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 Provide an overview and updates for existing and new international 
collaboration opportunities 


 Take stock of existing collaborations and importance to UFD mission 


 Identify promising new collaborations and importance to DOE mission 


 


 Plan for FY16 and beyond  
 


 


 
 


Session Objective 
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Background 
Strategic Plan for International Program 


The DOE Office of Nuclear Energy 
has four strategic goals for the 
UFD International Program 
 
 Leverage global knowledge to meet 


domestic goals 
 Increase global deployment of 


advanced technology 
 Build a foundation for collaboration, 


trust, and joint action 
 Accelerate global learning and 


innovation 
 
 
 
http://www.energy.gov/ne/downloads/office-unf-disposition-
international-program-strategic-plan 
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 Mont Terri Project 
– Participate in experiments at Mont Terri clay URL 


in Switzerland 


 DECOVALEX Project 
– Participate in model comparison initiative for 


several URL related tasks in different host rocks 


 Colloid Formation and Migration Project 
– Participate in colloid research at Grimsel granite 


URL in Switzerland 


 SKB Task Forces (New) 
– Participate in crystalline rock research centered 


around Äspö HRL in Sweden 


 FEBEX DP (New) 
– Participate in FEBEX dismantling project, which 


will analyze bentonite-rock behavior after 17 years 
of heating 


   Nuclear Energy Agency (NEA) 
– Thermochemical Database Project 
– Salt Club 
– Clay Club 
 


 


Disposal  
Current Collaboration in International 


Partnerships/Activities 
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 US-China 
– Bilateral Civil Nuclear Energy Cooperative Action Plan 


(BCNECAP) with working group in Spent Fuel Storage and 
Repository Science 


 US-Germany benchmarking study for salt 
– Participate in model comparison for TM behavior of 


domal and bedded salt 


 US-Republic of Korea (ROK) 
– KAERI Underground Research Tunnel (KURT), 


experiments in crystalline rock 


– Joint Fuel Cycle Study (JFCS), information 
exchange in used fuel disposal 


 Other Potential Opportunities 
– Explore use of existing Memorandum of 


Understanding (MoU)  between DOE and Spain 
(ENRESA), France (ANDRA), Japan (JNEAP) and 
Belgium 
 


 


Multinational Initiatives Bilateral Agreements 
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Points of Contact 
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Agreement POC UFD POC DOE UFD Coord. 


DECOVALEX Jens Birkholzer Mark Tynan Jens Birkholzer 


Mont Terri Jens Birkholzer Prasad Nair Jens Birkholzer 


CFM Paul Reimus Prasad Nair Paul Reimus 


SKB GWFTS Hari Viswanathan Prasad Nair Jens Birkholzer 


SKB EBS Liange Zheng 
Carlos Jove-C. 


Prasad Nair Jens Birkholzer 


FEBEX-DP Liange Zheng 
Carlos Jove-C. 


Prasad Nair Jens Birkholzer 


KURT Kevin McMahon Bill Spezialetti Kevin McMahon 
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 Reflection on current and planning of future activities: 
– Do we have the right portfolio/balance of projects and tasks? 
– Are there valuable opportunities we missed? Why? 
– What is the benefit to the program: 


• How has / will ongoing or proposed work enhanced our disposal system understanding? 
• How has / will ongoing or proposed work served the needs of generic / advanced system model development? 
• What FEP analysis benefits from the work? 
• What knowledge gaps need to be addressed? Is activity within priority area of concern? 
• What advanced system models do we still need to develop? Will this work contribute to model improvement or 


model validation?  
• How will activity contribute to reduction in uncertainty, enhance technical basis, address R&D roadmap 


priorities, support model development, refine safety case? 
 


 Going forward 
– Revisit, change, and add to current portfolio? 
– Are there too many opportunities with too little support? 
– Is it time for DOE to be more active than reactive in international settings? Plan own 


experiments? Organize and lead own modeling tasks? 
 


