 0.16840E+02 0.88820E-Of H.O
90 0.74423E-03 0.65312[-07 0.94567[+01 0.65312[-01 0.0
91 0.81421E-03 0.46660E-01 0.51594t+01 H.46660E-07 0.0
92 0.89ulle-03 0.3?llit-ul u.2i?8SE*01 0.32331E-01 0.0 g
93 0.914$4f-03 0.216291-07 0.139481+01 0.21629L-07 0.0 094 0.10662L-02 0.1395tE-ol 0.68107E+00 0.1395t[-0T O.0

|95 0.11664E-02 0.86372E-08 0.32484E+00 0.86372E-08 0.0
96 0.12161E-02 0.510861-08 0.14612L+00 0.51086f-08 0.0
91 0.13961L-02 0.28108t-08 0.62964E-01 0.?8108f-08 0.0
98 n.15274E-u? u.15227f-08 0.2SSO4E-ul 0.lS221F-08 0.0
99 0.16110E-02 0.75613L-09 0.96/19E-02 0.75613E-09 0.4

100 0.18282f-02 0.34810E-09 0.34003E-02 0.34810[-09 p.0
101 0.20000E-02 0.1648SE-09 0.l??98E-02 0.16485L-09 0.0

.

b - " "- 6 # h 6 ee eh - - 6M=

_



_ - - _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ - _ _ _ - - - _ _ _ _ _ _ _ _ _ ________- - _- _ _ _ - - - - - - _ _ _ _ - - _ . _ _ _ _ _ - _ _ _ _ - _ . _ _ . - _ _

--

.

6

seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen...senee e eee.
,

t

11000 SIEP # 1900 8.6900 SIC PitiMit I M I B M( 10086.10 Sic = 168.1 MIN e 2.8 HMS

SPEC 4ES MASS CoseCf telHAlloses ACC, Stol. Of Post i ACC. Diff. DiPOSil AlltisOHNE MASSES ACC. -LIAxio MASSES
(c/CMee3) (c/CMee?) (c/cMee2) (c) (c) ;

i
Cosep. W4l[R 0.0 0.0 0.0 0.0 -

DRY PARTICLES 0.587588f-05 0.228155[-01 0.113156[-05 0.423063[+06 0.749920f*01

| TOTAL 0.541588[-05 0.228155[-08 0.ll3856f-05 0.421063[+06 0.749920t+03
'

seuCL 1 0.297404[-07 0.215904[-01 0.133354[-07 0.284131[+04 0.860594[+01 j.

seuCL 2 0.33744?f-06 0.112304[-02 0.56182t[-07 0.242958[+05 0.314572[+02 -

seuCL 3 0.151112[-06 0.310671[-03 0.860097[-OF 0.108844[+05 0.110124[+02 I
L,

'

1.0969 (MICRONS) AVERACE DENSITYPARitCl[ Cosec. = 1.96149E+05 (1/ cme *3) /.V . RADlus = 2.72 (C/ cme *3)e

130.0 (DEG C) SATUHAll000 RAll0 = 1.00000 [LEAK RATE = 4.91580E-02 (C/SEC) C000 T . IEMP. =

ACC.AtR.SOUNCE = 1.90000E+06 (G)

!
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IIME STEP # 4688 811.7292 SEC PH0Hi l M IIMt 360024.19 SEC = 6000.4 MIN = 100.H HMS

?

,

SPEClf S MASS CONCI NIRAf luedS ACC. SIDI. DfPOSil ACC. Diff. DEPOSIT AlHie0HNC MASSIS ACC. t[AMED MASSES(c/CM*=3) (C/CMa*2) (C/CM*=2) (C) (C)
4

CO800 WATER 0.0 0.0 0.0 0.0
. DRV PARISCl[S 0.194028[-09 0.293463[-01 0.1656370-OS 0.139FiM)[+02 0.814480[*04 -

#

TOIAE 0.194028[-09 0.293463E-Ol O.1656310-0$ 0.139700E*02 0.110480[+04 i
seuCL I 0.982061[-12 0.30868St-03 0.IS9930E-07 0.107083E-01 0.104025f+02leuCL 2 0.lll42if-10 0.1498070-02 0.862463[-07 0.802273[+00 0.578358[+02 iseuCL 3 0.499185[-18 0.4185090-03 0.295398[-07 0.359413E+00 0.201353[+02

