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Background

Why do we use landfill covers?

 They look nice.

 They keep wastes from blowing around
and keep people and other biota out.

 They keep water out (and In).

 They keep wastes and contamination in.

Or do they?
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Past Cover Modeling

Cover modeling has...
e traditionally focused on hydrology.
 often ignored uncertainty.

e focused on design, rather than
performance over the long term.

 employed models of specific processes.

Is this adequate?
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Classic Shallow Waste Burial
m infiltration

liner

waste leaching

| recharge

The goal has always been containment.

The focus has primari

The focus of this works

y been on water.

nop Is the cover...
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Cover Conceptualization

The cover may be a simple Wolayer, or many layers of differing materials.

,/ \ /;tmosphere

—
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F

__

Processes at work: underlying materials

Infiltration of water plant uptake & translocation
upward advection of water plant senescence
solid/water partitioning burrow excavation

water phase diffusion ~ erosion  burrow collapse
air phase diffusion suspension and deposition

air/water partitioning radioactive decay and ingrowth
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Future Cover Modeling

Cover modeling needs to...
* Integrate cover processes.
e account for degradation and changes.

e rank site-specific significance of
processes.

e advance cover monitoring design.

Can we do this?
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Improved Shallow Waste Burial

erodable cover \ , persistent cover | infiliration

waste leaching

liner

recharge

All waste Is below grade--not subject to erosion.
Liner Is not desirable in arid environments .
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Modeling Needs

Integration of important physical,
chemical, and biological processes

data and other information to support
Input parameter probability distributions

Incorporation of uncertainty and our
state of knowledge

Improvements in usability and
transparency
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Integration of Processes

We need to handle a variety of processes,
each of which is challenging on its own:

 hydraulics (water and air transport)
e geochemical effects
 Dbiologically-induced transport

e cover degradation and evolution

e erosion

e radioactive decay and ingrowth
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Data Needs: Cover Hydrology

Our goal in modeling the cover hydrology is to determine
the interior amount and movement of water. Such
unsaturated zone modeling has many data needs:

 material properties and textures for each layer

 forcing functions for water infiltration/extraction
(precipitation, evaporation, evapotranspiration...)

« characteristics of hydraulic conductivity vs. saturation
 diffusion parameters, e.g. diffusivity, tortuosity

These data inform complex, nonlinear, unsaturated
porous medium solutions, e.g. Richards equation, and
they must be physically consistent.
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Data Needs: Air Transport

Airborne contaminant transport within the porous media
of a cover has its own data needs:

* hydrologic information (air gets water’s leftovers)
e barometric pumping data (if deemed significant)

 air/water partition coefficients (e.g. Henry’s Law) and
perhaps for other (NAPL) phases as well

« air phase diffusivities and tortuosity equations
e for radon: radon emanation factors for source mat’ls

Air and water are tightly integrated.
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Data Needs: Geochemistry

Geochemical modeling is not important to physical
cover evolution, but is critical to evaluating
contaminant fate and transport within and through
the cover. Data needs:

 soll/water partition coefficients (e.g. K;s) for each
chemical species and each material in the cover

e agueous solubllity of various chemical species

e advanced: chemistry kinetics, speciation, redox
potential, Eh, pH, etc.

We really need to integrate more advanced geochemical
modeling into our work.
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Data Needs: Biotic Transport
Part 1: Plants

Plants transport contaminants via uptake and
redistribution, and damage the cover with roots.
Data needs to evaluate their effects include:

 number density of plants by lifeform per area

 primary productivity of plants, and fraction attributed
to each lifeform

« shapes and depths of root systems

For plants, we want to know the rates of contaminant
redistribution, and the effects of root penetration.
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Data Needs: Biotic Transport
Part 2. Burrowing Animals

Fossorial mammals and insects are the principal drivers
behind bioturbation and subsequent degradation, and
can transport significant masses of contaminants.
Data needs to evaluate their effects include:

 number density of burrows (or nests) per area
« volumetric excavation rates per burrow
e shapes and depths of burrows

For animals, we want to know how much material is
moving from deep layers to the surface (and back).
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Data Needs: Degradation

If a model must evaluate a cover for a time frame of
decades or more, degradation must be considered.
Data needs are:

 rates of bioturbation and other damaging processes,
as a function of depth in the cover

e physical (hydraulic) properties of materials as they
become compromised and homogenized

* hydrologic feedback between properties, water
content, erosion, and ecological communities

In millennial time frames, other extreme events may occur.
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Data Needs: Erosive Processes

Distinct from but integral with degradation (of the
engineered layers) is erosion of the cover by wind
and water. Both sheet and gully erosion must be
considered. Data needs include:

e erosive potential of various materials and layering
e surface material content, slope, vegetation
 forcing functions of wind and water

This applies only to mounded, aboveground parts of
the cover. Erosion can be essentially dismissed with
at-grade covers in aggrading environments.
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Data Needs: Radioactivity

Radioactive decay and ingrowth would seem like a
straightforward application of the Bateman equation,
but it's more complicated. Data needs are:

e determination of which radionuclides to model (this is
more complex that it seems)

« half-lives and sometimes modes of radioactive decay

At least most of these data have a small degree of
uncertainty, which brings us to...
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Incorporating Uncertainty

Uncertainty has traditionally been an
uncomfortable topic for many modelers.

 Why should we be concerned about
uncertainty?

How do we account for it in our modeling?
What are the implications for decision making?
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Managing Uncertainty

 We know that our knowledge is incomplete.
Of that we are certain.

« How can we allow and account for imperfect
knowledge?

