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Introduction and Overview

The report under review describes the large-scale wmultiple-well
stress tests planned for the deep basalts at the Hanford site.
The large-scale tests will entail the consideration of complex
boundary conditions in the analysis of the data derived from the
tests., The report under review outlines the potential problems
associated with analveis of the conventional analytical data
which will be derived from the large-scale pumpinag test, The
report under review describes in general terms the use of an
inverse madeling technique for the prediction of hvdrogeolsqic
parameters: the results of preliminary computer modeling studies
using the inverse technigque for i1dentifving the critical
parameters in one and two layer applications are presanted. The
report under review describes the results of the preliminary
studies as being "promising".

Conceptual Model

The conceptual model, emploved in the report under review,
ancompasses the reference repository lacation which lise within
the Cold Creek Svncline. A hydrogeolagic barrier is assumed to
axist to the northwezst and southwest in this conceptual model.
The finite difference grid of the computer model is extendsd to
the east such that the 2astern boundary will have a negligibls
effect in the area of interest during the siwmulation, This
gastern axtension was necessitated by the fact that the model
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used includes an 1mpermeable boundary that exists along the
outermost nodes. The model consists of T2 rows and 24 columns of
blocks varving from 187 feet to 1| mile. The test cazes szimulated
a single flow top aoverlain by a dense basalt flow interior:s
sacond case simulated two flow tops separated by a dens
interior.,.
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Parametaer Estimation

The values of transmissivityvy were entered intao the model basad on
a four value distribution. The distribution included in the
report under review 15 supposed to approvimate ane of tha +1ow
tops in the Grande Ronde Rasalt., Transmissivity values of T, =
10, Ta = 0.5, Te = 0.1, and O $t2/day were used as inpuk.
Starativity for the flow top was estimated at 8ulo~e, The
initial steadv state head was estimated to be 400 ¢t throughout
the flow top. As noted, the input values for the model were
agsumaed: the method of selection of these values 13 nobt presenied
in the repaort under review,

Simul ati1on

The simulations were conducted using a modified version of the
Trascott three-dimensional finite difference model. The Trescott
model uses a block centered, finite difference arid which can
incarporate a variable arid spacinag. The strongly implicit
procedure was used throughout the duration of the nunericssl
techni que. Three dimensions are simulated by use of a series of
two-dimensional madelsi the two-dimensicnal models are joined by
an interaguifer transfer coefficient., This interaquifer transfer
coefficient (TCF) determines the flow between lavers based on
Darcy®s law. "The qgoverning aquation for each laver is

d,d% (T dh/dx) + d/dy (T dh/dy) + (TCF) fh. = S dh/dt + O

where T 1s transmigsivity, 5 is storage coefficient, he is
hvidraulic head difference betwesn two lavers, and @ is the source
function." The inverse technigue version of the Trescott model
is called Trescott-Invert. According to the report under review
the modified version of the Trescott model will provide estimates
of the parameters T, 5, and TCF., The version of the Trescott
model developed by Fockwell assigns estimated values of the
parameters based on the regions of a flow svstem which have been
predetarmined to be essentially constant with respect to
tranamissivity, "The program estimates the value af the
parametsrs by minimizing an objective function of the farmd
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whers ® is the parameter vector (T, TCF., S)3 N 1is the total

mumber of observations.," hy i3 the model scolutions which are
commensurate with observations, and g™ represants the
observations. The parameter @ is limited by upper and lower

bounds assigned based on prior gealogic information.

The base case for testing the inverse model in the report under
review is the head distribution generatad using the Trescott
model as a conventional groundwater flow model. Zones of equal
transmissivity were assigned within the finite difference arid
using the values of transmizsivity noted previocusly (T,, Ta, Ts,

and O ft=/day). The generated head values wers determined at
artual cbservation well locations for a simulated pump test at
well RRL-ZB. The pumping rate was T0 agpm for Z0 davs in the

report under review. This simulated head distribution 1s vsed as
the "true" hydraulic head distribution for the subsequent cases
wherein the inverse model is tested i1in the report under revisw.

