Reaction of bentonite
In low-alkall cement leachates:
An overview of the
Cyprus Natural Analogue Project

Russell Alexander 1, Antoni Milodowski?, Alistair Pitty2, Michael Rigas*

Bedrock Geosciences, Auenstein, Switzerland
British Geological Survey, Nottingham, UK

Pitty (EIA) Consulting, Norwich, UK

Geological Survey Department, Nicosia, Cyprus

NP

- Dr Alistair F. Pitty M.A., D.Phil.
o e iinli Pitty (EIA) Consultin,
3 multldlsclplmary 17 Blgcl(( Horzc Opening &
consunancy Norwich

3 NR3 4EP
I - United Kingdom
u
! !
U

British
Geological Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL




Acknowledgements

U Research funded by
U Nuclear Decommissioning Authority (NDA), UK
U SKB
U Posiva

U Provision of background geologicaland
hydrogeological information, and field support in
Cyprus

U Geological Survey Department (GSD), Nicosia, Cyprus
U Laboratory characterisation contributions (BGS)
U XRD analysis: Simon Kemp, Doris Wagner, lan Mounteney

U Petrography and microanalysis: Jeremy Rushton

U Chemical analysis: Helen Taylor, Charles Gowing, PANalytical
(Nottingham) Ltd.



Why low-alkall cements?
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Background T model ophiolite
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Main reaction pathways to serpentine involve
olivine ((Fe,Mg),SiO,)* interaction with

CO,Y ser peniSi,O@H)) Mg

Additional products can include:

magnetite (Fe;0,)

magnesite (MgCO,)

brucite (Mg(OH).)

methane (CH,)

hydrogen (H,)
in all cases, pyroxene group minerals can

replace olivine as precursor phase
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Natural alkaline groundwaters (pH 9-12) are
associated with low-temperature
sepentinisation reactions



Distribution of ophiolites

U There are anumber of locations worldwide where
such an analogue might be found 1 e.g. the
Philippines, Oman, UAE., PNG, Bosnia, California,
Japan, China, Korea, Portugal, Switzerland, United
Kingdom and Cyprus

U Many of these sites have been studied in depth i
but not as NAs (other than Oman - trace element
speciation, microbiology, BPM etc)

U Philippines was the first attempt to study a NA of
bentonite/low alkali leachate interactions i now we
have Cyprus tooé.



Methane, hydrogen and .....cigarettes




Location pH Na K Ca Mg |ClI SO, |SiO,
Cyprus 3a |11.5 |385 15.1 | 1.0 0.3 |420.0 [251.0 |24.0
Cyprus3b |11.2 |163.0 |1.2 |93.0 [0.5 |[190.0 [207.0 |34
Greece 11.3 |24.0 |10 |[340 (0.3 |15.0 (3.0 2.0
Bosnia 11.7 |35.0 |15 |[29.0 (70 |20.0 (2.0 0.9
Oman 11.5 |132 48 (340 (1.3 |1275 (225 |3.0
New

Caledonia |10.8 |15.0 |3.0 |14.0 (23 (220 |0.8 0.4
Western

USA 11.5 |19.0 |1.0 (400 (0.3 |63.0 |04 0.4
Philippines | 11.1 |28.0 |05 (186 |0.2 |174 |5.1 nd
Cement

leachate

ALL-MR f63 [ 11.0 |42 7.3 |20 <0.5 |52 12 49.2
OL-SRf63 |10.0 {4400 |150 |4300 |[0.56 |13000 |247 32.1




Phase I. 30 sites surveyed (drove 2000 km In
10 daysé. .l ots of track

Phase II: focussed on 10 sites, sampled
groundwaters, sediments at active systems
and fossil systemsi ser pentiniteée

Phase lla: recce of a further 7 sites,
contracted drilling and construction
companies

Phase lll: planned to sample 1 active and 2
fossi | sitese.



Overview of the geology of Cyprus
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Geology i Troodos Ophiolite sequence

| e e Daripedhi Formation:

massive sulphide ores
Troodos Pillow

Lava Series

Upper Pillow Lavas

Lower Pillow Lavas B

Baial chovp | Ophiolitic sediments: deep ocean floor

- umbers, manganoan shales, finely-
Digbase banded radiolarian shales and and
(altered dolerite dykes) Sheeted Dyke

(forms the craggy flanks
of the Troodos Range)

" Complex mudstones,and bentonites
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The ophiolite ion in the Troodos Mountains of Cyprus, shown schematically.
Redrawn with modifications after Greensmith (1994). Ian West & Joanna West (c) 2007. [F ro m WeSt 2 OO 7]
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groundwater from the ophiolite

Allas Springs




Allas Springs 1 Al-2




