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ABSTRACT

A review of three documents prepared for the USNRC by Sandia National
Laboratories (SNL) is presented, These are NUREG/CR-1634, Volume 4 con-
cerned with the effects of variable hydrology on waste migration; NUREG/CR-
2324, a user's manual for SWIFT; and NUREG/2343, a user's manual for DNET,
This review completes Task 4 of the detailed technical review of the SNL
program for Risk Assessment Methodology Nevelopment for Waste Isolation in
Geologic Media.

In general, these reports exhihit high technical quality that characterizes
the SNL work., They are tersely written with little condescension to the
non-expert reader for understanding the physical situation being modeled.
Indeed, the emphasis is on the mathematical procedures rather than the
repository physics, leaving the adequacy of the results presented in many
computer plots, pretty much to the interpretation of the reader. Other
general comments have been presented previously, such as the data conser-
vatisms, need for data that cannot be measured without disturbing the

geometry, and the overall plan for use of the many codes developed in the
program,




EXECUTIV: SUMMARY

The review procedure used for these three documents is similar to that used
in te previous three volumes of this series, namely the review criteria
are those specified by the contract and presented in Section 1, These cri
teria are not applied directly to the review of each report but rather
implicatly, The reason for so doing 1s that no single set of criteria will
fit all typos of reports and, ratner than indicating inapplicability, it
wa: elected to conduct the review in such a manner that applicable criteria
are usad rto exhibit the features or defyiciencies of the reports as the ca
may be. Many of the previous commendations and criticisms of other revi
in th1s series are xtl'[\l'ldh'o' to this s¢ as well, The technical quality
of the work is high and the reports are generally well written, but there
is little pedagogical intent in the presentation and much of the interpre-
tation of results is lefr to the reader, There 1is little reference to work
done outside of SNL and there is no master plan for the work such as when
certain codes should be selected for certain purposes. There is little
indication that the codes are user-friendly and it would seem appropriate
for an outside organization to use the codes for a repository model so as
to judge their applicability to licensing.

The first report, NUREG/CR-1616 Volume 4, "Riskx Methodology for Geologic

Disposal of Radioactive Waste Effect of Variable Hydrologic Patterns on
the *nvironmental Transport Mode!"”, develops the theory for the Environ
mental Transport Model (ETM) for the case of stochastic periodic hydroloqy
such as may result from annual rain patterns, The results are that the
effect 1s negligible; however, this result is not completely convincing
because of the assumption of annual periodicity, There may b2 long<term
weather cycles that indeed produce a significant effect, It would have
seemed more appropriate to o‘-{l‘wu'l‘ the problem with a definite per fodi
functyon to find the ranges of periodicity for which the environmental time
constants evhibi: effects., Then, 1f these are historically improbable, the
effect may be assumed to be negligihle.
the second veport, NUREG/CR-2324, "... iU'ser's Manual for the Sandia Waste
Isolation Flow and Transport Model (SWIST) RBelease 4,81 , 1s as the title
Say Yy user's manual for SWIFT, This 15 a well written user's manual that
hould A§5161 i operating the code. We fTeel that it usaqe would be
facilitated by application to a specific but erhaps simple site and by
Mowing the reader row the Iinformation 1s as<emhled and nput 1n the ode,
wWee have the impression that 1t 15 A Very ex t code for up to dimensional
mode!ing, but that it is long-running for y given probler and not very
user<friendly s Contrary t that which may be desirable for lfcensing Dur
pOSes, hi impression should be dispelled, {f tncorrect,
Ihe last report ., NUREG R-234 . css the DNET Computer o ST Manual ™,
provide t he theoreticul ind mode | development 0t t he NNE 1 ode with
Iinstructions for usaqe., M;H:,‘ re 11ts ¢ mparison Are el with SWIFT to
verity 1 Iiracy. ONE T | S 1 twOo-d1mer lona! (ol imi ! ar { NWI 1 that
they both use a networs flow model but , wherea: NWF 1 1L tati hyvdraul 1
propertie¢ s ¢ in DNE 1re dynar for thie | r ¢ nf tudyir feedbhack
. 3 o ; 4 S — N -




mechanisms such as: fluid flow, salt dissolution, thermal expansion, frac-
ture formation, and closure and salt creep. The equations are not solved
simultaneously, but sequentially. The first third of the report is taken
up with discussing the theory and models used in the code and the sequen-
tial computations, The remainder {is taken up with the user's manuals,
comparison with SWIFT calculations and a sample problem. It appears that
DNET 1s not a stand alone code but must use a SWIFT calculation of the flow
field. DNET does not treat geometric changes as might be expected from the
dissolution of salt which would form cavities possibly followed by roof
collapse.

vi
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5. NUREG/CR-1608 (CGS/NR85F060), Scenario DPevelopment and
Evaluation Related to the Risk Assessment of High Level
Radioactive Waste Repositories, by F. W. Schwartz and F. A.
Donath, June 1980.

The reports reviewed under Task 3 were:

1. NUREG/CR-1636, Volume 1 (SAND78-1711), Risk Methodology for
Geologic Disposal of Radioactive Waste: Model Description and
User Manual for Pathways Model, by Jon C. Helton and Peter C.
Kaestner, March 1981,

2. NUREG/CR-1636, Volume 2 (SAND73-1393), Risk Methodology for
Geologic Disposal of Radioactive Waste: Sensitivity Analysis
of the Environmental Transport Model, by Jon C. Helton and
Ronald L. iman, December 1980,

3. NUREG/CR-1636, Volume 2 (SAND79-1908), Risk Methodology for
Geologic Disposal of Radioactive Waste: Asymptotic Properties
of the Environmental Transport Model, by Jon C. Helton, Jack
B. Brown, and Ronald L. Iman.

The results of Tasks 1, 2, and 3 were presented in NUREG/CR-1672, Volumes
1, 2, and 3, respectively. The reports reviewed here are:

1. NUREG/CR-1636, Volume 4 (SAND79-1909), Risk Methodol-
ogy, for Geologic Disposal of Radioactive Waste:
Effects of Variable Hydrologic Patterns on the Environ-
mental Transport Model, by Jack B. Brown and Jon C.
Helton, December 1981,

2. NUREG/CR-2324 (SAND 81-2516), User's Manual for the
Sandia Waste-Isolation Flow and Transport Model (SWIFT)
Relase 4.81, by Mark Reeves and Robert M. Cranwell,
November 1981.

3. NUREG/CR-2343 (SANDB1-1663), Risk Methodology for
Geologic Disposal of Radioactive WAste: The DNET
Computer Code User's Manuals, by Robert M. Cranwell, et
al., January 1982,

At the beginning of Task 1, SAl assembled a panel of experts whose collec-
tive knowledge spanned all of the technical areas covered in the reports
reviewed during that task and the areas which were expected to be covered
in later tasks of this project., In-depth reviews were performed by a sub-
panel selected on the basis of technical expertise, availability and
absence of conflict of interest, Similar sub-panels were selected for
Tasks 2, 3, and 4. The sub-panel members selected for Task 4 were: B.
Amirijafari, S. Basin, J. Cohen, R. Fullwood, and C. Stevens. The
reviewers' resumes are in Appendix A.
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As before, the management and coordination for the review effort was per-
formed by a technical coordinator and a management coordinator. The tech-
nical coordinator, Dr. R. Fullwood, had the responsibility for the techni-
cal content of this final report. The management coordinator, Dr. C.
Stevens, had the responsibility for the technical editing of the final
report and for the overall project management.

In order to assure that the review be independent, several restrictions
were imposed on the sub-panel. Basically, these were:

1. No contact was to be made between the SAl reviewers and the
Sandia personnel engaged in the study,

2. Essentially, no guidance was to be given by the NRC on how the
review was to be conducted, other than that supplied in writ-
ing in the Contract Work Statement,

3. The SAl reviewers were not to be involved in other programs
for the Department of Energy or otherwise be involved in

projects which would lead to an actual or perceived conflict
of interest.

A1l of these restrictions were complied with during the review period.
Although there was no restriction on the use of outside consultants to

assist in the review, none were used for the reports reviewed during Phase
4,

A1l members of the sub-panel were requested to review all three documents
in their entirety; that is, they were encouraged to review material beyond
their area of expertise as well as the material in their areas of spe-
cialty. This was in accordance with NRC preference. In practice, each

reviewer tended to put the major effort into those areas which matched his
expertise.

The depth of review was necessarily restricted, both by time and financial
limitations. Thus, for example, the use of computer codes to provide inde-
pendent checks of results or to identify limitations of the methodology was
precluded. Review was restricted to the three documents; that is, the
reviewers were not asked to examine backup or reference material.

The reviewers were requested to send written comments covering the material
they had reviewaed each month to the management coordinator. The management
coordinator, in turn, distributed the material to all sub-panel members.
Thus, each sub-panel member was periodically updated on the progress and
opinions of the others., In addition, the sub-panel members were encouraged
to communicate with each other in person, by mail and by telephone, as
appropriate.

After three months, a final report was compiled using the material gener-
ated by the individual reviewers.
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1.2 Review Procedure

The procedure for the reviews carried out in Task 4 was similar to that
used previously. The method of review was devised to meet certain objec-
tives, while abiding by a set of restrictions. The most important objec-
tive was to have expertise in every technical aspect of the work reviewed,
A secondary objective was to have at least two comments, and preferably
more, on each part of the work. The goal was not to be critical for its
own sake, but to make suggestions for improvement when fault was found, and
to do this in a thorough manner. The following questions were prepared by
the NRC to assist in the review process:

1. Are the models realistic?
a. Are the assumptions valid?

b.  What would be the impact on the analysis results
of any incorrect assumptions?

c. How should any identified weaknesses in the
models by improved?

&e Is the methodology valid?
3. Are the data valid?

a. What uncertainty in the data would render the
model results unrealistic?

b. Was each datum uncertainty and its contribution
to the uncertainty in the results assessed
appropriately?

4. Is the time period examined or used in calculations
appropriate?

5. Do the event sequences chosen for calculation cover a reason-
ably complete range?

a. Were any important potential risk contributors
omitted? If so, identify,

b. Were the quantitative or qualitative criteria for
choice of sequences valid?

6. Was an effort made to identify (i.e., rank according to
importance to risk) key parameters, processes and events?

a. If so, was the effort adequate?

b. Evaluate the methods used to achieve the ranking,
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7. Were the uncertainties in the results considered?
a. MWere these uncertainties propagated and quantified?
b.  HWere acceptable numerical methods used?

C. Were the contributing uncertainties correctly
assessed?

8. Which of the models and which parts of the methodology could
be used to resolve discrete questions (e.g., for a licensing
review) or would they only be useful as supporting information
to discrete questions?

a. What types of questions could be resolved by use of
a given model or the methodology?

9, Conclusions.
10, Recommendations.

