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PROGRAM CONTEXT DIFFUSION EXPERIMENTS (CEA)
- Radioactive waste disposal may contain high amounts of concrete Diffusion cells Sampling
- Claystones are potential host rocks Upstream Downstream

; q q ~F -
Question: What are the effects of alkaline solutions C = constant L m?_ No constraints

resulting from concrete leaching on the properties of claystone?

No fracture

EXPERIMENTAL PROGRAM DEVELOPPED BY IRSN
Applied to the Tournemire argillite

- Batch experiments

- Advection experiments - in presence of

- Diffusion experiments hyperalkaline fluids
- Natural analogues observations

(Posters P/AP/18 & P/MTPM/25, this meeting)

Opened fracture

Site water
Diffusion experiments aims Alkaline fluid [Na] = 12.5mM | Fracture (calcite)
i . . . . . A [K]=0.14 mM
Determine the drffu;rqn co.effment of HTO, OH, Na, K, Ca, Mg in both fractured (fresh concrete) [Cal = 0.37 mM Calcite-filled fracture
and not fractured argillites in contact with alkaline fluids NaJ = 80 mM [Mg] = 0.29 mM |
- Observe the argillite at the end of experiments (precipitations and alteration K] = 100 mM Ly [— Py
front) [Ca] =1 mM [F1=023 mM
pH= pH=8.4
Monitoring of: - Major cations: Na, K, Ca, Mg
DIFFUSION AND MODELLING (CEA & IRSN)  Radho-tracers: HTO. **Ca, 74ia
Evolution of the downstream reservoir -pH
Unfractured samples Samples with opened Samples with calcite- AFTER DIFFUSION EXPERIMENTS (IRSN & MNHN)
fracture filled fracture : : . .
De(HTO), = (2.62£0.12) 101 m2.51 | [pe(HT) = (2802 0.14) 104 m2.51 | | De(HTO), = (2.17 £.0.09) 101 mest - Mineralogical characterization by SEM and XRD of clayey samples
De(HTO); = (1.92 £0.08) 1011 m2.s1| |De(HTO) = (2.04 £ 0.10) 101t m2.s1 De(HTO); = (1.42 £0.06) 1011 m2.s1 . Modelling assumptions (PhreeqC):
- —= = - Transport by Fick’s laws
N (’4’ T i - Sample composition: calcite and dolomite
} x ,’ B 1’ - Sample porosity: geochemical (4.9% w/w) or total (12% w/w)
‘M - Retention by multi-site cation exchanger (acquier P., Ly J., Beaucaire C. (2004). Applied Clay Science, 26, 163-170)
[Zam H | [Zut H Site 1 Site 2 site 3
: B ) - - . ) - - . - - - Exchange Capacity (mmol.g™") 0.0650 + 0.0015 0.0400 + 0.0015 0.0300 + 0.0015
log Kyam 2.8+0.3 4.9+£0.3 6.6+0.1
log Ky 1.1£0.3 3.4+0.4 5.4+0.8
log Kean 4.0£0.2 7.8+0.4 -
i 10g Kug/on 4.0+0.2 7.8+0.4 -
i MINERALOGICAL CHARACTERIZATION
S (IRSN & MNHN)
T - . *
7 P
: [—+ BEFORE DIFFUSION EXPERIMENT AFTER DIFFUSION EXPERIMENT
TS Texture of the argiite Unfractured sample
- Micro-crystalline matrix Occurrence of dessaturation fractures
- - Cementation by — — —
- carbonates » A
— ~Fractures
- Organic matter «

Large presence of
framboidal pyrite
cemented by calcite

Oxidation of pyrite with formation of iron oxy- hydroxydes

Sample with opened fracture

Porosity ( € = 4.9%) Porosity ( € = 4.9%) Porosity ( € = 4.9%)
t < 10 days (with ionic exchange) t < 10 days (with ionic exchange) t< 10 days (with ionic exchange)

De(OH),; = 4.14 1012 m2.s'1 De(OH),; = 4.14 1012 m2.s' De(OH),; = 5.38 1012 m2.s- m;ocgggf'zlczeufvg‘;loxlgszanrj/m(t::‘ﬂk::&a.vswnalgfl gg;&:;l::\e;epaymg

