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Is a Probabilistic Performance
Assessment Enough?

by Leonard F. Konikow® and Rodney C. Ewing®

Recent advances in hydrogeology have led many of us to
reexamine the classical debates in physics, chemistry, and geo-
sciences between those who believe in a deterministic world and
those who believe it is stochastic. In hydrogeology, deterministic
models have been the tools of choice for many years, but their pre-
dictive accuracy is often low. The recognition of our inability to
accurately and precisely define the properties and boundary con-
ditions for a subsurface system led to much research in recent
years on the nature of uncertainty in hydrologic systems and how
to deal with it. Geostatistical methods represent one broad class of
approaches that have proved to be of great value. These methods,
however, do not, and will not, eliminate the need to understand, as
well as possible, the ground water flow and transport processes and
the properties of the hydrogeologic framework in which they occur.

One example of an area in which deterministic and stochastic
approaches have been linked is assessment of potential sites for geo-
logical disposal of radioactive wastes. Federal regulations recognize
the existence of hydrogeologic uncertainty and require that repos-
itory site assessments be conducted within a probabilistic framework.
This is commonly accomplished through an approach generally
called “performance assessment” (PA). A PA has been completed
for the WIPP site in New Mexico, which was recently approved by
the U.S. Environmental Protection Agency for opening and oper-
ation as a transuranic waste repository. The U.S. Department of
Energy has just released the congressionally mandated “total sys-
tems performance assessment” as part of the viability assessment
of the proposed nuclear waste repository at Yucca Mountain.

PA methodology was originally developed for engineered sys-
tems, such as nuclear power plants. As useful as the probabilistic
approach has been, it is not yet clear to a few skeptics (such as us)
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that reliable and meaningful assessments can indeed be generated
by applying a probabilistic performance assessment approach to
complex natural hydrogeologic and geochemical systems. Much of
our concern is with the magnitude of the uncertainty in character-
izing natural systems for a repository in which performance is
evaluated for periods of tens of thousands of years.

A basic premise of the probabilistic PA process appears to be
that the uncertainty in parameters and boundary conditions can be
adequately characterized, so that the statistical distribution of the
outcomes (for example, travel times) of a large enough number of
realizations will yield meaningful values. This is a major and crit-
ical underpinning that is virtually unprovable; if accepted, it must
be done so on faith. One could argue that if the parameter distrib-
utions to be sampled are wide enough, then all probable outcomes
will be encompassed. But this begs the question of whether the gen-
erated probabilistic estimates are meaningful. Hydrogeologists
with extensive field experience may remain skeptical because they
believe that the degree and nature of the uncertainties are themselves
highly uncertain and difficult to characterize, and this does not
appear to be accounted for in the PA analysis. Probabilistic estimates
based on erroneous statistical distributions of parameters could
not be expected to be reliable. To the extent that the uncertainty in
a probabilistic analysis obscures the usefulness of the final result,
one must be concerned about the usefulness of risk-based regula-
tions.

In Las Vegas, you can play roulette and many other games of
chance. While you do not know if you will win or lose at a partic-
ular time, you can at least accurately characterize the probability of
the outcome—you know (or should know) the odds, if you know
the game. In hydrogeologic and geochemical systems, not only can
we not accurately characterize the properties of a system, but there
may also be significant uncertainty in the estimates of uncertainty.
Therefore, we do not know the odds. In fact, we probably do not
even know all of the rules of the game (or perhaps even which game
we are playing); that is, for these natural systems there will be uncer-
tainty in the conceptual models and in the complex nonlinear cou-
pling between models.

In a probabilistic performance assessment of geologic repos-
itories, as the methodology is generally implemented, probability
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distributions for many parameters are assumed (on the basis of lim-
ited available data and/or mathematical convenience). Realizations
are generated on the basis of sampling from these assumed distri-
butions. The sensitivity of calculated results to errors in the assumed
distributions themselves is difficult to assess. Also, there are many
variables, and generally each is sampled independently. Yet many
parameters are correlated. Ignoring these correlations can certainly
bias the calculated risk statistics by generating realizations that incor-
porate infeasible combinations of parameter values. Furthermore,
the deterministic models that lie at the core of the statistical per-
formance assessment method are often designed for computational
efficiency because many individual simulations must be made.
This creates a need to oversimplify, lump, and linearize. To some
extent, this is necessary, desirable, and appropriate. But the sim-
plifications must be carefully evaluated and tested, and often this
is difficult to do.

Sensitivity analyses are typically performed with the PA mod-
els, but these analyses can examine the sensitivities of parameters
only within the framework of the chosen models. The PA models
themselves cannot evaluate their sensitivity to other concepts or
processes not incorporated into the model. PA proponents might

argue that it does not matter, because the analysts sample over a large
range in values of the coefficients of the governing equations. But
it is never demonstrated (and probably cannot be) that solving the
equations many times, using a wide range of parameter values, will
yield a scientifically meaningful probabilistic distribution of out-
comes, if the equations are wrong!

The linking of multiple, complex, deterministic models in the
PA approach makes it difficult to find and analyze weaknesses in
the underlying conceptual models or even errors generated by
faulty linkages and inconsistent assumptions among various sub-
models. We urge extreme caution before accepting the probabilis-
tic outcomes generated by the PA process. On the other hand, we
need not be frozen into inaction by an endless loop of analyses.
Complex PA models should be complemented by more transparent
simplified analyses. Decisions should rely on sound technical judg-
ment, an assessment of risks relative to other choices (including no
action), and site approval should require confirmatory long-term
monitoring.

In summary, we offer a quote from Ansel Adams (as cited by
T.N. Narasimhan in his 1998 editorial): “There is nothing more dis-
turbing than a sharp image of a fuzzy concept.” ¢

DNAPLs in FRACTURED GEOLOGIC MEDIA:
Behavior, Monitoring & Natural Attenuation

(The Waterloo DNAPL Course)

a short course sponsored by:

University Consortium Solvents-in-Groundwater Research Program

December 8-10, 1999: San Francisco, California

This three-day course focuses on the entry, movement and fate of DNAPLs and their plumes in fractured rock and
clayey aquitards with emphasis on chlorinated solvents. Conceptual models will be developed and monitoring

approaches suitable for these geologic media will be described as well as appropriate remediation approaches and

impracticability issues. Case studies of DNAPL sites in fractured granite, sandstone, shale and limestone and in clayey
deposits will portray the particular problems and challenges posed by DNAPLs in fractured geologic media.
The course is aimed at practitioners involved in assessment and cleanup of DNAPL sites, staff of regulatory agencies

and industrial personnel.
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To register, or request more information, contact:

Waterloo DNAPL Course

Waterloo Educational Services Inc.

2 Taggart Sereet, Unit 4

Guelph, Ontario, Canada N1H 6HS8

Phone: (519) 836-3102 Fax: (519) 836-3381

www.waterloo-educational.on.ca