Any recommendation shall be accompanied by an estimate of the
contribution to error in the results of a specific suggestion
for improving the analysis,

Not all of the questions listed above are applicable to each
report; however, they were intended to provide a general guide
during the review process,

1.3 Global Considerations

While these very specific review criteria are appropriate, it is also
appropriate to consider the work in a broad perspective. By implication,
the program anticipates a risk-based licensing procedure. Presumably the
license applicant would be free to site and design what he considers to be
the safest repository for the investment. The level of safety achieved
would be judged by the applicant's risk assessment. To evaluate this
submittal, the NRC would need to perform an independent risk assessment of
the same quality or superior quality to that performed by the licensee.
The development of this risk assessment methodology for the NRC is the
purpose of the SNL work. It would seem that the risk assessment
methodology should meet certain criteria:

1. It should be capable of analyzing the engineered barriers for
which an applicant could conceivably want to take credit.
Presumably this would include: age of waste, waste matrix,
waste canister, buffer, sealing and local hydraulic considera-
tions, e.g., bypass channel 1o divert flow from the volume
containing the wastes,
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2. It should be capable of analyzing a site any place in the
U.S.and particularly a site chosen because of climatology,
demographics and hydrology to provide barriers to radionuclide
dispersal.

3. The work should clearly define the assumptions and measures
used therein, For example, is it appropriate to only consider
individual dose? If so, repository siting in presently
populous areas, such as large cities, is as safe as desert
areas - this does not seem reasonable?

4. The work should be capable of analyzing the probability that
ground water will enter and disrupt the repository. Analyses
to date have considered this as occurring as a disrupting
event whereas it could also be the result of partial degrada-
tions that eventually combine to cause a release.

5. The parts of the analysis should have accuracy commensurate
with the accuracy of the overall risk analysis. This con-
sideration may allow the use of simpler nuclide migration
models.

6. The analysis should not require parameters that are not
measurable. If such parameters are required, then acceptable
methods for obtaining or inferring them should be suggested.
It should also be recognized that these parameters are
applicable during time periods in the distant future.

7. The methodology should be traceable and its virtues and limi-
tations should be known to people other than the developers.

8. It should be sufficiently self-contained that it is not
subject to human error that may arise in interpreting an
output in preparation for the next calculation.

As this relates to the SNL work, reports to date have not addressed Item 1
except for the age of waste which in the calculations has been conserva-
tively taken to be rather young. The nuclide dispersion aspects of the
work seems capable of addressing Item 2, but not the probability aspects.
The work has given little consideraticn to siting for mitigation purposes.
The assumptions and measures (Item 3) are generally not clearly stated.
Use of the term risk in the work was not defined. The probability aspects
of the work (Item 4) have not kept pace with the nuclide migration aspects
of the calculation, Considerable effort has gone into sencitivity analy-
sis, but generally this has not been extended to error analysis (Item 5).
The general impression is that nuclide migration is modeled to an accurancy
greater than the other aspects of risk, e.g., the probabilities. The
models for ground water and surface water migration of radionuclides
require the measurement of parameters which are inaccessible (Item 6). The
methodology 1is only traceable with considerable difficulty. It is not
possible to state "this is the probabilistic method" or "this is the ground
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water radionuciide method", In the latter case there are many radionuc!ide
methods and 1ittle guidance 1s provided as to which ones should be used,
The methodology 15 not self-contained but 1s distributed through various
reports and papers, It would seem unlikely that two organizat fons assess-
Ing the risk of the same repository using the methodology would arrive at
the same or similar results,  This statement 15 based on the selection of
codes avatlable within the methodology, the parameter range and the lati-

tude avatlable in setting up problems and using the output of one calcula-
tion in later calculations,

In defense of the SNL program, thelr work scope 15 not as encompassing as
the above criterfa which are presented as a global program perspective
without regard to work assigmments, The technical quality 15 very good in
the areas that have been addressed; the criticism 15 that the full method-

ology for assessing the risk of a geologic waste repository has not been
presented,

The next section presents very briefly the reports reviewed to date, a
review of tha three reports reviewed In this volume as they may relate to
ecach other and a more detailed separate review of each report,



2.0 REVIEW AND CRITIQUE
2.1 Overview of the Set of Documents

Figure 2-1 presents the taxonomy of the risk methodology reports that have
been reviewed to date. The report by Campbell, et al, (1978) provides a
general outline of the project. It contains a discussion of the disruptive
event initiators and describes a deterministic-probabilistic methodology
for estimating the likelihood of the repository disruption. It also
describes a method of predicting nuclide transport rates (SWIFT) and pre-
sents a compartment model for describing the pathways to man, the Environ-
mental Transport Model (ETM), The report concludes with a discussion of
the health effect on man due to radiation. This key report is emphasized
because of its relationship to the program. It appears that the program
has departed from the program as outlined in this report as is illustrated
by the number of repcrts in the various subject areas. It should be empha-
sized that the stated purpose of the SNL program is one of methodology
development. None of the reports actually calculates the risk of the waste
repository, real or hypothetical,

It is appropriate to present the documents reviewed to date. These are
published as various volumes of NUREG/CR-1672.*

Volume 1 presented reviews of:

1-1 Campbell, et al, (1978) which provided the overview of the
work .

1-2 Iman, et al. (1978) which introduced Latin Hypercube Sampling
(LHS) for sensitivity analysis.

1-3 Dillon, et al. (1978) describing the Sandia Waste Isolation
Flow and Transport (SWIFT) code

Volume 2 presented reviews of:
2-1 Iman and Conover (1980) discussing a distr.bution-free rank
correlation method for treating sensitivity analyses having

input-variable interactions,

2-2 Campbhell, et al, (1980a) discussed the Distributed Velocity
Method (DVM) for calculating nuclide transport,

2-3 Campbell, et al, (1980b) is concerned with sensitivity studies
for 3 accident scenarios using the Network Flow and Transport
model (NWHT).

* Refer to page 1-1 et, seq. for full references.

2-1



2-4 Iman, et al., (1980) addresses a generalization of LHS with
scenario applications.

2-5 Schwartz and Donath (1980) presents the Deterministic-
P~obabilistic CONTAMINANT Transport code (DPCT).

Volume 2 presented reviews of:

3-1 Helton and Kaestner (1981) reported on the Environmental
Transport Model (ETM) and the transport to man model,

3-2 Helton and Iman (1980) presents the results of a sensitivity
analysis of ETM,

3-3 Helton, et al, (198]1) discusses "asymptotic" properties of
ETM,

This report presents:

4-1 Brown and Helton (1981) discusses the effects of stochastic-
periodic hydraulics on ETM,

4-2 Reeves and Cranwell (1981) provides a user's manual for SWIFT,

4-3 Cranwell, et al, (1982) presents the Dynamic Network (DNET)
model and its user's manual. DNET is similar to NWFT except
the hydraulic properties are treated dynamically by sequential
calculations,

Referring to Figure ?2-1, the first column concerns the probability that
nuclides will be released and columne 3-6 are aspects of the calculation of
the effects on man if these nuclides are released. Column 2 is for sensi-
tivity analyses which may apply to all of the other columns. Some of the
reports are repeated if they contain significant information which is
appropriate for several columns., Since sensitivity analysis is not part of
the risk dyad it is perhaps not appropriate that it be included in the con-
stituents of a risk assessment, however, it constitutes a major part of the
work. Sensitivity analyses are very important, but because none of the
data are precise, they should be extended to determine the degree of
confidence that may be placed on the final results and conclusion. In this
sense, a sensitivity analysis is a step along the way to uncertainty
estimation but this last step is not taken., Sensitivity analysis may also
be important in its own right for directing a research program relating to
the accuracy requirements for data but even here the basic requirement is
for error reduction,

The figure shows that of the documents reviewed to date, probabhility of
disruption and health effects have not progressed beyond Campbell, et al,
(1978) while there have been 6 additional reports on groundwater transport
of radionuclides. (The various programs developed by SNL are: SWIFT, DVM,
NWFT, DPCT and DNET. These are in addition to codes written by other




£-2

OVERALL METHODOLOGY
CAMPBELL, ET AL.
(1978)
0458 (1-1)

PROBABILITY OF SENSITIVITY GROUND WATER ENVIRONMENTAL PATHWAYS HEALTH
DISRUPTION ANALYSIS TRANSPORT TRANSPORT TO MAN EFFECTS
Campbell, et al. Iman, et al. (1978) Campbell, et al. Campbell, et al. Campbell, et al. Campbell, et al.
(1378) 0394 (1-2) (1978) (1978) (1978) (1978)

Iman and Conover

Dillon, et al.

Helton and Kaestner

Helton and Kaestner

l

Helton and Iman
(1980)
1636-2 (3-2)

Reeves and Cranwell
(1981)
2324 (8-2)

|

Cranweli, et al.
(1982)

2243 (4-3)

(1980) (1978) (1981) (1981)
1262 (2-1) 0424 (1-3) 1636-1 (3-1) 1636-3 (3-1)
Campbell, et al. Campbell, et al. Helton, et al.
{1980 b) (1980 a) (1981)
1377 (2-3) 1376 (2-2) 1636-3 (3-3)
Iman, et al. Schwartz and Donath Brown and Helton
(1980) (1980) (1981)
L 1397 (2-4) 1698 (2-3) 1636-4 (8-1)

Figure 2-1. Taxonomy of the Risk Methodology that has been Reviewed
(4-digit number is last part of NUREG/CR-xxxx, first
number in parenthesis is review phase number, second
number is document number).




organizations for similar purposes.) Five reports concern sensitivity
analyses, four including Campbell, et al, (1978) concern environmental
transport and two, including Campbell, et al. (1978) address pathways to
man.

It appears that the program emphasis has shifted with time. Unfortunately
a modified program description has not been published, 0f particular
concern is the apparent absence of progress in probabilistic development to
keep pace with the work in the consequence analysis area. It would seem
reasonable, early in the program, to push through a "first-cut" calculation
of repository risk (probabilities and consequences), go back and estimate
the uncertainty arising from input data and methodology and determine at
what confidence limit the repository becomes a health hazard. Having done
this, go back and allocate resources as needed to reduce the uncertainty.

