ARSI

A computer program for evaluating
the activity, afterheat, and biological
hazard potential of stainless steel
structures in fusion reactor blankets

H.-J. Odenthal, W. Danner, H. Gorenflo

IPP 4/154 May 1977




MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK

GARCHING BEI MUNCHEN

AKTIV

A computer program for evaluating
the activity, afterheat, and biological
hazard potential of stainless steel
structures in fusion reactor blankets

H.-J. Odenthal, W. Danner, H. Gorenflo

IPP 4/154 May 1977

This work was performed by INTERATOM GmbH under the terms of
a special contract between MPI fiir Plasmaphysik, Garching, and
INTERATOM, Bergisch-Gladbach.

Please address enquiries about this program to:

Dr. H.-J. Odenthal
INTERATOM GmbH

- 0213 Fusion -
Postfach

5060 Bergisch-Gladbach 1

West-Germany

Die nachstehende Arbeit wurde im Rabmen desVertrages zwischen dem
Max-Planck-Institut fiér Plasmaphysik und der Europdischen Atomgemeinschaft iiber die
Zusammenarbeit anf dem Gebiete der Plasmaphysik durchgefiibrt.




IPP 4/154 AKTIV

A computer program for evaluating

the activity, afterheat, and biological
hazard potential of stainless steel
structures in fusion reactor blankets

H.-J. Odenthal
W. Danner
H. Gorenflo

May 1977

Abstract

The computer program AKTIV was elaborated to calculate the activity,
afterheat, and biological hazard potential of arbitrary materials in
a fusion reactor blanket environment. This report describes the
mathematical background of the program, the program structure, and
the input requirements. A special section is devoted to a detailed
description of the procedure for adapting the program to a certain
material, in this first example stainless steel.

Additionally, two auxiliary programs called AKTOUT and AKTIN are
described which were both elaborated to use the program AKTIV
economically with respect to computer time.
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1. TINTRODUCTION

Evaluation of the inventory of structural activity, nuclear afterheat,
and biological hazard potential of fusion reactor blankets is
necessary to answer questions about safety and environmental problems
of future fusion power plants. In the past, quite a number of authors
have published results [1 - 9] which in most cases, however, are
restricted to a special blanket design and different structure
materials. From these results it is hardly possible to determine
reliably the effects of design and operational modifications on the
activity or even the effects of completely different designs.

Although various results are available, little has been published
about the computational methods and computer programs used by the
different authors. There are a number of programs which have been
developed for fission reactor application and it is most probable
that such codes have been used, either in their original or a modi-
fied version, for the fusion reactor activity calculations. In
general, the application of such a program always necessitates a
critical review of the calculation procedure. This is due to the
fact that the fusion reactor radiation environment with its
characteristic hard neutron spectrum gives rise to a rather
complicated buildup and decay behaviour of the various isotopes
leading to a highly cross-Tinked activation chain structure.

Because of the importance of the activation problem for fusion
development it was felt necessary to elaborate an activation program
at IPP. Such a program should essentially meet the following
conditions:

- It should readily fit into the already existing INDRA neutronics
and photonics program system [101].

- It should be constructed in such a way as to be readily adaptable
to either type of structure material.

- In its first version it should be applied to stainless steel, thus
fitting into the present work of the IPP Systems Studies Project
Ell, 12},




This report describes the program AKTIV resulting from this work.
It is to be regarded as a users' manual. Results obtained with
this program will be published elsewhere.

2. THE PROGRAM A KT IV

2.1 General remarks

The program AKTIV is capable of providing all information about
transmutation, activation, afterheat, and biological hazard
potential for a given blanket. It is constructed in a very general
form and can be used in any case where activating fluxes (neutrons,
gammas, protons, etc.), corresponding cross-sections, and all
initial conditions are known. The latter comprise primarily the
initial concentrations of the chemical elements and their isotopic
composition present in the blanket.

During irradiation these concentrations change with time because
of radioactive decay processes and nuclear reactions, the numbers
of which are defined as the products of fluxes and cross-sections.
These "transmutations" give rise to changes in the isotopic and
alloy composition.

The one result of these nuclear processes is that a number of
unstable parent nuclides are produced which decay with a
characteristic half-1ife (or decay constant) to either stable or
again unstable daughter nuclides. The product of the number of
radioisotopes and their decay constant is called "activity".

Each decay event is accompanied by an energy release the amount of
which is characteristic of a certain radionuclide. The sum over the
energies of all radionuclides produced is called "afterheat" or
"decay power" if the time dependence is taken into account.



Finally, to each amount of activity of a certain radionuclide a
"biological hazard potential" (BHP) can be assigned by relating
the activity to the maximum permissible concentration of the
radioisotope in air. The sum over the contributions of all radio-
nuclides is commonly used as a measure of the hazard potential of
any nuclear power plant.

A1l these data are calculated by AKTIV as a function of time for
each space interval and each zone comprising a certain number of
intervals which are specified by the program input. In doing this,
the time dependence can be treated in three different modes
corresponding to the operation sequence of the reactor:

- burn period: the reactor is operating, radionuclides are being
produced and decay.

- shutdown period: the reactor is out of operation, all neutron
fluxes are zero, the radionuclides decay.

- periodic operation: the reactor is periodically started and
shut down, the periods being assumed to be constant.

A special program feature is that the shortest half-life involved
should not be Tess than 0.1 second. Since the program was elaborated
for running on an IBM 360 computer, a number of variables had to be
defined in double precision. This assures a calculational accuracy
of better than 1 % if the time variation of the activity is followed

up to 1010 seconds.

2:¢ Mathematical-backgfound

The essence of the program AKTIV is a procedure for calculating the
change of the amounts of different nuclides depending on time.

The change is caused by decay and by nuclear reactions. If there are
Ni(t) atoms from nuclide i at time t which decay with the decay
constant 2., the following differential equation is valid:




F N (1) = -ap + N, (1), (1)

In addition, it is possible that the nuclide i is enriched by the
decay of nuclides j:

gt (0 - o e (o) (2)

under the condition that the nuclide j decays to nuclide i.

In the case of neutron activation one has similar equations:
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whe?e_n is the index for the energy interval of the neutron spectrum,
Gh(1+3) is the cross-section for a neutron reaction converting the
nuclide i to the nuclide j within the energy interval n, and Gn is
the corresponding neutron flux. Equation (3) expresses the decrease,
and eq. (4) the increase of the nuclide 1.

