ANDRA

French national radioactive waste
management agency

Problem statement:

Performance assessments for (near) surface nuclear waste disposal facilities
require simulation of transfer processes from the waste canisters to a reference
group living near-by. Such simulations need to be extended over several
represent short term system
complexity and variability. Related modelling can be simplified as long as doses
for radionuclides and risk factors for toxic chemicals are estimated larger

thousand vyears, restraining possibilities to

compared to more realistic modelling approaches.
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~ | tion via upward movement the latter i1s quantified

- using a defined upward flux mixed continuously Into
. a 2 m thick homogenised soil column (Aquabios
model). For a more detailed evaluation of transfer
| within such a soil layer a multilayer transfer model

Modelling soil and soll - plant transfer processes of radionuclides and toxic chemicals

at long time scales for performance assessment of Radwaste disposal
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food-chain

Of the 3 main entrance pathways to the human food
chain: groundwater, river waterB direct contamina-

| (SAMM) has been developed.

Groundwater contamination and hydrology:

The model (SAMM): Soll - and U & Th transfer parameters . . . . N
When simulating upward transfer we define an advective flux of 1 Bg.m<.an* from the
z”oﬁﬂ?nbnrjv?&sgg%“:agﬁ:g;‘i‘:;er;oﬁ/z°p'grzgif;‘cg\'/:r*;evj;é ‘r"éea‘:l;egar:;?rpc':)thgg\“,zgl’:;;‘;':j gn'l‘;,?g“ groundwater, contaminated at 20 Bg.m?3 with either U-238 or Th-232 in this example, into the
—— depth, time —— the first 10 cm. The particle’—solution distribution coefficient (Kd ), the soil to plant transfer soil. Downward flow of water is avoided by considering precipitation not to percolate through
esnorizelien / parameter (FTsp) and the decay constant (3) need to be adapted for U-238 and Th-232: the column. The upward flux — not physically fully justified — can be seen as a capillary rise.
CC?"-E("’): Paramétres du sol Paramétres du RN : r=1 Diffusion losses are prevented by applying a diffusion coefficient (D,) of O in the compartments
sdveetan . aCr eau(‘:?,) | aVi,(z,t) flow velocity: Profondeur (m) Sa:)uerifoie(_) Porosité du sol (-) rzicsi:;li);ti((;?) (kgselc::-/rli:frais) Do (m2/an) |n ContaCt W|th the ground Water_
e Vi, (z.t) _a: +6 i l2l) : (e B oss [ 100.0 6.00E-02 1.55E-10 0.00082 0.038 RGSUH
— oy w2t OV (z) e — soeor | isse0 | oomm | oms | o . . .
noyonont NN — >+ Gy (21) —2 B - 6.00E-02 1 55E-10 0.00082 0.038 U, considered relatively mobile (Kd =0.06m?3.kg?) can move up the soil column to reach the
difusion 1 7Cr (1) 8D, (2) 86, (21) spparent — e —= et | 1mr0 T oo g root zone, from where transfer into grass (assumed cut and exported out of the system each
— " o’ - CA — oz Coeffioiont e —— GOOEOZ | LSEWLD 0000 D038 year) is possible. Th, much less mobile (Kd =5.4m3.kg!) does not reach the surface after 10ka,
ingrowtli.  ~AL; . (21145, ‘9:7‘ P e ——= P e A S 008 but only after a much longer simulation period.
(P =permni) [ If)b' wx’] water content, bulk = 0.65 = 0.5 tS:E-OZ b“?aE-lo T 0.038 Th-232
wanstort | N (ﬁ +Kd,, jc (2.1) gt csememnt Eece oS coee | imew | ooom | oo 100% plant export e e
P : B o065 B os 6.00E-02 1.55E-10 0.00082 0.038 U-238 "
root depth distribution, yield,  \uc.e1 2010: Miguel and Basso, 2010: B o065 B os 6.00E-02 1.55E-10 0.00082 0.038 5 =
soil/plant transfer factor Wheater et al. 2007 B o065 B os 6.00E-02 1.55E-10 0.00082 0.038 = S
B oss B o5 6.00E-02 1.55E-10 0.00082 0.038 s =
A numerical scheme for the resolution of the differential equations, based on a B 0.65 B o5 6.00E-02 1.55E-10 0.00082 0.038 § = %
finite difference approach, (replacing differentials by differences using the Taylor- T 065 B o5 6.00E-02 1.558-10 0.00082 0 ST §A ;
Young equation), is applied with calculations carried out in Matlab. oo = o = o e 195610 000082 0 °3 s 2 .
3= 38
: : : : : 2 = soil - 4 _ &
Comparison with fully homogenised soil model (Aquabios): surface 2 e - 200ka
For mobile radionuclides (U-238) a finer model approach (SAMM) leads to higher surface soll helght (m) :5\ Jation @
and plant concentrations in comparison to the fully homogenised approach. The homogenised 0 v ame
. . . eve
approach can thus not be considered conservative. But the factor 4.5 (case of U-238) remains
below the general uncertainty level of one order of magnitude characteristic for long-term
dose assessments. Immobile radionuclides tend to remain in the lower part of the solil profile; Conclusions:
the homogenised model thus strongly overestimates the actual impact. . A refined approach for modelling soil upward transport indicates the degree of conservatism
mobile immobile (immobile radionuclides) as well as the degree of underestimation (mobile radionuclides).
——  Therefined approach allows going beyond the use of generic transfer parameter values with the
N application of measured depth dependent data (Kd, root uptake and distribution; data available
o1 = samm U-iaas - P but not shown here).
- o olution i time + |t allows also to quantify the likelihood of the pessimistic hydraulic scenario that permits
3 < - advective upward movement even in a temperate climate.
o — :  In spite of the very long simulation periods the more detailed multilayer approach helps
o Sltuation after 100002 remaining somewhat closer to physical reality.
T o « Uranium also needs to be considered as a toxic chemical; the model approach for non
o g R radioactive toxic chemicals is identical to the one shown above (with the decay constant A = 0).
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