 


 


 


 
 


Taking Stock and Activity Planning 
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Possible DOE Task with European 
Partners 


7 Joint NAGRA-LBNL Paper at IHLRWM Conference, Charleston, SC, April 2015 
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 Session 1 
– 8:00 - 8:10: Introduction to International Session, Prasad Nair and Jens Birkholzer 


– 8:10 - 8:35: DECOVALEX 2019, Jens Birkholzer 


– 8:35 - 9:00: Colloid Formation and Migration (CFM), Paul Reimus 


– 9:00 - 9:25: Mont Terri Project, Jens Birkholzer 


– 9:25 - 9:50: FEBEX-DP Project, Liange Zheng/Carlos Jove-Colon 


 Session 2 
– 10:10 - 10:35: SKB GWFTS, Hari Viswanathan 


– 10:35 - 11:00: SKB EBS Task Force, Carlos Jove-Colon/Liange Zheng 


– 11:00 - 11:25: KURT, Yifeng Wang 


– 11:25 - 12:00: Open Discussion, Next Steps 


 
 


 


 


 
 


Outline 
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4/28/2011 


DECOVALEX Project: DEvelopment of Coupled models and 
their VALidation against EXperiments)  


 


www.decovalex.org 


 DECOVALEX was established in 1992, and has been active since, in several project stages  
– The objective is to achieve a better understanding and improved modeling of the effects of coupled 


(T-H-M-C) processes in nuclear waste repositories 


– Past DECOVALEX activities have included several international programs and research tasks with 
focus on clay and granite repositories 


– DOE formally joined current project phase that started in Spring 2012 and will end in 2015 
(DECOVALEX-2015) 


 


 


 


 


 
 
 


 DECOVALEX-2015 participations provides 
access to several sets of experimental data 
from different URLs and different host rocks 


− Sealing experiment at Tournemire URL (clay) 


− Heater tests at Mont Terri URL and Horonobe 
URL (clay) 


− Bedrichov Tunnel Experiment on fracture flow 
and transport patterns (crystalline) 


 New DECOVALEX Phase is starting in January 
2016, with planning of tasks ongoing 
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 Reminder: Current Tasks in 
D-2015 


    
Task A: The Sealex In Situ Experiment, Tournemire, France 


Task B1: HE-E Heater Test, Mont Terri, Switzerland 


Task B2: EBS Experiment, Horonobe, Japan 


Task C1: THMC of single rock fractures 


Task C2: Bedrichov Tunnel, Czech Republic  







DECOVALEX Characteristics 


Various teams with various models 


Detailed comparison with data 


Advanced experiments 







Proposed Tasks for DECOVALEX 2019 
Advective Gas Flow in Bentonite (NDA) 


Fault Slip Experiment at Mont Terri (ENSI) 


HM Interactions in Argillaceous Rocks and Bentonite Buffer (ENRESA) 


Groundwater Recovery Experiment (GREET) in Mizunami URL (JAEA) 


Upscaling of Heater Test Modelling Results from Half-scale to One-to-one 
Scale: from the HE-E to the FE (Nagra) 


Reliability, Feasibility and Significance of Measurements of Conductivity and 
Transmissivity of the Rock Mass for the Understanding of the Evolution of a 
Repository of Spent Nuclear Fuel (SSM)  


Modelling of Coupled  Thermo-Hydro-Mechanical-Chemical Processes Using 
Paleohydrogeology (CNSC) 


Fluid Inclusion and Movement in Tight Rock (BGR) 


Alveole Heater Test and NSAC Seal Test (ANDRA) 


Bentonite Homogenization (RWM) 
 


 


 


 


 


Probable 


Unlikely, 
little 
interest 







© NERC All rights reserved 


Advective gas flow in bentonite 


Jon Harrington1, Robert Cuss1, Caroline Graham1, Simon Norris2 


 
1British Geological Survey, 2Radioactive Waste Management Limited 







© NERC All rights reserved 


Conceptual models 
 


Movement of gas will occur by the combined processes diffusion and bulk advection  


