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• Program Format and Session Topics 

• Insights and Recommendations

• Areas of Increased Interest for NRC Staff
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Background

• Over the last few years, research results from various 
organizations have raised technical questions regarding 
performance of engineered surface barriers and regarding 
assumptions in performance assessments of these facilities
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assumptions in performance assessments of these facilities.  

• Operators, regulators, and researchers of engineered barriers 
recognized the need to discuss these technical issues from 
all aspects.

• Additional impetus for organizing the workshop was 
research sponsored by DOE and NRC on evaluating long-
term performance and maintenance of engineered covers 
and the new LLW waste facility licensed in Texas.  
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Topics of the 
Workshop Engineered Barrier Performance 

Related to Low-Level Radioactive Waste, 
Decommissioning, and Uranium Mill Tailings Facilities

• The workshop focused on engineered surface covers and 
bottom liners designed to isolate waste by impeding 
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surface-water infiltration into the waste systems and 
mitigating the migration of contaminants from the waste 
disposal site.  

• Topics included engineered barrier performance, modeling, 
monitoring, and regulatory experiences at low-level 
radioactive waste, decommissioning, and uranium mill 
tailings sites.  

• Attendees included States, Federal agencies, NAI Tribes, 
and private organizations with expertise.  
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Workshop Objectives

• Facilitate communication among Federal and State staff and 
contractors and selected experts on current engineered barrier 
issues, and technical and regulatory experiences.
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• Discussion of lessons learned and approaches for monitoring 
and modeling.

• Preparation of recommendations to address maintenance of 
engineered barrier performance over time.

• Identification of topics for future research and the potential 
need to update technical guidance.  
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Program Format and Session Topics

• Session 1A:  Experience of the States in Regulating 
Facilities Involving Engineered Covers and Liners
- Overview of States’ regulatory and research activities and 
findings with emphasis on practical insights on monitoring, 
modeling and confirming short- and long-term performance
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modeling and confirming short and long term performance 
of engineered systems

• Session 1B:  Federal Agencies and DOE National 
Laboratories 
- Overview of Federal regulatory and research activities 
with emphasis on practical insights on monitoring, 
modeling and confirming short- and long-term performance 
of engineered systems 
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Program Format and Session Topics

• Session 2:  Degradation Processes and Performance 
Evolution of Engineered Barriers 

- Degradation processes affecting barrier components (e.g., 
geomembranes, GCLs, drainage layers) 

- Environmental equilibrium: plant succession, climatic 
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variability, and geomorphic processes due to changes in 
local hydrology 

• Session 3:  Experience with Monitoring Devices and 
Systems Used to Measure Performance 
- Monitoring of short-term performance processes and 
indicators of percolation, leakage, and radon flux 

- Monitoring of long-term performance processes and 
indicators using and direct monitoring
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Program Format and Session Topics

• Session 4:  Modeling Experiences in Performance 
Assessment and Evaluation of Performance Monitoring
- When numerical modeling of engineered barriers should be 
performed

- Time periods to be considered for performance simulations
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p p

- Criteria to determine the detail of modeling needed

• Session 5:  Experience with Model Support and Multiple 
Lines of Evidence to Gain Confidence in Long-Term 
Performance 
- Information or “lines-of-evidence” needed to have confidence 
that an engineered surface cover or bottom liner will perform 
as predicted for 100 years, and for 1000s of years if necessary, 
as ecologic settings and climates change. 
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Session 6:  Recommendations on Assessing Engineered 
Barrier Performance, Identifying Future Research 

Needs, and Improving Guidance Documents

GENERAL

• The properties of cover systems change more rapidly than 
originally anticipated (with the exception of geomembranes where 
th l it f th t h b ti l
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the longevity of these components may have been conservatively 
estimated in earlier research). The alteration or evolution of covers 
can lead to a natural transition from a resistive cover to an 
evapotranspiration cover.  

• No urgent problem identified with engineered surface covers at 
Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA) 
sites; however, uranium mill tailings sites may need monitoring in 
the cover, tailings, and below the tailings so there is more of a 
system approach.  
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Insights and Recommendations

GENERAL

• General consensus of a total systems approach to monitoring and 
modeling.  Engineered covers and liners should not be looked at in 
isolation from the entire waste disposal system.  Graded and 
iterative approach to identify significant processes and components
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iterative approach to identify significant processes and components 
requiring further detailed modeling and/or monitoring.  

• The level of monitoring and model support should be site-specific, 
risk informed and performance based.  

• Clearly determine the function of each cover component (e.g., 
plants) to diminish the risk of unintended consequences. Align 
level of engineering with the level of risk, the costs of monitoring, 
the cost of cleanup, and the total system.  
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Insights and Recommendations

GENERAL

• General consensus that groups involved with engineered barrier 
performance need to communicate more frequently and coordinate 
efforts. 

A d t it i d d f t d f t
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• A common data repository is needed for current and future 
information on engineered barrier performance. This proposed 
data repository could be a multi-agency effort with ongoing 
maintenance.  

• Newer guidance is needed on covers, liners, and construction 
techniques that incorporate new knowledge and techniques.  
Guidance should be flexible and allow for change in knowledge, 
experience, and techniques over time.  
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Insights and Recommendations

MONITORING AND MODELING

• Monitor the containment structure to understand processes and to 
identify precursors of problems.  

