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WAGR Waste Assay

A The early calculations used to asses the dose rates for decommissioning
highlighted the sensitivity of a calculated inventory to the neutron flux in a
particular region, the elemental levels of the precursors, and the neutron
capture cross sections of these precursors.

A 1t was clear that a more detailed radio-isotopic inventory would be required for
transport and disposal purposes covering the difficult to measure low energy
gamma and pure beta emitters and very long half life isotopes which are
important for long term storage.

A Programmes of work both nationally and internationally to establish the best
available cross sectional data accelerated around this time.

A Searches for archive material were put in hand and where possible limited
programmes of sampling and analysis were carried out to fill in missing
material compositional data.
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WAGR ASSB.y | Real time material sampling and

analysis?

A At this time it was decided that information on several important trace
elements was either inadequate or not available and that at the time of
decommissioning sampling and analysis of material from each box load of
waste would be needed to meet foreseen regulatory requirements.

A Each sample taken would be split into three. Two would go for analysis and
the third would be archived.

A Because of the need to turn the samples sent for analysis round rapidly so
as not to disrupt the dismantling process until the samples were returned
and the box contents shown to satisfy regulatory requirements, the decision
was taken to set up a local analytical laboratory purely to analyse WAGR
material specimens.

A Work was put in hand to establish suitable analytical processes, acquire the
appropriate analytical equipment and find suitable local premises.

Continued -
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WAGR ASSB.y | Real time material sampling and
analysis?

A Premises were found adjacent to the reactor building, and much of the
required analytical equipment, fume hoods and shielded handling facilities
purchased and installed.

A In parallel with this work options for designs and procedures for a
radioactive material archive store were studied, and suitable shielded
facilities investigated.

A In reality none of the analytical equipment was ever usedi the lab never
went active and the concept of using an archive store was abandoned 1 it
was all too expensive and the level of inventory accuracy needed did not
require it. The regulators had never really been asked before about the
level of accuracy they required.
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Further Inventory Modelling

A Detailed modelling work on the core using the ANISN neutron transport
code created a radioactive inventory for all major items in the core for a list
of isotopes deemed to be greater than that required by regulators.

A Further material sampling campaigns had improved the available
compositional data which were used for this modelling.

A The code used 22 energy group cross sectional data set to calculate axial
and radial flux distributions.

A The flux distributions created were then used in neutron activation codes to
generate the inventories.
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Nuclear reactions considered for modelling purposes

Parent Reaction Daughter Half life (y) Abundance
Li-6 n,alpha H-3 128 7.5
C-13 n,gamma C-14 5.73x103 11
N-14 n,p C-14 5.73x103 99.6
CI-35 n,gamma Cl-36 3.01x10° 75.77
Ca-40 n,gamma Ca-41 1.0x10° 96.94
Fe-54 n,p Mn-54 0.855 5.8
Mn-55 n,2n Mn-54 0.855 100
Fe-54 n,gamma Fe-55 2.7 5.8
Ni-58 n,gamma Ni-59 7.5x104 68.27
Ni-62 n,gamma Ni-63 96 3.59
Co-59 n,gamma Co-60 5.272 100
Nb-93 n,gamma Nb-94 2.0x104 100
Mo-94 n,p Nb-94 2.0x104 9.25
Nb-93 n, nogammpaNb-93m 13.6 100
Eu-151 n,gamma Eu-152 13.4 47.8
Eu-152 n,gamma Eu-153 Stable 0
Eu-153 n,gamma Eu-154 8.5 52.2
Eu-154 n,gamma Eu-155 4.73 0
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WAGR Waste Assay

A The later sampling and analysis campaigns had included isotopic
measurements on activated material and this information was
available for comparison with calculated values.

A The table on the next few slides provides some comparisons of the
calculated activities with the measured values.
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Comparison of calculated and
measured values (C/M)

Graphite core
Position | Co-60 H-3 C-14 Eu-154 Eu-152
Upper 0.72 33.7
core
Upper 0.9 6.1
core
Upper 0.056 2.97 1.29
core
Upper 0.24 0.88 2.59
core
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Comparison of calculated /
measured values

Loop tube stainless steel
Position | Co-60 H-3 C-14 Eu-154 Eu-152
Hot box |0.21
region
Neutron |1.64
shield
Upper 1.56
core
Mid core |1.64
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Comparison of calculated /
measured values

Pressure vessel
Position Co-60 H-3 C-14 Eu-154 Eu-152
Mid core 2.04
Pressure vessel outer insulation wire
Position Co-60 H-3 C-14 Eu-154 Eu-152
Mid core 1.47
Pressure vessel insulation
Position Co-60 H-3 C-14 Eu-154 Eu-152
Mid core 6.5
Mid core 6
Mid core 1.1
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Comparison of calculated /
measured values

Ventilation membrane
Position Co-60 H-3 C-14 Eu-154 Eu-152
Mid core 1.36

Bioshield re-bar
Position Co-60 H-3 C-14 Eu-154 Eu-152

Mid core 2.67
Mid core 2.03

Bioshield concrete inner face
Position Co-60 H-3 C-14 Eu-154 Eu-152
Mid core 1.02 1.61 2.22 1.59
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Calculated average core fluxes

Neutron Thermal Resonance | Fast
energy 0.0001eV  |0.625eV to |9.1keV to
band to 0.625eV |9 1keV 10MeV
Averaged
flux 0.79x1013 [1.34x10'3 |0.79x1013
(n/cm?/s)
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WAGR Waste Assay Procedures

A The modelling and sampling and analysis
work has shown:

I There is a wide spread In the analytical results
particularly for the trace elements at the low ppm and
ppb levels.

I The quality of currently available neutron cross-
sectional data allows modelling using neutron
transport theory to compute flux spectra which can be
used in activation codes to generate data in which the
main source of error comes from the the parental
level uncertainties.
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WAGR Waste Assay Procedures

A This leads to the possibility of using modelling to provide
the relative levels of the isotopes which need recording
In the inventory.

A The absolute levels however do need tying down.
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WAGR Waste Assay Procedures

A WAGR has essentially only two types of waste material i steel and
graphite.

A The bulk of the steel is mild steel, coming from the thermal shield and the
pressure vessel.

A There are also reasonable quantities of stainless steel (type 321 and 347)
and boronated steels.

A The predominant gamma ray emitter and hence dose rate generator is Co-
60.

A There is some fission product contamination, the majority of which ended up
in the hot box and heat exchangers which both acted as a very good filters.

A Cs137 is the main detectable fission product at this time.
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WAGR Waste Assay Procedures

A 1t was decided that Co-60 should be used as the scaling isotope.

A Because it was the prime gamma emitter, dose rate alone could be
used to establish Container Co-60 inventory.

A Software was developed and tested which allowed multiple dose
point dose rates from around a waste container to be used in an
Inverse shielding computation to establish the Co-60 inventory of the
container.

A The software used the waste mass in the container to allow for self
shielding effects.
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WAGR Waste Assay Procedures

A To cater for taking dose rate measurements around a waste
container a set of four ion chambers on a 1m meter square array
were provided in the lower loading cell.

A The ion chambers were mounted on plungers which allow dose
point positions to be adjusted to suit the waste form.

A The layout is shown in the next slide
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The Upper Loading Cell Assay Station
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WAGR Waste Assay Procedures

A The software was subsequently extended to use parental level of
Co-59 and its capture cross section to calculate the integrated

neutron flux required to convert the Co-59 to the observed quantity
of Co-60.

A Having obtained the neutron flux, the levels of the other isotopes
required for the inventory could be calculated using their parental
levels and capture cross sections.

A The next slide shows the input data required by the code.
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