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Mr. Everett A. Wck k 20 AO37
Division of Waste Management
Office of Nuclear Materials Safety
U.S. Nuclear Regulatory Commission
Washington, DC 20555
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Re: General Technical Assistance conducted under FIk- A t714 6
Evaluation and Compilation of DOE Waste Package Test Data.

Dear Mr. Wick:

Enclosed are comments made by each of three NBS reviewers of the Aerospace
Report No. WPR-86(6810-01)-O1 titled Demonstration of Methodology for
Waste Package Performance Assessment, dated July 1986.

The reviewers have indicated to me that the report itself has not been
written so that it could stand alone and be understood by the careful
reader. For this to be cleared up, it must be embellished greatly in
numerous places to clarify many of the points that the authors make.
In addition, because much of the information required to understand this
work is in the Appendices and in the methodology report, extra care must
be taken in the text to make the reader aware of that information.

A performance assessment of a waste package is a computation that
demonstrates the extent to which the requirements of containment and
release are met. An assessment uses models based on mechanistic
understandings and laboratory data on materials behavior in a given
environment.

On the question of what modelling approach is appropriate for an analysis
of this type, it appears to our workers that the global approach must be
used, at least until the rate determining processes are understood. As
of this writing, they are not convinced that the cascade approach is
equivalent to the global approach.

To develop the global approach, one must determinate the components of all
important processes and define the parameters that potentially affect
them, i.e. map the processes involved in the penetration of the barriers,
the transport in and out of the package, the degradation behaviors, and
the dissolution of the radionuclides. All of the potentially important
parameters must be listed, e.g. decaying radiation fields, heat
generation (temperature gradients and thermal cycle or history), stress
transients, corrosion and embrittlement and other degradation processes,
biochemical effects, etc. The potential interactions between the
components must be determined in any complete analysis.

In this regard, It is very difficult for the reader of this report to
determine exactly what was done and why, and what was discarded (and why)
as unimportant to the calculations. More complete explanations of what
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was done, and a more logical flow in the text would be most welcome. From
this report, it becomes very apparent to us that that the work of the NBS
Task 2 is crucial to successful completion of this work.

Only after completing the tasks required for the global approach, can one
attempt to simplify and model, for calculational purposes, the expected
performance.

As written, this report appears to be accepting the sparce data that DOE
has made available as adequate and complete enough to model the problem
and make adequate predictions, and we do not believe that the writers
intended to convey this impression. Thus, we would suggest that various
parts of the methodology report, such as those that deal with the global
view and those that answer some of the questions raised in the enclosed
comments, should be added to this work to make it more understandable
and viable in the eyes of the reader.

Sincerely,

Charles G. Interrante
Program Manager
Corrosion Group
Metallurgy Division
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To: Charles G. Interrante
From: Geoffrey B. McFadden
Subject: Aerospace Report No. WPR-86(6810-0l)-Ol

"Demonstration of Methodology for Waste Package Performance Assessment"
Date: August 11, 1986

1. I would echo the authors statement on page 3-2 in their discussion of the issues
associated with the methodology, reading:
'These considerations emphasize the importance of considering the approach to be
used for repository analysis in the context of the likely availability of data and models
that would make the use of more general approaches meaningful.'
The original premise, that a high-level description of the repository can be produced
in which the component submodels can be interchanged while intaiing the basic
form of the overall methodology, requires careful consideration. As the authors
note, it is very possible that the development of more sophisticated submodels will
require changes in the overall approach of performance assessment methodology. In
particularit wold seem that there is an immediate need for moreexperimental data
(temperature dependnce of diffusivities and rate constants being an example the
authors give) i order that the component submodels themselves can be developed
and tested -adequately. The final form of a performance assessment methodology is
likely to depend upon the details of the the submodels.

2. Within the context of the m on of theconvolution and cascade methods that
the authors nmue in this eport, the agreement in Fgure 81 between the two
approaches shown for times greater than 80 ye is somewhat surprismig, ven

the r deviatio shown in the figure. Even if the two models eventually give
identicahesults, some t ing or relative displa tof the two curves along
the horizontal ais would seem ikely. Some interpretation of this effect would be
appropriate.