Choice of conceptual model(s) will dictate the predicted behaviour of the system 
 
In clay-rich system considerable evidence exists suggesting gas flow is accompanied by the 
creation of preferential pathways and dilation of the clay 







© NERC All rights reserved 


Task 2: Constant volume flow test 
• Data will be provided from one or more constant 


volume spherical flow test performed on compact 
bentonite 


• External porewater pressure maintained constant 
throughout test, however, axial stress, radial stress 
and internal porewater pressure variable 


• Injection gas pressure varied to initiate gas flow 
and measure coupling with total stress and 
porewater pressure 
 


5 total stress and 1 
porewater pressure 


sensors 
Gas pressure 







© NERC All rights reserved 


Task 3: Field scale flow test - Lasgit 


• Data will be provided from one or more gas 
injection tests performed on compact bentonite 
 


• Porewater pressure, axial stress, radial stress and 
internal porewater pressure all variable 
 


• Injection gas pressure varied to initiate gas flow 
and measure coupling with total stress and 
porewater pressure 
 







Swiss Federal Nuclear Safety Inspectorate ENSI 


DECOVALEX – 2019 
 


Proposal of a possible Task based on 
the FS Experiment Mont Terri 


- Update -  


6th DECOVALEX-2015 Workshop, London, UK 


Bastian Graupner 


Swiss Federal Nuclear Safety Inspectorate ENSI 







ENSI 


- One borehole for fault slip test (SIMFIP), others for monitoring 


18 FS-Experiment | 7. DECOVALEX Workshop at Brno (15.04.2015) | Bastian Graupner, ENSI 


FS Experiment – Experiment Design 


Deformation sensors across 
the fault zone 


Experiment set up 


SIMFIP probe 


Deformation 
sensor 


Slip and normal displacement 
with displacement velocities 


Injection flow rate and 
pressure 







ENSI 


19 FS-Experiment | 7. DECOVALEX Workshop at Brno (15.04.2015) | Bastian Graupner, ENSI 


FS Experiment – Measurements Tournemire 


• Strong flow rate increase at 
16 bar (from 1.1 x 10-6 to 
130 x 10-6m3/s) 


• Flow rate stabilisation at 
high pressures 


• Fault induced movement is 
a strike-slip displacement 
with 48 micrometer slip 


• Strong correlation to 
pressure steps 


• Relatively small slip results 
in strong permeability 
change 


• Apparent return close to 
initial value (+/- 5x10-6 m) 


Hydraulic response 


Mechanical response 







ENSI 


Possible steps for the Task 
 


- Preparatory Tasks 
• Simulation of lab experiments on slip properties 
• Modelling of fluid flow with permeability changes given stress-


dependent permeability relationship 
• Modelling of Mohr-Coulomb reactivation criteria with plastic effects 


- Fault Slip Experiments at Mont Terri 
• Modelling of pulse tests and leak-off tests for initial properties 
• HM modelling of fault induced movements 
• HM modelling permeability evolution and understanding of size of 


pore pressure propagation in fault 
- Extrapolation and Validation 


• Comparing simulation results with a similar test in Tournemire URL 
• Extrapolation to large-scale injection and fault slip (CO2 storage)? 


 20 FS-Experiment | 7. DECOVALEX Workshop at Brno (15.04.2015) | Bastian Graupner, ENSI 


Possible Tasks for DECOVALEX-2019 







Task proposal for DECOVALEX 2019 
HM and THM interactions in bentonite 


engineered barriers  
 


Juan Carlos Mayor+, Antonio Gens*  
+ENRESA, Madrid, Spain 


*Technical University of Catalonia, Barcelona, Spain 
 







Hydro-Mechanical EB Experiment: Test Installation 







Dry Density distribution 


A1 B1 E 


B2 A2 


EB experiment: Dismantling results 


dry density 







Main features 
 It simulates the Spanish reference design in crystalline rock 
 Engineered barrier made up of compacted bentonite blocks 
 Temperature-controlled test (maximum temperature 100ºC) 
 Natural hydration 
 Measurements of temperature, relative humidity and total stress in the 


barrier. Measurements available throughout the test  
 Partial dismantling after 5 years of heating (water content and dry density 


distributions available) 
 After 18 years of testing total dismantling is currently under way 


