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Abstract 
 
We propose two alternative benchmark problems representing deep geologic disposal in 
saturated host rock.  The conceptual repository design used here is representative of that 
proposed by nuclear waste programs in several countries.  The concept is similar to coupled-
process modeling tasks being considered by the current phase of the DECOVALEX 
(Development of Coupled Models and their Validation against Experiments) project, 
DECOVALEX-2015.  A summary of the DECOVALEX-2015 modeling tasks will be presented as 
examples of well-defined experiments for use in benchmarking and history-matching.  For the 
present Subsurface Environmental Simulation Benchmarking Workshop, we propose two 
alternative benchmark problems for an argillite- or granite-hosted high-level waste (HLW) 
repository that integrate repository performance into the modeling effort.  Two waste package 
release scenarios are prescribed―an early failure of a single waste package scenario and a 
disruptive event (such as an earthquake) scenario that results in the complete failure of one 
emplacement tunnel that hosts multiple waste packages.  The proposed model concept uses 
bentonite as buffer and seal material in the engineered barrier system.  Thermal history of the 
waste package will be prescribed.  Early thermal loading of the bentonite buffer may induce 
desaturation with shrinkage and, potentially, the development of fissures or microfissures. 
Subsequent buffer resaturation and swelling may increase stresses on the waste package and 
the surrounding geological media when the waste packages cool down significantly.  On the 
waste package surface, corrosion processes result in the formation of metal oxides under both 
oxic and anoxic conditions.  Two sets of radionuclide source terms, derived from previous 
understanding of radionuclides important to risk and performance assessment, will be provided: 
Tc-99 and I-129 as two relatively non-sorbing radionuclides; and Np-237 and Pu-239 as two 
relatively sorptive radionuclides that may initially precipitate due to their relatively large 
quantities in the waste inventory but later dissolve to provide a relatively significant source for 
reactive transport in the later phase of the repository lifecycle.  In the model scenario, the 
subsurface environment will also undergo oxic to anoxic evolution due to the closure of the 
tunnels and the consumption of oxygen by corrosion and microbial processes.  This will in turn 
change the geochemical properties of the radionuclides.  Hydrological, geomechanical, and 
geochemical properties of an argillitic or generic granitic rock will be prescribed.  
 
Disclaimer 
 



The NRC staff views expressed herein are preliminary and do not constitute a final judgment or 
determination of the matters addressed or of the acceptability of any licensing action that may 
be under consideration at the U.S. Nuclear Regulatory Commission. 
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Extended Abstract 
 
We propose two benchmark problems representing coupled processes in deep geologic 
disposal of nuclear waste in saturated host rocks.  The conceptual repository design is 
representative of that proposed by nuclear waste programs in several European and Asian 
countries and may potentially apply elsewhere.  The proposed benchmark problems use 
radionuclide transport as a metric for performance of a near-field system where coupled 
thermal-hydrological-mechanical-chemical (THMC) processes are expected to occur. 
 
Performance assessment is an important component of the regulatory framework used in many 
countries for deep geologic disposal of spent nuclear fuel and high-level radioactive waste 
(HLW), including the United States.  System-level performance assessment models rely on 
abstractions of processes that affect engineered and natural barriers for waste isolation.  In 
addition to providing quantitative measures of repository performance, these models provide a 
means of identifying and evaluating key risk contributors in the system.  Identification of risk 
contributors, and determination of their probabilities of occurring and their consequences, 
continue to guide not only system-level but also process-level research and modeling efforts. 
Current staff activities at the U.S. Nuclear Regulatory Commission (NRC) involve developing 
and exercising both process-level and system-level models to maintain and expand NRC staff 
expertise on alternative disposal options and to gain insights for potential updates of regulations 
and guidance documents. 
 