In general, there are both forms of nuclear processes so that the
change of nuclide i as a function of time is described by the sum
of egs. (1), (2), (3) and (4):
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equation (5) can be transformed to
DN (6) = TA Nt (8
EFci)"jijj)' )

It should be mentioned that the values Ai, Gh(iﬁj), ﬂn are all
: 0, so that

<
Aj; = 0 (9)
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and A.ij = 0. (10)
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By constructing the vector
* Ny (t)
N(t) = § .
NNN(t)
where NN is the number of nuclides, and the matrix
R= Aij ) (12)
one can write for the system (8) of all differential equations
- —
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where o symbolizes a maxtrix multiplication (here with a vector).

The matrix A is called 'transition matrix'. The general solution
of eq. (13) is given by

W (t) =)§K'(t'to)° N (t,), (14)

where N (to) is the vector N at the initial time ty (t0¢ t).




In our case all computations start at time ty = 0, so that eq. (14)
transforms to the special form

R (t) =t oW (0). (15)
With the matrix definition

E (t) = e . (16)
the solution (15) becomes

F (t) = c (t) * N (0). (17)
The matrix E (t) is called 'operator matrix' at time t.

The problem now consists in the evaluation of the operator matrix
Eilt)

By using eq. (16) we get C (t) in the form of a Taylor series [13]:

E(t) =T+ v g (1), (18)
v=1 ’

where T is the unit matrix.

Because this series has to converge rapidly, the value t has to
meet the following condition:

| AMAXI -t <1, (19)

where |AMAX1 is the absolute value of the maximum element of the
matrix A.

Usually this condition is not fulfilled, so that one has to use
a different method to calculate the series.We choose a time value
T with T <t, for which eq. (19) is valid:

T < . 20
Aax] (20)



The matrix C (t) can then be evaluated by breaking off the Taylor
series (18) so that the error is less than a given error P. Because
of eq. (16) the operator matrix can now be computed for the time

2 + 1 by a simple matrix multiplication

C (2 1) =C (t) © € (t) = [T ()] 2. (21)

By this procedure the error P changes to 2 + P. After sufficient
successive applications of eq. (21) one has the matrix C (t) for
any time t.

In this program AKTIV we only compute N’(t) for values of t which
are an integer number of seconds.For this reason it is necessary to
evaluate first the operator matrix for1sec: C (1). An integer
number m is choosen so that

1
ol

T =

[sec] (22)

and condition (20) are fulfilled. Equation (21) applied m times gives
C (1)

Successive application of eq. (21) yields
C(),C#),T(®B)),...,Cc@Y, ...,
where q is an integer.

To get C (t), the programcomputes the dual representation of t, which
means that

1 2 '
AR AN AR FET AR IS (R A (23)

A1l coefficients Y; are 0 or 1. It is now also possible to evaluate
C (t):

x AY
E(t)=C(ny.2Y) =e A 2
i (ur )eq.e(16)\)v
v

r (R e eyt (24)
v eq.(16)
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where [Ay,y| is the absolute value of the maximum element of the
matrix A. '

Usually this condition is not fulfilled, so that one has to use

a different method to calculate the series.We choose a time value
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The matrix C (t ) can then be evaluated by breaking off the Taylor
series (18) so that the error is less than a given error P. Because
of eq. (16) the operator matrix can now be computed for the time
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C(2e1)=C (v)° € (r) = € (1)1 2. (21)

By this procedure the error P changes to 2 « P. After sufficient
successive applications of eq. (21) one has the matrix C (t) for
any time t.

In this program AKTIV we only compute ﬁ’(t) for values of t which
are an integer number of seconds.For this reason it is necessary to
evaluate first the operator matrix for1lsec: G (1). An integer
number m is choosen so that

1

T = o [sec] (22)

and condition (20) are fulfilled. Equation (21) applied m times gives
C (1).

Successive application of eq. (21) yields
C(2),C (4), C(8), ... , T (29, ...,
where q is an integer.

To get C (t), the program computes the dual representation of t, which
means that
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Because all T (Zv) matrixes have already been calculated, C (t)
is thus determined

[for ¥, =0 :[C (2")1*": I
f; = I = B (2%

It should be mentioned that all elements of C (t) (for any t) are
greater than or equal 0, so that matrix multiplications of C consist
in the addition of positive values. This means that computer errors
are negligible.

The error P is chosen such that after a time t of 103 years the error
is less than 1 %. For this reason it is sufficient to use

(25)

The vector N’(t) made up to the numbers of the different atoms can
now be calculated from eq. (17).

- The activity in Ci is given by

1

A_‘ (t) e m’ N'i(t). )\_i. (26)

- The change in the alloy composition can be derived from the
weight of the isotopes in kg given by

G

Wi (t) = N (t) - ﬁ (27)

G; being the atomic mass of isotope i and NL the Loschmidt
number,

- The nuclear afterheat in kW is calculated from
-6 .
Pi(t) = 5.9274- 107 - As(t) - E, (28)

E; being the decay energy of isotope i in MeV




- The biological hazard potential in km3 is obtained from

-9
_ 10
Here MPC. is the maximum permissible concentration of isotope i
in air which has to be introduced in units of Ci/m3.

In a single program run all these results are calculated for a
specified intervalandasingle period of the operation sequence, i.e.
either the burn or the shutdown period. If more than one interval

or more than one time period are to be evaluated, the entire procedure
is repeated accordingly.

A minor change in the procedure described above is applied in the
case that the activation behaviour during pulsed operation of the
reactor is to be followed. The total time of one operating cycle
separated into a burn period TBURN and a down period TOFF is used
to define the first time step. The operator matrix is then obtained

by
C(1) = C' (TOFF) - C" (TBURN), (30)

C' being the matrix for the shutdown period and C" being that for
the burn period.

2.3 Program structure

The program AKTIV is subdivided into a MAIN program and seven
subroutines:

INPUT

PHI

NUK

MATCAL

OUTMAT

OUTINT

OUTZON
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Additionally a BLOCK DATA subprogram is provided for the purpose
of storing all information which makes the program applicable to
a certain material.

The program structure of AKTIV is shown in Figure 1. MAIN reads
all dimension parameters and checks them against the available
storage. If the storage turns out to be too small an error message
is produced and the program stops. Otherwise the subroutine INPUT
is called which reads the entire input data block and advises the
appropriate storage locations. INPUT also activates the subroutine
PHI, which reads the fluxes from tape, and the subroutine NUK,
which calculates the numbers of nuclides from the initial nuclide
densities specified by the input. Finally, the required cross-sections
are read from a second tape. The remaining information necessary
for the calculations is stored in a BLOCK DATA subprogram.

