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Dear Dick: (Relurn to WM, 623SS)

This letter constitutes my response to your request 
to review the

hydrogeology related portions of a Sandia document entitled

"Techniques for Determining Probabilities of Events 
and Processes

Affecting the Performance of Geologic Repositories" by Ragina

Hunter and John Mann. I would like to have Dr. Stan Miller

review it also. Unfortunately he cannot do so by the end of

June. I am forwarding my own comments but it would be advisable

if you can arrange for Stan to have time to review it later. 
I

have suggested also to Jeff Pohle that Dan Stevens' 
group review

it. My overall impression of the document is that it presents a

philosophy that is based on a series of publications that are

very academic in our discipline. They were published primarily

for academic purposes. It would be most difficult for a

practicing hydrogeologist to implement these papers with a

comfortable feeling about the validity of the results. Neuman in

his well known paper entitled "Statistical Characterization of

Aquifer Heterogeneities, An Overview" IGSA Special Paper 189.

1982) describes the status of stochastic modeling nicely. He

states in conclusion number 13: "The state of stochastic ground

water models is such that much additional research will be

required before they will. reach the dearees of operational

simplicity and theoretical reliability required to apply 
them in

hydrologic practice." He aoes on to state that "In the future

these models should become more useful tools for predicting

aquifer behavior, for more economical data collection networks,

and for other purposes."

Additional insiaht into the utility of stochastic modeling is

provided by the authors of one of the support documents in DOE's

Final Environmental Assessments on the salt sites. The

supporting reference document is Andrewsq R.W.. V.A. Kelly. J.A.
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McNeish, A.U. LaVenue and J.E. Campbell, 1985, "Travel
Path/Travel Time Uncertainties of Salt Sites Proposed for High
Level Waste Repositories," prepared by INTERA Technologies, Inc.
for ONWI, Battelle Memorial Institute, Columbus, Ohio. This
supporting document contains the following statement, "PTRACK (a
combination deterministic and stochastic model) is designed to
address the impact of data uncertainties rather than the impact
of conceptual model uncertainties. It is possible that a given
set of parameters may be physically unrealistic." "Explanations
for unrealistic combinations of parameters must be evaluated
using a fully three dimensional variable density deterministic
representation of the local groundwater flow regime. Such a
conceptual model would be the expected product of detailed site
characterization."

The document leaves the reader with the impression that
meaningful predictions about radionuclide release rates and
groundwater travel times (which in my opinion is one of the
variables that controls release rate) can be made from a very
superficial site specific data base or from a "generic data base"
or from "expert opinion," which amounts to no data base at all.
Data and data bases are in fact mentioned in several portions of
the report but only in a very superficial manner. The danger in
an approach such as this is that, if endorsed by the NRC.
inexperienced persons who have limited exposure to hydrogeology
may conclude that the NRC would condone the characterization of a
site using these very academic procedures without much real site
characterization.

In addition to the limited emphasis on the acquisition and use of
valid data, the writers appear to me to be confused about the
meaning of deterministic modeling and stochastic modeling. In my
opinion it is not possible to model a site stochastically without
first developing a deterministic model of the site. This
conclusion is a consequence of two facts:

1) All field data must be collected using analytical or
numerical 2 or 3 dimensional approaches (models); the catch
is that an analytical or numerical model (such as the Hantush
leaky equation for example) requires the development of a
conceptual model that is deterministic in nature. Even head
data require the segregation of head measurements according
to hydrostratigraphic units. There are no stochastic models
in our discipline that can generate field data on hydraulic
properties. Stochastic models can only massage data or
generate "non measurement" type data. The writers attempt to
circumvent this problem by drawing an analogy between
hydrogeology and nuclear physics. But as the writers point
out most hydrogeologists do not consider the hydrogeological
earth to be random at our scale of interest. This analogy
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between nuclear physics and the hydrogeologic crust of the
earth is a point of departure between most hydrogeologists
and most mathematicians. Very few hydrogeologists who spend
time underground would-agree that hydrogeologic processes or
properties are random at the scale of our interest. If the
field oriented hydrogeologists are correct then the
application of stochastic analysis at our scale becomes very
risky. On a very small scale (centimeters or less perhaps)
hydrogeologic processes may begin to become random. I have
attempted to straighten out this confusion in my comments
below.

