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ABSTRACT
DOE waste package programs have received negative criticisms from at
least six peer review groups. There is consensus that for the designs chosen
and the materials selected, the waste packages are subject to several potential localized failure mechanisms.
Most, if not all, of the localized failure
processes are not understood well enough to allow the development of either
acceleration techniques or predictive modeling, both of which are required for
compliance demonstration. In addition, the significance of many of the individual types of experiments proposed in the draft SCPs has been questioned.
We believe there is overwhelming evidence that the present strategies as
depicted in the draft SCPs are inadequate with respect to developing the
evidence needed to demonstrate compliance with existing regulations.
Successful attainment of a repository license requires systematic development of the evidence needed to demonstrate compliance with existing regulations. Systematic development of the needed evidence requires a technically
acceptable strategy. A technically acceptable strategy must include, as a
minimum,
1. What is to be done

2. Why it is being done
3. How it is going to be done
4. Justification that successful experiments have the
significance attributed to them
5. Defensible estimates of the chance of succeeding
6. Consequences of failure
7. Alternatives if failure occurs
8. Justification that the alternative avoids the problems
causing failure in the original
9. Mechanisms for decision making and evaluation of progress
10. Mechanisms for initiation of needed changes
11. Defensible estimates of the time required to make
decisions and initiate contingency programs.
The existing waste package programs do not address points 4 to 11 and
treat points 1 to 3 simplistically and tautologically in the draft SCPs.
Acceptable strategies will be required by the DOE to either demonstrate
compliance or to support claims that compliance cannot be achieved without
modification of existing regulations.
We also believe there are acceptable alternative technical solutions that
have not been addressed with any degree of sophistication in strategies or in
the SCPs.
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SUMMARY

All the projects have elected to address existing regulations by attempting to comply with 300-1,000 years of containment followed by controlled
release for the remaining portion of the required 10,000-year period. Each of
the designs chosen is subject to several localized failure mechanisms. In
order to demonstrate compliance, the projects are required to predict, with
reasonable assurance, the evolution and property changes associated with each
and every pertinent localized form of degradation. At the present, none of
these failure mechani.,
much less all of them, are sufficiently understood
to allow justified predi tion for anywhere near the times required. Many of
these processes have been studied for decades without any significant developments that would allow long-term prediction. The strategies and SCPs do not
provide any information on how the projects will attempt to solve a series of
problems, not one of which has been solved by the scientific community.
In contrast, the NRC in its 1984 Waste Confidence Decision claimed:
"*..no fundamental breakthrough in science or technology is needed
to implement a successful waste disposal program."
"Other problems include development of waste packages that can contain the waste until the fission product hazard is greatly reduced
and engineered barriers that can effectively retard migration of the
radionuclides out of the repository...... We have reviewed each of
these issues and have concluded that they do not present an insoluble problem which will prevent safe disposal of radioactive waste
and spent fuel."
"The Commission's conclusion that the development of a suitable
waste package is technically feasible is also consistent with other
material in the record. For example, a study sponsored by the
National Academy of Sciences (NAS) concluded that no insurmountable
technical obstacles were foreseen to preclude safe disposal of
nuclear wastes in geologic formations (UNWMG-EEI PS Doc. 2 p.
11-6). The United States Geological Survey stated that a long-lived
canister is within the capability of materials science technology to
be achieved in the same time frame as repository site identification, qualification and development (USGS PS p. 11). The National
Research Council after reviewing the Swedish waste disposal work
(DOE PS p. 11-335 Ref. 360) concluded that the Swedish waste package
could contain the radionuclides in spent fuel rods for hundreds of
thousands of years (DOE CS p. 11-98)."
We believe the apparent discrepancy in views is due to the fact that the
projects have not recognized that the scientific record supporting the Waste
Confidence Decision has focused on long-term containment and warned against
controlled release.
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tn reviewing the Swedish KBS-3 Plan for Final Storage of Spent Nuclear
Fuel, the National Research Council in reporting to the National Academy of
Sciences made a number of comments on the relative complexity of different
methods of iSolating high level waste. In the concluding remarks of "A RevLew
of the Swedish KBS-3 Plan for Final Storage of Spent Nuclear Fuel," (1984) the
NRC stated,
"The KBS plan for waste disposal differs from most plans involving
mined geologic repositories in that primary reliance is placed on
the long-term integrity of copper canisters. The bedrock and the
surrounding buffer of compacted bentonite in which the canisters
w1-ll be placed are expected only to maintain a stable and benign
environment; the bedrock does not, as in most geologic-disposal
schemes, play an important role in slowing the migration of radionuclides to the biosphere.
It could play that role in the event of
widespread early canister failure, but such failure is so unlikely
that the retarding effect of the rock is only secondary insurance
against a very low probability accident."
where in comparing uncertainties:
" The most troubling uncertainties remaining in the KBS proposal

relate to the part least likely ever to be relevant to actual repository performance, i.e., the migration of radionuclides through buffer and bedrock in the improbable event of early canister rupture.

Uncertainties here are greater simply because of the number of variables that must be considered in any model used to describe the dissolution of radionuclides from fuel rods and their movement through
a variety of materials to the point where they may become hazardous
to humans. Solubilities, effects of local oxidation due to radiolyuis, retardation by sorption of some radionuclides as they migrate
through buffer and rock, effect on retardation of the formation of
complexes and colloids, dispersion of nuclides into rock along fractures where flow is concentrated - all these must enter into a
system of models for radionuclide behavior."
The projects do not have previously reviewed and acceptable programs for
addressing controlled release. The experimental programs proposed for future
work in the draft SCPU have not been justified. Such justification, if it is
poesible, should be presented in an explicit strategy.
Reviewers have claimed that the approaches to demonstrating compliance
utilized in all the present "strategies" and appearing in the draft SCPs are
naive and unrealistic. The approaches ignore the critical aspects of how
problems are to be resolved and ignore the consequences of failure to resolve
them. The claims emphasize optimistic performance objectives and ignore both
peer review and contractor reports which question and contradict the issue
resolution strategies.