Having prepared all data the calculation starts with the subroutine
MATCAL. This routine establishes the initial operator matrix C(1)
and evaluates all further matrices C(t) for the time steps desired.
By means of these matrices all numbers of nuclides are calculated.

As mentioned above, these calculations are restricted to one interval
and one time period. If a printout of either the transition or the
operator matrix is requested, this task is performed by OUTMAT.

Subsequently, OUTINT is called,which calculates and prints on request
the output information for a single interval. Optionally the

following information can be edited as a function of time:

number of nuclides

- activity of radioisotopes

- activity of elements

- total activity per unit volume

- weight of elements

- weight percentage of elements

- decay power of radioisotopes

- decay power of elements

- total decay power per unit volume

- biological hazard potential of radioisotopes
- biological hazard potential of elements
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Fig. 1: Structure of the program AKTIV
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Finally, OUTINT checks whether all intervals belonging to one zone
have been treated. If not, control is transferred back to INPUT,
otherwise OUTZON will be called, which prints, if desired, the
following information about an entire zone:

- activity of radiosiotopes

- activity of elements

- decay power of radioisotopes

- decay power of elements

- biological hazardpotential of radioisotopes
- biological hazard potential of elements

After completing these output operations control is transferred back
to INPUT and the calculation for the next interval is started. If all
intervals have been evaluated AKTIV turns to the next time period,
e.g. to the decay period if the last calculation was performed for
the burn period. When the calculations for all time periods are
completed OUTINT provides a last summary output.

In the case of evaluating the activity during a periodic sequence of
burn and  shut down phases the operator matrices for both phases are
established by MATCAL. After multiplication the operator matrix for
one period is obtained. Now all time steps are divided by the duration
of one cycle, this meaning a transformation of the "time units" from
real seconds to periods. The subsequent calculations are performed as
usual. Just at the end of the program run a retransformation has to

be done for output reasons.

2.4  Description of subroutines

2.4.1 The subroutine INPUT

The subroutine INPUT prepares all data needed for the calculations in
MATCAL and OUTINT. At first, all data specific to a certain material
(except the cross-sections) are transferred from the BLOCK DATA
subprogram (see section 2.5) by a COMMON statement:
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COMMON /DATEN/ DAT1, DAT3, DAT4, IDAT8, IDAT12, IDAT14, IDAT9,
DAT7, DAT5, DAT6, DAT2, IDAT10, IDATI1I.

Next, all input data are read and all radii are checked for being
arranged in increasing order. After having read in the fluxes from
tape a first printout is provided by which, depending on the
specification of NOGE(I), the fluxes, radii, volumes, and the
initial densities may be edited. Afterwards, the nuclear data are
transformed and then the cross-sections are read from a second tape.

When all data are read in the definition of the time variables for
the first period to be treated is performed. The time steps between
TZERO and TMAX (TZ(0) and TZ(NT), respectively) may be subdivided
either linearly or logarithmically. In the latter case the single
time instants TZ(I) are defined as

TZ(I) = A - exp(B-1I) + C. (31)

The three coefficients A, B, and C are chosen such that the following
conditions are fulfilled:

TZ(0) = TZERO
TZ(NT) = TMAX
TZ(1+10) = ¥+ 7Z(1) Y= const.

This means that for each decade the same number of time steps will be
used. Subtracting TZERO from all TZ(I) always ensures that TZ(1) = 0.

At this stage of the calculation INPUT provides the possibility of
storing on tape all parameters including the TZ(I) for later use in
the program AKTOUT (see section 3).

To start the calculation for the first interval, the initial numbers

of nuclides must be prepared. At the beginning this is done with the
subroutine NUK. Later on the changed numbers appear in the data set

RES in subroutine MATCAL. The transition matrix A is now constructed

from the reaction rates and the decay constants Ai. The reaction rates are
set zero in the case where the decay period is treated. The matrix
construction is terminated by calling the subroutine MATCAL.
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2.4.2 The subroutine PHI

The subroutine PHI is called by INPUT to read all fluxes from tape.
It expects the fluxes to be written in a (6(I2, 1X, F9.0)) format

which is in accordance with the tape output of the transport programs i
of the INDRA system.

A1l flux data are read by the statement
READ (NTAPE, NFORM)( (M(K), TEMP(K)), K = 1,6)

Here M(K) denotes a repetition number which specifies how often the
corresponding value of TEMP(K) is to be sucessively stored in the
working array.

The flux data which are input to PHI are arranged in a one-dimensional
array. The first sub-array contains the fluxes in energy group 1,
running from interval 1 to interval NIN, the second sub-array the
fluxes of energy group 2, again running from interval 1 to interval
NIN, and so on. For further calculation they have to be rearranged and
stored in the two-dimensional working array FLUX (NI, NE), where NI
denotes the index of the interval and NE that of the energy group. In
the course of this procedure all fluxes are multiplied by a constant
AFLUXM which can be specified by input. This quantity provides the

possibility of adapting a given neutron flux spectrum to a different
wall loading than that assumed for calculating the original fluxes.

2.4.3_ The subroutine NUK

The subroutine NUK is used for calculating the initial numbers of
nuclides from the element nuclide densities of a certain interval.
It is called by INPUT separately for each interval.

NUK looks for the zone number in which the interval is located and
selects the corresponding element nuclide density. To obtain the
total number of nuclides for each isotope, it multiplies the element
nuclide density by its natural isotopic fraction and by the volume
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of the interval. Additionally, the result is multiplied by 1024

since usually the input densities are given in units of barn-at/cmB.

2.4.4__The_subroutine MATCAL

The subroutine MATCAL represents that part of AKTIV which solves the
set of differential equations. After searching for the maximum
element Amax of the transition matrix Ai,j a time increment v is
calculated from condition (20). As was outlined in section 2.2, this
has to be done to achieve a rapid concergency of the Taylor series.
Subsequently the operator matrix C(r) is evaluated according to (18),
taking into account as many terms of the Taylor series as are needed
to restrict the inaccuracy to 10'17. Since T is, by definition (22),
an inverse integer, the operator matrix C(1l) for the first time step
is found by squaring C(tr) m times:

m
c(1) = c(r)(@), (32)

After this procedure is ended it is possible to call the subroutine
OUTMAT for printing the matrices A and C(1).

As indicated by eq. (17) the solution of (13) reads as
N(t) = N(O) - C(t).