Turning to the three documents of concern in this volume, document 1 is
quite distinct and separate. It is concerned with the effect of stochastic
periodic hydrological changes and their effect on the environmental trans-
port model, The conclusions are that the effect is expected to be negli-
gible. It would seem that this result could have been obtained as a
scoping calculation using a deterministic periodic function coupled with an
exploration of the time constant involved in the problem. This report
fails to convince the reader because only annual periodicity was considered
while it is well known that there are long-term weather changes well within
the time periods of interest. The stochastic periodic treatment has mathe-
matical eloguence but hardly seems justified until a problem is shown to
exist,

The other two reports are concerned with deep burial nuclide transport,
The first of these is a user's manual for SWIFT and as such is quite well
written, SWIFT gives the impression of being "Protean” in that it is not
very user friendly but 1f used right, it is capable of solving all problems
at the expense of computer time., As a user's manual, report 2 succeeds
very well but it does not provide any insight as to when it 1s necessary to
use SWIFT and when some other code such as DNET would provide sufficient
accuracy. An example showing how SWIFT is set up for a typical calculation
would help to remove the impression that SWIFT is primarily for the use of
specialists, If it is difficult to use, it would not seem to fulfill its
licensing purpose,

The last report is entitled "The DNET Computer Code User's Manual"., As a
user's manual 1t does not succeed as well as report 2 does for the SWIFT
code, But report 3 is more than a user's manual in that it develops the
theory and models for DNET, DNET is a network flow model similar to NWFT
(NUREG/CR-1370 and the critique NUREG/CR-1672). DNET differs from NWFT in
its dynamic treatment of flow parameters to allow the study of feedback
mechanisms and much of the report 1s taken up in discussions of how this is
accomplished and the models used in this accomplishment, The physical pro-
cesses that are modeled are: fluid flow, salt dissolution, thermal expan-
sion and fracture formation and closure. As presented DNET does not seem
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to be capable of handling the geometry changes that are expected to take
place as salt is dissolved and removed from the repository area. Sample

problems are provided although no results are tested against observations.
The following sections present detailed reviews of the individual reports.

2.2 Review of NUREG/CR 1636, Volume 4: Effects of Variable Hydrologic
Patterns on the Environmental Transport Model
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On the basis of their analysis, the authors have concluded that it fis
reasonable to continue to use average annual flow rates when estimating the
values of the elements of the A matrix, This decision was based upon the
following observations:

(1) the periodic or stochastic variations result in changes in
radionuclide concentrations which swing above and below those
concentrations obtained when constant values (average annual
flow rates) are used,

(2) the highest concentrations occur for only a part of a year,
and

(3) much greater uncertainty in surface concentration: of radio-
nuclides will result from: (i) variations in discharge rates
to the surface environment and (i1) changes in the surface
environment itself,

The authors point out the important fact that the above observations are
not proved in the usual mathematical sense of proof; rather, the collection
of analytical and simulation results presented lend credence to their
conclusion,

Critique

-

In summarizing the general comments submitted by the reviewers we find:

(1) The authors have done a credible job 1in investigating the
effects of perifodic and/or stochastic variations in water and
sediment flow rates on predictions of radionuclide
concentrations.

(2) The report was, in general, well written with the exception of
the following criticisms:

(1) A more complete summary of the approach and the
conclusions should be presented within the Intro-
duction, This should include a complete statement
of the motivation behind the authors' concern for
the effects of periodic and/or stochastic variation
of hydrologic phenomena, For this purpose, the
material contained in Chapter 6 should be included
in the Introduction and, perhaps, restated in
Chapter 6., This will provide the reader with a
better understanding of the problem and the general
approach at the outset.

(1) More descriptive chapter titles should be employed.
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(111) Smoother and more complete transitions should be
provided between chapters. Once again, this will
help the reader better understand the purpose of
each chapter and where it fits into the overall
structure of the report.

Motivation behind the selection of the models which
the authors are using should be given. In short,
the authors should say why they selected these
particular models. Why not uvse other models or
other approaches such as straight forward Monte
Carlo simulation of the flow processes?

Perhaps a more effective way of presenting the
results should be devised. The use of tables
rather than graphs has been suggested by one
reviewer., Some combination of both tabulated data
and plots with much more discussion regarding the
key points to be observed would possibly be the
best alternative.

(vi) The captions and the annotations of the various
figures and plots are in need of improvement,

The summary and conclusions, presented in Chapter 6, should
include some discussion of unresolved issues and suggestions
regarding what should be done relative to these issues. In
other words, if the authors feel that they have presented
sufficiently strong evidence that the question of periodic
and/or stochastic variations in hydrologic phenomena, as it
pertains to geologic disposal of radioactive waste, has been
laid to rest once and for all, then they should say so. I f
not, they should state what remains to be done relative to
this subject.

2.3 Review and Critique of NUREG/CR-2324, "User's Manual for the Sandia
Waste Isolation Flow and Transport Model (SWIFT) Release 4.81"

General Critique

A previous Sandia report (NUREG/CR-0424, "Risk Methodology for Geologic
Disposal of Radioactive Waste: The Sandia Waste Isolation Flow and Trans-
port (SWIFT) Modo~1," Dillon et al., 1978) presented the development of the
SWIFT model. A technical review of this previous report was conducted in
NUREG/CR-1672, Vol. 1, ("Risk Assessment Methodoloqy Development for Waste
Isolation in Geologic Media," Stevens, et al., 1980). The current report
under review is a user's manual for the SWIFT model which also covers the
background and mathematical development of the model. Since the model it-
self and i1ts application were considered in the earlier review, many of the
review questions have already been addressed and will not be duplicated
here.




It was the consensus of the reviewers that this report is a well-written
and useful guide to the application of the SWIFT model. Chapter 6 describ-
ing Data Input was particularly well-done, It was noted, however, that an
important missing element {s the presentation of sample problems with
discussfon of appropriate inputs and elaboration of resultant outputs,
Although such information 1s avatlable elsewhere (e.g., NUREG/CR-1968,
"SWIFT Self-Teaching Curriculum"), the user's guide to the SWIFT Model
should include such examples. Microfiche copies of the program listing and
sample problems were included with the report, but these appeared to be
inserted as an afterthought since they are not listed in the table of
contents, and are not discussed in any detail in the text,

The SWIFT model calculates the groundwater transport of radionuclides from
the repository to the near surface vicinity., A section describing the
functions and uses of the model relative to other available models would be
a useful inclusion in the user's manual, This could be shown in a flow
chart, with an explanatory paragraph or two, For example, it might be
useful to identify the differences between the SWIFT model and the DNET
code. The two codes overlap, and a discussion of the interrelationship
between SWIFT and other models would be useful.

Recommendation of appropriate uses and assumptions would also be useful in
the manual. For example, considering the ratio of repository dimension to
the depth below the surface, one might expect that heat transfer should be
treated as a three-dimensional, or least a two-dimensional, problem. The

user's manual is an appropriate document for discussion of such alternative
uses.,

Submodels relating densities and viscosities to pressure are presented in
this report. However, these submodels are different from the submodels
performing the same functions in other Sandia models (e.q., DNET). While
the submodels may be satisfactory, we are confused by the lack of consis-
tency within the Sandia modeling program,

As 1t 1s, the user's guide presents a model which does not appear to be
"user friendly" due to its detail and versatility, To a great extent, this
problem might be solved by a more detailed discussion of uses and a display
of sample applications as discussed previously.

Review of Report Chapters

The first chapter of this report offers introductory comments involving
primarily the model description, application and historical aspects of the
SWIFT Model, The statement of purpose of the report is found at the end of
the introduction. It points out thai detailed instructions on application
of the model, information normally included in a user's manual, is reserved
for a companion document by Finley and Reeves [1981].* This report has not

*Finley, N.C. and Reeves, M., 1981, "SWIFT Self-Teaching Curriculum,”
NUREG/CR-1968, SANDS1-0410,
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been included in the review of the Sandia methodology. We would recommend
that the two documents be combined or issued together as companions.

The second chapter of the report presents the mathematical models and
solution techniques utilized in the SWIFT code. These aspects of the model
have been previously considered as part of the review of NUREG/CR-0424,

The third chapter presenis discussions of submodels for density, viscosity,
wells, waste-leach, salt dissolution, heat loss to overburden/underburden,
and a radiation boundary option. This section would be improved if the
report included a model-submodel overview prior to discussion of the mathe-
matical basis. This would assist the user in selecting appropriate sub-

models for use in typical problems without having to first read through all
the choices.

Chapter 4 offers application notes to assist in problem set up and selec-
tion of user options. The discussions of numerical criteria for disper-
ston, overshoot, and secular equilibrium are well-written and useful,
Additional discussion of spatial effects of nuclide transport on secular
equilibrium would constitute an improvement,

Chapter 5 presents a description of the SWIFT program, including program
control structure flowcharts and a summary of subroutines used in the
mode . Sections 5.2 and 5.3, which refer the reader to the companion
document (Finley and Reeves, 1981) and microfiche copies of sample problems
and program listings, should have been presented in an earlier (e.q.,
introduction) chapter to allow the reader to refer to them sooner,

Chapter 6, the longest section of the report, gives a very detailed quide
to data inputs for the code. The chapter includes discussion of the data
input forms, the use of the forms to obtain maps for restart records, and
the auxiliary data files. In addition, three appendices are included to
give definitions of errors and program variables, and an index of vari-
ables, This section of the report offers much useful information in a
format that provides for practical and easy understanding and reference,
Chapter 6 provides a noticeable improvement in style and layout over
Chapter 4 of NURLG/CR-0424,

Summary Comments
The basic review questions regarding model, methodology, and data validity
refer primarily to the previous report presenting the SWIFT code (NUREG/
CR-0424), The present report, the SWIFT user's manual, is a well-written
and useful quide to the SWIFT model,
Major criticisms of the User's Manual are:

a) lack of a discussion of model overview

h) lack of a detailed discussion of uses and applications

¢) the necessity of having to refer to a separate document for
sample problems



2.4 Review and Critique of NUREG/CR-2343; Risk Methodology for Geologic
Disposal of Radioactive Waste: The DNET Computer Code User's Manual

The report is a user's manuals for the Dynamic Network (DNET) code, a net-
work flow model for use in simulating the process of salt dissolution in
bedded salt formations. The model contains simulations for a variety of
complex processes. Included are the capabilities for simulating processes
such as salt creep, subsidence, and thermomechanical effects.

The DNET model was developed to investigage processes near the depository
such as salt dissolution and salt creep that could affect the release of
redioactive waste to circulating ground water., The DNET model also pro-
vides a systematic means for investigating the effects of feedback mechan-
fsms such as thermal expansion, subsidence, fracture formation and fracture
closure, For a depository in bedded salt, these mechanisms can act to
accelerate or decelerate the salt dissolution process and thus increase or
decrease the potential for release of radioactive waste.

In Chapter 2, the physical structure and content of DNET are described in
some detail including a cross section of the reference site which motivates
the form of the flow network used in DNET, Chapter 3 provides a brief
description of the individual subroutines in DNET and a description of the
various program and error messages, Chapter 4 contains a description of
user input data. Five sample problems are presented in Chapter 5.