2) All stochastic models require the development of a
hydrogeologic framework in order to produce results. Once
such a framework has been developed the researcher by
definition has produced a deterministic model. Neuman in his
aforementioned Geological Society of America Special Paper
189 discusses several types of stochastic models. Neuman
also draws a distinction between stochastic models and
deterministic models but he does not abide by his
distinction. He states under the heading "Stochastic Models
with Independent Parameters" that: "Stochastic models differ
from deterministic ones in that some of their input functions
are uncertain and therefore, the model output must be
described in probabilistic rather than deterministic terms."
In fact, all the models he discusses in the paper require a
deterministic hydrogeologic framework. Careful examination
of the above quote reveals that this procedure is
unavoidable. Some examples of the substantiation of my
statement are as follows. In his analysis of Freezers (1975)
work on stochastic modeling, Neuman states "Furthermore
Freeze allowed the variance of the hydraulic conductivities
to be larger than in the work of Warren and Price. However,
he considered only one dimensional flow and assumed the
medium to consist of discrete blocks of equal length, each
block being characterized by uniform parameter values.
Freeze considered two situations: steady state flow under
constant head boundary conditions and transient consolidation
of a clay layer under similar boundary conditions and
prescribed head at time zero." Freeze considered the
parameter values to be uniform in each of the blocks of his
deterministic conceptual model. The values in neighboring
blocks were assumed to be statistically independent. Neuman
goes on to explain how Freeze converted this deterministic
model into a deterministic model with stochastic outputs.

Under the heading "Stochastic Models with Autocorrelated
Parameters Defined Over a Continuum" Neuman makes the
following statements. "Their (several authors cited)
approach is to view the spatial variation of hydraulic
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conductivities in the continuum sense as a random field
characterized by theoretical spatial co-variance functions
or, equivalently, by spectral density functions in the wave
number domain. When such a hydraulic conductivity function
is introduced into the partial differential equations
governing ground water flow they are transformed into
stochastic differential equations. The theory then proceeds
by assuming that the random hydraulic conductivity process is
weakly stationary and isotropic and can be represented by a
relatively simple co-variance function." Neuman continues on
to explain that this method has been used to investigate the
difference between one and two dimensional flows in a sloping
phreatic (water table) aquifer under steady state conditions.
He used the Boussinesq equation to analyze one dimensional
flow. These approaches by definition base the stochastic
modeling process on a deterministic model of the flow system.
The stochastic aspect is achieved simply by superimposing a
stochastic procedure on a standard flow equation applied to a
bounded hydrogeologic framework converted to a mathematical
domain.

Under the heading entitled "Stochastic Models with
Autocorrelated Parameters Defined Over a Grid,," Neuman makes
the following statement. "A numerical Monte Carlo approach
to two dimensional steady state ground water flow in bounded
domains with autocorrelated parameters has been described (in
two references cited). The flow'domain is represented by a
grid of square blocks. In each block the hydraulic
conductivity is assumed uniform but is no longer
statistically independent of permeability values in the
neighboring blocks. Instead the discrete values of
permeability are autocorrelated via a first order
autoregression scheme called the nearest neighbor model." In
this deterministic model a K value is assigned to each of n
blocks with each K value being lognormally distributed within
each block. Neuman continues to explain the method by which
this deterministic model was converted to a stochastic model.

Neuman's final heading on different types of stochastic
models perhaps contains the most interesting statement of
all. The heading is entitled "Stochastic Model's Conditioned
Upon Measured Values of Autocorrelated Parameters" (p. 92).
That statement is "All of the stochastic models discussed
thus far rely on consideration of an infinite or very large
number of different possible realization of the model
parameters. However in reality there is only one
realizations that corresponds to the true material properties
of the medium." The second sentence ultimately defines the
advantage of a deterministic model for hydrogeological
analyses. Neuman continues "The above stochastic models are
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based on the assumption that the actual spatial distribution
of the true parameters is completely unknowns but that there
is enough information to characterize their spatial
variability statistically by means of appropriate probability
density functions or some of their moments. Thus the
different realizations generated by these models do not
generally correspond to the true realizations since the
parameter values at specific points in space are similar but
only in the sense that some of the global statistical
properties of the true realization are preserved." One must
ask the question: What is the source of the "enough
information to characterize their spatial variability
statistically?" Information about a hydrogeologic system can
be derived in only two ways; either the data are generated or
the data are measured. Data can be generated by stochastic
models but a deterministic model is required first.