De(Na),; = 9.64 1012 m2.s1 De(Na),; = 9.64 1012 m2.s° De(Na), = 113102 m2.st 2:52.{:;:‘“;:‘:“5 of siderite (main peak at 2.79 A but 1 & Fe oxy- hydroxydes

De(K),; = 6.80 1011 m2.st De(K),; = 6.80 10-11 m2.s1 De(K),j = 7.94 1011 m2s1 vesh) . precipitation

De(Ca), =2.72 1012 m2.s°1 De(Ca),j = 2.72 1012 m2.s1 De(Ca), = 2.89 1012 m2.5-1 b 999 7. B

De(Mg),; = 2.83 1012 m2.s- De(Mg),; = 2.83 102 m2.s-1 De(Mg),; = 2.83 1012 m2.s- : Lok 357 S

t > 10 days (without ionic exchange) t > 10 days (without ionic exchange) t > 10 days (without ionic exchange) £ :
De(OH), = 2.26 1012 m2.s1 De(OH), = 2.26 1012 m2.s1 De(OH),; =3.00 1012 m2.s1 : w 490
De(Na), = 4.53 1012 m2.s1 De(Na), = 4.53 1012 m2.s1 De(Na), = 5.10 102 m2.s-1 . 73
De(K), = 5.67 1012 m2.s1 De(K), = 6.23 1012 m2.s1 De(K)y = 7.94 102 m2.s2 {0 s Y

De(Ca)y = 170104 m s De(Ca)y =170 102 m2s De(Ca)y =181 107 mis1 e A

De(Mg),, = 1.70 1012 m2.51 De(Mg),, = 1.70 1012 m2.s1 De(Mg)y = 1.76 102 m2.s°1 smecte) . S e 1135, Oxydation of pyrite with formation of ion oxy- hydroxydes
orderly I-S containing more than 90 % of lte at 10.14 A.

2: Sample slice

- Diffusion: Increase in pH and Na and K concentrations to reach values measured in the up:
reservoir - Fast decrease in Ca and Mg concentrations - Similar behaviour of the unfractured and - Similar phenomena in different kinds of
the opened fracture samples - Larger heterogeneity of the results from the sample containing a samples: pyrite oxydation, iron oxy-
calcite-filled fracture — Decrease of De(HTO) of 25-30% during the akaline fluid diffusion process hydroxydes precipitation

- Modelling:  Important effect of the multi-site cation exchanger: experimental data fitted (1) taking - Precipitation of secondary phases such || - opening of the calcite-filled G
into account the ionic exchange phenomenon during the 10 first days of the experiments (in as feldspars and zeolites UL alcite

particular for Na) and (2) considering this phenomenon negligible for longer time scales (decrease of - No obvious precipitation of carbonates ﬂgﬂm:'gmgzﬁfl \he - Oxydation of pyrite
all De and calcite precipitation) - Low effect of the porosity value (De(€ = 4.9%) < De(€ = 12%)) - No observed mineralization gradient - . 1o longer observed

I RS N CONCLUSIONS

INSTITUT - Diffusion coefficients for HTO, OH, Na, K, Ca, Mg decrease during the alkaline diffusion process - Cationic exchange phenomenon is dominant during the first 10

pe rapioproTECTION |days of the experiments and negligible later: this is a consequence of a mineralogical evolution of argillite samples due to the alkaline fluid diffusion process
- No significant differences between the phenomena observed in unfractured and fractured clayey samples show that the discontinuities induced by the

ET DE SURETE NUCLEAIRE

excavation works are readily sealed by the swelling property of the clayey rock when fully hydrated
- The tectonic fractured- zone slice shows larger heterogeneity than the two previous samples: the occurrence of calcite and pyrite veins in this zone plays a
role in the diffusion process inasmuch as these minerals reduce both porosity and cationic exchange capacity of the rock

Clavs in Natural & Engineered Barriers for Radioactve Waste Confinement. 3rd International Meeting. Lille 2007