Thermal-Hydro-Mechanical FEBEX experiment 







FEBEX Experiment: Dismantling After 5 Years of Heating 







Groundwater REcovery  
Experiment in Tunnel  
(GREET) in the MIU Project 


Japan Atomic Energy Agency 


Planning session for DECOVALEX-2019 







Outline of the GREET Project 


To understand the recovery 
process and mechanism of 
geological environment during 
facility closure. 
To verify the H-M-C-B simulation 


methods for recovery process in 
fractured granite. 
To develop the monitoring 


technique for facility closure 
phase and appropriate closure 
method taking recovery process 
into account. 


Closure test drift 


As a first step, GREET Project is 
planned to understand the transition 
of geological environment during and 
after drift backfilling prior to plan 
MIU facility closure. 
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Outline of the GREET Project 
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Entrance of Inclined Drift 
The closure test drift  locates 
at ca. -5m below from the -
500m A/R Gallery. 


Closure test drift 
A shadowed part of the left 
side is a plug slot. 


-500m A/R Gallery-North 
⇐Main Shaft 


Closure test drift 


Monitoring Borehole 


Monitoring Borehole 


Measurement 
Equipments 


Plug 


Floor Level 


Boring Pits 
filled with B.M. 


ca. 5m
 


L 46.5m x W5.0m x H4.5m 







Fracture 
Water conducting fracture 


Monitoring 
zones that 
respond in 
cross-hole 


hydraulic test 


Closure 
test drift packer Estimated 


flow path 
Fracture tube model (Intersection of discs) Fracture disc 


model 


Fracture having the water inflow 


Monitoring 
boreholes 


Fracture showing the anomaly in 
flowmeter logging 


Closure test 
drift (CDT) 


Geological condition around CTD 
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Upscaling of modelling results from 
half-scale to one-to-one scale:  
 
 from HE-E to FE 
 
Tentative task description 


Benoit Garitte 


Workshop 7 DECOVALEX 2015.Brno, Czech Republic. April 14 2014 







Schedule 


2015_04_15_new_task 31 Gab 


 Step x: FE material laboratory: (OPTIONAL) FE material can be made 


available to all participants presenting a structured laboratory plan 


 Step 1: 3D benchmark: development of 3D TH2M(cb) model of the FE 


experiment. 1) TH, 2) TH2(cb) , 3) TH2M(cb) with given parameters and 


boundary conditions  


 Step 2: HE-E mid term: prediction of long term evolution of HE-E. 


comparison with HE-E end of 2017 


 Step 3: Laboratory modelling: 1) step x predictions/aid, 2) parameter 


calibrations 


 Step 4: FE modelling: 1) predictive and 2) interpretative modelling 







HE-E midterm 


2015_04_15_new_task 32 Gab 


2years 
hydration 







mainly 2011 / 2012 


FE cavern 


Opalinus Clay „far-field“ 1 


FE Instrumentation phases 


mainly 2012 / 2013 


Opalinus Clay „near-field“ / EDZ 2 


On tunnel wall / in bentonite 3a 


heater 


On heaters / in bentonite 
 


3b 


mainly 2014 2014/2015 







• Presentation of new tasks or significantly revised tasks if necessary 


• General discussion of all remaining task proposals, task descriptions, task leads 


• Tentative confirmation of current and prospective funding organizations in joining D-2015 


• Tentative confirmation of current and prospective funding organizations in specific tasks 


• Decision on acceptance of the Tasks and Task Leaders 


• Discussion and location/dates for 1st Workshop of D-2019 (Kick-Off, in the spring of 2016) 


• Preparation of the Technical Definition of Accepted Tasks for the 1st D-2019 Workshop 


 


 


 


