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UNITED STATES ePARTMENT OF COMMERCE
National Institute of Standards and Technology
[formerly National Bureau of Standards]
Gaithersburg, Marylrd 20899March 17, 1989

Mr. Kien Chang
Materials Engineer
High Level Waste Management
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Chang:

Enclosed are nine comments and two questions raised during the NIST review

of the Site Characterization Plan for the Yucca Mountain Project. These

were developed by Mr. E. Escalante and Drs. A. Fraker, U. Bertocci, and R.

Ricker.

Please advise me if you have any comments.

Sincerely,

Charles G. Interrante
Program Manager
Corrosion Group

Enclosures

cc: Dr. Prasad Nair
Center for Nuclear Waste Regulatory Analysis
Southwest Research Institute
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The NIST Comments on the Yucca Mountain Project SCP

Section 7.4.2.6.4

Comment

Investigations into the stress corrosion cracking behavior of the
container alloys seem to be assuming that the container surface will be
either homogeneously dry or homogeneously wet, but in the corrosion model
(7.4.5.4.6) it is stated that "the waste package will most likely not be
uniformly wet."

Basis

* While it is obvious why assuming a homogeneous environment is desirable
from a modeling standpoint, it is not clear that this is a valid
assumption.

* Since the rock and the placement of the container in the borehole
cannot guarantee a homogeneous environment over the entire surface of
the container at all times, it seems that the influence of
inhomogeneous exposure conditions are expected.

Recommendations

* Evaluate effects of inhomogeneous exposure conditions on the stress
corrosion cracking behavior of waste package components.
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Section 7.4.3.2 Glass waste form performance research

Comment

* Grouts, cements, and organic materials used in the repository may
change the local pH of the repository and affect the local leach rates
of radionuclides and the corrosion of the metal waste containers.

Basis

* Grouts and cements, as well as organic materials, may be used during
the digging and construction of the repository. These materials may
have a significant effect on the local pH of the repository.

Recommendation

* Consider the effect of pH changes resulting from building materials in
the repository, on the leach rates of radionuclides and the corrosion
of the metal waste containers.
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Section 7.4.5.4.5 Waste Package Environment Model

Comment

* The effects of air flow on the corrosion of the metal canisters is not
considered.

Basis

* Oxygen in air is the major oxidizing species that drives the corrosion
process. Thus, the rate of air transport through tuff is important to
the corrosion processes.

* Heating of the tuff, to the temperatures expected near the waste
package, can cause dramatic decreases in rock permeability of up to
three orders of magnitude (Lin and Daily, 1984).

* It is reported that the transition from a to -cristobalite causes a 5%
volume increase (see p. 7-40).

* The above two processes could lead to sealing of cracks in the rock and
to the formation of an almost airtight envelope around the metal
containers.

* An airtight envelope would starve the corrosion process of oxygen and
this would drastically alter the requirements for a container in this
system.

* On the other hand, heating of the rock caused by radioactive decay
could generate a stream of air and water vapor, which, flowing by the
metal canisters, could significantly accelerate the degradation
processes over and above the air flow caused by atmospheric pressure
variations.

* Air flow could also affect the temperature of the rock.

Recommendation

* Determine the effect of air flow on the processes affecting the
corrosion of the metal waste container.



Section 7.4.5.4.6 Corrosion Model
7.5.4.6 Metal Barriers

Comment

* The term "uniform corrosion" is misleading.

Basis

* "Uniform corrosion" implies the same corrosion rate over the entire
surface of the canister.

* In the SCP, there is no information on the degree of surface roughness.
Surface roughness develops gradually on an originally smooth metal
surface undergoing general corrosion.

* The amplitude of the various frequency components of the roughness (and
their conceivable variations as a function of the orientation of the
metal surface with respect to the gravitational field) will contribute
to the ultimate determination of when the metal container will be
breached.

* Other factors, such as macroscopic inhomogeneities of any component
undergoing corrosion, can contribute to the uniformity or lack thereof
in the corrosion process.

Recommendations

* Use the term "general corrosion".

* Define the variability of corrosion over the container surface.



Section 8.3.5.9.1 Information Need 1.4.1: Waste Package Design Features
that Affect the Performance of the Container.

The comment given below was addressed in DOE response, number 74. The DOE
response was not sufficient. While much useful information can be gained
from the use of existing ASTM standards and from interactions with ASTH
committees, the ASTM is a consensus group, and stricter standards are
needed for some aspects of 1) test methods and 2) materials durability for
materials used in nuclear waste storage. The comment stands as originally
stated.

Comment

* There is no description of the development and use of standardized test
methods that have undergone peer review.

Basis

* These test methods are needed for determining the stability and
durability of the nuclear waste and the waste package materials.

* The tests must be acceptable in terms of validation, reliability and
reproducibility.

Recommendations

* The site characterization plan should contain a section explaining the
development, approval, and reliability of the test methods, and
statements regarding precis!?fii and accuracy of data.



Section 8.3.5.9.1.1.4 Subactivity 1.4.11.4: State of Stress in the
Container

Comment

* We are pleased that DOE responded to our comment (#77) on the possible
influence of corrosion on the state of stress in the container by
including pitting and localized corrosion. However, we are
disappointed that DOE elected to neglect general corrosion in their
calculations and we think that the justification given for neglecting
general corrosion is insufficient. As a result, we would like DOE to
reconsider this point and our reasoning is explained below.

Basis

* Corrosion resistant materials corrode at a finite rate. While the wall
thinning due to this corrosion may be insignificant over a few years,
it could be significant for the design lifetime of the container.

* The maximum allowable wall thinning before failure by mechanical loads
will determine the maximum allowable corrosion rate.

