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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 10 be congratutated on her lucid and interesting application of spatial
statistical technigues 1o the important problem of groundwater transportation through the Waste
Isolation Pilot Plant (W'Y in Somheastern New Mexico. In ibe assessment of underground
storgee of miclear wasie, one of the greatest concerns is encroachment of the repository and
transporation of radionnelides from the repository 10 the surrounding, environment by the
graundwater. "This paper demanstrnes the contributions that can be made in the studies of this
important problem and similar problems of national impartance by the application of madern
statistical wechmignes. Inhe camments than follow, our intent is o lighlight those arcas where
some additional study wonld sirenghen this application.

It almost strikes one as ludicrous that there wanld e much confidence in o model that is
ased ta predier physical characteristics of the Earth 1,000 10 100K years in the fntire. (One of
the sunthors of these commems is puilty of such mndeling, Crowe, Joo son and Beckman, 1982)
Due o povernment repadaions which are diiven by the long half lives of the radioisotopes
mvolved, stadies of eehoacnive wasae disposal must necessarily invalve predictions over lanp
petunls of illllll-‘(ll e wlhinch, however. are short perinds ol peologic time which are likely o

he stable. Smee such Tong e enods e involved, it is commendable that Professor Gotway



inchides in her study the comulative distribution fiimetion (C1)Y of the groimdwater travel times
(GWTT) determined by a simulation maodel. tler Figure 13 shows this CDECThus, an indication
of the expected variability in ahe GWTT is given, However, the variability represented in
Figure 13 does not inchide, what we shall call here, the uncertainy in the predicted CDIL " This
nncertainty is die o incomplete knowledge of the simulation maodel inseif. To reiterate a pointin
Professor Gotway's summary, the changes in the CDIF of the GWTT as a funcrion of the model
assimprions ancd the variability of the estimates of the parameters which drive the simulation
madel should be assessed. Considering the model uneertainty in addition 1o the simulatioa
variability niay he critical in the study of GWTT a WIPP, since the CDIF of these times takes
a jump at one ol the Environmental Protection Ageney’'s eritical times, 10,000 years,

It s of course impossible 10 inchide all the aincermmy present in the model, bt some
contribiors 10 this uncertainty are obvions and shonld be addressed before the final results
are aceepted. The CDE of the GWTT relies on many assumptions and the estimation of
mimicrons parameters. Most of tlese estinaites ansl assimprions are: given withont guestionsing
their inflience on the final result and with nnnimal model checking. For example, what s the
sensitivity of resulis i the mthov's Fignre 1310 the vansnissivity valne of b (1) 1017,
the Gansstnc assmaptions, the determinisiie modelng: of tlae flow throngh a contimed aguifer,
the calibranen adjustient 10 the observed pressie dara, the timing: bands nicthodology and,

wavhe muost nnporen, e senevariopeant estimation weehnigoe?

We gquickly comtaemt on some of the areas tor uneerzaray sidies pivercabove and commer

more extensively o the estaanion of the seomvarwopeane The snassaviey model, wlaeh



mcndes both the adjoini-sensitivity approach of LaVenue and Pickens (1992) and the contined
aquifer flow model of LaVenne etal. (1990), is cxiremely intricine and the conrributions of

the input variables of this maodel 10 the uncerainty in the estimated CDE of the GW'TT are not
clear, However, itis clear that parameter inpins o equation (S.1), such as rock porosity, hiid
viscosity, and thid density are not known with certainty. 1t wonld have been an easy task to
incinde this variability in the sinmlation sidy.

A stndy of the methods for the gencration of nonnormal, nonindependent multivariare
dana seis can be complex (sce Jolmson, 1989). Given the nonlinear characieristics of most
nongaussian distributions, the transformation of such multivariate data sets into snrfaces
exhibiting a given spatial covariance struemire may be difticnlt it not impossible o accomplish.
This should not however prevent us from guestioning the influence of the Ganssiaa assumption.
Are there wiys 10 hbonnd s infliuence on the vesulting groundwater transportation times?