 
 DECOVALEX Planning Steps Till December 2015 
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Mont Terri Project 


 International research project for hydrogeological, geochemical, and geotechnical 
studies in a clay/shale formation 


 Access to experimental data from one URL in clay/shale host rock, with many past, 
ongoing and future experiments addressing various FEPs 


 Opportunity to participate directly in international research groups that conduct, 
analyze, and model experiments 
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HE-E Heater Test:
 Focus on THM effects, bentonite rock 


interaction, seal and clay barrier performance
 Micro-tunnel
 Monitoring starts in Spring 2011
 Same location as previous ventilation 


experiment


MB (Mine-by) Test:
 Focus on HM effects, EDZ evolution
 Full-scale tunnel
 Monitoring phase completed


FE Heater Test:
 Focus on THM effects, validation of 


various bentonite/clay performance 
processes


 Full-scale tunnel
 Monitoring starts in Spring 2012


 Opportunity for 
conducting                                                                                                  
own experiments 


 Very good 
experimental 
support by 
swisstopo and 
contractors 


 DOE joined the 
DECOVALEX 
project in July 
2012 
 
 
 


 
 
 


Major current or soon-to-be started experiments 
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Mont Terri Project: Phase 21 Activities 
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Mont Terri Project: FE Heater Test 


Understanding THM coupling effects regarding the processes in the host rock while correctly 
accounting for (and examining) the conditions in the emplacement tunnel 


Side view approx. 40m 


Full-scale long-term demonstration experiment 
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Mont Terri Project: FE Heater Test 


Understanding THM coupling effects regarding the processes in the host rock while correctly 
accounting for (and examining) the conditions in the emplacement tunnel 


Side view approx. 40m 


Full-scale long-term demonstration experiment 
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Heating started several months ago 
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CI: Cement Clay Interaction 
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Investigation of interaction between cement, bentonite and opalinus clay 







Used 
Fuel  
Disposition  


HG-A: Gas Leak-Off Test  
(Supports EU Project FORGE) 
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Measurements and predictions of fluid / gas flow in the tunnel nearfield after backfilling       
(re-consolidation, mechanical and chemico-osmotic self-sealing) 


Site instrumentation:
HG-A2, HG-A3  Multipacker systems
HG-A4, HG-A6  Deflectometer chains
HG-A5, HG-A7  Inclinometer chains
HG-A8 to A13    Minipiezometers
SG1 to SG22 Strain gages
HG-EH, HG-EV Horizontal/vertical


extensometer


HG-A3


HG-A7


HG-A13


HG-A8
HG-A4


HG-A5
HG-A2


HG-SG
HG-EH


HG-EV
Microtunnel:
- length:      13 m
- diameter:    1 m
Equipped with more than  
20 observation boreholes
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DR-B: Long-Term Diffusion 
Experiment 
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Develop monitoring methodology for and conduct measurements allow of the diffusion of 
radionuclides over longer periods (> 10a) 
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Fault Investigations and Fault Slip 
Testing 
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Microstructural investigation of main fault zone 
and induced seismicity testing 
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Extension of Rock Laboratory possible 
in 2018 to 2020 Timeframe 
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• Several variants are being discussed 
• Mont Terri Project team is now soliciting 


ideas for new project proposals in 
expanded rock lab 







Used Fuel Disposition Campaign  


 
 


International Session 
 


Discussion 
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 Taking stock of current and future activities: 
– Do we have the right portfolio/balance of projects and tasks? 
– Are there valuable opportunities we missed? Why? 
– What is the benefit to the program?  
 


 Going forward 
– Revisit, change, and add to current portfolio? 
– Are there too many opportunities with too little support? 
– Is it time for DOE to be more active than reactive in international settings? Plan own 


experiments? Organize and lead own modeling tasks? 
 