• Monitor within the engineered cover elements to obtain data on 

12

water infiltration and gaseous releases.

• Monitor ecological/plant processes if they are potentially critical 
to cover performance.  

• Monitor the unsaturated zone within and below the emplaced 
waste to the regional water table. 

• Monitor and confirm radon emissions and seepage from tailings 
also for sites with designed-based compliance.  
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Insights and Recommendations

MONITORING AND MODELING

• Monitoring and modeling is an iterative process.  Modeling can 
focus monitoring by identifying key processes and parameters or 
disconnects between field observations and model results that could 
be investigated Similarly the results of monitoring provide
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be investigated.  Similarly, the results of monitoring provide 
feedback to refine models and improve the understanding of the 
system.  

• Codes need to better incorporate ecological succession and 
climatological changes.  More information needed on bioturbation, 
biotic activity and its relation to the performance of engineered 
surface covers. 

• Assess conceptual, parameter, and scenario uncertainties with 
emphasis on alternative conceptual models including features, 
events and processes that can affect long-term performance. 
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Insights and Recommendations

MODEL SUPPORT

• Model support should be risk informed and needs to evolve with 
the stages of the project and should be specific to each site’s 
characteristics. 
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• Develop and implement strategies to obtain and evaluate 
information needed to support both short- and long-term 
modeling results.  

• Continue to improve model support and confidence building 
activities; this process should not cease after acceptance.  
Reevaluate every 5 to 10 years to ascertain that design and 
construction matches expected performance.  
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Insights and Recommendations

MODEL SUPPORT

• Develop “Catalogue of Natural Analogs” for different climatic 
and environmental settings throughout the United States.  

• Soil development will be a function of climate, parent material, 
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topography, biology, and time. Pedogenic features will affect 
hydraulic processes and plant communities at various scales, 
both spatially and temporally.  The assessable natural landscapes 
provide a record of soil evolution pathways that can support 
long-term assessments of covers. 
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Insights and Recommendations

PROCESSES AND PERFORMANCE

• Erosion/deposition rates are site-specific and can vary across a 
single cover.  Erosion over the long term concentrates in gullies 
and do not uniformly erode over their entire length.  Peak 

i d th d t i f il
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erosion depth determines cover failure. 

• Performance of current geomembranes appears promising 
(potential service life of hundreds of years).  However, scarcity 
of relevant data relating to the effect of low-level waste on the 
service life of geomembranes. 

• QA/QC guidance and confirmatory testing of geosynthetic 
materials and their installation.  Geomembranes are fragile 
materials and strict QA/QC is critical.  
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Insights and Recommendations

INDIVIDUAL RECOMMENDATIONS

• Modular systems of engineered barriers as opposed to a large 
monolithic design would encourage groundwater recharge 
between modules and thereby increase dispersive mixing and 
dil ti

17

dilution.  

• Recommendation to design for catastrophic events.  For 
example, disposal site on ridge top instead of in valley if 
investigations have shown catastrophic scouring of the valley in 
the past.  
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Insights and Recommendations

INDIVIDUAL RECOMMENDATIONS

• Clay barriers should be built down below the ground instead of 
above the ground, which would minimize some degradation 
processes.  More information is needed on the relationship 
b t th d th f il/ l b i d th t f h i
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between the depth of soil/clay barrier and the rate of changing 
properties.  

• Recommendation to use geophysical investigations as opposed 
to the limited usefulness, both spatially and temporally, of 
focusing on point censors and sampling.  

• “Bands of armor” can be incorporated in the design of covers 
using the results of landform evolution modeling to determine 
the probabilities and locations of gully formation.  
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Areas of Increased Interest for NRC Staff

NRC has not completed a prioritization of follow-up activities based on 
results from various studies and the outcome of the workshop, however 
increased interest and review have occurred in the these areas:  

• General increased interest in all engineered covers for radioactive 
t
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waste.  

• Specific interest in monitoring and direct measurements of resistive 
covers, i.e., covers with compacted soil/clay layers, relative to 
performance.  

• Increased interest in results of the ongoing revision efforts by EPA 
of 40 CFR 192.  

• Established contracts with CNWRA to evaluate radon and 
groundwater data, and to review geotechnical engineering aspects.  
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Areas of Increased Interest for NRC Staff

• Increased interest in testing risk-significant assumptions

- multiple lines of evidence, direct observations, risk informed, 
expert elicitation, accelerated experiments, natural analogs, support 
for full range of expected conditions

I i i ifi h i i d b f h
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• Interest in site-specific characteristics and robustness of the 
model support.  Different cover types may be better suited for 
different sites, e.g., ET cover may be unsuitable for various sites.    

• Increased interest in understanding the conceptual model of the 
engineered cover performance, including water budget for each 
component, and its risk significance within the total system.  

• Continued strong interest in the cooperation and exchange of 
information and ideas with other agencies and States, and to 
build on the success of the workshop held in August 2010.  
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• Meeting Agenda & Presentations and Meeting Summary 
for the Workshop on Engineered Barrier Performance 
Related to Low-Level Radioactive Waste, 
Decommissioning, and Uranium Mill Tailings Facilities 
[08/03-05/2010] found at NRC’s public website:    

• http://www nrc gov/about

21

• http://www.nrc.gov/about-
nrc/regulatory/decommissioning/public-
meetings/materials2010.html

• The NUREG/CP on the workshop will be available 
tentatively in February.  
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