To evaluate C(t), it is necessary to successively square the matrix
previously evaluated, starting with C(1). At the same time, all time
steps TZ(I) which correspond to t must be decomposed into the dual
form. If this has been done the resulting numbers of nuclides N; are
calculated by means of eq. (24). The function of MATCAL is completed
by calling the subroutine OUTINT and storing all Ni on tape.

2.4.5 The subroutines OUTINT and OUTZON

e

The subroutine OUTINT is called at three locations: once in subroutine
MATCAL and twice in INPUT.
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Its task if called by MATCAL is to print all results desired for

a single interval. Which results are desired for which interval

can be spcified by input (seé section 2.6). The various possibilities
have already been listed in section 2.3.

The first call of OUTINT by INPUT is done after complete evaluation
of a time period. In this case a summary output is produced without
splitting the results with regard to the single isotopes.

The second call of OUTINT by INPUT is done at the very end of the
program run. At this place a table of contents is produced to assist
rapid location of the required results.

OUTZON is called by MATCAL in the case that all intervals belonging
to one zone have been evaluated. It prints, if desired, the summary
results for the entire zone, which have also been specified in
section 2.3.

2.5 Application of AKTIV to a special material

- o B -

As mentioned initially in this report, AKTIV has been elaborated in
such a way as to be able to treat any activation problem. To adapt
the program to a certain problem the following information must be
available:

- fluxes (for instance neutron fluxes) on tape
- cross-sections on tape
- further material and nuclear data in the BLOCK DATA subprogram.

As far as the fluxes are concerned they must be written on tape in

a (6(I2, 1X, F9.0)) format. They are read as ((MK), TEMP(K)), K = 1,6),
M being a repetition number and TEMP being the flux value in units

of cm'2 s'l. They have to be arranged in a one-dimensional array,
starting with group 1 (highest energy) for all intervals followed

by group 2 for all intervals and so on.
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The cross-section tape has to be prepared in the following way:
At first NSNR integer numbers have to be placed indicating the
number of non-zero cross-sections for each of the NSNR cross-
-section data sets. The format has to be (18I4). This line(s)

has to be followed by the data sets of the non-zero cross-sections
in barn (Format 6E12.6). Each data set starts with the cross-
-section for the highest energy group. Zero cross-sections which
may appear at lower energies are supplied by the program.

The following information has to be prepared for the BLOCK DATA
subprogram:

DATL1 : Names of the isotopes to be listed as a set of hollerith
constants, eight characters per name being allowed.

DAT2 : Names of the output elements to be Tisted as a set of
hollerith constants, four characters per name being
allowed.

DAT3: Decay constants in sec"1 of the radionuclides to be listed
as double precision constants.

DAT4 : MPC values in Ci/m3 of the radionuclides to be Tlisted
as real constants.

DAT5 : Decay energies in MeV of the radionuclides to be listed as
real constants.

DAT6 : Atomic mass of all nuclides to be listed as real constants.

DAT7 : Natural abundance in % of all stable isotopes to be listed
as real constants.

IDAT8 : Number of stable isotopes per element to be listed as
integer constants. The sequence must previously be defined.

IDAT9 : Identification numbers of stable isotopes to be 1istedas
integer constants. Sequence according to DAT7.
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IDATIO : Total number of isotopes (stable and unstable) per output
element to be Tisted as integer constants. The sequence
must previously be defined.

IDAT11 : Identification numbers of all isotopes to be listed as
integer constants. The sequence of elements must agree
with IDAT10. The sequence of the isotopes within the
element groups may be arbitrary.

IDAT12 : Description of nuclear reactions. For each of the NSIG
reactions a four integer data set (I1, I2, I3, I4) is
needed:

Il

identification number of resulting nuclide

I2 = didentification number reacting nuclide
I3 = identification number of cross-section data set
I4 = identification number of branching ratio

= 0 no branching exists

> 0 cross-section is multiplied by branching ratio
BR(I4)

<0 cross-section is multiplied by (1-BR(I14))

IDAT13 : Continuation of IDAT12 if storage for IDAT12 is exhausted.

IDAT14 : Description of decay reactions. For each of the NLAMD
reactions a three integer data set (J1, J2, J3) is needed:

Jl = iddentification number of daughter nuclide
J2 = identification number of parent nuclide
J3 = 1identification number of branching ratio defined as

I4 in IDATI12

In constructing the BLOCK DATA information the following rules have
to be observed:

- The nuclides have to be arranged in such a way that the stable
nuclides are located behind the unstable ones.
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- The sequence of elements in IDAT18 must agree with that in
IDAT10 and DAT2 '

- The sequence of isotopes in DAT7 and IDAT9 must be compatible
with that of IDATS.

Finally, the DIMENSION statement in the subroutine INPUT has to be
adapted to the amount of data available in the BLOCK DATA subprogram.
Note that the size of the array IDAT12 in this statement also covers
the contents of IDAT13.

- - - - S e S s e -

As a first example the program AKTIV has been prepared to treat
the problem of stainless steel activation. The data definition
described in this section is based upon the investigation of the
relevant activation chains and of the amount of cross-section data
available summarized in [14].

We restrict the problem to the four input elements which are the
most frequent alloy constituents of stainless steel, i.e. iron,
nickel, chromium, and manganese. Because of the reactions occurring
during the activation process four further elements are produced at
least within the scope of this necessarily restricted considerations,
i.e. cobalt, vanadium, scandium, and titanium.

Table I shows the definition of the BLOCK DATA arrays DAT2, IDATS,
and IDAT10. Note that the non-natural elements Co, V, Sc , and Ti
are preceded by the natural ones. IDAT8 lists the number of
naturally occurring stable isotopes present in the initial alloy,
and IDAT10 the total number of stable plus unstable isotopes present
in the activated alloy.

The total of 14 stable isotopes defined by IDAT8 are listed in
Table II together with their isotopi¢ abundance (IDAT7) and their
identification number (IDAT9). Note that the sequence of elements
agrees with that in Table I.
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Table I: Definition of DAT2, IDAT8, and IDAT10

- DAT2. . |.. .IDAT8.. .|....IDATI1O

Iron ‘FE" 4 10
Nickel 'NI' 5 9
Chromium 'CR' 4 7
Manganese 'MN' 1 9
Cobalt ci b 11
Vanadium 'v!