An objectiy> of the DN:T code seems to be the modeling of a large number of
different physical phenomena with relatively short computer running times.
With this in mind, the physical processes have been modeled with consider-
able simpiicity. \Unfortunately, the authors do not present a systematic
derivation of most of the submodels used; that is, one which clearly states
what the underlying approximations and simplifications are. It would be
useful to specify regimes for which the simple models are adequate., This
could be done by comparison with more exact models, or with appropriate
experimental results,

several submodels are discussed: salt dissolution, solution channel forma-
tion, dissolution along boreholes, salt creep, the thermal treatment, and
fracture formation and closure. The development of each submodel is satis-
factory, but could be improved, Simplifying assumptions are noted, but
little or no attempt is made to justify these. For example, in Section
2.5, which discusses solution channel formation, it is assumed that solu-
tion channels are formed, and then it is assumed that these are uniform and
rectangular channels, No justification for either assumption is attempted,
Confidence in the use of the DNET model would be enhanced if, instead of
only stating the assumptions, the reasoning and justifications for making
them were included, The discussion in Section 2.6, on dissolution along
boreholes, is better in this respect. The assumptions made are justified
by citing experimental evidence, with appropriate references, for modeling
the manner in which the dissolution process proceeds. Section 2.8, on the
thermal treatment, presents an impressive comparison between one-
dimensional results obtained with DNET and two-dimensional results obtained
with SWIFT, This builds confidence, and similar comparisons are needed for
the other submodels,
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The manner in which the various submodels are combined to form the DNET
code requires more discussion than 1s presented in the report, The dis-
cussion of the overall structure of DONET 18 summarized in one fiqure,

Figure 3.1, While the figure 1s useful, 1t is hardly sufficient for the
unfamiltar reader,

The work represents a significant attempt to model a very complicated

physical situation in a simplified, and therefore, tractable and efficient
manner,
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WORK SUMMARY

Dr. Amirijafari is presently Director of Petroleum Engineering at SAL. He
15 responsible for projects related to Enhanced 011 Recovery ?[OR). Uncon-
ventional Gas Recovery (UGR) from various sources such as Devonian Shales,
Geopressured/Geothermal reservoirs, Methane from Coal Beds, etc., and Tar
Sands. He is involved in directing the development or modification of
existing computer models in fields of Hydrology or Reservoir engineering
to fit the various related projects. He has been a member of a review
committee for NRC since 1980 reviewing reports prepared for NRC by Sandia
National Laboratory. Me has served as a developer of mathematical and
computer models for Gulf Research; managed an engineering consulting firm
in Iran; directed the chemical and petrochemical engineering department
at Tehran Polytechnic; as an associate professor, teaching Gas Processing
and Design and Economics for chemical enginecers,

PROFESSTONAL EXPERIENCE
Science Applications, Inc.

Pr. Amirijafari joined SAl Golden, Colorado in January 1979, He is
presently the Director of Petroleum Engineering,

Wilmeg, a joint company formed by Williams Brothers Engineers and IMIG,

Member, Board of Directors, in charge of supervision and management of
second Iranfan Gas Trunkline designed to carry about 2.7 billion scf/da
from Kangan in southern lran to Astara in northern Iran (Russian bnrder{.

A 1400 kilometer line of 56" and 48" gas transmission line. Also continued
to teach natural gas processing and treatment plus chemical engineering
design and economics courses at the University in Iran (3778 - 12/78).

Iranian Management and Engineering Group (IMEG)

Managing Director and Executive Vice President. For IMEG Dr. Amirijafari
was managing their consulting engineering dealing with design, engineering,
management and supervision of oil, gas, and product pipelines, pressure
buildup stations, treatment and processing and supplementary facilities,
IMEG employs about 200 people (12/76 - 12/78).

Al



BAHRAM AMIRIJAFARI

Iranian Management and Engineering

Manager of Engineering. Managing a total of 100 engineers, draftsmen and
technical personnel - involved in carrying out the design and detail
engineering of projects outlined in project section (6/76 - 12/76).

Manager of Process and Computer Division. Dealing with establishing process
and treatment philosophies for various o0il and gas processing projects. Also
initiating computerization of various process and hydraulic calculations.
Also involved with bid preparation and evaluation of bids received for var-
ious projects described in project section (6/75 - 6/76).

Process Engineer, Dr. Amirijafari dealt with process and hydraulic calcu-
lations for various projects and was responsible for preparation of Process

and Instrumentation Diagrams, computerizing process and hydraulic calcula-
tions (12/74 - 6/75).

Gulf Research and Development Cu., Harmarville, PA
Research Engineer. Responsibilities were development of computer models

for thermal secondary recovery processes such as steam injection and air
" » \
injection and matching results with the computer models (3/69 - 7/71).

Food Machinery & Chemicals Corp. (IHC){_Npuqrbj_gg]lforqia

Process Technician. He carried out tests and physical model studies to
improve product quality (1/64 - 1/65).

Academic Experience

Tehran Polytechnic University (9/72 - 12/78)

Chairman of Chemical & Petrochemical Engineering Department (7/71-12/74).
Dr. Amirijafari has taught chemical engineering, natural gas processing
and treatment, chemical engineering design and economic courses. The
University has an enrollment of 200-300 students.

Oklahoma Universi ty

Special Instructor and Research Assistant (1965-1969). Research at the
University was on solubility of hydrocarbon gases in water at pressures
above 2000 psi.




Stanley L, Basin

San Jose State University: B.A., Matnematics (1962)
University of Santa Clara: M.5., Applied Mathematics (1972)
University of Santa Clara: M.5., tconomics (1976)

Mr. Basin 15 an applied mathematician with considerable experience in the
application of statistical methods to the analysis of operational data,
probability theory, and reliability modeling, Over the past three years,
Mr. Basin has served as a consultant to the Electric Power Research
Institute (EPRI).  This work included the analysis of data pertaining to
nuclear power plant availability and component reliability, He 15
currently providing EPRI's Fosstl Fuel and Advanced Systems Diviston with
technical support in the area of statistical design of experiments and
reltability modeling, Mr. Basin has also participated in two projects for
the Bay Area Rapid Transit District (BART) involving the collection and
analysis of data relevant to operational safet{. He has also contributed
to a Study of the feasibility and benefits of underground nuclear power
plants. This work was sponsored by the California State Energy Commission,

Mr. Basin provided the statistical support required in a nmber of
long-range planning studies sponsored by the National Cancer Institute,
including a patient referral study performed in  cooperation with the
Michigan Cancer boundation.

Prior to Joining SAL, Mr. Basin was employed by Sclence Management
Corporation as a Sentor Operations Research Analyst, AL that time, Mr,

Basin was engaged in a variety of studies in industrial systems, including
material flow processes, tnventory control, and logistics.

Mr. Basin 15 the author or cosuthor of 45 technical publications, He 15 on
the faculty of the University of Santa Clara Graduate Schools of
Engineering and dusiness Administration, and 1s a member of the
Mathematical Assoctation of America, Operations Research Society of
America, Stgma Xi, and Beta Gamma Stgma,



Jerry J. Cohen

University of Michigan: B.S., Chemistry (1950)
University of Michigan: M.P.H., Environmental Science (1955)

Mr. Cohen joined SAl in 1981 as manager of the Energy and Environmental
Evaluation Division. He has a strong background in Envircnmental Science,
Risk Assessment, Health Physics ..und Industrial Hygiene. He received a
certificate in the comprehensive practice of Industrial Hygiene in 1962, Mr.
Cohen serves as an advisor to the International Atomic Energy Agency (IAEA) on
shallow land burial of radioactive waste, and is a member of the World Health
Organization (WHO) working group on Health Implications of Radioactive Waste
Management ,

Prior to joining SAI, Mr. Cohen was the Program Director of the Waste
Management Hazard Assessment project at Lawrence Livermore National Laboratory
(LLNL). He was responsible for the management of outside contractors as well
as Laboratory personnel and resources in research evaluating the risk of
various radioactive and hazardous waste activities. Mr. Cohen's work in this
capacity included the development of waste management hazard indices, and
surveys of waste management perspectives and the geotoxicity of the natural
environment . He directed efforts toward the developmennt of environental
monitoring methodology and procedures, and general strategy assessment for
radioactive waste disposal.

Previous work at LLNL included the direction of technical support efforts in
waste management, the development of waste form performance criteria and
classification systems, and general risk assessment. Mr. Cohen was a
research environmental scientist for the Plowshare program and, in addition,
worked in hazards control and industrial hygiene.

Mr. Cohen worked at the IAEA International Institute of Applied Systems
Analysis (ITASA) joint project on risk assessment during the period 1974-1976.
The IAEA/1IASA project was located in Vienna, Austria. At [IASA, Mr. Cohen
conducted research in cost-risk-benefit analysis of energy development
programs and remote siting of nuclear power reactors.

Mr. Cohen has published extensively in the areas of Risk Assessment,
Radioactive Waste Management, Industrial Hygiene, and Health Physics. His
professional society memberships include the American Nuclear Society, the
Health Physics Society, the American Board of Industrial Hygiene, the American
Industrial Hygiene Association, and the American Conference of Governmental
Industrial Hygienists,
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Charles A. Stevens

New York University: B.S., Engineering Science {1957)
University of Michigan: M.S., Nuclear Engineering (1958)
University of Michigan: Ph.D., Nuclear Engineering (1962)
Professional Engineer, State of California

Dr. Stevens is a nuclear engineer with strong interests in nuclear reactor
performance and related fields.

Since 1974 Dr. Stevens has participated in nuclear reactor safety analysis.
He has been involved in accident consequence predictions for light water
reactors, and he has managed several programs dealing with LMFBR safety.
He has also participated in nuclear fuel cycle studies. He has lead a
program on an assessment of the safety of the nuclear waste cycle and he
has been involved with a reassessment of the SL-1 incident.

Dr. Stevens was a founder of SAI in 1969 and 1nitially worked on time-
dependent radiation transport analysis using Monte Carlo and other
techniques, as well as nuclear source term estimations from nuclear
devices. He has been program manager for several nuclear weapons effects
research programs, inciuding electromagnetic pulse phenomenology and the
prediction of ground motion following a nuclear explosion. As part of this
work, he developed a three-dimensional, time-dependent coupled
neutron-gamma transport code, using the Monte Carlo method. He has
published research work in the area of controlled thermo-nuclear reactors.

In addition to his work as an engineer and technical manager, he has

experience in dealing with complex financial, legal, and organizational
issues. As a member of the SAI Retirement Plan Committee, he has respon-
sibility for the administration and investment of employee retirement
funds. He is the Chairman of the Acquisiticn Committee, which seeks,
evaluates, and negotiates with potential mergers and acquisitions
candidates. He has served as Corporate Secretary and Assistant to the
President. Currently, he is manager of the experimental engineering
department and an SAl Corporate Vice-President,

From 1964 t 1969 Dr. Stevens worked at General Atomic where he was engaged
in reactor physics search, nuclear model calculations, and nuclear design
calculations for the HIGR and GCFR programs. He developed the GAROL and
GAR computer codes to analyze resonance capture for thermal and fast
reactors. He analyzed fast subcritical assemblies for comparison with
experiments and he was principal investigator for preliminary design of the
accelerator booster fast pulsed reactor

In the early 1960s, Dr. Stevens worked

at Westinghouse, concentrating on reactor dec

has worked on heat transfer calculations in support f

reactor concept at the United Nuclear Corporation, and
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APPENDIX B

Individual reviewers' comments on NUREG/CR-1636 Volume 4, (SAND79-1909),

Risk Methodology for Geologic Disposal of Radioactive Waste:

Effects of

Variable Hydrologic Patterns on the Environmental Transport Model, by Jack

B. Brown and Jon C, Helton,

REVIEWER: BAHRAM AMIRIJAFARI]

a. General Comments

1.

