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on Salt Repository Research, Design and Operation 
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History 


• 1st US/German Workshop, May 25 – 27, 2010, Canton, MS, USA 
• 2nd US/German Workshop, November 9 – 10, 2011, Peine, Germany 
• 3rd US/German Workshop, October 8 – 10, 2012, Albuquerque, NM, USA 
• 4th US/German Workshop, September 17 – 18, 2013, Berlin, Germany 
• 5th US/German Workshop, September 7 – 11, 2014, Santa Fe, NM, USA 
 
 


Frank D. Hansen Walter Steininger Enrique Biurrun 







Responsibility 


BMWi: Department of Energy 
• Nuclear Power Industry 
• Applied facility independent 


Research  
   Waste Management Research 


BMUB: Department of Nuclear Safety 
• Repository Site Selection Act 
• National Waste Management 


Program 


Differentiation of 
APPLIED RESEARCH                        and                                          


REGULATOR 







Repository Site 
Selection Act (2013) 
 


EC and German National Acts 


In progress: National Waste Management Program 
 


 Directive 
 2011/70/Euratom 
establishing a Com-
munity framework 
for the responsible 
and safe manage-
ment of spent fuel 
and radioactive 
waste 


 


National 
 


European Commission 
 Atomic Energy 


Act (1959) 
In progress: 
14th Amendment 


 


Commission “Storing 
high-level radioactive 
waste” (2014) 


 


Separation of Imple- 
menter and Regulator 


 
Definition of              
Waste Streams      


 


Pre-work and 
Evaluation 


 


HLW LLW / ILW Asse (LLW/ILW) 
Retrieval? Search Under Construction 


KONRAD Repository X ??? 


Closure 


Morsleben 







Asse Mine 


Different types of LLW storage 


Geological cross-section Pit frame and building  


Pictures: BfS 







Gorleben Site 


Surface facilities  


Geological cross-section of the Gorleben 
salt dome 


Pictures: 
(1) BfS, (2) GRS, BGR & DBE Technology GmbH 







Thank you for your attention. 
 


A successful workshop for all attendees! 


xyz 
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Highlights of US German Salt Repository 
Collaborations 


 
5th US/German Workshop on  


Salt Repository Research, Design and Operation  
 


Santa Fe, New Mexico, USA 
September 7-11, 2014 


Walter Steininger--PTKA 
Frank Hansen--Sandia National Labs 







Perspectives α to Ω 


 
 
 
 


On March 16 1943 J. Robert Oppenheimer met Dorothy 
Scarritt McKibbin in the La Fonda and hired her to run a  
discreet office that would become Los Alamos.  


Welcome to the continuation of history 







General Chronology of Salt Repository Research  


BMT 


TSDE /BAMBUS 


ASSE 


1960 2014 


US/German Collaboration 
Salt Repository Science 


Project Salt Vault 


WIPP Underground Research 
Laboratory 







• Techniques for waste emplacement were developed 
(Direct Disposal = reference repository concept) 


• Feasibility of vertical borehole emplacement  of 
spent fuel & HLW (BSK-3 canister) was shown  


• Instruments, tools, and methodologies for modeling 
and safety analysis were substantially further 
developed and have been applied in several 
exercises (e.g. vSG) 


• In Germany underground disposal facilities for 
chemical-toxic wastes are licensed and are 
operational for years 


• A lot of experience in rock salt available from 
practical application and excellent RD&D 
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German Accumulation of Expertise in the Past Decades 







• Sandia, as Science Advisor, 
developed much of the salt 
expertise for the Waste Isolation 
Pilot Plant. 


• WIPP was a successful operation 
1999-2014. 


• Solution Mining Research, Strategic 
Petroleum Reserve, American Rock 
Mechanics Assoc., Salt Mechanics 
Symposia 


• Salt mining is a world-wide, proven 
and reliable technology 


• Rock salt is highly suitable for 
hosting a repository for heat-
generating nuclear waste 
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USA Accumulation of Expertise in the Past Decades 


Hansen, F.D. and C.D. Leigh.  2011. Salt Disposal of Heat-Generating Nuclear Waste. SAND2011-0161, 
Sandia National Laboratories Albuquerque New Mexico.  







US/German Salt Repository Research 


 Collaborations between the US and West Germany began in the 1970′s (Asse: Temp.Tests) 
 Technical evaluations for salt disposal of heat-generating waste experienced a rather long 


hiatus because of “priority changes” in both countries 
 Salt repository research in Germany slowed down somewhat since 2000 (political decisions, 


moratorium), but increased in 2010.  
 Representatives of institutions in both countries wished to renew collaborations and 


cooperation on overall salt repository science, to coordinate a potential research agenda of 
mutual interest, and to leverage collective efforts for the benefit of their respective 
programs.  


 By the first US/German Workshops on Salt Repository Research, Design and Operation 
collaboration was re-initiated. 


 A coordinated research agenda has been pursued to maximize mutual benefit.  
 


 The fifth workshop will highlight Repository Design and Operations and this topic will be the 
focus of the first day. The focus of the second day will be the Thermomechanical Behavior 
Of Salt, Plugging And Sealing, And The Safety Case. Special topics will be addressed on the 
third day. 







• Collaboration hibernated for more than 10 years (different 
priorities in Germany and US) 


• Re-start of collaboration in 2010 with a common US-German 
Workshop in Mississippi (organized by PT-KA, Sandia NL, DBE 
TEC) 


• Benefits 
• To exchange experiences and know-how, get external 


expertise and feedback  
• Expertise and knowledge to make science-based 


recommendations on the pros and cons of different host rocks 
• Mutual added value, the appropriate investment of money, 


cost sharing and the gain of confidence 
• Internationally accepted is the opinion to cooperate with 


foreign partners because of the importance for any national 
program 


• Topics emphasized 
• Safety Case 
• Salt repository concepts & designs 
• Modeling of groundwater flow and radionuclide transport 
• Geotechnical barriers 
• Site characterization & host rock characterization 


Benefits of the Strategic Partnership in National and 
International Cooperation 
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• Five consecutive workshops (information: 
http://energy.sandia.gov/page_id=17258, includes workshop proceedings and all 
presentations) 


• Memorandum of Understanding between the German Ministry of Economic 
Affairs and Energy and the US-Department of Energy [Environment 
Management (EM) and Nuclear Energy (NE)] 


• Founding of the OECD/NEA “Salt Club” (Participants: Germany, US, The 
Netherlands, Poland) 


• Natural analogues workshop for rock salt 
• Features, Events, and Procedures (FEP) catalogue for rock salt 
• State-of-the-art report on salt reconsolidation 
• Salt knowledge archive 


• Workshops on actinide brine chemistry (ABC) with Los Alamos National 
Laboratory 
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Accomplishments and Ongoing Activities 


Kuhlman, K. L., S. Wagner, D. Kicker,  R. Kirkes, C. Herrick, D. Guerin. 2012. Review and Evaluation  
of Salt R&D Data for Disposal of Nuclear Waste in Salt. Fuel Cycle Research & Development.  
FCRD-UFD-2012-000380. SAND2012-8808P 



http://energy.sandia.gov/page_id=17258





• Collaboration in the Joint Project on “benchmarking constitutive models 
for rock salt” (Sandia & German organizations) (funding by BMWi and 
US-DOE) 


• Contributions  to conferences and workshops (American Rock 
Mechanics Association, Mechanical Behavior of Salt Symposia, Waste 
Management) 


• Notably the ARMA conference had five sessions on “salt” with many 
contributions made by US/German collaborators 


• Collaborative efforts were also completed in the EC (Euratom)-Project 
(7th Framework Program) “Monitoring Developments for Safe Repository 
Operation and Staged Closure” (MoDeRn)  


• Collaboration/information exchange in the area of safety case 
• Common “joint activity on Handling of Uncertainties” in the framework of 


the IGD-TP (Implementing Geological Disposal - Technology Platform)   
 


Accomplishments and Ongoing Activities 
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Steininger, W., F.D. Hansen, E. Biurrun and W. Bollingerfehr. 2013. US/German Collaboration in Salt  
Repository Research, Design and Operation. WM2013 Conference, February 24-28, 2013, Phoenix,  
Arizona, USA. 







Activity Overview 5th US/German Workshop 


• Ongoing collaborations 
• Operational Safety—Key Note Rottler/Kennedy/v. Berlepsch/Hardin 


presentations 
• Retrievability and Repository Design—Wagner/Bollingerfehr/URL 
• Benchmark modeling (Joint Project III)—Hampel/Arguello presentations 
• Laboratory testing of WIPP salt—Düsterloh/Popp/Plischke/Pusch 


presentations 
• Plugging and sealing--Müller-Hoeppe/Glaubach/Hansen Presentations 
• Safety case and performance assessment—


Mönig/Hammond/Wieczorek/Freeze/Wolf/Becker/Sallaberry/Rempe 
presentations 


• Nuclear Energy Agency Salt Club—Mönig presentation 
• Special topics--Researcher-to-researcher collaborations 


 
• Next steps 
• Proposals for joint collaboration—wrap-up session 
• SALT MECH VIII 
• Field-scale natural analogue observations 
• Underground laboratory in the context of salt research and development 


 







German Testing of WIPP Salt  







Perceptions--Future Work  


• US and German proposals/ideas for future collaboration 
• Reconsolidation of granular salt 


 Final porosity  
 Additives for construction and sealing properties 
 Numerical modeling verification 
 Further analogue experience 
 


• Underground research lab in the context of salt R&D 
 Viability of salt formations for repository is established 
 Need a Framework for URL implementation 
 Justification required in context of all salt repository R&D 
 


• The SALT Primer 
 Reference for college classroom 
 Basics, experimental techniques, isochoric deformation, damage and 


healing 
 Modeling  
 Applications, cavities, boreholes, repository 
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• July 1945: Los Alamos 
creates Z Division 
 


