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k IRFAIASENT T
B0

OPCH#NEA/KF0%D
(NUMO-SC)

Labradorite
Augite

Kfeldspar
IImenite
Forsterite
Fayalite

Quartz (10 vol%)
Calcite (10 vol%)

Portlandite
C16SH
Ettringite
KatoiteSil

Hydrotalcite

X Beerling, D.J. et al. Potential for large-scale CO(2) removal via enhanced rock
weathering with croplands. Nature. vol. 583, no. 7815, 2020, pp. 242-248.
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Beeriling et
al.(2020))

ZREEY
(LA REE
FEE . NUMO-
SC)

Calcite
Amorphous silica
Gibbsite
Goethite
CO7SH~C15SH
Dolomite
Analcime
(Calcite)

Brucite
Friedel_Salt
Sepiolite

C4AH13
Straetlingite
Monosulfoaluminate
Gypsum

Monocarboaluminate
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BREKE
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rate = A - (kg (ag+ )" + kmo + kor(aom)™] - (L0 Mineral _ 1) FIEEE I Volume fractions [-]

Labradorite 4.24x 103
Neutral Augite 1.57x 103
Acid kinetic kinetic Base kinetic Kfeldspar 6.95 x 104

pa rameters param eters para meters -
Basalt Formulation  Mineral logk  Eapp n logK  Eapp logk Eapp N Ilmenite 2.78 x 10
Normal-Alkali-Basalt  Labradorite -7.87 421 063 -10.91 45.2 -15.57 71  -0.57 Forsterite 9.96 x 104
(faster weathering)  Aygite -6.82 78 07 -11.97 78 - - - ”

Forsterite 685 67.2 047 -10.64 79 Fayalite 3.03x10

Inert (basalt) | 8.77x 10

Kfeldspar 10.06 517 05 -1241 38 -21.2 941 -0.82

Fayalite ] T ) ) ) ) Total (basalt) | 8.89x 103

llmenite 835 379 042 -11.16 379 Quartz 1.00x 10!
Normal-Tholeiite Augite -6.82 78 0.7 -11.97 78 - - - Calcite 1.00 x 101
(slower weathering) Enstatite -9.02 80 06 -12.72 80 -

] Inert (soil) 0.541

Kfeldspar 10.06 517 05 -12.41 38 212 941 -0.82 Porosity 0.250

Labradorite ~ -7.87 42.1 063 -1091 452  -1557 71 -0.57

llmenite 835 379 042 -1116 379 - - - Total 1

TIRB B EBDIRYHE R

LREICEEN DY DAHEEZRE(Beerling et al., 2020%)

X Beerling, D.J. et al. Potential for large-scale CO(2) removal via enhanced rock weathering with croplands. Nature. vol. 583, no. 7815, 2020, pp. 242-248.
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Table 3-3. Additional, conservative limiting no-effect concentrations and uptake reduction
factors. Radionuclides where information only applies by analogy are indicated in italics, ORG
stands for any of the ligands indicated in Chapter 2. Reduction factors apply to all radionuclide
uptake values (i.e. best estimate and upper/lower limits, see SKB 2014a).

Table 3-1. Limiting no-effect concentrations and uptake reduction factors for ISA (realistic values).
Radionuclides where information only applies by analogy are indicated in italics. Reduction factors
apply to all radionuclide uptake values (i.e. best estimate and upper/lower limits, see SKB 2014a).

Radionuclide (oxidation state) no-effect concentration for ISA reduction factor for ISA*

Radionuclide (oxidation state) no-effect concentration, conservative  reduction factor

Ag(l)

'“C, carbonate species

no effect expected for ISA
(see Table 3-3 for conservative values)
isotope exchange, no effects expected

1

1

conservative™

Ag(l)

no effects for [EDTA, NTA] < [Ca(ll)]
no effects for other ligands < 10 mM

100 (constant)
10 (constant)

