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The Clive Utah  
LLW Disposal Facility 

“Utah isn’t in the middle of 

nowhere—it’s in the northwest 

corner of nowhere.” 
- Stephen Colbert 
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DU Proposed for Disposal at Clive 

DU trioxide from the 

Savannah River Site 

gaseous diffusion plant DU 

“deconverted” to oxides 
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Clive DU PA Model 
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FEPs 
Feature 

An object, structure, or condition that has a potential to affect 

system performance. Features are not characteristics of the 

components of the system, but an identification of the 

components themselves. 

 

Event 

A natural or human-caused phenomenon that has a potential 

to affect system performance and that occurs during an 

interval that is short compared to the period of performance. 

 

Process 

A natural or human-caused phenomenon that has a potential 

to affect system performance and that occurs during all or a 

significant part of the period of performance. 
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FEPSs 

+ Scenarios 

 

Definition A: This refers to human exposure scenarios, as in:  

Collections of human actions and behaviors in the context of 

social and geographic conditions that are expected to occur at 

the site location after closure, and potentially in the absence of 

knowledge of the site. 
 

This is what is meant by the “S” in FEPSs. 

 

Definition 1:  

“...the hypothetical occurrence of these events, features, and 

processes, either singly or in combination.” 

- Cranwell, et al. (NUREG/CR-1667, 1982) 
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Dealing with FEPSs 

FEPSs work their way into the PA model 

following this basic approach: 

 

1. identification and compilation 

2. classification 

3. screening 

4. implementation in a conceptual site 

model 
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FEPSs Compilation 

FEPSs are compiled into a superset from  

 

• FEPs literature (back to early 1980s) 

• previous PA work involving FEPs 

• brainstorming about a particular site 

and waste form 
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FEPSs for the Clive DU PA 

Clive- and DU-specific FEPSs are related to... 
 

• the “embankment” structure 

        (UMT-style mound, armored with rip rap) 

• the location in the Great Salt Desert 

        (weather, climate, sediments, etc.) 

• human interaction with the embankments 

        (ranchers, hunters, other OHV-users) 

• future of the embankments 

        (destruction by large lakes) 

• depleted uranium as a source of radioactivity 

        (increasing radioactivity over long time frames) 
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Clive DU FEPSs Compilation 

A list of nearly 

1000 FEPSs was 

compiled from 

many sources, and 

assembled into an 

unordered list.  

 

Each FEPS was 

assigned an ID. 
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Clive DU FEPSs Classification 

After examining 

this list, certain 

classes or types of 

FEPSs emerged. 

 

We classified them 

into 18 principal 

categories, and 

135 subcategories. 

Celestial events 
Climate change 
Containerization 
Contaminant migration 
Engineered features 
Exposure 
Hydrology 
Geochemical 
Geological 
Human processes 
Hydrogeological 
Marine 
Meteorological 
Model settings 
Other natural processes 
Source release 
Tectonic/Seismic/Volcanic 
Waste 

add human exposure scenarios → 
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Classification Example 
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FEPSs Screening 

Screening involves several criteria: 

 

• regulations (and their guidance) may 

require consideration 

• physical reasonableness 

• probability of occurrence 

• severity of consequence 



19 Neptune and Company • NRC Workshop on PA • August 2012 

Screening on Regulation: NRC 

NRC’s 10 CFR 61 suggests several FEPs 

(though this term is not used), such as: 
 

• “releases of radionuclides via pathways in air, water, 

surface water, plant uptake, or exhumation by 

burrowing animals 

• “evaluation of engineering failures, including 

erosion, mass wasting, slope failure, settlement of 

wastes and backfill, infiltration through covers, and 

surface drainage 
 

and others. 

