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Dose calculations for accidental releases from a mercury target Contribution to WP5.1, Deliverable D1



by R.Moormann, FZJ Abstract Dose estimations following German dba guidelines are presented for a nuclide vector typical for severe accidents in a multi-MW mercury target. It is outlined, that Hg-194 dominates the doses by its long term groundshine contribution. In another Eurisol-report [1] the doses induced by individual nuclides of a Hg-target in accident conditions are described, distinguished for different burden pathways. The computer code CHI-ESS, see of [1], which is based on the German guidelines for design basis accidents (dba, frequency: 1.E-2 – 1.E-6 a-1) in nuclear facilities, was applied. A comparison of regulations concerning dba in different European countries is presented in [2]. In the same manner, dose calculations are presented here, but for a typical nuclide vector (source terms proportional to the volatility of the species), and adding the different burden pathways for a reference person; doses for 5 different organs (effective, thyroid, red bone mark, bone surface, lower colon) are given. This was done in order to obtain a more realistic figure for ESS design guidelines with respect to maximum tolerable releases in dba. The nuclide vector for a severe accident (fractional release of the inventory of a 5 MW target after 30 y of operation) used was as follows (based on inventories from [3]): Noble gases : Tritium (HTO) : Iodine : Mercury : Low volatile nuclides 1.0 : 0.5 : 0.5 : 0.1 : 0.01



For iodine the elemental status was assumed during release in all calculations, for low volatile nuclides the aerosol (unfiltered) status was taken into account; a short term release within 8 h after release start was considered in selection of weather conditions. Appendix A contains results of dose calculations for an emission height of 25 m, a distance to the fence of 250 m and mercury to 90% as gaseous element and to 10 % as a water soluble gaseous compound. In interpretation of these results one has to bear in mind, that maximum tolerable doses in dba for the public in Germany are 50 mSv (effective, red bone mark), 150 mSv (thyroid) and 300 mSv (lower colon and bone surface). Dose calculations for accidental releases from a mercury target: Compiled by R.Moormann/FZJ (15.08.2006)
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The limiting dose for the above given nuclide vector is the red bone mark for infants, followed by the effective dose for infants (see summarizing tables in annex, enclosed in - - - - - - - - - lines, red bone mark/infant found on p.14 of this Annex). In both cases the dose limits are exceeded by a factor of about 1000. In this context it has to be noted, that: •



By far not all nuclides were considered, although the radiologicaly most relevant nuclides are taken into account; the omitted nuclides force a further decrease of the tolerable fractional release by a factor of (conservatively) about 3



•



The ALARA principle has to be fulfilled, which means, that the dose values have to be as low as reasonably achievable; i.e. the dose have to remain far below dose limits, if that is achievable with adequate effort.



•



Uncertainties have to be considered, e.g. o the status of Hg: mercury droplets (aerosols) increase the maximum doses by a factor of 2; if only gaseous mercury has to be taken into account, dose values decrease even by this factor o nuclide inventories produced by spallation are associated with a higher uncertainty than in case of fission



Accordingly, summing up, the tolerable accidental release has to be at least about a factor of 104 smaller than the nuclide vector given above. Looking into the contributions of individual nuclides (see annex to this appendix 3, tables with doses associated to individual nuclides) it becomes clear, that the most relevant contribution to the total (limiting) dose comes from Hg-194 via groundshine. Not less than about 80 % of the total dose are connected to that (infant: red bone mark and effective dose); groundshine induced by Hf-172 is in the range of 5 % of the total dose. Other relevant contributions is by Gd-148 (inhalation) with about 10 %. Looking on other organ doses and doses for adults, it becomes obvious, that ingestion is a major contributor for adults (Hg-194, Hg-203); for both infants and adults. thyroid doses are –as expectedcontain a large contribution by iodine (mainly I-125) ingestion, although groundshine (Hg194) is still dominating. One has to bear in mind, that these doses, based on German calculation guidelines on dba, are partly not really realistic: Particularly groundshine (assumption: infant living 70 a unsheltered on the worst place) and ingestion (only limited foodban assumed) overestimate expected doses sufficiently, whereas inhalation and submersion doses are more near to expected values. References [1] The radiotoxic and conventional toxic relevance of Hg-target inventories. Compiled by R.Moormann/FZJ. Eurisol-Report (15.08.2006) [2] Licensing aspects for multi-MW spallation sources with an Hg-target - Comparison of different countries. Compiled by R.Moormann/FZJ. Eurisol-Report (15.08.2006) [3] Nuclide inventories in Hg-targets. Compiled by R.Moormann/FZJ. Eurisol-Report (15.08.2006)
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Appendix 1 RELEASE FRACTIONS: Tritium aerosol/unfil.: Iodine aerosol/unfil.: Mercury aerosol/unfil.: Low-Vol aerosol/unfil.: Nob-Gas inert :



0.000E+00 0.000E+00 0.000E+00 0.100E-01 0.100E+01



aerosol/filt. aerosol/filt. aerosol/filt. aerosol/filt.



