AMAC &+

Nagra's Advanced Methodology
for Activation Characterization

Over the last 15 years Nagra in Switzerland has
developed a methodology (AMAC)] to character-
ize the activation of NPP components and
building structures caused by neutron irradi-
ation. AMAC has been successfully applied
and validated for the determination of the
radioactive waste volumes and activity clas-
sifications in the context of NPP decommis-
sion planning. AMAC delivers a detailed
three-dimensional neutron flux and activa-
tion distribution mapping and inventories for
reactor building structures, RPV and internals,
as well as segmentation strategies and optimized
packaging concepts.
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AMAC Code Sequence <

Overview of steps for an NPP project as well as the sequence of nuclear and in-house codes being used.
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In AMAC, every component is described
with 105-107 voxels, each with its own full
nuclide vector (~250 nuclides). These re-
sults are input to a waste packaging opti-
mization module, ALGOPACK, which
automatically determines the optimal
selection of waste containers, taking ad-
vantage of the detailed activity distribu-
tion available. For each waste container,
ALGOPACK considers the activity distri-
bution inside, as well as all other appli-
cable limits (usable volume limitations,
maximum loading mass, dose rate
limits).




AMAC Data Tools

AMAC produces large amounts (~100 GB for a single NPP) of complex data. In order to effectively
analyze this data and gain valuable insights, Nagra developed several specialized software tools.

o ALl AMAC data are collected and
organized in AMAC-Database.

e Remote access to the data is
provided by AMAC-DataServer.

e Custom Python APl is provided
for efficient retrieval of data
from the database.

e User-friendly AMAC-Dashboard
makes basic analysis tasks
quick, simple, and reproducible.

Select NPP: Select component:

KKM (randomized) -

Component slicing @

R:00 - 2000 cm
Z:13702 - 14727 cm
T:900 - 3600°

Overview @

Whole component @ Selection ©
Activity 128e+14 Bq 9.63e+13 Bq (75.12%)
Avg. specific activity 2.92e+07 Bq/g 2.92¢+07 Bq/g
Mass 439428 kg 3295.71 kg (75.00%)
Volume 055 m3 0.41 m3 (75.00%)

Mass and volume above limit @
Whole component @

4394.28 kg (100.00%)
0.5 m3 (100.00%)

Maseabie Enter limit:

Vol. above 1.00e40 LL

Nuclide vector

Enter cutoff:

Avg. specific

Nuclide © Activity [Bq]

Activity [Coso
ol Activity share [-]
Y

activity] activity [Ba/g]
Fess 3.71e413 11 0.3 1.12e47
cos0 3.28e+13 1.0 0.34 9.94e+6
ni63 2.65e+13 .51 0.27 8.03e+6
Specific activity distribution Enter cutoff:

Specific activity [Ba/g]

Nuclide avg min nax
Fess 1.12e47 1.04e+3 2.10e+8
co60 9.94e+6 1.80e+2 1.62+8
Ni63 8.03e46 5.37e+11 1.36e+8
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Specific activity [Ba/g]

Shroud, upper part

Selection @

3295.71 kg (100.00%)
0.41 m3 (100.00%)

1.00e+18 Bq
Avg. specific
activity/LL [-]
1.12e+4
9.94e+7
8.03e+4

1.00e+10 Bq
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AMAC-Dashboard API for custom analyses

Select timestamp:

- 2022-01-01 i

Activity plot @

Legend min/max: | 1.00e+1 1.00e+8

show axes @hide axes
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AMAC Application Examples

Beznau PWR Gosgen PWR CROCUS research reactor
neutron flux distribution RPV & internals activation MCNP model

Mihleberg BWR Leibstadt BWR Gundremmingen BWR
MCNP model MCNP model RPV & bioshield activation

Additional applications not shown here: Basel research reactor, illustration of methodology for Kori-1
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