3

The material covered in this report does not support claims on inherent
difficulties in compliance with the regulations. Rather, it shows that present designs and materials selections have no documented justifications and
have, after several reviews, been judged unacceptable.
We discuss possible resolutions to theme problems,
INTRODUCTION
In contrast to early estimates by DOE contractors, it is now evident that
predicting performance of engineered and geologic systems over periods of
thousands of years is not trivial. It is also common knowledge that if adequate evidence can be developed showing that the present level of science does
not allow such predictions, both the NRC and the EPA regulations can be
modified.
In the past, the DOE contractors, in published works, have taken the
position that prediction of long-term performance and compliance with the NRC
and EPA criteria are straightforward.
In the first BWIP Site Characterization Report (11.3-32) it was stated
that:
"The basalt site, therefore, appears to be capable of adequately
controlling the release of the actinides to the accessible environment. Consequently, in terma of meeting the EPA draft and NRC proposed release criteria, the required engineered system performance
for these radionuclides is zero. The waste package, although possibly necessary for other radionuclides, would function simply as a
secondary barrier to the release of the long-lived sctinides to the
accessible environment. However, the waste package would still be
necessary to meet the NRC's proposed 1000-year containment criterion, but a much simpler waste package design would now be adequate
for the repository."
Of more importance, is the fact that the DOE claims on proposed methods
of demonstrating compliance in the "Statement of Position" and in the 1984
draft "Mission Plan' were accepted and defended by the NRC in justifying their
Waste Confidence Decision. In publishing their decision in the Federal
Register the NRC claimed:
I ,no fundamental breakthrough in science or technology is needed
to implement a successful waste disposal program."
"Other problems include development of waste packages that can contain the waste until the fission product hazard is greatly reduced
and engineered barriers that can effectively retard migration of the
radionuclides out of the repository...... We have reviewed each of
these issues and have concluded that they do not present an insoluble problem which will prevent safe disposal of radioactive waste
and spent fuel."
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"The Commission's conclusion that the development of a suitable
waste package is technically feasible is also consistent with other
material in the record. For example, a study sponsored by the
National Academy of Sciences (NAS) concluded that no insurmountable
technical obstacles were foreseen to preclude safe disposal of
nuclear wastes in geologic formations (UNWMC-EEZ PS Doc. 2 p.
11-6). The United States Geological Survey stated that a long-lived
canister is within the capability of materials science technology to
be achieved in the same time frame as repository site identification, qualification and development (USGS PS p. II). The National
Research Council after reviewing the Swedish waste disposal work
(DOE PS p. 11-335 Ref. 360) concluded that the Swedish waste package
could contain the radionuclides in spent fuel rods for hundreds of
thousands of years (DOE CS p. 11-98)."
"Some participants' statements are pessimistic assessments based on
the fact that the DOE program has not yet reached the critical milestones..." "According to the DOE Draft Mission Plan the complete
waste package performance model will be verified and validated by
September 1989."
"As the Commission noted in the proposed decision, the Congress
would not be able to legislate the schedules for fundamental technical breakthroughs if it believed that such breakthroughs are necessary. They are not necessary. Rather, it is the Commission's judgment that the remaining uncertainties can be resolved by the planned
step-by-step evaluation and development of ongoing site studies and
research programs."

As a result of a series of negative peer reviews, and in direct conflict
with this tenor, DOE contractors are now questioning the feasibility of demonstrating compliance with the existing regulations. Authors of the new BWIP
draft SC? have argued on the basis of some ill-defined and unavailable "toplevel strategy:"
"In the context of the top-level strategy, the gradual (i.e., fractional release rate) release requirement specified by the NRC has
been determined as subordinate to the cumulative release requirement
specified by the U.S. Environmental Protection Agency (EPA) to be
satisfied by the total repository system."
The document goes on to claim as rationale for this strategy that:
"If extraordinary engineered barrier system design measures are
required to satisfy the gradual release criteria but not the cumulative release criteria for a particular radionuclide, relaxation of
the gradual release criterion may be justified."
Since the 1984 Waste Confidence Decision, corrosion claims by the
projects have been reviewed by at least six peer review groups including the
NRC. The general consensus of the reviews is that, for the designs selected,
there are no acceptable models for any of the pertinent forms of localized
5

corrosion that can predict performance, degradation or failure for the times
required. In addition, there are no acceptable methods for accelerating many
of the tests required by the designs that are currently under consideration.
The projects have not developed explicit ideas or strategies that ciecumvent the classic problems that prevented the successful development of mechanisms for prediction of localized corrosion in the past. Studies attempting to
develop such mechanisms have been going on for several decades.
The NRC in claiming support for their position in 1984, invoked statements from the USGS, the National Academy of Sciences and the National
Research Council. All the claims are for feasibility for long-term containment. In some cases the same groups have expressed doubts as to the feasibility of demonstrating controlled release. This doubt also appears to be the
basis of the new BWIP strategy.
Documentation shows that it is common knowledge that all the DOE waste
package and controlled release programs are seriously flawed. The projects in
attempting to by-pass published negative criticisms have, in the chapters 8 of
their draft SCPs, taken the tactic of proposing long-term experiments to
explore for conditions that may demonstrate immunity to failure and avoid
processes that adversely affect performance. This approach is logically
unsound and has, in the past, been rejected by reviewers repeatedly.
Unless the projects submit to the OCRWM explicit strategies that go
beyond merely emphasizing obvious objectives and goals, and unless the strategies address the points discussed here, the proposed unevaluated and previously rejected long-term experimental programs are not likely to resolve
existing problems.
MINIMAL REQUIREMENTS FOR ACCEPTABLE COMPLIANCE STRATEGIES
1. What is to be done:
The projects can address either the EPA Standard or the NRC regulations.

Attempting compliance with the EPA standard at the accessible environment
requires documented evidence that attempts have been made to comply with the
YRC regulations. An explicit "strategy' of what was attempted, why it was
chosen, and why there are no alternatives to compliance with 10 CFR 60 would
be a necessary part of such documented evidence.
The recent decision by the first Circuit Court of Appeals has at least
temporarily invalidated the EPA Standard. If the decision holds, the NRC will
have to review 10 CPR 60 to determine if it must be changed. At present, the
DOE has no responsibility in changing programs that address 10 CFR 60. If the
DOE contractors elect to subordinate the NRC rule and attempt to comply
directly with the EPA standard, they will require the DOE to explain how a
contractor is going to comply with a standard that does not yet exist and one
which is going to be more conservative than the original.
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In considering the problems of complying with the EPA Standard, the EPA's
Science Advisory Board stated in their section on Major Findings:
"We believe that repository designers will find it quite difficult
and perhaps excessively expensive to demonstrate with reasonable or
high assurance that the levels of protection sought by EPA in the
draft standard have been met."
There is no evidence that any of the projects, in view of past claims,
can justify subordinating compliance with the NRC regulations in favor of
attempting compliance with the EPA Standard. At this time the projects'
choices are compliance with 10,000 years of containment or compliance with
300-1,000 years containment followed by long-term controlled release.
2. Why it is being done:
The t~ational Research Council, the USGS, NRC contractors and B8NL have all
argued that controlled release involves many poorly understood processes that
require predictions over 10,000 years and that these processes are more
complex than those addressed for 10,000-year containment.
For the proper selection of materials, the number of processes involved
in demonstrating containment can be reduced to a readily manageable level.
Containment and controlled release both involve corrosion and dissolution
issues. Present concepts of containment involve metallic corrosion where the
corrosion products are not appreciably radioactive and are often relatively
insoluble. Controlled release also involves corrosion of spent fuel cladding,
spent fuel pellets and borosilicate glasses. In this case dissolution is the
major issue.
Corrosion of metals is covered by a limited number of phenomena*, only a
few of which usually apply to a given metal in a given environment.
Controlled release, under all conceivable conditions, requires identification and accountability of some 30 species of fission products and actinides
whose leach rates, solubilities, valence states, ability to form suspensions
and colloids depend upon time, temperature, radiation level and repository
chemical environment.
In the Material Characterization Center's "Workshop on the Leaching Mechanisms of Nuclear Waste Forms, October 1981 Summary Report," the Workshop
claimed that to address the leaching process it was necessary to consider the
effects of:

*The types of corrosion normally encountered are: (a) uniform corrosion,
(b) pitting corrosion, (c) stress corrosion cracking, (d) crevice corrosion,
(e) intergranular corrosion, (f) stray current corrosion, (g) microbial
corrosion, and (h) hydrogen embrittlement (both chemical and mechanical).
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
16.
15.
16.
17,
18.
19.
20.

