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Used Fuel Disposition Disposal Research 
Goals 

n  Provide a sound technical basis for the assertion that the US has 
multiple viable disposal options that will be available when national 
policy is ready 

n  Identify and research generic sources of uncertainty that challenge the 
viability of disposal concepts 

n  Increase confidence in robustness of generic disposal concepts to 
reduce the impact of unavoidable site-specific complexity 

n  Develop the science and engineering tools required to address the 
needs above 
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Overview of UFD IRP 

n  Develop basic data, modeling capabilities, and 
experimental techniques to support deep 
geologic repository development in multiple 
geologic media, including, but not limited to, 
clay/shale formations, bedded and domal salt 
deposits, low-permeability metamorphic and 
igneous rocks, and other media as appropriate.  
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UFD Disposal Research Activities 
W

as
te

 F
or

m
 

EBS BUFFER  

Host Rock and Other Geologic Units 

W
as

te
 P

ac
ka

ge
 

NEAR FIELD 

GEOSPHERE 

Surface (backfill, liner, seals)  
 

[BENTONITE BUFFER] 
[CLAY, SALT BACKFILL] 

[DEEP BOREHOLE SEAL] 

[GRANITE]  
[CLAY/SHALE] 

[SALT ] 

Engineered Barrier Systems (EBS) Natural Systems Evaluations 

Disposal System Environment Modeling 

Thermal Load Management & (Repository) Design Concepts 

BIOSPHERE 

FAR FIELD 



5 

IRP Areas Of Interest for UFD 

• Development of detailed 
data bases documenting 
spatial distribution of 
potentially relevant material 
properties for multiple 
media, including (but not 
limited to) mineralogy, 
thermal properties, 
mechanical properties, 
permeability, porosity"
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Chapter 6:  Evolution of Disturbed Rock Zone (DRZ) –Thermal-
Hydrologic-Mechanical-Chemical (THMC) Modeling of the Near-

Field Evolution of a Clay Repository 
 

6.1  Introduction 
 
Clay/shale has been considered as potential host rock for geological disposal of high-level radioactive 
waste throughout the world, because of its low permeability, low diffusion coefficient, high retention 
capacity for radionuclides, and capability to self-seal fractures. For example, Callovo-Oxfordian argillites 
at the Bure site, France (Fouche et al., 2004), Toarcian argillites at the Tournemire site, France (Patriarche 
et al., 2004), Opalinus Clay at the Mont Terri site, Switzerland (Meier et al., 2000), and Boom clay at the 
Mol site, Belgium (Barnichon and Volckaert, 2003) have all been under intensive scientific investigation 
(at both field and laboratory scales) for understanding a variety of rock properties and their relationships 
to flow and transport processes associated with geological disposal of radioactive waste. Figure 6.1-1 
presents the distribution of clay/shale formations within the USA. 

 
 

 

 

 

 

 

 

 
 
 
Figure 6.1-1. Clay/shale-formation distribution in the USA (Gonzales and Johnson, 1984) 

 
 
Clay/shale rocks may be generally classified as indurated or plastic clays (Tsang et al., 2005). The latter 
(including Boom clay) is a softer material without high cohesion; its deformation is dominantly plastic. 
For both clay and shale, coupled thermal, hydrological, mechanical, and chemical (THMC) processes are 
expected to have a significant impact on the long-term safety of a clay repository. For example, the 
disturbed-rock zone (DRZ) near repository tunnels can modify local permeability (resulting from induced 
fractures), potentially leading to less confinement capability (Tsang et al., 2005). Because of  clay’s  
tendency to swell or shrink (depending on whether the clay is undergoing in imbibition or drainage 
processes), fracture properties in the DRZ are quite dynamic and evolve over time as hydromechanical 
conditions change. Understanding and modeling the coupled processes and their impact on repository 
performance are critical for any defensible performance assessment of a radioactive waste repository in a 
clay/shale host rock.   

Gonzales S. and Johnson K. S. (1984) Shale and other argillaceous strata in the United 

States. Oak Ridge National Laboratory. ORNL/Sub/84-64794/1. 
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IRP Areas Of Interest for UFD 

•  Testing, both in the 
laboratory and in 
boreholes, as 
appropriate, to 
acquire new data to 
supplement data 
currently available in 
the scientific 
literature 
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Figure 3-5.  Example plot of heterogeneous Kd distribution with correlation length of (2000m  2000m  
50m). Wang Y., Simpson M., Painter S., Liu H.H., and Kirsting A. (2011) 

Natural System Evaluation and Tool Development – FY11 Progress 
Report. DOE-NE Used Fuel Disposition Campaign. FCRD-
USED-2011-0002. 
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IRP Areas Of Interest for UFD 

• Material properties of 
crystalline rocks at depths of 3 
to 5 km, well below the depth 
generally proposed for 
disposal in mined repositories, 
and where the anticipated 
means of waste emplacement 
would be in a borehole 
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IRP Areas Of Interest for UFD 

 
•  Improved understanding of 

hydrologic and radionuclide 
transport processes in the 
geosphere of relevant disposal 
model environments, with 
emphasis on the models that can 
better capture the effects of 
geologic media heterogeneity 
and the alternative models to the 
existing equilibrium Kd 
approaches for radionuclide 
transport 

. 
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IRP Areas Of Interest for UFD 

• Development of 
methods to upscale 
atomistic (or pore-
scale) descriptions into 
continuum-scale 
models of radionuclide 
transport in geologic 
media 
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Figure 5-6. TEM/HRTEM of aqueous Pu(IV) sorbed to goethite at 25 C for 103 days at the intermediate 
concentration. The 1,800 ppm Pu on goethite represents ~10% surface load.  Arrows and circles identify 
locations where dispersed Pu4O7 nano-colloids (identified by high resolution transmission electron 
microscope) are present. 
 

Wang Y., Simpson M., Painter S., Liu H.H., and Kirsting A. (2011) Natural 
System Evaluation and Tool Development – FY11 Progress Report. DOE-NE 
Used Fuel Disposition Campaign. FCRD-USED-2011-000223. 
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Summary 

•  Funding will not be used to support geologic 
characterization and evaluation of specific candidate 
disposal sites.   

•  Funding may be used to acquire new data through 
drilling or other field activities, but the primary 
emphasis of IRP must be on information and 
techniques broadly applicable to a range of generic 
sites.  

•  IRP will complement ongoing UFD R&D and will 
support meeting goals above 