"C, CH,, simple organics not relevant: K, = 0 assumed not applicable "“C, carbonate species - -
Ca(ll), radioactive isotopes no effects expected 1 C, CH,, organic acids - -
Cdill) reduction expected for [ISA] > 10 mM § 10 B2y ? Ca(ll), radioactive isotopes - -
CI(-1y, I(-1) no effects expected 1 ISA 5.!, = ‘ J: é Cd(l) - -
Cs(l) no effects expected 1 I, 1) _ —

Eu(lll), Ac(ill), Amill), Cm{lil), Ho(l), Pulil), Smfill)

Mo(V1), Se(VI), Te(VIl)

reduction expected for [ISA] > 1 mM
no effects expected

o KRR

#

Csil)

Eu(lll), Ac(ith), Am{lli), Cen(lit), Ho(Il), Pu(ll}), Sm(lli

reduction expected for [UP2] > 0.1 mM

10 (no additional

Nb{V) no realistic value proposed for ISA, - conservative factor given)
) (conservative values: Table3-3) —% | Mo(V1), Se(vl), To(vil) _ _
25;::} i[;{;:?) :Z?SE:Q?;T;EEJEQ[TSEQS :-‘;T; T’i;’ﬂ :DU constant No(V) reduction expected for [ORG] > 0.1 mM 100
ThilV), Np(IV), PulV), UIV), PalV), Te(iV), ZriV), SnilV) reduction expected for [ISA] > 0.1 mM | 100 Ni(t. Cot) reduction expected for [ORG] > 5 mM 10 (constant)
Ne(V). Pu(V) reduction expected for ISA] > 1mM | 10 Po(ll). Pa(l) - -
Pa(V) reduction expected for [ISA] > 0.1mM | 100 Th, Np(lv). Pu(iV), U@V), Pa(lV). Te(Iv), Zr(1v), Sn(lv) -
Se(-l) not relevant: K, = 0 assumed not applicable Np(V), Pu(V), Pa(V) - -
Se(IV). Po(iV) reduction expected for [ISA] > 0.1 mM § 10 Se(-l) - -
Sr(ll), Ba(ll), Ra(l) reduction expected for [ISA] > 10 mM § 10 Se(IV), Po(IV) - -
UiVl Pu(vi) reduction expected for [ISA] > 0.5 mM § 10 Sr(ll), Ba(ll), Ra(ll) - -
UV, Pugvi) - -

* The proposed reduction factors will increase by a factor of 10 with each 10-fold increase of [ISA] above the indicated
no-effect level, except for Pb/Pd. I.e. with an indicated no-effect of 1 mM [ISA] and a reduction factor of 10, sorption
values are expected to be reduced by a factor of 10 between > 1 mM to 10 mM [ISA], and by a factor of 100 between
> 10 mM to 100 mM [ISA], etc.

* The reduction factor for Nb will increase by a factor of 10 with each 10-fold increase of [ORG] above the indicated

no-effect level

#Ochs, M., Colas, D., Grivé, M. and Olmeda, J. (2014) Reduction of radionuclide uptake in hydrated cement systems by organic complexing agents: Selection
of reduction factors and speciation calculations. SKB Report R-14-22. Swedish Nuclear Fuel and Waste Management Company, Stockholm, Sweden.
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SUOBBLLLIB NSRS A Ly & S 8 B
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98.6 9.1 680 23
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E*H':[&%LEEHZ (%z'??i&ﬂ) éhé%@t%i%h aPercentage0f137Csadsorbedtosoilso‘lidphase .

b NasP,O7 extractable Cs.
%o

X Lofts, S., Tipping, E.W., Sanches, A.L., Dodd, B.A., 2002. Modeling the role of humic acid in radiocaesium distribution in a British upland peat soil. Journal of Environmental Radioactivity 61, 133—147, 2002.
XX Wauters, J., Sweeck, L., Valcke, E., Elsen, A., & Cremers, A. (1994). Availability of radiocaesium in soils: a new methodology. The Science of the Total Environment, 157, 239-248.

XX ¥ Nakamaru, Yasuo & Ishikawa, Nao & Tagami, Keiko & Uchida, Shigeo. Role of soil organic matter in the mobility of radiocesium in agricultural soils common in Japan. Colloids and Surfaces A: Physicochemical
and Engineering Aspects. 306. 111-117, 2007.
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