• Nonnuclear component 
engineering 
 


• November 1, 1949: 
Sandia Laboratory 
established  


Sandia’s History 
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Albuquerque, New Mexico Livermore, California 


Waste Isolation Pilot Plant, 
Carlsbad, New Mexico 


Pantex Plant, 
Amarillo, Texas 


Tonopah, 
Nevada 


Kauai, Hawaii 


Sandia’s Sites 







Sandia’s Role at the Waste Isolation  
Power Plant (WIPP) 
 Nuclear waste disposal is a long-term 


challenge of great national importance 
 


 Sandia has been the Science Advisor on 
WIPP since its inception 
 Sandia was lead laboratory for the Yucca 


Mountain Repository license application 
 


 Geologic disposal has direct ties to Sandia’s 
National Security mission 
 


 Sandia has a long history, and continues to 
lead the way, in salt repository research 
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Vision and Mission Statements 


 On behalf of our nation, we anticipate and solve the most challenging 
problems that threaten security in the 21st century 


 


 Our unique mission responsibilities in the nuclear weapons program create 
a foundation from which we leverage capabilities enabling us to solve 
complex national security problems 
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NW production 
engineering & 
manufacturing 


engineering 
Cold War 


 
 
 
 


Energy crisis Vietnam conflict 


Missile defense  
work  


Post−Cold War 
 transition  


 


Expanded national 
security role 
post  9/11 


Development  
engineering  


Multiprogram  
laboratory  


 
 


1950s 1960s 1970s 1980s 1990s 2000s 
LEPs 


Cyber, Biosecurity 
Proliferation 


2010s 


Stockpile  
stewardship 


Evolving national 
 security challenges  


 
 
Sandia’s Mission Work Reflects  
National Security Challenges 
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Sandia’s National Security Mission Areas 


NNSA Weapons 
NNSA Nonproliferation 
Other DOE  
DoD 
Other 


FY 2013 Total Budget: $2.5B 







Sandia’s Foundation 
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Sandia’s People 


 Highly educated workforce 
 


 Strategically managed workforce  
of diverse skills and competencies 
 


 Modern business practices and  
operations in support of our  
missions 
 
 


Chemistry  
5% 


Mathematics 
2% 
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R&D staff by discipline 
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Sandia’s Discipline-Based  
Research Foundations 


Materials 


Engineering 
sciences 


Microelectronics 


High energy density physics Computing science 


Bioscience 


Geoscience 







Sandia’s Capabilities 


 High-reliability engineering 
 Sensors and sensing systems 
 Cyber technology 
 Reverse engineering 
 Micro- & nano- electronics and systems 
 Modeling & simulation and experiment  
 Natural and engineered materials 
 Pathfinders 
 Safety, risk, and vulnerability analysis 
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Major Facilities and Tools 


 Inertial Test Lab 
 Abnormal Thermal 


Environment Lab 
 Climatic Lab 
 Annular Core Research Reactor 


(ACRR) 
 Blast Tube 
 Inertial Test Lab 
 Centrifuge Complex 
 Weapons Evaluation Test 
 Cross-Flow Test Fire Facility 
 Aerial Cable Facility 
 Drop Tower Facility 
 Light Initiated High Explosive 


Facility  
 Electromagnetics Test Facility 


(TEMPEST) 
 Climatic Lab (TEMPEST) 
 Environmental Lab (TEMPEST) 


 


 Explosive Machining Facility 
(TEMPEST) 


 FARM (Facility for Antenna and 
RCS Measurements) 


 Thermal Test Complex Burn 
Facility 


 Tonopah Test Range Flight 
 Tonopah Test Range Ground 


Penetration 
 Weapons Evaluation Test 
 Flight Test Assembly 
 Gamma Irradiation Facility 
 Mobile Gun Complex 
 Shock Thermodynamics 


Applied Research Lab 
 Modal/Vibe/Shock Vibration 


Lab 
 Water Impact Facility 
 Normal Thermal Environment 


Lab 
 
 


 Aerospace laboratories (High 
Altitude Chamber, Ion Beam Lab, 
Lightning Effects Facility, Mass 
Properties Lab, Modal and Structural 
Dynamics, Structural Mechanics  
Lab …) 


 Radiant Heat Test Cell 
 Radiation Metrology 
 Non Destructive Evaluation Lab 
 RF and Optics Microsystem 
 Z Pulsed Power Facility 
 Hermes-III Gamma-Ray Facility 
 Saturn 
 SPHINX 
 Solid Mechanics Lab 
 Mechanics of Materials 
 Terminal Ballistic Facility 
 Centrifuge Complex Vibration Lab 
 … 


 







Operations at Sandia 


 Operations span research, 
design, development, prototype, 
qualification and production 
activities 
 


 Breadth of work encompasses 
micro- to macro-scale efforts 
 


 Varying levels of complexity 
 


 Typically involves multiple 
hazards in combination   


Z Machine 


Annular Core 
Research Reactor 


(ACRR) 


Rocket Sled Track 


Lightning Test  
Facility 
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Thermal Test Complex 







CENTRIVUGE 


Operations “by the Numbers” 


 There are 45 major test facilities at Sandia 
 We have 2,718 labs (NM and CA only), utilizing 1,827,151 sf 


(39% of Sandia's Net Square Feet) 
 We have 1,958 light labs (NM and CA only) utilizing  


1,038,248 sf 


Centrifuge 


Sled Track 


Burn Pool 
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Types of Hazards 


 Mechanical 
 Electrical 
 Chemicals 
 Fire Protection/Thermal 


Hazards 
 Pressure/Vacuum 
 Radioactive/Fissile/ 


Nuclear 
 Biological 
 Ozone Depletion 
 Drinking Water 
 Beryllium 


 


 Noise 
 Lasers/Non-Ionizing 


Radiation 
 X-Ray Devices 
 Explosives & 


Ammunition 
 Confined Space 
 Working at Heights 
 Heavy Object 


Ergonomics & Lifting 
 … 


 
 







Why Engineered Safety at Sandia? 


 Previous work planning and control (WP&C) practices were 
driving a focus on effective conduct of operations 


 The underlying technical basis for “design safety features” of 
an activity could be taken for granted or receive inadequate 
technical review 


 WP&C practices may not have detected technical design flaws 
affecting the safety of an activity 


 Safety needed to be considered in a system engineering 
context appropriate for an R&D laboratory 


 WP&C program was modified to incorporate engineered 
safety principles 
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What is Engineered Safety? 


 A principle-based approach for designing safe “operational 
systems” 


 Safety is an attribute of an operational system achieved by 
intent 


 Operational systems are systematically and critically analyzed 
to identify ways in which they can fail to perform as intended 


 Operational systems are designed and validated to prevent 
identified failure modes and to mitigate the consequences of 
a failure should one occur 
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The “Operational System” 


Operational 
System Technical Basis 


Test or 
Experiment 


Article 


Tools and 
Equipment and 


Operational 
Layout 


Facility 
Features and 


Characteristics 
Personnel 


Procedures 


Positive 
Verification 
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SNL Engineered Safety Framework 







Engineered Safety in Six Questions 


 What is the system? 


 Who is the decision maker? 


 What are the unacceptable  
outcomes? 


 How can the system fail to  
perform as intended and how  
can I prevent such failures? 


 What if the system fails anyway? 


 How do you know it will work as intended? 
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Safety Case: A Management Narrative 
Explaining how the Criteria are Addressed 
 Clearly explains the critical thinking and reasoning in regard to 


managing the safety risk  


 Includes planning for off-normal events 


 Demonstrates technical “due diligence” apparent to others 
technically knowledgeable and familiar with the hazards 
involved 


 Always comes down to a judgment as to whether the controls 
actually implemented are commensurate with the safety risk 


 Is approved at management levels appropriate to the real or 
perceived risk of the hazardous activity 
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Engineered Safety: Examples 


 Bioremediation project 
 


 Polymer R&D laboratory 
 


 Z accelerator containment system 
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Engineered Safety Model Applied to 
Bioremediation Project 
 Objective: Characterize degradation of environmental 


contaminants (both energetic and inert), using microbial 
processes 


 Description of work 
 Small quantities of energetic materials dissolved in acetone forming a 


“stock solution”  
 Samples created, stored and analyzed in biology laboratory 


 Major hazards 
 Energetic materials 
 Microorganisms and/or biological toxins 
 Mechanical hazards (centrifuges) 
 Thermal/pressure hazards (autoclave) 
 Chemicals 
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Elimination of a Hazard through 
Application of Critical Thinking  
 Determined maximum credible event: Inadvertent initiation 


of energetic compounds during handling, mixing, or testing 
 Identified unacceptable consequences 


 Individual illness, injury 
 Mission impact greater than 6 weeks 
 Adverse effect on the community 


 Identified and implemented solutions 
 Required explosives training for lab workers, consulted with SME 
 Weighed/pre-mixed energetic materials in separate laboratory 
 Reduced volume of material samples 
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“By applying critical thinking, we redesigned our experiments such that 
through dilution, we eliminated the hazard associated with the procedure in a 


manner that still enabled us to meet our experimental objectives.” 