Scandium gl

Titanium 'TI! 1

Table II: Definition of IDAT7 and IDAT9

.DAT7 IDATY
Iron FE-54 5.84 46
FE-56 91.86 47
FE-57 217 43
FE-58 0.31 45
Nickel NI-58 67.76 50
NI-60 2h16 51
NI-61 1.25 52
NI-62 3.66 53
NI-64 1.16 h4
Chromium CR-50 4.31 41
CR-52 83.76 47
CR-53 0.55 43
CR-54 2.38 44
Manganese MN-55 100.00 45
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The identification numbers follow from Table III which is set up
separately and completely independently of the considerations
performed so far. In the present case we have chosen a sequence
in which the unstable isotopes preced the stable ones and are
arranged in decreasing order of half-life. As can be seen from
Table III, this sequence is valid for the BLOCK DATA arrays DATI,
DAT3, DAT4, DAT5, and DAT6. The values specified in this table are
taken from the literature as far as the decay constants Ai [15],
the atomic masses 61 [161, and most of the values for the
maximum permissible concentrations MPCi [17] are concerned. Some
of the MPC values have been reevaluated [18]. The decay energies
Ei were calculated according to [19].

The cross connection between the two independent sequences is provided
by the array IDAT1l. This array is constructed according to the
contents of IDAT10 (see Table I). At first the identification

numbers (see Table III) of the isotopes of the first element

defined in IDAT10 are Tisted successivelyin increasing order such
that the stable isotopes appear at the end. The subsequent elements
are treated accordingly and the identification numbers of the

relevant isotopes are directly attached to the previous ones. In

this way the arrangement shown in Table IV results.

To define the array IDAT12 and its continuation IDAT13, it is
necessary at first to check the availability of reaction cross-
-sections. In our case we took into account a total of 76 neutron
reactions, which are summarized in Table V. The cross-section data
of 74 of these reactions were taken from the DLC-33/MONTAGE-400
cross-section Tibrary [20]. Those for the 55Mn(n,l")sﬁMn reaction
were evaluated from ENDF/B-III using SUPERTOG [10]. The cross-
-section data for the 64Ni(n,1)65Ni reaction were supplied by

KFA Jiilich [21] as point data. They were converted to a 100 group
structure using the INDRA program GROUCO [10]. Using the identification
numbers of the various isotopes defined in Table III and the
reaction-type identification numbers defined in Table V, the

arrays IDAT12 and IDAT13 can be filled by the four-integer
combinations specified in Table V. The branching ratios necessary
for some of the reaction specifications are supplied by the program
input.
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Table III: Definition of identification numbers and DAT1, DAT3,
DAT4, DAT5, and DAT6.

iD-  Name A4 MPC E; G
No. (DATL) (DAT3) (DAT4) (DAT5) (DAT6)
1 Mn-53 5.94D-15 9.5E-8 0.052 52.942
2 Fe-60 2.20D-13 9.5E-9 0.349 59.934
3 Ni-59 2.93D-13 2. E-8 0.067 58.934
4 Ni-63 2.20D-10 2. E-9 0.119 62.930
5 Co-60 4.17D-9 3. E-10 15.448 59.934
6 Fe-55 8.14D-8 3. E-8 0.057 54.938
7 V-49 2.43D-8 1.4E-7 0.043 48.949
8 Mn-54 2.57D-8 1. E-9 4.950 53.940
g9 Co-57 2.97D-8 6. -9 0.870 56.936
10 Sc-46 9.55D-8 8. E-10 12.806 45,955
11 Co-56 1.04D-7 1.7E-9 21.716 55.940
12 Co-58 1.13D-7 2. E-9 6.141 57.936
13 Fe-59 1.80D-7 2. E-9 7.706 58.935
14 Cr-51 2.90D-7 8. E-8 0.172 50.945
15  v-48 5.02D-7 2. &9 18.246 47.952
16 Mn-52 1.41D-6 5. E-9 21.309 51.946
17 Ni-57 5.35D-6 1.3E-8 12.444 56.. 940
18 Co-58m 2.15D-5 3. E-7 0.148 57.936
19  Mn-56 7.46D-5 2. E-8 14,987 55.939
20 Ni-65 7.64D-5 2. k-8 7.216 64.930
21 Co-61 1.20D-4 1. E-10 3.248 60.932
22  Cr-49 2.75D-4 1. E-10 8.992 48.951
23 Mn-52+ 5.50D-4 1. E10 20.736 51.946
24  Co-62 8.25D-4 1. E10 15.549 61.934
25  Co-60m 1.10D-3 1. E10 0.498 59.934
26  Fe-53 1.36D-3 1. E-10 13.444 52.946
27 Fe-61 1.930=3 1. E-10 14.084 60.937
28  Ti-51 1.99D-3 . E-10 1 7.321 50.947
29 V-52 3.08D-3 1. E-10 14.825 51.945
30 Cr-55 3.20D-3 1. E10 6.313 54,941
31  Fe-53m 3.46D-3 1. E-10 0.0 52.946
32  Mn-57 6.80D-3 1. E10 7.115 56.938
33 V-53 7.22D-3 1. &10 12.152 52.944




-23-

Table III: Continued
ID-No Name A MPC; Ei Gi
" (DAT1) (DAT3) (DAT4) (DAT5) (DAT6)
34 Co-62+ 7.70D-3 1. E-10 21.041 61.952
35 Mn-58 1.07D-2 1. E-10 16.598 57.940
36 V-54 1.61D-2 1. E-10 32.046 53.947
37 Co-63 2.52D-2 1. E-10 9.431 62.934
38 Sc-46m 3.71D-2 1. g-10 0.842 45,955
39 Mn-58+ 2.31D-1 1. g-10 0.0 57.940
40 Co-64 1.73D 0 1. E-10 0.563 63.393
41 Cr-50 49,946
42 Cr-52 51.941
43 Cr-53 52.941
44 Cr-54 53.939
45 ~ Mn-55 54,938
46 Fe-54 53.940
a7 Fe-56 55,935
48 Fe-57 56.935
49 Fe-58 57.933
50 Ni-58 57.935
51 Ni-60 59,931
52 Ni-61 60.931
% Ni-62 61.928
54 Ni-64 63.928
Table IV: Definition of IDAT 11
IDAT11

Iron 2 13 26 27 31 46 47 48 49
Nickel 3 17 20 50 51 52 53 54
Chromium |14 22 30 41 42 43 44

Manganese 8 16 19 23 32 35 39 45
Cobalt 9 11 12 18 21 24 25 34 37 40
Vanadium 15 29 33 36