: : : :



0.000E+00 0.000E+00 0.000E+00 0.000E+00



element-gas : 0.000E+00 element-gas : 0.500E+00 element-gas Hg: 0.900E-01



oxide (HTO) : 0.500E+00 Iodine org. : 0.000E+00 soluble-gas Hg: 0.100E-01



+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ EMISSION HEIGHT: 25.0 m DISTANCE FENCE: 250. m Building LENGTH/HEIGHT:******/****** m AGE: Adult [ EFFECTIVE dose in Sv (Beta-cloudshine: skin dose), distance x from emission point in m] [t-int = Number of emission time interval] NUCLIDE



STATE



CLOUDSHINE x Beta250. 0.497E-05



x 250.



GROUNDSHINE Dose x 0.295E-02 250.



INHALATION Dose x 0.656E-03 250.



I-124



element-gas



Gamma0.160E-04



I-125



element-gas



0.723E-06



250. 0.000E+00 ******



0.857E-02



250.



0.364E-02



250.



I-126



element-gas



0.130E-05



250. 0.698E-06



250.



0.817E-03



250.



0.305E-03



250.



Au-195 aerosol/unfil.



0.260E-04



250. 0.931E-06



250.



0.889E-01



250.



0.444E-03



250.



Hf-172 aerosol/unfil.



0.565E-05



250. 0.195E-06



250.



0.138E+01



250.



0.553E-01



250.



Gd-148 aerosol/unfil.



0.000E+00 ****** 0.000E+00 ******



0.000E+00 ******



0.275E+01



250.



Hg-193 element-gas Hg



0.282E-03



250. 0.959E-04



250.



0.312E-03



250.



0.543E-03



250.



Hg-193 soluble-gas Hg



0.314E-04



250. 0.107E-04



250.



0.455E-03



250.



0.603E-04



250.



Hg-194 element-gas Hg



0.244E-08



250. 0.000E+00 ******



0.777E+01



250.



0.183E-01



250.



Hg-194 soluble-gas Hg



0.271E-09



250. 0.000E+00 ******



0.113E+02



250.



0.204E-02



250.



Hg-195 element-gas Hg



0.505E-03



250. 0.192E-04



250.



0.109E-02



250.



0.114E-02



250.



Hg-195 soluble-gas Hg



0.562E-04



250. 0.214E-05



250.



0.158E-02



250.



0.127E-03



250.



Hg-197 element-gas Hg



0.102E-02



250. 0.111E-04



250.



0.111E-01



250.



0.332E-01



250.



a) b) a) b) a) b) a) b) a) b) a) b) a) b) a) b) a) b) a) b) a) b) a) b) a) b)



INGESTION t-int Dose x 0.222E-01 250. 1 0.222E-01 ****** 0.193E+00 250. 1 0.193E+00 ****** 0.118E-01 250. 1 0.118E-01 ****** 0.549E-02 2000. 1 0.553E-02 ****** 0.119E+00 2000. 1 0.120E+00 ****** 0.137E-01 2000. 1 0.187E-01 ****** 0.667E-06 250. 1 0.667E-06 ****** 0.789E-06 250. 1 0.789E-06 ****** 0.311E+01 250. 1 0.311E+01 ****** 0.450E+01 250. 1 0.450E+01 ****** 0.287E-05 250. 1 0.287E-05 ****** 0.339E-05 250. 1 0.339E-05 ****** 0.929E-02 250. 1 0.929E-02 ******
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Hg-197 soluble-gas Hg



0.114E-03



250. 0.123E-05



250.



0.162E-01



250.



0.369E-02



250.



Hg-203 element-gas Hg



0.293E-02



250. 0.830E-03



250.



0.504E+00



250.



0.190E+00



250.



Hg-203 soluble-gas Hg



0.325E-03



250. 0.922E-04



250.



0.735E+00



250.



0.212E-01



250.



H-3



0.000E+00 ****** 0.000E+00 ******



0.000E+00 ******



0.444E-03



250.



0.997E-08



0.000E+00 ******



0.000E+00 ******



Xe-127



oxide (HTO)



inert



a)b)c) mean: TRITIUM:



a) b) c) OTHER NUCLIDES: a) b)



250. 0.886E-05



250.



a) b) a) b) a) b) a) b) c) a) b)



0.110E-01 0.110E-01 0.233E+01 0.233E+01 0.282E+01 0.282E+01 0.332E-01 0.306E+00 0.354E-01 0.000E+00 0.000E+00



250. ****** 250. ****** 250. ****** 2000. 250. ****** ****** ******



1 1 1 1



1



Location with dose maximum considering complete food ban (>24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 24 h 
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