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Motivation

* GRS Braunschweig was mandated in January 2016 by a Commission of the German
Bundestag to deliver expert opinion on thermal compatibility of clays with regard to
the disposal of high-level radioactive waste (HLW) and spent fuel (SF). The expert
opinion was largely based on the results of the R&D project “AnSichT” (2011-2016) on
the demonstration of the safety of a repository for HLW and SF in clays according to
the German regulations.”

* A special attention was given to
— the relevant thermally induced processes in clays that necessitate the limitation
of the thermal impact of the emplaced waste on the host rock and geotechnical
barriers,
— the corresponding temperature limits according to the international and national
disposal projects.

* This talk starts with an overview of the temperature limits and proceeds with a brief
discussion on the most important identified processes and open questions.

* Jobmann & Meleshyn (2015): Evaluation of temperature-induced effects on safety-relevant
properties of clay host rocks with regard to HLW/SF disposal, Mineralogical Magazine 79 2



International status
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1. Illitisation of smectites L O
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2. Expansion-contraction of clay L e
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2. Expansion-contraction of clay L e

a5 - @ LSPW_Heating M HSPW_Heating A APW_Heating

-
o

85~

9

75

Expansion Contraction 20 30 40 50 60 70 80

G— —
LT~

. 29 - r - ' Temperature (°C)
0,002 0001 O 0,001 0002 0,003 0004 0,005

Volumetric strain (-)

Temperature (°C)
&
Intrinsic permeability (x10-1? m?)

Drained heating test on Opalinus clay Opalinus clay with artificial fractures
(under in-situ stress) LSPW (HSPW): low (high) salinity pearson water,
APW: alkaline pearson water

(Yu et al., 2014)



2. Expansion-contraction of clay L e
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2. Expansion-contraction of clay L e
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2. Expansion-cont

Open question

What is the expansion-contraction
behavior and permeability of compacted
bentonites and crushed clays
at high temperatures?



3. Swelling of clay
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3. Swelling of clay
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3. Swelling of clay

Hydrothermal degradation of the
osmotic swelling ability of bentonite
by water vapor within one week
(Couture, 1985)
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3. Swelling of cla

Open question

What is the effect of high temperatures on
swelling ability and swelling pressure of
clays?
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4. Sorption capacity of clay. N OL - I
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4. Sorption capac

Open question

What is the effect of high temperatures on
sorption capacity of clays?

15



5. Microbial alteration of clay L ORI
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5. Microbially influenced

(a) Copper
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(Sowards & Mansfield, 2014)
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Copper pitting (general) corrosion:
0.88 (0.06) mm/a in vapor phase
0.40 (0.05) mm/a in liquid phase
Carbon steel pitting (general) corrosion:
2.85 (1.10) mm/a in vapor phase
4.70 (0.06) mm/a in liquid phase
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5. Microbial survival in clay. L L.
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* possibly only for several months to years at the highest temperatures (Nagra, 2002)

Sedimentary rocks exposed during their diagenesis to
paleotemperatures of 140°C show only spurious and of
145°C no microbial biomass at all (Colwell et al., 1997)
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5. Microbial activi

Open question

How does detrimental microbial activity in
clay decline with increasing temperature?
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Summary of research topics N OL - I

Expansion-contraction behavior and permeability of compacted bentonites
and crushed clays at high temperatures

» Effect of high temperatures on swelling ability and swelling pressure of clays
* Effect of high temperatures on sorption capacity of clays

* Decline of microbial activity in clay with increasing temperature
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