Scandium |10 38

Titamam.L28 . ... ccinseen
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Table V: Definition of IDAT12 and IDAT13
No. Reaction IDAT12 / IDAT 13 Comment
Il 12 I3 | 14
1 V-49(n,2n) V-48 | 15 7 1| o 1)
7 i -1 0 1)
2 V-49(n, ) Sc-46m | 38 7 2
V-49(n,a) Sc-46 | 10 2 | - 1)
7 -2 1]
3 Cr-50(n,2n) Cr-49| 22 41 310
4 Cr-50(n,¥) Cr-51 | 14 41 | 4 | o
5 Cr-50(n,d+np)V-49| 7 41 5 0
6 Cr-50(n,t) v-48 | 15 41 | 6 | 0
7 Cr-52(n,2n) Cr-51| 14 42 7 0
8 Cr-52(n,p) V-52 | 29 42 8 | o
9 Cr-53(n,p) V-53 | 33 43 9 | 0
10 Cr-53(n,d+np)V-52| 29 43 |10 | 0
11 Cr-54(n,p) V-54 | 36 46 |11 | 0
12 Cr-54(n,q) Ti-51 | 28 44 |12 | 0
13 Cr-54(n,d+np)V-53| 33 44 13'10
14 Cr-54(n,t) V-52 | 29 44 |14 |0
15 Mn-53(n,2n)Mn-52m | 23 1 15 2 2)
Mn-53(n,2n)Mn-52 | 16 1 15 0 2)
1 1 [-15 |0 2)
16 Mn-53(n,na) V-49 | 7 1 |16 |o 1)
1 |-16 |0 1)
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Table V: Continued

No. Reaction i?Alelz/ ID?;IB 13 COEnE
17 Mn-54(n,2n)Mn-53 1 8 17 0 1)
8 8 |-17 ] o 1)
18 Mn-55(n 2 n)Mn-54 8 45 18 0
19 | Mn-55(n,¥)Mn-56 |19 | 45 | 19 | 0
20 Mn-55(n,p) Cr-55 30 45 20 0
21 Mn-55(n,a) V-52 29 45 21
22 Fe-54(n,2n)Fe-53m | 31 46 22
Fe-54(n,2n)Fe-53 26 46 22 | -4
23 Fe-54(n,Y)Fe-55 6 | 46 | 23| 0
24 Fe-54(n,p)Mn-54 8 | 46 | 24| ©
25 Fe-54(n,a'Cr-51 14 | 46 | 25| 0
26 Fe-54(n,d+np)Mn-53| 1 46 26 0
27 Fe-54(n,t)Mn-52m i 46 27 2
Fe-54(n,t),Mn-52 16 46 27 | -2
28 Fe-55(n,d+np)Mn-54 | 8 6 28 0 1)
-28 | 0 1)
29 Fe-55(n,na)Cr-51 | 14 6 | 29| o 1)
6 6 |-29 | 0 1)
30 Fe-56(n,2n)Fe-55 6 47 30 0
31 Fe-56(n,p)Mn-56 19 47 31 0
32 Fe-56(n,t)Mn-54 8| 47| 32| o
33 Fe-57(n,p)Mn-57 32| 48 | 33| 0
34 Fe-57(n,dtnp)Mn-56 | 19 48 34 0
35 | Fe-58(n,Y)Fe-59 [13 | 49 | 35 | 0
36 Fe-58(n,p)Mn-58m |39 | 49 | 36 | 6
Fe-58(n,p)Mn-58 35 49 36 | -6
37 Fe-58(n,a)Cr-55 30| 49| 37| 0
38 Fe-58(n,d+np)Mn-57 | 32 49 38 0
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Table V: Continued

IDAT12 / 1IDAT13
. Comment
No. Reaction 11 12 13 14
39 | Fe-58(n,t)Mn-56 19 49 | 39 0
40 Co-57(n,2n)Co-56 11 9 40 0 1)
9 9 | -40 0 1)
41 | Co-57(n,a)Mn-54 8 9 | 41 0 1)
9 9 | -41 0 1)
42 | Co-57(n,na)Mn-53 1 9 | 42 0 1)
9 9 | -42 0 1)
43 | Co-60(n,p)Fe-60 2 5 | 43 0 3)
5 5 |43 0 3)
Co-60m(n,p)Fe-60 2 25 | 43 0 3)
25 25 | -48 0 3)
44 | Co-60(n,a)Mn-57 32 5 | 44 0 3)
5 -44 0 3)
Co-60m(n,a)Mn-57 32 25 44 0 3)
25 25 | -44 0 3)
45 | Co-60(n,d+np)Fe-59 13 5 | 45 0 3)
5 -45 0 3)
Co-60m(n,d+np)Fe-59 13 25 | 45 0 3)
25 25 | -45 0 3)
46 Co-60(n,na)Mn-57 19 5 46 0 3)
5 -46 0 3)
Co-60m(n,na)Mn-56 19 25 46 0 3)
25 25 | -46 0 3)
47 | Ni-58(n,2n)Ni-57 17 50 | 47 0
48 | Ni-58(n,¥INi-59 3 | 50| 48| o
49 | Ni-58(n,p)Co-58m 18 50 | 49 1
Ni-58(n,p)Co-58 12 50 | 49 | -1
50 | Ni-58(n,o)Fe-55 6 50 | 50
51 Ni-58(n,d+np)Co-57 9 <50 81 0
52 | Ni-58(n,t)Co-56 11 50 | 52 0




Table V: Continued

o

IDAT12 / IDAT13

No. Reaction Comment

11 12 | 13| 14

53 | Ni-59(n,d+np)Co-58m 18 3 053] 1 2)

Ni-59(n,d+np)Co-58 12 3 | 53| -1 2)

3 3 [-53] 0 2)

54 Ni-59(n,r.a)Fe-55 6 3 54 1)

3 |-54 1)
55 | Ni-60(n,2n)Ni-59 3 51 | 55| 0
56 | Ni-60(n,p)Co-60m 25 51 | 56 | 3
Ni-60(n,p)Co-60 5 51 56 | -3
57 | Ni-60(n,t)Co-58m 18 51 | 57 | 1
Ni-60(n,t)Co-58 12 51 | 57 | -1
58 | Ni-61(n,p)Co-61 21 52 | 58 | 0
59 | Ni-61(n,d+np)Co-60m 25 52 | 59 | 3
Ni-61(n,d+np)Co-60 5 52 59 | -3
60 | Ni-62(n,{)Ni-63 4 53 | 60 | 0
61 | Ni-62(n,p)Co-62m 34 53 | 61 | 5
Ni-62(n,p)Co-62 24 53 | 61 |-5
62 | Ni-62(n,®)Fe-59 13 53 | 62 | O
63 Ni-62(n,d+np)Co-61 el 53 63 0
64 | Ni-62(n,t)Co-60m 25 53 | 64 | 3
Ni-62(n,t)Co-60 5 53 | 64 |-3