Finally, I suggest that the writers have only a very limited
concept of scale either in stochastic modeling or in hydraulic
property testing. The paper treats all data points (either
measured or made up) as point source data points. The-result of
any statistical or geostatistical analysis of hydraulic property
data is influenced heavily by the scale of the analytical or
numerical test that was used to-obtain the data. Large scale
test data on hydraulic properties of rocks cannot be combined
with small scale test data in a statistical analysis unless the
rocks are homogeneous and the flow is not fracture controlled.
This statement is evident to persons who are accustomed to
working in underground mines "inside the aquifer." For most
rocks the smaller the scale of the test the greater will be the
variance (and probably the mean) of the distribution of the
hydraulic property test data that characterizes those rocks. The
writers should emphasize that the scale of the hydraulic property
test data base must be compatible with the scale of the elements
(called zones in the report) in either a deterministic model or
in a combination deterministic-stochastic model. Neuman
describes this problem in the following way (p. 87), "If the
discretization interval in a numerical model is chosen to be much
larger than the integral scale of the heterogeneities, the effect
of these heterogeneities will be greatly overestimated." However
as far as the scale of field tests is concerned Neuman apparently
does not appreciate the significance of the different values of
permeability that will be derived from point source tests versus
large scale tests. He and most other authors seem to treat all
permeability values as being equally representative of any and
all scales of permeability measurements.
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My specific comments are presented below by page number.

1) Page E-2, paragraph 4. Paragraph 4 contains the statement
that "an empirical distribution function (EDF) represents the
results of actual observations. Cumulative distribution
function (CDF) represents cumulative probability of
occurrence." In my opinion, the-first of these two sentences
isn't quite correct. The results of actual observations
usually are presented in the form of cumulative frequency
distributions or simply as frequency distributions.

2) Page E-12, paragraph 3. Paragraph 3 contains the following
sentences, "Porous media flow may be treated either
deterministically or stochastically; the theory is well
developed for both approaches. Fractured media flow analysis
contains aspects of both deterministic and stochastic
methods." In my opinion, porous media flow cannot be treated
either stochastically or deterministically. Porous media
flow can be treated deterministically alone, but it cannot be
treated stochastically alone. Porous media flow must be
treated either deterministically or deterministically plus
stochastically. The reason for this statement is that all
the flow equations available for the analysis of hydraulic
properties are analytical- equations or numerical equations.
There are no stochastic methods for deriving field data on
hydraulic properties of porous media. Stochastic methods in
hydrogeology are designed to analyze data or to manipulate
data. The data should be field derived but in most papers
the writer has been forced to-create the data by assumption.
The saturated hydraulic conductivity of a porous medium
cannot be derived from stochastic methods, saturated
hydraulic conductivity is derived from pumping tests. Values
of effective porosity are obtained from combined tracer tests
and pumping tests, all analytical or numerical and both
deterministic. All tracer tests require the use of
analytical or numerical methods to obtain effective porosity.
There are no methods for obtaining field data on effective
porosity from stochastic methods. The use of stochastic
methods assumes and requires the output from deterministic
analytical or numerical methods, all of which require a
deterministic conceptual model. This paragraph should be
changed to reflect that philosophy. These assertions apply
also to fracture media flow analysis. Paragraph 4 on page
E12 essentially supports these statements. The authors are
not consistent within their own definition framework.