Time
Temperature
Pressure
Radiation
Surface-to-volume ratio
pH
Eh
Flow rate
Glass composition
Glass surface
Glass porosity
Radiolysis on dissolved C02 plus organics in water
Specific ion effects
Solubility limits
Dissolution kinetics of single-phase ceramics
Cation/anion balances
Precipitation and crystal growth of saturated components
Surface layer formation
Zeta potential
Surface charge effects, etc."

The goal of the Workshop was to quantify the relationships between the
many reactions involved in leaching listed above so that mathematical models
could be used to predict the leaching behavior of waste forms for thousands of
years.

Assuming the extremely unlikely event that the above objective could be
achieved for glass, much of the effort would have to be repeated for spent
fuel.
Corrosion of metals and dissolution of waste forms are non-equilirium
processes. The levels of complexity in addressing 10,000 years containment vs
10,000 years of controlled releases are, in our view, enormously different.
Compliance with containment is essentially binary - failure vs non-failure.
Compliance with controlled release requires analyses of continuous changes in
the numerical values of the maximum release values for each radionuclide.
These vary with the specific nuclides at a given time and vary with each
radionuclide over time.
Compliance with containment requires a description of the final consequence of what may result from several complex processes. Compliance with
controlled release requires a detailed description of the continuous dissolution, adsorption, precipitation and migration processes of each radionuclide.
In systems where rates remain constant or decrease monotonically with
time it is possible to develop bounding predictive equations without total
knowledge of all the processes involved. In systems such as waste form
releases where the overall rate depends on many other rates some of which
increase and some of which decrease, prediction of long-term behavior is
considerably more difficult.
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Most of the factors involved in containment and containment degradation
can be controlled through waste package design options. Many of the factors
involved in controlled release of radionuclides are fixed by the properties of
the waste form and the site.
For the proper choice of aterials, the number of processes involved Ln
container degradation can be minimized by waste package design options. For
the proper design and proper choice of materials the need to extrapolate poorly understood kinetic processes can be avoided or minimized. For the proper
design and proper choice of materials the need to utilize controversial acceleration techniques can be avoided or minimized. This knowledge can be gained
from existing experience and from relatively short-term tests that may be
required to evaluate site-specific parameters.
The very large number of factors involved in leaching, dissolution, evaluation of solubility limits, identification of conditions leading to colloid
and/or suspension formation, determination of solute-solute interactions on
saturation, etc., are determined by the site, the waste form and the accumulation of poorly understood waste package degradation products. A major portion
of the information necessary to describe controlled release over 10,000 years
will not be controllable by waste package design choices even after a site is
selected.
A major portion of the information needed to address 10,000-year containment is directly related to waste package design options such as the choice of
container material.
Success in describing properties controlling releases from glass at the
end of containment may have'little, if any, carry-over in describing
controlled release from spent fuel 9,000 years later.
In reviewing the Swedish KBS-3 Plan for Final Storage of Spent Nuclear
Fuel, the National Research Council in reporting to the National Academy of
Sciences made a number of comments on the relative complexity of different
methods of isolating high level waste. In the concluding remarks of "A Review
of the Swedish KBS-3 Plan for Final Storage of Spent Nuclear Fuel," (1984) the
NRC stated,
"The KBS plan for waste disposal differs from most plans involving
mined geologic repositories in that primary reliance is placed on
the long-term integrity of copper canisters. The bedrock and the
surrounding buffer of compacted bentonite in which the canisters
will be placed are expected only to maintain a stable and benign
environment; the bedrock does not, as in most geologic-disposal
schemes, play an important role in slowing the migration of radionuclides to the biospheres tt could play that role in the event of
widespread early canister failure, but such failure is so unlikely
that the retarding effect of the rock is only secondary insurance
against a very low-probability accident."
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where in comparing uncertainties:
"The most troubling uncertainties remaining in the KBS proposal
relate to the part least likely ever to be relevant to actual repository performance, i.e., the migration of radionuclides through buffer and bedrock in the improbable event of early canister rupture.
Uncertainties here are greater simply because of the number of variables that must be considered in any model used to describe the dissolution of radionuclides from fuel rods and their movement through
a variety of materials to the point where they may become hazardous
to humans. Solubilities, effects of local oxidation due to radiolysis, retardation by sorption of some radionuclides as they migrate
through buffer and rock, effect on retardation of the formation of
complexes and colloids, dispersion of nuclides into rock along fractures where flow is concentrated - all these must enter into a
system of models for radionuclide behavior."
In reporting to the NRC on similar comparisons of relative complexities
between containment and controlled release, an NRC contractor stated (NUREC/
CR-4477 - Aerospace Review):
"Computation of the quantity of radionuclides released as a function
of time is more complex than computation of waste package failure
time....'

and as noted previously NRC claimed in the Waste Confidence Decision,
"The United States Geological Survey stated that a long-lived canister is within the capability of materials science technology to be
achieved in the same time frame as repository site identification,
qualification and development (USGS PS p. 11)."
The projects do not have previously reviewed and acceptable programs for
addressing controlled release. The experimental programs proposed for future
work in the draft SCPs have not been justified. Such justification, if it is
possible, should be presented in an explicit strategy.
3. How it Is going to be done:
From common criticisms of peer reviews, it appears that the single most
serious and generic flaw common to the DOE compliance programs, is the nil
information-tautological approach to resolving a myriad of problems, many of
which have never been solved before and some of which reviewers have argued
may not be soluble in any reasonable times.
Reviewers have claimed
utilized in all the present
naive and unrealistic. The
problems are to be resolved
them. The claims emphasize
generic forms:

that the approaches to demonstrating compliance
"strategies" and appearing in the draft SCPa are
approaches ignore the critical aspects of bow
and ignore the consequences of failure to resolve
optimistic performance objectives and take the
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"Compliance will be demonstrated by studying the problems,
identifying them and solving them."
and
"The natural processes involved in performance will be such that
compliance with the regulations will occur."
Consider the following quotes from the projects' strategy and SCP drafts:
"The results of these analyses, if favorable, will resolve the
issue." (NNWSI)

'Prediction of the long-term performance of the metal barrier under
repository conditions requires that all significant degradation
mechanisms be identified and the probability of their occurrence be
quantified.' (NNWSI)
'For intergranular stress corrosion cracking, the process of sensItization, crack initiation, and crack propagation will be characterized so that the likelihood of occurrence of failure by this process
can be predicted.' (NNW-I)
'For transgranular stress corrosion cracking and for hydrogen
assisted cracking, the corrosion environment will be characterized
sufficiently well to allow prediction of the likelihood of corrosion
by these processes.' (NNWSI)
'The dissolution rate of the matrix and those elements for which
mobilization is controlled by matrix dissolution will be such that
solutions exiting the waste package ensemble average will contain no
more than one part in 100,000 per year of the inventory.....'
(NNWSI)
'It will be shown that either (a) the oxidation rate of spent fuel
is sufficiently low* that the dissolution rate of the matrix will
not increase by more than a factor of 10 due to oxidation, or (b)
that the release rate obtained under the case of assuming oxidized
spent fuel will meet the performance goal...' (NNWSI)
*In addressing this problem in the "Workshop on Chemical Reactivity of Oxide
Fuel and Fission Product Release, Berkeley, United Kingdom, April 1987," NNWSI
contractors state in their introduction in HEDL-SA-3627 "Predicting Spent Fuel
Oxidation States In A Tuff Repository" R. E. Einziger and R. E. Woodley:
"Since leaching/dissolution of the fuel can be significantly affected by its oxidation state,it is important to know the actual phases
present."
They offer the following conclusions in their report:
(Continues)
1I

