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A model of fracture system development
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Redox frent penetration in the fractured Teki Granite, central Japan:
An analegue for redox reactions and redex buffering in fractured
crystalline host rocks for repositories of long-lived radicactive waste

@m

Koshi Yamamoto ®, Hideliaza Yoshida ®*, Fuminod Alagawa?®, Shoji Nishimoto®, Richard Metcalfe©

*Magova Dnivessity, Sraduwate Schoal of Envirenmental Studics, D2-2(5T0) Furacha, Chilusg Magews, sichi 484-550T1, fapan
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ARTICLE [NF©D ABISTRACT

T IREDIREEFE L NS FE
(HERETEZEETAE)

Artick history: Redox buffering iz one important factor to be considered when as sersing the barrier function of potential
Fecaived 7 Mayr 2012 haost rocks for a deep grological repositary for long-lived radioactive wast. I such a repository is to be
Accepted 19?’“’"‘" 20_13 sited in fractured oy stalline hostrock: it must be demonstrated that wasts will be emplaced deeper than
g;ii}:]e};%n;s :p]:\]diggkath the maximum depth o whith oxidizing waters can penetrate from the garth's surface via fractures, dur-
L ing the assessment Hmeframe (typically 1 Ma). An analogue for penetration of such dzidizing water
occurs in the Cremceous Toli Granite of central Japan. Here, a deep redoi front is developed along
watrr-condus ting fractures at a depth of 210 m below the ground surface. Detailed petrographical stud-
ies and grachemical analyses were camied outon drill core specimens of this redox front. The aim was ta
determine the buffering proces ses and behavior of major and minor elements, induding rare earth ele-
ments (REE=), during redo: front development The results are compared with analytizal data from an
oxidized zone found along shallow fractures (up to 20 m from the murface) in the same granitic rock,
in order to understand differences in elemental migration accarding to the depth below the ground sur-
face of redai-front formation. Geochemical analyses by ¥EF and HP-MS of the axidized zone at 210m
depth reveal clear changes in Fe{II)Fe(II) ratios and Ca depletion amoss the front, while Fe concentra-
tioms vary little. In contrast, the redox front identified along shallow fractures shows srong emmichments
of Fe, Mn and trace elements in the oxidized zone compared with the fresh rock matrix. The difference
zan be asaibed o the changing Eh and pH of groundwater as it flows downwards in the granite, due
ta reactions with rock forming minerals, in partcular feldspar diszolution. These observations give
imporant insights int the processes that contw] the rates of redok front penetration in fracured s
talline rack. The findings of the study can be used to help build fidence among saliehalders that
radioactive waste would be emplaced in suchrocks at greater depth than that to which oxdizing water
iz likely to penetrate in future.

5 2013 Elsevier Itd. all rights reserved.

1. Introducton

When siting a deep geclegical repesitery for leng-lived radicac-
tive wastes within fractured crystalline recly, it must be established
that exidizing surface waters will not in futire penetrate to repos-
itery depth aleng [ractures and compremise the natural and)or
engineered barriers te radieouclide migration. Such water penetra-
tien weuld tend te promete the degradatien of metal engineered
barriers ad faver the sclubility of certain radiemuclides, notably
U, P, Teand Mp{eg Wanner, 2007 0o the other band, exidizing
water could cause mineralepgical redex freots te forom within the
wallrecls of fractures {eg Hofman, 19697 Miller et al, 2000;
Fig 1) These fronts are typically characterized by Fe-ecvbned rox-

* Comespending auther. Tel: +£1 52 78S 5765
E-inail address: deTalmumna gara-nac jp (H Yeshida)l

ORES-2907(8 - seo frent matter @ 2003 Elsevier Ltd. All rights resarved
http:fdaded eng 10101 S apgecchem 201305013

ides that could serb many radicnuclides, thereby retarding radie-
muclide migraticn {eg Grisakk and Pickens, 198{0; Neretniels,
18807 Alexander et al, 19800, Furthermere, consumption of Oz by
the redex reactiens that ferm the mineralegical redex frents weuld
cause conditiens to become reducing ence mere. Thus, the ecoar-
rence of exidized [racture wallrocls, even at repesitory depth, dees
oot necessarily imply that a coystalline recl: is an unsuitable repos-
itery bost rocl, provided it can be shown that: (1) exidation of re-
duced Fe-bearing minerals was ancient; (23 present groundwater
conditiens are reducing and (3) there is oo potential for exidizing
waters to penetrate along the fractures over the future timescale
Eor which repository perfermance is assessed (typically ca. 1 La).

[n principle the present understanding of redox processes in
granitic recks can support evaluations of whether these criteria
are met at any potential repesitony site. However, this understand-
ing is based on studies of redox frents in fractured coclss at

17
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