As a report, it is well-written, However, it discusses the
theoretical aspects of the subject matter more than is neces-
sary to achieve the objectives of the report.

This report is based on NUREG/CR-1636, Volume 3., Hence, any
comments regarding that report which appear in Appendix D of
NUREG/CR-1672 (SA]-288-82-PA) also apply here.

Considerable amount of work could have been saved if tables
instead of graphs were used. Further discussion of this point
is given below (see specific comments),

A much simpler approach could have been taken to accomplish
the authors' objectives, The Environmental Transport Model is
too complex to begin with; as a result simplifications could
begin there.

The authors have done a very thorough job in discussing the
theories, proving theorems, etc, If derivations and proofs,
etc, were put in an Appendix, it would be much simpler to read
and understand the report,

b, Specific Comments

l.

Page 10. Use of a Greek letter which has not been used
earlier in this report instead of "j" in the equation follow-
ing (2.3) is recommended to avoid any possible confusion.

Page 18. In Figures 3-5 to 3-8 both E7 and EZ+SDZ are repre-
sented by dotted lines. It is not clear which dotted line is
EZ and which is EZ+45DZ., The same comment applied to Figures
3-9 to 3-12,

fgggf 18 & 19, In the discussions of the computational
resu

esults, 1t Ts recommended that individual figure numbers be
given as they are discussed.
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4,

Page 20, Uxcept for the figures which show the behavior of X
and 5X, the asymptotic value of X, for the different subzones
in the river or the lake zon=s, it may have been better to
present the results in vab.:zi form, rather than graphical
form. Many pages (=d much dafting effort could have been
saved. Instead of 16 graphs (32 pages), only 4 tabies would
be necessary., For example:

Table 3-1 Input to the Groundwater Subzone
Table 3-2 Input to the Soil Subzone

Table 3-3 Input to the Surface Water Subzone
Table 3-4 [Input to the Sediment Subzone

Tables 3-1 to 3-4 would each contain the following infor-
mation:

River Zone ST Lake Zone
Year 100 Year 1000 Year e€ar
XYEZEZ+S07 XY B2 EZ+502 "X Y EZ EZ+S0Z XY E7 EZ+SD7
GW
sOIL
SW
SED

These tables would provios a very quick and efficient means of
comparison,

Figures 3-7 (100 yr.) and 3-11 (1000 yr.) for the Surface
Water Component of the Surface Water Subzone look quite dif-
ferent from the other graphs for the River Zone. However,
Figures 3-19 (100 yr.) and 3-23 (1000 yr.) for the SW com-
ponent of the SW Subzone for the Lake Zone do not look similar
to their counterparts in the River Zone, The explanation on
page 20 1s not sufficient tn oescrite the difference,

t
Page 72. The Equation y(t) = .[ «es 15 the same as Equation
0
(4.4). It is not derived from (4-4), 1 do not see how the
authors got y(t) = x (t) exp. (l-max pla. Integrating the
right hanu side of the inequality gives x(t) exp. (l-max p)a.
Why does the inequality change into an equality?

Page 75. The same comment as on Page 72 applies here. Why

e inetuaiity change into an eguality? It is important
to not2 that s, t, and p are independent variables, Equation

B-2



(4.8% shows that both comments are correct; i.e., y(t) > x(t)
exp [(1-max p)a] and y(t) < x(t) exp [(1-min p)al.

Referring to Equation (2.5) as the definition of Q is not
exactly correct. Usuvally the variable to be defined is on the
left hand side of an equality and is singled out, i.e., it
stands alone, Equation (2.5) is a definition of p.

Page 74, Showing that y(tl) £ x(tl) and y(tz) > x(tz) and
then concluding that there must exist a number t between tl

and t, where x(t) = y(t) is only true if x and y are both

continuous functions of t, This has not been made clear in
the report.

REVIEWER STAN BASIN

a. General Comments

1.

The authors have done a credible job of developing some under-
standing of the effects of periodic and/or stochastic varia-
tions in hydrologic phenomena on the predictions made by the
environmental transport model, The basic question which the
authors address 1s whether it is necessary to account for
periodic and/or stochastic variation in water and sediment
flow rates when predicting radionuclide concentrations over
fong periods of time. In the course of their analysis the
authors have provided a rather nice summary of the compartment
model used te represent radionuclide movement,

The approach taken by the authors was to study the behavior of
systems of differential equations that included terms which
account for periodic variations of the transport matrix A in
the original system of differential equations, namely:

g%-= AX + R,

Three alternative models were considered:

Gt * PILAY + R (1)

QL= (p()F + D)Y + R (2)
sind

QELEM) st wip(t)Az(t,w) + R (3)
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Motivation behind the selection of the alternative models was not made
clear., The authors did mention that such representations of A are common
in biological and ecological modeling., Three references were given, A
general description of the maxtrix A and the asymptotic values of the
solution vectors X and Y are given in Chapter 2.

No errors have been found in the mathematical development, However, a
number of improvements can be made which will add to the clarity of the
presentation, namely:

1. The material currently presented in Chapter 6, Pages 94 - 95,
should be moved to the front of the report, This would
provide the reader with a better idea of what the objectives
of this report are and what to look for throughout the
mathematical development,

2. The chapter headings should be made more descriptive. For
example, the title of Chapter 2, which currently reads,
"General Description of A, X, and Y", might be changed to
“General Properties of Completely Open Systems”.

i, Clarity could be improved greatly by providing smoother
transition between chapters. In particular, there is quite an
abrupt transition between Chapters 2 and 3, It would have
been nice to have some discussion relative to where and how
the authors planned to use the results of Chapter 2 in the
remainder of the report, 1f at all,

b. Specific Comments

1. Page 1, Paragraph 1. The authors talk about variable hydro-
logic patterns., Perhaps the terms time varying patterns or
temporal patterns and stochastic variations would be more

descriptive,

2. Page ;?&1¥F;' This reviewer 1s, once again, (see comments in
NU&TC R-1672 (SA1-2088-82-PA) pages B-8 and D-8) bothered by
the fact that the method of subscripting the variables, namely
X, where | = 4N (1-1) + 4(J-1) + K, does not yield a unique
correspondence between radionuclides (J), subzones (K) and
zones (1), In particular, consider the situation in which the
integers Nl‘ Ny. 'l' l?. Jl and J? satisfy the equation

N,y (I‘ - 1) ¢ Jy = N, (l? - 1) ¢ Jys

for example, Nl = 3, ll 6, ‘,l 5, N? = 5, l? « 3, J? « 10,
If we let ll s 4Nl (ll - l)okl and l?; 4!»?(12- 1) + 4 (\)?
- 1) OK?tm'nll Ly, « 17 for N) » 3, ll = 6, Jl « 5, Ky * 1
and N;, 5, !2 = 3, "{ 10, and k? s ],



3.

Pages 2 & 3. The terms zone and subzone are clear, However,
when the authors talk about compartments and use the terms
compartment and subzone finterchangeably, a certain degree of
confusion results., This is particularly true in the caption
to Figure 1-2 on Page 3 where the authors make the following
statments,

"Each subzone has N compartments associated with it, Fach
radionuclide has 4M compartments associated with it "

I believe this should read as follows:

Each zone has AN campartments associated with it, 4 subzones
per radicnuclide combined with N radionuclides; also each
radionucl ide has 4M compartments associated with it, 4 sub-
zones per zone combined with M zones,

Page 9, Use of the notation SX and SY to denote the
asymptotic solutions to 1.1 and 1,2 is confusing, S may be
interpreted as a matrix operator. Why not use a Suoscript
such as X, or Y. ¢ The notatfon X_and Y would be another,

less confusing, alternative, This notation appears throughout
the report, specifically on Pages 10, 13, 14, 17, 81, 42, 85,
#6, 87, 83, and 93,

Page 10. The concept of convergence is first mentioned on the
top of Page 10, The definition, provided in the form of a
footnote, appears on Page 12, (t would be helpful if the
footnote was moved to Page 10,

Page 19, Paragraph 3. In the third sentence of Paragraph 3,

the authors refer to the fact that Yy oscillates between
1/ (max p)‘ixj and 1/(min p)ﬂxi. It would have bheen helpful |f
they had referred specifically to Figure 3-7 on Page 33 and
Figure 3-19 on Page 5/. In qeneral, whenever referring to
figures or tables that appear much later in the report, it
would be helpful 1f the authors would provide the page numbers
where the figures or tables may be found,

8<%




7.

Page 19, Last Paragrapr. The authors state that comparisons
of X and Z are now considered., | believe that 7 should be EZ,
the expected value of Z. This also applies to the statement
in the first line on Page 20, It is not exactly clear how
Chebysheyv's inequality is being used when comparing X with Z,
As a matter of fact most of the material on Page 20 is not
exactly clear. In particular, it is difficult to se2 where
the multipliers 1.2, 1.8 and 12 that appear in Lines 8, 5 and
3 from the bottom of Page 20 come from., Perhaps the source of
confusion, at least as far as | am concerned, comes from the
fact that Chebyshev's inequality provides a two-sided bound on
Zk(t). specifically,

Prl1z, (t) - EZ, (t)]>2502, (t)]<0.25.

The authors are somehow using this, to derive a statement
concerning the deviation of X(t) from EZ. The exact manner in
which they are using Chebyshev's inequality is unclear.

Pages 21 - 68. The captions associated with each of the fig-
ures are very confusing at first glance., It takes some work
on the part of the reader to figure out what is going on.
First of all, the reader must recall that the authors are
describing a very simpiified situation, namely the case
invoiving one zone and one radionuclide., This is mentioned on
toe top of Page 4, Second the reader must recall the state-
ment on the bottom of Page 17 which mentions the fact that
each case involves & unit rate of input (one atom/year) in
each subzone. All of this should be made very explicit, One
way to do this is to inciude the following vectors in the

captions of the figures: R = [1, 0, 0, 0], R' = [G, 1, 0, 07,
etc.