'Identify the degradation modes that could be active in the expected
waste package environment and develop mathematical predictive models
based on current understanding of the processes associated with the
anticipated corrosion modes...' (BWIP)
'Identify (or develop if necessary) accelerated testing techniques
for each of the degradation modes to be studied, where
appropriate.' (BWIP)
'Conduct extended-term (>1 yr) tests under both "bounding" and
"reference" condition environments (and at intermediate conditions
if necessary) to provide corrosion data and, to the extent possible,
a mechanistic understanding to support predictive model
development.' (BWIP)
'Refine the mathematical predictive models (including transportlimited aspects) based on the test data and mechanistic understanding developed for each of the active corrosion modes.' (BWIP)
'Validate the predictive models on the basis of laboratory scale
confirmation tests and large-scale qualification (prototype) tests
that last for as long as possible (longer than 10 years).' (BWIP)
'Incorporate technical peer review recommendations' (BWIP)
'...the SRP is pursuing a general approach or strategy that includes
the following major elements:
The identification of potential package component degradation processes which affect the components' abilities to
meet allocated performance requirements and the identification of factors which influence these processes.

*Continuation:
"When uncertainties are considered so that the highest values of the
rate constants are used, complete conversion to U3 07 occurs in 30 to
1,300 years after emplacement."
"Until uncertainties are reduced so that nearly nominal activation
energies can be considered and the actual operative mechanism is
determined, we will not be able to justify our ability to calculate
lower amounts of U3 07 .
"Even using reasonable temperature histories, the operative
mechanism must be identified and the uncertainty in the activation
energy for the mechanisms under consideration reduced in order to
improve our predictions of the oxidation states of spent fuel in a
repository."
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The development of mechanistic models for the identified
and significant degradation processes which cover the
expected range of factor variations. These models will
provide the basis for extrapolations in time and therefore
represent the SR? basis for evaluating compliance with the
postemplacement performance requirements and objectives.
The use of peer review and expert technical review/input
to supplement experimentation and analysis in identifying
degradation processes, establishing conservative expected
ranges for factors influencing these processes, concurrence in establishing conservatisms, and quantifying
uncertainties in submodels developed for various
processes.' (SRP)*
The projects have given lip-service to the concept of "peer review"
without responding to the negative criticisms already obtained, and without
addressing how they intend to respond to possible future negative criticisms.
The lack of response to peer review was, in fact, a generic comment from
peer review. In reviewing the NNWSI program the Materials Review Board [,%IRBJ
stated:

*Major aspects of the waste package portions of this strategy have been
reviewed and rejected by BNt, the MR3, the ONWI Engineering Review Group
(ERG], and by the Argonne National Laboratory "Panel On Container Materials
For Storage of Nuclear Wastes in Salt Repository".
The criticisms leveled against the SRP strategy upon which the SCP is
based, range from:
concerns with the serious conceptual, technical and managerial
deficiencies in the corrosion program" fHRBJ
"assumptions which cannot be justified", (ERG)
"it will be impossible in the time available and within the
anticipated budget to accomplish this" (ERG]
"we do not believe that the 'expected behavior" scenario is the most
likely scenario but rather it is the most optimistic scenario" (ERG)
"Therefore the panel agreed unanimously that carbon steel cannot at
this time be recommended for use a a container material" (Argonne
Review Group]
"...the strategy is totally inadequate with respect to addressing
both containment and controlled release."
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"Program management does not avail itself of technical reviews of
the program or external technical guidance for planning."
In reviewing the SRP program the MRB stated:
"The overall corrosion effort was found to be parochial.
judgments were neither solicited or welcomed."

Outside

and in reviewing the BWIP program the MRB stated:
"Decision-making processes appear to be held closely within the BWIP
corrosion program management. Expertise from the outside, or from
its contractors is not generally utilized...."
"BWIP corrosion management does not appear to seek or welcome external reviews of program planning activities, or of experimental
results obtained under it."
A highly visible and damaging example of repeated lack of response to
various peer reviews is illustrated by NNWSI's refusal to address the negative
criticisms associated with their persistent adherence to 304L as the container
material.
In 1983 NWWSI was told:
"Therefore, Type 304L would not be the preferred alloy of construction for nuclear waste storage canisters." [1983 NNWSI consultant
and staff membet report, UCRL-15619 'An Overview of Low Temperature
Sensitization,' Michael J. Fox and R. Daniel McCright]
Shortly after this in an NRC-NNWSI workshop, the NRC claimed that the
corrosion claims made by NNWSI on their selected material would not be accepted by the NRC. [USNRC, USDOE and NNWSI Project Representatives Meeting, at
LLNL, July 23-25, 19851
In September of 1985, BNL, in its first evaluation of the NNWSI program
stated:
"....it is unlikely that any type 300 stainless steel, and perhaps
even Incoloy 825 will be suitable .....
In this regard, BNL agrees
with statements made by a representative of the NRC regarding 304L,
and feels that other Type 300 steels will be subject to the same

concerns."

In Nov.of 1985, the MRB in its Final Report stated:
"The Panel noted that a consultant to NNWS1 investigated just one
degradation mode - low temperature sensitization - and stated that

'....304L would not be the preferred alloy of construction for
nuclear waste storage canisters.' The Panel observes that, in contrast with this recommendation, 304L is still being extensively
tested and used as the reference grade."
14

and
"The Panel noted that the approach espoused by NNWSI, of testing
alloy behavior under worst plausible repository conditions is not
sound and likely to fail."
In November of 1986, the OCRWM asked BNL to review the NNWSI strategy
document and provide NNWSI with a copy of our review. In that review we
stated:
"Another form of a problem raised by several reviewers appears in
the discussion of non-uniform corrosion processes on page 33. The
statement is made that 'For transgranular stress corrosion cracking
and for hydrogen assisted cracking, the corrosion environment will
be characterized sufficiently well to allow prediction of the likelihood of corrosion by these processes.' Since the projects were
told that acceptable prediction of the evolution and consequences of
such processes may not be possible in the available times, the document could be appreciably improved by a detailed description of how
they intend to do this, and what are the consequences and responses
if they cannot develop an acceptable method for predicting the
likelihood of corrosion by such non-uniform processes.'
A very serious problem noted by several reviewers which is not
addressed in the document is illustrated by the discussion on page
52. In describing information needs to resolve performance and compliance issues, the document states that the project proposes 'To
determine whether metastable austenitic materials transform into
other phases during the containment period, and if they do, what is
the effect on corrosion and degradation performance.' This is one
of several examples where there is strong evidence to believe that
it is not possible to resolve such an issue. Because the material
is metastable, theory predicts that eventually it should transform
into a more stable state. There is, however, no acceptable theory
allowing the prediction of time transformation of metastable states
to stable states. We cannot conceive of any result from such experiments that would allow favorable resolution of the problem. If the
project feels it can, in fact, show how such predictions can be made
it would greatly improve the document and would be an important
contribution to science."
In the April 1987 NNWSI SCP review meeting and again on May 7, in a letter to D. G. Schweitzer, NNWSI requested reviews on sensitization publications
that NNWSI claimed it was going to use as a basis for predicting the absence
of low temperature sensitization for the required 300-1000 year period. BNL
reviewed not only the requested publications, but all available pertinent literature. The review [BNL-520851 Is in the public domain. In that review we
claimed in the abstract:

