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Background

ÅFractured higher strength rocks (HSR) are one of the rock 
groups that may provide a suitable low-permeability host 
for a Geological Disposal Facility (GDF) for radioactive 
wastes in the U.K.

ÅRadionuclide retardation within HSR may be important in 
the safety case for a HSR-hosted GDF



Important Issues
ÅRadionuclide retardation in rock matrix requires:

ʒ radionuclide transfer into the matrix from water moving in fractures by: 

Áadvection and diffusion

Áa variety of possible pathways

ʒmechanisms by which radionuclides can be incorporated into the rock mass:

Áadsorption to existing grain surfaces

Ádiffusion into grain interiors

Á incorporation into newminerals

ÅRadionuclide uptake/retardation mechanisms have been studied 

extensively, both in-situ and off-site, but studies address: 

ʒ timescales several orders of magnitude shorter than duration of 
transport/retardation processes that need to be considered in a safety case

ʒcorrespondingly shorter length scales than are relevant to the safety case 



Purpose
ÅTo complementexperimental studies, RWM is undertaking a natural analogue study of transport/ 

retardation of radionuclides, and chemical analogues for radionuclides, within HSR, to gain insights into

ʒ natural processes occurring over longer timescales than lab / in-situ experiments 

ʒ natural processes in the absence of disturbance that accompanies lab / in-situ experiments

ÅAim to develop an improved conceptual model for radionuclide transport and uptake over timescales 

comparable with those considered by safety assessments by:

ʒ interpreting observed natural variations in distributions / behaviours of radionuclides and their analogues

ʒ togetherwith published results from lab / in-situ experiments

ÅThe project commenced in September 2016 and will continue until the end of March 2018

ÅHere we present interim results



Sample Selection Approach
ÅA range of HSR types, with varied grain sizes needed

ÅSamples sufficiently large to enable various kinds of analyses

ÅSamples required to contain fracturing with different 
characteristics
ʒcomplexity
ʒgeometries
ʒassociated mineral infills
ʒwallrockalteration

ÅSamples required to contain fractures that have conducted water 
with P-T-chemistry similar those in plausible GDF host rocks

ÅIdeally corresponding groundwater chemical data



Selected Samples
Å2 fine-grained, OrdovicianBorrowdale Volcanic Group (BVG)

meta-tuff, NWEngland:

ʒone hascomplex vein, associated fracture zone c.30 mm across,v. little wall-rock alteration 

ʒone hashairline fracture, partly-sealed by v. thin calcitelayer,network of fine anastomosing 
calcite-mineralised microfractures in wallrock, extend c. 5 mm, v. little wallrock alteration

Å1 medium grained, PermianCarnmenellis Granite, SWEngland

ʒplanar fracture thinly coated in laumontite and calcitewith very limited associated 
microfracturing within the adjacent wallrock

Å2 medium grained,Cretaceous Toki Granite, central Japan:

ʒMIU-3/8, moderate alteration, one major fracture bordered byfracture zonec. 5mm thick

ʒMIU3/10, much more intensely altered with more complexfracture zonec.20 mm thick, 
associated with an extensive microfracture network in the adjacent wallrock



Selected Samples
Complexity of Fracturing

Intensity of
Alteration

BVG 1CMG
BVG 2

Toki 
Granite 1

Toki 
Granite 2

Suite of samples have:
Å Range of fracturing complexity
Å Range of alteration



BVG 1, Sellafield, NW England



BVG 2, Sellafield, NW England



Carnmenellis Granite, SW England



Toki Granite 1, Central Japan



Toki Granite 2, Central Japan
Toki Granite: Mizunami, sample MIU-3/10



Analytical Techniques (To Date)

ÅOptical and SEM petrography;

ÅX-ray radiography

ÅDigital storage phosphor imaging plate autoradiography (total radioactivity)

ÅEtch track radiography (alpha autoradiography)

ÅICP-OES and ICP-MS

ÅPowder XRD

ÅGlancing incidence XRD

ÅSynchrotron microfocusXRF and XANES
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BVG: SSK70953, RCM3 999.6 m

Å Weakly radioactive: mostly related 
to -ɹactivity from K-minerals (K-
feldspar, white mica)

Å wŀǊŜ άƘƻǘ-ǎǇƻǘǎέ ŎƻǊǊŜǎǇƻƴŘ ǘƻ 
detrital heavy minerals ςe.g. 
zircon.

Å Slight hematitisation adjacent to 
the PFF corresponds to v. slight 
total enhancement of diffuse 
radioactivity associated with 
hematite / hematitisedchlorite ς
patchy, controlled by cleavage 
fabric



BVG: SSK70953, BH9A 463.42 m
Å Weakly radioactive: mostly related to 

-ɹactivity from K-minerals (K-
feldspar, white mica)

Å wŀǊŜ άƘƻǘ-ǎǇƻǘǎέ ŎƻǊǊŜǎǇƻƴŘ ǘƻ 
detrital heavy minerals, e.g. zircon

Å Strong microfracture network, often 
calcite-mineralised

Å Strong cleavage / metamorphic 
fabric defines ɹ-activity distribution 
(mica)

Å No radioactivity in vein calcite

Å No evidence of PFF affecting 
radioactivity distribution