The first case studied by the authors of the report under raview
did not divide the area 1into zones of suspected equivalent®
transmissivities. They found that the inverse madeling produced
a "reasonable" value of transmissivity relative to the initial
base case T, value. (The transmissivity values listed as Tn are
assumed to be T, values under Case 1 in Table 1.) Howevar ,
significant error appeared at several locations. This error in
head prediction relative to the base case head values was
greatest at wells DC-22 and RRL-6. Small errors 1n head were
apparent at other wells except for DC-19 where the error was
neqligible. Case 2 evaluated the inverse technique with the agrid
divided into three subregions. The subregions were the same a3

used to generate the "true hydraulic heads." The found that thwe
invarse technique racovered the "true T 's." Case T evaluated th:
effect of i1nducino a measurement error which was simulated by &
faussian noise of standard deviation eqgual to 0.7 +*h. The

authars of the report under review found that the lsast sguare
error increased drastically. They found also that T, and T= were
almost completely recovered while Tz exhibited a significant
error. Case 4 evaluated the efficacy of the i1nverse model when
appliad to a two layer system. A TCF value was incorporated to
account for the hvdraulic properties of the basalt dense interior
between the two lavers. The inverse model produced valuesz for
the TCF, Ty, T=, and Ts. Thev also applied a Gaussian noise of
standard deviation equal to 0.2, PFarameters T,, Te. and TCF were
recoverad almost completely after incr2asing the duration of
pumping. Te attained only 80% of the trus value.

SIGNIFICANCE TO NEC WASTE MANAGEMEMT FROGRAM

This document i3 important to the Waste Management Froaram in
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that it indicates the prabable use of i1nverse modeling technigues
for evaluation of the large-scale tezt data from the BWIF site,
The inverse technigue 13 one of two major types of data zanalvsis
technigues which will be used on the test data. The authars of
the report under review point out that there are a number of
inherent assumptions which will be violated at the site which are
required for a complete analysis by analytical means. Fraoblems
or deficiencies apparent in this brief paper should be discussed
by the NRC. These problems and deficiencie2s 1f not hiaghlighted
at this time will undoubtedly be incorporated into later i1nverse
model ing techniques of the large-scale test data,

FEOBLEMS, DEFICIENCIES, OR LIMITATIONS OF REFORT

General Technical Discussion

The inverse technigue described in the document under review 13
dependent upon the menner in which the manipulator of the oCdel

aAss19ns zones of equivalent transmissivity to the +inite
difference grid, A numerical value of transmissivity 13 naot
assigned to these zones at this staage! only an upper and ! cwer
bound on transmissivity are assigned. The i1nverse tachnigue
determines values of transmissivity Ffor these zones. This
process of assiagning zones of equivalent transmissivity appears
to be subjective. A basis for this process is not discussed.

The process of assigning zones of equivalent transmissivity
introduces an additional unknown into the inverse technique. The
invarse technigue 1s not applied to different zoning patternsi
the sensitivity of the inverse technique to the assignment of
zoning patterns 1s unknown,

The effuects of varying the finite difference arid spscing are not
addreassad. The effects may or may not be significant but the
raport does not address the subject of agrid spacing. It 13
possible that the inverse technique is sensitive to the selection
of aqgrid spacing. For sxample, a finer grid may be reguired to
inverse model a flow top with a low transmissivity.

The tnverse terhniague described in the report under review
compares heads based on simulated data for the block centered
finite difference arid., The value of using hydraulic head values
adjusted to represent true water levels i1n the wells should be
considered. Adiusted head values mav 1mprove the sensitivity and
accruracy of the inverse technique.

One concern noted during our review of the subject document 13
the apparent lack of consideration of storativity an the
confining unit. The discussion on pages T and 4 nf the document
under review indicates that the transfer coefficient (TCFY does

not account for the storativity of the confining umit. The
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document under review assumes that the storativity of the
confining wunit is infinitesimally zmall. The inverse techniaue
is simplified and data irnput minimized by using the TCF functian.
The wuse of the TCF function 2liminates an extra laver{(s) of nodes
which would be required to represent a confining wnit with &
finite storativity. The approach used in the document under
review 18 appropriate for lona term test considerationsi  the
ultimate guestion is whether or not the large scale kests will be
of sufficient duration to warrant this simplification.

As it stands, the subject document indicates that vertical
leakage will be evaluated for one confining untit onlv. The TCF
function prabably will be appropriate for late time data analysis
from the pump test., Early time head data during a pumping test
may be significantly affected by the storativity of the confining
units., The rapidity with which the pressure pulse will be
transmitted through the confining unitis) i1z also a function of
the storativity of the confininag units.

We helieve that the general conceptual mode! and basic approach
outlined in this paper are appropriate. Wes wish to emphasize
that it 1s =2asy to fall into the ¢trap of relving on inversze
modeling to an extent which is not warranted. The analvtical
techniques should be applied whenever and wherever possible. The
combination of analvtical and inverse modelina technigques i3
certainly appropriate for the evaluation of any and all data
devaloped from large-scale testing. The weakness of the inverse
techniaque when applied to a multilavered aquifer system is that
it 13 necessary to determine the value of several 1ndependent
variables with what amounts to one finite difference eguation.
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