PARilCLE C00cc. = 1.67496[+02 (1/CM**3), AV. RADIUS = 0.4378 (MICRONS) AV(RACE DENSl1Y 2.72 (C/ cme.3)=
&

[[AK RAIE = 1.63451[-06 (C/SEC) CONT. ItHr. = 130.0 (DEC C) SAIURAT1088 RATIO = 1.00100ACC.AEn.SouRCc = i.90000t+06 ic)
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J //LAF295E2 JOB (0295,691.P4311),K0YRO. NOTIFY =LAF295 TI!!E=120
} //*!!AIN LINES =30 I '

i //E2 ENEC F7CG
; //C.SYSPRINT DD DU)DIY
i //C.SYSIN DD D I S P=SHR , DSN=TS0657 NAUA!!0D4. FORT
j //G.FT01F001 DD DSN=LAF295.L. LIST, UNIT = DISK VOL=SER= BAT 00H,DCB=DCB.VBS, -

// DISP =(,CATLG), SPACE =(CYL,(20,5),RLSE)
'

'

//G.FT02F001 DD DCc!Y
! //G.FT03F001 DD UNIT = DISK.VOL=SER= BAT 00H. DISP =(,CATLC),
! // DSN=LAF295.E23. DATA. SPACE =(TRK,(20,5)).DCB=DCE.VBS
| //G.FT08F001 DD UNIT = DISK,VOL=SER= BAT 00H. DISP =(,CATLG),
i // DSN=LAF295.E2S. DATA, SPACE =(TRK.(20,5)).DCB=DCB.VBS i

j // G . FT09 F001 DD DSN=LAF295 . REST 2, UNIT =DI SK , VO L=S ER=B AT00H , DCB =DCB . VB S ,
! // DISP =(,CATLG), SPACE =(TRK,(1,1))
' //G.FT10F001 DD DQ!?!Y ,

j //G.FT19F001 DD DSN=&&CPUZEIT, UNIT =SYSDA,DCB=DCB.VBS, DISP =(, PASS) i
i //G.SYSIN DD *

|
1 NAUA S A!! P LE C AS E # 2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
! CONTAIN!!ENT, BEST ESTI?! ATE AEROSOL SOURCE, STEA!!, GRAVE -----------
; 72000.E6 6460.E4 50540.E4

1. 1. 1. 0.01 '
'

0.0025E-4 50.E-4 101 0.1 1.E-15,

| 0. 100. 120.
1 .F. .F. .T. .T. .T. '

.T. O. O. 1846. 12462.
' '

20 200 5
5 1 '

170.94 .T. .1E-4 .29 8.
O. .F. .1E-4 .29 8. 1170.,

j 'NUCL l' .05 0
|

'

j 350.26 .T. .1E-4 .29 8.
0. .F. .1E-4 .29 8. 2026.5

|'NUCL l' .05 0
g

956.94 .T. .1E-4 .29 8.
;

0. .F. .1E-4 .29 8, 2340. *i

! 'NUCL l' .05 0
j 0. .F. .1E-4 .29 8. - :

'

1 0. .F. .1E-4 .29 8. 8580.
| 'NUCL l' .0 0

*

,
; 111.11 .T. .1E-4 .29 8. I |

1 1 1.66E-4 .77 2.5 10380.

| 1 1. '
,

! 130./ ' !

! 4

| 1846. 5088.38
4615. 36279.07 !i*5607. -7295.01 |

|) 12461. O.
I 1 I

) O. .11574E-6 I
'

I /* i i

| i '

1

I-

i
'

+

; .
.
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//E2S2 EXEC F7CG
//C.SYSPRINT DD DUM'1Y
//C.SYSIN DD DSN=TS0657.NAUAMOD4. FORT. DISP =SHR
//G.FT01F001 DD DUMMY
//G.FT02F001 DD DSN=*.E2.G.FT01F001, DISP =SHR
//G.FT03F001 DD UNIT = DISK,VOL=SER= BAT 00H, DISP =(,CATLG),
// DSN=LAF295.E2S23. DATA, SPACE =(TRK,(20,5)) DCB=DCB.VBS
//G.FT08F001 DD UNIT = DISK,VOL=SER= BAT 00H. DISP =(,CATLG),
// DSN= LAF295 . E2S 28 . DATA . S PACE = (TRK , ( 20 ,5 ) ) DC B =DCB . VB S
//G.FT09F001 DD DSN=LAF295. REST 2S2, UNIT = DISK,VOL=SER= BAT 00H,
// DCS=DCB.VBS. DISP =(,CATLG), SPACE =(TRK,(1,1))
//G.FT10F001 DD DUMMY
//G.FT19F001 DD DSN=*.D4.G.FT19F001, DISP =(OLD , DELETE)
//G.SYSIN DD *

NAUA SAMPLE CASE # 2-------------------------------------------------

ANNULAR GAP, AEROSOL SOURCE = LEAK OF CONTAINMENT, NO STEAM, GRAVK --
1.4675E10 2.564E7 2.36235E8

1. 1. 1. 0.01
0.0025E-4 50.E-4 101 0.1 1.E-15
O. 100. 120.
.F. .T. .F. .T. .T.
.F. O. O. O. O.
10 100 5

1 1
0, .F. 1 1 1

0. .F. 1 1 1 0.
'NUCL l' O. O.