 Each modeling parameter and process has
Inherent uncertainty and variability, and
therefore so must our results.

' a collection
Qﬁsf,'vg?'ﬁ E of answers 3
correct - reflects our ©
: knowledge :
fime time
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Assessing Uncertainty

Single deterministic answer

0 200 400 600 800 1000
time (yr)

Does nOt represent

uncertainty

Increased chance of
making the wrong
decision

Many probabilistic answers

0 200 400 600 800 1000
time (yr)
* Reflects
uncertainty clearly

e Decision maker
has to evaluate
comfort level
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Deterministic vs Probabilistic

pPro con
deterministic |« may be appropriate |« uncertainties are
analysis for simple compliance | unspecified
demonstration - what is conservative
 easy for decision may not be known
makers and public
probabilistic |« better represents * requires development
analysis state of knowledge of input distributions,
« makes for better and the modeling of
informed decisions perhaps thousands of
realizations
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Parameter Distributions are
Subject to Improvement

porosity
for example ‘ HH‘ ‘ ‘
0

:

0 _ o _ 1 field data provide more information
first prior is uniform, 0 to 1, about the population of values
based on physical limits
n=0.232
¢ =013
0 0.3 1' 0 1
a simple discrete distribution a parametric distribution may be
is a single value derived to represent the population
p=0.31
¢ =0.07
0 0.3 1 0 1
the discrete distribution is modified more data will better define
using the physical limits the parameter distribution

from Price, et al., NUREG/CR-6948
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Deterministic Result

: Time History: TotalTEDEAII ;lglll
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This run uses
the expected
value from
each input
distribution.

The result
seems to be
below the
performance
objective.
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Probabilistic Results

A probabilistic ETEETTAERITET —
an aIySiS Probabilistic Dose to Resident - All Pathways

reveals that e S R R B S

the mean 10601 Pl S — ___________ — _ __________ _______ f
value of the el ' =
result is el ————— =
actually above | ¢ Mgl oo ———— ———
the | : ———
performance 00 T
objective.
Surprise! e

This result was not apparent from the deterministic analysis.
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Transparency and Usability

Most models and modeling platforms could benefit
from improved transparency and usability.

 Models should be made available to the public, so
that they may better understand the problem and
gain confidence in solutions.

e Sources of iInformation and methods should be
explained and be made readily available.

 Models can be repositories of information.
* A usable model can be fun to experiment with.

A model that no one uses Is useless.

Tauxe * NRC Workshop on Engineered Barrier Performance ¢ August 2010



Presentation Outline

e Background and Perspective

e Mode
e Mode
e Mode

INg Needs
Ing Approaches
iIng Platforms

Tauxe « NRC Workshop on Engineered Barrier Performance ¢ August 2010




Modeling Approaches

Comprehensive modeling must be integrative, but can be
accomplished through various techniques, including...

o Use discrete, unrelated process models and somehow
Integrate their disparate results.

 Employ integrated system modeling.
* Abstract process models into a system model.

e EXecute piecewise process models from within a
system model.

e Employ a hybrid approach.
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Mathematical Coupling of
Modeled Processes

Physical processes are modeled as
coupled partial differential equations:

Ajt

Ni: 2" |1 1(0)2‘,1—[(/1 /1)
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Discrete Process Models

] )
hydraulics radon flux erosion

(water) /

Integrating the results of models with different physics
and assumptions is problematic at best. Assessing
uncertainty and sensitivity of the system is impossible.

A
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Self-Contained System Model

-4t

Z1_[(/1 —4;)

K |

A complete system model is easiest to understand, and
allows for global uncertainty and sensitivity analysis.

N. = AN
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Process Model Abstraction

\ T f(x,a)

A process model is run to
produce a range of results.

The results constitute
a “response surface”.

This function iIs

: Incorporated into
a system model.
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Process Model Reference

The system model may “call” the process model directly.

. :
"
-
a
)
-
‘Q
0..

This preserves the complete functionality
of the process model.
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Hybrid System Model

EN
El-L

A complex system model may contain its own
functionality, as well as incorporating process models,
though this does frustrate uncertainty and sensitivity
analyses.
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Modeling Platforms

e process models

These are generally discretized, multidimensional,
finite-difference or finite-element “numerical” modeling
programs, supporting spatially-explicit materials,
boundary conditions, and state variables.

e system models

These are often developed as compartment models,
with a plethora of linkages of material and/or
contaminant transport between the compartments.
These models are also inherently numerical, since
they involve solving systems of differential equations.
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The Ideal Modeling Platform

Part 1
The ideal environmental system modeling platform
does not quite exist. But when it does, it will...
* be a system model in its core approach
 allow for customized functionality

 allow for calling of any outside model or program,
such as an external process model

« enforce physical constraints, like conservation of
mass and energy

* be “aware” of dimensionality and units

And that's not all...
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The Ideal Modeling Platform

Part 2

The ideal modeling platform also will...

e support incorporation of documentation in many
forms (text, links, illustrations, etc.)

« support the building of functional user interfaces
« allow simple data import and export
e support the tracing of information flow in the model

« take advantage of distributed computing (e.g.
multiple processors, multiple computers)

* Dbe fully probabilistic

But wait, there’s more...
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The Ideal Modeling Platform

Part 3

And finally, the ideal modeling platform will...
* run on various operating systems

* Dbe freely available

* be open source

 be modular, so that anyone can contribute to its
library of functionality

And of course it would be nice If it were
« universally accepted
* bug free

e computationally efficient We can dream. ..
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