An even more explicit graphical description could be given at
the beginning of each sequence of figures such as:

Sediment [~ Surface
QLN Water
Ground Soil
| == MWater - v-1

1

R =f O '
0 out
0

The latter suqgestion may, in fact, be an "over all"”,
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9. Pages 21 - 68, The following comments pertain to the rather
arge collection of figures, 96 figures to be exart, that
appear on Pages 21 through 68,

(a) Although some of the general features of the func-
tions X(t), Y(t), EZ(t) + SDZ(t) are discussed on
Pages 19 and 20, this reviewer was left with many
more questions than answers relative to the
behavior of these functions, For example, the
figures which describe the behavior of the various
functions over a one year pericd at 100 years and
1000 years suggest an oscillatory or wave-like
variation, This is verified analytically, at least
in the case of the scalar differential Equations
4,1 and 4,2 on Pages 73 and 74, It may have been
more informative if, instead of a one year period
at 100 years and 1000 years, the authors had pre-
sented a graphical display spanning two or five or
perhaps ten years, Each of the figures which
describe the behavior of X(t) over a one year
period at 100 years or 1000 years represents an
exploded view of a one year segment of one of the
previously displayed graphs which shows the asymp-
totic behavior of X(t). Perhaps it would have been
more informative if the authors had placed these
figures on one page or on facing pages in order to
facilitate visual comparison, For example, the
soil component plot in Figures 3-1, 3-5 and 3-9
should be placed on the same page for visual com-
parison, Several other combinations of figures
should be placed on the same page for visual com-
parison. For example, the reader may wish to com-
pare the GW component plots with different R
vectors.

(b) It is the opinfon of this reviewer that the use of
fewer figures, coupled with a more thoiough discus-
sion of the physical significance or explanation
for the behavior, would be more effective than the
presentation of 96 figures all at once. The full
collection could be presented in an appendix for
those readers who may wish to compare different
combinations of fiqures.

10, Page 71. The first equality in Equation 4.6 1s not exactly
obvious; a little explanation would certainly have assisted
this reader.

11, Page 93, "Qlt,w) = SX,/S(t, )p(t)" should be Q(t,s) =
SX/5TE yu)p(t) '
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REVIEWER: JERRY COHEN

a. General Comment

1.

Although the project's purpose is discussed in the final chap-
ter (Summary and Conclusions), a succinct statement of study
objectives should be included in the introduction. Appropri-
ate points to discuss when addressing the study objective
might be:

0 Why do we need to know about the effect of hydro-
logic patterns?

0 What physical basis is there that suggest that
normal variations in hydrologic patterns might
atfect environmental transport for a deep burial
situation? If such physical processes have not
been identified in advance and factored into the
model itself (through appropriate compartmentali-
zation and definition of intercompartmental trans-
fer parameters) then it appears very unlikely that
valuable new insights will be revealed.

0 Inclusion of periodicity or stochastic variability
would appear to reflect a level of detail in the
modeling of environmental transport not matched by
other aspects of the modeling effort. For example,
in the last paragraph on page 6, several assump-
tions are discussed.

In general, the report is well written and understandable from
the standpoint of work that was carried out,

b. Specific Comments

1.

Page 1, Paragraph 3. The following statement was made, "In
the folTowing, R s assumed to be constant", Although the
reason becomes clear several pages later, it would be useful
to offer an explanation at the outset,

Pa Q_Z_’TORI' The equation and discussion is somewhat unclear

would benefit from rewriting and elaboration. An expanded
description of each parameter in the formula would help in
avoiding confusion, This would also lead to a better under-
standing of the point of the discussion: i.e., the numbering
scheme used for compartment identification,

Page 4, The use of the symbol "L" to represent the unit
™Miter" is unusual,

B-8



10,

Inciuded in the discussion of a 4 x 4 matrix whose elements
are the terms °1j is the statement that "For 1 = 5, the term

’ij defines a movement ..." This is confusing.

Page 5, Equations 1.2 and 1.3 are introduced with no immedi-
ate identification of how they will be used. Aithough this
becomes clear in the subsequent pages, an immediate comment
would be useful,

Page 6. The terminology A(t,+) is confusing for the intro-
ductory chapter and should be deferred for detailed explana-
tion in a subsequent section,

Page 7. The discussion describes simplifying assumptions that
e|§m1nate the consideration of radioactive decay chain pheno-
mena. This results in ignoring potential decay chain parti-
tioning, a process that may or may not be important. However,
since the handling of differential behavior of decay chain
members is an important capability of the Environmental Trans-
port Model (e.q., see Figure 1.2), it seems inappropriate to
apply such simplifying assumptions when minute hydrologic
parameterization is included,

Page 17. The values v, are assumed to be lognormally distri-
buted with E(v,) = 1.0, Var (v1) = 0,25, and a month-to-month

serial correlation of 0.5, No basis for these selections is
given, except that they were made after an examination of the
literature, The reader might wonder if these selections
correspond with historical data.

gggg_lz. It is stated that "The indicated patterns for direct
radionuclide input to the surface water subzone are probably
the most meaningful (i.e., revealing) of those presented", yet
no discussion of why this is so is offered. In fact, the
report would greatly benefit from an expanded discussion of
the meaningfulness and implications of all the study results.

Page 92 ]gjrd{ggggggggﬁ. ldentifies an anomalous situation
where fﬁe study results contradict the expectation that “the
mean of the stochastic model exceeds the deterministic model
evaluated at the mean rates"., This point needs reconcili-

ation,

Page 92, Last Paragraph. Indicates that there should be no
concern about the practice of using “X" as the model. What
basis or criteria were used in arriving at that conclusion?
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16.

For equation (1.2) and (1.3), the authors assert a unique
solution is given by (2.4) using ¢ as the homogeneous solu-
tion, This is used to show that there is a unique periodic
asymptotic solution to which all solutions of (1.2) converge.
In the end, | faii to understand the significance of the
uniqueness of the solution or the asymptotic character. Une
would not expect nature to have multiple solutions. Simi -
larly, since all radioactive material must decay, both X and Y
must go to zero as time increases without bound, Since we are
only dealing with first order linear differential equations,
isn't there a simpler way to solve them?

P,n)p 14, }‘drdlr)\.h 2. On the basis of the information given,

how are the matrices A formed?

Page 15, Paragraph 1. p(t) is not so much the hydrological
pattern as the perfodicity of the hydrology. After all, it
only has one variabie.

t',q«Jp 16, P,«)r,qlrdph . This technigque for investigating the
statistical properties of the stochastic flow process is very
jood., | expected a Monte Carlo simulation, but this analy-

]
tical method is better. The authors should g
for assuming a log-normal model.

ive their reasons

Page 16, It would be instructive if the authors would provide

L '
a sample calculation to show numerically how they set up a
problem as well as exploring the results of the calculation.

l'»!";r 2. et. seq. These qrap! ire very difficult to inter-
pret. First the definition f X is not learly stated.

Referring back to paae the authors state that X Y denotec
J ) ’ a ; ) 4 0

>

the number of atoms )y a particular radionuclide which is

present in the 1i-th subzone jroundwater - 1, sotl - 2,
surface water i, and sediment 51, We also know from pre-
vious reading that this 1s based on 1 atom/year input (Paqe
, . '
P if this be the Aase, what 1s the meaning of a GW scale
going to J‘!“i?‘ i, thi1s the r imber of 1t oms .r‘“»“,”P in this
subzone? The captions for 1qures 3-<1 through 3-4 are for
jroundwater, “i, surface water ind sediment, but these are
1150 the cyclic order of the ordinates nlotted n each set of
fiqures., This deserves some explanation.
‘lt‘j" 29. VDo the authors have any explanation as t why ’
which 1S the expe ted value from Monte 8 1tati1o .
deviates markedly from the X lutior the solution usinag
fverage dat D Y. This leparture i s rimarily it the l ower
figqure on this page. [s this deviation a statistical effect
s would be implied if EZ- W I 150 plotted: i.e
} ‘ 15 .y
wOu 1 1 bhot A A 1 Y withir the rta ¢ =
= - - B « = ” TR s




Page 30, What causes the hump at year 100,47 Is this due to
the increased wetness assumed in p; on Pace 157 Does this
occur every year?

Page 69. The data in this table should not be taken as repre-
sentative of a typical site. The data were somewhat contrived
as was discussed on Page 15.

Page 70. For heuristic purposes, it might be simpler to
assume a periodic dependence for p, such as a sinusoid, and
solve 4,2 directly.

Page 74, 1 find this work on the bounds of y quite inter-
esting., One would think, on physical grounds, that the bounds
would also depend on the zone time-constants compared with the
periodicity.

Page 74, [f the graphs of functions presented in Section 3
had been extended for several cycles, they presumably would
illustrate the periodicity of Y and its equality with X at t

1.

Page 80, "drliufgk;h 1. Apparently "identify matrix" should be
"Tdentity matrix".

Page 94, The Summary and Conclusions could be expanded to
include the major accomplishments of the report such as the
bounds on Y and the physical reasons for the results obtained
which may be explained by time-constants controlling the
approach to equilibrium (they are in the A matrix - | think).

| think the conclusions could be misleading because at a time

of flood, the flooding water may cover a very wide area,
thereby changing deposition patterns to compartment< not nor-
mally accessible and possibly causing surface deposition
followed by diyout and atmospheric dispersion, Such major
system perturbations make conclusions that are obtained from
mean values invalid.

REVIEWER: HARLES

General Comments

ort is well-written and provides

>

stration of mathematical n‘-ﬁ‘o'!’]ar

that the sour R < ( < " [ 11 ¢ ied the nathe-

wt there seems t¢ 10 ! basis for




-

[t is hard tc imagine why one would expect seasonal variations
to have a significant impact on a repository over a long
period of time. The effect of seasonal variations could be
examined more easily by assuming a periodic variation while,
at first, ignoring the stochastic aspect. In order to include
stochastic effects at the start, and still limit the mathe-
matical complexity, the authors assume that radioactive decay
rates vary like the hydrologic patterns. The introduction of
such nonphysical assumptions is undesirable but probably does
not affect the authors' conclusions that seasonal variations

are unimportant,




APPENDIX (

Individual reviewer's comments on NUREG/CR-2324 (SAND81-2516), User's
Manual for the Sandia Waste-Isolation Flow and Transport Model (SWITT)
Release 4,81, by Mark Reeves and Robert M, Granwell.

REVIEWER: BAHRAM AMIRIJAFARI
Genera! Comments

1. It is very difficult to write a report which describes 3

a
complicated computer model that the authors are very familiar

with themselves and wish the reader or the user to understand.
| believe the authors of this report have done a good job of

writing a User's Manual for a computer model such as SWIFT,

Specifically, Section 6.1 is well done in introducing the

Input Data. Appendices A and B are also very helpful.

The report does not contain a sample of typica

| output based
corresponding oy;\“,»‘{ input values. Including "/[‘1-.*‘

: !

lues, this can be very helpful to a user,

as nose aes

comment « on t » PATr ‘ 1er

the choice of notation. ne 31 ly when

heat and fluid flow, ant , used for
equilibriun absorption distributic

, and hydrauli onduct




vii 4. Nefini \ ntent i not the
B . . L (

as the one given on 2 (G ( .’;-n?pr\,‘ r and
4 d < | 1 R > )
Boundaries, r I ) Centers, r,

Rlock Roundariec

Page 3 The formulation he , the same or very similar to
- )

thnse feve ] )‘\.\\1 ’,A" "‘Tllnr:‘ ) ; 58 NURF G :'k-fl.’ll)j. I had

ts ther ' are included in SAl's report

several ommer

NURFG/CR. 7 Septe ) \ will not r eps at them here.

fquation (2-4)

ion, like a
to Equation

the notation

] is missing
riaght hand side




17.