65 | Ni-63(n,p)Co-63 37 4 | 65 1)

4 4 |-65 1)

66 | Ni-63(n,a)Fe-60 4 | 66 1)

4 |-66 1)

67 | Ni-63(n,d+np)Co-62m | 34 4 | 67 |5 2)

Ni-63(n,d+np)Co-62 24 4 | 67 |-5 2)

4 4 |-67 |0 2)

68 | Ni-63(n,na)Fe-59 13 4 |68 |0 2)

4 4 [-68 |0 1}

69 | Ni-63(n,t)Co-61 21 4 169 |0 5

4 4 [-69 |0 1
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ble V: Continued

No. Reaction IlIDAT;i : ;2AT1314 Connent:

70 | Ni-64(n,2n)Ni-63 4| 58| 70 | o

71 | Ni-64(n,gINi-65 20 | s | 71 | o

72 | Ni-64(n,p)Co-64 s | sa | 72 | o

73 | Ni-64(n,a) Fe-61 | 27 | 58 | 73 | o

74 | Ni-64(n,d+np)Co-63| 37 | 54 | 74 | o

75 | Ni-64(n,na)Fe-60 2 | 54| 75 | o0

76 | Ni-64(n,t)Co-62m | 34 | 54 | 76 | 5
Ni-64(n,t)Co-62 24 | 54 | 76 |-5

A few comments are added to explain the contents of Table V.

1)

The increase in the number of nuclides for an isotope resulting from
a certain reaction is accompanied by a decrease in that for the
target isotope. This negative contribution is automatically supplied
by the program. It may, however, also be specified by the user, as
was done in Table V for reactions starting from radioisotopes. In
this case the following rules have to be observed:

Set I1 =12
Replace I3 by - I3,

where I1 and I2 specify the target isotope.

If the reaction product can exist in different states (ground and
metastable states), the reaction must be specified twice applying the
branching ratios. The decrease in the number of nuclides of the target
isotope may be described as above.
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3) If the target isotope can exist in different states, it is
assumed that both have identical cross-sections. The decrease
in the number of nuclides has to be specified for both states
separately.

The last of the BLOCK DATA arrays, IDAT14, is filled by the three-
-integer combinations specified in Table VI, which describe the
decay reactions involved. Only those resulting again in radio-
isotopes have to be taken into account.

2.6 Input description

The input data for the program AKTIV are subdivided into five
sections A to E. The values given in parentheses are those for the
stainless steel problem.

A: Title and Control parameters

Card 1: Format (18 A4)

TITLE Title card

Card 2: Format (10 I6)

NE Number of input elements (4)
NEOUT Number of output elements (8)

NN Total number of isotopes (54)
NSTAB Number of unstable isotopes (40)
NEG Number of energy groups

NIN Number of intervals

JNIN1 First interval to be calculated
JNINZ Last interval to be calculated
NZ Number of zones
IE Geometry

= 1/2 plane/cylindrical
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Table VI: Definition of IDAT 14
No. Decay IDAT14
J1 J2 J3

1 Fe-53 - Mn-53 1 26 0

s Co-63 - Ni-63 4 37 0

3 Co-60m - Co-60 5 25 0

4 Cr-49 - V-49 7 22 )

5 Ni-57 = Co-57 9 17 0

6 Sc-46m -~ Sc-46 10 38 0

7 Co-58m -+ Co-58 12 18 0

8 Mn-52m - Mn-52 16 23 8

9 Fe-61 - Co-61 21 27 0

10 Fe-60 - Co-60m 25 2 0

11 Fe-53m + Fe-53 26 31 0

Card 3: Format (916)
NTC Logical tape-no. for the flux origin (1)
NTC1 Logical tape-no. for cross-section origin (2)
NTC2 Logical tape-no. for stored output (3) !
NSNR Number of cross-section types (76) !
NSIG Actual number of reactions (119) !
NLAMD Number of decay reactions (11)
NBR Number of branching ratios (8)
NTM Number of time periods
NTMAX Maximum number of time steps
Card 4: Format (E12.6)
AFLUXM Multiplication factor for fluxes
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Geometry and branching ratios

Card 5: Format (1814)

NIZ(I) Number of intervals per zone (NZ entries)

Card 6: Format (6E12.6)

R(I) Radii of interval boundaries (NIN+l entries)

Card 7: Format (6E12.6)

BR(I) Branching ratios to metastable isotopes

(NBR entries) (8)

Element description

Card 8: Format (18A4)

TITLE(I) Title card

Card 9: Format (6E12.6)

DEN(I) Initial element number density per zone

(NZ entries)

Note: Repeat section C data for each element involved, that is

NE times (maximum 18).

Note: For stainless steel the sequence is fixed:

Card 9.1 Iron

Card 9.2 Nickel
Card 9.3 Chromium
Card 9.4 Manganese
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D: Output control parameters

Card 10: Format

(1814)

General output options

NOGE (1)

NOGE(2)

NOGE(3)

NOGE (4)

NOGE(5)

Store calculated results on tape

= 0/1 no/yes

Print fluxes

= 0/1 no/yes

Print radii and volumes

= 0/1 no/yes

Print initial element densities
= 0/1 no/yes

Print summary

= 0/1 no/yes

Card 11: Format (1814)

Output options for single intervals

NSTEU(1)

NSTEU(2)

Note: Repeat NSTEU(1) and NSTEU(2) for each print required.

Specification of interval
(JNIN1 = NSTEU(1) = JNIN2)
Print options

=1 transition matrix
operator matrix

number of nuclides
activity per isotope
activity per element
activity per unit volume
weight per element
weight percentage per element
decay power per isotope

|
O 00 N O 00 B~ WM™

1]
—
o

decay power per element

1
—
—

decay power per unit volume

n 0]
_
w ™

At last give "0".

biological hazard potential per isotope
biological hazard potential per element



Card 12: Format (18I4)
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Output options for single zones
NSTEU(1) Specification of zone

(NSTEU(1) = NZ)
NSTEW 2) Print options

1 activity per isotope
activity per element
decay power per isotope
decay power per element

o AW N

biological hazard potential per isotope

Note: Repeat NSTEU(1) and NSTEU(2) for each print required.