Engineered Safety Model Applied to 
Polymer R&D Laboratories 
 Applied materials research and prototyping laboratories 


perform activities including surface preparation, coating, 
encapsulation, casting, bonding, curing and polymer 
formulation in multiple laboratories 
 Multiple laboratories located in several buildings support breadth of 


work 
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Large 
Mixes 


Main Lab 


Chem 
Storage 
Sheds  


Curing Ovens 
High Bay 







Critical Review of Multiple  
Operations Enhanced Lab Safety 
 Identified unacceptable consequences 


 Acute or chronic injury/illness from exposure to toxic 
chemicals 


 Injury from mechanical hazards (machine tools, hand 
tools, lifting heavy objects) 


 Reviewed possible sources of concern 
 Chemical spills (pouring, transport or storage) 
 Spill or splatter during mixing 
 Underestimation of exotherms 
 Uncertain equipment failure modes 


 Implemented solutions 
 Verified that equipment "fails safe" 
 Incorporated secondary containment  


systems 
 Used modeling to determine proper  


quantities 
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B e a k e r  1 s t  &  p r o t o t y p e  L A S T   


M o v i n g  a n d  p o u r i n g  t o o l s  


A s s u r e  p r o p e r  v e n t i l a t i o n  &  s t o r a g e  







Engineered Safety Model Applied to 
Plutonium Experiments in the Z facility 
 Earth’s most powerful pulsed-


power facility and X-ray 
generator (26MA) 
 


 Essential to nuclear weapon 
stockpile stewardship 
 


 Used to measure properties of 
plutonium at extreme pressures 
and temperatures  
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System Designed and Fielded to  
Assure Safe and Successful Experiments 
 Identified unacceptable consequences 


 Radiation dose to a worker 
 Environmental contamination 
 > 6 month pause in operation  


 Conducted failure mode effects and fault 
tree analyses  


 Identified and implemented solutions 
 Eliminated failure modes 
 Provided positive assurance through 18  


formal approvals for critical subsystems  
prior to key activities in the shot setup 
timeline 


 Designed a secondary system to manage a  
containment breach safely 
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“Every Day Safe” with a Critical  
Thinking Mindset 
 Broadens application of engineered safety principles to 


beyond the laboratory or test facility, i.e., in “everyday life” 
 


 Based on three simple questions: 
 What could go wrong? 
 How can I prevent it? 
 How can I prepare for the unexpected? 


 
 By using these three questions routinely to think critically 


about day-to-day activities, we can eliminate conditions or 
situations that lead to accidents 
 With a little practice, this critical thinking mindset will become a habit 
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Closing Remarks About  
Engineered Safety at Sandia 
 Integrates safe designs with effective conduct of operations 


 Establishes a credible technical basis for safety in work 


 Easier to understand and use by an R&D organization 


 Creates increased and more effective management 
engagement 


 Further matures and improves the Laboratories’ safety culture 


 Expands to encourage critical thinking in daily life 
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T. v. Berlepsch 
US/German Workshop 2014 


Leading Question: 
How is operational safety ensured in practice? 


 
Managing Operational Safety 


Basis for Operational Safety 
Architecture for Operational Safety 


Managing Pre-closure Hazards 
Mitigating the Consequences of Hazards 
Protecting People in Case of Hazards 


Summary 


Outline 
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Technical and Operational Requirements 
for the Operation of a Repository 


Nuclear 
Regulation 
•e. g. Radiation 
Protection 
Ordinance 
requires Radiation 
Protection Officer 


Mining 
Regulation 
•e. g. Federal 
Mining Act 
requires Mine 
Manager 


Public Law 
•e.g. construction 
ordinance 
requires Safety 
Coordinator 


Managing Operational Safety: Legal Basis 
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Safety Architecture 
Safety culture 
Safety mindset radiation 


safety 
occupational 


safety 
plant 
safety 


hardware 


software  Clearly defined roles & responsibilities 
 Clearly defined and described processes 


 High quality design 
 Adequate maintenance 


Basic Considerations for Repository Operation 
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Safety Hardware 
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Plant 
Manager 


Physical 
Protection 


Health & 
Safety 


Appointments 
according to 
Mining Law  


Licensing 
inspection 


body 


Operations 
Manager 


Radioactive 
Waste 


Radiation 
Protection 


Mine 
Operation 


Aboveground 
operation & 
maintenance 


Central QA 


(extract from ERAM organisational chart) 


Safety Software: Organisation 
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Safety Software: Delegation 


Delegation of tasks and (to a certain extent) 
responsibilities 


Delegator has to ensure that Delegatee has: 
Adequate physical capability; 
Obtained adequate training; 
Sufficient resources and equipment; and 
Adequate empowerment. 


Delegator has to ensure that task is performed 
properly by: 


Reporting requirements; and 
Sufficiently frequent controlling of Delegatee. 


In case of incidents authorities investigate at first if 
obligatory supervision by Delegator was sufficient. 
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Safety Housing: Ensuring Safety Culture and Mindset 
Adequate information on all levels by jour fixes, eg.: 
 05.30 am: Sub-foremen from all divisions 
 07.00 am: Foremen, Plant manager, Geologist, Surveyor 
 01.00 pm: All divisions (incl. eg. PR) 


Delegators visit all workplaces in her/his responsibility adequately frequently 
Learning about issues, needs, … 
Caring about staff 
Assuring performance of delegees 


Staff and management at eye level 
 Equality and trust  


  ensures identification with company 
    ensures safety culture and mindset 


Regular instructions in tools and personal safety equipment: 
necessary abilities to perform work 
necessary abilities to use emergency equipment 
adequate risk awareness 


Training to obtain and maintain necessary skills 
Training plan is submitted to (but neither approved nor checked by) authorities 







T. v. Berlepsch 
US/German Workshop 2014 


Managing Pre-closure Hazards 


Despite planning for and realisation of a safe operation 
(even when proofed with an outstanding safety record), 
hazards can‘t be excluded 


Dominating hazards to consider: 
Radiological events; 


Fire hazards. 


Fundamental mitigating means 
Protecting people; 


Mitigating the consequences of hazards. 
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Protecting People in Case of Hazards 


Adequate training and instruction 


 


Adequate design of emergency plans and measures 
Limited time to rescue people; 
If necessary, provision of refuge chambers; 
Regular testing and maintenance of equipment. 


 


Ensuring fast intervention rescue brigade 
Leader is assigned according to mining law; 
Reports directly to plant manager; 
Voluntary brigade receiving specific training; 
Surveyed and trained by Mining Association. 
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Enable early detection of hazards 
eg. use of sniffers. 


Early mitigation of risks 
eg. mobile fire extinguishers. 


Keep hazards locally confined 
Electronic on-time ventilation guiding system for mapping flow rates, 
pressures, and temperatures in the entire mine; 
Placement of ventilation barriers at precalculated positions; 
Reduction of fresh air supply. 


Prevention of access to hazard source 
In case of radiological hazard risk of contamination; 
In case of fire danger to suffocate or ‘boil‘. 


Mitigating the Consequences of Hazards 
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Summary 


Safe operation of a plant has to be considered holistically 
High quality equipment as ‘hardware’; 
Sufficient processes as ‘software’; and 
Right mindset as ‘housing’ for safety. 


 


 


However, hazards can’t be excluded, but mitigated by 
Ensuring the safety of people; 
Enabling Means to mitigate the consequences of hazards. 
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Thank You 
for Your Attention! 
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Operational Safety at U.S. Repositories 


Outline 
 Deterministic vs. Probabilistic (finding balance) 
 Deterministic Safety Analysis at U.S. Department of Energy 


(DOE) Facilities (e.g., Waste Isolation Pilot Plant, WIPP) 
 Overview of Yucca Mountain Preclosure Safety Analysis (PCSA) 
 Current German Approach for Licensing of Repositories 
 Technical/Regulatory Vulnerabilities 
 Summary and Outlook 
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Probabilistic vs. Deterministic 
Finding Balance for Operational Safety Analysis 


 U.S. Repositories for HLW/SNF (deterministic ↔ probabilistic) 
– Disposal of High-Level Radioactive Wastes in a Geologic Repository at 


Yucca Mountain, Nevada (10 CFR Part 63, U.S. Nuclear Regulatory 
Commission) 


• Aggregated repository worker dose (10 CFR Part 20, U.S. NRC) 
• Dose at or beyond site boundary (10 CFR Part 63, U.S. NRC) 


 German Repositories (deterministic ↔ probabilistic) 
– Safety Requirements Governing the Final Disposal of Heat-Generating 


Radioactive Waste (Sicherheitsanforderungen) 
• Requires both deterministic and probabilistic assessment  
• Requires implementation of nuclear power plant requirements for 


operational safety 
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Deterministic Safety Analysis 
U.S. DOE Nuclear Facilities (1/4) 


 Hazards to workers, the public, and the environment 
 Transuranic Waste (DOE, not NRC regulated) 
 Deterministic (DOE Order 5480.23 - SAR) 


– Similar to civilian power plant licensing (NRC 10CFR Part 50) 
– Design basis (normal, accidents, events) 


 Facility Nuclear Hazard Category (complexity and inventory) 
– Risk Category 1: Potentially significant off-site consequences 


(e.g., reactor) 
– Risk Category 2: Potentially significant on-site consequences 


(e.g., WIPP with >80 Ci Pu-239 per container) 
– Risk Category 3: Localized (facility) consequences 


(e.g., accelerator) 
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Deterministic Safety Analysis 
U.S. DOE Nuclear Facilities (2/4) 
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Consequence 
Level 


Beyond Extremely 
Unlikely <10-6/yr A 


Extremely Unlikely 
10-4 to 10-6/yr 


Unlikely  
10-2 to 10-4/yr 


Anticipated  
10-1 to 10-2/yr 


High III II I I 
Moderate IV III II II 
Low IV IV III III 


A Probability of 10-6 calculated conservatively, or 10-7 calculated realistically. 


ACCIDENT/EVENT RISK CLASS* 


Consequence 
Level 


Maximally Exposed 
Offsite Individual 


Co-Located Worker 
(at 100 m) Facility Worker 


High Approaching 25 rem >100 rem Safety Significant (DOE STD 3009) 
Moderate ≥1 rem ≥25 rem Qualitative; no threshold 
Low <1 rem <25 rem Qualitative; no threshold 


ACCIDENT/EVENT DOSE CONSEQUENCE GUIDELINES* 


 Graded Approach for Each Credible Hazard Identified (DOE STD 
5506-2007) 
– Magnitude of hazards, complexity of facilities, life-cycle state 
– Example: WIPP Documented Safety Analysis 


* Not to be construed as regulatory acceptance criteria, per DOE STD 5506-2007. 