3) Page E-13, paragraph 1. The authors appear to be somewhat
confused about the role of stochastic modeling in
hydrogeology. This paragraph states "In general stochastic
porous media models require fewer site specific data but more
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generic data than does deterministic modeling, although
results may be comparable. Which method of analysis is
superior in any given instance will-depend upon geologic
conditions and data that are available." Paragraph 1 also
contains the sentence, "Stochastic results similarly may
range from virtually deterministic predictions to those that
are only fairly accurate." With respect to the first quote
it is not clear what the authors mean by site specific data
nor generic data. As I explained above, both site specific
data and generic data are generated by deterministic
conceptual models (analytical models or numerical models).
In reality stochastic porous medium models require as many
data from analytical models as can be provided economically.
The authors lead the reader to believe that data simply
appear out of the blue for stochastic porous media models.
The authors should explain to the reader what they anticipate
to be the source of the data for the stochastic model. With
respect to the second quotation about the accuracy of
stochastic results the meaning of the sentence is difficult
to interpret. Stating that stochastic results may range from
virtually deterministic predictions to those that are only
fairly accurate leads the reader to conclude that
deterministic results are the ultimate objective. I doubt
that they intended to do that. -

4) Page E-13. paragraph 2. Paragraph 2 implies that flow
through fractured porous media is not well understood. It
probably would be more appropriate to convey to the reader
that flow through porous media is in fact reasonably well
understood but that conceptual models that can be converted
into analytical and numerical models are difficult to
develop. Realistically we have only two choices. We can
treat fractured media as equivalent porous media or we can
treat them as dual porosity media. All the other approaches
are of very limited utility.

5) Page E-13! last paragraph; Page E-14, paragraph 1. These two
paragraphs contain the same problem that I discussed above.
The authors do not understand that field data input to a
stochastic model must be derived from deterministic modeling.
The first sentence in the last paragraph on page E-13
suggests that realistic probabilistic predictions can be made
by either deterministic or stochastic modeling of a specific
site. Deterministic models are not designed to define
probabilistic outputs. Deterministic models produce more
than one valid output only if the interpretation of field
data suggests that more than one value of saturated hydraulic
conductivity, hydraulic gradient, effective porosity, or
boundary conditions is defensible. In this case the
deterministic model can be run with different input values of
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these parameters whereupon different outputs of the model
will be developed. These outputs then can be analyzed
stochastically in order to develop a cumulative frequency
distribution curve and ultimately (hopefully) a probability
distribution. The second sentence in the last paragraph on
page E-13 states that "Deterministic parameter variation
models require a large number of parameters for reasonably
realistic zoned values, and how correlations between
different zones or fluctuations from mean values could be
incorporated is not always clear." This sentence is not very
clear. I suspect that the authors intend to say that
parameter variation models (which by the way is the technique
that the site investigators are using to develop stochastic
models) require a large number of data points to assign
reasonably realistic "zone" values. In any case this
sentence should be broken into two parts and rewritten so
that it is clearer. I assume the authors understand that
stochastic models generally are being used in the context of
the Nuclear Waste Policy Act for generating groundwater
travel times. The common procedure is to assign a
distribution of some- type to the input hydrogeologic
parameters and then to generate what is called a cumulative
distribution function of groundwater travel time. In reality
the curves being generated are cumulative frequency
distributions that maw be probability functions of
groundwater travel times. The stochastic aspect of the model
is generated by introducing input data that have been assumed
to have some distribution and then analyzing the output.
Input data include hydraulic conductivity, gradient, and
effective porosity. Deterministic models are used in this
way by all the site investigators. Eventually these
distributions of groundwater travel times can be incorporated
into the advective diffusion equation, along with other
factors, in order to generate probabilities of compliance
with the EPA standard.