18.

19.

20,

21.

23.
24,

25,

26,

Page 45, It seems that a condition could be added to deter-
mine whether it is necessary to run the heat loss (HLOSS)
calculations or not? As flexible as the SWIFT mode! is, one
can think of situations where heat transfer calculations may
not be necessary.

Page 52. It 1s suggested that Table 5-1 be given before
gure 5-1 through 5-4, This will make it easier to under-
stand the structure of the MAIN, ITER, ITERS, and ITERC.

Page 53, Are definitions of PRINT 1 and PRINT 2 switched or
Ts Tt a typographical error, or simply not in order?

Page 56, READ M-2 (715). The format provides for reading 7
parameters; however, 8 parameters are listed and defined.

Page 63. The description of the categories of input data

ction 6.1, p. 55) is great. It is suggested that the
definition of variables and their values on the M cards, RO,
R1, 1, etc. be separated. For instance, READ M-3 is followed
by READ RO-1, READ R0-2, and then comes RFAD M-4 and READ M-5
folTowed by the "I™ cards. 1 do not understand why the M and
RO cards are mixed.

Page 74, Why are R1-24 and R1-25 skipped? Is it possible
they are ieft out?

Page 83, READ (R1A-1) (715). It should be (715).
rage 95, Card numbers R2-10.5 and R2-11.5. Where these
a'gerfﬁoughts? It is a different way of numbering data cards.

Page 109. References arc not numbered. In the text they are
re;errea to by the author's name and the year, e.q., [Carslaw

and Jaeger 1959], This is the 3rd or 4th referencing method |

have seen in the reports. It would be helpful if a uniform
method were adopted.

[ suggest a summary table giving the number of input data
cards in each category as follows:

Type of Input Card M RO Rl 1 RIA R2 P
Number of Cards A & B SR R ) B O

REVIEWER: J, COHEN

l.

This report is well written guide to the use of the SWIFT
code. An important missing element to the manual, however, is
sample problems with input and generated output to demonstrate
the use of the code. It 1s noted that sucnh information is




presented elsewhere 1in NUREG/CR-1968, SAND8I] 0410, 'SWIFT
Self-Teaching Curriculum”, Consideration should be given to
combining these documents.,

The nomenclature of Chapter 2 15 somewhat confusing. To some
extent, this results from the complex nature of the mathemat)
al models being described, However, there are some specifi(

terms which are not defined.

(a) In Equation 2-4, K, is not defined and 1s easily

ronfuced with the variable -1 in the same equation,

In | juation 2-% the subscript L 15 not o~-;>l‘nm-d,

) '

In Equation 2<13, p, and are not defined.

. “N

In Equation is not def

ined.

RALPH FULLWOOD
eneral Comments

reports heina reviewed in this phase, this one 1S the

it is difficult to write a user's manual!, but this one 1§

the reader, [t beains with a review of the mathematical

then goes to the submodel!s and has a section on application notes

R
the proqram structure and input iata forms There 1s a

tatfon and appendices summarizing useful informatior

Lomment ¢

00k very much 1i1ke the equat

hydrodynamics. One wonders why there 1s no reference

ortnm work. ' ONI ) ode which 1

ylyni code that has b




Page 17, Equations 2-4 or 3-7 do nnt appear to allow for
isotopes that are transported and then decay, since they do
not show a geometry dependence. The change 1in chemical
charact. r could strongly affect the transport of the waste.
This ¢ .nt seems to be brought out by the remark that the
decay calculation may be performed externally using ORIGEN,

Page 21, Equation 3-14 is strange. Is it ey 1l or is a

bracket left out? The latter explanation would seem to be
correct from dimensional analysis of the equation.

Page 25, Paragraph 2. How does the user know whether the
situation s rate limited or pressure limited or makes a
transition between those in the course of the modeling?

Pages 30-32, Considering the ratio of the repository dimen-
sion to the depth below the surface, one would think that the
heat transfer would be a 3-dimensional problem, or at least 2-
dimensional.

General Comment, SWIFT is a very impressive code, but because
of 1ts detail and versatility, it does not appear to be "user
friendly". Perheps this would be dispelled by a typical prob-
lem setup. The waste itself is fairly standard and the pri
nary thing a user would be inputting is information abcut the
geology, the location of the repository, details of the waste,
location of the surface water, etc. An
interactive preprocessor could be used to assist its use by
)yther than the specialist who wrote it. This seems to be
needed for 1t to be useful for licensing unless SWIFT is to be

primarily a code tester for specialist use.

anister yy OvVEerpack,

CHARLES STEVEN

wuenera Lomment

Both reports NUREG/CR-2324 and NUREG/CR-2343 present submodels which

relate densities and viscosities to pressure, temperature, and salt

}
2

concentration However the submodels appear t be satisfactory, 1t

to have different ones in the two

nt y f ont 1S101 i naKit ymparisons hetweer
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REVIEWER: BAHRAM AMIRIJAFARI
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be separated from print options or data required by the

internal system of the model, For the input data such as

gn'\y‘,]vrq‘. ;)((.;wr?\w,, ertc. the MmIinimum, maximum or averaqe

values should be given. This will provide the reader with
1

some mental picture of what the physical system being
simalated is all about.

Chapter five describes four sample problems. The input data
and output date are described in some detail; however, the
physical system being simulated is not very clear. There
should be some discussion of the results., The sample problems
and their solutions should be compared to provide more insight
to the system which is being simulated and the structure of
the computer model.

It 1s suqggested that chapters be separated. The way it is set
up the report sections give the feeling that it is one long
string with parts running into each other.
1fic Comments

. , Leq 18 cannot
ead from the lower sandstone to River L. According to Fiqure

2.6 Leg 18 can only lead from lower sandstone to the middle
sandstone,

Page 10. In accordance to Fiqures 2.6 and 2
S

Page 11. In Equations (1) 1), the Pressures (l 0 l’]) must
- "

have the units pounds force per ft°, The terms (D.-D.) must
il

have a conversion factor 1h,u~:‘.ln4; pound mass to ;)()q'"‘. h\yyq-;

q
must be multiplied by < where g has units ft/sec’
} o

[ 4
has units (1b mass sec )

Page | aaree with the authors that other second order
J )

3
terms aAre f""l“'”’“"- HHW"V"" | am not sure that 2 can

aleon » neqlected This needs to be shown.

.

important to see the reference "Muller, Finley
and Pearson (1981) to find out how they came out with the
orrelation in | juation (39), Il am sure that experimental
results are available for density of brines at different con
centrations and '0‘1'1:\0" \tures., It would be i te

the authors to check Fquation 19) against experimental dat

Viscosity, line 2 "composition'

i than "salt content :
reference 1ted here
referer 40 L { ¢ published.

referer : . i o know what




Page 18, In the calculation of (ﬁ(Nd'). why is it that the
md%n(ﬂ‘dr weight of NasCl is qgiven to 3 significant fiqures
after the decimal (58.443) whereas the conversion factors such
as gram to pounds mass is rounded off to 454 (instead of

453,59) and f?l to rr'13 is 28,300 (instead of 28,317)? What
are units of 37

Page 19. Middle of the page: B should have the units °“K.
Equation (44) is checked for fresh water only. ! am sure
plenty of data exists for viscosity of water ceontaining
different concentrations of salt, It would be much more
interesting to compare resuits of Equation (44) with water
solutions containing salt, especially where this will be much
closer to the reality. Some experimental viscosity data for
salt solutions were found from the literature. A comparison
of these data with those calculated from Equation (44) are
shown in Table 1, The comparisons were made at 10° and 20°C
for which data was available. Higher temperatures will be of

more interest.,

Page 21. The experimental poiat is not shown at 120°C. The
titTe of Fiqure 2.8 should say, "For Fresh Water'

D

aqe 23 \ olving Lquation (47) to arrive at
Equation (48), it has been assumed that both K and f

¢
>

remain constant with respect to distance FEquation (50)

11so makes the same assumption. This is not a valid
assumption, However, it is realized that the mathematics will
hecome quite umbersome, if such an assumption was nat made.
The authors should try to determine what the effect of the

assumption 1s on results of Equations (48) and (50).

unctions

suUch as

on
V;.‘nn,“ <

meri1a







The vertical overburden stress (o,) not likely to be
reduced by lateral channel pressure,

List of variables should include: (ft) in this plane
strain analysis.

Page 39, The linear relationship shown in Figures 2.17 and
5.1ﬁ' result because a ”"iYPd(]y—QYdY“” creep mode]l is t’(‘l{'h)y('d
(Equation (64)). The linear creep is appropriate because the
beginning time of this calculation was 75 years (Fiqure 2.16)
ard the deviatoric stress change rate 1i1s constant at later
times.,

Page 41. This approach is acceptable, as a first approxima-
tion, The elapsed time .’"l‘) should be considered variable if

large amounts of dissolution occur and the deviatoric stress
v6. time 1s not as uniform as in Fiqure 2.16,

Page 44, This again assumes no Poisson stresses which may be

relatively large. y, may, therefore, be larger than the fluid

4

pressure in the borehole.

The thermal treatment, where the pr | er S reduced

ore dimensional heat conduction equation a semi-
infinite I"l”" 1S an over ‘H"[:’Vf!'.f’!nh, This mavy b true at
the beginning. However, as fluid flow is established in the
salt one, the thermal treatment must consider both onductior

10n modes of heat transfer :y {.’,,:‘l‘,b\‘ & to
1T temperatures are nf CSince
proportional ), this

+

1 OF xa :v»

difference




23, Page 55. The treatment of fracture formation and closure 1§
simplified, It 1s possible that a simple treatmeni such as
the one given here is sufficient, One cannot be sure until
the results of DNET are compared with other fracture formation
and closure models which use a more sophisticated formulation

whether or not the s1mp|»r treatment is satisfactory.

Page 57. Section 2.10 treats the thermal expansion of the
sh*?' and shale assuming that both the salt and shale are
uniform and homogeneous throughout, the temperature varies in
the vertical direction, and there is no fluid flow, dissolu-
tion, etc. in the salt section; hence, it 1s not homogeneous.

25. Page 63. In subroutine DGESL is the last parameter zero or
the letter 07

. Page 97, It is not shown how the maximum time step size 1S
controlled (Initial Time Step). |If something goes wrong with
this system, the program will continue using TMMIN, hence a
long CPU time, There should be a built-in system where the

program kicks out if it uses time steps equal to TMMIN some N
times.

Page 100, The porosity value for the Middle/Lower Shale (0.3)
s too high.