 Hazard/Accident Analysis → Material-at-Risk → 
            Hazard Evaluation (prevention, mitigation) → Design Basis 
 “Hazard Evaluation” → Technical Safety Requirements 


– Identify Safety-Significant systems, structures and components  
– Administrative controls 


 Develop Prevention/Mitigation Controls 
– Examples: waste loading, waste transport, etc. 


 Identify Representative Hazards for Further Analysis as Design 
Basis Events (DBEs) 


 Analyze Beyond-Design-Basis Events 
– Low-probability, high consequence 
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Deterministic Safety Analysis 
U.S. DOE Nuclear Facilities (3/4) 







Deterministic Safety Analysis 
U.S. DOE Nuclear Facilities (4/4) 
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 Example:  WIPP Risk Ranking 
– Contact-handled waste, underground events 


A MOI = Maximally Exposed Off-Site Individual   B Risk class of I may be unacceptable and II may be marginally 
acceptable, for the MOI.  Source: WIPP Documented Safety Analysis, DOE/WIPP 07-3372 Rev. 4 


Event # Description Frequency 
(mitigated) 


Consequence (mitigated) Risk Class 


MOI A Co-Located 
Worker 


Facility 
Worker MOI A Co-Located 


Worker 
Facility 
Worker 


CH-UG-
1-001a 


Single-vehicle fire 
underground during 
waste transport 


10-4 to 
10-6/yr M M L III III IV 


CH-UG-
1-002a 


Collision of 2 vehicles 
and fire underground 
during waste transport 


10-4 to 
10-6/yr L M L IV III IV 


CH-UG-
1-003a 


Single-vehicle 
collision, fire under-
ground at waste face 


10-4 to 
10-6/yr H H L II B II IV 


CH-UG-
6-001a 


Internal deflagration in 
CH waste container 
underground 


10-2 to 
10-4/yr L L H III III I 







Overview of YM PCSA (1/4) 
Probabilistic Approach (YM, Part 63) 


 “What can go wrong?” 
– A set of scenarios or event sequences 


 “How likely is it?” 
– Compile available evidence including historical records, 


engineering analysis (e.g. fragility, reliability) and expert 
judgment 
Use event sequence diagrams to estimate the probability of 
unlikely scenarios, with uncertainty 


 “What are the consequences?” 
PCSA Consequences: Directly calculate dose to off-site public, 
dose to on-site workers and public, criticality 
Explicit dose limits are defined by decision-makers (e.g., U.S. 
NRC regulations: 10 CFR Part 63 for YM) 8 
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Overview of YM PCSA (2/4) 
Some Differences Using 10 CFR 63 Compared to Previous, 
Deterministic Nuclear Power Plant Licensing: 
 Category 1 (expect ≥ 1 over ~100 years) dose limits for public 


– Aggregated over normal operations and all Category 1 events* 
– Onsite dose:  100 mrem/yr (5 rem/yr for workers; see 10 CFR Part 20) 
– At site boundary:  15 mrem/yr* or 2 mrem/hr 
– Beyond site boundary:  100 mrem/yr or 2 mrem/hr 


 Category 2 (expect < 1 but ≥ 10-4 over ~100 years)  
– Event sequences categorized individually on probability only, not risk* 
– At or beyond site boundary, for each sequence: 5 rem (workers or public*) 
– Onsite dose: Not regulated* 


 No criticality allowable for Category 1 and 2 event sequences 
 No consequence analysis needed for “Beyond Category 2“ 
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Overview of YM PCSA (3/4) 
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 Initiating Events 
– Internal (process diagrams, hazard/operability) 
– External (experiential) 


 Event Sequences 
– Screen on probability of initiating events 
– Logic diagrams, hazard analysis, fault trees 
– Simulate hazards, fragilities, etc. 
– Quantify event sequences (SAPHIRE) 
– Categorize (1, 2 and/or Important to Criticality) 


 Dose Consequence Analysis  
– Normal + Category 1, aggregated (workers and public) 
– Category 2, individual events p > 10-4 in ~100 years (public) 


 Design Interface 
– Identify items “Important to Safety” (“Q-List”) 
– Develop as-low-as-reasonably achievable (ALARA) requirements for 


normal operations and Category 1 
– Develop design basis (iterate on design) 







Overview of YM PCSA (4/4) 


 Preclosure Dose Summary for YM PCSA 
– Aggregated for normal operations + Category 1 (expect ≥1 in ~100 years) 
– Each Category 2 event sequence analyzed individually 
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Category Standard Limits Results 


Public onsite Normal operations + Category 1  100 mrem/yr TED A 78 mrem/yr 


Public at site boundary Normal operations + Category 1  15 mrem/yr TED 0.05 mrem/yr 


Public beyond site boundary Normal operations + Category 1  100 mrem/yr TED 0.11 mrem/yr 


Radiation workers Normal operations + Category 1  5 rem/yr TED 1.3 rem/yr 


Public at site boundary Any Category 2 event sequence 5 rem TED 0.01 rem 


Public beyond site boundary Any Category 2 event sequence 5 rem TED 0.03 rem 


A TED = Total Effective Dose Equivalent (see Parts 20 and 63 for individual organs.  Peak dose rate limits or results, 
and airborne emissions of radioactive material to the environment, are not shown. 


Source: Yucca Mountain Repository Safety Analysis Report, DOE/RW 0573  Rev. 1. Table 1.8-36. 







Current German Approach to Repository 
Operational Safety Analysis 


 Probabilistic Safety Analysis is Used in Germany to Identify/ 
Quantify Event Sequences 
– Initiating events that cannot be controlled by design 
– Supplement deterministic safety assessments 
– Analyze high-consequence events 
– Sensitivity analysis; effectiveness of prevention/mitigation measures 


 PSA is Required for Repository Licensing to Supplement 
Deterministic Assessments, But Limits Have Not Been Defined 


 Guidelines for Implementing PSA in Nuclear Power Plant 
Operational Reviews Were Developed in 2005 (BfS) 


 Similar PSA Provisions Specific to a HLW Repository Will Likely 
Be Incorporated After Codification of the Site Selection 
Decision (by 2031, per the Site Selection Act of July, 2013). 
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Regulatory Vulnerabilities 


 Larger Repositories 
– Factor of 2 to 3 range in waste inventory is possible 


 Longer-Operating Repositories 
– 50 years operation vs. → 150 years 


 More Waste Packages 
– YM (~11,000) vs. all U.S. SNF (up to 90,000) 


 Completeness of Initiating Events/Sequences 
 Feedback to Design & Operations 
 Methodological 


– Disaggregation 
– Representational Accuracy 
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Disaggregation Dilemma Caused by 
Probabilistic Approach (10 CFR 63) 


 Level of Aggregation (resolution) of Initiating and Pivotal 
Events Represented in a Sequence Can Determine 
Categorization Probability, esp. Internal Events 


 More Aggregation → Higher Probability Event Sequence 
 More Resolution (less aggregation) → Lower Probabilities → 


More Analysis/Licensing Effort  
 Example: Impact and Breach of Canister 


– Should a single event sequence include all drops of all types of 
canisters from all possible sources in all facilities?  


 Important for Risk Management (feedback into design & 
operations): 
– Hardware reliability requirements  
– Operations/procedures 
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Representational Accuracy 
 Criterion for level of aggregation is representational accuracy 
 Separation into different event sequences warranted because 


of variations of: 
– Facility configuration and operations (leading to different challenges, 


e.g. lift heights, number of lifts, residence time) 
– Equipment (although some equipment is similar across facilities, the 


complement of equipment is different for each facility) 
– Waste forms and containers (variation in robustness over different casks 


and canisters and variation in source terms because of different 
fuel/form of fuel) 


 Disaggregation should represent different waste processing 
functions, waste forms, containers and facilities 
– For example: receipt, preparation, transfer, welding, load-out, transport, 


and emplacement 
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Summary and Outlook 
 Deterministic vs. Probabilistic, in Transition (finding balance) 
 Accumulating Experience with Nuclear Safety Analyses 
 Periodic Updates for Operating Facilities 
 Regulatory Developments are Imminent in Germany & the U.S. 


– Siting process, conceptual design and suitability determination 
– Re-promulgation of generic repository regulations 


 New Systems Important to Nuclear Safety, and Supporting 
Analyses 
– Conveyances, packaging, etc. 


 International Cooperation is Vital to Confidence Building 
– Events/sequences 
– Feedback to design & effective operations 
– Methodology 
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WIPP Recovery Status 
Abraham Van Luik, Carlsbad Field Office (CBFO) 
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WIPP’s 15-year History of  Success 


11,894 shipments received 
33,000 type B packages unloaded  
91,000 cubic meters of  TRU waste disposed 
14,200,000 loaded miles 
22 storage sites de-inventoried of  legacy 


TRU waste 







February 5, 2014 







U/G Status February 5, 2014 
 Panels 1-5 filled and sealed 
 Panel 6 filled and sealing in process 
 CH waste emplacement in Room 7 
 RH waste emplacement in Room 6 
 Active mining Panel 8 


24 rows of  CH waste in 
Room 7 of  Panel 7 


Salt Truck Fire 







From Air 
Intake Shaft Decrepitated 


Salt 


Accident Scene 


Nine days later - first re-entry (February 14) under AIB control 







 Maintenance program 
was ineffective  


 Fire protection program 
was less than adequate 


 Nuclear facility versus 
mine culture 


 AIB Report Findings 


Hydraulic Leak under Sister Vehicle  


Airlock Doors Wired Open Combustible Loading in U/G 







 AIB Report Findings 


 Emergency management & 
preparedness and response 
program were ineffective (several 
repeat issues from external reviews) 


CMR response (evaluation and 
protective actions) were less than 
adequate 


Different treatment of  waste vs. non-
waste handling equipment, e.g., 
combustible buildup, manual versus 
automatic fire suppression system, 
fire resistant hydraulic oil, etc. 