6) Page 1-10, paragraph 3. This paragraph discusses the
background philosophy of the analysis of existing data. This
paragraph reflects a philosophy that is prevalent throughout
the report. I have elected to discuss the problem with
respect to this paragraph only; I have not attempted to
identify all portions of the report that exhibit this
problem. The paragraph implies that all data can be treated
equally. Sentence 2 states "The nature of the system need
not be well understood if data are numerous enough to
represent all possible outcomes." Unfortunately "numerous
enough" depends on the system; because the philosophy of this
approach does not require any fundamental understanding of
the hydrogeologic system, an analyst can never know that one
more trial using a different conceptual model for testing
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strategies will not produce a new outcome. The authors of
the report imply that the only important aspect of data is
number of data points. In hydrogeology the scale of the test
that produced a data point is a very important issue as is
the selection of the appropriate conceptual model for testing
strategies. In the types of rocks being considered for
nuclear waste repositories, the scale of the test is much
more important than the number of tests. It is well
understood among hydrogeologists that the variance of a log
normal distribution of single hole permeability tests with a
radius of influence of 3 meters will be much greater than the
variance of a much smaller number of tests where the radius
of influence is 5 km provided of course that the
hydrogeologist is always testing the same hydrostratigraphic
unit. Data from such different scales cannot even
legitimately be included in the same stochastic modeling
procedure. Large scale tests in essence accomplish what the
statistician tries to accomplish by analyzing data from small
scale tests statistically. The large scale test identifies
the most probable value of the parameter in question. It
does so by testing only those pore spaces or fractures that
are connected hydraulically on the larger scale. This report
should give some guidance on the importance of scale of
testing on the stochastic modeling process. It should point
out also that models are valid only if the scale of the test
data is the same as the scale of the elements in a model.

7) Page 1-12, paragraph 3, 4, 5 and 6. This section of the
report also discusses the development -of empirical
distribution functions, Cumulative distribution functions,
probability density functions, and complimentary cumulative
distribution functions. The authors should obtain the
opinions of other experts. It seems to me that the EDF and
the CDF in reality are cumulative frequency distributions.
The EDF certainly is a cumulative frequency distribution.
The jump to probability is a quantum leap. I cannot pursue
this subject without writing a volume.

8) Page 1-13, paragraph 3. Paragraph 3 discusses empirical
distribution functions. Paragraph 3 contains the sentence,
"The estimator for CDF and most real assumptions is an EDF
derived from geologic data gathered locally. However, local
data rarely will be inadequate for this purpose and hence
dependence will normally fall upon generic EDFs derived from
regional or less satisfactorily global data for the same
geologic event or process." This statement does not convey
the policy the NRC has been following during the
investigation of the sites to date. The NRC has insisted
continually that generic data are not satisfactory for
evaluation of geologic conditions at the sites. Unless we
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want all our struggling to be in vain I suggest that this
sentence be deleted.

9) Page 1-15, paragraphs 3 and 4. I suggest that the two
sections beginning with the headings "Objective Probabilities
and Valid Distribution Functions" and "Subjective Probability
Estimates" be deleted from the report. They do not convey
the philosophy that the NRC has attempted to implement at the
sites. I suggest also that the section entitled "Additional
Subjective Probability Methods" on page 1-16 be eliminated.
These sections convey a philosophy that the NRC has not
elected to support in the past.

10) Page 5-1, Chapter 5 "Hydrology" - Abstract. The abstract of
Dr. Gutjahr's paper portrays the problem that I addressed
previously with respect to the relationship between
deterministic models and stochastic models. Either I have a
misconception of the definition of a stochastic model or Dr.
Gutjahr has a misconception of the definition of a stochastic
model. It seems to me that a stochastic model is a model
which analyzes the probability-of occurrence of some output
of an analysis of hydrogeologic data. As I stated above, in
hydrogeology data are obtained only by deterministic models.
Hydrogeologic property field data cannot be obtained via
stochastic models. Stochastic models must manipulate
existing data or made up to produce a second level of data
which ordinarily is the output of various combinations of
other known aspects of the data base. I would reword Item 1
in Dr. Gutjahr's abstract to read as follows: Deterministic
Porous Media Models: A given deterministic porous media
model produces only one output of the desired parameter, but
more than one deterministic model output can be achieved by
varying the spatial distribution of hydraulic properties
within the model or by varying boundary conditions or by
varying the values of the hydraulic properties at given
locations in the model. The outputs of these different
deterministic porous media models can be analyzed
stochastically by producing cumulative frequency
distributions of the outputs. Such curves may indeed
constitute probability functions for dependent variables such
as groundwater travel time or radionuclide release rate. But
more work needs to be directed at this deduction before it is
considered to be final. I would have Item 2 in Dr. Gutjahr's
abstract read: Stochastic Porous Media Models: The
probability component of stochastic porous media models is
generated by assigning hydraulic property values to a model
of a hydrogeologic framework that are selected randomly from
a number of possible distributions of these input parameters.
I suggest that Item 3 of Dr. Gutjahr's abstract read:
Fractured Media Models: Fractured media models can be
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treated identically to porous media models with the exception
that a dual porosity deterministic model can be substituted
for the classical porous media model.