These are echoed in Utah Administrative Code Rule 313-25 

License Requirements for Land Disposal of Radioactive Waste 
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Screening on Guidance: NRC 

NRC’s Performance Assessment Methodology 

(NUREG-1573) presents more considerations: 
 

• modeling the movement of radionuclides through the 
environment and the food chain, adequately reflecting 
complex symbiotic systems and relationships, 

• considering mechanisms of (biotic and) human uptake 
of radionuclides, and 

• identifying usage, production, and consumption 
parameters, for various food products and related 
systems, that may vary widely, depending on regional 
climate conditions, local or ethnic diet, and habits. 

These are along the lines of the “scenarios” defined earlier. 
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Screening on Reasonableness 

Reasonableness requires judgment.  
 

Sometimes it’s easy... 
 

     Out:  tsunami, volcanic intrusion, agriculture 

     In:    erosion, wave action, infiltration 
 

Sometimes not... 
 

     Do we include tornadoes? How? 

     Weapons testing?  Meteorite impact? 

 

After screening, we retained 90 FEPs for further 

consideration, and dismissed 45 from inclusion in 

the Clive DU PA Model. 
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FEPSs Inadvertently Dismissed 

I had dismissed... tornadoes. I’ve lived in 

Minnesota, Alabama, and Texas, where 

tornadoes are a real threat. Utah? Nah. 

I was reminded of 

the tornado that hit 

Salt Lake City in 

1999. 

 

Back in as a FEPS! 
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FEPSs Questioned 

If turns out that the SLC tornado may have 

been caused by SLC... 
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FEPSs Initially Overlooked 

For human exposure scenarios, we had 

dismissed the classic IHI scenarios as 

inapplicable to the site. 

Only later, after interviewing the Bureau of Land 

Management, did we identify certain potentially 

significant receptors: Hunters, ranchers, and 

recreationalists all use Off-Highway Vehicles, 

which can damage the rip rap cap.  

And you can’t call it unlikely... 
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FEPs Found in Unlikely Places 

“Tooele County’s vast terrain just begs for ATV and dirt bike enthusiasts to turn 

the throttles open for a thrilling experience. Many local citizens do it, as well as 

residents from nearby Salt Lake City who arrive in droves every weekend...” 

From http://www.exploretooele.com/offhighwayvehicles.html 
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FEPSs Mistakenly Omitted 

An example... 
 

At [a large eastern DOE site] a very obvious 

process in contaminant transport has never 

been modeled: biotically-induced transport. 

The FEPs analysis done for this site included 

animals and plants in the initial scoping, and 

retained them after screening. And yet, this has 

not ended up in a PA model. What happened? 
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Lessons Learned 

Problems with the FEPSs process... 

• Though seemingly comprehensive, the 

compilation of FEPSs lacks rigor. 

• Much of the literature is oriented towards 

geologic disposal, not near-surface LLW. 

• The screening involves subjective 

judgment, which can be biased, especially 

when determined by those with a close 

interest in the outcome. 
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Suggested Improvements 

Both the compilation and the screening could 

be improved by expanding participation. 

 

• Open up the process to more stakeholders. 

• Consider value to decision making. 

• Use FEPSs to construct the CSM in a more 

formalized way. 

• Make FEPSs part of the review process. 
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An Open Process 

Allow the brainstorming of FEPSs to 

be open to all interested parties. 

 

Consider the “madness of crowds” 

phenomenon. 

 

Consider using web-based software to 

poll a larger audience of stakeholders. 
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FEPSs to CSM 

The FEPSs imply a structure that can 

be used to build CSMs. 

 

Think of Cranwell, et al.’s idea of 

scenarios: Completing the links from 

FEPSs to potential human exposures. 
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Decision Making Value 

Consider the value of including specific 

FEPS to the decision making process. 

 

Some may be screened out if their 

inclusion would make no difference, 

but this may be hard to evaluate before 

determining their influence in a model. 
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FEPSs Review 

FEPSs should be subject to review as 

part of the Performance Assessment. 

 

But the problem of incompleteness 

remains, since errors of omission are 

hard to detect, and may be common 

in FEPSs analyses. 