is

"A review of literature on sensitization in 304 stainless steels has
been made from what we believe would be the regulatory framework
evaluating the claim that there is reasonable assurance that predicts the absence of sensitization for the times (300-1000 yrs) and
temperatures (below about 200C) associated with a HLW repository at
Yucca Mountain."
"We conclude that such a claim would be indefensible.and tn the conclusions:
"We believe it is, and has been for many years, obvious that it is
not possible to defend prediction of the absence of sensitization in
304 steels for hundreds of years at the temperatures expected in an
HLW repository through use or extension of Eq(1). Using Eq(1), or
an equivalent algorithm, to predict time for sensitization at repository temperatures implies several extrapolations. Extrapolation on
the composition of the carbide to low temperatures. Extrapolation
of the free energy of formation of the carbide to low temperatures.
Extrapolation of the activity coefficients of carbon and chromium to
low temperatures. Extrapolation of the diffusion coefficients of
carbon and chromium to low temperatures. And finally extrapolation
of the chemical kinetics assumptions on which the model is based
must be valid at low temperatures."
"Our evaluation of the uncertainties, the theoretical limitations
and the inconsistencies lead us to conclude that it virttally would
be impossible to defend an argument that the existing understanding
of sensitization in stainless steels can be used to predict its
absence at temperatures between 250C and 60C over time periods of
hundreds of years."
Past experience has shown that the projects have ignored peer reviews and

that the chief outcome of the peer review process is an expanding list of
problems requiring resolution. Many of these issues have challenged science
for decades without significant progress in understanding or identifying the
mechanisms involved. Indiscriminate and generic claims by the projects for
utilization of peer review without appropriate responses by the projects after
the reviews are likely to result in continuing negative criticism from the
scientific community.
In spite of the generic claims in present draft strategies that the
projects will utilize peer review to help demonstrate compliance, the programs
outlined in the existing strategies contradict the claims. The authors of the
SCPs have ignored past criticisms that many of the "active failure modes' have
already been identified and there are no known means of predicting them.
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The projects in their orement strategies persist in proposing exploratory
programs to demonstrate immunity to localized failure modes through the use of
short-term experiments in which failure is not observed (null experiments).
Criticisms from the NRC, the ACRS, BNL, and the MRB to the effect that the
absence of an observation in a short-term test is not sufficient to preclude
its occurrence over longer periods, have been ignored.
"The Panel considers the approach, stated by NNWSI, of conducting
tests under what appear to be the worst plausible repository conditions and accepting materials that show no failure as naive and
unrealistic."

(MRB)

BNL has warned in past reviews, that almost no information exists at
present which is both necessary and sufficient to quantitatively estimate the
likelihood of the occurrence of many potential failure mechanisms in repository environments. Literature dealing with the likelihood of occurrence of
potential failure mechanisms generally concludes with recommendations for
future studies without discussions of the likelihood that the studies will
produce the information needed for problem resolution. Consider the foLlowing
conclusions obtained from an NRC Contractor study (Stress-Corrosion Cracking
of Low-Strength Carbon Steels in Candidate High-Level Waste Repository Environments, NUREC/CR-3861, BMI-2147, 1987) in which the objective of the study
was a literature review to identify potential stress-corrosion cracking agents
for low strength carbon and low alloy steels in repository environments.
"On the basis of the literature survey, it is recommended that
experimental and modeling studies be undertaken to assess the likelihood of stress-corrosion cracking of low-strength carbon steel in
waste repository environments. For the identified cracking agents
that are present in waste repositories, lower limits in concentration needed to promote cracking must be established.
It is important to establish these data under realistic conditions, where synergistic effects of other species in the waste repository are
considered..... In addition, physical modeling of potential concentrating mechanisms needs to be performed in order to assess more
accurately the likelihood that these proposed mechanisms operate and
to bound the upper limits of concentration for each mechanism.
Identifying and quantifying mechanisms where selective concentration
of a single or of a few species occirs is especially important in
relating the modeling to the laboratory studies. The models should
then be verified through experimentation."
The above recommendations. if aken literally, are unbelievably difficult
to complete. To our knowledge, they have never been achieved for any complex
corrosion process.
Estimates of the likelihood of problem resolution require definitions of
both the necessary and the sufficient work needed nd evidence that the needed
work can be accomplished. Reviewers have already addressed many aspects of
these problems and have suggested that, for the designs chosen, the problems
may be insurmountable.
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Reviewers believe that it is not possible for the projects to develop the
knowledge required to predict all the localized degradation processes that
their present design choices are subject to.
In order to dispute such a position, no acceptable strategy can avoid
dealing with the critical questions of bow a program is going to resolve longstanding problems that have been extensively studied by experts and have not
been resolved.
Peer review can and should be An important part of evaluating and
developing compliance strategies.
Productive use of peer review by the DOE should be focused on specific,
high priority issues with explicit methods for problem resolution as prerequisites for conclusion of the review. If the panel of experts used for the
review cannot define the necessary and sufficient conditions and methods for
problem resolution along with the likelihood of accomplishing them, it should
be assumed that the problem is insoluble.
4. Justification that successful experiments have the
significance attributed to them.
The present strategies and SCPs concentrate on statements of performance
objectives without adequate explanations of how they are to be accomplished.
The results from workshops and reviews have emphasized that their are no
acceptable acceleration techniques and no acceptable methods for prodicting
and extrapolating short-term tests for most of the critical issues i.e.,
"The Panel believes that a critical issue will be how data taken
over the short-term can be extrapolated to periods of 300 to 1,000
years." [MBR3
"Experience has shown that for the corrosion, oxidation, and dissolution phenomena involved in waste isolation, the uncertainties
associated with the data necessary for chemical kinetics and the
uncertainties in the kinetic expressions themselves, will very
likely preclude successful justification for kinetic predictions of
this type." (BNL-52075]
"When uncertainties are considered so that the highest values of the
rate constants are used, complete conversion to U3 0 7 occurs in 30 to
1300 years after emplacement...
Until uncertainties are reduced so that nearly nominal activation
energies can be considered and the actual operative mechanism is
determined, we will not be able to justify our ability to calculate
lower amounts of U3 07 ...
Even using reasonable temperature histories, the operative mechanism
must be identified and the uncertainty in the activation energy for
the mechanisms under consideration reduced in order to improve our
predictions of the oxidation states of spent fuel in a repository."
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(NNWSI contractor report on oxidation of spent fuel, HEDL-SA-3627
"Predicting Spent Fuel Oxidation States In A Tuff Repository" R. E.
Einziger and R. E. Woodley.]
The draft SCPs attempt to circumvent these problems by proposing exploratory laboratory experiments to show the absence of failure. In addition to
repeated reviews claiming that such an approach is logically fallacious, the
significance attributed to many of the individual experiments has been
disputed in peer reviews iLe.,
"The Panel notes that the attempt to obtain crack-growth rates by
use of cyclic loading may produce data irrelevant to stress corrosion cracking, because SCC crack growth in carbon steels may occur
by a different mechanism than that of corrosion fatigue." (MRBJ
"The Panel questioned whether the simulation of pits by using small
pre-drilled holes in specimens will yield demonstrably useful
results." [MRB]
"No plans have been revealed to establish the accuracy of the pitting potential determinations, to determine whether the pitting
potential changes over long periods, and to ascertain, if possible,
whether a system exhibiting a corrosion potential below the measured