The NRC staff is expanding its capabilities for evaluating alternative disposal options by its 
renewed participation in the current phase of the DECOVALEX (Development of Coupled 
Models and their Validation against Experiments) project.  DECOVALEX was initiated in 1992 to 
improve understanding of the coupled THMC processes in the performance and safety 
assessment of a disposal system.  The objectives of the project are to: (i) support model 
development, (ii) compare results from alternative models with laboratory and field experiments, 
(iii) use a model to help design new experiments that may verify and enhance conceptual and 
theoretical understanding of the coupled processes, and (iv) derive insights for repository 
performance and safety assessment from forward modeling exercises.  The comparison of 
alternative approaches in DECOVALEX is similar to those of the Subsurface Environmental 
Simulation Benchmarking project. 
 



DECOVALEX-2015, the current phase of the project, includes three modeling tasks, each tied to 
field or laboratory experiments.  The first task is based in the SEALEX experiment, in argillite in 
a research tunnel in Tournemire, France.  The objective of the first task is to model and evaluate 
performance of borehole seals, bentonite or clay cores used to seal horizontal boreholes after 
waste emplacement.  The second task will investigate the evolution of thermal properties, 
resaturation and swelling pressure of bentonite buffer in the early non-isothermal stage, and 
their influence on near-field pore pressure and interaction with Opalinus Clay (the geological 
formation surrounding the Mont Terri Underground Research Laboratory (URL), Switzerland). 
The second task also includes a planned heater test at the Horonobe URL in Japan.  The third 
task focuses on fractured media and includes two sub-tasks.  One sub-task models the 
evolution of fracture geometry and fracture transmissivity as a result of dissolution and 
precipitation of minerals.  The objective of this sub-task is to evaluate the effects of stress, 
temperature, and pore pressure gradients on flow and transport properties of fractured rocks 
using bench-scale experimental results.  The second sub-task considers a wide range of field 
measurements in modeling fracture flow and transport in granitic rocks surrounding the 
Bedrichov water tunnel in the Czech Republic.  Whereas the DECOVALEX approach is similar 
to that proposed in the SS Benchmark objectives, the current phase does not have a 
benchmark test that encompasses an integrated near-field environment that could be used to 
gain insights on THMC aspects of the near-field for repository performance. 
 
For the Benchmark Workshop, we propose two alternative benchmark problems for an argillite- 
or granite-hosted HLW repository that integrate repository performance into the modeling effort. 
Two waste package release scenarios are prescribed―an early failure of a single waste 
package scenario and a disruptive event (such as an earthquake) scenario that results in the 
complete failure of one emplacement tunnel that hosts multiple waste packages.  The proposed 
model concept uses bentonite as buffer and seal material in the engineered barrier system. 
Thermal history of the waste package will be prescribed.  Early thermal loading of the bentonite 
buffer may induce desaturation with shrinkage and, potentially, the development of fissures or 
microfissures.  Subsequent buffer resaturation and swelling may increase stresses on the waste 
package and the surrounding geological media when the waste packages cool down 
significantly.  On the waste package surface, corrosion processes result in the formation of 
metal oxides under both oxic and anoxic conditions.  Two sets of radionuclide source terms, 
derived from previous understanding of radionuclides important to risk and performance 
assessment, will be provided: Tc-99 and I-129 as two relatively non-sorbing radionuclides; and 
Np-237 and Pu-239 as two relatively sorptive radionuclides that may initially precipitate due to 
their relatively large quantities in the waste inventory but later dissolve to provide a relatively 
significant source for reactive transport in the later phase of the repository lifecycle.  In the 
model scenario, the subsurface environment will also undergo oxic to anoxic evolution due to 
the closure of the tunnels and the consumption of oxygen by corrosion and microbial processes. 
This will in turn change the geochemical properties of the radionuclides. Hydrological, 
geomechanical and geochemical properties of an argillitic or generic granitic rock will be 
prescribed.  These benchmark problems would encompass multiphase, multi-domain, 
deformable porous media, biological, and geochemical reactions and computationally 
challenging processes and scenarios. 



 
Disclaimer 
 
The NRC staff views expressed herein are preliminary and do not constitute a final judgment or 
determination of the matters addressed or of the acceptability of any licensing action that may 
be under consideration at the U.S. Nuclear Regulatory Commission. 