Page 112. In the output Table 5.4, the time unit 1S missing,

T believe it should be years. The unit for time is also

missing in Tables 5.7, 5.9, 5.11, and 5.13. Neither the flow

rate or the velocity in Lags 3 or 6 seem to change with time,

»

REVIEWER: STAN BASIN

The manner in which the material in the above referenced document
been organized 1s quite good, There are, however, a few questions
comments reqgarding the authors' methodoloqy:

Question Regarding the rder of tne 'mmpwf"'wﬂﬂi Sequence:
.

The authors clearly state (bottom of Page 4) that the sequen-
tial application of the various submodels in DNET implies that
the system remains static over the interval s % 4 At ). Will
the order in which the calculations are carried out have a

ignificant effect on the results? To what extent has this
juestion been invest igated?

Question 1’""'1\”"”“] the Inity al Conditions

first two steps, brine concentrztion 1¢

>

the input data (Page 4, 5th line from the

value determined? Presumably., the effe

value will diminish in time., How long mig

has
and




Dimensionality, one-, two-, three-dimersional models: It is
clear that the DNET model represents a two-dimensional
geometry by a network of one-dimensional "legs". How diffi-
cult would it be toc extend the DNET model to include 3-D
networks? Would such an extension be worthwhile? Is a 2-D
network model adequate? Some discussion regarding these
questions would definitely help the reader in his evaluation
of the model.

Annotation of Fiqures 2.3 and 2.6: Two horizontal scales and
a vertical scale are included in these figures. The exact
meaning of these scales is not clear, The only scale that is
clear, at least to me, is the lowest horizontal distance scale
whose origin is on the right-hand side, Ailso, the unit in

which the hydraulic head 1s measured is not included in Figure
2.4
£ » .

Listing of Assumptions: It would be helpful! if all the key
assumptions behind the DNET model were listed and briefly
discussed. One such assumption appears on the top of Page 9
(DNET requires constant pressure boundary conditions at the
aquifer 1inlets and the point of discharge). Another key
assumption appears on the bottom of Page 4 (the system remains
static over the interval (t, t +

Structure of the Network Model: The particular choice of the

network f l()w Y'I(\".l‘l 1S NnOt exact ! y ¢ ](’,vil'. why not use a ].\' -

tice or grid network or some variation of the network d/'||d]ly

Apparently, the network under consideration 1is the

network that exhibits some of the salient features of

ual flow system, The reader is left quessing that this

N

the case.

xpansion of p(C, - The expansion nf y [ < Va in
f a Taylor series in three variabl hrinas to mind

]ul',"“"‘._ ‘,”».‘,!1‘," there 1« no ;,v“;\’”” with such 3

presentation: howeve from a mathematical or ompu

concerned about the effect

terms. y ) { | doep: the 1iven cpries

what ybout

onverqgence 3‘1~1P‘,1‘v' S Oome

ial cases, e.q. th




C is used to denote brine concentration. The product of brine

’

concentration and brine density, namely Cp, appears in FEqua-
tions 472 and 44, Hence, the appearance of Cp is that of a
product of concentratior and some other variable or a typo-

graphic error in which p has been substituted for p.

The symbol We 15 used to denote "total leg width"” on Page 28,

'total width of flow area” on Page 38 and "average fracture

opening” on Page 5]/ Are these essentially the same
quantities?

Solution Channel Model The solution channel model, as
described in Equation 53, Page 26, seems a little too simplis-
tic, In particular, the assumption of a uniform rectangular
channel, appears to be rather naive, ‘mrp\y‘ there must be
some empirical evidence of actual channel geometries and rates
of qgrowth. (c.f. comment on Page 30 regarding experiments
involving the geometry of boreholes,) The fact that the
authors are talking about average channel width, average

annel depth and average cross-sectional area suqgests that
the authors are treating these variables as random variables.,
This 1s nct made clear, If channel width and depth are
considered random variables then the averaqe value of their
product is not equal to the product of their individual aver-
aqge values unless they are statistically independent, an
assumption this reviewer finds hard to believe.

The basis for Equations 55 and 56 is not obvious, at least to
thi1s rev.ewer

t

especially the term involving the porosity of

terms "total leq width" and secondary porosity” which

Or Page 28 are not ""1-’]V (h\dy. [ni lusion of the

{ t

ions would be helpful. The same comment pertains t«

definition of specific surface, the surface exposed to the

i per unit volume of solid. How is the volume of solids

srmined?

given on Paqge 33 for the hvdraulic conduc

h 1.,.:. |t 1S not ¢ ?,.,( where this ]!1/-1"’1'

i1i¢c conductivity d not appear, for example

Flow Fquations 1) 2Y) ' Pages 10 through 17.
trese wt h first appears

this reviewer,

or references

1 2 )
explanation

L PAT N"' ther t he
1sed derive deviatoric stress curves
whether the SANCHO calculatione where

| ¢ | \
al “g?h\vl‘.




In DNLT, the initial deviatoric stress, aqo(0), 1s given by

4!1

0 It 10t clzar haw ao(t) is calcuiated for t)0, On

e
Page 43, the author, siats that time dependent stress curves
for the bore hole _losure modeis were generated by SANCHO,
Inis suqggests tha® the SANIHO code must be used in conjunction
with DNET, However, the plots of creep versus time (Figures
2.17, 2.18 and 2.20) suggests that SANCHO and DNET calcula-
tions were perform=d independertly., This point 1s in need of
;ome clarificat’on,

REVIEWER: JEMRY ZDNMrnN

Page 1, Second Parigraph. Offers a good description of the
purpose and ~eed for the DNET model:

“The DNET model war developed to 1investiqat processes near
the deponsitory such as salt dissolution and sait creep that
could affect the relvase of radiosctive wsste to circu'lating
qroundwatrear, fh: ONET model also provides a systematic means
for Invesiinating the effects of {eedback mechanisms such as
thermal expansion, subsidence, fracture formation and fracture

losure, These macharisms can act to accelerate or decelerate

the salt potenttiail for release of radioactive waste,'

‘he terms "repository”’ and “deposito~y" are used on page one,
ind “dopositary” ts subsequently uted throughout the text.
ATthough 1t dictiorary def nitiors of the two terms are
9 ly synonymcus, the teim "reposttory"” has found widespread
je in connection viith waste disposal and would appear to be

preferred cerm,

he specific physical! processes included in DNET are

Howeve! , thore 3 no discussion of why these
parti« tlar mechanism, were sen and why any others were not.
For ecample, other nhysical processes which might affect the
final ‘ | could include Inhowogeniety of the media
(variadl¢ )G t ock Inclusions faulting and
ninting, FOCkat niorav 1ac absacrption phenomena,

s €tC.),

S a?d othe” physical dicsyuptions., Aithough these

’
meght have only a minor affect, thay at least should
'd and some rationale presented for selection of

which are consits ‘red,

ytion | the \ submode!l s represents
mAaActs f this <.1|n1,'.1

Lime { fould be addressed,

mmended geomerry network is pre

ext seen to thi : odel assumes a very

uation ’ )4 : middle sandstone,




middle shale, salt bed, lower shale, and lower sandstone
Mym-,), We wonder how adaptable the program 1S to alterna-
tive flow systems,

What 1s the dimension of the horizontal
1-69 on Fiqure 2.37 [t is not labeled,
I

In Fiqure 2.5, the symbols "+" and ‘ should be explained in

a key.,

b'mjo- 9. It 1s stated that "“these boundary conditions are
valid if the aquifer inlet and discharge points are suffi.-
ciently far removed from the simulated disruption near the
repository”, The phrase “sufficiently far removed" should be
quantified, How can one be sure that 1isruptions near
Junction 1 would have a small effect on boundary pressure?

Page 13. It is stated that higher order terms are negligible.
This should be further explained.

Page 1/. It is not clear how one arrives at Equation (39),
The fourth and fifth terms of this equation should be derived

and presented earlier in the text,
Fage 18, The temperature coefficients should be referenced,

19 The introduction of the unit symbol Cp (centipose)

is confusing, especial ly when the term Cp has been used in the
immediately preceding equation (48),

":1;}"'; 20 and 21. Viscosity data are given without reference,

Page 2/, Solution channels are described has having uniform
ross sectional areas. Une might expect a phenomenon of
jradually tapering cross section along the channel length as

salt dissolution increases the brine concentration,

Cection 4, Presents the requirements for jser input data.

This section is well written and is a useful quide to input
and use of the !l‘”‘ .fu:]c-.

Section b, Provides sample pplications of the DNET code
This

section i1s quite useful in providing insight into the
capabilities, purpose, and potential applications of the DNET

code,
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Comment | ) . Now \ ! n w well the
data f ) ohtained before site closure, As
the prest uf wway from the depository 1n

niddle sandstone-middle shale interface. A probe shoved

NeASIrs [ « would be sr };y’ ive of the

Thi '(1t1a t ust a Taylor's expan-
ontain physi¢ y | information until the

evaluated so how can we Say B oxq 0';)7

the se \ her order terms

o take the

The water head should be




l’.ujq- ,"/, 5’,”:1'}!.1‘!’1 4 The authors have changed variable:
thus,
d v ] a 3
J . k4 ' V A
ar an o x at

3 (
They 1gnore the : term, Fquation (47) for the stagnant case
9

says | I, but does not allow for the change in brine
concentration with time,

“mJo' 26, i’rn.u_}'d;»h - Is there a reason to believe that
channeTs predomiiately form at interfaces?

5‘,9')0‘ 727 l',wm;v.s;»h V.4

- " The assumption of uniform salt removal

must be very approximate, because Equation (45) says the rate

of removal depends on saturation which changes with distance.

Page 728 i‘.H.nJr.r;m - the authors could assist the non
specialist reader by defining the term "secondary porosity”,
tquation 5/, Examination shows secondary porosity to be

# of channels « channel volume
effect fve channel voTume

What 1s the difference hetween a lu:" and a channel?

Page 29, Paraqr iph 2., | do not understand the following

"One  final hange in the flow system properties must be

accounted for following removal of salt by dissolution,

namely, lowering of the horizontal leg which represents the
oluttion channels "

Page 30, Paragraph 2, Why doesn't this "flaring" occur with
hortzontal channels?

Paage 38, Paragraph 2, The test of DNET and SANCHO does not
seem decisive since results from SANCHO were input to DN
(paqge 6, line 6), Because salt creep occurs fairly fast, are

there data to test DNET against? What were the overburden and
uia pressures used In the comparisons? It does not seem

possible to exert an overburden pressure mless the overburder

15 'll‘vvww downward, Thi suqgests overburden pinchoff of the
iquiter or at least a disruption of the flow paths, Thigs doe

not appear to be treated

Page 49, H not defined; t 1 the Heay Y (l¢ tep function
occu nqg 1 t 4 { I' }r“,"\ 14 { /'." Mt ) ¢ t hi perposi
fti1on ) ! nany Heaviside functions to obtain N INerpos |

"‘lu'V(V"
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