Abandoned and Disused Self  Rescuers 







CH Waste Face: Room 7 of  Panel 7, Mid-day February 14 


Nine days after the fire - 
Single re-entry on Feb. 14 under AIB control 


Ground conditions apparently nominal 







 14 February, 11:30 PM 
 CAM alarm switched exhaust to filtration 
 No Radcon response until 6:30 am 


Saturday 


CAM 
failure 


Station B sampling Results 


Q ~ 1 mCi 







NMSU Hi-Vol 


Potential Dose Reconstruction 


>1 mRem 


>10 mRem 


16 sq mile boundary 


 ~150 employees report 
 Sequester in place ~0830 
 EOC not activated 
 OE never declared 
 Frisk and release ~1730 


Saturday, February 15, 2014 


Aerial View of  WIPP Surface Facility 







Dose estimates conservatively 
calculated for exposure to 
direct Station B exhaust 







If  WIPP’s filtration system engaged, 
why was there any release? 







• Phase 1 focused on the release of  radioactive 
material from underground to the environment, 
and the follow-on response to the release: 


 Board reviewed the adequacies of  the safety 
management programs and systems. 


 Important to report on Phase 1 to maintain 
transparency and move quickly on the 
corrective actions. 


 
• Phase 2 will focus on the direct cause of  the release of  the 


material and the impact on worker protection in the 
underground. 


AIB issues Phase 1 report on the radiation 
release event April 24,2014 







Nuclear Safety Program: Ineffective 
 Misclassified safety class of  the ventilation system and CAMs 
 Non-conservative DSA and TSR controls 


Maintenance Program: Ineffective 
 Key components and systems inoperable or unreliable 


Radiation Protection Program: Ineffective 
 Delayed response, contamination control, surveys, and training  


Emergency Management Program: Ineffective 
 Not effective in prompt categorization, implementation, required 


notifications 


Conduct of  Operations: Key elements ineffective 


Safety Culture and Oversight: 
 Nuclear facility versus mining culture: Difference in expectations 
 NWP safety culture does not embrace ISMS 
 NWP contractor assurance system and CBFO oversight ineffective 
 EM HQ line management ownership and oversight were ineffective 


Phase I  AIB Report  







Intact MgO bag 


Melted MgO bag 


Melted HDPE sheet 


Material` Description M.P. (°C) 


Drum Gaskets butadiene rubber 100 


SWB Gaskets neoprene rubber 120 


Shrink wrap LDPE 110 


Slip Sheets HDPE 140 


MgO bag polypropylene 160 


Viewpoint for 
next slides 


Begin to focus on waste stream 
MIN02 from LANL (nitrate salts 
with uncertain pH and organic 


adsorbent added) 


Apparent area 
of  greatest 


disturbance 







Evidence of  
Heat Event 







May 15 Entry 







Release Cause Investigation Continues 
• Phase 2 Accident Investigation Board report on 


cause of the release not yet completed 
– What is known from underground air particulate 


and swipe sample analyses: 
• The material that was released appears to be generated 


by a combustion (rapid chemical oxidation) process 
• Its chemical and radiological signatures are similar to the 


waste stream in the breached waste container that 
contained nitrate salts and organics in a very acidic matrix 


• Am to Pu ratios were about 10:1, which is a distinctly 
different ratio from the bulk of the waste in the 
repository 


• Suspect waste has been re-classified as ignitable 
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Recovery is In Progress 
• Each of the Accident Investigation Board 


conclusions and recommendations for cultural 
and technical changes is being implemented 


• The underground facility is being rehabilitated: 
– Decontamination where needed and feasible to allow 


underground work to resume in stages 
– Additional clean air supply and exit air filtration 


capacity is being implemented 
– Areas with suspect waste are planned to be isolated 


from the working repository as soon as practicable 
• A draft detailed Recovery Plan is under review 
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Activities Required for WIPP Restart  
Near term: 
 Upgrade Documented Safety Analysis, fire and safety systems 
 Uncontaminated and contaminated areas established; 
 Ground control fully functioning (roof bolting catch-up); 
 Procure temporary filtered ventilation capacity using skid HEPA filters; 
 Design activity: permanent ventilation changes, new exhaust shaft; 
 Mine characterization and decontamination; 


Mid term: 
 Install/operate skid fans/HEPA filters; 
 Design/Permit permanent ventilation system and new exhaust shaft; 
 Begin initial operations/emplacement using existing panels; 


 Supplemental ventilation on air intake shaft; 
 Three shifts to optimize use of available ventilation capacity; 


 Further upgrade above and below ground utility/safety systems; 


Long term: 
 Construction of permanent ventilation system and new exhaust shaft; 
 New salt shaft and ventilation system operational; 
 Operational Readiness Reviews; 
 Begin full operations/waste-emplacement; 
 Potential shift to utilize some electric mining equipment 
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High-level Department 
of  Energy Support 
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Strong Headquarters 
Support for Recovery 


Secretary of  Energy Ernest 
Moniz at a Town Hall meeting 
in Carlsbad, NM, August 12, 


2014 


“We are absolutely 
committed to this facility. 
We are, of  course, 
committed to bringing it 
back to initial operations 
and then eventually to full 
operations, with safety 
fully in mind." 
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Permanent Isolation in Deep Geologic Salt 
A National Solution and International Model 
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Tammy Reynolds, NWP Deputy Recovery Manager 
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WIPP 
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Quick Facts:  
• Opened:  March 26, 1999 
• 11,894 shipments received 
• 90,983 cubic meters of waste disposed 
• 171,064 containers disposed in the underground  







WIPP Haul Truck Fire Event 
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AIB Salt Haul Truck Fire Findings 


Positive Observations 
• Supervisors and employees in the 


underground proactively alerted 
other workers of the fire and need to 
evacuate before the evacuation alarm 
was sounded.  
 


• Workers assisted each other during 
the evacuation, including helping 
them to don self-rescuers and SCSRs.  
 


• Personnel in the underground 
exhibited detailed knowledge of the 
underground and ventilation splits.  
 


• NWP on-site medical response was 
effective in treating personnel.  


Report Findings 
• Maintenance program was ineffective.  


 


• Fire protection program was less than 
adequate. 
 


• CMR response (evaluation and protective 
actions) was less than adequate.  


 


• Emergency management/ preparedness 
and response programs were ineffective. 
 


• Different treatment of waste versus non-
waste handling equipment. (Nuclear 
facility versus mine culture)  


 


• Inadequate oversight from government 
agencies 
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Feb. 7, DOE EM Deputy Assistant Secretary appointed an Accident Investigation Board 
(AIB) to conduct an evaluation of event and response. 







WIPP Underground and 
Ventilation System 
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Exhaust Shaft 







AIB Radiological Release Findings 


• Phase 1 of the AIB investigation focused on the radiological 
release and the follow-on response to the release: 
• Ineffective components of the following WIPP programs were 


identified:  
• Nuclear safety program 
• Maintenance program 
• Radiation protection program 
• Emergency management program 
• Conduct of operations 
• Safety culture and oversight 


 
• Phase 2 is focused on determining the direct cause of the 


release of material 
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Feb. 27, Accident Investigation Board appointed to evaluate radiological release and 
response. 







Initial Response:  Plant is safe and stable 
• Developed Nuclear Safety Documentation to 


support recovery activities 
• Collection and analysis of environmental 


samples 
• Completion of the event bioassay program 
• Sealing of the bypass dampers 
• Fans balanced and preventive maintenance 


completed to restore reliable operation 
• Continuous Air Monitor installed at Station B 
• Filters loaded with fire combustion products 


replaced and HEPA filters efficiency tested 
• Cleaning of the Waste Hoist Tower and Waste 


Hoist components 
• Safety Management Program compensatory 


measures implemented 
• Significant nuclear operations experience added 


to NWP leadership team 
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Phase 2 AIB Investigation – 
Radiological Release 
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• During the May 22 entry, Recovery Team members 
obtained evidence of a damaged waste container 
 


• Discoloration due to a heat producing event was visible 







Room 7, Panel 7 
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Support  to the Accident Investigation Board 


• Additional samples from 
Panel 7, Room 7 were taken 
on 8/15. 
 


• Project REACH 
• Operator training  
• Shipment to WIPP  
• Install underground  
• Operation 
• Extendable composite 90-foot 


boom, suspended by 
moveable cradle atop a 
support structure 10 


 







WIPP Recovery Roadmap 
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Resume Operations 


Operating on Full Ventilation 







Resume Operations - Key Steps 
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• Nuclear Safety Document Revisions (continuing) 
 


• Safety Management Program Revitalization (continuing) 
 


• Underground restoration (initiated)  
•  Radiological Roll-back, Re-Establish Safety Systems,    
       Cleanup, Habitability, Fire Protection, Maintenance and  


 Ground Control 
 


• Expedited Panel 6 and Room 7, Panel 7 Closure 
 


• Interim Ventilation Modifications (procurement 
underway)  
 


• Expedite mine stability (resume bolting) 
 


• Supplemental Ventilation Modifications (initiated) 
 


• Readiness Activities 
• Limited Operations  


• On-site waste 
• Off-site waste generators 







Operating on Full Ventilation - 
Key Steps 
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• Nuclear Safety Document revisions to support 
new ventilation system  
 


• Continued ground control activities  
 


• Replacement of outdated safety, mining and  
waste handling equipment 
 


• New Ventilation System 
• Capital Project 
• New shaft and drifts  


(requires extensive mining) 
• New above ground ventilation  


system components (fans, filters) 
 


• Readiness Activities 
 







Recovering the Underground  
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Radiological Area Rollback 
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Geotechnical Measurements 
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Nuclear Safety Culture – Driving 
WIPP’s Future 