I'rofessor Gotwiy recopnizes tat the tirning bands method introduces error in the covariancee
function due 1o the finite mmiber of randomly drawn Tines sand their placement. 1eis not clear
from her disenssion however if the wincertainty in thie peneraton of the simulaton data cansed
by the placements of 1he lines s reflected in her estinened CDECOIE g new set of randomly
selected lines were penerated far cacleot the L simnlation ruas, then this unceerainry in the dagas
peacration 1s mchided mnthe compuined CH1E 1 the same tandomly selected lines were used for
cach siimlation nm, then the uneerttainay o data pencration is only partially exhibited e the
CDE ot the GW T One may also ask it he covaranmee stctune influences the converpenee

rate of the taning hatels method and thereby changes ihe unectiniy arilie GWL



FFor both 1the North-South and Last-West directions 1wo estimates of the empirical
semivariogrim were made.  One estimate was based on a robast estimator of Cressic and
Hawking (1980, while tae other was a method of moments estimator of Matheron (1963).
These cmpirical semivariograms were then fit o the anthor's egnation (3.6). It should be noted
that in the Fasi-West direction the transnssivity vahie, I I " influenced one of the
estimated paints of the empiricat semivariogram and that poim was excludaed Trom the fits for
this direction. The transmissivity virllue, 'l 1012 5 imeresting. Being thiee orders of
magnitude lower than the next closest tansmissivity valne. one wonld suspect thar it would have
a large ifluence on the estinited semivanogram, which in turn would influence the distribution
of the GWTT. In this stndy however this nncertainty is not vetlected in the tinal results.

The two estimated senmivariograms are noticcanly ditterent. These diserepancies are shown
in Figure 1, where the difference between the robust estimente and the method of moments
estinate is piven for the two directions. From this ptotand the estimeaned sills inthe FAST -WEST
diection, ¢, N WY (:::"‘/.s-«-.-)" for robust estiniitor and ¢, G20 (i v .) for the method of
momenis estintator, there is ac least 0% dilterence in the estimated semivariograms at distances
preater than 18km. Sinilarly, there as o 20% difference in the estimated senivariogrims in
the NORTH SOUTH divection. Inclision of the ontlving: pomt an the estimator conld make
this difference Larger.

The ranstonaation from the dueenonat sSenivaropims 10:an anisolope semivanogem is
paven m the anthor s cqgnanon CURY Bagare Y shows the toal esnasied agisorropic senavanogram

ton the angles o o /s a /o wml 200 Sapermaposed on these e the directionat



semivariograms for the NORTH-SOUTH and EAST-WES'T directions. The difference beiween
the directional and the anisotropic semivaniograms is striking. ‘Fhe inisotropic semivariogram
for the directions & = 0 and 7/2, which correspond 10 the EAST-WIES' . and NORTH-SOUTH
directions, are not only different from their directional semivariograms, but they are in a
reversed onder! One assumes that differences as large as these in the semivariogriam would have
a deleterious effect on the estimated CDIF of the GWTT,

The model of the semivariogram influences the estimated groundwater transportation times,
However, the extent 1o which the resnlts are sensitive 1o the estimaie of the semivariogram is
not clear. Since Professor Gotway had multiple estimates of the semivariogram, she should
have shown the sensitivity of her results 1o changes in the semivariogram on the order of those
given in Figures 1 and 2, In particnlar, faced with the differences in ihe directional and the
anisotropic semivariograms, it wonld have been better o nse the methods of zonal anisotropy
which P'rofessor CGiotway nientions in section 1V,

Professor Gotway is thanked Tor bringing such an interesting paper 10 the statistical
commmity. The conditional simulation methods shown in the paper should be of grea help
10 those faced with similar problems, Some practical considerations whicl wonld need 1o bhe
addressed before applying these ideas 10 odier problews inclade dara reguiremenis, difticulty
of implememarion, selection of the mimber of lines for the timing bands method, choosing i
covarianee model, the number of siranlations needed. and the identification and performance of
alteriauve methods. Our major disaprecment with this stdy is that it does not po far enongh

i detailing the wneertaimies i the fimal results. We realize thar 1wo days of compmting on the



same problem seems excessive. However, the incremenial cost of additional CPU cycles is
essentially (other than the time wvolved) zero. Bven if a full month of computing is needed to
do a sensitivity and uncertaint analysis, this extra compnter time would be of litle conseguence

given the importance of the safe storage of nuclear waste.

(1]
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Figure Captions

Fignre 1. The differences in the estimated semivariograms between the robust estimate
and the merthod of moments estimate for each of the directions LAST-WEST and NORT11-
SOUTH. The difference between the two estimates in the EAST-WEST direction is as
great as 30%.

Figere 2. The two semivariogriam estimates are shown as a function of distance. The

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

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

of these estimates for the two directions EAST-WEST ( o 0) and NORYH-SOUTII
(¢ = w/2)is reversed in the 1wo types of estimates.
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