pitting potential will not pit. A.lso the results of this work show
a tendency toward pitting of low carbon and low alloy steels at
relatively active potentials that seem to be at variance with the
assessmentse..."

[MRB]

".the Panel also concluded..othat the inspection of samples from
general corrosion tests for localized corrosion phenomena cannot be
considered adequate to identify modes of localized attack or to
quantify rates of such attack." [MRBl
"The thermodynamic and kinetic considerations of Low Temperature
Sensitization have not taken into account the proposed growth mechanism. The carbide growth may be faster than predicted by kinetic
calculations. The major consequence of the carbide growth involving
grain boundary migration is the increase in the width of the Crdepleted region and thus enhanced DOS, compared with the results
given by thermodynamic models or extrapolations from high
temperature data.
The (Tt) dependence of LTS suggests a change in the activation
energy as the temperature decreases. A possible reason for the
observed departure from linear Arrhenius dependence of a reaction
rate is the transition from one mechanism to another.... In this
case extrapolation from high temperature data will underestimate the
low temperature reaction rate." [T. Kekkonen, P. Aaltonen and H.
Hanninen, (Corrosion Science, Vol 25, No. 8/9, pp. 821-836, 1985)]
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"We do not believe that the 'expected behavior' scenario is the most
likely scenario but rather it is the most optimistic scenario."
(ERG]

In the absence of Acceptable methods for both Acceleration and prodiction, and with the questioned significance of most of the specific tests proposed in the strategies and SCPs, we believe the strategies and SCPu will be
judged severely inadequate.
5. Defensible estimates of the chance of succeeding.
BNL has, in the past year, been asked by OCRWM to propose solutions where
posaible. In response to this task we have placed fn the public domain a preliminary report proposing 14 concepts for guides to compliance and prediction. The report includes the rationale behind the concepts. (BNL-52075,
"Level of Evidence For Reasonable Assurance: Guides to Prediction," D. C.
Schweitzer and C, Sastre]
We believe that a strategy that explicitly argues for or against each of
the proposed concepts in BNL-52075 will provide the DOE with the documentation
it will need to either demonstrate compliance or to claim that compliance
cannot be demonstrated with reasonably available technology.
The 14 concepts (without the accompanying rationale) are listed below.
A. Uncertainty Requirements
1. If the uncertainties cannot be defined, the claim cannot be
defended.
2. Uncertainties in the microscopic environments associated with
localized failure mechanisms are generally greater than the
uncertainties in the macroscopic environments.
B. Uncertainty and Prediction
3. Intrinsic uncertainties in data and theory make it unlikely that
chemical kinetics can be used for long-term prediction of property changes in systems evolving towards ill-defined end states.
4. Intrinsic uncertainties in data and theory make it unlikely that
temperature can be used as an accelerating variable for long-term
prediction of property changes in systems evolving towards illdefined end states.
C. Accelerated Tests and Prediction
5. Accelerated tests used to predict reaction rates, may not be
valid predictors for the property changes associated with these
rates. [For example, knowing the rate of conversion of U02 to
U3 08 does not provide the rate of change of leaching of a given
isotope when going from one oxidation state to the other.]
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O. Conservative Arguments
6.

The acceptability of explicit arguments and evidence defining and
defending "bounding" or "conservative" conditions are prerequtsites for the acceptability of short-term accelerated
experiments.

E. Potentially Predictable Systems
7.

The absence of changes in equilibrium systems is predictable.

8. Theoretical arguments can be used to justify monotonically
decreasing changes in some systems evolving towards known final
states. In such systems short time measurements can be used to
conservatively bound long-term predictions.
F. Potentially Unpredictable Systems
9.

There is no theory for the tLme evolution of internal property

changes in thermodynamically unstable materials. Any process
dependent on these properties is likely to be unpredictable.
10.

A large number of processes can cause non-monotonic rate changes
in metallic corrosion. These processes may preclude acceptable
defense of long-term prediction of corrosion rates for multicomponent metals.

11.

Long-term predictions of rates determined by film formation may
not be defensible.

G. Absence of Adverse Phenomena
12.

The absence of potentially adverse phenomena must be defended by
theoretical arguments supported by confirmatory null experiments.

H. Potential for Problem Revolution
13.

Estimates of the likelihood of problem resolution require definitions of both the necessary and the sufficient work needed and
evidence that the needad work can be accomplished.

I. Use and Limitations of Peer Review
14.

Unless the peer review process provides resolutions or methods to
obtain resolutions to the problems being addressed, the number of
controversial issues will increase, and the standards for reasonable assurance will become increasingly stringent. If the peer
review panel cannot provide means for problem resolution, it
should be assumed the problem is insoluble.

21

6. Consequences of failure.

The absence of addressing the consequences of failure to achieve optimistic performance goals in the issue resolution strategies of all the projects
is blatantly obvious from statements such ast
"The results of these analyses, if favorable, will resolve the
issue." (NNWSI)
"For intergranular stress corrosion cracking, the process of sensitization, crack initiation, and crack propagation will be characterized so that the likelihood of occurrence of failure by this process
can be predicted." (NNWSI)
"For transgranular stress corrosion cracking and for hydrogen
assisted cracking, the corrosion environment will be characterized
sufficiently well to allow prediction of the likelihood of corrosion
by these processes." (NNWSI)
"The dissolution rate of the matrix and those elements for which
mobilization is controlled by matrix dissolution will be such that
solutions exiting the waste package ensemble average will contain no
more than one part in 100,000 per year of the inventory....."
(NNWSI)

"It will be shown that either (a) the oxidation rate of spent fuel
is sufficiently low that the dissolution rate of the matrix will not
increase by more than a factor of 10 due to oxidation, or (b) that
the release rate obtained under the case of assuming oxidized spent
fuel will meet the performance goal..." (NNWSI)
"Identify the degradation modes that could be active in the expected
waste package environment and develop mathematical predictive models
based on current understanding of the processes associated with the
anticipated corrosion modes..." (BWIP)
"Identify (or develop if necessary) accelerated testing techniques
for each of the degradation modes to be studied, where appropriate."
(BWIP)