• Immediate emphasis on stop work and 
verbatim procedure compliance 
• Good Catch recognition 
• Reinforcement by PM in All-Hands 


meetings and Straight Talk 
• Continuing emphasis on Work Control 


• Interactive Team Reviews 
• SMRB Review 
• Frequent rework to establish new 


expectations 
• Revitalization of NSC as foundation 


• Seasoned advisors 
• Improvement Plan 
• Leadership Workshops 


• Management time in field 
• Reporting of mistakes/errors 
• WIPP NSC Worker Reference Guide 
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A Perspective on Removal, 
Retrieval and Reversibility as 


they relate to the Waste 
Isolation Pilot Plant 


Steve Wagner – John Hart and Associates 
 







Outline 


 With respect to waste removal, retrieval or reversibility 
within the WIPP project, the overall concept can be addressed 
by answering general questions: 
 What is required 
 What did the project said they would do 
 What has the project actually done 


 
 This presentation will answer these and other questions as 


they apply to the Waste Isolation Pilot Plant (WIPP) 
radioactive waste disposal project. 
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Waste Isolation Pilot Plant Facts 


 WIPP is geologic disposal facility designed to dispose 
~176,000 m3 of transuranic waste from defense-related 
activities 


 Waste area is mined in a bedded salt formation, ~ 2,150 ft 
(655 m) Below the Ground Surface 


 Plutonium & Americium are major radionuclides in the waste 
 US Congress established the Environmental Protection 


Agency (EPA) as the radioactive waste disposal regulating 
authority; the Department of Energy is the site developer 


 Early disposal concepts of “Pilot Project” included 
Retrievability Requirement (1970’s) 
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RR&R – What is Required? 


 US Government’s first radioactive waste geologic disposal 
concept was a “Pilot Project” based on National Academy of 
Science recommendations (1957) 


 Originally Self-Regulated – Atomic Energy Commission 
 To gain acceptance from State and Local Municipalities, the 


disposal concept would first have a “test period” where all 
waste would be retrievable should the concept not meet 
disposal objectives 
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RR&R – What is Required? 


 In 1976 the EPA was given the responsibility to develop 
general radioactive waste disposal regulations 


 Retrieval requirements were included in the final regulation 
 Retrieval concept became necessary past “test period” 
 Additionally, the U.S. Congress and the State of New Mexico 


required test-phase Retrieval demonstrations (LWA, 
Consultation and Cooperation Agreement) 
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RR&R – What is Required? 
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RR&R – What is Required 


 EPA RR&R Perspective 
 EPA Certification Criteria (40 CFR 194.46) 


  “Any compliance application shall include documentation which 
demonstrates that removal of waste from the disposal system is 
feasible for a reasonable period of time after disposal.  Such 
documentation shall include an analysis of the technological feasibility 
of mining the sealed disposal system, given technology levels at the 
time a compliance application is prepared” 
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What We Said We Would Do 


 For US Congress and State of New Mexico Requirements 
 DOE documented a mock test waste retrieval demonstration on April 


27, 1992 using remote controlled devices (video available) 


 For EPA Disposal Requirements 
 DOE document the results of a feasibility of waste removal after 


closure in Appendix WRAC of the EPA compliance application 
 DOE acknowledges that EPA requires waste retrieval if the 


certification were to be revoked. 
 “If the Administrator revokes the certification, the Department shall 


retrieve, as soon as practicable and to the extent practicable, any waste 
emplaced in the disposal system.“ 40 CFR 194.4(b)(1) 
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What We Actually Have Done 


 DOE has retrieved emplaced containers from the 
underground 
 The State of New Mexico required DOE to retrieve a waste container 


in August, 2007 
 DOE decided to retrieve a waste container in June, 2008 


 Drums were returned to the generator sites for remediation 
because they did not fully meet the waste acceptance criteria, 
they were not returned for health/safety reasons 
 


9 







International Perspective 


 Most international disposal concepts are similar to what was 
developed in the U.S. 
 most programs include the requirement for waste retrieval during the 


repositories operational period. 


 Recent attention has been given to the concept of 
reversibility. 
 The intent is to include reversibility in the disposal system design.  


Whereas the U.S. concept only requires it to be feasible to remove 
waste after closure, reversibility requires a repository design that 
allows for waste removal during any phase of a disposal program. 
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Lessons Learned 


 RISK 
 The WIPP regulations associated with waste retrieval/removal do not 


address risk or benefit and are silent as to the conditions that warrant 
retrieval/removal. 


 The project has no recourse when regulators require retrieval of 
waste containers that may be deficient but can be shown to not have 
any impact on overall repository performance, the environment or 
public safety. 


 Recommendation 
 Recommend that disposal program’s regulations outline specific risk 


vs. benefit elements in decisions that lead to waste retrieval. 
 The actual risk of retrieval, in many cases, have associated risks 


relating to occupational health, dose and transportation/accident risks 
that are real and may be greater than the risks associated with the 
newly discovered condition of the waste or repository.  
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Outline 


• Why Retrievability? 
• Definitions and legislation on retrievabiltiy 


 Definitions 
 Legislation 


• Implications of retrievability requirements on 
repository designs 
 Drift disposal concept  
 Borehole disposal concept 


• Summary and conclusions 
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Why Retrievability? 


EC-Concerted Action on Retrievability (2000) 
The most frequently used arguments listed are: 
1. Safety and operational arguments 


• Disposal should be reversible in case something goes wrong with 
the emplacement of a package 


• Retrieval of a waste package may be necessary in case a waste 
package malfunctions during or after emplacement 


• Retrieval of waste packages may be necessary if the repository 
appears to be malfunctioning at a later stage 
 


2. Licensing arguments 
• Retrievability should be included in order to facilitate a staged 


decision and licensing process 
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Why Retrievability? 


3. Societal arguments 
 


• Radioactive waste may contain potentially useful materials, which 
may become valuable in the future. It could be the wish of a future 
society to utilise such a resource. 


• Disposal decisions should not be irrevocable, in order to provide 
future generations with the option to make their own decisions. 


• From a sustainable society viewpoint, high priority is given to the 
reuse of materials and to a minimisation of the quantity of waste 
that needs to be disposed of. Views and/or technology for reuse of 
materials may be different in the future 


• The precautionary approach and the recognition of uncertainty 
speak in favour of retrievability 
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Why Retrievability? 


4. Waste management arguments 
 


• Future new technology or scientific knowledge could – based on 
re-evaluation of the cost/benefit balance – motivate modifications 
in earlier disposal, or retrieval of disposed waste packages. 


• A repository that includes design features to keep the waste 
packages retrievable could offer better possibilities for control and 
surveillance of the waste after disposal. 
 


5. Public acceptance arguments 
• A disposal concept may be better appreciated, when key decisions 


are reversible. Including retrievability may enhance the acceptance 
of geological disposal. 


 







Bollingerfehr 09/2014 6 


Definitions 


Reversibility 
 „Reversibility describes the ability in principle to change or reverse 


decisions taken during the progressive implementation of a disposal 
system” /NEA 2011/. 


Retrievability 
 „Retrievability, in waste disposal, is the ability in principle to recover 


waste or entire waste packages once they have been emplaced in a 
repository” /NEA 2011/. 
 


 “Retrievability is the planned technical option for removing emplaced 
radioactive waste containers from the repository mine “/BMU 2010/. 
 operational phase of repository until closure of shafts and/or ramps 


Recovery 
 “Recovering is the retrieval of radioactive waste from a final repository as 


an emergency measure” /BMU 2010/.  
 up to 500 years after repository closure 
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Retrievability-Scale (NEA 2011) 


Retrievability Recovery 
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German Legislation 


Retrieval requirements:  
“8 .6 :  
Waste containers must fulfil the following safety functions, with due 
regard for the waste products packaged therein and the backfill 
surrounding them: 


• For probable developments, handleability of the waste containers 
must be guaranteed for a period of 500 years in case of 
recovery from the decommissioned and sealed final repository. 
Care should be taken to avoid the release of radioactive aerosols. 


• During the operating phase up until sealing of the shafts or 
ramps, retrieval of the waste containers must be possible. 


Measures taken to secure the options of recovering or retrieval must not 
impair the passive safety barriers and thus the long-term safety.” 


 


(according to: “Safety Requirements Governing the Final Disposal of Heat-Generating 
Radioactive Waste” as at 30 September 2010) 
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Implication on Repository Design 


(Source: VSG) 


 
 
 
 
 
 
 
site-specific 
design of 
repository  
 
 
 
 
 
waste 
package for 
HLW and 
SF: 
POLLUX® 
cask 


verification of 
safety and 
reliability of 
transport and 
emplacement 
technique 
by means of 
1:1 scale  
demonstration 
tests 


Drift Disposal Concept 







Bollingerfehr 09/2014 10 


Implication on Repository Design 


final step: 
excavation of remaining 
compacted backfill material 
surrounding POLLUX® cask 


step 1 and step 2: 
excavation of drifts 
parallel to the emplaced 
POLLUX® cask 


Stepwise Process for Excavation of Drifts 
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Implication on Repository Design 


Schematic view of a steel frame 
construction as a lifting device 


for POLLUX® casks 


Modification for POLLUX® cask Lifting 


Emplacement device for 
POLLUX® casks 
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Implication on Repository Design 


Detailled planning of retrieval actions (basis: VSG design)  
• green: retrieval drifts,  
• red: retrieval drifts not connected with a second crosscut,  
• yellow retrieval drifts connected with main transport drift North,  
• yellow frame: prior to excavation start need for geomechanical proof of pillar stability) 
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Implication on Repository Design 


 
 
 
 
 
 
site-specific  
design of  
repository  
 
 
 
 
 
 
 
 
 
waste package 
for HLW and 
SF:BSK 3 


verification of 
safety and 
reliability of 
transport and 
emplacement 
technique 
by means of 
1:1 scale  
demonstration 
tests (Source: VSG) 


Borehole Disposal Concept 
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new: 
conical  
BSK canister 


new: steel liner 
designed against 
host rock stress 


Borehole Disposal Concept 
Implication on Repository Design 
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Implication on Repository Design 


Time after Emplacement   [a] 


Te
m


pe
ra


tu
re


 [°
C


] 


Detailed planning of ventilation/cooling needed! 
 