1 1.
130./
1

0. O.
1

0. .5E-6
//

. .

I

__
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NAUA - MOD 4 INPUT DATA LISTING******-w<****my (. .,e ***tn>********

TEXT : NAUA S AMP LE CA S E # 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '

CONTAINMENT, BEST ESTIMATE AEROSOL SOURCE, STEAM, GRAVK -------

COSTROL VOLUME PARAMETERS VOL : 0.72000E+11
FSED : 0.64600E+08
FDIFF : 0.50540E+09

AEROSOL PROCESS PARAMETERS FORM : 0.10000E+01
FORMC : 0.10000E+01
FORMKO : 0.10000E+01
DELD : 0.10000E-01

NUMERICAL PARAMF.TERS RMIN : 0.25000E-06
RMAX . 0.50000E-02
KMAX : 101
EPS : 0.10000E+00
CLTOFF : 0.10000E-14

PROGRAM CONTROL PARMETERS SZEIT : 0.0
TDE 100.00.

CPUZT : 120.00
RESTRT : F
ZWCOMP : F
FOLGE : T
GRAVK : T
LEAK : T
LKOND : T
TI!EK1 : 0.0.

TIMEK2 : 0.0
TItEK3 : 0.18460E+04
TIMEK4 : 0.12462E+05

OLTPUT CONTROL PARA"ITERS SVRITE : 20
: 200

NFLOT : 5

,

.

4
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AE ROSot. SOUllCE IONCil0NS CONIAINING $ Rftt' ASIS AND 1 flOCL I Di s
UP 10 1170.0 SIC
HODE1 1.7098:0E+02 (G/ Sic) ItG 1.00000f-05 SIGL 2.90000E-01 ftHo 8.000
CONTAINING intE fOLLOWING NUCL.lDL fitAC110NS
NUCL 1 5.00000E-02
Hopf 2 0.0 (G) ItG 1.00000f-05 SIGL 2.90000[-01 Rito 8.000
CONTAINING lilE FOLLOWING NUCLIDE IRACiloNS
NUCt. 1 0.0
UP 10 2026.5 SfC
HODEl 3.50260E+02 (C/SEC) RG 1.000000-05 SIGL 2.90000E-01 Rit0 8.000
CONTAlHING IllE FOR L OWING NUCt.lDE f itAC T IONS
NUCL 1 5.00000E-02
HOOl*2 0.0 (G) 14G l.00000f-05 SIGl 2.90000f-01 ftilo 8.000
CONIAINING THE fotLOWING NUCtIDE FRACilONS
NUCL 1 0.0
UP 10 23ta0.0 SEC
HODEI 9.569840E+02 (G/ SIC) 14G 1.00000E-05 SICL 2.90000L-01 RHO 8.000
CONIAINING THE P OL L OWING NUCLIOE FRACilOOS
NUCL 1 5.00000E-02
H00f2 0.0 (C) RG l.00000f-OS SICL 2.900001-01 RHO 8.000
CONI AINING illE fOLLOWING NUCLIDE TRACilONS
Nucl. I O.0
UP 10 8580.0 SI:C
HODEl O.0 (G) ItG 1.00000E-05 SIGL 2.90000E-Ol RHO 8.000
CONTAINING THE FOLLOWING NUCLIDE FRACTIONS !
NUCL I 0.0 $
MODE 2 0.0 (G) RG 1.00000E-05 SIGL 2.90000E-OI Rilo 8.000
CONI AINING 1HE f ol. LOWING NUCLIDE filACI10NS |
NOCL 1 0.0
UP 10 10380.0 SIC
MOOf 1 1.111100 +02 ( G/SI C) ItG 1.OOOOOE-05 SICL 2.90000E-01 ItHO 8.000
CONIAINING IHf fofiOWING NUCLIDE fit AC I lONS
NUCL I 5.000000-02
MODE 2 6.11100E+01 ( G/SE C) RG 1.66000[-08s SICL 7.70000[-01 RHO 2.500
CONIAINING IHf f0LtOWING NUCt.lDI fitACilONS
NOCL l O.0
CONIAINHfNIitHPERATURI IN IIMtSIEPS of I SIC UP 10 0 SIC