11) Page 5-1, last paragraph. This paragraph lists three classes
of methods for the studying of dispersion of nuclear waste
within groundwater systems. The three methods listed are:
1) deterministic porous media models with parameter
variation, 2) stochastic heterogeneous porous media models,
and 3) fractured media models. In my opinion the three
headings of the three classes should be as follows: 1)
deterministic porous media models alone, 2) deterministic
porous media models in combination with stochastic analyses,
3) fractured media models, either equivalent porous media
models or dual porosity models, in combination with
stochastic analyses. My reasons for this suggestion are
presented above. In addition to the above reasons, I point
out again that heading number two "Stochastic Heterogeneous
Porous Media Models" requires a conceptual model that is
deterministic in nature. The heterogeneous condition cannot
be introduced into a stochastic analysis without a
deterministic conceptual model. One cannot assign hydraulic
property values to portions of a heterogeneous porous media
model without first defining the geometry of that model. The
assignment of a geometry automatically makes the framework of
the model deterministic in nature. In addition the field
data required for input to the stochastic model can be
acquired through the assignment of a deterministic model to
the domain of interest. Dr. Gutjahr discusses this issue
further on page 5-14. He states "The demarcation between
stochastic models and the deterministic parameter-variation
model discussed above is not always clearly defined. In
general, however, the randomness inherent in the parameter
variation (which he considers to be non stochastic even
though DOE site investigators are defining input parameter
variations as being randomly selected from some assigned
distribution) approach is associated with errors in
measurement or uncertainty about hydrologic or physical
parameter values. In contrast stochastic models consider
randomness to be an inherent feature of flow and dispersion.
Thus, media properties like hydraulic conductivity are viewed
as if they were stochastic or random processes in space and
consequently derive quantities like head or concentration are
also stochastic properties." I repeat that most of the
papers we have reviewed relative to specific sites that are
being considered for nuclear waste disposal treat the output
from repeated runs on deterministic model as a stochastic
product because of the random nature of input parameter
variation. I point out again that it is not possible for
"stochastic models to consider randomness to be an inherent
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feature of flow and dispersion" without a conceptual model
that is deterministic in nature. If one proceeds along this
path without realizing what he must do, it is highly probable
that head data will be generated for an aquifer that does not
exist, or a layered case will be treated as a nonlayered
heterogeneous case, or a dual porosity fractured homogeneous
rock model will be treated as a layered case equivalent
porous media model.

12) Page 5-22, paragraph 3. The third paragraph on page 5-22
contains the following statement, "Flow perturbation models
have been tested against more exact and time consuming Monte
Carlo models and found to be accurate. Similarly for flow
models theoretical analyses also showed that perturbation
results are accurate even for large variances." This paper
contains several statements of this type. I suggest that
comparing one hypothetical model to another hypothetical
model does not imply that-either is accurate. One ordinarily
determines whether the output .of a model is "accurate"
(actually the correct word is valid or validation) by
comparing it to field data. I suggest that all sentences of
this type in the report be revised to reflect the fact that
two different types of theoretical calculations have revealed
the same results which may or may not be accurate depending
on whether or not they accommodate specific rock conditions.

13) Page 5-23, paragraph 1. This paragraph begins with the
sentence, "How many data are required?" The paragraph
continues "It would appear that stochastic models require
many data to estimate co-variances, scale, etc. However if
stochastic models are taken to model variations that exist in
place of zoned deterministic models and if further generic
results (presumably generic data means data imported from
another area) are used then stochastic model~s may in fact
require fewer data than deterministic models." I suggest
that this paragraph be revised. It should begin with the
sentence that it begins with now, '*How many data are
required?" Beyond that the paragraph should convey the idea
that the amount of data required depends on the complexity of
the conceptual model of the site under investigation. The
number of data required also depends on the scale of the data
collection process. This assertion is equivalent to stating
that if the data collection process tests only a very small
segment of the conceptual model then large numbers of data
points will be required. Even if a large number of data
points is available, the variance of the input data
distribution will be large if the prototype is not
homogeneous and isotropic. The main point to be stressed is
that the number of data points required depends on the
validity of the investigators definition of the conceptual
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model of the site and on the appropriateness of the testing
program that is applied to that conceptual model. The worth
of such information referred to in the last sentence of
paragraph one is in fact almost exclusively a function of the
validity of initial conceptual model and of the hydrogeologic
property testing program, not a function of the validity of
the massaging that is applied to the data.