 
Example: 
Borehole  
Disposal 
Concept 
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Summary and conclusions 


 For drift disposal concept 
 Retrieval of emplaced POLLUX ® casks is technically feasible 


during repository operational period (several decades)  


 For borehole disposal concept: 
 Retrieval of emplaced BSK containers is technical feasible 


assuming: 
 the borehole is lined 
 the new BSK container meets design expectations 


 For both concepts: 
 Detailled ventilation and cooling systems have to be designed 
 Interim storage facilities and casks are required  


(prior to repository licensing) 
 A conditioning plant may be required 


(depending on disposal concept) 
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Historical and Projected Commercial SNF 
Discharges in the United States 


Projections of Future SNF and HLW 


Projected Volumes of SNF 
and HLW in 2048 


Volumes shown in m3, assuming 
constant rate of nuclear power 


generation   
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Summary of the Administration’s Strategy for Used 
Nuclear Fuel and High-Level Radioactive Waste 
Strategy for the Management and Disposal of Used Nuclear Fuel and High-Level 
Radioactive Waste issued January 2013. 
 


The Strategy outlines a 10-year program: 
 Site, design, license, construct and begin operation of a pilot 


interim storage facility (operating 2021) 
 Advance toward siting and licensing of a larger interim 


storage facility (operating 2025) 
 Make demonstrable progress on siting and characterization 


for geologic disposal (sited 2026, operating 2048) 


3 Swift-MacKinnon Current Status of US Program 







Disposal R&D within the DOE 


 The Nuclear Waste Policy Act and Congressional 
Appropriations preclude site-specific repository investigations 


 All disposal research must be generic at this stage 


 What can generic R&D accomplish? 
 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 


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


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


 Develop the science and engineering tools required to address the goals above, 
through collaborations within NE and DOE, and with universities, industry, and 
international programs 
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DOE Office of Nuclear Energy Organization Chart 


Source:  http://energy.gov/ne/organization 
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Assistant Secretary for Nuclear Energy 
Principal Deputy Assistant Secretary 


NE-1 & 2 


Office of Uranium  
Management and Policy 


David Henderson 


NE-54 


 
Deputy Assistant Secretary  
for Fuel Cycle Technologies 


John Herczeg 


NE-5 


Office of Systems  
Engineering & Integration 


Patricia Paviet 


Office of Fuel Cycle  
Research & Development 


Andrew Griffith 


NE-52 


Office of Used  
Nuclear Fuel Disposition  


Research & Development 
William Boyle 


 
• Develop Technical Basis for Extended 
  Storage 
• Develop Technical Basis for      
  transportation of high burn-up fuel 
• Evaluate Repository Alternatives 


 


DOE Office of Nuclear Energy 
Office of Fuel Cycle Technologies (NE-5) 


NE-51 


NE-53 Nuclear Fuels 
Storage and Transportation  


Planning Project (NFST) 
Jeffrey Williams 


 
 


•Develop design concepts for 
consolidated storage facility 
•Prepare for large scale shipping 
campaign to centralized storage 
facility 
•Evaluate System Architecture 
Alternatives 


R&D Focus Implements Strategy for 
Storage and Transportation 
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DOE’s R&D Program for Used  
Nuclear Fuel Disposition 


Campaign Mission:  to identify 
alternatives and conduct scientific 
research and technology 
development to enable storage, 
transportation and disposal of used 
nuclear fuel and wastes generated by 
existing and future nuclear fuel cycles 
 
 


Nine national laboratories participate in 
the DOE Office of Nuclear Energy’s “Used 
Fuel Disposition Campaign” (UFDC) 
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Campaign Structure 
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Peter Swift, SNL 







UFD R&D Campaign 2009-Present 
 FY09 Planning meeting at Argonne National Laboratory, June 2009 
 FY10 R&D funding at $7.1 M 


o Disposal R&D, modest level of effort on Storage R&D, no Transportation R&D 


 FY11 R&D funding at $23.8 M 
o Nine national laboratories participating in UFD 
o Significant R&D program in Storage, including Transportation 
o Disposal R&D not site specific 


 FY12 R&D budget baseline at $22.8 M, end-of-year actual ~$37 M (Salt R&D - $4.5 Mill) 
o Some elements of FY12 work scope not established until fourth quarter 


 FY13 R&D $23.5 M (Salt R&D - $2.06 Mill) 
o Nuclear Fuel Storage and Transportation Planning Project initiated 
o Storage demonstration R&D initiated external to UFD R&D campaign 


 FY14 R&D end-of-year baseline at $22.5 M (Salt R&D - $2.25 Mill) 
o Significant redirection of scope within campaign in initial planning 


o Storage and transportation at 54% of budget 
o Disposal research at 37% of budget 
o Management and integration at 8% 


o Work through February 2014 limited to annual total of $15.4 M 


 FY15 Salt R&D projected to be $1.25 Mill ($750K lab, $500K Field) 
 


Summary of UFD R&D  Campaign 9 







Schematic of Features of a Backfilled  
Repository Room 
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Brine 


Vapor 







Salt RD&D 
Many of these activities are documented in technical reports and will be discussed in this 5th US/German Workshop  
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EXISTING SALT DATA COMPILATION AND ASSESSMENT 
 
THERMAL, MECHANICAL, HYDROLOGIC, AND CHEMICAL LABORATORY STUDIES 
RELATED TO SALT 


• Hot Granular Salt Consolidation, Constitutive Model and Micromechanics 
• Thermal Conductivity as a Function of Porosity and Temperature 
• Laboratory Thermomechanical Testing 
• Brine Migration Experimental Studies 
• Material Interactions In Heated Salt 
• Thermodynamic Properties of Brines, Minerals and Corrosion Products In High 


Temperature Systems 
• Radionuclide Solubility Measurements  


 
MODELING STUDIES RELATED TO SALT 


• Safety Framework Development 
• Total System Performance Assessment (TSPA) Model Development 
• Generic Salt Repository Benchmarking 
• Thermomechanical-Hydrological and Chemical (TMHC) Model Development/Brine 


Migration 
 
INTERNATIONAL COLLABORATION 







Salt RD&D Deliverables 
 Summary Results for Brine Migration Modeling Performed by LANL, LBNL and SNL 


for the Used Fuel Disposition Program (9/25/2014) – SNL, LBNL, LANL 
 Salt R&D Brine migration experimental studies in salt 2014 (08/24/2014) - LANL 
 Report on Modeling Coupled THMC Processes and Brine Migration in Salt at High 


Temperatures (9/13/2014) - LBNL 
 Analysis of Data from Salt Reconsolidation Experiments at Sandia National 


Laboratories in FY12 and FY13 (3/13/2014) - SNL 
 Thermal Conductivity of Salt as a Function of Porosity (3/12/2014) - SNL 
 Modified Test Plan For Salt Reconsolidation Experiments at Sandia National 


Laboratories (6/26/2014) - SNL 
 Thermomechanical Testing of Intact Salt Results for FY14 (6/16/2014) - SNL 
 Thermodynamics of Brines, Minerals and Corrosion Products at High 


Temperatures: FY14 Results (9/30/2014 ) - SNL 
 Results from the US-German Benchmark Initiative for FY14 (9/30/2014 ) - SNL 
 Results from The 4th US German Workshop on Salt (12/23/2013) - SNL 
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Salt RD&D: Field Studies  


 General Objectives 
• Develop technology and methodology for rock characterization and 


testing 
• Better understand, model and test relevant processes 
• Better understand various components of engineering barrier system 
• Provide quantitative data for safety assessment calculations 
• Test and optimize full-size repository components and operating 


procedures (demonstration) 
• Optimize repository construction techniques  
• Training and benchmarking 
• Promote international co-operation 
• Build confidence in scientific and technical community  
• Contribute to public trust and confidence 


 
    After IAEA-TECDOC-1243, 2001 
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Salt RD&D: Field Studies 


Upcoming Deliverables 
 Framework for Underground Research—important protocol 


for URL activity evaluation 
 Draft report--Test Plan for Mechanical and Hydrological 


Behavior of the Near-field Host Rock Surrounding 
Excavations 


 Draft report--Test Plan for Phased Large-Scale Thermal 
Testing 
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Questions? 
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Practical Analogues for 
Postulated Releases from 
Geologic Repositories –  


Natural Background Radiation 
 


Norbert T. Rempe 
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Decrease in the natural radioactivity of Earth’s crust 
 from the decay of its most common radioactive isotopes 


 
(Significant conclusion: All natural uranium is depleted uranium) 


Simplified from L.A. Pertsov,  The natural radioactivity of the biosphere, Israel Program for Scientific Translations, Jerusalem, 1967   ng(o)3 
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“normal”  Ramsar 
 
Radium in groundwater (Bq/l) 
 <10  ~500 


 
Radium in soil, rock, food (Bq/g) 


 <0.5  ~350 
 


Radon inside homes (Bq/l) 
  <0.5  >4 


 
Population dose (mSv/yr) 
 2-3  20-250 


 


“Normal” or 
average v. highest 


known natural 
background 


radiation on Earth 


ng(o)3 
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translated from:  http://www.novo-argumente.com/artikel/99/novo9943.pdf 


Schematic of  
Asse repository 


 0.5 km3 overburden rock contains: 
 
