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Comments on: “The Use of Conditional Simulation
in Nuclear Waste Site Performance Assessment”

by

Joanne Wendelberger

Richard Beckman

Professor Gotway is o be congrawlated on her lucid and interesting application of spatial
statistical technigues 10 the important problem of groundwater transportation through the Wasze
Isolation Pilot Plant (WIPP) in Southeastern New Mexico. In the assessment of underground
storape of nuclear waste, one of the greatest concerns is encroachment of the repository and
ransportation of radionuclides from the repository 1o the surrounding environment by the
groundwater. "This paper demonstrates the contributions that can be made in the studies of this
important problem and similar problems of national importance by the application of modern
statistical techniques. In the comments ihat Tollow, our intent is (o highlight those arcas where
some additional study would strenpthen this application.

It almost strikes one as ludicrous tha there would be much confidenee in a maodel that is
nsed to predict physical charactetistics of the Earth 1,000 1o 10,000 years in the future. (One of
the anthors of these comments is puilty of such modeling, Crowe, Joo ason amd Beckman, 1982,)
Due 1o povernment repalations which are driven by the long half lives of the radioisotopes
mvolved, studies of tadoactive waste disposal must necessarily involve predictions over long
perods of illllll.‘lll ume which, however, are short penads of peologic time which are likely to

be stable. Smee such long e aenods e involved, ivis commendable that Professor Giotway



includes in her study the camulative distribution function (CBY of the groundwater travel times
(GWTT) determined by a simulation maodel. Her Figure 13 shows this CDE. Thus, an indication
of the expected variability in the GWTT as given. However, the variability represented in
Figure 13 does not include, what we shall call here, the uncertainty in the predicted CDEL This
uncertainty is due 1o incomplete knowledge of the simulation model itseif. To reiterate a point in
Professor Gotway's summary, the changes in the CDI- of the GWTT as a function of the model
assumptions and the variability of the estimates of the parameters which drive the simulation
maodel should be assessed. Considering the model uncertainty in addition to the simulation
variability may be critical in the study of GWTT at WIPP, since the CDE of these times takes
a jump at one of the Environmental Protection Ageney’s eritical times, 10,000 yeare,

[Cis of course impossible to mclude all the uncertainty present in the model, but some
contributors 1o this uncertiunty are obvious and should be addressed before the final results
are accepted. The CDIEF of the GWTT relies on many assumptions and the estimation of
numerous parameters. Most ol these estintates ond assumptions are given without questiosing,
their influence on the final result and with minimal model checking, For example, what s the
sensitivity of results in the author's Fipure 13 1o the mansnissivity value of lop (1) 1012,
the Gaussian assumptions, the determinisue modeling: of the low through o confined aquiter,
the cahibraton adjustment 1o the observed pressure data, the tarning, bands methodolopy and,
mavbhe most imporent, the semivarioprinm estination technigque?

We quickly comment on some of the areas tor uneertinty studies given above and comment

more extensively on the estmation of the semivatnopiom The tansomusavity model, which



mcludes both the adjoint-sensitivity approach of LaVenue and Pickens (1992) and the confined
aquifer flow model of LaVenue et al. (1990), is cxtremely intricate and the contributions of

the input variables of this maodel to the uncertainty in the estimated CDE of the GW'TT are not
clear, However, it is clear that parameter inputs to equation (5.1), such as rock porosity, fluid
viscosity, and fluid density are not known with certainty. It would have been an easy task to
include this variability in the simulation study.

A study of the methods for the generation of nonnormal, nonindependent multivariate
data sets can be complex (see Johnson, 1989), Given the nonlinear characteristics of most
nongaussian distributions, the transformation of such multivariate data sets into surfaces
exhibiting a given spatial covariance structure may be difficult if not impossible to accomplish.
This should not however prevent us from questioning the influence of the Gauassian assumption.
Are there ways o bound s ifluence on the resulting groundwater transportation times?