"Conduct extended term (>1 yr) tests under both 'bounding' and 'reference' condition environments (and at intermediate conditions if
necessary) to provide corrosion data and, to the extent possible, a
mechanistic understanding to support predictive model development."
(BWIP)
"Refine the mathematical predictive models (including transportlimited aspects) based on the test data and mechanistic understanding developed for each of the active corrosion =odes." (BWIP)
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'Validate the predictive models on the basis of laboratory scale
confirmation tests and large-scale qualification (prototype) tests
that last for 44 long 4s possible (longer than 10 year.)," (DWIP)
'The identification of potential package component degradation
processes which affect the components' abilities to meet allocated
performance requirements and the identification of factors which
influence those processes." (SRP)
"The development of mechanistic models for the identified and significant degradation processes which cover the expected range of
factor variations. These models will provide the basis for extrapolations in time and therefore represent the SRP basis for evaluating
compliance with the postemplacement performance requirements and
objectives." (SRP)
Almost every claim in the above list has been contested by reviewers with
respect to achievability. The manner in which these parts of the SCPs and
strategies are written leads the reader to the obvious question, "what if
these objectives are not achieved?"
We believe an acceptable strategy must explicitly deal with the
consequences of not attaining the declared performance objectives.
7. and 8. Alternatives and Justification of alternatives.
A meaningful alternative is a choice that avoids all the unacceptable
problems of the original. Alternatively, an alternative is a choice that is
successful under conditions where the original fails. An acceptable alternaeive waste package design is one that will allow compliance demonstration when
the original would not. A design that avoids one problem by substituting
another for it, may be an alternate, but it is not an acceptable alternative.

Without an explicit strategy for resolving consequences of failure, it is
not possible to assess whether a different selection is an acceptable
alternative.
All three projects have treated the corrosion of their respective waste
packages as processes controlled by chemical kinetics. In several cases, they
have ignored equilibrium processes and near equilibrium phenomena capable of
inhibiting the course of corrosion. With relatively minor waste package
design changes, such processes have high potential for demonstrating long-term
total containment.
In general, the work on container failure undertaken by the projects has
been directed to the determination of rates of corrosion of the metals under
consideration in various environments, representing the expected conditions.
The implicit assumption is commonly made that the chemical environment is to a
large extent independent of the material undergoing corrosion,
Some attention has been paid to the impact of the waste package on the
environment, but mainly to the effects brought about by the heat source,
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radiation, and sometimes by the oxides, or other solids, resulting from the
corrosion process.
For example, the Basalt Project has considered, but has
had difficulties quantifying, the limited concentration of oxygen available.
The Salt Project has considered, but because of lack of in situ testing, has
had difficulty in justifying the limited amount of reactant, e.g brine.
The view, or mind-set, that the chemical environment is externally
imposed is prevalent in the corrosion literature, and likely originates in the
fact that in most of the technical problems involving corrosion, the corrodent
is a fluid available in large amounts and subject to an effective circulation
and replenishment.
For example, in atmospheric corrosion the circulation of
air serves to keep the oxygen partial pressure essentially constant.
tn
marine corrosion the sea maintains a constant composition of the water in contact with the metal. In such cases the rate determining step is a diffusion
process in a film or a continuing reaction rate.
On the other hand, corrosion processes in a repository proceed or can be
made to proceed in a confined ambient where the products of corrosion have a
chance of slowing down and stopping the process by an approach to equilibrium.
The concept of stopping corrosion by an approach to equilibrium is
attractive because in selecting strategies that are readily defensible at
licensing, equilibrium arguments are much easier to justify than are chemical
kinetics arguments.
Under the best of conditions, kinetic theories have severe limitations
when used for long-term predictions, or for extrapolations to temperatures
lower than those used in the experiments needed to develop the kinetic model.
Equilibrium theories, on the other hand, allow predictions for indefinite
periods of time with essentially no uncertainties. The phrase "never will
occur" can only be defended by equilibrium concepts and almost never by
kinetic concepts.
Ice never will convert to water at one atmosphere and
-1OC.
Supercooled water at these conditions will eventually convert to ice,
but no theory exists to predict when it will happen.
Corrosion processes in metals involve chemical reactions with dissolved
oxygen, water itself, or impurities.
The reactions that do not produce hydrogen involve either dissolved oxygen or oxidizing impurities which are consumed
in the process. More often than not, oxidizing impurities such as ferric
ions, and in general salts involving elements in a high oxidation state, are
not abundant in natural waters.
In repository environments, water is the most abundant oxidizing species.
In a salt repository, the creep of the salt leads to its consolidation.
This requires that no void space exist in the solid salt and that the only
space that exists in brine is due to non-condensible gases under lithostatic
pressures, that is at a pressure of the order of the density of the rock times
the depth.
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V