   4 000 t U       1014 Bq 
 12 000 t Th         5x1013 Bq 
   3 500 t K-40       1015 Bq 
 


activity stays essentially unchanged for millions of years 


former salt and potash mine 


1 km 


1 km 


0.5 km 


Waste inventory: 
    100 t U 
    100 t Th 
    10 kg Pu 
 
Activity of all waste: 
In 2000:    3x1015 Bq 
In 2140:  <3x1013 Bq ng(o)3 



http://www.novo-argumente.com/artikel/99/novo9943.pdf





Asse 


Matterhorn 
granite 
height  1.5 km 
volume 2.5 km3 


1016 Bq 


    Morsleben 
 


height 0.4 km 
volume 0.04 km3 


 
height 0.9 km 
volume 0.6 km3 


Asse 


granite: 1 km3 = 5x1015 Bq  


ng(o)3 







Underground operations at 
IMC potash mine, Carlsbad 


(http://www.laradioactivite
.com/en/site/illustration/im
ages/DecayPotassium40_
En.htm) 


ng(o)3 







ng(o)3 







Santa Fe Park, 7.8 mSv 


360 mSv – first protection standard: 1930s to 1950s 
           150 mSv -  second protection standard 


various Fukushima estimates: 
7800: av. 7.7 mSv 
2200-20000:  20-100 mSv 
30: >100 mSv 
2200: >100 mSv 
 
 


March 15, plant perimeter:   
11.9 mSv/hr, then 6 mSv/hr 
250 mSv: barely clinically detectable 


ng(o)3 
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Everything is: 
 


porous  
permeable  


wet 
 and radioactive 


 
(personal lesson learned in 23 years at WIPP) 
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ICK  Interdepartementale Commissie Kernenergie 
 Interdepartmental Commission Nuclear Energy 


• Before 1979 
• Types and amounts of radioactive waste 
• Waste management methods 
• Design considerations for deep disposal 
• Temperature calculations - TASTE  
• Criteria for site selection  
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Alternative
borehole plug


Cast steel plug


TASTE: Three-dimensional Analysis of Salt 
Dome Temperatures 







Central theme: radiation safety 
• 1984-1989 
• Geology / geohydrology 
• Host rock mechanics 
• Radiation damage in rock salt 
• Mining engineering 
• In situ experiments in Asse salt mine 
• 26 Reports - Final Report (1989) available at 


www.covra.nl 
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OPLA-1  Commissie Opberging te Land 
  Commission Disposal on Land 







OPLA-1A 


Follow-up of OPLA-1 
• 1989-1993 
• Systematic scenario development 
• Development and application of probabilistic methods 


for consequence analysis (PROSA) 
• In situ research in Asse (demonstration techniques, 


heater experiments) 
• Radiation damage in rock salt 
• Final PROSA Report: 1993 
Jan Prij, et al., PRObabilistic Safety Assessment, Final Report, 1993 
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Cap rock


Shaft 2


Rock salt


800 m


200 m


Secondary or
disposal galleries


horizontal disposal cells;
intervals of 10 m;
one container of
radioactive waste
per cell


4 m


5 m


40 m


Main gallery


Shaft 1


Secondary gallery


Salt blocks


Waste container


Disposal cell
0.5 m


4.3 m


CORA  Commissie Opberging Radioactief Afval 
 Commission on Radioactive Waste Disposal 


• 1996-2001 
• Retrievable disposal in salt and clay 
• Geology/geohydrology; additional research 
• Mining engineering: costs and backfill 
• Radiation damage in rock salt 
• Societal effects and ethics 
• 21 Reports  


(available at www.covra.nl) 
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OPERA   
Onderzoeks Programma Eindberging Radioactief Afval 
Research Programme into Geological Disposal of Radioactive Waste  
  


• 2011-2016 
• Revitalization of the Dutch research on geological 


disposal 
• Resolving outstanding issues from previous programmes 
• Develop and preserve expertise and knowledge 
• Focus on Boom Clay (but rock salt is not forgotten) 
• Result of OPERA:  
  Detailing a first roadmap for the long-term 


research on geological disposal of radioactive 
waste in the Netherlands 
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OPERA Programme Organization 


 Organization of the OPERA research programme 
 7 Work Packages 
 Programme is financed by the government (Ministry of 


Economic Affairs) and the energy sector, and 
coordinated by COVRA, the Dutch WM organization 
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OPERA WP2: Safety Case  


 WP2: Set-up and definition of Safety Cases for disposal in 
Zechstein rock salt and Boom Clay 
Project OSSC – OPERA Salt Safety Case 
 


 Evaluate the present knowledge about the safety and 
feasibility of a final disposal facility in rock salt in the 
Netherlands 


 Available national (ICK, OPLA, CORA), and international 
(German and US) information about the final disposal in rock 
salt   


 Put the information in the framework of a Safety Case 
 Project Partners: GRS, TNO, NRG 
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Structuring the Information 


 Methodology adopted from IAEA SSG-23 (2012), as further 
developed in IAEA project PRISM 


 Components of the Safety Case  


PRISM: PRactical Implementation of Safety assessment 
Methodologies in a context of Safety Case (IAEA, 2009-2012) 


10 


A. Safety Case Context B. Safety Strategy
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D. Safety Assessment


G. Limits, Controls and Conditions
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Safety Case Component: System Description  
 Objective and Scope 
 Waste Characteristics 


• Current inventory of the OPERA reference database 
• Inventory for alternative waste scenarios in NL 


 Facility Designs 
• Early design studies  
• Designs considered in OPLA 
• Designs considered in CORA 
• Designs considered in Germany 
• Designs considered in USA 


 Salt formations in the Netherlands 
• General information 
• Maps 
• Salt domes 
• Aquifers surrounding rock salt 
• Knowledge gaps 


 Biosphere Characteristics 
 Evaluation 


Structuring the Information - Example 


A. Safety Case Context B. Safety Strategy


C. System Description


D. Safety Assessment


G. Limits, Controls and Conditions


H. Integration of Safety Arguments


E.
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Convergence (2.1.07.01) 
Short description FEP relates to the cross-sectional reduction of underground cavities 


and openings, starting after the excavation due to stress redistribution 
VSG 45 Konvergenz 
WIPP W20 Salt Creep 


W21 Change in the Stress Field Index 


PROSA 3.3.3 Convergence of Openings 


Judgement 


• Convergence leads to re-sealing of excavation-induced openings, 
and thereby to isolation of the waste 


• Convergence and compaction are important processes because 
convergence is the driving force for any (contaminated) brine 
extrusion from a flooded repository 


• Convergence is well understood 
Open questions • The process of healing and sealing is yet not well understood, 


especially the effects of moisture-induced processes (moisture 
creep, fluid pressure) 


 


OSSC - Evaluation of FEPs 
Example - Convergence  







Conclusions (Preliminary) 
 OSSC provides an evaluation of current knowledge for 


building the Safety Case for salt based repositories in the 
Dutch context 


 For structuring the abundant information the methodology 
has been adopted as outlined in IAEA SSG-23 (2012), as 
further developed in IAEA project PRISM 


 The main recommendation to proceed further with the 
development of the Salt Safety Case in the Netherlands is 
to establish and fix a final disposal facility in rocksalt. 
Subsequently, all Safety Case related aspects need to be 
revisited 


 After approval by COVRA, the reports will made available 
at www.covra.nl 
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Research performed at Utrecht University 
 Long term mechanical and transport properties of salt 


rocks – experiments and model development 
 Nawaz Muhammad (PhD), Chris Spiers 
 Microphysical mechanisms governing plastic flow of 


natural rocksalt  
 Pressure solution creep occuring in natural salt under in-


situ conditions 
 Competition between microcrack growth and healing 


affecting the evolution of porosity and permeability 
 Feedback effects of brine penetration on mechanical 


behaviour and on-going dilatation and permeability 
evolution 
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Utrecht University – Some Results 
Relaxation test shows change in behaviour of wet salt 


  Wet synthetic salt (29 ppm), grain size 200-400 µm 
 Triaxial deformation 
 Confining pressure 50 MPa  
 Temperature (125 oC) 
 Deformation strain rate 5×10-7  s-1 


 
 


 Power law stress exponent  
n-value decreases during relaxation, from > 5 to 1 


 Rate controlling mechanism for wet salt at low stress 
and strain rate is pressure solution creep  close o real in-
sity conditions) 


Trend line during relaxation 


Dislocation creep to pressure 
solution creep?? 


 


Projected slope n = 1 
Projected slope n = 5 
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Day 1 Technical Agenda 


September 8 - Monday 


08:00-08:45 Sign-in and distribution of meeting materials   
08:45-09:45 Welcome addresses H.C. Pape  (BMWi) 


US-DOE Offices    


 Highlights of  US/German Collaboration F. Hansen (SNL) 
W. Steininger (PTKA) 


Repository Operational Safety 


09:45-10:45 Welcome and keynote on operational safety  S. Rottler, Vice President (SNL) 


10:45-11:00 Break  
11:00-11:20 Operational safety activities in Germany T. v. Berlepsch  (DBE TEC) 
11:20-11:40 Operational safety at US repositories E. Hardin (SNL) 
11:40-12:00 Case Study: Recent WIPP Experience  A. Van Luik (CBFO) 
12:00-13:30 Workshop Group Photo and Lunch  


13:30-14:00 WIPP Recovery Plan T. Reynolds (NWP) 
14:00-14:30 Panel Discussion E. Hardin - Lead 


Retrievability and Repository Design 


14:30-14:50 U.S. Perspective on retrievability, retrieval, 
and reversibiltiy 


S. Wagner (SNL) 


14:50-15:10 Retrievability as design requirement for a 
repository for HLW and SF 


W. Bollingerfehr (DBE TEC) 


15:10-15:30 Salt Disposal RD&D R. MacKinnon (SNL) 
15:30-15:50 Natural Analogues N. Rempe US 


15:50-16:10 Dutch Salt Safety Case and Research Program J. Hart (NRG)  
16:10-16:30 Break  
16:30 Depart for Los Alamos 


Bradbury Museum Tour and Dinner 
J. Icenhower (SNL) 


Day 1 Companion Event - Walking Tour of Downtown Santa Fe. 
Begins 10 AM.  Map will be provided 


  
 





