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The main purpose of calculations in reactor decomissioning
is to evaluate tne radioactive inventory - induced activity of
structural materials and surface contamination of components.
The nuclear data necessary for such calculation depends on the
calculation method.used, and the calculations can be simplified
and made more reliable if special sets of data were available
for this purpose, and particular codes developed, as we shall
demonstrate.

The IAEA Technical Report No. 267 [13 recommends to use the
ORIGEN [2,33 code to evaluate activities induced in structural
materials C reactor tank, shielding, piping etc. 3. ORIGEN uses
one-group neutron spectrum presentation, so effective cross-sec-
tions integrals library must be generated for every neutron
spectrum situation. Such "ready-made" libraries have been inclu-
ded into the code package for several typical neutron spectra
observed inside the cores of PWR, BWRf HTGR, d-U Canadian reac-
tors, LMFBRs and some others [4-83. Authors of ORIGEN [23 and
0RIGEN2 [33 tested and adjusted their code and libraries for
well-studied reactor core neutron spectra. They also assumed
uniform neutron distributions "inside the core" and did not
test it for highly un-homoqeneous and "distorted" neutron spec-
tra outside the core, in the shielding etc. So special neutron
cross-section libraries must be generated for "out-of-the-core"
application of ORIGEN ( or 0RIGEN2 ), and special calculations
must be done to obtain neutron flux distributions outside the
core by reactor physics codes external to ORIGEN, such as
ANISN 193. Technical Report No. 267 [13 recommends to use the
ENDF/B [101 library to generate the multigroup cross-section
presentation by ETOG ( or NJOY ) [113 package - and then obtain
one-group cross-section library for ORIGEN as spectrum averaged
cross-sections. Both calculations are, not so straightforward
and simple, not to mention the necessity to "adjust" the cross-
section library by experiment.

Real evaluations of induced activity [12,13,143 we know are
made by application of code ANISN [93 to calculate the neutron
flux and "direct" use of ORIGEN-S or 0RIGEN2 to calculate the
activation and ignore the fact that neutron spectra in ANISN
are C in principle ) different from those used for.spectrum ave-
raging in ORIGEN libraries. The results of [133 and 1143 calcu-
lations will be "adjusted" later by comparison to experimental
data, but "unadjusted" results for Co-60 and Eu-152 production
in [143 differ by factors about 3 from the experiment.

Though this is guite satisfactory for sinqle example, no me-
thodical approach is suggested in 1131 or Ci43 to ensure such
calculations will give same kind of satisfactory results in ge-
neral case. But the main difficulty in this procedure is that
"true" reactor modelling programs such as ANISN require serious
volumes of input data and are effort- and time-consuming.
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We intend to demonstrate the possibility of such an approach
that will fit well into ORIGEN structure and could be used on a
modest PC computer directly on the decomissioning cite. This app
roach would also require only one C well tested j set of pre-cal
culated "adjusted" se't of cross-section libraries ( averaged by
typical neutron spectra outside the reactor core ).

In 1988-1990 KRI group developed a program package NAK [153
for calculation of radionuclide production in reactors that
can be used to predict neutron flux depression around irradia
ted samples and be fast enough to optimize irradiation conditi
ons and geometry by multiple calculation tests.
The calculation is based on one-group C one-velocity ) approxi

mation C same as in ORIGEN ) that permits to use fast numerical
solution of one-group neutron transport equation in two-dimensio
nal geometry C we used it for axially symmetric systems D. The
neutron scattering in laboratory system is taken isotropic C it
is well fulfilled for thermal neutrons ). The volume is supposed
not to contain fissioning nuclides C just our "out of the core"
case ), then the one-group transport equation is :
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with the boundary conditions pCp,z,p,}O=$Q - the flux value on the

boundary, and -l^<0 , ̂ <0 on the surface of the neutron emitting
cylinder C in case of modelling the flux distribution outside the
core ).

This transport equation then can be solved by V. S. Vladimirov's
method, based on introducing a discrete grid for z and p and by
integration by z between grid nodes. The iteration by neutron
flux density $ is used. Such iteration procedure takes 10-15
steps to give the exact solution of the one-velocity transport
equations.

In case of ORIGEN the neutron flux values found are enough for
further calculation of radionuclide yields, provided the spect-
rum-averaged cross-sections for this part of the reactor have
been tabulated and are available. In our case [153 we also had
to find the radionuclide burn-up and accumulation that was
described by a system of N equations C where N is the number of
nuclides invoved ) and the time is represented by small steps in
which the reaction rates are practically constant. Then radionuc-
lide concentrations were calculated t in addition to the neut-
ron fluxes derived from transport equation solution ).
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The NAK package was first written for BESM-6 computer in the
FOREX language and later re-coded into FORTRAN-77, so it can be
coupled with another FORTRAN code C for example, ORIGEN ). It is
a very compact and fast instrument - and if verified against mo-
re serious neutron transport code such as ANISN, it could simp-
lify the procedure of induced activity evaluation for reactor
decomissioning.

At present the authors of [12,13,143 had to use ANISN for
evaluation of radial and axial neutron flux distribution, which
later supplied the input flux values for ORIGEN. Such calcula-
tion is a separate time- and effort-consuming project, since the
ANISN needs a lot of data and produces multi-group neutron-spec-
tra. Some arbitrary procedure has to be employed to convert this
output into integral neutron fluxes, like using some "reasonable"
coefficient [123 to deduce integral flux from thermal component.
In this procedure the fact that ORIGEN spectrum-averaged cross-

-section library was tabulated for different spectrum shapes was
not taken into account - which of course leads to errors as the
authors admit. It seems to us that one-group program like NAK in
this respect would be more "uniform" with ORIGEN when using the
same flux and spectrum descriptions and the same cross-section
libraries C tabulated beforehand for typical "out of the core"
cases 3.

To test this idea we used NAK to calculate "effective" ther-
mal neutron flux distribution and expected inventory of Co-60 in
1 meter thick concrete biological shield of Garigliano NPP using
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Fig.l. Distribution of neutron-activated Co-60 in the conc-

rete biological shield of Garigliano NPP :
Squares - experimental [143
Dashed line - calculated by ANISN and ORIGEN [143
Solid line - calculated by NAK [153
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the concrete composition data from [14] and compared the results
to ANISN prediction and to experimental data from [14]. As can
be seen from Fig. 1 NAK results are in good agreement with ANISN
prediction and, what is even more satisfying, with the experi-
mental data. NAK can be equipped with "effective" cross-sections
library to calculate the activation yields, if necessary.

On the other hand, ORIGEN is a convenient and well-known in-
strument and it is desirable to extend it's capabilities for in-
ventory calculations for reactor decomissioninq.

For that purpose, as we have tried to show, two additions
should be developed and implemented :

1. Special spectrum-averaged "adjusted" cross-sections for steel
reactor vessel and for concrete shielding should be calculated,
verified experimentally and recommended for use in ORIGEN when
applied to out-of-the-core activation calculation

2. Neutron flux attenuation at various depths in these materials
should be taken into account by adding a special program modu-
le like the abovementioned NAK [15] into ORIGEN. This feature
can be based on numerical solution of one-group neutron trans-
port equation in 2-dimensional geometry, which permits to get
satisfactory results by relatively simple means ( compared to
use of multigroup reactor physics programs such as ANIsN ).
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