14) Page 5-23, section on Fractured Media Models. This section
discusses papers on fracture flow models that are based on
the, analysis of single fractures or combinations of single
fractures. The data points for these studies (for the small
number which had data points to work with) depend on very
small scale features or reconstructed combinations of small
scale features. The most meaningful work on fracture flow
consists of relatively large scale tests or modeling efforts
that treat test data from sections of fractured media that
are much larger than those referred to in the text of Dr.
Gutiahr's chapter. The most revealing investigation of flow
in fractured porous media that has been conducted in the last
three years is presented by Alan Moench in a paper published
in Water Resources Research in July of 1984. The paper is
entitled "Double Porosity Models for a Fissured Ground Water
Reservoir with Fractured Skin." Alan and I subsequently
published a discussion of some controversial aspects of the
paper in Water Resources Research in June of 1985. Moench's
paper, and our discussion of it, highlights some of the
difficulties inherent in modeling fracture flow systems.
Nevertheless, Moench's approach is a better alternative than
the single fracture or combination of fractures approach that
is the theme of Chapter 5 in this document. Moench's paper
alludes to the problem of scale in great detail as does our
discussion. Scale and dual porosity modeling of fracture
flow analysis should be incorporated into Chapter 5. A
hydrogeologist must have hydrogeologic property indices in
order to apply his equations. It is not possible to count
single or multiple fractures and convert them into
mathematical model format.

15) Page 5-29, paragraph 6. The first sentence in paragraph six
states "First a stochastic approach probably is going to
prove more useful than a deterministic one for fractured
media." I suggest that "in the opinion of this author" be
added to this sentence. In my own opinion we need to know
much more about deterministic modeling of fracture flow
systems (through work such as that of Moench, 1984) before we
can begin to understand the stochastic processes that may be
appropriate for data analysis. I must repeat the statement
that I made previously. Stochastic modeling does not produce
data about the hydrogeologic framework of a groundwater flow
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system; stochastic modeling can only analyze or treat data
derived from a groundwater flow system, whether it be
fractured media or porous media.

16) Page 5-34, section on Data and Data Bases. This section
should be expanded substantially. It seems to me that a
section entitled "Data and Data Bases" should not be limited
to cited references that are available to the reader in the
literature. I have two primary reasons for this
recommendation. One is that most of the papers cited contain
very few data and those papers that do contain data contain
data that are in most cases very superficial. Most of the
so-called data in fact are generated on the computer. My
second reason is that the authors should not pass up the
opportunity to guide stochastic modelers in a direction that
would attribute to a more usable product. I suggest that the
section on Data and Data Bases be expanded according to the
following recommendations.

1) Assemble all the hydrogeologic information available on a
site under consideration. Then on the basis of those
data define one or more conceptual models that fit the
data base. Generic information and "selected expert
opinion" are very useful at this stage.

2) Design a data collection program that will fill in the
gaps in the existing-knowledge about the hydrogeologic
framework of the site. These data would consist
primarily of core data, borehole geophysical data,
hydrochemical data, and surface geophysical data. The
objective of this step would be to define the
hydrostratigraphy of the site (if it exists or
inhomogeneities if they exist) to determine whether or
not fractures control flow, and to define geologic
structures that may exist at the site. Structures such
as faults and folds in combination with hydrostratigraphy
commonly control a groundwater flow system, even if the
flow system is in fractured porous media.