Consider hydrogen being released by corrosion. Assume that a container
reacts with the water inside a fixed volume of salt and brine, neglecting
hydrogen solubility in brine and neglecting relaxation of the salt. When the
brine has negligible quantities of gaseous impurities, the hydrogen produced
by any metal reacting with water is forced to occupy the space left by the
water it has reacted with. If the reaction is Dot stopped by equilibrium,
this would produce large pressures (about 1500-2000 atmospheres), which greatly exceed the lithostatic pressures of salt (about 200-300 atmospheres). This
is true irrespective of which oxide is formed and irrespective of which metal
is used (Fe, Cu, Pb, Ni, Na, etc.).
If an hydroxide is formed, then half the
pressure (750-1000 atmospheres) is produced. This requires that a metal-water
reaction not stopped by equilibrium, and in a confined space will lead to the
development of large pressures with very little material reacting.
If the equilibrium hydrogen pressure for the metal-water reaction is
below lithostatic as it most certainly is for Cu, the metal-water reaction
must stop if the hydrogen is not removed.
If the equilibrium hydrogen pressure is below lithostatic, then the reaction of the metal with water cannot proceed after the minuscule amount of
reaction needed to produce the equilibrium gas pressure. Corrosion, if it did
occur, would be restricted to consuming the oxidizing impurities in the brine,
not the water in the brine. After oxidizing impurities (if any) have been
consumed, diffusion of the equilibrium hydrogen out of the brine and out of
the solid salt will determine the rate of further metal-water reactions.
If the equilibrium hydrogen pressure is above the lithostatic pressure of
salt, as it can be for steel containers, then corrosion would occur in a local
environment in excess of 200-300 atmospheres of hydrogen which can disrupt the
brine droplets, drive brine in the grain boundaries away from the package, or
push the salt back. In no way can either the rate or extent of the metalwater reaction resulting from these processes be simulated by anything that
has been done in the past, or is being done at present.
In testing for corrosion of metals in the laboratory, to obtain data
representative of corrosion under salt or basalt repository environments the
effects of hydrogen evolution need to be accommodated. The fundamental
consequence of this is that the corrosion process becomes geometry dependent.
The initial pressure of hydrogen and the void space available per unit of
metal surface determine the thickness of metal that needs to react initially
to produce enough hydrogen to develop equilibrium.
If the reaction of the metal with water leads to equilibrium hydrogen
overpressures that the repository can sustain, then the rate of reaction would
be determined by the transport of hydrogen away from the metal and the transport of oxidizing impurities to the metal. The end result of this is that
corrosion measurements should look more like diffusion experiments than like
simple autoclave tests, because the controlling diffusion step should occur
outside of the metal surface.
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If, on the other hand, the equilibrium pressure of hydrogen Ls higher
than the pressure on the liquid, then the transport mechanism of the hydrogen
through the liquid and into the surrounding medium needs to be simulated by
the experiment. For example, in the case of salt this would require that the
salt be In the correct stress field, and the brine be at the correct pressure
to simulate the two phase flow.
Once the assumption is made that brine contacts the waste in an environment where metal is reacting to produce gas that exceeds lithostatic pressures, the processes occurring cannot be modeled by diffusion. The escaping
high pressure hydrogen may set up ill-defined advection paths. Brine can be
"pushed" in the grain boundaries and in the clay seams. Defining the boundary
of the engineered barrier system under these conditions can be extremely
complex.
Since we believe that for metals with equilibrium hydrogen pressures
below lithostatic there are many design options to achieve 10,000-year total
containment, we see no reason at present, to design for the unnecessary
complication of controlled release in salt.
Controlled release occurring under lithostatic pressures of hydrogen can
lead to reduction of several of the radionuclides. The present programs being
proposed to determine the solubilities are not likely to generate relevant
information, because the hydrogen overpressure associated with iron is not
simulated.
Again, we suggest that designs with goals for short-term containment followed by long-term controlled release in salt should be considered with great
skepticism.
In the case of Cu where equilibrium hydrogen pressures are much less than
one atmosphere, loss of the equilibrium hydrogen through diffusion should be
very, very slow. In the case of iron, even if equilibrium is achieved, it is
very likely to occur at high pressures (of the order of lithostatic pressure). Under these conditions precise values of diffusion of hydrogen into
the steel and into the brine and salt should be obtained to determine if longterm integrity of iron can be defended. Again, this is a completely different
mechanism of potential metal degradation from anything being addressed at
present.
Corrosion of Cu in closed anoxic brine will not occur by reaction with
brine but by reaction with the oxidizing impurities in the brine.
In the case of Cu reacting with limited brine under lithostatic pressures, there is no doubt that the small equilibrium hydrogen pressure from the
water reaction is orders of magnitude lower than lithostatic pressures. Corrosion, if it occurs under anoxic lithostatic conditions, will be the result
of reactions with oxidizing impurities. The reaction with a brine droplet
should cease when the impurity is consumed, not when the brine is consumed.
Mass transport arguments defending the use of copper for long-term total
isolation of HLW in environments proposed for Sweden are well known. We
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believe these arguments are conservat ve for closed, anoxic systems. The Swedish argument for minimal corrosion over hundreds of thousands of years is
based on the control of possible corrosive agents in the groundwater by the
bentonite buffer and by reactions of the host rock with the groundwater. The
motion of dissolved species to and from the container is restricted by diffusion through the bentonite. The oxidiz-ing agents of concern are dissolved
oxygen and hydrogen ion in the presence of sulfide. The sulfide is expected
to be generated from sulfates by bactezial action. This will stop when the
organic matter required by the bacteria is consumed.
Theory has shown for some time that copper should not corrode in a wide
range of different water environments if oxygen is not present and if the
hydrogen produced is not removed, and it also should not corrode in nonoxidizing acids. Consider the following discussions taken verbatim from
(Ulick R. Evans, The Corrosion and Oxidation of Metals: Scientific Principles
and Practical Applications, New York St. Martins Press Inc., 1960] in which he
described, in 1960, what was, and still ciay be, the longest null experiment
confirming the absence of corrosion of Cu in 0.5 N sulphuric acid.
"If a metal is placed in acid of nonaal activity, free from oxygen
but saturated with hydrogen at one armosphere, then corrosion is
impossible for a metal standing above hydrogen in the table......
In 1934, the late Professor Oliver Watts sealed up in a tube containing 0.5N sulphuric acid a specimen of bright copper (part of
which had been platinum-plated, so as to provide every facility for
the evolution of hydrogen), and presented it to the Author; the
specimen has been in his possession for 25 years; the copper remains
bright and uncorroded, and the acid shows no sign of a blue color.
In contrast, a strip of sheet copper partly immersed by Mr. Taylor
in 0.5N sulphuric acid with air above the liquid was eaten right
through at the water-line within 3 weeks, the liquid becoming blue."
In recognition of the above known behavior of copper, it becomes clear
from analyses of the KBS-3 design that for similar groundwater compositions
the thickness of copper can be reduced if the diffusion of groundwater to and
(This assumes the radiation levels and
from the container can be reduced.
temperatures are comparable.)
9. and 10.

Mechanisms for evaluations, decision making
and initiation of changes.

We do not believe there are significant technical problems associated
It is our view that if
with these critical aspects of a successful strategy.
management recognizes that the existing methods of developing adequate evidence for a repository license are unsatisfactory, then mechanisms for evaluation and decision making schedules can be developed through appropriate
workshops.
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11.

Defensible estimates of the time required to
make decisions and initiate contingency plans.

For exploratory programs, it is difficult to estimate the time when an
observation will or will not occur in the laboratory.
If sensitization is not observed after ten years in a laboratory test,
the fact is of little or no use in predicting what will occur in twenty or a
thousand years.
If the hydrogen pressure in an autoclave builds up and remains constant
in a one month test, and the value agrees with a thermodynamic calculation,
science allows the result to be extrapolated indefinitely for comparable
conditions.
Decision making is intimately connected to the ability to recognize the
significance and validity of an observation. The significance and validity of
the observation are consequences of the degree of understanding of both the
underlying processes and the techniques applied.
Null effects in these programs will always play minor roles in decision
making strategies because the time over which they are obtained is insignificant over the time for which they are required. Their roles are confirmatory
and illustrative as pedagogical examples.
Oefensible estimates of the time involved in determining success or failure of a concept can only be obtained when all possible results of the test
have been anticipated and analyzed prior to the test and compared against one
or more agreed upon mechanisms. Under these conditions an unexpected result
is an indication that the mechanism is not applicable and a change is
required.
The framework necessary to establish these conditions is a crucial part
of an acceptable explicit strategy.
CONCLUSIONS
DOE waste package programs have received negative criticisms from at
least six peer review groups. There is consensus that for the designs choscn
and the materials selected, the waste packages are subject to several potential localized failure mechanisms. Most, if not all, of the localized failure
processes are not understood well enough to allow the development of either
acceleration techniques or predictive modeling, both of which are required for
compliance demonstration. In addition, the significance of many of the individual types of experiments proposed in the draft SCPs has been questioned.
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On the basis of past reviews, the present contractor programs for demonstrating compliance have little chance of succeeding without major changes in
philosophies and concepts. We believe the biggest single failing is the
absence of a carefully thought out documented and explicit strategy that
addresses, as a minimum, the topics raised here.
Many of the future programs being proposed in the SCPs are technically
unsound and include claims that have already been rejected through peer
reviews and project contractor reports. We also believe there are acceptable
alternative technical solutions that have not been addressed with any degree
of sophistication in strategies or in the SCPs.

/
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