To: Charles Interrant%,
From: Walter Ligget -k,
Subject: Comments on the Aerospace Corporation report
"Demonstration of Methodology for Waste Package Performance
Assessment" by C. Boyars, G. Fuller, R. Moler, K. Stephens, and
L. Zaremba
Date: August 11, 1986

The performance of the package that is intended to isolate
high-level nuclear waste from the accessible environment will be
predicted from scientific models and experimental results. In
most engineering, experimental results on prototype hardware or
pilot plants form the real basis of performance assessment.
Unfortunately, experimental results for the nuclear waste package
will be limited because of the length of time over which the
waste package is intended .to perform. For this reason,
scientific models will play a much more important role in waste
package performance assessment. What combination of scientific
models and experimental results will provide the most secure
performance assessment is not clear at this time in the
development of the waste package. Clearly, the least
questionable scientific models are preferable. However, the
choice of scientific model depends on the availability of
experimental results. Thus, the interplay between scientific
models and experimental results is very important because there
is ample time to perform experiments before final waste package
decisions have to be made. Any modeling effort such as the one
in the subject report should be judged first on the basis of what
it contributes to defining experimental needs.

From this perspective, the subject Aerospace report seems
badly misdirected. Instead of exposing the need for new
experients, this report uses the current lack of experimental
results as an exmnse for adopting simplistic scientific models.
For example, the authors argue, "For many chemical reactions, the
chemical equilibrium constants have a modest temperature
dependence and are not well known in any case. If this continues
to be the case, then the question of time invariance will be
mot, and the modular approach would be the method of choice.

In their discussion of assessment methodology, the authors
discuss a global proa, a modlar approach, and a cascade
approach. The authors state, "a global smulation is the most
straightforward. approach," and then argue that the global
approach should be rejected because of its computational
complexity. This argument is not convincing. The global
approach Is not feasible at this te because the scientific
models that contain the interactions between the various barriers
are not known. In the development of the waste package, there is
a great need to determine these interactions through the use of
scientific theory and experiments. Computations on the basis of
the resulting models might be arduous but may be possible through
clever analysis. Note that Monte Carlo approaches are generally
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inefficient. Incidently, the argument that the cascade approach
can be modularized through the use of equations 2-1 to 2-4 seems
wrong since equation 2-3 is not necessarily a characteristic
function.

The output from the Aerospace computer program is a
cumulative distribution function for the failure time that is a
meaningless mishmash of material inhomogeneity, process
variation, the error in laboratory experiments, and scientific
ignorance. A collection of nominally identical cylinders buried
under nominally identical conditions will begin to release their
contents at different times. This distribution of times might
reasonably be described by a probability distribution because it
is due to many small variations in what is supposed to be a set
of fixed manufacturing and emplacement procedures. The subject
report should focus on the distribution of failure times due to
these manufacturing and placement variations.

The uncertainty inherent in experimental work and the
uncertainty in scientific knowledge should be reflected in the
generation of a set a plausible failure time distributions. In
the experimental determination of material properties, the
results of one set of experiments will not agree perfectly with
the results of another set because of unavoidable variations in
the materials testel and the measurement procedures employed.
These variations can reasonably be described probaulistically.
Eowever, note that although the variations associated with
experimental measurements contribute to the uncertainty n the
failure time distribution, they do not contribute to the cylinder
to cylinder variations that are described by the failure time
distribution. Our ability to predict the failure time
distribution from the results of feasibl experiments is fraug!t
with scientific uncertainty. The description of this uncertainty
in terms of bounds or probability distributixns is- generally very
subjective. There does not seem to be any way around this
subjectivity. n any case, this uncertainty does not contribute
to the cylinder to cylinder variation described by the failure
time distribution.
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To: Charles G. Interrante

From: Richard E. Rlcker

Subject: Aerospace Report No. WPR-86(6810-01)-Ol Demonstration of

Methodology for Waste Package Performance Assessmento

Date: August 13, 1986

I have reviewed the subject report and Anna Fraker's notes on It. My

comments and questions follow:

(1) The authors stated objectives were:

(a) To demonstrate the successful application of this
methodology to high-level waste disposal?