3) Once the hydrogeologic framework is designed then a drill
and test program is appropriate. If the scale of the
area of interest is 5 km then the more closely the drill
and test program scale can approach the 5 km scale the
better will be the result. In some hydrogeologic
environments small scale testing is valid and a
statistical analysis of the resulting data can produce
satisfactory resolution of the most probable values of
permeability and effective porosity. In fractured porous
media large scale tests are essential because only the
fractures that are connected hydraulically at the time
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and length scales~ of interest are meaningful with respect
to flow and transport.

4) The results of the initial drill and test program should
be analyzed. Some questions at this stage of the
investigation undoubtedly will be unresolvable. After
these data are analyzed and interpreted a second stage
drill and test program should be designed and
implemented. This procedure should continue until
results are obtained in which the selected experts have
reasonable professional confidence.

5) At this stage of investigation one or more reasonably
defensible conceptual models of the hydrogeologic
framework of the site may be developed. This conceptual
model will consist of layers of aquifers and confining
layers, or of layers transected by permeable or
impermeable faults, or of heterogeneous "chunks" of
porous media that are the result of facies changes,
faulting, folding or other processes, or of several other
possible geometric configurations of hydrogeologic
property frameworks.

6) Once a conceptual model of this type is developed and the
data from it have been assembled, then the spatial
variations (distributions) in saturated hydraulic
conductivity, in effective porosity, in hydraulic
gradient, in dispersion coefficients, and perhaps even in
distribution coefficients that have been measured during
the testing program can be assigned some frequency
distribution. All of these hydrogeologic parameter
values and their distributions must be obtained by
analytical or numerical methods. I repeat that no
stochastic methods are available for measuring these
values in order to obtain an input data distribution for
these parameters.

7) These data bases can then be used as input to a
deterministic model or as a distribution of inputs to a
deterministic model.

8) These data bases also then can be used as input to a
combination deterministic stochastic model. A stochastic
modeler must first produce a deterministic model, even if
he does not realize that he is doing so. Some sort of
hydrogeologic framework is essential to any mathematical
analysis and once that framework has been defined, then
the process is to a large extent deterministic plus
stochastic.



16

9) I suggest also that the discussion on data and data bases
incorporate a lengthy critique of the significance of the
scale of the data. I alluded to this point in Step 3
above. I reemphasize that hydrogeologic property data,
particularly in fractured media, taken at different
scales cannot be compared directly in a statistical
analysis. To be more specific, the data base for
saturated hydraulic conductivity will indeed display a
distribution but the distribution must be caused by
spatial variability measurements are at the same scale.
Five kilometer pumping tests cannot be compared to 3 m
pumping tests in either a deterministic model or a
stochastic model unless the prototype is homogeneous (non
layered, non "zoned," and no discontinuities) and
isotropic. Small scale measurements such as slug tests
cannot detect anisotropy nor boundaries.

17) Page 5-37, section on Possible Specific Procedure. My
comments on data and data bases apply also to this section.
Item 3 entitled "Site Specific Data" should be moved to Item
1 and Item 1 should be moved to Item 3. The rationale for
this suggestion is that it is not possible to develop a
generic model of a groundwater flow system in a hydrogeologic
environment without specific data. To be more precise., it is
not possible to develop a generic model without a conceptual
model. By definition, a conceptual model requires the
assemblage of data that exists at the site. I repeat that a
hydrogeologic framework is absolutely critical to the
development of a generic model. Stochastic processes cannot
be simulated without a conceptual model and an analytical or
numerical data base unless all the data are simply made up.

This discussion of recommendations terminates my review of the
paper. In my opinion the tone of this paper is such that the
reader will be led to conclude that it is possible to analyze
variables such as groundwater travel time and radionuclide
release rates without very much knowledge about a site. That in
fact is precisely what the references cited in Chapter 5 do.
They discuss models of one type or another that in general assume
the values of parameters that are required to generate model
output. Virtually none of the papers deal with the real issue.
That issue is: How do we define the hydrogeologic environment in
terms of the required hydrogeologic parameters that are
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prerequisite to the construction of deterministic and stochastic
models of any groundwater flow system?

I thank you for the opportunity to review this paper.

Sincerely,

Roy E. Williams
Ph.D. Hydrogeology
Registered in Idaho

REW:sl

cc: Jeff Pohle