At last give "0".

Parameters for time phases

Card 13: Format (416,

£12.6)

NPER Character of time phase

1 Burn phase

2 Shutdown phase

3 Periodic sequence of burn and shutdown
phases

NCH Mode of time scale

1/2/3 Tlinear /logarithmic/ optional

LINP Origin of initial numbers of nuclides

1 Take values of previous phase
2 Calculate from initial element densities

NT Number of time steps (minimum 3)

TMAX Maximum time to be considered

Card 14: Format (2E12

.6); only needed if NPER = 3

TBURN Duration of burn phase
TOFF Duration of shutdown phase




-34-

Card 15: Format (6E12.6); only needed if NCH = 3

TZ(I) Time interval boundaries (NT entries)
Note: TZ(1) = 0., TZ(NT) = TMAX

Note: Repeat section E data for each time phase.

3. THE PROGRAM AKTOUT

3.1 General remarks

The program AKTIV combines two disadvantageous features if applied

to large problems. It needs a significant computer time which is mainly
dependent on the number of intervals and the number of time phasesto be
calculated. Additionally,it produces a bulky amount of print output
unless it is restricted to some kind of summary information. In-depth
information should, however, be the usual purpose of time consuming
computer runs.

To avoid these disadvantages, a special version called AKTOUT was
developed. This program starts from the primary results calculated by
AKTIV (i.e. the time dependent numbers of nuclides)and stored on tape
and calculates all secondary information in a very fast computer run.
This procedure allows the program AKTIV to be run only once for a
problem. The separate use of AKTOUT allows information about the final
results to be extracted step by step. This information is obtained in
the same shape as from AKTIV. Additionally, plot output can be produced.

The structure of AKTOUT is shown in Fig.2.

The main change as compared with AKTIV is that it dispenses with the
subroutine MATCAL while receiving from tape the information which was
prepared in a previous AKTIV run. The remaining structure is completely
equivalent as are the main subroutines. The only extension is the
incorporation of the subroutine PLOT, which provides the plot output.
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START
TAPE -INPUT —-—__MAIN |

STURAGE>E.-
EXCEEDED? STOP 1

INPLO

OUTPUT

no

%
yes INTERVAL?

no
UTPLO TOTAL ACTIVATION /

NEW
yes CYCLE?
no

OUTPLO SUMMARY

Car)

Fib: £2: Structure of the program AKTOUT
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PLOT may be called in OUTPLO or OUTZPL, yielding a graphical display
of results for an interval and zone, respectively. A1l results are
plotted as functions of time and separately for the different time
phases. Both axes may be chosen to be linearly or logarithmically
subdivided. PLOT uses the IPP subroutine UNIPLT, which is a multi-
-purpose plotting routine and is not described here.

3.2 Input description

The input to AKTOUT is subdivided into three sections: A, B, and C.

A:  General parameters

Card 1: Format (314)

NTC1 logical tape-no. for input
NOGE write summary

= 0/1 no/yes
NPLOT number of plots desired

B: Plot control paraméters

Card 2: Format (14, 2E12.6, 714); only needed if NPLOT # O.

NCYC Identification number of time phase
T0 lTower boundary of time interval to be plotted
™ upper boundary of time interval to be plotted
NPC plot is to be made for
= 1 interval
= 2 zone |
NPCH results to be plotted |
for NPC =1

3 number of nuclides
activity per isotope
activity per element
activity per unit volume

4
5
6
=7 weight per element
8 weight percentage per element
9

decay power per isotope
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10 decay power per element

]

11 decay power per-unit volume

12 biological hazard potential per isotope

13 biological hazard potential per element

for NPC = 2

=1 activity perisotope

activity per element

decay power per isotope

decay power per element

biological hazard potential per isotope
total activity per zone

total decay power per zone

total biological hazard potential per zone

I
00 ~N O O BWw N

NR identification number of interval or zone
INTRN  interpolation option
= 0/1/2/3 no/linear/quadratic/cubic

NTI scale of time axis

= 1/2 linear/Tlogarithmic
NAK Scale of result axis

=1/2 Tinear/logarithmic

NMUL number of curves per sheet (maximum 9)

Card 3: Format (18I4); only needed if NPLOT # O

NINT(I) Isotope or element identification numbers (NMUL entries)

Note: Repeat section B data NPLOT times.

C: Print control parameters

Card 4: Format (1814)

Output options for single intervals
NSTEU(1) Specification of interval
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NSTEU(2) Print options

n
w 00 ~N Oy 0 B W

= 10
=11
= 12
=12

Note: Repeat NSTEU(1) and NSTEU(2) for each print required.

number of nuclides

activity per isotope

activity perelement

activity per unit volume
weight per element

weight percentage per element
decay power per isotope

decay power per element

decay power per unit volume

biological hazard potential per isotope
biological hazard potential per element

At last give "0".

Format (18 I4)

Output options for single zones.

NSTEU(1) Specification of zone
NSTEU (2) Print options

n
g AW N =

Note: Repeat NSTEU(1) and NSTEU(2) for each print required.

activity per isotope
activity per element
decay power per isotope

decay power per element

biological hazard potential per isotope

At Tast give "0".
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4. THE PROGRAM A KT TIN

4.1 General remarks

Another method to save computer time for the program AKTIV is to
reduce the size of a problem prior to starting the program AKTIV.
This may be done using the program AKTIN which is constructed such
as to reduce the number of intervals to be evaluated. The user has
to specify how many intervals shall be summarized to form a new
larger interval. AKTIN then calculates volume averaged fluxes for
the new interval from those resulting from the transport calcu-
lation for the fine interval structure. It writes the new fluxes
on tape which is subsequently used for input to the AKTIV run.

AKTIN reads the total input specified for the AKTIV run of the un-
reduced problem. Only a single card has additionally to be prepared

containing the information about the reduction procedure. The program

then provides a complete new input data set which is adapted to the
reduced problem. This data set is produced as punch output and can
be directly used as input for AKTIV.

4.2 Inpuf'deSCPipfidn

Only one additional card has to be defined for input to the program
AKTIN:

Card 0: Format (18 I4).

IA first interval of the new macro-interval
IE last interval of the new macro-interval

Note: Repeat this two-integer combination for each
macro-interval to be defined.

I0 = 0 characterizing the end of this card.

The remainder of the input is identical to that described in
section 2.6.
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