Professor Giotway recognizes that the turning bands method introduces error in the covariancee
function due to the finite number of randomly drawn lines and their placement. Tt is not clear
from her discussion however if the uncertainty in the peneration of the simulation data caused
by the placements of the lines as reflected in her estimated CDEC I o new set of randomly
selected lines were penerated for each of the L simulation runs, then this uncertiinty in the data
pencration is included i the computed CHIECTE the same tandomly selected lines were used tor
cach simuliation run, then the uncertaimy in data peoneration is only partially exhibited in the
CDE of the GWTT. One may also ask af the covananee stuctuie influences the converpence

rate ol the tuning bands method and thereby clanpes the uneerainty i the GW'IEL



For both the North-South and East-West directions two estimates of the empirical
semivariogram were made. One estimate was based on a robust estimator of Cressie and
Hawking (1980), while tie other was a method of moments estimator of Matheron (1963).
These cmpirical semivariograms were then it to the author’s equation (3.6). It should be noted
that in the East-West direction the transmissivity value, ‘T 1 " influenced one of the
estimated points of the empirical semivartiogram and that point was excludad from the fits for
this direction. "The transmissivity value, ‘I Lo Y1 i interesting. Being three orders of
magnitude lower than the next closest ransmissivity value, one would suspect that it would have
a larpe influence on the estimated semivariogram, which in turn would influence the distribution
of the GWTT. In this study however this uncertainty is not reflected in the final results.

The two estimated semivariograms are noticeanly different. These discrepancies are shown
in Figure 1, where the difference between the robust estimate and the method of moments
estindate is piven for the twao directions. From this plotand the estunted sills in the EAST-WEST
direction, ¢, S92 (m"‘/srr)" for robust estimator and ¢, G20 (10 /e .-)', for the method of
moments estimator, there s at teast 30% difference in the estimated semivariograms at distances
preater than 18km. Similarly, there is a 209 difference i the estimated semivariograms in
the NORTH SOUTH divection. Inclusion of the outlving point in the estimator could make
this dilference farper,

The tanstormation from the directaonal Semvartograms to i anisottopic sennvariopram is
pavent i the author s equation CURY Bipore 2 shows the inal estimated anisotropic semtvaniopram

tor the anples o O a /5 2/ and w720 Supermmposed on these e the directional



semivariograms for the NORTH-SOUTH and EAST-WEST directions. The difference between
the directional and the anisotropic semvariograms is striking. The anisotropic semivariogram
for the directions & = 0 and 7/2, which correspond to the EAST-WES', and NORTH-SOUTH
directions, are not only different from their directional semivariograms, but they are in a
reversed order! One assumes that differences as large as these in the semivariogram would have
a deleterious effect on the estimated CDFE of the GWTT,

The model of the semivariogram influences the estimated groundwater transportation times,
However, the extent to which the results are sensitive to the estimate of the semivariogram is
not clear. Since Professor Gotway had multiple estimates of the semivariogram, she should
have shown the sensitivity of her results to changes in the semivariogram on the order of those
given in Figures 1 and 2, In particular, faced with the differences in the directional and the
anisotropic semivariograms, it would have been better to use the methods of zonal anisotropy
which Professor Gotway mentions in section 1V,

Professor Gotway is thanked for bringing such an interesting paper 1o the statistical
community. The conditional simulation methods shown in the paper should be of great help
to those faced with similar problems, Some practical considerations which would need to be
addressed before applying these ideas o oder problems include data requirements, difficulty
of tmplementation, selection of the number of lines for the tuning, bands method, choosing a
covariance model, the number of simulations needed. and the identification and performance of
altermative methads. Our major disapreement with this study is it it does not po far enough

m detailing the uncertaanties inc the final results. We cealize that two days of computing on the



same problem seems excessive. However, the incremental cost of additional CPU cycles is
essentially (other than the time involved) zero. Even if a full month of computing is needed to
do a sensitivity and uncertainty analysis, this extra computer time would be of little consequence

given the importance of the safe storage of nuclear waste.

(1]
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Figure Captions

Figure 1. The differences in the estimated semivariograms between the robust estimate
and the method of moments estimate for cach of the directions EAST-WLEST and NORT!11-
SOUTH. The difference between the two estimates 1in the EAST-WEST direction is as
great as 30%.

FFigere 2. The two semivariogram estimates are shown as a function of distance. The

directional semivariograms are given for both the EAST-WEST and NORTH-SOUTII

directions. The anisotropic semivariogram is given for ¢ - O, 7 /8, x /4, and 7/2. The
directional and the anisotropic semivariogram estimates are very different. ‘The order

of these estimates for the two directions EAST-WEST ( ¢ 0) and NORYH-SOUTH
(¢ = w/2) s reversed in the two types of estimates.
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