 Organizational issues 
– Who is doing what? POCs, Task Leads, etc. 
– How do we best disseminate information? 
– How do we deal with travel burden (coordination meetings, technical meetings, 


committees)? 
– Milestone Planning 


 
 


 


 


 
 


Discussion 
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 Reflection on current and planning of future activities: 
– Do we have the right portfolio/balance of projects and tasks? 
– Are there valuable opportunities we missed? Why? 


 
 What is the benefit to the program: 


– How has / will ongoing or proposed work enhanced our disposal system 
understanding? 


– How has / will ongoing or proposed work served the needs of generic / advanced 
system model development? 


– What FEP analysis benefits from the work? 
– What knowledge gaps need to be addressed? Is activity within priority area of 


concern? 
– What advanced system models do we still need to develop? Will this work contribute to 


model improvement or model validation?  
– How will activity contribute to reduction in uncertainty, enhance technical basis, 


address R&D roadmap priorities, support model development, refine safety case? 
 


 


 


 


 
 


Taking Stock and Activity Planning 
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 Information Types and Sources 
– Reports from ongoing UFD activities and technical results 
– Reports, databases, etc. from cooperation partners and initiatives 
– Presentations from workshops and meetings 
– Trip reports 
– Updates on existing and upcoming opportunities 
 


 Dissemination Options 
– Regular conference calls (part of crystalline/argillite/salt or separate international) 
– Email updates (email distribution list for international?) 
– Designated web space for international 
– Allow access to Mont Terri internal web site, other project web sites 
– Others? 


 
 


 


 


 
 


Dissemination of Information 
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2014 International Collaboration Report 


 Content of Report: 
– International Opportunities and 


Strategic Considerations 
– Multinational Cooperative 


Initiatives 
– Bilateral Collaboration 


Opportunities 
– Selection of International 


Collaboration Activities 
– Status of International 


Collaboration Activities with 
Focus on URL Experiments 


– Brief Status of Other 
International Collaboration 
Activities 
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Relevant Dates and Meetings in 2014 
(Selected) 


International Project/Collaboration Date Location DOE/Lab Participant 


Mont Terri 
Steering Committee Meeting 69 November 19, 2015 St Ursanne, Switzerland TBD 
Technical Meeting 34 (20 year workshop) February 10-11, 2016 Delemont, Switzerland TBD 


Steering Committee Meeting 70 March 16-17, 2016 Germany TBD 
Steering Committee Meeting May 19, 2016 St Ursanne, Switzerland TBD 


DECOVALEX 
8Th Workshop and Steering Committee Meeting October 13-16, 2015 Horonobe, Japan Jens Birkholzer (LBNL) 
1st  Workshop and Steering Committee Meeting Spring 2016 Berkeley, USA Jens Birkholzer (LBNL) 


Colloid Formation and Migration 
International Steering Committee Organization 
(ISCO) meeting 


June 11-12, 2015 Grimsel, Switzerland Not represented 


CFM Modelers Meeting September 21-22, 2015 Santa Fe, New Mexico Paul Reimus, others 
Annual CFM Partner Meeting Probably early 2016 TBD TBD 


SKB Task Forces  
GWFTS Task Force Meeting #33 October 20-22, 2015 Kalmar, Sweden Hari Visvanathan 


EBS Task Force Meeting November 10-12, 2015 Lausanne, Switzerland TBD 


 
FEBEX-DP 
FEBEX-DP Partner Meeting  September 15-16, 2015 Stockholm, Sweden TBD 
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Milestone Feeds 
 


MS Title Date Level LBNL LANL SNL LLNL 
Investigation of coupled processes and impact of high 
temperature limits in argillite rock  


7/31 M3 X 


Modeling and experimental activities for crystalline rock 
disposal 


7/21 M4 X 


Report on international collaboration on fluid flow in 
fractured crystalline rocks 


8/25 M4 X 


Progress report on FY15 Crystalline experiments 7/21 M4 X 


Summary of FY15 Results of Salt Benchmark Modeling 9/30 M3 X 


Update on Fifth Worldwide Review 8/14 M4 X 


International Collaboration Activities in Different 
Geologic Disposal Environments 


9/25 M2 X 
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