130.00
SifAMILOW INio THE CONIAINMfNT Ai da CitID PolNIS

IIME ( SEC )- RATE (G/ SIC)

O.18:460E +08s 0. 5088'i[ + 08e
0.8a6150f +08 O.36219f+05
0.560lOE +0f4 -0.12950E * 08:
O.1286I[*05 0.04

t(AkRAIE 00f Of till CONIAINHfHI Al 1 Cit ID POI N I S

IIHf (SEC) ItAll (t/ SIC)

0.0 0. I l 5 Tie f-06

.
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oo2.........................................................................................................................

11Mt SIEP s 1355 1.1820 SEC PnontiM 11Mt 1807.43 SEC = 30.1 HIN = 0.5 IIHS

SP[CIES MASS CONCENIRAllONS ACC. 5101 DIPOSil ACC. OlII. DIPOSII AlltROHNI MASSE S ACC. lEAkiD MAS $1.S
*'(G/CH**3) {C/CH**2) (G/CH**2) (G) (G)

'

CONO. WAIIM O.0 0.0 0.0 0.0
DRY PARTICLES 0.581572E-05 0.6018921-04 0.358691E-06 0.418732E+06 0.3628561+02.

1*.1 AL 0.581572E-05 0. 607892 f:-04 0.358691E-06 0.418T32E+06 0.3628560+02
' ~0.119324E-01 0.209336E*05 0.18140fL+01NUCl_ 1 0.290144[-06 0.303904E-05

0.1769 (MICRONS) AVERACE DINSIIY = 8.00 (C/CH**3)PARilCLE CONC. = 1.20006E+07 (1/CH**3) AV. HADIUS =
i

4.84652[-02 (C/SEC) CONI. T E MP. 130.0 (DEC C) SATURATION RAilo = 1.00100LEAK RAIE ==

ACC.AER. SOURCE = 4.23172[+05 (C) -

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
SIARI Of CONDfMSAilON AT A TIMF Of 1.84642L+03 SFC. A I(MP. Of 130.0 C . AND A SIEAM CONIENT Of 1.49866E-03 C/CM**3
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

|

5
1 ,

t
,

s k

I
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.

B

)

.

m e=w

. a
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TIME SIEP # 2758 8s.5399 SEC PROHtfM IIHL 3913.72 SEC = 66.2 MIN = 1.1 ilRS

SPICIES MASS CONCENIRAIloNS ACC, SI()l . DIPOSII ACC. D1f1. DIPOSII AIRtt0RNE MASSES ACC. t!AkiD MASSIS
(c/cMa=3) (c/cM*=2) (c/cMa*2) (c) (c)

COND. WATER 0.19 746 3 E -s>88 0.186218f+00 al.83?l881-0I O.1a42111E + 0 F
DRY PARitCLES 0.17658 5[-05 0.3691511-02 0.10lil6L-05 0.559112[+06 0.198s253[+03
10lAL 0.275117[-04 0.189911[+00 0.1160351-05 0.198084f+01 0.198s25 3 E + f)3

0.188 5a48E -03 0.538534E-0F 0.219511[+05 0.971115E*01NOCL~l 0.388218E-06 4

0.5823 (MICRONS) AVfRAGE DfNSITY = 8.00 (C/CM**3)PARTICLE CONC. = 8.9992t)E+05 (1/CMa*3) AV. RAOlHS =

6.4 Fillt-02 (G/SEC) CONI. IIMP. = 130.0 (DEC C) SAluRATIGN RATIO = 1. 000fa9LEAh RAIE =

ACC.AER. SOURCE = 8.00308E*05 (G)
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IlME SIEP # 5619 ).do21 SE C PHOHtIM ilME 10878s.62 SIC = 114.6 MIN = 2.9 OHS 5

SPICafS MASS CONCfMIRAlloftS ACC. SfDI. DIPOSil ACC. Olif. DIPOSil AINDOHNE MASSES ACC. 8.[Akfu MASSIS
(G/CMa*3) (C/CMa*2) (C/CMa*?) (G) (C)

,

COND. WAlfR O.0 0.384859[+00 0.2112361-06 0.0
DHY PAHi tCL ES 0.28788tf-05 0.139338I-01 0.160538[-05 0.206986t+06 0.350335f+034 4