(b) To compare two different Monte Carlo based simulation
techniues?

However, this reviewer would have suggested the following objective
as being more appropriate at this stage:

(c) To demonstrate that existing or obtainable corrosion and
diffusion datz can be used to apl probabilistic reliability
analysis to hi-level waste dsposal?

Only time will te if ofJective (a) was reached. Objective (b) has
been reacd3 however, as the authors pont out, the conclusion are
only tentativelbecause he InItial assumptions may not be vald and
the data bases are nmplete Ts reviewer would like to see the
-authors na seperate section clearly (1) review and Identfy all of the
assumpt (2) asses their relative validity (as compared to other
possble assumpti (3)lidontify where more complete data bases
or better model would benefit probablistic simulations (and
conversely Identify where further work would be a -waste of time and
money), and (4) ientify what future modifications to the simulations
might enhance their predlctive capabiltes.

(2) (Section 7I) What barriers are 1ncluded n the models and what
barriers ae Ignored? For example, Oversby and Wilson have shown
that both uraniun solubility and radionuclide release rates are
Increased when there Is no cladding or when the cladding s damaged.
What assumptions are made In the simulations about the status of the
cladding?

(3) (Section 2.1) What pre-corrosion or historical assumptions are made
concerning the barriers? Inclusion of stand-by or external-event
deterioration Into the cascade model as discussed In section 2.4
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could influence tne results. wnat data Is required to include this into
the simulation and can these deterioration mechanisms be Included In
future work?

(4) (Section 3.3(2)) Plating of metal ons out of solution s the reverse of
the corrosion reaction (metal dissolution). As a result, the net
corrosion rate at equilibrium s zero by definition (The net corrosion
rate s the difference between the rate of metal dissolution and the
rate of metal deposition). The authors are correct In that this rate
does not change with temperature (it Is always zero at equilibrium).
During corrosion, some cathodic process, other than metal
deposition, removes the electrons that are left behind by the
dissolution reaction. (The rate of metal deposition can be
approximated as zero.) At steady state the rate of the cathodic
reaction Is equal to the rate of the anodic reaction (otherwise, the
electrochemical potential of the metal cans). For a first
approximation, ncreasing the temperature 10C will roughly double
the rate of both the anodic and cathodic reactions doubting the net
corrosion rate As a result and In the absence of data to the
contrary, t would seem t the ntal should be that the
corrosion rate doubles for each IOC ncrease in temperature. eep
in mind that danig the temperature may dange mnerus factors
wdch nuence the actual corrosion behavior and t s Is only a
rough first approximatorn This change could alter the results of the
comparison between the different simulations

(5) (Section 42) The term ping rate is undefined In the texi-nd t Is
unclear whetler the authors are discssing the rate of pit growt
the rate of pit nueation or both.

(6) (Section 4.4) Are-Ue barriers iasumed to disappear ence they have
failed? This assumption s not Justified In the text, however,
tification s given for Uts assumption n the discussfon of the

pitting model In appedix C. This asshoud be justfiled In
the text.

(7) (Section5) The results could also be altered by the tnclusio *f
barrier Interactions, ground watermlr Iteractfom external
events and/or stand-by corrosion Io the cascade sulation.

(8) What about the transport of small ol partiles? This could allow
transport In excess of the solubnity imt.

(9) There s not necessarily a fixed anber of potential pitting sites per
unit area on a metal surface. This number could vary with the
environment (temperature, chemIcal composition etc) and/or
electrochemical potential It s not a materiai constant.

(10) The authors assumed that pittig would not influence the mechanical
Integrity of the barriers. However, pits will act as stress
concentration sites, which would decrease the (mechanical) Integrity
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of the barrier. Also, hydrogen evolution may accompany pitting.
This would embrittle the barrier and result In decreased ntegrity.

In conclusion, Future work In this area should nclude more Interactions
between the statisticians and corrosion scientists. While simulations of this
type eventually will be the best way of quantifying the life expectancy of a
waste package/environment combination, the most beneficial aspect of this
type of simulation at this time may be In Identifying the areas where better
data and more research could provide the greatest benefit to the ultimate
objective of this work, I.e. the assessment of performance.

Rktard L Ricker