* General corrosion is not truly uniform and irregular surface features
may evolve with continued corrosion particularly at welds.

* To avoid tensile residual stresses at welds, it has been proposed that
the weld and weld heat-affected zone be treated such that the surface
layer is in compression (7.4.2.7, 7.4.2.5.5 and 8.3.5.9). However will
removal of this layer alter the state of stress?

Recommendation

When analyzing the state of stress at different locations, do not neglect
the influence of corrosion on wall thickness and surface flaw geometry
particularly at the weld and weld heat-affected zone.



Section 8.3.5.9.2.1.1, Subactivity 1.4.2.1.1

Question

* The composition of the peer review panel is very important. These
seven individuals should be recognized as being among the top experts
in metallurgy and materials science in the United States.

Basis

* A peer review conducted by the expert panel would serve to put to use
the best knowledge available on the given subject.

* Peer review would be for the purpose of sanctioning, improving, passing
judgement and commenting on the given subject.

* Peer review indicates a strict and knowledgeable review, and this can
best be accomplished by a recognized panel of experts.

Recommendations

* Select individuals for peer review from a cross section of leading
experts representing academia, industry, government and other
individuals or establishments.



Section 8.3.5.9.2.2.1 Assessment of degradation modes in copper-based
materials

Comment

DOE claims that it has accepted comment #80, which stated that the
scientific basis for degradation modes of copper-base alloys in the CDSCP
is not in agreement with scientific literature. In reality the text in
Section 8.3.5.9.2.2.1 has not been changed.

Basis -- We limit our comments to the major discrepancies between the
description of the corrosion behavior of Cu-base materials on p. 8.3.5.9.-
71, as well as in section 8.3.5.9.3.1.6 (p. 8.3.5.9-95 to -97) and the
known facts.

* It is not true that the role of H3 is to dissolve protective films.
Cracking occurs in the so-called tarnishing solutions, where Cu2O forms
a film on the metal, as well as in conditions where no film is ever
present because the aqueous ammonia solution is unsaturated with
respect to Cu2O. In the case of pure copper, cracking has been
observed only when an oxide film was present.

* Cracking is not usually transgranular. Intergranular SCC is at least
as common as T-SCC, and probably prevalent in the case of certain
alloys.

* Oxidizing conditions are not universal requirement. T-SCC has been
observed in cuprous ammonia solutions in equilibrium with Cu metal.
For this reason the search for a critical potential below which SCC
does not occur is of very questionable value.

The lack of familiarity with the published literature shown by the writer
of these sections leads to concern that future testing plans may also be
very poorly conceived.

Recommendation

Evaluate the corrosion of Cu-based alloys using accepted thermodynamic and
kinetic arguments.



Section 8.3.5.9.3.2.7 Subactivity 1.4.3.2.7: Transgranular Stress
Corrosion Cracking

Section 7.4.2.6 Pitting Corrosion, Crevice Corrosion, and Transgranular
Stress Corrosion Cracking

Ouestion

In this section and throughout the SCP is there an assumption that stress
corrosion crack propagation results from anodic dissolution and removal of
metal from the crack tip?

Basis

* Not all viable mechanisms will require a liquid phase at the crack tip.
For example, three alternative mechanisms for T-SCC of stainless steels
have been proposed: hydrogen ebrittlement, film-induced cleavage and
surface diffusion. These mechanisms may not require liquid phase water
at the crack tip.

* If a liquid phase is not required at the crack tip for environmentally
induced cracking, then cracking may be possible in the unsaturated zone
during the containment period and should be evaluated.

* This assumption is not generally accepted throughout the corrosion
research community and is contrary to recent research results
particularly for transgranular stress corrosion cracking (T-SCC).

* The mechanism of SCC is not thoroughly established and more than one
mechanism may be capable of causing crack propagation.

Since the mechanism of SCC is not known, then all viable mechanisms
should be evaluated.

Recommendations

* Modeling efforts should include all viable mechanisms of SCC and
testing should include evaluation of cracking resistance in vapor phase
environments.



Section 8.3.5.9.3.2.7

Comment

In the SCP, the implication is made that by going from the saturated zone
to the unsaturated zone of the repository, the uncertainties with respect
to corrosion are reduced.

Basis

* The corrosion of stainless steels in aqueous solutions is probably the
most thoroughly studied alloy/environment system. Hence, one must ask
how can the scientific uncertainty be less in the environment where
there is less scientific data and empirical experience.

* Section 7.4.2.6.4 demonstrates the difficulty of predicting SCC behavior
in unsaturated conditions.

Recommendations

* Thorough and unbiased scientific investigation of the potential problems
in the unsaturated zone should be studied and the uncertainties
regarding corrosion processes should not be assumed to be less than
those in the saturated zone.
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Section 8.3.5.10.2.1.1 Dissolution and leaching of spent fuel

Ouestion

* Does the proposed SCP test for rate of release of radionuclides from
spent fuel in J-13 water take into consideration the effect of ground
water contamination by container metal ions, or the possible
concentration of J-13 salts in the repository?

Basis

* The SCP proposes to investigate release rates of radionuclides from
spent U 2 fuel in reference J-13 water. If the waste containers fail
through some corrosion related phenomenon, the J-13 water will, very
likely, be contaminated by the container metal ions (Fe, Ni, Cu, etc.).
These charged ions will affect the chemical reactions in the container
and the dissolution of the radionuclides in J-13 water. Furthermore,
the evaporation of J-13 water may increase the concentration of J-13
water above its proposed reference level.

Recommendation

* Testing of release rates in J-13 water should include water that
contains the various metal ions that will be made available from the
corrosion of the metal container. The solute concentrations should
include those found at and above the concentration levels in reference
J-13 water.