ISTAL O.281481E-05 0.398736E+00 0.1816620-05 0.206986E+06 0.350335f+03
NUCL 1 0.9945230-07 0. 660t:58[-03 0.778268t-0T 0.716056[+04 0.170910f+02

PARllCtE CONC. = 4.718s77t:+06 ( 1/CMa*3 ) AV. RAutoS = 0.208F (MICHONS) AVfRAGE DENSIIY 4.17 ( C/CMa * 3 )=

LLAK HAIE = 2.39682I-02 (C/SEC) CONT. TIMP. 130.0 (D[G C) SAIUHAll0N RATIO . 0.96591=

ACC. AIR. SOURCE = 1.14139E+06 (G)
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TIME S1[P # 8533 858.2080 SEC PH00llM IBMC 360538.19 SLC = 6009.0 MIN w 100.1 HHS

SPECI E S MASS CONCINIRATIONS ACC. SIDI. DIPUS11 ACC. Diff. DLPOSli AlHIH)HNE MASSES ACC. IfAkl0 MASSIS
-

(C/CM=*3) (C/CMa*2) (C/CMa*2) (Cp (C)
*

CONO. WAl[R U.0 0.38:3859t+00 '0.251236I-06 0.0
DHY PARitCLES 0.1551471-09 0.1781701-01 0.256358sf-05 0.Il1706t+02 0.691268F+03
T*.IAL O 155147E-09 0.40188 5f *fHs 0.2T74/8E-05 0.181/06[+02 0.691268E*034

NUCL I 0.536721E-11 0.7;osi4:st oj o.llogj/[-06 0.3864390+oo 0.29082i[+02
i

5

1.83618E*02 (1/CM''3) AV. RADIUSPARilCt.E CONC. 0.3229 (MICAONS) AVfRACE DfMSi1Y = 4. 7 7 ( C/CMa * 3 )e=

130.0 ( D[G C) SAIUHAT104 RAllo = 0.965981.30528sE-06 (C/SEC) CONI. 1EMP.LEAK RAIE ==

ACC.AEH. SOURCE = 1.11139E+06 (C)
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NACA - MOD 4 INPLT DATA LISTING
wwww+s**ssssssss u ;, :, :, :. :,wwwwwwwes,

.

TEXT . NAUA SAMPLE CASE #2----------------------------------------------- -

ANNULAR GAP, AEROSOL SOCRCE = LEAK OF CONTAINMENT, NO STEAM, GRAVK

COSTROL VOLDE PARAMETERS VOL : 0.14673E+11
FSED 0.25640E+08-

FDIFF : 0.23624E+09

AEROSOL PROCESS PARAMETERS FORM : 0.10000E+01
FORMC : 0.10000E+01
FORMKO : 0.10000E+01
DELD 0.10000E-01.

NCERICAL PARAMETERS RMIN : 0.25000E-06
RMAX : 0.50000E-02
KMAX : 101
EPS 0.10000E+00.

CLTOFF : 0.10000E-14

PROGRAM CONTROL PARAMETERS SZEIT : 0.0
TIME : 100.00
CPUZT : 120.00
RESTRT : F
Z'w' COMP : T
FOLGE : F
GRAVK T.

LEAK : T
LKOND : F
TIMEK1 : 0.0
TIMEK2 : 0.0-

TIMEK3 : 0.0
TIMEK4 : 0.0

OLTPLT CONTROL PARkiETERS NVRITE : 10
: 100

NPLOT 5-

.



.- - _ - - - - . - - _ _ - - - - - . . - _ _ - - _ _ _ . _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ . _ _ - _ _ _ _ - _ - - _ _ _ - _ _ _ _ - _ _ _ _ _ - - _ - -

.

.

.

' AEROSOL SOURCE f useCil0IIS C0eIIAINING 1 ret [ASES Ase0 1 leUCLIDES
UP 10 0.0 SEC
pe00E1 0.0 (C) RG 1.00000E+00 SICL 1.00000E*00 kHO 1.000 -

C04fAl4100G THE f 0LLOWIIeG seuCLIDE f RACT IOces
leuCL 1 0.0
Is00E2 0.0 (C) RC 1.co000E*00 SICL 1.lMMMM)E +00 RMO l.000
00eITAINIIeG THE f 0LLOWIIIG IeuCLIDE f RACil0seS
leuCL t 0.0 --

C080T AlleMENTIEMPERAfustE IN T IMESTEPS OF i SEC UP 10 0 SEC
130.00 >

'* SIEApefLOW #1010 IHE C00tIAlleseENT AT 1 CRID POIIIIS

T IME ( SEC) RA T E (C/SE C)
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